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3-Sulfolene 2-anion and 3-methyl-3-sulfolene 2-anion have been generated at -105 °C and are stable in the
absence of electrophiles for at least 15 min at this temperature. These anions were used in sequential reactions
with acyl chlorides and alkyl halides to vield the corresponding 2-acyl-2-alkyl-3-sulfolenes.

Recently, we! and others® reported the success of direct
deprotonation/alkylation of 3-sulfolenes 1 without for-
mation of the ring-opened side products. The combination
of direct alkylation and thermal extrusion of sulfur dioxide
provides an ideal route for the preparation of terminally
substituted conjugated dienes. In this manner, the com-
mercially available 3-sulfolene la acts as a butadiene 1-
anion equivalent. The potential synthetic value of the
route has been exemplified by the selective one-step
syntheses of S-ocimene and o-farnesene® as well as the
facile construction of hydroindan and hydronaphthalene

skeletons.*
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Application of this reaction has been limited to the
syntheses of hydrocarbons, because the unstable sulfolene
2-anions 3 undergo ring-opening reactions® in the absence
of electrophiles even at —78 °C. In order to achieve the
alkylation reactions without the ring-opening of the sul-
folenes, an alkyl halide was first mixed with the 3-sulfolene
before treatment with base.!** It appeared that com-
plexity would arise if electrophiles bearing acidic protons
were used in these substitution reactions. One solution
to the problem of ring-opening of the 3-sulfolene anion was
reported by Bloch® who used a masked 3-sulfolene as the
key intermediate. However, multistep reactions are re-
quired. We have found that this problem can be solved
more easily by lowering the reaction temperature for the
direct deprotonation of 3-sulfolenes.

When 3-sulfolene la or 1b is treated with n-BulLi in
THF/HMPA at -105 °C, the brown anion 3a or 3b is
formed and remains stable for at least 15 min at this
temperature. Treatment of 3a with Mel gives 2-methyl-
3-sulfolene (4) in 81% yield (Scheme I). This is the first
report of a sulfolene anion not opening if generated in the
absence of electrophiles. The regioselective deprotonations
of 1b and other similar systems at the 2-position have been
established in the study of deprotonation/methylation

(1) Chou, T. S.; Tso, H. H.; Chang, L. J. J. Chem. Soc., Perkin Trans.
1 1985, 515,

(2) Yamada, S.; Ohsawa, H.; Takayama, H. Chem. Lett. 1983, 1003.

(38) Chou, T. S.; Tso, H. H.; Chang, L. J. J. Chem. Soc., Chem. Com-
mun. 1984, 1323,

(4) (a) Chou, T. S.; Tso, H. H.; Chang, L. J. J. Chem. Soc., Chem.
Commun. 1985, 236. (b) Tso, H. H.; Chang, L. J.; Lin, L. C.; Chou, T.
S. J. Chin. Chem. Soc. 1985, 32, 333.

(5) (a) Krug, R. C.; Rigney, J. A.; Tichelaar, G. R. J. Org. Chem. 1962,
27,1305. {b) Crumbie, R. L.; Ridley, D. D. Austr. J. Chem. 1981, 34, 1017.
(c) Kloosteriziel, H.; van Drunen, J. A.; Galama, P. J. Chem. Soc., Chem.
Commun. 1969, 885. (d) Polunin, E. V.; Zaks, I. M.; Moiseenkov, A. M,;
Semennovskii, A. V, Chem. Abstr. 1979, 91, 5005u.

(8) (a) Bloch, R.; Abeccasis, J. Tetrahedron Lett. 1982, 23, 3277; 1983,
24,1247, (b) Bloch, R.; Abeccasis, J.; Hassan, D. Can. J. Chem. 1984, 62,
2019. (c) Bloch, R.; Abeccasis, J. Synth. Commun. 1985, 15, 959 and
references cited therein.

0022-3263/86/1951-1000%01.50/0

Scheme 1I°
O [0 O
03 s05 S05 “CHj
1a 30 4

¢ (i) n-BuLi, -105 °C; (ii) CH;l.

Scheme II°
R
o or b —— [T | e [TV | e
SO3 Ko
s
3a, R=H
3b, R=CH4 6
R R 0
—( _ 0 ii — 04
SO SO R
2 X 2 i
7 8a, R=H; R'=CHy  (91%)
8b, R=H; R'=Ph (55%)
8¢, R=CHy; R'=CH; (85%)

¢ (i) n-BuLi, -105 °C; (ii) R’COCI (5a, R’ = CHj; 5b, R’ = Ph);
(1i1) 3a or 3b, anion exchange.

reaction! and the syntheses of some natural products.®’
The conditions were then used for the direct de-
protonation/acylation sequence. Thus, sulfolenes 1a and
1b (2 mmol) were deprotonated with n-BuLi (2 mmol)
followed by treatment with acyl chlorides 5a or 5b (2
mmol) in an attempt to prepare 2-acyl-3-sulfolenes 6.
Although the acylation occurred as expected, the final
products obtained were compounds 8a—c (Scheme II).
These products must have been formed by further acyla-
tion of the acylated sulfolene anions 7 which arose from
the anion exchange process between 3 and 6. The yields
shown in Scheme II are based on the consumed 3-
sulfolenes. The actual configurations of 8a—c are not de-
termined; however, HPLC and NMR analyses indicate
that only a single isomer was obtained in each case.
The above results indicate that the deprotonations of
acylated 3-sulfolenes 6 are very rapid. It was therefore
thought that an alkyl group should be easily introduced
at the 2-position of 6 via C-alkylation of the anions 7.
Indeed, when 1 (3 mmol) was treated with n-Buli (3
mmol) and then with acyl chlorides 5a or 5¢ (1 mmol) and
alkyl halides (3 mmol) sequentially, the expected 2-acyl-
2-alkyl-8-sulfolenes 9a-1 were obtained in fair to good
yields (eq 1 and Table I) and the side reactions of O-
acylation as shown in Scheme II were not observed. The
structural assignments of 9g-1 are based on the regiose-
lective deprotonation of 1b. Compounds 9 are potential
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Table I. Preparation of 2-Acyl-2-alkyl-3-sulfolenes 9a-1

starting material  acyl chlorides alkyl halides products 9 yields, %
la 5a Mel 9a, R=H; R’ =R” = Me 51
la 5a CH,CHCH,Br 9b, R = H; R’ = Me; R” = allyl 50
la 5a PhCH,Br 9¢, R = H; R’ = Me; R” = benzyl 60
la 5¢ Mel 9d, R = H; R’ = isobutyl; R” = Me 65
la 5¢ CH,CHCH,Br 9e, R = H; R’ = isobutyl; R” = allyl 65
la 5¢ PhCH,Br 9f, R = H; R’ = isobutyl; R” = benzyl 43
1b 5a Mel 9g, R=R' =R” = Me 56
1b 5a CH,CHCH,Br 9h, R = R’ = Me; R” = allyl 66
1b 5a PhCH,Br 9i, R = R’ = Me; R” = benzyl 64
1b 5¢ Mel 9j, R = R” = Me; R’ = isobutyl 87
1b 5¢ CH,CHCH,Br 9k, R = Me; R’ = isobutyl; R” = allyl 92
1b 5¢c PhCH,Br 91, R = Me; R’ = isobutyl; R” = benzyl 52

insecticides and fungicides® which have been prepared by
another reaction sequence from 2-acylthiophenes.? Our
one-pot procedure provides a more efficient and versatile
route for these materials.
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When the reaction mixture of 3b with acetyl chloride
5a was treated with water at various pH ranges instead
of an alkyl halide, 2-acetyl-3-methyl-3-sulfolene (6, R =
R’ = Me) was not isolated. The only product obtained was
the double-bond isomer 10. This result is in agreement
with the known base-induced double-bond migration of
the 2-substituted sulfolene systems.'® The formation of
10 represents another example confirming the regioselec-
tivity of the deprotonation of 1b as well as the structure
assignments of 9g-1.
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Since 3-sulfolenes have been demonstrated to serve as
butadiene anion equivalents in a regioselective and ste-
reospecific manner,'™ the success of the one-pot acyla-
tion/alkylation reactions, which leads to 3-sulfolenes with
oxygenated substituents, extends the usefulness of this
methodology in organic synthesis.

Experimental Section

General Methods. 'H NMR spectra were determined on a
JEOL FX-100 NMR spectrometer as solutions in CDCl;. IR
spectra were determined on a Perkin-Elmer 290 IR spectropho-
tometer. Mass spectra were recorded on a JEOL JMS-D-100 mass
spectrometer. Elemental analyses were performed at the National
Taiwan University, Taipei. All reactions were carried out under
an atmosphere of dry nitrogen. All anhydrous solvents were
freshly distilled before use.

Generation of 3-Sulfolene-2-carbanions 3a and 3b. To a
mixture of 3-sulfolene 1a or 1b (2.54 mmol) in THF-HMPA (10
mL-0.8 mL) was added n-BuLi (2.5 mmol) dropwise at —105 °C
(in an ethanol/liquid nitrogen cooling bath). The solution was
stirred for 10 min during which time it gradually turned to red-

(8) Sanwa Chemical KK, Jpn. Kokai Tokkyo Koho JP 58 49379, 1983;
Chem. Abstr. 1983, 99, 5509b.

(9) Kosugi, K.; Anisimov, A. V.; Yamamoto, H.; Yamashiro, R.; Shirai,
K.; Kamamoto, T. Chem. Lett. 1981, 1341.

(10) (a) Broaddus, C. D. J. Am. Chem. Soc. 1966, 88, 3863. (b) Cobb,
R. L. U.S. Pat. 4187231, 1980. (c) Zimmermannova, H.; Prochazka, M.
Collect. Czech. Chem. Commun. 1965, 30, 286.

brown, indicating the formation of the sulfolene carbanion. The
carbanions 3a and 3b thus generated remained unchanged for
a* least 15 min.

Preparation of 2-Methyl-3-sulfolene (4). Method A. This
is the general procedure used before for alkylation reactions of
3-sulfolenes.’* To a mixture of 3-sulfolene (4.93 mmol), Mel (2.4
mmol), and HMPA (9.6 mmol) in dry THF (15 mL) at -78 °C
was added LiHMDS (2.4 mmol) dropwise. "he resulting mixture
was stirred for 30 min and an excess of EtO.".¢ (20 mL) was added
to cause precipitation. The cooling bath w»::s then removed and
the mixture was allowed to warm up to room temperature grad-
ually. The precipitate was filtered off and the excess of solvent
was evaporated under reduced pressure. The crude product was
eluted through a silica gel column (hexane/EtOAc, 2:1) to remove
HMPA and further purified by HPLC (LiChrosorb column,
hexane/EtOAc, 1:1) to give 4 in 80% yield. The spectral data
were identical with those reported earlier.!

Method B. To a solution of carbanion 3a (2 mmol) at -105
°C was added Mel (3 mmol) in one shot, and then the cooling
bath was allowed to warm up gradually. When the temperature
reached —20 °C, EtOAc (5 mL) was added to cause precipitation.
The precipitate was filtered off and the solvent removed under
reduced pressure. The crude product was eluted through a silica
gel column (hexane/EtOAc, 2:1) to remove HMPA and was further
purified by HPLC (LiChrosorb column, hexane/EtOAc, 1:1) to
give pure 4 in 81% yield.

Preparations of 2-[ (Acyloxy)alkylidene]-3-sulfolenes 8a—c.
To a solution of the sulfolene carbanion 3a or 3b (2 mmol) at -105
°C was added acyl chloride 5a or 5b (2 mmol) dropwise, and the
reaction mixture was stirred for 30 min at =105 °C. The reactio:
temperature was allowed to warm up gradually to room tem-
perature whereupon EtOAc (5 mL) was added to cause precip-
itation. The precipitate was filtered off and the solvent removed
under reduced pressure. The crude product was eluted through
a silica gel column (hexane/EtOAc, 2:1) to remove HMPA and
was further purified by HPLC (LiChrosorb column, hexane/
EtOAc, 1:1) to give the pure product 8a-c.

2-[1-(Acetyloxy)ethylidene]-2,5-dihydrothiophene 1,1-di-
oxide (8a): IR (liquid) 2980, 2940, 1700, 1670, 1380, 1310, 1010
em™l; 'H NMR 6 2.20 (s, 3 H), 2.35 (s, 3 H), 3.85 (br s, 2 H),
5.90-6.10 (m, 1 H), 6.40-6.70 (m, 1 H); MS, m/e 202 (M*), 160,
145, 96, 81, 53, 43 (base).

Anal. Caled for CgH,,0,4S: C, 47.51; H, 4.98. Found: C, 47.51,
H, 4.96.

2-{1-(Benzoyloxy)benzylidene]-2,5-dihydrothiophene 1,1-
dioxide (8b): mp 135-137 °C; IR (KBr) 3080, 3000, 2930, 1760,
1640, 1620, 1320, 1200, 1120 cm™’; 'TH NMR 6 3.90 (br s, 2 H),
6.00-6.20 (m, 1 H), 6.55-6.75 (m, 1 H), 7.30-8.22 (m, 10 H); MS,
m/e 326 (M"), 262, 128, 115, 105, 77 (base), 51.

Anal. Caled for C,gH,0,S: C, 66.24; H, 4.32. Found: C, 66.31;
H, 4.39.

2-[1-(Acetyloxy)ethylidene]-3-methyl-2,5-dihydro-
thiophene 1,1-dioxide (8¢): IR (liquid) 2980, 2950, 1780, 1670,
1380, 1310, 1200, 1170, 1140, 1020 cm™!; 'H NMR 6 2.00 (br s, 3
H), 2.20 (s, 3 H), 2.35 (s, 3 H), 3.80 (br s, 2 H), 5.71 (br s, 1 H);
MS, m/e 216 (M*), 174, 159, 110, 95, 67, 43 (base).

Anal. Caled for CoH,0,8: C, 49.99; H, 5.59. Found: C, 49.83;
H, 5.55.

Preparations of 2-Acyl-2-alkyl-3-sulfolenes 9a-1. To a
solution of the sulfolene carbanion 3a or 3b (3 mmol) at -105 °C
was added acyl chloride 5a or 5¢ (1 mmol) dropwise. The reaction
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mixture was stirred at ~105 °C for 30 min, and the temperature
of the cooling bath was allowed to come up gradually to -90 °C
whereupon an alkyl halide (2 mmol) was added in one shot. The
reaction mixture was stirred and the cooling bath was removed
when it came up to ~50 °C, and the stirring was continued at room
temperature for 3.5 h. Chloroform (5 mL) was added to the
mixture to cause precipitation. The precipitate was filtered off
and the solvent removed under reduced pressure. The crude
product was eluted through a silica gel column (hexane/EtOAc,
2:1) to remove HMPA and was further purified by HPLC (Li-
Chrosorb column, hexane/EtOAc, 1:1) to give the pure product
9a-1.

2-Acetyl-2-methyl-2,5-dihydrothiophene 1,1-dioxide (9a):
IR (liquid) 3100, 3000, 2900, 1730, 1630, 1370, 1320, 1140 cm™;
'H NMR 6 1.65 (s, 3 H), 2.35 (s, 3 H), 3.82 (s, 2 H), 6.13 (br s,
2 H); MS, m/e 174 (M%), 182, 110, 95, 67, 43 (base).

Anal. Caled for C;H;;0,S: C, 48.26; H, 5.79. Found: C, 48.24;
H, 5.97.

2-Acetyl-2-allyl-2,5-dihydrothiophene 1,1-dioxide (9b): IR
(liquid) 3100, 3000, 2900, 1730, 1655, 1370, 1320, 1140, 1000, 930
em™; 'H NMR 6 2.33 (s, 3 H), 2.50-3.20 (m, 2 H), 3.80 (br s, 2
H), 5.05-5.30 (m, 2 H), 5.40-5.80 (m, 1 H), 6.20 (br s, 2 H); MS,
m/e 200 (M™*), 158, 136, 109, 91, 79, 65, 51, 43 (base), 39.

Anal. Caled for CgH,50,S: C, 53.98; H, 6.04. Found: C, 53.99;
H, 6.10.

2-Acetyl-2-benzyl-2,5-dihydrothiophene 1,1-dioxide (9¢):
mp 139-140 °C dec; IR (KBr) 3080, 2980, 2940, 1715, 1360, 1300,
1120 cm™; 'H NMR 6 2.30 (s, 3 H), 3.15 (d, 1 H, J = 14 Hz),
3.62-3.82 (m, 3 H), 6.16 (s, 2 H), 7.10-7.35 (m, 5 H); MS, m/e
250 (M), 208, 186, 171, 143, 128, 115, 91 (base), 65, 43.

Anal. Caled for Ci3H,,04S: C, 60.48; H, 5.92. Found: C, 60.82;
H, 5.62.

2-Isovaleroyl-2-methyl-2,5-dihydrothiophene 1,1-dioxide
(9d): IR (liquid) 3080, 2950, 2870, 1720, 1370, 1315, 1135 cm™};
'H NMR 6 0.90 (d, 6 H, J = 7 Hz), 1.60 (s, 3 H), 1.90-2.41 (m,
1H),250(d, 2H, J=7Hz), 3.80 (br s, 2 H), 6.20 (br s, 2 H);
MS, m/e 216 (M*), 152, 132, 109, 95, 85, 67, 57, 43, 41 (base), 39.

Anal. Caled for C,¢H40,8: C, 55.53; H, 7.46. Found: C, 55.59;
H, 7.47.

2-Isovaleroyl-2-allyl-2,5-dihydrothiophene 1,1-dioxide (9e):
IR (liquid) 3080, 2950, 2870, 1720, 1370, 1320, 1130, 1000, 920 cm™;
'HNMR $0.95 (d, 6 H, J = 7 Hz), 1.62-2.19 (m, 1 H), 2.51-3.10
(m, 4 H), 3.80 (br s, 2 H), 5.00-5.20 (m, 2 H), 5.41-5.78 (m, 1 H),
6.20 (br s, 2 H); MS, m/e 242 (M™"), 178, 121, 91, 77, 65, 57, 43,
41 (base), 39.

Anal. Caled for CoH,40,4S: C, 59.48; H, 7.49. Found: C, 59.08;
H, 7.35.

2-Isovaleroyl-2-benzyl-2,5-dihydrothiophene 1,1-dioxide
(9f): mp 125-126.5 °C; IR (KBr) 3080, 2940, 1720, 1365, 1305,
1260, 1130 cm™; 'H NMR 6 0.83 (d, 3 H, J = 7 Hz), 0.86 (d, 3
H,J = 7 Hz), 1.90-2.70 (m, 3 H), 3.11 (d, 1 H, J = 14 Hz), 3.72
(d, 1 H, J = 14 Hz), 3.65-3.80 (m, 2 H), 6.20 (br s, 2 H), 7.05-7.35
(m, 5 H); MS, m/e 292 (M%), 228, 171, 143, 128, 115, 91, 85, 65,
57 (base), 41.

Anal. Calcd for C;gHy048: C, 65.73; H, 6.89. Found: C, 65.51;
H, 7.07.

2-Acetyl-2,3-dimethyl-2,5-dihydrothiophene 1,1-dioxide
(9g): IR (liquid) 3080, 3000, 2950, 1730, 1320, 1150 cm™; 'H NMR
6 1.60 (s, 3 H), 1.75 (br s, 3 H), 2.30 (s, 3 H), 3.80 (br s, 2 H), 5.90
{br s, 1 H); MS, m/e 188 (M*), 146, 124, 109, 81, 53, 43 (base),
41, 39.

Anal. Caled for CgH,03S: C, 51.05; H, 6.43. Found: C, 51.28;
H, 6.50.

2-Acetyl-2-allyl-3-methyl-2,5-dihydrothiophene 1,1-dioxide
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(9h): IR (liquid) 3100, 3000, 2950, 1730, 1650, 1370, 1320, 1140,
1000 em™'; 'TH NMR 6 1.75 (br s, 3 H), 2.25 (s, 3 H), 2.40-3.00 (m,
2 H), 3.62 (br s, 2 H), 5.00-5.30 (m, 2 H), 5.40-5.70 (m, 1 H), 5.80
(br s, 1 H); MS, m/e 214 (M), 172, 150, 107, 91, 79, 65, 53, 43
(base).

Anal. Caled for C,jH;,048: C, 56.05; H, 6.59. Found: C, 55.93;
H, 6.56.

2-Acetyl-2-benzyl-3-methyl-2,5-dihydrothiophene 1,1-di-
oxide (9i): mp 116-117 °C; IR (in chloroform) 3050, 3000, 2950,
1725, 1370, 1320, 1140 cm™!; 'H NMR 6 1.75 (br s, 3 H), 2.31 (s,
3 H), 3.20-3.80 (m, 4 H), 5.75 (br s, 1 H), 7.20 (br s, 5 H); MS,
m/e 264 (M*), 222, 200, 157, 141, 129, 115, 91, 77, 65, 51, 43 (base).

Anal. Caled for C;,H,4058: C, 63.61; H, 6.10. Found: C, 63.66;
H, 6.12.

2-Isovaleroyl-2,3-dimethyl-2,5-dihydrothiophene 1,1-di-
oxide (97): IR (liquid) 3050, 2950, 2870, 1720, 1315, 1140 cm™;
'HNMR §0.95(d, 6 H,J = 7 Hz), 1.63 (s, 3 H), 1.75 (br s, 3 H),
2.00-2.40 (m, 1 H), 2.50 (d, 2 H, J = 7 Hz), 3.75 (br s, 2 H), 5.80
(brs, 1 H); MS, m/e 230 (M*), 166, 151, 146, 123, 109, 85, 81, 57,
41 (base), and 39.

Anal. Caled for C,;H;30,S: C, 57.36; H, 7.88. Found: 57.09;
H, 7.81.

2-Isovaleroyl-2-allyl-3-methyl-2,5-dihydrothiophene 1,1-
dioxide (9k): IR (liquid) 3080, 2950, 2860, 1720, 1640, 1365, 1310,
1140, 1000 em™; '"H NMR 6 0.95 (d, 6 H, J = 7 Hz), 1.85 (br s,
3 H), 2.00-3.30 (m, 5 H), 3.80 (br s, 2 H), 5.00-5.40 (m, 2 H),
5.40-5.70 (m, 1 H), 5.90 (br s, 1 H); MS, m/e 256 (M*), 212, 192,
151, 107, 91, 85, 79, 57 (base), 41, 39.

Anal. Caled for C3H,,048: C, 60.91; H, 7.86. Found: C, 60.91;
H, 7.85.

2-Isovaleroyl-2-benzyl-3-methyl-2,5-dihydrothiophene
1,1-dioxide (91): IR (liquid) 3050, 3020, 2950, 2850, 1720, 1360,
1305, 1130 cm™; 'H NMR 6 0.92 (d, 3 H, J = 7 Hz), 0.95 (d, 3
H, J =7Hz), 1.85 (br s, 3 H), 2.00-3.70 (complex, 5 H), 3.30 (d,
1H,J =14 Hz),3.60(d,1 H,J =14 Hz), 5.70 (br s, 1 H), 7.20
(br s, 5 H); MS, m/e 306 (M*), 242, 222, 185, 174, 157, 141, 129,
115, 91, 85, 57 (base), 41.

Anal. Caled for C,;Hy,048: C, 66.64; H, 7.24. Found: 66.77;
H, 7.29.

Preparation of 2-Acetyl-3-methyl-2-sulfolene (10). To a
solution of the sulfolene carbanion 3b (3 mmol) was added acetyl
chloride (1 mmol) dropwise and the reaction mixture was stirred
at —105 °C for 30 min whereupon water (0.5 mL) and chloroform
(20 mL) were added. The mixture was dried (MgSQ,), filtered,
and concentrated under reduced pressure. The crude product
was eluted through a silica gel column (hexane/EtOAc, 2:1) to
remove HMPA and was further purified by HPLC (LiChrosorb
column, hexane/EtOAc, 1:1) to give the pure product in 60% yield:
mp 59-60 °C; IR (neat) 2950, 2850, 1700, 1620, 1370, 1300, 1140
cm™; TH NMR 6 2.30 (s, 3 H), 2.50 (s, 3 H), 2.78-3.10 (m, 2 H),
3.22-3.45 (m, 2 H); MS, m/e 174 (M), 159, 97, 85, 67, 43 (base).

Anal. Calcd for C;H,,0,8: C, 48.26; H, 5.79. Found: C, 48.17;
H, 5.82.
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