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Dimethyl 2-methyl-2-carbomethoxycyclopropylphosphonate was prepared by the reaction of methyl methacry-
late with dimethyl chloromethylphosphonate and sodium hydride in solvent mixtures varying from pure benzene
through benzene-dimethylformamide to pure dimethylformamide. Two isomers were observed in all solvents.
The stereochemistry proposed for them is based on analysis of their nuclear magnetic resonance spectra. The
ratio of trans isomer to cis isomer was determined by gas chromatographic analysis and confirmed by nuclear
magnetic resonance spectral analysis. Although log (trans isomer/cis isomer) produces a linear relationship when
plotted against the Kirkwood-Onsager term, (¢ — 1)/(2 € + 1), for solvent polarity, the correlation is the inverse of
nearly all such cases previously reported, i.e., the cis isomer predominates in the polar solvent dimethylformam-
ide and the trans isomer predominates in the nonpolar solvent benzene.

A general procedure for the preparation of polysubstitut-
ed cyclopropanes has been examined in earlier papers of
this series? and in work reported by others.? The procedure
involves treatment of an «-halo compound with an «,3-un-
saturated compound in the presence of a base and solvent.
All of the groups reported to “activate” the a-halogen com-
pound and the olefinic compound might be termed carbon
functional groups, i.e., functional groups with a central car-
bon such as esters, amides, nitriles, and ketones. Cyclopre-
pane products thus formed are at least difunctional. The
functional groups, the “activating” groups, are on adjacent
positions of the cyclopropane ring, oriented cis or trans. It
has been observed that the cis/trans isomer ratio is depen-
dent on the solvent: when the solvent is nonpolar, e.g., ben-
zene, the cis isomer predominates, while when the solvent
is polar, e.g., dimethylformamide, the cis/trans isomer ratio
decreases, usually leading to a preponderance of the trans
isomer.2b The present report gives an extension of the pre-
vious work to include a heteroatom functional group, the
phosphonate moiety, and an examination of the solvent ef-
fect in this system.

The dimethyl phosphonate group was used to activate ei-
ther the a-halo group or the olefinic group as shown in
Scheme I.* Although a variety of conditions for the prepa-
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ration of compound 1 were used, no systematic study to op-
timize the yield was attempted. Gas chromatographic anal-

ysis showed the presence of two isomers as expected. Com-
plete separation of these isomers was not accomplished in
either analytical or preparative scale gas chromatography,
but separation was sufficient to determine isomer ratios
(confirmed by integrated peak ratios in the nmr spectra of
mixtures), to obtain the nmr spectra of each isomer, and to
give enriched materials for subsequent saponification. The
first isomer eluted in these separations is designated as iso-
mer A, the second isomer B. Control experiments showed
that these isomers do not interconvert under the prepara-
tive reaction conditions.

Preparation of compound 1 in solvents varying from
N,N-dimethylformamide (DMF) through mixtures of DMF
with benzene to benzene produced changes in the ratio iso-
mer B/isomer A, as seen in Table I. Although these studies

Table I
Solvent Composition, Kirkwood-Onsager Term Values,
Yields, and Isomer Ratios for the Preparation of
Dimethyl 2-Methyl-2-carbomethoxyeyclo-

propylphosphonate
Solvent ratio Yield of B/A Log

HC(=O0)NMey:CgHg (¢ - 1)/(2¢ + 1) - phosphonate, % (trans/cis) (trans/cis)
10:0 0.4803 18 0.19 -0.72
9:1 0.4631 19 0.23 —0.64
8:2 0.4446 38 0.27 -0.57
7:3 0.4246 37 0.42 -~0.38
6:4 0.4034 26 0.56 -0.25
5:5 0.3803 35 0.87 -0.06
4:6 0.3555 12 1.27 +0.10
3:7 0.3284 16 1.75 +0.24
2:8 0.2984 8 2.9 +0.46
1.9 0.2627 17 7.9 +0.90
0:10 0.2302 6 14.8 +1.17

of the effect of solvent used the dimethyl chloromethyl-
phosphonate pathway, the dimethyl vinylphosphonate
pathway did show the same isomer preference in the non-
polar solvent benzene (the polar solvent dimethylformam-
ide was not examined). In similar studies of isomer ratio-
solvent relationships in the preparation of some cyclopro-
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Figure 1. Correlation of isomer ratio [log (trans/cis)] with solvent
polarity [(¢ — 1)/(2¢ + 1)] in the preparation of dimethyl 2-methyl-
2-carbomethoxycyclopropylphosphonate.

panedicarboxylic esters, Inouye5¢ showed that such rela-
tionships were consistent with the Kirkwood theory for the
effect of the dielectric constant of the media on the reac-
tion rate.” Thus, a plot of log (isomer B/isomer A) against
the function (¢ ~ 1)/(2¢ + 1) where ¢ is the dielectric con-
stant of solvent gives the result seen in Figure 1.

The proposed stereochemistry of the two isomers is
based primarily on nmr studies. There are only minor dif-
ferences in chemical shifts and coupling of the ring hydro-
gens and the carbomethoxy hydrogens of the two isomers.
However, the C-methyl hydrogens and the phosphorus me-
thoxy hydrogens in the two isomers are quite different. In
isomer A, the C-methyl hydrogens appear as a singlet (6
1.50) while in isomer B they appear as a doublet (5 1.38,
Jp_i = 2.3 Hz). On the basis of work by several groups® it
appears that P-H coupling through two (or three) carbon
atoms varies with the dihedral angle as in the Karplus rela-
tionship.? In the two possible isomers, the C-C—methyl and
C—C-phosphorus dihedral angles were estimated at 0 and
105° from models. The largest coupling would occur at 0°
and this would be expected to produce an observable dou-
blet. Thus, in isomer B the C-methyl would be cis to the
phosphonate group or on the basis of the previous discus-
sion would be called the trans isomer (phosphonate and
carbomethoxy groups trans). This assignment is consistent
with the upfield shift of the doublet arising from through-
space shielding of the methyl group by the phosphonate
group cis to it.!0 In a somewhat different way, the P O-
methyl hydrogens confirm this assignment. For isomer A
these hydrogens appear as two sets of doublets (8 3.72, Jp_u
= 11.2 Hz; 6 3.73, Jp_uy = 11.0 Hz) while in isomer B they
occur as one doublet (8 3.67, Jp_i = 11.2 Hz). P-H coupling
will result in the doublets observed, while the appearance
of two sets of doublets might be diastereotopic or due to re-
stricted rotation of the phosphonate group. Models suggest
that a cis arrangement of the two functional groups pro-
duces very severe crowding and possible hindrance to rota-
tion of the phosphonate group; a trans arrangement leaves
the phosphonate group much less restricted. Examination
of the nmr spectra of isomer A at elevated temperatures
(up to 180°) showed no change in the set of doublets, but
examination of isomer B at low temperature (down to
~70°) changes its nmr spectrum to give a set of doublets
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very similar to those observed for isomer A. This is consis-
tent with the idea of hindered rotation for the phosphonate
group, and the cis relationship of the two bulky functional
groups in isomer A.11

Saponification of isomer B produced a triacid in which
the C-methyl produces a doublet (6 1.40, Jp_y = 1.8 Hz) in
its nmr spectra. Saponification of isomer A was more diffi-
cult and a pure acid was not obtained. However, the nmr
spectrum (in D20) of the crude acid isolated showed the
C-methyl singlet at § 1.47 and that one phosphonate meth-
yl group (6 3.70, d, Jp_y = 11 Hz) was still present, i.e., un-
saponified, possibly owing to the marked steric hindrance
and charge concentration with the two functional groups
oriented cis.

Thus, we propose that isomer A is the cis isomer and iso-
mer B is the trans isomer. This leads to the interesting ob-
servation (Figure 1, Table I) that the effect of solvent on
isomer formation apparently is the reverse of that observed
previously,235€ [ e the cis isomer predominates in the
polar solvent while the trans isomer predominates in the
nonpolar solvent. Although unexpected, this result is not
surprising. Application of the Kirkwood theory of solvent
effects on reaction rates to the reactions studied here leads
to the equation

In k(/kc =
Co = kT (¢ = D/(2¢ + D (u**/r ~ u/r*)

where Coq, k, and T' are constants for the present discus-
sion, u;* is the dipole for the transition state of the i reac-
tion, r;* is the radius of the same transition state, and e is
the dielectric constant for the solvent. Clearly, the slope of
the line produced by plotting ln K /k. vs. (¢ — 1)/(2¢ + 1) is
determined by the relative dipoles and sizes of the transi-
tion states for the cis and trans reactions. Values for these
dipoles and sizes can be estimated so as to rationalize ob-
served results,5 but it is unlikely that sufficiently precise
values can be determined a priori so as to give reliable pre-
dictions. Nearly all previous studies have involved “nonac-
tivating” substituents, i.e., substituents other than the
ester, nitrile, or keto functions defining the stereochemis-
try, which are alkyl groups, and in these cases the generali-
zation of nonpolar solvent—cis isomer, polar solvent-trans
isomer is consistent. However, it should be noted that when
chlorine is one of the “nonactivating” substituents, al-
though the solvent-isomer ratio trend is still present, the
cis isomer predominates in both polar and nonpolar sol-
vents.2® Further, more recently and subsequent to the com-
pletion of this work, Ducher, Sudre, and Vessiere'2 have re-
ported a similar inversion of the solvent-isomer ratio rela-
tion. Thus for :

Cl

Z
Y
CH,=CH

with Y = COOCHj; and Z = COOCHgs or CN, only the cis
isomer is formed independant of the solvent used (PhCHj
or [(CH3)2N]3PO) and with Y = CN the per cent of cis iso-
mer in the isolated product is as follows,

Z = COOCH;, = CN
PhCH; 35 30
[(CHy),NL,PO 62 74

i.e., the cis isomer predominates in the more polar solvent.
Thus, the solvent polarity—isomer ratio relation established
for systems having alkyl substituents and ester or nitrile
activating groups appears not necessarily to be applicable
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with other types of polar substituents and activating
groups. The present work is consistent with and supports
the general concept of stereochemical control by transition
state dipole-solvent polarity interaction proposed by In-
ouye.5 However, in terms of the expression derived from
the Kirkwood theory, it is not possible in the general case
to make valid, reliable predictions as to the nature of the
solvent—isomer ratio relation, i.e., which isomer will pre-
dominate in which type of solvent, or even if there will be a
change in isomer in going from one solvent to another.

Experimental Section

General. Nuclear magnetic resonance spectra were taken on a
Varian T-60 spectrometer, or a JEOL JNM-4H-100 spectrometer;
the esters were observed in carbon tetrachloride solution and the
acids in DsO unless otherwise mentioned. Gas-liquid chromato-
graphic analyses were carried out on a Varian Aerograph A-90-P
gas chromatograph.'?

Preparation of Dimethyl 2-Methyl-2-carbomethoxycy-
clopropylphosphonate. A. Dimethyl Chloromethylphospho-
nate.!4 The general conditions are essentially those of Inouye, et
al.® Pertinent results are shown in Table I.

B. Dimethyl Vinylphosphonate.!5 General procedure AZb
modified so as to filter out the sodium chloride rather than wash it
out with water was used; a 57% yield of cyclopropane ester mixture
was obtained (bp 122-129°, 1.8 mm).

Products from runs in solvent ratios of 5:5, 4:6, and 3:7 (Table I)
were combined and distilled (bp 85-86°, 0.4-0.5 mm). Chromato-
graphic analysis showed only the two isomer peaks in the ratio 51%
trans, 49% cis (nmr analysis showed 49% trans). The sample was
analyzed. Anal. Caled. for CgH15POs: C; 43.25; H, 6.81; P, 13.94.
Found: C, 43.13; H, 7.30; P, 13.59.

Saponification of Dimethyl 2-Methyl-2-carbomethoxycy-
clopropylphosphonate. A. Saponification of an ester mixture
containing a preponderance (90%) of trans ester occurred readily
with aqueous methanolic sodium hydroxide upon slight warming.
Concentration of the solution and then addition of concentrated
hydrochloric acid precipitated most of the sodium chloride, which
was removed. Concentration of the acid solution, solution of the
concentrate in acetonitrile, and storage in a refrigerator produced
a crystalline acid after a few days. Recrystallization from acetic
acid containing a few drops of acetic anhydride resulted in the
trans triacid, mp 159.5-160.5°. Anal. Caled for CsHgO5P: C, 33.35;
H, 5.04; P, 17.20. Found: C, 33.24; H, 4.92; P, 17.12. The mother li-
quors from the trans triacid produced no further crystalline mate-
rial. However, both the trans triacid and the mother liquors on
treatment with diazomethane produced the triesters, the trans
triacid giving pure trans triester and the mother liquors giving a
mixture of triesters containing about 75% cis isomer.

B. Triester (76% cis) was saponified under the same conditions.
A crystalline acid, mp 120-124°, was isolated; although a variety of
solvents were used, the melting point could not be narrowed. An
nmr spectrum of this material in dimethyl sulfoxide showed acidic
protons at 6 8.43, with the area of this peak being two-thirds the
area of the P(0)(OCHs) doublet (8 3.55) or the ring methyl group
singlet (6 1.35).

Isomerization Control Experiments. A sample of the triester
(65% cis) treated with sodium hydride for 74 hr at temperatures
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ranging from 25 to 85° showed no change in isomer ratio. Similar-
ly, another sample (50% cis) refluxed with sodium methoxide in
methanol for 48 hr showed no change in isomer composition. In
several preparations of the triester, samples were removed while
reaction was occurring; in all cases, the isomer ratios were essen-
tially the same at all stages of reaction.

Nmr Temperature Studies. These studies were carried out
with the JEOL instrument. The low-temperature studies (trans
isomer) were carried out in (CD3):CO (15% v/v) with 1-5% tetra-
methylsilane added as an internal reference. The sample was
cooled slowly by cold nitrogen vapor; below —80° the mixture be-
came too viscous for study. Dimethyl sulfoxide was used for the
high temperature, the solvent protons acting as reference (6 2.5).
The mixture was heated slowly to the boiling point (189°). For
both the hot and cold studies, spectra were taken at room temper-
ature and several intermediate temperatures.

Registry No.—cis-1, 52176-07-05; trans-1, 52176-08-6; trans-1
triacid, 52176-09-7; dimethyl vinylphosphonate, 4645-32-3; di-
methyl chloromethylphosphonate, 6346-15-2; methyl 2-chloropro-
panoate, 17639-93-9; methyl methacrylate, 80-62-6.
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