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ANNUL~T I.ON AND CYC{..OAROM'ATI ZATION RBACT IONS OF. 3-ARYL (ALKYL) 

T~IO-I-TRIMETHYLSILOXY-I-METHOXY-l,3-BUTADIENES 

ABSTRAC'l' . 

The title compounds weré sy.nthesized ·from methyl 3-

ary l (a l ky'l) thi 0 crotonic acids by deprotonation fo-llowed by 

sllylation. The reactions of' die.Îles with a number of carbonyl 

electrophiles under Lewls-'acid- catalysed conditions were 
. 

investigated. The dienes exclusively give ')'-a~kylated 

-
pro,ducts. The thio substit!lent enhances the 'Y-selectivity. 

The reactions of dienes with a number of l,3-dicarbonyl 

equivalents ha ve . been 
b 

studied and a cycloaro.matization 

-=-

,reaè:ti~n h~s bee~ dev~loped- for - the reg iocontroll~d synthesis·"" 

of aryl sulfides in a 3C+3C combinatioo'. The role of dienes in 

DIe l s-Alder reactions has al 50 been investigated. 

A new 4C+2C annulation react-\pn has been delf1.:eloped based 

on the propens i ty of d ienes to \1nJergo Michael reàc tion w i th 

ex, {3 - u il s a t u rat e d k e ton e SUI) der Le w (s - a cid ca ta 1 )' s' e d 

~ 'cond i tion~. These ~ic.bael àdducts il1 turn were cyc li zed e i ther 
o 

with potasslum tert-butoxide or with' Ilthium thiovgenoxide. 

Further, the ta'ndem" Mi~~ael-Claisen ann4ation reaction cano be 

controlled to give eitherccis- or trans- fused 9-methyldecalin 
o • , 

- syst~em with three catbonyl groups which are d~ifferently 

masked. The ch~m-osele.ctive tra"nsformations of the carbonyl 

g~oups were also' d·escribed. 
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The utllity of tandem Mic~ael-Claisen annulation sequ~nce .. 
in t-he syntnesis of natural products has been demdnstrated by· -.. 

the synthe~ of aristôlone pno fukinone. 'l'he methods of total 

synthe~i~re'easilY 'compet~±ive with ~revious methods. 
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REACTIONS DE CYCLOAROMA'l'ISATION ' ET D'.ANNELATION DES 

r ' 
ARYL(ALKY.L) THIO-3 TRIMETHYLSILOXY-l METHOXY-lBUTADIENeS-l,3 

RESUME 

\ . . . 
Les composés mentionnés furent synthêt i sés à' par tir ~ 

des acides méthyl aryl(alkyl)thio:-3 crotoniques par la 
\..-.,,-, 

dép rot 0 n a t i ci n sui v.i e deI a sil Y l a tl 0 n • Les réa c t ion s des .. 
diènes avec pl usieur~ carbony 1 es él ectro.~hi l iques cà tal ysées 

a. , • ~ • 
par des ac id es de Lewi s furen t étud i ées. 'Les diènes donnen t 

exclusivement des-ecomposés alkylés en position "Y. Le soufre 

accentue la sélectivité en position,. • 

Les réactions des diènes avec plusieurs équivalents de 
. \ 

dicarbonyl es-l,3 ont é.té étudiées et une réaction de 

c y c l 0 a r Om a t i sa t ion a été d é v e l 0 pp é e pou rIa s y il t,~ è s e 

~égiocontrollée des sulfides d'aryle de fa~on 3C+)C. L~" rô!ç. 

de~ di}nes dans les réactions de Diels-Alder a auss~ été 

étudlé. 

Une .pouvelle réaction d'annelation de façon 4C+2C a ét.é 
<:.. 

d .. .. < b" 1 d d d . ... db' l eve 1 oppee', asee. sur a ten ance es 1 enes e su 1 r es 

réactions de Michael avec les cétones a,{3 -insaturées 

catalys\e par les acides de Lewis. Ces produits de la' réaction 

de Michael furènt ensui te cycl is.és soi t avec le tert-butox ide 

de potassium, soit a1l.ec .le thiophénoxyde de lithium. De plus; 

l"annelation t'andem de Michael-Claisen peut ~tre contrcSlée 

pour donner soit le produit cis- ou le pr9duit trans-méthyl-9 

décallne, avec trois groupes carbonyles différemment masqués. 
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la synthèse 'de prodl.lits naturels a été démontrée avec la 

sy'nthèse de 'ltaristolijone et d-U:, fUki~ne. Les~~méthodes -de 

- synbhèse totale sont facilement co~~étitives aVéc\i1es méthodes 

précé..demment publ iées. \ 
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C-HAPTER l 

l NTRODUC'l'ION .,. 

,) 

Annulation, derl,;ed frdm the Latin word annu1atuS{rInged) 0 

means "the formatIon of rings". In organtc chemistry this term 

1 sus e d t 0 a es cr l b e . the pro ces s 0 f 1:) u i l ci i n 9 
0 

a r 1 n 9 0 n~ 0 a 
1 

~preexisting system, eyel ic or non-eyc1 ie. 0 The added ring may 

be of any Slze, although 5- and 6-membered, rings are most 

commonly formed. This broad definitlon includes in a genera~ 

sense many reaet10ns that are not normally rthought of as 

annulation réactions, such as Diels-Alder reactions,l aeid

catalysed polyolefin1c eycllzations,2 photochemical,3 

radieal,4 and thermal cyclizations. 5 l will be discussing 

ffialnly th 0 sep r 0 e e s ses 0 fan nul a t, ion w1h 1 c h 1 n vol v e 

construction of a six rnembered ring enta a preexisting one by 

1 
the €lassic~l Roolnson annuiatIon 6 and by the ciels-Alder' 

reaction. 
, 

A. Robinson anqulatlon: 

The Rooinson annulation, sinee its introduct10n fifty 
Il. ft 

years ~go,7,8 with its subsequent modifiea'tions, has been one 

of the most wldely used synthetlc tools in organic ehemistry. 

The original proëedure iqvolved nucleophilic attack of a 

ketone or ketoester enolate, in a MiChael reaetion, on a vinyl 

'" ~etofle to prQ.duce the intermediate "3-ketoalkyl" Michael 

ad~uet 1. Subsequent aldol-type r1ng c~osure' to ketoalcoho~ l, 
followed oy d 7hYdr.atioj' produces 

as the octalone l/{~~me 1). 0 

i 

the Ânu1 a tion product such 
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o 

\ 

H H 
+ 

+H 
--+ 
+-

cr + 
-H 

il 
) ~ H H 

-H2O 
~ 

0 
OH 

2 -
Scheme r 

Whi,le the process 15 of great value, it 15 nevertheless 

?j ect to sorne restr ictions: 

( al Methy l ketone (the most commonly used 

acceptor) tends to polymerize; 

\ 
Mlchael 

(b) Alkylat10n usually occurs at the more highly substituted ' 

a-carbon; , . 

(cl Dlalkylation occurs readlly. 

It is , no doubt, at least part1ally as a result'of these 

restr.ict1ons that ,the aforernentioned "mod Ff ica t ions" 'ha ve . been 

evolved, 50 that these restrictions might be overcome. 

vtrtually aIl of the modif.ications involve the preparation of 

the inltlal 'Michael adduct, l or its functionallzed 

eqUival}ft l by sorne means w~iCh maximize~yield, minimize side 

o 

.1 
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C 'H' 

c 

reactions, or which can De acc~mplished under mild condltions. 

These various modifications may be classified in ,two , 
: 

ca tegor ies: (a) those" invoi v lng reaction of Michae l acceptor 

, wi th the 'nuc leophi le, and (b) those invo 1 v ing reaction of the 

nucleophi'ie with an alkyl hàlide. The èlectrophilic reagent 
1 

'" couid either contain a' carbonyl ~roup or sorne latent carbonyl 

" function. 9 ln the latter case, the carbonyl moiety would be 

unmasked after attachment to the ketone substrate. 
o 

(i) MOdifications on Michael acceptor: 

Robinson priginally used an ~ssortment of substituted 
1 

vinyl ketones, but had ,li~tle success in obtaing annuJ.ation 

products when empr~ying the parént compound, methyl vinyl. 

Ketone, as the electrophil ic reactant. 8 Inste,ad, it was found, 

by both Robinson and others tha't yields could be improved by-
" 

the use ot quaternlzed Mannich bases 4 or'a ~-h-aloketone ~ to 
• J~w -

generate the reagent in situ (eq 1).10,11 

+ 

Cl 

5 
f 

, 0 

, 
1) NcNH2• 30% 
~ , >, 

2> ceid cr' 
o basca.70% 

1) Nc/THF 

> 

3 ' 

-. 

, ' 

a 

0' 

( 1) 

<1 
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J Stork intr~dueed the a-sily], -enone such as 6. 12 The 

silyl group in 6 stabilizes somewhat the initial negative 

charge formed by addltion of the enolate ion to the enone, 

and, more important1y, ~provides strbng sterie hlndrance which 

slows down anionie polyrnerization. Once annulation 15 

'eomp'le~, the sily1 group is removed from hhe a'-siiyl enone 7 
~~ -

- ' 1) 

wlth base. This rnethod gives improved yields (70-75%) in'a 

number of cases and -allows ~or the first time the gênerai use 
\ 

of th-e Michae}. a...,ddit'ion with. vinyl- ketones under ap-rotlc 

conditions (eq 2). 

NoOH 
< 

7 

SiEt~ 

( 2) 

SiEt3 

o 

The maj or drawback of the Michael sequence in general ls 

that the reactfons are usually not ,compatibl4\ wlth 

speeifieally generated enolate ions under aprotic, noo-
o 

equilioratlng eondltions~ ~ne reagents are ~enerally not 
-

reaetive enough to trap the enolates,generated by r~duction of 
~ 

enones by llthium in l~~Uld ammonia or those generatea by 

a t tac Je 0 f met h Y 1 lit h i um 0 n an t no lac e ta te 0 r sil Y l en 0 l 

ether. 

4 • 

.. 
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The use of stronger Michael ~ccep~oi:s, - naniely, a-si).yl 

ketones sueh as ~ circumvents these problems sinee now Michael 

addition oceurs· faster th.an pOlymeri,zation and, provided "that 
~ . . 

preëautions are taken to insurè that the medium is truhy 

aprotie, it is also faster than equi 1 fb~ation lOf tne 

enolates. 13 ,14 ~ 

For example, the reduetive trapp~ng-cyclization sequence\ 
C> 

using thé silyl derivative~. furnishes cleanly the tricyclie 

compound Sa in 60% yield, uncontaminated by isomer Sb (Scheme 

II) • 

H 

ab H 

\ 

Ll/NH:a 
> 

o 

Polymar 

H 

o 

Scheme II -
5 

6 

S1M~ 

lNCloMa 
MaOH 

Sa 
Q 

, 
o 

.... 

\ 

\ 
l 
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This is the first instance "'of the successful trapplng of 

a r~giospecifica~ly gene~ated, less stable enolate ion with~ut 

-eguilibration by a Michael acceptor. T~is r~sult increases the 

po t,e,n t i a lus e fuI ne s s 0 f the M i cha e 1 r e a c t ion a n nul a t ion 
o 

sequence. 
,-

" Rosenblum- used a me1;.hyl vinyl k.atone-metai complex 1S .~ in 
, . 
~n annulation sequence. The iron-enone complex I.1'nder l]l)ÙS 

() 

Michael addition w,ith r~gipchemically unslable enoLfh."!s" 

,., without equilibration. perhaps,'t~e mos\t potentially uS\8Lll 

obrervation, ho.wever, is that the complex ,will react WIttl a' 

silyl enol ether to give the Michael adduct ~nd~r completely 

neutral conditions (eq 3). 

oc,,·+~~:~ 
051 MCil3 ta· 

) 

9 l ( 3) 

Recently HuffrnaQ, developed a mi Id, genera l alterna ti ve 

to the Robinson annulation which lS applicable to both 

aldehydes a,nd ketones, and which would permit 'the, use of 

"" 
either kinet'ï~cally or, thermodynamical-Iy generated enolat"es. 

Furthermore, the problem of polymerization 6f'methylovinyl 

ketone was also.c~rcumvented with the use of ethylene ketal of .. 
"methyl vinyl ketone as the Michael acceptor which affords a 

l,.~-dik.etone under Lewis acid catalysed condl.tions (eq 4). 

6 

-
.1 

.. 
0" 

1> 0-

.' 

,. 
" 



c 
• 

t;J 

c 

o 

.... n· 
(l ~ 

~ > 
90X /' 

" '" 

n &Q3 ~> ~ 4) 

66X 

(ii) Modifications on Miçhae1 donor: 

T~e use of e~amines 17 with their relatlvely low 

b.asicity and high nucleophil icity often produces good yie1ds 

in annulation reactions with vinyl ketones in those cases . 
where reaction with cor~espo~di"ng enol~te fai~s, due eitne; to 

self condensation of the carbonyl compound or to the 
{ 0 

polymeriza"tio"n of the vinyl ketones by the very basic 
. 

enolates. The advantage in using enam~nes. ls that the 

regiochemistiy opposit:e to that observed under standard 

Robinson conditions is obtainabl~ (eq 5).18 
'\ 

, 0 l" ~ 
( 

+ :> + 

c \) NÛ H -.rt 

0 

1\ 
907- 10% 

1\ (5) 

0 

7 

.( 

i. 
1 
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Alkylation of l,3-diketones with' a Michael accèpto~ can De 

accomplished under-very mild C?ndà.tions,19-22 such that the 

3'-oxoalkyl Michael adduct intermediate can be isolated. A 

similar situation can be realised with, mono ketones by first 

condensing them with an activating group to form a f;J

dicarbonyl èompound, followed by condensation with an 
-

appropriate alkylating~agent under mild conditions. Most 

cOII)mon amonog these activat\ing groups are the ethoxycarbonyl 
ft, 0 

group23-25 and the hydroxymethylene\ group.26,l7 The 

hydroxymethylene group is also used as a diretting group to 

p,romote preferential alkylation -'at- the lest substituted 

posi tion (eq 6).27 

CI 

~ 49% 
+ A ) 

a 

( 6) 

\ 

The hydroxymethylene group was aiso used as a blocking 

group to ,pre vent dialkylatiort and/or to' effect z:eyiochemical • 

specificity. As men~ioned befoz:e, a complication of the 

Robinson annulation lS tne possioility of di- or 

polyalkylation. ~his is the result of the similaI acidities of 

the starting ketone, 
o 

the initial' Michael adducts, 
1) 

etc. 

Woodward demonstrated the utility of the hydIoxymethyrene 

group as not only an'actlvating group but also as a blocklng . 
group to minimize dialkylation in his classic synthesis of 

cholestez:~1.26 The angulaz: foz:myl group lS ,asily cleaved by 

base after completion of the Michael reaction (eq 7). 

8 

\ 
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c 

0 

+' I~ ) 

li} 
(7) 

H OH 
'; 

cholQstQrol 

(iii) Annulations using electrophiles with masked carbonyl 

functions: 

Another approach to the attacllment of 3' ... oxoal ky l ' side 
cf • 

chains on ketones in an annulation sequence has been the use 

of an ai'kylating agent which has a. protected,' or latent, 

carbonyl group in the molecule.' These reagents have the 

greatest potential '" Slnce they may be capable of trapping 

reg iospecifical1y gen~rated enolate ion§ under apro1:,ic, non

e~uilibrating conditions.\They may be subdivided iI'hto alkyl 
y . , 

halides (and alkyl sulfonates) and allylic (or benzylic)-. 

hal i<iies. A minor d~~wback of ·any reagent introduced by 

alkylation rather than by a Michael reaction~is that sorne of 

the selectivity in the site of attachment may be lost. 

However, this problem can general1y be overcome by the use of 

highly reactive alkylatlng agents and the reglospecific 
• • 

enolate ions generated ~rom either enol acetates or 

enol, silyl ethers. 28 - 3l 

(a) alkyl halides: Many alkyl halides have been tried in 

annulation réactions, with only a moderate degree of success. 

. 

1 
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,\1. 

Perhaps the most slmple of these is a 8-haloacetal. Stork has 
. 

pointed out -that halides of this. type are 'relatively 

unreactive and also h~ve a strong tendency to undergo 

ellmination under the basic conditions of the ~eaction,32 
, ...... 

factors ~hidh have no doubt contributed to its infreyuent use. 
o 

Stork utilized 3-benzyloxybutyl bromide as a 3'-

oxoalkyl equivalent. 33 " This reagent suffers from the ~ 

o disadvantage that an extra chiral centre-is introduced during .. 
t~e alkylation, a fact which often means cbtenti~ ct 

d.ia1'tereorneric products.. 32 The second disadvantage is that the 

means by wnich the carbonyl functicn is unrnasked is multi-step 

and somewhat curnbersorne (Scheme III). 

f\ 

Br 

-~ . ' -
1> 

OCHzPh 
> 

KOt.-Bu 

2)Meal 

1°t.-B~' 

1 " 

Ji 

KOH 
( 

. 

ri' 

Scheme III 
.-.,. . 

10 
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OCOPh 

OCHzPh ! 
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(b) AllyJ.1C halides: One important quality of any truly 
o 

gel)eral c:nnlllation reagent ois that it be capable of t~apping 

the regiospecifieally produeed enolate ion formed by reduct~on 

of an enone with lithium in liquid ammonia. This reductive 
) ~ -

alkylation proeess aeeomplishes sev.eral diffieult tasks: 34 ,35 
'~ J 

(1) formâtion of a trans-decalone system, from starting 
Il 

o e t a Ion e ( 2 ) s pee i fic pro due t ion, i f ne.e d b e ,of th 'e 
\ 

thermodynamieally less stable enolate ion and (3) 

monoalkylation of the enolate ion without aecompanyins 

dialky":lation. In adda-ition to methyl iodide only allylic or . 
benzylie halides hav~ the reaetivity required for this type of 

, 
alkylation to procééd in high yields, and th us they\ have the 

, 
9reatest possibility of being sueeessfui as general annulation 

reagents. 
1;. 

A wïdely used 3'-oxobutyl equivalent is 1,3-dich}or?-2-

butene. This teagent was first used' by Wiehterle in 

cyelohexenone synthesis i Il ustrated below. 36 Sine-€! that time, 

use of this teagent in an annulation_ sequence has been 

eorrunonly teferred to as the wichter le teaetion (eq 8) .~7 

Cl 
(8) 

.. 
11 
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The chief drawlack te the use of this proced ure is the 

.fact that extrem~ly harsh acid hydrolysis i8 required to 
~ -

generate the slde chain carbonyl. Quite often these harsh 
f 

co.nditions feqd to unwanted side products such as 13 and !.! 

sometimes as 'the maJor annulatlon product. 38 ,39 These products 
A 

are formed-as a result of eQolisation of the ~ndocyclic ketone 

carbonyl and aldolisation as shown in the series of equations 

below. 
\ 

Table I: Annulation using 1,3-d{chloro-2-butene. 

1 çç 
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" 
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- Marshall and 
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10 

11 

li 

1 

o 

OH 
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12 

" 

s 

developed-the scheme 

Outlined below: which ci umvents the' aoove mentioned 

.problems. The scheme involves romination, dehydrobromination 

'0 f tj1 e ~ e ton e .!.Q t 0 en 0 n e l 5 , fol l 0 w e d b Y s t r oOn 9 a cid 
1 

1 -
1 

• 13 

( 

-

- -, 
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a . , 
, f 

0 

" 1 

, \ 

0 

- treatment to hydrolysE!'. the vin'yi chloride •. Reduction of 

enedjone 1i-9rov;de~ the dione 11', which was cyclized ta the 

desired oc~a!one, 1'2, in 6S% yield (Scheme ,V) • 

Cl 

.J' 

o _ 

1 
~ \ 

a . ~ Il 
r !;':;OEt 

12 

~ 

1) 8r"'z. HOAc 

> 
2) CaCO:a 

90X 

Hz/Pd/C 

< 

l' 

Scheme V 

.., 

.. 

~ 

15 

IH:q . 
# 

if" 
" i 

'" 

.. Caine and -Tueller 40 sq.bsequent1y showed that the viny1 
'\ 

o 

chi'oride side chain of 10. can be dehydrohalogenated and then - -
isomerized to the terminal acety1ene II with strong base:, 

. Hydration ofYtthe a1kyne 17 produce~ the desir-ed dike~one li, 
• 

which caQ be cyclized as bef.ore to octal one 12 in 62% overall 

yield from 10 (Scheme VI) • 

& ,) 

14" } 

.' 

, ~ 

D 
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2NoNHo! 
)t 

Cl 
li Cf NH3 

la 
--JI 

0 

H2S04 
( 

0 HSSO" 

11 

l 
17 

1 

12 ) 
Scheme' VI 

~ ) 
'l'he following three annulat~on sequences using isoxazole, 

---
t!1.g1ate,"and'vinylsilahe are probably the most general yet 

developed. Each possesses to a 'certain extentDmost of the 

pro p e r t i é s 0 fan l d e a l a n'n u lat ion r e age nt, na rn e l y: ,{-l+~h i 9 h 

reactivity so that normal alkyla'tionOoccurs in high yield and 

E;n 0 lat e t r a pp i n gin tn e r e duc t ive a l k Y lat ion s ç h em e i s 

successful; (2) moderate stab'ility and an efficient method<oof 

preparatl0ni (3).... the abillty of modifying the preparative 
o ~ 

scheme so that homologues (including bi~~annulation reagents) 

• can be "read 11 y' t>r od uced and (4) an eas 11 y unmask ed carbony l 

... tunction. 

The* i,s'oxa2l,01e annulat;ion, as fir~f)t ~introduced by st?rk, 

44,42 and later improved by Scott, Banner, andoSaucy; 4/3 has 

15 
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been shown to be appll.cable to sequences involv~ng alkylation 

by ei ther enol a tes or ., enami ne·s.l 8 , 41 The only drawback to th~ 

original 
c 

pro c e dur e a sou t lin e d b Y S. t 0 r k 15 that 

di h Y d r 0 p y ri d in e in 't e r me dia t e 12., in vol v e d 'i n the 

deprotection/ring closure step can undergo aromatizatlon. 'l'hlS 

side reaction can be avo.Jded by ac~talization of the 

endocyclic ketone ~ before reducing/hydrolyzing the isoxazole 

ring (Scheme VII). 

o ' U
/D 0=0+ ~) 

! 

18 
Cb) 

o 

a D 

LJ 
l 

o 
a a 
LJ '. 

o 

Scheme VII -
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The t1glate se<.juence, develaped by stotter,44 employs t-

butyl "Y-iodo€1glate 20 as the annuiating reagent: This 

reagent_ was al 50 shawn to oe successful as an a~ky lating agent 
Q . 

fot the enamines and enolates. Furthermore, regiochemically 

unstable enolates, generated in tetrahydrofuran; were shown to 

undergo alkylation with no priar equil ibratian of .the enolate. 

The 'Y-iodotig late was prepared f~om the 'Y-chlora ana1ag, 
o 

wh ich w~s- prepared v ia a variant of, the Wi ttig reaction (eq 

9) • 

" 

CHO 

1 ) 

" 0 

~ 
,./c ............. 

CH R COOC4Hg-t 
( 2 

.1 12 /cc .. tonGl 
(9 ) 

, 
â',' l 

- ! 

The ox idation of the side chain to the "masked 
" 

carbonylll vinyl carbamate .li was carried out under mildly_ 

basic conditions via acyl azide 22 u-sing the Weinstock 

modification 45 of the Curtis degradatian. -Hydrolysis of the 
1 

carbamate and concomi~ant cyclization/dehydration of the 

, u 

i!l>termedlate diane to the enone may be accomplished in one ... 

17 -
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ste p • The 0 ver a l 1 Y i e 1 d for con ver s ion 0 f t be oc , fJ -
:; 

<s unsaturated acid 21 to 24 i5 83% (Scheme VIII)~ 

, .. 
1) Cl COOEt-

Që, 1) 20 NEt. 
=> .. 

2) Tc.OH COOH 
2) NaN, CON3 

H 
• ~ 0 22 

21 

1·, ~, ) 
<> 

'i! 

• 2XKOH 
( 

L. 
Nl;f 

~ 1 
23 

CaoCHI 
24 

e. 

:; " 
'cc 'Go 

Scheme VIII 

Stork and Jung developed a general annulation sequence, 

the viny1si1ane method. 46 ,47 This procedure empJ.0Ys halomethyl 

viny 1 si l anes, and in particul ar E-3-tr imethy 1 s i ly 1-2:-bu teny l 
<:> -

\.. . ,'" 
iOdlde as reactlve alkylatlng agents. ThlS reagent wal:3 shown 

to be successfu l in al ky la tions us i ng bo th enam i nes a-nd 
" 

• 
enolates as nucleophiles. Also, regiochemically unstabLe 

enolates were shown te -undE!rgo alkylatioQ before 
'~u 

equillbrat~on." The general reactibn scheme is illustrated fOI 

the annulation of 2-methyl cycloh-exan~ne (Scheme I.X). 
, ..-
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1 KOH 

~90% 

, ,'1' 

) 

SiM". 91% 

< 
89% 

Scheme IX 

The vinylsilane reagents ~re easy to prepare and are 

quite stable, perhaps due to the inductive effect of the silyl 

group on the double bond which should decrease the tendency 
'. o 

toward 1,4-dehydrohalogenation. Another important pdvantage 

of the vin y 1 s'ï 1 an e 
.~-' ~"""" 

reagen-t-s is the stability of 
1 \ 

the 
1 

vinylsilane rnolety- to dissolving(metal reductions. AJ:so a bis:" 
" . 

annula,tian viny1silane 4>reagent 25 has been prepared and used 

~ in annulation sequences.48 

, .. 25 \ 

~ 
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B. Fujimoto-Belleau reaction: \ , 
. , 

a'The' conversion.df a -ô-enol lactone to a\ cooJugated 
, 

cyclohexenone by Grignard reaction followed bi acid treatment 

i~ r~ferl:ed to as th""e E'u]imoto-Belleau reaction. 49 

The reactiot;l of Grignard reagents with saturated esters 

and ,lactones involves the addition of 'two e:quivalents of the 

reagent to giv'e a tertiary alcohol. Sorne unsaturated lactones 

undergo a similar r~~ction; for ~nstance, a-pyrones 26 or 
te- • 

. enol lactones containing an endocycl ic double bond 27 aUords 

products (28)and 29,respec
o
tively)50,51 {n which the caroonyl 

oxygen atom h)-s been formally replaced by the two organic 

residues (eq 10). 
.. 

À" 

CHJ-1s1 à ) 

'" . . 
28 -ffi EtMgl 

(lO) 
~ CO<:t . > 

( 

o Et 
27 '<" 29 

'. 

( 

1ft h e lac ton e i san nul a t ed t 0 a cal b 0 c y c l i cri n 9 
" 

containing a double bond which is exocyclic to the lacèone' .. 
20 
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group and 1S part of an eno1 1actone system(i.e., °compound 

30), usual1y on1y one equivalent of fh~ organometallic 
'''--

compound, en-ters into the réaction. A,fter the addition of ane 

equi va 1 en~ of the G.r ignard 'reagent, the reaction g ives an gi ve 

an eguillibrium sy.stem 3~a,>'31b, the eQolate form of which 

éasily r,earranges to give a bridged keto alcoholate 32. This 

internal aldolisation (31a --. 32) 52 oecurs faster' than the - - \ 

reaction of the ini tial 'add i tion product (31a ~ llb) wi th a 

,s,eeond equi val ent . of Gr ignard reagent. Furthermore, reaetion 
o 

of Grignard reagent with the keto alcoholate of type 32 i<5 in 
---.,.. 

genera1 prevented by sterie n hindranee of the Keto group, 
o 

espeeially when Grignard reagents with bulky organic residues 
• 

were lJsed.53 The ketol obtained upo'n hydrolysis undergoes a 
\' 

base-eata.lysed reverse aldol condensation ta the l,5-diketone 
. 

li, which then eye1 izes to the final enone product 35 (Scheme 

X) • 

.. 

21 



,. 

• ? 

30 
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• 

RCH2MS}( 
---7) RH2 

o 

-OH -
> 

Scheme ! 
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c. Die"Alder reaction: 

The addition of alkenes to dienes is a very useful method 

for the form,ation ,of -six-membered carbocycl ic rings. The 

reaetlon is known as the Oiels-Alder reaction.~4 The concerted 

nature of the mechanism was generally agreed on and the 

stereospecificity of the reaction was firmly estab~ished even 

before the importance of orbital aymmetry was recognized. In 

the terminology of orbita1-symmetry classification, the Oie1s

AIder reaction is a [~4s + ~2s1 cycloadditio~, an allowe~ 
-

~, proeess. The stereochemistry of both the diene and the al kene 

(the a,lI~éne i8 often called dienophile) is retained in the 

cyclization process. The transition state for cycloaddition 

requi res the d ierie to adopt the s-c is conforma tion. The d iene 

and the dienophil e approach each other in parallel planes. The 

orbital-syrrunetry properties of the system pèrmit stabilization 
-

of the tr.trnsi tion sta te through bonding interactions between 

C-I and C-4 of the diene and the carbon atoms of the 

dienophil ie doubl e bond in a six-centre arrangement (Fig. 1). 

Fig. l 

There is a fu~ther stereochemical variable in the 
-

transition state, which can lead te mixtures of products in 

sorne ëases. This involves the relative orientation of the 

23 
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diene and the dienophile in the transition state~ The two 

possible or ienta tions which are referred to as endo add i t ion 

and exo addition are iilustrated oelow. 

) 

'ilndo 'odd1 t 1 on 

) 

CHa axa addition 

H 

H 

CHa =H 
H 

\ ' 

H 

y 

u s·u aIl Y , the end 0 m 0 d e 0 f ad dit ion i s .p r e fer r e d, ' 

e51?ecially ~hen X or Y i5 an ~n5aturated gx:oup such as 

carbonyl. The preference for this mode of addition, which i5 

often sterically more congested, lS the result of a 

combination of d.1polar and Van d-er wail attractions, as well 

.as, orbital interactions invol ving X or 'i and the diene system. 

The rel a t ive i m p 0 r tan c e 0 f e a c h 0 f th' e s e ·f a c t 0 r sin 

determining the exo:endo ratio pronably varies from system to 

syste'm. 55,56 

There is a weIl established electronic substituent 
, ) 

effect in the Oiel s-Alder add i tiO"n~ The most= fa vorable a }kenes 
o 

for reaction with most dienes are thÇ>se bearlng electron 

withdrawing gJ;oups. Thus, among most reactive. dienophiles are 

24 
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quinones, m~lel.c anhydride,' and onitroal,kenes. Cl,P 

Unsaturated' esters, ketones, and ni t;riles are al so effecti Va 
\ 

dienophiles. It lS slgnifica,nt that if a relatively electron-

deficient diene is utilized, the pol~rity of the transition .. ~ 
state is apparentl y reversed, and electron-rich dienophi les 

are then preferred.57 

-
A question of regioselect~vity arises when ooth athe 

éi i en e and .t he a l ken e a ré uns y mm e tri cal l Y.. s P b s t- i tut e d • 

Generally, there is a preference for the "ortho" a"nd "para" 

orientàtio~s. The b~sis for the regioselectivity of the Diels-
. 

AIder reaction can be interpreted very satisfactorily in terms 

of frontier molecular orbital theory.58 'The pattern of 

regioselectivity of the Diels-Alde~ reaction lS ~hown belo'w 

(Scheme XI). 

. 
typa A 

EWGy + ( E:G'Yî 
,~ ERG ~ER'G 

, ' typa 0 typa C 
c. ERG. a lact.l"on-ro' aQs1 hg 91"OUP 

Ob. ~G.alactl"on-w1thdrQw1n9, group 
• 

, Scheme XI 
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The interpretation of these regiochemic!l effect,è i5 

based onlthe orbital al?proach and the coefficients o'f the 
b . ..... 

frontier orbitals at.the reaction centers. In reactlOns of 

~ type At Oit is expected that the frontier orbitals will' be,.the 

diene HOMO and the diene LUMO. This 15 because an electron

relëasing group wi Il raise the energy of the d iene HOMO and an -

electron-attracting group will lower the energy of the '" 

dienophi le LOMO. These two orbi tais ~hould o·therefore be qui te 

LUNO 

HCMO 

1. 

f 

close i~ ener~y and will provide ~he frontier orbital , 
interaction. In'types C and .0, the opposite pairing of ,LUMO 

and HOMO would ne expected, sin-ce the diene will posses an 

oroital lowered in energy by the electron-withdrawing group, 

whiie .the orbitals of the dienophile will ~av~ been ~aised by 
-

the electron-releasing g~oup. These relationship~ are 

illuSjtrated in Fig. 2. , 

/ 

4-

-
di.,. dienaphU. dl.". dlW'lOphll. di.". d1.nophU~ 

l.UMO , l.UMO 
.. ....... ~ 

fi l.UHD 
HOMO L.UMD ---t+- HOMO 

Tl Tl -H- 1 l' 
HOMO 

HOMO -H- HOMO 

Tl .* 
Unp..-t....-bed II)'~ u. Ty.,.. Il and a tu. Typr C OI'1d D 

~-

Fig. 2. Frontier orbital interactions in Oiels-Alder reactions 
.. 
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Figure 3 g'iv-es the approximate values of the orbital 

coefficients for var ious substi tuted d ienes and d ienophi les. 

Rel'ative orbital enef9 ies are also estimated in the figure. 

As shown.. in' Figure 3, the LUMO of dienophiles with , 
electron-withdrawing groups has a large coefficient at, the 

carbon which is P to the substituent. For dienes ~ith 
. 

eleqtron-releasing groups, the HOMO has its largest 

coefficient at C-4 •• The stongest frontier orbi tal interaction 

therfore occurs between C-4 of the diene and "C-2 of the 

d ieAçphi le and i eads to the reg iosel.ecti~v i ty shawn in case A 
~ 

of Scheme Kl. A simi lar analysis of each of the other 

combinations in Scheme XI by usin~ the diagrams in Fi'g. J 

-leads to the regioselectivity indicated. 

," 

, 

, 

-, 
... 

, 
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10 t("C Z 21.. ( 
-._o( 

-losI ( - -91 

C ' . "j( 

~ f"" rZ .::!!.. r 
• -1119 • 

unperturbed system substi tu ted d ienophi les 

.. 

x 0 

c z ( 

~($(~ ,~~ -q: ~'( .. 

~~' (=~ 
..::!1.~ -~ -;,~ 

. 
l-substituted dienes d ienes 

Orbit.al energies are given in vo l ts. of the 

c i r cie s 9 i Y e i nd i ca t ion ci f at each 

carbon. 

z= con] uyateÇl electron-wi thdra wing substi tuent, 

c= conJugated group ,with modest efectron-relea ing capacity. 

x= electroil donating substituent, e.g., OCH 3 , ~H2. 

Fig.3 Coefficients and relative energies of dienophile apd 

diene mo.lecular o.cbitals 

28 
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Oiels-Aldê .. : rE!actions are sensitive ~o'steric effects of 

,two majol; types. aulky substitution on thé dienophile or °on 

the te min i ~o f the ~ 1., en e ca n hi n der a pp r 0 a c h 0 f the t W 0 
. /" \ . 

components to each oth~r and decrease the rate of tne 
, ? 

react i on. Th loS can be- seen ln the.: reacti v l ty of J,-substi tuted 

butadienes toward maleic a:lhydride. 59 () 

(> 0 

k re1 (25 0 R C) 

-~i Q l 

\:) fi, 
-CH 3 4.2 

/ 
';C( CH 3) 3 < 0 .05 

Substitution of hydrogen by .me~hyl results in a slight 

rate inerease, probably as a· resul t of .an electronic effect, 

while a I-tert-butyl ~,ubstituent produces a significant rate . , - , 

decrease. Apparently, any ster~,c retardation ta approach o~ 

the dlenof.>~lle by a metnyl substituent is Insignlficant ~ 
compared to its ele~tronic effe~t. ~ith the very large tert-

butyl group, the sterie effeet is dominant. 

The other steri.oc effe~t has to do wl.th intramolecular 

Van der Wall repulslons between substituents in the diene. 

Adoption of the s-eis conformatlon of the d.iene· in the 
o 

_,transltion state, tnay be aecompanied by an unfavO'rable 

repulsion between substituents that do not interact strongly , ~ 

~.' ~ 
-1. n th"g round sta te. Toward tetracyanoetny l ene, trans-l,3-

pentadiene is 10 3 tirnes more reactive than 4-methyl-l,3-

pentadiene because of the "unfavorable interaction between the 
~ d 

addi tional methyl suttsti tuent and the hydrogen at C-l in the 

s-cis conformation. 60 

29 -
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Lewis acids, particularly aluminum chloride, have;Qe~n 

noted to catalyse Diels-Alder ocycloadditlÏ.ons. 61 - 63 The 

catalytif effect is attribl.lted to cooràinat-ïon of the Lewis 

acid with the dienophile. The complexed dienophile is then 
-

more electron deficient toward the normal electron-rich 

olefins. The -mechanism of the addition is still believed to be 

concerted, and high stereospecificity i.s observed. 

Siloxydienes ~ ,enophiles in Diels-Alder reactlons: 

The Dle1 s-Aldel; reacti on of si l oxy-substi tu ted 1,3-

butadienes has been one of the growth a·reas of sil~l en-ol 

ether' chemistry in the last ten years. There are no~ too many 

il examples to be covered completely here. A number of total 

syntheses, partlcularly from Danishefsky's group have employed 

th i s r e a ct ion. 6 4 The mai nad van t age s 0 f silo x y bu t:,.a die n es a s 

Dle1s-Alder dienes are ea.se of preparation aQd high . 

r.egioselectivity. A st1ox~ substituent on the dlene increase~ 
the rate of cycloaddltlon _with electron-poor dienophiles., 

Mono-oxygenated butadienes: 

) 

\ 

1- (Tr i e thy 1 sJt~ oxy) -'b U, tad lene 65and2- (tr imethy l s 11-
_ [ .) 0 

c 

oxy)-buta~1,3-diene~, show a good regioselectlvity in their 

reactions with diènophiles as shown below. 

u <oP 0 0 

\.. 
o 

~ COOEt 
1 
C 

III + 
.C 
H 

30 

cnly c~tho cdduct 
o 

paro-cdduct. ,>95X 

.. 
-D , 
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Slmp1e 1- and 2-(trimethy1siloxy)-cyclohexa-1,3-dienes 

a1so undergo regioselective Die1s-Alde~ reactions ~dth 

electron-deficient alkenes, - to give high yields of 

bicyclo[2.2.2]octanones after hyarolysis (eq 11).67-70 

(11) 

Sorne intramolecular Diels-A1der reactions of 2-siloxy , 
butadienes are shown below. 71 
~ 

OSiMCiII3 

o 0 

Ma.sl0 

o 

11 

0 
1) 160 C H 
2H(F 

W ' ) 68% 

~ a 

eOOM. 
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ur-oxygenated butadienes: 

Dani shefsky stud i ed the pr epara tian and 0 le l s-Al der 
o 

reaetions .of highly funetionalized dioxygenated butadienes iQ, 
, 

041, 42 and 43. These dienes were pxepared by enol silylatlon 

of 36, n, 38 and 39, respectively, with trimethylch1orosilane 

using triethyl amine-zinc"bhloride.72 - 74 

,--
OMa OMs OMQ OMea 

J 
-~ 

~ :36 37 
0:- -Ma 

l l l 1 
OMe OMa.:1 OMea 

;: ~ MCI"slO:C McaaS10 MQ3S10 M4iilaSiO 
42 M 40 41 _ a Mea 

lit .. 
... 

f_ 
44 

-

1"' 1 

The use of these dienes in Diels-Alc;1er reactions enables~ 

rapid aceess to diversely funetionalized aromaties, '-

cyelohexenones, and 3 -

methoxycyclohexenones. The reg ioselectl v i ty can be pred icted 
op .., 

by reg.arding !.Q. as a synthetic equivalent' ~fo9thé dipole!i • .. 
() 

32 



Sorne examples are given below: 

C Synthesis of aromatics: 

1~9 OMà'é(JzMa 

m OzMG 

< ~ 
0 

Ac 2) Ac7P 
1 

POzMQ ., 

COzMGI 
l' ., 

M~ Id-
H 02MGI 

" RI 
Synthesis of cycl ohexenones: • 0 

iii 

ier 
ut 

"? ~ 
0 

/ OSiMG3 

1'0 -

0 

L 

C 
) 
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Synthesis of cyclohexadienones: 

Cyclonexadienones were prepared according to the 

following scheme.75 

OMca 

.. 
... ' 

" 

A 

R 
,.1 

. 
Scheme XII 

The ke.y feature -of the above scheme ia that the 1 eav ing 

group L must not, in itself, compete with thè A function for 

co~trol of"the regiochemi,stry of the cycloaddition step. The 

- arrangement L=PhS (0) 
> '. 
)\. 

nicely optimized - the above requirem~nt. 

Furthermore, the -elimination of HLmust be facioie, and must 

allow for the survival of the very sensitive ta~get system (eq 

12) • o 

( 12) 
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3- Methoxyc'yc 1 orrexenones: l, l-Dimethoxy-3- ~rimethylsi loxy)-
~ 

buta-l,3-diene 45, a synthetic equivalent of 46, undergoes . - -
Ciels-AIder reactions even more readily than Danishefsky's 

diene!.Q, and with· equally high regioselectivity to give 3-

methoxycyclohexenones. 74 ,76 

'* 
C~·b ( C~ • 

- f 

> 

~ • .sjD tf. 
~ 

r; 
0 

) 

3S 



1 

1" 

o 

Sulfur as a regiochemical control element in Diel~!der 

reactions: 

The introduction of hetero-atom substitu~ed dienes as 

cycloâddition partnèrs has allowed the creation of 

cyclohexanes wlth functional g~oups in masked forms. These 

dienes have led to several creative appl ications in the 

synthesis of complex n.atura~ 1?roducts. Trost, KOZlkowski and 

Cohen have studied the dienes with both sulfur and oxygen 

substituents in the 1,2- and 1,4- and 2,3- substltuted 

patterr;JS with speèial emphasis on th,e role of sulfur as'a 

. reg iochemical control el ement in Diel s-Alder reactions. 77 -81 _, 

l,2-substi tuted dienes: 

Cohen 77 has studied the reactions of 1-(phenylthio)-2-
" 

methoxy-l,3-butadien'e with a weaker dienophile s!:}ch as . 
acrylonitrile. Acrylonitrile as a dienophile was chosen ln . ~ 

---------=~~-~-~~rder to probe the weaker secondary orbital intractions in the 

transition state and a~so to promo~e the formation of the 

o other possible isomeric products. 

5.4X 

ando cdducts 

Ma 

• 25% 

axd cdducts 
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AIl four ~ossible regio- and stereolsomers were formed 

c ~ 

and separated. As predicted by frontier molecular orbital 

theory, the ratlo of ortho (phenylthio and cyano groups) to 
o 

Pleta reg io i somers is 9 reater (three to four times) in the 
> 

products of endo'addition than in the produats of exo 

addition, thus indicating the secondary orbital interactions, 

) 
which can only ~r ,i~ the transition state for the en90 

addition, play a substantial' role in controlling 

regiochemistry. , 

2,3-substituted dienes: 

Trost 78 ,79 
, 

studied the preparation and cycloaddition 

reactions of series of 2,3-dihetero substituted 1,3-
o 

butadienes. These cycloadditions offer several advantages. 

(i) the versatile p-keto sulfide rnoiety is introduced in a 

protected form.which allpws modification elsewhere; 
\ 

(i i) dependant on d iene substi tution and reaction cond i tions, 

regiochemical control ranging from >50:1 with sulfur 

controll ing to 1:8 wi th - oxygen controlling could be attained " 

and creates the equi valent of 
(C 

either di ble 47 or .!!i 
( i i i) the reg iochemi s try o1?tained by su 1 f-ur control 

complements the 
) 

normal regiochernistry obtai ned with 2-

oxygenated dienes (combined with ease with which s~lfur can b~ 

removed from organic rnolecules may make this a general 
o 

approach to teversing the normal or ientation of Diels-Alder 

reactionsi 

c (iv) transformaticns in the followin~ scheme are possible 

( Sc hem e XIII). 
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) 

Scheme XI! l 

1,4-substi tut-ed dienes: 

Tro~t prepared 1,4-disubstituted l,3-buta'dienes fro'm-4-

hydroxy tricyclo[4.2.LO]non-7"1"en-3-one which serves as a 
o 

basic bui Iding block for a protected cyclobut~ne.80 The .rigid 

tricyclic framework allows stèreocontrolled introduction of 

substituents at the 3,4 positions. Flash vaccum pyrolysis 

generates cyclopentadiene and a 3,4-disubstituted cyclobutene, .. 
.. 
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c 
which suffers conro.tatory opening in situ to give 1,4-

disubstituted 1,3-butadienes. The abi1ity to contro-1 the 1 

stereochemistry of substituent introduction in the tricyclic 

system translates into an ab! l ity to control diene 

stereochemistry (Scheme XIV). 

> 

H 

.. HO 

< 

SPh .. SPh 
H H 

l OAc 

:to
OAC 

> 

"" lJ 'SPh 

SPh , 

scheme XIV 

39-



• 
..J 

, \ 

CHAPTER II 

.. 
CHEMISTRY OF 1-TRlMETHYL~ILOXY-1-METHOXY~3-ALKYL(ARYL)THIO-

1,3-BUTADIENES AND THE SYNTHESlS~OF ARYL SULFIDES VIA CYCLO-
" 

AROMATI ZATION REACT ION •. 

A. P~eparation of enol silyl eth~rs and ~ilyl ketene acetals: 

Silyl enol ethe~s' 49 have been known for somé 

considerable time,8,2 and, from arounq, 1968 on, have been used 

extensively in o~ganic synthesis. Their utility lies initially 

in providing,reglostable, ~solable enol derivatives WhlC~ can, 
\) 

on demand and aftei purification and spectral 

glve rlse ta regio-pure eno1ate 10ns.83 

OSiRa 

>==< 
OSiRa 

>=< 
) OR 

49 50 

identi fication, 
'-

; The maj or synthetic development of si ly1 enb1 ethers can 

be divided into three distInct phases.84 These sepdrate phases 
()c 

invo1ve 

1. lhe use of . si1ylation . as a trap for the kinetlcally 

generated or the thermodynarnical1y e-quilibrated enoiate 

anionl, with subsequent iso1a1:;10n, rege~eratl0n and reaction 

with electrophiles under basic conditions. 

40 " 
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2. Direct reaçt~on of the silyl enol~ether wlth suitao~e 

electrophiles which are reactive in their own right, or can be 

made- sa by additio~Of a Lewis acid catalyst.,· 
, 

3. The use of silyl enol ethers _as 'synthons which give 

reaction products WhlCh are differ~nt from those obtainable by 

either of the first two phases. 

The most frequently used route ta the pre~aration ~of 

silyl enol ethers is th~ trappi~g of enolate anions 28 ,84 
'. . 

generated under c'onditions of either kin'etic or e~uilibrium 
'" ' 

control. T~e products of trapping co~respond accurately ta 

th~e of the free enolates in a particular, mixture, and 

considerable regioselectivity can be 

13) .30,31,37,85,86 

> 

o 

C 1) LOA. O~E. -7sC 1 99 

Mca3SiCl 
a 

Ci i) McasSiel. OMF. Et3N 78 22 

90 la 

" . attalned (eq 

, 0 

The "abilit y ~o obtain only o?e of the two regioisomeric 

sily1 enol ethers derivab1e from a~ unsymmetrica1 ketone 19 of 

critical importance to further synthetic utility, and 
-, , 
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accord~ngly, much effort n,as been expended in thlS airection • 

Regiospecific gen~ration ean be achieve.d in a number of ways, . 

including the trapping of the enolate ion formed from a (r, /J

unsaturated ketone by eonjugate reduction·,14 conjugative 

alKylation~13,87 conjugative hydroc y ànation,S8 rhodium--

.catalyzed hydrosi lylation89 ,90 etc. 
J 

0 

~. 
. ~ 

1) Ll_ NHa 
. ,t-BuOH , > 

2) MaaS1Cl 

1.) L1CuM~ 

> 
'2) MeaS1Cl 

Et.,., l 

$ R~1H 

> . 
* 

' , 

Rh cotolyat 

Sooeme!y . 

• 

.. OSiMea 

H 

The most gene;rally appl ica-ble route for the preparation 
. 

of silyJ. ketene acetals 50 mirrors .one of the major routes .to 

silyl enol ethers. Mo.noanion deriv"ed ,from a-nydrogen 
~ 

abstracti ~n of al ky). and tr imethylsi ly l ester or carooxyl ie 

I\v.:. 
42 
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, . 
acid d1an1ons, are smoothly's'ilylated with trimethylsilyl 

chloride to give the corresponding ketene aceta1s' as shown 
"" 

oelow;91 

" 

l)NaH 
R1R2 CHCO:2H > R1R2CHC~lMQa 

2) MGI~1Cl 

LOA 

B. Reactions: 
, 

It would be impossiole ta cover here ,\11 cases of 
" 

a pp 1 i c a t ion S 0 f sil Y l . en 0 l è the r s '. n 0 r 9 a nie s y n the sis. The 

area has oeen weIl r~vlewed and discussed on varlOUS 
( 

occasions. 83 ,92 Sorne of the th~ major uses of silyl enol 

ethers ln organic synthesis ....will be briefly highlighted here. 

~ l k Y lat ion: The r 0 l e 0 f en 0 1. a t e's i p~ the forma t ion 0 f C - C 

oond 15 wel-l reeognised, but it is not wlthout problems. 93 
, ""-

These probI'e-ms include: (a) poly-a1kylation, (0) O-alkylation 

instead of C-alkylation, (e) a specifie enQlate may not be 
" 

alkylated regiospecifieally and (d) alkylation is olimited to 

primary or -secondary hallê:les. 37 For example, alkylation of 
"li -

cyclohexanone with iadomethane under basic conditions gives a 

mixture of products as shawn J:>elow. 
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D. NaH 
) 

o 

48% 

18X 

c 

13% 13% 

o 

o 8% c 

Trimethylsilyl enol ethers, on the other ha-nd are cleaved 

by flo~~ide ion or with methyllithium to give enolate anions 

~itra:t equillbration. 94 ,95 In the alkylatlo\ reactions of 

t~se generated enolates, ~he erude reaction ml.xture contained 
/ 

~/o n l y the reg lOS pee 1 fic a 1, l Y mon 0 a 1 k Y lat e d k e ton e, un r e a ete d 

alkyl hal ide, and the ketone resul ting from simple hydrolys is 

of the starting silyl enol etneri no product of poly-

alkylation or of regioisomeric alkylation was detected (eq 

14) • 

.. 

) 

(14) 

The attempted introduction of tertiary a'lkyl groups in 
d •. l " 

the alkylation of enolate anions as nuc1eophiles reosu1tea in 
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px;edominant ,B-elimination processes occuring on the 

alkylat{ng agent. e.g., a tertiary alkyl halide. On the other, 

hcfnd, ~sin9 enol- silyl ethers, and with the electrophilicity 

of tlie alkylating agent enhanced via Lewis acid cata1ysis, a 
o 

'" wlde range of tertiary alky l groups can be, srnoothly and ... 
1:> 

reg iospeci fically introduced, even in those cases which resu1 t 

in the establ ishment' of adJa~ent qua ternary carbon atoms (eq 

15) .96 

o 

4SX 
) 

Su-t 

ej-CHO 

o 

(15 ) 

2. Aldol condensation: -The alodol condensation between two 
o 

carbonyl compounds is normally carried out under basic 

conditions. Under these condition.s, dimers, -polymers, and 

dehydra tlOO .. products are often forrned as oy-products. 98 More 

critical is t~e problem of ensuring specifie direction in the 

condensation, i.e., that one particular carbonyl component 
J 

will act as nucleophile'and the other as the electrophi1e. The 

v ~Lewis acid catalyzed condensation of a silYtI enol ether with 

an aldehyde or ketone~ un 1 i ke 
'{1 

the traditiona1 aldo 1 

condensation, shows complete reglo- and chemoselectivity, and 

provides high yields of ~ke aldol products. 99 Sorne examples 
, ~ 

are shown oelow. Silyi k'etene acetals aiso fo11ow a similar 

pattern in their reac;J:ions ,with carbonyllcompounds. 
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1 

P~OEt 

HO
I g 

CJ- L TlCl. 
o OS1Mcaa + U -8-8%~>~ 

3. 'M i cha e 1re a c t ion: Sil Y l en 0 let h ers un a erg 0 Le W l sac l d, 

catalYZ) Michael addition with a,j3-unsaturated carbonyl 

compound1J.OO and their derived acetals, a,-,8-unsaturated esters 

and a, ,B-unsaturated nitro compounds. 101 For example, with Il,,8-

unsatut'ated nitro compounds, the co.cresponding'--1,4-diketones 

are obtained directly, possibly by way of a nitron"a"te est~ 

such as 51. The reaction appears to be of wide generallty, 

and is regio-specifie, leading, after aldol closure and 

àehydration, 'ta a variety. of substituted eyclopentenones 

(Scheme XVI). 

1 
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,p 

<) 

C 
\ 
{ --

" 

TiCl .. 
> 

o <E<--

R 

OSiMQa 

51 

R 

Ovarell y1Qlda 50-60% 

Scheme XV l 

\ 

I! 

4. Mannich reaction: Ketone-derived si1y1 eno1 ethers give 
t 

products of Mannich condensation regiospecifica11y and in hign' 

yi"eld when treated with dimethyl (methylene) ammonium iodide. ID2 

Slmilar regiospecificity lS observed with élcid-, est~r- and 

lactone-derived siIylketen~ acetals. ID3 The enolates generated 

by conJugative addition ~o a,~-unsaturated ketones can be 

- trapped similarly (eq 16). 

wld e 

" 

Si1yl enol 

l' MQzCuL1 
"> 

ethers and 

a'p pli cab i lit Y in 

47 

(16) 

silylketen~ acetals aiso found 

reactions suc h as Claisen 

,\ 
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conaensatlon,104 Stobbe condensatlon,105 hydroboration,106 

Slmmons-Smith reaètion 107 etc. 

c. Silyl dienol ethers ~ blS(silylenol) ethers: 

" Lithium dienolates 52 undergo electrophilic a~tack under 

Innetic conaitions to give, generally spedking, products of 

o-,s u b s t i tut ion. und e r toh e r m ~ y na mie. e qui lib rat i n 9 

condltions 108 y-substituted products are usually more favored. 

Silyl dienol- ethers 53, an the other hand, being neutral, have 
JO 

a lower e.1ectron density at the a-position, and accordin~ly 

show a marked preference for kinetic electrophilic attack at 

the 'Y-posi tian. 

/ 
thearmodynam1c 52 

The chemlstry of dlenolates and 

each other," as evi&enced by the 

o 

48 

-" 

/ 
OS1R1 

k1nat1c S3 

dienol silyl ethers complement 

following 

OMGl OMQ 

reactions. ' 

'( 

Pb <OCOCeHs' 4 
.0 > 

+ -
Et~H F 

+ 
Ma~-C~ 1 

) 
65% 

H 
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The dianion of methyl acetpacetate functlons as a hard 
1 

nucleophile, attacking a,,B-unsaturated carbonyl compounds in a 

1,2-fashion.109 The bis(silylenol) eth et 54, on the other 

hand, beÈaves as a soft nucleophile, addi~9 canjugatively to 
() 

a, {J -unsaturated suiJstrates.1lO Owing to the functionality of 

the product, further ~ondensation can th en OCCU-l:'. Thus, 

reactlon with ethyl acrylate produces the cyclobutane system 

(eq .17). 

COOEt 

( 
(17) 

74% 

D. Cyc loaromatizat ion reactions of bis (si lyleno1) ethers: 

The ois(silylenol) ether 54 behaves as a 1,3-

dinucleophile with C-4 being more reactive (0--) than C-2(.ô-). 

This is illustrated by its reactlon with oromine; 54 reacts 

with l mole of bromine ta give 55 and wi th 2 mo 1 es of bromi ne 

to.yive 56.110 
JI 

0 

54 )) 

Br Br Br 
56 5S 

Because of difference in "react i v i ty bet:ween ,the C-2 and 

the C-4 posi tians, thoe, condensation of 54 wi th unsymmetrical 
1 " 

1,3-dikètone derlvatlves can lead to cycloaromatization 
1) 

products with controlled regiochemistry. Thus the reaction of 

49 
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, with 4-methoxybut-3-en-2-one 57 gave exclusively ~ on the one 

hand, but with 4-methoxy-4-pheny1thiobutan-2-one S9 gave 

60. 111 

~OM" 
57 

U 
PhS 

59 

54+TiCl. 

> 

'l' 

58 

OH 

60 

A range of other a,p-unsaturated substrates and masked 

-dicarbonyl compounds can be emp1oyed, resu1ting in a 

regiospecific (3C+3C) construction of substituted salicylic 

acid esters. Using this methodology a series of s6bstituted 

tetralene and phenanthrene derivatives have been syntheslzed 

with a high degree of regiocontrol. 111 Such an approach has 

been used for the synthe.sis of sclerin l12 a'nd 

tetrahydrocannabinol. 113 

1 
IJ. - . 

The C-sily1ated compound g" a 1,3-dinucleophile, aiso 

put into effective use in the synthesis of anilino 
11 

compound~ .114 
\ 

MaaS! 
61 
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E. proposed research: 
c . 

-
In compound 54, two nucleophilic sites are present; each 

la associated with a silyl_-enol ether. Compound ~ is a 3-thio 

analog of 1!. Several features of 63 are of interest and a 

study of i ts chemistry in deta il is warranted. -

63 

o 

{ i) 0 n e m a y 1 i k e~ t 0 k n 0 w wh eth e r the' reg i 0 sel e ,c t i vit Y 0 f 6 3 i n 

i ta reactions wi th electrophi les is infl uenced by the _presence 

of the thio group.· 

(ii) The second question relates to the ability of 63 to act 

as a dinucleophile even though it is only a mono enol si1yl 

ether. The aromatic compounds whiéh are derived f:çom the 

cycloarQmatization of 54 must by necessity be limited to 

phenolic derivatives. l't would be desirable 1:;0 be àole to 
~ .. 

generalise the cycloaromatization reaction to the synth~sis of 

other functionalized aromatic compounds. Compound 63 offers as 

an en try to the synthes i s of aryl sul f ides in a reg iochem ica 1 
-l 

manner. 

(iii) The role of 63 as a Diels-Alder diene is also of 

interest. Compound 63, wi th the oxygen and sul fur substi tuents 

in the 1,3 pattern, otfers the advantage that the Diels-Alder 

adduct woul_d be a 1,3-cyclohexadienone with the carbony,l 

groups differently masked. 

51 
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(iv) The tendency of 63 -to act as a Michael donor lS aiso of 

interest. It offers certain advantages ove; the Ciels-Alder 

reaction, however, in that- the stereochemistry of t'he ring 

junction is a~enable to control. The product wouid have three 

carbonyl groups which are differently masked and can be 

manipulated separately. It can serve as the entry point ta an 

array of multifunctional target rnolecules • 

• 
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F. Results and Discussions D 

~ . . . cl . h 
(1) Preparatlon of l-trlmethylslloxy-l-rnet oxy-3-

4l alky1(ary1)thio-l,3-butadiene 

c 

Methyl 3-thio-E-2-butenoates 62 can be prepared 

readily by literature procedure from diketene. llS 

Alternatively, rnethyl acetoacetate can react with thiols and 

P20S l16 to give a mixture of E- and Z- 62. Reaction of 62 and 

lithium diisopropylamide(LDA) in tetrahydrofuran at -7S o 

followed by quenching of the anion with chlorotrimetQylsilane 

g~ve the eno! silyl ether ~3 in good yield (scherne XVII). NOE 

experirnents establ ished the stereochernistry of 63b to be Z. ' 

Thus irradiation of methoxy protons resulted in a ~ositive NOE 
, 

on Ha resonance at 4.11 ppm. Sirnilar NOE measurements 

est a b lis h e d the c h' e m i c a 1 shi f t s 0 f H ban d H c' The 
~ 

stereochemistry of 63a was assigned aS Z as well in v iew of 

the sirnilar chemical 
Il _ 

s of the vinyl protons in their IH 

nmr spectra. On the the same stereoisomer was 

obtained even 62 contains a mixture of E 

and Z isomers. 

U + 

SR a 

OMca 
ÀÀ 

OMQ 

53 

( 

Ct R-Bn 

ba R-Ph 

Scheme XVII 

62 

lLOA 

C1SiMGa 
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Compound g appears to be less sen:i t.i ve ta moi sture [. 

air than the corresponding, -bis-enol ether ~4. In our hands, 63 

can be kept in the freezer (Ooe) without deterioration for up 

to 4 weeks. 

Reactions of 63 ~ carbonyl e1ectrophiles 

Co m pou nd 6 3 r e a c t s w'i th a n u m ber 0 f ca 'r bon y l. 

e1ectr-ophil-es under TiC1 4 conditions to gi-v~ Î';-products 64 

exc1usively in aIl cases. Regioselectivity in the Jeaction of 
e; :--~'" 

dlenyl si}yl ether with electrophi,les has been-a subJect of 

much recent studies. l17 Our present result;s indicate thc;lt thio 

substituent at ~he 3-position, like the correspondiny 3-siloxyo 

substituent, enhances the "Y-se1ectivity. Another· interes,tlng 

obse.r vat i Qn is the fact the product .§..! re ta l ns the ene th l 0 \ 

ether struc'€ùre. Furthermore, the stereochem,i s try of the 

olefin is pred'ominant1y E (eq 18). This raises the 

possibility that the reiction ma~ have proceeded through a 

cyçlic . intermediate 65. A similar interC\'lediate has been 

proposed for the reaction between 3-siloxy-1omethoxy-l,3-

butad iene and carbony 1 compound s under Lewis ae id cond i tiQna 

. (eq 19).118 

SR OS1Maa 

~+ 
OMQ 

(a). R-8n R1-R2-CHa 64 
(18) 

(b)· R-Ph RI. R2-CHa ' 

(c) R-Bn RI. R2-CsH1O 

Cd) R-Ph RI. R2-CsH1O 

<ca) R-Ph RI-Ph. R211!1H 
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OMa 
ÇS1MaaOMa 

) 
.' 

SPh 
65 

(> 

l (19) 

J 
We are less inclined to favour such, a cyclic. 

intermediate as the sole pathway under our reaction 
~ 

condi tions. This is dué to the fact tha~ wh en benzaldehyde was " , 
use~ as the electrophlle, ,the product 64e showed a substantial , 

--"-- , 

amount of the Z-isomer. We have shown independently that the . 
. 

Z-isomer could not nave been formed by isomerisation of the E
'l,1 

isomer under the reaction condi tions. 
,,' 
J 

Finally, we note tha~ .for ,thienamycin and similar 

carbapenems, the str~cture ca~ lP principle be constructed by 

a combination of a monocyc1ic p-lactam and 63.119 
r 

OH 

C \ NHz 
S~ 

COaH -

Th1anamyc1n 
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(11) Cy~loaromatizati~n Reactlon for the Synthesis of Aryl 

su~fiàes . 
Reaction of 63 with 4-t~imethylsiloxy-pent-3-en-2-

one, a 1,3-dicarbonyl equivalent, -gave the aromatic compound 

66- under TiCl 4 conditi9nS. The cycloaromatizatlon must have 
" . -

proceeded. by reaction' 0, 63 fi~st at the y-POS i tion 

by an iJltramol~cular CLdens~tion at the ex-position 

'0' 

. SR i 

-fX-~C~~-Q 
- 1 ~<-

, ~ 

66 .. 

1 

OTICla 

TIC1 4 
)1 

Scheme XV II l 

SR 

l 
SR 

followed 

and then 

CQzMa· 

aromatization (.schéme XVIII). The reaction is simila:r to the 
--"' \ 

cycloaroma ti zatian rëacçion~ we ha ve prev iously reported for 
~" .. . . - . . 
'V . 
th~ synthesis of ph~nolic com.pounds.111 ,120 The direction of 

4 

the cycloaromatization reaction p~n be controlled by using 

1,3-dicarbonyl equ1valents of~differ~nt reactivities. ThuG 63b 
, . 

condensed with cbmpound 69 ta give the aromatic compound l..Q., . .' .\ - -
. ~ut wi t~ 67 to' 'g i ve tne isomeric arornatic compound 68 (scheme 

XIX) • From the structures _o~ 68 and ~, if.:. is clear tha~, in - > 

= 56 
< . 

-. --- .. 

, 1 
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'1. , 

the electrophlllC component, the relatlv',e reactlvit1,es are ln 

the following order~ The COnJU~9ative position 15 more reac~v'l-e 
than the caroonyl functlon which is more reactive than the 

acetal function. 111 

'1 

Ary 1 

> 

SR OSiMe:a 

~OM" 

Scheme XIX 

SR 

70 

SR 

68 

(0) R= Sn 

(b) R- Ph 

sulfur cornpounds are ~ us u a 1 l-y . pre par ed b y 
/" 

substItution reactions, either -nucleophilic or electrophilic, 
q 

of e~isting aromatic p'recursor cornpounds. 121 Such an approach 

is often playued with' the problem of regio-selection in 

obtaining the desired substitution pattern. The 

cy,cloaromatizatio-n .process offers the advantage of regio

~ control in the synthesis of aryl su~ fur compounds. This can bè 

illustrated oy the synthesls of thE; tetracyclic thialactone71. 

previous syntheses of this-t~pe of compounds often encoun~ered 
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l 1 
problems of reglochemistry and mixture of isomers were usually 

obtained. l22 Compound lQ., obtained by the cycloaromatization 
-

reaction, can only, be, cycl ised in one way. Th~s, r kal ine 

hydrolysis of lQ followed by acid cycl isation ga ve n as the 

only product in good yield. 

70 

iJ 

NaOJ-i 
) 

) 

COaH 

o 

71 

These results complement our previous reported 

cycloaromatization reactions leading to phenolic l11 ,l20 and 
-

anil4;Jr-cr--l l4 compounds. Furtherrnore', the sul fur moiety can be 

readily removed, by hydrogenolysis. For example, when compound 

68 was sUbJectèd to treatment ,with Raney Nlckel, the 
, 

desulfurised aromatic compound 72 was obtained in good yield. - , 

Thus, the p'r'~sent. reaction represents an approach to the 

synthesis of substituted be~oic ,acids as welle 

! 

Ni 

72 

58 
/ 



, 

• 

c 

,,' 

(iii) Diels-Alder Reactions 

ln recent years, the use of hetéroatorn substituted 

Ijutadienes in synthesis has received much attention. Dienes 

w i th both su l fur and an oxygen subs t i ~uen ts i.n the 1,2- and 

1,4- and 2,3- substitution patterns 77 - 81 , have been 
, ~ 

1nvestigated. Comgound 63, ,with the oxygen and the sulfur 

substituents in the 1,3- pattern, offers the advéftltage tl;lat 

the Diels-Alder adduct would be a 1,3-cyclohexaned:i:'one with 

the two carbonyl groups differently masked. 

Reaction of g with dimethyl acetylene<!icarboxylate 

proceeded readily to give the aromatic compounds 73 and 74 in 

good y1eld. 

OMa OH 
OMa 

eOOMCI 
eOzMa C~Q 

OS1~'MQ. + III '"..(J 
) + 

eDOMCI 
PhS COzMa. C°aMea 

7,s 74 

" 

On the other hand, reaction of'63 wltp âimethyl maleate

. did not 9 i ve any Diel s-Alder add!ct ~nder thermal cond i tions. 

Addition of a 'Lewis acia, such""as a~.umi.Jlum chlor.ide 'or" 

• ti tanium. tetrachlor ide, gave the Michael adduct 75 (eq 20)." 
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SPh OSiMQa 
1 1 A1C1 3 

~ > 

(20) 

OMQ 

75 
SPh 

This suggests that compound g is not particular ly effective 

as a Oiels-Alder diene. On the other hand and its propenslty 

ta undergo Michael addition offers sorne interesting potential 
j 

in organic synthesis which wi 11 be explored in the next 

chapter. 

l 
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CHAl?TER III 

A NEW 4C+2C ANNULATION REACTION BASED ON "TANDEM 

MICHAEL-CLAISEN CONDENSATION 

Reactions leading to the "formation of six ... membered 
1 

ring are of great importance in organic synthesis.6 The Diels-

! er reactiQn and the Robinson annulation have served 
v 

r e a r ka b l Y we l l for th i s pu r p 0 se, but the y are no t wUi th 0 ut 

limitations. In the Diels-Alder reaction, both the dieme aJld 

dienophile components must be appropriately activated. 1 For 
. 

example, cyclohexenone undergoes cycloaddition with ~ost 

dienes readily, whereas 2·- or 3- substituted cyclohexenones 
-

react slu99ishly or not at all.123 The Robinson annulation is 

essentlally a 2 carbon j;'>lus 4 carbon (2C+4'C)" tandem Michael-

aldol condensation. The reaction is·critically dependent on 

the ability of the 2 carbon fragment tocact as Michael donor 
, . 

and the 4 carbon fragment to be Michael acceptor under the 

basic reaction condi"tions. Various modifications of the 
" ' 

Robinson annulation reaction have beè~ introduced to address 

these problems. 6 We wish to propope here a, new 2C+4C 

a.nnulation reaction based on tandem Mich~el .... Clafsen 
" 0 

c o,n den s a t ion. 1 t i s bas e don the 0 b s e r vat ion th a ~ _ 3-
, '. 

, phenyl thio-i-tt imethyls i loxy-l-methoxy-l, 3-butad iene (2.1) 

o oehâveljii as a remarkably facile Mlchael donor in its reactions . ' 

wi th a, tJ -uns'aturated carbonyl compounds under Lewis acid 

catalysed conditions to giv,e the adduct 76. An intramolecular 

Claiseh condensation of. 76 under basic conditions should~giva 
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the annulated product 77. The reaction differs from the . -
class ical Robinson annulation in that the Michael reaction is 

<> 

carried out under acidic conditions'" Furthermore, the Michael 
7 

acceptor ex, {3 -unl?a tura ted keto ne ser v es as the 2 ca r bon 

component in this reaction, and the Michael donor serves as 

the 4 carbon component. In a formaI way, it is equivalent to 
G 

the Diels-Alder reactioQ of the diene g with the L~,{3 

unsaturated carbonyl compound (Scheme XX) • 
.. 

a CM. 0 

,~. L.wi_ eDaM-~.o\ ~ 

SPh 
acid 

SPh 

83 78 la .• ' .... A;;; ... ! bQ8.~ 
0 a 

() 

Scheme XX 

It offers certaip advantages over the Diel~-Alder reaction 

however, in that the stereochemistry of thé ring jun~ion ia 
, 

amenab l e to contr 0 lI\'" by this two 5 tep sequence. Fi na 11 y, the 

product 12 has three carbonyl groups which are differentIy 

masked and can be manipulated sepa_rately. It can serve as the 

entry point to an array of multif'unctional targets. 
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Resul ta and Discussion: 

A. Con) ugatl ve addi tion reactions of 3-pheny l thio-l-tr lmethy 1-

si~?xy-l-meth~xY-1,3-butadiene. 

In the previous chaptel the preparation and reactions of 

3-pheny1 thio-1-trimethyl s i loxy-1-methoxy-1 ,3-butad iene (63) was 

des cr ibed. 

In a general study of its reactivity'as a Diels-A.Lder dierte, 

its reactions with a number of dienophi1es were studied. 

While the reaction of 63 with dimethylacety~nedicarboxyl.9te 

did,give the f>i.els-Alder adduçt, its reaction with dimethyl 

maleate under thermal conditions gave no adducts at aIl. Under 

Lewis acid catalysed conditions, ~ reacted with dimethy~ 

maleate to give the Michael adduct 75 instead (eq 20). This 

preference of Mi,chael reaction 0ver cycloaddition led us t;:o 

examine· the reaction of 63 with a number of a,~-unsaturated 
r \. " 

carbony1 compounds. 

Indeed,_,.§l react:.~d .w·~th· methyl vinyl kètone unclJ8t Al<:;13 
, . 

·catalysed conditions'nto give the E- and Z- isomers of 78 (eq 

21) • 

\ 

6 •. 

.03 

Alel. 
-> 

SPh 
'Sa --... 

..----
'Sb. SPh, ~._ 

(21) 
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The diene also reacted with cyclohexenone under 'riC1 4 -
,. 

Ti(Oipr)4 catalysed conditions to give the E- and Z- isomers 

" 1 J \ 
of 79 (eq 22). 

o 
eDaM-

(22) 
... 

SPh SPh 
79a 7gb 

It is clear from these reactions that the diene 63 reacts 

exclusively at its ·'Y-posltion and in a 1,4- manner. Another 

interesting observation is the fact that the products 1.!! and 0 

79 retain the enethiol structure in both E- and Z- isomers of' " 

the Michael add.ucts with the E-. isomer (a) predominating over 

the z- isomer (b) • This raises the -possit>ility that the 
1 

'reactiori may have proceed~d through a Diels-Alder 
!p 

cycloaddition pathway followed by ring opening of the adduct 

!Q. during hydrolytic work-up. While this may account for the 

formation of 78a, i t cannot lead to the Z-isomer 7 ab. We ha ve 

pJ:oved that under the reaction conditions, 78a does not 

isomerise to 78b. We have also not'detected any of the 

com~ound 81 which would have been the more 1 ikely hydrolytic 

proQuct (Scheme XXI). 
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80 SPh 78a 
SPh 

L 
a a 

,~ 

81 
SPh " 

{ 
- \ 

Scheme XXI 

The diene also reacted with cyclopentenone, 2:': 

methylcyclohexenone an~ 3-rnethylcyclohexenone under L~wis acid 

catalysed co,nditions to give th~ Micha!!,:";~.?dducts in modest to 

good yi~lds (Table II). In eqch case, E- and Z- isomers of the 
, 

Michael adduct were obtained. The yieldi in many of these ... 
reactionf!, have not been optimised. 

'. ~ 

-- 65 

~ 



Table Il: Michael Reactions of 63b and 63c with a,fJ 

unsaturated ketones 

Mlchaal Sil Y 1 .t.her Le.l_ E/Z Pr-oc:luct. Yi.ld 
Qccept.ar- Qcld 

~ ;:rMeo ~ AICI. 1. 1 "" !..8 52X 
OMe 

6 ;:r"-- M
SPh 

TtCl.- 1.4 7 iii 7SX 
OMe Tt «)1~r-). 

SPh 

cS 
0 

J:("-- ~ TtC1.- Q 

Tt (OJPd. 1. 1 82 55% 
OMe -

1 SPh 

& . ;:rM" ~ TtCl.-
. 83 Bex Tt (OIPr-). 1.05 

OMa ,- -
0 

SPh 

& J1:M" ~. TtCl.- / 

e b 84 23% 
OMa Ti <DIPr). -

SPh 

,6 
0 

SPh OSlMe. 

~ ~ TtCl. o 3.0 . !,.S a8% 
OMa 

, , SPh 

"~ 
SPh OSlMe. 

TiCl,,- --

~ 
no r-eQct.lon 

TI (OlPr). 

OMa 
DM. 

0 

Q gM", ~ TlCI" 0.3S as 35% 
CEt. 

63c oC> SPh 0& SPh OSIMaa 

~OMa A1CI. ~ a 
23% 

-S~h 
H 

.. S3Q+83b \ 
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~ 
a. l'ield calculated on the basis .. of 20% ·recovered 

,cl'clopentenone 
t 

A 

1 b. l'ield of the récovered E- isodter; The Z- isomer might have 

been formed, but we could not purify it. 

c. l'ield of the blcl'clic compound. It was separated from the 

Z-lsomer of the Michael adduct by preparati ve TLC ·(e1 uent: 14% -.' 

t~butanol-oarbon tetrachloride) 

When the diene 63 reacted with 2-methl'1cl'c+ohexenone. 

under TiC1 4 ... Ti(OiPr)4 conditions, only the E- and Z-isomeFs o.f 

the Michael adducts 83 were lsolated. But when th~ reaction 
, -

was catalysed by AICl3 at room temperature, the bicyclic 

compound 87 was also isolated in 23% yleld (eq 23). 
~ 

SPh SPh (23) 

> 

We have made efforts to increase the yield of 87 by 
. 

changing thé catalyst to ~tAICI2 and lor by changing the 
. 

solvent, but we could not improve the l'leld ~ign i ficant Il'. 

We ha~e also used the diene 63c to effect the 

Mi.chael addition with 4,4-dimethl'lcyclohex-enone. It is 
. 

,noteworthy that th.e diene 63c is less reactive than 63b -and" - ......-.,. 
gives a lower:: ratio of E/Z in the Michael adduct 86. 

" .. - 1 . 
Ill. add/ tron to AICl 3, TiCl4-Ti (Oi pr) 4 the fOll,owing 

ac ids: BF3' SnCl4' T~C14 al 50 ,ca tal l'se the Michael add i tion 

reactions. " 

67 



• .( 

• 

( 

Effect of Solv.nt: The solvent effect 00 this reaction was 
, ~-~-- B 

briefly studied -by treating thé diene 63 with equi"molar 
, -

amounts of 4,4-d1ntethylcyclohexenone antl- titanium 

tet~achlo~ide in various solvents. The results show (Table 

III) that in methylene chloride a higher ratio E;Z was , 

obtained in addition to better Xield. It'is tbe solvent of 
o 

.. choice. 

Effect of the amount o'f Lewis Acid: The amount of Lewis acid 
--~~--- --- -~----

was also varied from equimolar too two moles of titanium 

tetrachloride to a, {3 -unsaturated compound. In all c~ses, we 
'-

did not find any noticeable change in terms of yield and E;Z 

,ratio. In cases where T~(OiPr)4 was aiso used ln conjunction 

with TiC14f.the ratio of TiC14 to Ti(Oipr)4 was varied from 
, 

1:0.5 to 1:1. The ratio of one mole of TiC1 4 to 0.8 mole of 
> " 

-t 

Ti (O_iPr) 4 app~ared to be the oest for the reaction in terms of 
J • ~ 

yield •. 

o Table III: Effect of the solvent on the reaction between.4,4-
.... 

dimethylcyclohexenone and 63: ,-
sol vent tempe rature LeW1S acid E;Z yield 

CH3CN -23 Oc TiC14 1.56' 34% 
, 

, Oc " CH 2C1 2 -78 . T1C14 3.0 68% 
-, 

hexane -78 Oc TiC14 1.1 38% 

.: 
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B. Intramolecular Claisen Condensation of the E-isomer~: 
~~~~~~~= ~~~~ ~~~~~~ -- --- --~'~~-

41:' In orde~o cyclize the E- isomers of the Michael 

'If 

c 

adducts, one needs to generat~ the enolate anion from the 

ketope carbonyl group. We have tried the react~on using NaH in 

THE' but wi thout mIJ>Ch success. We then turned our attention to 

dimsyl anion to effect the Claisen condensation. The adduct 

79a on reaction with dimsyl anion, gave product ~ instepd of 

generating the enolate and cyclization (eq 24)~ 

o 

" o 
Il 

CHàSCHa (24 ) 

> 
SPh 

79a 88 

Nit r 0 g' e n bases such a s lithium 

hexamethyldisilazide(LHMDS) were tried next. We wer~ gratified 

to isolate the cyclized product!2., but the low yi'eld of th'e~ 
, -

r~action made us . look for improved condi tion's. The low yield 

of the reaction is presumably due to a side reaction, where 

LHMDS is abstracting the ~-hydrogen of the ~ster , 

functionality, thereby isomerising the doub'le bond to give "gO 

69 
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LHMOS 
) ... 

SPi:' SPh SPh (25) 

~ 79b ès 90 

p 

WeI therefore examined the weaker oxygen bases li ke 

potassium tert-bùtoxide. When the E-isomer 79a WftS treated 
o " 

with KT O--t-Bu in THF, th~ compound smoothly cyclized to 
o 

give the bicyclic compound 89-in 89% yield (eq 26). The lH NMR 
ç -

spectrum of compound. 89 ip deuterochloroforro shows a sharp 

, singlet a,t 15.06 p~ which lndicates that the compound eXlsts 

PFedomin~nt13 in the enol forme We wete able to cyclize the 

otner E~Michael adducts in the presence of K+ O--t-Bu. The 

Michael. adducts 82e, 84a, 85a and.86a all cyclized in presence 
, -. 

of K+ o--t-Bu to glve the bicyclic cOfI\pounds 91, 93, 94 and o _ _ _ 

95 respectively in 72-89% yield (Table IV). ~ 

, " 

., 

KOt.-Bu - ) 

SPh 

(26) 

SPh 
89 

F.çdm the lW NMR spectra of th'ese bicycl ie 

eo~pound .. s, i t is cl ear tha t thé three bieyc ~ ic compounds .21, 

94 and ~ ~xist in their enol forme 
o 

Compound .2l ~ hQwev er , 
~ ".0 '~t!J 
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C 

eXlsts in both the enol and keto fo.rrns in CDC1 3 but only ln 

the keto forro in CD30D. 

~!~ l..V Cycllsation of Mi,chael adducts wlth potassi'um, t

butoxide 

-
Ent.ry M 1 chcQ l cdduct Prcduct Y1ald 

l 89 89% 
v-.l,. 

SPh SPh T 

: 

2 91 72% 

SPh SPh 

). 

3 92 63% 

SPh 
SPh 

17 

r 

~ 
4 93 83% 

-, 

~ 

'\ 

5 94 8S% 

j 

'6 95 79% 

>:: 
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c y cl 1 z a t 1 0 n 0 f. Mie ha e 1: ad duc t ~1.~ 9 a v e d i f fer en t 

results. The diene 63 in ifs reactions with 2-methyl-2-

cyclohexen-l'-one in the presence of Lewis aC1d gà've a mixture 
b 

of the ClS and trans isomers of ,the E- Michael adQuct 83a as 

well as the cis and trans Isomers of Z- MIchael adduct 83b. 

Our effort's to separate the cis and trans isomers of each 
p 

Mlchael adduct were not successful. Cyclisation of 83a was 

,àttempted under K+ O--t-B,u conditions at room temperature. 

No cycl i zed product was obtained. However, when the reaction 

wcrs carried O\lt in refluxing THF, compound 83a did undergo , 
. 

cyclization because the isolated product 92 dld not show the 

presence of methoxy groùp. On thJ ~ther ~and, compound 92 
~ 

showed a doublet (J=llHz) for the methyl group which lB in 

contrary to the expected singlet for the methyl group of 

compound 96. We assigned the [4.2.2] -bicycle structure to 

compound 92 from its l3C NMR, rH NMR and infrared spectra 

(Scheme XXII). 

. " 

7 

/1 

o 
C02HQ 

830 ' 

Q( 
SPh 

92 

72 

KOt-Bu 

X > 
SPh 

Scheme XXII .. 

) 

H 
96 
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Pre s u m'a b l y, 0 uri na b i lit Y toc y c l i z e 8 3 ~ t 0 

, 
compound 96 is due to ge.neration of the kinetically favored 

enolate instead of the needed favored 
o 

enolate. Recently, 'active Fe(O) has' been 

generating the thsrmodynamically fav d enolate from '2-

e, methy lcyc 1 ohexanone.124 The cycl i zatio o~ 83a was attempted 

wi th. acti ve Fe (0), but in our hands, the cycl i za~ion to 96 was 

o still not. succes.sful. Only start'ing materia1 83a was 

recovered. .. 
Convers,ion 'o~ ~ to its eno1 sily1 ether was then 

attempted under NEt3-DMF/chlorotrimethylsilane as described by 

House et a 1. 28 N"Ô enD 1 si 1 y ~ ether was formed under these 
. -

conditions. The s'ilylation of 83a was finally achieved 'under - , 

iOdotr.imethy lsi lane-hexam~:-hy 1di5i 1 azane cond i tions 86 to 'g i ve 
~ 

the thermopynamically favored enol silyl ether 97 (Scheme 
(' 

~x l l 1). j:'. . 
~ here are several weIl, establi'shed methods for 

ge~eratin the correspondà.ng en,~late ani~n fro~ an ~nol si1y~ 
ether. Among them aré treatment of silyl eno1 ether either 

. . 
with~CH3Li94 o~ with flouride ion.95 When the,enol sily~,'ether 

- \ 

11 ~n THF.was treated with CH 3 Li, not unexpectedly, reaction 

with the ester functionali...t:y occurred to give compound 98 
\, 

(Scheme XXI l I). 

, One of the inhel':'ent problems in using 

.tetraalkylammonium flo~rides to generate enolat~ anion is that 

these flouride sltts are highly hygro .. scopic.125 After taking' 

aIl possib 1 e precautions in drying benzy 1 tr imethy lammoni um 

73 

1 

l , 

"1 

\ 



~lnide (BTAF),95 the $i1y1 enol ether was treated with BTAF 

• ~\HF. None of the" cyclfzed compound!§. was obtained. We have 

trled wlth other flouride ion s~urCfs l ike TASF,126 KF-18-

" 

• 

, 0 

crown-6 ether 127 also but without ~~ny success. In aIl cases, 

the "Michael adduct 83a was recovered. 

We were therefore ver~ pleased to find that the ~ 

enol silyl éther 88 on reaction with K+ O--t-Bu did undergo 

c y cl i z a t ion in TH F - 0 MF t 0 9 ive the c om pou n d 9 6 l r'l 6 3 % Y l e l d 

( Sc hem e xx l l l ) • 

HMOS 
SPh 

lKot-eu 

H 
96 

SPh~ 

Scheme XXIII 

98 

\ 

c. Thiophenoxide induc~d cyclizaéion 2! ~ Michael 'adducts: 

SPh 

In the reaction of diene 63 with a,p.-unsaturated 
t 
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carbony1 compounds, both the E- and Z- isomers' aI the Michael .. 
adducts were obtained. In sorne cases the ratio of E- to Z-

isomer is as high as 1:1. While the E-isomer of the Michael 
J 

adduëts smoothly cyclizeq in presence of K+ O--t-Bu ta the 

bicycl ic compounds in ~ood yield, the tandem Michael-Claisen 

annul~tion reaction would be synth~tically more' useful if it 

is possible ta convert the ~-isomer ta the annulated compound 

as weIL. Accordingly, the isomerisation of z-isomer ta E

isomer was attempted. In principle, the Z-isomer of Michael 

adduct should undergo isomerisation of the double bond in the 

presence of SPh- (eg 27) ta give an eguil...ibrium, m.ixture of 

E- and Z-isomers of the Michael adduct. To our pleasant 

CO~Q 1" COzMQ 
SPh 

> (27) 

SPh SPh SPh 
.c!, 

.. 
sur p ris e , the th i 0 ph e n 0 ~ e a n ion n a t a n.l y cau s e d 

isomerisation of the double bond but also cyclization,to 
/ • i" , If. 

generate the annulated compound i,n one operqtion (eg 28): 

-SPh 

SPh 

75 

> 
SPh . .-. 

(28) 



, 

• , . 

.tr, . 

Thus the Michael adducts ~, ~ and m wete 

conv et ted to the correspond in9 b icyc1 ic compounds 89, 91 and 

1! respecti 'vely in excellent Y!Ellds (Table V). 

Table V Thiophenoxide induced cyclization of Michael adducts , 

Entry Micha"l adduct~ 

-1 

SPh 
0 

2-

Q SPh 
a 

3 

SPh 

, -
CO~ca 

4 
/" 

5 
y 

89 

89 

91 

~ 

'1" 

Product 

a 

Yl"ld 

93% 

SPh 
., 

93r. 

SPh 

r6,9% 

"\0 

SPh 

91r. 

a) none of the e~pected blcyclic compound was isolated. 
I~t ... \ 
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The exception is the cyclization of 86b, which was 

attempted undex thiophenoxide condition~, but we were not able 

to isolate any bicyclic compound 95 presumably due to the 

reluctance of the double bond to uodergo isomerisation uoder 

these conditions. The next question we must face is the 

stereosel ecti vi ty of the annulation reaction. Obv ious1y, i t 

would be most desirable if the annulation reaction cao be 

con tro Il ed to yi e1d ei ther the ci s- or the trans- fused 

products. So far, in the"case of compound 96, only one~ ____ _ 
, , 

stereoisomer was obtained with stereochemistry -yet to be 

-
established. In cases_ (compound ]1, 91,21, 2.! and- 95) where JI 

one of- the ring junction hydrogen is situated between the two 

carbony1 groups, either the compound exists in t'he enol form 

ore no 1 i sa t ion. i s s 0 f a cil eth a t- sep a rat ion 0 f the 

stereoisomers would not be practicà1. We thus turned our 

attention to this question • 

D. stereoselectivity_~ the annulation reaction: 

We begin by estab~ishing the stereochemistry of 

compound 96. In principle, NOE can be used to distinguish 
(> 

between the cis- and "the trans- .isomers. Posi ti ve enhancement 

should b b 
- d f . h ' .~ . e 0 serve or t e rlng )Unctlon proton Ha on 

irradiation of the methyl protons for the cis- compound 

(Scheme XXIV). unfort-una~ely, its chemical shift i,s such that 
#' 

it is part of a broad muLtiplet, at 2.38 .... 2.13 ppm. The NOE 

experiment gave equivocal results and no d~finitive assignment 

was pos~e. 
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e ~ 

[. _~-...J.!_t --!-.lJ.7!:""-SPh ~-I----JL-SPh 

Scheme XXIV 
, 
Chernical correlation was next tried according t~ 

Scheme xxv. Compound ~ was first converted to the enol methyl 

ether 99. Lithium alurninum hydride reduction' of 99 followed by 
,ot-, ' -

acid hydrolysis gave the known compound lQQ wjth cis ring 

junction.15 It establish_es clearly tqat compound 2! has the 

cis- stereochemistry. 

> 

H 
SPh 

~ 
H 
96 99 

! Ll/\ IH .. 

" 
lH+ 

f 

H 

100 
Scheme XXV -

s. 

78 .. 
'T 

" J 

f 
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The cis- stereochemis,try of 96 15 not unexpected. 

,In the intramolecular cyclization of the enolate anion 101-

derived from the enol si1yl ether 97, the'electropl:dle is 
• _ 0 

eXP!3cted to come from the axial direction thus leading to the 

~ stereochemistry (eg 29). 

,. 

SPh SPh 

) (29) -

101 96 

The preferred axial approach of tbe electrophile can 

be used ad vantageous.l y to oetain the trans- isomer of compound 

li., In the cyclization of .1.2.! ~à "give ll, the intermediate 

must be the anlon 102. If, instead of quenching the-reaction 
y 

mixture wi th water, methyl iodide is used, compound 2.§. should 

be obtained with the trans- isorner as the preferred product. 

This was found to be the ·case. On traatrnent of 79a w i th K+ 0--
" 

-t-BU in THF fo110wed by CH 3 I, a rni~ture of trans- aRd cis- 23 
-ê • 

was obtained in 72% yield w1th trans/cis ratio of 9:4 (Scheme 

,XXVI). ~rthermore, the trans- 2..§. could be readily 

crystall iSéd from the mixture thus facilitating the 

purification. The stereochemistry. of thé trans- qompound was 

establ ished al 50 oy chemical transformation' to the known 
1 

, . 
compound 102 according to Scheme XXVII.128 

/ 
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• 

KOt-Bu 
) 

J 

H 

( 

+ 

> 
( 

102 
SPh 

79a 
SPh 

89 
SPh \ .TBAH 

+ 

H H 
SPh 

\ 
\ trans-9S 

1 
\ . Scheme XXV 1 

Alternatively, a~kYlation product 96 can be obtained 
\ . 

f rom 8 9 u t1 der p' ha se \ t r ans f e rv con dit ion sus i n·g 

tetrabutylammonium hydroxide (TBAH) and metrryl iodide. The 
\ . \ 

yield. was' improved to 89%\W~th the~ ratio of !.!:~..!!2./E.1.2. 
remaining at 9:4. There is no si9ni.ficant difference between . . 
pha~e transfer conditions and in situ alkylation of the anlon 

during cyclization • 
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) 
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0 
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Scheme XXVI l 

Finally, alkylation of the anion 106 derived ftom the 

cyclization of !! with inethyl iodide gave stereoselectively 
-

the trans- compound 107, The ster'eochemistry of 107 was 

\ establ.ished by NOE experiments." Irradiation ·of. the ring . - -
junction methyl groups selecti~ely enhances either Ha or Hb as 

indicated in 107a. This can only be possible with a ring 
\ . , . 

junction of trans- stereochemistry (Scheme XXVIII). c 
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E. Functional group transformation of the decalin system: 

The annulation sequence .involv.ing the tandem 

Michael-Claiseq condensation allows the conversion of 
_ J 

J cyclohexenone to a decalin system. Furthexmore, in case where 

there is a methyl group at the 9 position, a reasonable degr.ee 
. " -

of stereocontrol is possible to give either the cis- or trans-
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stereoisomers. Since many' natural products, includîng steroids 
'1" ' 

and terpenoids, are based on the decal in structure,' the 

annulation reaction offers the potentia,l as an entry te the 

synthesis of many of these compounds. 
; 

Compound 2i contains three carbenyl groups, with 

ope of them masked in the form of an enol thio ether. In order 

to use them e'ffec t ive 1 y in organic syn thes i s, the three 

carbonyl groups shduld be differentiated with relativ~' eas~. 

The selective protection of carbonyl at Cun can be done 

readily. When cis-96, was treated ,wÏ"th- trim .. e~hyl orthoformate 

and a\'catalytic amount of .I?~toluenesulfonic acid in CH 3 0H, the 

monomethyl enol eth~ 99 was isol"ated in 87% yield (Scheme 

XXV). Similar ly trans-96 was protected at· C(8) posït~on using 

ethylene glycol and a- catalytic amoune of p-tol uenesul fonic ... 

acid in benzene to give the acetal 103 in ~3% yield (Scheme 
... -

XXVII). It is noteworthy that during -either of these 
- , 

conditio~s, none of the other funcfional groups in the decalin 
l 

system were affected. E'urthermore, 1,,2-ethaneêli thiol al so can 

be used instead of ethylene"glycol with compound 96. 

In addition ta' the', CO~Sion of 

cortesponding enedione compouy 1.Q..Q and 101, other 

99 or lQ! to the 

1 0 

transformations ar.e possible. 

1 

j 
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112 99 108-
0 

e 0~ ~ 

blB9l1 • 0 
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110 

. , 
" ... ~ 

... - .. (a) CH 3Li, H+ (b) (~H3) 2CuLi, -78 0 C, 1;1+ 

\ 
(c) (CH3)2CULi, 0° Cr H+ (d)" Raney. Ni. 

.1 Scheme 
~ 

i XXIX 
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(a) CH3Li, H+ (b) J,C H3) 2CuLi, -78 0 C, H+ 

(c) (CH3)2CuLi, 0 0 C, H+. 

Scheme XXX 

~ 

H 
109 

, 

, 

For exarnpIe, compounds 99 and 103 reacted srnooth iy 

with rnethyllithiurn tO-"ive the corresponding tertiary alcohols 

which were hydrolysed in mineraI acid to give the methyl 

substituted enediones 108 and 109 respectively in gqod yields -,- --
(Sch.ernes XXIX and XXX). On the other hand, compounds 99 and 

103 when treated with lithium dimethylcuprate at -78 0 C 

8'5 
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; .i 

followed by quench~ng with aqueous _saturated anun()nium ch1o"ride 
4 

at _7f:jo C, gave conjugative addltion .... products. rTh"us compound 

-g-g gaVe the l3-alky1ated enediohe 110 whereas compound 103 

gaye the i3-alkylated enone.!....!1 in-excellent yields. i3,{3-_ 

Dialkylated compounds were obtained with lithium 

dimethylcuprate, but at room temperature.· Thus, com~opnd 99 

ga,ve the i3,f3 -aialkylated dione 112 after aCld hydrolysis, 

whe:roeas compound 103 gave 113 in ,excellent yields (Schemes 

XXIX and XXX). 

Flnally we 'demonstrated that the sulfur moiety of 21 can 

be remolled by hydrogenolysis with Raney Ni. The reacti,on went 

smoothly to give the enedione 114 in 63% yield (Scheme XXIX). 

ln concLusion; 
l 

based on the propens i ty of 3-p,heny 1 thio-l-
If """ .. "..... ,,~, 

tr imethy 1 si l oxy-l-methoxy-1,3-butadiene il to undergo Michae 1 

reaction with a,{3 -unsaturated ketones under Lewis acid 
, 

conditlons, we have developed 'an an~ulation reaction uSlng the 

• tandem Micha,l-Claisen condensation. In the 9-metnyl 
, 

substitqted decalln systeln, the annulation reactlon can be 

controlled to give stereoselectively the trans- or cis- fused • 
, 

compounds. Chemoselectlve transformdtlons of the three 

'" carbonyl groups can be effected. It seems reasonable to; expect 

that th1S annulation reactloA can be used for the synthesis of 

a number of na tural Efforts in, this direction will 
) 

products. 
- 0 , 

be descr1bed 1n the fallowing chapter. • 

- , 
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) CHAPTER IV 
li. 

) , 
SYNTHEêIS OF ARISTOLONE AND FifKINONE 6 

f' 

Iq' the preceding chapter, we ~have described an 

annulation reaction based on the propensity of 3-phenylthio-l-

trimethylsiloxy-l-methoxy-l,3-butadiene(.§1) to tlndergo MIchael. 

r~~.otion wIth 0:,/3 -unsaturated ketones 
1 

under Lewls-acId 
, , 

catalysed conditions •. The Mlchael adducts in turn were 

cyclized either with potassium tert-outoxlde-or wlth lithIum 

thiophenoxide to 9 ive a six membered ~ ing (Scheme XXXI). 

Furthermore, for the 9-methyldecalin system, it was possible 

to stereoselecti vely 

"47 .::-•• - ... ~.. .. IL 

OMea ' 
.. 

+ 

l' 

Leawis 
> 

ccid 

() 

Scheme XXX! 

• 9 87 " ) 

SPh 

SPh 

1 
,-
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synthesize the trans- or tne C1S- isomer~ 96a and 96b using ---- -- . ~ 
, t 

fhis tandem Michael-Claise~ conde~sa~ion. In this chapter~ the 

utility of this reactlon will be descrlbed bY" . .the'synthesis Of 
, 

two sesqui t~rpens, 

\ 

" 

.. 

H 

96a 

t 

(+)aristolone(ll5) and (+) fuki.none.(116). - ',-- - --

aa 

H 

96b 

H 
116 

,SPh 

, 
, < 

j, 

* 1 

" 
115 
",-

\ 

o 

\ 

, 

/' 



,a 

'\ 
" 

• 
1 

/' 

synthes"is ef A~istolone: 
, . . 

. 
The sesquiterpene (-)aristolone(llS) was isolated 

from Aristolochia d:bllis Si,eb. et Zucc.129 It~' structure130 
1 

and absolute confiyuarftion13~ ~ave been establlshed. Varlous 

synthesis of 

r e p 0 r t ed • 13 2 , 13 3 

this 
1 

sesquiterpene have also been 

Ourlsson et al 132 reported the sYnthesis. of IlS" ln wtlich 
\ 

the isopràpylidene moiety was introduced by photolysis ot the 
1 _ 

pyrazoline derivatlve prepared by 1,3-dlpolar additlon of 

diazo-2-propane _to the enone 118. The enone 118 ln turn wa& 

prepared from octalone 117. Ourisson et al prepared thlS 
(J 

compound from 2,3-d\methylcyclohexanone and methyl vinyl 

ketone' by the Robinson's annulation ln very poor yield. 

FurtherrnoFe, the octalone' 117 consisted of a mixture of two 

eplmers l17a and 117b in a ratio of approximately 3:2. QUlte 

recently Huffman et, ~ï "16 have described~a si lyl enol ether 

variation of the Robinson's annulation. Although the ratio of 
1 

lll~ and lll!? i m pro v e d t 0 3: l w i th 9 0 0 d Y i e 1 d , the 

stereocèntrol was stili not 'quite satis~y. 

-
, .. 

. ' Q 
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~ 
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1 • -
Scheme XXXII: Ourisson s Synthesis of Aristo~one 

(a) Li-NH3 (b) HBr-HOAc (c) sE:para'te (d)~~ HMPA 
. 

(e) 2-diazopropane, (f) hl! 

(g) Phenyltrimethyl ammoniumbromide perbromide (h) LiSr-HMPA 

Piers and co-workers have reported a very elegant 

" 
synthti!sis of aristolone· starting 

1 • 

from- 2,3-

\./ ~ 90 

o 

-' 

~, 
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Jo 
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dim"ethylcyclohexanone.133 The latt-ef w~s converted Into Hs 6-
f' 

,n-butylthiomethy.lene derivative 119b, via the corresponding 

hydroxymethylene compound 119a'. AlkylatIon of 1190 wlth 

methallYl chloride in t-butyl alcohol ln the presence ot 

potassIum t-butpxIde gave, ln 87% yleld, a mlxture of the 
\ ". 

correspond ing'- a 1 ky 1 a ted products 120. Rernov a 1 of the b 1 ock i ng 

grou,p by treatment of 12'0 wlth KOH'prOVlded, ln 90% yl'eld, a 

mixture of cis-

,cyc4ohexanone 121 
~ 

ând . trans-2,3-dlrnethyl-2-meth, .. d lyl 

in a 'ratlo "'-approxlmately 4 : 1. 1 . of 

respectivelj. T~e methallyl group of 121 was transformed into 

, a methylpropenyl moiety by refluXlny wlth p-toluenesu1fonlc 

a cid t 0 g ive 122 i n 2 2 % Y i e 1. d • Re a c t Ion 0 f 12 2 W l th die t h Y l 

cyanomethyl phosphonate ln the presence of methylsulflnyl 

• carbanion in PMSO, produced, in 87% yield, a mixture of the 

a,/3 -unsaturated nltrlle 123, and the {3,'Y - unsa t u ra ted 

nitrile 124, in a ratio of approximately 2:1, respectlvely. 

Hydr01ysis ~l the Inllture of. nitrlles (i23 and 124) with 

potassium hydroxide in refluxing aqueous ethanol afforded, ln 

8 2 % Y leI d , the {3 , "Y - uns a t u rat e d car box Y l 1 cac 1 d l 2 5 • '1' h e 
( 

carboxylic acid was converted into its sodlum salt, whlcn on 

reaction with oxalyl chloride, gave the acid chlorlde 126. The 

acid èhlorideet was converted to the Qlazoketone 127, ,oy 

reaction wlth 
, 
dry ethera1 diazomethane. The o1eflnlc 

diazoketone 127 underwent a facile intr~rnolecular cycllzatlon 
. 

to give a mlxtu...re of products, the maJor component of WhlCh 15 

(±)-aristolone. This cycllzation, 
e 

however, was not 

stereoselective since lt gd.ve both aristolone and the 6,7-epl 
o 0 

compound. 
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Scheme XXXIII: Pler s Synthesis of Aristolone 

tf.. 

( a ) N a ° Me, H C 0 0 E t ( b ) n - BuS H , H + ( C ) K 0 t. - Bu, met ha 1 l Y 1 

chloride (d)aq. KOli' (e) H+ (f) NaH, diethyl 

'" éy~nomethylphosphonate (g) OH- (h) oxa-lyl chlorlde (i) " CH2N2 

(J) CuS04' 
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,~~~~';decided 1;0 seek a solution to the aforementioned problems 

V·:'·'·:~~~i1th compound 96a in our hand. I.~ 'the' conversion of 96 'to 
, -- 1 .• ':.,' ---..,. 

(;> 

,\'"~ - . , ' 

elther aristolone or fukinone, it {s 'necessary to (1) . .' 

differentiate between the carbonyl groups :'iq.~, (2) trans-form 

the ring A carttnYl into a methyl group, pr~ferably wlth good 

ster:ochernical control and (3) ~ntroduce,-the lsopropyl idene 
. . 

group regloselectively ln 116 and stereoselectlvel'y ln ll~. 

~ Knowledge gained from the study will be useful in tHe future 

to elaborate 96 lnto natural products of greâter structurill 

r-

complexity.' j 

When compound 96a was treated wlth methyl magn~sl'um brolillde, 

the Grignard reagent ''added smoothly to give the additIon' 

f5roduct. The IH nmr spectrum of crude reactlon m~t~re 

inpicated the presence of isomeric a lcohol s 128a tand 128b in d 

"-
0 

ratio of 5:7 which were separated easily. It lS noteworthy 

that the Grignard reagent se1ectively ë;l.dded to the C(8) 

carbonyl goroup instead of the C(l) carbonyl yrou-p. When 128a 

was treatea with 80% H2S04 or with polyphosphoric aCld, 

dehydration proceeded smoothly to glve compound 129 and other. 

side products. The side produ?ts were pres~mably due to the 

hydrolysis of the masked 1,3-dlone system. We were very 

p1eased to find that with more concentrated H2S04' dehydratlon ! 
proceeded readlly to give a single compound 129 ln excellent 

yie1d without any apparent hydro1ysis: On the other hand, when 

128b was treated with concentrated H2S0 4 dehydratlon proceeded 
. ( 

but the fate of dehydrat~on ~as mu'ch 

tentatively assign the stere~chemistry of 
. t 

s l 0 w e-r. We th us 

the hydroxy 1 group 
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in l28a and4128b on 
1 

the basls of the relati~e ease of ---- ----

In order to create the vicinal methyl groUps, 

hydrogenation of c9mpound 129 was attempted. In princip1e, 
~ 

upon hydrogenation of 129, the hydrogen delivery should Occur 

selec~tivelx from the 1ess hindered side to giye compound 130 

predominantly. 

l71 Hz • tt- .1 
) i.e SPh SPn -Hi 

H 
13.0 _. 

l.' , 
However, attempted hydrogenation of 129 wlth Pd or W'lth Pt 

cata1ysts at different pressures and/or different 
1 

concentratlons gave only the recfe~eà starting materi_al 129 • 

Presumably our inability to hydr~gena~e 129 was a result of 

.catalyst poisloning by the ,sulfur m()lety'. According1y, 

compound ill was treated with sodium methoxide in methanol to 

give 131 ln Qalmost quantltative yleld. When compound ru was 
o , 

treated with catalytic amount of 5% Pd-CaC03 u~der atrnospheric~ 

p~e~sure of hydro~en, hydrogenation proceeded smoothly to give 

a single compound 132 in a1most quantitative yie1d. The IH nmr 

spectrum showed a shar!? methyl doublet at 1.20 ppm (J=6.2Hz). 

It is noteworthy that under, this condition, the conjugated 

'" double bond was unaffected. The next question that remains tp 

be 
~ " 

answered is the stereochemistry 

substituted methy1 groups. 

of the vicina11y 
J , 

~ -
Reduc~lon of compouna 132 wlth 1ithlum a1um~num 

hydride gave compound 133 after acidic hydro1ysis. The 1H nrnr 
/ 

lJ 
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spec~rum of compound 133 showed sharp dOu~1ets at 

a~d a shar p O. 94 ( J = 6 .1 Hz), s.! 4 _( J::II 10 .4 n z) , 1.0& (J:a 1 0 .3 Hz) 

singlet at 0.91 ~pm. Although compound 133 1S known, but, 

bec a use 0 f the con f 1 i c tin 9 r e P 0 r t s 1 3 4 , 1 3 Son i t s 1 H 'n m r d a t a 

in the literature, we could not estab1ish the stereochemistry 'tt'\,-

of 133 unequivocal1y at this point. Reaction of compoun~ 133 

with ,diazo-2-propane proceeded smoothly to ':llve thé 

cycloadduct 134 in quantitative yield. Phptoly,SlS of compound .Q 

134 gave dihydroaristo1one 135 i~ excellent yield. The lH nrnr 
\ 

spectrum of 135 is identical j n---a-11 respects to ;the data . 
reported 135 for dihydroaristolone. "fhe 1dentity of 

dihydroaristo1one clearly suggests 'that hydrogenation of 131 

lS high1y stereose1ective to glve cis-subst.ituted vicinal 
~ 

methyl groups. The synthesis of aristolone from 

dihydroarlsto1one has already been accom'plished by 

bromination-dehydrobr~~ination.13~ This c1early shows that 

ar1stolone can be prepared w~th a high degree of steteocontrol 

using our tandem Michael-Clalsen annulation sequence. 

We note in passing that the intermedlate 133 may be 
, 0 

a valuable intermediate in,the synthesi~ of other eremophilane 
~ 

sesquiterpenes such as furanoligularon~136)136 and . ---
tetrahyd~uligularenol;de(137)137. 

.H 
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Synthesis: of Fukinone: 

The ~eremophllane type sesqulterpene, (+)-fukinone, 

iso1at.ed from Petasites japonicus MaxIm., has been assig,nèd 

stI~cture and abso1ute stereocpemlstry as deplçted ln 116. 138 

}JI' Three independent s2'ntheses of~thlS sesquiterpene have 

b'een regorted. In the first of these,139 Piers and Smillle 

converted the octa10ne 138, which they have pre v ious1y used ln 
i\ --

connection 'with their synthesIs of aristolone,135 lnto 140 by 

treatmen~ with ethy1 fqrmate followed by catalytic reductlon • 

. D e h y d r 0 9 en a t l 0 n ,0 f 140 w i t" h 2, 3 - d 1 C h l 0 r 0 - 5 , 6 -

die yan 0 ben zoo qui non e and s u b s e que. n t 0 x l d a t l 0 n and -
~ 

esterificatlon ylelded 143. ThlS keto-ester was converted lnto 

fukinone 116 by hydrogenation fo11owed by methylatlon of the 

enolate ester and dehydration of the ~sultant keto-alcohol 

_ 145. Torrence and Pinder have al~o completed the synthesls of 

fukinone using the octalone 138 as the key Inte-rrnediate. 140 
J 

• 
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138 R-CHz 

139 R-CHOH 
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.... 

19. n.l 

H 

145 R-C (CH~ zOH 

US R-~ C-C~ 
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Ï42' R-COOH -
143 R-COOMea 
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Scheme (XXX V: "pi er 1 s synthe~ i s of ~uklnone 

(a) NaOMe, HCOOEt (15) lO%Pd-alc. NaOH (c) DDQ (d) AgO (e) 

CH 3 !, àgO (f) Adams cat~lyst 

chloride, pyridine (i) H+. 
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OH 

/-cherne XXXVI: Pinder's Synthesls of ~inone 

In their synthesis of fukinone, Marshall and Cohen 

converted the known enol 146 into 147 by aCètylation and 

allyl ic oxidation. 14l The second rnethyl group was introduced 

\ by cuprate addition to ootaln keto esLer 148. 

stereos-e1ectivity in this addition is a result- of the folded 

nature o/f the cls-octalln, system. In sucn rnole,cules, rea<jent.s 

invariably attack trigonal carbons adJacent ço the bridgeheads 

from the convex face. A Wolff-Kischner reductlon of l4H 

followed by oxidation of the resultant alcohol and enol-

acetylatlon ylelded 149. The epoxlde of 149 was thermolysed. to 

9 ive 150 wh i c ~'. 0 n r e a c t ion w i ta h i s 0 pro pen y 1 1 1 th l urn and 

selectlve oXlcltlon, gave the ketol 152 wnlch was converted ln 
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Schel1'\e .XXXVII: Marshall-Cohen Syn~he1j,.s of (t)-Fukinone 

>-
(a) MeLi (b) HCOOH (c) LiAlH4 (d) AC20 '<e) Na2Cr04' HOAc, AC20 

'-l 
(f) Me2CuLl (g) Wolff-Kishner (h) Jones (i) Ph3CL1, 'Ac 20 (j) 

m-CPBA (k) ~ (1) isopropenyl lithium (m) DMSO-S03 (n) AC20, H+ 

(0) Ca-NH 3 
f 'fi ' 
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steps fukinon~ (Scheme XXXVI1). The iensul:ny 

\, transformations serve t;:o transpott the carbonyl group to C3 

two into 

whlle introduclng the necessary isopropylld'ene unit ay C 2 • 

This interesting construction was employed"because more direct 

,method~ were unsuccesful. For example, the follow~nl.J sequen2e 

fails in the last step, as unsaturated alcohol 151 cannot be 

ox idi zed to (±) -fukl none (XXXV Ill). 

H H 

'ÇU Q 

) CN > 
~ 

, 

lb 
Jo 

.., 
'H H 

~ 

Çt)..~ ( 
c 

f'ukino"1I < X 

153 

o 

Scheme XXXVIII 

(a) Ph3CL1, Mel (b) m-CPBA (c) Na-NH3 

The main dlfficulty in designing a syothesis of 116 

involves th~ stere.ocontro1 of the vicinô11y substitutec1 methy1 
i 

1 groups- and also in introduclng the 'lsopropyl idene unit 

regloselective1y. Wi~ the compound 96b in our hand, we 
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decided to seek an entry lnto the fukinbne skeleton wlth a 

st~ategy simi1ar to the synthes~s of aristolone • 

When compound 96b was treated WI th methy 1 roagnesium 

btomide, the Grignard reagent added s~othly to give the 

adduct 154 in excellent yielà. The IH nmr spectrum of the 
~ 

crude reaction mixture indicateq the presence of two isomeric 

alcohols which were not separable in our hand~. The alcohol 

154 was ~ehydrated with concentrated H2S04 to ~iv~ 155 in 

excell~{l..t;':'yie1à. 'L'he sulfur moiety in 155 was then replaced by 
';"!":l~' --

a metho~y 'group wIth sodium methoxide to give 156. 

When compound 156 was treated with 5% Pd-CaC0 3 in -- , 
ethyl acetate under atmospheric pressure of hydrogen, 

, 
hydregenation took place smoothly. The IH nmr spectrum E>f the. 

crude reaction n'\ixture indicated' the Jpresence of two epimers, 
/ 

157a and 157b, in 1:1 ratIO. The two epimers were separated 
u 

easily by column chromatography. Hydrogenation of compound 156 

was aiso tried with other catalysts such as 10% Pd-charcoal or 
a '" Q 

Rh(PPh3)3Cl but it did not improve on the stere~selectiyity. 

Chemical reducti'on of 156 using diborane gave a complicâted 

mixture with 1ittle of ~educed products 157~ 

In spIte of the 1ack of good stereose1ectivity in 

the hydrogenation of 156 we decided to push on with the 

synthesls. The stereochemistry of 157a and 157b, cannot be , , 
established with certainty with the nmr data. On comparision 

with known compounds 142 of similar structures, it appear~d 
C' 

that 157a had cis-substi tllted vicinal methyl groqps and 157b 

had trans-substi tuted methyl groups. 
o 

o 

102 



• 

, . 

) 

" 

Reduction of compounds lS7a and.'lS7b with lithium 
o 

aluminum hydride gave ~~~pounds lS8a and l58b respectively 
• 

af~er acid,lc 'hydrolysis. Compound ~ showed a double doublet 

for the v inyl hydrogen Ha at 6.8 ppm(J=2Hz and 10Hz). 'l'he 
A 

smaller coupliqg constant (J=2Hz) which can be explained on 

the basis'of coupling between H~ and Hb protons, indicati,,:!9 
Q 

that they have the W-conformatlon as deplctèd. 'l'nlS 15 ln 1ina 

wi th the s tereochemi stry of trans-subs tl tu ted v ié ina l methy l 

groups.143 
• 

158b 

Compound lS8a on treatment with Li-NH 3 generated the 

enolate which upon ~enching' with chlorotrimethYlsi\a~e .,gave 

tne enol silyl ether 159. Th~ -enol sllyt ether 159 on reaction 

with acetone under titanium tetrachloride catalys~d conditions 

gave the aldol 160. compound'60 was converted to 'fukinone 

with the known literature procedu~e.139,141 The spectrosc,op~c 

data of the synthetiq material were Identical in all respects . ' -
to thbse repor ted for fuk i none, thereby establishing the 

\ 

stereochemi s try of the 'Il!ethy l groups and the pos l t i on of the / 

i sopropy l idene uni t. The ease 'of reg 1ocontrol in the present 

synthesis 1S interesting in llght of the "consIderable 'effort 

encountered in the prevlous syntheses ~n t?is question. 
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Finally, we note that compound 157 can be a valuable 
\ ,r 

~n~ermediat~ i~ the synthesis of ligu~~rone(161) where tpe 

oxo- function can be introduced regioselécDlvely.144 

H 
lEll 

o 

. >. \ 

;:;uggest 

The su~cessful ;yntheses of- ari~tolone and fukinone 

that the ~nnulation reaction o-an b~ of cons\derable" 

ut il i ty in the syn thes is of na tural produc ts. B·eçause of the 

array of functionali-ties available in 96, it may serve as a 
. 

useful entry to the synthesis of the_~ore c~mpliçated 
~ 

polyoxygenated diterpenes such as clerodin 145 and 

forskolin. 146 

,) 

" 

o 

/ 

o 

, 
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Scheme XXXIX 

c 

\ 

• 

(a) 'CH3MgBr (b) H2S04 (c) NaOCH3-CH30H (d) 5% Pd-CaC03' H2 

(e) LiAIH4 , H+ (f) ~i-NH3' Et3N-ClSiMe3 (g) (CH3) 2CO , TiC1 4 

(h) SOC12t pyridine (i) Al203 
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CHAPTER V 

1 • 

CONTRIBUTIONS TO KNOWLEDGE 

(' .' j' 
~-ArYr1alkYl)thio-l-trlmethYlSiloXY-1-methOXY-l,3- , 

buta~}enes were synthesized and introduced to organic 

synthesls for the first time. They react with carbonyl 

, electrophiles at its y-position. The thio substituent enhances 

the Ï'-selectivity. 

A 3C+3C cycloaromatization reaction has been developed 

for the synthesis of aryl sul fides using the dienes by 

reactlng them with a numbet of 1,3-dicarbonyl equivalents. 

A new 4C+2C annulation reaction has been develbped based 

on the propensity of the dlenes to undergo Michael
o 

reaction 

with a,{3 -unsab..,urated ketoneS\Under Lewis-acid cataly~ed 

, 0 

conditïons. The tândem Michael-Claisen annulatlon reaction can 
Q 

o e con t roI l ed to glve either ~!!- or trans- fused 9-

methyldecalin system with three carbpnyl groups which are 

ditferently masked. The chemoselective differentiation of each 

carbonyl group is demonstrated. 
" - ~ 

'The utility of tandem Michael-Claisen annulation sequence 

in the synthesis of natural products has been demonstrated by 

the synthesis of aristolone and fukinone. 
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o - CHAPTER VI. 

EXPERIMENTAL 

o 

Melting points (mp) were deter~ined on a Gallen-kamp 

block and are uncorrected. Likewise, ooiling points obtained 

were uncorrect~d. 

Â 

Mass spectra (ms) were obtalned on a DuPont 21-492~ mdSS 

spectrometer, .by the direct 'inpertion probe or -the batch , 

inle~. 

Gas chromatog'rams were performed on a Hewlett-Packard 

5730A ,Gas Chroma~gram: 10' x l/S" stainless steel column was 

usedi 6% OV-10l, chromosorb W 80/~00 m~sh. 

Proton magnetic resonance (lH nmr) spectra were recorded 

op Varlan T-60, T-60A, XL-200, and XL-300 spectrometers, using 
,f 

tetramethylsilane (TMS) or chloroform as an internal standard. 

Chemlcàl \shifts were given ln the scale ln parts per mlllion 

(ppm). Doublet (d), triplet (t), quartet (q).1 and multiplet (m) 

were recorded at the center of tne peaksi other abbrev l'atlons 

used are sing let (s) and broad (b). 13C nmr spectra were 

recorded on XL-300 or Bruker WH-90 spectrometers. 

Infrared spectra (IR) were obtained on a Perkin 297 

Spectrophotometer. Spectra were cal ibrated with the 1601 cm- l 
f) -

or 1028 cm- l band of polystyrene film. 

Analytl.cal thin layer chromatography (1!'l~) was performed 
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on Merck Sillca Gel 60 F254 aluminum-backeà plates and was 
Il 

visualized by dipping into a solution of ammonium ~olybdate 

'2.5 <:1) and cer ic sul fa te (1 g) in li2S04/H2o (10 ml/90 ml) and 

""' he a tin 9 0 n a hot p 1, a te. Mer c K .,S i 1 i ca (K i es sel gel 6 0, 4 0 - 6 3 ) 

was usee for flash column chromatography.and Kleselgel 60 

HF254 for TLC-mesh chromatography. 

\ 

Solvents were reag'ent grade unless otherwise specified. 

THF was dried over Na and benzophenone, benzene over Na, 

CH 3CN, diisopropylamlne_and trlethylamine over CaH2" CH2C12' 

CHCl3 and hexane over P20S' methanol over Mg, DMSO ove~ NaOH, 

and distilled prlor to use. AlI evaporations were carrled out 

under reduced pressure (water aspiJ:ator) with a bath 

temperaturé of 2SoC ....... 40 o C. 
v 

.# 

Elemental analyses were performed by Guelph Chemical 

Lab., Guelph, Ontario, Canada. 

(E)-3-Al~lthio-crotonic acids: The carboxylic acids were 

prepared according to the reported me~hods.115 
, . 

(E)-3-Benz~!!hl~~~~~!O~l~ ~~~d: ~t had mp 111 0 C (with 

bubb1ing); IR(CHC13): 2980" br, 1670, 1591 cm- 1 ; 1 H NMR(COC13): 

2.S(s, 3H), 4.1(s, 2H), 5.72(s, lH}, 7.43(s, 5H), 11.33(br, 

1H); MS: 208(M+, 17), 145(22), 117(22), 91(100); Exact mass 

calcd for C11H1202S: 208.056, obs: 208.054 • 

. Methy1 (E)-3-pheny1thio-crotonate (62b): To a weIl stirred 

solution of 10 9 (51.6 rnmol) of 3-phenylthlo-crotonic acid ~nd 
1-

20 % a q u 13 0 u s K ° H ( 3 .76 g, 67 mm ° 1) wa sad de d 6.4 ml of 
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... 
d i met h Y 1 sul fat e ( 6. 3 4 ml, 67 mm ° l ) s l a w l y • The s tir r i n 9 

eontinued fo", two hours, then 100 ml of sat NaHC03 solution 
~ H 

,was added. The mixture was heated at 70°C for 15 minutes. The 

ester was extracted'with ether and dried over MgS04' The 

~1vent was evaporated and the ester was'distilled under 

va cu um t 0 9 ive 6 2 b , b P 16 8 0 C / J mm, i n 8 6 % Y i e l d • l t ha d 
, 

IR ( fil m): 1 7 10 , 16 10 cm -1; 1 H N M R (C DC l 3 ~: 7.38 - 7 • 4 9 (m, 5 H) , 

5.21-5.24(q, IH);'- 3.58(s, 3H), 2.42(d, J=0.4 Hz, 3H); MS: 

208(M+, 76), 177(76),149(100), 134(51),109(57); Exact mass 

ealcd for CIIH1202S: 208.056, obs: 208.054. 

l-Tr ime thy 1 sil oxy-l-methoxy-3-pheny l.th i 0-1, 3-butad iene (63b): 

To a solution of 1.7 ml diisopropy1amine (12 mmo1) in 30 ml of 

dry THF under N2, 8.0 ml af 1.5M n-butyllithium in hexane waJs 

added after eooling to OoC. The reactlon mixture was ~ooled to 

-78 o C. A quantJty of 2.1 9 of 6ib in 10 ml of THF was added 

and the solution stirretl for 20 minutes. The yellow eolored 

sol,ution was quenched with 2.0 ml ( l 6 Illm 0 l ) of 

ehlorotrimethylsilane. The soivent w~s removed ~~e~ reduced , 
pressure a(ter a further 20 m:i.nutes and the rf'didue was was~~~d 
and filter\d with eold, dry hexane. The hexane was remoye,j 

from the fi1trate under reduced pressure to, give. '-~,l.!i' in 

quant~~ative yield. Compound 63b can be kept in a stoppered 

eantàiner for up ta 4 weeks in the freezer withaut obvious 

deeomposition but is slow1y'hydrolysed to 62b, when exposed to 

air. IR(film): 1625, 1580,'cm- l i lH NMR(CDC1 3): 7.21-7.44(m, 

5H), 5.52(s, Hb), 

a.tes, 9H). 

5.02(s, He)' 4.11(s, Ha)' 3.47(s, 3H), 
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I-Tr imethyl!!..!.l oxy-l-methoxy-3-benzyl thio-l,3-butadiene (63a) 
" 

was'prepared as de5cribed for ~ u5ing compound 62a. 63a is 

not as stable as 63b and is used l~ù~diately in its reactions. 

IR(f'ilm): 1638, cm-li 1H NMR( CDC1 3): 7.27(5, SH)# 5.28(5, lH), 

~ 

4.83(s, IH), 4.13(5, lH), 3.92(5, 2H), 3.52(s, 3H), 0.23(s, 
c o 

9H) • 
o 

Methyl 5-hYOxoxy-S-phenyl-3-phen v l thio-pent-2-enoate (64e): To 

a weIl stirred mixture of 63b (1.12 g,' 4 mmol) ând 

benzaldehyde (0.43 g, 4 mmol) i,n 20 ml CH2C12 under nitro-gen ' 

'at -78 0 C, titanium tetrachloride '(0.45 ml, 4 mmol) was a"dded. 
~ 

Aftp.r 3h, the ftarK r~d mixture was ~dded to aqueous NaHC0 3 and , . 
extracted' with ether. The extract was dried (MgS04) and 

evaporated to give an oil which was column chromatographed 
~ 

(eluent: 20% ethyl acetate-hexane) to g\ve E-(mp 82-84 0 C) and 

Z~(Visc~us 011) lsomers of metPj1 S-hydroxy-5-phenyl~3-

pheny1thio-pent-2-enoat~ in the ratio of 2:1 respectively with 

68% yield. 

(E)-~.!~ had IR(CHCl 3): 3430 or, 1702,1595 cm- l )'lH 

NMR( CDC1 3): 2.91(dd, J=3.4 and 13.7Hz, 1H), 3.S(dd, J=9h ~nd 
13r7Hz, IH), 5.39(s, IH), 3.65(s, 3H), 4.03(d, J=6Hz), 5.01-

S.13(m, IH), 7.21-7.58(m, 10H); MS: 314(M+, 2),282(36), 

20 8 (8 9), 176 ( 8 4)', 14 9 ( 10 0) i Ex a c t 'TI a s s ca 1 cd for C 18 H 18 03 S : 

314.098, obs: 314.095. 

(Z)-64e had IR(CHC1 3 ): ~600, 

2.13(d, J-2.7H'z, IH), 2.44(dd, 

cm-li IH NMR(CDC1 3): 

and 14Hz, IH), 2.66 (dd, 

J. 3 • 2' .a n d 14 Hz, IH), 3.75(s, 3H), 4.59-4.68(m, IH), 5;97"5, 

IH), 7.17-7.45(Itt, 314(M+, 176(34), 4) , 208(64), 10H)i\MS: 
1 

• 
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,14~(69)" 28 (100); Exaçt mass ea1ed for C18 H1S03 S : 314.098, , . 
obs: 314.096. 

Methyl 5-hydroxy-5-methyl-3-pheny1 thio-hex-2-enoate (64b): To -- . 

a we Ils tir r ed mi x t ure 0 f 63 b (1.12 g, 4 \mm 01) a nd ace ton e 

(0.29' ml, 4 mmol) in dry CH2C12 (20 ml) under nitrogen at -
" , 

'780 C was adde,d tita~ium tétrachloride (0.45 ,ml" 4 mmol). ~fter 

Sh, the dark red colored mixture was added to aqueous NaHC0 3 ..., 

and extracted with ether. The extraet was dried (MgS04) and 
~ 

'
the solvent was evaporated. The erude produet was purtfied by 

column ehromatogr.aphy (eluent: 15% ethy1 aeetate-hexane) to 
, 

9 ive 6 4 b (oj 1) i n 7 1 % yi e 1 d • 1 R ( fil m): 34 55 br, 168 2 , 159 3 cm -

1; IH NMR( CDC1 3): 1.39(s, 6H), 3.06(s, 2H), 3.58(5, 3H), 3.6-

3.72(br, 1H), 5.3(s, 1H), 7.41-7.53(m, 5H); MS: 266(M+, 20), 
~~ 

234(27), )..76(51), .149(66),110(85), 59ilOO); Exact mass calcd 

for C14H1803S: 266.098, obs: 266.095. 

. , 

Methyl 5-hydroxy-5-mèthyl-3-benzy1thio-hex-2-enoate (64a): The 
1 

1 
reaetion was performed as ~bove with 63a and acetone. The 

pro.duct, an oil,' was purified.by column chromatography 

(e l uent: 15% ethy1, aceta te-hex ane) to 9 ive methy l 5-hyd roxy-5-

methy1-3-benzyl<thio'-hex-2-enoate (mp 65-67 0 C) in 58% yield. , 

IR(fil!ll): 3450. b.r, 1706, 1685, 1585 cm-li IH NMR(CDC1 3 ): 

1.3.,2(s, 6H), 3.00(5, 2H), 3.57(s, lH), 3.67(s, 3H), 4.03(8, 

o 2H), 5.75(5, IH), 7.3(s, 5H); MS: L80(M+, 1), 262(10), 
~ 

~ 
248(13),222(14),131(25),91(100). 

Meth~l 4-{1-hydro~ycyclohe~yl) -3-pheny1thio-but-2-enoate 

('64d) : The react ion was per formed as above with 63b and 
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cyc1ohexanone. The crude product was purified by col umn 

chromatography _(el uent: 15% ethyl acetate-hexane) to 9 ive 64d 

(mp 86-87 0 C) injg% yiel}. IR(CHC1 3 ): 3440 br, 1678,1590 cm 
\ 

l;.lH NMR(CDC 1 3): 1.13--2.13(m, 10H), 3.03(5, 2H), 3.5(5, IH), 
o 

3.57(5, 3H), 5.32(5, IH),- 7.45(5, 5H); MS: 306(M+, 3), 

2 74 ( 2 8), 208 ( 74), ~ 7 6 ( 6 2), 14 9 ( 8 7), 110 ( 8 0 ~, 55 J 100); Wh e n t he 

reaction was allow,eQ to proceeà over'night Lnsteaà of 3~, 4-

pheny 1 th io-l-oxaspi ro [5.5] unàec-3-ene-2-one was al 50 obt~ined 

i nad d, i t ion t 0 ' c ° m pou n d ~i d • 1 R ( C H C l 3): 1 6' 8 1 cm - ~ 1 H 

NMR(CDC13): 0.B3-2.17(m, 10H), 2.5(5, 2H), 5.3(5, 1H), 7.4(5, 

5H); MS: 274(M+, 5), 149(22), 109(43),85(55),43(100); Exact 

mass c-alcd for C16 H1SO'2 S : 274.103, obs: 274.107. 
o 

MethYl 4- (l-hydroxycyc 1 ohexy 1) ~3-benzyl th-io-but-2-enoate 

(64c): The r'eaction wa5 perforrneà as above with 63a and 

cyclohexanone. The product was purified by co1umn 
o 

chromatography (e1-uent: 15% ethy1 acetate-hexane) to give. 64c 

'-, 
in 67% yield as an oil. IR(film): 3450 br, 1685, 1584 cm-li» IH 

N M R ( c-t> C l 3): 0 • 7 7 ... 2 • 5 (m , 1 0 H), 2 • 9 -7 ( s , 2 H), 3 • 4 7 ( 5, 1 H) , 

3.65(5, '3H), 4.00(5; 2H), 5.73(5, IH)~ 7.~S(s, 5H); MS: 

288(14),197(24),190(10), 17S(J.5), 151(15), 125(18), 91(100). 

Methyl 4,6-dimethyl-2-phenylthio-benzoate (.§...§.): To a wel"l 

stirred mixture of 63b (1.12 g, 4 mrnol), and 4---..,. 

trirnethylsiloxy-pen-3-en-2-one (0.69 g, 4 mmol) tn dry CH2C12 

(20 ml) under nitrogen at -78 o C was added titanium 
. 

tetrachloride (p.45 ml, 4 rnmol). The mixture became dark red. 
o 

Aft~r 5h , th erude reaction mixture was added to aqueous 
j-

a 

'112 
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1 
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NaHC0 3 and extraeted wlth ether. The- ether extract was drled 

(MgS04) and the sol vent was evaporated. The erude produet was 

purlfied by column chromatogr,aphy (eluent: 5% ~thyl acatate-

hexane) to give.§i as a -colorless 011 (700 mg, 64%). IR(film): 

1728, 1600 cm- 1 . , l H N M R ( C OC 1 3): 2 • l 7 (s , 3 H) , 2.27(s, 3H), 
~ 

3.77(s, 3H), 6.83(s, 2H), 7.15(s, 5H)i MS: 272(M+, 91), 

2~1(96), 239(100),208(76),177(95); Exact mass edlcd for 

SlSH1'602S: 272.087, obs: 272.082. 

"' carboxylate (68) was prepared from 63b and 67 as deserlbed for 

66. The product wa5 purifled by eolumn chromatoyraphy (eluent: 

10% ethyl acetate-hexane) to give 68 as a yellowlsh colored 

01 l ( 6 3 0 mg, 53 %). IR ( f l 1 m): l 7 30, l. 585 cm -1 i 1 H N M R ( C oc l 3) : 

1.5-2.02(m, 4H), 2 .• 37-3.0{m, 4H), 3.83(s, 3H), 7.22(5, 5H), 

7.04{d, J=8.1Hz,01H); MS: 298(M+, 33), 265(38), 206(49), 

l 7 4.( 1 0 0), 14 9 (4 9 ); E x a c t mas s cal cd for C l 8 H 18 ° 2 S : 2 9 8 • 1 0 3 , 

obs: 298.103. 

- , 

M e !~y 1:. l.:.E he!1.Y 1 th i 0 - 5 ,6 ,7 ,8 - te t r ah yd !.~E..~E h !.!2~!.~!1.~.:.~=. 

carboxylate (70b): To trunethyl orthoformate (0.53 g, 5 mmol) 

in dry CH 2C1 2 (5 ml) under nltrogen at - were added 'l'iCI 4 

(0.56 ~1, 5 rnmol) and eycloh~xanone ether 

(0.85 g, 5 mmo 1). After 2h at -78 0 C a further .56 ml of TIC1 4 

was added, followed by 63b (1.4 9, 5 mmol) 1. dry CH2C12 (5 

ml). Atter a fuither 3h at -78°C and ov.ernlyht at room 

temperature, the erude reaction'mixture was worked up as for 

66. Cp.lumn chromatography with 8% ethyl aeetate-hexane as 

eluent gave 70 as light yellowlsh needles (900 mg, 61%). One 
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ç recrystalli(ation trom hexane gave whlte, large needles, mp 

114-1150C1 IR( CHC1 3): 1705 cm-li 1 H NMR(CDC13): 1.5-2.I(m~ 

4 H), 2 • 3 5 - 3 • 0 (m, 4 H), 3 • 9 ( 5 , 3 H), 6 • 5 7 ( s , l H), 7 • 4~( 5 , 5 H} , 

7.65(5, IH); MS: 298(M+, 100}, 267(43), 221(25), 239(18}j 

~xact mass ca1cd for C1~HI802S: 298.103, obs: .298.097. 
o 

-
Me !.!!ï! 1.::È. e E..!ll th i 0 - 5 , 6 , 7 , 8 - te t r a hl~.E.~ n~.E h !.!!~!~E.!.::~.=. 

~~.E.~~.!~!~!~ lQ~ was prepared as above using 63a. 

Recrystallisation from hexane gave 70a as white c01or1ess 

1;1 e e dIe s, m p 9 8 - 9 9 0 C (7 9 9 mg, 4 5 %). I.R ( CH Cl:, 3): 1 7 0 5 cm -1 i 1 H 

NMR( CDCI 3): 1.47-2.03(m, 4H), 2.5-3.0(m, 4H), 3.88(5, 3H}, 

4.13(s, 2H), 7.0(5" 1H), 7.13-7.57(m, SH), J.65(s, 1H); MS: 

312(M+, 56), 280(49}, 221(57), 191(31}, 91(100); Exact mass 

Methyl 5,6,7,8-tetra?ydronaphthalene-2-carboxylate (72): A 

quantity of 300 mg Raney Nl (ethanol washed) was added to 100 

mg of 70b in 5 ml of abso1ute ethano1. After 6h, the cata1yst 

was filtered and the soivent was evaporated'to glve 72 as $1 
) 

co10r1ess 011 (S2mg,-.82%). IR(film): 1725, 1613 cm-li IH 

NMR(CDCI 3 ): 1.6-2.1,3(m, 4H), ~.57-3.03(m, 4H), 3.92(s" 3H), 

6.97-7.37(m, 1H), 7.63-7.93(m, 2H)i MS: 190(M+, 49),159(74), 

1 3 1 ( l 0 0); E x a c t mas s cal cd ·f 0 r C 1 2 H 14 0 2: 1 9 0 • 0 9 ~, 0 b s : 

190.096. 

3':' Phenli th i 0 - 5,6,7 ,8-tetrahydronaphtha l ene-2-carboxy1 ic ac id:. 

A mixture of 596 mg of 70b in ,15 ml of methano1 and 10 mIe of 

20% aqueous KOH was ref1uxed for ten hours. The scHvent was 
~ ~ 

removed" under reduced pressure and the residue. was dissol ved 
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in 5% ~aqueous -KOH and the aqueous phase was washed w i eh ether • 

• The aqueous phase was neutralised with concen'trated Hel and 

extracted with ether. The ether extracts were drle'd (MyS04) 

and the solvent was removed. The carboxylic acid was 

recrystallised from methano! as colarless prisms, mp 193-194 oC 

.. 
(545 mg, 96%). IR(CHCl3): 1685 c'hl- 1 ; IH NMR(CDC13): 1.53-

2.03(m, 4H), 2,.4-3.17(m, 4H), 6.57(5, lH), 7.17-7.70(m,' SB), 

7 .8 5 ( s, lIf) ; MS:, 2 8 4 ( M + , l 0 0) , 24 0 ( 16), l 9 7 ( 2 4), l 9 l ( 4 4) , 

128 (36); Exact mass calcà for C17H1602S: 284.0B7, 095,;, 
, A ) 

<284.0tJ9. 
~ 

, " 
\ 

\ 
12 H - 7 , 8 , 9 , l 0 - Tet r a h y cl r 0 - Î> e n Z 0 [00.1 th i 0 x a n the n - l 2 - 0 ne (.1J:.): A 

rnix ture of 250 mg 14 in sul fur ic ac ld', (3 ml) was st i r red under 

-
nitrogen for o1.5h at lOOoC. The cooled mixture was poured onta 

ice and the èrude product' was extracted with chloroform. 
• ,0 

. 
Unreacted start i n9 mater i a l was removed by ex tr acti on wlth 10 ~ 

1 

sodium carbonate. The ch10roform solution was washed with 

water, dr~ed (MgS0 4 ) and evaporated ta dryness. 'l'he resultant 

yellow sol id was recrystallised from chloroform-hexane as 

ye1low crystalline need1es; mp 186-187 o C (175 mg, 76'+.). 

IR(CHC13):~630, 1595 cm-li lH NMR(CD C1 3): 1.53-2.13(m, 4H), 

2.63-3.2(m, 4H), 7.2(s, IH), 7.3-7.63«m, 3H), 8.27 (s, lH) " .. 
8.35-8.65(m, 1H); MS: 266(M+, 100), 251(20),23,8(39),221(23), 

210(29); Exact mass calcd for C17Hl40S! 266.077, obs: 266.075. 

Dimetl;lyl 3-methoxy-S-pheny1thio-o-pWthalate (73): A quantity 

of 0.49 ml of dlmetl)yl acetylenecllCarboxylaté was adéled co a 

well stirred solution of 1.12 g of 63b in 15 ml of benzene at 

11,5 
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lOoC and stirring contloueà for' 16h. The sol vent was removed 
1 

under reduced pressure and the erude reaction. mixture was <> 

disso1ved in THF. A solution of 5 ml of 5% aqueous"HC1 was 

added and stirred for 5 minutes. The sol vent was removed and 

the organlc phase was extracted w1th ether. The ether extract 
\ 

was dried (Na2S04) and the solvent was removed. The mixture 

was submitted to column chromatography (eluent: 30% ethy1 

acetate-hexane) to give dimethy1 3-methoxy-5-phenylthio-o

phthalate, mp 85-8~oC, and dimethyl 3-hydroxy-S-phenylthio-o-

phtha1ate, mp 75-77 0C in 
~ 

2:1 ratio with 80% yield. 

- cm- l . 1H Compound 73 had i R (KB r) : '..2 952, 1740, 1725, lS90 - , 

NMR{ CDC1 3) :~ 3.73(s, 3 H) , 3.82(s, 3 H) , 3.9(s, 3H) , 6.93(d, 
J 

J=2Hz, IH), 7.33 (s, 5H), 7.45 (d, J=2Hz, IH); MS: 332 (M+, 69), 

301(100),286(13),269(18),241(19),171(17), 134(18); Exact 

mass ~a lcd for C17H160SS: 332.072, obs: 332.067. 
, 

Compound 74 had IR(KBr): 2960, 1732, 1670 cm-li IH NMR(CDC13): 

3.8(5, 3H), 3.B3(s, 3H), 6.47(5, 2H), 7.38(m, SH), 10.6'3(s, 

1 H ). ; MS: 3 1 8 (M +, 5), 2 5 2 ( 2 9 ) , 2 0 8 (3 3), l 7 7 ( 3 0) , 1 4 9 ( 4 9) , 

Dimethyl (Z)-3-phenyl;hio-5-methoxxcarbonyl-2-adepate (~)è To 

o a weIl stirred solution of 63b (1.12 g, 4 mmol) and dimethyl -- -

maleate (0.5 ml, \4 mmol) 10 20 ml Of CH2C12 under nitrogen at 

- 7 8 0 C, - t i tan i um te t ra chIo r ide ( 0 • 4 5 ml, " mm 0 1) wa sad de d ~ 
o 

After Sh,. the darI< red co10red mixture was added to aqueous 

NaHCo3 and extracted wlth ether. The extract was dried 

116 

" 



• 

\ 

cluomatograf>hed (eluent: 25% ethyl ace"tate-hexane) to give 75 . 
as an .oil in" 78'% y~iel? The (E) -isomer of 75 was al so formed 

as a minor product, as eVldenced by IH NMR. 

Compound 75 had -IR(fi lm): 2950, 1745, 
\, 

NMR(CDCl 3 ) : 7.13(m, 5 H) , ~.75(s, IH) , 

3 H) , 3.43(s, 3 H) , 2.03-2.83 (m', 5 H) ; MS: . 
289(24), 261(38), 183(50), 28(100); 

C17H2006S: 352.098, obs: 352.098. 

1730, 1705 cm-- 1 ; 1H 

3.63(s, 3 H) , 3.50(s, 

352(M+,. 27) , 320(25) , 

Exact rnass calcd for 

!
..-Îr"r~ 

Methyl 3-phen'ylthl.o-7-oxo..:.oct-2-enoate Q§l. To a well stln:ed 

mlxture of metnyl vinyl ketone(O.33 ml, 4 mmol) and alumlnum 

cnloride(53b mg, 4 mm;;rl) in 20ml CH2C12 under nltrO';jen dt 0° 

C, .§l(01.12 g, 4 mmo1) was added. After 6h, the orange colored 

ml x ture was added ~o aqueous l~aHC03 and ex tr acted w l th ettle r. 

The ext:(act was dried (MgS04) and evaporated ta glve an 011 
.t-

WhlCh was column chramatographed (eluent: 20% ,ethyl acetate-

hexane) to glve E-(viscous oil) and Z- (vlscous 011) isomers 

ft ~ 

o f met n y l 3 - ph en y l th i 0 - 7 - 0 x 0 - 0 c t - 2 - en 0 a tel n the rat l 0 0 f 

1.1:1 ~>espectively with 5~% yield. 

(E)-78a had IR(neat): 2948, 1710, 1596 cm-li IH NMR(CbC1 3): 

7.42(s, 5H), 5.18(s, IH) 3.58(s, 3H), 2.15(s, 3H), 3.02-
o 

1 • 4 8 (m , 6 H);" MS: 2 7 8 ( M +, 3 8),' 2 4 6 ( 6 4) , 1 8 9 ( 5 2), 1 6 9 ( b 9) , 

137(90), 109(89), 43(100); Exact ma55 calcd for C15H180~: 

278.098, ob 5: 27 F 9. 

(Z)-78b had IR~eat): 2956, 1705, 1580cm- 1 ; IH NMR(CDC1 3 ): 

7.57(m, 5H), 5.8(5, JH), 3.73(5, 3H), 2.0(5, 3H), 2.43-1.23(m, 

6H); MS: 278(M+, 29), 246(44), 189(58), 169(45', 110(100), 

43(93); Exact mass ca1cd for C15H1SO)S: 278.098, obs: <>278.096 • ., 
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,!:!e thy!. 3-phe ny,!. th i 0- 4 - ( 3 -ox o-cyc 1 ohexy1) -but-2-enoa te (79): 
o 

To a weIl stirred mixture of titanium tetrach10ride (0.44 ml, 

4 mmo1) and tItanlu'm isopropoxlde (0.95 ml, 3.2 mmol) in 20 ml .. 
CH2C12 under nitrogen at -78 0 C, a mixture of 63 (1.12 g, 4 

matol) and 2-cyc1ahexene-1-ohe (0.39 ml, 4 mmo1) ln 5 ml CH 2C1 2 

was added. After 4h, the dark red mixture was added to aqueous 

NaHC0 3 and extracted wi th ether. ~he ex tract, was dr ied (MgS04) 

and evaporated ta glve an oi1 which was column chromatographed" 

(eluent: 20% ethyl acetate-hexane) to give E- (mp 89-91 0 C) 

and Z- (mp 88-900 C) isomers of methy1 3-pheny1thio-4-(3'-oxO-

cyclohexyl)-but-2- enoate in the ratIo of 1.4:1 r~spective1y 

wittÎ 79% yield. 

(E)-79a had !R(KBr): 2980, 2930, 1710, 16p5 cm-li 1 H NNR 

( C 0 C l 3): 7 • 3 8 ( s, 5 H), 5 • 2 ( s, u 1 H), 3 • 5 5 ( 5 , 3 'H), 3 • 0 5 - l . 3 8 (m , 

l1H); MS: 304(M+, 57), 273(37), 208(43), 195(22), l7~5(48), 

163(39), 134(70),28(100); Exact mass 'ca1cd for C17H2003S: 

304.113, obs: 304.120. 
./ 

(z) -1~~ nad lR(KBr):, 294~, 1705, 1690, 1680 cm-li lH 

N M ,R ( C D C L3) : 7 • 6 - 7 • 2 (m , 5 H), 5. 7 8 ( 5 , 1 H), 3 • 7 (s , 3 fi) , 2 • 5 3 -

L03(rn, 11H); MS: 304(M+, 36), 273(32), 208(36), 195(23), 

163(46), 134(64), 110(72), 41(100); Exact mass" calcd for 
"0 

C17H2003S: 304.113, obs: 304.115. 

Methyl 3-pheny l thio-4- (3'-oxo-cyc 1 open ty 1) -bu t- 2-enoa te (82) : 

The react lon was.pe r formed as above WI th 2-cyc10penten-l-one 

(0.34 ml, 4 cnmo1) and the 011 was column chromatographed 
1 

( e lue nt: 20% eth Y r ace ta t e - h e x an e ) t 0 9 ive E - ( vis cou s ' oOi l ) 

and Z- (v"iscous oil) isomers of rnethy1 3-pheny1thio-4-(3'-OXO-
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CYCI0pentYl)-but-2~noate in the ratio 
o 

of 1.1:1 respectively 
" . 

with 55% yield. (The yield was ca1culàted on the basis that 

20% of unrea~ted 2-cyc 1 openten-l-one was al 50 recover~d) 

(E)-~~~ had IR(film): 2952, 1742,1710,1600 cm-li IH 
, 

N M R ( C OC 1 3): 7.5 ( 5, 511), 5 .2 7 (. s, ;,), 3.6 3 (5 , 3 H), 3. 23 -1 .6 (rn , 

9 H); MS: 290 ('M +, 75-), 259 ( 47), 208 ( 6 1), 18 1 ( 36), 149 ( 86) , 

134(64), 110(96-), 2~(100); Exact mass calcd for""ClbH1SQ3S: 

2 9 0.098, ·0 b ~: 290.091 •. 

l' (Z)-82b had IR(KBr): 2950, 1735, 1695 cm-li 1H NMR(CDC1 3): 

7.65-7.27(m, 5H), 5.9(5, 1H), 3.78(5, 3H), 2.5-1.33(rn, 9H); 

MS: 29Û(M+, 40), Z-08(23) , 176(10),147(30),135(39),110(60), 
" 0 

86(100); Exact mass calcd for C16HI80)S: 290.098, obs: 

290.100. 
\l 

Methy1 3-phenylthio-4-(3I-oxo - 2 '-methylcyc10hexy1)-but-2-
- ~ 

enoate(83): The reaction was performed as above with 2-methyJ-

.2-cyclohe"en-1-one (0.44 g, 4 mm01) and the oil was co1umn 
, 

chromatographed (e1uent: 20% ethyl acetate -hexane) to give E-

(viscous 011) and Z- (viscous oil) i50rner5 of methy1 )

phenylthio -4-(3'-oxo-2'-methy1cyc10hexy1)-but-2-enoate pin the 

ratlo of 1:1 respectlvel~ wlth 86% yield. 

(E)- 83a had IR(fi1m) :2940, 1705, 1595 cm-li MS:31~(M+, 16), 

208(43),176(26), 149(34),134(55),111(52), 31(100); Ex~ct 

mass cale for C18H22303S: 318.129, obs: 318.12~; 1 H 

NMR(CDC1 3): 7.4(5, 5H), 5.33(s, 1H), 5.23(5, 1H)3.6(s, 3H), 

3.57(5, 3H), 3.2-1.6(m, 10H), 1.13(d, J=7Hz, 3H), 1.09(d, 

J=7Hz, 3H) • 

(Z)- 83b had IR(KBr): 2950,1702, 1685 cm-li l'-lS: -318(M+, 8), 
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208 ( 51), 192 (4"" 1 7 7 ( 3 3), 150 ( 65), 135 ( 7 0), 110_( 6'3), 28 ( 100) ; 
Q 

Exact mass cale for C18H2203S: 318.129, obs: 318.132; 1H 

N M R ( C OC 1 3): 7. 6 7 - 7 • 2 3 (m, 5 H), 5 • 9 ( s, 1 H), 5 .8 3 (s, 1 H), 3. a. 3 (s, 

3H) 3.75(s, 3H), 3.1-0.93(m, 10H), 0.48(d, J=7Hz, 3H), 0.43(d, 

J a 7Hz, 3H). 

, , . 
Methy! 3-phenylthlo-4-(3 -oxo-3 -methylsx:s.1ohexyl)-but-2-

e !!E.~! e ... Lê.il. T 0 a wells tir r e d m i x tu r e 0 f t i tan i u m 

tetrachlor!de (0.44 ml, 4 mmol) and titanium isoprQPoxide 

(0.95 ml, 3.2 mmol) in 2 ml CH2C12 under nitrogen at -78 0 C, a 

mlXture of 63. ,(1.12g, 4 rnmol) and 3-methyl-2-cyelohexen-l-one 

( 0 • 4 4 g, 4 mm 0 1) 'i n 3 m 1 CH 2 C 1 2 wa 5 ad d e d. A f t ~ r 4 h ~ the J d a r k 

red mlxture was added to aqueous ~aHC03 and extracted wlth 

ether. The extract was dried (Mgs04) and evaporated to give an 

oil whicn was column ehromatographed (eluent: 20% ethyl 

acetate- hexane) to give 84 (viscous oil) in 23% yie1d. ('l'he 
o 

formation of (Z)-lsomer of 84 cannot be ruled out, but we 

could lsolate only the (E)-isomer in pure form) 

(I::)-84a had IR(fllm): 2960,1715,1602 cm-li IH NMR(CDCI
3

): 

7.4(s, 5H), 5.27(s, IH), 3.57(s, 3H), 3.17-1.67(m, 10H), 

1.1lS, 3H); MS: 318(M+, 24), 208(34), 177(21), 149(42), 

4-
134(31), 111(52), 55(100); Exact mass ealcd for C18H2203S: 

318.129, 005: 31!Î.127. 

• Q 

Methl! 3-phenyl thi 0-4-( 3' -oxo-G' ,6' -d imethy 1cyc 1 ohexl1) -but-2-

en 0 a te ( 8 5). '1'0 a weIl s tir r ed mi x tu r e 0 f 6 3 (1. 12 g, 4 mm 0 ~ ) 

and 4,4-dlmethyl-2-cyclohexen-1-one (0.53 ml, 4 mmol) in 20 ml 

CH2C12 under nitrogen at -780 C, titanïum tetrachloride (0,44 
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ml, 4 mmol) was added. After Sh, the dark red mixture was 

added to aqueous N.aHC03 and extractecl with ether. The extract 

was drled (MgS0 4 ) and evaporated to I::jive an oil which' was 
") 

co ~ umn chroma tographed (e 1 uent: 20 % ethy l aceta te- hex ane) to 

glve (E)- (mp 146-148 0 C) and (Z)- (m~'134-1360 C) lsomers of 

met h Y 1 3 - P he n y l th i 0 - 4 - (3 , - 0 x 0 - 6' , 6 1 -d i met h Y 1 c y c l 0 h e x yI) but - 2 -

enoate in the ratio of 3:1 respectively w~th 68% yle1d. In

severall:uns the (E) and (Z) isomers of 85 were al 50 obtalneù 

in pure form from tne crude react~on mlxture by 

crystallisation from 10% ethy1 acetate-hexatle. 

(E) -85a had IR(KBr):, 2930,. 1690, 1590cm- 1 ;0 1 H NMH(CDC1'3): 

7.42(5, 5H), 5.28(5, 1H), 3.58(5, 3H), 3.42-1.48(m, 9H), 

1.12(5, 3H), 1.08(5, 3H); MS: 332(M+, 39),301(16),219(26), 

l 7 6 ( 29), 134 ( 29), 55 ( 100) ; Ex a c t masse a 1 cd for C 19 H 24 ° 3 S : 

332.145, obs: 332.148. 

(Z)- 85b had IR(KBr): 2940,1690,1678 cm- 1 ; 1H NMR(CDC1 3)-: 

7.67-7.1{m, 5H), 5.82(5, 1H), 3.77(51 3H), 2.87-1.23(m, 9H) ~ 

0.73(5, 3H), 0.4(5; 3H); MS: 332(M+, 56),300(16),258(39), 

223(41),205(60),149(49),110(60),28(100); Exact mass calcq 

Ethy1 . 3-pheny1 thi~-2-methy1-4 (3 '~-6' ,6' -dimethy1cyc 1 ~hexy.u. 

but-2-enoate(86). The reactron was performed as above wlth 3-

pheny1thio-2-methyl-1-trimethy1si1oxy-1-ethoxY-1,3-butadiene 
, 

(1.18 g, 4 mmo1) and the 011 was column chroffidtographed 1 

(e1uent: 20% ethy1 acetate- hexane) to give (E)- (viscous oil) 

and (Z)- (visco~s 011) Isomers of ethy1 3-phenylthlo-2-methyl-

4":':(3'-oxO-6',6'-dimethy1cyc1ohexyl)but-2-enoate i(l the ratio 
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of 1:2.9 re~ctivelY- with 35%. yield. 

(E)-86a had ,IR(fllm): 2950,1708,1582 cm-li I H NMR(CDC1 3 ): 

7.25(8, 5H), 4.18(q, J"7Hz, 2H), 3.03-0.8(m, 9H}, 2.17(5, 3H), 
1\ 

1.32(t, J-7fi.z, 3H), 0.88 (S, 3H), 0.5(5, 3H); MS: 360{M+, 6), .. ' 
277-(28), 205(21), 190(38), 149(22), 125(37) ,28(100). 

(Z)-86b had IR(fllm): 2950, 1710, 1582 cm-li I H NMR(CDCl 3 ): 

--7 ~ 4 7 -7 • r3 (m ~ 5 H), 4.24 ( q, J = 7 Hz, 2 H), 2.57 - 1.47 (m, 9 H) , 

2.00(s,'3H), 1.32(t/ J=7hz, 3H), 0.9(5, 3H), 0.7(5, 3H); MS: • , 
360(M+, 8), 315(5), 205(32),149(22),110(44),28(100). 

3-Phenylthio-2-methyl-1-trimethylsiloxy-l-ethoxy-l,3-

butadiene(63c). TO a solution of 1.7 ml diisopropy1amine(12 

mm 0 1 ) 1 n 30 m lof dry TH Fun der n l t r 0 9 en, 8.0 m lof 1. 5' M n-
f .-.. 

butyllithium in hexane was added after coollng to 0 0 C. The 

J 
reaction mlxture was cooled to -78 0 C. A quantlty of 2.0 -ml of 

chlorotrimethylsilane (16 mmol) was added and the solution 

Q 8 tir r e d for 5·k 1 nu tes. The n a qua n t i t Y 0 f 2. 3 6 9 (1 0 mm 0 1) 0 f 

3-phenylthio-2-methyl-but-2-enoate (contains mixture of E- and 

z- isomers) ln 5 ml of THF was added and the sol utlon stirred ~ 

"for 10 minutes.
1 

Then, the solvent was removed under reduced 

'pressure and the resldue was washed and filtered wlth cold dry 

hexane. The hexane was removed from the filtrate in vacuo to 

'> 
yleld 63c in quantita~ive yleld • 

llE. had IR(film): 2986, l66Ô cm-li lH NMR(CDCl3): 7.5-7.07(m, 

SH), 5.17(5, IH), 5.00(5, lH), 3.7(q, J=Hz, 2H), 1.7(5, 3H), 
" 

1.l(t, J".7Hz, 3H), 0.2(s,9H); 29 S i NMR(CDC13): 20.52(s)b 

-
3-Pnenylthio-5,6,4a,8a-tetrahydro-napntha1ene-l,8(4H,7H)-dione 

~89)~ To a wel1 stirred solL'ition of methyl 3- phenylthio-4-
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, 
(3 -oxo-cyc10hexyl)-but-2-enoate (1.22 g, 4 mmo1) in 20 ml THF 

under ni trogen at room temperature, was added potassi um tert-
",-

butoxide (470 mg, 4 mmol). After 2h, the solvent was removed 

under vacuum and the crude viscous mass was treated with 5 m~ 

sato aqueous NH4C1 so~ution followed by extractlon wlth ether. 

The extract was _dried (Na2S04) and the solvent was removed. 

The ye~low colored solid was crystal11sed from hexane ta glve 

89 as yellow c010red'prisms (mp 129-1310 C) in 89% yleld. , 
89 had IR(KBr): 2940, 1595, 1440 cm-li 1H NMR(CDC1 3 ): 7.4'l~, 

5H), 5.45(d, J=1.8Hz, 1H), 3.00-1.17(m, 9H), 15.07(s, 111); MS: 

272(M+, 88), 244(62),242(40),163(65),149(35),135(88)1. 

28(100); EX'act mass ca1cd for C16H1602S: 272.087, obs: 

272.080. 

... -Anal. ca1cd for C16H1602S: C, 70.59; H, 5.88; S, 11.77-0' Pound: 

C, 70.36; H, 6.28; S, 12.09. 
- . / . 

5-Pheny1thlo~2,3,3a,7a-tetrahydro-(1H)~lndene-1,7(4H)-dlone 

J1..!l. 

The rèaction was performed as above with methy1 3-phenylthio-

4 ( 3 ' - 0 x 0 - c y c 1 0 pen t yI) - but - ? - e n 0 a te (1. 16 g, 4 mm 0 1) ex cep t 

---that CH 2 C1 2 was used for extractlon instead of ether and the 
;. 

crude p-roduct was column chromatographed (e1uent: 50% 

ethy1acetate- hex~e) to ylve 91 (mp 139-137 0 C) ln 72% yleld. 

91 had IR(KBr): 2930, 1722, 1615, 1555 cm-li 1 H NMR(CD30D): 

7402(s, 5H), 4.92(br, 1H), 2.73-1.4(m, aH); MS: 258(H+, lOO}, 

230 ( 3 4), 213 ( 36), 202 ( 4 3) ,1 7 6 ( 3 3), 149 ( 50), 109 ( 7 6); E x a c t, 

ltIass ca1cd fdr C15H140ZS: 258.071, obs: 258.068 • 

7-Methyl-4-pheny1thio-bicyc1o[4.2.2J-dec-3-ene-2,S-dione(92). 

1-23 
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'1'0 a well stlrred solution of 83a (1.27 g, 4 romol, contains 

mixture of isomers) in 20 ml of THF under ni trogen, was added 

potasslum tert- butoxlde (470 mg, 4 mmol) and ref1uxed for 3h. 

'l'he s-olvent was then removed under vacuum and the erude 
, 

produet was treated with 5 ml of sat aqueous NH 4Cl solution 

followed by extractioQ with ether. The ether extract was dried 

(Na2S04) and tne solvent removed. THe crude product was column 

chromatographed (e1uent: 3Ô% ethy1 acetate- hexane) ta give 92 
~ , 

(viscous 011) in 63% yi~1d. 

92,haQ IR(fl1m): 2975, 1715, 16~0, 1442 cm- 1 ; 1H NMR(CDC1 3 ): 

7 .6 (m ~ 5 H), 5. 5 7 ( s, 1 H), 3.5 3 (d, J = 5 Hz, 1 H), 2 • 7~ -1. 6 7 (m, 8 H), • 

Lll(d, J=6Hz, 3H); l3C NMR(CDC1 3 ): 206.7, 196.6, 161.6, 

1 3 5 • 4, 13 0 • 3, 1 3 0 .1, "1 2 1 .9, 55 • 9, 4 5 • 5 ,. 4 1 • 9, 40. 9, 27. 1 , 
, 

22.6; MS: 286 (M+, 72.3), 258 (34), 231(39), 209 (32), 203 (61), 

1 7 6 ( 4 4), 1 3 l ( 4 9), 2 8 ( ~ ,0 0) ; 

286.103, obs: 286.102: 

, 
3-Phenylthlo-5,6,4a,Sa-tetrahydro-4a-methyl-naphthalene-

1,S(4H,7H)-dione(93). To â wel1 stir-tèd \solution Of~ (1.27 

l g, 4 mmo1) in 20 ml of THP- under nltrogen dt room temperature 

'" was added potassium t~rt-butoxide (470 mg, 4 mmol). After 2h, 
--./" 

the 50 l vent was removed under vacuum and the crude viscous 

mass was tr~ted with 5 ml sat aqueous NH4C1 solution fo11owed 

-'by extraction with ether. The extract was dried (Na2S04) and 

the solvent removed. The ye110w co1ored mass waSt co1umn 

chromatographed (eluent: 10% ethyl acetate- hexane) to give '3 
(mp 76-7S o C) in 83% yleld. " 

93 had IR(K3r): 2940, 1595 cm-l, lH ~MR(CDC13): 7.4Js, 5H), 
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5.47(d, J=2Hz, lH), 2.77-1.53(m, aH), '1.2(s, 3H), 15.3(s, 1H); 

\ 

MS: 286{M+, 32),271(100),244(10),218(21),193(34),176(37), 

~ .. 16 2 ( 54), 13 5' ( 5 8), 105 ( 6 0); E x a c t mas s cal ,c d f 0; Cl 7 H 18-°2 S : 

286.103, obs: 286.098 • 

. 
3-Phenylthio-S,6,4a,Ba-tetrahydro-5,5-dimethyl-naphthalene-

. 

1,8(4H,7H)":'dione(94). The reaction was perforrned as above with 

~1~ (1. 3 3. g, 4 men 0 1) and. the ye 1 1 0 W c 0 1 0 r e d sol l d wa $ 

c 
crystallised from hexane to give 94 (mp 124-126 0 C) in 86% 

yield. 

~ 4 h ad IR (KB r): 2934, 1565, 1270 cm -1 ; 1 H N M R (C oc l 3): 7.5-

7.4(m, SH), 5.41(s, 1H), 2.73-2.13(rn, SH), 1.65-1.47(m, 2H), 
u , 

·1.04(5, 3 H.), a • 8 8 ( 5, '3 H) , ,1 5 .. 1 5 ( s, l H); MS: 3 0 '0 ( M +, 7 8) , 

,,298(100),283(38), 255(36), 244(59), 191(50), 135(96), 
. 

110(52), 28(97); Exact mass calcd for C1SH2002S: 300.118, obs: 
Q 

------------.~~21. 

3-Phen 1thio-S,6,4a,8a-tetrah dro-2,5,5- hthalene-

J J' 1,8(4H,,7H)-dione (95). The reaction wa as above 

, w i t h 8 6 a ( 1. 4 4 g, 4 mm 0 1) and the mass was 

-column chromatographed (e1uent: 10% 

give 95 (mp 115-117 0 Cl in 79% ~ld. 

:2.2. had IR(KBr): 2936,1568 cm-fi 1H NMH(CDC1 3): 7.37(S, 

2.97-1.23(m, 7H), 2 • .o3(d, 3H),\O.73(S, 3H), 0.,7(s, ... 3H 
. 
314 (M+, 32), 258(31), 236 (22), 218 (28), 205(34), .'1 0 (56), 

135 (34), 84(100); 'Exact mass ca1cd for C19H2202S: 314.134, 

obs: 314.137. 

o Gèneral method for the cyclizption of ~icha~l aàducts 
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lithium thiophe~bxiéle: 
~ 

To a well stirred solution "Of thiophenol (1.54 ml, 1,5 mmol) in 

20 ml THF at 0 0 C under nitrogen, was added 6 ml of 2.5M n-
• 

,BuLl (15 mmol) followed oy 85b (498 mg, 1.5mmol) ~n 5 ml THF 

and then refluxed for 20h. The solvent was removed and the . 
cr,ude yellow co1ored crystallltne mass was dissoived ln ether 

and washed tWlce wit,h 8% aqueous~pdiurn hydroxide. Th~ ether 

extracts were dr led (Na2S04) and the 50 l vent was remolJed. The 
o 

. 
ye.l1ow colored crude ma5S was crystallised from hexane to give 

~ " 
2i ln 91% yle1d and was Identica1 ln aIL respects to the .one 

pl'epared by the potass i urn tert-bu tox ide method. 

, ,f, 
!:!~.E. h,Zl 1.::.E.È!~.!!~l!.È!.!.~.::i.:l3 .:!E..!.~~!.È!Yl:.~l~ - 2 -rn eth yI - 2 .: 

cyclohexenyl)-but-2-enoate(97). Ta a weil stirred solution of 

8 3 a ( 750 m 9, 2.3 6 mm 0 l ) 1 n 20 ml CH 2 Cl 2 und e r nIt r 0 9 en a t - 23 0 

C, was added hexamethy1dis llazane (0.6 ml, 2.83 mmol) and 

" 10dotnmethylsllane (0.4 ml, 2.83 ml). The"r~eaction mlXture is 
, , 

stirred at -23 0 C for 30 minutes and then 2h at room 

temperatuJ;:e. The solvent was removed under vacuum and 200 ml 

of dry hexane was added. The l ibera ted saI ts were fi 1 tered off 

and the hexane was removed under vacuum to gl.ve 97 ln 

quantItative yle1d. 

J.1 had IR(film): 295Q., 1690, 1600 cm-li 1H NMR(CDCI 3 ): ,7.33(5, 

5H), 5.2(5, t-;, 3.57(5, 3H), 3.1-0.8(m, 9H), 1.67(br, 3H), 

0.22(5, 9H); MS: 390(M+, 2),282(7),183(100),109(7),73(41); 

Exact mass calcd for C21H3003SSi~ 390.169, obs: 390.l67. 

c1s-3-Phenylth10-5,6,4a,8a~tetrahydro-8a-methy1-naphthalene-
o 
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1,8(4H,7H,)-âione (cis-96). To a we-ll Stirr~d SOlu~on of 97 

(390 mg, 1 mmol) in 3 ml THF under'" .flltrogen \t; room 

temperature was atlded potassium tert-butox ide (118 mg, 1.05 

mmol). After 20 minutes, 5 ml dry DMF was added and stirring 

~ continued for another 20h. The sol vent was removed under 
A 

vacuum and the crude product was treated with 2 ml sato NH4C1 

solution and extracted wlth ether. The ether extract was 

washed twice with 15 ml of sat. aqueous NaCl solution to 

remove any traces of DMF. The ether extract was dried (Na2S04) 

and the solvent was evaporated. The crude product was column 

~hro~atographed (eluent: 20% ethyl acetate- hQxane) to give 96 

(mp 1lO9-1Uo C) in 63% yie1d. 

96 h:ld IR(KBr): 2960, 1715, 1665, 1394, 1321 cm-li IH 

\. NMR( CDC1 3): 7.5-7.43(m, 5H), 5.36(d, J=2Hz, IH), 2.92(ddd, 

J=2.2Hz, 5.2Hz, 18.2Hz, 1H), 2.34(.Ç!d, J=2.5Hz, 18.2Hz), 2.38-
J 

~.5(m, 7H), 1.24(s, 3H)i 13C NMR( CDCl 3): 208.4, 195.7, 163.8, 
r 

; 
135.5, 130.4, 130.0, 12745, 118.2, 60.3, 45.3, 39.9, 33,3, 

28.2,25.5,18.3; MS: 286(M+, 62),176(100), 148(50), 91(2Ô), 

85(20),67(93); Exact mass calcd for <P17H1802S: 286.103, obs: 

286.104. 

Anal. calcd for C17H'l802S: C, 71.33i H, 6.29; S, 11.19. Found: 

C, 70.99; H, 6.52; S, 10.98. 

trans-3-Pheny1thio-S,6,4a,8a-tetrahydro-8a-methyl-naphthalene-

l,8(4H,7H)-dione (trans-96). To a well stirred solution 0; ~ 
(2.6 g, 9.56 mmol) in 25 ml benzene, was> ~dded 10% aqueous 

u 

,solution of tetrabutylammonium hydroxide (2.73 g in 27.3 ml 

water, 10.52 mmole) followed by iodomethane (2.98 ml, 47.8 
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Q----
mmol) and stirred for 20h. Then, the solvent benzene was 

removed and ~he erude produet was extraeted with ether._At 

this stage any erystallised tetrabutylammonium iodide was 

';"-filtered off and, the organie phase was dried (Na2~;o4) and 

eolumn chromatographed to give trans-96 (mp 115-119 0 C) and 

eis-96 in 9:4 ratio with 89% yield. In severai runs trao,s-96 -

was also obtained in pure form from the crude reaction mixture 

by crystailisation from 25% ethy1 acetat~-hexane. 

trans-96 had IR(KBr) : 3320,~ 2950, 1660,1550 cm- 1 • , 

NMR( CDC1 3): 7.50-7.40(m, 5H), 5.40(d, J=0.8Hz~ IH), 2.75-

1.60(m, 9H), 1.37(s, 3H)i MS: 286(M+, 36), 176(60)/148(39), 

109(21), 85(35),67(73), 28(100); Exact mass calcd for 

trans-3-Pheny1thio-5,o,4a,8a-tetrahydro-4a,8a-dimethyl

naphthalene-l,8(4H,7H)-d-io,ne(107). To a weIl stirred solution 

o f me th yI? - ph en yI th i 0 - 4 - ( 3 ' - 0 x 0 -1 ' -me t h yI c y cIo h e x yI) - but - 2 -

enoate (159 mg, 0.5 mmoI) in 10 ml THF under nitrogen at room 

temperature, was added potassium tert-butoxide (59 mg, 0.53 
ù \-

mmol). After Ih, iodomethane (0.16 ml, 2.5 mmol) was added and 

stirring continued for another 3h. The solvent was removed 

under reduc~d pressure and the crude product was extracted 

with etheE~ The ether extract was washed with 10% aqueo~s 

NH 4 C1 solution. The organic phase was dried (N"a2r04) and the 

solvent was removed. The crude product las column 

chromatographed (eluent: 50% ethy1 acetate- hexane) \0 give 
~'.-

107 in 65% ·yield. Compound 107 was crysta11 i d from etnj(l - -- " 
(mp 183-1850 C). \ ___ .. 

o 

acetate- hexane as a white 'crystalline soli 
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l 0 7 ha d 1 R ( K Br): 2 9 6 0, l 7 l 4, l 6 4 8, 1 5 8 2 cm - 1; 1 H N M R ( C OC l 3) : 

7.45-7.42(m, 5H), S.24(d, J=2.2Hz, IH), 2.79-2.61(m, IH), 

2.74(ddd, J=17.8Hz, 2~Z, 0.8Hz, Hy1', 2.12(d, J=17."8Hz, Hb) 

2 • 1 6 - 1. S 5 (m , " 5 H), 1. 4 1 ( s , 3 H) , /Î . 0 2 ("d, J = 0 • 8 Hz, 3 H); MS: ,... 

300(M+, 61), 176(94),147(43),110(27),85(37),67(100); Exaot 

mase calcd for C18H2002S: 300.118 obs: 300.115. 

Anal. calcd for C1SH2002S: C, 72.00;° H, 6.67; S, 10.67: Found: 

C,71.66; H, 6.71; S, 0.88; ___ _____ 

cis-3-Pheny1thio-8-methoxy-4a,5,6,8a-tetrahY~O-8a-methyl- . 

(4H)-naphthalene-1-one{99). To a weIl sôred solution of--cis-

96 (1.14 g, 4 rnmol) in 30 ml dry CH 30H at r-oom temperature was 

added, catalytia amount of p-toluenesulfonic .cid and 

tri met h yI 0 r th 0 for mat e ( 2. 19 ml, 20 mm 0 l ). A ft e r 20 h , the 

solvent was removed under vacuum a~9 the erude !produet was 

dissolved in ether. The ether extract was washed with 10 ml of 

sato aqueous NaHC03 and the extracts were dried (Na2_so4)' The 

crude viscous mass was column chromatographed (eluent: 15% 

ethyl aeetate- hexane) to give 99 in 87% yield. 
v' --
'~ 

99 had IR(fil<tn): 2936,1660, 159S cm-li 1H NMR (CDel 3): 7.43{s, 
:;, \, 

5 H) , 
o 

5.45(br, IH), 4.63(t, J=4Hz, 1H), 3.5(5, 3H), 2.73-

1.53(m, 7H), 1.4(s, 3H)i MS: 300(M+, 14), 273(3), 191(5), 

176(3),153(19),124(40),109(35),43(100); Exact mass calcd 

f_or ClSH2002S: 300.11S, obs: 300.118. 

cis-3,4,4a,Sa-Tetrahydro-Sa-methyl-naphthalene-1,6(2H,5H)-
1 

dione(100). To a weIl stirred solution of 99 (150 mg, 0.5 

mmol) in 15 ml dry ~ther under nitrogen, was added lithium 
r 

aluminum hydride (5.7 mg, 0.6 mmol). After 30 minutes, once 

again lithium a1uminum hydride (5.7 mg, 0.6 mmol)" was added 
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and refluxed for 60 mlnutes. The unreacted lithium alumln,um 
. 

hydride was destroyed by adding 5 ml ethyl acetate. The 

reaction mlxture was washed .with 5 ml of 10% aqueous HCl and 

the ether layer was dried (Na2S04). The solvent was removed 

o ~ 

under vacuum and the érude prodlJct was tr,.eated with 20% Hel in 

THE and stirred for 24h. Then the solvent was removed and the 

crude prodûct was extracted wlth ether. The ether éxtracts 

were dried (Na2s04) and the solvent was removed. The crude 

product was column ~omatographed (eluent: 20% ethyl acetate-

hexane) to give 100 in 71% yield. 

100 tad IR(KBr): 2960, 1708, 1670 cm-li ~H NMR(CDC1 3): 6.05(d, 

J-10Hz, lH), 6.6rdl J=10Hz, IH), 1.47(s, 3H) ro 1.6-2.2(m, 4H) 1 

2.2-2.6(m, 5Hr; ~8(M+, 2~), 150(86), 135(75)" 12~(97), 
109(100); Exact mass calcd for CIIH14'02: 178.099, obs: 

178.099. 

, l , , , , • 

trans-3 ,4 ,4a -,8a -Tetrahy~-8a -methyl-6 -phenylthlo-

spiro [l, 3-d ioxolane-2,l ' (,2' H) -naphtha1ene] -8' (5 ·'H) -one (103) • 

T 0 a we l 1 s tir r e d s 0 1 u t ion 0 f t r ans - 9 6 (1. 14 g, 4 mm 0 l) i n 5 0 - ( 
ml benzene, was added,catalytic amount of p-toluenesulfonic 

acid and ethyleneglycol (0.37, g, 6 nuna1). The reaction mixture 

was refluxed on a Dean-Stark arpparatus. After 4h, once again • 

ethyleneglycal (0.12 9, 2 mmo1) was added and reflux continued 

for 2h more. The solvent was removed and the residue was 

• L 
calumel Chro~a ographed (e1uent: 25% ethy1 acetate-hexane) ta 

give i03 (mp 28-1300 C) in 83% yield. 

103 had IR( Br): 2948, 1660, 1580 Gm-lrlH~NMR(eDe-lJr.-7~3(B-Î 

5 H} , 5.27(br, lH) , 4.4- 3.7 (m, 4 H) , 2.6-2.0 (m, 3 H) , 2.7-1.9(m, 

1 
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6H), 1.2(S,\3H); MS: 330(M+, 50), 262(9), 220(49), 176(20), 

139(4,1), 111(88), 28(100); Exact mass càlcd for C19H2203S: 

330.129, obs: 330.132. 

• • • • •• trans-3 ,4 ,4a ,8a -Tetrahydro-8a -methyl-6 -methoxy-

spira [1 ,3-dioxolane-2,1' (2' H) -naph tha 1 ene 1 -8' (5' H') -one ~~l. 
, --

To a weIl stirred solution of 103 (1.32 g, 4 mmol) ln l~ ml 

dry CH30H, was added sodium methoxlde (0.87 g, 16 mmol) and 

r~fluxed for 20n. The solvent was removed under vacuum, 

treated with 10 ~ of sat aqueous NaHC03 solution and" 

extracted wlth ether. The ether extracts were drled (Nai,s04) .. ~ 

and the solvent was removed. The erude product was column 

chromatographed (eluent: 30% ethyl aeetate-hexane) ta glve 104 

in 96% yleld. 
J 

.0 

104 had IR(KBr): 2956, 1664, 1618 cm-li IH NMR(CDC1 3): 5.15(s, 

1H), 4.47-3.87(ro, 4Hf, 3.65(3, 3H), 2.47-2.03(m, 3H)" 1.83-

1.30(m, 6H), 1.22('5, 3H); MS: 252(M+, 40), 237(16),209(27), 

164'(17}, 140{,24), 113(41),86'(100); Exact mass calcd for 

C14H2004:o 252.136, oos: 253.138. 

trans-3,4,4a,8a-Tetrahydro-8a-methyl-naphthalene-1,6(2H,5H)-

d l 0 ne ( 1 0 5). 'r 0 a we 1 1 s tir r e d s 0 1 u t l a n 0 f 1 0 4 (16 5 mg, o. 5 

mmol} ln 15 ml dry ether under nitroyen, was added lithium 
o 

a1uminum hydrlde (5.7 mg, 0.6 mmol). After 30 mlnutes, once 

again lithium a1uminum hydride (5.7 mg, 0.6 romol) w~ added 

and refluxed for Ih. then, the exces~ llthlum a!umlnum nydrlde 

was destroyed by adding 5 ml ethyl acetate. The reaction 

mixture was washed wlth 10% aqueous HCl and the organlc layer 
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was dtied (Na2S04)' The S'olvent was removed under vacuum and 
o 

the crude product was "treated to 20% HC1-THF and stirred for 

20h. Then, the soivent was removed and the erude product was 

extracted with ether. The ether extraets were dried (Na'2S04) 

and the
e 

soivent was removed. The erude product was column 

ch r om a t 0 9 r a ph e d (e 1 u e nt: 3 0 % eth Y 1 a e e ta te - he x an e) t 0 g ive 

105 (mp 65-67 0 C) in 74% yie1d. 

105-had IR(KBr): 2950,· 1705, 1680 cm- 1 ; IH NMR(CDC1 3): S.88(d, 

J=10Hz, 1H), 7.5(d,.J='lOHz, IH), 2.9-1.47(m, 9H), 1.33(s, 3H); 

MS: 178(M+, 32),150(64),134(92),121(76), 109(64),28(100); 

Exact mass ea1cd for C11H1402: 178.099, obs: 178.100. 
oJ 

cis-8-Methyl-3,4,4a,8a-tetrahydro-8a-methy1-naphtha1ene-

1,6 (2H,SH)-di,one(108). To a weIl stirred mixture of 99 ,(150 

mg, 0.5 mmo1) in 20 ml ether under nitr ogen a t 00 C, was added 

o • 4 3 m lof 1. 4 M CH 3 L i ( 0 • 6 mm 0 1 ). A f ter 2 h , the r e a c t ion 

",,'ixture was washed with 5 ml of 10% aqueous NH 4C1 solutio'n. 
, 

The ether extracts were dried (Na2S04) and the solvent was 

removed under vacuum. The erude produet was stirred in 20 ml 
, 

of 10% HC1-THF for 16h. The sol vent was removed under reduced 

pressure and the erude produet was extracted with ether. 6>he 

ether ex tracts were dried ( Na 2 S0 4) and the solv'ent was 

removed. The crude product was co1urnn chromatographed (e1uent: 

30% ethyl ac~tate- hexane) to give 108 (mp 96-98° C) in 78% 

yield. 

108 h ad l R ( K Br): 2960, 1 7 10, 1664, 162 0 cm -1; 1 H N M R (C oc 1 3) : 

1H), 2.62-1.S5(m, ~H), 
-..... 

1.77 (d, J=2Hz, 3M), 

1'.4(s, 3H); MS: 192(M+,5), 164(79), 149(43), 
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123(100); Exact mass calcd for C12H1602: 192.115, obs: !:-.. 

192.113 • 

trans-3,4,4a,8a-Tetrahydro-8,8a-dimethyl-naphthalene-
. 

1,6(2H,5H)- dione(l09). To a weIl stirred solutlon of 103 (165 

mg, 0.5 rnmol) ln 20 ml of ether under nltFogen at 0 0 C, was 

ad d e dO. 4 3 m lof CH 3 L i ( 0 • 6 mm 0 1 ). ~ f ter 2 h , the r e a c t ion w a s 

washed with 5 ml of 10% aqueous NH 4Cl solutlon. The ether 

extracts were dried (Na2S04) and the ~01vent was removed under 

vacuum. The crude prod uct was stl r red 1 n 10% HC I-TH~' for 16 h. 

The solvent waS! removed and the crûde product was extracted 

with ether. The ether extracts were drled (Na2S04) and the 

solvent was rernoved. The crud~ product was purlfied by column 

chromato~raphy (eluent: 30% ethyl acetate- hexane) to glve 109 , " 

in 83% yield. 

109 had IR(film): 2948, 1706, lé60, 1615 cm-li lH NMR(CDC13)~ 

5.83(q, J=2Hz, 1H), 3.18-1.8 (m, 9H), 2.17(d, J=2Hz, 3H), 

1.33(5, 3H); MS: 192(M+, 34),' 164(57), 149(33), 135(36), 

123 ( 4 3'), 112 ( 84), 28 ( 100) i Ex a c t mas s cal cd for C 12 H 16 ° 2 : 

192.115, 005: 192.ll~'. J 
\ 

cls-S,6,4a,Ba-Tètrahydro-3,8a-dlrnethyl-naphthalene-

1.,8(4H,7H,)-dione(1l0). To a weIl stirred mixture of Cul (110 

mg, 0.58 mmol) ln 30 ml" dry ether under nltrOyen at -78 0 C, 

was added 1.4M CH3Li (0.79 ml, 1.1 mm01). After 5 min, 99 

(0.159 mg, 0.5 mmol) was added and stirring contlnued for 

another lh. The reaction ~ixture was qu/nched at -780 C with 5 

ml sat aqueous NH 4 C1 solutlon and tnen brougnt to room 

temperature. The aqueous phase was separated, washed with 
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ether and the ~ashing were added to the organic phase. The 

organ~c phase was dried (Na2S04) and the solvent was removed 

under vacuum. The cr~oduct was stlrred in 10% HCl-ThF 

solution for 2h. Then the THF ~s remove~ under vacuum and 
, > 

extracted wlth ether. The ether extracts were aried (Na2S04) 

and the solvent was removed under vacuum. The crude product 
) 

was COlumn chromatographed (eluent: 30% ethyl acetaEe-hexane) 

to yive 110 (mp 85-87 0 C) ln 89% yield. 

110 had IR(KBr): 2940, 1712, 16~5, 1630 cm-li IH NMR(CÛC1 3 ): 
, 

5.83(q, IH), 3.00-1.53(m, 9H), 1.98(d, 3H)i MS: 192(M+, 37), 

164(21),135(11),123(27),107(19),82(100); l!:xact mass ca1cd 
() 

cls-3,4,5,6,4a,8a-~exahydro-3,3,8a-trimethy1-naphtha1ene
j 

1,8(2H,7H,)-dione(112). The reaction was carried as above 

except that the reactlon mixture was quenched·at room 
. 

temperature. The crude product was column chrornatographed 

(eluent: 25% ethy1 acetate-hexane) to giv~, 112 (rnp 56-58 0 C) 

in 91% yie1d. 

112 had IR(KBr): 2970,1705,1690,1240 cm-li IH NMR(CDC1 3 ): 

2.77-1.13(m, llH), 1.4(s, 3H), 0.83(5, 3H), 1.03(5, 3H); MS: 
) 

208 (M + 1 53,), 193 ( 56) 1 175 ( 3 0), 16 5 ( 38) 1 152 ( 96), 139 ( 41) , 

124(81') 1 2B(100); Exact mass ca1cd for C13H2002: 208.146, obs: 

208.143. 

t 3 " l " l , • • rans- ,4 ,4a ,Ba -Tetrahydro-8a ,6 -dlmethyl-splro[1,3-
-• , l , , 

dloxolane-2,1 (2 H)-naphthalene]-8 (5 H)-one(ll1). 

To a weIL stlrred solution of Cul (110 mg, 0.58 mmol) in dry 

ether urlder nitrogen at -78 0 C, was added 1.4M CH3Li (0.79 ml, 
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1.1 mmo1). After 5 minutes, 103 (165 mg, 0.5 mmo1) wa5 added 

and stirring continued for another 1h. The reactlon mixture 

was quenched at -78 0 C with 5 ml sat NH 4Cl solutlon and then 

brought to room temperature. The aqueous phase was separated, 
c 

washed wlth ether and the washings were added to the or~anic 

phase. The organic phase was dried (Na2S04) and the solvent 

was removed under vacuum. The crude product was column 

chromatographed (e1uent: 25% ethyl acetate-hexane) to glve III 

(oil) in 90% yield. 

III had IR(fllm): 2940, 1670,1640 cm-li IH NMR(CDC1 3 ): 5.68-

5.55(br, IH), 4.4-3.85(m, 4H), 2.45-L28(m, 9H), 1.87(d, 

J=2Hz, 3H), 1.17(5, 3H); MS: 236{M+, 21), 221(14),193(19), 

148 ( 27), 113 ( 25), 86 ( 100) i Ex a ct mas s ca 1 cd f or C 14 H 2003 : 

236.141, obs: 236.139. 

,/ 

, , , , , , , , '. .. 
trans-3 ,4 ,6 ,6 ,4a ,8~-Hexahydro-6 ,6 ,Sa -trlmethyl-

spiro[l,3- dioxolane-2,<l'(2'H)-napl'ltha.!.ene] -S' (5'H)~ (113). 

The reaction wa5 carried out as above except that the reactlon 

was quenched at room temperature. The crude product was column 

chromatographed (eluent: 10% ethyl acetate-hexane) to ~lve 113 

(oi1) in 93% yie1d. 

113 had IR(neat): 2956, 1712, 1170 cm-li 1H NMH(CDC1 3): 4.33-

3.73(m, 4H), 2.6-1.07(m, 11H), 1.23(5, 3li), 0.9S(s', 6H); MS: 

252(M+, 19), 209(16), 151(19), 112(9S), 99(79), 86(93)~ 

28(100); Exact mass calcd for C15 H24 0 3: 252.173" obs: 252.172. 

_ C15-5,6,4a,Sa-Tetrahydro-8a-methyl-naphtha1ene-l,8{4H,7H)

dione (114). TO a weIl stir'red solut'ion of 99 (150 mg, 0.5 
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mmol) in 20 ml aDsolute, ethanol, was added 1.0 9 Raney nickel. 

After 3h, the catalyst was ~iltered followed by remova1 of 

sol ven t • The cru de pro duc t wa s ex.t r a ct e d w i the the r and 

washed with 10 ml of water. The ether extracts were dried 

(Na2S04) and the solvent was removed. THe crude ~roduct was 

tr~ated with 10% HCI-THF and stirred ;"or 2h. Then the solvent 

was removed and extracted with ether. The ether extracts were 

dried (Na2S04) and the solvent was ~emoved under vacuum. 

• cru~e product was c01~chromatOgraPhed to give 114 in 

yield. r7 

The 

63% 

114 had IR(KSr): 2910, 1692, 1642 cm-li lH NMR(CDC1 3): 6.92-

6.83(m, 1H), 6.01(ddd, J=1.3Hz, 3.0Hz, lO.2Hz, IH), 2.85-

2.55(m, IH), 2.48-~.50(m, 8H), 1.34(s, 3H); MS: i78(l'1+, 52), 

150(25), 134(11), 122(20), 82(19), 68(100); Exact mass ca1cd 

trans-3-Pheny1thlo-8-methy1-4a,5,6,8a-tetrahydro-(4H)

naphthalene-I-one(129): To a solution of 96a (1.14 g, 4 mInol) 
o 

in THE' '(30 ml) was added under nitrogen 1.29 ml (4 mmol) of 
. -

3.lM methyl magnesium bromide and stirred f~- 90 minutes. The 

solvent ""as evaporated under reduced pressure and the-crude 

reaction mixture was diluted with 100 ml of ether. The 

r e a c t l 0 n m l x. tu r e \1( as que n che d b Y wa shi n 9 w i th 5 m 1 a f wa ter 

and the organic phase was separated. The organic phase was 

wa'shed twice with two 10 ml portions of water and the washings 

were added ta tHe aqueous E'hase. The aqueaus phase was washed 

thrice each wlth 20 ml of ether and the wash~ngs were added ta 

the organic phase. The combined organic phase, was dried 
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and evaporated. The crude reaction mixture wa~ 

disso1ved in minimum amount of hexane-ethyl acetate and 

a110wed to stand overnight. The crysta11ised product 96a was 

fi1tered off and once again the above operation was performed • . 
f11tra~e was concentrated at reduced pressure and 

by co 1 umn chroma tog raphy (e l uen t: 15 % hex a ne-e thy l 

t 0 9 l ve 12 ~ a and 128 b ln a rat 1 0 0 f 5: 7 W l t Il 5 J 't 

yi e 1 d. To a st i r r ed s 01 ut i.o n 0 f 128 a (0.30:2 <,3, l mm 0 1) l n Ù r y 

ether (2 ml) under nitroyen, was added 3.0 9 of conc. H2 S0 4 

and stirred for 2 h at, room tempetature. Then the reactlon 

mixture was d11uted wlth 25 ml of ether and yuenched wlth 20 lJ 

of ~rushed ice. The organlc and aqueous layer were qUlckly 

sepa~ated ~n~.the aqueous phase was washed tWlce each wlth 25 
! 

ml of ether. The combined organic phase was drled (Na2S04) and 

the sol vent was evaporated under redueed pressure. The erude 

reaction mixture was purified by column chromatography 
1 

(eluent: 10% ethyl acetate-hexane) to yive 129 (V1SCOUS 011) 

in 87% yie1d. The above pr9cedure was followed with 128b aiso 

exc~pt that stlrrlng was contlnued for 24 h to glve 129 (mp 
, --

96-98 o c) ln 73% yie1d. IR(KBr): 2910, 1660, 1'580 cm -1 ; 
t • 

N M R ( C DC 1 3): 7. 4 3 (s, 5 H), 5. 3 7 (d, J = 2 Hz, l H), 5. 5 3 J- 5 • 3 3 (m ~ l H), ' ~ 
, 

2.5-1.33(m, 7H), 2.02(d, ~=2Hz, 3H), 0.9(s, 3H)i MS: 284(M+, 
<) 

40),176(37),175(47),147(50),115(20),108(100),67(68), 
1 

39(78); Exact mass ca1cd, for C18H20S0: 284.124, obs: 284.127. 

trans-3-Methoxy-8-methyl-4a,5,6,8a-tetrahydro-(4H)-
, 

naphtha1ene-l-one(131): To a well stirred solution 'of 129 

(1.4J g, 5 mmo1) in 20 ml of dry. methanol under nitrogen was 
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added sod~um methoxide (1.35 9, 25 mmol) and refiuxed for 20 

oh. At the end of the reaetion, the solvent was removed under 
L.,\ ~ J 

reduced pr ssure and :he drude reaetion 'mixture was diluted 

wi th 60 ml ether. The ether layer was washed tw ice wi th 5 

ml of wate , dried and evaporated. The erude produet was 

purifiedfbY eo1umn ehromatography (eluent: 15% ethyl acetate

hexane) to glve 13 .. in 95% Yle1d
c

• IR(~ilm): 2920, 1675 cin-~; 
"'-> 
lH NMR(C~C13): 5.52-5.25(m, lH), 5.13(5, IH), 3~65(s, 3H), 

2 .-4 2 - ln' 4 2 (m, 7 H), 2 • 0 5 (d, J = 2 Hz, 3 H), 1. 2 2"( s, 3 H); loi S: 20 6 (M + , 

41), 139(12), 108(100), 93(46), 68(22), 28(42); Exact mass 

ea1cd for 'è13H1S02: 206.131, obs: 206.133. 

trans-3-~~!~~!y-4a,5,6,7,8a-hexahl~Eo=~p,8~P=~lme!hy!= 

naphthalene-l-one(l32): In a 25 ml three necked f1ask were 
• 

added 30 mg of 5% Pd-CaCO) and 15 ml of fresh1y distil1ed 

ethyl acetate. The catalyst was saturatea with an atmospherle 0 

pressure of hydrogen for 30 minutes fo11owed oy addition of 

131 (206 mg, 1 mmo1) in l ml of' ethy1 acetate. 'l'he reaetion 
.... 

was followed by measuring the absorption of hydrogen. After 

the aosorpt~on of 22.4 ml of hydrogen, the reactlon flask was 

separated from the hydrogen atmosphere. The catalyst was 

fl1~ered and thJ filtrate was concentrated. The erude produc.t 

was t?urifled by column chromatogr.aphy (eluent: 15% ethy1 

a'ce~ate-hexane) to glve 132 in almpst quantl.tative yle1d. 

1 R ( f i 1 m): 2 9 15", 1 6 7 0, 1 6 2 0, 1 2 1 0 cm - 1; 1 H N M R ( CD C 1 3): 5. 14 (d , 

J-1.4Hz, 1H), 3.65(s, 3H), 2.31(ddd, J=1.4Hz, 11.6Hz, 17.7Hz, 

IH), 2.l4(dd, J=5.2Hz, 17.7Hz, lH), 1.94-1.08(m, aH), ,1.78(d, 

J=6.2Hz, 3H), 0.97(5, 3H); MS: 208(M+, 36),178(63),136(96), 
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122(40}, 109(90), 98(64), 68(6~), 28(100); Exact mass calcd 
• 

1 for C13H 20°2: 208.146, obs: 208.145. 

naphtha1ene-2-one(133): To a stirred solution of 132 '(4.16 my,' 

2 romo1) in 20 ml of dry ether was added 11thium alulUlt1U1n 

hydride (,38 mg, 4 mmo1). After 1 h, once again IlthitllU 

alumlnum hydrlde (38 mg, 4 m'mol) was added and the reJet lon 
• 

mixture was refluxed {or 2 h •. The reaction mixture was 

quenched with 2 ml of ethyl acetate followed by additlon of 10 

ml of 10 % aqueous hydroch1oric " acid. The stirrlng con~inued .. 
for another 4 h. The organic phase was separated fr om the 

aqueous phase and the aq'ueous phase was washed thrice each 

with 20 ml of ether. The combined organlc phase was drled 

(Na2S~4) and th~ sol vent was rem'oved under reduced pressure. 

'fhe crude pr: od uçt was pur i f i ed by co 1 umn ch roma tog r aphy 

(eluent: 15% ethyl acetate-hexane) to give 133 (viscous ail) -- ' ~ 

in 72% yl~ld. IR(fllm): 2920, 1683
1 
cm-li 1H NMR(CDC1 3): 

7 • 0 8 (d , J = 10 • 2 Hz, l H), 5 • 8 4 ( d , J = 10 • 2 Hz, 1 H), 2 • 3 5 (d d ,. 

J=13.8Hz, 17Hz, lH), 2.28(dd, J=4.8Hz, 17Hz, 1H), 2.00-1.:l3(m, 

aH), 0.94(d, J=6.1Hz, 3H), 0.91(5, 3H); MS: 178(M+, 35), 

163(17), J.49(18) 1 136(76), 121(51) 1 108(55), 95(60), 2B(100); 

Exact- mass· caicd for Cl2H180: 178.136, ~ ObS: 178.139. 

. . 
l,la (1,3,3 aa, 4,5,6,7 , 7 a, 70$- Decah yd r: 0 -1,1,7 (1,7 a (1- te t.r ame t hy 1'-

.. i . 

2H-cyclopropa[a1naphtQa!ene-2-one(llZ): Dlazopropane was 

prepared ac?ording to the 1itera~ure' proceduce. 147 An ethereal 

solution of diazopropane was added to a solution of!ll (178 

t\.~ 

, ; 
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mg, l mmol) ln 10 ml of dry ether at room temperaturè, unti1 

complete reaction occurred, indicated 'Dy the persistent color 

of the dlazo compound. Then the s'olvent was removed under 

reduced pressure and the crude product was pur i f iad by col umn 

chroma tog raphy (e l uent: '-20% ethy--l aceta te-hexane) to 9 Ive 134 

(mp 71-72o C) in almost quantltative yield. Compound 134 was 

d l S sol v e d l' n 15 m lof dry be n zen e and ph 0 t 0 1 ys e d ( l am p : 

Hanov la model no. 608A 36). The reactio~ was followed by thin 

layer chromatography. At the end of 8 hO, the sol vent was 

removed under reduced pressure and the crude product was 

punfled by column chromatography (eluent:' 10% ethyl acetate-

hexane) to glve 135 in 95% yield. The spectroscopie properties 

of 135 are Identlcal ln all aspects, to thoSe reported' 

earller .135 

cls-3-Phenylthio-8-methyl-4a,5,6,8a-t~hYdrO-(4H)

naphtha1ene-l-one(155): To a .. solution of 96b (1.14 g, 4 rnmol) 

ln 100 ml of dry ether under nltrogen was added 1.29 ml of 

3.1M methyl magnesium oiomide and stirred for 2 h. The 

reaction mixture was dlluted with 50 ml of ether and quenched 
~ 

wlth 10 ml of water. The organlc phase was separated and 

wa"shed tWlc'e with 1:wo 15 ml portIons of water amâ the washings 

were added te the aqueous phase. The aqueous phase was then 

washed thrlce wIth 20 ml of ether and the ether washlngs were 
.." 

added to the organic phase. The COmbl:1ed organi'c pha'se waSo" 
c' 

drled (Na2S04) and was evaporated under reduced pressure. The 

crude reaction mix tu~e was subJ ected to dehydration wi th cene. 
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T 0 a sol ut l a Il 0 f 154 ( 302 mg, l mm' a l ) i Il :2 ln lof 

dry ether was added 3.0 9 of cone. H2S04 and ~tirred for 2 h. 

At the end of the reaction, the mlxture was di1uted with 100 

ml of ether and quenched Wl th 15 9 of crushed ice. The aqueous 

and 
'~ 

organic layers were q.ulck1y separated. 'l'he aq ueo us phas8 
"- 0 

was washed twice wi~ two 50 m: portions of ether and the 

washlngs were added to the organlc phas8. 'l'he orCjdlllc phdS8 

was drijed (Na2S04) and evaporated under redouced pressure. The 

crude jproduct was purifled b/ column chromatography (eluent: 
/' 

10~/ethy1 acetate-heX'ane) to gi ve 155 (v iscous 011) 1.11 89% 

(,eld (ca1cu1ated from 96b). IR(film): 1665, 1595, 144\.J cm-li 

1 H NMR( CDCI 3): 7.5-7.30(rn, 5Hp, 5.47-5.43(m, IH), 5.4(d, 

J=!.6Hz, !H), 2.65(ddd, J=!v6Hz, 8.6Hz, 17.7Hz, IH), 2.45(dd, 

J'!::5.1Hz, 17.7Hz, IH), 2.21-1.50(m, 5H), 1.63(d, J=1.7Hz, 3H), 

,J..30(s, 3H)j MS: 284(M+, 30), 17,6(21), 175(30), 147(33), 

109(65),108(100),67(67),39(52). Exact mass calcd for 

cis-3-Methoxy-8-methy1-4a,5,6,8a-tetrahydro-(4H)-naphthalene-

1-one( 156): To a weIL stlrred 50 l utlon of 155 (1.42 g, 5 mmol) 
,0 -

in 20 ml of dry rnethanol under nitrogen was .:1dded sodium 

rnethoxide (1.35 g, 25 mm01) and refluxed for 20 h. At the end 

of the reaction, the sol vent was removed under reduced 

pressure and the crude reactiO(l mIxture was dlluted 9Vlth 60 ml 
Î 

of ether. The etheral layer was washed tWlce wlth 5 ml ot 

water, drled and concentrared. The crude product was purlfled 

by column ehromatography (eluent: 15% ethyl acètate-hexane) to 
" 

give 156 in 92% yleld. IR(fllm): 2925, 1665, 1385 cm-li lH 
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N M R ( C oc l 3): 5. 4 6 - 5 .3 5 (rn, l H), 5.27 (b r, 1 H), 3. 6 8 ( s, 3 H), 2. 58-

1.50(m, 7H}, 1.68(d, J=1.7Hz, 3H), 1.32(s, 3H); MS: 206(M+, 

22), 173l12),_ 108(100),93(86), 77(24), 68(25); Exact mass 

ca l cd for C 13H18 02 : 2 0 h .. 131 ,ob s : 208 .13 2. 

cis-3-Methoxy-4a,5,6,8a-hexahydro-8~,8a~-dimethy1-naphthalene-

1-one{157a): In a 25 ml three neeked flask were added 30 mg of 

\ 
5% Pd-CaCo) and 15 ml of freshly dlstliled ethyl acetate. The 

catalyst was saturated with an atmospheric pressure of 
J) 

o 

hydrogen for 30 mlnutes followed Dy addItlon of 156 (206 mg,- l 0 

mmol) in 1 ml of ethy1 acetate. The reactlon was fo11owed by 

measurlng the aosorptlon of hydrogen. After the absorption of 

22.~ ml of hydrogen, the reaction flask was sepatated from the 
(' 

hydrog~n atrnosphere. The catalyst was filtered and the 

fil trate was eoncentrated. The erude produet was purified by 

colurnn chrornatography (eluent: 15% et'hy1 aeetate-hexane) to 
o 

give 157a (oil) and 1S7b (rnp 72-74 0 C) ln almost quantitative' 

yield. 

157a had IR(fiim): 2925, 1650, 1620, 1375 cm-li 1H NMR(CDC1 3 ): 

S.21(s, 1H), 3.61(s, 3H), 2.45-1.16(m, 10H), 1.01 (s, 3H), 

0.77(d, J=6.9Hz, 3H); ,HS: 208(M+, 81), 193(38), 165(30), 

152(33), 139(72), 98(84), 69(100), 41(87); Exact mass ealcd 

for Cf3°H20 0 2: 208.146, obs: 208.149. 

157b had IR(KBr): 2910, 1655, 1o~5 cm-li I H NMR(CDC13): 

°S.11(d, J=I.4Hz, lH}, 3.63(s, 3H), 2.80(ddd, J=1.4Hz, 6.0l-iz, 

18.1Hz, 1H), 2.00 (dd, J=2.4Hz, 18.1Hz, 1H), 1.81-1.28 (m, aH), 
@ ~ 

1.2G(d, J=2.2Hz, 3H), 1.21(s, 3H); MS: 208(M+, 35), 178(46}, 

139 ( 7 0), 136 (65), 109 ( 90), 98 ( 65), 79 ( 66), 68 (fi 5), 28 ( 100) ; 



o 

o 

Exact mass calcd for C13H2002: 208.146, abs: 208.150. 
Ai 

Cl s-.ta, 5,6,7 , 8 ,8a-Hexahydro-4aP .L1P-d imethy 1- 2 (lH) -naphtha l ene-

2-one(158a): To a stirred solution of 157a (416 mg, 2 mmol) in 
o 

20 ml of dry ether was added lithlum alUiUlnum hydrlde (38 mg, 

4 mmal). After 1 h, once again lithium alumlnum hydride (38 

mg, 4 mmol) was added and the mlxture ref l uxed tor 2 h. 'l'he 

reaction mixture was C'quenched with 2 ml ot ethyl acet..lte 

fo11owed by addltlon of 10 ml of 10% aqueous hyùrochlorlc 

acid. The stirring was continued for another 4 h. The organlc 

phase was separated from the aqueous }!hase and the agueous 

phase was washed twice ,each with 20 lnl of ether. T..he cornblned 

organlc phase was drled (Na2S04) and the solvent was removed 

under reduced pressure. The crude product was purl fled by 

column chromatography (e1uent: 10% ethy1 acetate-hexane) to 

give l58a in 69% yie1d. IR(film): 2925, 1680, 1375 cm-li lH 

NMR(CDC1 3): 6.8(d, J=10Hz, 1H), 5.88 (d, J=10Hz, lH), 2.77-

1.23(m, 10H') , 1.12(s, 3H), O.92(d, J=6.5Hz, 3H); MS: 178(M+, 

41), 163(29), 150(15), 136(78), 122(37), 108(82), 94(3b), 

80(42), 28(100); ~act mass ca1cd for C12 H18 0 : 178.136, obs: 

178.133. ( 

ci s-4a, 5,6,7,8 , 8a- Hexahyd ro-4alt, Sa-d imeOthy 1- (2H) -naphth~ 1 ene-

2-dione(158b) w'as prepared according to the above procedure~ 

usiny 157b (416 mg, 2 mmol) in 71% yield. IR(f: lm): 2905, 

1675,1370 cm- 1 ; 1H NMR( CDC1 3): 6.79(dd, J=2.2Hz, -lO.2HZ, IH), 

5.92(d, J=lO.2Hz, IH), 2.88(dd, J=5.0Hz, 17.5Hz, 1H)", 2.17-

1.24(m, 9H), 1.22(s, 3H), 1.04(d, J=7HZ, 3H)i MS: 178(M+, 36), 
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163(19),150(17),136(100),121(54),108(73), 94(58), 80(64), 

28 (88) ; Exact) mass ca1çd for C 12H180: 178.136, obs: 178.134. 

Tri met h Y 1 s i 1x.! En 0 ! Ether 15 9: A sol ut ion of 15 8 a (14 0 mg, 

0.79 mmol) in THF (4 ml) containing tert-butyl a1cohol (47 mg, 

0.63 mmol) was added dropwise over 10 mIn to a solution of 

lithium (16 mg, 2.2 mmo1><:, j.n ammonia (20 ml) .. The solution was 

stirred for 15 min, and the ex cess lithium was destroyed by 

add'Ition of a few drops of i,soprene. The ammonia was 

evaporated under a stream of argon at OOC and finally at room 

temperature (1 h) • .,THF (5 ml) was then added and the reaction 

was cooled to OOC followed by rapld additi09 of a quenching 

\ solution of chlorotrlmethy1si1ane (2.2 mmo1) and triethylamine 

(2.2 mmol) ln 3 ml of THF ~prevlously centrifuged ta remove 

the ammonium salt). The reaction was stirred for 15 min and 

the sol vent was evaporated. Theo 100 ml of cOld, dry hexane 

was added and the precipitated salts were remov,ed by 

filtratIon. The filtrate was concentrated under reduced 

pressure to give 159 as a co10rless,oil in almost quant,itative 

yleld. NMR analysis Indicated a single compound WhlCh was used 

w i th 0 u t fur the r pu f' i f'i""C"a-t"i 0 Q : IR ( fil m): 16 6 5 cm -1; 1 H 

NMR(CDC1 3): 4.7-4.5(m, IH), 2.6-1.17(m, 12H), 0.83(5, 3H), 

0.85(d, J=6.5Hz, 3H), 0.13(s, 9H). 

Keto Alcoho1 160: To a sol -
ace t 0 ne ( 3 5 rn g, 0.6 mm 0 l ) 

nItrogen at -78 0C, was added 

o f 15 9 (11 2 mg, O. 5 mm 0 1) and 

10 ml of dry ÇH2C12 under 

tetrachloride (0.06 ml, 

0.5 mmol) and stirring continued for 4 h. At the end of 4 h, 

the reaction was quenched with aqueous NaHC0 3 followed by 
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extraction with ether. The ether exttact was dtied ( Na 2 S0 4) 

and evapotated. The ctude product was purified by column 

chromatography (eluent: 15% ethyl acetate-hexane) to gl'M! 160 

(viscous oil) in 68% yield. IR(film): 3480, 1705 cm-li lH 

N M R ( C OC 1 3): 4 • 0 2 (s , 1 H), 1. 2 6 ( s , ~ H), 0 .96 ( s , 3 H), 0 • 8 9 (d , 

J=6.6Hz, 3H); MS: 223(3), 180(42}, 124(29),109(92),55(63), 

43 (100) • 

(±)-Fuklnone (116): To a solution of the keto alcohol 160 (llO 

mg) in 5 ml of dry pyridine at oOe, 50 1-'1 of thionyl chlorlde 

was added and the resulting solution was stlrred tor 15 mIn. 

The solvent was removed under reduced pressure at OOC. Theo 

the crude product was eluted from 10 9 of Merck alumIna wlth 

-30% ethyl acetate-hexane. F_~na11y, the compound was puritied 

by co 1 umn chroma tography (e 1 uent: 15 % eth y l aceta te-hex ane) to 

g ive lli i n 8 l % Y i e 1 d • l R ( fil m): 1 6 8 5 , 1 6 2 5 cm - l; 1 H 

N M R ( C DC 1 3): l • 9 3 (s , 3 H), l • 7 7 ( 5 , 3 H), 0 .9 5 ( 5 , 3 H), 0 • 8 8 (d , 

J=7.0Hz, 3H)i MS: 220(M+, 37), 149(32), 135(19), 123(34), 

111(32), 109(66),95(53),91(43),68(81),41(100); r.:xact mass 

caicd for C15H240: 220.183, obS: 220.184. These spectral data 

are in complete agreement wlth the spectra data reported for 

the natural product (+)_fUkinone. 138 

) 

o 
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