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PREFAC E

Extensive research has been carried out in this laboratory
ion the synthetic applications of polarized ketene
dithioacetals, which are conveniently preparedAfrom a variety
of active methylene compounds in one pot reaction. The work
described in this thesis has been carried out as a part of
this on going research programme and highlights new

transformations of a-oxoketene 0O,S- and S,S-acetals.

The thesis consists bf'five chapterss: ‘The first chapter
gives a-generai introduction to oa-oxoketene 0,S- and S,S-
%cetals and some of the recent transformations reported from
| his laboratory. In the second chapter the investigation of
lead tetraacetate (LTA) oxidation on a-oxoketene
dithioacetals has been presented. The a-oxoketene
dithioacetals have been shown to undergo LTA oxidation to
ﬂfve'a—acetoxy compounds retaining the .divalent oxidation
state of sulfur. The reaction remains chemoelective when the
sinnamoylketene dithioacetals were oxidised under similar
reaction conditions and yield the corresponding a-acetoxy
**clopenténone derivatives through an interesting oxidative
azarov cyclization involving intermediate a-acetoxy

dithiocacetals accompanied with 1,2-acyl group migration.

the third chapter, investigation on thé reaction of
fimmons—Smith reagent to various doubly activated a-
boalkoxyketene dithioacetals and acylketene O,S-acetals is
described. The reaction of doubly activated o-

boalkoxyketene dithiocacetals with Simmons-Smith reagent



I‘give the corresponding dethiomethylated products.  The
acylketene O,S—-acetals under Simmons—Smith reaction
conditions afford the 2-alkoxy/aryloxy thiophenes. This
method provides a simple direct route for the synthesis of 2-

alkoxy/aryloxy thiophenes in good yields.

: Rearrangement studies on acylketene O-propargyl S-
- methylacetals have been presented in chapter IV. The
acylketene O—propargyl S-methylacetals obtained by the
'displaceﬁent reaction of B-oxosulphonium salts by propargyl
alcohol are shown to undergo facile rearrangement under
neutral and basic conditions to afford diene esters and
 substituted furans respectively. The probable mechanism for
the formation of various products involving initial Claisen
Trearrangement of acylketene O-propargyl S- methyl acetals has

'heen discussed in detail.

{mﬁ the last chapter, studies on the nucleophilic addition on
a-oxoketene O,S-acetals have been described. A few selected
0,S-acetals have -been reacted with various metal hydrides to
}tudy the mode of reductions of these reducing agents.
Subsequent to the metal hydride reduction studies, a
reliminary investigation on the addition of carbon
twcleophile to the O,S-acetal has also been undertaken. The
>robable mechanism for the formation of various products is

discussed.

Each chapter is divided into Introduction, Results and
;ascussion, Experimental and Conclusion. Relevant references

have been included at the end of each chapter.




CHAPTER I

a—OXOKETENE O,S- AND S,S—ACETALS :
GENERAL INTRODUCTION.

he a-oxoketene dithiocacetals and the corresponding S,N-
Irﬁ— and O,S-acetals are among the simplest synthetic
;termediates in organic synthesis. This chapter is devoted
' a brief review and discussicﬁ on the chemistry of the a-
%fketene $,5- and O,S-acetals in the context of their
ictical and potential application to organic synthesis.
convenience this chapter is divided into three sections.
n the first section a brief survey of a-oxoketene §,S-
icetals is described and the second section describes a
vey of polarized ketene O,S-acetals. The present work has

sen described in the third section.



A. a-Oxoketene S,S-Acetals

—Oxoketene dithioacetals have been recognized as useful
building blocks in many synthetic operationsl. These class

compounds can be conveniently preparedg_le

by reacting
any active methylene compound with two equivalents of base
nd one equivalent of carbon disulphide followed by
alkylation. Various bases and reaction conditions have been
ploved depending on the nature of the active methylene

mpounds.

first synthesis of a-oxoketene dithioacetals was reported
Kelber and co—workerll-lB in 1910. Much of the earlier
fork on oxoketene dithioacetals was confined to their
:Viparation and properties, while little attention was paid
;wr their synthetic utility. ULater Thuillier and Vialle
wrepared these compounds in high yields in one pot reaction
reacting the active methylene ketoneé with carbon
jisulphide in the presence of sodium amylate followed by
*lationz-S. Subsequently these reaction conditions have
seen greatly improved using different bases and reaction
,wnditiénss_le. A large number of a-oxoketene dithioacetals
ave now been reported and their chemistry has been reviewed

DY Dieterla in 1986 and by Junjappa and coworkerslb in 1990.

a-oxoketene dithiocacetals generally exhibit well defined
physical properties and can be easily purified by
sonventional methods. They are stable under mild acidic and

lkaline conditions and can be stirred indefinitely without



decomposition. However, the corresponding a-oxoketene 0,0~
fﬁetals are moisture sensitive and undergo hydrolysis under
mild conditions. The oxoketene dithioacetal is essentially a
masked PB-ketoester in which the ester functionality is
orotected as a ketene dithioacetal. Alternatively it may be
viewed as an a,P-unsaturated ketone containing a highly
‘unctionalized f-carbon. They are versatile three carbon
Z'agments with 1,3-electrophilic centres of differing
v?actrophilicity. These intermediates possess considerable
otential in the stereo- and regio selective construction of
: bonds either by a 1,2-nucleophilic addition to carbonyl
roup or by 1,4-conjugate addition to the B-carbon of the
none system. Also the oxoketene dithiocacetals are primary
ecursors for the corresponding N,N- , N,S- and O, S-acetals.
preparation of O,S-acetals is accomplished through the
jisplacement by oxygen nucleophiles of the sulphonium
of the corresponding S,S-acetals. The N,S—acetals can
prepared by the displacement of one of the thiomethyl
roups by a suitable amine in refluxing ethanolls’la.
dternatively they can be prepared directly from active
ethylene ketones by reacting their enolate anions with alkyl

d aryl isothiocyanates followed by alkylation17§

e o-oxoketene N,N-acetals can be prepared in high yields by

isplacing both the thiomethyl groups by amines in refluxing

?Ttic acidlﬁ’ls. The oxoketene §,8-, N,S~ and N,N-acetals

ave been extensively used in this laboratory for the

hesis of both heterocyclic and carbocyclic compoundsl.




scheme 1, various reactivity profiles of a-oxoketene S,S-
acetals of the general formula 1 have been outlined.

ydrides and organometallic reagents give 1,2-addition
sroducts typical of carbonyl function reactivitylg. These
2dditions can be directed in a 1,4-manner by suitably
@@nipulating the reagent and reaction conditionslg'ze.
ther transformations after the initial 1,2- or 1,4-

dditions are also reportedlg. The enolate ion formed by the

leprotonation (when R'=alkyl) can undergo condensation with
(Wdehydes 2’22.

to give oa-enoylketene dithioacetals An

2llylic anion formation has been reported when Rz is a methyl

p. leading to rearranged products23.

1sc deprotonation on the thiomethyl group followed by
ntramolecular aldol type condensation to thiophene is also

24,25

‘eported . The reactivity of the mercaptal double bond is

also exploited with electrophiles. The dithiocacetals 1

‘;2-H) undergo bromination at a-position with N-

_;-woquacinimidezs. Thus it is apparent that the oxoketene
;iﬁhioacetals of general formula 1 constitute an important
g@ass of synthons with reactive electrophilic and
i51eophilic centres distributed in wvarious centres of its
aeleton permitting reactions of great synthetic importande.
:ze cf the selected transformations reported from this

laboratory are briefly described in the following section.

carbonyl group of a-oxoketene dithioacetals has been

t ported to undergo sodium borohydride reduction in 1,2~
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fashion to give the corresponding carbinol aceta1327’28.

These carbinol acetals were shown to undergo smooth
sthanolysis in the presence of borontrifluoride-etherate to
afford o,p~unsaturated methyl esters 228 in high yields.
ice overall transformation is considered as homologation of
ictive methylene ketones involving a 1)3—carbony1

transposition methodology.

’he Grignard and organolithium reagents undergo either
ioselective 1,2-addition to afford the oa-hydroxyketene

ithioacetals or sequential 1,4~ and 1,2-additions to afford

he ﬁ~hydroxyvinylsu1fide519—21. The borontrifluoride-

herate catalysed solvolysis or the hydrolysis of these

sarbinols yield either P-substituted a,B-unsaturated esters 8

19

the corresponding ketones 9 {scheme 2) in good yields.

owever, when the R' is alkyl or aryl group the open chain

innamates were not formed, instead the corresponding 2,3~

lisubstituted indenones 10 were formedlg. The reaction of

henyl magnesium bromide followed by BF3.EtZO treatment is

‘eported to give the l-methylthio-l-phenylindenes 1129. The

;{ermatsky reaction on dithioacetals 1 is reported to give
diene esters 13 and the ¢.B~unsaturated esters 1430.
)ieter and co-workers have reported the chemo- and
itereoselective addition of organocuprates to oxoketene
lithioacetals 120'21. Thus organocuprates are shown to
af{argo conjugate addition to give B-alkylthio-B-substitued
,B-unsaturated ketones 12. In another study from this
boratory, base catalysed rearrangement of a-oxoketene

ﬂthioacetals derived from propiophenone are repartedza. The
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2-alkylthiomethylacrylo- phenones 6 are formed by a 1,3- RS
shift. A base assisted 1,5- RS shift to the dienes 7 is also

31. The a—-oxoketene dithioacetals 1 are shown to

tﬂported
indergo conjugate 1,4-reduction in highly regio- and
hemoselective maﬁner with sodium borohydride in acetic acid
afford the corresponding B-oxodithiocacetals 533. The o-
Aw*ketene dithicacetals were also shown to undergo nickel
oride (NaBH4/Ni612) reduction to the corresponding B-
ethylthioalkenyl ketones 332. These intermediates are

ydrolysed to the a,p-unsaturated aldehydes 432 {scheme 2).

o~oxoketne dithioacetals have been extensively explored
this laboratory for the construction of wvarious
ubstituted and fused five and six membered heterocycles34"
i. Some of the selected transformations developed recently
shown in scheme 3. From these transformations it is.
pparent that o-oxoketene dithioacetals with wide functional
roup varistion and many easily accessible reagents and
eaction intermediates manifest various possibilities leading

diverse product range.

larious transformations developed based on a-cinnamoyl and 5-
rvl-2,4-pentadienoylketene dithioacetals 31 are outlined in
cheme 4. A general method for the synthesis of polyene
42,88 has been reported by 1,2-reduction of 31
yllowed by methanolysis in the presence of borontrifluoride-
jw;rate. In Hg(II) assisted hydrolysis the corresponding
,5-unsaturated P-ketoesters 34 are formed47. In the case of

2,4-disubstituted (R = R’=CH3), the corresponding
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11

tions .  Styryl pyrimidines 36, pyridones 37 and 38
49,50 The

also synthesized using these intermediates™
jwamoylketene dithiocacetals 31 have been reported to

dergo regioselective epoxidation 39 and cyclopropanation 41
~i}e styryl double hond51’52. The intermediates 39 and 41
further exploited for the synthesis of pyrones 40 and

slopentanones 42 and 43 respectivelysxfsz*

synthetic outcome of the aromatic annulatibn approach via
>xoketene dithicacetals developed in this laboratory is
picted in scheme 5. Allylmagnesium bromide has been shown
,Junﬂergo exclﬁsive 1,Zfédditicn to yield the corresponding
4 - By
tionic cyclization afforded the substituted and fused

ene derivatives 4453. The approach is extended for the

rbinol acetals in high yields, which on BF O assisted

asis of other benzenoids 45, 46 and 4754"55. The method
. further shown to be extremely versatile and found general

Plication for the synthesis of pyridines 4857,

58 59

inolizinium salts 49 and 1,2-benzisoxazoles 507 ~.

a-Oxoketene ©O,S-Acetals

a-oxoketene dithicacetals of the general formula 1 have
proved to be versatile synthetic intermediates in
ﬁ*uic synthesis. As stated in preceding section, they have
so served as precursors for the synthesis of the
esponding N,S- and N,N-acetals by direct displacement of

group(s) with appropriate primary and secondary amines.
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13

: displacement of SMe group in 1 is equally facile with
' nucleophiles particularly enolate anions, yielding
ble 1,4-adducts which are further transformed into novel
,;- vclic and heterocyclic compounds. Similarly from this
oratory it is reported that 1 undergoes displacement with
de ions to give intermediate O,S-acetals which react
_%tu with either guanidine or hydrazine hydrate to afford
:icorresponding alkoxy pyrimidines or alkoxy pyrazoles in
‘ yields 9‘ However attempts to isolate O,S-acetals by
ect displacement reaction in alkanol under varying

iditions were not successful.

wroth and cc-workers14 in an isolated example have reported
;:synthesis of a~benzoylketene O-methyl S-methylacetal. The
nzoylketene dithioacetal was quarternized with
IAthylsulphate to give the corresponding activated
;~fonium salt which underwent smooth displacement with
dium methoxide in methanol to afford a mixture of
izoylketene 0,S8-dimethylacetal in 72% yield and the
‘t.sponding dithioacetal in 13% yield by demethylation.
pite extensive work on acylketene dithiocacetals and the
ng interest in acylketene acetals, the chemistry of the
iresponding acylketene O,S-acetals has not been
restigated and their preparation either directly from the
}%ve methylene ketones or through displacement of one SMe
by alkoxide/aryloxide ions form the sulphonium salts of
esponding oxoketene dithioacetals appears to have
7¢ivedblittle attention. Recently a general method for the

paration of acylketene O,S~acetals60 has been developed in
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laboratory. The method affords oxoketene 0,8~
lkylacetals 54 by base catalysed alkylation of the
i‘ctive B-oxo thionoesters 52 or 53 prepared by alkoxy
;farbonylation of active methylene ketones 51 in the
sence of sodium t-butoxide (scheme 6). The corresponding

ryl S-alkylacetals 57 were prepared via base catalysed

a-oxoketene O,S-acetals, like S,S-acetals, are well
compounds which can be preserved without apparent
lxnposition. The o-oxoketene 0O,S-acetals might in
?'iple exist either as E or Z geometrical isomer or as a
ture of both. In all the cases however only one
eoisomer was obtained which was evident further from
sharp melting points ané also from their 1H NMR
ctra. The stereochemistry of these compounds was
ablished on the basis of difference 1H NMR NOE
eriments carried out on O,S-acetals. Thus, the
Bation of vinylic proton (& = 6.38) in B-benzoyl O-
vl s—methylacetal gave NOE on OCH3 (5 = 3.98) only, which
- further confirmed by reverse experiment by irradiating
f signal where the NOE enhancement of vinylic proton was
1‘-ed. The assignment was further confirmed by 2D NOESY
stra of B-benzoyl O-methyl S-methylacetal, which showed a
s peak between vinylic CH and OCH3 groups while no cross
k was observed between SCH3 and vinylic protons. Similarly

the case of O-phenyl S-methylacetal irradiation of vinylic
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17

;agnal (8=6.3) gave NOE enhancement on aryl protons while
adiation of SCH3 (3=2.37) showed no NOE enhancement on
¥lic proton. These observations therefore support 2-
reochemistry for both O-methyl and O-phenyl O,S-acetals.

cyclic O,S-acetals were also assigned ‘Z!
sochemistry since chemical shift values for SCH3 signal

' to carbonyl group were found to be very similar to those

yclic ones.

chemistry of o-oxoketene dithioacetals has been
ensively investigated to construct a variety of
bocycles and heterocycles. In all these cases the final
!»uct carries the thioalkyl group as one of the
dstituents and similarly the corresponding S,N-acetals lead
;the product with amino substitution. It was therefore
iiéered of interest to investigate the reactivity of a-
cketene O,S-acetéls with various binucleophiles to afford
corresponding alkoxy substituted end products. Such a
hetic operation will certainly widen the synthetic scope
' the a-oxoketene acetals in general. 1In this context some
the selected transformations on a-oxoketene 0O,S-acetals

ported from this laboratory are briefly described in the

llowing sections.

a—oxoketene dithiocacetals 58 when reacted with guanidine
ate or thiourea 62 in the presence of sodium alkoxide
the corresponding alcohol, yielded the alkoxy pYrimidines

9

in high yields {(scheme 8). In all these reactions the

esponding methylthiopyrimidines 60 were not detected.
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i‘gh the reaction of 58 with 59 in the presence of
11c solvent (DMF) and sodium hydride yielded the
ponding 4-methylthio- pyrimidines 60 in comparatively
r vields. The formation of alkoxy pyrimidines thus
’ the intermediacy of the 0,S~acetals under the

ed reaction conditions.

- reaction of oa-oxoketene O,S-acetals 64 with
pacetamide 65 in the presence of sodium methoxide and
ancl afforded the corresponding 3-cyano-4-alkoxy-6-
¥'tuted pyrimidine-2(1H)-ones 66 in good yields
eme 2). Similarly when O,S-acetals 67 reacted with
ylamine h&drochloride in the presence of sodium
oxide in methanol yielded the corresponding 5-alkoxy-3-
tuted isoxazoles 6861. However, 67 could not afford the
esponding 3-alkoxy-5-arylisoxazoles 69 on reacting with
oxylamine hydrochloride in presence of acetic acid/sodium

‘ate in benzene (scheme 10).
Work Presented in this Thesis

the studies on the synthetic applications of various
-, S,N- and S,S-acetals, it is evident that they are
1ntile synthetic intermediates for the synthesis of
'ious carbocycles and heterocycles. In the present
 utigation it was proposed to undertake some of the
sformations based on oa-oxoketene §,S- aﬁd O,S-acetals.
hough the a-oxoketene S,S-, S,N- and N,N-acetals have been
sively studied, the corresponding O,S-acetals remains
attended.
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the second chapter, the results of lead tetraacetate
ation studies on a~-oxoketene dithioacetals 70 and
esponding cinnamoylketene dithioacetals 74 and 77 are
bedaz. The oxoketene dithioacetals 70 are shown to give
ure of corresponding a-acetoxy dithicacetals 71 and
%tone dimer 72 in 52-76% and 22-28% overall yields
ectively (scheme 11). The a-acetoxy dithioacetals 71
: hydrolysed under mild alkaline conditions to afford the
etone dithiocacetals 73 in good yields. The possible
;5ays for the formation of diketone dimers 72 and a-
oxy dithioacetals 71 are discussed in detail. The
namoylketene dithioacetals 74 were next examined under
;rar reaction conditions to study the chemoselectivity of
;:eagent that might react with only the sulfur substituted
ble bond to yield the corresponding acetoxy products.
ever, when the cinnamoylketene dithiocacetals 74 were
dized with LTA under the described reaction conditions the
dducts isolated were féund to be 2-acetoxy-5,5-
ethylthio)~4~arylcyclopenten-2-ones 75 in good vyields
pe 12). The ao-acetoxycyclopentenones 75 were hydrolysed
mild alkaline conditions to give the corresponding a-
tetones 76 in good yields. This overall transformation
‘esents a novel oxidative Nazarov type cyclization and
a facile entry to substituted cyclopentan-1,2-diones.
probable mechanism for the formation of a-acetoxy
'iopentenones is discussed. Interestingly when a-methyl

moylketene dithiocacetal 77 was oxidized with LTA under
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?eported conditions, the reaction took entirely a
rent course and the product isclated was characterized
3,3-bis (acetoxy)dihydrothio- pyran-4-one 78 (scheme 12).
probable mechanism for this transformation is also

ribed in this chapter.

shapter 3, the reaction of Simmons-Smith reagent (Zn-Cu/
;2) with doubly activated a-carboalkoxyvketene
iioacetals and acylketne O,S-acetals is describea®3: 84,
aﬂpubly activated a-carboalkoxvketene dithioacetals 79 on
*tion with Simmons-Smith reagent gave the corresponding
diomethylated products 80 in overall good yields (scheme
rather than the expected 3-hydroxy/amino thiophenes.
er, the acylketene 0,S-acetals 81 under similar reaction
ditions gave the corresponding expected 4-aryl-2-
xy/aryloxy thiophenes 84 in overall good yields (scheme
B The probable mechanism for the formation of 2-

Xy/aryloxy thiophenes is discussed in this chapter.

nithermal rearrangement studies on newly synthesized
rflketene O-proporgyl S-methylacetals 87 under neutral as
las basic conditions are described in the chapter 4.
ious substituted acylketene O-propargyl S-methylacetals 87
prepared by treating the perchlorates 86, derived from
€ corresponding a-oxoketene dithioacetals 85, with
‘e:rgyl alcohol in ethylmethyl ketone in the presence of
tassium carbonate {(scheme 15). The o—propargyl S-
ylacetals 87 when refluxed in dry benzene or toluene or

lene gave the corresponding diene esters 88 in almost
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';itative yields. However, the O-propargyl S-
flacetals 87 when refluxed in ethylmethyl ketone in the
ence of potassium carbonate, the correspondingkz-
/heteroaryl-3-carbomethylthio-5-methyl furans 89 are
in good yields (scheme 16). The probable mechanism for
formation of diene esters 88 and S5-methylfurans 89 is
' sed in detail. The regioisomeric furans 91 were also
“aed by initial bromination of the corresponding O-
yl S-methylacetals followed by c¢yvclization with n-
nH/A1BN (scheme 17). The probable mechanism for the

jmion of furans 91 is also discussed in this chapter.

last chapter, the nucleophilic addition (mainly metal
s) studies on acylketene O,S-acetals are presented.
tion of acylketene O-alkyl/phenyl S-methylacetals with
thylamine borane complex gave the products derived from
eduction in good yields (scheme 18). The O,S-acetals
reduction with sodium borohydride in ethanol gave the
sponding S-methyl ao,B-unsaturated thioccarboxylates in
jields derived from the initial 1,2-reduction followed
 «'ro1ytic cleavage (scheme 19). However, O,S-acetals with
borohydride in acetic acid afforded the corresponding
wwlthiomethlylene ketones in good vyields (scheme 20).
reduction studies on 0,S-acetals with lithium aluminum
tide and DIBAL (scheme 21 and 22) are also discussed.
isequent to the metal hydride reduction studies, a
2liminary investigation on the addition of a carbon
?eophile to the O,S-acetal is also been undertaken. The

ts of this study are also presented in this chapter.
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