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1. INTRODUCTION

The polarised ketene dithioacetals' of the general formula 1, which may carry either one or two
electron withdrawing groups at the a-carbon atom (Table 1 and Chart 1) belong to a class of
intermediates, generally known as either polarised,’*® push—pull*** or donor-acceptor? ethylenes.
They are easily prepared by reacting the corresponding active methylene compounds with carbon

* Present address : Photochemistry Research Umit, Regional Research Laboratory, Trivandrum, KERALA.
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Table 1. Acyclic polarised ketene dithioacetals

R' SMe
R? SMe
1
R! R? References®
—CHO H. Mg, Et, Ph 3,4
—COR*

R? = aryl, alkyl,
cycloalkyl, 2-furyl,

2-thienyl, 2-, 3-pyridyl,-

styryl
CN

CO,Et, CO,Me, CO,H

CONH,

NO,

R'SO,—

R! = Ph, alkyl
R4

I/
oN R3

R’ =R*=H, Me

N
l/ON\
B @
38 D)
Y
Me Me

N

|
Me

H, alkyl, aryl, benzyl
alkenyl, acyl, aroyl,
CH,CN, 2-pyridyl

H. aryl, 3-indolyl.
a-pyridyl, aroyl, 2-thienoyl,
2-furoyl, CN

H, alkyl, benzyl, vinyl,
aryl, MeCO, ArCO, CN,
CO,Me, CO,Et, CONH,
CN

H, PhCO, CO,Et

H, CN, COMe, Ar, CO,Et
Alkyl SO,—, COPh

H, CN, Et, PhCO, CO,Et,
CONH,

CO,Et

H

5,6,7,8,9,10, 11,
12,13, 14,15, 16, 17

8a, 18, 19, 20, 21, 22,
23,24,25,26

b, 7,20, 26, 27, 28,
29, 30, 31, 32, 33

20, 26, 33
1d, 2b, 34, 35, 36
37, 38, 39, 40, 41, 42

le, 43, 44, 45, 46, 47,
48, 49, 50

50

le, 51, 52, 53

® References for methods of preparation.

disulphide in the presence of a suitable base followed by alkylation, often in a one-pot reactior
Many experimental variations have been developed within this broad procedural framework to s
the substrate characteristics such as the acidities of active methylene hydrogens, specific ba
sensitive functional groups and the optimum yields of the corresponding dithioacetals. A la
number of active methylene compounds could therefore be converted into the polarised kete
dithioacetals with many permutations and combinations of substituents (Table 1 and Chart 1).
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The B-alkylthio groups in these intermediates are activated by the presence of polar substituents
at the x-position and can therefore be displaced sequentially, cither one or both, by various carbon,
nitrogen and oxygen nucleophiles, creating further scope for introducing new functionalities at the
fi-position which find application in many synthetic transformations (Scheme 1).

The polarised ketene dithioacetals can be broadly classified into two categories :

1. The ketene dithioacetals, which include all variants of oxo groups, such as CHO, CO, CO;R,
CONH, and the C==N (as latent oxo group) can be considered as oxoketene dithioacetals (Table 1).

2. The other ketene dithioacetals that can be grouped separately include those which carry nitro,
pyridinium and sulphonyl groups as x-polar substituents,

The first category may further vary in its a-substituents R' and R? of which R' has to be an oxo
functionality, while R? could either be hydrogen or any other neutral group including those polar
variants of the second category as described in Table 1.

Due to the limited scope and length of the present review, only the chemistry of a-oxoketene
dithioacetals is covered and not that of the other polarised ketene dithioacetals, despite their many
synthetic applications.'“"

The a-oxoketene dithioacetals owe their potential synthetic applications to their varied intrinsic
chemical properties. The presence of carbonyl functionality and its position in conjugation with
double-bond carrying bis(alkylthio) groups at the S-position places them among the versatile 1,3-
electrophilic 3-carbon equivalents. The a-oxoketene dithioacetals can be considered as masked f-
keteoesters that can be distinguished by having ambident electrophilicity at 1,3 carbon centres, due
to the presence of bisalkylthio groups, which can be converted into ester functionality when desired.’

s
|CI
1.8 /Mes” OR3 50 o
2 Mel R OR3
1\ 2
i
0 0
R ORS H 2
% 2 ,—>B1 SMe = '31 H
et |\“’R2 .\ . 2
0 3
Me  &_Me
0 M S )
: B/CS, 10 ¢ Me2S0y, / A 1 9 X
R , > R SMe RI7Npsme
“..R R SR
1 | R3NH
l 2 o Ré Q 0
Q NHR3 —>R1)J\%\5Me = AR
Rl NHR3 R? RZ
: 2 2
TR3NH2
0 SM
1 R3-N=C=S/DMF , © . R3NH,
> A N4R3 e
2 CHyl v k2

Scheme 1.
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Schemc 2. Hard-soft affinity inversion in a-oxoketene S,S- and S,N-acetals. HE = hard clectrophile,
SE = soft electrophile.

Similarly, their immediate derivatives 2 and 3 can be considered as equivalents of f-diketones and
f-ketoaldehydes respectively (Scheme 1). In addition, they can be further converted into enaminones
and f-alkoxy- «,f-unsaturated ketones, making them highly functionalised master key intcrmediates,
which could encompass the wide range of 1,3-clectrophilic three-carbon {ragments that arc of great
synthetic importance (Scheme 1).

The carbonyl and the f-carbon atoms in these systems can also be regarded as hard and soft
electrophilic centres, since the carbonyl is adjacent to the hard-base oxygen while the f-carbon is
flanked by the soft-base thiomethyl groups (Scheme 2). Thus many regioselective reagents can be
selected either from hard nuclcophiles that can undergo 1,2-addition or from soft nucleophiles that
can add preferentially in 1,4-fashion dcpending on the regiodemands in the product. Interestingly,
this hard -soft disymmetry can be inverted’* cither under suitable reaction conditions or by structural
modifications, by replacing a thiomethyl group with an amino group so that the same group of
nucleophiles can be made to react with cither of the carbon atoms to yield the respective regioisomers.
Only a limited number of examples based on this concept can be recognised from this review, while
the future possibilities remain largely unexplored. The flexible functional group manipulation,
coupled with hard -soft disymmetry and its possible inversion, make thesc intermediates attractive
for many synthetic schemes used to construct a variety of acyclic, cyclic and heterocyclic systems.

When we started work on oxoketene dithioacetals around 15 years ago, much of the chemistry
of thesec compounds was confined to their preparation and properties, while their synthetic potential
remained scantly explored. Over the years, many groups have madec significant contributions to the
chemistry of these compounds and a recent review by Dieter' highlights the chronology of the
development of their chemistry, structure and synthctic applications. The present review is comple-
mentary to Dieter’s report and highlights only the developments made subsequently during this
short span of time. The review is based on their chemical reactivity rather than product novelty,
which may be appreciated by thosc who are interested in further cxploration of the hidden synthetic
potential of these intermediates. The latter half includes the synthetic applications of the corre-
sponding N,S- and N,N-acetals.

2. SYNTHESIS OF «a-OXOKETENE DITHIOACETALS

The preparation and properties of a-oxoketene dithioacetals have been extensively reviewed by
Dieter, and therc have been no particular new advancements since then. The reaction of enolate
anions derived from the active methylene carbonyl compounds in the prescnce of a suitable base/
solvent combination (coupled with temperature manipulation) with carbon disulphide followed by
alkylation, continues to be the preferred method for the preparation of these compounds.
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The alkali sensitive Meldrums acid 4 has been converted into the corresponding bis-
all\]lthlulydlllb d\.uvauvuo 5 lll lllUdblalC o EUUU ylcldb U_y scumauus llb CllUldlC dlllUll lll lllC
presence of triethylamine as base in dimethyl sulphoxide (eq. 1).”* The formylketene dithioacetal 7
which could not previously be prepared directly from acetaldehyde enolate anion, has now been

obtained in good yields from a-carbethoxy ketene dithioacetal 6 involving a reduction, oxidation
scquence (eq. 2).°
RS B\

0 1 Et;N/DMSQO/RT RS
3
OX::: + C5 2.RX/DMS0/0°C Oi’u: (1)
32-77%%
4 §,R=Me Et,—(CHp)p—
—{(CH2 )3-
0 o)
H ° H
EtO)JjI 1 (1-Bu) AIH/~60°C N H)JjI )
MeS~ ~SMe 2 MnO; / Pet Ether MeS~ “SMe
6 2

The difficulties encountered in the monoalkylation of ketene dithioalate salts to get the corre-
sponding fS-acyldithioesters was resolved by Lawesson and Larsson by using a counterion-pair
technique.”’® Junjappa and Ila’® developed subsequently an alternative facile method for the prep-
aration of these dithioesters. Thus, enolate anions generated by sodium hydride in hydrocarbon
solvent were reacted with dimethyl trithiocarbonate to give the corresponding dithioesters. The
dithioesters are useful for the preparation of mixed dialkylketene dithioacetals which are particularly
useful in the synthesis of thiophenes. The two step method of alkylation was advantageously
extended to prepare the important group of x-oxo-a-alkenyl dithioacetals in moderate to good
yields.”” Thus the dithioesters 8 underwent spontaneous thio-Claisen rearrangement during alkyl-
ation with allyl, crotyl or methacrylyl halides to afford first the rearranged dithioesters 10, which
were further alkylated to afford the corresponding dithioacetals 11 (Scheme 3). The two step reaction

Rl R3

A e | B
ace ONG
M s Ner2 R2S )s(

8 ]
R! R3 Rl R3
0 K2C0O3 / acetone 0O
4 5 RA
R2S” &R2 Rel R257g

80-75 %
n 10

11,R=Me, CgHg, 4-MeCgH, , 4-CICgH,, , 4-MeOCgH,, .
RZ=Me Et. R3=R*=H
Rl=Me, CgHg .4-MeCgH,, , 4-CICgHy, . 4-MeOCgH,
RZ=Me R3=H.R4=Me
Rl=4-CICgH,, , R2=Me R3=Me , R4=H
Scheme 3.
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sequence was achieved in one pot through adding alkenyl and alkyl halides sequentially to afford
11 in identical yields.

Although the synthesis of cinnamoylketene dithioacetals and their higher enyl homologues can,
in principle, be achieved from the corresponding enyl methyl ketones, no group appears to have
examincd these possibilities. However, Thuillicr*” and subsequently Junjappa and Ila have reported
the synthesis of these compounds by condensing the preconstructed acylketene dithioacetals with
aromatic aldehydes, cinnamaldehydes and S-aryl-penta-2.4-dienals in good yields (eq. 3). Appar-
ently, the method could not be extended to aliphatic aldehydes for the preparation of the corre-
sponding alkenoylkeicne dithioacetals. The problem was circumvented through the sequence of
reactions given in ¢q. 4. Thus the acylketenc dithioacetals 12 were converted to the enaminones 16
by treating 12 with dimcthylformamide acetal in high yields. The enaminones 16 underwent clcan
1.4-addition with alkyl magnesium halides to afford the corresponding alkenoylketene dithioacetal
17.7% Interestingly, though the 1,4-chemosclectivity towards hard nucleophiles in enaminones is not
unusual, it can be best explained through hard-soft dissymmetry inversion (affinity inversion) by
the presence of f-amino functionality in «,f-unsaturated ketones (eq. 4).

o 3SMe SMe
Ay CHO (‘\/\sm Na a/oE—?sH"// RT, A,WSMQ 3)
R RZ ° R R2
n=0]2 2 13-15
13,n=0.Ar=CgHg , 4-MeCgHy , 4-ClCgHy. 4-MeOCgH,,, 4-NO2CgH,,.
4-MepNCgH,,, @-CiCgH,, . m-MeQCgHy,, 24 ClpCeH3.26-CloCeHg,
34-(Me0))CgH3, 34-methylenedioxy CgHg , 3.45-(MeO)3CgHy,
Rl=H,Me,R2=H,Me,Et,n-Pr, +Pr, n-Bu_ n-heptyl, 30-95 %

14 n=1Ar=CgHg, 4-MeCgHy, 4-MeOCgHy,. 34{MeO)CaHy,
34-methylenedioxyCgH3, 34,5-(MeO }3CgH,. Rl= K, Me,
R2=H,Me . 80-85 %

15 n=2 Ar=CgHg, 4-MeOCgHy, ,3,4-methylenedioxy CgH3.
Rl=H,Me,R2=H,Me, 80-83 %

Me £ 100°C / H g 3Me

tO\ H

Me + >< sealed tu!:e MeZNWSMe

Rl R?2 Et0’ "NMe, 90-92 % 1 2

12.R1=R2=H 16
R'=H,R2=Me

RI=RZ=Me
©)

H SMe
3

R3WSW 1. R3MgBr

R ke 2.NH,Cl
78-92%

17

17 R'= RZ: H, R3= Me, Et,n-Pr, i-Pr
R‘:H;RzzMe;R3:Me.Et.n-Pr.i-Pr

Rl: R2-Me,R3: Me,Et,n-Pr, i-Pr
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X COE! CgHsSH / E1OH/ Na X5 CO2E
X RPN O
Cl Cl CgHsS SCgHg,

18.X=CN, 70 %
X=CO,Et, 45 %

PPA/A

0 HO 0 O
QLCD —E- S0 —
S 8/ AcOH/ g
o HCIO,,
Clo, 18,35%
20 ,80°%
Scheme 4.

The bis(arylthio)derivatives 18, which could not be prepared through the corresponding dithio-
late anions, have been prepared by nucleophilic displacement of f-dichloro groups by arylthiolate
anions in the corresponding enoates (Scheme 4).7%*® These acetals 18 have been shown to undergo
intramolecular cyclocondensation to yield the corresponding benzothiopyranobenzothiopyran 19
in moderate yields (Scheme 4). The f-oxodithioacids are shown to undergo nucleophilic substitution
with 2 4-dinitrochlorobenzene to give [1,3-benzo-dithiol-2-ylidenc] carbonyl compounds.®'
Similarly, nucleophilic displacement and cyclocondensation of dithioacids with haloketones afford
1,3-dithiolydene ketones in good yields.®? Aliernatively, the corresponding 1,3-benzodithiolydene
ketones have been recently prepared by the reaction of active methylene ketones with 1,3-benzo-
dithiolium tetrafluoborate.®* However, these 1,3-dithiolydene ketones®* do not fall under the pur-
view of this report and have not been covered.

3. DEPROTONATION

The oxoketene dithioacetals undergo deprotonation in various ways depending on their struc-
tural characteristics and the reaction conditions employed. These studies have resulted in the
development of many synthctically useful transformations and interesting rearrangements.

The acylketene dithioacetals undergo facile a’-deprotonation to afford the corresponding enolate
anions (eq. 5), whilc a-deprotonation is observed when the acyl group is replaced by a benzoyl
group to give the corresponding vinyl carbanion (eq. 6). Similarly in the x-alkylbenzoylketene
dithioacetals, the methyl/methylenc protons are deprotonated to yield the corresponding 2-oxoallyl
anions as shown in eq. 7. The thiomethyl protons in aroyl ketene dithioacetals can also bc abstracted
under appropriate conditions and the resulting carbanion is found to undergo intramolecular aldol
condensation to yield the corresponding thiophenes (eq. 8). This approach is an extension of the
earlicr thiophene synthesis from activated thiomethyl groups by replacement of one of the methyl
hydrogens with electron withdrawing groups using mild basic conditions. The -deprotonation of
vinylogous thiolesters affords vinyl carbanions (eq. 9) which arc found useful in cyclopentanone
annelation®>#¢ and in the synthesis of mixed oxoketcne dithioacetals containing different alkylthio
groups.*’
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3.1. a’-Deprotonation

Base catalyzed aldol condensation of acylketene dithioacetals 12 with aromatic and a,f-unsatu-
rated aldehydes and their higher homologues to give the corresponding enoylketenc dithioacetals
has been discussed earlier (eq. 3). These enolate anions have been alkylated to yield the higher
homologues of ketene dithioacetals in varying yields. Thus the dithioacetal 21, an intermediate
required for the synthesis of perillene®® was obtained in good yield by alkylation of 12a with prenyl
chloride in the presence of LDA (eq. 10). Similarly the enolate anion of 12a was condensed with

Q0 SMe
ve A s 1 LoA | MegC=CH(CHY, M
N 2 MeC=CHCH,Br MSMe (10)
2a MeS
g 2170%

the methyl benzoates to give the corresponding f-diketones 22, which were subscquently cyclised in
the presence of acetic acid to afford the corresponding 2-aryl-6-methylthio-4H-pyran-4-ones 23 in
high yields®® (Scheme 5). However, when 12a was reacted with methyl benzoatcs in refluxing xylene
under identical conditions, the corresponding 2,6-bis(mcthylthio)-4-hydroxyacetophenones 25 were
formed in good yield*” (Scheme 6). Similarly the f-methylthioenone 24 gave the corresponding 4-
hydroxyacetophenone (26) under identical conditions. A possible mechanism for the formation of
2§ and 26 could involve base catalysed self condensation of either 12a or 24 through successive
inter- and intramolecular Michael additions followed by elimination of the methylmercapto group. **
However, thesc transformations occur only in the presence of methyl benzoate, which appears to
involve the formation of enolate anion 27 and subsequent addition and elimination to afford 25 or
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RaN

2 g3 NaH / CgHg / A Me
Ar)j\OMe + Me)j\é\SMe ——————>65 ;323 Ar SMe
H Thete H O H
120 z
AcOH /A
91—96°/o
2223 Ar=CgHg .4-CICgH,,, 4-MeOCgHy,
4-MeCgH,, .2-ClCgH,, 3MeOCgH,, Ao sme
23
Scheme S.
H
R 2 { NaH 7 Xyl /
CGHS)J\OMG + HBC)J\%SMQ o} ylene a
H 5h X X
12a X=SMe CHg
24 . X=H 25 X=SMe 67 %%
26X=H 63 %
OJ NUI\ o] H
Ph X Ph
Me$S SMe
e
MeS' i() SMe (1 x\o
(6} CH. CH
27 3 3
£/ 28 29
Scheme 6.

26 (Scheme 6). The acyl enolate anions also undergo addition to arylisothiocyanates followed by
intramolecular ring closure to give 6-arylamino-2-methylthio-4H-thiopyran-4-ones 30 (Scheme 7).%°
The intermediate 6-cthylaminopyrone 31, formed under identical conditions with ethyl isothio-
cyanate, underwent further addition with a second mole of ethyl isothiocyanate to yield 32 (Scheme

7).90

3.2. a-Deprotonation

Marino and co-workers®' a-deprotonated 33 in the presence of LHDMS and alkylated the anion
using methyl iodide to afford the corresponding x-methyl oxoketene dithioacetal 34 in high yield.
However, competitive deprotonation of thiomethyl protons occurred when LDA was used as a base

to yield a mixture of thiophene 35 (30%) and the alkylated product 34 (35%) (eq. 11).

SMe SMe
R Base / Mel HsCe
HsCq SMeg —————— > HeCg SMe  + Z/ \!
H S ~SMe

Me
n 3% 35
LDA 35°% 30°%

LHDMS 90°%

(1)
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ArNCS /7 NaH / CgHg R’ﬁ’ﬂ
A, 63-76% MeS~ S~ “NHAr
30R'=RZ=H, Ar=CgHs, &-MeCgHy, , 4-CICgHy,

R!=Me,R2=H, Ar=CgHg 4-MeCgHy, ; +-CICgH,,
R'=R2=Me, Ar=CgHg ,&MeCgHy,,4-CICgH,,

0
R! I[u\/Rz
MeS™ “SMe

12a,R1=R2=H
b,Rl=Me;R2=H
¢, RI=R2=Me
EtNCS / NaH / CeH, R !
R1=H,Me,R2=H MeS >SS NH b
! Et
Et
32 R =H,84°%
3 R =Me,67%
Scheme 7.

3.3. a-Methyl/methylene deprotonation

In their earlier report, Chauhan and Junjappa® had observed that the a-methyl oxoketene
dithioacetal 36 could condense with guanidine in the presence of sodium alkoxide to give 5-
alkylthiomethylpyrimidines 40 in moderate to good yields (Scheme 8). The formation of 40 was

iigﬂ Ar SRI Ar SR Ar
. 1
g srl _B: OSSR O//{T\/isw guanidine <y SR
i® 30-55°%, HZN)\

398 40 Ar=CgHg 4-MeOCgH,,
R!=Me, Et PhCHp

Ar
041[%/ guonldme )\)j/%/

LaRl=Me,
—O'Ra He 43, Ar=CgHs, 4-MeOCgH;,
- 428 R3-H4,Me,20-33%
L1bR'=R3=Me !
f‘b SMe Ar Me )
s R2 . -
Leeeees > guanidine JQ |
H~S HANTN
44 45 Ar=CgHg, R2=H,7°%

Scheme 8.
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ReMe |
r 48-63 %, Ar o)
H

E\RZ

RS- Rr! NCCHCONH 7 46 Ar=substituted phenyl
o i RZ=Me Et,PhCH,

Ar NaOPr'/ Pr'OH
36 R'=Me
= R3 CN
37.R'=Et RI=Et,n-Pr 7T
;_Q_R1sn—Pr RZ2=Me Ar u (@]

17-20 %/

ﬂ’ Ar= CGHS M Q-ME‘OCGHA
R3=H.Me

Scheme 9.

explained through intermediate 39B involving deprotonation of the a-methyl proton of 36 and
subsequent isomcrisation. The corresponding a-ethyl (37) and «-(n-propyl) (38) oxoketene dithio-
acetals underwent similar deprotonation followed by elimination of the mcthylmercapto group to
give the intermediate 42B (Scheme 8)* which on subscquent reaction with guanidine afforded the
pyrimidines 43. The formation of the pyrimidine 45 in low yield was postulated through 44 involving
a 1,3-MeS shift (Scheme 8). The reaction of cyanoacetamide with x-alkyl oxoketene dithioacetals
under basic conditions to form the rearranged pyridones 46 and 47 were also similarly explained
(Scheme 9).°?

Attempts to isolate the mobile ketoallyl intermediates 48 by a-methyl deprotonation of 36 in the
presence of sodium hydride led to the isolation of 2-methyithiomethyl-3-methylthioacrylophenones
49 apparently involving a 1,3-alkyithio shift (Scheme 10).°* Junjappa and [fa have proposed an
intermolecular 1,3-alkylthio shift for these transformations and extended these rearrangement stud-
ies to a-benzyl 51° and cyclic a-methylene oxoketene dithioacetals®® to afford similarly rearranged
products and the products thereof (eq. 12). The concerted 1,3 sigmatropic shift or a sulphur assisted

O Ar
—
RIS
R'S
O3 A NaH/OMF 48
RIS e 50-60°C
RS
35-45 % Ar~0O
> Rl A _SR!
Ar 43 Ar =CgHg, 4-MeOCgHy,.
RIS A 4-MeCgHy,
*.;f' Rl=Me.Et. 35-45%
|
[=1]
50

Scheme 10.
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phﬁrph NoH/DMF ﬁjf\“h Ph)?‘sme ﬁI (12)
MeS~ “SMe MeS”“Ph' MeS SMe
51

51 E-52 53(EandZ)  Z-54 55
15%, 35% 5%, 20°%,
SMe MeS H SMe
57 58
56 0 (13)
@’ﬁl“
MeS MeS SMe
59

polar concerted mechanism through transient complex 50 to form 49 or 53 was ruled out by
experiments and an alternative intermolecular thioallylic rearrangement was established. Thus, in
addition to the expected product 57 from p-chloroderivative 56, the formation of other products 58
and 59 confirmed the intermolecularity of the rearrangement (eq. 13). The proposed mechanism
involves Michael addition of thiolate anion 1o 61 to yield solvent equilibriated enolate anion 62
followed by elimination of methylthio group (Scheme 11).°

Alternatively, the a-allyl oxoketene dithioacetals 11 were considered suitable for concerted 1,5-
alkylthio shift under identical reaction conditions. On treatment of 11 with sodium hydride and

|
[

Scheme 11.
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Ar 0O Ar_Q
H
R15\2\/\ NaH / DMF / CgHg / RT
676 ¢ 1
=~ 15-R1S shift R'S CH SR

4
RS 52-70° H H
1
65
4
Q SR Ar (8@
——~>
A
\/yi/\ R1SLVSR1
R1S)
66 67 68

1,65 Ar=CgHg 4-MeCgHy, , 4-CICgH,, , 4-MeOCgHy,
Rl=Me  Et
Scheme 12.

DMF, the expected dienes 65 were formed in good yields (Scheme 12).”” However, the 1,5-alkylthio
shift in 11 was also proved to be intermolecular migration rather than concerted, involving 1,6-
conjugate addition to mobile oxopentadienyl intermediate 67 derived from anion 66 under reversible
conditions (Scheme 12).”7 In their subsequent studies Junjappa and lla were able to trap the stable
3-cyanopropenide anion 70 (eq. 14, 15) by reacting them with activated heteromuitiple bonds in an
effort to obtain anionic [3+2] cycloadducts.®® Thus 70 underwent cyclocondensation with aryl
isothiocyanates to yield substituted thiophenes 71 presumably through initial stepwise or concerted
anionic [3 + 2] cycloaddition to a C=S bond.?* On the other hand the addition of 70 to p-chloro-
benzaldehyde carbonyl double bond gave the diastereomeric ketal 72 which, on treatment with
BF; Et,0/MeOH, afforded the corresponding methyl ketal 73 and the furan 74 in 55% and 40%
yields, respectively.®* Attempted cyctoaddition of 70 to benzonitrile (C=N) gave only the dimeric
product 75 (eq. 16) formed by self condensation of 69 and the reaction proceeded only in the

Arl
CN
Ar! 1 o]
NaH / CgHs Ar2NCS M )
MeS CN RT CN  52-76°% MeS— g~ ~NHAr
MeS (14)
69 70 n
69 7, Arl=CghHs ; 4-MeOCgHy, 71,Ar2= CgHs ; 4-MeCgHy,
SMe e
H
MeS 2 MeS CN
Ar2CHO ro YN BF3ELO/
oCeHs —=—f—> 73+ , 5 [/ W . (15)
- Ar1=C6H5 Ar2 MeOH Ar eHs
' H §5 %
72 R=H 7__4)40%
73,R=Me

72-74,Ar2=4-CICgH,,
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Ar H CN
H M
9 NaH/CgHg MeS iy H

MeS H 07 aAr

75a ,Ar=CgHsg ,83%
b, Ar= 4-MeCgHy, .76 %%

CgH5CH=CHCOCgHs HC
CgHs / RT,68%

Me ° CN
MeS~
o~C SHS

“2~CO,EL
B R
CgHg / RT, 65%

Scheme 13.

presence of benzonitrile.”* Similarly, the cyclocondensation of 70 either with chalcone or with ethyl
acrylate gave the cyclic alcohols 76 and 77 respectively (Scheme 13).°° Interestingly, these cyclisations
were found to be highly diastereoselective and only one stereoisomer was isolated from the reaction
mixture. The coordination of enolate and carbonyl oxygen atom with metal ion during cyclisation
appears to be responsible for the observed diastereoselectivity. The adduct 76 was found to be
resistant to acetylation and dehydration probably due to intramolecular hydrogen bonding®® and
its structure and stereochemistry was confirmed by X-ray crystallography.

3.4. Deprotonation of thiomethylimethylene group

The facile dcprotonation of oxoketene dithioacetals carrying acidic thiomethylene groups
(X = CN, CO,Et, COR) and subsequent intramolecular aldol condensation of the carbanions to
give substituted thiophenes (eq. 17) was reported earlier by several workers.>*’* These reactions
occur invariably in situ during alkylation of dithioic acids with a-halonitriles, esters or ketones.
Subsequently the reaction was developed as a general method for thiophene synthesis by sequential
alkylation of dithioic acids'®*2*** with methyliodide and activated alkyl halides to yield mixed
ketene dithioacetals, so that the carbanion generated under mild basic conditions could undergo
intramolecular aldol condensation to yield the corresponding thiophenes (eq. 17; R'=Me, X—=CN,
CO,Et, CO,R).’® Subsequently, Marino®' and co-workers deprotonated thiomethyl protons of
oxoketene dithioacetals using LDA and the resulting carbanion underwent cyclisation to afford 3,4-
disubstituted thiophenes. However, the corresponding bis(ethylthio) ketene dithioacetals (R'=Et,
X=Me) could not undergo deprotonation under these conditions.®! The scope and limitations for
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_— —_—> a7
ms]\/: RIS s/e\x RSTHST

/\x

O 1 NHOH/CS)/MepSO, (18)
N\Me 2 BrCHyy
0]
78 79 Y=CN, 40%
= ¥=CO,EL, 60°%
EtO2C / S
1 NH4OH/ CSy 7~SCHCOxEL (19)
NH 2 KaCO3 /DMF/ NH
BrCHyCOEL
80 81
2 1
RINPON KaCOy/Acetone / R rQ
R2 BrCHyCH=CHCOpMe X /5\ COxMe
X (20)
83 X=SMe, SE
8 X=SMe, Et
84 X=amino
82,X=amino -

83,R'=Me, CgHs, ,4-CICgH,, , 4MeOCgHy, , 2-naphthyl,
2-thienyl, 2-furyl; RZ=H,Me; X= SMe SEt ; 73-88%%

84 R1=CgHg , 4CICgH,,. Me, 2-furyl; RZ=H, Me

Me /N
X=N -N —-N 0
\C6H5 ' P ——

RIzZR2= @b; X=N ) 65-82°%

these transformations have been covered in detail by Dieter in the earlier review. Kobayashi and
co-workers have reported the synthesis of thienoisoquinoline derivatives 79 and 817"7? (eq. 18 anc
19) using this methodology. Junjappa and Ila, during their studies on thio-Claisen rearrangement
observed that the reaction of dithioesters 8 with bromocrotonate in the presence of K,CO; affordec
the corresponding thiophene acrylates 83 rather than the rearranged products.’’” Under identica
conditions the f-oxothioamidcs 82 yiclded the corresponding 5-aminothiophene-2-acrylates 84 ir
good yields (cq. 20).°” The a-methy! bis(benzylthio) oxoketene dithioacctal 85 yielded the thiophent
87 instead of the rearranged 86 suggesting that the relative acidities of the protons present in the
oxoketene dithioacetals is a determining factor (Scheme 14).
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87
Scheme 14.

4. REDUCTION REACTIONS AND 1,3-CARBONYL TRANSPOSITIONS

The oxoketenc dithioacctals and g-alkylthioenoncs possessing ambident electrophilic centre
an a,fi-cnone moiety with either onc or two S-alkylthio groups follow different pathways of reduct
depending on the nature of the reducing agents. Ireland and Marshall’* were the first to recog
the importance of thc f-alkylthio group during sodium borohydride reduction of x-(n-bu
thiomethylene)ketones affording allylalcohols through chemoselective 1,2-reduction in high yie
in contrast to the 20% 1.4-reduction product obtained as a mixture, when the corresponc
alkoxymethylenc ketones were reduced by sodium borohydride. Evidently, the S-alkylthio gr
was responsiblc for further rendering the fi-elcctrophilic carbon softer thus facilitating the exclu
chemoselective 1,2-reduction in these systems. These studies subsequently led to an extensive inve
gation on chemoselective 1,2-reduction of a-oxoketene dithioacctals by NaBH, first by Saquet
Thuillier.”” who observed the formation of the corresponding allylic alcohols in high yields. T
further studied the acid catalysed rearrangement of these carbinolacetals to afford a mixture
products of which «,f-unsaturated thiolesters were the major products. Reinvestigation of the
catalysed rearrangemcnt of carbinolacetals was subsequently carried out by Dicter'®® and
workers who developed an efficicnt combination of HgO/Hg(OAc). with HBF, to yicld either :
unsaturated thiolesters or the corresponding carboxylic acids depending on the stoichiometry of
Hg salts. Similarly Junjappa and Ila'®" discovered that the carbinolacetals 88 could be cfficie:
converted into a,f-unsaturated thiolesters (BF 5+ Et,0/H,0) 99 or to the corresponding O-me!
esters 89 in thc presence of BF;:Et,O/methanol (cq. 21). The overall transformation can
viewcd as the homologation of active mcthylene ketones at the a-position, involving 1,3-carbc
transposition. The formation of x,f-unsaturated methyl esters constitutes a new general method
the synthesis of cinnamatcs and x-substituted cinnamates with E geomectry from the corresponc
acetophenones and higher homologues of acetophenones respectively. The substituted croton:
could also be obtained similarly from the respective alkylmethyl ketones in good yields (eq.
Also, Nishio and Omote investigated the NaBH ,/LiAlH, reduction of $-alkylthio x.f-enoncs
while Gammill ef a/.'"" showed that the LiAlH, reduction afforded diastereomerically purce th
f-alkyl-y-bis(mcthylthio)alcohols in high yields through 1,2 reduction tollowed by 1,4 reduction
intramolecular hydroalumination. These studics have been discussed extensively by Dieter in
review. Only electrophilic reducing agents such as DIBAL, 9-BBN and catechol-borane'"* cc
reduce the x-oxoketone dithioacetals in 1,4-fashion, which are covered by Dieter.

Among other reduction studies with NaBH, in combination with transition metal halides, ¢
the method of Junjappa and lla cmploying the NaBH,/NiCl, (nickcl boride) combination coulc
used effectively for the selective dethiomethylation of x-oxoketene dithioacctals 1o yield vinylog
thiolesters in moderate 10 good yields.'°* A few of these vinylogous thiolesters derived fi
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] NaBH, / OH ™ gr Ety0/MeOH "
1 COSMe 1 3 1 COyMe
F«f}\\gz Meon R AT, M Nisaun R 2 (21
VR . R2
90 88 89
s yreld %o yreld e yield
Rt R2 90 R R 89 Rl RZ 89
CgHs H 55 CeHs H 70 =(CHg)3~ 70
4-CiCgH, H 60 4ClCgH, H 68 —~(CHy)= 75
4EOCGH, H 75 LEWOCgH, H 72
4-MeCgHy, H 75 CeHs Me 67 ,@[/"
~(CH2)3- 55 CeHs gt 75 R CHn
—(CH2)4= 70 CeHs n-Pr 75 R=H.n=1 73
Me Me 54 ReH,n=2 70
Me nBu 74 OMe
Me n-CeHyt 80
80
OMe

methylalkylketones serve as important precursors in the synthesis of polyene with a terminal
aldehyde group, which can be derived from f-methylthiomethylene functionality under hydrolytic
conditions.'’®

The 1,2-reduction and methanolysis methodology was further extended to polyene ester synthesis
(eq. 22). Thus cinnamolylketene dithioacetals 13a underwent 1,2-reduction with sodium borohydride
and subsequent methanolysis to give 5-aryl-pentadienoates in moderate to good yields, 97 while the
corresponding 5-aryl-pentadienoylketene dithioacetals 13b afforded the 7-aryl-2,4,6-heptatrienoates
92 (eq. 22).'°®

H o Me H H
1 NoBH,/EtOH /7 A
Ar AR N sMe . > AR C02Me
¢ 2 BFyEt,0/ MeOH /A e 0
8~24h
Ba,n=1 91,n=1
_,n=2 Q_Z‘n=2 (22)

91, Ar= CgHg, 4-MeOCgHy, . 4-MeCgHy, , 4-ClCgH,, 3 4-methylenedioxyCgHy ;
R'= H.Me,n=1, 55-78%

92, Ar = CgHg , 4-MeOCgH,, , 4-MeCgHy,, 3,4 - methylenedioxyCgHg ;
Rl=H,Me,n=2; 58-74%%

The carbinol acetals formed by the reduction of 2,4-dimethylcinnamoylketene dithioacetals did
not follow the observed pathway of methanolysis to afford the corresponding dieneesters and the
products were characterised as the rearranged cyclopentenones 94 (Scheme 15).'% Similarly, direct
methanolysis of 2,4-dimethyl-cinnamoylketene dithioacetals in the presence of BF,- Et,O/HgCl,
gave only the cyclopentenones 314 (Scheme 57) instead of the cxpected y,d-unsaturated f-ketoesters.
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H 0 SMe H Me
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RWSMe NaBH,/E10 R SMe
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R *fyreld
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4-MeCgH,, 68 BFyERO
MeOH A
CgHs 70
4CICgH,, 64
4-MeOCgH,, 59
CgHgCH=CH 72 Me hgeMe
4-MeCgH,CH=CH 74 Q
R
%
Scheme 15.

The mechanism governing the formation of these cyclopentenones can be rationalised through
electrocyclic ring closure of the intermediate pentadienyl cations 95 (Scheme 16) and 315 (Scheme
57) both having the 4n electron system. The additional 2,4-methy! groups force the initially formed
carbonium ions from a zig-zag conformation (having non-bonded steric repulsion between 2.4-
methyl groups) to a twisted non-planar U conformation, thus creating favourable geometry for
symmetry-allowed conrotatory thermal electrocyclic ring closure''*™ to afford the corresponding
cyclopentenyl cations 96 (Scheme 16) and 316 (Scheme 57) respectively. The cyclopentenyl cation 96
is further stabilised by the adjacent methylthiogroup forming episulphonium ion, which undergoes
methanolysis with concurrent MeSH shift to afford the intermediate O,S acetal 97. Under acidic
conditions, the labile cyclopentadiene ether 98 formed by elimination of methylmercaptan would
finally cleave to afford the corresponding cyclopentenones 94 (Scheme 16). However, the
hydroxycyclopentenyl cations 316 appear to undergo methanolysis followed by MeSH elimination
to afford the corresponding cyclopentenones 314 (Scheme 57). Thus the conversion of 24-

‘HS" e
Me

2€ 3€ 95 26 37 95 232 95
H H H
Me Me Me Me M
9 e— ‘/@%Me ~MesH T SMe Heor T
A7 oMe Ar OMe. Ar SMe
98 97 9%

Scheme 16.
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Scheme 17.

dimethylcinnamoylketene dithioacetals to cyclopentenones 314 (Scheme 57) can be viewed as Nazarov-
type ring closure''” in the Lewis acid medium, while the formation of other cyclopentenones
94 (Scheme 15) from pentadienyl cation constitutes an unprecedented Nazarov-type ring closure
where the masked ketene carbony! group reappears from the mercapto functionality during work-
up as depicted in Scheme 16. Under similar reaction conditions, the heptatrienyl cation 99, a 67
electron system, could undergo cyclisation ¢ither through a folded non-planar conformation 99¢ or
through U subunit of zig-zag conformation 99B to afford either cycloheptatrienyl cation or
cyclopentenyl cation 100 respectively (Scheme 17). Only the styrylcyclopentenones 94 were formed,
since 1,5 ring closure appears sterically the most favourable and higher polyenylic cation can always
be written with U subunit conformer 99B from a tricnylic cation.''™

Junjappa and Ila have further extended these 1,2 NaBH, reduction studies to x-oxo-a-alkenyl
ketene dithioacetals 11 and subjected the resulting ¢nolacctals to methanolysis 1o afford the corre-
sponding a-ylidene-y,d-unsaturated esters 102 in good yields (eq. 23). Subsequent hydrolysis and

R R R R R/
1 NaBH, / EtOH /A H H3PO4 / HCOzH Hh}qz
2 2 BFy Et)0/MeOH 2 A 0o e (23)
MeS” “SMe & 0" ome 03
n 102 -
R Rl RZ % yield 1C3 R R R? °/oy|eld10?
CgHsg H H 98 CgHsg H Me 76
4ClCgH, H H 90 4-ClCgH, H Me 80
4-MeOCgH, H H 82 4-MeOCgH, H Me 75
4-MeCgH, H H 80 Me H Me 7%
Me H H 80 4ClCgH,  Me H 70

enelactonisation of 102 in the presence of a 1: 1 mixture of phosphoric and formic acid afforded the
corresponding a-ylidene-y-butyrolactones 103 in highly stereoselective manner (eq. 23).'"" Alter-
natively, the corresponding carbinols 104 were subjected to an oxymercuration/reduction scquence
to afford the diastereomeric 2,5-substituted-3-bis(methylthio)methylenetetrahydrofurans 10S pre-
dominantly as trans-isomers (Scheme 18).''? One of the furans (R' = 4-MeOCH,; R’ = Me) was
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subjected to reductive desulphurisation in the presence of Rancy-Ni to afford the corresponding
3.5.5-trimethylfuran 106 in good yields (Scheme 18). The highly chemoselective mercuration in these
rcactions which occurs without affecting the bis(methylthio) methylene functionality is notcworthy.
These results are in conformity with earlier studies of prcferential oxymercuration of terminal mono-
or disubstituted olefins over the corresponding tetrasubstituted derivatives.''*

In addition to checmoselective dethiomethylation of oxoketene dithioacctals by the NaBH ,/NiCl,
combination to the corresponding S-alkylthioenones, Matschiner and Rudorf''? have studied the
cathodic reduction of oxoketcne dithioacetals in protic media, which proceeds by cleavage of the S-
alkyl group. The resulting carbanion 110 may either be protonated to give f-methylthio a,f-cnones
or react with unreacted dithioacetals to give dimeric products (eq. 24, 25, 26, Scheme 19). In
subscquent studies Steckhan e al.''* have shown that the cathodic reduction of cyclic oxoketene
dithioacctals in the presence of tetrabutylammonium hydrogen sulfate affords the corresponding f-
methylthio-a,-enones 114 or 116 in high yields in thermodynamically favoured E gcometries (eq.
25 and 26). Intercstingly the cathodic cleavage of methylthio group in 115 occurs even in the presence
of acetic anhydride, which acts as protonating agent at Hg cathode, which was experimentally
proved by using hexadeutcroacctic anhydride as protonating agent.

SMe

H
0 o 0 0
Ph’U\%\SM +2€ Ph’u\%\SMe _+2e° PhC.CH,CHoSMe
BN T s 14 ¥ 210 z (24)
+HO 108

107 64%
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Py oo A g I
[\;T/"SMG CH3CN 7 TBA®HSO,? [;;j9’\SMe [:;j?’\H
-1-53V (NHE)/Hg
n3 M4 A 71% 148 .10%
SMe H/D Me
@&%\% CHyCN/ ©i8:%\we H/D
18421502
s neA e
-103V(NHE)/Hg  69% 25%
-123V(NHE)/Hg  60% 20%
CH3CN/(CH3C0)20/
—143V(NHE)/Hg  54°% 8 %%
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(25)

(26)

Matschiner and Rudorf''® have investigated the mechanism of electrochemical reduction of

oxoketene dithioacetals and reported preparative scale electrochemical carboxylation of these inter-
mediates to give 2-alkylthio-3-acyl-acrylic acids 121 as useful building blocks in organic synthesis
(Scheme 20). Recently Steckhan and co-workers''* have also reported the electroreduction of cyclic
dithioacetals 115, in the presence of carbon dioxide to afford the corresponding carboxylate anions,

RIC

R2
121

SMe o RO sMe | ,cp, Reoo pMe
R —£—>  %C-COp
SMe R2 SMe 2 éMe
n7 hil:)
SMe RICO Me Rico SMe
-— >:<S «— C—CO2
COpH R €O, R e
120 N9
R R “byield
Me H 50
CeHs, H 60
4MeOCgH,  H 66
4-CICgH,, H 70
2-Furyl H 50
CgHs Me 50
40

Scheme 20.
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which are trapped as methyl esters after treatment with methyl iodide (eq. 27). The corresponding
2-bis(methylthio) methylene cyclohexanone undergoes cathodic reduction in the presence of CO,
to give the addition product 124 (eq. 28).'"*

0 SMe OzMe Me
M€ CHyCN/TBABR/COp Me COpMe 27
1 2143 V(NHE)/Hg
115 2 Mel 122 78% 123 13%
Me 0O SMe
CH3CN/TBABr/CO SMe
SMe 3 2 <j/%02MG
1 153 V(NHE)/Hg (28)
n3 2 Mel 124 40°%

S. C-C BOND FORMATION REACTIONS

5.1. C-C Bond formation reactions and alkylative 1,3-carbonyl! transpositions

Extensive studies made on 1,3-alkylative carbonyl transpositions involving 1,2-addition of
organometallic reagents either on vinylogous thiol esters or on a-oxoketene dithioacetals to afford
intermediate carbinolacetals in high yields and their subsequent acid induced transformations to
a,B-unsaturated thiolesters have been reviewed by Dieter.''® Subsequently Junjappa''” and Ila have
investigated the reaction of methylmagnesium iodide on x-oxoketene dithioacetals to afford the
expected carbinolacetals by 1,2-addition in good yiclds. The BF ;-etherate assisted methanolysis of
these carbinolacetals afforded the corresponding fi-methyl-a,f-unsaturated esters 125 as exclusive

E-stereoisomers (Scheme 21). The corresponding a,f-unsaturated thiolesters 126 could also be

Me MeMgl 1/@ y BF,ELO /MO JC
o e —6l, RGRp M BF3E0 710 | A CosMe
H 2 ‘x._..R '\ 2
BF3ELO/ 126
R1 R2 o/, yleld 12—5 MGOH
e yreld
4ClIcgH, H 58 R RZ 26
- H
4-MeOCgH,, 57 Me on H o
Et Me 69 R,l COZMQ
Me Bu 50 k2 R@&Hz)n
—(CHp )3~ 66 :
H ) 69 125 R= H;n:] 55
~(CH2, = R=H,n=2 60
4 R=MeO;n=2 58
R HZ)n
R=H;n=1 65
R=H;n=2 70
R=Me0O;n=2 75

Scheme 21.
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obtained under hydrolytic conditions in moderate to good yields. The carbinolacetals derived from
a-alkyloxoketene dithioacetals of higher homologues of acetophenone, on the other hand, yielded
the corresponding 2-alkyl-3-methylindenones 127 (eq. 29) under identical solvolytic conditions.

@jjij et O 29)
R2 MeS Me 2 BF3-Et;0 / MeOH 52 NG R

127
Rl RZ  yleld
127
Me H 55
Me Me 60
Et H 50
Et MeQ 57
n-Pr H 62
n-Pr MeO 56

The mechanism proposed by Junjappa and Ila''’ involves boat-like transition states 128 and 129
corresponding to E and Z cinnamates respectively (eq. 30 and 31). When R? = H as in 128, the
bulkier phenyl group (R') occupies the quasiequatorial position leading to E-cinnamates, while
when R? is the bulkier group, the methyl group occupies the quasiequatorial position as in 129,
which ensures a minimum 1,2-repulsive interaction, leading to Z-cinnamates 125 which are the
actual precursors for indenones 127 (eq. 31).

F
|

F—8

)
% \
0 RZ £z (30)

Me SMe

]l
Me

128, R%H : R-aryl

Me 1
~\ {/ R
\° N T, OJ—"‘J (31

129, R2=alkyl: R=aryl

The alkylative 1,3-carbonyl transposition methodology was also further extended to a-alkenyl-
a-oxoketene dithioacetals (eq. 32 and 33).'"! The carbinolacetal 130 obtained by addition of methyl-
magnesium iodide to a-aroyl-a-allylketene dithioacetal 11 (R' = C(Hs: R? = H) underwent BF ;-
etherate assisted methanolysis to afford 2-allylindenone 131 presumably through the intermediate
transition state 129 (R? = allyl; R' = C,H,) described in eq. 31. However, the carbinolacetals
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derived from x-acylalkenyl ketene dithioacetals 11 (R' = Me; R? = H, Me), where the aromatic
participation is absent, yiclded under identical conditions, the corresponding y,é-unsaturated ene-
esters 132 and 133. These esters on treatment with the phosphoric acid/formic acid mixture afforded
the corresponding a-isopropylidene-y-butyrolactones 134 and 135 respectively, in good yields

(eq. 32, 33).
)jf\g MeMgl W BFyEt,0/
RCels
MeS " o Mes” “Sme MQOH ”/\& (32)
130

131,60 %
MeMgl
Me
Rl=Me /i\/\f _ HPO/ Meh
R2=H,Me J HCO,H o hR/;e 33)
132,Rl=H 134R1=H, 68°%
133, R%:Me 135, R% Me, 65 %

The course of addition of higher alkyl Grignard reagents (R* = Et, n-Pr, n-Bu) to oxoketcne
dithioacetals followed a sequential 1,4- and 1,2-addition pattern to afford carbinolacetals 137
and x,B-unsaturated ketones 138 after subsequent methanolysis under the conditions described''’
(Scheme 22). Similarly, phenylmagnesium bromide followed the identical course as above to yield
the corresponding «,B-unsaturated ketones''’ (Scheme 22).
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—(CHy)3~ n-Bu 53 Rb x,(&Hz)n
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n-Bu 55 R4=H,X=5;n=1 CeHs 62
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LMeCgH,H  CgHg 64 R4=Me,X=5;n=2  CgHg 62
R4H,;X=0;n=2  CgHg 57

Scheme 22.
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Although the high regioselectivity of C¢HMgBr can be attributed to its matching soft-soft
nucleophile (C,HMgBr)-electrophile (8-carbon) combination, the diminished regioselectivity of
higher alkyl Grignard reagents was probably due to greater steric influence rather than electronic
factors.

The 1,2-addition of an acetate unit to a-oxoketene dithioacetals has been reported to occur either
by addition of ethyl bromozinc acetate''® or lithioacetate''® to afford intermediate carbinolacetals
which are found to be useful intermediates for many interesting transformations. Thus BF ;-etherate
assisted methanolysis of 138 obtained by addition of Reformatsky reagent''® derived from ethyl
bromoacetate, yields propene dicarboxylates 140, while iodine catalysed dehydration of 138 affords
the corresponding polarised dienes 139 (Scheme 23). The overall transformation of oxoketene
dithioacetal to 140 could be considered as a double 1,3-alkylative carbonyl transposition. The dienes
139 hold considerable promise as useful synthetic intermediates. They undergo ring closure to
pyridones 141 (eq. 34) when heated with ammonium acetate.''® Interestingly, when oxoketene
dithioacetals were reacted with bromozincacetate in the presence of cuprous (I) iodide the cor-
responding pyrones 142 were obtained in good yields (eq. 35). Dieter and co-workers have developed
a general synthetic approach to substituted and annelated pyrones.™'*° Their general scheme consists
of 1,2-nucleophilic addition of ester, ketone and hydrazone enolate anions either to x-oxoketene
dithioacetals or vinylogous thiolesters followed by acid promoted 1,3-carbonyl transposition and
enollactonisation of the resulting d-ketoacids or esters (eq. 36-38, Scheme 24, 25). These reactions
allow introduction of alkyl substituents at all the four olefinic carbon atoms of the pyrone ring with

OZnBr
COEL COsMe
sme ooy Me  BF3Et0/ 2
Rl SMe Rl SMe  MeOH R COyMe
L R? L HO Q2 Lok
138 140
Rl % yield R! RZ “l,yield
19 1,/CgHg/ 10
CeHs 70 27,676 CgHs H 65
A-MeCGHl. 68 R2=H 4-M9C6H4 H 70
4-CiCgH,, 55 4-MeOCgH, H 63
4-BrCgHy, 62 4CiCgH, H S5
4-MeOCgH;, 60 EtO,C H Me H S0
2-naphthyl 50 H%/%SMe ~(CHg )~ 60
Me 45 1 SMe
139
Scheme 23.
0
H OEt D, 6
tMe _NH4LOAC/ACOH/A \ /NH
R! > SMe R ; SMe (34)
139 w

139 141, Rz substituted aryl, Me; Ar-CH=CH-; RZ=H
R'=R2=Me 60-70%
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the limitation of 3-alkylpyrones, since it needs to utilise a-substituted acetate enolate anions. The
required vinylogous thiolesters were prepared by chemoselective 1,4-addition of organocuprates to
a-oxoketene dithioacetals and the details of these studies are discussed in the earlier review. An
examination of the efficiency of ¢-butyl, methyl and trimethylsilyl acetate enolates show that the ¢-
butyllithioacetate yields the best results with both cyclic and acyclic vinylogous thiolesters. In
general, good yields of the corresponding §-ketoesters 143a and 145 were obtained by treatment of
the resulting carbinols with 1.5 M HBF, (eqs 36 and 37). In some cases J-ketoacids 143b were ob-
tained instead of the corresponding esters under these conditions.’ The enol-lactonisation of these
acids or esters were best achieved in the presence of a mixture of trifluoroacetic acid and its anhydride
or at times with trifluoroacetic anhydride only to afford the corresponding a-pyrones 144 or 146 in
excellent yields (eqs. 36 and 37). In some cases, the allyl alcohols obtained by the addition of
lithioacetates underwent rearrangement, ester hydrolysis and enol-lactonisation directly to afford
the corresponding x-pyrones in good yields.

The extension of this method to ketone enolates suffered limitations by their reluctance to
participate in aldol-type addition with other ketones. Thus the kinetic enolate of methylisopropyl

0]
o $Me . 0 H SMe
é%\sw'e 1 MepCHCOCHyL: / E0/-40°C . SMe
CHy)n 2.1M HCL/ 5 min or
147 X=OH 148
b X=SMe
o J
~ a,b,c,d,e

CHa )

149, n=1, 62, 96 %>, 86 %°
150, n=2,32 %9, 52 °%.°,

a
from 147a with (CF3C0%0; Ptrom 147 b with Hg(OAc), / CF3COH /(CF3C0%0 .
3
© from 147 b with Hg(CF3C0,); / CF3CO2H / CF3(C0)20 , @HBF, , 18N,

€15M HBF, / THF /Hy0,20h
Scheme 24.

ketone underwent smooth 1,2-addition to dithioacetal derived from cyclopentanone, first to afford
the carbinolacetal which on treatment with HCl and subsequent enol-lactonisation of d-ketoester
147 gave the corresponding 6-isopropylpyrone 149 in good yields (Scheme 24).> The oxoketene
dithioacetal from cyclohexanone, however, yielded the dienone 148 instead of carbinol on treatment
with isopropylmethylketone enolate. The dienone 148 underwent cyclisation in the presence of
HBF, to afford the cyclic pyrone 150 (Scheme 24) in moderate yields.*

The acyclic ketene dithioacetals, on the other hand, gave poor yields of addition products
when treated with enolate anions of methylisopropyl ketones, 3-pentanone or cyclohexanone. This
problem was circumvented by the addition of the corresponding hydrazone enolate anion to give
the adducts 151 which could be hydrolyzed and rearranged in a one-pot reaction either by sequential
addition of Cu(OAc), and HBF ,/HgO (151a and 151b) or by prolonged stirring with trifluoroacetic
acid (151c).? The resulting esters 152 underwent smooth cyclisation to pyrones 153 in excellent
yields under typical conditions (Scheme 25). Similarly, 6-pentyl-2H-pyran-2-one 155, a natural
product found in peach, could be synthesised in 37% overall yield through dienone 154 by reacting
dithioacetal 7, derived from acetaldehyde, with the appropriate hydrazone enolate (eq. 38).’
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5.2. 1,2 C- C Bond formation reactions and cyclisation reactions

Singh, Ila and Junjappa'?' observed that the carbinol-acetals 137 (R® = Ph), obtained by
sequential 1,4- and 1,2-addition of phenylmagnesium bromide to oxoketene dithioacetals, underwent
BF ;-etherate assisted cyclisation to afford the corresponding 1-methylthio-1-phenylindenes 156 in
modecrate to good yields (Scheme 26). Some of the indenes were desulphurised in the presence of
Raney nickel to give 1-phenylindenes (Scheme 26).

In continuation of these studies on new C-C bond forming reactions by addition of carbon
nucleophiles to a-oxoketene dithioacetals, Junjappa and Tla'?’ first reported the reaction of allyl-
magnesium bromide on 1 to afford carbinolacetals 157 exclusively in nearly quantitative yields (eq.
39). The carbinols 157 thus obtained underwent facile cycloaromatisation in the presence of BF ;-
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Scheme 26.

etherate in refluxing benzene to afford arylthiomethylethers 158 in good yields (eq. 39). The reaction
is a direct entry from highly functionalised open-chain precursors to appropriately substituted
aromatics in a simple two-step reaction sequence. The reaction was found to be general with
oxoketene dithioacetals derived from both cyclic and acyclic ketones (eq. 39), though yields in the
latter cases were moderate. Soon after this publication, Dieter and co-workers'*’ also published
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4-MeOCgH, H 39
4-ClCgH, H 40
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160
Me H 80
Et H 7
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n-Pr MeQ 79

identical results by reacting methylallylmagnesium bromide with oxoketene dithioacetals to afford
methylsubstituted phenylthioethers.

The x-alkyl-a-oxoketene dithioacetals, on addition of allylmagnesium bromide, yielded the
expected carbinol-acetals 159 in high yields. However, when these eneacetals were treated with BF ;-
etherate in benzene, the corresponding 3-allyl-1,1-bis(methylthio)-2-alkylindenes 160 were formed
(eq. 40) instead of the corresponding cycloaromatised products.'?* The formation of either aromatic
product or indenes 160 can be explained through the cyclic transition states 161A and 161B
respectively (Fig. 1). When R?> = H or R' = R* = —(CH,),—, the allyl group occupies the quasi-
axial position and could interact with the bis(methylthio) methylene double bond to afford cyclo-
aromatized products. However, when R? = alkyl, R' = C,H,, the phenyl group occupies the quasi-
axial position (161B) in order to minimise steric interaction between 1,2-substituents, so that the
aromatic n-cloud can attack the developing cation stabilised by the bis(methylthio) functionality to
afford 3-allylindenes 160.'2*

F
|
- SMe ep_ Me SMe
28 \e F \\
N5 \ 2 \
° 2 2
0 R 0 R
Ph
_— Ph
1614 ,R'=H 1618 ,R'=alkyl

Fig. 1.

Asokan, Ila and Junjappa'?® reacted allylmagnesium bromide with a-cinnamoylketene dithio-
acetals and treated the intermediate carbinolacetals with BF ;-etherate, when the 3-methylthio-
stilbenes 162 (Scheme 27) were formed through cycloaromatisation. The reaction constitutes a novel
entry to substituted stilbenes through construction of one of the aromatic rings from acyclic
precursors. However, the method failed when extended to homologous 5-aryl-2,4-pentadienoyl-
ketene dithioacetals to afford 1,4-diarylbutadienes.
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Subsequently, this method of aromatic annelation was extended to naphthoannelation, by
Junjappa, Ila and co-workers.'?® The strategy to achieve this transformation was conceived by
reacting benzylmagnesium chloride with a-oxoketene dithioacetals to afford the intermediate car-
binolacetals, which on treatment with BF ;-etherate should yield the corresponding naphthalene
derivatives through benzenc ring participation. However, when the cyclic oxoketene dithioacetal
derived from cyclohexanonc [R' = R? = —(CH,),—] was reacted with benzylmagnesium chloride
(1.2 equiv.), the product isolated (31%) after treatment with BF ;-etherate was characterised as
9-benzyl-1,2,3,4-tetrahydroanthracene (164), while 35% of the starting material was recovered.
Apparently, two equivalents of benzylmagnesium chloride were added sequentiaily in 1,4- and 1,2-
manner resulting in low (31%) yield of tetrahydroanthracene which was raised to 81% when 3
equiv. of C¢H,CH,MgCl was used and no starting material was recovered. Many substituted
naphthalenes and other fused aromatics were thus prepared in good yiclds following this route
(Scheme 28).

The propargylmagnesium bromide also underwent exclusive 1,2-addition to x-oxoketene di-
thioacetals yielding carbinolacctals 166 in high yields. Here again, the carbinols 166 were conceived
to undergo cationic ring closure to afford methoxysubstituted benzoannclated products 168 (Scheme
29).'?7 The reaction was proved to be of gencral synthetic application when applied to many
structural variants of cyclic a-oxoketene dithiacetals to yield fused methoxy substituted aromatics
(Scheme 29). The thiomethyl group can be removed by Raney nickel desulphurisation at the end of
the reaction. However, the carbinolacctals derived from cyclopentanone dithioacetal failed to under-
go benzoannclation and the product was identified as f-propargyl-a,f-unsaturated ester 170 (eq.
41). Similarly the carbinolacetal 171 yiclded, under the described reaction conditions, the cor-
responding 2-methoxycarbonyl-3-propargyl indene 172 (eq. 42).

Z

Z
SMe
BF3 Et,O/
DY onis ér’”" @
MeQOH / &

169 170,78



x-Oxoketene-S,S-, N,S- and N, N-acetals

Z 2
" SMe "
F3Et)0/
Psme  D3ERO/ Ny Cove
@ MeOH / A
lzl E » 82 °/°
A1 CgH5CHaMgC BFy-Et,0 /
g 3EL
1 5CHp
R 2 She (3eqv) ! JSMe CeHg [
A 14-and12- R M Fﬂ/\:(\CH CeH
! H ) 2-6M5
addition HO CHaCeHs 2
165
1 °loyteld
R R2 165
|
@—(CHZ)n n=1 62
n=2 7
|
9949 L b,
CHy R3=H;x=5,n=1 58
CeHs R3=Me X=5 n-2 68
1 3_ . _
164 ' R3=H,Xx=0;n=2 67
CeHs, H 59 |
4-MeOCgH, H 81 |
4-MeCgH, H 65
2-naphthyl  H 58
Scheme 28. '
0 SMe Z OMe
s
Al ) SMe 1 HC=C~CHyMgBr SMe  BF3Et,0/
4 _ R TTRMERL = >
g Ether R'1H SMe  MeOH R! SMe
Lo R2 \.._.RZ
166 167
% yield
1 2
R R 167 Raney Ni
—(CHp),— 76
—(CHyp)e— 71
R3 2'5 OMe
|
RAKIXLCHz)n
R3= R4=H,X=CHy, n-1 78 531 ;
R3=H,Ré=MeO,X=CHy, n=1 66
3oH. Rb - . .
R3=H;Ré = Me;X=CHp, n=1 77 168 a R1=R2= ~(CH )~
RIzRé=H;X=S n=1 72
R3-Me,R4=H,X=5S,n=1 68 b R'=RZ= @)
R3:Ré=H,X=5,n=2 69
RI=Me, Ré=H,X=5;,n=2 81
R3=Re=H,X=0, n=2 75

Scheme 29.

5455

(42)



5456 H. Juxiapra et al.

N

o SMe c? H
~-78° SMe H ~N
3 sMe  LICHCN/-78°C ;
i R M —> A SMe
R -‘HO) 2 ' 2 SMe
Rl RZ %, yreld 73
174
b H2PO
CeMs H 82 BF3-Et,O 3TV
2-naphthyl  H 79
2-thienyl H 75 Me
2-furyl H 7 NCyeH Me l\N
3-pyridyl H 77 R‘I 5 SMe 81 " ~SMe
| . 2
Me H 78 e
Me Me 68 ﬁ,(RkPh.,Rz:H) 74
—(CHp),— 76
I
R3 x4CH2)n
X=CHp,R3z H;n=1 83
X=5; R3=Me;n=2 79

Scheme 30.

The strategy of external nucleophile participation was considered of interest in the addition of
lithioacetonitrile to a-oxoketene dithioacetals to give carbinolacetals 173 in which the nitrogen atom
is so positioned that it can participate in the new C-N bond formation so that the ring closure
should yield the corresponding pyridine derivative instead of aromatic systems under analogous
conditions. Thus the carbinols 173 obtained in high yields smoothly underwent ring closure in the
presence of phosphoric acid (88%) to afford 2,6-bis(methylthio)-3,4-substituted and fused pyridine
derivatives 174 in good yields'** (Scheme 30). However, in the presence of BF;-etherate, the
oxoketene dithioacetal derived from acetophenone (R' = C,H;; R? = H) afforded only the diene
175 (Scheme 30) instead of pyridine. The mechanism is proposed to involve either intermolecular
or intramolecular migration of methylthio group and ring closure through intramolecular Ritter-
type reaction (Scheme 30).'?* The flexibility of structural variation in a-oxoketene dithioacetals is
demonstrated by selection of both acyclic and cyclic derivatives to afford substituted and annelated
pyridines in 68-83% overall yields (Scheme 30).

Junjappa and co-workers extended their aromatic annelation methodology to yet another
interesting heteroaromatic system, where the aromatic ring can be constructed over preconstructed
five-membered heterocycles by reacting the a-oxoketene dithioacetals with lithioalkyl systems of the
general formula 176. Thus the reaction of 3-methyl-5-lithiomethylisoxazole with a-oxoketene dithio-

qa
/
{ e, e

acetals afforded exclusive 1,2-carbinol-acetals 177 which on treatment with BF;-etherate gave
the corresponding benzisoxazoles 178 in 54-81% overall yields 1 (Scheme 31). In principle, the
construction of aromatic ring over many other heterocycles should be possible and the success of
this strategy depends upon the ease with which onc can develop lithiomethylheterocycles which are
often not generated by direct deprotonation of the corresponding methyl substituted heterocycles.
Balu, Ila and Junjappa'?® have also investigated the reaction of heteroallyl systems with a-
oxoketene dithioacetals with a view to enhancing the scope of their aromatic annelation methodology
for the synthesis of heteroaromatic systems. As a part of this gencral synthetic strategy the 2-
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Scheme 31.

picolyllithium was reacted with a-oxoketene dithioacetals to afford 1,2-carbinol adducts 179 in high
yields, which on treatment with BF;-etherate afforded the corresponding substituted and fused
quinolizinium fluoborates 180 in high yields'*" (Scheme 32). The method can open useful new
avenues for the synthesis of many important alkaloids belonging to the isoquinoline, indole and
protoberberine groups.

As a further development in this important aromatic annelation investigations, Datta, Ila and
Junjappa'?' studied the reaction of ethyl zincbromoacetate on the diene 139 (Scheme 33) to afford
the corresponding trienezincenolate which underwent facile electrocyclic ring closure followed by
elimination of methylmercaptan to give the regiospecifically substituted and annelated 2-hydroxy-
6-methylthiobenzoates 181 (Scheme 33) or the corresponding salicylates 182 after desulphurisation.
The entirc reaction sequence can also be accomplished in a one-pot reaction by directly reacting an
excess of zincbromoacetate with oxoketene dithioacetals to afford 181 in identical yields.'*' The
corresponding 3-hydroxy-5-methylthiostilbene-4-carboxylates (183) were similarly obtained in high
yields by reaction of cinnamoylketenc dithioacetals'*'” with excess ethyl zinc bromoacetate under
identical conditions (eq. 43).

OH
SMe 0znBr O COEt
H
R’IWSMe ZC#OEt R1 O SMe
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183 R'=H;4-Me;4-MeO; 4-Cl, 2,6-Cly; 3,4-(MeO),
3,45-(MeQ)3; 4-NOy; 60-74 %
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5.3. 1,2 C C Bond formation : miscellaneous

The 1,2-addition of dimethylsulphonium methylide to vinylogous thiolesters and a-oxoketene
dithioacetals leading to the synthesis of butenolides and furans via intermediate epoxides®®'*2 has
been discussed in the earlier revicw. The a-oxoketene dithioacetals have becn reacted with Wittig
reagents to afford 1,1-bis(alkylthio)-1,3-dienes.'** Similarly Junjappa and Ila'** have prepared the
acyclic and cyclic vinylketenc dithioacetals 184 by reacting the respective oxoketene dithioacetals
either by a 1,2-addition elimination sequence of methylmagnesium iodide (Method A) or by Wittig
reagent, in good yields (Scheme 34). The potential of these vinylketcne dithioacetals as 1,3-dienes
in Diels-Alder reaction has been examined by reacting them with maleic anhydride and acetyl-
ene dicarboxylate (Scheme 35). Thus with maleic anhydride, the corresponding substituted and

SMe  @_ @
VM};&L\ Py20Ts 1@‘? CHy=P(Cete)s e
—_— >
Rio T “SMe "Tiethod A R SMe " Method B MSMQ
R R
184
Method °lo yreld
1 2 Y
FR R 184
Me H A 88
CeHs H A 86
4-MeCgH, H A 92
4ClCgH, H A 90
4MeOCgH, H A 92
Me Me A 89
S = =
Et Me B8 86
~(CHp)~ B 90
Scheme 34.
: 0 0
y
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SMe 0 SMe O SMe
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R! RZ °lyield
Me H 68

CgHs H 72
4MeCgH, H 66

Me 4CiCgH, H 69
5 4MeOCGH,H 62

H
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Scheme 35.
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fused phthalic anhydrides 185 were obtained through elimination of MeSH and subsequent dehydro-
genation of [4 + 2] cycloadducts. With some 2,3-dialkyldienes the initial dihydrophthalic anhydrides
185A underwent further [4+2] cycloaddition with a second mole of maleic anhydride to afford
bicyclic adducts 186 and 187 instead of aromatised products (Scheme 35). Similarly, with di-
methylacetylene dicarboxylate, the alkylphthalates 188 and 189 were formed (eq. 44). However,
these dienes were found to be unreactive towards weaker dienophiles like acrylonitrile, ethyl acrylate
and methylvinyl ketones.

5.4. 1,4-Conjugate addition of carbon nucleophiles and cyclisation reactions

Like «,8-unsaturated ketones, the f-alkylthio and g,8-bis(alkylthio)enones and enoates exhibit
differential electrophilicity between f-carbon and carbonyl carbon atoms. In general, under normal
reaction conditions the carbonyl carbon can be viewed as a hard electrophile and the f-carbon as
a soft electrophile. The attacking carbon nucleophiles have accordingly displayed regioselectivity
which can be broadly classified into hard and soft nucleophiles. Thus organolithium'**'%¢ methyl
Grignard''” and Reformatsky rcagents''® have shown high 1,2-regioselectivity as hard nucleophiles.
However, higher alkyl and polarised Grignard (C,H ;MgBr and C,H;CH ,MgBr) reagents lack this
regioselectivity, and attack in sequential 1,4 followed by 1,2 fashion resulting, after hydrolysis, in the
corresponding x,f-unsaturated ketones. The typical carbon soft nucleophiles such as organocuprates
have shown distinct 1,4-regioselectivity and have been cxtensively investigated by Dieter and co-
workers3+87:135.136.138 andq covered in detail in the earlier review. Many stabilised enolate anions
have been similarly reacted with oxoketene dithioacetals which normally add in 1,4 fashion and these
reactions were extensively investigated by Kobayashi and co-workers in the sixtiecs and seventies.

Depending on the functional group characteristics of the enolate anions and the structure of
ketene dithioacetals, the 1,4-addition elimination combination may lead either to displacement of
the methyithio group or to subsequent cyclisation to give a diverse product range. Thus a-pyridyl-
acetonitrile/acetate,'*® '*! on heating with dithioacetal 190 derived from ethyl cyanoacetate, yields
quinolizones 191 in which the thiomethyl group is easily replaced by fi-aminopropionitrile to give
192, an intermediate in the synthesis of p1.-allomedridine 193 (Scheme 36).'** Condensation of
dihydroisoquinolines 194 with cyanoacetate derived dithioacetal 190 similarly afforded the
benzodihydroquinolizines 195 in good yields (cq. 45).'** Similarly the nitroacrylates 197 or the

MeS CN A
NS O T g S
R MeS COzEt
R2

190

(45)

H CN 80

H COMe 60
OMe CN 80

| OMe COMe 70




a-Oxoketene-S,S-, N.S- and N,N-acetals 5461

SM X
Y ME‘S CN A /‘\(/‘ SMe
N
EtO CN
X=CN 190
X=CO,Et 191 X=CN,  61%
X=COZE Y, 42 %%
X=CO9Et
HaNCH,CHoCN
v
COyEL
S NHCH,CHCN
X CN
193 192
Scheme 36.
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Scheme 37.

corresponding amides 198 could be obtained either by conjugate addition of enolates derived
from cyanoacetate/amide to nitroketene S,S-acetal (Scheme 37)'**'*% or by conjugate addition of
nitromethane enolate to ester 190 or 196.

The addition products 197 and 198 were shown to undergo cyclisation to a number of five-
membered heterocycles, under different reaction conditions, to afford butenolides (H,SO,) 199,'%¢
furanone (HCI) 200, '*” 201 and pyrrolinone 202'*¢ in good yields (Scheme 38). Tominaga and other
workers'*® have extensively investigated the addition of enolate anions derived from ketones to
doubly activated ketene dithioacetals'** to afford 4-methylthio-2-pyrones 204 and 205 in low to
moderate yields (Schemes 39, 40 and eq. 46). Some of these pyrones and styryl derivatives (Scheme

0
R1f\ MeS, _CN e
+ — —> ~
i k2 Mes’ ‘cOpMe R - SMe
EJ (46)

MRI=RZ=~(CHp )= 20 %

Rl=R2= @C 60 %
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40) were found to be useful intermediates in the synthesis of naturally occurring pyrones like anibine
205,'*% phenylcoumalin 207'** paracotoin (208),'*** methoxyparacotoin 206,'**" 5,6-dihydro-
kowain'** and yangonin'** derivatives (Scheme 40). Conjugate addition of enolate anions derived
from oxindoles (Scheme 41) to doubly activated ketene dithioacetals leads to adducts 213, which
undergo cyclisation in the presence of PPA to yield the condensed pyrones 214 (Scheme 41).'** "5

The alternative route for the synthesis of 213 is to add the enolate anion either from cyanoacetate
or malonate to oxoketene dithioacetal 215 derived from oxindole.'*' Similarly the condensed
isomeric pyrones 218 along with 219 could be obtained by cyclisation of 217 which in turn was
prepared through addition of 3-indoxyl anion to dithioacetals 190 and 203 (Scheme 42).'°? Junjappa
and Ila had similarly reported the synthesis of pyrano[2,3-c]pyrazoles 221 through conjugate
addition of cyanoacetamide anion to ketene dithioacetals 219A and subsequent acid catalysed
cyclization of adducts 220 (Scheme 43).¢' Similarly the condensed pyrone 224 was obtained from 1,3-

Qi @
+ _— >
N MeS/  “CO,Et \ COHEt

!

Ac Ac SMe
L
190,R-CN 217 60-95 %
216 203.R=COEL '
MeOH / HCl
oH O~D
N| ] SMe + N' ZAgl
|
ql RZ SMe
213, R=CN, COzEt 218 R1=CN, COEL,

R2= Ac, H,35-85 %
Scheme 42.
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dioxotetrahydroisoquinoline 222 and 190 as depicted in Scheme 44.'%° The 1,4-conjugate addition of
1,4-dioxotetrahydroisoquinoline 228 with cyanoacetamide derived dithioacetal followed by cyclis-
ation affords a mixture of pyrroloisoquinoline 226 and pyridoisoquinoline 227 (eq. 47).'** Con-

0
CN
i MeS,  CN QoM g
Y I = Ny SMe 47
®H+Mes CONHy QIJ(T“'?\CONHZ+ NH @7
0 0 NH, [0}
225 226 227

jugate additions of other heterocyclic ketones like coumaran-3-one and 3-ethylrhodamine to doubly
activated ketene dithioacetals in the presence of various bases has also been reported. The same
adducts have been obtained by an alternative route through 1,4-addition of the enolate anion of
ethyl cyanoacetate to heterocyclic ketene dithioacetals (228, 231, 234) derived from coumaran-3-
one, 3-ethylrhodamine and 3-oxobenzothiophene-1,1-dioxide®®**? (eq. 48, 49, Scheme 45).
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Potts and co-workers have extensively studied the conjugate addition of ketone enolates to a-
oxoketene dithioacetals in the presence of potassium z-butoxide to afford 1.5-diones which were
subsequently exploited for the synthesis of pyrilium salt and substituted pyridines. A number of
simple, annulated pyridines, polypyridinyls and 2,6-furyl, thienyl substituted pyridines useful in the
synthesis of macrocyclic polyether diesters containing these heterocyclic units have been synthesised
using this strategy. These reactions have been discussed in detail in the earlier review.'>!'%!s
Recently, Potts'*® extended this pyridine synthesis for the preparation of interesting bases such as
2,6-di-t-butyl-4-diethylaminopyridine (240) (Scheme 46) and other variants like 242 using oxoketene
dithioacetal 237 derived from r-butylmethylketone (Scheme 46). Kobayashi and co-workers have
investigated the addition of 2-methyl/2-amino pyridinium ylids to oxoketene dithioacetals as an
cfficient synthetic route to indolizine and imidazolopyridine derivatives (eq. 50, 51).'¢
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(51

Tominaga and co-workers have further extended the conjugate addition of such pyridinium ylids
to ketene dithioacetals derived from 1,3-indanediones (Scheme 47).'’” The reaction of iso-
quinolinium ylid 250 with doubly activated oxoketene dithioacetals affords pyrroloisoquinoline
derivatives 252 and 253 apparently formed by 1,3-dipolar addition of 250 to the ketene dithioacetal
double bond followed by elimination of methylmercaptan and carboxymethyl group (Scheme 48).'°®
Interestingly, the sulphoxonium ylides undergo 1,4-addition followed by cyclocondensation at the
carbonyl group of the oxoketene dithioacetals to afford substituted and annelated 1-methylthia-
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benzene-1-oxide derivatives (cq. 52 and 53).'*"'**'%% Cyanide ion has also been used as a carbon
nucleophile in the conjugate addition elimination sequence to x-oxoketene dithioacetals to afford
p-cyano- a,f-unsaturated carbonyl compounds (eq. 54, 55). The synthetic potential of these reactions
need further cxploration.'®'-¢*

X MeS,  CN NG, COzMe
’:‘ — '
@vw Mes’ ‘COpMe Z

250R'=CN,COZEt 190

OMe

Scheme 48.
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The conjugate addition of enolate anions to oxoketene dithioacetals may provide immense
synthetic opportunities, provided the enolate anions are appropriately functionalised, so as to afford
five- and six-membered carbo- and heterocycles.

6. REACTIONS WITH BIFUNCTIONAL HETERONUCLEOPHILES: SYNTHESIS OF HETEROCYCLES

The a-oxoketene dithioacetals have been recognised as useful 3-carbon 1,3-electrophilic frag-
ments which have been exploited extensively for the construction of five- and six-membered hetero-
cycles. Some of their reactions with hydrazine,'®? hydroxylamine,'®* guanidine. amidines,®'¢%'¢?
enamine, cyanoacetamide anions,°”'®*'%* | 2-diamine, 1,2-aminoalcohol and 1,2-aminothiols®®'%%
have been discussed in the earliecr review. Subsequent developments involving their structural
flexibility and reactivity with a variety of heteronucleophiles to afford a novel class of heterocycles
have been covered in the present review. The new development in the pyrazole synthesis includes
additional functionalisation and some interesting rearrangements. Thus 4-arylsulphonyl'®® and
4-arylthiopyrazoles'®’ have been obtained by reacting hydrazine hydrate with the appropriate
arylsulphonyl and arylthioketene dithioacetals (eq. 56 and Scheme 49). Junjappa and Ila have

0 |
Arso R
Ars0z Rl NgH, / EtOH =
> MeS /N'N (56)
H

MeS

SMe
259 260 R=Me , 85%
R=Ph, 88°%

observed an interesting 1,2-alkylthio shift during the reaction of a-bromo-a-oxoketene dithio-
acetals'®® with hydrazine hydrate to afford a mixture of pyrazoles 264--266 in varying yields (eq.
57).'®® The formation of these pyrazoles has been rationalised through episulphonium ion inter-
mediate 270 via sulphur assisted climination of bromine in the initially formed Michael adduct 269
(Scheme 50). Thus the intramolecular ring opening of 270 accompanied by a 1,2-alkylthio shift and
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concurrent cyclisation affords the 4,5-bis(alkylthio)-pyrazoles 264 (Scheme 50). The other pyrazoles
265 and 266 are also derived from 270 through the attack of a second molecule of hydrazine hydrate
cither on C-2 or on C-1 respectively. Subsequent events involve either reductive elimination of the
methylthio group and molecular nitrogen to give 265 or climination of ammonia and methylthio
group to afford the imine intermediate 273, which on further reduction with hydrazine hydrate and
subscquent cyclisation yields the pyrazole 266 (Scheme 50). The cyclic bromoketene dithiocacetals
267 on the other hand react with hydrazinc hydrate to yield only 1,4-dithiinopyrazoles 268 exclusively
in good yields (cq. 58).'®" The absence of any other rearranged pyrazoles in this reaction suggests

Br Ar S (58)
NoH, / EtOH /7 A )/ ; j
274 —> N\N\ S
H

267 2;68}\r= C6H5' 76 °
o Ar=4-ClCgH,, 80°%
Ar= 4-MeOCgHy,, 62°%

Ar

S

that the formation of 268 does not involve the strained bicyclic episulphonium ion intermediate and
instead, appears to proceed by concerted 1,2-alkylthio migration followed by elimination of bromine.
When the cinnamoylketene dithioacetal was reacted with hydrazine hydrate in refluxing ethanol,
product analysis revealed that ring closure involves the participation of either the styryl double bond
or the bis(methylthio) methylene functionality to afford either pyrazoline 274 (after acetylation) or
styrylpyrazole 275 respectively (eq. 59).'7°

However, when hydrazine hydrate and cinnamoylketene dithioacetals were reacted in the pres-
ence of boiling ethanolic acetic acid, cyclisation takes place involving the bis(methylthio) methylene
double bond rather than the styryl double bond to yield only one regioisomeric pyrazoles 276 (eq.
60).'”" Apparently the cationic centre in the protonatcd carbonyl oxygen in these dithioacetals is
better stabilised on the §-bis(methylthio) carbon thereby facilitating the attack of N,H, nitrogen at

H
i HeCo, i e 1
HSCGMSMGINZHA/HOH i e+ I\
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that carbon followed by an elimination—cyclisation sequence to afford pyrazoles 276 in good yields.
The higher homologous enylpyrazoles 277 (n = 2) and 278 (n = 3) were also similarly obtained
from the reaction of appropriate oxoketene dithioacetals and hydrazine hydrate (eq. 60).'”° The
high chemoselectivity of cinnamoylketene dithioacetals towards hydrazine hydrate in the presence
of an acidic medium can be attributed to hard-soft dissymmetry of charge and consequent affinity
inversion that results in product regioselectivity.

Interestingly, the reaction of hydrazine hydrate and oxoketene dithioacetals derived from §-
arylpropionitrile affords the pyridazinones 280 instead of pyrazoles 281 (Scheme 51) through
cyclocondensation involving carbonyl and nitrile group followed by in situ hydrolysis of the initially

formed 2-aminopyridazines 279.'”"
Ar CN
P I\
mMe
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Scheme 51.

Junjappa and co-workers developed a new general method for the synthesis of 6-alkoxypyr-
imidines by reacting guanidine with z-oxoketene dithioacetals in the presence of the corresponding
alkanol alkoxide medium and proposed that the guanidine reacts with the a-oxoketene O,S-acetals
formed in situ by displacement of methylthio group of alkoxide ion.? In the absence of protic
solvents, guanidine reacted with oxoketene dithioacetals to afford 6-alkylthiopyrimidines.® This
one pot 6-alkoxy and alkylthiopyrimidine synthesis has been discussed in detail in the earlier review.
The method is extended by Potts and co-workers for the synthesis of a variety of 2,6-disubstituted-
6-methylthio and annelated pyrimidines containing heteroaryl substituents in the 2,6-positions (eq.
61-63).'7> The reaction of bis-(a-oxoketene dithioacetals) 285 with two equivalents of carbox-

I H HN
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0 +7 z ) ’
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Me
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amidines allowed the construction of several pyrimidine nuclei into a polyheteryl system 286 (eq. 64).
Interestingly, the bis(x-oxoketene S,S- O,0-acetal) 287 reacts sequentially first with one equivalent of

benzimidine to give pyrimidine 288 and then with hydrazine hydrate to afford 4-pyrazolylpyrimidine
289 (Scheme 52).'73
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Scheme 52.

The reaction of asymmetric bifunctional heteronucleophiles with a-oxoketene dithioacetals can
yield two regioisomeric heterocycles (eq. 65) depending on the electrophilicities of 1,3-carbon centres

R! R!

. R v’w
N UP) (65)

;2 SMe+ VD szé,v or Rzz%/x

SMe Me

Me
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of the dithioacetals, the nucleophilicities of the heteroatoms in the bifunctional nucleophiles and
the reaction conditions (pH of the reaction medium, etc). Evidently, the doubly activated oxoketene
dithioacetals are known to react with hydroxylamine to give only the corresponding 3-methyithio-
isoxazoles instead of S-methylthio regioisomers (eq. 66).'°>'%* Apparently, the observed regio-

X~g0 NHOHHCL/ KoH Yy (SMe
v SMe " or Ca(OH), 7N (66)
L e 4570 %
V=CN,Z=0H
X=OEt ,Y=CN V= COMe , Z=Me
X=Me, Y=COMe Y= CN,Z= Ar
X=Ar ,Y=CN

selectivity emanates from the enhanced polarity of the bis(alkylthio) double bond due to two
clectron withdrawing a-substituents and consequently the f-carbon with increased electrophilicity is
preferentially attacked by the stronger nucleophilic N atom of the hydroxylamine. Junjappa and
Ila'’* have investigated in detail the reaction of hydroxylamine with x-oxoketene dithioacetals using
different reaction conditions to afford highly regioselective 3- or S-alkylthioisoxazoles in high yields
(Scheme 53). Thus regioselective formation of S-alkylthioisoxazoles 290 is achieved by using barium
hydroxide or sodium methoxide both in equivalent or excess amounts in the pH range 5-9. The
predominant species up to pH 10 has been shown to be the neutral hydroxylamine molecule'”’
which proves that the role of the base in these reactions is limited to the release of free H,NOH

Ar
NHpOH HCl / NaOMe / MeOH /A I\
" —> N SR!
Ar pH 7-9
X N
RIS~ SR
H SR!
NH2OH HCl / MeCOyNa 7\;‘(/ )
CH4CO,H / EOH / CeHg ar—oN
291
Ar Rl °lo y1eld °loyteld Ar Rl “lyeld °hbyeld
200 291 290 291
CgHs Me 78 65 B-naphthyl Me 68 66
4-MeCgHy,,  Me 77 68 4-pyridyl Me 68 51
4-ClCgHy, Me 7 62 2-furyl Me 63 68
4MeOCgH, Me 72 63 CeHs Et 58 63
4BrCgH, Me T 63 CgHs n-Pr 61 64
2,4—CI2C6H3 Me 70 58

Scheme 53.
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Scheme 54.

from its salt and it does not exert an effect on oxoketene dithioacetals. The course of attack of
H,NOH on oxoketene dithioacetal under these conditions therefore follows the oxime pathway to
yield exclusively 290 (Scheme 54). On the other hand, in the presence of sodium acetate/acetic
acid (pH 2.2), the dominant species is the hydroxylammonium ion with only a small amount of
hydroxylamine being present, which attacks the more electrophilic C-3 of protonated dithioacetal
(HSAB) (hard-soft dissymmetry) in the rate-determining step. Cyclisation then follows to yield the 3-
alkylthioisoxazoles 291, while the hydroxylamine is regenerated in the equilibrium mixture (Scheme
54).'" The cyclic oxoketene dithioacetals, under identical conditions, afford the regioisomeric
condensed isoxazoles 292 and 293 in good yields (eq. 67 and 68). In summary, the isomeric 5-

! ,)—SMe
NHyOH-HCt / NaOMe / MeOH 67)
A/ pH 7-9 R x5H2)n
292
o SMe
@f%sm
R1 XLCHZ)n
M—5Me
NH20H HCI / NaOAc / & (68)
ACOH /EtOH / CgHg / & Rl x$CH2)n
2383
R! X N *hyield 292 %yield 293
H CHy 1 78 64
MeO CHy 1 57 53
Me S 2 78 53

alkylthio or 3-alkylthioisoxazoles can be obtained at will from the same starting reactants by simply
using the appropriate reaction conditions. The reaction could also be extended to cinnamoylketene
dithioacetals and their higher enyl homologs to afford the expected regioisomers 294-296 and 297-
299 under the described conditions (eq. 69 and 70).'7°
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Ar. N
NH,OH - HC! / N A
20 e, WSMe

MeOH / A (69)
H 294-296
A;}MSMe
O ome
NHZOH: HCl / NaDAc  Ar N
n \ / (70)
AcOH / CgHg/ EtOH SMe

297-299

294297 n=1; Ar=CgHg, &-MeCgHy, ; A-CICGH[U, 4-MeQCgH,,; 4-MegNCgHy, ;
3,4-methylenedloxyC6H3/ 2—CIC6H4; 2}6-C12C6H3)
24-ClyCgHy;35-65%

298,n=2 Ar=CgHg 4-MeOCgH,, ,34-methylenedioxyCgH3 58-66%
)

295,
296,299 n=3; Ar= CgHg , 4-MeOCgHy, ;3 4-methylenedioxyCgH3, 47-59 %%

Tominaga and co-workers'’® have rcacted a few cyano and oxoketene dithioacetals with 3-
aminotriazoles as an amidine functionality cither under direct thermal conditions or in the presence
of potassium carbonatc to afford triazolo{1,5-¢]pyrimidines 301 in good yields (Scheme 55). The
formation of 301 can be explained by an initial conjugate -addition sequence followed by cyclisation.
However, no attempts were made to study whether the regioisomeric triazolopyrimidines 301A
could be isolated under varying conditions. The same authors have also reacted 6-aminouracil
derivatives as an enaminonc functionality with oxoketcne dithioacetals, in the presence of K,CO;,
to afford pyrido[2,3-d]pyrimidines (eq. 71, 72)."”7 Interestingly the -enamino carbon of uracil. a
soft nucleophile, is expected to be the attacking species on the ff-carbon (soft clectrophile) of the
oxoketene dithioacetals and is followed by cyclisation to afford 302 and 303 (cq. 71, 72).'"7
Junjappa and Ila'’® have also studied the reaction of unsubstituted 6-aminouracil with cyclic kctene

2 MeS N “W""~SMe
300 30
X Y Y Z  hyeld 30
SMe CN CN CN NHy 70
N—N v SOPh  CN SOpph  NHy 76
Uiz SOpMe  CN SopMe  NH; 73
301 A CN COPh CN Ph 87
H COPh H Ph 55
CN COsMe CN OH 32
COMe  CO.Me CopMe  OH 57
SO
0

Scheme 55.
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0 SMe Me
Me_N)J\LL | Mes KiCOy / DMF Mo SN
O SN~ NH2 O R! A o’i\r;l SR (n
Me Me
302
Rl=CgHs, 4-MeCgH,,, 4-CICgHy,, 4-BrCgHy,;  2-furyl, 40-85%
O SMe SMe
R2_N MeS COyMe KyCOq R2_N Xy COMe
At R Y (72)
N“NH,  MeO OH
=1 ;!;1
303 R:=R2=-Me
R=Ph,R%:H

dithioacetals to afford linear pyridopyrimidines 304 (eq. 73) and attempted isolation of angular
derivatives 305 under varying conditions was not successful (eq. 73).

Gompper and Topfl'®* have similarly reported the formation of pyrazolopyridone 306 by
reacting 3-amino-4-hydroxy pyrazole with doubly activated oxoketene dithioacetal, where the car-
bon nucleophile (SN) of the enol rather than the nitrogen nucleophile of the amidine functionality
is the attacking atom on the S-carbon of the acetal (eq. 75). These observations warrant further

0 e
H ~
> O&H | A —CHon (73)

0 SMe

304n=1 42%
HN)JD\ +Mes/§;‘(\' KoCOq/ n=2 45%
g H NHy 3 CHo)n DMF

HN 3
— > | . (74)
0 H N~ ~SMe
305,n=1,2

Me OH MeS H
NC
e
> N-Ph 7
W (73)

92}

<

D
+

z:/ W
2
0
>

OEt HoN

306 ,67%

investigation especially under HSAB affinity inversion to examine whether it is possible to create
the conditions necessary to direct the course of reaction that may lcad to different regioisomers.
Kobayashi and co-workers'’? have reacted o-phenylenediamine with x-oxoketene dithioacetals to
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afford 8-substituted 4-aryl-2-methylthio-1,5-benzodiazepine 307 regioselectively in moderate to good
yields (eq. 76). Similarly the corresponding thienodiazepine derivatives 309 and 310 were obtained

2 SMe
NHp  MeS COR! N= al

307
R RZ  °, yield
CgHs NO2 55

4-CICgH, NO; 73
4-BrCgHy  NO2 78
4-CiCgHsq  Cl 56
2-thienyl  NOp 97

by condensation of S-substituted-3,4-diaminothiophenes with oxoketene dithioacetals'*® (Scheme
56). The regioselectivity in these reactions is controlled by the electron-withdrawing nitro and cyano
groups on the diamines.

MeS Ar
J=CHCOAr / N
MeS S I
A /1170°C ZAN=
MeS SMe
NC 309 Ar=CgHg ~ 43%
NH; Ar=4-CICgH,, 67 %
S Ar=4-BrCgH, 49°%
sme N2 o
308 SM
SMe N2
0 o 0
A
N
310 40%

Scheme 56.

The cyclocondensation of enolate anion of cyanoacetamide with oxoketene dithioacetals is
shown to proceed by initial 1,4-conjugate addition of carbanion followed by intramolecular attack
of amide nitrogen on the carbonyl carbon to afford 3-cyano-4-alkylthio-5,6-substituted-2(1H)-
pyridones.'®* These reactions have been extensively investigated and are covered in the earlier
review. The cyanocetamide anion was then reacted with cinnamoyl ketene dithioacetals which
possess ambident 1,3-electrophilic centres that might compete with cyanoacetamide anion to give
different products.'®' The pyridones 312 were formed predominantly by air oxidation of the initially
formed intermediate 311, without the participation of the mercapto functionality, while those with
bis(methylthio) double bond participation were few and obtained in low yields (eq. 77). The
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Ar
Ar Ar
R :CCH?COIIIHz M‘mlfrq © MmN N
MeS™ “SMe SOPTYPIOR Ives N Mes” YN
L R ] Rl
ki) 312

Ar=CgHg , 4-MeCgH,, 4-CICgH,, , 2 4-ClaCgH3,
CgHECH=CH—; R=H , 73-88 *%s
Ar=4-CICgH, , R'=Me; 77%

reactivity pattern of the cyanoacetamide anion with these dithioacetals could not be rationalised in
terms of both steric and electronic considerations.

7. MISCELLANEOUS REACTIONS

There are many reactions of a-oxoketene dithioacetals that do not fall into the categories of the
reactions described above. The dithioacetal functionality in these systems can be considered as a
latent ester group since it could eventually be converted to the corresponding ester group Lewis-
acid assisted solvolysis. The corresponding thiolesters can also be obtained under Lewis acid
assisted hydrolytic conditions.” When cinnamoylketene dithioacetals were treated under solvolytic
conditions with a methanolic mixture of BF;* E{,O/HgCl,(! : 1) the corresponding y,6-unsaturated-
B-ketoesters 313 were obtained in excellent yields (eq. 78).'®? However, the 2,4-dimethylcinnamoyl

0

T er Et,0 / HgCly / MeOH / &
1 3 gllg / Me .
R %SM" 30-85 %%
g 9 & (78)
R1WOMG = R

RrZ RZ
33A 338

Rl=CgHs; 4-MeCgHy,, 4-ClCgHy,; 4-MeOCgHy,; 34-(MeO),CeHy;
3,4,5-(Me0)3CgHy; 3 4-methylenedioxy CgHg; RZ= H; 64-72°%

Rl=CgHgCH=CH—; RZ=H, 30

Rl=CgHsg ; 4-CICgH,, , 4-MeOCgH,,; R2=Me ; 83-85

ketene dithioacetals, when heated under the above solvolytic conditions, gave the corresponding
cyclopentenones 314 instead of 313 (Scheme 57).'#? The mechanism governing these transformations
involving symmetry-aliowed Nazarov-type ring closure has been discussed in section 4.

The chemoselective epoxidation of styryl double bond, in cinnamoylketene dithioacetals, was
achieved with alkaline H,O, to afford the corresponding epoxyketones 317 in high yields.'*? These
epoxyketones 317 underwent BF; ether assisted rearrangements first to the p-ketoaldehydes 318
and then cyclised to afford 2-methylthio-5-arylpyran-4-ones 319 on heating with ethanolic acetic
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eOBF3

Me >, -Me

TN
S
H SMe

386

314 Ar=CgHg; 4-MeCgHy, ; 4-MeOCgHy,; 4-ClCgH,;

3-MeOCgHy,; 3 4-methylenedioxyCgH3 ; 55-73%

Scheme 57.

acid (Scheme 58).'®3 Similarly the styryl double bond in these acetals, when treated with dimethyl-
sulphoxonium methylide under phase transfer conditions, underwent cyclopropanation to yield the
corresponding cyclopropylketones 320 in excellent yields (eq. 79).'** These cyclopropyl ketones

H o SMe H SMe
H20p / NaOH
Ar SMe —> Ar SMe
b MeOH / RT “H
78-89 %
3_.
BFyEt0 / THF
A/ 84-92°%
[0}
A'ﬁ _ HOAc / EtOH / A
0" SMe 69-76 % Me
319

37-319 Ar= CgHs, 4-MeCeHy,; 4CICeH,,; 4-MeOCgHy,; 3-MeOCgH,,
34-(Me0)aCeHa, 3,4,5( MeO )3CgHy, 3.4-methytenedioxyCgHg
Scheme 58.

were of particular interest for acid-catalysed rearrangement studies since the bis(methylthio)-
methylene double bond would participate intramolecularly with the developing carbocation during

acid-assisted ring opening of the cyclopropanc with the formation of a new C-C bond leading to
cyclopentanones (Scheme 60).

Q SMe Me
R2

@ L]
Me Me35=01°/ Bu,NI®/

SMe

Ar” “H 50 °e NaOH 7 CHjClp

88-98°/

o 1 (79

D
o
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Q 0
HaPO, / HCO COSMe| A /H4PQ
L G g e
2
Rl =R2-H Ar Ar
3 324
2 AR
H3PQ, /HCOH/A R
320 3P (RONTE ﬁ\cosm
= R'=Me R2=H Ar
Rl =RZ=Me H
322
o SMe
SnCl, / CgHg SMe
R'=R2-H Ar
323

320-324 Ar= 4-MeOCgHy, ; 3,4-(MeO)2C6H353,1.,5-(MeO)3C6H2,.
34-methylenedioxyCgHy 68-80°%
324 Ar=4-MeCgHy, 37°%
Scheme 59.

The envisaged cyclopentanones 32t and 322 (H,PO,/HCO,H). 323 (SnCl,/CH,) were indeed
formed under varying acidic conditions (Scheme 59).'** The three-membered ring opening and
cyclisation through n-participation leading to cyclopentanones has successfully circumvented the
limitations observed in the corresponding f-ketoesters which undergo intramolecular O-alkylation
to furans rather than intramolecular C-alkylation.'®® Thus the transformation constitutes a novel
intramolecular alkylation approach to substituted cyclopentanones. However, the method was
successful only with cyclopropyl ketones having aryl groups with electron-donating substituents.
The acyclic oxoketene dithioacetals react with dimethylacetylene dicarboxylate in the 2+ 2] fashion
to mercapto double bond to afford cyclobutene intermediates followed by ring opening to the

a3
2 (E, SMe € SMe 5o
SMe R2 “SMe Hy0 SMe
o == She
Ar”TH Ar -
R};H
-H R:Me
H20 | R2H, Me
323 324
OH
0
R!
2 SMe _
R (sMe _=MeSH . 45
Ar

Scheme 60.
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Scheme 61.

corresponding dienes 325 (Scheme 61).'*® On the other hand, the cyclic oxoketene dithioacetal
derived from 6-methoxytetralone reacts with DMAD to give the fused thiopyrone derivative 326
(eq. 80) in low yield.'*® The formation of 326 has been rationalised through an interesting sequence

0]
0 SMe | E
NANE
SMe E_c=c-E/A (80)
MeO Xylene /148°C MeQ
326 ,%6%

of rearrangements involving initial [2+ 2] cycloaddition, ring opening and electrocyclisation of the
dienc followed by an intramolecular 1,5-sigmatropic shift of the methylthio group.'*®

The intermediacy of x-oxoketene O,S-acetals was first demonstrated by Junjappa and Chauhan®
in the conversion of a-oxoketene dithioacetals into alkoxypyrimidines and alkoxypyrazoles although
the isolation of these systems was never achieved by direct displacement of thiomethyl group by
alkoxide ion. However, recently an interesting example of thiomethyl displacement by alkoxy group
was achieved in the corresponding sulphonium salts of oxoketene dithioacetals to give the O,S-
acetals in good yields.'*” Thus the chemistry of oxoketene O,S-acetals has remained yet unexplored,
although most of the reactions studied for S,S-acetals could well be extended to these systems to
yield the corresponding alkoxy instead of thiomethyl end products.

Eiden and Schweiger'** have shown that the dithioacetals 327 derived from o-hydroxydi-
benzoylmethanes undergo in situ cyclisation to bispyrone 328 and pyrone 329 through intra-
molecular displacement of thiomethyl group by phenoxide ion (Scheme 62).

The a-oxoketenc dithioacetal double bond is reported to function as a good dipolarophile in the
1,3-dipolar cycloaddition reactions with sodium azide to afford 4-aroyl-5-methylthiotriazoles 331
through elimination of methylmercaptan from triazoline intermediates (Scheme 63).'*® The corre-
sponding dithioacetal derived from acetone, however, yiclded only the unstable f-azidoketone
333 under identical conditions (eq. 81). The 1,3-dipolar cycloadditions were, however, not successful
with benzonitrile oxide or diphenylnitrileimines which gave only oxoketenc dithioacetals back.
These findings demand further investigation on the mechanism of triazole formation through azide
reaction. Thus alternatively, the triazoles 331 may arise through electrocyclisation of f-azidoketones
332 formed by displacement of methylmercapto group by an azide anion (Scheme 63).
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8. OXOKETENE N,S- AND N,N-ACETALS

(81)

The doubly activated ketene dithioacetals undergo an addition elimination sequence with primary
and secondary amines to yield the corresponding N,S- and N, N-acetals in high yields.**3% In these
systems, the formation of N,S- and N,N-acetals can be controlled by the stoichiometry of the
added amines. On the other hand, the less reactive a-oxoketene dithioacetals require more vigorous
conditions and generally afford a mixture of N,S- and N,N-acetals.'?%'¢%*!7 Therefore an alternative
convenient method of preparation of N,S-acetals involves the reaction of enolate anion with isothio-
cyanates followed by alkylation.'>'6!:23:24.189.190 Thege and other methods'®!:'°*? employed (eq. 82~
90) for the preparation of N,S- and N,N-acetals have been covered in the earlier review.'®*'** The



x-Oxoketene-S$.S-, N,S- and N, N-acctals

R 1
R4/NH R: :SMG
\Ré
R‘: :SMe
RZ SMe
R3
/
R N_Rs
(2 eqv or more) sz iN/R3
\Rz,

R1=CN,R2=CN,CONHy , COAlk, Rl= COpAlk R = CO7Alk,MeCO, ArCO
R1=MeCO, ArCO, R2= MeCO, ArCO,CN, SO Ar

R3:H, Rl’=alkyl aryl

R3: R4- morpholino, pyrrolidino, piperidino, azindino

Rl= ArCO,MeCO,RZ=H; R3= Aryl, Alkyl,R4=H

NH, HN
Ay
SMe E
o}
R1j\f\5Me NH? > R1)J\2:\>
2 &2 H

oy

o

[0} 0 N
R‘)J\l + R3N=C=S 18ase . H SMe
H 2 Mel 2

Rl=substituted aryl,methyl, RZ=H,R3= substituted ary!, Me,Et ,n-Pr,
1-Pr, n-Bu , CycloCgH11,CeH5CH?

H.

1 HNT R3: /A Me 3
R SMe NRA , R R
N 2 KyCO3 7 Mel > Rk

Rl=Me substituted aryt,R2=H,Rl=R2=-(CHp), ,
R3=R%:Me Et,R3: CgHg , R4=Me ,R3: R4= pyrrolidino, morpholino,
N-phenylpiperizino ; R3= CHyCOoEt , R4=H

5483

(82)

(83)

(84)

(85)

(86)

(87

(88)



5484 H. JuNJAPPA et al.

A H<
S 0O S N
HN
3 WL N A g | ———> Rﬁ\%} (39)
H H H

Rl=Me, CgHg; 4-CICgHy, ; 4-MeCgHy,; 4-MeOCgH,

Q SMe BuL Me
Rl + { N U > R N 90
{ kﬁz ‘”:9<5Me L R2 o

RI=R2= —(CH2 )4

A=re=(C1]

reactivity pattern of oxoketene N S-acetals, like their dithioacetals, can be viewed in several ways.
Thus the N,S-acetals undergo cyclocondensation with several bifunctional nucleophiles to give
aminoheterocycles by replacement of the methyithio group of N,S-acetals. On the other hand, these
intermediates can be viewed as novel functionalised enaminones which react at the f-carbon with
several electrophilic species followed by ring closure to a variety of heterocycles. In oxoketene N,S-
acetals, the reduced electrophilicity of the carbonyl carbon atom can be attributed to the hard-soft
affinity inversion and we expect that the hard nucleophiles generally attack at the S-carbon (HE)
atom. On the basis of these reactivities the oxoketene and cyanoketene N,S- and N,N-acetals can
be broadly classified into the following categories:

1. Oxoketene and cyanoketenc N,S- and N,N-acetals as threc-carbon fragments.

2. Oxoketene and cyanoketene N.S- and N,N-acetals as novel functionalised enaminones and
enaminonitriles.

3. Miscellaneous reactions.

8.1. Oxoketene and cyanoketene N,S- and N, N-acetals us three-carbon fragments

With bifunctional nuclcophiles like guanidine,'®: 901634195196 cyanoacetamide enolate,'”’
the oxoketene and cyanoketene N,S-acetals are generally known to yield the corresponding 4-
alkyl/arylamino (secondary amino) pyrimidines and 4-aminopyridones respectively. Similarly, the
hydroxylamine is known to yield the corresponding 3-aminoisoxazoles,'®**'**!** a regioisomer
which is formed by the attack of the N-nucleophilic centre of the H,NOH at the -carbon reminiscent
of the hard- soft dissymmetry induced through displacement of MeSH group by nitrogen
nucleophile.'”® These reactions have been extended for the synthesis of aryl/alkylamino
pyrazoles'®*!¢219% or aminopyrazolones (eq. 92) by treating oxoketene N,S-acetals with hydrazine

NHR!
H EtOH / A NHRD R
SMe 4 NHpNHp ——12 5 (i S — /kaH 91)
Ar 0 Ar u/N 4

334 51-97 %
Ara substituted aryt; R's Me,Et, CgHsCHy , substituted aryl
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Schemec 64.

hydrate. Yokoyama and co-workers?°? have recently reported the synthesis of new N-(5-amino-
pyrazol-3-yl) derivatives 337 of aminoacids and dipeptides by reacting a-(aminocarbonyl)-a-cyano-
ketene dithioacetals with amino acids or ¢-butylesters of dipeptides to afford the intermediate N,S-
acetals 336 containing nitrogen as a part of the peptide chain. These N,S-acetals reacted with
hydrazine hydrate to afford the pyrazoles which on treatment with trifluoroacetic acid yielded the
corresponding trifluoroacetates 338 (Scheme 64). Junjappa, 1la and co-workers'*® have also reacted
the a-cyano-N,S-acetals 339 derived from arylacetonitrile, malononitrile and a-carbethoxy N,S-
acetals 341 with guanidine or thiourea to give the corresponding 2,4-diamino-6-anilinopyridines 340
and 6-amino-4-oxopyrimidines 342 in good yields (eq. 93, 94).

! NH2
1
R CN guanidine nitrate R ~ N
g (93)
MeS~NH  Na®0%Bul/ t-BuOH /A HN" N7 NH,
Ar Ar
338 340

339,340 R'=CgHs , 4-CICgHy, ; 4-MeOCgHy,, 3,4-(Me0)2CeH3
Ar= CgHg, 69-90 %
R=CN, Ar= Q-FCgHy,, 4-CICgHy, 48-52 s
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8.2. Oxoketene and cyanoketene N,S-acetals as novel functionalised enaminones and enaminonitriles

The oxo and cyanoketene N, S- and N,N-acetals function as enaminones whcre the a-position
can act as nucleophile and react with electrophilic species resulting in their further functionalisation
and finally to a variety of heterocycles. Thus oxoketene N,S-acetals are reported to undergo
cyclocondensation with benzoylisothiocyanate to afford 5-aryl-6-methylthio-4-thioxopyridones.**!
Similarly, they react with dimethylacetylene dicarboxylate to afford open-chain enamine adducts,
while the adducts from N,N-acetals with DMAD undergo further cyclisation to afford N-aryl-6-
anilinopyridones.?°?

Junjappa, Ila and co-workers*’* have utilised these enamines in Nenitzescu indole synthesis to
get the corresponding S-hydroxyindoles. Thus the oxoketene N,S- and N,N-acetals rcact with 1,4-
benzoquinone to yicld a mixture of S-hydroxyindoles 343 and the corresponding benzofurans 344
in varying yields (eq. 95, 96). Similarly the reaction of oxoketene N,S-acetals with maleic anhydride

O
0 H
SR oS vt O e

Rl
X= SMe Rl=Et,Ph 3_4_3)X=EtNH; RI=Et 344 X=NHE!
X= NHEt R'= Et X=PhNH, Rl= Ph X=NHPh
X= NHPh,R1= Ph 21-33% 6-27 %

Ar=CgHg ; 4-BrCgHy,

A OH /A |
=SS NN (96)
l_l L

345 346 9%

and maleimide affords the corresponding pyrrolinone-3-acetic acid and amide 347 in cxcellent
yields (Scheme 65).2°¢ These pyrrolinone-3-acetic acids and the corresponding amides undergo
cyclodehydration in the presence of acetic anhydride or by direct heating to afford pyranopyrroles
348 and pyrrolopyridones 349 respectively (Scheme 65). The pyranopyrroles 348 could be obtained
in a one-pot reaction by directly heating N,S-acetals and maleic anhydride in acetic anhydride
(Scheme 65). The cyclic N,S- and N,N-acetals 350 react with maleic anhydride under identical
conditions to afford the corresponding pyrrolothiazolines 351 and pyrroloimidazolines 352 (eq.
97).204
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|
M N
MeCN / A eS—~"F0
— > COXH

0

9 H 2 347,R1=CgHg ; R2=CeHg , CeHsCHy,
!

MeS~~hH Rl=CgHs,, R2=Me, Et,X=NH ;85-88 %

X
MeCN[/&Aczo_{_) Rl \ /

MeS N 0

&2

348R1=CgHs 4-MeOCgH, , 4-CICgH,;
4-MeCgHy, Me
RZ=Me, Et,CgHsCHy , CeHs,
X=0,75-88%
349 Rl=CgHg RZ=Me Et, X=NH,70-82 %

Scheme 65.

oz o®
Hig/i?\» | o _MeCN/ZB& \17 (97)

351Rl=4-CICgH,, 4-MeOCgH,, Me, B5-91%
3@31 CgHs; 4-CICgH,, ; 4- MeOCGHAi 82-87 %

The oxoketene N,S-acetals are shown to react with malonyl chloride to afford the 4-hydroxy-6-
methylthio-2(1H) pyridones 353 in good yields (eq. 98).?%° Interestingly when excess malonyl
chloride is used, the reaction further proceeds to yield the corresponding pyranopyridones 354 in
moderate yields (eq. 99).°°> Similar cyclisation of oxoketene N,S-acetals with oxalyl chloride affords
4-aryl-5-methylthio-N-substituted pyrroline-2,3-diones 355 in high yields.?°® These pyrrolinediones

)jI Cl EtsN / CgHg
—_— 5
71-89 °h

(1Seqv)

(98)

353 RECgHg, 4-ClCgH,, , 4-MeOCgH,,, Me
R&CgHg ; 4-MeCgH,,; Me, Et, n-Pr; n-Bu , CycloCgHy CgHgCHy
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Q
0
RN H M EtyN / THF/ RT
ﬂjl +a cl KTV 9
MeS ’l“H (3eqv)
R2

354 Rl=CgHg ,Me ,R2=Me  Et,CgHsCHy

undergo facile displacement of MeSH group by amines or water to give the corresponding 5-amino
(357) and 5-hydroxy (356) derivatives respectively. Some of the S-aminopyrroline-2,3-diones have
been shown to react with o-phenylenediamine to afford pyrroloquinoxalines 358 in good yields
(Scheme 66).2°¢ On the other hand the ketene N,N-acetals derived from primary amines react with
oxalyl chloride to afford imidazolinediones 359 (eq. 100).2%¢

0] 0 R

—_ —< 0 I
MeSTONH - Cl-N0  40-88%  MeS SO 86-91% OO
R2 R2 R2
355 356
R3NH,
87-93 %
Rl NH2
LD
H\l;l N 7691 %
R3 R2 Ra Qz
358 357
1
355-358 R'=Cghs, 4-MeCgH,, ; 4-MeOCgH, ; 4-BrCgH, ; 4-ClCgHy
R%R3 = CgHe 5 4-CICgH,, = 4-MeCgHy, :CgHeCHy : CoMe
Scheme 66.
Ph Ph
H 00
Q 0
;,ij]: +  a-C-L-c > Phdj]:M o (100)
N“~NH ~NTONS
Ph  Ph H

The N,S-acetals derived from oxoketene dithioacetals and aminoacetaldehyde diethylacetal, an
interesting nucleophile with a terminal electrophilic diethylacetal carbon atom, undergo acid cata-
lysed cyclisation to afford 2-methylthio-3-acyl pyrroles 360 in good yields (eq. 101).2°” The method
could not be extended to N-substituted pyrroles since the displacement of thiomethyl groups by N-
substituted aminoacetaldehyde diethylacetal gave poor yields of the corresponding N,S-acetals. This
limitation was circumvented by reacting the appropriate oxoketene N,S-acetals with bromo-
acetaldehyde diethylacetal in hot DMF to afford N-substituted pyrroles 361 in good yields (eq.
102).2°* The cyclic N,S-acetals under similar reaction conditions afforded the corresponding
pyrrolothiazolines 362 (eq. 90).2°¢
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1 1 ]!
OR H 1 EAO OEt e s
HyNCHoCH (OEt); j MeOH /H — (o)
MeS~ “SMe EtOH /A MeS H MeS H
360
360,R'=Me, 4-MeCgH,, , CgHs, 4-MeOCgHy, ; 4-CICgHy,
52-66 %
R! R1
4]1 * j [;8-85 30 > |1 (102)
MeS™ “NH Br MeS l‘\J
’2 R2
361
361 R=Me, CgHg, 4-CiCeHy
RZ=Me, Et;n-Pr, n-Bu, CgHs , CgHsCHy
R! R!
H EtO~_-OEt o
&I . j DMF /A AJU (103)
S~ NH Br 61-73 %%, S SN
LJ (-
362

362 Rl=Me  CgHg ; 4~CICgH,,

The N,S-propargyl acetals (from secondary amines) under thermal conditions afforded the
corresponding N-(azacycloalkyl)-3-acyl-4-methylthiophenes?’® while the corresponding N.,S-
propargylacetals derived from primary amines underwent in situ cyclisation on the triple bond to
afford the corresponding N-substituted thiazoline derivative.?'? This strategy was also extended to

pyrrole synthesis. Thus the N,S-acetals and propargyl bromide react in the presence of Cu(l)
bromide to afford 3-acyl-5-methyl-2-methylthiopyrroles 364 in good yields (eq. 104, 105).?"' The

Rl lr Rl H ‘I Rl
na Sl
CuBr / 0 e 0
+ —_—> ~CHy —> [ 104
MiIF\IJH LBr dioxane /4 Mm 2 MeS~~N~"Me (104)
R2 k2 R2
363 364

364 R'=Me; CgHg, 4-CICgHy, ; 4-MeCgHy,

R2=Me, Et,n-Pr,1-Pr n-Bu,CgHsg ,
CgHgCHy ; cycloCgHyy, 48-79 %

pyrroles 364 are presumably formed by intramolecular cyclisation of the allene intermediate 363
formed by nucleophilic attack on the triple bond followed by allylic elimination of HBr (eq. 104).%"

The reaction of S,N-benzylacetals with thionyl chloride to afford 2-aryl 4-acyl 5-methylthio-
thiazoles?'? was extended by Junjappa and Ila for the synthesis of imidazoles 367 also by reacting
the N,S-acetals with nitrosyl chloride in the presence of pyridine to afford hydroxyiminoimines 366
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= Rl
H I
g 0
iIINH + L SEE;T:Q/ a ijl—rqlm (199
B e
[ J ' L |

365 ,R': CgHs - 4 ClCgH4

which underwent thermal cyclodehydration to yield 367 (eq. 106).2'* The N,S-acetals on heating
with arylnitroso compounds in the presence of acetic anhydride directly yielded the corresponding
1-arylimidazoles 368 in good yields (eq. 107). Similarly the hydroxyiminoimines 369 derived from

v i
NOCL Rl are0c R ,N\>-R3 (106)
Pyridine /RT  R2g R3 sealed tube R2s
90-95 % H
366 367,52-82°%
366,367, R=Me ; CgHg , 4-MeCghy, ; 4-ClCgHy, ; 4-MeOCgH,
0 RZ=Me Et,PhCHp,
m)‘]IH R3=H,MeCgHg , 4-MeOCgH,,; 4-CICgH,, ; COHEL
R2SSN-SR3
H
Qo A
ANO/ A0/ R IN/ o3 (107)
200°C RZS- N

70-85 %
368 R'=Me,CgHg  4-CICgH, , 4-MeCgHy, ,4-MeOCgH,;

R2=Me, Et ,CgHg ;R3=H Me Et, CgHg
Ar=CgHg )4~MeC6H4

N,S-acetals with isopropyl, cyclohexyl or a-phenylethylamino groups underwent thermal cyclisation
to the corresponding 2(H)-imidazoles 370 (eq. 108).?'* When the N-aryl-S-methyl-acetals were

0 Q OH

N
A')JjIH H m2. __NOCL/ pyridine A’/Li l ,
oS _pc o 1 R<.
RIS N e R3 80-85 RISNN R3

3__9,329, Ar=CgHsg, 4-MeCgHy,;
4-CiCgHy,, 4-MeQCgH,,
Rl=Me, Et
R2zR3=Me, —(CHy)g—

Ar o R2:-,
R2=Me , R3=CgHg, Qs \N><R3_,J (108)

37

369
A / sealed tube
50-60 °%
0

[e]

reacted with NOCI in pyridine, the intermediatc hydroxyimino derivative 371 underwent smooth
thermal intramolecular ring closure to afford the corresponding quinoxalines 372 (Scheme 67).%"
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0 o OH

\ 1

Ar)jIH/©/R1 hoct pyrld]ne Ar)i/N@R
—_——> N
MeS H MeS N

371,80-89%

' 4 / sealed tube

' AcpO /
371,372 Ar=CgHg , 4-MeCgHy, |or cp0/ 8

A—MGOCSH[H A-C[CGHA
R'= H,Me, MeO, Cl 0

ety
MeS~ N

372, 48-72 %%
Scheme 67.

Intercstingly, when S-methyl group is replaced by benzyl group as shown in hydroxyiminoimine
373, the course of cyclodehydration was changed involving participation of benzylthio group to
afford 2-aryl-5-anilinothiazoles 374 (eq. 109).>"’ The hydroxyiminoimines behave like threc-carbon

Arl (l)H Arl
N
N“~S“CgHg  sealed tube Hu"Ss
| | (109)
Ar2 Arz
73 374

373 374 Arl=CgHg 4-MeCgH,, 4-CICgH,, , 4-EtOCgH,

Ar2=CgHg 4-MeCgH,, 4-CICgH,, 48-56 %%

components when reacted with N,H, to yield the corresponding 4-nitroso-3(5)-alkyl/aryl-
aminopyrazoles 375 (Scheme 68) under controlled conditions. However, the 4-nitrosopyrazoles 375
underwent reduction with hydrazine hydrate to afford 4-aminopyrazoles 376 (Scheme 68).?'° The

EtOH 7/ A

i 375 ,83-91%
g N NoHy, / A
EtOH
MeS
Rl Ar Hy
NoH (excess ) / / \
-

EtOH / & N m

376 90-96 %

N2H4(159qv)/ ; S N o
\N

w

375,376 Ar=CghHs, 4~ClCgH,, , 4-MeOCgH,,
Rl =Me, Et,n-Pr.n-Bu,CgHsCHy,
b- C|C6H4,14 MGCGH/.

Scheme 68.



5492 H. Junsappa et al.

H5Ce, N
NaNO; / AcOH 7—/§, W ON
N‘N N

~

RT, 73-81% )
H Rl
377 R=Et
H5C6>/_§\NH2 R1=CgHsCH
JRE— 1_
N\N\ NH R'=CgHg
H |
Rl Me
376 RI=Et HsCe N=
—'R] Cotiech MeCOCH,CO,EL 7—5/
=CeHscH2 A7AOH %8 VNN
Rl=CeHs R
378,RI=Et
Rl=CgH5CH;
Rl=CgH5
Scheme 69.

4-aminopyrazoles were found to be useful substrates for condensed heterocycles 377 and 378 on
diazotization or by treatment with ethyl acetoacetate respectively (Scheme 69). The oxoketene N,S-
acetals (R' = Ph or PhCH,) underwent oxidation with LTA to afford open-chain a-acetoxy N,S-
acetals 379 and 380, whereas the N-ethyl acetal yielded diacetoxy compound under similar reaction
conditions?'® (Scheme 70). However, the N,N-acetals under similar oxidation conditions underwent
oxidative cyclisation to afford iminoisoxazolines 382 in moderate yields while the corresponding
indoles 383 were also obtained in a few cases (Scheme 71). Only in one case (R? = 4-MeC¢H,), the

Ar

H
Rl= CgHs %AC
MeS

|
CeHs
379 Ar= 4-MeCgHy, 73%

Ar Ar
0 H LTA / Rl= CgHgCH2 gy OAC
H- N sMe CHClp MeS~“NH
Rl CHCeHs

380, Ar= 4-MeCgHy, ; 56 %

Ar
Ac
R=Et OAc
MeS

|
Et
381, Ar=CgHs | 66%

Scheme 70.
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9//{IH LTA / CHyCly g:&N R -0
: +
PN Nl NN
R R R2 Y
382
, > 383R1=CeHg, R2: 4-MeCgHy, ;
R R T yied R3:Me R4=H , 10 %
4MeCgH, CgHg 57 Rl=CgHs ; RZ=2-MeCgHy,,
CgHg CgHg 3 R3: H R4:Me, 27 %
CeMs 4-BrCgh, 43 Rl=4-CICgH,,, R?=2-MeCgH,
CgHsg 3-MeCgHy 43 R3=H,R“=Me,30 o,
CeHs 4-MeCgH,, 29
CgHs 2-MeCgH, 43
4CICH,  2-MeCgH, 41 oHe
- Me DA
~ N r?jCOCSH5 r?‘ r;JH
rZ ) 2 Rr2
384 ,13% 385 8%

384 385 R2=4-MeCgHy,

Scheme 71.

dimeric indole 384 and diacetoxy derivative 385 were isolated in addition to 382 and 383.%''“ The
formation of 382 and 383 is rationaliscd through the initially formed N-plumbylated adducts 386A
and 386B rcspectively (eq. 110). The LTA oxidation of N,S-acetals derived from arylacetonitriles

382 < (AO)_ )DI g = g@——:»asa (110)
Pb N/

acdd k2 k2 R2 Q’b(OAc)z
286 A COAC
3868

afford iminoacetatcs 388 and the dimeric products 389 (Scheme 72). The iminoacetates underwent
BF ;- Et,0 assisted cyclisation to the corresponding indole 390 although cyclisation was facile only
with those systems carrying methoxy group in the aryl ring, whercas in one case (R' = R?=
R? = OCH,) the quinone methide intermediate 391 was also formed in addition to indole (Scheme
72).2I 7

The N,S-acetals undergo exclusive 1.4-conjugate addition with organometallic reagents like
enaminones. The reaction of Reformatsky reagent (BrZnCH,CO,Et) with N,S-acetals derived
from secondary amines undergo the expected 1,4-addition climination sequence followed by enol-
lactonisation to afford 4-aminopyrones 392 (eq. 111).2" The hard electrophilic nature of the -
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CN
Rl SMe LTA 7/
R2 Hr'q CHoClp
3 CgHs
387

387,388,390 a RI-R2-R3:H
b,R=R3:=H,R2=Me0
¢,R1=R2:Me0  R3=H
d,R=R2=R3=Me0
e, R:=R3:=H,R2=C

carbon in the S,N-acetals is further confirmed by their exclusive 1.4-selectivity towards alkyl and
aryl Grignard reagents (Scheme 73). Thus the addition of 1.5 equiv. of alkyl/aryl Grignard reagents
to N,S-acetals after work-up yielded the corresponding 1,3-diketones 394 (Scheme 73). When excess
Grignard reagents were used, the enaminone intermediate 393 underwent a further 1,4-addition
elimination sequence to afford the corresponding #-#-dialkylenones 395 in moderatc to good yields

(Scheme 73).2!#

F’a\N,éz

PNp sMe  BrznCH,COE!
_ 7 5
Ar 14-addition

H. Junjarpa et al.

Rt
R?

w W
[o ]

BF3Et)O /
ether

|
i3 CsHs

390030%,390b 56%,
390 € 49,3900 64%,
390e 9%

Scheme 72.

R‘l\ /RZ

q
& P

8d)

SMe

N-CgHs

389 R'=R3=H, RZ=Me0, 26 %
R=R2=MeQ, R3=H,22 %
Rl=R2=R3=Me0,
R1=R3:H,R2=C,

OMe GHS

391

Ar@ 0

392

Ar Rl RZ ofyield |

392
CeHs ‘(CHQ)Z‘“O—(CHZ)Z - 65
Q-CICSHA —(CHZ)Z_O_(CHZ)Z- 68
4-MeCgHy, =(CHy )p—-0—(CHp )9 — 60
4-MeOCgH,, —(CH2)~ 72
4-ClCeH,, —(CHy )= 72
4-MeCgHy, —(CHp )4 66
4-ClCgH,, ~(CHp)s- 69
CeHg Me Me 62
4-CCH,  Me Me 65
4-MeOCgM;,  Me Me 60
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3
R MgBr N/ . R1 3
(1 5eqv) L >

394, R] CeHs R2=H,R3=Me
SMe R'= CgHg,R2=H R3=Et
R1)9\f\N”‘ R3MgBr Rl=CgHg R2=H R3zn-Pr
2 \y R1=R3=C6H5,R2:H
~
x=y=-(CHp )5~ \ o RS Rl= RZ:@()
R3MgBr
. R1 R3 R3: MG,CGHS
(5eqv) | 2

385 Rl= CGHS, R2=H ,R3= Me
Rl= CgHg , RZ=H R3:Et

Rl= R2-= @()’pﬂ: Me

Scheme 73.

8.3. Miscellaneous reactions

Among other amines, the aziridine ring displaces the thiomethyl group only in doubly activated
oxoketene dithioacetals to afford 6-aziridinoacetals 396 in high yields without ring rupture.?'®
However, when aziridine and oxoketene dithioacetals are heated under drastic conditions (sealed
tube), the eliminated methylmercaptan attacks the ring to give the corresponding N,S-acetal 400
(eq. 112). Thus the reaction of aziridine with only doubly activated dithioacetals has been studied.
The vinyl aziridines 396 thus prepared undergo facile ring expansion, in the presence of potassium
iodide, to afford the corresponding 2-thiomethyl 3,3-disubstituted pyrrolines 397 in high yields>'®
{Scheme 74). The cyclic dithioacetals derived from pyrazolines afforded the S,N-aziridinoacetal 401
which on potassium iodide catalysed rearrangement gave the spiro compounds 402 (eq. 113).2'°

R2
I _R2 1
Ry (T N
MeS SMe 5[‘ 87°%% :I Acetone MeS \N
45-85 %,
396 397
Rl=MeCO
396 397 R R2 o, yel ﬂ
396 397 yield 397 2= Cont
CN COEt 87
COEt COEt 70 0
CN CONHp 89 Eto)JIl
MeS N
H
Scheme 74. 398

o Q

%CG’&/[H ] 4/ sealed Hscs)‘jf* J,SMe 112

MeS-~~SMe tube /=MeSH™ |, o gj 80% mes N
| e

4
399 400
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Me Me
N=
HN:] R f Nﬂ K1/ acetone R1/

NSNS0 RT i Nan-S0

CeHs Ces

401 402

401 402 R % yield 402

CgHg 80
4-MeCgH, 80
4-MeOCgH,, 74
4ClICgH, 75
Me 78

(113)

The sodium azide also displaces the methylthio group in oxoketene N,S-acetals to afford the
intermediate vinyl azide 403A which undergoes in situ ring closure to give 1,4-disubstituted tetrazoles
404 and/or 405 in good yields (Scheme 75).

However, in the case of N,S-acetals 406 derived from malononitrile, the azide anion undergoes
[3+2] cycloaddition with one of the —C=N groups to afford the corresponding tetrazoles 407 (eq.
114).'%° On the other hand, the tosylazide undergoes [3 + 2] cycloaddition to mercapto double bond

1 B °®
R SMe  NaNj / DMSO R! —N=N
—_— > —(
r2 ”_Ra CH3CN /110°C R2 N-R3
H
403 A
R! RZ R3S oyleld
404
4-MeCgH,CO  H CgHg 72
4L-CICgH,CO H CeHg 67
C6H5CO H C6H5CH263
4- H,CO H C 4
MeOCgH,CO gHsCHp 6 » "}\N
CgHsCO H Me 79 RZ}?—<N/‘¢L
CgHsCO H Et 65 13
CgHeCO H n-Pr 74
gHs 404
C6H5CO H 1-Pr 60
CSHSCO H Can 67
MeCO H Et 64
CgHg CN CgHg 76
Scheme 75.
NC>___<SMe NaN3 / DMSO
NC NH MeCN
Ar
406

406 407, Ar= 4-ClCgH,,

A Ani L LA

R! N—-ﬁ&)EN‘l
=R —

403B

H
N—~N

or R1>:<

RZ N’H
%

405 R1=COzEt,R%=CN,
R3=CeHg 77 %
R'=CO,Et,RZ=CN;
R3-CgHgCHy 79%

407, 65%

(114)
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N R R
W H
¥ NaOH /EtOH OA‘IN\\N -MeSH Y
0°C—RT MeS TN HNSN
5 Ts 10h NH1 i, 1
rRZ F[QZ Ts RS Ts _J
408 409
R R2 %oyield 410
Dimroth
CeHs Cefs 57 rearrgngement
4-ClCgHy, CgHs 65
CgHe CgHsCHy 47 R!
Me CgHsCHy 54 NN
CgHg Me 61 Hr}l r},/
4-MeCgH, Me 54 1s RZ
CeHg Et 68 410
4CICgH, n-Pr 75
CgHsg 1-Pr 45
4-MeCgH,, n-Bu 70
4-Cilgh, c-CgHn &4
CeHs CHCH(OEL)y 56
Scheme 76.

to afford regiospecifically substituted 4-acyl-5-tosylamino-1-aryl/alkyltriazoles 410 obtained via the
initially formed triazole 409 through Dimroth rearrangement (Scheme 76).72" The tosylamino-
triazoles 410 were hydrolysed under acidic conditions to afford aminotriazoles 411, some of them
(R?=aryl) on heating in pyridine, further underwent Dimroth rearrangement to yield the
rearranged triazoles 412 (eq. 115). The corresponding cyclic N S-acetals and tosylazide also gave

R1
.
HN"SN
i i
Ts RZ

410

R! R!
Conc HpSQy, OAIN\\N A/ pyrdine OA\/EN‘\N
RY /15mn HN N R?=CgHg HNSN7 (115)
R? HeCg
41 412 R'=CgHg, 60°%
R'=4-ClCgHg; 71%
]! R2 o yteld 411
CgHsg CgHg 35
4-ClCgH, CgHg 87
CGHS C6H5CH2 83
Me CgHsCHy 84
CgHs Me 75
CgHs  Et 82
4-ClCgH, n-Pr 80

the bicyclic triazoloimidazoles 413 in good yields (eq. 116).%** Tominaga and co-workers22! have
recently reported the displacement of MeSH group by carboxamides in dithioacetals derived from
cyanoacetamide to afford the corresponding N-acylaminoacrylates 414 (eq. 117) which were readily
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CgHs S 1 69
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4-MeOCgH;, S 1 65
CGHS NH 1 68
4-CiCegH,, NH 1 7
2-thienyl NH 1 61
CgHs NH 2 69
4-CICgH, NH 2 73
2-turyl NH 2 60
2-naphthyl NH 2 67
MeS CN NaH / CeH RICONH CN
Y=+ RIconH, 6 =
MeS” “COgEt MeCON(Me),/ RT Mes”  ‘COMe
4k
Rl *foyreld 414
CgHsg 76
4-NOsCgHy, 80
4-MeCgHy, 64
4-MeOCgHy, 39
Me 35
CICHy 40
CgHsCH=CH— 73
SMe SMe
COMe
H COEL a0/ A/\EECO?M"’ HO HNjQS\\O
] —
RVbO 1 NaOH R’J\O NH Rl N
N H2
a4 418
R! “loyteld 417 l
CeHsg 90 Me
4-NOoCgHy, 96 Nl oy COpMe
4-MeCgHy, 98 Ao
4-MeOCgHy, 94 H
CICHy 94 46
C6H5CH:CH— 91

Scheme 77.
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(117)
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1
MeS: :CN NaH / RINHCONH, / A R\N)iCN s
Me$S COoMe 0 N SMe (118)

LT RI=H 19%

S
Rl= CgHg; 35%

I}
Me-C-NHp / NaH

SMe SMe Me
COMe COMe CCoMe

o G EE S G )
Me~ S NH 36% e SNNsH A% Me SMe

418 418 42

converted to the corresponding pyrimidones 416 through the intermediate 415 (Scheme 77).
Similarly, a-cyano- a-carbethoxydithioacetals react with thicacetamide and urea in the presence of
NaH to afford pyrimidines 419 and 420 respectively (eq. 118 and 119).22!

9. CONCLUSION

The x-oxoketene dithioacetals have been shown to be a class of versatile intermediates in
many synthetic transformations. They further servc as parent precursors for f-alkylthioenones and
enoates, a-oxoketene N,S-; N,N- and O,S-acetals, making them a highly functionalised family of
synthons. The two electrophilic centres in x-oxoketenc dithioacetals differ in their electrophilicity
and thus display hard- soft dissymmetry. The presence of bis(methylthio) groups renders the -
carbon atom into a soft electrophilic centre, while the oxo carbon remains as a hard electrophile
thereby permitting a better regioselectivity depending on the hard-soft profiles of nucleophiles. This
hard -soft dissymmetry can be reversed under suitable reaction conditions or by replacing one of
the alkylthio groups by amino group and the resulting oxoketene N,S-acetals undergo cxclusive 1,4-
addition with a variety of nuclcophiles. This aspect of hard- soft affinity inversion remains to be
explored and holds considerable synthetic importance in future.

The success of aromatic annelation through oxoketene dithioacetals has been well established
as a new general method. Further cxploration of this methodology depends on the generation of
suitably functionalised allyl and azaallyl anions. Its extension to heteroaromatic annelation requires
further investigation since five- and six-membered heterocycles undergo complete ring deprotonation
which at present appears to be a major handicap. The potential application of these intermediates
for the construction of a variety of heterocycles has already been emphasised in the earlier review.'
Many transformations described amply demonstrate that x-oxoketene dithioacetals promisc further
synthetic potential with the many new reagents appearing in the literature at an increasing rate.

10. ADDENDUM

Tanimoto and co-workers??? have developed a method for high yield preparation of oxoketene
dithioacetals 423 from carboxylic esters (Scheme 78) by reaction of their lithiocnolates with carbon
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HCH,COoR2 LDA /~78°C _ R\ /OR? Rx R\ OR
M e~ T & H
’ ‘o\{,s R Jo_s
® %
| SR3
42 422
Rl RZ R3  %yeld 423
Me Me Et 87
Et Et Me 82
n-Pr Me Et 83 R ,SR3
n-Bu Et Me 80 R‘O\!c" \SR3
n-CgHyy Et Me 84 0
Ph Me Et 79 423
Scheme 78.

disulphide at —78°C followed by alkylation. The transformation was shown to proceed through
the intermediacy of O-vinyl S-alkyl dithiocarbonates 422, however, the exact nature of the conversion
of 422 to 423 is not clear.

Junjappa, lla and co-workers have described a new thiophene synthesis by subjecting the «-
oxoketene dithioacetals to Simmons—Smith reaction conditions in a one-pot reaction operation.???
The overall transformation is depicted in Scheme 79. The carbenoid methylene is preferentially
attacked by bis(methylthio) sulphur to yield the intermediate ylide 424 which on intramolecular
Aldol-type condensation leads to the corresponding S-methylthio-3.4-substituted and annelated
thiophenes in high yields.

§ R R R2 R R2
Zn-Cu/ CHyly CM_ 1 z%
O>,_§5Me EQO 7 THE - |1Zn:0 4= 4 SMe > Wosme
Me BN RS
Me
424 425
AR
/\
H \g~~SMe
426
R! RZ %, yield 426 Rl R2 *f,yield 426
4-MeCgHy, H 64 ~(CHp 14— 65
1
CeHs H 6 62
2-furyl H 58
2-thienyl H 63
CeMHs n-CaH7 60 @ )
Me Me 59 X
Me n-C4Hg 62 X=0 61
CgHECH=CH- H 58 X=5 63

Scheme 79.
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Amberlyt-15 resin ";—0
HO\ ‘\ Rz
SM N Me -
A Q NHo0H / 428
——— > —
) SMe SQEOH7A R SMe

SOClp / pyridine ’;‘_5
CHZCIZ = R‘IVSMG
\___.R2

429
R RZ “hyield 427 “byeld 428 b yield 429
—(CH)~ 98 40® 50P80° 84
~(CHy)y~ 99 85,25% 50°, 75°
Et  Me 80 70° 86" 80
H H 86 75¢ 60

a with 10 mol resin, b with 0-50 mol of resin,c with 025 mol resin
Scheme 80.

Dieter and co-workers??* have recently reported the synthesis of 5-methylthio-isoxazoles 428
and the corresponding isothiazoles 429 in good yields (Scheme 80). The initial oximes 427 obtained
from x-oxoketene dithioacetals were cyclised using either Amberlyt-15 resin in refluxing acetonitrile
or with thionyl chloride in pyridine to give the respective isoxazole 428 or isothiazole 429 derivatives.
Katz and co-workers have extended the earlier pyrimidine synthesis to a new class of substituted 5-
(2-pyridinyl)pyrimidines 431 by reacting cyano(2-pyridinyl) ketene dithioacetals 430 with amidines
in the presence of DBU as base (eq. 120).22°

Rl
AN
H
~ DBU / THF
N CN + HZNJLRZ B
MeS~ ~SMe

(120)

430 43

R RZ l,yield 431

H Me 69
H NHp 56
Br Me 63
SMe  Me 85
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