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1. INTRODUCTION 

a-Ox0 ketene dithioacetals’ (1) have been known since 1910’ and the n-butylthiomethylene 
functionaiity’(Z)wasintroducedin 1959aseprotectingg~oupforamethyfeneunitadjaccnt toaketone 
functionality. The a-oxo ketene dithioacctal functionality can be viewed from several d&rent 
peqectives. It is essentially a /II-keto ester in which the ester functionality is protected as a ketcne 
dithioacetal. Alternatively, it may be viewed as an a&unsaturated ketone contaiaing a highly 
functional&d 8-C atom. The vinylogous thiol ester functionality can be viewed in an analogous 

tPraeot8ddrus: Deprtmm ofm & G=low, ckluson uniranity. Ckmaon, SC 2963M905, USA. 
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manner with the exception that the /3-C atom is at a lower level of oxidation. From either perspective, 
these functionalities possess considerable potential for the regioselective construction of new bonds 
via l&nucleophilic additions to the ketone carbonyl (Eq. 1) or l&conjugate addition reactions to the 
~-Coftheenonesystem(Eq.2).Theintermediateallylicalcoholsandenonescan,in tum,beexploitedin 
additional bond forming transformations. Such reactivity patterns can also be exploited in other 
carbonyl conjugated ketene dithioacetals derived from esters, lactones, and active methylene 
compounds. Although the vinylogous thiol ester functionality has been primarily used as a protecting 
group, the a-0x0 ketene dithioacetal functionality has received considerable attention as a versatile 
three-carbon fragment for heterocyclic synthesis. These heterocyclic syntheses generally exploit both 
the 1,2- and 1,4-nucleophilic addition reactions separately or sequentially in a cascade. 

HO Ru 

NU 
c & SR' 

.q. 1 

Sd 
/ 1.2~w.tdltion 

1 R - SR’ 
' 

AU cq. 2 

2 II - H. l lkyl c MU 
1.4-addition 

Prior to our work, many of the synthetic procedures were one-pot operations in which little 
opportunity was available for effecting controIled utilization of the functional group. We began an 
investigationofa-oxo ketenedithioacetalsin 1980with theaim ofdevelopingproceduresforseparating 
the two reactivity patterns and exploiting them in a sequentially controlled fashion. It was anticipated 
that such a strategy would provide considerable potential for the chemo-, stereo-, and regioselective 
construction of new bonds, particularly C-C bonds. Representative reactions illustrating the two 
principal reactivity modes of these functional groups will be described separately since they are the 
pivotal points for much of the chemistry devoted to synthetic applications. The extended application of 
this chemistry to the synthesis of heterocyclic compounds will then be described according to groups of 
heterocyclic systems. Although the chemistry of vinylogous thiol esters and a-oxo ketene dithioacetals 
has not been reviewed separately, fragments of information about these compounds have appeared in 
several review articles and monographs devoted to various aspects of organosulfur chemistry.4 

2, SYNTHESl!S AND PROPRRTIES 

2.1. Synthesis of /?,/I-bis(alkylthio)-a&enones and enoates 
The reactions of ketones and active methylene compounds with carbon disulfide in the presence 

of hydroxide and a&oxide bases has been known since 1891 when Meyer and Wege% reported the 
preparation of the desaurins by treatment of ketones with carbon disultide and powdered NaOH (Eq. 
3’9. Related compounds had been prepared in 1877 by Norton and Oppcnheim6 by reaction of ethyl 
acetoacetate with C& and zinc or lead oxide. Kelber and Schwanz later obtained the same compounds 
by heating bis-(S-benzoyl) derivatives of Q-0x0 oketene dithioacetalszc The structures of these 
compounds were later confirmed by Yates et al.’ Apitzsch, however, reported in a series of paperss that 
treatment of a ketone containing two adjacent methylene groups with potassium hydroxide and 
carbon disulfide afforded salts having the l&thiopyrone structure (IQ. 4). In a later investigation, 
Wertheim9 was unable to obtain thiopyrones from acetone under the same reaction conditions. 

Ph JL h 4 cq KOH. CS2. A. 8 h 

(a%) 

R Jv R 
4 cq KOH. 2 cq CS2 

R c 
ii.i 

.q. 3 

.q. 4 
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The iim synthesis of an a-0x0 ketenc dithioacetal was reported in 1910 by Ketber and co-workers’ 
and was obtained by alkylation of /?-0x0 dithioic acids with alkyl halides under basic reaction 
conditions. The /?-0x0 dithioic acids, however, were obtained in poor yields by reaction of an aryl 
ketone with CS, and KOH at 100” followed by neutralization with sulfuric acid (Table 1). Subsequent 
workersrO*” were able to obtain good yields of the /?-ox0 dithioic acids from simple ketones by 
employing milder reaction conditions and the dithioic acids were converted to a-oxo ketcac 
dithioacetalsemploymg procedures similar to thoseofKelber and co-workers(Table 1). The stability of 
the dithioic acids is dependent upon substrate structure and those derived from active methylene 
compounds generally display greater instability. 4b*11 In these instances, stable dithioate esters can be 

Table 1. Synthesis of /%kcto dithioic acids, /I-keto dithio atcrx, and a-oxo ketcnc dithiosatals 

Dithio Ester or 

Ketone Rx? Dithiolc Acid Rxn ~lectrophllc Dithloacetal Ref 
Cond % Yield Cond R-X . ",alrl 

Ar a H 

Ar JJ SH 

Al- - Ph A 20 1 

R 

Ar JJ SR 

CH3X. PhCH2X 

PhCOCl, X(CH2j2X 

XwH2)3X 

A 

C 90 

@eC6H4 B 86 

C 79 

@eOC6H4 B 84 

C 93 

p-C1C6H6 B 92 

C 83 

B 84 1 

E-PhC6H4 B 

C 

@leCOC6H4 C 

E-NCC~H~ C 

2-thienyl A 

C 

76 

65 

6 

2 

65 

93 

H ad SH 

100 1 

CH3X, PhCH2X 

XKH2j2X 

Ar SCH, 

He1 46 

HeI 39 

nex 55 

Me1 72 

n_-PrI 59 

Et02CCH2C1 61 

n+02CCH2CH2Bt 59 

SR 

JA SR 

ILX 74 lob 

EtX 40 lob 

PhCH2X 17 lob 

CH2-CHCH2X 43 lob 

X(CH2j2X 37 1Ob 

X(CH2j3X 15 lob 

2a-b 

10a 

11 

1oA 

11 

100 

11 

10e 

11 

11 

11 

11 

10a 

11 

11 

11 

2b 

11 

aA - KOH, H20, CS2, 1OO'C. B - 2N l odim tert-mylate, PhH, CS2. 

tert-butoxide, Et20, CS2. bl 

c - poteee1unl 

- HeOH. NeOUe. RX. 2 - n-Bu4NDH. H20, CHC13, RX. 
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isolated bymonoalkylation,although thenatureofthcbaseandcounterionappeartohaveaneffect on 
the alkylation proces~‘~ (uidc i&z). 

In the early 1960s Thuiiher and Viahe investigated the chemistry of a-oxo kctcne dithioacetais and 
found that they could be prepared directly from ketones (Table 2) in good yields by using sodium t- 
amylate as the base and two equivalents of an alkyl halide. l3 Later workers introduced lithium 2&h-t- 
buty14methylphenoxidc1* and lithium dialkylamide bases.” Utilixation of lithium dialkylamide 
bases, however, generally requires the sequential introduction of reagents since they readily add to CS2 
to afford dithiocarbamates after alkylation. 15’ The use of NaH was also investigated, but this base 
afforded low yields of a-oxo ketene dithioacetals from aliphatic ketones (2-5x) and when used with 
esters gave substantial amounts of Claisen condensation products.16 Good yields of a-oxo ketene 

Table 2. Synthesis of a-0x0 and a-fomyl kctcnc dithioacetah 

Substrate R or n 
Rxn Electrophile 

Cond R1-X 
7. Yield Product Rcf 

a/ R Me 

n-PY 

n-Bu 

-Ph 

xii 
-.L Et 

L-PC 

0 

1 

2 

A CH31 72 

A 62 

A 92 

A 64 

A CH3I 65 

B 45 

CH31 47 

61 

30 

81 

CH31 65 

72 

23 

a4 
86 
65 

65 

A CH31 90 

A CH31 37 

H C CH31 

Me c 

i-PrO C 

0 C”a Kd- SCH, ;;: 

R 138 

13a 

16 

15c 

14 

13b 

13b 

13b 



a-0x0 ketcne dithioacetals and relatal compounda: versatile threcuubon rynthons 3033 

dithioacetals were obtain4 with NaH and CS2 from aromatic ketones (60-W/,) and several workers 
have effectively employed this combination (in PhH, DMF, or DMSO) for the synthesis of conjugated 
ketene dithioacetals from aryl and heteraryl ketones”-I9 and active methylene compounds.‘“25 
Potassium t-butoxide (in PhH, DMF, or PhH/DMF) is also an effective base10’*2c2* and a K+ t- 
BuO -mF/CS,/RX combination has recently been developed as a particularly effective procedure2’ 
for generating a-oxo ketene dithioacetals. The use of strong amide bases opened the way for the 
synthesis ofconjugated ketene dithioacetals from a variety ofenolate anions such as a&nones (Table 

2), 1 k30.31 esters,lsa.c lactoncql SC and a&unsaturated esters (Table 3),lsc and from nitrilcs,lsc and 
hydrazones.‘5c Conjugated ketene dithioacctals had previously been prepared in good yields from 
lactones32’ and thiolactonesJ2* with sodium t-amylate in benzene. These procedures were also 

Table 2- Conhued 

Substrate R or n Rxn Electrophllc 

Cond RL-X 
7. Yield Product Rcf 

a Ph 

R 4-HeOC6H4 

2-pyridyl 

2-fury1 

2-chienyl 

6-Br-2-pyrldyl 

5-Et-2-chfeoyl 

2-C1C6H4 

2.5-C12C6H3 

1 

2 

3 
4 

R-CHO Ph 

4-MeOC6H4 

4-MeC6H4 

2-MeC6H4 

EC 

E 

E 

B 

E 

E 

F 
E 
F 
F 

E 
E 

F 
F 
F 
F 

A 

A 

A 

A 

F 

F 
F 
F 

C 

H 

CH31 

NH2COCH2X 

+I 

PhCH2Br 

CH31 

PhCH2Br 

cH3I 
Et1 

CH31 

Et1 

CH3I 

CH3I 

58 

61 

80 

71 

44 

95 

68 

91 

94 

66 

73 

a7 

45 

89 

36 

SR' 

R JA SR’ 

17b 

17b 

16 
17b 

17b 

19 

17b 

19 

19 

17b 

L7b 

18 

18 

18 

18 

66 13b 

51 13b 

3B 13b 

50 R 

41 

59 40 

55 40 
15 40 

45 31 

*A - i. aodium x-amylate, CS2 ii. RX. B - NeH, PhH. CS2. RX. C - 1. LM 
(or LHHDS). WA ii. cs2 iii. LDA (or LHMDS), Tli? iv. RX. D - lithim 
4-methyl-2.6-di-tert-bucylphenoxidc. Et20, CS2, RX. E - NeH, PhH (or PhCH3). 
52 v/v N,N-dimechylacetamfde. RX. F - NaH, DISO, RX. C - i. rodtws tert- 
amylace. EcZO. -2OOC. CS2 1%. RX. H - KH, TliF, CS2. Rx. 
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Table 3. Synthesis ofconjugated kctme ditbioacetals from esters, lactoncs, thiohctona. and carboxylic a&b 

Subrtrato R or n Rxn Electrophile 

Cond R1-X 
X Yield Product Rcf 

MO 

R 

MOO a, 
di 

(CH2)" 

R /A 

4 
(CH2jn 

Ii 
JT 

R 

C7%5 

C14H29 
PhCH2 

1 

3 

nc 

Ph 

1 

2 

A 

A 

B 

C 

D 

C 

D 

E 

E 

E 

B 

E 

E 

B 

E 

B 

E 

E 

E 

E 

F 
F 

CH31 

CR31 

Br(CH2j2Br 

CH31 

CH3I 
Br(CH2j2Br 

CH31 

cH31 

7% % 

58 Mm 80 + SCH, 

% 

;; MO 

4s 
C”s 

37 R' 

81 
75 

v 
SR' 

28 (~2), 

44 

60 

15a 

15a 

16 

15c 

15c 

15c 

UC 

32a 

32~ 

32a 

32~ 

43 R’ 

11 

4 R @ 

SR’ 
92 - 

94 

32a 

32a 

32a 

32a 

32a 

75 A’ 32a 

19 

38 s 
!A 

R’ 
328 

32a 
68 (CR2),, 32a 

40 CH, 

56 " 
J& 

SCH, 

R 

15a 

15a 

4 I i.. DA, WA. TRF ii. CS2 iii. n_-BuLf iv. RX. B - NaH. CS2. RX. 

C - i. LM, IMPA. THF ii. cs2 iii. LM, TRF iv. RX. D - t. IJPIDS. WA. 

TRF ii. cs2 iii.. LWDS. Tm iv. RX. X - l odiuu tm-t-mylate. PhR, CS2, RX. 

F - I. LDA, HItPA, TlfF, 35'C, 30 min. Ii. cs2 Iii. ~-But;, -5ooc 'iv. RX. 

extended to the preparation of conjugated ketene dithioacetals 46 from active methylene compounds 
(Table 4) such as malononitrile,33 cyano ketones,21-23-33~ cyano acttates,*2’.33~./.34.3s cyano 
a~~&,33&df.34.33 B_keto esters,l26.33L36.37 ~_d&etonql26.33A37.38 malo& ~~~,lh33~37 

and heterocyclic acetonitriles. 39 Conjugated ketene dithioacetals have also been prepared from 
nitriles l sr*33~*b*34*3s nitromethane,35 aldehydes,31*40 and phenols.41 Although, these procedures 
appear’to be relatively straightforward, there are several dif6culties that are frequently encountered. 

Although thiolate anions derived from the addition of enolate anions to CS2 can be alkylated with 
one equivalent of an alkyl halide to afford dithio esters, a mixture of the ester and ketene dithioacetal is 

lob generallyobtained(Eq. 5 ). ’ 2aThe over alkylation reflects the nucleophilicity ofsulfur centers and the 

-+ 
I. 1 cq RI or R2SO,, 

PhH. 0% 
C l q. 5 

2. 20%. 3-4 h 

R - He 

R - CL 

R - PhCH2 

641. 16% 

122 10% 

212 1n 
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Table 4. Synthcais of conjugated ketene dithioacetala from active mahylcae compounds 

Subrtretc X Y ILxn Elcctrophilc z Yield Product Rcf 
Cond R-X (Ill-X) 

lb0 CN A b2SO4 
X A(60'C) PhCH,Cl _- 

I net 
Y 

Ph 

no 

0 

q 

Ph 

P-fury1 

I-BIA 

I-Pr 

4 Ph 

X @lC6H4 

CN 3.4-Cl2C6H3 
2-thienyl 

Ph 

~-Clc~H4 

2-fury1 

2-thicnyl 

1-cyclohexyl 

co214c A 

CN B 

C02Et B 

COMe B 

Ph B 

COMc B 

C02Ue B 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

Me2S04 

l4eI 

87 

90 

40 

100 

60 

13 

35 

59 
42 

Xe2S04 60 
Et02CCH2X 25 
PhCOCH2X 22 

XKH2j2X 40 

X(CH2)3X 50 

CH31 
Br(CH2j2Br 

Br(CH2)3Br 

CH31 

Br(CH2)3Br 

Br(CH2j3Br 

62 

46 

96 

30 

92 

03 

CH31(C1CH2CN) 66 

80 

45 

91 

CH31 

XKH2j2X 

XKH2)3X 
PhCH2 

CH31 

XKH212X 

xm2)3x 
CH31 

X(CH212X 

X(CH2)3X 
CH3I 

CH31 

07 

91 

64 

88 

60 

42 

30 

75 

69 

73 

46 

69 

R 

.ab- X SR 

Y 

& 0 SR 
SR 

0 

\ SR 

9 SR 

x 0 

CH2CN 

X a% Sol, 

CN 

R 

X ad: SR 

CN 

34 

34 
34 

33f 

33f 

33f 

33f 

33f 

33f 

38 
38 

38 

30 

30 

20 

20 

20 

20 

20 

20 

21 

21 

21 

21 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

‘A - NaOMc, XeOH, CS2. RX. 6 - PhH, DMF, NaH, CS2, XX. C - N&H, DMF, CS2, RX. 

D - DMF, sodium tert-emylate, CS2. RX. E - NeH. DMO. CS2. RX. 

facility for proton transfer in these system& Utilization of the n-Bu4N + counter ion in an ion pair 
extraction tachuiquc tdforded ckener reactions giviag @xo dithio es&s in relatively good yicld~~ ’ 
The n--N + thiolate ~lts (monoanion) ot active methylsae compounds wa-c aportbd to e&rd the 
comrpondbg dithio esters and km dithbecctals in e, 2 : 1 ratio, eltho& .w ramIts arc 
embiguouc~ 8ince CxcMu elkylating egent we8 cmployod. l 2b MclDetivdy, good yi8MB.d dithio cstcrs 
can be obteinod by converting ,Ihe c&et&!S, adduct into the dithiolatc die&n nitL 8 WQoDd 
quiveknt ofbes end quenching the die&n with one quiveknt of an alkyl heli&1”*2’c2 Here, the 
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sulfur center in the dianion is more nucleophilic than the sulfur center in the monoanion or neutral 
dithio ester and chemoselective moooalkylatioo can be achieved. 

The facility for proton transfer and sulfur alkylation was elegantly examined by Quiroga and co- 
workers.“* In this work they showed that treatment of a ketone with one equivalent of base, CS2, and 
two equivalents of methyl iodide afforded high yields of a-oxo keteoe dithioacetals resulting from a 
facile alkylatioo of the neutral S atom in either the thiocarbonyl or tautomeric thiol form. To 
demoostratt the facility for proton exchange, the thiolateintermediate was treated with one equivalent 
of propiophenone and CS, to afford a mixture of products that could be rationalized in terms of acid- 
base equilibria (Eq. 6). The formation of the bis-keteoe dithioacetal4 was favored in less polar solvents 
(Eq. 7) and this was interpreted to reflect the stability of eoolate 5 which is presumably formed to a 
smaller extent (Eq. 8) in THF and HMPT which enhance the formation of solvent separated ion pairs. 
However, NaH afforded higher yields of bis-keteoe dithioacetal4 though it should afford lower yields 
based upon the above argument. If theexcess NaH was destroyed before the addition ofmethyl iodide, 
the formation of4 was not observed in HMPT but became the principal product in THF. Lithium 2,6- 
di-t-butyl-4-methylpheooxide’4 was observed to give modest yields of 4 in Et,0 ;lsb better yields of 
mono-keteoe dithioacetals were obtained when THF was employed as the solvent.‘” 

6 aasc. cs2. at31 _ y2: c”qcL, 
3 4 

.q. 6 

cq. 1 

aasc I Solvent B I K / cs2 Rat10 3 4 7. Gxlv*rs1on 

2.6-tB”2-L-~PhOLt/Et?0 2 I 1 I 5.3 60 LO 98 

LDA/Et20 2 I 1 I 5.3 75:25 78 

LDAITNF 1 / 1 I 1.2 96.4 92 

LDAIIQVT 1 I 1 / 1.2 100.0 62 

Ndl/tMPT 3.a/ 1 I 1.3 100.0 92 

NaHITHF 3/l/3 15 a5 98 

4% + - 
2 LI *- US” + gAiLi+ 

S 

.q. a 

The facile acid-base quibria in these systems was readily apparent in the attempted preparation of 
regiospecificahy substituted a-0x0 ketene dithioacetals. 43*u Treatment of the regiospecific eoolate of 
3-methyfcyclopeotanooc sequentially with C!&, one equivalent of LHMDS, and two equivalents 
of met.hyI iodide afforded the moooketene and bis-ketene dithioacetals in 75 and 12% yields, reepect- 
ively (E!q. 9). Higher yidds of the his-ketene dithioacetai were obtained when LDA or higher reaction 
temperatures were osed. The regiospeci6c eoolate of 3methylcyclohexaoooe, however, afforded the 
mono- and bis-ketene dithioacetals in 52 and 15% yields, respectively, when LDA was used as the base 
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SIrno, 

4 
1 

2. CS’ 

(012)” 

CH2Li’ I*. - _ r&“;.z#k, 
3. LMor LIMDS 

4. cH31 (2.0 eq) 

n Bana Tcnp PC) 2 Yield cq. 9 

1 LIQUJS -70 to 0 75 12 

25 40 27 

w -78 t0 0 LO 2L 

2 LlMDS -78 LO 0 L3 19 

25 35 32 

LDA -78 (0 0 52 15 

and higher yields ofthc bis-ketene dithioacetal were obtained with LHMDS and when higher reaction 
temperatures were employed. In these cyclic substrates, the steric hindrance of the 3-alkyl substituent 
undoubtedly decreases the rate of enolate-CSl alkylation and kinetic deprotonation. These results 
indicate that complex acid-base equilibria are occurring in these reactions and that the CS2 alkylation 
step may be reversible. 

In this regard, it is interesting to note that 2-methylcyclohexanone affords the a-0x0 ketene 
dithioacetal when treated with two equivalents of 2,6-di-t-butyl4methylphenoxide in IT-IF under 
equilibrium conditions or with LDA under kinetic conditions.43*u No /I-keto dithio ester resulting 
from addition of the more substituted enolate anion to CSI was obtained. In contrast, Thuillier and 
Vialle reported l 3a that reaction of methyl isopropyl ketone with sodium t-amylate, CS,, and methyl 
iodide in benzene afforded the dithio ester arising from reaction of the more substituted enolate anion 
with CSI (Eq. 10) while ethyl isopropyl ketone afforded the ketene dithioacetal under similar conditions 
(Eq. 11). In general, the equilibrium processes involved in the CS1 alkylation of enolate anions derived 
from unsymmetrical ketones ultimately favors formation of the ketene dithioacetal by addition of CSI 
to the methylene group. Methyl ketones containing no adjacent methylene group appear to be an 
exception (Eq. 10) and this may reflect intermediate enolate stabilities. 

a, 2.0 .q th tert-mylate - 
t 

Phli. 1.0 cq Cti31. 10 .q CS2 
Ah 

SCH, 

73% 

4 2.0 cq lh tcrt-myhre 
SCH, 

c 
PhIi. 2.0 cq cH31. 10 .q cs2 UB-P 8CH, 

cq. 10 

cq. 11 

Reaction of methyl ketones with CSI and potassium t-butoxide, sodium t-amylate, or 0.9 
equivalents of LHMDS under equilibrium conditions affords the ketene dithioacetal derived from the 
thermodynamically favored enolate (Eq. 12, Table 2). 44 Utilization of amide bases and CSI under 
kinetic conditions affords a complex mixture of products consisting of the ketene dithioacetals derived 
from the kinetic and thermodynamic enolates and the thiopyranone (Eq. 12). Although, this 
complication prevents the direct conversion of methyl ketones to the less substituted ketene 

2,6-cB”2-4-,WhOLi 4 ?B 

0.9 cq LlnulS 22 59 

1.1 LlemS .q 29 22 21 
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dithioacetal they can be readily prepared by an indirect method. This method involves the alkylation of 
4,4-bis(methylthio)-3-buten-2-one which is readily prepared from acetone.4s8 Thiopyranone 
formation can become the principal reaction pathway under appropriate experimental conditions (Eq. 
13). 1 Oosl 3a Also, 6 was convertedU into 7 by the procedure of Thuillier and Vialle. Reaction of acyclic a- 
0x0 ketene dithioacetals with base, C&, and methyl iodide can give mixtures of a-0x0 (bis)ketena 
dithioacetals and 2,6-dialkylthio-l-thia4-pyranones.13’ 

J/ 
Na tert-amylate - 

c 
A 

.q. 13 
4.0 eq cs2 ns s SH 

512 

a-Ox0 ketene dithioacetals, having two different alkylthio substituents, have also been prepared 
from /?-ox0 dithio esters by alkylation of the enolate with a different alkyl halide.‘Ob*’ ’ Although an 
attempt was made to effect this alkylation stereoselectively by utilization of TlOEt in refluxing 
benzenel’ mixtures of 15 and 2 stereoisomers were always obtained. Mixed alkylthio ketene 
dithioacetals were prepared stereoselectively by deprotonation and sulfenylation of vinylogous thiol 
esters with alkyl alkylthiosulfonates (Eq. 43). l & These compounds, however, were configurationally 
unstable and underwent isomerization upon attempted purification by silica gel chromatography. 
Sulfenylation of the vinyl anion with methylstiny chloride afforded a 1: 1 mixture of E and Z 
stereoisomers, a result suggesting a possible role ofchloride ion in the isomerization process under the 
reaction conditions. Alkylation of /I-oxodithio esters with 4-acetoxyazetidin-2-one aIforded a-0x0 
ketene dithioacetals having two different alkylthio substituents stereoselectively and has potential 
utility in the synthesis of /I-lactam antibiotics (Eq. 14).*’ 

NaOH. H20. IHF 
C", 

Ph 
-5%. 10 mia 

(C:Z - 93.7) 

* ""a 

(0 61% .a. 1L 

I4 

0 

Aldehydes of the type, ArCH,CHO, were converted into a-formyl ketene dithioacetals in moderate 
yields employing NaH in DMSO (Table 2).40 Simple aliphatic aldehydes afforded low yields with the 
NaH/DMSO/CSJMeI combination but could be converted into a-formyl ketene dithioacetals in 4U- 
500/, yield with a KH/THF/CSJMeI combination.31 

Although esters and lactones can be readily converted into the corresponding conjugated ketene 
dithioacetals, considerable difficulties are encountered with the carboxylic acids.“’ The carboxylate 
dianions undergo a facile addition to CS,, but the resultant Zcarboxydithioic acids obtained upon 
neutralization readily lose C02. This is in marked contrast to malonic acid derivatives. Alkylation 
on sulfur to afford alkyl 2carboxydithio esters aiIords stable compounds that can be easily 
decarboxylated with NaOH or by heating (Eq. 15). Carboxylate dianions are converted into Zcarboxy 
ketenedithioacetals in poor to moderate yields. Heating of the CS, adduct results in decarboxylation to 
a dithiolate dianion which affords ketene dithioacetals upon alkylation (Eq. 16). Attempted 

1. LM (2 es), TtIF. IMPT 

’ 2 b. 359. 30 aln 
HO 

3. cs2. -30°c 
,H SCM, - SCH, 

R 
L CH,I. -50% 

R I71 
l q. 15 

1. Yield 2 Yield 

C7”15 H aa 65 

C7”15 He 77 69 

‘lb”29 H a4 70 

cq. 16 
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preparation of 2-carboxy kctene dithioacetals by alkaline hydrolysis of the corresponding 2- 
carboalkoxy derivatives has been reported by several authors to result in decarboxylation.lob*l 5o*36 

Phenols and naphthols have been converted into conjugated ketene dithioacetals under basi~,~’ 
and acidic4* reaction conditions. Reaction of phenols and naphthols with CSI and KOH readily 
afforded the salts of aryldithioic acids, although the products obtained upon alkylation of these salts 
were dependent upon the alkylating agent. Utilization of one and two equivalents of dimethyl sulfate 
afforded the hydroxyaryldithio esters and the methoxyaryldithio esters, respectively (Scheme 1).41 
Alkylation of the salts with 1,2dibromoethane, however, afforded the o,w-bis(methylthio)quinone 
methides (Scheme 1). Phenols generally undergo CS2 alkylation at the pura position to afford p 
hydroxyaryldithio esters. The hydroxyaryldithio esters can be alkylated to atford bis(methy1thio) 
hydroxyaryl carbenium salts which readily afford the quinone methides upon treatment with base (Eq. 
1 7).41”*4g Hydroxyarylthio amides have been converted to quinone methides by a similar procedure.4& 
The quinone methides are generally unstable unless they contain bulky substituents and this procedure 
provides for an in situ generation of the compounds. The quinone methidcs can also be prepared from 
trithiocarbenium salts (Scheme 1) which have also been employed with active methylene compounds4* 
(Eq. 18). nitroa1kanes,3s and thiolactones. ” The trithiocarbenium salts also react with enolate anions 
to afford a-oxo ketene dithioacetals (Eq. 19) and this reaction may provide a solution to the problem of 
synthesizing regiospecifically substituted a-oxo ketene dithioacetals (aide supra).” Structurally 
intriguing a- and y-0x0 ketene dithioacetals have been obtained from conjugated cyclic 4n + 2 systems 
(Eq. 2O).S’ 

I+ 
H 

e 0 +sAy+ , fl - a, 
cn 0 cl-l, b2s04 

120°c. 20 mill B scn, .q. 17 

I 
CH, 18% &, 

.q. 20 
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The dithiolate dianions derived from the addition of enolate anions to CS2 can react on sulfur with 
a variety of electrophiles (Tables 1, 2 and 4). The sulfur acylation or alkylation has been achieved 
with acid chlorides,2’*b*34 allylic halides,’ ‘*12 propargyl halides,‘1*12b a-haloketones,12b*21*38 a- 
haloesters,11*21*38*52 a-halonitriles,21*52 a-haloamides,19*52 and q&unsaturated nitriles (Eqs 21- 
23).35 The ketene dithioacetals derived from alkylation of sulfur with allylic and propargylic halides 
readily undergo thio-Claisen rearrangements (Eq. 22) while those derived from alkylation with a- 
halocarbonyl compounds undergo cyclization reactions under the basic reaction conditions (Eq. 23, 
aide in&). 

- + v K 1. H2C-CHCN. okOH. AcOil. rt,w 

CH,O S-K+ 
(8b?.) 

N 
.q. 21 

NC 
2 nc2S0,, (927.1 

S-N.+ 

8-N.’ 
.q. 22 

ether L52 252 
Becnrme 241 352 

I 

CS2. r*f lw 

low yield 
.q. 24 

a-Ox0 ketene dithioacetals have also been prepared by reaction of a-d&o ketones with CSls3 (Eq. 
24) and by Friedel-Crafts acylation of ketene dithioacetals (Eq. 25s43.h*54 They have also been 
prepared by reaction of trithioorthoacetates with acylating reagents such as anhydrides and acid 
chlorides (Eq. 26).55 The preparation of a sulfone conjugated ketene dithioacetal from a bis-carbanion 

85-1002 II - SEC 371 
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suggests interestmg possibilities for extension to dicarboayl compounds (Eq. 27).‘6 Finally, the 
conjugated carboethoxy kctene dithioacetal, l-[lcthoxycarbonyl-2,2-bis(ethylthio)ethenyl]-2- 
etbylpyridinium iodide, has been prepared from I~ethoxycarbonylmethyl)-2cthylpyridinium 
bromide” and exploited in a synthesis of a pyrano[2,3-b]indohrint containing an annulated a-pyrone 
ring. 

Ph 

I. NaH. 7NF 

2. n_-BULi. 7HF 

- Ph 
3. cs2. lb1 

cq. 27 

R-H 

II - Ne 

II - Ph 

Although considerable di5culties can be encountered in the synthesis of conjugated ketene 
dithioacetals, many experimental conditions and strategies have been developed to overcome the 
problems. Even though enolate anions can be generated under kinetic or thermodynamic conditions 
and successfully alkylated with CS2, satisfactory procedures still need to be developed to circumvent or 
prevent unfavorable equilibrium processes. 

2.2. Synthesis of /I-alkylthio-a&nones and enoates 

Vinylogous thiol esters are readily prepared by treatment of a-for-my1 ketones with a thiol in the 
presence of p-toluenesulfonic acid (Eq. 28).’ This approach is useful for the preparation of vinylogous 
thiol esters from readily available a-formyl ketones and has been extended to fl-keto esters (Eq. 29)s”60 
and symmetrical /Miketones ” which afford B-alkyl-&alkylthio~genones and enoates, respectively. 
/J-Keto esters can be converted into /3-thioxo esters” upon treatment with H,S and these thiones 
should readily afIord fi-alkylthio-&enoates upon sulfur alkylation. Reaction of /I-keto esters with 
H,S, however, sometimes affords the gemdithio derivatives as the major product and this is especially 
true for acyclic B-keto esters containing an a-alkyl substituent. Although inconvenient, this is not a 
serious problem since /I-alkylthio-a,@noates can be prepared by pyrolysis of the dithioacetals derived 
from B-keto esters (Eq. 30). 62 Vinylogous thiol esters can also be prepared from an intermediate 
tosylate for those compounds containing an acid sensitive functionality’ and this procedure has been 
employed in the synthesis of /I-arylthio-a$enoates from a-formyl esters (Eq. 31).” A variation of this 
procedure involves the substitution reaction of ~-halo-a&nones and enoates with thiolate anions.63 
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The reaction generally proceeds stereospecifically with retention of configuration, although mixtures 
of stereoisomers can be obtained. The reaction of /?,/.ldichloro-a&nones with thiolate anions has 
been exploited in the synthesis of vinylogous thiol esters, a-0x0 ketene dithioaoetals, and a-oxo kctene 
N,S-acetals.64 Vinylogous thiol esters have also been prepared by acylation [(CX,CO),O) of vinyl 
sulfides.S4b 

The synthesis of@lkyl substituted vinylogous thiol esters from unsymmetrical /&diketones entails 
problems of regiochemistry and the best approach to these compounds involves the chemo-, and 
stereoselective reaction of organocuprates with a-oxo ketene dithioacetals (Eq. 81, Table 18).46 The 
substitution reaction generally affords the E stereoisomer in a highly stereoselective fashion. The 
corresponding ester conjugated ketene dithioacetals do not undergo the substitution reaction unless an 
electron-withdrawing substituent is located at the a-position (Eq. 82). Vinylogous thiol esters 
containing no /I-alkyl substituent can also be prepared from a-oxo ketene dithioacetals by reduction 
with NaBH, in the presence of NiCI, (Eq. 60).65 Both E and Z stereoisomers are obtained as the 
predominant product depending upon the substrate structure (uide infia). 

An alternative approach to /I-alkyl-/?-alkylthio-a&unsaturated carbonyl compounds involves the 
addition of thiols or their alkali salts to a-acetylenic ketones, esters, and carboxylic acids (Eq. 
32). 468*60&6’*6*’ Although the substitution generally proceeds with rruris addition to afford the Z 

.q. 32 

olefin, mixtures of stereoisomers are often obtained. The stereoselectivity of the addition appears to be 
dependent upon a number of structural features in the substrate and reaction conditions.6”*67 
Stereoconvergence is favored by low barriers to isomerixation in the intermediate carbanion, 
formation of the allene enolate directly or competitively with csrbanion protonation, and electrophile 
attack at the 0 atom. In this view,66’ a-acetylenic ketones with low barriers to isomerixation in the 
intermediate carbanion afford transaddition products in proticsolvents and mixtures ofstereoisomers 
in HMPT and DMSO in which the allene enolate is stabilixed relative to the carbanion which is 
protonated slowly in these solvents. The former procedure generally gives the Z stereoisomers in a 
kinetically controlled process, although post isomerixation events can also afford mixtures of 
stereoisomers. 

2.3. Physical properties 
Several X-ray diffraction studies have been done on a-alkylthio- and 8,/I-bis(alkylthio~a,/I- 

unsaturated carbonyl compounds (Table 5).46”*69*70 In some instances, the S--O distance is shorter 
than the sum of the van der Waals’ radii (3.25 A) of sulfur (1.85 A) and oxygen (1.4 A) indicating a 
possible bonding interaction, although crystal packing forces may play an important role. The a- 
dithiolylidene ketones (isosteres of trithiapentalenes) alsO exhibit !GS bond lengths that art shorter than 
the sum of the van der WaaIs’ radii for sulfur (3.7 A) and longer than the covalent radii found in cyclic 
disul8des (2.0-2.1 A).‘00 The X-ray data also reveal that the C--S bond syn to the carbonyl group is 
shorter than a normal C(sp2)-S bond length of 1.75 A and the C=C bonds are longer than the C=C 
bond ofethylene (1.34 A). These structural parameters suggest a contribution from dipolar resonance 
forms such as 9 and 11. Dipole moments, however, have been measured70’*7 l and the values (approx. 3- 
5 D), in comparison to the calculated value (13-20 D) for a fully ionic structure, are relatively small 
reflecting very minor contribution of xwitterionic resonance forms to the molecular structures. 
Although the 0 and 1c contributions to the dipole moment cannot be separated experimentally, it has 
been argued” that the close agreement between measured and calculated (CND0/2 method) values 
permits a reasonable estimate of the separate contributions. For the conjugated ketene dithioacetal of 
malononitrile the x polarization amounts to only 0.13 electrons. The bonding in the trithiapentalene’O’ 
analogs of 10 has been described as “no bond resonance” to indicate a delocahzation ofthe electrons in 
the S-S u-bond as indicated in resonance structures 13 and 14. In the oxygen analogs (e.g. 10) the S-S 
bond distance is “nearly” normal and molecular orbital calculations72” indicate that if there is any 
bonding attraction at all arising from the S. * * 0 overlap it is very small. Simple extended Htickel 
calculations yielded weakly S *.*O antibonding interactions which gave way to weakly bonding 
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Table 5. Bond lcn& for &alkyltbio- and jI&bis(alkyltbio)-a&unsaturatcd carbonyl compounb 

W Bond Length8 Icf Cpd Bond Lengths Rcf 

(II> (8, 

?,!O . 
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c 1.358 

e 1.763 

46a a 1.25 

b 1.49 
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. 1 214 69 b 1.436 $;a ; ::2: 

c 1.359 c 1.38 
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h b 1.43 

c 1.39 

2.255 
d 1.76 

c 1.369 

d I.758 
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interactions when the calculations were carried out with an iterative adjustment of charges in the 
Coutornb integrals. ‘Ilo Although these early results were independent of the d-orbitals, later 
investigations revealed their importarn~.‘~~ 

The extent and nature of the S ** * 0 interaction in these compounds is open to question, but the 
existence of some type of interaction is indicated by the IR and W spectral properties of these 
compounds. The IR spectra ofa-oxo ketene ditbioacetals oftype 15 show carbonyl absorptions around 
1639cm- l while thoseoftype 16displayabsorptionsaround 1694cm-1.7b~13’In thelattercompounds 
the steric interactions arising from the a-substitution causes thecarbonyl group to twist out of the plane 
of the olefin resulting in loss of conjugation and a shift of the carbonyl frequency to higher 
wavenumhers. The intensities of the carbonyl group absorptions appears to be diminished relative to 
that for similar a&unsaturated enones. Although this phenomenon is generally true for the s-cis 
relative to the s-hurts conformations, the reduction in intensity may reflect an interaction between the S 
and 0 atoms.7b The a-oxo ketene dithioacetals sometimes display split bands for the carbonyl and this 
splitting has been attributed to vibrational coupling with either the fundamental vibration of the olefin 
double bond or Fermi resonance. The latter coupling mechanism which involves overtone or 
combination vibrations is favored.7b 

The vinylogous thiol esters can exist as stereoisomers with either the E or Zconfiguration about the 
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olefin double bond. These compounds display interesting spectral properties that can be exploited to 
assign olefin cotiguration. In the IR spectra, 46*60*63b*70b the Zvinylogous thiol esters generally display 
carbonyl absorptions at lower wavenumbers than the corresponding E isomers (cf. 17 and lS, Table 6). 
Interestingly, the carbonyl absorptions in 17 are shifted to lower wavenumbers as the stixric bulk of the 
substituent increases while the carbonyl absorptions of 18 are shifted to higher wa~enumbers.~” This 
trend indicates that the actual values for thecarbonyl absorption may reflect both steric and electronic 
factors and this might account for those exceptions where the E isomer displays a carbonyl absorption 
at lower wavenumbers than the 2 isomer. The effect of the S --- 0 interaction on the carbonyl 
absorption is clearly illustrated by several a-(l&dithiol-3-ylidene~/Miketones containing carbonyl 
groups cis and truns to the S atom (19, 20).‘W Again, the carbonyl cis to the S atom absorbs at lower 
wavenumbers and this difference diminishes in the 5-membered ring analog where geometry 
necessitates a larger internuclear separation. The cis and trusts isomers 21 and 22 also display trends 
consistent with those observed for the simpler vinylogous thiol esters6’ In a similar fashion, the E 
vinylogous thiol esters display a more intense UV absorption at shorter wavelengths than the 
corresponding Z isomers.46’*60 Consequently, the intensity and wavelength dependence of the long 
wavelength W absorptions parallel the IR carbonyl absorptions. This trend has betn attributed to an 
S -*- 0 interaction in the Z isomer involving xwitterionic resonance contributors (e.g. 9 and 11). 
However, both the E isomer 17~ (&,_ 297,290, and 288 nm) and the Z isomer l& (L._ 308,302,300 nm) 
display identical numerical shifts of 1, as the solvent polarity is varied (along the series ethanol, 
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ccmpoudr trma-carbonyl 

Mr u(C0) (rolvmt) 

c&-carbony Ref 
KBr u(C9) (rolvmt) 

17a 16a 1670 (CClJ 1647 (CC14) 46a 

17b 16b 1663 1655 &6@ 

17c 16c 1660 1660 46a 

l&l 1673 L6a 

19a 1620 1643 (CHC13) 1547 1550 (CHcl3) 70b 

19b 1636 16L6 1506 1556 70b 

20 1680 1693 1637 1644 70b 

21A 22a 16C5 (C2C1‘) 1595 (C2Cl,,) 70b 

21b 22b 1635 1559 70b 

ether, and bexanc, respectively) reflecting no difference between the two isomers in terms of charge 
separation.*6 

in the NMR spectm, the @ncthyi, B_mthykqe, and y-methine protons m.tro the kctare carbonyi 
in the E isomers absorb downfield relative to those in the Z isomcrain amrd with the wellcstablished 
trends for a&unsaturated carbonyl compounds. 46r The structures and tautam& ratios of j?-thioro 
ketones and esters have been investigated by scvcrgl groups employing ‘H-NMR, IR, UV, Raman, and 
X-ray photoelectron spectroscopy.” 

The stereochemistry of push-pull ethylenes has been revicwai’1 and barriers to rotation about the 
C==C bond have been measured for a number of j?-alkylthio- and &B-bis(olkylthiotsS-unsaturated 
carbonylcompounds(Table7). Measurements weremadeby thedynamicNMR tahnique(DNMR)at 
the temperatures of coalescence and the energy barriers are expressed in terms of AG: (Table 7). The 
DNMRmethodisapplicablefor arangcofenergybarriersbetwcen6and25 kcal mol- ’ (- 14Oto 200”). 
These energy barriers are a functioo of the acceptor and dooor groups attached to tbe double bond and 

Table 7. Routional harriers for amjuptd Letme d&mxtolr determind by DNMR (abtrsctd from 
R5f. 71) 

compound R1 R* rolvont 
. +. 

&mo~) 
OK 

m 
urn 
Ph 

Ph 

Ph 

m 
PhCH2 

na 

Ii 

Ph 

cn 
cm2ct 

w&o 

m 
PhCH2 

PhCH2 

OOC 25 670 

ODC 25 470 

ODC 20.6 390 

ODC 19.4 375 

ODC 18.0 353 

ODC 

OIY: 

rnl3 
OX 

ODC 

24.8 

24.7 

22.hb 

22.9b 

23.3 

27.5 

L62 

c55 

303 

303 

640 

296 

-2 13.7 259 



Compound R1 R2 .olv.d a+ 
(kcal/mol) 

OK 

‘1 ne no 
Ph nc 

SCH, ne Ph 

?h Ph 

neo2c 

Ph 

noco 

neo2c 

CN 

neco 

neco 

Hoo2c 

MO R\ k H 

Ma lb 

0 

CS2 7.8 160 

CS2 

ODC 

ODC 

ODC 

ODC 

CHC12F 

CHC12P 

CiiC12f 

CHC12? 

Phi%8 

PNIO 

a.2 170 

21.5 403 

la.8 358 
18.1 366 

16.2 328 

7.4 163 

6.7 153 

~6 <130 

~6 <130 

22.3 396 

a9.4 l 137 

'ODC - g-dichlorobonrmw b By l t~roomut~tion 

in general simple vioylogous thiol esters and a-0x0 ketcoe dithiaacetals have energy barriers greater 
than 25 kcal mol - ’ which are not accessible by the DNMR method. The ~ncc of two acceptor 
groups in several conjugated keteoc ditioacetals derived from active methyleoe compounds lowers 
the energy barrier into the 18-22 kcal mol - ’ range where isomcrizatioo can occur readily at room 
temperature. The quinooc methide derivatives display low barriers to rotation indicative of the 
aromatic character of the zwittcrionic transition state. The heterocyclic analogs display considerably 
higher barriers (16-21 kcal mol- ‘) but generally lower than simple vinylogous thiol esters and eoxo 
keteoc dithioacetals. Carbonyl conjugated ketene N.S-acctals exhibit low energy barriers to rotation 
about the C=C bond unless H-bonding is present. The energy barriers for a series of compounds 
indicate the following order of donor capacity : H, OMe < MeS, McS < H, NMc, < Me,SiO, OMe 
< Me,N. Me,N < MeS, NMe,. It has been noted, however, that the donor capacity is dependent 
upon the acceptor moieties and reversals of the above order may be observed In a few instances AH’ 
and AS* values have been determined. Large negative entropies (- 15 to - 24 C.U. for conjugated 
ketenc dithioacetals) were observed for the isomerizatioo indicating increased polarity in the transition 
state which resuIu in a more ordered solvatcd structure. The entropies became more negative with 
increasing solvent polarity as expected. 

Although the barriers to rotation about the C=C bond of simple a-0x0 kctene dithioeoctals are 
generally not accessible at room temperature, attempts to prepare mixed alkylthio derivatives 
stereoselectively requires considerable care indicating that acid-catalyzed isomerizatioo can occur 
quite rcadily.“*‘6’ Presumably, protooatioo increases the acceptor capacity of the ‘carbooyl and 
lowers the barrier to rotation.” Similarly, many of the vioylogous thiol esters are cordiguratiooally 
unstablein theprcscoccofacidsandscveral workers haveexamined the thermodynamicstabilityofthe 
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Tabb 8. Tbcrmodynamic stabilitia of E and 2 vinylogous thbl esters 

Substrate R or n R1 E:Z Rcf 
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stereoisomers (Table 8).k*60*62b Interestingly, aryltbio derivatives appear to be more stable in the 2 
configtuation while the aIk jlthio dcriv&tives arc more stable in the E con@uration. This wide variation 
in isomer stability suggests competitive play of stcric and electronic factors. 

24. Deprotonation 
a-0x0 keteat dithioacctals’ W” and vinylogous thiol csters3*41*6’*7S can be readily dcprotonatcd 

at the a’-position with strong bases. The resulting cnolate anions can be alkylatcd with alkyl 
halides,3*4/*‘u*75 aldehydcs,13’*a8*7~ or enones’” (E!qs 33-37). although difEcultics are some- 
times encountered. Low yields of d-aikylation products were frequently obtained from the 
methylthiomethylenc and a-oxo ketcnc dithioacctal derivativea of cyclopentanones.46S7U Cyclic 
vinylogous thiol esters undergo’s d-alkylation with LDA (EQ. 34) and a-alkylation with KH (EQ. 35). 
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although the letter’% prdadun could not be effectively controlled for monoalkylation. This is 
in contrast to /J-emi~~noncs and cnortcs which generally undergo y-alkyletion.“‘*‘6 
Dcprotonation and y-alkylation of &alkylthio-@cnoates have been exploited, however, in the 
synthesis of a&y,bdicnoic acids (Eq. 38).” 

Dcprotonation studies involving a-oxo ketene dithioaatals with no a’-H have been rcportcd.“ 
Ally1 and vinyl cerbanions can bc generated from &3-bis(a&yhhio)-a$~nu oonteining an a-Me 
or H, rupcctively, end qwnchcd with a variety of ekctrophilu (Eqs 39 and 40). When a substitucnt 
other then methyl or hydrogen is prcstnt at the a-position, dcprotonetion occurs adjacent to the S 
hetcroatom and subsqucnt intramolecular cyclization to a thiophcne occurs (Eq. 99, Table 21). a$- 
Bis(alkylthio~aJ?+nonts containing no alkyl group at the a-C atom undergo deprotonetion at both 
the vinyl carbon and adjacent to the S hetcroatom (Eq. 40) and the ratio is base dependent. 
Dcprotonation adjacent to sulfur does not occur for the ethylthio analogs. 
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Junjappa and co-workers ‘9 have reported a baec-catalyad reanangcmont of a-methyl+?& 
bia(8lkyIthio)4+cnones to U-~ylthio~yl-B-~y~~~~o~ (Eq. 41). The learmqcment 
proax& in low to ma&rate yidds with NaH/DMF and the yields are sensitive to na&n times. 
Utilization of sodium ethoxidc in ethanol& room temperature affords starting material while heating 
the solution to dux a&mla polymer& material. The reaction involves initial dcprotonation to afford 
an allylic carbanion which i# believed to raurange via a concerted sulfur assisted polar ma&ax&m 
similar to that proposed for other thioallylic rearrangement.% 

?. Yteld 

35 

45 

35 

.q. 41 

Vinylogous thiolcstcrs containing no a’-H or /I-alky! subs&cats undergo deprotonation to afford 
vinyl carbanions and not allylic carbanions as originally r~portai.“~ These vinyl anions have been 
employed in an elegant cyclopcntanone annulation sequence (Eq. 42).*” a-0x0 ketcne dithioacctals 
containing two d&rent alkylthio substituents have been prepared by sulfenylation of these vinyl 
anions (Es. 43). 4ti Similar vinyl carbanions have been generated from /?-arylthio-tx&msaturated 
esters*’ and acids*** @!qs 44 and 45). These vinyl carbanions were alkylatcd with a&cnoates, acid 
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chlorides, and aldehydes to a.tTord cyclopeatenones, p-keto-qgcnoates, ;Ikl butcnoiides (ti I&z), 
respectively. Alkyl halides appear not to have been examined and may not be sufBciently &ctropbilic 
for these vinyl carbanions. Tba vinyl carbanions derived from the esttts did not react with ktatses and 
the carbanion could not be cleanly generated from methyl 3-pbenyltbio-2-pmpenoate. Tbeae probl&ns 
were surmounted by utilization of the dianions derived from the carboxyiic acid derivstivas. 

Clearly, alkylation of carbanions derived from /3-alkylthie and p,/?-bis(alkyltbiof and 
enoates provides an opportunity to elaborate the carbon skeleton prior to manipulation of the 
functionality in subsequent transformations. 

3. REDUCl’ION UEACITONS AND -TRY INVOLVING 1,ZNUCLu)PHILlC ADDITION 

3.1. Reduction reactions and the 1,3_carbonyl transposition 
The reduction of q/?-unsaturated carbonyl compounds containing either one or two /_?-alkylth.io(or 

aryltbio) substituents can follow several pathways depending upon tbe substrate and reducing reagent. 
Simple reduction of the ketonecarbonyl affords an allylicalcobol which can undergo an acid-promoted 
aniontropic rearrangement” to afford a new transposed a&unsaturated carbonyl compound. 
Alternatively, reduction can also be effected at tbe C=C, the C-S bond, or at both the carbonyl and 
olefin functionalities. The development of procedures for effectively controlling these reduction 
pathways, as well as the allylic rearrangement, has enhanced considerably the syntbet.ic.utility of 
vinylogous tbiol esters and a-oxo ketene ditbioacetals. 

Ireland and Marshall developed the n-butylthiometbylene functionality as a blocking group for a 
methylene position adjacent to a ketone and exploited the functionality in several ways tbat’i&izcd 
reduction procedures. A 1Jcarbonyl transposition metbodology~*“**3 modeled on procedures 
developed for alkoxymethylene derivatives** involved reduction of the ketone carbdnyl with sodium 
borohydride followed by an acid-promoted rearrangement of the intermediate allylic alcohol (Eq. 46). 
This 1,3carbonyl transposition methodology provides for ketoncaldehyde (Eq. 46) and ketone- 
ketone (Eq. 47) interconversions. The synthesis of /I-alkyl-/?-alkylthio-a&nones from a-0x0 ketene 
dithioac&@j or acetylenic ketones4”*6*0 provides considerable versatility. Since tbe pioneering 
efforts of Ireland and Marshall this strategy has been examined by several workers for /.?-alkyltbio-a$- 
enones”*6’~85 and has only recently been achieved in synthetically useful yields with a-ox’o ketene 
ditbioacetals.“**6*87 
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The reduction of vinylogous tbiol esters with LiAlH* or NaBH, was extensively investigated by 
Nishio and Omote.*5 Tbe chemoselectivity and efficiency of the reductions was dependent upon the 
substrate structure (U), reducing reagent, and reaction conditions (Eq. 48, Table 9). Generally, 
reduction with either LiAlH4 or NaBH, effected l&reduction of ibe ketone carbonyl to afford an 
intermediate allylic alcohol which rearranged to the transposed carbonyl compound (24) upon work- 
up with aqueous mineral acids. In certain instances, however, the y-hydroxy sulfide (25) was produced 
in an over-reduction process. It is clear that the over-reduction occurs to a significantly greater extent 
with LiAlH, than with NaBH, and with substrates containing either a /3-H or /?-phenyl substituent. 

R’ 
AA 1. LiAlH,,. Et20 or 

d 811' .q. bL) 
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Tabk 9. Raludoo ohiayiogour thiol aten arith NaBHI amI LiAIH, 

Subrtrate 23 Ragant Rxn Products 

111 R2 IL' (equivr) Condaeb 24 25 23 Raf 

Pb Ne It 

Ph Ph Et 
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PhCH-CH H r-Bu 
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NaBH4 (1) 
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LiAlH4(2) 
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C 
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91 

24-28 

46-49 

trace 

31.5 

4.0 

49 

69 

18.5 

62.5 

22.0 

35.5 

24.0 

40-60 

30-33 

91.5 trace 

14.5 36.0 

85.5 

20 

100 

69.5 

7.0 

5.5 

85a 

a5a 

a5a 

85a 

85b 

85b 

85b 

b8a 

05b 

85b 

85b 

85b 

85b 
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aA - Et20, rcflux 1 h. B - Et20. rt, 25 h. C - &OH or EtDH, rt, 2 h. 

D - Et20, 2 h. rt. reflux 0.5 h. E - Et20, -15'C, 3 h. bRo*ctionr were 

worked-up or treated vith either aqueous HCl or H2S04 rcrulting In rcarrmgement 

md hydrolyaia of the initially formed y-hydroxy vinyl mlffder. 

Although the authors suggest that the over-reduction product arises via initial l&eduction of the 
en~ne,*~* it appears more likely that an initially formed allylic alcohol undergoes subsequent reduction 
to afford the y-hydroxy sulfide (Eq. 55 and structure 32). From this perspeotive, the selective ovcr- 
reduction of substrates oontaining either a /3-H or fl-phenyl substituent can be understood in terms of 
stcric and electronic factors, respectively. 

Nishio and Omote reported relatively low yields for the NaBH, reduction of both aliphatic ketones 
and the less clectrophilic aryl ketones and although the yields could be improved by the addition of 
CeCl, l 7H,O*‘* they are still low (50.576%) in contrast to the relatively high yields reported in several 
synthetic applications. ** In the synthesis of /I-vetivone, this 1,3carbonyl transposition methodology 
was exploited to control the orientation of the isopropylidene group (Eq. 49).aa” 

cq. 49 

In principle, utilization ofa-oxo ketenedithioacetals in a similar IS-carbonyl transposition process 
would provide a procedure for effecting a ketone-ester interconversion. Although the 1,Zreduction of 
a-oxo ketene dithioacetals with NaBH, was reported as early as 1969 by Saquet and Thuillier*Q to 
occur in high yields, treatment of the intermediate allylic alcohols with ptoluenesulfonic acid in 
refluxing benzene afforded low yields of the expected S-methyl a,&un.saturated thiol esters in addition 
to other products (Eq. 50). The formation of fl-methylthio thiol esters was suggested to occur 
by conjugate addition of methanethiol to the initially formed q/?-unsaturated thiol ester. 
Reinvestigation*’ confirmed the formation of /3-methylthio thiol esters as the principal product when 
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either HCI orCF,COOH waaemployed(Eq. 50). Dieter andco-workendiecovered”*“6 that although 
mineral acids such as HCI and HzSOI afforded low yields of the q&unsaturated th&l esters, utilization 
of loo/, (v/v)aqueow HBFI in THF(l: 4)afforded in high yield a nearly 1: 1 mixtureofthedesird thiol 
ester (27)and a methyl sulfide by-product (Zs) presumably a&&g from methanethiol trappiag of a very 
stable secondary allylic carbocation (Eq. 51). Utilization of sulfur complexing agents [e.g. HgO, 
Hg(OAc),] provided a solution to this problem, ahhough the yield of thiol ester was crucially 
dependent upon the quantity of HgO employed. Addition of 0.75 quivalents of HgO cleanly aflorded 
the S-methyl a&unsaturated thiol esters (Eq. 51 and Table 10) while addition of two or more 
equivalents of HgO cleanly afforded the a&unsaturated acids in good yields (Eq. 52). Subsequently, 
Junjappa and co-workers*’ reported that treatment of the intermediate a-hydroxyketenediibioacetals 
with BF, l Et,0 in Hz0 heated at reflux afforded good yields of thiol esters (Table 10) while treatment 
with BE;, * Et,0 in methanol afforded good yields ofa&unsaturated methyl esters (Eq. 53). The latter 
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26 27 28 
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d 
2. WcO. TW-H20, 482 HIP4 
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.q. 51 
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.q. 53 
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-m*)4- 75 
Na n_-m 75 

procedure has been utilized in the synthesis of methyl 7-aryl-2,4,6_heptatrienoates. In this synthetic 
sequence, the 1,3carbonyl transposition methodology was applied to a-oxo ketene dithio- 
acetals prepared by the aldol condensation of 4,4-bis(methylthio)-3-buten-2-one or 3-methyl-4.4- 
bis(methylthio)-3-buten-2-one with cinnamaldehydes (see e.g. Eq. 36).‘& Consequently, NaBH, 

Table 10. Reduction of a-oxo kctcnc dithioaatals with NaBH. and ltarrlngcmcnt of the inrcmlcdiah allylic 
alCOllOl8 

Suberrete 26 ~llylic Alcohol Ran Productr Ref 
It1 R2 2 Yield* Condb 27 28 

-(CH2)3- 96 A 50 47 44. B6 

B 75 44. 86 

C 55 87 

-CHCHJCH2CR*’ 98 A 44 35 44. 86 

6 50 44, 86 

- (cw,),- 96 A 58 24 46, 06 

C 70 07 

Et nc 96 B 79 44. 86 

Ph H C 55 87 

2-kteC6H4 H C 75 07 

eYlelde l re beeed upon crude product8 vhich were greater then 95% pure by KliR. 

bA - 101. ABPq. TlfF. rt. B - 10% HBP,,, THF. 0.50-0.70 equiv of HgO. rt. 

C - 1. DF3.Et20, Et20. 5 min. ii. H20. reflux, 12-16 h. 
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reduction of a-oxo ketene dithioacetals affords excellent yields of a-hydroxykctene dithioacetals which 
can be converted into a&unsaturated acids, methyl esters, or thiol esters depending upon the 
particular reaction conditions employed. The allylic rearrangement appears to occur in high yield 
only when HBF* or BF, * Et,0 are employed as the acid and the clean formation ofthiol esters requires 
the use of HgO or higher reaction temperatures. The failure of mineral acids to cleanly effect the 
aniontropic rearrangement may be a result of inter- or intramolecular attack of sulfur at the 
carbocation center. It has been pointed out, that the /I-methylthio thiol esters may arise via conjugate 
addition ofmethanethiol to thca&u.uaturated thiolestersorviaanintramolecularprocess(Scheme2) 
involving a thiatanium ion 30. Junjappa has suggested that the effectiveness of HBF, may result from 
complcxation of the B atom to oxygen and sulfur to form a Cmembered transition state 31 which would 
effectively diminish the intramolecular participation of the S atom. The se&mdary allylic alcohols 
rearrange to form the E stereoisomers exclusively and this stereoselectivity can be understood either in 
terms of a boat-like transition state or in terms of a free carbocation. In Junjappa’s proposed boat-like 
transition state the larger substituent at Cl will prefer the less sterically crowded exo position leading to 
the E stereoisomer (Eq. 54). Alternatively, the more stable free carbocation would have the larger 
substituent at Cl anti (Santi) to the methylthio substituent at C3 and would also lead to the E 
stereoisomer (Scheme 2) (uide infra).90 

.q. 56 

Gammill et aL9’ have examined the LiAlH* reduction of a-oxo ketene dithioacetals. They 
discovered that both the carbonyl and ole6n function&ties are reduced to afford y-hydroxy 
dithioacetals. The reaction was shown to proceed in a stereospuS fashion by utilization of LiAlD4 
and to occur with quantitative conversion with 0.5 equivalents of reagent (Eq. 55). The stereospecitjcity 
of the reaction and the characterization of an intermediate organoalumimun species (32) confirm that 
the reduction process proceeded by an initial regiospeciflc reduction of the ketone carbonyl followed by 
an intramolecular hydroalumination of the double bond Additional support derives loom a reported 
reduction of an a-hydroxy ketene dithioacetal in which the double bond was similarly red~ced.~~ 
The reaction is, however, sensitive to steric constraints which interfere with the hydroaluxnination 
step. Under these conditions, an alternative reaction pathway involving a reduction-alkylation- 

LiAlD, .9. 55 
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fragmentation mechanism is available (Eq. 56). In a subsequent work9’ GammiU established that this 
reduction process could be exploited to afford diastereomcrically pure three /Mkyl y-bii(methylthio) 
alcohols in excellent yield (Table 11). The reaction is formally equivalent to an aldol addition tea&on 
and provides a new strategy for acyclic diastereoselection. The reaction shows diminished yields for C2 
alkyl substitucnts other than methyl and in one instance the reduction stopped at the allylic alcohol 
stage as a result of steric interactions. The reduction can also be controlled to atford only the allylic 
alcohol by employing lower reaction temperatures. 

Reduction of a-oxo ketene dithioacetals with the electrophilic reducing reagents DIBAL, 9-BBN, 
and catecholborane was also examined. 94 DIBAL and catecholborane gave predominantly the 1,4- 

LiAlD,, 0 
nw 

-0 

c ChCDC 

D 

Table 11. Reduction of a-oxo kctme dithiooatxlx with Li,” 

Subrtrete R%n Cond X Yield Product 

2s"c, THF 95 

reflux, TW 98 

-25oc. mF 91 

50°C. 3 h, MF 

.q. 56 

reflux. MF 87 



a-Ox0 Letme dithioacetals and r&tad compouods: versatile theear bon sytttbonr 3055 

Rxn Cond 2 Ylald .q. 51 

DlML-Lc,N. mr. -78% 83 

Cac,cholborm~. YW. 0% 56 10 

9-Bclw. IHF. 25% 53 

reduction product while 9-BBN effected over-reduction to the kctosulflde (Eq. 57). In the DIBAL 
reductions, tricthylamine was added to suppress the 1,2-reduction process. Reduction of a /I,@- 
alkylthio-a$-enoate with DIBAL in an attempt to prepare an a-formyl ketene dithioac&I aBbrded 
a 1: 1 mixture of the starting ester and the allylic alcohol. The ally&c alcohol oould be prepamd in 
good yield,by utilization of excess DIBAL (Eq. 58)” a-Hydroxy katenc dithioatials have alao 
bben prepared by NaB& reduction of a-formyl ketene dithi~acetals,*~ and by LiAlH4 reduction 
of /?,~-bis(aIkylthio~/3+moate-s.*~ 

Nisho and Omo&e*‘* el%xted simiIar reductions of viaylogous thiol esters employing NaBH4 in the 
ptwace of metal hydrides. Although utilization of NaBH4-CeCls l 7H,O resulted only in higher 
yields of allylic alcohols via 1,2-reduction of the carbonyl, NaBH, in the presence of a catalytic amount 
of cobalt(III) chloride or nickel chloride reduced both the olefin and the C-S bond (Eq. 59) to afford 
saturated ketones. Similar reductions could not be effected with NaBH,-Fe&. NaBH,-FeCl,, 
NaBH,Cul, NaBH,-CuCl,, or LiAIH,CoCl, and l-phenyl-3cthylthio-I-butanone was recovered 
unchanged upon treatment with NaBH,-CoCl, suggesting that reduction of the C-S bond occurs 
prior to reduction of the olc6n. Interestingly, Junjappa and coworkerP have reported the 
chemoselective reduction of a-oxo ketene dithioacetals with NaBH,-NiCl, to alford vinylogous thiol 
esters in yields of 42-77% (Eq. 60). One major stereoisomer was generally formed predominantly and 
theformationofeitherthe E orZstereoisomervariedin amannersuggestingthcinfluenceofbothsteric 
and electronic factors. 

Ireland and Ma&#’ also exploited the n-butylthiomcthylene group for the regiospecitic 
introduction of a methyl substituent by reductive desulfurixation with W-2 Raney Ni or with sodium in 
liquid ammonia The latter conditions were required for substrates containing non-conjugated double 
bonds. Buchi et al. employed this rtretcgy?s in their synthesis of loganin (Eq. 61). Coates and Sowerby 
extended the metal-ammonia reduction procedure by trapping the resulting enolate anion with 
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.q. b2 

ekctrophiles to afford site-selective gcminal alkylation9” and employed this strategy in a synthesis 
of (f~xizaene (IQ. 62).96b 

3.2. Tk alkytaiw 1,3_carbonyl tmnsposition methodology 
The additiono(Grignard and organolithium reagents to the ketone carbonyl of vinylogous thiol 

esten or a-ox0 ketenedithioaatalr provides consider&k potential for the sequential regic~lective 
construction of now C-C bonds. F&nation of C-C bonds occurs during the alkylative aubonyl 
transposition sequence while alkylatioa of the original or transposed carbonyl compaoad, or both, 
provides for additional bond forming opportunities (Eqs 63 and 64). Whilethe vinylogous thiol esters 
afford an unsaturated aldehyde or ketone, the a-oxo ketene dithioacetals pield an unhaturated tbiol 
ester. This transformation provides for additional synthetic tltxibility revolving around the thid eater 
functionality. 

MO Mu 

d- 
L -&A ad - 

E 
II 

It - Alkyl. H s3 

.q. b3 

The reaction of organolithium reagents with vinylogous thiol esters46b*6**9’ generally proceeds in 
high yield to afford the transposed carbonyl compounds upon acid-promoted rearrangement of the 
intermediate y-hydroxy vinyl sulfides 33 (Eq. 63, Table 12). It is interesting to note that the aniontropic 
rearrangement proceeds in good yield with sulfuric acid. Nakagawa andco-workers examined this 
methodology for the synthesis of enals and dienals. 6* The latter compounds were readily obtained by 
effecting the alkylative carbonyl transposition.on dienones prepared by the aldol condensation of 4+- 
butylthioh3-buten-2a with various aldehydes (Eq. 37). The acyclic substrates afforded a mixture of 
E and 2 stereoisomers, although the E stereoisomers were generally formed as the major product and 
the stereoselectivity varied widely with no apparent pattern. A single stereoisomer was observed, 
however, in the reaction of I-lithioalkynes with vinylogous thiol esters and was shown to have the E 
contiguration (Table 12). Combination of the aldol condensation reaction with the 1,3carbonyl 
transposition sequence provides for a reiterative process which Nakagawa and co-workers exploited in 
a synthesis of isoremeratene (Scheme 3). 6sbSince the configuration of thedouble bond in the vinylogous 
thiol esters is not important in these applications, the vinylogous thiol esters can be prepared by the 
addition ofthiolate anions to acetyknic ketones or stereoselectively by the reaction of organocupratts 
with a-oxo ketene dithioacetals (Eq. 81).*6 The’ 1,2-nucleophilic addition of ester enolate anions to 
vinylogous tbiol esters followed by acid-promoted aniontropic rearrangement has recently been 
exploited in a synthesis of a-pyrones (Schemes 10 and 11, Table 28).98s99 The l,2-nucleophilic addition 
of [(phenylthio)methyl]lithium to vinylogous tbiol esters has been utilized in a reductive alkylation 
procedure’ 0°’ and in a synthesis of furans and butenolides (Eq. 121).‘00b 



0-0x0 ketmc dithioaoctds and rekal compounds : versatile throearbon spthons 3057 

T&k 12. Addition d orgnotitium wtr to vinyio~olu t&l atm in an alkylative l&arbooyl 
truupoaoll Inclllodo~ 
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Dieter and co-workcrs”**6 examined an alkylative 1,3carbonyl transposition methodology 
involving a-0x0 kctcne dithioacetals (Table 13). The 1,2-ntiophilic addition of Grignard and alkyl, 
alkcnyl, and alkynyl srgaao1ithiu.m reagmta occurmd in excellent yield to afford tertiary allylic 
alcohols (34, Eq. 64). Again, treatment ofthese a-hydroxy kctcnc dithioacct& (34) with mineral acids 
afforded poor yields of the a&unsaturated thiol eaters. These products could only be obtained in high 
yield by treatment of the alcohols with HBF4 in aqueous THF. The tertiary allylic alcohols did not 
require the addition of HgO as the methylsulfide by-products (35) were formed in less than 2%. 
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c 
11aOH. CiOH-Hz0 (67%) 

4 
2. ln H2SOL 2. lltti. Et20 

75% (E:Z - 9.1) 3. 1w H2s04 

Ir. 
ml,. LlA1H4 

X2' bu (41%) 

(962) 
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Tab& 13. Additioo of organolithium ragmta to a-oxo ketmc dithioacetda in m rllrylreive IJarbaayl 
tlxMpositioll methodologyu 

Subrtrete Nucleophilc 
R-Mete1 

Alcohol Product. X Yield (E : 2)’ 
% YIeldeBb 

% (9 SCH, 

C”, -?A =“a 

C”, 

@ 
SC”, 

C”¶ 

+ C”, 

CH3Li 
HC-CHLf 

14e3SiCH-CHCH2Li 

CH3LI 

CH3Ll a2 

Me3SICH-CHCH2LI aa 

CH3LI 
14e3SICH-CHCH2LI 

CH3Li 

M~JSICH-CHCH2Li 

69 

80 

a9 

a0 

76 
92 

R 

IN 
78 

\ 40 

C”, 66 

R 

* 
\ 52’ 

SCH, 

R 

“r” \ SCH, 
68 (78:22) 
40 (42: 58) 

73 (ao:20) 
SCH, 56 (60:&O) 

58 (a5:ls) 

SCH, 52 (5:95) 

+Yieldr m-4 bercd upon froleted producte purified by chrometogrephy on rilice 
gel. bnl e ellylic l lcohole were converted into the o,6-uneetureted thiol 
l etere by the l ctfon of 10% l q. HBF4 in TNP:H+ (4:l) et roo9 taeporetuto. 

CAeeignmentr vere -de by lMR chcaicel l hifte. %ie reaction l lro l fforded 

the methyl eulflde by-product (8.1. 35) In 10% yield. 

Utilization of two equivalents of HgO, however, cleanly afforded the unsaturated acids (Eq. 65). The 
acyclic substrates afforded a mixture of E and 2 stereoisomers in which the E isomer generally 
predominated. Poor stereoselectivity was obtained when allyltrimethylsilyl carbanion was employed 
as the nucleophile; the stereoisomer having the ally1 substituent syn to the thiol ester carbonyl 
predominated. Although a-hydroxy ketene dithioacetal36 afforded mainly the E (78 : 22) thiol ester 
and the E (56 : 44) carboxylic acid upon controlled hydrolysis, the latter process exhibited very little 
stereoselectivity. The favored formation of the E stereoisomer parallels the resultsofNakagawa and co 
workers6s4 and Trost and Stantongo for the hydrolysis of y-hydroxy vinyl sulfides. The suggestion of 
Trost and Stanton that the isomer distribution can be understood in term ofintermediate carbocation 
stabilities would account for the modest stereoselectivity favoring the isomer having the larger 
substitucnt frans to the carbonyl (Scheme 2). The stereoselectivities could also be understood in terms 
of a cyclic 6-membered transition state involving complexation of boron to the 0 and S atoms of the a- 
hydroxy ketene dithioacetal (Eq. 54). 

The a-oxo ketenedithioacetal37 also contains a vinylogousester moiety which may participate in a 
1,3-carbonyl transposition process. Addition ofmethyllithium or lithium t-butyl acetate to 37 followed 
by quenching with lo”/, HCl afforded enones in which the ketene dithioacetal functionality remained 
intact (Eq. 66). 

The successful preparation of regiospe&cally substituted a-oxo ketene dithioacetals (Eq. 9) and 
theknownacylationoforganocupratesbythiolesters1o1 enhancesconsiderably thesyntheticpotential 
of the alkylative carbonyl transposition methodology for the sequential regioselective construction of 
new C-C bonds (Eq. 67). Dieter and Dieter have exploited4’ this strategy in a short and efficient 
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ms 
rr’ ai- 1. MLI. m?. -70 t.0 0% 

2. r2.0 cq 40. lx?420 

SCH, 
102 q. HBf& 

OH 

3 

Rl I? 
-KH*) ,- 

-KH2)4- 

Ef n* 

2 Ylald 

51 

63 

62 (C:Z - 56:&I.) 

01, 

J@ 1. RLI, THF 
ens 

SCM, -A+ / 

2. li30+ 
SW, 

R - al, 

R - CH2C02fB” 

871 
15f 

16h - 

eq. 65 

cq. 66 

cq. 67 

(PhSCu’Bu)Li. THl’. -7B% 

synthesisofthetoxicfuranosesquiterpene( f )-myodesmone(Scheme4). Analtemativeroute”utilized 
a vinylogous thiol ester prepared by reaction of the regiospec&ally substituted a-0x0 ketene 
dithioacetal(38) with lithium diisobutylcuprate (tide infra). Although the addition of 3-lithiofuran to 
the vinylogous thiol ester proceeded ih high yield, the resulting allylic alcohol could not be induced to 
undergo rearrangement to myodesmone. Although the two different sequences of operations are 
formally equivalent they are not equally successful in this specific synthesis. 

3.3. Cyclizarion reactions 
Interestingly, l,2-nucleophilic addition of allyltrimethylsilyl carbanion to c+oxo ketene dithio- 

acetals afforded the transposed &/I-unsaturated thiol esters in good yields Fable 13) while 
addition of methylallyl maguesium chloride afforded cyclixation products (Table 14).” The a,/?- 
unsaturated thiol esters derived from a-oxo ketene dithioacetals and allyltrimethylsilyl carbanion 
contain a vinyl silane moiety which can in principle undergo intramolecular acylation to afford a 
phenol. This intramolecular acylation of the vinyl silane derivative proved unsuccessful with a wide 
rans of BrBnsted and Lewis acids. Eventually, dimethyl methylthiosulfonium guoroborate was found 
to effect cyclixation oft hi01 ester 39(E.q. 68) to the annuhrted phenol in good yield. The 5-membered ring 

.q. 68 
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Table 14. Synthesis of aryl mctbylthio esters from a-0x0 ketone dithioacetab 

Substrate R1, n Crignerde Alcohol Rxn 
Condb 

X Yield Product Ref 
or X R X Yield 

Me 05 

H 

Me 92 

H 

ne 60 

H 

nc 
Me 80 

A 

B 

A 

C 

B 

A 

D 

B 

D 

E 

D 

B 

B 

B 

B 

B 

62 103 

64 104 
64 SW, 103 

87 103 

74 104 

103 

104 
SCM, 

43 

@4 

103 

47 0 103 

R' 
SCH, 

88 

4 

0 SW, lo3 
-0. 

45 104 

39 Q 0 
104 

40 R' 104 

C", 

67 
0 CQ 104 64 0 x SCvo4 

eR - Me for methellylmegneeium chloride. R - H for l llylmegneeium bromide. 
bA - HRC12. Cli3CN, 60-70°C, 1 h. B - BF3*Et20, PhH, reflux. 30 min. c - 102 

(v/v) HBF$ (1 pert), IHF:H20 (4:l). D - BF3eEt20, CH3N02, 1 h. E - A1C13, 

CR3N02, 0 C. 

and acyclic substrates, however, afforded moderate to poor yields of phenols and gave rise to side 
products arising from ester hydrolysis and ester hydrolysis and desilylation of the vinyl silanc (E!q. 69). 
The low yields of cyclization products may reflect the presence of the large trimethylsilyl group at the 
terminal position of the participating olefin. An unsuccessful attempt to circumvent this problem was 
made by treating the a-0x0 ketene dithioacetals with the allyltrimethylsilyl Grignard reagent. 
y-Alkylation occurred to afford a-hydroxy ketenc dithioacetals containing an ally1 silane moiety. 
These allylic alcohols, however, proved resistant to hydrolysis and the unsaturated thiol esters 
could not be obtained. lo2 

The 1,2-nucleophilic addition of methylallyl magnesium chl~ride’~~‘~’ and ally1 magnesium 
bromidcro4 to a-oxo kctenc dithioacetals followed by treatment with Briinsted or Lewis acids afforded 
aryl methylthio ethers (Table 14) instead of the thiol ester transposition product. This procedure 
provided good to excellent yields of annulated aromatic compounds and modest yields of simple 
substituted benzene derivatives. The methylthio substituent can be exploited as a protecting and 
directing group or as a leaving group in a substitution reaction with primary alkyl Grignard reagents in 
the presence of Ni catalysts. ’ O3 This direct substitution reaction provides an attractive alternative route 
to substituted benzenes which otherwise could be prepared in low yields from the corresponding 
vinylogous thiol esters. lo’ This methodology was exploited in ‘a short synthesis of tr~calamenenc. 
The fact that the product was contaminated with the cisdiastcreomcr indicated that isomerization had 
occurred to the extent of 16% during the acid-promoted cyclization proces~.~~~ The generality of this 
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t Yield 

27 

l q. 69 

I-Pr H CH2C12 30 

-(cw,),- CH2C12 I7 11 

8? 

J4 

Ph,P-CH2 
d 

SW, 

a 
w 

R) 
SCH, dllsopropyl ether xp 

I’ 

SW, 

R’ R2 2 Ylcld 

cq. 70 

H nc 
nc ne 
H Ph 

-wi2),- 

-(cH2),- 

SO 

a0 
61 

85 

90 

No0 MO Js!!-wuo 
aq. 71 

s PhM12. d 

CN b. 12 h CN CN 

982 83’2 

methodology appears to be limited, presumably because of the steric interactions present at the 
positions of ring closure. 

3.4. Miscellaneous reclctions 
Several other nucleophiles have been added to vioylogous thiol esters and a-oxo ketene 

dithioacetals io a l&fashion. Reaction of these substrates with Wittig reagents affords l-alkylthio-‘Os 
and l,l-bis(alkylthio~l,3dienes(Eq. 70). ‘06’ Although the use of carbooyl stabilized Wittig reagents 
were not raportcd, G,b-bis(methylthio~aJ?-yJdieooatcs have been prepared by the Reformatsky 
reaction on a-oxo kctene dithioacetals. ‘Odb Treatment of acyclic a-oxo ketenc ditbioacctals with ethyl 
bromoacetatc and Zo in refluxiog ether/benzene tiordcd the corresponding aliylic tihols in good 
yields. Dif6culties were encountered with a-oxo keteoe dithioacetals derived from cyclic ketones. 
Dehydration of the allylic alcohols (12, PhH, reflux, 0.5-l h) afforded the 6,&bis(methylthio)dienoates 
@O-70%) while methanolysis of the carbinols pF,* Et,O, CH,OH] afforded propene1,3- 
dicarboxylates (50-70%) in an alkylative 1,3-carbouyl transposition process. 

Vioylogous thiol esters and a-oxo keteoe dithioacctals undergo reaction with dimethylsulfonium 
methylide to a!Tord a synthesis of butcoolides and furaos via an intermediate epoxide (Eq. 119, 
Table 27). 45*10’-‘09 Treatment of a-oxo keteoc dithioacetals with dimethylsulfonium methylide 
has also been report&I to give the ring expansion products in low yield (6-19%).10’ Ketone coolate 
anions undergo 1,2-oudeophilic additions to a-oxo keteoe dithioacctals and vinylogous thiol esters 
in low to moderate yields and this transformation can be effected more efficiently by utiiizing hydra- 
zooe eoolate anions in a two-step procedure. ” The hydrazones are readily hydrolyzed [Cu(OAc),/ 
THF-HI0 (NaOAc, AcOH, pH 4)3. Lastly, hydrazone formation has been observed upon treat- 
ment of a-oxo keteoe dithioacctals with hydrazine.52 

4 1,4-CONJlJGATE ADDITION REACllONS 

The conjugate addition of oucleophiles to viaylogous thiol esters and a-oxo ketene dithioacetals 
geoerally results in substitution via an addition4imioation pathway. A brief tabulation of the 
reactions of various oucleophiles with conjugated ketene dithioacetals has been reported.* Many of 
the heterocyclk syntheses beginning from a-oxo ketene dithioacetals involve an initial substitution 
reaction proceeding By a l&conjugate addition-elimination sequence. 

4.1. Conjugate addition 0Jheterootom and enolate nucleophiles 
Gomppet and Topfl l lo reported the addition of aminca to various conjugated tetmt dithioacetals 

to afford the corresponding coojugated ketene N,S-acetals (Eq. 7 1, Tabk 15) which could be converted 
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Table 15. Synthesis of kctcoc N,N- and N,S-aoctah from a-0x0 kctcnc dithioacati and vinylogou amides 
from viaylogou.9 thiol cdtets 

Substrate Rl or " 
Amine 
R2NH, 1. Yield Product(s) Ref 

SC”, 

R’ ap SC", 
N 

6 SCH, 

SC”* 
0 

SC”, AA R’ Sal, 

C”, 
I?’ -$d- H 

-2 

Ph 

'6"ll 

E-WcOC6H4 
E-BrC6H4 

P-fury1 

L-thienyl 

H 

Ph 

@eOPh 

%0"7 
H 

Et 

'6"ll 
Ph 

!?N02C6H4 
@lcOC6H4 

Ph 

90 

98 

90 

69 

05 

09 

50 

86 

10 

54 

40 

80 

71 

50 

30 

Ph 

Z-fury1 

H 93 

Me 95 

Ph 63 

Ph 49 

Ph 83 

p-C1CgH4 73 

@eC6H4 78 

@10C6H4 58 

p-&'6"4 39 

g-@leoC6H4 37 

@02C6H4 65 

1 Ph 50 

2 Ph 35 

Ph 

@feOC6H4 

p-BrC6H4 

p4e C6H4 

@eOC6"4 

Ph 

@1C6H4 

Ph 
Ph 

d_SlR2 RlJJ;;R2 
60 10 112 

31 11 112 

32 12 112 

61 12 112 

He 

C6HLl 
Me 

'6"ll 

NH!?’ 

I?’ aa SC”, 

CN 

110 

110 

110 

110 

113 

113 

113 

113 

113 

113 

113 

113 

113 

113 

113 

CN 
113 

113 

38 

38 

38 

38 

38 

38 

118 

118 

118 

118 
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intoconjugated keteneaminals byreactionwithasecondequivaknt ofthesame(Eq. 72)380radifferent 
amine (Eq. 71).& The procedure was extended by Jenjappa and co-workers’ “J I2 and Augustin and 
co-workerss2*’ ’ 3 to a-0x0 ketenedithioacctals for the synthesis of a-oxo kehne N,S-acttals which were 
subsequently exploited in a variety of heterocyclic syntheses. The less reactive a-oxo ketene 
dithioaatals ganerally alTorded a mixture of the N,S-keteno acetalsand the N,N-k-e amioals (Table 
15), although use of morpholine atiorded exclusively the ketene aminal~.‘~~ The a-oxo ketene N,S- 
acetalscan becoaverted into the corresponding ketene aminals, although higher reaction temperatures 
are generally required. ’ I3 These rcmlts, coupled with the observations of Sta~hel,~~ indicate that the 
order of reactivity of the kotene acetals toward nitrogen nudeophiles is 0,s > S,S > N.S. 
Consequently, the best method for the preparation of a-oxo ketene N,S-acetals involves reaction of an 
enolate anion with an isothiocyanatc followed by Salkylation (Es. 73),‘L*9~2’-23~112~“c’16 or by S 
alkylation of /&ox0 thioamides.’ l7 Alternative approaches make use of the reactions of a /?-chloro+ 
alkylthio-a&none with amines and of /?&dichloroe.nones (CH,SNa, pyrolidine, ether).64b 
Vinylogous thiol esters undczgo a deaner and higher yield reaction to a5ord the corresponding 
vinylogous amides (Table 15).’ I8 Generally a single or predominant stereoisomer is formed ; although 
stereuchemical assignments appear not to have been established. The structures of the ketene N,S- 
acetals arising from the ketene S,S-acetals are drawn with both the E and 2 configuration although in 
general the E isomer is drawn for alkyl ketones and the Z isomer for aryl ketones. This is consistent with 
the reported stability of E and Z vinylogous thiol esters46*60*63b*n5b and with the observed reactions of 
organocopper reagents with a-oxo ketene dithioacttals which proceed in a stereoselective fashion and 
presumably also involve an additio+elimination sequence. 46 Dimethylsulfoximide has also been used 
as the nitrogen nucleophile’ l9 and again the occurrence of a mono or bis substitution process is 
dependent upon the reaction temperature (Eqs 74 and 75). 

SCH, n_-BUOH. RNH2 

SCH, rcflux. L h 

R - Ph 17% 

R - et 322 

R - PhCH, 5LZ 
1 

a MH. cw 
q . + PhN=C=S c Ph 
r,. 

ncf (1.0 cq) 

100%. 1 h 

CH, ’ 
R ab: =% 

CM i HN= No, 

. R - Ph 

b R- p-C.rC6HI. 

c I- e-C1C6HI 

d 1 - ++,Hll 
150%. 1 h 

c 

l 70% c 57% 

b 592 d 537. 

P 
N-SY*, 

R ap N=lp, 

CM 0 

* 502 c 212 

d 23% 

eq. 72 

cq 73 

cq. IL 

cq. 75 

Heterocyclic compounds can be prepared directly by utilizing nucleophilcs containing two 
heteroatoms(some combination of N, 0, or S) that can e&t a double substitution (IQ. 102). There are 
few reports on the utilization of oxygen nucleophiles aside from specific hoterocyclic syntheses, 
although an intermediate a-oxo~ketc~ O,S-acctal has been postulated in the conversion of a-0x0 
ketene dithioaaMs into alko~e,~~ and alko xywrazoles’ ’ ’ (e.g. Scheme 7). An interc3ting 
example ofthe use of an oxygen nucleop;Me, i&olvu the conversion of a sulfonium derivative into the 
OS-ketene acctal (E?q. 76).“’ 
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C”, r!dnc. ncm % 
c JJ err, 

. 1 h. 30°C - Ch J-J-0 
00; 722 

The Michael addition of enolatcs of active mcthylene compounds to carbonyl conjugated ketenc 
ditbioaoetals has been reported by several workers3”*110*1z1 to occur in low to moderate yields (Table 
16). More mcently, Potts et al. have reported I’) the conjugate addition of ketone anolates to a-oxo 
ketcne dithioacetals to alTord 1 ,S-dioats containing an alkyltbio substituent The reaction used two 
equivalents of potassium t-butoxide in anhydrous THF to alTord the potassium menotate of the 
1,Sendionc. This proczdurc prevented a second substitution reaction from occurring and aided 
in the purification process. Utilization of other bases or one q&dent of potassium tbutoxide 
gave lower yields and/or more complex product mixtures. These 1,5cndioncs were sutmquently 
exploited in syntheses of pyridincs arid pyrilium salts (Eqs 116118). 

The conjugate addition of cnolatc anions of active methyicnc compounds to a-oxo kttene 
dithioacetafs is an intermediate step in a synthesis of py-ridoncs” (JQ. 110) and a-pyroncs”*’ 22 (Table 
28). Cyanide ion haa abo been used as a carbon auclcophile (Eq. 77).3* Finally, /3-euliinyiu$-cnoncs 
have also bum employed as Michael acceptors (Eq. 127).“” 

Table 16. Rerctioas of conjuptal ketone ditltid with cnohte anions 

Substrate Rl 

Em late 

XCOCHHCOY or R2COCHlH 7. Yield Product 

X Y or R2 

Ref 

CN 

Ph 

Ph 

Z-chlcnyl 

P-fury1 

2-pyridyl 

nc Ye 

He Ph 

nco nt 

GO He0 

Me0 NH2 

ne nr 

Me Ph 

Et0 Et0 

Me0 MO 

nc nr 
Me Ph 

NH2 Ph 

CN EcO 

Indm-1.3-dion-2-yl 

Ph 

2-thicnyl 

2-pytidyl 

2-chlenyl 

t-pyridyl 

2-thienyl 

+rC6H‘ 

@f&C6H& 

ne 

04 

58 R’ 

95 

76 110 

81 110 

55 121 

36 121 

91 121 

28 0 % 

23 

22 

4+ y 30 

‘Ox 38 

38 

38 

38 

76 

70 

47 17 

13 17 

60 17 

81 17 

100 17 

G2 17 

2-thicnyl S-Cl-2-chirnyl 75 17 

5-Br-2-thlcnyl 5-Br-2-thlonyl 97 17 
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a”m 1. lh2CuLl. Et20 
* 

2. tmz. .xc*.s ncr 

0%. 5 otn 

3065 

cq. 78 

4.2. Organocopper substitution reactions 
@Ukylthio- and J?&bis(alkylthio)uJ-enones and enoates react with organocuprates to afford a 

substitution product in which an alkyl ligand from theorganocopper reagent has replaced the alkylthio 
(arylthio) substituent. Coates and Sowerby first examined the reaction of organocoppcr reagents with 
vinylogous thiol esters to afford site-selective gemiaal alkylation via a double conjugate addition 
proccss9” and latter extended the reaction by trapping the intermediate enolate anion with 
elcctrophiles (Eq. 78).“& Various aspects of the reaction of /?-alkylthio (or arylthioba,& 
enOneS7Sn.b.124-126 and enOafeS30.62.67.126.127 with organocopper reagents were subsequently 
investigated by several workers (Table 17). Posner and Brunelle lz6 showed that two difierent cuprate 
reagents could be employed in a sequential fashion, although it was difficult to stop the process after the 
initial substitution when the more reactive cuprates were employed. Kobayashi and co-workers62*67 

Table 17. Reactions of /Mkylthio (or arylthiownona and cnoates with organocupratcs 

Substrate Reagmt Solvent 
Rxn (g : zj X Yield Product Rcf 

(equiv) Cond (R) 

& A (1.1) Et20 0%. 0.5 h 840W 126 

I 
i. A (1.0) Et20 -78'C, 0.5 h 

ii. B (5.0) -ZO'C, 1 h 8O(p-Bu) & 126 

?A" 

R 

B (1.1) Et20 O'C. 0.5 h 90 k 
"llu 

126 

%I" 

"Bu A Et20 0% 95 96s 

R’ 
Et c?JJ 

- Ph 

- n-au 

- Ph 

Et SR' 

Rl - Et 

RI - Ph 

A (10) E%O O’C. 1 h 

A (10) Et20 O°C, 2 h 

D (5.0) TIIF -78'C, 2 h 

B (10) Et20 -2O'C. 2 h 95 126 

l? TIP -78'~ (9O:lO) 96 (Et) 

D m -78OC (9O:lO) 94 (n-Bu) 

F Tm -78OC 

-78'C 

(9O:lO) 96 ("--C6H13) 

D (5.0) THF (>99:1) 94 (n_-Bu) 

R 

Et0 AA 
80(M) 

7OW) 

(~1:99) 79(n_-Bu) 

Et 

Et R 

126 

126 

62 

62 

62 

62 

62 
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Substrate n Cuprate 
LLgmd R Cuprate‘ X Yield (E : 2) Product 

Me 

n_-Bu 

sac-Bu - 
tcrt-Bu 

2 
‘-C:is 

;-Bu 

set-Bu - 
tcrt-Bu 

C”* 2Y I SCH, Me 

t4e2CH-CHCH2CH2 

Me 

n_-Bu 

set-Bu - 
tert-Bu 

A 81 

B 96 

A 83 

B 55 

A 93 

A 96 

B 77 

A 75 

A 70 

A 62 

A 96 

A 

A 

A 

B 

A 

B 

A 

Ab 

79 

75 

07 

51 

69 

93 

97 

53 

(97:)) 

(98: 2) SW, 

(92:8) 

(92~8) 

(97:3) 

(95:s) 

(70:30) 

(77: 23) 

(90: 10) 

(79:21) 

(95:s) 

(94: 6) 

(96:4) 
SCH, 

(94: 6) 

(96:4) SCH, 

(93: 7) 

(89:ll) 

(96~6) 

(20:80) 

nc A 88 (97: 3) 

“-Bu A 47 (96:‘i) Sal, 

a A - (PhSCuR)Ll. B - (MeOMe2CICCuR)Li. Reectlons were run in THF unless 

othervise noted. bE t20 wee used ae solvent. 

conjugate addition reactions. Undoubtedly, the chemosela%ivity is a fnnction of both the solvent and 
ligand on the organocuprate reactivity and this allows considerable experimental variation for solving 
problems that may arise with specific substrates The acetyleniccuprate occasionally gave higher yields 
of vinylogous thiol esters but also gave products arising from reduction of the C-S bond. The 
phenylthio cuprates a5orded poor results in diethyl ether because of low solubility of the reagent. 

A series of organocuprate reagents was examined in order to explore the e5ect of a specific 
organocuprate reagent upon product distributions axid stereoselectivity. Where solubibty permitted, 
the substitution reaction was examined in l??F, Et,O, and PhH or PhCH3 for the ketene dithioacetal 
of 4-phenylcyclohexanone. When 1.2 equivalents of organocopper reagent was utilized the more 
reactive cuprates, (CH,),CuLi, [(C,H, t)2PCuCH&i, [(CHJ,CuCNJLi,, and [(CH3),CuSCNJLi, 
gave substantial quantities (> 14%) of 4-phenyl-2-isopropylidinecyclohexanonc via a nonchemo- 
selective bis-substitution reaction. The yield of the bis-substitution product increased along the sol- 
vent series THF, Et,O, PhCH, when the first three. cuprates were employed and decreased along the 
same solvent series for the latter cuprate. This is consistent with the general increase in the reaction rate 
of the organocopper conjugate addition process along the same solvent series; the results obtained 
with [(CH,),CuSCN-JLi, appears to be an exception. The mixed cuprates, (PhSCuCHJLi and 
(CH,0CMe2~CuCH3), afforded good yields of vinylogous thiol esters and low yields of the 
bis-substitution product, although the phenylthio mixed cuprate afforded poor yields in diethyl ether 
because of solubility problems. The phosphine complexed cuprates, Ph,P*(CH,),CuLi and 
n-Bu,P *(CH,),CuLi, afforded good yields of vinylogoas thiol ester in THF while the latter cuprate 
afforded increased yields of the bis-substitution product in Et,0 and PhCH,. The lower order 
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cyanccuprate, (CH&uCN)Li, did not effect substitution under the reaction conditions. The 
stereoselectivity of the reaction showed some variation with organocuprate reagent and solvent and in 
general the E: 2 distribution hovered around a 70 : 30 ratio. The influence of solvent was not uniform 
but depended on the specific organocuprate employed. The small range of isomer ratios obtained, 
however, suggest relatively small differences in transition state energies. 

Reaction of a-oxo ketene dithioacetals with organocuprates afforded the E vinylogous thiol esters 
predominantly. An exception was noted with the acyclic substrates which afforded the 2 stereoisomers 
upon reaction with the t-butylphenylthio cuprate. The observed stereoselectivities were generally high 
(> 90 : 10) although the &membered ring analogs displayed more modest selectivity (80 : 20-70 : 30). 
Equilibrium studies on the E and Z vinylogous thiol esters established that the isomer ratios obtained 
in the substitution reaction are determined by kinetic control of the product distributions. 
Examination of two a-oxo ketene dithioacetals containing different alkylthio substituents revealed 
that the alkylthio substituent syn to the ketone carbonyl was replaced in a stereospecific manner (Eq. 
81). The reaction can best bc understood in terms of an addition4imination mechanism and the 
predominant formation of the E stereoisomers may reflect preferential motion of the alkylthio 
substituent syn to the ketone carbonyl away from the 0 atom and its attendant solve& shell. The 
direction of this motion can be rationalized on the basis of unfavorable steric or dipok interactions in 
theenolate intermediate. As the transferable ligand R increasesin size from methyl or n-butyl to t-butyl, 
gauche butane interactions will influence rotomer distributions and these apparently favor formation 
of the Z stereoisomers in the reaction of several acyclic substrates with the t-butylcuprate. 

The corresponding ester analogs did not undergo the substitution reaction, but instead a!Torded 
primarily the product arising from reduction of the C-S bond (Eq. 82).46 Introduction of acarbanion 
stabilizing substituent at the a-carbon atom suppressed this reduction pathway and favored the 
substitution reaction (Eq. 82). 

Thedevelopment ofproceduresfor the facileconversion ofa-oxo ketenedithioacetals to vinylogous 
thiol esters suggested the possibility of effecting a stereoselective synthesis of a,/?-unsaturated ketones 
via the sequential addition of organocuprates to a-oxo ketene dithioacetals. The stereospeci8c 
organocopper substitution reactions of j3-alkylthio-a,/I-enoates62~67 and an early investigation by 
Posner and Brunelle”6 on the ketone analogs suggested the feasibility of this approach. However, an 
extensiveinvestigation by Dieterand Silks”’ revealed that the degree and direction ofstereosekctivity 
was dependent upon a complex set of reaction parameters. This investigation examined vinylogous 
thiol esters containing primary, secondary, and tertiary /?-alkyl substituents, and cuprates containing 
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primary, secondary, and tertiary transferable alkyd ligands. The role of solvent was also examined. This 
extensive investigation ruvaaled that the substitution could proceed with either inversion or rotcntion 
ofconQurationwiththeaewlyintroduced /I-alkyi substituenttithcron thcsameor oppositesideofthc 
dou#e bead, respectively, than the alkyithio substituent which it replaced. Both the degrat and 
direction of s&reoscIectivity was found to depend upon substratt structure, cuprate reagent, 
transferable tigand, solvent, aruI reaction temperature in a complex manner. In general, factors such 
as low reaction temperatures, highly reactive cuprates, and solvents that increase the rate of 
organocopper conjugate addition reactions were of paramount importance in obtaining a high degree 
of stereoselectivity. For this reason, highly reactive cuprates such as the lithium dialkykuprates, the 
phosphidocupratca lJ1’ of Bertz and Dabbagh, and the higher order cupratcs13’b of Lipshultz et al. 
were employed. 

Reaction of cycloptntanone 40 with lithium di-n-butylcuprate in diethyl ether afforded the enone 
with net inversion ofconfiguration while reaction in THF occurred with net retention of configuration 
(Eq. 83). This marked the first observation that the solvent could drastically alter the direction of 
stereosekctivity in these substitution reactions. Although good stereosekctivity was achieved, it was 
very sensitive to the reaction temperatures and could be improved by use of lower temperatures. The t- 
butylcuprate in Et,0 atrorded modest selectivity with net inversion of configuration. 

Theacyclicsubstrates41a, band42a, bgaveresultssimilarto thoseof4O(Eqs84and85). Reactionof 
41a, b with lithium di-n-butykuprate proceeded with net inversion of configuration in Et,0 and with 
retention of configuration inTHF to afford the enones in excellent yields and with excellent eckctivity. 
The yields were slightly lower in the more powerful coordinating solvent THF. Substrates 42a, b 
reacted with lithium dimethykuprate with net inversion and retention of configuration in Et20 and 
THF, mspcctively (Eq. 85). Here, ti less reactive lithium dimethykuprate afforded excellent yields and 
selectivitiesinEt10 but only modest yk~dsandpoorselectiviticsinTHFwhichdecrcasestherateofthe 
conjugate addition reaction. In fact, removal of Et,O, introduced from the ethereal solution of 
methyllithium used in the generation of the cuprate, resulted in almost no sdtiivity. The a’ 
substitution pattern of 41a, b and 42a, b had no bearing upon either the degree or direction of 
stereoselectivitywheneithet~thiumdi-n-butylordimethylcupratewenemploytd. Methyl ketonella, 
however, underwent reactiori with a scobutyl higher order cuprate with net retention while the 
isopropyl ketone 41b underwent the substitution reaction with net inversion of configuration 
indicating that the a’ substitution pattern does affect the direction of sekctivity when a cuprate 
containing a secondary alkyd transferable ligand is employed. 
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TheZvinylogous thiolester43reacted with hthiumdi-n-butylcupratein Et,OandinTHFwithoct 
retention of con6guratioo (Eq. 86). This is in marked contrast to the E vinylogous thid esters 41r, b 
which reacted with lithium di-o-butylcupratc with net inversion in Et,0 and retention in THF. This 
observation is of considerable synthetic importance since it indicates that a mixture of E and.2 
vinylogousthiolesters willundergoreactioowithcupratescootainingaprimaryalkylgroupioEt~O& 
afford a single stereoisomer in a highly stereoselective fashion. The direction of selectivity is, however, 
influenced by a number of variables and not all combinations of substrate and cuprate possibilities are 
expected to yield this fortuitous and synthetically useful stereoselective but non-stcreoepazificprocess. 
IO this iostanoe, a confluence of factors favoring a stereospeci6c process is undesirable if the initial 
reaction of the a-oxo keteot dithioacetal with the organocopper reagent affords a mixture of E and 2 
vioylogous thiol esters. 

CH, JJ IJ-h2CuLi 

43 

Rm Cond E : f 2 Ytcld 
eq. 66 

EC20. - 7.9% 4.96 64 n*tme1on 

YltF. -76% (1~92 61 Reccntlon 

Cyclohexaoone derivatives gave variable results with respect to the direction of selectivity with the 
results appearing to be more a function of the substrate and of the cuprate than of the solvent. in 
general, the vinylogous thiol esters derived from the ct-0x0 ketene dithioacetal of cyclohexanone 
atrorded modest (70: 30) stereoselectivities upon reaction with organocuprates. The reaction of 2- 
[1-(methylth.io)cthylidine]cyclohexanone with (t-Bu,CuSCN)Lit and reactions of the substrates 
containing a &sec-butyl or &t-butyl substituent with lithium dimethylcuprate, however, did afford 
excellent stereoselectivities (> 95 : 5). The cyclohexenone derivatives displayed more consistent 
patterns The 3-methyl-2cyclohexenone derivative 44a reacted with a methyl higher order cuprate in 
Et,0 with net inversion while the 3-isopropoxy-2-cyclohcxeoooe derivative 44b reacted with 
lithium di-n-butylcuprate in Et,0 or THF with net retention (Eq. 87). It is noteworthy that the 3- 
alkoxy-2cyclohexenone derivatives with a linear connectivity of the alkoxy substituent favorably 
disposed to electronically assist in the expulsion of the methylthio group undergo the subat&ion 
reaction with net retention ofconfigurationio both Et,0 and THF. These6-membered ringderivatives 
also generally afforded modest stereoselectivities in contrast to the acyclic and 5-membered ring 
analogs. Excellent selectivity was observed, however, for reaction of the 3-alkoxy derivative with a 
higher order cuprate in Et,O. This solvent and cuprate combination, as expected, provides a maximum 
rate of reaction favoring retention of configuration. 

AcycEcsubstrates4Sa, bcootainioga@ec-butylsubstituentreactwithlithiumdimethylcupratcin 
Et,Owithoetinversiooofco~gurationto~ordtheenonesinhighyieldsandwithexccllentselectivity 
(Eq. 88). The reaction of the same cuprate with 458 in THF occurred with net inversion but with poor 
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shctivity. Again, the a’-sabstitution of these substrates had no e&t upon tho degree or direction of the 
stereosdcctivity whea organocuprates containing primary alkyl ligands were employed. 

Although this study demonstrated that the substitution reaction could be achieved with a 
high degree of seerw&ctivity for the more reactive ketono substrates, two important points needed 
to be addre~& from a synthetic perspective. First, could this methodology be employed for the 
stereoselective sy&esis of a&unaatumted ketones from a-ox0 keteno dithioacetale if both reactions 
exhibited modest &etivity? !Iecond, in view &he sensitivity toward the reaction conditions involved 
in the reaction of the +nylogous thiol esters with organocuprates, could the reaction becarried out on a 
synthetically useful wale with a high degree of stereosekctivityr) Conversion of a 70 : 30 E: 2 mixture 
of vinylogous thiol esters to a 99 : 1 mixture of enones @.q. 89) and conversion of 1.4 g of 42a to the 
enone (with Me,CuLi) in 92% yield as a 92 : 8 mixture of E and Z stereoisomers demonstrates tbo 
potential synthetic utility of the transformation despite the variability observed in both the degree and 
direction of stereoselectivity. 

c!d We2CuScn)L12 =q. a9 
SCM, 

EC>O. -78% 

E.2 - 70:30 912 

E.2 - 95:5 

The observed stereoselectivities can be understood in terms of an addition-elimination mechanism. 
In this view rotomer distributions in anintermcdiatcenolateanion will determine whether the reaction 
proceeds ,tith inversion or retention of configuration and this interpretation is consistent with the 
sensitivity of the stcreochemical outcome in extent and direction to reaction parameters such as 
substrate structure, cuprate reagent, temperature, and solvent. Conjugate addition of an organo- 
cuprate to an E vinylogous thiol ester will afford an intermediate enolate with a good leaving group 
at the y-C atom. In order for this leaving group to be expelled there must be rotation about the y-C 
atom so that the C-S bond of the leaving group can achieve a trans-periplanar relationsltip with the 
x-orbital of the enolate for facile elimination. Rotation of 60” leads to retention of conijguration while a 
120” rotation leads to inversion of configuration (Scheme 5). In the Z vinylogous thiol esters the 
minimum motion of 60” is consonant with motion of the alkylthio substituent away from the enolate 0 
atom and its attendant solvent shell and retention of configuration is observed in e&r THF or EtrO. 
The E vinylogous thiol esters generally undergo the reaction with inversion of confIguration in Et,0 
and retention in THF. Here, the more strongly coordinating solvent THF affords a freer more basic 
enolate favoring minimum motion leading to retention while the less effective coordinating solvent 
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Et,OmayallowS-Cucoordiaationwhich wouldofnecessityrequinl20”rotationleadingtoinveraion 
ofconfiguration. In fact, ieomerixation ofan E vinylogous t&id ester isobservad when a t-butylcupmte 
is employed @q. 90) and is consistent with S-Cu complexation. This isomeriz&m occurs m&O and 
not in THF and the E and Z vinylogous thiol esters yield an identical isomezization ratio upon 
treatment with the t-butyl cuprate. The inversion ofcon&uration observed with the Eiaomersin Et,0 
could also occur by initial isomerixation to the Z isomer followed by conjugate addition-ehmination 
with retention of configuration and this pathway Cannot be ruled out. Nevertheless, neither model 
accounts for all the observed results which is indicative of the complexity of ocganocopper coqjugate 
addition reactions in terms of cuprate structure, solvent mt aggregation, and.potentiaUy 
multiple reaction pathways leading to products. 

-70 to -!dC. 1.5 h 

so1vcnr 

THF 

Et20 

cuprate Lquivalmtm 1mm.r Patio l q. 90 

2.0 0 100 

0.1 5 95 

0.2 11 89 

2.0 a3 17 

5.1. 1,3-Dfthietanes, 1,3-dithiolanes, lJ-dithianes, 1,2&trithiole~s, l&dithioles, and a-dithiolylidene 
ketones 

ne 1,3_dit~et~eq’bel2b ~~~~~~~,lO~l4~lb20~23~32~34~S~~4lb~~2 and ~t~a~e~lOb~l9~20.23.3~~41~~2 

can be prepared by alkylation of dithiolate dianions (derived from CS2 alkylation of enolate anions) 
with l,l-, 1,2-, and 1,3biiunctional electropbifes, respectively(E!q. 91,Tables 1,3 and4). Low yields are 
generally obtained’for the dithiolate dianions derived from simple acycliclo and dmembered cyclic 
ketoness2 while moderate yields have been reported for an indanone derivative. Moderate to excellent 
yields of 1,fdithiolanes and 1Jdithianes have been obtained from aryl and heteraryl ketones” and 
from active methylene compounds. ‘Os2j These results indicate that attractive yields of dithiolancs 
and dithianes require dithiolate dianions of active methylene compounds or’ketones having no d-H 
atoms. 

~-llupH. m2 

X CHxY c 

CH2C12 

X Y x Yiald .q. 91 

n*cu UK0 19 

ncco PhCO b0 

PhCO PhCD 16 

Although dihalides have generally been employed, 1,3dithiolanes have been prepared from 
2-methylthio-1,3dithiolium cations48 (Eq. 18, Scheme 1) and a 4-oxo-1,3dithiolane has been 
synthesixed using achloroacetamide as the electrophile. 3 s A Cmethylene- 1 ,Idithiolane derivative 
was obtained when propargyl bromide was used as the alkylating agent and involved an intra- 
molecular addition of the S heteroatom to the C=C bond (Eq. 92).“* 

%e 1. HCrCCH2Br 

- %“,I; 
2. -on exrract1on 

* 3-Q 

387. 

cq. 92 

1,3-Dithietanes have also been prepared by the condensation of two molecules of an adiaxo ketone 
with CS2 (Eq. 24). s3 The desaurins (Eq. 3) contain the 1Jdithietane ring system and have been 
prepared under a variety ofreaction conditions. 2c*s-7*34 These include pyrolysis of/I-0x0 dithioic acids, 
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their dianion metal salts, and the mono- or bis(S-bcnzoyl) ketene dithioacetals. They can also be 
prepared by oxidation (12, Br,, ammonium pcroxydisulfate) of /I-ox0 dithioic acids and the dithioate 
dianions derived from active methylene compounds. The oxidation conditions also afford l&I- 
trithiolanes (Eq. 93) and the course of the reaction appears dependent upon substrate structure. This 

J 1. NaIiW2. CS2 

m20. 0% 
- * 

2. bmonlm pcroxydlmulfate 

34% 

cq. 93 

route to trithiolanes was first reported by Wenze113z in 1900 and has been reexamined by several 
workers.34*‘33 The dithiolate dianion derived from methyl cyanoacetate affords, upon oxidation, the 
trithiolane while the dithiolate dianion derived from methyl malonate affords the desaurin.34 
Interestingly, treatment of the trithiolanes with ethanolic NaOH 13’* or triethyl phosphites3’ effects 
reductive desulfurization to afford the desaurins (Eq. 94). Consequently, oxidation procedures under 

1. EtOH. NaOH 
cq. 94 

alkaline conditions may afford the desaurins via the trithiolanes. Treatment of the tritbiolanes with 
P4S10 yields 3-thione-1 ,2&hi&s’a3 (Scheme 6) which can also be prepareMom /3-0x0 ditioic acids 
and (x-ox0 ketene dithioacetals (Eq. 95)“’ under similar reaction conditions (Table 19). The procedure 
works for a wide range of conjugated ketene dithioacetals10~‘3*32b*40~1 34 in low to moderate yields. A 
mechanism for the reaction has been described.“** 

A review article reports”* extensive synthetic routes to the ardithiolylidene ketones which are of 
interest because of the nature of the bonding in these molecules (aide supta). 

5.2. Thiophenes and thiazolines 
Two general strate&s have heen developed for the synthesis of thiophenes from conjugated ketene 

S.S- and N,S-acetals. The first involves the synthesis ofa conjugated ketene dithioacetal containing an 
S-alkyl group (e.g. CH3, CH2CN, CHICOR, CH,CO,R) that can undergo subsequent cyclization 
onto the conjugated functionality (e.g. CN, COR, COIR). The second strategy involves cyclization of 
the enamine moiety of ketene N,S-acetals onto an S-alkyl unit (e.g. CH,CX, CH=C=CHJ. 

Scheme 6. 

.9. 95 
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Tbiopbene formation was observed during studies on the alkylation of dithioic acids or the mono- 
anions derived from them. Gompper and SchaferJs reported that alkylation of the ~~oica~d derived 
from methyl cyanoacetate with achloroacttamide under acidic conditions yielded a thiophenc arising 
from initial S-alkylation followed by closure onto the nitrile (Eq. 96). A simiJar procedure involving the 
S-alkylation ofdithioicacid anions with achloroketoncs was observed to afford thiophenes(Eq. 23)’ 2b 
The dithioic acid anion, however, was derived from acctylacetone and a mixture of thiopheoe and 
thienot~oph~~ products were obtained in modest yields. 

HCl 
t cq. 96 

2 

562 

Alkylation of dithiolate dianions derived from a-cyanokctones2’ with a-halo esters, nitriles, and 
ketones has bceo examined as a general route to thiophcncs. ThcdithioM&anicmscaa be sequentially 
alkylatcd with CHSI and XCH,Y (Y = CN, COR, CO,R) to afTord mixed ketcne dithioacctals or 
treated with two equivalents of the a-hdocarbonyl or nitrile electrophiie. The latter compounds can he 
converted in two steps into thienothiophenes (Eq. 97). Under these basic reaction conditions, 
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Table 20. Synthesis of thiophcna and thicrio~Mpheaa’ ’ 

Subowata R Y Z Yield Product 

w Y 

R @=s 
CN 

*Gy 
CN 

Ph 

pBrC6H4 

pleK%yi, 

2-fury1 

l-;himyl 

Ph 

@rC6H4 

@wx6H4 

Z-thlenyl 

Ph 

e-ElrC6H4 

@eOC6Hq 

2-fury1 

2-thicnyl 

CN 

C02CH3 

CH$O 

Ph 

Ph 

Ph 

Ph 

E’ClC6H4 

Ct? 

“ZcH3 
COPh 

E-m2C6H4 

c02% 

Ph CN 

Ph C02CH3 

Ph COCW3 

P-thlcnyl COCH3 

COCH) 

PhCO 

&-arC6H4CO 

i?NO,C6%$ 

45 

41 

20 

23 

35 

45 

60 

36 

21 

51 

33 

30 

63 

37 

30 Y 8 
23 

‘K” 
\ ‘t 

20 fl 
74 

CN Y 

47 

R 
20 % 

37YJI Y 

21 ---kc 
45 

HPh 

n s-y - ?ilDnr y 

CN 
HeoH 

wxtonc 

cq. 97 

cyclization ocqs onto the ester or ketone functionality instead of the nitrile and the thiophcncs 
are formed in low to moderate yields (Table 20). This procedure has beta extended to ketene 
N,S_ace~s’g.2’.“*.‘33 which afford 2-aminotbiopbenes (Table 20) and to simple (r-0x0 ketene 
dithioacetals employing a-chloro esters, nitriles, and amidcss2 (Eq 98), 

During au inv~tigatio~ of the behavior ofa-oxo ketene dit~oa~t~s toward d~~otonatio~ it was 
discovered that some substrates underwent deprotonation at the methylthio group follo’cved by an 

l q. 98 
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intramolecular aldol type condensation to afford thiophcnes (Eq. 99).‘* Although thiophenes could be 
prepared from ketone, aIdehyde, and ester conjugated ketene dithioacetals several structural 
hmitationsdiminishedthcgeneralityofthemethod(Table21). 7*bThe ketonecannot haveanya’-Hand 
substrates containing a-Me or H substituents undergo competitive deprotonation at these sites to 
afford the cortesponding ally1 and vinyl anions (Eqs 39 and 40). Ethylthio a-oxo ketene dithioacetals 
did not undergo the reaction and therefore the method is limited to the synthesis of S-unsubstituted 
thiophenes, although this is not a major limitation since the 5-thienylcarbanionscn easily begenerated 
with strong bases. The yields were relatively modest and although considerable starting material was 
always recovered the yields could not be increased by utilization of two equivalents of base. a-Formyl 
ketene dithioacctals undergo reduction in the presence of LDA which did not occur with LTMP. 
Although limited in scope and ef&iency, this methodology leads to 3Jdisubstituted thiophene deriva- 
tives which are not readily accessible. Utilization of ester substrates presents a rapid and useful’ 
approach to 4-hydroxythiophenes or Qmethoxythiophenes, if the reaction is quenched with methyl 
iodide, in modest yields. 

A more recent approach”’ to thiophenes involves alkylation of /I-keto thioamides with propargyl 
halides. The resultant ketene N,S-acetals afford an intermediate allene which undergoes intra- 
molecular alkylation of the enamine moiety under the thermal reaction conditions to afford 2- 
amino-3-acyl4methylthiophenes in good overall yields (Eq. 100). The reaction appears not to have 
been extended to the homologous propargylic halides to form different Calkyl substituents. Ketones 
containing a’-H were not examined. 

Utilization of a secondary thioamide instead of a tertiary thioamide provides a route to N-alkyl or 
N-aryl thiazoline derivatives (Eq. 101). lr6 Here, cyclization onto the allene occurs by nucleophilic 

Table 21. Synthcia of thiophcna from cwxo ketone dithioacctal~~‘~’ 

Substrate f. Yield Product 
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addition of the N-atom of the enamiae ambident nucleophile. The reaction also works for conjugated 
ketene N,Sacetals derived from acetylacetone and other active methyleac derivatives and the overall 
yields am very good. 

5.3. Imidazoiiddines, OXazolikime~ and thiaxolidines 
These S-membered ring heterocyclic compounds containing two heteroatoms in the 1 and 3 

positions are readily synthesixed by tea&ion of ~4x0 ketene dithioacetals with 1,2diammes, 1,2- 
amino alcohols, and 1,2-amino thiols, raspaztively (Eq. ?02).52*t lo*’ 13~136 The aliphatic &functional 
nuckophiles lead to simple heterocyclic ring systems while the aromatic hcteroatom nuckophiles 
afford annulated polyaromatic heterocyolic ring systems. These substitution reactions proceed by two 
sequential conjugate addition4imination reactions similar to those described for simple amincs 
(Eqs 71 and 72, Table 15). 

An alternative strategy involves the alkylation of a conjugated ketene dithio hemi-acetal followed 
by intramolecular substitution. For example, Gompper and Schafer35 reported the conjugate addition 
of a methyl dithioester to pnaphthoqtxinone followed by a conjugate addition of the o-hydroxy 
substituent and elimination of methanethiolate to afford the annulated thiaxolidine (F!q. 103). 
Thiaxolidines have also been prepared via this strategy by reaction of fl-oxo dithioesters 
with axiridinet~~~*~‘~ The reaction proceeds by axiridine alkylation of the thiocarbonyl fobowed 

l q. 102 

X 

Nli 

0 

s 

NH 

0 

111 

H 

H 

Ii 

Our 

No, 

P? 2 Yield 

H CrO 

H 37 

H 51 

on* 25 

H 37 

cq. 103 
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by an intramolecular substitution involving the N-atom in a conjugate addition-elimination 
sequence. Thiazolidines have also been prepared by alkylation of thioamides with bifunctional 
e~ec~rop~~ts~16.19~21.‘ls 

5.4. Pyrimidines 
Pyrimidines have been obtained from a-oxo ketene dithioacetals and from vinylogous thiol esters. 

The general procedure involves reaction of a 1,3_dinitrogen nucleophile with a /.?-alkylthio- or /3,8- 
bis(alkylthio~a,~-unsaturated carbonyl compound in a sequential conjugated addition-elimination 
reaction to atford vinylogous amides or ketene N,S-acetals, respectively. These intermediates can 
undergo intramolecular 1,Znuclcophilic addition to the carbonyl to afford pyrimidines. The 
methodology exhibits considerable versatility for the synthesis of a variety of substituted pyrimidines 
and possesses some interesting limitations. The original exploitation of this strategy involved the 
synthesis of annulated pyrimidines (Eqs 104 and 105).“’ 

n_-BuOH, 5 h. rcflux 

‘No 

c 

Gk 

/N N 

I 
.q. 10L 

‘I \ 

H 
SCH, 

76% 

x2qxfx CM 
c 

n_-lluOH. 1 h. rcflux 
N .g. 105 

Lb% =+s 

Subsequently, Junjappa and co-workers extended the generality of this strategy by using guanidine 
and thiourea as the nucleophilic reagents. 2s*26~11**13’*13* Reaction of a-unsubstituted /I,/?- 
bis(alkylthio~a&enones with guanidinium nitrate in refluxing methanolic sodium methoxide affords 
the 2-amino4mcthoxy pyrimidines ,while utilization of thiourea afTords the corresponding 2- 
mercapto4alkoxy analogs (Scheme 7, Table 22). *8Js This procedure is particularly useful for the 
synthesis of the latter compounds, which would be di%cuR to prepare by alkylation of a free hydroxy 
group in the presence of the thiol functionality. These procedures have been extended to a-aryl 
substituted /I,/?-bis(alkylthio)-a&nones and to a-oxo ketene dithioacetals derived from cyclia 
ketones.“’ Similarly, dstyryl and 6-(4-aryl-1,3-butadienyl)pyrimidines have been pnpared from the 
appropriate styryl and butadienyl substituted a-oxo ketene dithioacetals.13’ This procedure has also 
been used with kctene dithioacetals derived from acyanoketones utilizing guanidine or S 
alkylisothioureas in a slight modihcation.139 

The reaction is believed to proceed by an initial substitution of an alkylthio group by the alkoxidc 
anion to afford an intermediate ketene O,S-acetal which then undergoes reaction with guanidine or 
thiourca to afford a keteneO,N-aa%1 (Scheme 7). The ket@ne O,N-acetal can undergo intramolecular 
cyclization to the pyrimidine. Although Calkylthio pyrimidines can be converted into Calkoxy 
pyrimidines by the action of metal alkoxides, the 4-alkylthio derivatives were never isolated from the 
reaction medium. This observation coupled with the fact that a-oxo ketene dithioacetals are less 
reactive than the corresponding ketene OS-acetals with nitrogen nucleophiles strongly supports the 
assumption of an a-oxo ketene O,S-acetal intermediate. In one instance however, the reaction took a 
different course. Here, reaction of the ketene dithioacetal of cyclohexanone and thiourea gave the 1,3- 
uritidino-3-thione derivative via a bis-substitution reaction. 2-Amino- and 2-mercapto4alkylthio 

RX -v A H,N NH, 
R R x - NH. s 

R’ 
SW, 

x 
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frbk 22 Synthuia of pyimidinca from a-oxo kchme dithioamti 

'hbrtratc Ar or n ROH Rxn 
% Yield Product Ref 

Cond 
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C 

A 

A 

A 

A 

A 

A 
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70 

60 

64 

50 

54 

50 

60 
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35 

46 

34 

33 

33 

56 

54 

46 

50 

44 

74 

62 

66 

68 

62 

60 
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SCHs 25b 

25b 

25b 

OEt 25b 

2511 

25a 

Ar 
OCH, 25a 
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25a 

OEt 25a 
Ar 

25e 

2511 

256 

256 

25a 
OEt 

KHz);: 

Ar 

?“I 137 

fi 

137 

I ’ 
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C”, 

Ar I 

aA - NEOR, ROH. guanidins nitr6te, reflux. B - NaH. DMP. guanidine nitrate, 

reflux. C - i. NaOR. ROH. thiourea, reflux ii. gl6cial l cetic acid, r6flUX. 

5 min. 
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Table 23. Synthesis of pyrimidina from or-akyhbatitutcd j?-akykhi+ and /$&bisfakykhio)-a&noncsc~ 

Substrate Ar R R%n 

Cond’ 
X Yield Product Ref 

SR 

Ar aQ SR 

C”a 
Ar 4” SW, 

R 

SR 

Ar 9 RS 

Ph He A 55 

Ph Et A 50 

Ph PhCH2 A 31 

p-McOC6H4 Me A 35 

Ph 

E-M~O+,H~ 

Ph 

@eOC6H4 

H 

H 

Me 

Me 

A 22 

A 20 

A 20 

A 23 

Ph 

p-ClC6H4 

Et 

‘Me 

A 70 

A 75 

Ph 

Ph 

@leC6H4 

@kOC6HL 

He 

Et 

ne 

Me 

B 65 

B 60 

B 56 

B 64 

26 

26 

26 

26 

26 

26 

26 

26 

118 

118 

118 

‘A - NaOEt, EtOH. gumidine nitrate, reflux lo-12 h. B - NaH, DMFlPhH, 

guanfdine nitrate. 80-85'C. 

pyrimidines can bc prepared from a-0x0 ketene dithioacetals if the reaction is carried out with NaH in 
DMSO, although yields are signiticantly lower (33-35%)” 

#?$-Bis(alkylthio)-a&enones containing an a-alkyl substituent undergo base-promoted 
isomerizations prior to reaction with guanidine. a-Methyl substituted substrates yield 5- 
alkylthiomethyl substituted pyrimidines while a-ethyl and propyl substituted substrates afford 5- 
alkenyl pyrimidines (Table 23).26 The base-promoted isomerizations generate reactive intermediate 
allylic dithioacetals and vinylogous thiol esters from the methyl and alkyl substituted substrates 
as indicated in Scheme 8.2~Amino pyrimidines have been prepared from vinylogous thiol esters ob- 

Scheme 8. 
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taincd by base-pomoted rearrangement of a-oxo ketene dithioacetals (Table 23)’ r* Utihxation of 
NaH in DMP heated to regux affords pyrimidines arising from two mokcules of vinylogous thiol ester 
and one molecule of guanidine. l r* The procedure is limited_ however, since the starting vinylogous 
thiol esters were obtained in low yields (Eq. 41). This methodology has been extended to a-oxo ketene 
dithioacetals dtived from fused heterocyclic systems (e.g. thiopyran-bones, thiepin-5(2mones, and 
l-N-@-tdylsulfonyl)-2,3dihydro4(lH~uinolones).13s 

Rudorf and Augustin and Potts et ~1.‘~~ have reported a pyrimidinc synthesis employing 
amidines and ketenc dithioacetals derived from acyanoketones and aryl or heteraryl ketones(Eq. IO@, 
respectively (Table 24). 

CH,C(NH)Nli2 lx1 Et Et 
e sq. 106 

CH,S SCH, NaOEt. FXOH. rcflu 

CH,S SCH, Ll?. 

Table 24. Synthesis of pyrimidincs from conjugated ketone ditltioacctals and amidincs 

Substrate Rl H2NC(NH)X 

X 

Bxn 

Cond’ 
% Yield Product Rcf 

Z-thienyl 

Ph 

@lC6H4 

Ph 

2-pyridyl 

2-pyridyl 

P-pyridyl 

2-pyridyl 

2-pyrldyl 

HP 

Me 

Me 

Ne 

Ph 

Ph 

E-NO2C6”4 

Me 

Ph 

2-thienyl 

2-thicnyl 

2-thienyl 

Ph 

L-thienyl 

2-pyridyl 

3-pyridyl 

4-pyrldyl 

A 52 

A 63 

91 

61 

56 

69 

56 

60 

69 

45 

23 

32 

33 

44 

10 

37 

67 

X .~ 
139 

139 

CH, 139 
CN 139 -.. 

139 

139 

139 

X 
139 

139 

HPh 

CN 

P 140 / xl 140 

I\ 
R SW, ::i 

l&O 

140 

140 

1LO 

aA - Et3N. DWF. amidine.HCl, reflux. B - NaH, PhH/DHF, amidlnc.HCl. 60°C to 

ref lux . 

Pyrimidines have also been prepared from conjugated ketene N,S-acetals by two dilkrent 
procednres. The ketene N.S-acetals are treated with an alkaline ethanolic solution of guanidine to 
afford the pyrimidines in a procedure analogous to that described above (Eq. 107)’ I2 Reaction of /?,/I- 

L 

1 HAH. Ctw c4 
R-N-C-S 

Ar * Ar J.&L NM H# 
“R.,, “, 

2 Me1 IUOCt. EtOH 
-A 

.q. 107 
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Ar II 2 Yield Z Yield 

Ph Ph 82 35 

E_&OC~H~ Ph 7r. 34 

p-llrC6HI. Ph a0 L5 
Ph e-C1C6HL 76 50 

Ph Rt 7” 10 
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bis(alkylthio~a$cnoates with primary aminea affords intermediate ketene N,S-acetals which can be 
converted into 2,6diamino4oxopyrimidines upon treatment with guanidioe in a sodium etholtidb 
ethanol solution heated to reflux. ‘I2 This has been extended to the reaction of ketene N,S-acetals 
derived from a-cyanoketooes with amid&s (Table 24), guanidioe, and S-alkylisothioureaa’jp 
Reaction of amidine with a keteoe S,N-(sulfoximide)acctal affords an interesting 4sulfoximide 
substituted pyrimidine.141 Alternatively, the keteoe N,S-acetals can react as enamioes with 
isothiocyanates to afford 4thioxopyrimidines (Eq. 108). 142 Here, heterocyclic ring formation occurs 
between the enamioe unit aod the isothiocyaoate leaving theconjugated carbonyl functionality intact. 

5.5. Pyridones 
Pyridooes cao also be prepared from conjugated keteoe acetals by a two-step process. First, 

substitution occurs via a sequential conjugate addition-eliminatioo substitution reaction. This is 
followed by an intramolecular cyclizatioo ofa nitrogen nucleophile onto thecarbooyl functional group 
to afford the simple or annulated pyridone ring system. This strategy was first implemented by 
Gompper and Topfl.’ lo They combined carboalkoxy conjugated ketene dithioacetals with 3-amino 
5-hydroxypyrazoles to a.lTord aooulated heterocyclic systems containing the pyridone ring system 

(EQ 109. 
Junjappa and co-workers27*143 developed a synthetic route to 3-cyaoo4alkylthiopyridones by 

reaction of a-oxo keteoe dithioacetals with cyaooacetamide in alkaline alcoholic medium (Eq. 110). 

l Q. 109 

cq. 110 

Utilization of sodium ethoxide afforded an inseparable mixture of 4ethoxy and 4-methylthio 
pyridooes. The 4-ethoxy derivatives presumably arise from intermediate a-oxo ketene OS-acetals and 
this process cao be suppressed by utilization of sodium isopropoxide. However, the Calkoxy 
derivatives were not readily prepared when two equivalents of sodium isopropoxide were employed. 
The methodology appears to be very general and moderate to good yields are obtained for a-oxo keteoe 
dithioacetals having no d-H (Table 25). Methyl ketones containing the a-oxo keteoe dithioacetal 
functionality afford pyridones io moderate yields. The a-oxo keteoe dithioacetals of cyclopentaoooe 
and cyclohexanone give pyridones io good yields, although the yield drops very rapidly for the higher 
homologue, cycloheptanone (30%). /I,/?-Bi.s@kylthio)-a,/3enones containing an a-methyl or a-alkyl 
(e.g. Et, n-Pr) substituent underwent base-promoted isomerixatioo prior to pyridooe ring formation to 
afford 3_cyano4methylthiomethyl- and 3-cyaoo4alkenyLpyridones in moderate to low yields, 
respectively (Eq. 111). 27 These results parallel those observed for pyrimidioe formation from these 
substrates (Scheme 8). The synthesis of pyridooes from ketene dithioacetals of active methyleoe 
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Table 25. Synthcsia of py5do1~ from amjugrtcd ketcoe ditbioxetals and NS_acetis 

Substrate RI or n R2 X Yield* Product Ref 
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4-pyridyl H 
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+ 

:, 122 
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N 

146 

146 
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%.actim Conditioru - NaO'Pr, A-PrOH, reflux, H2NCOCH2CN. 

compounds by this procedure has bttn reported. 122*1u Utilization of secondary a-cyanoacetamides 
generally results in a double cyclization involving substitution of the Cmethylthio substituent of the 
pyridone ring by a second molecule of the acyanoacetamide (Eq. 1 12).14’ 

The procedure has been extended to the a-oxo ketene N,S-acetals which give rise to 3cyano4 
aminopyridones in moderate to good yields. I* Although a-oxo kctcne N,N-acetafs react with 
dimethyl acetylene dicarboxylate to afford pyridones, the ketene N,S-acetals yield only the enamine 
addition product and do not undergo cyclizatioo to the pyridone. t47 

tn 

111 - Ii. Aryl 25-93X 
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Table 26. Spthti of pm frum cyaoo-a-oxo kctcnc dithids 

Substrate R 

Ph 

4-ClC6H4 

4-BrC6Hq 

2-fury1 

"2NNH2 

46 

77 

91 

52 

H2NNHPh H2NNHC6H4-E-NO~ HZm% 
I Yield 

46 +47 46+47 48 

60 21 61 96 

31 44 77 95 

47 71 

54 

5.6. Pyrazoles, isoxazoles, and rhiazoks 
Gompper and Topfl reported 14* that conjugated keteoe dithioacetals derived from active 

methylene compounds underwent reaction with hydrazines and hydroxylamines to form pyraxolcs 
and isoxaxoles, respectively. The reaction again involves a sequential substitution of one of the 
alkylthio groups by the N-atom followed by intramolecular addition of the N- or O-atom to the 
carbooyl carbon. Chat&an and Juojappa subsequently examined’ ’ ’ the reaction of hydrazioe with a- 
0x0 kctene dithioacetals to give 5(3halkylthio pyraxole-s (88-90%). Treatment of the a-0x0 keteoe 
dithioacetals with sodium ethoxide prior to reaction with hydraxioe afforded the 5(3)-alkoxypyraxoles 
(6067%) via the intermediate a-oxo keteoe O,S-acetals. Rudorfaod Augustio studied149 the reaction 
of ketene dithioacetals of acyaooketooes with hydraxioes. Several di!Tereot pyraxoles were generated 
since unsymmetrical hydraxioes can undergo the initial conjugate addition reaction with either N atom 
and subsequent cyclixatioo can occur onto either the oitrile or ketone (Scheme 9, Table 26). The 
hydrazioe and methylhydrazine adducts cyclize onto the ketone functional group to afford 6 
cyaoopyrazoles 46 and 48 while the pheoylhydrazines give adducts that cyclize onto either the ketone 
or nitrile to give pyraxoles 46 and 47. Vioylogous thiol esters have also been converted into pyraxoles 
upon reaction with hydraxioe in ethanol.’ ‘* 

A similar reaction of conjugated ketene dithioacetals with hydroxyamine gave the corresponding 
isoxaxoles (Eq. 113). 149 Reaction of conjugated keteoe N,S-acetals with hydroxylamioe affords 3- 
amiooisoxa.zoles.149*1s0 A keteoe S,N+ulfoximide)acetal has been converted into the corresponding 
5(3bsulfoximide substituted pyraxole and 3-sulfoximide substituted isoxaxole by reaction with 
hydraxioe and hydroxylamioe, respectively.‘4’ 

Reaction of a-oxo ketene N,S-acetals with thiooyl chloride in pyridioe affords thiaxoles (Eq. 114). 
The reaction fails when R3 is an alkyl group and is therefore limited to bcnxyl amines.1s1 

CN 

I 
SCH, 
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l q. 114 

5.7. Pywdes 
Apparao, Ila, and Junjappa have reported a synthesis of 2-amino-N-a&y1 substituted pyrrolcs from 

acyanomethyf-@,jZ-bis(alkyhhio)-@enones and aliphatic amines. Only aromatic ketones were 
examined and the yicids were moderate (Eq. 1 15).28 These 2-amino-pyrroles were unstable and were 
isolated as their N-benzoyl derivatives. 

w. 115 

R2 
4141% 

- He. Et, PhCH2 

a-0x0 ketcne ditbioacctals have been used in a synthesis of 1,Scndiones by reaction with ketone 
cnolates (Table 16). These 1,5-cndiones can be converted into pyridines17*29’ (Eqs 116 and 117) and 
pyryli~m’~~ (Es. 118) salts. The latter procedure also constitutes a synthesis of thiopyrylium and 

P. Rl f Yield cq. 116 
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cH,Ca3H (6lJCbll) 
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% 1. X0%“. clyoR1. THP 
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-8 2. 482 WP‘. cH2C12 
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-A n+ I!* 
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.q. Ilf 
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selenopyrylium salts since these are readily prepared from the pyrylium salts. The intermediate 1,5- 
endiones can be isolated. Alternatively, the two reactions can be conveniently carried out in a “one pot” 
process. The conjugate addition of ketone enolate anions to a-0x0 ketene dithioacetals occurs in 
generally moderate yields with lower yields coming from ketone enolates containing a’-H. Optimal 
yields were obtained when two equivalents of potassium t-butoxide was employed. The second 
equivalent of base reacts with the product 1,5cndione to afford a potassium enolate stable toward 
further reactions. Isolation of these air-sensitive potassium enolates facilitates purification of the 
reaction mixture; the 1,5cndiones can be readily obtained upon neutralization. Other bases such as 
NaH proved less effective while sodium ethoxide afforded /?-keto esters and a-pyrones. The strategy is 
sufficiently versatile that simple and annulated pyridines as well as polypyridinyls can be synthesized. 
Since in principle either component ketone can serve as the enolate or the a-0x0 ketene dithioacetal 
unit, versatility is built into the procedure for maximizing yields. In general, higher yields are obtained 
when the aromatic ketone is utilized as the a-0x0 ketene dithioacetal unit. This synthetic route to 2$- 
fury1 or thianyl substituted pyridines has been exploited in the synthesis of macrocyclic polyether 
diesten containing these heterocyclic ~nits.‘~~ 

1,5-Endiones can also be prepared by exploiting the chemoselective reaction of organocuprates 
with a-oxo ketene dithioacetals or a&unsaturated thiol esters coupled, respectively, with the 1,3- 
carbonyl transposition methodology ofvinylogous thiol estersand a-oxo ketenedithioacetals employ- 
ing hydrazone enolate anions. Although this strategy requires an additional step, it could prove more 
tlexible in terms of substitution patterns and range of substituents that can be accommodated. 

5.9. Furans, butenolides, unsaturated lactones, a-pyrones and 1-thia4pyranones 
Synthesis of furans, butenolides, and Q-unsaturated lactones from vinylogous thiol esters and a- 

0x0 ketene dithioacetals involves the l&nucleophilic addition ofcarbanions containing a protected or 
masked oxygen nucleophile that can participate in a subsequent cyclization process. Garst and 
Spencer”’ reported a furan synthesis from vinylogous thiol esters in 1973. The reaction involved the 
addition ofdimethylsulfonium methylide to the vinylogous thiol ester to afford an intermediate allylic 
epoxide which underwent cyclization and elimination of methanethiol upon treatment with HgS04 
(Eq. 119). The reaction does not work when the ylide is generated from the iodide salt and rquires 
utilization oftrimethylsulfonium fluoroborate as the ylide precursor. In one instance the epoxidecould 
be isolated in 81% yield and quantitatively converted into the furan upon treatment with BF, * Et,O. 

.q. 119 

The reaction of dimethylsulfonium methylide with a-oxo ketene dithioacctals was subsequently 
reported by three groups (Table 27).45*1 ‘a*109 Ireland”’ employed this reaction in the construction of 
an annulated butenolide in a synthesis of triptolide and triptonide while Okazaki et al.4s reported a 
more extensive investigation of the reaction. While Ireland had obtained the butenolide by treatment of 
the reaction mixture with aqueous HCI-MeOH, Okazaki et al. were able to obtain the corresponding 
cyclic dithio ortho ester. Although these ortho esters could be isolated, they could not be purified and 
were readily converted into 2-methylthiofurans by treatment with HCl, CH31, or by passage through a 
florisil column. The reaction gives best results in THF and shows more complex mixtures in DME and 
ether. Reaction ofthe ylide pro&faster with the a-oxo ketene dithioacetals than with the vinylogous 
thiol esters. In an additional consideration, the 2-methylthio substituent on the furans derived from a- 
0x0 ketene dithioacetals provides versatile synthetic opportunities since it can serve as a blocking 
group, undergo direct alkyl substitution with Grignard reagents and a Ni catalyst, be hydrolyzed back 
to a butenolide, or simply be removed by Raney Ni desulfurization. These procedures have been 
exploited in syntheses of the naturally occurring furans perillene and fosefuran. 

Butenolides can also bt prepared by the addition of alkoxy stabilized carbanions, which in turn are 
generated from the corresponding organotin compounds, to a-oxo ketene dithioacetals (Eq. 120).’ 54 
Althoughformallyquivalentfor thesynthesisofbutenolides, thismethodologycanbeexpanded to the 
synthesis of 5-alkyl substituted butenolides from a-oxo ketene dithioacetals and a variety ofaldehydes. 
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Table 27. Synthesis of dihydrofurans, furans, and butenolidw from a-oxo kctcoe dithiorottals 

Subrtracc X Yi.ld' Dihydrofuran X Yieldb Furan Raf 
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C”, v 1. L1CH20CH20CH3 

-78%. 15 min (79Z) \ 
SCH, 

2. 10x rnF&. TliF-iI20 - @ 
q. 120 

25%. 5 daya (672) 

53z 

This methodology involving the addition of Grignard or organolithium reagents containing a 
protected hydroxy group or the unprotected alkoxide can be exploited in preparing larger ring 
lactones. Although Mactones have been prepared by a three-step procedure involving the 1,Zaddition 
ofester enolates to CMXO kttene dithioacetals the overall yields were low because LiAlH, reduction of 
the fl-hydroxy esters resulted in considerable retro-Claiscn like reactions occurring.1s4 y-Phenylthio- 
a&unsaturated tldehydes derived from vinylogous thiol esters (Table 12) have been exploited in a 
synthesis of the rcgioisomcric butcnolides (Eq. 121). loo* Butenolides have also been prepared by 

c)(o 
H20. LN HCl 

.q. 121 

2. AC20. 110% \I 

( 702) 
56’2 

!hOH. *cl2 

1-5 days 
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0 

Y+ A” 

1. LKli2C02Ct 

-78%. TliF 

1. RLI. RF. -78% 

4. 0.5N HCI 
R 

K - I*. n-Bu. Ph (75. 80. 

7 8% \ EtOH-H20 

2. e-TnOH. bmrcna 

30%) 

64% 

!alcme 10. 

quenching the vinyl anion generated from methyl 2-methyl-3-phenylthiopropenoate (e.g. set Eqs 44 
and 45) and the vinyl dianion obtained from the corresponding carboxylic acid with aldehydes.*’ The 
vinyl anion obtained from 2-methyl-3-phenylthiopropenoic acid underwent a similar reaction with 
kctones.*l* 

The addition of ester enolates to vinylogous thiol esters has betn utilixed in a synthesis of & 
lactones and a-pyrones (Scheme 1O).98 The procedure involves 1,2-nucleophilic addition of the ester 
enolate to a vinylogous thiol ester followed by acidcatalyxed rearrangement to afford the unsaturated 
aldchyde. The Rathke type addition reaction of ester enolates to the vinylogous thiol ester must be 
quenched at low temperatures or considerable retro-Claisen type cleavage occurs and starting 
materials are recovered. Addition of organolithium reagents to the aldehyde carbonyl affords an 
alkoxide intermediate that can undergo intramolecular lactone formation. Yields are good despite the 
possibility of proton abstraction in these systems. En01 lactonization under acidic conditions alfords 
the corresponding a-pyrones. 

Dieter and Fishpaugh99 have made use of their chemoselective substitution reaction of organo- 
cuprates with a-0x0 ketcne dithioacetals coupled with the 1.3-carbonyl transposition methodology 
involving vinylogous thiol esters in an a-pyronc synthesis employing a similar strategy (Scheme 11, 
Table 28). The strategy and methodology are sufficiently versatile that the alkyl substitution 
pattern at all four of the olefinic carbon atoms of the a-pyrone ring system can be systemati- 
cally altered simply by choice of a-oxo ketene dithioacetal, organocuprate, and ester cnolate. Altcma- 
tively, the 1,3carbonyl transposition reaction of a-oxo ketene dithioacetals could be employed to 
afford a y-carboalkoxy-a$-unsaturated thiol ester which can be convertad to a y-keto ester upon 
reaction with organocuprates. Utilization of vinylogous thiol esters affords 6-alkyl substituted 
a-pyrones while addition of ester enolates to a-oxo ketene dithioacetals leads to 6-alkylthio substituted 
a-pyrones.31 Ketone enolates can also be utilixed although yields are somewhat lower in the 1,2- 
nucleophilic addition process. This problem can be solved by relying on hydraxone enolate anions. 
Although an additional step is required to hydrolyze the hydrazones, this step proceeds in excellent 
yields.3 ’ a-Pyrones have also been prepared by l&conjugate addition of sodium cyanoacetate to a- 
0x0 ketene dithioacetals followed by intramolecular cychxation (Table 28).24*122 

Ketones containing a- and a’-methylene groups can be converted into I-thia4pyranone 
derivatives (Eqs 4.12 and 13)**10b*13”*U upon treatment with base and CS2. a&Unsaturated ketones 
undergo reaction with base and CS, at the a’-methylene group and intramolecular cyclixation can 
occur to afford 5,6-dihydro-l-thia4pyranones22 (Eq. 122). The cyclixation can also be effected from 
l,l-bis(alkylthio)-3-oxo-l&butadienes by heating a dioxane solution of the a-oxo ketene dithioacetal 

(R’CuSPh)Ll 
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- d 
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2. 10% HBF~. TW-II20 
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I?’ 
It6 

!3cbcmc 11. 



a-0x0 kctcnc ditbioacctalt and t-elated compounds: vctwtile three-carbon synthoos 

Table 28. Syntbcais of a-oyroncs from vin~hmw thiol eaten and a-oxo kctcne dithioacetals 

Substrate 
a-Kcto Acid’ 

R1 or n R2 Enolate* or EseerC a-Pyrone f Yield Rtf 
E Yield 

Pik 
“2 

C”2 -Bk =* 
cw 

OEZ 

Pb 

A 

A 

A 

B 

A 

A 

B 

C 

A 

A 

D 

E 

F 

93c 
9ob 

SP 

aV 

76’ 

92 

90 

93 

88 

99 

96 

10 

83 

93 

85 

99 

99 

99 

99 

99 

99 

99 

99 

31 

31 

24 

24 

24 

26 

122 

122 

1. NM. LYSO. cs2 
*q. 122 

R 2. Ml. 60-80% 

if - Ph 7s - 902 

R - 2-thlenyl 65% 

in the prcscnce of bemy alcohol. ’ f5 o-~l~ro~~ ketones undergo similar cy~lization reactions when 
heated in the presence of base and CSz to give 2-aikyhhio-l-thia-bchromoncs’8*’ IS fEq. 123) after 
~kylatio~. 

4 = Lmi*CO+l. B * LiCHZ&O+e3. 
D - NGii(CSr)COBLt:. 

c - LiCR(CHJ)C02%l. 

b F - N@R(CN)COPb. 
&-Kato Acid =Estrr 

R - KCH(CN)C02Et. 

al 
H 

Cl 

Cl 

H 

R2 
N 

ii 

H 

CR 

13 % Yield 

ne 80 

Ha 82 

PhCHt 9t 

HmCH* 69 

PhCocH2 56 

P-%W,Ch 76 

cq. 123 
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6. PERICY~C REAcnoNs 

6.1. Diels-Alder reactions 
a-0x0 kctene dithioacetals and vinylogous thiol esters can, in principle, serve as dienophiles in a 

Diels-Alder reaction. The products would have a 6-membered ring containing two or one alkyhhio (or 
arylthio) substituents that could be exploited in subsequent synthetic transformations. Danishefsky 
and co-workers5**156 examined this strategy in a synthetic approach to cross-conjugated cyclohexa- 
2,5dienones and phenols. Although the /.I-phenylthio-a&nones and enoates were not sufficiently 
dienophilic, the corresponding /I-phenylsulfmyl derivatives entered into the Diels-Alder reaction in 
moderate to good yields after prolonged reaction tunes in benzene or toluene heated to reflux (Eq. 124, 
Table 29). Under the thermal conditions of the Die&Alder reaction a sulfoxide synclimination 
occurred to afford the corresponding cyclohexadienones or phenols directly. This strategy was 
employed in the synthesis of disodium prephenate’ 56b and of the antifungal agent griseofulvin.156’ In 
the griseofulvin synthesis, an intermediate cyclohexadienone was prepared by this procedure and 
hydrogenated to control the stereochemistry in the substituted cyclohexenone moiety of the target 
molecule. 

26-67 h 

Both a-oxo ketenedithioacetalslO~and vinylogous thiol esterslo have been converted into Diels- 
Alder dienes either by reaction with Wittig reagents or by conversion into the corresponding silyl enol 
ethers. The l,l-bis(alkylthio)-1,3-butadienes are poor dienes and afford Diels-Alder adducts only with 
the more reactive dienophiles such as maleic anhydride.15’ The corresponding l-alkylthio-1,3- 
butadiene unit has also been generated but appears not to have seen wide synthetic application. 

Table 29. Spthti of phenols and 2,kyclohexadicnones from A-phcnylsulEnyl~onu and cnoatca 

Substrate R or ” R* DimeA X Yield Product Rcf 

nt Kt 

CH*CO*Kt Oh 

1 

2 

90 

68 ” 

a3 
58 

/ 
CO,Yo oa-- d 58 

58 

53-60 156b 

156~ 
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6.2. Sigmatropic rearrangements 
Conjugated ketenc dithioacetals containing Sallyl, Scrotyl, or S-propargyl substitucnts readily 

undergo the thio-Claisen rearrangement. “*l’ The mixed Scrotyl, S-methyl kctcne dithioacctals 
rearrange to atford or-1-mcthylallyl-B_oxodithio esters (Eq. 125) while the symmetrical ketcnc 
dithioacetals afford a-crotyl-/Loxodithioters indicative of a series of sigmatropic rearrangements 
involving the thiocarbonyl of the dithio ester and the second S-crotyl substitucnt (Eq. 126). Thcsc 
[3,3]sigmatropic rearrangements can occur at room temperature depending on the functionality in 
conjugation with the ketene dithioacetal [relative rates for ketene dithioacetals derived from active 
methylene compounds,XCH,-(Y), display the following order: CO,Et (CO,Et) > COMe (CO,Et) 
> COMe (COMe) > COIEt (CN) > COPh (COMe) > COPh (COPh) > CN (CN)] and the 
substitution pattemoftheS-allylgroup(ally1 > crotyl).Consequcntly,aikylationofconjugated kctenc 
dithiolate dianions with ally1 halides generally affords mixtures of ketene dithioacetals and a-ally1 
dithio esters arising from the thio-Claisen rearrangement. For the less reactive substrates thermal 
cleavage generates ally1 radicals and provides an undesired decomposition pathway. Similar alkylation 
of cz-0x0 ketene N,S-acetals results in a thio-(%iscn rearrangement to afford a-ally1 thioamides. 

KoLBu. !‘lX ct O dt”- SR - wcYYJ5-s cq. 125 

7. MECE LIANEOUS RJCACl’lONS 

Several useful and interesting reactions have been reported for vinylogous thiol esters and a-oxo 
ketene dithioacetals that do not fit into the above categories. The S atom(s) in these substrates can be 
oxidized with a variety of reagents. Oxidation of @rIkylthio-a&cnones and enoatcs has been effected 
with mchloroperbcnxoic acidlsbR and with NaIO,. 113*rs60 These /I-sul8nyl derivatives have been 
exploited in the Diels-Alder reaction (Eq. 124, Table 29) and as Michael substrates’ 23 with a variety of 
nucleophiles in a substitution reaction involving an additio=limination sequence (Eq. 127). 
Oxidation of a-oxo ketcne dithioacetals with m-CPBA affords a variety of oxidation products 
depending upon the number of equivalents of reagent employed (Eq. 128). “I’ The mono-sulfoxide, bis- 
sulfoxide, and epoxy bis-sulfone were obtained with 1,2, and 5 equivalents of reagent, respectively. 
Utilization of W equivalents of m-CPBA gave mixtures of products and the bis-sulfone was never 
obtained under these reaction conditions. The ketene bis-sulfonc was obtained with H202 in glacial 
acetic acid (Eq. 129).52 

The photosensitized reaction of a-oxo ketene dithioacetals with singlet oxygen has been reported. ’ J* 
The reaction a5ords products arising from cleavage of a dioxatane when carried out in methanol 

THF. 25%. 15 h 

R Nuclmphila I’-IWi) I Yield 

cq. 127 
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with rose bengal as sensitixer (&+ 130). In benzene the reaction takes a di6crcnt course with 
tetraphenylporphine as sensitixer and the products are believed to arise from a dioxatane generated by 
the addition of superoxide ion to the ketone carbonyl (Eq. 131). The superoxide ion is believed to be 
generated by electron transfer with the S atom as an electron donor. 

Electrophilic bromination of CGOXO ketene dithioacetals affords a-bromo-a$-bis(alkylthio)-a,@- 
enones which undergo nuckophilic substitution with copper(I) cyanide or copper(I) arenethiolates 
(EQ. 132).ls9 Copper(I) n-butanethiolatt effected substitution of the Br atom and the &mcthylthio 
group(s) by the n-butylthiolate nucleophile. The Br substituent could not be replaced with primary or 
secondary amines. 

20-60x 

At ?. Yield 

Ph 90 

*-CIC6HL 9s 

C-14*C6H4 99 

t-nrphthyl 94 

X 2 Yield 

CR 78 

SPtl 72 

Cn 76 

SPh 66 

CN 71 

3-QT,C6H&S 67 

CN 66 

l q. 130 

.q. 131 

l q. 132 

8. SUMMARY 

fl-Alkylthio- and /I$-bis(alkylthio)-@moues and cnoates are highly functionalized a,/?- 
unsaturated carbonyl substrates which can undergo a variety of transformations. Reactions can 
occur at the carbonyl, double bond, or S atoms, and deprotonation can occur at several sites 
depending upon substrate structure. The principal reactivity patterns involve l,Z-n~l~p~c 
additions and l&conjugate addition reactions to the enone or enoate functional group. The a-oxo 
ketene dithioacetals have proven, so far, to be the most versatile member of this group. The presence of 
two @.lkylthio substituents a@ords a higher level of oxidation in functional group manipulations and 
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in mitny instances gcwxtat a product containing an S subutitwnt or functional group that can 
be manipulated in additional synthetic transfo-tions. A variety of ‘one pot” traruformations 
employing a cascade of 1,2- and 1 &~~udcophilic addition dons to o-oxo ketone d&Me have 
been elegantly applied to a variety of heterocyciic synthasea More recently, the8e two principle 
reactivity mob of ~-0x0 kete~ dithioacetals have been acparatcd in a contr&bd fashion and 
exploited for the sequential ngio-, stereo-, and ~~~ve~~~~ ofnew C-C bonds. These 
synthcticmethodsshouMcnbaacetbesyntbeticutitityofthea_oxo keteaeditba&alfuactianatityas 
an extremely versatile three carbon syntboa for functional group manipaiations and C-X bond 
constructions. 
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