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Much attention has been drawn to new methods for the for-
mation of a carbon-phosphorus bond'. Earlier we have devel-
oped a method for the palladium-catalyzed phosphonation,
which is effective for the stereoselective formation of an sp*
carbon-phosphorus bond to give alkenephosphonates™* and
arenephosphonates™*. In this paper, we describe a new reduc-
tive phosphonation for the synthesis of diethyl cyclopropane-
phosphonates 2.
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Table. Diethyl Cyclopropanephosphonates 2*
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1.1-Dichloro-2-phenylcyclopropane and 1-bromo-2-phenylcy-
clopropane did not undergo phosphonation under the present
reaction conditions.

The phosphonates 2 are not easily accessible compounds, be-
cause the dialkyl diazomethanephosphonate commonly used®
for their synthesis is potentially carcinogenic and explosive.
The present method provides a facile synthesis of the diethyl
cyclopropanephosphonates 2 under mild reaction condi-
tions.

Diethyl Cyclopropanephosphonates 2; General Procedure:

To a stirred solution of the appropriate gem-dibromocyclopropane 1
(5 mmol), triethyl phosphite (20 mmol), and triethylamine (10 mmol),
water (10 mmol) is added and the mixture is stirred at 90°C for 55 h.
The reaction proceeds with deposition of a triethylammonium salt,

Product Yield" b.p. [°Cl/torr® Molecular LR. (neat)
No. R! R? [%} formula“ viem ™)
2a n-CgHjs H 70 (24) 98-102¢/0.07 Ci3Hz,05P  (262.4) 1240, 1020, 780
32 (48)¢
28 (32)f
2b —(CH;)s— 54 (trace) 118-120°/0.21 CiH; 03P (232.3) 1240, 1020, 780
2c CoHs H 42 (N syrup Ci3H1 0P (254.3) 1240, 1020, 780
2 (CH,);58iCH, H 39 (trace) 98-1007/0.15 C 1 H,50:PSi (264.4) 1240, 1020, 790

* Reactions were carried out by using 4 equivalents of triethyl phosphite and 2 equivalents of triethylamine and water, respectively, unless other-

wise stated.
" The yields of the bromocyclopropanes 3 are given in parentheses.
 Oven temperature {Kugelrohr).

¢ All products gave satisfactory microanalyses: C £0.36, H +£0.32, P +.0.30.

¢ 4 Equivalents of triethylamine and water were used, respectively.
' 2 Equivalents of triethyl phosphite were used.

Treatment of gem-dibromocyclopropanes 1 with triethyl
phosphite in the presence of triethylamine and water at 90°C
gave a mixture of debrominated diethyl cis- and trans-cyclo-
propanephosphonates 2 (Table). The amount of water used is
a dominant factor for the success of the reaction. In the ab-
sence of water, 1 was recovered almost quantitatively.

On the other hand, the presence of excess water yielded
mainly the monobromocyclopropanes 3. The excess water
present hydrolyzes (90°C, 10~15 h) triethyl phosphite to di-
ethyl phosphite. Hence the formation of monobromocyclo-
propanes 3 from 1 under these conditions is consistent with
the reduction of gem-dibromocyclopropanes to monobromo-
cyclopropanes with diethyl phosphite and triethylamine®.

In spite of these observations, the following findings indicate
that diethyl phosphite is assumed to play an important role in
the carbon-phosphorus bond formation. The reaction of 1,1-
dibromonorcarane with 2 equivalents of triethyl phosphite,
diethyl phosphite, and triethylamine, respectively, at 90°C for
55 h produced the corresponding cyclopropanephosphonate
2b (39%) and 1-bromonorcarane (9%). Use of ethanol instead
of water gave only traces of the phosphonate 2b.

In the case of gem-dibromocyclopropanes having an electron-
withdrawing group such as ethoxycarbonyl and cyano, reduc-
tion to monobromocyclopropanes proceeded predominantly.

which is filtered off and washed with ether (5x 5 ml). The combined
organic layers are concentrated under reduced pressure. The residue is
chromatographed on a silica gel column using ethyl acetate/hexane
{3:7) as eluent to give the almost pure product. The phosphonates 2
thus obtained are further purified by distillation or re-chromatogra-
phy.

Received: July 21, 1983

* Address for correspondence.
" G. Axelrad, S. Laosooksathit, R. Engel, Synth. Commun. 10, 933
(1980).
G. Axelrad, S. Laosooksathit, R. Engel, J. Org. Chem. 46, 5200
(1981),
M. Mikolajczyk, S. Grzejszczak, K. Korbacz, Tetrahedron Lett. 22,
3097 (1981).
T. Koizumi, N. Tanaka, M. Iwata, E. Yoshii, Synthesis 1982, 917.
T. Hirao, T. Masunaga, Y. Ohshiro, T. Agawa, Tetrahedron Lett. 21,
3595 (1980).
T. Hirao, T. Masunaga, N. Yamada, Y. Ohshiro, T. Agawa, Bull.
Chem. Soc. Jpn. 55, 909 (1982).
T. Hirao, T. Masunaga, Y. Ohshiro, T. Agawa, Synthesis 1981, 56.
T. Hirao, T. Masunaga, Y. Ohshiro, T. Agawa, J. Org. Chem. 46,
3745 (1981).
® D. Seyferth, R. S. Marmor, P. Hilbert, J. Org. Chem. 36, 1379
(1971).
J. R. Reid, R. S. Marmor, J. Org. Chem. 43, 999 (1978).

v

w

P

»

Downloaded by: NYU. Copyrighted material.



