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'ﬂbthlola‘cetate I (R=CH2Ph or

.

hydroxyproplonxtrlle equlvalent. Benzyl and‘t—butyl

cyanothlolacetates were’ found to undergo fac11e
1 — /_'
dialkylation w1th:a varlety of«alkyL halldes to give

»

dlalkylatlon products of general structure II.

Monoalkylatlon was found to be more d1ff1cu1t to ) ;

\ .

control HOWever, under carefully controlled condltlons,
. ’ -

products of general structure III, could be obtalned in

reasonable ylelds, -Butyl cyanothlolacetate was found to

L4

undergo Knoevenagel—type condensatlon with a variety of ¢

aldehydes and ketdnes to give a, B~ unsaturated
cyanothlolacetates Iv. Treatment of v Ylth 1 mol equV.

of sodlum borohydrlde in! ethanol at O C resulted in the
?

selectlve reductlon of the carbon-carbon double bon&

‘

" giving rise €0 monosubstituted cyanothlolacetates 111

;(Rﬁt—Bu)' This twoéstep'sequence tnus'provides an

effectlve means for the monoalkylatlon of the

.

cyanothlolacetate. Selectlve reductlon of compounds 1T

" and 111 with an excess of sodlum borohydrlde gave rise to

B—hydroxyproplonltrlle derivatives V and VI
« {
respectively. °C mpounds of. type VI could also be prepared
. S e N




L

gCyanothiolacetate was also~found to undergo Michel

presence of éodium hydride and chlorotrimethylsilane to
. ' - . L] :

o

-

X

directlyv§£om unsaturated cyandthiolaéetates IV by

treatment with an excess of sodium bofbhydride (4 mol. 

equiv.) at room temperature. . Further dehydration of

-

monosubstituted B-hydroxypropionitriles VI, either f

directly by 'the use of dicyclohexylcarbodiimide and-

}copper(l)'Chloride in‘refluxihg ether or. by a two-step

sequence involving mésylation and elimination, gavé ,f~

[

acrylonitrile derivatives'VII.‘ S-t-Butyl

¢

~

reaction with a viriety,of a, B~unsaturated ketones in, the

i~

S,

.give, 'after proper work-up, adducts of general structure

[
! N
VIII in good yields. Ketalization of VIII gave rise to

the corresponding ketals IX which, on treatment with an

excess of. sodium borohydride, resulted in the formatign of
B—hydroxypropiqpitrile derivatives X. Dehydration of X

resulted in the formation of acrylonitrile derivatives

XI. . These results are detailed in the first part of this

“«

thesis.
In the second part, the.first total synthes{s of a-

costal (XII) is ‘described. A salient feature of the
synthesis wés the use of S-t-butylcyanothiolacetate to
: - | -

facilitate the introduction of the acrolein unit present

in the natural product. The synthesis was initiated with

. / S » . .
2-methyl=l,3-cyclohexadione which was converted to ketone

P .
74

a

vi
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A
i

XIII by known procedures with modtfications. Treatment of////

»

XIII with lithium d1150propylam1de and phenylselenenyl

\

-chlorlde followed by oxidation gave rlse to a, -

- .

unsaturated ketone XIV. Epox1dat10n of XIV with hydrogen

peroxide and sodium hydroxide afforded keto epoxide XV as

a single stereoisomer. This eompbdnd wag subjectéd to

“Wharton's reaction with hydrazine hydrate and acetic

~

acid. Thé—alcohol XVI thus obtained was oxidized with

.,pyridiniun dichromate to give enone XVII. Hydrosilation .

K

of XVII withAwilkinsonﬂsvcatalyst (££i§:triphenylphosphine
rhodium (I) chloride) and triethylsiiane followed by
treatment of the resulting 511y1 enol-ether with tetra- n:
butylammonlum fluoride resulted in the formation of ketone
XVIII. Ketone-XVIII was condensed with S-t-butyl
cyanothiolacetate in tpe presence of 1,4f
diazabicyclo[2.2.2]octane as a base ahd sodium sulfate as
a dehydrating agent . Sodium borohydride redqctlon -of the.
resultlng Saxture XIX gave a d1astereomer1F mixture of
cyano alcohols XX whlch was subjected to dehydration with
aicyclohexylcarbcdiimide in thefpresence of copper (I)
cnloride to give epimeric nitriles XXI and XXII in 2§1
ratio. On treatment with diisobntylaluminum hydride, the

major isomer gave a-costal (XII) and the minor isomer gave

epi-a-costal (XXIII) respectively.

vii
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'THIOLESTERS IN ORGANIC SYNTHESIS. :
PART I. A FACILE APPROACH TO B-HYDROXYPROPIONITRILES AND
ACRYLONITRILES. CYANOTHIOLACETATE AS A MASKED

B—~HYDROXYPROPIONITRILE CARBANION. ’ .
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INTRODUCTION , \

Muhlerl in 1875 by the reaction between acgtyl‘éhloride
and ethyl mercaptan to [give ethyl thiolacetate. 1In the '
following six decades several other preparative methods
were.recorded.,2 but very.fittle attention had been made
with respect to their react1v1t1es and appllcatlons. In
1946 their: appllcaplon to the natural steroids was
reported by Jeger and coworkers.3 They showed'tﬁat by the
use of Raney nlckel promoted reductive desulfurlzatlon of

4
the 1ntermed1ate thlolester, the transformatlon of a

carboxylic funéZionallty into a primary alcohol gréup
could be achieved. .This method was later extended to the
‘ preparation of élthydes and alcohols? from carboxylic
acids Xié_the cé?responding thiolesters. For théir.
studies on steroids, Levin ana coworkers?® prép;réd-a
number of steroid'thiolestérs,.either by the feaction of
an acid chloride with an excess of @ercaptan in pyridine

or by treatment of the acid chloride with a suspension of

o .
lead mercaptide in ether. Very few reports on the

chemistry of thiolesters appeared 1n the literature untll'

1960 ® ‘Since then the interest in thlolesters has grown

-

slgnlflcantly due to their w1despread appllcat!ons as

The preparation of a thiolester was first reported by '



~—

useful intermediates in organic synthesis.7 Their
extensiveisynthetic applications have also attracted much

attention for the developmént‘of new and improved metheds
‘ - ' |
for their preparation. » .
\.

In 1974, huiaiyama and coworkers& illustrated‘the
preparation of thiolesters in»high yields by treatment of
trimethylsilyl sulfides with carboxyllc esters in the
presence of aluminum chlorlde (Eq. 1). The use Qf onium

¥

salts of aza arenes 1l to activate the carboxylic acids was:

also reported by Mukaiyama9 (FEg. 2). The intermediate 2
thus formed reacted with nucleophiles (e:g. ROH, RSH,

etc.) under practlcally neutral condltlons glv;ng very

i
high ylelds of the corﬁespondlng esters. -

3
Employlng S~ and N-acyl'derivatives of 2-mercapto-

benzoxazole 3a and 3b}‘another method was developed by

Ueda and coworkers.loa They found that rédgepts 3a and 3b .

were hlghly reactlve acylatlng agents, presumably due to

‘the pseudoaromatic and electron—w1thdraw1ng’characters of

the benzoxazole ring system.

A new convenient methoé for the preparation of
thiolesters using very mild conditions was reported by Kim
and Yang.ll They treated carbexylic acids with 1-fluoro-
2,4,6—trinitroben;ene (4) and thiols in the presence of

!

4,4-dimethylaminopyridine in acetonitrile to- induce the:
. , :
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dlrect formatlon of thlolesters 1n good ylelds

¢ i . r

Carboxyllc ac1d 1m1dazolldes 5 or . 1,2, 4 trlazolldes 6

which were readlly acce851ble from carboxyllc ac1ds Wlth
'carbonyl dllmldazole and carbonyl 1, 2 4—tr1azole h

¥

‘respectlvely, have been»shown to react w1th alkyl and aryl
_mercaﬁtans to glve thlolesters 1n excellent ylelds 12 |
Recently, it has also been,shown that a large'ngmber
_of phosphorus contalnlng reagents sach as dlphenyl
hphosphora21date (7)_,13 dlethyl phosphorocyanldate (8),?‘5
N,N- dlmethylphosphoramldlc dlchlorlde (9),1> phenyl—
phosphorodlchlorldate (1())'16 17 and 'N,N-bis(2- —ox0-3-
_oxazolldlnyl)phosphorodlamldlc chlorlde (11)180are alsq
hUSeful as actlvatlng agents for the dlrect conver51on of
carboxyllc ac1ds to the correspondlng thlolesters.'
7Ind1rectly, Masamune et al 19- 21 prepared S~ t—butyl
'thlolesters 12. from the correspondlng ac1ds by treatmentn
of the 1ntermedlate ac1d chlorldes (Eq. 3) or the mlxed
_‘anhydrldes (Eq. 4) w1th thallous 2—methylpropane -2~
thlolate. ‘
.In reeent.yearS} thipleeters'have found~extensive use
in organie synthesis. .sbne ekanples are as follows, ‘In.
‘the area of natural prodact eynthesis,‘it is now well
-vestablishedxthat the thiolester group plays an impottant

role as an activating_group‘tO»facilitate>the'formationyOf

L

&
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prxoblem in this’field”for many years, Successful

- X . . . . . . - -

applications'of‘thiolesters‘have led to the Synthesis of
many . blologlcally 1mportant macrollde lactones,vsuCh as_

nonactln 13,27 re01felollde 14 28 and methymyc1n 15..

Examples 1n other areas of organlc synthesls 1nc1ude

‘the Dleckmann condensatlon of dlthlol dlesters (e g. -

16->l7)29 wh1ch was shown to proceed under much mllder
condltlons than those requlred for the oxygen analogues.

Interestlngly, unllke 51mp1e thlolesters whlch glve rlse

to alcohols or aldehydes upon reductlon w1th Raney nlckel

.

(v1de supra), B—keto thlolesters were found to. undergo

complete dealkylthlolcarbonylatlon (e g. 17+18)3O 31 when.

L0

-Raney nlckel treatment..

subjected‘
| Bas d on thls 1nterest1ng»observatlon Lru.and
coworkers demogiiﬁated the’ fea51b111ty of u51ng S, S‘
dleﬁhyl dithiomalonate (19) as an ethanol carbanlon
30' 32

equlvalent in alkylatlon ~and Mlchael reactlons as

1llustrated in Schemes 1 and II respectlvely Cohe

One 1nterest1ng feature of the thlolester group is
its susceptlblllty to reductlon w1th sodlum borbhydrlde to

the alcohol level. Thls was. flrst observed by Fujlta et\

1

'al.,33 on the hlghly actlvated thlolesters such as

compound 20. It was\shown 1ater by Llu,and.coworkers that

medfhm and large lactone rin9522 26 Wthh has bee ‘major

';io'

,"_
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Scheme [
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ordinary‘thioIestersacouId'also beireduced in the same

a

way.34 They further showed that the thlolester group -

could be selectively reduced in the presence of other

commonly encountered acid derivatives such as amide,

ester, and nltrlle.

34

The ease of-reduction.Qf'thiolester‘group with sodium

‘borohydride suggests a number of interesting possibilities

for its use as a latent hydroxymethyl unit in synthesis,

especially, when such a ﬁnit with or without.proteétiohv

transformation.

can not be directly involved in a desired

The fitet part of this thesis'describes a

general approach to the synthesis of ﬁ—

hydroxyprop1on1tr11es and acrylonltrlles us1ng cyanothlol—

ester 21 as . a startlng mater1al.~ As 111ustrated in Scheme

I1II, the synthetic approach is greatly fac111tated due to

the ability of the. thlolester group present 1n the

startingfmaterialeto serve both_as an actlvatlng,group for 

the carbon-carbon bond formation and a convenient source

of hydroxymeEhYI'moiety.

Lo

In the second part of the thesis. an application of

this method to the total synthesis of a sesquiterpenoid is

demonstrated.

)

15
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RESULTS AND DISCUSSION

Three cyanothiolacetates 22, 23, and 24 were used for

the present studies. These compounds were readily
prepared from cyanoacetlc acid and the correspondlng
thiols, viz. a-toluenethiol, 2- -methyl- 2—pr0panethlol and
ethanethiol acoording.to the procedure by Liu and
Sabésan,16 using phenyl phoéphorodichioridete as an
activating agent.

. Yields were reproducible in the range of 60-63%. 8-
Benzyl cyanothiolacetate (22) was initielly‘used but |
exploration on this compound was very brief due to its
Ainstebility; This unfavorabie-instahility'wae‘dué‘to self

dlsproportlonatlon into dibenzyl dlsulflde durlng the

purlflcatlon by column chromatography, as well as, durlng

\
.

_// i
the reaction espe01a11y at elevated temperatures._ on: the

other hand, thlolester 23 was’ shown to be stable and could
be stored at room temperature for prolonged perlods of
time. This thlolester, which was used exten51vely
throughout th1s work, was purlfled flr?t by dlstlllatlon

- under reduced pressure at 100° C/2 0 torr rather than

dlrect purlflcatlon by silica gel chro atography as

oo _ ’ - .17
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reported.l6 The distillate was further purified by column
chromatography on silica gei using 40% petroleum ether in
benzene as an eluent. Thiolester 24, b.p. 100°C/4.0 torr,
was purified in a similar“manner.

As illustrated fh Scheme III1 the feasibility of the
.general synthetic appro%ch to B-hydroxypropionitrile and
acrylonitrile derivatives éepends on the ability of the
cyanothiolacetates to undergo reactions with various
elecrophiles, such as alkyi halides in alkylations and ‘'
a,B-unsaturated carbonyl cbmpounds in Michael reactions.

Cyanothiolacetates in which the methylene unit is flanked

a

by two electron-withdrawing groups are expected to be
strongly acidic. Their acidi;ies, which remain to be
determined: should be comparable to that of the O-
analogue, ethylcyanocacetate, which has a pka value of

9.35 1Indeed, cyanothiolacetates could be easily
deprotonated with a variety of bases. The carbanion thus
genérated waé found to undergo reactions with a variety of
electrophilzc reagents, albeit En/certain cases, carefully
controlled conditions were necessary. Three major types
of re;ctionmvhave been successfully investigated including
alkylatioﬁ, Michael reaétion, and Knoevenaggl—type

36

condensation with carbonyl compound@s. These reactions

are individually discussed in detail in the following



_Scheme I1I. -

.

sections. Also discussed are transformations of variOU?f

reaction products‘to'BehYdroxypropionitriles and

4

‘acrylonltrlles, Where apprOprlate in accordance with

o 3 . " . . ' &

1. ‘Alkylation Reactions of Cyanothiolacetates

o

Table I sumnarlzes the results of alkylatlon
reactlons of S- benzyl cyanothlolacetate (22) w1th several
alkylatlng agents.' All the reactions were Carrled out in

l 2~ dlmethoxyethane (DME) at room temperature u51ng sodlum

'»hydrlde as . a base. Dlalkylatlon with reactive alkyl

halides was found to be rather promisingtundervthese
conditions; For example, when thlolester 22 was treated
w1th‘c_:g two equlvalents each of benzyl bromlde and sodlurn

hydrlde, an 89% yleld of dibenzyl derlvatlve 25 was

‘obtalned (Entry 1). -The 18 nmr spectrum showed a slnglet
) at 64.00 for the two benzyllc protons of the thiolester

group.r-Interestlngly, the remaining benzyllc protons

appeared as two doublets at 63.00 and $3.35 with a
coupling constant of 14 Hz each. A complex signal
centered at 67 22 1ntegrat1ng for a total of flfteen

\

protons was readily attrlbuted to the aromatlc ‘protons.

_ " The ir spectrum showed a strong absorption at'1659 cmvl

due to thiolester carbonyl stretching. The mass spectrum
: . D . | . .

20
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“dlsplayed‘a molecularﬁlon peak at, 371 1340 correspondlng
to the formula C24H21NOS : Under-the SLmllar condltlons;v
‘5 cyanothlolacetate 22 was, shown to undergo dlalkletlon
‘w1th l 5 dllodopentane to glve cycllc compound 26 as‘the”,aj'

%
-only product in modeSt yleld (Entry 2)

Attempts to achleve monoalkylation were'met-withf
rather unfavorable results.:_The yleld was generally low
‘for the de51red product, the formatlon of whlch was always
accompanled by that of the dlalkylated compopnd even under "l
carefully controlled condltlons. For example, when n-
butyl iodide (Entry 3) was used as an alkylatlng agent,‘
only 23% yleld of the de31red product 27 wa\wformed along
w1th 27% yleld of the dlalkylated product 28 desplte using
g one equlv.alent each of the alkylatlng agent and the
‘;base.’ The ratio of mono- and dlalkylatlon products was
esomewhat 1mproved when a bulkler alkylatlng agent such as'
”dllSOpropyl 1od1de (Entry 4) was 1nvolved How:ver ‘the
reaction which gave the monoalkylatxOn product 29 in 23%
»yield and. the dlalkylatlon product 30 in 5% y1eld was

extremely slow. Fven after 50 h at room temperature with

el ,;@

*All the new compounds gave satlsfactory 1r, 1H nmr, and
"high resolution mass spectra and/or elemental’ analysis. ,
These data. are- recorded in. the experimental section. Only a

. selected few are descrlbed 1n thls section. ‘

e




.S “ | |
.an excess of”thexreagent,fit was,incomplete_with 23%

'recovery -of the startlng materlal. Attempts were ‘made to

I

enhance the reactlon rate by ralslng the reactlon
Vtemperature.' However, in reflux1ng DME 1n the presence of
sodium hydrlde, the startlng thlolacetate was shown tO'

‘7decompose rapldly and a substantlal amount of dlbenzyl

)

:dlsulflde was formed. .

. o

Because of - ths unde51red lnstablllty exerted by
thiolester 22, a more stable analogue was SOught. At the

‘_Same'time, 1t was felt that a larger thlolester could

-

23

_probably suppress the- unfavorable dlalkylatlon._hsft;Butyl“'

*cyanothlolacetate (23) seemed tp satlsfy'these_'

cons1deratlons and a new - serles of experlments on

"

alkylatlon reactlons was carrled out w1th this compound.

| 4

Results are summarlzed 1n Table II. ’ ’ ' 5.
ul

»

Treatment bf cyanothlolacetate 23 wlth 2.5 eq

each of. allyl bromlde and sodlum hydrlde‘fﬁntry 1) in DME’

at room temperature for 3 h dave a dlallyl derlvatlve 31

1n 69% yleld.' This compound,was characterized by the

follow1ng spectral data. The ¥H nmr'spectrumjshowed a

sharp s1nglet at 61.50 due to the t-butyl group. Two sets

of doublet of doublets (J = 14, J' = 8 Hz‘each) were
Observed at 62 48 and 2.68 due to four allyllc methylene

- protons. . A doublet of doublets at '85.23 (J = l7, J' =2

&

s
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Hz) was assignable for vinylicdprotons‘Hé'and;Hi; whereas

'a doublet of doublets of doublets at 65.24 (J = 11, J°' =

2, J" =1 Hz) was_assignable'for vinylic protons- Hg and~ -
Hg- A doublet of doublets of triplets at 65.80 (J = 16, "
J!_;plll J" ; 7 Hz) was a351gned to- v1ny11c protons HJ and -

'Hk..'The ir spectrum showed a characterlstlc band at 1675
cm -1 . for the' thlolester group, a weak band at 2240 cm -1
rfor the nitrile group, and another weak band at 3080 cm 1:
_1nd1cat1ve of an olef1n1c stretchlng. " The mass‘spectrum
did not give,the molecular ion.peak but showed a M+456fion
peak at>181;0559_corresponding to the IOSs(of avC4Hé

unit. 'However, elemental analy51s results conflrmed the
:molecular formula to be C13H19NOS. Ring formatlon could
be ea51ly carrled out as ‘well. For‘instance, tne reaction

with 1,5- dllodOpentane led to the exc1u51ve formatlon of

|
~

cycllc product 32. -The factlon was found to’ proceed g(
better when llthlum t butoxide was used as a base (Entry

/
3) 1nstead of sodlum hydrlde (Entry 2)

As in the prev1ous cases with the benzyl derlvatrve,
dlalkylatlon was 1nev1table, when varlous attempts were
made to carry out monoalkylatlon on cyanothiolacetate 23 n‘
even under>carefuily cohtrOlied'conditions. Thus, when n—
8

butyl 1od1de (Entry 4) was used as an alkylatlng agent in

the presence of llthlum_t;butox1de (1.6 equiv.) and



29 -

P

v heramethylphosphoramidet(1.7‘eguiu.) in tefrahydrofuran
.(THF) at 0°C for 72‘h only a 20% yield of therdesired
product 33 was, formed along w1th a 64% yleld of
jdlalkylated'agmpound 34, and the startlmg thlolester.was
“recovered in l%%.\.lt was assumed that, due to the long
reactlon perlod the 1n1t1ally formed monoalkylated
"compound underwent further alkylatlon at a reasonably fast
lrate to give the- dlalkylated compound.’ _Furthermore, slnce
E;butyl 1od1dells a reactlve a}kylatlng agent,'the

reaotion was difficult to control even at low /‘
temperature. Based on this‘oonsideration,1the‘less
reactrve bromo— and chloro— analogues were used (Entrles 5
and 6).. As empected, both of them reacted at a slower

rate than 1- lodobutane and suppressed the formation of the
d1alkylated compound to a large extent, partlcularly in- )
-the case\of 1- chlorobutane. Thls_react;ony in fact, did-

not occur at room temperature but at elevated temperature

it proceeded'to'give aimost exclusively the monoalkylation

product .33 (Entry 6) Unfortunately the yield of 36%,
vwhlch could not ° further improved, was rather
5unsatisfactory.

.
More satisfactory results were obtained with

fsopropyl'iodide (Entry‘9)‘and even better with the

' corresponding bromide (Entry 10). The.rates of these

5



' reactions carried out at room.tempefature were foundlto,be
slow but could be enhanced by the use of.a rather lprgé‘
excess (2;5 équiv.) of the alkylating égent, which did not
seem to effect‘thefrétid 6f_monoa1kylated product 37 to
dialkylated prdduCt’3é} Attempts to further:acéelefate
the reaction,.by_raisiné thévtempératurg,Arésulted in the
formation oflthe desiréd'product;in.somewh?t poorer yield
'(Ent:y Il). | |
With benzyl bromide, a‘rgther~reactive alkylating
agent, the attémpted monoalkylation was ﬁnsdceessful.
Underlvarious conditions (e.g. Entries 7 aﬁd 8) thé T
'dialkylétedvcompound 3B:was;always formed in substantial
amount whiie.the desired compound 35‘Waé'produced in minof
. quantity. The 1H nmy sﬁectrum of compouﬁd‘36; thqh’was
obtéihed4in crystalline form,“m.p. 92:95°C;-showéd‘a
charécteriétic singletnat 61.34 for the t-butyl protoné
and two doublets (J = 14 Hz each), one at 63}00;and the
other at 63.37, each atﬁributing‘fof,two benzylic'prétoné'
(one frém each benéyl group). A singlet at 57.32 for ten
pr§tdns was due ! ,romatié_protons. A strong absorption
at 1670 cm~1 dué to thiolester carbonyl and a weak band at
2240 cm™1 for nitriie stretching were observed in the ir
'séectrum. The mass spectrum displayed a‘mélecular ion 

(1

peak at 337.1502 which was consistent with the formula
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C51Ho3NOS. ,dbmpound 35 Qhowed a’singlet at 61f48'forv£;
butyl protons. ' Two doublets at 63.20 (F = 8 Hz) apd 3.23
(g =i6 Hz)}intégratingvfor'one proton each were due to the
benzylic protons. A doublet of doublets at 53.?0‘was
attributéble for the methine prbtoﬁ, Qithvcoupling
constants of"a Hz and 6 Hz. Afdmatic.prqtohs appeared as
a multiplet at 67.31. The ir spectrum showed a strong
‘band at 1685 em~l for thiolestér carbonyl and a weak band
atfézso cﬁ’; for nitrile ﬁgiety. 'The mass spectrum gave a
molecular ion peak at .247.1026 whigh“confirmed the formﬂla
C1 4H17NOS.

Monoalkylation withfg;octylbromide was also stgdied
(Entries 12 and i3)f The reactions were carried 6u£ at
-5°C. At this ﬁempefaturé, the forma§ion of dialkylation
product 40 was successfully'éuppressed. Howéyer the .
reaction, which required about two déys iq:5r§er to

achieve 50% conversion, was too slow to be Bynthetically’

i

useful.
Fdrther alkylations on several monoalkylated com-
~ pounds were also studied to. give the dialkylated thiol-

esters with non-identical substituents. - The substrates 41

and 43 used for these studies were prepared by a different

A

route which will be discussed in the next section.

' Results of these s;udies are summarized in Tablé‘ifI,’

31
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The second alkylation, in accordanceYWith
: ] :35.

expectatiOn, occurred readlly.d All the alkylatlon

_reactlons were carried out 1n DME at room. temperature with
LN ]

‘*\sodlum hydrlde as a base. When compound 41 was subjected

S

to alkylatlon w1th benzyl bromlde under these condltlons

: %
(Entry 1), compound 42 was obtalned in 85% yleld. The 1

0

nmr spectrum dlsplayed the\follow1ng 51gnals.' Two
doubletsr one at 50. 94 and the other at 61 03 ‘each
‘1ntegrat1ng for three protons and’ w1th a coupllng constant
, of 6 Hz, were due to the methyl groups. A 51qnal for the
v—butyl group appeared as-a s1nglet at 61 40. Two .

»magnetlcallyfnon-equlvalent benzyllc methylene protons

appeared as a pair of doublets at 62 92 and 63.20 having

Gy \

the same coupllng constant ‘of 14- Hz. A’ multlplet at 67.3@_

for five protons,was due to the benzene moiety. In-“*the ir

-spectrum,‘absorptlon bands were observed at 1580 1620 and

3010-3100 cm™1 due to the benzene rlng. Thlolester group
appeared at 1690 cm™ andégltrlle at 2260 em™1. A
molecular ion peak at 303.1651 lg the mass spectrum

. A o
Under-the similar conditions, alkylation of compound

1

conf;rmed the rev ;red formula of CygHo5NOS.

43 with ethyl iodide resulted in the formatlon of the

ethyl derivative in 66% yleld (Entry 2) " When the
]

alkylatlon was carried out u51ng allyl bromide as the

-«

34
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alkylatlng agent,'a 54% yleld of product 45 was obtalned
(Entry 3). The lH nmr of thls compound gave a 51nglet at
/

7
51.44 for the t—butyl group and. a - complex 31gna1 at 62 50

to 3 00 for a total of four prot&ns was due to the allyllc

:protons. A doublet of . doublets at 65.24- w1th coupllng

constants of 16 and 2 Hz was due to the termlnal v1ny11c

proton H, Another doublet of doublets (3 =10, 3" = 2

3

Hz) at . 65 26 corresponded to the termlnal v1ny11c proton

Hy. A trlplet of doublets of doublets with coupllng

c0nstants of l6, 10, and 7 Hz at 65 82 was ev1dent for the

v1nyllc proton H Vlnyllc proton Hd appeared as a

.trlplet of doublets at 66 16, with coupllng constants of 7

and 16 Hz;’while‘vinylic proton Hg appeared‘at 56. 55 as a

¢

broad doublet (J = 16 Hz). . Aromatlc protons were found at

''§7.32 as a multiplet. 'The ir spectrum contalnedo,
5ﬂabsorpt10n bands at’ 1605 cm'l due to carbon~ carbon double

gbond.stretch,‘1670 cm'1 due to thlolester carbonyl and

2240 bcm'l due to nltrlle. The mass spectrum dlsplayed a

molecular ion peak at 313 1495 conflrmlng the requlred

1.
Do)

formula of C19H2ﬁ ;gf o : L - s

Hvl‘ T

o ;

Thgﬁprecedxng results 1nd1cated that dlalkylatlon

"'allOWlngﬁthe lncorporatlon of two 1dent1cal substltuents

-v-'

—T Sy

Acould be read{leifgscted using both thlolesters 22. and

23. For the 1ntroductlon of two non- 1dentlcal
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substltuents, the'seoond alkylation process was found to

. be equally fac1le.‘ On the contrary, results obtalneé for

the monoalkylation of thiolesters 22 and 23 were rather

'disappointing due to the.competing‘dialkylation'process.‘

Of the two cyanothlolesters, “the t-butyl defivative 23 was

found to give con51stently better results because of its

stablllty.' No slngle set of' cga&&?mons could be used to
X3 ; ’

effectlvely 1ntroduce a singl

}(1f€i3@roup. Depending
upon.the nagture of the alkylating agents, suitable‘
ad]ustment of reactlon conditions was, necessary In

general, however, a combination of 11th1um t- butox1de as . a

' baSe;and_HMPA/THF as a solvent'system seemed to glve

t

elds of the products.

actions ofiCyanothiolaoetate 23 with'Carbonylb

“Eompounds - and Selective'Reduction~of-the.Condensation

Products.

Cyanothlolacetate 23 was found to undergo

condensatlon readlly w1th .a variety of aldehydes and

ketores glVlng.Knoevenagel—type reactlon products. The

results of these condensation reactions are to be found in

‘Table IV. The_generality Of.the reaction was, apparent in

that both ketones and aldehydes can be used to give
N . » R

~products in synthetically useful yields. In 'general, the

37 .
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\'Table Iv.. Condensation of S-t—butyl cyanothiolacetate (23) with

ketones and aldehydesa

‘R0 . RON - \
7 R pasco | | ' -
~ R -c-—o + NCCHz-C-SC(CH3)3 -——-—-> R'=C=C- (;-SC(CH3)3
s
Entry Ketones . Time ‘.Téqb. .~ Product N : A Yieidf
‘and - o (h) -(ec)’ : o
Aldehydes - N o
1. PHCH=CH=-CHO" 13 r.t. "R=H; R'=PhCH=CH- - 94% .
s R -
2. - /CH-CHO . 5 Y.te ‘R=H; R's(CH3’) ,CH- . 66
: . . ' b . :
3 47 o
.0 ' : p oy g
. 3. U » 20 r.t. - R,R'==(CH,)g~ 87
N~ . . a8 :
o R
- S ‘
- 4. :CH3(CH2')‘5C—'CH3 25 r...t. R=CH (C**z)s" R'=CH{ >,57
' ‘ ' ' 49
5. 15 21¢
. .
50 51b
h
6. 50 48 r.t. 51 71€
\ ©
( (Continued)



Table IV. (Continued)

3

aUnless otherwise specified all reactions were carried out in THF
using 1.5 equiv. each of 1 4-d1azab1cyclo[2 2. 2]octane (DABCO) and
carbonyl compounds.

bObtained as a mixture ofvstereoisomérs.-v

CThese reactlons were run with 1.5 equiv. each of DABCO and the.
thiolester., . P :

dAccordlnq to "H nmr only one isomer .was obtalned.. Its

regiochemistry remains to be determlned

ThlS reaction was carried’out usxng 1 5 equiv. each of DABCO and
thlolester in the presence of 3 equ1v. of anhydrous sodium sulfate.

leelds were obtained on the basis of the amount of startlng material

used.

o

39



.Treactlons could be’ effected at room temperature using 1, 4-

1

‘dlazablcyclo[2 2. 2]octane (DABCO) ‘as a base. and THF as a

kS

40

solvent. When trans c1nnamaldehyde (Entry l) was treated -

. with thiolester‘23<under these.condxtlons, COndenéation

took place readily to(give a 94% yield of product 46 which

‘was obtalned as a mlxture of two 1nseparable reglo1somers_

in a ratio of 1 2. The 1H nmy Spectrum dlsplayed two

singlets, one at ol. 46 and the other at 61 56 for the t-

. 2 Al
butyil group of the mlnor and major 1somers respectlvely.:

Aromatlc protons for the major isomer appeared at a normal

‘reglon of 67 30 whlle for the mlnor isomer, the 51gnal'

. ) [
pshlfted downfleld to 87, 42  The v1nyllc protons

experlenced cons1derab1e downfleld shifts due to extended
7conjugatlon. Because of . the mlxture nature of the

osubstrate, these 51gnals were rather complex. The ir

e L -
spectrum showed absorptlon bands at 1558 1576 ~and- 1604 .

0
- cm 1 due to carbon carbon double bonds and aromatlc

.rlng. Furthermore, dlagnostlc bands at 1662 and 2211 cm %

respectlvely for thlolester group and nitrile were also
observed. A molecular ion peak at 271.1031 in the mass
_-spectrum further supported the struCture'@f.4gr

| Under similar conditions, condensationlof‘
cyanothlolacetate 23 with 1sobutyra1dehyde (Entry 2),

cyclohexanone (Entry 3), 2-octanone (Entry:#4) gave rise to
o ‘ "
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the exggcted products 47 48 and 49 in good ylelds. The\

LI

‘ only exceptlonal case whlch d1d not give satlsfactory
results under these condltlons was the condensatlon with
ketone 50.. At room temperature only a small amount of
product 51 - (8% yield) was- formed after three days. Even
in refluxxng THF,~only 21% yleld”of the desired product. -

was obtained (Entry , 5). However, when the reaction was

run 1n the presence of anhydrous sodlum sulfate at room

temperature for 48 h, the yield was remarkably 1mproved to
71% (Entry 6). . The lmprovement waS'apparently due to the

fact that the reactionfwas reversible ‘and the removal of
water facilitated the formation of the desired product.
" The fac1le condensatlon of thlolester 23 w1th varlous

ketones and aldehydes prov1ded an opportunlty to effect

the monoakalatlon in an 1nd1rect‘manner, if selectlve
a"‘ ’

.reductlon of the carbon- carbon double ‘bond of the product

_could be achleved Theére are ample eXamples in the

,-llterature for the selectlve reductlon, by chemical

. R

means,* of a double bond in. con]ugatlon with one or more
electron—w1thdraw1ng groups,37 -41 It.was found that

t

‘* Y )
Catalytic hydrogenation of the carbon-carbon double bond in
. our case is apparently inadequate due to the presen f the
sulfur element which is knowp as a p01son to the catalyst.
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§
selective reduction of the @, B-unsaturated cyanothiol-
acetates could also be eesily carried out. As shQWn in -
Table V unsaturated cyanothiolacetate 46 underwent 1,4-

reduction. on exposure to 1 mol,equiv. of -sodium

borohydrlde in ethanol for 2.5 h at room temperature to

igive the correspondlng saturated compound 43 in '83% vyielad

(Entry 1). This procedure for selective reduction is

apparently general. Three additional compounds 41 52

and 53 (Entries 2- 4) were readily prepared at 0° C (45 min)

in comparable yields. : |
In conclusion cyanothiolacetate 23 was shown to

undergo. faC11e Knoevenagel type condensation with a

variety of aldehydes and ketones under mild conditions.

It was further shown that carbon carbon double bond of the

condensation product could be selectively reduced with

;sodium borohydride. This selective reduction provided an

1nd1rect method to effect the overall monoalkylation of

the cyanothioladetate in hlgh yields. Despite its two—

step sequence,'the reactions were Operationally simple

[

without any accompanying dialkylation as was‘encountered

in the previous direct alkylation'methods.

(%3
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Selective reduction of the a,f-unsaturated cyanothiolacetates

Table V.
o " to saturated cyanothiolacetates
Entry a,B-Unsaturated Time? Product .7 YieldS
cyanothiolacetate (h). :
CN
o . L . ) 1 .
1. PhCH=CH-CH=C-CN 2.5 PhCH=CH-CH2-CH 83
. C-SC(CH3) 3 CS(CH3) 3
1 & |
o) €]
46 43
CN
. _ o |
' : —Cm b -C
2. .(CH3)2-C’H-.CH—C'3 CN 0.75 (C!i.3)2—cn-cu2 cg ) 91
'C-SC(CH3) 3 o c-sc(cn3)3'
. o | :
0. 0
47 L4 : o
. 3. <:>=<cu o 0.75P O__{N 97
e : :?s,c(cHS)a‘ }, ||5°(°”3)3
| . | | I .
g
48 52
ICH3 ' | T“}
. - o b g _ .
4. CH3(CH2)5-C—C-CN | Q.75 CH3(CH2)5fCH-?H CN - 74
C-SC(CHy)y -, ; C-SC(CH4) 4 '
! B . i
o, o]
49 53

Unless other&ise‘stéted these reactions were performed in ethanol using
1 mole equiv. of sodium borohydride at 0°C to room temperature.

bThls ‘reaction was carried out at 0°C.
Cyields were obtalned on the basis of the amount of starting materxal

used.
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3. Conver51on of Alkylation and Condensatlon Products to ,

ﬁAHydroxyproplonltrlle and Acrylonltrlle Derivatives

The next stage of our studles was “to explore/the N
fea31b111ty of convertlng the alkylatlon and Knoevenagel—
- type condensatlon products, derlved from cyanothiol-
acetates, to B—hydroxyproplonltrlle derlvatlves and, where
appllcable, further to aerylonltrlle derivatives. Thle
Fequires aieelective reduction of the thiolestet éroup in
the presence of a cyano group.» As shown in Table VI, the
selective reduction of theualkyiation/products was readily
achieved at‘room,temperature by the use of an excess‘of
sodlum borohydrlde (ca. 2 to 4 mol. equlv. D) as a reduc1ng
agent. Inltlally, 1sopropyl alcohol was used as the
solvent in order to prevent the p0531b1e |
transesterlflcatlon reactlon between the solvent and the
reac%g\t_"ThlsAeolvent yas found to be,adeqnate and a
number. of compounds- were reduced smoothly to-give‘the
" desjired producta. For example, when cyanothiolacetate 25
(Entry l)bwas trgeated with 4.8 mol. equiv. of sodium
borohydride in isopropyl alcohol'for 24 h'at room
temperature, a 96% yieid of crYstalline alcohol 54, m;p.
100-102°C, was obtained. A moleculat ion peak at 251.1313

in the mass spectrum confirmed the required molecular

fofmula Cy9H 9NO. - The ‘14 nmr spectrum showed a broad
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singlet‘at,52.95idue to four'benzylic protons, a slnglet
at§3.53 due to theumethylene'unit bearing tne'hydrokyl
.group,_and”a multiplet at $7.33 due to the aromatic
protons. “In tne;}r spectrum, the'presence of a hydr0xyl
group was evident from the broad absorptlon band at 3490-
-1

3500 cm~1 and a strong absorptlon at 1050 cm A weak

o

band at 2220 c‘m"l for the cyano group was also observed

Sxmllarly, reductlon ‘'of thiolester 28 gave rise to alcohol

56 (Entry 4) in 64% yleld - L S

It was later found that ethanol could also serve as

3

an adequate solvent for reductlon. Not .in a slngle case

were - traces of transesterlflcatlon product (i.e. -COSR »

—COOEt) detected. Consequently, ethanol was c0951stently

‘ used as-a preferred solvent. By the use of thi? solvent,
.alcohol 55 was readlly prepared either froy//-oenzyl
thlolester 27}(Entryb2) or from187tfbutyl/th}olester 33
(Entry 3) in excellent yield. The 1Hynnr‘spectruq of 55

v showed a triplet at 50.94 with coupling constant of 6 Hz

4

due to the methyl group, a broad singlet at 62.13 due to/

the‘hydroXyr group, and a broad triplet at 62.75 with
coupling constant of 6 Hz du€ to the methine proton
o o | - a A

‘adjacent to the cyano. group. In the ir spectrum, a b¥dad.

pand at 3400-3500 cm~! fQ;{tﬁeihydroxyl group and <a wkak

band at 225C em™l for the cyano group were. observed.

&
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| g R . [
‘ masstspectrum'did not show a molecular ion peak but a peak
. . . w N o . o F

at/97.0892'due'to the loss of a CH20 unit. « Pregs \tion Of':

'cyano aicohols:56-65'(EntrieslS—IA) Qas show ‘
equally facile ‘using ethanol-as a soivent and”
exception hlgh ylelds of the deSLred products were
obtained. |

In the previous. sectlon, 1t has been’ shoun that the
carbon carbon double bond of the Knoevenagel type
k condensatlon products could be selectlvely reduced w1th
'Sodru% bbrohydrlde under controlled condltlon. When an
excess of. sodlum borohydrlde (ca. 4 mol. equlv.l) was

P

used, further reductldh of the thlolester\group occurred
as expected thus allow1ng the dlrect conuer51on of a
_condensatlon product/to the correspondlng B-hydroxy-

‘ proplonatrlle. For éxample, treatment of unsaturated
cyanothlolester 49 dlmh 4 mol .equiv. of sodlum'
borohydride in ethanol at 0°C for 50 min resuited in the.
concomitant reductrgn.of both the carbon—carbon'doub}e_‘
'bond and ‘the thlolfster group to give B-hydroxy-
prOplOnltrlle 65 Ln 95% yield (Entry 1, 'Table VII). This"
compound showed 1n the 1H nmr'spectrum a broad trlplet at
60 90 with a coupllng constant of 6 Hz for the termlnal

-methyl group. The branched methyl group appeared as a

doublet (J,= 8 Hz) at §1.07, whereas a hydroxyl proton was

e
PN
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assigned structure.

Lo
.

. ! .
observed at 62.04 as a broad singlet which disappeared .

upon'Dzofexchange. In the‘ir:spectrdm, the absence of any

-

carbonyl absorption and the presence of a broad hydroxyl

absorptlon band centered at 3450 ¢m—1 and a weak nltrlle

absorptlon‘at 2240 cm~1

were 1n agreement w1th the
R 4

N

The direct reguction of the condensation product“to

=general’ - Three addltlonal examples (46+66 47+67 and

45L68) are also to be found in Table VII.
- Two methodS‘were successfully exploredlfor the

dehydration‘of s—hydroxyprOPionitrile,with a‘single sup—-'

stituqnt'at_the a-carbon. Results are compiled'iﬁgTable

VIII. Indirectly,nthe‘dehydration could be carried out_by

mesylatlon followed by ellmlnatlon. Thus, mesylation of

.n—octyl derlvatlve 61 (Entry l) with methanesulfonyl

chlorlde and trlethylamlne in chloroform, at room:
temperature for 6.h followed by ellmrmatlon w1th 1, 8-

dlazablcyclo[s 4. 0]undec -7-ene (DBU) in refluxing /enzene

‘l‘

for 4 h gave a 94% yleld of acrylonltrlle derlvatlve 69.
In agreement with the expected structure, compound 69

showed the follow1ng spectral data._ In the lH nmr

spectrum, two. trlplets, one - at §0.90 w1t - a 3bup11ng
¥ &

constant of 6 Hz and the other'(broad)fat 62,25\w1th a’

the corresponding Saturated alCOhOI was found to be .
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. O - (o]
(ii) DBU; C¢H S

CHy
74

f; ; . 4}4
. i {W ' A
(e ‘vh .
J/ '
. S A o o a o
Table ViII%~ Dehydration of B-hydroxypropionitriles
: . / . . , : R
E 7 ) ' a ‘ —
Entry Alcohol o Reagent® Acrylonitrile s Yield
g i - ‘ (equiv.) . :
1. CH3(CH,)gCHy-CHCN (i) MsCl (3.0) CH4(CH,) CH)=C-CN 94
i 1 Et3N (5.0) ' 1
- c ’
: CH,OH v(ii).DBU,yCGHG CH,
61" ‘ 69 °
2. 61 DCC (1.5) ¢ 69 "85’
- S 5 _ _ |
3. 'PhCH=CHCH,CHCN DCC (1.5) PhCH5CHCH,CCN 69
] i% ‘CH20H . . CHZ
’ Lt 66 o 4 70
\ . . ° s o ,74“‘2: ‘ .
4. Q Lafec (1.5) 8o ™
X Uiv R O CN
: SeHeN o
: B M cH,
68 CH,O0H 7
5. CH3(QH2)S?H-?HCNA-, DCC (1.5) : CH3(CHZ)5TH-iCN 70
'cg3 CH,O0H . "'CH; CH,
65 - i 72 a
. o e _ . | o :
6. PhCH,,CHCN - ‘ DCC (1.5) - PhCH,CCN 52
. 1v, o '
CH,OH | " CH,
59 ' . 73
70 89 o (1) MsC1P (3.0) 73 + phcH=CCN . 51

»

3unless otﬁenwise}qﬁécified'all reactions were performed in refluxing

ether .in the preSQHCe of a trace amount of copper(1) chloride.

. bchloroform was used as a solvent.

.cAt,refluxing benzene.



a

coupling constant of 7'Hz,'were attributed to the methyl

"grOup and'the_vinylic methylenefgroup respectively. A

doublet of doublets at &5. 65 (g = J"— 1. Hz) and a doublet

at 85. 80 (J l Hz),.lntegratlng to one proton each, were

attrlbuted to the vinyiic protons. 'The ir spectrum

'bexhlblted an oleflnlc absorptlon at 1630 cm~! and a

nitrile absorptlon band whic¢h’ shlfted to a lower frequency

of 2130 em~l due to conjugatlon. The mass spectrum gave a
J

Amolecular ion peak of 165 1477 correspondlng to the

vr:»

formula C11H19N’» ' - o - . 1ﬂ
g The dehydratlon could also be dlrectly effected by

the yse . of dlcyclohexyl carbodllmlde (DCC) as a”

dehydrating agent. The reaction occurred readily in

refluxing ether in the presence of a trace amount of

;copper'(I) chloride.42 This'procedure was found to be

neral and seVeral acrylonltrlles (69 73) were readlly
prepared from the correspondlng B—hydroxyproplonltrlles .
(EntrieS‘2-65 in goodlyields. |

|  Other thah operational simplicity, the direct method

& ’ _
proved to be superior to the two-step sequence previously

-~

discussed 'in cases in which the products \are sensitive to
heat and/or basic conditions. For instance,_dehydration

of compound 59 w1th DCC (Entry 6) gave cleanly a single

product 73 which showed in the 1H nmxr spectrum, a broad

)
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- could further be dehydrated to give acrylonltrlle

singlet at §3.56 for the benzylic protone_and a narrowly

split triplet (J = 1 Hz) at 85.69 and a siﬁglet at §5.91

for the vinylic pfqﬂ%d";. On the other hand, dehydration

of compound 59 by the two- step sequence,'l e. mesylation

Wfqllowed by ellmlnatlon, gave a mlxture of two lsomerlc

~products 73 and 74 in a ratio of approximately 1:5.

The 18 nmr spectrum of the latter compound showed a one~-

proton 51nglet at 67 20 due to the v1ny11c proton and a

< three—proton 51nglet at 62 15 due to the vinylic methyl

group. The fo;matlon of thls compound was apparently due'

to the?lsomerlzatlon.of,the double bond of*the expected

product 73 which pcécurred by the prolonged heating with

base during the elimination step.

In summary, experimerital results showed that various

»

alkylation products and Knoevenagel—type condensation

:products derived from cyanothlolacetates 21 could be

3

vselectlvely reduced to give: B-hydroxyproplonltrlle

derlvatlves._ Monosubstltuted B—hydroxyprOplonltqlles -

&

derivatives®

‘ S -
- _:" i '
N
1 Ad ‘@
. .
e 10 SO
” o -
. \ pl L$
‘{"5} ; ; n‘ 9 . 3
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of 6sz and the cher at 583

o K )

'4. Michael Reactions of Cyanothiolacetates

In the previous sections we have described the base-
induced alkylations and condensations  of |
cyanothiolacetates. In this sectioh, the Michael addition
of the carbanlons derlved from these substrates to various

o, B-unsaturated ketones is dlscuSSed our 1n;t1al
attempts to 1nduce the addition were based~on'the wbrk
’done by Liu and Oppong,32 in which'they had extensively
studled the Michael reactions of s, S —dlethyl dlthlo—

.

‘malonate 19. Their studies showed that the_best

'eonditions for 19 to undergo(Michael reaction were by the

use of 1,4- dlazablcyclo[z 2. 2]octane (DABCO) as a base in
1,2~ dlmethoxyethane (DME) as a solvent. Slmllar |
‘conditions were initially used for'the‘preSEnt studiesJ
Table IX summarizes the results obtained using thiolester
23 as a Michael"donor.
) ‘When 2-cyclohexen—l—0ne‘(Entry 1) was‘treated with
1.2 equiv. ofothiqiester 23 at room temperature forl36,h,
the Michaei adduct 75 wes.isolated in 61% yield as a
mixture>0f two diéstereemers in equal quantity. Tue Hi
O nmr sgectrum of the mlxture showed a large 81nglet at
51.50, characterlstlc of the t-butyl group. Two doublets

of - equal intensity, one at 6§3.45 with a coupling constant

0 with a coupling constant of

‘55
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4 Hz, observed‘fo% the methine proton adjacent to the

cyaho group indicated clearly the présence of two

" diastereomers. The ir spectrum gave two strong absorption

bands, one at 1677 cm~! for the thiodlester carbonyl and
the other at 1715 cm~l for the ketone carbonyl. ‘A weak
pand at 2240 cm~l, characteristic of nitrile . group was

also displayed. The molecular ion peak at 253.1137 in the

mass spectrum was in accord with the required formula

C13H19NOZS. ‘Attempts to improve thskyield of ad@uct 75 by

modifying the reaction conditions/such as temperature and
. . i ' '/r ‘ A _

solvent (Entry 2), reaction time (Entries 4 and 5), and

I
L}

‘ratios of both reagents and reactants (Entries 3-5) were’

unsuccessful. In no éase, éoﬁld»improvement on yield be
achieved. |

Sevefal other'aLB-unsaturatéd ketones were also
examined,including 2—cyclopentéh-l—oné, triéyclic ketone
77, 3-peﬁtén-2—one, 3—methy1ene—2;nOrbofﬁéhdne; éndVB-
: : ;

methyl—3-pehten—2—one. The experimental results showed

that the conditions under investigation were applicable

s

59

only to certain cases. For instance, the Michael reaction -

with enone 77 proceeded rather weli to give a 78% yield of .

adduct 78 when DME was used as a solvent (Entry 8). When

THF .was used, a slightly improved yield of 80% was

obtained (Entry 9). However, for the ma jority of'thé

i
e L



. ‘ :
enones examined, the conditions applied, with or without

modification, were found to be rather unsatisfactory.
Yields of adducts were generally low, ranging from O-
46%. }s well, occasionally, bis-addition was observed as

in thé»casé of 3-methylene-2-norbornanone (Entry 12).

In search of adequate conditions for the Michael

7

s ..
bases (including 4-dimethylaminopyridine (DMAP), Hunig's
\& Pl

reaction,”we have examined a series of tertiary amine

base'(Ethyldiisopropylamine); N,N-dimethyléniline,
pyridine, and imidazole. Three enénes, 2-cyclohexeh—l-
.onerytricyclic ketone 77, and 3¥methylene-2fnorborpanone
were‘ﬁsed as Michael écceétors. 6ther than S«t-butyl
cyanothiolacetate (23), the correéponding‘ethyl dgriQative
24 was also used as a Michael donor for the présént

. A"
studies. Reéults are summarized iﬁ'Table X. .
” The feaction“ofis-ethyl cyanotﬁiolafetate (24) wifh'
é—cyllohexen-l—dnefwas‘used to'evaluéte the suitability of
‘the various amine basgé.w As can be s;én in Entrieg 5 and
6, N,N—dimethyianiline ana pyridine were totally |
ineffective and resulted only in the recovery of the
starting material. Of the four other ﬁases examined
.(E;tries.ls447—ﬁoné'was‘fgand to be par£icularly
effective. 1In all cases, product 92 was obtained;in poor

yields. However, DMAP (Entry 1) andﬁD?%£O (Entry 2)
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appearedito:be'somewhat superior. As a result, further

studles were centered on thése two bases., It was Arso-
‘noted that the yleld (61%) of Mlchael adduct 75 derlved
/\w/

_from S-t-butyl Cyanothlolacetate (23)\(Table IX, Entry 1)

was considerably better than the yield of‘23%'obtained for

adduct 82‘derivedffromrs—ethyl cyanothiolaCetate (24)

(Table X, Entry 2). These results 1nd1cated that the

[

?

former thlolester 23 was a better Mlchael donor. Hence%

later studles this thlolester was used excluslvely.

\

in the

s

DMAP was also effectlve to 1nduce the addltlon of

thlolester 23 to trlcycllc enone 77 (Entry 7). The yleld

S
. (74%) was found to be comparable to thattobtalned w1th

)

DABCO as. a base (Entry 8). Unfortunately, the addltlon of

thlolester 23 to 3—methylene -2- norbornanone could not. be

1mproved by the usa of thls base (Entry 9) Low yleld

r S (14%) of adducb»so wéi agaln qptalnéd as in the qase USlng
7 DABCO as, ‘a. base (Entry 10). ¥ : o

Based on these results, lt could be concluded that

‘the use of a tertlary amlne base for the lnductlon 6¥ ‘the

Mlchael addlt10h reactlons was not generally effectlve and -

alternative methods were needed
DR

1n Mlchael reactlons‘in which“the dénot-

°

Generally,

-

can also serve as a good leav1ng group, the rate 11m1t1ng

step 1n\wh1ch the new carbonhcarbon bond ‘is formed is

b . . : . . ! - .

-

-

w

*«sak

¢$ls
A
a2
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N 31

'

-

2

whlch could then be converted to the de51red

_re ersible.' The p031t10n of the equillbrlum depends, to a

large extent, on the stablllty of Ehe 1ntermed1ate enolate-

1on.35 In pr1n01ple, the equlllbrlum could be shlfted to
wthe'.’ggde of the product formatlon by trapplng the' 'f‘
1ntermed1ate enol%te ion w1th an adequate electrophlle.
As shown’ 1n Scheme IV, one such electrophlle could bF

chlorotrlmethy181lane whlch is expected to react w1€h the

/

. menolate lon rapldly to give a stable sllyl enol ether

Based on- this . pr1nc1ple a general methadd for ‘the Mlchael

(“'

reactlon was developed. Inltlally,,the Mlchael reactlon

,.

of thlolester 23 and 2- cyclohexen-l—one was eﬁfmlned in
DME at room temperature in the presence of 1midazole and,

chlorotrlmethy151lane. The results were promlslng but not
t

highly;satlsfactory.‘ After atnumber of,trlals and

modifications, 1t ‘was'. found that the best results were
By ' a )
obtainet by the uee of sodlum hydr1de as a base,

| T

chlorotrlmethy131lane as: a trapplng agent, and benzene as

a solvent. By the use of thls comblnatlon, a number of

,q‘
reactlons were: successfully explored. Results are
N : '

complled in Table XI.
,’In a typlcal experlment,'thiolester 235(1 equiv.')

was treated with l 2° equlv.o of 2-cyclohexen-1-one, o. 9

64

>equ1v.' of Chlorotrlmethylsllane and 1 5 equlv.. of sodlum .

R Y
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"hydride at room temperature for 17'h. An-86% yield of
adduct 75 wags isolated after standard aqueous work-up and

purification. In this case: and two other cases CEhirles 7

» \and 10) the normal work-—up was found & be suffltuent to
:;; o generate the ketone carbonyl from the correspondlng enol-»
ether. 1In most cases (Entrles 24% 8 and 9) however./j}mr

*’%‘51lyl enol-ether moxety was shown to be rather stable and

.. " ’k"- .
: a brlef tﬁcatmﬁhgaoﬁ the crude product with pota351um .

R ‘f""‘f

7 61uor1de ln methanol was necessary to sy

L e the'desiréd

. r‘

product.

' During the studies, it was also ngted that it was

|ty

[

important to”keep the amount of the trapping agent ' .
slightly less than that of'the'thiolester. In a number of .
experlments when an. excess of chlorotrlmethy151lane was
" used, the yleld of the product was substantlally lower,
Of the results shown 1n the Table, two cases are
partlcularly noteworthy.i ‘Whereas a11 the products
W ‘ mpossessn%g two or more chiral centers were obtalned as’
mlxtures of dlastereomers, adduct 84 was produced 'l .
surprlslngly, as a 81ngle stereoisomer in crystalllne form.
{m. p. 74 77° C) The lH rimr spectrum showed only two

‘*Eibf-f- 31nglets, One at 61 14 and the other at 61 22 for the gem-—

dlmethyl group, a 1arge singlet at 81.92° for the t-butyl

l,

group, and a afngle doublet at 63 74 w1th a coupllng




‘constant of 2 Hz for the methine proton adjacent to the
. Cyano group. pFurthermore, the‘13C_nmr'spectruh displayed
only a singie set of signals. - ' |

Ahother noteworthy case is the addition of thiolester

23 to methyl vinyl ketone (Entry 10), a highly"reactive

Mlchael acceptor.m fhe best yleld obtained for the adduct

85 was 48% when the“rgactlon was carried out in benzene at
10°C for 3 h. The'gow yleld was partly due” to the
&%gg : =

'formatlog of a bypproductn%blch was characterlzed as a

?’1W
dlastereomerlc mlxture of compound 86. 'This compound was

apparently formed : Jbls—addltlon_produot 87 involvingyan
1ntramolecular aldo; process. in order to suppress~the

‘;\,
formatzon of thlS bls-product as well as to 1mprove ‘the

' yleld of adduct 85 the reactlon was performed in toluene
: at low temperatures (640 c and°—60 C) Contrary to our

' expectation, _the yielgs 3obt_ained for the desired product

were l¥wer and an increasing amount of compound :86 to the

s

extent of 34% yield? s obtained. o : e

The reactions ,n“the thiolester. 23 with B B-
disubstifuted enones such as 3-methyl- 2—cyclohexen-1 one

(Entry 11) and a,deisubstituted enones such as 3—methy1—

-3-penten-2~one and 27methyl-2-oyclohexen—1—one were also

examined using ‘the described conditions. In all of these'
cases, no detectable amount of adduct Was'produged. These
' ' N g : o7 t

ENY
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two types of enones are known to be poor Michael aCceptors

- which do not usually undergo addition reaction with

Michael donors of low nucleophilicity, such ag malonic

43

acid derivatives. Our case was no exception,
] i

Table XI also summarizes the results of several '

Michael reactions carried out using sodium hydrjde as the

sole reagent in the afsence of dhlorotrlmethylsllane.
These experiments were performed in order to determlpe i

wheqﬁer chloxotx;methylsilane iaaeed played a role in

assisting the Michael reaction. An examinatioh of the

o .
.
~

resul€s feveais that, although‘in several caseg (Entries
l, 2, 5 and 7) the ylelds of adducts were. COmparabl

other cases (Entrles 4, 8 add 9) the adducts Were ob

&
in Substantlally ‘better yields when chlorotrlmethy1311ane

was present.'

Standard condltlons for Michael reactlon of analogous

.

donors such as dlalkyl malonate often 1nV01Ve the

K

comblnatlon of a base, such as hydroxlde and alkoxide, and

l

a protlc solvent, such as water and alcohOl 44 45 These
conditions are exPected to be 1nadequate for tne
thiolester under 1nvestlgat10n, since the thlolester is

labL;e toward these strongly nucleophlllc reagents.

R’Q

ExPerimentally, this’ was pProven to be true. When the

addition of cyanothiolester-23 to 4,4-dimeehy1_2_

72
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cyclohexen-l-one was attempteq in ethang, with Pogagsium
hydroxide at room temperature, adduct 8q _as Obtajped in a

poor yield of 19%. ‘ ‘ . *

5. -Conversion of Michael Adducts tQ B-Hy4roX¥YPro io~

nitrile and Acrylonitrile QgEiXﬁEngE

Having developed a general method for the.aQQAtién of
thiolester 23 to conjugated enones. We turned Cur ‘
attention to the possible conyersion o the adduets to| B'
hydroxyproplonltrlles and acrylonltrlleS 51nCe the
ketone carbonyl is more reaetive tewards godium ’ \

: borohydrlde than the thlolester c;}ﬁonyl jts protéctidnf
was necessary prior to the selective redLIctlon ©f the \
latter functional group-A In ‘311 the case fexamlned\ thé
protectlon was readily achieveq in the fg.pn of a ketél -
Qs1n§\stendard ketallzatlon eondltlons‘ ThU?f treatmeﬁgl
of adduCt 75 with ethylene glycol in refluxing"bénzeneA;n~

»;" o ~ the presence of p-toluenesulfopic acid wj.y contlhuous |

/removal of water gave the ketal 88 in Vipgyally

quantltatlve yield. - Subsequent reduction f ketal éB With}

. ~ | .

. : desxred alcohol 93 in 90% Yyieldq 0ver tw° stePs (Table XI11,

o Entry 1), The nmr specérum of a]-co‘“Ol 93 Show&d a o

trlplet of doublets at. 62.72 with coupling COHStahts of ll

LI

73

Y sodium Porohydride in et anol at 0°C. gave rlse to tne, ﬂ\,*i
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¥ . . »
and 6 Hz correSPOdding to the methine proton adjacent to
‘the nltrlle group. A double2 with coupllng constant of 6
Hz at 83. 82 was due to the methylene group bearing the
hydroxy unit. The ir spectrum revealed a strong
abgorption band céntered at 3450.cm‘1'duo to‘bydroxyl
. group and a weak absorptior band at 2240 cn=! due to
| nitriie grOup . A mOleCular ion peak at 2ll/lggg/in/the

mass spectrum conflrmed the requlred formula C11H17NO3' S

Under Slmllar condltlons four addltlonal Mlchael adducts

Fa ‘, g

were ketallzed and Ieduced to glve the desired ketal

‘ alcoDols in good d‘arall yields. Partlculars of these

-t ¢

experlments are summarlzed in Table XII, Entries 2- 5._
PP . : The converslon of ketal alcohols to the correspondlng -
= \ “ P

acrylonltrlxes was equal}y stra&ghtforward Both~methods

descrlbed prevlously ln Section 3 were found to. be also

)

appllcablii' DLreCt dehgdratloBZOf ketal alcohol 93 with

DCc in refluxing ether in the pfesence of a trace amount

of copper-(I) cth{lde proceeded smoothly to give a 79%

yleld of acrylonltrlle derlvatlve 98 (Table XI11II, Entry

o

1). Slmllarly, ComPOund 100 wasuprepared from the
corre;ponding alcOhOl 94 1n 65% yield (Entry 2. Similar
1H Qnmr spectra were observed for both compoUnés 98 and
S - N

' 100, 'TH ;ithexlﬂ nmr spectrum oft' 9&‘Bhowgd a slnglet at-

Biven R - 1/'

forxﬂge ketal protons, a doublet at &5. 70 (J =2 H;)

{
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’ v -
. - X e , RIS .
., Table XIII. Dehydraticn 6f<fhe ketal alcohols *w I
N~ . { .o . : . ; . . ) 12 ;
S Entry  Ketal  Method® . Time  Product - % vield
A ‘- axéoléol S (h) R
, 1. Y 93 A 16 - ¢ - 419
Q U ‘,',
2. S%a A 3 65 7,
: \\ " ' .
\_‘\‘\ ‘ 0
3 T >
| 3. s A ‘ a8 - 60 - '
\11 ) ‘\ ’ L B , ‘
"4, - 95 4B b - sg
Lo ’ . i i i
: S a / :
5. 96 - ‘A 24\ 77 .
\
o \ q
6. 97 A 21 87
o4 . - \
‘ | o o
4Method A - A direct dehydration usxng DCC (1.5 equiv ) and a trace' ’
amount of copper(I) chloride in ;efluxxng ether, : ) .
Method B - A jo-step procedure involv1ng mesylation usxhg ‘methane
sulfonyl chloride and . triethylamine followed by ellmlnation with DBU in
refluxlng benzene. . o . : !
b'I‘he time for mesylation was' 24 h and the tlme required for elimination .
was' 50 min, , S '
o o ' : :



and a broad slnglet (w1/2 = 2 Hz) at 85.82 for the. two,

. c : . . - . -
. ) L S . . o h
Vo ) - N A v ’ . )

e

.v1nyl‘c protons. ompound 100 dlsplayed the fpllowxng

: ketal protons appearqﬁ at, 63f94 as a 31nglet and
) /
two Vi yllc protons appeared gt &5 75 and<5 83 as two

’ B J &,
4doublets with coupllng constants of f\ﬂz~each.

‘Ketal alcohol 95 was converted by two dlfferent :
‘ -
methods into acrylonltrlle derlvatlve 102. Dlrect

dehydratlon wlth DCC gave a 60% y1eld of the latter
‘compound (Entry 3) Indlrectly, mesylatlon of 95 W1th

. ‘ o ,‘methanesulfonyl chlorlde and trlethylamlne 1n qﬁ
- : _ e

-
. dlchloromeﬁhane at rooqQ}emperature fOllowed by treatment

of the resultlng mesylate w1th DBU 1n reflux1ng benzene

qave the same compound in comparable yleld (Entry 4)

- ~

_Thls compound showed a slngle set of SLgnals in the 13C
nmr spectrum 1nd1cat1ng the presence of a 31ngle

‘stereolsomer. The 1H nmr spectrum exhlblted the termlnal

v1nych protons as two. doublets, ong at 65. 76 (J 2 Hz)

and the other at’65.86 (Jw 1/2 =2, Hz) Two doublet of

-doub':ts, one at - 66 10 (3 =6, 3" = 4 Hz) and the other at

- §6.34 [J = 6, J' # 3 Hz) were attrlbutable for the V1ny11c
}\\¥ jiproton of the blCYCllC r1ng system.. The ir spectrum
T.;dlsplayed an oleflnlc absorptlon band at 1630 cm'l and a
en1tr11e absorptlon band at 2220 cm ; The mass spectrum

showed ‘a molecular ion peak at 243 1256 ‘whlch conflrmed



’n1tr11e derxvatlyes and further toé/§
P

frespectlvely

'thiolester group'of the products could be selecti?ely

. the molecqlar formula C15H17N02. Table XIII also ‘;

® o
ﬁummarizes the results dbtained fqr ‘the conversions of m’p
984103, 4na’ 97104 (Entries 5 and 6). .

. Ve AW .

HaV1ng successfully completed the 1nvestlgation on

LY

the conver510n of M1chael adducts to 5—hydroxypr3plo-

|

'lonliriles, the‘

i

removal of the ketal protecting gr examlned.,

Experlmental results showed that the deprotecﬁion could be

~

\readlly achleved w1thout destrgctlon of ‘the rather lab11e

acrylonltrlle m01ety.? When“exposed.to Irtoluenesulfonlc»

acid in acetone at room temperature, both compounds 98 and
/ N N
100 were found to undergo transketallzatlon smoothly to

S

'glve ketones, 99 (81% yleld) and 101 (97%\y1e1d)

-

: In conclusion, cyanOthiolacetates,21.were“shown to

"undefgo alkylatlon with varlous alkyl halldes,J,'°

‘Knoevenagel type condensatlon w1th aldehydes and ketones,‘

tLe

3and Mlchael reactlon w1th conjugated enones. The /

_reduced (in the- case of Knoevenagel type condensatlon

-

'product, the carbon carbon double bond as we}l) w1th

.

.sodlum borohydrlde to the alcohol level.' Hence, by a two-

step sequence ‘various B—hydroxyproplonltrlles could be

ea51ly prepared ut111z1ng cyanothlolacetate as a masked 5-‘ *

1

L

[
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hydroxyp:opionitrile cq;banion_equivalent. Furthe;Tofeg

»monosubstitutedba—hydroxybtopionitriles were'readily

dehydrated either directly with DCC or indirectly via a
o s = N . o=

¥

-

;'two—stép sequéhcé,involvihg mésylation an@,climination.

 Hence,4cyanothiolacetaté can alsd® be conveniently used as

a. masked acrylonitrile unit. .

[y

P’y
o

~

w
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EXPERIMENTAL

) » . :
» Al . '
General, . - 3 *\wddfﬁ‘
N o : i'ﬁf‘", P
,\J/ﬁ;“ " .Melting points were determinefl. g AN ‘hot stage

apparatus and gre,Unéorrected. Elemental analYyses were
» * . ah

' performequy the microanalytical laboratory dfotﬁis'l
department. Infrared (ir) spectra were recorded on a

Perkih%Eihgr model 457 or_Nicdlet 7-199'FT—IRV
'rspectréphgtometér. ‘Unlesé‘bthér;ise stated,-ir éqpples

were run:as‘ﬁhin~£i1ms.J Pr&toﬁ nuélear‘mégnetié fésonance
(1n hmr5 spectra were ;écorded On'avVarian HA-100, HA-
100/Digilab, Bruker;wHABO; Bruker WH-200 and WH-400

\ , - : o e ‘ ,
séectfometers<and, except where piherwisevstated, were

ENY

bbtained on solutions in deuterochloroform with

-

'tetramethylsilané.as internal refer#nce; ‘Carbon-13
‘. ’ b ‘/ ' ’v, -
puclear magnetic resdnance (13C nmr) spectra were recorded
= : L ' .
on a Bruker HFx-90/Nicolet 1085 :system or Bruker WH-200

and WH-400 spectrometers and were obtained on solutions in

deuterpchloroform,using tetfamethylsilane as internal

a
0y

" reference. The following abbreviations are used: s =

singlet, 4 = doublet, t = ériplet, g = guartet, m =

multiplet and br = broad. Mass spectra (ms) were recorded °

o

a . . . -

.82. - | \




EA‘

i C

using A.E.I. model MS9, MS12 or MSSO mass\spectrometers.

‘ Concentrat{ons of solvent systems used_}n column

‘chromgtography are‘givén 5y.volumes, e.g. 10% ethyl.

acetate in petroleum ether meaﬁs iO dérts»ethyi acetate by
. ‘ | .

volume to 90 parts petroleum ether by volume.

:

Materials .
- . 3

Ca

Ether, benzene and 1,2—dimethoxyethane used for

L

‘¥eaotions were freshly .distilled from 1i£h{gm aluminum
. . .
hydride. Toluene and ethyl acetate were distilled from
calcium hydride. " Absolute ethanol was obtained by
Mg, B

distilling 98% ethanol overtmagnesium turnings in the /

presence of few crystals of iodine. Argon was passed
throﬁgh a purification train of Fieser's SOlution{46

concentrated sulfhric acid, and potassium hydroxide

° [

pellets. ;giiicé gel, 0.040-0.063 mm particle size, 230-
400 mesh XSTQ) was used as adsorbent for flash
chromatography,47 énd siliqa gel, 60—120,meéh, was used as
adsorbent for column chromgéggrabhy. Thin-layer T~

chromatographyawas”garf{ed out\hsing Merck silica gel G

(type 60). Unless otherwise stated, a§hydrous magnesium

Ssulfate was used for drying organic solutions.

Commercially available sédium hydride (50% dispersion in

-

0il) was used without further washing.

v -
. o



-

Commércially available methyl vinyl ketoneé 2-
cyclohéxen-l—bne, trans—3—pen£en—2—one, 2-cyclopenten-1-
one, 3-methylene-2-norbornanone, and chlorotrimethylsilane
were diétfllad before use. S-Benzyl, S-ethyl, and S-t-
butyl ¢yanothiolacetates-were prépafed according to the
m;thod of Liu and Sabesan.16 4,4-Dimethyl-2r-cyclohexen-1-
one was prepared by the method of Djérassi.48 6-Metﬁyl—2—

cyclohexen-l-one was ‘prepared according to the procedure

of Stock and White.4? cis-Tricyclo[5.2.1.02/%]deca-4, 8-

- dien-3-one 77 was prepared by the method of Alder and

Flock.SO

S-BenzYlv2—benzyl—2—cyano—31Ehenylthiolpropionate (25)

- To a solution of S—benzyi éyanothiolacetate (22) (500
mg, 2.62 mmol) in,1,2-dimethoxyethane (10 mL) stirred at
0°C, was added sodium hydride (56% dispersion jn oil; 280
mg, 6.54 mmol), The mixture was stirred for 10 min‘ﬁnder
an afg n étmOSph;;e. A ;olution of benzyl bromide (9.78

mL, 6.54 mmol) in 1,2+dimethoxyethane (1 mL) was added

\

IS

dropwise via a syringe and the mixture stirred for 7 h at
Jia g ‘ }

room temperature. The reaction mixture was poured into

ice-cold 1N aqueous h;drochloric acid, extracted with

.¢chloroform (4 x 20 mL) and washed with saturated aqueous

sodium chloride solution. The combined extract was dried,

v

84



filtered, and concentrated. The crude préﬂuct was

/ﬁS

chromatographed on silica gel eluting with 50% benzene in

petroleum ether to givé dibenzyl derivative 25 (869 mg;
\

B9% yield): m.p. 103-105°C (benzene-petroleum ether); lH

nmr §3.00 (A4 2H, J = 14 Hz, 2x -CHHPh), 3.35 (d, 2H, J =
14 ‘Hz, 2x -CHHPh), 4.00 (s, 2H, -S-CHp-Ph), and 7.22'(6.
1OH, aromatic protons); ir (éHc13) 1659 (c;o) and 3020-
3100 cm~1 (afématic);'ms Mt 371.1340 (calcd. for L
Ca4Hp1NOS: 371.1344). Anal. Calad, for CpaHp NOS: C,

77.63; H, 5.66; N, 3.77; O, 4.31; S, 8.63. Found: C,

'77.85; H, 5.66:; N, 3.76; O, 4.56; S,\8.55.

*

S-Benzyl l-gyano-cyclohexané—l thiocarbo#yléte (26)ﬁ
. | i} X .

A solution of cyanothiolester. 22 (502 mg, 2.62 mmol)
.a;d 1,5-diiodopentane (0.47 mL, 3.14 mmol) in 1,2-
dimethoxyethane (20 mL) wés stirred at 0°C ﬁnder an argon
atmosphere‘forils min. Sodiuﬁ.hydride (50% dispersgon in
oil; 280 mg, 5.83 mmol ) was?adéed rapidly and-miXture'
conﬁinuéd stirring at room tempefature for 31.5 h. The
reactio?.mixtqreiwas popred into ice-cold 1N aqueous
hydrbchldric acid solution and the resulting mixture

. a .

extracted with dichloromethane (4 x 10 mL). The extracts

were washed with saturated sodium chloride solution,

 combined, dried, filtered, and concentfated.f Column



t chromatography of the crude ppodbct uaing 40% benzene in
petroleum ether as an eluent gavé the pure CYCllC compound
26 (209 mg, 31% yigld): 14 nmr 61.00-2.00 (m, 10H,:
-(EHZ)S), 4.13 (s, 2H, is—cnz-gh)n and 7.26 (m, SH,
aromatic protons); ir 1685 (c=0), 2240 (CEN),~and 3020~
,5060 em=l (aromatic); ms M* 259.1027 (calcd. for

,C15H17NQS: 2'59.1031).

-~

S-Benzyl 2-butyl-2-cyanothiolhexanoate (28) and S-benzyl

2-cyanothiolhexanoate (27)

A mixture of 'S —benzyl cyanothlolacetate (22) (496 g
2.60 mmol) and sodium hydrlde (SO%kdlspér51on in oil; 125
mg, 2.60»mmol) in l,2~d1methoxyethane (10 mL) was stirred
at60°C under an étmobphere of argon for 15 min."gr
Butyliodide (0.3‘mL, 2.60 mmol) was addedldropwiqg by a .
syringe and the mixture stirred for 22 h at room ‘
temperaturé; Ice-cold 1N aqueous‘hydrochloric acid
solution was added and the resufting mixturé extracted
vwith chloroform (4 x 20 mL). The extracts were washed
with saturated aqueous sodium chloride solution, combined,
‘dried, filteréd, and concentrated. Purification of the

re51due on silica gel column chromatography (50% petroleum
Q

ether in benzene) gave ‘the dibutyl compound 28 (210 mg ;

27% yleld) 14 nmr 60.88 (t, 6H, J = 8 Hz, 2x -CH3), 4.18

@

P
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(s, 2H, -SCH,-ph), .and 7.28 (m, 5H, aromatic protons); ir
1605 (aromatic), 1680 (C=0), 2220 (C=N), and 3040-3100
cm~! (aromatic); ms M* 303.1657 (calcd. for CygHy5NOS :
303.1657).

Further elution'with the same solvent system afforded
the mono—qlkyliderivative 27 (212 mg: 23% yield): 14 nmr
50.92 (t, 3H, J = 6 Hz, -CH3), 3.60 (t, 1H, J = 4 Hz,
-éHCN), 4.20 (s, 2H, -SCHy-Ph), and 7.30 (m, 5H, aromatic
‘protons); ir 1600 (aromatic), 1675 (Cc=0), 2220 (C=N), and
3040-3080 cm~1 (afpmatic); ms M* 247.1018 (caléd; for |
C14H17NOS: 247.1031).

Further elution with 40% petroleum ether in benzene
afforded the unreacted thiolester 22 (38.4 mg; 8%
recovery).

S-Benzyl 2-cyano-2-isopropyl-3-methylthiolbutanocate (30)

and S-benzyl 2-cyano-3-methylthiolbutanocate (29)

-

S—ﬁenzyl’thiplester 22 (515 mg, 2.69 mmol) was
dissolved in 1,2-dimethoxyethane (10 mL) (freéﬁiy
diétilled) and solution cooled to 0°C.° Sodium hydride
‘(50% dispersion in o0il; 194 mg, 4.04 mmol) was added and
solution stirred for 10 min under an argon atmosphere.
Then, 2-iodopropane (0.27 mL, 2.69 mmol) was added -

. . ¢ . »
- dropwise via a syringe, and mixture continued stirring for
——
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SOq at room temperature. The reaction mixture was

quenched with ice-cold 1IN aqueous hydrochioric acia ) !

solution, washed with saturated -gdium chloride solution,

and extracted with dichloromethane (4 x 20 mL). Extracts

were combined, dried, filtered, and concentrated. Colufn

chromatog;aph& Of the residue on silica gel eluting with

50% benzene in petroleum ether gave the following products

in érder of elution from column. Dialkylated product 30

as a colorless oil (40.2 mg; 5% yield): IH nmr 61.03, \

1.10 (both d, 6H each, 7 Hz each, 2x (CH3)2), 4.32 (s, ZA,

-s-cﬂz—Ph),‘and 7.30 (m, 5H, aromatic pkotons); ir 1680

(c=0), 2240 (C=N), and 3040-3100 cm~! (aromatic); ms M*

275.1347 (calcd. for CjgH, NOS: 275.1344). Monoalkylated

proddct 29 ag a colorléss oil (146 mg; 23% yield): 14 nmr

61.09, 1.16 (both 4, 6H, 3 Hz each, ;CH(CH3)2), 3.58 (4,

1H, J = 6 Hz, —éH-CN), 4.30 (s, 2H, -S-tH,-Ph), and 7.44

(m, SH, aromatic protons); ir 1675 (C=0), 2240 (C=N), and

3040-3100 cm~l (aromatic): ms'M* 233.0877 (caled. for

Cl3HsNOS: 233.0874). ‘
Fu;ther elution with 40? petroleum ether in benzene

"afforded the recovered starting thiolester 22 (117 mg; 23%

recovery).
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Sfthutyl 2¥cyanb—2?allyl—4;thiolpentenoate (31)"

'jsyrlnge and mixture stlrred for 3. h at room temperature.'

A solutlon of cyanothlolester 23 (488 mg, 3.1l1 mmol)

and sodium hydrlde (50% dlsper51on in 011- 373 ‘mg, 7.78

/

mmol)-1n_1,2fd1methoxyethane (10 mL) was stirred at‘OfC

- for 104min under an argon atmoephere. ‘Then 3-bromo-

g

propene (0;67 mL, 7. 78»mmol) was added slowly via'a'

v

The" reactlon mlxture was then quenched wlth ice- cold water

‘and poured 1nto a 1N aqueous hydrochlorlc acid and

extracted with dlchloromethane (4 x 20 mL). The extracts

were washed with saturated sodlum chlorlde solutlon and :

“organlc layer was drled flltered and concentrated “The

'crude product was chromatographed on silica gel w1th 108

ethyl acetdte in petroleum ether as an eluent to glve the

diallyl derivative 31 (508 mg; 69% yield): 1H;nmr 51.50

(s, éH,'—c(cH3)3), 2.48 (ad, 2H, J = 14 Hz, J' = 8 Hz, Hg

and Hc),. 2.68 (dd, 2H, J = 14 Hz, J' = 8 Hz, Hp and Hg).

5.23 (a4, 2u, J ='17 Hé,,J' = 2 Hz, Hé and Hj), 5.24 (ada,
- 2H; 3 = 11 Hz, J} = 2'Hg, J"°-:1 Bz, Hf and Hg), 5.80 |
‘(ddt;nZﬁ, J =16 Hz, J' =11 Hz, J" =.7 Hz, hj and Hk)/ 1r'-'>

'1675 (C O),7224O (C‘N), and 3080 cm'1 (olefin stretch) ‘ms

+ -56 181.0559 (calcd. for CgH;1NOS: 181.0561). Anal..

Caled. for Cjy3H1gNOS: " C, 65.82{ H,18.02; N, 5.91}‘0,
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6.75; S, 13.50. ‘Found: C, 65.97; H, 8.22; N, 5.85; o,
6.80; S, 13.38. - | |

4

S{E;Butyl 1-cyano—cyclohexaueﬁl—thiocarbOXylic acid (32)

A/ Using sodium hydride asﬁa base

A solution:of cyanothlolester 23 (499 mg, 3. 18 mmol)e
and sodlum hydrlde (50% dlsper51on in oil; 336 mg,,? 00
mmol, in tetrahydrofuran (10 mL) was stlrred at 0°C under/‘
an argon atmosphere\fqr ;5 min. A drOlese addition of
.l,S—diiodopehtane (0.56 mL, 3.82 mmol) was followed and
mlxture stlrred for 30 h at room temperature The mixture

was then quenched with 1N aqueous hydrochlorlc ac1d

AN
solutlon, extracted w1th dlchloromethane (4 x 20 mL) and
the extracts washed~wtthvsatu;ated sodium chloride
solution.{ Extfaéis were»compihed,ldried, filtered,‘and:
COhcentrated. The iesidue‘was subjected te.eolumn
‘chromatographj‘by eiution with 50% benzene in petrbleum\
~ ether to give the cielic compound 32 (377 mg;»Sé%‘
yield). One reéryStallization from petroieuﬁ ether
afforded- pure white crystals (m p. .35-36°C): lH nmr 61.56
(s, 9H, —C(CH3)3), 1.60-2.00 (m, 10H, —(CH2)5—),.1r
(CHCl3) 1680 (C=0) and 2240 cm™! (C2N); ms M* 225.1178
(calcd. for CjoHjgNOS: 225.1187)., . - .

Further elution with 40% petroleum ether gave

—_—



" unconsumed thlolester (100 mg, 20% recovery).

Bf' USLng llthlum t-bytox1de as a base

To a solution of cyanothioleSter 23 (502[mg, 5.20;
mmol), llthlum t- butox1de (563 mg, 7.0§ummol) and
hexamethylphosphoramlde (HMPA) (1,22'mL, 7..04 mmol)'in
tetrahydrofgran‘(lo mL) at»O C with stirriné,‘was added
‘1,5+diiqdopentane (O.57‘mL,t3.84 mmoi); After the'mikture
had been'stirreddfor 17 h at room tehperature under an
?argon atmosphere, ice?cold iN’hydrochloric aoid solution

~

was added, extracted with dlchloromethane (4 x 20 mL» and
the extracts,washed w1th saturated sodlum chlorlde
solutioh; Similar. purlflcatlon as in method A afforded

the cycllc compound 32 (552 mg, 77% xleld) Spectral

results (1H nmr and 1:) were 1dent1cal to those obtalned

by method A (vide supra).

S-t-Butyl 2-butyl=-2-cyanothiolhexanoate (34) and S-t-butyl

2-cyanothialhexanoate (33)

A. From l-iodobutane-

At O‘C a solution Of oyanothiolester 23 (500 mg,
3 18 mmol) and 11th1um t- -butoxide (407 mg,'S 09 mmol) in.
dry tetrahydrofuran (10 mL) was stirréd under 'an argon

‘atmosphere for 10 min. HMPA (0.95 mL; 5.43 mmol) was

d

oy

.

3
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added via a syrlnge followed by addltlon of 1= 1odobutane
‘ (O 58 mL, 5 09 mmol) and mlxture contlnued stlrrlng at 0 9

?

for 72 h The reaction was quenched with ice-cold 1N
agqueous hydrochlorlc ac1d solutlon The organlc laYer
nextracted with dlchloromethane (4 x 20 mL) and the
extracts washed w1th saturated sodlum chlorlde solutlon.
_The comblned extract waSJdrled flltered ’and
-concentrated " The crude olgy product was chromatographed
%\s:.llca gel by flash column chromatography, by elutlng
with 40% petroleum ether in benzene to dgive the dlalkyl
thlolester 34 (540 mg, 643 yleld) 14 nmr s0. 94 (¢, 6H, J
=6 Hz, 2x ~CH3), 1.50 (s[l9H,c—c(CH3)3), 1.40-2.20 (m,
O12H, 2x —(CH2)3—); ir 1680 (C=0). and 2250 cm'l (C:N) ms”
»M¥18‘287,(ca1cd;~foer15H31Nzos : 287.2157) |
. “Further elutlon with the same solvent system gave the

2 monoalkyl thlolester 33 (137 mg; 20% yleld); lH~nmr 60.94

e, 34, J = 6 Hz, -CH3), 1.50‘(s, 9H, -C(CH3)3), 3.50 (¢,

1H, J -= 7;Hz, —éH—CN); ir 1690°(C¥O) and 2250 cm'} {a=N);
ms* M+18 231 (calcd. for 011H23Nzos+' 231.1531).
Further’ elutlon w1th the -same solvent: syste afforded

~theé unreacted thlolester 23 (65.06 mg; 13% reco ery),

N i /

Chemlcal 1on1zatlon mass spectrum u51ng NH3 as’ a
carrler gas.



"1n method A (V1de supra)
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B. ‘From l-bromobutane.

At 0°C; a solutlon of thiolegstk 4 23 (498 mg,-3.17
mmol) and llthlum t-butox1de (406 mg, 5 ,07 mmol) in dry .

tetrahydrofuran (lO mL) was_ stlrred under an argon‘

(3

4atmosphere ﬁér 10 mln. HMPA. (0,85 mL, 5.07 mmol) was

~—

added slowly and after 10 min followed py addltlon of 1--
bromobutane (0 54 mL, 5.07 mmol) dropw1se via a syringe.
“The mixture was stlrred for 38 h at O C and quenched w1th’
,1ce—water.~ thractlon and purlflcatlon were carrled out
as invmethod A, whlch gave the dlalkylated compound 34
(175 mg,n20% yleld), and the monoalkylated compound 33,rf
(170 mg; 25% yleld)\\\Startlng material 23 (190 mg, 38%

recovery) was also obtalned\ Spectral data (1H ‘nmyr and

'1r) of these compounds were 1d\htlcal with those reported

i

c. From 1—chlorobutane

At O° C, a solutlon of cyanothlolester 23 (49 \mg,
.3‘18-mmol) and lithium t—butoxlde (657'mg, 8.27. mmol) in
tfreshly dlstllled tetrahydrofuran (10 mL) was stlrred
under an argon atmosphere for 10. m1n.--HMPA (1 44 mL, '8.27
mmol) was added and after 10 min, followed by addltlon of
- chlorobutane (O 86 mL 8.27 mmol) by means of a
syrlnge. The mlxture was heated to reflux for 32 h. -

: Isolatlon and puriglcatlon were carrled out as 1n method
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‘A. 1buty1 derlvatlve 34 (11 mg; 0.6% yleld), monobutyl

der1vat1ve 33 (241 mg ; 36% yleld) and unreacted thlolester
23 (192 mg, 61% recovery) were obtalned. The‘IHunmr

A )
spectra for all these compounds were 1dentlcal with those.

already reported in method A (v1de supra).

‘ ‘ o N
S-t-Butyl 2fbenzyl—2—cyano—3#phenylthiolpnopanoate (36)

and S-t-butyl 2écyano;3—pheny1thiolpropanoate‘(35)_

%

A. U§1ng lithium t—butox{g; as a base - -'\\'

..
kA

A solutlon of cyanothﬁolester 23 (508 mg, 3 23 mmol),

lithium E:butox1de (285 mg, 3.56 mmol)‘and HMPA (0.62 mL,

3.56 mmol) in freshly distilled~tetrahydrofuran (10 mL)

_was‘stirred for 10 min at Q°C§ Benzyl bromide (0.42 mh,
3;56‘mmol) was'added drdpwiSe;Xig_a syringe. hAfter-ﬁhe_
mixtnre had been stirred for\4 daye'at rooﬁ temperature ¥
under-anhargon atmosphere} ice-coldle aqueous o
hydrochioric acid\SOlution.was added.  The organic'layer-
‘yas extracted with dichloromefhane (4 x 26 ML) and ‘
extractavwaehed'with saturated.iPdium chloride sOlntioh.
The'extraccs were combrned dried flltered “and
conCentraﬁed. Purlflcatlon of the crude materlal by .

:\\

column chromatography on silica gal (50% benzene in.

- petroleum ether) followed by multiple*development
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; ‘crystals~ m, p. ‘92— 95 c (ether),

preparatlve thln layer chromato raphy afforded the

1

dlbenzyl derlvatlve 36 (552 mg, l% yleld) as pure whlte
1y nmr 61.34 (s, OH,
—C(CH3)3)' 3.00 (d, 2H, = 14‘Hz,\2x -qu?h); 3.37;(8;
2H, J = 14 Hz, 2“,“Cﬂﬂ?h)' end 7.3 A(erﬂiﬁﬁT‘gromatic
'p;otons)6'13c ﬁmr'5195;4r*136.1, 1‘4,;f 13337;‘132‘4'
136.3, 129.1, 128.6, 127.9, 127.6, 126.6, 124.%, 118.8,
59.1,. 43,6 and -34.4; ir (cnc13) 1610 (aromatlc). 1670
(C O), 2240 (C—N), and 3040-3100 em—1. (aromatlc), ms M*
+337.1502 (calcd. for Cp1Ho3NOS: 337.1500).» Anal. Calcd.
Vfor%C21H23Nos: ;c, 74.74; H, 6.88: N, 4;15} 0, 4.74: S,
9.48. Found: C, 74.78; H, 6.83; N, 4.1¢: O, 4.78; S,
9.30. S |
: K N
- Further elutlon w1th the same solvent system gave the

\mooz/enzyl derlvatlve 35 as a llght yellow oil (129 mg;

n

16% yield): 1H nmr 61.48 (s, oH, -C(CH3)3), 3.20 (d, 1H, J

= 8 Hz, -CHH-Ph), 3. 23 (d 1H, J_='6 Hz, —cngfph); 3.70
b(dd, lH, J = 8 Hz, J‘ = 6 Hz,'—EHCN), and 7.31 (m,* 5H,
aromatlc protons) ir 1685 (C—O), 2250 (éEN); and 3040~
3060 Cm"1 (aromatlc), ms. M+ 247 1026 (calcd for.
ClaH NOS:  247.3544). |

Furtheg elution with thé‘same solvent system gave the

LY

unconsumed thiolester'23'(47.56'mgy 9% recovery).

95



96
/

/ .
I M

B. Using,lithium hydride as a base

To a soldtibn of cyanothiolesi€r 23 (500 mg, 3.18
mmol) in freshly distilled%te ydrofuran (10 mL) at s
-5°C, was added llthlum hydride (43 mg, 5. 41 mmol)
followed by HMPA (0.94 mi, 5.41 mmol) with stirring under
an argon. atmosphere. + Benzyl bromide (0.64 mL, 5741.mmol)
‘was added drOpwise'xiE_a syringe .and tne mixture stirféd
for!/ 26 h at‘—5°C. The usual work—np and purification as "
' ;n method A afforded the follow1ng compound5 in order of
4chromatographlc separatlon.. The dlbenzyl derlvatlve 36
5(547 ng ; 463 yleld), the monobenzyl derlvatlve 35 (196 mg;
17% yleld), and the unconsumed thlolester 23 (93 mg; 19%

recovery). The 1H nmr spectra of these compounds were

1 ‘-

v 1dent1cal w1th those obtalned by method A (v1de supra)

3 N »u

N -

S<t- Butyl 2—cyano 2- 1sopropy1 3-methylthlolbutanoate (38)

and s —butyl 2-cyano- 3-methy1thlolbutanoate (37)

A

A. From'?-iodopfopane

2

A solutlon of cyanothlolester 23 (456 mg, 2. 90 mmol)
- and lmthlum - butox1de (680 mg, 7 25 mmol) 1n freshly
: dlStllled tetrahydrofuran (10 ml ) was-stlrred-under an

: & - o .
argon atmosphere at 0 °C for 10 min. HMPA (1.26 mL,  7.25 -

mmoif waa added followed by dropwise addition of 2- : \
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iodopropane (0.72 mL, 7:55 mmo1l) and the mixture stirred
for 48 h at 0°C. ,Jce-cold 1IN aqueous hydrochloric aciad
solution was added and the organiérlayéf extractea with
dichloromethane_(4 x 20 mL) and the extracts Qashed with

saturated sodium chloriﬁe solution. The extracts were

%

-

combined, dried, fiitered, and concentratedﬁ The crude
material was purified by‘sﬁlica gel column chromatograéhy
using 20% petroleum ethefvin benzene as”an eluent to give
the diisopropyl thioles;er 38 (60 mg; 9%-yield): 14 nmr
51.06 (4, 6H, J = 8 Hz, (CH3)2CH—), 1.22 (4, 6H, J = 8 Hz,
(CH3),CH-), 1.50 (s, 9H, -C(CH3)3), 2.30 (m, 2H, 2x
(CH3)2Q§7); ir 1680 cm™1 (C=O);“ms Mt - 60 181.1831
(calcd.\for_C12H23N5 181.1830). "

Further elution with the same solvent system gave the
'moﬁbisopropyl tﬁiolester 37 (285 mg; 49% yield)i 14 .nmr
51.10 (d, 6H, J = 6 Hz, (CH3) 5CH-), 1;50 (s, 9H,
ac(cH3)3); 2.10-2.50 (m, 1H, (CH3)2QQ;), 3.37 (4, 1H, J =
6 Hz, FéHCN): ir i690 (C=0) and 2250 cm~} (CEN); ms*‘M+18
217 (calcd. for clOH21N205+= 217.1375). |

Fu;ther'elution with the sdme-sqlvent systéh;afforded

the unreacted thiolester 23 (l39\mg;‘30%'récovery).

* - . . . ‘
Chemical ionization mass spectrum using NH;5 as a
carrier gas. - ’
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B. From 2-bromopropane
p _
A solution of S1E;buty1'fyanothiolacetate;(23) (250

mg, 1.59 mmol) and lithium.gfbutoxide (318 mg,\3.98 mmol) '/
in‘freshly distilled tetrahydrofuran (10 mlL) was siirfed v
under an argon atmosphere at 0°C for 10 min. HMPA (0.69

mk, 3.98 mmol) was added followéq by droinse addition of
2-bromopropane (0.37 mL, 3.93"mmol) and.the mixture |

stirred for 15 h atvfoom teﬁperatsre. Usual worﬁeup anq
pu:ification as in method A afforded the diisopropyl
‘derivagive’38 (17 mg; 4% yield), the ménoisoprppyl_\

derivative 37 (163 mg; 52% yield), aﬁa‘EPe~hnreacted

thiolester 23 (89 mg; 35% recovery). The 1H nmr spectra . . -.

for all these éohpounds were identical with those of

previously. reported_c%mpounds in method A (vide supra).

C, From 2—bromopropahe at refluxing temperature

The procedure was the same as in method Brexéept tﬁe o
reaction was heated ag‘refluxing‘ﬁéﬁpéféture for SIh. The
products were obtained as”follaws after column
chromatography: the diisopropyl derivative~38 (24 mg; 6%
yield5; the monoisopropyl defivative 37 (130 mg; 41%
yield); the unfeactgd_thiolester 23 (64 'mg; 25% |
reéoveryhl Thevlﬁiﬁmr;3§ectravfor all these compounds

"~ were identical as have already been reported in method A

(vide supra). g . _ : }

24
Fa
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Sﬁngutyl 2-cyano-2-octylthioldecanocate (40) and S-t-

butyl 2-cyanothioldecanoate (39)

A. Using lithiumlgnputoxide as a base

| A solution of cyanothiolester 23.(400 mg, 2.55 mmol )
and lighium_&;putoxide,(225 mg, 2.81 mmol) in freshly
- distilled tetréﬁydrofﬁrqn‘(lo mL) was stirred under an
argon atmosphere at 0°C for 10 min. HMPA~(6.49'mL, 2.81
mmo 1) was_addedrfollowed by dropwise addition of n-octyl
bromide (0.48 mL, 2.81 mﬁol) via syringe. The mixture was
stirred at 5°C for 40.5 h.’ Ipe—cold 1N aqueoqs>
_hydrochioric acid solution was added and the QnganicAlayer
extracted with dichlo;ométhane (4 x 20 mL) and the
extracts washed 'with saturated'sodium chloride solution.

The tombined extract was dried, filtered, and

concentrated. The residue was purified by silica gel -

flash goldmn chropatography using 40% benzene in petroleum -

ether as an eluent to give the dioctyl derivative 40
(20.56 mg; 2% yield)é 1H nmr 60,85 (brt, 6H, J = 6 Hz, 2
« CHg), 1.20-2.20 (m, 28H, 2x-(CHy)7-), 1.46 (s, OH, |
—-C(CH3)3)_,'“ ir i680 em~1 (C=0); ms M+'38’l.3040 (éaicd, for

| Cp3H43NOSi  381.3065).

99
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Further elution with the same solvent system gave thé

monooctyl derivative 39 (77.56 mg; 11% yield): H nmr
160.88 (brt, 3H; J = 6 Hz, -CH3), 1.20-2.10 (m, 14H,
—(CH;)7 ),-1 50 (s, 9H, —-C(CH3)3), 3.48 (v, 18, J = 7 Hz,
-Cu- -cN); ir 1685 (C=0) and 2260 cm =l (c=N); ms MY ~57 N
212.1109,(ca1cd. for C;,H;gNOS: 212.1109).

Further elution with 40% petroleum ether in benzeneﬂ
afforded the unconsumed thioiester 23. (328 mg; 82%

recovery).

B. Using lithium hydride as a ‘base

z

To a solution of S—t;butyl cyanothiolacetate'(23)

(498 mg, 3. 17 mmol) in freshly dlStllled tetrahydrofuran
‘(10 mL) was added lithium hydrlde (30 mg, 3.80 mmél) at
-5°C under an argon. atmosphere. HMPA (0.66 mL, 3.80 mmol)
was added folldwed by dropwise addition oflgfoctylbromide
(0. 66 mL, 3.80 mmol) via. a syrlnge. ﬂft%f stirring at
-5°C for 48 h, the-reactlon ‘mixture was worked up and
pfbducts isolated as described in method A, The dioctyl
'.deriv3£ive 40.(25 mg; 2% yield), tﬁe monooctyl derivative
,39 (230 mg; 27% yield); and the unreacted thiolester 23
(255 mg; 51% récbvery) were obtained. The 1 nmr spectfa

of all these compounds were identical with previously

reported cohppunds as described in method'A (vide supra).
Lo . : \ :

-

°



S-t-Butyl 2-benzyl-2-cyano-4-methylthioclpentanocate (42)

To a solution of 2-cyano-4-methylthiolpentanoate 41
(182 mg, 0.85 mmol) in 1,2-dimethoxyethane (10 mL), wasv
added sodium hydride (50% dispersion in oil; 40 mg,. 0.85‘
mmol) and hixture stirred at 0°C under an argon atmosphere
for lb min.; Benzyl bromide (O.lq mL, 0.85 mmol) was added
slowly via a syringe. Afteréthé‘miiture had been stirred
fqr 9.5 h at room tgmperature, ice-cold 1IN aqueous
hyﬁ%ochloric acid édlupion was added and extracted with
dichlofamethane (4 x 20 mL). The extfacts were’washed
with saturated solution 6f'66dihm chloride,’dried,
filtered, and-concehtratealin vacuo. The crude product
. was purified by éistillation (50°C/1 torr) to give a
yellowish o0il of compdund 42 (218 mg; 85% yield): IlH nmr
50.94 (d, 3H, J = 6 Hz, isopropyl CH3-), 1.03 (d, 3H, 3 =
6 Hz, isopropyl CH3-), 1.40 (s, 9ﬁ,A—C(CH3)3), 2.92 (4,
1M, J = 14 Hz, -CHH-Ph), 3.20 (d, 14, J = 14 Hz, -CHH-Ph),
- 7.30 (m, SH,'ar§matic protoﬁs): ir' 1580, 1620 (aromatic),
. 1690, (c=0), 2260 (C=N), and 3010—3100'cm'1‘(aromatic); ms

M+A3b3.1651'(ca1cd. for C)gHpgNOS: 303.1657).

al
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trans-S-t-Butyl 2~-cyano-2-ethyl-5-phenyl-4 thiolpentenoate

(44)

Cxanothiolester 43 (139 mg, 0.51 mmol) was dissolved

in 1,2-dimethoxyethane (10 mL) and stirred at 0°C under an

'~ argon atmosphere for 5 min. Sodium hydride (50%

dispersion in oil; 24 mg, 0.51 mmol) was added and afteér
10 min, followed by addition of ethyl iodide (0.04 mL,
0.51 mmol). After stirring for 22 h a£ room temperature,
the mixture was poured into ice-cold 1IN aqueous
hydrochloric,acid splution}and extracted with
dichloromethane (4 x 20 mL).and the organic layer washed
again with saturated sodium chloride solution. 'The
combined extract was dried, filtered, and concéntrated.
Flash column chromatodraphy of the residue on silica gel
using 10% ether in petroiéum ether as_an eluent gave

dialkylated product 44 (103 mg; 66% yield): 14 nmr 61.10

-51
(
(dq, 2H, J = 22 Hz, J' = 7 Hz, CH3-CHp-), 2.74 (m, 2H,

(¢, 34, J = 7 Hz, CH3-CHjp 1.49 (s, 94, -C(CH3)3)., 1.96

allylic -CH,-), 6.18 (dt, 1H, J = 16 Hz, J' = 7 ‘Hz,

PhCH=CH-), 6.56 (br 4, 1H, J = 16 Hz, PhCH=CH-), and 7.30
(m,‘SH, aromatic protons}; ir 690, 745 {monosubstituted
benzene), 1670 (C=0), 2240 (C2N), and 3040-3100 cm™
(aromatic); ms Mt 301.1485 (calcd. for C,gH,3NOS:

301.1500).
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trans—SﬁE}Butyl 2—cyan042—ailyl—5—phenyl—4 j

thiolpentenoate,(45f L

Cyanothlolester 43 (103 mg, 0 37 mmol) was dlssolved
in. 1,2~ dlmethoxyethane (10 mL) and’ stlrred at 0°C under .an .
argon atmosphere for 10 min followed by addltlon of sodlum
hydride (50% dlspersron in’ 011~ 21 mg, 0.42 mmol). ~After
10‘min stirring 3-bromopropene (0.04lmL,‘O.44>mmol) was |
added and etirred for 16 h-at rooﬁ temperature.- Iceecoid
1N aqueous hydrochlorlc acid solutlon ‘was added and the
organlc layer extracted ;1th dlchloromethane (4 x 10 mL )
‘and the extracts washed with aqueous sodlum chlorlde
‘301ution. The - comblned extract was drled flltered and
concentrated The res1due was chromatographed on 5111ca
gel (20% ethyl acetate/petroleum ether) to afford compound,
45 (53,94 mg: 54% yield): lH nmr 61.44 (s, 9H, -C(CH3)3),

2.50-3.00 {(m, 4H, allylicvprotons,-unresolved), 5.24 (dd,

1H;.Jv= 16 Hz, J' = 2'H;,~vinylic proton Hy), 5.26 (44,
lH,,g = lO<Hz, J' =2 Hz,ivinylic proton Hb),45.82‘(ddt,
1H, J = le.Hz,aJ"a_ib Hz, J" =7 Hz; vinylic proton Hc),
6.16 (dt,'iH, J =16 Hz,,Jf = 7 Hz, vinylic proton Ha).

6 55 (br 4, 1lH, J = 16 Hz, vinylic proton He), and 7.32

(m, 5H »aromatlc protons) ir'1605v(@=c),‘1670 (c=0),
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1750-1785 (overtones), 2240 (C=N), and 3040-3100 cm~l
(aromatic): ms M* 313.1495 (calcd. for CjgqHp3NOS:

313.1500)-.

SfE;Butyl'zjcyano—s—phenyl-2, ngthiolpentadienoate-(46)h

i
P
K

‘A mixture of S-t-butyl cyanothiolaoetate;(23)7(501

"mg, 3.18 mmoi)'and'1;4-diazabicyolo[2;2.2]octane (DABCO)

»(356 mg) 3.13 mmol) in dry tetrahydrofuran (10 mL) was.

stirred at 0°C under an argon atmosphere for 10 m1n._

trans—Clnnamaldehyde (0.27 mL, 2.12 mmol) was added

ﬁékopwiSe by means of a syringe and sﬁirring continued’for
13 h at room teﬁperature{_ The mlxture was then quenched v
w1th IN aqueous hydrochlorlc acid solutlon.. The,organlc
layer was extracted w1th-d1chloromethane (4 x 26 mL)‘aud
the extracts were‘washeddWith saturated sodium chloride

solution. The combined'extract>Was dried, filtered, and

cohcentrated. The residue was purified by flash column

~chromatography on silica gel (10% ether/petroleum ether)'

‘

to give yellow crystals of 46 (540 mg; 94% yield), m.p.
82-85°C (petroleum ether). The 1y nmr,shoWed a,miXture of
two‘regioisomers (1:2 ratio fromeinfegration).' The

following spectral-data were recorded on the mixture of

" isomers; lﬁjnmr 61.46 (s, 9H, —C(CH3)3., from minor
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'isemef),‘ltSG (s, 9H, —C(CH3);;‘from ma jor 1somer), 7.30
(m,[SH, ‘aromatic protons from major 1somer),k7 42 (m,_SH;
aromath protons from minor 1somer), and 7. 71 (eomplex,
3H, overlapped between three vlnyllc protons) ; ir’(CHCl3)
1558, 1576, - 1605 “(olefinic. streteh)_, 1662 (C=0), 2211 .
:("C;'EN), ‘and 2964-'304(_) cm~1 (a'r'dm‘étic)v;'*ms m* 2’71.}1031"
(calcd._fdr C16H17NOS:. 271.1031). Anal. Calcd. for‘v
C.16H117NOS: . 70.85; H, 6.27; N, 5.17; S, 11.81.
_Found: C, 71.00: H, 6.24; N, 5.-17; s, 11.89. |

O

Sft;Butylv2—cyano—4fmethy142—thiolpentenoate,(47)_

_To‘a‘stirreddsolutionvef'Sﬁtfbutyl c?ahotﬁioiabetate'
_(23)_(9§6 mg,“6.34'mmql) in dry'tetrahydrefurad (20 mL)‘at
‘0°Cr'yas added DAﬁCQ (850_mg; 7.61 mmdl).and mixtdre
sti;fed;for }O.minxat»0°c under an aréoh etmOSphere.d“('
Ieobutyreldehyde (O 70 mL, 7. 61 mmol) was added by a.
syringe; After stlrrlng at room temperature for 5 h the

- mixture was peufed 1nto:aqueous lN_hyerchlorlc ac1d
 solution, extracted‘with dichloromethane 34 x 30 mL) and
the’extraetS‘weshed'witH aqﬁeous sodium ehlofidet =
soldtienf;'The combined'extfeet was dried,'filtered, and
coﬁcentrated,"The ;eSidue was.pdrified by‘moleCular
dietiiletionvusihg Kugelrohr apparatts (llZéC oten'

¥
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,temperaturegat 0.8 torr) to afford the pure condensed
product 47 (847 mg, 66% yleld) as a slngle reglolsomer
accordlng to the 18 nme spectrum- lH nmr 81. 15 (a, 6H J =
6 Hz, (ca )2cn ), 1.51 (s, 9H, -c(cH3)3),‘2.96 (m, 1H,
(CH3)2CH ), and 7.32 4, 1H, 'J =10 Hz,.—CH éCN) ir 1610
(trlsubstltuted C= c Y. 1665 (C—O),_and 2240 cm"l (c=N);

ms MY211. 1035 (calcd. for C11H17NOS. 211.1031). Anal.
Calcd. for C;H;NOS: C, 62.56; H, 8. 06; N, 6.64: S,

15.17. Found: &, 62.63; H, 8.13; N, 6.62; S, 15.13,

qujButy1~2;CYano—2fcyc1ohexylidenethioiacetate»(48)

>
To a stlrred solutlon of S t—butyl cyanothlolacetate

(23) (502 mg, 3.20 mmol) in dry tetrahydrofuran (10 mL) at o

0%C, was added DAECO (607 g, 5 42 mmol) and stlrred for

lO mln under an argon atmosphere. Cyclohexanone (0.56 mL

5.43 mmol)‘uas added;iiaﬁa syringea After sk;rrlng at :

room'tenperature for'éo”n ice-cold lN aqueous

“ hydroch1or1c acid solutlon was added and extracted wrth
'dlchloromethane (4 x 20 mL). The.extracts-were washed

w1th saturated»sodlumrchlorlde"eoluoion, comblned drled

‘filtered, and‘concentrated 7 The re51due was purlfled by

Jflash column chromatography (10% ethyl acetate/skelly B)

to glve a, B unsaturated thlolester 48 (657 mg ; 87% y1eld)7

-

. . .
ES . ’

Y - ‘ : o
el | . ) . . .
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I F——— 54 (s, 9H,'—C(CH3) ), T 58 (xm>t'/2ﬁ/—J =6 Hz,

'—CH2—C-), and 1.77 (br t, 2H, J = 6 Hz, -CH2—C—), ir 1590'

(tetrasubstltuted C= C ), 1670 (C—O), and 2220 cm'l (C_N) -

ms M* 237.1186 (calcd. for C13H19NOS-- 237 1187)

- )

*reaction”Was quenched with'iCe;cold‘aqueous 1IN

fSiE;Butyl”2—cyanor3-methylez—th}olnonenoate‘(49) R

L

vaanothioleSter 23 (54l‘mg) 3’45 mmol)'Was~dissoived

in® dry tetrahydrofuran (15 mL) and mlxture stlrred for 10

- 107

min at 0 C under an argon atmosphere._ DABCO (655 mg, 5.85~A

+

'mmol) was added and stlrred for another 15 min followed by .

‘addltlon of 2- octanone (0 92 mL '5.85 mmol) Vvia a,

syrlnge..‘After-stlrrlng'for 25 h at roém temperature,tne

°

.

:hydrochlorlc ac1d solutlon, and the resultlng mlxture

extracted wlth dlchloromethane (4 x 20 mL) . E The extracts-

" were Washed with saturated.sodlum chlorlde'solution,_

'dried, filtered, and concentrated. The crude product'was

'_chromatographed onrsilica gel (10%'ethyl“acetate/petrbleum

ether) to glve the a, B- unsaturated thiolester 49 (392 mg ;

‘,57% yleld) as a mlxture of 1somers (ca. l-ﬂ'ratio

'accordlng to lH nmr spectrum), lH nmy 60 89 (brt, 3H, J =

6. Hz, c__3—CH2 ), 1. 54 (s, 9H, —C(CH3)3), 2. 32 (s, 1/2x 3H,
3
CH3—C ), 2.40. (s, 1/2x 3H, CH3—C—), and- 2.62 (dt, 2H, J =

. ‘\ ‘
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. : :. N o . ) . . .
- 25 Hz, J' =7 Hz, CHz-& ): ir 1580 (tetrasubstltuted o
. /

c=c ), 1660 (C=0) and 2210 ém~1 (C:‘N), ms M+ 267.1659
(calcd. for C15H25NOS." 267.1657),

.8

8—(CyanofgﬁbutYlthiocarbonylmethylene)51)5—dimethyl—

" bicytlo-[4.4.0]-deca-4-ene (51)

CyanothiolestereéB (458‘mg;1é 92 mmol)iand'DABCO\(330
mg, 2.95. mmol) were dlssolved in freshly dlstllled |
tetrahydrofuran (10 mL) and‘stlrred under an argon
atmosphere at .room temperature for 10 mln. Then anhydrous
.sodlum sulfate (622 mg, 4.38 mmol) was added followed by
slow . addltlon of a solutlon of the ketone 50 (261 mg,‘l}i6
mmol) in® tetrahydrofuran (1 mL) | The.mlxture was stlrred
at room temperature for 48 h. Ice cold AN aqueous
.hydrochlorlc ac1d solutlon was added and the resultlng
kmlxture extracted w1th dlchloromethane (4 x 20 mL).: The
extracts were'washed w1th‘saturated sodlumtchloride_‘
solution;fdried‘ flltered vand concentrated Flash columnf
chromatography of the resldue on 5111ca gel (40% benzene |
in petroleum ether) afforded an 1somer1c mlxture ‘of the
condensed products 51 (332fmg, 71% yleld) ’ The follow1ng'
| spectralndata:were reCOrded on the mixture of ’
Lregioiosomersﬁulﬁ#nmrf60}90 (s}'3H, angular -CH3),¢1.52y}



1.54 (bothis, total'QH; fd(CH3)3)/ and 5.38 (hr‘s, 1H,
HC=C ); ir 1375.(g-butyl), 1670 (C=0), and 2240 cm™} -
(C=N); ms M¥ 317.1814 (caled. for CjgH,oNOS: 317.1813).

trahs-sﬁtrButyl Z-Fyano-s-phenyl—4¥thiolpentenoate‘(43)

" To a solutlon of unsaturated>thlolester 46 (80 45 mg,
0.29 mmol) in - absolute ethanol (5 mL) at 0° C, was added
sodlum borohydrlde (2 75 mg,. O 07 mmol) and the mixture
stirred for 2 5 h from 0° C to room temperature. ,Thef”

‘reactlon mlxture was poured 1nto iée—cold sat‘$

aqueous ammonlum chlorlde solutlon, extracted w1th

fdlchloromethane (4 x 10 mL) and. the extracts washed w1th

”-saturated sod;um chlorlde solutlon.‘ The,comblned-extract

Al

hwas dr1ed~ filtered and concentrated._ The crude product'
‘was chromatographed on 5111ca gel elutlng w1th 10% ether

in petroleum ether to glve y,é unsaturated thlolester 43‘
'.(66.mg, 83% yleld) 1H nmr 81, 50 (s, 9H,'—C(CH3)3), 2.87
3(dd;:2H5 J = 8 Hz, 3 =6 Iklz,"—c,‘_g‘2 Shi- -cN), 3.62 (t, 1H, J

= 7 Hz, -CHCN), 6.14 (at, 1, J = 16 Hz, Jﬂ = '8 Hz,

'—CHfQE:CHz—); 6.57 (4, 1H, J = 16~Hz, Ph-CH=CH-), and 7.30

'(m, SH, aromatlc protons), ir 1600 (aromatlc), 1670 (C=0);
'2240 (C_N), and 3020-3080, cm™ l (aromatlc) ms Mf 273.1184
.(qalcd. f?r C16H19NOS:"273.l187);'

| o \ . .

)
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0

- S=t-Butyl 2—cyano-4-methylthioipentanoate (41) .

“To a solutlon of the condensed product 47 (199 mg,f

Q .94 mmol) in absolute ethanol (5 mL) at 0° C, was added
sodlum borohydrlde (8 94 mg, 0.24 mmol) and the mlxture;
stlrred for 45 min under an argon atmosphere. The
solutlon was then pOured into lce cold saturatedbammonlum
chlorlde solutlon and extracted with chloroform (4 x 10

-mL)- The extracts were washed w1th sodlum chlorlde

_'saturated solutlon, dr1ed flltered and concentrated

The crude product was purlfled by column chromatography
ICV(IO% ethyl acetate/petroleum ether) to . afford the pure
saturated product 41 (182 mg; 91% yleld) 1H nmr 50.94'(d;A
3,0 =4 Hz,_9§3—éﬁ—), 1.02, (4, 3H, J = 43H£,«cg3;cﬂ-$,
T 1. 52 (s, H( —C(CH3) ) and 3.53 (dd lH JL- 8 Hz,.J' = 6

| ,
He, —CHCN) ir 1690 (c-o) and 2260 cm -1 (c—N) s ms” MY +18

Chemlcal 1on1zatlon mass spectrum us1ngpNH3 as a
carrler gas. : L



111

S-t-Butyl 2-cyano-2-cyclohexylthiolacetate (52) .

. A hixture of a,B;unsaturaléd/thiolester 48 (199 mg, .
O 83 mmol) and- sodlum borohydrlde (7. 96 mg, 0.21 mmol) in
absolute ethanol (5 mL). was stirred: under an argOn.
atmosphere at 0°C for 45 mln.‘ The'mlxture was then poured
into ice~cold eaturated ammoni'um chloride solution and

N ': extracted with chloroforn (4.k 1Q mb) . The extracts were
waehed With’saturated eodium chloride>solution, dried,

) dfiltered- and concentrated. The crude broduot was .

purlfled by" flash column chromatography (10% ethyl

@

acetate/petroleum ‘ether) to give a’ llght yellow 011 of

'saturated,thlolester 52 (194 mg;’97% yleld); 1B nmr 61 51
»(s, 9H; —C(CH3) ), and 3. 40 (d 1&,_J7= 6 Hz,v-éHCN) ir
- 1690 (c= O) and 2260 cm"-l (C=N); ms M+ 239 1334 (calcd for
Cp3HpNOS: . 239.1344). Anal;‘CaLod, for, C13H21NOS.' c,
65.22; f, 8.84; N, steséds{"i3;39.; Found: c, 5. 40- H,
8.85; N,«5;5§;.S,f13.01. | |

N T

-,h SijButyl.2—cyanoi3Fmethy1thiolnonanoate (53)

A mlxture of a, B unsaturated cyanothlolester 49 (102
) mg, 0 38 mmol) and sodlum borohydrlde (4 mg, 0 09 mmol) 1n"‘
absolute ethanol (5 mL) -was stlrred under an, argon

.atmosphere.for 4$_m1n at-O C. The mixture was poured into ’
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+ice-cold saturated ammonium ehloride solution, extracted

with dichloromethane (4 x 10 mL) and the extractsiwashed

with saturated sodlum chlorlde solutlon. The combined

4extract was drled, flltered and concentrated. The crudedf“’f

product was - purlfled by flash column chrOmatography (10%

ethyl acetate/petroleum ether) whlch gave mlxture of two -

' diastereoisomers (ca.-1:1 ratio accordlng to 1H nmr

integfation) of saturated thiolesterf53'(76 6lAmg; 74%

yleld) . The follow1ng spectral data were redorded on the

mixture; 1H nmr 50.88 (br t, 3H, J = 7 Hz, Q_3—CH2-),

‘ _ |
1.06, 1.08 (both d, 6H, J. = 7 Hz each, CH 3—cH-), 1.50 (s,

' : oo .
95, -C(CH3)3), 2.28 (m, 1H, CH3-CH-), 3.40 (4, 1H, J =5
| , ) . . : :
Hz, -CHCN, . from one isomer), and 3.52 (4, 1H, J = 5 Hz,

N ) ' :
-CHCN, from another 1somer), ir l680 {Cc=0) and,2240 cmfl

(c=N); ms M¥ 269.1788 (calcd, for C15H27NOS 269.1813).

3

Anal. Calcd. for CyjgH,NOSi  -C, 66.86; H, 10.01; N, 5.20;

‘s, 11.89. Found: C, 67.31; H, 10.18; N, 5.04; S, 11.81.°

2—Benz§l¥2-hydroxymethyl—3—phenylpropanecafbonitrile'(54)

A solution of dlbenzyl thlolester 25 (200 mg, O 54
mmol) and sodlum borohydrlde (lOO mg, 2. 63 mmol) in
1sopropyl alcohol (5 ml ) (freshly dlstllled) was stlrred

at '0°C to room temperature for 24 h,vunder an argon - ‘

atmosphere. The mlxture was poured into icefcold,

’
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saturated solutlon of ammonaum chlorlde and the resulting
mlxture extracted w1th chloroform (4 x 20 mL) The
extracts were. washed w1th saturated sodium chlorlde .
solution, dried, flltered~ and concentrated in vacuo.d‘;he ‘
crude product was subjected to column chromatography on
‘5111ca gel -eluting- with 20% ether in benzene to afford the
dibenzyl alcohol 54 (129 mg; 963 yield). ' Single
recrystailiiation from 30% benzene in petroleum ether gave
.pure white crystalst(m p.'lOQ—lO2°C): VIH nmr 62.95‘(brisf

4H, 2x -CH,-Ph), 3.53 (s, 2H, -CH,-OH), and 7.33 (m, 10H,
aromatlc protons) . ir (CH¢13) 1050 (cC- O), 2220 (CjQ),‘

3000 3100 (aromatlc), and 3490- 3500 em™1 (- on), ms MY

251 1313 (calcd. for c17H17No-’ 251. 1310)

3

‘2—HydrOXYmethyl‘hexanecarbonitriiev(55)

.t

AL From S benzyl 2- cyanothlolhexanoate (27)

To a solutlon of thiolester 27 (127 mg, 0.51 mmol) in
'.1sopropyl alcohaol (10 mL) at 0°c, was added sodlum B
borohydrlde (66 mg, 1.74 mmol) - The mixture was stirred

at . room temperature for 25 h under an argon atmosphere.
“Ice—cold water was added to “the react;on mlxture followed'
by’saturated'solution»of“ammoninmjchloride;'and tne
;resﬁlting.mixtnre extractedLmith dichlorometnane-(4 x.lo_
“mL).' The.extraCtsawere_waShed witn.saturated sodinm_:;

l
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chloride solution,'dried, filtered and cohcentrated.

Column chrdmauography of the Tresidue (50% ethyl

acetate/petroleum ether) gave an 01ly compound 55 (59,6 o
gi 90% yield): lu nmr 60.94 (t, 3, J = 6 Hz, CH3-),..

1.54 (m, 6H, -(CHp)3-), 2.13 (br s, 1H, -OH), 2.75 (m, 1lH,

FéHCN);‘and‘3.75 (d, 2H, J = 6 Hz, =-CHOH): ir 1070 (c-0),

2250 (CEN),'and34od%3500 em™! (-0H); ms M* -30 97.0892

(calcd. for CgHy,N: 97.0892).

B. From S-t-butyl 2-cyanothiolhexanoate (33)

~

Arsolution of thiolester 33 (101 mg; 6 474ummol) and
sodium borohydride (50.mg, 1 31 mmol) in absolute ethanbl
x(lO mL) was stlrred under an arqon\atmOSphere for 24 h at
room temperature.' The same procedure fo: work—up\and

purificatioh as mentioned in method A afforded an alcohol

S
~.

55 (58 70 mg ; 98% yield). . The 1H nmr. spectrum obtalned

N

was found to be identical to that obtalned by method A
: : N

(v1de SUPra).

P

2-Butyl-2-hydroxymethylhexanecarbdnitrile (56)

A. From”S-benzyl'2—bu£yl—2—cyanotkiblhexenoate (28)

To a mixture of benzyl thiolester 28 (300 mg, 0.99
mmol) in isopropyl aleohol (5 mL) (freshly'distilled) was

‘agded sodium borohydride (75 mg, 1.97 mmol) at 0°C. The
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mixture was stirred under an argonyatmosphere for 11 h at
room température, after which ice-cold wétgr was added.
Aqueous ammonium chlo;ide saturated solution was added and
the resulting mixture wasKEXtractbd with dichloromethane
(4 x 10 mi) .. The‘extrécts wéfe washed with éaturated
sodium chloride solution, driég, filtered, and
concentrated. vColumn,chromgko;;éphy of the residue 6n
éilica gel using 20% petrbleum eﬁﬁer in benzene.as,an
eluent; afforded the pur;:alcbhol‘SG (116 mg; 64%

yield): IH nmr 60.94 (br t; 6H, J = 6 Hz, 2x CH3-), 2.00
(br s, 1H, -OH), and 3.68 (br s, 2H, le/2 = 4 Hz, ~CH,-
OH): ir 1050 (C-0), 2240 (C=N), and 3400-3500 cm™* (-OH):

ms M* -30 153.1519 (calcd. for CjgH;gN: 153.1517).

B. .From S-t-butyl 2—bu£y1—2-cyanothiolhexanoate.(34).

- To a solﬁtion of S-=t-butyl pyanothiéiesfe;-3; (111
mg;70.411mmol)‘in absolute ethaﬁé;‘(s'mL) at 0°Cc, was
' added stium'borbhydride;(BB hg, 2.18 mmol). The mixture
wés sti}red for 19 h éé};oom temperature under an argon
g;mosphere.. The iébiation.and purification were carried
out the same as described in method A to afford the pure
alcohol 56 (68.61 mg; 90% yield).k The H nmr spectrum was

identical to that already reported in method A (vide

sugra).
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2-Hydroxymethyl-2-allyl-4-pentenecarbonitrile (57)

-

A solution of S-t-butyl thiolester 31 (178 mg, 0.75
mmol) and sodium borohydride (44 mg, 1.16 mmol) in
absolute ethanol (5 mL)‘was stirred under an argon
atmdéphere from 0°C to rooﬁ temperature for 11 h. Ice-
cold aéueous saturated ammonium chloride solution was
added and the resulting mixure'extracted with !
dichloromethane (4 x 20 mL). The eitrécts were‘washed
with satdraged sodium chloride solution, combined, dried,
‘filtered, and céncentrated. The crude product obtained
was chromatographed on silica gel (eluted with 20% éthyl
acetate in petroleum ether) to afford the pure alcohol 57
(89 mg; 80% yield): 1IH nmr 62.08 (br t, 1H, -OH,
disappeared upon D,0 exchange), 2.40 (d, 4H, J = 8 Hz, 2x

CH,=CH-CH,), 3.65 (br d, 2H, J = 6 Hz, -CH,-OH), 5.22 (44,

2H, J = 17 Hz, J' = 1.5 Hz, H.H;), 5.24 (ddd, 2H, J -4,
Hz, J' = 1.5'Hz, J" = 1 Hz, Hng), and 5.86 (ddt, 2H, J =
16 Hz, J' = 10.5 Hz, J" = 7 Hz, HjHy); ir 1590 ( c=C ),

2240 (@=N), 3080 ( C=C ), and 3400-3500 cm~! (-OH): ms M"

151.0990 (calcd. for CgH;sNO: 151.0997).
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l-Cygno;l—hydroxymethylcyciohexane‘(58)»‘ , ‘ . - /f ‘

‘To a solutlon of 5-t- butyl cyanothlolester 32 (273
‘mg, 1 21 mmol) in absolute ethanol (5 mL) at 0°C, was
added sodlum borohydrlde (140 mg, O 6 mmol) The mixture
was stlrred for 18 h at room temperature under anvargon <
'atmosphere. Ice cold saturated ammonlum chlorlde solutlon-
was added and the resultlng mlxtu}e extracted w1th
dlchloromethane (4 x 20 mL). The extracts were washed
:rlwith'sdturated sodium chloride éolution,and the combined

‘extrect:waS“driéd,.filtered, and concentrated.

"Purificetion by silica gel column chromatography (26%'*
. .petroleum ether'ic benzene) of the reeidue'geve the c§ciic‘
alcohol’ 58 (159 mg; 943 yield)- 1y nmr 51.—00-'2.25' (m,
10H, ~(CHy)s-), ana 3.51 (s, o1, —ggzon) ir 1050 (c-0),.
2240 (C=N), and 3400-3500 cm™} (-on), ms” M* +18 157

(calcd. for C8H17N20 157 1341)

2-Hydroxymethyl-3-phenylpropanecarbonitrile (59)

A solution of S—-t-butyl cyanothlolester 35 (123 mg,

0. SO mmol) and sodlum borohydrlde (60 mg, 1.58 mmol) in

5

Chemlcal 1onlzat10n mass spectrum using NH3 ion as a
carrier gas. o :



absolute ethanol (5 }m) was stlrred under an argon w0
atmosphere for 24 h at room temperature.' The mlxture‘Was
poured 1ntor1ce—cold~aqueous ammonium chloride'soiution
and the resultlng mlxture extracted w1th dlchloromethane
(4 x 10 mL). The extracts were washed with saturated
'sodium .chloride solution. - The comblned.extraot was dr;ed,
fiitered, and concentrated. The Srude product,was
:purified on-siiica.gei flasn coiumn ohromato§raphy (50%‘
ether/petroleum ether) to glVe the- alcohol 59 (72. 39 mg;
A9O% yleld): v}H nmr. §2.00 (complex, iH, TéHCN), 3.00 (br
.s; 3H, 0verlapped oetween‘PhCHzf,and 4OH),'3.80v(br s, 2H,
—CH2-OH),‘and”7.3O (m, Sﬁ, aromatic protons);:irilojo (C—
0), 1610 (aromatic), 2260 (C2N), 3040;3190.(aromatio),‘and
/p3400 3500 cm’ -1 OH) ms:M+riél,084l.(ealcd}'foril ‘

’ L o ’

'CloHllNO;l 161.0841).

2—Hydroxymethyl-3-methylbutanecarbonitrile (60)»-

A solution of S-t- butyl cyanothlolester 37 (182 mg,
O 91 mmol) and sodlum borohydrlde (108 mg, 2 80 mmol) in

absolute ethanol (5 mL) was stlrred under an argon .

’atmosphere,for_ls h at Yoom temperature. The mlxture was

‘_quenched with ice-cold saturated solution of ammonlum
;chlorlde and the resultlng mlxture extracted with

dlchloromethane (4 x 10 mL). The extracts were washed

118

A



£

2

. '_1 : N \ “' . o . . .
with saturated sodium chloride solution, combined, dried, .

filtered, .and concehtrated 'The crude‘prodUCt was’

119

subjected to flash column chromatography on 5111ca}gel by -

elutlng with 40% ethyl acetate in. petroleum ether to give

the alcohol 60 (94 66 mg, 91% yleld) as a colorless oil:’

lH nmr 61.09 (4, €8, J =6 Hz, (CH3)2—CH ), 2.00 (m;- lH,

-CH(CH3)2), 2.50 (br’ 4, lH,_fOH), 2.65 (at, 1H, J = 7.0z,

i - ‘ :
J' =6 Hz,'—CHCN); and 3.80 (dd /2H J = 6'Hz, J'°= 2 Hz,

~CHp=OH);.ir 2250 (C=N) and 3400- 3500 Ep_l (-0H); ms M —;o

83.0735 (calcd. for CgHgN: 83.0735).

2—HydroXymethyldeéanecarbonitrile (61)

'A mlxture of s- t—butyl cyanothlolester 39 (197 mg,"

0. 73 mmol) and sodlum borohydrlde (98 mg, 2 58 mmol) in

absolute ethanol (5 mL) was’ stlrred under an argon

atmosphere from 0° C to room temperature for 1 h. The

mlxture was poured 1nto saturated solutlon of ammonlum

chlorlde, extracted w1th dlchloromethane (4 x 20 mL) fThe

2

extracts were washed with saturated sodium chlorlde

" solution. The combined extract was dried filteredﬁ‘and

concentrated The crude product was pﬁ%&fled by silica

e

gel column chromatography u51ng 40% petroleum ether 1n

,benzene,as an eluent, to glve the alcohol 61 (133 mg; 99%

“

yield) as a clear oil: ' H nmr 50.88 (t, 3H, J = 6 Hz,
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-CH3), 1.84" (br s, 1H,-l0H),«2;743(tt; 1H, J =7Hz, J°' =
N ; PUN T L
2 Hz,:-CHCN), and 3.76 (44, 2H J =6 Hz, J' = 2 Hz, -CHp~

OH); ir 2260 (céN) and 3400- 3500 em™1 ( OH) ms Mt

183. 1600 (calcd. for C11H2)NO: 183,1623)@,,

',2-Benzy1—2—hjdroxyﬁethyl;4—meth1}§ehtané¢érbonitrile (62)

-
©°

_ A mlxtureiof dlalkylated thlolester 42 (217 mg, 0;71
.mmol) and sodium borohydrldel(54 mg, 1 42 mmol) in 7
“v"absolute ethanol (10 mL) ‘was stlrfed at room temperature‘
dfpr,13 h under an argon atmosphere. rThe mixture was .
-boured into an’aquédué’éﬁtut;téd ammonium chioridé
"'solutlon and eXtracted w1th dlchdoromethane (4 x 20 mL)
:The extractsrwere washed w1th saturated .sodium chlorlde
"solptlon, comblned,vdr;edj»filtered, and chcentrat' ‘j"‘
~The residue wvé‘s ;chr?matographed on siliga gel "(30%. !l
\ééetate/petrolédmiether)“to give an\alcoh5i¥62 (139 mg;
90% yield): “lu nmr'51,05 (d 6H, J = 7 Hz, (£§3)2CH ),
1.50 (br 4, 28, g = 6 Hz, (CH3)2CH_gg2 ), 2.98 (s, 2H,
f'pth2—),'é.63k(b; d, 2H, J =6 Hz,v—q_z—OH), and 7.33 (m,
5H, aromatic protons); ir 1580, 1600'(aromat1c), 2240
(CEN); 3040—3100'(aromatic), and 3400-3500 ém'l'(—OH)7 ns
M* 217.1464 (caled. for c14é19No: '217.1467). Anal. |
.calcd.,fo: Ci4H19NO:- c, 77.42; H,'é.76;‘N, 6.45.

Found: 'C, 77.31; H, 8.93; N, 6.29.
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trans- 2-Ethyl 2—hydroxymethyl 5-phenyl 4 pentenecarbo

nltrlle (63)

" Dialkyl thlolester 44 (92 mg; 0. 30 mmol) was
dlssolvgﬂ in absolute ethanol (5 mL) and sodlum ‘3
borohydrlde (69 mg, 1.82 mmol) was added The mixture . was
stirred for 19 h at rdom temperature under an . argon
katmosphere.d.The reactlon was quenched with ice- cold
'saturated ammonlum chloride solutlon and the resultlng
mlxtEre extracted w1th dlchloromethane (4 x 10 mL) dThe'
. extracts,were washed w1th saturated sodlum chlorlde
‘soiution. The comblned extract was drled filtered and
-concentrated. Column chromatography of the re51due on
.sallca gel (30% e*hyl acetate/petroleum ether) gave the
Upure alcohol 63 (59.03 ng; 923 y1eld)- 1y ome 61.07 (¢,
3H, J = 7 Hz;3£§3-0H2 ), 1.74 (dq, 2H J =7 Hz, J' 3'2:
Hz, CH3CH,-), 2. 18 (br 5, lH,'-OH, dlsappeared upon D,0
_éxchange), 2.54 (4, 2H, J = 8 Hz, -CH2—C CN), 3.66 (br 4,
2n,'qwl/é = 4 Hz, —CHZ—OH), 6.18 (at, 1H, J - 16 Hz, u'“=‘
7 Hz, PhCH=CH-), 6.56 (br 4, 1H,»J'= 16 Hz, Ph CH=CH-),
“and-7.30 (m, 5H, aromatic.protons);"ir.69o;97504 | v
(monosubstituted-benzene), 158Q (:C=C )i‘2240 (c=N), §O4d_

3100 (aromatic), and 3400-3500 cm™l (-0H); ms M* 215.1312
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°

(?alcd.;fOp C14H17NO: - 215.1310).

‘transq27Hydroxymethyl—2—allyl—S;phenyl—4*pentene'

[l

) carbonitrile (64)

Cyanothlolester 45 (62 98 mg, O. 20‘mmol) was
.dlssolved in absolute ethanol (5 mL) and sodlum _.'
'borohydrlde (31. 49 mg, 0. 83 mmol)‘was-added. The. mlxture
"was stirred for 10 h at room temperature under an'argon
atmosphere. The'mlxture-was then added‘w1th 1ce-cold
isaturated ammonlum chlorlde solutlon and extracted w1th
,dlchloromethane (4 x lO mL) The extracts were washed }V
w1th saturated sodlum chlorlde solutlon, comblned drled
flltered and concentrated The crude product was/
'purlfleg by column chromatography on srllca gel (20% ethyl"-
»acetate/petroleum ether) to glve the pure alcohol 64
(39.56 mg; 85% yleld): llH nmr 61.90 (br s, 1H, —ou,
ldlsappeared upon DZO exchange),‘..46’(d,.2H J =7 Hz,

H1H2), 2.58 (d 2H, J = 7 ‘Hz, H3H4), 3.74 (br s; 2H,v

£

. -QEQOH), 5.24 (dd, 1H, J = 16 ‘Hz, J' = 2 Hz, Vlnylic
proton H,). S.zé (da, 1H, J = 10 Hz, 3' = 2 Hz, vinylic‘
proton Hy), 5.82 (ddt, 18, <J = 16 Hz, 5 =10 mz, 3" =7 o
Hz,?vinylic’protoﬁ He) 6,16.lat, 1H, J = 16 Hz, J' = 7 . |

Hz,'vinylicmproton Hd), 6.55 (br.df lH,*qjﬁ'lﬁ Hz,'vinylic
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“~-3100 (aromatlc), and 3400 3500 cm’l (- oa) ; ms M+-227.1302

"(calcd. for C15H17N0-‘ 227.1310).

Ty

1 3.86 (br dd, 2H, J,

4C11H20NO "182.1545)-

: f2—HYdroxymethYl—iemethylnonanecarbonitrile (65)-

A, . From dlrect reductlon of 49

a,B—Unsaturated cyanothlolester 49 (258 mg, O. 96

'~mmol) was dlssolved in’ absolute ethanol (10 mL) at O C,~"

followed by addltlon of sodlum borohydrlde (129 mg, 3;59‘

mmol) \ The mlxture was | stlrred for 50 min at 0° C under an

';ammonlum chlorlde solutlon followed by extractlon w1th

',dlchloromethane (4 x 10 mL)& The extracts were washed

-' ""-

'w1th sodlum chlorlde aqueous solutlon. The-combined
‘jextract was drled, flltered .and concentrated The crude
-prdduct was purlfled by column chromatography (30% ethyl

'acetate/petroleum ether) to glve the alcohol 65 (168 mg,

95% yleld) 14 nme 80. 90 (br t, 3H, J =6 Hz, q_3-CH2—)

' i ,
1.07 (a4, 3H, J = 8 Hz;1Q§3-CH Y. 204 (brs, 1H, -OH,
dlsappeared upon D20 exchange), 1 76 (m, 1H, -CHfCN); and

Wi/ 14.Hz,'gq52—oﬂ); ir 2240~cc;N)

- and 3400~ 3500 om-1 (- on) ms M¥-1°182.1535 (caled. for

3

‘123 .

.proton~H ), and 7.35 (m, 5H,‘aromatic protons); ir 690- 760

w

argon atmosphere and -then quenched w1th ice- cold saturated'

(monosubstltuted benzene), 1630 { C—C ), 2240 (C:N), 3040-
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. B;o From reductlon of saturated th1olester 53>
| Saturated thlolester 53 (180 mg,VO 67 mmol) was
| dlSSOlVed in absolute ethanol (5 mL) and sodlum
borohydrlde (76 mg, 2 Pl mmol) was\added at 0° C.» The
.:mlxture,»after stlrrlng.for 1 nh under_an<argon atmosphere
v-at roon;temperdtureﬁ was worked,upfandscruoe product*'
. purified as in metnod A‘to éive the-alcohdl 65 (105'mg;v

92% yield)a The lH nmrispectrum of the reSulting,alcohol

was ldentical to that reporteo‘in method A (vide supra).

transf2¥Hydroxymethy1?5¥pnenyl—4fpentenecarbonitrile (66)

[

'A'mixture‘of unsaturated tniolester 46 (326 ng, 1.20

' mmol) in absolute ethanol (lO mL) was stlrred at 0° C‘for
10 min- under an argon atmosphere. ~Sod1um borohydrlder(163
umg,‘4f29 mmol) was added, After_stirriné for SS-nin at
:Q°C, the reaction mixture was‘quencheo with.ice—cold'
aqueous saturated anmonlum chlorlde solutlon. ‘The‘organic
layer was extracted w1th dlchloromethane {4 x 20 mL) and
the extracts-were washed w1th saturated sodium chlorlde
solution, comblned drled filtered and concentrated
The crude product was subjected to s111ca gel column

'chromatography (30% ethyl acetate/petroleum ether) to glve

the alcohol 66 (176 mg ; 8% vield): 18 nmr §2.10 (br t,

I



o

125

1H; J ¥v6 Hz} 50H), 2,62 (dd,'2H, Jl=~8 Hz, d' = 6 Hz,
fqﬂz—éHCN),'é.él (at, 1H, J = 14 Hz, J' o= G'ﬁi,'-éHCN),
'3.86 (dd, 2H; J. = 6~Hs, J' =5 Hz, -cgz-on),‘stzo'(dﬁ, 1H,
J = 16 Hz, J' =8 Hz,‘PH-CH=c§;),.6.61 (4, 1H, J = létz,;

Ph CH CH-), and 7.30 (m, 5H, ‘aromatic protons);'ir 700-750

(monosubstltuted benzene), 160b (aromatic); 2260 (CEN),3

3040-3100' (aromatlc), and 3400-3500 — ( OH) ms MY

187.1004 (calcd..for.012H13No. 187.0997).

.2—Hydroxymethyl—4?methylpentanecarbonitriie'(67)

A mixture of d B—unsaturated cyanothiolester 47 (302

mg, 1.43 mmol) and sodlum borohydrlde (80 -mg, 2 11 mmol)

in absolute ethanol (10 mL) was. stirred under an argon

atmosphere at 0°C for_15 mln- The " mlxture was poured 1nto
icde- cold saturated ammonlum chlorlde solutlon and |
extracted with chlor%form (4 x 10 mL) The extracts &ere‘
washed again with sa&urated sodlum chloride solutlon,‘
combined, dried,.filtered, and concentrated.v’Flash column

chromatography on .residue (30% ethyl acetate/petroleum

ether) gave pure colorless oil‘bf the alcohol 67 (152 mg;

84% yield):: 18 nmr 60 95 (d,, 3H, J = 7 Hz,_ isopropyl

'=CH3), 1.02 (4, 35, J =4 Hz, 1SOpropyl —CH3), 1.30-2.00
(m; 3H, overlapped between —CH2—éHCN and (CH3)2Q§;

‘protons), 2.35 {(br s, lH, -OH, disappeared upon D,0

'
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exchange), 2.88 (ddt, 1H, J = 10.5 Hz, J' = J" = 6 Hz,
‘—&HCN),,and 3.80 (br d, 2H, J = 7 Hz, -CH,0H); ir 2260
~ (C=N) and 3400-3500 cm™Y-(-OH); ms M* 127.0986 (calcd. for

CqHygNO: 127.0997). .

2—Cyclohexy142—hydr0xymethylethanecarboniﬁrile (68)

4fo_a‘591Qtiqn oan,B-ﬁnsatu;ated>thioieétef 48 (386
gmg, 1;63‘mmolyiih abspluté eghaﬁol.(lo mL) was addgd
':'éodium»bofphydride‘(l93 ﬁg;'S.OS'ﬁm¢1)._ After éhe mixtﬁre
" had been stirred fqr«30’min;at’0°c'uhder anféfgoni
 étmosphe;e,'i£ wasipouréa jipto ice—cola_séturated
‘ammoniumAchioride*solutibn.and extracted with'
diéhloxometﬁaﬁé (4 Qﬂéd mL) . ’Tﬁevextrab§é~wéré Qashéd“
.with sodiumbchloriae‘aquequs soiution,rcombinéd; dried,
filteréd,'égd concentrated. The résﬁlting érude élcvol
was purified by flash cb;ﬁmn Chromato%raphy 450%‘éthyl_'
aceﬁate/skeliy B) topaffora the pﬁré alcoﬁollﬁﬁ (244 mg;> 
‘98% yield): lH nmr 61.22-2.00 (m, 11H, cyé;ohexyl
protors), 2.65 (td, 1H, J = J' = 6 Hz, —EHCN), aﬁd 3.86
(dd, 28, J = 7-Hz, J' = 1.5 He, -qg2-qn>;.ir 2260 .(C=N)
and 3400—3506'cm:3‘(—0H); ms M* 153.1153- (caled. for

‘_C9H15NQ: 153.1154)T



127

-

‘2-Methy1idenedecanecarbonitrile~(69)'

"o

A. From compound 61 via a mesylate

To a solution of Cyanoalcohol‘Gl (103 mg, 0;56'mme1)
in freShly'distilled chloroformv(S mL) Qas‘added methane—>
sulfonyl cﬁloride (0.13 mL, 1.68 mhol), and the mixture
stlrred for 5 min at 0° C under an argon. atmosphere.
\Trlethylamlne (0 39 mL, 2.80 mmol) was aeded slowly vra a~e
syrlnge and mixture continued stlrrlng for 6 h at room
temperature. The reaetlon mlxture was cencentrated under
reduced pressure and resulting yellow SOlldS redlssolved
in benzene (5 mL). A 0.5 mL of l,8—diazabiCyclo-
(5:4,0)endec—7—ene°(DBU) was added -and the'mixture heated
at reflux under an argon atmosphere for 4 h. The mixture
Qas then cooled to roem temperature, pOured into 1N
agueous hYdrochloric acid solution and extractea with
~dichloromethane (4 x 20 mL). The . extracts wefe washed
successively w1th aqueous. saturated sodium’ carbonate
solution, saturated sodium chloride solution. The
combined_extract was ‘dried, filtered,'and coﬁcentrated,
The crude product was purified by flash column
chrbmatography (10% petroleum ether iﬁ ﬁenzene) to.givel
the olefin 69 (86.62 mg; 94% yield): IH nmr 60,50 (t, 3H,

J = 6 Hz, CH3-), 2.25 (br t, 2H, J = 7 Hz, —CHZ-&=), 5.65

(da4, 1H, J = J' = 1 Hz, C=CHH), and 5.80 (d, 1H, J = 1 Hz,



G=CHH) ; ir 1630 ( ¢=c ) and 2130 cm™1 (c=N); ms Mt
165.1477 (calcd. for CyjHjgN: 165.1517). Anal. Calcd.
for Cy HygN: €, 79.94; H, 11.59; N, 8.47. Found: C,

80.21, H, 11.59, N, 8.09.

B. From compound 61 by dlrect dehydratlon u51ngfd1cyclo—

: \~hexylcarbod11m1de (DCC) S

A 801ution of cyanoalcohbl 61 (128 mg, 0.70 mmol) and
dlcyclohexylcarbodllmlde (DCC) (217 mg, 1.05 mmol) in the
presence of a catalytlc amount of copper(I) chlorlde in
dry ether (5 mL) was heated at reflux for 24 h under_an
argon atmosphere;‘ The mixtufe was then cooled to,rpem
temperature, filtered ﬁhrough a sibtered glass funnel Yéfﬁ

u), and the filtrate evaporated. The residue was

- dissolved in '10% benzene in'petrdleum ether, filtered, and

concentrated. The,resulting‘crude product was then
'chromatogfaphed on silica gel (fl1ash column
chromatogfaphy) usiné 30% petroleum ether in benzene. as ;n
eluent'to gi§e a colorless oil of the olefin 69 (98.39 mg;
85% Yield). The lﬂ*nm: sfectrum was consistent with that

" obtained .from two-step method A (vide supra).

2-Methylidene-5-phenyl-trans-4-pentenecarbonitrile (70)

A mixture of cyanoalcohol 66 (178 mg,'O?fS mmol) and

128



DCC (294 mg, 1.43 mmol) in the. preaence'of a ‘trace amcunt
.of copper (1) chlorlde in dry ether (10 mL) was heated at
reflux for 1§ h under an argon atmosphere. The mixture
was cooled to room temperature, filtered through a
'sintered glass funnel (4-8 p) and filtrateiconcentrated in
vacuo. The residue obtained was.dissolved in.petroleum'
eeher, filtered, and filtrate concentrated. The crude
‘product was then purlfled by flash column chromatography
le% ethyl acetate/petroleum ether) to give- the olefln 70

(110 mg: 69% yield): 4 nmr 63.16 (44, 2H, J = 7 Hz, J' =

2 Hz, —CH2—C ), 5.82 (br qg, lH, le/Z = 3 Hz, C=CHH), 5.94
br 4, 1H = 3 Hz, C=CHH), 6.16 (dt, 1H, J = 16 Hz,
J' = 8 Hz, Ph- CH CH CH2 ), 6. 56 (d 1H, J'= 16 Hz,

PhCH=CH-), .and 7.30 (m, S5H, aromatic protons); in%LGOO-
1630 (aromaﬁicl, 2240‘(C§N);_and 3040-3100 cm~! |
{aromatic); ms M* 169.0885 (calcd.3for ClellNﬁ
169.0891). Ahal. Calcd. for ClellN:’ é, 85.é1; H, 6.517

N, 8.28. Found: C, 85.26; H, 6.65; N, 8.16.

2-Cyclohexyl-2-methylideneethanecarbonitrile (71)

A mixture of cyanoalcohol 68 (231 mg, 1 51 mmol) and
DCC (466 mg, 2.26 mmol) in the presence of a trace amount
of copper(I) chloride in freshly dlstllled ether (10 mL)

was heated at reflux under an argon atmosphere for 18.5

129
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h. The reactipn mixture was cooled to room temperature
and filtered through sintered glass funnel (4-8 j) and
filtrate concentrated. The residue was dissolved in n-
pentane, filtered, and concentrated. Column
chromatograpﬁy of the crude product (10% e££y1
acetate/petroleum ether) on silica gel gave pure
acrylonitrile derivative 71 (72 mg; 80% yield;: 14 nmr
55.71 (dd, 1H, J = 2 Hz, J' = 1 Hz, C=CHH), and 5.81 (d,
1H, J = 2 Hz, C=CHH); ir 1620 ( Cc=C ) and 2220 cm~! (C=N);
< ,

ms M* 135.1044 (cal'cd. for CgHy3N: ¢i135.1048). Anal.

' C A
Calcd. for C9H13N: C,-@.OO; H, N, 10.37. Found:

c, 79.80; H, 9.84; N, 10.38.

3-Methyl-2-methyli&%ﬁehonanecarbonitriie (72)

Cyanoalcohol 65 (160 mg, 0.87 mmol) was dissolved in
.ffeshlyvdistilled ether (10 mL) followed by addition.of
DCC (268 mg, 1.30 mmoli and a trace amount of copper(I)
‘chloride. The mixture was heated at reflux for 18 h under
an argon atmosphere, cooled to room temperature and
filtered th%?ugb a sintered gl;ss funnel (4-8 h). The
filtrate, afteﬂ concentration was subjécted to molecular
distillation using a Kugelrohr appar;tus at 60°C (oven
temperatufe)/O.S torr followed Ey flash column | ¢

chromatography (50% benzene/petroleum ether) to give a




) 131 ‘

colorless il of the olefin 72 (lOl mg; 70% yield):. 1H
: . o

nm;wéo‘9o (br £, 38,7 = 7 Hz, CH3-CHp~ ), 1. 18 (4, 3H, J =
- 8 Hz,i;;3—CH Y., 2.36 (m, 1H, CH3—éH ). 5 70 (d 1H, J =2
Hz, c-CHH), aﬁa 5.80 (4, 1H, J = 2 Hz, C—CHH) ir 1630

( c=C ) ana 2260, cm~1 (C‘N)“ ms Mt~ 57 108.0810 (calcd. forv
:iC7H10N: 108,0813). Anal. Calcd for C11H19N ‘C, 79.93;

'H, 11.59; N, 8.48. ° Fo#hd: C, 79 98: H, 11.47; N, 8.25.

2-Methylidene-3-phenylpropanecarbonitrile (73)

A solution of cyanoalCohol 59 (57 mg,<0u35'mmol) and
DCC (109 mg, 0.53 mmol) in dry ether (5 mL) in the
presence of a trace amount of copper (1) chlorlde, was
heated at reflux under -an argon atmosphere for 19 h. The
vmlxture was cooled to room temperature, dlluted with p
’ether, and filtered through a 31ntered glass funnel (4 8
p). The flltrate wasAevaporated and residue dlssolved in
10% benzene/petroleum/ether, filtered and concentrated. e
‘ The crude4product'was hén purlfled on 6111ca gel- column.
.chromatography (50% benzene/petroleum ether) to give the
acrylonltrlle derlvatlve 73 (26 15 mg; .52% yield): ‘1H nmr
- 63.56 (sW_ZH,-PhCHz—) 5.69 (br s, 1H, C=CHH), 5.91.(d, ’
1H, J = 1 Hz, C= CHH), and 7.30 (m, 5H, aromatic protons)

ir 700 =730 (monosubstltuted benzene), 945 (vinyl), 1620 (

CéC ); 2240 (c=N), and 3040-3100 cm~! (aromatic); ms mt



v
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143.0733 (calcd. for c10H9N=- 143.0735);

(e
.

»,

3—{E;ButylthiocarbonyIQCyanomethyl)—lgcyclohexanéne (75)

~

= o

T A USing 1.0 equiv. of 1, 4 dlazablcyclo[2 2. ZJOCtane,

-

(DABCO) and 0. 8 equ1v. of 2 cyclohexen 1—one-

S—t- butyl cyanothlolacetate (23) (500 mg, ? .18 mmol)

was dlssolved in freshly dlstllled 1, 2 dlmethoxyethane (lO

mkL) - and stirred under an argon atmosphere for 10 min at

.0°C. Then 1, 4= d1azab1cyc10[2 2. 2]octane (357 mg, 3.18"
mmol) was added and stirred for another 10 min followed by

slow addltlon of 2- cyclohexen-l one (0 26 mL,\2 65

mmol) ' After stirring for 36 h at‘room.temperature, the

mixture was poured.into ice-cold 1N‘aqueOUS'hydrochloric

acid solution, and'extr?cted with chloroform (4 .x 20

mL). The extracts were washed with saturated'sodium

chlorlde solutlon, combined, driedi filtered, and

concentrated The?crude product was chromatographed on

5111ca gel (10% ethyl acetate/petroleumcether) to glve a

?

dlastereomerlc mlxture of the 1, 4 adduct 75 (410 mg ; 61%

7

yleld) (ca Az 1 ratio frg? the lH nme spectrum) The ~

;follow1ng‘gpectral data were recorded on the mixture; ‘lH

. 61 50 (s, 9H, -C(CH3)3) 3.45 (a, 1/2>< 1H, ,J =,6v<Hz,A-

. , _ ' AN
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{ ‘ o ) ' Ca C ‘ . . . ~
- ~CHCN, from one isomer), and 3.60 (4, 1/2x 1H, J = 4 Hz,

—éHCN, from another 1somer) ir (CHC13) 16777(thiolester

c= 0), 1715 (ketone C=0), and 2240 cm'l (emN); ms MY

253.1137 (calcd. for C13H19N025 253. 1136). Anal. Calcd.

for C13H19NOZS- ' VC;, 61.63“., -H ,: 7 - 56, .N, 5-537 O, 12.637 ‘Sl"
12.65. Found: C, 61.38, H, 7.75; N, 5.28; 0,7 12.76;.S,
12.46. | | : ’

B. Adduct 75 by reflux1ng in ether

A mlxture of S- -t - butyl cyanothlolacetate (23) (476

mg, 3.03 mmol), DABCO (339 mg, 3.03 mmol), and 2-

-icyciOhexen-l—ohe (0;24 mL, 2.53 mmol) in freshly distilled

ether (15 mL) was heated at reflux for 35 h under an argon

atmosphere. The reaction was ‘cooled to room temperature,

WOrked up, ahd purified as mentioned in‘method’A. The

adduct 75 was obtalned in 48% yleld (310 mg).: The 14 nmr

spectrum was 1dent1cal tp that already reported in method

J o ‘.,.J

A (vide .supra). B : . o

C. Using 1.0 equiv. of DABCO and 2.5 equiv. of

cyclohexen-1l-one Ce

Cyanothlolester 23 (381 mg,~2 42 mmol) was dlssolved

in dlstllled 1 2- dlmethoxyethane (10 mL) and stlrred at

7‘0 c under an argon atmodphere for 5¢ ‘min.” DABCO (271 mg,

'2.42 mmol)ewas added a@d after 5 min stlrrlng, 2-

&

"kyclohegen—l-one@(O.SB mL, 6. 05 mmol) was added via a

Ly - . . ) . ! v

e
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'syringe. After stirring for 36 h at room temperature, the
"reaction mixture was worked up and the crude product

' pdrifiedtas in method A to give the Michael adduct 75 (544"

134

mg; 54% yiéld). The lH nmr spectrum was identical po.that‘

‘reported in method A (vide supra).

D. Using 0.5 equiv. of DABCO and 1.5 equiva of

cyclohexeri-l~one '

ﬁ&%was in method C,

SR

Similar procedure‘was cary

using cyanothiolester 23 (300 mg; l,9i_mﬁol), DABCO (106

U 5

- mg, 0.96 mmol), and 2—byclohexenfl—bne K0f28'mL, 2.86
mmol) in distilled 1,2-diﬁethbee£hane.(10 mL); 'Reabtioh
was stirred at room tempera;Ure foé 8 days under~ah'argon

athosp;f%e, After work—dpfand'purifidétion gaye'the'1,4—

ag ‘5}S-(253 mg; 52% yield). The lH nmr spectrum was

€al to that fdundwin‘method A (vide supra).
-further elution, during column chromdtograthﬂ.gaQe'

‘cyanothiolester 23 (48.36 mg; 16% recovery).

E. Using 0.3 equiv. of DABCO and 2.0 equiv. of

cyclohexen-l-one

Similar procedufe:aé‘méhtiqned in méthod.c was
'carried out using cyanothioiesﬁer 23 (5003mg, 3.18 mmol);
‘DABCO f106 hg, 0.95 mmol) and 2-cycloﬁ¢xen—lfone (0.61 mL,
6.36 mmol) in distilled 1,2-dimethoxyethane (10 mL). The

regaction was carried out. for 7 days at»room‘tempefature.
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«f ~

- syringe followed by 2—cyclohexehél—one'(0.25 mL, 2.56

_acetate/petroleum ether) followed by molecular
 distillation using Kugelrohr apparatus (60°C oven

btemperature at -1 torr) to give the adduct 75 (478 mg;

e
LS N

The adduct 75 (483 mg; 58% yield) and also cyanothiolester_

23 (92.33 mg, 18% recovery) ‘were obta1ned.. The lH‘nmr

‘spectrum of 75 was 1dent1cal to that reported in method‘A

4vide‘supra).

" F. Using sodium hydride.as a base in the presence'ofi

" chlorotrimethylsilane

Cyanothiolester 23 (348 mg, 2.21 mmol) was dissolved.

.hydride) and stirred at ~5°C under an argOn atmosphere for
i 5 min.l Chlorotrimethy151lane (0. 22 nL, 1.73 mmol)

,(freshly distilled‘overmcalcium hydride)'was added via a

A

mmol) and stirred‘for 10 min.fAsodLum hydride (50%
dispersioniin oil; 154 mg, 3.20 ﬁmol) was theh,‘dded}
T -

After stirring for 17 h. at room temperature, th reaction

v

" was quenched and worked up as in method A and th ﬁgrude

product purifled by flash column chromatography (20% ethylv

yield). Spectral data in all respe®™t were identical to

that’previouslyvreported in method A (vide supra).

N
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in bénzene (8 mL)'(freshly'distilled over lithium aluminum -
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G." Using sodiﬁm hydridélas a base in the absence of

chlorotrlmethy131lane

Cyanothlolester 23 (92 mg, O. 58 mmol) was dlssolved
in‘freshly distiyled benzene (8 mL) and stirredvat ~5°C.
funder An‘argén atmosphére for 5 ﬁin.- Soéiﬁm hYdride (50%
dlsper31on in . 011- 28“mg, 0.58 hmol) waé‘added fbliow;d by
dropwxse addltlon of 2 cyclohexen -l-one (0.07 mL, . 70
‘mmol).-.Af;er stlgrlqg_for 22 h at room‘temperature, the -
'mixtgre'was workéd up és-iq‘méthod A.’ Afﬁer>pdrificé£ioﬁ
~ on siliga gel coluﬁn cﬁrométogréphy (Zd%vethyl |
acetate/petroleum ether) of the crude,%kéducf, gave.the .

adduct 75 (132 ng; 90% yleld) The lH nmr -spectrum was

con51stent-w1th that‘reported in method A (vide supra).

13-(EfButylthiocarbonyl—cyanométhyl)—I—cyclopehtanone (76)

A. U51ng DABCO as ‘a base =~

A mixture of cyanothlolester 23 (497 mg; 3.17 mmol)
.énd DABCO (354 mg, 3.17 mmol) 1n.dlstllled 1,2—A
&dimethoxyéthane (10.mL).wés stirréd_at:0°C for S'min. 2-
Cyclopeﬁtén-l-dne‘(217 hé,'2;64.mmol) was added drbpwisg'
and mixture stirred for 6 h a£ rooﬁ temperaﬁﬁre. Ice;cold:
l‘lN-aquééus hfdrbchiorié‘acid séldfion‘wés added and ‘

extracted with dichloromethane (4 x 20 mL). The extracts



were washed with saturated sddlum chlorlde solutlon and
the conblned extracﬁ was drled flltered and
Iconcentrated. TheA;e51due was chromatographed on 5111ca
ngel (20% ethyl acetate/petroleum ether) to glve a -
diastereomeric mlxture (1: l ratio from 1y nmr lntegratlon)
of the adduct 76 (230" mg, 36% yleld) whlch formed crystals
Aionbsranding at'rdom‘teﬁperature (m.p, 57-60°C). The

following'spectral data,were‘recorded‘on the mixture: VlH'

‘nmr 51.50 (s, 9H, -C(CH3)3), 3.60 (4, 1/2x 1H, J = 7 Hz,

;—CHCN, from one‘isomer), and 3.67‘(d{A1/ZX-1H,’J -5 Hz,

| o o , . : .
*—CHCN,‘frpm anothexr isomer); ir (CHClj) 1679 (thiolester
‘c=0), 1747 (ketone C=0), and 2250 em~1 KCEN); ms MY
239.0980 (calcd. for_CléHl7NOZS:' 239.0980)..

B.. U51ng sodlum hydrlde as_ a base in the presence of

cthrotrlmethy151lanem'

Cyanothlolester 23 (320 mg, 2,03 mmol) was dlssolved

in freshly dlstllled benzene (10 mL) and stlrred at ~5°C B

under an argon atmosphere for 5 mln.: 2- Cyclopenten 1- -one
(0.14 mL, 1.69 mmol) was added followed by -
chlqrotr1methy151lane (0.23 mL, l.82 mmol)_xig_a
"syringe. After 10 min stirring;.sodidm h;&!ide,(SO%‘
disperson‘in‘dil? 136, mg, 2. 84 mmol) was added and the

mixture stlrred for 3 h at ~10 C. . The reactlon mlxture

137

was poured 1nto‘1ce-cold S%aaqueOUS-sulfuric‘acid_solution,.

tY )
15



:and‘ektracted'with dichldromethane (4 x 20 mL). The
extracts were Washed'with,sodium.éhloride'saturated;
solutdon, conbined, cencentrated,'and‘dissoivedlin
nethahol.(30 mL). 'Aqueous potassium fluoride solutidn

(O 5 g/lS mL) was added and shaken, ﬁor 10 min in a
separatory funnel ' The mlxture-was extragted With‘.
d1ch19remethane (4 x’ZOVmL); and the combined extract
dried filtered, and conéentrated The crude:product was
purlfled by flash column chromatography on silica gel (20%
ethyl acetate/petroleum ether) to glve a. mlxture of

@
diastereomers (1:1 ratio from 1H nmr lntegratlon) of 76

.

(406 mg, 100% yleld) The 1 nmr spectrum was identical

to that already reported in method A (vide supra)

C. Using sodium hydrlde as a base in the absence of

chlorotrlmethy}51lane

- Cyanothlolester 23 (102 mg, 0 65 mmol) was dissolved
‘ln fneshly dlstllled benzene (10 mL ) ‘and coébled to 5 C.
2—Cyclopenten—l—one (0.0S;mL, 0 54 mmol) was added and the
'mixture‘stirridkfor 10 min under an argon. atmosphere.
Sodium hydride (50% dfspersion in oil; 44.mg, 0.91 mmol)
Qas added and the reactron,stirred for 3;5 h.at ~l5°C.
Aqueous 1IN hydrOchibric aCid soldtion was'added and

extracted with‘dichloromethanev(4 x 20 mL), and the

extracts washed again with saturated sodium chloride’



solution. The extracts were combined, dried, filtered,
and concentrétedg The residue was purified py'flash
- column chromatdgraphy‘(BO% ether/petro;eum ether) to give

the adduct 76‘(121>mg;'93% yield). Its H nmr spectrum.

was  identical to that‘repbrtéd in method A (vide supra).

N

'5—(E;Buty1thiocarbonyl—cyanohethyl)-t:ibyclo[S.2;1.02;6]

deca-8-ene-3-one (78)

~ A. Using DABCO as a-base”

Cyanothiolester 23 (548 mg, 3.49 mmol) was dissolvéd
in .distilled 1,2—dihethoxyéthane.(10 mL) and stirred at
0°c under ah argon atmosphere for 10 min. .DABCO.(389 mg,
2.66 mmdl) was added followed by addition of tricycldéb
‘[5-2.1.02:6jdeca—4,8—dien-3—one 77 (341 mg, 2.33vmmol)5
After stirring for 25 h at room temperature the reaction‘
was quenched.with 1N aqdeoﬁs hydroéhlofic acid solution

i

and‘extraqted with dichloromethane (4'2 20_mL),M Thev

- .
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extracts were washed with sodium chloride solutionj dried,

filtered, and concentrated. The crude product was

purified by flash column chromatography (10% ethyl

* . . . . . * i
When this reaction was repeated using tetrahydrofuran as a

solvent, an 80% yield of the adduct 78 was obtained.



acetate/petroleum ether) to give a diastereomeric mixture:

of Micheal adduct 78‘(552 mg; 78% yieid). dne
fecrystallization frdm 30% benzene;petfoleUm ethsr gave
light yellow crystals (i, P 81- 85 C) ' The following

_ spectral results were recorded on a mlxture of

‘ dlastereomers; 1. nmr 61 52 and 1. 54 (both s, . total 9H
-C(CH3)3), 3.54,3. 64 (both a, lH each, J = 10 Hz each,
—é@CN), and 6.20 (br s, 2H,‘—q§fq§:); ir (cHC13) 1675
(thiolesaer Cfd),A1730‘(ketoﬁs c=0), 2240 (C=N), and 3060
em™1 ('c=c‘); ms M* 303.1292 (calcd. for7C17HélNOé§=
303.12935. Anal. Calcd.:for C17H21N025::-C, 67,30} H, -
6.98; N, 4.62; 0, 10.55; S, 10.57. Found: 67.48; H,
7.15: N, 4.48; 0, 10.47; S, 10.31.

‘B, 'Using‘4-dimethylaminopyridine as a base-

Cyanothlolester 23 (400 mg, 2.55 mmol) was dlssolvsd
in freshly dlstllled 1 2~ dlmethoxyetha?e (10 mL)" and
,stlrred at 0°C under an argon atmosphere for 10 mln. 4-
Dlmethylamlnopyrldlne (249 mg, 2. 04 mmol) was addedv
followed by addltlon_of dienone 77 (248 mg5 1.70 mmol)f
The mixtufe was stirred for 26 h at room température,

: quenchsd with ice—soldulN aqueous hyérochlofic;acid
solution, and ext}acteé with dichloromethane (4 x 20

mL). The extracts were washed with saturated sodium

Chloride'solution,)combined, dried, filtered, and

140
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cénéentrated. The residue was purified on silica gel
-column.cﬁromatography (10% eth?l acetate/petroleum ether
§o give a diaste;eomefic mixture of Michael adduct 7é (383
mg% 74% yield).‘ The H nmr spe;tfumfwas fogﬂa to be
identical with 'that prévioUsly reported in method A (ligg
suEré).

C. Using sodium hydride as a base in the presence of

chlorétrimethylsilaneﬁ

\Cyanéthiolestef 23.(275 mg, 1.74 mmol) was dissolQed
ih‘freshly distilled bgnzene (S.mL) and spirred at ~5°C
for 5 min énder an argon atmosphere. :
Chlofot:imethylsilané (0.20 mL, 1.56 mmol) was added
followed by addition of diéﬁone 77.(328lmg, 2.25 mhol) agd
mixturelst;rreé for 10 min. Sqdi;m bydriae (50%
dispersidh'in oil;»l25lm§, 2.61 mmol ) was-addéd and the.
réaétion‘mixture;Stirred for 23 h at room températﬁre.
Iée—éoid lN‘aqueous.hydroéhloric acid sqlutioﬁ was added
and the mix;ure extracted with diéhloromethane.(4 x'20

mL).ﬁ The extracts were washed again with saturated sodium

141

chloride solution. The combined extract was concentrated, -

dissolved in methanol (30 mL), and shook with'aqgeoﬁs
potassium fluoride solution (0.5 g/15 mL) for 10 min in a
separatory funnel. The brganic layer was extracted wi;h

dichloromethane (4 x 20 mL) and the combined‘extract
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dried, filﬁered} and ¢oncentrated; The crude prodhct waé»
purified By flash column'chromatography on silica gel (20%
ethyl acetate/petroieum‘ethe:) to afford the Michael
adduct 78 (442 ng ; 84% yield). The lH nmr spectrum was
found to be consistent with that prev1ously reported in

method A (vide supra);

D. ’Uéing sodium hydride as a base in the absence of

chlorotrimethylsilane

-éyaﬁothiolester 23 {100 mg, 0.64 mmol) was dissolved
in freshly distilled benzene (10 mL) and cooled to 5°cC.
Sodium . hydrlde (50% dlsper51on in oil; 46 .mg, 0 96 mmol)
was added and mixture stlrred for 10 min under‘an argor.
rathosphere. ,Dienoﬁe 77 (112 ﬁg, 0.77 mmol) Qas,added and
lcontinued stirring for 25 h at room temperatﬁ;e. The
vreéctibn was'quenchéd witﬁ 1N aqueous,hydrochloric acid’
'solﬁtion énd extracted with dithoroﬁethane (4 x 20 mL).
" The extraéts were washed with‘saturated sodiuﬁhchloride
solution, combined, dried, filtered;,and concentrated.
‘The crude‘product wasvéurified by flash column
chrdmatography (26% ethér/petroleumvether) to affbra the
Micﬁael adduct 78 (95 mg;»49%/yie1d).;'The 14 nmr specgfuﬁ
was consistent Qith that already reported in method A

(vide supra).
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S-t-Butyl 2-cyano-3-methyl-5-oxo-thiolhexanoate (79)

A. Using DABCO as a base ‘ &

Cyanothiolester 23 (503'hg,&}.20 mmol) was dissolved
in freshly distilled 1,2-dimethoxyethane (10 mL) and
stlrreaAunder an argon atmosphere at 0°C fon-S mln. DABCO
(358 mg, 3.20 mmol). was added and stirred for 10 min
followed by slow addition -of 3-penten-2-one. (0.78 mL, 8.00

mmol). The mixture was stirred at room temperature for 48

h, after which was quenched with ice-cold 1IN aqueous

¢

hydrochloric acid solution and extracted with
‘dichloromethane (4 x 20 mL). The extracts were washed
kwith sodium chloride eolution,‘cbmbined, dried, filtered,
and concentrated. The residue was,ehromatographed on

‘ silice,gel (20% ethyl acetate/petroleum ether) to give a
hdiastereomeric mixture of the adduct 79 (285 mg; 37%

yield) (ca. 1:2 ratio from 1H nmr integration).: Singleefﬁgg_ o

recrystallization from 10% benzene- petroleum ether gave

pure needle-shaped crystals (m.p. 42-43°C). The fq}low1ng

spectral data were recorded on the mixture. The followfn%§ . ";

signals are assigned for the major isomer: IH nmr 81.07 .. ¢

(d, 3#, J-= 6 Hz, CH3-CH-), 1.52 (s, 9H, ~c(cH3)3), 2.28 :
(s, 3H, CH3-CO-), and 3.90 (4, 1H, J = 4 'Hz, -CHCN); the : i

following signals are assigned for the minor isomer: 1



e

o

nmc 81.13 (4, 3H, J = 6 Hz, Qﬂs—éﬂ—), 1.49 (s, 9H,
-c(cH3)3), 2.12 (s, 3H, CH3-CO-), and 3.52 (4, J = 6 Hz,

|,
~CHCN)+ ir 1685 (thio}ester'czo), 1725 (ketone C=0), and

2260 cm™! (C=N); ms M* 241.1138 (calcd. for CjpHjgNO,S:

241.1136). Anal. Calcd. for Cy,HjgNO,S: C, 59.72; H,

7.94; N, 5.81; 0, 13.27; S, 13.26. Found: C, 59.64; H,

7.95:; N, 5.71; 0, 13.16; S, 13.09.

B. Using sodium hydxide as a base in the presence of

~chlorotrimethylsilane

Cyanothiolester 23 (271 mg, 1.73 mmol) was dissolved
in freshly distilled benzene (8 mL) and stirred at 5°C
under an argon atmosphere for 5 min.

Chlorotrimethylsilane (0.20 mL, 1.56 mmol) was_added
- . N
followed by slow addition of 3-penten-2-6ne (0.14 mL, 1.43
mmol). Sodium hydride (50% dispersion in oil; 124 mg,
. 2 9 . h

C D
2.60 mmol) was added and stirred for 8 h at%10°c. The
Lo AT .

.

A .
».Mmixtyre was poured into ice-cold 1IN aqueous hydrochloric
tow e v&} ., ’ . . . .

'sodiuﬁ’chloride. The extracts were combined,

PRI

iédid”éﬁﬁutioh, extracted with dichloromethane (4 x 20 mL)

Y
#
i

\

and extracts washed again with saturated solution of

 concentra§ed, and dissolved in methanol (30 mL). Aqueous

potassium fluoride solution (0.5 g/15 mL) was added and
shook for 10 min in a separatory funnel. The organic

layer was extracted with dichloromethane (4 x 20 mL) and
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'D. VUsing sodium hydride as a base in the absence O

/,‘

conbined extract dried, filtered, and concentrated. The

-

-crude product was purlfled by flash column chromatography

on 5111ca gel (20% ethyl acetate/petroleum ether) to glve

1 thelechael adduct\79 (216 mg, 62% yield). Spectral ‘4‘

results of allwrespécts were identical to that reported in

method A‘(vide supxa):

C. Adduct 79 by reaction at -20°C

Cyanothlolester 23 (209 mg, 1 33 mmol) was dlssolved

“in freshly distilled toluene (8 mL) and stirred at -20 C

L
under an argon atmosphere for 10 mln.

ChlorOtrimEthyléilane.(0.15lmL, 1.20 mmol) was addéd
followed by 3-penten-2-one (0.16 mL, 1.60 mmol) and

mixturefStirred‘for another 10 min. Sodlum/hydrlde (50%

disperafon‘in'oilf 96 mg, 2:007mmol) was ‘added aﬁd

.reaction stirred for 27 h at -20°C. .Tpé/reactlon mixture

/

- was worked up and crude product purlfled as mentioned in

‘method B (v1de supra), to give the adduct 79 (221 mg, 68%

y1éld). 'The 1H nmr spectrumvwas identical to that

4

previously'reported 1n~methoduA'(v1de supra).

P

chlorotrimethylsilane

v

Cyanothlolester 23 (101 mg, 0.64 mmol) was 8iijssolved:

in toluene (8 mL) (freshly dlstllled over calcium hydride)

"and stirred at ~20 C for ‘5 min. 3-Penten—2fone (0.08 mL,
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d

0.77 mmol) was added‘slowly.via a syringe'and stirred for

another 10 min. Sodlum hydrlde (50% dlsper51on in 011- 50

mg, O 96 mmol) was added and mlxture stlrred
-20°C under an afgon atmospheye. Then the reag an.was'
pouredAinto ice-cold lﬁ aqueous‘hydrochloricaacid solution
and extracted with‘dichloromethane (4 x 20 hL)f‘ The -
extractsbwere washed w1th saturated sodlum chlorlde
solutlon, comblned dried, flltered and concentrated.
The crude product was purlfled by flash column;
‘ chroq%togfaphy (30% ether/petroleum ether) to affofd the‘
Michaei;adduct 79”(89 175mg? 58% yleld) AI‘ '1H nmr“ |

/

spectrum was 1dent1ca1 to- that already repQ;ted in method

A (vide supra).

o
[
!

Y

3 (t- Butylthlocarbonyl cyanoethyl) -2- norbornanone (80)

~and bisfadduct (81) o ' o
- S / ) . ‘ s . N
, , I . ‘

A. Using DABCO as a base

Cyanothlolester 23 (400 mg,. 2. 55 mmol) was dlssolved

in dlStllled h 2- dlmethoxyethane (10 mL) at 0°C. DABCO

' Ar

' (229 mg, ‘2. 04 mmol) was added and stlrred for 10 min under
an argon atmosphere. 3—Methylene-2—norbornanone‘(O.21ymL,
©1.70 mmol) was added via“a‘syringe and solution stirred

for 46 h at room temperature., The mixture was'poured into



. adduct 80 (53 4o mg, 11% yleld) as a mlxtuﬁe ofe

yellow cfystals (m p. 58- 60 C) correspondlng to the bls—
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' o

'~ aqueous. IN . hydrochlorlc acid solutlon, extfahted\with

‘dlchloromethane (4 X 20 mL) and extracts washed ylth

saturated sodlum chlorlde solutlon. The comblned extract

was drled flltered and concentrated The crude product.

was chromatographed on silica gel (10% etﬁyl

acetate/petroleum ether) to . glve a yellow oil of the l 4—
dlastereomers, which- crystalllzed on standlng at. room
temperature (m p. 65— 69 c). The follow1ng spectral datd

were_recorded-on the m;xture:“tlH_nmr'blfSO (sY 9H,

o . o ' |
- -c(cH3)3), 3.68 (44, 1/2x 1H, J = 8 Hz, J' = 6 Hz, -CHCN,

from‘one isomer), and 4.00 (dd 1/2x 1H, J 9 . Hz, J' =5
Hz —&HCN, from another 1somer) ir 1675 (thlolester C=0),
1740 (ketone c—o), and 2240 em™l (caN); ms M* 279.1200

(caled. for C15H21Nozs- 1279.1293).  Anal. calcd. for

'C15H21Nozs;“ C, 64.48; H, 7.58: N, 5.02: 0, 11.46; S

11.45. Found: C, 64.557 H, 7.63; N, 4?%3; o, 11.46; s,
- . ’ - . - )

11.23. :'f, S tN;»w. S §$§

Further elutlon w1tﬁ the same solvent system gave

-

»adduct 81 (198 mg; 14% yleld) }H nmr,él.SO“(s, 9H, .

-~ —cl(c 3)3), and l.7—3.l*(m, 21H, methine and methylene

protpns of tWO’bicyclic'rings)- ir (CHC13J 1670

©

'(thﬂolester C=0) and 1740 (2x ketone C—O) ‘ms M+ 401 . 2020,
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B. Using 4—dimethylamin0pyridine as -a base

fo a solutlon of cyanothlolester 23 (400 mg,,2.55
mmol) in dlstllled 1, 2 dlmethoxyethane (10 mu), was added
3—methylene -2- norbornanone (0.21 mL, 1. 70 mmsl) and the
mixture stirred for 10 min under an argon. atmosphere. 4-
- Dlmethylamlnopyrldlne (248 mg, 2. 04 mmol) was added and
‘the reactlon mlxtu?e stlrred for 24 h at room'
Atemperature.‘ After work- up and purlflcatlon as descrlbed
lﬁlmethod A, the l 4- adduct 80 (64. 27 mg, 14% yleld) was
obtained. ' The lH nmr spectrum was found to be 1dent1cal

4

to that’reportedvln method A (vide supra).

- C. Using sodium hydride as a base in the presence of '
é ' : ' ’
chlorotrlmethylsllane e

To a solutlon of cyanothiolester 23 (230 mg, 1.46
mmol) in freshly dlstllled benzene (10 mL) ‘was added
vchlorotrlmethylsllane (0‘17 mL, 1 31 mmol) followed by
~add1tlon of 3—methylene -2- norbornanone (O 15 mL, 1.21
mmol) The mlxture was stlrred for 10 min at 7°C under an’
:argon atmosphere and sodium hydrlde (50% dlsper51on in
o;;57105 mg, 2 19 mmol) was added. The reactlon mixture
masVStirred for 2 h at 7° C. .It was then poured 1nto
aqueous 5% - sulfurlc ac1d solutlon and extracted. W1th

'.dlchloromethane (4 x 20 mL) and extractﬁgwashed again w1th'
' -



Loty

aqueods'sodium chloride solution. The combined extract
,/ . . A3 . ’
was dried,5filtered, and concentrated. The crude' product

twas subjected to column chromatography'(20%‘ethyl
. ‘i? .

‘acetate/petroleum\ether)_to(give an oil of adduct 80 (213
' mg; 63% yield) which crystallized as white crystals on

N @ N _ .
“standing at room temperature. All»spectral data, i.e. 1§

nmr,'ir, and maSs spectrnmfrespectively,twere'found to be
con51stent w1th those already repopted in method A (Xiéi
supra) -

D. U51ng sodlum hydg%de as a base in the absenoe of

.Atf,v %

' chlorotrlmethylsriane

Cyanothiolester 23 (194 mg, 1.23 mmol) was dissolved
in freshly distilled benzene (8 mL) and cooled to 7°C; 3-

'MethYleneFZ—nOrBornanone (0. 12 mL, l 02 mmol) was added

\

'v1a a syrlnge and stlrred for 10 m1n under an argon

atmosphere. Sodlum hydrlde (50% dlsper51on in .0il; 88 mg/

1. 85 mmol) was added and the mlxture st1rred for 3 h at

7° C to room temperature. * The reactlon mlxture was. worked

’

{
up as in method A and purlfled by flash column

chromatography (20% ethyl acetate/petroleum ether) to give
the J,Q-adduct 80.(202 mg; 71% yield). 1H1nmr‘spectrum

“wasjidentical to that reported'previously,in method A

#,

_(Gide supra).

o
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14 fy N

Ethyl cyanothlolester 24 (402 mg, 3.12 mmol) was

dLssolved in dlstllled 1,2~ dlmethoxyethane (10 mL) .and
stirred at 0° C‘under an argon atmosphere for 5 mln. 4-
Dlmethylamanpyrldlne (380 mg, ‘3. 11 mmol) was added and
after another 10 min stirring, 2- cyclohexen—l -one (O 20‘
mL, 2.08 mmol) was added via a syrlnge. After the
reactlon mlxture had been stlrred for 19 h at room
temperature, it was poured into ice- cold 1IN aqueous

hydrochlor1C'ac1d solutlon and extracted»w1th.
L \ ' o
¥ Y

dlchloromeghane (4 x 20 mL). Extracts were washed with

saturated odlum chlorlde solutlon, comblned drled

@

flltered and concentrated. The re51due was purlfled by
flash column chromatography on 5111ca gel (20% ethyl'
acetate/petroleum ether) to afford a dlastereomerlc’

‘mixture of the 1,4- adduct 82" (119 mg ; 26% yleld) The

follow1ng spectral data were recorded on the mlxture of !

~d1astereolsomers: 1H nmy 61.34 (v, 3H, J 8. Hz,-

CH3 CH2 ), 3*02 (g, 2H, J = 6 Hz, CH3-CHp-), 3.62 (a, 1/2x

ST lH J 5 Hz, —CH CN, from one isomer), and 3.74 (4a, 1/2x

For the preparatlon of thls compound other conditions were
also used. For details see Table Xﬂ




.ms M+‘225.0824 (calfﬂ?&farvcllﬂisNozs:‘ 225.08230.
' . ' : . ) .kJ' - .
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*+

1H, Ja— 4 Hz, —éHCN, from another 1somer), ‘ir 1675

(thlolester C—O), 1710 (ketone C—O), and 2240 cm‘l (C:N)

!

HGZyethyl—Bﬁitfbuty1thiocarbohyircyanomethyl)Al-cyclohex

" in freshly distilled”benzene (10 mL) and cooled to 7°C.

anone (83) - o o _ .

0

Y

A. In the presence of chlorotrimethylsilane

‘Cyanothiolester 23.(293 mg, 1.86 mmol) has‘diseolved

_ . e ‘ . o
Chlorotrimethylsilane (0.21 mL, 1.67 mmol) was added

followed by slow addition of 6-methy1-2;cyc10hexen114one

PN

. (245 mg, 2.23 mmol) and the mixture stirred for 5 min

Aonder an,argon atmosphere. Sodium hydride (50% dispersion

in oil; 134 mg, . 2.79 mmol)-was added ahd continued
stlrrlng for 16 h at room temperature."Aqueous'S%‘
sulfurlc ac1d solutlon (lO mL) was added and extracted
with dlchloromethane (4 x 20 mL) and extracts washed with.
saturated sodlum ‘chloride solutlon. The extracts were
comblned, opncentrated,'and dlSSOlVed in methanol (30 mL),

followed by treatment with aqueous potassium fluoride

_solution (0.5 g/15 mL).. Organlc layer ‘was extracted a%aln

with dlchloromethanq (4 x 20 mL) and extracts comblned

dried, filtered, and'concentrateA ~.€olumn chromatography

ﬂ}-?;ﬁ . v‘."
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"of the residue on silica gel, eluting with 20% ethyl

Ey

\

~acetate in peﬁroleum éther.gavé the 1,4-adduct 83 (408 mg;
82% yield) as a sihgle'isoﬁer; whiéh crystallized on-
refrigetétion: ly nmx 61.06 (d; 3H, J = 7 Hz, QE3-éH-),
1.54 (s, 9H,'-c(cn3)3), and 3.44 (4, 1H, J = 5.5 Hz,
‘—éHCN)7 13¢ nnr' 6209.2,‘190 4, 114.9, 51.5, 50.6,,45.6,
44.5, 40.4, 33;4g:zg,5, 27.9, 14.i; ir (CHCl3) 1680
l(thioiéster C=O), 1710 (ketone C=0), and 2260 céfL (CEN);
ms M* 267.1290 (calcd. for ci4néluézs= 267.1293). Anal.
Calcd. f\cz)r C14H21NO‘2$:. C,. 62.8.9; H, 7.92; N, 5.24; O,
11.98; s, 11.97. Found: C, 62.72; H, 8.10; N, 5.12; 0,

12.13: S, 11.59,

B.| Adduct 83 in the absence of chlorotrimethylsilane

N i

Cyanothiolester 23 (101 mg, 0.64 mmol) was dissolved
in freshly distillea:benzene (10 mL) and chilled to 5°C.
"~ Sodium hydride (50% dispersibn in oil; 46 mg, 0.96 mmol)
‘was added and the mlxture stlrred for 10 min under an

argon atmosphere. 6—Methyl ~2- cyclohexen—l one (85 mg,
0.77 mmol) was ;dded and the reaction stirred for 14 h at
room temperature. Ice-cold IN aqueouSAhydrdchlorip acid
solution was added and extracted with dichloromeﬁhane'(4 x
20 mL),‘followed by washing the extracts wiﬁh saturated

sodium chloride solution. Extracts were combined, dried,

filtered, and concentrated. Flash column chrbmatography
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on the residue using 20% ethyl acetate in petroleum ether

as an eluent gave the 1,4-adduct 83 (84 mg;149% yield).

The H nmr spectrum was identical to that already reported

" in method A (vide supra)

.
’

3—(E:Buty1thiocarbonyl—cyanomethy1)f4,4—dimethylel-

N

cyclohexanone (84)

"A. 1In the presence of chlorotrimethylsiiane

‘Cyanothiolester 23 (282 mg, 1.79 mmol) wps dlssolved
in freshly dlstllled benzene (10 mL) and cooled to 5°¢ C.

Chlorotr1methy151lane (0. 20 mL,_l 61 mmol) was added

'followed by 4,4- d1methyl -2-cyclohexen- -1- -one (270 mg, 2.15-

mmol ) and the mixture stlrred for 15 min under an argon

atmospbere. Sodlum hydrlde (50% dlspers1ch in o0il; 130
mg, 2. 69 mmol ) was added and reaction contlnued for 22 h

.at room temperature.' Aqueous sulfur1c~a01d solut;on was

added and the resulting mixture was extracted”With_
dichloromethane (4 'x 20 mL).. The extractsiwere}wasned
with saturated sodium chioride‘solution/ combined and
concentrated. The reeidUe Qas dissolved'in’nethanol (30
mL) and treated with aqueous pota581um fluorlde solution

(0 5 g/15 mL) for 10 min. The organlc layer was extracted ng

with dlchloromethane (4 x 20 mi), extracts combined,

S
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dried, filtered, ‘and concentrated. Column chromatography
of theﬁieSIdue on silica gel (20% ethyl acetate/petroleum
ether) gave a colorless- o1l (whlch formed crystals on
‘standlng), of the adduct 84 (365 mg; 73% yleld) as a-
51ngle isomer. ' One recrystalllzatlon from 10% benzene in
petroleum ether gave pure crystals (m.p. 74-77°C): lH nmr
'§1.14, 1.22 (both s, 3H each _g__fdlmethyl group), 1.52
(s, 9H, -C(CH3)3), and 3.74 (4, 1H, J.= 2 Hzl_féHCN)7 13,
‘nmr 5208.3, 191.2, 115.4, 50.6, 46.8, 46.6, 40.1, 37'7?/
33.4, 29.5, 28.9 19.9; ir\1680‘(thiclester c=0), 1710 |
h(ketone C-O), and 2250 cm'i (C=N); ms mt 281, 1444 (calcd.
‘efor C15323N025°‘ 281.1449). Anal._Calcd. for /
CisHp3NOpS: C, 64.02; H, 8.24; N, 4.98; 0, 11.38: S,
11.37. Found: c,'63.82;lﬁ; 8.26; N, 4.93: 0, 11.54; s,
11.35. | | |

B. Adduct 84 in the absence of chlorotrlmethylsllane

To a solution of  cyanothiolester 23 (101 mg, O. 64'
mmol) in freshly distilled benzene (8 mL) at 5° C was
'added sodlum hydride (50% dispersion in oil; 46 mg, 0. 96
mmol) After stirring for 10 min under ‘an argon
atmosphefe, 4,4—dimethyl-2—cYclohexen—l;one (96 mg, 0.77
mmol) was addedOSIOle as a soluticn in benzene (2 mL) .
The mixture was stirred for 25 h at room temperature(

e

quenched with 1IN aqueous hydrochloric acidvsclution, and
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extracted with dichioromethanem(4 x 20 mL). The e*tracts ]
were washed again with sodium chloridé solution, combined,
dried, filtered, and concentrated. Flasﬁ-column
chromatogréphy’of the residue on silica gel (20% ethyl
acetate/petroleum ether) afforded the‘l,4¥adauct 84 (82.19
mg; 46% yield). The 14 nmr spectrum was found to be

“identical with that obtained from method A (vide: supra).
, , ;

7

S-t-Butyl 2-cyano-5-oxo thiolhexanoate (85) and S-t-butyl

B—acqu1—1-qyaho-4—hydroxy—4—meﬁhylcyclohexanethio—

carboxylate (86)*

.

. Cyanothiolester 23 (254 mg, 1.62 mmol) was dissolved
in dist%llgd benzene (10 mL) and coolegbto 7°C. Methyl
'vinyl ketone (0.1 mL, 1.35 mmol) was added slowly
folléwed‘by chlorotfimethylsilane (0.19,mL, 1.46 ﬁmol) and-;
the mixture stifredrfor 15 min und;r an argon |
aémoéphere;v Sodium hydride (50% dispersion in oil; 115
mg, 2.43 mmél) was added and mixture s;irred for another 3

h at ~10°C. Ice-cold 1IN aqueous hydrochloric acid

[N

o

*Repeated reactions at -40°C (34 h), -60°C (44 h) using
toluene (distilled over calcium hydride) afforded even
poorer yields of 38% and 20% respectively together with the
formation of 19% and 35% yields of dimeric material 86.

*



. >
solution was\added and extracted with dichloromethane (4 x

20 mL). ,The‘extracts were washed with saturated sodium
chloride solution, combined, dried, filtefed, and
concentrated The residue was‘purified on silica gel
column chromatography u91ng 20% ethyl acetate in petroleum
ether to give the 1,4-adduct 85 (148 mg ; 48% yleld). 1y
nmr 61.50 (s, 9H, -C(CH3)3), 2.14 (s, 3H, CH3—CO-5. 2.63
(t, 24, J = 7 Hz, -CH,c0-), and 3.62 (a4, 1H, J = 8 Hz, J'
= 6 Hz, -CHCN); ir 1685 (thiolester C=0), 1718r(ketone
c=0), and 2250 cm~l (Cfg)} ms M* 227.0975 (calcd. for
Cy1HJNOS: 227.0980).

‘Fhrthér elution with 30% ethyl acetate/petroleum
‘ether gave'the éyclic dimeric compound as a“mixturé of
diastereomers 86 (62 mg; 8% yield). The féllowing 1H‘nmr
was attrlbuted to the ma jor ‘compound: 14 nmr 51;18 (s,
3Hi‘g§3—CHOH), 1 50 (s, QH, —C(CH3)3), and 2.17 (s, 3H,
CHsco-); the follow1ng 14 nmr was attrlbuted to ‘the minor
compound- 1 nmr 61 25 (s, 3H, g_é-éHOH).'l-52 (s, 9H.
‘—C(CH3)3), andlZ 28 (s, 3H, CH3CO -); ir 1680 (tﬁiolester
c=0), 1710 (ketone C=0), 2240 (C=N), and 3500 cm~1 (-OH):

ms M* 297.1391 (calcd. for C15H23NO3S: 297.1399).

Transketalization reactions of ketocyanothiolesters

The reactions were carrled out u51ng the general
: \ﬁr‘"

156
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procedure illustrated below with ketone 75. All the

‘reactions were found to be complete within 7 to 24 h. The

”

crude'products, without purification, were used directly

for the subsequent reductions.

bl ’

i

3-(t-Butylthiocarbonyl-cyanomethyl)-1,l-ethylenedioxo

2]
- ¢

cyclohexane (88)

Ketone 75 (501 mg, 1.98 mmol) was dissolved in dry
.bénzene (40 mL) and ethylene'glycol (1.23 g, 19.8 mmol)
and-p-toluenesulfonic acid monohydrate (36.10 mg, 0.198
 mmol) were added; The reaction flask Qas fitted with a
_ Dean Stark water separator charged with type 3 A moleéular
sievé in the take-off arm; The reaction mixture was
heated at reflux for 7 h, then cooled toqroom
temperature. Séturéted aqueous bicarbonate solution (10
mL) was added‘ané thé resulting mixture extracted with
dicﬁloromethéne (4 x 20 mL). The extracts wefe washed
with saturated sédium chloride solution, driea,‘filtered,
and concenérated to afford a crude product 88 (596‘mg).
The following spectral data were iecofdgd on the Erude
_prqduct withdut further purification: 1y nmr §1.50 (s,

9H, _c(CH3)3),,3.45,;3.49’(both d, 1H each, J = 7 Hz, J' =

|
6 Hz, -CHCN), and 3.95 (br s, 4H,(?O—CH2CH2—Of); ir

e
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Y
) s - ¢ &3& .
#. . (CHCly) 1850-1100 (C-0), 1678 (C=»), and 2240“!:m'1 (Cz=N);

LN
LN e CRERRRT

ms M* 297.1409 (calcd. for C,gHy3NO3S: 297.1399). Anal.

calcd. for C15H,3NO3S: C#60.58; H, 7.80; N, 4.71; O,
16.15; S, 10.76. Found: C, 60.52; H, 7.76; N, 4.65; O,
16.21; &, 10.88. | -
The ketals 89-92 were shown to have tﬁé following
spectral data. Compound 89: 8 nmr 5§1.50 ks, 94,
.—C(CH3)3), 3.60 (4, 1/2x 1H, J = 7 Hz, -&HCN; from one
.isomer), 3.67 (4, 1/2x 1H, J = 4 Hz, -éHCN, from another
isomer), and 3.95 (bﬁis, 2x 4H, -0~ CH2CH2-0 )s ir 1050-
1100 (C-0), 1680 (C‘O),Aand 2260 cm~! (C=N); ms MY

e
283.123¢9 (calcd fO,r C14H3&‘1NO3S: 283.1242)-
¢‘ N

Compound 90: i nmr“51.49, 1.54 (both s, 9H total,

M @

;c(éHggsf;.a;ﬁo, 3,65 (voth 4, 1u each, J - 10 Hz each,
—éHCN). 3. 90 (br s, 44, —OCHZCHz-O ) and 6 20 (m, 2H,
'-~CH=CH- ) 1r 1680 (c-o) ang 22€>0‘cm‘1 (C_N) ms M*
3471557 (calcd for*clgﬂzgno3s- © 347.1555).

Compound 91 The follow1ng 1H nmr spectrum was

4

attrlbuted to~€he major isomer : *1H nmr §1.10 (d, 3H, J

L )| | .
7 Hz, c_3—CH ), 1 36 s, 3H, CH34§ p—); 1.52 (s, 9H,
-C(CH3)3) 3. 98 (s, 4H,. —OCHZCHz—O ), and 4.26 (d, 1H, J =
1
4 Hz, —CHCN) : The followlng 1y hmr spectrum was

i attrlbuted to the minor isomer: 14 nmr 81.22 (4, 3H, J f'

l 5 : : | -
7 Hz, cﬂ3—CH-),~3.60 (d, 1H, J ¢ 4 Hz, -CHCN), and 3.90



(br s, 4H, —O—CHZ-cﬁéo—); ir\lﬁéb (c=0) and 2250 em™1
(CEN);‘ms* M++18 303 (calcd. for C14H27N203S ‘
3@3.1742) Anal. Calcd. for C14H23NO3S. c, 58.92; H,
8.13; N, 4.91: s, 11;212p Found: C, 59.00; H, 8.16; N,
& 83-‘5, 11.04. |

_e e

: Compound 92: . 1H nmr- 61. 50 (s, 9H, —C(CH3)3), 3.50
, F
(m, lH, "CHCN), and 3 90 (m, 4H, "0CH2CH20“), lr 1680
‘(C-O) and 2260 cm'1 (C‘N), nis M+ 323 1558 (calcd for

'C17H25N03S‘.' 323 1555)

Reductionépoﬁﬂketal‘oyanothiolestersf"

4 . -

o The reactlons were carrled out u51ng the general
'procedure as 1llustrated below w1th ketal cyanothlolester
88.» Temperature and tlme used and % ylelds obtalned for

eaéh case were shown 1n Table XII.

]
S L
! ' \

~

N\j—(l—Cyano-24hydro£yethyl)—1,l—ethylenedioxogyc1ohexane N

—_—
oo
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. Ketal thiolester 88 (248 mg, 0.84 mmol) was dissolved

in absolite ethanol (5 mL) ahd'sodium botohydride/(;24.mg,

‘ Chemlcal 1onlzat10n mass spectrum u51ng NH3 . as a.,
caxrler gas e ‘
- ‘- i\,/' -
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3326"mmol) was added; The reactlon mlxture was - stlrred
under an argon aﬂhosphere at room temperature for 1 h. It

was then poured 1nto lce—cold agueous’ ammonlum chlorlde
/.
2

.solutmon and extracted w1th dlchloromethane (4 X 20 mL)
“and extracts washed with saturated sodlum chlorlde

solutlon. The comblned extract was drled flltered and

concentrated The crude mater1a1 was purlfled by column ' %"
: - t?
,chromatography on 5111ca gel (50% ethyl acetate/petroleu@, jpﬂ
4ﬁﬂ~&’
fether) to glve the mlxture of dlastereomerlc alcohols 9353* '
(163 mg,»93% yleld or 90% overall yleld from the )
:correspondlng ketone 75) The following sPectral,data:-
were recorded on the‘diastereomeric Mixture: 18 nmr 62.72
. i ‘. ) : ‘ N . ) > ," . ' .. » * .: N .
(dt, 1/2x 1H, J = 11 Hz, J' = 6 Hz, -CHCN), and 3.82, 3.86

(both d,;Zﬁjeach, J = 6 Hz each : 2OH), and'3‘95 (m,_4H, B

| ~OCH3CH0-): ir 2240 (CpN) ‘and 3400-3500 cm™l (-0H); ms M* <

‘ s e : . : ﬂ
211. 1209 (calcd' forﬂEllHl?Nog3 211 '1208). S o

3

The,alcohols 94 - 97 were shozn to have the follow1ngv
spectral data. Compound 94: - 4 nmr 82.75 (m, 2H, —CHCN~
and -OH protons), 3. 80.(d 2H, J = 6 He, 1952037,_and 3.90
(m, 4H, '—ocnchzo y: ir 2260 (can) and 3400-3500 cn™
(-OH); ms M* 197.1043 (caléa. for‘C10H15N03: 197 1052)

N

‘Compound o: lu nmr 83.80 (m, 28, -qu-on), 3.90 (m,

-

48, —OCHZCHzo ), ‘and 6.20 (m, 2H, -CH= CH )'»1r 2260 (C‘N)

'and 3400- 3500 em™l (-0H); ms’ M* 261.1366 (calcd. for N

i
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,j;

fé15H19No§£ 261.1365).

N . . E I

. ' : NI ‘
. . . K . R . . !
Compound 96: the following 1H nmr was attributed to

the major isomer: 1H nmr 8110 (d 3H; J = 6 Hz,

i W o
Q3—CH Y, 1.32 (s, 3H,_CH3—C -0); 1. 74. (4, 2H,-J = 8 Hz, '

. t ] K
—CH2-—C-O ), 3 14 (t@t, lH, J = 7 Hz, J' =5 Hz, -CHCN),

3.80 (dd, 2H, J = 8 Hz, J' =6 Hz,_-q_on), and 3.97 /s,

-4H, TQQHZCHZO—j. " The follow1ng 14 nmr was attrlbuted to

'tﬁe miﬁor‘isomer- 1H nmr 61 20 (d< 3H, g —/@ Hz,

_ ' | |
CH3-CH-), 1.32 (s, 3H, CHz-C-O- ), 1.82 (d//2H, J = 9 Hz,

Y-CHZ—g&O ), and 4«00 (s, 44, —OCH2—CH2-OV), ir 2260 (C=N)

.

and 3400- 3500 cm“l ( oal ms M+—15 184 0973 (caled. for

161

!
/

" Compound 91:_‘1H nmr 62;58 (br s, 1H, -OH)}‘E»ZQ,(dt,'/

1H, J = 15 Hz, J' = 6 Hz, -CHCN), 3.76 (a4, 2H,-U = 6 Hz,
J' ='2 Hz, -CHp-OH), and 3.86 (m, 4H, -OCHpCHp0-); ir 2250

- (c=N) and 3400-3500 cm“l (-on), ns. M+ 237. 1359 (calcd. for

. . ‘ . .‘“\
c13H19No3¢ " 337, 1365). . I -

i

'3-(1-Cyan0éthenyi)-1,l-ethylenedioxocyplohexane (98)>'

e‘ ‘¢ '

Kétal‘alcdhOI 93'(181»mg, 0.85 mmol) was dissolved in

dry eﬁher (5 mL%yahd'DCC (2§2 mg, 1.27 mmol) and a trace

ambunt of copper (1) chloride was added. The mixture was

':heat“d ét reflux undef an argon .atmosphere for“16 h and

was’ cooled to room»temperature.' The miiture was filtered .



through a sintered glass funnel (4-8 ) and filtrate

eVaporated‘to,drynees. ‘The resulting residue was .
di'ssolved in;iO%)benzene/petrolenm ether; filtered, .and’
lconcentrated The re51due was chromatographed on 8111ca
gel (20% ethyl acetate/petroleum ether) to afford the .
acrylonltrlle derlvatlve 98 (129 mg; 79% yleld) 1H nmr‘
53.95 (s, 4H, -O- CH2-CH2-0 ), 5.70 (4, 1H, J = 2 Hz,
e-ggﬁ), nd 5.82,(brAs, 1H, g, wi /9 =2 Hz,'=CHH); ir 1080
(c-0) and 2220 em~l (c=n); ms u* 193.1102 (calca. for

C_llHl 5NO'2',~: - 193. 1‘1.03".-

4009 . '
. ‘g B
()

3—(1—Cyanoethenyl)—1—cycloh=<

Ketal 98 (62.51 mg, 0.32 ol) was dissolved in

S . Bt 1. L } . o
_acetone (5 mL?) (reagent'grade),,and_Eftoluenesulfonlc ac¢id
monchydrate (30 mg, 0.16‘mmoi) was added. The mixture was
" stirred under an argon,atmosph e for 24 h at‘room

temperatdre.'.The,mixture was polred into aqueous solution

V.

of Saturated eodium bicarbonate and tractedcwith-

dlchloromethane (4 x 10 mL). The extracts were washed
VW1th saturated sodlum chlorlde solutrbn; comblned drled
f%}tered and concentrated The crude product was
,_purlfled by flash column chromatography on silica gel

: u51ng 20% ethyl acetate in petroleum ether to afford the

ketone 99 (39ﬁ%7 mg, 81% y1eld) as a cororless oil: QlH

A
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nmr §5.80 (d, lH J = 2 Hz, =CHH) and 5. 94 (br s, 1H,

.le/z = 2 Hz, = E); 1r 1710 (C—O) and 2220 em~1 (C:N) we

Mt 149, 0839 (calcd for CgHyNO: 149,0841).

o

3-(1—Cyanoetheny1)41,1—ethylene"dibxocyclopentane”(loo)‘\
Ketal alcohol 94-(23126 mg; 0.11 mmol) was dissol&éd v

in dlstllled ether (5 mL) followed by addltlon of DCC

(33.0 mg, 0.16 mmol) and  a trace amount of q"per(I)

‘chlorlde.: The mixture was heated at reflux under an argon

atmosphe; r Sf h' after wh1dh 1t was cooled to room
temperature; flltered (81nté%ed glass funnel, 4-8. p), and
filtrate concentrated The crud% groduct was purlfled by
:column chromatography u51ng 2@% ethyl acetategin petroleum
ether as: an eluent to give the olefln 1003&12 88 mg, 65&%@
yield): 1H nmr 83.94 (s, 4H o- q_z—CHz—O ), 5.75 (d 1H,
J'=T2’ﬁz,‘—CHH), and 5.83 (br s, 1H, Iy, w1 /2 = 2 Hz, =cg§);‘
irbllld (C—Q)iand‘2220 cm~l (caN): ms Mt- 52f127;0759

2 (caled. for C7ujj0p: 127.0759).

34(l—Cyanoethenyl)-1écyclgpentanone (101)'

_ A mlxture of ketal 100 (67 16 mg, 0. 37 ‘mmol) and If

\

[toluenesulfonlc acid monohydrate (70 30 mg, O 37 mmol) in

acetone (5 le (reagent-grade), was stirred under an argon

&7,
. &Q)




T

~give the ketone 101 (49 06 mg, 97% yleld)

'”—CHH), and 5. 95 (b; S, LR; Jw'

164

. ' o o . » ) i ‘ "'*‘a
atmosphere for 36 h at room temperature.‘ Agueous

saturated sodium bicarbonate solution was added and

extracted w1th dichleromethane (4 x 10 mL) The extracts

‘were washed with saturated sodium chloride solution.

combined,‘dried,-filtered, and concentrated. The'crude'
product was purified byvflash COlumn chromatography‘on

)
(tt, 1H, —CH— unresolv&d), 5184 (br s,

1/ %t

&

( c=C ), 1740 (c-o), and 2230

(caled. for'cengNO: 135.0684)
: . ot S

,.’ ..

5—:(-liioethenyl) 3, 3- ethylenedioxo tricyclo[S 2 1. 02 67-.

”deca 8-ene (102)

'glass funnel) and”flltrate concentrated. The re51due was

-

A. By direct dehydratlon usxng DCC as a de%?drating;agent

Ketal alcohol 95 (291 mg, l.ll mmol) was'disselved in
S ,
dlstilled ether (5 mL) and DCC (342 mg, 1.67 mmol) was

added_, followed %addition of a small amount of ccpper(l)

P -~ w ‘ »
chloride.. The mixture was heated ‘at reflux and stirred

for 48 h under an’ argon atmosphere,,and then cooled to

room temperature. The solution was f\%tered (51ntered
g

s : LAY N
‘. - . . @ .
. » * . .

;



7132.1, 128.8, 126.5, 115.4, 92.1, 64.5, 64.0,.55.1, 53.2,
' N :
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dissolﬁed in.h-pentane,‘filtered,_an@ concentrated. ‘fpe uf-
crude product was purified by flash columh'chrbmatograpﬂy

s

*on silica gel (20% ethyl aCetate/petroleum ether) to

.afford a clear yellow oil of the ketal diefln 102 (165 mg; .

60% y1eld) 1H nmr 53. 92 (m, 4H, -O—CH240H2-0-), 5.76 (4,

1H, 3 =2 Hz, =CHH), 5.86 (br s, 1lH, ‘gw = 2 Hz, =CHH),

. 6.10 (dd, 1H, J = 6 Hz, I =4 Hz,. ~CH= CH ) and 6. 34 (aq,

-

IH, J = 6 Hz, J' = 3 Hz, -CH=cH-): 13C nmr 6138.4, 132.3,

50.8, 44.8,.44.7, 43.6; ir 1080. (c-0)% 1630

.bﬁ5§,vandf'

2220?cm'1TﬁE‘N) ms M* 243, 1256 (caled. for g§£H17N02.

: S
_2_43.1259).: Anal. Calcd. for -C15H17N02: ,'-_74.047 H,

7.05; N, 5776; O, 13.16. Found: C, 74.06; H, 7.20; N,

5.59; 0, 13.28. . gn | ', Q

B., From ketal alcohol 95 via mesylate

IR

'Ketal-alcohol595'(249 mg, 0.95 mmol) was dissolved in
dichloromethane (10 mL) and stirred.for 5 min. Methane- ¢
sulfonyl chloride (Oa22 mL, 2.85 mmol)‘wae added follcwed); &

_ » . g
by triethylamine (0.66 mL, 4.75 mmol) .and mixture stirred

for 24 h at room‘tehperature ahder an arébn atmosphere.

The mixture was evaporated'to,dryness,in vacﬁo and the

resultlng orange precipitates were dlssolved in dry -

benzene (5 mL ) folLowed by addltlon of 1,8-
o dlazablcyclo[ﬁ,4.0]undec-7—ene (DBU)e(O.S mL){ The
. '*::::V}k _ 3 .. . ‘,,..;r * i v ~ . ’ . . ! } . . E ‘ - o R " - i t’d '

e

- ‘ . - o SN
: R , .
N . AN .
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mixture was heated and stirred at reflux for 50 min and

was then washed sequentiaily wih uater, saturated sodium

‘carbonate solutlon,‘and then with saturated soatum ﬂ;4

- chlorlde solutlon. Organlc layer was extracted w:.th‘

dlchloromethane (4 x 20 mL) and extracts comblned drled
" : flltered, and concentrated. Flasﬁicolumn chromatography
_%ﬁwﬂ*'»of~the residue’onesilica gel (20% ethyl acetate/petroleum'
X u\ether)*afgﬁgdegda CQlorless 011 of the olefln 102 (135 mg,

Jb Q‘.«

ngdsg% yleld over two' steps from the corres

ndlng.alcohol

95) The 1H nmr spectrum of olefln 102' found to be L

£

gldentlcal to that obtalned by direct method A (v1de

supra). . o to ‘?‘ , | f

[

R

5,S-Ethx;enedioxo-3-methy1%2—methylidenehexanecarbonitrile

- (103)

-

~Keta1 alcohol 9% (81 mg,/O 40 mmol\ was dlssolved in

o dlstlkled ether (5 mL) and DCC (124 mg, 0.60 mmol) and
&

,copper(Iw chlorlde (trace samount) were added. The mlxture

wo was heated at reflux under an- argon atmosphere for 24 h*~
”-§%§'“' and cooled to room temperature. The reaction mlxture was *°
.,” . :flltered, coﬁcentrated and the resultlng re51due

dlssolved in 10% benzene in petroleum ether. ‘The .
. ’ -~ \
insoluble urea solids were flltered aﬂd fiTtrate

'concentrated‘} The residue was’ further subhjected to flash .

¢
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colymn chromatography on silica gel (20% ethyl
acetate/petroleum ether) to give the pure ketal olefin 103

(56 .mg; 77% yield): 1y nmy 61,20'(d,>3H, J =7 Hz, CH3-
éH-).il.BG (s,,3H,/CH3#é;O-), 2.70 (m, 1H,‘CH3-cg;), 3.96
(s, 4H, -0-CH,-CH,-O-), 5.70 (d, 1H, J = 2 Hz, =CHH), and
5.78 (d,-1H, J =, 2¢4Hz, =CHH) ir 1050<1100 (C-0), 1630 (

c=C ), and 2220 cﬁfl (C’N), ms M*-15 166.0868 (calcd for

"}

CgH}pNO,:  166. 0868)
) , %'»"3‘*‘5251”

N L. LN
er Wi N "m.

3‘L2 -Cyano-2 -propenyl)- 2 2- ethylene dioxo-bicyclo[2.2.1]-

heptane (104) ‘:g;§§

Ketal_alcch61397 (337 mg, 1.42 mmol) wae dissolved in
distilled ether k54nL).and DCC‘(440'mg, 2,13 hh61)<Was{
added foilowed by a small amchntrcf COpper(I)vchlcfide.
The mixture'yas heated at reflui'and stirred‘for‘ﬁl h

S E 4

under an afgcn atmosﬁhere and then allowed‘toVCOol_to room

. ‘w‘ . i .., 1 .
temperature. The‘yblution was . then flltered through a

51ntered glass funffl (4 8 p) and fidtrate concentrated

The re51due was dlssolved again in 10% benzene-in.
petrolegn ether, flltered and flltrate concentrated. The

L

resultlng cncde product was purified by flash column

" chromatography (LO% ethyl acetate/petroleum ether) to give
the“pnre ketal‘clefin 104 (271 mg; 87% yield)=- lHlnmr“
. : | | . X

62,20 (m, 5H, 3x ~CH- and allylic protons), 3.89 (m, 4H,

R



168

.

Twy sz

5.86 (br s, 1lH, JW1/2 = 2 Hz, =CHH):; ir 1120 (C-0), 1620 (

c=C ), and 2238 cm“l (Cc=N); ms M* 219.1262 (calcd. for

’OF’CHZ—Cﬁz—O'-), 5.78 (br s,- 1H, = 4 Hz, =CHH), and

C13H17N02: 219.12‘“59). f\ngl. Calcd. for C13H17N02: C, ‘
71.19;,H,¥.’827 N, 6.39."° _Found: c, 71.06; H, 7.93; N,

.

6.23.

g

5\) ’

RN . . «
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chemlsts w1th a varlety of 1nterest1ng problems.
' -

'B-Eudesmol (2) for example,.ls noteworthy for 1ts role in.

the stereochem1ca1 correlatlon of terpenes and
ke ‘ .‘ : .
ster01ds.1, The carbon framework of B—eudesmol 1nclud1ng

the C-4 exocycllc methylene grouplng, reappears ina. -

1

\~ g V

costol (4),~costal (5),_and costlc ac1d (6) These E
'

. compounds dlffer only in ehe oxldatlon level of thelr C 7

substltuent.f On the other hand eudesmane sesqulterpenes

number &f its clOse relatlves such»as p- selinene (3),-, ..

have attracted much synthetlc effort. The,ava1lab111ty/of‘

._new-and 1mproved methodologles has led to a large number

/

‘; of total s@ntheses of thls class of natural products.

/ Ih_ st cases the requlred blcycllc system was formed
r Y

by Roblnsonﬂannelatlon leadlng t0\1ntefmed1ates such as

ok -
compound 7 2 In the other cases, new annelatlon'

procedures haVe been develOped and applled A few :

C -

‘Costol is-also commonly known as" sesquibenihiol.
o .

“ -~ <

175 -
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Marshall and coworkers3 have aceompllshed a. total
DR -

kfaynthF31s of s-eudesmol (2) by thefuse of decalone 8 aa a_,
-,common 1ntermedlate. Thls compound was" prepared from
jenone 7 by an array of reactlons as ahownq;n Scheme I. 'wy
Concurrently,«a st;reoselectlve total synthesls of B—

eudesmol (2) and a—eudesmol (9) were also reported by \

'Plnder et al 4 Thelr key 1ntermed1ates 10 and 11 we\e )

L -

: “obtalned respectlvely by Roblnson—Mannldh annelatlon of

”(+) dlhydrocarvone (12) and ( ) dlhydrocarvone (13) thh

o
-

1 dlethylamlnobutan—3—one methlodlde. ;o “‘1."_ o "?.

‘A novel synthetlc approach leadlng to B-eude&mol was

A

reported by Carlson and Zey.,s° Thelr approadh consiste “of

'_the preparatlon of the key 1ntermed1ate 14 by an
1ntramolecu1ar acylatlon reaotlon, apd addltlon of 11th1um

o d1methyl copper(I) to prodgce ‘a mlxture of keto esters BRI

[y

15.- The trans 1somer was further transformed into . 8-

eudesmol as shown 1n Scheme If?"

A versatlle synthetlc approach to the eudesmane class
A

of sesqu1terpenes was reported by Mlller and Nash.,6

| ut111z1ng\the key lntermedlate 17 obtalned from dlone
-16. The selectlve protectron of the C—6 ketone carbonyl

7allowed sequentlal 1ncorporat;on-of substltuents at C-1

e “

and‘c—7 required,for:the constrhctibn»of eudesmane 5

sesquiterpenes.n'Furthermore; the control of the



' %

o'

'_S\qheme*"I_ S

(cHoH),

', .
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Scheme 11 ' ]
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.

\ .
stereochemistry at C-8a and C-7 was permissible at a later

&

stage by epimerization using the neighbburing Carbonyll

'groupe.

A formal total synthesis of Bfeudesmol (2),
. & ’ : .
atractylon (20), and iebalantolactone7 (21) made use of,

as the key gtep, the cationic cyclization of a, R~

Turated ketone 18 leading eventually to the formatioh

19 (Scheme 111).8

-

re recently, a new annelation route to the bicyclic

eudesmane skeleton has been developed by wOllnsky and
coworkers.? They observed that treatment of olefin 22
with 3-butenoyl chloride in nitromethane in the presenge

of aluminum chloride gave rise to bicyclic enone 23

(scheme IV). Subsequent modifications of this

intermediate completed the total synthesis of p-selenene

0 9
(3) and neointermedeol (24).

¢

It is noted that in eudesmane sesquiterpeneseas well

as in many other terpenoid systems, a functionalized
isopropyl side chain is often'present. The introduction

of . such an 150pr0penyl unit can be achieved by ‘two general
approaches. One involves the use of a sultable startlng«

material already possessing such a unit, and the other

'requires its incorporation at an adequate stage durihg the

'synthesis. A few examples of eadﬁ approach are given

below. -

181



Scheme III

3

1. Ac,0; HOAC;

2 >
I-lClO4

2. OH

|

3>

19

17

\\\\o H o
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Examples of the fir-t approldh includc tho cldhuica1~

synthesis of a-aoyperone (25) by Howe and Mcouillinlo who
made use of (+)- dxhydrocarvonc (12) as' a -tarting mntcri&l
to facilitate the construction of the target molocule as
shown in SCheme V. In a similar fashion, epx-y-nilonene
(26)11 was aynthesized atarting with (+)-dinydrocarvone
(12).

As described earlier, Pindér et af.synthesizedAa—
eudésmol (2) using (-)-dihydrécirvqng as a starting
material. .The required modification of the isOprOpéﬁyl
unit present in,the starting material to an isopropyl
alcohol unit was affected by a aéquenCe.of'reactions
further illustrated ‘in S cheme VI.I?

_An alternative synthesis of -a~-cyperone (25) was
achieved by Pie;s and Chengl3 by‘ihé degradation of a- .
"santonin’ (27). As outlined in Scheme VII the isopropenyl
group required fo:_a-cyperone was formed by modifying the
lacgtone ring present in the starting materiaif

‘The second approach requires the installation/gﬁ an
- isopropyl unit at a suitable stage during the sypéhesis.
One example is Marshall's synthesis of B-eSdesmoi (2) in
which an;sN2 feplacement of an equatorial tosylate group
with' sodium cyanide was carried ou£ as shown in Scheme

I. Subsequent treatment of the resulting nitrile with

184
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Scheme Vi1

»

HC|-DMF

M 1.Zn-HoAc
o o \\) '2.CH2N'2'
- 4. ! (QsP)RhCI

27




Iialkall effected 51multaneously the eplmerlzatlon and

hydrolysls of the cyano group The carboxyllc ac1d thusv

obtalned was esterlfled w1th dlazomethane. Treatment of

the ester w1th methyl 11th1um gave the lsopropanol group-

requlred for B- eudesmol (2) Alternatlvely, f

eplmerlzatlon of tosylate 28 by a three- step reaction

'sequence (Scheme VIII) followed by replacement w1th the

sodlum salt of dlethylmalonate resulted in the formatlon.:

of compound 29 : thhlum alumlnum hydrlde reductlon of the

-

dsodlum salt of compound 29 effected the dlrect conver31on

-
of 1ts malonate unlt to a l—hydroxy 2-propenyl m01ety

°

_found in costol (4) ‘ Ox1datlon of 4 w1th manganese

"dlox1de gave. costal (S) whlch was further oxxdlzed to

COSth ac1d (6) w1th sllver oxlde.

(.
4

Other 1nterest1ng methods used for the 1ntroductlon

‘of a. functlonallzed 150pr0py1 grouprng are. found 1n the

in Schemes IX and X respectlvely . In the syntheSLS of a-

bulnesene (32) and bulnesol (33)16 (Scheme XI), the use of

/

a ketone carbonyl to install a functlonallzed 1sopropenyl'

unlt has been demonstrated.

Durlng the course of our studles on cyanothlolesters

188

syntheses of B-vetivone (30)14.and llnesol (31)15 as shown o

(Part 1 of thls the51s) we have establlshéd a methodology

'
K

to fac111tate the synthe51s of B—hydroxypropxonltrlle and
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~ Scheme IX
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acrylonitrii€ derivatives through ﬁhe us
cyanothiolacetate as a masked ﬁ-hydro propionitrile

_carbanion equivalent. In essence, this method provides a
.convenlent means-for the 1ncorporation of the highly -
funchionalized.isopropyl unit. InAo;derftoAtes; the
apoidcabiiity‘of this method in the area of natural

-

.

product synthesis, a-costal (34) was'chosen as a target
molecule;

B Tf“"v —Costal (34) is one of the constltuents of the leaf

3

-011 of Thu;opsxs dolabrata Sleb. et Zucc. It was first

o

Lsolated_ln 1965 by Ito and c;oworkers,l'7 along'with
several other sesquiterpenes.i Thls compound was found to

be. 1nseparabLe from 1ts double ‘bond 1somer, B—costal

u

(5); The structure was a351gned by chemical
trahsforma ion of' the mlxture of 5 and 34 to the

correspondlng alcohols 4 and 35 by sodlum borohydrlde

o

reduction. - The ir and 1H nmr spectra of this, mixture of

A3
_alcohols'were'superlmposable with those -of costol (4)18- 2Q

| except‘the presence_of an éxtra band at 790 cmfl in the ir

spectrum and two signals at 50.81 and §5.25 in the 1H nmr
spectrum of the mixture. These’spectral data suggested

) ., : | .
I

Q

* s ‘ . ‘ '
-Inr the .original literature, g-costal was 1nadvertantly
) named as B costal and v1ce versa.~
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the pfeeence of an endocyclic doeble bond in a-costel and
accordingly the structure‘bf‘its pefent compound a-costal
was tentatively assigned.'

Ln the approach to the synthesis of a—costei,.the

most suitable starting compound appeared to be ketone 44

which was. readily available from 2-methyl-1,3-

'cyclohe{anedione 36.21,22  This'comp6und already possesses'

¢

some of;the required features ef tﬁe target molecule, such
as ; trans decalin sYstem, the anguiar and Vinylic.ﬁethyl
groups, and a trisubstituted double bond. The i |
transformatidn of keﬁone 44 to a-costal (34) requifes‘the'
incofporation of an acrolein unit to the c;}boﬁaﬂ-to the
ketone carbonyl.. Involv1ng the developed methods - e
described prev1ously in Part I of this the51s, this
"requirement could be achreved,‘ln principle, by the three
possiﬁle routes illust;éted in Scheme XII. -

Route a requires a 1,3-oxygen transposition of the’
ketone carbonyl.. The resulting ketone is expec;ed,to
eundergO'Knoevénagel—type condensation with
cyanothlolacetate to facilitate the 1nsta11at10n of the
acroleln unit found in the target molecule. In route b a
leaving group will be . 1ntroduced to the B-carbon of the |

ke;one carbonyl. Thls is to be followed~by an alkylatlon

reaction with c9anothiolacetape. In route c the Michael

195
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Scheme XII
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addition of cyanothiolacetate is considered as a

1

convenient means for the introduction of a highly
functionalized isopropyl unit.l T '

| All of the outlined apéroachoa were examined and, by
the use of route a, the first total synthesis of a-costal
(34) in racemic'form has been achieved. Results are

detailed in the following section.: g
o 1

v




RESULTS AND DISBCUSSION

The starting 2-methyl-1, 3-cyclohexanedione (36) was
prepared by hydrogenation of the mono sodium salt of 2~
methyl resorcinol at room temperature under 50 psi
préessure of hydrogen using 5% rhodium on alumina as a
catalyat.23 This procédure compares favorably with the
traditional one by Mek ler24 which requires substantially
higher pressure using Raney nickel as a cagalyst. The
crude product 36 obtéined in 89% yield was subjected to
subsequent reaction without fufther purification.

Enedione 38 was prepared by a slight modification of
a reported procedure.25 ‘Treatment of diketone 36 Qith
ethyl vinyl ketone in l,ﬁ-dimethoxyethane at room
temperature in the presenee of 1,4~
-diazabicyclo[2.2.2]octane26 gave trione 37 in 82% yield.
Intramolecular aldol condensation of 37 with benzoic aéid
(1.1 equiv.) and trietﬂyIamine (0.7 equiv.) in refldxing
penzene?’! resulted in the formation of crysﬁalline
énedione 38, m.p. 40-42°C (1it.25 m.p. 39-40°C), in .89%

yield.

-
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Ketalizgtion‘of'enedione 38 with'an excess of
ethylene glycol in the presence of a-* catalytlc amount of
/ i o .
elther d- 10 camphorsulfonlc ac1d or anhydrous Il :

toluenesulfonlc acid in reflux1ng benzene gave ketal 39 .

(82- 88% yleld) ~In the case of camphorsulfonlc ac1d A

v-small amount (~6% yleld) of dlketal 40 ‘was also formed.

4

a

»nmr spectrum dlsplayed a broad 51nglet at 65 44 for a

-E;butyl alcohol. After the_excess of llthlumvwas,.

" This. by product showed a molecular ion peak at 280 1@1 1n

the mass spectrum and the absence of any carbonyl

absorptlon bands in’ the 1r spectrum. Furthermore, the 1H

‘v1ny11c proton and a doublet (J = 7 Hz) at 6l. 04 for a

]

. methyl group 1nd1cat1ng that the double bond had mlgrated

durlng the ketallzatlon process. R a

Accordlng to Ireland s procedure,21 ketal enone 39~‘

was sub]ected to Blrch reductlon28 33 in- lquld ammonla ‘at

«

—78 C w1th,an excess of lithium metal 1n the preﬂence of

destroyed with isoprene, ammonia was removed under reduced

pressure, and the resultingvlithium enolate wasftrapped

directly with .diethyl phosphorochloridate in ‘THF at '0°C in

3

‘the presencerof N‘NMN"N’Qtetramethylethylenediamine

(TMEDA) . The yleld obtained for the de51red enol

phOSphate 4121 ranged from 50-69% whlch was comparable to

that obtained by Ireland'and Pflsgerzl‘but con51derab1y
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‘lower than that reported by Garver and van Tamelen.zz- The

latter workers carried out the trapplng process under.

51m11ar coﬁdltlons but -in the absence of TMEDA. " This

vprocedure was repeated Unfortunately, 1n our‘hands; the

v20%) of_ketode.42’wa5jalso obtalned.,‘Thls compound,.whichf

reported yleld of better than 92% could not. be achleved

\ e

'Other than enol phosphate 41 a. varlable amount (ca. 10e

 was apparently formed by the protonation of the-

_intermediate enolate ion, showed a strong absorptlon band

' at 17'10'cm‘l in the ir spectrum due to the ketone

carbonyl. In the 1H nmr specﬁT%m, a. doublet at 51 OO (J =

7 Hz) for the methyl group adjacent to the ketone, a sharp’

51nglet at 51 25 for the angular methyl grouo, and a

multlolet at’ 83. 95 for the nethylene protons of the ketal'

,m01ety were observed. These spectral data 1nd1cated ‘the

presence of the 51ngle stere01somer. Slnce the compoundvu

202

| . ot S

was formed by the Blrch reductlon whlch is known to s :(
provide the thermodynamlcally more»stable-trans—decalin=

system and since the compound was recovered 1ntact under

' plmerlzatlon condltlons w1th sodium hydrox1de, the

stereochemlstry of the compound ‘was a551gned as

‘deplcted In splte of the extreme care undertaken in.

‘carrying out the reactlon,'the formatlon of ketone 42

<

could not be_suppresSed.

&
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Ketal enol phosphate 41 underwent reductlve
ellmlnatlon of the phosphate group smoothly when treated
rW1th llthlum in ethylamlne in. the presence of t- butyl
alcohol 21 The resultlng ketal olefln 43 wh1ch was /_. :

obtalned 1n 84% yleld showed spectral data in agreement
with- those reported prev1ously 21

-

— Treatment of ketal 43 with 1.0 equlv. of p-

‘toluenesulfonlc acid in acetone at room temperature34 for

L] .

;l§.h resulted in transketallzatlon glVlng~a quantltatrve
‘Yield of ketone‘44.22v As dlscussed prev1ously thls

compound already contalned a number of. 1mportant features

'found in a- costal (34), such as trlsubstltuted double bond
‘ . .
,and trans fused decalln system along W1th %wo methyl

groups in the requlred p051tlons.f,ln order to convert

‘ketone 44 to.the target molecule, it was necessary - to

.,1ncorporate an acroleln un1t onto the B=- carbon of the‘

ketore carbOnyl.~_As shown -in Sdheme XI1, three routes'are'

conCeivable to fulfill‘this requirement.' Regardless of

’the route to be undertaken lt is necessary to activate the-

-

center o Whlch the acroleln un1t is to be attached “In
order to achleve.thls, ketone-44‘was'converted to the a; BT

.unsaturated ketone 47 as*followsu

B

Ketone 44 was treated sequentlally w1th llthlum
f'dllSOpropylamlde and phenyl selenenyl chlorlde 1n THF at
: : -

o
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»'—78 C. 35" After 3. h the reactlon was complete and
: /
selenlde 45 was 1solated in 88% yleld ‘a 51ngle
"stereOLSomer. The stereochemlstry of thexnewly

'

1ncorporated chlral center was deduced on the‘basis‘of
thele nmr. spectrum whlch showed a 91§nal‘at 64(54hfor the
‘proton attached to thlS chlral center.‘ The SLgnal - ""‘
‘appeared as a doublet of doublets w1th coupllng constants |
of 12 and 6 Hz 1nd1cat1ng that the proton was ax1al and
,thuS'the phenylselenenyl substltuent equatorlal. -
When selenlde 45 was exposed to 30% hydrogen perox1de:
-ln THF at 0° C to room temperature for 5 h, the a, B
unsaturated ketone 47 was lsolated in 78% yleld resultlng
from concomltant orldatlon of the phenyl selenyl group and'V:
'ellmlnatlon of the resultlng selenOX1de.j The 1H nmr
tlfspectrum showed a ooublet of doublets of doublets at 55. 94
'7dw1th coupllng constants of 11, 3, and 1 5 Hz for the ,
-:vlnyllc proton H ,The B}?tbton;ﬂbﬂof.the enoné'syStem:<
.appeared at’ a low field;of 66‘903a150-aslatdoublet~of S
doublets of doublets W1th coupllng constants_of ll _6,”andv
2 Hz.f The ir. Spectrum dlSplayed an 1ntense absorptlon .
band at 1690 cm” -1 characterlstlc of a ketone carbonyl 1n

o

When phenyl selenenyl bromlde was used a lower yleld
(60~ 70%) was obtalned.
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conjugatiOn'with a double bond. . The mass Spectrum was in
»

agreement w1th the reunred formula of C12H160 BhOWing a

'molecular 1on peak at 176. 1198. |

With enone 47 1n hand the three synthetlc routes

& ~
leadlng to a-costal (3&) were Snd1v1dua11y explored as
|

“planned (Scheme XII) e flrst route under examlnatlon

was’ route a in, whlc ‘a Knoevenagel type condensatlon was -

J .

concelved as a mea s for the 1ntroduct10n of ‘a hlghly
functlonallzed ;so ropyl_unlt requlred for the,synthetic :
' ' o

'target;-'

- Towards thls en';'enone“47 Qas'conuerted‘to'alqphol

",49 by the use of Wharton s reactlon 36 38, Epox1datlon of:

'dlenone 47 w1th 30% hydrOgen perox1de in. ethanol in the
presence of sodlum hydrox1de39L4l afforded epoxyketone 48‘-‘
‘1n 89% yleld Thls compound was obtalned as ‘a 51ngle
stereoxsomer 1n crystalllne form,Am p 54 55 C. The mass
spectrum of thls compound dlsplayed a molecular 1on peak
‘at 192. 1153 for the requlred fofmula of C12H1602. In the .
ir spectrum, absorptlon bands at 1270 and 1720 em~1 were
attrlbutable for the ox1rane rlng and the ketone carbonyl

f‘respectlvely - The 1H nmr Spectrum dlsplayed two slnglets,

- one at 50. 96 for the angular methyl group and the other at

B 61, 66 for the v1ny11c methyl group The v1ny11c proton

-vappeared at 55 40 as .a multlplet whereas the two protons '
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attachedrto,the oxirane.ring;QHa and Hy, appeared
f\respectlvely at 63 20 as a doublet and §3.56 as a broad
SLnglet. The stereochemlstry of compound 48 could _not be
7.a531gned unamblguously at thls stage.; However, the -

subsequent transformatlon requires its stereochemistry as

shown: resulting from‘the epoxidation of. enone 47 from the .

less hindered side. ’
Initial-attemptS'to induce the Wharton reaction on
epoxy ketone 48 were carrled out as follows u51ng 'standard

condltlons.' Hydrazxne hydrate (2 equlv ) and acetic ac1d

v(O 2“equiv‘) were added sequentlally to a methanollc

/“,solutlon of epOX1de 48 and the resultlng solution was

<

stlrred for 3 h. at room temperature. The results were

-l‘found to be rather unsatlsfactory; the de51red product 49

7gwas isolated only in 38% yield along with a"substantlal

quantlty of an unldentlfled material whlch appeared to be‘
. . P

dlmerlc in nature (bls—hydrazone?) as suggested by its

‘mass spectrum. When the reaction was carrled out in neab

’hydrazine hydrate in the absence of glacral acetlc ac;dlat'

‘elevated temperature 38 5 ‘poor yleld (18%) of the

e
e

rearrangement product 49 was obtalned. To av01d ‘the
'formatlon of the dlmer1C‘mater1al the reactlon was
--performed with the gbllow1ng modlflcatlons. A dilute

methanollc solutlon of epoxy ketone was' ~added slowly to a

207
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soiution‘of hydfazine.hydrate (S‘equivi) agd‘g;qciai
acetic acid (0.2 equiv.) in metﬁanol;. Thi's experiment,
~involving the re;eﬁse‘additidn and the use5of-a‘largé.”
excess of hYdrazine hydrate, prévea to be suberior and thé’
desirédiprddupﬁ was"obtaided.inca muéh'imprdvéd yield of‘
74%;~ In>the ir spéctrdﬁ, thé_aliylic'alcdhol 49ﬂ$hqwed a
hydroxyl absérption at 330@:3400‘cm'1 and the olefinict"
‘absorption band at 1650 cm~1, The mass spectrum displaféd
a mole¢ulér ion peak at 178.1355 for the requiréd formula
C12H180.- In-the 1y QMr spectfuh,"the anguia} methyl_gfo@pr
appeared as a singlet at 60.86, a slight upfield shifﬁlas
compafed to its precursor, probabiy.duenﬁo thgwghigldiﬁg j
of the newly formed dbuble‘bqu; Aléo observed were the
vinylic methyl.;t 81.65 as a broad singlet and threé

vinjlic protons'ap 85.36, a mulf;plet-foé\the,c—6lpro£on,-

§5.65, a doublet of doublets of. doublets (J = 10; J' = 4, °
J" = 1.5 Hz) for the C-2 proton, and 85.78, a dbpblet'cf
doublets-(J =10, J' = 1 Hz) for the C-1 proton. The C-S’l} '

protoh'appea;éd as a‘broad.tripiet.(J = 4.Hz) at 864.22,

| Decoupling eXpefiménts showed'thatvtpisfpgoton was coupled
with tﬁefCFl and C-2 protbns, with‘coﬁpling constaﬂts of 1
and 4 Hz respecpively; ‘It was shown to,ﬁe f@rthér.coupled_v

e

209
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with the axial proton“on C—4 at 62.72 with a rather small
couplin§ constant of 2 5 Hz. ’On the basis of. this |
o obseryed small coupllng constant the stereochemlstry,of
compound 49 was deduced. e S t ' _V
Ox1datlon of allyllc alcohol 49 with pyridipium
: dlchromate42 in dlchloromethane gave, after 4 h at room.
temperature, an‘89$:y1e1dﬁof.d1enone 50 which showed in
the ir spectrum a'prominent band at 1675 cm~! for the-
‘oonjugated'enone earoonylf In the.IH nmr specfrum a
'tdoublet at‘66;83'<J = 10 Hz)'and a doublet‘of doublets at
- 85.86 (J;= 10, J";';,S Hz.) were-obSegsed for the 8 and
. the a‘protons,ofvtne5enone s§stem :espectively.-v
o ﬁzThe conyersion”of enone.50 tontneﬂcoiréspondhng
satnrated'ketone 52‘requifes'the seleotive‘rednction of
the double bond conjugated thh the ketone carbonyl.~ In'd
fthe presence of Wllklnsom s catalyst (Eiigf -
trlphenylphosphlne rhodlum(I) chlorlde) 43 hydr0511anes--
.'have been shown44 to add. to a,B—unsaturated ketones .

'fexc1u31ve1y by 1, 4—add1tlon to give 51lyl enol ethers

dwhlch readlly undergo hydrolysls45 to g1ve saturated

'Thls proton was found to: be also coupled w1th the .
equatorial proton on the same carbon ‘and the C- 4a proton
w1th coupllng constants of 8 Hz each.

-



conflrmed the structure showing a molecular ion peak at

'ketones. When enone 50 was subjected to hydrosilation

withvtriethylsilane in the presence of Wilkinson's
_catalyst or. 6 h at .room temperature, silyl!enoleether 51
was isolated in{quantitative yieid. The 14 nmr spectrum ’
showed complex‘signals in .the region 'of &0.5-1 integrating
for a_total-of gifteen protons for tﬁe tﬁree ethyl uuits
attached to silrcon'atom} .A broad singlet at 54.80 was
attributed to vinyiic proton‘of the siiyl enol-ether
moiety.  In the ir spectrum, the absence of any carbouyl

absorption band and tﬁe\appearance of a band at 1'6A65'>.Cm"l

‘due to the silyl enol-ether‘group were also, in agreement

with the assigned Structure, ThelmaSS'spectrum‘further

~

292.2224,

t

”

On exposure to tetra- n—butylammonlum fluorlde ln THF,

_51lyl enol ether was.- converted smoothly to. ketone 52 ln

73% yleld. A comparable yleld was obtalned wﬁen the u”\

hydrosilatlon product was directly subjected to the

‘ . . g : S _
fluoride treatment-without purification. JKetone 52 showed

. carbonyl absorptlon in the ir spectrum at 1710 em~l and

molecular ion peak in the mass spectru at 178 1356.
Hav1ng successfully prepared the sPturated ketone 52
from 44 via an overall 1, 5‘5§§gen transp051t10n, its

condensat;on with S-t-butyl cyanothlolacetate was

{

211



212

52

51



investigated, Initially, ketone 52 was tteated with the
latter reagent in THF 4in the presence of DABCO at room
temperature. This set of conditions has been successfully
used previéusly to effect tﬁg Knoevenagel-type
condensation of S-t-butyl cyanothiolacetate with various
ketones (Part I, Section 2). 1In the present case,
however, the reaction was'foﬁnd to be not highly
effective. The reaction did proceed rapidly, based on
thin layer chromatographlc analySLS (tlc), but was found
to be incomplete even at refluxing temperature for 15 h
and only 21% yield of the desired product was formed.
Thése results suggésted that the reaction was probably
reversible. 1In order to facilitate the prodqct formation,

water, which was produced during the condensation, needed
to be removed. Towards this end, magnesium sulfate was
.added to theé reaction mixture. Surprisingly, this

resulted in the rapid consumption of the thiolester

reagent, as shown by tlc, without substantial formation of

Lt ~
the desired product for reasons ‘which have yet to be

determined. In further attempts, anhydrous sodium sulfate
was used ag a dehydrating agent. The experiment proved to
be successful giving an isomeric mixture of 53 along with

compound 54 in ca. 4:1 ratio in a total of 73% yield. The

latter gompound showed two vinylic protons in the 14 nmr

213
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spectrum, -one at 65. 38 and the other at 65.90, each as agd
" unresolved multlplet. "The spectrum'also showed tmojbroad
. o . ! | o . N
‘ singlets at 54.75 and 4.05 integrating for a total of one
protonidue.to:the presence‘of the methinepproton’flanked
by khe thlolester and cyano groups. Q strong thiolester -

‘absorptlon was observed in the ir spectrum at 1670 em™1

and the molecular lon peak at 317. 1813n1n the mass’

spectrum further conflrmed the structure -of .the compound. Sy
. . ) . ,‘.a F

 The mlxture of lsomerlc compounds 53 showed only %‘

single v1ny11c proton at 85. 38 and the absence of any - »

51gnals at ca. 64 5 reglon'lndlcatlng the presence ofva

J

tetrasubstltuted double bond fIndthe ir;spectrum,i
“absorption band at 1670 cm™ -1 and_2240:cm;l werebalsoh' e .
‘observed for the thlolester and cyano group;‘ |

Arespectlvely The requlred molecular formula of C19H27NOS

was conflrmed by 1ts mass spectrum dlsplaylng ‘a molecular , :l *
ion peak at 317. 1814 | B

¢ To coxplete the syntheis’ of a- costal (34), it remained

to modlfy the newly'lncorporated cyanothlolester unitbto.. Y
‘the required acrolein moietf preferably'with'COntrol of;
~ the desired stereochemlstry:' Previously; itémas shoWn
ﬁhat'the’carbon-carbonfdouble'bond of.a B-unsaturated
~'cyanothlolester system present in the Knoevenagel type

v condensat}on product could be selectlvely reduced with 1
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~sodium borthdride under controlled conditions; - In the

presence of an excess of afreducing'agent at-higher“

temperature, further reductlon of the thlolesteq to the

'alcohol level could also be 31mu1taneously effbcted.
Inltlally,,the selectlve reductlon of the carbon-‘

carbon double bond of compound 53 was«examlned in- an
, . : -

‘attempt to determlne the select1v1ty of the reductlon. It .

was gratlfylng to flnd that when a mlxture of 53 and 54Q

‘was subjected to sodlum borohydrlde (l mole equlv )
-] .
vreduCtlon at O C 1n ethanol, not only the reduct;on,of the

'former compound was effected the'carbon—carbon.double
]

bond (B, v to the cyanothlolacetate group) of the latter

Acompound was also smoothly‘reduced Appar\\tly,’the

L condltlons were suff1C1ent to effect the lsomerlzatlon of

‘dxthe double bond into con]ugatlon WIth cyano and tthleSter

'groups. ‘The»reductlon product 55 obtalped ;n474%_y;eld o
\ . . . - \.
" was- found to be homogeneous by tlc. HoWéver, the ¥H~nmr

spectrum 1ndlcated the presence of at least twé‘

'dlastereomers show1ng four doublets where two centered at
53, 38 (J =8 Hz) and the other two at 3.70 (J =. 12 Hz) in
'ra ratlo of 2 1 for the methlne proton of the cyanothlol—
tester group.’ Attempts to separate tggfe dlastereomers
:were totally fru1tless and the stereochemlstry of thevi
'reductlon product at Q—3,could:not be.determlned with

N

certainty until,a:later stage.'

"~ 216 -
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Further reductlon of the cyanothlolacetate 55 w1th
sodlum borohydrlde in ethanol at’ room temperature gave - an
'88% yleld of the correspondlng alcohol 56 show1ng a strong
hydroxy absorptlon band at 3400- 3500 cm ; and the
dlsappearance of the carbonyl ahsorptlon ln the ir -
spectrum.‘.In the lH nmr spectrum a, multlplet ‘at 53 90
attrlbutahle for the methylene protons adjacent to the
‘hydroxyl group was dlsplayed ‘ The mass spectrum exhlblted
the molecular ion at 233 1778 confirming the requlred
1'formula C15H230-H‘r ',f ‘i %vn . f - .
| Alcohol 56 also could be prepared dlrectly from the
émlxture of 53 and- 54 u51ng am excess of sodlum borohydrlde

'(4 mol equlv ) in ethanol at -40 C for 4 n and at ‘room

temperature for 12.5 h. The yleld (91%) thus obtalned for

9

a]_cohol 56 was far superlor to the two- step seq\'f
34 :

Tl The conver81on of alcohol 56 to a—costal (

IR

requlres further modlflcatlon of ‘the fuﬁctlonallzed

.9
«

1sopropy1 51de chaln.) Two requlred operatlons,_lte.
'dehydratlon and the conversion of the n1tr11e group to an
aldehyde, could in pr1nc1ple be‘carrled-out in eltherp 8
,vséduence. The reductlon of the nitrile-ﬁas first examined“
u51ng dllsobutylalumlnum hydrlde (DIBAL) as a reduc1ng

agent whlch is known to affect the direct conversxon of a

nitrile to-an aldehyde;46 However,,under various
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‘-condltlons in the presence of. an excess of DIBAL, the

o de51red reductlon dld not occur and startlng alcohol 56

was recovered 1ntact presumably due to the: competlng acld—;

~base reactlon 1nvolv1ng the hydroxyl group.e ¥

Ta

As a consequence of the above observatlon, alcohol 56

. was’ s@hjected to dehydratlon. Treatment. of 56»with

'fdlcyclohexylcarbodllmlde (DCC) in reflux1ng ether in the
presence of catalytlc amount of copper(I) chlorlde47 48 ’
gave a mlxture of cyanooleflns g;/and 58 1n 2:1 ratio and
1n 94% total yleld., These 1somerlc compounds were readlly
separated by Chromatotron using a solutlon of 5% ether 1n
Vpetroleum ether as a solvent. Both compounds showed 1n
fthe ir spectrum, olefln absorptlon bands at 930 and 1620

-1 ana n1tr11e absorptlon band at 2210 cm l, ‘The

€m
eplmeric nature of these compounds was further confirmed.
by the mass- spectra, each of Wthh showed a molecular ion.
\

peak (215. 1676 for the major and 215 1663 for the mlnor)
in accordance with the molecular formula of C15H21N- The
stereochemlstry of these two compounds were a851gned after
"a careful examlnatlon of ‘the 1H nmr spectra.- The major

'.-compound showed a multiplet at §2.28 for the Cf7»hydrogen‘
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atom ;' By deCOupling eiperiments, this Pr@tsn;wés-féﬁﬁa.f
to be coupled to the v1ny11c protons ‘of the aCrQlonitrile..
'm01ety.at 85. 74 (a-doublet of doublets),and 5;821(a broad
;doubiet). Slmllarly, the C-7 proton of thé'mxnor 1somer,;
which . appeared at 62. 72 as a multlplet, was’also shown to:'
,cbuple ‘with the term1na1 v1ny11c protons observed at. 65 85
and '6.07, each as- a doublet.w It has ‘been shown by ample.vf
examples ‘that the ax1al and equatorlal protons of f';
.cyclohexane and 1ts derlvatlves (espec1ally when rlgld) .
are hot equally shlelded 49,50 rThe ax1al proton normal;y
absorbs at a much hlgher fleldbthan the equatorlal

‘counterpart w1th the relatlve chem1ca1 Shlft dlfference of

ca. 0 2= O 8 ppm 51 The fact that the C -7 proton of the,

major lsomer appeared at.-a much hlgher fleld (62 28) than/
that of the minor lsomer (62 72) by 0.48 ppm lndlcated the
axial orlentatlon of this proton Accordlngly, the
stereochemlstry of 57 and 58 was deduced as shown

. The predomlnant!formatlon of eplmer 57 possesslng the
de51red stereochemlstry was apparently ‘a. result of |

stereoselectlve reductlon of the conjugated carbon carbon‘

‘double bond of compound 53 with sodlum borohydrlda

* S 6
"According to eudesmane skeleton numbering...



involving the'addition.of the hydride iop fromithefless

vhindered side of the molecule.” In principle, the

eeleCtivity'could bexenhanced by‘the.usefof asbulkier

p‘reduc1ng agent or by performlng the sodlum borohydrlde

-

reductlon at an even lower temperature.~ o T

i T

g Towards~th13 end a-m&xture,of compoundg'SJ*and 54 wae,
‘subjeoted'to.sodium borohydride reduction at. —78°Cf‘ After

1. Sph, the tlc analy91s showed that the reductlon of ‘the
-conjugated carbon—carbon double bond was complete._.TheA
'reactlon mlxture was then allowed to warm up to.room
,temperature to effect the further reductlon of the
thlolester group. To our dlamay howe;er,'the product
-obtalned was found to be completely 1dent1cal w1th that
‘obtalned at hlgher temperature. Furthermore, dehydratlon
' of thls material produces 1somer1c nltrlles 57 and 58
agaln ln 2 1 ratlo‘ | |

In another attempt to 1mprove the stereoeelect1v1ty,
~jthe mlxt&re of compounds 53 and 54 was. eubjected to
,reductlon with a bulky redu01ng agent Xig;_llthlum tri-t-
butoxyalumlnum hydr1de52 53 1n THF for 3.5 h to glve
compound 55. The mater1al thus obtalned was found to be -

.agaln a mlxture contalnlng at least two dlastereomers, but .

“in a. dlfferent ratio of 3:2. Further'reductlon of thrs
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A materlal with sodlum borohydrlde resulted‘in the p'

formatlon of alcohol 56 in 81% yleld over two steps.

' Dehydratlon of the alcqhol thus obtalned u31ng DCC—CuCl

.‘method gave isomeric nitriles 57 and . 58 in 57% yleld in a

ratlo of 1: 2 8._ Unexpectedly, the major product produced

by this - sequenee was‘found to—bevthe unde91red_1somer 58 _ .

:resultlng from the reductlon of 53 from the more hlndered

‘Slde.-

L

Nltrlles 57 and 58 . were 1nd1v1dually treated with

-DIBAL (1. 5 equlv ) at -78 C in toluene for 3 h. From

epimer 57 a reductlon product was obtalned in 54%
yleld. This compound showed the follow1ng 1H Tmr 51gnals
1dent1cal w1th those reported ‘for a~costa1 (34):. 14 nmr

' ]
(CC14) 60 83 (s, 3H, angular -CH3), 1 58 (s, 3H,. CH3—C )y

2 53 (m," 1H,,-CHc—CH2), 5.28 (m, .1H, HC= é ), 5 90 (br s,

. | . :

ﬁ\.

Hz, ~C=CHH), .9.52 (s, 1H, -CHO). -In agreemeht with the

: obtalned without further reductlon of its thlolester grOup;

*In a model study, compound i was treated with an excess of

‘lithium tri- t-butoxyalumlnum hydride for 12 .h at room:
temperature, a quantltatlve yield of compound ii was

a

Ry T T e,



structural features; the compound dxsplayed in the lr;
spectrum, absorptlon bands at 2700 and 1694 cm'L for the
_aldehyde group and at 1620 and 940 cm'llfor the double
bonds, - and in the mass spectrum; molecular ion peak at
218. 1671 for C;5Hp;0. :‘1 o Jgp._ 0 ‘_A R
Reductlon of n1tr11e 58 with DIBAL gave a 48% yleld
" of compound 59 eplmerlc with a—costal at C- 7 Elp—a—
;costal thus obtalned showed a mass spectrum 51m11ar to
that of a-costal (34). In the ir spectrum, however, the
| positions of douhle”bond_(BOO cm 1) and carbonyl‘(2852 and
‘1697 cm‘l)pahsorptionslwere;found'to be,quite different
from'those of‘the natural product. ’The major differences
of the two compbunds Qere however observed py‘the |
>cdmparison of their 1ﬁ nmr spectra.. The two'methyl
singlets of“the unnaturaloepimer were found at 60;85 and
1;545 "The proton of the ﬁsolated double bond appeared as

a multlplet at 6&5. 34 whlle a singlet at 66 11 and a

doublet at 66.48 (73 = 2 ﬁz) were readlly accountable for

/

the termlnal double bond protons. An,aldehvdic proton was

-

222

also observed at 69 48. MoreAlmportantly.the c-7 hydrogen‘-

atom'appeared as a multiplet at,63.54, The appearance'OE :

this proton atia much lower field.(A6'= 0.51 ppm) when
compared to the corresponding proton (82.53) iﬁka*COstal

(34) further confirmed the stereochemical assignment.
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;ﬁsc(CHa)s

59
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Afterlcombleting'the first total'synthesis of d4
'costal (34) in a stereoselectlve manner, the other two
pOSSlble routes outllned in Scheme XII were also
examlned. These were. carrled out in order to determlneu
(1) the fea31b111ty of these approaches 1ead1ng to the .
natural product and (11) the p0591ble 1mprovement of the
total synthe51s. |

| .?or route b,'aloohol_49 whiohnwasrbroduoed as a
single StereoiSOmet‘with‘a well defined stereochemistry,
"provided an interesting opportunlty to‘carqy out the total’
synthesis With,complete stereochemloal:control. It'is
concievable that the replacement of the_hydroxyl_groupl
with S-t—butYl cyanothiolaCetate with inversion of
'stereochemlstry ‘could le;d eventually to a—costal (34)
Replacement reactlon could be induced 1nd1rectly by flrst
'convertlng the hydroxyl ‘into  an adequate leaving group | a ?‘
‘such as tosylate or. mesylate w1th retentlon of.
stereochemlstry.— More 1nterest1ngly, the displaceﬁent“
'reactlon could be dlrectly carried out on .alcohol 49 by
1nvok1ng a Mltsunobu reactlon.s_4 The latterxr posslblllty
" was studied and the results are descrlbed below.

Allyllc ‘alcohol 4§/and S t-butyl cyanothlolacetate (2

equlv ) were sequentlally added to a THF solution of 1.5

equiv. each of dlethylazodlcarboxylate‘(DEAD) and
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triphenyl phosphine'(Tppj. Afterf3.5 h at- -35°C, an’
‘insepareble mirture of the desired cohpound'60 and its
isomer 61 (ca.. 2:1) was isolated in 54% yield.. In
addition'to the signsls corresponding to those of pure 61

(vide infra) the 1H nmr spectrum of the mixture showed

signals for vinylic protons‘at’dd.soiregion and two
doublets at,53.50 end 3.58 (J = 8 Hz each) for the methine
proton of the cy%nothiolacetate moiety;: On the ba51s of
.mechanlstlc con51deratlon355 =57 of the Mitsunobu reactlon,
stereochemlstry of each of these compounds were
tentatlvely aSSLgned.f l

Treatment of the mixture of 60 and 61 with sodium
borohydride resulted in the selective reduction of
compound 60 and the recovery of compound 61. The elcdhol
- 62 whlch was obtalned in 78%/y1e1d baSed on the precursor
60 was readlly separable from compound 61 Wlth the pure
mater1a1 avallable, the structure of compound 61 was
readlly deduced as follows- the mass spectrum indicated
‘molecular formula of C19H27NOS, isomeric w1th the de31red
Mitsunobu reactlon product 60 dlsplaylng a molecular ion
’peak at 317.1806. ‘In the 1r—spectrum, thlolester
“'absorptlon was absent but a n1tr11e absorptlon was reedlly
. observed at 2210;9m 1; The 1H nmr spectrum showed

singlets at 81.01; 1.43, and 1.66 for the angulac*iethyl



(\\/ ] - 226




227

group, the t-butyl group and the vinylic methyl
respectiveiy; A further singlet was observed in the low
field at 65.00 attribut;ble for the vinylic proton Hg,. A
broad doublet at 55.82 for one proton and a complex signal
at 65.3-5.6 for a total of three protons were observed.
These signals could be attributed to the two additionai
vinylic protons as well as the proton on the carbon”
bearing the oxygen atom.

Compound 62 was obtained as a mixture of two epimers

in a ratio of 1:1. Hydroxyl and nitrile absorption bands

4 ~ _
appeared .at 3400-3500 and 2260 cr respectively in the ir

spectrum. The requif‘"i% molecula rmula of C15H21N0 was

confirmed by mass spectrum”sho ) ‘smolecular ion peak at

231.1617. 1In the 1I’-lvnmr‘spectrum\,”unresolved signals aé
53.90 were attrilitable for the methylene .group bearing
the‘hydroxyl"groupﬁ In agreément with‘the,stereochemistry
assignea to the precﬁféor 60,f§he h;thine proton on cafﬁon'
beafing tﬁe side chainvmoiéty appéared as a multiplet
containihg oneilarge‘coupling constant of ~12 Hz
characteristic for ‘diaxial couplinéz—

Although théidesired alcohél 62 could be prep;fed
with comple£e stereoqhemiéa} control, the y;;ld of the

Mitsunobu reaction (49+-60) was rather unsatisfactory. ‘To*

improve this reaction several modifications were made. In

»
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. one' experlment trlethylamlne (1.5 equiv. )'was addeﬁ 1n an

q ¢
'attempt to fac111tate the formatlon of the expected
- . )

VVlntermedlate 63. HoWever, the major product obtarned from o
.thlS reaction in 87% yleld was found to be compound 64 .
resultlng from the addltlon of S t—butyl cyanothlolacetate
to DEAD. “In another experlment a 1arger amount of DEAD:
and TPP (2 5 equlv. each) wﬁre stlrred w1th alcohol 49 1n
;THF for 10 h.at room temperature prlor to the addltLon of
the thlolester reagent. ThlS was carrled out w1th the
1ntentlon to produce the reactlon 1ntermed1ate 63 before
the subsequent step was to take place. In thls case,
compound 65 was 1solated in 50% y;eld.‘ In a furﬁher
modlflcatlon, 2.5 equlv. each offDEAD and TPP were
sequentiaily gdﬁed to'a solution’of aicohol.49.and the
-thlolester in THF.J After 24 h at —20 cC, the major product

which was found ‘to be compound 66 was 1solated in 58%

o

yield. In a number: of other experlments, dllsOpropyl.

-~ N
IS

azodiCarboxylate58 and/orQﬁrl—n—butyl phosphlné"were also

used in place of DEAD and TPP respectlvely'ln’attempts to
: ' ) . . : - o "

enhance the seiectivity. Results obtained were also
. . v “ 4 ) . . . .
disappointing. In all of these‘modifications_tﬁe desired

product 60 was formed in comparatively»poorer-yield than -
in the orlglnal eXperlment. It was prev1ously observed

3
that the Mltsunobu reaction us1ng ethyl acetoacetate and
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f‘;g 'hethyl cyanoacetate gave only moderate y1e1ds of the
| 'de51red products 54, 59 Our reagent was found to be
unexceptlonal \ ‘ _ h -
T ConCurrently with the attempted tmprovement of the.
d_Mltsunobu reactlon, we also examlned the selectlve v
reductlon of the dlsubstltuted double bond presenth;n
alcdhol 62, whlch was necessary towards the synthe31s\}f$

3
—cOStal. 'Selective hydrogenatlon was attempted under/

‘ "\

various condltlons uSLng one atmospherlc pressure of
hydrogen and 5% palladlum on charcoal When benzene or
ethyl acetate or a comblnatlon of the two in varlous

gproportlons was used as a solvent, the hydrogenatlon

«

R reactlon dld not occur ‘even over a 1ong perlod of reaction
‘tlme, and the startlng mater1al was recovered 1ntact._

When ethanol was . used as a solvent and the reactlon worked

ces

up'after 15 or,25 min 1nterva1, partlal-reductlon occurred

!

and the deslred product 67 was produced along with the

, _ &,
unreaCted startlng materlal. The hydrogenatlsn was found

P

to be difficult to control rther a somewhat longer

reaction time of ‘1 h, the complete reductlon “of both
'F

double bonds was observed ”Other’methpdsmwhich were

. ” ~

_expected to induce. the selectlve reductlon of the

. PRl o

dlsubstltuted déu@gz bond in the presence of a
. g%

LN trlsubstltuted one were also: explored. However, neither

A S __ R




. were dlscontlnued.
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homogeneous hydrogenation u31ng W1lk1nson s catalyst43 60

- nor reductlon w1th dllmlde,61 produced from the pota351um

- Lot
¢ . N

- salt of azodlcarboxyllc acld and acetic acid in methanol,

.proved to be successful." In both cases, no reaction oo

occurred. “The fact that alcohol 67 couldrnot be.prepared
/ \
effectively, and the. dlsubstltuted double bond in 67 could

?

 Thet synthe51s of a—costal (34) by route ¢ requ1res

" the Mlchael addltlon of S-t-butyl cyanothlolacetate to

enone 47. ‘Thls was readlly effected by ‘treatment of the
latter compound w1th the cyanothlolacetate (1. 5 quiQ;)f
f;%sodlum hydrlde (2.2 equlv ) in the presence of - |
;alorotrlmethyls11ane (1 4 equlv ) in reflux1ng benzene‘{

6r 16 h. A 75% yield of the de31red adduct 8 ‘was

'fbbtained. This materlal was found to be a mixXture of four

diastereomers in approXLmately 2:2:1:1 ratio,on‘the basxs

of 4 nmr spectrum. Thls was ev1dent from the fact that

four‘doublets, each w1th a coupllng constant of 5 Hz, were
observed for the methlne proton of the newly 1ntroduced
group at 53 44 .3.53 "3.46 and 3.64 1ntegrat1ng to a
2:2:1:1 ratio. 1In egreement with the a581gned structure;
two carbonyl absorptlon bands were observed 1n the ir

spectrum, at 1710 (ketone) and '].679‘cr'n'l (thiolester).
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Also, observed was a nitrile absorption at 2220 cm~l, A

‘molecular ion peak at 333.1765.in‘the mass speCtrum

- .

confirmed the required molecular composition“or

. C1oHp7NOpS: |

| " In order‘to remer'its ketone carhonyi ,compound 68
.was subjected to a brlef treatment (1. 5 h) with sodium
'borohydride (2 2 mol equlv ) in ethanol at 0° C.“The ®

: dlastereomerlc mlxture of alcohols 69 obtalned in 75%
'yleld was further treated thh methanesulfonyl'chloride'
. and trlethylamlne in chloroform at room temperature for 6
h to glve mesylate 70. The.crude-mesylate withdut

purlflcatlon was heate& with anhydrous sodlum iodide ‘and

zinc dust ind reflux1ng N,N- dlmethylformamlde for 7 h in an

- attempt to replace the methanesulfonyloxy group w1th a_ﬁ

62,63 The react;on was.found,to be rather'

‘ hydrogen atom.
slugglsh and the only product whlch could be 1solated 1n.a
meanlngful amount (14%) was the unexpected hydroxynltrlle
.t R j c | , 3’;% ,

The;fact.that the stereoselectiVity of the Michael

addition (47+68)'was poor and the lackﬁof simple solutions

to effect the removal of the ketone carbonyl of the adductv

made further exploratlon of route ¢ to a- ~costal (34)

\

unattractive.
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‘EXPERIMENTAL

‘General
‘Chromatotron model 7924 was used to separate the
epimeric_miktures. “For other general remarks, see Part T

of this thesis.

Materials

.

1, 2—Dinethoxyethane and tetrahydrofuran were freshlyd
dlstllled over sodlum metal 1n the presence of
benz0phenone as an 1ndlcator.3 Benzene and ether were
freshly dlstllled over 11th1um alumlnum hydrlde.'
chhloromethane was washed w1th ‘an equal’ volume of 10%
aqueous sodlum carbonate and dlStllled over powdered

calcium chlorlde. Gaseous ammoﬁﬁé was passed through

a'!
.

‘potassxum hydrox1de pellets ‘and dlstllled pver sodium
metal. N,N,N' N —Tetramethylethylenedlamlne was- freshly
' dlstllled over sodlug metal.. Dlethyl>phosphorochlorldate
was freshly dlstllled over powdered lead carbonate 64

Ethylamlne was freshly dlstllled over powdered ca1c1um

hydride. Isoprene (Gold Label) was redlstllled before

235



- )DllsoprOpylamlne was distilled over calc1um hydrlde.»
4 7

: j . .. 236

‘use. Ethanol - was freshly distilled over magnesium
turnings and stored overlBA molecularwsieve;
Argon was passed over a purlflcatlon train of Fleser s
solutlon,65 concentrated sulfur;c‘ac1d and potassium ‘ t
. hydroxide pellets. | }
2- Methyl -1,3- cyclohexadlone was prepared by a
~’modif1ed procedure by Sircar and Meyers.23 S-t—Butyl
cyanothlolacetate was prepared accordlng to the reported
procedure by Liu and Sabesan.66 Lithium tri- t-

butoxyaluminum hydrlde was freshly prepared.according to

the procedure by H.C. Brown and co-workers.>2:33.

2-Methyl-1, 3-cyclohexadione -(36)

Z;Metn§lresorcinol-(10 g} 0.08 moles was diSsolved‘ln
'dlstilled water (70 mL) and sodium nydroxide (3.75 g, 0.09
mole)xwas'added-and mixture stirred until.homogeneous in a
‘fiberglass eov%red hydrogenatbonvbottle. }é% Rhodium on
alumina (1 g).was added,and the bottle fltteﬁ in a'parr!
hydrogenation apparatus. fhe'mixture,Was stirred under 50
psi hydrogenipressure at room temperature for 9.5 h. The
reaction nixtufe'was thenrfiltered through a sintered
glass funnel and the filtrate acidified.by dropwise

addition of concentrated hydrochloric acid (~25 mL) to the



237

‘pH‘of‘S_to 4. The resultlng solutlon was extracted with'
ethyl acetate (200 x 4 mL)._ The extracts were drled
flltered ’and concentrated to give the crude dlone 36
(9.10 g; 90% yleld) which was’ sub]ected to further |
reactlon without purlflcatlon. Crude dxone-36 showed thef'

"follow1ng 14 nmr spectrum:' 1y nmr (DMSO) §1.62 (s, 3H,
CH3;) and 1{35—2.5 (m, éH;';(cnz)z-).

.‘"

L

1-Methyl-1-(3-oxo-pentyl) czclohekan-2,6—dione (37)

To a solution cf'2—metﬁyl?1 3—cyclohexadione (36) (i9
»//g, 0.15 mole) in freshly distilled DME (300 mL), was added
DABCO;(19.38 g, O. 17 mole) and - the)solutlon chllled to 0 C
and.stirred for 15 min ‘under an argon atmosphere. Ethyl
Vipyl_ketone (17.3 mL, 0.l7iﬁole) (freshiy‘dietiiled) was
addedAdropwise‘byimeans of a'syringe and reaction mixture
‘stirred for 12 h at-room tehperature;"Thé@ﬁixture was

poured.into ice-cold 1IN aqueous hydrochloric acid solution

"(~200 mL), extracted with dichlorohethahe (340 x\4 mn),"
and extracts washed w1th saturated solutlon o ium
chlor;de (~350 mL). The extracts were comblned drled
filgeredfjand concentrated. The crude product obtained
wasvsubjected‘to a reduced preesure at 60°C/1.5 .torr, for
2 hAtc remove any excess of ethyl vinyl ketone.‘ The crude

product 37 (28.37 g; 90% yield) obtained was not purified
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farther:f 1H nmr §1.02 (t, 3H, J = 7 Hz,_g§3—CH2 ), 1;56

(s, 3H, angular CH3-), 1.8-2.9 (complex, 12H, 6x -CHp=);:

ir 1715 (c=0) and 3500 cm~l (enol -OH); ms M* 210.1258
(calcd. for C12H1803 210.1256); Analytical sample/was
obtalned by flash column chromatography (20% ethyl : --(
acetate/petroleum ether) of the crude;-Anal. Calcd,‘for:
CiaHygO3: C, 68.55; H, 8.63; 0, 22.83. Found: C, 69.037

H, 8.50; 0, 22.57.

5,8a—Dimethyl—3,4,8,8a?tetrahydro-lf6[2H;7H] naphthalene-

dione“(3é)*

Triohe_37 (3f95 g;"iQ mmol} and behzoio acid‘(2.47 g,h
20‘mmol) were- dissolved in xylene (20 mn) (freShly
dlStllled over calc1um hydride). After addltlon of
trlethylamlne (2 0 mL, 14 mmol) the solutlon was heated to
b0111ng whereby the water formed was azeotr0p1cally

removed (by u91ng Dean Stark apparatus).. After,refluxing,'

-for 22 h the solutlon'was cooled and diluted with ether

followed by sequential washing with water, 5% aqueous

, , . i
sodium bicarbonate solution, 2N aqueous sulfuric acid, and

.

* o '

These bleCliC compounds were named as naphthalene
derivatives in accord with Chemical Abstract, unless
otherwise spec1f1ed



water. The organic layer was dried, filtered and
concentrated. The crude product was purified by flash

column chromatography‘on silica gel (50% ether/petroleum

ether) to give dienone 38 (3 23 g; 89% yield). single

(m,p. 40—42 c): lm nmr_51.38 (s, BH, angular CH3-) and
1.79 (s, 3, CHy~C=); 13¢ nmr §212.1, 197.7, 158.2, 130.8,
$o.7, 37.4, 33.3, 29.7, 29.5, 27.3, 23.4, 21.6; ir 1610
(FCQC )., 1660'(conjugated'c=0), and l710‘cm'; (saturated

c= o), ms M* 192.1149 (calcd. for C12H1602* 192.1150)..

Anal. Caled. for Cy,H g0p: C, 74.96: H, 8.39; 0, 16.65.

e

Found:\ C, 74.89; H, 8.54; O, 16,94.

i

1 1 Ethylenedloxo 5 8a-dimethyl-1, 2,3,4,8,8a hexahydro-

' 6[7H] naphthalenone (39)* and 1,1,6,6- dlethylenetetraoxo-

,5,8a3-d1methy1—1,2,3,S,Q,7,8,8a—octahydronaphthalene (40)

d-10-Camphorsulfonic acid (50 mg, 0.20 mmol) and

'éthylene‘glycol (2 mL} 38.61 mmol) were dissolved in

benzene (20 mL) and heated to reflux for 13 h in a three—

_neck flask connected to a Dean—Stark water separator.

. . , . - . '
The reaction was repeated using p-toluenesulfonic/acid to
give ketal 39 in 88% yield. -

239

recrystalllzatlon from ether afforded pure yelldw crystals o
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Approximately 10 mL of benzene wésdistilled off from the
ﬁake-off arm eharged with 3A4molecu1ar sie?e. The mixtufe
was cooled to room temperature and dienone 38 (414 mg,‘;
2.15 mmol) dlssolved in benzene (10 mL) was added. The
mixture wae/heated at reflux for 3 h under an argon
atmesphere. The eolution Qas then alloyedvto cqolltonroom
teﬁpefature,fwashed wiﬁh ice-cold aqueoﬁl saturated
soyution bf<sedium biqarbonete,vsaturated sodiuf chlofide
soletion respec;ively and extracted‘with ether (20 x 4
mL). The extfacts were combined, dried, filpered, and
coqpentratea. . The crude product was purifiedﬁﬁy flash
colQﬁn chromatography en.siliea gel (30% ethyl~ace£ate in
petroleum ether) to give a pure clear oil (cryetailized on.
‘fefrigeratioﬁ) of ketal 39 (418 mg; 82% yiela): \IH nmr
51.31 (s, 3H, angular'CH3-), 1.80'(s,-3H,.CH3—é#).A3.94
(br s, 4H, -0-CHp-CH=0); ir'104o-1200 (c-0), 1618

( c=cC ), and 1670 cm"1 (c= O)- ms Mt 236.1410 (calcd IEQ%

C14H2003:_ »23_6.1412). Anal. Calcd. fOI,"Cl4H2003= C:a;f

71.14; H, 8.54; O, 20.32., Found: C, 71.06; H, 8.63; Oy .

20.06.

Further ‘elution with the same solvent system affﬁxdedA

the diketal 40 (36 mg: 6% yield): 1H nmr 61.04 (4, qg ﬂai -

= 7 Hz, CH3 SH- ), 1.28 (s, 3H, angular GH3 ), 3.95 (m;‘

L
o wa?
“

R
2x -OCH,-CHp-0O), and 5.44 (br s, 1H, ~cH=¢-); ir 1040#f18

ﬁlw
; ‘%

¢
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cm~1 (C-O); mg M+ 280.1671 (calcd. for 016H24°4‘

280.1675). e

1, l-Ethylenedxoxo—S BaB—dlmethyl 1,2,3,4 4aaL5 8,8a-

octahydro-ﬁ[7]—naphthalenone (42) and 6—d1ethy1

Ehosphoryloxy-l,l-ethylenedldxo-s,Bap-dlmethyl-

1,2,3,4,4aa,7,8,8a—octahydronaphthalene (41)*

‘To a solution of lithium wlre (169 mg, 0.02 g-atom)

in dry ‘ammonia t&& mL) (dlstllled over sodium metal), a
S

solution of ketal enone 39 (1;32 g, 6.35 mmol) in-dry'

. ether (25 mL) contain%ng_&;butjl alcoho; (0.50 m1, 5,31‘
mmol), was added dropw}se'xig_a\syriuge and stirred under
an argon atmosphere for‘1.5 h at -78°C. Excessvlithium
was .de"st.royed by dropwise addition ofé isoprene (‘freshly

| distilled) until the blueqcolor discharged. The mlxturev
was warmed to room temperature and amponla andqexeess
.isoprene were removed under reduced pneseure u51ng.a

: h%godermlc syrlnge connected to a pump in whlch the needle

\

ﬁﬂ‘ofwﬁhe syringe was inserted through a rubber septum of the

P

”ireactlon flask. The resulting- cloudy solutlon was cooled

.

The stereochemical de31gnat10ns used in this and all other
chemical names used in this section denote rotative stereo-
chemistry. All compounds uged and qbtalned were racemic.



¢

~filtered, and concentrated in vacuo. The crude°*product /.
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to 0°C and ‘a solution of N N'N',N“—tetramethylethylene—:

dlamlne (13 mL) (dlstllled over: sodium metal) in dry ether
(22 mL) was added slowly. After stlrrlng for'S'mln under
an argon atmogghere, dlethyl phosphorochlorldate (3 mL,.
20.76 mmol) was added slowly .as a solutlon 1n ether (10
mL),' After stirring for 5 h the~m1xture was quenched w1th
ice-cold water, extracted,wiﬁh ether (50 r 4 mL) and

washed again with water. The combined extract was dried,
e - | S ‘ 2
7

» . . . /

was‘ehromatographed on_ flash silicaegel (40% petroleum A
ether in ether) to glve, ketone 42 (151 mg; iO% yleld) -as

a clear- yellcw 011- 1H nmr 51.02 (d, 3H, J = 8 Hz,

q_3;éHe), 1.25 (s, 3@; angular CH3 ), and 3.9- 4/0 (m, 4H,;',7
;ocazcnzo—)»'ir 1050-1200 (C-0) and 1710 cm(} (c—o): ms’ M*
238. 1565 (caled. for C14H2203- '238.1569).

- Further, elutlon with 30% petroleum/éther in ether.

gave a pure yellow oil of enol phosphate 41 (1 65 g, £9%

'yi. ) lH nmr 60\98 (s, 3H,»angu1ar CH3-), 1. 38 (2xt,

f

S | .
6H, " J =7 Hz, 2X'CH3CH20-), 1.63 (br s, 3H,-CH3-c=), 3.9

(s, 4H, aocﬂzcnzo ), and 4.16 (2qu 4H, J = J' =7 Hz,

"

CH3qg2-o ? =0); ir 1270 (o P(OEt)z), 1370 (- P-0-C-) and

..

1690 em™1 (c=c); ms M* 374.1851 (calcd. for 018H310
, EREE

374 1858)

D
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l,l-Ethylenedloxo-S;Baﬁ-dimethy141,2,3;4;4aa,7.8,8a-

woctahydronaphthalene'(43)' p,'_' ;o

-
1

Ethylamine (200 mL) was distilled f PElcium
B T : ) - ‘
hydrlde 1nto a reactlon vessel under ‘an atmosphere of

argon at-O'C. Small pieces of llthlum w1re (2 0 g, O. 29

S g- atom) were' added and the mlxture was’ stlrred for l h to

effect.solutlon. Then a solution of ketal phosphate 41

(10.59 g, 28 mmol) and tJbutyl alcohol (4 5 mL, 48 mmol,

d;led over type 3A molecular 51eves) in THF (194 mL)
-&‘}' R

(freehly dlstllled over sodlum metal/benzophenone), was

/

added dr0pwlse over 1 'h with stlrrlng. After stlrrlng for

2 h at o°c, ethylamld; was removed under .reduced pressure,

/

and water was added dropwise.to discharge the blue color;
aﬁd-the reaction m1ﬁture _was’ poured 1nto 1ce cold water.
The resultlng mlxture was extracted w1th ether (200 x 4
mL)*and the extracts were,washed wrth'xce—cold water until
4the washings Qere heutral.:vThe extractsgﬁere comhined(i
.drled flltered, nd eoncentrated. Flash column'

‘chromatography on 5111ca gel (30% ether 1n petroleum

Ae

\vether) of the crude product affordedra pure ketal olefih
43 as a colorless oil (5.22d§; 84%‘ydeid): _1H nmy 50?32

h (s(uBH( angularrCH3—),”l.63-(br s;~3H;‘CH3-é¥), 3.96,(5,

4H, -dcazcﬁzo-f. and 5,29 {m, 18, -cH=é-); 13¢ nmr 5134.9,

120.8, 113.0, 65.2, 65.1, 43.9, 41.4, 30.5, 26.9, 23.2,

Yo
W

A
Lo

243 -
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23,0, 22.6, 21.5, 14.1; ir 1080-1200 (C-0) and 3010 cm~1l
- o + o - o T g A ‘
(HC=C-)7 ms M™ 222.1617 (calcd. for CjsHp0%:

222.1620).  Anal. Calcd. for Cy4H,,0,: C, 75.62; H, 9.98;

0, 14.40. Found: C, 75§§9Q/§T’9.99; 0, 14.30.

5,B8ag-Dimethyl-3,4,4aa,7,8,8a-hexahydro-1[2H]- .

- naphthalenone (44) o T n*: -

Ketal oIefin 43 (620 mg, 2. 79 ‘mmol) was dlssolved in
acetone (15 mL) (reagent grade) and.Ejtoluenesulfonlc a01d.
(53Q-mg, 2,79 mmol) was_added. The mixture was stlrred‘at

rOOthemperature under an argon atmosphere for 16 h. Then

'the-mixture was added-with»ice—cold saturated‘solution of

sodlum blcarbonate and ‘extracted w1th dlchloromethane (20

x4 mL) and the exttacts washed with saturated solutlon of

‘sodlum chlorlde. wThe comblned extract was. dried,

‘~f11tered 'and concentrated. Flash(%flumn chromatography

of the re81due on silica gel (10% ethyl acetate/petroleum

-ether)-gave a pure colorless 011 of keton (500 mg,

g

‘“100% y1eld) 1H nmr 81.06 (s, 3H, angular cH3-), 1.66 (s,

3H CH3 C—), and 5.35 (m, 1H, —CH C—), ir 1710 (C—O) and

- 3010 cm'y (HC C ): ms Mt 178. 1360 (Calcd;‘for C12H180=
'178.1358/. |

- . oo .
AN
LN
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5,8ap-Dimethyl-2a-phenylselenenyl-3,4,4aqa,7,8;8a-

L

”hexahydro41[2H]~naphthalenone (45)

DllsOpropylamlne (0. 3 mL, 2.14 mmol) (dlstllled over
’ca1c1um hydrlde) was dlssolved in dry THF (9 ‘mL) and .
stlrred at -78°C under an argon atmosphere‘ Met;ylllthlum
(1.29 mL 1.3 M solution in n-hexane) ‘was added‘dfopwise'
via a syrlngefénd mlxture stlrred for 10 min. bA soluticn,
of ketone a4 (250 mg, 1.40 mmol) in THF (O 5 mL) was added
.;t slcwly'and continued stlrrlng'for IG min. A solutlon of
‘phenylselenenyl chlorlde (320 mg, 1.67 mmol) in THF (0 5

mL) was added dropw1se and ‘reaction stirred for 3 h at
-78°cC. Then 1ce-cold 1IN aqueous hydrochlorlc ac1d
',sglutlon (10 mL) was added and extracted w1th ether (20 x
4 mL)‘ The . extracts were washed with saturated solutlon
lof sodium Chlorlde, ~and extracts comblned drled S

«

‘flltered and concentrated. The resldue was purlfled by
flash column‘Chromatography on s111ca gel. elutlng w1th 10%
ethyl acetate 1n'petroleum ether to give a yellow oil offf~}“ﬂ‘~
selenlde 45 (410 mg ;- 88% yleld) as a 31ngle isomer: 1HV '
nmr 61.15 (s, 3H, angular CH3 ), 1 65 (s, 3H, CH3 C“). ,
- a.54 (44, 18, 3= 12 Hz, J' = 6 Hz, —éHSePh), 5.34 (m, 1H;f‘
'—éH é Y, 7.45 (m, SH arcmatlc protons), ir 1590 ( C= C B

1710 (C—O) and 3040 3080 cm"'1 (aro@gtig§ ms M++1,

334.0852 (calcd. for C18H2308e- 334 1349)



",(47)

%
-
o

] . o gy

_S Bas Dlmethyl 4aa.7 8, 8a—tetrahydro-l[4H] naphthalenone

N -
ﬁelenlde 45 (300 mg, 0‘90 mmol) was dissolved in dry

<THF (10 mL) and solution cooled to 0° C. 30% hydrogen

vperoxxde (O 26 mL) was,. added slowly followed by 0. .73 mL of ’

distilled water. The mlxture was " stlrred for 5 h from 0°

;'15°C. The m1Xture was then washed w1th saturated -

E <
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solutlon of sodlum blcarbonate,_extracted w1th ether (20 x.

4 mL) and extracﬁ?&washed with saturated sodlum chlorldeb
Q‘d

solutlon. . The extracts were dried, flltered, and
W N W .

_concentrated. Purification of the residue by flash column

‘ chromatography (10% ethyl:acetate/petroléum ether)
afforded"a'd&enone-47 as a light yellow oil (130 mg; 78%

yield): . 14 amr 81, 02 (s, 3H, angular CH3 Y, 1. 68 (s, 3H;

“ % : . B
| i

CH3-C=),. 5.42 (m, lH,thH=Cﬂ), 5.94 (ddd, 1H, J = 11 Hz,

3' =3 Bz, J" = 1.5 Hz, vinylic proton H,), 6.90 (ddd, 1lH,
" J = 11 Hz, J‘ = 6 HZ,QJ" = 2 Hz, vinylic‘proton'Hb)f ir
, . A ,

1690 (c 20 ) and 3040 cm—l ( c—c Y; ms MY 176.1198 (calcd..

} for C12H160:. l76.1201)-

. o



ey,

2a 3a- gpoxy—s BaB—dlmetgyl -2,3,4aa,7,8, 8a—hexahydro 1[4H]—

‘ ;nqghthalenone (48)

To_a”solution of of dienone 47 (351 mg, 2.00 mmol) in

ethanol. (3 mL) was added:with.stirring, a solutioniof

sodium hydroxide (30 mg) in water (0.1 mL).  With stirring

v and coollng at 30 35 C was added 30% hydrogen peroxlde

(0. 34 mL, 3.00 mmol)vover a perlod.of 2 min by a

- syr;nge. After an additional}hour,4the mixture was

Adiluﬁed with water andvextracted,with dichloromethane (10

x 4 mL).f The combined extract_wés washed‘yith séturated

B “SOdlum chlorlde solutlon, dried, filteredh and

'concentrated.~ Purlflcatlon of the crude product Qn ‘silica

¢

~gel flash column chromatography (5% ethyl.

acetate/petroleum ether) gave the epoxide 48 (339 mg; 89%

‘\z:ild). Singlg recfystallization'from‘petroleum ether

gAve pure white cryetals (m.p. 54e55°c)£ -1y nmr §0.96 (s,

. 3H, angular CH3-), 1.66 (s, 3H, CH3-C=)..3.20 (@, 14, J,=

4_Hz, pfoton ﬁa), 3.56 (br s, 1H, proton Hb), and 5.40 . (m,

R
1H, -CH=C-); ir 1270 (oxirame), 1720 (C=0) and 3020 cm™!

(-C=C-); ms M* 192.1153 (calcd. for Cj,H g0,: 192.1150).
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‘1ce—cold water was’ added The solutlon was washed with

dried, filtered, and concentrated. The‘reSidne was

rallyllc alcohol 49 (258 mg, 74% yleld) 14 nmr 80. 86 (s,

< ‘ 248

3a—ﬁydreky—5,8aB—dimethYl-3r4,4aa,7f8,8a+hexahydronaph4'

thalene (49)

.»vadrazine»h‘gg§te (0. 48.mL, 9.717 mmol) was'diss61ved<

in dlstllled methanol (2 mL) and gla01a1 acetic acid (0. 02

/%m, 0. 3§Jmmol) was added and stlrred under an argon

atmosphere for lO'mln., Epox1de.(380 mg,al.96 mmol)

Id15501ved in methanoi (5 mL) was added dropwise'overAa S

period of 1 h via a dr0pplng funnel. The mixture‘was-

°st1rred for another 2.5 h at room temperature and then

'saturated solution of sodlum blcarbonate, extracted W1th;

¥

dlchloromethane (20 x 4 mL) and extracts washed w1th

saturated sodium chlerlde solutlon.' The extracts were

A

”subjected to flash column ¢hromatography (20% ethyl

acetate/petroleum eﬁher) to give light yellow 011 of

1 / 4
3H, angn}ar CH3 ) 1.68 (s, 3H, CH3-C=), 4. 22‘(br t, 1H, J

' g
< 4 Hz, =CH- -OH), 5.36 (m, 1H, HC—CCH3). 5.65 (dad 4, J =

' 3! b
10 Hzﬁ‘ﬂ' =-4 Hz, J" = 1.5 Hz, HC'CH—CHOH), and 5 78 (aq,
!
J =710 Hz, J' =1 Hz, H&=CHCHOH); ir 1030 (c-0), 1650 (-
c=C-)," 3040 (HC C= é ), and 8300-3400 cm~! (-OH) ; ms MY b
'@ . . » 3 R
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5,8ag-Dimethyl-4aa,7,8,8a-tetrahy®o-3[4H]-naphthalenone

s

(50)

‘,Allylic alcohol 49 (64.12 mg, 0.36 mmol) was |
dissolved in‘diqhioromethane (4 mLY (freshly diStilled
over calcigm,hydride). PYridinium diChromaté (188 mg,

. 0.54 mmol) ;;g added ‘and mix;ﬁre‘stirred‘at room |
tempe;ature~undér an=arg§n’at;gsphere for 4.h; Then the
redction mixture waé filtéred throuéh;a sintered glass
funnel (4-8 p5‘followed by Qashing‘thoroughly Qith,
dichloromethane, and filtrate concentratéd. The residue

'was'pgrified by a flash coluhn»chrdmatography (lOi gthyi -

acetate in petroledh ethér) to give a dienone 50. (56.36

mg; 89% yield) as a yéllow 0ils 15 nmr 53;06 ks, 3H,

‘.Sngular CH3<), 1.65'(b; s, 3H,'cﬁ3;é=), 5.38 (m, 1H, \
' HE=E—); 5.86 (dd,llH,nJ =i10 Hz, J' ; 1.5 Hz, a—yiﬁylic

‘protén); and 6.83 (4, 1H, J = 10 Hz, B;vinylic pfoton); ir

, ‘ L : e
1675 (c=0) and 3020 cm~1 (HC=C-); ms M* 176.1198 (calcd.

5
!

for CjH)e0: 176.1201). Anali Calcd. for CjpH1g0: C,

81.76; H, 9.16. Found: C, 8l1.38; H, 9.09.8

3-Triethyl silyloxy-5,8ag-dimethyl-1,4,4aq,7,8,8a-

hexahydrdnaphthalene (51)

Dienone. 50 (287 mg, 1.62 mmol) was dissolved in

B



tr1ethy1911ane (10 mL) and stirred at room temperature for
10 min.. trls-Trlﬁhenyl phosphlne rhodlum(l) chloride
(Wilkinson's cata}yst) was added in a catalyti% amount,
Mixture wés'stirréd at,foom temperature under an aréon
atﬁosphere for 6 h and‘WaslconCentﬁated in vécdo. The ~
reéulting residue~was then subjected to cblumn

‘ chromatography u51ng 20% ethyl acetate in petroleum ether
as an eluent to glve a yellow 011 of‘pure silyl enol-ether
51 (508 mg; 100% yield): lH nmr 80.5-1 (complex, 15H, 3x’
" CH3CH3-), 1.00 (s, 3H, angular . CH3-), 1.63 (s, 3H,ACH3-'
é;), 4»8C (br s, "1H, Hé—é 0%1 ), .and 5.36.(br s, lH' Hé=é-
); ir 1186-1208 (Sl—OCH2CH3) and 1665 cm~l " (-c= c—osl—), ms

M* 292.2224 (calecd. for CjgH3pOSi: 292.2222).

'5,8ag-DimetKyl-1,2,4aq,7,8,8a-hexahydro-3[4H]-
) [

»napbthalenone_(52)*

Silylenol-ether 51 (SOO’mQ,_1.71 mmol) was dissolved
in dry THF (10 mL)‘andItetrajgfbutylammonium fluoride (1 M
solution in THF; 1.7 mL, 1.71 mmol) was added at 0°C. The

mixture was stirred for 1.h at 0°C to room temperature

7 M
4‘2‘ g

CH

)

250
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‘uﬁder A? argon atmbsphere. ‘The solution w§8'concgntrated:
@%é residue was purified by flash column'chromatqgrgphy
using 10% ethYl4acetate infbetrb;eum’egher as an eluent to
afford the'satﬁraged ketone 52 (226 mg; 73% yield: 1y n@f
51.00 (s, 3H,’An§§1ar CH34), 1;58‘(8, 3H, ca34é¥). and
5.40 (br s, IHA Hé=é+)7 ir11710 (c=0) and 3040 cm~1

- : . ' . .
(HC=C-); ms 'M* 178.1356 (calcd. for Cy,H g0 178.1358).

~

3[4]-QE:Butylthiocarbonyl cyanométhylene)—s,86$—diﬁethyl--

1,2,4ad,7,8,Ba-hexahydronaphthalene (53) and 3—(t-butyl-'

thlocarbonyl cyanomethyl) -5,8ap8~ dlmetAyl l,4,4aqa,7,8,8a-

hexahydronaphthalene (54) B ‘ : o

‘S1£;Butyl,cyanothiOIacéfate.(458 mg, 2.92 mmol) éndﬂ
DABCO (3?0 mg; 2.95)mmol) wefe dissolved in freshly‘
‘distilled THF'(lo‘mL).and‘stirred under an argon -
atmosphéreAat foom tempefature fof 10'515. 'Anhydrous

sodlum sulfate (622 g, 4.38 mmol) was added followed by
Wslow addltron of a solution of ketone 52 (261 mg, 1146
',Tmmol) in THF (1 mL). The mixture was stirred at room |
temperature for 48 h,;zlce-cold‘lN aqueéus'hydrochloric
\~$cid'solution was.addéd and extracted with dichloromethane

~

(20 x 4 mL). -The extrécts‘were washed with saturated

Q

. solution of sodiuﬁ,éhloride, dried, filtered, and
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‘concentrated.‘ Flash column chromatography of the resxdue
on slllca gel (40% benzene in petroleum ether) afforded an
isomeric mlxture of the condensed product 53 (42}26 mg;
58% yleld) The follow1ng apectral data were recorded on
a regioisomerlc mlxture of 53: lH nmr 60.90 (both 8, 3H,

| angular CH3 ), 1. 52 l 54 (both s, 9H total, —C(CH3)3), and
5.38 (br s, 1H, Hé“c ); ir 137§ (-C(CH3)3), 1670 (c=0);
and 2240 cm~l (c=N); ms Mt 317.1814.(ca1cd.afor'/
CrgHp7NOS: 317.1813). . f

h Further elution wlth the same solvent gave a
dlastereomerlc mixture (ca. 3:2) of 54 (10 89 ng; 15%
yield): 1H nmr §0.78 (s,_3H, angular CH3-). 1. 50 (s, 9H,
>-C(CH3)3, for ma jor 1somer), 1.52 (s, 9H,~—C(CH3)3, for
mlnor 1somer), 4.05 (br s, 1H, —éﬂpN, for minor isomer),
4.75 (br s, 1H, —&EQN,*for ma jor iébmers, 5.38 (m, 1H, c-6
vinylic proton), and 5.90 (m, 1H, C-2 v%nylic«proton): ir
1375 (—C(CH3)3)’andviG70 (c=0); ms u* 317.1813 (calcd. for

CygHp7NOS: 317.1813).

3—{EjButylthiocarbonyl'cyanomethyl)-s,Bab-dimethyl-

1,2,3,4,4aq,7,8,8a-octahydronaphthalene (55)

A

A. Using,sodiumyborohxgride as ahreducigg agent

A mixture of condensed products 53 and 54 (1f3'mg,

\,Y/b



.

'0.35,mmol) was_%lssolved in absolute ethanol (7 mL) and
mixture'stirred and cooled to 0 C. Sodlum borohydride
(3. 30 mg, 0.09 mmol) was added and mixture stlrred for 2 h

at 0°C under an argon atmosphere. Aftef@andsk\the mixture

]
("""“V\ {
was washed w1th 1ce -cold saturated ammonlum chlorlde\ \\m\////\

/
solution, extracted with dichloromethane (10 x 3 mL) and

the extracts washed with saturated sodium chloride
solution. The extracts were comblned drled, filteredr
and‘cohcentrated. Column chromatography (flash) of. the
'-crude product ori silica gel (50% benzene in petroleum
ether) afforded dlastereomerlo mlxture of saturated
cyanothlolestersyss (83 ng; 74% yleld) (the two major
isomers being ca. 1;2 ratio rrom lﬁ nmr integration). The
folloW1ng spectral data were recorded on the mixture. The
following 1y nmr was attrlbutable for the major isomer:

18 nmr 60 80 (s, 3H, angular CH3-), 1. 52 (s,_9H, |
-C(CH3)3), 3.37,3.39 (both 4, 1H, J/ - 8 Hz each,’ —EHCN)
and 5.34 (m, 1H, Hc=é—). The folloWIﬁé 1ﬁ nmr was
attributable for t&e minor isomer: '—C(CH3)3), 3.69;3.70

, | ’ ,
(both d, 1H each, J = 12 Hz each, -CHN), and 5.33 (br s,

. : |
1H, HC=C-); ir 1360-1380 (-C(CH3)3), 1678 (C=0), and 2240

cm™l (C=N); ms MY 319.1971 (calcd. for CgH,gNOS:

319.1970).
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B. Using lithium tri-t-butoxyaluminum hydride as a .,

reducigg‘agent

'

Isbmerxc mlxture of condensed products 53 and 54 + | -

(98. 72 mg, 0.31 mmol) was dissolved in dry THF (5 mL) and ,)* ¥
y

cooled,to 0°C with stirring. Lithium trifgybutoxyaluminum
hydride‘(ll9 mg, b.47 mmol) was added and the mixture was
stirred under an argon atmosphere fo; 3f5 h'etlb'é. The
mixture was then duenched with ioe—cold 1N eqdeousy
hydrochloric ‘acid solution followed by extraction with
~dichloromethane (10 x 3 mL). The ektfacts were washed
w;th saturated sodium chloride solution, combined, dried,
filtered, and concentrated. The H nmr of the crude.
product was found to be identical to that@previously
reported in method A (v1de ,supra) as a dlastereomerlc

i ‘t
mlxture (ca. 2:3 ratlo accordlng to lH nmr 1ntegration)

The yield of this reaction was calculated as. an overall

|

‘yield after the %obsequent reduction with sodium’

borohydride (vide infra).
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3- (1 Cxano—Z-hydroxyethyl)—SAggdelmethyl- o

N ;ﬂﬁf 2,3, 4 MAaa,7,8, Ba-octahxdronaphthalene (56)

A. By reductiowlof compﬁhnd'SS’

Compound 55 (185 mg, 0.58 mmol) was dlBSOlVBd in
absolute ethanol (7 mL) and cooled to 0°C with stlrrlng.
Sodium borohydrlde (90 mg, 2.43 mmol) was added and the
mixture sé;rred at room temperature for 10 h under an
.argon atmosphere. Afterwards, ice~cold water uas added“
and the mlxture washed w1th aqueous saturated solutlon of

ammonium chloride ﬁpllowed by extraction W1th"rﬁ

dlchloromethane (20 x 3 mL) The extracts were washed °
§ )

with sodlum chlorlde soyutlon, drled filtered, and

concentrated. The rESldue was chromatographed on Slllca
gel iSO% ethyl qcetate in petroleum ether) to nge a

.colorless oil- of alcohol 56 (119 mg, 88§ yleld or 96%

.;5,

yleld based On recqveneq startlng material) “The'

'fa

' folloW1ng speotral?data Were recorded on the mixture of
N / I

'dlastereomers. The follow1ng 1H nmr was attrlbutable for

“

the major 1s%mer.f 1H nmr 80. 80 (s, 3H)} angular CH3-),
,55
By l :

1.60-. (8, 3H“‘? CHB—c-)q 2 72 (dt' 1H: J =7 Hz, J' = 6 Hz,

S
D .
. i

Compound 55 bbtalned by method B gave 81% yield over two
steps, of the alcohol 56.
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_-CHCN), 3.90. (m,; 2H, ‘QEszH), and 5.36 (m, 1H, HC=C-) ;
d:the follow1ng 1H nmr . was attrlbutable for the minor

'lsomer-’ 1H nmr 80. 87 (s, 3H, angular CH3 ), 1.6 ( 3H,‘

|
cn3—c-), 3 02 (m, 1H, -CHCN), 3 90 (m, 2H, —q_ZOH). and
(9
5.36 (i 1H, HC=C-); ir 1060 (C-0), 2260 (C=N), and '3400-
3500 cm’l (-on) ms MY 233.1778 (caled.. for C;gHp3NO:

'
-l‘

B; Dlrect reductlon from mlxture of 53 and 54 at -40°C to

© . room. temperature

o

Reglolsomerlc mlxture of condensed products 53 and: 54

\

(124 mg, O. 39 mmol) was dlssolved in ethanol (7 mL) and

\

cooled t0r—40 C w1th‘st1rr1ng for 10 mln. qodlum

A

'borohydrlde (69 mg,‘l 82 mmol) was added ‘and mlxture

.stlrred for 4 h at 40 C under ‘an argOn atmosphere.

s N /.

Temperature was 1ncreased to room temperature ‘and stlrrlng

( ! M

‘ﬂjecontlnued for another 24 h. Isolatlon and purlflcatlon

processes were performed 1n the same- ‘mannex. as mentloned
;;

method A, to glve a pure colorless oil of alcohol 56 ‘as

\ of dlastereomers (83, 17 mg; 91% yleld)

' Spectral data of all respects were xdentlcal with' those*

already reported in method A (V1de supra) R "“Af‘

® ~ 0 @
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-—78 Cc for 1 5 h.v Temperature was 1ncreased to r@om

. fsugra)." .

C. Direct reduction from mixture of 53 and 54 at'—78°C to

~ room temperature I
Condensed products 53 and 54 (7. 13 mg, 0. .02 mmol) was
dlssolved 1n absolute ethanol (2 mL) dpd stlrred at -78 c

under an argon atmosphere for 5 min. Sodlum borohydrlde‘ |

(3.34 mg, 0.09 mmol) was added and mlxture stlrred at

P

temperature and stlrrlng contlnued for aKother 2A h.;j | _;§
Isolatlon and purlflcatlon processes were done 1n the"asw{arne"uu‘i;";ii
manner as‘mentloned ln method A, to glve a colorless 011 |
of a dlastereomerlc mlxture of alcohols 56 (3 99 mg,.7é%.
y1e1d over two steps) The lH nmr spectrum was ‘found 'to f;

- be ldentlcal to that prev1ously reported in method A (v1

- 3B~ (l Cyanogtheng}igﬁ

octahydronaphthalene (57) and‘Ba—(l cyanoethenyl) =5, 8a§-

7 dlmethyl 1 2 3,4, 4aa 7,8, Ba-octahydronaphthalene (58)

:LDiastereomerio'mirture of alcohols 56 (41.97 mg,fﬁfia;

. ]

_mmol),was‘diSSolved‘in;dry'ether.(5 mL) and .stirred for 5

min. ﬁicyclohexxlcarbodiimide (74 mg, 0. 36 mmol) and ‘a

catalytlc amount of copper(I) chlorlde were . added "The

mlxture was - heated at reflux (50 C) under an argon

L]

'atmosphere for 8;5 h. sIt was then broughttto a room’

-

. ’ . o / o . | 257

‘,eap— medﬁm 1,2,3,4, 4::15L Ba= . o



,,,,,,,

258

tempe ature, dlluted w1th ether, flltered through a
- .-
81ntered glass funnel (4 8 p) and.tlltrate concentrated._!

The resldue was purlfled by flash column chromatography on

;f31lﬁﬁa gel (40% petroleum ether in benzene) to glve a
‘clear colorless 0%1 of a mlxture of 57 and 58 (37 47 mg; -
‘ P

" 94% yleld) in ca;r2 1 ratlo accordlng to lI—I nme -

'1ntegrat10n. Thls mlxture was. subjected to separatlon bJ

R

a Chromatotron using 5% ether in petroleum ether 5 an:>,

eluent to glve 57 a f-isomer (ll 22 mg) and 58 anha— ;.'

isemer (ca. 7 mg) and ‘a mixture of 57 and 58 (ca

,mg). The follow1ng spectral data were attrlbuﬂed to the

ﬁ}isomerl 1H nmr 60 .82 (s, 3H, angular CH3~)h_1 62 (br 8,

,_3H,;CH34C=). 2;28 (m,‘ G;7 ax1a1 proton), s, 36 (m, 1H,
R ' '-v v ‘
HC=C-), 5 74 (a4, H, 3= 2 Hz,’,'o= 1 Hz, —C=CHH); and :
' 5.82 (br s, 1H, I, 1/2 - Hz, —C—CHH), ir (CHc13) 930 .

(oleflnlc c-H), 1620 (c= c), and 2210 cm~l (C:N) ms M*
215. 1@%6 (calcd. for C15H21N.; 215. 1674) The folloWipg:
spectral data were attrlbuted to tﬁe a—lsomer- ;1§.nmr

- 80, 87 (s, 3H, angular CH3- <), 1.66 (br 8, 3H, CH3-C—). 2?72
‘(m, 1H, C-7 equator1al proton), 5. 34 (m, 1H, Hc—c—), 2 85:‘
(4, 1H, J = 2 Hz, ec=c§ﬁ), and 6.07 (4, 1H, J = 2 Hz,

4 ) - - B . »

9 : = - - ~

Eplmerlc mlxture at C—7 (accordlng to eudesmane skeleton'
numberlng) A\ o ' . .

*

) ' : S o ‘ s . L e .
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l ' - . . i B . ot ’ . ) ’ “,’:Ix' .
-C=CHH) ; ir (CHClj) 930 (olefinic C-H), 1620 (C=C), and
2210 cm™! (c=N); ms M* 215.1663 (calcd. for CjgHpN:

'(r)a—Costal (34) - N

Cyano olefin 57 (10 mg, 0.05 mmol) was dlssolved 1n.
dry toluene (0.5 mL) (dlstllled over calcxum hydrlde) and
- cooled to.-78 C.wath stlrrlng under an ‘argon atmosphere.
‘foter 5 min dllsobutylalumlnum hydrlde (25% by wt in
toluene) (O 05 mL; 0.07. mmol) was added slowly via a ”%QW

syrlnge. After thgjﬁY

b“had been stlrred for 3 h at

-78°C, it was washed wlt kulute aqueous solution of

- oxalic acid, extracted wi h|ether (2 %°2 mL), and extracts
v > 4 :

‘dried, filtered, ®and conceértrated. The resultlng crude
. o

product waé'éubjected‘to~a:p1d column chromatography (40% Y

' B i

~petroleum ether in benzene “to glve racemlc a-costal (34)

“(5 45 mg; 54% yleld)vl 1H nmx (CDC13) 60 .84 (s, 3H,

angular CH3 ), 1.60 (s, 3H, CH3' ), 2.561(m, 1H, -CH c—),

5.32 (m, lH, HC=C-), 5.90 (br s, 1&;,JQ1/ = 1.5 Hz, "
_c=A@H)/ 6.30 (br s, 1H, 'le/é < 1.5 g, -C-—CHH), and 5. 54

(s, 1H,/ -CHO): H nmr (cc14) 80.83 (s, 3H," gular~~CH3),
1.58 (s, 3H, cn3—c-), 2,53 (m, 1H, ~CH-C=), 5.28 (m, 1H, e

. . 1 R
c =), 5.90 (br s, 1H, " =1,5 Hz.‘—C—CHH), 6.21 (br
H c ). (br s, 1H ;,W1/2 ‘ [ TC=CHH Abr

s, 1H, Jﬂ??év? 1.5 Hz, -C=CHH), and 9.52 (s, 1H, —-CHO);

3]
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13¢ nmr 6194.6, 155.4, 134.7, 132.8, 121.2, 46.9, 40.2,
;37;9,“37;2, 32.4, 29.7, 20.0, 27.0, 23.0, 21. 1: ir (cHCly)

940 (oleflnlc C-H), 1620 (c=c), 1694 (cno) and 2700 cm~1.

(aldehyde c-H); ms Mt 218.1671 (caltd. for Cl5H220-q
218.1671). ' N '

(t)»Epi—a—costal k59)

~ hydride (5% by wt ln toluéne) (0.15 mL,. 0.05 mmol) was o

H

Cyano olefin 58 (5 mg, 0.02 mmol) d‘i‘dissolved in

-.aryfﬁene ;0 .5 mL) and solutlon cooled to -78°C with -

sti under an argon atmosphere. Dllsobutylalumlnum-

a

»

added slowly Vvia a- syrlngef Whe mlxture‘¥§s~st1rred for‘3
h at -78° C, and washed qﬂth dllute aqueous solutlon of

oxalic ac1d, extracted with ether (2 x 2 mL) and exéﬁacts,*i-
dried, flltered and concentrated. The resultlng crude
product was sub]ected to rapld column chromatography (40%
petroleum ether in benzene) to’ glVe racemlc epl-a—costal

59 (2. 45 mg, 48% yleld) 14 nmr 60 85 (s, 3H, angular
-CH3), 1. 54 (br s, 3H, CH3-c—), 3.04 (m, 1H, ~CH-C=), 5. 34
(m, 1H, HC—C-), 6.11 (s, 1, -C-CHH), 6.48 (d, 1H, J = 1.5 _
Hz, -C—CHH), and 9.48 (s, 1H, —cuo), ir (CHC13) 800

( c=C ) 1697 (CHO),_and 2852 em~1 (aldehyde C-H): ms mt

-

218, -1672. (calcd. for C15H220- 218 1671)

\Lv?' '\ .
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.3s—(t—Butylthiocarbonylfcyanomethyl)—5 Baa-dfhethyl—f

3,4, 4aa,7 8; 8aihexahydronaphthalene (60) and 3ﬁ-(t-

butylthlo acrylonltrlloxy) -4, 8a5-d1methyl3 4 4aa,7 8,8a-

hexahydronaphthalene (61)
. _ CE . :
'Triphenyiphosphine'(llo i@, 0.42 mmol) was dissolved

in dry THF (3 mL) and stlrred under an argon atmosphere at

stirrlng.‘ A solutlon of a11y11c alcohol 49 (*;
mmol) in THF (035 mL) Svas - ado‘
fodlowed by addltlon of a. solj

v

miﬁe was stlrred for 3.5 h at‘-39°C under an ‘argon

-at here.j Afterwards, 1ce—cold water'was added followed'
by washlng w1th IN aqueous hydrochlorlc ac1d solutlon and
extracted w1th d1chloromethane (15 x 4 ﬂi"" The extractsb
were washed W1th saturated sodlum chlorlés solutlon,

>

‘comblned‘ dr}ed f11tered and COﬁ%entrated. The crude
»;product was subjected to flash\column Chromatography on

5111ca d@f (zgﬁﬁbenzene in petroleum ether) to glve an-
1some;;o mixture of c0mpounds-60](33,86emg:v36% yleld)'aud_"x
61 (16.17 mg; 18%‘yield)@which werg inseparable” b§ column

' chromatography. The f0l118Wing spectral data were

& s T Y
! ° T L : ' L T
) . . . - . . . )
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. (calcd for C19H27NOS° 317. 1813)

attributed for compound 60 (a 1:1 dlastereomerlc m1xture)

after slgnals for 61 had- been . subtracted: IH nmr 60.85,0 98

T
v

(both s, 3H each, angular —CH3 for two isomers), 1. 52 (s,
9H, -C(CH3)3, 1. 66 (bf 8, 3H, CH3“C—)I 3. 50 (dc 1/2" lHl J
= 6 Hz,'-CHCN from one isomer), 3. 58'(d 1/2x 1H, J = 6

¥

Hz, —CHCN, from another isomer), and 5 34 (m, lH, HC= C-), .

ir 1370 (- c(cH3)3)," 1680 (c=0), 'nd 2240 em"l (C2: ms M*

' 317.1819 (caled. for c19327nos-, 317.1813). The follow1ng,

spectral data were asslgned for compound 61: 1H nmr 51. Ol

(s, 3H, angular CH3-), 1.43 (s, 9H,,—C(CH323), 1.66: (br s,
X (complex,, 4H,

'nﬁ».ﬁc, Hq): ir 2210 em~1 (c=N);, ms_ﬁg'317 1806
& .

3H, CHy- c—), 5.00 (s; 1H, NC-CH c—), 5. 4?"

°
3

3g- (l Cyano— -hydwethyl) -5, BaB—dlmethyl 3,4, 4aa,?%e;a_

hexahydggpaphthalene (62)

Al
.

“‘Isomeric hith}e of compoUnds 60 and 61 (45:52 mg}

¢
0. 14 mmol) was dlssolved in absolute ethanol {5 mL ) andg*
cooled to 0°C wlth stlrrlng. Sodium borohxdrlde (21 mg, ?

O 55 mmol) was added and mlxture contlnued stlrrlng for 30

N
" h at _room temperature. The mlxture.was then washed- with

-~

Separated after subsequent reductlon step . w1th sodlum boro
hydride in whlch 60 was feduced to. ‘62, and 61 remalned
1ntact. B . _ A

A



4

’  saturated ammonium chloride solution, extracted with

g ©¥y .

;;’f;;?. ‘ ‘v‘ ;;}' '

L

o

- W

'1ntegratlon) 18 nmr 5§0.93, 0.26 (i

”dichloromethane (5 x 3 mL)vand extracts.washed with

-

saturated solutlon of sodlum chlorlde. The extracts were

‘comblned, drled, flltered, and concentrateS?S“Thﬁ resldueﬂ

9

was chromatographed on 8silica gel (20% ethyl acetate in

petroleum ether) to. glve compound 61 (V1de supra) and- the

&
alcohol 62 (16. 92 mg ; 78% yleld based on the &mount of

‘lcompound 60) The followlng spectral data were_ recorded o

on a. ﬂ%xtu?%aof%dxastereomers (ca. 1:1 ratlo from lH nmr
R :

8, 3H each,_

angular CHj-), 1.66 (br s, 3H, CHy-CHE. 2.7-2,9" (complbm:

) o o -t i
2H, -CH-CHON and ~CH-CHCN), 3.9%(br s, 2H, ~-CHy-OH),

~

5:3-5.8 (complex, 4H, H,, Hyp, Hg, Hg): ir 1060 (C-0), 2260

(C=N), and 3400-3500 cm~! (-OH): ms M* 23141617 (calcd. |

for CygHp NO:ii 231,1623).

'3-{33ButylthjoCarbonYl cyanomethyl)-S;Baﬁfdimethyl-‘

3,4,4aa,7,8,8a—hexahydro—l[2ﬂj naphthalenone (68)

9 ' o ‘ ) N ] ! . ¥, ~ o . i
a'To a solution of S—tébutyl cyanothlolacetate (160 mg,
1. Ol ‘mmol) in dlstllled benzene (7 mL) was added

chlorotrlmethy131lane (0.11 mL, 0 92 mmol) and cooled to

~5°C w1th stirring. Sodium hydrlde (50% dlsper51on in

011, 72 mg, 1.52 mmol ) was - added followed by, after 5 min’

P v
. \ .r . .
o N . R - . . . . R . N ’ .

k! . H
. v A
} - ‘ - ‘
~ . 'Y
.
s ) . .- . N
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'.pu'ri‘fied by f;ﬁlcolumn chromatography on silica gel

- 264

stirring, dropwise addition of a solution of dienone 47
(121 mg, 0.68 mmol) in dry benzene (0.5 mL). The mixture
was heated at reflux for 16 h under an' argon atmosphere.

It was then cooled to room temperature and 1N ‘agueous.
i A

‘hydrochloric acid solution was added, extracted with

dichloromethane’ (10 x 3 mL) apd extracts congentrated.
A»*

~ The re81due waé dxssolved in methanol (20 mL), treated

with aqueous pqéaéhlum fluorlde solution (005 g/lO mL) for. ;‘

10 min followed%ﬁg“%fldlflcatlon (1N HCl), and extracted

‘;wﬁtHVﬁlchldromethane (m§ x4 mL)., The extracts~were

A ¢ -
dried, flltered,gbnd concentrated. The crude product was = -

(10% ethyl acetafé/skelly B) to give a dlastereomerlc;
mlxture of 1 4—adduct 68 (136 mg; 75é'yié1d'based on
recovered dlenone 47) in ca. 2z 2 1 1 ratio from 1H nmy -
integration. The foglow1ng spectral data. were recorded on
the‘mixture. The‘}ollow1ng ly nmr was attributable for

w ;
the two majon,'

ers: ‘14 nmr 61.08 (s, 3H, angular CH3—:
, . , e 8

from one isomer) .12:(9,,3H, an8ular CH3-, from another

+

yi “ | | o e

) ¢ : C. ’ . »

*after column chtomatography the product 68 was still con-
taminated with unreacted thiolester due to the same R
value. Thus, the contaminated product: was further purlfled
by molecular distillation using Kugelrohr apparatus.

(100° C/l 5 torr) for -2 h to’ dlstlll off the thiolester.

t Y

0
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‘isomer), 1.54 (s, 9H, -C(CHs)j;  from one isomer), 1.52 (s,
9H, -C(CH3)3, from another isomer), 1.68 (br s, 3H, CH3-
Cc=, overiapginé for all four isomeré), 3.44 (4, 2/4x 1H, J
. .= 5 Hz, -CHCN, from one lsomer), 3.53 (4, 2/4x 1H, J =5
| Hz, ~-CHCN, from another 1somer), 5. 42 (m, 1H, HC—C-
overlapping fo; all four isomers). The following 1H nmr
was attributoble for tﬁe two minor isomers: lH nmy 581.20

i (s, 3H, anguiar_CHs-, from one 1somer3p 1.28 (s, 3H,

& angular CH3-, %rbm another 1somer), 1.56" (s, 91,
Qc(c33)3), 3.46 (4; 1/4x 1H, J = 5 Hz, ~CHCN, from one
isomer); 3.64 (4, 1/4x 1H, J = 5 Hz, -éHCN from another

" isomer); ir (CHClj) 1370 (- c(CH3)3). 1679 (thiolester

c-o), 1710 (ketone c-o), and 2220 cm-l (C=N); ms M+ ' .

A\

; . 333.1765 (caled. for CjgH,7NO,S:. 333.1762). ) .

-
o0 '

n3—(-t—Buty1thiocarboriy1 cyanometﬁyl)-1—hydr°xy_5,8aﬁ;Aﬁﬁg.

dimethyl-1,2,3,4,4a¢,7,8,8a-octahydronaphthalene (69) -
] . . . ‘ -

© A diastereomeric mixture of Michael adduct. 68 (41.34-
. . w |
mg, 0.12 mmol) was dixsolved in absolute ethanol (4 mL)

-~ . -

‘ _. W . ' 3 o ,///

, ‘ Another 51nglet attrlbutable for t-butyl group of othe¥
-minox isomer was presumably overlapping with slnglet from
major 1somer. ' - .
/ ' . '

G«
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and coocled to O'C‘with‘stirring.' Sodium borohydride (10
mg, 0.26 mmol) was added and mixture stirggd for 1.5 h atﬂ
0°C. Saturated agqueous ammonium chloride- solution waé
added ?nd the resulting mixture extractéd with
dichloromgthané (5 x 3'@L). ‘The'combined extract was
dried, fil;eréd, and’éonéentraté@% flash column
chroﬁatogr&phy of the crude product on silica gel (40%
éthyl aceﬁéte/petroleum ethgr) gave the mixture of
alcohols 69 (30 mg ;- 75% yield). The following spectral
'data were Técorded on the mﬁkture~ 1H nmr 50. 84 (br s,

3H, J 4 Hz, angular CH3')v 1. 51 (br’ s, 9H,

| wi/2 © | <
};-C(CH3)3), 1.62 (br s, 3H CH3- c-), 3.4-3,.6 (m, 2H, -CHCN

~and -CHOH), and 5.40 (m, 1H, HC—C Y; ir 1370 (—

1680 (c—o), 2250 (C=N), and 3500-3600 cm-l (-oa)
&% ’.
335.1919 (calcd. for C19H29N0233 335 1919)

v . . i i

3- Cyanomethyl”i-nydroxy-S 8aB—d1methy1 -1,2, 3 4, 4aa,7 8 8a-

octahydronaghthalene (71) ; v

Mixture of alcohold 69 (74.35 mg, 0.22 mmo%) was

dissolved in dry chloroform (4 mL) (distilled from calcium
vy - - ‘ ’ e
hydride) and cooled to 0°C under an argon atmosphere.

Meﬂ%anesuifonyl,chloride (0.05 hL,‘O.GG mmol)fwas-added\_t
slowly by a syrinde follaowed by addition of triethylamine

(0.15 mL, 1.10 mmol) and mixture stiffed.for 6 h at room
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'temperature. The mixture was quenched with ice-cold 1IN K
aqueous hydrochloric acid solution folrowed by'washihg the
'resultlng solution with saturated sodium bicarbondte ¢
’solution. Extracts, after extractioh with dichlorometnanejy‘ ‘
(8 x 4 mL), were comblned dried, f;ltered and
concentrated. Thls crude ‘mesylate 70 (134 mg) showed
satisfactory.ir and 1H nmr as follows: 1H-nmr 50. 81 (br

8, 3H angular CH3 Y, 1.49 (s, 9H, -C(CH3)3), 1.58 (br 8, '

3H, CH3—C ), 3 00 (s, 3H, CH3-SO3-). 3.4-3.6 (complex, ZH,

~CHON. and —cnoa), and 5.33 (m, 1H, HC—C-), ir 1185, 136¢

(o—s—o), 1680 (c—o). and 2260 em~l (cm) |

v The crude’ mesylate was d13591Ved in N,N- J \

v o }

.dlmethylformamlde (7 mL) (dlstllled over phosphorus N o )
pehtox1de). Sodium iodlde (480 mg; 3.20 mmol ) and‘zihc \‘ . &
dust“(420 hg, 6. 40 mmol ) Were added: The mlxture was\/\

. heated at reflux (~160 C) for 7 h under an argon.' - iﬁ \
»atmosphere. It was then cooled to _room temperature .and
flltered through a sintered glass funnel by washing d&th
dlphloromethanef QQgg&flltrate was subsequently washed
Qith—water,pextracted with dichloromethane (va~4 mL) and
extracts washed with‘eaturated\sodium_ohloride'solution.'
The extracts were drled, iltﬁred; andLCOncentrated ihé7l

crude product was pur1f1e by flashécolumn chromatography' - "\

(30% ethyl %’E&ate 1n petroleum ether) to afford : : "')‘ |
. ! . ?‘-u 1 .
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~

diastereomeric mi.xtux.‘e of alcchols. 71 (6 mg ; 14% /yield
ifrv_om.69) The followxng spectral data were recordod on
tf\e‘mixture: 14 nmr 60.80, 0.82 (both s, 3H each, angular
CH3-), 1.64 (br s, 3H, cn3-c-). 2. 38 (bs 4, 2H, J =6 He,

-CHCN), 3.39 (aq, 1H, J = 11 Hz, J' = 4 Hq, —cnoa), and

5.38 (m, 1H, HC“C—)r ir 2260 (c:n) and 3400—3500 em-1 (-

OH): 'ms M* 219,1621 (caled. for c14321no; g;a‘leasff

i

268
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