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SYNTHESIS OF DIETHYL 1-ARYLVINYL PHOSPHATES
FROM PHENACYL BENZOATES WITH TRIETHYL
PHOSPHITE

SHIZUNOBU HASHIMOTO and ISAO FURUKAWA

Department of Applied Chemistry, Faculty of Engineering, Doshisha University, Kamigyo,
Kyoto 602 Japan

(Received April 26, 1977)

The reaction of phenacyl benzoates (X—CgHy—COCH,;0CO-CgHy—Y: X; H, p-Me, p-MeO, p-Cl, Y; H, p-Me,
p-MeO, m-MeO, p-Cl, m-Cl) with triethyl phosphite at 140°C exclusively leads to diethyl 1-arylvinyl phosphates
and ethyl benzoates in very high yields. The mechanism of this reaction is discussed.

Various studies have been published on the scope and
mechanism of the Perkow reaction with a-halo
ketones.!“® And it is well known that the reactions
of these halides with triethyl phosphite (2) lead to
ketophosphonates (3) and/or enol phosphates (4), and
that the nature of the halogen atom in these halides
and the reaction temperature have substantial effects
on the course of the reaction.

However, no work has been reported on the study
of the reaction using phenacy! benzoates (1). In this
paper, we wish to report on the reaction of a series
of phenacyl benzoates with 2.

The reaction of phenacyl benzoate (1a) with 2
without solvent at 140°C gives diethyl 1-phenylvinyl
phosphate (4a) and ethyi benzoate (5) in 97 and 96%
yield, respectively. The product 4a was identified by
nmr, mass and ir spectra, and also from the aceto-
phenone and triethyl phosphate formed (both com-
pounds were identified by mass spectrum and GLC)
by treating 4a with absolute ethanol in the presence
of catalytic amounts of p-toluenesulfonic acid.! The
product § was identified by comparison of its gas
chromatogram with that of an authentic sample.

Ar—(”} CH,-OCOAr + P(OC; Hs ),

3
5 \ Ar—(lj-—-CHz

Similarly, the reactions of the other phenacyl
benzoates (1b-1i) with 2, and the identifications of
the reaction products were carried out by the
method described above. These results are shown in
Table L.

It is interesting that this reaction gives exclusively
4 in contrast with that of the corresponding a-bromo-
acetophenones which give mixtures of vinyl- and
ketophosphonates; the a-chloroacetophenones give
exclusively vinyl phosphates.®® The increasing occur-
rence of the Michaelis-Arbuzov reaction is in the
order Cl < Br <1 for the halogen. The fact can be
explained by the increase in the polarization of the
carbon-halogen bond, which facilitates the elimina-
tion of the halide ion and thus favors the initial
nucleophilic attack of the phosphorus on the
a-carbon atom rather than on the carbonyl.* Since
the facility of the elimination of leaving groups in
the Sy 2 reaction is generally in the order [ > Br
Cl > OCOCH;," the elimination of halogen atom
should be easier than that of benzoyloxy groups.
From these facts, it is considered that this reaction
leads exclusively to vinyl phosphates from phenacyl

Ar—C—CH,-P(OC, Hs), + Ar'COOC, Hg

O

O—III’(OCz Hs), + Ar'COOC, H;

0
4 5
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TABLE I

Synthesis of Diethyl 1-Arylvinyl Phosphates (4) from Phenacyl Benzoates (1) with Triethyl Phosphite (2)

(C,H;0);P
X-CegHs—COCH,0CO-C4H4~Y ————— X—C6H4ﬁﬁ~O~P(O)(OC2H5)2
CH,
i 4
Materials, Reacin. Products, 4 Yield, Anal.

_ time, Bp,

X Y hr X % °C/mm Hg NMR (CDCl3), 6 Ir, cm~1 (KBr) MS ntfe (M*)

a H H 5.0 a H 97 113-115/0.4 1.10-1.60 (1, 6, CH3,J =7 Hz) 1640 (>C=CH,) 256
3.90-4.50(q, 4, CH,,J =7 Hz) 1260 (P=0)
5.10-5.40 (m, 2, C=CHy) 1020 (P-0-CyHs)
7.20-7.80 (m, 5, aryl)

b H p-Me 7.0 a H 86 99-106/0.25

¢ H p-MeQ 7.5 a H 88 100-105/0.1

d H m-MeQ 4.5 a H 90 103-108/0.2 The same results as described above.

e H p-Cl 2.5 a H 88 98-104/0.1

f H m-Cl 2.0 a H 88 103-110/0.2

g p-Me H 19.0 b p-Me 87 110-118/0.2 1.10-1.60 (t, 6, CH3,J =7 Hz) 1645 (>C=CHjy) 270
2.35 (s, 3, CH3) 1270 (P=0)
3.80-4.40 (q,4,CH;,/J=7Hz) 1025 (P-0-CaHj)
5.00-5.20 (m, 2,C = CHy)
6.90-7.60 (m, 4, aryl)

h p-MecO H 24.0 [ p-MeO 79 118-124/0.08 1.10-1.60 (t, 6, CH3,J =7 Hz) 1635 (>C=CHjy) 286
3.75 (s, 3, OCH3y) 1260 (P=0)
3.85-4.45(q.4,CH,,J=7Hz) 1020 (P-0-C;yHs)
4.95-5.15 (m, 2, C = CHyp)
6.60-7.60 (m, 4, aryl)

i p-Cl H 1.5 d pCl 91 107-116/0.15 1.10-1.60 (t,6,CH3,J =7 Hz) 1640 (>C=CH,) 290
3.80-4.50 (q, 4, CH,,J =7 Hz) 1265 (P=0)
5.05-5.30 (m, 2, C =CHyp) 1025 (P-0-C3Hy)
7.00-7.60 (m, 4, aryl)

3 All reactions were carried out using 0.02 mol of 1 and 0.03 mol of 2 at 140°C.

benzoates via the enol phosphonium salt, which is Phenacyl benzoate (1a): mp 118.0-118.5°C [lit.13 mp
formed by the initial selective attack of phosphorus on 117.0-117.5"C]; nmr (CDCl3) 8 5.50 (s, 2, CHy), 7.20-8.30

oy {m, 10, aryl); mass spectrum m/e 240 (M*). Phenacyl
the carbonyl oxygen atom of the phenacyl groups 4-methylbenzoate (1b): mp 103.5-104.0°C; nmr (CDCls) &

tollowed by the elimination of benzoate ion. 2.40 (s, 3, CH3), 5.50 (s, 2, CHp), 7.10~8.10 (m, 9, aryl);
mass spectrum m/e 254 (M*). Phenacyl 4-methoxybenzoate
(le): mp 138.5-139.0°C; nmr (CDCl3) § 3.80 (s, 3, OCHj3),

EXPERIMENTAL 5.45 (s, 2, CHy), 6.75-8.15 (m, 9, aryl); mass spectrum m/e
270 (M *). Phenacyl 3-methoxybenzoate (1d): mp 84.0-
Instruments. NMR spectra were recorded on a Hitachi 84.5°C; nmr (CDCl3) 6 3.85 (s, 3, OCH3), 5.50 (s, 2, CHy),
Model R-24 (60Mc) spectrometer using Me4Si as an internal 7.00-8.00 (m, 9, aryl); mass spectrum rmfe 270 (M*).
standard. Ir spectra were determined on a Shimazu Model Phenacy! 4-chiorobenzoate (1¢): mp 90.0-90.4° C; nmr
IR-27C infrared spectrometer. Mass spectra were recorded on (CDCl3) & 5.50 (s, 2, CH;), 7.20-8.10 (m, 9, aryi); mass
a Hitachi Model RM-50GC (70 eV) gas chromatography-mass spectrum mife 274 (M*). Phenacyl 3-chlorobenzoate (1f):
spectrometer. GLC measurements were done on a Shimazu mp 118.8-119.6°C; nmr (CDCl3) 6 5.50 (s, 2, CHa),
Model GC-4BPT instrument equipped with a 0.5 x 200 cm 7.15-8.15 (m, 9, aryl); mass spectrum m/e 274 (M*).
Silicone SE-30 (5%) on Chromosorb G (60-80 mesh) column. 4-Methylphenacyl benzoate (Ig): mp 98.5-99.0°C; nmr
Melting points were determined on a Yanaco MP apparatus (CDCl3) & 2.40 (s, 3, CH3), 5.50 (s, 2, CH3), 7.15-8.30
and were uncorrected. (m, 9, aryl); mass spectrum m/e 254 (M *). 4-Methoxy-
phenacyl benzoate (1h): mp 110.5-110.7°C; nmr (CDCl 3)
Materials. Phenacyl benzoates (1) were prepared from the 6 3.80 (s, 3. OCH3), 5.45 (s, 2, CHy), 6.75-8.15 (m, 9,
corresponding phenacyl bromides and the sodium benzoates aryl); mass spectrum m/e 270 (M*). 4-Chlorophenacyl

by means of the usual method. 11, 12 benzoate (1i): mp 118.7-119.2°C; nmr (CDCl3) 6 5.40



14: 41 30 January 2011

Downl oaded At:

DIETHYL 1-ARYLVINYL PHOSPHATES 131

(s, 2, CHz), 7.20-8.30 (m, 9, aryl); mass spectrum m/e

274 (M*). Triethyl phosphite (2) was prepared from the
reaction of PCl3 with ethanol in the presence of a base, and
distilled from metallic sodium.! bp 54.0-55.0°C/18 mmHg
[lit.™ bp 57-58°C/16 mmHg].

General Procedure. A mixture of 0.02 mole of 1 and 0.03
mole of freshly distilled 2 in a round flask was heated at
140°C for a given time. After excess 2 had been removed
from the resultant mixture under water aspirator pressure,
the residual liquid was distilled in vacuo to give 4 and S.

ACKNOWLEDGEMENTS

The authors wish to thank Mr. T. Tatsumi of their laboratory

for the assistance in this work, and to Mr. T. Yamashita of
the same institution for obtaining the nmr spectra.

REFERENCES AND NOTES

1. F. W. Lichtenthaler, Chem. Rev. 61, 607 (1961).
2. R. F. Hudson, “Structure and Mechanism in Organo-

Phosphorus Chemistry”, Academic Press, New York,
N.Y., 1965, p. 153.

. A. Arcoria and S. Fisichella, Tetrahedron Letters 3347

(1971).

. L. J. Borowitz, S. Firstenberg, G. B. Borowitz and

D. Schuessler, J. Am. Chem. Soc. 94, 1623 (1972).

. P. A. Chopard, V. M. Clark, R. F. Hudson and A. J. Kirby,

Tetrahedron 21, 1961 (1965).

. E. Gaydou, G. Buono and R. Freze, Bull. Soc. Chem. Fr.

2284 (1973).

. J.Konecny, R. Dousse and J. Rosales, Helv. Chem.

Acta 55, 3048 (1972).

. 1. J. Borowitz, M. Anschel and S. Firstenberg, J. Org.

Chem. 32,1723 (1967).

. A. N. Pudovic, Zhur. Obshchei Khim. 25, 2173 (1955);

Chem. Abstr. 50, 8486 (1956).

. E. R. Thornton, “Solvolysis Mechanisms”, Ronald

Press Co., New York, N.Y. 1964, p. 165.

. 1. B. Rather and E. E. Reid, J. Am. Chem. Soc. 41,75

(1919).

. W. L. Judefind and E. E. Reid, J. Am. Chem. Soc. 42,

1043 (1920).

. T. Zinke, Justus Liebigs Ann. Chem. 216, 308 (1883).
. A. H. Ford-Moore and B. J. Perry, “Organic Synthesis”,

John Wiley & Sons, Inc., New York, N.Y. 1951, Vol. 31,
p. 111.



