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Rearrangement Studies on Acylketene 0-Prop-2-ynyl S-Methylmonothioketals 
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Acyl ketene 0-prop-2-ynyl S- met hylmonoth ioketals 3a-e. easily obtained through displacement on 
P-oxosulfonium salts 2a-e by prop-2-ynol, are shown to undergo facile rearrangement under 
neutral (toluene-xylene) and basic conditions (K,CO,-EtCOMe) to afford the diene esters 5a-e and 
the substituted furans 4a-e, respectively. The probable mechanism for the formation of the various 
products involving initial Claisen rearrangement of compounds 3a-e has been described. 

The Claisen rearrangement of appropriate prop-2-ynyl ethers 
has been studied both in aromatic and aliphatic series.' Thus, 
arylpropynyl ethers are reported to give 2H-1 -benzopyran 
derivatives when heated in either N,N-dimethylaniline or 
DMF. The proposed mechanism involves the 2-allenylphenols 
as initial intermediates which on subsequent 1,5-hydrogen 
shift followed by electrocyclic ring closure afford the 2H-1- 
benzopyrans as the final  product^.^ In a separate study, 1,3- 
dimethyl-5-(prop-2-ynyloxy)uracil is shown to undergo facile 
thermal rearrangement at 130 "C to give a mixture of 1,3,6- 
trimethyl-6,7-dihydrofuro[3,2-d]pyrimidine-2,4-dione and the 
corresponding 1,3-dimethyl-6H-pyran0[3,2-d]pyrimidine-2,4- 
d i ~ n e . ~  The course of the reaction is shown to depend markedly 
on the nature of solvent and can be directed to give 
predominantly either the furopyrimidine (DMF) or the 
pyranopyrimidine (xylene) or a mixture of both products 
(DMSO). The authors have proposed an ionic ring closure 
mechanism for the formation of furopyrimidine involving 
nucleophilic attack on the activated allene moiety of the 6- 
allenyl-5-hydroxyuracil inte~mediate.~ It is pertinent to note 
that the benzofuran products have not been reported from 
thermal Claisen rearrangement of phenylprop-2-ynyl ethers, 
although they are formed during the base-catalysed ring closure 
of 0-allenylphenol. 3 a 9 5  Unlike the aromatic series, few examples 
of the thermal Claisen rearrangement of vinylprop-2-ynyl ethers 
to afford allenic carbonyl compounds through a concerted six- 
membered cyclic transition state are known.6 This is probably 
due to the lack of stable functionalised vinylprop-2-ynyl ether 
precursors required for the study. We have now synthesised 
acylketene 0-prop-2-ynyl S-methylmonothioketals and studied 
their rearrangements under different reaction conditions to 
afford either substituted furans or acyclic conjugated diene 
esters. The results of the study are presented in this paper. 

Results and Discussion 
We have reported a general route for acylketene 0,s-ketals 
through nucleophilic displacement on P-oxovinylsulfonium 
salts (obtained from the respective a-oxoketene dithioketals) by 
various alcohols and  phenol^.^ A similar strategy was employed 
for the synthesis of 0-prop-2-ynyl S-methylmonothioketals 3 
(Scheme 1). Thus, when the sulfonium salt 2a was treated with 
prop-2-ynol in the presence of potassium carbonate in ethyl 
methyl ketone at room temperature, work-up of the reaction 
mixture afforded compound 3a in 76% yield (Scheme 1). 
However, when the same reaction mixture was refluxed, the 
product isolated (58%) was characterised as the S-methyl furan- 
3-carbothioate 4a which was also obtained in an improved yield 
(84%) when the 0-prop-2-ynyl ketal 3a was refluxed in ethyl 
methyl ketone in the presence of K,CO,. The regiochemistry of 
compound 4a was further confirmed by its reductive 

2 

il - 
0 

3 

' 0 Ho HB d R' =2-Furyl 
e R' = 2-Thienyl 

R' Me MeswHA 
4 5 

0 
I t  Ha~e R' + R1-k 

6 7 

4,6,7a R'=Ph 
b R' = Md&H4 

Scheme 1 Reagents and conditions: i (a) Me,SO,, heat, 3 h, (b) HCIO,, 
diethyl ether, room temp.; ii, HC-CCH,OH, K,CO,, EtCOMe, room 
temp.; iii, HC=CCH,OH, K,CO,, EtCOMe, reflux, 4 h; iv, K,CO,, 
EtCOMe, reflux, 3-6 h; v, toluene, reflux, 1-2 h or xylene, reflux, 15-30 
min; vi, Raney nickel, EtOH, room temp., 10 h 

desulfurisation with Raney nickel to afford the corresponding 
furan-3-carbaldehyde 6a and the 3-unsubstituted furan 7a in 46 
and 34% yields, respectively (Scheme 1). The other substituted 
U,S-ketals 3b-c and the furans 4b-c were similarly obtained 
from the corresponding sulfonium salts 2b-c in good yields 
under identical conditions. When the a-furoylsulfonium salt 2d 
was subjected to displacement by prop-2-ynyl at room 
temperature, the reaction mixture afforded the 0,s-ketal 3d 
(66%) along with a smaller amount of the furan 4d (1 1 %), while 
the a-thienoylsulfonium salt 2e, under identical conditions, 
yielded the furan 4e as the major product (65%) together with 
0,s-ketal 3e in poor yield (12%). Reductive desulfurisation of 
compound 4b with Raney nickel also afforded the mixture of 
furan-3-carbaldehyde 6b and the 3-unsubstituted furan 7b in 48 
and 36% yields, respectively (Scheme 1). 

The 0,s-ketals 3a-e were found to be stable at room 
temperature, although in refluxing toluene or xylene, they 
underwent facile rearrangement to give exclusively one product, 
characterised as the diene esters 5a- (isolated as single 
stereoisomers) on the basis of both spectral and analytical data 
(Scheme 1). No other products, such as dihydropyran or its 
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dimer, were isolated from the reaction mixture. Attempted 
isomerisation of compound 3a in polar solvents like DMF or 
DMSO (anhydrous or aqueous) gave only an intractable 
mixture of products, whereas in refluxing pyridine, the furan 4a 
was isolated in poor yield, along with a complex reaction 
mixture. 

The probable mechanism for the formation of the furan 4 or 
the diene ester 5 from the 0,s-ketals 3 is shown in Scheme 2. 
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Scheme 2 
K,CO,, EtCOMe, reflux 

Reagents and conditions: i, toluene or xylene, reflux; ii, 

The first step involves the Claisen rearrangement of the 0,s- 
ketal 3 to the allene intermediate 8 which, under neutral 
conditions (toluene or xylene), rearranges to the diene ester 5 
through enolization and a subsequent 1 $-hydrogen shift in the 
intermediate 9. Under basic conditions (K,CO,+thyl methyl 
ketone), the intermediate 8 undergoes a proton abstraction to 
give the enolate anion 10, which on intramolecular ring closure 
through the nucleophilic attack onto the activated allene 
moiety, affords the 5-methylfuran 4. Interestingly, treatment of 
the sulfonium salt 11 from 3,4-dihydronaphthalen- 1 (2H)-one 
with prop-2-ynol under the reported conditions, gave the allene 
intermediate 13 (Scheme 3), thus proving its intermediacy in 
this rearrangement. 
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Scheme 3 Reagents and conditions: i, HG=CCH,OH, K,CO,, 
EtCOMe, room temp. 

In conclusion, the newly synthesised acylketene U-prop- 
2-ynyl S-methylthioketals 3 are shown to undergo Claisen 
rearrangement either under basic or neutral conditions to afford 
novel substituted furans 4 or activated diene esters 5 in high 
yields. Although benzofurans are reported to be formed in base- 
catalysed cyclisation of U-allenylphenols, to our knowledge 
this is the first report of the formation of furan derivatives 
through base induced cyclisation of allenic intermediates 

formed in prop-2-ynylic Claisen rearrangement of acyclic 
aliphatic precursors. 

Experiment a1 
M.p.s were determined on a Thomas Hoover melting point 
(Capillary Method) apparatus and are uncorrected. The IR 
spectra were recorded on a Perkin-Elmer 297 spectrophoto- 
meter and the 'H NMR spectra were recorded on Varian EM- 
390, 90 MHz, Bruker 250 MHz and Gemini-300 MHz spec- 
trometers (tetramethylsilane was used as the internal standard) 
with J-values given in Hz. The mass spectra were recorded on 
a Jeol JMS-D 300 mass spectrometer. Elemental analysis was 
performed on a Heraeus CHN-0-Rapid Elemental Analyzer. 

General Procedure for the Preparation of Acylketene 0-Prop- 
2-ynyl S-Methyl Monothioketals 3a-e.-A stirred suspension of 
prop-2-ynyl alcohol (1.68 g, 30 mmol) and anhydrous K,CO, 
(12.42 g, 90 mmol) in anhydrous acetone (or ethyl methyl 
ketone) (75 cm3) was refluxed for 3 h. The resulting mixture was 
cooled to 0-5 "C and the dimethylsulfonium perchlorate salt 2 
(1 0 mmol) was added to it in small portions with stirring. The 
mixture was further stirred at the same temperature for 2 h and 
then for a further 5-6 h at room temp. It was then filtered, the 
filter being washed with acetone (or ethyl methyl ketone) 
(2 x 25 cm3) and the filtrate concentrated under reduced 
pressure. The residue was poured onto crushed ice and 
extracted with CHC1, (2 x 100 an3). The combined extracts 
were washed with water (3 x 100 cm3), dried (Na,SO,) and 
then evaporated to give the crude product 3, which was purified 
by crystallisation (chloroform-hexane). 

In the case of the sulfonium salts 2d and 2e, formation of the 
0,s-ketals 3d and 3e was accompanied with the furans 4d (0.24 
g, 11%) and 4e (1.54 g, 65%), respectively, which were separated 
by column chromatography over silica gel using hexane-ethyl 
acetate (98:2) as eluent. A suspension of the sulfonium salt 2a 
(3.38 g, 10 mmol), prop-2-ynyl alcohol (1.68 g, 30 mmol) and 
anhydrous K2C03 (12.42 g, 90 mmol) in anhydrous ethyl 
methyl ketone (75 cm3) was refluxed for 4 h to give the furan 
4a (1.34 g, 58%). 

3-Methylthio- 1 -phenyl-3-(prop-2-ynyloxy)prop-2-en- 1 -one 
3a. Pale yellow crystals (1.76 g, 76%); m.p. 99-100OC; 
v,,,(KBr)/cm-' 3326, 2130, 1621, 1609, 1503 and 1261; 6,(90 
MHz; CDC1,) 2.30 (3 H, s, SMe), 2.60 (1 H, t, J 1.5, &H), 4.83 
(2 H, d, J 1.5, CH,), 6.55 (1 H, s, =CH), 7.30-7.58 (3 H, m, 
ArH) and 7.82-8.02 (2 H, m, ArH); m/z 232 (M+, 1%) and 105 
(100%) (Found: C, 67.4; H, 5.4. Cl3H1,0,S requires C, 67.21; 
H, 5.21%). 

1 -(4-Methoxyphenyl)-3-methylthio-3-(prop-2-ynyloxy)prop- 
2-en-1-one 3b. Pale yellow crystals (2.04 g, 78%); m.p. 113 "C; 
v,,,(KBr)/cm-' 3255, 2126, 1620, 1510, 1268 and 1174; 6,(90 
MHz; CDCl,) 2.30 (3 H, s, SMe), 2.65 (1 H, t, J 1.5, =CH), 3.82 (3 
H,s,OMe),4.82(2H,d,Jl.5,CH2),6.59(1 H,s,=CH),6.99(2H, 
d, J 9, ArH) and 7.99 (2 H, d, J9 ,  ArH); m/z 262 (M+, 41%) and 
135 (100) (Found: C, 64.4; H, 5.65. C1,Hl,O,S requires C, 
64.10; H, 5.38%). 

1 -(4- Chlorophenyl)-3-methylthio-3-(prop-2-ynyloxy)prop-2- 
en-1-one 3c. Pale yellow crystals (2.0 g, 75%); m.p. 95-96 OC; 
v,,,(KBr)/m-l 3225, 2129, 1625, 1480 and 1242; 6,(90 MHz; 
CDC1,) 2.32 (3 H, s, SMe), 2.73 (1 H, t, J 1.5, S H ) ,  4.88 (2 H, d, 
J 1.5, CH,), 6.59 (1 H, s, =CH), 7.49 (2 H, d, J 9 ,  ArH) and 7.93 
(2 H, d, J 9, ArH); m/z 266 and 268 (M', 4 and 2%), 219 (78) 
and 139 (100) (Found: C, 58.8; H, 4.4. Cl,Hl,C102S requires 
C, 58.53; H, 4.16%). 

1 -(2-Furyl)-3-methylthio-3-(prop-2-ynyloxy)prop-2-en- 1 -one 
3d. Pale yellow crystals (1.46 g, 66%); m.p. 101-102 "C; 
vmax(KBr)/cm-' 3235, 2125, 1622, 1594, 1538, 1268 and 1210; 
6,(90 MHz; CDC1,) 2.32 (3 H, s, SMe), 2.72 (1 H, t, J 1.5, S H ) ,  
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4.85 (2 H, d, J 1.5, CH,), 6.48-6.63 (2 H, m, =CH and 4-H furyl), 
7.19 (1 H, d, J5,, 1.5,5-H furyl) and 7.58 (1 H, br s, 3-H furyl); a 
small M + peak was observed at m/z 222 but was too small for 
the exact mass spectrum to be measured, 197 (17%), 175 (17) 
and 95 (100) (Found: C, 59.7; H, 4.7. Cl,HloO,S requires C, 
59.44; H, 4.54%). 

3-Methylthio-3-(prop-2-ynyloxy)- 1 -(2-thienyl )prop-2-en- 1 - 
one 3e. Pale yellow crystals (0.28 g, 12%); m.p. 85-86 "C; 
v,,,(KBr)/cm-' 3250, 2128, 1620, 1500, 1410, 1358, 1268 and 
1 160; 6,(90 MHz; CDCl,) 2.28 (3 H, s, SMe), 2.7 1 (1 H, t, J 1.5, 
S H ) ,  4.81 (2 H, d, J 1.5, CH,), 6.46 (1 H, s, =CH), 7.13 (1 H, 
apparent dd, separation 5 and 3.5,4-H thienyl), 7.56 (1 H, br d, 
separation 5,5-H thienyl) and 7.68 (1 H, br d, separation 3.5,3- 
H thienyl); m/z M+ (238) was not observed, 193 (2%), 191 (11) 
and 11 1 (100) (Found: C, 55.7; H, 4.5. C1,H,,O2S2 requires C, 
55.44; H, 4.23%). 

General Procedure for the Preparation of S-Methyl2-Aryl-5- 
methylfuran-3-carbothioates 4a-e.-A suspension of acylketene 
0-prop-2-ynyl S-methyl monothioketal 3 (10 -01) in ethyl 
methyl ketone (25 cm3) and K2C03 (4.15 g, 30 mmol) was 
refluxed for 3-6 h (monitored by TLC). The reaction mixture 
was filtered, the filter washed with ethyl methyl ketone (2 x 25 
cm3) and the combined filtrates were concentrated. The residue 
was dissolved in chloroform (50 cm3) and the solution washed 
with water (3 x 100 cm3), dried (Na2S04) and evaporated 
to give the crude product, which was purified by column 
chromatography over silica gel using hexane as eluent. 

S-Methyl5-methyl-2-phenylfuran-3-carbothioate 4a. Colour- 
less viscous liquid (1.94 g, 84%); v,,,(neat)/cm-l 1675, 1558, 
1550,1380,1228 and 1166; 6,(250 MHz; CDCl,) 2.29 (3 H, d, J 
1.5, Me), 2.36 (3 H, s, SMe), 6.45 (1 H, d, J 1.5,4-H), 7.33-7.42 
(3 H, m, ArH) and 7.91-7.96 (2 H, m, ArH); 6,(62.8 MHz; 
CDCl,) 11.57(SMe), 13.09(Me), 107.52(4-Cfuryl), 121.32(3-C 
furyl), 127.66, 127.96, 129.08 and 129.59 (phenyl CH), 129.64 
(1-C phenyl), 151.24 (2-C furyl), 152.84 (5-C furyl) and 186.46 
(CO); m/z 232 (M+, 2073, 185 (100) and 105 (57) (Found: C, 
67.4; H, 5.4. C1,H,,O2S requires C, 67.21; H, 5.21%). 

S-Methyl 2-(4-methoxyphenyl)-5-methylfuran-3-carbothioate 
4b. Colourless viscous liquid (2.30 g, 88%); v,,,(neat)/cm-' 
1679, 1620, 1505 and 1268; 6,(90 MHz; CDCl,), 2.29 (3 H, s, 
Me), 2.33 (3 H, s, SMe), 3.76 (3 H, s, OMe), 6.47 (1 H, s, 4-H), 
6.95 (2 H, d, J9 ,  ArH) and 8.02 (2 H, d, J9 ,  ArH); m/z 262 (M', 
42%) and217(100) (Found: C, 64.3; H, 5.6. C1,Hl,O,Srequires 
C, 64.10; H, 5.38%). 

S- Methyl 2-(4-chlorophenyl)-5-methylfuran-3-carbothioate 
4c. Colourless crystals (2.28 g, 86%); m.p. 60-61 "C (from diethyl 
ether-hexane); v,,,(KBr)/crn-' 1678,1562,1495,1383,1280 and 
1175; 6,(250 MHz; CDCl,) 2.32 (3 H, d, J 1.5, Me), 2.39 (3 H, s, 
SMe), 6.47 (1 H, d, J 1.5,4-H), 7.35 (2 H, d, J 9 ,  ArH) and 7.91 
(2 H, d, J9 ,  ArH); m/z 266 and 268 (M', 11 and 479,219 (100) 
and 139 (37) (Found: C, 58.6; H, 4.3. C13HllC10,S requires C, 
58.53; H, 4.16%). 

Colourless viscous liquid (1.97 g, 89%); v,,,(neat)/cm-' 1663, 
1610,1535,1374,1265 and 1174;6,(90 MHz; CDCl,) 2.29 (3 H, 
s, Me), 2.37 (3 H, s, SMe), 6.33-6.56 (2 H, m, 4-H and 4'-H furyl), 
7.5 1 (1 H, br s, 5'-H furyl) and 7.63 (1 H, br d, separation 3,3'-H 
furyl); m/z 222 (M', 579,174 (100) and 94 (48) (Found: C, 59.7; 
H, 4.8. CllHl,O,S requires C, 59.44; H, 4.54%). 

S-Methyl5-methyl-2-(2-thienylIfuran-3-carbothioate 4e. Pale 
yellow viscous liquid (2.16 g, 9 1 %); v,,,(neat)/cm-' 1662, 1620, 
1569, 1508, 1425, 1392, 1260, 1219 and 1173; 6,(300 MHz; 
CDCl3),2.35(3H,d,J1.5,Me),2.45(3H,s,SMe),6.46(1H,d,J 
1.5,4-H), 7.10 (1 H, dd, J4,5 5 and J4,, 3.5,4-H thienyl), 7.39 (1 
H, dd, J5,, 5 and J5,, 1.2,5-H thienyl) and 8.04 (1 H, dd, J3,4 3.5 
and J3,5 1.1, 3-H thienyl); &(75 MHz; CDCl,) 11.73 (SMe), 
13.41 (Me), 107.18(4-Cfuryl), 119.71 (3-Cfuryl), 127.49,127.58, 

S-Methyl2-(2-furyl)-5-methy~uran-3-carbothioate 4d. 

128.14 (thienyl CH), 131.79 (2-C thienyl), 148.82 (2-C furyl), 
150.99 (5-C furyl) and 185.99 (CO); m/z 238 (M', 3479, 191 
(100) and 111 (33) (Found: C, 55.7; H, 4.4. Cl1H,,O,S2 
requires C, 55.44; H, 4.23%). 

General Procedure for the Demethylthiolation of S-Methyl2- 
Aryl-5-methylfuran-3-carbothioates 4a and 4b.-To a stirred 
solution of the furan 4 (5 mmol) in ethanol (30 an3) was added 
Raney nickel (W-4, e 5  times by weight) and the reaction 
mixture was stirred at room temp. for 8-10 h (monitored by 
TLC). It was then filtered, the filter washed with hot ethanol 
(2 x 10 cm3) and the combined filtrates were evaporated on a 
water bath to furnish a residue, which was then purified by 
column chromatography over silica gel. Elution with hexane 
gave first the furan 7 and then the aldehyde 6. 

5-Methyl-2-phenylfuran-3-carbaldehyde 6a. Colourless thick 
liquid (0.42 g, 46%); v,,,(neat)/cm-' 1683, 1635, 1579, 1510, 
1462, 1409 and 1237; 6,(90 MHz; CCl,) 2.44 (3 H, s, Me), 6.50 
(1 H, s, 4-H), 7.48-7.69 (3 H, m, ArH), 7.86-7.96 (2 H, m, ArH) 
and10.28(1 H,s,CHO);m/z186(M+, loo%), 157(14), 115(42) 
and 105 (65) (Found: C, 77.7; H, 5.7. C,,H1,O, requires C, 
77.40; H, 5.41%). 

Light yellow crystals (0.51 g, 48%); m.p. 52°C (from diethyl 
ether-hexane); vmaX(KBr)/m-' 1656, 161 1, 1499, 1443, 1380, 
1304 and 1247; 6,(90 MHz; CDCl,) 2.32 (3 H, s, Me), 3.83 (3 H, 
s, OMe), 6.50 (1 H, s, 4-H), 7.02 (2 H, d, J9 ,  ArH), 7.73 (2 H, d, 
J 9, ArH) and 10.15 (1 H, s, CHO) (Found: C, 72.4; H, 5.8. 
C13H12O3 requires C, 72.21; H, 5.60%). 

5-Methyl-2-phenylfuran 7a. Colourless thick liquid (0.26 g, 
34%) (lit.,9 m.p. 38-39 "C); v,,,(neat)/cm-' 1623,1571 and 1475; 
SH(90 MHz; CCl,) 2.36 (3 H, s, Me), 5.95 (1 H, d, J 3,4-H), 6.46 
(1 H, d, J3,3-H), 7.10-7.42 (3 H, m, ArH) and 7.46-7.69 (2 H, 
m, ArH) (Found: C, 83.7; H, 6.6. C, ,Hl0O requires C, 83.51; H, 
6.37%). 
2-(4-Methoxyphenyl)-5-methylfuran 7b. Colourless crystals 

(0.33 g, 36%); m.p. 3840 OC (from diethyl ether-hexane) (lit.,' 
m.p. 4546°C); v,,,(KBr)/cm-' 1627, 1542, 1491, 1453 and 
1244; 6,(90 MHz; CDCl,) 2.37 (3 H, s, Me), 3.79 (3 H, s, OMe), 

ArH) and 7.71 (2 H, d, J 9, ArH) (Found: C, 76.8: H, 6.7. 
C,,H,,O, requires C, 76.57; H, 6.43%). 

2-(4-Methoxyphenyl)-5-methylfuran-3-carbaldehyde 6b. 

6.10 (1 H, d, J3,4-H), 6.48 (1 H, d, J 3 ,  3-H), 6.99 (2 H, d, J 9 ,  

General Procedure for the Preparation of S-Methyl2-Aroyl- 
penta-2,4-dienethioates 5a-e.-A solution of acylketene 0-prop- 
2-ynyl S-methylmonothioketal 3 (10 mmol) in dry toluene (25 
cm3) was refluxed for 1-2 h (in benzene refluxed for 3-4 h; in 
xylene for 15-30 min) the reaction being monitored by TLC. 
The solvent was removed under reduced pressure and the crude 
product was chromatographed over silica gel using hexane as 
eluent to give the title compound 5. 

S-Methyl2-benzoylpenta-2,4-dienethioate 5a. Yellow viscous 
liquid (2.18 g, 94%); v,,,(neat)/cm-' 1686, 167 1, 1620, 1478 and 
1232;6,(90 MHz; CCl,) 2.32 (3 H, s, SMe), 5.56 (1 H, dd, J A C  10 
and J A B  2, HA), 5.78 (1 H, dd, J B C  17 and J B A  2, HB), 6.49 (1 H, 
ddd, J C B  17, JCD 12 and J C A  10, Hc), 7.42 (1 H, d, J D C  12, HD), 
7.44-7.62 (3 H, m, ArH) and 7.79-8.08 (2 H, m, ArH); m/z 232 
(M+, 473, 185 (70) and 105 (100) (Found: C, 67.4; H, 5.5. 
Cl3H1,O,S requires C, 67.21; H, 5.21%). 

S-Methyl 2-(4-methoxybenzoyl)penta-2,4-dienethioate 5b. 
Yellow viscous liquid (2.44 g, 93%); v,,,(neat)/cm-' 168 1, 1666, 
1618 and 1238; 6,(250 MHz; CDCl,) 2.34 (3 H, s, SMe), 3.86 (3 
H, s, OMe), 5.60 (1 H, dd, J A C  10 and J A B  2, HA), 5.88 (1 H, dd, 
JBc 16 and J B A  2, HB), 6.99 (1 H, ddd, J C B  16, J C D  12 and J C A  10, 
Hc),7.03(2H,d,J9,ArH),7.44(1H,d,JDc12,H,)and7.84(2 
H, d, J 9, ArH); 6,(62.8 MHz; CDCl,) 12.01 (SMe), 56.43 
(OMe), 115.2 (5-C), 118.08 (4-C), 130.01, 130.05 (phenyl CH), 
132.4 (1-C phenyl), 132.6 (3-C), 140.01 (2-C), 165.57 (4-C 
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phenyl), 190.68 (phenyl CO) and 193.3 (COSMe); m/z 262 (M', 
4%), 215 (19), 187 (8) and 135 (100) (Found: C, 64.3; H, 5.6. 
C,,H1,03S requires C, 64.10; H, 5.38%). 

Yellow viscous liquid (2.42 g, 91%); vmax(neat)/cm-' 1676, 1600, 
1498, 1410 and 1222; dH(90 MHz; CC1,) 2.33 (3 H, s, SMe), 5.58 
(1 H, dd, J A C  10 and J A B  2, HA), 5.77 (1 H, dd, J B C  17 and J B A  2, 
HB), 6.53 (1 H, ddd, J C B  17, J C D  12 and J C A  10, H,), 7.45 (1 H, d, 
JDc 12, HD), 7.77 (2 H, d, J9 ,  ArH) and 7.91 (2 H, d, J9 ,  ArH); 
m/z 266 and 268 (M+, 25 and l l z ) ,  219 (22) and 141 (71) 
(Found: C, 58.8; H, 4.4. C13H,,C10,S requires C, 58.53; H, 
4.16%). 

S-Methyl 2-furoylpenta-2,4-dienethioate 5d. Yellow viscous 
liquid (1.97 g, 89%); v,,(neat)/cm-' 1678, 1656, 1582, 1479, 
1403 and 1224; dH(9O MHz; CCl,) 2.38 (3 H, s, SMe), 5.73 
(1 H, dd, J A C  10 and J A B  2, HA), 5.91 (1 H, dd, J B C  18 and J B A  2, 
HB), 6.31-6.82 (2 H, m, H, and 4-H furyl), 7.30 (1 H, br d, 
separation 1.5,5-H furyl), 7.49 (1 H, d, JK 1 1, HD) and 7.8 1 (1 H, 
br s ,  3-H furyl); m/z 222 (M', 3%), 175 (66), 147 (17) and 95 
(100) (Found: C, 59.7; H, 4.8. C,,H,,03S requires C, 59.44; 
H, 4.54%). 

S-Methyl2-thienoylpenta-2,4-dienethioate 5e. Yellow viscous 
liquid (2.04 g, 86%); v,(neat)/m-' 1666, 1653, 1538, 1424, 
1375, 1258 and 1237; dH(90 MHz; CDCI,) 2.38 (3 H, s, SMe), 
5.68(1H,dd,JAC10andJ,,2,H,),5.82(1H,dd,J,,18andJ,, 
2, HB), 6.54(1 H, ddd, J C B  18, JcD 11 and J C A  10, H,), 7.21 (1 H, 
apparent dd, separation 5 and 3 5 4 - H  thienyl), 7.43 (1 H, d, JX 
11, HD), 7.72 (1 H, br d, separation 5,5-H thienyl) and 7.83 (1 H, 
br d, separation 3.5, 3-H thienyl); m/z 238 (M', 373, 190 (86), 
163 (19) and 111 (100) (Found: C, 55.7; H, 4.5. CllH1002S2 
requires C, 55.44; H, 4.23%). 

S-Methyl2-(4-chlorobenzoyl)penta-2,4-dienethioate 5c. 

S-Methyl2-Allenyl- 1 -oxo-l,2,3,4-tetrahydronaphthalene-2- 
carbothioate 13.-The carbothioate 13 was obtained from the 
salt 11 according to the general procedure for the preparation of 
compounds 3a-e as a yellow viscous liquid (1.75 g, 68%); 
v,,,(neat)/cm-' 2950, 1962, 1690, 1618, 1305 and 1238; dH(90 
MHz; CCl,) 2.22 (3 H, s, SMe), 2.52-2.81 (2 H, m, CH,), 2.82- 
3.15 (2 H, m, CH,), 4.98 (2 H, d, J6 ,  H G = = H , ) ,  5.92 (1 H, t, 

J 6 ,  HC====H,), 7.18-7.64 (3 H, m, ArH) and 8.14-8.20 (1 H, 
m, ArH); m/z 258 (M+, 8%), 183 (100) and 115 (24) (Found: C, 
70.0; H, 5.75. Cl5HI40,S requires C, 69.74; H, 5.46%). 
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