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The similarities between the cyclopropane ring 
and the double bond have been recognized for many 
years.2 These have been revealed in the methods 
of preparation, addition reactions, ultraviolet ab­
sorption spectra and dipole moments. The spectral 
data indicate conjugation between the cyclopro­
pane ring and double bonds. The extent of this 
conjugation is limited, however. This is shown by 
the work of Eastman3 whose results on cyclopropyl 
ketones indicate that the ring can extend the chain 
of conjugation but cannot transmit conjugative ef­
fects. Similarly, 2-phenylbicyclopropyl shows no 
conjugation including both of the cyclopropane 
rings as revealed by spectroscopic studies by Smith 
and Rogier.4 

Several investigators have carried out reactions 
with cyclopropane derivatives in which free radi­
cals are probably involved. In accord with the I-
strain hypothesis of Brown,6 cyclopropyl free radi­
cals are difficult to produce. This is indicated by 
chlorination in the methyl group of methylcyclo-
propane,6 slow reaction with methyl radicals and 
inertness to radicals formed in the decomposition 
of benzoyl peroxide, acetyl peroxide, bis-azodiethyl-
acetonitrile and polymerizing styrene.7 However, 
photochemical substitution by chlorine has been 
effected.8 Atomic bromine9 and iodine10 both ap­
pear to open the cyclopropane ring with the forma­
tion of dihalides. 

In an attempt to examine the relative character­
istics of the cyclopropane ring with regard to con­
jugation and substitution by radicals we have in­
vestigated the reactions of l-phenyl-2-ethylcyclo-
propane (I) and l-phenyl-2-isopropylcyclopropane 
(II) with N-bromosuccinimide. Although the 
mechanisms of the Wohl-Ziegler reaction11 have 
not been elucidated, it appears to be very prob­
able that the peroxide and light-induced reactions 
at least proceed by free radical mechanism. It ap­
peared possible that the reaction of N-bromosuccin­
imide with I and II would proceed by either of two 
paths. First, replacement of hydrogen on the 1-
carbon of the cyclopropane ring analogous to the 
reaction with toluene to give III might occur. Al­
ternatively, if this reaction were too slow, substitu­
tion might occur on the carbon of the alkyl group 
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attached to the cyclopropane ring, giving IV as 
product. This could result from activation by the 
cyclopropane ring itself or by transmission of the 
activating effect of the benzene ring. 
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Preliminary experiments showed that II does not 
react with N-bromosuccinimide in refluxing carbon 
tetrachloride unless benzoyl peroxide is present. 
When molar equivalents of the succinimide and cy­
clopropane are used, one-half of the latter can be 
recovered so that two moles of succinimide were 
used in all subsequent experiments. The product 
could not be distilled at 1 mm. but could be purified 
by adsorption on alumina yielding 57% of a dibro­
mide which proved to be a monomeric product of 
the addition of two bromine atoms to the hydrocar­
bon. The dibromide was dehydrobrominated with 
alcoholic silver nitrate to produce a diene with the 
same ultraviolet absorption spectrum, boiling point 
and refractive index as authentic l-phenyl-4-
methyl-l,3-pentadiene. The identity was con­
firmed by the preparation of identical tetrabromo 
derivatives from the two dienes. 

The structure of the diene indicates that ring 
opening occurs between the two substituted car­
bons. This is in contrast with ring opening by hy­
drogen bromide, for example, which has been shown 
by Kohler and Conant12 to take place between the 
most and least highly substituted carbons, Mar-
kownikoff s rule describing the direction of addi­
tion. The actual location of the bromine atoms in 
the addition product was not ascertained but may 
be inferred by the principle of minimum structural 
change to be as shown in structure V. There ap­
pears to be no reason to expect rearrangement of 
the dibromide under the conditions of the reaction 
or the dehydrobromination. 

Treatment of l-phenyl-2-ethylcyclopropane with 
N-bromosuccinimide in the presence of benzoyl 
peroxide yielded 23% of a dibromide. The same 
product was obtained by treatment of the hydrocar­
bon with bromine in carbon tetrachloride at room 
temperature. No diene was formed when it was 
treated with alcoholic silver nitrate although at 
least 80% of the bromine was removed from the 
compound. Further characterization was not at­
tempted. However, the results do demonstrate 
that ring opening has occurred in preference to sub­
stitution in this case also. 

The appearance of a dibromide as the main isol-
able product of reaction between an olefin and N-
bromosuccinimide has been noted previously by 
several investigators. Olefins involved include 
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methylenecyclobutane,laa cyclobutene,13b ethyl te-
trolate,14 benzalacetone15 and ethyl vinylacetate.16 

The course of the reaction can be changed from 
predominating substitution to predominating ad­
dition by the addition of a trialkylammonium hal-
ide.17 

Experimental 
l-Phenyl-2-alkylcyclopropanes.—These were prepared by 

the method used by Davidson and Feldman18 and had the 
same physical constants. A Prileschaev olefin determina­
tion with peroxyacetic acid on the ethyl analog showed the 
presence of 4 mole % of unsaturation. 

Bromination of l-Ph.enyl-2-isopropylcyclopropane.—In a 
typical experiment 30 g. (0.19 mole) of l-phenyl-2-isopropyl-
cyclopropane, 70 g. (0.39 mole) of N-bromosuccinimide and 
3.0 g. (0.02 mole) of benzoyl peroxide were added to 80 
ml. of carbon tetrachloride in 250-ml. round-bottom flask 
fitted with a condenser. The mixture was refluxed for four 
hours whence all of the N-bromosuccinimide was gone as 
shown by a starch-iodide test on the precipitate in the flask. 
The product was filtered and the carbon tetrachloride was 
removed under reduced pressure at room temperature. 
There was obtained 73 g. of a reddish oil. No appreciable 
reaction in 24 hr. was noted if the benzoyl peroxide was 
omitted, whether heat was provided by a heating mantle 
or a General Electric drying lamp (250 wat t ) . 

When vacuum distillation of the oil was attempted, de­
composition began at about 50° so purification was done by 
chromatographic adsorption. A column 38 mm. in diame­
ter was packed to a depth of 70 cm. with Merck 200-mesh 
alumina. A solution of 13.3 g. of the oil in 100 ml. of 1:2 
benzene-acetone was placed on the column and eluted with 
1:3 benzene-ligroin. The fourth and fifth 100-ml. frac­
tions of the percolate contained 6.3 g. of a light yellow oil. 
A dark band which remained near the top of the column was 
removed with ethanol and contained 5.2 g. of a dark in­
tractable oil which was discarded. The results did not differ 
markedly if as little as 3 g. or as much as 20 g. of the oil was 
used. The average yield of the light yellow dibromide 
was 57%. 

Anal. Calcd. for Ci2Hi6Br2: mol. wt. , 320; C, 45.04; 
H, 5.05; Br, 49.99. Found: mol. wt. (Rast), 307; C, 
45.21; H, 5.08; Br, 49.71. 

Dehydrobromination of the Dibromide.—To a solution of 
32.5 g. (0.10 mole) of the dibromide in 500 ml. of 9 5 % eth­
anol was added 22.5 g. (0.13 mole) of silver nitrate dissolved 
in the minimum amount of water. After 24 hr. the silver 
bromide was filtered off and the alcohol was distilled off 
under reduced pressure at 25-40° leaving 15.2 g. of an oil 
which absorbed bromine rapidly. Chromatographic ad­
sorption on alumina as described above for the dibromide 
using benzene as the eluent yielded 12.9 g. (74%) of a light 
yellow oil. When 5.3 g. of this oil was fractionated through 
a Podbielniak type column there was obtained 3.2 g. of 1-
phenyl-4-methyl-l,3-pentadiene-l,3, b .p . 124.5-126.5° (11 
mm.) , M2»D 1.5977 (lit. 1.5985).19 

Anal. Calcd. for Ci2Hi4: C, 91.09; H, 8.93. Found: 
C, 91.18; H, 8,92. 

l-Phenyl-4-methylpentadiene-l,3 was prepared in 6 5 % 
yield by dehydration of styrylisopropylcarbinol with potas­
sium bisulfate at 145°. This preparation had b.p. 140-
141° (20 mm.) , ra20°D 1.5983. The two samples of diene 
had identical ultraviolet absorption spectra showing a broad 
band Xmax. 290 rap, log e 4.41, in 9 5 % ethanol. 

Tetrabromides were made from the two samples of diene 
using the procedure of Cheronis and Entrikin20: the tetra-
bromide from the dehydration product of the carbinol gave 
m.p . 142-143.5°; that from the dehydrobromination prod-
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(19) W. S. Emerson, / . Org. Cham., 10, 466 (1945). 
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Analysis," Thomas Crowell Co., New York, N. Y., 1947, p. 315. 

uct of the dibromide m.p. 141-142°; a mixture m.p. 142-
142.5°. The tetrabromide from the dehydrobromination 
product was analyzed. 

Anal. Calcd. for Ci2HuBr4: C, 30.15; H, 2.95; Br, 
67.49. Found: C, 29.00; H, 2.92; Br, 67.36. 

Bromination of l-Phenyl-2-ethylcyclopropane.—The 
procedure was the same as that used for the isopropyl ana­
log. However, the reaction was slower, 11 hr. being re­
quired for the complete consumption of the N-bromosuc­
cinimide. The dibromide could be purified by chromato­
graphic adsorption giving product with M25D 1.5721 or by 
distillation, b .p . 97-98° (0.45 mm.), «25D 1.5736, 2 3 % 
yield. 

Anal. Calcd. for CnHi4Br2: C, 43.17; H, 4.61; Br, 
52.22; MRv, 64.95. Found: C, 43.34; H, 4.72; Br, 
52.21; MRB, 65.13; d26 1.5464. 

Reaction of 12.0 g. (0.0825 mole) of l-phenyl-2-ethylcy-
clopropane with 13.2 g. (0.0825 mole) of bromine in 70 ml. 
of carbon tetrachloride yielded 18.4 g. (72.8%) of dibro­
mide, b.p. 106-109° (0.7 mm.), «2 6D 1.5724; Br, 52.97. 
The infrared spectra of the two dibromides were identical. 
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The techniques which were developed for the 
preparation of aminoethyl diphenylborinate2 were 
used to synthesize 5-/3-aminoethoxy-10,ll-dihydro-
dibenzo[b,f]borepin (I). To our knowledge, this is 
the first example of the isolation of a heterocyclic 
compound which has only carbon and boron in the 
ring. 
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o,o'-Dilithiobibenzyl, prepared by a metal halo­
gen interchange between butyllithium and di-
bromobibenzyl, was allowed to react with butyl 
borate in ether solution at about —70°. After 
hydrolysis, the products of the reaction were esteri-
fied with butyl alcohol and distilled. Compound I 
was obtained in 42% yield from the reaction of the 
impure butyl ester with ethanolamine. On hy­
drolysis and drying, compound I was converted to 
the oxide II in 96% yield. 

The structure for I is based on the method of syn­
thesis, analytical data, and the fact that bromine 
and hydrogen peroxide reacted with I to give good 
yields of o,o'-dibromobibenzyl and o,o'-dihydroxy-
bibenzyl, respectively. Furthermore, bibenzyl was 
formed when the oxide II was heated with aqueous 
zinc chloride and with palladium-on-charcoal. 

Experimental Part 
o-Bromobenzyl Bromide.—Bromine (172 ml., 3.35 moles) 

was added dropwise over a three-hour period to 547 g. (3.35 

(1) For the previous paper in this series see R. L. Letsinger and 
N. Semes, THIS JOURNAL, 77, 2489 (1955). 

(2) R. L. Letsinger and I. H. Skoog, ibid., 77, 2191 (1955). 


