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1.1 

ABSTRACT ... . 

. Sevèral strategies outlining aJ?proa'ches to ~e 
syrithes:Ls of' the heteroanthracyclinones 4'-demethoxyxantho-

o 

daunomyc1none atfd 4-demetlloxyisoxanthodaunomyc1none '(7;. 8, 9, 10-

tetrahydrobenzo(~)-6,7,9,II-t~trahydr~xy-9-acetylxanthen-12 ' 

and 5,:",one) are described. 

The' condensation of tetralin 2~acetyl-5,8-dLm'th~xy-

.. 

l,2,3,4 ..... tetrahydro-2-naphthol with o-methoxybenzoic' acid was • 

:Lnvestiga~ed anà ùseful large-scale syntheses of ,impdrtant 

l,4-dimethoXy-subst~tuted xanthone inter.medlates were 

developed. ~ '. ., 
. , ' ri"( 

Diels-Alder cycloaddi. tion reaction be~ween" a \ 

xanthone-deri.-ved o-qujJlodimethane intermediate pnd a~ "olefin 

afford~d a low: Yiel! of adduct·. On the other hand, "excellent 

y1elds of isolable but labile adducts were obtaitied in Ithe 
~ 

cycloaddi tion reaction between xanthoquinone (and also .... thio-

~anth.~uinOne) and Dan~shefsky· s die~es. The format~on of 

\ linear vs internaI adducts was rationalized on the grounds of ... 
resonance and PMO theory. f:fforts to induce unactivated .. 
di~nes to cycloadd using catalysts as weIl as annulation if 

studies on model compounds using the novel reagent (E) -N-
, . 

vinylpyrrolidine-6-$2-lithio-l,3-dithian-2-yl) (as a synthon 

of the a,6-dianion of acetaldehyde) are discussed. 

The synthesis df daunomycin and xanthod?unomycin 
, . 

analogs carrying a carbon substituent at position 7 were not 

accessible using the Diels-Alder cycldaddition reaction as . . 
d~ene' l-carbomethoxy-3-trtethylsilyloxy-I,3-butadiene failed 

to react with either quinizarinquinone or xanthoquinone .even 

. at elevaoted temperatures. >' 

( 

The compound 4-hydroxy-l- [[ 2- [(2-hydroxyethyl) amine] 

ethylJamino]xanthone and the ~-methoxy d~rivative were prep~r~ 

and found ,~o be inactive in the in vivo p-388 mouse'leukemia 
; ,1 

modeel system. . , 
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>"'--'~ ", .. Qit ::d~.;r:i t' plusi~urs strat~g ies pour la synthi.se 
'~ " .. : '; .. ..J \.....,. t ~..:..- .. ,,\ .. "'-

des h'têfQ'anthr~cltC;Üinones d~éthoxy-4-x~odaunomycinone 
et d~mAthoxy-4-i8~xanthodaun~mycinOne (titrahYdr~benz6(b1-
7~8~9\,lO titrahydroxy-6;7,9,11 ac'tyi-9 xanthen-l2.et '-S-one).' 

<'J \, ~ , 

On a ~tudi~ la condensatfon de'l'ac'tyl-2 d~~thoxy-
~ . 

5,8-t'trahydro-l,2,3,4 naphthol-2 sur l'acide o-méthoxy-. ~ 

be~zoique et on a" développé des synth~sés/qui nous ont permis 
de pr'parer en ~t'ande quan t~des dïm~.thoxy-l, 4 xanthones. 

Une addition de Diels-Alder d'un o-quinodim~thane 
(génér~ à part~ de xanthone) sur une oléffne a conduit à 

<J 

un a~duit avec de faibles rendements. ~;ar contre, l~s 

~duits de la~cycloaddition de xanthoquinone (et aussi de 
thioxanthoquinone)' sur les .. diènes de Danishefsky ont été 
obtenus avec d'excellents rendements. La formation d'adduits , , . 
lin'aires en fonction dt adduits 1:ntern"s peut être expliqu~ " 
par la th'orie de r~sonance et la th~orie d'orbitales 
mol~culaires fronti~res. Plusieurs essais afin ~e faire 
ré?gir les di~nes non-activés ~~ ~~ésence de c~talyseur dan~ 
les r4actions de cycloaddition s~nt rapport's" 0' autres 
essais ont porté sur la réaction d'annulation qe produits 
modèl,s utilisant un no~veau réactif (E)-N-vinylpyrrolidine-

'. (3-(lithio-2 ,dithian-l,3 yl-2) comme sy'nthon du dicarbanlon 
a,S du ac~taldeh~de. 

-~ 
La synthèse d'analogues de daunomycinone' et., xantho-

dauno~ycine ave,c u~ substi~uant carboné à la position 7 n ,'a 
pu être réalisée par la réaction Diels-Alder parce que le 
diène carbométhoxy-l triéthylsilyloxy butadiène-l,3 ne réagit 

ni avec le quinizarinquinone 'ni avec le xanthoquinone meme 
A des tempEratures ~lev~es. 

-
, Le compos~ '[ [hydroxJ;-2 éthyl amino] -2 ét~yl ami~oJ -~ ,', 

, hydroxy-4 xanthone et· l'analogue méthoxy-4 ont été préparés 
mais céux~ci n~ont' démpntré aucune activité antitumorale 

i.n vi.vo vis-A-vis les céllules /leucémique's P-388 • 
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INTRODUCTION , . 
i 

, . , 

A. TSE:ANTHRACYCLINES l , 

Daunomyciri* (1) and ~driamyc~n* (~) are naturally' 

occurring antibiotic antitumOr agents and are mempers of an 

., 

.. 

important known as the anthracycli~es. _ 

/ 

, 

! 

... 

The anthracycllnes ~re produced·by vatiouS'sPeci~s of , ". \...,.. 

1 

" . 
Streptomyaes ~nd çèc~r both as ag1ycènes'term~d anthracyc1inones,' 

and as glycàsides. 

The aglycones, characterized by à tètrahydronaphthà-
.~ . 

cene quinone mo;f.ety, show S'omé~ diff~re~ces in ring ,A subs't1 tu'6nts, 

as weIl as in the degree anÇi pattern of hydroxylqtion <.ri~re, 1) •. 
; 

* ' . ~ ~ 
Dadnomycin and adriamyciri are trivial names, the international non- , 
proprietary namés ue daunorubicin and doxorutîicin respectiV'ely. We will. 
adhere to common "practice and use the trivial names ,throUghout 'the the~j,s •. 
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! R.CHl_daunomycinone 

.. R"CH,OH_ adriamycinone 

! E- PyrromyclOone 

.... 

Rhodomyclnone Xsorhodomyclnone 

General Structure 

Aklavlnone C Itromyc 1 none 

il 
Figure 1: General Structures of the Major NaturaHy Occurring 

Anthracycl1ne Aglycones. 

These differences can be read.ily accounted for on the basis 

of their biogenesis which starts from a common polyketide 
, 1 

precursor as both daunomycinone (1) (adriarny'cinone (~) and 
2 3 .,... 

e:-pyrromycinone (1) , were found to be deri ved from the' 

2 

hypothetiéai product of the "head to tail" formaI condensation 

of nine aceta:te uni ts and one propiona te unit (Figure 2) . 

An interesting feature of dauI10mycin (and adriamycin) is that, 

unlike ~hè other mye inones, the ethyl group i5 oxidized and 

the OH group a t the 44'osi tion i5 methylated. 
't,,-, 

( 

Cl 

1 -
! 

i 
f' 
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Figure 2: Proposed Biosynthetlc Pathway of the Anthracyclinones. 

Many a,nthracyclines, especially those with important 

ant1bacterial and al'lt1 tumor activ1 ty t occur naturally as 

glycosides. The glycos1dic l1nka<!e. generally"involves the 

7-0H group (and/or sometimes the lO-OH group)' of Ithe anthra'~ 
- \ 

o cyc11none part and the . Ct~anomer of a sugar with the' L-config-

., 

ura1:1on (Figure 3). Sometitnes d,ij; and tr1saccharide cha'ins 

are found. When these latter sugars (sb~wn in Figure 3) ar~ 

linked to e: ..... pyrroI!lyc,inoné~ they give risE\ to musettamycin and 

IIlarcellomyc1n respect1 vely. 
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B. 

OH 

l' 

Rl_R2.a L-daunosamine 

Rl_R2-CB3 L-rhodosamine 

{rhodosamlne-2-deoxyfl.lcosel 

HO 

R-OH 2-deoxy-L-fucose 

R-H L-rhodinose 

HO 

{rhodosallll.ne-2-deoxyfl.lcose-2-deoxyfucose J 

Fl.gure 3: Representative Sugars Found-wi th the Anthracyclines 4,5 

USE AND TOXICITY OF DAUNOMYCIN AND ADRIAMYCIN 
1 

, \ 

4 

The earliest known anthracycline was iso1ated in 1950* 

7 by Brockmann and Bauer and showed potent antibacterial aetivity 

in vi tro. Un.fortunately, 8-rhodomycin l turned out to be 

highly taxie an'd no use could be made of i t 8 . HoWev.er, this 

stimulated the search for new, different anthracyclines. The 
, 

isolation of two other anthracycline antibioties, cinerubins A 

1t The anthracyclines were di.scovered as ear1y as 19396 but it was on1y later 
(in the 1960' s) that a mixture of rhodomycinones and i.sorhodomyclnones 
were iso1ated. But by then the.5e were known because of Brockmann 1 s work. 

- ' 
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o 

and B, in 1959 generated sorne excitement beçause they inhibited 

various murine sarcomas and carcinomas but their high toxicity 

again prevented their further deve10pment as antitumor agents9 

It was not unti1 1963 that the first, usefu1 anthracycline, 

daunomycin was simultaneously isolate~ from cultures of 

Stpep~omyae8 peuce~iu8 by Farmitalia in ItalylO,ll and from 

Stpep~omyae8 aoeru Zeorubidus by RhÔne-Poulenc in Francel2 ',13. 

Althouqh weakly active against sorne microorgani,sms, _ it , 

exhibited sufficient1y high cytotoxic activity against normal 

. 14 ~5 and neop1ast~c cells' to warrant c1inic~l studies and was 

quickly shown to be effective in the treatment of acute 

leukemias16- 19 includinq childhood and adu1t acute 1ymphgcytic 

le~kemia, acute nOfilymphocytic leukemia and acute myelogenaus 

~ leukemia. 

The search for new biosynthetic ana10gs from cultures 

of qaunomycin-producing microorganisms* 1ed to the isolation 

of adriamycin in 196920 Adriamycin has quickly established 

itself as an outstandinq anti tumor agent showing a braad 

spectrum of antitumor activiti inc1uding soft tissue tumors 

and bone sarcomas, neop1asms that are knoWn to be relatively 

insensitive to other chemotherapeutlc agents (Table 1)17,21-26. 

Its use in combination wi th 'other "drugs has a110wed bath an, 

incr~ase in response rates and a lower incidence of taxie:: side 

effects 27 • 

, 1 

* Adriamycin ~as obtained fram S. peucetius var. ca6sius, a mutant strain of 
S. peuàetiu8. . , 1 

1 
1 

-

l, 
l 

1 
t 

j 
J 
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Table 1: Tumor Acti vi ty Spectrum of Adriamycin/TIlmor Responsi veness. 

Established activity Possible activity 

- Breast adenocarcinoma' Stomach adenocarcinoma 

Unresponsive 

La%qe bowel 
adenocarcinoma 

6 

Soft tissue and bone 
sarcomas 

OVarian adenocarcinoma Malignant melanoma 

Bladder adenocarcinoma 

Bronchogenic carcinoma' 

Testicular 'carcinoma 

Thyroid carcinoma 

Pediatrie solid tumors 

Malignant lymphomas 

Acute leukemias 

Prostate adenocarcinoma 

Squamou~ cell carcinoma, 
cervix 

Squamous cell ca~cinoma, 
head and neck 

Hepatana 

Mul tiple myeloma 

pancreatic adenocarcinoma 

.Endometrial adenocarcinoma 

Brain tumors 

Ren~l cancer 

Chronic leukemias 

However, daunomycin and adriamycin display a number 

of important side effects some of which are common to other 

anti tumor agents24- 26 , 28., Myelosuppression, manifested 
1 

primarily as leukopenia, is a dose-limiting toxicity which 

reduces the utility of anthracyclines and which is considered 

in some quarters 29 sufficiently impo~tant so as to justify 

reduction of myelosuppression as a priority over the development 

of ant,hràcyclines displaying reduced cardiotoxici ty. 
/ 

Thrombocytopenia and anemia may ~lso accompany leukope~ia but 

-------'-------- -~- -_.~-----
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these effects tend to be less severe in contrast to.stomatitis 

which occurs frequently in severe forme Gastrointestinal 

toxicities, as reflected in nausea and vomiting, occur 

frequently and are accompanied by anorexia and diarrhea. 

Alopecia (loss of scalp, axillary. and pubic hair) oceurs in 

virtually aIl patients but growth resurnes upon cessation of 
1 

chemotherapy. Hypersensitivity ~ncluding fever,' urticaria and 

anaphylaxis as weIl as hyperpigmentation have also been 
26 observed . The effects of radiation therapy are potentiated 

by adriamycin30 Both daunomyoin and adriamycin (and the 
• 1 • 31 

anthracyclines in general) are immunosuppfessive as weIl as 

muta,genic 32 and carcinogenic33- 35 Severe irritation of tissues 

at the site of injection can be a very serious complication if' 

care is not taken to ~yoid extravasation36 • Although th~se 

reactions May be severe, they are dose-related, reasonably 

predictable and reversible. The MOSt dangerous side effect 
37-39 is cardiotoxicity* characterized b~: (i) transient 

~~ectrocardiographic changes returning to normal when therâpy 
.. 

is withheld and (ii) a delayed progressive cardiomyopathy with 

high risk of conjestive heart failuré when a cumulative dose 

of 500 mg m- 2 i5 exceed~d24,39 .. C~~diotO~iCity emerges as 

the most limiting side effect because treatment must be stopped 

whl1e' the tumor is still responding to the drug. The 

incidence of sorne of these toxic effects 15 summarized in' 

Table 224 ,25,28,41. 

11 

A number of other drugs (cyclophosphamide, 5-fluorouracil, ac~inomycin D, 
mithramycin, cis-platinum among others) have been reported40 to i.nduce 
cardianyopathy. Howevér, cardiotoxici ty occu,rs only rarely with these 
agents and 15 clearly not the dose-limiting toxicity.· 

1 
f 
, 
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Table 2.: Incidence of Taxic Effects of Adriamycin in Patients. 

Side effect (percent) 

100 A10pecia 

/ 
/Myelosup~ression 60-80 

Stomatitis '80 

Nausea and Vomitinq 20-55 

\ Cardianyopathy 

ECG abnor-malities 2-30~ , 

1-2 ~, 

The outstanding clinical effectiveness of adriamycin 

a,s an anticancer ?rug and an awareness of its side-effects 

prompted the se arch for new anthracyclines and stimulated 

intense efforts aimed at developing synthetic analogs. As a 

result, weIl over 500 new related compounds are no~'known and 

this number may be'expected to increase in the future. In 

sp~te of these efforts, little improvement has been reported 

as yet in the separation of antitumor activity from cardio-
. . 

toxicity (except in a few noteworthy case,s). It ls hopèd that 

a more_detailed knowledge of the biochemical properties o~ the 

anthracyclines (whlch has been m~de possible by the nurnerous 

,structure-àctivity relationship'studies) will lead to the-
. , 

design of drugs with markedly ~mproved therape~tic/toxic 

ratios. A review of the li terature will make apparent the 

enormous effort which has been expended in the search for some 
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1nteqrated understanding of how these drugs exert their 

effect(s). " However, such an integration 1s as yet very 

d1fficult and will require moie time before a clearer and more 

complete picèure can emerge. 

C. MECHANJ:SM. OF ACTION 

• c 
Historically, DNA has been considered as the primary 

tprget in the cytotoxic action of the anthracyclines. There 

is a large body of biophysical and biochemical data (sorne of , 

which are not as scientifically rigorous as initially thought) 

,indicating that the antibiotics bind by an intercalation 

mechanisrn so that the resulting distortion in the macromolec'ular 

structure would alter the function of DNA .and ultimately ~eads 

to cell death. However, intercalation alone may not account 

for the anti tumor effect of the anthracyclines. Two classical 

r lntercalators, ethidium bromide (i) and 9-aminoacridine (2) 

are not effective as anticancer drugs*: Moreover, in view of 
" , 

! .1 

* To explain the exceptionally high anti tumor acti vi ty of adriamycin in comparison 
to canpounds 6 and ~ it has been proposed that an irreversible-template 
binding (possÎbly because of the amino sugar)' at relatively low drug to DNA 

. ratios (obtained at therapeutically administered drug levels) (ts involved42. 

l ' 
1 
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their multifunct!onal chemistry, it is not surprising that 

the in vivo mechanism on the anthracyclines' may be complexe , , 

Indeed, considerable evidence has emerged over the years 

indicating that in vivo the anthracyclines· can act by mechanisms 

unrelated to intercalation. 
-. 

The main, biochemical à-ffects of adriamycin whi 
\ 

have been studied iln some detail can be dissect~d into 
\ 
\ - , 

broad classes. The~e incl.ude: 
, 

ferent 

(1) Interaction with DNA involving both intercalation 

'and non-covalent binding; 

( 2) t Direct Membrane Binding. For instance, adriamycin . , 

is known to bind to cell membranes and ta directly alter membrane 

function; 

(3) Generation of Reactive Intermediates. This 

includes formation of (i) free radicals and (ii) alkylating 

species. 

Interestingly, each of these biochemical effects can 

account in varying degrees for the slight selectivity of the 
" 

anthraéyclines toward cancer célls as weIl as their cardio-

toxicity. 

,-
ê.l Interaction with DNA 

When daunomycin and adriamycin are added to cell 
, 

cultures, they concentrate in the nuclei and bind avidly to 
r 

, , 

As a consequence of these observations, the 
0\1 

interaction of daunomycin and adriamycin w1th DNA was extensively 
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analyzed and strông evidence was produced indicatinq that 

this binding play~.a raIe' in their antit~or activi~y44,45. 

Il 

The formation of an anthracycline-DNA complex can be envisaqed 

/ as resulting from either an interca~ation process* where th~ 
1 -drug inserts itself between adjacent' base pairs or bind-ing ta 

the outside part of the. helix48 . These mechanisms ean be 

readily differentiated through the resulting changes in the 

physico-ehemical properties of both the antibioties and 

DNA43, 49; .• 

C.1.l Physieal-chemistry of antiblotic binding onta DNA 

(i) Ppyslco-cpemical changes in the anthracycllne 

/ properties: 

Upon bindlng ta DN~, both drugs do not suffer the 

typical bat~ochromict shift associate~ wlth exposure ~~ 

bases 43 ,49 (whic~ fav~r the formation of the better electran' 
. " 

donor properties of the phenolic groups 0-) and the charaeter-

" lstie polarographlc wave assoc±ated wlth quinone reduction is-· 

inhibited49 as ls the appearance of the semlquinone ESR 

. 1 50 
s~gna. . These effects show that the anthraeycline chromophore 

ls extraeted from the solvent and transferred ta a less polar 

environment, 'thus making the hydroxyl' and quinone functions of 

rings Band C unavailable for react:lon. 

* 
'f' 

'l'his type of molecular association was orig:i.nally postulated by 
for acridin~ dyes and DNA, and then widely accepted as the mode 
action of different druqs with DNA47 ., 

t Bathochromic shift is sometimes referred to as the red shHt., 

, 46 
Leman 
of in1::er-

,1 '\,~ .. 
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While these findïngs are consistent with the inter-

calation binding mode, the validity of two other widely used 

techniques, namelY4visible absorption and fluorescence quenching 

spectroscopy, has Deen questioned because they led to ambiquous 
\fi. 

results concerning the nature of the interaction betweén these 

drugs and DNA. The main objection here was that these me~hods 
1 

monitor spectràl changes tHat are not unique to the anthra-

cyline association with double stranded DNA and even if they 

were 50 the changes cannot be unequivocally ascribed to 

intercalation. (This criticism is of particular concern in , 

light of the elQerging evidence that other unrelated rnechanisms 

of action rnight be primary ones). The decrease of absorption 

(hypochromicity) , and bathochromic shift in the visible' spe'ctra 

of daunomycin and, adriarnycin after complexation with DNA can 
41 

be associated with an intermolecular charge transfer between . 
. 49 51 

purine-pyrirnid~ne bases and the gu~none chromophore* , 

On the other hand, similàr albeit not fully resolved changes 

~ the absorption spectrum of the bound species may originate 
. 

from a completeîy different interaction mechanism. One su~~ 

rnechanism i5 cnelation of metal ions since bot~ daunornycin 

49 and adriamycin are known to form stable complexes with metals. 

Recently, sorne evidence has appeared suggesting tha~ Cu(+I) 

might be involved in adriamycin binding - ta DNA53 - 55 . Another 

f 
. . 56 . 

interaction deserving consideration is sel assoc~ation _. 

*The reasonable assumption that the removal of the hydroxyl protbn on the ! 
chromophore 19 at the oriqin of the -observed-shift in the spectrum i9 not 
supported by evidence fram the model daunamyoin-ONA complex that indicates 
no disruption of intramo1ecular bondingS2 . 

... 

-
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, 
Al though adriamycin does not dimel!'ize very readily at the 

concentrations expected inside 't:he cell after a therapeutic. 

dose, in in 1)i -tro binding studies much highe~ 'â.rug concentra-
I 

tions as weIl as high ionic ~trengths .are usually employed 

which facilitate ligand dimerization. In fact, the ionie 

conditions used not only,can alter some relevant physico­

chemical properties of,the'drug~ but they éan aiso min~ze 

non-intercalative forms of blndlng to ONA5~-59 
, 

Spectrofluorimetric analysis of binding which i~ 

based on the observation that the typical fluorescence of 

da~pomycin or·adrlamycin i~ dramatically quenched follo~ing 

intèrcalation49 , similarly cannat reflect specifie interactions 
~ 

as it can -simply result from any process where the druq chromo-

phare engages in the formation of a charge transfer complex. 
" ~'" , 

o 

For the same reason, the bathochromic shift observed upon. 

binqing in the ultraviolet $pectrùm of the dr,;ugs49: 56 must be 

1nterpreted with caution since multiplè interactions with a 

variety of other components May account for the obse~ed effects. , . 
(il) Physico-chemical changes in DNA propertie~: . 

The typ1cal elongation and st1!fening of the doUble 

helix associated ~ith the drug intercalation process is revealed 

by the reductipn of the sedimenta~io? coefficient and the 

buoyant density in CsCl as 'well as .by the 'incz:e~sed viscosit~ 

. 43 49 60· of DNA solutions in t'he presence ~f anthracy.clines .' , . 

The stabil.ization of the helix dUé to a lowering of the 
o -

repulsions between the phosphate groups of the backbone .is } 
t 

" 1/ 

, 

~ 
i 
: . 

. . 
l' 
i 
" 

i -
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,1 
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evidenced by the drlJ.g- induced inèrease in the mel ting tempera - r\ 
~ure (T ) of DNA ~l. ln addition, daunomycin anç adriamycin . m 

cause uncoiling of circular supercoiled DNA, a phenomenon 

consistent with a local untwist'ing o.f the macrornolecules due 

, 61 62 
to ligand im~ertion be~ween base pairs * , . 

C.l.2 -rnterC\lat*on models' of anthracycline-DNA complex 

Further evidence of in~ercalation has come from 
~ 64 

X-ray diffraction measurements of a Glaunornycin-DNA cornplex " . 
The resul ts sug'gest that the complex has a confermà tion 

similar ta that of B-DNA and indicate that the antibiotic ha's 

its chromophere inserted between adjacent base paix-s wi th 

extensi vf;! reciprocal overlap (wi th the base pairs lyi~g 

irnm~diately above aI1d below in close Van der Waals contact) 

providing a weak driving force for intercalation. The amine 

suqar sits in the major groove'of the double helix with the 

- ~harged amine Jroup interacting ionically with a phosphate 

anion. one base pair away from the intercalation si te. The 

import~~ce' of hydragen bond!.ng interactions between the 

hydroxyls of the anthracrcl~ne and the phosphates of DNA 

depends on the model adopted. 

The fine details of the proposed three distinct 

models depénd 

drug. Pigram 

on the conformation 

e 1; . aL 64 proposed a: 

, 1 
assumed by the A ring ot the " 

hydrogen bond between t:pe 

.. . 
A word of caution is necessary b~cause a stercn.d, which clearly' do~ not 
possess the geometri.'cal req\lir~ents &Lor intercalation unwinds supercoiled 
DNA63 • 

, \ 

~ ) 
1 - J. 

1 , 

\ 

l 

\ 
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C-9 hydroxyl group and the 'f-irst paospha'te from 'the inter-

calation si te'. 
'65 

Henry propos7d that upqn, intercala tion the 

configuration changes sa drastiçally.that;tne amino' group of 

the suga,r will bind to the first phosphate a,way from the 
, '! 

1 

15 

interca1àtion si te and that ~ turn this wi'll perini t hydrogen 

bond formation between the C--4' hydroxyl g:coup and the sècond 

phosphate from the ~i te as weIl as between the C-g hydr6xyl .. 
group and the pho spha te a t' the' in tercala tion site. c However, ' 

the affinity of the 4'-epianaLogs of, ad~iamycin66 and th~ 
observation that the 4' -deoxy analog's of both .,.daunomycin and 

,.' } 

adriamycin have b:inding constants of the same order Qf magnitude 

. 67 68 
as t~~ parent compounds ' dces.not suppor~ the involvement 

of the 4,'~~hydroxy~ group in hydrogen bonding as visualized* •• '0 " c • 

. Neidle and Taylor ~,,"prbposed a hydrogen bond between the C-7 

oxygenkand the C-9 hydroxyl group. This latter drug-DNA model 
r 

correctly predicted the.low u~winding ang~e induced' by the 
'II( a 

anthracyclines in DNA62,~1 and this predominating angle is 
r .... .. •• 

prefe~red in~ ~àlution as w~s s~own. by PMR st'ud~es 7\. r.t. is 

73 '. 
now the generally accepted workinS-,model (Figure 4) for 

~ 

'anthrc:cycline-D~A interactions. 
, 

, - . , 
Recent-1.y , the "classical "~teractioIL of the àmino 

dl 

sl,lgar with the phosphate béj-ckbon~ in the major groove of DNA . 

as deduced from the above studies has, been challenged by 6ther 

j{-.ray analyses and by NMR studies 01: t,he complex in soluti"on. .. 
Apparently, most intercalabing drugs with bulky non~intercalating 

1) 

* 69 In a recent report ,the evidence -provided indicateà that the 4' -hydroxyl 
group ls involved in hydrogen bonding .thus lending support to the 'model 
proposed by Henry65 ~ 

, 'c. ' •.. ~.' 

.. 

1 

1 
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F~gure 4 : A Slll1phfied Representation of the Daunomycin-DNA 
Bl.ndfng Model. ~ 

substi tuents favor a close con tact of such substi tuents wi th-

74 75 the minor groove ' Evidence regarding the minor groove ~ 

location of the daunosamine part has' also been optained from 

PMR studies 76 ,77 and from X-ray analysis 52 of co~lexes 
r 

involving ~hort synthetic polynucleotide sequences. The 

16 

classlcal and the rn~nor groove models of inte . ffer 
, 

mainly in the respective orientati.on of refative 

to the hydrogen bonds of the base pairs (almpst parallel in 

th f d · l 'n the latter) 52,75-77 and ;n the e armer,. perpen lCU ar ... .L. 

extent of the interaction between the charged amino sugar and 

1 

, 

1 

·1 
1 
1 

1 



, 
\ 
) 

--~--------~'~'--~----~----------------~~---------~~ 

the phosphate backbone of DNA. Stabilization of the 

chrdmophore-oligonucleotide complex is provided'mai~ly by 

hydrogen bonding. 

However, thèse results are not su~prisingly* in 

,disagr,eement with those obtained from solution studies which 

have convincingly shown that the amino group of daunosamine 

plays an essential part in the stabilization of the anthra­

cycline-DN~compl~x43,63,6S,81. This is evidenced by the 

observatipn that adriamycin binds to heat-denatured DNA, 

(presumably single stranded) w1th a large affinity constant . ..-
iKa = 1.5 x.IO S M- 1 )82 which the ring-ring stacking forces 

17 

c~nnQt accbunt for. The impo~tance of both the charge of the 
, , 

sug.ar m~iety and its positi.on is ïndic,ated by comparing the 

behaviour of analogs such as N-acetyl-daunomycin and 2-amino-

2-deoxyfucosyldaunomycinone (aminé gr0up in position 2'; see 
{ 

F~gu.re 3) which' show substantially red'uced affini ty for DNA 

relative to the parent compound. 

, The association of the anthracycline amine sugar 

tq the major or the minor groove during in,ter~alation can 

play a role in the determination or the mode of bi'nding to 

, 

'"'> , 
di'fferent conf ~gurations of DNA that May be, relevant to the 

in vido effects. The A, Band Z-conf,fgurations; of DNA have 

different widths and depths relative to the helical groov~ 

an~ese could restrain or facilitate intercalation. It 1s 

*short synthetic polynucl.eotides- IlÛ.ght exhibi t "fray:i.ng" at 'the end whieh 
may affect the results obtalned while the details of the binding donot 
consider other possible sequences present in the chromatin organizatlon of ; 
maJIDi:talian DNA, ndr do they take into account th.at not only B, ..put al.so A/> 
and Z configurations of DNA might occur in vivo 78-90. " . 

, À J6 

1 , 
1 

... 



known for example, that daunomycin and adriamycin do not 

inter;alate with nucl~i'c acids lh the A conformation (as in 

double stranded RNA83- 85 ) but bihd externally to this form, , 

}8 

pdssibly through electrostatic association between the ami no 

. 48 49 69 sugar and the phosphat~ res~dues l , • 

C.I.3 Base pair sEeci~icity of the anthracyclines 

Selective affinity for specifie sequences in DNA may 

be of particular importance in the biological effectiveness 

of the anthracyclines (and drugs in generaI), because, depending 

~ upon the~r sequence specificity in binding, they cou Id affect 

the activity of certain genes. Furthermore, specific,sequences 

k h f d·· fOl D' f . 18,86,87 are nown to ave a pro oun ~n uence on NA çon orrnat~on 

whose stability depends on the differen~ stacking interactions 

between' neighbouring base pairs. These variable DNA conform-. 
at10ns can afféct drug binding88 , both of the intercalative 

and non-intercalative types (at least ~~ the case of the 

anthracyclines). While the qu~stion of preference* of the 

anthracyclines for G-C over A-T base pairs has been the subject 

of a nurnber of studies, no definite conclusion can as yet be 

drawn (af. ref. 43, 90-97). These studies have however raised ~l 

the quest~on of whether the overall DNA conformation rather 

than the base sequences pe~ se can dictate the binding 
'" 

specificity of the antibi,otics in vivo. For example; 'alternating 

,.. 
One s~ple view of why preference should exist ~s tnat the G-C base pa~r 
is more polar than the A-T base pair, and should therefore inte~act more 
favorably with an easily polarized ring system89 

.... 
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G-C polymers maintain the B conformation as do methylated G-C 
1 

pairs, at physio~ogical salt concentrations as jùdged by. PMR 

spectroscopy98. However, methylated G-C~pairs assume the 

Z-conformation at concentrations of NaCl much iower than those 

necessary for the B to Z transition of non-methylated G-C . 
• 

pairs. The B-Z transition for methylated G-C pairs Is also 

• sensitive to MgC1 2 and occurs at co~centrations of this ~alt 

98 in the phys~ological range These effects may be re.levant 

in light of the fact that adr~amycin appears to iptèrcalate 

preferentially with the B-form presumably due to steric factors 

(the Z-form having a smaller radius)99. 

It is clear that a better understanding of the mode 

of action of the anthracyclines at the molecular level May he 
r 

\ 

derivea f~ôm the base pair specificity studies but thi~ must 

await a better ungerstanding of· in:tera.ctio~ mechanisms with 

- the variou$ conformations of DNA. 

External binding to DNA 

It has become apparent from the,variability i~ tQe 

association constant of adriamycin (or daunomycin) with DNA 

that t~e early assumption of the exis,tence of a single 

homogeneous class of binding si~es is not va l,id • As a whole 
J 

the results are more consistent with a t~o site mode148#~OO. 

Upon saturation of the intercalation sites (saturation 

. l' ab t -2 d ' 1 5 b . 101) dditi 1 ~nvo v1ng ou rug mo~ecu es per ase pa~rs a ona 

drùg -Molecules can blnd to the exterior of the helix, presumably 

) 
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through e1ectrostatic interaction with the phosphate groups*. 
, 

This effect of extern~l binding may in fact prove to be very 

important because a potential1y reactive chromophore remains 

104 avai1able for redox reactions of the quin6ne part , for 

metal ion binding or for bridging other DNA re1ated structures 

105 1 in'the chromatin organization . This type of binding does 

not occui only in cases where intercalation is not permitted. 

As will be se en 1ater, this type of binding can also lead to 

moderate inhibition of proteln synthesis (the drug binding 

weakly to RNA) and thus play a potentially cr~al role in 

the overall mechanism of action and eventual inhibition of 

the po1ymerase. 

C.l. 5 Effects on cellular processes 

Consistent with the DNA complexing properties of 

these antibiot,ics are the findings that both drugs inhibit 

the $ynthesis of DNAl06-l12 and RNA~d,93,109-1l7 in vitro 
, 

(intact cells) and in vivo as weIl as in ce1l-fre~ systems. 

Studies with various is01ated polymerase systems (mammalian11l , 

bacteriall06 , virallll ,l13) have shawn that the inhibitions 

" are not due to dr)lg-polymerase interactions but can be accounted 

for by drug/temp~ate DNA complex formation. This results in the 

impairment of DNA in its function as a tèmp1ate in the processes 

* The fact that daunomycin and adri~yciD have a total number of potential 
Dinding sites of one ev~ry three to six base pairs led to the hypothesis 
that anthracycline~ may bind through a'neighbouring site exclusion process, 
whereby the bound ligand altèrs ~~ conformation of adj~ent binding _1 

sites102 ,103. This "negative cOoPerativity" mode can explain the reduced 
total number of bipding sites in respect~to the potential intercalation sites. 

1 ., " 

-.. _-
1 



III 

of nucleic acid expression and synthesis,-thus leaàing te a 

diminution (or even èomplete cessation) of cell growth and 

eventual cell death in sorne cases. Bath daunomycin and 

adriamycin inhibit the reverse transcriptase activity of RNA 

21 

tumor viruses43,92,113,11ft-120. Proteiri synthesis appears ~>~ 

te be much less sensitive than other metabolic processes to ~he 

action of anthracyclines S,12l-l23 and ,in general is not 

inhibited* except at high drug concentration and aftJr long 

• exposure times12l ,124. 

The precise mechanism by which the drug-DNA 

inter~on inhibits temPlater~1vity is not clear. The 

prevention of separatio~ of the DNA strands or hindrance to 

the at~~t of the p~rase due to distortion of the DNA 
_ 13 l' 

structure have been proposed as possible causes . Goodman 

et aL. 42 have suggested the presënce of two modes of template­

mediated inhibition, one for low drug:DNA ratios and the other 

for a ratio greater than 1:15. The first mode (low drug 

ratios) is thought to inv~lve birtding of the enzyme to template 

DNA with ànitiat~on of ~NA synthesis but at a reduced ra~ 

owing to an irreversible block of the enzyme (possibly because 

of binding to the amino sugar) at the drug interc~lation sites. 

(Similarly, DNAse II binds to DNA in the presence of drug but 

is unable to functiont125 ). The second mode suggests'that the 

* In the cell-free system adriamycin is capable of binding to seme of the 
RNA molecules involved in protein synthe~is121,124. 

t Thé inhibi~on of DNAse l ls considered further evidence of direct template 
bindjng because inhibition was observed with only th~se drugs which for.med 
a coinplex with DNA126. However, no mention was made with regards to the . 
drug concentration used providing no info~tion on the speoifie mode of 
the inhibition. .. 
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polymerase is prevented from binding to the template because 

of externally bound drug. The inhibition in this case can be 

reversed,by the. addition of template DNA beeause the free 
'--

,enzyme retains the ability-to initiate nucleie acid synthesis. 

The observatidn that binding to a ONA template 

alfects viral polymerases more effectively than those of 

normal cells, has been related to a speCial selectivity of 

the d~ugsl27. Thé/preferential inhibition of DNA PQlymerase 

a (the enzyme presumably catalyzing the D~~ replieative proeess) 

over DNA polymerase i3 (the presumed repair enzyme) is ',at the 

'origin of the classification of the antitumor anthracyclines ~ 

a~ "cell specifie" eytotoxic agents, i.e., compounds acting 

selectively on cells endowed with high levels of mitotie 

activity*l28. 

" The cardiotoxieity of the anthracyclines has been" 

related ta the inhibition of myocardial DNA metabolism, in 

particular ~NA-replication and DNA-repalr mechanisms13l-l33 

as ~ell as DNA-dlrected RNA synthesis (and therefore inhibition 

o.f synthesis of the protein,~ necessary for myocardial C funetion 

and integrity)l34,135. Because of the special nature of the 

heart tissue (the ventricular adult tissue is unable to 

regenerate) these inhibitory effects are p~rticularly 
, 13'6 

damaging 

The possibility that daunomycin and adriamycin may 

~*--------------------------------------------------------------------'., 
When cells enter the replicative cycle, their conten~ of a polymerase rises 
s~st4ntially, while their content of B polymeràse remains unchanqed129,l30. 
Onder these conditions, cells involved in' the mitotic cycle would be more 
susceptible to an agent which preferentially inhibits the ,a polymerase. 
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inhibit nucleic acid synthesis by a mechanism other than DNA 

intercalation has been suqqested recently. It W9uld appear 

that for some eukaryotic DNA137 and RNA-polymerases138 bindinq ,r 

of anthracyclines to the enzymes could he an important 
"\ . 

determininq factor of the inhibition. However, while these 

results provide.yet another possihility regarding the mechanism 

of action of daunomycin and adriamycin, it remains to be 

de:ermined which mechanisk' is primarily responsible {or their 

antitumor activity. 

C.2. Mèmbrane Binding 

There are reasons to question the importance of 

intercalation into DNA as the prLmary or sole mode of action 

responsible for the cy~otox~city of the anthracyclines. The 
~ 

most notable discrepancy is supplied by synthetic analoqs 

qenerated durinq the' course of structure-activity'relationship 

studies and, in general, the results tend to indicate that 

there exists no obvious correlation between cytotoxicity and 

DNA binding ability. A striking example is N-trifluoroacetyl­
. 139-140 adriamycin-14-yalerate (AD-32) (8) which is an effective 

antineoplastic agent·in spite of its apparent inability to enter 
, 

the ce1l nuc1eus14l or to bind onto isolated DNA142 • Accordinqly, 

its cytotoxicity mu~t rely' on a different me~hanism*126,143,146.~ 
The anthracyclines_bind with hiqh affinity to cell 

* . Althouqh.the cytotoxicity of AD-32 has been re1ated to its effect on cell 
membranes143 , the mechanism (Jf action 1s far from having been 
elucidated144 ,145. 
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membranes and there is an increasing ~ount of experimehtal 
\ 
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evidence that membrane properties as controlléd by interactions 

with lectinsl47 , phospholipid str~cture and organizationl48 , 

flUldi ty148,l49 and transport of small molecules and ions1SO 

among others May be involved in the cytotoxic action of these 

drugs. 

'This does not necessarily imply that the plasma 

membrane 15 the primary target but regardless. of the natur~ 

of the ultimate target, the drug must initially interact with. 

the cell membrane and it is thus most reasonab~e to assume 

that this first encounter May be an important determinant of 

the final biolo4ical effeét. 

-Increased agglutination of cells by concanavalin A 
... 

"UP9n treatment with adriamycin is evidence that membrane 
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ânteqrity ls -affected147 • 
~--

It is suggested that this increased 

agglutination arises from an enhanced clustering of memQrane 

,receptors occupied by concanavalin A, an e~fect conditioning . 

the agglutination process[. The enhanceq clustering by 

adriamycin requires that it interacts with some membrane 
, 

constituent and it i5 known to bind onto phospholipids in 
et 151 .. 

V1. 2"0 • 

NO complexation with neutral phaspholipids has been 

observed152 but adriamycin binds to the negatively charged 

phosph?lipids cardiolipin and phosphatidylserine quite 

strongly*. It has been proposed152b that anthracyclines 

bearing a daunosamine resldue are capable of binding to the 

,negatively charged phospholipids vi~ the ~rotonated sugar 

amin'o group. There is little reason ta expect jany selective 

interacti~n with cell membrane components bas~ sole~y on the 
!~ ~J 

properties of daunosamine as there are many other constituents 

(N-acetyl derivative of neuramipic acid, sulfated poly­

saccharides, sulfatep mucoPPlysaccharides l53 , uronic acid 

- polysaccharides and proteins with an excess of acid over basic 

groups)' to which adriamycin can bind. Nevertheless, because 

of the large affinity for adriamycin for cardiolipin and the 

\ 

importance of the latter in membranes, interaction phenomena' 

* The binding of adriamycin te cardie1ipin is much atronger than 1t 1a te 
pho~phat1dylserine. The association constant Ka 1s 1.6 x 106 and 1.8 x 104 
M-1 respect1vely (cf. Ka ~or adriamyc1n-ONà 1s 2.4 x 106 rI). It bas 
been suggested that the greater aEfinity for cardielipin vs phosphatidyl­
serine arises because the two adr±amycin molecules bound te cardiolipin 
interact via ring stacking and thJ.s prov1des more frae energy, of associa-' 
tion152b• It ia clear from the assec1atioh cons:tant that cax:diolipin 
qould be a competitive target for adriamycin152a • 
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with this lipid has been g1ven special attention. 

Cardiolipin~is a major component of the inner leaflet 
1 

of tJle mi tochondrial membrane and i ts presence has been shown 

to be important for mitochondr~al function
l54

. As the 'name 

implies, this lipid can be isolated in quantity from cardiac 

mitochondria. Binding of adriamycin to cardiolipin thus May 

serve to localize the drug at the level of cardiac mitochondria 

and the resulting alterations in mitochond~ial membrane function 

could result in altered ATP generatiop and calcium ha~ng 

by the mitochondria with devastating consequences for cardiac 

function. This simple hypothesis May provide a'molecular . . 

bàsis for the cardiac toxicity of the anthracycline anti­

biotics l48 ,152b. 

However_, no def ini te ev~nce has appeared as yet 

which allows a quantitative estimation of such binding in ... 

relation to the effects observed 9n mitochondrial function or 

to. the pathogenic effects leading ta eventual cardiomyopathy. 

It has been suggested152a ,155 that the adriamycin-induced 

inhibition156 of the synthesis of the membrane ~nzymes 

cytochromes a and a 3 May be relate? to binding onto cardio.lipin. " 

" Other important effects on mitochondrial function such as 

perturbation of electron transportl57-l59 and superoxide 

160' -
generation May be connected with lipid pero~idation ~pd 

will be dealt with later. 

. 148,152b. ' 
It has been suggested , that the binding of 

adriamycin te cardioli~n May aiso play an importan~ role In 

..... 
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'''-determining the susceptibility of neoplastic cells ta the 

anthracycline aJ)t,i·biot:Lcs. t,.l though cardiol~pin is nçrmally 
\ 

restricted to mi'tocnondrial membranes, H: is actually fOUl)d 
,,' , 161 

in aIl cellular membranes upon malignant transfprmatio~ • 
'" ' !" 

This èouid mean that' a,tumor cell may present a modified 

surface to an approaching ,drug ~olec~le a~d behave dif~erently 

from one which lacks'cardiolipin on the.surface of its membrane. 

The most provocatlve suqqesti'on that the cell 

membrane may act as a key target as oPP?sed to DNA-dependent 

systems 15 bas-ed on the observation16~-1,64 thëlt adriamyoi~ 
, -

covalently linked ta 

properties.' Indeed, 

polymer beads* 
'" 

Tri-tton162 ,163 
\ 

retain~ 'pot~nt cytotoxic 

164 and Tolkes prepared 

microspheres to which adriamycin was cov~le~tl~ attached 

through the sugar amine group t6 reactive functians on the 

polymer (Figure 5), thus making adriamycin effectively 
,'-

inaccessible to the cell interior. Since the drug conjugate 

was cytotoxic and drug release by the spheres ruled out on 

the basis of adequate control e~peri~é~ts, it was concluded 
r 

that 'ad::r;iamycin must exert its effect at the céll membrane 
~ . 

, , 

level. This type 'of drug conjugation ta a support may in 

, fact prave:: to he quite a'dvantageous as the drug may no longer 
( , 

be available ta thase compartments invol~ed in its metaba~ic 
, ' 

breakdown, th us permitting the continuous perturbation of the 

* ~. 

Tritton used 6% cross-1inked agarose beads (40 to 210 ~ in diameter) 
derivatized wLth 1,1'-carbony1diimidazo1e, which can react with free amine 
groups. Tolkes used po1yglutaraldehyde microspheres (0.20 to 0.-45 lJID j.n' 

. diameter). The aldehyde. function at the sqrface of ,the IlÙ.crosphel!'es fc;>rDIS 
a Schiff b~5e with free amino groups. 

. ./ 

.' 
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Figure 5: Structure of Adriamycin Linked to a Polymerie MatrLX 

Used by Tritton. 
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cell. Sincé such preparations do not affect the chromophore, 
''--"", 

"" 1. t remains free 'to bind metal ions aad to undergo those redox 

reactions whièh may be re'sponsible' for· the observed cytotoxic 

~ff~é1:. 
• 

However, although interest{ng, these results raise 

a number of questions., First, in these studies the att'acrunent " 

of the'drug to the pplymer beads is through the amino grQup. 

This means that tne amine 1s unavailable for interaction with 
1 

the ce Il membrane and this is iQconsisten~ with a,previous 
; 'f -' 

, , 

,concluSion that the amino sugar part :tS cri t,ical for drug 

'bindi:ng to 'the membrane. 11=- remains possib'le that the amine 

group may ~ot be' 'essential for biilding" (al though ;in one case, 
, , 

the NR2. 1s in the form of a basic Schiff base) but this is not 
. . 

consistent with the numerous studies that have demonstrated 

---------------------------------------~ -----
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the apparent importance of the amine function for bio~~gical 

activi ty. Moreover, th~ beads offer adri~ycin to the cell 

surface in a manner not encountered urlder normal physiologacal 
" • ,4 

conditions, i.e., t~e drug molecules are arranged in an 
\ 

ordered fashion "like a picket fence along th~ bead surface" 

~Figure 6). Under these circurnstances the interactions involved 

o. 

1 

CH)o* 0 OH 0 

~ 
• [ .. ir\> ~1-NH 

L--___ ---' 0 

Figure 6: Repre~enta~ion of Adriamycin Covalently Bound to 
Agarose Bead. 

JI 
may bear l~ttle or no relationship to those of the free drug 

in solution. 
.J. 

$till, these experiments do not rule out the , >! 

o 

Q 

possibility that free a~riamycin can affect c~:ll viabi:ity 

through DNA intercalation but they show nevertheless that under 

special circumstances, cytotoxicity can be achieved withou~ 

interaction of the 

organelles. These 

drug ~h DNA oJ other intracellular 

obserya(ions have stimulated much work, the 

resuibs of which point to significant membrane effects induced 

by the anthracyclines. 
\ 
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C.3 

C. 3.1 

Gen~ration of React~~e-Species 

Free radical formation 

The rnost rapid1y evo1ving area in anthracycline 
\ , 

research cente:r.s on the invo1 vernent of free 'radicals. 1 

Adriarnycin can ~l'}dergO one e1ectron reduction to the s~rni-
\ 

quinone or a two electron reduction to the dihydroquinone 

provided it is not intercalated50 ,165-167 with DNA. Each of 

these species has i ts own chem~stry and an assoc1.ated but 

conjectural role in the action of anthracyc1ines. 

30 

The one electron reduction of adriarnycin (and a~her 

anthracyclines) has been shawn ta be catalyzed by various 

flavin..-centered axido-reductases including cytochrorne P-450 . .., 
, , 168-170 160 and xan thlne oXldase at the m~ tochonrlr1.al , 

micirosoma11 71 ,172 and nucl.ear173 level. (Thi,s",reductiorvalso 

occurs spontaneous1y, to sorne extent, at neutral PH174 ). In 

the presence ofaxygen, this process 1eads to the regeneration 

of the parent anthracycline and the formation of the super-=-

oxide' anion fo11owed by the appearance of the hydroxyl 

d : 1160,168,171,175-177 ra lca . 

S 'd h' h b 't If' t . 178 uperax1. e, W lC y 1. se lS no very reactl ve , 

can undergo a series of reactions leading to the generation 

of such species as hydrogen peroxide and a highly réactive 

hydroxyl radical178 ,179. It can ~iso yield hydro~en peroxide 

directly 

marked~y 

via sr:::eous di5proportionation but the react,on i5 

~ccel~ by the ubiquitous enzyme superoxide 

. 
r 

" 

'1 , 

( 

\ 
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dismutase (500)180 (Eqn. 1). 

2 O· + 2 H+ SOD 
2 (1) 

\ 

The hydrogen peroxide formed by this reactiQn and by flavin-

. l~ 1inked oxidases is decomposed by the heme enzyme catalase ( ~ 

to innocuous products (Eqn" 2) thus insurinq protection of 

the ce1ls against peroxide" 

The hydroxyl radical May .be formed through reductive lysis 

o~ hydrogen peroxide by the superoxide radical (Eqn. 3) 182 

and exert its damaging effects ~specially in those or~àns 
-1 

(2 ) 

which are deficient in those enzymes J (e. g • • superoxide dismutase , ' 
~ 

- 02 :+- OH + OH" (3 ) 

'and cata1ase} that norma1ly inhibit its fo,rmation. Howevet,' 
" 

this latter prC?cess, the so-cq1.led Haber-Weiss reactio~ 183, . 

'is kinet~cally t,oo slow to be of significant* biological 

.' 185-188 importance unless' it is cata1yzed , . The in vitl'o 

observations179 ,189 that che1ated .oxidized iron can exert 

* This hàs led te a bitter contreversy where the significance and role of 
superoxide dismu tasè has been questioned184 , 185 . 

_ .... 

" \ 
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. 
such a catalytic effect led to the proposal that cellular iron; 

3+ presumably chelated as in the ATP-Fe complex could catalyse 

th f t . f h d l d . 1 ' . 190 , 191 - e orma ~on a y roxy ra ~ca S 'l.n V't-vo • (A summary 

of the p:t:'oposed' redox processes leading to hydroxyl radical 

formation is shown in Figure 7). 

NAD-PH 

, CY,toc:itrom. 
p_SO 

, Reeluet ... 

NADP 

A 

'-~ 

A 

"OH 

\ 

o. 

0'" l> ( ~ 
ATP. FeUil) ATP. Fe(II) -~-ATP. ,.(11)+ 

'~~Oa 

l' 

F~gu.re 7: S,cheJllati.c: representation of the propos~ mechanism o~ 
anthracycll.ne :ulter.act.ion Wl. th microsomal cytochrome 
P-450-medi.ated redox cycle leading to superoxl.de and, 
through the interventl.on of cOlllplexed. iron, .to the 
hydroxyl radical. , 

The in vivo l.ptracèllul:ar concentration of iron ~s 

low and l.t rnay be expected t.hat upon addit10n of adr~arnycin 

it is likely' t'hat any available Fe (III) will suffer chelation 
, , 

OH'+QH-

in view of ,the affini ty of a,driamycin for Fe (JII) 192. However, 

this may be of li ttle consequence as there is evidence that 
• 

t,he adriamycin-Fe (III) cornplex will rnediate a H20
2 
-dependent 
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hydroxyl radical formation l93 . In addition, i.t. was recently 

observed" that the hydroxyl radical (or a species wi th very 

s1milar properti.es) ,,?as formed simply by mixing the adriamycin 
.. . 194 

semiquinone wi th hydrogen peroxide in the absence of iron _ . 

The toxici ty of the hydr0Xl'l radical deri ves (in 

part) from its abili'ty to cause peroxidat·1on of' membrane lipids 

and to degrade DNA * . 

C. 3 .1. l fIA 'Peroxidation of'membrane lipids 

Al though the preci.se mechanism of membrane damage ls 

not knOwn, the reactive species t derived from t]:}e superoxi.de 
. 

radiCa\(SUCh as hydroxyl and peroxy radicals) can i.nitiaté 

free rad~-mediated chain reactions that result. in peroxi­

dation of unsaturated fatty acids (Figure 8). 

The bi.ochemical consequences of lipi.d peroxidation at 

the membrane level are '- exceedingly complex and involve not only 

the unsaturated li.pids but also the many different proteins 
--' 198 201 

and enzymes that form an int;.e9ra1 part of membranes - • 

L... 201 
"RIIIIi! sulfhydryl enzymes are particularly susceptible and 

easily inactivated as a resul t of membrane structure perturbation 

or by cross-linking reactions (which may occur between proteins 

1t , • 

Depending upon the proximi. ty of the particulu ant1biotic to a cellul.ar 
IlIacromolecule 1 this can gi ve rise to membrane 1ipid peroxidation andlor 
DNA damage195. 1. 

t There are different opinions reqardinq the reactive species involved in the 
,initiation of lipid peroxi.dation. Superoxi.4e its~lf 1.s not cons.i.derèJd to 
'initi.ate peroxidati.on di~ectly but several reactidns hâve been proposed in . 
which o~ reacts with B202 and/or ATP-Fe3+ producinq '02' OB" or an ATP­
perferryl ion (ATP-~e2+-02 ++ ATP-;>-Fe3:-o;)-...çanplex. A1.l three' of these 
product:.s may initiate lipid peroxidationI96 ;i97. 

î 

,-

i 
i. 
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LOM 

A schematia representation for the mechanism of adriamycin-indûced 
lipid peroxl.dation. After enzymatic 'reduction, - th~ quincine 
moiety of adriamycin is regenerat~d autocatalytically with t,he 
production of superox1~ anion (Di). 'The reactlve species derived 
fran it (R

o
), su ch as s"i.nglet oxygen, hydroxyl radicals, pèr:oxy 

radi.cals and ATP-perferry ion canplex can I:'~e h1dFoqen frcm 
unsaturated f.tty acid (I) to yield the fatty acid free radical 
(II), which reacts with oxy.gen to produce a fatty acid paroxy 
radical (III) ° A cycle is set up in '..,hich (III) can abstract a 
proton fran anbther-lDOlecule of CI) to yield an unsatur~ted fatty 
acid bydroperoxide (lipid peroxidel and another molecule of, (IIl, 
which can continue the autocatalyt1c chain reactidn of lipid 
per:oxidation. The biologlcal'defense mechanisms, sUpeXoxide 
dismutase (SOD), catalase and glutathione perox~dase are shawn at 
the 'si tes at which ~ese may a~t to prevent detrimental consequen,ces. 

\ 
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~r lipids and proteins) initiated by lipid peraxidation. 

The mitoehondrial'membranes and the endoplasmic reticu1um 
'. ~ ,. 

contain a high' 'proportion of unsaturated .. fatty acids202 and 

consequently, these membranes are also highly susceptible 

to lipid peroxidative damage. 

The possible link between anthracyeline-mediated 

3S 

free radical generation and'cardiae toxicity was first propOsed 

by Myer~ et al. 203 on the"b'asis. of the detéetion of mal.ondi­

aldehyde* (a known prÇ>duct "of unsaturated fatty ~eid peroxide 

degradation) in cardiac muscle after'treating mice with 

adriamyein. Coupl,ed to this finding was the observation 
, 

that tocopherol reduced lipid peroxidation and conçomitantly .. 

~essened the cardiae toxicity without eompromising the anti-

t~or .activity of adriamycin. _Subsequent~y, a number of 

groups160,.206r207 have shown·.that both eardiae mitochondria 

and cardiac sarcosomes generate the supe,roxide anion in. the 

pr~sence of adriamyein or daunomycin·. Since these targets 

. are prominent sites of in jury, these observations are of 

considerable interest. In addition, these intràcellular sites 

of action regulate the availability of intracellular ealeiwn' .' . 
tp, the contractile prote!lns ànd abnormalities in calcium' 

handling are characteristie of cardiomyopathy. Evidence has 

be'en obtained208 ',209 that a spec'ifie defect oceurs in mito­

chondrial calcium transport after anthracycline administration • 
• 

Alterations in the aetivity of NADH-oxidase.and the succino-

* 204 . 205 
Interestingly, Jnalondialdehyde 15 carcinogen;ic as well as mutaqenic 
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. 
oxidase system, which constitute the respira tory chain enzYmes . 

~ • 210 
,requiring coenzyme Q10 (CoQ10) as cofactor , 

associated with lipid peroxidatlon damag~·211. 

have been " 

Thus, it i8 
<' 

sugge~ted that th; formation of free radioais in the he art 

may destroy the function of key cell~lar components thrQugh 

oxidation and as a ,result, cardiotoxic effects are observed. 
t 

The particular 

effects of free-raqicals . ' 

in the protective enzymes superoxide 

lase171 , 215, 216 relative to an organ 

for by a deficiency 

tase and cata-, 

such as the li ver which 

nOrI1;1ally genèra~s free radicals ~uring the catabolism of 

, drugs and 'endogenous compounds. Cardiac tissue possesses 

less than 10%' of the catalase activity and less than 25% of 

the superoxide disrnutase activ,ity found in the liver217'. The .. .. \ , 

protective enzymè glutathione peroxidaset " whose proposed 

role 1s to detox1fy lipid peroxides by reducing them ~o stable 

lipid alcohols 220 ,221 and destroy hydr~gen peroxide by reducinq 

it to water222.-224 (Figure 9), has the sàme level of activity 

in bo,th organs. However, adriamycin depresses the activity 

of gluta1:hione - peroxidase in cardiac tissueI60 ,' 225,226. 
, . 

Çardiac glutathione perox1dase levels reached a nadir 

at 24 hours following adriamycin treatment and remained 

*. 157 ~lO 212 
Alternatively, ,it has been proposed ' " tnat adriamycin cc:mpetes 
with ubiqu:inone (CoQlO) for severa1 ubiquinone dependent oxidoreductases. , 
It i5 pointed out that ubiquinone.can act as' a radical scavenger2l0L213, and. 
its use in "rescue" therapy for cardiotoxicity was suggested2l4 . 

tGlutathione perôxidase, which requires selenium as a cofactor218 , is a 
cytosolic enzyme wi th i ts fun~ion directed towards the remova1 of hydroqen 
peroxide in the cytosol as it may n,ot have access to lipid peroxides foxmed 
within cell membranes219 • 

.\ , 
1 . -
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NADPH 

Glula.llfon. 
Reduct ... 

Glulalilion. 
Peroxlcla8e 

ROOH 

ROH+H.O 

Fiqure "9: Reduced qluta.th;lone, (G-SB) converts perox1des (ROOB) 
to alcohols (or water in the case of 8202) ,in the 

\JJ presèJlce of glutathione perox,idase and ,in the process 
ia itsel.f oxidized' (G-S-S-G) • OXidiz.ed glutathione 
i9 reduced to G-S8 in the pre$ence of glutathione 
reductase and NADPH. 

depressed over 'a period of between 4 ~nd 5 days. DUJ;ing 

37 

th1s period of enzyme depression, two major ~trace11ular paths 

for peroxide removal are unavailable to, cardiac tissue. Thus,' 

adriamycin is able to catalyze the formation of hydrogen 

peroxide at the same time that it attenuates one of the key 

mechanisms for 'hydrogen peroxide removal. 

C.3.1.2 ONA nicking 

The abili~y of daunomycin and adriamyc1n to damaqe 

DNA in mammalian celfs is well documented. These drugs are-

. 227-229 
kn~wn ta cause single strand breaks wh.ich may be 

responsible for chromosomal rearranqement includ±ng the increased 
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frequency of s1ster chromatid exchanges 230 ,23l and mutational 

events32 • In addition, these compounds are very effective 

carcinogens in rats33- 35 . 

Lown et aL 176,177',232-236 ,have shown that the 

cleavage* ,of DNA depends on the induction of hydroxyl radical 

for.mation by adriamycin as a result,of its red~x properties 
~ 

(summarized in Figure 7). This 1s consistent with a prev10us 
. 

study in which the abil! ty of the hydroxyl radical to cause 

DNA strand scis.sion was demonstrated239 • Codpled with the 
1 

fact that the nucleus, contain.s the enzyme NADPH' cytochrome 

P-450 reductase which can catalyze the reduction173 of adria-
, 

myc1n, and the fact that there exists a, correlation between 

DNA strand breakage and cytoto~ici ty240, the drug-induced . , 

free-radical formation constitutes a plausible mechanism for 

single strand breakage. lIt may also provide a mechanism 

for the mutagenici ty and carc inogenicï ty of these drugs) • 

Unfox:tunately, there are no puJ;>lished studies wh1ch have" 

addressed the question of the actual mechanism of single strand 

breakage in a living ce lI. 

The premi, that the càrdiotoxicity of the 'anthra­

cyclines 1s related to the documented free-radical cascade 1s 

supported by the obs~rvation that the analog 5-im:Lnodaunomycin 

* Seme strand breaks resul.t fram the actj.on of topoisomerase
20l 

releasing 
the torsion placed in the double helix Dy druq intercalation but this i5 
not' the, cause of cytotoxicity237.' Bovever, recently it vas found, j.n 
cOntrast tp a previous report235 , that the binding of the drug to ON.A must 
cause considerably more single strand brea.kage than originally thouqht, as 
the anthraeyc:line, S-Lminodauncmycin, which has ~ neqliqible capac.i.ty te, 
fona. semiqu:inone radicals in TJi f.;rto causes extensive single strapd breaJcaqe238 . 

1 . 1 
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1 

/ . . 



_., 

.. 

, 
., 

( 

.. - ._. f 
-' \. 

i 
/ 
i 

1 

/ 

(~) i.s iess cardiotoxic than daunomYCin24l . This quinone­

modif ied ana log displays a .. slower raté of ~eduction and a 

slower rate of reoxidation of the reduced form relative to 

daun~~~in235,242 which in turn, makes it a less efficient 

\ 

! .. 

l ' 
substrate in the redox cycle shown in Figure 7 •. As only a 

small decrease in antitumor activity is observed with 

5-iminodaunomycin (with 5-iminoadriamycin, antitumor effieacy· 

was significantly increased, althouqh potency* was d.ecreâ~ed243)" 

this result suggests for the firsf. t1m.e that i·t may be 

possible to s~parate car~iotoxicity from antitumor activiitY t23~., 

'* CoalpcNnd;I ha"e ant! tl.UDOr efficacy i.f 'TIc or survival time of treated mic::e 
relative ta controls ia ~ 120. Potency ëoapares the ddse of analoq and 
dose of parent druq required to qive the SUIe effect. 

t " , 
Bowever, tbis may ru.,ve te wait 'further in- vivo evaluation because the 
selective c::ytotoxicity displayed by', the' anthracyclines ma~)le due to the 
saM factor beliaved to De responsible for card:1otoxicity,~.e., the" 
signj.ficantly deficient lavela of the proteotive enzl"Des 6 sU~xide ,\ 
di~taa., catalase ~ qlutathione peroxidase19~,215,21 ,24 ,245. ' 

" 1 

1 , 

1 
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c. 3.2 Anthracyclines as ~lkylating agents 

Reduction of daunomY~h or adri~cin under anaerobic 

con~itions leads to glycosidic bond cleavage and isolation of 

168 170 207 248-252 the 7-deoxyaqlycone* and daunosamine ' , " • The 

mechanism of glycosidic bond cleavage involving either one or 

two electron reduction (depending on the reducing agent170,25~), 

has been 1ntensely invest1gated and debated oecause of the 

potential role that the reactiv~, intermediates might play in 

the covalent binding of the drugs to biological macromolecules 

including DNA. 

C.3.2.1 One-electron reduction 

The ~ne-electron reduction of the quinone part 

"'" provides a semiquinone (which is in aIl ~ikelihood ~rotonat7d 

at physiologi~al pH) 254 that heterolyticaliy eliminates the 
-

glycoside residue to yield a sem1quinone methide which undergoes 

• a "tearrangeme~t" in which the unpaired.electron migrates te 

the C-7 position (FigUre 10). The radical 'thus formed can 

ab~tract hydrogen (and initiate lipid pèroxidation) or it can 

reduce molecular oxygen (initiating an oxygen-dependent lipid 
. 

peroxldation and DNA degradation) but it 1s bel~eved to be the 

alkylat.ing species ,responsible for covalent bind.ing to 

DNA170 ,172,255-260. The C-7 radic~l might aiso be expected to 

react wi~h itself to yield an aIygcbne dimer . 

... 
Reduative deqlycosidation ta the inactive 7-deoxy aqlycones is one of the 
important clini.cal cllsadvantaqes assoc~iated wi th the anthracyclilies45 , 246 , 247 

--------~~~~~-~-- -
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Figure 10: Proposed mechanism for OKA al.kylation and foxmation 
of deoxyaqlycone and deoxyaglycone d.imer .frOlD a . 
carbon-eentered free-radiea.:l intermediate derived 
fran the anth.raeycU.ne semi.qu.i.none interDll8<Uates. 

• 
While the formation of such a dimer has not been 

described for daunomycin (or adriamycin) 1 it has been 

identified itl the case of the on'e-electron r~duction of 

I-deoxypyrromycin (lQ), aclacinomycin A cg) and aklavinone 

(g)261-263. The isolation of these dimers was , in fact, 

41 
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10 . I-deoxypyrromycin OB ~o-....J 
.H~ 

J 2 

-
11 aclac~nanycin A OH ~ 

. H.J 

~O~O 1 

,~ N(CH 1)2 

O~O OH 

12 aklavi.none OB B 

~ 

conside'red as constituting evidence for the proposed mechanism 
» 

underlying the one electron-ïnduced reactivity of the 

anthracyclines •. 

C.3.2.2 Two-elecrron reduction 

The two-electrGln reduct~on of the quinone part leads 

to the corresponding hydroquinone which subsequently undergoes 

heterolytic g1ycoside bond cleavage to yie~d a methide i.nter­

mediate. This quinone methide 13'. is potentially electro­

phi11c264-267 as weIl as nucleophilic 268 and thus p+"ovides'·"lan 

... 
attractive. intermediate for covalent b~nding onto macro-

"-

8 

8 

H 
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f 

+ 

13 ROH 

Quinone Methide 

l 1 
104,255,256,264-268 ma ecu es . 

In the first path of reactivity, the quinone methide 

serves as an electrophile (Michael, acceptor) capable of 

reaC~ing with tHe nucleop}'Îilic ~~ tes of m~cromolecule~ < T~iS 
mode of induced reactivity is an illustration Of the ph~nomenon 

of bioreductive activation extensively discussed by MOQre 264 ,265 .... 

While ~n.e- trapping of ~lectrophiliè intermed1ates presumably 

generated by·'reductive cleavage of daunomycin' has been 

,253-268a , unsuccessful , such trapp~ng of 7,ll-dideoxyanthra-

cyclinone qu~none methide by thiolate nucleophiles was recently 

267 ' , 
reported The initial product, hydroquiIlone t4a, undergoes 

disproportionation s,o that quinone methide formation be6:omes 

autocatalytic. The 'isolated adducts 'are converted 'anaerobically , 

* Some principal nucleophi1ic s1tes in DNA are the fl-7 position of guanin.e, 
the N,I3 pofition of adenine and the e~.?cycac 0-6 position of gua~iI?-e269 .. 
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in the absence of nucleophiles to 7-deoxyanthracyclines which 

explains why it has been 50 difficult in the pas~ to obtain' 

0 

0 OH 

[0 x] . + 

CHp 0 OH NI,! 

14a 

. t lt' t' . 25~ . pOS1. ~ ve resu 5 1.n rapp1.ng exper J..ments . The failure to 

observe nucleophilic add1.'tion to daunomycin suggests t:hat 

the quiname meth ide is ei ther unreactrve or is more. readily 

protonated and susceptible to faster tautomer1.Zatlon because 

253 of the C-ll hydroxyl group Alternatlvely, the adduct may 

be more poorly capturable by d1.sproportîonat1.on . 

.... 
In the second path of reactlVJ.. ty, the qU1.none meth1.de 

now serves as a nucleophile capable of reacting with the 

electrophilic sites' of macromolecules*. Reaction of quinone 

* Covalent bond formatiop can be expected· w~th electroph~lic s~tes ~n DNA such 
as the 2- or 4-posi tion 'of a pyriJru.dine base or the 2- or 6-posi t~on Of a 
pu,rine base. In addition, guanine.....j.s exgected ta be lIt0re react,i ve than 
adenine and cytosine more reactlve than thyllune 270 ,271. 

... 
1 
1-
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-methide 13 wi th an elèctr?phîla regenerates the quinone l:Âtt 

subsequent reduction of the adduct.would not be' expected to 

,. 

promote clè'avage, of tne new pond' 'at the 7-po~itio,n (because 
t , 

~45 

r' , 
electrophiles, a<re, u$ually l'00t:' leaying groups). The simplest 

~ \ , 

example 0~ the reà'ction of, quinone p1e~hide 13 with an 
II>. ,cO" • . , 

electrophile is,' of, C9ut'~e, proton- capture to' gi'v-e 7-deoxy"': 
, .~" 

daunomycinone. An .int~resting fllustrat~o~ ,~f the proposed 

nuèleophilic reactiv~ty of ,the qu~no~e methide towards a 
h , 

relevant substrate \rias obta'ined in trapping e~per1ments ~slng 

, '268 
benz4ldehyde as the e~ectrophile 

170' 
Recentl~, however, it ~as reported that there is 

little evidence that the anthr,acyclines can undergo two, 

elec-tron reductions in vivo. Bachur et âL found hhat 

adriamycin 
( 

und;erwent' reCluction wit~ fla';in oxi'doreductases, . .". 
capable of single-electron transfer but 'was a ~or sub'strate 

" 

( 

for the flavoproteins capable of two~electron transfers. On the 

f· 
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256 other hand, Sinha and Gregory found that a-tocopherol 

(a presumed free-radioal scayenger) had no effect on the 

covalent binding of adriamycin to DNA. 'However, glutathione 

interfered with binding, an indication ~hat the quinone methide 

was formed. Sorne doubt has also been cast on the evidence 

purportihg to ShoWl that adriamycin binds covalently to DNA. 

This evidence was 'biised main1y on, the finding that binding of 

the drug to DNA persisted after repeated extractions and 

wash~ngs under cond~tions known to 1iberate interca1ated 

d 
255,257,258 rugs That covalent bind~ng may indeed oceur was 

b ~ 272 h h d h 14 l b' ''''~d reported y GheZZl et ê1:". ,W 0 s owe t at C- a e.l.t:::' 

a9r~amycin binds covalent1y to microsomal proteins iri NADPH-

• dependent react~ons. It i5 clear ~hatjmOre of this type of 

direct proof of covalent binding shou{d be adduc~d befo~e 
confidence ~n the alkylation mechanlsm (elther as a result or 

one-electron or two-electron reduction) can be sustalned. 

'Both the C-7 radical (resulting from a semiquinone 

rea~angement) and the quinoné methide pathways may be more , 
• , , 

impo,rtant mechanisms in. in vivo situations for the induction 

of DNA damage or breakage 163 ,25ét) F'Qr exa'mple, while it is 

observed that the blnd~ng of ,~nthracyc1ines ta lsolated DNA • 

,causes molecular dlstartions but never damage or breakagè of 

the DNA' strands, intact livlng ce Ils treated with the drugs , 

rapi,d~y ,show DNA' damage15 ,228,229,,273' ThlS suggests that 

cellular activation ta one or the other of th€ alkylating 
, -) 

'specie$ (or hydroxyl radica·l formation) probably loccurs, a 
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• 
process -facilitated by the integrity of living cellsl72 ,258. 

In addition, the ability of adriamcyin to kill tumor cells 

under hypoxic* coriaitions supports the theory of its bio­

reductive activation275 ,276. 
\ 

A summary of ~he hypothetical process undergone by 

the anthracyclines in the cell (adapted and modified from­

Bachur et a~.173) is shown in Figure Il. 

Once across the cell membrane, the drug may follow 

two paths. It may go directly to the nucleus to suffer 
') 

reduction by tlavo proteins located in~ the nucléar stroma. 

This would result in the formation of the semiquinone free 

radic~lt intermediate which can react directly with DNA or 

to the drug free-radical which can react with oxygen to form 

superoxide free-radicals and subsequently hydrogen peroxide 

and hydroxyl radicals. The hydroxyl radicals would damage 

DNA and other nuclear structures. Theçregenerated quinone 

group becomes available again for single-electron reduction 

by a recycling process. The drug may also bind cova~ently 

to DNA or other nuclear structures ~nd because the quinone 

47 

group would be "fiee, it could participate in the single-electron 

reduction process. However, an intercalated drug yan no 

longer be available for free radical formation. In the 

* ~ 
Bypoxic cella are resistant t~ chemotherapeutic agents directed againsc 
proliferat~ng cells. It ls hypothesized th.at hypoxic cells remote fran 
the vaacular supply of a tumèr mass might have a greater capacity for 
reductive rea7t~ons than their normal well-oxygenated counterparts274 • 

t The 2-electrJn reduct.ion procesS ia not discussed here becau@e it is not 
considered likely by Bachur who proposed the ~eact.ion pathway 1n queption. 

, . 
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cyto~lasm, the endoplasmic reticulum flavo proteins or the, 

mitochàndrial"enzymes also catalyzè the fo~ation of drug 
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free-radicals which May react with cellular component$ su~h 

as cell membranes or'may generate hydroxyl radicals infli~t1n9 0 

damage o~ various cellular components (via oxygen mediated 
" ~ 

lipid perox1dation). It is possible t.tiat semiquinon'e free­

rad1cals produced at the endoplasmic retic~lum levei may travel 

to and penetrate the nucleus where they can cause damage as 

discussed above. 

The scheme 15 greatly over-simplified'hecause the 

rate of adriamycin semiquinone reaction with 02 is 50 high 

that the reduced form could onl~ ~urvive to he captured by 

DNA if the ceilis internaI 102 concentration were very low. 

"'''' Moreover, under such circumstances, formation or oxygen 
166 radicals by reduced drug would not be possible either • 

D. 1 CONCLUSION 

. 
The ,anthracyclines are structurally. compl~x agents 

which give' rise to multiple biochemical effect~. How these 

antibiotics elicit these effects is a question
J 

that can be 

divided into two main parts. Adriamycin can be looked upon as 
• 1-

a passive molecu~e that binds to DNA and, by distorting the 

latter's geometrYI alters its function. Alternatively, the 

,chemical reactivity (basic~ty of the amino group, the redox 

pote~tial-of the chromophore) of the antibiotic can serve as 

a basis to explain its biological effects. As we have seen, 

there i5 no persuasive evidence favoring one view or the 

·other. Both rationales can "e~p_lain" the select.ive cytotoxic1ty 

'1 

l 
~ , 
j , 
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of these antibiotics'towards cancer cells relative ~o normal 

cells and both views also offer "acc~ptable" explanations 

for their cardiotoxicity. However, besides the facto that 

these proposed mechanisms cannot ~xplain why adriamycin i5 

cytotoxic at a concentration inferior to that required to 

inhibit DNA synthesis277 or why the new an~log of adriamycin, 
1 .. 

3'-(3-cyano-4-morpholinyl)-3'-deaminoadriamycin (15) is not 

only an intensely potent antitumor agent but aiso lacks 

, 

!! 

cardiotoxicity278,279, these mec:hanisms, by th.emselves, do 

not tell a complete story. For example, these rationalizations 

cannot account for the wider' s.pectrum of activi ty of adriamycln , , 

relative to daunomycin even though th~ two drugs are virtually 

-.identical from the structural and reactivity point of views 

as we have noted and emphasized in this presentation. 

~he superior activity of adriamycin over daunomycin 
• , 

i5 perhaps. best. explained.by takipg into account their respective 
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'effects on the immune system. Daunomycin is apparently more 

immunosuppressive than adriamycil'1280- 2,82. In addition, 

although the chemistry of th~ two antibiotiës may not be 

s,ignificant}y different (differing only at the C-14 position) 
, 

their transport ànd'rate of metabolism in vivo are certainly 

not the s~elO~,117,283,284. The, complexities inherent to 
, 

~tact living systems.can be appr~iated further. A very 

~portant point (which is very ~ten neglected by Most 

re'searchers in this field) ls that cancers are not homogeneous. 

They tend to preserve, in varying degrees, the metabolic 

characteri~ics of their ~iss~e'of origin. There is bio­

chemica1 ~eterogeneity even within a tumor class 285 . ~hey aiso 

'differ ~ their ability to repair DNA28~, in their content 

of su~roxide dismutase, catalase and glutathione perox-
195 215 216 244 . ' . " idase ' , t as well as in the~r abil~ty to take up , . 

certain trace metals287 ,288. Since these' parameters cannçt 

be easily identifled, àur ~hances of success are similarly 

uncertain but our ·awareness of them will ult~ately help'~s 
, ' 

'understand the very complex nature 0; the interàctions between 

drugs and their target organisms. 

THE GOAL OF THE PROJECT 
J 

, ~ 
The aim of our project was to d~velop useful ..., 

synthetic strategres of the syn~hesis of the chromophore unit . : 

of 4-demethoxyxanthodaunomycin (16) and its regioisomer 4-. ,--

L 

demethoxyi8oxanthodauno~ycin (12). The reason for synthesizing 

, ... 

"" -
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such cçmpounds carrying a modified chromophore was to eva1uate 

the hypothesis that daunomyain-mediated formation of free 

radical species May be'a cause of cardiotoxicity. Testing 
' .. 

of this hypothesis may be possible with compounds sucrr as 

~d 17 because the "xanthone" unit i~ not as efficient 

an e1ectx:.on~acceptor as the quinone uniot of daunomycin and 
~ , 

as a result ±hese analogs wou1d be expected to disp1ay a lower 

rate of reduction relative to 1. (We'have a1ready seen that 

S-~inodaùnomycin, which was disclosed while our own work 

was in progress, exhibits a lower rate oÎ reduction than 1 

and shows s~gnificantly 1es~ cardiotoxicity). Extensive 

structure-activity rel~tionship studies have been useful in 

identifying the chemlcal features ~hich are not çritical for 

acti vi ty • However, we' were tel uctan·t to in troduce too many 

modifications, some of which might,mask the primary effect 

that we are seeking while others might cause alte~ations in 

transport, metabolism and response of'the immune system. 
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Consequently, the on1y additional feature which we decided ta 

alter invo1ved removal of the substit~ent at the C-4·pos1tion. 

This choice not on1y simp11fied the sY1J.thet'ic. strategy but 

a potentia11y more uséfu1 -compound may be~obtained because it 

1s known that a IO-fo1d increase in in vivo potency i'5 
, ., 

associated with the removal of the 4'-m~thâxy substituent of 

daunomycin and adriamyc1n. 

In addition, we planned to synthesize the 4-d~ethéxy­

daunomycin analog 18 and 4-demethoxyxanthodaunomycin analogs 

!2 and~. Since the anthracycl.ines suffer in vivo deactivat1œ through 

.!!. .!!. 

conversion to the corresponding 7-deoxyag1ycone, it would be 

interesting ,to·see what effect replacement by a "stabi11zed" 

substituent m1ght have. At the same tim~, the bioactivat±on 

hypothesis ~equiring a l-electron or 2-electron reduction of 

anthracyclines prior to·the generation of-alkylating spec1es at , . 

• 

\ 

i' 
! 
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C-7 would become verifiable because such analogs as 18, 19 

and 20 cannot eliminate their C-7 carbon substituent. 

In a paraI le 1 vein, S0me aminoanthraquinones have 

generated a considerable amount of interest because while 
~ .... 

they incorporate onlY a few features of the anthracyclines, 

they show significant antitumor activ1ty. However, like the 

an~hracyclines they are cdrdiotoxic. As we felt that these 

compounds might also be involved in the generation of free-.,. 

radical species, we decided to attempt the synthesis of 

compound 21 because its redox potential is expected to be 

54 

altered relative to the parent anthraquinones. The information 
\ 

obtained should prove extremely useful regardless of the 

results because research work on the aminoanthraquinones is' 

not yet as extensive as on the', anthracyclines and relatively 
l, 

little 1s known also about their mechanism and site of action. 

, 
f 
1 
1 
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1 
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CHAPTER 1 

SYNTHESIS OF THE BETEROANTHRACYCLINES AND iso­

HETEROANTHRACYCLINES via C-RlNG FORMATION 

1.1 DISCUSSION OF THE SYNTHETIC STRATEGY 

55 

A simple retrosynth~tic analysis of the heteroanthra-

cycline ring system ~ and its isomer 23 would involve among 

other possibil~ties the bond disconnections shown below, an 

operation suggesting a strat~ based o~ the creation of the 

oc rings from an appropria te AB fragment. This strategy 

OH OA, 

.!!.. R t - daun~mln,l. AZ:l H 

!!. R,-RZ,-H 

.!? A,:a daunoumln,l. AZ. H 

..!.. R,. A2 -H ' 

requires in principle, the condensation ?f an appropriately 

protected o-phenolic acid derivative of the D-ring part with 

either a fully functionalized AB-ring intermediate or a 

suitable AB-ring precursor which can be further functionalized 
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after the formation of ring C. 

The glycosidic bond between the ~cone (24 and 25) 

and the amine sugar 4-0-p-nitrobenzoyl-3-N-trif1uo~oacety1-

daunosaminy1 bromide (~) (readi1y prepared from N-trif1üoro~ 

acetyldaunosamine (27) which was made avai1able to us by 

Bristol Laboratories, Syracuse) carried out under Koenigs-Knorr 

conditions· 289 completes the synthesis of peteroanthracyclines 

16 and 17. 

~
r 

, 0 

C~3 
NB 

o ' , COOCF) 
0-<: 

Q 
26 

OH, ~oJH 
~ 

HO COOCF 
) 

) 
Goodman et al,291 were the first t~ '~monstrjte 

~_/ 

the feasibility of such a strategy where position 7 was 

• 

functionalized pfter a C-ring formation reaction ultirnately 

led to the s"imple anthracyclinone 2'8. This'- pattern was 

exploited by Wong et al. who reported the successful synthesis 

of 4-demethoxy-7-0-methyldaunomycinone (29)292 and later of 
'--

'\ 

daunomycinone (l)293 (Scheme 1,1), using the appropriate 

phthalic acid derivatives and the partially substituted tetra1in, 

* Recently, trimethylsilyl trifluoromethanesulfona-te 'has been reported to be 
an excellent glycosidat~on reagent for anthracycline synthes~s290. 
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(i') ":"2-acety 1-5, 8-dimethoxy-l, 2,3,4 -tetrahydro- 2-naph thol (30) 

292 . 293 
itself prepared in seven or nine steps' from 2, 5-dime.thoxy-

benzaIdehyde. Aithough this work suggests that a fuIIy 

• funct ionalized AB-ring is nC?t ini tially required to achieve 

, 289 294 
success, there have been sorne report$ , that only low 

yields of daunomycinone could be obtained when Wong' s rnethod-

ology for the functionëi1.izati~p' of position 7 was fo11owed. 

'These observations have wi thout doubt encouraged the application • 
of strategies where 'tetralins already incorporating an oxygen 

functi~n at position 7 were used ~ key inter~ediates. 

Since the tetralins 3l-33lare readily accessible 

from an in termediate* (tetralone 46) previously prod\.l,ced'in 

the synthesis of tetralin.lQ (vide in/l'fd, the y were adopted 

as prototypes in, attempted syntheses of the anthracyclines. 

(Although the 2-position of these tetrarins is not hydroxylated, 

'" this ope:t'ation ;is not consi,,:ered as posing a problem). It 

'" "was fOrd, perhaps not surprisingIy, that the conditions 

. associ~ted with the Friedel-Crafts acylation reactian were 

not tolerated very wel·1 by the tetra1in substrates ~ 298, 

32a299 ànd J,2b 295 , 299 which led ta low yields of condensation 

'product. In the 'case of the masked quinon~ l2. the acy1ation 

.condi ti~ns 'pro~ed .incompat~ble wi th the substra te, decoIfosi tion 
.c - 295 

products bein<! observed . ~ ~, --This unsuccessful attempt' to use tetralins 31-.11 
~1 ~ , 

as i~'termedi'ates discouraged further work along' these lines . 

* Tetral.in E was prepared from the brominated anal.og of tetralone 46295-297. 

\ 
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.t , 

Hawever, this information helped in the formu.la tion of our 
. 

approaches to the synthesis of the heteroanthracyclines. 

In our plan to construct ring C throuqh a 

Friedel-Crafts acy laUon, it was immediately app~rent that 

tetralins 31, 32 and 34 woulq be unsuitable which left us 

- 59 

wi th tetralin 30 as the on1:r: alternative. I~ was antic~pated 

that formation of the ether linkage would nqt be easy. ' We 
" 

felt that one way ta achieve this was by oxidizing ring B of 

ei ther tetralin lQ. of hydroxybenzophenone 35 to quinones 2i 
and 37 respectively followed by 1,4-addition of ·.t,he. appropriate .' ' .' phenol, the adduct subsequently suffering aromatization 

through tautomerization (Scheme 1.2). We were ~ncouraged ~o 

pursue this approach by the report300 , 301 that tetralin lQ. 

undergoes oxidative-demethylation to quinone 36 in 96% yield, 
, --

thus showing that ring A is stable to these oxidizing candi tions. 

* Tetralin l! can be easily prepared from tetralone 46 using conditions used 
to prepare tetralin 33295-297. 

" 
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However, in paralle1 studies on xanthone synthesis*, it was 

observed that pheno1ic-OH addition (of the Michael type, as 
, 

in Route 1) to qui nones 1s generally difficult. On the other 

hand, aqdition to an aativated quinone such as 37 can occur 

readlly even .in the absence of the catalyst 4-dimethylamino­

pyridine (DMAP) 302-304. Alternatively, cycliza~ion of an 

o-hy:droxybenzophenone such as!? (Route 2) may be induced -by 

oxidation to 37 with DDQ (2, 3-d.ichloro-S, 6-dicya..nQ:=.p-behzo­

quinone) 305 to yield 38 by way of a 1,4-addition and tautomer-

ization process. 

On the basis of these considerations, it appeared 

that Route 2, where an intermolecular Friedel-Crafts acylat10n , 
reaction is carried out in a first step, was more likely to , 

succeed. Accordingly, we proceeded w.i th the synthesis of 
\. 

tetraliri-, 3 a • 
~, 

, 

1.2 SYNTHESIS OF (~) -2-ACETYL-S, 8-DlMETHOXY-'1, 2,3,4-

TETRAHYDRO- 2-NAPHTHOL 

We mode1ed the synthesis of tetralin 30 (Scheme 1.3) - '. 
after Wong' s293 but modifi'ed c~rtain key steps according to 

methods reported elsewhere295-297, 306-311. , 

A crystal1ine Knoevenagel product 42 was obtained in 

excellent yield by "the . reacti~n of commercially availab1e 
!' 

.2,5-dimethoxybenzaldehyde (40), and dimethyl rna10nate (41). 
\ >-l./ - " 

Reduction of tt\el unsaturated diest'er 42 with lithium tri-sec-
- ''''',-;' 
* , 
A more extensive discussion is given i-n Chapter 2 . . -

, 

l " 
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in 8itu alkylation of the 
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carbanion3l l: with ethyl bromoacetate ... gave- triester 43. The 

reduction reaction, follow~d by pmr, was complete within 30~n 

, . \ 

1 
1 , 

.. 
1 
\ ' 
1 
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, 
as evidenced by the disappearance of the olefinic signal at 

7.90 ppm •. The alkyl~tion reaction, monitored by the appearancè 

of the methylene signal at 2.76 ppm, was complete only after 

reflux~ng for 3 h. This preparation of the tri~s\er 

constitutes an improvement 'over another method30\/~li which 

we .had initially used and which involved the alkylation of 

diethyl 2-carbethoxysuccinate with dimethoxybenzyl chloride 
\ .1 

(the ethyl ana log of triester il being obtained). Triester 

. 43 was· hydrolyzed under a~kaline condit~ to the triacid 

"44 which was. obtained in only a 40% yield owing to diffi@ultie!? 

in isolation: Decarboxylation with concomitant format,ion of 

,anhydride 45 was accomplished ~n boiling acetic anhydride. 

Cyclization of 45* to tetralone ii,wap convehiently and cleanly 

.performed using a mixture of trifluoroacetic anhydride (TFAA) 
. . \ 

and trifll.loroacetic acid (TFA). Reduction of tetralone 46 ~ 

to tetralin 47 was achieved in nearly quantitative yield usin~ 

triethylsilane in TF~3l3. This method constitutes an excellent 

alternative to catalytic hydrogenation and other conventional 

methods, for the reduction of aryl ketones in the presence of 

other functional groups. Additio~of methyllithium to acid 

47 followed by careful hydrolysis309 ,3l0 gave ketone 48 . 

which was, a-hydroxylated by the standard rnethod292 ,306-308 

involving treatment of the methyl ketone with 'potassium 
. 

t-butoxide, oxygen and trimethyl phosphite in dimethylformamide 

(DMF) • 

.. . 307 30S 
It 19 not necessary to use an anhydride for the cycll.zation reaction ' • 
In a separate ex,eriJnent, the precul!"sor (diacid) was cyclized without ' 
difficul ty. 

,1 
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The overa11 isolated yield of hydroxyketone by this 

long sequ,nce, was 16% but the approach is nevertheless 

valdable /as it gives access to the potentia11y u'seful tetralon~ 
1 

46 and t~tralin 48*. However, the established importance 

and ver'atility300,30l,317 of tetralin 30 in the synthesiS { 
1 -'\ 

of natyral anthracyc1ines and related analogs, has stimulated 

nUDler~s efforts, to achieve its preparation more effici~ntly 

and i/1 a tu.ore direct fashion 289b , ~OO, 301,318-327. These 
'1 

effo~s have been generally successful although- discrepancies . 
between some of the claims concerning m~hOdOl0gy have appeared 

Caf. refs. 289b with 300, 301 and 319), fiCh casts doubts on 

the general usefulness of the PUbl(Shed st.ra tegies . Li terature 

reports are al;so concerned wi th imP~vements in the syn~hesis 

of inter.mediates l36 ,318,327-329 for the preparation of 
. 

tetralin 30 and a considerable effort has been made to 

generate easily optically active materia1322-325,330-335~b. 
. '0'-' 

1.3 

\.acid (.1i) 

catalyst. 

, . 

ATTACHMENT OF RING D TC RING AB 

" The condensation of tetralin 3 a wi th o-~e.thoxybenzoic 
, :t '. 

was attempted using a mixture of TFAA-TFA as the 

Since tetralin 30 incorporates a potentially 
- -, . 

reactive t:ert-OH group t, care wa's_ taken to use on'ly a small 

* . ~ 315 316 
Wong et al. have recently reported the use of tetralin 48 in the 
synthesis of the heteroanthracylines. -

t Dehydration of tetraiin 30 to i was an expectable possibi1ity. However, 
the conditions required for this are quite 'drasUc and involve th~ use of 
96% ~u1furic acidl:ler 10 min at room temperature336 • 
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excess of acid reactant 49. After refluxing for a period 
. , 

of about 16 h, a quantitative yield <;lf a cry~al~~ne product' 

(transparent prislns) was obtained. The spectral and chemical 
1 

properties of this mat'eria1 established that the ester-ll 
, lot. 

had formed rather than the expected benzophenone ~ and 51. 
1 .-.:-::::--

.!!. and .!!. 

In i ts ,pmr spectrum,' the compound showed no exchange­

,able proton (D 20) and there was also no change in '~i~her t~e 
. 

chemica;l shift or the intensity of the signal at 6.63 (8-6, 

H-7 of tetra1in lQ). The absence of a hydrç:>xyl group was 

con,f i,;rmed by infrared. spectroscopy which also revealed the 

absence of absorption for a diaryl carbony~ group., In its 

mass spectrum, a metastable peak at 140.16 amu indicated 

that the fragment ion with m/z 232 (b~se peak)tÏ'~ inated ,from 

the .mo1ecular ion of m/z 38-L . This 1s easily acco by a 

fragmentation pattern involving a McLafferty r ~Fa 
, . 

9f the ionivze~ ester ~,as' shoW? in Figure 12. It difficu1t .. 
ta find a lik~ly- fragmentation pattern yielding an ion of 

m/z 232'using benzophenone 50 and 51 as' the structure.) Finally, 

alkaline hydro~ysis o~, ~he crystalline product gave only -

i 

, i 

" 

: ' 

. \ 
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CHp' + . 

C~' H~ 
~ 1 CH] 
~ . &' , OOH 

~I 
~ 

---... ' " - .. 
CH:p 

Figure 12: A McLafferty rearrangetDent of ester 52 'Ii th the 
formation of an enerqetically stabl« conjuqat~ 
ion and neutral fr~gment. 

~ .. 
tetra1in 30 and o-"""methoxybenzoic' acid in quantiati.ve yield, 

providing unequivocal proof that only ester 52 had been formed 

in the condensa t-ion reaction. 

The reaction was then repeated under different 

condi tions • Using a large excess of o-methoxybenzoic acid 

and more vigorous conditions, a mixture of este'r 52 . plus another 

compound conceivably'corresponding to diketo-ester 53 and 54 

was obtained as judged on the basis of chromatographic behavior 

(tIc) and spectral analysis. Alkaline hydrolysis of this 

material and purification of the product by flash chromatography337 
1 

gave tetralin 30 and the desired benzophenone compound in 25% 

and 60% yield, respectively. The benzophenone was obtained as 

an oil consisting of a mixture of the expected regioisomers 

50 and 51' but these coti Id not be differentiated by low field 

H>O MHz) pmr spectroscopy. ( 
The spectral data for compounds 50 and 51 were 

'. 
" 
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consistent with the expected pattern: a downfield shift in , 

the H-6 or H-7 proton of about 0.23 ppm (r~1ative to tetralin 
. -1 

30) was observed and the OH group absorbed at 3480 cm in the 

infrared while the d:iaryl carbony1 absorbed at 1660 cm -1. A 

sharp intense band" at 1705 cm -~ was assiqned to the ali(?hatic 
<,-

carbony1 group, a stretching mode which was obscured in ester 

52. The mas s spectrum show~d· an ion a t m/z 135, which is the 

base. peak dorrespondinq '~o the high1y stabi1ized fragment 55 
/ . 

(shown here in only one of its many possible resonance forms). 

'" 

" 

m/z 384 ,1 m/z 135 

"\ 
These spectral data for benzophenone 50 and II are 

." ~ ç, 

in tota:l agreement with those r~f~1i~ly teported by Lown t 
'7 327 e a". 

for the same mat~rifl. 
1 

1.4 ATTEMPTS Ta DEMETHYLA'TE BENZOPHENONE (2...Q. and 51) 

Selective oxidatlve-demethy1ation of ring B of the 

,benzophenone appeared impractica1 because demethylation'of the 
r, 

D-ring would still have to be accornpl~shed. Accordin~ly, 

. complete demethylation was attempted usinq a II'!ixture of hydro-

"-

'.r Î 

.. 
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bromic acid-acetic acid-water heated to 50°C for 24 h 338 . 

Thé pmr spectrum of the solution indicated that demethylation 

" was incompl-ete under these conditions. Longer reaction times /. 
led to extensive decomposition. Similarly, reaction with. 

hydroiodic acid in acetic acid at room temperature or exposure 

339 D 

to boron tribromide (BBr3 ) at -78°C followed by warming to 

room temperature also resulted in extens~ve decomposition. 

Milder conditions, such as quenching of the BBr3-containing 

mixture with methanol at -78C»C gave rise to incomplete 

demethylation and ~onger reaction times again favored 

decomp9si tion (as j udged by tIc and pmr analysis). The claim340 

that trimethylsilyl iodide (TMS-I) is miider as a demethyIating 

reagent encouraged us to compare it with BBr3 , but here again 

extensive decpmposition occurred ~ardless of whether the 

reagent. was generated in situ (TMS-CI, NaI, acetonitrile34l ) 

or added as such. ~ Finally 1 we attempted to demethy'late witll 

aluminium trichloride in benzene'at room temperature over a 

period of 30 h. This led to a complex mixture of partially 

deme~hylated products as well as decomposed material. ~he 

crude mixture thus obtained was submitted to coupling condi~ions 

for ring C formation by treatment with silver(I) o~de in the 

presence of a catalytic amount of DMAP, or by treatment with .... 
DDQ342. However, no evidence was obtained that any 4:demethoxy-

7-deoxyxanthodaunomycinone 38 (or its isomer'~) had formed. 

Discouraged by tnese results j attempts to demethylate benzQ­

phenone 50 'and 51 wer~ abandoned .. 

1 
î 
1 

t 1 
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1.5 CONCLUSION 

, 
The above strategy was set aside for the following 

reasons: the difficulties encountered wi th tl:le demethylation 

process as weIl as the overall inefficiency of the chemical 

approach even at the expl-oratory leve l, let alone the 

preparative aspects of tetralin lQ, contributed to our 

negative decision. It may be, h9wever, tha t if more time 

had been avaiIable these obstaéles could be overcome. A 

different but equally vaI~d reason for abandoning this approac~ 

3I5a , lay i!'l the disclosure by Wong,et; (ll. at a Nat~onal 

conference that they had been exploring a very similar approach 

to the synthesis of heteroanthracycl~nes. On that occasion, 

Wong repor:1;.ed tnat work carried out in collaboration w~th the 

Italian pharmaceutical company Farrrli talia. allowed ready 
~ 

access ta large quantities of tetralin i.!!, an advantage which 

apparently allowed his group ta be on the verge of ~ break­

through in the synthesis of thêJ heteroanthracyclines. 

315a Subsequent to this co~unication by Wong , Lown et 

··have published the synthesis of the same heteroanthracyc11nes 

by applying the same convergent strategy but tliffering from 

our own work and that of Wqng only in certain deta,ils., Very 

3l5b , recently, Wong et a l. publ~shed a detailed account of 
, 

their previously announced but as yet ,incomplete work. 
, \ 6 

The synthesis based oIt ring C formation from an AB 

and D-ring precursor now appears'~~ave greater potential 

than wh en we ,-first, b~gan our study owing to subsequent 

/' 
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improvements in the synthesis of both racemic and optically 

active tetralin 30. However, what has also become strikingly 

clean from the published work o,f both Wong and Lown is that 

a very important handicap remains, namely functionalization 
" 

of the benzylic position a t 7, an operation which is 50 

inefficient that attainment of the final goal can be considered "-/ 

at best as only p'artially successful. This functipnalization 

problem has been hinted at. before in connection wi th the . 
i 

synthesis of anthracyclines and i t ls even more serious where 

heteroanthracyclines are concerned*. The great difficul ty at 

functionalizing cleanly the 7-posi tion emphas1.zes the need, for 

a fully functionalized AB-ring fragment before attempting any 

coupling reaction. The problem nevertneless rernains that the 

generation of usable, fully functionalized tetralins is not 

an easy task. It is only recently that ~orne appropriateJ.Y , 

.. fully functionalized tetralins such as 56-~ were described. 

These tu.t;ned out to be viable intermediates in the synthesis 

l '., 335 344-347 
of arlthracyclines but requ1.red' maJor efforts' where 

, ~ . 
, """ 

ingenious ayoidance of Friedel-Crafts acylation conditions 

was a key to success. Although one can only SpeCUljte on the 

tolerance of these relevant tetralins to Fridel-Crafts t. 
1 

conditions, the reported enormous effot"ts to avoid Fridel-Crafts .. 
acy la tion conditions are unc;1.erstandable and casts doubt as to /' 

'-
* , 
It 15 not known whether 'the use f 1,3-dibromo-S,S-dimethylhydantoin as a 
brominating agent recently rèported by C,\va éi; al.. 343 will be helpful in 

o 

i 

th.i..s regard. It is anticipated that in the iSO-heteroanthracyçline deriv­
ative (substituent lat position 7 is para to the heteroatom) â very labile /. 
bromo-derivative may result, Sbme indicat1~f this was given by Wonqls . -
recent disclosurt;! that only one isomer, i'1' ~ which places the heteroatom of 
the same side as the 7-position, could be obtained using.his~o~ methodology.l, 

/ . t.\, -_ 
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their usefulness in the type of strategy initially adopted 

by us apd also .Iby ]dong atld Lown. 

72 

li .Q' 

Al fhough no easy solution is y~t in sight, d i,t would 
Il 

appear that a viable strategy patterned on that of Wang or 

Lown should center on the discovery of coupling conditions 

compatible with the properties of the relevant tetralin 

intermediates. Perhaps, tetralins carrying different 

functionali ties but compatible wi th Friedel-Crafts acylation 

condi tions and stable to oxidizing media should be constructed 

in order to re-establish the viability of the initial strateqy 

for the generation of heteroanthracyclines. Presently, 
~ 

however, i t appeared best to focus our efforts on alternative 
, 

strategies wliïch had been concurrently conceived and explored 

in order to improve the prospects described above. 

. , 
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CHAPTER 2 

\ 
SYNTHESIS OF l, 4-0IMETHOXY}(ANTHONE AS A KEY INTERMEDIATE 

) 

IN THE SYNTHESIS OF HETEROANTHRACYCLINES 

2.1 ANALYSIS OF SOME POSSIBLE SYNTHETIC STRATEGIES FOR 

2.1.1 

THE SYNTHESIS OF HETEROANTHRACYCLINES 
4 

Synthesis via B-Ring Formation from A and DC Ring 

Interrnediates 

73 

An alternative approach to the synthesis of hetero­

anthracyclines 22 and 23 would consist in forrning the B-ring 

part from appropriate precursors as shown be1ow. In principle, 

-. ".f.t 

- -- .. -"';- ---y- ,.. ..... -

.~ ... of ,. ~ -

this might be achieved through a Diels-Alder reaction between 

the commercially available chromone, benzo-4H-pyran-4-one f60) 

and a diene such as 61 as shown in Equation (1). 

At the time that we f irst considered this approach, " 

• the only related dienes available were g-.§.! as the y can be ) 

~. 
1 

- --
11 
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.~ ?t' + ......: A Ra -
x 

.,... y R
1 

\. .. 

. (1) 

, 1 ... 

!! !! 

, 3 8 
generated in situ by thermolys1s ~f the precursor cyclobutenes 4 

348 . 349 g, 66, acetate 67 and dl.acetate 68. The'" absence in 

these dienes of relevant functionali ties as present in the 

A-ring of E (or 23) made them inappropriate for oqr immediate 

purposes. Al though they can certainly be useful in the 
1 

synthes 15 of analogs Yacking substi tuents for the general 
~ 

l'urpose of delineating structure-activity relationships, such 

studies were assigned a lower priori ty. Recently, there 

appeared a number of reports 350 ,35l where this approach ta the 

synthesis' of anthracyclines was exploited. This was made 

possible through the development of new and more highly 
, 

substituted dienes of general formula 61. For instance, 

Gesson et al. described the preparation and use of dienes 

69 350a ,b, 70 350c and 71350d . As one might have expected, 1 

considerable efforts were necessary in arder ta make these 

ft 

dienes accessible. The main drawback here is that these diene /,--- ... \ 
/ ) 

intermediates do not prov1de ,for the concqmitant intr9ductio~j /' 

of a sui.table functional group at position 7 of ring iv_-"rx{ < 

".j r 

" 

1 \ 

~ 
1 
t 
! , 

! 

t 

1 

\", 
"- ' 
~ 

( 
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J 

34-8 an extension of their ear1ier work , Boeckman et ~L. manaqed . ... 
to incorporate an oxygen function at that ring A position by 

i 1 b t h 7 2351 'th . d . t th 1 t us ng a cye 0 u ene suc as _ ' us avo~ ~ng a e a e:; 

stages the problems associated with funetionalization of the 
/ , 

~ ~'XP ~# 7 

Ole. '<J o'SIi... 

.!t. . .l!.. 11 
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'benzylic carbon at position 7. In this manner, they were 

- successful at synthesizing adriamycin, daunomycin and their 

6-deoxy analogs. In light of' these excellent results, 'due to 

the accessibility of cyclobutene 21, we decided to evaluate 

the potential of the approach outlined in Equation 1. 

.. 

11 

.. 

, 

Unfortunately, after an extensive Iiterature searc~ 

we were unable to find any evidence that chromone,60 can 
, 

participate as a dienophile in Diels-Alder reactions. However, 

it displays the reactivity<~ypical of a,B-unsaturated carbonyl 

compounds, with the S-position (C-2) being susceptible te 

nucleophilic addition;52: A most revealing observation by 

Chan and Brownbridge353a ,b is the behavior of chromone 60 

towards diene 73, a reaction tqat Ied only ta the product of 

Michael addition 74. 
- ~ p 353b 

On the other hand, d1ene 73 was shown 

to be sufficiently reactive to yield Diels-Alder adducts with 

ethyl acrylate and dimethyl acetylenedicarboxylate. According-

ly, failure of chromone 60 to react as a dienophile can be , 
ascribed ta electronic deactivation and not because diene 73 .. 
is insuff,icientIy electron rich . 

• / 

1-, 

Itl" 

, 

J 
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This documented evidence left little doubt that the 
, 

approach based pn a Diels-Alder reaction of' chrOmone 60 with 

dienes as a route to heteroanthracyclines B and ~ was not 

viable. 

.2.1.2 Synthesis via A-Ring Formation from -OCB-TricyèÜic 

Precursors 

J A potentially more versatile approach to structures 

22 and 23 would involve formation of ring A as illustrated-

the bond disconnections shown below. Obviously, this 
\1 b_ 

trategy implies the u~e of an appropriate DCB-tricylic inter-

\~ 
ediate recognizable as a xanthone derivative. Such a scheme 

1 

-lends itself to many variations in the construotion of ring A, 

• 1 as is kno~ ~o be the case for the assemblage of the naturally 

oecurring' anthracyclines, ,a topie to be dealt with in sorne 
t 

detail in the following sect:i.ons. How,ever, hefore implernenting 
J 

\ 
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this strategy, it was necessary at firstt,., to develop a practical 

synthésis of the requisite 1,4-disubstituted xanthone 75 or 
1 

76. This problem, will presen tly be deal t wi th. 

'" 

2.2 SYNTHESrS 'OF 1,4-0ISUBSTITUTEO XANTHONE 

Xanthones, by themselves, forro.. an interesting class 
. , 

of compounds. Many are naturally occurring in plants, fungi 

àl'!d li.chen354 , 355 and ha've been known and st~died far a long 

tinte. In fact, the synthesis of hydroxy-xanthones was reported 

as ~arly as 1883 and the methodology consi,sted basically of 

heating a phenollc acid and a phenol wi th or wi thout a dehy-

--,~- 1 

(, 
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79 

dratinq agint.. A: though this early 'method has bee~ described 

'as,not being easily reproducible~, it, toqether with modified 

i i d til ' tl 356-358 h' t vers ons, rema ne un recen y t e process mos 

often used for the generation of xanthones. B~cause of, a 
J' 1 

growing int:e~est in them owing to their potentialities as 

antischistosomal agents 356 , central nervous system stimulants359 , 

antivira1360 , antiallergic357 ,358,361 and antitumor a~ent~356f 
Il 

,a few alternative:62-364 but less general synthetic met,hods 

have been d~veloped for this ring system . 

~ , 

2.2,.1 
.. 

"'. Attempted Xanthone syn1:h~sis Using the Modified 

-

i" 

Neneki Reaction 

We found in" the literature that the desired l, 4~ 0 

dihydroxyxanthdne could be prepared365 , 366 by reacting salieylic 

acid -(o-hydroxybeI?-zoic acid) (77) with resorcinol (78) in' the 
i 

presence of fused zinc chloride (Nencki reaction) followed by 

Elbs persulfate oxidation of the phenolic intermediate 

(Scheme 2.1). However, the experimental conditions in the 

. flrst step are ~very harsh with the result ~hat extensive 
~ , 

decomposition occurs and is accoIPpanied by the formation of 

resillous material. This, coupled wi th the fact that the Elbs 

oxidation reaction leads to a mixture of at least three 

compounds, the desired one, being produoed in a 10% yield at 

best, discoura-ged the adoption of this methodology for large 

scale operations. Attempts at improving the process as well 

. ' 
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as the approach were reported. Thus, Grover et aZ. 367 observed' 

tllat the addition of phosphorus oxychlo'ride to the fused zinc 

chloride improved the yield of the Nencki reactiôn. They 

also noted that the intermediate 2,6-dihydroxy compound such 

as 79 cyclizes to the xanthone spontaneously. However, for 

other types of hydroxybenzophenone intermediates a separa te 

o tyclizat,io~ 'step is required an,d. invo'lves dehydration by 

heàting under pressure in an autoclave366 ,367. A number of 

other methods· and reagents have also been described and 

• The methods are net general. The results are net always reproducible and 
their suc cess d~pehds on the benzephenone derivativè. Recently, the 
oxidative ceupling usinq DDQ327 and lead tetraacetate315b was successÎull.y 
applied to the synthesis of 'the heteroanthracyclines. 

( 

.. 



, '" 

--...., . , 
\ 

10 . f 

,1 • 
, \ 

--- • 
(1 81 

'n'", 
'. " ... --"'~ \ 

,J include in' part the ~~llli:q: (U, oxidaUve C~UPlinq either 

r Photochemica11y~39 o~ chemica1ly with (DDO)327,339,368,369, , 

339 ' 339 manganese dioxide ~ manganese tris (acetylacetonate) , , 
, . 370 371 alkaline potassium ferr~cyanate ' , and recen~ly le ad .. 
'315b 1 338 . 
tetraacetate, ; iii) a base-catalyzed process . • It was 

, 

also mèntioned366 that the use of partia1ly hydrolyzed phosphorus 

-oxych1oride is a more ef~icient reagent than t~e phosphorus 

oxychloride-zinc chloride mixture. However, in our hands 
.' ' 

, 

these various modifications of reaction-conditions using the 

reagents listed in Table 3 fai1ed to give the desired xanthone 

or bènzophenone -prod~ts. Only intractable t~rs were obtained. 

These disappointing results forceQ us to design a new approach 

to theysynthesis of relevant xanthones. 

2.2.2 Attempted Xanthone Synthesis via O-Alkylation of 

2-Carbomethoxy-l,4-benzoguinone' J 
/ 

" 

As an alternative strategy, we speculated that 1,'4-

~ \benzOqUinOne may be coaxed int~ a Michael addition reaction 

with phenol (Scheme 2.2), by analogy with its behavior toward 

t'hioPhenoI372 . It i5 we1l-known373 , however, that the reaction 

df phenol with benzoquinone gives mainly polyrners but under 

controlled conditions it has been possible to isolate in low 
, 

yields the products of C-substitution 80 and 81 (o~ and - - .. 
; l , , 

p-hydroxyphenylbenzoquinones') a~d O-substi tution g (phenoxy-

quinone). Indeed, there are'very few known example~;73-375 

1 
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'1'~le 3: Reactants bsed in the Mod!fie.Q_NePcki. Reaction. 

.' 

Entry Phenolic Ac1d 
fi 

Phenol Reaq~t 

l 

2 " 

,j .. ~, ~ , 

3 
, 

\ .. 

4 If If 

, 

i • 

5 '&~ :;;--
~I 

~ 

.. " • 

* The' reactant 2; 5-dimethoxyphenol (.!ê.) was used :instead of 1,2, 4-ttibydroxy-
benzene. Wh1le nei ther compound 18 sold cOOIIIIerc1ally, compound.98 was 

- available because ,i t had been prepazed for use .in another reaction (vide 
/ 

infra)· ".--
1 
1 
\ 
\ -

, . 



( 

" 

r 
( -

, ...... 

/ ... 
\ 

SchelDe 2.2 t 

/ 
",. 

QlH 
~ 6H Y + 

+ 

0-' o 
" i 

.!! 

.!l 

1 

- of o-addition reactions with benzoquinones and Most are not 

synthetically us~ful and aIl invol ve the addi tien of simple 

alëohols under aCid-eatalyzea candi tians. 'Presumably, the. 
'" 

weak nucl!:!ophilici ty of albohols :and phenols dees not favor 
, 

1,4-a'ddition aeross the double bonds of benzoquinone. For 

instance, whén zinc chleride was used as catalyst for the 

addi tion of ~alicylic acid te benzoquinone anly polymerie 

material was ob:tained. 

----------~----~~~~~~ 
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A complicating feature of this kina of-~ chemi-stry 

:is the formation of the" hydroqùinone product 83, an inter­
\ 

mediate strongly susceptible to air' Oxidatton and to attack 
~ , 

by unreacted quinone, side reactiqns which promote further 

-----, addition res;tctians and polymerization as shawn in Scheme, 2.:) ~ , 

It is pro,bable side reactions of this kind which ate at the 1 

" 

origin af the phenoxyquipone·82. 
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These prohibitive difficulties in causing benzo-

quinone ta give Q-substituted pr~ducts can, ~e effe~tively, 

.. , 

. 
• > 

. t db' " t . t d" b ,- ~, 303,37 6 F c~rcumven & y uSlng ac lva e enzoqulnone~ . or', 

example, 2-acetyl-l,4-benzoquinone (84) undergoes Michael 

additi"On wi th alcohols under very mild conditions. Howeye:r:,' 
~ \, 

as can be expected, oxidation by startiI1g material of the 
r ' 
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hydroquinone 85 initia1ly produced occurs with the consequence 

. that the yield of desired product 86 is reduced to a maximum 

of 50% - (Scheme 2.4). As a resul t, we were not encouraged to 

d h · h' l "11' "1 304. d d " a opt t 18 apprOac untl Mu er et at.-. lntro uce a 
. -' 

modification which allowed them to synthesize xanthones*. 

Scheme 2.4 

~H' ~H' Ç&, OHO 

, stH

' 

ROH U • • + 
~ R 

H 0 

.!i !!. .!!.. 

R •• lkyl 

In spi te of their reported low overa11 yie1d t .( 15%) 

of xanthone product, we nevertheless attempted the sam~ reaction 

but with phenol instead of p-cresol as the substrate wi th 

the hope of ·~enera ting the desired l, 4-dimethoxyxanthone (76)~ 

.' 
The, reaction sequence is surnmar ized in Scheme 2; 5 and con8ists 

of a Michael addition of phenol to the activate~ quinone 87 

- § 
(2-carbomethoxy-l,4-benzoquinone) as catalyzed by the nucleo-

* The method was described as being applicable aiso ta the synthesis of 
thioxanthanes and acridones. 

t The yield is incarrectiY' reported in ref. 377. 

repared by oxidation with silver(II) oxide of methyl 2,5-dihydroxybenzoate 
88). Details are provided in the Experimental Section because the 
ublished method378 was modified. 

, 
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Scheme 2.5 

é 
OH 7COP

' 

DUP 1416 l , + 
(MOPt Maso. 

(.nhydroq) 

... 
..J2.. 11 

~-ô 
1. Hs,Pd/C 
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philic bases DMAP or 2-methoxypyridine (MOP). The expected 

- addi tion product 89 was not isolated but immediately oxidized 
0#-

'with silver (I) oxide to the quinone 90. Catalytic hydrogen-

~tion of the latter followed by methylation, ester hydrolysis 

and finally treatment with polyphosphoric acid was expected 

to afford the desired key intermediate 76. 

Howeve~, this experimental protocol, which included 

extreme precautions (inert atmosphere; absence of light, 

temperature control, reaction time), led only to the formation 

of black resinous rnaterial. Moreover, the omission of 
-? 

~ilver(I) oxide was of no avail although less polymerie 

material was formed. We have no clear explanation for this 

total failure in ach~eving control of the reaction with ~. 

Such a result simply reflects the typical behavior of reactive 

quinones. 

jt 
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2.2.3 Attempted Xanthone Synthesis via C-Alkylation of 

Benzoquinone Monoketal 

We next considered a process where a benzophenone 

intermediate would be generated through addition to benzo-

quinone of the carbanion of a salicylate equivalent followed 

by ring closure with the o-phenollc group rather th an viae 

versa as above. However, it is well-documented that Michael 
~ 

addition of organometallic reagents to benzoquinones is not 

generally useful. Intractable tars are often obtained374 ,379: 

Furthermore, quinones are susceptlble to electron-transfer 

reduction processes and thus cause Grignard reagents to undergo 

oxidative dimerization 375 and suppress the general ability of 
, 

organocuprates to enter into 1,4-addition reactions 380 ,38l. 

This, coupled wi th the ever present poss ibili ty of oxidation 
\. ,. 

of the initial alkylation product by unreacted quinone, .-
suggests that a suitably protected but reactive benzoquinone 

should be used in order t6 eliminate these.difficulties. 

The benzoquinone rnonoketal, 4,4-dimethoxycyclohéxa-

2,S-dienone (91), described,by Durckheimer and Cohen 382 

appeared to fulfill the necessary requirements for our purposes. 

l f t k t 1 91 d M' h 1 dd't' 383-385 t n ac , mono e a __ un ergoes le ae allons 0 

give adducts stable to oxidation and 1s much less susceptible 

to electron-transfer reduction processes than benzoquinones. 

In Most cases·, the monoketal behaved predictably towards 
r' 

* Organocuprates and tert-butyl Grignard reagent~ gave reduction of the 
monoketal, i.e. p~me~oxyphenol starting material. 

, 1 
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380 381 386 organometallic reagents ' , • It is easily prepared* 

electrochemica1ly380 in high y-ield (85%) by' anodic oxidat1on 

of p-methoxyphenol (~) in the. presence of methanol. 

Pt .node. 
Ctt.OH 

.lL 

88 

Alternatively, it can be eco~omically prepared by the an~dic 

oxidation of the commercial1y more readily avai1able 1,4-

dimethoxybenzene to the benzoquinone bisketal (first described 

. !t7 . .,. 

b B Il d W . b 387) f Il d b t' 1 J y e eau an eln erg 0 owe y par la mono-

hydrolYSiS386~ The product is of course acid labile but is 

sufficient1y stable for use with a minimum of special " 

t
, t precau 10ns . 

The carbanion of the salicylate equivalent selected 

for reaction with the monoketa1 91 was the dithlanide 93. 

, The starting materia'l 1- (o-methoxy) phenyl-l, 3-dithiane (94) 

was convenient1y prepared in excellent yield (90%) from 

o-methoxybenzaldehyde and 1,3-propanedithiol by the method of 

Chan, and ong388 . The corresponding carbanion 93 generated by 

. * 
For less convenient preparations by standard oxidation methods see ref. 386 • 

• \t is best that the glassware be rinsed with methanolic sodium hydroxide 
and oven-dried before use with the ketals, For chramatography, the silica 
gel should be treated with aqueous ammonium hydroxide in order to min~ze 
catalyzed hydrolysis (see Experimental for details). 

, 

, 
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treatment of 94 with n-~uLi was added at -78°C to a solution 

of the monoketal 91 in THF,' An intense blue color immediately 

appeared and the mix~ure was allowed to warrn to room temperature 

before quenching with water. Thin-layer chromatography 

,indicated the presence of several p~oducts but no evidence 

could be obtained that the desired adduct 95 had forrned. Also . ~ 

unsuccessful were variations in ~xperimental conditions: 

CHiQ 
CJJ-n 

.a 
,.!!. . 

different temperatures or quenching of the reaction at low 

temperature with methanol were of no -avail. Although no 

p-methoxyphenol could be recovered from the reaction mixture, 

the possibility remains that electron-transfer may have 

occurred to give a phenoxy radical (after elimination of 

LiOMe) capable of coupling réactions. The intense color .. 
obsérved upon mixing the reagents supports the suggestion that 

o an anion-radical interrnediate may be forrned 380 ,389. It has aiso 

been observed that the course of the reaction of organometallics 

with benzoquinone monoketals may be strongly dependent on the 

nature of the reagent386 ,389b. 

r 
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No attempt was made to react phénol in a Michael 

fashion with monoketal 91, although such additions do 

occur with methanol, certain thiols, amines and sorne carban­

ions382-386,390,391. Interestingly, the strategy"has been 

extended to highly functionalized monoketais' sych as ~ and 
. 382 383 386 391 has allowed the synthesis of anthracyclinones ' , , 

as .shown in Scheme 2. 6 • 

Scheme 2.6 

90' 

In summary, the above tactical f~ilures in achieving 

the synthesis of a key xanthone can be'ascribed to sorne 

inherent undesirable, properties o~ the quinene substrates. 
/ 

It should be noted though that previous successes with such 

quinones~~n the natural product area turned 9ut not to guarantee 

a sirnilar outcome in the heteroanthracycl~ne-series. The 
----

fact that our benzoquinone substrates could not even be used 
, 

to achieve O-alkylation of phenols discouraged further efforts 

te involve benzoquinones as intermediates and justified a , 

, search for alternative approaches. 

fi 
," 
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2.2.4 Xanthone Synthesis via the Modified Ullmann Reaction 

Ullmann and panchaud355 ,360 reported tpe synthesis 

ofaxa,nthone using a ,strategy where the diaryl ether linkage*: 
, 

15 formed in the first step through an aromatic substitution 

reaction. The xanthone ring system 1s subsequently formed by 
~ -- - . an intramolecular Friedel-Crafts acylation (Scheme 2.7). 

Scheme 2.7 

«. + 

J''Co.K 

The ether forming stèp requires vigorous reaction 

conditions (T > 20QoC) and although yields (> 70%) were 

reported for many reactants, the yields for methoxy-substituted 

phenols were much lower and even negligible when the reactants 

carried substituents like alkoxy carbonyls. Nevertheless, 
r' 

the process appeared general enough to deserve consideration 

as a solution to our problem, prôvided milder reaction 

conditions can be successfully applied. 

Fortunately, this reaction of Ullmann became more 

attractive when it was found 392 ,393 that'c'opper(I) oxide will 

catalyze the reaction at lower temperatu~es in DMA as the 

* The Ullmann ether synthesis should not be confused w~th the U1Lmann coupling 
rea~tion which i5 used te ferm biaryls fram arornatic halides. r 
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. 
solvent and ailow good yields (> 60%) of diaryl ether products. 

(The fact that phenols asl such 'can be used in place of 

" phenoxide anions aiso constitutes a notable departure from 

the traditionai UI~ann procedure). The important observation 

was made that iodoaryl compounds were more reactive in this 

reaction than other halogen-substituted aromatics*. These 
.. 

precedents encouraged us to adopt th~~Ullmann process té the 

synthesis of the requisite xanthones. One of the substrates 

was the commercially available o-iodobenzoic acid which was 

converted to it~ methyl ester 97 394 in order to suppress the 

side reaction of decarboxylation during condensation. 

Esterification on a modest scale was carried out 

cleanly and quantitatLvely using diazqmethane (prepared395 

from Diazald). Large quantities of the ester were prepared 

by other methods, the preferred one396 con~isting in boiling 

the iodoacid in methylene chloride in the presence of methanol 

and sulfuric acid as the catalyst and dehydrating agent. 

Afb~r 3 days, two > layers had formed and the top aqueous one, 

simply siphoned off. One mole quantities of the ester cou Id 

be easily prepared in 90% yields by this ~dure. 

Subsequently, an even more convenient method was adopted .for 

the preparation of the ester. It is based on the use of 

397 chiorotrimethylsilane and methanol as reported The 
r 

advantage with this new procedure for'large scaie greparations' 

* This important feature was made use of in the synthesis of lucanthon~' 
analogs356 . 

/ 
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• 
is the,short reaction times required ~nd the improved yields 

(> 95%), abtained. The by-product hexamethyldigiloxane,i~ 

easl1y separated by distillation. 
\ 

93 

The other substrate for the modified Ullmann process 

as applied ta the generatian of dimethoxyxanthone is 

~,5-dimethoxyphenol '(98), an intermediate not commercially 

availqble. It was easily prepared* in two steps from 2,5-
" 

dimethoxybenzaldehyde (40), the first one involving. a 
o --

Baeyer-Villiger oXidation399,400 ~ith m-chloroperoxybenzoic 

acid (m-CPBA) in refluxing methylene chloride to give almost 

e'xclusively formate 12. in excellent yield40l Only a srnall 

amount « 5%) of 2,S-dimethoxybenzoic acid (100) was produced 

(Scheme 2.8). The oxidation was carried out in the presence 

of a srnall amount of the free radical inhibitar t 
3-tert-

butyl-4-hydroxy-S-rnethylphenyl sulfide (101)402 in order ta 

prevent decornposition399 ,403 of the peroxy acid. The 

resulting formate (easily isolable) was easily hydroly~ed 
, , 

. ,. 
, , 

qu~ntitatively under alkaline conditions. ,/" , 

~ number of ~xperimental tests were performed in 

arder ta aptimiz'e the conditions for diaryl ether formation 

by the rnodified Ullmann rnethod. Although long reaction times 
\ 

(as long as 72 'h) and high temperatures have ,been commonly 

____ ~-_-_l, .. -' ______________________ -.,.-

·Compound 98 has been prepared by a number of other less expedient routes398 

including~ (i) Baeyer-villiger oxidation of 2,S-dimethoxyacetophenone, 
(ii) fram dimèthoxyphenylmagnesium bromide and (ii1) by diazotization of 
2,S-dimethoxyani11ne. ' 

+The free radical inhibitor 2,4,6-tri-te~t-butylphenol gave comparable 
results. 

, ' 
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Scheme 2.8 

ct 
HO 

m-CP8A • ~I + 

++ ~ 

H3 . 

.u. .1Il 
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~' ~ <"" 1 AH NaOH v H 
• ~I 'CH3OH! 
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, H3 . H3 
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.!!. .!! 

1" .....Ir ... 
used, we found that in the case of our substrates, a'reflux 

, 
time exceeding 24 h was detrimental and ipferior yields were , 

obtained owing to the formation of tarry by-products. It 
, 

was best to shorten the reaction time which favored formation 

of the diaryl ether ill rn a 'form suf,:fiCie~tly pure for use 

in the subsequent step without purif·ication. Hydrolysi~ of 

the ester function was easily followed by pmr~ectroscopy 

and the corresponding acid 103 was produced in a quantitative 

yield. Cyélization of the latter to the xanthone was 

initially ~arl·ed out using,polyphosphoric acid (PPA) with 

sulfolane (tetr ethylene sulfone) as solvent.' . These 

conditions prov d inconvenient however because of mechanical 
, 

parameters and work-up problems associated with the solubility 

-' 

\ 

~ 

~ 

\ 

'" \ , 
.~ 

~ 

,a 
} 
1 

~ 
" .. 
.' 
~ 
-. 

'f 

~ 
• 

~ 
j 

~ 
~ 
~ 
J 

t 
1 • 
f 

1 



~ 

. " 

' .. l' 
1 

c~ r 7, ~, + 
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CH 
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of the solvent in water~ 

, ' 

, 

~~' CU.o . ~ 1 1 ~ . ... OH 
• • 

DMA ~ M.oHI 
~ H.O 

CH ' 

ftZ ...,... 

TFAA-TFA .. 

1!. 

The yield of xan~hene was poor and 
-~ .. , 

the product accompanied by relatively large quantities (ca. 
~ 

20%) of a by-product. Efforts -te improve the yield by u'sing 
1 

a' smaller amount* of PPA were not significantly successful. 

It was gratifying however that the use of a mixture of TFAA 
. 

95 

and TFA finally gave"excellent yields-of xanthone. The 200 MHz 
. 

lH.m.r. spe'ctrum of l,4-dimethoxyxanthone /2~), i1lcluding the 

'e.xpanded aromatic region, is shown in Figure 13. By-product . 
formation could be rninimized (less than S% of the total arnount 

, 

of xahthone) hy slowly adding the'o~ganic 'substrate as-a 

dilute solution in methylene chloride to a stirred mixture pf 
~ 

TFAA-TFA. The by~product ïs presumed to be the "dimeric" 

compound !Qi which would be the resu1t of an efficient 

* 404 It 15 reported that a large exce5s of PPA 15 not necessary and may lead 
to lower yields. 
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F1qure 13: 'the 200 MHz la.m.r. Spectrum t:Jf l,4-0imethoxyxanthone, 
Includinq tiJe Expanded Arc:lllatic Region, in CDC13' 
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" competition between the intramolecular and intermolecular 

acy1ation pathways. The structure was assigned on 'the basis 

of pmr, ir and mass spectral data. The pmr spectrum of this 

product indicated the presence of two different kinds of 

methoxy groups. The chemical shifts amounting to 4.0 and 

3.7 ppm for"these groups correspond'to the chemical shifts 

/ observed for the methoxy group of xanthone 76 and that of 

the diary1 ether 102 respective1"y. ,_ The AB quart~t arising 

from coup1ing'between protons H-2 and H-3 of xanthone 76 was 

~oticeab1y absent from the spectrum of compound 104 indicating 

that intermo1ecu1ar acylation involved position C-2 or C-3 

(C-2 being mo~e 1ike1y), The proton ratios were exact1y as 

expected for the assigned structure, whereas the infrared 

spectrum of the product confirrned the presence of the 

-1 xanthone carbonyl at 1670 cm which probab1y ~er1apped the 

,diary1 carbony1 band (1665 cm-1). Fina11y, convincing 

evidence that 104 has indeed a dimeric structure such aS'shown 

s provided by the mass spectrum which disp1ayed a molecu1ar , . 
ion 0 512 corresponding to that expected fOll",-the assüjned 
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CHAPTER 3 

A-RING FORMATION via CYCLOADDITION AND ANNULATION.METHOqS , , 

Among the many diffe~ènt appraaches availabie ta 
<..~ 

c1nstruct the A-ring t~e first that we considered h~d already 
>' . 405 406 been applied ta the synthesis ?f anthracycllnes ~ Our 

, 
strategy centered on the Diels-Alder reaction of a'xanthone-

d'eri,ved o-quinadimethane intermediate 105 with an, appropriately 
( 

sub$tituted çÎienophîle, a process condücive in pr.1ülciple to" 
. 

forma~ion of bath regioisomers as shown in Equation 2*. 

-

(2) 

+ 

/ 

, 

" 

* Functionalization 
(Ch. 1) while the 
on the dienophile 

of position 7 would be conducted âs"preViOUS~Y d.';'~~ 
ëxtent'oof elabaration required at' p~sition 9 would depend 

< • ' 
used. " 

(, 
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Despite this apparent drawback regarding the lack of control 

" , 

over the regiochemistry, the fact that both isomers were of 

interest to us made this approach acceptable nonetheless. 

Sorne possible precursors of diene 105 may be 

identified as the dlhalides 106 and 107, the sulfone 108, 

( 40Sb 407 or the benzocyclobutene 109 ' Presuming that cyclo-

butene 109 can be obtained from sulfone 108 which in turn 

may be derivable from dihalide 1015 or 107 (Scheme 3.1), it 

appeared )rthwhile to i;i tiate that study by developing a 

synthesis ~f the requisite dihalide lntermediate. Since the 

99 

ge~eration of o-quinodimethane from such dihalides lS normally 

achieved at room temperature or 'with low heating, this tactic 

Scheme 3.1 

H,X 

H,X 

106' x. CI 

!!.!. x • Br 

'7 

/ 

, 
1 • 
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100 

was preferred over the use.,,'O'f a sulfone intermediate because 

of the higher tempera ture (;;: 200 OC) required for diene .. 
formation by S02 extrusion407 ,408. 

3.1 SYNTHESIS OF 2,3:"OISUBSTITUTED-l,4-DlMETHOXYXANTHONE 

" 
3.1.1 Attefnpted Synthesis of 2, 3-bi 8 (Ch1oromethyl)"1, 4-

Dimethoxyxanthone 

Al though benzylic dibromides have been genera1ly 

used ~ as o-quinodimethane precursors, a dichloride analag 
, 

appeared more ,c9nVeriient because of i ts formaI accessibili ~y 

by chloromethy1ation of 1,4-dimethoxyxanthone (li) *. Similar 

dichloro derivatives react easily and clean1y with either 

d ' . d'd 409 t 1 409,410 (' b' the most common1y 50 ~um 10 ~ e or me a 5 z~nc e~ng 

;ased) ta generate o-quinodimethanes a1though their reactivity 

i9 inferior to that of tl1e d~bromide analogs. 

The chloromethylation reaction was initially attempted 

u9ing standard li terature procedures 411 . Thus, hydrogen 

chloride was bubbled vigoroùsly into a gently l)eated (3S a C) 

mixt'ure of 1,4 ... dimethoxyxanthone, ~6), formalin (40% aqueo,us 

formaldehyde) t, concentrated hydrochloric acid ~nd acetip acid. 
! 

The '~eaction' was ,monitored by' tlc and quenched after aa." 9 h. 

, € 

* , Bromomethylation 1s problematical and when bromomethyl methyl ether is used 
wi1;:h a cataly~ic amount of concentrated 82S04' bromination of 1,4-
dimethoxyxanthone occurs. 

t The use of" paraforma1dehyde, fresh1y fused zinc chloridè as'catalyst411:412 
and hydrogen chloride was disappointing. Mèchanical difficu1 ties led to a 
low yie1d (cat ' 20%) of monochloromethyla:ted xanthone lio along with 
unreacted xanthone 76. 

'ft 

1 

! 
l. 
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Two major components were obtained after purification by 

; v flash chromatography. The less polar compound, (ca. 60% based 

, on éompound 76) was identified as the rnonochloromethylated 

~ compound 110 on the basis of i ts prnr and mass spectral 

characteristics. At high field (200 MHz) its pmr spectrum 

clearly indicated that substitution had occurred in the A-ring 

as evidenced by the collapse of the AB-quartet (due to H2-H3 

coupling) to a single peak shifted downfield by ca. 0.15 ppm. 

There was no al tera tian' of the C-ring spli t"ting pattern (or 

in the peak intensi ties) thus showing that no substitution 

had Qccurred there. The sign~l at 4.81 ppm was assigned to 

the benzylic" protons whereas the methoxy groups appeared as 

a broad singlet (in CD
2
C1 2 ) and were not ~ignificantly shifted 

downfield relative to the parent compound. The relative peak 

in tensi ties were consistent wi th the assigned structure 110. 

The substitution was as-sumed* to have occurred at the C-2 

position on the basis that the oxygen heteroatorn should 

preferentially activate that position towards aromatic 
1 

electrophilic substitution. The mass spectrum of the compound 

displayed a molecular ion of ml z 304 in agreement with the 

expected molecular we,ight _ The isotope peak rat~o (M+2) lM, 

(31.9%), was essentially identical to the value predicted413. 

(32.6%) for mo1ecu1es containing one ch.1orine atom, thus 

confirming that on1y monochloromethylation had occurred
A

• 

* The structure was proven to be correct by the unequivotal -synthesis of 
related compounds. 'lbis is dis~ussed in AppendiX; 1. 
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The more polar material (aa. 20% based on compound 

1.'§) was identified as 2-hydroxymethyl-l,4-dimethoxyxanthone 

(111) • Its pmr spectrl,lin was essentially identical to that of 

compound ill except for the presence of an exchanqeab1e r 
proton (D 20). The infrared spectrum of-the product confirme~ 

\ the presence o'~e hydroxyl function whose stretching 

HCHO 
HCI (eone.), Mel(g) • 

1!. 

+ 

" 

~ 

'frequency ·occurred at 3480 cm -1 The mass spectrurn of the 

product included the molecular ion of m/z 286 which is the 

value corresponding to :the expected molecular weight. 

A small amount of more polar material was also 
1 

eluted with methanol but it was not characterize~. 

\ 
\' 
l 
~ 
1 
1 

\, ). 

The formation of benzyl alcohol lli i5 not 5urprisinq., 
" 

, i 
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,While sorne part undoubtedl.y arises from hydrolysis of the 

chl.oromethy1xantnone!!.Q. (duting work-up and chromatography>", 

it may also act as an intermediate in the ch1oromethylation 

f) reaction and is accounted for by way of the fo11owing 
.., , 

h . 411,414-416 mec an~sm : 

".. , 

(I) 

The fact that no bis{chioromethylated)~anthone ~ 

was formed suggested that its ~eneration would require more 

vlgorous reaction conditions. It aiso appeared desirable 

to app1y conditions unfavorable to the formation of the 

corresponding benzylic alcohols. To this en~, we c?nsidered 

the use of the commercially avai1abl~ chloromethyl rnethyl 

ether, since i ts ch1or:omethylating properties are well 

estab1ished359 ,411,4I2,415-423. In the presencê of protons 

or a Lewis acid, the' alky1ating species are thought to have 

structures II and III respe.ctive1y41S, 416, 419. 
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V' 104 

M = metal 
X = halide 

" II III -
\J 

In principle i t is possible ta achieve methoxymethylation . 
(especia11y in the presence of Lewis acids), but in practice, 

ch1oramethylation dominates ta the extent that ether formation 

has only 411 422 been rarely observed ' . , 

423 It was reported tha t a cornplex of tin (IV) chloride-
, 

ch10ramethyl methyl ether was effective in forming bis-

chloromethylated products from variaus aramatic compounds 
" 

that even carry deactivating g~oups. However, reac:tian of 

l,4-dimethoxyxanthene (1.§) with a large excess of "J:his tin 

complex resulted in 'only a 30% yield of monochloromethylated 

compound 110 with no trace of any bis-chloromethylated compou'nd 
, --
being detectable even 'after refluxing for 96 h in chloroform. 

A similar resu1 t was obtained wi th a zinc chloride-chloromethyl 

methyl ether c.omplex. Cata1ytic amounts of Lewis acids such 
t1 

as SnC14 , TiC1 4 , AIC1 3 as weIl as cata1ytic amounts of strong 

acids like p-TsOH, TFA wi th chlorornethyl "'methyl ether gave 

unrewarding resul ts as only monochlo~omethylated compound 110 

was obtained and in yields never exceeding ca. 30%. even ,after 
. 

long reac..tion tirnes. 

The use of 30% fuming sulfuric aCid417 led te the 

formation of intractable tars as weIl as a small amount of· 

what was 1ater identified as the diarylmethane compound 112 



( 

. . 

• 

(vide i nrl'a) • A catalytic amd~~ of concentrated su1furic 

acia and gentle heating {< 35°)424 1ed, after 4 h, to a 

nlixture of three components which' after separation by flash 

106 

chromatography were identified as unreacted starting rnaterial 

(aa. 10%), a fraction of low polari ty (ca. 70% based on 

xanthone 76) which consisted of the manochloromethyla ted 

compound 110 and a more polar fraction obtained as an 

uncrystallizable oir identified by pmr and mass spéct~ometry 

as the diary1methane compound 112. The prnr spectrum of 

~I 
~ .--......-'''-

H,Q 

~ ~ J CICH2 0CH) 

... 1 0 ... IH,~··t.) 

!! ~I 
~ 

+ 

110 112 

• 

latter rnaterial showed no significant differences in the C-ring 

splitting pattern of the protons rel.:ftive to the parent 

compound. However; the singlet aris ing from the proton at 

position 3 was shifted upfield by ca. 0.17 ppm Hz relative 

ta chloromethyl compound ill. An upfield shift of aa. 0.63 ppm -
was also observed for the benzylic protons. This latter shift 

r 
f 
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ls in the range expected for the replacement of a benzyllc 

ch1orJ:ne by an aromatic substituent. The mass spectrum of 

the product indicated that it contai-ned no chlorine atom but 

\ included a mo1ecular ion of m/z 524 which corresponds to the 

, molecular weight of the diarylmethane 112. The reaction was 

repeated but at different temperatures over various time 

periods but 0 this led only to variations in the ratio of the 
u 

samé three components, 'no trace of bis- (ch1oromethylated) 

compound 106 being detectable. 

It became apparent therefore tha t the carbonyl group 

of 1,4-dimethoxyxanthone CI§) i5 too strongly deacti vating 

to permit electrophilic attack by the reagent at position 3. 

If this conclusion were correct, remova1 of the xanthone 

carbony1 should allow introduction of the desired second 

chloromethy1 group. 

3.1.2 Reduction of 1,4-Dimethoxyxanthone to 1,4-Dimethoxy-

xanthene 

The reduction of 1,4-dimethoxyxanthone (76) to the 

corresponding xanthene 113 was carried out clean1y in one step 

and in quanti tati ve yie Id using the borane-THF complex as 

'-- ~ cq~ ~H' '7 "" BH,·THF 
:?" 1 1" 1 1 .• 

~ h· ~ h 
0./ RT 

CH3 CH3 

1!." !!! 

~, 

," 

, ~ 
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reagent. A reaction time of 4 h at raom temperature using 

dry THF, or~methylene chloride as solvents served our purpose. 

Interestingly, reduction of xanthone i tse1f was rnuch faster 

under the same conditions 425 . This difference' in reactivity 

may be attril;mted to the steric hindrance provided by" the 
~ 

methoxy group as weIl as to the lower solubility of our 

substrate which required th\~ use of more dilute solutions. 

The xanthene 113 was stored 1: under an 'inert - atmosphere as it. - . 
is susceptible to air oxidation, slowly reverting to thè 

1,4-dimethoxyxanthone at room temperature'*. - Its 60 MHz pmr 

spectrum consisted of an AB-quartet (shifted upfield relative 

ta xanthane l§.), the H-3 proton resonating at 6.66 ppm and 

the H-2 proton at 6.35 pprn; the methylene group appeared at 

3.90 ppm and the ring C protons gave a broad poorly resolved . 

multiplet. Its infrared spectrum conf irmed the absence of 

a carbonyl group. 

3.1. 3 Attempted bis-Chloromethylation of 1,4-Dimethoxy­

xanthene 

Chlorornethylat~on of the 1,4-dimethoxyxanthene (113) 
~ . 

was attempted using chloromethyl methyl ether in CHCl3 at 35~C 

and concentrated sulfuric acid as the catalyst. After 2 h, 

the reaction was comp~ete and the mixture purified ta yield 
, 

two fractions ;in about equal quantity (ca. 30%). The least 
r 

1 \ 

* ~ The oxidation of xanthene using oxygen in aqueous NaOS in the presence or 
phase-transfer catalyst ls known426 . 

r 
1 
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polar compound was identified ~y prnr and mass spectroscopy 

as 2-ch~orornet,hyl-l, 4-dimethoxyxanthene (!.!.~) *. The latter' s 

pmr spectrum indicated that substitution occurred on the 

A-ring on the basis that the AB-quartet of the starting 

material_ now appeared as a singlet. No chang'e in the peak 

intensi ties of the ring-C protons occurreg.. The mass spectrum 

of the product included a molecular ion of m/z 290 correspond-

ing to the expected molecular welght of 114 and the intensity 

of the isotope peak ratio (M+2) lM indicated that only one 

chlorine atom wàs present in the rnolecule. The more polar 

compound turned qut to have an pmr spectrum sirnilar to ~hat 

of ~ornpound 112, the upfield shifts of ca. -Q. 25 pPIJl and 

0.53 ppm in the resonance frequencies of the H3-proton and 
./ ' 

the benzylic protons being accounted for by the diarylmethane 

structure 115 •. The mass spectrum of this·material showed a 

molecular ion of rnïz 496 (base peak) which coincides wi th 

the rnolecular weight of liS. Unfortunately, no ind·ication . , 

of the pr~sence of any bis-chlorornethylatëd product in the , 

mixture was obtained. 

The reaction was repea.ted under similar conditions 

except that acetic acid was used as cosolvent and catalyst. 

The reaction took much longer to reach completion and after 
. . , 

12 h, analysis by tIc indicated that only monochlorornethylated 

compound 114 had forrned. No evidence that the bis-chloro-
- 1 

rnethylated compound 116 or the diarylmethane 115 were generated 

* In order to obtain excellent quantities of pure 114, 
2-chloramethy1-1,4-dimethoxyxanthone using BH3·TSF. 
the Exper imental) . .... 

i t 1s best ta reduce 
(Details are given in 
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was obtained. The r~action was then' a110wed to continue for 

an additional. 72 h. Analysis by tIc indicated the presence 

of three compounds which included a sma11.amount (ca. 10%) of 

115. Purification by flash chromatography was difficult 

(and only partially successfu~) because the cornponents had 

similar Rf values. The main fraction (ca. 50% based on 113) 
• 

w~ich contained two -components g~ve a mass spectrum clearly 

indicative of ~he presence of the bis-chloromethy1ated 

derivative. in fact, a molecular ion of m/z 338 corresponding 

to the molecular weight of compound 116 was observed and the 

ratio for the isotope peaks (M+2)/M (65%) and (M+4)/M (10%) 
\ 

corresponded exactly to those expected for a rnolecu1e contain-

ing two chlorine atoms. The pmr spectrurn of this material 
, '. 

showed two benzylic type of proton signaIs, an observation 

consistent with the presence or the bis-chlorornethylated .p 

compound. However 1 the signal a t a'a. 6. 73 pprn which was 

previous1y attributed to the H-3 proton was still visible. 

F~~~ermore, the peak intens~ties of the ring-C protons showed 

that there were on1y -3 protons on the ring 1 an indication that 

substitution of ring Chad occurred. Accordingly, the bis-

chlorornethylated compound can be represented most reasonably 

,by structures lI7a and ll7b. The \ass spectruin of the crude 

reaction products also revealed that sorne reaction with the 

coso1vent 'acetic acid had occurred'. The yie1d of acetoxy-

,methylated compounds 118 and 119 was estimated by prnr 

spectroscopy ta be less than 10% 1 the resul t of a minor side 

, 

i" 

1 
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110 

.!!!.. R- a 
~ R-OAc 

Ht. R- OAc -

H,R RCH 
+ 

CH] 

l!:!!. R.a 
..!!!.!!.. R. OAc 

+ 

reaction which has been rarely mentioned in ~h~ 1iter~ture 411 

, . r.t i5 CIea\ that in spite of the remova1 of the 

deactivating cJrbOnY1 group of the xanthone, it- remained 

impossible in our hands to pr;epare the 2, 3-bis':Ch1oromethylated 
, . 

xanthene 116 a1though a second substitution, but at the 

C"ring level, occurred readiIy. While alternative approaches 

to the synthesis of 116 were being contemplated, an intriguing 

unique reagent potentially usefùl as a chiorornethyla ting 

agent. (the .... chloromethyl chloro5ulfonate (120» wa.s brought. to 

our ~ttention 427,428. We we~e thus encouraged to make one 

more attempt at the preparat~on of the 2 r, 3-bis-chloromethylated 

xanthone derivative 'through the use of the special reagent ~. 

. -

1 ,. 
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3.1.4 Attempted Chloromethy1ation wi,th Chloro'methy1 

Chlorosulfonate 

Al though chloromethyl ch,lorosulfonate (120) was 

428a . 
"first prepared in the early 1930 1 s" the only reference 

" 428b to its use can be found in the old patent llterature 

Structura1ly, it resembles the powerfu1 methylating agent 

methyl f1uorosu1foi-tate (l,12l) (M.:tg~c methyl) and being the 

homolog of 6-ch1oroel.hy1 ch1orosu1fonate (122) L a' known 

0 0 i 1 1 
" ClC~OS-CI CH.OS-F ClCH,CHsOS-Ci 

1 A 1 
0 l 0 

120 .El. S 

411 ' 
chloroethylating agent ,we were hop~ful that analog 120 

III 

would behave as an a1ky"1.atipg agent p,?werful enough to achieve 

bis-chloromethylation o~ our substrate (s) 

manner. 

in' the desired .., 

Chloromethy1 ch1orosulfona te .ill was obtained 

as a ~lear frèe-flowing liquid after relatively long and , .' 
tedious operations consisting basically of the" addition of 

paraforma1dehyde to neat ch1orosulfonic acid fo+lowed by a 

number of distillations. The reagent was characterized by' A 

i ts physical properties as weIl as by pmr spectroscopy and 

• qc/rns- (in order to,. ascert1n its purity). AlI the data were 

c~nsisten t 70se expected for 5 tru,::ture ~2 a . 

-4 
J. 

, \ 

.. 

f 
1 
l 
i 
j , 

l 
i 
Î 
i 
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Unfortunately, its react~on with 1,4-dimethoxy:' 

xanthone (7.6) gave disappointing results'. There was., no sign, 

of reaétion after stirring for severai days at ro.om 

temperature even after catalytic ampunts of concentrated 

sulfuric acid àad been added. The rntmochloromethylated ... 
compound 110 was abtained in a ,sma!l yie1d « 10%) aftèr 

addition of cata1ytic amounts of ~oncentrated sulrurié' acid 
, , 

and a reaction time of 12 h in 'boi1ing rnethylene ch1orfde. 
r ' :; 

When a cata1ytic amaunt of a1uminiUln~ chloride was 

added 411 instead and the mixture ref1uxed for 75 h, the yield 

of .ll.Q. reached about 20%. Cl'1anging the substrate to 
1 

1,4-dimethoxyx'anthene (113) gave no better results th an with - , 
,/ 

xanthane 76, under similar conditions. Only a small yie,ld 
oc ------- , « 20%) of manochloromethylated xanthene 114 was obtained and --. 

was açcompanied by increased arnounts o~ resinous mater}a1. 
, , / 

" Thes-e results brought to an end our effort:$' to . 

achieve the desired bis-chiororn~thylation of either the 

xanthane or, xanthene substrates. The developrnfnt <;>f ano,~er 

approach imio1ving the synthesis 'of a different xanthone 
~l 

substrate became necessary. However, we thought it worthwhil'e 

at that ptage to expIo_~ the pob~ntiai of chlorornethy1 --- '~ &l 
ch1orosuIUmate (120) a.s a chloromethylatiJ;)g agent but for 

more. conventiona1 substrates. 

. . 

'~ " 

, 
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l!. R'.RZ=O 

III R,. Rz = H 

ClCH.OSQ.CI 
HtSe. (cat.) 

~ .12h 

.!!!. R, .R2 -O 

.ll! R,. R2 = H 

.ll!. R,. R Z = a 
1U R,. RZ = H 

113 

Potential Usefulness of Chloromethyl Chlorosulfonate 
. . 

Even though the chloromethy1 chlorosulfonate (120) 

failed to chloromethylate bur xanthone o~ xanthene substr~~ 

. in a satisfactory manner, it was felt nevertheless that 
, 

better nucleophiles may be more likely to give valuable 

~esults. At first then we consldered reacting it with an 
,. 

enamine because one may expect the reagent to yie1d a-chloro~ 

methylketones directly, a class of subs~ances of con~erable 
~ . 

synthetic utility by virtue of their ready convertibi' 0 

..,/ --.:- " .' : 
a-methylene ketones (SUCIT as 123), an,arrangement found in - . 
rnany naturally occ~rring sesquiterpenes and antibiotlcs429-43l 

When this reaction was attempted with the pyrrolidine 

,. 
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432 
~ enamine of cyclo~exanone (124) und~r a ~ariety of 

conditions, only black re6~nous material was obtained. The 

use of low tempe rature and high dilution led to a complex 

mixture of compounds which could not be identified by ge/ms 

or pmr spectroscopy. 

0 ~H'C &", • 

6 
1) aCH.Oso.CI Ba •• 

"', • • 
2) HaO+ 

124 ..ru... 

. In another attempt àt discovering a useful 

application for the reagent, guaiacol (125) was used as a 

substrate. The de~ir~<d product guaiacyl-O-methyl chloride .... 

114 

(~) is used as anjalcohol protec~ing group and 'appears more 

convenient thqn S-methoxyethoxymethyl chloride (MEM-Cl) 

because it is less troublesome to remove 433 However, there 
. . 

exist only two methods availab1e for the "preparation of 

this reagent 126 and only one of them ls pr9ctical. Reaction 

of chloromethy1 ch1orosu1fonate 120 with guaiaco1 might,lead 

to 126 in one step, which motivated us to explore this 

pOSS~,1ity. 

"3 Accordingly, the sodium salt of gliaiacol was 
; 

,generated with sodium hydride in TSF and th~ mixture added 

,in small portions over a long p~riod of time under an inert 

..... 

1 
\ 

, , 

j' 

.~. 
/ ' i' 



( 

1 

Q 

115 ) 

) 
atmosphere to a vigorously stirred excess solution of very 

• 1 1 
dilute chloromethyl chlorosulfonate. The reaction was 

vigorous and complete after sorne minutes. Ana~ysis by ge/ms 
<' 

indicated the presence of three components one of which was 

dominant. 

The first compound (ca. 10%) ta elute from the gc 

column was assigned struc~ure 12"7 primarily on the basis of 

mass spectral evidence. Its f9rmation 1s surprising because 

chloromethyl chlorosulfonate may not be expected to act as a 

source of electrophilic chlorine atoms. Tne next component 

(ca. 30%) was characterized as guaiacyl-o-methyl chloride 

(~) on the basis of 1ts rnass and pmr spectra which agreed 

with the literature values433 . The last component fram the 

column (ca. 30%) was assigned either structure 128a or l2Bb . -

.. ~cH.CI 

~ft oc ... Z).Clctt.oso.a 

. 111. 

'" 

+ 

~CH,oso.a 

or ~~ 
OC Ha 

..!!!!!.. 

as judged f~om its mass spectrum. l'ts pmr spectrum was not 

very informative since for both stru~tures, the rnethylene 

protons May be expeeted to display s-imilar chemica~ shifts. 
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However, regardless of the èxact identlty of this third 
, 1 

component, it 15 clea~ that under our reactlon conditions, 

.chloromethyl 'chlorosulfonate 120 is capable of reacting by 

dlfferent modes (Scheme 3.2). 

Scheme 3.2 

1. 

' 2. 

3~ 

_ 0 
~. Il 

CICH - O-S-CI r ~ 
ROe 

ff) 
~1c-l-dÇos2'êï ~ 

~î 
ROe 

"" 0 

:1 ' ~ Cl-CH -0 -Cl 

) A 
ROe 

" 

0 
/1 

RO-S-OCH Cl + cié 
/1 2 
0 

0 

" CIe ~ ROCH2OS-CI .+ 
,U 
0 

116 

Although these results are far from being exhaustive 

it ls obvlous that more wark would be required in order, ta 

ascertain the patentia1 usefulness of chloromethyl chloro-
, 

sulfonate 120 as a reagent in organic synthe~is. '--

. i , , , 
'1 , 
l • J 

1 

.t 
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Unfortunately, time was not available to explore 

~urther the chemistry of this unusual reagent and a return 

. to our main concern to~k precedence. 

. 3.1.5 Synthesis of 2,3-bis(Bromomethyl)-1,4-dimethoxyxanthone « , 

Our failed attempt Çlt the preparÇlti'on of bis­

chloromethylxanthone led us to consider an alternative approach 

involving 2,3-dimethy1-l,4-dimethoxyxanthone (129) as an 

intermediate 'susceptible to benzylic halogenation40S ,406 . " 
No difficu1ty was encountered in the synthesis of the desired 

xanthone 129 using our previous1y described method as applied 

to the prob1em at hand. 

Access to dimethylxanthone 129 depended on the 

availability of 3,4-dim~thyl-2/5-dimethoxyphenol (130) which 

fortunate1y cou1d be easi1y prepared in 6 steps in 72% overall 

isalated yield (not optimized) from commercial1y avai1ab1e 

2,3-dimeth~1-4-methoxybenzaldehyde (131). 

Unlike the Baeyer-Vi11iger oxidation of 2,S-dimethoxy-

benza1dehyde (Scheme 2.8) which required heating in a solvent 

with m-CPBA, the aldehyde 131 underwent quantitative oXldation 

to 'formate 132 within 45 min at OOC in the presence of the / 

free-radical inhibitor 101*. In this case, th~ lower reaction 

temperature preve~ted subsequent oxidation of the aldehyde 

to the acid. Carefu1 alkaline hydrolysis of the formate 

* The free-radical inhibitor,underwenb oxidation to the sulfone (mp 239-240°C) 
which crystallized in the reaction solvent. 

.' 
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at Qoe gave a quantitative y-ield of phenol 133 as a white' 

crystalline solide Methylation 'of the latter with excess, 

dimethyl sulfate in refluxing acetone in,the presence of 

potassium carbonate powder gave a 96% yield of dirnethoxy 

118 

compound 134 which crystallized in ~he form of transparent 

plates 434 . The next step involved ring formylation of l1! 

using a,et'-dichloromethyl rnethyl ether and titanium(IV)( 

chloride at Q o C435 , 436. A reaction time of 1 h was suf'ficient 

• to generate an excellent yield (98%) of aldehyde 135 which 

crystall~èd as off-white needles. The latter was then 

SUbmittid to Baèyer-Vi11iger oxidation which proceeded 

vigorously at ooe ta give formate 136. The transformation 

• f 

~. ~. ~H' H, ' H 
~I -!.-

~ , b c 

" 1 CH, 
- ~I 

~ ~ CH] 
...; 

H3 
H3 H, 

131 .!!!. !!!. -
. . 

.lU. 131 - 13. -
a) m-CPBA, free radical itlhibitor 101, aoc; b} NaOij/.B

2
0, aoc; c) (CB3)2S04' 

K
2

C0
3

, reflux; d) C1
2

CHOCB
3

, Tiè1
4

, COC. 

'i>' 



was complete within l h but sorne oxidation (ca. 10%) to the . , 
corresponding acid also occurred. A1kaline hydrolysis' 

" , 

of, the crude mixture gave a good yield (83%) of the desired 

phenol llQ, which crystallized as tr~nsparent needles. In 

spite of the fact that this strategy lacks expeditiousness 

119 

and i5 perhaps tedious, it nevertheless represents an improve­

ment over other schemes437-439 for the preparation of 134, 

the advantage lying in ~he unnecessary purification of the 

intermediates, and the excellent overall yield of product. 

Reaction between phenol 130 and methyl-o-iodobenzoate 

(97) in reflux~ng DMA for 24 h gave after alkaline hydro'lysis, .. 

follow~d by cyclization with TFA-TFAA and purification by 

flash chromatography, a 52% yield of pure 2,3-dimethyl-l,4-

dimethoxyxanthone (129). 

+ 
D.A.A 

.. 

t) NeOH!tt.O 
2) TFA~TFAA· 
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120 

The pmr spectrum had resonances at 2.~3 and ~.26 ppm 

~hich were assigned to the ring methyl groups. The ring C 

protons showed the typical splitting pattern of xanthone 

itself., The mass spectrum showed the"molecular ion of m/z 284 

in agreement with the expecte4 molecular weight. The infrared 

spectrum of the product was not significantly different from 

that of 1,4-dimethoxyxanthone (76). 

Benzylic bromination was easfly and conveniently' 

carried out using N-bromosuccinimide (NBS) in the presence of 

à small amount of the free-radical initiator azobisisobutyro­

nitrile (AIBN)440. Due to the low solubility of xanthone 

129 in CC14 , a large volùme of solvent was required and 

consequent1y it was necessary to heat under reflux for a long 

period of time (ca. 26 hl. Purification of the product 

'by flasn chroma tography gave a small arnount (ca. 5% based on 

~) of a monobrominated' comp0und 137 which was characterized 

by its pmr and mass spectra. Structure 137 was assigned on 

the basis of the rationa1e that the benzylic position pa~a 

to the heteroatom shou1d be more highly activated to~ards 

free-radical bromination. Pure bis-brominated xanthone 138 

(ca. 80% based on 129) was obtained as a white crystalline 

compound. Its low field (60 MHZ) pmr spectrurn showed the 

benzy1ic protons as a broad singlet at 4.83 ppm. Its mass 

spectrum inc1uded the molec't'lar ion of m/z 440 corresponding 
1 

to the expected molecular weight and also showed (M+2)!M and 

J~ 

(M+4)/M isotope peak ratios as expected for a compound carrying 
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~ ~ c6g ~ """ H, NBS ~ "'" H2 • ~ ~ H,. , 1 1 1 ~ ~ 1 1 ~ + 
~ CH, (CH·)·fN.N~(CH.). H3 

H
2

• H3 CH CN H, H, 
(AIISN' 

tU tS1 .l!!.. -

two bromine atoms. 

Having thus obtained 2,3-bis(bromomethy1}-1,4-

dimethoxyxanthone we were now ready to proceed with our 

strategy invo1ving a DieIs-AIder reaction between the relevant 

o-quinodimethane intermed~ate and a dienophile as shown in 

'* Equation 2 (page 98). 

3.2 DIELS-ALDER CYCLOADDITION WITH AN o-QUINODlMETHANE 
~ 

INTERMEDIATE 

3.2.1 Generation of o-Quinodimethane 105 via Dibromide lla 

The use of 3-(trimethylsilyl)oxy-3-buten-2-one (139) 

as a dienophi1e capable of trapping an anthraquinone-derived 

o-quinodimethane intermediate was recently reparted441 

However, a low yie1d of adduct was obtained, a resu1t which 
\ 

we be1ieve ,is a manifestation of the 1abil~ nature of the 

, . 1 
! 
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o1efin. In order to enhance its stability442 under the 

reaction conditions, the triethylsilyl analog 140 was prepared 

443 by .a modification of the literature procedure for the 

{ 

~ o 

DMAP .. CH~_ 
A ~a. 

140 

~"-"'" .... -....... 

gener,tion of olefin 139. Reaction between excess olefin 140 
,r 

and the dibromide 138 in the presence of activated zinc 

(Z~*)441,444 in dry DMA fai1ed to produce any adduct. Repeated 

445 446 attempts involving the use of Zn* and u1trasound ' ,. or 

sodium,iodidet in OMA, yie1ded on1y unre~ctèd olefin and an 

~nso1ub1e high molecular weight material. There was no trace 

of any desired adduct 141 or 142. Analysis by tIc indicated 

that a very sma11 amount of compound with an Rf corresponding 

to that of dimer 143 was produced. 

This cyclooctadiené 143 was deliberate1y prepared 

for comparison purposes 'by u1trasonic irradiation of dibromide 

138 with Zn* in the absence of a dienophile trap. Under 

these conditions, 138 was aIl consurned and polymerie material 

was mostly produced. Neverthe1ess, a small amount (ca. 10%) 

t sodium iodide was used in place of zinc to alleviate some of the problems 
usually associated with using metals. These problems include: poor 
reproducibility due te the'variation in activity fram one batch te another 
of the metal and te the he~eregeneous reaction conditions; and, causing 
reductions of susceptible functional groups. 

" 
, ' 

, , . 
j 
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Zn"DMA 

))lJI, RT 

~...x/DMA 
'O-'SoC 

141 

• 

123 

, 
+ 

of dime~ 143 (presumably obtained as a mixture of two isomers) 

was formed which was characterized by its mass spectrum and 

behaviour on tlc • .. 
( 

143. 143b 

Unfortunately, while we were able to improve the. 

stability of 139 by adopting olefin !!Q instead, the greater 

steric bu1k of the latter seemingly precluded reaction with J 

the"diene. Accordingly another type of olef~nic trap was sought. 
;:. 

Although 3-acetoxy-3-buten-2-one (144) was reported441 ,447 to 

-------~------ ~-- -~- ~-, . 
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be- useful in Diels-Alder reactions, difficulties in preparing 

- '') ,-, i t in -good yields have hindered i ts widespread use. However,' 
,~ " \ 

we found that a substantia~ improvement over existing 

procedures439 ,44lb,447 could be ma~e by a simple modification 
1 • 

involving the use of freshly di~tilled réagents'together with 

the addition of a small amount of DMAP. We then' 'attemp.tea the 

reaction of dibromide 138 ,wfth excess olefin l!i usin~ sodium 

iodide in anhydrous DMA and indeed, an excellent yield 

(aa. 80'%) 1 but of the unéxpècted diacetoxy compound 145, ,was 

obtained. A simple and plausible explanation for this result 

might be that the olefin was initially contaminated with . . 
acetic acid or that the olefin was undergoing s,orne hydrolysis. 

}. 

only after rigorous purification procedures* the formation 
, 

of diacetoxy 145 was completely suppressed ... Such preca';1tions 

were not productive because adduct 146 (or its isomer 147) 

was not generated. Insoluble, high molecular weight materials 

were again obtained as well as unreacted olefin and unid~nti-

fied pOlar material. Analysis by tIc tndicated that a small 

êlJllOunt of dimer 143 was again formed'. 

Initia11y, we selected olefins 140 an~·-144 as reactants 
.~ 

.primar~ly because the~r reaction as envisaged would create 

an adduct wi th a highly funct~onalized A-ring. 

• * Bicarbonate wash of the olef~nodid not help as diacetoxy 145 was obtained 
aqain in excellent yield when the reaction was repeated. . Water was then 
scrupulously removed fram all the reactants. DHA was dried over 3~ 
IXIOlecular sieves for 60 h and dist;i.Iled fram CaH2 into the reaction vessei 
which had been flame dried. The soQ.ium iodide was dried under vacuum over 
P20S for 60 h wh~le the olefin was redistilled and only the ~iddle fraction 
boi'ling within a range of 1.5°C was collected. 
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t , , However, becauSé of their' low dienophilic activity they turned 

out to ~e poor choices. It thus became ~pparent ·that it WOU Id 

be nécessaLY to use a more reactive dienophile in order tp 

trap effectively th~ reactive o-quinodimeth.ane_intermediate 
~ 

105. Accordingly, we explored the use of the more reactive 

methyl v,inyl ketone. 

When a mixture of dibromide 138 and excess methyl 

vinyl ketone was treated w1th Zn* in THF t while irradiating 
~ . 

wi th ul trasound or when tre'a ted wi th sodium iodide in DMA, 

numero~s compound? were formed (tIc) including insoluble 

polymerie mater.ia1 and a srna11 amount of dimer 143.< After 

extensive chromatography, an impure adduct 148 (cd. lO%).was 

t '. , , 
R~actions lon dry OMA, OHE' and dioxane445 gave the same resul ts. We adopted 
TBF because of its greater conven~ence. 

.. ! 
1 
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-
iso1ated. . t ........ -----It prabab1y consisted of a mixture of both possible 

isomers but we were unab1e ta c1early 'confirm this: ex.pectatlon 

from the appearance Œf its prnr spectrum. Efforts to i~prove 

the yield of adduct 148 by lowering the temperature to OOC, . ~ 
pr by using more di1ute solutions of dibromide 138 in the 

presénce of larger excesses of o1efin were of no avail. These 

discouraging results raised sorne fundamepta1 qu~stions. The 

fact that dibromide 138 was co~plete1y cansumed (under aIl 

reaction conditions) 1ed us to question whether methy1 vinyl' 
.-"\ 

ketone rs' indeed sufficiently reactive to effectively t~ap 

the in te rrne €JI!Il. a te o-qu'inodimethane 105. Would an olefin of 
-' " 

still greater re%ctivity cycloadd efficiently? In order ta 

answer this question we decided to use N-phenylmaleimide (149) 

j- , . . . 448-451 
a well-'known highly reactlve dlenophlle of unquestion-. I!' 

\ 

able abi1ity to trap o-quinodimetbane 105. When the reaçtion 

betweelll dibromide 138 and excess N'-phènylmal'eimide 149 was 

carried out using either NaI in DMA or Zn* in THF under ( 
! 

ultrasonic radiation, a surprisingly~low yie1d (ag. 20%) of 

t 
The heteroatom and the carbonyl polarize the coefficients of the highest 
occupied mOlecular,orbital (HOMO) ta a different degrèe. The ratio of on~ 
regioisorner to the other will depend'on how large this net polarizatiqn rnay 
be. In principle, adduct l48a is expected to predominate. (This 1s 
discussed ih greater detail later in the chapter). 
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the expected adduct 150 was obtained. The reac~lon mixture - -
also included insoluble high molecu1ar weight material and 

tIc analysis indicated that only a very small amount of dimer 

143 was formed. 

1:. H 2 Br NaI,DMA 
'O-6S0C 

• 

j 
't 

H'1Br or 
-Zn·,THF 149 

OCHJ ))))))),. RT , 
131 .!!!. 

Tpeoretical calcu1ations 452 show that the HOMO-LUMO 

separation of o-xylylene 151 (and derivatives) is srna11 which .-.. 
accounts for the~r high reactivi ty and propensity to dimerize. 

In -the case of xanthone-derived o-quinodimethane interrnediate 
, ' ~ il' 

lOS, the reactivity of the "diene" should be certain1y 

in~reasèd~53 as a resul t of the electron-donating ability of 

. the, heteroatom (vide infl'a). On the other ~d, in the '". 

anthraqui~one-derived o-quinodim,ethane 152, the carbonyl moiety 

. 
by virtue of its electron-withdrawing abilîty, serves to 

moderate the feacti vi ty of the diene, thus 'increas ~ng its 
. 

sta.bility. Therefore, failure of N-phenylmaleimide te 

\., ex 
( 

~ ~ 

l!!. ..l!1. 152 

t' 

" 

\ 
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efficient1y trap o-quinodimethane !Q2. May be the resu1t, in 

part, of the detrimental< short 1ife of the latter. 
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The formation of dimer 143, which was uniforrnly 

iso1ated in small quantities, deserves comment. Its t'ormation 
. 448 

may be accounted for by the rearrangement of a spiro dimer 

such as 153 derived by a concerted, thermally allowed 12+4] -- /' 
cyc1oaddition of ~ntermediate 105 wlth the formation (:Jf isomeric 

structure ru being equally probable. However, there may he 

• + 11Of'fteI' • 

105 153 

+ + IsOtMra 

10. 154 

" other mechahisms, such as a non-concerted 14+4] cyc 10addi tion 

of 105 that may he operative or possibly one where ionie 

intermediate* 155 or diradical intemediate 156 may be involved. 

Unti1 we can show unequivocally that 105 15 the intermediate 

* The structure shown 1s of the more stable of the two i.s(l!lerlC; inteœediates 
.possibl~. 



~----~---------------------

155 151 

wh~èh i5 ~ndeed generated, it: i5 'safer to conclude that under 

the reaction conditions used, intermediates 155 and 15'6 are 

equally plausible intermediates that can account for our 

observa tions . 

The d~ff~culties that we experienced with the use 

~ of o-quinodimethane 105 are not un~que and differ on1y in 

detail wlth~those encountered by others405 ,406,441 in att~mpts 
! 

., at generating o-quinod~methane 152 through the achon of zinc 

- or sodium iod~de on anthraqu~none'" precursQrs. Low yields,. 

.' extensive s1de-reactions and generally poor control, ,of the 

condi tions suggF!st the ope'rat1on of a complex relationship 

bet~een solvent, temperature, concentration and nature of 

the substr'ate. It might be extremely useful if one could 

study the chemistry of o-quinodimethane 105 as generated under 
, '\ -

condi tl.'ons not conducive to such a cornplex ,interplay .Df 

variables. Attempts at developlng a relevant strategy were 

cons~dered next. 

Two other methods for generating ~ntermediate 105 , , 

were envisaged.' The first attractive one involves the 

fluoride ion-induced 1,4-elimination of an 0- (a-trimet~ylsilyl­

alkyl) benzyl trimethylammonium halide as recommended by Saegusa 

r-
I 
i . 
f 

1 
1 

1 
l 
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f 
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( 

et; al. 454 (ScJ:1eme 3.3). A1though this method may not be ideal 

bècause of the polar nature of the reactant which dictates 

the use of exper,imental conditions similar to those a1ready 

applied; wè were nonethe1ess attracted to i t. As it turned 

out, the synthesis of precursor 157 proved to be too diffièult 

in the xanthone series of ahalogs and we were forced to abandon 
. 

this approaçl; for practica1 reasons. 

Scheme 3. 3 ~ 

..!!!. 

A more attractive alternative where reaction 

' .... conditions wou1d intervene minimally in the generation of 

o -quinod imethane IO 5 1nvo Ives thermo1y sis of appropr,1a te , 
o / 

precursors as will be discussed next J 

Thermal Generation of o-Quinodimethane 105 

The high temperature (~'2000C) necessary to 'generate 

o-quinodimethane from either sulfone 108 or benzocyclobutene 109 - -, 

.~ 
"J ," 

,1 

, ) 



\ 
( 
1 

407 reQuïres the use of special apparatus ,techniques that are 

Lmpractical for our purposes and for large scale preparations. 

A more attractive precursor is 8-su1tine 158 as it is expected 

to extrude sulfur dioxide at a lower tempe rature (ca. 80°C)455 

and is obtainable456 , in principle, by reaction with a readily 

ava-ilable diol and the sulfur transfer reagent benzimidazo1e 

159. However, previous experience with this reagent in our 

1aboratories uS1ng related dio1s as substrates was not 

encouraging, which 1ed us to seek an alternative source of 

o-quinodimethane. ' 

il 

H,OH ~ :zs • 
H,OH 

1S1 

) 
The observations457-459 that the introduction of a 

certain substituent su~h as hydroxyl on the cyclobutene ring 

of benzocyclobutene reduces by as mùch as 120°C* the temperature 

* The increase l.n ease of e1ectro'cyclic ring opening has been explained by 
frontier molecular orbital (PMO) theory460, 461 in a more adequate fashion 
than a previous suggestion45 ? which related the process with the l3C nmr 
cheJ!lical shifts. . 

• 

'1 

j. 

l ' 
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( 

required for ~1ectrocyc1ic ring opening incited us' to consider 
~ 

the use 'of t~e hydroxybenzocyclobutene derivative 1îQ. 

However, fo~ ring opening of thè-latter, either a higher ,. 

" 
~emperatp~e or a longer reaction time May be needed (compared 

te unsubstituted benzocyc1obuteno1) because peri-substituents 
1 
1 

(OCH 3, OH> would sterica11y interfere with the outward 

conrotatory motion imposed by the hyd~oxyl group458,459,461-464 

upon diene generation. This dfsadvatitage is off~et by the' 

fact that a benzocyclobutenol'derivative would yield an adduct 

càrrying a key hydroxyl function at position 7. On the other 

.hand, a mixture of regioisorners may be expected a1though in 

unequal amounts because of the po1arization of the diene. 

The predominating isomer May be anticipated,on the basis of 

FMO calculations. 

According to this theory, the cyc1oaddition reaction 

\ is dominated by the interaction betweeri the highest occupied 

mo1ecular orbital (HOMO) and the lowe~t unoccupied mo1ecular 

orbital (LUMO), of the reactants. The carbonyl group and the 

oxygen heteroatom 
~ --. certainly affect these orbitaIs because 

th~y a~ Vi~~logous to the diene. However, the overwhelming , , 
\" \ ~-

dominatirlg effect shop~d be exerted b~ the hydroxy1 group*. 
\ ! . \ \ 

Thus the pr~dicted behaviour of o-quinodimethane 161 should 
t 

SimplY,mimtêk t?at of an electron rich diene. If we were to 

/ 
( 

*Functional g~6ups attached to the inner carbons of 1,3-p,ienes affect the 
FMe energy less than functional groups attached at the te:cminals. This i~ 
due to the fact that the MO coefficients are Smaller at th~ inner positions 
and the pert~rbation of the orbital energies is proportional to the square 
af _th~ orbl.tiü coeff;l.cient in the MO' 5465-467 . 

( 
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\ 
choJe a dienophile where Z i5 an 'electron-withdrawing group, 

the more energet~cally favorable interaction will be that OI 
( 
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the HOMO (diene) -LUMO (cUenophile) where an estimated energy-gap 

of 8.5 eV would exist instead of a gap of 13.4 e"!J for a 

HOMO (dienophile) -LUMO (diene) . interaction* . 

To predict the regiaisomer it is necessàry to match 
, 

the largest coefficient of the terminal MO for the controlling 

pair of FMOIS468-470 For a l-substituted diene, the hydroxyl 

group increases the magn~ tude of the coeffJ.cient of the HOMO 

an the appas i te terminal (the appos i te is true for the LUMO) • 

. ' Similarly for the LUMO, an electron-withdrawing group will 

increase the m~gni tude of the coefficient on the opposite 

* For illustrative purposes lot was asswned that the energy of the HOMO and 
LUMO of diene ,!g would be sllnl.lar to ,that of a typical diene (see 
Appendix 2). Based on the arguments presented, we feel that this is 
justifiable, however, the energy values quoted should not be given pep se 
any significance. 
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terminal (the same is true for the HOMO). The result of 

matèhin9 of the orbitals leads to the prediction that regio­
l 

isoriter 162a* should be formed preferen\iallY. The difference -• 
~ 

H 

"'<5
Z z -.~-

AEa8.5.V 

HOMO LUMO 18U -
(-8.S.V) (0 eV) 

in ~E' s (4.9 eV) between the two possible interactions 1s 

t large enough to neglect the importance of the LUNO (diene)-

~HOMO (dienophilè) interaction which would oth~rwise lead to the 

prediction that the desired isomer 162b would be generated • 

LUMO 
(2.5 eV) 

HOMO 
(-1Q.9 eV) 

• 

1. 

* The stereochemistry of the adduct would normally be expected to place the 
hydroxyl and Z-substituent ais to each other as a r,esult of an endo":approach 
by the reactants. 8owever, Kametani et a~. 471 and more recently Wallace 
et a7,. 462 found that for si.milar reaètants (under thermal candi tians) stereo­
isomers were formed which led .. them to speculate that the reaction proceeded 
~ither by a stepwise mechanism via diradical or ionie int8rmed~ates471 or 
that sterie requiremen.ts force an e.zo-approach by 0 the reactants 462. 

t ' 
W1th a difference greater than 1. 7 eV (i. e. > 39 kcals) it' is usually safe 
ta ignore the higher energy pair47 24 

• 
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'On the other hand, orie can choose to use an 

elèctron-rich dienophile as the reactant. In this case, both 

combinations of interactions, (HOMO (diene) -LUMO (dienophile) 

and HOMO (dienophile) -LUMO (diene)] have the same energy-gap-

(estimated' at 11.5 eV) 50 that both possiÀle pairings must be 

considered when the coefficients of the molecular orbitaIs 

are ma tched . 
, . 470 

The molecular orbitaIs are polar~zed in the 

fashion shown in Figure 14 and for both interactions the 

prediction is that isomer I62c should be formed preferentially*. 

HOMO 
(-8.5.V) 

LOMO 

(2.SeV) 

LUitO 

(3.0 eV) 

-- ~ -. 
--- .... x 

HOMO 
(-9.0.V) 

" 

AEa11.5 ev 

-

FigUre ~4: 80th combinations of orbitais favor formation of the· "Meta" adduct • 

... 
Accord.ing to Efouk473 when a dien~ and alkene are both substituted by e~ectron-
releasing groups, interactions of the non-front~er Tf orb~tals of the dl.ene 
with the alkene MO' s can occur in the unsymmetrical transition state, and 
such interactions could conceivably alter reg~ochemical predictions. 
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The bigher energy gap of 11.5 eV resu1ting from the 

use of an electro,n-rich dienophi1e compared w,!j;b- the energy-./ ---
gap of 8.5 eV when an electron-poor dienophi1e is used, shou1d 

be reflected in a s10wer reaction rate and it is for this 

reason that in general, dienophiles with electron-withdrawing 

groups are better substrates than elect~on-rich dienophiles 

in Diels-Alder reactions. 

There is 1itt1e doubt'that the FMO theory is useful 

for predicting the outcome of the reactions and in the case of 

simple reactions of o-quinodimethane with electron poor dieno-

hi1 th th 1 d t d ' t' 462,464,471 B t P es, e eory e to correc pre ~c ~ons u 

because there is no precedent in the literature concerning the 

predictable behaviour of 161, it is imperative that the cour~e 

of its reaction be tested experimentally,. Whil~ our main goal 
- . 

remained a practical ,one'conceived to produce a usable règio-

'isomer, the experimenta1 outcome would serve at least to test 

the validity of the theoretical treatments. 

3.2.2.1 Attempted synthesis of a benzocyclobutenol derivative 

Benzocyclobutenols are not readily accessible as 

they involve multi-step syntheses 462 ,474,475 Recently, 

however, Durst et aL,476 introduced a simple and efficient 

synthesis of benzocyclobutenol (~) from epoxide 164 which 

appeared suitab1e as a method for the generation of the desired 

benzocyc10butenol derivative 160. 

" , 
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,.3 -
On the basis or~ our previous experience with the 

ohloromethylation of 1,4-dimethoxyxanthone, regioselective 

bromination at the 2-position should be easily achieved. As 

expected, reaction of 1,4-dimethoxyxanthone with molecular 

bromine* in the presence of a catalytic amount of iron filings 

(unactivated) gave, after 3 h at room temperature an excellent 

iso1ated yield (> 90%) of 2-bromo-l,4-dimethoxyxanthone (165): 
.' --

The high field (200 MHz) pmr spectrum of the produçt indicated 

that no ring C substitution had occurred and the 13c nrnr 

spectrum provided unequivocaF evidence that subst~ tut ion hfld, 

occurred at the C-2" position. The maS5 spectrum·inc1uded a 

molecu1ar ion of m/z 334 (base peak) corresponding to the 

moleçular weight ff the expected compound and aiso showed a 

peak of (M+2) lM in confirmation of the presence of one bromine 

atom in the molecule. 

It was anticipated that formylation of this 2-bromo~ 

1,4-dimethoxyxanthone (165) might be difficult because the 
, -

'C-3 position i5 deactivated towards electrophilic aromatic 

substitution. Furthermore, the small, but nevertheless 

• "~rge,~xcesses of bromine or lortger reactiOfr times should be avoided because 
1DasS spectroscopy indicated that a small amount of bis-brouunated canpound 
also fomed. 

r 
1 

1 
!', 
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deactivating effect of the o-broma substituent as weIl as its 

steric bulk rnay not favor the formylation reaction. The 

use of the Vilsmeier cornp1ex between phosphbryl chloride and 

DHF or the excellent formylating agent CL,a' -dichlorornethyl 

.methyl ether - titanium(IV) chloride under a variety of 

conditioIlS including temperature effects (room tempe rature 

or gently refluxed in Methylene chloride) were totally 

unsuccessful. 

POC./DIIF /1 
or 1)' 
-Cl.C~TlCI. 

!!! 

'". 'Hit -

ee 
(<:H.>.S1 

We then attempted to t'ormylate 2-bromo-l,4-

dimethoxyxanthene (166) (obtainable in quantitative yield by 

diborane reduction of xanthone l§1), using the same reagents 

under similarly varied 'condi tions, but starting materia1 

was again largely recovered along with a small amount « 10%) 

of material carrying a formy1 group 0\. ring C, as eVidenced 

by 200 MHz pmr spectrascopy with no indication that any 

> 
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BH.·THF .. 

!!!.. 

POà .. /DIIF 

'or 

CH • 
+ 

, .. 
1 

compound 167 was fomed. 

These resul ts showed qui te conclusi vely that 

formylation, 1ike chloromethylation, at the 3-position of 

the ring system was not feasible despite the greater inherent 

reactivity of the formylating agents relative to the conven-

tional chloromethy1atl:.ng agents*. 
:, 

Clear ly, a dlfferent approach 

was needed l:.n order to synthesize the benzocyc lobuteno1 

1ntermediate 160 . 

... 
We have evidence demanstrating that fOrID;Ylation of l, 4-dimethoxyxanthene 
occu.rS withi.n one-half hour while under sinülar condJ.tions chlorome~ylationY,' 
requi.res severai ·hours. 

1 
i 
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3.2.2.2 Attem 

f 
dirnethoxyxan thene 

\ The ,bservation that o-methylbenzaldehyde (168) 

undergoes photoeno1ization 477,478 to yield ei ther liydroxy­

quinodirnethane 169 or benZOcYC1obutenol) 170 led us to brief1y' 
/--

consider the synthesis of 2-formyl-3-methyl-l,4-dimethoxy-

xanthene (l..Zl) * as a precursor of the corresponding 

quinodimethane or cyclobutenol. 

hv -
1U J 

170 -
- , 

Whi1e 1,4-dimethoxyx.anthene (113) underwe~t TiC1 4 -

cataly·zed forrny1atidn at the C-2 position t with (;t,a 1 ~d1chloro-

. methyl methyl ether to afford 172 fo11owed by ready acetal 

forma tian in the presence of rnethano1 and SÂ molecular sieves 
" 

or p_TSOH
479 , 1ithiatibn of 173 at the' C-3 position did '~ot 

* The C-9 carbonyl was removed to' avoid interference with either the photo-, 
chemistry or the organometallic reàctions. 

t This was proven by comparing' the 1:3~ nmr and lHmr spectra of une~ivocally 
synthesized 2-methyl-l,4-dimethoxyxanthene i'lith that of cOPlpound ill after 
reduction of the aldehyde functic5nal group to a methyl group using 
Et3SiB-TFA313.

1 

(See Appendix. 1):: . '" 

. . 

1 .. \ 

.! , , 
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prove possible in spite of the ortho-directing effect of the 

methoxy groups. Instead, n-BuLi caused deprotonation of the 

more acidic C-9 xànthene protons (pK ~ 30) 480,481 since 
a 

of the anion afforded only compound 174 (Scheme 3.4). -- " / 

heless, the fact that 1,4-dimethoxyxanthene undergoes 

formy1ation may proV"e to be very useful in 

respects (see Append.lx 3 J • 

Sç14eme :3" 4 

" 

HO 

/"'1 l' ~H' ct.CHOCtt- cap YI l' 
r MeOH 

~1 mol.cul.r 
ai • .,.. 

.. 
~ h no. ~ h 

CH, CH, 

.!!! .!!!. 

o5l
--- H 

, :;.". ,,' CH(OCH,), 

;:,.1 ...-: 

loi, 

CH.I 

" 

111 174. 

\ 
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3.2.2.3 Attempted synthesis of benzoçyc1obuteno1 169 via'â 

benzyne intermediate through a [2+2] cycloaddition 

From a preparative point of view, the synthesis of 

benzocyclobuten~s via th~ [2+2] cycloaddition of olefins to 
9"\ 

benzynes has not been used extensiveLy. This c~n be attributed 

in part to the fact that only modest yields « 50%) are usually 

- 482 
obtained . The growing interest in benzocyclobutenes 

(because of their emergence as useful synthetic intermed­

iates 458 ,463,464,471',475,483-485) has done much to"ms~mulate 

t t · t d 4 86 , 487..:1. t d' . th th d ln eres ~n s u les. U'lrec e at lmprovlng e me 0-

ology. Recent ab initio cal~ulations by Houk èt al. 487 

revealed that the inherent electrophilJ..c~,ty of be~zyn~ is the 

result of a lowering in the energy of ~hë LUMO orbital thus 
. ' 

demonstrating that the rate of reactlon between benzyne and 
• 

an olefin \",)~ncr~as~s as the latter beco.mes more electron-rich 
o 

(~ncreas ~ngly nucleophilic). At lea,st one successful 

illustration of this hyp~thesis was g~ven ~n the area of 

synthesis486 Various methods to generate benzyne have been 

. d h' hi' h ... · dt' 488-490 . t d Lmprov~ w lC m n~mlze t e ~l e reac ions assoCla,e 

with the use of organometilllC reagents or w~th rea~tion 

conditions favor~ng 'metal-halogen exchange as weIl as direct 

nucleophllic substitution. Reports 491 ,492 that berizynè, can 

be readily generated from 2-bromo-l,4-dlmethQxyben~ene when 

treated at low temperature w~th LDA 492 were very ~ncouraging 
• • ~ r , 

and led us to consider the possibllity of using 2-bromo-l,4-

, 

1 

'. 
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dimethoxyxanthone (165) as a potentia1 source of benzyne. 

Because e1ectronic effects on arynes are largely induct~ve in 

orfgin485 ,490,493, the methoxy_ groups shou1d increase their 

e1ectroph~1~city and thus promote the reactiorl' in a. productive 

manner. Furthermore, the methoxy group shou1d help d~rect 

the organometa1l~c reagent toward the ,Jr:np-position through 

formation of a complex such as 175, a pos5~b~lity that shou1d 

facilitate metalat~on of the sUbstrate. 

For our ~n~t~al studles we decl~~d to use the readi1y 

ava~lable ethy1 v~ny1 ether (176) as the reactant because it 
, , 

487 494 was shown to act as a good trapp~ng agent for benzyne ' . 

Obviously, the si1y1ated olefin 177 495 ,496 wou1d be mo~e 

useful eventually because subsequent dep~~tection to a1coho1 
! 

160 wbuld pose no diff~culty. 

The react~on was carried out by adding a small 

excess or LDA at -78°C to a large excess of ethy1 vinyl ether 

i 
ta wh~ch was added a THF polut~on of 2-bromo-l/4-d~roethoxy-

.... 
• L • 

xanthone (165) fo1lowed by stirr~ng for J h. After allowing 
--,- , 

the reàct~on mixture te warrn up to room temperature over a 
\.. , 

per~od of 2 h, the mixture (compr~slng of severai compenents 

as Juciged by tIc) was purlfied by f'lash chromatography. The 

ma~n fract~on (~J. 60%) was ~den~~fled as 1,4-dimethoxy-

xanthone t~) r prod~ct resu1t~ng =rom the r~duct~on of ary1 

\ nalyde 165. A p1aus~ble mechan~sm for ~h~s reduct~on lnvolves 

the transfer of a 3-hydrogen of LDA as a hydrlde equ~va-. ). ' \ 

ient4~O,497-499 (Scheme 3.5). No prq~uct of carbonyl reduct~on 

'\ 

r , 
, 
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• 
as a _result of-a hydride* transfer was iso1ated. 

The mass spectrum of the more polar fraction (aa. 5%) 

included a molecular ionrof m/z 355, value consistent with the 

mo1ecular weight corresponding to compound 178 and.whose 

tU 

LDA • 

~H' 

~~, 

tn 

!!!. R.a 
1 

117 R.I1+ 
-1 

/ ni ... _ Il 
m; ..... + - , 

\ 
l!!. ... " 

.!!.. 171 

-

formation wou1d be the ,result of the addition of LDA to 

benzyne 179 (this in spite'of the·low nucleoph11icity of LDA). 

*Recent eviden~e499 rejects the ~dea that carbonyl reduction' occurs a~ a 
result of sirg1e electron transferSOO . 
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Scheme 3.5 
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Although some polar material could not be identified clearly, 
\ 

its spectroscopie properties did not correspond to those 

expected for the adduct ~. 

1 

OCH:J 

N(CH(CH')')2 

__ ",. ___ 0 • 

~
H:-- • N(CH(C~)2 

o 01) ---

CH, 
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498 In order to suppress the reduction process 

~eading to 2! we substituted ~DA by lithium 2,2,6,6-tetramethyl­

piperidide (LiTMP) which do~s not carry 8-hydrogens while 

b · f ft' . th i f b Y 497, 501 M el.ng, e ec l,.ve l.n e generat on 0 enz ne . oreover, 

-- l 

1 
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this base (LiTMP) i5 non-~ubleephilic and beinq more hindered 

than LOA, addition to benzyne should be prevented~ Undèr the 

conditions for aryne generation from 165 by LDA; the base 

LiTMP in an excess of ethyl vinyl ether at -7aoc aqain led 

te a cornplex mixture which after arduous purification 

procedures was found to contain none of the desired benzo-

cyclobutene 176a. However, a small amount « lO%)'of a compound 

identified by pmr and in~rared spectroscopy as 1,4-dimethoxy-

xanthhydrol (180) was isolated. Its formation is not easily 
... 

nia -

1IS -
, .. 

accounted for althouqh electron transfer502 followed by 

hydrogen transfer from the solvent is a possibility. The 

other cQmponent~ of the mixture could not be identified. 

These difficulties in the generation of the desired 

benzocyclobutenol intermedi~te led us to abandon this strateqy. 

This was a major setback because it eliminatèd the possibility 
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Of producing the a-quinodimethane intermediate tinder thermal 

conditions and 50 prevented us from verifying concomitantly 

the predictions of the FMO theory regarding the preferential 

formation of regioisomers. Moreover, the possibility of 

generating a useful key intermediate functionalized at 

position 7 was also denied. , ') 

We then turned our attention to the synthesis of the 

desired tetracyclic ring system using an approach based on 

the bi$-alkylating properties of dibromide 138. -. 
/ 

3.3 ANNULATION REACTION INVOtVING bis-ALKYLATION IN A 

SINGLE OPERATION 

3 .. 3.1 Qiscussion of Strategy 

In arder te exploit the dialkylating ability of" .. 

dibromide 138, it appeared possible to develop a dianion 

equivalent (synthon) such that an annulation reaction of the 

type shawn in Equation 3 could be carried out. One concern 

o OCHlc~t 
1'" a A 

-----....::: a x 

~ 
UI 

(3) 

r 
- 1 

, , 

.1 . 
1 
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with such an approach is the possibi1ity of a haloçen-metal 

exchange proce~s cond~Cive to the co11apse of the dibromide 

'to the o-quinodimethane 105. However, a report by Ewing and 

Paquette503 indicating that a,a'-dibromo-o-xylene (ISI) could 

be used as a bis-alkyla·ting species at low temperature 

encouraged us to test this approach (Equation 3).' 

'. 

flr'CH,Br 
~H,8r 

181 

t 
e '. Œ:H,-U 

~I 
~ 

CH2~ 

uc"'COOt- lu 
• 

THF, -78°0 

- [(X] " 

• pol' .... '. 

We required a reagent that fulfills the following 
. , 

criteria: a) ~t should possess two vicinal nucleophilic 

si~es capable of being aGtivated independently of each other; 

b) the masked carbonyl group should be easily pegenepatabZe 
r .. : 

and c)- function X (Equation 3) should be easily pemovabZe or 

transfopmab Le after annulation. 'A, structure which fulfills 

these requi emen~s i~ the dithio-silyl enol ether. The 
~ . 

serves to activate the allylic proton rnaking it 
• 

, 1 

/ 

consider more acidic so that allylic carbanion generation -t 

.. 

,; 
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with' an alkyllithium b~se should proceed readi~y and allow 

smooth substitution of the dibromide. Subsequently, intra­

molecular alkylation of the silyl enol ether ~-carbon should 

be induced by fluoride ion504-5l1 or Lewis acids510~5l6. As a 

c:: 
> 

H,/A"'N> 

consequence of this ring clo,sure,' the carbonyl group would 
,.-.- / 

be automatically regenerated while the dithio' group would , 

subsequently be eliminated by hydrogen91ysis* to yield the 

desired compound. 

3.3.2 Preparation of Dith~b-Sily1 Enol Ether 182 

Evans et al. 518 showed that reaction between , 

a,B-unsaturated ketones and thiosilanes, in the presence of 

an initiator, results exclusively in 1,4-addition. We foresaw 

no di~ficulty in promoting a similar addition of an appropriate 

thiosilane to a 4-thio-substituted-a,B-enone to give the 

* Tc prevent reduction of the carbonyl group during hydrogenolysi~1 it could 
be protected as the dimethyl ketal (acetal) 517 • 

j 

! 

1 

Î 
1 

·1 
1 , 
; 

t , 
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1 

desired reagent~. We chose to prepare 4-phenylthio-3-buten-

2-one (!!!) through the base-catalyzed519 addition of thiophenol 

RI-•• 
x­

Oltitlator) 

., 

tl2 

to E-4-methoxy-3-buten-2-one (184) and as expected, the proeess 

520 gave excellent results . However, the base-catalyzed 
l"" 

elimination of methanol did not work weIl, probably as a 
1 

consequence of competing aldol condensation. Accordinqly, 

a more efficient method was souqht • 

.... aH .... 
• Ir Ir 

a~tJ 

114 -

-,As the Michael additi~n of thiols to alkynes ie 

well_~nown521,522, we proceeded with the addition of thio­

phenol to 3-butyn-2-one (185)* at low temperature using a 

catalytic amount of N-benzyltrirnethylarnmoniurn hydroxide 

* b Commercially available 3-butyn-2-one 15 very expensive and very ,difficult 
r 

to obtain. 

'C 

" 
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(Triton B). An optimized yield of 93% (based on ~) of 

thio-enone 183 was thus obta.:i.~ as t~ell. as a small amount 

151 

« 7%) of bis-addition produc~~. Thio-enone 183 consisted 

of a mixture of geometrical isomers [E-JJ = 15 Hz) and 

Z-(J ~ 10 HZ)] in a ratio of 7:2. The next step called for 

j 

CH.COC.CH PhSH ~~ J:-: ~~-• + T .. lton B(cat.) + 

"'78°C-AT 

E- z-
.!!!. 111 

the use of thiotrirnethy1silane according to Evans et al. 5I8 

but we were apprehensive about its sensitivity to hydro1ysis 

and its ab~lity to participate in rearrangements. 

We therefore developed a mod~f~cation of a 

523 literature procedure wh~ch allowed instead a practical 

préparation of phenylthiotriethylsilane (187); This reagent 

was obtained simply'by heating thiophenol and triethy1si1ane 

in the presence of Wi1kinson's cata1yst [trisl~riphenyl-

phosphlne)rhodium(I) chlorldel for 6 h. Distlilatlon gave an 

excellent yleld (ca. 95%) of thiosilane 187 as a hlgh boiling 

viscous oiI. The reaction at room temperature between thiO-

PIlStt + Et.SIH 
( Ph.P).fUlCHcat.) 

sooe, eh 

.. PhS-SIEt, 

117 
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enone 183 and thiosilane 187 in the presence of a catalytic 

518 amount of initiator, KCN-18-crown-6 cornplex was stopped 

after 22 h. The pmr spectrum of the crude react~on mixture 

152 

indicated that the desired addition compound ~, presumably 

+ .. 
I~' 

PIlS~Ph'" 

'" 

the more stable* E-isomer, was formed in excellent yield 

(ca. 95% based on 183). The infrared spectrum confirmed that 

there was no unreacted th~o-enone 183 and showed a double­

bond 5i1yl enol ether stre~h at 1660 crn- l 

Attempted Model Alkylation of Dithio-Silyl Enol 

Ether 182 

Metalation of 188 was attempted using n-BuLi in the 

presence of l eq of tetramethylethylenediam~ne (TMEDA) 524. 

Despite the expected increase in acidity of the allylic 

hydrogen, no deprotonation occurred even after 2' h at -78 QC 

be~ause attempted trapping of the anion with methyl iodide 

• Although stabie enough to work without special pt:ecautions in air at rOOlll 
tempe rature for short periods of time, silyl enal ether ~ was remarkably 
unptablê toward silica gel. Quantitative conversion to the ketone was 

,obtained dunng purification by flash chromatography. Because of this, we 
never used an excess of thiasilane 187 but allowed the reaction ta progress 
for a longer period of ti.me instead. 



t 
,1"' 

gave only start1ng material. The use of n-BULi at a higher 

temperature (-40°C) led to the rapid formation of a dark 

brown solution which quickly deteriorated. Reaction of 188 

with sec-BuLi 525 in the presence of 0.5 eq of hexamethyl­

phosphoramlde (HMPA)* or ln its absence at -78°C for 0.5 h 

followed by additlon of methyl lodide at -78°C gave rlse to 

153 

a eomplex mixture of products. One may expeet thatldeproton­

ation of 188 rn1ght lead to an equilibrlum mixture c nsisting 

of' the Ilthiated speeies 189 and 190 which will react with 

methyl iodide to glve a mlxture of Y-alkylated compound ~ 

and the ~-a1kylated lsomer 192 529 ,53°. Furtherrnore, anion 

530 t 
189 may aiso suffer a 11,4] sigmatropic rearrangement to 

give enolate 193 although we felt that the use of the bulky 

triethy1s1ly1 protectlng group would discourage this 

529 531 rearrangernent ' . Efforts to identlfy any one of the 

resulting compounds were not successful, the diffieulties being 

compounded by the tendency of sorne consistuents to decompose 

AttemPted.purificatiO~y 

feasible. T~i~ disapp;tinting 

anion instablllty--u.ngér the 

during chromatographie proeessing. 

10w pressure distillation was not 

result may be a refleetion of the 

* Extreme caut~an should be used when handl~ng HMPA wh~ch has come under 
close scrut~ny because of its carcinogen~c act~v~ty52~,527. The use of a 
cyclic urea, 1,3-dimethyl-2-oxo-hexahydropyrDn~dine, has been proposed as 
a possible alternat1ve to HMPA528. 

tIt lS known that trialkylsilyl gr~ups (espec~ally trimethylsilyl) have a 
propensity ta participate ~n s~gmatropic rearrangernents 531 . Recent work 
by EVans et al. 529 has shown that these rearrangernents appear to be sub]ect 
to sterie constralnts at silicon and that the.use of ster~cally hindered 
silyl groups m~ght be helpful in slowing down, but not necessarily 
elDninating these rearrangements. 
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the reaction conditions and may account for the complex mixture 

of products that i$ gener~ted. 
., 

Co~pled with the fact that 

arduous purification procedures of the mixture could not be 

a~oided and were unlikely to ~ucceed in any event, we were 

forced to conceive and develop a more reliable (it was hoped) 

reagent for the annulation strategy as discussed above. 

3.3.3 Use of Ditbiane-Enamine as a Potential Reagent 

An interesting variation on ,the theme.represented 
~ 

r 
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by 188 would consist in replacing the sllyl enol ether part 

by an en amine funct~on which should be endowed wi th excellent 

pucleophilic properties as is well-known. Being stable 

532 
towqrds strQng alkyllithium bases ,t.he aCldic allyllc 

proton of the dithiane ring part should be easy to abstract 

wi th aIl appropriate base as shown in the following equatlon. 

~/ 

R ..... • 

J: .. RU 
Li • 

" J!! 

--S' 
1 

Synthesis of di thiane-enamine 194 

.. , 
Reaction between (El -4-met hoxy-3-buten-2-one ( 184V 

and 1,3-pr7anedithiOl in the presence of a catalytic amount 

of BF3·Et3~ for j h at QOC gave essentlally a quantitative 

y,ield of pure, c:r;:ystalline kéto-di thiane 195. 
, 

Although~en4rnines derived from acyclic ketones are 

generally regarded as being ·unstable and prone to self­

condensation53},53~, ''the us.e of titaniurn(IV) chloride both 
p ,( 

as a water s~aveyge~ and ~ catalyst has f,acilitated their 

" preparation. However, it appears ,that' with unsymmetrical 

ketones such as 195 which can yield in principle two regio-
r 

* Enamine prepared using Dean-stark water separator and p-TsOH (cat.) gave 
condensation pr~ducts . 

, ' 
, 
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. " 
. Stnr::-538 . , 

isomeric enamlnes'Y . 1 the predominant pco~uct is the one . 
1 

where the double bond 16 least substi tuted presumably as a 

consequence of a klnetic control of the process 533 , 535,536. 
\ 

Since we requlred the other 1Somer 194 where the double bond-

1s more hlgh1y subStl tuted, the recommended method for 

enanune preparat~n made us apprehensl.ve. /Nevertheless, 
~ 1 • 

the reactl0n between keto dithiane 195, pyrrolidlne and 

titanium (IV) chloride at 0 oC was attempted and fç,mnd to give 
i 

a substantial amount of the more substi tuted enamine 196. 
(1. 

Howeven, it was not possible to deterrnlne from the pmr spectrum 

of the products the relative amount of the less substitutèd 

enarnine 197 because the resonance signal in the region around 

539 4.0 ppm where the viny1 protons shou1d appear was 111-

defined. The pmr data aiso indlcated the presence of 

unreacted ,ketol)e, occ~udéd pyrrolidine as weIl as unidentified 
. , 

material. Al though the product (s) were very lab~l~, i t was. 

nevertheless possible to efficiently remove the titaniurn 

salts by filtratiop through Celite under an inert atmosphere 

wi th negl igible hyd~lysis. Atternpted purification by low 

pressure distillation resul ted in extensive decomposition 

while chromatography (5i02 or Al 2û 3 ) ledl to hydrolysis t(}lll 

the starting ketone. 5inee the use of a mixture of enamines 

(196 and 197) in our projected reaction with the bis­

a1kylating model substrate 181 would further compound the -- . 
problem of PUrifier and aeeess 

of proper1y annul\d material, we 

ta workab1e quantities 

decided to attempt the 
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, 

preparation of enamine ~ instead because it can exist in 

only one reg1oisomeric forrn possessing the desired stereo-

electronic features. 

198 

3.3.3.2 Synthesis of enamine lia 

157 

A lit~rature search showed that aldehyde ~ had been 
1 j.' 

~, /-----., 
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540 541 
prepared ' by reacting bromoacetaldehyde diethyl acetal 

(200) and 2-lithio-l,3-dithiane (201). In attempting to 
, -

reproduce thls work, considerable difficulties were 

encountered. Several precautions were taken such as 

recrystall~zlng and storlng the very hydroscopic 1,3~dithiane 

over P 205 and carefully distilling the dlethyl acetal ~. 

Our metlculousness was of no avail, the reported yield of 

·product'being unreproducible under the prescribed conditions 

or non-ex~stent. Although thlS negative result was previously 

noted by others 542 no effect~ve solution to the problem was ". 

offered. We also observed that the. use of the more reactive . 
iodoacetaldehyde diethyl acetal,\ (202) * failed. to improve the 

yield. Finally, attentlon was paid to the well-docurnented 

fact that HMPA can promote alkylation r~actions even at low 

544-548 tempe rature . We were pleasantly surprised to observe 

that by adding 0.5 èq of HMPA to the reaction medium, alkylation 

of the 1ithio-dithiane b~ the bromoaceta1 proceeded in almost 

quantitative yield even at -78°C t We subsequently modified 

l'lthe experimental conditions for the generation of lithio- . 

di,thiane 201 in such a manner that the whole process could 'be ' 

* Reacting NaI wi th BrCH2CB (OEtl2 in refluxing acetone did not resul t in any 
ex change to give the iodoacetal. Apparently, heating in a sealed tube at . 
high tempe~ature is ne~essary for this Finkelstein-like543 reaction to 
oècur. The iodoacetal was best prepared by treating vinyl acetate in 
ethanol with iodine monochloride543 . 

t The effect of· HMPA is quly drarnatic. Seeback and Corey540c report that the 
lame reactlOn (withou~, HMPA) requires 46 h at aoc. We found that reaction 
with BMPA 't{as complete when stirred at -78°C for 5 h followed by a slow 
wanning up to room tempera,ture 'over a per iod of 8 h. However, in our hands, 
if the alkylating agent is added at -78°C without HMPA and kept there for 
5 h (or less~ before warming the solution, the yields are diasterously low. 

,-

, 1 
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0 .,..luU 6 Irctt.CH<OEt) • 
/ • • 

TIIEDA HM'A 
-1.-c (0.5 eq) 

2.1 

NeI/TIiS-cP/RT 
• 

ZI2 111 

conveniently carried out at -78°C~ thus insuring that 
• <:,; 

decomposition of the aikylating agent through e1imination 

reactions was neg~ig~ble. The next step involved hydroLysis 

of acetal 202 a s~mp1e process which proved to be quite 

~~\~ ,~ro~1esome*. Unsatisfactory results were obta~ned with 

hl ' d54l- . t' -, d 542 d . -1-. t d Hel 'eerc or1C aC1 1 ace 1C aC1 an C0ncen~ra e -

("" 
r 

~ne550 as catalyst~. However, at 45°C, ,a mixture of 10% 

TFA in THF-H 20 (1:1) gave satisfactory resplts after 3 h 
\ 

J 551-553 ',. 341 ,out TMS-I 1 generated ~n s~tu 1 was found to give high 
/.1 

yields of aldehyde consistently within 30 min at RT t We 

then reacted aldehyde 199 with pyrrolidine,an~ titanium(IV) . . / 

cfloride to obtain an excellent yield of enamine 198, presumqb1y 

* , 
, The ethylene glycol acetal (1,3-dioxolane) is apparently more easily 

hydrolyzed549 . 

tStirring for longer periods than 30 min resulted ~n decomposit~on and there 
was no evidence that trimethylsilyl iodide added to the aldehyde, 
reversibly, as has been suggested., by ,Jung et al. 554. 
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r-
as the more stable E-isomer. Its prnr spectrum showed no 

evidence that any starting material was left unreacted. After 

careful filtration thrQugh a pad of Celite under an ine~t 

atmosphere, a relatively pure (by prnr) crystalline enamine, 

free of titanium salts was obta~ned with no evidence that 

extraneous products were present. Reaction of enamine 198 

with n-BuLi in the presence, of 1 eq TMEDA gave a comp~ex 

stable at -22°C which after 1.5 h was decamposed with D20 

ta give hyd~olyzed mater~al in which the allyltSlacidic proton 

was cornpletely exchanged. We were accordingly ready te attempt 
" 

alkylation of 198 with o-xy1ene dibromide (181) as a model 

substrate. f After generating the lithium complex 203 at -22°C, 
, 

it was transferred under an inert atrnes~here to a dilute THF 

• 

, "-MI • II" 

E-

1" 1 •• - -

0.0 
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( 
solution of o-xylene dibromide (181:) containing 0.5 eq· of 

HMPA at -78°C and the mixture stirred for 2 h. The mixture 

was allowed to warm slowly to room temperature but the pmr 
, 

spectrurn of an aliqùot gave evidence that ring closure had 

not yet occurred.' The mixture was then heated under reflux 

for 2 P and alt~ough mostly resinous material had formed, 

extensive purification of the residual mass by flash chroma-

tography yielded, a small amount (ca. 15% of the total) of 

• adduct 204. Its pmr spectrum showed a doublet (J = 1.5 Hz) 
" 

/ 

o::~. ' -
~I + .. 

HMPA Haar -7aoC 

111 ~ 
0-

-::-H-~-O-+"·l œè 
, 

originating from the aldehyde function and its mass spectrum 

included a molecular ion of m/z 264 corresponding to the 

molecular weight,.6f 204. 

'. 
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3.3.4 Conclusion 

Although the latter !?trategy prov~4 to be workabl.e, 

extens ive deve10pment wor,k would be needed in order to improve 

the yield. As it stands, the scheme is'not'practical for our 

purposes. We were not encauraged ta develop this appraach 

not ,only becaus1e of the prablems that bes;t the p,reparation 

of reagents 188, 196 and 198, but because a growing number 

of reports (viz. Refs. 315 and 316) c1early suggest that early 

functiona1iza~ion of position 7 appears to de termine the 

practical success of anthracyc1ine synthes~s. In fact ,bne of 
, . . - , 

the main reasons for not using synthon 205 as previous1y 
, ,-

321 developed in our laboratories - ,cent~rs on the fact that in 

the xanthone series of analogs it would 1ead to intermedia_te 206 

.f) 
N 

+ 

~ =9 
t: CH. 

\~(' 

~ ., 
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(anly one isomer 15 shawn) 
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which calls for the Zate introduction o~ a functionality at 

position 7, a problem of considerable magnitu~e3l5,316. This 

value judgement is of course of a retrospective natlfre. \ 
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CHAPTER 4 

A-RING FORKATION USING XANTHOQU~NONE AND QUINIZABINQUINONE 

AS DIENOPHILES IN THE DIELS-ALDER CYCLOADDITION REACTION 

4.1 STRATEGY 

Of the strategies attempted sa far for the construction 
1 

of ring A, none were more appealing th~n the Dieis-Alder cycIo­

addition involving xanthoquinone 207 (Equation 4). In princip1e, 
... 

this st~~tegy readi1y gives acçess.to bath 1ine~r regioisom~rs 

208 and ~ with the 1ik~1ihood that one i~omer will predominate. 

+ . 
" 

207 -

. + (4) 

A possible dr~wb~ck of this strategy 1s the poss1bi1ity that 
r 

isomers 210 and 211 might aiso be formed as a result of a 

competing diene addition to the internal double bond (6-4a,9a)555 

~: 

;: 

J 
e, 

, 
4{ 

1 , 

'" 
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(Equation 5). 

In order to answer this question we'initially sought 

theoretical reasons for chosing between these two different 
( 

modes of cyc1oaddition. 

Gb> + • 

o 

217 

, • '1 , 

+ (5) 

Z10 

4.2 PREDICTION OF THE REACTIVITY OF XANTHOQUINONE USING 

RESONANCE AND FMO THEORIES 

\ _ There is ample evidence~56-559 -indicating that 

electron-donating substituents deactiva~e quinone substr~tes ~ 

while electron,-wlthdrawing substituents activate the ~ouble 

bond towards Diels-Alder cycloaddition reactions. For simple 
't 

'quinones, this effect can be easily rationaliz,ed using 
, 

resonance theory arguments. If we apply the same simple 

rationale to xanthoquinone 207 one rnay predict that the external 

double bond (62,3.) should be the more reactive one because 

, ~ 

, 
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the rr-ele'ctrons are not as delocalized as those of the 

internal double bond. By the sarne token, the C-4 carbonyl 

should be more eJ.ectron-withdrawing than the C-l carbonyl and 

hence should act as the pI'incipal regiochemical director. 

~-~ ~ -

~ 
ô-

~ 1 1 I~"""""''''~ 
~ ~"""''''''8+f 

~ 

-

X •• Mctro:,-don.ting 
group 

.. ' 

'" J' 

1 • 
Unfortunately, resonance theory does not make provisions for , 

the influence of the açceptor substituent a't C-9a on the" 

ex~ernal double bond. Nor doas it adequately take into account 

the influence of danors at the substituted double bond, thus 

providing no explanation for the failure of the rnost nucleo­

philic terminus of a diene ta react with the C-4a' ,position.
1 

On the other hand, treatment of quinones by FMO 
, '.. .. ...-' 

theory has the advantage that aIl the carbons of the quinone 
, 

k . t t' It 1 560 are ta en 1n 0 accoun sJ.mu aneous y As the necessary " 

calculations for xanthoquinone were not available, an extension 
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of FMO treatments of substituted quinones was used*. 

The actlvating or deactivating effect towards • 

cycloadditl.on caused by electron-withdrawing or electron-

donating substi tuents respectlvely can be explalned on the 

basis of the HOMO (dlene)-LUMO(dlenophile) interaction: 

Electron-wl. thdrawlng substl. tuents lower the energy of the 

LUMO making the HOMO-LUMO energy gap smaller, while electron-

donating substltuents raise the energy of the LUMO result·ing 

in a greater energy gap. Calculations on 2-substi tuted 

560 benzoqulnones lndlcate that with electron7donatl.ng groups 
o 

an l.ncrease in the sl.zé·ofl the 'coef,ficl.ent of the LUMO occurs 

at the unsubstltuted double bond wl.th the largest l.ncrease 

occurring a t the para-carbon; wi th electron-wl thdrawing groups 

the size of the coeff l.cient of the LUMO l.ncreases a t the 
l, 
f 

substl.tuted double bond with the largest coefflcient on the 
~ 

6-carbon. As xanthoquinone combl.nes both these effects 

sim?ltaneously, the net effect will be deterrnlned by the 

rela tive electron-dona ting 

of the runctional grouptt. 

or el;!ctron'-wi thdrawing abili ty 
pc"- 465 

Recently, Burnier and Jorgensen 
, , 

dêvel<oped a system whereby the relative electron-clonating 

or -withdràwing abili ty of functional groups il aselJ.gned a 

numerical value based on quantum calculations and other 

empirical data. This approach has thus far proven very 

\ 

*valenta561 , among othersS62 ,563 , found that the regioseleetivity of methyî 
substituted benzoqul.none in Diels-Alder reQ<;tions could not be understood 
on the basis of FMO theory. However, thl.s "ànomalous" behaviour is a. 
specifie case,' which was recently dealt with and explained by HoukS64 

1 and 
in no way negates the validity of FMO treatment of benzoquinone. 

/' 

1 
• l 

l 
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successful and encouraged us to extend it to our system. Not 

surprisingly, the heteroatom can be predicted to exert a 

greater effect than the carbonyl group and consequently it 
,\ 

should influence both the reactivity and the regiochemistry 

of the reaction. 

On the bas~s of these arguments, we can expect that 

the internal double bond will be deactivated (since it has a \ 

LQMO of higher energy) relative to the external double bond 

and that the coefficients of the LUMO will be larger at the 
, 

external double bond where the largest coefficient appears 

at C-2. The result of thlS polarization is.that the most 

nucleophilic terminus (the terminal with the largest HOMO 

coeificient) of the diene, will become attached to C-2 and 

thus will determ1ne the regiochemis"try. 

-~:~~~ 
x 

• 
X. el.ctron -donatlng 

group 

\ 
LUMO HOMO 

While a number of simpliffcations have bee~ madl, in" 
• 1 

the' application of the FMO theory, th~y are aIl weil within 

465 560 the limits set by similar analyses ' that were substan- ~ 

tiated by Experimental eVidê1e. in this respect, our prediction 

that the d~sired linear adctuct ShoUld,be formed with the 

regiochemistry sho~, appeared meaningful and encouraging: 

,',---

/ 

a 

J 
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4.3 PREPARATION OF XANTHOQUINONE 

The first step towards achieving our goal consisted 

af preparing xanthaquinane 207. It was prepared easily and 

in excellent yield J9l%) by oXidative-demethylation565 of 

l, 4-dimethoxyxan thone (76). The reaction was canducted in 

acetone at room temperature using a four-fald excess af 

freshZy prepared silverCII) oxide*. After addition of the 

substrate, the mixtbre was briefly sonicated (ta disperse 
/ 

G&2~ ~ .. ~ , 1-"':: AeO • 
~ ~ eN HNO. 

(cat.) 
H. 

7. 207 

the oxidant) before the reaction was ini~ated by the addition 

af a catalytic amount· of 6N "ni tric acid. A short reactioJl time 
. . 61 

af 6 min was optimum after which decomposi tion became an 
, 

important side reaétion. The crude product proved to be 

sufficiently pure and simple filtration through a pad af dry 

Celite afforded the xanthoquinone in a state of purity 

exceeding 98%. The use af cerium(IV) ammonium nitrate (CAN) 567 

(an oxidizing agent much less expensive, th~ AgO) was found 

ta be inadequate because it gave a mucn lower yield of product 

* Canmercial AgO can be used but it i5 important to activate it by 50nieation 
for l h before using ié66 . 

" 

, , 
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and in an inferior state of purity. 

The 20.() MHz pmr spectrum of the desired quinone 207 

lhowed a rough AB quartet for the protons on ring ,À wi th .. 
chemica1 shifts centered at 7 • .08 and 6.90 ppm wi th a coupling 

constant J = 10 Hz. The infrared spectrum showed a single 

strong carbonyl stJ;etch at 1693 cm -1. The mass spectrum 

inc1uded the molecu1ar ion of m/z 226 (base peak) as weIl as a 

prominent [M+~ t peak due to the MH 2 ! iop originating from 

the reduction of the xanthoquinone by residua1 moisture in 

the in1et system and in the ionization chamber of the mass 

568 569 spectrometer ' . 

4 .4 CYCLOADDITION REACTIONS BETWEEN XANTHOQUINONE AND 

2.-SUBSTlTUTED- AND 2, 4-DISUBSTITUTED-~, 3-DIENES 

. 
, " 

4.4.1 
., J # -

Reaction aétween Xanthoquinone and 2-Methyi:"1:'3~;- ~. -

butadiene • 
An easy way to verify the prediction that the l1near 

adduct shou1d be formed :in preference to the internaI adduct 

invo1ves testing the behaviour of the quinone towards 

commercially avai1able 2-methy1-l,3-butadiene (isoprene) (212). 

Wbile the latter 1s not representative of dienes in genera1 
f 

and affords an adduct of li tt1e value for our specifie 

, "purposes, it can neverthe1ess be very usefu1 as i t provided 

an examp1e of a diene that adds to the internaI double bond 

of the diquinone quinizarinquinone (213) 570 . ) 

r 
1 
1 

1 

j 
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• /' 

good 

The xanthoquinone substrate proved torbe a ~~aSOnab1Y 

dienophile as reaction with a sma11 excess* of (t-aoprene 

at room temperature in the dark afforded a quantitative­

yield of a reddish-brown compound identifièd by the usual 

spectroscopie methods .. as the linear adduet 214. The pmr , ... 
spectrum clearly showed the absence of the AB-quartet origin-

ating from the vinyl quin.one protons of lli, ~ignals whieh 

would obviously be present in addu~~ ID. A brl,ad singlet ab 
- , 

5.4 ppm was the only vinylie resonanee observed. The fact 

* 

1 rl 

H3 
+ 

~ ~H3 ~ 2t48 .!!!t --- ~ 

+ 

"Z " \ 
~ '---. 

.!!l. .w. .. 
+ .. 

cyl 
~ 

us. 2tSb -

A large excess of isoprene was avoided in oràer to prevent the formation 
of diadduct i. Bowever, if sucb an adduct 18 formed, th'e tem1.na.1 double 
bond must reict first as the internal. Diels-Alder adduct vil.l most likel.y 
not undergo further addition because 1 ts bent structure vitl caüse severe 
sterie hindrance te the approach of a second diene molecule571 • . 

1 
o 

( 

V 

i 
1 , , . 
i 
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" 'tha t the orbftals of isoprene are only sliqhtly polariz,-d466 , 572 
) 

/' means that the primary in~ctions of the cycloaddition process 
~ ~ 

can hardly favor the formation of a single regiOiSpme~564,513. 
, . 

Nevertheless secondary orbital interactions466 ,564,573-577 . ' 

may b~ expected to have some influence on the regioselectivity , ~ 

of such cylco~dditions. However, it was not possible to 

determine unequivocally* by pmr spectroscopy whether regio­

is?mers were formed in equal amounts or if one regioisomer 

was indeed formed preferentially, (albeit not necessarily 

exclusively). The results of proton decoupling experiments 

were aiso ambiguous. The infrared spectrum showeQ the olefin 

stretch at 1678 cm-1 but it overlapped with the carbonyl 

str~t?hing band. The mass spectrum showed the molecular ion of 

m/z 294 (base p~ak) corresponding ta the expected molecul~r 

+ weight of 214, as weIl as a distinctive [M' - CH3] fragment. 

No retro-Diels-Alder process was observed, thus confirming 
. 581 ~ that the linear ad~uct was fot:med . Adduct 214 was very 

, sensitive to light and~nderwent aramatization to form the 

highly insoluble compound 216. whose pmr spectrum showed the 

methyl group had shifted downfield ta 2.2 ppm. 

As an alternative process, adduct 214 could be 

obtained by oxidizinq 1,4-dihydroxyxanthone (7S)~ with silver(I) 

oxide and trapping in situ the generated xanthoquinone with 

* • The interpretation of the spectrum was made diLficult because long range . " c:oupling resll1ting in à broadening of the methyl signal has been 
Observed578-S80 for similar molecules but where regioisomers are not possible. 

t ' Prepared in quantitative yield by the demethylation of 1,4-dl.methoxyxanthone 
with BBr3S82. ' 
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211b -
isoprene. This techniqueS83 specia11y deve10ped for quinon~s 

too unstable to isolate, gave results identical in,every 

respect to those already obtained as described ab~ve. Even 
+'" '584 585 though Ag can beh~ve as a Lewis acid catalyst ' , it 

'exerted no ~atalytic effect under our co~itions. This method 

+ 

7S - .!.!! 

of in situ trapping a?peared convenlent primarily from a 

techn'ical point of view,. but 1. t eventually became an importan 
.r _ D 

factor in a successful cycloaddition reaction involving a 

quinone substrat~ which was reported439 as unutilizable in a 

Diels-Alder reaction. 

Encouraqed by these results on the reactlvity of 

xanthoquinone, ,we then directed our effort~·towards the use of
' . 

dienes pOtentially useful in. the attainment of Our synthetic goal • 

• l ' 

l 

.J 

o ' 

f-, 
1 
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1 
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4.4.2 Reaction Between Xanthoguinone and 2-(2-Jletby1-1,3 
i 

di$hian-2-yl)-1,3-butadiene (222) 
, 

Initia11y, we envisaged a cycloaddition reaction 

.between xanthoqulnone and the diene 2-acety1-1,3-butadlene 

(lli) with the hope of qenelfatinq adduct ill which cou1d then 
fil 

o 

+ • 
+ 

, 

+ 

" 

be elaborated into the desired aglycones II and~. A1thc;:>uqh 
.. 

the synt;hesis of diene 217 can in principle be achieved in a 

~ streiqhtforward manner through 'the addi~ion ~ vinylmaqnesi~ 

" 



( 

( 

. 
• 

bromide to biaeety~ (219) * fo1~owed by dehydration of the 
~ 

,aadûct,' suç:h an àpproach .i8 unproductive' because of the 
, 

'f propen~i.ty b~ 2-substitut.ed dienes carrylncf' electron-

.1.75 
'''j " . " 

wi. thdrawi.nq qroups to p~lymeriZ~S88, 589. Recent1y, Brion fit 

at~589,~90 found that diene.217 could be :repar~as a stable 
, , 

organometa11ic complex llQ., but unfortunately, attempts at 
Il 

. decomplexation (wlth CAN in ethanol) and i.n situ trappi.nq of 

the ge.nerated diene with various d'i.~ophiles re~ulted maitly 

'in the fortnation of dimer lli throuqh self-condensation. 

, " 

, .. 

, .-
,{) 

.ru: 

C",COCI 
• 

\ 
> 

o 
J 

Consequent1y, we chose ta prepare the protected di.ene .ill 

inst~aèl. 

.. 

Add~ tion of l, 3-propanedi t.gi.o1 to biacety1388 qave 

an almost quantitative 'yield of dithiane 223. Reaction vi th 

.. MonoaddJ. tien of- Grigna:r:d :r:eaqents to biacetyl ia known586 , 587 • .. 

1 
( , 

1 • 

/ 
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" 1 

\\:. 
! , . 

axcess vinylmaqnesium ~romid~ gave, after work-u1ith ethy~-

en .. ~iauli.netetr,a~et,ic aCi.d tetrasodium saltS9l ,59 , al.cohq.; . 
'\\ 

224 in ca. 80. y;il'eld. Even under the very mild nditions 

~Vided by sA mJle~ular sievesS~3, it was not possible to 
r 

e~feot direct üehydration of ~, bttt this was readily 

accomplished by reactinq lt'with mesyl chloride and excess 
~ 

tri.thy~amineS'94. Low pressurt! fractiona,1 distillation led' 

, \ 

~ ~~. ..... 
NIC!!,),!!! • 

_1 
• 

1 .. -0 . 0 ' TH' 
t' 

IJI - . , 

.. 
.. ~~ ~ CM.-o.a • ..... o·e 

Ht III - -
.. 

. to thé.isolation of diene 2221 a yellowish viscoUs ~i1, 'in 

(Ja • . 60%/yield. Its pmr spectrum exhibited a comp1ex sp1ittinq 

in the reqion be·tween 5-6 ppm where the dien}ç protons are •• . \" ... 

éxpected· to resonate. The J.nt'rared spect~! co~irmed ,~ 

presence of a dîene which gave rise to an intense band at 
-1 -1 1610 cm over1appinq w1th another band at 1650 cm, • 

The reaction between diene ~-and xanthoquinone did 

______ "'--_______ ~~~---' - __ o. -

,. 

J. 
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not '~ld\ 
c ... 

\ 

any adduçt 225 .. even after long rea.ction t~8, -, 
startinq material beinq recovered. Th~s re~ult was' pUZZ~inq( 

, \-
, (. 

unt~l wè noted that 222 also failed to react with 1,4- . -
benzoquinone and 'i,4-naphthoq)l~onè, as recently reportedS9,S. 

1 

'rhere i8, however,... no obvious reason for the apparent lack of 

" 

111 

· ~>--H-/{-" 
.. . 

'. 

a.1 '1/1' 

• 7, 

+ 

.~ 

- ~- .. 
'1 1 -

, 

Illet -.' 

reactivi~ of diene ~. This disappointinq result led us 

to- consider the use of some simple dienes wh1ch ~ave been u~ed 

. successf~lly in the synthes!s of a~thracyclines and dependinq 

on the results, some other suitable diane would then 'be 

tailoredcto ou~ rieeds. 

• 

,f 

, -' 

< 

• 

1 

J 
1 
: 

~I 
1 
i 

" Î ~ 

1 

1 
'1 

, , 
f 

, . .. 
! 

" 



( . t 

• 
• 

o 
178 

J 
.r 

4.4.3 SiJ}lple 

2-Substituted Dienes 

" 
• 555 581 In an extension of Inhoffen's wof:k , Lee et aL. 

used the Qi~ls-Aldèr 'cycloaddition reac;tion between quinizarin:- ill 
1 

qui none (213)"and 1,3-butadiene (226) to ge erate compound ID 

~hich possesses the basi. ske1eton of 

(Scheme 4.1), Using the same approach. b t slight~y different _ 

substrates , (228 " R=OCH~; ill., R'=OAc) Kende et ai. 596 àrrived 

... ...... 

Scheme 4.1 ·C '1' 
" t ... 

;, 

~. • ~ ,. 
" 

m. Il." J!1 .... " 
JU. ... oc ... _ rI.f»G 

. , 

J 

.----

~c'" HgO 

TH' tt.IQ. 
( .. , 

• • 

, 

JI.. L __ ----'I..1.. _ C'.Co.H, "'0 _ 
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at an ana~ogous ketonic intermediate which ~as transformed 

into daunomycinone (3) in 4 steps. The introduction* of the 
1 

side-chaii on ~etone 230 involves a two-carbo~ homologation 
~ \ '. -

th.rough reaction wi~h ethynylmagnesium bromide followed by 

treatment of the resultant ethynyl carbinol with yel10w 

mercuric oxide in dilute su~furic acid. The C-7 position 'was 

then functionalized se1ectively via -free-radica1 bromination 

to qive il- v~ry labile compound which after SOl'V!I!YSiS on 

moist ~'~a' gel afforded daunomycinone (~) and its 7-epimer' 

(3a). The latter could be subsequently epimerized to the 

relevant isomer by, treatment. with trifluoroacetic acid 

fo11owed by hydrolysis. 

On· that baSiS( we felt that if the use of simple 

dienes could lead to an analogous ketone, such as m, i t m~qht , . 
become p,ossib1e to apply Kende' S methodology and achieve the 

synth~sis of xanthodaunomycinone. -.Àqcorqingly, tl\e reacti~ 
, 

between xan thoquinone and butadiene, lli was a ttempted. The! 
1 

resulOts were disa~intinq as the reaction was\ slu99ish ~ 
~-~ - ~ room temperature ,and unproductive as reqar~ adduct formation. 

At a higher temperatura (llO°C), reactlon with butadiene 

sulfone lli la convenient source of butadiene') 57f, 598 in a 

sealed bomb, gave produ,ets of di'sProportionation58l ,S99,6QO ' 
, , 

601 (li and '12,> as weIl as th~ fuq.ly aromatized cQmpound 234 

as evidenced by the pmr spe[~~um of tl).è" mixture.' Tp~re was. 
t 

no indicati-on that these conditions 1ed to any of the desired 
'le""" , 

------------------------------------------------~----~~--~----. ' 
*Many differént ways to ma.nipulate the C-9 position *e now lavailab1e maïnl.y 
due to the efforts made te synthesize tetralin 30 (Ch~pter 1) • 
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adduct' 235 (or 236 as thè tautomer is sottletimes isolated instead) . 
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The u~e of ~-chloro-l, 3-butadiene (chloroprene) , 

(237), a pot.ential precursor of intermediate 231, was a1so ' . ' 
,_ --', il 

, ' 

~unsuccess»l, no reaction being observed at room temperature 
, ' ' 

in spite of its higher re~ctivity564, 602 relative tb' 226. --. 
Heating in a sealed tube again_ led to dispioportiona~iq.n 

products 238 and 75. The presence ,of 239 was detectable only 

• , -' 

by mass spectrometry. 

We also attempted the cycloadd.ition .of 2-::~cetoxy~ 
. 

1,3-butadiene (229) with the xanthoquindne. Our efforts were , _ c 

in'itially hampered by difficul ties ,in the p~eparat:l.on o.i' t~is 

diena starting from me~hyl vinyl"ketone, isopro~eny1 ac~tate. 

~ , • ." 603'-
and an aeid catalyst according to a literature procedure • 

J _ • (J 

Eventua11y,.excellent results we~e obtained when the enolate 
o • • l ' 

of methyl vinyl ketone (obtai-ned by treatment with LOA at'; 
" ' 

-78°C) was acetylated with aeetic anhydride on a ',SJ!lal'l seale. 

" 
(CHaCO)~O, 

-71°C~ RT • 
. ~Ac 

./ ,~. 

.. 

The cyoloaddi tion reaction was attempted' under a variety' of " 
, 

conditions including those ,des~ibed by Kende596 In sp±te o.~ .,1-

," ' these efforts, only mass spectral evidence was produeed, that . 
adduct lli (or the tarltomer .~ .. 1]) may have forlt1ed as' part Of' a . 

mixture consisting of at least several compounds' (aqcording to 
" 

. (" 

. i 

, ' 
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1 
l, 

v r ,~ l, 
1 

, ~\ 1 
Ç) , 1 
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tIc) including the fully aliPmatized product 242 as detected' 

" by mass spectroscopy. 
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These results did little to encourage further work 

with 2-substituted dienes ,as a genera~ strategy. However, 

consid:rable success has been reported604-606 using 2-trimethyl-

silyloxy-l,3-butadiene (243) as a reactant in certain cyclo-
" 

addition reactions and the fact that silyloxy dienes are at 

l t t ' lk d . 6 0 4 , 607 1 t eas as reac lve as a oxy ~enes was encourag ng 0 us. 

605 608 Diene (243) was easily prepared ' by treating 

methyl vinyl ketone with LDA and trapping the enolate with 

chloratrirnethylsilane. Fractional distillation of the product 

readily affarded the desired pure d~ene as a light colorlèss 

ail. Its attempted reaction with xanthoquinone did not yield 

àny adduct, a result which may be attributed to the suscept-
, 

ïbility of the diene to hydrolysis in spite of a~l the 

necessary precautions that were taken (dry solvents and 

inert, dry atmosphere) in order to prevent such decomposition. 

In an effort to increase the hydrolytic stability of the 

silyloxy function we prepared the triethylsilyloxy analog 244. 

Trapping of the enolate of methyl vinyl ketone with triethyl-

chlorosilane was a slow, inefficient proce?s but which was 

accelerated by a catalytic amount of DMAP. Howeverr· the 

best results (yield essentially quantitative) were obtained 

by using triethylsilyl trifluoromethanesulfonate (245) as 

the silylating agent, itself prepared in 80% yield by reacting 

triethylchlorosilane and trifluoromethanesulfonic acid609 • 
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After four days at room temperature, the xanthoquinone 

reacted with diene 244 to give adduct 246 in about 50% yield 

which was accompanied by unreacted starting material. 

Purification by flash chromatography was only partially 

successful as the adduct was sensitive to the technique of 

+ • + 

.!!l 

separation. Whi1e the prnr spect~ of-the produçt showed un-

equivocally that the linear isomer was formed, it was not 

sufficient1y informative to decide whether regioisomers were 

formed and in what ratio. Its mass spectrum showed a molecular 

ion of m/z 410 corresponding to that of adduct li! and included 

a prominent [Mt - C2HS] peak. Desilylation of ~46 with tetra-

1 
, , , , 

" ! 

, 
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butylammonium fluor ide or cesium fluoride in THF resulted 

in the formation of adli;ghly insoluble compound which was 

identified as the fully aromatized compound 247. presumably, 
\ 

enolate 248 is an intermediate in this transformation which 
, 

is probably encouraged by fluoride ion (which can act as a 

base6lO ) in a catalytiè sequence involving tautomerization and 

aromatization. 

SlB. 

, 

'" 

• e; 0 
n-Bu,H-F 0 C • 

or CaF/00C 

• 

. 
No other attempts to desilylate ~ by different 

[tf+J 

methods wer~made because our attention shifted to the use of 

• 
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(E)-1-methoxy-3-(trimethylsilyloxy)-1,3-butadie~è'~249)* _ 
(which had become commercially available), a reactant 6fferinq 

the possibility of forminq an adduct carrying a functionality, 

at position 7. Because diene ~ is more aotivated than 

ana log 244, ~~ was exp~cted to provid~ petter yields of 

, cycloaddition product. 

4.4.4 Cycloaddition with Danishefsky's Diene 249 

The potential of diene ~ for the pu~~e of 
,1 ; l,; ..., 

introducing functional groups at the 7- and 9-positio~s 

simultaneously was recognized by Kelly et aZ. S70 whd in their 

study on the synthesis of adriamycin, reacted it with quini~ 

zarinquinone (213). Unfortunately, as only the useless 

internaI adduct was obtained, no further elaboration was carried 

out thereby providing no 'information on the stability of the 

adduct to chemical transformations. '(This interesting 

phenomenon reqarding reaction of the internaI doUbI~ bond with 

electron-rieh dienes has bee'~ rationalized usin'q FMO 

theoryS60,57l)t~ Later, it 
If 

~ with 1,4-naphthoquinone 

was reported612 that féaction of 

monobenzenesuifonlmi~e (250) . -
followed by hydrolysis gave excellent yields of ke~on~ 251. 

t:I 

* Commonly referred to aS Danishefsky's diene6ll . 
t . 
According to calculat1ons564 , the LCMp of quinuarinquinone is hevily 
concentrated on the internal doubie bond. COupled with the .fact tll8t' the' 
internaL bond 1s more poSitive than the external one, electron-rich dianes 
w111 be directed te the internaI bond. Fpr less electron-rich dJ.enes ~e 
difference between the interaction, of the diene with, the external double 
bond, and the diane w1th the intemal double bond 1a SlDU1, so that little 
select! vi ty can be expected. ", t 
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" 
We were nonetheless alerted to the 'labile nature of adducts 

formed with 249'by a numb~r of reports600 ,613 in which . (-, ,,- ' 

a-eliminat~on of Methanol with subsequent tautomerization 

xeadirig to aromatization was revealed as the predominatinq 

reaetlon. This ,was the case with quiniz~rln boroacetate ~6l3 

whieh upon hydrolysis did not give the expected "ketone lli 

~ut only the fully aromatized compound 254. Because of 

eonflictinq results when diene li! was used, no reliable 
~ 

, prediction 'reqarding the outcome of i.ts 'reaction with xantho-
1 

quinone could be made and accordingly, th~ appropriate 

experiments had to 'be carried out. 
'.: 

The reaction between x~t~oq~inone and a large excess 

of d'1.ene lli was ç:Onducted at room tempe rature in the absence 

light. D~~nd~ng on the concentration, the 
' . 

of reaction vas 

sometimes complete within 18 h but because the solutions were 



. , 

( 

- + 

, 

.~ 

usual~y very dilute, the reaction Was routinely stirred for 

at least 72 h and no attempt to optlmi,ze the reaction time 

was made. ;Removal of the solvent left an amorphous material. 

which after trituration with pentane gave a pale orange 

crystalline compound in oa. 80i yield. This compound was 
1 • 

identified as adduct ~ on the hasls of its pmr spectrum 
.1 
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~hich showed a one-proton doublet at 5.2Q.ppm originating 

from the vinyl proton on C-8, coupled to H-7 itself appearinq 

as a quartet at 4.26 ppm. A complex three-prot;on multiplet 

at 3.43 ~pm could be assigried to the bridgeh~~d His ht the 

C-6a and C-10a positions and to one of the H's on C-IO*. The 
r other H on C-lO appeared as a complex multiplet and was 

'eentered at 2.36 ppm. The D-ring g's eXhibited the splitting 
" 

opattern characteristic of the parent xa~thone whi1e the methoxy 

and trimethylsi~yloxy sinqrets were positioned as expected. 

Although isomer ~ might be expeeted to be the predominating 

regioisomer, there was insufficient evidence to conclude that 

this was the caSe. The infrared spectrum showed a carbonyl 

band at 1710 and a double bond stretching ~ode at 1'655 cm -1. · 

In' 'the mass spectrwu of. the compound :0 molecular io~a~ . 

observed but there was a promi~ent [M',- CH30H] peak·p~~vidinq 
qood eviqence that adduct 255 was indeed formed. 

~ - ,-..- ~ 

• 0 This adduct was extremely labil~, suffering 

decomposition when heated,slightly and requiring special 
.,. 

precautions in arder to avoid exposure to moisture as other-
<>. , 

wise ~ highly insolubl~ tarry material, identified (by its 
'i 

pmr and mass spectra) as the fully aromatized compound 256, 

was formed. The pmr spectrum of the latter showed only signaIs 
, , 

in the aromatic region and its mass spectrum i,cluded a molec-

ular ion of m/z 294 as expected for l2!. In spite of our 

• 
* These assiqnements were made by analoqy wi th the assignments made for the 
triethylsilyloxy adduct for which hiqh field (400 MHz) spectra~were 
measured. ~ 
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, , 
apprehensions, we attempted the contro11ed hydralysis of 255 -

. ta the corresponding met~~~y ketone,~ ·(or tautomer 258)." 

~Not sur~risingly, however, treatment with mildly acidic . 
- ' 

(TSF - O.lN aq Hel) or more strongly acidic (THF - 2N aq Bel) 

solutions*, led consistently to the fd11y aromatic'compoûnd 256. -
We at~ributed this marked lability of the 'adduct 

~ 

to the pronounced sensitivity of the silyl enol functionalityw 

It was reas'oned that if the stability of the enol ether 

could be increased, the adduct miqht then become usable. 

Since ~riethylsilyl ~nol et~ers are substantially more stable 
" 1 _, • 1 ., 

towa~ds hydrolysis,4the modified Danishefsky diene I-met~o~y-' 

3-(triethylsilyloxy)-1,3-butadiene (~) was prepared. 

4.4.5 - Cycloaddit1on Reactions with the Modified 
. "" Danishefsky's Diene 259 . 
. ' , 

v , 
Diene 259 was easily ~repared in ca. 73% y~eld by, 

trappi~9 the lithium enolate of 4-methoxy-3-buten-2-one (184) 

at low ~~~erature with chlorot~iethYl~an~in the presence 

of ~PT61~ However, an almost qùantitative yield was 

obtained,when the enone was reacted with triethylsilyl tri­

fluorom hanesulfonaté 245. The diene so obtained was a 

*Tbe more tronqly aeidic conditions were used because DaniShefsky600 Observed 
that the hydrolysis of the silyl enol ether and the elimination of Methanol 
~ame indepèndent processes under more strongly acidic conditions. Clearly, 
it' may not be vaUd to extrapolate this observation to include our substrate 
where the methoxy group is likely to (and probably does) becane benzyl1c (as 
the B-ring tautc::aerizes) increasing the likelihood of el~tion. 

'Ç: 
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colorless, distillable oil and exhibited a sLmple pmr spectrum -, 

includinq a one-proton doublet (J = 12 Hz) cen~ered at 6.9 ppm 

for the H-l vinyl proton coupled to the H-2 vinyl one-proton 

doublet centered at 5.36 ppm. The broad two-proton sinqlet 

at 4.0 ppm was assigned to the C-4 protons. A sharp methoxy 

peak and a complex triethylsilyloxy signal appeared as ~xpected • 
. 

The 1nfrared spectrum showeq conjuqate double bond bands at 

1653 and 1586 cm-l. The mass spectrum included a molecular 

ion eorrespondtng to the expected mass of the diene but the 

+ base peak corresponded to the fragment [M·, - C2HS]. 
fil' 

',' 
4.4.5.1 Reaction with xanthoquinon'e 

Reaction between the xanthoquinone and excess diene 

12! (conducted under reaction'conditions simil~r to th~se , 

for diene 249) gave ~fter evaporation and trituration with 

pentane an excellent yield (90%) of'a pure liqht-orangQ 
1 

crystalline matérial havinq a sharp melti~g point. It was 

stable enouqh t'o allow, manipulation without the use of speciill 

precautions. StructuPe 260 for this'product was confirmed -

,1 

.' 

-

./ 



....... , .. ..". __ .. ____ • _~-4-___ , _._,_ ....... ~,,-\.p,~--~--~~ _. - " -
... 

(\. .' 

\ 

/ 

by routine pmr spectroscop~ but high field (400 ~z) pmr 
" " 1 • 

measurements ~nd decoupling experiments were performed ih 

order to identify the protons. 

Unfortunately, despite the use of high field nmr 

we were unable to determine (from either the lB.m.r. or 

l3C•m• r • spectra shown in Figures 15 ana 16 respectively)7 

whether one or bath regioisomers of 260 were formed. An 
- - 1 

attempt in which 260 was titrated with the shift reagent 

Eu(thd)3 (tris [2,2,6,6-tetramethyl-3,5-heptanedionato] 

europium(III)), with the hope of measuring induced downfield 

'-

194 

chemical shifts in the resonance frequency of certain protons 

(e.go, B-6a, B-7)" àlso failed as it gave ambiguous resultso 

While the C-C connectivity.experiment was considered as 

probably offering
1
a 9~od ~~SSibilit~ of prOVidin~ the answer 

the technical problems (large sample size and high 

concentration) associated with conducting such an experiment 

at this tim~'did not permit it. 

In spite of the more attraotive properties of 

250, we~were no more successful with its controlled hydrolysis 

than with the trimethylsilyl ana log 255. Under the sarne 

acidic conditions it gave, lik~ analog 2~, ~nly the fully 

a~omati: compound 256. Similarly, treatment with fluoride 

sa~j:!3\ (KF, CsF, n-Bu4NF) under a variety of mild aqueous 

buffered conditions gave only, ~.~ Despi~e repeated attempts 

where the temperature, reaction time and acid concentration 

were varied, we were unable ta obtain ketone 257 (or 1ts 

a 
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tautomer 258). Adduct 260 was ,quantitatively converted t~ 

i ts tautomer 261 by exposure to O.IN aqueous sodium bicarbonate 

but upon subsequent treatment with acid or f1uoride ion it 

again afforded only 256. 

4.4.5. 2 "Reaction wi th thioxanthoquinone 

,~e preparation of pure thioxanthoquinone (262) from 

1,4-dihydroxythioxanthone (263) was reported as dUf icu1 t and 

the quinone as refractory towards Diels-Alder reactions 439 • 

However, we found that oxidation of 263 with silver(I) oxide 

followed by in si t;u trapping of the quinone (a technique 

previously described but using. isoprene) afforded a good yie1d 

(ca. 60'%) of adduct 264 after only 24 h at room temperature. 

After this period, the reaction was stopped because oxidation 

of sulfur was ~eared. However, high field (200 MHz) pmr 

spectroscopy clearly indicated that no such oxidation had 

occurred as there was no significant downfield shift of the 

proton ortho to the carbonyl (at C-12 or C-S),. 

thus be possible to optimize the reactlon,. time. 

; 
It should 

the pmr spectrum of adduct 264 resembled that of l.§Q, 
'\~ 

differ ing in minor details wi th no obvious indication as to 

whether only one or both regioisomers were formed. 

• This~study of the thioxanthoquinone substrate wa~ 

not pursued much beyond the formation of the Diels-A).der· , 

adduct ~, but preliminary studies aimed at transforming i t 
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, indicated that the s~e problem of rinq A aromatization 

already encountered with the oxygen analog was aiso present. 

The dirficulties experienced with the use of 
1 

Danishefsky's diene were certainly disappointing but we were 1 , 
• 1 

j 

not altogether discouraged because the possib11ity of designing 

other potentiaHy useful dienes still remained. 

Subsequent to our work, there appeared other confllct-

o 
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ing reports regarding the use of Danishefsky's diene. Most 

615-617 prominent amon~ the reports (which made no mention of 

any s1gnif1cant problem of ~ing-A aromatization) was the one 

invo1ving the syn~hesis of 4-demethoxy-7-0-methy~daunomycinone 

(~) from the protected quinizarin~uinone 265616 . 6n the 

~. 
~, 

215 

+ 
~TMS 

'Ha 
• 

241 

/---

other hand, other reports618~62l indicated that insurmountable 

difficulties arising from ring-A aroma~ization leJ to th~ 
adoption of different strategie~618,620 or to the development 

of different or modified dienes6l9-62l. But not all of these 
" 

new efforts have been successful either. Presumably the 

modified diene l,3-bi8(tr~ethylsilyloxy)-l,3-butadiene 

620-623 (266) . was prepared with the expectation that after 

hy~rolysis the adduct would be less labile and thus less 

like1y to aromat1ze because the hydroxyl group at the 7-position 

\ 

l, 
1 
i 
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15 not as good a leavi.ng group as a methçlCY. However, thouqh 

some suceess has been claimed620 ,'62.1, adducts 267 and 268 - -
.. 

211 111 ......... -
J 

do have a pronounaed tendeney to suffer ring-A aramatization621 

. and this resul t consti. tut~d the principal reason for the use 
, . 619 

of a trimethylsily~ group as a latent hydroxy1 funetion • , 

The less' 'than satisfactory results obtained with diene lli 
as weIl as the fact that Kelly621, 624 was unabfe, after 

extensive investigation, to achieve a productive elaboralion, 

of the adduct resul tinq from a Diels-Alder reaction wi tp 

diene m, formed the basis of our abandoning further efforts. 
, 

along- this line 1ncludinq our efforts directed at the synthesis 

Of diene 270. (Work relatinq to the attempted synthesis· of 270, -
based on the suqar 2 ... deoxyribose,' is discussed in Appendix ~) • 

.!!!. . 

, 

... 

, 
·1 
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4.4.5.3 Reaction witp quinizarinquinone 

The use of an oxirane function as a protectinq group 

for quiniza'rinquinone 265 is' an example of a useful concept 

which has made it possible te employ'the electron-rich diene 

J.ill previously known to react wi th the internaI dGluble 

bond560 ,570. Hewever, as it adds extra steps to the synthesis 

it wouid be ~dvantageous to use the unprotected quinizarin-

qui none . The tendency of e~ectron-rich dienes t: 

internaI double bond of quinizarinquinone may be 
-' 

steric hindranee560 . Since diene ~ offers 

the 

by 

steric 

bulk than 249 we attempted the reaetion with quinizarinquinone -
(lli.) as such in order to evaluate the sterie hindrance effect. 

The progress of the reaction at room temperature w~s 

not monitored but the reactants had completely reaeted within 

24 h. The pmr spectrwn of the cry~tal~ine adduct obtained in 
, 1 ,-

k 

quantitative yieId, revealed that only the internaI adduet 

had formed as eVidenced by the olefinic qui none protons 

appearinq -as 'quartets. A mixture of the two stereoisomers 

271a and 271b was formed .in a ratio of 3: 1. The structural - - ~ 

assignment was based on the expectation that the methoxy 

group is more deshielded in isomer 271a and less 50 in isomer 
- ~ 

~. The mass spectrum of the adduct showed a molecular ion 

corresponding to the expected mass of the adduct, as weIL as 

a small but siqnificant fraqmènt cprresponding to a retro 

Diels-Alder process. 'While- the results are 1nteresting by 
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271 .. 
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-< themselves, the ratio of the stereoisomers being different 

~03 

·570 fr.om that reported for diene 249 (stereoisomers are formed 

in equal amounts), they indicate that the use of diene 259--

" 

-
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~ 
1 
t 

! 
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! 
j 
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! 
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! 
'Would still require an oxirane derivative of qui,nizarinquinone., t . 

4 .5 OSE OF 4 ~SILYL-SUBS'l':ITUTED OIENES AS LATENT PRECURSORS 

OF ADDUCTS WITH A FUNCTIONALIZED 7-POSITION 

.1 

Garland et a~. 619 made the important observation that 

benzyl~rimethylsilane underqoes conversion intQ benzyl tri­

fluor~acetate when treated with lead tetzoaki8trifluoroacet~te625 
( . , , 

j .. 
" , ............ ..,." ... , .... .-~ ... ~ -:- _ ..... ~,_~~ ... _ ...... _~! 1._":'n :<'-
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or lead tetraacetate, and TFA, thus allowinq the transformation ot 

a èarbon-S'i1icon bQnd i.nto an alcohol function. This. process 

wa~ a key in the successful use of diene 4- (trimethylsilyl)-

2-acetoxy-l,3-butadiene (272) and constituted the only ,. 

important difference'in an oth rwise familiar strategy for 

the synthesis of anthracyclines (see Scheme 4.1)*. 

\ 

4.5.1 Attempted Synthe~is of 4-(Trimethylsilyl)-2-ethoxl~ 

carbony1-1,3-butadiene (..ill) 

Since silylated.dienes· suitably substituted for 

our purposes are not readily available, we considered the use 

.------of the sulfone 3-ethoxycarbonyl-Z, S-dihydrothiophene-l, 1-, 

'/ 

dioxide (273) as a potential precursor of the diene 4-(trimethy1-
, 

silyl) -2-ethoxycarbony1-l,3-butadiene (274). However, 

successful s~lylation at C-S was a requirement. A strategy 

involving direct silylation of the parent sulfone was not 

attempted because ring o'pening under basic' conditions was 

previous'ly observed626 , 627 As the carboethoxy group is 
. 

expected te provide sorne stabilization of the negative 

* It should be neted hewever that Garland et aZ. feund it necessary to convert 
ketone i to the correspondi.ng dihydre derivative 11 in ordèr to carrY out 

. the a4dIUon of ethynylmagnesium bromide. compotÜÏd.!!. is net described 
as bei.ng exceptiona11y prone te arOlllati~atien as is the a1milar compound 
268 investigated by Kelly et; aZ. 621 . -

r 
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charge * , it appeared possible to achieve the desired silylation. 

The preparation of carboethoxy sulfone 111.was 

oarried out according to . the .literature procedure6.30,63~ 

starting from the commercially available triethyl phosphono-

acetate (ill) which was boiled in the presenee of in situ 

generated formaldehyde (through base ~reatment of pa~aform­

aldehyde) followed by condensation of the resulting phosphonate 

. l1! with mercaptoacetaldehyde (added in the form of its 

dimer p-dithiane-2,S-diol) to give dihydrothiophene 277. 

Oxidation of the latter with m-CPBA gave sulfone 273. 

0 
0 9 H 

(BO). JCHaco-a + rHC~ .. (BO)·1::=o.e 
.!!!. J!!.. 

". 

H~[~J çf.oe cf-0 m-CPSA .. • 
• B.N 

0-

El :m.. 
~ 

./ 

* It appears that this extra stabi,lization does not favor C-alkylation. As 
the neg:ative charge i9 extensively-i!êloc~lized, 'loealization of the 
electron pair~t the tarqet çarbon r~sults in the loss of Il significant 
amount of resonance CJDergy628. On the other hand, C-sil:ylated èster~ ~e' 
themodynamically more stable tnan o-silylated esters629 50 that a, l;Ialancing 
effect may BX.ist.' ' , 
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Treatment of" this sulfone with LDA in the presence 

of HMPA at -78°C, (conditi~ns known632-634 to promote 

C-silyl.ation -over O-silylation), followed l?y quenchinq with 
. -

TMS-Cl unfortunately did not y1eld the desired silylated 

sulfone.m. A dé\rk oil was consistently obtained reqardless 

of the conditions used (viz. lower temperature [-IOOOC] o~ • . 
shorter reaction time) and rthe products could not he identif ied 

by pmr or mass spectroscopy. There was no evidence that 

sulf1nate 279 was formed. -
It 1s notewqrthy that Bloch reported635 recently 

the use of sul~.,ones as precursors of substi tùted dienes. 

However, in "arder ta exploit this strategy successfully, 

the double bond had to he protected. For instance, compoUhft 

~ (prepared in 4 steps635C) ~eadily' underwent deprotonation 
'!?-

at -78°C and subsequent alkylation without decomposition. The 

fact that 'such a low temperature had to he used suqqested . . 
tha t the temperature applied by us ma.y have been too high for 

the more acidic substrate 273 and that this May account for 
." 

the observed deqomposition reaction. 

Lee636 has also made use of the s1lyl group as a 

latent hydroxyl function in his synthetic study of modiÏied 

anthracyclines. However, he used an allylsilane as a key 

interm~diate for the purpose of introducing additional 

functional groups. In principle this methodoloqy may be 

valuable for the purpose of generatinq heteroanthracyclines 

because i t impl~es the use of a simple silylated diene. 
, 
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4.5.2 greparation- of (E) -1~ (Trimethy_lsilyl) -l, 3-b~tadiene. 
}. 

1 

./ 

~ 
The synthesis of 281 has" been described in varying 

- 637-639 
degrees of detail by a number of groups However, 

, . 

there are no precise directives for i ts succèssful preparation. 

Our own efforts led to important modif ications worth describing 

to the existing methods. , 
The dianion of propargy l alcoho1 genera ted by an 

excess of n-BuLi, was quenched wi th 2 eq of TMS-Cl. Milp acid 

- ~ 
hydro1ysiS of the sil.yl enol fupction gave, after distillatiol), 

, 
a 75% yield of 3-r(trimethylsilyl) -2-propyn-l-ol (282) as a 

clear, c-olorless oil. Reduction of ill. to trans-2- (trimethyl­

silyl) -2-propen-l-ol (283) ~as ini tia11y cari"ied out using 

lithium aluminium hydride (LAH) in THF
640 , but sorne (ca. 5%) 

ais isomer was invariably obtained along with the product of 

overreduction. The use of sodium bis- (2-methoxyethoxy)­

aluminium hydride (Red-Al or Vitride) 641,642 on the 'other 

hand, gave oril~ t?~ t;rans reducti<:m product as was clearly 

;. shown by pmr spectroscopy which revealed signaIs for ~he 
olefihic protons having a coupling constant J = 18 Hz.· Ther-e 

. ' 

t 
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was no evidence that any product· of overreduction was formed. 

Oxidation of 283 with pyridiniUIJl C~loroch:r:omatq;.e (PC~) 643 \ 

gave a 58% yield of the very volatile· alde~yde .lli as a clear, 
, 

colorless oi1 which darkened when stored over. O°C. Addition 

of 284 toO the Wi ttig reagent .thylenetriphenylpho~phorane . . 
(prepared from methy1triphenylphosphonium bromide and n_BuLi)6fl 4 

. 
gave the desired diene ~ in aa. 5;0% y:ield. Th,e pmr s~eqtlfUI[l 

of ~ cons isted of the expected complex pattern of tnul tiplets ' 

while the ir spectrum showed a stretching mode at 1565 cm-1 

'for the conjugated olefin. 

H-C=C-CH OH • ,2 

283 

(100i tl'ans) 

,. 

n-BuLi (2eq) TMS-Cl (.2eqt 
THF • LiC=CCH 20Li ~ 

1 

TMS-C=C-'CH OH 
-- 2 

284 -

NaA1H 2 (OCH
2

CH
2

0CB
3

) 2 

, Et2°:\ 

\ H 
1 

• 

''ho- " 

TMS-C=C-C=CH ' 
.~ r ,1 ~" 

H· H 
~ 
~ 281' , l. .-1 

&1 

Reaotion. of diene 2lU with xanthoquinone 

, 637-639 645 . J 

Diene 281 ha~ ,been used ' in Diels-Alder 

reactions despite its apparently low reactivi1jY. It has been . 

. ' , 

" 

ta 

" 

i 
1 

f 
1 
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estirnated639 ,645 that its reactivity i5 from 10 to 1000 times 

poorer than that of butadiene, a conclusiem G,ontradicting 

estirnates based on ca1culations 639 suggesting that the energy 

of the HOMO 281 is elevated relative to that of butadiene. 

Not surprisingly then, diene 281 proved insufficiently . 
reactive for condensatlon with xanthoquinone after 8 days at 

roorn temperature. The use of Lewis acid catalysts (BF 3 'Et20, 
~ . 

SnC1 4, anhydrous ZnC1 2) resulted only in decom~sition. On 

the other hand, ref luxing the reactants in l, 2-dichloroethan.e 

led to the rapid (ca. 5 h) disappearance of starting material. 

Analysis by tIc indlcated the presenc~ M no less th an flve 

products of which only two were present in large enough 

quanti ties to warrant investigation. The pmr, ir and rnass 

spectral eVldence obtained for the structures of these 
, 

compounds were suffj.ciently lnfotrnative to lndicate that adduct 
~ -

285 was not formed*. However, we could tentatively ident~fy 

the compounds as the fully arornatized adducts 1 one; carrying 

the expected silyl group intact as in 286 and the other lacki:ng 

that group as in 287 (Scheme 4.2). The mass specotrurn of each ,. 
\ 

compound included a molecular ion corresponding to their 

respét:ti ve ma lecul.Ç:t weights wh':Lle their prnr spectra conf i-rrned 

the presence ln one çase and absence ln the other of a sllyl 

group. As can'be seen, the poor dte~ophillC ch~racter of 

this diene unfortunately precluCled its use and the results 

'Bec,use the B~MO of d].ene 281 ].s only very s!J.qhtly polanzed, equal ( 
amounts of reg~oisomers might be expecteq, whether the reg~oselectivity~ 
controlled by primary or by secondary Qverlap639. . ~ 

--------------- -----
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made it necessary to 'search for a rno~e reactive si1ylated 

diene. 

According1y, attention was turned to diene (E) -1-

trimethy1silyl-3-tr~methylsilyloxybutadiene 288 which, as 

.expected, 'shows greater reactivity than diene 28l. However, 

harsh reaction conditions were still required 'in orde~ to 

obtain adducts even with substrates recognized as being 

excellent d~nophiles639. In our'hands, diene/ 288 reacted 

with th~ very powerfu1 dienophile tetracyanoethylene (TCNE) 

(289) at room temperature within one hour to give a quantitative 

y~eld of adduct 290, but'with p-benzoguinone as the substrate 

under a var"iety of' re?ction candi tions, none of the expected 

adduct.291 was ~btained. (This latter result has recent1y 

, , (CN)~TMS 

(CN>, 

MS 

210 

...., 

T~\s 
, 

211 0 

Q ?r™S 1 1 
_0 

MS 

-
211 -

/ .. 
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636 f-'~ 
been observed by others ). In spi te 6'f -fhis neg'tftive resu1t, 

2881 represents a potentially useful diene which, in principle, 

could lead under special conditions tO,silylated adduct 292 -(Scheme 4.2)', an intermediate possessing attractive features*. 

We accordingly favare~ diane 288 over 272 because the silyloxy 
~ 

group should be more activating than an acetoxy group. 

4.5.3 Synthesis of ,(E)-1-(Trimethylsilyl)-3-trimethylsilyl­

oxybutadiene (288) 

Fleming et al. 639 have prepared diene 288 via the 

- addition of methylmagnesium iodide to aldehyde 284 followed 

by oxidation of the resulting alcohol. For tactical reasons 

treatment of the product with dilute acid gave, after 

distillation, a 90%' yield of 4- (trimethylsilyl) -J-butyn-2-ol 

(294) as a cll=!ar, -colorless oil. Reduction of the latter wi tf:l 

* 
'--) 

Intere~t..l;ng1y, Lee found that ethynylmagnes~um broaude would not add to .1. 

because of the acidi ty of the benzylic protons. The problem was simi1ar 
te that encountered by Garland et al. 619. 

---------------- ---- ~ -- ~ 
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Scheme 4.2* 
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.,b,c _ d, •• f 
• 

, 
• 

p~ = ;roteetlng group 

+ a) B2B6 , TUF; b) Et3NO/MeOB; c) PCC; d) Et2AICNi e) Dihydro~yran, ~ ; 

f) CB3MgI; 9) C6BSI(OCOCF3)2° 

* The sequence shown for one isaner oplyo 

213 

1 
;j 
~ 
~'? 

" • .. 
1 
) 

" 

1 , 
~ , 

, 



( 

214 

Red-Al in ether gave in high yield pure trans-4-(trimethyl­

silyl)-3-buten-2-ol (295) as evidenced by the coupling constant 

J = 18 Hz for the olefinic protons in the pmr spectrurn. On 

the other hand, reduction with LAH in THF required refluxing 

temperatures and led to a mixture of 94:4 (%) trans to cis~ 

alcohol 295 (J . = 14 Hz) along with ça. 2% of the saturated 
- Cl,.S 

• v 

alcohol, 4-trimethylsilyl-2-butanol. Oxidation of 295 with 

PCC gave after about 1.5 h at room temperature B-silylenone 296 

in 80% yield. Treatment of the latter at -78°C with LDA and 

quenching of the ~late with excess TMS-Cl afforded after 

distillation the pure diene 288 in ca. 85% yield (Scheme 4.3). 

Scheme 4.3 

H 
1 

H-C=C-C-CH3 1 

OH 

293 

H H 
1 1 

H 

1. n-BuLi (2eq) 1 TMS-C=C-C-CH
3 2. TMS-CI (2eq) • 

3. H+/H 20 OH 

'294 ----
H 0 

PCC 1 .. 1. LDA 

Red-Ali 
(C 2HS) 20 

H 
1 

TMS-C=C-C-CH CH 2Cl
2 

TMS-C=C-C-CH 2. TMS ... Cl 
1 TMS-C=C-C=C 

• 1 3 , 3 • 
H OH H H OTMS 

.. 
295 296 288 

The pmr and ir spectra* of this product were consistent with 

the published data639
• It was indefinit~ly stable when stored 

* 1 Fleming incorr<;!ctly assigned the frequency of the C-H bend of the trans 
CH=CB as 847 &-1. The correct value i5,.990 cm- l . 

" 

1 

1 
/. 
; 

i . 
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" 
under an inert atmosphere~at 4°C and was stable for at least 

one week when stored in a stoppered flask at room temperature. 
, 

Although this process worked we~l, large quantities 

of n-BuLi were r.equired in order to generate relatively small 

amounts af the desired diene whiah roeant that the preparation~ 

had to be repeated several times because large scale operatia~s '-' 

. 

with n-BuLi appeared unsafe in the absence of adequate equip­

ment. Consequently, anat~er pracess not requiring n-BuLi was 

adapted which allowed us ta prepare alcohol 295 safely on a 

large scale. A Friedel-Crafts alky'nylation646-6S0 of acetyl 

chloride with bis-trimethylsilyl acetylene (297) in the presence 

of aluminium chlaride gave S-silylynone 298 in 82% yield 

without~e~ar further purification. Reductiof af the latter 

wi th· Red-Al in ether afforded in high yield (85'%) the pure 
, 

trans alcohol 299 while reduction wi th LAH in THF gave a 9: 1 
o 

mixture af trans to cis isomers. Oxidation of alcohol 295 

with pyridinium dichromate (PDC)6Sl was considerably slower 

than with PCC and gave a praduct of inferior purity. The, 

final step was the same ,as that shown above in Scheme 4.3, . 

o 

TMS-C;;C-'l'MS + CH
3
CCX:l 

Alel) Il 
1 TMS-C=:C-C-cH

3 

lli 

BOH 
1 1 

TMS-C-C-C-CH3 1 1 
B H 

Accoidlnq to 
Schema '.3 

.ru 

" , 

-
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In connection with another study we required a method 

for the preparation of ci8-4-tri~ethy1siIyl-3-buten-2-ol 

without having to resort to ~ hydrogenation step. The results 

of this study are summarized in a published paper652 , a copy 

of which can be found in Appendix S-. 

4.5.3.1 Reaction with xanthoquinone 

The-reactants were left at rQom temperature and 
. 

after 6 days the reaction mixture consisted main1y of unreacted 

materia1. After this time it was neverthe1ess worked-up 
, d 

and purified by flash chromatography which led to the isolation 

of a smail amount of impure materia1 whose mass spect~um 

indicated ,~~e presence of a compound wit~ a molecular weight 

correspondin~ to that of the expected adduct lQ.Q.. However, 

high fieId~mr spectroséopy did not pro~ide any supporting 

evidence for adduct formation. 

Re1uctant1y, we next attempted the same reaction but 

in the pr~sence of Lewis acid catalysts such as BF3oEt20 or 

anhydrous znC12* and as expected, decomposition of the die ne 
\ 

was the only obvious resu1t t o Attempted condensation with 

in situ generated xanthoquinone (from 1,4-dihydroxyxanthone 

,and Ag20) and 288 did not produce any positive resu~ts either. 

'* While it is true that Danishefsky has used anhydrous ZnC12 as a catalyst 
witli diene 249, he str$ssed that the term cycloaddition has no mechanistic 
implication-;8 no intermediate identifiable as ~roducts of cycloaddition 
have been detected653-655. ' . . 

t ' 
Th_e use of the "non-destructive" Lewis acid catal~st5 B(OAC)3' has been 
used succe~sfully with two non-8i~ytated dienes57 ,6 6,657, . 
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, 
We also attempted the- use of an amdnium cation~radical 

salt as the catalyst in view of recent reports on the powerful 

catalytic properties of such compounds in Diels-Alder'cyclo­

addition reactions inclu~ing those where Lewis acids are not 

effective658 ,659. Indeed, tris-(4-bromophenyl)aminium he~a­

chloroantimonate (301) apparently enhances the dienophilicity 

of neutral or electron-rich dienophiles Dy converting them, 

via electr0l'! transfer, to highly reacti ve electron-déficient 

cation radicals658-663. Accordingly, we hoped that such a 

compound might promote the formation of a ,reactive electronl 

deficient double bond {at ~ 2,3} in the xanthoquinone. 

However, after long reaction times in the presence of such a 

catalyst (24 h) at roorn temperature, tIc analysis indicated 

that the reaction mixture consisted mainly of starting material 

and two other compouncls bu.t in quantities too s,malI to warran,t 

. isolation and purification • Spectroscopie analysis of the , . \ 

crude mixture gave no evidence that adduct 300 was formed. 

It May be that silicon plays a significant role in 

the stabilization of the cation-radical thereby facilitating 

the ionization of the morè "electron-rich diene 288 instead 

of the doÙble bond of the xanthoquinone. As cycloaddition . . : 
reactions are symmetry forbidden for the case of neutral dieno­

philes and ion1 zed dienes 659 , 660 
1 i t May not be ft too" surpris l~g 

'that our experience with 288 and the xanthoquinone turned out 

to be negative. However, ionization of the diene might be 
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éxpected to lead to the formation of dimeric or polymer~c 

materials but this was not observed. COUP~d with the 

observation'by Rishi et at. 664 that cycloadditions pnder 

cation-radical catalysis could be ~chieved betweén a diene 

and 1,4-naphthoquinone, we speculate that it is most likely 

the heteroatom of the xanthoquinone substrate which suffers 

ready ionization, thus effectively preventing the catalyst 

from playing its assigned role. 

2'18 

Heating the sarne reactants o'Ver a period of 6 days 
-

at 50°C produced sorne inte~esting results although no adduct 

300 was obtained. Analysis by tIc indicated that the starting 

, materiai was completely c,?nsumed and that num~rous compounds 

had formed. Isolation of pure fractions by flash chromato­

'graphy proved difficuit but spectral data (pmr and mass 

spectroscopy) of the main fractiqf unequivocally indicated . 
it to be 1,4-dihydroxyxanthone (75). Mainly on the basia of ---
mass spectral Evidence, a component from an impure 'polar 

fraction was identified as the fully aromatized compound 256. 

These findings suggest that the Diels-Alder adduct 300 may 

actually form* but immediately undergoes disproportionation 

to give 75 and 256. (Disproportionation was already seen às 

an important reaction when the xanthoqui~one was reacted with" 

butadiene sulfone; see p. ISO). We believe that the formation 

of 256 involves a mechanism in which the xantho~uinone would 

* , " 
Reqioisomer 300a may be expected ta dominate; the pçlarization of the 
d1ene beinq gov,erned entirely by the silyloxy group608,639,665. 

( ,,l 

\ 
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behave as a dehydrogenating agent -to give rise to the phenolate 

ion ~ which would thQn remove preferentially a silyl group 

rather than a proton639 as shown in Scheme 4.4. Inte~d~~~e'-
303 is expected to readily tautomerize to the more stable 
_0 

aromatic system of 304 which like intermediate 305 would 

-suffer loss of the labile O-silyl group during chromatography. 

Because we had been unable to make use of Lewis 

acid catalysts with our dienes and also unable to promote 

their reacti vi ty under mild reaction c,ondi ti'ons, we then turned 

our attention to the modulation of the dienophile reactivity. 
( . 

A common way of increasing the dienophilicity (hence reac~iv-

ity) of quinones involves the introduction of a halogen onto 

the olef;n bond666-673. As an electronegat~ve specl.'es the ... ..., 

-halOge~aUses a :t.owering of both the HOMO and LOMO energies 

~---l 
----~ 

LUIIO HOIIO 

\oUMO . HOMO 

o OH 

-

r 
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Scheme 4.4* 
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and being a+so a lone-p~~r donor, the HOMO ~nergy is raised 

wi th0Ut affecting significantly the LOMO energy60 2 In., 

addition the halogén'can be expecteâ465,666~672 to orient the 

reactants and thus offer an' 'excellent opportuni ty ta e)Cerci~e 

'control over regioisomer formation. (The coefficients of 

the LUMO of the olefin will be polari~ed as though ~e 

substl'tuent' 1 t 0 . thd . g5oo,564,602.,664,666-672 15 e ec r n-wl.. . raWl..n . y 
, / 

see Appendix' 2). As bromo~nthoquinones 306 and 307 are 'easily . ------
f 

accessible, this strategy for adduct formation appeared 

attracti ve. 'Unfortunately, the lahilê nature of the si lyl 

636 dienes accessible to us was not expected ta be compatible 

with the reaction conditions (e.g. Et3~' rt, 2 h)66a normally 

rrequired ta remove the halogen atom after adduct formation. 

It cornes as no surPrise that this stra~gy (as described in 

the literature) was applied in' fact to the syntheSis 'of 

'aromatic systems. 

4.5.3.2 ~action with q-uinizarinquinone 

As a result of the surprisingly poor results obtained 

with diene 288 we finalJY decided to' compare its reactivity ., . 
to that of 4- (trimethylsilyl) -2-,acetoxy;-1, 3-butadiene ' (~) * 

unde,r the sarne reaction conditions 'already ussd by GarLand 

et al.6~9- in their'studies with quinizarinquinone (213). Thus, ., 

*AcGOrding ta Houk's ana1ysis560 relating the site of reactivity of 
qui'1ldne 213 with the e1ectronic character of the diene, 4- rtrimethylsil}"l)-
2-acetoxY-l,3-butadiene (272) is not. considered an electron-rlch diene. 
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dieqe 288 and quinone 213 were stirred(~or four days at 50°C 

Ul)lier an inert atmosphere but analysis of the reaction mixture 0 

showe~ that most of the starting material was still intact. 
_?'/ ...... 

Only mass spectral evidence coul? be _obtained that any adduct 

had formed. It would appe.ar from these resul ts that the 

siloxy group is not as efficient an electron donor as would . ~ 

be expected and in fact i t appears less efficient l.n this 

,respect than an acetoxy' group .• 

4.6 

, " 

/ ATTEMPTS AT THE SYNTHESIS OF AN INTERMEDIATE CARRYING 

A CARBON SUBSTITUEN~ AT POSITI~ 7 OF RING A 

We have already seen the importance of having a 

• 
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i 1 



( 

. , 

224 

substi tuent a t the C-7 position of an anthracyc l ine analog 

which will not undergo elimination and thus generate a 

reactive alkylating intermediate in biological systems or 
, 

favor aromati zation reactions during atternpted syntheses. 

One -of the most \expedient ways of synthesizing the 

analogs l!-20 would lnvjlve a Diels-Alder reaction between the 

't 

R= CH~Ô 
H, 

H 

quinone-substrate and a dlene such as l-carbomethoxy-3-trimethyl.-, 

silyloxy-l,3-butadiene (308). Howevf!r, the latter may not be 

expected to d lsplay good reacti vi ty. In f act, the carbomethoxy 

. 465 674 group is known to deactlvate ' such systems whereas the 

abili ty of the siloxy group to acti va te signif i,captly by electron-

donation is qùestionable Pin light of our previous experiemce with 

2-sil=y dienes~iess, I<ell
y570

, reported that the dime Jœthyl 

--" 

1 
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4-methyl-2, 4-pentadienoate (~) afforded a small amount (10%) 

of the de sired adduct when reacted wi th quini zarinquinone 

at room temperature over an unreported period of time. In 

Woodward' s reserpine synthesis675
, cycloaddi tion between 

benzoquinone and rnethy1 vinylacrylate (ptethy1 2,4-pentadienoate) 
/ 

(310) was achieved (albeit in only 16% yield) by ref.luxing 

in benzene for 10 h. Thus, rregard1ess of the po~sible 

activating or deactivating ability of the siloxy group, we 

were hopeful that pr<jilvided 308 was thermally stable we might 

be able to app1y higher reaction temp~ratures in order to 

compensate fOr the low reacti vi ty of the diene. 

4.6.1 

~OTMS 

bo.CHa 

'11 311 -. 

Preparation of l-Carbomethoxy- 3~trimethylsily1oxy-

1,3-butadiene (JO 8) 

ThlS interItiediate was prepared starting from the 

B-keto acid 311 i tself obtained by condensing glyoxy1ic acid 

(lli> wi th ac~tone in the presence of or1:hophosphoric acid. 

Although not very efficient (ca. 45%) this rnethod as 
'if 

reported6 76-6 78 appeared te be the rnest convenie~ one for 

the preparation of 8-acetylacrylic acid (tl'ans-4-oxo-pentenoic 

, , 
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acid (311) 676. It was obtained in a sufficiently pure farm 

so that only one recrystallization was necessary ta insure 

high puri ty. Its pmr spectr\llIl showed o1.efinic protons wi th 

a couplin,g constant J = 16 Hz 1 whereas i ts inf!ared spectrum 

disp1.ayed a band at 1000 cm- l as expécted for the trana isomer. 

A single ~ethyl resonance at 2.4 'pprn clearly indicated that 

the lactone was not f€)rmed. 

The corresponding methyl ester of ac'id 311 was 

easily prepared in exce lIent yield (93%) by treatment wi th 

methyl iodide in the presence of s1lver (Il oxide in the 

dark679-68l. Sat1sfactory results were aiso obtained when 

sodium bicarbonate powder in DMF and methyl 10dide were used 
J ' 

althoUgh a longer reaction time was required. The usual 

methads of esterificat~on (TMs-Cl, CH
3
0Hi C~30H, Ii+; 'ClCOOCH 3 , 

Et
3
J5 82) were èlearly inferior t gi ving very l.,ow yields or " 

nohe of tire desired est~r. This methyl ester 313 possesses - . 
the use fuI property of being readi ly sub l1mab1.e (30 oC at 20 mm 

\ 

Hg) ta gi ve a very pure, whi te crystalline mass. 
. . -

Trimethylsilyl tri fluoromethanesulfanate 6 09 ,683 ,684 
tt 

(314) reacted in the presence of triethy lamine wi th ester 313 

to give essentially a quant1tative y1eld o'~diene 308 which 

was frêed -of trfethylanunonium triflate (W~l1ch precipitated as 

an oil) and used ,withaut further purification. 

J ' 
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Reaction with Xanthoquinone 

,~ ~ 
CH.CI( zCCOaH 

H 

.m 

'1 Alto, CHaI 

Reaction between diene ~ and Kanthoquinone did 

not give any adduct under ~my of the conditions used. ;pmr 

evidence clearly and consistently indicated the presence of 

xanthoqu~none and keta-ester .ID in the reaction mixture. 
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The presence of the latter led us to question the stabili ty of 

diene 308. While indefinitely s.table when stored at -20 oe, ---
i t decomposed at raoln temperature oVer several ~rs, a 

phenomenon which escaped our attention beeause once generated, 

the diene was characteri. zad by pmr spectros,?opy i.mmediately 

.after isolation. Since reactions with the xanthoquinone were 
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carried out ei ther at room temperature over a 'period of days 

or at elevated temperatures for heurs, i t is certain that 

the diene did not survive long eneugh t:or reaction wi th the 

substrate to occur. The cause of this instability was not 

thoroughly investigated but a likely possibility involves the 

fact that the diene was not rigoreusly purified 50 that sorne 
-

triethylammonium triflate may have remained as a contaminant 

and thus catalyze hydrolytic decomposi tion. Faced wi th this 

difficult problem of purification we decided to prepare 

instead the triethylsilyl analog ef 308 since much improved 

stabili ty i5 expectable on the basis of previeus experience. 
't'> • 

4.6.2 Preparation and Cycloadditien Reactions of Diene 315' 

( Diene 31.5 was accordingly prepared in 94% yield from 

kete-ester 313 and triethylsilyl trifluoromethanesulfonate 

(245) and 'carefully freed of the generated triethylanunoniwn -
.salb. It i5 indefinitely stable at reom temperature as weIl 

as to more vigorous thermal conditions such as boiling in 

benzene for 24 h. Some deéemposition (ca. 10%) was observed 

however but only after refluxing in teluene for at least 48 h. 

Reaction with xanthoquinone at room temperature, not 5urpris-

. ingly gave no product ev~n after 10 days regardless of 

whether the cation radical salt 301 was added or net. When 

the reactants were mi"xed ,in refl~';ng toluene .fpr 40 h 9nly 

mass speçtral evidence could be obtained that adduct 316 had 

" 

r 
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formed. ~e pmr spectrlPll of the mixture showed that a small 
, , 

amount « 10%) of dihydroxyxanthone 75 was formed indicating 
.' --

that disproportionation had again occurred - a result which 

is not, surprising «in light of the vigorous thermal conditionS' 

used" We made no attempt to iso1ate the fUlly B;roinatic ' 

ad,d~ct 317 (which would be expected to form· readily fram ., 

318) and we have onZy mass spectral evidence that i t was formed. -
Apart from reacting readily with TeNE to give adduct 

319, diene 315 showed very li ttle reacti vi ty . Wi th benzo­

quinone for 23 h in refl~xing benzene oilly a very low yie1d 

« s %) of an add\lct was oçserved. Reaction wi th the more 
) 

rea.cti ve naphthoquinone as the substrate in refluxing to.}.uene 

f(i)r 21 h afforded some adduct but the use of anhydrous ~nC12 

at room tempe rature served only to cata1yze slow 'de compo si tion 

of the diene to the keto-,ester. Similarly; atte~pted reactiop 

with q":1inizarinquinone ,(213) afforded no adduct after' reflwdnq 

for 24, h in toluene. 

Recently, electron-poor dienes such as methyl 2,4- . 

pentadienoat;e (l!,Q) and methyl 3-ethyl-2, 4-pentadienoate have 

been 1nduced ta give 9'ood yields of adducts685-687 by attempting 

the reaction under high pressure6 88 ,689. From the evidence 
.. 

in the li te rature there 15 no reason to believe that we ~ould 

not achiéve our goal, wi th any of our die ne sUbstrates (e. g. 

281, 288, 315) by adopting this technique. While the pressures ' - --
recommended * are technically difficult to achieve, without 

* Between 10-20 Icbars (1 kbar • 966.9 atm) • 
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specialized apparatus, it would be worthwh11e 1nvesting in 
• ! , • 

this a,pproach as i t wou~d probably sol ve at least SOlDe of 
1 

the problems encountered. Unfortu.nately, such a study vas 

consider~d beyond present resources due to ~ost of equipment 

necessary. 

4 .• 7 CONCLUSION ' 

( , ' 

The applicability of various Diela"'Alder approaches. 
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to the synthesis of heteroanthracyclines has been vigorously 

tested. problems such as disproportionation, ring A 

aromatization restricting the use of certain potentially 

usefu~ dienes and the labili ty of relevant dienes ta Lewis 

acid .c;;:atalysts have left the !mpression that the general 
, 

strategy adopted cannot be used successfully. While the 

synthesis of adriamycin has been reported using a similar 
. 

strategy, we must recognize that others have failed to 

reproduce the claimed exploits. We must also allow for the 

likelihood that the heteroanthracyclines possess a different 

intrinsic chèmical reactivity manifested at importan~ but 

s.ensi ti ve positions (e. g. C-7). The use of high pressure 

techniques suggests very ~trongly that certain "unreactive" 

dienes may be induced to 'form valuable adducts and such 

anticipated success should serve to establish the Diels~Al.der 

stx;-ategy as perhaps the most use fuI one for the purpose of 

synthesizing heteroanEhracycl.irïes. 

, 
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CHAPTER 5 

.. ' 
S~SIS AND BIOLOGIC~ EVALUATION OF AMINOXANTBONE 

5.1 INTRODUCTION 

There are numerous compounds wi th simpler structures 

than adriamycin that have antitumor properties65
• Among some 

of these are the bis- (substituted aminoalkylami.l'lo~ anthra­

quinones. They were designed 6 90 using as ~ basis the hypothesis 

that drug-ONA intercalation is the prime mode of action of 

the anthracyclines. In fac't, these synthe tic drugs incorporate 

those structural features (the anthraquinone chromophore and 

an aminosubstituted side chain) thouqht to be essential ,for 

bindinq to ONA. The idea that the amine suqar portion i5 

responsible for the cardiotoxicity of the anthracyel:ines69l 

led Zee-Cheng and cheng692 to synthesize compounds 320 and m, 
where the amino sugar is replaced by an amino-containing side 

chain with the nitrogen atom at the proper spatial distance 

fram the oxyqen atoms of the aglycone por,tion of the Molecule 
l' 

as required by the N-O-Q triangulati.on theory*. 

The biological activity pro~i~e of these campounds~92-69S, 
, , 

especial1y )21, resembled that of adriamycin and daunomycin. 

Like adriamyc~n, lli kills cells in all phases of their cyçle 

* This empirical and simple ~el suqgests that there 1s a structural . 
feature amonq s'cme anticalY:er druqs consi.sting of a tri.angle coaaposed~ 
of one nitroqen and two oxygen at.clll1S with rather definJ.bt inter-atcllli.c 
distances693 • ''', 

, . 
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(a property important for the inhibition of slow growing 

tum~rs} and was somewhat less cardiotoxic. These remarkable 

res'ûlts stimulated a broader study696 in which hydroxyamino­

anthraquinone ~ was included • 

..!!!.. X. H or OH; R- amlnOlllkrl çhalns 

!!!. X .OH; R,. (CH,J.NH(CHa> .. OH 

Although c'onsiderably simpler, analog lli showed 

activity comparable to 321 thus indicating that only one amine . --
substituted side chainl!llis sufficient for activity. However, 

there was no report:. dealing wi th i ts potent"ial cardiotoxici ty" 

Since the absence of an amine sugar such as daunos-
, 

amine resulted in only a slight reduction in cardiotoxicity, 

it remains ~o be seen whether the redox properties of the 

anthraquinone ;regardirrg i ts tendency to form a semiquinone 

is still an important factor in this regard*. Thus, on the 

basis o.f this argument and the structure-activity data provid~d 

above, it appeared reasonable to synthesize the xanthone 

analog J1!) of 322 in order to alter the redox potential of 

the anth raquinone models. 

* Recently, it wa~ suC]qested that the cytotoxJ.city of the aminoanthraquinones 
!Day depend more on theü:' abilt-ty to fo~ fl';'ee racticals than theJ.r abili ty 
ta intercalate with DNA697. 

1 
i 
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21 -
:5.2 SYNTHESIS OF 4-HYDROXY-l-[ (2-[(2-HYDROXYETHYL)AMINO] 

ETHYL] AMINO]XANTHONE (21) 

Xanthone 21 was prepared in nine steps in 30% 

overa11 yield from commercially available p-fluoroanisole (~) 

using the now farniliar strategy applied to the preparation 

of xanthones. Formylci.tion of 323 using (l, Ct' -dichloromethyl 

rnethyl ether and the catalyst ti tanium (IV) ch10ride, gave an 

exc::ellent yield (92%) of 2-formyl-4-fluero'anisele ·(l~ .. !)" The 

ab:i:-lit~ of fluorine to couple (as jUdge~ by pmr spectroscopy) 
n 

over a large number of bonds was evidenced with compound 324 
1 

in whi,ch coupling wi th the aldehydic proton was obsel;Ved 

(The 200 MHz IB.m. r. spectrum of the compound 
, 

clearly showed two large èouplings between the ori;ho H' s 

and the F atom, thus unequi vocally indicating the compound to 

he isomer 324 and not 3-fQrmyl-4-fluoroanisole). Baeyer­

Villiger oxida tien wi th m-CPBA acid in the presence of the 

free-radical inhibitor 101 gave after refluxing in methylene 

chloride for 5 h an excellent yield of essentially pure 

fo~te ..ill- which was not isolated (characterized by Pmr 

spectroscopy) but immediately hydrolyzed 1ll'1.der basic conditions. 
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Phenol 326 and iodoester 97 in refluxing DMA in the presence 

of copper (I}--Oxige afforded an ail after 18 h whlch 'was 
\.. 

imm~iately hydrolyzed to acid .m ancl' th~ latter cyclized 

wi thout prior pur.if ication using a mixture of TfA-TFAA _to 

give fluoroxanthone .3~8 in about 40% iSolated yield as a 

white crystalline masse This xanthone ~ was ~pen combined 

with 2- (2-aminoethylamino)ethanol (329) and heated' in refluxing 

pyridine for 5 days to afford a 65% yield of a bright orange 

-
amorphous rnaterial 330. The long reaction tirne was not only 

a reflection of the intrinsic slugg~shness of the reaction ; 

• 
(s~nce i t involves nucleophilic aromatic substitution) but 

also because high dilutlon of the reactants was a necessary 

condition. Demethylation of 330 using BBr 3"led only to 

degradation of the side chain as the màin course of reaction. 

On y the othèr hand, demethylation of xanthone 328 proceeded 

easily and in quantitative yield to hydroxyxanthone 331. 

Protection of the phenolic function as a methoxyinethyl ;~'ther 

was readily accomplished by treatment with chloromethyl tnethyl 

ether and sodium hydride in THF which Led ta a quantitative 

yield of .m. USing a minimal amount of solvent, reac-t.ion. 

between xanthone 332 and 329 was complete after 3 da ys of 

heating in refluxing pyrtdine, thereby affording 33~. _Hydrogen 

ch.loride removed easily and quantitatively the methoxymethyl 

protecting group withil'l minutes at OOC in the absence of side 
, 

reactions. The dlchlorj,de salt of 21 was neutralized upon 

.;'1 
alkaline work-up and an excellent overall yield of 86% (fram 

_____ "'1 _________________ ___ ~ L_~~ 

l 
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xanthone 328) of hydroxyariünoxanthone ~ was obta.in'ed as a 

red crystalline mass. The infrared spectrurn t of the prod~ct 

• 1 

-



confurned the presence of a carbonyl 9,raup (H-~ded) while 

the rnass spectrum inc 1uded a rna1ecul,ar ion correspond~ng ta 

the expecteq mo1ecu1ar weight of Q. 1> 
The pmr spectrum of 

substance where evidence of H ta F coup1 ing was absent, 
r 

1 

appeared simp1ified and c1early showed an AB-quartet for 

protons H-2 and H-3. 

5.3 BIOLOGICAL RESULTS 
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Ana1ogs~, 328 '.,and 330 (af WhlCh 21 was tested as , 

the dlhydrochlorlde salt) were tested at Br~stcti Laborator~es 

(Syracuse, N. Y _) against the P388 mause leukem1a model * and 

wete found to be inactive, a'disappaint~ng result in v~ew af 

the JcrroWn high effect~veness of anthraqulnane 322 ~ On the 
. -

698 . 
basis of the f~ndings of Archer et é1~. wlth xanthone 

ana10gs of lucanthone (334) (and related compounds), one would 

certainly expect xanthone 21 to interca1ate with DN(~:we~er, 

while intercalation may be a necessary cQnd~ tian for act.ivi ty, 

t, 

ft i S obviou5ly not suffic ient for ant~ tilinar actl vi ty. Any 

explanation af the inactivi ty of cornpounl!- 21 i5 complicated 

699 
further by ather recent results ind1.cating that the related 

·cycl1.c ana10g 335 (patterned after the lrnlno denvatlve 

700 
~escribed b;t Tong et a t. but expected to display an al tered 

redox potential), shows acti Vl ty comparable to tha t of 

* ~e P388 leukejlU.a system is used rout~nely for lni t~al "icreen1ng of crude 
natural products _ It lS g.enerally considered to be a s!tts~ tive system 
capable of detecting low orders of act1.Vltj' and is more sensitlve than the 
L1210 leukem1.a model ta m~terials that show actlvlty agalnst bath systems. 

• t 
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" ' 

As more such strllcture-acti vit Y relationship studies 

emerge ~h~s increas~ng in pr~nc~p1e our chan~es of achievin.q 

a better understanding of mechanisms of action, the more one 

realizes that there ~s' as yet noth~ng 5lll1pIe ~bout j:he;i.r 

interactions wîth biologicai sys"t;,ems. Ii ,becomes mor,e and 
\ 

more apparent t~at an effort no Iess extens~ve than that 

which ~s curre,ntly expended 'in the f leld of ':t.he anthracyc1ines 
~ 

1s sbrely needed bef.ore ,siçnificaJ;lt progress in cancer 
~ 

chemotherapy can be 'ma,de., We cl:ear1y do not know enouqh 

p'resently about"their interact-ion mechanisms 'ta make safe , 

predictions. 

1 

! 
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CONTRIBUTIONS TG KNOWLEDGE 

1. This work comprises' a study <;>f the novel compoWlds, the 
" 

heteroanthracyclines. Strategies to Ilchieve the synthesis 

of the ag~ycone port~on of, these compounds were devised 

and investigated. 

2. Use fuI syntheses of l, 4-dlmethoxy substi tuted xanthones 

were developed. 
, 

3. Chloromethylat~on an~ brom~natl·on reactions of It 4-g~methoxy-

4. 

5. 

6 . 

\ 

xanthone as weil as the formy1at~on of l, 4-d~methoxyxanthene ... 

• 
were shown to prGIICeed reglosei.ecti vely in h~gh y~eld. 

Thlchemi 5 try of a hypothet.l.cal xanthone-den. ved c-quino-

dimethane was studied. 

The potentially useful' synthon of the Ct, B-dl.aruon of 
1 1 

aceta+dehyde, (E) -N-viny lpyrroll.dine-5- ( 2 -11. thio-l, 3,-

<ü~hian-2-yl) was synthesized and studl.ed as an annulatl.ng 

reagent. \ 

'Ple synthes~s and study Qf xanthoqu1none and thl.O-

xanthOqu~none as 'well as the.l.r cheIrtistry, 1n particu.1ar, 

as ~enoplü.les r.n Dlels-Alder cycloaddition 're'act10ns , 

'is novel. A1so, the potentl.al usefulness of these 

compounds as dienophiles was demonstrated. 
,'. 

i 
( 

/' 
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7. The n9vel synthesis' of two dienes i8 reported. 

8. Novel methodology to obtain cis-reduct1on of si1ylated­

alkynes ls reported as weIl as a useful modification of 

the trans-reduction of alkynes. 

9. The study leading to the synthesis of ana10gs with carbon 
l' 

substituents at position 7 of the natural product or 

of the heterocyclic substrate5, 15 novel. 

10. The ~ethodo-logy to prepare l-alkylaminoxanthones lias 
~ 

developed and their bl.ological significance reported. 

" 
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GENERAL EXPERIMENTAL 

Azobisisobutyronitrile (AIRN) was recrystallized 

from 95% ethanol to"mp lO,3-l04 oc701 'Lit. 702 lllP l02-103°C) and 

stored at 4 oC in the dark. Activated zinc (Zn*) was prepared 

from conunercial grade zinc dust (99.99 % pure, suppliefi by 

Fisher Scientific Ltd., Montreal) by the method described by 

1 44la Cava e,; a j, • • Silver(II) oxide (AgO) was prepared 

l.mmediately before use accord~ng to the procedure of Hammer 

703 and KleJ.nberg Cormnerclally available AgO (Aldrich 
. 

Che.mical Co., Milwaukee, Wisconsin) was activated by sonicatJ.on 

for 1 h prior to use 566 , 704. Potass1.1.lItl cyanJ.de-18-crown-6 

complex was· pre~ared as described by Evans et Cl:. 518 . 

N-Bromosuccinl.mide (NBS) was punfied by recrystalli. zation 

705 from water . !:l'is(Triphenylphosphine} rhodium(I) chloride 

[ (C6BS ) 3Pj 3RhCl was purchased from Alfa-Ventron Corp., 

Danvers, Massachusetts. 

_. U l trasound-promoted reactions were conducted usi ng 

A laboratory ultrasound cleaner (l50W, 50 -55 kHz) manufactured , ~ 

by the Branson Co. 
-~ 

Analyt~cal thl..n-layer chr0~af~ography (tIc) was 

carried out on al uminJ. um":backed sheets pre-coa ted wi th silica 

gel 60F254 , O.2nun thick (Herck Co. Ltd., Darmstadt) and visual­

i.zation was made by means of an ultraviolet hght, iodine .. 
chamber, or by charring wi th sulfuric acid ln ethanol (10% \ 

\ \ 

~ 
! . 

1 . 
, 
, 

" . 
î 

l 



v Iv), or phosphomol.ybdic acid in isopropanol (3% w/v), or a 

solution consisting of amm(:mium mOl:/tldate (VI) (120 vnnol) , 

cerium ( IV) sulfate (30 nunol) in IR. aqueous sulfuric acid 
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(10% v/v). Column chromatography (analytic~l and preparativ~' 
... 

scale) was performed by the "fl.ash chromatography" technique 

as described by Still et al. 337a on 32 ta 63lJ (400 ta 230 

mesh) silica gel (British Drug Bouses, Toronto) or Woelm 

silica gel (32 to 63lJ, ICN Nutritional Biochemicals, Cleveland, 

Ohio) using purified sol vents. Analytical gas chromatography 
... 

was conducted on a HP5750 Madel. instrument using a 3% CV-lOI 

(3m x 2mm) column wi th dry helium as carrier gas. 
. 

Sol utions were concen trated on a rotary evaporator 

at pressures of 15-20 rtunHg and at temperatures of 20-30 oC 

unless otherwi se specified. 

Melting points (mp) were determined in closed 

capillary tubes on a Büchi SMP- 20 Mel ting point appara tus and 

are \,1llçorrected. Infrared (IR) spectra were measured on a 

Perkin-Elmer 297 spectrophotometer and absorptions are reported 
, -1 

in wavenumbers (cm ). Mass spectra (ms} were recorded on 

ei ther an LKB Model 9000 or HP Model 5984 mass spectrometers 

at 70 or 15 eV. Gas cnromatography-mass spectrum (ge/ms) 

analyses were performed on the HP Madel 5984 instrument only. 

AlI mass peak intensities are reported as % rel. int. Proton 

magnetic resonance (IH.m. r.) spectra were measured on Varian 

T-60,. T-60A, XL-200 or"Bruker WH-400 spectrometers and carbon 

, .. 

'-
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magnetic resonance (~3C.m. r.) spectra were measured on Bruker 

WH-gO or Bruker WH-400 spectrometers. Chemical shifts are 

reported in ô units (parts per million, ppm) rélative ta 

tetramethylsilane (ô = 0.0 ppm) using deuterated solvents, 

99.5 atom. % D. Coupling constants are reported in ,hertz (Hz). 

AlI silI~ple/ signaIs are dwcribed as singlets (5), doublets 

(d), tri'plets (t), or quartets (q) and assigned chemical 

shift values determined by the center of tlieir resonance 

frequency signal while undefined multiplets (m) are described 

by th) range of their resonance frequency signal. 

React~ons requiring heating were carried out in 

paraffin ail baths for T < 125 oC. For reactions requiring 

higher temperatures either a silicone oil bath, or a heat;.ing 

mantle connected to a variable transformer, were used. 

Reactions requiring low te~peratures were performed in CO2-

diethyl ether (-100°C), -acetone (-78°C), -acetonitrile '(-42°C), 

or -carbon tetrachloride (-22°C) baths and those requiring 

o oc utilized ice baths. 

The apparatus for anhydrous reactions was flame-dried 

in a stream of ni~en. An argon atmosphere was used with 

organoli thium reagents 706 while aIl other anhydrpus reactions 

were carried out under an atmosphere of n~trogen. AU 
\ 

~dditions wherever possible were made via syringe through a 

septum using techniques described by Brown 707 a"hd Shri ver 708 • 

Solutions of' n':'butylli thiurn (n'-BuLi) in hexane, 

r 
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8ec-butyllithium (sec-BuLi) in cyclohexane and methyllithium 

(MeLi) in. diethyl ether were ti trated in tetrahydrofuran (THF) 

wi th diphenylacetic acid 709 prior ta use. SOlutions of 

li ehium tri-secbutylborohydride (L-Selectride) in THF, sodium 

bis (2-methoxyethoxy) a'luminium hydride (Red-Al or Vitride) 

in toluene and borane-THF complex in tettahydrofuran were 

used wi thout ti tration. Clear solutions of LAH in tetrahydro­

furan were prepared as described by Krishnamurthy and 

BroWn 710 exèept that the suspension was stirred for 20 h at 

room temperature (rt) in dry sol vent prior to fil tering 

through a 6-cm bed of tightly packed dry Celite under positive 

ni trogen presSure. The c1ear so.1 utions were, stored in a 

septum sealed flask under nitrogen at rt. The molarity of 

the solutions was determined by measuring the hydrogen evolve-d 

when the solution is injected into a glyceri~-water-THF 

mixture (1:1:1).. Lithium amide bases were generated in situ 

immediately before use from, disti.lled amin'e bases and n-BuLi 

.Diisopropylamine, N,N,N' ,N·-tetramethylp~peridi.ne 

(TMP), piperidine, pyrrolidine and 2,2,6,6-tetramethy1ethyl­

... ·enediamine (TMEDA) were allowed ta stand over 20% w/v 3Â. 

molecular sieves, decanted, 'stirred overnight with CaR2 , 

disti11ed and stored over 20 % w,? 31 molecular sieves 711 • 
, / 

Pyridine and triethylamine Wére stood over KOH for 24 h, 
/ 

decanted, fractionated and stor~d as above. 
. 

Methylene chloride .. , 
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was distilled from'calcium chloride and stored over anhydrous 

sodium sulfate 712. (Distillation, from P20S 713 requires 

filtering through neutral alumina, activity l to remove traces 

of .polyphosphoric acid 714). Anhydrous diethyl ethe,r was . 
obtained by distillation froIn lithium aluminiWW hydride (LAH) 

or purchased from Mallinckrodt Chemicals, Montreal. Absolute 

ethanol was obtained from Consolid~ted Alcohols, Torontp_ 

Methanol was distilled from magnesium turnings inunediately 

before use. Toluene, 1, 2-dimethoxyethane (DME), dioxane 

and tetr.ahydrofuran (THF) , wère distiiied from a purple solution 
-

f d ' d' b h d" 389c,701,71S ( d' / o ~so lUffi enzop enone lan~on 50 J.um 

benzophenone) and hexane was distilled from a light blue 

solJltion of benzophenone ketyl (sodium/benzophenone) 716, under 

inert atmosphere immediately before use. Benzene was distilled 

f CaB d d 4 0 1 l ' 71 7 rom 2 an store over A mo ecu ar Sl.eves . N,N-

Oimethylformamide (OMF) and N, N-dimethylacetàmide (DMA) were 

stood over 4Â 'molecular sieves overnight and distilled from 

P20S ~t reduced pressure, allowed to stand over anhydrous 

potassium carbonate (12h) and subsequently stored over 4Â 

1 l . 718 mo ecu ar s~evés . Hexamethylphosphoramide (HMPA) was 

stirred over barium oxidf! overnight, filtered" distilled 

from calcium hydride at reduced pressure and stored over 20% 

w/v 41 mo-lecu1ar sieves 718. Other s~lvents were at least 
1 . 

reagent grade and used as rece.i ved .. ' . 

--------------------------------~--~- ~ 
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EXPERIMENTAL i . 
Chapter l 

~ 

SYNTHESIS OF (±)-2-ACETYL~5,8-DIMETHOXY-~/2,3,4-TETRAaYDRo_ 

2-NAPHTHOL 

Knoevenagel Product 42 

A solution of 2,5-dimethoxybenzaldehyde (83.1 g, 0.5 mol), 

dimethyl malonate (72.7 g, 0.55 mol), piperidine (1.23 g) 

and acetic acid (3. 7 g) was re fluxéd wi th 350 mL of benzene 

in an apparatus equipped with a Dean-Sta~k water separator 

(containing 4Â molecular sieves) for 22 h. The product 

mixture was diluted wi th ether (300 mL) and washed successive1y 

with 100 mL portions of 5% HCI, 5% NaHC0 3 , and satùrated brin~. 

The aqueous washes, which were not combined, were extracted 

once wi th ether. Evaporation of the sol vent in vacuo gave 
, , 

13-3 g (95%) of 42 as. a yellow ail. An analytica11y pure 

sample of 4'2 as yellow plates, mp 6S-66°C was obtained by 

recrysta11ization (CH 2C12/hexanes) after flash chrornatoqraphy 

\ 
IR (KBr) \1 max 2840 (CH

3
, ArOCH

3
), 1710 (carbonyl, 

conjugated ester), 1615 (conjugated alkene), 1585 (ring C.:..:..:.c) , 

1303, 1250, 1175 (=C-O-C, v ), 1065 (=C-O-C, 'Vs). as 

IH.m.r. (60 ~z, CDC1 3) ô; 7.90 (s, lH, vinyl), 6.76 (m, 

3H, ary1-H), 3.86 (s, 9H, 2XCOOCH 3 , OCH 3) , 3.76 (s, 3H, OCH3). 
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Triester 43 

Tc a solution of 42 (28 g, 0.1 mol) in 200 mL TSF at 

-78°C was added, under inert atmosphere, L-Se1ectride (lithium 

tri-secbutyl.borohydride, 110 mL of a 1 M solution in THF, 

0.11 mol). After complete addi tion, the f lask was emersed 

in an l.ce-water (O°C) bath and stirred for 30 min. Follow,J,ng 

spectroscopic ana1ysis of an aliquot that indicated hydride 

addition was complete, methyl bromoacetate (16.1 g, 0.105 mol) 

was added at once. The solution was refluxed for 3 h before 

the solvent was evaporated. The rèsidue ,was neutrall.zed 

with 5% HCI, extracted W1th CH 2C1 2 (150 mL), washed with 

water (3 x 50 mL) and dried over anhydrous Na
2

S04 • After 

evaporation of the solvent, c,rude 43 was obtained wh 1. ch was 

purified by flash chromatography (CH
2

C1
2 

-EtOAc, 2: 3) to afford 

28.3 9 (80%) of 43 as a yellow oil that although pure (by tIc) 

did not crystallize. 

IR (film) \) : 2840 (CH
3

, ArOCH
3

) 1 1745 (carbonyl-max 

saturated ester}, 1600 (ring C.:..:...:.c) , 1249, 1180 (=C-O-C, vas)' 

1058 ( =C -O-C, \1 s) • 

IH.m.r. (60 MHz, CDC1
3

) :J: 6.64 (s, 2H, aryl-H), 6.45 

(s, IH, aryl-H), 3.70-3.63 (m, lSH, 3xCOOCH
3

, 2 X OCH
3
), 3.36 

(s, 2H" benzylic), 2.76 (s, 2H, -C!!2-COOCH3)' 

\ 



Triacid 44 -
A mixture of triester 43 (7.1 g, 0.02 mol), 5-0 mL of 

ethanol, 80 mL of water and 16 9 KOH was stirred at 75 oC 

249 

for 5 h and then overnight at room temperature. The solution .. 
was washed once vith CHC1

3 
(25 mL) and poured onto concentrated 

HCI (30 mL) and 30 9 ice. The clear, acidic solution was 

cooled at 4°C for several days and 2.5 9 (40%) of !! was 

~ o~tained as white needles, mp 189-190 aC. 

lH.m.r. (60 MHz, CF
3

COOH) 0: 7.0 (bs, 3H, aryl-H), 4.0 

(s, 3H, OCH
3

), 3.8 (s, 3H, OCH 3), 3.60 (s, 2H, benzylic), 

3.43 (s, 2H, methylene). 

Anhydride il 

A mixture of triacid 44 (2.27 g, 7.0 mmol) and 25 mL 

of ace tic anhydride were refluxed for 20 min. Removal of 
, . 

the excess acetic anhydride in vacuo gatre a 1.45 9 (80%) 

anhydride ~ was a brown oil. , 

,/ 

\ , ' 

IR (film.) \1 : 
max 

2842 (CH
3

, ArOCH
3
), 1860, 1780 '(carbonyl -

cyclic anhydr~de), 1248 (=c-O-C), 1222, 944 (C-O anhydride) • 

lH.rn.r. (60 MHz, CDC1
3

) 6: 7.26 (s, IH, aryl-H), 6.73 

(s, 2H, ary1-H), 3.3-2.3 (m, 5H). 
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34:arboxy-5,8-dimethoxy-l-tetralone (46) 

A solution of anhydride ~ (2 g, 8. a mmo1) in 15 mL TFA 

and 23 mL TFAA was stirred at rOOIn tempera ture for 12 h. 

Evaporation of the TFA-TFAA in vaauo left a residue which waS 

disso1ved in CH
2

C1 2 , washed 'Nith water (S x 10 mL) and dr~ed 

over anhydrous Na 2S04 . Removal of the solvent igave 1. 8 g 

(90%) of tetralone 46 as a viscous o~l. 

IR (film) v 
max 

3500 -2700 (OH, carboxylic ac~d), 1690 

(carbonyl, carboxyl~c acid), 1665 (carbonyl), 1600 (nng C-=-=-=-C), 

1247 (=C-Q-C, Vas)' 1025 (::;;;C-O-C, Vs) . 

t H. m . r . (60 MHz, CDC1
3

) &: 10,.2 (bs, lH, exchangeab1e 

COOH), 6.73 (bs, 2H, aryl-H), 3.73 (s, 6H, 2 X OCH
3

), 3.2-2.4 

(m, 5H). 

5, 8-Dimethoxy-2-carboxyl~c acid (!1) 

To a solution of tetralin 46 (1.8 g, 7.0 nunol) in 20 mL 
J 

TFA was added triethylsilarle (2.0 g, 17 nunol) and stirred 

at room temperature for 1 h. T/e TFA was. removed by 
/ 

evaporation and th~ ~h~te gujy residue treated w~ th excess 

20% aqueous KOH, wash~-\\U.tVether '(2 x 10 mL) to remove 

s~licon by-prod.ucts, and aCl.difled wlth concentrated HCl. 

---- Acid 47 precipi tated as an ail which was di 1 uted wi th CH
2

C1 2 , 

washed with water (3 x 10 mL) and dried over anhydrous Na
2

S04 • 

Evaporation tn vacuo of the solvent gave 1. 6 g (95%) of 47' 

as an oll. 

{ , 

<1 
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IR (film) v 
max 

251-

3500-2700 (OH, carboxylic 'acidl, 1690 
. ., 

(carbonyl, cafboxylic acid), 1600 (ring C..:..:...:..c), 1248 (=C-O-C, 

v ), 10 20 (=C -O-C , v ). 
as s 

IH.m.r. (60 MHz, CDC1
3

) 0: 11.00 (bs, IH, exchangeable 

COOH),6.70 (s, 2H, ary1-H), 3.7 (s, 6H, 2xOCH
3
), 3.2-1.9 

(m, 7H). 

2-Acetyl-5,8-dimethoxytetralin (48) 

To a solution of aCld 47 (1.2 g, 5.0 mmol) in 20 mL (1:1) 

THF-ether was added methyl1~thl.um (11 mL of a 1.4 M solution 

ln ether, 15 nunol) dropwise under ,.I,nert atmosphere at -20°C. 

The ml.xture was stirred for 8 h and then carefully hydrolyzed 

by adding the mixture 8 Î,01.J ty, dropwise, with vigorous stirring 

to a large solution of water-THF-HC1. The product was 

extracted with CH
2

C1
2

, washed with 5% ,aqueous NaHC0
3 

(3 x 10 mL), 

water (3 x 10 mL) and dried over anhydrous Na
2

C0
3

. Evaporation 

i--n vqcuo of the solvent gave an amorphous mass whichll)was 

recrysta11ized (CH 30H) to afford 1.1 9 (95%) of pure 48: 

mp 82-83°C (Lit. 292 81-8.?°C). 

IR (f~lm) v : 
max 

2840 (CH
3

, ArOCH
3

), 1715 (carbonyl, 

acetyl) , 1600 (ring C..:....:....:.c), 1249 (=C-Q-C, Vas)' 1020 (=C-Q-C, 

vs) . 

1 H. m • r . ( 6 a MH z, CDC 1 3 ) 0 : 6 . 7 (s, 2 H " a ry 1-H) 1 3. 75 ( s , 

6H, 2 X OCH
3
), 2.28 (s, 3H, COCH

3
), 2.78-1.62 (m, 7H) . 

) 



\ 

" 

M . s. ( El, 70 è V, 45 ° C ) ml z (%): + " 250 (55.i, M')~251 
+ 

(15.8, [M+l]' + 1.sotope peak), 232 (56 .2 J M' - H20), 207 (100 
. "-+ 

M' - CH CO 
3 

+ 
CH

3
CO). 

or M T - C H 3 -CO), 18 9 (7 5 . 9, 2 0 7, H 2 ti ), 4 3 (8 3 . 1 , 
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'l, Synthesis of 6- and 7-(2-methoxybenzoyl)-2-acetyl-2-hydroxy-

5,8-d1.methoxytetralJ..n (50) and (51) 
->- ~/-

• 
A mixture of tetralin 30 (0.18 g, 0.72 mIIlo1) and(ft 

o-methoxybenzoic ac~d (0.55 g, 3.6 nuno1) in 35 mL of (4:3) 

TFAA-TFA was refluxed for 24 h. Evaporat1.on of the TFAA and 

TFA tn Vt1CUO gave a residue of a dark brown 01.1 that cons1.sted 

"-of a mixture (by tIc aI)t1 prnr spectroscopy) of esters 52, 53 

and 54. fiydro1ysis W1.th 3D mL 5% aqueous methanol (1:2) 

solution of KOH at 80°C for 3 h fol10wed by pUrl_f~cat1.on by 

fla,sh chromatography (CH
2

C1 2-EtOAc, 5: 2) gave 100 mg (60%)' 

t.e tralin 30 ànd 69 mg (25 %) of desired compounds 2.Q. a#d 51 

as an o~l. 

IR (nujol) \) 

max 
3480 (br, OH), 2830 

(carbony1, acetyl), 1660 (carbonyl, diaryl), 1600 (nng C~) , 

" 1250, (=C -O-C) .. 

1 • 
H.m,r. (60 MHz, CDC1

3
) 0: --7.56-6.93 (m, 4H, aryl-H), 

6.86 (bs, lH, aryl-H (7 or 6», 3.8 (s, 3H, OCH
3

) , 3.73 (s, 
f , 

3H, OCH
3
), ~.5 (bs, lH, exchangeable OH), 3.43 (s, 3H, OCH

3
) 1, 

3.1-2.8 (m, 4,H, ben:zy1ic), 2.3 (s, 3H, COCR
3

), 2.0-1.8 (m, 

2H, methy lene) 

______________________________ ~~~L-_____ .~ __ 

\ ., 
î . 
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2-Acetyl-S,8-methoxy-2-hydroxytetralin (30) 

" Oxygen was bubbled ~nto a coo1ed mixture (-20 OC) of 

t-BuOK (0'.51 g, 4.5 mmoll in 15 mL t-butanol, excess tri-

methylphosphl te (4 mL) and DMli' (10 mL). Tetral1n 48- 0: g, 

4.3 mInoll was )iissolved ln 5 mL t-butanol and added'to the 
/ 

oxygen-satu/ated Solut:l0n. Afte,p' complete additio~, the 
1 

cooling bath was removed and oxygen was bubbled into the 

252 

mixture for an additional 5 min at room temperature. A stream 
;. , , 

of ni trogen was passed vigbrously through the solu~ion to 

expel the oxygen and the solution was acidified with acetic 

acid. After removal of as n'luch of the solvent -as possible by 

evaporation in vacuo (a favorable 19~ boiling azeotrope is 

obtained between DMF and 1-pr~opanol), the residue was disso1ved 

in CH
2

C1
2

, washe,d wi th water (3 x 10 mL), and dried over 

anhydrous Na
2
co

3
• EvapQratl0n in vacuo of the sol vent gave 

crude tetralin 30 which was .purified by recryst1ülization 

(CH
3
0H/ether) ta give 0.85 g (80%) of pure 30: 

(Lit.
292 

lOO-102°Cl. 

mp ,104 -1 0 6 0 C 
\ 

IR (nujol) v : 
max 3490 (OH, weak intramolecular H-bonding) , 

2840 (CH 3 , ArOCH 3)' 1700 (carbonyl), 1600 (ring C~), 1250 

(:::C-o-C V ) 1030 (=C-O-C, 'J ). , as' s 

,i R.m. r . (60 MHz, CDC1
3

) 6: 6.63 (s, 2R, aryl-H), 3.78 

(s, 3H, OCH
3
), 3.75 (s, 3H, OCR

3
), 3.6 (bs, lH, exchangeable 

OH)" 3.0~2. 7 (m, 4H, benzylic), 2.26 (s, 3H, COCH
3

) ... , 2.0-1.66 

(m, 2H, methylene). 

( 1 • 

, 1 
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M.s. (El, 70eV, ao°c) rn/z (%): 
+ 384 (50, M·), 385 (13, 

+ + + 
[M+1]' lsotope peak), 366 (5, M· - H20), 135 (100, M' -. 

Ester 52 

A lTUxture of tetral1n 30 (0.18 g, O. 72 mmo1) and 

o-methoxybenzoic aCld (0.12 g, O. 79 rmno~) in 35 mL of (4: 3) 

TrAA-TFA was re;luxed for 16 h. After evaporation of TFAA 

and Tm\ in va/uo, the resldue was dlSSO~ ved in CH
2
C1 2 (30 mL), 

\ 
'iVashed wi th di1ute Na OH (3 x 10 mL), water (3 x 10 mL) and 

" dried over anhydrous Na 2 S0
4

• " Evap'~ration in :Jacuo of the 

solvent gave a crysta11ine materl.al which was purified by 

recrystal1izatlon (CH
3

0H/petro1eum ether) as transparent 

pnsrns: mp i 39-141 oC. 

IR (nujol} v : 2840 (CH
3

, ArOCH
3

), 1720 (carbonyl, 
max 

acetyl and con)ugated ester), 1600, 1580 (rlng C.:...=....:.c) , 1260 

(=C-O-C, v ), 1020 (=C-O-C, v ). 
as s 

lH.rn.r. (60 MHz, CDC1
3

) ô: 8.1-6.6 (m, 4H, aryl-H), 

6.58 (s, 2H, H-7) , H-8), 3.76 (s, 3H, OCR
3
), 3.73 (s, 3E, n· 

OCE
3

) , 3.7 (s, 3R, OCH 3 ), 3.1-2.8 (m, 4H, benzylic), 2.13 

(s, 3H, COCH
3
), 2.0-1.8 (m, 2H, metq.ylene). 

M • ~ • ( El, 70 eV, 82 0 C ) ml z (%): 38 4 ( 3 . 9, M ~), 3 85 (1. l, 

[M+l]t)r 232 (100, M't - C8Ha03~' 135'(76.2, [C a H70 2 ]t), 43 

+ (34, C;H3CO ). 

) 

, 
----------------~--------------~~--~----. _._~ 
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EXPERIMENTAL 

Chapter 2 

SYN'rHESIS OF 2-CARBOMETHOXY-I,4-BENZOQUINONE (87) 

Prepar~tion of methy1 2, 5-d:Lhydroxybenzoat~ (~) 

Ta a stirred so1uti'?I1~f 2,S-dihydroxybenzoic acid 

(6.2 g, 0.04 mol) in 50 mL spectrograde methanol was added 

255 . 

a solution of baron tr:Lfluoride et:herate (9.0 mL) under an ' 

inert atmosphere. The solution was refl uxed overnight. 

The reaction was cooled (0 OC) and 5 % aq';leous NaHCO 3 was added 

with vigorous stirring. Thé solution was concentrateq in 

vaauo and ethyl 'acetate (80 mL) was added. The' organic layer 
\, 

was separated, washed successive1y with 5%, aqueous NaHC0
3 (t' , 

(3 x 40 mL), water (3 x 40 mL), sa turated brine (3 x 40 mL) \ 

and dried over anhydrous Na
2

S0
4

. Evaporation of the solvent ~-~) 
in vacuo gave a solid which was recrystal1ized (water) "ta 

yield 6.3 g (94%) of the pure ester 88 as 1onp;hit~ ne:dles: 

mp 79-80.5°C. 

, 
IR (KBr) v max 

, 

3200 (OH, intrarnolecular H-bonded), 1680 

(C=O, H-bonded), 1610, 1500 (ring C~), 1270 (=C-O-C, v ) , 

" as . . . . \ 
1,090 (=C-O-C, Vs)" 800 (1,3,4 tr~subst~tuted p,~enY1). 

lH.m.r. (60 MHz, CD 3COCD 3 ) ô: 10.2 (bs, 2H, exchangeable 

phenolic OH), 7.36-6.7 (m, 3H, aryl-H), 3.9 (s, 3H, COOCH
3

). 

-, 
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Oxidation of methyl 2,5-dihydroxybenzoate (88) 

To a solution of pure methyl 2,5-dihydroxybenzoate (0.72 g, 

4.3 mmol) ~n 10 mL dry benzene was added silver(II) oxide 

(1.13 g, 9.0 mmol). The mixture, protected from light*, was 

heated for about S min at 60°C and stirred at room temperature 

for another 5 min before being filtered through a thin pad 

of Celite. Anhydro~s, K2C0 3 was added ta the filtr~te and 

the mixture was vigorously stirred for l h. 
j , 

The m.l.xture was 

filtered and evaporated in vacuo ta give an amorphous material 

which was triturated with hot/hexanes. Evaporation of the 
1 

sol vent in. vac ua gave the af~inone which was purified further 
t 

by recrystallization (pentane). Pure qui none 87, 0.5 9 (64%) 

was obtained as long light-orange needles: mp 53-53.SoC 

(Li t. 3 78 5 3 .• S - 54 0 C) . 

IR (melt) v 
max 

(C=o, conjugated 

COOCH 3 ), 1660 (C=O,'quinone,)' 1600 (C=C), 1270 (C-O-C, ""as)' 

1110 (C~O-C, Vs). 

lH.m.r. (60 MHz, CDCI
3

) ô: 7.1 (m, IH, H-3), 6.8 (m, 

2H, H-~I H-6) 1 3.9 (s, 3H, COOCH 3). 

* 

/ 1 

,'1 

The'flask was conveniently wrapped in aluminium foil. Quinone 87 was 
protected from light throughout i ts manipulation as well as during i ts 

~ 

subsequent storage. 

'. 

{ " -
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Synthesis of 4,4-dimethoxycyclohexa-2,5-dienone (91) 
• 

To an open lOO-mL beaker was added 50 mL me th an 0 l , 

p-methoxyphenol (2 g, 16.1 mmol) and the inert electrolyte 

anhydrous lithium perchlorate (20 g, 188 mmo1). The mixture 

was magnetically stirred and cooled (OOC) in an ice-water 

b~h. The reaction, easily monitored by pmr, was cdmplete 

after about 2.0 h when.lsubjecied to a current of about 1.0 A 

(Electrical Efficiency == 42%, Lit. 380 
EE = 54%). The 

/t---- \ ",,/ 

reaction mixture was concentrated in vaauo « 25%~, CH2C1 2 
" (50 mL) added, washed quickly wi th cold water (1 x 2~ mL) 

and dried over anhydrous sod,ium sulfate. Evaporation of the 

solvênt in vacn:rO gave a dark yel10w oi1 'which wa,s purified 
\ . 

by flash chromatography (CH 2C1 2 ) affording 2.1 9 (85%) of, 

monoketal 91 as a light yellow 'oil: bp 109-111°/12nun ,~Lit. 380 

bp 70-73 9 C/0.7nun). The ~lica gel used was washed with 5% 
'"" 

aqueous ammonium hydroxide, distilled water and dried a t 110 oC 

overnight. 

IR (film) 'V : max 2825 (CH 3 , ArOCH3), 1695 (conjugated 

carbonyl), 1650 (C=C) ,'1145 (-C-O-C, 'Vas)' 1080, 1045 

( -C -o-c l 'V s) • 

lH.m.r. (60 MHz, CDC1 3 ) ô: 6.78 (d, J = Il Hz, 2H, H-3, 

H-5 ),6.15 (d, J = Il Hz, 2H, H-2, H"'6) , 3.36 (s, 6H, OCH 3) • 

, , 

.. 
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The undi vided cell consisted of a platinum gauze- and wire 

(anode) and a tungsten wire (cathode). Th'e source of direct 

current was a 6-12 'vOlt battery ~harger (Canadian Tire 

Corporation, Model T1225) 1 equipped with an internaI ammeter. 

The battery recharger was connected to a variable voltage 

regulator (Variac), which in turn ~as connected te an 
-,J} 

al ternating current supply. 

) 
(, 

VARIABLE 
VOLTAGE REGULATOR 

1 

Platinum -l========i 
. wire 

Platinum ~--------~ 
gauze 

l 

\ ' 

AC SUPPLY 

Battery recharger 
{with ammeterl 

Tungsten wÙ'e 

Beaker with Ll.CI04 
eleètrolyte 

Figure 17: The schema tic of the electrochemical apparatus. 

l 
T 
1 

! 
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synthesis of 1- (o-methoxy) phenyl-l , 3-di thiane (94) 

-
Ta a stirred solution of 2-methoxybenzaldehyde (5 g, 

0.037 mol) and l )3-p~opanedi thio1 (4 g, 0.037 mol) i.n 50 mL 

CH
2
C1 2 was added chlo.rotrimethylsilane (6 g, 0.055 mol), over 

a period of 20 min with cooling at ooe, under an iriert 

atmosphere. After comp1e',e addition, the cool.ing bath was 

removed and the~ solution stirred at room temperature for 2 h. 

The solution was washed successi vely wi th 5 % aqueous sodi \lIn 

carbonate. () >c 25 mL), water (3 x 25 mL), saturated brine 
..,. 

(3 ~ . ..25 l1\~). and dried over anhydrous sodium sulfate. 

Evaporation 'of the .solvent in vaauo gave a residue which was 

recrystallized (rnethylene chloride-hexane) to give 7.6 g 

(92%) of the white crystalline dithiane 94': mp 80-82o.C. 

IR (nujol) 'Vmax : 2830 (CH
3

, ArOCH
3

), 1610, 1500 (ring 

C.!.:...!.C), 1420 (S-CH2 ), 1250 (=C-O-C, v ), !O20 (=C-o-C, 'V ). 
as s 

l H.m. r. (60 MHz, CDC1
3

) ô: 7.66-6.8 (m, 4H., aryl-H) , 

~ 5.7 (s, lH, methine), 3.8,,3 (s, 3H 1 OCH), 3.16-2.8 (m, 4H, 
" 

-SC!!2CH2CHiS:"), 2~i23-1.-9 (m, 2H, -SCH2CH2CH2S-). 

( -" 
.... ---r 

" 
... ~ 

, 

.. 
\ 

\ 
1 

J, 

~ 
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\. 

~ 
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Preparation of 1- (o-methoxy) pheny~-l, 3-dithianide (93) 

To a solution of dithiane '94 (1 g, 4.42 mmol) in 20 mL 
-" ' \ 

THF-ether (1:l) was added n-butyllithium (1 ... 8 mL of a 2.6 M 

solution in hexane, 4.6'8 mmol) at -22°C under inert atmosphere. 
1 

After stirring 5 h, the reaction was quenched wi th an excess' 

of deuterated methanol (CH
3
0D). Evaporation of the solvent 

in vacuo gave a crude crystalline material which was purified 

by, recrysta11ization (as for 94) to gi ve essentially a 

quantitative yie1d of the deut-eratet1 compound. This established 

the - condi tions required for di thianide forma tion . 

lH.m.r. (60 MHz, CDCI
3

) ô: 7.66-6.8 (m, 4H, aryl-H), 

3.83 (s, 3H, QÇH 3), 3.16-2.8 (m, 4H, -SC!!.2CH2C!!.2S-), 2.23-1.9 

(m, 2H, -SCH
2
CH 2CH2S-). 

\ 

.' 
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Esterificat,iQn of o-iQdobenzoic acid , 

Method -A 

To a solution of o-iodobenzoic acid (5 g, 20.3 ImIlol) in 

50 mL anhydrous ether was added an ethereal solution of 
('--

diazomethane (prepared from Diazald) 395 at room temperature 

until a yellow color persisted. The reaction mixture was 

stirred overrtight at room temperature. Unreacted diazomethane 
/ 

was 'destroyed by the addition of 3 mL acetic acid. The , 

reaction mixture was washed successively with 5% aqueous 

N~HC03 (3 x 25 mL),' water (~x 2S mL), saturated brine 

(3 x 25 mL) and ~ried over anhydrous Na2 S04 . Evapora~ion 

vacuo gave 5.25 9 (qu~nti trati ve yield) of the pure methyl 

ester 97 as a yellow free-flowing ail. 

Method B 

.- . 
To a solution of o-iodobenzoic acid (248 g, 1.0 mol) in 

• 
500<!JlL~ CH2C12 was added methanol (96 g, 3 mmol) . and 15 mL 

cencentrated sulfuric acid. The reaction mixture was refluxed 

for 75 h. To the resul ting cloudy solution was added water 

and the top layer was siphoned. The organic layer was trea ted 

/ 
./ 

as described in Method A. Evaporation of the soivent in vaauo , 

gave 244 9 (93%) of the pure ester 97. 



262 

~_\o..._ 397 . ~ Method C 

To a soluùon of o-iodobenzol.c acid (20 g, 0.08 mol) 
., 

in 150 mL dry methanol was added chlorotrimethylsi1anè i (19.3 g, 

0.18 mol) at room temperature under inert atmosphere. The 

mixture was refluxed for 18 h. Evaporation of ~e solvent 

and distillation of the crude oil gave 20 g (95 %) of the pure 

ester 97~ bp 80-82 % .2nun (Lit. 394 bp 272-274°/760nun). 

IR (neat) v : 1730 (C=O), 1590, 1565 (ring C~) 1 max 

1280 (=c-O-C, v ), 1110 (=C-O-C, v ). as s 

la.m.r. (60 MHz, CDCl
3

) .6: 8.0-7.0 
\ 

(m, 4H; ary1-H), "" 

3 • 8 (s, 3H, OCH 3) • 

..' 

'1 

1 
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Synthesis of 2,S-Dimethoxyphenol (98) 

Preparation of the formate 99. 

A solution of 2,5 -dimethoxybenzaldehyde (113.5 g, 0.683 

mol) and 3-:tert-butyl-4-hydroxy-S-methylphenyl sulfide 

(2 g, 5. 5 mmo~l) in 450 mL dry CH
2

C1
2 

under inert atmosphere 

was cooled to DoC. m-Chloroperoxybenzoic acid (183 g, 1.05 mol) 

was added in. srna11 portions (highly exotherrnic reaction) over 

a period of 0.5 h, wi th vigorous stirring. After complete 

addition, the mixture (a suspens~on) was stirred for ca. 20 min 
/ 

at O°C. The mixture (which becdme hornogeneous when heated) . ,~ 

was refluxed for l h. The so+ution was coo1ed to O°.C and 

• 
10% aqueous Na2S0

3 
was added and vigorously'stirred for IO min. 

The organic layer was tested for active peroxide with starch-, 

iodide pap~.t;' indicatol;" and more., .. aqueous Na 2S0
3 

was added until 

a negative test resulted. The organic layer 

successively with water (100 m~, 5% aqueous , 

was washed 

NaHCO) (3 x 100 

mL), water (3 x 100 mL), saturated brine (3 x 100 mL) and 

dried over anhydrous Na
2

S04 . Evaporation "Ln vaauo gave 122 g 
. \ 

r' (98%), of a crude clear light-yellow ail. An ana1ytically • 

,pure sample of formate 99 as c1ear transparent plates, mp 61-62°C, 

was obtained by reèrysta11ization' (C~2C12/hexane) after flash 

'-IR (film) \! 
max 2840 (CH 3' ArOCH

3
), 1735 (C=O, formate), 

• 
1610, 1590, 1500 (ring C~), 12151 (=C-O-C, 'Jas) , 1185 

(-C-O-C 1 formate), 1040, 1020 (=C-O-C', \J ) • s 

• 
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o 
" 1 H . ID. r. (60 MHz, CDCl 3) ô: 8.15 (s, IH, OC-Hl, 6.80-6.60 

'(m, 3H, ary1-H), 3.66 (5, JH, OCH
3

) , 3.63 (s, 3H, OCH
3
l. , 

l' H • m . r . ( 20 0 MH z, C OC 1 3 ) 6: 6 . 9 3 ( d , J = 8. 6 Hi, 1 H , 

H-6l-, 6.79 (d, J == 2.9 Hz, IH, H-3), 6.72 (dd, J = 2.9 and 

8.6 Hz, lH, H-5), 3.66 (s, 

Hydrolysis of the formate 2.2. 

The crude formate 99 (120 g, 0.659 mol) was dissolved 

ln 100 mL methano1 under inert a tmosphere and an excess of 

10% aqueous solution 'of NaOH (82...,g, 2.05 mol) was .added with 

cool~ng at oDe. After a few m~nutes t:he coollng bath was 

removed and the react~on m~xture was stirred at room temperature 

for 3.5 h. The s01ut~on was ac~dified wlth concentrated Hel 

which precipi ta ted a red~ o~ 1. The çnl was ~epara ted and 
1 

corn.lsnned wlth the CH 2 C1 2 extracts ()f x 10o..JmL) of the aqueous 

layer. The organ~c solut~on was washed succeSSl ve ly wi th °wa ter 

(10à' mL), saturated br~~e (3 x 50 mL), dried over anhyCIrous 

-1 Na2 S04 and evaporated in vacuo. The resultant oil (100 g) , 
was purified by bulb to bulb distillation to give 97 g (94% 

overall) of the pr1e~ol ~ as a red viscous o~l: bp 106-110°C/ 

5rnm (Li t. 398 124-126°e/7nun) . 

IR (film) \) , 
max 

3460 (OH), 2840 (CH
3

, ArOaH
3
), 1620, 

1600, 1510 (ring C.!...!.....:..Cl, 1340 (OH bend), 1240 (=C-O-C, v ), 
\ ~ as 

1200 ',l==C-O-H), 1045, 1020 (=C-O-C, vs) . 
""-

lH.rn\r. (60 MHz, CDC1
3

) ô: 6.83-6.33 (m, 3H, ary1-H), 

/ 

• 



• 

265 

6.06 (bs, IH, exchangeable OH), 3.73 (s, 3H, OCH
3
), 3.66 (s, 

3H,OCH
3
)· 

l H • m. r. (200 MH z, CDe 13) 0: 6 • 79 (d, J = 8. 8 Hz, lH, 

H-6), 6.5 (d, J = 2.9 Hz, IH, H-3), 6.37 (dd, J = 2.9, 8.8 Hz, 

lH, H-S), 6.0 (bs, lH, exchangeable OH), 3.73 (s, 3R, OCH
3

), 

3.66 (5; 3H, OCR 3 ). 

\ 

Synthesis of l,4-Dimethoxyxanthone\~J6) 

A m~xture of 2,5-dirnethoxyphenol 98 (30.8 g, 0.2 mol), 

rnethyl o-iodobenzoate ~ (52.4 g, 0.2 mol) and copper(!) 

oxide (14.3 g, 0.1 mol) l.n 150 mL of dry DMA was refluxed with 

ef.ficient stirring under a nitrogen atmosphere for 24 h . . 
The .ceaction was cooled (0 OC) and fil tered. Most of the 

solvent was removed by dist~llation in vaauo. To the oily 

residue was added 6N Hel (300 mL) and extraced with ether 

:(3 x 200 mL). 'Dhe organic layer was washed successively with 
~ 

water (3 x 100 mL), 2N NaOH (2 x 100 mL) and again with water 

(2 x~ 100 mL). Evaporation in vacuo gave aa. 40 g (69%) of 

diaryl ether l~ a-s a crude red viscous oi1. 

To the crude compound 102 (40 g, ca. 0.14 mol) ~iss?lved 
\~ 

in 200 mL methanol, was fdded 3N NaOH (200 mL) and the mixture ., 
reflux~d for l h. Afte cooling, the solution was acidifieq 

(with 6N Hel and concentrated -z. vacuo. Methylene <!hloride 
'''--

• 1 
(4 00 mI.J) was added to the oily res~due, and the resulting solution 

washed ~essively mth water (3 x 100 mL), saturated brine (3 x 100 mL) 

• olt 

( 
\ 
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and dried over anhydrous Na 2 SO 4.' The solution was concentrated • 
," 

in vctauo ta abput 300 'mL and added over a period of 30 min 

to a vigorously stirred solution of 150 mL TFAA-TFA (2:1 v/v) 

at 0 oC. The deep red solution was allowed to warm up to room 
/ 

témperature overnight. Evaporation of the solvent and most 

of the TFAA-TFA i.n vacuo gave a solid mass which was r~c1issolved 

in CH 2C1 2 (150 mL) , washed successi vely wi th 5 % aqueous NaHCO) 

(3 x 75 mL) 1 water (3 x 75 mL) and dried ovèr anhydrous N~2S04' 

The crude mixture was purified by flash chromatography 

(EtOAc-CH
2
C1

2
, 3: 2) to give the main fractio,n, compound 76 

.-and a more polar fraction, compo'und 104. Recrystallization, 

of the main fraction, from methanol gave 20 g (56% based on -
phenol) of pure 1,4-dimethoxyxanthone (76) as an off-whit,e 

crystalline material: mp 164-165 oc (Lit. 366 168-169 OC) • 
r 

IR (KBr) \) : 2840 (CH
3

, ArOCH
3
), 1670 (C=O, xanthone 

max 

(y-pyrone», 1600, 1580, 1500 (ring C~), 1260 (=c-O-C, "'as)' 

1030 (=C-O-C, \) } • 
s 

lH.m.r. (60 MHz, CDC1
3

) 0: 

, , 
8.32 (dd, J:: 2 and, 8 Hz, 1«, 

H-8), 7.85-7.2 (m, 3H, ~_-5,. a-6, H-?), 7.15 (d, J ,= 9 Hz, l.H, 

H-3), 6.66 (d', J = 9 Hz, lH, H-2), 3.95 (s, GH, 2 X OCH
3
). 

lH.m.r. (200 MHz, CDC1
3

) ô: 8.31 (dd, JH8 - H7 = 8.0 Hz, 

J H8- H6 = 1.8 Hz, lH, H-8), 7.68 (m, J H6 - HS = 8.5 Hz, J H6 - H7 = 

.. 6.9 Hz, J H6 - H8 = 1.8 Hz, lH, H-6), 7.53 (dd, J aS - H6 = 8.5 Hz, ~ 

J HS- H7 = 1.2 Hz, lH, H-5), 7.35 (m, J H7 - H8 = 8.0 Hz, J H7- H6 = 

6.9 Hz, J H7 - H5 = 1.~Hz, IH, ~ 7.18 (d, J = 8.9 Hz, lH, 

H-3), 6.70 (d, J = 8.9 Hz, IH, H-2) , 3.98 (~, 6H, 2X OCH 3). 

~ 
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13c .m•r .* (22.63 MHz, CDC1
3

) ô: 
, , 

176 • 4 (C=O), 154.9 

(C-10a), 153.9 (C-l), 148.0 (C-4a), 142.3 (C-4), 134.2 (C-6), , 
126.T~ (C-8), 124_CC-7), 122.9 (C-Sa), 1l7.6 (C-5), 116.6 (C-3), 

113.5 (C-9a), 104.5 (C-2) , 56.9 (OCH 3), 56.5 ~OCH3)' 

M • s. ( E I, 7 Oe V, 2 3 0 C) ml z ( %) : 256 ( 100, Mt), 257 (1 7 • 0 , 

[M+1]! isotope peak), 241 (56.5, Mt - CH
3
), 227 (63.6, Mt -

+ CHO), 213 (36.5, M· - CH 3 -COl • 

... 

* . 
Assignments were made using the method described in Appendix 6. 

1 , 

"r - --, 7' .. _ 
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EXPERIMENTAL ,/" 

Chapter 3 ~ 

synthyis· of 2-Chloromethyl-l, 4;-Dimethoxyxanthone (110) 
, 

Method A 

To a heated (35 OC) mixture of l, 4-dimethoxyxanthope (4 Ci, 

1.56 mmol) , 50 mL ace tic, acid, 25 mL concen.trated, hYdroch-loriC,~ 
ï 

acid ('" 38%) and 25 If formalin ('" 37%) was bubbled hydrogeR, 

chloride at a vigorous rate for 1 h. The reaction "'was stirred 

for an additional 5 hJ poured onto ice and the precipitated 

material. was :collected, dissolved in CH
2
C12 (100 mL), .washed 

" 
successively with cold 5% aqueous NaH.C0

3 
(3 x 40 mL), cold 

\; 
water (3 x 40 mL) and dried over anhydrous Na2So4 .", Evaporation 

of the solvent in vacuo gave a residue which was purified by 
. 

flash chromatograpny (EtOAC-CH2 C12 , 2: 5) affording 280 mg 

(60%) of :UO as a light yellow crystaJ.line compound. (Further .. 
elution gave 95 mg (20% of the more polar compound III wllich 

did not crystallize.). 

Method B 

To a solution of 1,4-dimethoxyxanthone (0.66 g, 2.57 mmol) 

in 30 mL, spectrograde CHCI 3 wa.s added a four-fold ej(cess of 

chloromethyl methyl ether and 1 drop of concentrated H2 S04 • 

After heating gently (~ 35°C) for 4 h the solvent was evaporated 

in vaauo and the residue dissolved in CH
2
C12 (30 mL), washed 

-'~'~ 
1 
! 

:J 

/r 

, 

l 
L 
1 
1 , 

" 

(' 
/ 
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.. 
wi th water (3 x 10 !,IlL). and dri,ed over anhydrous Na2SO 4 • 

" 
Purification by flash chr~atography (CH2cn+ .. ~gave 570 mg 

(73%) of crystal1ine compound 110: mp 178-179°C. .(Further 
,/ 

~ J 

elution g~ 67 mg (10%) of the diaryl compound 112.). 
' ..... 

IR (KBr) ~'v\IIlaX: 2840 (CH 3 , ArOCH3 ), 1668 (C=O, xanthone /' 
1 • , , 

(y-pyrone»), 1~00, 1580, 1500 (ringC.:...:...:.c), 1270 (=C-O-C, Vas)' 

1020 (:aC~O-C, Vs), 775 (CB2 -C1). 

lH.m.r., (200 MHz, CD2C12 ) 0.: B.31 (dd, J H8 - H7 = B.O Hz, 
",--/ . 

JH8 - H6 = 1.8 Hz, 1H, H-8), 7.77 (m, J H6 - H5 = 8.5 Hz, JH6 - H7 = 
7.0 Hz,.JH6 - H8 = LB Hz, lB, H-6), 7.57 (dd, J HS - H6 = 8.5 Hz, 

J'Hs-H7 • 1.2 Hz, lH, H-5), 7.43 (m, J H7 - H8 = 8.0 Hz, J H7- H6 = , 

7.0 Hz, 'JB7~H5 = 1.2 Hz, IH, H-7), 7.33 (s, 1H"H-3), 4.81 (s, 

2H, CH2-Cl), 4.03 (s, 3H, OCH3) , 3.97 (s, 3H, OCH 3 ). 

M.s. (El, ·70eV, 81°C) m/z (%): 304 (35.4, Mt), 306 (12.2, 

+ . Mt + [M+2]· il5otope peak), 289 (62.2, - CH3), 269 (38.5, M· -

+ Cl), 240 (100" M' - Cl-CHO) • 
, 

l , 

1 

" 



• 

( 

• .... , 

.' 270 
1 

. 

) .. 
) .. .. 

Preparation of 1 ,4-Dimetho?éÏxanthene (!.!~) 
> 

"T6 a .. ~olution oz 1,4-dim~'thoxyxanthone Cl.5 q, 5.86 ~l) 
rtII 

in 40 mL THF (or dry CH2C1 2 ) 0 was slowly added a five-fQld 

\excess of borane-THF complex (30 mL 'of a 1 M sol~tion)' at OOC 

,under inert atmosphere. After complete addition, the cooling 

bath was removed and the reaction was allowed to proceed at 

~ room tempe rature over a period of ca. 4 h. < The reactiop was 
. 

quenched . by the careful addition of methanol. Evaporation' 
~ 

in vacuo of the so~vent left an amorphous materidl which w~s 

purified by recrystallizatïon from methanol-ether affording 

1.4 9 (quantitative ,yield) of off-white erystalline xanthene 

113:. mp 94-95.5 oC. 

IR (CH2C12 >. \lmax: 2840 (CH 3 , ArOCH3), lS~O, 1500 (ring 

C.:...:..:.c), l23~ (=C-O-C, 'Vas> 1 1040 (=C-O-C, "s>. 
lH.m.r. (60 MHz, CDC1

3
> 6: 7.03 (bs, 4H, aryl-H), 6.66 ~ 

(d, lB, H-3), 6.35 (d, lH, H-2), 3.9 (s, 2H, ~anthene-H), 3.83-

(s, 3B, OCR 3)' 3 • 76 ( s, 3H, OCR 3) .' 

preparatioJ of 2-Chloromethyl-l,4-dimethoxyxanthene (114) 

To a solution of 2-chloromethyl-l, 4-'dilbethoxyxanthone 

(lli> (1 g, 3.29 nunol) in 10 mL dry CR2Cl2 was added a three­

fold excess of borane-THF complex (10 mL of a l M solution) at 

aoc, allowed to reach room temperature slowly, stirred for an 

addi tional . 8 h ~d finally quenched wi th water. (Methanol' 
l ... 

be\use soue methoxymethyl compound is alBo cannat be uSed 

i 

.. 

: 

-

\ 

1 

~ ~ 

! 
1 

il 

i 
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,-
1 

f 
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1 '. . 

obtained.). The orqanic 1ay~r was extracted and evaporation 

in vacuo gave a crude amorphous materia1. which was purifîed 
..r 

by flash chromatography (EtOAc-CH2C12 , 1. :50) to )q:i:ve 0.86 q 

(90%) of the pure white crystalline chloromethylxanthene 
. 

compound: . mp 70-71 oC. 
.. .. <fi-

C.:.:..:..c), 1250 (=C-O-:-c, 'V ). as o ) 
lB.m.r. (60 MHz, CDCl 3 ) ô: 7.10 (bs, 4H, aryl-H), 6.-"73 

(s,1ft; 8-4); 4.63 (s, 2H, 'CE2-Cl), 4.?- (s, 2B, xanthène-H), 

3 • ~ 7 ( s , 3~H 3)' 3. 83 (s, 3H, OCH 3) •• .. .. 

M.s. (El, 70eV, 42°) rn/z (%): 290 (~9.2, Mt), 292 (20.4, 

[M+21 t isotope peak), 255 (100, Mt - 35), 240' (24, Mt - CI-CH
3
), 

+ 225 (59, M' - CH
2

0-Cl) • 
/ 

Methoxymethyl compôund 

IR (CBC1
3

) 'V : 1580, 1500 (rinq C~), 1250 (-C-O-C, 
max 

(' 

'Vas)' 1125 (=C-O-C, vs) • 

lH.m.r •. (,60 MHz, CJ?C13) ô: 7.16 (bs, 4H, ary1~), 6.86 

(s, 1H, r~-4), 4.48 (s, 2H, -CH20-), 4.()3 (s, 2H, ~anthene-H), 

3~93 (s, 3R, ,OCH 3 ), 3.8 (s" 3H, OCH 3)., 3.4 (s, 3H, aliphatic 

OCR 3 ) • 

M.s. (El, 70eV, 38'°C) m/z (%): 286 noo, Mt), 287 (19, 

[M+11 t isotope pe~), 255 (88.1, Mt - OCH 3), 240 (21.8, Mt -

OCR
3

-CH
3
), 225 (59, MT - OCg

3
-CH

2
0). 
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Preparation of Ch1oromethy1 Ch10.x:0su1fonate Cill.> 

, Ta neat ctllorosu1fonic acid (3QO mL) at 70 oC was v8z-1I .. 

car~fu Z Zy added paraformaldehyde' (100 '1) in sma11 portions 

over 1 a _ period Of, 1 h. The result~ng vis:o~~ solutplton was / 

stirred for an aclditi9nal hour and then distill.ed affording 

ca. 24. mL df CH 2C12 • The remaininq solution was distilled 

. in vacuo to afford ca. 150 mL of a yellow vilJ,coUS oi.1 which . 
• • . fi. 

was added to aqueous sodium bicarbonate "to destroy any ch.1oro-

sulfonic acid. which had co-di.sti11.ed. "The oil was dried over 

anhydrous Na2S04 . and' dil.uted with carbon tetra~hloride which 

was used to wash down #he sides tf the flask. Disti11at'îon 

of .the ye110'( residue afforded 120 q (7%) of a clear color1ess 

oil which proved to he pure c;:hloro~thyl chloFosulfonate by 

GC/MS: bp 55-57°C/18nnn (Lit. 4
Z? 46-48°C/9mm). 

1 < ,. 
H.rn.r. (60 MHz, CDCl: 3) ô: 5.96 (s.' -CH2-). 

Ge/MS (6% OVI01, 2m x6mm, SO°C + 16 oC/min) 
, t:) 

retention time: 

+ 1.65 min/CEl, 7~eV) m/z C%): 49 (100, Cl.CH2 ) , 

Cl), 99 (3l., Mt - CH2C.l.) ~,·65 (27, CICH20+l. 

, + 
129 ("9l,.~M. -

" , 

.. 
• 0 

,! • 



,-. /' 

......-- -~7""'--~ -~_. ~_' __ ~~ ___ i' ~,,' '''-~!r~-, _ -1----,-r-7 -

/' \1 . 

.. 

.. 

,JW 

/, 
'( 

\ " 

i ! 

• • '. t \\1 

Preparation of Guaiacy1-o-MethYl Chloride (~) 

, 
.... .'To a solution of ~-me~oX1fhenol (quaiacol) (1.24 g, 

10 mmol) in 25 mL THF vas added~' sodium hydride (0.26 q, 

10.,5 mmol, ,prewashed witq pe~tJ:e) at OOC .. After a few 
r 
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minutes, the reaction mixture was warmed to room temperature 

and was transferred slowly dropwi.se 'via eannula to a di1ute, .. 
viqorously stirred solution of a large excess of ch 1 orome thy 1 , . 

• 1 

, chloros,\lfonat~ in -CH2 C12 • '. A vigorous reaetion occurred and 

the reacti.on. was eomp 1ete wi thin a few minute s . The reaction 

was quenched wi th water and after extraction the .organic 
• 

... ---Phase was evaporated f,n vaauo to af1iord a crude oil wh!.ch 

,was submitted for ge/ms analysis without further pu.rification., 

'l'he pmr speetrum of the crude indieated that it eonsisted df-

several çompound~ but most prominent were those signaIs 

attrihutable to the desi~d compound 126. r~l:~ vas estimat.d 
l 

(byfboth pmr and ~c) that the mixture consisted of about 60% 

,compound ,ill. 

IH.m.r. (60 MHz, CC1
4

) ô': 7.3-6.6 (m, 4H, aryl-H) , 

~'.8 . (s, 2H, O-CH~-Cl), 3.65 (s, 3H, OCB 3 ) • 

GC/MS (U/OVIOl, 2m x6nun, 100°C +riL6 oC/min) retention time: 

0.9 min/CEl, 70eV) m/z (/%): 172 (62.4, Mt), 174 (19-.3, [M+21~ 
0++ 

isotope peak)" 123 (100, ,M· - CH
2

C1), 137 (25, M- - Cl), 95 . 

+< + 
(50, C6HiO ), 77 (69.8, C6H5 . ). 

.. 



" 

r 

.. 

oP 

--~-~ -~-~----

, . 
'" 274 

\ 

SYN'l'HESIS (!MU 
\ 1 

'*$ 

'Preparation of Formate .32 

Ta a solution of '2, 3-dimethyl-4-methoxybenzaldehyde 
<t 

(10. q, 60 mmol) aI\4 3-tel"t-butyl~4~hYdroxy-5.-methylpheny~ 

sulfide (0.2 g, 0 .. 55 nuno1)-in 150 mL CH2C1.2 at Ôoc,was ~dded 
;.. 1. 

m-chl.o~ope,~oxybenzoic acid (16.0 g, 93 mmol) over a period of . . , 
. 5 min. . After 45 min the reaction was essentia11y complète 

(04 • . 90%) al.though it was stirred for an additional 30 ml'n at .. 
_..J:'<?om temperature. Exces~ .peracid wa~ destroyed. by the . . 

addition of 5% aqueous· Na2S03 at OOC foi1owed by viqorous .. 
stirring for a'J: ,leàst l? min. The Orgarii~Jayer was tested 

for activ~eroxide and tt:eated accordlnqIY. The orqanic 

layer was washed.successively' with water (3 x 50 mL), 5% 

aqueo~ ~co 3 (3 . x 5 0: .~). va tèr· (2 x ~o RIt) i satura ted 

brine (3 x 50 m.t.) ,and dried over anhycÎz.fous Na2so
4

: Evaporation . 
. in vuauo gave a cr~ormate which was dfsti11ed '(cp 48-S0 oC/ 

.. 
2mm) to afford 10.8 9 (98%> of a cl.ear col.orless oil. 

l'R (,fil.m) ''''max: 2940 (CH3 , -C-C-CH3), 2830 (CH 3 , ArOC~3>' 

1730 (C=O, formate), 1580.1 1490 (ring C.!.!...!.C), 1220 (-C-O-C, 

'V ), 1040 ( =C -O-C, \1 ). as s 
~ 1 .. l , 

: H .m.t;. (60 MHz, CDC13) ô: 
. 

1 o 
Il • 

8 .. 23 (9, lB, OC-H), 6.85 (d,' 

J • 9 Hz, lB, H-6), 6.66 (d, J • 9 Hz, lH, B-5), 3.8 (s, JB, 

• J 

. -\ . 

-{ 

... 

lf 
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)YdrOlYSiS of Formate 132 .. 

a 

Formate 132 (9 g, 50 l1'ŒI101) was treated in a fashion 
,'1 

275 .. 

• similar '1;0 formate 99 except that the reaction' was stirr.ed at 

\ 
\ 
\ ' 

\ 

- . 
~ .. 

~o,om tempe rature' for on1y 1 h •• Evaporation ..of the solvent 
" 

in z}4CUO gave, '7.5 9 (98%) O'f w:~ite crysta1line p~enol 133: 

mp 121-122 oC. .. 
IR (me1t) V : max 3400- (OH), 2940 (CH 3 " -C=C-CH

3
), 2830 . 

(CH
3
,: ArOCH 3), 1600, 1500 (ring C!..!..!.C), 1240 (=C,.O-C, vas~ ~-,:<ff'-" 

1040, '1020 (=C-O-C, Vs )- ,.""-

l~m.r. (60 MHz, CDC1
3

) ô: 
. J J"\, . . / ~ 

6.60 (s, 2~rY1-H'~ (bs, 
l' 

IR, exchangeable OH), 1.76 (s, 3H, OCH
3
), 2.16 (s, 6H, 2xCH 3). 

; ... 

Methy1atlon of Phenol 133 

l • 

To a solution of 2, 3-dimethyl-4-methoxyphenolr (4'.56 g, 

2'.9 lJIl1lo1) in 50 mL acetone was added a 1ar~e e'xcess of 
J 

dimethylsulfat;e (20 mL), 10 9 anhydrous J<..2C03 and refluxed 

overnight. The solvent was evaporated in v~uo and the residue 
'-- -

was fil~ered., washed and recrystal1i.zed from pentane to afford 

4.8" 9 (96%) of dimethoxy compound J.34 as transparent plates: 

mp 78-79°C (Lit. 4~7 mp 78-79'°C). 

IH.m.x: •. (60 MHz, CDCl
3

) ô: 6.56 (s, 2H, ary1-H), 3.7;3 

(s, 68, 2x'OCH3), 2.13 (s, 6H, 2~CH3)' 

, 

t ' 
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Formyl a t:i On \ of jDimethoxy Derivativ, 134 . 

To a 801 #ion 0 f compound lli (4. 70, g, 2è. 3 mmol). in 

25 mL C~C12 and titi'ani~(IV) chlori~ (5.2 mL, 511111l01) 

. cooled te OOC was added dropwi.'·a,a-dichloromethyl methyl" . . 

• 
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ether (2. 6 'mL, 28. 7 mmol) under i~ert atinosphere. The reacti.on 

mixture was al10wed to warm up to r<?om tempe rature over a 

period of oa. 2 h, poured ont~ an 'ice"-water mikture and 

aqueous NaHco3 .was cautiously added. The organic layer wai 

extracted and washed ~~ge~lY\W~~ s~ ~que.ous NaHco
3 

(3 x 10 mL), water (3 x la mL), saturated brine (3 x la mL) 

f and dried .over Na2S04 . Evaporation of the solvent in vacuo 

afforded 5.4 9 (98%) of the aldehyde 135 as off-white need1es.: 

" . 

mp 62,.63 oC. Î 
1 

t5Jm,.r. (60 MHz, CDC1 3 ) ô: 10.3 (8, 1H # . CHO).r 7. a (8, l.H, 

aryl-H), 3.76 (s, ~H, 2XOCH3),' 2.16 (s, 3B, C~, 2.13 (s,3B, 

. 
Baeyer-Vi.+liger.~-Oxidation of &.d~e 135. 

~) 
;' 

To a mixture of :?,3-~ethyl-2,S-dimethoxybenzalaehyde 
4 ' .. ~ . . . 

(5.4 g, 28 mmol), 10 mg of 3-ter t-b-utyl-4-hydroxy-5-methyl ( 

pheny1 su1fide (10 mg # 0.027 mmo1) in 50 nt+- CH2C1 2 was added 

m-ch10roperoxyben2oic acid (8 9, 46.5 ·IllJllo1). at 0 oC under inert 

atmosphere. After oa. 1 11 the reactibn ~as c(uénched and the . (' 

reaction was worked-up as "for formate 132. . The crude formate ~ . .-
136 wa~ distilled affording 4.7 9 (80%) of a 1igh't'.-yeliow-,oil: 

- f 

• 
j 
! 

t ' 
i 
i 
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1 
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bp 63-65 °C/2: lmm. 

1740 (c=o, formate>", 1600, 1490 (ring C~), 1230 (=C-O-C, v ). 
("\ " r as 
w / ( 

(60 MHz, CDC1 3) ô: 8.16 (s, lH, OCH), 6 .43",(s, }' .. , .. l.B.m.r. 
~ 

lH, aryl-H)<1, 3.73 (s, 3H, OCH
3

) ',3.63 (s, 3H, OCH
3
), 2.2 (s, 

3H, CH
3
), 2.1 {s, 3H, CH 3) • 

• 

PhenoL li9. . 
Formate 136 (4.5 g, 21. 4 nuno1) was hydro1yzed u,sing the ,,; 

( /) 
sante procedure used Jor forma"te 99.. Evaporation 0 the 

solvent in vaauo gave a crude amorptfous material which was 

recrystallized (CH
2

c-Î2- p entane) td afford 3.2"3 g (83%) of 
, 

,phenol 130 as transparent needles: mp 72-73.5°C. 
,,- - .. 

IR (rne1t) vrnax: 3420 (OH), 2935 (CH), =C-C-CH 3), '2820 

(CH3, ArQÇH3), 1600, 1500 (rin~ C.:...:...:..c), 1240 (=C-O-C, Vas)' 

\ 
1 . Ji.'m.r. (.60 MHz, CDC1

3
) ô: '6.4 (s, IH, aryl-H) , 6. O. (bs, 
, 

lB, exchangeable OH) , 3.73 (s, 3H, OCH3i, 3.70 (s, 3H, OCH
3

) , 

2.2 (s, , 3H, CH 3 ) , 2*".06 (s, 3B, ÇH
3
).' 

\ 

( 
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'1 

Syn;thesis of 2, 3-~irnethy1-1 ,4";;Dîmetho~xanthone <!.t2) 

A mixt-ure of phenol '130 (3.0 g, ,16.5 mmol), methy1 
\., 

o-iodobenzoate (4.32 g, 16.5 mnlol) and coppe'r(I) oxide (;1..17 g,' 

8 • 3 nuno1) in 40 mL 0 f dry DMA wa,s trea ted 'using the saroe 
. 

procedure used for the preparation ot 1,4-dimethoxyltanthone. 
-

The hydrolysis of the ester was carried out u:s;i.ng 2 g NaOH 
, , 

and the cyclization açhie ... ed using ~7 mL of TFAA-TFA < 2: 1 v/v) 
, 

a t 0 oC. RecrystalLi zation (methano1) of the ·crude mat~ri;:il, 
ID 

arforded 3.0 g (65%) of the xan"thone as transparent needles:'" 

IR (nujo1) \) : 1670 (c=o, 'xanthon~ (y-pyrone»), 1600',.' 
max ' ,n J ~ 

1580, \500 (~ing c.:..:-.:.c), 1250 (=-C-O-C, \)' ),.. ~02~ (=~-o-c~ \1. ) • as . ,s 

.. lH.m.r. (60' MHZ: Cne1 3 ), ô: 8.26 (dd,~"J .~,2 ,and S'Hz, lH; 
o 

H-8), 7.76-7.1 (m, 3H, H-5, H-6, H-7), 3.93 ,(s, 3R, ,OCH3)., 

'3.86 (s, 3H',OCH3), 2.33 (s, 3~, CH 3),'2..2.6 (S,!~H, CH 3 "., 

( 
, + ~ . 

M.s. (EI, 70eV, 149°C) m/z . %),:, 284 (61.4, M')" '285 .. 
<IF' '. + .. + . + 

(16.8, [M+l]· isotope pe~), 269 pOO AI M' -- CH3),'_ 255 (~9, M· 

CHO), 241 (62. 3, Mt - CH 3 -CO j • • 

'. .. ... _-' 

" 

(J' 

. ' 
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" 

Preparation of 2, 3-bis (bromomethyl) -1 ,4-dimethoxyxanthone (138) 

A solution consisting of 2, 3-dimethy1-1 ,4~dimethoxy­

xanthone (1.85 g, 6.5 mmo1), azobisisobutyronitri1e (10 mg) 

"and N-bromosucc'4nimige (2.32 g, 13.0 nunol) in 100 mL CC1
4 

was ref1uxed for 26 h. The cooled "reaction mixture was 

fi1tered and the fi1trate was evaporated in vacuo. Recrysta1-

1ization from CC1 4 afforded 2.3 g (80%) of white crystalline 

bisbromomethylated compound: mp 198-199 oC. 

IR (nujol) \lmax: 2840 (CH 3 , ArOCH 3 )r, 1670 (C=O, xanthone 

(Y-pyrone) ), 1600, 1580, 1500 (ring c~), 1240 (=C-Q-C, \1 ), 
as 

1024 (=C-O-C, vs" 

lH.m.r. (60 MHz, CDC1
3

) ô: 8.26 (dd, J = 2 and 8 Hz, IH, 
f 

H-8), 7.76-7.1 (m, 3H, H-5, H-6, H-7), 4.83 (s, 4R, ben~ic 

CH 2 ), 4.11 (s, 3H, OCH 3), 4.06 (s~ 3H, OCR 3 ). 

M.s. (EI, 70eV, 102°C) m/z (%): 440 (3.15, Mt), 442 

(10.35, [M+2]t isotope peak), 444 (5.41, [M+4]t isotope peak), 

363 (100, [M+2]t - Br)~ 361 (90, Mt - Br), 282 (14, Mt - Br2 ), 

267 (90, Mt - 8lB r 2 - CH 3 ) . 

Compound 137. IH.m.r. (60 MHz, CDC1
3

) 6 : 8.26 (dd, 

.J = 2 and 8 Hz, IH, H-8) , 7.76-7.1 (m, 3H, H-5, H-6, H-7) , 

4.7 (s, 2H, benzyli,c CH
2
-) , 4.0 (s, 3H, OCH

3
) , 3.95 (s, 3H, 

OCR 3)' 2 .5 ( s, 3H" CH 3) • 

• 
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Preparation of 3-(Triethylsilyl)oxy~3-buten-2-one (140) 

To a solution of biacetyl (8.6 g, 0.1 mol), 4-dimethyl­

aminopyridine ( l .2 g, O. 0 l mol) in 90 mL dry p,eQ tane was 

added triethylsilyl chloride (15 g, 0.1 mol) as a solution 

in pentane (10 mL). The flask was cooled (0 0
) and \triethyl--... 

amine (10.12 g, 0.1 mol) was added dropwise. The reaction 

mixtu~e was allowed to reach room temperature slowly and \ 

stirred overnight. The solution was cooled, fi1tered and 

d-i:sti11ed (bp 73-75°C/lSmm) to afford 15 g (75%) of olefin 

140 as a colorless oil (turns ye110w on standing at room 

temperature) . 

IR (film) v 
max 2940, 2880 (CH

3
), 1690 (C=O, 

CL, l3-unsa turated), 1610 (C=C, CL, l3-unsaturated), 1240 -(Si-Cij3) , 

1000 (Si-O) , 860 (terminal =CH2 ) . 
olt 

~H.m.r. (~O MHz, CDCI 3 ) <5 : 5.26 (d, J = 1.5 Hz, 1H, 

vinyl) , 4.72 (d, J = 1.5 Hz, lH, viny1) , 2.27 (s- , 3H, COCH
3

) , 

P~eparation of Cyclooctadiene ~ 

In a ID-mL round bottom flask was added dfbromi4e 138 
f', 

(100 mg, 0.23 mmol), activated zinc (300 mg) . and 5 mL THF Y 

under an argon atmosphere. An aluminium foil seal was pla.ced 

over the mouth of the flask and covered with a septum, 

(to prevent the.solvebt from coming into contact with the 

septum). The mixture was sonicated for 9 h in a water bath 
/' f r 

• 
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kept at room temperature. An insoluble amorphous mass was 

obtained which was triturated with acetone. Evaporation of 

the solvent in vacuo gave a small amount of (10 mg) of grey­

white cyclooctadiene 143. 

M.s. (El, 70eV, 308°C) m/z (%): 564 (5.5, Mt), 565 

(2,0, [M+ljt isotope peak), 549 (64, Mt - CH 3 ), 536 (41, Mt -

CO), 508 (50, Mt - 2CO). .. 
Preparation of 3-Acetoxy-3-buten-2-one (144) 

1 • 

To a solution of biacetyl (17.22 g, 0.2 mol) triethylamine 

(20.2 g, 0.2 mol), 4-dimethylaminopyridine (0.5 g) in 200 mL 

dry CH2C1 2 at D,oC was added fresh1y distilled acetic anhydride 
_../- , 

(20.4 g, O.~,mol) dropwise over a period of 15 min. The 

reaction mixture wâs allowed to warm up to room temperature 
~' , 

and stirred overnight:' The solvent was evaporated in vacuo, ,,--,. 
hexane was added and ~~recipi tated salts fi1tered. The 

filtrate was concentrated °and distilled (bp 44-46°C/l.9mm) 

to afford 16.6 g (65%) of ole fin 144 as a clear colorless 'Oil. 

IR (film) v max 1765' (C=O, vinyl ester), 1715 (C=O, 

Cl,B-unsaturated), 1665 (C=C, Cl,B-unsaturated), 1240 (=C-Q-C, 

VasTr 1020 (=C-O-C, vs), 

lH·.m.r. (60 MHz, CDCI 3 ) ô: 5.93 (d, J = 2 Hz, IH, vinyl), 

5.6 (d, J = 2 Hz, lH, viny~), 2.30 (s, 3H, COCH 3 ), 2.2 (s, 3H, 

OAc) . 

M.s. (El, 70eV, 35°C) m/z (%): 128 (30, Mt), 129 (2.1, 

. , . 
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, 

[M+ 1] t isotope peak), 

+ 

+ + 111 (80, M· - CH3 ), 85 (70, M· - COCU3), 

43 (100, COCH 3 ). 

Compound 145 

Diacetoxy 145 was obtained as the unexpected major 

product when dibromide 138 was reacted with olefin 140 i.n the 

presence of sodium iodide in dry DMA: mp 176.5-178.5°C. 

IR (nujo1) v : 1735 (C=O, acetate), 1665 (C=O, max 

xanthone (y-pyrone», 1600,-1580 (ring C~), 1260 (=C-Q-C, 

Vas)' 1030 (=C-O-C, vs)· 

lH.m •• r. (60 MHz, CDC1 3 ) ô: 8.31 (dd, J = 2 and 8 Hz, 

1H, H-8), 7.85-7.2 (m, 3H, H-5, a-G, H-7), 5.5 (s, 2H, benzy1ic), 

5.46 (s, 2B, benzy1ic), 4.06 (s, 3B, OCH 3), 3.96 '(s, 3H, OCH
3
), 

2 • 1 ( s, 6 a, OAc) • 

M.S. (El, 70eV, 180 OC) m/z (%) : 400 (19.7, Mt) , 401 

(5.5, [M+ 1] t isotope peak) , 297 (56, + 
[C17H130S] .) , 283 (100, 

+ -
[C17H1504] .), 43 (53, + CH 3CO ). 

Formation of 9-Acet 1-6,ll-dtîïie"tno'X xantho [2 ] 

Tetra1ins (~) 

Method A 

bie (Bromomethylxanthone) 138 (270 mg, 0.61 mmo1) was 

added to a suspension of activated zinc (500 mg) " hydroquinone 

(10 mg), and fresh1y disti11ed metlty1 viny1 ketone (0.21 g, 

-

b i 
1 

! 

1 

t 
î 

J 
J ., 
! 
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3.0 mmo11 in 20 mL THF ~der an argon atmosphere. The mixture 

was sonicated for 6 h in a wat~ bath maintained at room 

temperature. The mixture was filtered and the filtrate 
" \. 

evaporated in vaauo. The residue was disso1ved in CH2C1 2 . 
(25 mL), acidified with acetic acid and stirred for 10 min. 

The solution was washed successively with water (3 x 15 mL), 

5% aqueous NaHC03 (3 x 15 mL), water (2 x 10 mL), saturated 
~ -

brine (2 x 10 mL) and dried over anhydrous Na2so4 • Evaporation 

in. vaauo afforded a gummy residue w~ich was fi1tered through 
1 

silica gel and finally processed by flash chromatography 

(CH2C12-EtOAc, l:~ slight1y impure rnaterial (21 mg, 10%) 
: ''.."'" 

was obtained which was identified as consisting of a mixture 

of compounds 148a and 148b. 

IR (nujo1) vmax : 1715 (C=O, acety1), 1665 ~(C=o, xanthone 

(y-pyrone», 1600, 1580 (ring C~), 1240 (=C-O-C, vas)' 

1020 (=C-O-C , vs). 

lH.m.r. (60 MHz, CDCI 3 ) ô: 8.31 (dd, J = 2 and 8 Hz, 1H, 

H-ol"tho CO), 7.85-7.2 (m, 3H, ary1-H), 3.86 (s, 3H, OCR3 ), 

3.82' (s, 3H, OCR
3

) , 2.6-3.3 (m, SH, benzy1ic and methine) 1 

1.8-2.3 (m, SH, rnethy1ene and COCH 3). 

M.s. (EI, 70eV , 150°C) m/z (%): 352 (11, Mt), 353 (2.4, 
A 

[M+1] t isotope peak), 337 (50, Mt - CH
3
), 309 (90, Mt - COCH

3
), 

254 (36.7, Mt - (CH2=CHCOCH
3
]), 43 (78, CH

3
CO+). 

Method B 

bia(Bromomethy1xanthone) 138 (100 mg, 0.226 mmol), sodium 

iodide (1 g), freshly distilled methy1 viny1 ketone (1 g, 

" 
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14.2 mmol) in 5 mL anhydrous œtA was heated te 6SoC for a 

peried of 1 h. The sol ution was fil tered and. the precipi tata 

washed wi th water, redis$'ol ved in ClJ2C12 (10 mL), washed 

successive1y with aqueous St sOdi,um thiesulfate (2 x 5 mL) , 

water (2 x 5 mL) and\~ried over anhydrous Na2SQ4. Evaporation 

in vaauo gave an amorphous materia1 which was purrfied as 

in Method A affording aa. 8 mg of a compound whose ir, nmr, 
• 

and mass spectral properties were identical to those reported 

for the compounds 148a and 148b obt.lned by reaction ~ith 

~ctivated zinc. 

Formation ef Adduct 150 

To a solution of dibromide 138 (61 mg, 0.138 mmol) in 

5 mL anhyclrous OMA was added N-phenylmaleimide (47 mg, 

0.180 mmol) alld sodi\.Ul\ iodide (0.'2 g). The mixture was 

hea ted to 70°C. After 5 h, the reac'tion was quenched wi th . 
water and .the precipitate filtered, washed, redisso1ved 'ln 

CH2Cl Z (10 mL), washed 'with 5% aqueous sodi\.Ul\ thiosulfate 

~"-

(2 x 5 mL), (,fand dried over anhydrous Na2S04 • Evaporation Î 
of the solvent in vacuo gave about 13 mg (20%) of an amorphous 

material which was not purified~ 

IR (nujol) 'Vmax : 1700 (CO, imide) r 1670 (CO, xanthone), 

1600, 1580, 1500 (ring C~), 1260 (sC-O-C, 'Vas). 
'" . 

lH.m.r. (60 MH2, CDC1
3

) ô: 8.32, (dd, J == 2 and 8 H2, lH, 

"i' 

) 

,H-ortho CO), 7.85-7.18 (m, 8H, aryl-H), 4.03 (s, 3H, OCH3), .~.gJ; 

j 
J 

1 
1 
! . 

- 1 

1 , 
j 

1 
1 
1 
J-
i 
1 

1 

1 
1 

1 

j 
f, 
i 
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(s, 3H, OCH
3

), 3 ___ 3-3.4 . (m, 2H, CHCON), 3.2-3.9 (m, 4H, 

benzy1ic) • 

+ M.s. (El, 70eV, 300°C) m/z (%): 455 (7.6, M'), 456 

(2.0, (M+1]r isotope-pe.3k), 440 (42.7, Mt - C!l3)' 416 (51.2, 

+ + + M' .. CHO), 36-8 (19.1, M· - C6 H5 ), 308 (48, M' - PhN(CO)2)' 

+ 77 (68, C6HS ). ~ 

Synthesis of--2-Bromo-1, 4-dimeth0xyxanthone (165) 

To a solution of l, 4-dimethoxyxanthone (200 mg, 0.78 mm01) 

in 15 mL methy1ene chloride was added bromine (0.80 mL, 
/' 

0.80 nuno]/, as a 1 M acetic acid solution), and a s1}Ia11 amount 
/.1 

(10 mg) of unactivated iron fi1ings. The mixture was stirred 
J' ' 

"'-.'" J 

a t room tempe rature for , hs and quench8d wi th 5 % aqueous 
-

sodium bisu1 fite, washed with water (3 x 10~) and dried 

over anhydrous' N;a2504• Evaporation of the -sol vent in vaaua 

qave ~ crude amorphous materia1 which was purified by flash 
. " 

chromatography (CHC1 3/petro1eum ether/EtOAc, 4:1:0.25) and 

recrysta11ized (CH 30H) te afford 0.24 9 (90%) of 2-bromo­
r 

xanthone 165 as wj:l.ite crystal1ine need1es: . mp 182.5-183.5°C. -- . 
IR (C;HC1

3
) vmax : 1.670 {CO, xanthone (y-pyrone», 1610, 

1600, 1580 (ring C.!..!.!.C), 1260 (:=C-O-C v ) , "as ' 1060,' 102~ 

( =C-O-C, Vs), 

IH.m.,r. (60 MHz, CDC13) ô: 8.30 (dd,' .1.= 2 and 8 Hz, lH~ 

H-S), 7.83-7.2 (m, 4H, H-5, a-6, H-7 and H-3), 4.0 (s, 3H, 

OCH3), 3 .96 ( s, 3H, oca 3) • 

si 
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1 lH .m.r. {200 MHz, CDCl 3) 15: 8.32 (dq, J = 2 and 8 Hz, 
c 

lB, H-8) , 7.73 (m, J = 8.5, 6.9 and 1.8 Hz", lB, H-6) , 7.57 

(-dd, J == 8.5 and 1.2 Hz, lH, H-5), 7,,39 (s, lB, B-3) , 7.37 
, . 

(m, J == 8.0, 6.9 and +.2. Bz, lB, li.,.7) , 4.0.(s, 3B, OC~3) , 

3 • 96 (s , 3H, OCH3}. __ . 

13e .m•r •• (22.63 MHz, CDC13) ô: 175.30 (C=O), 155.03 
~ 

(C-10a), 149.54 (C-l), 146.87 (C-4a), 145":65 (C-4), 134.72 

(C-6), 1.26.80 (C-a), 124.46 (C-7), 122.47 (C-Sa), 119.22 (C-2), 

117.86 (C-s), 111.83 (C-9a), 98.27 (C-3), 61.72 (oca3), 

56 ;81 (OCH 3). 

M. s. (E l, 7 Oe V, 9 30 C) ml z ('): 334 ( 100 , Mt), 336 ( 9 9 • 3, 

+ + + [M+2t· isotope peak), 319 (57.1, M' - CH3), 321 (53.9, [M+21· -

CB
3
), 305 (88.4, Mt .:. CHO),' 307 (86.4, .~t. __ · CHO), 306 (21, 

Mt - CO), 30,8 (14.4, [M+2]t CO), 255 (5, Mt - Br}. 

o 

Pr.paration of 2-Bromo-l,4-dimethoxyxanthene (166) 

A large excess of BH 3 -THF complex (5 mL of a 1 M solution) 
" 

was added to a solution of 2";bromo-1, 4-dimethoxyxanthone 

(1 g, 2.99 mmol) in la ~ CH2~:a2 at OOC under inert atmosphere 

and allowed to warm-up te 'room temperature. \:!'P:è reaction, was 

quenched after 18 h with methanol. Evaporation of the solvent 
-, 

in vacuo afforded a ye110wish crystalline materia1 which 

was purified by récrystallization (CH 30H) to afford 930 mg 

(97%) of the xanthone 166, as white need1es: mp 121-122°C. 

* ~ 
"Tentative assiqnmflnt. 

, 

1 1 

! • , 
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IR (nujol) " : max 1580, 1500 (rin~ C.:...:...:.c), 1240 (=c-o-C, 

"as)' 1040 (=c~o-C, "s)· 

lR~m.r. (60 MHz, CCC1 3) ô: 7.2-6.9 (m, SR, aryl-H and 
1 

R-3) , 4.0 (s, 2H, xanthene-H), 3.83 (s, 3H, OCR 3) l' 3.8 CS, 

3R, OCR 3). 
+' 

M.s .. (El, 70év, 4l0C) m/z (%h 320 (100, M .. ), 322 

(99.5, [M+21t isotope peak), 306 (ïaS.6, Mt - CH 2) , ~08 (43.5, 

[M+2]t -oCH2), 305 (24.6, Mt - CH3), 307 (21.5, [~+2]t - CH 3), 

291 (11. 3, ,Mt - CRO), 241 (2,0, Mt ... 79). 

Formylat,ion of 1,4-0imethoxyxanthene 

Xanthene ru (2 .. 25 g, 9.26 IlUllol) was dissolved, in 40 mL 

dry CH2Cl 2 ~nd titanium(:EV) Chlor~de (1.7 mL, 14.8 mmol) 

was added at O°C under inert atmosphere. Neat a,a-dichloro-
. 

methyl methyl ether (1.1 g, 9.6 nUnol) was added d~opwise over 

a period of 3 min. The reaction was allowed 'to 'reaeh ,room 
Q 

o temperature slowly and was stirred overnight. The" reaetion 

mixture was eautiously poured onto' lee anc;l di1uted with more 
, , 

CH2Cl2 (50 mL'. The organic layer was separated an~ wasbed 
. 

~uecessively with 'aqueous 5% "NaHC03 ,(3 x 40 mL) and· saturated 

brine'\ (3 x 40 mL). A crystal of hydroquinone was' added to 

_ CH2C1~. solütion and dried over anhydrous Na2~04: 

E~aporation of the solvent in vacuo gave a solidCmaterial 

which was purified by flash chromatog~aphy (CH 2C1 2 ) to afford 

2.3 g (92%) of aldehyde fi. as a white crystal1ine compound: 

J 

• 

\ 

• 



410. 

~;"- .. -_.,,_ .. __ ._._------, -_._-- ~-"- è 

( 
" 

Q 

0, 

\ 

mp l. 77-178 oC. 

IR (nujol) v • '1700 (C=O, ArCHO) , 1600, 1580 (r:i.ng max· 

C..:.:...:..c), 1260 (=c-O-C, Vas)' 1040, 1020 (=e-O-C, \.1 s) • 

lH.m.r. (200 MHz, CDC1 3 ) ,6: 10.23 (s, lB, CHa) , 7.26 
, 

(s, lB, H-3), 7 .• 13 (br, 4H, C-rinq ary1-H), -4.-0-2 (s, 211', 

xanth~e-H), 3.92 (s, 3H, OCR3), 3.89 (s, 3B, ~H3). 
13 -

C.rn.r. (22.63 MHz, CDC1 3) : 188.27 (C=O), 156.55,' 

150.78, 145.49, 129.15, 128.18, 124.24, 123.38, 118.95, 

117.06, 115.82, 107.78, 84.58, 64.'03, 56.J7, 22.71. 

PreEaration of pimethy1 Acetal 173 
4 

Method A 

• 

288 

To a -!p1ution of
o 
~ldehyde 172 (1 q, 3.70 nuno1) iJ\ 10 mL 

CH2C12 was added 15 mL methanol, a. ca:ta1ytic amoun~ of p-TsOa. 
~ ,00 ~ 

, -:H20 and the mixture stirred ,at 2S oC fox: 2 h: Remova1 of the 

. solvent gave _ an PlI wh~ch was di1u~d in CH2C12 (15 mL), 
, , 
wash~a with wate'r (l x 5 mL2,: a.n~ dried over anhydrous Na2 S04 • o 

Evaporation of tq:e solvant' in vaeuo atforded the correspondlng 
, ' 

dimethy1 aceta1 !1l as a ye1.1ow amorphous m~téria1 which was 
,..M-

purified by reCrysta11izajfon (CH2C12-hexanes): .mp ~6-1570C 

(dao.) • 

Method B 

.Alternat~ve~, ' an exce1.1ent yie1d of dimethy1 Acetal. 1:7 

can also be obtain d by dissolvinq a1dehyde ~ in methano1, 
.. 

adding a trace 0l p-TSOH.UiO, addinq 4 A mo1ecu1ar sieves and 

j 

! 
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stirring at 25°C for 1~ h. The pasty solution is .filtered, 

evaporated to dryness, 'redissolved in CH2Cl2 , washed severai 

times with water and dried to afford an almost quantitative 

yiel.d or product. 
') 

Method C 

Dimethyl aceta1 173 can he prepared directly from 1,4-

dimethoxyxanthone ~~out the isol.ation of intermediate 

aIdehyde provided th~eaction is quenched wi th CH30H. (The 

;>' 
A prese~ce of excess TiC1 4 15 heneficial.) . 

(l;(m.r. (60 MHz, CDC1 3 ) ô: 7.16 (bs, 4H, C-ring aryl-H), 

7.0 (!l, 1H, H-3), 5.6 (s, 1H, C!!(OCH 3)2) , 4.p6 (s, 2H, ) 

xanthene-a), 3.96 (.s, 3H, OCH3 ), ~83 (s, 3H~ 'OCH 3), 3.41 

(s, 6H, 2x OCH; (acetal». 

M..s. '(EI, 70eV, l500C) rn/z._ (%): 285 (6.1, Mt - oéH
3

)" 

- CH30B-CH3), 241 {l.O. 3, 
.. 

" . 
Formation of COII;JPound 174 

. 1 
Dimethy1 aceta1 l?t3 (0.51 g" 1.6 nunol) was d~ssolved in 

. / 
10 mL TSF and treated with n-BuLi (0.95 mL of a 1. 7 M solution . 
in hexane, 1. 61 mmo1) at -78 oC. After 15 min exce-ss methyl 

iodide was added and the reaction aIlowed to warm up to roo~' 
... 

teIltper~ture. E;vaporation of the solvent in vacuo gave a dark ( 

red material which was not purified. 

'B.m.r. (6011Hz," CDC1 3 ) 0: 7.16 (bs, 4H, C-ring ~ 
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7.0 (s, lH, H-3), 5.6 (SI ~H, C!!{(X=H
3
)2) , 3.94 (bs, JH, 

2 x OCH
3

. and xanthene-H), 3'.41 ~s, 6R, _~X.OCH3 (acetal)}. 

~ 
M.s. (El, 70eV, 62°C) m/z (%): 330 (l3.5, Mt), -331 (2.8, 

+ + + [M+],·), 329 (29.1, M· - Hl, 315 (70.5, M· - CH 3 ), 229 (47.8, 

.. 
Preparation of 4-Methoxy-4-pheny1thio-2-butanone 

• J 

Tc a mixture 01; sodium ethoxide (35 mg, 0.5 ramol) in 

15 'mL THF under inert atmosphere was added 4-methoxy-3-buten" 

2-one ., (2.5 g, 25 mmol) and thiophenol (2.75 g, 25 ramel) at 

room temperature. After 19 h, the solvent was removed and . 
• 

the resulting viscous oil diluted with CH2C12 (25 mL), washed 

with water and dried over anhydrous .Na2S04 • Evaporation of 
" 0, 

the solvent afforded 5.0 g (96%) of the compound as a yellow 

oil: bp 13l-~134°C/1.0rmn (Lit.'S20 op 125-l21°C/O.6ram). 

lB.m.r. (60 MHz, CDC1
3

) ô: 7.6-7.16 (m, 5H, ~ryl-H), 
• 

5.03 (t, J = 6 Hz, lH, methine)" 3.43 (s, 3H, OCH3 ), 2.75 

(d, J = 6 Hz, '2H, methylene), 2 .. 07 (s, 3H, COCH
3
>. 

S)mthesis of 4-Phenylthio-3-buten-2-one <!!1) 

:Tc 5 mL absolute ethanoj;.. cooled to -15°C was added 

thiophenol Cl.62 g.' 14
0

.7 "m,mo'1) , 3-butyn-2-one (1 q, 14.68 mmo1) 

and a catalytic amount of N-benzyltrimethyl~onium hydroxide 

I(Triton B}. The réaction mixture was allowed to warrn up to 

room temperature overnight. E;;ther (30 mL) was added and the 

'~ 
/ 

- 1 

'~I'j 

J 

• 

.. 
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solution was washed successive1y wi th water (3 x 10 mL), 

saturated bri~~ .. (~ x la mL) and dried over anhydrous Na2S04 • 

Evaporation of the sorvent in vaauo gave a crude product 

mixture whièh was purified by 'flash chromatography,\ (CH2C1 2 ) • 

Three frac;tions were co11ected: 280 mg (7%) of the bis­

addition product 186, 0.54 g (21%) of an oil which proved to 
~ 

be the Z-isomer and 1.89 q (72%) of a white crystal1ine , , 

material (mp 39-40°C) which was the E-isomer of compound 183. , 

Product 186. 

IR (nujol) 

C~). 

\1 
max 1715 (C=O, ketone), 1602, 1586 (ri, 

IH.m.r. (60 MHz, CDC1 3 ) ô: 7.5-7.1 (m, 10 H, aryl-H), 

4.9 (-t, J = 7'Hz, 1H, !!-C-(SPh)2)' 2.85 (d, J =·7 Hz, 2H, 
\ 

-C1l2:'C=O), 2.0 (s, 3H,. CH 3CO) ~ " , . 
Compound 183 (Z-isomer). 

IR (film) \) : 
max 

1665' (C=O, co.njugated), 1600, 1580 (ring 
\ -, 

C~), 1550 ~C=C, thiovinyl). 

lH.m.r. (6~ MHZ~ CDC1 3h ô: 7.5-7.25- (m, sH, aryl-H), 

7.21 (d, J= 9 Hz, IH, =C!!(SPh», 6.30 (d, J= 9 Hz, 1H, 

=C!!(COCH3», 2.27 (s, 3H, COCH 3 ) .. 

Compound 183 (E~isomer). 

. 
IR (film) \) : 1663 (C=O, conjugated), 1600, 1580 (ring max 

. C~), 1553 (C=C, thiovinyl), 970 (CH bend, tl'ans olcefin). 
-

lS.m.r. (60 MHz, CDCl 3) ô: 7.7 (d, J = 15 Hz, 1H, 
" =ca (SPh) , 7.43 (bs, SH, aryl-H), 6.03 (d, J ::: 15 Hz, 1H, 

.. 

J 
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1 

Phen:il thiotriethylsi lane" (18 7) ! 
Ta a mixture of thioPheni~ (5.5.0 g, °5Q mmoI)!. t::iethyl-

1 

silane (5'.8 g, 50 nunQl) was atlç.ed Wilkinson's catalyst 

[tris(triphenylphosphine)rhodium chloride] (25.0 mg, O.5.mol%) 

under an inert atmosphere. The reaction mixture was heated 

to 50 op for about 1 h, cooled to room temperattire', poured 
, 

into hexanes- and fi1trered through Celite. The clear red 

solutiqp was distil1ed ta afford 10.6 9 (95%) of 187 as a 
, . , 

clea~' c~lorless ail: bp 105-106 °C/l. 4mm (Li t. 523 77 °elo. 25rnm) . 

lH~m.r. (60 MHz, CbC1
3

) ô~ \,}.S-7.0 (m, SH, aryl-gH), 

Etby1thiosily1atian of Thio-en.rne r83 r 

Ta thia-enone 183 (1.02 g, 5.74 mmol) was added, under 
.l, -

ine~t atmosphere, phenylthiotz:iethylsilane (1..35, g, 6.0 mmol) 

,and 25 mg potassiUm .cyanide;-1~crown-6..,.complex. The hact;i.on 

mixture was stirred at raom temperatul:e far 22 h and filtered , . 
) ........ 

through a pad of Ce1ite affording 2.19 9 (95-%) of compound 
, ~ 0 

IB8 as a c1ear yellow ail which proved ta be sufficiently pure - , 
as not te reqüire any purif~cation for the néxt st'ep. 

IR (film) v 
max 1660 (C=C) , 1600, 1580 (ri,ng C.:..:...:.cj ( 1250" 

, (Si-CH3), 1050 (Si-O). 

lH.m.r. (60 MHz, CnC1 3 ) é: 7.6-7 .• 2 (m, 10 H, aryl-H)" 

5.51 Cd, J = 10 Hz, ~H, 'H-C=C-OSi), 4.~ (d, J = 10' Hz,: lH, 

C!!.(SPh)2) , 1.73 18, 3H, COCH 3), 1.16-0.5 (m, 15H,..::-~i(CH2CH3) 3'>. 

\ 1 
( ) 

. , 1 

'-

i 
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Keto-dithiane 195 

To a cooled (OOC)';sp-fution of 4-methoxy-3-buten-2-one- 1 

(4.4 g, 44.1 mrnol) and ':=~ropanedi thio1 (4,78 g, 44.1 mmo1) 1 

in 10 mL a~ydrous ether was added a catalytic arnount of boron r 
tri fI uoride ether a te , Af tef s ti rri ng 30 min the reÇlC tion was 

quenched by the addi t~on of 5 % aqueous NaHC0
3

• More ether 

was added (20 mL) and the organic layer was ~eparated, washed) 

successively with 'more 5% .aqueous NaHC0
3 

(3 x 10 mL), wat~ 

(3 x 10 mL), saturated brine (3 x 10 mL) and dried over 

Evaporation of the sol vent in vacuo afforded 
q 

a yellow oil which slowly crystallized. Recrystallization 

(et~er/pentane) afforded 7.0 g (96%) of transparent prisms: 
\ 

IR (nujo1) v 
max 2910 (CH 3), 1720 (C=O, ketone), 1420 

(S-CH
2

) . 

l H . m . r • ( 6 0 MH z, C DC 1 3 ) 0: 4 • 4 5 ( t, J = 7 Hz, 1 H , 

methine), 3.03-2,8 (m, 4H, -SC!i2S:H2C!!2S-), 2.85 (d,'J = 7 Hz, 

2H,· methylene), 2.2 (s, 3H, CH
3
CO), 2.16-1.8 (m, 2H, 

-SCH2C!!2CH2 s-) ~ 
-

M • s, ( El, 70 eV, 7 4 0 C) ml z ( %) : 176 + 
(5.4, M'), 177 (0.6, 

,/ 

\ -

! : ' 

i 

1 
1 
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',' 
SYNTHESIS OF ALDEHYDE 199 

"-
Alkylation of )L, 3-0i thiane 

Freshly recrystal1ized 1,3-dithiane (12.02 g, 0.10 rnrno1) 

was dissolved in 110 mL THF 'UIlder an inert abnosphere. 

Tetramethylethyle-nediamine ('IMEDA) (12.2 g, 0.105 mol) was 

added, the reaction mi~9re coaled to -78 oC and n-BuLi 

.-1' 
(61.8 mL of 1.7 M solution in hexane, 0.105 mol) was added 

over a period of 25 min. After stirring 3.5 h, freshly 

distil1.ed hexarnethy1phosphoràrni'de (HMPA) (9.,0 g, 0.05 mol) 

was added, stirred for 0.5 h and bromoacetaldehyde diethyl 
1 

acetal (19.7 g, 0.10 mmo1) was added. 1'he reaction mixture 
• 

was stirred for 4 h, brought ta room temperature and quenched \" 

with water. The solvent was evaporated and the residue -redissalved in pentane (150 mL) and washed with water 

(3 x 30 mL), - 7% aqueous KOH (3 x 30 mL), water (3 x 30 mL), 

-
saturated brine (3 x 30 mL), dried over anhydro~s Na-2S04 and 

evaporated ta afford 23.0 g (97%) (bp 53-55°C/6mrn) of acetal 

202 as a y,~11ow oi1 which was, used wi thout puri~icatiBn in 

the hydrolysis step. 

t H • m. r . (60 MWz, CDCI 3) 6: 4.8 (t, J ::: 6 Hz, lH, 

HC-(O~2H5)2)' '4.1 ,<t, J = 7 Hz" IH, H-C-SR2 ), 3.9-3.36 (m,' 

.4H,,'-OC.!!2CH3)' 3.0-2.~3 (m, 4H, -SCH2-CH2-C!!.2-S.-)' 2.20-2.0 
. 

(m, 4H, CH2 and -SCH2C!!2CH2S-), 1.23 (t, J = 9Hz, 6H, -OCHÂ-CH3)'" 

0, , 
l 

1 

.. 

-~--~---

.. 

.. 
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Aceta~ Hydrolysis 
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Method A 
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To a solution of aceta1 202 (5 g, 21.1 rrunol) in l~ mL 

dry acetoni tri1e was added sodium iodide (6.64 g, 44. 3 mrno~) 

and chlorotrimethylsilane (4.8 g, 44.3 mmol) at room' 

temperature. After 30 min the reaction was quenched with 

water. The solvent was e,:"aporated and the residue redisso1 ved 

in CH 2 C12 {20 ~hed with water (2 x 10 mL), 2% aqueous 

thiosulfate (2 x 10 mL) , water (2 x 10 mL), brine (2 x 10 mL) 

and dried over anhydrous Na2sb4 • Evaporation in va~uo of 

the solvent afforded 3.1 9 (90%) of a1dehyde 199 as a light 

ye110w oil" which was stored at -22 oC under inert atmosphere. 

Method B 

To a solution of acetal 202 (2.5 g, 10.55 mmol) in 20 mL 

THF-H
2

0 (3:1) was added 20 mL of 10% aque.ous trifluoroacetic acid 

and the solution heated to 45 oc for 3 h. The solution was 

concentrated in vacuo, CH2C1 2 
(40 mL) added, and the extracted 

organic layer was washed with w~er (3 x 10 mL) , 5% aqueous 

NaHC03 
(2 x 10 mL) , saturated brine (3 x 10 mL) , dried over 

anhydrous Na 2 S0
4 

and evaporated to afforc=! 1.5 9 (88%) of 

aldehyde 199. 

IR (film) v max 2820,2720 (CH, aldehyde), 1720 (C=u, 

aldehyde), 1420 (S~CH2). 

LH.m.r. (60 MHz, CDC1
3

) <5: 9 • 76 (t, J = 1.5 az, IH, -CHO) , 
o .. 

4.56 (t, J = 7 Hz, lH, HC-SR2), 3.16-2.73 (m, 6R, CH
2
-C- and 

-SC!!2CH2C!!2S-),2.2-1.9 (m, 2H, -SCH2C!!2CH2S-). 



( 

- -----., 

\---------------------------

Enamine L98 

Aldehyde 199 (i -g, '5.95 rmnol.) was disso1ved in 10 mL dry 

benzene and pyrrolidine (0.465 g, 6.55 mmo1) was added to 

the coole~ (0 OC) mixture. Ti tanium (IV) chloride (1.68 g, 

2.98 nuno1) was added .dropwise under an inert-atmosphere. The 

reaction was al10wed to warm up ta room tempe rature and then 

fil tered through a dry pad of Cel.ite. A clear solution was 

obtained whic,h upon evaporation of the solvent afforded an 

orange amorphous materia1 which was carefully recry!i~a11.îzed 

(CH 2C1 2/hexane) to aff~:>rd 1.2 g (86%) of enamine 198 as iight­

orange crystals: rnp 50-51°C (dec.). 

lH.m.r. (200 MHz, COC1
3

)' ô: 6.62 (d, J = 13.2 HZ, lB, 

=CH(NR2), 4.66 (d, J = 9.3' Hz, lH, HC-(SR)2)' 4.0'2 (dd, 

J = 13.2 and 9.3 Hz, =C!!(CH(SR
2
»), 3.09-2.72 (m, 8H, 

-SCH2CH2CH2S- and -N (C!!2) 2 -) '" 2.1-1.'75 (m, 6H, -SCH2C!!2CH2S-

~2~2 1 
and -N'cH2-cîÏ2) • 

. . 

\ 

1 j 
1 

1 • 

i 
i 

l 
l 
• 
i 
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Adduct 204 

To a solution of enami.ne 198 LL 31 g, 5.95 mmol) in 20 mL -----
dry benzene and TMEDA (l mL), cooled to -22 oC was added 

n-BuLi (3.5 mL of 1. 7 M solution in hexane) and stirred Dfor 1.5 h. 

The lithium complex was transferred with a cannula to a dilute 

solution (-78°C) of o-xylene dibromide (1.56 g, 5.95 nunol) . .. 
ahd HMPA (0.5 mL). The reaction mixture was allowed to warm 

up to room temperature slowly-, refl:uxed for 1 h, cooled and 

evaporated in vaouo. A dark oil was obtained to which was --~ 

added CH2C1 2 (40 mL) and washed with water' (5 x 20 mL), 

saturated brine (3 x 20 mL) , dried over anhydrous Na2S04 and 

evaporated' in vaouo. The residue was purified by flash 

chromatography to afford 2S0 

(impure) materia1. 

mg (15%) adduct 204 as 

. ~-, 
(C=O, aldehyde), 1602, 1586 (ring 

an amorphous 

IR (nujol) "max: 1720 

C~) , '1424 (S-CH
2
). 

,. 
lH.m.r. (60 MHz, CDC1

3
) ô: 9.81 (s, J = 1.5 Hz, CHO) , 

7.2":7.0 (bs, 4H, aryl-H), 3.4-2.6 (m, 7H, 2_x- ben~ylic, 

methine, -SC!!2CH2 C!!2S -), 2.2-1.95 (m, 2H, -SCH2C!!2CH2S-), 

+ M.s. {El, nOeV, 75°C) rn/z (%): 264 (3.7, M'), 265 (0.72, 

[M+1J"r), 263 (1'.1, Mt - 1), 250 (59, Mt - CH
2
), 104 (41.4, 

+" CSH8 ). 

-
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EXPERIMENTAL 

Chapter 4 . ' 

Preparation of Xanthoguinone (m) 

Tc a solution of 1,4-dimethoxyxanthone (0 .. 4~O g, 1.91 mmol) 

in 30 mL acetone was added freshly prepared silver(Ir) oxide 

(0.95 g, 7.65 mmo1). The suspension was sonicated briefly 

and a cata1ytic amount (1. 9 mL) of 6N HN0
3 

was added at room 

temper,ature. After stirring ,for 6 min the reaction was­

que~ched with 60 mL CB 2C12-H20 (5:1) and the mixture filtered 

throuqh a pad of Celite. The solvent was evaporated, the 

residue redissolved in CB2C1 2 (50 mL), washed with water 

(3 x 15 mL) and dried over anhydrous Na2S04 • Evaporation to 

dryness gave a reddish-orange compound which was purified by 

recrystallization (CH 2C12/pentane) to afford 0.42 q (98%) of 

xanthoquinone as, needles: mp 183.5-184.5°C (dec.). 

IR (CBCI3 ) v max : 1693 (C=O, .quindne and y-pyrone), 

1613 (C=C), 1~70 (ring C.:...:..:..c) • 

lB.m.r. (20.0 MHz, CDe1
3

) ô: 8.28 (dd, 'J = 2 and 8 Hz, 
1 

\ lB, H - 8), 7. 78 (m, J = 8.5,6.9, 1.a.Hz, ',lH, H-6), 7.66 (dd, 
" 

.. 
\ . 
,j-= 8.5,1.2 Hz, 1.B, H-5), 7.50 (m, J = 8.0, 6.9, '1.2-Hz, là, . , 

B - 7), 7. 08 ( d, J = 10 Hz, lH, H - 3), 6 • 90 ( d, J = 10 Hi, 'lB, 

B":2). 

lB.m. r •. (60 MHz, CDCI
3

) ô: 8.30 (dd, J = 2 and 8 Hz, ut, 

i-

" 

f 
i 

f 
1 . 
l 
j 

1 
! 
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j 

1 
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H-8), 7.8-7.4 (m, 38, H-5, H-6, H-7), 6.9 (bs, 2H, H-2, H~3) • 

13C.m.~.* (22.63 MHz, CDC1 3) ô: 182.90 (C=O), 180.20 

"" 
(C=O), 174.03 (C-9), 155.77 (C-10a·),.154.42 (C-4a), 138.50 

(C-2 or C-3) , 135.38 (C-3 or C-2), 134.09 (C-6) , 126.98 (C-8) , 
/ ",J 

/ 

126.67 (C-7) , 126.36 (C-8a) , 119.15 (C:-5) , 115.26 (C-9a) • 

M. s. (El, 15eV, 57°C) m/z (%) : 226 (100, Mt)., 227 (14. 9, 

+ [M+1]. isotope peak) , 228 + (36.7, MH2 ·), 104 (67, + C7H4 0 ). 

Diels Alder Adduct 214 

Method A 

To a solution of xanthoquinone (100 mg, 0.442 nuno1) 

10 mL CH2C1 2 was added isoprene (33 mg, 0.486 mmo1) in a foi1 

wrapped flask under an inert atmosphere and the mixture was 

stirred at rootn temperature for 72 h. Evaporation of the 

BoIvent afforded 128 mg (98%) of the adduct,as a red 

,crysta11ine compound: mp 255-259°C (dec.). 

IR (:KBr) \Jmax : 16,95 (C=O), 1680 (o~efin),~ 1640 (C=C, 

il, BJunsatura~ed), 1250 (=C-O-C, \Jas)' ., -\ 

lR.m.r. (60 MHz, coci3) cS:- 8.20 (dd, J = 2 and 8 Hz, lB, 

H ortho-CO), 7.83--7.2 (m, 3H, D-ring aryl-H), 5.4 (bs, lH, 

H-8) 1 3.6-3.18 (m, 2~ H-6a, H-IDa), 2.5-2.16 (m, 4H, H-7, 

H-10) , 1.7 (bs, 3H,_CH3). 

1 R •m• r • (200 MHz, CDC13( ô: 8.20 (dd, J = 2 and 8 Hz, 
'-, 

IR, H ortho-CO), 7.7 (m, J = 8.5,6.9,1(8 Hz, H-3 (or H-2 

* Tentative assi~nt. 
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, iso:"isomer) ), 7.67 (dd, - J = 8.5, 1. 2 Hz, lB, H-4 (or' B-1 

isomer), 7.48 (m, J = 8.0, 6.9, 1.2 Hz, lB, H-2 (or H-:-3 

isomer) ), 5.41; (bs, 1H, H-8), 3.5-3.3" (m, 2H;' 8-6a, 8-l0a), 
.. 

~.54-2.2 (m, 4H, 2x H-7, 2><8-10),1.70 (bs, 3B, CH3).· 

300 

M. s. (El:, 70eV, 69°C) ml.z (%): 294 (100, M't), 295 (26, 

[M+l]T isoto~e P~9 (62.7, 'Mt 

CHO), 251 (26, M! - C~O). • 

.. Method B 1 -"', 

+ CH3), 265 (23.7, M' -

To, a solution of 1,4-dihY~t6~YX~thone (0.133 g, 0.583 
~ - , 

nuno1) in 15 mL dry acetone 1 111 a foil-wrapped flask cooled 

to O°C, was added isoprene (43.7 mg, 0.641 mmol) and silver(::I) 

oxide (0.27 g, 1.16 mmol). The, mixtur~ was sonica ted brlefly, 
, . 

stirred at DoC, allowed to reac~ room temperature slow1y and 

stirred for an additional 50 h. The reaction mixture was 
, 

filtered through Ce1ite, and evaporated to afford 160 mg (94%) 

of almost pure adduèt lli which had spectral prpperties 

identical' to those described above. 

() 
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l, 4-Dihytiroxyxanthone (75) 

. 
A solution of 1,4-dimethoxyxanthane (0.5 g, 1.95 mmol) " 

in 50 mL dry CH2C12 was caoled to -78°C and à large eXCéSs of 

baron tribromide (4 mL) was added. The react on mixture was 
r 

a'llowed to warm up ta room temperature overni ht, quenched 

with CH
3

0H and evaparated t,o give a quantitat ve yield of 
, \ ( . ' 

crysta11~ne materia"l which 'Iras recrys;t.allized (CH 30H/hexane) 

to afford 0.40 g (91%) of dihydroxyxan'h~:me ~s bright YEi!llow 

needles: mp 239-240°C (dec.) (Lit. 365 mp 236-237°C). 

IR (nujol) \! . : 
max 3350 (OH), 1640 (C=O, hydrogen-bon~ed), 

1610, 1585 (ri.ng C.:...:-::..c), 1230 (C-O phenol) • 

la. m. r • ( 60 MHz, DMSO-d6 ) ô: 13 • a (bs, lH, exchangeab1e 

OH(C-l», 11.86 (bs, 1H, exchangeable OH (C-4», 8".26 (dd, 

J = 2and8Hz,'~lH, H-8), 7.83-7.5 (m, 3H, a-s, H-6, H-7), 7.33 

(d, J - 9 Hz,. 1H, 8-3),6.65 (d, ,J = 9- Hz, lB, H-2). 

M.s. (EI, 70eV, 61°C) m/z (i): 228 (100, Mt), 229 (15.8, 

[M+l}t), 227 (12.8, Mt. 1), 200 (3.3, Mt- CO), 1'99'(3.0, 

Mt - CO-H) •. 
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SYNTHESIS OF 2- (2-METHYL-l~3-DITH:IAN-2-YL)-1,3-BUTADIENE (222) 

F'ormation of Thioketal 223 

To a cooled (OOC) solution of biacetyl (9.8 g, 0.11 mol) 

in 25 mL dry CH2C12 and 1,3-propanedithiol (13-.0'9 g, 0-.121 mol)' 

was added chlorotrimethylsilane (17 g, 0.16 mol) dropwise 

• 
over a period of 30 min. After complete addition, the ice-water 

bath was removed and the mixture stirred at room temperature 

for 2 h. The mixture was poured into water, separated and 

the organic layer was washed successively with, 5i aqueous 

Na2Co3 (3 x 15 mL), water (3 x 1S mL), saturated brine (3 ]C 15 

mL) and drie4 over anhydrous Na2S04 • Evaporation in vaouo 

fo1lowed by distillation afforded 16.6'g (86%) of thioketal 

22-3 as a light-yellow oil: bp 10S-1l17oC/6mm. 

IR (film) vmax : 2930, 2870 .(CH3 ), 1700 (C=O); 144~ 

(-S-CH
2
), 1200 (CH bènd) . 

lH.m.r • .160 MHz, CDC13)" ô: 

2 • 4 5 ( s, 3 H, "CH'3 CO), 2. 25-1. 90 . , 
. S 

(s', 3H, CB3-C~S) • 

Alcohol 224 

3.1-2.7 (m, 4H, -sqhCH2C!!2S-.), 

(m, 2B, -SCH2C!!2CH2S-), I :,80 

Vinylmagnesium bromide (19.1 l'DL of, a 1.5 M solution, 

29 mmo1) was àdded dropwisEt, under an inert atmosphere, to a 

cooled (OOC) solution ofthioketal 223 (4.9 g, 27.6 ramol) in. . -, 
20 mL THF. The rea.ction was a1lowed to warm up to rOOm 

Il 
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temperature over a period of l h then stirred for an additional 
\ 

2 h at room tempera~ure. The reaction was quenched with 20 mL 

of I.M aqueous ethylenediamine tetracetic acid tetrasodium 

salt. Methylene chloride (.75 mL) was added, the organic layer 

" separated, washed with water until neutral and dried over 
~ 

anhydrous Na2S04• Evaporation of the solvent in vaauo afforded fI-

\ -4.5 9 (80%f of a yellow oil which dtcomposed when distilled. 

IR ffilm) \1 • 
max' 3480 (OH), 2940, 2860 (CH3 ), 1635 

(CcC, terminal vinyl), 1440 (-S-CH 2 ), 1400, 995, 920 (CH, 

terminal vinyl). 

lB.m.r. (200 MHz, "~DC13) ô: 6.2 (dd, J = Il and. 17 Hz, 

lH, ==C-(C)H), 5.48 (~d, J = 2 and 17 Hz, IH, HHC=C(C)B), 5:26 

(dd, J = 2 and Il Hz, lH, HHC=CH(C», 3.0 (bs, IH, exchangeable 
,~ -

OH), 3.1-2.5 (m, 4B, -SC~2CH2C~2S-), 2.2-1.8 (m, 2B, 

-SCH2C!!2CH2S-), 1.6 (S,' 3H, CH3), "1.4 (s, 3H, CH3). 

Diene 22, 

, 
"To a so1ution of alcohol 22'4 (5.1 g, 25 mmol) in 50 mL 

dry CH2C12 was added ~ropwise triethylamine (5 g, 49 mmol) 

under an înert atmosphere at ooC. Mesyl chloride (3.-15 g, 

27.5 mmol) was add~d drop~ise over a period ~f IO.min. kfter 

30 min, the ;eaction mixture was added to ice-water, the organic 

layer separat:ed, washed with water (3 x 20 mL) and dried over 
, 

anhydrous Na2So4 " Evaporation of the solvent followed by 

distillation afforded 2.8 g (60%) of diene 222 as a yellow 
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IR (fi1m) \) :. 
max 2940, 2865 (CH3), 1650, 16-10 (C-C, diene), 

1440 (SCR2), 980 (CH, terminal viny1, conjuqated).' 

lB.m.r. (60 MHz, CDClj) ô: 6.16-5.1 (m, 58* di.ene ... H), 
) 

2.9-2.7 (m, 4H, -SCH2CH2 C!!2S-), 2.1-2.0 (m, 2B', -SCB2C!2CH2S-), 

1.63 (s. 3B, CH3 ). 
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2-Acetoxy-l,3-butadiene (229 ) , 

n-B\lLi (70 mL of a 1.5 M solution in hexane, 0.105 mmol) 

was added to a cooled (-78°C) solution of freshly distilled 

diisopropylamine (10.6' g, 0: 105 mmol) 'in 25 mL THF under an 

inert atmosphere. Freshly distilled methyl vinyl ketone (7"g, 

0.1 mol) was added dropwise over a period of 15 min followed 

by the addition or' freshty distil~ed àcetic anhydride (10.2 g, 

0.1 mol). The reaction mixturé was stirred for 5' h then allowed 

-to~each room temperatuf~ slowly. The reaction was quenched 

with water, the solvant evaporated, the resultant oil 'dquted 

with pentane (50 mL), washed with water (3 x 20 mL)., 5% aqueous 

1 ~ 0 nlin/ (EL, 70eV) m/z' ( %) : 

isotope' peak), 70 (l00, Mt-

, , 
-----------'-------~--~ ,---,'-,-

" 
" 1 
\ 

, , 



\ --

" 

--- - ~-------I'~' ~,--

---------------._-~---_.'"' .... ~ ...... _----_ ..... --
306 

2~Trimethylsi·lyloxy-l, 3-butadiene (2~3) 

To a solution of'lithium diisopropyl~ne, fFe~hly 

prepared from n-BuLi (15.8 mL of a 1.6 !v1 solution :,ttr, .. hexane, 

25.25 mmol) and freshly distilled diisopropylamine (2.55 ,g, 
\ 

25.25 mmol) in 25' mL THF at -78°C, was added under an inert 

a~osphere a solution of methyl vinyl ketone (1: 75 g, 25" mmol) 

in 10 mL THF over a period o,f 10 min. HMP'f (2.2 mL) was 

added, the reaction mixture stirred for' an additional la min 

and quenched with chlorotrimethylsilane (2.7 ,g, 25 mmÔl) at 

-78°C ,nd allo~ed to warm up to room temperature. The, solvent 

wastdapor~, the residue 'dissolved in pentane (50 mL) , 

washed with wa1;er (5 x 2,0 mL), cane. aqueous NH 4€1 (2ox 15 mL)'e 

water (3 x 15 mL) and dried over anhy.drous Na 2S04 '
r 

Distiilation 

afforded 1. 95 9" (55% of diene 243 as a c1ear color less oil: 

bp 30-33°C/30mm (Lit. 604,605,608 52-53°cf50rrun). 
r 

IH.m.r. (60 MHz, CnC1 3 ) 0: '6.35 (dd, J = la and 16 HZ,' 

lH, H2G=C (C).!i) ,,5.5 (dd, J = 2 and 16 Hz, lH;, !!HC=C (C) H) , 

5.1 (m, 1H, HHC=C(C)H), 4.4 (bs, 2H, C!!2=CCC) (0» r Q.33 (s,.\9H, 

OS i (~H 3) 3) • 
w 

M.S. (Er, 70eV, 45°C) m/z (%): 
Q 

142 (82" M~), 143 <10.3, 

-. 

+ +' 
[M+l]· iso'tope peak), 121 (75, M' - CH 3 ), 7UlOO, 

1 ~" 

, + 
[ (CH3,.) 28 :(OH] ). 

&\ 
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2-Triethylsilyloxy-l,3-butadiene (244) 

Method A 

To a solution of lithium diisopropylamide (prepared 

as described for diene 243) (50.S mmol) in SO mL THF at -78°C, 

was added under inert atmosphere a solution of methyl vinyl 

ketone (3.50 g, 50 mmol) in 20 mL THF over a period of 10 min . 

HMPT (4.4 mL) was added, the reaction was stirred for an 

addi tional 20 min and the reaction q'uenched wi th triethyl-

chlorosilane (7.54 g, 25 mmol). The reaction mixture was 

stirred for 5 h at -78°C followed by stirrin~ l~ h at roorn 

temperature. The reaction was worked-up in the same fash~on 

as described for diene 243. Distillation afforded 7.7 g (83%) 

of diene 244 as a calorless oi1: bp 87-89°Cj20mm. 

IR (film) -v : 29S0 . (CH 3), 1622 fC=C, diene) 1 12S0 max 
. 

(Si-C 2HS)' 1060 (Si-O), 860 (=CH 2 ). .' 

1 1 H • m. r • ( 6 0 MH z , CDC 13 0 : 6.21 (dd, J = 10 and 16 Hz, 

lH, H2C=C(C)~), 5.S~ (dd, J = 2 and 16 Hz, IH, ~HC=C(C)H), S.13 

(dd, J = 2 and 10 Hz, LB, H~C=C{C)H), 4.35 (bd, J = 2Hz'-,2H, 

M.s. (El, 70eV, 55°C) m/z (%): '184 + (75, M'), 185 (14.8, 

r 
1 

i 
1 

1 
,j 

1 

1 

1 

"1 

, 
i 
i 

[M+ll ~ isotope peak-), 155 (6,2.3, M-~ - C2 HS )' 103 (89, (C 2HS ) 2S~OH). 

Method B 

To a solution of methyl vinyl ketone (1.75 g, 25 mmol) 

and t:r;.iethylamine (4.52 g, 27-.5 mmol) in 1,2-dichloroethane 

cooled ta OOC was added slowly triethylsilyl trifluorome-thane-
" ~ 

1 
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~sulfonate (6.9~ g" 26.25 mmol). After,sevetal minutes the 

cooling bath was removed and the reaction stirred at room 

temperature for 2 h. The precipitated oil was removeQ, the' 

solvent evaporated in vaauo with strict exclusion of_moisture, 
. 

diluted with ether (wnich.precipitated more oil which was 

removed) and finally distillation afforded 4.4 g (95%) of 

co1orless diene 244 which had spectral propertie$ identical 

to those reported above. 

"" 
~. < 

", 

Preparation of Triethylsilyl Trifluoromethanesulfonate (245) 

Chlorotriethylsilane (55.2 g, 0~37 mol) was added 51~wly 

to neat trifluoromethanesulfonic acid (50 g, 0.33 mol) under 

an inert atmosphere. The mixture was heated for 6 h at 80°C 

,.and 70.4 g (80%) of pure product 245 was obtained as a clear 

colorlesg oil: bp 45-~7°C/2mm (Lit. 609 72°C/IOmm). 

/~ 
/ 

1 

/ 
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Adduct 2..i6. 

Ta a solution of xanthoquinone (100 mg, 0.44 mmol) in 

20 mL CH 2C1 2 was added (89 mg, ,0.~8 mmol) of 2-triethylsilyloxy-

1,3-butadiene under an inert a~osphere in the dark. After 

--­stirring 4 days at room temperature, the solvent was evaporàled 

and the residue triturated with pentane to afford a mixture 

consisting in roughly equal portions of adduct ~ and 

xanthoquinone. Purification by flash chromatogra~hy (CH 2Cl 2 ) 

was only partially successful because the adduct underwent 

décomposition on the column. As a result, ca. 63 mg (35%) 

of adduct 246 was obtained as a tan colored materia·l which was 

not purified any further. 

IR tnujol) v : 1695 (C=O), 1670 (C=C), 1640 (C=C, max 

a,B-unsaturated), 1250 (Si-C2~5)' 1060 (Si-O). , 
1 • . H.m.r. (60 MHz, Cne1 3 ) é: 8.20 (dd, J = 2 and 8 Hz, IH, 

H ortho-CO), 7.83-7.2 (m, 3H, D-ring aryl-H), 5.06 (bs, lH, 
" 

H-8), 4.1-3.5 (in, 6H, H-6a, H-10a, 2 xH-7, 2 x H-IO), 1.4-0.6 

M.s. (EI, 70eV, 73°C) m/z (%) : 410 (100, Mt) , 411 (31.2, 

[M+l]t Mt 
'~ 

Mt isotope peak) , 381 (20. 7 , - C2HS )' 363 (49.6, 

Ç2HS-CO ) , 103 (4.7, Si (C
2

H5 ) 20H+) . 
rI. 

r 
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Adduct 255 

Method A 

To a stirred solution of xanthoquinone (121 mg, 0.535 mmol) 

in 40 mL dry CH 2C1 2 was added a three-fo1d excess of 1-methoxy-

3-(trimethyisilY10XY)~1,3-butadiene (277 mg, 1.61 ~ol) under 

inert atInosphere" in the dark. After stirring 72 h at room, 

~ temperature the so1vent was evaporated in vacuo at low 

temperature and the residue triturated with pentane. A pafe 

orange crysta11ine adduct ~ (0.17 g, 80%) was obtained which 

was extremely labile to moisture and heat. 

IR (CHC13 ) vmax : .1710 (C=O), 1655 (C=C, ~,~-unsaturated 

ând C=C-O), 1610, 1570 (ring C~), 1250 (Si-CH3 ), 1070 (Si-O). 

lH.m.r. (60 MHz, CDC13 ) é: 8.23 (dd, J = 2 and 8 Hz, 

1H~ H ortho-CO), 7.8-7. 3 (~, 3H, D-ring ary,l-H)" 5. ~l '( .. d, 
, , 

J ,= 6 Hz., 1H, H-8), 4.28 (dd, J = 4 and 6 Hz, lIB, H-7), 

3.6-3.26 (m, 3H, H-,6a, H-lOa, 8-10B), 3.'08 (s, 3H, OC~3)' 

2.36 (m, 1H, H-10A), 0.33 (s, 9H, Si(CH3 )3)' 

, +. 
M.s. (El, 20eV, 106°C) m/z U): 366 (6.1, M· - CH

3
0H), 

294 (100, Mt - Si(CH3)3-CH30). 

Method B . 

·To a cooled (O°C) foi~-wrapped f1~sk containing a solution' 

of l, 4 -dihxdroxyxan thone (11.4 mg, 0 . 5 mmol) in 30 mL dry 

acetone was added (232 mg, 1.0 mmol) silver(I) oxide and 

I-methoxy-3-(trimethy1si1y1o~}-1,3-butadiene (260 mg, 1.5 mmol) 

under 1nert atmosphere.' Th~ reaction was allowed to'wa~ up 

i 
" 
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to room temperature slow1y and st~rred for an additional 50 h. 

The react~on was worked-up in the same fashion as that 

described for Method A affording 149 mg (75%) of a pure adduct 
, 

which had spectral propeTties identica1 to those reported 

above fOr adduct 255. 

Adduct 256 

The ~nso1ub1e by-product obt~ined due to 1abi1ity of 

adduct 255 was identified as the ar~tized compound.256. 

IR (nujo1) vmax : 3340 (OH), 1645 (C=O, H-bonding), 1610, 

1590, 1570 (ring C~) . 

lH.m.r. (60 MHz, DMSO-d6 ) ô: 13.5 ~bs, 1H, exchangeab1e 

OH (ortho-CO», 11.9 (bs, 2B, exchangeab1e OH), 8.27 (dd, \ 

\ 
J = 2 and 8 Hz, IH, H ortho-CO), 7.9-7.38 (m, 6H, D-ring--~ni 

A-ring aryl-H) • 

M.s. (El, 70eV, 

(.M+ 1] T isotop~ peak), 

150°C) m/z (%): 294 (100, Mt), 295 (19.3, , 

293 ( 18 , Mt - 1), 278 (10 , Mt - CO) • , 

/ 

v 
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Preparation of l-Methoxy-3-(triethylsilyloxy)-1,3-butadiene (~} 

Method A 

TO a 'coo1ed (-78°C) solution of fresh1y distil1ed 

diisopropylamine (11.1 g, 0.11 mol) in 60 mL THF was added 
1 

n-BuLi (65.6 mLlof a 1.6 M solution in hexane, 0.105 mol) under 

an inert atmosphere. A solution of 4-methoxy-3-buten-2-one 

(10 g, 0.10 mol) in 10 mL THF was added flowly over a period 

of 10 min. The mixture was stirred for 30 min at -78°C and dry 

HMPT (10 mL) was added followed; after a few minutes, by the 

~ addition of a solution of triethylchlorosilane (15.1 g, 0.10 

mmol) in 10 mL THF over a period of 15 min. The mixture was 
t; 

, 

stirred for 3 h at -78°C, allowed to warm up to room temperature 
~ 

slowly and fi~iy stirred at room temperature.overnig~t • 
. 

Evaporation of the solvent in vaauo gave a dark brown oil which 

.' was diluted in pentan~ (100 mL), washed with water (5 x 40 mL) , 

cold 1% aqueous HCl (3 x 20 mL), water (3 x 20 mL), saturated 

brine (3 x 20 mL) and dried over anhydr~us Na 2S04 • Distillation 

afforded 12 9 (80%) of pure diene 259 as & colorless oil: 

bp 68-70 oC/0. Brom. 

IR (film)' v : 2960 max (CH 3 ) , 1653, 1586 (C=C, conjugated) , 

1220 (Si-C2HS) , 1030 (Si-O) , 960 (CH, tzoans diene) . 

lH.m.r. (60 MHz, CDC13), ô: 6.9 (d, J == 12 Hz, lB, vinyl 

H(C-l», 5.36 (d, J = 12 Hz, lB, vinyl H(C-2», 4.0 (s, 2B, 

vinyl H(C-4», 3.53 (s, 3H, OCH3), 1.2-0.33 (m, l5H, Si(C2HS)3'. 
- -

M.s. (El, lSeV, 100°C) m/z (.%): 214 (24.0, Mt), 215 

l 

, 

r 
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(3,7, [M+1]! isotope peak), 199 (60.4, Mt - CH3 ), 185 (100, 

+ + 
M' - C2HS)' 103 (27, Si (C2HS' 20H') • 

Method B 

Excellent yields (> 95%) of die ne 259 were obtained when 

4-methoxy-3-buten-2-one was reacted with triethy1si1y1 
1 

trifluoromethanesulfonate under conditions simi1ar ta those 
'" used for the preparation of diene 244. Afte.r removal of the 

precipitated triethylammon~ triflate, distillation afforded 

pure diene 2S9. ' 
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Adduçt 2-60 
.., 

/ 
! 

Method A / 

To a foi1-wrapped f1ask containing a solution of xantho­

quinone (178 mq~ 0.787 nuno1) . in 50 mL èH 2C12 was added 

1-methoxy-3-(triethy1si1y1oxy)-1,3-butadiene (491 mg, 2.29 mmol) 

under an inert atmosphere. After stirring for 72 h at room 

temperature, the so~vent was evaporated in vaauo without heat 

and the residue triturated with pentane to afford 311 mg (90%) 

of pure adduct 260 as a stable 1ight-orange crysta11ine 

materia1: mp 192.5-194.5°C (dec.). 

IR (nùjol) vmax : 17"10 C=O), 1645 (C=C, a,6-unsaturated 

and C=C-O), 1610, 1570 (ring C~), 1240" (~i-C2H5)' 1080 

_ (Si-ot. 

IH.m.r. (60 MHz, CDCI 3 ) ô: 8.18 (d, J =2 and 8 Hz, lB, 

H ol"tho~CO), 7.73-7.16 (m, 3H, D-r1ng ary1-H), 5.13 (d, 

J = 6 Hz, lB, H-8), 4.23 (dd, J = 4 and 6 Hz, IH, H-7), 3,.66-

3.26 (m, 3B, H-6a, H-I0a, H-10 eq)', 3.03 (s, 3H, OCH), 2.16 

(dd, J = 6 and 18 Hz, lB, H-IOax), 1.2-0.6 (m, 15H, S1(CH2CH3 )3}' 

IH.m.r. (200 MHz, CDC~3) ô: 8.21 (<id, J:: 2 and 8 Hz, 1H, 
,. 

H ol"tho-CQ), 7.71 (m, J = 8.5, 6.9,.~ 2 Hz, 1H, H-3 (or H-2 

isomer) ), 7.61 (dd, J = 8.5 and 1. 2 Hz, lH, H-4 (or H-l isômer», 

7.44 (m, J = 8.0, Q.9, 1.2 Hz, 1H, 8-2 '(or H-3-isomer», 

5.17 (d, J =5.4 Hz, lB, H-8), 4.23 (dd, J == 4.2, 5.4 Bz, lB, 

B-7), 3.5 (m, 1H, B-IOa), 3.36 (Ïn, IH,.s-6at, 3.12 (d, 3 = 18 Hz, 

lB, a-la eq), 3.02 (s, 3B, OCR3 ), 2.2 (dd, J = 8 and 18 Bz, lB, 

. , , 
1 

l 
1 
i 

! 
/ 

t 
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H-10'ax)' 1.09-0.99 (t, J = 8 Hz, 9a, Si (CH2C!!3) 3)' Q.82-0.70 

(q, J = 8 and 6 Hz" Si(C~2CH3)3). 

lH.m.r. (400 MHz, cDc13) Ô1 8.27 (dd, J = 1.7Jand 7'.9 Hz, 

lB, H ortho-CO), 7.76 (m, J = 8.5, 7.0, 1.7 Hz, lH, H-3 

(or H-2 isomer»" 7.65 (dd, J = 8.5 and.l.4 Hz, lH, H-4 (or 

H-1 isamer)}, 7.47 (dt, J = 7.9, ?O, 1.4 Hz, lH, H-2 (or 

H-3 isomer», 5.17 (dd, J = 5.6 ànd 1.5 Hz, 1H, H-8)" '4.23 

(dd, J = 5.6 and 4.2 Hz, lH, 8-7), 3.46 (ddd, J = 7,.5, 6"n, <:ç,3: 

0.9 Hz, iH, H-lOa), 3.35 (dd, J = 6.0 and 4.2 Hz, IH, H-6a), 

3.13 (dd, J = 18.4 and 0.9 Hz, 1H, H-lO eq), 3.02 (s, 3H, OCH3),' 

2.19 (ddd, J = 18.4, ,7.5, 1.5 Hz, lH, H-IOax), 1.02 (t, 

J = 7.~ Hz, 9H, Si(ca2C!!3)3)' 0.77 (q, J = 7.6 Hz, 6~, 

Si. (C!!2CH3) j) • 

, 13 ~ C.m.r. (100.62 Hz, CDC13 ) v: 193.53 (C=O), 190.15 (C=O), 

174.98 (C=O), 158.11~ 154.66,154.39,134.95,126.55, 126.26, .. 
125.75, 121.71, 118.95, 100.19, 74.94, 54.98, 50.30, 44.37, 

26.00, 6.59, 5.00. 

M.s. (E!, fOev, 105°C) m/z Ct}: 440 (1.1, Mt),. 441 

(0.4, [M+1]t isotope peak); 411 (28, Mt - C2HS)' 4Q8 C100, 

Mt - CH30H), 294 (14 ~, Mt -. Si (C 2HS) 3-OCH3) • 

Method B 

A sliqhtly inferior yield (80%) was obtained when the 

reaction was perform~d by trappinq xanthoquinane in situ by 

the)oxidation of 1,4-dihydroxyxanthone with silver(I) oxide. 

Nevertheless, a pure adduct was obtained which had spectral 

j2roperties identical ta those of adduct 260. 
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To a solution of adduct l!Q (400 m~ 0.91 mmol) in 10 mL 
. -

acetone was added sodium bicarbonate (168 mg, 2.0 mmol) in 

2 mL water. The mixture was stir~ed at room temperature for 

10 min and the solvent evaporated. CH~C12 (20 mL) was added, 

washed with water (3 x 5 mL), dried over anhydrous Na2504 and 

evaporated to afford.360 mg (90%) of the tautomer ~6l as a 

pasty materia1. 

IR (nujo1) 'V max 3350 (OH), 1645 (C=O (H-bonding), C=C-O) , 

1240 (Si-C2H5), 1080 (5i-0). 

lH.m.r. (60 MHz, CD3COCD3) ô: 13.2 (bs, lH, exchangeable, 

OB ortho-CO), Il.4 (bs, lH, exchangeable OB), 7.98 (d, J = 2 
. . 

and 8 Hz, lH, H ortho-CO), 7.70-7.10 (m, .3B, O-ring aryl-B), 

~.18 (d, J ~ 6 Hz, lB, H~8), 4.45 (d, J = 6 Hz, lH, B-7), 3.40 

(bs, 2H, 2x H-lO), 3.20 (s, 3B, OCH3" 1.2-0.6 (m, 15B, 

Si(CH2CH3l3~ 

Thio-Adduct 26i 

To a solution of l,4-dihydroxYthioxanthone (186 mg, 

0.762 mmol) in 20 mL dry acetone was added silver(l) oxide 

(0.36 g, 1.55 mmol) and l-methoxy-3-triethylsily1oxy-1,3-

butadiene (0.25 g, 1.17 mmol) and the mixture was stirred 
• in the dark at room temperature for 24 h. The reaction mixture . . 

was filter~d thre~gh a pad of Celite, the filtrate evaporated 

te dryness and triturated with pentane to afford 220 mg (63%) ~ 
~ 
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of pure adduct 264 as a light-orange crystalline material: 

mp 20l-203°C (dec.). 

lH.m.r. (60 MHz, CnC13 ) ô: 8.47 (dd, J = 1.5 and 8 Hz, 

lH, H or~ho-CO), 7.63-7.43 (m, 3H, D-ring ary1-H), 5.13 (d, 

• 
J = 6 Hz, 1H, H-8), 4.21 (dd, J = 4 and 6 Hz, 1H, H-7), 3.73-

3.26 (m, 3H, H-6a, H-10a, H-10B), 3.0 (s, 3H, ~H3) 1 2.21 (dd, 

J = 6 and 18 Hz, lH, H-lOA), 1.3-0.6 (m, 15H, Si(C2Hs)3)' 

la.m.r. (200 MHz, CDC1 3 ) ô: 8.47 (dd, J = 1.2 and 7.9 Hz, 

lH, H ortho-CO), 7.65 (d, J = 3.5 Hz, lH, H-4 (or H-1 isomer», 

7.60-7.51 (m, 2H, H-2, H-3), 5.14 (d, J = 5.3 Hz, lB, H-8), 

4.23 (dd, J = 4.4 and 5.3 Hz,. lH, H-7), 3~52 (m, lH, H-10a), 

3.37 (m, lB, H-6a), 3.09 (d, J = 18 Hz, lH, H-10 eq), 2.17 

(dd, J = 7.2 and 18 Hz, IH, H-lOax), 1.03 (t, J = 8 Hz, 9H, 

Si(CH2C~3)3)' 0~78 (q~ = 8 Hz, 6H, Si(C~2CH3)3)' 

Preparation of Quinizarinquinone (213) 

Quinizarin (10 g, 41.6 mmol) and lead tetraacetate (20 g, 
~ 

45.1 mmo1) were stirred in 100 mL glacial acetic acid at room 

temperature for 1 h. G1ycerol (10 mL) was added to destroy 
- . 

excess Pb(OAC)4' the reaction mixture was poured into water 

and extracted with CH2C12 (3 x' 250 mL). The solution was 

concentrated, washed with 5% aqueous NaHC03 (3 x 25 mL), water 

(3 x 25 mL), saturated brine (3 x 25 mL), dried and evaporated 

in vacuo. Purification by flash chromatography (CH 2C1 2) , 

fo11owed by recrystaillzation (CHC1 3/petroleum ether) afforded 

r 
t 
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7.9 {80%) of quionone (213) as yellow needles with a metaLlic ---
~uster:' mp'210-211°C (Lit. 294 212-213°C). 

IR (nujol) 

C~). 

\) 
max 1675 JC=O, quinone), 1610, 1.590 (ring 

lH.m.r. (60 M,Hz, CDC1 3 ) ,ô: ê.2"'7.67 {ni, 4H, ,aryl-ij'), 

6.90 (s, 2H, olefinic-H). 

,{ 

Adduct 271 

To a solution of quinizarinquinone (104 mg, 0.437 mmol) 

in 10 mL Ca2C1 2 was added I-methoxy-3~triethyls~iyloxy-1,3-

butadiene (130 mg,' 0.611 mmo1.) under an inert atmosphere. 

and th~ solution stirred in the'dark for 24 h. Evaporation of 

the solvent in vacuo, at low temperature, gave a ,tan" colored " .. 
# 

amorphous material. Trituration with pentane afforded 193' mg 

(98%) of crystal1.ine material which consisted of a 3: l mixture 

of.the two internaI adducts 271a and 271b. 

IR (nujol) vmax: 17'10 (C=O), 1647 (C=C, conjugated and 

C=C-O,), 1610, 1580 (ring C-=-:...:..c), 1.240 (Si-C2HS )' 1050 ~Si-O). 

Major isomer 271a 

l H.m. r. (200 MHz, CDC1 3 ) 0: 8.1-8.0 (m, 2H, aryl-H), 

7 ~ 8-7.7 'fm, 2H, ary1-H), 7.06 (d, J = 10.3 Hz, lH, olefinic-H),; 

" 6.65 (d, J = 10.3 Hz, lH, olefinic-H), 5.29 (d, J-= 5.7Hz, 

lH, HC=C-OSi), 4.77 (d, J = 5.7 Hz, HJ, (CH30) C!!), 3.22 (d, 
o 

J = 18.5 Hz, IH,>CH1!!2)' 3.15 (s, 3H, -OCH3), 2.06' (d, J = 

18.-5 Hz, lH,":::::CH1 H2), 1.Q4-0.91 Ct, J = '9 Hz, 9H, Si (CH2CH3 ) 3) , 



--

0.78-0.61 (g, J = 9 Hz, 6H, Si(C~2CH3)3)' 

Minor isomer 2711>1 
l' . H.m.r. (200 MHz, CnC1 3 ) ô: 8.1-8.0 (m,.2H, ary1-H), 
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7.8-7.7 (m, 2H, ary1-H), 6.88 (d, J = 10.4 Hz, 1H, olefinï"c-H), 

6.57 (d, J =·10..4 Hz" lB, olefinic-H}, 5.28 (d, J::r 5.7 He, 1H, 

HC=-C-OSi), 4.65 (d, J = 5.7 Hz, 1H, (CH
3
0) C!!), 3.32 (d, J = 

16 HZ, 1H,"):C!!lH2).' 2.94'(5, 3H, OCH)), 2.14)d, J= 1.6 Hz,' 

1a,)'CH1!!2)' 1.04-0.91 (t, J == 9 ftz,' 9H, Si(CH2 C!!3)3 J , 
. 
0 .. 78-Q.61 (q, J = 9, Hz, 6R, Si (C!!2CB,3) 3) . 

M.s. (EI, ?OeV, 240°C) m/z (%):- + 452 (28',6, M'), 453 . 
+ + (10.1, [M+l]· isotope peak), 424 (38.9, M' - CO), 423 (10.7, 

.' 

+ + <CO + 
M' - C2 H5 ), 370 (100, M·, - C

4
H2 0 2 ), 238 (15.1, M' - CH 2=C(OSiEt

3
) -

CH=C (OCH
3

) H) • 

• 

; 
1 

1 

\. 
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SYNTH~SIS OF 3-CARBOETHOXY SULFONE 273 

Phosp'honate 276 
1 , 

Paraformaldehyde (6 g, 0.06 mol) was dissolved in 300 ~ 

absolute ethanol containing 10 drops'piperidine and refluxed 
1 

<1 

for 0.5 h. Triethyl phosphonoacetate (19.95 g, 0.089 mol) 

was added aIl at once and the solution was rèfluxed for 36 h . 

Evaporation of the solvent in vaouo gave' a yellow oil. The 

oil was dissolved in benzene (100 mL) ,'a catalytic amount of 

p-toluenesulfonic acid was added and the mixture refluxed 

un~er a Dean-Stark water séparator containing 4Â molecular 

sieves,; After' 29 h, removal of the solvent gàve an oil which 

was distilled, bp l26-l32°C/lmm to afford 12 g (90%) of 

phosphonate 276, as a clear colorless oil whiéh turn~d yellow 

on standing._ 

IR (Dl·lm) v 
max 2975 I( CH)' , 1720 (C=O , a, B-unsaturated 

-~ 
ester) , --1610 ~~=CH2' conj ugated), 1250, '103 a (C-O-C). 

/ ~ 
IH.m.r. (60 MPtz, CDC1 3 ) <5: 6.98 (dd, J = 26 and 2 Hz, 

IH vinylic-H), 6.48 (dçl, J = 4 and 2 Hz, lH, viny1ic-H), 

4.13 (m,'6H, CH 2), 1.33 (E, J= 8 H?~ 9H,·CH3 '. 
\ 

1 
l ,,: ., 

-

......... 
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3-Carboethoxy-2,5-dihydrothiophene (277) 

A suspension of 2,5-dihydroxy-l,4-dithiane (dimer of 

mercaptoacetaldehyde, 900 mg, 5.9 mmol) in 75' mL CH 2 C1 2 was 

heated with triethylamine (1.3 g, 13 nunol) ~nder inert 
\ 

Il j mmol) 

, 

atmosphe"re. Phosphonate 276 (2" 62 g, was added as 

a solution in CH 2C1 2 
(l0 mL) and the m±xt~re refluxed for 4 h. 

The cooled solutJ..on was diluted wi th CH2C,l2 (100 mL), washed 

with 5% aqueous HCl (3 x 100 mL), water (3 x 100 mL), saturated 

b;t'ine (3 x 100 mL) and dried over anhydrous Na 2So4 . Evaporation 

of the sol vent i 71 vacuo gave an oll WhlCh was .purif ied by 

flash chromatography (CH 2Cl
2

) to afford 1.6 g (86%) of 

thiophene 277. as a clear, colorless oil. - ... 

IR (f ilm) v : 
max 

2975 (CH), 1720 (C=O, 0.,8-unsa.turated 

ester), 1640 (C=C, conjugated), 1260, 103tJ (C-O-C) . 
'. 

, 0 

lH.m.r. (60 MHz, CDC1
3
), ô: 7.0 (bs, lH, viny1ic-H), 

4.3 (q, J = 7 Hz, 2H, COOCH 2 -), 4.0 (s, 4H, ring CH
2

), 1.33 

ft, J = 7 Hz, 3 H , CH 3) . 

( 

1 
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Sulfone 273 

To a cooled (OCC) solution of thiophene 277 (451 mg, 

2.85 mmol) in 20 mL CH 2 C1 2 was added m-chloroperoxybenzoic 

acid (1.2 g, 6.9 Irimol). The mixture was stirred for 3, h and 
-' 

then allèwed to warm up to room temperature slowly overnigl1t. 

The reaction mixture was filtered, washed wi~ saturate~ 

aqueous Na
2
C0 3 , dried over anhydrous Na

2
SO 4 and evaporated 

in vacuo to afford an oil. Purific&tion by flash chromatoqraphy 

(CH2C1 2 -EtOAc, 4:1) afforded 0.50 ~ (9'2%) of sulfone 273 as 

a white crystalline, compound: mp 59-60°C. 

IR (nujol) v : 1720 (C=O, a, B-unsatuiated ester), 
max 

1630 (C=C, conjugated), 1310, 1280 (S02)' 1240 (C-O-C), 1140 

(502' "V ), 1010 (C-O-C, \) ). s s 

lH.m.r. (200 MHz, CDC1 3) é: 7.03 '(bs, lH, vinylic-H), 

4.27 (q, J = 7 Hz, 2B, COOCB2-), 4.0 (s, 48,' ring CB
2
), 1.32 

'1 

(t, J = 7 Hz, 3H, CH 3). 
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SYNTHESIS OF (E) -1- (TRIMETHYLSILYL) -1, 3-BUTADIENE (281) 

Preparation of 3- (Trimethy1si1yl) -2-propyn-1-01 (282) 

To a. solution of n-B,uLi (146.9 mL of a 1.7 M solution in 
~ 

hexane, 0.250 mol) in anhydrous ether cooled to -78°C was 

added freshly dis!;.illed propargyl alcohol (7 g, 0.125 mol). 

After about half of the propargyl alcohol was added, a gel 

formed and st~rring became ~nefficient requiring that the 

flask be shaken manually. One hour after complete addi tion of 

the alc6ho1, chlorotriInethyls~lane (27.4 g, 0.252 mol) was 

added at -78°e over a per~od of 20 min. The mixture was 
, 

allowed to warm ur s Zow:'y (the solid mass slowly dis1ntegra~d) 

';nd stirred for 2 h. The solvent wa's evaporated and the 

rèsultant oil dissolved in methanol (110 mL} to whiçh was 

~pded ~N aqueous Hel, the mixture stirred overnight at room 

temperature and dist111ed' to'remove as much of the Methanol 

às po~sible. Extract10n w1th ether, followed by washing 

successively with water (3 x 20 mL), 5-% aqueous NaHC~3 (3 x 20 
.. 

mL),\ saturated brine ,(2 x 20 mL), dried over anhydrous Na 2So4 , 

and evaporation in. vaéuo of the solvept gave a 1ight-yellow 

oil which was clist~lled ta afford Il. 7 g (73%) of alcohol .~ 
'ù 

282: bp SO-5l o C/0.5mm (Lit. 64l 56<>c/0.7inm). 

IR (film) \l : max 3340 (broad, OH), 2960 (CH
2

), 2160 (C=C), 

1250 (S1-CH3 ). 

lB.m.r. (60 MHz', CDC1 3 'no internaI standard) 6: 4.0. (d, 

J = 6 Hz. 2H, CH2), 2.8 (bt, J = 6 Hz, lH, exchangeab1e OH), 

i , 
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Reduction of Alkyne 282 

To a solution of sodium bis- (2-methoxyethoxy) aluminium 

hydride (92.4 mL of a 3.4 M,solution i.n toluene, 0.314 ~l) 

in 100 mL dry ether under inert atmosphere was added dropwise, 

with coo.ling at COC, alkyne 282 (11.5 9, 0.090 mol) in 20 mL 

ether over a period of 20,min. After stirring 10 min at COC, 

the cooling bath was removed and the reaction stirred at 

room temperature for 1 h. The reaction was quenched by the 

dropwise addition of 2N aqueous a2~04' The organic layer was 

\ separated, wash~d wi th water (3 x 50 mL) and satura~ed brine 

~ (2 x 50 mL). The aqueous layer was extracted wi th ether (2 x 

50 mL), combined with the other ether phase, dried over 

anhydrous MgS04 and the ether evaporated in vacuo. The residual 

oi.l was distilled affording 7.8 g (64%) of trans-alkene 283 

as a clear colorless oi1: bp 4S-50°C/2.6mm (Lit.
641 

80-S1ocl 

40mm) • 

IR (film) \) : 
max 

-; 

3340 (broad, OH), 2945 (CH2 ), 1615 - (caC) , 

1240 (S~-CH3)' 990, (C=C-H t:l"ans). 

lH.m.r. (60 MHz, CDCI 3 ) ë: 6.0-5.8 (m, 2H, olefinic-H), 

4.0 (bs, 2H, CH 2 ), 2.6 (bs, lH, exchangeable OH), 0_03 (s,'9H, 

Si(CH3)3)'· 

.tH.m.r. (200 MHz, CDC1 3 ) ë: 6,.01 (dt, J = 19 and 3 Hz, 

lB, C!!=C'HSiMe3 ), 5.85 (d, J = '19 Hz, lB, =CHfliMe3), 4.04 ,(d, 

-



, ' 

( 
1 

J = 3 Hz, 2H,' CH 2), 2.8 (bs, 1H, exchangeab1e OH), 0.03 (s, 

9H, Si(CH 3 )3). 

Oxidation of 283 

325 

To a solution of alcohol ~ (7 g, 53.8 mmol) in 40 mL 

CH 2C12 was added, with cooling at O°C, pyridinium chloro­

chromate (17.4 g, 80.7 mmol) in small portions over a period 

of 5 min. After complete addition, the reaction mixture was 

allowed ta reach room tempe rature slowly and stirred for an 

additional 3 h at room temperature. The flask was coo1ed 

and the mixture fi~tered through a pad of dry Celi te:' The' 

filtrate was concentrated in vaauo, anhydrous ether added and 

the mixture was again filtered through a (resh pad of Celite. 

Concentrati~in vaauo gave an oil which was then filtered 
1,; 

through a small co1umn of silica gel (ether) and finally 

distilled to afforà 4.0 g (58%) of aldehyde 284 as a clear, 

color1esp volatile 011: bp SO-S2°C/26mm. 

IR (film) vmax : 2960 (CH3), 2780 (CH aldehyde), 1685 

(C=O)" a, B-unsaturated a1dehyde), 1580 (C=C., conjugated), 125g" 

(Si-CH3), 990 (C=C-H trans). 

lH.m.r. (60 MHz, CDC1 3 ) ê; 9.4 (d, J = 7 Hz, lH, CHO), 

7.15 (d, J = 18 Hz, lB, (CH3)3SiCH=C), 6.4 (dd, J == 7 and 18 
/ 

Hz, lB, !C=CHSi(CB3'3)' 0.13 (s, 9B, Si(CH3)3). 

.' 
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Mene 281 

, 

To a solution of methy1triphenylphosphonium bromlde 

(25-.2 g, 70.5 mmo1) in 300 mL dry ether, under inert atmosphere, 

was added n-BuLi (41.5 mL of a 1.7 M solutlo~ in hexane, 

70.5 mmol) at roam temperature. After stirrinq for 3 h, 

Aldehyde 284 (9.02 g, 70.5 mmol) was added and the mixture . - , 

ref1uxed ovemight. The cooled ·mixture -was fi1ter~d, the 

filtrate washed with water (5 x lao mL), saturated brine 

(3 x 100 mL) and dried over anhydrous MqSo4. Removal of the 

solvent and distillation afforded 4.4 ri (50\) of diÈme 281 as 

a c1ear, co10rless ail: bp 45-46°C/35mm (Lit. 638 70-74°C/210mm). 

IR (fi.lm) vmax: 2960 (CH3 ), 1565 (diene), 1240' (Si-Ca3), 

990 (C=CH trana). 

lH.m. r. (2'00 MHz, CDCI3 ) cS: . 6. ~ (m, 2H, H2C=C!!-C!!~CHSiMe3)' 

5.88 (d, J = 20 Hz, IH, C=CBSiMe3), 5.22 (dd, J = 2 and 16 Hz, 

IH, HBC-CH-), 5.12 (dd, J = 2 and 10 Hz, lH" HBCaCH-), 0.1 - , -

'. 
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Preparation of 3-Trimethylsi1y1-1-trimethy1si1y1oxY-4, 4,5,5-. 
tetracyano Cyclohexene (~) 

To a so;tution of tetracyanoethy1ene. iO.113 g, 0.882 mmo1) 

in 5 mL anhydrous benzen8 was added (E) -1-trimethy1silyl-3-

trimethylsi1yloxy-1,3-butadiene (0.195 g, 0.910 nuno1) a.nd . , 

the react'ion mixture stirred for l h at room temperature. 

Evaporation in vacuo of the solvent gave 0.3 g (quantitative 

yield) of a white crysta1line adduct which \Vas not purified. 

c· IR (nu)' 01) v 
D;laX 

1080 (Si-O). 

lB.m.r. 

2240 (C=N), 1660 (C=C), 1250 (Sr-CB3 ), 

~4.80 (bs, lH, =C-H), 2.66 . 
(d, J = 12 Hz, IH, C!hB2)' 2.46 (d, J = 12 Bz, lB, CH1!!2)' 

1.23 (bs, IH, C!!SiMe3), 0.3 (s, 9H, Si(CH 3 )3)' 

, 
" 

• i 
t 



SYNTHESIS OF (E) -1-TRlMETHYLSILYL-3-TRIMETBYLSILOXY-l, 3-

BUTADIENE (288) 

Preparation of 4-Trimethylsilyl.-3-butyn-2-o1 (294) 
• 

Tc a solution of n-BuLi (117.7 mL of a 1. 7 M s.olution 

in hexane, 0.2 mol) in 200 mL THF cooled to -78°e was added 

328 

3-butyn-2-ol (7.0 g, 0.1 mo],) as a solution in 10 mL THF over 

a period of 15 min. Towards the end of the addition, the. 
p 

solution became a gel and stirring' stopped • The mixture was 

kept at -78°C for 2 h and during this time the flask was 

shaken manually several times. Chlorotrimethylsilane (23.9" g, 
, 

0.22 mL) was ad'ded slowly over a period of 30 min and the gel. 
~ , 

slowly, disintegrated. The reaction-mixture was ailowed to 

warm up to room temperature slowly overni~ht. The flask was 

cooled to O°C and 2N aqueous Hel (50 mL) was added slowly. 
1 

The mixture w~s sti.rred vl.gorously for l h. The THF layer 
.. 

was separated from the aqueous phase, the aqueous phase 

-

1 

extracted with ether (5 x 50 mL) and the combined orga~ic phase ;. 

dried over anhydrous MgS04 • Distillation (after the bulk of 

the sol. vent was removed by evaporatipn in vac-uo) afforded 

25.6 9 (90%) of alcohol lli as a colorless oil: bp 53-54°C/ 

2mm (Lit. 619a 49-50 oC/O. 2mm) . 

IR (film) v : 
max 

3340 (broad, OH), 2960, (CH3 ), 2l. 70 (C~C), , 
l2~0 (Si-:CHa). .. 

, 1 ( H.m.r. (60 MHZ, CDe~3) ô: 4.33 q, J ~ 7 HZ, methine), 

3.6 <'bs, lB, exchangeable OH), 1.28.(d, J = 7 Hz, 3B, CH3), 

.' 
, 

1 
j 
Iv 

, ' 

, , ' 

, 
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o~o (s, 98, Si(CH3'3" 
M.s. (El, 70eV, 55°C) m/z (%): + 142 (0.2, M'), 127 

, + 'h + ( 13 • 6, M' - Cn. 3)' 99 (10 0, M' - CH 3 CO), 75 + (15.3, [(CH3)2SiOH] l, 

73 (16.1, Si (CH
3

)'3 +) • 

trana-4- (triméthylsilyl-3-buten-2-o1 (295) 

. Using LAa 

To a slurry of lithium aluminium hydri.de (1.07 g, 

0.282 mmol) in 10 mL THF under inert atmosphere was added 

s10wly a solution of 294 (1 g, 7.04 mmol) in 5 mL THF. The 

nÎixture was refluxed gent:J.y for 2.5 g, cooled a:pd quenched 

with Na2 S04 ·10H20. The precipitate was filtered" the filtrate 

concentrated and distil1ed to affc>r4 0.91 g (90%) of a 

94: 4 trans to cis mixture "of 4-trimethylsilyl-3-buten-2-ol. 

tra1ts-Isomer of 295 

IR (film) v : max 3340 (broad, .OH), 1620 (C=C), 1250 

(Si-CH3 ), 980 (=CH 'trans). 

lH.m.r. (200 MHz, CDC13) é: 6.0 ,(dd, J = 4.9 and 19 Hz, 

lH, SiCH=C!!), 5.73 (d, J = 19 Hz, lH, SiCH=CH), 4.14' (dq, 

J = 4 and 7 Hz, lH, methine), 2.52 (bs, l~, exchangeable OH) , 

1.15 (d, J == 7 Hz, 3H, CH3 ), 0.0 (s, 9H, S.ieCH3 )3)' 

Ge/MS (1% OV10l, 2m x 6mm, 70° + 4 OC/min) retention time: 

4.5 min/(EI, 70eV) m/z (%): 144 (lO, Mt), 129 (11.8, Mt ~ 

CH3 ), 75 (100, [(CH3)2SiOH]+)., 73 (65.5, Si(CH3 )3)' 

ais-Isomer 'of 295 

IR (film) v
max

: 3340 (broad, OH), 1615 (C=C), 1250 

r 
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-
(Si-CH3 ), 760, 690 (=CH cie). 

lB.m.r. (200 MHz, Cl;>C13) 6: 6.17 (dd, J = 14 and 8 Hz, 
... 

lH, SiCB=C!!>, 5·.43 (d, J = 14 Hz, lB, SiCH=-CH), 4.33 (dq, 

J ::1 8 and 6 Hz, lB, methine), 2.8 (bs, IH, exchanqeable OH), 

1.12 (d, J = 6 Hz, 3H, CH3 ), 0.0 (s, 9H, Si(eH3 )3)' (The 

60 MHz lH.m.r. spectrum is equa1ly weIl resolved) . 

GC/~ (same conditions as for the trans isomer) retention 

time: 4.1 min/CEl, 70eV) m/z (%): 144 (5, M!"), 129 (6.6, 

Mt - CH 3 ), 75 (loOO, [(CH3)2SiOHj+), 73 (45.9, Si(CH
3
)3+>' 

Using RED..IAL 
, 

To a solution of sod.ium bis- (2-methoxyethoxy) alumi.nium 

hydride (18.5 mL of a 3.4 M solution in toluene, 62.2 mmo1) 

in 50 mL dry ether under inert atmosphere was added, with 

cooling at QOC, alkyne 294 (2.56 g, 18 nunol) as a solution in 

5 mL ether over a per~od of 30 min. .~\fter complete addition, 

the reaction mixture was allowed to warm up to room temperature 

and stirred for an additional hour. The reaction was quenched 

by the dropwise addition of 2N aqtleous H2SO 4' The organic 

layer was separated, washed with water (3 x 20 mL) and 

saturated brine (2 x 20 mL). The aqueous laytèr was extracted 

wi th ether (2 x 30 mL) 1 and the combined ether phases dried . 

over anhydrous MgSO 4 • Concentration of the solution and 

distillation afforded 2.54 9 (98%) of pure "tlOans-4-trimethyl­

silyl-3-buten-2-o1 (295). 

.. " , 

1 
l , . 
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'Sily1enone '29'6 

Ta a SOlution)of alcohol ~ (7.2 g, 50 II1IIlol) in 20 mL 

CH 2C1 2 coo1ed to OOC was added portionwise pyriditlium ch10ro­

chromate (16'.1 g, 75 mm01) over a period of 10 min. After 

complete addition, the reaction mixture was stirred for 0.5 h 

at OOC, fo110wea by 1.5 h at room temperature. The mixture 

was co01ed (O°C) and filtered through Ce1ite. The fi1trate 

was evaporated in vaauo, dry ether added and fi1tered through 

a fresh pad of Celite. Purification by flash chromatography 

(CH 2C1 2) afforded 5.7 g (80%) of enone lli as a clear, color1ess 

ail. 

IR (film) v : max 2960 (CH 3), 1700, 1680 (C=O, CL, 8-

unsaturated), 1590 (C=C, conjugated), 1250 ('Si-CH 3 ), 995 (=CH 

trans) • 

l H • m. r . . (60 MH z , cnc 13 ) cS : 6 • 91 ( d, J = 19 Hz, IH, 

C!!=CHCO); 6.27 (d, J = 19 Hz, IH, CH=C!!CO), 2.13 (s, 3H, CH3CO), 

r 
i 

1· 
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Diene 2i'&] 

Lithium diisopropy1amine (22 mm01) was prepared from . 
freshly distilled diisopropylam1ne (2.24 g, 22 mol) and 

n-BuLi (14.4 mL of a 1.5 M solution in hexane, 22 mmol) as a 

solution in 10 mL THF at -78°C under inert atmosphere. 

B-Si1ylenone 296 (2.98 g, 21 IIUllol) was added slowly as a 

solution in 5 mL THF to LDA at ... 78°C and after stirring for 

1 h the reaction was quenched wi th ch1orotrimethylsilane 

(2.6 g, 24 mmal) , stirred for 4 h and then al.lowed to warm up 

ta room temperature slowly. 'the mixture was diluted with 

pentane (30 mL) and washed with cold 5% aque~us Na2Co
3 

(3 x 10 

mL), dried over anhydrous Na 2So4 , ciencentrated in VàCuo and 

distiiied to afford 3.6 g (80%) of diene 288 as a co1oriess 

oil: bp 47-50°C/1.2mm (Lit. 639 82-84°C/19nun) . 

IR (film) V max % 2960 (CH3),L~1620 (C=C), 1580 (C=C), 

1250 (Si-CH3), 1020 (Si-O), 980 (=CH trans). 

l H • m. r . ( 6 0 Ma z , CDC 13 ) 6 : 6 • 28 ( d, J = 18 Hz, lH, 

SiCH-CH), 5.93 (d, J = 18 Hz, IH" SiCH==CH), 4a26 (s, 2H, =CH2), 

0.13 (s, 9H, OSi (CH 3 ) 3)' 0.0 (s, 9H, Si (CH3 ) 3) . 

M.s. (Ei, 70eV, 65 OC) m/z (%) : 214 (21, M"!") , 19-9 (43, 

M"!" - CH 3 ), 141 (100, -+ 
M- - Si (CH3) 3)' 75 (80, + (CH 3) 2SiOH ) , 



SYNTHESIS OF tl'ans-4- (TRlMETHYLSILYL) -3-BUTEN-2-0L (,m) 
; i 

Preparation of 8-Silylyn<;me 298 

\ 
To a stirred solution of bis-trimethylsilylace1l'ylene 

333 

(2 g, 11.7 nunol) and acetyl chloride (0.912 g, ;11.6 mmol) in 
1 

25 mL CH
2
C1 2 cooled at 0 oC was added aluminium chloride 

(1. Sr' 11. 7 mmol). After stirring a few minutes, the c091ing 

bath was retnoved. The reaction mixture stirred at room 

temperature for 2 h, and quenched by pouring onto ice., The 

organic layer was separated, the aqueous layer was extracted 

with CH
2
C1 2 (3 x 10 mL) and the combined 'CH 2C1 2 phases were 

washed with water (3 x 20 mL), 5% aqueous -NaHC0
3 

(3 x 20 mLl, 

saturated brine (3 x la mL), and, dried .over anhydrous Na 2S04 • 

EV,aporation of the sol vent i n va~uo afforded 1. ~4 g (95%) 

of ynone 298 as a rad oi1 which was sufficient.ly pure ta be 

used without purification. 

IR (film) v : 2960 (Ca), 2160 (C::C), 1680 (C=O,. 
max 

acety.lenic ketone) , 1250 (Si-CH
3
). 

lH.m.r. (60.MHz, CDCl) 0: 2.1 (s, )H, CH)CO), 0.03 

( s , 9 H, Si (CH 3 1 3) . 

.' 

r 
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Alcohol 295 

j 

To a solution of sOdiurq bis- (2-rnethoxyethoxy) aluminium 

hydride (9.25 , of a 3.4 M solution in toluene, 31.1 rnrnol) 

in 50 mL dry ether under inert atrnosphere was added ynone 298 

(1.08 g, 7.77 rnrnol) drypwise with cooling at QOC. After 

addition of 298 was complete, - the cooling bath was removed 

.. and the reaction mixture stirred at roorn ternperature for l h. 

The reaction was quenched and worked-up ~s previously described. 

Distillation afforded 0.94 g (95%) of tl'ans-alcohol 295 wi th 

spectral characteristics exactly as those previously described. 

, 

• 
'. 

, . 

1 , , . 
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SYNTHESIS OF l-CARBOMETHOXY-3-TRlMETHYLSILYL-1,3-BUTADIENE (~) 

Preparation of tra~s-4-0xo-pentenoic Acid (311) 

61 

~ 
glyoxylic acid . (20 g, 0.22 m"Ol) in 40 mL 

and 30 mL 85% phosphotic acid was refluxed (80°C) 

h then stirred at room temperature overnight. The 

concentrated in vacuo and extracted w~th CH 2C1 2 

The organl.c layer was washed with water (5 x 5q mL), 

saturated brin~ (3 x 30 mL) and dr1ed over anhydrous Na 2S04 . 

Evaporat1on in vacua gave a light-brown crystalline materl.al ~ 

Wh1Ch was purif1ed ~y recrystal11zat10n (CH 2CI 2/pentane) 

affording Il.3 g (45%) of acid lll'as a wh1te crystalline 

compound: mp 116.5-117.5°C (Lit. 616 121-1?2°C). e 

IR (nujol) \J max 3100~z'500 (broad, COOH), 1690 (C=O, 

a,S-unsaturated acid~, 1675 (C=O, a,B-unsaturated ketone), 

1620 (C=~, conjugated), 1000 (=CH tl"ans). 

lH.m.r. (60 MHz, CDC1 3 ) 6: 9'.7 (bs, lH, exchangeable 

COOH) , 7.1 (d, J t 16 Hz, IH, CH3COC~=CH), 6.56 (d, J = li Hz, 

Esterification of 311 

Method A 

Ta a foil-wrapped flask was added a solutl.on of acid 311 

(3.65 gJ 32.0 mmol) in 90 mL dry ether, silver(I) oxide 
..... 

(8.16 g, 35.2 mmo1) and methyl iodide (9.1.g, 64 mmol). The 

. 
l . 

, , 
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't 
',1 

reaction mixture was stirred for 18 h'at room temperature 

.hen filtered. Evaporation of the solvent in vaauo, at low 

temperature, gave a solid which sublLmed readily at 30 oC/20mm 

affording ester 313 as a white crystalline mater~al: mp 

59.6-60.5°C. 

IR (nujol) v max 1720 (C=O, Cl ... B-üDsaturated ester)', 

1675 (C=O, a,B-unsaturated ketone), 1640 (C=C, conjuçated}, 

1250 (C-O-C), 1020 (C-O-C, vs), 990 (=CH trans). 

l ' H . rn. r . ( 200 mH z , CDC l 3) 5: 7 . 0 ( d , J = 16 Hz, IH, 

CH3COC~=CH),· 6.91 (d, J = 16 Hz, IH"CH~COOCH3)' 3.8 (s, 
. 

3H, COOCH
3
), 2.3 (s, 3H, - COCH 3,)'. The 60 MB,z l H .~. r. equal1y 

well resolved. 

Method ê' . ) 
Acid 311 {7.)7 g, 64 ~ol) was :d~~soived in 50 mL dry DMF 

and sod~um Q~carbohate ,( 10. 7 g, 12S mmQl) and ~thy'l iodide 

(13.75 9,.96 mmol) were_add~d.' ',~e mixtÜre was stirr~d for 

3 days. at room temperatur.e,. fllter,ed an,d exees·$' CHjI evaporated. 

Cold w~ter was added te the solution. Tfte precipitate was 

filtered, redisso~~ed in CH2C12 (50 mL), wash~d ~water 
(3 x' 20 mL), dr~ed over anhydrous Na2So4 and evàpora~~ in vaauo 

to afford 6.8 g (83%) of a pure wh~te erystal1ine compound 
; 

wh~ch had spectral propert~es as those described for. ester 313' . 
.' -

\ 1 

'. 

... 
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Diene 398 

To a solut~on of ester, 313 (4 g, 3.1.2 mmol,) in 30 mL 

dry 1,2-dichloroethane under inert atmosphere ~as added 
i 

triethylamine (4.5 g, 44.5 mmol) and trimethy1s~lyl triflate 

(7.08 g, 31.8 mmo1l at O°C. The react~on m~xture was a110wed 

to reach room temperature over ea. 1.5 h and dry ether was 

added. Removal of the precip~tated' triethylammon~um tr~f1ate 

was achleved by uSlng a,plpet and the procedure of addJ-ng 
-, 

dry ether and remov~ng the preC~pltate 0~1 was ~epeated unt~l 

no more 011 was formed. The solvent was 'evaporated i, Ja~uo\ ~ 

to afford 6.1 g (98%) of d~ene 308 a,s a 11ght-red oil WhlCh 

• was pure enough to be US!", l.n the next react!.on. 

IR ( fllm) - 2.960 (CH 3) , 1720 (C=O, ::l, j-unsaturated max 

ester), 1640, 1590, (C=C, dJ-ene), 1250 (S~CH3) 1 1020 (51-0), 

,970 (,=CH t rçrrls) • 

la.m.r.(2aO MHz, CnC1 3 ) ~! 7.1 (d, J = 16 Hz, lH, 

COC~=C!!C'), 6~1 (d, J::;: 16 Hz, IH, COC!!=CHC), 4.67 (s, 211, 

=ca2 ), ,3.73' (s, 3H, COOCH 3 " 0.27 (s, 9H, 51 (CH 3 ) 3) . 

D , 

. \ 

, 
! 

l 



Tc a solution of esteX' 313 (2.43 g, 19.0 mmo1) in 5 mL 
1 

Idry 1,2-dichloroethane was added triethylamine (1.90 g, 

18.8 mmo1) and triethy1si1yl trif1ate (4.98 g, 18.85 mmo1) 

at O°C under an inert atmosphere. The ice-bath was removed 

after a few m~nutes and the reaction was stirred at room 

temperature for 5 h. Evaporation of the solvent in vacuo 
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followed by the addition of dry ether resulted in the 

precipitat~on of an oi1 which was removed by means of a pipet. 

Removal of ether afforded 4.3 g (94%) of diene 315 as a 

pale-yel10w o~l which was pure enough to be used without 

further pur1fication. 

IR (f1Lm) v : 2960 (CH 3 ), 1720 (C=Q, a,B-unsaturated max 

esterl~, 1640, 1592 (C=C, diene), 1250 (Si-CiHS)' 1020 (S,i-O), 

970 (=CH tl'ans). 

lH.m.r. (60 MHz, CDC1 3 ) ê: 7.06 (d, J = 15 Hz, lB, 

COCH=eHC), 6.13 (d, J = lS H~ IH, COC!!=CHC), 4.67 (s, 2H, 

=CH2 ), 3.77 (s, 3B, COOCH 3 ), 1.2-0.4 (m, l5H, Si(CH2CH3)3). 

+ . M.s. (El, 70eV, 65°C) m/z (t): 242 (1.9, M'), 243 (0.4, 

+ + + (M+lj' J.sotope peak), 213 (100, M' - C2HS)' 211 (5.64, M--

OCR
3

) • 

• 



Adduct 3-Carbomethoxy-l-triethylsilyloxy-4,4,S,S-tetracyano-

cyclohexene (319) 

To a solution of tetracyanoethylene (316 mg, 2.47 mmol) 
. . 

.in 5 mL dry benzene was added diene 315 (529 mg, 2.47 mmol) 

at room temperature under inert atmosphere. After 4 h, the 

solvent was evaporated in vacuo affording 0.84 g (quantitative 

yield) of a crystalline compound which had spectral properties 

attributable to the D~els-Alder adduct 319. 

IR (nujol) v max 2240 (C=N), 1735 (C=O, ester), 1670 

(C=C-O), 1240 (Si-C 2 HS)' 1010 (Si-O). 

IH.m.r. (60 MHz, CDC1 3 ) 6: 4.96 (bs, lH, =C-H) , 3.36 

(s, 3H, COOCH 3 ), 2.70 (bs, IH, methine), 2.5 (d, IH, J ~ 12 Hz, 

CH I H2 ), 2.24 (d, IH, J = 12, Hz, CH1!b), 1.3-0.4 (m, 15H, 

Si (C
2

H
S

) 3). 

-
/ 

-1 
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EXPElUMENTAL 

Chapter 5 
... 

SYNTHESIS OF 3-FLUORO-6-METHOXYPHENOL 

Preparation of 3-Fluoro-6-methoxyb7nzaldehyde (324) 

To ,a solution of p-fluoroanisole (3.34 g, 26.5 mmol) in 

2~ mL CH 2C12 was added titanium(IV) ch10ride (8.37 g, 44.2 
, ... 

mmo1) and a,a-dichloromethy1 methy1 ether (3.03 g, 26.4 mmel) 

at ~oC undet: .. ,jnert atmosphere. The reaction was allowed te 

reach room temperature slow1y and after stirring 8 h was 

cautiously poured, onto an ice-water mixture and extracted with 

CH 2C1 2 (50 mL). The organic layer was separated, washed with 

water (3 x 20 mL), saturated brine (3 x 20 mL-) 'and qried over 

an~ydrous Na2S04 " Evaporation in vaauo gave a solid which 

was recrystallized (CR2C.1 2 ) to afford 3.78 9 (92%) of white 
') 

fluffy crysta1s of a1dehyde 324: mp 46-47°C. 

IR (nujol) v ,2950 (aromatic, a1iphatic C-H), 2820, max 

2730 (C-H, CHO), 1690 (C=O, Ar-CHO), 1610, 1580, 1430 (ring 

C~), 1260 (=C-O-C, vas)' 1030 (=C-O-C, vs), 

lH.m.r. (60 MHz, CDC1 3 ) Ô: 10.28 (d, J = 3 Hz, lH, -CHO), 

7.5-6.8 (m, 3H, ary1-H), 3.86 (s, 3R, OCR
3
). 

la.m.r. (200 MHz, CDC13 ) ô: 10.39 (d, J =3 Hz, 1H, -CHO), 

7.48 (dd, J H- F = 8, J H2- H4 = 3 Hz, 'lH, H-2), 7.24 (m, J H4- F = 10, 

JH4 - H5 = 9.1, J H2- H4 = 3 Hz, lH, H-4), p.94 (dd, J H5- F - 3.8, 
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JH4 -
H5 

= 9.1 Hz, lH, 8-5), 3.8 (s, 3B, OCH
3
,. 

Formate 325 

To a coo1ed (OGC) solution of aldehyde ~ (3 9, 19.2 

mmol) and 3-ter~-butyl-4-nydroxy-5-methylphenyl su~fide (100 mg} 
) , 

in 40 mL CH2Cl 2 was added m-CP'BA (4.63 g~26.8 mmol) portion-

wise over a period of 5 min under an inert atmosphf7re. The 

mixture was refluxed for 5 h. The solution was cooled to OoC, 

10% aqueous Na 2SO) was added and the solution stirred 
\ 

viqorously for 10 mi~ After neutra1izing the excess peroxide, 

the solution was washed with water (3 x 10 mL), 5% aqueous 

NatiC03 (3 x 10 mL) 1 water (3 x 10 mL), saturated brine 

(3 x 10 mL) and dried over anhydrous Na2S04 • Evaporation of the 

solvent in vacuo afforded 3.15 9 (96%) of formate 325 as a 
- -

yel10w oil (95% pure) which was used without purifica,tion 

in the next step. 

l H • m _ r. (60 MH z , cnc 13 ) ô: 8 • 2 (5 , IH 1 OCHO), 6. 93 ( s , 

lH, H-2), 6.83 (bs, 2B, H-5, H-6), 3.76 (s, 3H, OCH 3 '. 

. . 

r 
1 

1 
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3-Fluoro-6-methoxyphenol (~) 

Formate 325 (3.0 g, 17.6 mmol) was d1ssolved in 5Q mL 

ethanol-water (1:1) and sodium hydroxide (2.11 q, 52.9 mmo1) 

was added at ooe under an inert atnlosphere. After 30 min the 

tee bath·was remove~ and the react10n mixture stirred at 

room temperature for, 3 h.. Evaporation of the solvent in vacuo 
-

fo11owed by neutralization w1th cone. Hel precipitated ~oil 

which was extracted with CH2C1 2 (75 mL). The organic layer 

was washed with water () x 30 mL), saturated brine (3 x 30 œL) 

and ~ried over anhydrous Na2S04 , Evaporation of the solvent .,.. 

affo~ded 2.37 9 (95%) of phenol ~ as a red oil which was a~ 

least 95% pure. 

IR (fi1m) vmax : 3440 (OH), 2840 (CH); ArOCB3), 1610, 

1600, '1510 (ring C~), 1240 (=C-Q-Ci vas)' 1200 (=C-O-H), 

1040 (=C-O-C, vs), 

la.m.r. (60 MHz, CCC1l ) ô: 6.8-6.32 (m, 3B; aryl-a), 

5.8 (bs, lB, exchangeable OH), 3.83 (s, 3B, OCR3 ). , 

., 

/ 

J 
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Synthesis of I-F1uoro-4-methoXyxanthone (328) 

A mixture of phenol 326 (2.7 g, 19 mmol), methy1o-iodo-- . 
benzoate (S g, 19 mmol) and copper(I) oxiàe (1.4 g, 9.5 mmol) 

in 40 mL dry DMA was refluxed for 18 h under an inert v 
atmosphere. The reaction was cooled (O°C) and filtered. After 

remova1' of most of the solvent by distillation, 6N HCl (50 mL) 

was added to the 011y residue and extracted with ether (3 x 

50 mL). The organic layer was washed successively with water 
~ 
(3 x 25 mL), 2N NaOH (2 x 25 mL) and water (2 x 25 mL) • 

Evaporation of the solvent in vacuo afforded ca. 5 9 (95%) 

of crude diaryl 327 as a red ail. 

Ta a solution of crude ~ (5 g, ca. 0.18 mmol) in 50 mL 
~ 

methanol"was added 3 N NaOH (50 mL) and the mixture refluxed 

for 1 h. The cooled (O°C) solution was acidified with 6N HCl, 

evaporated in vaauo and extracted with CH2C1 2 (150 mL). The 

orga~ic layer was' washed with water (3 x 50 mL}, saturated 

brine (3 x 50 mL) and dried over anhydrous Na2so4 . The' 

solution w~s concentrated in vaauo to about 50 mL and added 

over a period of 15 min to a vigorously stirred solution of 

90 mL TFAA-TFA (2:1 v/v) at O~C. The red solution was allowed 

to warm up to room temperatue overnight. Evaporation of the 

solvent and of TFAA-TFA in vacuo gave an amorphous material 

whlch .w~s redisso1ved in CH2C12 (?O mL), washed successively 

w~tp S% aqueous NaHC03 (3 x 25 mL), water (3 x 25 mL), 

saturated brine (3 x 25 mL) and dried over anhydrous Na~so4. 
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Evaporation in vacuo gave a solid which was-recrystallized 

(CB2C12/pentane) ta afforq 3.3 g (75%) of xanthone 328 as an 

off-white crysta11ine compound: mp 184-185°C. 

ZR (nujo1) vmax : 1670 (caO, xanthone (y-pyrone», 1610, 

1600, 1580 (ring C~), 1260 (=C-o-C; vas)' 1040 (-C-O-C, vs). 

lH.m.r. (60 MHz, CDC13 ) 0: 8.26 fdd, ;:: = 2.0 and ,8 Hz, 

lH, H-8), 7.8-6.65 (m, SH, H-5, H-6, H-7 and a-2, H-3). 

lH.m.r. (201) MHz, COC13) ô: 8.26 (dd, J == 2.0 and 8 Hz, 

lB, H-8), 7.67 (m, J = 8.5,6_9, 1.8 Hz, lH, H-6), 7.53 (dd, 

j = 8. 5, 1. 2 Hz, lH, 8'- 5), 7.4 (m, J == 8.0, 6. 9, 1.2 Hz, lB, 

H~7), 7.12 (dd, J == 5 and 9 Hz, IH, H-)), 6.91 (dd; J == 9 and 

l~ Hz, IH, H-2), 3.96 (s, 3H, OCR3 ). 

\ 

-- . 
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l-[2-(2-Aminoethylamino)ethano1]-4-methoxyxanthone (330) 

To a solution of xanthone 328 (0.60 g, 2.46 mmol) in . --
3 mL pyridine was added a 1arge e'xcess of 2- (2-aminoethylaminol 

ethanol (3 mL, 29.7 mmol). The solution was refluxed under 

,~ an inert atmosphere for 5 days. The reaction mixture was 

poured cnte ~n ice-water m~xture, fi1tered, collected and 

redisso1ved in CH 2C1 2 (10 mL). The organic solution was washed 

with water (2" x 4 mL), dried over anhydrous Na 2S04 and 

evaporated in vaauo to afford 0.52 g (65%) of aminoxanthone 

330 as a br1ght orange amorphous compound (95% pure). 

IR (nujo1) v max 3280 (broad, NB, OH), 1630 (C=O, 

H-bonding), 1600, 1580 (ring C~), 1260 (=C-Q-C, v ). . as 

lH.m.r. (60 MHz, CDC1 3 ) ê: 9.16 lbs, 1H, exchangeable 

N-H), 8.13 (dd, J = 2 and 8 Hz, IH, H-8), 7.6-7.2 (m, 3H, H-5, 

H-6, H-7), 7.1 Id, J = 9 Hz, IH, a-3), 6.21 (d, J = 9 Hz, IH, 

r 
i 

1 
), 
·1 \, 

l , 



346 

I-Fluoro-4-hydroxyxanthone (ll!) 

To a solution of xanthone ~ (1 g, 4.09 mmol) in 20 mL 

CH 2C12 was added a large excess of BBrJ (20 mL of a 1.07 M 

solution in CH2 C1 2 , 21.4 mmol) at -78°C. The reaction mixture 

was allowed to warm up to room temperature slowly overnight 

and quenched with methanol. Evaporation of the solvent with 

repeated addition and evaporation of methanol in vacuo gave 

an amorphous material which was recrystal1ized (CHJOS) to 

afford 0.93 g (99%) of hydroxyxanthone 331 as a white 

crystalline compound: mp 253-255°C. 

IR (nuJo1) v : 3280 (broad, OH), 1660 (C=O) 1 1600, max 

1580 (ring C~l, 1245 (=C-O-C, v I, 1040 (=C-O-C, v ). 
as 5 

lH.m.r. (60 MHz, CDC1 3 + CD 3COCD3 ) 6: 8.6 (bs, IH, 

exchangeable OHI # 8.21 (dd, J = 2 and 8 Hz, lH, H-8), 7.8-6.6 

(m, 5H, aryl-H). 



347 

l-Fluoro-4-methoxyrnethylxanthone (332) 

To a solution of hydroxyxanthone 331 (120 mg, 0.52 mmol) 

in 10 mL THF was added sod~um hydride (prewashed with pentane, 

27.5 mg, 0.57 mmol) and chloromethyl methyl ether (100 mg, 

1.24 mmo1) at QOC under an ~nert atmosphere. The reaction 

m~xture was a1lowed to warm up to room temperature overn~ght, 

quenched with water and the solvent evaporated in vacu1' The 

residue was d~ssolved ~n CH 2C1 2 (10 mL), washed w~th water 

(3 x 5 mL), saturated brine (3 x 5 mL) and drled over anhydrous 

Na 2S?4' Evaporatlon of the solvent gave a solid material 

WhlCh was recrystallized (CH 2C1 2/pentanel to afforp 135 mg 

(95%) of white, crystalline methoxymethylxanthone (332): 

mp l18-120°C. 

IR (nuJo1) v max 
1665 (C=O), 1600, 1580 (ring C..:...:...:.c) , 

1230 (=C-Q-C, vas)' 1020 (=C-Q-C, vs), 

lH.m.r. (60 MHz, CDC1 3 ) 6: 8.20 (dd, J = 2 and 8 Hz, 

lH, H-8), 7.66-6.6 (m, SH, aryl-H), 5.26 (s, 2H, OCH 2 ) , 3.56 

(s, 3H, OCH 3) . 

./ 
/ 
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1-(2-(2-Aminoethy1amino)ethano1]-4-methoxymethy1xanthone (333) 

,Ô 

To xanthone 332 (100 mg, 0.36 mmo1), disso1ved in a 
, c , 

minDma1 amount of ethano1 (0.5 mL), was added excess 

2- (2-aminoethy1amino) ethano1 (4 g, 38 rruno1) and 1.0 n'tL 

anhydrous pyridine. The reaction mixture was refluxed for 

3 days. The solution was cooled (O°C) and added to ice-water. 

The suspentiOn was filtered, collect~d, redisso1ved in CH 2C1 2 

(10, mL), washed with water (3 x 4 mL), and dried over 

anhydrous Na 2so 4 .1 The solvent was evaporated in vacuo then 

drled under high vacuum to afford 120 mg (93%) of xanthone 

333 (95% pure) as a brlght ye110w amorphou$ material. 

IR (CHC1
3

) v : 3480 (NH, Ar-NH-R), 3300 (OH), 1630 
. max 

(C=O, H-bonding), 1580 (ring C~), 1240 (=C-O-C, vas)' 

lH.m.r. (60 MHz, COC1 3) 6: 9.3 (bs, lH, exchangeable 

NH), 8.2 (dd, J = 2 and 8 Hz, lH, H-8), 7.6-7.4 (m, 3H, H-S, 

H-6, H-7), 7.13 (d, J = 9 Hz, 1H, H-3), 6.26.(d, J = 9 Hz, lH, 

a-2), ."S.15 (s, 2H, OCH 20), 3.6 (s, 3H, OCH3 ), 3.8-2.73 (m, ., 
8H, -N(CH 2 ) 2N(CH2) 20-), 2.33 (bs, 2H, exchangeable C-NH, OH). 
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1- [ 2- (2-Arnlnoethylamino) ethanol1-4-hydroxyxanthone (~) 

Xanthone 333 (lOO mg, /.279 rrunol) was dissolved in 

" methanol (10 mL) and hydrogen chloride was bubbled into the 

solution for 5 min at O°C. The resultant suspension was 

fl1tered, collected and washed with ether. It was dissolved 

in a mlnimal amount of wat~r, made alkallne wi th NaOH and 
- ~/ 

then caréfully neut'a1ized with acetic acid affording 106 mg 

(94 %) of aminohydroxyxanthone 21 as a red cryst~lline 

compound which was dried under h~gh vacuum: mp 183-185°C. 

IR (nuJ0l) v 
max 

H-bonding), 1600, 1580 

IH.m.r. (200 MHz, 

3340 (l?road, NH, OH), 1620, C=O, 

(ring 'c.:..:...:..c) , lZ60-~C-O-C, v ). 
as 

~HiOD) 6: 9.4 (bs, lH, exchangeable 

(dd, J = 1.5 and 8 Hz, lH, H-8), 7.8 (m, J = 8.5, 

1.5 Hz, lH, H-6), 7.6 (dd, J = 8.5, 1 Hz, 1H, H-5), 

7.46 (in, J =: 8 . .0,,7.0, 1Hz, lH, H-7), 7.26 (d, J = 8.8 Hz, 
~ 

( lH, H-3)~, 6.75 (<4; J = 8.8 Hz, lH, H-2), 4.96 (bs, 3H, 

exchangeable 2 x -N!! and O.!:!), 3.74-3.69 (m, 4H, Ar-NCH 2 - and 

4 
C!!20H), 3.8-3.42 (m, 2H, Ar-NC-C!!2-N), 3.34-3.23 (m, 2H, 

-N-ÇH
2

-C-.QH) . 

M. s. (El, 70eV, 8.6°C) m/z (%) : 314 + (10.2, Mw), 315 (2.5 

", 

, \ 

1 

l j 

1 

1 
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