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The synthesis of a-oxoketene dithioacetals of general
formula 1 was first reported in 1910, by Kelber and
coworkersl. This class of compounds can be easily prepared
from a wide variety of active methylene compounds and

carbon disulfide in presence of a suitable base followed

by alkylation. Many experimental vag}ations of this méthod

L

have been developedz—'4 in order -to -improve the yields of
dithioacetals 1 evolving the overall procgsé to be a one
pot transformation. They aré Known to-bg versatile

i

synthones and have been recognized as useful buildiné block‘

5" 'The a-oxoketene

in various synthetic transformations
dithiocacetals posses 1,3-electrophilic centers with
differing electrophilicity, this properﬁy has been
extensively exploited £fér the construction of new bonds
involving 1,2, 1,4 or both nucleophilic additions leading

to a number of new synthetic methodoiogigs:for.a wide

range of organic molecules. (Scheme 1)

Among other useé‘of'these‘compounds, the oxoketene
dithioacetéls 1 derived‘from aliphatic ketones (Scheme 2)
are of particular.intere§£, a;.théy can be condensed with
various aromatic giéehydes to afford the‘cbrresponding
cinnamoyl ketene dithiocacetals 2 ahd 3_ip. excellent
yields6. In the present studyf it was proposed to
undertake some of the important transformations based on
a-cinnamoyl ketene dithioacetals 3. The second chapter
deals with the synthesis of substituted cyciopentanones 5,

6 and 7 obtained by acid catalyzed ring opening of the

cyclopropyl ketene7 4 (Scheme 3). The cyclopropyl ketone 4
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was obtained by conjugate addition of dimethylsulphoxonium
methylide to 2 under phase transfer conditions. These
cyclopropyl ketones 4 under different acidic conditions
underwent ring opening with concomitant intramolecular n-
participation of bis(methylthio)methylene double bond to
give substituted cyclopentanones 5, 6, and 7. Similarly
styrylcyclopropyl ketones and its higher enyl homologs 8
under similar conditions afforded the corresponding
substituted cyclopentanones 9, 10 and 11 (Scheme .4).
However, in the case of 4-methoxy styryl {(n=1) and dienyl
{n=2) cyclopropyl ketones under acidic condition, the
product obtained were substituted bicyclo [2.2.1] heptane
12 and indanone derivative 13 resbectively.(Scheme 5)
Similarly a shorter route to cyclopentanoids 17 and 18,
intermediates in the steroid synthesiss, has been
developed by employing this approach. Thus, these methods
illustrates the successful utilization'qf a-oxoketene
dithioacetal functionality as a latent f-ketoester
equivaient and represents a novel 1intramolecular

alkylative approach to cyclopentanones (Scheme 6).

In continuation with our studies on the cyclopropylketoneé
8, which undergoes a ring cleavage even at mild acidic
medium, it was decided to utilize them in more synthetic
purposes. Thus, the carbinol acetal 19 obtained by 1,2-
reduction of 8 with sodium borohydride, on treatment With
pyridinium tosylate underwent dehydration followed b& ring

opening to give 1,1 bis{methylthio)polyene acetals 20. On
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xiii

subsequent Hg(II) assisted methanolysis 20 gave the
corresponding B, g—unsaturated esters 21 in good yields
(Scheme 7). However, the 1,2~addition ofAGrignard and
Reformatsky reagent to these cyclopropyl ketones and their
future transformations gave the " corresponding
cyclopentenes 23 and 25 respectively, cyclized in 5—exo—.
trig manner (Scheme 8 and 9). The details of these

reactions have been described in the third chapter.

In the last chapter, a novel synthesis of substituted 'f—
pyrones 28 has been presentedg. This synthesis was
achieved in three successive steps. In the first step-the
styryl double bond of cinnamoyl ketene dithioacetals 2
were oxidized with alkaline hydrogenperoxide to give the
corresponding epoxy ketones 26 in good yields. In the
second step epoxy ketones 26 were subjected to
rearrangement in the presence of borontrifluoride etherate
to give the corresponding (a-formyl-a-phenylacetyl) ketgne
dithicacetals 27 in nearly quantitative yield, which were
then cyclized in the third step by refluxing 'in acetic
acid/ethanol to afford the desired pyran-4-one 28 in good
vields. The generality of the method have been studied in

greater details which is described in the present chapter.

N
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PREFACE

Polarized ketene dithiocacetals, which can be easily
prepared from a wide variety of active methylene compounds
have been extensively explored in this laboratory for the
development of new synthetic methods for é'heterocyclic
and carbocyclic compounds. The work described in this
thesis has been carried out as a part of this ongoing
research programme and highlights new interesting

i

transformations of cinnamoyl ketene dithioacetals.

A brief account of some of the recent transformations of
oxoketene dithiocacetals as well as a-cinnamoyl ketene
dithiocacetals reported from this laboratory 1is presented
in the first chapter. The second chapter deals with the
results of a detailed investigation on the acid catalyzed
ring opening of cyclopropyl ketones, obtained by the
addition of dimethyl sulphoxonium methylide to the
corresponding cinnamoyl ketene dithicacetals. In the third
chapter of the thesis, 1,2-reduction and reaction of aryl
and alkyl magnesium halid#/@ith the cyclopropyl ketones
and further transformations of the resulting carbinol
acetals have been described. The stereochemical
conseguences and the synthetic importance of these
transformations have also been discussed in this chapter.
The last chapter of the thesis deals with the synthetic
investigation based on the epoxides of cinnamoyl Kketene -

dithiocacetals leading to highly substituted éprrones.



CHAPTER I

POLARIZED KETENE DITHIOACETALS :

GENERAL INTRODUCTION

Polarized ketene dithiocacetals are one of the simplest
synthetic intermediates, and can be conveniently
preparedl"10 from a wide variety of acti&e methylene
compounds. They have been extensively explored in this
laboratory for the development of new synthetic methods
for a number of carbocycles and heterocyclic compounds.
This class of compounds exhibit well defined physical
properties either as crystalline solids or as distillable
liquids and can be purified by conventional methods. They

are stable at room temperature and can withstand milad



acidic and alkaline conditions. On the other hand the
corresponding O,0O-acetals are moisture sensitive and

undergo hydrolysis under mild conditions.

Kelber and coworkersll—13 reported the- first synthesis of

a-oxoketene dithioacetals in 1910. After the initial
synthesis, for more than half a century the synthetic
potential of this class of compounds remain unexplored
until Thuillier and coworkersl_4 prepared these compounds
in high yields in one pot operation by reéacting active

methylene compound with C5, in the presence of base

followed by alkylation. Subsegquently, several
modifications have been made in the choice of {suitable) a
bases-lo. The general reactivity pattern of a-oxoketene

dithioacetals 1 is outlined in Scheme 1. Hydrides and
organometallic reagents add to the carbonyl carbon in a
1,2-manner, but this sequence can be altered to the 1,4-
path by suitably changing reaction conditions and
reagentsl4—16. The differential electrophilicity at 1,3-
carbon of the oxoketene dithioacetals have been
judiciously utilized for the synthesis of both 5- and 6-
membered heterocycles by reacting with 1,2- and 1,3~
hetercatom binucleophiles respectively.' The 1,3-carbon
binucleophiles have been similarly used iﬁ ﬁhe synthesis
of carbocycles. The enolate anion formed by the
deprotonation (when R1=alkyl) can undergo condensation
with aldehydes to give a-enoyl ketene dithioacetalsl7.'!

When R2 is a methyl group an allylic anion is generated in



e

EETENRES

5910A204918H

mEmEmc.;con._ou €
Jo S9uOUIWDUd

paJoydxaun
JonD5UaPUO? 501220-N'N m.dEmuonz S mﬂgmum\u\o. m
A Jpjnoaowo Ul PUo N . ¢ G @
sauaydol uonpuoyo dap N 4 N el g0 o >
HO-S N AN NS
/N _
snOaUD|9SIN mmsmmhwﬂww yoypuo.g
- SaUILD INteech puoq
. 3)anoP
5312A00193H mm_faomﬁjcﬁ
o Gsodsuos
sjuauodwod i yuoquod €l
spydoidd® o puD UOIPPD
|m.Eo€ou-m u;QmEocom_o 19159 suakod
10 aplpAY-Tl
5312A204J0) mmd_.;aom_ujm
uoqJo)-tl
_noUe8)Conippp uononpal moEonmeé 10
N N -7\ apuphJ N 0N
suo1AIP—£L 10 ¢ } ¢ . siskiopd R ¢ )
| &j R & %PXJ% oHy” Y
0

d cd mhﬂmmoxoé H H



(92)6
fa........m
EQ.DmlC. u@ OIU\J\
CQ-C.¢MHNG (7 H
rm. ..... S, A
H
NmJ,\J\ e Ep (1)

C o qumZTv@
woaw Ay
RAELE S

g PG 8
S
Lemee, I O
,mx
pis d
s W@ T~ onalkiachit
~ 16BIzE T !
(77 _ o

>

=R

U«._W/X/j
0

e

o}



the presence of strong bases leading to rearranged!

productsl8. Deprotonatioq of the thiomethyl group followed

by intramolecular aldol type condensation to afford
thiophenes is also reportedl9'20. Nucleophilic
substitution of one or both alkylthio groups in these
intermediates by alkoxides or amines affords the
corresponding 0,S8—-, -N,S-, and N,N- acetals, which have
also been shown to be versatile synthones for various
transformations. The reactivity of double bond has also
been studied with electrophiles. Thus, the bromination at
a-position with N-bromosuccinimide hgs been carried out

successfu11y21'22.

The oxoketene dithiocacetals have also been shown to
undergo regio-, chemo-, and stereoselective C-C and C-H

4,23

bond forming reactions The reactivity pattern of

d24'25 and

polarized ketene dithiocacetals have been reviewe
a few of the transformations have been depicted in Scheme
2. Numerous substituted and fused five and six membered
heterocycles have been synthesized using oxoketene

27—38. Some of the selected ones are shown in

dithioacetals
Scheme 3. However, these  intermediates also serve as
useful three carbon 1,3-electrophilic systems resulting in
the formation of aromatic ring systems from acyclic

precursors {Scheme 4).

As mentioned earlier the aldol condensation of acylketene
dithioacetals with aromatic aldehydes and the

corresponding higher enyl analogs afford a—-cinnamoyl 34 or
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5-aryl-2,4-pentadienoyl 3% ketene dithioacetalsl7’47

as
outlined in the Schemg 5. This methodology was "'not
successful for the corresponding a-alkenoyl ketene
dithioacetals as the aliphatic aldehydes underwent
polymerization under these conditions. Therefore, an
alternative route for these intermediates has been

0(‘_“/":“’(1{"’{ 1‘\—\ 48
achrreved—from our laboratory

Condensation of acylketene
dithioacetals with formamide acetals afforded the
corresponding enamines 36, which underwent regioselective
1,4-addition with alkyl Grignard reagents to afford 37

(Scheme 6).

Several 1important transformations based on the
intermediates 34,35 are shown in Scheme 7. Thus, a general
method for the synthesis of polyene esteés 38 has been
reported by 1,2~reduction of 35 followed by methanolysis
in the presence of boroﬁf}ifluoride etherate. On the other
hand, the carbinols derived from the corresponding 2,4-
dimethyl cinnamoyl ketene dithiocacetals underwent
borontrifluoride etherate assisted electrocyclization
through pentadienyl carbonium ion to give the rearranged
cyclopentenes50 39 in good yields. Similarly, Hg(II)

51 of 35 gave '?,6—unsaturated esters

assisted methanolysis
40, while the corresponding 2,4-dimethyl cinnamoyl ketene
dithioacetals underwent Nazarov cyclization to afford the
corresponding cyclopentene 41 (Scheme 7). The cinnamoyl
ketene dithiocacetals 34 have also been utilized for the

synthesis of substituted stilbenes 42 and salicylates 43

through benzoannelation. Thus, 34 undergoes 1,2-addition
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12

with allylmagnesium bromide followed by cycloaromatization
in the presence of BF3;.Et,0 to afford the substituted
stilbenes52 42. Similarly on addition of excess
Reformatsky reagent to 34 under drastic condition yields
4—styrylsalicy1ates53 43 (Scheme 38). The a—-cinnamoyl
ketene dithioacetals 34 and their higher KS%?&S;%; 35 were
found to be useful precursors foE the synthesis of styryl

and yhigher enyl subStitUt;E\EEEféggs heterocycles31:54-55

(Scheme 9). The reaction of hydroxylamine is of greater

interest since by manipulating the reaction conditions it
was possible to synthesize both 3- and 5-styryl 44, 45
(and their higher homologs) in good yields, - in

regioselective manner-1l.

The versatile synthetic applications of the cinnamo&l
ketene dithioacetals<§§ for a number of importanf
heterocycles, carbocycleéxand ene ésters prompted further
study on their synthetic applications,'which has been
carried out as a part of the present programme. In the
second chapter a new route for substituted 3-
arylcyclopentanone 50-52 has been developed through the
cationic ring opening of a-bis{methylthio)methylene alkyl
cyclopropyl ketones',i6 49.1The cyclopropyl ketones 49 were
obtained in excellent yields by conjugate addition of
dimethyloxosulphonium methylide to a-cinnamoyl ketene
dithioacetals 34 under phase transfer conditions. These
ketones 49 underwent facile ring opening and

intrameclecular cyclization in H3PO4/HCOOH through n-

——
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participation of bis(methylthio)methylene double bond to
afford cyclopentanone 50 or 51 depending on substituents.
Similarly, the corresponding 2-bis(methylthio)methylene
cyclopentanones 52 were obtained from 49 on:treatment with
stannic chloride in benzene at room temperature. The
rearrangement represents a novel intramolecular alkylation
approach for substitutéd cyclopentanoids in which
bis(methylthio)methylene group acts as a latent ester
functionality. These results are important since earlier
attempts to synthesize cyclopentanones through intra-
molecular alkylation of either {—haloketone {A) or the

corresponding f-ketoesters (B) in either basic or acidic

R CO,Et
) 2
X0 ans\
0] O

Br
2 B

conditions gave the products of O—alkylatiqgﬁrather thé C-
alkylation due to stereoelectronic factor%?lj However, the
present cyclopentanonq synthesis (Scheme 10) was
successful only with those cyclopropyl ketones with aryl’
substituents capable of stabilizing the benzyléaxboniap
ion on ring opening, while the phenyl substituted
cyclopropanes yielded only open chain carbinol. A probable
mechanism based on various exXperimental studies has been
suggested for these transformations. The second part of
this chapter deals with the studies based on cationic ring

opening of styryl and 4-aryl-1l,3-butadienyl cyclopropyl

5
v T |
O v
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ketones 53. These cyclopropyl ketones 53 were synthesized
by similar manner as described above. Thus, on treatment
of 53 with H3PO4/HC02H gave either 3-styrylcyclopentanone
54 or the corresponding B-oxothicester 55. While in the
presence of stannic chloride the corresponding a-
bis(methylthio)methylene cyclopentanone 56 (Scheme 11).
However, the 4-methoxy derivative of thHe cyclopropane 53
behave differently under similar conditiodons. Thus, 53 on
treatment with H3PO4/HCQOH gave 6-{4-methoxyphenyl)bicyclo
[2.2.1L/pept—2—one 57, while the carresponding dienyl
analogue afforded the indanone derivative 58 in good
yield. The probable mechanism for the formation of thege
compounds have been suggested. This methodology has been
utilized for the synthesis of some target molecules like.
ll-oxosteroid precursors. Thus, the cyclopropyl ketone 59
on treatment with H,PO,/HCOOH gave the bicyclic compound
60, while in stannic chloride the corresponding 2-
bis(methylthio)methylene cyclopentanone 61 was obtained in
good yvield. The subseguent methanolysis of 61 in the
presence of BF3.Et20/HgC12 gave the steroid precursor 62.
Similarly the a—methyl-ﬁ—ketothioester analogue 63 was
synthesized in good yield from the corresponding a-methyl

derivative (Scheme 13).

The third chapter of the thesis dealg with the addition of
hydride and carbon nucleophiles on cyciopropyl ketones 53.
Thus, a new methodology for B, g—unsaturated polyene
esters 66 has been developed as shown in Scheme 14. The

cyclopropyl ketones 53 and their higher' enyl anologues
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undergo regioselective 1,2-addition with sodium
borohydride followed by.ring opening and deprotonation in
the presence of pyridinium tosylate to afford the
respective n-aryl bis{methylthio)polyenes 65 in good
yields. These polyenes on methanolysis under controlled
conditions in the presence of BF3.Et20/HgCi2 afforded
B,g—unsaturated esters 66 (Scheme 14). Addition of alkyl
and benzyl Grignard reagent to cxglgg;opyl ketones 49, gave

the corresponding <E;giose1 67.

£y
giiiigijcarbinols

'Interestinglf, the ring opening of 67 in the presence of

pyridinium tosylate afforded the cyclépentene derivative
68 instead of open chain poclyene 69 (ScHe?e 15).A?}obable
mechanism to rationalize these results has been suggested.
Addition of Reformatsky reagent to cyclopropyl ketones 35

|

afforded &-ketocyclopentene thioester 70 in one step 'in

good yields (Scheme 16).

In the last chapter the synthetic transformations of
epoXxy Ketones 71 by regioselective epoxidation of a-—
cinnamoyl ketene dithiocacetals 34 (H,0,/NaOH) has been
describeiég. Thus, the epoxy ketone 71 underwent
borontrifluoride etherate catalyzed rearrangement to
afford B-formyl oxoketene dithioacetals 72. These
intermediates have beeﬁ shown to be useful for the
synthesis of 4-aryl-2-methylthio-pyran-4-ones 73 (Schene

!

17).

Bt
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CHAPTER IX

ACID CATALYZED RING OPENING OF o-BIS{(METHYLTHIO)-
METHYLENEALRKYL CYCLOPROPYL KETONES : A NOVEL
APPROACH TO SUBSTITUTED CYCLOPENTANOIDS”

IT.1 INTRODUCTION

As a part of ongoing research in this iaboratory it was
considered of interest to exploit the a-cinnamoyl ketene
dithioacetals of general formula 99 (Scheme 16) as
synthetic intermediates, to further explore the synthetic
potential of this class of compounds. The activated styryl
double bond in these intermediates could easily be
converted into the corresponding cyclopropane ring and

the resulting cyclopropyl ketones 100,which could be of

*

Deb, B., Ila, H., Junjappa, H., Tetrahedron Lett. 1988,

29, 2111.
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considerable synthetic interest. The open chain cation_95,
which is formed by an acid catalyzed ring opening, is
intercepted intramolecularly by the suitably positioned
olefinic double bond of the mercapto functionality to
vield the corresponding cyclopentancnes 103 (Scheme 17) or
their derivatives. Therefore, the cyciopropyl ketones 100,
constitute an important class of synthetic intermediates
that could provide a new general methodology for the
construction of c¢yclopentanoids. The.cyclopropyl ketones
100 indeed underwent acid assisted cyclization and the
detailed investigation of these transformations are

described in the present chapter.

The cyclopropyl compounds have been the subject of
intensive investigations1 to construct carbocyclic ring
systems via their acid catalyzed ring opening followed by
intramolecular trapping by a suitable nucleophilic center.
Thus, a number of approaches have been developed in the
past several years to construct cyclopentanoids through
the functionalized c¢cyclopropyl ring systems. As an
introduction to this chapter it was considered appropriate
to briefly review some of the important transformations
involving acid assisted cyclopropyl ring opening in the
process of various carbocyclic synthesis. ﬁ gglected

examples covering these aspects are reviewed as follows.

Though the construction of six/g;mbered rings using

appropriate 5-halo ketones was known for 1long, the

—"

reaction conditions employed for the construction of five =
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s/
membered ring/could not lead to identical ring closure to

2-5, It was often

yield the corresponding c¢yclopentanoids
observed that the attempts for the construction of 5-
membered rings from the corresponding ‘g—hé}oketones
resulted in tetrahydrofuran derivative rather than the
corresponding cyclopentanoids. A general set of rules
governing various ring forming reactions were recently
proposed by Baldwin3. These empirigal rules help to
appreciate and predict the feasibility of ring forming
reactions, those concerning the formations of the 5-
membered rings, are briefly discussed. So the substrate
structure and its design becomes more rational in the
planning of c¢yclopentanoid synthesis. Some of these
examples depicted in the Scheme 1, where the metal
enolates 2 derived from S~bromoketone 1 should in
principle yield either cyclohexanone 3, if it cyclized in
the endo fashion, or pyran 5, via O-alkylation by exo-
cyclization. However, only cyclohexanone 3 was formed
confirming the preferred 6-endo-trig C-alkylative
cyclization. However, the enolate anion 7 obtained by
metalation of g-haloketone 6 underwent intramolecular o-
alkylation to give 9 instead of cyclopentanone 8 by C-
alkylation. This ambiguity was explained by the empirical
rule that 5-endo-trig is a disfavored process. And the
preferred approach of the reacting sites leads to the.
formation of tetrahydrofuran derivatives. The remarkable
difference between these two cyclizations results from

sterecelectronic control of the alkylation of the ambident
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nucleophile i.e. .the enolate ion. For such an ion 10, C-
alkylation requires approach of the electrophile
perpendicular to the plane of the enolate, whereas O-
alkylation requires approach in the blane of the enolate.
Consequently, during the formation of five-membered ring,
the approach of the alkylating centre to the carbon site
exists as s-cis and s-trans, as shown by 11 and 12 leading
to the preferred enol ether product. On thé pther hand, in
the six-membered precursor 2 the C-alkylation 1is
sterically possible, for the same reasons as those by
which 6-endo-trig process for ring closure are favoured.
These rules which have been established to predict
possible structural requirements in substrates in ring
closure reactions have been used successfully in desiagning
the substrates for the construction of cyclopentanoids

in the present investigation.

As seen 1in the preceding discussion the construction of
cyclopentanoid ring system from ;—haloketones leads to
preferred O—alkylated product rather than C-alkylation.
These difficulties became serious constraints in the
designing of appropriate precursors for the construction
of cyclopentane rings. Trost and co—workers6_9 have also
faced the same thwarting situation when they attempted
cyclization of f-ketoesters 14 and 17 resulting in O-
alkylated product 16 and 19. However, Trost could
circumvent these difficulties by treating furan

derivatives 16 and 19 with palladium [0] catalyst so that
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they follow a [1,3} rearrangement pathway to give the
corresponding cyclopentanones 15 and 18 respectively

(Scheme 2}.

Stork and co—workerslo'll, have investigated 'the

participation of olefinic functionality in the opening of
cyclopropyl ring systems. They studied the reaction of
model compound 20 in the presence of SnC14 and obtained
three products, 21, 22 and 23. It was also shown that the
compound 23 could be converted to its B,';isomer 2110
under similar reaction conditions. The mechanism governing
the reaction involves the acid catalyzed cyclopropyl ring
opening followed by intramolecular n-participation. They
successfully extended these reactions to construct

bicyclic ring systems!25, 26, 28 and 29 where the

neighbouring participating group be%ﬁg an aromatic rin911 

{Scheme 3). The intramolecular olefin participation in*
acid catalyzed ring opening was further illustrated by the
formation of bicyclé?[Q.Z.llrheptane systemi? 32. Here
again the E}s cyclopropyl ketone 30 undergoes a ring
closure via a concerted participation of the terminal
olefin, so that the enol 31 is in a position to trap the
resulting carbonium ion leading to 32. An elegant example
for %h# Stork's cation-olefin cyclizations initiated by
protonation of cyclopropyl ketones, was provided by Corey
in the total synthesis of epi—cedrohel3 35 (Scheme 4).
The treatment of a mixture of two diastereomeric forms of

33 with acetyl methanesulfonate afforded 35 in 85% yield .
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The possibility of initiating acid catalyzed cationic
biogenetic~1like olefin <cyclization in non-rigid
cyclopropyl ketones 40 for the construction of bicyeclic
monoterpenes possessing the bicyclé:[z.z.lijheptane 42
ring system was studied by Grieco and coworkersl4. As a
model they have taken the cyclopropyl ketone 36 which on
treatment with stannic chloride in benzene gave 39 in 85%
vield and no trace of 37 and 38 was {solated. This
reaction was successfully extended to 40 to afford 42 and

43 in 80% and 20% yield respectively.

15 studied the behaviour of

Berkowitz and coworkers
cyclopropyl ketone 44 under thermolytic condition. On
pyrolysis at 500° - 600°C 44 gave a mixture of 45 and 46.
The formation of 45 was explained through the 6-member
intermediate 49, which on carbon monoxide extrusion
vielded the product cyclopentanone. They extended this
approach for the synthesis of cis-Jasmonel® 54 as depicted
in the Scheme 7. The cyclopropyl PB-ketoester 50 on
alkylation with cis-1~chloro-2-pentene or the
corresponding chloro-acetylene compound yielded 51 and 52
respectively. The alkylated product 52 on thermolysis at
515°C in presence of glass wool under réduced pressure
yielded cis~Jasmone 54 in good vields. Alternatively, 51
was cyclized under similar reaction conditions to yield
53, which was reduced in the presence of Pd/BaSO4 catalys?
to afford 54 (Scheme 7).
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17

Nakai and coworkers extended ﬁhd Bdrkowitz's method for
e

the synthesis of dihydrojasmone’Sl. The’required ?—
diketone 60 was obtained from the corresponding
cyclopropyl ketone 55, 'through a sequence of acid
catalyzed ring opening to 59 through 58 followed
Cr203/pyridine oxidation. The 3-diketone 60 was then
cyclized with 5% methanolic sodium hydroxide to
dihydrojasmone 61 in 90% yield. They have thus
demonstrated the utility of cyclopropyl kétones to afford

1,4-dicarbonyl compounds and cyclopentanones.

The thermal rearrangement of vinyl cyclopropane derivative
64 to yield the corresponding disubstituted cyclopentenes
65 and 66 has been describedl8 éEuScheme y. The desired
vinyl cyclopropane 65 was obtained by treating the sulphur
vield 62 with methyl acrylate. The intermediacy of
cyclopropané%éas proved by its isolation, gﬂd thus ruling

out the possibility of intramolecular cyclization of 63

after Michael addition of 62 to methyl acrylate. !

Wenkert and coworkers19 have made extensive investigation
on the ring opening reactions of a number of
cyclopropanes. Among other systems studied by these
authors the synthesis of dihydro jasmone 70 is noteworthy.
The appropriate cyclopropyl ketone 69 was prepared by
copper—assisted interaction of propenyl acetate 68-with
B—diazocarbonyl compound 67. The cyclopropyl ketone 69

which has two vicinal functional groups, one 1s an

electron donor and the other an electron acceptor,whose,

!
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complementary reactivity enhances the c¢yclopropane ring

fission in ionic reactions to yield 70.

The Scheme 11 depicts the intramolecular participation of
aromatic ring to the cation formed by the ring opening of
cyclopropyl Xketone ring to give the substituted
naphthelenes20 72. Thus, trans-2-phenylcyclopropyl phenyl
ketone 71 on treatment with phosphorious pentachloride
yielded 72 along with other chlorinated open chain olefins
73 and 74. The cyclization reaction is proposed to

involved intramolecular alkylation.

Murphy and cowarkerszl"24 have published a series of
papers on Lewis acid catalyzed cyclization of aryl
cyclopropyl ketones 77 to aryl tetralones 78. These
cyclizations have been explained through the, benzylcarbo;
cations 80, which is in equilibrium with cyclic oxonium
intermediate 81. The corresponding open chain alcohol 79
was also occasionally obtained as a side product, which
was presumed togformed due to step-wise process for the
tetralone form;tion (Scheme 12). They successfully
extended25_26 this methodology for the synthesis of
(£} Picropodophyllone 86, which is used as a canéer
chemotherapeutic agent. The required cyclopropyl ketoester
83 was obtained by the reaction of appropriate chalcone 82
with carbethoxy suphomium ylide, which on treatment with
stannic chloride gave the corresponding tetralone 84,
Azt

followed by its cyclization by treatizmg with formaldehyde

in the presence of agueous base and Jone's oxidation gave
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86 in 72% yield (Scheme 13). They have also studied the
reductive cleavage of arylcyclopropyl ketones 77 in the
presence of zinc / zinc chloride in ethanol to give 4-aryl

27'28. The Lewis acid

butyrophenones 87 in good yields
catalyzed ring closure was further exploited by the same
group to synthesize indanone 90, by treating
bis(arylcyclopropyl)ketone 88 with SnCl, in nitromethéne29

{Scheme 14}.

In the preceding discussion some seleéted examples have
been reviewed to illustrate the potential synthetic
applications of fthe cyclopropyl ketones. It is apparent
from the earlier studies that sterecelectronic factors are
biased in ‘?—haloketones and RB-ketoesters towards O-
alkylation rather than intramolecular C—alkyiation. Also,
the carbocations of general formula 92 in their enol form,
have to undergo ring closure via the disfavoured 5-endo-
trig process, apparently failing to yield the desired
cyclopentanones 93. Therefore it becameV&nteresting and
increasingly challenging problem, w;;ther an
intermediate with these structural features could be
transformed into a ring.pLas&%q through a favoured
process. We therefore, became interested in the a_-oxo
cyclopropyl ketene dithiocacetals 94, which are excellently.
suited to generate the intermediate carbocation 95,which
possess the desired structural reguirements for the
favoured B5-exo-trig process to afford the corresponding
cyclopentanones 97. In the present investigation it was

therefore undertaken to examine on the deveélopment of this
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general methodology, which 1is presented as follows. The

chapter 1s divided into the following parts:

(a) Cationic ring opening of o -bis(methylthio)methy-

lenealkyl cyclopropyl ketones : scépe and mechanism

(b} Intramolecular alkylative cyclization involving a-bis
{methylthio)methylene alkyl(a~”alkenyl)cyclopropyl
ketones : A shorter route to ll-oxo steroid precursors

and substituted cyclopentanones.

RESULTS AND DISCUSSION

s
A series of hitherto unknown cyclopropyl ketene
dithiocacetals 100 required for the present studies was
prepared in nearly quaﬁtitative vields. Also the
precursors oa-cinnamoyl ketene dithioacetals 99, were
prepared according teo the earlier reported procedure3o, by
condensing various acylketene dithioacetals with various
aromatic aldehydes. The structures of all the known
dithioacetals (99a-g and 99k-o)} were confirmed by
comparison of their spectral and analytical data with
those of authentic samples. The hitherto unknown oxoketene
dithioacetals 99i-j were also prepared essentially by

extending the described method and were characterized by

their spectral and analytical data (experimental).
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IT.2a ACID CATALYZED REACTIONS OF a-BIS(METHYLTHIO)METHYLENE-
ALKYL CYCLOPROPYL RETONES ; SCOPE AND MECHANISM

For the conversion of a-cinnamoyl ketene dithiocacetals to
their cyclopropyl analogs, dimethylsulphoxonium methylide
was found to be highly efficient3l. Thus, when 99a was
treated with trimethylsulphoxonium iodide in the presence
of tetrabutylammonium iodide in a phase transfer medium of
aqueous sodium hydroxide and methylene chloride at 50°C
after work ﬁp the product obtained was 1-[2-
bis(methylthio)methyleneacetyl]~2~(4—methoxybhenyl)cyclo—
propane 100a in 98% yield (m.p. 97°-98°C). Apparently, the
cyclopropyl ketone 100a was formed by the conjugate
addition of dimethylsulphoxoniummethylide to the
corresponding cinnamoyl ketene dithiocacetals 99a. Thg
structure of 100a was confirmed from 1its analytical and
spectral data. Thus, it was analyzed for the molecular
formula C15H180455, and its molecular weight was confirmed
by mass spectrum, m/z 294 (M+,24%). The prominent
absorption bands in the IR spectrum (KBr) are observed at
(Vmax 1620 and 1480 cm”t. The sfructure was further
confirmed from its ZIH NMR spectrum (CCl,). The signals at
51.12-1.81 (2Hb appearég;as multiplets, were assigned to
the cyclopropyl methylene protons. The ﬁwo cyclopropyl
methine protons appeared as two multiplets between 31.89-
2.15 (1H) and 32.33-2.58 (1H). The singlets appeared at
52.41 and 2.46 integrating for 3 protons each were
attributed to the two methylthio groups. The three methoky!

protons appeared as a singlet at &3.76. A sharp singlet at -
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Table 1
H 0O SMe
Ar SMe
RZ R

Ar 0 R! R % yield

a {4-MeOCgHy H H 98 ¥/,
LE— 3,4-(MeO )2 CgH3 H H 98
¢ 13,4,5-(Me0)3CgHy H H 96 /o
d {3,4-methylenedioxy CgH3 H "H 94,/
¢ [4-MeCgHy H H 94*%
f |CeHs H H 97°%
g | 4-MeOCgH; Me H 98°/s
h | 4-MeOCg H4 Et H 84 °ls
i 1 4-MeOCgHy4 n-Bu H 87
j |4-MeOCgHy n-heptyl] H 85°%%
k |3,4-(MeO)2 CeH3 Me H 95%
L |3,4,5{(MeQ)3CgH7 Me H 96 o
m |3,4~methylenedioxy CgH3 Me H 96 e
n |4-MecOCgH4 Me H 80
o [3,4-(Me0)2CgH3 Me H 79 %




58

56.16 (1H) was assigned to the olefinic proton and the
aromatic protons appeared as two doublets (2H,J=%Hz) at
86.75 and 7.01. The other cyclopropyl ketones 100b-0o were
similarly prepared in 79-89% overall yields. Their
spectral data were fully established which are described
in the experimental section. It is note-worthy that the
cyclopropanation was found to be chemoselective, and the
reagent attacks only at the styryl double bond, and the

mercapto double bond remains being unaffected (Scheme 16).

The acid catalyzed ring opening of cyclopropyl ketones 100
was examined next. Thus, 100a when treated with a mixture
of phosphoric acid and formic acid (1:3) at room
temperature for 2 hr, after work-up and purification over
silica gel column (EtOAc/Hexane 1:20) afforded a compound
characterized as (E) é—methyl 5~ (4-methoxyphenyl-2~-oxo
cyclopentane carbothicate 102a in 73% yield {m.p. 105=
106°C). The structure of 102a was configmed from its
analytical and spectral data. Thus it was analyzed for
molecular formula Cq,H,-03S (264) and the molecular weight
was confirmed by its mass spectrum with a peak at m/z 264
(M+,10%) along with another prominent peak at 189 [ Mt -
75(COSMe)} ,100%). The characteristic ring carbonyl and the
thioester carbonyl stretching appeared at IR{(KBr) 1750 and

1665 cm t

respectively. The structure of 102a was further
confirmed from 1its 1y NMR (CDCl,3) spectrum. The
cyclopentane methylene protons appeared as multiplet at

531.86~2.70 (4H). The singlets at ©&2.30 and 3.80
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integrating for 3-prot5ns each were attributed to
methylthio and methoxy protons respectively. The doublet
appeared at 83.42 (1H) with a coupling constant J=11Hz was
due to the H-1.The methine proton H-5 appeared as a
multiplet at 33.66~4.01 (1H). The two doublets (J=9 Hz) ‘at
56.82 (2H) and 7.20 (2H) was attributed to the aromatic
protons. On the basis of the coupling constant of H-1
proton, i.e. J=11 Hz and the down field shift of H-5 due
to the deshielding by methylthic carbonyl group, it was
decided that 102a was having a single stereoisomer ﬁaving
(E) ~geometry. Similarly, the cyclopentanone 102b was
obtained in 68% yield and found to be exclusively BE-
stereoisomer on the basis of its spectral and analytical

data described in the experimental section.

In another experiment when 102a was heated in the presence
of a mixture of phosphoric and formic acid jl:3) at 80°C
for 1 hr after work—-up and purification as described above
the product isolated was 3-(4-methoxyphenyl)cyclopentanone
103a as low melting solid (m.p. 48-49°C) in 71% yield
which was identical with that reported in the literature32
(reported m.p. 47-48°C) The structure was further-

confirmed from its analytical and spectral data. It was

analyzed for C12H1402 (190), which was confirmed by its

mass spectrum m/z 190 (M+,100%). The IR(KBr) spectrum
showed absorption band at 1737 cm—l. The structure of 103a
was further confirmed from its 1 NMR spectrum (CC14). A

multiplet appeared between 51.61-2.50 (6H) due to ring

methylene protons, while the benzylic proton, i.e. H-3
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showed a multiplet at 32.08-3.47 (1H). The singlet
appeared at 83.73 (3H) was attributed to the three methoxy
protons while the aromatic protons appeared as two
doublets with J=9 Hz at 36.67 and 7.09 integrating for two
protons each. Similarly, ‘the cyclopropyl Kketones 100b-e
underwent cyclization with a loss of methylthiocarbonyl
group to yield the corresponding 3-substituted
cyclopentanones 103b~e in 37-72% overall vields. The
cyclopentanones were confirmed by their spectral and
analytical data. However, the phenyl substituted
cyclopropyl ketone 100f failed to give the corresponding
cyclopentanone 104 under similar reaction conditions and
the reaction mixture resulted in an intractable tar, while
the 4-methylphenyl substituted ketone 100e yielded the
corresponding cyclopentanone 103e in only 37% yield.
Apparently, these results testify the involvement of
benzyl carbocation which 1is signific;ntly stabilized by
methoxy substituents under the observed experimental

conditions.

When the reaction was extended to a-methylcyclopropyl
ketone 100g under identical reaction conditions both at
room and higher temperature, s-methyl-5-methoxyphenyl-1-
methyl-2-oxocyclopentane carbothiocate 105g (m.p. 75°-76°C)
was obtained in 81% yield. The structure of the compound
105g was assigned on the basis of its spectral and
analytical data. It was analyzed for CygHyg03S (278) and

was confirmed with a molecular ion peak at m/z 278 (MT, 4%)
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in its mass spectrum. The IR(KBr) spectrum showed
prominent absorption bands at 1738 and 1665 cm”l. The 1H
NMR(CDC13) spectrum showed a singlet at 50.98 (3H) for the
methyl protons, while the multiplet appeared at 51.90-2.61
(4H) was attributed to ring methyleﬂé protons. The '
singlets for methylthio protons and methoxy protons.
appeared at 52.30 and 3.72 respectively integrating for 3-
protons each. The benzyl methine proton appeared as a
distorted triplet with J=7 Hz at 54.05. It may be noted
that chemical shift of benzylic proton at 34.05 signifies
its position with relation to methylthio carbonyl group in
the c¢is-fashion, which is in conformity with the & value

8 on similar systems.

reported by Tr%st and coworkers
Apparently, only one stereéfﬁsomer is formed with the
methyl group trans to the benzylic proton, thus confirming
an exclusive FEF-stereocisomer for 105g. The aromatic protons
appeared as two doublets at 86.76 and 7.0 with J=9 Hz. The
compound 105g on prolonged heating (6 hr) at 80°C under
similar reaction conditions did not undergo
dithiocarbnylation and the reaction mixture remained
unchanged. Thus methylthiq carbonyl group appears to be
more resistant gn the t%;tiary—carbon atom. Similarly, the
other o - élkylcyclopropyl ketones (1004-h and 100k-o)
also ?lsq underwent'cyclization to yield only one (E)
sterecisomer of 105]§£en the a-substituents were methyl or
ethyl groups (10%g-h and 100k-o). However, this

stereoselectively was _ not maintained in the higher

homologé 100i-3j, when the a -substituents were n-butyl or
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n—héptyl groups. A mixture of F and Z isomers (105i-3j) in
varying proportions was obtained. The stereochemical

assignments for 105i-j were also derived from their 1

H NMR
spectral data. Thus, in the case of 105i the benz{iic
methine proton exhibited two signals at &4.02 and &3.49
due to EF and Z isomerslrespectively. It appears that when
the alkyl group at ﬁs%iﬁéﬂﬂxmfis bulkier, such as n-butyl
and above, the product ratio results as a mixture of
stereoisomers. % ;;lected members of carbothioates 1OSgA
1051 and 105n were subjected to demethylthiocarbonylation
in the presence of Ranerickel33 at room temperéture in
benzene under nitrogen atmosphere to afford the
corresponding cyclopentanones 106a-c in 78-89% yields
respectively. The structure of these cyclopentanones 106a-
e were in accord with their aralytical and spectral data

which are described in the experimental section (Scheme 18

and 19).

3

The aforesaid cyclopropanes 100a-c were next examined
under Lewis acid condition. Thus, when 100a was stirred in
the presence of stannic chloride in benzene, after work-up
the product isolated was . characterized as 2-bis{(methyl-
thio)methylene~3-(4~methoxyphenyl)cyclopentanone 107a in
83% yield. While the analytical and spectral data of 107a
were in accord with the assigned structure (in the
experimental section) the presence of ﬁwo singlets at
52.21 (3H) and &2.42 (3H) was assigned to two methylfhio
groups in its 1H NMR spectra, indicating that the mercapfo

functionality remained unaffected under these reaction



66

conditions. It 1is interesting to note that the
bis{methylthio)methylene functionality can | be
utilized to transform into useful functional groups such
as methyl carbothiocate and carboalkyl etc. It can further
be regioselectively reduced to the bis({methylthio) acetal,
which could be subsequently hydrolysed to the
corresponding aldehyde functionality. One of these
transformations was attempted, when 107a was treated with
BF3.Et,0 and HgCl, in refluxing methanol the product
obtained was characterizéd as methyl 5—}4—methoxyphenyl)7
2—-0X0 cyclopentane carboxylate 108a in 87% yield (m:p.
84°-85°C). The structure was established on the basis of
velebire Condipumtion

its spectral and analytical data. The stexresehemistry of
108a was decided on the basis of the chemical shift of H-1

(63.25,d) and H-5 (53.52-3.96,m) and the coupling constant
of H-1 (J=12 Hz) dnd was assigned EF geometry. The
analytical and spectral data of 108a-b were in full aécord
with the assigned structures and are described in the
experimental section. Interestingly, when phenyl
cyclopropyl ketone 100f was treated with a mixture of.
H3PO4/HCOOH only anghtractable tar was formed. However, on
treatment with stagnic chloride in benzene it underwent a
facile ring opening to yield the corresponding open—chain
carbinol 1,1—bis(methylthio)—6—::’hydroxy—6—phenyl—1—
hexene-3~one 109 in 73% yield. The product 109 exhibited a
molecular ion peak at m/z 268 (Mt-18,6%) in its mass
spectrum and was analyzed for C14H180282. The IR(KBr)

spectrum showed prominent absorption bands at 3440, 1620

N
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cm_l. The structure was further confirmed by its 1H

NMR(CDC13) spectrum. The triplet at 52.05 (2H,J=7 Hz) was
assigned to CHy methylene protons and two methylthio
groups appeared as two singlets at 82.40 and 2.49 each’
integrating for three protons. The other methylene protons
adjacent to the carbonyl group appeared as triplet at
32.58 (2H,J=7 Hz). A broad signal at &52.71-3.28 (1H) was
assigned to the hydroxyl group (exchangeable with Dzo),
The benzylic protons appeared as triplet at &4.71 (1H,J=7
Hz). The singlet appeared at 55.98 (1H) was attributed the
vinylic proton.The aromatic protons appeared as multiplet
between &7.12-7.42 (5H), thus confirming the open chain
structure assigned as 109. Attempts to cyclize 109 on
subsequent treatment with various Lewis acfds as well as
the treatment of 100f with these lewis acids for an
extended time failed to yield the  corresponding
cyclopentanones and only the open-chain carbinol 109 was

obtained in varying yields (Table 2).

The cyano-substituted cyclopropyl ketone 110 was obtained
in 91% yield by addition of cyanotrimethylammonium ylide34
to 99a in the presence of sodium hydride in dry tetrahydro
furan. The cyclopropy; ketone 110 also underwent ring
cleavage and cyclization in the presence of a mixture of
H3PO4/HCOOH (1:3) at room temperature to afford the
corresponding s-methyl 3-cvano-2-(4-methoxyphenyl)-5-oxo-

cyclopentane carbothioate 111 in 81% yield. Other spectral

data were in accord with the assigned structure, and the
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Table 2
Reaction of Cyclopropyl ketone 100f with Lewis acids
Entry Lewis acd Solvent |reaclion conditions | Product
%/ yield(10
1 SnCly CsHe RT,12h 73
2 SnClg, MeMNO?2 0°C,6h 81
3 BF3-Etp0 MeNO? RT, 5h 77
4 BF3.Et20 CgHg RT, 24h 83
5 AlCl3 CH2Cl2 RT,12h 87
6 TiCly CH2Cl2 + -78°C 83
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presence of nitrile group in IR{neat) was marked by the
absorption at 2220 cm_l. The rest of its Fpectral and
analytical data are described in the experimental section.
The conjugate addition of phenacylsulphonium ylide 112 to
99a under different condifions gave only a mixture of

several products which could not be isolated in pure form.

The mechanism governing the cyclopropyl ring cleavage and.
the new C-C bond formation through mercapto double bond
participation can either be stepwise or a concerted
process. The structure of 100 is geometrically favourable
for 5-exo-~-trig concerted ring closure. However, the
failure of 100f to afford the corresbonding cyclopentanone
evidently supports the intermediacy of the benzylic
carbocation and shows that the stabilityk}f the:
carbocation dictates the course of cyclopropyl ring
opening. Attempted cyclization of 100f in tpe presence of
Lewis acids in aprotic solvents yielded only the open-—
chain carbinol 109 in varying yields (Table 2). When 100a
was treated with 8SnCl, in nitromethane at room
temperature, the corresponding cyclopentanone 107a was .
formed within one hour in excellent yield (Table 3, entry
7)., while the yield of 107a was lowered when the reaction
temperature was reduced to -20°C (entry 8). The
intermediate carbocation was trapped by gquenching the
above reaction mixture after 10 min. to afford the
corresponding open-chain carbinol 109b in low vield (32%)
along with cyclopentanone 107a in 43% yield (entry 9).
Also the tri—t:}wthoxyphenylcyclopropyl ketone 100c

i
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Table 3
Lewis acid calalyzed cyclizations of aryl cyclopropyl keilones 100
Entry Reactant Conditions Products ToYield
1 100a SnCl4CeHERT, 2h 107a 83
2 b SnClg,,CeHg» RT,2h b 72
3 c SnCl, s CgHgRT, 2h C 52
4 a TFA . CH2CI2sRT,2h a 81
5 g SnClg,CeHg RT, 2h 1059 79
6 g TFA» CH2Cl2,RT, 2h | ] 79
7 a SnCl4 » MeNO2 > RT, 1h 107a 83
8 a SnCl4, MeNO2» -20°C, th a 76
9 a SnCly, » MeNO2,~20°C,10min | 107a,109b | 43.32
10 c S5nClg» CeHe/ H20,RT,5N 109¢ 73
1 < SnCl, s CeHp »RT, 5h J407d 4)
12 a BF3.E120, MeNO2,RT, 48h 118 73
13 a SnCly, CeHB.RT, 1h 107a 68
14 a SnCl,» CH2CID R T, N a |78
15 b SnCl,» MeNO2,.RT»1h b 61
16 < SnCl4,MelN02» th [o 52
17 d SnClg » MeNO2.RT,1h d 52
-
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yielded the open-chain cadrbinol 109c exclusively (73%) on
treatment with SnCl, in benzene with a few drops of water
(entry 10). The same reaction mixture)on continued
stirring at room temperature (5hr2§(ie1ded the
corresponding cyclopentanone ~— 1074 with demethylation
of the 4-methoxy group (entry 11). Thus the isolation of
the intermediate carbinols 109b and 109c¢ further supports
the formation of benzyl carbocation as intermediate which
slowly cyclizes to cyclopentanone 107 on prolonged
treatment with SnCl,. Interestingly when 100a was stirred
at room temperature 1in the presence of boroﬁ?rifluoride

etherate in nitromethane, the product isolated was

characterized as carbinol acetal 118 on the basis of

spectral and analytical data, ([(describeed in the
experimental section) (entry 12) (Scheme 22 and Scheme
23)].

A comparison of cyclization of 100a in the presence of
SnCl, in various solvents (CgHg, CH,yCl,, CH3N02)
S . . . \
demonstrate/that the rate of cyclization is faster .in
polar solvents (Table 3, entries 7,13,14). Similarl-
C e
variation of substituents ﬂnaégbmatic ring influences the
relative rates which become faster with the increasing
ability of the substityents to stabilize benzyl
carbocation (100b>100c¢c> = 100d>100e) (Table 3, entries
7,15,16.17); The solvent and substituent effects evidently

demonstrate that the benzyl carbocation is indeed an

intermediate and the success of the reaction depends on
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the substituents that extend increased stability to the
developing cation. Based on these observations, a probable
mechanism 1is depicted in the Scheme 22, which is similar
to that suggested by Murphy23'24 for tetralone formation.
An open-chain benzyl cation 114 clearly accounts for the
formation of products 107 and 109. Thus the intermediate
cation appears to exist in equilibrium with oxonium ion
115 while in the presence of solvent with increasing
polarity and a better stabilizing substituents on aryl
group, the cation equilibrium is shifted to benzylic
position 114 thus permitting the attack of
bis{methylthio)methylene double bond. Subsequent loss of
proton affords 107 or 103 when the reaction mixture 1is
gquenched with water. On the other hand, in the case of
100f, the eguilibrium is essentially on the side of 115
due to instability of benzyl cation 114 a condition not
favourable for mn~participation. The oxonium ion yields
the open-chain carbincl 109 on qﬁenching the reaction
mixture in aqueous basic media. However, none of these
data preclude concerted ring opening and cyclization as
major rule especially in the case of'highly reactive

cyclopropyl ketone such as 100a.

Formation of 118 from 100a in the presedbe of
!

borodE;ifluoride etherate/nitromethane probably involves

an inter or intramolecular 1,4-hydride transfer35

in the
initially formed carbinol 109b under the experimental

conditions during workup.
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II.2b INTRAMOLECULAR ALKYLATIVE CYCLIZATION INVOLVING o—-BIS

(METHYLTHIO) METHYLENE ALKYL (2-ALKENYL)CYCLOPROPYL KETONES
: A SHORTER ROUTE TO 11-0XO STEROID PRECURSORS AND
SUBSTITUTED CYCLOPENTANONES

In the preceding section of this chapter it was
demonstrated that the cyclopropyl ketones 100 were found
to be suitable precursors for the con§truction of
functionalized cyclopentanones in good yields. The
cyclopentanone ring closure was found to be a natural
consequence of the favouréd S-eko—trig process. The

mercapto double bond as a masked P-keto ester

functionality serves the purpose of creating suitable-

structural parameters for the allowed exo-trig process.
All the examples examined in the preceding section
essentially carry the aryl substitution on the cyclopropyl
ketones, but the phenyl substituted 100f failed to yield
the envisaged cyclopentanone. However, in the presence of
Lewis acids cyclopropyl ring cleaved to yield the
corresponding open-chain carbinol 109 in high yield.
Attempts to cyclize the cyclopropyl ketones 100f as well
as the carbinol 109 failed. On the basis of these

observations a step-wise mechanism was proposed involving

benzyl carbocation intermideey, which was trapped by the%[

bis (methylthio)methylene double bond following the allowed

exo-trig process. Thus, the presence of electron donating
group on the aromatic ring capable of stabilizing the
cation, was found to be essential for the ring closure. In

continuation of these studies it was considered of



78

interest to circumvent the limitations observed in those
cases. One possible alterpative could be to prepare
cyclopropyl ketones by introducing one or two n-bond
bridges between the cyclopropane ring and the aromatic
group. As a result the stability of arylallyl (or.
arylpentadienyl) cation may serve as better stabilizing
parameters and enhance the scope of the present
methodology of the cyclopentanone synthesis. Also, this
approach has been successfully extended for the synthesis
of 1l-oxo steroid precursors as an épplication to a more
important target molecule, in the present investigation.

The results have been described as follows.

The cyclopropyl ketones 120a~h (Scheme 24) were selected
to examine the potential synthetic application of the
methodology described in the preceding part.They could
conveniently be preparedifollowing the sequence as
depicted in Scheme 24. The A —-enoyl ketene dithioacetals
11%9a-h were prepared by the condensation of various ene-
aldehydes with acylketene dithiocacetals 98 by earlier

30'36. The structures of all these enoyl

reported methods
ketene dithiocacetals 119a—-h were in accord with their
analytical and spectral data. In a typical experiment wnen
119a was reacted with dimethylsulphoxonium methylide under
phase transfer conditions as described earlier to afford a
colorless solid in 97% yield {m.p. 116°-117°C). It was
characterized as 1-[2-bis(methylthio)methyleneacetyl]-2-

)
styryl cyclopropane 120a on the basis of its spectral and
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analytical data. It was analyzed for Ci1gH18055 (290) and
the molecular weight was confirmed by its mass spectrum
which gave a molecular ion peak at m/z 290 (M+,8%). In
IR{KBr) spectrum the absorption band at 1640 cm~ 1 was
assigned to the carbonyl group. The structure was further
confirmed from its 1H NMR(CDC13) spectrum. The cyclopropyl
methine and methylene protons appeared at differen?
chemical shifts 30.85-1.20 (1H), 3&1.46~1.71 (1H) an&
$1.85-2.33 (2H) as multiplets respecéively. The singlet
appeared at 82.42 integrating for 6-protons was attributed
to the two methylthio groups. The styryl protons gave
characteristic signals at 55.75 (lH,da,J=16,18 Hz) and
56.49 (1H,d,J=16 Hz), showing stereochemistry of trans
geometry. The mercapto vinylic proton appeared as a
singlet at 56.54 (1H). The multiplet appeared at 57.0-7.41
integrating for 5-protons was attributed to!the aromatic
protons. Thus the data was in full confirmity with the
assigned structure 1l20a. Similarly, the other cyclopropyl
ketones 120b-h were prepared in 81-97% overall yields and

their structures were established by their analytical and

spectral data (Experimental).

The acid catalyzed rearrangement of 120 to yield the
corresponding cyclopentanones was next examined. When 120a
was treated with a mixture of H3PO4/HCOOH (1:3) at room
temperature the reaction mixture after work up and
purification yielded s—methy—z-oxo—s—styryl cyclopentane
carbothiocate 12l1a in 77% yield (m.p. 111°C). The structure

was confirmed from its analytical and spectral data. Thus
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it was analyzed for C15H16025 (260) and exhibited
molecular ion peak at m/z 260 (MV,7%). Its IR(KBr)
spectrum showed absorption bands at Enmx 1753 and 1678
em™ . In its lH NMR (CDC1l,) spectrum the multiplet between
61.64~2.58 was assigned for the ring methylene protons.
The thiomethyl protons appeared as singlet at 52.33 (3H)
and the signal due to H-~1 proton appeared as a doublet
(J=12 Hz) at &3.25. The multiplet between 53.38-3.67 (1H)
was assigned to the H-5 methine proton. The olefinic
protons of the styryl group appeared,as double doublet
(J=15,9 Hz) and doublet (J=15 Hz) at 36.12 and &6.52
respectively. The multiplet at 57.18-7.49 (5H) was
attributed to the aromatic protons. The product 12la was
assigned E stereochemistry on the basis of chemical shift
values for H~1 and H-5 methine protons and their coupling
constants. Thus the H~-1 methine proton appeared as a
doublet at &83.25 with J=12 Hz in accordance with the
reported values in the similar systems for ¢rans coupling
constants. Similarly the downfield shift of H-5 methine
proton 1s attributed to the deshielding of cis
methylthiocarbonyl group whiéh is also in accord with the
similar systems reported earlierg'g. Also, the styryl
double bond retained its trans geometry, which can be seen
from the coupling constant value J=16 Hz. Similarly, the
cyclopentanone 121b was also isolated in 71% yield and

N ‘:avt. o= Cow /" "‘"’f*/ﬁ‘au " .
characterizefgas’f(genﬁggfy/ﬁg'the basis of the

considerations mentioned above (Scheme 25).
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Interestingly, when the abéve reaction of 120a was carried
out at 80°C (4 hr) the b5-styryl cyclopentanone 122 was
isolated in 67% yield. Its structure was established by
its analytical and spectral data. It was analyzed for
Ci13H{40 (186) and its mass spectrum showed a-molecular ion
peak at m/z 186 (M',68%). In IR(KBr) the band due to ring

carbonyl appeared at 1743 cm ¥

1

and the ester carbonyl band

around 1660 cm —~ was absent indicating the cleavage of
carbothiocoate group. The structure of 122 was further
confirmed by its 1g nmr spectral data which are described

in the experimental section.

However, the 4-methoxy styryvlcyclopropyl ketone 120¢ d4did
not yield the desired cyclopentancne under similar
reaction conditions. The product isolated in 60% yield was
characterized as 6-(4-methoxyphenyl)-2-oxo bicyclo:12.2.1£z:>
heptane 127 on the basis of its spectral and analytical
data. Thus, the exo-isomer was assigned on the basis of
observed A2B2 pattern of aromatic protons and the triplet
at 52.98 for benzylic proton which is in accord with the
earlier observations reported for exo substituted

norbornane compounds37.

The rest of the data which were
all in agreement with the assigned structure are described
in the experimental section. The formation of 127 appears
to be not too unexpected under these acidic conditionsi
Thus, the initially formed cyclopentanene 122d has
undergone intramolecular cyclization through trapping of

highly stabilized 4-methoxybenzyl cation by enol 126 to
afford 12719713 (scheme 26).
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However, when the -dimethoxystyrl 120e and
methylenedioxystyryl 120f cyclopropyl ketones were treated
with H43PO,/HCOOH (1:3) under similar conditions, the
corresponding bicyclic ketones were not formed and the
products were characterized as 3-{(2-methylthio~2-aryl
ethyl)cyclopentanones 129b (78%) -and 129c (73%)
respectively (Scheme 27). The structure assigned for 129b,
¢ were confirmed by their analytical and spectral data
(experimental). Further attempts to isolate the
corresponding styryl cyclopentanones 122e—f under varying
conditions did not succeed. On the othér hand in the - light
of these examples, it was decided to re-examine the
cyclization of 120a with H;PO,/HCOOH under controlled
conditions (1 hr), when the corresponding was 129%a indeed
formed in 81% yield which underwent slow conversion to
122a on prolonged heating (4 hr). These results can be
rationalized in terms of relative stabilities of the
transient benzyl cation 128 formed by prptonation of
styryl double bond in the intermediate styryl
cyclopentanone 122 (Scheme 27)}). In the case of 4-
methoxyphenyl derivative, the benzyl cation 1224 is stable
enough to be trapped by the enol double bond
intramolecularly to afford exclusively 127. On the other-
hand in an unsubstituted phenyl derivative, the
equilibrium lies towards unprotonated 122a,_apparently.due
to instability of unsubstituted benzyl cation 128@.

Alternatively, benzyl cation 128b,c with intermediate
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stability24 was trapped by nucleophilic methylmercaptan to
afford the cyclopentanones 129b,c.

When 120a was treated with SnCl, in benzene at ambient
temperature the product isolated after work up and
purification overysilica gel column wa; characterized as
2—bis(methylthio)ééthylene—3—styrylcyclopentanone 131 in
74% yvield. It was analyzed for C16H18OSZ {290) and showed
a molecular ion peak at m/z 290 (M+,21%) in its mass
spectrum. The IR(neat) spectrum showed a carbonyl
absorption band at 1693 cm_l. The presence of two singlets
at 82.38 (3H) and 2.44 (3H) in its 1y NMR(CC14) spectrum
confirm the presence of two methylthio groups., The rest of
the spectral data were in confirmity with the assigned
structure and are described in the experimental section.
Similarly, the dienyl cyclopropyl ketone 120g yielded the
corresponding c¢yclopentanone 132 in 71% yield: under
similar reaction conditions. The spectral and analytical
data of 132 were in full accord with the assigned
structure (experimental). The formation of 131 appears to
go through sulphur stabilized bis{methylthio)methyl

carbocation 130 followed by loss of ring proton retaining

the mercapto functionality (Scheme 28).

Cyclization of (4-aryl-1,3-butadienyl)cyclopropyl ketones
120g-h were next examined . When 120g was treated with a
mixture of phosphoric acid and formic acid (1:3) at room
temperature, the product isolated, after york~up and

"purification by column chromatography over silica gel, was
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5~ (4-phenyl-1,3~butadienyl)-2-oxo cyclopentane carbo-
thioate 135 in 76% yield (m.p. 108°-109°C). The compound
gave satisfactory elemental analysis (C17H18025). Its mass
spectrum exhibited molecular ion peak at m/z 286 (Mt 40%) ..
Its IR(KBr) spectrum showed characteristic bands at 1750
and 1675 cm"l due to two carbonyl groups. It was found to
be a mixture of E and Z (4:1) isomer on the basis of its
1y NMR(CC14) spectrum. The signals at &2.35%5 (2.4H,s) and
52.26 (0.6H,s) were assigned to methylthio group in E and
Z isomers respectively. The two H-1 (Ha) and H-5 (Hb)
methine protons in E isomer appeared at &53.12 (0.8H,d,J=12
Hz,H-1) and 3.33 (0.8H,m,H-5) while signals due to these
protons in Z isomer appeared as multiplet between &2.55-
2.80 (0.4H)8'9. The other analytical and spectral data’
were in agreement with the assigned’structure which are
described in the experimental section. Apparently, the
product 134 was formed by 5-exo-trig ring closure followed
by the hydrolysis of resulting sulphur stabilized
carbocation 134 in the described reaction condition
{Scheme 29). However, the corresponding 4-methoxXy
derivative 120h on treatment with H3PO,/HCOOH did not
vield the expected dienyl cyclopentanone £36, instead the
product formed (62%) was characterized as bridged bicyclic
ketone 139 on the basis of its analytical and spectral
data (Scheme 30). It was analyzed for CycHq 50, and showed
molecular ion peak at m/z 242 (M¥,100%) along with
prominent peaks at 82(50%), 160(36%) and 198(30%). The

characteristic cyclopentanone carbonyl frequency appeared
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at 1743 em 1. Its 1H NMR(CC1,) showed a singlet at &3.72
(3H) due to methoxy protons. The multiplet around 31.10-
2.80 (10H) was assigned to ring methylene and bridge head
methine protons. The four aromatic protons appeared at
56.8 (2H,d,J=8 Hz) and 57.23 (2H,d,J=8 Hz). The olefinic
protons appeared as multiplet between &5.5-5.88 (2H)
indicating that the double bond is not, in conjugation with
aryl group. The mechanism for the formation of 139 from
120h is depicted in the Scheme 30. In the presence of acid
the initially formed dienylcyclopentanone 136 could exist
in 1its enol form with a highly stabilized 4-
methoxyphenylallyl cation 138 which 1s trappred

intramolecularly by enol double bond to yield 139

In continuation of these studies, an application of this
methodology for the synthesis of 11—;xo steroidal
precursors 149 and 150 was examined. The desired
cyclopropyl ketones 144a,b’ were synthesized as shown 1in
Scheme 31. The enealdehyde 142 obtained through the
Vilsmeir-Haack reaction on carbinol 141 was condensed with
acylketene dithiocacetals 98a,b to afford the corresponding
dienoyl ketene dithiocacetals 143a,b in the presence of
sodium ethoxide in high vields. These dienes were then
subjected to cyclopropanation as described earlier to
afford the corresponding cyclopropyl ketones 144a and 144b
in 93% and 81% yield respectively. The spejtral and
accor

analytical data of 144a and 144b were in genfirmity with

the assigned structures and are described in the
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T
experimental section. The cyclopropyl ketone 144a when

cyclized in presence of H3PO,/HCOOH yielded a product
which was characterized as the bicyclic ketone 147 (Scheme
32) obtained in 62% yield and the desired cyclopentanone
145 was detected in the »reaction mixture. The structural
assignment was done on the basis of its spectral and
analytical data. It was analyzed for C16H1802 (242) qnd
showed a molecular ion peak at m/z 242 (MV,100%). In its
1H NMR(CC14) spectrum no vinylic protons were observed.
The methylene and the methine protons appeared as
multiplet between 31.17-2.94 (12H). The signal at &53.70
(3H,s) was due to methoxy protons. Tﬁe aromatic protons
appeared as multiplet between 56.42-7.18 (3H). Here again,
the intermediate cyclopentanone 145 has undergone an
intramolecular ring closure in the acidic medium, which
was proved by the disappearance of the B-ring ﬁlefinic
proton. However, the desired B-ketoester 149 could be
obtained in 78% overall yield by treating 144a with SnCl,
in benzene at ambient temperature to affordiinitially 148
which on subsequent methanolysis (BF3.Et20/HgC12/MeOH)
gave the expected 149. The product 149 was found to be a
single stereoisomer (E) and the assignment was based on
their 1H NMR spectrum which was in accordance with the
corresponding 6-bromo isomer reported by Trost and:
coworkerss'g. Again, when 144b was heated at 80° in
H3PO4/HCOOH {1:3) the expected product ;50 was neatly
formed in 83% yield {(m.p. 118°-119°C). In its mass

spectrum it exhibited molecular ion peak at m/z 330
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(M+,28%) and was analyzed for C1gH550435. It was found to
be a single stereoisomer as evident from its ly NMR
spectrum. The sharp singlets for methyl:(31.20, 3H),
methylthio (82.32, 3H) and methoxy (83.77) and the
olefinic proton at 36.22 (1H) were observed. The methylene
protons apgeared aspﬁultiplét between 51.41-2.88 (8H). The
E ségg;g;gg;;s%fy gff%§clopentanone ring was confirmed
from the low field chemical shift for the methine protoﬁ
H-5 which appeared at §3.65 as a broad triplet merged with
methoxy signal. Its low field shift was primarily due to
deshielding effect of the c¢is methylthiocarbonyl group.

The aromatic protons appeared as multiplet between 56.51-~

6.77 (2H) and as doublet between 56.95 (1H,J=9 Hz).
CONCLUSION
The cyclopropyl ketones have been shown to undergo a novel

rearrangement through their cationic ring dpening to give

the corresponding 3-aryl cyclopentanones. The incipient

carbocation developed in the presence of acid was'

successfully trapped by intramolecular n-participation

of bis{methylthio) double bond to give the product
cyclopentanones. The present method dillustrates the
successful utilization of a—oxoketene dithioacetal
functionality as a latent pB-ketoester equivalent and
represents a novel intramolecular alkylative approach to
substituted cyclopentanones. This new C-C bond formation

is of particular interest since the attempted
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intramolecular cyclization of %—héloketones cr the
corresponding f-ketoesters yield the products of O-
alkylation (furan) rather than intramolecular C-alkylation
due to stereoelectronic factors. In the second part, the
acid catalyzed ring cpening of the cyclopfopyl ketones
with one or two double bonds flanked between aryl group
and cyclopropane ring were successfully synthesized
showing the phenylallyl (or phenylpentadienyl) carbocation
can be trapped by the bis{methylthio)methylene double
bond, whereas in the case of benzyl cation it was not
successful, as shown in the preceding part. This
methodology has been alsco extended for tpe synthesié of
steroid precursors as an application to more important

target molecules.

EXPERIMENTAL
General:- M.p.s were determined on a- "Thomas Hoover'
capillary melting point apparatus and are -uncorrected. IR

spectra were recorded on a Perkin-Elmer 297

1H NMR spectra were recorded on a

spectrophotometer.
Varian EM-390 (S0 MHz) spéctrometer in dguteriochlorofo;m,
or carbon tetrachloride using TMS as internal standard.

Mass spectra were obtained on a Jeol JMS D—300?

spectrometer. Elemental analysis were carried out on a

Heraeus CHN-O-RAPID instrument.
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Starting Materials

Commercially available ketones were ﬁurchased (Aldrich)
and were used as supplied. The other ketones were prepared
by reported procedure. All liquid aldehydes were distilled
and freed of acid before wuse. The substituted
cinnamaldehydes, their higher homologues and 3,4-dihydro
6-methoxy—-2~napthaldehyde 142 were prepared,according to
the reported procedure38. 211 acylketene dithiocacetals
were prepared according to the general procedure described
below. The preparation for cinnamoyl ketene dithiocacetals
(99a—-0), b5-aryl-—-2,4-pentadienoyl (119a-f,143a-b) and 7-.
aryl-2,4,6-heptatrienoyl (119g—-h) ketene dithiocacetals are

also given below.

3,4-Dihydro—-6~methoxy—-2-napthaldehyde (142) colorless

crystals (93%); m.p. 44°-45°C; (KBr) BH(CC14) 2.30-

Qmax
2.88 (4H,m,CH,), 3.77 (3H,s,OCH3), 6.53-6.76 (2H,m,=CH and
ArH), 6.96-7.20 (2H,m,ArH), 9.53 (1H,s,CHO): (Found

C,76.81; H,6.62. Cq2H150, requires C,76.57; H,6.43%).

General method for the preparation of a-oxoketene
dithiocacetals (98) : A mixture of ketone -(0.2 ﬁol) and
carbon disulphide (0.2 mol) was added dropwise to an ice
.cold and well stirred suspénsion of sodiuw t-butoxide (0.4
mol}) in dry benzene (200 ml) and the reaction mixture wés
allowed to stir at room temperature for 5-6 hr. Acid free ’
dimethyl sulphate (0.2 mol) was gradually added with

stirring and cooling and the reaction mixture was allowed
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to stir at room temperaéure for 6-10 hr. The reaction
mixture was poured over ammoniumnm ch;oride solution (250
ml) and the layers were separated. The agqueous layer was
extracted with benzene (100 ml) and the combined benzene
extracts were washed with water (4 x 250 ml), dried
(Nazso4) and evaporated to give crude dithioacetals 98,
which were further purified by crystallisation or b}
distillation under reduced pressure. The physical and
spectral data were compared with that of the reported

values. 3

Condensation of a—acylketene dithioacetals with aldehydes
: General procedure for the preparation of compounds (99%a-
o, 119a-h and 143a-b). To a cooled and stirred solution
of sodium ethoxide in ethanol, prepared by dissolving
sodium (0.06 mol) in ethanol (30 ml), a solution of the
a—acylketene dithiocacetal (0.03 mol) and aldehyde (0.03
mol) in minimum ethanol was added dropwise over a period
of 5 minutes. The reaction mixture was brought to room
temperature over a period of ZO.minutes and further
stirred at room temperature for 4-5 hr. The mixture was
diluted with cold water (100 ml) and solid separates out
was filtered, washed with water (4 x 50 ml) and dried. In
the cases where the product is liquid (99h-3., 99n-o}, the
reaction mixture after dilution with water was extracted
with chloroform (3 x 50 ml), washed with water (4 =x 50
ml), dried (Na2304) and évaporated to give crude products

which were further column chromatographed (ethylacetate :
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hexane, 1:20 eluent). The data of unknown compounds are

given below.

4,4-Bis(methylthio)methylene-1-(4-methoxyphenyl)-1-

undecene—-3—-one (993) yellow oil (59%);1? {neat) 1640,

max
1590 cm™1; &y (CCl,) 0.85 (3H,t,J 7Hz,CH3), 1.10-1.61
(10H,m,CH,), 2.18 (3H,s,SCH;), 2.30 (3H,s,SCH;), 2.57
(2H,t,J 7THz,CH,), 3.78 (3H,s,OCH;), 6.5-7.6 (6H,m,=CH,ArH)
; (Found : C,66.85; H,7.61. C,1H;70,S, requires C,66.62;

H,7.99%).

1,1-Bis{(methylthio)-5-(3,4~dihydro-6-methoxy—-2-napthyl)-
1,4-pentadiene-3—-one (143a) yellow crystals (87%); m.p.-

104°-105°C; (KBr) 1643, 1495 cm™1; &y (CDCl,) 2.38-

max
2.64 (2H,m,CH,), 2.51 (6H,s,SCH3), 2.73-3.02 (2H,m, CH,),
3.78 (3H,s,0CH4), 6.16 (1H,s,=CH), 6.32 (1H,d,J 16Hz,=CH),
6.61-6.81 (3H,m,=CH,ArH), 7.0-7.14 (1H,m,ArH)., 7.47
(1H,d,J 16Hz,=CH). (Found : C,65.20; H,6.18. CygH5q0,8,

requires C, 65.02; H, 6.05%).

1,1~Bis(methylthio)—5—(3,4—dihydro—6Lmethoxy—2—napthy1)—2—
methyl-1,4-pentadiene-3-one (143b) yellow crystals (87%);
m.p. 114°-115°C; ... (KBr) 1650, 1602 cm™; &y (CDCl3)
2.11 (3H,s,CH;), 2.24 (3H,s,SCH3), 2.36 (3H,s,SCH3), 2.43-
2.61 (2H,m,CH2), 2.70-3.02 (2H,m,CH2), 3.81 (3H,S,OCH3),
6.33 (1H,d,J 16Hz,=CH), 6.57-6.85 (3H,m,=CH,ArH), 7.08
(1H,d,J 9Hz,ArH), 7.26 (1H,d,J 16Hz,=CH); (Found

C,65.61; H, 6.23. Cy4H,50,5, requires C, 6?.86; H, 6f4%?:— "
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Synthesis of Cyclopropyl Ketones (100,120,144) from a-
Cinnamoyl.,dienoyl and trienoyl ketene Dithiocacetal
(99,119,143) and Dimethylsulphoxonium methylide: General-
Procedure: A suspension of the appropriate ketene
dithioacetal (10 mmol), trimethylsulph- oxonium iodide’
(13 mmol), tetrabutyl ammonium iodide (15 mmol) in an
aqueous sclution of 50% NaOH (70 ml) and CH,Cl, (70 ml)
was stirred at 50°C for 7h except for(100m~o) (5days). The
organic layer was separated and coﬂcentrated, the
residue diluted with EtOAC to precipitate
tetrabutylammonium iodide which was filtered off. The
filtrate was evaporated to give crude cyclopropyl ketones
which were purified by column chromatograghy over silica
gel using EtOAc/hexane (1:20) as eluent. The analytically
pure samples of cyclopropyl ketones were obtained by

recrystallization from chléroform—hexane.

1-[{2-Bis(methylthio)methyleneacetyl]l-2—-(4-methoxyphenyl)

cyclopropane (100a) (98%), m.p. 97—98°C;? ({KBr)

max
1620(CO), 1480 cm™!; &4(cDCly) 1.12-1.81 (2H, m, CHy),
1.89-2.15 (1H, m, CH), 2.41 (3H, s, SMe), 2.46 (3H,s,SMe),
2.33-2.58 (1H, m, CH), 3.76 (3H,s,OMe), 6.16 (1H,s, =CH),
6.75 (2H,d,J 9Hz ,ArH), 7.01 (2H,d,J 9Hz, ArH); (Found:
C,61.35; H,6.2. Cyg5H 0,5, requires C,61.19; H,6.16%); m/z

294 (M¥7,24%) and 279 ( MT-15,43).

1-[2-Bis({methylthio)methyleneacetyll-2-(3,4-dimethoxy
phenyl)cylopropane (100b) (95%), m.p. 104—105°C;§%aX(KBr)
1619 (CO),1495 cm™l; 3,(CDCly) 1.17-1.80¢(2H, m, CH,),
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1.86-2.18 (1H, m, CH), 2:46 (3H,s,SMe), 2.49 (3H,s,SMe),
2.35-2.61 (1H,m,CH), 3.84 (3H,s,O0OMe), 3.87 (3H,s,OMe),
6.20 (1H,s,=CH), 6.54-6.88 (3H,m, ArH); (Found: C, 59.5;
H, 6.3 C1gH,00435, requires C, 59.23; H,6.21%); m/z 324
(M, 31%), 309 (MT-15,31).

1-[2-Bis{methylthio)methyleneacetyl]l-2-(3,4,5-trimethoxy
phenyl)-cyclopropane (100c) (96%), m.p. 129-130°C;
-1, =« —
Y max (KBr) 1620 (CO), 1478 cm™'; 5y(CDCly) 1.13-1.79
(2H,m,CH2), 1.98-2.20 (1H,m, CH), 2.50 (3H,s,SMe) ,2.63
(3H,s,SMe) 2.30-2.56 (1H,m,CH), 3.76.(3H,s,0Me), 3.87 (6H,
s, OMe), 6.28 (1H,s,=CH)}, 6.34 (2H,s,ArH); (Found: C,57.4;
H, 6.4 Cq17H,550,45, reguires C,57.60; H, 6.26%); m/z 354
(M*, 12%),339 (M¥-15,8).

1—[2—Bis(methylthio)methyleneacetyl)—2—(3,4fmethylenedioxy
phenyl)cyclopropane (100d4) (94%), m.p. 130—131°C;-Qmax
(KBr) 1631(CO), 1490 cm 1;5,(CDCl,) 1.13-1.80 (2H,m,CH,),
1.93-2.21 (1H,m, CH), 2.46 (3H,s,SMe), 2.51 (3H,s, SMe),
2.38-2.66 (lH,m,CH), 5.94 (2H,s,CH2), 6.21 (1H,;s,=CH),6.56 .
-6.83 (3H,m,ArH); (Found: C, 58.6; H,5.4. Cq1gH,4035,
requires C, 58.41; H,5.23%); m/z 308 (M',20%), 297

(Mt-15,27) .

1—[2—Bis(methylthio)methyleneacetyl]—2—(4—methy1pheny1f

cyclopropane (100e) (92%), m.p. 78-79°C; '7max(KBr) 1623
(Co), 1480 cmﬁl;BH(CDC13) 0.95-1.75 (2H,m,CH2), 1.81-2.15
(1H,m,CH), 2.13 ({(3H,s.Me), 2.28 (3H,s,SMe), 2.40 (3H,s,
SMe), 2.09-2.45 (1H, m,CH), 6.11 (1H,s,=CH), 6.91-7.00

{
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{(4H,m,ArH); {(Found: C, 64.9; H, 6.65. C15H,g0S, requires
C, 64.71, H, 6.52%); m/z 278 (M+, 16%), 263 (M+—15,100)‘

1-[2-Bis{methylthio)methyleneacetyl]-2-phenylcyclopropane
(100£) (97%), m.p. 104-105°C; 3 .. (RBr) 1620 (CO), 1490
em™l; 5y(cDCly) 1.15-1.80 (2H,m,CH,), 1.92-2.21 (1H,m,CH),
2.44 (3H,s,SMe); 2.49 (3H,s,SMe), 2.41-2.67 (1H,m,CH),
6.17 (1H,s,=CH), 7.0-7.31 (5H,m, ArH); (Found: C, 63.7;
H,6.2. Cq,H,¢0S, requires C, 63.60; H, 6.10%); m/z 264
(m*,7%), 249 (Mt-15,100).

1-[2-Bis{methylthio)methylenepropanoyl]—-2-(4—methoxy
phenyl) cyclopropane (100g) (98%), oil; ~7max(neat) 1665
(CO), 1508 cm™1; &y(ccly) 1.17-1.77 (2H,m,CH,), 2.02 (3H,
s, SMe) , 2108 (3H,s,SMe), 2.27 (3H,s,Me), 2.02-2.60 (2H,m,
CH), 3.66 (3H,s,OMe), 6.69 (2H,d,J 9Hz, ArH), 6.96 (2H,d,J,
9Hz, ArH); (Found: C,62.5; H,6.6. CygH,405S, requirés C,
62.30; H,6.54%); m/z 308 (M+,l%, 293 | M+—15,47). .

1~-[2-Bis{methylthio)methylene~n-butanoyl]—-2-{4-methoxy~
phenyl) cyclopropane (100h) (84%), oil; -?max(neat) 1667
(cO), 1510 em™Y; 34(cCl,) 1.00 (3H,t,J 7Hz,Me), 1.21-1.79
(2H,m,CH2), 2.08 (3H,s,SMe),2.26 (3H,s,SMe), 2.50 (2H,q,
J 7Hz,CH2), 2.01-2.70 (2H,m,CH):3.69 (3H,s,OMe), €6.79
(2H,d4,J 9Hz,ArH), 7.01 (2H,d, J 9Hz, ArxrH);(Found: C,63.5;
H,6.75. C17H220282 requires C,63.31;H, 6.88%); m/z 322.

MY, 6%), 307 (Mt-15,100). ,

1-[2-Bis (methylthio)methylene~n-hexanoyl]-2-(4-methoxy-
phenyl)cyclopropane (100i) (87%), oil;-?max(neat) 1665
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(co), 1512 em™L; Bg(ccl,) 0.86 (3H,t,J 6Hz,Me), 1.17-1.81
(6H,m,CH,), 2.10 (3H,s,SMe), 2.23 (3H,s,SMe), 2.03-2.31
(1H,m,ring CH), 2.37—2.67 (3H,m,CH,,ring CH), 3.70
(3H,s,0Me), 6.69 (2H,d,J 9Hz, ArH), 7.04 (2H,d,J 9Hz,
ArH); (Found: C,65.3; H, 7.6.C19H260282 requires C, 65.10;
H,7.48%); m/z 350 (MY, 4%), 335 (M*-15,100).

1—[2—Bis(methylthio)methylene—n~nonanoy1]—2—(4—methoxy—-
phenyl) cyclopropane (100j) (85%), oil; -/ _.(neat) 1669
(co), 1515 em™1; &g(ccl,) 0.88 (3H,t,J THz,Me), 1.13-1.88
(12H,m,CH,), 2.08 (3H,s,SMe), 2.32 (3H,s,SMe), 2.03-2.35
(1H,m,CH), 2.40-2.71 (3H,m,CB, and .ring CH), 3.71
(34,s,0Me), 6.71 (2H,d, J 9Hz, ArH), 7.01 (2H,d, J 9Hz,
ArH); (Found: C, 67.45; H, 8.3. CyyH3,0,8,5 requires C,
67.3; H, 8.22%); m/z 392 (M*,6%), 377 (m*-15,100)

1-[2-Bis(methylthio)methylenepropanoyl]-2-(3,4-dimethoxy~- .
phenyl) cyclopropane (100k) (95%), oil; J_ ., 1662 (CO),
1508 cm™1; &,(ccl,) 1.17-1.73 (2H,m,CH,), 2.03 (3H,s,SMe),
2.10 (3H,s,SMe), 2.27 {(3H,s,Me), 2.01-2.64 (2H,m,CH), 3.71
(6H,s,0Me), 6.47-6.74 (3H,m,ArH); (Found: C, 60.2; H,6.7.
C17H55035,5 requires C, 60.32; H, 6.55%); m/z 338 (M1;7%),
323 (M*-15,39).

1-[2-Bis{methylthio)methylenepropanoyl]-2-(3,4,5~-tri

methoxyphenyl)cyclopropane (1001) (96%) , oil;?max(neat%
1667 (CO),1505 em™t: &,(CCly) 1.19-1.75 (2H,m,CH,), 2.05
(34,s,SMe), 2.10 (3H,s,SMe), 2.26 (3H,s,Me),2.02-2.57 (2H,
m,CH), 3.64 (3H,s,OMe), 3.76 (6H,s,OMe), 6.27 (2H,s,ArH);
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(Found: C, 58.8; H, 6.7. C12H24O482 requires C, 58.67; H,
6.56%); m/z 368 (M+,l7%), 353 (M+—15,97).

1-[2-Bis(methylthio)methylenepropanoyl]}-2-(3,4-methylene-

dioxyphenyl)cyclopropane (100m) (96%), oil: (neat) 1668

'?max
(CO), 1490 cm™%; 3y(CCl,) 1.18-1.80 (2H,m,CH,), 2.06
(3H,s,sSMe), 2.11 (3H,s,SMe), 2.29(3H,s,Me), 2.03-2.56 (2H,
m,CH) ,5.82(2H,s,CH,%,), 5.48-6.74 (3H,m,ArH); (Found: C,
59.8; H, 4.45. C16H180352 requires C{ 59.60, H, 6.6396);

m/z 322 (M¥Y,9%), 307 (M*-15,98).

1-{2-Bis(methylthio)methylenepropanoyl)-l1l-methyl-2- (4~
methoxy-phenyl)cyclopropane (100n) (90%), oil;-?max(neat)
1665 (CO), 1511 ecm™!; &y(CcCl,) 0.96 (3H,s,Me), 1.02-1.88
(ZH,m,CHz), 2.04 (3H,s,SMe), 2.22 (3H,s,SMe), 2.26 (3H,s,
Me), 2.56-2.80 (1H,m,CH), 3.70 (3H,s,0OMe), 2.56-2.80
(l1H,m,CH), 6.74 (2H,d, J 9Hz, ArH), 7.07 (2H,d, J 9Hz,
ArH); (Found: C, 63.5; H,6.75. C17H220;52 requires
€,63.31; H, 6.88%); m/z 322 (M+,l%), 245 (74), 217 (100).

1-[2-Bis(methylthio)methylenepropanoyl}—-1-methyl-2~-(3, 4-

dimethoxy phenyl)cyclopropane (1000} (88%), oil:;%ax(neat)
1667 (CO), 1510 cm™1;54(CCly) 0.98 (3H,s,Me), 1.06-1.85
(2H,m,CH2), 2.06 {3H, s, SMe), 2.19 (3H,s,SMe), 2:29
(3H,s,Me), 2.49~2.76 (1H,m,CH), 3.75 (6H,s,0OMe), 6.63-6.78
(3H,m,ArH); (Found: C, 61.5; H, 6.93. CygH,, 035, requires
C, 61.33; H, 6.86%); m/z 352 (M+, 1%), 322 (21) 275 (46).

1-[{2-Bis(methylthio)methyleneacetyl]l-2-styryl cyclopropane
(120a) colorless crystals (97%), m.p. 116°-117°C; IR and
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1H NMR data described in the text. {(Found: C,66.29;'
H,6.38. C16H18082 requires C, 66.17; H, 6.25%); m/z 290
(M*,8%), 275(36), 243(8).

1-[2-Bis(methylthio)methylenepropanoyl] ~2-styrylcyclo-

propane (120b) yellow oil (93%); 1665, cm—l;“BH

9max
(CCLy) ©0.98-1.31 (1H,m,CH5), 1.39-1.71 (1H,m,CH,), 1.93-
2.33 (2H,m,CH), 2.07 (3H,s,CH3), 2.19 (3H,s,SCH;), 2.25
(3H,s,SCH3), 5.74 (1H,dd,J=16,18 Hz,=CH), 6.47 (1H,d,J=16
Hz ,=CH), 6.98-7.34 (S5H,m,ArH); (Found : C,67.19; H,6.79.
C17H,00S, requires C,67.06; H,6.62%); m/z 304 (MT,8%),

289(85) .

1—[2—Bis(methylthio)methyleneacetyl]—2;[2—(4—methoxy—
phenyl)ethenyl]cyclopropane (120c) colorless’crystals

(87%), m.p. 108°-109°C; (KBr) 1625, 1495 cm™1; &y

Q max
(CDC13) 0.94-1.18 (1H,m,CH2), 1.47-1.73 (1H,m,CH2), 1.83~-
2.30 (2H,m,CH), 2.46(6H,s,SCH3), 3.77 (3H,s,0CH,;) 5.64
(1H,dd4,J=16,9 Hz,=CH), 6.18 (1H,s,=CH), 6.47 (2H,d,J=16
Hz ,=CH), 6.80 (2H,d,J=9Hz,ArH), 7.22 (2H,d,JdJ=9 Hz,ArH);
(Found: C,63.86; H,6.42. C17H200252 requires C,63.71; H,

6.29%); m/z 320 (MY, 12%), 305(24), 273(16).

1—[2—Bis(methylthio)methylenepropanoyl)]—2—[2-(4—methoxy—‘
phenyl)ethenyl}cyclopropane (120d4d) yellow oil (86%);?max
(neat) 1690 cm™1; &y (cCly) 0.93-1.20 (1H,m,CH,), 1.35-
1.70 (1H,m,CH2), 1.90-2.30 (2H,m,CH), 2.04 (3H,S,CH3),
2.16 (3H,s,SCHy), 2.25 (3H,s,SCH3), 3.66 (3H,s,OCH3), 5.66
{1H,4d4,J=16,8 Hz,=CH), 6.48 (1H,d,J=16 Hz,=CH), 6.70 (2H,d



108

!

J=9 Hz, ArH), 7.10 (2H,d,J=9 Hz,ArH): (Found: C,64.81:H,

6.78. C18H220282 requires C, 64.63; H,6-63%).

1-[{2-Bis(methylthio)methyleneacetyl]-2-[2-(3,4~dimethoxy~-
prhenyl)ethenyl]cyclopropane (120e) colorless crystals
(83%); m.p. 116°-117°C; Y .. (KBr) 1632, 1490 cm %; By
(CDC13) 0.79-1.38 (1H,m,CH2), 1.48-1.80 (1H,m,CH2), 1.87~
2.36 (2H,m,CH), 2.46 (6H,S,SCH3), 3.88 (6H,s,OCH3), 5.68
(1H,d44,J=16,9 Hz,=CH), 6.21 (1H,s,=CH), 6.46 (1H,d,J=16
Hz,=CH), 6.67~-6.94 (3H,m,ArH); (Found : C,61.82; H,6.21.
C1gHy503S, requires C,61.68; H,6.33%); m/z 350(M%,11%),

335(38), 303(25).

1-[2-Bis(methylthio)methyleneacetyl]-2-{2-(3,4-methyledi-

oxyphenyl)ethenyl]cyclopropane (120f) colorless crystals
(81%), m.p. 114°-115°C; 3 __. (KBr) 1645, 1495 cm I; &y
(CCly) 0.76-1.06 (1H,m,CHy), 1.35-1.66 (1H,m,CHy), 1.77-
2.20 (2H,m,CH)}, 2.40(3H,S,SCH3), 2.44 (3H,s,SCH3), 5.52
({1H,dd,J=16,9 Hz,=CH), 5.87 (2H,s,CH2), 6.08 (1H,s,=CH),
6.35 (1H,d,J=16Hz,=C), 6.63 (2H,s,ArH), 6.72 (1H,s, ArH);
(Found : C,61.21; H,5.59. 9173180352 requires C,61.05; H,
5.42%) .

1—[2—Bis(methylthio)methyleneacetyli—z—(4—pheny1—1,3—buta—
dienyl)cyclopropane (120g) colorless crystals (81%),m.p.
123°-124°C; Y, . (KBr) 1633, 1490 cm™'; &y (CDClj) 0.85-
1.10 (1H,m,CH2), 1.45-1.70 (lH,m,CHz), 1.78-2.23 (2H,m,CH)
2.44 (6H,S,SCH3), 5.37 (1H,d44,J=16,9 Hz,=CH), 6.14 (1H,s,

=CH), 6.27-6.84 (3H,m,=CH), 7.10~7.40 (5H,m,ArH); (Found :
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C,68.46; H,6.53. C18H20052 requires C,68.31; H,6.37%);: m/z
316 (MY, 10%), 301(26), 269(10).

1-[2-Bis{methylthio)methyleneacetyl]-2-[4-(4-methoxy-

phenyl)-1,3-butadienyl]cyclopropane (120h) colorlesé
crystals (83%); m.p. 103°-104°C; ¥ .. (KBr) 1615, 1470
em™l' 5, (cpcly) 0.74-1.16 (1H,m,CH,), 1.38-1.72
(1H,m,CHp), 1.81-2.20 (2H,m,CH), 2.42 (6H,s,SCH3), 3.76
(3H,s,0CH3), 5.38 (1H,dd,J=16,9 Hz,=CH), 6.18 (1H,s,=CH),
6.27-6.63 (3H,m,=CH), 6.83 (2H,d4,J=9 Hz,ArH), 7.31
{2H,d,J=9 Hz,ArH) ; (Found : C, 65.98; H,6.56.
C{gHy50,5, requires C, 65.86; H, 6.40%); m/z 346 (M*,3%),

331 (9).

1-[2-Bis(methylthio)methyleneacetyl]-2-(3,4-dihydro-6-
methoxy—-2-napthyl)cyclopropane (144a) colorless crystals
(93%), m.p. 94°-95°C; 3 ___ (KBr) 1637 cm %; & (CDCly)
0.77-1.24 (lH,m,CHz), 1.29-1.53 (1H,m,CH2), 1.74-2.50
(4H,m,CH, and CH),2.30(2H,t,J 6Hz,CH,), 2.38 (3H,s,SCHy),
2.43 (3H,S,SCH3), 2.70 (2H,t,J=6 HZ,CHZ), 3.70
(3H,s,0CH3), 6.06 (1H,s,=CH), 6.15 (1H,s,=CH), 6.36-6.63
(2H,m,ArH), 6.79 (1H,d,J=9 Hz,ArH); (Found : C, 65.98;
H,6.55. CqgH55058, requires C, 65.86; H, 6.40%); m/z 346
((M*,21%), 331(30), 299(21).

1-[2-Bis{methylthio)methylenepropanoyl]-2—-(3,4-dihydro-6-
methoxy—2-napthyl)cyclopropane (144b) colorless crystals
(81%), m.p. 67°-68°C; ¥ . (KBr) 1665 cm™1; &y (CCly)

1.09-1.36 (1H,m,CH2), 1.38-1.867 (1H,m,CH2), 1.96-2.37
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(4H,m,CH, and CH), 2.08 (3H,s,CHs), 2.20 (3H,s,SCHj), 2.29
(3H,s,SCH3), 2.71 (4H,m,CH,), 3.70 (3H,s,OCH;), 6.16
(1H,s,=CH), 6.40-6.67 (2H,m,ArH), 6.85 (1H,d,J=9 Hz, ArH);
(Found : C,66.42; H,6.31. CooHs4055, requires C,66.28; H,
6.15%); m/z 360 (M7, 11%), 345(41), 313(15).
Cyclopropanation of (9%a) with Cyanotrimethylammonium
methylide:34 1-{2-Bis(methylthio)methyleneacetyl]—-2~cyano—
.3—(4—methoxypheny1) cyclopropane (110):~ A :suspension of
cyanotrimethylammoniummethyl iodide {4g, 15 mmol), sodium
hydride (l1g, 20 mmol, 50% 'suspension) in dry THF (70 ml)
was stirred at room temperature for 2 h. A solution of
(la) (2.8g, 10 mmol) in dry THF (100 ml) was added slowly
(15 min.) and the reaction mixture was stirred at 40°C for
12h. It was quenched with water, exractéed with CHC1 4
(3x60ml) the combined extract was dried (Na,;S0,) and
evaporated to give crude (110) which was purified by
column chromatography over silica gel (EtOAc/hexaﬁe,
1:20); (92%), m.p. 141-142°C (Found: C, 60.35; H,5.4; N,
4.25. C1gH170,58yN requires C, 60.16; H,5.37; N,4.38%);
%ax 2237 (CN), 1630 (CO) cm—l; 5y (CDCly) 2.27-2.42
(1H,m,CH), 2.50 (6H,s,SMe), 2.65-2.92 (2H,m,CH), 3.79
(3H,s,0Me), 6.23 (1H,s,=CH), 6.85 (2H,d, J 9Hz,ArH), 7.22
(2H, 4, J 9Hz, ArH).

Cyclization of Cyclopropyl Ketones (100,120,144) in the
Presence of Phosphoric acid/Formic acid: General
Procedures:— A solution of appropriate cyclopropyl

ketones (10 mmol) in HCO,H (98%, 30 ml) and H;PO, (85%,10

3
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ml) was either stirred at room temperature (102a,b, 121la,
135) (2 h) or heated at 80°C (103a-e,105g-o, 122. 127,
129a-c.139, 147, 150) (2 h). The reaction mixture was
poured over satd. NaHCO4 solution (300 ml), extracted with
CHC13, the organic layer was washed with water (2x100
mol), dried (Na2504) and evaporated to give crude products
as viscous residues which were purified by column
chromatography over silica gel using EtOAc/hexane (1:20)

as eluent.

3-{4-Methoxyphenyl)cyclopentanone {(103a) (71%), m.p. 48-"

49°c; 1it.1% 47-48%C; J, ., (KBr) 1737 (CO) em™t; By(CCly)
1.61-2.50 (6H,m,CH,), 2.08-3.47 (1H,m,ArCH), 3.75 (3H,s,
OMe), 6.67 (2H,d,J 9Hz, ArE), 7.09 (2H,d,J 9Hz, ArH);
(Found: €, 75.9; H, 7.55. C12H14O2 requires C, 75.81; H,

7.42%); m/z 190 (MY, 100%).

3-(3,4-Dimethoxyphenyl) cyclopentanone (103b) (68%), m.p.

Oc. -1. -
73-74°C; Y pax (KBr) 1735 (CO) cm™+; &4(CDCly) 1.72-2.78
(6H,m,CH5), 3.09-3.44 (1H,m,ArCH), 3.82 (3H,s,OMe), 3.87
(3H,s,0Me), 6.79 (3H,brs,ArH); (Found: C,70.95; H,7.45.
Cy3HygO3 requires €, 70.93; H, 7.33%); m/z 220(M’, 100%),
189 (17).
3-(3,4,5-Trimethoxyphenyl)cyclopentanone {103c) (72%), oil
J max(neat) 1737(co) em™*; sy(ccly) 1.74-2.47 (6H, m,
CH,), 2.88-3.33 (1H,m,ArCH), 3.69 (3H,s,OMe), 3.79 (6H,s,
OMe), 6.37 (2H,s,ArH); (Found: C, 67.3; H,7.35.Cq4H;g0,

requires C, 67.22; H, 7.25%); m/z 250 (M*,100%), 235 (49).
4
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3—-{(3,4-Methylenedioxyphenyl)cyclopentanone {(103d) (71%),
0il; J pax(neat) 1738(CO) em™t; &, (cCl,) 1.57-2.65 (6H,m,
CHZ)’ 2.94-3.39 (1H,m,ArCH), 5.80 (2H,S,CH2), 6.43-6.74

(3H,m,ArH); (Found:C,70.7; H, 5.8. Cq5H1 5045 requires C,

70.61; H, 5.93%); m/z 204 (M*, 95%), 175(19).

3-(4-Methylphenyl)cyclopentanone (103e) (37%), oil;—Qhax
(neat)1740 (CO) em™l; &,(CCl,) 1.76-2.72 (6H,m,CH,), 2.31
(3H,s,Me), 3.01-3.51 (1H,m,ArCH), 6.92-7.16 (4H,m,ArH);
(Found: C,82.85; H,8.20. C12H14O requires C,82.72; H,
8.10%); m/z 174 (MT, 73%). ,

(E)-S—Methyl-5-{4-Methoxyphenyl)-2-oxocyclopentane carbo—
thioate (102a) (73%), m.p.105-106°C; 5 .. (KBr) 1750(CO),
1665(CO) em™1; &, (cDCly) 1.86-2.70 (4H,m,CH,), 2.30
(3H,s,SMe), 3.42 (1H,d,J 11Hz,COCH), 3.66-4.01 (1H,m,
ArCH), 3.80 (3H,s,OMe), 6.82 (2H,d, J 9Hz,ArH), 7.20
(2H,d4, J 9Hz, ArH); (Found: C, 63.75; H, 6.30. Cq,4H1503S
requires C, 63.61; H, 6.10%); m/z 264 (M*, 10%), 217 (27),

189 (100).

{E)—S—Methyl—S—(3,4—dimethoxypheny1)—2—ox9cyclopentane—
carbothioate (102b) (68%), oil; J __,(neat) 1747 (CO), 1663
(co) em™Y; 3,(ccly) 1.57-2.71 (4H,m,CH,), 2.16 (3H,s,SMe),

3.34 (1H,d4,J 11Hz,COCH), 3.00-4.03 (1H,m,ArCH), 3.64 (3H,.

s,0Me), 3.69 (3H,s,OMe), 6.50-6.84 (3H,m,ArH); (Found: C,
61.35; H, 6.30. CqgHyg04S requires C, 61.20; H, 6.16%);
m/z 294 (M%, 23%), 247(15), 219 (100).

!
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(E)-S-Methyl-5-(4-methoxyphenyl)-1-methyl—-2-oxocyclo-

pentane carbothiocate (105g) (81%), m.p. 75-76°C; % (KBr)

max
1738 (CO), 1665 (cO) em™l; 5,(CDCl,) 0.98 (3H,s,Me), 1.90-
2.61 (4H,m,CH2), 2.30 (3H,s,SMe), 3.72 (3H,s,OMe), 4.05
(1H,dt, J 7Hz,ArCH), 6.76 (2H,d, J 9Hz, ArH), 7.00 (24,4,
J S9Hz,ArH); (Found: C, 64.85; H, 6.65. C15H1803S requires

C, 64.75; H, 6.52%); m/z 278 (M7, 4%), 232 (69), 203(100).

(E)-S-Methyl-1l~ethyl-5-(4-methoxyphenyl)-2-oxocyclopentane

carbothioate (105h) (74%), oil;<J
1

nax (neat) 1740 (CO), 1667

(CO) cm ~; 5yz(CCl,) 0.66 (3H,t,J 7Hz,Me), 1.51 (2H,q,J
7Hz,CHy), 1.90-2.71 (4H,m,CH,), 2.30 (3H,s,SMe), 3.71
(3H,s,0Me), 4.03 (1H,t-like, J 7Hz,ArCH), 6.78 (2H,d, J
9Hz, ArH), 7.05 (2H,d, J 9Hz,ArH); (Found: C, 65.85; H,
6.8. CqgH5q03S requires C, 65.76; H, 65.90%): m/z 292

(M*, 2%), 245 (22), 217(100).

(E)-(Z)-S-Methyl-1-{n-butyl)-5-(4-methoxyphenyl)-2-oxo—
cyclopentane carbothicate (105i) (E/Z, 4:1),(60%), oil;
Y .. (neat) 1731 (CO), 1670 (CO) em™1; B&y(cCl,) 0.54-1.55
(9H,m,Me and CH,); 1.77 (0.6H,s,Z-SMe), 2.30 (2.4H,s, E-
SMe), 1.60-2.57 (4H,m,CH2), 3.49 (0.2H,dd~-1like, J 7Hz, 2Z-
ArCH), 3.69 (3H,s,OMe), 4.02 (0.8H, t-like,J 7HZ,ELArCH),
6.51-7.20 (4H,m,ArH); (Found: C, 67.6; H,7.7. CygHy,03S
requires C, 67.50; H, 7.56%); m/z 321(M++lh33%), 273(61),

245(81).

(E),(Z)—S—Methyl—l—(n—hepty})—5-(4—methoxypheny1)—2—
oxocyclo-pentane carbothiocate (1053j) (E/Z; 3:2), (59%),
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0il; Jpax(neat) 1740 (CO), 1670 (CO) em 1;8,(CCl,) 0.60-~
1.62 (13H,m,Me and CHZ)’ 1.62-2.61 (6H,m,CH2), 1.78 (1.2H,
s,Z-SMe), 2.29 (1.8H,s,E-SMe), 3.52 (0.4H,dd like, J 7Hz,
Z-ArCH), 3.78 (3H, s, OMe), 4.03 (0.6H,t, J 7Hz,E-ArCH),
6.62-7.30 (4H,m,ArH); (Found: C, 69.7; H, 8.5. C,qH;503S
requires C, 69.61; H, 8.35%); m/z 362 (M', 16%), 315(56),
287(100).
({E)-S-Methyl-5-(3,4-dimethoxyphenyl)-1-methyl—-2-oxocyclo-
pentane carbothioate (105k) (76%), m.p. 88—89°C;§%aX(KBr)
1735 (CO), 1655 (CO) cm™1;8L(CDCl,y) 1.0 (3H,s,Me), 1.99-
2.67 (4H,m,CH2), 2.34 (3H,s,SMe), 3.74 (3H,s,OMe), 3.79
(3H,s,0Me), 4.15 (1H,d4,J 7,6Hz,ArCH), 6.58-6.87 (3H,m,
ArH); (Found: C,62.4; H, 6.6. C16H20045 requires C, 62.34;
H, 6.54%); m/z 308 (M",14%), 261 (26), 233(100).

(E)-S—Methyl-1-methyl-5-(3, 4,5-trimethoxyphenyl)-2-oxo-
cyclopentane carbothiocate (1051) (78%), m.p. 104-105°C;
._1. -

7 nax (KBr) 1733(CO),1675(CO) cm™*; &4(CDC13)1.0 (3H,s, Me)
1.96-2.69 (4H,m,CH,), 2.30 (3H.s,SMe), 3.70 (3H,s,OMe),
3.75 (6H,s,0Me), 4.07 (1H,dd like, merged with OMe,J7,6Hz,
ArCH), 6.23 (2H,s,ArH); (Found: C, 60.45; H, 6.65.
C,7H5,05S requires C, 60.36; H, 6.56%); m/z 338 (M', 18%),

291(25), 263(100).

(E}-S—Methyl-5—-(3,4-methylenedioxyphenyl)-l1-methyl-2-oxo-
cyclo-pentane carbothiocate (105m) (77%), oil;-?max(neat)
1747(CO) ,1662 (CO)em™1; 54(CCl,) 0.98 (3H,s,Me), 1.80-2.75
(4H,m,CH,), 2.32 (3H,s,SMe), 4.11 (1H,d4,J 7,6Hz, ArCH),
5.88 (2H,s,CH,), 6.48~6.74 (3H,m, ArH); (Found: C,61.75; H,
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5.65. CigH1g04S requires C, 61.66; H, 5.52%); m/z 292 (i,

10%), 245(17), 217(100).

(E)-S—Methyl~1,3—dimethy1—5~(4—methoxypheny1)—2—oxocyélo—

pentane carbothioate (105n) (80%), oil;+ (neat)1740

max
(Co), 1660(cO) cm™t; 3y(CCl,) 0.90 (3H,s,Me), 1.16 (3H,d,
J 6Hz,Me), 1.16-2.20 (2H,m,CH2), .2.13-2.69 (1H,m,3-CH),
2.27 (3H,s,SMe), 3.70 (3H,s,OMe) 4.05 (1H,dd 1like,J 12,5
Hz ,ArCH), 6.73 (2H,d, J 9Hz, ArH), 7.01 (2H,d, J 9Hz,
ArH); (Found: C,65.85; H, 7.0. C16H4003S reguires C,

65.76; H, 6.90%); m/z 292 (M7, 14%), 245 (68), 217(100).

{E)~S-Methyl-5~(3,4~dimethoxyphenyl)-1,3~dimethyl-2-oxo~-

cyclopentane carbothioate (1050) (79%),m.p. 104-105°C;<) ..
(KBr) 1736 (CO), 1657 (CO) cm™}; &,(CDCl;) 0.95 (3H,s;1-
Me), 1.25 (3H,4,J 7Hz,3-Me), 1.60-1.93 (1H,m,CH2), 2.23~
2.78 (2H,m,CH,5 and 3-CH), 2.33 (3H,s,SMe), 3.77 (3H,s,OMe)
3.81 (3H,s,0Me), 4.12 (1H,dd4, J 12,5Hz,ArCH), 6.55-6.85
(3H,m,ArH); (Found: C, 63.45; H, 6.95. C17H5904S requires
C, 63.36; H, 6.88%); m/z 322 (M", 31%), 275(33), 247(100).

S~-Methyl-4-cyano—-5-{4-methoxyphenyl)~2-oxocyclopentane

carbothioate (111) (81%), oil; </ (neat) 2220 (CN), 1740

max
(Co), 1695 (coyem™t; &y(CCl,) 2.20-2.42 (2H,m,CHy), 2.30
(3H,s, SMe), 2.60-3.02 (2H,m,CH), 3.66-3.92 (1H,m, merged’
with OMe, ArCH), 3.73 (3H,s, OMe), 6.80 (2H,d,J 9Hz, ArH),
7.17 (2H,d,J 9Hz, ArH); (Found: C, 62.4; H, 5.35; N, 4.95.
C15H1503NS requires C, 62.27; H, 5i23; N, 4.85%); m/z

289 (M1,5%), 173(100).
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(E)~S~Methyl-5-styryl-2-oxo-cyclopentane carbothioater
{121a) colorless crystals (77%); m.p. 110°—111°C;:9max
(KBr) 1753, 1678, 1630 cm_l; 5y (CDCl;) 1.64~2.58 (4H,m,
CH), 2.33 (3H,s,SCHy), 3.25 (1H,d, J=12 Hz,CH) 3.38-3.67
(1H,m,CH), 6.12 (1H,dd,J=16,7 Hz,=CH), 6.52 (1H.d4,J= 16
Hz,=CH), 7.18-7.49 (5H,m,ArH); (Found : C, 69.34; H, 6.32.
C15H1605S requires C, 69.20; H, 6.20%); m/z 260 (M', 7%),

213(20), 185(67).

(E/Z)})-S-Methyl-5—-[4-phenyl-1,3~butadienyl]-2~oxocyclo~
pentane carbothioate (135) (E/Z, 4:1) colorless crystals
(76%); m.p. 108°-109°C, Y . (KBr) 1750, 1675 cm™1; 3y
(CDC13) 1.14-2.81 (4H,m,CH2), 2.26 (O.6H,S,SCH3), 2.35
(2.4H,S,SCH3), 2.55-2.80 (0.4H,m,CH), 3.12 (0.8H,d,Jd=12
Hz,CH), 3.24-3.66 (0.8H,m,CH), 5.69 (1H,dd4,J=16,7 Hz,=CH),
6.00~-6.83 (3H,m,=CH), 7.63—7.44 (5H,m,ArH); (Found: C,
71.42; H, 6.47. Cq1q7H1g05,S requires C, 71.30; H, 6.33%);
m/z 286 (M%,23%), 239(11), 211(100). }

S~Methyl—-1-methyl—-5-styryl-2-oxocyclopentane carbothiocate
(121b) light yellow oil (71%); J, .. (neat) 1740, 1660 cm™%;
5;(CCly) 0.92-2.58 (4H,m,CH,), 1.24 (3H,s,CH3), 2.32
(3H,S,SCH3), 3.39-3.85 (1H,m,CH), 6.03 (1H,dd4,Jd= 16,8 Hz,
=CH), 6.46 (1H,d,J=16 Hz,=CH), 7.03~7.52 (BH,m,ArH):
(Found: C,70.18; H, 6.46. CqgH1g0,S requires C,70.04;
H,6.61%); m/z 274(M",3%),227(16),200(74) .

3-Styryl cyclopentanone (122) colorless oil (6796);'~PmaX
(neat) 1743 cm™Y; 5y (CCl,) 1.17-3.07 (6H,m,CH,), 2.68-
3.15 (1H,m,=CH), 6.14 (1H,dd,J=16,7 Hz, =CH), 6.41 (1H,d,
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J=16 Hz,=CH), 7.02-7.40 (5H,m,ArH); (Found: C, 83.96; H,
7.71. C1313H14O requires C, 83.83; H, $5.61%); m/z 186
(M, 68%) .

3~-[2-(methylthio})-2-phenylethyllcyclopentanone {(129a)
yellow oil (81%); y,_.. (neat) 1740 cm™}; &y (CCl,) 1.17-
2.58 (9H,m,CH and CH,), 1.76 (3H,s,SCH4), 3.62 (1H,
brt,J =7 Hz,ArCH),‘7.03—7.49 (5H,m,ArH); (Found : C, 71283;
7.86. Cq4Hqg0S requires C,71.75; H,7.74%); m/z 234
(M*,33%),187(85) .

3-[2-(methylthio)~2-(3,4~dimethoxyphenyl)ethyllcyclopenta-

none (129b) vellow oil (78%); 9max (neat) 1743 cm_l; SH.
(CCly) 1.19-2.37 (9H,m,CH and CH,), 1.78 (3H,s,SCH;), 3.6
(1H,brt,J=7 Hz,ArCH), 3.76 (3H,S,OCH3), 3.80 (3H,S,OCH3),
6.60-6.89 (3H,m,ArH); (Found : C,65.36; H,7.65. CygHyy05S

requires C€,65.27; H,7.53%); m/z 294 (M+,17%), 247 (74) .

3-[2-(methylthio)-2-(3,4-methylenedioxyphenyl)ethyllcyclo—-
pentanone (129c) yellow oil (73%); ;max (neat) 1755 cm™¥;
3y (CCly) 1.18-2.85 (9H,m,CH and CHp), 1.80 (3H,s,SCH;),
3.26 (0.33H,t,J=6 Hz,CH), 3.57 (0.67H, t, J=6 Hz,CH), 5.82
(0.66H,s,CH,), 5.93 (1.34H,s,CHy), 6.44-6.86 (3H,m,ArH);
(Found : C,64.86; H,6.61. C{gH;g03S requires C, 64.72;

H,6.52%) .

6— (4-Methoxyphenyl)bicyclo[2,2,1]-hept-2-one (127) color-
. . _l- _
less oil (60%); ) .. (KBr) 1748 cm *; &y (CCl,) 1.48
2.27 (5H,m,CH, and CH), 2.02-2.56 (2H,m,CHy), 2.72 (1H,
brs,CH), 2.98 (1H,t,J=8 Hz,ArCH), 3.70 (3H,S,OCH3),6L69
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(2H,d4,JdJ=9 Hz,ArH), 7.05 {(2H,d,J3=9 Hz,ArH)® (Found : C,
77.91; H,7.63. C14H16%5 requires C,77.74: H,7.46%); m/z
216 (M*, 96%). !

7-{(4-Methoxyphenyl)~4,7,2a,7a-+etvahydro-1-indanone (139):
colorless viscous oil (62%); Qnax 1743 cm™1; 8y (250 MHz)
CCDC13) 1.68-2.05 (3H,m,CH2), 2.06-2.38 (4H,m,CH2 and CH),
2.56 (1H,m,CH), 3.80 (3H,s,OCH3), 3.82 (1lH,m,ArCH), 5.67
(1H,brd,J 11Hz,=CH), 5.81 (1H,ddd,J 11,4,2Hz,=CH), 6.83
(2H,d4,J 9Hz,ArH), 7.15 (2H,d,J 9Hz,ArH); &5: (CDCl;) 25.55,
26.12, 33.45 (CHz), 29.67, 37.19 (CH) b55.14 (Ar), b56.43
(OCHB), 113.81, 128.63 (ArCH), 125.54, 128.11 (=CH),
137.79 (c-1 ,Ar), 158.01 (C-4 ,Ar) 217.14 (C=0); (Found

C, 79.44; H, T.56. C16H1802 requires C, 79.31; H, 7.49%).

(E)-S—-Methyl-5-(3,4-dihydro-6—-methoxy—2-napthyl)-l1-methyl-
2—-oxocyclopantane carbothioate (150) colorless crystals
(CHCl;/hexane) (83%); m.p. 118°-119°C; V.. (KBr) 1738,
1660 cm™l; &y (CDCl;) 1.20 (3H,s,CHy), 1.41-2.88 (8H,m,
CH2), 2.32 (3H,S,SCH3), 3.65 (1H,brt,J=6 Hz,CH), 3.77
(3H,S,OCH3), 6.22 (1H,s,=CH), 6.51-6.77 (2H,m,ArH), 6.95
(1H,d,J=9 Hz,ArH); (Found : C,69.21; H,6.86. CygH;,035
requires C,69.06; H, 6.71%); m/z 330 (M%, 28%), 283(22),
255(100) .

Bicyclo[2.2.11(1,2,3,4-tetrahydronapthyl) [2,1-e]lhept~2-cone

1,
r 6H

(ccly) 1.18-2.95 (12H,m,CH, and CH), 3.70 (3H,s,OCHj3),

(147) colorless oil (62%); ¥ (neat) 1750, 1610 cm™

max

6.44-6.90 (2H,m,arom); 7.11 (1H,d,J=9 Hz,ArH); (Found
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C,79.48; H,7.65. CqgH 30, requires C,79.31; H,7.49%); m/z
242 (M1,100%) .

Demethylthiocarbonylation of 2—oxocarbo£hioates (105) :
General Procedure:— A suspension ofl1l05(1 mﬁbl), W—-2 Raney
Nickel (ca. 15-20 times by weight)in benzene (10 ml) was
stirred under N2 atmosphere for 6 h. The 'reaction mixture
was filtered, washed with hot benzene and the combined .,
filtrate were evaporated to give crude cyclopentanones
(5a-c) which were purified by column chromatography over

silica—-gel using EtOAc/hexane (1:20) as eluent.

2-Methyl-3—-(4-methoxyphenyl)cyclopentanone (106a) (87%),
0il; Ypax 1737 (CO) em™l; 3. (CCl,) 0.63 (3H,d,J THz, Me),
1.72-2.44 (5H,m,CH2 and CH), 3.06-3.50 (iH, m,ArCH), 3.61
(3H,s,0Me), 6.60-7.08 (4H,m,ArH); (Found: C, 76.55; H, 7.8
C13H109 requires C, 76.48; H, 7.90%); m/z 204 (M*t, 95%).

2-(n—Butyl)-3—-(4-methoxyphenyl)}cyclopentanone (106b) (78%) ,

0il; Qmax(neat) 1743 (CO) em ~1; 5,4(CCl,) 0.60-1.62

(9H,m,CH2 and Me), 1.73-2.88 (5H,m,CH2,and CH), 3.14-3.53
(1H,m,ArCH),3.70 (3H,s,OMe), 6.60-7.18 (4H,m,ArH); (Found:
C, 78.15; H, 9.1. CqgHy505 requires C, 78.0; H, 9.0%);
m/z 246 (MY, 28%).

2,5-Dimethyl-3—-(4-methoxyphenyl)cyclopentanone (106c)

(89%), oil; < (neat) 1740 (CO) cm 1; aﬂ(ct14) 0.31-1.30

max
(6H,m,Me), 1.45-2.63 (4H,m,CH2 and CH), 2.80-3.23

(1H,m,ArCH), 3.63 (3H,s,OMe), 6.50-7.42 (4H,m,6ArH);
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(found: C, 71.9; H, 7.85. C14H1¢09 requires C, 71.77; H,
7.74%); m/z 216 (MY, 52%).

Lewis Acid Catalyzed Cyclization of Cyclopropyl Ketones
(100, 120 and 144): General Procedure:- A solution of
cyclopropyl ketone (10 mmol) in the indicated solvent { 80
ml) was treated with either of the Lewis,K acid catalysis
i.e. SnCl, (1.5 eqv), TFA (1.5 eqv), BF3.Et,0 (1.5 eqv)
TiCl4 (1.5 eqv) and AlCl, {1.5 eqgv) at the indicated
temperature. The reaction mixtures wefé stirred at the
given temperature for the time period given in Tables 1-
and 2. It was then poured into cold aqueous sodium
hydroxide (5%), extracted with CHCl; (3x60 ml), the
organicllayer was washed with water, dried (Na2804) and
evaporated to afford products as viscous residues which
were purified by column chromatography over silica gel

using EtOAc/hexane (1:20) as eluent.

2-Bis(methylthio)methylene-3~{4-methoxyphenyl)cyclopenta-

none (107a) oil; Y ., (neat) 1695 (cO) em t; &y(ccl,) 1.70-
I

max
2.58 (4H,m,CH,), 2.21 (3H,s,SMe), 2.42 (3H,s,SMe), 3.73
(3H,s,0Me), 4.27 (1H,m,ArCH), 6.72 (2H,d,J 9Hz,ArH)}, 6.98
(2H,d4, J 9Hz, ArH); (Found: C,61.3; H, 6.25. Cqy5H{g0,5,
requires C, 61.22; H, 6.17%); m/z 294 (%, 38%), 247(100).

2-Bis (methylthio)methylene—3-(3,4-dimethoxyphenyl)cyclo~-

1

pentanone (107b) oil; ¥ (neat) 1690 (CO) cm ~; B5y(CCl,)

max
1.60-2.47 (4H,m,CH2), 2.22 (3H,s,SMe), 2.40 (3H,s,SMe),
3.70 (3H,s,OMe), 3.75 (3H,s,OMe), 4.20 {1H,brt,J 7Hz,

ArCH), 6.42-6.76 (3H,m,ArH); (Found:C,59.40; H,6.35.
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Cq1gH90035, requires C, 59.26;, 6.22%); m/z 324 (M', 84%),
277(100) . '

2-Bis{methylthio)methylene-3-(3,4,5-trimethoxyphenyl)cyclo

1

penta-none (107c) m.p. 77°C; 3 (KBr) 1685 (CO) cm ~;

max
BH(CDC13) 1.78-2.50 (4H,m,CH2), 2.25 (3H,s,SMe), 2.40 (3H,
s,SMe), 3.66 {(3H,s,OMe), 3.71 (BH,s,OMe), 4:23 (1H,t,J 7Hz
ArCH), 6.24 (ZH,S,AIH); (Found: C,57.7; H,6.15. C17H220432

requires C,57.63; H, 6.26%); m/z 354 (M%, 25%), 307 (19).

1,1-Bis(methylthio)-6-hydroxy-6-phenyl-1-hexen—-3-one (109) .

m.p. 115°C;y, . (KBr) 3440 (OH), 1620(CO) em™1; 5,4(CDCls)

max
2.05 (2H,t, J 7Hz,CH,) ,2.40 (3H,s,sSMe), 2.49 (3H,s,SMe),
2.58 (2H, t, J 7Hz CH,CO) 2.71-3.28 (1H,brs, exchangeable
with D20,OH). 4.71 (1H€, t, J T7Hz, ArCH), 5.98 {1H,s,=CH)
7.12-7.42 (5H,m,ArH); (Found: C, 59.7; H, 6.55. Cqp,H 8055,
requires C, 59.57; H, 6.43%); m/z 264 (MT -18,6%), 235

(Mt-47) .

1,1-Bis(methylthio)-6-hydroxy-6—(4-methoxyphenyl)—-1-hexen— -
3-one (109b) oil;'?max(neat) 3420 (éH), 1610 (CO). cm“l;
5, (CDCl;) 1.84-2.60 (4H,m,CH,), 2.36 (3H,s,SMe), 2.40
(3H,s,SMe), 2.60-2.91 (1H,brs,OH, exchangeable with D,0),
3.73 (3H,s,OMe), 4.58 (1H,t,J 6Hz,ArCH), 5.92 (1H,s,=CH),
6.75 (2H,d4,J 9Hz, ArH), 7.20 (2H,d, J 6Hz,ArH); (Found: C,
57.75; H,6.6. Cq1gHq03S, requires €, 57.66; H,6.45%); m/z
294 (MT-18, 17%).

1,1-Bis{(methylthio)-6-hydroxy~6—-(3,4,5-trimethoxyphenyl)~
l-hexen—-3-one (109c) m.p. 140-141°C; Jgax(KBr) 3400 (OH),
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1658(CO) cm™!; &,(CcDCly) 2.09 (2H,brq, J 6Hz, CH,), 2.38
(3H,s,SMe), 2.46 (3H,s,SMe), 2.60 (2H,t,J 6Hz, CH,CO),
2.92-3.42 (1H,brs, exchangeable with b,0, OH), 3.78
(3H,s,0Me), 3.86 (6H,s,OMe), 4.70 (1H,t,J 6Hz, ArCH), 6.03
(1H,s,=CH), 6.60 (2H,s,ArH); (Found: C, 54.95; H, 6.65.
Cq7H,405S, requires C, 54.81; H, 6.49); m/z 354 (M'-18,
41%), 307 (26), 291(20), 259(37).

2-Bis{methylthio)methylene—~3-(3,5-dimethyloxy—4-hydroxy-

phenyl)-cyclopentanone (107d) oil; Q

Y max (n€at) 3550 (OH),

1690 (CO) cm™l; B,(CCl,) 1.80-2.45 (4H,m,CH,), 2.24
(3H,s,SMe), 2.42 (3H,s,SMe), 3.78 (6H,s,OMe), 4.28 (1H,t,J

. oo
6Hz, ArCH), 6.23 (2H,s,ArH); (Found: C, 56.6; H, 5.85.

C16H200455 requires C, 56.45;, 5.92%).

1,1-Bis{methylthio)-6~(4-methoxyphenyl)-6~oxo-1~hexen~-3-ol

(118) o0il;Y (neat) 3420 (OH), 1703 (CO) cm™1; By(ccly,)

max
1.78-2.41 (4H,m,CH2), 2.16 (3H,s,SMe), 2.22 (3H,s,SMe),
3.73 (3H,s,0Me), 4.01 (1H,dd 1like, J 9,6Hz, CHOH), 5.91
(1H,d4,J 8Hz,=CH), 6.77 (2H,d4,J 9Hz,ArH), 7.10 (2H,d4d,J 9Hz,
ArH), 10.81 (1H,brs,OH,exchangeable with D,0); (Found: C,

57.75; H, 6.5. CygHy03S, requires C, 57.66; H, 6.45).

2-Bis(methylthio)methylene-3-styryl—-cyclopentanone  (131)
yellow oil (74%); ., (neat) 1693 cm™l; &y (CCly) 1.72
2.63 (4H,m,CH,), 2.38 (3H,s,SCH3), 2.44 (3H,s,SCH3), 3.84
4.08 (1H,m,CH), 6.14-6.50 (2H,m,=CH), 7.08-7.45 (5H,m,ArH)
(Found : C,66.31; H,6.37; C16H18085 requires C,66.17;

~e

H,6.25%): m/z 290 (MT,21%), 243(80).
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2-Bis(methylthio)methylene—-3-(4~phenyl-1, 3-butadienyl)

cyclopentanone (132) yellow oil (71%); §max (neat) 1680
em™; &y (CCl,) 2.45-2.51 (4H,m,CH,), 2.39 (3H,m,SCHs),
2.43 (3H,m,SCH3), 3.82 (1H,brt,J=6Hz,ArCH), 5.76 (1H,dd,
J=16,6Hz,=CH), 6.07 {1H,d,J=16Hz,=CH), 6.62 (2H,dd,J=iS,
6Hz,=CH), 7.08-7.44 (5H,m,ArH); (Found: C,68.44; H,6.46.

CqgHyg0S, requires C,68.31; H,6.37%); m/z 300 (M*-16,26%)

2-Bis(methylthio)methylene~3~(3,4-dihydro-6—methoxy—2—

napthyl)cyclopentanone (148) yellow oil (82%); 3 (neat)

1

max

1690 cm *; 8y (CDCly) 1.58-2.61 (6H,m,CH,), 2.38 (3H,s,
SCH3), 2.47 (3H,s,SCH3), 2.80 (2H,t,J=6Hz,CH,), 3.65-3.98

(1H,m,ArCH), 3.75 (3H,s,SGH3), 6.0 (1H,s,=CH), 6.55-6.78

t

(2H,m,ArH), 6.90 (1H,d,J=9Hz,ArH):; (Foudnd: C,65.93; H,
6.48. C19H220282 requres C,65.86; H,6.40%); m/z 330.
(Mmt-16,26%) .

Borontrifluoride Etherate Catalyzed Methanolysis of
(107a-b, 148): Methyl 5-aryl-2-oxocyclopentane carboxylate
(108a~-b, 149): General procedure:— A suspension of’the
appropriate substrate (1 mmol), HgCl, (1.1 mmol) in
anhydrous methanol (10 ml) was stirred at room temperature
(10 min) followed by addition of BF;.Et,0 (1.5 ml). The
reaction mixture was refluxed (3h), cooled, filtered and -
the filtrate was poured over satd. Naf—ICO3 solution (50 ml)
followed by extraction with CHC1, {3%30 ml). The combined
extracts were washed with water (50 ml), dried (Na,SOy4)

and evaporated to give a viscous residues which on column



124

chromatography over silica gel (EtOAc/hexane, 1:20)

afforded pure estersl08.

{E)~Methyl—-5-(4-methoxyphenyl)—-2-oxocyclopentane carboxyl-

1

ate (108a) (87%), m.p. 84~85°C: 9 (KBr) 1740 (CO) cm —;

max
SH(CDC13) 1.89-2.63 (4H,m,CH2), 3.25 {(1H,d4, J 12Hz, CH),
3.52-3.96 (1H,m,ArCH), 3.71 (3H,s,OMe), 3.80 (3H,s,OMe),
6.87 (2H,J 9Hz, ArH), 7.20 (2H,d, J 9Hz, ArH); {(Found: C,
67.85; H, 6.6. C14B1694 requires C,.67.76; H., 6.5%);: m/z

248 (M", 19%), 216(11), 189 (100).

Methyl 5-(3,4~dimethoxyphenyl)-2-oxocyclopentane carboxyl-
ate (108b) (78%), oil; I __, (neat) 1735 (CO) cm™%;
BH(CDC13) 1.80-2.53 (4H,m,CH2), 3.30 (1H,d,J 12Hz,CH),
3.49-3.82 (1H,m,ArCH), 3.61 (3H,s,OMe), 3.72 (3H,s,0OMe),
3.78 (3H,s,0Me), 6.54-6.73 (3H,m,ArH); (Found: C, 64.85;
H, 6.45. C;cH{g0¢ requires C, 64.77; H, 6.52%); m/z 278
(M¥, 39%), 246(18).

Methyl,5-(3,4-dihydro-6-methoxy-2-napthyl)-2-oxo~cyclo-

pentane carboxilate (149) (E:2Z=95:5), colorless oil (78%);
Y nax (meat) 1730, 1760 ecm™1; &y (CDCl,y) 1.5-1.98
(1H,m,CH,), 2.03-2.58 (5H,m,CHy), 2.79 (2H,t, J=8Hz,CHjy),
3.10~3.43 (2H,m,CH), 3.71 (3H,S,OCH3), 3.75 (3H,S,OCH3),
6.27 (1H,s,=CH), 6.54-6.81 (2H,m,ArH), 6.91 (1H,d,J=9Hz,
ArH); (Found : C,71.81; H,6.63. CqgHy40y requires C,71.98;

H,6.71%): m/z 300 (M¥7,100%), 269(20), ,241(72).
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CHAPTER IIX

j

NUCLEOPHILIC ADDITION TO cl.--éIS(METHYLTHIO)'I
METHYLENEALKYL CYCLOPROPYL KETONES AND THEIR.

FURTHER TRANSFORMATIONS

ITII.1 INTRODUCTION

In the preceding chapter we have described a new
methodology based on cationic ring opening of cyclopropyl
ketones 1, which afforded cyclopentanones with diverse
structural features. It was further considered of interest
to study the nucleoéhilic addition gf hydride ions and
organometallic reagents to these ketones since, the
resulting carbinols 2, on subsequent Lewis acid treatment
should afford cyclopropyl carbinyllcation 3 and the

chemistry of cyclopropyl carbinyl cations and thier ring
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closure reactions are wéll documentatedl—S. Thus, the
cation 3 obtained from 2 may undergo ring opening to give
an open chain hexadienyl cation 4 or it may as well
rearrange through m-participation of bis(methylthio) -
methylene double bond to cyclopentene derivatives (Scheme
1). In the present chapter we have described the results
of our preliminary studies of nucleophilic addition of
hydride as well as carbon nucleophiles to cyclopropanes 1

and their further transformations.

RESULTS AND DISCUSSION

When the ketene la was reacted with sodium Eorohydride in
refluxing ethanol (2 hr), the carbinocl 6a was obtained in
nearly quantitative yield through 1,2-hydride addition.
The attempted rearrangement of 6a in the presence of
various protic and Lewis acids did not afford any clear
cut product. However, 6a was refluxed with pyridinium
tosylate in CC14, the product isolated was characterized
as 1,1-bis(methylthio)-6~(4-methoxyphenyl)-1,3,5~hexa-
triene 7a (89%) and no trace of the correspondihg
cyclopentene derivative 8a was detected from the reaction
mixture. The structure of triene 7a ﬁas confirmed on the
basis of its analytical and spectral data. Thus, it was
analyzed for C;gH440S, and its IR ({(neat) spectrum showed
high intensity bands at 1500, 1600 and 1662 cm 1 due to
'>C=C vibrations. Its 1y nMr (CC14) spectrum showed three
sharp singlets at 32.16 (3H), 2.21 (3H) and 3.61 (3H) due

to two methylthio groups and a methoxy group respectively,
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which shows the presence of only one stereoisomer. The
aromatic protons appeared as AZBz"doublet at &6.67
(2H,d,J=9 Hz) and 7.19 (2H,d,J=9 Hz), while the five
olefinic protons were present as multiplet between &5.94-
6.53. The other substituted cyclopropyl ketones 1b-f
similarly afforded the acyclic hexatriene 7b-f (78-87%)
under identical conditions. Their stuctures were confirmed
by analytical and spectral data (experimental). However,
our attempts to isolate the correspénding cyclopentene
derivatives 8 in any of the reactions wére not successful.
The trienes 7a-f are apparently formed through the loss of-
proton from the hexadienyl cation 9, formed by'rﬁng
opening of carbinocl 6 under the experimental conditicans.
When styrylcyclopropyl ketones 10a-d were subjected to
similar treatment with sodium borohydride followed by
pyridinium tosylate, the corresponding octatetraenes 1lla-d
were obtained in good yields.The structural assignment was
confirmed by their analytical and spectral data which are
descrived in the experimental section. Here again,
formation of only one stereoisomer was observed as
confirmed from their 1H NMR spectra. The corresponding
aryl butadienylcyclopropyl ketones 12a,b similarly
afforded the decapentanenes 1l3a,b as yellow érystalline
solids (87%-91% ). The structures of 13a,b were confirmed
with the help of spectral and analytical data which are
described in the experimental section and the formation of
only one stereoisomer (probably ¢trans) was observed

(Scheme 3).
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The polyenes 7, 11 and 13 were subjected to solvolysis
under a variety of conditions with a view to obtain B8, ?—
unsaturated esters. However, the solvolys;s studies were
complicated by the formation of several side products 14-
16 as shown in the Scheme 4. The desired esters could be
obtained by carrying out the solvolysis in the presence of
BF3.Et20/HgC12 in methanol at room temperature under
controlled conditions. Thus, the hexatrienes 7a-d afforded
6—aryl-3,4-hexadiencates 18a-d in (67-84%) overall yields

on methanolysis under described conditioné {Scheme 5). The
structures of 18a-d were confirmed with the help of their
spectral and analytical data. Thus, 18a was analyzed for
C14H1603 (232) and showed molecular ion peak at m/z 232
(M+,100%) in its mass spectrum. Its IR (neat) spectrum
exhibited absorption band at 1735 cm—l due to unconjugated
ester carbonyl group, while other significant bands

appeared at 1515 and 1610 em~ 1. Similarly, its 1y nwur

(CCly) spectrum showed doublet at 52.98 (J=7 Hz) due to
two methylene protons bésides two singlets at &3.52 (3H3

and 3.65 (3H} which were attributed to gwo methoxy groubsp

The four aromatic protons appeared as two doublets at
36.68 (2H,J=9 Hz) and 7.14 (2H,J=9 Hz). However, the
olefinic protons appeared as multiplet between 35.37-6.54"
{4H) . The sharp singlets for various protons in the 1p nur
spectrum of 18a further supported the formation of only
one sterecisomer. The methanolysis of octatetraenes 11b-d

and decapentaene 13a similarly afforded the corresponding
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8—aryl—3,5,7—octatrienoates 1%8a-c¢ and 10-phenyl-3,5,7,9~
decatetraenocate 20 in good yields. The spectral and
analytical data of 1%a-c and 20a were in confirmity with
the assigned structure and showed the fo%mation of only

one stereoisomer {see experimental).

The addition of alkyl and aryl Grignard reagent to 1 was
next investigated. Thus la underwent facile 1,2-
nucleophilic addition to the carbonyl group with
methylmagnesium iodide to afford carbinol 2la. However,
when 2la was subjected to ring opening in the presence of
pyiidinium tosylate the expected l,l—b;;(methylthio)—3~
methyl-6-~(4-methoxyphenyl)-1,3,5-hexatriene 25a was not
formed. The product isoclated (87%) was cHaracterized as -3~
bis(methylthio)methylene—-2-methyl-4-{4-methoxyphenyl)

cyclopentene 24a on the basis of its spectral and
analytical data. Thus, 24a was analyzed for C16H20055 and
exhibited molecular ion peak at m/z 292 (78%) in its
mass spectrum. Its IR (neat) spectrum showed bands at
1240, 1504, 1604, 1661 (m), 1686 (m) cm™ 1. The final
confirmation of the structure of 24a was obtained from its
1g NMR (CCl,} spectrum, which exhibited three singlets at
52.00 (3H), 2.23 (3H) and 3.73 (3H) due to two methylthio
and methoxy groups respectively. The corresponding ol ~
methyl group appeared as broad doublet at 52.29 (3H,J=3
Hz) due to allylic coupling with the olefinic proton. The
signals due to benzylic methine and olefinic protons
appeared as double doublet (J = 7,9 Hz) and broad singlet
at & 4.30 {(1H) and 6.0 {(1H) respectively. The multiplets
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between & 1.08-3.07 (2H) an A,B, doublet at $6.82 (2H) and.
7.17 (2H) were assigned to two ring methylene and four
aromatic protons respectively. The cyclopentene 24a is
evidently formed by concerted ring opening and -
participation of bis{(methylthio)methylene double bond with
the incipiant cyclopropyl carbinyl cation ({(intermediate
22, Scheme 5). Our attempts to isolate trienes 25 under a
variety of Lewis acid conditions were however not
successful. Interestingly, the corresponding
phenylcyclopropyl ketone 1b also undefwent a facile
nucleophilic addition with methylmagnesium iodide and
subsequent ring opening afforded the cyclopentene
derivative 24b in 78% yield. This observation is important
in view of the failure of 1b to undergo ring opening and
n -participation with bis{methylthio)methylene double bond
to afford 3-phenyl cyclcocpentanone on treatment with either
H4PO,4/HCOOH {(1:3) or stannic chloride® (Chapter II). These
results account for a mechanism involving concerted ring
closure for the formation of 24 from 21, rather than
involving stepwise mechanism through a free benzyl cation
26. Addition of propylmagnesium bromide to la under
similar conditions also afforded the corresponding 2-(n-
propyl)cyclopentene derivative 24c in 84% yield {Scheme
6).

When la was reacted with ethyl zincbromoacetate under
1
Reformatsky reaction conditions, the reaction mixture .on

work up (10% H2804) yielded a product characterized as 2i
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carboethoxymethyl cyclépentene—3—carbothioate 29a (81%).
The spectral and analytical data of 29a was in full
confirmity with the assigned structure. The signal of two
methine protons at 33.49-3.62 (1H,m, Hg) and 3.74-3.92
(1H,m,HA) which accounts for E—ste%eochemistry,at 3.,4-
carbon atoms. However, the final confirmation of the
stereochemistry is being under investigations from its
high resolution 'H and !3C NMR spectra. The other
substituted cyclopentenes 30a,d and 31 were similarly
obtained in 78 and 83% yields respectively. Apparently the
zincnolate 27 undergoes concerted ring opening and
hydrolysis through the intermediate carbonium ion 28 "to
afford the corresponding cyclopentene degivative 29. The
mechanism was further supported by the isolation of the
corresponding 4~phenyl derivative 29b from phenyl

cyclopropyl ketone 1b (Scheme 7).

The styrylcyclopropyl ketone 10a also underwent a facile
Reformatsky reaction and ring expansion with ethyl
zincbromoacetate to afford 4-styrylcyclopentene~3—-carbo-
thioates 30a, which was found to be a mixture of F and 2
isomers. Thus, the signals for methylthio group in 2 -
isomer (&2.17) then in F-isomer (& 2.27) appeared due to
shielding by c¢is styryl double bond. The corresponding
methylenedioxystyryl cyclopropane 104 gave
styrylcarbothicate 304 in 73% yield as E:Z mixture (9:1).
The reaction was equally sucessful with the higher 4-
.arylbutadienyl homoleg 12 which afforded the respective 4-

phenylbutadienyl cyq1opropane—3—carbothioate 31

'



142

g - 2wauxs

948D H
99SH

y y3codindsalvz W5

€197 Axorp2uaiAy

943

-
D18 IvVZ  2NS

13209

onS O

pw-g7 =4V ‘q
Gu9n=v ‘e

ans O



143

(E:Z2,66:33) in 76% yield (Scheme 8). The structures of
all the cyclopentenes 30 and 31 were confirmed with the
help of spectral and analytical data (which are described

in the experimental section).

The addition of allylmagnesium bromide to la was next
investigated to explore the one pot synthesis of 1-aryl
indane 33 through concurrent formation of benzene and
cyclopentene ring through intramolecﬁlar cyclization and
cycloaromatization of carbinol intermediate 32. The
reaction proceeded in expected manner and the carbinol 32
was obtained in nearly quantitative field on treatment
with allylmagnesium bromide with la. When the carbinol 32
was subjected to simultaneous ring opening and
cycloaromatization in the presence of stannic chloride in
benzene, the desired 1~aryl-7—methy1thio)indane 33 was
obtained in 61% yield. The structure of 33 was established
with the help of spectral and analytical data. (see
experimental) However, when the cyclization of 32 was
attempted in the presence of other Lewis or protic acids
like BF3Et,0 or TFA, the product isolated was
characterized as 2-allyl-4-{(4-methoxyphenyl) cycliopentene
carbothioate 34. The product 34 was found to be E-
stereocisomer on the basis of the its 1y NMR spectrum
(experimental). Similarly when the carbinol 32 Qas
subjected to cyclization in the presence of pyridinium
tosylate, the corresponding 2-allyl-3-bis(methylthio)

methylene cyclopentene 35 was obtained in 79% vield
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{Scheme 9). Formation of éll three products 33, 34, and 35
could be raticnalized through a intermediate carbocation
formed by cyclopropyl ring opening and n-~participation of
bis(methylthio)methylene double bond with incipiant
carbonium ion. The subsequent n-participation of allyl
double bond followed by elimination of methyl mercaptan
and cycloaromatization gives indane 33, while hydrolysis
or deprotonation affords the thiocaster 34 or cyclopentene
35 respectively. Similar cycloaromatization of la with
either benzyl or 2-napthyl magnesium chloride under
identical conditions howeVer did not afford the desired
annilated napthelene 37 or phenanthreneq41 derivativeé'
respectively. The products obtained by the treatment of ~
carbinol 36 {(from benzylmagnesium chloride) with various
Lewis acids were found to be either 2-
bis{methylthio)methylene <c¢cyclopentene 39 or the
corresponding carbothicate 38 (Schemel0}. Similarly the
carbinol 40 obtained by addition of 2—napthylmagnesium
chloride to la afforded 2-{2-napthylmethyl)cyclopentene-3
-carbothiocate 43 in 38% yield (Scheme 11). The structures
of the products 39, 40 and 43 were confirmed with the help
of their spectral and analytical data (experimental). The
mechanism of formation of these products are similar to

those described in Scheme 9.

The cyclopropyl ketone la was reacted with
lithiocacetonitrile with a view to study the behaviour of
intermediate carbinol 44 with various protic and Lewis

acids. Thus, the treatment of 44 with Lewis acids like
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stannic chloride, BF3.Et,0 and TFA did not afford any
clear cut product. However, when 44 was subjected to
cyclization in the presence of H3P04/HCOOH mixture (1:3)
the workup of the reaction mixture afforded two products
which were characterized as 2—(cyanomethy1)cyclopentené—B—
carbothiocate 48 {(32%) and 3,4~cyclopentenopyridine 47
(63%) . The mechanism of formation of 47 is similar to

those described earlier from our laboratory7

inveolving an
intrameclecular Riigr reaction and 1,3-methylthio shift in
the intermediate carbocation 46. The spectral and
analytical data of 47 and 48 were in confirmity with the
assigned structures (experimental).

CONCLUSION

From the above studies it was found that the carbinol
formed by hydride addition undergoes ring cleavage and
proton loss to give acyclic trienes or their higher enyl
analog¥g. A similar kind of studi%&.have also been

8 in the ring

described by Kulinkovich and coworkers
opening of cyclopropyl ca;binols 50 to give the dienes 51
(Scheme 13). However, the carbincl obtained by addition of
various carbon nucleophiles when subjected to
electrophilic cyclopropyl ring 6pening affords the
corresponding cyclopentene derivatives instead of acyclic
polyenes. These results can be rationalized in terms of
el plrivtiey of intermediate carbocations 52 and 54

(Sscheme 14). Thus when R=H, the carbocation 52 prefers to
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have 2F, 3FE conformation and undergoes proton loss to give
triene. However, when R = alkyl or other carbon
substituent the carbocation exists in 2E, 3Z conformation
resulting in favourable n-participation of bis{methylthio)
methylene double bond with incipient benzyl carboniumion’
54 to give various cyclopentene derivatives. Further
studies are needed to fully rationalize these results. The
formation of cyclopentene derivative 24b from the ring
opening of unsubstituted phenylcyclopropyl carbinol 21b
(Scheme 6) deserves further investigation to understand
the mechanism of formation of cyclopentene ring in the
light of our earlier results of ring opening of aryl
cyclopropyl ketones6 (Chapter IIXI). The solvolysis of
polyenes provides a novel route to hitherto unreported B8,
-unsaturated polyene esters. It is pertinenﬁ to note that
3—methyl—6—phenyl—3,5—hexa?ienoate 56 is the intermediate
in the synthesis of antibiotic. However -our attempts to
synthesize triene 53 through treatment of carbinol 21b
with various Lewis acids were not successful and in all
the cases the corresponding cyclopentene 24b was obtained
(Scheme 13). Our future studies are aimed at obtaining

these trienes under different modified conditions.
Experimental

General
Melting points were determined on a Thomas Hoover
capillary melting point apparatus and are uncorrected.

t
Infrared spectra were run either as KBr discs or neat film
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on a Perkin-Elmer 237 spectrometer 1H NMR, spectra weré
recorded on Varian EM-390 (90 MHz) spectrometer and
chemical shift values are expressed as & (ppm) down field
from tetramethyl silane {(TMS), as internal standard. The
mass spectra were recorded on Jeocl JMS D-300 instrument.
Elemental analysis were carried out on a Heraeus CHN~O-

RAPID instrument.

Starting Materials

The commercial samples of acetone, ethylmethyl, ketone,
benzaldehyde, anisaldehyde, 3,4-dimethoxy benzaldehyde,
3,4 methylenedioxy benzaldehyde, ana cinnamaldehyde were
purified before use, while 4-methylcinnamaldehyde, 4-
methoxycinnamaldehyde, 3,4~methylenedioxycinnamaldehyde
and their higher homoclogues were preparea according to the
reported procedureg. The «a-oxoketene dith;oacetals were
prepared according to the procedure described in Chapter
ITI. The cinnamoyl ketene dithioacetals, 5-aryl-2,4-
pentadienoyl ketene dithiocacetals, and 7-aryl-2,4,6-
heptatrienoyl ketene dithiocacetals were prepared according -
to the reported procedurelo described in the chapter IT.
The cyclopropyl ketones were prepared according to the
procedure6, as described in the second chapter. The

spectral and analytical data of are also reported in the

chapter II.

Synthesis of n-aryl-1,1-bis{methylthio)polyenes (7,11,13):
General Procedure : To a well stirred suspension of

cyclopropyl ketones (10 mmol) in absolute ethanol (50 ml),

i
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excess of sodium borohydride (1.25g, 35 mmol) is added and
the mixture was refluxed for 2 hrs. The cooled mixture was
then poured on to crushed ice (100 g) and extracted with
chloroform (2 x 100 ml). The chloroform extract was washed
with saturated salt (NaCl) solution (2 x 100 ml), dried
(Na2804) and evaporated under vacuum to give the crude
carbinols in nearly gquantitative xields as an
undistillable thick 1liguids. The c¢rude carbinol was
dissolved in carbontetrachloride (50 ml) aﬁd
pyridiniumtosylate (5g, 20 mmol) was added with stirring.
The solvent (CCl,) from the reaction mixture was then
distilled off slowly (15 min) over water-bath. The residue
was taken as suspension in carbontetrachloride (75 ml) and
filtered. The filtrate was evaporated to. give the crude
product which were further purified by passing through a

silica gel column using hexane as eluent.

1,1-Bis{methylthio)~6~{4-methoxyphenyl)—~ '1,3,5-hexatriene
(7a) (89%), Oil;"QmaX {neat) 1662, 1600 cm—l; BH (CC14),
2.16 (3H,s,SCH3), 2.21 (3H,s,SCH;), 3.61 (3H,s,OCH;);
5.94-6.53 (5H,m,=CH, 6.67 (4,2H,J 9Hz, ArH), 7.19 (d4d,2H, J
94z, AYH):; (Found : C,64.83; H, 6.68. C15H1g085 requires

C, 64.77; H, 6.52%).

1,1-Bis{(methylthio)-6-phenyl-1,3,5-hexatriene (7b}) (81%),
0il; Ppax (meat) 1675 cm™Y; 5y (ccly) 2.25 (3H,s,SCHj),
2.31 (3H,S,SCH3), 5.91-7.04 (5H,m,=CH), 7.10-7.52
(5H,m,ArH); (Found : C, 67.82; H, 6.58. Cq,H 45, reguires -

1
C, 67.69; H, 6.49%); N 359, 358 and C = 2.28057 x 104,

max
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1,1-Bis(methylthio)-6-(3,4-dimethoxyphenyl)~-1,3,5~

hexatriene (7c¢c) (78%), oil; ¥ {neat) 1680, 1585 cm‘l;

max
5y (CCly) 2.20 (6H,s,SCH4), 3.67 (3H,s,0CH3), 3.73
(3H,s,0CH3), 5.90-6.88 (8H,m,=CH and ArH); (Found : C,

62.47; H, 6.44. C16H200252 requires C, 62.30; H, 6.54%).

1,1-Bis(methylthio)—-6~(3,4-methylenedioxyphenyl)-1,3,5~
hexatriene (7d ) (86%), oil; amax
-1

cm SH (CC14) 2.34 (6H,s,SCH3), 5.94 (2H,s,CH2), 6.15~

{neat) 1686, 2672, 1895

7.04 (8H,m,=CH and ArH); (Found : C, 61.76; H, 5.69.
C15H160282 requires c, 61.76; H, 5-69%).

1,1-Bis(methylthio)-6-(2-chlorophenyl)-1,3,5-hexatriene

(7e) 82%; (neat) 1689, 1528 cm™1; &y (CCl,) 2.31

? max
(6H,s,SCH4), 6.05-7.71 (9H,m,=CH and ArH); (Found : C,

59.58; H, 5.51. Cq4H155,5C1 requires C, 59.45; H, 5.35%).

‘
1,1-Bis{(methylthio)~-2-methyl—-6-phenyl-1,3;,5-hexatriene(7f)
(87%), oil: Y ..
(3H,s,CH3), 2.25 (3H,s,SCH3), 2.31 (3H,s,SCH3), 6.24-6.98
(4H,m,=CH), 7.04-7.50 (5H,m,ArH); (Found : C,68.51; H,
6.83. Ci5Hq1g545 requires C, 68.65; H, 6.91%). m/z 262
(M, 74%), 247(52), 200(100).

1,1-Bis(methylthio)-8-phenyl-1,3,5,7-octatetraene (11a)
(76%), oil; ., (neat) 1678, 1596 cm 1; &y (CCl,) 2.32
(6H,s,SCHy), 6.28-7.04 (7H,m,=CH), 7.09-7.49 (5H,m,ArH);

(Found : C, 70.21; H,6.73. CqgHqgS, requires C, 70.02; H,

6.61%) .

(neat) 1675, 1595 cm™1; &, (CCl,) 2.11,
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1,1—Bis(methylthio)—S—(4~methoxyphenyl)—1,3,?,7—octatetra;

—ene (11b) (78%), m.p. 73°9-74°C: 9 (KBr) 1600, 1590,

max
1500 cm™t; &y (ccl,) 2.27 (3H,s,SCH3), 2.30 (3H,s,SCHj),
3.73 (3H,s,0CH;), 6.09-6.60 (7H,m,=CH), 6.74 (2H,d,J
9Hz,ArH), 7.24 (2H,d, J 9Hz,ArH); (Found : C, 67.21; H,
6.78. Cq4H,,08, requires C, 67.05; H, 6.62%); m/z 304 (M",

100%), 257(12), 242(16).

1,1-Bis(methylthio)~8~(4-methylphenyl)-1,3,5,7—-octatetra~
~ene (1llc) (86%), m.p. 102°-103°C; ?hax (KBr) 1670, 1595
em™; 5, (cpCl;) 2.40 (9H,s,CH; and SCHy), 6.12-7.05
(7TH, m,=CH), 7.13~-7.54 (4H,m,ArH): tFound : C,70.86; H,
6.82. Ci17H5085 requires C, 70.78; H, 6.99%); m/z 289
(Mt+1, 100%) 242(19), 227(18).

1,1-Bis{methylthio)-8-(3,4-methylenedioxyphenyl)-1,2,5,7~
octatetraene (11d) (87%), oil; < .. (neat) 1678, 1602
em™1; &y (CCl,) 2.34 (6H,s,SCH;), 5.67-7.44 (10H,m,=CH and
ATH), 5.94 (2H,s,CH,); (Found : C, 64.28; H, 5.83.
Cy7H1g0,5, requires C, 64.12; H, 5.10%): m/z 318 (M,
32%), 271(14), 224(15).

1,1-Bis{methylthio)-10-phenyl-1,3,5,7,9-decapentaene (13a)
(91%), m.p. 105°-106°C; 'Qmax 1670, 1597 cm 1; & (CbClsy)
2.31 (3H,s,SCH3), 2.34 (3H,s,SCH;), 6.05-7.04 (9H,m,=CH,
7.13-7.51 (5H,m,ArH); (Found : C, 72.09; H, 6.84. CqgHy(S,
requires C, 71.95; H, 6.71%); m/z 300 (M, 100%), 206(10).

1,1-Bis{(methylthio)-10-{4-methoxyphenyl)-1,3,5,7,9,—
decapentaene (13b) (87%),m.p. 109-110°C; 7 (KBr) 1667,

{ max
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1600 cn™! ; 3(cDCly) 2.34(6H,s,SCH3), 3.87(3H,s,0CH,),
6.20-6.81(9H,m,=CH), 6.92(2H,d,J 9Hz,ArH),7.40(2H,d,J 9Hz,
ArH); (Found: C,69.15; H,6.87. C19H5p08,5 requires C,69.05;

H,6.71%); m/z 330(Mt,100%) .

Synthesis of methyl 4-(methylthio)-6-(4-methoxyphenyl)-5-
hexene carbothiocate (14): To a solution of 7a (10 mmolf in
methanol (40 ml), BF3.Et,0 {5 ml) was added. The reaction
mixture was refluxed for 30hr, cooled and poured over
saturated NaHCO3 solution (100 ml). It was then extracted
with chloroform (3x75 ml), the combined extracts were
washed with water (2x100 nl), dried (NaSO4) and evaporated
to give a viscous residue, which on column chromatography

over silicagel (hexene) afforded pure ester 14.

yellow oil (83%), 7,., (neat) 1743, 1612 cm ~1; &y (CCl,)
1.77-2.13 (2H,m,CH2), 1.98 (3H,s,SCH,;), 2.44 (2H,t,J T7Hz,
CHy), 3.09-3.43 (1H,m,CH) 3.60 (3H,s,OCH3), 3.79
(3H,s,OCH3), 5.80 (1H,dd,J 12,16 Hz,=CH), 6.31 (1H,d,J 16
Hz), =CH), 6.81 (2H,d,J 9Hz,ArH), 7.30 (2H,d,J 9Hz, ArH);
(Found : C, 64.38; H, 7.36. C15Hyp03S requires C, 64.25;
H, 7.19%).

Solvolytic studies on polyenes 7 and 11 in the presence of
BF3.Et20/HgC12 for prolonged time : General Procedure : To
a solution of appropriate polyene {10 mmol) in methanol
(40 ml), HgCl, (15 mmol) and BF3.Et;0 (5 ml) were added.
The reaction mixture was stirred at room temperature for

prolonged time (6-20 h). It was then filtered through a
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sintered funnel to remove traces of mercuric chloride and
the filtrate diluted with chloroform, washed with
saturated sodium bicarbonate solution (2 x 100 ml) and.
water (2 x 50 ml) dried (Na,80, and evaporated to give
crude products, which were purified by column
chromatography over silica gel. Elution with hexane and

ethylacetrite (20:1) gave pure ester.

Methyl 6-methoxy~6—~(3,4-methylenedioxyphenyl)-3-hexene
carboxylate (15d) : Colorless oil (63%); ;%ax {neat) 1739
em™l; &y (ccl,) 2.10-2.55 (2H,m,CH,), 2.90 (2H,d,J SHz,
CHy), 3.09 (3H,s,0CH3), 3.56 (3H,s,OCH3), 3.93 (1H.t.J 7
Hz, CH), 5.39-5.56 (2H,m, =CH), 5.90 (2H,s, CH,), 6.61-
6.78 (3H,m,ArH); (Found : C, 64.89; H, 6.71. CygH,g0s
requires C, 64.74; H, 6.52%).

Methyl-6-methoxy—-6—-{(2-chlorophenyl)-3-hexene carboxylate

1

(15e) : Colorless oil (71%); (neat) 1743 cm *; 5y

? max
(CC14) 2.23-2.50 (2H,m,CHy) 2.94 (2H,d4,J B5Hz,CHy)., 3.19
(3H,S,OCH3), 3.60 (3H,s,OCH3), 4.70 (1H,t, J 7Hz, CH),
5.44-5.64 (2H,m,=CH), 7.0-7.54 (4H,m,ArH); (Found : C,

62.73; H, 6.49. C14H17C103 requires C,62.52; H, 6.38%)'.

Methyl 2—methy1—6—methoxy—é—phenyl—z—hexene carboxylate
(16) : colorless oil (67%); ;%ax (neat) 1703 cm™1; Sy
(CCl,) 1.60~2.35 (4H,m,CH,), 1.80 (3H,s,CH3), 3.20
(3H,s,OCH3), 3.74 (3H,S,OCH3), 4.04 (l%,t,J 7Hz,CH), 6.68-
6.92 (1H,t,J 7Hz,=CH), 7.14-7.45 (5H,m,ArH); (Found : C,

72.73; H, 8.24. C15H2095 requires C, 72.55, H, 8.12%).
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Methyl 6-methoxy-8-phenyl-3,7-occtadiene carboxylate (17)

colorless oil (63%); 9max (neat) 1740 cm—l; Sy (CCly)
2.20-2.43 (2H,m,CH2), 2.98 (2H,4,J 5Hz,CH2), 3.24
(3H,s,0CH3), 3.57 (3H,s,0CH;), 3.70 (1H,t,J 7Hz,CH), 5.50-
5.70 (2H,m,=CH), 6.01 (1H,dd4,J 7,16Hz, =CH), 6.51 (1H,d,J
16Hz,=CH), 7.10-7.48 (5H,m,ArH); (Found : C,73.98; H,7.86.
C1gH5003 requires C, 73.82; H, 7.74%); m/z 260 (M', 2%).

Synthesis of Methyl n—-aryl polyene Farboxylate (18,19, °
20) = General Procedure : To a solution of 'n-aryl
polyene (10 mmol) in anhydrous methanol (50 ml), HgCl,
(2.70g, 10 mmol) and BF3.Et,0 (5ml) were added and stirred
at room temperature for 8-10 hr. It was then filtere@
through a sintered funnel to remove traces of mercuric
chloride and the filtrate diluted with chloroform (100
ml), washed with saturated sodium bicarbonate solution (3
x 100 ml) and water (2 x 50 ml), dried (Na,SO,) and
evaporated to give crude products, which were purified by
column chromatography over silica gel.'Elution with hexane

and ethyl acetate (1:50) gave pure ester.

Methyl 6-—~(4~methoxyphenyl)-3,5-hexadienyl carboxylate(lBa)
(84%); m.p. 48°C; ¥, (KBr) 1735, 1610 cm™1; &y (CCly)
2.99 (1.5H,4,J 7Hz,CHy), 3.15 (0.5H,d,J 9Hz,CH,), 5.37-
6.53 (4H,m,=CH), 6.68 (2H,d, J 9Hz,ArH), 7.14 (2H,d, J
9Hz,ArH); (Found : C,72.52; H,6.81. Cq,4Hq¢0; reguires C,
72.39: H, 6.95%); m/z 232 (M, 100%), 200(3).

Methyl 6-phenyl-3,5-hexadienyl carboxylate (18b ) (78%),

0il; 7., (neat) 1720, 1645 cm™l; &, (CCly) 3.11 (2H,d, J

X
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7Hz, CHy), 3.71 (3H,s,OCH;), 5.56-6.96 (4H,m,=CH), 7.06-
7.58 (5H,m,ArH); (Found : C,77.36; H,7.12. Cg3H;,0,
requires C, 77.20; H, 6.98%); m/z 202 (M', 2%), 171(3),

143(12).

Methyl 6-(3,4-dimethoxyphenyl)~-3,5-hixadienyl carboxylate
(18c) (67%), m.p. 61°~62°C; + ... (KBr) 1730, 1598 cm™1; &y
(cbCls) 3.29 (2H,d,J 7Hz,CH,), 3.70 (3H,s,OCH3), 3.86
(s,3H,0CH3), 3.91 (3H,s,0CH3), 5.56-7.09 (7H,m,=CH and
ArH); (Found : C, 68.81; H, 6.79. CqgHg0, requires C,
68.68; H, 6.92%); m/z 262 (M+, 17%), 203(11).

Methyl 6-(3,4-methylenedioxyphenyl)-3,5~hexadienyl
carboxylate (18d) (83%):; oil;'?max(neat) 1735, 1600 cm™1;
BH (CC14) 3.03 (1.5H,d4, J 7Hz, CH2), 3.15 (0.5H,4, J
8HZ,CH2), 3.60 (3H,S,OCH3), 5.35-6.48 (4H,m,=CH), 5.83
(ZH,S,CHZ), 6.54-6.88 (3H,m,ArH); (Found : C,68.13;
H,5.59. Cq4H;,40,4 requires C, 68.28; H, 5.73%) m/z 246 (M,

10%) .

Methyl 8- {(4-methoxyphenyl)-3,5,7-octatriene carboxylate
(19a) (81%), oil; J,., (neat) 1730, 1600, 1500 cm t; &y
(ccly) 3.20 (0.5H,d,J 6Hz,CH,), 3.33 (1.5H,d,J 7Hz,CHy),
3.64 (3H,S,OCH3), 3.71 (3H,S,OCH3), 5.61~-6.57 (6H,m,=CH),
6.82 (2H,d,JdJ 9Hz,ArH), 7.30 (2H,4,J 9Hz, - ArH); (Found

C,74.27; H,7.13. CqgHqg05 requires C, 74.39; H,7.02%);: m/z

258 (M7,99%), 199(30).

Methyl 8- (3,4-methylenedioxyphenyl)—-3,5,7-octatriene
carboxylate (19b) (84%), m.p. 61°-62°C; 'Qmax (KBr) 1740,
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1600, 1500 cm™%; &, (cCl,y) 3.05 (1.5H,d,J 9Hz,CH,), 3.18
(0.5H,d,J 6Hz,CH,), 5.27-6.54 (6H,m,=CH), 5.90 (2H,s,CH,),
6.62-6.93 (3H,m,ArH); (Found : C,70.71; H,5.81. C,gH,g0,
requires C, 70.57; H, 5.92%); m/z 272 (M', 94%), 213(20).

Methyl 8- (4-methylphenyl)-3,5,7-octatriene carboxylate
(19¢) (77%), o0il; ., (neat) 1740, 1510 cm *; & (CCly,)
2.31 (3H,s,CH3), 3.10 (1.5H,d,J 6Hz,CH,), 3.24 (0.5H,d,J
6Hz,CH,), 3.64 (3H,s,OCH,), 5.38-6.82 (6H,m,=CH), 6.87-
7.37 (4H,m,ArH); (Found : C, 79.19; H, 7.60. CqcHjg0,

requires C, 79.31; H, 7.49%): m/z 242 (M+, 71%) .

Methyl 10-phenyl-3,5,7,9-decatetraene carboxylate (20))

(87%), m.p. 84°-85°C; Y . (KBr) 1733 cm™1; &y (CCl,) 3.11

max
(2H,d,J 6Hz, CH2), 3.68 (3H,S,OCH3), 5.46-6.97 (8H,m,=CH),
7.12"7.58 (SH,m,ArH); (Found . C,80.41,' H, 7.22. C17H1802

requires C, 80.28; H, 7.13%): m/z 254 (M*, 90%), 195(19).

Sythesis of 2-alkyl-4-aryl-3-bis(methylthio)methylene-1-
cyclopentene (24) : General Procedure : To a cooled (0°C)
solution of appropriate Grignard reagent (15 mmol) in dry
ether (50 ml) appropriate cyclopropyl ketone 1 (10 mmol)
in dry benzene (30 ml) was added drop)wise (10 min) under
nitrogen atmosphere. After stirring for 3 hr the reaction
mixture was poured into cold saturated solution of NH,Cl
(100 ml) and was extracted with ether (3 x 30 ml). The
ether phase was washed with.water (2 x 50 m;), dried
(NaZSO4) and evaporated. The corresponding carbinol 21

thus obtained was dissolved in CC14 (30 ml), treated with
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pyridinium-~tosylate (30 mmol) and the solvent was
distilled off on a water bath. The crude residue was then
washed with CCl, (3 x 30 ml) and filtered to remove -the
excess of pyridinium tosylate. The filtrate thus obtained
was evaporated and the residue was purified over a column

of silica gel using hexane as eluent.

3-Bis{methylthio)methylene~2-methyl-4~(4-methoxyphenyl)}-1~

cyclopentene (24a) : colorless oil (87%): ?max {(neat)

1610, 1507 cm™l; &y (ccl,) 1.08-3.07 (2H,m,CH,), 2.0

(3H,S,SCH3), 2.23 (3H,s,SCH3), 2.29 (3H,4.,7 3H2,CH3), 3.73

(38,s,0CH;), 4.30 (1H,t,dd4,J 7,9 HZ,ArCH), 6.0

(1H,brs,=CH), 6.82 (2H,d4,J 9Hz, ArH), 7.17 (2H,d4,J 9Hz,
1

ArH); (Found : C,65.89; H,6.96. C{gH,,058, requires C,
65.71; H, 6.89%); m/z 292 (M, 78%).

3-Bis{mthylthio)methylene-2-methyl-4-phenyl-l-cyclopentene
(24b): Colorless oil (78%);‘?nmx (neat) 1610, 1600 cm %;
5y (CCl,) 1.91 (3H, s, SCH,), 2.17 (3H, s, SCHj), 2.26
(34, 4, J 3Hz), CH3), 2.61-3.04 (2H, m, CH2), 4.34 (1H, t
like, J 7Hz, ArCH), 5.90 (1H, brs, =CH), 6.95-7.32 (5H, m,
ArH); (Found : C, 68.53; H, 6.73. CqygHygS, requires C,

68.65; H, 6.91%); m/z 262 (M7, 83%) 215(41).

3-Bis{methylthio)methylene—-4—{4-methoxyphenyl)-2-propyl-1-
cyclopentene (24c): Colorless oil (84%);'Qmax 1611, 1512
em™l; &y (CCl,) 0.89 (3H,t,J 6Hz, CHs), 1.20-3.0 (6H, m,
CH2), 1.88 (3H, s, SCH3), 2.14 (3H, s, SCH3), 3.61 (3H, s,
OCH;) . 4.20 (1H, dd, J 6,8Hz, ArCH), 5.88 (1H, brs, =CH),
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6.61 (2H, 4, J 9Hz, ArH), 6.93 (2H,d,J 9Hz, ArH); (Found -:
C, 67.22; H, T7.36. C18H24082 requires C, 67.45; H, 7.55%);
m/z 320 (MY, 11%). '

2-Allyl-3-bis{methylthio)methylene-4-{4-methoxyphenyl)-1-
cyclopentene (35) : yellow oil (79%); ynmx (neat) 1608,
1503 cm™t; &, (cCly); 1.69-3.08 (2H,m,CH,), 1.98
(3H,s,SCH4), 2.20 (3H,s,SCH3), 3.54 (2H,b¥s,CH,), 3.74
(3H,S,OCH3), 4.27 (1H,t,J 7Hz,ArCH), 5.10 (2H,dd,Jd
5,9Hz,=CH,), 6.0 (1H,brs,i=CH), 6.67 (2H,d&.J 9Hz ArH),
6.99 (2H,d4,J 9Hz, ArH); (Found : C, 67.63; H, 6.81.
CqgHy9085 requires C, 67.88; H, 6.96%); m/z 318 (M', 73%),
271 (83).

2-Benzyl-3-bis{methylthio)methylene—-4-{4-methoxyphenyl)-1-

cyclopentene (39) : colorless oil (77%);'? {neat) 1610,

max
1511 em™t; &, (cCl,) 1.68-3.20 (2H,m,CH,); 1.88
(3H,S,SCH3) 1.95 (3H,s,SCHy), 3.61 (3H,s,OCH;). 4.08
(2H,s,ArCh,), 4.34 (1H,+, J 6Hz, ArCH), 5.82 (1H, brs,=CH),
6.79 (2H,d, J SHz, ArH), 6.83-7.36 (7H,m,ArH); (Found : C,
71.93; H, 6.69. CooHpyg0S, requires C, 71.70; H, 6.56%);

m/z 368 (MY, 53%). _ :

s-Methyl,2—-(2-methylnapthyl)~-5-(4-methoxyphenyl)-2-cyclo~

pentene~l~carbothioate (43) : colorleés oil (38%); :Qmax
(ccl,) 1680, 1510 cm™ T; &y (CCl,) 2.08-2.57 (2H,m,CHy),
2.24 (3H,s,SCH3), 3.34-3.85 (4H,m,ArCH,,ArCH and CH), 3.65
(3H,S,OCH3), 5.50 (1H,brs,=CH), 6.67 (2H,d4,J S9Hz,ArH), 7.0
(2H,d4,J 9Hz, ArH), 7.12-7.86 (7H,m,ArH); (FoPnd : C,77.51;
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H, 6.42. C25H24023 rEC{uires C, 77.28; H, 6.2396); m/z

388.50 (M*, 100%), 313(84).

Synthesis of 5-Methyl-5—aryl-~2-(carbethoxymethyl)-2-cyclo-
pentene—-l1-carbothiocate (29,30,31) : General Procudure

To a suspension of zinc (2.6g, 40 mmol preheated at 110°C
for 1 hr) and a few crystals of iodine in:dry ether (20
ml), ethyl bromoacetate (3.4g, 20 mmol) in dry ether (10
ml} was added dropwise (10 min) with sFirring and the
mixture refluxed for 1 hr. A solution of appropriafe
cyclopropyl ketone (10 mmol) in dry benzene (25 ml) is ’
then added dropwise {30 min) and refluxing continued to
another 20 hr. It was then passed over ice cooled 10%
sulphuric acid (100 ml), organic layer separated, washed
with water (50 ml), dried (Na,80,) and solvent evaporated
to give the c¢rude product, which weré then colﬁmn
chromotographed over silica gel using EtoAc/hexane (1:20)

as eluent.

S-Methyl-2-(carbethoxymethyl) -5~ (4-methoxyphenyl)-2-cyclo—
pentene—~l~carbothiocate (2%a) : Colorless oil (81%Y;"?max
(neat) 1740, 1695 cm 1; &y (CCl,) 1.20 (3H,t,J 7Hz, CHj),
2.08-2.89 (2H,m,CH,), 2.19 (3H,s,SCH;), 3.02 (2H,brs,CHy),
3.49-3.62 (1H,m,CH), 3.64 (3H,S,OCH3), 3.74~-3.92
(1H,m,CH), 3.99 (2H,q,J 7Hz,CH,), 5.68 {(1H,brs,=CH), 6.65
(2H,d,J 9Hz,ArH), 7.03 (2H,d,d 9Hz, ArH); (Found
C,64.51; H, 6.54. C1gHp004S requires C, 64.64; H,6,63%[:
n/z 334 (M7, 4%), 287(4) 259(100). s
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S~Methyl-2~{(carbethoxymethyl)-5-(3,4~dimethoxyphenyl) -2~

cyclopentene—l—-carbothicate {29¢) : colorless oil (78%) ;-

qnmx
CH3), 2.19-2.98 (2H,m,CH2), 2.23 (3H,s,SCH3), 3.11

(neat) 1742, 1692 cm™1; &y (CCl,) 1.21 (3H,t,J THz,

(2H,brs,CH,), 3.30-3.91 (2H,m,CH), 3.72 (3H,s,O0CH;), 3.79
(3H,s,0CH4) 4.07 (2H,q,J THz ,CH,), 5.77 (1H,brs,=CH),
6.64-6.78 (3H,m,ArH); (Found : C, 62.76; H, 6.71.
Ci9H 4058 requires C, 62.61; H, 6.64%): m/z 364 (M+, 63%),
289(100).

S—-Methyl-2-(carbethoxymethyl)-5-(3,4-methylenedioxy) -

2-cyclopentene—~l~carbothioate (29d) : colorless oil (83%);
Y max (neat) 1735, 1686 cm Y; &y (cCl,) 1.25 (3H,t,J T7Hz,
CH,), 2.25-2.97 (2H,m,CH,), 2.28 (3H,s,SCH,), 3.12
(2H,brs,CH2), 3.50-3.74 (1H,m,CH), 3.77-3.94 (1H,m,CH),
4.13 (2H,q,J 7Hz,CH,) 5.81 (1H,brs,=CH), 5.90 (2H,s,CH,),
6.65-6.85 (3H,m,ArH); (Found : C, 65.20; H, 6.17.
CqgH50048 requires C, 65.04; H, 6.07%); m/z 332 mt, 9%y,

257(12).

{

(E/Z)S—Methyl—z—(carbethoxymethyl)—5—styryi—2—cyclopentené
—l-carbothioate (30a) : (E/Z), 2:1) colorless oil (73%);
Y nax (meat) 1737, 1688 cm 1 &y (CCl,) 1.23 (3H,t,J THz,
CH3), 2.15-2.94 (2.6H,m,Ch2 and Z-CH), 2.17 (lH,S,Z*SCH3),
2.27 (2H,S,E—SCH3), 3.06 (2H,brs,CH2), 3.17~-3.50
(0.6H,m,E~-CH), 3.60-3.85 (0.6H,m,E-CH), 4.08 (2H,q,J 7Hz,
CH,), 5.70 (1H,brs,=CH), 6.13 (1H,dd,J 16,7Hz,=CH), 6.40
(14,d,J 16Hz,=CH), 7.01-7.37 (5H,m,ArH); (Found : C,
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69.22; H, 6.82. CjgH,,03S requires C, 69.06; H, 6.71%);
m/z 330 (M%, 7%), 283(11), 255(53).

(E/Z)S-Methyl—-2-(carbethoxymethyl)-5-[2-(3,4-methylene—

dioxyphenyl)ethylene] -2-cyclopentene—-1l-carbothioate (304),

(E/Z) 9:1), colorless oil (73%); :9max (neat) 1738, 1689
en™t; &y (ccly) 1.17 (3H,t,J 7THz,CHy), 2.03-2.87
(2.2H,m,CH2 and Z-CH), 2.11 (0.3H,S,Z—SCH3), 2.26

(2.7H,s,E-SCH3), 2.99 (2b,brs,CHy)., 3.05-3.34 (0.9H,m, B-
CH), 3.48-3.80 (0.9H,m,E-CH), 4.0 (2H,q,J 7Hz, CH,), 5.64
(1H,brs,=CH, 5.80 (2H,s,CH,), 5.39 (1H,dd,J 16,7Hz,=CH),
6.24 (1H,d4,J 16Hz,=CH), 6.57-6.86 (3H,m,ArH); (Found : C,
64.03; H,5.84. CooHp205S requires C, 64.15; H, 5.92%); m/z
374 (MT, 22%), 298(100).

(E/Z)S~Methyl 2—(carbethoxymethyl)—5;[4—(pheny1)buta—
dienyl]—-2-cyclopentene-l-carbothiocate (31) (E/Z, 2:1)
colorless oil (7696);“9maX (neat) 1733, 1683 cm—l; 8y
(CC14) 1.25 (3H,t.,d 7HZ,CH3), 2.09-2.92 (2.6H,m,CH2 and Z-
CH), 2.11 (lH,S,Z-SCH3), 2.26 (2H,s,EjsCH3), 3.06
(2H,brs,CH2), 3.13-3.42 (0.6H,m, E-AxrCH), 3.50-3.80
(0.6H,m, E-CH) 4.11 (2H,N,J 7Hz,CH,), 5.70 (1H,6brs,=CH),
5.79-6.90 (4H,m,=CH), 7.07-7.44 (5H,m,AxrH); (Found : C,
70.87% H, 6.88. CpqHps04S reguires C, 70.75; 6.79%); m/z
356 (MT, 2%), 324(16), 294(26).

Reaction of 1-[2-bis(methylthio)methyleneacetyl]-2-{(4-
methoxyphenyl)cyclopropane (1a) with allylmagnesium

bromide : General Procedure : To a well stirred and

t
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cooled (0O°C) suspension.of allyl magnesium bromide (16
mmol) [prepared from 1.92g (160 mmol) of distilled allyl
bromide and magnesium turnings, 1.2g (520 mmol) in dry
ether (40 ml)], a solution of la (8 mmol) in dry benzene
(30 ml) was added and the reaction mixture was further
stirred at 0°C for 1hr. The reaction mixture was then
poured 1into a saturated ammonium chloride solution {200
ml), extracted with ether (3 x 30 ml), dried (Na,SO,) and
evaporated in vacuum to give crude carbinol (32) colorless
0il in nearly quantitative yields. The carbinol 32 was
unstable and therefore used as such for subsequent

reaction without further purification.

Cycloaromatization of 32; synthesis of 1-(4-methoxyphenyl)
—7-methylthio indane (33) : General Procedure : To a
solution of the carbinol 32 (8 mmol) obtained as above, in
dry benzene (60 ml), stannic chloride (6.25g, 24 mmol) was
added. The reaction mixture was refluxed for 18hr. It was
then poured into cold aqueous sodium hydroxide (5%)
extracted with chloroform (3 x 60 mnl), éhe combined
organic layer was washed with water (100 ml), dried
(Na2504) and evaporated to afford the product as viscous
residue, which was purified by column chromatography over

silica gel using hexane as eluent.

Colorless crystals (61%), m.p. 59°-60°C; .. (KBr) 1725,
1610 cn™l; 5y (ccl,) 1.67-2.07 (1H.m,CH,), 2.14
(3H,s,SCH3), 2.28-3.26 (3H,m,CH,), 3.60 (3H,s,0CH3), 4.20
(1H,44,J3 7,4Hz, CH), 6.45-7.10 (7H,m,ArH); (Found : C,
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75.73; H,6.91. Cq7H,g0S requires C, 75.51; H, 6.71%); m/z'
270 (M7,100%), 255(74), 223(44).

(E) S-Methyl, 2-allyl-5-{(4-methoxyphenyl)-2-cyclopentene
carbothiocate (34); To a solution of carbinol 32 (10 mmol)
in dry benzene BF3Et, 0 {5 ml) or trifluorocacetic acid (15
mmol) was added. It was then poured in saturated solution
of NaHCO4 (100 ml), extracted with chloroform (3x60 ﬁl),
the combined organic layer was washed with water (100
ml), dried (Nazsoé) and evaporated to afford the product
as viscous residue, which was purified by column .

chromatography over silica gel using hexane as eluent.

(76%):9max(neat) 1680, 1610 cm—l; 5y (CCl,) 2.24
(3H,S,SCH3), 2.03-3.16 (4H, m,CHZ), 3.51-3.83 (2H, m, CH),
3.72 (3H,S,OCH3), 5.02 (2H, brd, J 6Hz, =CH), 5.51-5.7¢6
(2H, m, =CH), 6.73 (2H, 4, J 9Hz, ArH), 7.10 (2H, 4, g
9Hz, ArH); (Found: C, 63.88; H, 6.36. CqyyH5q0,8 requires
C, 63.72; H 6.29%); m/z 321 (M'+1, 2%), 288(5) 241(6).

S—-Methyl 2—benzy1—5—(4—methoxyphenyl)—2—éyclopentene—1—
carbothiocate (38) : the carbinol 36 obtained by addition
of benzyl bromide was treated with stannic chloride in
refluxing benzene as in the procedure described above.
Colorless oil (63%); Y ., (neat) 1675, 1600(m) cm t; By
(CC14) 2.13 (3H,S,SCH3), 2.27-3.21 (2H,m,CH2), 3.27-3.36
(1H,m,CH), 3.41-3.62 (3H,m,CH, and CH), 3.60 (3H,s,0CH3),
5.45 (1H,brs,=CH), 6.59 (2H,4,J 9Hz ,ArH), 6.88 (2H,4,J

9Hz ,ArH), 6.97-7.29 (5H,m,ArH); (Found : C, 74.71;: H,
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6.76. C,qH5,0,8 requires Cc, 74.52; H, b6.55%) m/z 338
(MY, 61%), 291(16), 263(100).

The reaction of 1lithiocacetonitrile with 1-[2-bis(methyl-~
thio)]-2~(4-methoxyphenyl)cyclopropane (la) : General
Procedure : To a stirred solution of freshly distilled
acetonitrile (0.52g, 12.5 mmol) in dry tetrahydrofuran (25
ml), n-butylithium (12.5 mmol) was added under.an
efficient atmosphere of nitrogen maintaining the
temperature at -78°C. After stirring for 0.5hr at -78°C,
the cyclopropyl ketone la (2.9g, 10 mmol) in 50 ml of
tetrahydrofuran was added. The reaction mixture was
further stirred for 1hr, allowing the mixture to attain
the room temperature slowly. It was then poured over a
saturated solution of ammonium chloride and extracted with
ether (3 x 50 ml), the combined extract was washed with
water (100 ml), dried (Na2804) and evaporated to give

crude carbinol 44 in nearly guantitative yield.

Cycloaromatization of 44 : General Procedure : The crude
carbinol 44 (10 mmol) obtained as above was heated with a
orthophosphoric acid and formic acid mixture (1:3) for
24hr at 80°C. The reaction mixture was then cooled and
poured over cold water (0°C), extracted with chloroform (3
x 100 ml). The combined organic layer was then washed with
water (150 ml), dried (Na2804) and evaporated to give a
viscous residue, which was purified by column
chromatography over silica gel using hexane as eluent to

give two products 47 and 48.
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2,7-Bis(methylthio)-6-(4-methoxyphenyl)~-4,5-dihydro-6H~
cyclopenta [d] pyridine {(47) Colorless crystals (63%),

m.p. 117°-118°C; =) (KBr) 1610, 1570 cm™1; &y (CCly)

max
1.64-2.17 (1H,m,CHy), 2.40 (3H,s,SCH3), 2.58 (3H,s,SCHj),
2.67-3.26 (3H,m,CH,y), 3.72 (3H,s,0CH;5}, 4.19 (1H,d44,J
10,4Hz,CH), 6.74-7.10 (5H,m,ArH); (Found : C, 64.53; H,
6.20; N, 4.62. Cq7H, gNOS, regquires C, 64.31; H, 6.03; N,

4.41%) ; m/z 317 (MT, 100%), 302(36).

S—Methyl 2-(cyanomethyl)-5-(4-methoxyphenyl)—-2-cyclo-
pentene—-l-carbothioate (48) Colorless oil (32%); ?me
(neat) 2240, 1676 cm™; &y (CCl,) 2.30 (3H,s,SCH5), 2.44-
3.45 (3H,m,CH, and CH), 3.64 (2H,brs,CHy), 3.74
(3H,s,0CH,), 4.19 (1H,brd,J 10Hz,ArCH), 6.02 (1H,brs,=CH),
6.75 (2H,4,J 9Hz,ArH), 7.08 (2H,d4,J 9Hz, ArH); (Found
C,66.65; H,5.81; N,4.73. C16H17N028 requires C,66.87;
H,5.96; N,4.87%); m/z 287 (M¥,27%), 240(14), 212(100).
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CHAPTER IV

A NOVEL SYNTHESIS OF g*PYRONES FROM
CINNAMOYL KETENE DITHIOACETALS”

IV.1 INTRODUCTION
In the preceding chapter the c¢cinnamoyl ketene_
dithiocacetals of the general formula:l have been shown to
undergo chemoselective cyclopropanation in the preéence of
dimethyloxosulphonium methylide to yield the corresponding

cyclopropyl ketones in high yieldsl. It was further

*Deb, B.; Asokan, C.V.; Ila, H.; Junjappa H. Synthesis
1987, 893.
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considered of interest to-subject these intermediates to a
base catalyzed epoxidation to examine the behaviour of
both the cross—-conjugated double boqu. Thus cinnamoyl
ketene dithiocacetals 1 were preferentially oxidized at the
cinnamoyl double bond to yield the corresponding epoxy
compounds 3 in good yields (Scheme 1). These epoxides were
found to be synthetically useful intermediates, since they
underwent a facile boro@Eﬁifluoride assisted rearrangement
to yield the corresponding 3-hydroxy pentadienals 10,
which on treatment with acetic acid underwent ring closure
to give the corresponding 4H-pyran—~4-ones 13 in excelleﬁt
vields (Scheme 2) and the results are described in this

chapter.
RESULTS AND DISCUSSION

The synthesis of various cinnamoyl ketene dithiocacetals
employed in the present studies have been described in
Chapter II, and their structural authenticity has
therefore been fully established. When la was subjected to
epoxidation in the presence of alkaline hydrogen peroxide
at room temperature, after work up; the product isolated
in 89% yield was characterized as 1,l1-bis{(methylthio)-4,5~
epoxy-5-phenyl-l-pentene-3~one 3a. Apparently the entire
epoxidation has taken place on the styryl double bond and
the- mercapto double bond has remained unaffected as
confirmed by its analytical and spectralidata, Thus, it
was analyzed for a mo%ecular formula C13H140282 as

confirmed by its mass spectrum which exhibited a molecular!
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ion peak at m/z 266 (M%,5%). The prominent absorption
bands in IR spectrum (KBr) are observed at Qmax 1630 and
1480 em” L. 1y

The structure was further confirmed from its
NMR spectrum (CDCl,). The.signals at £2.41 and 352.42 as
singlets integrating for 3H each, were assigned to the two
methylthio groups. The characteristic trans-epoxy protons
appeared as doublets at 33.49 (J=2.5Hz,H-4) and &63.90
(J=2.5Hz,H~5). The vinylic proton of the mercapto double
bond appeared at 56.20 (1H) as a singlet. Thus, the
mercapto double bond was not involved in the oxidation as
observed by its 1H NMR spectrum. The other eéoxy compounds
3b-h were similarly obtaingd in 78-86% overall yields. All
the epoxides {(3b-h) thus prepared were confirmed by their
spectral as well as analytical data which are described in
the experimental section. However, dienoyl Kketene
dithicacetals 6 failed to undergo the described
epoxidation, although it underwent smooth cyclopropanation
with dimethyloxosulphonium methylide as observed in the
preceding chapter. Similarly, the cinnamoyl ketene
dithioacetals 4a—-b carrying alkyl substituents either at
2-position or both at 2 and 4 positions failed to undergo
the oxidation under identical conditions or under modified

2

conditions® to yield the corresponding epoxides 4a.,b.
!

The rearrangement of these epoxides were next exanmined.
Thus, 3a underwent a smooth 1,2 acyl shift in the presence
0of borontrifluaoride etherate to afford, after
purification, a bright yellow'solid (92%) (m.p. 158-159°C).

The product was characterized as 5,5-bis{methylthio)-3-



177

G- EEl S2KW
(L121qeL) Y e ’
2pG- O~ H 2NS o H H
] Y N
¥
0 mo 0)
H
- v HOV3 5<OL
6 (121@eL ) U~
vV . H Y )
ons I Ay e
ansg 0 O WS 0,0
8
tidos .
@S
S I .fo® PR LI
- o438 %
ans O H

ans O



178

hydroxy-2-phenyl-2,4-pentadienal 10a on the basis its
analytical and spectral data. Thus it exhibited molecular
ion peak at m/z 266 (MT) and was analyzed for Cq3Hq,0455,.
The IR spectrum (KBr) of 10a showed prominent absorption
bands at 7, . 3200, 2830, 1580 and 1500 cm~ . The
structure of 10a was further confirmed from its <H NMR
spectrum in CDC1,4 which exhibited two singlets at 82.25
and 52.60 integrating for 3H each due to the two
methylthio groups. The vinylic proton appeared as singlet
at 65.85. The multiplet between 87.50-7.55 (5H) was
attributed to the aromatic protons. The aldehydic proton
appeared as a singlet at &7.80. The structure was further.
confirmed from its I3C NMR spectrum (CDC13);which was in
full agreement with the assigned structure (experimental).
Thus, the rearrangement of 3a to 10a obtained in more than
92% yield was fully established. The rearranged other
epoxy ketones 3b-h afforded the corresponding 2,4-
pentadienals 10b-h 84-~88% overall yields. The structures
of all the dienals were in confirmity with their spectral

and analytical data which are described in the

experimental section.

The conversion of 2,4-pentadienals 10 to the corresponding
5-aryl-2-methylthio—-4H-pyran-4-ones 13 was next examined.
Thus, when 10a was refluxed in ethanolic acetic acid,
after work up the product isolated in 75% yield was
characterized as 2-methylthio-5-phenyl-4H-pyran—-4-one 13a.

The structure of 13a was established by its analytical and
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spectral data. Thus, it was analyzed for Cq9H10905S and
confirmed by its mass spectrum with a molecular ion peak
at m/z 218 (M+,53%). The characteristic DCzO of flpyfone

appeared at 1630 cm™ 1

in the IR spectrum. The structure
was further confirmed from its 1H NMR (CDC13) spectrum.
The singlet aﬁ 52.40 integrating for 3H was assigned to .
the methylthio protons, while signals for H-3 and H~6
appeared as singlets at 86.10 and §7.69 respectively. The
aromatic protons appeared as multiplet between 57.13-7.41
{5H). The other 'g~pyrones 13b~h were similarly obtained
from the corresponding 10b-h in 69-76% overall yields. The
structures of all these pyrones were in confirmity with
their spectral and analytical data as described in the
experimental section. The table I describes the yields of
epoxides 3, rearranged dienals 10 and pyran14~ones 13. The
Scheme 3 depicts the characteristic fragmentation pattern3
of'g—pyrones to further establish the assigned structure.
The first major fragment 14 appeared at m/z 203 (13%), was
attributed to the loss of CHj radical and formation of the
fragment m/z 171 was due to the loss of methylthio
radical, 15. The fragment m/z 102 (100%) is due to the
formation of phenylacetyléne cation 16, which 1is charac-
teristic of ;~pyrones. The most prominent feature of ‘the
spectrum was the formation of formylketene radical cation
18, m/z 146(38%), which arised by a retro-Diels-—-Alder
cleavage of the molecular ion. The fragmentation pattern

convincingly proves the structure ofS— pyrone. The pyran-

4-ones are an important class of compounds, widely
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distributed in nature, and a number of synthetic methods
have been reported in the literaturea. A few selected
synthetic methods covering the literature on the
construction of pyran—-4-ones from open chain precursors

have been reviewed as an appendix to the present chapter.

In connection with the studies on isotopic substitution,
Beak and Car155 have reported the synthesis of 4-pyrones
of general structure 20. The open chain precursor 19, was
cyclized under acidic conditions to yield 3,5-dimethyl
pyran 4-one in 25% yield. However, these authors have
reported that their attempts to prepare 3,5~disubstituted
f—pyronés, utilizing the earlier reported methodss,failed
to because of the difficulty in condensing diethyl ketone

with ethyl formate in desirable yields.

s
Subsequently, Dorman7 has reported a novel approach for

the synthesis of 2-methyl-4H-pyran-4-one 25 as described
in the Scheme 4. The first step involved was to protect
one of the carbonyl groups by ketalization of
acetylacetone with ethylene glycol in the presence of p-
toluene sulphoniec acid. The ketal 21 was then subjected
for acylation with diethyl oxalate in the presence of
sodium methoxide to form the corresponding methyl 2,4-
diketo-6—-ethylenedioxyheptanocate 22. The ketal function
was subsequently cleaved by 0.5 N hydrochloric acid to
vield the triketo ester 23, which 1in situ underwent

cyclization to afford the corresponding é-methyl-4H-pyran-
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4-one-2~-carboxylic acid 24. The acid 24 was converted to

2-methyl-4H-pyran—4-one 25 on heating in diphenyl ether.

A novel one step approach for itpyrone synthesis was
reported by Morgan and Ganems, they generated the
potassium enolate of 4-methoxy-3-butene-2-one 26 and
reacted in situ with wvarious acylating agents to afford
the corresponding adduct 28. These acylated products 28
were cyclized under the same reaction conditions to yield
the corresponding 2-substituted itpyrones 29. However, the
same approach was extended by Koreeda and Akagig, who
showed that the intermediate enols of general formula 28,
cbtained by condensation of 27 and acid chlorides,
underwent smooth cyclization in the presencé of a trace of

trifluorocacetic acid as catalyst to afford the desired 2-

methoxy—-6-phenyl-4H-pyran—4-one 31 (Scheme 5).

The 2,5,6~trisubstituted itpyrones have also been -

10-12  rhe reguired

prepared by Hauser and co-~-workers
triketones 34 were obtained from the corresponding
diketones 32 in moderate to good yields. Thus the
dipotassium salts 33 or preferably dilithio butadiketones
underwent smooth acylation with a number of aliphatic and
aromatic esters to form the corresponding pyran—-4-ones 35,
The?—pyrones 35, were also obtained by an alternative

13 as shown in the Scheme

approach by Schiefer and Hensake
6. The phenylethynyl ketones 36 'were conveniently

acylated by acid esters in the presence of sodium ethoxide
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. b
to yield the corresponding sodio derivative of B-diketones

37, which instantly were cyclized to yield 35 on

protonation .

Singh, Ila and Junjappal4'15 have studied the condensation
of acylketene dithiocacetals 41 with alkylbenzoates in the
presence of a base to yield the corresponding diketones. 38
in good yields. These diketones 38 underwent different
course of cyclization reaction depending on the reaction
conditions and reagents used. Thus, 38 on treatment with
Hg(II) chloride and boron trifluoride in methanol afforded
6-aryl-4-methoxy—-2H-pyran—-2~-ones 40 in high yieldsl3.
However, 4-hydroxy-2,6-dimethylthic acetophenone 45 was

obtained14

when 41 was refluxed with methyl benzoate in
sodium hydride. Apparently the intermediafe.enolate anion
42 underwent Michael addition with 41 to afford the
intermediate 43, which on intramolecular cyclization
followed by elimination of two methylthio groups to yield
45 as shown in Scheme 7. The condensation product on
treatment with acetic acid yielded the corresponding 2~
methylthio—-6-aryl—-4H-pyran—-4—-ones 47 in high yields14

{Scheme 8).
CONCLUSION

The present method of 4H pyran-4-one synthesis from easily
accessible a~oxoketene dithioacetals provides a new entry
to hitherto unrepdrted ‘g-pyrones. The 2-methylthio
functionality can serve as a good leaving group which can

be displaced by a suitable carbon and niﬁrogen
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nucleophiles. The method however suffers from limitatioh
3
since the epoxidation failed when the cinnamoyl ketene

dithioacetals having substituents at 2 and 4-positions.

EXPERIMENTAL SECTION

General

Melting points were determined on a Thomas Hoover melting
point (capillary method) apparatus and are uncorrected..lﬁ
NMR spectra were recorded on a Varian EM~-390, 90 MHz
spectrometer and the chemical shift wvalues are expressed
as 3(ppm) down field from Me,Si as internal standard. 13¢
NMR spectra were recorded on 67.89 MHz Brucher WH-270
Spectrometer. IR and mass spectra wefe recorded on a
Perkin—-Elmer 297 Spectrophotometer and a'Jeol D-300 mass

spectrometer respectively. Elemental analysis were carried

out on a Heraus CHN—O~RAP;D instrument.

Starting materials
The commercial samples of acetone, ethylmethyl ketone, =
diethyl ketone, benzaldehyde, tolualdehyde, 4-
chlorobenzaldehyde, 3-methoxy benzaldehyde, anisaldehyde,
3,4-dimethoxy benzaldehyde, 3,4,5-trimethoxy benzaldehyde,
3,4-methylenedioxy benzaldehyde and c¢innamaldehyde were
purified before use. The a-oxoketene dithioacetals Qere
prepared according to the procedure described in Chapter

IT. The cinnamoyl ketene dithioacetals la-h, 4a-b and 5-
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phenyl-2,4-pentadieneyl ketene dithiocacetal were prepared
according to the reported procedurelS, described in the

Chapter I1I.

Synthesis of 5-aryl-l,l1-bis(methylthio)-4,5-epoxy-1-
pentene—3~-ones (3) : General procedure : A solution of 30%
H,0, (5 ml) in 3 normal aqueous NaOH solution (5 ml) was
added dropwise to a well stirred solution of a-cinnamoyl
ketene dithioacetals 1 (10 mmol) in MeOH (150 ml) during 5
min. The mixture is stirred at room temperature for 6 h,
diluted with water (100 ml) and left overnight in a
refrigerator (0°C). The epoxy compounds 3 are filtered as

white solids.

1,1-Bis{methylthio)-4,5-epoxy-5-phenyl-1l~pentene-3-one
(3a): white solid (8%%); m.p. 82-83°C; Ig and NMR data
given in the text. (Found: C,58.62; H,5:3. Cy13H71 40455,
requires C,58.81; H,5.46%) m/z 266 (M', 5%), 250(17),
235(54), 219(37), 147(100).

1,1-Bis(methylthio)-4,5-epoxy~5—-(4-methylphenyl)-1-pentene

—-3-one (3b) : white solid (83%); m.p. 96—97°C;§ (KBr)

max
1640, 1590, 1480 cm™%; &y (cDCly) 2.31 (3H,s,SCH3), .2.78
(6H,s,SCHy and ArCH,;), 3.50 (1H,d,J=2.5 Hz, H-4), 3.88
(1H,d8,J=2.5 Hz,H-5), 6.20 (1H,s,=CH), 7.08-7.28
(4H,m,ArH); (Found: C,53.77; H,5.61. Cq4H140,5, requires
C, 59.97; H, 5.75%); m/z 280 (M',4%), 264(4), 249(13),

233(51), 147(100).



192

1,1-Bis{(methylthio)~5-{(4-chlorophenyl)-4,5~-epoxy-l-pentene
-3-one (3c) : white solid (80%); m.p. 105-106°C, ¥ .
(KBr) 1609, 1475 cm™'; &y (CDCls) 2.50 (3H,s,SCH,),
2.51(3H,S,SCH3), 3.45(1H,d,J=2.5 Hz,H-4), 3.92 (1H,d.,Jd=2.5 !
Hz ,H-5), 6.25(1H,s,=CH), 7.13~7.55(4H,m,ArH); (Found: C,
51.71; H,4.67. C13H139,5,5C1 requires C,51.90; H, 4.36%);
m/z 300 (M+, 10%), 302(5), 284(51), 286(20), 269(9).,

271(4), 147(38).

1,1-Bis{methylthio)—-4,5-epoxy-5-(4-methoxyphenyl)-1-

max
(KBr) 1636, 1609, 1488 cm 1; &, (CDCl;) 2.45 (3H,s,SCHsy),

pentene~3~one (3d) : white solid (86%); m.p.93-94°C; ;

2.46 (3H,S,SCH3), 3.48 (1H,d4,J=2.5 Hz,H-4), 3.85 (1H.d,
J=2.5 Hz,H-5), 6.20 (l1H,s,=CH), 6.75-7.30 (4H,m,ArH);
(Found: C,56.86; H,5.61. C14H160359 rYeqguires C,56.73; H,
5.44%); m/z 296 (M+,18%), 280(6), 265(10), 249(100),
147(80).

i1.1-Bis(methylthio)-4,5-epoxy—-5-(3~methoxyphenyl)-1-
pentene-~3-one (3e) : white solid (78%); m.p. 84—85°c7;%ax
(KBr) 1605, 1480 cm™1; &, (CDCl,) 2.50 (6H,s,SCHy), 3.42
(1H,d,JdJ=2.5 Hz,H-4), 3.74 ‘(3H,s,OCH3), 3.88 (1H,d,J=2.5
Hz,H-5), 6.19 (1H,s,=CH), 6.72-7.38 (4H,m,ArH); (Found:
C.56.81; H,5.56. Cq4H15035, requires C,56.73; H,5.44%) ;
m/z 296 (M',7%), 280(3), 265(4), 249(60), 147(100).

'1,1-Bis(methylthio)-5-(3,4-dimethoxyphenyl)~-4,5-epoxy-1-

pentene-3-one (3f) : white solid (81%); m.p. 120-121°¢C;
...1.

?nmx (KBr) 1620, 1590, 1480 cm i Oy (cbclsy) 2.50
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(3H,s,SCH3), 2.51 (3H,s,SCH3), 3.55 (1H,d,J=2.5 Hz H-4),
3.89 (7H,s,0CH; and H-5), 6.16 (1H,s,=CH), 6.60-6.79
(3H,m,ArH); (Found: C,55.36; H,5.71. C15H1g0455 requires
C,55.19; H, 5.56%); m/z Mt (absent), 310(17), 295(20),
279(15), 263(100), 147(82).

1,1-Bis{(methylthio)4,5-epoxy-5-(3,4,5-trimethoxyphenyl) -
l-pentene-3-one (3g) : white solid (80%); m.p. 184-185°C;
Ymax (KBr) 1626, 1590, 1479 cm~1; 5, (CDCls) 2.49
(3H,s,SCH3), 2.52(3H,s,SCH3), 3.49 (1H,d,J=2.5Hz,H-4),
3.68 (3H,S,OCH3)y 3.80 (6H,S,OCH3), 3.92 (1H,d4,Jd=2.5 Hz, H-
5), 6.28(1H,s,=CH), 6.58 (2H,s,ArH); (Found: C,53.78;
H,5.49. C1gHy005S, requires C€,53.91; H,5.66%); m/z 356
(M, 0.5%), 309(12), 147(92).

1,1-Bis(methylthio)~4,5-epoxy-5-(3,4-methylenedioxyphenyl)
~l-pentene-3-one (3h) : white solid (83%); m.p. 124-125°C;
Ymax (KBr) 1660, 1570 cm™t; &, (CDCl;) 2.49 (6H,s,SCHj),
3.42 (1iH,d,J=2.5 Hz,H-4), 3.82 (1H,d4,J=2.5 Hz,H-5), 5.96
(2H,s,CH2), 6.20 (1H,s,=CH), 6.62-6.90 {(3H,m,ArH); (Found:
C,54.32; H,4.86. Cq4H,,0,S requires C,54.17; H,4.55%), m/z
310(M+,5%), 294(3), 279(9), 263(73), 147(100).

Synthesis of 2—aryl-5,5~bis(methylthio) ~3-hydroxy—2, 4-
pentadienals (10) : General Procedure : To a solution of 3
(10 mmol) in THF (50 ml}, Et,0.BFy (16 ml) is added and
the mixture is refluxed for 5 h. The mixture is cooled and
poured over ice cold saturated NaHCO4 solution (200 ml).
The product is extracted with EtOAc (4 x 50 ml), washed
with water (3 x 100 ml), dried (Na,SO,) and concentrated
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to give 10 as bright yellow to orange-red solids. These

are used as such for subseguent reaction and crystallized

from ether/CDC13 for spectral and analytical data.

5,5-Bis(methylthio)-3-hydroxy-2~phenyl-2,4-pentadienal
(L0a) : yellow crystals (92%): m.p. 158-159°C; IR and PMR
data given in the text. 5-(CDC14) 16.38(q,SCH,), 17.67
(q,SCH3), 106.32 (d4,=CH), 115.7 (s,Ar—-C=), 128.49, 129.07,
130.26 (d.Ar), 132.80(s,C~1'of" phenyl), 169.70 (d,CHO),
176.50 (s,=C(SCH4),); 181.5 (s,HOC=); (Found: C,58.74;
H,5.42. C13H140455, requires C,58.62; H,5.3%); m/z 266
(M%) ; 267 (Mt+1) .

5,5-Bis(methylthio)~-3-hydroxy-2-(4-methylphenyl)-2,4-
pentadienal (10b) : orange-red crystals (86%); m.p. 159-

160°C; .. (KBr) 3200, 2830, 1595, 1480, cm 1; &,(CDCL,) .
2.26 (3H,s,SCH,), 2.40 (3H,s,SCH;), 2.63 (3H,s,CH;), 5.90

(1H,s,=CH), 7.05~-7.50 (4H,m,ArH), 7.28 (1H,s,CHO); (Found:
Cc,59.83; H,5.57. Cq4H160555 requires €,59.97; H,5.75%);:
m/z 280 (M*), 281 (Mt+1).

5,5-Bis(methylthio)~2~(4~chlorophenyl)-3~hydroxy-2, 4~
pentadienal (10c) : yellow crystals (87%); m.p. 154-
-1,

165°C; ., (KBr) 3200, 2840, 1595, 1500, 1480 cm *; &
(CDC13) 2.26 (3H,S,SCH3), 2.60(3H,S,SCH3), 5.82
(1H,s,=CH), 7.05-7.50 (4H,m,A282,ArH), 7.65 (1H,s,CHO);
(Found: C,51.76; H,4.23. C13H13C10252 reguires C,'51.90;
H, 4.36%); m/z 300, 302 (M7), 301,303 (M7+1).
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5,5-Bis (methylthio)-3-hydroxy—-2-(4-methoxyphenyl)-2,4-
pentadienal (10d) : vellow crystals (88%); m.p. 140-141°C;:

?max

2.20 (3H,s,SCH3), 2.55 (3H,S,SCH3), 3.80 (3H,s,0CH;), 5.81

(KBr) 3210, 2825, 1600, 1520, 1485 cm 1; &y (CDCLj)

(lH,s,=CH), 6.75-7.26 (4H,m,A282,ArH), 7.66 (1H,s,CHO};
(Found: C€,56.88; H,5.57. Cq4H1¢0358, requires C, 56.73:
H,5.44%); m/z 296 (MT), 297 (m¥+1).

5,5-Bis(methylthio)~3-hydroxy~-2-(3-methoxyphenyl)-2, 4-
pentadienal (10e): yellow crystals (85%); m.p. 154-155°C;
'Pmax(KBr) 3250, 2825, 1590, 1490, 1475 cm_l; BH (CDC13)
2.14 (3H,S,SCH3), 2.50 (3H,s,SCH3), 3.70 (3H,s,OCH3) 5.83
(1H,s,=CH), 6.78-7.80 (4H,m,ArH), 7.70 (1H,s,CHO); (Found:
C,56-88; H, 5.53. C14H160382 requires C,56.73; N, 5.4496);
m/z 296 (MT), 297 (Mt+1).

5,5—Bis(methylthio)—2~(3,4idimethoxyphenyl)~3—hydroxy—2,4j [
pentadienal (10f): orange-yellow crystals (86%); m.p. 197-

198°C; Y, .. (KBr) 3215, 2831, 1590, 1495 cm™1; &y (CDCls)
2.21 (3H,S,SCH3), 2.60 (BH,S,SCH3), 3.83 (6H,S,OCH3), 5.84
(1H,s,=CH), 6.65~6.86 (3H,m,ArH), 7.66 (1H,s,CHO); (Found:
C, 55.32; H, 5.71. CqygH1g04S, requires C,55.19; H,5.56%);

m/z 327 (MT+1).

5,5-Bis(methylthio)~3~-hydroxy-2-(3,4,5~-trimethoxyphenyl)-
2,4-pentadienal (10g): yellow crystals (88%); m.p. 178~
..1.
179°C;-?max(KBr) 3200, 2825, 1590, 1480 cm —; 38y (CDCljy)
2.20 (3H,s,SCH3), 2.57 (3H,s,SCH;), 3.88 (9H,s,0CH4), 5.90

(1H,s,=CH), 6.49 (2H,s,ArH), 7.44 (1H,s,CHO); (Found:
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C,53.78; H,5.43. C16Hp00555 requires C, 53.91; H,5.66%);
m/z 357 (MT+1).

5,5-Bis(methylthio)-3~hydroxy-2-(3,4-methylenedioxy-
phenyl)-2,4-pentadienyl (10h) : yellow crystals (84%):
m.p. 174-175°C; ~

cm™1; &y (CDCl;) 2.30 (3H,s,SCH3), 2.60 (3H,s,SCH3), 5.81

max (KBr) 3200, 2838, 1595, 1498, 1480

(1H,s,=CH), 5.99 (2H,s,CH,), 6.60-6.82 (3H,m,ArH), 7.67
{1H,s,CHO); (Found: C,54.28; H,4.69. C14H14O482 requires
C,54.17; H,4.55%);: m/z 310(MT)y, 311 (M¥+1).

I

Synthesis of 5-aryl-2-methylthio—-4H-pyran—-4-ones (13):

General Procedure: A solution of 10 (7.5 mmol) in ethanol
(15 ml) and glacial acetic acid (5 ml) is refluxed for 3~
5h, cooled and poured over ice cooled saturated NaHCO3
solution (70 ml). The product is extracted with CH,C1, (3
Xx 50 ml), dried (Na2304), evaporated and the residue is
chromatographed on a neutral alumina column using EtOAc
and hexane (1:20) as eluent to affofd 13 as colorless

solids which are crystallized from CHC13/hexane.

2-Methylthio—-5-phenyl—-4H-pyran—-4-one (13a) : colorless IR
and NMR data given in the text. (Found: C,66.18; H,4.83.
CioH{g0,S requires C,66.01; H,4.62%); m/z 218 (M',53%),
203(13), 146(38), 118(28), 102(100).

2-Methylthio-5-)4-methylphenyl)-4H-pyran—-4-one (13b):
colorless crystals (72%); m.p. 109-110°C; “?nmx(KBr) 1630
em™1; &y (CDCly) 2.33 (3H,s,CH3), 2.45 (3H,s, SCH3), 6.28

(1H,s,H-3), 7.10-7.45 (4H,m,A282,ArH); (Found: C,67.46;
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H,5.38. Cq3H15058 requires C,67.21; H,5.21%); m/z 232
(M*,48%), 217(11), 160(48), 132(14), 116(1009.

5-(4-chlorophenyl)-2~methylthio-4H~-pyran—4—-one (13c):

colorless crystals (76%}; m.p. 114—115°C;'?maX(KBr) 1650
em™l; 84(CDCl;) 2.47 (3H,s,SCH;), 6.28 (1H,s, H-3), 7.20-
7.49 (4H,m,A282,ArH). 7.78 (1E,s,H-6); (Found: C,57.18;

H,3.72. C12H9C1028 regquires €,57.03; H,3.59%); m/z
254 (27%), 252(78), 239(7), 237(25), 182(20), 180(57),
154(9), 152(20), 138(47), 136(100).

2-Methylthio-5-(4-methoxyphenyl)-4H-pyran—-4-one (134) :

colorless crystals (73%); m.p. 139~i40°C;:7 (KBr) 1632;

max
54(CDCly) 2.45 (3H,s,SCH;), 3.80 (3H,s,OCH;), 6.29
(1H,s,H-3), 6.82-7.56 (4H,m,A,B,,ArH), 7.77 (1H,s,H-6);
(Found : C,62.96; H,4.99. Cq13H15,038 requires C,62.88;
H,4.87%); m/z 248 (M+,100%), 2.33(15), 176(69), 148(10),
132(63). “

2—Methylthio—5—(3—methoxy§heny1)—4H;pyran74—one {13e): oil!
(72%); 9 nax (CHCly) 1635 cm™l; 3y (cDCly) 2.48 (3H,s,SCH,) ,
3.80 (3H,s,OCH;), 6.19 (1H,s,H-3), 6.73-7.37 (4H,m, ArH),’
7.78 (1H,s,H-6); (Found: C,62.97; H,4.96. C,3H1,03S
requires C,62.88; H,4.87%); m/z 248(M', 100%), 233(17),

176(39), 148(80), 132(65).

5-(3,4-Dimethoxyphenyl)~-2-methylthio~4H-pyran—4-one (13f):

colorless crystals (70%); m.p. 144—145°C;'Q (KBr) 1640

max
em™%; &y (CDCl,) 2.45 (3H,s,SCH3), 3.82 (6H,s,OCH3z), 6.19

(1H,s,H-3), 6.68-7.17 (3H,m,ArH), 7.72 (1H,s,H-6); (Found:
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C,60.63; H,5.21. C14H1494S requires C,60.42; H, 5.07%);
m/z 278 (MY,100%), 263(7), 206(4), 178(30), 162(25).

2-Methylthio-5-(3,4,5-trimethoxyphenyl)~4H-pyran—-4-one

(13g) : colorless crystals (69%); m.p. 63-69°C; 5 (KBr)

max
1637 cm™l; &y (CDCl;) 2.45 (3H,s,SCH3), 3.71 (3H,s,OCH;),
3.81 (6H,s,OCH;), 6.15 (1H,s,H-3), 6.60 (2H,s,ArH),
7.69(1H,s,H-6); (Found : C,58.63; H, 5.41. Cy1gHq1¢05S
requires C,58.41; H, 5.23%); m/z 308 (MY,21%); 293(26),

208(7), 192(65).

2-Methylthio~5-(3,4-methylenedioxyphenyl)-4H-pyran-4-one

(13h): colorless crystals (71%); m.p. 144-145°C; max(KBr)
1625 cm™}; 34(CDCly) 2.46 (3H,s,SCHy), 5.95 (2H,s,CHy),
6.25 (1H,s,H-3), 6.77-7.05 (3H,m,ArH), 7.%2 {1H,s,H-6);
(Found: C,59.71; H,3.98. C;3H,4507,4S requires C,59.52;
H,3.84%); m/z 262 (M+,100*), 247 (12), 190(71), 162(100),

146(64) .
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