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m.p. 235°. Then 50 mg. (8.5%) of cyclic carbonate (XIV),
m.p. 149-150°, and 120 mg. (12%,) of unchanged XI were iso-
lated, all three characterized by mixture melting points and
comparative infrared spectra with authentic samples. The final
residue (150 mg.) appeared to be mainly a mixture of the mono-
benzoate (VIII) and V, by its infrared spectrum.

The same results were obtained if a catalytic amount (6 mole
%) of sodium hydride was employed.

3,4-Di-O-benzoyl-1,2:5,6-di-O-isopropylidene-p-mannitol
(XIII).—Benzoylation of V or VIII with excess benzoyl chloride
in pyridine overnight at room temperature gave an 85%, yield of
the dibenzoate as an oil which was free of hydroxyl absorption in
the infrared. For analysis, the compound was absorbed from a
benzene solution on a column of neutral alumina (Brockmann
activity III), then eluted with 1:1 benzene—chloroform. The
colorless oil had »&= 1715 (C=0); 1260, 1100, 1080 {C—O0—C);
715 cm. ! (benzoyl CH); [a]®D +64.9 & 0.7° (0.6%).

Anal. Caled. for CpeHsOs: C, 66.4; H, 6.44. Found: C,
66.7; H, 6.24.

Benzoate Equilibration of 3-O-Benzoyl-1,2:5,6-di-O-isopro-
pylidene-p-mannitol (VIII) with Sodium Hydride.—To a solution
of 1.10 g. (3 mmoles) of dry VIII in 60 ml. of reagent toluene
was added 130 mg. (3 mmoles) of 55% soduim hydride dispersion
in mineral oil. After being refluxed for 90 min. protected from
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moisture, the mixture was spin evaporated to dryness in vacuo.
The residue was suspended in 20 ml. of water containing 0.2 ml.
of acetic acid; the mixture was extracted with chloroform (four
20-ml. portions). Dried with magnesium sulfate, combined ex-
tracts were evaporated to dryness in vacuo. Crystallization from
ethyl acetate—petroleum ether gave 0.20 g. (25%,) of debenzoyl-
ated product, V, identical with an authentic sample.

The filtrate was evaporated to dryness in vacuo leaving 0.7 g. of
a semisolid. Further traces of V were removed by absorption on
neutral alumina (Brockmann activity III) from a hexane solu-
tion, then elution with 8:1 benzene-methanol. The resultant
0.55 g. showed two spots on silica thin-layer chromatography
with benzene—methanol (7:1) as the solvent system and iodine
vapor as the detecting agent. The two spots had R: values of
0.77 and 0.96 and moved identically with authentic samples of
VIII and 3,4-di-O-benzoyl-1,2:5,6-di-O-isopropylidene-p-man-
nitol (XIII), respectively.
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In connection with another study,? we had occasion
to refer to the ultraviolet spectrum of p-nitrophenyl-
cyclopropane obtained by Levina, Shabarov, and
Patapov.? This spectrum, however, was inconsistent
with data that we had accumulated? and was not
typical of a p-nitroalkylbenzene. We, therefore, felt
obliged to repeat their work in order to clarify the
problem. Nitration at —40 to —20° with fuming
nitric acid-acetic anhydride afforded a product whose
ultraviolet spectrum was nearly identical with that pre-
viously published.? The proof of structure for the
nitration product was based primarily on its oxidation
with chromic acid to p-nitrobenzoic acid in 709, yield.*
When our nitration product was subjected to gas
chromatographic analysis, two major components in a
ratio of 2:1 were observed. The smaller, slower-moving
fraction crystallized on cooling (m.p. 32°) and gave an

(1) This work was supported, in part, by Cancer Research Funds of the
University of California and by an American Cancer Society Institutional
grant 1N 33D.
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Khim., 29, 3233 (1959); J. Gen. Chem., USSR, 29, 3196 (1959).

ultraviolet spectrum typical of a p-nitroalkylbenzene.*
Furthermore, the infrared absorption pattern in the
5-6-u region was typical of p-disubstituted benzenes.®
The larger, faster-moving fraction could not be crystal-
lized and showed a typical ultraviolet absorption spec-
trum for an o-nitroalkylbenzene.* In this case the
infrared spectrum in the 5-6-u region was typical of an
o-disubstituted benzene.> Oxidation of the solid nitra-
tion product with chromic acid gave p-nitrobenzoic
acid in 889, yield. The oil afforded 649, of o-nitro-
benzoic acid under the same conditions. It is thus
established that the cyclopropyl group, as expected, is
an ortho—para director but that the major product is the
ortho isomer.

Brown and Bonner have reported® ortho~para ratios
for nitration of toluene, ethylbenzene, cumene, and
t-butylbenzene with concentrated nitric acid—concen-
trated sulfuric acid at 40°. In order that our result
with phenyleyclopropane could be compared directly,
we have repeated the nitrations of these four alkyl-
benzenes with fuming nitric acid-acetic anhydride at
—40°. This reagent gives results which are very simi-
lar to those from the ‘“mixed acid” except that the
yields are higher, the rate of decrease of the ortho—para
ratio is greater, and smaller amounts of meta isomers
were observed. When the nitrating mixture was
prepared at room temperature and cooled to —40°
for nitration, the ortho—para ratio for the branched
alkylsubstituted benzene was much smaller, whereas
with phenyleyclopropane the ratio was considerably
higher. The nitration of phenylcyclopropane with this

(4) W. G. Brown and H. Reagan, J. Am. Chem. Soc., 69, 1032 (1947).
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TaBLE 1
H;S0:«-HNOs AcONOY® AcONO;*
ortho— ortho— ortho—
Compound pare % yield para % yield para
Toluene 1.57¢ 80° 1.78 94 1.76
Ethylbenzene 0.93% 80 0.86 93 0.90
Cumene .48° 80 41 95 .27
t-Butylbenzene .217¢ 80 17 o1 .066
Phenyleyclopropane 2.10 70 1.99 93 4.0-4.7

¢ Ref. 6, the yields are given as approximately 80%. ? Ni-
trating reagent prepared at —40°. ¢ Nitrating reagent prepared
at room temperature.

latter reagent was not reproducible.
ortho-para ratios is given in Table I.

The general agreement between the values obtained
with acetyl nitrate and nitric acid—sulfuric acid mixtures
indicates that the results are not due to the special
ortho orientation property of acetyl nitrate which has
been observed for nitration of anisole or acetanilide’
with this reagent, but that phenyleyclopropane is
inherently nitrated preferentially in the ortho position.
This contention was confirmed by the fact that nitra-
tion of phenyleyclopropane with nitric acid-sulfuric
acid afforded a product mixture with an ortho—para
ratio not greatly different from that obtained with
acetyl nitrate. The results of the nitration experi-
ments are in Table 1.

Bordwell and Garbisch recently have studied the
reactions of acetyl nitrate with a series of styrenes and
stilbenes.! They have found that, although the major
products of these reactions result from addition to the
ethylenic double bond, there is, in most cases, some
nuclear substitution. These workers did not determine
the ortho—pare ratios, but they did indicate that the
amount of ortho-substituted product was in excess of
the para isomer.

The most common cases of high ortho—para ratios
have been observed in nitrations of deactivated sys-
tems such as nitrobenzene, benzaldehyde, and ethyl
benzoate.® All of these compounds have unsaturated
systems, and interactions between the substituents and
the attacking nitronium ion have been postulated.
In the case of styrene similar interactions can also be
thought of as existing between the incoming nitronium
ion and the vinyl group, thereby directing sub-
stitution preferentially to the ortho position.

Stericly the cyclopropyl group should exert an effect
similar to that of the isopropyl group. However, the
contraction in size introduced by the strained three-
membered ring should make the cyeclopropyl group
somewhat smaller so that its steric effect should be
intermediate between those of an ethyl and an isopropy!l
group. This should have led to an ortho—para ratio of
about 0.75.

The unsaturated nature of the cyclopropyl system
has been observed in a number of situations.’® These
manifestations of unsaturation have been related to the
double bond character of the three-membered ring

The range of

(7) For a discussion of the nature of this nitrating reagent see F. G.
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(9) G. 8. Hammond, F. J. Modic, and R. M. Hedges, J. Am. Chem. Soc.,
75, 1388 (1953); see, however, C, K. Ingold, “‘Structure and Mechanism
in Organic Chemistry,” Cornell University Press, Ithaca, N. Y., 1953, pp.
261-264.
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caused by the highly strained carbon-—carbon bonds
which have approximately sp* hybrid orbitals.!!
The ortho-directing influence of the cyclopropyl system
observed in this work appears to be still another
example of the unsaturated character of this three-
membered ring system.

Phenyleyclopropane was prepared from styrene ac-
cording to the method!? used by Doering and Hoffman
to prepare norcarane from cyclohexene. The reaction
between styrene and dibromomethylene, generated
from bromoform by the action of potassium #-butoxide,
afforded 1-phenyl-2,2-dibromocyclopropane. Reduc-
tion with sodium and wet methanol afforded phenyl-
cyclopropane.

It should be pointed out that the earlier workers
reduced their nitrophenyleyclopropane to the cor-
responding amine® and that studies on this reduction
product cannot be completely valid since it too must
have been a mixture.

Experimental!?

1-Phenyl-2,2-dibromocyclopropane.—To a stirred solution of
0.33 mole of potassium ¢-butoxide (prepared by adding 13 g. of
potassium to the ¢-butyl aleohol at 70°) and 181 g. (200 ml., 1.74
moles) of styrene in 400 ml. of {-butyl alcohol at 15-20° was
added dropwise 100 g. (0.4 mole) of bromoform. After stirring
an additional 30 min., 300 ml. of water was added and the product
extracted with pentane. The extract was dried over sodium sul-
fate and the solvent removed under reduced pressure. Vacuum
distillation afforded 48.9 g. (53%) of 1-phenyl-2,2-dibromocyclo-
propane, b.p. 90-100° at 1 mm.

Anal. Caled. for CyHsBr,: C, 39.16; H, 2.97; Br, 57.92.
Found: C, 39.24; H, 2.96; Br, 57.66.

Phenylcyclopropane.—To a stirred solution of 27.6 g. (0.1
mole) of 1-phenyl-2,2-dibromocyclopropane in 100 ml. of ether
was added dropwise a solution of 270 ml. of methanol and 50
ml. of water and portionwise 46 g. (2 moles) of sodium over a
3-hr. period. An additional 23 g. (1 mole) of sodium and 180 ml.
of methanol and 20 ml. of water was added and the reaction mix-
ture stirred an additional 2 hr. A final 23 g. (1 mole) of sodium
and 100 ml. of methanol was added and the reaction mixture
stirred for 7 hr. The reaction mixture was diluted with water and
extracted with ether. The ether extract was washed with dilute
hydrochloric acid and dried over sodium sulfate. Removal of the
ether in vacuo and vacuum distillation of the crude product af-
forded 9.90 g. (849%) of phenylcyclopropane, b.p. 93-97° at 45
mm.
o- and p-Nitrophenylcyclopropane.—To a solution of 13.0 ml.
of acetic anhydride and 4 ml. of fuming nitric acid at —40° was
added dropwise 3.25 g. (0.027 mole) of phenyleyclopropane at a
rate such that the temperature did not rise above —20°. The
reaction mixture was poured into hot water and the product was
extracted with ether. The ether extract was dried and the ether
removed under vacuum. Crude distillation gave about 5 ml. of
product, b.p. 77-120° at 1-3 mm. Gas chromatography (Aero-
graph Model A-90-C) on a 10-ft. silicone rubber, analytical
column at 135° showed two main bands in addition to smaller
amounts of other substances.

(10) (a) R. A. Raphsael in “Chemistry of Carbon Compounds,” Vol. IIA,
E. H. Rodd, Ed., Elsevier Publishing Company, New York, N. Y., 1953,
Chap. 1, pp. 25-28; (b) S. Sarel and E. Brewer, J. Am. Chem. Soc., 81,
6522 (1959); (¢) E. N, Tractenberg and G. Odian, ibid., 80, 8018 (1958);
(d) G. W. Cannon, A. A. Santilli, and P. Shenian, tbid., 81, 4284 (1959);
(e) N. H. Cromwell, F. H. Schumacher, and J. L. Adelfang, ibid., 88, 974
(1961).

(11) L. L. Ingraham in “Steric Effects in Organic Chemistry,”” M. 8.
Newman, Ed., John Wiley and Sons, Inc., New York, N. Y., 1956, Chap.
11, p. 518.

(12) W. von E. Doering and A. K. Hoffman, J. Am. Chem. Soc., 76, 6162
(1954).

(13) Melting points and boiling points are uncorrected. Microanalyses
are by the Microanalytical Laboratory, Department of Chemistry, Berkeley,
Calif.



AvugusT, 1963

Preparative scale gas chromatography on a 6-ft. Apiezon pre-
parative column afforded sufficient quantities of the two main
fractions for characterization.

The largest of the two main fractions had the smallest retention
volume. Itsinfrared spectrum showed a typical ortho-disubstitu-
tion pattern between 5 and 6 u and was, therefore, identified as
o-nitrophenyleyclopropane. This substance is an oil (n2Dp 1.5606)
which could not be made to crystallize; AS™s%% 231, 249 my; e
1150; 4550. The smaller of the two main fractions, having the
larger retention volume, showed an absorption pattern in the
5-6-u region typical of p~disubstituted benzenes and was identified
as p-nitrophenyleyelopropane. This isomer is a low melting solid,
m.p. 32-33°; AZL0F 218, 280 myu (e 8080, 11,000).

Anagl. Caled. for CsH;)NO.: C, 66.24; H, 5.56; N, 8.58.
Found for o-nitrophenylcyclopropane: C, 65.98; H, 5.40; N,
8.54. Found for p-nitrophenyleyclopropane: C, 66.25; H,
5.54; N, 8.67.

Oxidation of o-Nitrophenylcyclopropane.—A sample of 0.50 g.
(3.1 mmoles) of o-nitrophenyleyclopropane was heated under re-
flux for 2 hr. with a solution of 4.3 g. (43 mmoles) of echromice acid,
5.7 ml. of concentrated sulfuric acid, and 8.5 ml. of water. The
reaction mixture was diluted with water and extracted with ether.
The extract was dried and concentrated to give the crude product
which on crystallization gave 0.33 g. (64%), m.p. 140-144° (lit.1¢
m.p. 147-147.5°), of o-nitrobenzoic acid, identical with an
authentic sample (mixture melting point and infrared spectrum).

Oxidation of p-Nitrophenylcyclopropane.—A sample of 100 mg.
(0.61 mmole) of p-nitrophenyleyclopropane was heated under re-
flux for 2 hr. with a solution of 0.85 g. (8.5 mmoles) of chromic
acid and 1.1 ml. of concentrated sulfuric acid in 2 ml. of water.
The reaction mixture was diluted with water and the solid was
collected to afford 90 mg. (889,) of p-nitrobenzoic acid, m.p. 240-
242° (lit.** m.p. 239-240°), identical with an authentic sample
(infrared spectra and mixture melting point).

Nitrations of Alkylbenzenes and Analysis of the Product Mix-
tures.—To a solution of 26.1 g. (24 ml., 0.26 mole) of acetic
anhydride and 10.9 g. (7.3 ml., 0.16 mole) of fuming nitric acid
(density 1.49-1.50) at —50° was added dropwise with stirring
0.05 mole of the alkylbenzene. The reaction mixture was al-
lowed to come to room temperature (30 min.) and was poured
into hot water. The product mixture was extracted with ether,
the extract was dried, and concentrated to give the crude residue
(always above 959, of the theoretical amount). This was dis-

solved in acetone in a 25-ml. volumetric flask and analyzed on a.

10-ft. silicone rubber, analytical column (Aerograph A-90-C
equipped with a disk integrator). The ratio of the areas under
the two peaks was taken as the ortho—para ratio. Each analysis
was carried out at least three times; the analyses were reproduci-
ble within #=1%. The total yields based on the gas chromato-
grams were always above 909,. These values are subject to
errors of +£39%,, owing to variations in the sample size. The gas
chromatograms gave evidence for only very small amounts of
unchanged starting materials, meta isomers, and polynitro com-
pounds.

A second series of nitrations with acetic anhydride-fuming
nitric acid prepared at room temperature was carried out in the
same manner. Here also the yields were above 909%. In this
case, nitration of phenyleyeclopropane produced a rather wide
range of ortho—para ratios.

Nitration of Phenylcyclopropane with Nitric Acid-Sulfuric
Acid.—A sample of 2.3 g. of phenyleyclopropane was nitrated in
3.83 g. sulfuric acid and 1.42 g. of nitric acid according to the
method of Brown and Bonner.* The crude yield was 2.30 g.
(78%). The chromatographic analysis is given in Table I.

Infrared and Ultraviolet Spectra.—Infrared spectra were re-
corded on a Perkin-Elmer Model 21 gpectrophotometer. Ultra-
violet spectra were recorded in 95% ethanol on a Carey Model 11
ultraviolet spectrophotometer.
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The suggestion was made in an earlier publication
that the hydrogen abstracting radical in the peroxide-
and light-induced chlorinations of hydrocarbons with
trichloromethanesulfonyl chloride (I) was not the tri-
chloromethyl radical.? This conclusion was based on
the difference in the relative reactivities of toluene and
cyclohexane toward chlorination by I and toward bro-
mination by bromotrichloromethane. Two different
free radical chain sequences were suggested to account
for the products obtained from the reaction of trichloro-
methanesulfonyl chloride with hydrocarbons (equation
1).

Cl;C80,Cl + RH —> RCl + 80, + HCCl, (1)

I
CHAIN SEQUENCE A
R- + C;CS0,Cl —> RCl + CLC: + SO, (2)
ClL,C- + RH —> HCCl; + 80, (3)
CHaIN SEQUENCE B
R: + Cl;C80,Cl —> RCl + Cl;,CS0,- 4)
CLC80;- + RH — CI,CSOH + R- (5)
Cl;CSO,H —> HCCL; + S0, (6)

In Chain Sequence A, the hydrogen abstraction from
the hydrocarbon is performed by the trichloromethyl
radical (equation 2) whereas in Chain Sequence B, the
trichloro methanesulfinyl radical (Cl;CS0;-) is postu-
lated to be the hydrogen abstracting radical (equation
5). The trichloromethanesulfinic acid formed in this
reaction is reported to be unstable, decomposing into
chloroform and sulfur dioxide.? The peroxide- and
light-induced brominations of hydrocarbons by bromo-
trichloromethane (equation 7) very likely involve the

BrCCl; + RH —> RBr + HCCl, (7

free radical chain sequence (8 and 9), a sequence
which almost certainly involves hydrogen abstraction

R. + BrCCl; — RBr + CL,C- (8)
ClLC- + RH —> HCCl; + R- (9)

by a trichloromethyl radical.* A comparison of the rel-
ative reactivities of the medium-size cycloalkanes to-
ward halogenation by trichloromethanesulfonyl chloride
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