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as a commom atarting materlal. As.ghoj:

' Se s

vco d1t1qns. Seiect%ve reductxan of the thlolester group of
Q/th alkylatlon prod cts gave rlse to ethyi B—hydnoxypro- ;,"w“

-

*flguﬁéeqhg

~4

of ethyl acrylate derlvatlves. The use of thlolester 23 as'ff

E .«
—

'”fi13(1, Part 11), startlng
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affoﬂa}d dlketo ester 73 whlch was metﬁzzated to g;ye keto
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A thlolester 1s a versatlle functlonal group which

9 .e~.
_has been used 1n organlc synthé51s to fac1litate the

)

'“formatzon of carbon carbon bonds and the preparatlon of a

-

ogfwas repprted 1n 1875 by Muhler1 who'prepared ethyl thlol-

}acetate from acetyl chlorlde and.ethanethlol. In the next

'seventy years or so several additlonal methods were re—

'“t:ported. Wallach and Blelbtreu2 ;llustrated the formatlon

D

';of throlacetates by the hydroly51s of thlolacetan111des..

‘g;rmeyer3 obtalned mg;hyl thlolacetate and tthllSO-P~

bUtyrate by the reactlon of the correspondlng ac1d

B chlorides and lead methylmercaptldes. Later, Wheeler4

prepared’ethyl thlolbenzoate by reactlng ethyl bromlde

with- potassmm‘ithlolbenzogte. = ’ SRR
Very ttle attentlon was drawn to the chemlcal

propertles of thloiesters untll the de 1940 s when Jeger o

and coworkers5 examlned the potent1a1 use of thlolesters'

0.. ¢

ine the mod1f1cat1on -of ster01ds.' They showed that Raney

.
o

n1ckel promoted reductlve desulfur1zat10n of*the th1ol-3

. p V-
ester funct10nal group 1nto a prlmary alcohol. »In ‘an

.2

o _attempt to extend th%s desulfurlz1ng actlon of Raney o

tif;nlckel to the synthe51s of aldehydes, wOlfrom and

'h~5Karab1noss also 1nvestigated the reduction of thiol-~wﬁ

{'number of 1mportant functlonalltles.v The flrst thloleSter :



IR T N R B T G L U
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:'[;esters. They succeeded 1n the preparatlon of benzaldehyde

ﬁ;fand prpplonaldehyde from the correspOndlng th10I§sters.x$A’

_:couple of years 1ater, McIntosh et al 7 ? reexamlned the
‘-breductlon of thlolesters and observed thatk whereas the»,'n

,standard Raney glckel effected the conversxon of thlol—':‘?-‘

”esters to the correspondlng alcohols, deactlvated Raneyxfl},gf'

'?nlckel (e g. in b0111ng acetone) gave r?se to aldenydes as

umajor products~'i,-f _u'f \f‘ mjf" .f:“:v ':” i *I'}‘
",Prlor to 1970, the progress 1n the chemlstry of
: e
-W : .
th!olesters was rather slow.9 Slnce then the use of »',-

}_thlolesters has grown 51gn1f1cant1y due to the1r w1de1yeﬂ

fgspread appllcatlons as useful 1ntermed1ates 1n organlc
o .0,: . X . . ‘ »
synthe51s.lp ‘ ?,i"nf;,“ L R 'ﬁy,v~;“

S,

In 1974 Mukayama and cqtvorkers11 prepared thlolesterS"%
in hlgh y1e1ds by treatment of tr1methy151lyl sulfldesi’
w;th carboxyllc esters in: the presence of alumlnum

‘;chlorlde.(Eq,, )}‘ R j' T '7<;v

N ' s AKN e ame Eat ‘d;» .
- RCOOR + (CH3)38|SR' ‘ -~ RCOSR (Eqt)

‘\;\' . . !.'s T ! . B
N S . . . CER

o LT g BRI o ST - L
Mukayama12 also SHowed that onium salts of aza arehes e

(e.g. 2-harogenated pyr1d1n1um salts 1) could be used 0.
\

act1vate carboxyllc ac1ds (Eq. 2).‘ The 1ntermed1ate§.2 »,_T’.j

:lthus formed reacted read11y w1th a var1ety of thlols undir

-

. . : S ' ’ - N

: . 3 . .
: ‘ o . : . - U : Loy el
. . . P - o e & . .. R -
) - L R ST ’ ’ : ‘ . . " ) Cw . e
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: _corr25pond1ng thl lesters.-’*;  1 u rn ]»_'. o hfuf*- iﬂ;

AN CH3 o

\‘[E;+“ X-ClBr

practlcélly neutral condltxons glv1ng hxgh YLEfgg,Of the_; ; 1ﬂ

n§‘9

P .
2

«

.3\ o

;41;3 In recent years, sevéral mefhods have been developed

g agents.i N N-Dlmethylphosphoramzdlc d1¢h orlde (3)13 and

e

.-.(4_.‘ Eo

for the d1rect transformatlon of carboxyllc ac1ds to the_

correspondlng thlolesters uéﬁng varlous ac}lvatxng ﬂ.;- f’;'?l
“b- EAR S
IL

phenylphosphorodichlorldgne (4)14 have beeﬂ*shown 1n‘our
laboratory to ‘be excelient act;vatlng agents which B

facllxtate the formatlon pf thlolesters under very mlld f,%QLﬁ

\ "N
\ E

condxtxons. Oﬁher actxvatxng agents .uccessfully ltudled

P

.-' sy include dlethylPhOB%horodyamldate (5).15 d{.ph.ny].phos- ,

phorazidate (6).1 N N-bisﬁQ-oxo-S-oxazolxdinyl)phoob vf_hf f‘

; RN
S S . R e % ST R . T e R
A o N -~ A el i PRI . L e




b

3. FEE e

-~

phorodiamidic Chlbride3(?)%7pendﬁlff;dqij—2,4;6-;rinig;q—; )

:febenieﬁext_;{“'Qi”ffffMQ:TQ iﬁ’pd

LR

. “M&,;NPOCI, . PhOPOCI,

Y PO(OPh)2 N—

v_',ﬁ,'u-.";' ~¥d’ \1: é?

CNPO(OEt)z

. .}»-4

/—\'f?/‘\

co "‘\2\,_- :

L

ST R

- Sy,
e
L

1,5* :

-NJ o

e

)
o"
x

: SN
A number of 1nd1rect methods for the pfeparatlon of

),

thlolesters have also been developed.
et al. 19 20 prepqred S—t-butxl thlole

: e
e correspondlng ac1ds by treatmént of i

lhchlorldes (Equ 3) or mlxed ac1d anhyd

et

thallous 2-methylpropane 2-thlolate.{

B}

L O
Masamunev' R
7. :

sters 9 from the’
ntermedlate a%ld
o

rldes (Eq. 4) Wlth

In: another method,

f Ueda and coworker821 employed 8= and ﬁ¥acyl der;vatzves

\ \‘,

(10 and 11) of 2-merca'tobenzoxazole.as fntermediates.

These compounds were .

G \

- , oA
4
s R
WL
LN )
., e
- ‘"»t\'w S
s % N

-

eound to be hxghly reactive acylatlng

E o .



‘53 and 1 2 4-tr1azoI1des 13 were also shown to be exceﬁlent
[

/l YIEldS upon treatment WIth mercaptans-zgt

Rcoam(om2

. agents, apparently due to the electron w1thdraw1ng

character of the benzoxazole rlhg systé%.- Imldazolldes 12

(EtO)ZPOCl AL R

T'SC‘C“a’a RCOSC(CHy),, (B34 *
A R S e

-

SN d '-a‘x

L

acyLatlng agents whlch gave rlse to thlolesters in. hlgh

e

T'SC(CHa)a i ncoscwna)S (Eq 3)’
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Thxoldster has emerged as a hlghly useful ﬁunctlonal

M
group in organlc synthe51s. Basad on 1&5 1ntenest1ng

_ureact1v1t1es,la large number oﬁ synthetlc methods have e ”f;f"

:'rlbeen developed recently. Several examples are.;llg;trated R

'f'hydroﬂy thlolester system to 1nduce the formatlon of

70_

'below. ,”tLVdgfdﬁhf,:s'”pcgf'f. : ,.n-".f N g,.

S i
The best known example 1s probably the use of the‘&%<§7’*ﬁ-

Q- )

1;med1um and 1arge lactone r1ngs 23’27 Whlch ‘are- present 1n:[a‘f

'ﬁhia varlety of natural products 24ﬂ23 29 Ditﬁlolesters have e

”been §hown to'undergo D1eckmann condensatlon under BT

7r‘cond1t10ns substant1a11y m11der than those requlred for

- 9 : e
.,the oxygen analogues. The cyclrzatlon of S S dlethyl ,.ﬁff

-f;dlthloladapate (14) 30 er 1nstance, occurred smoothly |

ﬂh”w1th1n 2 h when treated w1th sodlum hydrlde in® 1 2-\”

:*_dlmethoxyethane at room temperature\ln the presence of a_»

fflcatalytlc amount of ethanethlol to glve a 91% y1eld of

%f-s ethyl 2—§¥clopentanonecarbonylthloate (15)

“misoceHpcose (T RS

Q s

14

Interestlngly,.unllke s1mp1e thr9le§ters whlch gave r1se )

to alcohols .or . aldehydes on treatment w1th Raney nlckel,r,;Qpn;

. o o ) .‘—



B keto thlolesters were found to undergo complete S _
- LT

dealkylEh1okcarbonylatlon (e g.ng§'¢ 17) 30 31

i .
-

Extrapolatlon of these results suggests that Raney nickel

reductxon of dlthlolmalonate derxvatlves 18 could lead sg :

the formatlon!of ethanol deﬁ&vat1ves 19. Thls expectétlon_'f"r

< . [N

was reallzedhexperlmentally and S S'-d1ethy1 dlthlol-»

L

malonate 20 wes used successfully as an ethadai carbanlon ﬂ““:’

:,i equ1valent 1n alkylatlon and M1chae1 reactions 32 33 __h(.-v

,‘,,,

- .‘\fo'ff Hff::;gu[;1;77fg}?gﬂgﬂﬁf.;-ii L;;f’
R CHCHZOH © EtSOCCH,COSET ' -

‘her useful propertv of the th1olester group 1s

1ts hlgh react1v1ty towards metal hydrlde reducing
IR

‘*. agentsj“‘Fujlta et a1‘54 observed that‘the highly reactive'fff_

thiolester 21 derivedﬂfrom 2-mercaptothiazo&%€e could be

Tt

the alqohol 1evel by‘ sodium borohydride. ‘;' It




-;v___ . 3 . P

H'was laber found that the reduct1on*b£ ordlnary thlolesteré

‘fﬁzﬁ/the presence of commonly encounterejd

p’such as. amldes, esters and n1tr11es.,

'borohydr1de suggests a number of 1nterest1ng p0581billties;h

':was equally fac11e and could be select1ve1y accomplzshed

mc1d derivatives'fzij,

3

e The ease of - reductlon of Thlolester group w1th sodlu )

for 1ts use as a latent hydroxymethyl un1t 1n synthe51s,

espec1ally when such a un1t, w1th or wathout protectlon,f“’w;'d

can not be dlreCtly ﬁnVOIVed 1n a synthetlc transforma—*if

~tlon.. Accordlngly, a: convenlent synthetlc approach to &r ,;f-

LA

o

“@ serve both as an act1Vat1ng group for the carbon—carbon ﬂ};fiﬂ

hydroxyproplon1tr11e and acrylonltrlle derlvatives has-ﬂ_gﬁff

been developed 1nvolv1ng alkylat1on, Mlchael add1tion or.frhsL

Kno%enagel type reactlons of cyanothxolacetate, as the ;Q"‘

1n1t1at1ng step 36 37. As shown 1n Scheme I, the synthetlc“;i;

i 0

approach 1s greatly fac111tated because of Ehe ab111ty of

r; the thlolester group present 1n the startlng mater1a1 to

ST R NaBH4

Ncccuzoﬂ "‘32"'* = NCC=CH, .. 1+ j
L ,-,H_zo " ' T o ’




cenl B R W IO T P
= bohd fofmatiOn and as a convenlent source of the hydroxy-’ _ffy
'_. L. . B X ‘ ?
methyl mo1ety.- The over?ll transformatlon can be con—‘.@_ o
; °. )

Y?:51dered as the replacement of " one or two a—protons of ﬁ-.nljJ"h

A'hydroxyproplon1tr11e (ef acryn nltrlle) by electrophlles

L & L

us1ng cyanothlolacetate q\ra a hydroxyproplonitrlle carb—”“

.,0

: J

...,‘.,_.b

", anlon equlvalent.f Thls method“_wh1ch in’ essence prov1desvvr
,,'a convenient means for ghe 1ncorporat10n of a hlghly func;;gﬁ;
?-3 tlonallzed 1sopropyl un1t, has been successfully applied ‘
' 7

if L

as ‘a’ key step to the synthe31s of a-costal (22) 38 n“;.7'f1h;ﬂ

L RV RTTR

‘x\; In contlnuatlon of our 1nvestlgat10n oféthe appllcaéa R
’ "",,‘.

]k:\h~of the thlolester group as a. late?t hydroxymethyl

o

tun1t 1n synthe51s, we - have studled the use of\g S—dlethyl
gfthlolmalonate (23) as a convenlent source of B-hyérogypro-;q“~-
R N - SRR
"paonate carbanlon to faczlltate the synthes1s of B- i .*“z-'

. p . .' S
\ . ,,Iv ) .‘__, “ 3 . :

-¢thdroxyproplonate and acrylate derivatlves.h As shown in

1““fScheme II, thiolmalonate 23 1s expected to undegeo jf”””ff*f
S substltutlon reactlons w1thtelectr0Ph11es S“Ch .as-, alkyl u,t?;

'ﬁ;thalldes (23 > 24) Selectrve teductiom of the thiolester
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EtOOCCHZCO\}t SRS, '-_’7‘.’_%-’.-"-‘.*‘E*OOCCCOSE‘ Sy

EtOOCC=CH, _ 1~ .. = ;-EtOOC?CH OH

group\{24 +. 25) would prov1de a 51mp1e entry to B—-bﬁlﬂb
| hydroxyproplonates.' in. case of monosubstltuted 5-7;
hydroxybroplonates, subsequent dehydratlon should lead to ;“
crylate formatloq ' ] o
“The: prepaqatlon of B-hydroxypromonate derlvatlves by -ﬁl
,tiﬂglsplacement of an a-hydrogen of the parent molscule aqd o
‘":lts homologues has been the subject of con51derab1e>f. it”-_;
“1nterest._ Schle&slnger and Herrmann39 observed that ; |
'treatment\of methyl &-hydroxyproplonate wlth two.
‘;fﬁequlvalents of 11th1um d1lsopropy1am1de gavé rise to the ;nuP
:'correspondlng dlanlon (26) They aIso showed that the:"b;“fﬁ
/dlanlon 80O generated reacted w1th electrophlles 1n a'iiv |
ti hlghly tegloselectlve manper 1nvolv1ng predod@nantly the

EINCOR

1
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if carbanlon.: The generallty q@ the method is apparent from 'ﬁf“ﬁ

the formatlon of a 1arge number of subst1tuted B—\-hh;_f;_ﬁ
hydroxyproplonates 27 1h h1gh ylelds u51ng var1ous alkyl

halldes and dlmethyl dlsulflde.; Thls dlrect substltutlon: 

-

1J‘

'ﬁ. ‘was further 1nv§:tléated by Frater40 41 and Seebach;4? 43
‘.1nvo;v1ng homologous B hydroxyproplonates.- Inwthelriff?f7h €?f
:a_studles, a hlgh'degree of stereoselect1V1tyv(Qherevere.“
..h appllcable) was'aLso observed. “FQr.. example, methylat;on..'c
of the daanlon generated from‘(BS) et¥¥1 3 hydroxy—‘”
butanoate (28) w1th 11th1um dlLSOprOpylamlde gavehrise to e:’b
a 67% yleld of (ZS 35)~ (29) and (2R, BS) ethyl 3 hydrOxyv

2-methylbutanoate (30) in the ratlo of 19 1 1n favour of
e

the-forme:hproduct,u The predomlnant formatlon of the

el

A coor S




7ﬁi:;13;[f
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B threo isomer has been con51stently observed for a number

’jof alkylatlon reactlons.; Thls method,has been used 1n the 7{;

L synthe51s of lavandulol (31) 44 a monoterpen01d‘a1cohol,_
'and‘compound 32 45 . the enantlomer of the pheromone r‘ffgi;;
-1solated from smaller European bark beetle (Scolztus -

et

: multlstrlatus)

‘The above alkylatlon procedure leadlng to B-hydroxyd'

;.propionate derlvatlves_has the obv1ous advantage\of be1ng
1d1rect and stereoselectlve. Unfortunately, the-method has
- the folIOW1ng practlcal 11m1tat1ons. "The generatlon of a

N

'd1an1on requlres a powerful base whlch 1s not compatlble:

’-w1th many frequently encountered functlonal groups. ' jTlf

vFurthermore,‘the 1ntroduct10n of a second substltuent to-

,T,the a carbon (e g.$33 +> 34%‘yas shown to be dlfflouitf L
£ doed r .
. N s -.




“appears that the reactlon proceeds oniy Wlth methyl and

:ﬂallyl halldes. Even w1th these hlghly réactlve reagents, o

¥

‘ the. yxelds of the products were only mode t (~50%) 40
| Alkylatlon of. an 1ntact un1t of acryiate has-also f.~~””

'.been reported 46 47 L1th1um a-ethoxycarbonxlv1nyl(hex 1--
i .ynyl)cuprate (35) was prepared from ethyl a-bromoacrylate

wband 11th1um pexynylmethylcupratert Th1s complex was found

\\\to undergo alkylatlon wlth allyl halldes to glve produdts:"’

.Qgggmgy modest y1elds (50% 70%) Th1s reagent, however, DR

| Li CHeC=CCu COsEL" Ri ~  COEL" .
° IR R Sy

-has only modest react1v1ty and at does not undergo
. TRy ARURER TE . : L
_reactlons W1th alkyl halldes nor. w1th benzyL bromlde. QIn,'»(h

“;\dapproaches to synthe51s of acrylé;g/derlvatlves, several

Toa

’ ffacrylate equxvalents have also been used successfully .

1.F101n1 and others48 52 prepared cuprates 37 from a—*’frfwrjgrif

i

*lbromoacrole1n dr:thyl acetal (38). These copper reagents';}fﬁ:

e were: found to react w1th a’ number,of electrophiles.r.jheﬂf*“i

‘iaddltlon of reagent 39 to the enone 40, for example,“‘"'”

- i AT

RNy
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Br .h;:
v v,(i..'Li oL )\ _ ‘o\_ . o
_RCu___CH(OEt), CH(OEt)2 (Eto)ch CuC CC4H9

-

37\’)3 ‘3\8_'

“_3‘9 L

~

_ : 7 o L |

gave r1se to M1chae1 adduct 41 1n 93% y1eld.49. Subsequent.
4

hydroly51s and ox1dat10n led to the formatlon of acryllc

'-ac1d derlvablve 42. In another approach, methyl B*(N N-
dlmethylamlno)proplonate (43) was used as a latent o
acrylate unf§%53 Treatment of 43 w1th 11th1um
dllsopropylamlde foJlowed by alkylatlon bf the resultlng

”enolate 1on gave r1se to monosubstltuted products 44._{.T

."iAlkylatlnggagents Qsed 1nc1ude methyl,'allyl and several

The yaelds were 1n the range

-‘ﬁof 57% to 88% i Methylationiof B amlnoproplonates 44
;_f qrﬁlowed by base~1nduced elimlnatlon resulted in, the,,d;i;f'
v‘fformatlon of 2—subst1tuted acrylates 45. K

_ ’ The flrst part*of thls thes1s descrlbes.a new method'
‘w'éfor thi'Preparat1on of B hydroxyproplonates and acrylatq.
;rffderxvatlves u51ng:0 s—diethyl thlolmalonate as a conven-'~
‘fflent source of mlsked ethyl Bwhydroxyproplonate carb-lff'
ewan1on.' Th1s_method,_wh1ch has beeg developed on the. baszs.
‘.“éof thé‘pr1nc1p1e odffgned 1n Scheme II, is operationally
j?égjtsimple and apparently general.» Furthermore, it makes use

“Tnﬁof m11d reaction condltions wh1ch are compat1b1e w1th many

. *
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fffcommonly encountered £unct10nal grougs.~ These salient

. "-features warrant 1ts broad utllxty in- organ1c eynthe51s.__f;fﬁ

.

b.ﬂ(dcz."‘is’)’.z". B
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24 h. The O,S- d1ethy1 thlolmalonate (23) ‘thus. obtalced’

»

.

-~ m;

e
I(ESULTS AND mscussron A

.A:ﬁhf

0 S D1ethyl thlolmalonate (23), used in . the present '

: studles, was prepared from the commerc;ally avallable
ethyl malonyl chlorlde (46) by treatment w1th an excess of

[ SR

ethanethiol (1 5 equ1$a1ents) at room temperature for

‘._"

/-v‘,.".e_-:oz?CH-‘e_qo’s'-si o CHSCHzochHchCI

e e S S . .
. 14 . : . R
. o . 4 o

AN N b

was purlfleﬂ'by dlégillatlon at 60°C/1 torr followed .by

flash chromatogtaphyS4 on 51l1ca gel u51ng % sa}utlon of
(.

20% ether 1n petroﬁeum ether as an°elueht. Pgre thlol- ;;

~

malonate 23 was 1solated 1n near quantltatlve yleld and f;.ﬂ

%

couId be stored“ n\the refrlgeratorwr a: prolonged perlod ;"7

) of t1me w1thout apparent decompo51tlon._ Thlolmalonate 23

dlsplayed absorptlon bands 1n the 1r~spectrum at 1742 and e

1688 dh'l for the O—-and S-ester funct1ona11t1es, ‘ s
'4 . —_ a A \.

respect1¢ely. -These characterlst1c absorptlon bands were,'

J
generally observed for all the substltutlon products (v1de

: 1nfra) derlved from thls compound w1th small dlfferences :':\.

: ¢ ,
in exact pos1t10ns. The nmr spectrum showed a 51nglet at

——

5 3. 57 for the methylene hydrogens adJacent to the o

carbonyl groups. .In:addlt;on, two pa1rs of ethyl s1gnals =

e e




e

3

. "
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,
e 1

‘t;lwere observed, one at 6,4 20 (q, 23, J = 8 Hz) and 1 29 _.fﬁ,jf

bt, 3H, 8 Hz), and the other at 6 2 95 (q, ZH, J = 8
Hz)\and 1 28 (t, 34, J = 8 Hz) The former pa1r was

N
a551gned to the ethoxy m01ety and the latter to the thlo-"'?Bi

f»‘ihoxy group.l TheSe ethyl sxgnals were commonly observed n‘ff(

_'_required formula of C7H1203§

‘»for alIAthe compounds prepared from 23 1n the cu?rent

-

_‘studles-¢ The mass spectrum of thlolmalonate 23 showed a N

/,molecular 1on peak @t ‘m/z 176 0509 in accord w1th thev;

‘ The fea51b111 ; of the general synthetlc approach to

0

,f:B hydroxyproplonate and acrylate derlvztlves (sCheme.II)

1'~hreact10n w1th warlous electrophlles such as’ alkyl
_ﬁhalldes.b The methylene protons of thlolester 23, whlch

_f;are adJacent to the two electron-w1thdraw1ng carbonyl
S v

,;depends on. the ab111ty of th1olmalonate 23 to undergo

,w

o . T
S o

' hgnoups, are expe%§ed to be strongly a01dlc. The acidlty IQ
. [} ) . . \- Lo
,of 23, whlch @malns to be d7term1ned, -should be_f._%“_ }\-‘- _;’

q:[‘ﬁcomparable to that of d1ethyl &plonate whfbh has aﬁpkaﬁff_w:fﬁ

""value of 13 3» Indeed thlolmalonate 23 ‘could eaSIIY be »{'@&*

jmdeprotonated w1th a varlety of bases. The carbanion thuS»fﬁﬂf

<

1'generated w&s found to undergo alkylatlongwith a variety

""of alky} halides.\ Detalls are descr1bed below.L Also j;T’-f;;
N T 'S Lt

dlséusséd are succelsful transformations of the alkylation_ft'

- O

products to B hydroxypropionates and acrylic esters.;,k-

R e B e
- N . - B RRPEEECI . e
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Llf’i Alkylat1on of 0 s dlethyl thlolmalonate (23)

Thlolmalonate 23 could ea311y be deprotonated wlth
¢ ‘n h,.-v "“"‘"ﬁ‘/

sodlum hydrlde., When the anlon was subJected to reactlons

/.

o w1th alkyl halades 1n tetrahydrofuran at temperatures-'ff"

’jranglng from 20°C to ~70°C, alkylat;on products were

N

-showing a molecular 1on peak at 190 0657._ W1th more

- EtOOCCHCOSEt: - EtOOCCCOSEt

'é;-obta1ned in good y1elds.~ Por monoal§¥1ation, tbe Qf;'

et

the reagents. Thus, treatment qﬁ thlolmalonate 23 w1th

1 1 equ1va1ents of sodlum hydr1de and r)o equ1valent of

; methyl 1od1de in tetrahydrofuran at room temperature for
B 3 h gave rise to méthyl dé%lvatlve 47 in - 80% YIGld.m

',small amount (11%) of d1alkylat10n product 48 was also .

A RTPATN H
.

.characterlst1c 51gnals (v1de supra) for the ester and

)

”thiolester groups._ The nmr spectrum also dlsplayed a

gquartet at 63 65 for one hydrogen aéé -a methyl doublet at

6 1. 50, each w1th a coupllng constant of 7 5 Hz._ _The f

':'»structure was further conflrmed% the mass spectrum

Q

. .. a . ..
r ) :./“\

,\l; . . .

glnqorporatlon of a 51mple alkyl group d&uld be controlled )

TR S RS S : - N
_g “ei \ ‘~\\l':,l 'f{i' "‘;ﬁ . ‘.f_ R w
obtalne | The'lr and nmr spectra of compound 47 showed
. . T

'jb¥ the ‘use of stolch1ometr1c amounts (or sllght excess¢ Of,,y:

..



fx/‘_reactﬂve alkyl halldes the formatxon of dlalkylatzon )
‘ cho
prgﬁucts 1n smal} quantlty coul& not be suppte.sed.‘,_*dg:f&*f

; Alkylatlon of 2; wlth benzyl bromlde (20 C, 4 h) gavefrise‘
'fto a 72% yleld of the(?e51red produqt 49 aleng with 2% of
-the dxalkylatlon product 50., Slm;larly, treatment of the
-;sodlum salt of 23 w1th nethyi 3-bromoprop10nate gave a. |
iim1xture of mono- apd dlalkylatlon products 5! and 52 rn
/ “ g f.:\* = '1"'-' o K ".‘ ; ~__ CHzph
. EtOOCCH?OSEt . EtOOCCCOSEt R

" o-

IEE Y %H20H2002CH3
- E‘OOC?HCOSB EtOOCCCOSEt "
S , | ' CHchchOzc“HG : CHchchQCHa
“;;8 1 ratlo in a tot?i yleld of 74%. CompOunds 49 and 51

‘o’

;3: were readlly 1dent1f1ed on the baszs of the sp\\tral
hrift_data._ Other than the szgnals geherAIIQ observed for

'J‘:Tfthlolester and ester groups, the 1r lpectrum of 49 .howed 4
"if;feddltional absorption bands at 1604 and 1584'cm’} fqr the ;;I

"ferphenyl group.' In the nmr spectrum a 5H multi lct at 6

. 7.22, & 1H, tr:.plet (J -’ e Hz) Bt s 3. 84 and two m :_-

htrf,fdoublets (J - 8 uz each) at 5 3 22*and 3 25 could roadzly




'»v..triplet (J 7 ,H.z) at & 3. 65

2. 38 and a 2H doublet of tr»(;i_

2. 24.- These 51ghals were due to the propionate un1t h:\

d_231 0686 (M+-31) due to the loss of a- methoxy un1t..g“

. proceeded much slower as expected.. At the same time,

”.be a551gned to the phenylethyl unit.f In the case of
ﬂcompouﬁd 51, the nmr spectrum displayed the follow1ng ihif‘@';
_additional 51g\§i\j a methyl 51gnal at s 3. 68, a ?ﬁ f}f,

,¢a 2H triplet (J 7 Hz) at 6

[{J,= = 7 Hz) ay 6

B e

)fpresent in the molecule.‘ In conflrmation of the »
”vstructural as51gnment,,compound 49 showed a molecular ion

.lpeak at.- 266 0975. The molecular 1on peak of compound 51 ~:.f,

o

‘.was not detected ; Instead, an 1on peak appeared at’ m/z

.\_._

o\

, with less react1ve alkylat1ng agents, the alkylatlon tf*7

LI

i

‘h.iunder the condltlons applled, the dialkylation was'

not detected. For example, the alkylation of thiol-:fdhf‘4_”

“:7.,malonate 23 w1th ethyl 1od1de,‘carr1ed out at rapm

ﬂ"_{temperature 1n tetrahydrofuran gaveua 90% yleld -of the‘

'5~_fat w2 204. 0824. “The. reaction of - thiy

Lde51red ethyl derivatlve 53 as the sole product after»faﬂ'
‘}h;ZO-h.{ The nmr spectrum of the compound showed the :”'.

'preséhce of a n-propyl unlt w1th a methyl triplet at -3 S
©0.96 €= 1.5 Hz), a methylene qurptet ‘at 6 1.98 (3 ﬁ/7 5

sz) and a methine triplet at 6 3 46 (J = 7 5 Hz).. In: the‘.

'imass spectrum the expected molecular ion peak was obserV@d

lmalonate

)



o condltlons.{

yxeld.

’7} and 3 54 (t,

'; butane.

. ?Hchs
EtOOCCHCQSEt

ﬁ

_ - R -
23 and 1-1odopropane was carrxed out under sxmxlar

O

J = 8 Hz), 1 35 (m, 2H,‘

’fﬂ;;ﬁf,;ffifii.df”;;f7g€figig\??“:;

EtOOCCHCOSEt

After 8 h. compound 54 was produced inl82%
The. nmr sPectrum showed s1gnals at 6 0 92 (t._3H._?T*"
q = 7 Hz).
1H J = 7 Hz) due to a 1 1 dlsubstltuted

In agreement thh the strucvural assxgnment, t*e :

(:H:(:H;(:Hs ;td.eﬁf'?:ft

o)

4.-

mass spectrum dlsplayed a molecular 1on peak at m/z

218 0974.,5

-

The alkylatxon of.thlolmalonate 23‘w1th xaoprOpyl dvf“-ﬁ

1od1de was found to be extremely slow at room tempera-mﬂg7g'@:

ture.

. OCCurred quxte readxly to nge a 91% yxeld of compound“

. ',/’:.

At refluxlng temperature,-however, the reactzon‘;y'iﬁg;

4

_5$d:1;i

whlch showed,, n the nmr spectrum, a multxplet at 6 2 48

'5{ and. a’ doublet (J = 9 Hz) at 6

and two methyr

hydrogen each.
5 O 96 and 0 98.

peak appeared at m/z'218a0978

cu,cucH,
Etoocéﬂcossx-' -

In the mass

3 28 1ntegrating to one

_doublets (J - 7 Hz each) at

spectrum,,a molecular ion

as exfécted. .ff?

T

'CHz(cHz).cH.-.

SR EtOOCéHCOSEt

;j;?@”h S

. .



SRR g Sequent1a1 treatment“of thlolester 23 wlth sodlum _yy“}

- e

;;f;z hydrlde and n-octyl bromlde 1n reflux;ng tetrahydrofuran

-fﬂﬁ for 24 h gave r;se to compound 56 1n 56% yleld along wzth .
e S - R
a 29% recovery of the startzng mater1a1 When the same*

reactlon was carrled out 1n the presence of a catalytlc "

. amount of sodlum 1od1de (0 1 eq ), an 1mproved y1eld (84%)

"

'of 56 was obtalned w1th complete consumptlon of startlngl

-4

'”materlgl.' Th ’nm ;spectrum of thls compound showed a._*ﬁ.gQJ

o methyl trlplet (J . 7 Hz) at 5 0 87 an&_aﬁ'unresolved'-'

e

'f_multxplet centered at 5 1. 28 for avtotpl of ei hteen
"j“protons.f Other 51gnals observed anlude three Quartets at

:5"5 1, 90, 2 92 and 4 20, each wlth a coupllng constant of 7

L R | . I - . } ‘
'”QHzg_ 1ntegrat1ng to two protons,.and a. tr;plet at 5 3.54 L

';f,also w1th a coupllng constant of 7 Hz for the‘methlne

s . e

;ngproton;” The ap51gned structure was conflrmed by themmass q;
' jspectrum whlch showed a- peak at m/h 288 1760 er the : e

e .

'fmolecular 1on..; f '1«_W~;] .

e’ l

t
E g e W ,‘. B &.,.>y g
u51ng adequate amount Df a*kylat1ng agent anq baseaV‘The

'converslon of 23 to dLmethyl derivatlve 48‘ for:example,'ff‘

L’”{Qg;s effected by treatment of tﬁ% former compound t&th




';f equ1va1ents of sod1um hydrlde* aﬁa 2»1 equ1va1ents of O
Rf,‘methyl 1od1de 1n tetrahydrofuran for 4 h._ he product 48i;ffﬁi

thus o&talned 1n 97% y1e1d showed characterlstic

s
i

absorpt1on bands 1n the 1r spectrum for the ester and -
th1olester groups at 1739 cm ‘ qnd 1682 cm-?f’whlch were.;_ o

generally observed for thls ser1es of compounds., Other"

B
than those characterlstlc 51gnals due to ethoxy and

lfi_thfbethyl mo1e€/es (v1de supra), the.nmr spectrum

:l dlsplayed a: S1ng1et at 5 l,AB for the gem~d1metyy1.,'Thefgfjip:
structure was further verlfled by the masggspectrum - ,m“V j:*ﬂ

showmg a m°1ecular 1@ peak at m/z 204 0818., Dla.lkyl--
tlon of thlolester 23 was also carrled out w1th ethyl

‘"L'1odlde, n-propyl 1od1de, n-butyl 1od1de usxng 51m1ﬁar

':: neactlon condltlons. The expeéted products 57, 58 and 59fffffﬁ

';the structures were rde1ly deduced on et

U RIS

ykf} a51s of the spectral data **

* When a 1esser amount of sodlum hydride was used, the SR
reactlon ‘was- fourid. to.be 1ncomp1ete ‘even’. after an.. extended
perlod "of  time. These. . results suggested :that ‘the - percentage
of sodlum hydrlde used was lower than indicated.v,,.

. '. Ve

e See Experlmental for details, ijﬁ jl.fgj,4L,'rfjfgfff;;tibr
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‘ IR SIN .
o CHchs CH2GHZCH3 e
SR ".5'}_—';:-»Etoocércos’Et E‘°°Cé°°sm -i
,g{j- cuecu3 ; ‘5 CHzCHzCHa '

. 'n

o , 8

SN f i cnz(CHz)zCHs—;f*ii,‘ R
B EtOOCCCOSEt
\: cuz(cnz)zcuagi_.;_,;; R

=»359}}*

Reactlon of thlolester 23 w1th .an alkyl dlﬁallde
”._,céuld, 1n prlnc1p1e. lea‘kto the formatlon of a cycllc f”J

'”compound.: Thls cycllzatlon sggcess has been demonstrated
. - _

BRI R o R
‘T_walth l S-dllodppentane.: Treatment~of 23 w1th sodlum‘.,ggﬁfm“

njihydrlde (3 0 eq ). and 1 5-d116dopentane (l 2 eq ) :3 mjﬁlﬁ

;Httetrahydrofuran at room temperature for 24 h gave rlse to e

cycllc compound 60 1n 56% yleld along Mlth recoVe d i.

'»-startlng mater1a1 @20%) and a small amount of unldentlfxed

2%
) ' . . i

e e 1*;91f¢-**u-(r“;»zv.i‘f

» . . "' LT Y

60

. produots; Compound 60 showed a molecular 1on p a)

'-centered at a 1 48 (SHYi 1. 90 (239 ané Q 15 (23) in the

‘},
,fnmr spectrum due to the}cyclohexyl hydrogensq In an'

DM



e }_,*.'bf_;;;}:.:v'" u e 4 mrf *@'_ AR
p?attempt to.lmprove the- yleld of‘SO, the reactlon was

';ﬂﬂifcarrled out u51ng 4 0 equnvalents of sodlum hydride. fin%_;f;dﬂ

a:;_lthls case, the shartlng materla was completely consumed

:‘nliln 30 h an@ the de51red product was 1solated in F?%

‘

rfy:pyleld. Analy51s of the remalnlng materlal 1nd1cated the

:,f‘were 1dent1f1ed as uncyclized 1odo compound 61 (10%), L

?Hz(CHz)aCHz cH.‘.(cuz):,CH2 D

EtOO‘GCHCOSEt EtSOCCCOOEt |

, Ll e ,‘- .

| T C“z(CHz}ac“z'

e | 62 AT e

.‘-.é\ - EtOZC T CO\zEt R ‘ _ L

R HCHz(CHz)aCszH s S e
AT EtSOC R cosa L

| _ v ‘ - ﬁ,?n“~,.& -
__presence of iﬂree addltlonal products.‘ These compounds

'r?,dlarfylatlon product 62 (4%) and d1mer1c compound 63;y5h
'(26%) , Iodo compound 61 showed, 1n the—mass spectrum,ia
13molecu1ar ion peak at m/z 372 0259 and, 1n the nmr

“ . ”?HA f

'spectrum, a trlplet- 3. 13 (2H, 3= 7 Hz) for the :

-M.g'methylene grouz bearlng”t_e 1od1ne. On treatment w1th
e N |
’ﬁ’fsodlum hydrlde (3?0 equlvalents) 1n tetrahydrofuran\for

'3124 h, th1s compound was\further c§511zed_to give an :”"




'1'1odo methylene groups."Its structure was further ‘,;‘?/pgﬁf

r'conflrmed by mass spectrum showlng {he requ1red molecularvjt~_'

‘,-refluxlng tetrahydrofuran for 2 h gave rise to the de51red

spectrum of 62 d1sp1ayed a 4d tr1plet at 6 3 18 for the. L

1onjbeak at m/z 568 1192.1 A cons1s ent molecular 1on peak

For the

as also obs rved for the d1mer1c COmpound 63.A
ql‘areparatlon of O S- d1ethy1 thlolmalonates

posse 51ng two ‘non- 1dent1ca1 substltuents, the 1ntroduc-

l-trnm o 1$h2 second group could also be carrled out w1th

iease as’ e %E?lfiedkbelow. Treatment of ester\53 w1th n—

-propyl 1od1de (1 2 eq.,) and sodlum hydrlde (1 5 eqg.)’ 1n

product 64 in 91% yleld.d Under 51m11ar condlt ons ‘the
react1on of 53 w1th 1sopmopy1 1odlde afforded an 87% yleld

of compound 65.: These products were readlly 1dent1f1ed

. cuzqns CHzCHa

o " o OE!
Sl EtSOCCCOOEt | EFSOCCQO

B CHzCHzC‘Ha o CHZCHCHa

The results obtalned from alkylatlon reactlons are
_‘lv z . oL ‘

»

x

‘spectroscoplcally. ’ ‘q;asdgtffjv" | B L, B "}?\#
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S

‘ethanol at 0° C for 14 h resulted 1n the

'?;4-j-917419‘1ff-f sf“affﬁf ’flu'y;rfp”u/eﬁ'"} g.“'fﬁ”ap‘“

."ff2f';;selective'reduction?of alkylaﬁionnprOducts‘toggé

p]

'_1hydroxypr0plonates 4-;J;5-55

=nijor the preparatlon of a—hydroxyproplonates v1a O S-

N

%dretnyl thlolmalonate derlvatlves. attempts were 1n1t1ally
';made to: reduce the thlolé%ter group selectlvely to tﬁe i
'aalcohol level usxng sodlum borohydrlde. Prevxouslyg

”was shown 1n our Laboratory that the thlolester group
’QcouTﬁ be reduced preferentlally 1n the presence of an O~

'ester m01ety w1th sodlum borohydrlde.' Unfor‘abately,g,

1‘4

afthe present case,Athe reductlon ‘was found to be non—;vb
"selectlve., Under varlous condltlons both thlolester and
‘,pester groups were 1nvar1ably reduced.- For example, the

'ereductlon of benzyl compound 49 wlth sodlum borohydrlde 1n'

trmatlon of a ca

-3 l mlxture of B-hydroxyproplonate 66 and a-hydroxythlol—

‘7ﬁproplonate 67 1n 70% yxeld along w1th a 20% yleld of dlol'

8. The unexpected reductlon of O-ester group w1th sodlum

CH PR CH Ph .“"L;' CHzPh
EtooccncH2 o EtSOCCHCHon HOHchHCH OH

66 ;[{;I,_ ;;. 67

due to the presence of an: electron-wlthdrawlng group. Q_

B I .

.
IS



,_hEagent was examlned. bm

i.dsfound that 51m11ar reductlon of d1th101malonates gave r1se

*\VE to ethanol der1vet1ves result1ng from the removal of one

v?h;the alcohol level.?n_-io-ontf

N e : Co=

v

32

. : ' : ' "
;Jously,;lt was shown that Raney

:ffnlckel reductlon of B-keto thlolesters resuf@@d 1n

,complete removal of the thlolester grogp 30 It Was also

thlolester group and the rQEUCt1on of the rema1n1ng one to |

fllght however, 1n the

o f”jpresent case, the thlolester group of thlolmalonate was.‘

"L,jreduced to thef

,‘:

‘}lqphol levé?§§1:hout apparent leavage of
3 g g

“’fthe carbon-carbon bond.g Thxs was" probably becauser U“f

"”f.yketone and thlolester, an O—ester functional’group was.;filf

- hsuff1c1ent to actlva!e the carbbn-carbon bond

”7ﬂc1eavage. Thus, the“thxodester group 1n th1olmalonate, g”ﬁifiﬁn

H‘t}behaved normally., Morg 11iortant1y, Raney nlckel could

_;_,d'thxolmalonates/to’q'hydroxypfoplonates.; In a. typlcal

-jserve as. effectlve reagent for the de51red conver51on oﬁ

'“,dfexperlment, thlolmalonate 49 was dlssolved in benzene, andtfff_f

f?ﬂjw-z Raney n1cke1 55 whlch was prewashed w1th benzene to

‘g}remove ethanol, was added.; The solution was then stlrred ; :;fs

e o,-

x

Y“Qat room temperature for.(_h.- Thls was followed by careful-;p_iﬁ

.fif11trat10n and extensxveﬁWash1ng of the residue with

’QVethanol._ Bulb-to—bulb d’stlllatlon of the crude product |
[.{gave B-hydroxy‘proplonate 66 in 93% yibld. The ir :f;jhiléﬁ:%

N "4','.,
B S

R




-y

.......

the mass Spectrum dlsplayed the expected molecular 1on

7:fpeak at*m/z 208 1100., In‘the nmf spectrum the aromat1c

;vfthe eghyl ester
quartet at s 7. 15,’_'
f7 Hz. Two broadadoublets were observed at 6 2 93 and

'3]3‘72f? The former was due to the benzyllc hydrogens and

'fmethlne proton respectlvely.

4

hydrogen atomscappeared as a multlplet at 6 7 34 whereas gff'

fspl ed a trlplet at 6 l 22 and a fh;;vaif5'

:ach w1th a coubllng constant of

3

s u

fgthe latter to the methylene group bearlng the hydroxyl
i:group. A broad 51nglet at ¥ 2 22 and a ultlplet at’

C 8 2 63 could be attrlbuted to the hydroxyl group ﬁnd the

1 The procedure for selectlve red%‘tion proved to be

'ipgeneral ; A total of twelve compounds were examlned. The‘"ﬂ‘

RS

'v“results are complled ;n Table II.f 13%@;1 the cases;d"

'_vnlckel under v1rtually”neutra1 condltlons to glve

wstudled the thlolmalonate was, readlly reduced w1v

”'3respond1ng a hydroxyproplonate 1n greater than 79h;y1eld¢ :

'fthe rate of rea

'dRaney n1ckel used.

'Several o%servatlons are noteworthy. As expected,;_

~1on is dependent on the react1v1ty of the .f,”ﬁ

‘When the freshly prepared Rane n1ckel f'

wvf}qwas;appl1ed, the reactlon was compléte w1th1n 8 h even

't‘jffwlth highly h1ndered thiolmalonates_ﬁbch as 5&, 59 and 60

13‘7'

'J(Table II, Entrles 10 IQ) On the dther hand, when Raney

[SNEEN B




nackel wa‘_stored 1n ethanol over a perlod of t1me prxor R

':-to use, the reactlon was founv to be rather slow,* In

several cases the start1ng

er1a1 was not completely

consumed even over an extended reactlon t1me.‘ Although R
: \\’ - o

the react1on could be forced 1@to complet1on by 1ntroduc—:;,»*f"
tlomqof an add1t1ona1 amount of . Raney n1cke1, thefaield of‘;;t;
product was generally 1nfer10r.r Thus, It 1s des1rab1e toibd' Cf
.carry out the reactlon w;nhﬂ re"hly prepared Raney nlckejaiffhpn

'Q ;HJ*L} For Raney nlckel desuifurlzatlon in general,;ﬁf"'hfeia'ﬁ=%?

S exten51ve washlng of Raney n1ckel re31due 1s essentlal 1n57'”*”~5

order to obtaln\a hrgh yleld of the product. In the

,,present case, as 1n many otéer cases, ethanol was found to r-f“

be a hlghly effectlve s&&vent for washlng.’ Furthermoré
?fwhlle products w1th hlgh molecular welght could be
M:eff1c1ent1y pur1f1ed by bulb to—bulb dqgglllation, the

L o %
‘vjpur1f1ca$10n of the more volatale B hydroxyproplonates

N'i.psuch as~69 70 and 72 (Tabie II, Entr1es 2, 3 and 5) was

Etozccncnzon Etozccucu,on
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It 1s also worth p01nt1ng out that a large number of

’B-nydroxyproplonates d1d not show molecular 1on peaks 1n

f - :

“the mass spectra.§ Instead, a-. preﬁpm1nant fragment at R

'—30 correspondlng to the loss of a CHZO un1t wps

\ . ), b o

ifobserveq For example, compound 69 (Table II, Entry 2)‘

- -

dlsplayed an intense fragment at m/z 102 0686 1nstead of a. \\\'

'Vmolecular 1on peak (eXpected at m/z 132 0874).; The loss'-"u{“

llof a cnzo unht could be read11y ratlonallzed by 1nvok1ng a.

' cLafferty rearrangement56 as shown below\wtth compound

: ) CH0 "' |

e .
LT S,

a .



‘: \.1 *

methane at room temperature for 6 h._ The crude prauuct, xf'

ve.

R 5 h. The acrylate 80 thue; 'obtalned J.n 76% *y;eld
| dlsplayed, 1n the ir spectrum, two ester absorption _ands

'f at 1740 and 1718 cm as wef} a‘”pf

e T . PP

v H3@r;_Transformat1on of . B-hydroxxprqpanates to acrxlate'

ﬁaerlvat1ves

N T e

'p{fTwo methods were successfully studled for the r}“pf}f"

‘~.

dehydratlon of gdhydroxyprop nates to glve the

o ‘\ , :.‘“-':::‘,"' .
spec1f1c examples. ,,x; g:_;va»
' . | s R

> v

Indlrectly,bcompound 71 ‘was - mesylated WIth an excess

EtOZCCHCH OH

o

'double bond abdorptxon

-

‘,;!at 1636 cm"1 In the nmr spectrum. the methyl ester f]iuk

::i showed a sxnglet at.b 3 68 and tﬁ“ ethyl °lt°r ‘ pair °f

‘”“mJ'mutually coupled llgnals at 6 1 25 and 4 20' .‘Ch thh a

a paxr of trxplets (J = 7 Hh) at 5 2 38 and 2 28. The

corre pond;ng acry{ates.. Th se dre 111ustrated belo4 w1thj_ﬁf15>

g

QIQ of methanesulfonyl chloqéde and trlethylamlne 1n dlchloro-ep3}ff:

R

| ..qpupling constayt df 7 Hz. The ethylene unit Ipp.aq\é a',:;‘uﬁk



‘17iv1nyl hydrogens wh1ch appeared at 6 5 60, ‘a- double% W1thk

’ﬁfﬁ:-

'-nlatter 51gna1 Was broadened due to allyllc coup11ng wlth

s PR

‘ ggpe structural fSSlgnment was conflrmed by the mass s ec—

s \
trum exh1b1t1ng a:ﬁblecular 1on peak at 186 0892.u As a

further exa{éle, the dehydratlon of compound 66 was also

“ ..'-

-done via: the 1ntermed1acy of mes»late 81 to glve comgﬂund

82 1n 96% y1e1d Thls acrylate der1vat1ve showed,,'

t,*H‘zosoch3 PR CH;,*\ |
EtOZCCHCH Ph , - EtochCH Ph R

o E B R o S PR
. . T v A . .'- > - . TR o
: - o “‘A ,

NP

the 1r spectrum,\absorptlon banj at 30?0 3100
. 3 “

'(aromatlc), 1718 (ester carbonyl), 1636 (C C), 1605 cm

-1

'fjiand ISBGnghenyl), IAS and 701 cm -1 (monosubst1tuted ",,qiﬂ 8

'fﬂfbenzene) ~Jn the nmr spectrum, the ethyl este showed

1:7;slgnals at 8 1 26 and 4 18, each w1th a coup11ng constantm

- of37_Hz. A bﬁbad 51nq;et at 5 3 64 ;as due to benzyllc

/protons.“ Two doublets,’one at 5 5, 45 (J 1'1 Hz) and the
‘. other at 6 6‘22'(3 = 1 Hz) were q&ﬁrlbuted to the v1ny11cjf

: protons. The agomat1c protons appearéd as a multlplet at .

8 7 27. The structural a551gnment was conflrmed by the0 {pg":,

mass spectrum whlch showed a molecular 1on peak at m/z,f -

S

190 0901._fkr.

“icoupllng constant of 1 Hz, ahd e 6 20, a broad 51nglet. 'fﬂ;};_ff

—



g’” ’ “ﬁ:.f”] 5ﬁfff?w;fa"' S :
In 1971, Alexandre and Rousessac57 reporgep a fac11e

'ifhmethod for the dehydratlon of B hydroxy ketones using(d1-=ffn

'fécyclohexylcarbod11m1de in the presenqe of cuprous

‘ﬁf,l_chloulde.: Thls method pxsved to be espebially useful 1n

)

'flbthe preparatxon of unstable conJugated enones and has been

"extended‘ko the dehydratlon of\B—hydroxyprop1o-'

<7fb?:n1tr11es.%_f Appllcat1on og th1s method to compound 75 i_gi-/ﬁi.-

y_gave rlse to a 92% yleld of compound 8 yhlch showed

 omHageMs, . e -
EtOOCéHCHZOH \ '." o EtOgCCCHz(C""z)sQHa

T 75 . 83 el
"bsorptlon bands at 1719 (ester carbonyl) agd 1625 cm_lv_“' RN

“_212 1778 1n tgg mass spectrum.; The prl,ence of a-“

'5fsubst1tuted ethyl acrylate un1t was ev1d n ”from the nmr

”;spectrum wh1ch showéu a 3H tr1p1et (»_2_7 Hz) at 6 1 25, a hf73:;

'—C) in the ir spectrum,'and a’ molecular 1on peak at m/z, L

. r2H quartet (J 7 Hz) at 4 20, a 1H doublet of doublets _~C§S;ffﬂ

(3 = J"= 1.5 Hz) at 5 S. 50 and a 1a doublet (J = 1 S’Hz)

f’l
"g?'at 6 6 12. The above results are further outlined in
'A;Table 111.,_fmff*:1 ‘x-{yg’.rtjf»g,Fngffadj |
> f_ . In conc1u81on,,a convenient method for\the ptepara o

‘."/

tlon °f B-hydréxypropionate and acrylate derivgtive; hag:fr;' .
been devéloped ﬁsing O S-d1ethy1 thiolmalonate 23 agﬁa

2. o

S W
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'lj";common startlng mater1a1.  The method us Operationally : L

s N,

.3'_ élmple and apparently general._ All tbe transformatlons

:could be done under ratherﬁmlld cond1t10ns‘wh1ch would not

 faffect most of the other funct10na11t1es frequently - fifu?”_;ff
. . . e :( - e b
encqpn@éred in’ organlc synthe81s._%$:, _A;;f _ i% ,”* SRR

»
(9N
a

“
- T
&




y_7 199 FT—IR spectrophotometer.v Unless otherwxse stated,.jﬂ_ .

orgm

e

S ] e )
£ s . RN .
' x : : - K .
. i 22, - A
o ’ ) i N - S
. )"'b"‘ s o . r .
* E o
"l . % EXPERIMENTAL -
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s

Elemental analyses were performed by the mlcro—;éﬁs;f7

- B

ir samples were run as-. th1n f11ms._ Proton nucleér

o N ., ‘ .':,.‘
- aanalytlcal laboratory o£ th1s department.p Infraredigfr%ﬁ'~-'

'b .

stated were obtalned on: solutlons 1n deuﬂéégchloroform

\ -
51ng tetramethy151lane as 1nternal reference.
. 41',. .

o

--, o
I I

'"xd doublet, t = tr1p1et, q = quartet,;_ # multlplet and

¥

br = broad Mass spectra (ms) were recorded on Kratos_ s

The follow1ng abbrev1at10ns were used*7 s,s 91nglet,_5-5?

A E I. model MS 50 or MS 12 mass spectrometers.- Wheneverfﬂv‘

p0531ble the.prodress of reactlon was monltored by th1n
layer chromatography uslng one or more of the follow1ng.(
for v1suallzat1on-: UV'absorptlon by fluorescence"”'wv
quenchlng, 12 sta1n1ng, (1 l) methanol/ﬂzso4 spray w1th

/charrlng, a01d1c solutlon of vanlllln 1n methanol aq.v.

' ? solutlon of . 3% phosphomolybollc ac1d and 0 5% cerlc‘t7 o

% .
sulfate in, 3% 32504. Concentratlon of solvent systems

used in column chromatography are glven by volumes, e. g.v_;f1=w

. / o )



“"” . - . . L . -

'”‘id%}étﬁer in: petroleum ether, means; 10, parts of ethergbkuffi
N wnwffulf"]x .
-volume to 90 part%;of petrolem etheL by Yolume, *OHGVOr.: ke
'more of the follow1ng solvent systems was used-fT""

;sEtOAc/petroleum etherv(most generally satlsfactory) 58

Ty

'”CH2C12/petroleum ether~'EtOAc/CH2C12,.and ether/petroleum e
'T;ether (for less polar mlxtures)._ All spray reagents were. .
'f*prepared and used as descrlbed by Krelbs et al 59 The

‘~yflash chromatography was executed accordlng to St1ll

"f? t l 54 and "Dry—column flash chromatography accordlng
to Harwood 60 The reactlons were done under a p051trverﬁ.-“¢;j-“

V.p:r_essure-.,' o'f-:_ gryt a-rgon.._‘;_’_-jg-‘ - ] " o Lo

;ﬁfMatErials:yf_lz =
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Ether and benzene used for reactlons were freshly

’:_dlstllled from l1th1um alum1n1um hydrlde., Tetr hydrofuran}ff’“

ff*and l 2 dlmethoxyethane were dlstllled from sodlum and

'beenzophenone._ Toluene and ethyl acetate were dlstilled WI'Q”

' —

"f from ca1c1um hydrlde.- Absolute ethanol was obtalned byifﬁ‘”; |

Jl! dlst1111ng 95% ethanol over magne31um turnings in the

'W'QxhrOugh a pur1f1cat10n tra1n of F1eser s solutlon 61
"'concentrated sulfurlc ac1d and potassium hydrox1de

"Tfs;pellets._ The FleseE s solution was prepared by adding

e presence of a few crystals of 1od1ne. Argon was passed ‘f;jrffﬁ

af'sodlum dlthlonate to a cold sol!tlon of sodlum hydroxidehfff;'




*"}purlflcatlon..‘

‘*i;followed by the sodlum salt of anthraqulnone B sulfonlc'fﬂ;

B jac1d, Merck 605?254 s111ca ge1 was used for thin layer R

| :‘7‘°h”°’“at°graphy"f»- silica gel, type’ 60, 230% 40'0 mesh, vas
.dhused for flash chromatography and type 60, 70 230 mesh was‘; :
wﬂused for 9rav1ty chromatography.\ Unless OtherW1se stated,
,dlanhydrous magnes1um sulfate was used for dry1ng Organlc fff;d“
dtsolutlons.‘ Solutlons were concentrated under reduced S
_pressure. Commerc1ally avallable sodlum hydrlde (80%Vd"
".dlspeeron in 011) was washed several t1mes*w1th petroleun ;;g?
‘fnether before use.t-Commerc1ally avallable 1odonelhane, e
_jlodoethane,_i 1odopropane, 2—1odo€ropane, 1 1odobugane, hw:"
;;benzyl brom1de, methylfB-bromoproplonate,'1 5_4“' '

"¢d1lodopentane and 1 bromooctane were used wlthout further

_J.‘. .
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A solut1on of sodlum hydrox1de (190 g) in dlstllled
-fwater (750 mL) was cooled in an 1ce bath._ Nlckel—}" -

jalumlnlﬁm allog (150 g) ‘was: added 1n small portlons w1th

7;st1rr1ﬁg ,During the addltlon, the temperature of the ;h;':
“'7m1yture wa;»not jllo&ed o rLse above 25°C.~ After the ‘
"radd1t1on, the mlxture was aliowed to stand at room a
}h;temperature untll the evolutlon of hydrogen stopped., $he

"lexture was heated on a steamkpath7W1th st1rr1ng for

rflz_h, The solvent was: decanted{and'the re51due washed




<l ‘ o ‘ ‘ S el e el
: thbroughly w1th dlstllled water untll neutral., Theffa#,='
‘ .
- re51due was furtheréuashed w1th absolute ethanoi (3 x 2 0
. B -/‘"

A mL) and stored under ethanol.m;~'f
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O S Dlebhyl thlolmalonate (23) fi];i'i.fﬂﬂ;ffj;”mliji‘laf@:glﬁﬁ;:

A solutlon of ethaneth1 (3 03 mL 41 mmol) 1n .frli_tfi:;

tetrahydrofuran=(10 mL) was added dropwlse to a solution

of ethyl malonyl chlor1de (4 74 mL, 31 mmol) m tetra-
hydrofuran (30 mL) at 0°C under an argon atmosphere. The gﬁ'hﬁﬁ
_ SN o

reactron m1yture was allowed to stand at room tempebature ]hﬂg~;§

.;A..' 'r_-, .

for 24 h.~ Mos; of the solvent was evaporated and the.l#; “%Jr7rl
re51due dxsrxlled at 60°C/l torr The dlstxllate was f'ﬁj;

further purlfled by flash chromatbgraphy oh s1llea gel V%w“'

us1ng 20% ether kn petroleum ether as eluent to afford

( 3H, J.- 8 Hz,'f--SCHzc_3), 1 29 (t, 3Hf‘,.J‘_-Z‘ e uz,_,f_,

'COCHch ) F“d 4 20 (q. 2H, J = 3 Hz, ’-OC_2CH3), ns, M* ok

A,solutlon o O S-dlethyl th1olmalonate (270 mg, 1“54

Tahydrofuran (lt

mmol)

mL) wassadded dropwise to

: sodlum ‘e (50 6 mg, l.f

(10 mLL at 0°C. The solution was stirred under argon for

4 ‘-“-.',“" _.‘..
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: lryleld)vf ir. 1749 (ester carbonyl) and 1688 .cm™

'7j:was stlrred for 3 h The react1on was quenched w1th

L e
- extracted w1th dlchloromethane (3 x 20 mL).r ‘The": ex

"_'10 m1n. A solutlon of 10domethape__

flce-colg 1 N aqueous hydrochlor1c acy‘ solutlon aﬁd

'-j20% ether 1n'§étroleum ether gave the follhw1ng products.

'"095 mL,bl 53 mmol)

.r,_.
o

3ifsolut10n, drlegP flltered and concentrated.; Flash

: 'anonoalkylatJ%;product 47 as a colourless 011 (233 mg, 80%&-

-1

'?:uh(thlolester 3arbony1),,nmr 6 1 25 (t, 3H §v= 8 Hz,_.ff

34J = 7 5 Hz,;-éHQ_s), 2. 96 (q, 2Hy J =8 Hz,'—SQ_QCH3),;,_fl

'lln tetrahydrofuran (1 0 mL) was then added and- the mlxture”?f.ﬁ

:?fwere Combiner1{washed w1th saturated sodlum chlorlde_;fx_af?"”'

chromatography of the re51due:3955111ca gel elutlng w1th Ry

'EY-SCHQQ_3),i5 1. 26\1t, 3H, J = 8 Hz, —OCHZQ_3) 1 50 (d 3H;.*"

“vt:3 65 (q, 1H, J l 7.5 Hz,v éucn3), and 4,20 (q; 2H,.8 -Ae."'"“""

_:—QSﬁng3fn ms M 190 0657 (Calcd.nfor C8H14O3S.5:;

'fﬁv16 843 Found | < 50 48, a 1.77,° 8 16, 73. *Dialkylated ’

s

"

s

%« . . y

ﬁ -h-SQ_2CH3) and 4 18 (q, 2H J = 7 Hz, -OQ_QCH3), ms M

'“:204 081& (éalcd for C9H1603S. 204 oezo) Anal, Calcd.‘;

’___

‘.,; L

¥

4190 0663). ,Anal.fcalcd.‘for C8H1403S.  C 50.53, H:7. 37,'s_g'f*

"product 48 as a colourless 011 (34 70 mg, 11% yleld) 'ff,l,

K 1739u¢ester carbonyl) and 1682 cm’l (th1olester carbonyl);-{h”"”

;77ﬂ{77f




for c931603s» < 52 94, M 7 89, 5 15 69 souﬁd:r;ttﬁﬁ;gsifjg}],[;
:lfﬂu7-92: s 15. 68.-3' P R

- ?Dlméthylatlon of 23 | R
A solutlon “of. 0, S d1ethy1 thlolm,lonate (901 mg, 5 46fg I

o R c » :
;”:mmal) 1n tetrahydrdfuran (10 mL) was added dropwlse to

7"5fsod1um hydrlde (491 mg,,16 37 mmol) 1n tetrahydrofuran (lOfﬂJ“'F7

szmL) at 10°C., The sqlut1dh was st1rre"under an argon S

"7atmosphere for 20 mlnlu Then a solutlon of 1odomethane S

"!

;;(0 714 mL, 11 47 mmolQ in.tetrahydj

_furan (2 mL) was addedfg?i

.'L!and the;m1xtu:

}:was stlrred at room vemperature for 4 h.,-_,}&ff

lfflfThe react1on mlxture was quenched w1t%f1ce—cold 1 N f

_chlo»lc a01d solutlon and then e;lracted w1th

e (3rx 25 mL) ; The extract] were comblned,

'>*d1chloromet -
"3f;washed w1th saturated sodlum chlorlde solut:on; drledf
. . \ - .

1‘t:1f11tered and conbentrated.- The res1due was p r1f1ed by

41fflash chromatograﬁhy on 51l1ca gel, glutlng w1th 10% ether,;a

"”1n petrdgeum ether to. afford adduct 48 (1 08 g, 97%

'“Y1eld)“ ~The spectral results (1r, 1H nmr and ms) were‘-ri-‘

Te

'flaldentlcal to those already obtalned (vide supra)

F;;”Alkylatlon of 23 w1th benz l brem1de Sl e
n.l .”ﬁ 23 solutlon of thloggater 23 43, 335 gf 1s. 95 mm°1) o
'f}dry tetrahydrofuran (10 mL) was added slowly t° a fﬂ%lﬁéﬁ

IEVfisuspension of sod1um hydrlde (778'h9' 25 67 mmol) in

g‘tetrahydrofuran (25 mL) at 0°C. The solution vas stirred flsﬂﬂ
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--:under an . argon atmosphere for 20 m1n._ A solut1on of f-ﬂ‘
benzyl bromlde (2~48 mL, 20 85 mmol) in’ tetrahydrofuran S
{5(5 mL) was-added.; The mlxture was stirred at room | _ ‘

| 'temperature for 4 IP- The reactlon was quenched w1th 1ce—f;“rlﬂ:

fdlchloromgthane ( x 25 mL). The extracts were:comblned,
-i}washed w1th saturated sodlum chlorlde solut1on,-dr1ed,, ‘
s flltered and concentrated.: The re51due was ’

'fchromatqgraphed on 51llea gel, eluting Wlth 20%

l 7 Hz,f-scnzq_s), 1.22 (t, 3H g = 7 Hz,_—OCHZQ_3), 2. 90
t~f(q 2H, I=7 Hz, -sq_zcn3), 3. 22, 3. 25 (both d, 18 each

3 =8 Hz each,»-CHZPh), 3 84 (¢, 1H, 'Q=,.:,f

:_1r 1742 (ester carbonyl),~1684 cm"l (thlolester

'elutlon w1th the same solvent system afforded the d1benzyl:-r3'

? \

"5ecold 1 N hydrochlorlc ac1d solut1on then extradted w1th

3

.{‘4‘.. S

petroleum ether'toJafford pure adduct 49 (3 6075g

carbonyl),

1604 ‘and 1584 en— 1 (aromatlc c= C),‘nmr 5 1. 20 (t, 3H - -:?”7"

. ‘

-coéaco s

)

aromatlc*u_ifﬁ

I

Wme'mmwu@wnxwm@&*“*"[ .
266 0977) k Anal. Calcd. for C14Hf8035_ C %3®ﬂ3' H 6 80,‘-

s 12 02, Found-' c 63 07 H 6 80 s 11 83.: Further' »'jﬂguj

R TR

adduct 50 (166 mg, 2% yleld) 1r 1741 (esteg c bon l),
gr Y

- 1684 (thlolester carbonyl), 1604 and 1586 cm ﬁéégenyl),_.ff

nmr 5 1. 22’(t, 3H, I =7 Hz,‘-scuzq_jﬁ, 1 23 (t, 3, 3 =7

Hg: —ocuzq_3), 2. 92 (q, 2H, 3= Hz.’—sq_zcu3), 3 34 (s,



N~

hfﬂf( 10H, aromatlc protons); ms M+ 356 1454 (calcd for
”fc21324o3s., 356. 1436). T

)

Further elutlon w1th 20% ether in peqroleum et/pr

vrffafforded unreacted 23 (523 mg,v16% recovery)r‘h;p/{

b’,

 r;;Add1t10n of methyl 3-bromoproplonate to Q,S*dlethyl o 1f‘f:yj;5
=2 'th1olmalonate (23) 7\\<\\ ::v:".f{gf;hf'k_ngf%i

A solut:on of thlolester 23 (1 89 g, 10 45 mmol) 1n

;hdry tetrahydrofuran (10 mL) was added Slowly to a ;w,,
e .

:suspen51on of sodlum hydrlde (424 mg, 14 13 mmol)"ln;f-ﬁli

ﬂ”ftetrahydrofuran (15 mL)fat 0° CF The_solutlon was strrred;7‘

'"'.under an‘argon atmosphere for 10 A solutlon of

'pzmethyl 3 bromoproplonate (1 26 mL,,ll 54 mmol) 1n x%i*i'.

H“ffpstlrred at room temperature for 12 h.- The reactlon :{}5
f'hffmlxture was quefched w1th 1ce—cold 1 N hydrochlorlc ac1d }1#1"'
IHVTfsolutlon theﬂ extracted w1th d1c 1oromethane (3 x 25

a'Azij)= The extracts were comgfned, washed w1th saturated '?32'
L \ : e A
‘wsodlum chlorlde solutlon,:drled, f11tered and

v

'7§concentrated. The re51due was chromatographed on sil1ca
- I

.J'gel, elutlng w1th 20% ether 1n petroleum ether ﬂaphfford

' ;f:{pure adduct 51 (1 63 g, 66% yleldﬁz ir 1741 (oster o
'carbonyl) and 1683 cm’l (thxolester carbonyl). Amr 5 1.25 Ti
1%_ 3H, J ; 7 ;;,j;écazq_s),.l 26 (¢, 3H; J = 7 Hz, ;r;"i};;aff

- -OCH2C__3), 2 24 (q, 2H, J =“ 7 Hz, :"éﬁc_z )' 2 38 (t:' ZB, -"-



’?J =7 Hz,i-CH2QEch ). 2 92 .', L J.= 7~Hz,{-sq_2CH3).,$}eiag(
” M_;lse (s, 3H.'-oqg3) andflg:ffﬁ-
'-".'f4 20, (q. 2H. J' = 7 Hz.f-OC_lizcug). ms' m/z 23: osas (M -31-;5‘_1.:‘_';;-

e calcd. for C10H1504S _231 0691) and 201, 0758 (M*—sa,.';"

'fﬂicarcd. for c931305. 201 0762) Ahal. Calcd. for

'C11H18055' © 50.37, H.6. 92, s 12. zi Found- < 50 24. H'” _

14_7 04,‘s 11, 98. ,Hﬂff:fr:~j,: ’§>iA_f‘_f .*_,f.5; : '-1'.

Further elutlon wlth the same solvent system afforded

43 s

'the dlalkylated compound 52 (30L mg, 8% yleldﬁ ir 1%&0 :;f]

".(ester carbonya) and 1684 cm"'1 (t.hlolester), nmr 6 1 26
6H, g=7 Hz,'—SCH2Q§3WM-OCH2Q§3),‘1 84 (t, 4H 7 Hz,;,.:
~ S |

= 7 HZ, -sqg2c53), 3. 68 (s,.@n, 2 x*LOCH3),

| '-CH'CHzco ), 2:40-{t, 4H, 3 =7 Hz, 2 x -cnzquco-

*
O
N
.Dg

o
‘N
o
o
&

"

4. 20 (q, 2H,-j =7 Hz, -ocazcn3), ms m/z 7. 1063 (*-31, "

calcd for’ cl4321065.“ 317 1059),Jand 287 1136 (M+-61,,5;3f§ri5
. calcd for C13H1907. .287 %131) "Further elutlon u51ng

".;the same solvent system afforded the unreacted t’hlolester
23--(;221. mg, 12% recovery) -

_'_*:Addltlon of J.odg%than to 23 S - \’\ N

e A solut1on of thlolmalonate 23 (903 mg.' 5 13" mol) 1n

_w:Lse to a’ suspensxon ) (

6 12 mmo'ﬁ.gn t-et’hydrofura‘h 4

:'rhes solutlon of io
: ""b . W % R Bl

I K R ) . . o .
et C = i . Dol » R Y w A )
N . v . . . . N . '__,' <
, K . Lo : . o



-T«Q';Jgj J =18 n%- —coénco ) and 4 20 (q, 2H J B,

v

; ,:(quSi]mL, 5. 645

The reactlon mlxture was quenched w1th 1ce cd&d 1 N
. « R

\aueous hydrochlorlc ac1d solutlon and extr"czed w1th

“.

d1chloromethane &§\x 20 mL).u The extracts were comblnedﬂ,
?*

Ca

washed w1th satu ated sodlum chlor1de solutlon, drled,

o -~

f11tered and concentrated. Chromatography of the re51due

on the s111ca gel,ielutlng w1th 10% ether 1n petroleum :*'Yﬂ,uT‘

ether gaVe adduct 53 (942 mg, 90% yleld) '}1r 1742 cm l“vfx

(ester carbonyl) and 1648 cm 1 (thlolester carbonyl), nmr
6 0 96 (t, 33, J»- 7 5. Hz, -cuzc_3), { 25 (t, 3H, J —-8

o Hzp LSCHZQ_3), 1.26 (t, 3H 3-8 Hz,'-OCquga), 1 98 (m,

2p,.-cn2c_3), 2.92 (q; ZH, J-— 8 Hz,.-SQ_QCH'), 3. 46 (t,. fﬁf[f‘

8 HZ,

ol

-‘_15,68 Found-V'c 52 89,‘H 7. 94,_s 15 69.

204.0820), Anal. Calcd for C931603s.ﬁ ¢ s2. 92,‘H 7. 89, s

Sy

Monoalkylatldn of 23 w1th 1 1odopropane '

A solutlon of 0y S-diethyl thlolmalonate (919 mg, S 22 fn;m'

mmol)l*“

_ dny tetrahzdroﬁuran (10 mL) was added dropwise to
‘a- suspen51on«of sodlum hydrlde (188 mg, 6 26 mmol) in
tetrahydrofuran (10 mL) at 0°C._ The solutlon was st1rred

under an argon atmosphere until the evolution of hydrogen
,.b

gas stopped. A solutlon of 1 AodOprOpane‘LO 560 mL, 5 74 5*3”

LIS N
g Lt

LUEK W

f§ﬁ'u-oc_éca3); ms M¢ 204. 0824 (calcd. for cgﬂlﬁo s.._r_7f~ff!pﬂfa



I5ﬁd mmol) 1n tetrahydrofuran (5 mL) was added and the nlxturet;fw
~mwas stlrred for 8 h at room température.v The |
.hreaction mlxturé was quenched wlth 1ce—cold 1. N hydro—tf"
:tchlorlc ac1d sdlutlon and extracted w1th d1chfgromethane.

ﬁ,', (3 x 15 mL) The extracts were comblned, washed w1th

_saturated sodlum chlotldevsolutlon, dr1ed flltered and

:Aa'_concentrated. «The crude materlal was chromatographed on\;a'v»
'::L.elutlng w1th 10% ether 1n petroleumaether to. '(k\

\ '.

-

.h ‘afﬁgrd pure- adduct 54 (933 mg, 82% yleld) 1r 1739 (estég// oy
| carbonyl) and 1685 cm'} (thlolester carbonyl),_nmr 6 0.92- |
(t, 3, 3 5 8 Hz,d-(cnz)zcgsi,_l .25 (t, 3H, 3 58 Hz, ;r?f

R -SCHZC_3),-.1 26 (t, 3, J =8 Hz, —OCHzc_Iis), 1 35 (m' ZH,""‘*

8 Hz,,-Cquﬂch Dy L 90 (m, 2H,1-c_2cnzca3,

2[’@ J =8 HZ, ?'-SC__2CH3) ]

“and 4.20 (q,'zu,'Jf-,e Hz, —oc_ch3), ms Mt 218, 0974

“5

2 92 (ql ;

‘sh.it, M, J =7 Hz,nfCOCHCO )

_(calcd for C10H18025'» 218 0976) Anal ‘“alcd for::T'A;s>f 1 
C10R1803s- C 55 02 H 8 25, Sv14,62;“ FOund C 54 32, H{' )
8.22, $™14.58. Lo fh :_ - "fd" EERS
g‘_"- Further ETutlon afforded the unreacted 23 (82 nd,v9%
}recovery); wwﬁlk.‘.d , : -  §$§;» ,_ek : w- j‘if‘fif“._f_i

r

AJdk;lon of 2-1odogropane to 23 _ .
T Ersolutlon of thlolester 23 (793 mg, 4 51 mmol) “in
dry tetrahydrofuran (10 mL) was added dropw1se to a

e
uspen31on of sodlum hydrlde (162<mg, 5 43 mmol) 1n ;..

-



Csa

e

'jfté%rahydrofuran (10 mL) at "C A;The solutxon was etxr;ed;i

. o
.'under aaaargon atmo.

"R
My”

,r,gas stqpped-” h solutxon of 2-1odoprepane (0.493 mL, 4 967g~,.

ere: untll the evolutlon of hydrogen%?

3 ;mmoh» 1“ teﬁrahydrofuran (5 mL) was added. The mlxture B jfﬁ”

o Jﬁ»‘
'was heated at‘SO C for 8 h. The reactlon mlxture was

d

: "cooled to room temperature and then quenched W1th 1ce—cold

+ RN

. Nhydrochlorlcﬂac1d solutlon (l N) follo@ed by extractlon

'“."wlth dlchloromethane (3 x 25 mL) The extracts wereM

S \., o

.j@ comblned, washed W1th saturated sodlum chlorlde eolutxonfﬁ* '

ORI
K :‘ . %‘

Y

{drled flltered and concentrated.‘ The resxdue was

s chromatographed on sxllca gel, el‘[lng w1th LO% etﬁer 1n

_‘“

ﬂ fpetroleuT\érher.to afford pure a}ixlatlen adduct 55 (615
| mg., 68% 1d) - ¥ 1743 (ester c rbohyl) and 1686 cm lle“"ﬁ*
}wthlol ester carbo yl) nmr 5 0 96 (d 3H,_J = 7 Hz..Tffe*f,
. N Il ._“2‘5 ‘ r ) » -‘. .
AL
3H, J = Hz,frﬂﬁ y;”

)CH3), o. 98k(d 3=7 Hz, -cn(cu3)q_3);

2 48 (m, 1H,.. 92 (q. 2H, J. =7 Hz, ;

ysq_zcu3),.3 28 (d IH. JCOéHCO) nd a. 20¢(§;Q?ﬂ R

;QHM G=7 Hz,ffoq_zca3)k mng+ 218 0978 (calcd._forQT.

/

.C10H18@3S.1 218.097 ‘,:'  2$C310do;fot C10H1303S.;1C1 LT

*F 55.0, ® 8. 305 ,'”Tfﬁ; c 54 95, H 8.29, s 14. 44.w,;'

' ame solvent eys%;m affordeq

(3 S
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Addltlon of 1 mooctane to 0 S-dlethyl thlolmalonate
(23)e:ff¢ '

I

LA solution of thlolesﬁer 23 (2 a0 g, 13 64 mmol) 1n_£
freshly dlstllled tetrahydrofuran (15 mL) was’ added slowly
to a guspen51on of sodlum hydrlde (522 mg, 18 40 mmol) 1n'
tetrahydrofuran (15 mL) at 0 C.f The solutlon was- stlrred
under an argon atmosphere for 20 mln; A solutlon of 1- o

bromooctane (2 59 mL, 14 99 mmol) in. tetrahydrofuran (5 -

mL) was added. The mlxture was heated at reflux for

' *24 h., The mlxture was cooled quenched w1th 1ce*cold 1 N @;d

hydrochlorlc ac1d solutlon and eﬁtracted w1th d1ch10ro—'5f

methane (4 x 25 mL) . The extracts were comblned washed

v;wlth saturated sodlum chlorlde solutlon, drled, flltered .

and concentrated._ The re51aue was chromatographed on :T
sxllea“gel. elutlng wlth 10% ether 1n petroleum ;therlﬁo d:"
afford pure adduct 56 (2 17 g, 55% yleld) ;vlr 1744 (ester
carbonyl) and 1689 cm'} (thlolester carbonyl) nmg 6 0 87’:.
(¢, 3,3 = 7 Hz, —(cu2)7q_3), 1.28 (m., - 18H, -ocuzq_3,,'
-scazq_3,'-(q_2)6ca3), 1.90 " (q. 2H,.J =7 Hz,'-éﬂq_z_),-
2:92 (q, 24, J = 7 Hz, -sc_2cn3), 3. 54 (t, 1H, J =7 Hz,evlj
-coéaco-). 4.20 (a, 2H, J =7 Hz,'-oq_jba3)- ms M* _
288.1760 (calcd. fQF;C15“28°35' 288. 1759) ‘Anal Calcd

c1552g53§:-]¢_62ﬂ46;‘a 9.78, 8 1L.11;3F9und;l;p_52.45;va,f‘



0

4

) reoovery).

<.

’ was heated at reflux for 24 h. Usual work—up and-v}f“k. /ffﬁ

' 1odoethane-'

B
-

Further elutlon uslng the same solvent system )
o ey

afforded unconsumﬁd-" ‘d}ethyl thlolmalonate (579 mg; 24%

LN

B. W1th sodlum xodr

A solut1on of O S-dlethyl thxolma?onate (458 mg,_2.60"
mmol) 1n freshly dlstllled tetrahydrofuran (5 mL) was,f
added slowly to a suspen51on of. sodlum h'drlde (101 mg,.;_"

3. 36 mmol) ‘in tetrahydrofuran (10 mLLT“

; 0 C._ The ot
solutlon was stlrred under¢€//argon atmosphere for 10

mxn.4 A solutlon of l—bromooctane (0 517 mL, 2 98 mmo ) 1n

:7 tetrahydrofuran (5 mL) was added followed by ca alyt(:j ﬁ.:h

amount of sodlum 1od1@9 (39 5 mg, 0. 26 mmol) _The_m;xture_f"'

BRI

purlflcatlon as 1n method A afforded ester 56 (525 mg,;?Oiﬁw"

°

yleld) and unreacted 23 (86 mg, 19% recovery) ‘The lr,

| 1H ‘nmr and«mass spectra were 1dent1ca1 to those reported

e

prev1ously (v1de supra)
. .J

Dlalkylatlon of O S-dlethyl thlolmalonate (23) w1th’

Cw e

,_;. ‘A~ solutlon of O S—dxethyl thlolmalonate (844 mg, 4. 80

;ftf mmol) 1n dry tetrahydrofuran (10 mL) was added drgpwise to

3
a suspen51on of sodxum hydrlde (460 mg. 15 33 unna) in

tetrﬁhydrofuran (10 mL) at Oﬁc.. The solution Va. stirred

'1 under an argon atmosphere untxl’the evolutionppf hydrogen



I

—f;fstopped. Then a so‘utlon of 1odoethane (} 23 mL, '5

vjtwls 38 mmol) in. tetrahydrofuran (5 mL) was added and id'fi} N

jfstlrrlng was contlnued at room temperature for 6 h. The

fhireactlon mlxture was quenched w1th 1ce colddt N hydro-

'chlorlc a01d solutlon, extracted w1th d1chlorqpethane (3 x
'l525 mL) and then the extracts washed w1th satu- ated sodlum'
= chlorlde solutlon.~ The comblned extracts were drled,.a

flltered and concentrated f Chromatography of the re51due:'“

ulon 5111ca gel elutlng w1th 10% ether in. petroleum ether

. f;gave compound 57 (917 mg, 82% ﬁ?eldl ir 1739 (ester f‘

: hcarbonyl) and 1685 cm'1 (thloles*er carbonyl), nmr 6 0 93ff“
‘Tﬁft, 6. H, J -.s Hz, 2% -cuzc“3), 1.26 (£, 3H,a. 8.Hz,
dd-scnzq_s), 1.26. (&, 3Hﬁra 8 Hz,erCH2Q_3), 2. 02 (ar 4H,f‘

“Jf;,a HZ, 2 % -C_QCH3), 2. 90 {a, 2H, 8 Hz, -SQ_2CH3)
and 4,20 (q, 24, 3 8 Hz,.—OQ_QCH3),:ms e 232.1141

’”:(calcd. for C11H2003S 232 1133) 'Anal.,Calcd.‘forLf;"

r'c11H2003s.: € 56.90, H 8. 68, S 13.80; _Found c 's7. 05,
- 8.71, 5 13. 45. ‘_j;;xf e ng{*- e} |
- S .

VDialkyiataon.ofLQLS—aiéthyi’tﬁ?qlnalonaﬁé”(23)fwi£h'1—‘.‘f'

¢

: A solutlon of 0, 'S— d1ethyl thlolmblonate (745 mg, 4. 23

. mmol) in dry tetrahydrofuran (10 mL) was added g&opw1se to vu”

a suspen510n of sodlum hydrlde (4@6 mg,'13 53 mmol) in d;f

?

tetrahydrofuran (10 mL) at 0°C. The solutlon was st1rred HL"



“Vﬂiff,.fwff;"" | H. |

:*_under an argon atmosphere for 20 m1n. Then a solutxon of

'hifl 1odopropane (1 03 mL, 10 56 mmol) was added and

'“f,stlrrlng was contlnued at ‘room, temperature for 12 h. The ffffﬁ“"x

gfreaction mlxture was quenched wlth 1ce cold 1 N hydro-

":jchlorlc a01d solutlon and then extracted w1th d1ch10ro-‘n1frf:';35*

‘“"methane (3 X 25 mL).. The extracts were comblned,vwashed

.:ui(m' 4H 2 x -CHZQ_2CH3)1 1 92 (tr 4H J 7 HZ, 2 x V";.“.

A 5
,Tw1th saturated sodlum chlorlde solutlon, drled, flerred

.]and concentrated. The crude materlal was chromatographed

'Ffon 3111ca gel,Aelut}ng w1th 10% ether 1n petroleum ether

fto affard pure adduct 58 (989 mg, 90% y1e1d).‘ ir 1739° ;‘_5¥;f5sz
';f(ester carbonyl) ﬁ@d 1685 Cm‘.1 (thlolester carbonyl),_nmrAf,”ﬁll |
50,92 (t, 6H 327 Hz, 2% —(caz)zq_s), 1. 21 (t, 3H' 3 ST

cT Hz,l-scuzc_a), 1 22 (t,_3H, =17 Hz,»-OCqu_s), 1.29 e

-‘C_zmizCHs)v 2.90. (n, 2H, J =17 Hz,‘ —sc_2CH3) and 4. 18 (q,

']‘zﬂ 3 7 Hz,*—OQ_2CH3), S u* 260. 1444 (calcd. farg_f‘t

‘C13H2403S.j 260 1446), Anal Caldg for CI3H2403S.2;C&:TQZ;;.J

o 60: 0, H 9. 23, s 12 31 Eoung, c 59. 89, H.9.16, s 12 07.5

P 4

“:T“Dlalkylatlon of 23 w1th 1-i odobutane o n
| A solutlon of 0 S-dlethyl thlolmalonate (560 mg 3 18fﬁ__

qnmmol) 1n dry tetrahydrofuran (5 mL) wasdaddedfdropWLSe toﬂ;j: B

m;a suspen51on of sodlum hydr1de (305 mg, 10.." g
:f;tetrahydrofuran (10 mL) at 0°C.. The solution was stié%ed:fgf"
-v»under a argon atmosphere.untll evolution of hydrogen :

nﬁﬁn B L L SRS S bR



>

) . : w .
was stlrred at room temperature for 24 h‘f The

c' - . coen ",J "7

I , SRR
reactlon mlxture was quenched w1th$ﬁce cold 1 N hydro—

(3 x525 mL).f}The extracts hefe comblned, washed w1th

,“ saturated}sodlum chlorlde> olutlon, dried, f1ltered and

J

'concentrated.; The crude product was d1st111ed under'f -Y

Nacuu@ and then chromatbgraphed on 5111ca gel elutlng

(741 mg, 81% yleld..;ﬂlr 1739 (ester carbonyl) and 1686

LT

.;j5 2°X, -(cnz)3cgﬁfb

o

1. 25 (m, 14H, 2 x,-cH (

:ffgz-scaz 73), 1.92 (t, 4% 3 =7 Hz, 2 x»-qg2<ca2>2cn3>,};;¢;'
?'if 2.90 (q,'2H,,J =7 Hz,f—sq_aca3), 4: 18 - (q, 28y J.=7 Hz, -

43*—oq_2ca3);<ms M* 288.1759 (caled. for. c15H2803s.;:fJ’"“ |
ﬁ; 288 . 1759). " Anal. Calcd. for C15H2803S.: c 62. 46.QH 9. 78,“

s 11 10; Found- C 62. 37, 3“9,74, s 10. 91.'

- Alkylatlow 0;\53\WIth 1 5 d110d0pentanekbx S }.”

x:"_ With 3  equiv. of NaH.

J A solutlo"/f thlolester 23 (935 mg, 5, 61 mmo
. dry tetrahydrofuran (10 mL) was added slowly to a

suspen51on of sodlum hydrlde (506 mg, 16 87 mmol) 1n

.

tetrahydrofuran (10 mL) at 0°C. The solutlon was st1rred

"dchlorlc 8C1d solutlon then extnﬁd§gd w1th d1chloromethane ”j5 .

;;PQ_ -1 (thlolestgf%carbonyl),,nmr 5 o 92 (t, éﬁ 3 7 Hz,_dg'"



-fImL) was added._ The m1xture was stlrred at room
') dtemperature for 24 h.c The reactlon m1xture was then

‘"j‘quenched w1th 1ce cold 1 N hydrochlorlq ac1d solutlon and

:ffﬁsolutlon, dr1ed f1ltered and concentrated. The residue

"sj(ester carbonyl) and 1644 cﬁ'l (thlolester carbonyl), nmr

g e
J,ﬁ 4.'* ;e-j;?wj'ixJ

- ”_under an argon atmosphere for 20 m1n.n A SOIutlon of 1 5~

12

'5d11odopentane (l 09 mL, 7 33 mmol) 1n,tetrahydr5fu~an (10

CE

’3;extracted w1th d1chloromethane (3 X 25 mL) The extracts

“}were comblned, washed w1th saturated sodlum chlor1de QJV'fff

. m' s "

:-was chromatographed on 5111ca gel, elutlng w1th 10% ether.
qtﬂ1n petroleum ether to afford ester 60/(769 mg,-56% : _ :
i:y1eld) Cir, 1735 (ester carbonyl) and 1687 cm l ;gi;f)at):fif:
‘:(thlolester carbonyl),‘nmr 6 1 23 (t, 3H Jé‘ 7 hs,»jdh ST
V:g’-scuzq_3), 1240 (e, 30, 0 = 7 Hz,;—otazc_3 1.48 (bri. m,“7 -
'3;6 cyclohexyl protons), 1 90 (br, m,;2H,.cyclohexyl ::
‘1'iprotons), 2 15 (br, m, ZH,dcyclohexyl protons), 2. 88 (q,if'
;f)zu 3 =7 Hz, -SQ_QCH3) ‘and 4.22 (g 24,73 = 7. Hz,'”.
_-oc_zcn3), ms M 244 1133 (calcd. for c12H2003s.;.T"')
"'244 1133) Anal.:Calcd. for clzuzoo3s- .C 59 oz, H 8. 20
,1s 13 14 Found-' c 59. oa H 8.13, s 13. 10. R
Ve %

Further elut1on us1ng the same solvent syqtem

,L:afforded 1odo compound sr 278 mg, 13%1?he1d) “ir, 1735 ijfffgf?

sy (t, 3H, 3 = R Hz,f-SCqu_s)o J - 1. 2 (¢, 3H. 3 7rfaﬁf"ff

'_ftlZH, J = 7 Hz,’-q_zl). 3 55 (t, 1H, J = 7 Hz, -CO&HCO-) and




.A\‘

4fT4 20 (q. 2Hi J 7 Hz, —oq_2c33)-'ms Mt 372 0259 (calcd., s

*uufor c125210351. 372 0258) ' Anal Calcd f

'5f,c1232103sx.‘ c 38 71, H 5. 65,.S 8 60, T 34 09,:Found-“fc};35"

t

'?t,38 43, H'S. 38. S 8 51, 1 33 81' ~~f7

i;ﬁs'h Unconsumed thlolester 23 was also recovered (194 mg'i' .

‘_,‘20% recovery).

e = S o 8 ST RN

A solutlon of thlolmalonate 23 (853 mg, 4 85 mmol) 1nf

v;ﬁtetrahydrofuran (10 mL) was added slowly to a suspen51on
'*‘of sodium hydrlde (582 mg, 19 4 mmol) 1n tetrahydrofuran
0°C., The solutlon was stlrred under an argon - Jﬁlff7

) j[atmosphere for 20 m1n.- A solutlon of 1; 5 d110dopentane 2'

5 ,(0 792 mL, 5 33 mmol) ;n tetraﬂ?drofuran (15 mL) was

vadded. The mlxture was stlrred at room temperature for

'~.‘30“h.; Usual work up and purlflcatlon as in method A

"afforded adduct 60 (793 mg, 67% yleld) and 1odo—adduct 61»

e(186 mg, 10% yleld) Spectral results (1r, lﬂ nmr and ms)'

'”:were 1dent1ca1 to those obtalned by method A (v1devdg:h’3

'}tsugra) : Further elutlon u51ng 20% ether 1n petroﬁeum

e

hﬂiether produced the follow1ng compounds 1n order of

4% yleld) ' 1r 1736 (ester carh‘.yl) and 1642 (thlolester j’fr |
'»carbonyl),.nmr 1. 22 (t,‘ a=7 Hz,‘-scnzq_3), 1,23 (t,:t:5.57

"ﬂ;fchromatographic separatlon.- The dllodo adduct 62 (123 mg,':



‘vf?tetrahydrofuran (10 mL) was added to a suspenSLon of

'a3~1e (t. 4a. g o= 7 Hz. 2 X g; @ﬁ) and 4 20 (q. 2H. J = 7

:fﬁﬂiﬂ_‘OQ_zcna); ms M 567 9974 (calcd. for C1733003512,E;34’”“

)

'1568 00097 .. Adduct 63 (256 mg, 20%):' 1: 1736 (elter

ccarbonyl) and 1640 ch'l (th101 ester carbonyl), nmr 5 1 20

(tn GH, J = '7 M 2 x '—SCHZCE_a), 1 22 (t, 6H, J'-: 7 Hz,

2.x -ocuzqg3), %,85 (q. 4B. 3i=1.5 Hz,:2 X -SQ_2CH3),.

3. 57 (t{.zn J 7 Hz. 2 x?-coenco )- and 4 22 (q, 4a, g -g”ff

7.5 Hz, -oqucng),.ms M 420 1643 (calcd for

| C19H320682 -~ 420. §64o)

Ly

"pReact1on of 1odo adduct 61 wlth sodlum hydrade =

A solutlon of 1odo compound 61 (381 mg{ 1 02 mmol) 1n f:

-5f”sod1um hydrlde (61 5 mg,'2 05 mmol) 1nntetrahydrofuran (5
"mL) The solutlon was stlrred at room temperature under

‘an argon atmoephere for 24 h. The reactlon mlxture was

~;¥quenched w1th 1ce-cold 1 N hydrochlorlcaacld solutlon then

‘ Qfextracted w1th dlghloromethane (3 x 20 mL’ The extracts _Q:*: R

N .
l.«.-

f7_fwere comblned,_washed wlth saturated sodlum chlorlde

 301ut1on. drled. f11tered. and concentrated.. The resldue ]ff;_h

:VVwas purlfled by flash chromatography elutlpg w1th 10%

'i?hether in petroleum ether to afford pure eBter 60 (243 mg'pg-;_,“-g

a%;97% yxeld). The spectral results (ir, 1u nmr and ms) were{ff:ifif

w3

Ejidentzcal to those already reported (vide aui



‘EEitetrahydrofuran (2 mL) was added dropwlse to ‘a cuspens1on
7fjof sodlum hydrzde (77 mg, 2 57 nmol) in tetrahydrofuran
' :?(10 mL) at 0 C.- The reactlon mlxture was stlrred under an

‘afarQOn atmosphere at: room temperature for 5 mln..?Thengwt“h

1[ ﬁconcentrated. Bulb—to—bulb dlstlllatlon of the crude j

i“uf,fQigy,,;ff,tpf‘: a_qj{,-:;;*,};fon af_d{[jpkj,“ff537[f”";“
A ) : - T PR A

'QfAddltxon of 1 1odopropane to thxolester 53

A solutlon of thlolester 53 (347 mg, l 70 mmol) 1n,;fl3

éESOIutlon of l 1odopropane (0 20 mL, 2 05 mmol) 1n tetra-”df{.'
‘:1hydrofuran (3 mL) was added and the mlxture refluxed for v

, 20 h The mlxture was cooled then quenched w1th 1ce—cold
'al N aqueous hydrochlorlc ac1d solutxon and extracted w1th
ffdlchloromethane.- The extracts were comblned, washed w1th fl;

Yo

'5psaturated sodlum chlorlde solutlon, drled,‘flltered and
: PR

iproduct at 48 C/l torr afforded compound 64 (382 mg,‘91% ,
iyleld) ; ir 1740 (ester carbonyl) and 1648 cm ;a‘?'f?7:{-ff£ihmji5
1](thlolester carbonyl), nmr- 5 0 83 (t, 3H.foé 7 Hz, -CH3),.;,

o. 95 (t, 3H, 3= Hz,;-cu3), 1:22 (¢, 38, 3 = 7 Hz, 7:¢;f" ,ffﬁfﬁ
".-SCH2CH ).01 25 (t. BH, J =7 Hz,_-ocuécn )._1 92 (t, 2H,:[dd1j,§j
a=8 Hz,[-q_z-). 2.00 (q, 2H, 3 ; 7 Hz,‘—C_2CH3)._2 @o

"?(q, 2H, J =7 Hz, -sc_zcn3) and 4. 20 (q. 2H,_J = 7 Hz,
>3{-OQ_2CH3),lms M+ 246 1293 (calcd.sfor C12“22°35- L




r"fﬂdditibh*oﬁ zeiodopropéne}to3adduétiSdife'.

-~

'5f11 N aqueous hydrochlorlc ac1d solutlon and extracted w1th v;

t;of sodlum hydrxde (89 mg,_2 97 mmol) 1n tetrahydrofuran"
Fargon atmosphere at room temperature for 5 m1n 'gﬂf”"'".

hafhydrofuran (3 mL) was added and the mlxture refluxed for

"['20 h._ The mlxture was cooled then quenched wlth 1ce-cold

’jhdlchloromethane. The extracts were cémblned.vwashed w1th

-(saturated sodlum chlorlde solutlon, drled,_flltered and

'

wfconcentrated. Bulb-to-bulb dlstlllatlon of the crude

| V,product at 45 C/l torr afforded compound 65 (426 mg. 87%

"Plyleld) _v1r 1740 (ester carbonyl) and 1646 cm”

L Hzi, —cuacu3).a2 92 (q. 2H. 3= .7 Hz, -sc_zcn3) and 4. 20

(q oM, =T !-lz,.-.‘ o _2ca3), ms M"’ 246. 1298 (calcd."for

"‘f(thlolester carbonyl) “nmr. 6 0 86 (t, 3H J = 7 Hz,,fib

7 Hz. cn3cuc_3), 1. 25 (t. 3H. J = 7 Hz.f'-scuﬁs),

ifrahydrofuran (3 mL) was added dropwxse to a suspensxon

j(10 mL) at 0 C The reactlbn mlxture was stxrred under an';?

“f'solutlon of 2elodopropane (o 24 mL, 2 40 mmol) 1n tetra-ﬂ'“'f

1 28 (t, 3a, 3 -=f7 Hz, -ocazcl-,).J 98 * (m, w. J =7 Hz,':"i :

.gﬁ A solutxon of thxolester 53 (402 mg, 1 97 mmol) ln fuﬁfifmj

>

.'»;"tl-'H )['E 07 (m, 18, =1 “z";"c““‘:“a)‘z 36 (“" 1“"""*" a

‘;,C12!122035= | 246 1290) S S



Raney nlckel reductlon of adduct 47

:;}' A solutlon of ester 47 (387 mg, 2 04@mmol) in benzene
'(S mL) was added to ‘a. suspensxon of Raney n1cke1 (5 mL, J_,*‘“

S

ehlettled v°lume) 1n benzene (10 mL) The mlxture was '
"Qfstlrred\under an argon atmosphere at room temperature for :
?5;4 h and then f11tered.:"The resxdue was washed thoroughly ;*%:i
*.;wlth benzene and then absolute ethanol (3 x 4 mL) The;?-
”Vfiflltrate was” then concentrated.e C;;omatography of crude f
'Tﬂ;mater1al on 5111ca gel, elutlng w1th 20% ether 1n ewﬁf_
htpetroleum ether afforded the hydroxy ester 69 (225 mg. 95%:h_f_:
't Y1eld)-' ir: 1733 (ester carbonyl) and 3440 ch'l (alcohol) ';{ﬁ:’
d"j*nmr 5 1. 15 (d 33,'_ ‘8. Hz,;-cn3),_1 26 (e, 3H,,J:¥ 8 Hz,”l‘"
.;fecazq_3), 2. 67 (m, 1H,?-coéucnzoa), 3. 70 (m, 2H,VC-A<:_2OH)L,‘_w ?ioi
-:?and 4 15 (q{ 2H J a az,‘-oq_2c33), ms- m/z‘102 0686 (M .
dtd-3o- ‘caled. for C5H1002.‘ 102 0681)." Anal. Calcd for ﬁ"ﬂ\”-t

”cﬁalgb3s c 4. 79, H 9. 87- Found e 54139 u 0. 83.

R fReducthn of COmpound 49 Wlth Raney n1cke1 AN ;Zﬁ/'
. ! ,' .

To a solutlonqbf ester 49 (1 827 g. 6 87 mmol)éan

:lbenzene (20 mL) was added freshly prepared Raney nlckel

’,:. '/)

“(10 mL. settled volume) fnfbenzene (10 mL) The mlx%yre_f

4+ D .

i A R
f“as stlrred under arg Cat osphere at room temperature for f;jf

4 h and then f11teredi The re81due @as thoroughdy washed

.‘with benzene and then ethanol (3 X- 4 mL) Thq filtrate»

_Jwas then concentrated.: Flash chromatography of the r:?%iffj{?r

2 ",n“ Vv
M 3




. ,

&_'resldue on 81110a gel, elutxng w1th 20% ether in petroleum

.'yether followed by bulb-to-bulb dlstlllatlon at/60 C/l torr fhfhl

hhafforded the hydroxy ester 66 (l 327 g. 93% yield)
d53445 (h%dfoxyl).-l?BZ (ester)..lseo and 16Q0 cm l_gl' .

A d(phenyl),:nmr 6 1. 22 (t._3H, J=17 Hz.t-OCqu_3), 2 22
“Ql(br, 4 1H, -on) 2 63 (m, 1H, -coéacnzon), 2 93 (br. d,,

’:.2H J’L‘7 5 Hz,»-QEQPh), 3. 72 (br, d,.J = 7 5 Hz, 2H,

e

66

"‘-q_zon) and 4. 15 Aa, 2H,'q 7 Hz,:-oq_ch3) | s‘”_? C

~',3zos 1100;: (calcd for clzﬂlﬁp3., 208. 1099) Ana& Calcd.lvif

:a;for clzalao3,l,guee.z1,_ﬁ 7,59, Eound c 69 23, B 7 52.

.°\

,:fﬁReductlon of &dduct 48 wlth Raney n1cke1 a ;ft;fu,

) R solutlon of compound 48 (424 mg, 2 08 nmol) 1n :

rbenzene (5 mL) was added to ‘a suspensxon of Raney nlckel

.7j (5 mL, settled vonume) in benzene (10 mL) The mlxture B

Q

3was stlrred under;an argon atmosphere at room temperature

r

: j‘:._’(‘ir L

for 4 h and then flltered.j The re81due was thoroughly vl"

o R ST
2 washed wlth benzene‘an

~ ;'h b. :
't

mL); The flltrate‘wdﬁ n concentrated.. Chromatography

_of the*crude mater;al
’ether xnvpetroleum ether;fhxwrded the hydrdxy ester 70
':_3(294 mg, 97% yleld) *irgg% i

”ffnmr 6 1.15 (s,_GH. -é(an). vz.zs (t, 35, J - s Hz,~,

:'hen absolute ethanol (2 x 5 {1‘Vidﬂ-"

*'1ca gel, elut;ng w1th 20% ffJV, '

'l"(br. -,f-cLzou) and ,‘“’



4;161K¢;72'; 3= 7 s Hz, -oq_zcn3); s m/z 116. 0836 (M

A oo led. for CGleoZ;; 116. 0837)

"Reductlon of es;er 51 T L

| A solut1on of adduct 51 (1 562 g, 5. 87 mmol) 1n:#€1"'.
benzene (5 mﬂ' was added to a suspen51on of Raney nlckel
?(8 mL, settlmd jblume) in benzene (20 mL) » The mlxture ;“
fwas st1rred‘hnder an argon atmosphere at. room temperature
for 4 h amd then flltered., The re51due was’ thoroughly |
’{@washe@ w1th benzene (3 mL) and ethanol (4 x 5 mL).‘ The'gr'
f11trate was concentrated. B ulb to-bulb dlstlllatlon at -

e
S

E h68 C/l torr afforded hydroxy ester 71 (1 04 g, 85% fj~ ﬁj”f

:yleld)- ir, 3440 (hydroxyl) and 1736 cm';1 (ester 'a",}“
v‘;carbonyl), nmr 5 1.28 (t, 3, J = 7 Hz,,—OCqu_s), 1.64
v(br,:s; 1H,‘—OH), 1.96 (q, ZH 3 =7 Hz, éaq_zcuz—), 2.38.
(t, 2w, J = 7 Hz, -CH,CO-), 2.62. (m,[lu, -coéacazou),_3 68"

»(s; 3H,,-0CH3), 3,78 (br, t, 28, J = 6 Hz, —q_on) and.

4.20 (q, 24, J,= 7 Hz,--oq_QCH3),'ms m/z 173.0811 (M* -3,

~ calcd. for 0831304.' 173.0814). Anal. calcd. for

C§H1606: C 52,94,~H 7.84; Found: C 53. 027 8 7 89.

; w'”v,

Reductlon of adduct 53

A solutlon of - adduct 53 (541 mg, 2 65 mmol) ‘in
benzene (10 mL) was added to a’ suspen51on of Raney n1cke1
(7 mL, . settled volume) 1n benzene. The mlxture was

mstlrred under an argon atmosphere for 4 h and then




.i'.j'&“'_ » "J: . _ ' S ) 3
AR S IS : !
o filtered. The resxdue was washed thoroughly w1th benZen

'-ﬂ(3 mL) and et‘anol (3 : 4 mL)..sThe flltrate was then

:afforded the hYdroxy ester 72 (306 mgﬂmﬁgg yleld)’l ifgv_g'~

_n1729 (ester ca %bonyl) and 3441 dﬁé (alcohol), r & 0.97

'(t; 3H, 34 8 Hz,‘—CHZQE3)r iqge (t, 3H, J = a Hz,u
—ocuzq_3), 1 63 (m,hza,l-q_zcu3), 2.10 (b, s, 1H, -OH),

—éH ). 3.75° (br, a, 2H, -CHZOH) and 4 zo (q.f

8 Hz, -OQ_2CH3)~ ms m/z 116 0839 (M 31, calcd.
"for'CGleoz. 116.0834). ‘Anal. Calcd. for c7nl4o3.ﬂ.cf

s7. 51, H 9. 65 rquqaz]-cj57;43, H 9 72,

Reductlon of adduct 54

A solutlon of adduct 54 (347 mg,.l 59 mmol) in

.1.
4

ibenzene (5 mL) was added to a suspen51on of Raney n1ckel R
‘4% mL, settled volume) 1n benzene.i The mlxture was
: istlrred under an argon atmosphere at room temperature for»~‘

'4 ‘h and’ then flltered., The resldue was washed thoroughly:'

with benzene -and then ethanol (2 X 5 mL) 1 The flltrate _aﬂfn

, .was then concentrated. Flash chromatography of the crude ie

o 'materxal on. slllca gel elutlng with 20% ether in petrbleum

: ether afforded the hydroxy ester 73 (219 mg. 86%) .
3440 (alcohol) and 1733 cm'l (estet carbouyl); nmr 5 o 92

(ﬁ; 34, J.= 7 az,;-(cu2)2q§3), 1 30 (t, 3u, J’- 7 He, f*'



-%3—0C52QE3)' 1 56 (m. 4H,_-(q_2)2cn3), 2. 22 (br, s, 1H,

A--OH), 2. 58 (m,, {,""éHCHZOH),'3 75 (br, d, 2H. -q_on)

' 7f.H”““-Ogﬂ2€H3);lms M+ 160 1098 R

R

”‘ 1 d. f C H 1099 ~ Anal.’ Calcd. £ r.,if
(Ca ca. for Cg 16d3» i $ e )u poal. for:

. céaiso3 gl 59 93# a 10.07; Found~"c«59 92, H 10.117

A

vReductlon of’ thlolester 55 ,'_5,0 B

P

A solutlon of thlolester 55 (224 mg, i 27'mmol)‘in

benzene (5 mL) was added to a suspens:.qn o%ﬂlkaney nickel
(4 mL settled volume) in benzene (10 mL) %ﬁThe mlxture
'vwas stlrred under an argon atmosphere at ‘room te&?erature

S

for 4 h and then flltered. The re51due was washed .

vthoroughly w1th benzene and then ethanol (2 x3 mL)VM,The
. o . - u"‘f" % " :
) _flltrate was then concentrated.‘*Flash chromatograﬁhy of

ol

"the crude product on. 5111ca gel elutlng w%}h ?0% ether 161

’pretroleum ether afforded the hydroxy ester 74 (153 mg, 98%

uwyreld):izlr 3440 (alcohol) and 1732 cm"1 (ester carbonyl),, f_ﬁl

nme 5 0. 96 -(a,. 3H, df= 7 Hz,»—ca(qg3)cn3), ‘0. 98 (d, 3H,

: "7 Hz, ,-cn(cn3)q§3), 1 20J(t{ 3H, 3 =7 Hz, -ocazq_3).
'_2 38 (m, 1H, -ca(ca3)2), 3.50 (q,.1H, ;= 7 Hz,-
f*-coéacazon), 3. 75 (d. 28, 3 - ‘Bz, -q_zon) and 4.21 (q.
M, 3 =7 Hz,‘—oc_zcu3)- ms M* 160.1098 (calcd. for |

»C8H1603r:_160.}099),2,-

P



";Reductlon of ester 56 w1th Raney nlckel

';1then carefully f11tened. The resldue was thoroughly

B RS R

To a slurry of Raney n1cke1 (7 mL, settled volume) 1n

f3 72 mmol) 1n benzene (10 mL) The mlxture was atlrred

_under an argon atmosphere at room tem}erature fof 6 h and

o

b'washed w1th benzene and then ethanol (2 X 4 L) . The “f

g 3.

ﬁ'flltrate was then concentrated. Flash chromatography of

' the re51due .on 5111ca gel, elutlng w1th 20% ether 1n tff

'-petroleum ether afforded the hydroxy ester 75 (aé7 mg,

: :98%) : 1r 3450 (aléohol) and 1736 cm” 1 (ester carbonyl)

vnmr o) 0 86 (t, 3H J = 7 HZ,-(CH2)7C_3), 1 28 (m,- 15“;

o —ocuzc_3, —cnz(q_z)eca3), 1.62. (m, 2H.'-éHq_2(CH2)6CH3),

-lf;—cazon)<and a. 18 (q, 2H,,a; T Hz,'—0Q§20H3); ms M*

fdfuci352603= bcfeo.oo, H 10.07; Found* c 60 31.vuu10333."

.9

Reductlon of adduct 57 to. hydroxy ester” 76 ‘

‘benzene (5 mL) was added to a suspenslon of Raﬁ_;_‘lekel_;ﬁyln“

A solutlon of adduct 57 (423 mg, 1 82 mmol) in

-(6 mL,'settled volume) in benzene.' The mlxture was

3 h and then filtered. The reaidne was washod thoroughly

NE

>

2.56 (m, 1H,°3 = 7. Hz, —coéacnzon), 3.73 (br, ‘a, 3 = 7 Hz,

,'239;18§1A(ca1cd for cl3ﬁzeo3.' 230 1882) Anal. Calcd.;”*

. 'g'

' t1rred under an argon atmosphere at room temperatufe for

»benzene (15 mL) was added a solutlon of adduct 56 (1 07 g, fidl

1 w1th benzene and then absolute ethanol (2 x 5 mL).~ The,~”"'



fxltrate was then concentrated. Chromatograp“g of crude

materlal on slllca gel, eluting Wi 20% efher in’ pf.f

. v

petroleum ether afforded the hydroxy ester 76 (310 mg,'

98%) ﬁ ir 3440 (hydrqu) and 1728 cm'l (éster carbonyl)

nmr 5 o 89 (- (6H, J=T. 5 Hz, 2% —cuzq_3), 1.29. (t{'3H,v“

'd 7.5 Hz,~-00H2Q_3), 1 62 (q, aH, 3 77‘5 Hz,'z_g'f .

fnz,'—oc_2CH3), ms. m/z 144. 1149 (M -30, calcd for

~ W 11.18; Found: c 66 52, W 11. 13..~H

2 Reductlon of thlolester 58 w1th Raney nlckel

CgH1602

o

“A solutlon of thlolester 58 (277 mg, 1 03 nmol) 1n

f.":' SN

benzene (5 mL) was added ‘to a- suspen51on of freshly

E.'144;1150) " Anal. Caleds for cgalso3., c 66 635 |

prepared Raney ﬂlckel (4 mb. settled volume) Ln benzene S

(10 mL) The mlxture was strrred under an- argon atmos- SR

phere at room temperature for 6 h and then f11tered. jThe

| re51due was thoroughly washed w1€h benZene and ethanol

- :

& . / .

- (2 X 5. mL)‘. The flltrate was then concentrated. Flash

K]
»

chromatography of the crude product on - sll;ca gel, e1ut1ng

+,

lféwifll r-ether 1n petroleum ether affordﬁd the hydrox

ester 77 (211 mgh,95% yleld) . 1r 1728 cm'; (ester

,-carbonyl) and 3440 cm'1 (alcohol), nmr 6 0*§B (t, 6H, J =1ﬁ7»7

.

7 Hz, 2 x -(CHZ)QCL3)u 2 20 cbr. s, lﬂ -OH). 3. 53 (br, d';“»

A:_.r, .. e l... l

:~2 J =35 "z'*‘CH OH) and a. 15 (t. 2u. J'- 7 az. fiitﬂwfw



S

-OQ_QCHg)"mS’M 202 1566 (calcd for"a]H2203.'ﬂ'vﬁ.p

. 202 h569)

'ReduCtlon of thlolester 59 thhwga ' nlckel
A solutlon of thlolester 59 (682 mg,12 37 mmol) 1n.jj[4»ff7

lbenzene (6 mL) was added to a su5pen51on of freshly

K4

7prepared Raney nlckel (7 mL, settled volume) in benzene

B

f},(15 mL) The reaction mlxture was stlrred under an argon‘ffshl”'
atmosphere at room temperature for 6 h and then

t.flltered., Th& re51due was thoroughdy washed wlth benzene'»f:
;';;(4 mL) and ethanol (3 x 5 mL) The flltrate was

7?iconcentrated. Flash chromatography of the crude product

1

'f:_on 51lloa gel. elutlng.w1th.20% éther 1n petroleum ether'

'"{haffOrded the hydroxy ester ?8 (496 mg, 91% yleld) |

\.j'3440 (hydroxy) and 17;8 cm'} (ester carbonyl),{nmr 0 86 _

e, 63...3;, 7 az, 2x -(caz) CH3)/ 2: 22 (br. s m,-f-oa),-..‘

o e . , -{‘”.-
ﬁj3 67 (br, ,2H, =3, 5 Hz, -c_zoﬂ) and 4r20 (t. 2H. J =

» 7 Hz,.: "0C_2CH3), mS M+ 230 1881 (CalCdo_. for C13H2603 o h AERA )

T T ) ) ‘:ié;r .
f.230 1882) i e

L

,7Raney nchel reductlon of thlolester Gb{jf

A solutlon of adduct 60 (1 869i?;“4 lO mmol$ in *

;f:benzene (10 mL) was added to a auapenéion of freshly

V'ffprepared Raney nickel (10 mL, settled volume) 1n bonzene

_ .tirred undcr an argon Sf,;fff

and thon tiltortd

njf{(zo mL) The reaction h@mture w"

'[atmosphere at room temperaturq‘for.




Ty ; PR
[

carefully.. The re51due was thoroughly washed w1th benzene'

oy

(2 x 3 mL) and ethanol (4 X5 mL) The f1ltrate was then }'f :

”7 concentrated.’ Flash chromatography of the re51due on_

v

5111ca gel, elutlng w1th 20% ether 1n petroleum ether-

~;afforded pure hydroxy ester 79 (1 306 g, 96% y1e1d)

fﬂ,“# r1.26 (t, 3H, J;="7 Hz,‘-cnzq_3), 1.42, (m, 103, "
gyclohexyl protonc), 2 16 (br, 1H,'-OH), 3 62 (s, 2, -

’-Q_QOH) and 4.18 lq,*2H J» 7 Hz, —OQ_QCH3), ms M

1a/j4255 (calcd C10H1803 186 1256) Anal. Calcdr

Vgg 1725, 1732 (ester carbonyl), 3456 and 3466 cm‘l (alcohol),

: ‘: for C10H1803' s C 6{ 49, H 9 74 Found C 64 44, H9.63. 3

i,‘,cq.

Dehydrat1on of hydroxy ester 71 v1a mesylate

- To a solut1on of hydroxy ester 71 (846 mg, 4 15 mmOl)'?ff-lﬁ;

1n freshly dlStllled d1chloromethane (20 mL) was added

methanesulfonyl chlorlde (0 963 mL, 12 44 mmll) and the

m1xture was stlrred for,lo min, at 0°C under an 'rgon

atmosphere.y Triethylamlne (2 89 mL,}20 73 mmol) was added;'].

slowly v1a a syr1nge and the mlxture cont1nued stlrrlng

" s

for 6 h at room temperature. The reactlon mlxture was f o

concentrated under reduced pressure and resultlng yellow

o ”b1cyclo[513 Qlundec- -ene - (1 55 mL) was- added and’ the fﬂ5u

Ly

mixture heated:i

5 h. The m1xture was then cooled at room temperature,f,gg“Vdj

e f]a:?c’f

| SOlldS ‘were redlssolved 1n benzene (25 mL) 1 8—Dlaza-"‘"'

c,‘?'«ff:eflt.r-x under an argon atmosphere for * S



: ac1d1f1ed w1th 1 N hydrocq‘orlc ac1d solutlon and b
-extracted w1th d1chloromethane (4 x 25 mL)”' The extracts |
f

" were comb1ned and washed successfully wlwh aquéoﬂs'

v Cie® RS
8 T e I'B ot )
o . ) ) . R Lo v R FRS A T ".‘1“ B

L

e

*‘saturated sodium cafbonate solutlon and saturated sodlumf

~f".chlor1de solut1on.: The comblned extract was 3r1ed,,ff'“

,r.

'“-fflltered, and concentrated.- The crude product was

*”76% y1e1d) Cir 1740 and 1713 (ester carbonyls), 1635 em” -1

'ff186 0892).;'Ana1. Calcd. for C9H 4044?

*.fmmol) 1n freshly digtllled dlchloromethane (20 mL) w's

“_f]added methanesulfonyl chloride (1 15 mL_

_purlfled by flash chromatography on. 511103 gel (10% ether',_fﬂﬁfff

':‘1n petroleum ether as eluent) to glve olef1n 80 (585 mg,

A

";?(c C), nmr 6 1. .25 At, 36, J = 7 Hz, -DCH2Q_3), 2 28 (br,:g"

“Vft, 2H, J = 7 Hz,’—cuzc ),;2 38 “v 2H, Jd=1 Hz,‘

oy

'\--cnzcu co-), 3. 68 (s, 3, -oca3) uﬁ 20 lq, 2H, J = 7 uz,.'
'-ﬁ—oc_zcn3), 5,60 1q, 1a,?q;--1 Hz,,-cua) ‘and 6,20 (br, s,

1f1H, —CHH);‘ms M+ 186 0892 lcaic&. for C9H1404.,fj[idﬂ*"

'-‘Found-" c 57 93, H 7 59.\?4“f'.v.;-3ffjh[f (L

‘ '. B K l‘ e':_

: Tf}Dehydratlon of hydroxxﬁester 66 v1a mesylate {ﬂfd

To a solutlon of hydroxy ester 66 (1 027 g, 4 94

- fffatmosphere.ﬁ Tr1ethy1am1ne (3 44 mL, 24.68 mmol) was added

3

*’jfslowly v1a a syrlnge and the mlxture was stirred

fﬁjyfor 6 h at room temperature. The reaction mfxture was Qﬁgufﬂfﬂfi

N\c;58.06 . H‘j 53, f;tpippgjﬁ

1486 mmol) an SER

v“fxthe mlxture stlrred for 10 min at 0°C under an argon




'ficoncentratedh :The re51due was pur1f1ed by flash

ﬂfahexylcarbodllmlde

then concentrated under reduced

N yellow SOlld was redlssolved in benzene (25 mL) ]1,84l

>

'”e}sfre and the result1ng

'h?Dlazablcyclo[S 4. 0]undec 7 ene (2 95 mL) was added and the

¥

n”mlxture heated at reflux under an argon atmosphere for

0N

Shh,f The mixture was then cooled to room temperature,~f

»

' poured into l N hydrochlorlc ac1d solutlon and extracted

'3w1th d1chloromethﬁne (f X 25 mL) The extracts were _J” )

'Q‘comblned and washed successfully w1th aqueous saturated L

'sodlum carbonate solutlon and saturated sodlum chlorlde

°

ﬂichromatography on. 5111ca gel (10%\ether 1n petroleum_]

'etherﬁ to give o%gfln 82 (901 mgv 96% yleld) :.1r 3040-

pg

‘-13300 (aromatlc), 1718 (ester carbonyl), 1636 (c= c), 1605,

‘,‘1586 (phenyl),_745 and 701 cm -1 (monosqbstltuted benzene)

;nmr a 1.26 ( 3H 3 7 Hz,'—ocazq_3), 3. 64 (br,ﬂs, 2u,

vvvvv

- :solutlon. The comblned extract was dr1ed f11tered, andﬁ

"‘.\‘\ O

I'-'

:}j,-cuzph), 4. 184(q, za J =7 Hz,_—OQ_QCH3), 5 .45, (d, 13,__;_f-*

’Pomatlc protons),‘. M+ 190 0994 (calcd. for

;afc1251402. 190 0994) .-T}ff 7”tj”’fd:¢'5 7{.3"" '

.‘,- .

1~Hz,'-cau), 6.22 (d 1H, J-— 1 Hz,_-cuﬂ) and 7 27 (m'*ﬁh'f;a

33}Direct dehydratlon of h droxy ester 75 by using dlcyclo—r'z;nff

iw-Akgolution of hydroxy ester 76 (713 mg, 3 10 mmol),-,,;hvj

,?{3dicyclohexylcarbodlimlde (1 28 g, 6 20 mmol) and a

.. _,5

e



R Y S
¢ - .~y

N -:3” S R @f_uuf*-',/.:;
fecatalyt1c amount of copper(l) chlorxde (5 mg) in dry ether

"';ﬁlffr.':f“. “lﬁ-}’j;“:jlf*hﬁfgfffoﬁfff"ff5'753f“'

7:ﬂ(20 mL) was heated at reflux for 12 h under an’ argon jhf,'

T?Latmosphere.' The mlxture was then cooled to room" ST e

S

..

themperature,vdlluted wlth ether and flltered.d Conceh—
f}tratlon of the flltrate, fo‘ﬂowed by purifxcat;on of
'g?crude product by flash chromatographysgn 5111ca gel usxnggfﬁﬂ
1{20% ether 1n petroleum-ether as an’- eluent gave oleﬁln 83 :
1%2(609 mg, 92% yxeld) as ‘a colourless oxl., 1r 1719 (esterf“t )
jhlcarbonyl) and 1625 cm -1 (C=C stretchlng); nmr Ny 0 86 (t,
;¥357;J 7 Hz. -qﬂs),-l .26 (t,:3H, J = 7 éz,:-OCH2Q§3)o”
df:z 25° (br, t, 2H,iJ¢é 7 Hz,f—CHz-c ), 4 20 (q- 2H, I i

alh i--oq_2CH3), 5.50 (dd, 13,5:‘ J'“ 1.5 Hz.:-CHH), 6. 12

L]f(d..1a. -”é 1: 5 nz.t—cnu), ms M+ 212, 1778 (calcd. for EjoV,f

. ~.’! -

. N AT A © R ‘ L .. s
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B fpresence of . compound 1 in- the oleore51n Erom Hardw1ck1a

'vaplnnata,57 a large handsome tree grow1ng w11dly 1n y‘f\.

,.(1) 1nc1ude Salv1a canarlensls,ss the Bra2111ah shrub

‘Jdated by Barton and coworkers malnly by chem1ca1 degrada-“’

i IO

fﬁ:lg;t“

ifpﬁ’clovane-d1ol (1) as 1liustrated 1n Scheme II._ hls _""‘

T e
'

‘ .

“.‘together w1th another complex blend of sesquiterpenes from

oleore51n of D1pterocorpus p;losus, a taly tree occurrlng

gregarlously 1n Assam, Indla.' In 1979 theygalso noted tﬁa

N/ ' './“ v )‘

evergpeen forests of Western Ghats of Indla. The ‘tree, on;f71’

tapang, y1elds 1n large %yantltles a dark or reddlsh

B e

browngoleore51n.* Other natural sources of clovane d101
z /“

Bacharrls egapotamlca spreng,69 and several spec1es of
e 70*,‘

the genus V1gu1era70 71 Such as 11nearls,,excelsa, oaxama,

et

» ' B I : . A .
A 1

The s%ructure of clovane-d101 (1) was flrst eluc1-HJ’

L

P

.1.-. & . .-".

72

thﬂ aceord1ng to Scheme I.__ Theia551gned structure was

later conf1rmed-by specﬁgoscoplc methods 66 69

Barton and{ oworkers also proposed the b1osynthe81s‘i

_»ﬁ\)'l-' “' .
compound 1s belaebed tb be produced Plosynthetlcally from

v

farnesyl pyrbphbsphate (4) v1a the intermedlacy of

caryophyll%he (2) and thé correspondingﬁoxide 5.
)
&converslon of %aryOphyllene oxlde (5) 72 75 both

’\

The

WRTER

ﬁ#&v

.),» :
AN

X

2
W, <
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o

treatment resulted 1n the rearrangement to g1ve 1. éaSed_f‘

‘

‘lon thls f1nd1ng, the configuratlon of compound 1 was_-

"deduced. S L ' ~
. @ﬂ : :

Although there has not been a- dlrect attempt reported

:'for the synthe51s of clovane—d;ol (1), several formal

o

synthe51s v1a caryophyllene (2) have appeared. In the_» T

flrst synthes1s of CaryOphyllene (2) in racemlc form
(Scheme III) by Corey and coworkers77 78. in 1963, b1cyc11c
‘ketone 6, readlly obtalned by 1rrad1at10n of a mlxture of.

V2= cyclohexenone and 1sobutylene, was chosen as’ the key

'~'1ntermed1ate. Carbomethoxylatlon followed by methylatlonv;,

<

gave r1se to kete—ester 1, wh1ch was then treated w1th the'*d a
.-llthlo salt of propargyl aldehyde dlmethyl acetal to glve

lialcohol 8.] Hydrogenatlon followed by ox1dat1on 1n aqueous '?

7ac1d resulted in the formatlon of lactone 9. Tth‘

' Jpcompound was sub]ected to Dleckmann condensatlon and the

'ultlng ketolester ‘10 wé% hydrolyzed and decarboxylated

__ve ketone alcohol ll.ﬁ Raney nxckel reductlon of 11
' &;pa1r of ep1mer1c alcohols 12 and 13 1n ca. lzl'
‘ ~ppon exposure to the ba51c cond1tlons, the

T
-tosylate of the latter alcohol 13 underwent a l 3-glycol

orfurther ep1mer1zed to the trans-lsomer 15._ Wittig
:;reaction of“i; 1ed to the complet1on of the first total

175ynthe51§ of (t)-caryophyllene (2).

e -yu.u~~.:-;w;n‘i,t_:g;_-~Ae~_ e

S
A

Jtype rearrangement to glve the de51red enone 14, whlch wasf;l
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a v, pentane -40°C b. (CH30)ZCO NaH, dnoxane c. Mel NaH

, dloxane d. Li* CCCH(OCHa)z. THF, 0°C. e H,. 5% Pd "C, CHsOH

1. CrOs, aqg. CHacozH g CH3800H2 Nat, DMSOwh aq. NaOH

. 40°C; Py, 110 - 115°C. i. Ra “Ni, Hy. j. p-TsCl, Py, 22°C..
Sk Na* CHZSOCHa, DMSO, 25°c | tBuO Na DMSO, 25°c
Cem CH,_-P(Ph):,. DMSO,R.T.

B4



S

.mj formatlon of the requ1red¢&arbocyc11c system (19 'hZOj.ﬂfij“"

:: 1somer 17 resulted 1n the synthesls of (t)-lsocaryop‘xl-‘,hf:
» a B & . N

e\

synthe51s of caryopuylleneih2)f

was relnyestlgated by Olshl and coworkers 79 By a

S ~ e ST
;
.

jequence of reactlonsktncludlng decarboxylatmon, enol
1«-» P

acetate formhtlon, ozonolysis

,—wn. -

‘slde chaln extensxon and

t.,-.,_
-

1somer1c olefzns 16 and 17"was obtalned. The fOrmer was

L”~d:converted to (t)-caryophyllene (2)\v1a,two c c11 t;on'
_ P Y Vg\

reactlons, the f1rst one'to 1nduce the carbon sJﬁfur bond‘<:“"

-~ ~ [ﬁ LR ,__——-‘

formatlon (16 - 18) and the-second one to effect the‘gjlhfpffahﬁ

S

Appllcatlon of the.same ;ynthetlc sequence to the c15-f}fwf-5~"

-

/51»

lene (3) These authors also devxsed a new strategy for;:tlfy.

the synthesxs of compound 2ﬁ‘u51ng cyclobutene 21 as. the
startlng materlal (Scheme V) Thls compound was subjected

‘u-

Subsequent modlfxcatlon of the funct10nal1t1es of the f“ﬁf'"

'adduct 22 afforded sulfone 23 whlch was alkylated w1th,'7

‘_»,‘ P

Chl°rlde 24 tQ\glve compound 25, the deslred synthetic._W,TT77¢*

Precursor of caryophyllene4 ;_f*" ﬁrn,V._.waffquwuﬁffrﬁ*”““

In 1974, Bertland and Graseo made uae of’the photo

ketene as the key step in the synthesis\of (+)-1socaryo-ff:"

phyllene.. Compoupd 26 was prepared in fzve ctqps from

.0_,_ .
“ L .-./,. 3 S

modlflcatlon accordlng ﬂp Scheme IV, a mlxture of two ff s

(" N

;' to Mlchaer addltlon wlth ethyl (phenylsulfOnﬁl)acetate"__«ﬁy_.w
i o

cycllzatxon of Optically actzve allene 26 nnd dimethyl ;!": ‘
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o8 AN NaOH 35 - 45°c b. CHacOOCHaFC(CHa)z, PHH, reﬂux

e

' 'o,, CH30H -78°C. d. BuLi THE, 0°C 1o R.T. e. (0001)2, )

i

- benzen, R.T. o 65°C. f.o- Ph(NHCHs)(SCHchZCﬁ)

KGOy, THF,0°C. g: (CHg),S, BF,. Et,O; Ac0; THF, o°c

~h. K,COq, _CH3®H i, CHy8O,Cl; EtgN, cuzcrz.o C.

ey, 1-BUORY, #-BuH: k. NalOg; CH30H RT.ILDA, THF

HM,PA -78°C ‘m. Al-Hg, CHaoHtl- HZO n t-BuO K* t-BuOH
e o CH2=P(Ph)3. THF s |




fghl

L OSaMezau -t COZH —

“a Etozccnzsozpn. t-BuO K* THF RT b. 2% KOH HZO CHacHZOH S
reflux ; Py, feflux . c. choa,'(CH3)2SO4. acetone. reﬂux d. LA, o

" Et,0: 6. 1-Bu(CH3),SiCl, imidazole, DMF, R.T. . 24 - HMPArn-BuLl THF.-'.’_
g h 5°1. ua Hg. NaH2P04 i Jones reagent o°c |

g n-Bu‘NF ';_:‘-

L



_pﬁ; 1 5-octag}ene as shown 1n Scheme v1.. The deoxygenatxon of S

; 3 AT .F o

///‘photo-adduct 27 v1a the,correspondxng elcohdl gave a - ’xﬂg',__g
y' L v

L mlxture of 1somer1c oleflns 28 and 29 xn 35:65 tatio. The

.. -_,r_T. . . . ‘.I

former was converte@.to“the latter by treatment wlth

L carbowax at 150 C. Hydrpborft‘gn of compound 29 followed

&,

c/’by oxldatlon resulted in’ th_ formatlon of ketone 30 whlch

B s
L}

PR / .’.-_‘.. ;
waé pyrolyZed to glvepen,'e 31.: W1ttlg reactzon of thls«;{;f[,j
- o & : de RS
'1ﬁcompound afforded the enantlomer of the natural ;Jﬂ?f,
- p1socaryophyllene (3)'1P,'f¢¥tt*-;l fJf{“i;ﬁA‘ﬁ{fF EA

N A very s;mllar appro?ch (fcheme VII) has aleo‘been']],;ffr
N »# _ c
‘.Wused by an Indlan group81 Ln thel .synthesxs of racemlc'

fﬂlsocaryophyllene (3) More recéntly, the same compound-ff.'
ffgfgeranylacetate (32) As~shown 1n Scheme VIII the “:_Qf"~pjffy

"f._synthetlc approach 1s hlghly efflcxent.. UnfortunatelY:j“’f

PR

.(lv.

b?“the trané double bo requlred for caryophyllene could not
; N

. Rl Sy S
";"\::_‘:.be retalned as. J.ntended durl‘ the key coupllgg reacuion
:Jﬁ,of 33';',coﬁfffi‘dw,fif]¥3u ,.v.é}#f f}f7}’d{%“7£§7f:.:ji;jp5¥¥i

. .- ‘ In apprjoaches to the synthes:.s -of (+)—clovane-dx::1 N
f(l). campholenzc acld (34) presents 1tse1f as a'nigﬁly nzi.if?
lettractlve pdient1a1 precursor.; As can be eeen in Scheme;;jfx'ﬂ
fTEIx thls chiﬁ%\ eubstrate,ﬁwhlcﬁﬁis readily acceslible | pd
dd;fr°m bhe ammonlum 83{6 05 ( ’-lo-camphoroulfonic ucid (35) S

.by fusion with potessium hygroxide pelletn.Q? ombodies*ff“wvff;;

~_é_n1cely the complete A ring;,.' pert of B ring

vﬁ,,_ P B R Lo - ,,"- "- . P LR SR Vg

_‘;,‘ L e e T T T T ey



a CHCI3, Na* OCHS b: Li, +-BUOH. c. t-BuO K*, pemane CHBra, 20° c
"'-:d n-BuLi, “40°C. 6. LIAH, . 1. p-TsCl, benzene. g J.lAIH‘, THF, reflux .

h ‘carbowax 20M 150°C i .Bsz ; Hzoz- NaOH iR Cr03 3 350oc
l PhaP-CHz. DMSO SRR L

-

’ Ce ot e . . . ' ‘.. el - . oo A






‘“*(bold faced portlon) of the target compound w1th the f?,,}f;ﬂj'

correct chlrallsy Furthermore, the functlonalxtles of "f?f‘

“,thls molecule are sltuéted adequately at the strateglc.

e

posxtlons fac111tat1ng the constructlon of the requxred T

L.

ﬁ;_framework. Based on thls strategy, a project d1rected

towards the total synthesis of nstural clovane-diol (1)“’

7‘:w,potentia1 precursor for clovane-diol (1) f‘w i'F”
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RESULTS AND DISCUSSION N S I

“-,

o ohat
h SR

In our approach towards thef?;

o~

‘ﬂ(l), a blcycllc keto ester 36 was v1suallzedras the key
\_31ntermed1ate.; ThlS compound represents the AB rxng system

<7‘ B E -~ A

rrof the target molecule[and contalhs apPrOprlate -d'?~3f-{fff§;f
.functlonalltles for further manlpulatlon. ‘Fr0m~a‘tetro_.~,..

“ e

'_synthetlc analysis (gcheme %) 1t wasf”ecognzzed that keto';

.-

v;;;ester 36 coald arlse from %:keto ester 37 by methylation_;fh

1]

5’and deoxygenatlon.‘ The latter compound 1ﬁ turn could be P57" '

~At prepared by D1eckmann condensatlon of d1ester 38. T e"

.;requ1red proplante 51de chaln could be 1nsta11ed by

\ v

s ﬂMlchael reactlon on compound 39. Thls compound could :

‘-'.:arlse from 10—camphorsu1fon1c ac1d (35) v1a Campholenic

‘:ituac1d (34) by,photooxygenatlon (34 » 39)"5

'“?fQCOnflguratlbn, l-lodfamphorsulfonlt ac1d 1s requlred as
”f"fstartlng materlal.] At the outset of the present studdes,;“-”f

'3fy]thls compound was about four tlmes more expensive than thevjfﬁ

: N B Lot
on1c ac1d 1s readlly avarlable in T L
oy B e

\ ST
' -.levorotatory, dextrorotatory and racemlc forms. ~For I

' 10 Camphorsudf

.»\)\

f,synthekls “of clovane—dlol (1) w1th the natural -f*fif. *'f[}?f

\J

,0 _.J’ ' ".;.\ — N ..:‘ o v

.1;correspond1ng racemate and yet was not 1mmed14te1y avail-.EVf'
“]gable in Our laboratory.: éonsequently, for preliminary .

"ffrexploratlon, tQ? results of whlch are discussed belo/) the~ﬂgéil

racemlc form was used..q 77'7







' . i ARSI DN : e
‘ ‘.' . . S s ‘. ’ ; . ,I, ‘ o A‘ '
\ " - . ¢ R C ' 97
- .- T M
, thn the sodlum salt of (t) lo-camphorsulfonxc acxd .
N . '3"
(35);was fused wath pota351um hydroxlde (t)-campholenic e
ldcid~( ‘ was proﬂuced in 78% yleld.f Esterlfication of 34 fﬁ
u51ng pota Y .f;f
gave the . cor espondlng ester 40 in 98% yleld. f7;
52 <
~
. structure of the ester was readlly establlshed from 1ts.
spect-ral data. Thg 1r spectrum showed the ester abSOrp- coo ‘
R A : ‘ :
tlon band at 1748 cm,}. 'In the- nmr spectrum, the slnglets

T

\

'at 5 3 68,31 62.,0 98 and O 78 were a551ghed to the methyl

"f~ester,bv1ny11c metnyl and gem~d1methyl respectrvgiy.. The ”fﬁQ
. : & . .

t , broad multlplet at 8 S 22 was readlly 5551gned to the »7fg%1§d”f
L nyllc proton._ ‘The mass spectrum ,’splayed a molecular'"ff7:$\

. ..

. - ion peak at m/z 132 1305 whxch was_ cons:stent wlth the ,T;5fff;p

molécular formﬁla C11H18°2 Whlch was further confxrmed by

; _ bhe elemental analysls., f_ T 1’ﬁ-f;:f:§’dfi5i\' L
= . Photooxygenatxon of ester 40 1n methanol us1ng L .
methyle\e blue as a photosensxtzzer84 followed by H’:uCtj'jﬁg[

fJg- reductxon of €he~;3§ultigg hydroperoxides with Odeum ﬂf{@ﬂﬁff}f

borohydrlde*gave an epimerlc mixture of allylic alcdhole

41 fh 66% yxeld. In the ir spectrum cQaracteriltic

. I ¥ . ' g \;.-_~ o :



L. - L . ..

lhﬁ'bands@were observed at 3440 (alcohol). 3106}1,

-.1655 (olef1n)”andﬁl748 cm } (ester) The ratlo of the two-~
: : : "\ iy

eplmerlc alcohols was found to be apprOX1mately 7 3 as ;&Tzﬁw..f

i

*pdetermlned by hmr spectrhm whlch dlsplayed two palrs of

"-f:methyl 51nglets, one: at 5@1 12 and 0. 82 and the other atw'“)¥

;.02 and o. 92.‘ In agreement wlth the structural

,pas 1gnment,-broad 51nglets at 6 5 12 and 4 92 for the "F'
;?vxnyllc protons and a 51nglet at 3 66 for the methyl ester
li;Qere also observed.‘ The'methlne proton adjacent to the;'v

E;Lhydroxyl group appeared at N 4 95 as’. a multlplet._ The

P
e

-.‘;molecular 1on peak at m/z 198 1232 1n the mass spectrumlf
conflrmed the chemlcal formula of C14H24O3.

Swern oxldatlon85 of the mlxture of the eplmerlc

alcohols 41 w1th oxalyl chlorlde, dlmethy1=sulfox1de, and'f~“'
: e
" trlethylamlne gave enone 42. 1n 85% yleld._ The 1r spe%%rum

P , ' , %
S L e




" showed' absorptions at ]

c. . i

“ .‘{!"-‘,r

'_vdc‘ 1 for the unsaturated ketone and 1634 cm’1 fgr the

Cd .

%;carbon—carbon double boﬁd.u The nmr spectrum diuplayed two
';:broad slnglets at 5 5. 98 and 5 20 for the enone protons.,»

:'_Two doublets of doubléts appeared at 5 2. sL(m, = 18, "
'?;J' é 7 Hz) and 2 06 (1H J = 18, J' # 11 Hz) due to Lh
lfprotons a to the ketone.carbonyl.- The sxnglets at 5 1 22
: and 1 00 were due to the g__;dlmethyl group.: Thef

%fgcular formula C11H1603 was verlfled by the presence of
'fha ﬁblecular 1on peak at m/z 196 1305 1n the mass spectrum

and by the elemental analy51s.

Later, 1t was also found that enone 42 could be pre-
o>pared 1n one step frOm 40 us1ng the procedure of Mlhelxch: o

_and Elckhoff 86 Ester 40 was photoxygenated 1n dlchlorofr_f

—

ﬁlﬁmethane in the presence of pyrldlne, acet1c anhydrlde and‘jlf-?

4- dlmethylamlnopyrldlne usxng S 10 15 20—tetrapheny1-t:’f*b"“r"'

)

'21H 23H-porph1ne (TPP) as a. photosen51tlzer._ Under thesef a

) condltlons enone 42 ‘was obtalned dlrectly in - 76% yleld._

—_— : - T om

‘ﬂagAs shown 1n Scheme XI the formatlon of 42 could be nff-°jﬂ P -gnj;

-y

: iratlonallzed by 1nvolk1ng the 1ntermed1acy of a peracetate”* ,;¢4
whlch gave rlse to the observed product upon elxmlnation SR

of a molecule of.acetlc aczd..”E.’}ff;e.iffl't_f]f;a‘,,f,"'

W1th enone 42 1n hand we set out to investigatc the ,f]ﬂfgw?ﬂ“

.

incorporation of a propxonate unlt in order to prepare a

°mP°““d °f tYPe 38- The Michael addztion of enone 42 to fhf”””"

Toe e
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'ethyl acrylate was exam1ned f1rst under a\varlety of hff’f' %Q,ag

_.condltlons. Unfdrtunately, in no. case was the desxred e
' - S
Mlchael ‘adduct’ formed and the only product observed was o -

compound 43 result1ng from—dxmer1zat1on of the startlngf
\

mater1a1 v1a a’ Mlchael react1on. _ The. structure of the':;;'

8

f'dlmer was - readlly 1dent1f1ed. The ir spectrum showed a gj'

d broad carbonyl band at\1734 cm 1 and an absorptlon at 16}8

\ B ..

\\CQZEflndlcatlve of an- oﬁefln. The nmrﬁspectrum dlsplayed

o ot
two one-proton slnglets at 8 5. 98 and 5. 28 characteristgc RS

L4 . . ) . . . - \

-



e

ooy |

‘iiof the,gemlnal protons of thejmethylldene group., The ,;:Qﬂ-rﬁ;l”}‘
'f;methoxy groups appeared at 6 3v76 and 3 72 as slnglets.;
Four addltlonal methyl s1nglets were observed atiﬁ&l 26,"

_\ R RSN R
g 1 03 and 0 96.p The mass spectrum showed a mo”ecularfpgw‘;ugt

318,
‘10n peak at m/z 392 2646 con51stent thh molecular formulag;ﬂv

C22H3206', Attempted alkylatlon uslng enam1ne 44,.wh1ch

was. prepared by treatment of‘enqne 40 w1th pyrrolldine andf>¢"

'_ a catalytlc amount -of © p-tolueneSulfonlc ac1d 1n refluxxng I;g{ig;l
. \ Sy - . ’~ .o .
benzene, was equally unsuccessful, resultlng in: the ‘ '

format1on of a complex m1xture wh1ch could not be

In the alternat;ye approach to the prepara@ion of ”1-‘_ﬁfﬁj
compound 38, format1on of engl ester 45 was attempted.-~

Claisen rearrangement of thls compound in the presence of f‘;ﬁ;ftj

an alcohol is expected to give the desired diester 38.%s5.

Thus, enone 42 was treated w1th sodium acetate 1n,acryloyl

chloride at reflux for 24 h. Three compounds, two neutral




T

fﬁ;and one ac1d1c,vwere produced. The neutral compounds were

?readlly identlfled as the de51red enol ester 45 %18%,

yreld)‘anQ-the'correspondrng ch;orade-46 (9% yield). ‘The

N 5’ o R
7former shoﬁedr'lo the 1r\fpectrum; ester abs;rptroos ati;i' |
o _;1737 em~1 and double bonds at 1630 ‘and 1600 e %.v The nmr
4‘:spectrum dlsplayed,plgnals aﬁ\a 6. 54 (dd,,_ ,;J.. 18 “z"};r]'*r
J= 2. Hz).‘ 6.23 (dd | Hb,,J_'—_' 18 Bz, J'- = 11 Hz) ‘and 5.97"
.(dd, cr 11 Hz, J'w= 2 Hc) for the v1ny11c protons of

'vthe a,s-unsaturated ester. “The other v1ny11c protons ’ -u'

e ——

r:appeared at 5 4. 92 (Hd). 4 73 (H ) and\3u92 (br., Hf) as ..
fslnglets._ The srnglets at. 5 1 22 and 1 04uwere observed

Y

b for the ge -d1methy1 group.f

/‘:.molecular 1on peak at m/z 250 1202 corresponding to the
Wéf ﬂblecular formula 01431804' The chloro compound‘iﬁxphowod
absorption bands at 1769 (enol eater), 1738 (ester)}xlsze 5

._and 1602 cm™1 (olefln) An the ir apectrum;f The Amr aﬁ_:,-”\;p,+'

W



'ﬁffZH, J = 7 Hz) was due to the methylene protons adJacent to ;ﬁfﬁ

‘;:the correspon»

‘ .;4spectrum a strong carbonyl absorptlon at 1737 cm-l (GSterjﬁR;Zf'5“

: - e , , S O S
"d:spectrum showed one-proton:s1nglets at 5 5 92 4?94 and&3iff?%f"';
'dﬂ4 73 for the v1ny11c protons.f The 51gnal at 5 3 &4 (t, ﬁ';yf}hfr&'
fjjnthe chlor1ne atom.. The_g__;dlmethyl group appeared at
.:?6 1 20 and 1 02 as s1nglets.r The mass fpectrum gave a _
1molecu1ar ion peak at 286. 0972, 288 0964 con51stent w1th L
i olecular formula 014H1904C1. The ac1d1c materraIT‘Whlch v
ff‘fwas produced 1n 57% y1e1d& Was . 1n1t1a11y thought to be thei'\'
rede51red compound 47 resultlng from concom1tant Clalsen -
arearrangement of aCylatlon product 45-; Thls ac1d turned"
ﬂ;ftout to be the hydrolyzed Dlels Alder adduct between b'”‘d‘
:'fyacryloyl cblorlde and enone 42. Esterlficatlon w1th | :f?hf-b'uu‘u

.\POtaSSIum4car,onate and methyl 1od1de Ain. aoetone afforded-giv3-*

1ng methyl ester 48, whlch showed in the 1rf;ri_;f-

fand an olefl 1c ébsorptlon at 1640 cm 1 The absence of -fg;glgfﬂi

any v1nylxc protons 1n the nmr spectrum strongly suggested
of
the structure to be 48. Thls was 1n accord with the

REN
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appearance of a pa1r of doublets of doublets at 5 3 74 lrhu.3-7w

(J = e. J"; s, Hz) and 3. 72 (J =8, J'.é 3 Hz) due to the'f,f.gﬂ

,methylene protons ad;acent to the enol ether oxygen as~[;,“..fv

= well as four methyl sxnglets at 6 3 70, 3. 65, 0 92 and

*,50 75.. The overall 1ncorporat1on of a methyl acrylatef”~

vm01ety was further conflrmed by the mass-spectrum in whlch d:

‘a molecular 1on peak wa9~found at m/z 282 1469.s The‘
P

- structure of thls compound was . further verlfled by 13C nmr'fﬁf_u

';spectrum whlch showed thT SLgnals at 6 173 93..171 71,

LN

:121 59 and 116 54, clearly 1nd1cat1ng the presence of two

‘:‘ester carbonyls and a double bond.] lthough the spectral

L o
-';data 1ndlcated that the Dlels—Alder adduct was a slngle :

stereoxsomedb the stereochemlstry_ggu}d not be deduced o

'unamblguously E
' ; o T : o
When the above enol ester formatlon was carrxed outs.
g . LN

1n reflux1ng acryloyl chlorlde usxng pota531um carbonaegh'f

as the base, the formatlon of the Dlels-Araer.product{4§_T7'
'was completely suppressed and the enol ester 45 was
1flsolated ln 30% YIeld along Wlth a 12% yleld of 46 lnsf” 3
4th15 case a large amount of unreacted mater1a1 ‘was " re- :7”'V.
7covered even after a long react1on perzod of tlme.'
*vTFurther 1mproveme§t of the reaction was effected by

o LY : s
_1ncrea31ng the reactzon temperature.‘ Thus. treatment of--

_enone 42 wlth acryloyl chloride and taselum carbonate 1n

s .

“refluxlng toluene over an extended perzod (72 h) gave r1



to enol ester#&S and chlor1de 46 1n 53% and 6% yleld

._o e e
C respectlvely.. Under these condltlons,,two new\%ompounds ji'

;’were also formed 1n small quant1t1es.' Structures 19 and

.‘-’" -

t1vel{\a551gned to these compounds mainiy on f

IR

peaks at m/z 446 3507 and m/z 482 2385.2 Further improve-'oe;§yﬁw"

B

~ perx, w YT T R

W1th enol éster 45 ;n hand, weqturned our attention

e
'_u‘.
(

LI
:,,

to the Clalsen rearrangement wﬂcch could in principle lead SR

ﬁ- to the formation of ketene 51.; Furthermore, when the;;;] ﬂ“ i
é ".‘ ‘ . : ..
v reactlon is carried out in the preSence of an alcohol the




o o vioe

cor'espondxng ester 13 expected.. Thus, enol ester 45'was

~""‘su‘n.:)e ted to. rearrangement in refluxxng toluene-methqnol
»:.and xylene-methanol.u Under these condltxons, however, the" :

i fpstartlng mater1a1 was recoVered 1ntact.‘ On the’ other PR

2.
.

’ffhand, when compound 45 was heated in refluxlng xylene-p;_f
}

pentanol, the deslred d1ester(§3\was formed.,i Hoyv/sr,_the ?rffﬁff;

CO,CHy
R o \ COz(‘iCH‘z')4CH3
.. .51 52 L

Kl

) yleld was found to be very low. After 48 h, only 16 33% o i{'? ,.

,yleld of 52 was produced w1th the balance of mater1a1 Tf:ff°f'

_ﬁpgbeing na1n¢thhe unreacted svartlng compound. Dlester 52 pt",‘-ﬂ?

|

showed 1n the 1r spectrum a broad carbonyl band centered

: at 1738 cm 1 and an absorptlon‘;t‘1642 cml.l 1nd1cat1ve of :;
.‘an blefln. ﬁhe nmr. spectrum dlsplayed two one-proton : A-!. ;
.slnglets at 5:6. ioﬁ?nd 5. 22 charasterlsﬁlc of gemlnal | ﬁ”‘ g:
protons of the methylldene group. ~The- trlplet at 6 3. 97 S

integratxng to two protons was attrxbuted to the methylene

)

v protons ad)&eent to thev

“en. The methyl ester protons @*hgiﬁi“
; - nppenred as a singlet at 5 3 70.. Two other m.thyl

singlets and a methyl trzplet (J - 7 Hz) were obtained at

. . . - . - - B -

N



6 1 20, 1 02 and 0 92 respectively.: The mass spectrum

showed a molecular 1on peak at m/z 338 2093 indicating the

'f?i molecular formula of C19H3005. Attempts to imprOVe thei

RS Ve PR

'_\ yield of diester 52 by 1ncrea31ng the reaction time and by '
: the use of xvlghe and cyclohexanol were unsuccessful.igiff;;}?gjiti
Surprisingly, no reaction was observed using the latter ‘ .
VA'h?comblnatlon._ Although the formation of the desired

diester 52 co;ld be effected v1a the Claisen rearrange—~;,sfdidr“
Hb; ment, the best yield obtained was only 33% from é’ol ester'ip~§a.lu

45.: This yield was ngt synthetically useful and an
T alternative fbute was sought._,_fhgﬂ g.;"}ij;“'g ‘g T
NG A Sl e e e o AR
_;§*g T In v1ew of the problems associated w1th the methyl-f

;f‘1den \group in, compound 42, we de01ded to. remove it prior-iﬁ”j“"
Ll \

to further elaboration., The cleavage of the methylidene.:

\- I S

: group was 1n1t1a11y attempted via a combination of”hydra—ff’
' ‘ , o

tlon and retro-Aldol reaction. In practice, thid’proved ‘JCJ'T
L not to be v1ab1e.- Under no conditlons applied, could the |

de51red keto ester 53 be generated. _v-QJ‘hﬁf°§‘_bi-]f_;y,w
Ea e | EEE




Whlle thls work waskln progress, the e11m1natlon of
Jthe methyl1dene group of a closely related system 54 was .f@;'_'afﬁ
Q”gnvestlgated in- our 1aboratory.87 It was found that Aalfhfdf-gﬂfii

*compound 54 could be converted to the correspondlng

”ffepoxldes SS by treatment w1th hydrogen peroxlde and ‘ff.,f'd
:ff.llthlum hydrox1de 1n methanol. Interestlngly, when the =
‘*nglxture of the eplmerlc epoxldes was heated w1th sodlum

/ff'hydroxlde 1n methanol at reflux,»keto ether{§6 waS"

”ivproducedién 68%3y1eld, presumably v1a a’ mechanlstxc‘

. _dpathway 1llustrated in Scheme XII.. Thls,p;ocedure.was_f;

‘e

oc'ﬂ;. © NaOH T

- g—

.




D*

; appl1ed to compound 45 On addltlon of a\bremlxed solu—’ﬁﬁf?fi'}ﬂ?

'~‘ 4-.1-3’.'

"followed by warnﬁgg,ﬁ Jto"room temperature, a m1kture of

'ﬁeplmerlc epox1degﬁ(57y (1 1) was £ormed in.. 86%'y1eld after L

'3_h;; Thp sequence oﬁ addlt;on was found to be cruc1al to

’av

‘the success of the epox1datlon._ Sequent1a1 add1t10n Qf N
L W
' llthlum hydrox1de and hydrogen peroxlde wjthout prem1X1ng =

’ gave rlse to a. large amount of methoxy ketone Sa-as a be.,ﬁ

h,‘product,‘apparently produced by the 1 4 addltlon df meth— ,

"ox1de to the enone m01ety._ The nmr- spectrum of epox1des>;‘57"

’.-' ‘ -

'57 dlsplayed protons on the epox1de rlng at 6 3 15 and s“"

:2 85 as doublets w1th”a coupllng constant of 6 Hz each ﬁor .ft:;

' R .

:irone 1somer and at 6—3 00 and 2 96 also as doublet; (J “dé&jfatdtdét
”dez) for the other 1somer._ 3N palr of 51nglets at 6 3 76 »I::;fif;;
and 3 72 1ntegrat1ng to three prqtons each was due to ;fﬁiiffdﬁﬁff
;methyl esteﬁ groups.o‘Gem-dlmethyl groups appeared as ﬁ:; f;ftrif:f
: f.t 5 1 04, 0 98, 1 00 and 0 94., The S

‘




ketone) and 1738 cx'n"1 (esterb A molecular 1on peak at L
\ . \
m/z 212 1043 was cons1stent thh molecular formula

C11H1604. C ' ‘. o \

Heatlng a. solutlon of epoxldes 57 and sodlum ‘g fh‘jffﬂzigf_

B hydrox1de~(2 5 eq ). !n methanol—water (10 1) at reflux for

32 to 3 days afborded an ac1d1c mater1al whlch was

l ester1f1edl1mmed1ate1y w1th pota551um carbonate ahd.methyl:
.1od1dé in. acetone.h Two products were 1solated vthe jjx;"]if{
g desxred keto ester 53 in 18 27% yleld and a by-product 59__.
'iln nearly equal amOunt._ The ir spectrum of 53 showed an
.:Tabsorptlon band at 1740 cm’ -1 due to the flve membered rlng.
’lketone and the ester. The nmr spectrum dlsplayed a o

_51nglet at 6 2*14 for the neopentyl protons adjacent to

' the carbonyl. Three addltlonal 51nglets were observed at e

L] l

'f{*5’3-70,-1 18 and 0 92 for t]p methyl groups.. The mass‘.f;e.;”
”'5spectrum showed a molecular 1on peak at m/z 184 1097,
Y ) . :
_ correspondlng to the molecular formula clOH Gdg Thev" -
‘ P -




'.:major by product was 1dent1f1ed as thé rearranged keto

;gj;ester 59 on the ba51s of the followlng spectral data. fThe“‘

*hfr spectrum showed dlagnostlc absqrptlon bands at 1735

?(ester »UJ710 and 1620 cm'l (B—methoxy a,s-unsaturated

o ketpneﬂ’.mThe nmr spectrum showed a - v1nyl proton as a

51nglet at 6 7 15.» Fouf’methyl slgnals appeared as - sharp
o s;ngleﬂs at 6 3. 86 Cmethyl enol éther), 3, 72 (- COOCH3),-u
wu{’l 32 -and 1 04" (gem-dtmethyl)._.Exact mass measurement %;éj:”fi'p
'sfrevealed a: molecular wexght of 226 1204 1n agreement w1th |
| the requ1red molécular formula of C12H1804 ‘ The formatlon:df'%"
m;of compound 59 could be attrlbuted to a. 1 3 giycol type;f?
“icleavage (57i+ 60), Eollowed by a Clalsen type cycllzatlontg‘
VlTElGO +s61) as\shown ln Scheme XII._ Methylatlon of dlketon.
fac1d 61 would lead to the observed product 59. -ij{7,'f£rf"dm“"v
In order to 1mprove the transformatlon of epoxkdes 51

"ito keto ester 53,‘Seve al modlfacatlons were exam1ned‘-

'When the reactlon was carrled oumfat_0°c, keto ester 59

.__\ -

.rﬁgwas 1solated as the only product after ester1f1catxon.;-f._%{ljfff
13The best results were obtalned when the. reaCtlon was'”'”“‘ﬂ
vpiperformed 1n the follow1ng manner‘_‘To the epox1des 57 in

..I

-refluxlng methanol, an aqueous solut1on of‘sodlum ;3*

”f;hydroxlde 1n methanol was added., After ca..3 days and the fﬁ

L

,.;{}ensulng esterlflcataon, the dﬁflred ester was formed,in

s

E554% yleld along w1th a 20% yield of the réarranged




product 59 Other attempts were also made to: effect the
' transformatlon of epoxldes 57 to 53._ It was envxsaged
a - " © e : Le

o that zlnc reduction of 57 could lead to ‘the. ﬁ-hydroxy

_ ‘ glve ketone 53.. Unfortunatery, zznc re&uctxon of epoxldes

\' 57 zn refluxing acetlc aczd gaVe ma;nly methyl kotone 63

,-\--——‘

ketone 62 (14% y:eld).» The lattet showed in the i:

-

'ﬁketone 62 whlch m;ght then undergo retro-aldol reactlon to

(33% yleld) and only a cmalr amount of the de-irod hydroxy




d?jbﬁé 3 70 wh1ch was %?rtlally superlmposed w1th the multlpletdf'i

.- B .
...

77;spectrum broad bands.kentered at 3540 cm'{ for the

:_hydroxyl group and 1740 cm‘l for the ketone and esf%r. ;ffpfﬂ:f,}

fThe mass spectrum dlsplayed a molecular 1on peak at m/z= o
1:214 1206 whlch was con51stent w;th molecula? formula e

D

':C11H1804.. The nmr spectrum showed a methoxy slnglet at‘niltiﬁcf

f‘centered at 5 3 72 for the methylene protons adjacent to

“ﬁfﬁthe hydroxyl group Only a palr of slnglets appeared a‘tf*

2
‘A,;s1ngre stere01somer.‘ The stereochemlstry however could

uff:lthe carbonyl group., The doublet (J = 8 s Hz) at 6 0 95

'fffwas due to the newly introduced methyl grO“P-; other

‘15 1 06 and 0 84 for the gem-dlmethyl group suggestlng a

'pinot be readlly a551gned on the basxs of the available
fﬁdata.' The. methyl ketone 63 was probably produced by
‘dehydratlon of compound 62 followed by further reduct;&gL':jfpfdﬂ
dof the resultrng enone (1 - R 42) . The absorptlon af l739§l
‘Acmf¥ 1n the ;r spectrum was due to ketone,and ester |

: H_functlonal groups.p The nmr spectrum dlsplayed a quartet fﬁ;jvﬁ“

-T}(J = 8 5 Hz) at ) 2 04 for the methzne proton adjacent toipff*'

”ﬁffmethyl signals were Observed at 6 3 70,_1 12 and 0 85.vjf§E;




T4 .
v

aeachfas‘a sin§IEt.. The mass spectrum showed a molecular
ion peak at m/z 198 1262 conf1rm1ng the molecular ‘f‘
formula. | '“f" .

. When the z1ncrreact10n was carr1ed out in refluxlng

beﬂtene, an: 1mproved yleld (38%) of hydroxy ketone 62 was ;

realized along w1th recovery of an approxlmately equal

amount of the startlng materlal _ The retro-aldol reactlon

AN

of the hydroxy ketone 62 was exam1ned u51ng sodlum L

Y methoxlde in reflux1na§benzene“‘ The reactlon gave r1se to
.*.‘~‘
a. complex mlxture wh1ch could not be ea511y 1denqtf1ed.

Due to these f1nd1ngs the 21nc reductlon approaqh to

. herd
. ..“v

-

'_ ketone 53 was abandoned.

As .an alternatldf epox1de 57vwd;:

ijected to
treatment w1th sod1um hygr1de (2 eq ) 1n benzene at ;-'
reflux, 1n an attempt to prepare the formyl ketone 64

whlch could then be deformylated to ketone 53.

J\ Interestlngly, the latter ppmpound was qumed directly but

in low yield (18%) and a substantxal amount of the

St

starting mater;al was recovered.»- hi yield of 53 could

114

. ?,.



Tnot be lmproved to a greater extent even wzth a larger fJ_"gi~ﬁvﬁ
excess of éodlum hydrlde.f kaely, the tr!nsformation was_gﬁf
-jlnduced by the smé&l amount of sodlum hydrox;de present 1n3n'f153

j“'the reactlon mlxture.h,'-'

~ e . . v.ov,.'wv -

e For the 1ncorporat10n of the required proplonate sxde":"

' chaln,_keto ester 53 @as subJected to Mlchael addltlon

w1th ethyl acrylate (1 5 eq ) ‘in 1 2- dlmeshoxyethane at'

room temperature 1n the presence of sodlum hydrlde for ,_;"
t .
24 h.- Good ylelds (83 93%) of the de51red dlester 65 5

-'., \
- could ‘be. obtalned when less than 300 mg of the startlng

oy T ; . RSN : R P R SR

7nketpne was used. The\lr spectrum of 65 dlsplayed
o N .
1agnost1c-absorptlon bands at 1739 cm™ 1 for the ester and~gfk§;_

iketon!/carbonyl grOups ”In the nmr spectrum,~the'ethy1

fﬂglgroup appeared at .5 4%12qu. 2H. J = B Hz) and 1 32 (to

nf’}H J = 8 Hz) The methyleﬁe protona a to hhe ketone
. . , -

fappeated as a singlet at 6 2 18. Three methyl singlets

- e *: o :
) _-ahowed a’ molecular :I.on peak at.m/z 28Q 1617 1ndioating the'- '

_.-‘.



: molecular formula C15H2405.v Dleckmann condensatlon of

'[-showed 1n 1ts mass spectrum a molecular 10n peak a_t

B b

N [T

TR

v

..I'.

'iftoLUenefﬁor524 ‘he The dlketo ester 66 thus obtalned

«

. 252 1201 (C14H2004).. The ir” spectrum showed absorptlonslf;fh”-d”

-at 1740 (cyclopentanone)‘%lGSG and 1601 cm'l (enollzed B—*H”‘

'-'2H',;_q 8 Hz) and 1. 28 (t, 3H,°J =8 Hz) were. due to the .

keto ester) The er spectrum leplayed a chelated enol

proton at 6 13 54 as a 51nglet. The 51gnals at 6 4 08 (q,.lf
% b K

“'f'ethyl group cf the ester., The compound appeared to be a‘ ;

W
4

> v

K

o

sungle stere01somer as only one set of“three slnglets was,;v
observed at 6 2 L@,.l 22 and 1 00. The former could be

n

ﬁh attr1buted to the methylene group & jacent toche flve

membered ketone carbonyl and the other 51gnals were due to o

V-

. the gem—d1methyl group.v Slnce‘subsequent transformat1on_%f

employs condltlons under whlch enollzatlon of the flve-.‘
membered rlng ketone would also be effected, the r1ng E

Junct1on stereochemlstry of compound 66 was not determlned"

_,.‘_ L -

S N .. P



B f}kﬁf
ST ?Tfﬂaf
A

In pr1nc1p1e under the descrlbed‘condltlons keto

o dlester 65 could also unwdergo other modes of cycllzatlon"’ e
{"leadlng tO compoupds 67 and 68,11nvolv1ng enolate 1on of».
the ketone carbonyl. " 'To conflrm t’he structural ass:.gn-'\" .
,,:*ment, keto ester 66 was prepared 1n an unambiguous n;;;;r

as,follows. Thlolketiﬁlzatlon of 65 w1th 1 2-ethane—;yf
dlthlol and boron t'rlfluorlde etherate in methyiene-
'f.ch&orlde at room temperature for 6 h gave‘rlse to. the

Ati correspdﬁdlng thlolketal 69 1n 82% yleld. The nmr R

:m'spectrum showed a multlplet at" 6 3. 33 and 1ntegrat1ng to %fﬁffi”

four protons for the methylene protons of thlolketal

. ‘..v

group.» The mass spectrum showed avmolecular ion peak at
m/z 360 1432 1nd1cat1ng the chemlcal formula cl,uzaszo,,.".
The thlolketal 69 was suﬁgected to Dieckmann condenaation:’i’“

Q

in 1, 2-d1methoxyethane uslng sodium hydr1de and methanol,

Aftor 5 . _
Yﬁld. 'l'he it

and a catalytxc amount of potassium hydrid
teflux. B-keto ester 70 3%3 1lolated in 78%}

‘;; spectrum qhowed an intense and broad abaorption band at o AL



(s "GOz
..u1735 cm’ -1 and two weak bands at 1655 and 1610 cmv};"
"Alndlcatlng the compound was maxnly 1n the ketone forme'f7l~5
- . N ¢ T

;ﬂJThe nmr - spectrum dlsplaYed a quartet at 5 4 10 and a‘£f c
4 f;;trlplet at 5. 1 27 for the ethyl group °f the ESter'“fau'} o

'multlplet at 6 3 27 was due to the - methylene protons ;?'
vf;adjacent to the sulfur atoms.' A molecular 1on peak a£ m/z o
Jff;328 1169 ln é%e hass spectrum verlfled the chemlcal.v VH
ﬁkformulaﬂPf C16“245203? Dethlolketallzatlon88 of keto.fﬁ..l.
flester 70, effected by mercurlc ch&orlde and calc1um f:*.’

Voo

=,carbonate in refluxlng aqueous acetonltrlle for 4 h, gave

:iketo ester 66 (45% yleld) 1dent1ca1 ln all respects wlth

. the one obtained prev1ously.r A ?_ ~ : :deckvﬁﬂﬁlil} f‘Zif3‘;~'

'“f;u: Whlle the sodlum hydrlde 1nduced M1chael addltlon of .

. keto ester 53 to ethyl acrylate (v1de supra) proceeded
smoothly when small amount of mater1a1 was. used. for” cL
reaaous tha:/remaln'unknown. the yleld of duct

: decreésed lubstantiq}ly when reactxon was Séalod up._ For ruf‘

instance. when 76 mg of keto ester 53 was used. a 93%

Y



3:‘fy1e1d of d1ester 65 was obta1ned.' The y1eld dropped tp

87

v83% when 216 mg of comppund 53 was applled. fWhen the'

‘~ﬂgm1chae1 reactlon was attempted in gram-scale under the '”“""f

",”-dlmethoxyethane,o1t was. con31stently observed that the_:“‘

ffgi}lthlum dlxso“

-

) descrlbed cdndltions at room temperature in 1 2__@

N

: reactlon ceased after the 1n1t1a1 formatlon of the
S ’ . ' \ "'- : o
'v=product.d In an attempt to promote the reactlon by heatlng

‘o

ﬁfthe m1xture to reflux, exten51ve a1ky1at1on occurred and

Wgtrresterp71nwas~lsolatedign.7§%Fy1eld,as theuon;y;,

'product.ﬁ In order to c1rcumvent thls problem the use of

.opylamlde as the base was 1nvestigated.j.f-fﬂi5

- fWhen keto ester'53 ‘was, treated w1th 11th1um dllsopro- o
iepylamlde Cprepared 1n 51tu from dllsopropylamlne and SR
‘.methy111th1um) at -78°C in. tetrahydrofuran fol@owed by{ﬂiﬁu\«fgr

\

'”faddltlon of ethyl acrylate, the de51red product 65 was;,ff”df;{g

P T

-2 formed after 1 h at -78°C and 4‘h at room temperature.i“

“djThe YIGld was 86% when 303 mg of the starting material.was:7*7”h
L used.v DiSappointlngly, when the reactlon was carried out

"';fw1th ca. 500 mg of the material, the yield of the desired o
S T e B T L _:;fr??
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product dropped‘agaln rapxdly to ca.?%ﬁ% alongxwzth o

- . : ce T

ﬁ:substantlal recovery of .he startlng mater1al. After some [_uiv
< L e : - - _/, : A

'nvestlgatlon,’lt was observed. to our

I" ,,,,, - 1"

further pre11m1na

e

dellght, that the reactlon too» ‘a d1£fere3t course when

:
Y

performed 1n the presence of a small amount of‘hexa-}@ﬁf

\ ."'

methymphosgporamlde., In addltlon to the formatlon of

dlesters 72 (methyl acrylate wgs used as the ;eagent), w{fh"v

subsequent Dleckmann cycllzatlon occurred 51multaneously
N

to glve a 51ngle keto ester 73 exlstlng completely 1n the., ';f

a

i . :_‘} . B . N ." [l .. ‘,“ e a .‘.l [} :-' .r ]
\\. - s “ . ' . . {I- b(f., l'.o.":.. n
correspond;pg enol form.;vTh best results were obtalned jtl;ﬁ;%
..‘.‘ R . - d,“
SO N T
when keto ester 53 was subjected to treatment thh llthlum ]}g%ﬂx
RS ST ‘13, e e

. a
e .
Vi

dll opropylamlde (1 1 eq ) 1n tet;%hydrofuran 1n the

!'" e o
’i‘ o
presence oﬁ%hexame&hylphosphoramlde (1 .1 eq ) at -78 Q‘f R

4,

ﬁ and by allowlng the mzxture to react at 0 c for 5 h

Eynder these condltlons, B-keto ester 73 was produ}

X

. N .
-43% yzeld, along with 23% of dlesters 72 (7 3) ana 18% of‘
= by—product 74. Dxesteré 72 could readlly be cyclfhed to

Jl\ . . . o
prov;de an add1t1onal amount of a-keto ester 73 (94% T



121

'g":

yleld) when further exposed to 11th1um dllsopropylamlde 1n g“af* 3
) -

tetrahydrofuran at room temperature for 6 h. The 1r f; ;¢:sra*~*
7 e

.spectrum of dlesters 72 and keto ester 73 were found to be

o
-—"‘

B {51m11ar to those obta;ned for the correspondlng ethyl

A-e.compounds 65 and 66.g In the mass spectra. each showed avifﬁfffﬂ;

... :
: L3

a~¢_molecu1ar ion peak thh fourteen mass unxts lgss, while xn';d;ﬁt:
S " ; e
! fthe nmr $pectrum, the ethyl ester s1gnals observed for 65 e

aand 66 were replaced by the methoxy slnglets (four ?“’“'

=S sxngléts Tat 8 3\/5. 3.72, 3 70, 3. 68 for 72 and a slnglet:'l'ﬁ

1atha 3 77 for 73 .h Diketo ester 74 showed 1n theoxr

spec&rcm a broad band at 1739 cm'l for the esters and the;q»ti

flve membered rlng ketone. The absorptzon at 1713 cm lﬁf,' .

R P Cn
'“‘“*was asslgned to the le membered rlng ketone‘ In the nmrvg_:uwﬂ_
_ . ' SR )

| 3 65 (methoxy

../ﬂ B
spectrum flV% sxnglets appeared at 6 3 75,

. . d

groups)._Z 30 (methylene protons of the cyciopentanone

m01ety)§;1J18 and 0.32 (gem-dimethyl).; Thebuuoo .pectrum

e,

Sy

"”]l formula c17nz406..{“3r;;'_j;»,,_ffreg_



B Concurrent to the studies descr1bed 1mmed1atery
“'tabove, the alkylatlon of keto ester 53 wlth p—bromo-.ff

"fpropionate was also examlned., Sequent1a1 treetment‘of 53

L

‘ﬁ]fwlth near sto1ch10metr1c amounts of llthlum dilsopropyl-_““'fﬂ

; f.lnrtlally,at -78’C then at room temperature for 10 h gave_i

) am1de and NEthf\ 3'br°m°Pf‘Pandaﬁe in tetrahydrofuran 1n "j.,’“‘.

;,the presencevof hexamethylphosphoramlde (1 0 eq ),

: Jrise7tb'keto ester 73 and dlesters 72 ‘in’ ca. l 2 ratio and ..
“in a total yleld of 66% Both thls reactlon and the
BN : -

. “

‘Vt,1M1chael reactlon u51ng hexﬁmethylphosphoramlie were shown

.’“{to be reproduc1ble regardless o£ the-. reactlbn scale. Of

’these two procedures the latter 15 preferred 51nce 1t'

;_prov1des dlrectly a hlgher yleld of the cycllc materlal.

AN
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3 For the constructlon of the C rmg from' compound 73, . L

';5'two approaches are read11y concelvable bScheme XIV), In

il

ff@ 'One approach the‘ester group 1s to be used as the angular

RN
~

ﬂf;:methyl gﬂ.up and a su1table substltUent wlll be 1ntroduced

/-v«»'

el

.(73 > 75) to fa0111tate the C r1ng formation.v In the'v-{,' DR

jother, a methyl group w1ll be 1ncorporated (73 *‘76) and
'”-the ester m01ety be used as part of r1ng C., The v1ab111ty
"fof“these approaches w111 depend on the stereochem1ca1vj
p*}toutcome of the alkylaﬂ'on step (1 e. 73 + 75. and" ‘e'
.2.73 > 76) Both‘%f these approaches were‘ex;h;ned and the
i{ﬁresults are as follows.ntﬂe S i 1"f ~3"_'_>2,l;_ i:
e | Compound 73 was found to undergo both methylatlonifﬁ
'dwrth ﬁethyl 1od1de and Mlchael addltlon with’ acrqleln.f
’ Treatment of 73 w1t§?ca. one.equlvalent each of acrolelnv

-

' 'and 1 4 d1azab1cyc10[2

0

2. 2]od¢ane‘1n 1 2 dimethoxyethane

—at room. temperature for. 4‘f gave keto aldehyde 77 1n 90%\’

123.

T



y1eld The ir spectrum of 77 showed absorptlon bands at o Lo

‘t, 2860, 27 (aldehyde)* 1740 (ester and cyqlopentanone) and

*‘*’1713 cm’; (1¥ashyde and cyclohexanone) j Thé nmr spectrum d'.

kf

\.

'dlsplayed a’ braad 51ng1et at 5 9. 66 for the aldehyde'

/ _:proton. Sharp methyl s;nglets were obserued at 6 3 72

'(methyl ester), L. 08 and 1.02 (gem-dlmethyl groupvv"
"freglochemdstry of the M1chael adduct d?s substap 1ated by
‘the presence pf"a two= proton slnglet ‘at 6 2. 18 as51gned to Jt;4£'
'the cyclopentanone methylene group and the d1sappearance |
of the 51gnal correspondlng to\ﬁhe enol proton.: The massiu<
; spectrum dlsplayed a molecular ion peak at m/z 294 1466. |
| he spectral data also‘suggested‘that the compound ‘wds .a
s single steue01somer.t The 1nd1cated stereochemlst. ”wasn
L_dedueed f?%m‘the.results obtalned for the subsequent

g

$ methylat; reactlon of 73 (see below).u Slnce thls

:compound'llke}y possesses the 1ncorrect stereochemlstry,

~further elag\ratlon was not\farrled out. '~;‘“}_lftf,.;”fi
The 1n1t1qaly attempted methylatlon, u51ng spdlum

' hydrlde as a base, resulted 1n complete recovery of the

- A -

o RN '
startlng materlal When pota551um hydrlde ‘was employed,~.

gg%'the reactlon of 73 with methyl 1odide in tetrahydrofuran "f}i"ﬂp
3 - R ‘\_

. at room temperature occurred to g&ve the de51red methyla— s

,:tf‘tloﬁ product 1n 82%.y1e1d.’ However, dlmethylatlon also

i occurred to the extent of 8- 10%.7 This- 51de reactlon couldV
.g‘. . ot ‘ .

Ef be suppressed completely by the use of potass;um carbonate
> ST

_\\



'_*compounds

”eﬂfractlonal

- oy

as’ the base and acetone as’ the solvent.e9 A 82% yxeld of

'two products;was obtalned 1n the tatlo of 2 1. These

' not readlly separable. Hoﬁever, bytpgﬁ,'

ystalllzatlon the major component (m p.

A o

f_ji75 76~C, petroleum ether—ethyl acetate) could/be 1solated

”fln pure form.1 Treatment oP thls compound WLth potasszum
fgcarbonate 1n reflux:ng acetone for 24 h gave rlse to a new,'

e”‘mlxture cpn51st1ng of the btartlng material and the :w
mlnof. compound 1n ca. 1 3 ratlo wzth the latter;";

'fpredomlnatlng.; These observatlons clearly 1nd1cated that

” thé two products produced by the nethylatlon reactlon ‘were
= R N - _

'7.glsomer1oﬂat an’ eplmerlzable center(s) . Slnce the

. - ‘.
.7 -

-~

»basls of the spectral data,“it follows that the minor *;},‘
g ©

isomer should possess the stru&ture TQJ Dzketo ester 78

U;ohowed absorptzon banda at 1741 and 1710 cm’} in the ﬁtv

b“;spedbrum due to the ester and ketone functionalities.

'},.Aﬁ.
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e

f,mass spectrum showed a molecular 1on peak at m/z 252 1363

2' 1n agreement wlth molecular formula C14H2004. The nmr-

',.-pectrum dlsplayed four methyl slnglets at 5 3 74. 1 43,

-f1 17 and 1 07._ By decoupllng experlments it was . posslble

0

"u’to asslgn alu the remalnlng protons as follows.‘-é 2. 54
»']’(dd 3= 15 J"

Ha). ' 2. a6 (dd g 'd3*1=113; J"f .5 Hz..Hd)~ 2.35 (dd 3

'°5L9 J'V—»z Hz, ﬁ ), 2.26 (:, g=13 He, He Yh 2.16 (d,; »g:;:f7“
SRR Hz, Hh),'z "4 (dd g -.43, J':— 5 He; Hf)_and 1.90

*(dad, J = J: = 13, J"_; 5 Hz, H yooo s e
Q'Al__QSane both of the rlng junctlon protons; g and Hd

&

.»

large coupllng constant§ of 13 Hz each and a; small

u-'

.ﬁ'coupllng of 5 Hz.~ ~trans r1ng junctlon could readlly be

-".- . ﬂ) 9‘,

ﬂ_fassugned._ In order to determlne the stereochemlstry of

P ~(

'~5sz;.Hb) 2. 48 (dd. J = 15..J"‘ 13 Hz.?

’ appeared as-a. doublet ogkdoublets of doublets thh two'f.[v“-”

S ]
-y'-the remalnlng cente? the follow1ng nOe experlments were,,jﬁ.

L ‘.
s . . .

- carrled out. When C4 methyl 51nglet (5 1‘43) was pp,,: 5.ﬂ-"'

-

\1rrad1ated“ the dodblet of doublets of doublets at é 2 46 o

(Hd3 and the doublet of doublets at s 2 48 (H ) each

»

showed a- 4% enhancement.f An 8% enhancement was observed}&fﬂ--‘;"

fOr Hf whlch appeared at 5 2 14 ‘as a doublet of doubletsifg j;

dV'whlle the'doublet of doublets of doublets et [ l 90 (H )

ok
was unaffected.. These observatxons strOngly luggested

“.‘,r L 2

- that the methyl group was 018 to Hh Hd and Hf and trans to:gi7fab

$ \4.,..- ° R
f : L R

e Y

:¢He.-‘Consequent1y, the stereochemlstry of compound 78 wasif;ﬂ"
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t‘rzsingle x-ray d1ffract10n analys1s. ‘A computer generated'lb'y

'7'Léeduoea;' Th1s a551gnment was further conf1rmed by a

.{.

ﬁ:perspectlve drawlng of thls compound is - shown in Flg.'l{'

Both d1keto ester5'78 and 79 are synthetlcally

7‘usefu1, 51nce they dlffer from each other only 1n stereo-

"fychemlstry at an ep1mer1zab1e center._ S1nce the trans

'ﬁjT81)p‘desu1furlzat10n (81 - 82) and regeneratlon of the,",

7ncompound 78 was obtalned 1n larger quantlty and in pure
iform,vlt was used for the present studles. Prlor to the'
;‘1ncorporatlon of r1ng C,-the removal of the 31x membered

'ketone carbonyl was exam1ned.. In pr1nc1p1ej%thls could be

-ﬁeffected by selectlve reductlon of the lessthnndered f1ve R g?yﬂn

'f'membered r1ng ketone (78 > 80), thloketallzat1on«(80 +;.fh

.

tf?cyclopentanone (82 -+ 83).- Thus, dlketo ester 8. was:' s
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1290

:subjected‘to.reductlon wlth llthlum tr1~t butoxyaluminlum ;

."

hydrlde (1 2 eq )61 in. tetrahydrofuran at room

’.___—v- . . e,

temperature.v Aﬁter 12 h, the reactlon was complete and

-

';two products were formed 1n 97%hy1e1d.f To our surprlse,

the products were shown‘ko be k? j alcohols 84, resultlng

from the select1ve reductlon of-

'3{¢the cyclohexanone m01ety was selectlvely reduced was'
e

51nd1cated by absence of the characterlstlc cyclohexanone AR

,z--‘-

: fabsorptlon at ~1710 cm 1 1n the 1r spectrum.p Instead,.the%_}~:- o

vat aPpeared to be theuifﬂ

-more h1ndered &}x membered rlng &etone. That L -

fi:products dlsplayed absorption bands at 3480 cm"1 fot the 5: -

‘hydroxyl group and 1740 cm'; for the carbonyls.. In the‘fr:_

:vhnmr spectrum a broad trlplet appeared at 6 3. 94 for the

' 7:proton adJacent to the hydroxyl group.3 A pair of mutuallyfhnfpgwf4

g .

"fticoupled doublets (J 13 Hz' each) at 6 2 18 and 2.09

””f51ntegrat1ng to one proton each was assigne"'oﬁthe methyl-idd’ﬁpf :




*"at m/z 254 1522«conf1?

vcl4H2204._ To verlfy the.structural a551gnment,_the

’v,mlxture of keto alcohols 84 was converted to thloketals

e

.....

.jsxggals ab 5 1. 12, l 08, l 03 (major) and 6 l 14, l 06

-~
1

b'and l 00 clearly 1nd1cated the presence ob two alcohols~'

'ef(3 l) The mass sp 'tru% showed a. molecular ion peak ;Jiflﬁl'ﬁ-kwﬁ

'“ng the chemlcql formula

-
~

S}

-~ u"

glss (90% yleld) uslng boron trLfluorxde etherate and

'7;;1 2 ethanethlol 1n dlchloromethane Dethloketallzatlon

L hlorochromatego and sod}um aceta e 1n d
edgave a s1ngle product (81% yleld) whlchbwas 1dent1f1ed

'f_a; Ket999 375 It Showed in the 1r spectfﬁgg ’f‘

"wlth Raney nlckel 1n thanol followed by oxldatlon

Al

f;.of the resultlng hydroxy esters 86 w1th pyr1d1n1um

u.z .

chloromethane

W




- _/vl,.._' ‘ . Q. S ,

‘ *fan absorptlon band at 1709 em™ 1 dzagnost;c of a cyclo- fﬁ;":‘

'”-hexanone moxety._ The 1somer1c ketone 88 was,not detected (
s s .ﬁ' k " ‘ T
o In order to prepare keto ester 88, the mixture opff”

“foketo alcohols 84 was ketaL;zed by transketalization w1th

'-'2-ethyl 2¥methyl 1 2—d10xolane‘and a catalytxc amount of

e

".dfp-toluenesulfonlc ac1d 1n~ref1ux1ng benZene., Ketala 89

:%‘;were produced in, Ji% yleld.. The mlxture of 1somer1c 'ff;;[:d"*

"-ketals dlsplayed a carbonyl band at 1738 cm 1 and a
hydroxy absorptlon at 3480 cm 1:1n the 1r spectrum.j The
‘”f'nmr spectrum showed mult;psgis at 6\3 87 for the ketal ok

m01ety and 3 97 for the methlne proton ad)aﬁfnt to the lf"

: hydroxy group Two sets of methyl sxgnals for the

eplmerlc alcohoLs were observed at” 6 3 70,j‘u22, 1 ?2.,\
R ¥ "\'A" ! :

-0 94,_and 6 3 68 \f‘QO 1 00, and O 93 The mass spectrum L{?E:

'showed a molecular 1on peak at m/z 298 1781 1nd1cat1ng the

1Chem1°al f°rm°1a 016“26°5°“ﬁ'f}“’ jljtii”f.ﬁ‘Tfﬁl:ﬁj“f'f;f7f“

B e

Sequentzal treatment of ketal alcohols 89 with sodium fﬂg]f~~

“*Thydrxde* carbon- dxsulfide and methyl 4odxdeyin tctra-ﬂ,i?ﬁ*’v"”“?

7¥fhydrofuran.g_;e



'T;Theinmr spectrum showed a slnglet ag;s 2 48 and Vfl'fiﬁffua?frl‘;tf

s integratlng to three protons for the methyl group attached

‘o to: the sulfur atom..df l"h:rjqu:gv“

When the mlxture of xanthates 90 was heated w1th tri-_agv.arwf

‘:‘Qn-butyltln hydrlde and—a catalytlc amount of azob151so—f~i o

.'f_butyronltrllegl 1n degassed toluene under an argon

-,p-atmosphere at reflux for 4 h,_ketal 91 was 1solated as a
”}slngle compound 1n 78% y1eld.l Thq ir - Spectrum dlsplayedvx

) a“ absorptlon band at 1734 ‘cm’ 1 for an ester.n In the nmr ';//ﬂfff

V .

,-SpeCtrum,ta multlplet at 6 3 87 was due to the protons f;fQ{ffrfg'b
3feattached to the dloxolane rlng.,k‘iset of fout methyl f} ﬁhy

‘ﬁ__slnglets appeared at 6 3 68,,1 21, l 02 and O 94. The
o i ‘% ‘ ’ : P
'"fmass spectrum showed a molecular 1on peak at 282 1831 7?*;;f5?

. indlcatlng a molecular formula C16H2504., Exposure of 91
.f:pto moist acetone and p-toluenesulfonlc ac1d furnished keto f‘l“

'ft“ester 88 1n 94% yleld. The 1r spectrum showed aﬂ d:q"tl

'.,.
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| absorptlon band et"l741 cm 1 for the ester and‘the flve

e

, el .
membered r1ng ketone. The nmr spectrum dlsplayed a‘*

slnglet at 6‘5 A9 for the methylene protons nelghborlng
'the ketone m01ety; #pur other 51nglets were observed at

5 3 68 ( COOCH3). l 20, l 16 and I 04 for th? methyl

groups.; k molecular iontpeak at m/z 238 1562 1

v

". spectrum conflrmed the molecular formula C14H2203.4

Lo

A shorter and more effect1Ve methodvhas also been T

developed for the transformatlon 0 3d1keto ester 78 to

—f—keto ester 88. In thls two-step-procedure,idiketone 78
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f"The 1r spectrum of thloketal 92 thus obtalned 1n 86% yxeld

”Nshowed the absence of cy&;ohexanone absorptlon suggestlng

N

;'»lthe 51x membered r1ng ketone was selectlvely ket&lxzed

N

; .. L :,e'./- B
The mass spectrum dlsplayed a molecular 1on peak at m/z_'~'

. '328 1166 correspondlng to the molecular formula
'-C16H240352" SUbsequent desulfurzzatlon of 92 u51ng Raney |
‘nlckel 1n ethanol afforded keto ester 88 1n 52% yleld.:,ﬁ *ff,%: :

For the constructlon of C r1ng, two approaches were'“'"

}‘h;¢°551dered- In the flrst\one, the methyl ester m01ety Jn
hfd88 was to be used as auhandle for the incorporatlon of a ?;gh
'fcsultable s1de-cha1n as shown 1n structure 93._ Cycllzatlon.l
u1“v1a an 1ntramolecular Mlchael addltlon could Léad to the |

nrequlred C rlng (93 » 94) In the second approach 'ﬁa‘f'

"g-xptroductlon of a proplonate unlt at the rlng Junctlon

'*could glve rlse to.dlester 95 ' D1eckmann condensatlon of N

B p."\‘.“

'f”395 followed by decarboxylat1on could then provide the

l_sdesxred dtketone 94.. Both of these approaches were Eg;



j}“feaslly 1dent1fiab1e signals were observed at 6 3 86

;reteempted; Reductlon af ketal 91 wzth sodxum bls(z—-‘tﬁ

methoxyethoxy)alumlnlum hydrxde 1n ether at room gﬁ} '

*f temperature for 2 h affofded hydroxy ketal 96 in 9555“

‘«,.

yleld.; Aldehyde §7 was prepared 1n 78% Y1eld by treatment7t,}}f;;l

R

T of the alcohol 96 w1th pyrldlnlum chlorochromate and iih)’;t;gwfh'

sodlum icetate 1n dlghloromethane at room tempergture for.T"‘

'l‘S-h. The mass spectrum of“the compound suggested the

O v ././..-.

'lffmolecular formula te be C15H24O3 w1th a molecular loh peak

) G
=j~vat m/z 252 1536._ The ir spectrum showed absoqption bands

at 2830, and 1739 ‘o %-characterxstic of- a aldehyde

f2m01ety._ The nmr spect um displayed a broad sxnglet at :f%“f\*n”

5‘ﬂn6 9 38 readlly attr1buted~to the aldehyde proton.( Other.ﬂgf:°i*”

,)..

ivp(ketal), 1 10. 1 64 and 0 96 (methyls)l”'The converslon of

Jfggthe aléehyde group to a v1ny1 ketone required EB: the

”,93 proved diffxcult. Dinnppoint-'n;.'

mfﬁ;ngly, attepﬁts to fhtrodus:/}he vinyl group/by a Grignard

I

-]ff{"'f?fhff/_i}:fn ;”iijf?l35fyﬁ§?




L |
-
. .

- Lo .1 . e B - . i N R e E

"TQ;rea&tlon were unsuécesful Nelther vxnylllthlum nor the‘;' ',d:;§g

PR

-fcorrespondlng magnes;um bromlde reagent-reacted w1th ,3;; S b

'uraldehyde_?7 at 0 C. At room temperature the;.:action of

‘f'_f97 ith v1ny111th1um gave.a complex mlxture from whl no"éw R
& :

"rlident}fxable compounds 5pu1d be xsolatéd., In: case of- \,
v1nylmagnes1umvbrom1de,vthe products-appeared less rfrpmﬁ'\;.f_t
\ complexg How:ever, }Ithe des:.red» compound 98 could not be ) \ :
deteé%ed. Instead an 1mpur; maéemxal whlch showed RN

o .

”'_characterlstlcs of the - rearrangement pfoduct 99 was‘

-

1solated .\h_.small amount.' S A A " L ‘./ g
B T A DR WO

A cmcucuzonﬁ__ S

,_As a consequence of the—above unsuccessful attempts,_-'ﬁg.
'we turned our attentlon to the alternatlve approach for '
-

v r1ng C format;on.' To prepare the deslred compound 95,

fiketo !ster 88 ps‘subf cted to treatment w1th methyl

’ﬂfacrylaué and potassxum hydrlde xn tetr&hydrofuran. Q; 0'
!no reactlon occurred and the starting mater1a1 was :jhd ?J”ff)f

. ‘. - ’ i"’ '. ... :
':.."g'<.-' B



F(: room temperaturé‘ the startlng mater1a1 was consumed

Lo
";_ w1th the desxreé structure 95. Although the 1r showed a

\ ‘%ﬁ: :

:aoarrlve at a structure for thls eompound whlch would

'lhhan_Lntra-moleculp

‘completely after

*.esectrum whlch dasplayed*a peak at m(z 180 2230 fcr the

rcomp051tlon C12H200.‘ At the present, we are unable to‘}fd

' ' ' S CONT e
recovered intact.‘ When the react1on was carrled out at

:4 h and a maJor product w s, f'

fﬁlsappo1nt1ngly, the product whlch was found to be non— . -

S

ac1d1c«and less polar than the startlng mater1a1 on 5111ca ‘ﬂf |

gel, showed spectroscoplc propertles totally 1ncon51sten5

car"ohy; absorptlon at 1739 cm 1 wh1ch was expected for
: e :
1ve memb ed ketone and the ester groups, thls bﬂ?d

was rather sharpeihd not partlcularﬂy 1§tense._ Thlslﬂ,.4

observatlon coupled w1th the absence of any methoxy

'hiof a carbomethoxy was further suggested by the massfff'55:

&

-

fsat1sfy both the avallable spectral data and a reaqpnable

}mechanlstlc pathway for 1ts formatlon. One p0581b1e >

o-f -

AT

o:dfigjt .
.Pﬁthway lfadlfl to. thxs uné&entlfled PrOdUCt °°“1d 1"V°1ve”“;*bw

7_”prob1em, the ester 92 was subJected to treatment with

"hpotassium hydrlde and methyl acrylate in

: Td~at room temperature._ To our delight thefsesrred addition

s

o

Clalsen'type cycllzatlon (95 o 100) as;ff':

[fthe 1n1t1at1ng step. In order to c1roumveqt th1s poss1b1e

T

X &
751gnals 1n the nmr spectrum suggested that the ester gﬁlhp:"i}g.«
sshad been e11m1nated from the startlng materlal.g Thevloss._fi;l*:'”
. B , . M .




vy

‘;1 product 101 was formed albelt in low yleld (19% w1th i&"’
recovery of startlng maverlal) even after a long reactlon

period of 32 h. The mass spectrum whlch showed the ’
":& moﬁeguler 1on peak at’ 414 1535 conflrmed molecular formula

"o

.C S The nmr s ectrum showed two ethox 51 nal
9 20’“3 52-\' p ‘#ﬂ Y 9t S P

ht "6 3 72 ‘and 3 68 : Three methyl algnals appeared at
51 32' 1 25 and 1 14‘ The QU1tlplet at § 3.25 was due to e
‘33methylene protons next. to the sulfur atoms.. These ;Q;:T R"Q.‘

i

. spectral data suggesteggfhat the adduct ‘was formed as a

S

"751ngle stere01somer.e-ﬂowever, the stereochemlstry could -¢'" Lfl
”f.not be unamplguously deduced. The 1nd1cated stereo—.'
',“vchemlstfy was tentatlvely a551gned based on the expected

B . -

’ addltlon oﬁ.methyl a}rylate from the less\hlnderfd 51de ofu'

v-the precursor. Currently, we are examlnln more sultable

8 . et

nfcondltlons in order to 1mprOVe the y1eld of compound 101. .

o - o ' ‘ I

; ’a L
e In conclusxon, startlng from lo—camphorsulfonzc ac1d _f;',;
(35), keto-dxester 101 has been prepared 1n eleven lteps

by the synthetlc sequence summarlzed 1n Scheme xv 'Th;S'f



"_elaborated to glve tﬁa\giﬁget molecule by modlflcatlon of

. decarbomethoxylat1on.; Thls c0mpound eould be further

.:a;compound 1s cbn81dexed tg- be a potentially useful ;“ii‘f:w&

M

£

?eéner 95 should lead to trlcycllc compound 94 after

o the ex1st1ng functlonallltles.szb-' ; ‘f . 17 fV‘J°

 synthet1c precursor of clovane—d101 (1) _ Desulfurlzatlon.:,f

"lof 101 followed by Dzeckmann condensatlon oﬁﬁthe resultxng




. »‘ coe e K - Lo ' .101 . AT . e
s t} . o R S e . - R - . '/ i
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a KOH heat b.. KZCOG. CH ! acetone C. 02. A020 Py. DMAP
= CH,Cly hv. d. H,_o / :OH: e: NaOH, CH;OH, reflux 1. -K,CO,, CH | |
.- acetone. g. LDA, “78°Cto R.T. CH2=CHCOZCH3 h. Na**OCH,, " |

-',:‘v--»_‘;oluene reflux; i. K COS. CH3I acetone. i BFy- Et20 HSCHchZSH

- 0°C. k. !sH CH =CHCOch3. THF RT

"_"4.



"ffcrecrystalllzed and lquld samples were subjected to

. General =~ . e

For general remarks see the Experrmental Sectlon of

lﬂPart;I of thls thesls.. Carbon-l3 nuclear magnetlc

L v _-:_ s
o resonance (13C nmr) spectra were recorded on a Bruker B S

WH 200 or WH 400 spectrometer and were obtalned on

solutlons-ln deuterochloroform. Crystalllne samples were

dlstlllatlon before submlttlng for elemental ana1y51s.hdfg5~

Solvents were purLfled as followsh trlethylamlne,f"fﬁ‘gff

pyrldlne, dllsopropylamlne and acetonltrlle by .lfdﬁ*f?gff5

‘f dlstlllatlon over calc1um hydrlde- d1methy1 sulfoxlde and

]

; hexamethylphosphoramlde by dlstlllatlon over calcxum d}wa"

hydrlde at reduced pressure and stored over 3A molecular

L)

51eves-rdlchloromethane was dlstllled over pnosphorus-”w"'
pentoxlde,_acetone was treated w1th potassxum
permanganate, drled over anhydrous pq'assium carbonate and‘

dlstllled. Boron trlfluorxde etherate was dlstzlled over

' calc1um hydrlde accordlng to the procedure of Brown.gz-ff,v,”

Other solvents were dlstllled by the procese described 1n

}dt;}éiﬁﬁf»?j;;?wijﬁwf?fﬁf;?7;~”'“*"



"ermmedlately pOwdered dl lO-camphorsulf nic ac1d (100 g,

the Experlmental‘Sectlon of Part I.'idl—éamphorsulfonic‘

;ac1d was obtalned from Aldrlch Chemlcal Company.r

”'_(i)-Campholenlc acld (34)

cu A5: From a1- 10-:camghorsulfon1c ac1d (35)

Pota381um.hydrox1de (242 g, 4 3 mol) was fused rh a ’xf

N .‘ .

“;'fporcelaln dlSh The heat source was\iimoved and
T]}o 43 mol) was added slowly;w1th v1gorous stlrrlng (the ;edf5ff7

r-,,

'vreactlon 1s exothermlc) over a perlod of 25 mln., The

"';,colour of the molten mlxture was chocolate brown. The

Te -

'“Lmolten mass was allowed to cool to room temperature and

’

' g'then dlssolved 1n water (500 mL) The resultlng solutlon f:lhij

inwas washed wlth dlchloromethane (3 x 300 mL) and the -

s ,aqueous fractloh ac1d1f1ed w1th 1ce-cold 6 N aqueous.";“ RN

':Vhydrochlor;o'éc1d. The/ac1dlfled solutlon was extractedl B

_\

'wlth dlchlorpmethan =§}¥;2Q0“ﬁbfé' The comblned organlchf_, o
xtractéwas drlei flltered and concentrated.- The crudej
re51due was dlstllled to glve pure ac1d 34 (52 g, 71%

%Yleld) b.p. 87 89 C/O 5 torr-dlr 3500 (ac1d) and 1719 Y

'b.cm'l (carbonyl) nmr a 10 90 (br, lH. —coza), 5 zo (m,lﬁf?.m‘

c10H16°2'\ 168. 1150)"

. 38, H 9.59/ Foundf_“




Ukztemperature and then dLSSolved in water (500 mb)_

(89, T g. d‘ss’-

N . e e

. AN . BT Lo e Lwel
e e

,

'Bﬂh?,From dl lO-camphorsulfon1c ac1d sodlum salt

“fi"To the fused pota331um hydroxlde (llS g, 2 05 mol) 1n 32;3;A

‘jfa porcelaln casserole, was added slowly wfth»stlrrlng dl-‘

“%A?lO-camphorsulfonlc ac1d sodlum salt (IQOgg:

”[heat source was carefully controlled to prevent ;he '

ffcharrlng of the molten mass. After the addltlon (caﬂ

.jmlh), the molten mass wi% allowed go cool to room ?&:;pr_,

t». - , \¢

*;resultlng solut10n was washed WLth ether and the aqueous'

-trated.‘ The crude re51duelwas dlstllled as before to glve'

: acid. 34 (58 9',78% Y191d)’ The spectral data were 'é:fi‘“*

\"

.‘-,
1dent1ca1 in’ all respects to those obtalned prev;ously

(v1de supra) "fﬁff,gtfﬂlif-ﬂj{ff 2 eﬂ;a;l_ﬁ'h‘ﬁff;;u~i;:

’”ﬂjMethyl Campholenate (40) ﬂ_.ﬁ;f-tgg% fjr}ﬁ%?h‘ﬁfJ“

RS St T
To;afsoluf ) of campholenlc acld 34 (45 0 g,‘O 28

,f;mo;y;in;acet' ' 0 mL),,anhydroug potasslum carbonate

‘fwﬁargon atmosphere for 1 h, methyl lodlde (33 3

1

‘dtmmol) was added and the mlxture atlrred for»an addltional

”fla h. The reaction mlxture was then flltered.. The solxd

‘ ﬁ .

7.mater1al was dlssplved in water And extracted with

Q!

0. 39 mol) ’I‘he =

,1 'o, P

.'r,,(".

;) was‘added.n After stlrrlng under an,v-m'“

NN R R CUTE
Vo T . R/ L R L I O AR R . AN
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dlchloromethane "'The dlrhloromethane extract and acetone

Lo filtrate were\comblned. After most of the solvent had
hjjbeen evaporated the mlx_ure was taken up 1n d1chloro--

:]methane (200 mL) and wasled Wlth }ce-cold 2 N hydrochlorlc

"ff"ac1d solutlon. water and saturaq d aqueous sodlum chlorlde Tf“

U

'”uffsolutlon;u The é&@anlc frhctlon was drled, flltered and

.:concentrated.: The resxdue was dlstllled to afford the-n

“‘?pure ester 40 (4879, 98% yreld) 83 86 C/O 5. torr-:lr 1748

e -
- 0

I (ester), nmr 5 5 Qd (br. s,‘IH,V-éH),;3 68 (s, 3H, !

'5r-COOCH3). l.62 (br. s, 3H:‘—éCH3p: 0.98 (S' 35'.‘CH3) a“@

d ¢

’i_o.]p (s, 3H -CH3)7 ms M* 182 130t (calcd for CllH 807+

4

C1gh. 1307) >IA5EI.“Ca1cd. for C11“18°2 c 72.45,70.9.95;

4, y R i
*Found _ C 72'42u H* 9. 82.'1»av7 ‘j_ggg-ﬁj:ffa“-f_ '

*iﬁf:4 Carbomethoxxmethyl 3 3~ dlmethﬂl 2—methylldenecyclo-d”

e

”ftﬁpentanol (41) ‘;ﬁ‘; ffaf;::’:.4y-

uf{:ff, A sof@tlon of the ester 40 (5 0 g, 27 5 mmol) and

methylene blue (200 mg) 1n methanol (250 mL) was ff“

4
)

1rrad1ated wrth ﬂho 200 w tungsten llght bulbs for 72 h;*‘r

Durlng thls\penkod a moderate stream of oxygen was bubbled

through the solutlon. The solutlon was cooled at 0 C and ‘

sodlum borohydrlde (0 39 g; 10 3 mmol) was added. After o E

. ,i. f
. 'j"

B
&

v hyprochlorlc acld solutlon (300 mL) and extracted w1th

st1rr1ng jBr 1 h,- t was poured 1nto 1ce—cold 2 N aqueousil”

NChIOIOfQFNgﬁﬂ?8_100~mL)3 The comblned chloroform extractﬁu*-'”




,Fji/lV' p:;a;d. : ‘
li;was dr1ed flltered and-concentrated. The residue was

R .."

7chr0matographed on 5111ca gel,,elutlng wlth 15% ethyl

.
et ittt

::f"acetate in’ petroleum ethep toﬂblve a\z :3 mlefre of two jji o

”ffeplmerlc allyllc alcohols 41 (3 6 LD 66% yleld) ir 3440

:“;ié 5. 16' "f-CHH) and 5. 02. 4 92 (br.V“*‘*

5 1Q.ﬁ.“'

t°tal lﬁv'=CHH)=:4?40 (m: IH._-éHoa) 3 66 (s. 3H, ij{

:jfn—COZCHB)' 1. 12, 1. 02, -0, 92 and 0.82 (s, total o, 2 x o

w H _CH3) ms M+ 198 1256 (calcd fQ:.C11H1803_.;198.1256);1V‘”7

:d;:4 Carbomethoxymetth\3,3 dlmethyl 2—methy11denecyclo-fej,f*”"A"
) S '.\.'. . . e ‘131 v . .
‘jpentanone (42) ";:Kg._f.-» A

I '\ .
\ o

A solutlon of dlmethyl sulfoxlde (14 1 mL, 0 20 mol) rf ]

'““iln dlchloromethane (25 mL) was added dropwlse to a

"tﬂsolutlon of oxalyl chlorlde (6 9 mL, 79 mmol) at'-78 C

wdunder an argon atmosphere.; The mlxture waa stlrred for 15-7u

'“1d3m1n after whlch a solutlon of hydroxy esters 41 (11 2 g,

:l56 mmol) 1n dlchloromethang &gg mL) Was added dropwise.,v

.',iThe mlxture was stlrred for 1 h at -78 C. Trzethylamrne

”;(25 mL) 1n d1chloromethane (25 mL) wa!‘hdded dropw1se and‘fhg}f“

f"the ﬁactlon was alloweﬁ to wé‘rm up to room temperature

‘*oyernlght. B was poured 1nto 1ce-cold water and the
: . ¥ >

ﬁ'iorganlc fractlon separated -washed w1th water,,drled.

?dflltered and concentrated., The reszdde was chromato—~;f\'

o %;']H,
'flgraphed on Bllica gel.x Elutzon with 5% ethyl ecetate in 5 \

h * I i . P f" . . . A} to o - . b o ‘)‘ﬂ ol .
: A g L o o S L Y A
T e T By S L T e R T




'wﬁf{ff7“€54:ﬁ7f ntnf'~if;}f146f~f

‘f_petroleum ether afforded the pure enone 42 (9 4 g, 85%ftx‘d

'1r 1748 (ester), 1729 (a,;-unsaturated ketone).v1634 and

-j1605 cm'l (c=c> " nmr: 5 5. 98 (br, s, 1H,,—CHH), 5.20 (br,f\~~71x

I

Z=CHH), 3 68 (s, 3H,--C02CH3), 2. 54 (dd, 1H =3 18,;%{g-5

é, 1,

V,

‘”.’J's—'7 Hz, -cocnu 2 .06 (dd,_lH,\J -}fsy g = 11 Hz,

ao ) 3 o

.1;‘

“ﬂi.496 1099 (calcd for 011“16°3~‘ 196. 1099.‘ Anal. Calcd.

sfor C11H1603 c 67 30, H a 22- Found.i < 67 20, H 8 12‘»’#;§ﬂ“

-Enone ester 42 from modlfledAgpoto—oxygenatlon reactlon 7;

The reactor was charged w1th a soLutlon of ester 40 SIS

T b g “Ql 54~<,’—"":‘

dV(S 0 g; 27a5 mmolf*ifl_1chloroqgkh'm§l_.;h DL ).l .
anhydrlde (2 74 AL, %m,ﬁ&ol)..pyrfagdé 1 Ii‘mL} A "
’ mmol)\' —dlmethylamlnopyrldlne (60 mg. b-ShﬁhdiY‘éﬁd ‘diz
::5 10 15 20-tetraphenyl 21H 23H-porph1ne (15 mg) ‘ Thgaﬁuéh,i;{¥d

fnreactlon was 1rrad1ated wlth two 200 w tungsten 1lght

“b»ﬁsbulbs for 24 h.f Durlng thls perlod a moderate stteag;of 3*-'2“

| oxygen, was bubbled throughg the solutlon._;' The reacﬁm k =
. mxxture was then let to stand wlthout radf%tgon for 2. h.JViff-“
d::The reactlon mlxture was them dlluted w1th ether and fﬂ]'
‘_washed wlth saturated aqueous sodlum blcarbonate-solutlcn,
u~51 ‘N hydrOChlorlE ac1d solutlon, saturated cuprlc'sulfate-

, solut1on and saturated sodlum chlorlde solutlon. The-."

"*fiorganlc extract was drled flltered and concentrated. S

ewF;ash_chromatcgraphy\of~the resldue.bn.3111ca;gel;'elutlngrédf:s



'7\ﬁfhydrox1de solutlon was added then extracted wlth

147 %
, w1th 10% ethyl acetate xn petroleum ether gava enone 42 L .
(3 Bf'g, 72% yleld) The speﬁtral data weié/conslsten

Nz
w1th those obtalned prev1ously (v1de supra)

Reactlon of enone\ester 42,W1th acryloyl chloride vi:'jfsﬁn“

. Enone ester 42 (300 mg, 1 53 mmol)f'sodlum acetate

(310 mg, 3 73 mmol) and acryloyl chlorrae 14 mL) Were;s

e A3

o ,stlrred at room temperature for 1 h then refluxed for ang'
addltlonal 24 h ﬁnder an argon atmosphere.; The react10nt7

',"was cooled to room temperature. Aqueous 1 N sodlum
Z‘. \

‘;{dlchloromethane and*ether. The oéqu&c extracts were.thenb H
'?frwashed w1th concentrated sodxum chlorlde solutlon,‘drled, ‘
“?3.f11tered and evaporated.. Flash ;%ronatography of the,#ru"irtld
.re31due ény5111ca gel:.elutlng wlth 15% ethyl acetate in .

: A s

'ftpetroleum ether gave the requlred enol ester 45 (64 nm‘ﬁf{[“vﬂ'”

;4‘. c

'“m18%)' '1r 1737 (ester), 1630 Lnd 1600 Qm'l (C—C) nmr

:dﬁ_5 6. 54 (dd 1H J = 18, = 2 Hz, v1nyl‘proton H ), 6 230 .
ll.(dd,be, H;é 18'\&"= 11 Hzf3v1nyl proton Hb)' 5 97 (dd.§:vdie
t.iilﬂ J = 11 HQ, J'x% 2”Hz,_v1ny1 proton H ),.4,73 (s,.l H,fﬁjt;‘5
“Fifﬂd), 4 94 (s, 1H,,H )fo 2 (br, 8, v1nyl proton Hf)i 3 73
“‘{(s, 3H,f}coocﬁ3),:1 22 (s,,3H,'-CH3) and 1 04 (s, 3H,
]ﬁcn~),_ms M+ zso 1202 (calcd. for C14518°4" 250 1205).5;

-\

51@Further elutlon thh the same solvent system gave chloro

“"}compound 46 (33 mg.v9% yleld) Lr 1169 (enol ester). 1738

. i
P

R AR e,




f;”(ester),‘f%28 and-1602 émfl;uc;c). nmr 6 5. 92 (s, 1H, f”]&;né}-ﬁ
‘ecuﬂ), .94 (s, 1H,4-cﬁaj, 4.73 (br,h 1n,‘-cu-), 3.84

S, “2H, s 7 Hz, =CH,C1), 3.70° (s, 3H,'-COOCH3), 2 98 (s,

'if;tzn J=7 Hz, -q_29H2c1), 1. 20 (s, 3, “CHz) and y-oz (s,<§j7"

'.-3 _»—CH3); ms M 286 0972 and 288 0967 (calcd. for e

Low
LT

\:'.\

“ 1_C14H1904C1 286 09725. The aqueous layer was: ac1d1f1ed .f:hfd

. wl:h-aqueous 1 N hydrochlorlc ac1d then extracted WIth

'g.xconcentrated to g1Ve a’ crude ac1d (236 mg, 57% yleld)

‘4?fhd1chloromethane. The extracts were comblned drled and,‘

I

et

-

:_mlxture of the ac1d and pota351um carbonate (280 mg, 2 037/
{'&mmol) 1Qkacetone (10 mL) was stlrred at room temperature--'":
‘ under argon atmosphere for 40 m1n. Methyl 1od1de (0 27.

"LmL,"4 4 mmol) was added and the mlxture stlrred for ah
:iaddltlonal 6 h. The reactyen mlxture was ac1d1f1ed w1th

R R A I o
5,»aqueous 1 N hydrochlorlc é;id solutlon then extracted w1th

=5

”if~d1chloromethane to g1ve ester 48 (243 mg,‘98% yleld) after‘mirh

choncentratlon and purlflcatlon'$y;flash’i?romatography

R

,;‘-‘abCH3)f“3’i.

. ey - ; . _
“3H, -coocn3), 3. 7@_(dd, 1H, 3 =8, ) i -} Ha, -CHHO-), wor

. . } L "ﬁ . %.. 5 J'I" " e

3.72. (dd, 1H, ‘,;,8, J = 3 Hz, —CHHo-),»l 90 - (d, 2H,. R &

.

"@q-: 7 Hz,v-CHZ )4 0. 92 (ﬁ' 3, ca3) and 0.75 (s, 3H,

(15% ethyl acetate i petroleunt ether)‘:v;.: 5 1737 @geter) . °"

and 1640 crri-l (C C),-nmr A 3 70._(5_!{

_-caa) 13c nmr 5 173 93, 171, 71, 121 29, 116.54, _iz};[r‘

. s8. 87,;51 69, 51 41, 0. fa 46 53, 41 65, 34.72,:31';.‘;1;



‘-:m}acryloyl chlorlde ('

'-7f32*2850, 17 5608. 16}

?;fuﬁ(calcd £or C15“22°5 :282 1477)

/,' L

Eg'Reactlon 65 42 and acryloyl chlorlde 1n refluxlng toluene
e W
A mlxture of enone 42 (386 mg1.1 98 mmol), pota331um

~:55carbonate (200 mg; 1 45 mmol) and acr”loyl chlorlde (3 mL)

'f;.ln toluene (6 mL) was refluxed under:an'argon atmosphere

\"for 72 h. ‘After th's perlod an addltlonal amount of

1n toluene waS¢added and the

ai.mlxture contlnued re luxlng for another 6 h.4 The reactxon

mlxturegwas cooled and washed w1th Lce-cold l N"

. "/C -

f'sol)ylon.i The organlc extract was drled, flltered and

"‘e:concenfkaﬂed._ Flash chromatography of the re51due on

w

’.hs1llca gel (15% ethyl acetate 1n petroleum ether) gave the .;‘

“,

"'3Mrequ1red enol ester 45 (238 mg, 53% yleld), chloro

‘+ivcompound 41'(35 mg, 6% Y1e1d)eand another mlxture (62 mg)
'“l:lwhlch was. dlfflcult to'Eﬁrafy. ,--““" T |

‘l.

Clalssen type rearrangement of enol ester 45 {?
“_fv;» : Eﬁbi ester 45 (124 mg..O 5 mmol) 1n xylene (3 mL) was
N

’rrefluxed under an argon aﬁg?sphere for 1 h. vAfter this

ffperlgd, l-pentanol (1 mL, 92 mmol) was added and refluxlng

7‘;was contznued for an addltlonal 48 h. The solution was

'ff5cooled to room temperature and aczdlfxed w1th ice cold 1 N
) ¢

e

L hydrochlorlc ac1d solutlon and saturated sodlum dhlorlde f:'3*

s

"fphydrochlorlc ac1d solutlon then extracted wlth dichloro-’fﬁ1:u

g Sl m o



Eyflltered and concentrated’ h _resmdue was

g Lt Kig : e
' chromatogrkh.ed on 5111ca gel elutlng w1th 15% ethqu.__ :

Y50

?:“methane.k The organlc extnacts_were comblned, dried,‘u{,

A TR . . . L BN

-'_acetate 1n petroleum ether to glve dlester 52 (56 mg. 33%

1}r5 6. 40 (s, lH,ﬁ“CHH), 5 22 (s,;lH,H-CHH), 3-97 (t, 2H, J»#g:*f‘

"=.temperature under an atmosphere of argon for~3 h.lflce B

s

bf-ester 45 (51 mg, 41% recovery)

"fyleldq:: 1r 1738 cm 1 (ester) and 1642 cm-; (CrC) nmr

"*7 Hz,--OCHZ-), 3.70 (s. 3H. -CGOCHa) 1. 20 (5:;35"‘033)'

"“04 (s gn,,-ca3) and 0.92 (t, 3H,1J;¥ 7 Hz,cecl*“g3)- s,SJ

. 338 2093 (calca..for quasbos.* 338. 2093) Further_

;elutlon wlth the same solvent system gave unreactedfenoln'

\ -

© 5 Carbomethoxymethyl =4, 4 dlmethyl 7-oxo—l—oxasp1ro[2 4]—af

4

‘fheptane (57)x~‘ U
A SOlUthn of enone 42 (3 18 g, 16 mmol) 1n methanol‘3?11

/Tgb mL) was stlrred agko C for 15~m1n. tﬁ solutlon of

Lﬂszhydrog@n&?eroxlde (30% iqueous solutlon, 5 5 mL, 49 mmol)a o
'hfﬂand llthlum:hydrOXLde monohydrate (105 mg, 2 4 mmol) was‘fA{
'-added slowiy.t The reactlon mlxture turned yellow then

' colourless. It was stlrred at 0 C for 20 mln then at'moom B

cold water and dlluted hydrochlor1c acld solutlon were L

r
2

added and,then the solutlon extracted w1th methyl
chlorldeb The organlc solutxon was drled, flltered and4 ,:

concentrated to glve a 1: 1 mlxture of eplmerLc epoxzdes 57



N

g”"'

e refluxing was contlnued for an addltional 72 h. cThe :lif;”i‘

_ mlxture_a-

.;WQTAVAfanQiiJ,('j',Lg'ﬂ'ﬁ,kfgmﬂf~‘ |
(2 97 g, 86% yleld)lf

e -

on 5111ca gel elutlng w1th 25% ethyl acetate in petroleum 1}

ER ‘

1 (ester),'nmr 5 3 76 (s, 3H,“—COOCH3), 3 15 (d. IH,

6*Hz, ~OCHH- ), 2. 85 (d,_lH,- e}ya”

7mq M+ 212 1043
212 1049) i Anal. Calcd f

H 7 60 Found' C 62 20 H 7 72

'.Olﬂ..:_ 6 Hz,‘

1r 1;)? .
S ‘EB

”'(ﬁé 3H,f-COOCH3)"3-

1H,1_1g 6 Hz. ,f” H-),_l 00 (s,‘3H, :

; o 94 (s, 3H, -cx-13 ; mﬁm, 212. 1046 (calcd for
. "',' -

"

. I4;Carbometﬁbxymethxl 3v3-d¥g§thylcyclopentanone (:3) and

' —cafbomethoxymeth11—6 6—d1methyl 3—methoxy 2 cyclo-vt

-,

v A . _- ~ -

hex#none fﬁé)
ll.3o g.'133 mmol) in methanol (35 mL) | The

solutlon was allowed to cool to room temperatute,

'&Cldlfled w1th 6 N hydrochlorig ac1d solutzon and

Fld%h chromatography of the mlxture ju

;fether gave one of the epoxldes-“ Lr 1742 (ketone) and 17389i

;A—OCHH—), 1 04¢»ﬂ

(ketone) and 1736 cm'l (ester)'f;

212 1049) g.m-/fgjﬂf;}vf1j:e___ f”'llﬁ?\?"h |

's refluxed for 2 h._ Water (5 mL) was added andff:f:.



3 1l£5éi =

' ‘extraéted w1th methylene chlorxde.. ‘The organlc eXtracts

were dr1ed,=f11tered and concentrated g1v1ng a crude ac1d I

(5 84 g) -'1r 3500 2500 (ac1d), 1737 (ketone), and 1709
1 (ac1d) To a solutlon of th1s ac1d 1n acetone (5

mL),-anhydrous pota551um carbonate (16 1 g; 116 5 mmol%\_)

, was added. The mlxture was stlrred é%)room temperature f"""

¥
_ﬁ‘under an argon atmosphere for l h and methyl 1od1de (6 4

t,

H,mL, 103 mmol) added After a gentle reflux overnlght,vtheA?J}
reactlon mlxture was poured 1nto lce-cold water and . :
! extracted thh methylene chlorlde The organlc solut:on;_t_dyj
f was drled, flltered and concentrated. Flash chrOmatog-.ﬂ'y.
~;;i;raphy of the resxdue on 5111ca gel, elutlng wlth 15% e@hyl dr -
| acetate 1n petroleum ether gave ester 53 (3 82 g, 54%
yleld) ir 1740 cm’l (ketone and ester) lH nmr, 5 3. 70
ka-“’(sj_3n,_-coocn3),,z 14 (s, 24, -cocaz—c(c53)2), 1,18°(si
3H,_-CH3) and 0.92 (s, 3H,h—CH$)"ms M* 184, 1097. (calcd.w:'
for C10H1603 184. 1099) _ Anal. Calcd for\E:6H1603.' ny”'v
@ 65 19 H 8 75 Found-” 8365 24 H 8. 58. Further elutlon -
» with the same solvent system gave compouw% 59 (l 72 g; 20%'“
'; yleld) - ir 1730 (ester),,l?lo (ketone) and 1620 cm ;;':ng"
(C-C), nmr.. 6 7 15 (s, IH, -éH),‘3 86 (s, 3H,‘—COOCH3), |

C ’ o

| 3H -an) and 1. 04 (s 3H,'—ca3) ms MY 226 1204 (calcd. :
for C1z“1804-- 226 1205) 13 nm% B 203 33. 172.13,

.



.

154 70, 123 39, 61, 15, 50. 52, 2. 02,_40 68. 40 57. 33;23i‘“"

24 75 ‘and’ 20 14. »fg..;}_*
ey

When the reactlon was’ carrled out at O‘C, keto ester;3¥fva

59 was lsolated as the only product.:f ffff‘

';{;:2 41droxymethyl 3 3—d1methyl 4 carbomethoxymethynyclo-('

pentanone (62) and keto es&er 63
- »J‘

To a solutlonzég epoxldes 57 (145 mg, 0 68 mmol) 1n.: {‘*1

acetlc acid (5 mL) was added z1nc metal (133 g, 2 04'

‘(: mmol) The reactlon was refluxed foé\z‘h,unde<:?n argon'u

atmosphere.f The mliture was cooled to room temperature-f.g
then.flltered. The flltrate was dlluted w1th etwé/

washed w1th aqueous sodlum blcarbonate solutlon, aqueous

-1 N hydrochlorlc ac1d and water.! The organlc extract was.ﬂ
drled flltered and c0ncentrated._ Flash chromatography of
the re51due on s111ca gel, elutlng wlth 20% ethyl acetgte

Oin petroleum ether gave keto ester 63 (44 mg, 33% .‘(ll

'“yleld) ‘;%r (neat) 1739 cm l (ketone and e;ter),_nmr,,?slf

;f 5 3. 70 (s, EH, -COOCH3), 2. 04 (q, lH, J = 8. 5 Hz,h—éﬂco ),
olaz

: 198 1265) Further elutlon u91ng the same solvent system

)(s{ 3H, —CH3),~O % (4, 3, J = 8.5, cu3-) and 0.85

‘.;fd(s{ 33,»-CH3)-'ms Mt 198 1262 (calcd. for C11H1805

»’

_,5~afforded hydroxy ester 62 (20 mg. 14% y;eld) : 1r (neat) “\~
‘tf_3540 (alcohol), 1740 (ketone and esté}) .nmr 6 3 70 (m,..”‘yu
7~3»'5H.,-qg:oa,.-coocn3), 1. 06 (s, 3H, -cn3) and o 84 (s. 3H.J_i“[”

- *'Tdi '.:Zf:"smwf“jﬁ.:f‘v ’“:i‘l%[ -luiig

..»“



l".--CH3), ms. M+ 214 1zoﬁ~¢a1cd 'for Cll“1804' | 21’4?3905') Ce

Unreacted epoxldes 57 were recovered (74 mgj 51%

recovery),___3 Do AR

Hx*roxy ester 62 L

§= 1r TO a solutlon of epox1des 57 (452 mg,.213 mmol) 1n'p-

‘»-benzene (10 mL) was added acetlc ac1d (1 mL) and zlnc

.metal (418 mg, 6u40 mmol) The reactlon Was refluxed for-e{l.
"Q2 h. under an’ atmosphere of argon.i The extractlon and o
';purlflcatlon were performed as before. Hydroxy ester 62
'l(172 mg,.38% yleld) and epox1des 57 (207 mg’ 49% recovery)jt:*°x
“‘-:‘were-obtalned. All the spectra data were 1dent1ca1 to the'

-ones obtalned prevxously.

-~Treatment of epox1des 57 w1th sodlum hydrlde

L To a suspen51on of sodxum hydrf&e (80% dlsper51on 1n'
h*oll-‘202 mg, 6 73 mmol), freed from m1neral 011 ﬂ& washlngd“‘
.ffwlth petroleum ether (3 r 5 mL),.ln benzene (10 mL),u -
"stolutlon of epox1des 57 (1 1 g,'5 2 mmol) 1n benzene (5.
'_mL)'was added.d After stlrrlng for 1nh under an’ argon | l

.;Lmosphere at room temperature, the reactlon mlxture‘was"“

heated at reflux for an add1t10nal 14 h.» Ice-cold water

and dlluted hydrochlorlc ac1d solutlon were added and the'

. )' .
mlxture extracted wlth methylene chlorlde.“ The comblned ‘

i - -

'ﬂ‘f\organlc extracts were washed w1th saturated aqueous sodium

'_1.chlor1de solutlon,:drled, fxltered and concentrated.;jff~f



»_‘Kdlmethoxyethane (s mL) was added keto ‘ester: 53 (216 mg,
.:@hfor 1 h under an argon atmosphere.f Ethyl acrylate (O 155f

;ff‘addltlonal 24 h.3 The mlxture was taken up. in dlchloro—:f”'yx‘m

.,-"

fFlash chromatography of the re51due on s111ca gel. elutlng L
'wlth 15% ethyl acetate in petroleum ether gave keto ester

53 (167-mg, 18% yleld) and unreacted epoxldes 57 (810 mg,_t =

&
74% recovery) The spectral data were 1dent1cal to those

'obtalned prev1ously (v1de supra) ’ d.; d_uefjfﬂ“_h.fahf}frfdf

- . -
.

'f2 Carboethokx@thyl 3 carbomethoxymethyl 4 4 drmethylcyclo_ o

""».‘-.‘.pentanone (65) SRR o ‘_ I

; To sodlum hydrlde @%6 4 mg, 1. 21 mmol) 1n 1 2-a

‘;1 17 mmol) The mlxture was stlrred at room temperaturejfg”ff7 -

'ﬁ,'mL, l 38 mmolY was then added and stlrrlng contlnued forff“"

'Qmethane (5 mL) and washed w1th dllute hydrochlorlc ac1d,

¢
':water and saturated aqueous sodlum chlorlde solutlon. The

organlc layer was drled, flltered and concentrated.. Flash

. ?
,,15% ethyl acetate 1n petroleum ether gave dlester 65 (276

‘\

omg, 83% yleld), 1r 1739 cm (esters and ketone) nmr,: '

'-ﬂ[a 4: 12 (q; 2H. J =8 Hz, -COOQ§2CH3). 3. 72 (s. 3H,

;‘if-coocuzqgs). 1.08 (s, 3nfN- ~CH3) | ana 0. 94 (s, 1H.'-cu3),

-_-cooca3),_2 18 (s,:2H.:-COCH2%-),.1 32 (t, 33, J = 8 Hz,_},f‘

e
B S -

o '\‘:,"

"fM* 284 1624 (calcd.-for c1552405.~ 284 1624) R




L 2 5 Dxcarboethoxyethyl 3-carbomethoxymeﬂﬁy1-A 4 dlmethyl—";

L R I FE
‘ qxclopentanone (71) ST e w&taa-;jﬁ_wf
| To ‘a suspenS;on of sodlumehyfrfde (111 mg, 3. 7 mmol)H

L e X
:ify-te petature far 20 ‘min under ah argon atmosphere.. After‘ﬂ

f«a.;th perlod,‘the temper”

e @

.’acrylate (0 44 mL, 4 l mmoLi added dropwlse.h The mlxturev

ﬂl ST o
J‘ry-was stlrred for addlalanai 3 h, cooled to room tempera— s

. v : < L
d - n" : o

;'3 ’tutg, taken -up.. in dkpnaoromethane and washed WIth l N

e”ffchiorlde solutlon._ The &rganlc layer was drled/ﬂfxlgered
Yﬁand concentrated Flash chromatography of. the re81due on . QJT"
';Qslbpea gel, elutlng w1th 20% ethyl acetate 1n petroleum

$?7ether gaVe trlester 71 (898 mg..76%'y1eld) 1r (neat) 1740

l?flcm‘; (ketone and estel s) nmr 5 4 12 (q, 4H J = 8 Hz,‘2 X

) egzcn3), ER 65 (s, 3H,'—COOCH3,) 2. 27 (t; 1H, J‘-'6.:‘-,

8, (set of " seven peaks, 12H,.2 X Y]

o'
E{_»-CH3,»2 x —OCH2Q§3) ms e 384 2148 (calcd for
- C20H3207:.,384.2148).-. o

_ ,\ . L _ o .
‘2-Carboethoxyethy1 3-carbomethoxymethyl 1 1-ethy1ene—‘

'"dlthlo 4 4-d1methylcyclopentane (69) :d ' ‘sft‘ ' 't"t .
| At 0 C, to a solutlon of dlester 65 (227 mg, 1 23

.;mmol) xn dlchloromethane (5 mL) were sequentlally added

K

(’Qre was ralsed to 60 C and ethyle3fts;*:



R

2-ethaned1thlol (0 2" mL, 2. 61 mmol) and boron

,'

S asr

;htrlfluorlde etherate (0 l mL‘°0 8 mmol) ' After Bt1rr1ng i“{l~ﬁd

Q,f:under an argon atmosphere for 6 h, 1ce-cold l N aqueous

-gi"pota551um hydroxlde solutlon was added and the resultlng

Lffimlxture ext.acted w1th nethylene Chlorlde.. The organlc f;ﬁﬂ5=‘h

-extractsslhre washed w1th water, drled, flltered,and
f'éaneéﬁtr ed.“ Flash chromatography of the re51due on

z.slllca gel, elutlng wlth 10% ethyl acetate 1n pegrOIeumﬁfiffﬂ””’”

;T“ether gave thloketal 69 (235 mg,‘82% yleldL .1r (neat)

,3;1737 cm } (esters),.nmr F) 4 14 (q.»ZH, J = 7 Sﬂﬂz,- ;3
"'-\':'SCHzcﬁzs )i 2 28 (s.- 2H, _-ca + ) 1. 28 (t, 33,‘.; = 7 5 Hz, L

"1*faocﬂzca ), 1. 04 (s, 3H. -CH3> and 0. 94 (Sc 3Hv5-CH3)

. '|” . o

'4 Carboethoxy 7 7~ethylened1thlo-9 9 dlmethylblgxclo~~if,“
' & ' .,

e

>;1[4 3. O}nonan 3-one (10) ?nf.fflxh.;wf{n'":ffﬂ1,jf'h'h"

R TR

To a suspen51on of sodlum'hydrlde (80% gasper51on Lnfftfi'v

_011, 46 mg, l 53 mmol) 1n toluene (10 mL), a solution of

N thloester 69 (429 mg, l 19 mmol) in_ toluene (1 mL) and twofﬁf;hff

f_drops of methanol were added., The reactlon mlxture was ﬂj“iﬁ*'””

7ﬁthen refluxed for 5 h under an. argon atmosphere. 'The~re43f"” e

;raction mixture was allowed to cool to room temperature,;ﬁﬂ;“

:‘ac1d1fled with dllute aqueous hydrochloric acidﬁlolution

e e e
.

*uiand extracted w1?h dlchloromethane.: The organic extractstffi .




:fﬁfwere drled,.flltered and concentrated.v Flash chromatog-f "
,l?L*raphy of the: re51due on 5111ca gel, elutlng w;th S% ethyl
:f_facetate ln petroleum ether afforded thlolester 70 (266 mg,__:.
.m-?68% yleld), 1r 1735 (ketone and ester). 1656 and 1610 .€cm rdg

s_f(a_hydroxy a,ﬁ-unsaturated ester) ;nmr 6 4. 10 (q, 2H o S

7 Hz, —o c_2cu39,43 27 (m'_4H'3-SCH2Cqu-),_2 26 (s,nzﬂ,tplﬁﬁhw

'f-cnz% Yo 1. 27 (t,.3H,_J 7 Hz,f-ocnzqg3), 1. os (s, 3H,;;f

v

'*’CH3) and 0 92 (S:-3H.”-CH3) M+ 328, 1169 (calcd for -

. . S '_T" ."' o . ‘ "

{4 Carboethoxy-9 9 d1methylb1cyclo[4 3. O]nona 3 7= d10nef$V »
| .(66) .. | | | . . | - . ‘ . N
A solutlon of the dlthlane-ﬂo (219 mg, 0 68 mmol) ln’

'aqueous 80% acetonltrlle (2 mL) was added at 25 c to a“'""

fffstlrrlng solutlon of mercurlc chlorlde (399 mg, l 47

1fp<mmol), cal 1um'carbonate (147 mg, 1 47 mmol) 1n aqueous:ph'

Lo~

'580%2acet0n1tr11el(5'mL). The mlxture was heated at reflux

vvmfunder ‘an argon atmosphere for 4 h. The solutlon was then

‘pcooled and flltered._ The prec1p1tati‘ras washed

,’thoroughly wlth 1 1 hexane/dlchloromethane. The organie

phase of the flltrate was washed wlth 5 M aqueous ammonlum

_acetate, water, saturated sodlum,; ':lde solutlon then .

Vdried f11tered and concentrag?' ‘res;due was

ﬂ

“ purlfled by flash chromatography; ver 8111ca gel, elutlng

"bﬁﬁf"

with 10% ethyl acetate in petroleum ether to afford dlketo :3f,;
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v';»,-x"_‘- .o . -‘ : [
"uv '

i ester. 66'. (75 7 mg", 458 yleld),' ir. 1738 (carbonyl), 1656

._-;éh__d 1601 c'm-l (end‘lued B-keto ester), nme 6 4 03 (q’ 2H,.,_
.FJJ= 7 5 HZ,"_'O—C_2CH3), 2 18 (S' ZH' "CH2+ )11 28 (t, 3H,_

. '.'_:

a . s HZ, -ocnzc §.1.22 (s, 3R, -ca3) and 1. oo (s, 3H, RN

'-ca3 ; ms' M+ 252 1362 %calcd.‘for c14azoo4. 252 1361)

2 Carboethquethyl 3-carbomethoxymeth1l 414 dlmethyl 1‘;hﬂr-5*'

pentanone (65) Us;;g LDA as a base

= A solutlon of l 35 M methylllthlum (1 46 mL, 1 97

’ 'mmol) 1n hexane was added at -78°C to a solut1on of

dllsopropylamlne (0 279 mL, 1 99 mmol) 1n dry
tetrahydrofuran th mL) under an argon atmosphere. After

st1rr1ng for 40 min, a solutlon of keto'ester 53 (303 mg,
R

_1 55 mmol) in 2 mL of éutrahydrofuran was added dropwlseﬁxrfﬁ" i

'f:and st1rr1ng was contlnued for an add1t10nal lvh.- Ethyl

Tacrylate (0 214 mL, l 98 mmol) was added and the reaction

Tdozmlxture allowed to warm up to room temperature dver 4 h

'”;d:perlod.y The mlxture was taken up 1n dlchloromethane then'ffifﬁ“?

"':washed w1th aqueous 1 N hydrochlor;c ac1d solutlon and h:;¢;7“

:f‘jaqueous saturated sod1um chlorlde solution. The orr*i’

T‘lpur1f1cat10n by flash chromatography (s1lica gel, 15% aﬂ-lf;t

-

;layer was dried flltered and concentrated.; On -

v‘ﬁethyl acetate 1n petroleum ether),'diester 65 (401 mg,386%

: yleld) was produced.} The 1r, nmr and mass spectra were

Ti?ldentlcal to those enﬁa1ned previously..p:rﬁuﬂjiffﬂﬂiﬁﬁ"‘~

d,(,, i
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2 Carbomethoxyethyl 3-carbomethoxymethyl 4 4-d1methy1-;'w"'“'wm

"cyclopentanone (72) and 4-carbomethoxy-9 9—d1methyl- -

~ff”b1cyclo[4 3 0]nona 3 7-dlone:?73) T
o A solutlon of 1. 20 M methylllthlum (2 34 mL, 2. 81;:f]-“7f
'“mmol) 1n hexane was added at —78 C to a solutlon of

'"fdllsopropylamlne (0 393 mL, 2 80 mmol) in 10 mL of dry«ffffw

"t~;tetrahydrofuran under an’ argon atmosphere. After stlrrlng

‘ffmlxture was taken up 1n dlchloromethane, washed thh

"-chromatography On 5111ca gel, elutlng w1th 10% ethyl

,jasl 20 (s,'3H,'-CH3) and 1.02 (s. 3H:'-CH;? 13C s 3

by

" for’ 40 mln,'a solutlon of keto. ester 53 (430 mg, 2. 34
dmmol) in’ 2 mLiofptetrahydrofuran was added dropwrse'ﬁ f;
hf'followed by hexamethylphosphoramlde (0 488 mL, 2 80 mmol)
‘}and stlrrlng was contlnued for 1 h.‘ Methyl acrylate i

‘(0 231 mL, 2 56 mmol) was added and the reactlon mlxture'

'ﬂlet to warm up to O C over a 5 h perlod.- The reactlon jf

aqueous 1 N hydrochlorlc ac1d solutlbn and saturated o
f?aqueous sodlum chlorlde solutlon. The organlc layer wasf“

";drled flltered and concentrated. Pur1f1catlon by flashf[f»"ﬂ.3f

dfacetate 1n petroleum ether gave deete ester 73 (192 mgf}f[”g
B 35% yleld) Cir 1738 cm1 (carbonyl), 1659 and 1604 cm\i ff&_s,

R

a(e-hydroxy a,a-unsaturated ester), nmr 8 13 56 (s. 1H,

”-=é-ou),v3 77 (s, 3H, -cooca3), 2 12 (s, 2H,-7§oc32+ ),_.1jg]‘f

s 215 9022, 172, 7809. 172 0691, 96.6322, 53. 7887, 51,3241, e
o 47 2978 46, 9170, 35 4030, 29. 7600 27 7923. 22 2262.




N gi;ﬁfsﬁﬁ ;-;g,';,y;'y,{fa;f{;dh“f;"jh;]ﬁi'Jlb:i;[.;}iﬂf{iei' |

':;le 7813 “ms M+ 238.1205. (calcd “for c1331804.~f7

)

' jacetate 1n petroleum ether gave keto dlester 72 (273 mg,,
,‘;43%) 1r 1739 cm ; (ketone and ester), nmr 6 3 75 3 72’_u._K.

3 70 and 3 68 (s. total 6H 2 X -coocu3), 2 18 (s'. 2H, ‘

-Q#;f.lzosa) | Anal. Calcd. for c13H1804.‘ c65. 51, H'7f56?fffvj;f}f

nd:’ C. 65 29, H 7 42.. Further elutlon using 108 ethyl]fffﬂ o

‘ﬁ;”—cocn % ), 1.14, 1 13, o. 95 ‘and 0. 94 (s, total 6H, 2x h;;f“w o

'-L-cu3) -ms M+ 270 1467 (calcd for C14H2205. 270 1467)

P

oW

JCompounds 72, 73 and 4-carbomethoxyethyl 4—carbomethoxy-~vtfff

9 9 dlmethylb1cyclo[4 3 0]nona 3 7 dlone (74) ’ _
e A solutlon of 1 35 M methylllthlum (7 40 mL,.9 98.
-y.jmmol) ‘in hexane was added at -78 C to a solutlon of IFEE
:?djdllsopropylamlne (1 40 mL, 9 98 mmol) 1n 25 mL of dry ;hjgﬁ;i-..

f,Lftetrahydrofuran under an argon atmosphere.f After stlrﬂgng

'ifor 40 mln, a solutlon of keto ester 53 (1 67 g, 9%08 -?'j°f

:_mmol) in- tec—ahydrofuran (5 mL) was added dropw;se _
‘*"Jfollowed by hexamethylphosphoramlde (1 74 mL, 9 98 mmOl)

f;;then warmed up to —40 C.‘ Methﬁﬁ acrylate (0 90 mL, 9 98

.'ﬂﬂmmol)fwas added and the reactlon mlxture left stlrrlng for

1fter thzs perlod,‘the mlxture was - aga1n warmed up

fto 0°C over a 4 h perlod. The nuxture was taken up in

,fdldh”oromethanef'washed thoroughly with ice-cold aqueous-fn4f“'”

‘fhrhl'NLhydrochlorlc acxd:and saturated sodlum chloride

'h_fsolutxon.; The organ 1ayer uas drxed. flltered and iffjeldif

eﬁgt;ﬂkf?;7}j}fzf;ff;f% R




‘ﬁ3~w'x",”1'_\nif

.ﬂrldentlcal to those obta1ned prev1ously (vrde supra).;-

",'hydrofuran under an argon atmbsphere._ After %tlrrlng for fi

‘ ‘concentrated._ Flash chromatography of the re51due on .

':rp5111ca gel,;elutlng w1th 10% ethyl acetate 1n petroleum

o

’;'éther gave~9 dlketo ester 73 (1 03 g, 48% y1eld) ‘and ketog,ep’wﬁt

ifgfdlester 72 (569 mg, 23% yleld). The spectra data were’e

fFurther elut1on u51ng 15% gﬁhyl acetate 1n petroleum ether

Coae2s

hgave dlketo ester 74 (247 mg, 18% y1e1d) “ir. l739 (esters‘

vhffand flve membered ketone) and 1713 cm'1 (cyclohexanone)

" niE 5 3.75 (s, 1H,f-cooca3)h 3.65 (s, 3H,_-C00CH3),'2 30
‘if~ks, 2H,’-COCH2% ), 1. 18 (s, 3H,;-CH3) and O 92 (s, 3H,

”'Eh-cu3), ms. M* 3241573 (calcd. for c17uz4o6 ,_334,L§72)t

R

jKeto d1ester 72 ffom methyl ﬁ bromoprop1onate

A solutlon of 1 18 g methylllthlum (6 01 mL, 7. 09 ﬂ”J
“ .o s

"fmmol) 1n hexane was added at -78°C to a- solutlon of dllsgf

?propylamlne (0 99 mL, 7 09 mmol) in 20 mL of dry tetra—

Vs

1 h, a solutlon of keto es;; 53.(870 mg, 4 73 mmol) gn

4;utetrahydrofuran (3 mL) was’ ad _d dropwlse followed 2%_ ,

hexamethylphosphoramlde (1. 23 mL, 7 09 mmol) and tﬁe m1x—>”ﬂﬁ

'a‘

ture was strrred for.l h.- Methyl B bromoproplonate (0.571 ]ﬁ;:

) a

mL, 6 15 mmol) was added and the m1xture warmed up'to'room

y ) J .,' W

temperature over a perlod of 10 h. The mlxture waé taken

)
F ‘-v<

ﬁup in dlchloromethane, washed w1th aqueous 2 N hydro--f*f.fﬂkff*

- ,chlor1c ac1d solutlon and saturated solutlon of sodlum z‘§
‘;H : o . '. . . : " .- ! < _‘ N -_I U > B L, ) . - Vl,:" // "1" .Jx

P, S REY



e e e T ey
AJ%= f,‘h . 'jfjﬁigj‘”lﬂ'- ; “37".' ?du“ﬂ'fo

'73fehloride; The organlc layer was drled, flltered and ;,f__‘j-h‘

. ()..

'rfvconcentrateds Purlflcatlon by flash chromatography-over

f5111ca gel, e10t1ng w1th 10% ethyl acetate in petroleum

»’iether gave dlkeﬁo ester 73 (232 mg, 14% yleld), keto esterwf'f"

g

53 (342 mg,.39% gpcovery) and keto dlester 72 (523 mg, 42%;'"d'“

,'yleld) All the sﬁectral data wﬁ?e 1dent1cal to those q'“t'

e

‘;frecorded prev1ously (v1de suEra) jﬁf »ij:'{i] 7}1:,;}35 Tfﬁfﬁ

: ﬂ4-Carbomethoxy-4 formxlethyl 9 9 dlmethylblqyclo[4 3 0]—

Tnona 3 7 dlone (77)

e

”_7 To a solutlon of dlketo ester 73 (37 mg. 0 16 mmol)

"1n 1, 2- dlmethoxyethane L2 mL) was added l 4 dlazablcyclo- _*";'

'Qf{z 2. 2@octane (20 3 mg,:0 187

‘N: contlnued for 4 h. The reacﬂc«

fether (5 mL) and washed wlth a&i

'r,5111ca gel elutlng w1th 15% ethyl;'

f-solutlon., The organlc layer wa~ .

After stlrrlng for 20 'f5ilﬁ7

m1n under an argon atmosp” froom temperature,gg

;gacroleln (O 0143 mL,‘O 21_mmo_ as" added. Stlrrlng was

glxture was. taken up 1n

5.1 N hydroc‘nlorlc ac1d‘» ‘
‘oflltered and L
concentrated.f Flash chromatogra "the reszdue onf_"

in petroleum Q"

'fether afforded adduct 77 (41 mg, 90% yleld) ir 2860

"‘2720 (aldehyde),‘l740 (ester. cyclopentanone) and 1713

: wc 1 (aldehyde and cyclohexanone), nmr 6 9 66 (br, s, 1H,

- RN DRI PP o !




Jtﬁlilﬁl.";jft }"‘l_fjfxdg.;_hlm gllplgfié4;ft
(s 3H. —CH3) 3i+§i?4 1466 (calcd for chszos.;g:N
‘294 r467) - f”*_: | el
4~Carbomethox ‘4 9 9 trimethylblcyclo[4 3 0]nona-3 7—d10ne rjrﬁf
F- w o N S U s
Potas51um hydrlde (35% dlsper51on 1n mlneraLs011,,272*f:f€;
ffsmg, 2 37 mmol) was washed (3 x 3 mL) under Aan. argon T e

v

"atmosphere wlth petroleum ether apd then tetrahydrofuran
"..(10 mL) added.“leeto ester 73 (502 mg,v2 11 mmol) 1n:'
f:tetrahydrofuran (2 mL) was added v1a a glass syrlnge and

' dthe resultlng mlxture stlrred for 25 mln at 0° C.j The:*t
o enolate was treated w1th 1odomethane (0 146 mL, 2 35 mmol)
'i\then stlrred for 8 h at room temperature.l The reactlonff
:-mlxture was dlluted'w1th water then extracted w1th ”
-ether.: The organlc extracts were comblned washed Mlth
.:saturated sodlum chlorlde solutlon, drled,vtlltered and
'_concentrated.a Flash chromatography of the te51due on -
'5111ca gel elutlng w1th 15% ethyl acetate in petroleum
‘.ethér gave a mlxture of dlastereomers 78 and 79 (ca..2 1

ratio by nmr analysxs- 492 mg,.93% yleld) - ir 1741

.

:(cyclopentanone and ester) and 1710 cmtéj(cyclohexanone),
“ms M*'252.1361 (catea. for 01432004-? 252.1363). Anal.
' Calcd. for C14H2004. C 66.67, H 7.94; Found" 66. 53,,Hd.

7. 64:' leeto ester 78 (m p‘;75 -76° C) was separated from'

i § "[*
79 by recrystalllzatlon from ethyl acetate/petroleum

i



S

S
¥

jobtalned for 78

A ether-;'Tﬁéff°1 w1ng nmr data qu

uﬂ 5 3. 74, (s,-3H,i-COOCH3), 2. 54 (dd,, =15, J' =5 Hz,”

lﬁb), 2. 48;v;d 3 =15, J"— 13 e, 18, ), 2. 35 (dd, 3 -_;fff

18, 3 =g . 1Hg ), 2.26 (t,_f 13 Hz, 1H, ). 2,46 (ddd,

g —=Jf j113 d"'- 5 HZ, lHd), 1.90 (ddd{»J J"é'lae‘dféng‘

5 Hz, 1Hg ), 1. 43 (s. 3H,f-cn3). 1,17 <s,;3g;v-cu3>,=1;qz;;=?* B

I”‘

Dixeto é'sfé»f_sw '7:8':55“@ 75 by use of potassium carbonate as s .
.“M'EEEEt i i T
: | §§§a551um carbonate (582 mg: 4. 21 mmol) 1n'acetone:t}:f;,'
- (lO mL) was: stlrred for 40 mlh at room temperature under

nfuargon atmosphere. Sequentlally keto ester 73 (334 mg,

.;i; 40 mmol) 1n acetone (2 mL) and 1odomethane (0 174 mL,--~~¥ﬁff »

12 79 mmol) were added and the reactlon mlxture contlnued
ﬁfstlrrlng for 24 hu: After thls period 1ce-éold dllute ;;ff.;iﬂf
~hydrochlor1c ac1d solutlon was added and then extracted T

‘fwlth dlchloromethane.‘ The organlc extracts were comblned,a

7 drled, flltered and concentrated. The re81due was

'-‘tchromatographed on SIIICa gel elutlng w1th 15% ethyl

57;=acetate 1n petroleum ether to afford dlastereomeric esters

d'78 and 79 (293 mg, 82% yleld) The unreacted 73 was also

jobtalned (43 mg, 15% recovery) ‘ All the spectra data were

e

h7’1dent1cal to. those obtalned prev1ously (v1de .upra)

. ST e : AN
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- Conversion of 78 t 79{',‘;x;~ﬁv;j=__ﬁj“ ffﬂhywﬁ¢"f”'

. i
added pota551um carbonate (134 mg,-l

Sl

.’h ure ‘was- refluxed for 20 h &&gkr;an"

"flltered and concentrated

rgraphed on 5111ca gel.- Elutlon w1th a solutlonﬁofolo%‘

L"‘ethyl acetate in petroleum ether gave a.mlxture‘of eplmers
i Y "
78 and 79 (ca.' 1. 3 ratlo by nmr analy51s,_113 mg, 93%a

'd;ylgld)

te

fi4 Carbomethoxy-3—hydroxy—4 9 9—tr1methylb1cyclo—%f

i;[4 3 0]nonan-7-one (84)[f” B » _ e
' A solutlon of dlketo ester 78 (80 6 mg;.O 320 mmol)
and 11th1um trl-tert-butoxyalumlnlum hydrlde (97. 5 mg, 383
mmol) in tetrahydrofuran/etherz(l 3 4 mL) was stlrred at .
'room temperature under an atmosphere of argon for 12 h.;
Water was added and the resultlng solutlon extracted thh

dlchloromethane. The extracts were drled, flltered and

”-;f‘dlketo e7¢er 78" (122 ng, 0.48 mmol) o

‘ concentrated. The re51due was chromatographed on- 5111ca,dﬁ

gel elutlng w1th 15% ethyl acetate an petroleum ether to

afford hydroxy esters 84 (78 68 mg,#97% yleld) ir 3480

‘V(alcohol) and 1740 cm'l (ketone and ester), nmr 6 3. 94




R

‘“‘;f' . ~-f%5f
o J 13 Hz,_-COCHH-), 2.09 (d lH 3 =:13 Hz,‘-COCHH ),_ ;
1. 14,”-.12, 1. os 1 os 1 03 1 no (s, total 9H. 3 x |
'};-ca3)- ms M* 254. 1522 (calcd. for Cl4H2204 254 1517)

.~’ . o a

4~Carbomethoxy 7 7-ethylened1thxo—4 9 9-tr1methylb1cyclo- S

[4 3 0]nonan 3—01 (85)

0 307 mmol)rln dlchloromethane (3 mL) was added

‘.l .

*:i eequent@ally, 1 2—ethaned1thlol (0 039 mL,‘O 465 mmol) andfpf'L

boron trlfluorlde etherate (0 045 mL, 0 395 mmol) ef-v

" 16-7‘-:1

Aresultlngvnuxturé was stlrred at room temperature over—'i}

nlght under an argon atmosphere. Ice cold aqueous 1 N

potassium hydrox1de solutlon was added and the resutt1ng

'h mlxture extracted Wlth methylene chlorlde. The organ1Cf;“

/

| extracts were washed wlth saturated sodlum chlorlde_//' :

solut;on, drled, flltered and concentrated., Flash

chromatography of the resmdue on 5111ca gel,oelutlng w1th4'

'15% ethyl acetate in petroleum ethef gave thloketal 85

Q(91 9 mg,’ 90% yleld) - ir 3480 (alé%ho1) and 1731 cm {“‘

© &

¥ ( ;

(ester)u nmr 6 3 97 (br, m, 1H, -CHzéHOH), 3 70 (s, 3H

-cooca3), 3. 20 (m, 4H, —scnzcuzs ),,1 20 (s, 3n, —CH3).

1 02 (s.‘3H -CH3) and :0.95 (s, 33 .cﬂs)"ms M* 330 132211;*:'
(calcd. for C16H265203. 330 1325) Anal. Calcd. c 58 13_};;l‘
-H,7—88,:su19‘39.~qu§d=f c. 58 03 u 7 97 s 19. 33.v,._v---""

At 0 c, to a solutlon of hydroxy esgers 84 (78 mg,. ar,f':ﬁ'



s e e

hh&_f3—Carbomethoxy*4—hydroxy 3 T —tr1methylb1cyclo;4 3 0]—_
Nt o x:--:._~91.;"f-*~y~"‘ e

:a nonane (86)

.

Freshly prepared Raney n1cke1 (O 5 mL, settled

. > e

“[.volume)cwas ad dcd to ester 85 (52 mg; 0. 158 mmol) 1n'__tn‘iof;

B ethanol (98%,-3 mL) The reactlon mlxture was. stlrred at
room temperature under an argonsatmosphere for 2 h’. The -*‘"ﬂ‘
reactlon mlxture was carefully flltered and re51due Washed

lca gel,

';~w1th ethanol (2 x 1 mL) QThe flltrate was oncentrated,;
then purlfied by flash chromatography on 51§ |

’hfl elutlng w1th 5% ethyl acetate 1n petroleum ether to afford
J,e h}d?sii_éster 86 (26 mg, 61% Y1eld) ».1r 3480 (alcohol)
| and 1731 cm 1 (ester), nmr 5 3 97 (br, d, lH, —éHOH),;3 67
u(s 3H,‘,--COOCH3), 2,92 (br,‘ s, —fH, -on), 1 94 (dd, 111; —
13 5. Hz, J = 3.5° Hz,A-CHH(l_‘(CH?’)CO-v), 1. 16 (s, '3H ,'-cu~3),_;
0 94 (s,‘ﬁ ..—CH3) and 0 77 (s,‘3pd‘—CH3) —ms M+ 240 1729.

i, ;‘4-Carbomethoxy-4 9, 9-tr1methy1b1cyclo[4 3 0]nonan-3-one t‘f.;d
e e R | ‘

To a solutlon of hydroxy ester 86 (30 mg, 0 125 nmol)
: *f in’ dlchloromethane (3 mL) were added pyrldlnlum cﬂloro-JT'

chtomate (40 4 mg, 0 186 mmo%) and sodlum acetate (0 46

: D ST
mg. 35 pmpl) e The resultlng mlxture ,.s stlrred at room _”

température under an argon atmosphere for 3 h.- The : o
o REERE » ! : 'Vwéfﬂﬂf

d? mlxture was flltered and the solld rbsldue wadhed wlth



K . . . Lo S r— S i
o , S [

Y e e

”u'ether (3 x 1 mL) The fxltrate was concentrated and

e
r

L*purlfled by column chromatography elutxng thh 5% ethyl
d%acetate 1n petroleum ether to glve ﬁeto ester 87 (24 mg, -
 a81% y1e1d) ir 1739 (ester) and 1709 cm -1 (cyclo—}:;‘ ;
;; ‘hexanone), ‘nmr. 8 3 GS (s, 3H, -COOCH3), 1 23 (s, 3H;

N :,-cn3), 1.16 I~ 3H,&(CH3) and 1,04 (s..éu. '-ca3),,ms Mt
':;238 1569 (calcd.-for cMszo3 - 238 1569)

»Eh4 Carbomethoxy 7 7 ethylenedloxy—4 9 9 trlmethylblcyclo—'??'

. 'f;[4 3. 0]nonan- -ol (890 j]dﬁ.jlg‘y_; f e L A-u4uu6?~

'I.- L

B;Toluen;;ulfonlc ac1d mondhydrate (31 mg, 0 16 mmol)
':éwas drled by reflux1ng 1n benzene w1th azeotrog;c removal g
;Eof water.ﬁ To a éolutlon of dry’£r§pluenesulfon1c acid 1n';fd';
'ddbenzene (2 mL),u -methyl 2-ethyl =1, 3—d10xolane (5 mL) and |
?ha solutlon of hfdroxy ester ; (278 mg, l 09 mmol) ln "“f'{;

b . X o e } ‘-iﬁ,:«

s-benzene (2 mL) wene added.f The mlxture was heated at

w=fh380 90 C (oxl bath,temperature) for 4 h., After cooling to

,\

‘90 C, 10% aqueous sodlum blcarbonate soutlon was added and
A"f the mlxture extracted w1th ether. The organlc extracts

':(Were washed thh water and saturated aqueous sodlum :;f:fg‘f

'h;chlorlde solutlon,-drled, flltered and concentrated..:d

i ?Flash chromatography of the resxdue 2& silzca gel, eluting

%;?w1th‘10% ethyl acetate 1n petroleum ether}gave ketal 89

:(261 mg, 80% yleld) Ar 3480 (alcohol). 1738 (euter)..;t,:;;f

1170 and 1190 cm"l (ketal).,mnr 6 3 97 (m, m




lxl};””f;.'f:l»sfi';‘i'lﬁl';f‘;f;;dﬁ-;f'lit'lijﬂui
"r[-cnoa) 3.87 (m, 4H,. -ocuzcnzo-), 3 70 (s, 3n, —cooca3),,'
'ji'3 68 (s 3H,'~coocu3), 1,22, 1.20, ‘1.02, 1. oo, 0. 94, 0.93
';'(sh total 9H, -3 x.—ca3)}“msuM 298, 1781 (calcd. for e
| c16H260§ 298, 1781) Anal._Calcd C ea. 43 B 8. 72-
'RFound.A c 64 41. H 8. 72.ﬁvpf'_: | ?f" LR
.713 Carbo ethoxy -9,9- ethylened1oxy—d—methylmerc:ptothlono—'diﬂ;

carbonyloxy 3 7 7 tr1methy1b1cyc10[4 3. Ojnonane (90) w
”‘ At 0 C to a’ uspen51on of sodlum hydrlde (80% ol

ﬂ"fdiSper51on in’ 011 119 mg. 3 97 mmol) 1n freshly dlstllled

'13 1 2= dlmethoxyethane (S mL) was slowly added under an argon"uv

“'atmosphere a: solutlon of alcohols 89 (236 mg, 0 79 ol)

ifln‘i 2= dlmethoxjethane (3 mL) After stlrrlng for .1 miﬁplifp
h%.carbon dlsulflde (O 476 mL, 7.91 mmol) and methyl 1od1de i;?wl

t(O 493 mL,.7 92 mmol) were added. The reacthn was L
ztbstlrred at room temperature for 5 h and then cooled to'x

KY . 3

0 C.i Water was added slowly to the reactlon mlxture and

B J;the resultlng solutlon extracted w1th dlchloromethane. 1;

V_lf;Organlc 1a¥er was washed w1th water, saturated aqueous

'lt“column chromatography of'éhe résidue on slllca gel,"f"

B \

‘,sodlum chlorlde ﬂﬁen drbed flltered and concentrated..‘,rj

'33§}ut1ng w1th 7% ethyl acetate 1n petroleum ether gave puref

.90 (268 mg, 87% y1e1d) ﬁ ir 1738 (ester),,l220 1249 (c-s)jf~'

”*‘lfana 1056 cm‘,,l (c- o-C), nmr 5 3 88 (m; 4“n"°°“2°“2°‘)'*'

'*¢5ﬁ3 22 (s, -coocu3),.2 48 (s. 3H.;-sca3), 1.24 (s, 3H,



':,*was cooled to room temperature and concentrated. The AR
Ve T -I.ts‘”

l\-cn3), 1.00 (s; 3H,V-CH3) and o 94 (s, 3H,{-CH3), e M*-'"“””'

}R‘\

- 388. 1378 (calcd _for’ C18H288205 ~388.1376), I ‘;f

"”ﬁ3-Carbomethoxy—9 9-ethylened10xy 3 7 7-tn1methylbicyclo— o

”:L[é 3. OJnonane (91) from xanthate 90 : SR S
e LT ’ RPN W
o Xanthate 90 (260 mg, 0 61 mmol), azoblslsobutyl—.

-j;fnltrlle (50 mg) and trl-m-butyltln hydrlde (0 37 mL,,l 34

Vlmmol) were dlssolved 1n freshly dlstllled toluene (7

-~’ SEAN

‘imL) The solutlon was degassed by bubblwng argon through

tht for 20 mln“ The resultlng solutlon was refluxed for

a2

'3:3 h at 120 C (011 bath temperatur%)»aaThe reactlon mlxture C

iffre51due on. column chromatography pver 81llca geI‘slutlng
. i

:wlth 5% ethyk acetate 1n petroleum ether gave pure 91 as

’thf%olourléss 011 (147 mg,,78% yleld) ir 1734 cm 1 (ester)

R

'“~;1 78 (d,\lp, e nz,'-cna -). 1 72 (d,,q, e Hz, :gTV{F |

;yft-cau+ ), 1 21 (su 3H,,-cn3), 1. 02 (s,'3H,e-ca3) and’ o 94

i, - 3H, -_—CH3), s M+ 282. 1831 <ca1cd- for °16“26°4' |

'771'282 1830), Anal. Calcd for 016H2604-. c 68 09‘ n 9 28..J1;{“b

‘;Found°> C 68 34, H 9 47.;.§15..

-

:lhi4-carb°meth°xy'4 9 9’tr1methylb1CYCIo[4 3 OJnonan-?-one_fffle-

o v.---~(aa)

,,:T-'»;.l. . ! [

To a solutzon of‘pftoluenesulfonic ac1d mondhyd'"te

R '

Ly

(40 5 mg,,o 21 nmol) 1n acetone (3 mL) were addcd ketal 9lg;f5§

. . e P . . - . PR . . E



'7(48.0_69, 0. 17 mmol) and 3 drops of water under an argon .
atmosphere. The reactlon mlxture was‘ﬁtlrred at room

temperature for 2 h.» Aqueous 10% sodlum blcarbonate"

. A\“

sg&ut1on was added and tﬁe resultlng mixture extracted dg_;f»
. ’I . ) o
FET N w1th ether.xfThe organlc extracts were washed w1th water'
e :and saturated sodlum chlorlde solutlon,-drled, flltered _

-~

and concentrated.. The resxdue on column Chromatography
over s;l}ca gel,:elutlng w1th 5% ethyl acetate in‘_
' pﬁtroleum ether gave pure 88 (38 2 mg, 94%) -'1r 1741 o ;
(ester) nmr 3 68 (s,,}ﬁ#r—COOCH3), 2 19 (s.izﬂ, ﬁ | | ‘d
' b—COCHz% f l 20 (s,\BH. -CH3), 1 16 (s, BH,.—CH3) and l 0454
'( P -CH3)..ms M+ 238, 1562 (\alcd 01452203 |

238 1565) Anal. Calcd C 70 56 H 9 24 Found' 70 54 H”

Coe iy
A

44tarbometf: -3’3-ethylened1thlol—4 9 9—tr1methylb1cyclo-*

[4 3 0]nonan—7-one (92) R f-~;~>, e «;
\ . NEREE N . e e e ‘1 -
Ab 0 C,éto a solutlon of dlketo ester 78 (315 mg,_

a-fl 25 mmol) 1n dlchloromethane (10 mL) were added
WT:Psequentlally, 1 2-ethaned1th101 (O 105 mL, 1 25 nmol)/
“jboron trlfluo de-etherate (0 15 mh, 1 24 mmol) The
’lfreactlon m;xture was stlrred at this temperature for 8 h
j}under an argon atmosphere. Ice-cold aqueous 1 N potasszum

Iuhydroxide solutlon was added and the resultlng mixture‘ﬁau”

extracted w1th methylene chlorzde._ The organic extractsjj




C &
*hg’5111ca gel, elut1ng w1th 10% ethylacetate 1n petroleum
i (ester and ketone),.nmr 6 3 72 (s; 3H, -COOCH3), 3 24 \m,.f .

; f-cn3), 1. 06 s, 3H.&-CH3) and 0. 90 (s. 3H, eca3), s, M

"-'were washed w1th saturated sodlum‘fhlorlde solutlon. jfﬂ

'drled, fxltered and concentrated. Flash chigmatography onn

4

jether gave thloketal 92 (282 mg, 69% yleld) 1r 1740 cm }'T

v.-

m;r323 1166 (calcd.‘for c1632403s2 328 1166)¢ Further

L

‘f,;elutlon u81ng the same solvent system afforded a dlketal ﬂ

vff5'3n,,-coocn3),_3 24 (m,'en,ﬁ-scuzcnzs ), 1 48 (s,:3H, ,

':n(lzs ng, 25% yleld) o ir, 1731 cm” -1 (ester),,nmr 3 3,70, (s,j”“““

,'_cH3). 1. 06 (s. 3H,.-cH33 and o 90 (s, 3H, -ca3); s M i

1.dﬁKeto ester 88 from thloketal 92 ffy”

Freshly prepared Raney n1cke1 (S‘mL settled volume) f'

“ﬁ'jwas added to thloketal 92 (308 mg. 0 94 mmol) in 93%

fiﬂﬁ~ethanol (10 mL).nﬂThe reactlon mixture was st;rred at room}ﬁ’t'

,"*ﬁtemperature under an argon atmosphere for 2 h.u The

&

I

"Ijlmlxture was then carefully flltered and res1due washed

‘}4The flltrate waa concentrated, y




[4 3 0]nonane (96) g.atéski

.',\ s . R

o ) » P

. . ')
_under an argon atmosphere.;:The répctlon mlxture was

,-d.:

01Ution waé extracted wlth dlchloromethane and ether.

'The comblned e;L‘acts were drxed,‘flltered and

.-’.

-

Tsxllca gel, elutlng w1th 15% ethyl acetate 1n petroleum :
'pfether gave hydrox.

1 (alcohol).

. ethgxy)alumlnlum hydrlde (Red Al) (0'146 mL, 0 496 mmol)~;:”

in ether (2 mL) was added ketal (46 6 mg, Oy 165 mmol)fvl'ﬁ

.stlrred at room temperature for 2 h.w.It was then cooledﬂiA

to 0 C and 1ce cold water added dropwlse._ @he resultlngg;ff

ketal 96 (39 8 mg,.95% yleld) fflr 3480

2H,_-c_2on),,1 78 (s, _ ;'-cuzc(ca3)2-), 1. 16 (s,,3H,;A'ﬁ»'

174
9 9 Ethy1enedloxy-3-hydroxymethy1 3 7 7—tr1methy1b1cyclo-"aft)

At 0 C, to a solutlon Of‘3w4 M sodlum bls(z-methoxy—"fﬁfff

concentrated Column chromatography of the re51due on dﬁ#:?f_i

'r a 3 87, (m, 4H *-ocazcnzo-),-a 76 (br,-,,""

'”~-CH3), 1.02- (s, 3H,--CH3) ana 0. 94 (s, 3H,;-CH3) ms: M+ R

-g254 1881 (calcd for c1532603 254, 18§1) ”Ffﬁ?t;f*;fﬁ‘“
: _ ’ : . ) Coa

",

-

A solutlon of pyrldlnlum chlorochromabe (44 6 mg,

°fﬂf}0 207 mmol) and sodlum acetate (3 4 mg. 0 041 mmol) 1n dry

'frld1chloromethane (3 mL) was stirred at room temperature,f{tuft

DI : e
B ;_p,der an argon atmosphere for 20 mln. Hydroxy ketal 96

.‘ ,1.

v"nonane (97) gﬂV;i-'ﬁf ;35;-ﬁfAﬂ'?jaﬁ?;jgﬂfiﬁhfifﬁ{f:?.:1

".vggs‘mg..o 138 mmol) was added and st1rr1ng continued fori jj}



L ;;jafo\ii75;.

1 5 h,. The reactxon mlxture was filtered and washed thh
“ﬁpetroleum ethex (2 mL) The flltrate w@s‘tﬁen cdﬁten-"'ff:fb”

”f trated.: Column Chromatography bf the r“‘%due on silica

,.\..u-.-« . . “' Je

‘?Q}gel, eiutmng w1th 15% ethl acetate 'nfpetroleum ether

‘ﬁ [ A

78% Qlela) 1r 2830,,.

fﬁfafforded ketal alﬁehyde 97 (27 mg,

.iihcaldehyde)ﬂand 1739 ém“} (carbo.yl) nmr 5 9 38 (br,_

.ﬂ mmo;)“in S'mL of tetrahydrqfuran Was
Sl A-‘

'_{flwere aédéd-and sflrring waé épntlnued for 36 h.l Watér was )

"solutzon.

filtered and

drxed.

L



;:jf 8111ca gely“elhtlng w1th\10% ethyl ace ate 1n petroleum’ :

o R IRAY
ether gave,pure startlng ma;erlal 92 (163 mg, 85%

recovery)

,4

those pneviously obtalned.y’Further elution uszng the shme

~vsolvent system afforded dlester 101 (17 mg4_7% yleld)

p

"1739 cm ; kketone and esters) nmr 6 3 72 (s{ 3H,"T: @f=-~'“”

. N

f-COOCH3).\3 68 (s, 3, -COOCH3)./3 25 (m; 4H,‘—SCH2CH25 ), -ff

e 22 (m, 2H, —cocnz% )o L. 34 (s, 3H, -CH3), 1% 25 ys, 3H,
- “ J

*{-cn3) and . 1.14 (s, 3H, -ca3), ms. M+ 414 1535 (calcd forj‘ﬂf?“

?\':'.'_’.-‘C20H3USZO f.;:__,4$4 1535) o :

v« TR -r-xn' :

] B.

.»I,

aqueOus saturatedqsodlum chlorlde SOlfafﬁ

s - 1‘

“gwashed w1t{:

,idried, filtered and concentrated. Flash chromatOgﬂ,

,r'qfthe resldue on s;l;ca gel elutlng w1th 10% ethyl ‘; fat

"”ﬂxn petroleum ether afforded pure startlng material 92

SRS

B

*rThe 1r, nmr and mas§>spectra were 1dent1cal to y

fmlxture extract d _lth dlcnloromethane.- The extrag s were .

>



1105 mg. 72% recovery) Further elutlon u51ng the same

fsolvent system afforded the de51red dlester 101 (35 mg,,_' B

v

Y
\

f'19% y1e1d) The sPectral data were 1dent1ca1 to those-r;.r.«

"reported prev1ously.
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