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reaction with sulfoxides 5 and 6 showed clearly the

ed sulfoxides were examined under various modified conditions.
The results indicated that added base and/or neighboring
acetoxyl group accelerated the reaction.

In the course of our synthetic work on illudins,? we
found a base catalyzed and a neighboring group partici-
pated acceleration of Pummerer reaction whose utility
for organic synthesis increased recently.3)
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According to the mechanism proposed by Oae and
Kise, the acceleration of the reaction by base was
expected and in fact effect of pyridine on simple sulf-
oxides was recently reported.® In our work highly
functionalized sulfoxides, 1, 3, 6, and 8 smoothly under-
went Pummerer reaction by addition of pyridine, while
without pyridine they did not undergo the reaction
under mild reaction conditions or gave no normal reac-
tion products, which were key intermediates for our
synthesis,? even under more drastic conditions.

Another new observation is an acceleration of the
reaction by neighboring group participation. The

effect of acetoxyl group on their cyclopentane rings.
The mode of participation is not clear at present but
migration of acetoxyl group through transition like
12 was excluded by the experiment employing methoxy-
acetic anhydride (8—9). The results were summarized
in Table 1.

Further study revealed that the Pummerer reaction
was markedly accelerated by the addition of mercuric
chloride as shown in the Table 1.9

Experimental

Sulfoxide (10) was obtained from ethyl benzoate according
to Corey’s procedurel). Other sulfoxides were synthesized
during our synthetic work and their physical and analytical
data appeared in the references indicated.

NMR spectra were measured at 100 MHz on a JEOL
Model JNM-4H-100 spectrometer using TMS as an internal
standard. IR spectra were taken on a HITACHI Model
EPI-G3 spectrometer with NaCl optics.

Acetic anhydride used in this work was purified by fractional
distillation. Pyridine was dried over potassium hydroxide and
distilled before use.

Pummerer Reaction without Pyridine. A mixture of 100
mg of sulfoxide and 2.8 ml of acetic anhydride was heated to
reflux for 2 h. The mixture was concentrated in vacuo and
the residue was dissolved in chloroform. The solution was
washed with saturated sodium hydrogencarbonate solution
and brine and dried over anhydrous sodium sulfate. Removal
of the solvent gave a practically pure product.—2, 4, and 11.

The Reaction with Pyridine. A mixture of 100 mg of
sulfoxide, 2.8 ml of acetic anhydride and 4.0 ml of pyridine
was allowed to stand for 1 week at room temperature. The
mixture was concentrated in vacuo at ambient temperature
and the residue was stirred with water for 30 min and
extracted three times with chloroform. The combined
extracts were washed with sodium hydrogencarbonate solution
and brine and dried over sodium sulfate. After removal of

TABLE 1. VARIOUS CONDITIONS OF THE PUMMERER REACTION
Yields (%) under various conditions
Sulfoxides  Products
Ac,O/r.t./1 week Ac,Ofreflux/2 h Ac,O-Py/r.t./1 week Ac,0O-HgCl,/r.t./3h
1 27 recovered 79 85%8) 75
39 4 recovered 95" >90°® >90»
52b) — recovered complex mixture® recovered —
62 7% recovered complex mixture 70%8® —
826) Q2e) N S 65a,c,d) A
10 11 recovered” >95" >95%° 95"

a) Isolated yield (by column chromatography on silica gel).
anhydride was used instead of Ac,O. d) The reaction was completed in 2 days.
g) The starting sulfoxide remained in shorter reaction time (TLC

completed in 3 days.
analysis).

f) After 3 days.

b) Based on NMR analysis. c¢) Methoxyacetic
e) The reaction was
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the solvent the product obtained was practically pure.—2, 4,
and 11.

In the case of the reactions with 6 and 8 the product was
purified by chromatography on silica gel.

In the reaction with sulfoxide 8 methoxyacetic anhydride
was used instead of acetic anhydride and in this case the reac-
tion was completed in 2 days. The reaction time was 3 days
with 10.

The Reaction with Mercuric Cholride. A mixture of 100
mg of sulfoxide, 2.8 ml of acetic anhydride and 180 mg of
mercuric chloride was stirred at room temperature for 3 h.
The mixture was then poured into large volume of water with
vigorous stirring and extracted with chloroform. The
extracts were washed with 2%, aqueous EDTA solution and
water and dried over sodium sulfate. Removal of the solvent
gave a practically pure product.—4 and 11.

A pure sample of 2 was obtained through chromatography
on silica gel.

1-Methylthio- 1-acetoxy- 3, 3 -dimethyl- 4 -ethylenedioxy- 2 -pentanone
(4). IR (neat) 1745, 1705, 1220, and 1035 cm~!; NMR
é (CCl,) 1.18, 1.19 (each 3H, s., C(CH,),), 1.31 (3H, s,
OCCH,), 2.05, 2.09 (each 3H, s., SCH,, and OCOCHj), 3.94
(4H, b.s., OCH,CH,0), and 6.56 (1H, s., SCHO); Anal.
Found: C, 52.37; H, 7.269%,. Calcd for C;,H,,0;S: C, 52.16;
H, 7.30%.

2- Methylthio-2-acetoxyacetophenone (11). IR (neat) 3050,
1745, 1685, 1595, 1580, 1225, 750, and 690 cm—'; NMR ¢
(CCl,) 2.01, 2.13 (each 3H, s., SCH; and OCOCH,), 6.70
(1H, s., SCHO), centered at 7.45 and 7.95 (3H, and 2H
respectively, m., arom. H); Anal. Found: C, 58.93; H,
5.35%. Caled for C;,H,,0,S: C, 58.93; H, 5.40%,.

Physical and analytical data of other compounds appeared
in the references indicated.
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