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tion state acquires its stabilization from resonance 
between structures each of which has two unpaired 
electrons: (1) a free-radical and Crv, and (2) a 
carbonium ion and CrIv. Society. 
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The interaction of a-substituted acrylic esters or acrylonitriles with a-halo-esters in the presence of base may be controlled 
by the solvent so as to  allow the stereoselective formation of either czs- or trans-cyclopropane compounds. Reaction with 
no solvent or with hydrocarbon or ether solvents gives predominantly or exclusively the cis isomer; reaction in hexamethyl 
phosphoramide-benzene mixtures or in dimethylformamide gives predominantly the more stable isomer, usually the trans 
isomer. Ring closure of suitably substituted glutarate esters (and probably a number of related types of compounds) also 
is controlled by solvent in the same way. 

The formation of polysubstituted cyclopropanes 
from a,P-unsaturated systems and cu-halo-com- 
pounds in the presence of base is now well estab- 
1ished.l It is also clear that under the experi- 
mental conditions normally 
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used, when Rrr r  = H the cis isomer (I, Y and Z cis) 
is the predominant or exclusive product. l ,b,e~g,h,j  

This preference for cis isomer formation is to a 
large extent independent of the functional groups 
(Y,Z), substituents (R’,R”) and the tempeature of 
the reaction. 

This preference for cis isomers was quite surpris- 
ing when first noted. Most other procedures lead- 
ing to cyclopropanes from non-stereoisomeric start- 
ing materials usually produce the more stable 
trans isomers. To explain this cis selectivity a 
simple assumption was made that some sort of at- 
tractive interaction between the two functional 
groups is occurring a t  an intermediate step of the 
reaction. On the basis of the previous suggestion 
as to the general reaction path,Ia the intermediate 
involved would be the anion produced by a Michael 
addition. Thus, as a specific example 

c1 CHa I I base 
CHsCCOOCHg + CHFCCOOCHI -+ 

I C1 CHs 
I3 I 1  

I -  
H~COOCCCHICCOOCHI 

CHz 
(1) (a) L. L. McCoy, J .  A m .  Chcm. Soc., 80, 6568 (1958); (b) L. L. 

McCoy, J .  Org. Chcm., %a, 2078 (1960); (c) L. L. McCoy, J .  A m .  
Chcm. Soc., 82, 6416 (1960); (d) R. Fraisse and R. Jacquier, Bull. SOC. 

chim. France, 986 (1957): (e) M. Mousseron and R. Fraisse, Compt. 
rend., 948, 887 (1959); (f)  M. Mousseron, R. Fraisse, R. Jacquier and 
G. Bonavent, ibid., 248, 1465 (1959); (9) M. Mousseron, R. Fraisse. 
R. Jacquier and G. Bonavent, ibid., 248, 2840 (1959); (h) R. Fraisse, 
Bull. 506. chim. Francs, 1102 (1959); (i) R. Fraisse and M. Guitard, 
ibid., 418 (1960); (j) R. Fraisse and M. Guitard, i b i d . ,  788 (1960); 
(k) R. Fraisre and M. Guitard, ibid., 200 (1961); (1) D. T. Warner 
andC. E. Morreal, J .  A m .  Chcm. SOC., 81,439 (1960); (m) 0. Widman, 
Bcr., 61, 533, 907 (1918). 

Models of the anion suggest that in certain con- 
formations the C-C-0 of the anion can “wrap” 
around the carbon of the second carboxyl group. 
This would allow the charge of the anion to be 
distributed over the carbonyl of the second car- 
boxyl group. Such charge distribution probably 
contributes very appreciably to stabilization of the 
intermediate anion in solvents of low dielectric con- 
stant, benzene, toluene, ethers and esters. Models 
also suggest that only slight, essentially unhindered 
rotation of the anionic group is necessary to result 
in displacement of the halogen and formation of the 
cis-cy clopropane isomer. Much greater, appreci- 
ably hindered rotation is required for a conforma- 
tion leading to the trans isomer. Although this 
proposal is rather simple and presents some diffi- 
culties of interpretation, i t  does offer a working 
hypothesis: if the proposed interaction could be 
minimized, i t  should be possible to form trans iso- 
mers. To accomplish this, i t  seemed reasonable 
that in a medium of high dielectric constant and 
good solvating properties, external solvation of the 
anion would take place in preference to the pro- 
posed “internal solvation.” With the attractive 
interaction removed, the transition states leading 
to the two possible isomers probably would have 
much of the character, the steric and electronic in- 
teractions, present in the products. Thus, the iso- 
mer ratios observed in the polar solvents should ap- 
proach those expected on the basis of the relative 
stabilities of the stereoisomers. To  test these 
ideas, a number of reactions were run in several 
solvents.2 The results are summarized in Tables I 
and 11. 

It is quite obvious that solvents do have a marked 
effect on the isomer ratios, but usually an insignif- 
icant effect on the yields. The choice of polar sol- 
vents, dimethylformamide and hexamethylphos- 
phoramide, was suggested by the work of Zaugg 
and co-workers3; also many of the commonly used 
polar solvents such as alcohols were not compatible 
with the reaction conditions. In the polar reaction 

(2) A preliminary report of this work has been published, ref. IC. 
(3) (a) H. E. Zaugg, B. W. Horrom and S .  Borgwardt, J .  A m .  Chcm. 

Soc., 82, 2895 (1960): (b) H. E. Znugg, ibid., 82, 2903 (1960); (c) 
H. E. Zaugg, D. A. Dunningnn, R. J. Michaels, L. R. Swett, T. S. 
Wang, A. H. Sommers and R. W. de Net, J .  Ore. Chcm., 16,644 (1961). 
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TABLE I 
THE VARIATION OF YIELD AND ISOMER RATIO FOR SEVERAL 
DIFUNCTIONAL CYCLOPROPANES PREPARED IN VARIOUS 

Compound 

H&' 

COOCHJ 

COOCH, 

COOCHJ 3 COOCHs 
H3C 

COOCHJ 3- COOCH3 
Cl 

SOLVENTS 

COHO or Dimethyl- 
C7Ha4 formamidea 

Part A 

71(7Ib 62(66) 

59(25)b 55(66) 

70"( 17) 

04(20)b 13(45) 

Par t  B 

43d(0,100) 

3@( 0, 

74( 0, 50(36,62) 

50% CaHr 
50% hexa- 

methylphos- 
phoramidea 

60(64)6 

70(90) 

67( 75) 

65(38) 

65(56,21) 

46(43,25) 

a The first number is the yield of mixed isomeric esters. 
In part A the number in parentheses is the percentage of 
trans isomer in the ester mixture, the remainder being the 
cis isomer; these results were obtained by gas phase chro- 
matography, ref. lb. In part B the esters were saponified 
to  the acids and these were separated; the first number in 
parentheses is the percentage of trans isomer isolated from 
the total acid mixture (90-100'% recovery in the saponifica- 
tion) and the second number is the amount of cis isomer 
isolated. * Ref. lb .  Ref. la. d These yields are for 
the acid mixtures obtained by saponification of the crude 
esters. a This result is obtained by interpolation from 
Table 11. 

TABLE I1 
VARIATION OF ISOMER RATIO' WITH SOLVENT COMPOSITION 

for 
COOCH, 

COOCH, 
H3C 

CeHs : hexamethyiphosphor- 
amide 9:l 8:2 6:4 4:6 

trans : cis 37:63 50:50 64:36 64:36 
Obtained by gas phase chromatography; see ref. lb. 

media the cis isomer preference is no longer present 
except in the chlorine substituted compounds, and 
even in these exceptional cases the cis :trans ratio is 
reduced. Although the relative stability of such 
halogen substituted cyclopropanedicarboxylic acids 
has not been studied, i t  would not be very surpris- 
ing if the cis and trans isomers were more nearly 

equal in stability compared to related alkyl and 
aryl substituted compounds, or even if the cis iso- 
mer were the more stable. Thus, the results of 
Table I are consistent with a pattern: In  poor sol- 
vating, low dielectric media the cis isomer (I, Y and 
Z cis, R"' = H) predominates, while in strongly 
solvating, high dielectric media the more stable iso- 
mer, usually trans (I, Y and 2 trans, R" = H) 
predominates. This means that in most cases a 
stereoselective synthesis of either stereoisomer of I ,  
R" = H ,  is possible. 

Another possible explanation, or an important 
factor, for cis isomer formation might be that the 
sodium cation is complexing with both carboxyl 
functions in the anion and thereby maintaining a 
conformation leading to cis closure. 
suggested that dimethylformamide and hexamethyl 
phosphoramide affect anionic reactions by specific 
solvation of the cation (sodium ion). Zook and 
Russo4 have suggested that the enhanced reactivity 
of some carbanions in mono- or diglyme is a result 
of solvation of the cation.5 In  the present work 
with monoglyme as a solvent, dimethyl 1,2-di- 
methyl-1,2-cyclopropanedicarboxylate, 65% yield, 
showed the same isomer ratio, 92% cis:8% trans, 
as when prepared in toluene. This result in mono- 
glyme solvent indicates that solvation of the cation 
is not the controlling factor for the stereoselective 
reaction.6 

Since the stereochemistry of the products arises 
from the intermediate anion, the origin of the anion 
should not influence the stereochemical results. 
Thus, the anion might be formed from a suitably 
substituted three-carbon chain, e.g., a glutaric 
ester. Dimethyl a-chloro-a'-methylglutarate' on 
treatment with sodium hydride in benzene solvent 
gave a 40% yield of dimethyl l-methyl-1,2-cyclo- 
propanedicarboxylate, 54y0 cis : 46y0 trans, while 
in 50% benzene-50% hexamethylphosphoramide it 
gave a 46% yield of cyclopropane diester, 5% cis: 
95y0 trans. This suggests that most anionic ring 
closures to cyclopropanes in which functional groups 
are situated at  the ends of a three-carbon chain and 
the center carbon is unsubstituted can be stereo- 
selective by suitable choice of the reaction medium. 

The more complex cases in which all three ring 
carbons are substituted will be reported separately.* 

Acknowledgment.-This work was supported 
in part by a grant from the Research Corporation. 
Eastman Chemical Products, Inc., Kingsport, 
Tenn., furnished a generous sample of hexamethyl- 
phosphoramide. 

Experimentale 
General Procedure.-The preparation of the cyclopropane 

esters and nitriles is based on the procedure using sodium 

(4) H. D. Zook and T. J. Russo, J .  A m ,  Ckcm. Soc., 82, 1258 (1960). 
(5) However, Zaugg& found monoglyme to be only slightly effective. 
(6) An alternative, but unlikely explanation might be that the 

monoglyme cannot compete with the two carboxyl functions in com- 
plering the cation, but that dimethylformamide and hexamethyl- 
phosphoramide can. 
(7) C. K. Ingold, J .  Chcm. Soc., 127, 393 (1925); F. R. Goss and 

C. R. Ingold. ibid.. 127, 2779 (1925). 
(8) Our results in this area so far suggest that solvent effects do oc- 

cur, but in most cases are dominated by additional steric effects not 
present in the compounds discussed in this paper. 

(9) Boiling points and melting points are uncorrected. Analyses 
ore by Micro-Tech Laboratories. 
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hydride previously A. Benzene or Toluene 
Solvent : Reactions in these solvents use olefinic compound 
(1 mole), halogen compound (1 mole), sodium hydride (1 
mole) and solvent (100-300 ml.). The reactions are ex- 
othermic, but seldom warm appreciably because of the slow 
rate of reaction. Cooling is applied as necessary to maintain 
the reaction temperature at about 20-30", the minimum tem- 
perature at which hydrogen is evolved at a slow, but steady 
rate. The work-up procedure is as previously described.la 
B . Benzene-Hexamethylphosphoramide Solvent : The 
same reactant ratios as in A are used, but the total solvent 
volume is larger (1000 ml.). The reactions are invariably 
faster than in pure hydrocarbon solvent. Heating is more 
marked, and cooling is required to maintain the reaction 
temperature at or below about 50-60'. In the work-up at 
least 5 ml. of water per ml. of hexamethylphosphoramide is 
used in each of two washes to ensure complete removal of the 
phosphorus compound; in some of the mixtures containing a 
high concentration of hexamethylphosphoramide, additional 
benzene is added before the aqueous washing. Subsequent 
treatment of the benzene solution is the same as when ben- 
zene alone is used as a solvent. C. Dimethylformamide and 
Monoglyme Solvent: The reactant and solvent ratios are the 
same as in B. Reactions in dimethylformamide show char- 
acteristics similar to  those in benzene-hexamethylphosphor- 
amide, while reaction in monoglyme is similar to that in 
benzene. With both solvents reaction mixtures are filtered 
to remove sodium chloride and the filtrates are distilled; 
filtration (suction) is usually very slow unless some form of 
filter aid is used. 

Reactions with methyl dichloroacetate as the halogen com- 
pound are markedly more exothermic than when other halo- 
gen compounds are used. Cooling is always necessary, and 
in dimethylformamide or benzene-hexamethylphosphor- 
amide ice-bath temperatures are usually essential for satis- 
factory yields. 

In  the present work all reactions were continued until gas 
evolution ceased. 

With the exception of three examples (see below), the dis- 
tilled products were analyzed for isomer ratios by gas phase 
chromatography.lb Known products were identified by 
their infrared spectra and retention times in the chromato- 
graphic analysis; new compounds were saponified and the 
resultant diacids were analyzed and characterized. 

The results of the various reactions are summarized in 
Tables I and 11. Only those reactions involving new com- 
pounds or procedures different from those previously re- 
portedl*mb are given here. 

Dimethyl 1,2 - Diethyl - 1,2 - cyclopropanedicarboxylate. 
A.-Methyl a-chlorobutyrate (4.1 g., 0.03 mole) and methyl 
wethylacrylate'0 (3.4 g., 0.03 mole) were added dropwise 
with stirring to sodium hydride (0.72 g., 0.03 mole) in toluene 
(10 ml.). Processing the reaction mixture gave 3.5 g. (55%) 
of dimethyl 1,2-diethyl-1,2-cyclopropanedicarboxylate, b.p. 
109-112' (10 mm.).  Saponification of the ester produced 
the cis-diacid. The diacid is rather soluble in water, but is 
best recrystallized from this solvent; partial conversion to 
the anhydride occurs on recrystallization from nitromethane. 
The anhydride was not obtained in crystalline form. An 
analytical sample of the diacid was recrystallized from 
water; m.p. 128.0-128.6". 

Anal. Calcd. for CsHI4O4: C ,  58.05; H ,  7.58. Found: 
C ,  57.82; H,  7.76. 

B.-Methyl cy-chlorobutyrate (5.5 g., 0.04 mole) and 
methyl a-ethylacrylate (4 .5  g., 0.04 mole) in benzene (20ml.) 
were added dropwise with stirring to sodium hydride (0.96 g., 
0.04 mole) suspended in hexamethylphosphoramide (20 
ml.). Work-up of the reaction mixture gave 5.7 g. (675;) of 
dimethyl 1,2-diethyl-l,2-cyclopropanedicarboxylate, b,p. 
100-105" (10 mm.).  Saponification of the ester gave a mix- 
ture of the two stereoisomeric acids. The tvans isomer was 
separated readily by recrystallization of the mixture from 
acetonitrile. An analytical sample was recrystallized from 
acetonitrile and then sublimed, m.p. 207-208". 

Anal. Calcd. for CDHl1O4: C, 58.05; H, 7.58. Found: 
C, 58.17; H, 7.53. 

Dimethyl l-Methyl-2-phenyl-l,2-cyclopropanedicarboxyl- 
ate.-Methyl a-chloropenylacetate (9.2 g., 0.05 mole) and 

(IO) The acid was prepared by the method described for a-n- 
propylacrylic acid (M F. Hawthorne, J .  Am.  ChLm. SOL., 82, 1886 
(1960)), and then esterified by the procedure described for 2-methyl-3- 
hutenoic acid (R. B. Wagner, i b i d . ,  71, 3214 (1949)). 

methyl methacrylate (5.0 g., 0.05 mole) in benzene ( 2 5  ml.) 
were added in the usual way to sodium hydride (1.2 g., 0.05 
mole) in hexamethylphosphoramide ( 2 5  ml.). The product, 
dimethyl l-methyl-2-phenyl-l,2-cyclopropanedicarboxylate, 
amounted to 5.7 g. (4677,) with b.p. 165-167" (19 mm.). 
Saponification of the diester gave a mixture of the stereoiso- 
meric diacids. These were separated by treatment with a 
slight excess of acetyl chloride in the cold"; filtration gave 
the trans isomer, m.p. 198-203', while evaporation of the 
filtrate and sublimation of the residue gave the anhydride, 
m.p. 87-92' (lit.lb m.p. 92-93'). A smalladditionalamount 
of trans-diacid remained in the residue. Total yield of 1- 
methyl-2-phenyl-t~ans-l,2-cyclopropanedicarbox~lic acid 
was 43% and of the cis-anhydride was 25%. An analytical 
sample of the trans-diacid was recrystallized from acetoni- 
trile and then sublimed, m.p. 203-204". 

Anal. Calcd. for C12H120a: C, 65.44; H,  5.49. Found: 
C, 65.54; H, 5.72. 

Dimethyl l-Phenyl-l,2-cyclopropanedicarboxylate. A .- 
Methyl a-chlorophenylacetate (9.2 g., 0.05 mole) and methyl 
acrylate (4.3 g., 0.05 mole) in benzene (25 ml.) were added to 
sodium hydride (1.2 g., 0.05 mole) suspended in hexamethyl- 
phosphoramide ( 2 5  ml.). The product, dimethyl l-phenyl- 
1,2-cyclopropanedicarboxylate, distilled at 170-177" (20 
mm.) and weighed 7.7 g. (65y0). After standing for about X 
days the distillate suddenly partially crystallized to a very 
thick mush. The crystalline material was separated, re- 
crystallized twice from cyclohexane, and identified as di- 
methyl l-phenyl-trans-l,2-cyclopropanedicarbox~-late, m .  p. 
96-97' (lit.lh m.p. 94'). Saponification of a sample of the 
liquid distillate before partial crystallization occurred and 
separation of the isomers by a procedure similar to that de- 
scribed in the previous section gave 56% trans and 21% cis. 
A sample of the trans-diacid recrystallized from water had 
m.p. 198.5-199' (lit.lh m.p. 190-191'); the cis-diacid puri- 
fied in the same way had m.p. 152.5-153' (lit.Ih m.p. 148'); 
the anhydride was not obtained in crystalline form.12 

B.-Methyl a-chlorophenylacetate (36.9 g., 0.2 mole) and 
methyl acrylate (17.2 g., 0.2 mole) were added to sodium hy- 
dride (4.8 g., 0.2 mole) in toluene (50 ml.). A sample of the 
crude ester product obtained by the usual work-up procedure 
and removal of low boiling components was saponified and 
the acid isolated had m.p. 145-147'. The crude acid was 
recrystallized from water, m.p. 148.5-150", and represented 
a 437, over-all yield from methyl acrylate. Some trans-acid 
may have been lost in the recrystallization, but since the 
m.p. was not very depressed, the percentage of trans isomer 
was undoubtedly quite small. 

Dimethyl l-Chloro-2-methyl-l,2-cyclopropanedicarboxyl- 
ate.-Methyl dichloroacetate (14.3 g., 0.1 mole) and methyl 
methacrylate (12.5 g., 0.125 mole) in dimethylformamide 
(50 ml.) were added to sodium hydride (2.4 g., 0.1 mole) 
suspended in dimethylformamide (50 ml.). Work-up of the 
reaction mixture gave dimethyl l-chloro-2-methyl-l,2-c\-- 
clopropanedicarboxylate, b.p. 115-121' (24 mm.),  10.3 g. 
(5006). Saponification of a sample of the estcr gave a mix- 
ture which was analyzed as described in previous sections; 
the trans-diacid, m.p.  239-241 (lit.'b 1n.p. 246-247') was 
obtained in 36% yield and the cis-anhydride, m.p. 45--r)5' 
(lit.lb m.p. 55-56.5"), mas obtained in 62:; yield. 

Dimethyl l-Methyl-l,2-cyclopropanedicarboxylate. A .  
Dimethyl a-methyl-n'-chloroglutarate7 (6.2 g., 0.03 i no l cJ  

(11)  This method of separation and analysis bas been rppnrted 
previously (ref. 1 e,  E) ,  but few experimental details were given 
Although about 95% recovery of the separated isomeric diacids (PI% 

reported, in the three small-scale examples described in the presenL 
paper, the recovery bas been less satisfactory (70-9570). I n  all caFes, 
the bulk of the lrans isomer was isolated readily by filtration, hut 
invariably a small amount remained dissolved in the anhydride, acetic 
acid, acetyl chloride mixture, and i t  appears that the major losses are 
involved in this part of the separation. It is expected that consider- 
ably better total recovery of pure isomeric acids would be observed in 
large-scale runs. 

(12) S. Ruhemann, J .  Chem. Soc., 81, 1212 (1902), reported the 
preparation of a crystalline anhydride, m.p. 9Qo, rather poorly identi- 
fied as that from l-phenyl-1,2-cyclopropanedicarboxylic acid. The 
preparation of this anhydride starting with ethyl chlorofumarate, 
ethyl phenylmalonate and sodium ethoxide was repeated, and the final 
product, m.p. 96.6-97.S0, was shown to be methyl phenyl maleic an- 
hydride by comparison of m p , mixed m.p. and infrared spectra with an 
authentic sample ( J .  Schreiber, Compt. v e n d . ,  211, 353 (1943); 120, 
200 (1945)). 

. ~.-- 
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was added to sodium hydride (0.72 g., 0.03 mole) in benzene B.-Repetition of the experiment, but using benzene (15 
(10 ml.). Dimethyl l-methyl-1,2-cyclopropanedicarboxyl- ml.) and hexamethylphosphoramide (15 ml.) mixture, gave 
ate, b.p. 88-91’ (10 mm.), 2.1 g. (40%), was obtained. 2.4 g. (46%) of the cyclopropane diester, b.p. 90” (10 mm.). 

[CONTRIBUTION FROM K E D Z ~ E  CHEMICAL LABORATORY, MICHIGAN STATE UNIVERSITY, EAST LANSISG, MICH. I 

Proton Magnetic Resonance Spectra of Cyclopropane Derivatives* 
BY JOHN D. GRAHAM~ AND MAX T. ROGERS 

RECEIVED NOVEMBER 20, 1961 

The proton magnetic resonance absorption of several cyclopropane derivatives has been studied a t  60.000 mc. The ob- 
served chemical shifts and nuclear spin-spin coupling constants have been interpreted in terms of substituent effects and 
the structures of the molecules. Although the structure of the cyclopropane ring is often thought to be somewhat unusual, 
the observed proton-proton coupling constants for ring protons in the cyclopropane derivatives are not anomalous. The 
magnitude of, and variations in, the observed proton-proton coupling constants can be satisfactorily explained on the basis 
of the geometry of the molecules. Substituent effects have not been found to be important in the consideration of the pro- 
ton-proton coupling constants, but the chemical shifts of the ring protons have been found to be strongly influenced by the 
nature of the substituents on the ring. 

Introduction 
Recently, the proton magnetic resonance spectra 

of  some substituted cyclopropane derivatives have 
been reported. According to Jackman3 the cis 
and trans coupling constants in trans-dibromocyclo- 
propane are equal. However, Gutowsky4 has 
shown that in AzXz spin systems the invoking of 
accidentally equal JAX coupling constants is not 
always correct. Also, Robertss has suggested that 
the spectrum of trans-dibromocyclopropane is 
consistent with coupling constants of 8 and 2 C.P.S. 
for the cis and trans coupling constants. Closs6 
has assumed that the trans coupling constants are 
larger than the cis coupling constants in several 
substituted cyclopropanes. The vicinal coupling 
constants in l-nitro-l,2-dicarboxylic anhydride 
have been reported7 as 9.0 and 6.0 c.P.s., but 
the authors made no statement concerning which 
was cis and which trans. Muller and Pritcharda 
have reported that the CI3 satellite lines in cyclo- 
propane consist of a “normal” quintet, the coupling 
constant being equal to 7.5 C.P.S. 

The purpose of the work reported herein was to 
determine the magnitudes of the coupling con- 
stants in several cyclopropane derivatives and to 
ascertain the effect of substituents and geometry 
upon the cmupling constants in these molecules. 

Experimental 
The 60.000 mc. high-resolution proton magnetic reso- 

nance spectra were obtained with a Varian 4300-2 spectrom- 
eter and the usual side-band technique was used for cali- 
bration purposes. Spectra of the following pure liquids 
were obtained: l,l-dichloro-2-methyI-2-phenylcyclopro- 
pane, cis-l,l-dichloro-2-methyl-3-phenylcyclopropane, 1,l- 
dichloro-2-rnethoxycyclopropane and 1,l-dichloro-2-ethoxy- 

(1) Work supported by a grant from the Atomic Energy Commis- 
sion. 

(2) Sterling Chemical Laboratory, Yale University, New Haven, 
Conn. 

(3) L. M. Jackman, “Nuclear Magnetic Resonance Spectroscopy,” 
Pergamon Press, New York, N. Y., 1959. 

(4) D. M. Grant and H. S. Gutowsky, J. Chem. Phys . ,  34, 699 
(1961). 

( 5 )  J. D. Roberts, “ A n  Introduction to the Analysis of SpinSpin 
Splitting in High-Resolution Nuclear Magnetic Resonance Spectra,” 
W. A. Benjamin, Inc., New York, N. IT., 1961. 

(6 )  G. L Closs and L E Closs, .I .4m Chrrn Soc., 82, 5723 (lS60) 
17) J. Smidt and T h .  J. de Boer, Rec. tyaw. chim., 79, 1235 (1960). 
(8) N. Muller and D. E. Pritchard. ib id . .  31, 768 (1959). 

cyclopropane. The spectrum of Iruns-l,2,3-tribenzoyl- 
cyclopropaneg was obtained using a solution of this com- 
pound in CFsCOOH, and the spectra of cyclopropane-I, 1,2- 
tricarboxylic acid and truns-3-methylenecyclopropane-1,2- 
dicarboxylic acid (Feist’s acid) were obtained using solu- 
tions of these compounds in dilute NaOH.lO 

The 40.000 mc. spectrum of trans-1,2,3-tribenzoylcyclo- 
propane has been reported by Shooleryll and the trans 
coupling constant in this molecule has been reported as 
6.0 C.P.S. by Closs.6 

The dichlorocyclopropanes were synthesized from the cor- 
responding olefin by the dichlorocarbene reaction following 
the procedure of Doering.lz The synthesis of 1,l-dichloro- 
2-ethoxycyclopropane has been reported by Doering and 
Henderson,12 while the syntheses of the remaining three 
dichlorocyclopropanes have not been previously reported. 

1,l-Dichloro-2-methoxycyclopropane was prepared by the 
addition of dichlorocarbene to  vinyl methyl ether (Matheson 
Co., Inc.); b.p. 5lo(mm.), T Z ~ O D  1.4490. 

Anal.  Calcd. for C4HeOC12: C, 34.07; H, 4.26; C1, 
50.22. Found: C, 33.95; H, 4.37; C1,50.20. 

The reaction of a-methylstyrene (Eastman Kodak Co., 
white label) with dichlorocarbene afforded 1,l-dichloro-2- 
methyl-2-phenylcyclopropane, b.p. 55-56’ (0.3 mm.), 
n% 1.5480. 

Anal. Caled. for CloHIoClz: C, 59.70; H,  4.98; C1, 35.32. 
Found: C, 59.77; H, 5.03; C1,35.19. 

@-Methylstyrene was obtained from Columbia Organic 
Chemicals Co. and a purity of greater than 99% was indi- 
cated by the results of the gas chromatographic separation. 
The refractive index of this material, n Z o ~  1.5430, agrees 
with the literature valueI3 for the cis isomer. The product 
of the reaction of this olefin with dichlorocarbene was cis- 
I,l-dichloro-2-phenyl-3-methylcyclopropane, b.p. 54-56’ 
(0.2 rnm.), n a o ~  1.5440. 

Anal.  Calcd. for CloH1,,C12: C, 59.70; H,  4.98; C1, 35.32. 
Found: C, 59.78; H,  5.06; CI, 35.18. 

Vinyl ethyl ether, purchased from Matheson Co., Inc . ,  
added dichlorocarbene to give lfl-dichloro-2-ethnxycyclo- 
propane,’* b.p. 53-54” (28mm.), n% 1.4440. 

Results and Discussion 
The methods used to analyze the spectra of the 

cyclopropane derivatives have been discussed 
(9) We are indebted to Prof. W. G. Brown of the University of 

Chicago for the gift of a sample of this compound. 
(10) These two compounds were obtained from Dr. L. Brady of 

Abbott Laboratories, Chicago, Ill,, to whom we are indebted for this 
assistance. 

(11) J. N. Shoolery, Svcnsk Kcm.  Tidsbr. ,  69, 185 (1957). 
(12) W E Doering and W. A Henderson. J .  A m .  Chem. Sac., 80,  

(13) W. R. R.  Park and G. F. Wright, J. Org. Chem., 19, 1435 
5274 (1958). 

(1954). 


