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t-Amine oxides occur widely in both animals and plants and blosynthesis of trimethylamine
oxide from trimethylamine has been demonstmtedl) .

The Polonovski reactionz) , Whereby t-amine oxides containing at least one N-methyl group
are converted by acetic anhydride into N,N-disubstituted acetamides and formaldehyde, suggested
that the biological step might be one of oxldative demethylation mediated In the cellular

envir‘onment3). Several mechanisms of the Polonovski reaction have been proposed as shown in

4,5)
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It was polnted out5) that the ylide intermediate 5 was unstable and less probable than '3_ and
that involvement of the free radical intemediate6) in the reaction of trimethylamine oxide

with acetic anhydride was rejected, although the avallable evidence does not permit decision
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between an ionic and a (solvent-cage or short-lived) free raaical mechanism,

o/ —Aminocarbinol ester l 1s a hypothetical intermediate and has not been isolated.
Plausible mechanisms of the formation of acetamide 1l are shown in Scheme 2 M’S).
The Polonovskl reaction in the presence of alcohols suggested involvement of the Intermediate

o,
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We felt that pertinent evidence bearing on the mechanism of the Polonovskl reaction would
be made avallable by trapping experiment of the proposed Intermediates.
Herein, we wish to describe our results which clearly implicate ylide intermediate in the
Polonovskl reaction, although possibility of other mechanisms has still remained since
trapping products were isolated in only falr ylelds.

The Polonovski reaction of trimethylamine o;ddes) (0.2 mol) with acetic anhydride
(0.4 mol) in chloroform in the presence of styrene (0.1 mol) gave a mixture of products (12,
13, 14) derived from styrene besides ordinary Polonovskl reaction products with a very small

amount of intractable material (recovered styrene; 60-70%).

Ph—CH20H20H2—IiI—CHB Ph—CH2\
(I)=O / (o —1 CI'I2 Ph—CHchZCHO
CH
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12 13 1w
10-21% yield 7-22% yield trace-1% yield

Identification of 12 (bp. 130-133°/6 torr) was based on elemental analysis, IR, Mass, NMR and
comparison with an authentic specimen prepared by treatment of N-methyl-N-3-phenylpropyl-
amine9) with acetic anhydride. The NMR spectrum of 12 in CDCl3 on Varian T-60A shows two

single peaks for N-methyl group at §2.88 and 2.96 with an area ratio of 2:3 and two single
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peaks at §1.92 and 2.00 with an intensity ratio of 2;3 overlapped by a multiplet arising from
the central methylene group. We have no conclusive evldence for the assignment of the
absorption at £1.92 while solvent and temperature effects on the spectra of 12 are very

12)_

large The acetamide 12 was further characterized by conversion into N~methyl-N-ethyl-N-

3-phenylpropylamine (bp. 68-70°/5 torr) by reduction with L4A1H,.

The structure of 13 (bp. T74-75°/5 torr, semicarbazone mp. 185-187°) was substantiated by

elemental analysis, IR, NMR and comparison with an authentic specimen (1it.10)

bp. 120°/13
torr, semicarbazone mp. 189°).

The Polonovskl reactionin the presence of Z’Lﬂ under the same conditions afforded }_3
exclusively and thus the simplest mechanism of the formation of }é would be that aldol
condensation of Z'L}_l with formaldehyde (or equivalent) followed by dehydration, while no
reaction occured when ;5_ was treated with formalln, acetic anhydride and triethylamine.

A possible mechanism for the formation of ZLZ_ and ];5 could be visualized as the reaction

of the intermediate 2
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A radical mechanism of the formation of 18 (thus 12) via an intermediate like § (course A in
Scheme 1) is also possible one but it is difficult to explain the formation of 14 (thus 13)
by the radical mechanism. A carbonium ion mechanism (course C in Scheme 1) is not reasonable
one for the formation of 14.

It is known that reaction of methylene ammonium ylldes with olefins gave

11)

cycelopropanes but detection of phenylcyclopropane In the reaction mixture was failed.
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The Polonovskl reaction in the presence of styrene under the same conditions using
propionic anhydride instead of acetic anhydride afforded 13 (6% yield) and N-methyl-N-3-

phenylpropyl propionamide (bp. 140~143°/7 torr, 18% yield).

REFERENCES

1. J. R. Baker and S. Chaykin, J. Biol. Chem., 237, 1309 (1962).
2. M. Polonovskl and M. Polonovskl, Bull. Soc. Chim., lg, 1190 (1927).
3. J. R. Gillete, J. V. Dingelland and B. B. Brodie, Nature, 1&1 898 (1958).
J. C. Cralg, F. P. Dwyer, A. N. Glazer and E. C. Horning, J.Amer.Chem.Soc., 8=3‘, 1871
(1961).
. Huisgen, F. Bayerlein and W. Heydkamp, Chem. Ber., 92, 3223 (1959).
. Boekelheide and D. L. Harrington, Chem. and Ind., 1423 (1955).

. Oda and Y. Hayashl, Nippon Kagaku Zasshi, g, 627 (1966).

Ow o ~1 O WU,

. Brown and E. Aust, Ber., 49, 501 (1916).

10. M. Sommelet, Anal. Chim., [8] 9, 571 ; Beilstein VII, p 369.

11.

R
A
R
V. Franzen and S. Otto, Chem. Ber., _9_3, 1360 (1961).
J
M
A. W. Johnson, "Y1id Chemistry", Academic Press, p 251.
J

12. J. W. Emsley and J. Feeney, "High Resolution Nuclear Magnetic Resonance

Spectroscopy", Pergamon Press, p 553.



