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ABSTRACT LY
» - \ * . .
The regfospecific construction of terminal enol borinates was

"investigated.. It was found that the reaction of dicyclohexylborane

with 2- diazoketones resulted in tenmjnal ‘enol borinates These
intermediates were successfu11y employed 1n the reqiospecific
synthesis of terminal Hannich bases '

The "oxo-bu:yl" equiualont. Y- Phenyl(n-butyl)thiocrotyl chloride
was prepared-.in three facile steps from ethyl acgtoacetate The

alkylation reaction of this ha11de with ‘several regiospecifically
generated enolates was studied.. It was found that 11thium enolates -

.

of cyclohexanones in DME were successfully alkylated in the presence

"of catalytic amount of 1{thium fodfde, The hydrolysis reaction

\

. of the resulting y—pheny](n-bugyl)thiocrétyl cyclbhexinone dériva-

tivgs'was studied. - It was found that titanium tetrachloride in
acetic acid promoted thg-hydrolysisféycl1zat10n of these compounds

to the corresponding octalones.

-

(o 4
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PREPARATION AND REACTIONS OF TERMINAL EMOL.BORINKTES ' -

. e ’ . M \

) . o
INTRODUCT ION . - .

Mannich bases.ubuaminokntones. form'an‘importani class of orqanic
compounds. They are m&in]y ehpIOyed>as synthetic 1ntermed1ates..!n'
" which the amino function 1s subsequently?rep!aeed by a different - *

group.'s?:%:*  For examle, certain Mannich bases can underqo a
] - .

reaction with nucléophile? such as CN- or R,NH to afford sbbstitution
( . :

N | '. . . . -
- products (eq. 1). » o S -
’ Qj © . KCN . . . '
CeHsCOCH, CHaNH(CH, )€1 —————> C(HsCOCH,CH,C=N -

’ : h . (6?%)‘ . . . .

*

Alpsefu1 procedure to obtain a.B-un§aturqted ketones tnvolves the
elihination of the aminn function either from.e-amfnoketoné lg, or’ from*
- the corresponding quaf\rnary.mnmdnium sa]t‘Q as 1llustrated by equation
2.. '

' ‘ ® 6
CehsCOCH,CH,CHy + (CH20) 5 + (CHy)aNH,CY

lo '

I CatisCOCHCHaNH(CH,),C1O e
1. bge/ . Et » - \base S
o . . ,
CeHsCOCH-CHoN(CH, ) 4 1 Steam > CeHsCO-C=CH
ét_ distil. ét

One of the most important uses of Mannich-baées is the Rbbinsoh
annelation r;;eactiqn"25 in which enolates of fairly acidic ketones

(e.q. B-ketoesters) can he alkylated under-mild reaction conditions. '
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Subsequent cycliza:ion of the M1chael adduct compr1sos an' 1mportant

step 1n the synthosis of nqmerou\ natural products. (Equat1on k) ‘

P
CH,y '

. Ok
FOsEL  (Ee)N—cHyCH,COCH,

O.N"' .. ‘ . . L]

o " KOM : CH,CH, COCH,

- (90%) - _
” R )
'However, ketones.whtch are not easily efBlized?+?,17 (e.g. methy)-
cyclohexanone), ‘unlike the previous case, qive Tﬁhdi y1e1ds of broducts
The ~éason for these resu1ts and an extensive discussion of the Robinson
annelation reaction is- reserved for the setond part of the thesis..

The Mannich reaction, 1ike many other alkylation and a)do] type -

conoensation reactions. is not a reqiospecific process. Of course ihis

does not represent a problem in the alkyIation of symmetrical ketones

or of ketones that underqo enolization in one direction on?y (eq. 1).

However, the alkylat1on of unsymmetrical ketones which can form

A

structurally isomeric enolates (or enols) results in a mixture of
products. In addition to lowering the yield of the desired a]kvlate,"'
a (tedious) separation procedure is required to fractionate isomers .

S

Generally, the major product of alkylation or condensation reactions
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1nvolv1no unsyu-trical ketones 1: that which corrusponds to sudbstitution
' at ‘the thermodynamically nqrq stable enol.2%.27,20. For oxannlo.

Hannich condeng®ton on methyl 1sopropyl ketorie?® resulted 1n two .
products of N‘::: the major was derived from the more hiqh1y substituted ‘

(1.e. more stable) enol (eq. 4). o -
- - . ®e ] - -
. (CHy)2LHCOCH, + (CHa0)y + (CHy)aNH €1 o .y
. oo - | . . -
CHyal—C — cn,-~<cu.), v (cH, ),cncocn,cn NCHy):
CHy : ‘
(76%)

However. tnere are a few examples 1n which unsymmetrical ketones
form Mannich bases correspbndinq to the 1ess substituted enol"~” '
(eq. 5). In’ such cases, it apoears likely that the reaction oroduct
1s strongly influenced by steric factors. Under equilibrium cond1t1ons
(tong reaction time and hiah temperature), the product which wot1d
result from attack at t re highly substituted enol 1s‘destab111zed ..
by steric 1nteréct16;;’D£;roa'result it reverts. to starting materia] .

)
and eventua]]y reacts at the less hindered site.

@ .
[(CHy)CHIN=CH,

(90%)



ln the. past two decades vurio\n synthotic methods have been
devolopod (such as qpimines,?® triuthyls'ﬂyl enol ethers;*! “‘onol

_’ lcetltds“”') w nm.u uhctivoly ‘one of the two a-posftiom of
unsymtricol ketones (oq 6) - " e
. a R o, _ ot a .
e-CiC— —> - -+ e-b-¢ e
T S
~ In qonerll. “this mothod nccessitltos the spectfic formation of
. owne of tw0upossib1e gno1 derivatives. These in turn ¥re converted, !
under k1het‘1c ;:oﬁ'trol to the cqrrespondino meen enolates. As a
result, unlew a dom1nat1ng factpr such- as ster1c Meraction or

thennodynamic control 1nf1uence th1s orocess.an 1somer1c mixture. of

derivatives (and nroducts)’ may be obtained as well (eq. 7).

o Jorem, - ostteny .
4 (cHy )ostcr _EtaN @ @ 3
. o

e 6 (78%). 7 (22%)

1@

idrad

9(84!) < - 1_0_(71)

- e

8

o

Clearly the above approach may be cons1derab1y improved 1f a symthekic
-nethod is deve1oped which would (a) enable t‘e reuiospecific construc

tiom qf an enol dorivative (uncontaminated with its structura1 1somer).
e .
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‘and (b) permit afky1ation of th1< criol selectively without first

transformjnq\it into the metal ennIaie *as”in the above example (eq. 7).
Thése factors have been considered by Hooz and Bridson®*»?S in their
deve]opment of a new solution. to the problem. Their approach 1s based

on the reaction of orqanoboranes wilh a-diazo compounds" (eq 8) This

R,B + N,CHZ —=  K-CH,Z

Z = CO,Et, CN, CHO, COR! ‘ (8)

reaction is believed®® to proceed by an initial coordination step of
the borane with the diazo compound, fo]]ongg by concerted migration
of the alkyl group with displacement of nitrogen (eq. 9).
. . : ﬂ?
@ 0 e 2

RSB + NzCHCOzEt - ? R;B-CH—CO’zEt

U‘
R,B CHZCOEt M2 5 R,B—CH—CO,Et (9)
" R

When these reactions were carried out in the presence of D,0%*

. the corresponding a-deuterio esters and ketones were obtained -

essentially in quantitative yield (eq. 10a).
'

D20 >n-C5H13(iHCOCH3
. 0 (10a)

(CeH13)3B + N,CHCOCH,

This route was further extended for the synthesis of dideuterio-
methylene ketones and a,a-dideuteroesters. For example, treatment of
i
a miy{pre of -trihexylbcrane and deuterium oxide with diazoacetone-d,
/7

-
gave 3,3-dideuterio-2-nonanone in virtually quantitative yield (eq. 10b).
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(CeHiz)sB + N2CHDCQEH, D0 - fceHiaCD.COCH, T (10b)

Thpse results can be rationalized by the reqiospecific formation
‘of intenmed1ates presumably eno) borinates. which can readily be. c1eaved.
by water to yield the qorrgsoondinq a1ky1ated carbony1 derivatives.
'Inaeed Pasto and Wojtkowsk1?’ found that the init1a1 intgrmedjate
11 could not be obta1ned from the reaction of an a-d1azoester and

tria]kylborane, but,rather the-rearranged product, an enol borinate

12, was isolated and characterized. ' : |
: Q ‘ LOBR,
R2B—CH— C_ . - > RCH=C_
5 OEt - OEt
n | ' 12

Subsequéntly,~Hooz and Br‘idso'n"‘;3s studied the regiospecific
a]ky15?$on (and bromination) of enol borinates, and found that the
"Mannich reagent", dimethyl(methylene)ammonium dfodide,*® afforded
excellent yields of B-dimethylamino ketones (eq. 11).

R ® 0
i ‘ n (1)
R,BOC=CHR! + Me,N=CH,I® >  R—C—CHR!?

|
CH;N(Me);

13 ¢ 14

Under the mild exberimenta] conditions employed, the positional
i%omer was not observed. " The necessary enol borinate need not be
1solated since THF solutions of these 1ntermed1ates are easily and
unambiquously obtained either by the reaction of trialkylboranes with
c::-diazoketones""37 (eq. 8), or by "coﬁjuqate addition" of organo-

boranes to a variety of a,8-unsaturated ketones and aldehydes®® (eq.

12). Thus, this simp%e one Fask me thod eff1c1ent1y permits the



< C (12)
OB(Et)z Mez"

0.

regiospecific construction of certain Mannich bases, uncomplicated by
problems associated with the oriqina! Mannfch reactions.. By a
similar approach, the "isomeric set" of Mannich bases 15 and 16 were

“synthesized, thus demonstrating the versatility of this method above
‘ 0

— @

. the trddit1ona1 Mannich condensation reection (which is tncapable of
constructing this set se]ective]y) '

It became apparent at this point that this.methodoloqy has left
out an important class of Mannich bases 18, namely, the terminal Mannich

bases of alkyl methyl ketones (eq. 13). To obtain this set of compounds

-

0-BR, 0
i — | .
=, > R—C—CHyCHp = N (13) ¥
v 18
14

one has first to generate the terminal enol borinate 17 However, this
Ain!brmediate cannot be obtained by either of the two routes described
above, as an a]kyl group is transferred during the reaction, resulting

in the formation of an internal gnol borinate.[ﬂ. .
|
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Tgrmfga1.enol borinates are potentia11y.1hoortant 1ntermed1ates;
especially when ore considers that enol derivatives (such as enol .«
acetates, trimethyls}dylteeolethers. etc.) having a termipa1 double
~bond are not eastly accessible. An interesting indirect synthetic
approach has req.pt]j been reported by Hudrlik and Hudrlik*° who
investigated the solvomercuration reactions of ifrmina1 acety]enes )
as a route to these eno] derivatives for example, er:] acetates were
obtained by treatment of terminal acetylenes with mereuric acetate in

acetic acid, followed by demercuration with NaBH, (eq. 14).

. z o
R— == + HgX, + H — > P R + HX
R B v
fji\\v// + NaBd} > . ﬁﬁi\\ez/’R,_ e

7= OAc (85%)
= OMe (65%)

'V (20%) .

Unfortunately, the reqiosperific'construction of terﬁina] enol
derivatives such as enol acetates, TMS enol ethers, etc. falls short
of solving the prob]ems associated with alkylation of a methyl a]ky]
ketone at the less substituted a position. For examp]e, equation 1533
11lustrates that enolization of methyl alkyl ketone 20 with a hindered.
base, or cleavage of the corresponding mixture of trimethylsilyl enol
ethers resulted in a mixture of enolates, and subsequent alkylation of

the enolate mixtures produced substant1a1 amounts of three byproducts

(eq. 15).



-
'

?-51(cn,),, e BN

n-CyH,-— C—CH, Mel 1

' | 15
19 (84% a's2 and 16% Al»?) . (15)

L1 ® A ?91.1@
N-CuHaCHaCOCH;,  LLCH):CHTMLT V' g oi,cac—CHy +  neCyHyCHy- CoCH,

oy - DME C o 21a.(16%) - 21b (81%)
A -78 to 25° = —
' 4CH, Br
CHQQ : C e . . CH:O .

X ' |
RLOCH2EHz6 4 RCHCOCH; ~ +  RCH,CQCH(CH20);  + RCHCOCH,CHJ

L%

22 (16%) 23 (31%) 24 (13%) 25 (9%)° . ™

House®® explains that both the internal enolate and the enolate
derived from the monoalkylated comﬁound 22 react more rapidly than the
star&ing ;grwgnal-enolate. This sTower rate of alkylation of terminal
enolate 21b allow$ equilibration between the starting@enolafes and the
alkylaied products. This equilibration favors_both the consumption of
the desired monoélkyTated prqﬁﬁct 22 and the formation of the byproducts.v'
-Baseo on these observations, Hquse cdnclddes.that attempts to a]ky]ate'
selectively at the methyl group. of a ketone RCH,COCHy by any method
which involves generation of a ;efmina] e;olate RCH,C(O‘)=CH,L1“_D will
not be a good synthetic procedure and other‘iﬁdirecé me thods 32 sﬁou]d

be used.
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However, recent work by Stork 'nd'co;workers'? demonstrates that-
terminal 1ithium enolates of methyl alkyl ketgnes'can indeed be trabped '

with suffictently reactive electrophiles such as aldbhydes (eq. 16).

. ot cﬁu@ y @L1@,~
(CHYCHy CHyC—CHy 22727020 o o yCHyCH, = O, ¢ cu,cn,cn-c CHs
r . - ‘ .
. major v
, _ : mer - (16)
(?11@ 5 . R L
GH:(HzLHzC CH2 + CH3sCH2CH2CHO - —> CH3CH2CH2CCH2CHC aH

(70%)

.
1he-rea;t1on is carried odt’at low Iémperature (-78°) whicﬁ.
apparvntly prevents 2quilibration of enolates. For less reactive
) .eletfnoph11es such as simple alkyl halides, however. thé problem
rema‘n; virtually unSOIVed . ? '
' ihe abqve discussﬁon again demonstrates fhe need for a new--
synthetic épproacha in which terminal enol derivative cbu1d be
regiospecifically constructed'gg; a1ky1ated directly without firsb
trans form1nq it into a metal enolaze ]
We examined two ‘independent routes for the reqipspecifid
constructidn of terminal .enol borinates. The first cons%dered the

reacticn of ketone with tria]ky]boranes,'by aﬁa]ogy with the rgéction

of «.f -nsaturated carbonyl compounds with arn élk%‘borane” (eq. 17).

R,B | /Y N R\’,\‘l/ __@_;p\/\a/ (172‘
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o . s . ] ' . . . .
. TMs g-’t)ved‘unsucées'sful 4] thouah Mukaiym'and co-workers*? have shown
that thioboranes (Vike dialkyl;hiobobonites) do undergo reaction with
ketene (eq. ]QJr‘P yteld the correspondinq tnioenolborinate.

-

: ' ‘ )
* ReBSS + 'CH,=C=0 . _ _<
o 08BR,

("la)

The §econd approach is essentially an ext

borane-a-diazgcarbonyl reaction (eq. 8) A st

endion of the tr1&1kyi7
y. was made of the

reaction of various dialkylboranes with "1-diazoketones. *Thg~purposé
of this project was to find a suitable diaiky?ﬁorané which would

a) be-suffisient electrownilic to coordinate with diazoketones, qu
b) transfer "hydride” (rather than an i lkyl group) (eq. 19).in an 4

analoaous manner to the. R,B-a-dfazo veaction, thus allowing the,

‘ regiospecif1c construction of termina’ Mannﬁth bases of methyl alkyl
\\\-—~__.ketones , ' . . : ’ '

/ v
®
. ol , o S
R2BH 1 N,CHCR —— _\, Rge- H—C~R
R |
i A
T e 6®N7 0 N OBR, >
i - o = N2 (19)
Y oci RBoCH-CLR ~>  R-C=CH, .
. H“)
' ’

»
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\I!‘ed. after exIM1ninq various d1¢1ky1borancs we have found ;

that dicyclohexylborane does undcrqo such a react1on with diazo- ? ,
ketones, SQtails of w ch are- given 1? the next section. This N | \
development opens fhe way. for the regiospecifjc synthesis.of ' )

. a]ky!ated derivatives (shaminokgtone$ ‘etc.) in g manner which
is synthetica]ly equivalent to alkylation at the CH, qroup of a
mrthyl alkyl ketone (eq. 20). ' '

©
-

. o D
QBRs ) E ' wooe “ .
R-C==CH, > R—-C- .




RESULTS AND- DLSCUSSION

. i} .

" By analogy with the reaction of tr1£1kylboranes pith a-diazo-

ketones ,?* it was ant1c1pated that the reaction of dialkylboranes
</// \ with diazo substrates might also proceed by an initial coordination

4
step. In thts»case. however, two subsequent possibilities exist:

v

a) “hydrlde" transfer. uhich woyld form a termina) enol borfinate,

and b) a!kyl transfer which wou]d result in an 1nternal enol borinate

(2 . . .
(Scheme 1). . ‘ '
‘ . n 9 osa,
. f{ . '_->R C- CHQBR 3R - C.CHz
0 . . .
R- b CH R, B > R-C- CH- N, —Ms
R T TIR —N: —
H,C R!- g ) |
R? SR
o : B DU 0-BHR!
- . S : oL ‘“'—> R- c CH-BHR ! -2>R- c-cmzl
Scheme I

To 1nvest1gate this reaction as a potentia1 route to terminal
enol borinates, a series-of borane derivatives were treated with .
tseveraT a- diazoketones
Diborane was chosen tirst ds it represents the Stmplest.borane
and 19 tapable of transferrinq three hydroqens When diazoacetophenone
. in THF was added to an equivalent of a borane- THF solutfion (-78°, 9 hr)

an equivalent amount of gas (presumably N,) was 1iberated. - Miid
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hydro?ysis with mnthcnol (-78°) roloasod two cdd1tiona1 equivalents
of gas (presumably My ) (eq 21). I

0 X
] ; . e
CeHs—C —CHN, + BH, —————————3 N; + H; ¢ C.H.—E-CH,
- ?“ .
+ C;".— CH— CH, + .CeHg —CHaCHy, + CeHs —3“”

Glc apalysis of “the mixture indicated the formation of four?

products: .acetophen_one _(281). 1-phenylethanol (5%), e\:hylbehz_enc;t
(15%) and a trace '(ca. 3%) of benza_ideh;rde. The "preser'ﬁ ‘
benzene and 1-pheny1ethanof indicates that a reduction ss také
pRlace 1n~additfon to the anticipated rejction although there is no ‘

c}ear indication of how'oﬁ'at what stage of the reaction this competing -

. process occurs. . The most surprisina and inexplicabie result is the

formation of a small amount (ca-3%) of benzaldehyde, which involves

)

c1eavaqe of a C-C bond. ]
The reaction was(i:i::::i using 0. 33 equivalents of borane and
essential]y quantitati Utfon{per B-H bond)of N, (9R%) was :
detected. However, the yield of the expecied product, acetophenéne,
was only 2%. TN Andicates thét the intermediate eno) borinate {s
e1thef formed 1n.qn extéemely.minor aTouqt or, if it is formed, it \

then underqoes’ further. reaction to give 1ntérmediates‘which,do not

yield the ketone upon hydrolysis.
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Alkyl dfazoketones apparently undergo simflar rilct?pns. a1thduch
in this case only two pr@duct; wer; detected, ketones and hydrocarbons
' (fable I, entries 3-4), - . - e . :
| These obscrvat1on;,;uaaasted that 1t would be prtfcrab1o to use
“mixed” boranes, such as dialkyl(halo)borancs. ‘oF hindered alkyl-
.boranes, in an effort to suppress transformation of ihcllndllbbringtt
into otherliniermedta;es an& prevent the reduction BProcess which could
arise from the_pr!sence'of 1nterﬁed1;te boranes bearing acf}ve hydrogens. °
An analogous siudy has been reported by Hooz, Brown and éo-workerﬁ"
in the dichloroalky](aryl)boranehasdiazo reabtioh"'(eq, 22). The

. e
. Ar(R)BCY; + NiCHCOJEt .— 5 Ar(R)CH;CO.Et (22)

-

advartagefof this mixed'organoborane over trialkylboranes is that the
former: permits the transfer of only one of three oossible alkyl(ary!)
qroups. which max1m1zes the synthetic ut1]1ty of this process. Thus,
the rpaction of ethyl diazoacetate with phenyIdich!oroborane 1n THF
provnded after protonolysis, pheny1acetate in 92% yield. However,
ropetition of this reaction with n-butyIdichlorOborane gave relatfvely
poor regﬁits, 43% éthyl hexanoate-and. 30% ethyl chloroacetate. These |
results suggest a mechanism stmilar to that of the trié]kylborane-a-
diuzo reaction, in which there is migration-of chlorine as well as an
alky1'gr9hp. After examining sereral other examples under varfous
reaction conditions.‘thgﬁe workers concluded that the order of migra-
tion aptitude §s Ar>R>C1. Such an order for aryl vs. alkyl had been

previously ébserved in the rearranqement of a-haloboronates."" .
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. 0.
RBC1, ¢ N,CHCO, Rt & ———=2 CI—P—fH-CO,Et
o) ":D . (23)
) 29
!\,. h—
- f
| L F1=B-CH-CO,Et  + N,
o~ R ‘//'/.’
St @ 3
/‘
LB (24)
~ -
. \ ‘.\ l c.]
— * C1-B-CH—COEt  + N,

R
)

In the 1ight of these results we studied the reaction of dichToro-
borane*®.**.*’ withdiazoacetophenone. The dichlorgborane was
prepared by two different routes, in ether and THF, since solvent

. b !
. feems to be an important factor in the analogous reaction with

R(Ar)BC1,. In the firyt preparation, a solution of BCl, in ether
a : ) :
was reduced by NaBH,*® (eq. 25). BHL1, in THF was obtained by

Et,0
LiBH, + 3BC1, _ > 4BHC1,-Et, 0 + LiQY (25) .

reaction of borane in THF with a standardized THF solution of HC1* 3

(eq. 26).. < ' £
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BHy-THF “+  2HCY.THF O s BHCY,THE s M, (26)

However, regardless of the mode of preparation or solvent, the
] - L]
reaction of BHC1, with diazoacetophenone (eq. 27) qave three products:

acetophenone, chloroacetopherone, andbz-chloro-l-phenylethano}.

0 “ow. (21

¢-C-CHN, + BHCT,———— N, + .-ﬁ-cu. v gbechact + o-tH-ch,-01
(100%) (25%) -  (60%) (6%)
. ‘

Acetophenone and the chlorinated products were presumably fosmed
by hydrogen and chiorine migration respectiver. in a fashiop simf]ar

-

to the ﬁ!‘ction of RBCI, der1vat1ve with diazo compounds.*? : The yic)d ?
of the products indicates that the miaration aptitude of chlorine is '
somewhat higher than that of hydrogen. Thus, one c;;?\ extend the
earlier observation to give an overal) migrato}y apt1tudé of .
Ar>R.>C'|>H. “

Since the anticipated product, acetophenone, was. obtaiqed in
relatively 10w yieéld, we then turned our attention to commonly used
dialkylboranes such as: 9-borab1cyc1o[3-3-l]borane (9-BBN), bis »
(3-methy1r2-buty1)borane(disiamyl borane) and diéyc1ohexy1borahe,a§ . -
well as. the monpalkylborpné, 2,3-d1methy1-g;buty]borane (thexylborane). *

The m1qratofy aptitude of alkyl vs. theAcyc]ooctyl bond of
B-a]kyl-9-bofab1cyc16[3-3-1]nonane (B-R-9BBN) derivativeS has been
examiﬁed in several systems. In a series of communicatfons*® it had
been demonstrated that B-R-9-BBN derivatives could be advantageously
employed for alkylation of a-halo carbanions (eq. 28) as well as in.

éarbonylatiod reactions. ‘
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CO¢
-Br_—_ éH<ff}é$ A
OCH,Br ~ (CH;)gCOH
2 — 2 .
(CH1) 5 COK® , .
‘ 32 -’
5
3
OH
d20,
M ¢i',C0,Na (?8)
. ) OH

On the other. hand, B-R-9~BBhv1c:ﬁuatives react with diazoacetone

A )
. and eothyldiazoacetate,*® respectively, to give a product derived

Lé&é]usive]y from B-cyclooctyl bond migration. It was therefore of
fnterest to study the behaviour of 2-BBN in our systems.
Addition of a THF solution of 1-1iazo-5-methyl-2-hexanone to a

——

THF solution of 9-BBN at 15° resulted in quantitative nitrogen
evolut?gz. However methanolysis of the crude mixture (hydrolysis
and alcoholysis e&ffectively cleave the B-O bond of enol borinates)®®,
followed by‘g1c analysis, did not indicate the presénce of the
anticipated ketone, 5-methyl-a-hexanone, wh%ch would have resulted
from B-H bond migration. h

In a variety of reaction of “mixed" thexylboranes, the thexyl

group has been shown to migrate least readily.®® However, experiments
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with thexy?horaﬁe indicated that this hindered monoalkylborane {s
unsuitable for use in our systeﬁ. Extensive coloration occurred
~and only low yields of N, evolution was obsg:ved. A

We then found that both dicyc1ohexy1b;ﬂpné and disiamylbqfiﬁ!

undergo a reaction with alkyldiazoketones as éntiﬁioated. Tﬁéﬁ&se |
.of dicyclohex}]borane gave slightly hiqher,y1e]d§. in iPite‘éf the
fact‘that the reactioun with.the latter is heterogenous.

After vérying <ome reactiun parameters, such 3 temberature,
stoichiometry, and the durationAof the rea§t1on, we obsefved that
ihe highest yieﬁdsxrfketones were obtained when the dialkylborane
was used in siight excess (1 3:1) ‘and the reqction was carried out

in THF at 5°to 7°C for about 4% minutes (eq. 28).

@
’ N Ko
' x
+
\
O
e o
P
N
z =
+
=C

" 90% 86-85%

(28)

sting these coﬂditions,-tﬁe reaction: was exp]ored for several
diazoketones and the results d}g summarized in table II. Cfear]y.
steric factors play an important ro]e'in this system;/ The yield of
ketone and hence oreéurgor enol borinaté progressively decreases

with increasing steric bulk of the parent diazoketone. -
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Table I

Reaction of diazoketone with dicyclohexyﬁborane énd disiamyﬂborane

‘Diazo Compound % N, Product ~ Glc Yield
| BH : BH

Qa  Sia,BH - @z' Sia,BH
' 93
/A\«/\/)l\c}m2 98
' Bk

T | .
7/\)\5“”2' 90 - 8T 7/\)\ . 8s% 80%

- -

- 93% 89%

0 : ’
%CHN 75 61 70% 597
2
0 .
\ ‘ l N 25 . : __'* ) —_—
CHN, ) » '
0 ' ,
N ) : ,
- 20< 37 —_— . —
: G
’ 0
0 : | ]
_C—~CHN 32 32 ¢— C—CH, 29% 29%
¢ 2

* Not detected by qlc analysis



-_22
4 - .
One attempt was also made to prepare an aluminqm ana]od. e.g., -

R;A1-0-C=CH,. It was expected that such an intermediate could bé

™ .
formed using the appropriate dia]kxla]uminum hydride because in Qqny

instances organocaluminum compounds display chemistry simflar to thét ‘
of organoboranes. For example, both oraanoaluminum hydrides and

dialkylboranes ‘t with ‘acéternes“’” or ketones®!»3® in a

similar fashion. .
* [ ]
R,ATH < C—OAIR,
~ 7 / ' . .
. o
_ ~
Ry BH- S C-0BR,

!

¢

.Thns it was 3nterest1ng to compare the realttivity of an organo-
aluminum hydriée with dicyclohexylborane in its réaét1on,w1th an a-
dfazoketone. Tﬁe reaction between diisobutylaluminum hydride and
1-diazo-5-methy1-2-hexanone was carried out in ether and THF. It
was observed that the rate of the reaction is meh slower than
that of the organoborane and extenfive‘c010ration:took place. I;
contrast to the orqanbborane,d1isobuty1a1um1num hydride reacted
faster in ether’than in THF, although, in either solvent nitrogen
“evolution did not exceed 50% of the theoretici®amount (eq. 29).

It became clear at this point.that dia]kylboranes are more suitable

hydride transfer reagents than d11sobutyﬁaIuminum.hydride and our
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o ’ . o A (29)
N ,A]H + CHN: —————? Nz + .

2 . . .

(s0%) ~ | (40%)

efforts were then concentrated on usina dicyclohexyliborane for the
preparation and utflization of terminal enol bqrinates.

o - The observation that the 1nterued1ate enol borinate underwent
rapid c]eavaqe by water?¢ (or MeOH) suggested the possibility of
specific deuterium incorporation by employing deuterium oxide (or
MeOD) as the hydro1yt1q medium When the reaction of a- diazoketbnes
with dicyc]ohéxy]borane was quenched with D,0 or MeOD, hiqh yie]ds
of kefones with re1at1ve1y high monodeuterium incorporation were
obtained. The results are summaf/;gd 1n Table FII. The NMR spectrum
of the monodeuterated ketones exhtbits a triplet at 7. §i1\!132 J =
2 Hz corresponding to the monodeuterated methy1 qroup.

‘ This preparation of 1-déuterio-2- -alkylketones, complements the
work of Gunn’“ who showed that a-deuterio esters and ketones 33 can

.

" be synthes1zed accordinq to equation 30.

. D0 u
RsB + N,CHA — > R-CH-A

(0 .
N, . 3;
A = CO2Et, COCH;, CO¢ .

a0,



Table 111 B
Deuterfum Incorporation of Methyl alkyl ketones

% deuteration?

diazoketone ) proddcta Glc yield do d, dy -

e s >y/‘\/jl\ -
.MHM A D, 8% - 7 & N

CH2D

O ) . . . -
~~ _CHN, ‘ .

0 . . . R
. 0 . . Cot - ’ iy
) >7/u\\CHzD - ’ rAY B 20 77 3
g N, . . . .
‘e

a. strycture determined by NMR and mas§ spec.
b. determined by mass spec. '
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Thc:h}qh percez&aqg of d, (as determined by NMR an& mass spec)
again indicates that the formation of the termimal enol borinate {s -

a rehiospeﬁﬂfic oroo;'s and that, bndet the reaction_condit?ons
empioyed, the intermediate does not undefno isomerization to the
thermod]hamicé11y more stable enol. (The formation.of small amounts
of do and d, is proﬁably due to adventitious hydrglysis, and.
'deuteriun scrambling on q'lc column respective1y$

Haviny drvehoped a route to terminal enol borinates we turned
our attentiat)to the possible utiiization of these 1ntermed1ates for
synthesizing the corresponding Mannich bases. .

The Mannich reagent, dimethyl(methylene )armonium iodide was

prepared according to the procedure develooed by Eschenmoser and

co-worker<®5'as illustrated in equation 31. .
e : ©
o *?H’ ) A CHs\Q
(CHy)4N + CH,I, > CH;-N-CH;-] ———— > /N-CH, + CH4l (31)

3 CH’

The reaction between a preformed enol borinate and ‘thé *Mamnich
reagent"” p}oceeded under very mfld conditions and gave aqood yields of
8~am1noketq?es; ' ' _ | | '

Fot example, sequentfal treatment of a THF solﬁt}én of dicyclo-
hexylborane with 1-diazo-5-methyl-2-hexanone in" THF, followed (after:
nitrogen evolution ceased) by T.IS equ;v. of "Mannich reagent"” (iﬁ

pMS0)*, afforded after a hydrolytic work-up a 92% yie1d.(glc) of

-

+ The presence of DMSO cbsolvent was crucial to the success of the
reaction of internal enol borinates with the "Mannich-reagent”?®*
and was th:refore routinely emp loyed in the present study.
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‘1~d1m91hylaminb-6-methy1-3qheptanone (Pjérate m.o. 97-98°). Other

exumplgs are illustrated in le IV,
As the results in Iable It dicates. th1s prepardtion is not .
suitable for very h1nde 1azok ones, 1ike diazomethyl t-buty! ketonen

and for diaioacetophenone. However this drawback is not of major

- 51qu1f1cance since the conventional procedure for the synthesis of

such Mannich bases can be employed as the corresponding parent ketones
can be enolized in one directfon only.
At the conclusion of this investigation, a recent report appeared

on the regiospecific synthesis of ‘terminal Mannich bases.?® It was

shuwn “hat relatively hindered methy alkyl ketones (methyl cyclohexyl

ketore and methy 1sopropy1 ketone) when reacted with di- 1sopropy1-
(metiylene)ammonium perchlorate in reflixing aceton1tr11e for 72 hrs.
gave . he corresoondipa terminal g-aminoketone in relatively high yields.

Howeve., since the reaction appears to be thermodynamically controlled

-(prolonged reaction time, hindered "Mannig¢h reaaent"” etc.) it is

Timited to(;ethy1 5- a]ky1ketone systems, thus leaving the unhindered
case., :ntack]ed

Lis conc]usibn, this investigation has shbwn that'regiospecific
consir.iction of Lérminal enol borinate can be achieved by the react1oﬁ
of dikyc}é?%}y]botane Qith diazoketones. . Furthermore, this inter-
mediaie caﬁ/be successfully employed in‘thé regfospecific synthesis
of terminal Mannich bases, compounds which are not easily obtatnable

othervise. . s
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EXPERIMENTAL

-General Consfderations

Infrared- (ir) spectra were recorded usina a Unicom SP10N0
Infrared spectrophotometer. ﬁuc]ear maanetic resonance (nmr)
.spectra were run on a varfan A-60 or HR- 100 spectrometer Chemical
shifts are reported as & values re]ative to TMS=0. The fol]owinq
abbreviations are used ip the text: S = s1nglet d= doublet.

t = triplet, and m = multiplet. Mass spectra were recorded on an
AE(\ Mode' MS-9 spectrometer. Spectra are reported in the
) fo1low1ng fashion m/e. = peak mass (re]ative 1ntensity).

Quantitative analytical gas liquid chramatogrephy°(glc) ana]yse&

\Yere performed on Varian Aeroqraph.Series 1200 and 1400 instruments
. Versys d.reference‘soﬁution of the authentic compounds. Preparative
glc work was performed on a Varian Aerograph A-90-P3 instrument.

Refractive indices were peasured on a Bausch and LOmp Abbe-32 .
Refractometer.

}he concentration of commercial boraneifHF solutions (A]fot ™)
were determined by hydro]ysis»with a water-ethylepeglyco1 mixture
and measiring the H, evo‘lutiont"‘""s

In the'synthesis of diazoketones3®+5%:%%  diazomethane was
prepared by the method of Moore and Reed®’, using the modification
of Hooz and Bridson.3® _ “

A11 operations involving boranes and aluminum compoundsvwerg,*__.

carried out under an atmosphere of oxygen-free nitrogen.5$
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General procedure for the prepdration of diazomethy! alkyl ketones - To

a cooled (-5° to -10°) solutfon of diazomethane (ca.0.25 mol) 1n
ethér (7c0 ml)vwas ddded. dropwise, with stirrina, a solution of the
icid chloride (0.07 mol) in ether (50 m1) over a 30 min period. The
reaction mixture was then allowed to warm slowly to room temperature
" and was then stirred overnight. After removal of polymethylene by
filtration, the resulting s;lution was dried'(NaRSOJ) and concen-

L]
trated. The restdue was then distilled under reduced pressure.

Preparation of diazometh§1 1soorogy1kg‘one - was prepared as descr}bed

above from {sobutyry! chloride (7.0 a, 0.060 mol) and diazomethane

(ca 0.25 mo1). Distillation (46-47°/4.0mm} pfferded 5.3 a (81%) of ~
diaYomethy isopropyl ketone: no?® 1.4721 (HEs2 np?® 1.4727);

fr (thin film) 2083 cm™! (CH-N=N), 1640 (C=0); nmr (CDC,): & 5.3a

(ss TH) -8-CH-N,, 1.2 (d, J = 6.5 Hz, 6H) (CHs)sC, 2.5 (m; J = 6.5 Hz,

H) HC(CH,).

‘>, -

Diazomethyl-t-butyl ketone was prepared as described above from t-

butyrylchloride (4 g, 0.033 mo1) and diazomethane (0.12 mol) in ether
(250 m1). Distillation (50-51°/2.7 mm) afforded 3.1 g (78%) of
diazomethyl-t-butylketone, ny?® 1.4666; ir (thin film) 2083 om™!
(CH-N=N) 1640 (C=0); (CDC1,) & 5:34 (s, TH) -C-CH;NZ, 1.3 (s, QHB.

1-Diazo-5- methy] 2-hexanone was prepared according to the qenera1

procedure from S-methyl-2- hexanoy1 chloride(ld 5 g, 0.1 mo]) and
diazomethane (0.35 mol) in ether (1300 ml). Distfllation (50-51°/



- 30
0.5wm, 64-65/1.7 mn) afforded 13.0 g (80%) of 1-diazo-S-methyl-2-
hexanone np'® 1.4757; 1r {thin f11m) 2083 cm' (CH-NeN), 1640 (Co0).

12

Diazomethyl cyclohexyl ketone was made as described above from cyclo-

hexane carboxylic aeid chloride (1.12 g, 0.08 mol) and diazomethane
™M
(0.35 mol)" tn ether (1000 m1). Fractiona] distillation (75 76°/0.5

mn) afforded 9.0 g (80%) of diazomethyl cyc1ohexy1 ketone: 1ir (thin
film) 2083 cm-! (CH- N=N), 1640 (C=0).

: A" 1
1-Diazo-2-heptanone was prepared as described above from hexanoy!

chloride (9.2 g, 0.067 mol) and diazomethane (0.35 mol) in ether
(700 m1). Fractiona] distillation (Sp 52-53/0.5 mn) afforded 7.5 q
(801) of 1-diazo-2- heptanone, np 29 1.4709; ir (thin film) 2083 cm-
(CH-N=N), 1640 (C=0).

*

Reaction of diborane with dfazoacetophenone' A dry 50 m] flask

equipped with a magnetic stirring bar, addition funnel and septum

i;;;t was flushed with dry nitrogen and then connected to a qas-
measuring device. The f]hsk wac cooled to -78° and charged with
_borane solution (4.25 m1, 1.18 M, 5 mmol) in THF (1G,m1). To this
solution was added, dropwise, (2 hr) a solution of diazoacetophenone
(0.745 g, 5:1 mmo1) in THF (20 m1). The reaction mixtyre was kept
at this temperature for an additional 7 hr until the nitrogen evo]uéién
ceased. Then cold (-78°) methano] (20 m1) was added qropwise over a
period of 30 min and the mixture was stirred (2 hr) until 2 quiva]ents

of gas (presumably H,) were collected. At this point the reaction ~
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mixture was poured intd "hydroxide solutfon (ca 2 M), the organic
layer was separatgd and the aqueous phase was extracted with ether

(3 x 30 m). The combined orqanic phase was dried (Na,éo.) and the
solution was concentrated at atmospheric pressure. The yield of
acetophenpne in the residue v‘as deltermined as 28% by qlc (20%\ DEGS,
150). Three other.minor components were fdentified by alc-ra;s soectral
ana)ysis and by qglc peék-eqﬁpncement experiments with authentic samples
as: bhenzaldehyde, ethylbenzene and 1-pheflylethanol.

v

Reaction of dibhlorbbqrane with diazoacetophenone in THF. A solution

of dichlbroborane®® in THF (12.6 m1, 0.396 M, 5 mmol) was placed in
the apparatus describes gbove. To this solution was added a solution
of diazoacetophenone (0.74 g, 5.1 mmol1) at -15° over a period of 2 hr.
Nitrocen évn]ution was 100% (based on diazo compound). Methanol (10
m), precooled to -20°) was-then added and the mixture was stirred for
an additional 30 min. At the end of this period the reac;ion mi xture
was poured into sodfum hydroxide so1utioﬁ (ca 2 M), the organic layer
was separated, and the aqueous phase was extracted with ether (3 x 20
Lml). The combined oréanic phase was then washed with brine and dried
(Na,SO,). After removal of so’ven;, the concentrate was analyzed by
glc (20% DEGS, 180°). 17he three products were cQ@racter{zed both by
peak-enhancement with authentic samples and by glé-mass‘spectfal

-

analysis as (in order of elution): acetophenone (25%) chloroaceto-

R

phenone (GOZE'and 1-pheny1-2-chloroethanol (6%).
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Reaction of dicyclohexylborane witn‘dlcibaketopbonone. To a solution

of BH, in THF (15 mmol) was slowly added cyclohekcnc (2.46 g, 30 mmol)
in THF (15 m1) over a pertod of 20 min at 0°. A white preéipitnto
formed, and the mixtyre was stirred at 0° for ' hr. Then diazoaceto-
phenone (2.2 g, 15—;m°1) in THF (15 ml) was added, dropwise, (i hr)

at 5° te 10°. The solution qradually turned dark orange and ﬁ,

e/olution was only 32% of the theoretical amount. The reaction mixture

was worked up as above and analysis of the residue by qlc (20% DEGS,

1505 showed the presence of 28% of acetophenone. »
e . ¢

Reaction of ‘disiamylborane with diazoacetophenone. A solution of

disiamylborane (10 mmol) was prepared by the'hydroboration" of

'3 -methy1-2-butene (1.4 q, 20 mmo1) in anhydrous THF (10 ml) at 0°C,
The magnetically stirred mixture was kept at 0° for 1 hr and then
allowed fo warm to 5°. Then diazoacetophenone (1.43 g, 10 mmol) in
THF (10 m1) was added dropwise (1 hr). The color of the solution
gradually turned dark orange and nitrogen evolution was only 28% of
the theoretical amount. The reaction was worked up as above, and qlc
analysis of the residue (20 DERS, ]50°)v1nd1cated a 24% yield of

ace tophenone.

e
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Deuteration Experiments P

1-Deuterio-2-hexanone - A dry 200 ml flask equipped with a magnetic

stirring bar, addition funnel, and septum inlet was flushed with dry 7
ni trogen and‘then.conneéted to an azotometer. The flask was cooled

to 0° and charged with a so]gffon of borane in THF (24 mmol). To

this solution cyclohexene (7:92 a, 48 mmol) in THF (20 m1) was added

(70 min). A‘whjte precipitate formed and the mixture was stirred for

1 hr at 5°.  Then 1-diazo-2-hexanone (2.52 g,-20 mmo1) .in THF (15 m1)

- was added, over 30 min. The reaction mixture was kept for an additional
‘1.5 hr at 5° to 7°, and nitrogen evolution was 93% of the theoretical
amount (baged on d{azoacetophenone). Then D,0 (10 m1) was added and

the mixture was kept at 5° to 7° for 30 min. The white solid which
formed was f1ltered off and the organic phase was washed with water,
then br1ne, dr1ed (Na,SO ) and concentrated at atmospheric pressure.
Analysis of the residue by glc (20% DEGS, 100°) showed the

'preseﬂée of‘831 2-hexanone; glc-mass spectra (20% carbowax 20M, 100°C)
‘we: 102 (3, p+1), 101 (25, p), 100 (5, p-1), 86 (6), 85 (15), 75 (4),
72 (22), 71 (8), 60 (11), 59 (100), 58 (27). The percentage deuteration
was determinéd as follows: The ratio of the peak heights (mm) when
corrécted for !°C contribution (1.1% per carbon), of p-1:p:p+1 were
;onsidered as the proportions of undeuterated ketone: mono-:
dideuteréted ketone present in the mixture. A sample calculation is
given as follows: Total contribution of '°C for a C¢ is 6.6% (6 x 1.1).
For the undeuterated ketone (dp» m/e 100, 50 mm peak height) this requires
no cerrection as there is no peak at m/e 99. For the monodeuterated

compound (d, m/e 100, 241 mm p&ak height) this correction (6.6% of

-
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So'mn‘:%ij_é‘SJ mlhki? the required peak height 238 mm. Similarly, .
for éﬁvﬁdeute'rated 'kétohe/d,,' m/e 102, 28 mm peak height), this

' correction (6.6% of 238) is 15.7 mm, making.the required peak height -
12 mm, ﬂfhus, thé n.rcentaé\Qg;Jterium 1nc6rgoratioﬁ is, for do,

50 - x 100.= 17%, for d, 238 ' x 100 = 79% and for
50+738+12) T50+238+Y2) S
d. 12 x 100 = 4%, A sample was col1ecte& by preparative
(50+238+12 )" . - . :

glc (203 DEGS, 100°C), nmr 5§2.4 (t, 3 = 6 Hz, 2H) CH-C=0, 2.1 (t,
J = 2Hz, 2H) C-CH,D,.0.841.8 (M, 9H) CH,CH,CH,-.

1-deuterio-5-methyl-2-heptanone was prepared as described above from
dfcyclohexylborane (24 mmol) and 1-d{a§o-5-methy1-2-hexahone (2.81 g,

26 mmal).  Glc analysis (20% DéGS, 100°) oéAthe reaction mixture
shoand. the presence of 83% of 5-methyl-2-heptanone. Glc mass spectral
an;1ysis m/e: 116 (1.2, p+1), 115 (8,p), 114 (i.l,-p-]), 81 (5),

72 (11), 71 (5), 60 (17), 59 (100), 58\(13), 57 (35'),“45 (90), 44
(70), 43 (4); present dedteragioné d, 5%, d, 82%, d, 11%; QD" 1.40020;
NMR: & 2.4 (t,.0 = 6 Hz, 6H) -d&;'c' . 2.1 (t, = 2 Hz, 2H) -CHz-D,
1.4-1 6 (m, 3H), 1 (d, J = 7 Hzy, 6H) (CH,).CH.

.J-deuterio-3-methyl-2-butanone was prepared from dicyclohexylborane

(24 nmol) and 1-dia2"o—3—methy]Té-butanone (70 mmol) with the following
'modif-i cation of work-up. After nitroagen evolution ceas-ed (82% based or;
diazoketone), MeOD (7 ml) was added and the reaction mixture was,
stirred at -20°C for 30 min. At tr‘me end of this period it was

poured into a cool solution of NaHCO, (2M, 30 ml1) and was extracted ™.

¥
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with pentane €3 x 30 m). The orqaﬁic layer was washed with water and
brine, dried (Na,S0,), and cbncentrated at atmospheric pressure.

Glc analysis (20% carbouax 20 m, 90'C) 1nd1cated a 71% yield of
3-methy1-2—butanone. Glc mass spectrum m/e: 88 (3, p+1), 87 (16

P, 86 (5, p-1); 71 (a4), 56 (63 55 (2),.44 (100), 43 (35)6 4J (17).
WR: 62.3-2.5 (m M) ~cH-t, 2.1 (¢, 3 =2 W2, 2v), E-cH,0,

1.2 (d, J = 7 Hz, 6H). - '

‘Reaction ot diigbbuty{a]uminum hydride with 1-diazo-5-methy1-2-hexanone .
To a solution of diisobutylaluminum hydride (A1fa,*§j;é g9, 10 mmol) in
ether (10 m1) was added droowise: with stirr1nq,;l-dtazo-s-methyl-z-
'hexanone (1.41 g, 10 mmo1) g ether (10 m1) over a period of 2.5 hr.
Nitrogen evolution was only 50% of the theoretical amount and the
react1on mixture aradually ‘turned dark orange. The mixture was then
carefu]]y poured 1nto ice-concentrated "HC1 (exothermic) After
stdrrfgg for 15 min the two Tayers were separated. The aqueous phase
was e;tracted with ether (3 x 30 ml) and. the combined organic phase
was washed with saturated bicarbonate solution, dried ‘(Na,S0.), and
evaporated Analysis of the residue by qlc (20% DEGS, 100°) showed

.a 40% yield of 5-methyl-2-hexanone.

Y

N . ‘ . . .
Preparation of dimethyl(meshylene)ammonium iodideSs - A mixture of

trimethy1amine (10 g, 0.17 mo1), difodomethane (60 q, 0. 21 ‘mol),
dioxane (10 m1), and anhydrous ethanol (75 "’ was kept in a closed
vessel in the dark for 110 hr at room temperature. The crysta]s

which formed were filtered off, washed with ethanol and then with g

. ‘ 4 o )



cold ether, and dried for 1 hr at 76°C/0.0S mm. (Iodomethy])tﬁi- '
methylammonjum {odide (49 g, 89%) was obtained as colorless crystals.
A suspension of the salt (40.0 g) in dry tetrahydrothiophene |
. dioxrde (120 ml) was placed in a dry four-necked flask. fitted with
a stirfer and therwnmeter and tube for passage of nitrogen, the exit
.tube leading to a cold trap (for Mel). The flask was flushed with |
N; and tﬁe reaction mixture was heated, while a siow stream of N2 -
was passed in. The crystals dissolved r551;1y'at ca 130°C and the
methyl'iodide was conveyed by the" N, stream into a'cold trap, and
the decomposition was completed in 15 min (ca 150°). On cooling,
dine thyl (methylene)ammonium fodide crystallized directly from the
yellow sp]ution; it was filtered off under N,, qash%d with CCT, (5
x 50 ml) and dried (50°/0.05 mm). This affordeé ]é.d a (81%) of
pale off-white crystals (dec. ca 240°C). Recrystallization }rom

dry DMSO qave colorless crystals, dec. ca 240°C, ir (in nujol)

3115 em~! and 1682 cm~! v (CH,=N"); NMR (DMSO): two weakly broaded -
8.18 and 3.67 ppm in the intensity ratio 15‘
% |
.Synthesis of 1-dimethylamino-6-methyl-3-heptanone: A heterogeneous

singlet at &

. mixture of d1cyc10hexy1bor§ﬁe (1o mmo]) was prepared by the hydro-
boration.of cyclohexene (20 mmol, 1.6e a) in anhydrous tetrahydﬁoj
furan (10 m1). An azotometer- was connected'to-the reaction flask
and the mixture was cooled te 5°. The maanetically stirred m1xture
was maintained between +5 and +7° while a so]ution of 1-diazo-5-

me thy 1-2-hexanone (1.0 g, 7.4 mmol) in THF (10 m]) was added drop-

wise;over 30 minutes.- Stirrinq was continued fgr an additional 30



y i} ) ),
‘minutes after which t1me nitrooen evo1ut10n was. quantitative.: Then
‘ a solution of dimthﬁ(nthylene)amnium todide (1 85-g, 10 wmmol)

. 1n arihydrous dimethylsu1phox4de (10 m1) was added. The stirred .
reaction mixtute was then é11oweq to warm to roa; temperature:

Aftér stirring at room temoiratur! for 3 hr, the ﬁi;ture ﬁas coéled

to 0° and aqueous sodem hydroxide (15 ml of a 3N solution) was. added.

wa
tration of the extract, the residue was extracted with cold (- 10°)
SN HCY (5 xﬁonﬂ)and the aqueous 1ayer was made basfc with a co]d :
"'concontrated sodium hydrox1de solution (1ON) The basic mixture
ﬁhas thgcasxtracted with pentane (5 x 50 m1) and the ye]]owish brown

résfidue remaining after concentration of the_dried (Na,S0,) - extract

- was distilled tn afford 1-dimethylamino-6-methyl-3-heptanone (0.92 q,

73%) as a colorless liquid, b.p. 57-58/0. 7'hn .20 1.42€3, ir

n
V]
(CHCYy) 2870 cm » 2780 cm‘l (-N-GHy, -N- CHz -), 1710 cm'l (C‘O).

MR (CDC1,): 6 0.88 (d, J.= 5 Hz, 6H) ~CH(CHy)z, 1.20-1. 73 (broad S

'resonance, 3H) C, and Ce protons. 2.23 (S 6H) N(CH )2, 2.37 (m, 2H)
'Cs protons. 2.J9 (s, 44) C, and L2 protons. Mass spectrum-m/e:
172 (0.2)4 171 (1.1), 123 (3. 0), M (120), 58 (100). Anal. calcd.
for €,Ha NO:" C, 70.12; H, 12.36; N, 8.18. Found: C, 70.38; H,
12.51; N, 8.23.

Plcrate m.p. 97-98°C. Anal. Calcd. for CeHzuMuOai C, 48.00;
. 6.085 N, 13.99. Found: C, 48.10; H, 6.13; N, 14.01. |

‘Th xtur? was st1rred viqorou51y for 15-20 uﬂnutes poured into 1ce-; ”
(100 m1) and extracted with pentana . (5 x 50 ml). After concen-' '

\

A,
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Synthesis of'1-cyciohexy1-3-(u N-dimethylamino)-1-propanone -This was

prepared as described above from 2- diazo-l cchohexyl l-ethanone )
(.22 g, 8 mno]) Disti]lation afforded the product (O 95 g, 68%)
as a colorless 11qu1d. bp 83-84/0.6 mm; ny?* 1.4674; ir (CHC] ):
2830'and 2795 ! (J -H-CH,, ;N-CH.-) 1765 ot (c-0) NMR (cocl ):
'0.99-2.00 (broad resonance, .11H) cyclohexyl protons, 2 2 (s, 6H)
NMe,, 2.57 (s, 4H), protons at C, and C,; mass spectrum m/e: 183
(r.6), 182 (1.3), 84 (80), 83 (5), 72 (s. 58 (100). 55 (1a),
442'(16),_41 (15). Ana!. Caled. for €,,H,,N,0,: C, 72.08;\H. 11.55;
N, 7.43. Found: C, 72.34; H, 11.56; N, 7.64. Pitﬁhte: m.p. 119-
120°C. Anal. Calcd. for C,,H;uN.Os: C, 49.51; H, 5.87; N, 13.59.
Found: C, 49.65; H, 5.43; N, 13.80. |

Synthesis of 1-d1methy1amino-3:octanoné. This was b}epared as described

above from 1-dfazo-2-heptanone (1.0 g, 7.4 mmol). Microdistillation
afforded the product (1.01 g, 80%) as a colorless 1iquid, b.p. 74.5-
75°/1.5 mm; ny?2 1.4388; 1r(cﬁ§1\Q\‘ 2820 and 2780 cm~' (-H-CH,,

- H-CH,-), 1710 (C=0); NMR (CDC1:): § 0.80-1.80 (methylgpe envelope,
6H) protons at Cs, Cq, 5, 0.90 (t, 3H) C, protons, 2.23 (s, 6H)
H(CHy )2, 2.37 (m, 2H) C;‘protons, 2.59 (s, 84) C, and"C, protonss
mass spectrum m/e: 171.1617 (caled. for C,oH,,NO: 171.1623), 172
(0.4), N (3 8), 84 (5.5), 72 (7.1), 60 (5. 2), 59 (4.8), 58 (100),
57 (5.7), 55 (5.2). Anal. Calcd. for CioH2NO: C, 70.12; H, 12.36;

' N? 8.18. Found: C, 70.38; H, 12.51; N, 8.23. Picrate: m.p. 87-88°,
Anal. Calcd. for Cy¢HauNeOp: C, 88.00; H, 6.04; N, 13.99. - Found:

C, 48.22; H, 6.12; N, .13.71.
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CHAPTER II
‘ ’ R
THE USE OF vy-ALKYL(PHENYL)THIOCROTYL CHLORIDES :
’ LN

~ AS "OX0-BUTYL" EQUIVALENTS IN ANNELATION REACTIONS

“~

-

. INTRODUCTION

The Robinson_anhelation reaction®:*»!% is a particularly powerful

synthetic tool for the construction of six membered ring systems. In

..
-

this reaction, ketones are condensed in a two stage base catalyzed
process with an a,B-enone, as illustrated for methyl vinyl ketone

"(MVK) according to~sc72me II.

- Scheme 11

-—
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.
. Among all the knowﬁ methods for the synthesis of fused hydro-
aromatic ring systems, the Robinson annelation ;eaction holds a
position.of particular importance, since virtually all the successful
total syntheses of natural non-aromatic steroids (andxmany othgr
pqucyc]ic natural products) havé relied on this reaction at some

stage.
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As aarly as 1936,' Robinson and h1s1c011aborators' pointed Jht
that the reaction seqnence could theoretical used to bu}Td upi\:
the rings A, B, and C of the sterofd skeleton, each stage of the
cyclohexanone constructed being followed by reduction. Robinson
prbposed that, starting from a methy]cyclopentanége derivative
(ring D). the addition of ring C uou1d require methyl viny!l ketond.
then ring B is added by means of ethyl vinyl ketone, and ring A
with methyl vinyl ketone aqain This proposal is represented
schemdtically by dissection of the steroid skeleton into four

major units as i1lustrated by structure 34.

~ /\/\<

Applying of this sequence of reactions in the opposite
dirvection (i.e. starting from the A-B ring system) Robinson and
his collaborators®! had produced a key tricyc]ic intermediate 35 and
the completion of the fourth ring D to produce the estrone structure
§§ appeared-imminent. _Eyt there were still problems to overcome, and
not until a dozen years later, and after many-contributions from

various laboratories were made, that the final goal was achieved,

-

.
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These extraord}nar} difficulties detering the total synthesis of
this molecule with four asymmetric centers were mainly stereochemical
in nature. _

Aithough the Robinson‘anne1at10n provides a direct route to
fu#ed ring-ketopes (eq. 32), the application of this method to cyclo-

hexanones such as 2-methylcyclohexanone®? has proven to be generally

. ©
0

. ® Ct ’
“ (CHy ) sNCH,CH, COCH,
CH»0 base CHs0™

unsatisfactory. For example, the Robinson synthesis of 10-methyl-
Q

(32)

(85%)

1(9)-octalone-2 (39)* and variations thereof®? proceeds in low
yield, requires a two or threefold excess of 2-methylcyclohexanone®

and affords a product of questionable purity®? (eq. 33).
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- ® © ¢ base , . l»

@, + (CH,),NCH,CH,COCH, EE— + polylners‘
. | ' (33) -

v 37 38 L. ' : 3? (38%)

‘The difference between these two cases (eq. 32 and 33) lies in
the nature of the saturated ketone. In the first example (eq. 32) -
the hydrogen lost during enolization of the ketone is more acidic
than that of 2- methylcyclohexanone. Therefore mi]der reaction
conditions are required fof the enolization step, resulting in
less compTicatfons and hence a higher yield of, deuct p
| Basically, there are twowmain problems associated with using
relatively weakly acidic cyclohexanones (which are not a-substituted
with e]ectron’thdrawing groups). F‘l.rstly. the vigorous reaction
condi tions requfred for enolization may also affect the polymerization
of the Michael acceptor Second]y, the sfmilarity in base strengths
“and reactivities of the enolate jon derived from both the starting
material and ad@uct may lead to several competing reactions and
subsequent polymerization (scheme III). o \

One method to diminish the effect of the.first problem (namely,
p rization of the a,R-unsaturated ketone) is to employ a pretursbr
that will s]owly'éenerate the Michael atceptor under the basic

reaction conditions. In this manner only low concentrations of

the enone are present at any given time, and po]ymerization is

suppressed. Precursors whigh have been found effective are the
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methiodide 38 and the a-chloroketone®*:¢?* _43. This modification
&ppears”Qu1§e sdtisfactory for relafjvely acidic ketones (eq. 32, 34)
but not for simp]é cyclohexanones where other side reactions prevail.

J

‘ base
+ CICH,CH,COCH, ————> (34)

85%
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For systems which are even less acidic than simple cytloMewtnones
(eq. 35) the direct reaction (using MVK) or the nedified one s
virtually futile. Woodward and co-workers*®$ !xperienCtd this -
difficulty as they endeavoured const?uction of ring A of COrtisone
using intermediate 44 Noodward exp]ains that the” hydrogen at C-lO
1s only weakly activated due to 1nterection of the amine group with

N\
the carbonyl. viz, 0:==C-— c—c N’

. (35)

Consequently, strongly basic conditions were required for
éeneratingjkhc corresponding anion, and this resulted in polymeri-
zation of methy] vinyl ketone. This difficulty was overcome'by use
of the Fujimoto reaction,®®,¢7,68 wherein‘the 4-carbon chain is |
introduced sequenfia]]y. This procedure involves initial a-alkylation
of the ketone Sy an acrylic acid equiva1ent'(usua11y acrylonitrile) s
followed by enol lactonization, then opening the enol’ §-lactone with
2 methyl-Grignard reagent and finai]y cyclization of the 1,5-
diketone (eq. 36).
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In the past two decades many modifipations of the o;iginal
Robinson annelation reaction have been intrdauced. These modifications
can be classified. into twd major cateqories. One category attempts
the improvement -of the first stage of the Robinson ahnelation,.name]y
thg Michael reaction. The other category‘expﬁores the use of "masked"
keto alkyl equivalents in annelation reactions. |

The efficiency of the Michael addition can be improved either by
increasing the reactivity of the pareht»ketone or by employing certain
a-substituents in the Michael acceptor which can stabilize the resulting
enolate, thus preventing po]ymer{iétion of. the Michael adduct. One
simple method of increasing the yield of annelation pro‘t is to

1ncorporate an a-activating group in the Michael donor. The acidity
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of the a-hydrogen is thereby enhanced, and the addition takes placer
more efficiently. For example, in the case of cycfbhexanone. the
desired octalone was obtained 1n 50% overal) yleld by first converting
the ketone to 2 -carbothoxycyclohexanone?®»7° (eq. 37), whereas

without this modification,'® the octalone was obtained in only 10%
L J

yleld. |

(37)
Co.Et

O—O -0

enamine avoids the problems

Similarly, thg use of a pyrroli

of polyalkylation, 3° a]thouéh, 11k revious example, it is not

applicable to the annelation of alk exanones at the a-srbstitg}ed

7

site (eq. 38).

Q//\('

.\- ' 0

(38)

V

<
;ﬂgiently, Stork and co-workers’! examined the possibility of
employing a-substituted vinyl ketones of the type 47 in which the

substituent X would be capable of stabilizing the resulting enolate
. >

O
gg, thus preventing polymerization of the Michael adduct.
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LY | 48,
a-Silylated vin;g ketone 47 (X = (QH,),S1) was chosen as the

M1chae1 acceptor for two reasons: a)»an expectation that silicon,
with its vacant 3d dorbitals, can stabilize an adjacent negative
charge"’2 and b) that the stab11121ng Si-group would be easily
removed dur1ng completion of the annelation process. Thus the <
lithium enolate of cyclohexanone, when reacted with 47 at -78°C,
gave the ad&uct 49. Treatment of 49 with 5% sodfum methoxide-
methanol resulted in cleavage of the "stabili1zing" group and cycli-

zation to the desired octalone in 80% overall yield (eq. 39).

oL

In subsequent publications Stork and co-workers?® and Boeckman’**75
demonstrated that methyl-qa- trialkylsilylvinyl ketones can be pondensed
“with regloSpec1f1ca11y generated lithium and copper enolates. This
development has important implications for the total syntLesis of
steroids as well as for éertaiq octalones which are not easily

obtainable otherwise. »

»
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Another interesting modification of the Robinson annelation

. reaction involves the use of/acid, rather than base, as a catalyst

for both the Michael and aldol stages of the sequence. Heathcock
and E111s7° showed that the annelation can be carried out directly
with methyl vinyl ketone in the presence of su]furieiacid. Similarly, '
Zoretic and co-workers’’ reported th% use of B-chloroéetones and 8-
ﬁydroxyketol§ as the "Michael accgpt6rs" (eq. 40).

0

+
] H,0 -
+ CHyCH,CCH,GH,C : > (40)
- OH 0
32-52%
However, the generality of this approach cannot as ykt be 5

assessed as only few examples have been reported to date.
The use of "oxo-butyl"” equivalents!7:19:79:805081 j, e

Robinson annelation has become increasingly important in recent

-yéa;s. Although this strategy appears in a variety of forms,

these annelations are characterized by two common stages. The
first 1nvo]vg§701ky1ation of an enolate with a "masked ketoalkyl"
reagent*’ and the second 33501ves,“unmésking" of the keto group

followed by intramolecular aldolization’of the 1,5-dicarbonyl system
) .

3 (Schegn;ly).

" The first example of such an approach is the Wichterle
reaction’®:17:19,2% which involves alkylating an enolate with 1,3-

dichloro-2-butene. For example, Marshall and ca-workers!’ used

N



Scheme 1V
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R, R', R" = H, alkyl.
this scheme to introduce the required\four carbon chain by alkylating
‘;he enolate of 2-methylcyclohexanone. lThe resulting vigy?} cﬁ]oride
was then hydrolyzed with conceﬁtrated sulfuric acid to form a 1,5-

. ‘(') ) . .
diketone which was subsequently cyclized to the corresponding actalone

"(éq. 41).

CTCH,CH=CCICH,
: N

NaMH,

- 14%

1 , (472) . (1iz) .

(a1)

[
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Uofortunately, the conditions oequired for the hyoro]ysis of ~
" the 2-({mchloro¢rofyl)cyc1ohexanone often result in the %ormot¥on'
of bicyclo[3.3.l]nonane derivatives as by-products. 1In fact,
2.6-direfhylcyclohexahone gave only the bridged bicyclo compound
when subjected to the above procedure. Moreover, the fnftial
alkylation steo in this system is not a re§1ospec1f1ijrocess (
because of eno]ate‘equ1]1bration, etc, as”discus;ed darilfier.

Soon afterwards Stork and co-workers!® developed a rather
: % 38 A% .

R
lengthy procedure which overcomg tcomings -entioned in

e

, ~ Iy -
Marsha11's scheme. In this app fchf”tle active methylene compound

'S a]kylated with chJoromethylisoxazole derivat1ves and the product

i reduced and annelated as indicated 1n equatiqn 42,

(42)

(50%)

. 3

During and since completion of the work done in this thesis,
two new methods have been described. 80,81 In the first, Stork
and Jung®?® investigated halomethyl viny151lane 53 as an alky]ating

agent in annelation reactions. Th strategy was based on previous

L3
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observations that vinylsilanes are’ readily trangfonned to carbonyls
via epoxidatfon to an epoxysﬂane followed b& aid ‘treatment (eq. 43).
- - .. I .. ’ ° ’ . |
‘ oM - i(Me)y =~ . T SiMe
w2 A
54 ﬂCPBA 3

s’(CHs)s

" The main érawback of this approach lies in the fact that it
1nvo1ves a multi-step preparatioh of the alkylating agent; neverthe-

less this scheme is sutcessful in obtain?nq hiqh yields of various

o

octalones:. . ; é‘}

Stotter and Hi]]” have also 1n§roduced an 1nteresting variation
i/

ot an “oxo- buty]" equivalent (eq. 44) by emp]oying Y- iodoS?b]ate 55

as the alky]ating agent Althouqh this approach provided the enones

1n relative]y high yield, it 1nvolves lengthy procedures both for

- o the preparation'of.the required ha]ide and 1n the “unma;king“.process.
The, ahpelation of ketones via "oxo-butyl eQuivalents\ as

alkylatinq agents has attracted our attention for some time. We have f

sought to develop an a1ternat1ve 'to the Michae1~Robinson process

which would: a) provide a ketoalkyl. equivalent from readily available
I 4 .
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starting materials; b) be reasonably reactive toward regiospecifically
" 'gtneyated enolates; and t)'a]Tow for readily "unmasking"” fnto the

®
required carbonyl functjon. : ‘ -

Wi th these consid rat1&ﬁs in mind, y~a1kyi(pheny])thioérotyI
chloride systems Sppea d to be attractive candidates for this reacF1on.
2 | As allylic halides they offered promise of high reactiVitj 1n.a1ky1at10h
.of structurally specific enolates (thereby reducing the norwu1 complica-
tions mentioned previously¥. Furthermore, the several procedures for
- the hydrolysis of vinyl sulfides described in the literature®2s¥?s0®
made this choice especially att;;ctive as this methbd would A;;_:; ;
T1imi ted to one'part!cular route for unmasking the desired ketone. L.
We have therefore prepared and studied the alk}lation reaction
ofﬂalkyl(phgny1)croty1 halides with sevaral regiospecifically generated

enolates. Suﬁ%equently. we 1n0estfgated different routes for releasing

the "masked" carbonyl and the cyclization to the destred octalones.
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: RESULTS AND oxscussxoﬂ

Preparafion of yfphenyl(n-butyl)thiocrotyl ch]orides

The' route selecxed for the synthesis of the 3-ketobutyl equigalent

is i1lustrated in scheme V. This scheme appeared attractive sin;e it

. : -Scheme V
¢ 3 = B

55

R : n-CyH,, CeHs '. .

<

. ﬂut*]izes a readrly available startinq mater1a1 and involves only three
. ‘steps Also. if successfu], it offered the~possib11ity of simple
extension to the synthesis of other 3- ketoalkyl ‘equivalents via
dianion alkylation," viz.,
AR . £
CH,'CCH,CQ,Et —_ CH,ECHCO,Et — R?CH.,‘C'CH,COzEt - RCH,C=CHCH,CI\
, .8



'

v “In1t1111y. the viﬁx! sulfide 55 was prepared according to the
procedure of Vernon and co-workers,®® who reported that ethyl 3-
chlorOcrotohate undergoes relatively rapidrnucleophilhc displacement
of halogen with the sodium salt of alkyl and phenylthiols. Houover;
the preparation of ethyl g-chlorocrotonate was rather inefficient.
It was originally obtained by reuct1ng ethyl acetoacetate with two
equivanen-ts of phosphorous pentachloride fol]owed by . hydrolysis _
to give B-chlorocrotonic acid. This was esterified (EtOH, H*) in

a sephrate step. resulting in a 30% overall yiéld. We modified

this procedur! by quenching the reaction mixture of ethyl aceto-

acetate and phosphorous penitachloride with " excess celd ethanol.

.'Th1s gave directly ester 55 in about 55%,yield (egs,ds).

99 A ' 0
1. PCl, @ ¢SNa o
CH CCH C-0Et ———-—————5>CH,C=CH Okt —— CH,&'CH-C-OEt (45)
2. EtOH .
3 55% . 55 (85%)
. g N _.‘- 4."\ . - '
Subsequently, a direct and'simpler preparation of 55 was
L ] a
1nvestigated;*:F?F?1 acetoacetate, one equivalent of benzenthiol,
and a catalyttt amount of D-toluenesulfonic acid was refluxed in

bénzene (10 hr) with azeotropic removal of water. This 9ffordéd

the desired ethyl B-phenylthiocrotonate in 63% as well as. dipheny]
tRioacetal, 56, In 29% yield, easily separable by distillation (eq.
46). Vinyl sulf™de 55 was shown (by ir and nmr spectra, see .
Experimental), to be a m?iture (50:50) of the E and Z isomers (Z .
isomer, b.p. 127-12879.5 mm, E isomer, b.p. 134-136/1.5 m)",

.~) .
J
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CHabCHLC0,Et —— > CHyCaCHCO,EE + CHYCEH,CO,E E (46) .
55 (68x) 56 (29%) ’

However, when this reaction was repeated with the next ﬁigheﬁ
homolog, {from methyiafion of acetoacetic ester q1anion") three
produtts were .formed (eq 47). On the basis of spectral data (see
E*berimental) these were shown to be the‘e.y- and a,f-unsaturated
esters §z”§nd 58 respectively, as well as diphenylacetal 59. Since

.

O . 'OS . ¢S
CH,CH ccu,co,st — > CH, cu=ccu,co,5t + CH cn,c-cuco,st (47)
- (ca 30:) 57 (ca 30%) 58
S S
, ¢ N/ ¢ ‘
1 CH3CH,CCH,COLEL _
(15%) 59

this reég]ted in a mixture of two positional isomers,-this@}pbrosch
. discontinued. Othér resyTts df this study are given in Table IV.

."Aftev completion of this K, Mukaiyama and oco-workers??
recently observed that d1pheny1th10aceta1 61 (prepared from B-keto-
ester 60 and benzeneth1olx when heated to 110°C in the presence of a
cata]ytic amount of ZnCl,, eijminated benzenethiol to form esters ég
and 63 (eq. 48). Also, compound 63 could be isomerized to 62 {in

unstated yie'd) on treatment with potassium tert-butoxide in tert-



- oS S
\./\‘"/\co,ne oSH, AcOH.‘Hi) /\>< _~C0,Me  2nCY,
0 . . | —————-—-’

. -
60 Ve . L4 ) ’ E—]
CO,Me * ‘/)|\'/toz'4e ,
¢S ¢S
62 (31%) " 63 (20%)

butyl alcohol, Shou]q Mukaiyama's isomerization prove to be an
efficient procedure, the dianion route woul& then become a practical
alternative route to 3:ket6aiky1 equivalents.

“\ Another approach to the'syéthesis of phenylthipfa.e-etﬁyleﬁic

ester derivatives is the base CSta1yzed addition of tmiolate anion

to a,B-acetylenic esters.®?:23:9%:35  Tpis has been used as one step .

in a recént synthesis of a C,,-juvenile hormone analogue (eq. 49).

S¢

, , '. ¢SNa-¢SH N <— €O,
—_—

(48)

Me (49).
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This route became potentially attractive esp¢c1a11y after-the®

‘recent deve1opment of a new propargylation reaction in our laboratory.®

Calzada has demonstrgted that dil1thiatioh of allene produces a species
;C,H,Liz" which serves as an anionic propargylating'reagéht, -
"LiCH,CZCLI". This can be utilized for a "one pot synthesis” of
either propargyl! alcohols or esters.. For convenie:ze,.the mode]
selected for conjugate addition of benzenethiol was the product of @Ey
benzylation (C¢HsCH,C1) and subsequent In situ carboethoxylation

of the “propargy] dianion" (eq. 50).

CH,=C=CHy B2BULT o goncact CoMsOHaCY  poy ompczes CIC02EE

¢CH,CH,C2C-CO,Et ' (50)
o

[ ] .
In our hands, however, -attempted base qaia]yzed addition of <
benzenethiol to ethy! S-phenyl—Z;pentynoate resulted in a mixture
of the tYo_positional igomers (as evidenced by nmr and ir spectroscopy,
see Experimental).  ‘Again, should the isomerization to the u,8-
ethylen1c ester prove to be practical, this alternat1ve route is
potentially usefu] for the synthes1s of g-alkyl(phenyl)thio-a,8-
ethylenic.ester derivatives. Since these compounds are homologs of
ethyl B-pheny](a]kyl)thiocroton;te, they can be employed in the
synthesis of l-alkyl-A‘-’-2-octa1one§, which, of course, extends
the scope of the octalone synthesfis. ij>

Next, several methods for the reduction of B-phenyl(n-butyl)- :

thiocrotonates to the corresponding alcohols were examined.

Ye
- , X

. s
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Lithium aluminum hydride (LAH) provedlto be unsuitable since the
reaction between ethyl B-phenylthiocrotonate (THF, 20°) and LAH
afforded only poor yields {ca 1CY) of the desired algohol, 3-phenylthid-
2-butene-1-01, and benzenethio} was formed in sianificant amounts. The
benzenethiol presumably arises bi‘ban addition-elimination reactioyg
Analcqously, Posner and Brunelle?" have shgwn that ethyl @-pheny]thio-

crotonate undergoes a similar reaction with "nucleophiles" such as

dialkylccpper lithium reagents to afford.B-aIkykgcrotonatos (eq; 51).

"0 |
A\‘ /KOEt » _’1{79‘&1- > OEt
0 (51)

(80%)
4
Subsequently, diisobutylaluminum hydride (DIBAH)®%,100,101
and aluminum hydride'®?=12* (non-nucleophilic reducina agents) were

employed. The reduction with DIBAH was carried out in benzene, ether,

and THF as solvents. The yield of alcohol progressively increased -

with increasing polarity of the solvents (Table VI). Nevertheless, . %;; gf
£ syt 7&-
the highest yield recorded was only 70%. e X

% W g

Aluminum hydride in ether prepared by Schlesinger's method‘°’ Lt 4 _‘é; :

(ey. 52) produced an 207 yield of the desired alcohol. Baq‘! on the 9 - ..

y S Moy
DIBAH study. it was anticipated that the yield might be further : 2 e

-~

improved in THF. Aluminum hydride in THF was then prepared by

3L1ATH, + AICT, ether o 3Lic1 + 4AIN, (52)

Le .
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modifying the Schlesinger procedure.!®® Instead of directly adding
aluminum chloride to a suspension of LAH in THF (an extremely
exothermic reaction) the reagent was prepared by adding a preformed
aluminum chloride-THF solution to a suspeﬁ!ion of LAH at 0°C. The
resulting mixture ;roved highly effective for the reduction (eq. 53)

and yields of 90 - 97% of alcohols (as E- and Z-mixtures) were

obtained.
v s

CHy— C=CH—CO,Et AH, . THF CHy— C = CH~CHy— OH (53)
: .

R=9 90 - 93%

R = n-8u 95 - 97%
4

The conversion of the‘fllylic alcohols to the correspondina halides
was anticipated to be a difficult step because such conversions are
of ten accompanied by a]lyl}c transposition. Therefore, several recent
mildgprocedures w;re investigated which have been showﬁ\gp overcome
this difficulty. - ’
Meyer's method!°® involves treatment of a:,a11y1ic aléohol in

L 2%

-  S-collidine with lithium chloride in dimethyqformamide, followed by
3

% wmgdition of methanesulfenyl chloride at 0° (eq. 54).

>

F
e

. . _—OH Cl-
._ :3‘ . =~ (54)
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In our system, however, this approach was unsuqcessful. The
infrared spectmum of the crude mixture lacked absorption at 1255 em?
(diagn;st1E of yv,y-disubstituted allyiic chlorides!?!) and had
absorptions at 1715 cm-! and 1680 on! (possibly HJK and 4-chloro-

2-butanone) and 925 and 975 cm~! (vinyl). The nmr's also

§&] confirmed the absence of the anticipated 'LJyIic hai mthylene
absorption in the & 4.3-4.0 region). o

~ This suggested that the rearranged tertiary halide had formed,
and by-products 1ike MVK (and 4-chloro-2-butanone) could derive from

hydrolysis of the tert-halide during work-up (eq. 55). P

\ 0
$S -

| #S 1
| : hydr.
CHsC =CH —CH;— OH —> >ﬁ‘ — | (55)

The next attempt involved reac;jon of tri-n-butylphosphine with
a carbon tetrachloride solution of the allylic alcohol.}07-10%,12¢

These condi ve\ been used to convert a variefy of primary,

secondary and allylidq alcohols to halides without allylic transposition

(eq. ;6). In our system, however, this produced a mixture of products

RyP + CC1, + ROH —— R'C1 + R, PO + HCCI, (56)
. L 3

~

of which the primary allylic halide was the major component (eq. 57).
The ir spectrum sho&ed absorption at 125‘.5’cm'l (diagnostic of vy,y-
"disubstituted allylic chloride)!?! but the small band at 925 cm™! amd

the shoulder at 1645 cm™' indicated the presence of traces of tertiary



. M '
, . . - 63 , /,
‘s S “ L (s7) ~
CHyC= cucn OH + n-Bu3-P Loty o CHyC = CH- CHzC1ﬁ><’ + n-su-)-P-o .

. major
o, u!/

:chJoride. The nmr spectrum (CDCl,) showed absorpfqons for a vini] \
methyl as a broaifsinglet,at 6 1.83, a nethy!ege’grouﬁ as two sets
of doublets at & 4.05 and & 4.35 with J = 7.5 Hz bmixture of E and .
Z isomers).and vinyl proton absorption as a multiplet (two overlapping’
triplets) at & 5.4-6.1. - Removal of the by-product, tri-n-ﬁutylphqs-
‘\bhine.oxide, by trituratioq with pentane (-78°), and f11tratipn
proved difficult, and the crude mixture was sensitive to heat or
column ehrhmatography. Distillation (Kuge1roﬁr. b.p. 72-78/0.025 mm)
produécd‘diene 64 in low yield <SS 30%). The nmr spectrum shoyed only
~ : _ :
' ¢_S/Q ]
4

68 B f;\\‘\ )

N

aromatic and olefinic proton absorgtions at 611"35 (m, 5H); 6.68 and

-
PR

6.35 (d, J = 10 Hz, 2H), 5. 85 to 5 08 (M 3H) and the mass spectrum
showed a molecular ion of 162. (calcd 162). |

Tris{dimethylamino)phosphine has also been used for this burpose‘°’.
_ind hgé‘the advantaqe that the by-product, HMPA, is water soluble amd
thus easijy removed during work-up.” However, this reagent combination
proxs? ioo reactive in our system. Reactibn of 3-phenylthio-2-butanol
with tris(dimethylamino)phoéphine in carbon tetrachloride at -20 was

very exothermic and resulted in a complex mixture of products.
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The use of t@ionyl chloride as the halogenating agent was next
o o

1nvestigated Young“‘ has shown. that reaction of Y-methylalIy}
aléohol with thionyI chloride in dil

e ether~solut1qn gives

»

exclusively the secondar, 4 oride (eq. 58).‘ In'thg presence

Me-(=(H7CH—ON + SOC1, —Sher o o EH CH=CH2 ' (gg)
N . 1

(100%x)

of tri-n-butylamine, however, a mixfb of the'a- and y-methylall yl
chlorides is formed. Similarly, y.s-d{substituted allylic alcohols,
~ for example 65,''! undergu allylic Yransposition to an appreciable

extent when subjected to th:nnyl chluride in the presence of tributyl-

amine. : /’
‘ vy

. CH
L I l f/,

—H ‘ : .
CH,0 :

CH,O ’ /%2‘0"' ) .

65

On this basis it was anticipé.%d that thionyl ch1oride'would
transform allylic alcohb1'§Q into 3-chloro-3-phenylthio-1-butene, the
rearranged tert-halide. This compound could also concefvably serve
(; an cxobuty1 equivalent by . undergoing nucleophilic substitution: R
via an SN2' type mechanism''2,!13° according to scheme VI. ’

Huwever, the reaction of 3-pheny1tﬁio-2-b§1an‘i with thionyl

chloride in ether resulted in formation of q{’hxture of products
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of whichs the primary haHde was the major component. Repetition of

1, Q)
this reaction in the presence of one equiva'lent of tr'l-g_) butylamine

produced t.he primary hahde as the sole prouduct in excellent yields

(eq. 58). ‘ ’

RS’ C oy RS

] [] - -
Chi ~C = CH- CH, - OH .’?‘i‘-_fﬁ.‘i:)"_,-, CHy— C=CH—CH; —C1  (58)

- -ether o
{R = ¢ n-Bu, 85-95%)
" Thus, the k:on_version of ethyl acetoacetate to y-phenyl(n-butyl)~
thiocroty]l chlor1de was accomplished in ~three facile steps in.an
overall 50% y‘ie‘ld These halides were utiljzed as aTkylating agents

toward various cyclohexanones, as described in the following chapter.

- > ‘-

- . [

*  Scheme VI . -

o 8,
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A Study on thevklkylation of Cyclohgganones with y#ghegylin-bugylj-

ghiocrotz] chloride
RN ,

\ -

[

The annelation of cyclohexanone derivatives with MVK or various.
3-ketoalkyl equivalents is-an {mportant peGte to fused polycyclic
systems Genera11y. in any annelaslgj‘{f::;e involving a "ma;ked"
ketddlkyl halfde, one has to deal first with the nq1oso1ectw1ty
of ‘the alkylation step. Marshall!’, for example, was confronted
with this.problem in the alkylation of 2-methylcyclohexanone with
1,3-dich1§ro—2-bu£ene (DCB) using sodamide in benzene. This approach
led to a mixture containing 80% of the 2,2-isomer and 20% of the ,
256- isomer (eq. 41). 'EVidently. sodium eno&ates undergo rapid
proton transfer, and are unsuitable for alkylation of unsywnetricaf

ketones . '

Lithium enolates, on the other hand, undergo a relative]y
slow eQU111brat1on, rendering them more useful for reqiospecific
alkylations ¥2»11

Initially, the alkylation of a s}mmetrica11y substituted ketone,
2 b dimethylcyclohexanone was studied - in order to estainsh appropriate
reaction condltlons Being aware that the hydrolysis of the vinyl-

sulfide group of ‘the monoalkylated ketone may possibly pose diffi-

- culties, % the alkylation reaction was investigated with both an .

aryl- and alﬁy]thfo halide: vy-phenylthiocrotyl chloride and y-n-
butylthiocrotyl chloride. The lithium-enélate was generated in DME:
at ca 0° using lithium diisopropylamide as a baée following tﬁe
alky]atién pretedure recommended by House®® for the reaction of
gyéﬁohexanone yith reactive halides (e.q. methyl'iodidé and benzy]l

bromide)7 The enolate solution was.thén warmed to 30° prior to

)



O - | X

" addition of the alkylatina agent. The course of the a]ky]ati,n

reaction was monitored-by alc analysis at time intervals of 30 min,

2 hrs and 10 hrs. It was observed that the alkylation with both

halides was ‘much slower in comparisoniwith a active halide (benzyl
broaide) under iden conditiong/fg;;;_;;:::re. while the alkylation ;,g/‘”’“
wiw benxyl bromidemsx of mnonky‘latimin 2 min. the reaction
)‘ﬁm pheny}(n-buty1)th16trotyl chioride yielded only 45! of the -
corresponding products in two hours and the reaction was not complete
even after.?4 hours (63% of phenyl analog, 60% of the‘n-butyl.analog).
Evidently, the pheny](n-butyl)ihio unit aéts-as a deactivating g}oyp,
resulting in a Supprossed'reactivity.

Repetition of the reaction at elevated temperature in order to
enhance the rate of alkylation led to a complex mixture of products
and reduced the yield of the desired alkylate (Table VII entries 1
and 4). ' ‘ \

" An alternative way ef enhancieg the reactivit of-theoalkylating
agent is to use a better leaving g}oup (1.e. 1 instead of C1).
Nowcver,wan attempt to prepare y-phenylthiocroty]l i;di&e via a
Finkelstein reaction merely resulted in appréciable decomposition of
starting material. To circumventftﬂis difficulty, the fodide was
genef;ted ip situ. Thus, the addition of an equivalent :f dithium
iodide‘to q,sol‘ution ‘of the enolate prier to- addition of the alkylating
agent jémcréas'ed the yield of the monodlkylated product from ca 60 to 70%
(Table VII, entries 1, 6) Moreover, 24 hr were required in the case of
the chloride to produge a 631 yield whereas the iode derivatives ‘gave,
after 1 hr, a 73% yield of the desir%:nduct.

~ [ 4
) oe
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A simiia} observation has been made subsequently by -Stork®°® and

Stotter,*! For(f;ample. Allyl-chlort such as.y-chlorotiglates,
0 v "~ B

oa1kyI‘equ1valents, were

L]

effeqtive alkylating agents for enamines but not for lithium eno]ates

-

.y which were used by Stotter as “"masked"
In contrast, the correspOnding 1odo analogs gave mpnoa1kylated
products in excellent yield either with enamines or Pithium enolates.
Since the 1odide wat ~onsideraﬂﬁy more reactive than: the ch]oride.
"/ the reactiony repeated at lower :omperatures in order to minimize. |
.decomposition of the halide. Indoc’y at lower temperatures, higher
‘ yfelds of the monoalkyla'ed produgt could be obtained (Table vII,

; entries 10-13). Neverthclnss, even under the most favourable reaction
conditions examined the Lrude llkylation mixture always contained
varying amoupts (up-to 10%) of~the starting ketone. |

Recently, C.A. Brown*’ repbr;ed that potassium hyd%ioe is
exceptionaltly reactivé towaro vketones. In ether sol‘_nt.s. ootassium
hydride vigorously oeta]aﬁes‘a wide range of ketnes with 1ittle or
no selfconcdensation or recuction. For éxample, 2,4-dimethyl-3-
pentanone, when reacted with KH in THF atl20°; formed the potassium

enolate in quantitative yie]d fo 10 min (eq. 59).-

o ’ 0K

>/l\< ._:- * 7\ >/§/ ' (59).
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We therefore explored the use of potassium enolates in our
' system;‘SrFe their preparation is much simpler than that of the
corresponding 1ithium enolates{ and because of their greater
c‘rctivity, the alkylation reaction could be carried oyt at Tower
temperatures. Surprisingly. however, the reaction of y-n-butyl-
thiocroty! ch]oride*with the potassium enolate of 2 »6- dimethylcyclo-
hexanone at 0' was exon more sluggish than with its 11th1um analog, '
and led to a complex mixture of-product; containing Jess than 50% -
of thf desired ilkylated’ketone. Alkylation in the presence of
15% HMPA with n-butylthiocrotyl chloride was even Qore complex and
clearly inferior to the reaction with Iithium enolates.
Having established favourable conﬂition; for alkylation of »
- 2,6-dimethylcyclohexanone, the reaction with an;unsymwntricaI case
was 1n§estighted.. 2-Methy1cyclohexanone.was used as a model, fn
‘an attempt to independently alkylate at either of the two a positions. -
The enolate of the less subsgituged a-site was easily prepared
under conditions of kinetic control with ]ithium difsopropyl amidg
as a base.”f The addition of y-phenylthiocrotyl chloride to the
enolate in DME (with Lil present) afforded the monoalkyiated product

66 in 85 - 87% yield (eq. 60).
’

0 o oL1{
K ' ¢S~—C=CHCH, C1
[£CH,)2CHI,NLY _ by | .
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!

The positfonal 1somek.§§_vas-prepared'by first transforming(the ) )
ke tone 16:9 enol.acetate 67 which in turn was treated with methy1-
i1th1um as basg. The alkylation'prbceedeq smoothly an& an 85% yield
of the desired product was obtained (eq."sl'). o

>

CO('H\ - o L1

-
- ’u\\T’ T . A | : ' : .
. k/ —_— _— (61)
d .
P .
\ -~ §_.., Y @ ‘ §§.
¢5-C=CH-CH,C
O I -
68 _-CHs > S
<
Ltl ’
69  (85%)

The results for various ketones are summarized in Table VIIT.

Ti.e NMR spectrum (CDCl1,, 100 MHz) of 69 indicates, al expected,
that the product is a mixture of cis and trans isomers. The angular
methy P group appears as two sharp singlets at 6 1.10 and § f:08, aﬂd
the vinyl protons at § 5.84 - 5.62 show as two overlapping trip]gts.
The remaining\gdsorptjons.are: 5§1.9 - 1.6 (m, 8H) methylene protons;
broad singlet at 1.9% f6r.viny1 methyl protons; the allylic absorption
appears as a btoéd doublet at 2.5 - 2.27 (J - 6 Hz), zpd the aromatic
protons exhibit absorption at & 7.3.

fn similar systems which contain one isomer only, the anguiar

m:thy ' appears as a singlet. For example, compound Zgj’*" (prepared

from Z-1,3-dichloro-2-butene) exhibits methyl absorption at & 1.07 as
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Table VIII A
’\\\ Preparation of 2—[y~pheny1thipcroty]]cyclohexanones

. 4 .
RS? CHCH.C1 ) : : 1solated
CH, . Ketone _ " " Product glc yield yield

(1) CeHs . ﬁ m 85 - 57! a80%
_ o (\ |

2) 8 p - 83 - 85% 75%
I:jt:r n-BuS/J[jﬁ;j::;:]

(3) CuoHy 7 80% 72%

: n-ByS '

(4) CeHs ' 85% 75%
O -k '

. . _ _ |

(5) | CeHs | SJ[j\\t::::J 87 - 90% 80%
[ ] ¢ -

(6) CeHs 75% 68%

(7) “CyH, gﬂ:"jl::::] 78% 70%
o .E:?:] n-Bu 0 .



a singlet. Analagously, the angular methy! of_gg appears as a
singlet at § 0.98.

In the NMR spectrum of 66 (CDCl,, 100 MHz) the absorption of the
6-methyl group appears as two doublets at & 1.15 - 1.07 and 1.07 -
1.00 with J = 6.5 Hz. The presence of the two doublets is probably
due to the cis and trans configuration of the doub]e bond. A
similar situation ias observed in 69 where the anqular methyl appears
as two sharp s1ng]ets.1nstead of one. The remaining NMR absorptions
' were éznsistent with the proposed structure.

}n an attempt to extend tbe scope of the alkylation reaction,
a brief study was conducted on the alkylation of copper enolates.

Conjugate addition of organocopper reagents to 2-cycloalkenones
leads to a specific enolate which is regiochemically stable. Recently,
~ these intermediates have been successfully alkylated with several
ieactive halides (methyl iodide, benzyl bromide, allyl chlorides,
etc.)"f“” and were also shown to underd® regiospecific Michae)
reactions with a-silyl-MVK derivatives.??s7%575

In the present study the copper enolate was prepared by the
conjugate addition of 1ithium dimethyl cuprate or polymeric methy]

_copper (I) to 2-cyclohexenone. Attempts were made to trap this

-
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et}olatxth y-phenyl(n-butyl)thiocrotyﬂ chloride in ether;.i. or
THF-HMPA solvent systems. In all thess‘tr1q]s a complex wtﬁture of
prodgpts resy1ted in which fﬁe l‘&jred0compound’.'s obtaiﬁez in less ’
than 30% yield. Moreover, attfmpts to activatq the system by employing
gomp1ex1ng agents like dipeth}] sulfide or excess 1ithium iodide '
provgd ineffectiyg. App::ently copper eno\q;es are insufficiently
reactive toward the thiocrotyl halide system. |

One way of potentially circumventing this lack of Feactixity is
to trapgthe initially generated c0pber enolate as a trimethylsilyl

?

enol ether,'!” and subsequently regenerate the more reactive 11thium

127

enolate from this derivative.3®* If successful, the scepe of the

a]kylatjon would be extended beyond those cases in which only a- or
a,&’-subsxituentswfﬁépk the carbonyi. Tgus. conjuaate addition.gf
1ithium dimethyﬁ cybiafecto cyciohexenone, followed by quenching
with®trimethylsiTy] ch}&;fde produced enol silyl ether_zg in Z?%

L

yfeLd (eq.'62)."The 15thium enolate was generafed by treatment with
», .

F]

\

0 . 0Cu - on 0S1iMe
. Me,Culi C15iMe, N (62)
. :' 1 . f
: 72
» ¥
i’;
‘ OL1

<Mel i ¢S-$=CHoCH,C1
—_— ‘ _ CH )
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L anethy]iithium and this was alkylated \under conditions established
“pre;iously)~ﬁ13h y-phenylthiocrotyl chloride. Thfﬁaaffqrded 2-[y-
«phenylthidtﬁotyi]-34methylcyc10he§gnone in 90% yield. |
Having accomp]ished the aikflation of several representat%ver
ketones, we were .left with the final task of "unmasking® the carbony!
groﬁp and Eyclization of‘the dicarbonyl system to ghe desired

qQ

- octalones. !
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i on the Hydrolysis of 2-[y-phenyl(n-butyl)thiocrotyl]cyclo-

]

v

The hydrolysts of vinyl sulfides to ketones has usually been

hexanone derivatives -

effecfgﬁ under rather drastic aﬁidic:COna1tions.""’ Recently,
however, fwo mild hydrolysis procedures . have been repo?ted. Core;
and Shulman®’® ﬁavg'shown that mercuric chloride in aqueous aceto-
n1tri1e affordsihigh yields of pure ketone (eq. 63), and subsequently,

Mukaiyama and co-workers®? have shown that titanium tetrachloride in

el

T . i ’
.’ a.‘
¢ SCH, 0 CH, -
N yd HgC1 w
/c=c\ AT ¢—C—CH—-¢ (63)
CHy , ® o ~ CH4CH/H,0 '
(83%)

3 ¢

various solvent systems readily hydrolyzes vinyl sulfides to the

corresponding ketones in high yields (eq. 64).. ,

" Strong acid was te be avoided in our system, since analogous

' ‘1,5-dicarbonyl systems are known- to Qreferentiafly cyclize to

undesired bridged ﬂfcyclics.‘?-"' Therefore several mi)d

hydrolysis procedures were investigated.

- .
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Mercuric chloride proddces two equivalents. of hydrochloric
acid during the Bydrelysis of vim;‘l Sulfides. In order to décrease
the acidity of the medta, the reaction of 2 6-d1methyl -2- [y-phenjn;
thiocroty!)cyc‘lohexanone with HgCl, was at‘tempted in the presence
of bases!2? and th101 ‘scavengers such .as:- mercuric oxide, cadmium
cerbo Qe, and ca‘lcium c?rhonate . However, all these conbinations
of reagehts proved enqirely ineffective. Similarly,-addition of - .
e “proton sponge", 1,8-&5’5-(dimthylamino)naphthafene,‘ was wi thout - .
effect. No reect‘lo_n/ 'bok place even after ref‘quin’q for prolonged .
periods of time, . and in all these attempts the starting materials

>

.- were recovered quantitatively. R .

- Even without additives, the phenyl vinyl sulfidee when treated
with mercur'ic chlor{de in aqueous acet,on'l tr11e. failed to undergo
nydro]ysis after 40 hr at veflux temperature (eq 65). Similarly,
2-methy1-2- (y-phenylthiocroty1)cyclohexanone remained enk{langed

© - under these conditions. ‘
In contrast to .the above observations with ‘the phenylthio
derivative, the n-butfylthio analog of Z.dein\ethylcyclbhexanone was
.. hydrol -in excel‘lent yield using mercuric chloride in aqueous

acetonit'rile (room temperafure, 40 hr). Instead of the anticipated )

dicarbonyl compound, however, the bridged bicyc]'lc. 1,2,5-trimethyl- .

&

bicyc'lo[3 3 1]non-2-en-9-one, was isolated in 90% yie'ld (eq. 66). ‘
>

Xnt.erestingly, merCur'lc ch'loride -aqueous acetonitrne failed to

hydrolyze thi’s vinyl sulfide when one equivﬂent of calcium carbonate
, -
was a_dded. ‘

h
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nBu-S

ch‘: '
N.R. v _(65)
CH,CN-H,0 e
."‘ -
CH‘CN;HzO '

- (%)

The dramatic difference in reactivity hetween the pheny! and..

the n-butyl analog may be the result of twe diminished 5.s{¢1ty
of sulfur in thé phenyl derivati

(1nduct1ve/izz;;:\¥eggnggce)

,to electrondc effpcts !

L

Ay

[ 4

However, it {s known\that certain phenyl vinyl sulfides hydrolyze

with HgCl: whereas others do not. For example, Trost and co-workers!1$

"have observed that whereas compound 75 was readily hydrolyzed with

¥ )



oy
uﬁvﬂc chloride in hot aqueous aoctonitri 1e (eq 67). coloaund

'Nyn not. Apparently, rather subtle factors are operative,
requiring different methods to achieve hyd.rolhis. Compound 76,
for example, could he hydrolyzed with TiCl, (eq. 68).

$CH =C—CH, _.Hg€la S - (eny)
¢S | = goH,C0H, :
\ s © o (esx)

Mercuric chloride has been shown to hydrolyze both thiocacetals .

and vinyl sulfides.®®>!2%  This prompted an examination of several

reagents which were also shown to be effective for the hydrolysis of )

E'thioacbetall.lin anﬂcipation that they may hydrolyze vinyl sulfides
as well. Thus, the hydro'lySis‘« of both the phenyl and n-butylthio-
croty]‘derivatfves of 2 6- dimethylcyc'lohexanone was at\emted with .
' copper @) chloride - cépper oxide in refluxing acetode, 12
uprcunc oxide - boron trifluoride in TNF 127 and cehc anmonium

fitrate 1n aqueous acetonftrile.'?®- ‘- However, these reagents were

L3

A



|

_ For,example the reaction of 2-me

-
. ' .

.
found unsuitable for our system. With tho first two rugent
coubinations, tho\tarting material rmined unchangod and ms

recovered quantitatively, and with ceric ammonium nitr;as-o complex

mixture of pmw which , the derived diketorie was !
formed in less yield (glc analysis)

ﬁswsequently. tho;;itaniun tetrachloride- promoted hydrolysis
was investigated. *2 In this procedure the vinyl sulfide is 1n1tiaﬂy

treaud with two equiva]ents of tiuéum tetracMoride at roon

temperature and this is fo'llouod b;' addition of water (4 oquiv.).
The reaction can be carried out suCstfu‘lly 1n three diff ‘
solvents: aoetonitr11e methylene ph'loride. and acet'lc
certain cases thé additigl of one qquiva‘lent of lead hy
remove thiol) has b‘r fould to jncreaie

Init.un results with this proce

,rathor disappointing
enyl thiocrotyl Yeyclo-
thor methylene ¢hioride

hexanorfe with t1 tanium tetradﬂoride ' 2
or -a “lthTe resulted;n a mixture of severa] products as detemined

by glc analysis. Addition.of lead hydroxide did not improve the

outacme of the reaction. | .. * ' :
However, in acetjc acid the reaction was compWte in less than .

thirty minutes and‘djc analysis 1nd1cated Jpe formation of one major

product (75% yield). The 1nfraréd spectrum of the crude mixture .

‘showed no wdewf the antic‘tpatea dicarbony!l compound., Instead,

\
therepwere absorptions at 4680 and 1620 clm‘l (ch‘&racteristic of a_

‘conjugated enone). and glc-mass spectrn_am'lysis of the major component

indicated a molecular weight of @i64. This product.w_as 'is'plated-by

G ——m—
L
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‘gqlm chivutognphy on sil4
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%‘w.” i
ptm?thylom

ca gcl‘(elution

chloride), -and fts mr spectrum proved to be. fdentical with that .of -

“an authcntic sample* of 10-nt.hn¢A‘-’-octa'l-’2-one. pnpared by the

lleathcock and EWdes™ annehtion reaction. ' ‘,g‘

o

This 1ntercsting cbservation suggested that an in situ hydrolysﬂ-

a"‘f

cyc'lintion nut,tlon was being effected Dby TiCl,, and moreover, the

«ive

cycliution was be'lng directed predominantly'. if not exc\usively. to

the destred octalom (eq. 69).

-
]

P - | " ‘ y ‘ . |
11c1, .- @ (69)
» -——-L.:_.n..__'.)
. ’ CH,CO,H-H,O 0 .
‘ sy .
f!i‘

The reaction of tin tetrachloricde was also’ exlnined eith the

above compound since tin tetrach]oride has certai;reseubhnces tq. *

t1tan1un tetrachIoride
o /'

&r example, . the estimted fonic radii

(sn**=0.71A, _Ti**=0.68R) are s1mnar."’ and t'ln etrachlor\'de
\ v t

‘Vike titanium tetrachlor;de

- as' a- typical Leuis acid, ‘givi
b}

is a d‘lstillable "qu*ld whi ch behaves

ng adducts with Lewis donors. . However,

.. the neaction of tin. tetrachloride witn Zrmethy‘l 2- (y—phorwItMocrotyl’

cyclohexanone in either metherne chIonde or acetic acid pnoved nore

sluggish than that of titanium tetrathloride.¢ and the yleld of}he

desired octalone\w{s considerabiy }ower (ca 35-40% glc y1e'|d)

—

* A sample of this compound was kindly provided by Dr. L.M. Browne.

9

L

- : o o



R IR > . ,

et o s L -m
a : ' o . .

\

As 2 ruult of these trul experiments with vnrfous reagent
colbinations. the TiC1, method clearly p to be the most - N
ising. -Further efforts of hydrolysi‘- therefore CORC*’ o
ated on the TIC1, system with the variaus alkylation products

. .

descrjmd previously. R . e
i Thus. 2-(y- phenyIthiocrotyl)cyclohonnone. 77. \ ppfetismooth .
‘ hydrolysis with Ticﬁ at 6%°, ‘mc reaction was coaplo" mmm

and afforded A +%-octalone-2. m 77% gietd (eq. 70).

Co;lpound l?prysial’ﬂzed ‘on 'standi ip the ;‘efrigeratqlr for i
T 'seﬁ;-al months, (m.p. 142-148°). However,. the tr spectrum of the
crystalhne material showed carbonyl absorption at 1715 eam™!, but
no oleﬁnic absorption at 1650 am='. The nmr spectrum ‘Iacked
s . absorption for a vinyl proton, and ebeited only absorptions for
/five aromatic protons at § 7.5 and for fifugen aliphatic protOns
.o at 6 142.7. Tha mlecular weight was deu&md by Mgh resolutio‘n
"llnss svctroscopy as 260.12353 (calcd. for CyeHzeS: 260. 12349),

I‘ which is: the same as that of the startino materia] __Z A comparison ’
, \., . of the mass spectrum of authenic compound 77 and the crystanine :

* product spowed mjor differenas in their vgspecttve Momenuﬁon

) pattems and eagpossessed d%fferent base peaks (133 and 151 respec-

tively). On the basis of this spectral dq;a. 1t is conc‘luded that =
. | ' - :
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77 underwent cyclization in the refrigerator due to traces of acid to
'afford compodnd 79 which fs essentfally an adduct of the enone and
benzenethiol (eq n. '

(71)

e
v
(=]
[ ]

. | 79 .

o Qg.:”;ist .
‘Yo checki?? 1f: g _qﬂ‘cui"{c ncondmo'ns could effectively °

nyd*olyze\vjﬂ’T‘f )

m.’t.—f 1 the 2.6ﬁittﬁy1‘nd the 3-methy1 analog. However,

. .

'lﬁes. two substrates were selected

<
thg fomer proved ua‘ ve towerd reﬁuxing dnute HCl-gthanol,
and the 3-methyl eI Nave a mixture of the octalone and the _
. -v q. )
bridged Mcyc’Hc Wd Similarly an atteapt“’ to hydrolyze
& * a5

the 'm.ter oqnpowj by absorbmg 1t on acid washed alumina“('u 3) .
%and .on 25-! sﬂver nitrete on stlica gel proved ineffective. W
o " The hydrb'lysis of the ’enyl thiocrotyl alky'late of 2 6-
du'nethyl cyclohexanone with titanium tetrachloride broved to be
troublesome’ In coqustm‘rth the prbvjous substrates (which cyclized
ratner readily),. the nyanmfi of this analog was incomplete after
16 hr at Foon tenoerature. _Increasing the temperature resulted in
a faster reaction rate, though t;te yield of the . desired octalone.
was essentially constant, and a new product. 2,6- d1methyl 9-pheny1-

trgo-bicyclo[lt a 0] 1,9- decadiene appeared (Tab\e IX, entries 1 2)



BN

The use of excess TiCl, was. imffectivo at mcrusing the yield of
octalone (Table xx entry 4).

On the other hand, the n-bu;yithh‘.nlog proved more susden-
"tible to hydrolysis. The f-eaction of the 2,6-dimethy] analog with
TIC1, was complete in a rehtive‘ly shorter time period (4 hr 40°)
and tho yield was improved (Table IX, entry 7).

In additioa}o the . dn;red octalone, two other products were
douc‘by gle, 1solate¢f ad characterized as the bridged bicyclic

' cwound 81 and vinyl sulfide 82 (eq 72). ) re
| (72)
n-BuS ,
80 N (72%) 8 (5%) ]
+ . ‘.
n-8u '
.
s - | 82 (18%)

The structure asstgnment of thieenol ether 82 ya based on the
_following spectral data The molecular we'lght was deter&nined as
250 2044 (calcd for C,.H“S 250 2047) by high resolution mass
suctl‘oscopy, thanmr spectrum (CDCI,. 100 MHz) exhibited an

.olefinic absorption for one, proton at § 6.3; the ir absorption
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C

at 1590 cm~! (probgbly'vu. to & conjugated diene system); and the
u.v. spectrumb(MeOH) showed a maximum at 277 mu (€ = 9,150), which

. s strong 1ndicat;on for « conjugated diene system subs t1tuted
by an alkylthio group (calcd. Amax 269 m). A cross-conjugated
structure such as 83 may'thngefere be excluded;

3“[ - ..DQ _

—

»Apparently thioenol cther 82 arose as a consequence of the
reaction of the enone with frée fhio! present in the hydrolyzed
reaction mixture. Retreatmpnt ot 82 with TICl, in acetic acid’
(r.t. 1 hr) gave the desired octalone 1n 75% yield (eq. 73).

TiC1, , (73)
————
n-BuS /OQ ) 0@
. 82 : ) .

(78%)

—
¢

|
Similar observations have also been made n the steroid series.
VDJerqsii and co-workers'®® have found that 3-keto-A*s® steroids
can be converted to conjugated thioenol ethers with tenzylmrcapgan‘
in the presence of pyridine hydrochloride as a citaljst (eq. 74).
Compound 84 (R = COCH,, COCH,0Ac, 0, OH, C

-~

eHy5) shows an ultraviolet

3
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,&p:iinum (dioxane) at 268 mu, which 1s similar to that obtained for

cdupoune 82.

R
- 'CqHs CH, SH ‘ (74)
) S . " 'Y
. * To.
84

In an attempt to circumvent the formation of by-product PZ
the hydrolysis was also carried out in the presence of mercuric
oxide (a thio] "scavenger"). However, this modification led to

;xtensive decqudl’??on and only ca 10-15% yields of bicytlic

enone resulted.
-

The formatiog of the bridged bicyclic ketone GJ in 5% yield
is in shawp contrast to larshal] s results'’ and to our observations ¢
ot thé.%}dro1ysis of v1ny1 sulfide 80 with mercuric chloride in
aqueous acetonitrile. In both these cases. the undesired bridged
f%icyc]ic isomer s the exclusive product.

Marshall and Schaeffer noted that all three y-chlorocrotyl-
cyclohexanones, Ia; Ip» and I, upon treatment with conc. sulfuric

acid at 0°, show a preference for cyclization to bridged bicyclb-

. [3.3.TJnonanone systems IVa, IVp, and IVc, over octalones Ila, Ilp,

"and Ilc (eq. 75).
» 9...7,

v - L sy . B
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a. R = CHy; R! = H
b. R =.H; R! = CH,
c. RaRlacu!
d. R=R! = -~

For examplg, hydrol}sis of la afforded in 58% yield a mixture
(85:15) of dione Ila an&\:;jdged ketone IVa; similarly, hydrolysis
of Iv gave a mixture (87:73) of dione IIb and bridged ketone IVb.
in 61% yieId and no octalone could be detected. Hydrolysis of
I11a, however, produced exclusively the uncesired bridged ketone
IVe 1& 93% yield. ’

These findings provide an interesting contrast with the results
obthingd<by Julial?® on the hydrolysis of 2-(y-chforocroty1)cyclo-

hexanone, id. In this case a mixture was formed in which the
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bicyclo[4.4.0] and the bicyclo[3.3.1] products Qere,formed in
nearly equal amQunts. .

Marshall has suggested that two facters control fhg direction
of the cyclilalion reaction (scheme VII): the ste;ic environment

of the cyclohexénone ‘carbonyl grouping, .and the difference in

stability of the enols A and C (due to hyperconjugative stabiliza-

tion).
\ |
o \
‘Scheme VII
R OH : .
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A

ThdS, it is suggested that methy1 qroups in the 2- and 6-
position on the cyc]ohexanone ring should retard the reaction
"A‘* B. On the other hand, both a ?2- and 6-methy1 qroup might be
é;pected to faciligate the reaction leading to the bicyc1o[3.3.1]
product (C - D). The ehergy differencé &etween the conformer with
an axial. butanone side chain (needed fof'the formation of bridaed
product Da) and the equatorial side-chain confarmer (where
bridging is prohibited by steric effects)-shou]d be smaller in
the 2-me;ﬁy1-2-(370x09uxy1ZEyc1ohexanone intermediate Ca than in
the corresponding desmethyl anatog C (R = R? =fH) where the equa-

'.'tor1aT side chain should be gre}t]y favored Bridged product 1V

might therefore be more easily formed 4
. [
A \ ’ R?- o—-Si(CH )
) . L] 3
R\ ‘/.~OS1(§H,),. R\ Tigl. \
S C=C { + (=0 —m> C1——T1C1,
- ~ e . H
R2 R? RS ) '\c 0
] RZ Rl “ ( RS
~ L 4
o
)
i ¢
/ ) R'\(l)H 0
) . 0 0] H,0 .
-(CH 31C1 2
\( 1) . | “ > S/C\C/C\R3
;C\C/L\Ra R 7\
. ' R .
~ /

- 90°




© . - | -9
. .

The difference between Marshall’ s results and ours 1s undoubtedly
due to the role electrophilic titanium plays in our system
Hukaiyama"’, for example has shown that in crossed-aldol reactions, \
titanfum tetrachloride strongly actwvates the reaction of silyl enol
ethers wiLh carbony! compounds (eq. 76), and saqgests that formation 'y
of chelate 85 is a strong driving force for the formation of toe .
"aldol product. Similarly, House!?? observed that the addition of
divalent metal salts such as MgBr, or especwal]y.ZnC12 to preformed
1ithium enolates, followed by treatment»with‘aldehydes results id
forpation of a single aldol product in 80-%0% yields. Again? this
nas been explained by the formation of a‘metal chelate which‘probably
‘assisted in displacing the equilibrium reaction in favor of aldol
formation, " *

Thus, the driving force in the TiCl,-promoted cyclization to
the bicyc]io[d.a.ojdecanohe,systom is»most reasonably attributed
Lo formation of the intermediate, six-membered cyclic titanium
chelate, £ and/dr F. for the formation of the,bridqed bicyci1c

compound, the 2- butanone side chain of the dﬁone Ilc has to be

in the axial position. There are two important conformers of the
. - o
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side chain to be considered. Ingpection of Dreiding molecular
rodels shows that.in conformer H the plane of the carbonyl group

almost bisects the plane of the enol douBle.pOﬂd. thus preventing

-

0o— .

cfficient overlap of the two = systems. HowéVer, the carbonyl
and %y&roxy1 groups are favorably disposed for‘chelatiqn to titanium.
In Eonformer G; on the other hand, the two T systémﬁlnay lid ih'fhe.a
same plane suitably disposed for overlap. This may faci]itaté c-L
bond formaéion. but the carbony] and thé hydroxyl group are now too
tar apart for effective chelation to occur. ) ’
N In Dreiding models of intermediates E and F, however, both
etficient n -overlap and reasoﬁable bridging distance (for-Ti
cnelat;on) can occur.
Thfs additional stabilization in co;formers E and F due to
chelate formation probably offsets the steric retardation mentioned by

.

Marsha]] 17 and results in preferential formation of the octalone
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However, the f\exibility ofADreﬁding modgls of such systems
cannot permit a clear -cholce between conforher'E and F. New C-C
‘bond formation from conformer f (equatorial atiack) would lead to
a trans-decalin system, whereas conformer F (axfal attack) would
produce a cifs decalin. -House has argued that the'usuAI "ax1a1”
« attack" observed 1h kinetically confrolled alkylation of enolates
is 3qbs;anxially digjnjshed in the presence of chelatihg agents Y
(7n**).1%2  In the latter, the outcome is predominant equilibrium

.

control (1.{., increased equatorial attack)f Howevef?“%his_point
. ‘cannot be reso1ved.in our system..since in none of the cyclization
| oxper1ments could any - 1nte_1'med.iate ketol (or dione) be detected.
Hydrolysts- cycltzat{on of the cyc1ohexanone alkylate Behaved
similarly to the 2.6—d1methy1 analog toward_titanium tetrachloride.
The phenylthio derivative;dnderwent slow reaction and was incemplete
after O hr at 50°. The n-bu£;1thio ana1og,’hpwever, underwent
relatively fast hydro]ysis-cyc]izatioh (i’hr. 50°). and afforded the
corresponding octa1onglin 73% yield (Table X, entries 4,5).
Interestingly, the acidecatalyzed hydrolysis of 2,6-dimethy1-
?-(y-ch]orocnoty])cyclohexanone occurs markedly faster than the
analogous reaction of the monomethyl compounds (Ia, Ib). However,
in_.the T1C1~ -promoted hydro]ys1s of the analogous vinyl su]fides.
the 2, 6 d1methy1 analog hydro1 ses much s1ower than the less
substituted der1vat1ves‘— Thu . the qua11tat1ve rates of the
hydrolysis decrease 1n the following order: 2-methyl > un?ubstituted
- > 6-methyl > 2,6-dimethylcyclohexanone alkylate (similarly, in the
n-butyl vinyl sulfide series the rate decreased in the order: ynsub-

-~

sfftuted > 6-meggy1 > 2,6-dimethylcyclohexanone alkyldte).

. . . L )
)

~. .



. Table X -

.

The reaction of 2-[y-phenyl(n- buty1)thiocrotyi]cyclohexanone y

derivatives with titanium tetrachloride

glc ' {solated

Substrate : Enone yield yield
.
v m m 75% 63%
os' 0 T
i . W
: 67% B
2
5 f 72% 59%
n-BuS:
4 f \J:) 659 -
6™~ 0 0 : )
. m 733 63%
n-BuS 0 0 )
¢S 0
: 0 .
, ¢ 0 e
. /\ . v
/
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Again, this may be explaiﬁed on the basis of steric retardation

and enol stabilization on the one hand, and the chelation effect of

’titanium on the other. . s
s -9 ’

~In the cyclization of coqfoqmér E, for exaﬁp]é. the oxobutyl side

- chain is held in the equatorial  position due to Ti chelatiom. However,

the side chain may be subjected to steric interaction with the methyl
in the 2- and 6-position of the cyclohexanone ring. As a result thes
cyc1{zation of the 2,6-dimethy] anaiog fs ®xpected to be the slowest

in this series. On the other hand, in the reaction of the chlorocrotyl

. B . @
+ analog leadipng to the bridged bicyclic ketone, the oxobuty!l sfdg chain

{in the axtal posit1dn)’encounter§ less steric interaction.!’ Moreover,
since the endocyclic enol Cc of the 2,6-dimethyl alkylate is more

$table than analog Ca (due to hyperconjugative effects) it is observed .

to cyclize faster. -

4 .
In conclusion, tif;nium te%rach]oride in acetic acid was found to
be very effective for the hydrolysis and cyclization of viny! suﬁfides.

The hydro 2-[y-phenyl(n-buty1)thiocroty]]cyclohexanqpe

dgnivatives conclude' e scheme for the preparation of octalones.

. Although the yields off the hydrolysis reaction are in the vicimity
- of 60%, the reactionf/holds a particular place of importance. Whereas
other exi%ting_mev ods obtain these products after lengthy multi-step

Y/

* Interes;ingly, this reagent Combinaéion has recently been observed
by Dr. Mortimer!?* to hydrolyze viny} selenides instantaneously in
good yield. : .

[3

\\«’Q§§<:iii\/’ LN NSNS
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procedures, the present scheme succeeds in preparing difficulty

. obtainable octalones (11ke 8,10-dindhy1-1(9)-dctal-2-one) in

W -
¥ . - 96

'
[
~n

two facile steps from the Starting ketone.

| L e



. ,  EXPERIMENTAL

ggpegdl Considerations

Infrared (1h spectra were recorded on an Unicam SP1000
°

Infrared Spectrophotometer. Nuclear magnetic resonance (nmr)

spectra were run on a Varian A-60 or HR-100 spectrometer. Unless
otherwise stated, deuterated chloroform (CDC1,) wﬁ; employed as the
solvent with tetrametﬁy]siTane (TMS) as the internal r;?erence
standard. Themical shifts are reported as & values relative to

TMS = 0. The following abPreviations were used in the text:

s *» singlet, d = doublet, t = triplet, and m = multiplet. Mass
spectra were recorded on a AE]l Model MS-2 or Model MS-9 spectro-
meter. Spectra are reported in the fo11Pwinq f;shion: m/e =

peak mass (relative fntensity).

Gas liquid chromatography (3lc) was performed using an
Aerégraph A-90-p3 and Varian Aerograph series 1200 gas chré&atoqraphé.
The followiny columns were used: églumn A: 5'/1/8" 5% SE-30 on
chromosorb G-DMCS; column B: 5'/1/8" 5% OF-1 6n chromosorb W;
column C. 10'/1/8" 15% SE-30 on chrgfgsorb W; column D:» 5'71/8"

20% DEGS on chromosorb W; colump E: 5'/1/8" 10%“carbowax 20 M on
chro&os b W. . | —

Refractive indices were measured on a Baﬁsch and Lemb Abbe-3L
Refractometer.

The alkylation and reduction reactions were carried out under

an atmosphere of oxyaen-free nitrogen.%®

-

»
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The concentration of commercial wethyjlithium in ether (Feote,

1.8-1.6M) was determined by tjtn‘tion with 2-butanol in xylene.'?®
\ ' '

)

Preparation of ethyl 1-phenyljn-bu&xj)thiocrotonbte'

" E£thyl g-chlorocrotonate. This ester was made by a modification of

Vernon's method.?® A suspension of prosphorus pentachloride (418 g,
4

"2 mol) in benzene (300 wi) was kept at 0° with stirring. Ethyl

"

acetoacetate (130 g, 1 mnl) was added Aropwise durina 3 hr. The
mixtureguas ctigred at 0> for 24 hr  Ice-cold methanol (300 cc)
was added slowly (6 LPY. with eff1g1en£ stirring at C't;; 5°. “The
reaction mrxture was then neutralized yith cold saturated solution
6f "sodium hydroaen carbonate (ca 500 ml). The mixture was then
vxtracted with peftane | x }00 r1), the organic layer was washgd
with water, -then with brine and dried (Na,SO,). After removal of

the'sol‘snt at atmospheric pressur?!the crude product was distilled

under reduced pressure. This affo ded 90 q (62%) of ethyl 8-

* chlorncrotonate (as a mixture of the E and Z 1somérs) b.p. 48-70¢/

10 nm; ir (liquid fitm). 1721 and 1712 (C=0, E and Z), 1637 and
1651;(C=C. € and Z), 1187 /C-0, ester str.), 685 and 658 cm™! (C;Cl)
str, E and‘Z isomers); nmi- & 6 1 (br, s, 1H) CH,C(C1)=CH, 4.2 19,
J =74z, 2H) CH,CHO, 2.6 {d, J = 0.5 Hz, 3H) CH,C(C1)=C (Z isomer),
2.25 (d, J = 0.5 Hz, 3H) CH,C(C1)=C (F isomer), 1.3 (t, J = 7 Hz,
3H) CH,CH,0.
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Ethyl B-phenylthiocrotonate (E and ? mixtg:gi Benzenethiol (44 a,

0.4 mol) was added to an ethanol.solutfon (150 ml) cqn;ainjnq an
equivalent amount qf sodium ethoxide (from 9.2 q Na, 0.4 mol) at
0°C. To ihis solution ethyl B8-chlorogrotonate (67.7‘9. 0.45 mol)
was* alded drobwise over a period of 15 min at 0° and ghe reaction
mixture was stirred for an additional 2.5 hr, during which time a ,
white precipitate developed. At the end of this perpod, the mixture
was poured into ice cold water (41) then extracted with ether (5 x
100 m1). The combined ethet extracts were reduced in volume and
&rieﬁ (MgSO. ).  Ether was wemoved by distil1a%ion at atmospheric
pressyre ‘nd'thd‘residue was fractionally_dis;tlled throuagh an

8 em Yigreux column at 1.5 mn. This afforded 72 g (803) of an E- and
Z-mixt§re. fhe first fFaction. b.p. 127-12° (1.5 g), .was the Z
1somer. The second fraction, b.p. 129-134° (66.3 q) was a mixture

of E amd 7 1somers, ir (liquid film): 1698 (éfb). 1595 and 1587
(C=C), 1580 (L:CAar. str.) 644 cm-! S str.); nmr: & 7.45 (m,

5H). 5.9 (m, YH) CH=C (Z isomer), 5.3 (m, YH) CH=C (£ isomer)

4.15 (9, J = 7 Hz, 24) CH,CH,0.,-2.48 (d, J = 0.7 Hz, 3H) CH,C=C

(Z isomer), 1.8 (d\<1::l;/7 Hz, 3H) CH,C=C (E isomer), 1.2 (t,

J = 7 Hz, 3H) CH,CH,0; mass spectrum m/e: 222 (72), 177 (51),

149 (100), 134 ?19). 110 (36)., 85 (32). The third fractiqn. S.p.

134-136° (4.2 g) was the £ isomer,

Ethyl B-n-butylthiocrotonate - n-Butylthiol (38 g, N.42 mol) was
added to ethanol (200 ml) containing an equivalent of sodium.

ethoxide (from 9.8 g Na, 0.42 mol) at N°C. 1u this solution



ethyl B8-chlorocrotonate (62.95 q, 0:424.mol) was added dropwise over
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s period of 15 min at 0°C. fhe reaction was left stirring overnight .

t room temperature during which time awhite precipitate formeg. “.

The mixture was poured into ice cold water (4 1) and extracted with
<ether (4 x 200 m1). The combinep ether extracts were reduced in
volumi‘and dried (MgSO,). Ether was removed by‘d15t1llation at
atmbspheric pressure and }he resgeye was fractionally d1:t111éd
through an 8 cm VigreuxX column to afford 73 q (86%) of the E-and 2-
tsomers. The first fraction (3.2 g)..distilling at 99-102° was the
7 isomer. The second fraction (68.2 g), distilling at_102-118, was
the mixture of £ and 2 150;ers; tr (iquid film): 1710 (C=0),
1600 (C=C)i nmr: & 5.75 and 5.48 (br, s, 1H) CH=C (E and 7),
4.12 (g9, J = 7Hz, 2H) CH4CH,0, 2.72 (br, t, 2H) S-CH,CH,, 2.38 and
2.2 (d, J = O.é Hz, JH) CH;-C=C (E and 7), 1.85 to 1.4 (m, aH)
M,CH,, 1.3 (t, J - 7 Hz, 3H) CH3;CH,0, 0.9 (br t, 3H) CHy(CH,),S:
mass spectrum m/e: 252‘(92),\177 (10), 169 (13), 157 (1n0), 156
(85), 146 (94), 127 (411}_125 (26), 124 (40), 10N (71), 100 (98),"
85 (26). The third fgéction (5.8 q) distilling at 118-120° was thé

3

£ isomer.

)

Preparation of ethy! 1:pheny](n‘Sbtxj)thiocrotonate from ethyl

acetoacetate. A mixture of ethyl acetodcetate (6.5 g, 0.05 mol),

benzenethiol (5.4 g, 0.05 mol) and p-toluenesulfonic acid monohydrate
(0.5 g) was refluxed in benzene (SO.m]) over a period of 10 hours

wtth azeotropic removal of water. At the end of this period thé

D

reaction mixture was quenched with cold saturated potassium carbonate

]

(&



e

THF. Then ethyl acetoacetate (4.64 g, 40 mmgl) was added dropwise

/ "« 10V

sOlution (50 m1), then extracted with ether (3 x 28 nl) The s

ovqanic layer was washed with water and brino and dried (Na,SO.) ;T
Rcmoval of solvent (rotatory evapor;tor) and froctlggll dlstillction o
ufforded 6.9 g (83%) of ethyl 8- phenylth1ocrotoQau!'(t and 7 nixturo).

b p. 127 136°/1.5 mm, possessing 1r, nmr and me€s spectra 1dont1ca1 ‘e

with & sample prepared by Verndh s route i Thc residue, phety1-

thioacetal of ethyl acetoacetate, wes pur!fiea by evaporitive
distﬂhﬂon (no'/o 02 wm) ;" rer, 6 7.8 to 7.4 (m, 10H), 4,18 (9, 2M)
Ch, CH 0, 2.8 (s, 2H) CH,CO, Et. 1.65 (s, 3H) CH,C(S&):- 1.25 (t, 3H) .
CHyCH,0; mass spectrum m/e: ~ 332 (0.6), 287 (1. 9), 260 (3. 2).

223 (64), 177 (32). 151 (100), 129 (62).

(

Ethyl B-n-butylthiocrotonate was prepared as described above from

ethyl acetoacetate (6.5 q, 0.05 mol) and n-butylthio]l (4.51 g, 0.NS mol)
to ufford 6 g-(59%) of.ethy) B-n-buty1thf9crotbnate. as a mixture

of F-and 7 isomers with identical properties (b.p., nmr, ir) to

<

material prepared by Vernon's route. ‘
z ) : -

Prepnrntidn ofﬁéjhyl 3-oxopentanoate®! - To a dry 100 ml1 fTask

equipped with a magneti€ stirring bar, thermometer, pressure.
equalizing addition funnel. and- nitrogen imlet, was added sodium
hydride (2.16 g, 50% mineral.oil, 44 mmol). The flask was flushed

with nitrogen, cooled in an icebath and charged with 35°cc of dry

~—

~and the colorless solution was stirred fpr 10 n‘n at 0°. To this

solution was added,'dropwise. a salution of n-butyllithium (17.3 m),
9



2.43 m, 42 mmol) in hexane. The resulting yellow soluti
- dianion was stirred at 6“ for an additional 10 min. Me
(6.25 g, 44 mmo1) in THF (10 m1) was added dropwise (10

and‘the mixture was allowed to warm to room temperature‘

(26 min). Then a mixture of 8 ml of conc. HC1 in 20 ml
50 m1 ‘of ether was adde&. The aqueous layer was extract
ether (2 x 20 ml1). The organic extracts were combined,
watér unti) neutral, and driedA(MgSO.). Evaporation of
ang fractional distillation produced 3.2 q (75%) of ethy
bep. 62-64/3 mn (1it.1%* 75-78°/9 mm), ir(CHC15) 1740
(C=0); nmr: & 8.22 (9, J - 7 Hz, 2H) CHsCH,0, 3.48 (s, |
2.59 (q, J = 7.2 Hz, 2HY CH,CH,C=0, 1.3 {t, J = 7 Hz, 3H
1.08 (t, J = 7.2 Hz, 3H) CH,CH,C=0; Pass.spectrum-m/e:.'
(Calcd. for C;H,,0,° 144.0706), 144 (28), 125 (28), 99 .
69 (20), 57 (100), 43 (40). .. |

’

4Reaction of ethyl 3-oxopentangate with benzenethiol in tt

P-TSA. A mixture of ethyl 3-oxopéntanoate (3.08 g, 22.¢
benzenethiol (2.35 g, 2.16 m1, 22 mmol), and p-toluenesul
monohydrate (0.5 g) was refluxed in benzene (50 mly for 1
azeotropic removal of water. Then 50 ml! of a cold saturat
carbonate solution was added and the aqueous layer was ex
ether (3 x 25 ml). The organic extracts were combined, w

water, then brine, and finally dried over Na,SO,. The so
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apparatus to afford 3.1 g*(62%) of a mixture (50:50 by nmr) of ethyl
3-phenylthio-2-pentanoate and ethyl 3-pheny1thio;3-pentanoate. b.p.
105-125°/0.02, 1ir (liquid film): 1745 (C=0, B,y-isomer), 1715 (C=0,
a,B-isomer), 1600 cm~! (C=C); nmr: & 7.3 to 7.25 (m, 5H) aromatic
profons, 6.15 (m, 1H) CH,CHQC. 5.2 (s, M) (=CH-CO,Et, 4.1 {q, &)
CH4CH,0, 3.25 (m, 2H) CH,CO,Et, 2.9 (g, J = 7.5 Hz, 2H) CH,éh2C=CH.
8.1 (d of\t, 3H, Jus ; 5 Hz, Jzﬁ = 0.5 Hz) CH,CH=C-CH,, 1.3 (t,

J = 7 Hz, 3H) CH,CH,0, 1.08 (t, J'= 7.2 Hz, 3H) CH,CH;C=CH; mass
spectrum m/e: 236.0879 (Calcd. for Cy3Hy¢0;S: 236.0871) 236 (100),
218 (11), 191 (110), 190 (40), 163 (40), 162 (22}, 135 (27), 136 -(39),
110 (60), 109 (35), 99 (39).

Synthesis of Ethyl-5-phenyl-Z-pentancate®® - To a cold (-78°)

solution of allene (ca 4.5 ml, 75 mmol) in.ether (35 m1) a so1utibn
of n-butyllithium (Foote, 34.5 ml1, 1.52 M, 52.5 mmo1) waé a&ded over
a period of 30 min. The mixture was slowly allowed to w;rm to -15°.
and then stirred for 15 minutes at this temperature. A solution of
benzyl chloride (1.9 g, 15 mmol) in ether (10 m1) was then added at
~15° over a period of 15‘minutes. The mixture was warmed (30 min)
to room temperature, and one hour. later was cooled to -78°. Freshly
distilled ethyl cﬁ]oroformate (40 g; 0.37 mmol) was added -dropwise
(30 min) anﬁ the temperature was gradually allowed to increase to
25° (3 hours). The reaction mixture was poured into ice-water,
saturated with sodium chloride, and extracted with ether. The
organic‘extracts were combined qu wa;hed with saturated ammonium

chloride solution, brine, then dried over Na,SO,. The solvent was

ﬂ
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removed (rotatory evaporator) and the residue was distilled to

_ provide 2.43 g (80%) of ethy) (5-pheny1-2-pentynoate (b.p. '118-119°/

0.4'mn); nD’° 1.5210; ir (thin fiIm) 2240 (CzC), 1715 (C=0), 755 and

705 (CeHs)s nmr: & 7.17 (s, 6H) CeHg, 4.08 (q, J = 7 Hz, 2H) -0-CH,,
» L]

2.62 (m, 4H) CH,CHy, 1,18 (t, J = 7 Hz, 3H) Hy; mass spectrum m/e:
202.1001 (Calcd. for CysHyu0z: 202.0994), 157 (12), 129 (37),
91 (100), 66 (17), 51 (10), 39 (9), 29 (12).

-~

Reaction of ethyl 5-phenyl-2-pentynoate with sodium thiophenoxide.
)

Benzenethiol (1.33 g, 0.011 mol) was added to ethanol (75 m1)

containing an.equivalent amount of sodium ethoxide (0.258 g Na,
1.2 mmol) at 0°, T0'this\sq1utipn ethyl 5-phenyl-2-pentynoate
(2.268 g, 11.2 mmol1) was adéed dropwise over a period of 15 min™—
at 0°C. The'resulting mixture was left stirrjng ovgrnight-at room
temperature, then poured into ice cold water (1.5.1). After
extracting the mixture with ether (4 x 100 m1), the combined ether
extracts were reduced in volumé and dried (MgSO,). Ether was then
removed (rotatory evaporator) and the residue was distilled (bulb
to bulb) at 118-120/0.015 mm -to afford 2.6 g (88%) of a mixture of
5-phenyl1-5-phenylthio-2-pentanocate and 5-phenyl-3-phenylthio-3g .
pentanoate} ir (1iquid film): 1740 (C=0,v8.yfisbmer), kllp cf?f(?

™

) . : 1 ~—/ v
a,B-isomer), P30 (C=C), 1200, 775 and 705 cm~' (C¢Hs); mass spectrum

m/e: 312 (4.4), 218 (19), 202 (36), 174 (43), 168 (32), 157 (34),
129 (100}, 128 (64), 109 (309, 91 (39). :
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Reaction of ethyl B-phenylthiocrotonate with DIBAH 1h'THF. To a

100 mt" 3-necked flask equipped with a magnetic stirring bar,
thennohgter. condenser, pressﬁre equalizing addition” funnel anﬂ
N2 nlet was added THF (15 m1). The flask was cooled to 0°"and DIBAH
(A1fa, 6.4 g, 8 M, 0.045 mol) was then added under N,. To this
solution ethyl B-phenylthio?rotonate (5 a, 0.02% mql) 16 Tﬁﬁ
(10 m1) was added dropwise (15 min)» at 0°. The reaction mixtLre'
was allowed to warm slowly to room temperathre and kept stjrring
at this temderathre for an additional 2 hours. After the mixture
was cooled- to ;10°C, methano) (15 @1) was ad&;d dropwise (15 min)
followed by 15 ml of cold water. wheﬁ H, evolutjon ceased, the‘
reac&jon mixture was p&ured into a saturated soiution of botafsium
<§rhonate (50 m]),.then extracted with ether (3 x 25 ml1) and dﬁiedu
(Na250~). After removal of solvent (rotatory evaporator) the.
residue was distilled to provide 2.8 g (69%) of 3;pheny{thio-2-:
butanol (mixture of the £ and Z isomers) b.p. 111-i2§)0.3 mm, ir
(1iquid fiIm): 3350 (OH), 1640 (C=C).v1000 (c-0 st); 750 and 700
an ! {CHs); nmr: 6 7.3 (m, 5H) CeHs, 6.1 to 5.55 (m, 1H) CH,CH=C,
4.35 and 4.1 (br d, J = 7.5 Hz, 2H, E and Z isomer) C=CH-CH,-OH,
2.35 (s, 1H) OH, 1.95 (br s, 3H) CH;; mass spectrum m/e: 180 (55),
16t (16), 149 (51), 111 (30), 110 (100), 109 (36), 108 (28),
77 (30). ‘Anal. calcd. for C,oH,,0S: C, 66.60; H, 6.66. Found:
C, 66.78; H, 6.58. '

Reaction of ethyl 8-n-butylthiocrotonate with DIBAH in THF. Ethyl

B-n-butylthiocrotonate (4.55 g, 0.022 mol) was reduced with DIBAH

J
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(alfa. 6.4 g, 8 m, 0.045 mol) as described above to afford 2.5 q

(70%) of the £ and Z 1somers of 3-n-butylthio-2-butanol. An

ana1yt1ca1 sample was obta1ned by bulb to bulb d1st111at10n,70°/

0. OZ’TT) fr (Viquid film) 3400, 1’!0. de 1000 cm=d;  nmr:

8 5.8 to 5.25 (m, H) CH=C, 4.16 (d, J = 7.5 Hz, 2H) C=CH-CM,-OH

2.9 to 2.65 (t, 2H) CH,-S, 2.72 (1, H) OH, 1.95 (br *s, 3H) CH,,

1.78-1.34 (m, 4H) CH,CH,, 1.0 (t, 3H) CH,(CH;),S; mass spectrum

n/e: 160 (34), 143 (6), 103 (190). 90 (77, 87 (1), 86 (10),

75-(14), 71 (16), 69 (}0). Anal. C&lcd. for'C4H,¢(0S: C, 59.94;

H, 10.06; S, 20100.~ Found: C, 60.15; H, 10.11; S, 20,05.

‘.
-

Reduction of ethyl 8-pheny1§h19crotonate with ﬁuminum#‘;;dri&e in .
~ether!®Z  Alumthum chiloride (0.895 q, 6.75 mmol) uas'idd{p toa
suspension of LAH (0.77 a, 20 mmol) in ether (15 m1) at 0° wnder

N.. Dissolution of aluminum chloride and precipitation of 1ithium -
chloride took place readi]y upon warming to room tempeiature; A
so]utionlof ethyl- 8-phenylthiocrotonate (3 g, 27 mmol) in ~ ml

of ether was then added, and the reaction was stirred for 30 min

at 0°, theﬁ fg; 2 hours at‘room temperaturé. At the egd of this

period the reaction mixture was quenched wiih ice cold saturated
potassium carbonate solution 290 ml) and extracted with ether (3

x 20 ml). The éombined extract was washed with water, brine and

dried (Na,S0,). .After evaporation of solvent, the residue was
distilled to afford 1.95 q (80%) of 3- phenylthio 2-butanol, b, p-
108-123°, 10.3 mm (E and Z 1somers), identical 1n all respects to

the compound obtained by the reduction with DIBAH

’
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Reduction of ethyl g‘phenylthiocrot ate with a!um1num hydride in THF
Aluminum chloride (1. 99 g, 13.5 mool) was pﬁaced ina2s0m 3-necked

flask equipped with a magnetic stirring bar and N2 1nlet: The f1ask
was stoppered with a septum cap, flushed with nitrogen and cooled
‘*(ra’-28). Then THF (25 ml) was‘syringed into the flask portionwise

;”/;;&othenmic reaction) and the resufting solution was allowed to stir
for 30 min at room _temperature. A separate 3-necked flask (equdpped
with an addition funnel, magnetic stirring bar, condenser thermometer -
and N, inlet) was charged with LAH (1.58 g, 40 mmol), cooled ( 10°)
and THF (10 m1) was acded. To this suspension the preformed ’ \\\
aluminum chloride solution was added and the reaction mixture was

- stirred for 15 min, at 0°C, Then ethyl B~ phenylth1ocrotonate (6 9.

54 mmol) in THF (10 ml)-was added dropwise (15 min) ah% the reaction
~temperature was kept between 0° to 10°. This mixture was .allqwed to
slowly reach room temperature and was stirred for an additional 1.5 =
hours. At the end of this period the reaction was quenched wfth a
<aturated solution of potassium carbonafe (400 m1) and extracted
with ether (3 x 75 m]). The combined extract st washed- with-water,
brine and dried (Na,S0O,). Solvent was removed (rotatory evaoorator)'
and the residue was distilled to afford 4.4 g (90%) of 3- phenylthio-
?«butano1 b.p. 108-123/0.3 mm (E and Z isomers) identical 1in a11
respects to the cOmpoundhobtained by the reduction with DIBAH.

<

Reduction of ethyl 8-n-butylthiocrotonate with aluminum hydride in THF'~

In a similar ﬁanner. ethyl B-n-butylthiocrotonate (5.44 9, 26.5 mmol)

, was reduced with aluminum hydride in THF solution.’ The aluminum

-
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hydr1deqwas ‘made from alu!‘h‘num chloride (1.99 g, 13.5 mmol) and
LAH (1.58 g, 40 mmol) aceording to, the procedure described above.
This reduction“"orded 4 g (94%) of 3- n-buty1th10-2 butanoﬁ
identical in all respects to the alcohol obtained by the reduction
of ethyl B—n-butyIFhiocrotonate with DIBAH. '

. .
@

Attempted conversion of 3-phenylthio-2-butanol to the corresggpding

halide via Meyers' method.'®* A stirred mixture of the allylic
alcohol §0.6 g.‘3.5 mmo?) and s-collidine (0.425 g, 3.5 mmol) under
nitrogen was treated with 3ithium chloride (0.14 g, 3.3 mmol) 3
dissolved i@ dry DME (3 m1). The solution was cdo1ed to 0°C and

.methanesu"onyl cMoride (0 4 g, 3.5 mmol) in DME (&m]) was added

dropwise (15 min). §t1rr1nq was continued at 0° for 1.5 hr. At

‘the end of this period the reaction mixture was poured over fce-

water. The aqueous layer was extracted with cold ether-ﬁentaﬂe

(1:1) (3 x 10 ml) and the combined extract was washed with saturated

copper nitrate solution (3 x 10 m1). The organic extract was dried

975 em-1.

(Na,SO,) and concentrated (rotatory eveporat'or) to afford a brown

011 which exhibited no absbrdtion at 1255 cm-! {in. the ¥hfrared
. o 1

spectrum, ir (lljuid fiIm): 3075, 3615, 1680, 1630, 1230, 925 and

N

«

Reactt of 3-phenylthio-2-butanol with tri-n-butylphospnine in

carbon rachloride. To a magnetically-stirred solution of
3-phenylthio-2-butanol (3.8 g, 20.3 mmol) in carbon tetrachloride

under nitrogen was added tri-n-butylphosphine (5.1 g, 6.3 ml1, 25 mmol)

[
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dropsze (18 min)‘at 0°C. No apparent egothermic reaction took
" place at this temperature. The reaction mixture was slowly waf&ed *
to 10° (15 min) at which point a mild exothermic reaction took
place (temperature rose to 20°), The mixture was stirred for an
additional 15 min, then concentrated (rotatory evaporator). The
residue was trturated with pentane and cooled to -78°. The
resulting solid was filtered and washed with cold pentane. The
combined pentane washings were washed with water, then brine and
dried (Na,SO.). Removal of the solvent resulted in 2 brown oil
which exhibited the foTlowing ir absorption: (liqugg film) 3080,
2980, 2900, 1635, 1590, 1255, 1165 975; 910, 795, 775, 700 cm’l
.(mdxture of the a- and Y- phenylthiocroty1ch10r1de)

e

Preparation of y-phenylthiocrotyl chloride via Young's method.!\®

A 100 ml 3-necked flask equipped with thermometer, addition funnel,
maqneti& stirring bar, Dry Ice condenser and nitrogen inlet was
rharged with 3 pheny]thio 2-butanol (2.88 g, 18 mmol) and tri-n-
butylamine (3.2 g, 18 mmol) in 20 ml of ether. The flask was cooled
tc -20°C and thionyl chloride (1.2 m!, 18 mmol) in ether (20 ml) was
' added dropwise over a period of 1.5 he at -10 to‘-20°C. 'During the
addition of SOC1, a stow stream of N, was hsed to sweep out SO, and
HCY. The reaction mixture was kept for an add1t1ona1 1 hr at -5°
.to 0°, then poured into 1ce-co]d vater (300 ml), and extracted with
pentane (3 x 60 m1). The combined pentane extract wag washed with
brine and dried (Na,S0.). Remoyal of solvent ieft_a pale yellow

liquid (3.05 g, 85%) which was usé? immediately in the alkylation
. - o



‘reaction withouf'puritésrtion. 1r'(11quid film):' 1830 (C=C),
1470, 1440, 1375, 1255  (y,y-dissubstituted allylic chloride)!?! | _
1180, 1090, 1060, 1023, 778, 700 cm~'; nmr: & 7.35 (m, SH) CeHs,

5.98 to 5.38 (m, 1M) C=CH-CH,-C1, 4.4 and 4.05 (br d, 2H) .

C=CH-CH,-C1 (E and Z isomer), 1.85 (m, 3H) CH,; -ﬁass speci:ﬁﬁ/;/e:

198 (36), 163 (100), 135 (46), 130 (36), 124 (24), 110 (45), V39 (38);
91 (19), 77 (24), 71 (23).  ° - . | ‘
A sample of crude Y-pheny}thioéroty! chloride was subjécted to"
bulb to bulh dfistillation, b.p. 72-78°/0.025 mn to afford a colorless
11quid in about 36% which is tentatively 1deqt1f1ed'as 2-pheny1thio—.

1,3-butadiene. The nmr shows only aromayic aﬁd olefinic pro
at 6 7.35 (m, SH) CHs, 6.68 and 6.35 (¢ = 10 Hz, 2H), 5.85 to
$.08 (m, 3H); mass spectrum m/e:‘ 1@5>(83). 147 (23), 1?9 (46), -
110 (67), 91 (A5), 71 (100), 53 (86), 4). (49), 45 (36), 39 (40).
A sdmple of the crude y-pheﬁylthfo}hlo}ide waS chroq@tographed
rapidly over nebtra] (uoelmi'silica gel (activity III) using pentane
and then pentane : methylene chloride (1:1 by volumej as eluant.
Examination by inf;ared of.the fractions collected frém the column
showed no absorption at 1255 cm~! (instead carbonyl absorptions at
1715 cm™! and 1685 cm"aﬁpeareddhifh indicated isomerization and

hydrolysis of the chloride). ' .

Preparation of y;n-butylthiocrotyl chloride. In a simi]ar manner,
y-n-butylthiocrotyl chloride was brepared from 3-n-bhty1th10-2-
butanol (4 g, 25 mmol), tri-n-butylamine (4.8 g, 26 mmol) and éhiony]
“chloride (3.1 g, 1.85 ml, 26 mmol) in 40 ml of ether. This afforded
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"3.7g (hsx) of pale yellow oiI,uhich was used witﬁout purification
in the a]k{lation reactions. 1r (liquid film): 2980, 2925, 2785,
1635 (C!C). 1465, 1440, 1380, 1255 (Y.Y-disubstitutld allylic
chloride),'?!* 1175, 1090, 1060, 1030 cm". nmr: & 5.85 to 5 (m,

N e )
1H) CH=C, 4.28 and 4.05 {d, J = 8 Hz, TH) CH-CH,-C1{| 2.65 (br t,

2H) CH;S, 1.95 and 1.6R (br s, 3H) CH,, 1.68 to 1.07)(m, 4H) CH,CH,,

0.85 (8, 3H) CHy(CH),5; glc mass spectrum, m/e:
127 (6), 113 (7), 99 (14). 86 (100), 85 (35), 71 (
53 (54), 45 (50), 41 (64), 39 (41). Y
A]k_ﬂation of 2, 6 dimth_ylcyc‘lohexanone w’ ohen_xl V

chloride 1n DME. A 100 m] 3-necked flask equipped with addition

funnel, magnetic stirring'bir. thermome ter, and N, ‘inlet was charged
with methyllithium (4.64 ml, 1.8 m, 8.35 mmol) in ether. The solvent
was removed under reduced pressure and repléced by DME (10 m).
?2,2-Bipyridyl (10 mg) was added (resulting iW a purple solution)
and the solution was cm-sm. Di'isopropy’lami,ne (0.844 g,
8.35 mmol) in DME—(S m) . ded &ropwise and with stirring over

5 min. The resulting redd%sh-purp]e solution was stirred at -20°
for 5 min and tb&’?]()un] of a soiution containing 2,6-dimethylcyclo-
hexanoﬁe (1 9, 7.94 mmo1) was added drgpwfse wtth stirring over 30
min, during which time the-temperature of the.§o1ution was kept
between -20° to 0°C. The resulting reddish-purple (iﬁdicating the
presence of excess lithium diisopropylamide) so]utién was warmed to

30° and then y-phenylthiocrotyl chloride (13|nmo1) in DME (10 m1)

vas added rapidly (15 sec). The resulting mixture was warmed to
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40° and stirred for 1 hr, then left overnight at room temperature.

At the end of this period the reaction m{xture was poured into 50 \
mi of_ cold saturated sodium bydrbgen carbonate so]utio;\ and ei‘
with pentane (3 x 15 ml1). The ventane extract was washed succe;sfve1y
with aqueous 5% HC1 and aqueous sodfum hydrogen carbonate solutton,
dried and concentrated. The residue was chromatoqraphed o?er neutral
(Woelm) silica gel, activity III:'using skell B, then skelly B
methylg;e‘chloride (2:1 by volume) as etuants. This yielded 0.3 g
(30%) of starting material, 2,6-dimethylcyclohexanone, followed by
Z-phenylthio-1,3-butadiene (decomposition product of the startiﬁg.
hafide) and finally the product, 2,6-dimethy1-6-[y-phenylthiocrotyl]

' cyclohéxanone 1.4 § (65%), as a.yellowish ofl, ir (1iquid film):
1715 (C=0), 1635 (C=C), 755 and 705 cm~' (CeHs); nmr: & 7.3 (m, SH)
CeHas 5.84-5.62 (m, 1H) CH,-C=CH-CH,, 2.8-2.5 (m, H), 2.5 to.?.27
Abe, d, O - 7 Hz, 2H) CHy -C=CH-CHg, 1.93 (br, s, 3H) CH,y-C=CH-CH,,
1.9 to 1.6 (m, 6H) methylene protons, 1.15 to 1.07 and 1.07 to 1.00
(d, J = 6.5 iz, 3H) (H,, 0.95 (s, 3H) CH,; mass spectrum m/e:

288 (182), 196 (85), 163 (100), 135 (25), 130 (18), 126 (24), 110 (35),
95 (16), 69 (17), 55 (24). Anal. Calcd. for C;4H,,S0: C, 74.95;

M. 8.38; S, 11.11. Found: C, 74.84; W, 8.49; S, 10.78.

Alkylation of 2,6-dimethylcyclohexanone with y-phenylthiocrotyl

chloride in the presence of 1ithium iodide. To the solution of the
lithium enolate of 2,6-dimethylcyclohexanone (1.51 g, 12 mmol) -#n
DME (20 m1) at 0° (prepared according to the above procedure using

12.¢ mmol of methyllithium and 12.6 mmol of diisopropylamine),

¢ v
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1ithium fodide (2.16 g, 16 mmol) was added under nitrogen and the
flasg'was wrapped with aluminum foi1¢ This was followed by rapid
addition of the halide (ca 16 mmol), tn DME (10 m1). The resulting
mixture was stirred for 30 min (during which time the temperature

rose to 25°), then worked up as described above. After remgval

of the solvents, the concentrate was shown to contain three compo;
nents by glc analysis (column A, temperature programming 90“25°°';
program rate 15°/min). By comparison with authentic samples
(prepared previously) the components were identified (in order of
elution) as 2,6-dimethylcyclohexanone (8%), 2-pheny1thio-1.%;
hutadiene (not estimated) and the desired<;roduct,2.6-d1methy1-6-
Ly-phenylthiocrotyl]cyclohexanone (85%). Chromatoqraphy as before
yielded 2.7 g (80%) of the monoalkylated product.

Purification by carbon chromatography. Carbon chromatoaraphy was

effected on Barnebey—Cheney AU-4 carbon which was refluxed with IN
HC1 for several hours, washed with water and refluxed with IN NaOH.
The carbon was then washed with water until the filtrate was neutral,
foi]owed by methanol, chloroform, and methylene chloride, and allowed
to air dry. In contrast to "ordinary" type chromatography, the
eluting solvents were used in decreasing order of polarity. For
exampfe: 1 g of crude mixture containing (by glc analysis) 2,6-
dimethylcyclohexanone (8%), the alkylating agent (not estimated)

and 2,6-dimethyl-6-[y-phenylthiocrotyl]cyclohexanone (85%) was
applied to a carbon column (35 g, 2.2 x 28 cm) packed in methanol.

The column was eluted with 150 ml1 of methanol followed by 500 ml

-
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of acetone which removed the first two components. The monoalkylated

product was Bluted with 500 ml acetone : ethy! acetate (1:1) followed

by 300 ml ethyl acetate. This afforded 0.72 g of the alkylated

/”‘ﬂ\\¥~b“froduct. The column was then reconditioned by washing with benzene
“followed by chloroform and finally by methanol.

Reaction of potassium enolates of glb-dimethyigfclohexanone with

y-phenylthiocrotyl chloride. Potassium hydride (Alfa, 35% in ofl,

1.6 g..J4 mmol) was placed in a flask equipped with a magnetic
stirring bar, rondenser, and injection part capped with a rubber
sleeve stdpper. The apparatus was purged with nitrogen and connected
through_a trapﬁxo an azotometer. The KH was washed with dry pentane

(3 x 10 m1) and dry THF was added (12 ml). 2,6-Dimethylcyclohexanone

- —

(1.51 g, 12 mmol) in THF (10 m1) was added with stirring at room

temperature. Hydrogen eonution was quantitative in 12 min. The )
//g:fl?%é solution was coo]ed.to 0° and y-phenylthiocrotyl chloride
(// (ce 16 mmol) in THF (8 m])!was added and the reaction mixture was
allowed to warm to room tempera‘bre. Aliquots were taken at 30 min,
2 hr and 10 hr, and quenched with.ammo&*um chloride solution. After
work-up they were suéjected to glc analysis, which ﬁndicated a

complex mixture of products of which the moncalkylated ketone was

formed in 457 yield. .

Preparation of 2,6-gimgggy1—6—[y-n-buty1thiocroEtQchcTohexanone.

fo the solution of the lithium enolate of 2,6-dimethylcyclohexanone

(4.15 g, 33 mmol) in DME (50 ml) at -2°C, lithium iodide ?5.4 q,
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45 mmol) was added under nitrogen and the flask was wrapped with
aluminum foil. This was followed by rapid addition of fro;nly
prepared y-n-butylthiocroty)l chloride (ca 40 mmol) in OME (10 m).8
The resulting mixture Qas stirred for 40 min (during which time the
temperature rose to 25°), then poured®nto 100 ml of cold satwrated
sod;um hydrogen carbonate solution and extracted with peptane (3 x
25 m1). The pentane extract was washed successively with agueous
3% HCY, aqueous sodium hydrogen carbonate solutfon, then dried
(MgsO,) and concentrated. The res1gue was purified by éarbo;
column chroumatography using methanol and methanol-acetone (1:1) —
as the eluting solvents. This afforded 7.0 g (75%) of 2,6-dimethyl-
6-ly-phénylth10crotyl]cyclohéxanone. ir (113u1§ film): 1718 (C-b).
1630 cm™! (C=C); nitr: 'A 5.78 to 5.05 (m, 1H) vinyl protons, 2.65
(br, t, 2H) CHz-S, 2.0 (m, 3H) Eﬂ}-C=CH-CH;. 1.9 to 1, : (m, 6H)
methylene protons, 1.05 to 0.95 (m, 9H) Eﬂ}cg?: qn3jxtﬂ,cﬁ; mass
spectrum m/e: 268.4281 (Calcd. for C,¢H;450: 268.4287), 268 (2),
179 (4), 144 (12), 143 (100}, 11D (6), 100 (11), 88 (28). Anal.
Calcd. for C,-H,450: (C, 71.58; H, 10.51; S, 11.94. Found: C,

e
71./8; H, 10.74; S, 12.17.

Preparation of 6-metﬂy]-?-[}nphegjlthiocrotyljcyg]ohexanone. This

compound was< prepared as above from 2-methylcyclohexanone (1.57 g,

14 mmol) and y-pheny1thiodFoty] chloride (ca 17 mmol) in ihe presence

a. A latter modification utilized simply a concentrated soluticn of
the halide in pentane-ether (10 ml) instead of replacina the
solvents with DME. This gave consistenly higher yields.
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of lithium iodide (1.7 g, 17 mmol). The reactfon was carried out
in DME (35 ml1) for 30 min. Glc analysis (column A, temperature
programming 9d1260? program rate 15°/min) indicated an 83-85% yield
é{?’;G-Nhthyl-z-[y-phenylthiocroty]]cyclohexanone. Chromatography

s before yielded 2.88 g (75%), 1r (1quid fiIm) 1715 (C=0),
1640 (C=C),. 750 and 700 cm™' (C¢Hs); nmr (100 mHz, CDC1,): 6’7.25
(s°, 5H) CeHs, £.92 to 5.64 (m, 1H) CH3-C=CH-CH,, 2.7 to 1.4 (m,
10H) (QEi)" CH-CH,, C=CH—Q§;-Q§, 1.85 (b, s, 3H) CHy-C=CH, ' 1.15 to
1.07 and 1.07 to 1.00 (d, J = 6.5 Hz, 3H) CH-CHy. Mass spectrum m/e:
274 (98), 270 (15), 165 (100), 163 (B7), 147 (26), 135 (37), 130 (35),
110 (24), 95 (16), 91 (14), 81 (32). Anal. Calcd. for Cy,H;,S0:
C, 74.40; H, 8.08; S, 11.68. Found: C, 74.36; H, 8.35; S, 11.93.

Preparation of 6-methy1-2-[y-n-buty1thiocroty1]cyf]ohexanone. This

cempound was prepared as above from 2-methylcyclohexanone (1.347 g,
12 mmol) and y;h-buty]thiocrotyl chloride (ca. 14 mmol) in the .
presence of lithium iodide (1.1 g, 17 mmol) in DME (30 ml) for -
45 min at -2° to 25°. Glc analysis (Column A, temperature proqramm1ng
90-260° C program rate 15°/min) indicated an 84% yield of 6-methyl-
2- By r-butylthiocrotyl]cyclohexanone. Chromatography-as before
yielded 2.2 g (72%), ir (liquid film): 1715 (C=0), 1630 cm-?
(C=C); nmr: 6 5.78 to 5.1 (m, 1H) CH,-C=CH-CH,, 2.65 (br, t, 2H)
CH.-S, 2.0 (br, s, 3H) CH,-C=CH-CH,, 2.8 to 0.9 (m, 134); mass
spectrum m/e: 254 (15), 236 (27), 197 (18), 165 (30), 143 (100),
148 (57), 125 (15), 110 (12), 91 (22). Anal:’€;?cd. for C,sH,65S0:
C, 70.80; H, 10.30; S, 12.60. Found: C, 70.36; H, 9.99; S, 12.44.
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Preparation of 2-methyl-A'- cyclohexenyl acetate’? 66. A solutfen

of acetic anhydride (114 g, 1.125 mny), 2-me thy 1cyclohexanone (28"0,
0.25 mol) and aqueous 70% pirgyloric-aciq/q.l7 ml, 1 mmol) in 300
ml of carbon tetrachloride was stirrod at 25° for 3 hr and then
poured into a roldA(0-5°) mixtdfo of 200 m1 of pentane and 2001n1
of saturated aqueous sodium bicarbonate., After excess solid sodium
Licarbonate hid heen added to neutralize all the acetic acid formed.
the pentane layver was 5eparat§d nd ghe aquevus phase was extracted
with pentane. The combined pentarc s0lutions were dried, concen-
trated and distilled to afford ° g (90%) ot ~no) acetate 66, b.p.
B1-86°/18 mm, n 2% 1 4570 7.t 00 nD2s 1.4562-1.4572): ir (Yquid
film) 1750 and 1700 wn“’; nmr: £ 2.03 (s, 3H) CH.Cdy, .44 [m.

or. SY, 3H]  C1,;CH=CH»

Preparation of ?-methyl-2-[y-phenylthiocrotyl]cyclohexanone. Methyl
1ithium (43 mmol, obta:ned by concentrating an ;ther solution under
reduced pressuré) and 2,2-bipyridy? (10 mg) were dissolved in DMF
(25 m1) and the resulting purple solution was cooled to 0°. While
the temperature of the solution was kept at 0-10°, a solution of
enol acetate (6 (3.22 g, z1 mmol) in DME (10 m1) was added dropwise
wi th stirring over 35 minn The resulting red-orange solution
(indiczating excess of wethyllithium) was cooled to 2° and 1ithium
iodige'(3.24 g, 30 mmol) was added. This was followed by a solution
of y-phenylthiocrotyl chicride (ca 30 mmol) in ether-pentane (5 ml),

The reaction mixture was stirred in the dark (the bath fas removed

and the flack was wrapped with aluminum foil) for 40 min (during
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which the temperature rose fo 25°) and then poured into 100 ml of
cold saturated, aquéous sodium b1c$rbonaté solution and eitracted
with pentane. The pentane extract was dried and céncentratéd. The
‘residue was chromatograbhed on a carbon column to yield 5.8 g (74%)
of 2-methy1-2-[y-phenx1thiocrot}I]cyc]ohexanone, ir (1iquid fiim):
1715 (C=0), 1640 (C=C), 755 and 705‘cm" Qc,ﬁ,): nmr (100 ﬁHz;
CDC1,): & 7.3 (m, S5H) C¢Hs, 5.84 to 5.62 (m, 1H) CHy-C=CH-CH,,

2.5 t02.27 (br, d, 2H) CH-CHz, 1.97 (br, s, 3H) CHy-C=CH, 1.9 td ¥
1.6 (m, 84) (CH;),, 1.10 and 1.08 (s, 3H) CHy; mass spectrum m/e:
274 (40), 770 (11), 198 (51), 164 (30), 163 (100), 335 (97), 130
(28), 102 (223; 110 (88), 91 (35). Anal. Ca1;d. for C,,H,,SO:

C, 74.40; H, 8.08; S, 11.68. Found: C, 74.69; H,~7.99; S, 11.38."

-

Preparation of 2:[y-pheny1thiocrotyljcyclohexanqne. To a solution

of the lithium enolate of cyclohexanone (1.37 g, 14 mmol) in DME

(25 m1) at 0°, 1ith1um iodide (1.75 g; 16 mmol) was added under
nitrogeﬁ, this was fol{owed by a solution of y-phenylthiocrotyl
chloride (ca 16 mmol) in ether-pentane (5 m1). The reaction mixture
was st1rre& in the dark for 35 min during which ihe temperéture
reached 25°C. work-up,'as”described-for the . 2,6-dimethyicyclo- G
hexanone case, fo]iowed by chroma;ography on a carbon column
afforded 5.73 (75%) of 2-[{-pheny1thiocrbty]]cyclohexanone, ir
(1iquid film) 1715 (C=0), 1630 (C=C), 750 and 700 cm” ! (Ce¢Hs);

nmr: & 7.3 (m, 5H) C¢Hs, 6,05 to 6.4 (m, 1M) CH,C=EE—C&;, 2.7 to
1.5 (m, 14H); mass spectrum m/e: 260 (7)s 198 (20), 180 (15),

162 (70), 135 (89), 129 (59), 110 (100), 98 (40), 91 (31). Anal.
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" calcd. for C,¢H;050: C, 73.79, H, 7.71; S, 12.31. Found: c,
73.74; H, 7.85; S, 12.44,
‘&

Preparation of létr1meth11§1loxy-3-methy1cyc10hexene."’ To a

cooled (0°) slurry of cobper,(l) iodide (5.54 g, 30 mmol) in ether

) was added an éthereal'so]ugion of methyl1lithium (36.2 ml1, i
T8 M, 60 mmol). After the addition was complete, 2-cyclo-
hex none kz.i g, 78 mmol) in ether (10 m1) was -added, the resulting
mixture was stirred for 15 min at 0°, and chlorotrimethylsilane (12
m]), triethylamine (15 ml) aqﬁ HMPA (7 ml) were rapidly added. The

mixture was then sﬁ?rred at room temperature for 1 hr, after which

time it was
Succissively with two 50 ml portions each of 5% HC1 and
5% NaHCO, Sod.d

ted with peatane (100'm1).‘ The resulting mixture
was washed
ried over MgSO,. The solvent was removed at
atmospheric pressure and the residue was distilled to.yield 3.957 g
(77%) .of 1-tr1me;hy1si1oxy-3-nethy1cyclohexene; b.p: 49°/3 .mm
I]if."° 35°/1.4 mm]; ir (liquid film) 1660 cm ' (enol ether);
~nmr: 6 4.63 (m, 1H) CH=C, 0.83 (d, 3H) CH,, 0.17 (s, 9H) SiMe,.

breparation of 2-[y-phegy1thiocro;ylj;3-$etny1cyclohexanoﬁe. A

mixture of the silyl enol ether (3.957 g, 21.4 mmo1) and methyl-
1ithium-ether solution (13.3 m1, nc. 1.65 m, 22 mmol) was stirred
;ai 25° for 30 min and then the egiEL was remqvéd from the suspension
of the lithium enolate. The residue was dissolved in DME (30 ml)
and the solution was cooled to 0°. Lithiu& fodide (2.6 g,"20 mmol)

was added, followed by y-phenylthiocrotyl chloride (ca 25 mmbl) in



- _ : . . . .A. - 120
ether-;entgne soldtién (lo.ml) and ihe‘reaétion mfkthre was stirred
fn the dark for 45 min during which time the temperature was allowed
'to reach 25°. Then the reaction mixture was poured into 50 m) of
cold saturated ammon 1 um chloride so]ution and extracted with
pentane (3 x 15 m1). 1he pentane extract was washed with water,
then brine, and dried (Na,SOh): and concentrated. Glc analysis
(Column A, temperatufé _programming 90- 268; program rate 15°/min)
-#hdfcated a 90% y1eld of 2-[y- phenylthiocrotﬂ] 3-methylcyclohexa-
none ., Chromatography as before yielded 4 8 g (80%), 1r (liquid "
film) 1715 (£=0), 1640 (csC), 750 and 700 cm-? (C;H ); nmr: 6 7.3
(m, SH) C¢Hs, 6.04 to 5.68 (m, YH), CH=C; 2.62 to 1.5 (m, 13H),
1.08 (d, J = 7 Hz, 3H) CH,; mass spectrum m/e: 274.138) (calcd.
for C,,H,,%%S0: 274, 1392) 274 (46), 264 (32). 248 (46), 234 (13),
.209 (26), 204 (24), 165 (94), 162 (100), 147 (30), 135 (%iiéviif
(24), 109 (26), 95 (24), 81 (40). Anal. calcd. for Cy7H2%S50:

C. 74.40; H, 8.08; S, 11.68. Found: C, 74.17; H, 8.06; S"‘I.BB.

Reaction of'gzgfdiméthxlf25[y-n-butylthioprotyl]cyc]oheﬁanone with

mercuric chloride. A mixture of mercuric chloride (0.75 g, 2.75 mmol)

and 2,6-dimethy1-2—[62n-b9ty1thiocfotyl]cyc]ohexanonen1n 12 ml of
aqueous .acetonitrile (3 m H20 and 9 m1 CH3CN) was stirred atoroom'
temperature. The reaction was monitored by glc ahalysis which
indicated complete consumption of the starting ketone after 40 hr.
The mixture was fiftered through a11te"w1th thorough ether washing.
The filtrate was washed with aqueous sodium bicarbonate and . then

with brine, dried (Mgso.) and concentrated (rotatory evaporation).
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The resulting of1 was passed through a short silica ge‘lfolumn

" (methylene chloride eluant) to remove mercuric salts, affording.
after remdval of solvent, 175 mg (95%) of 1,2, 5 -trimethylbicyclo-
[3.3. 1]non-2ren 9-one: {r (11quid film) 1715 cm™! (C=0); nmr:

-8 5.55 (m, 1H) HC'C. 1.61 (m, 3H) CHsC=C, 1.03 and 0. 95 (s. H) CHy;
mass spectrum me: 178 (2), 125 (5), 110 (3), 95 (8), 93 (8),

69 (12), 55 (27), 53 (16), 43 (100}, 42 (1s), 41 (51), 39 (43),
29 (33). ‘

b

Reaction of 2, ,6-dime thy1- Zf[y -n- bu;ylthiocrotyl]cyclohexanone with

mercuric chlorfde 1n the presence of calcium carbonate To the

'ketone (0 335 g, 1 25 -x 107° mol) in 6 ml of 3:1 acetonitrile-water
was added mercuric chloride (0 75 g, 2.75 mmol) in 8 ml of the sanw
solvent followed by calcium carbonate (0 304 g, 3. 3lnmo1) The
reaction was 1n1tia11y stirred for 6 hr at room temperature, then

at reflux for an additional 6 hr. G]e analysis (column B temp 100°C)

. ' Y
indicated only the presence of starting .material.

Reaction of 2 -methy1-2- [y‘phe_ylthiocroty]chc]ohexanone with

titanium tetrach]oride in acetic acid. A‘dry three-necked flask

(25 m1) equipped with th rmometer addi tion funne], condenser, and

a magnetic stirring bar/was charged with 91ac1a1 acetic acid (10 m1).
Titanium tetrachloride (0. 23 ml § =1 689 g/cm’, 2.1 mmoT) was
added and a yellow precipitate’ résu]ted “This mixture was stirred

" at room temperature for 5 min, then a so]btion of 2-methyl-2-[y-

pheny]thfocrotyl]cyc10hexanone (260 mg, qu95 mmol) in glacial acetic
. ‘T ‘_‘ ..
LY
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| acidin.'ﬂadded and the mi;ttre stirred for 15 min at room temperature
° "auring-’hich time "the color of the mixture changed to olive green.
/At the\@Ad of this pef'iod water (0.07 g, }.7 mmo1) ;us added (which
imnediately caused a color change to deep red) and the mixture was
gtirrgd fo? an additional 30 min. The reaction mixture was poured
gnﬂ).

extracted with ether (3 X 15 m1) and dried (Na,S0,). After removal

into a cold saturated solution of potassium- carbor“ (

s ()! the solvent at atmospher“lc pressure, the residve [containing
)75-78% 10-methy1-1(9)-octal-2-one by glc (colum f, 200)] was
chromatbgrabhed over neﬁtra‘l (Woe1m) silica gel, Activity III,
using freshly distilled (from LAH) skelly B and ’methyle‘pe chloride
(3:1 by volume) as eluants. This afforded 93 mg (63%) of 10-methyl-
1(9)-octal-2-one, ny?* 1.5227 (11t52np?s 1.5230), 1r (1iquid
film): 1680. (C=0), 1610 cm™! (C=C); nmr: &6 5.5 (s, 1H) CH=C,
2.8 to 1.3 (m, 12H), 1.15 (s, 3H) CHy; mass spectrum m/e: 164
(75), 136 (87), 122 (100); 121 (80), 107 (79), 93 (53), 91 (52),
79 (82), 41 (73), 40 (86).

Readiion of z-methyléz-[y-ghenylthiocrotyIquclohexanone‘with Tin
- \ ) :
tetrachloride. To a solution of tin tetrachloride (0.24 ml,

d 2.226 g/ml, 2.1 mmol) in methylene chloride(10 m1) the ab
‘substrate "(260 mg, 0.95 mmo1) was added and the m1xtu|:-e was stirred
at room temperature for 20 min. . Then water (0.07 g, 3.7 mmol) Qas
added and the resultant nﬁxture was stirred at room temperature and
monitored by glc ana'lys)a’(column C, temp. 260°). A comngex mixture
of productswas formed, and the yield of enone, 10-methyl1-1(9)-octal-

\

2-one was less than 40%.
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Hydrolysis-cyclization of 2-[y;ghen¥1thiocrotz1lczclohexanone.

Titanfum tetrachloride (0.3 m1, 2.65 mmol) was added tg glacial

acetic acid (8 ml) and the resulting yellowish mixture was stirred
at room temp. for 6 min. Then 2 [y- phenylthiocroty]]cyclohexanoue
(0.265 g, 1.06 mmo1) in acetic acid (5 ml) was added and the -
brownfsh green sb1ution‘was stirred for an additional 15 min at
rodm temperature. Addition of water (0.0765 ml, 4.24 mmol) causéd'
& color change to deep red. The nsu!t{.ng mixtyre was wanie,d to
55°C ahd kept stirring for 1 h}- At the end of this period‘the~'
reaction mixture was poured into a cold saturated so!utfup of .
'pot0551Um carbonate (25 m1), extracted with ether (3 x ls\ml)

Wand dried (Na,S0,). After removal of solvent at atmosphenig
- pressure, the residue [containing 77% 1(9)-octal-2-one by glc
(cd]umn C..200°)] was chhomatographed over silica gel, Activity‘
JIII, using Skelly B and methylene chlpride (60:40) as eluants. S
First, 43 mg of a by-product was obtained: ir (liquid film)

1585 (conjugated double bond), 1460, 1440, 1260, 1110, 1080, 1040,
875, 810, 750 and 700 am 'y nmrfN\2.7 (m, SH) | CeHs, 6.3 (br, ' <
s, W) CH=C, 2.7 to 1.1 (m, 11H). Yhen 103 mg (65%) of the product,
1(9)-octal-2-one was obtained. "ir (1iquid film): 1680 (C=0),

1610 cm™! (C=C); nmr: & 5.5 (s, 1H) CH=C, 2.4 to 1.3 (m, 13H);
mass spectrum m/e: 150.1042 (caicd; for C,oH,,0: 150.1045)

150 (32), 122.(100). 108 (18), 107 (16), 94 (40), 93 (23), 9N (2%

79 (35), 77 (27), 67 (18), 66 (21), 56 (16).
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Hydrolxsig-cycl1gation”gf 2,6~ 1megﬂxj-2-Ly-n-butylthiocroiyl]-

cyclohexanone. fitanium_tetr' loride (2.8 m1, 2.62 mmol) was

added to glacia],aceticﬂ%cid (80

) and the resulting yellowish
mixture was stirred at roog ture for 6 min. The 2,6-

dimethyl-2-[y-n-hutylthiocrotyl]cycichexanone (2.7 9, 10.5 mmo1)

.in acetic acid (20 1) was added anu the brownish solution was

stirred for.zo mn at room temperaturé. Water (0.725 ml, 42 mmol)
wa§ then added, which' caused ;'coior change to deep red. The |
reaction mixture was kept at room temperature under stirr1ng for

4 ni- and thep Juenched with 3 cold ~aturated sqlutfon of potassium
carbonate (10U mi). * The aqueous layer .was extracted wiéﬁ'ether

(3 & 50 nl); the organic layer was wis':ed with ZOZ,poiassium
nydinside solutic,"water brine apd drié; (Na,S0,). After removal
of solvent at atmospHeri~ pressure, the residue [containing 73%
S,IO-d?me;hyl-T(Q)-octﬁl-Z-One by g1c‘(cqlumn C, 22°)] was o
chrnmatogr?gped over neutral si1ic; gel (Woelm), Activity IIT using
heptane methy lenc chloride (60:40) as e¢luant to pfovide, {n order
of clution :vinyl sulfice 32, [0.785 g (303), Moo 277 mi
(e 150); ir {Viquid film): 1590 cm™’ (conjugated double bond);
nmr: 8§ 6.3 (br 3, 1H) CH=C, 2.§ to 0.8 (m, 25H); mass spectrum
m/e: 250.1761 (caled. for C ¢Hy¢*2%: 250.1756)], then 1,2,5-

identical nmr and ir spectra to the compound isolated previously]
and finally, trans;é,lo-dimethyl-l(9)-octal-2-one (1.18 g, 59%),
fr (Yiquid film): 1680 {C=U) and 16710 cm-! C=C); nmr: & 5.77

(d, 3 = 2 Hz, M) £H=C, 1.28 (s, 3H) CHy, 1.05 (d, J = 6.5 Hz, 3H)

-
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(Hy; mass spectrum m/e: 178 (22), 163 (8), 150 (18), 136 (26),
135 (33), 119 (11), 107 (33), 105 (30), 93 (45), 91 (59), 79 (64),
77 (58), 67 (27), 65 (33), 55 (42), 53 (54), 51 (36), 41 (100),
39 (96), 29 {64). )

Hydrolysis of 6-meth11-9-pbenylthio-b1cyc1q[3.4.0]f1lg-decadiene.
with titanium tetrachloride. Titanium tetrachloride (0.23 m1,

2.10 mol1Dwas added to glacial acetic acid (IQ m)) and Fhe resultant.'
ye1low1sh mixture was stirred at room temperature .for 5 Min. To this
mixt&(e th vinyl sﬁlfide' 82, (0.262 g, 1.05 mmol) 1n'glac1af
acetic acid (4 ml) was added and the resulting brown‘solution was
stirred for 15 min. Then water (0.075 ml, 420 mmo1) was added

(wpich immediately-éau;ed a color change’ to deep red) and the

reaction mixtdre wa§ kept at room temperature under st1rr1ng‘for

"1 hr. Glc analysis {column E, 220°)-indicated the formation of 75%

of tranS-B,]O—dimethyl-I(9)—octa1-2-onq. Chromatography as before

. yielded 80 mg (60%) of the enome which ﬁgd identical nmr and ir

spectra to the compound isolated previous]y.‘

Hydrolysis-cyclization of 2-metgxll6-£y-n-buty1th10croty1]gyc10-

hexaﬁone. Using the same proceduré as above, this compound (520 mg,
~1.01 mmo1) was ;reated with titanium tetr$chloride (0.52 m1, 4.7
mmol) in glacial acetic acid (20 m1) for 15 min, then with water
(0.138 ml; 4.7 mmol) in glaciai acetic acid (20 m1) for 15 min,

then with water (0.138-g, 4:6 mmol) and the reaction mixture was

stirred for 4 hr at room temperature. Work-up as before afforded
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73% trans-8-methy1-1(9)-octal-2-one as estim.ated by glc analysis
(column-D, 180°). Chromatogv"aphy as before yfelded 178 mg (59%) .
| of the octalone, ir inuid film): 1680 (C=0) and. 1610 em™! (C=C);
nmr: 8 5.72 (d, J = 3 Hz, TH) CH=C, 1.12 (d, J = 6.5 Hz, 3H) CH,;
.mass spectruni m/e: 164 (12), 135 (25), 121 (13), 109 (18), 108
(18), 94 (33), 93 (28), 91 (49), 80 (15), 79 (44), 77 (49),-65
(27), 56 (40), 51 (48), 43 (68), 41 (60), 39 (100). 29 (43).

-

-
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