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ABSTRACT 
• ! 

.v 
The title com~und, 1,3-bis(trimethylsi1oxy)-4-chloro-l-

(jl '. 

~ metnoxybuta-l,3-d:i,ene (34), was aynthesized and its stereo-· . - ), 

chemistry assigned. Reactions 'of !! vith electrophiles 

don~.ainin9 single reactive sÏ;.tes 8stablished, ~he reactivity of (" 

the.C-2 vs C-4 sites. Titanium(IV) catalyzed cycloaromati~ 

zation reactions of' 34 with various 1,3 dielectrophiîes was - ~ -
~ , 

investiga~ed and the synthes!s of the anti-fungal agent 

Griseofulvin was attempted. 

Condensation reac~ions of 34. with 1,4 dielectrophi~es gave 
. . 

highly functionalized 8-membered bicyclic'systems as products. 

Witb this type of reaction as a firet step, the synthesis~f 

Nonactic aciâ, a precursor to the n~tura1 product Nonactin, 

/' was at~empted • . ' 
Initial studies vere donè in the syntbê8is of a 3-chloro 

j) 
ao..alog of the titie compound 34. -
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RESUME 

- , 

.. 
. . . 
: .. / 

" Le composé ,d'intérit, le 1,3-bis(t.~imethylsiiox)')-4-chlbro-l-
• , .J' 

tnethoxybuta-l,3-diène (34), fut· préparé' et sa stéréoChimie a 

été établie. Les r'act{ons du composé 14 avec'des ilect~o­
philes ne contena~U"un ~ite réactif -:nt étab~i \a' ré­

,activité sélective des sites c-2,compaFés aux sites,C-4. La 

cyc~9aromati~ation catalysée par du titane(IV) de ce composé 

avec plusieurs 1,3,-di.électrophiles a été' et.udiée, et la 
• 1 

préparation''''de l'agent anti~fongique Griseoful vin a ensuite été 
Il , ~ Cl ., 

tentée. 

Les réactions de condensation du com~sé ~ avec des 1,4-

diélectr~~hiies ont produ~t des syst~e8 ~icycl~ques à B 
, .... ' 

é~éments qui coriten~ient pl'usieurs groupes fonct~onnels. Ce 

genre de 'réa'ction a été employé comme première étape J:>Obr 

tez:v..er de préparer de l'acide nonactiq[Ui est un ~récurseur 

de la nonactine, un produit naturel. -
. 

Des ~des pré-liminaires portant sur la synthèse d'un 

composé 3-·chloro.:~analogue au' compôse d'intérêt 34 ont été 

fait.es. 
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tWl'RODUCTION 

Si1yl enol ethers land sily1 ketene acetals 2 have been 

usedrextensively in recent years in the a1k~ation of satu­

rated and unsaturated carbony1 compounds, cyc10aromatization 

reactions, and in a variety of other synthetic transforma­

tions. As a resul t, . they have surpas8ed aIl other eno1 ate ( 

der;va~ives in usefulness. Their wide apP1icability / in O;9~iC 
1 

synt~esis ls due in part to their ease of preparation, clean 

r,actions, the mild conditions under which desi1ylation takes 

place and the high stereo8electivity in their reactions. 

Rt~OSiR3 

R2~OR3 r 

2 

Three phases in the development of si1yl enol ethers as 

synthetic reagents h~ve been described: l 

1) capture of enoiate anio~s by silylation, iso~ation of 

the si1y1 enol ether so for.med,'and regen,ration of the 

enolates to react with e1ectrophi1es under basic con-

ditioDS; 0 

2) reaction of si1y1 enol ethers direct1y with electro­

philes und~r neutral or acidic (Lewis-acid catalyzed) 

cond i tions;' 

3) other uses of 811y1 enol ethers to give products other 

than those obtained fram the "~no1ate" and "enol" 

phases above. 

1 
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Before pr?ceeding with 'a description of the chemistry of . . 

silyl enol ethers, it is important to review some of the chem-

1stry wnich' led to the development of this new methodology. 

là! Pormation of Carbon-Carbon Bonds 

là! Aldol, Condensation 

In organie synthesis, the carbonyl group is intrinsically • 

electrophilie. Ther~re a variety of carbon-carbon bond form­

ing'" reactions that are related mechani'stieally, which take 

advantage of this fact in that they involve the addition of a 

carbon nucleophile to a carbonyl site according,t~ Pigure,l. 

'- _ <f. 1 or" -cu ~-C-C-
,/ /." l" , 

'Pigure l 

One of the oldest and most important of this'class of , 
, ' 

reactiQn is the Aldol Con ensation, or the aci~ ~r base cata­

lyzed condensation of k. ones and aldehydes., The term Aldol 
, 

condensation is a general,te~ whi~h encompasses a var1ety ?f 
reactions including self~condensation o~ tetones and alde­

hydes, mixed reactions between differeut~carbonyl compou~ds as 
~ l' 

co ... ..,v 

weIl as reactions in which enolates or émoIs act as the 

nucleophilic species 'in reactions with ketones and aldehydes. 

2 

., 

b 
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• Examples of each reaction are given in Scheme l.~ 

. OH 
CH,CHzCH 2CH=O KOH) CH3CHzCHt bHÇHCH=O 

~ZH5 

,0 0 
Il Il 

(CH:a)3CCCH,+ PhCHO ~ (CH3)~CCÇH=CHPh 

L 

ft Scheme 1 

" 

Li CH2COZC,H, 

/6 

As useful as tbey are, aldol ieactions bave limitations. 

·The equilibrium constant for tetones is ~ot always favorabl" 

although a method has been developed where acetone vapor ia 
1 

passad over barium hydroxide (an insoluble bas~c catalyst) 
> 

usiag a soxbiet extractor •. The condensation ?roduct Is ob-

tained in ~éasonable yield.3 (Scheme 2) f ... 

OH 
aa(OH) ~ " ' 

2CH;COCH, ",h CHa fCHzCO C'Ha 

CH, 

Scheme 2 

3 
.' 

\ " 

; 

" JI 

4r 
1 
1. 



• 

"~"~":'~"f\~" ..j"r, .. "",,-'l'(. l',"! ~ ,l,,, ~ ! ""~~1!""'''''n /"1. ~ '~''<'l)~'r "-1' "If';' ,~_,.".;.~~t!OfJIlI" .. .,Jof.lJo,-,!,,,,,,,,,,,,, ~, .. ,. ....... "i.....,...~ ... J .... , k .... A 

0" 

Condensations of aldehydè1i often proves to be difflcul t 

because both the starting materials and products are prone to 

side reactions, including polymerization. Also, for, mix'ed 

aldol co~densations to be useful, thère must be some ap­

preciable selectivity in the reaction,' namely, one component 

of the reaction must be more likely to act as the nupleophile 
1 

while the other should behave as 'the carbonyl acceptor. If the 

reactivities of the two components are too similar, then a 

mixture of two self-condensation products as weIl as~'both 

~ixed products.can result.' An example would be the condensation of 

two different aldehydes. (Scheme 3) 

R 

o R~CHO 
OH 

R' 

) R'~CHO 
.OH 

R' 

R~CHo-
OH 

R 

R'~CHO 
OH 

Scheme 3 

Tbe Mannich Reaction 

Another reaction which can be represented by ~igure 1 la 

4 
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the Hannich réaction which has been used in the synthesis of 

ni trogen containing natural 't>roducts as weIl as in man y other 

synthetlc transformations. By this method, a-alkylation of 

ketones and aldehydes is carried out in mildly acidic solution 

':, wi th d ial kylaminomethyl groups. 4 ("Sc.h~e 4) 

" , 

" , 

o 
+ Il , 

CHI = N(CH,). + RCHJC R 

o 
Il , 

~ Rf"CR 
CH.N(CH.), 

Scheme 4 

The synthetic util ity of this method comes.in part from the 

further reaction of these "Kannich bases,· and often involves 

the el imination of the amine function from the a-amino ketone 
" 

to g ive a, fJ -unsaturated ketones. (Scl\eme 5) 

.. 

(êH3)2CH~HCH=O _Â~) (CH.)~C'tt~CH.=O 
CHzN (CH3 )2 . CH! 

Scheme'S 

This reaction also has its limitations. Studies have shown 

that Manni~h reaction products from unsymmetrical tetones are 

generally those which result fram attack at the more highly 
\, 

substitu~ed a-position corresponding to the mo~e stable 

enol.S (Scheme 6) 

5 
1 

J1 

,:1 , 
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CHIO + (CHI).~CI. ~ NH, 
vCHaN(CHa)a 

70"7. 

S~heme 6 

~ Michael Reaction 

An cr, {J -unsaturated carbonyl system can reaet in an elec­

trophilic manner as depieted in Figure 2. 

Figure 2 
,~ • , ' 

, In this respect, the M1chael Add i tion ean be v iewed as a 

v iny1 igous aldol candensa'tion where ~, nucleophl1 ie carbon 
« ' . , , 

species adds to an el ectrophi 1 ic mul tiple bond, typically an 

cr, {:J -unsaturate8 tetone or ester.6 (Scheme 7) 

.' 
• 

\ 

. 0 /cH 
KOC(CH.), 1 ~OCH. 

o ' 

Scheme 7 

6 
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", '. 
~ 
~. 

--' 



! , 

( 

, .. 
~~.'«''''',.i#lPI!ifl.~."..""".,UiAi!4._t;.#W"'''.'I$f!t __ , ...... __ '.l41,,),t,,,~#eM1,I'*'~t1 

• 
\ 

.. The M'ichael reaction ia normal1y carried out under basic:­

conditions and the proauct, a 1,5 dicarbonyl compound, tends 

to undergo further reactioDs in the' presence of base. Side 
• 

reactions and self-condensation frequently occur as weIl • • 
. Acid eatalyzed MiChael reactions are known but these products 

also undergo further transfor.mation. 
, ..> 

. 
a -Alkylation .2! Carbonyl Compounds 

In organie synthesis, the carbonyl group ls a180 poten­

tially nucleophilic, thereby making Cl -alkylation possible 
,)) 

aecording to !'igure 3 .. * 

Fi9ur~ 3 

The Most obv,ious method of a -alkylation of a earbonyl com­

pound, whether it be an aldehyde, katane or ester, would be 

~ treatment vith base and an alkyl halida. (Schema 8) 

" 

,Il 

* In cases whèr~ the electrophile Is a earbonyl compound, thls 

reaetion can be consldered' as a type of Aldol condensation as 

described eariler. 
, 

7 
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Scbeme 8 
" 

There are several problems with this method, however. Proton 

tran8fer bet~en the enolate anion and the unionized carbonyl 

compound can Odeur .at. a comparable rate to the 'SN2 reaction <> 

with the alkyl halide. (Scheme 9) 

O· o 0 O· 

A+ ~R ~ À -~R ~ + 
'~ 

r. 

Scheme 9 

This re8ults in tbe rècovery of unalkylated carbonyl compound 

3 and multiple alkylation~7 (Scheme 10) 

( . 

Scheme 10 

These 

~ 'i 

problemsla~e well 

. 
illustrated in Scheme 11~8 

1 

( 
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Scheme 11 
,,~~l l' 

.. /~ .. 
other probleœs with thi. method include: (i) O-alkylation 

. r 
in~tead of the desired C-alkylation, (li) competing aldol con-

/ 

d;~sations and (111)'1' specifie enolate may not be'alkylated 

regiospecifically. 

A common> sol ution to some of the~e prob'lems ha~n the 

USe of p-dicarbony.l compounds. The addition of a second 

electron a~racting substituent.renders the resulting carban-
• 

ion quite stable and gives the reaction a blgb s~ciflcity. 

Also, p-dicltrbonyl compounds are less prone to polyalkyl-

ation.9 (Scheme 12) 

,0 0 

~ , R 

o 0 
.~. 

R 

o 0 

~R 
R' 

Scheme 12 

witb the use of a very strong base, sequential deprotona-

ti~n-c~n oceur to give dianions. Alkylation takes place at the 

;.~re ~asic enolate function; 'i~e., alkylation occurs at the 

: terminal anlon.10 (Scheme 13) 

9 

'",,--- '"--
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NaOM. 
o 0 ) 

HCOIEt 

O· O· O· 

,&KM~cXY' 
,0 ./Mel _ 

@
O·)..°o.o. 

'7 OH 

. . 
dJ'f-( _Na_OH __ 

~ 
, Scheme 13' 

!h! Y.!!! 2.! Enol Der!vati.ves , 
'0 

Among the fi-rst cl~88' of enolate, eqtit:va1ents t.o be, developeà 
.' , ' 0: 1 . ' ' - 0 

wexe enamines, first intr~~,ced- 1;>y Gilie~t Stork~' in 1~54.1~· 
, '. 

(Scheme 14) 

• 

" t> lAcOH 

'05 ' ° 1: .0, " 
- 0' . 

Scbeme, 14 

Enamlnes were'- fqund °t~· be -more teac~i've /'tb.n enola~è~ a~ions 
'. 

and their r~actions vere g~ner~lly free of ~ialkylation p~o-:- 0 

10 ) 
~ :; 
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ducts. Their use vas .restricted, hovèver, to alkylation on ~e 

less substituted side of unsymmetrical ketones. Also,'these 

reactio~s 'did not work particuJ.arly well wi th al~ehydes and 
- . 

N-alkylat~on Is often a serious c~petin9. reaction. 

stork·then found lithium enolates to be a v,lable alterna-
., ~ 

tive to ènamines. They were better behaved'than the correspon-
, , , . 

d~n9 sodium or potassium enolates and p~ov ided" reasonable , 

reacti~ity while retainiD9 a certain degree of control during 

,the course of, the reaction.!" (Scheme 1,5) 

!f 
" , 

1 

Sbheme 15 .;,,:' . 
. ' 

However, enolate e'luilibr,ation'will often make regio-
~ l ' 

.-pecific alky"lation impossible. !'or a gl'ien metal enolate·. 
", ' , 

anion the rate of alkylatIon varies with sub~tit~tion'accor-; 

ding, to SchèmEt "16.13 

.~ , , 

. ... 

> 
·0 ' 
'--, .",.--:-

R , 

.. 

" 

, ... 

~s an esample, the regiospacifie alkylation on the less sub- . 
.. '. ~ 

st.lt-utecl side .of a methyl alkil ketone ! is nôt possible 
,," ' .. , 

~ . ( .. 

.' 11 
, ' . 

" 
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'" becau.e o~ equilibration to tbe. thermody~amically f~VO~ed '~d ,!. , 

1PO~. ~eaetï.ve ·iscmerie enOl_te 5.14 , (Seb~e 17) '.... ,_ . - , 

O-Li· , a-Li·,,: 0 , 

.. , 

, , 
,h' 

_ __ ~R. 1 R-. 1 PhCH1Br, R~ . II 1 ~ 
) ~ + ~. ' ~. ~"Ph 

, . !~", . . 21 .'. 

~ Scbeme 17 

Th.t.fo~., the gene~âtion of sp.èific lith~um anoiates under 

non-.~ilib~ating con4itions becam4 of pa~amount·impo~tance. 
1 

! . 

Stork foand. silyl anol ethe~s to be the most effective pre-

cu~sor to lithium anolates. 8y tb!.' me,thod the metal enolates 

were trapped as the isolable silyl derivative f~OID whicti the 

, .nolate could be ~egene~ated and .ubBequ~~tly alkylated.1S 

(Scbeple 18) " 

6' ---t •... ' 
» 

LDA 

... 

, , 

" i 
1 
f 

1 
, 1 

OLi OSlM., 6 CHoLl, o 
1 CHai: 

"h-a4 
• 

U·" 
Sah .. e 18 ' 

i ~ 
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0' 

.. 
," 
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S~lyl enol ethers were used with the expectation that that 

tbey could be readily cleaved by or9a~ometallic reagents. ' 

Also, the~product8 of the reaction would be the lithium enol-
~ '\ . -

ate ana unreactive tetramethylsilane (TMS). prevl0us syntbeaes of 

~ithium enolate • .often pr.oduced lithium alkoxidesJas byprod-

ucts ~blch often enbanced the formation of di- .ad poly-, 
alkylated p~oducts. 

The structural i~tegri ty of the enolate is retained durin,SI 

tbe subsequent alkyla~ion as illusttated in Scbeme 19.16 

OSiMe, Oti 

) 

~OSIMe3 OLi 

) 

Scbeme 19 

/ - , 
./ This method, hovever, "o12ld ooly be rellable wbeo tbe 
'.' '. . /"- ~ 

alkylatlng agent was a re_ctlve al~~l h~lide, such as benzyl 
, """-

,bromide ~r metbyl iodide , tberefore tbe use of lithium 

enolates was limited. , 
. 

Silyl ~nol etbers have also been used as precursors in the 

synthesis of- quate~nar~ ~onîum enolates.l~ Replacement ~ 

the countercBtion from lithium to quaternary ammonium Bcii,' 

f 
\ 
~ 

" 

, , 

, 
1 

l 
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vates the eno1ate.anion and makes regiospecific monoa1ky1ation 

more feasible. (Scheme 20) 
Cf) 

PhCflzNMe3 0-

~ 
/R-X 

o 
R~ 

Scheme 20 

with this method, less'reactive alkylating agents such as 

butyl iodide and methyl bromoacetate vork well " wheE-eas no 

products are formed with their reaction vith the corresponding 
r 

1 i thimn enolat.e. This reaction ia 1 lmi ted to the al kylation o~, 

the.!.!!! substituted posi1tion of an unsymmetrical ketone and 

thus constitutes a complementary method to the li~hium enola e 

reaction. • 

other eno1 derivativea have been used in th~ alkylation 

carbonyl compounds with va~yi~ dégrees of success. One su ch 
1 

methOé!' i8 the use of potassi~ enoxytrialkylborates (readily 
. ~ / .. 

avai1ab1e by treating ~s,ium enolates with trialkyl bor- . 

ates) in a reaction with simple alkyl halides.18 (Séheme 21) 

[>.!= = C - ci-BRJ -
0 

'+ R!..X , 1 Il 
K ) R-C-C-

--...... 1 1 

211 
+ BR, + KX 

Scheme 

14 
Ct 
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Oth'er meta1s such as Magnesium, zinc and tin have been used 

as enolate counterions. Their reactions, however, tend to be 

difficu1t for simple alkylations. l9 

!!!! Deve10pment ~ Si1y1 ~ Ethers 

si1y1 enol ethers and silyl ketene acetals~a~ be easily 

ayntheaized fram a wide variety of precursors an~their prepa­

ration has been wide1y reviewed. 20 ,21,22 Of note is the abili-

ty to si1y1ate unsymmetrica1 Jeetones under "kinetic" (~tron9 

base, aprotic sol vent)~3 or "thermodynamic .. 24 conditions. 

(Scheme 22) 

M •• SICI, NEt. 
DMF, 88h. 130' 

5' !h .. mod, •• mle 

)::;. o kin.tlc 

Scheme 22 

a-:-T-butylation of Sily1 Eno1 J;:thers 

I~ the a-t-alkylati'on of carbonyl cOlDpounds wi th the 

methods so far 'discussed the alkylating agent must be . ' 

susceptible to nucleophilic displacement. As a reault" primary 

balides and sulfonates are usually the reagent of" choiçe. 
. 

Secondary"alkyl halides a.re prone to elimination# an~ their 
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reactions give lov to moderate yields while tertiary alkyl 

halides (vith a a-hydrogen) give only eltmination products 
j 

under these reaction conditions. 
o 

Q~t-Butylation has b.een accomplished, however with, the 

Friedel-Crafts alkylation of trimethyl silyl enol ethers. 23 

The "kinetic" silyl enol ether 6 and the "thermodynamic" 

isomer 7 were reacted ~nder~tical conditions (-780 CI" -
•. TiC14 ) to give products 8 and 9 respectively. (Scheme 23) 

OSiMea 0 
CH 3 '·BuYCI ) ., 

'" 

na. 
.. ! 

OSiftlea 
CHa 

,·BuCI ~ 

TI CI .. 

7 • sé)i ... 23 -
-

This result,not only established the regiospeèificity of 

the reactioD but also the absence "of Any isomerlzation betv,en 

6 and 7. Reetz has studied thi, area exte~sively25 and exten-

ded this methodology so that it has become a g,neral method 

"for the introduction of tertiary alkyl groups i~to a carbonyl 
: . 

system at the" a-position. 

SN2 e reactions of basic .nolates. for primary and aecondary 
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• alkylating agen~s and the' Lewis acid medi'ated reaction of 

sily1 anol ethers with tertiary reagents can be seen as cam. 

plementary methodologies. , 

Cross Aldol Reactions ~ Silyl ~ Ethers 

Silyl enol ethers had originally been used as precursors 

for enol der1vatives. It was -Mukaiyama who first used silyl 

1 anol ethers themselves in carbon-carbon bond fo~ing reactions , 

under Lewis àcid conditions~26 Activation of carbonyl groups 

by titanium tetrachloride followed by condensation with ~ilyl 

enol ethers has been achieved to give aldol-type products in 

éxcellent yields according to Scheme 24. 

10 

, . ,Scheme 24 

Many of the problem~ associated with the regular aldol 

condensation are avoided using this methodology. No self-
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o 

cQndensation products are observed when the silyl enol ether 
p , 

is treated with stoichiometric amounts of ketone or a1dehyde • 
q 

Dissociation.of the aldol product ls Inhibited by the possible 

formation of a titanium chelat@ 10. The regiospecificity of 

thrs reaction is readily observed with the reaction of two 

isomeric s1ly1 enol ethers as previous1y described (Scheme 23) • 
.. ~ 

Chemo8electivity i8 observed wh~n different"ca~bonyl gro~....-"' .... :' 
,/ 

are present, the reac'tion order being; a1dehydes > ketones »> 
1 

1 ester8. 27 
1 

S11y1 eno1 ether.s were a180 found to react w~_ Acetals and 

orthoformates under acid con~itions.28 (Scheme 25) 

o OCH, 
Il 1 

R' C-C-C R4 RI 
'. \ 2 R R 

Scheme 2S 

Reaction with a-balo Acetals has led to 0 simp1~ metbod for 

tbe synthesis'of furan derivatlves.29 ,(Scheme 26) 

dl' 

Br 
RLCHC(OCH:S)2 + . R! 

",OSIMel 
RSCH-C 

ne ... . ,., 
1 'R' 

.:.t-, 0 
Br rc rc Il 

1 1 1 1 
R-CHCCHC-R4 toluene) 

reflux 1 

OCH3 

Scheme ~. 
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Simi1arly, si1y1 tetene Acetals have been used in the 

synthesis of {J -hydroxy esters.30 (Scheme 27) 

o • OH 

net ••. 
, + 

Scheme 27 

The preëise mechanism by vbich Tiel. mediates the condensa- 4 

tion'o~ a silyl enol ether vith a carbonyl elect~ophile ls not 

known, -a1though several theories have been put f~rth. MUk,iyama 
"-

ini tially proposed the formation of a stable ti tanium che-' 
1 • 

late,28 (Scbeme 24), while others3l ,32 suggested th'e f9DDatiop 

of a titan~um(ÎV) enolate intermeàiate 11. (Scheme 28) -
'~ OR

3 

J' ne.,) ~ C=C/ , _e_tc-i"' 
, 'On"CI, .. 

11 

\ + RMezSiCI 
\ 

Scheme ,28 

A recen,t .t~dy was carr ied out in our laboratory vhiqh useel 
, . 

29S1-H.M.a. as a means vi th vhich to fo110v th.: reactlon of a 

si1yl enol ~ther and a c.rbonyl compoun~ under TiC14 condi~ 
tions.33 At 'several points during the course of the reaction, 

, ' 
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29S i_N.M.a •. spectra vere taken using the INEPT pulse se­

quence.34 It was fo~nd- that the addition of TiCl. had little 
o /~-; 

initial etf.ct on th~ chemical shift of the siloxy'group thtis 

ruling out the fast format1on of !! (Scheme 28). It also 

8u99~8tS that there la little coordination betveen 'iCI. and 

the ailoxy groups. An intermediate was propos,ed, as il1us­

trated in Scheme 29. 

_SlO 0-., 

'~OCH 
, 1 

ft 
+ "X"" 

MIO ONe MeC) OM. COaCH, 

/. 
o 

A--cOtCHI 
')-l('n ' 

HO Ph 

Scheme 29 _ 

MaDDich React~ona Oalng Si1yl !!2! Ethera 

, oanishefsky bas investigated the u~~ of si1yl enol ethers 
""'-

in r.gloaelective Mannich reactions.35 The Eacheomoser salt 12 
,. " "" ~ 

was reacted with the s11y1 en01 ether!. to give the 'single 

regioisClDer of the Mannich base il in 65' yield. (Scbeme 3é». " 

.. 
20 
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OTMS 1 

. CHa,./CHa 

N + Il 

CHa 

CHa 

! 12 

Scheme 30 

) 

13 

"",CHa 
N, 

,CHa 

'1l,' / .......... ~ 

~his methodology waa extended to natural produeta .J~. 
~ 1 r 

Reaction of the siloxydiene 14 with 12 also afford~~8ingle . - - ~ ~_1._ ... 1 

, iaomer 15 which was eonverted to the steroid 16 in 58' . - ~ ......... 
~ 

yield.36 (Scheme 31) 

• 

~
. Mel~ 

H .... 12 
~ ~ ~ -
TMSO 

14 \'" _ 
l 

\, 

--+ 
o 

15 -

CH, ' 
.. ' ~ _ .. -18 .. - -

~-

... :---- .. · ........ r'-.. Scheme 31 
.... 

. , 
M'iehae1 Reactions OaiD9 si 111 .!!!2! Ethers 

Met 
DIU) 

. / 
Muk~~yama and co~workers have introduced the US! of ailyl 

enol ethers in a Michael fashion under Lewis acid catalyzed 
, 

conditions to give 1,5 diearbonyl compounds in good yield8.3~ 

(Scheme 32) 
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6 +~ , 0 

1 JI : UIlI 

TlC' 4 ~' H20) 
-78-

Scheme 32 

.BU 1 LiJiIUJ&lMUI t 

o 0 

'lbe xeac-iion conditions are very mi~\ offer tremendous 

,advantages OVer the n~rmal base-catal;y;ed reaction as descn: ibed 

earl1er;e Also, 1t was found that Cl.' IJ -unsatura~ed acetals 

could be used as Michael acceptors as shown in Scheme 33.38 
.. 

OTMS 

6' + ~OCH3 ) 
. OCH3 

..., 

Scbeme 33 

O-Si lylated' Dienolates 

Di'anolates sbould theoretically give reaction according t.o 

1'1gure 4. 

ligure 4 

In practice, these reactions are rarely obsarve4 under kinetic 

conditions and a-alkylation predom~nates~ ondè~ t~e~Odynamic~ 

equilibrating conditions "Y-osubstltution ls sometimea ob­

served.~9 
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Tbe .iloxy group in the .~lyl di.nol ether 11 i. le •• 

electr'on-donating than a 11 tblum group whlch re.ul t. i'a . .,... - . 
~ ~. lover electron,\t __ .ity at tbe a .... -po.ition and at:cordingly 

leada to a marked preference for electrophllic attack at the 

'Y-po.ition. (Pigur.e·-S) 
, , 

O$iM.s 

~ .. 
cr "Y 

17 -
Figure 5 

" 

Pleming and co-vorkera ~ndertook a seri •• of .tud~e. of 

the reactions of s11yl dienol etbers and found that·tbe extent 

of "Y vs. a attact depended on tbe type of electropb~e ! 

(Scheme 34) and on the .ub8tituent., on the dienolate 

(Scheme '35). CO· 

". 

o 
u ~ -SPh 

EtO~ 

o .Ph 0 

PIlSC~CI, EtO~. + Et~ 
50 : st) . PhS . 

'. 

, ' 

.. 
Sch_e 34 
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. .Ph~SP" ~ 
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: 0$1 Ph, 0 •• 

Ph~' -
" ) 

,ais-Bi1y1:!!!2.! Ether. 

\ '. a~ , . 
- .. 

, . . 

.. , ) 

Scheme 35 
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" • 

An .e.xtens1ôn ot tbl_~ '~ïlyl' di~D('\l ether ch~i8try' 

, 0 

. ~jtd'i ti~n of a second ,silox.y .,ub8titu~Dt' to fom a bis 8i1yl' ' ,. 
enol ether. Wotk has bee~ don. in our 'laborato"ry on one 8ucb 

. . ,..' . \. .. ~ ~ '- \ .. 
C?oalpo'Upd, ~,3-bis(tr_1~~tby1&iloxy)-1-metboxy-1,3-butadiene 

• ~ J • \ .. 
, • w \ • 

UB).. .. \ - ' ~, .\ 

• . " .,SIO . OSlMe, 
... ~ ... 

, :~. OCH., " 
" .. 

"":~'i!I ',/ 
'\"11 .i!,""~ '!.. - ~ J~1,tt • , ;,. 

\ , , 

\ , 
'. 

, ,~ t' t 

'1 

'\ 

... 

~ n ' ' . - <If.8 

'~Yt YaIllBJl\oto ~nd co-wOÉ~ers "!lad original1y ayntbesize4 18 and 
, 1."" \ - - - , 

û'sed ft iD a' Diels Alder reactioll vith dimethyl açety1ene-
" ','. ','" • '4 ',. , 

dfc4trb,olCylate' (19) 41. (Schema li) 
.. • Il ~~ ( ~ 
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Scheme 36 : f • ' 

.. 
~~pounCl ~ va8 ~eing used ,~s a hlgbly fun~ional izéCl 4-

. ear!>qll unit 'in t~;, falDili~r ~iel.· Ald.~ p~t, lU applica­

tion in 8yntbe8la ia extènded to other dienophile8 a8 illus- , 
• r 

trated in Scheme 37.42 ,4,3 

, , 
, . 

, Oê ... ", ',C,o~ T. 
... I~' ' 

.. 510 ' ,1 

1 ./.t 

MeaSIO~ ,',~ , ,+ 
• ", " ',' ~ 0 .... 

\ ' 
, , 

e:.. OCMa ' ,,> 

~. 1! '. 

-1 
1 

" ,.' SebHa 37 "1 
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Recently ln,'our laboratory, wé intr~Cluced 't 
f 

" diaoion equivalent,of methyl acetoacetate,C 
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.' MeaSIÔ' OSIM.~ 

. ·'~OCHI 
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~. .• _ _ OCH
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. pigure 6 

-' 

In tbi. ré.~èt, !! cao be viewed, ai oB 3-carb~n unit 
, , • ~ r... " 

containing tvo nucleophilic aite., at· C-. and C-2. aëactlon of. 
• , , il· ,r , 

l , ' 

l8.vith 1,3 dielectrophi1e. ·can glve aix'memtiered ring. aa 

repreaénted ~cheme 38. /"'" 

), '0: 
'~ 

J , Sc}:leme 38 

On tb!a ba.l.,. a ·no:vèl cycloar~atizatio~ r'eac~loD b~~1 been 
4 

deve1ope<!. ~. - , 

Compound !! di,ffera frOID the dianion l2. in. t'Wo important 

. re$P8ctaz 
r. 

- .!!. r~'acts und~~_~eutra1 o~ a!!:i~ic' coridi~ioJls a~ oppoaec1 
,,~ 1 !.. (" 

to strong1y basic condition. 

- li acts as ',a hard nucleopbile, ~ reacting.:witb a,p­

unsaturated,carbonyl compound. in a ,2 fa.bloo,45 whlie 11 
o act's. as a .oft ,Ducleophile, addi'Dg in a Michael fasbion JJnder . , 

o " " 
mi~d conditions. 

The regioch'emistry of the condeDsa'tion ·(Scheme 38) ls ' . 
:- • - 1 

..... . ~ . 
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governed ~y the 'varying reactivities of the two nu~leoehilic 

sites in!!. It ~as been shown,44 that the C-4 site Is more 
l , .. t •• 

reactive than C-2", a 'fact which ls illùstrated in Sc hem; 39. 

M8,SiO ' ,OSiMe, 

"~OCH 
1 . , s , 

18, 

, , 

1 mol Br, 
> 

. 
2mol Brt 

) 

Scheme 39 
---' 

" o 0 

~OCHs 
, Br 

0, 0 

rY'OCHs 
Br Br 

" 
'~ 

Rea~tion of 18 with 'compounds 'containing a sing.le electro-

, 

, philic site consistently give Michael adducts at the C-4. site, 

examplés of which are given in Scheme 40.44 ,46,47 

Given that the C-4 site ls the more reaçtlve, It ls then 

n.cessary~ ~xamine the relati~e reactivities of various 

electroPhil~grOups under -the same reaction conditions-for 

... the purposes of choosing ~n appr~priat~ 1,3 e~ctroPhile for_ 

the cycloaroma~iza~ion reaction. It was estaèlis~,48 that 

the reactivities are as follows : 

aldebyde> conjug8ted P9sition of.#-oxy- q,# unsatura~ed 
" '. 

, Jeetone!l't.l iS'olated tetone > carbonyl po~i tion of #-oxy-a,p-

./ unsaturated ketone > acetal or monothioacetal > conj ugate , 

posi tion of #-oxy- ex • # unsatura.ted ester or ester earbonyl 

witb 'this order in mlnd 1~ la th en possible t'o have complete 

.~ ".~ 27"~ . 
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.~~)~. ~' PhcHO 

R~CH,I 

1 
/" 

~h&oc~ ~ J Ph ;:.oC", 

1 
Ph 1 

1 
1 

.' Scheme 40 1 

control ôver tHe regiochemistr,y of the 

strated in Sch8lJte .. 41.49 "-

1 

aOnda~8at.~n; ~. 
H~ 

CHP~ + 

MeaSiO ' 0"" 1 

~OCH. + 

ta 
Scheme 4.1 
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'l'bis .etbodology bal be.n used in the 'syntbe.il of ~-l­

tetrabydrocannabinol (li) ,'-the act!!_ psychotcatmetic ccmponent 

of .arijuana.5~ The critical step was the synthesis of methyl 

·ol-ivetolat. (22), vhich was then condenaed with an optically -
active monot.rpene to give tbe desired product. (Scheme 42) 

Q> 

-"' 

~.oH 0+ 
• • 1 

~ 

• 
22 -

l 

21 

The synthesia·of 1! waa accompllshed vith the cOQdensatiOD 
, " of the bis silyl,enol ether !! w~th an appropxiate acid chlo-

ride li. (Scheme 43) 
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18 

22 

Scheme 43 

It had be.n dete~ined that acid chlorides are more reactive 
. 

than ketals and hance, the regiochemistry of the reaction was . . 
controlled. ' 

The reaction of two equivalents of !! with one equivalent 

of various oLttboesters or anhydrides under Lew'ia acid ~GIi­
tions resul ted in tbe ,format,ion of 5-substi tuted-3-hydroxy-

, \ 

homoPhthalates.S1 The first step of "tbe reaction is the for.ma-
1 

tion of a tri- fj -carbônyl ad~uct, followed by condensation 

witb the second equivalent of 18. (Scheme 44) 

...... 0 ' OSiMta 

. ~OCH. + 

!!. 

OR 

Scheme' 44 

.. ~.,'" 

OH 

ft, CO .. CH,· 

~ 1 COaCH, 
R . 

sei far, aIl of the be~,;~noi~. de~ivatives described""'are 

, . 
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'unsubs~ituted at the o'-po,iti~n due to the structure of the 
>', 
,t 

nucleophil ic component. Substitution at ',the C-4 si te, of .!! was 

investlgated ,52 an~ led. to the synthesi'S of scler ir. (,31>, a 

plant growth promoter.53 

1,3-Bis(trlmethylsiloxy)-1-methoxypenta-l,3-diene (24) was f):. 

prepared according to Scheme 45. 

MesSiO o SiMes 

~OCH 
24 3 

Scheme 45 

OTMS fi 
~C'OCH3 

d 
TMSCI 

\ 

; Reactions of 24 wi th various electrophiles establ ished that - ~ 

the nucleophllic reactivity had no"t: changed due to the Me 
1 

group and that C-4 was still the most reactive site. (Scheme 46) 
" o 

In the synthesis of sclerin "(23), two'moles of 24 were - ~ -
condensad with methyl orthoacetate (25) in the presence -
'l'iCI, to yi,eL~ the aromatic comp~ound 11 which was 

converted to the desired product. (Scheme 47) 
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_,SlO 05lMe. 

~OCH. + 

24 

+ 

Scheme 46 

y 
.... $10 OSlMe, 

j ~OCH + CH (OCH,). 

24 - • 2S" 

e/ 26 

t/ 
" .... 

23 ,; 
4 

- Scheme 47 

, 

It was a180 found that!! condenses wit:h hexane-2',5-dione 

or 2,5-dimethoxytetrahydrofuran to give 8-o~abicyclo-[3.2.1J­

oe.tyl systems .ll and 1!._.~espectlvely.54 (Scheme 48) 
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Me,SiO OCH, 

~OSiMeI + 
18 

o 
.~ 

o 

cf' 
. a 

Scheme 48 

'. 11C1 Jf, 
~j ) 

~~'CH'· 
27 

, 

1IC1 •• Jx~~1 
38 

• 

O}.:~8 yielded the a-oxa anàl~ of cocaine • 

\ 
• ..t-I:-

Purther reaction 

(Scheme 49). .1 

dx~CHI 
0 

cfx~CHI NaBH. ) <i0 ... CHa , 
0 OH OCOC,H. 

.28 

Scheme .9 
Recent work in our laboratory has extended the scope of 

this methodology to i~Clude the uae of 1,3~S-tris-(trimethyl­
siloxy)- 1.methoxyhexa-l,3,S-triene (~), the trianion analog, 

(!9.), of methyl triacetate. (Figure 7) " 
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OMe 
30 

'Reaction of 29 with the imidazo11de 31 was the key step in 
, - . -..' .. 

l-the foxmal synthesis of lasiodiplodin (12) .55' (Schema 50) 
~ ~ . ----

f 

OTMS OTMS 0'f'MS 

·~o~+ 
28 31 

) 

HO 

. "'JI '. 

Scheme, 50 

'his 'bis s11y1 enol methodology provides a route by which 
\ 

funct,ional ized cycl Ï'~ system,s can be buil t up fram acycl,ic .. 
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1 

starting lIIaterialS~eSpeCiallY useful in the synthesis ~, 
of benzenoid derivatives. This method constitutes a \, 

.-----
potentially very powerful addition to the methods .~hich_ *,' ---......... 

'alrea~y exist, some of which will be discussed here. 

~ synthesis of benzenoid compounds ~ acyclic precursors 

A The synthesis of aromatic1benzenoid compounds has played a 

, • very large part in synthetic organic chemistry since the mid-
, 

nineteenth century. Various substitution patterns on these 

compounds have normally been achieved by the stepwise intro­

duction of different functional groups through nitration l 

halogenation, alkylation and acylation, for example. This 

simple methodology, however, can resul t in problems wi th 

regioselectivity and~he formation of mixtures of products 

which may be difficul t to separate. Nonetheless, nucleophil.ic 

an4 electrophilic substitution is still t~e most widely used 

method for the synthesis'of substltuted benzenoids~ 

An entirely different method, and one which more cJosely 
\ 

resem~les tbat which. is used in nature, Is the construction of 

these substituted benzene compounds fram acyclic precursors' 

which already contain th~ desired substltuents. One such 

method ls the alread~ discussed bis si1yl enol ether , 
/' -,,' t, 

metbodolO~y which provides a rout~ for the regiocontroll~ 

synthesis of highly substituted salicylates. This method is an 
-" 

exemple of an Aldol type addition to give benzenoid derivatives 

while other reaction type~ include cyc~oaQditions .. 

35 

, 

l 



' . 

1 
t 

f \ t 
f 
} 

~' 

t 
~ 
Il , 
1 
1 

" t 

i 

1· 
~ • r 
t 

f 

() \ r .. .. 

~_!"""ltli.t.t_,,*JttMe:w,iItU.SJi!l;;Mbt_J"_;=-U_;.U_IJJJ d_2AMfA!.ll.MI1If'~'" 

• ~ 

.1 

( 

• 
(e.g. Diels-Alder) and condensation ~eactions (e.g. Michael, 

Claisen) • 

The well known Diels-Alder reaction, a [4". +2".] cyclo­

addition bas been' used extensively in the preparation of six­

membered rings. The util ization of function,alized dienes and 

dienophiles has led to the preparation of a varie~y of pOly-
, . 

" -' 

substit~ted benzenoid products. A recent review56 deals witb ' 

"the use of betero substituteà 1,3 dienes, where the intro-

~C.~ion of various subs~ituents onto the diene is shown to' 

hav'e a dominant effect on the regiochem.istry the cyc10ad-
.' 

d-ition. 'Of note is the use of siloxy substituted dienes, 

useful both fo~ tbeir ready avai1abi11ty and their electron-' 

donating capabil i ties.57 (Scheme 51) 

• , ' 

Scheme 51 

Other ex~ples ,bave 'already been noted which empl~y bis' 

s11yl enDI e,tbers (Scbemes 36 &1.37). An application in the 
" 

synthesis of lasiodlplodin (compare to Scbeme 50) is given ,in' 

$cheme 52.58 
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.,SlO 

", 0 

HO 

For the p~rposes 

COaCH • 
1 
Il 
1 
COaCH, 

Scheme 52 

of illustration, 

, " 

" 
only the synthesis,of 

substituted phenols will be discussed in the following 
-, ' 

~. 

, 

section, althnu~h syntheses of anilines, for example, are well 

known. A recent reviewS9 discusses the preparation of a wide, 

variety of benzenoid compounds. ' 
, 

In the synthesis of phenols fram acyclic precursors, the 

~ydroxy group u8ually éomes from a ketone or,ester group. 

Ketones usually react via their' two active, nucleophilic 
, . 

a-positions, where the co-reactant must have complementary 
, ' . 

, 

(i.e. electrophilic).reactivity. Th, MOst eommon co~reactant 

is a ~-dicarbonyl or syothetic equivalent. Judicious choice 

of a ketone which.oan be enoliz~d'preferentially ~n one 
., , 

.direction and a ~ -dicarbony'i. in which one carbonyl is more 

reactive than the other can result in the regioselective 

synthesis of highly substituted, unsymmetric~l phenols in 

reasonable yields.60 (Scheme 53) 

" 
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Scheme '53 
l ' 

, , 

OH 
Rooe ... 

,-
~. 

1 

" Me, 
... 

.. 

,Pive~and six-mem~ered, heterocycles ha:ve ,a1.80 beèn 'used as, a 
, ' . 

.• . sQ~ce of phertols:througb a ring cleavage proces~, 'example~ of 
!' - ' 

• 

" , ' 

" 

:whi9h ~re 9~ven in' Sohe;me 54~61,'62 

Me ' 

, . 
" . 

. 

, Me 

ROC 
+ MeN9z 1 --~) 

N • 

o' 

.. ' . , 
~ 

CI, 

SçheJhe S4 ' 

COR 

<J' .... 

ln 'an .xample w.here thé phenôl ic oxygen is suppl led' bl' a' 
.... • • 4' ' ~ 

, j ~ <:1 
• " .. • ~ f • 

c~rboxyl fc a'cid group,. zinc' chloride has been, shown to mediat'a . . ' 
" 

the reaction of ~ diacid 33. 6~ (Schème 55) - " 

" 
" 

" 38 
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Scheme 55 

~ - . ) 

The litèrature cont~lns many metqods for t~e's~n~h~sis ~~ , 0 ;' 

, ,. 

• "benzèn~ derivati~es with',almost any' desiréd subst.ituents in 
Z,,;i1 .1 '.... ~. '# 1 l Q , 

''',}~ ... whatever pattern and degree of substitu'tion. H,owever, the' 
\ ,l' ~ '~.. 1 _ ~ 4., f, . 

yield$ are not always high and there remain difficulties Mith 

.. re9iochem.istry~ synthe.tic·' organic ëh~i~t;s a~e const'antly, 
. , 

~oming up with new and improved methods whlch may Qvercome 

~,l 
," some of tnese-problems.· 

, " 

) ': 
o • 

. , 

, " '. 

.' 
" " 

" 

" ,. 
, ' 
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RESULTS AND DISCUSSIO -, 

The-,work in this thesis is based on the si1y1 eno1 ether' ,\~ 
~ " " "'- :' .' • 'f 

, , 

. , 

, . 
chenlistry previously 'developed in this laboratory and consists 

, , 

of the synthesis of the ch10rinated ana109, 34, of the bis 

, s'i 1 yI enol ether 18 .. ~aased on the prev ious work, 34 can be - , - , 

rég~rded as the' ~ianion equivalent qf 4-chloro methy1 aceto-

aceta te (35). (Figure.8) 

. . OSiM83 OCH, ' 

CI~/ 
, r r'OSoM' , 1 83 

34 -
• 

o 0 
CI~_., 
. e ·e 'OC,",3 

. - 35 -'. 
\ 

. ~ . 

,The r~acti:o~ 'o,f 34 with' various' eleetroPhiles al,lows fôro~ . , . 
f ttiè i~corpQr~tion .6f ~ ,chlorine atom' into a straight' chain _,. 

... 0 ~ t> ~ ... 

, , 

' . . . 

, . 

" c'ompound, ,aroma'tic benzenoid deri.vative, or ·biéy:c1 ie system,. 'l'he 
Ct _...- __ ~~. .. , ~ 

chlorine· May be required in the ,final ·prod'uct or it c:an sim~ly 
> , ~ _. • ~ 1 

--act as a functiona1 group 'which can be manipulated at a later' 
J fi' _ ~ • ' • • " .. • • , 

stage in the synthesis' •. " 
, " 

. The chèmistry of 34 was,exàm~ned and i.ts appl iea'tion 'in the 
- -"' " , 
,.. • , 1. r 

.... • ~ 1 ~ ~ ~ • \ '. 

synthesia of several natural pr~uc~s inves~i9ated. 
~ 

, , 
, , 
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.' 
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" . . , 
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. Preparation ~ 1!!!' !!!'Silyl ~ Ether li 

The si1yl enol eth~r 36 was 5ynthesized in the usual - . 
" , 

. manner,62 starting with the 4-chloro methyl acetoacetate 
1 

<11). (Scheme 56) 

'Scheme 56 

'The' -erude p~oduct was distil1ed 'under l1ilgh' vacuum (0.1 torr, 

55 C) to g'i ve product 36 in 60' yield. Compound 36 ls 
.... - !. ...--

relatlvely staple and can be kept under N2 i~ the refrigerator 
l , 

for severai months without 'appreciable decomposition • 

. l~-N.M.R. indicates that there i5 â 7:2 mi~ture of two 

.i~blQer4. N.O.E. experimen,ts showed no enhancem~nt in the, C-2 

proton signal when the C-4 protons were irradiated, so that no 
, , v, " 

,structural 'assignment of the major isome"r could be made on 

this basis. 'However, a proton coupled l3C_N.M.~. experiment 

vas able to distinguish between the two possiblé isome~s of 

li. The e~upl~ 'spectrum, showed C-4 spi 1 t into a tr iplet by 
~ 

the two adj acent protons and this was further split by the 

proton at C-2. The' coupling cons,tant due to the effect' of, the 
or J;_ \~ ., 

" , 

proton at è-2 for the màjor tsomèr' was found to be 6.7 HZ, 

while for the minor isomer a coupllng constant of 4.0 Hz ~as 

) 41 '. ~ 
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found (fi~Ure 9). It is known tbat a trans- isomer will give a 

larger l,3JCH coupllng constant,65 so ,that on this basis the 
, 

major isomer of 1! ls assigned trans- (or E- ) geometry, and ," 

the minor isomer cis- (or z- ) geometry. 

b) 
OSiM., 

CI~H . ~:c . 1 
, . C .CHa 
~ m.jo~ minor 

.)~. a . 

" 

1 

11111, i 'TT'] Il Il Il il l, ' 11111 i , 11111 III i , , '111111 1 il' i 111111 i 1 fi 1 1111 i i i '1 i Il 1111 l 'II 1111 1 1 l '1 i r 

48 0 47 0 46 0 45 0 44 0 43 0 42 0 41 0 ,40 0 39 0 PPM 

13 • 
Figure 9: (a) C-N.M.R. specr~um for 1! - C-4 carbon. 

(b) Proton-coupled C-N.M.R •• 
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Th~ sil1.l en~l ether 1! was convert~d to the ch10rinated ' . 
bi. 811y1 enol etb,er II in the usual manner uain9 LDAI'l'MSC1 • 

(Scheme 57) 

OSiM., 

CI~COICHa M~~CI " 

M.,SiO OSiM., 

Çl~ 
~ ~ OCH 

, 1 

H 34 -
Scheme 57 

'l'he produet 34 was not purified, as it was quite unstable. 
, . -

~ 

. ,It coulà be kept in the refr igerator for only a f,ew days 

'\ before extensive decomposi tion occured. However, lH-.N.M.R. 
... 

ipdieated that the crude product was relat! vely pure. The . 

yield of thl~ reaetion is n~~ally >90'. 

lH-H.M.R. and 29S'i-N.H",~~. data' indicate that 1! exista 

mainly aa Qne geametrical isomer. N.O~E. experiments sbowed ~o .... 
enhaneement in the C-2 proton si.gnal when the C-4 proton was 

irradiated, so" tbat no ~tructural assig~e~t could be made for 
,1 

the C-3 double bond by this experiment. However, on 

irradiation of -OCH3,~tbe C~2 proton showed a 11' enhanc-.ent 

in signal intensity~ T~is suggests ihat tbe,C-l doubl~'bond 

~ °has a cis- (or z-) geometry. This assignment is in agreement 
, 

'with a recent report66 which a8s~gned a z~stereoehem' ry to 

a s,r tes of 1,1,3-tr ioxy dienes (inel uding the 

ether 18). - "" , 13 . A proton coupled C-N.H.R. exper iment was 
~ ~ 
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1-

order to d~termine the g~ometry of the C-3 ~o~ble,bond. The C-2 

• ,/ ,carbon a~pears at 7S-.1t ppm (major isomer)'- an~ -12.2 ppm (minO~ 

{ 

isomer) in the deeoupled spectrum. In -the coupled ·spectrum the 
r.,-.·.---
maj~~ isomer cétrbon peak vas'spl it into a doublet ):)y the C-2 

proton but was not split by the C-4 proton. The C-2 carbon 

corresponding to the minor~isomer was split into a doublet by 

the C-2 proton which vas further spl it by the C-4 proton v~th 

a coupl,ing constant- of approximately 5 '-H~~hiS sU9gests that 

the majo~.isomer has a c!s- (or Z-) relationship between the 

C-2 carbon arul. the C-4 proton wh il e -the mi nor i somer has a 
;# • 

. tra~8'" (or E-) relationship b,etween the two. These resul ts 
1 

indicate that II has a (lZ,3Z) geometry for the major isomer 

and (lZ~ for the ·mi~or. (Figure 10) 

CI 

. H' .* .. 

34 (1Z,3Z) 
OCH3 

/ " " I!'igure 10 

J 
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'1 " Cyeloaromatization reactions ~f li " 

Some of the ~ycloaromatization reactions described by C~an 

and Brownbridge48 were repeated using the chlorlnated bis 

sily1 enol, ether U as shown'ln Selleme 58. 

.. 
, 

CH OCK, 

+ 

!! 

U 

Scheme 58 41 -
" When malonaldehyde bis(dimethylacetal) (Al) was reacted 

• 
vith 34 in the presence of two equivalents of titanium 

- < 

tetrachloride, methyl 3-chlorosalicylate (39) was obtained in 
, -

, 25' yield~ while a similar reaction of l! with 4-trimethyl-

slloxy-3-penten~2-one (40) gave the chlorinated salicylate 
.f _ • .., 

. derivative!! in 23' yield. ,In both cases the desired pr~u~t 

was the,major isolable component of the crude reaction mixture 
, 

along with some 'starting materials. 

Since the "bottom" halves of these products are sym­

matrical, 'tbese ~'ea'è:tioDs say nothiDg about the relative 

reactivity of the C-4 versus C-2 positions of 34. TWO 
,:;: \, --

, . 
reactions vere dODe in vhich compounds vith two differen~ 

f;. ' i' 

el-:ctropbi 1 lc groups vere reacted vi th 1! to g i ~e '1 

45 

'. 

1 

) 
~ 

l, 
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unaymmetx ical products' on the bas!s of the following oxd'ex of 

rèacti v i'ty: ortho ester ) ketone ) acetal. (Scb_'e 59) 

,9. /OCHa 
~oeHa 

TI CI. , . CI~A:O'Cili 
CHaJl)'" 

il 

!! 

Scheme 59 

Wben acetal 42 was xeacted "vi th-34 in the presence of two ...... -, '" 
eq~,iv~,ents of titanium 'tetrachloxide, the /cbf~ri-nàte!, aad~ct~ 

43 was ob'tained in 29' yield wh!le the ti.tânium tetxathforide ...... ~ "" 
/ 

catalyzed xeaction ~f II vith the ortJ;îo estex !! gave the 

higbly substi t~ted s';l icylate d~r i vaJi ve Ji in 24' yield,. In 
, 

neitber case was Any isome~ obtain-1~ so whil. tbe'y~eld was 

- low, the xeaction wa. regiospacifie. 
~ '. ~ r 

Tbe struc,ture,s of tbese p~~uct. rr., determined by IH-N.M.l. 

data.' It bas bee~ abovil,49 ,tbat in 8ub~titutecJ ~bYl 

. sal icylat~s _ the arom~tic 'met:byl group}t the C-4 posi tipn 

resonates at about 2.30 ppm,'wberea8(~he metbyl at the C-6 
- / 

/ . ~ 

position ,resonates at about 2.50 ppm due to des~ielding -by the 
• . 1, 

ortho carboxylate group_ ,On tbis/baais,~' tbe structures ~f 43' 
Q -

and 45 vere assi9ned~ (Table 1) 
~ 
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C-4 ppm 

a:x):co,cH, 
2.37 

I~ il 0 

-

CI:éîo,at, 
\ 2.41 

~ 43 -

*~i 1 ~ 

CH,O ~ !! 
-~- --

" 

Table 1 

~L6 pp~ 

2.48 

.. 

" 

- , 

J 
I~ .- ........ - , r.. 

\ 

l 
\ 

1 /:'7: ___ -- ,,' _ 
• ~to.. [), "\ 

\ 

. ! 

Their struc~ùral âssignments were supported by other spectral 
/' 

information such as KS and IR. 

j , 

!h! AttemPted,Synthesis ~ Griseofuivin 

One possible application of this.meth9'blogy wouid be the 
. ~, ) 

synthesis of the chlorinated naturaloprOduct, griseofulvin f 
, . 

.. , " ~ 

C!!), a c~ercially importa~t a.nti-~un~al agent. original!.y 

isolated fram penicillium griseofulvum,67 griseofulvin can be' 
i 0 t> J. 

, , , 
administered orally to animals and ~s ,easily ~bsorb~ into, 

, , . 
plant roots, thereby making its use quite ~ractical and ~he 

.' . 
\, r' , 

development of an ef~icieDt scheme for its syntbesis 
-

desirable. The structure and 8tereoch~i.stry of. ,grisêoful v in 

was elucidate~ by· MèMillan and c:o-~()rker, in ,the 1950·s.~8,69 

.7 . ~. . 
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·CH,O 

.... CI i! . 
, 

sinè~ that tinte there hale been' sever'al total syntheses of 
.: 

gris.~fulvin,~O ~,recent one having been ac~omplished by 
- ) 

Danishefsky,7l,wnich involves ,as a key step, the 

aforementioned Diels A14er oycloaddltion betwe,en a highly 

'functionalized alene 47 and compound 48. (Scheme 60) - -:::; 

CI' CI 

! 
.. 

o .. (-- o 

" 

OTMS 

), l, '. ...... '\ ~ . 
" ~ompou'nd ~ was, ~.nerated in several stepa starting vith a 

hi~hiY".Ubs~itu~ed' aromatic·compound !!. (Scheme 6l~ 
, . 

. 

" 

48 
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Scheme 61 

In his paper, Oanishefsky states, -Any attempts at'the 
. / \ 

commereia1ization,~f thfs process must provide a reg~o-

specifie, high yie1d route to ,!!.,,72 

We proposed to synthesize 4,9 using our cyc1oaromâtizatton 
, -, 

reaetion to produee the aromatic compound i! which cou1d then 

be converted to !!.. (Scheme 62) 

-
CI 

.' CH30 . 

OH 

50 -, 

C02CH3 
) 

OC~3, 

Scheme 

) 

·CHsO 

CI 

41 "t--
62 

'l'he first step in the .ynthesis of 50 would be the choice 
l' -

CI 

Qf an approp,tia~e e1ectrophi1e with which to react the si1yl 
, l '\, • l ' ~. 
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enol. ether 34. The Most .- apprbach, and one whi,ch would 

9 ive the desired produ 

34 vith the ortho -

, . Me,SlO OSiMea 

CI~OCHI 
34 

ep, would be the reaction o-f 

(Scheme 63) 

- / 

OH 

, CI~COICHa' 
-~) AÀ 

CH,O OCHa 
50 -

Scheme 63 

The synthesis of .ll va's attempted in our laboratory,; 7~ , 

\sing the, pinner method vith malononitrile as ~he starting 

material. This synthesis was unsuccessful~ (Scheme 64) 

OÇHs <,OCH:. 
0, "e 6) 1 1 ."S 

. NC-CH1-ÇN .+ CHsOH + HCI ~ CIH1N=C-CHz-C=NH .. CI 
, '0 • ~ ." 

( 2CH,OH -1" CH aOMOCHs 
CH.O OCH, 

, 

'CH,O ,OCHa' 

52 -
,. 

Scheme 64 

, McElvain'and Schroeder had pr'eviously attempte9 this 
\.:. Il .... ~ 

syn~hesis in 1949,73 and had proposed that the dihydro-
.. Î 

chloride S2 vas insol uble in alcohol and was subseqpently 
1 -

converted to the more soluble an~ resonance stabilized 

monohydroc~loride il which would then resist further 

'alcoholysis. ~Scheme 6S) 

, . 
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H2N=C-CH1-C=NH1 
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53 

, Scheme 6S 

The synthesis of ~ vas thén attempted by an indirect 

route, vith the initial formatiop.,of the trlhydroxye,OIIlpound 
, '.,," ,:' ; 

1! vhieh wou~d then be converted to the desired product.· . \ 

OH 
-, 1 

CI CI COzCHs- · 
) 

HO, OH CHsO 

c Scheme 66 

... 

50 -

, 

~­
OCHs 

'" 

The synthesis of i! was attemp~g malonyl dichloride 

(55) as '~he ele~troPhilé (Sch~e 67). 'rhe r~acti~~ was 

performed in the p~esence of titanimn tetraçhforide at -7S·C,. 
;', \ 

Different orders of addition vere attempted (malonyl 

dichloride, si1yl eno1 ether, TiC1 4) an~ (malonyl, dich40ride~ 
, r 

TiC1 4 , s11y1 enol eth~r)]. Neither method yielded Any product, .. 0 1 • 

but gave startihg materials instead. Muk~iyama had noted that 

a miJCture of ti tanium t!etracf:0rid~ and ti ëan'imn 'isClpropoxide . 

'worked weIl with reactive electrophiles.37' The 'reaction ,was "-. 
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l, 

~ttèmpted us"lng a J:l,.~atio of TiCl. a~ Ti,.lO-i-pr]" u~ing 
botb o,rders of. addi tion,' but agaln 'the r,act~on wa8. u~suc-

'. 

~ 

t 

Aq equivalent reaction 

_ame67 ~ 
would involve the reaction 'of i! ,. , . 

• ".... j 

• II 

') 

" 
f .' 

" 

'r- .vi th the imidazol ide of, n. Imidazol ides are often crystall ine 1 
l , , 

, . 

•• , .:: ,tl e;> ~ • , 

and ,aaeily bandled when cqmpared ta the acid chloride fram 
• 

which they are usually prepar'ed. Normally, the conver'sion of 
~ , .. ' 

, "'" . " 

an acid chlorlde 'to its eorresPQnding imidazolide i8 sim~le 
.. 

according ta the meth~d of-staab74 , and the resulting 
• 

electrophile is of compa-rable reactivit.y to the original ac.id 

chloride. But when the conversion of SS ~o 56 waB attempted . - -
the reaction was unsuccessful. (Scheme 68) 

J 
, 1 

.' . 1 
~ " < 

1. 

1 

• ~! 

,i 

, . 
. '0' O· ~. 

CN~"~·. --) .' ~ b~Nl , r;::::,J S8· , ,~ 

+ 
55 . ,-

Sch~a 68. 
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Imidazole (li) and mal';,riyl c:Uchloride (ll). vere mixeâ in, a 

2:1 ratio in dry THF and .tirr~d for 1.S bours at O·C, tben' 

a110wed to come 'ta room temperature and Bti~red for-a f~" 

,2.5 hours. The white ~recipitate wh.ich bad fomecJ ·(presUlDab1y, 

imidaz~liniUm ch1oride) was filtered off and th, filt~at, 
. -

reduced under vacuum. It was At thi. point that the' pr~uct 

decomposed' to give a ~lack residue. An N.M.R. was taken and it 
\ . 

sbowed no trace of the expected product 'S6, but gave ~nstead", , 

starting materia1s and a product presumab1y resulting fram a 

pol ymeri za,tio eaction. Nq furthet Attempt ~as made to 
-

i~entify product. :.(. 

single reactive ~ite carpon e1ectropbil,s Reaction 
o 

In 01: ;et to further con~irm the reactiv'ity of the C-4,slte 

vs C-2 si~ in ll, reactions were pe.rformea witb è1-ect~0,phi1~S 
c9ntaining a single reactive site.'Thé electrophile sbou1ê 

attack et the most reaotive site of 34 thus estabiishing the -
" 

cGàlpar 1 t1 ve react1 v i ties. li" was ~e~ct~ed wi th acetone .'Cl) ~Dd 
\ . 

cyc10hexanone (ll> to ~ive adducts II and g r tively. 

(Scheme 69) 

1H- N•M•R• data indlcate, that reaction dic;l in fact occur at 

,ttle C-4 si te wi th the presence 'of a ·si9n81. at 4.25, ppm' and 
, • f 

4.20 ppm (for ad~ucts ~ and §.2. respectively) cptrespondi~g. to', . 

a $ingle proton ât è-4. In neither case was Bny C-2 adduct ' 

~bserved. The proposed structures of 59 and 60 were furtber 

corrobor~ted by MS and IR data. For compound 59, con-ventional' - , ' 

.E1ectron Impact M.S. did not giv!! ~ny heavy ions of str\1ctura~ 

,f 

S3 
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:in~r~.t, 'h:~evez::, Ch.,mièa1 I?ni~ation M.S~ :gave tb~ 8zpec:ted 

mo,1ecular ion. 

,4 

.. 
~ ~ . , 
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", '.· ..... 0· 0-..' 
. '. ci~-~ , .lOCH' 

,~~~ . 
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u 

- .' 

': 

. À' ""ClffYU.°~' 0 ' ' ~' , ", 

, .! CH,. ',' OCH, 
!,' <CI '~" 

~ !t -, 
T' " 

'()~. OCHa , . 
( 

ScheQle '69' " . 
#.' • 1 

.,: 

-1Iiè .ynthesis ',~of S-IIlell\bered bicyc1ic .ystems 
.....-- )' ~ 

As deleribed earlier, bis 811y1 eno1 ethers have b~en 
# "" , ~ • f • 1 

•• ed to ayntheaiz. 8~mambeted bicyclic systems, or more spec:i-

fiCallY.,8-0xa~bi~Y~lo-(~:2.1J~Octtf systèms •. ~~' react!ons . 

w're attempt8d using 34 and they did give the ,ex cted 
~ ... ,. \ . .. 

chlox:inat'ed 8:rt.aloga 'g and E as depic:~ed in Scheme· 70 • 
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Reaction of !! with. a.èetonyla.ce~one (:!!) gave bicyclic 

compound 61 as white· crystals in 30' yield. lB-N.M.L data -
.howed that ~he t~ m~thyl groups resonated at 1.4~ ppm and 

1.58 ppm, the m,thoxy protons at 3.72 ppm and the two single 

protons 'at 3.61 ppm and. 4.29 ppm (C-2 and C::4 respectively). 
l , 

aeaction of !! with 2,5-dimethoxytetrahydrofuran (!!)yield~d 
o 

1 1 . 
!! as a mixture of a l.ight yellov oil and clear crystals in 30' ' 

yiel.d. The c.rystals vere isolated and found to be)t:.he enol tau-
, . \ . 

tomer 62b of the'pr~uct and made up, approximately two-thirds - .' 

of the cryst;al~oil mixture. IH-N.M.R.' ahowed a peak at 11.4S pp~ 

whicn corresponds ta the'-OH proton, ànd this ~as found to oeeur 

in a 111 ratio with each of the ainglè protons (at C-l, C-4 and 

C-S).' Also, no peak corresponding to 'the C-2 proton was seen • 

62a was not iso~ated, but crude N.M.R. dia show alkyl hydrpqen 

peaks that vére proportiona11y' 1arger ~s compared to the hydro~ 

hydroge~ peak, indicating the 'presence of a compOund that vas 
..' . " , 

atructura11Y similar to 62b. bu~ which did no't contain a hydroxy 

group. Tb~8··C~po.U~d wa~ a~suined to be the keto fom of m. 
. ' Various' at~empts w$re made to improve the yield of 62. Bath 
: 1 .' 0 ....-

1 • \ ~~de~~ition.~ere tried (!!,' !!, TiC14) and ~!!, T~C14' 
/ ~ vith th~ ~~b'-in~ the more .ucceaaf~l of the two 

\ 
.etbods (30' va 131 yield). Several different Lt!wia acids "ere 

uaed to catalyze the reaction, including TiC14/Ti[o-i-pr]4, 

) \ None of these acids gave 
./ 

. ZnBr2, SnC14 an4' BF3.(OC2HS)2· 
./ 

improveCl .:, results • 
( . 

-', , , ;; 

. , . ' 
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• ~ attem~ted synthesis of Nonactic Acid 

An ionophore can be defined as a molecule which has the abi-

1 ity to complex an ion and to assist in the transport of this 
, . , 

ion through â lipophilic interface.75 This is a general term 

wnich describes a v'ariety of structural types. A feature common 

to these molecules is the presénce of heteroatoms capable of 

acting as ligands for an ion. They also posaesa a 3-dimensional . ., 

capability to orient their ligands towards the center of the 
" molecule, thus allowing for inner c,omplexation to the ion of 

int.res~ while retaining a lipophilic outer shell. Some of these 

compound types include linear and cyclic peptides, cyclic depstr 

peptides and the antibiotic polyether monoacids. Many of these 

compounds display antibiotic properties. In fact, it is this 

property which in Many cases first led to the ~iscovery and 

characterization of these compounds, and only after SOrne time 
~ 

was their ionophoric character realized. 

Nonactin (6'5), first character1zed 1n 195576, 1a the lowest 
, -

homolOgue and !DOst symmetrical member of the actin family of , 

antibiotics which pave ~en isolated fram various streptomyces 

qultures. It was the first natural product to be identified as 

a crown ether and ope of the first antibiotics to have i ts 

activity attributed to its ionophoric properties. Honactin has 

'been a ~hallange,to aynthetic chemiata for some time time due . . 

to its interesting atereochemical qualities. ~t is made made 

up of four nonactic ~cid units with an overall meso 

configuration. This ls due to an alternating (+)-,(-)-

56 
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nonaotio acid (!!) sequen~e. (Figure 11) 

r 

COOI1 

, 

!!-nonac~ 
pigure 11 

) , 
U-nonactic 

acid 

Thara have been several synthe ses of Honactic aCid77 •78, 
including one by Bartlett79 w~ich he describes as "stereoéhem-. . ~ 

ioally eoonomical and aynthet;'cally convergent". Nonaotic acid 
1 

"derivatives of bath enantioÎlleric series «+). and (-» were pre-
. ' 

~ ,\. 
pared fram a single optically active st~r'tng material as 

, " 
. dapicted in $è::heme 71. ' 

Another approach for the·synthesis of Honactic ac~d, put C 

forth by White et. al.80, has the initial formation of 8-oxa-~ 

bicyclo [3.2.1J octane compound 67 according' to the method of 
, " :. 

Hoyori.8l (Schema 72) 

This particular me,thod is well su~ted towards the synthesia-. 
,of nonact1c acid sinc* the cia relatioPship is established in 

the si~e chains fram the out~et. 
, Q • 1 

.1 

.. 
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(-)-nonactic .cld 

a) R = H 
b) R = "'c'" 

Il 
·0 

'",1 n -COaCH" 
HO" """"1'0' Y 

'1 

! 
(.)-nonactlc acid 

d.,ivatlv •• d.,lvative. 

" 
So~eme 71 

O· 
Zn-Cù, ~ 

• • 

Scheme 72 ' 

-, 

---+1 -.~ 
!! 

HYdr0genatrdn of !!,f011owed by Bayer-Vi11iger oxidation 
"""... \ 
yield~ lactohe !!. M.tha~o1ysis o>~ !! gave the Vdroxy ester 

1-
69~ (Scl1eme 73) 
..p... " .. ~ 

."f 

Ha. NIC ) 

", 

!!. 

" !! 

·'S heme 73 

c;:) >. 

" .' t . ., l 
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~ompourid !! wa~ converted to' the epimerie:::-aldehydes 19. and 
\ t~ 

71' in a" fe' steps. Treatmiii'f""of 70 with methylmagneslum 
- _. t" 

bromide produeed m~thyl nonaetate (72) and methy1 8-epi-
, ~ - . ' 

nonaetaté (11) without stereos~1ectivi~~. (~em~ 74) 

YAY~.:. n - + 
.~~j ~ 
H·H ' H H: 

OH COaCH, ~ 70 COz CHa 
. 89 --,-

- -) i CHaMel 

HOC_ 0- · 
~1.'1.Y 

71 

\ 

• \ 
Seheme 74 • 

" 
Saponification of 72 had previous1y been shown to give 

." ...... , ... 
nonactic' acid. 82 

Ne 'have proposed an out1ine for the synthes!s of 'nonactic 
c " 

~ acllS Whlcb h .,1aller to that of Wbi~ in tbat it ln"ol"ea the 

., initia'l fO,rmation of a bicycllc .y.ta g. This i8 followed by , 

... .. 

" " a methylation aDd an oxidative cleavag. to give a precur80r to 
• 0 

nonaç~ic acid. (sch~é 75) 
", 1 '-.----
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The ~ethylation of II waa' fir~ att.pted "i~b todi·UIII 
\ , . 

hydr ide and methyl iod ide" (Scheme 76). The lR-•• ~.a. .P,ectr~ 
.' , 

indicated that.: t'he product vas ,in' fact ~ aixture of o-alkyl- Il 

àt~d and the de.ired C~alkYlated pr04uct. IH;"~~M~a. d~t~, g~;'. ", - . - -~ 
, 1 l 

evidence for the presence of both products. TVo large peak. 

" . 60 
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/1 , 

, , 

li j • tisa IUiiJll#B.ttt iUiUlf 

.ppea~ecS iD the ~.IO pp. region cor~e'ponding .to the .ethozy 
• 0 • 

" ! 9~ouP. in the •• te~ ~uDc~ionafl~y a. well _.' tbe ~alkylated 
)) , , 

acSduct. 'l'Le .hoved one largtr .pot (i.e~ ve~y .imila~ Rf 'val ua. 
t" ,.1 11 • 

'" t,:1. ' /' " 
':, for ~ two, CC8pgUnd.) • .-sr .ny .epa~ation wa. estr.e1l 

:..-,--
/' 

difficul t rtt9ardle.' Of.,.\tbe .~n.Pt .y.ta u • .td •. ', 
, , 

Na!! ) 
CH.I 

OH 
.. 

0 
CI Ct CI 

62 - \-
. , . 

, J --Tbe f~.tion of o-alk~l.ted p~oduc~. in'tbè .~kyl.tion 

~.acti~n. of R-dicarboDyl. i •• 'pecially favo~8d vben the 

.quil ibrium conC.Dtrati,o~ of the ~ol taut/OII~~ is high, a~ is 

~~b. C.'. with 8-k.to-ea~.rs. Considerlog the fact tbat the 

" enol fom ~f caaapo;Dd li ·i. predClllfttnt, the ~e.ul t. of tbi., 
~ 

, . ~.action arla" DOt .urpriaiD9~ ~ 
. 

',,' "Various .~~O.Chel to ,the probl_ of C-alkylation of 6-di-

C.~bODyls focus.ea on tbe ietea 'tbat o-alkylat,ioD could be 

:inhibited by limiting the -~ount of fr .. enolet. ion in' tbe 
;r' 

r.action solution. Tbis couIc! be ac~iev.a by car.ful control 
< , 

of ~e.ction coneti tions O~ by sbielding the o.1gen atom by . 

a'lociation vith. bydrogen boDding aolvant o~ vith •• etal 

- cation.13 Clark "and ~~ller8' founet that the reaetioR of 

, 

, 
\ 

sev~ral ~-d ic.~bo~yl. vi t~ .~~ 104 ieSe. in the pre.eDce of 

61 
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t tetz:a-ô.:.butylammonium fl uoride gave exèl usi vely C-al kylated 
\ , 

produ~ts. 'lb. reàsoning was that the. ~-dicarbon'yl cexppound 

would behave as a'ilydrogen-bond electron acceptor and therabr 
.-

fom a tigbtly bonded complex, anion vith fluoride. The oxygen 

1 Il 

i's shielded both b.y~the large cation and by tbe enol hydrox,y- . 

fluorid. hydroqen bond and as a re.ult o-alkylation,is 

IDhiblted. 

'bis •• tbodoloqy vas eiaployed in the C .... th.ylation of !! 
-, -,. " 

\ 'aDd gav.
1
tb. cS.siree! product li in 10t yield vi tb no apparent: 

, formation o.t the o-alkY,lated produet (Seheme 77). 

·CI 
62 -

,OH .. 

) 

77 

CI 

~ 
, -

1 -JH-II.M.R. data confi ed .the structure of tbe produet. A 
, 

•• tbyl peak 'eppears t 1.68 ppm, while the me~hoxy protons 1 
r 

(corr.spondinq to the ester) appear at 3.78 ppm. 'l'here is no 

ev.denc:e of a ,methoxy peak due to O-methyl atlon. MS and IR 

data further· supported the structural assignnement. 

'l'be .ilylation of 74 was achiev~ in the usual manner. ,-- ' 

a-BuLi "à. added to diisopropyl~ine an(! the solution ~oOled . 
tq -1~~. Addi tion of li follow~d by ~uenchiD9 wi th TMSCl 
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ytelded the de.ired product 1! in 96' Yield. (Scheme 78) 

• 

CI 

I!. 

, 1 

LDA 
TMSC.) 

Scheme 7S 

CI 
75 -

OTMS 

1 -
H-H.M.R. data Ihav •• the tWd rem4i~bridgehead protons 

" at 4.30 and 4.45 ppm (corr •• ponding to C-S and C-l re.pect-

ive~y) and -Si(CH3)3 proton. (9 total) at 0~25 ppm. :ut data 
" 

, .howi a lIluch .harper carbonyl peak at 1730 c:m~l, whi.ch il to 

be expected '.ince 75 -has only one carbonyl group. --

, , 

The next .tep in th. synthesia outlined in Scheme 75 ha. 
, -

the attempted ozonoly.is of compound 75. Beathcock et al. 85 , 
, -

• 
found that when liloxyalkenes were oxidized in the pre.ence of 

ozon. in a aethanolic solution, hydroxy acid. or ketoacids 

w.re i.olated according to Scheme 79. 

Th. o&onolyai. of 75 was attempted at aeveral diofferent 

t .. peratur •• , (-7S0C, -23°C, O'C), and uling different .olvent 

co.po.itionl, (10&90, 20.80 CB2C12/CH30H), and the two work-up 
Q , ' , 

proc •• dure •• ugge~ted by Heathcock {Me'2S , HaBH4). Most of 
• 1 

,th ••• ~ea~on conditions yield8d a mixture of product. which 

-
) '63 
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• OSiMe. 

CH 

OSIMe. 

" ,. . 

, ' .. 

COOH 
" 

.' 0, 
,0 ' .' 

.~COQH CH,OH ~ 
, . 

Scheme' 79 

vas t.posaible to .epàrate •. On one occasion, however, aome 

aeparation vas acccapl 1 shed whic~ y·ielded 30' of 'a product; 

-lH-H.M.R., MS and IR analys~. i~icated ..that thi~ product was 

nQt th_ expected product, but ,as, instead, compound 76. -
(Sch_e 80) 

I~ 

li CI 

75 -

01MS 
o 

Sch._ 80 

Mas. spectral data shows no evidence of a chlorine atom 

which is uauall y d iatinguishable by i ts character ist,ic (m/z, 

a/a + 2) peaks throughout the spectrum. High resolution MS 

giv.a a value of m/z. 212.070 which ia within 9 ppm of the 

. expected m.o1ecular ion val ue of" ';z. 212.'068." This reau1 t 
1 
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• 
confirma that the molecular formula ia ClOHI20S. lH-N.M.a. and 

IR data furtber 8upported tbis,structural assignment. 

Tbe reaction was repeated several times according to Scheme 80. 

. ( 

> 

, 
: l , 

Pr"oduct 76 was observed by G.C. anal ysis, but:· separation of - ,\ 

the reaction mixture prove<! to be dlfficult~ 
') 

,~ attemPted,,_.s .... Y.-,.nt ........ ___ _ 3-cbloro 

metboxybuta-l,3-diene 
, . ( 

1 
1 

\ . I J :'~~ , t<.'ti. . 

1.t~'methYl.il0XY-l~ 
1 ) 

/ 
, --

) 

. Aa 'a vuiation on tbe ~bemistry\of tbe bis ll'ilyl ~no~ ,,~ti"lr 
H, -the a.ynthesis of the 811yl enol ether, 12, cl,llorinated at 

the C-3 po.ition,·was investigated. Our aim was to bav~bi8 

. c~pou~ react in ~ manner siiDllar to tbat of 1!. (Schem. ,.81) 

r 
. CI 0 ... 

~.--""') 
rH ri, 
~OCHa. 

Scheme 81 

'l'bis diene eould prove to be a useful complement to 

that .. of the C-4 siloxy substituted diene already described, in 

that a different substitution pattern could be incorporated 
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loto arOllla~jc, straigbt chain and bicy.cl ie system., vith.' >" 

~ 

~hl.orlne, a~ ln place of a bydroxy or earbonyl 9rou~ • 

As a first ... step, in the proposed synthesis of 77, lDethyl 

acetoacetall (1!) wa. reacted with phosphorous pent.cblorid~ 
, . 

aeeording to the method of Marahal1 86 t~ give mathyl 3-chloro~' 
, u 

2-buta~oate (1!). in 35\ yield. (Scheme 82) 

-
\ 

, 

t 9. -

'~OCH '. " 

11 -

PCI, ) 

Scb __ 82:' 

o ' 

CI '-, 

~,COtCH • . ~, '. 

,." . -

-.rb. "sllyl'ation of 79 to give 77 was att_pted by •• ".ral' 'II _ __. • 

. . 
differant .etbods,. inclucUng LDA!TMSCl and LiHMDS/'l'MSCl at 

, '0 
, 

temperatùre. of -78·C aDd,-23·C. ln'most cases the desired 

·product was not observed, however, in one instance a prod~ct 

was obtained vhieb upon reaetion vith malonaldebyde bi8(dbaetbyl­

acetal) gave metbyl 2-cblorobenzoate -'!i) in 10\ yield (Scbema 

83). In thi.' instance 11. waB not purified and spectral 

information was not obtained. 

CI 055Me. 

'. 

" 
'. 

'i 
·1 

1 
j 

• 1 
1 
.~ , LDA • 

..... a '~OCH. CI î 
.,., - + CHaO......... /OCHa 

CH.O~OCH. 

, lIC1" &co,CH. \ 
l ' i 

~ 

18 -
v 

80 -
Scheme 83 
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", At.telDpt.. were IA;de ta repeat thi. reaction.. bU1:- t~eae 

proved to be unaucce •• ful,. ~rther work' can be dont. in this 

are~{ in order to improve on tbe silylation react.ion of 79 So', .. ~ ~ , ,. --- , 

that 77 be fully'cha~act.rized and ita chemietry .• tu~ied. ,- , 

1 

COnclusion 
1 

. , 

Silyl enol ethera have been uaed ezt.ensively in recent 
-1 

years as preeur.ors to a variety of different syntheti~ 

transformations. Further functionalization of basic silyl enol 

ethers allows for the incorporation of these functional groups 

into the final product, resulting in hlghly substitu~ed 

compounds which may be difficul t to synthesize by other means. 

It is vith this in mind that we set a~ut to syntheaize and 

.tudy th~ sterochemiatry and reactions of the chlorinated bis 

.ilyl enol ether 34. 
, -

AlI of the reactions involving the bis 8ilyl enol ether 34 

gave yields vhich vere lover than aLœilar reactions vith the 

unchlorinated compound 18. This may be due in part to the -
pre.ence of the chlorine, atom at the C-4 carbon which rendera 

thi. position le8s nucleophil!c • Subsequently, the entire 

mdlacule i8 less reactive than it8 unchlorinated analog. In 
, 

all·cases longer reaction times vere necessary to give the 

desired products, but still, the yields were not significantly 

increased. However, while yields vere lov, mixtures of isomers .. , . 

were not observed; and in IDOSt cases separation of the desirad 

product from the reaction mixture vas straightforward. This 
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" partiC:'I,lar feat~re may be ,impOrtan~'il"a bi9bly'func~-ionaliZ'ed, 

: _lu:oduct Is req~ired, and otber methods- for its ~reparat~n 
, . 

~ ,. . 

prove to be dlfflcult to carry out d'ué to the,possibil ity of 

mixtures of producta. 
, , 

Schemes.vere inveatigat~by which the synthe.!a of Datural 
Q • 

" , 
products Gri.eofu~viD and Nonactlc ~cid w~re attempted • 

!'inal.ly, initial stucSi •• ti.re done in, the .ynthes~a of a C;-3 
~ 

cblorlnated analog of Ai-

1 

. \ 
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EXPBRIMENtAL 

• All cb_Ical. uaed vere reagent grade. All aolvent. w.re 

drled prior to uae, bex.nel and tetrabydrofuran ('lHF) ver'e 

driec1 over .ocS1_ .etal/benaopbenone, and .etbylene cblorfde 

waa driees over .pboapboroua pebtoxide., 
" 

Proton Magnetic Re.onance and carbon-13 spectra vere 

taken vitb'a varian 1'60, ~60A, XL-200, XL-300 and,a Bruter 

AM-250 .pectroa.te~· vith tetr .. etbYl.ilan~ ~HS) uaed a. an 

internal reference. Silieon-29 Magnetic Re.onanc. spectra vere 

taken vitb tbe XL-200 aalog tbe decoupled I.~PT pulae 

aequence,87 vith '1'MS aa 'internaI reference. AIl N.M.R. data 

are repOrted in parta per million (~Ia) and peak. are 

d.ai9nated a~ aiagleta (.), doubleta (d), triplet. (t), 

or m?ltlpleta ,a). 

Infra-rad spectra vere recorded 00 a per~ln-Elm.r MOdel 

257 apectropbotcaeter and cal~brated, with polyatyrene tila. 

All I.a.'data are reported as .av. nuabera (ca-l ). \ 

Ha.a Spec'tra vere recorded on a Dupont 21-.92B 

• pectrom.~~r uaing a direct inaertion probe vitb an ionizatioD 
. ~ 

potential of 60 eV (in all' cas •• unl •• a otherwia. iDdicated)" 
\ 1 l ' 

a~ on a ZAB-HS spectrometer at an ioniaation'potential of 
• • 1 • 

, 

70 eV. 'lbe èb8lllical ~o~i.ation lIla •• apectF-. val' 'recorded o~ • 

Hewlett-packard S980A 8~trome~e~~ 
, . , .. 

Ga. Cbra.atograpbic .. par~tio~. vere perf~r.med vith a, 

Hevlett-Packard 5890 Ge llaiDg a flalDe ionization, detector. " 
': .. 

; ,6,9 
" ' 

-, 
, , 

\, . 

, .. 
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o . 
Column chromatography was performed o~.Merck silica gel 60 

(2l0':400 miorons), using the flash chromatography m~tbod.88 

~ Mel ting points were taken on a Gallenkamp ~pparatus and, 

are uncorrected; as' ar~ boiling points. 

Elemental analyses were perfo~èd by Guelph Chemical' 

Laborator ies, G\:aelph, Ontario". 
" 
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C. 

-but-2-enoate Jill: 

" 
Zinc cbloridé (0.5 g) was heated and 1iq efiedfover a 

fl.a. '1'rie~bylamine (26 ml) was added and tlt~ solu'tiôn 

stirred for 1S minutes. Dichlor:ometbane (50 ml)' was adqed and 
• 0 

the solution cooléd to OoC. Methyl 4-cbloroacetoacetate (37) 

(13 g, 86, "01) wa8 added dropwise and the solution stirr:ed 
, "W, • ' 

fot • furtber: 15 minutes. 'l'he reaction w.s quenched vith 

tr:bDe~ylcb10r:osilane ,(22 ml) and stirred-at roam temperature 
, , 

overnight. ~he,.olvent was removed under r:educed pressure and 
, , 

tbe re8idue dissolved in cold dry~bez~nes. The solution was 

~ilter:ed undet N2 and the solven~ved to yi~ld a brown oil 
, . 

vhich' was di,til1.,a under vacuum (0.1 torr, 55- C) to yield 

Il.3 9 of product Ai (60' yie1d). It had: 

1H~H.M.R. (eDe13): - 0.31 (s" 9H, ':"Si~CH~) 3)" 3.69 (s, 3H, 

-COOCH3), 4.59 (8, 2H, .-CH2C1") , 5.20 (s, 1H,-CH); 
29 . Si-H.M.R. (CDC13)': 23.6, . 
~3C-N.M.R. -{CDC1 3): 40.9 (-CH2C1, B-iSOlDèr), 

'·4~.1 (1-18011er),' 50.6 -(-OCR3' ~-isOlDer), 5,1.0 (l-i8(11er:) , 
, . 

101.1 (-C(O'1'MS'-~H, l-i8011er), 101,5 (Z-i8~er), 160.6 

(C1CR2-~(~'1'MS).CH-, Z-i8omer) , 164.9 (1-180111er) , 166.7 

(-CH ... ~o2Me)~ . , 
" 'I.R. (neat) : 1710, 1620,. 1245, 1135, 840· . 

" 

- n • 
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.. . 
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, . 

".'1 , 

, , 0 

" 

\ . 
" 1 
\ 
i 

" ' 1 

, '.~(j7, (100' ~ f1+ - CH3) ~ '\~f'~"""/ c 

" -

e~aç~ iia'ss fo~ C7H1203sa:t~· {M~tcH~<;;'_P~I~. 207.024 
'1" " " . ' • ;, ,found 207.028 

\ ,> J ... 

) ~ ," 

1";3-:o81s (trilDethY~.}'lOXy)-4-ChlorO-1-lDethQ~Wuta-1 ,3-diene 
, , , 

_l, ' 

-U!l: 
'; 

Diisopropy1*-ine (O.S~ ml) 'ln 1Sm1 THF was coo1ed to OoC. 
. 

N-Buty11 it'hi~~, (-2.6 ml,' 1.~M in ',hexanes) -WBS added s1ow1y ând 

the sçlution cooled.to -7SoC. Methy1 4-chloro-3-trimethy1- -
, ' 

siloxy":but-2~enoate (li) (0.73 g, 3.3 mmol) in Sml TH!' was 

'dded dropwi$e and the solution stirred for 10 minutes. The 

rea~tion was' qu~nchéd wi th' trimethylchlorosi1ane (O'~,66 ml) and . , 
, stirred' for"lO m~n~tes at _78°C then allowed to come to room 

temi!eratu:r,~ '. The -sol vent '!Bs. removèd under reduced pressure 

~n!3. the re~Ùsue di8sol ved in cold dry hexanes. Thé ~ol ution 
, " 

'was f:Btere4 under N2 and the solvent removed under rec1uced' 

pressure to' yield 0.8569 of product II (89% yield) ~ It had: 

'\) 

1H- H•M.R. ,(CDC13): 0.227 (s, 9R, -Si(CH3) 3' 0.233 (s, 9H, 

-Si~CH3)3J, 3.54)S, 1H, -COOCR3)',3.89 (s, 1H, HC-)~ 

29-Si-N~M.R. (CDC13):, 19.6, 22.7ç-'"> , 
13 . .~ 

C-N.M.R, (CDC1 3): 55.0 (-OCH3)' 75.8 (-~H.C(OM.e)'), 

97.1 (C1H,S-C(OTHS)-), 147.6 (ct)fC.~(dTMS) -) , 
r 

158.4 (-CH-C(OMeH.OTMS); - " 

" , 
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I.R." (neat): 164'5, -1292, i255, ,850J 
• . ~ 

. ,H.S. : m/z· 294 (15.6%, H+), 296 (5.8\, H'f: + 2) ,.-73 (100%); 

1\ 

," 

' .. 

eltact "maas for CllH2303Si2Cl ; cale. 294.08-7 
.. found 294,.089 

, . 
c • 

- 1 

Hethyl 3-chloro-2-hydroxybenzoate llli: 
t " 

. 

. , , 

) 

~ "';:;.. ~ 
'1,1,3,3 -T.etramethoxypropane (38) (0.56 g,' 3.4 mmol) was 

, " < - / . . ' 
dissol veà in 20 ml dichloromethane and the, sol uti-on c;ooled..c to, 

.' . , .. , ...... . . . 
-1SoC. Ti ta~ium tetracnlooride (O.S ml)' was 'adq~ "followed by a ", 

dropwise~addition of 1,3-bis(trimethylsi1oxy)-4-cbloro-l-
.? .. .~ . . ~'t . 

methoxyb\lta-1,3-diene(34) -(1.0 g, j.4 lIIdlol). The '01 ution' was 
, - ~.. 0 

". 
stirred at -7Soc for 3 hours a~ then left stirr ing overnight 

- l ' 

at"~oom temperaturè:' The reaction wàs qyenched wi th aqueous 
~ , '\ .r· .. 1 1 r 

... ' '10 " 

. sodi'UIU bica-rbona'te so).ution \ and ex4

tracted with, ether. 'l'he 
" .. ~ 

. organic layer ns "ash~d witt) water and dried (H9S04). :Tne , , 

sol vent was r~o,,~ under redu~~:' pr~ssuie to .yfceld 215 mg . , . /,', ' ',' -

crude prodpct. purifièation by flash chromatography (94:6 
. " \ l' ... , , ' 

hexanes-ethyl' Acetate, v/v) yie1ded 100 mg product (39) 
, ' -

(25' yield). It had:" . 

" t 
lH ù -N.n.R • 

~ 

3.93 (s, -3H, Ar-COOCH3)' ~.60,-1.90 
~ r \1 l. 

,(m, ,3H, Ar-H)~, 11~S3 (s, lH, Ar-OH):J 
~ J... ' J 

.. 

--

, , 
'r • 
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, . 
Methyl 2~hydroxY-3-chloro-4,6-dimethylbenzoate (41): 

i 

'. (0 1 
The obis silyl' enol ether 34 (1.15 g, 5.9 DIIIIol) was - , . . , 

.. di.sol veel in> 10ml IIethylene ëhloride. 4-Trimetbylsi loxy-3-
. l' . 

penten-2.-one (40) (1.;.0' g, S.8 1DID01) was added and. the sol ution -- ' , 

cooled to ':",78·C. TitaniÜIII tetraehloride (2.0 ml, 18 mmol) was 

added 'slowIy and the resulting dark reel solutio~ was stirred 

at -7S-C for 2 houJ:s,then left stirJ:ing o)feJ:night at J:oom 
, . ~ 

'~ampe~ature.'The reaction was quenched with aqueous sodium 
/ / . 

biea~bonaté and extracted with ether. ~he solution vas washed 
• ,1 ~ ,~~ a • \ 

w~t~ water a~ the organie layer dJ:ied (MgS04). The solvent· 
v \ --.. 

'( was removed under' bigb vacuum to yield 600 IIg eJ:ude product. 

, R~rysta.llization fram Dtetbanol yie~ded 290 109 produet li 

(23' yield). It had: 

mel'ting "point: 92-94° C. 
, l 

, 1 
8-H.M.R. (CDC13):' 2.37 (s, 38, AJ:'-CH3), 2.48 (s, 3H, 

Ar-CH'3),. 3.96' (s, 3H, Ar-C:oOCH3)' 6.67 (s, IH, Ar:.H) .... 1l.92 (8, 
, . 

IH,'" Ar-Olt>; , 

I.R. (~uf~l.): 1665, 1260, 1210, 965, 805; 

exaçt mass for C10HI103Cl : cale", 214.040 " 
, round 214.038 , 

, " .. 

o < 

, , . ' 
,,' ~ ~ 

, . 
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Methyl 2-bYdroxY-3-chloro-4-methylbènzoate (43): 
6 

c 3-lCetobutyraldehyde dim~thyl Acetal (Q) (0.33 g, 

2.5 mmol) 'las dissolved in 5ml methylene chlor.ide. The bis 
~ 

ailyj. enol ether 1! (0.75 9, 2.,5 mmol) was' add~, the solution 

atirre,d for 5 minutes then cooled to -7Soe. Titanium 

tetrachloride (0.55 ml,o 5 DlDol) was' added slowly. The dark red 

801 ution was st~rred for 2 hours' at -7S·C then overnight at 
Il 0 , • • • 

room temperature. The reaction vas quenched vith aqueous 

sodium bicarbonate solution and extracted with ether. The 
\ 

solution was washed with" water, driec:1 (H9~04) and the'solvent 

removed to yield ~OO mg cjude product. purification by flash 

chromato9rap~y (4:1 hexanes-ethyl acetate, v/v) yield~ 145 mg 
o 

o,~_·pxoduct II as white cxysta1s (29\ Yield). It had: 

. 'mel ting, point :' 74.S-76°C; 
, 

1 .H-N.M.~., (CDC1 3): 2.42 (s, 3H, AX-CH3)' 3.93 (s, 3B,. 
o • 

Ar-.COOCH3)' 6.~-7.6 (dd', 28, Ar-H, J-S HZ); 

11.33 (S,\lH, Ar-O~); f 

I.R. (Nujot): 1660, 1250, 1140, 970, SlO;, 

M",S. : lIl/z· 200 (27', M+!,. 020,2 (26', M~+2) i l6S .(100"1' 

. , , 

" 

. " 

75 

cale. 200.024 
found 20q.023 
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2-hydroxy-l-ch1oro-4-aaethoxy-6-methy1benzoate (45) , 

:; 

3~K.tobutyrald.hyde trimethyl ortho ester (44) (0.40 g, 
• 0 

2.5 mmol) was dissol ved in 10ml methyle-ne chloride and the' 

aolution cooled to -786 C. The bis silyl enol ether!! (0.75 9, 

2.5 mmol in Sml Methylene chloride) was added slowly and t~e 

aolution stirred'for 15 minutes. Tita~Um tetrachloride (0.74 

ml,. 6.8 mmol) was adqed dropwise. The red-brown sol ution was 
. 

srirred at -78°C for 2 hours then left at room temperat\.lre 
< " 
overnight. The rection was quenchad with aqueous sodium 

bicarbonate solution and extracted-with ether. The organie 

~ayer was wa~hed with water, dried .(MgS04), and the solvent 

: removed under reduced pressure to yield 300 lIl9 crude product • 

Recrystallization from méthanol yielded 141 mg of p~oduct ~ . 

(\ jîoit8' crystals (24\ y~eld). It had. 

~~ting point: IS8-160o Cr 

1 
B,-N~.M.R. (CDe1 3): 2.55 (s, 3B, Ar-CHl), 3.91 • 

3B " 3B, Ar-CaOCH3 6c Ar-OCHl)' 6.30 (., ui, Ar-H), 

12.20 (s, lB, Ar-OH); 

\ . 

l.9l (a, 

I.R. (NujOl): 1650, 1565, 1l15, 1300, 1275, '1225,'1105 

985, 8001 

lof.r. z ml z- 230 (39', M+), 232 (25.8', M++2), 198 (1001), 

,.xa~t mass for C10H1104C1 : cale. 230.035 
. found 230.033 

Anal. Calcdz C, 52.10: H, 4.81. Found: C, 51.971 H, 5.09 • 
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Methyl 3-keto-4-chloro-5-hyàroxy-5-methylhexanoate (59): 

Acetone 0(1) (0.50 ml, 6.81 DIDIol) was dissolved in 20ml 4ry 

Methylene chloriàe and the solution cooled to -78°C. Titanium 

tetrachloride (0.40 ml, 3.65 mmo1) was added slow1y. The si1y1 

enol ether II (1.0 9, 3.42 mmol in Sml Methylene chloride) was 
\, 

aààeà dropwise. The brown solution was stirred at -78·C for 

3 bouts ~ben a110wed to- come to toom tempetature. The teaction 

wa. quenched w~th aqueous sodium bicarbonate solution then 

e,xtracted with ether. The or9anic layer was w8shed with water 

then d~ied' (H9S04). The solvent was removed under teduced 

pressure to yield 700 m9 crude product. purification by flash 

cbromatography (7:3 hexanes-ethyl Acetate, v/v) yielded 310 mg 

of product 59 C44' yield) and 170 mg starting material. - , 

Compound 59 had: 

1 H-N.H.R. (CDC1 3): 1.38 (s, 38, R-CH3) ,~9 (s, 3H, 
~ 

R-CH3)' 2.74 (s, IH, ~-OH), 3.73 (s, 3H, '~-COOCH3) 3.80 (s, 

2H, ... OCE!2COOHe), 4.25 (s, IH, -C~); 

t;R. (neat) : ,3520, 2990, 1730, 1440; 

M.S. (CI): m/z .~, M+H~, 211 (12\, M+H + 2), ,151(100\); 

\' 
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• Mèthyl 4-cblorO-4-(1'-hydroxycyclohexyl) acetoac.t'te (60)a 
/.r-

Cyclohexanone (!!), (0.17 g, 1.76 mmo1) was dissol ved in Sm1 

.. tbyl.ne cbloride and the sol~ion cooled to -78~C with , 

atirring. Titanium tetracb10ride (0.37 ml, 3.4 mmol) was added 

dropwi •• and the solution stirred for 15 minutes. Bis sifyl 

enol ether l! (0.52 9, 1.76 mmoi) was added dropw~ •• and th. 
. , 

aolution stirred at -7SoC for two hours then oVérnight at room 

temperature. The reaction was quenched with aqueous sodium 

bicarbonate solution, the organic layer washed with water then 

dried (MQs04).The solvent vas removed under red~Ced' pressu~­
to yield 50 mg crude product. Purification b~ flash 

(3:1 hexanes-ethyl acetate, v/v) yielded 111 mg 
, 

yellow oil (25' yield). It had: 

1 H- N•M• R• (CDCl, : 1.2-1.8 (b;Ju 10H, -«(:B2)5-)' 3.70 

(8, IH, -OH), 4.10 (s, 3H,--r-='COOCH3), 4.20 (s, 2B, -OCf!!2COOMe), 

4.67 (8, lH, -CH): 

I.R. (neat) -: 3510, 2950, 1750, 1445, 1330, 1245, 

M.S. s'm/z· 213 (2.4\, M+-Cl), 28 (1001): 

exact MaSS for C11B1604 (M+-C1) 1 ca1c. 213.113 
found 213.118 
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•• 11111 .E Itti u •• SiSSU 1 ; d!ill!idS2IIJitJUH:n, 

1,5-D~.thyl-2-•• thoxyc.rbonyl-3-ox0-4-ch1oro-S-ox.bicyc10-
ij $ 

(3.2.11 -octane (61): 

'l'he si1y1 eno1 ether li .(0.75 tj" 2.54 DllDol) was cU.sol ved in 

5 ml ~ethylene ch10ride. pr.ab1y diatilled acetonylacetone (H) 
" 

(0.299, 2.54 mmol) wa. added and the .01 ution stirred for ,10 

.inut •• then cooled to -7S·C. Tita~ium tetrachloride (0.60 ml, 

5.1 "01) was added slowly. The red-bro~ solution wa~ stirred 

at -7S·C for 3 hour. then left overnight at roam temperature.~ 

-The reaction was quenched with aqueous sodium bicarbonate 
. 

solution and extracted with ether. The solution was-wash~ 

twice with water,_ the organic l~yer dried (MgS04) and reduçed 

under high vacuum to yie1d 450 mg crude product. Puri{ication 

by flash chromatography (4:1 hexanes-ethyl acetate, v/v) 

yielded 180 mg product 61 as whi te crystals (30' yiel'd). 

It bad: 

mel ting point : 95-96.5· C; 

l ' 
-N'!M.R. (Coql3):' 1-.47 (8,° 3H, R-CH3)' ·1.5S (a, 3H; R-CH3)' 

1.6-2.7 (m, 4H, R-CH2~H2~R), 3.61 (s, 1H, -CH)', 3.72 '(a, 3H, 

'R-éOOCH3)' 4.29 (s, IH, -CH); 1 • .. 
I.R. (Nujo1): 1760,1735,1340,1315,1220,1120; 

M:S. : m/z. 246 (4.3\, M+), 248 (1.2\, M++2), 28 (100\); 

exact mass or C1IH1504C~ ,: cale. 246.066 
found 246.065 
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2-Methoxycarbonyl-3-oxo-4-ehloro-8-oxabicyelo-(3.2.11-octane 

(62) : 

" ;f{ 

.2,S-Oimethoxytetrahydrofuran (!.Q.) (0.42g, 't·3.2 mmol) vas 

dissol ved in lSm1 Methylene chloridë and the solution ,cooled 
\ 

to _78° C. 'l'i tanium tetraeh10ride (0.50 ml, 4.6 mmo'l) was added 

slow1y and the sol ution stirred, for a further 10 minutes. 'l'he 

silyl enol ether 33 (0.65 g, 2.2 mmol in 5 ml methylene 

ehloride) was added dropwise. The resulting dark red solution 

vas stirred at -78°C for 2 hours then left ,overnight at room 

temperature. Aquèous sodium bicarbonate w~s added and the 

solution extracted with ether, washed with watër and dried 

(Hgs04). The solven~ was removed under high vacuum to yield 

245"mg erude produ9t. )urification by fl~sh chromato~raphy 

(4'1 ~exane.-ethYl{ aCi'ate. vrv) yielded 145 mg product. 

(30\ yield). as a ~ix~ure of oil and crystals correspondin~ ta 

the keto (62a) and enOt (~) tautomers of 62. washing the 
" " ' mixture with cold methanol separated the mixture and gave 

98 mg of crystal 1 ine product 62b. It had: 
'0 . ------

. '" melting point: 100.S-102°C; 

1 -N.M.R. (CDC1 3): 1.5-2.3 (m, 4H, -C-CH2CH2"":C-), ' •. 82 (s, 3H, 
t 

R-COOCH3)' 4.05 (s, lH, -CH), 4.64 (d, J·4H~, lH, -CH), 4.98 

(d, J~ 2HZ, lH, C-CHCl-C), Il.45 (s, 1H, -OH); 

I.R .. , (Nujol): 1675, J62S, 1380, 1290, 1250, ~230, 825, 635; 

l'J 
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•.•• IIDuml Il dl 211 6 11 1 idiA 

• 

l 

,..s. • a/z- 218 C2"', M+), 220 (7.7', "++2), 69 (100') ; • 

exact ma •• for C9Hll04C1 : é::~lc. 218.036 
found 218.035 

'" Anal. caIcd: C, 49.44: H, 
,'~ 

5.07. ,Pound: C, 49.33; H, 5.24. 

• 

2.".tboxycarbonyl-2-methyl-3-oxo-4-cb1oro-8-o •• bicyclo­

[3.2.1) -octane (66): 
~ 

'l'etra-n-butylammoniun fI uoride tri.bydrate (0.64 g, 2.0 ~ol) 

wa. di~sol ved in 10 m\ TH::_~:.carbœethOXY-3-0XO-4-Cb10~O-8- . 

oxabicyc1o- [3.2.l~ -oclane (g) (0.4-4 9, 2 mmol in "5ml THF) wa. 

added and the solution stirred for 30 minutes. Molec~iar 
1 
1 

sieves (3A) .were added and the sol uUon stirred for ''90 , 
1 \ 

minute,. The solution was decanted. then quenched with'~ethyl 
\ 

"-

iodide (0.13 ml, 2 Mmol) and left stirring at room tempè~ature 

overnight. The solvent was removed under reduced pressure, the 
, 

~esidue dissolved in ether and filtered. Tbe filtrate WBS 

washed with water then dried (M9804) and the ~olvent reduced 

under high vacuum -to yield 320 mg of pure product aa a yellow . , 

ail (70' yield). It had: 

lH-N.M.R. (CDCl): 1.6~ (s, 3H, R-CH3)' 1.8-2.3 (iD, tH, 

-C-CH2CH2-C), 3.78 (s, 3H, R-COOCH3)' 4.50 (P' J·7.9Hz, 

4.71 (m, lH, -CH), 4.78 (d, J-IHz, -C-CHC1-C-); 

~): "1728, 1450, 1275, Uj50l 

j 
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- "" 

• 

c. 

" 

. , 

.. \ 

d,a d EJ 1.lZ$ 1 g IbU UWX112.aU •• s;"ft. 

( 
, 

, .. 
M.S. : m/z· 232 ( 2 • 3 \, M +,) , 234 (0.9\, H++2), 28 (~OO,); 

exact maIs for ClOHl304~1 cale. 232.050 
found 232.047 

2-Methoxyca;bonyl~2-methyl-3-trimethylsiloxy-4-chloro.8-oxa­

bicycl 0- {3.2.11-3-octene (67): 

Diisopropylamine (0.18 ml) was dislol ved in 10ml dry ::L'HF, 

and the sol ution cool ed to 0° C. n-Butyll i thi um (0.5~ m,1, 2.5M 

in hexane) was added slowly, the solution cooled to -78°cànd ' 

stirred for 10 minutes. 2-Hethoxycarbonyl-2-metbyl-3-oxo-4-

-" 
chloro-8-0~abicyclo-(3.2.l]-octane (!§J (250 mg, 1 !DIDol- in 5 ml . 
THF) was added s1ow1y aDd the solution stirred for 15 minutes. ~ 

'The reaction was quenched wi"th chlorotr imethy1 sfl ane (0.22 ml), 

~tlrred for a further 15 minutes at -78°C tben allowed to come 

to room temperature. The solvent ~as removed under reduced 

pressure and the residue dissolved in cold dry hexanes. The 
, 4-

sol ution ~as fil tered un,der H2 and the sol vent> remo.,ved. under , 

bigb vacuum to yield 160 mg p;oduct (il) ~s a brown oil 

(55\ yield). It -1'!~d: 

lH-N'.M.R. (COC13): 0.25 (s, 9R, -Si(CH3)3), 1.56 <.s, 38, 

R-CH3)' 1.8 -2.3 (m., 4H" R-PH2CH2-R) 3.70 (s, 3H, R-~OOC"3)' 

4.31 Ct, IH, -CH), 4.45 (d, lH, -C(Cl)-CH); 

I.R. (nest),: 1730, 1650, 1250, 880, 840; 

M.S. : m/z· 304 (1.9%, H+), 306 (1.0%, H++2), 28 (100\); 

82 

cale. 
found 

304.090 
304.093 
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2-~ethyl-2-m~thoxycarbonyl-3,4-dioxo-è-o~abicyclo-[3.2.1]-
• ' 'r • 

octane .11!l: 
\ " , 

" . , 
}" 
} 

5i1y1 enol ether 67 (363 mg, 1.2 mm(1)iwas di:ss01ved in' 
--' r' JI 

10:90 CH2C12icH30H a,nd ccioled to -"25r::C~ ,?-zone was bubb1~, 

through the sol ution for' 1 hour at whicti time the mixture 
'" 

turned ~; 1ig&t b1ue. The"bubbling of ozone was discontinu8d 
, 

and the solution stirred for an additional 30'minutes. 
, . " , 

-D~methy1 su1fide (2 ml) was addec:Land t:he"solution 'a11oved to 

c.OIIle to room t'emperaturé -and, then' st~i:rred overnight. Th, ' 
• ~ ~." • H • 1 () 

sol vent ~as t-emoved und~i: vacuum and the .~es,idue disso1 ved in 

methylene ch1oride. The solution vas ~ashèd twice vith '820,. 

dt ied (M950,,), and tile sol vent remo~ed. under" reduced pre~8ur.e 

to yield 110 mg crude prOduct; puriii'cation by flash . , 

chrcmatography (8:2 hexaii~s-ethyl a~etaté, v/v)' yielded 75 mg", " 

o-f product li (30\ yiélç)., ·It had: 
, ~ / 

" 
C-CH2CH2:"C-)' 3.75 (S" 3H, ~-coO.Cfl3)' ~.58, (dl j.7.1 Hz, 

. " lH, -tH), 4..77 (d ~ J·'.3HZ, "l~, -CH); 
. .. . I.R. 

, ' 

, " 

(neat) :, 3450, 1735, 1435, 1450, 1270" 1055:; 

, ' 

. .' 
, 1 

, . 
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calc. 212~068 
,f9und 21,2.070 
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. ' , 
Meth!l 3-chlo~o-2-butenoate J1!L: 

Compound 1! was ·prepared according to a literature 
~ 

proce~ure.8~ Phosphorous pentachloride (25q) was dissolved in 
" 

60 ml CRCll- The 801 ution was .ti~red for 45 minutes then 

coo~:tcs to O·C_ M~thyl aCêtoacietate' (78) (10.8 ml, 0.10 mol) 
n ? :l:. '" ~ --.. 

"·wa.~.adc5e4 dropwise and the stirring eontinueèl at 'O·C for two 
1 l' ~ 0' , • 

1 ~} \. • Q 1 I~ ..... 

hour'~. 'l'he r.~c.tion solution was added s10"1y to 600 ml 
;~ . , 

c,ru.becS ice. The' or9aoic pbase was .,parated and washed vi th . ~ " 

820 (3 x 50 ,ml), cO~d. 5' HaOH {2 x 50 ml) and saturated brine 
, ' 

•. ,. and th,_ e"tract ~r ied wi th MgS04. 

" 

" 

Tr:lethylamine (8.5' ml) was' carefully ,dded to the previous " . 
1 " 

solution ,and the mixture reffuxed for; 3 bo'urs_ Alter co01i09, 

the solution was washed vith '82,0 (3 ~ 50 ml), cold 10' aq. HCl 
, , 

(2 x 50 ml) and saturated.brine. The e~t~act was dried ove~ 

M9804' the sol 'lent removed under vacuum and the dark brown 

resi'due distilled (5-20 torr,~ ~62°C) to qi-ve 5.65 9 of product 
, " 

79 (42' yield). It had: - , 1 • 

~k~N • .M.R. (CDC,13): 2.60 (s" 38;' \ R-~H3) , '3.72 ' (S,· 3H, R-COOC~3)! 
6.06 (s,' IH, -C-CH-CO-);. 

'j 

rh~,~ is in agreement vith'li"ter~ture values. 89 

\ . ,-.. ~ 1 

, . 
'. 

, 1 

r' 
',1 l, l ,~, " 

t,\:.- ' , ' , 
~ , 

i 
i 

Di isopropyl amine (2.1ml, ,15nunol) was dissol ved in 40 ml TfJE' 
"> 

and ~he solu~ion'cooled ,to O°C. n-Butyllithium (10.3 ml, 1.6M 

in hexane, 16.5mmol) was added dr~pwise and th~ solution 

84 
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coolecS ,to -78 C. TMSCl (2.52"'ml, 2Ommol.) ,was ~dded dropwise and 
, , 

the solQtion atirred tor 10 minutes •. Methyl. 3-chloro-2-
. , 

butenoate (79), (1,3g; 9.4l1li01) wa's aàded dropwiàe and' th~ . -
solution atirred for a furt,her 10 minutes. The sbl vent vas ~, 

• , t- l " 

~ ~ , . .' 

removed u.nder, redùced" pre.aure and t~~ rèsit\ue. ~i~~~~ v.d i~ . 
... • " ~ i \ '.-

cold dry haxan.a.' This .olu~i~n was filterred. ànd .t.l?e, sQlvent 
.. 1 • • • 

, t 0 ~ ~ .. ~ 

removeà. under-vacuum ta y1eld ~.6Sg of crude product 77 (85' 
tj Ir:--., ('.. ...' -" 

1 L Vr _ . t 

'crueSe yield). (~' 
"\~ ~\ 

. . 
i:l,3,3-Tetramethoxypropane (!!l, (i.05 ml~ 6.4mmôl),~as 
, . ' \ 

1 • .. ~, 0 

d~*.olved in 50 ml CH2C12 and th~ 8c:»lU'fiOn'COoled to -78 c. 
. ' . 

Titanium'~et~achloride (1.76-ml), was &dded dro~wiae and the J 
.f' '\ 

solution .atirred· ~or ~q minutes. The product. ~f ~he prev~oû, 
• - 1. ( .. ~ " 

reac~ion .i! ·'(1.32 g~ ~.4mmol)wa~ ~ddE!d and t}'le sol\1t.1on ' 
- ,. , \ ' . 

8tj.~r~d' at -7'SoC"for 3 houri ~ollpwe.d by sti~;ing o~ernight at ' 
.... ,. • ~ '#1 ' 

~ temperature. The reaction wes quenQhed with aqueou~ 
, . 

'~.oQium bicarbonate and extracted with'ether. The,organic layer 
).. '" 

wa~" washed with water 'and dried (Hg804). TPe. ,Ol:~ent w~:s ,': D 

, 1 " 

remov.d under high vacuum to yi.ld 850 ,mg crude produc~. 
, '.. fi,' • 

_', Purification by flash chrOlÎaat09raphy (9515 hexanes-ethyl. 
, ,. 

',acetate, v/v) yielded 105 mg of product. !Q. (10' yield'). 
1 

lH-N .. H.a. was"in agreement with litierature ~al.u~s.90 
" :, .. 

'. " 
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