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The rates of abstraction of bromine by phenyl radicals from the cyclic Ca to Cg monobromides and trans-1,2- 
dibromides and meso- and dl-2,3-dibromobutanes relative to the rate of chlorine abstraction from carbon tetra- 
chloride are reported. The rates of bromine abstraction from the cycloalkyl monobromides vary with ring size in a 
manner similar to that observed for endothermic homolytic and carbonium ion processes which suggests that 
there is considerable bond breaking in the transition states leading to the cycloalkyl radical intermediates in the 
present study. A comparison of the monobromide:dibromide rate ratios for the different-sized rings reveals deci- 
sive variations depending upon ring size which suggests that anchimeric assistance to bromine abstraction in the 
dibromides is related to the ease of attainment of a trans periplanar alignment of the adjacent bromine atoms. 
After correcting for the slight influence of polar effects in the abstraction from l,e-dibromoethane, i t  is concluded 
from the rate data that the 2-bromoethyl radical is stabilized by -2 kcal/mol relative to the ethyl radical itself. 

We have demonstrated in previous papers in this series 
that the free radical abstraction of a halogen atom is a con- 
venient and unambiguous method of generating a specific 
free radical for the purpose of studying homolytic processes 
in organic compounds. In particular, we have elucidated a 
unique polar effect operative in the homolytic abstraction 
of a halogen atom,2 determined the occurrence of neigh- 
boring halogen participation in such proce~ses ,~ provided 
an assessment of the relative rates of formation of various 
bridgehead radicals,4 investigated electronic-steric effects 
in ortho-substituted iodobenzenes,5 and determined the 
relative ease of iodine abstraction from the isomeric iodo- 
naphthalenes, iodopyridines, and iodothiophenes.l* 

We presently wish to report the rates of abstraction of 
bromine by the phenyl radical from the cyclic C3 to Cs 
monobromides and trans- 1,2-dibromides (with the excep- 
tion of 1,2-dibromocyclobutane) relative to the rate of ab- 
straction of chlorine from carbon tetrachloride. Ring size is 
known to be an important factor influencing the rate of for- 
mation of cycloalkyl cations, radicals, and anions? It will 
be shown that the rate of homolytic bromine removal varies 
with ring size in a manner which parallels endothermic 
homolytic and carbonium ion processes. A comparison of 
the rate ratio for a given cycloalkyl monobromide with the 
corresponding cycloalkyl l,%dibromide reveals decisive 
differences with ring size which suggest that anchimeric as- 
sistance in the dibromides is related to the ease of attain- 
ment of a trans periplanar alignment of the adjacent bro- 
mine atoms. I t  is concluded that the 2-bromoethyl radical 
is stabilized by ca. 2 kcalJmol relative to the ethyl radical 
itself. 

Results 
The rate data reported in Table I were obtained by the 

competitive technique employed in our earlier studies in 
which phenyl radicals were allowed to react with a large ex- 
cess of both alkyl bromide and carbon tetrachloride. The 
phenyl radicals were generated by thermal decomposition 
of phenylazotriphenylmethane at  60.0 f 0.lo and the k B r l  
kcl values were calculated from eq 3. The values for the di- 

(1) 
kBr 

R-Br + Ph. - R* + Ph-Br 

CCl, + Ph* --+ CC1,n + Ph-cl (2) 
k c  1 

kBr/kci = [PhBr][CCl,]/[PhCl][RBr] (3) 

bromides were statistically corrected to give the relative 
rate per bromine atom. The combined yields of chloroben- 
zene and bromobenzene totaled 20-30% for the monobrom- 
ides and 60-90% for the dibromides reflecting the enhanced 
reactivity of the latter; the remainder of the phenyl radicals 
presumably abstract hydrogen atoms to form benzene. The 
second bromine is eliminated from the P-bromoalkyl radi- 
cal generated in the abstraction from the dibromides to 
give the corresponding olefin which was identified in most 
cases by glpc retention time with that of an authentic sam- 
ple and by disappearance of olefin product upon addition 
of bromine to the reacted solution. The amounts of olefin 
produced were not determined. With phenylazotriphenyl- 
methane as a precursor to the phenyl radicals the triphen- 
ylmethyl radical also produced presumably reaches a rea- 
sonably high steady state concentration and serves as a 
scavenger for the second bromine atom. 

Table I 
Relative Rates of Bromine Abstraction by the Phenyl Radical from Alkyl and 

Cycloalkyl Mono- and 1,2-Dibromides a t  60°a 
Monobromides Registry KO. k B r / k C l b  1,2 Dibrornides Registry No. kBr /kcla kdi/kmonoC 

c-C3H,Br 
c -C4H,Br 
c -C,H,Br 
c -C,HIIBr 
c-C7Hl,Br 
c -C,HI,Br 
CH,CH,Br 
sec-C4H,Br 

4333 -56-6 
4399-47-7 

137 -43-9 
108-85-0 

2404-35-5 
1556-09-8 

74-96-4 
78-76-2 

0.035 
0.18 
0.26 
0.16 
0.34 
0.58 
0.076 
0.24 

c - tvans+C 3H4 Br, 
~~ 

16837 -83 -5 0.31 8.9 

c- trans-C,H8Brz 
c -trms-C,HlOBr, 
c - trans-C 7H12Br2 
c - tmns-C,HI4Brz 
CHzBrCH2Br 
meso-CH,CHBrCHBrCH, 
dl-CH,CHBrCHBrCH, 

10230-26-9 
7429 -37-0 

52021 -35 -9 
34969-65-8 

106 -93 -4 
5780-13-2 
598-71-0 

1.48 5.7 
1.32 8.3 
1.52 4.5 
1.36 2.3 
0.37 4.9 
1.49 6.2 
1.22 5.1 

a Estimated accuracy k5%. * The relative rates are corrected to a per bromine atom per molecule of CC14 basis. Ratio of rate of bromine 
abstraction from dibromide relative to rate from corresponding monobromide. 
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Figure 1. Dependence of ring size (n) on the rate of formation of 
cyclic carbonium ions, carbanions, and free radicals. (@) Rate of 
formation of carbanions from reaction of cycloalkanes with cesium 
cyclohexylamide. (w)  Rate of formation of carbonium ions by sol- 
volysis of 1-methylcyloalkyl chlorides in 80% ethanol. (A) Rate of 
formation of free radicals by thermal decomposition of cycloalkyl 
peresters. (0) Rate of formation of free radicals by thermal decom- 
position of cycloalkylazonitriles. 

Discussion 
(a) Monobromides. From the data in Table I, it  is seen 

that the values of K~,/ltcl of the cycloalkyl monobromides 
range from 0.035 for cyclopropyl bromide to 0.58 for cy- 
clooctyl bromide, a range of ca. 16-fold. However, the reac- 
tivities do not follow a regular progression depending on 
ring size and the rates provide an interesting correlation 
with data obtained from other reactions performed on the 
cycloalkane series. Ruchardt6 has summarized the reaction 
rate data for several different types of reactions including 
carbonium ion, free radical, and carbanion processes. The 
data for the C-3 to C-8 rings are reproduced here (Figure 
1). 

There are at  least three factors competing in the rate of 
reaction of cyclic compounds: hybridization differences, 
ring strain, and polar effects. Hybridization differences are 
expected to be particularly pronounced in the cyclopropyl 
and cyclobutyl compounds. The relatively high percentage 
of s character in the exocyclic bonds should facilitate carb- 
anion and retard carbonium ion formation in these small 
rings. In those carbonium ion and free radical reactions in 
which the transition state is well along in the reaction coor- 
dinate, i .e. ,  in more endothermic reactions, the ring strain 
effects become more pronounced. This is because the car- 
bon at  which the reaction is taking place is going from an 
sp3 to an sp2 hybridization which relieves eclipsing effects 
in the cyclopentyl ring and transannular interactions in the 
cycloheptyl and cyclooctyl rings. In the smaller rings, espe- 
cially the cyclopropyl and cyclobutyl, this rehybridization 
increases ring strain, thus slowing the reaction. Likewise, 
cyclohexyl is retarded because the almost perfectly tetrahe- 
dral arrangement is disrupted upon forming an sp2 center. 
Finally, one would expect the inductive ef€ects of added 

chain length in the cyclic chain to slow the rate of forma- 
tion of carbanions and increase the rate of formation of car. 
bonium ions. This effect would be the largest in going from 
cyclopropyl to cyclobutyl and cyclopentyl compounds and 
would be considerably attenuated for the larger rings. 
These effects are expected to be relatively small although 
the electronegativity differences resulting from hybridiza- 
tion changes can also influence polar effects. 

From Figure 1 it is seen that hybridization-electro- 
negativity effects predominate in the formation of the cy- 
clic carbanions while ring strain effects have a pronounced 
effect on the formation of carbonium ions. Free radical 
reactions can be correlated with these effects depending 
upon the extent of radical character developed in the tran- 
sition state. For an exothermic reaction the transition state 
comes early in the reaction and is structurally more similar 
to starting material than product according to the Ham- 
mond postulate. If polar effects are not significant an exo- 
thermic radical reaction should correlate with the carban- 
ion reaction in Figure 1. Conversely, endothermic reactions 
should feel the effects of ring strain as the transition state 
will have considerable radical character developed and 
hence should correlate with the carbonium ion reactions. 

In the homolytic decomposition of peresters the hybrid- 
ization and polar effects appear to predominate with the 
rate decreasing roughly as the electronegativity of the ring 
carbon increases suggesting an early transition state with 
little radical character. However, a rigorous interpretation 
of these data is difficult. Two extreme mechanisms involv- 
ing either one-bond or two-bond homolysis have been pos- 
tulated for perester decompositions and it is possible that 
there is a change in the amount of radical character devel- 
oped on the cycloalkyl group in the transition state de- 
pending upon ring size. The endothermic azo decomposi- 
tion reaction, however, closely parallels the carbonium ion 
reaction, indicating a transition state late enough along the 
reaction coordinate to feel ring strain effects. Smith and 
Mead7 have recently determined the rates of amine oxida- 
tion for a series of N-methyl nitrogen heterocycles. The re- 
sults closely paralleled the decomposition of azo com- 
pounds showing the importance of ring strain effects in the 
transition state leading to the planar8 aminium radical cat- 
ions. 

The rates of bromine abstraction from the Cn to C8 
monobromides relative to cyclohexyl bromide are plotted 
in Figure 2. The values obtained are seen to correlate with 
the carbonium ion and azo decomposition reactions al- 
though the rate differences relative to the six-membered 
ring are much smaller in magnitude. According to RU- 
chardt’s arguments, this suggests considerable bond break- 
ing in the transition state leading to the cycloalkyl radical 
intermediate. 

Although the abstraction of a bromine by a phenyl radi- 
cal is a mildly exothermic reaction (AH = -3 kcal/mol for 
abstraction from isopropyl bromideg) the transition state 
must be coming late enough along the reaction coordinate 
to allow ring strain effects to influence the rates of the 
reaction. From polar effects alone one might expect the 
trend to follow that of the formation of a carbanion since it 
has been shown that halogen abstraction reactions exhibit 
a positive p value and are accelerated by electron-with- 
drawing substituents.2,3 These results also closely parallel 
the trend found in the abstraction of hydrogen from the cy- 
cloalkanes C5 through CS by the phenyl radical reported by 
Bridger and Russel1,lO although the rate differences for 
bromine abstraction are about half again larger in magni- 
tude relative to the six-membered ring than in the hydro- 
gen abstraction reaction (AH = ca. -9.5 kcal/molg). A re- 
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Figure 2. Dependence of ring size (n) on the rate of abstraction of 
bromine from cycloalkyl bromides by phenyl radicals a t  60'. 

cent study by Bunce and Hadley shows similar trends.31 
(b) 1,2-Dibromides. The rates of bromine abstraction 

from trans- 1,2-dibromides reported in Table I were all con- 
siderably faster than the rates for the corresponding mono- 
bromides. We have concluded in a previous study3 that the 
bromine atom in 1-iodo-2-bromoethane enhances the rate 
of iodine abstraction by a favorable polar effect influence 
as well as by anchimeric assistance. In the 1,2-dibromides 
of the present study the second bromine atom, like other 
electron-withdrawing substituents, enhances the rate of 
halogen abstraction because of a polar effect. From eq 4 it 

66&] ' ---b 

6' 6' 66** 6' 
R-Br + -Ph  - [ R- _ _  --Br - -___ 

6' B* 
R* + Br-Ph (4) 

can be seen that the carbon atom to which bromine is 
bonded in the original alkyl bromide is somewhat electron 
deficient a t  the onset of homolytic bromine removal be- 
cause of the polarized C-Br bond resulting from the induc- 
tive effect of the electronegative bromine and that this car- 
bon atom acquires an increased amount of electron density 
in the transition state relative to the ground state. It has 
been observed in both aromatic2 and aliphatic3 iodides that 
electron-withdrawing groups enhance and electron-donat- 
ing groups retard the rate of iodine abstraction by phenyl 
radicals and that the substituent effects can be correlated 
reasonably well with the Hammett and Taft relationships, 
respectively. For l-iodo-2-bromoethane, however, the rate 
of iodine abstraction was still 90% faster than that expect- 
ed based only on polar effect considerations; this enhance- 
ment was attributed to anchimeric assistance to removal of 
the iodine by the adjacent bromine. The present results on 
the meso- and dl-2,3-dibromobutanes and trans- 1,2-dibro- 
mocycloalkanes support this conclusion and lend further 
insight into the stereochemical aspects of neighboring bro- 
mine participation. 

It is generally accepted that anchimeric assistance by a 
neighboring bromine atom occurs most readily through an 
antiperiplanar arrangement of atomsll similar to the pre- 
ferred orientation for an ionic E2 elimination process. It 
should be noted, however, that some of the data cited as ev- 

', 6 '  
Ph 

idence for homolytic anchimeric assistance has been ques- 
tioned12 and some controversy has enshrouded the topic al- 
though the most recent work of Skell and coworkersll and 
others13 appears quite definitive and should suffice to lay 
this controversy to rest. In addition, there is considerable 
evidence from electron spin resonance studies that an adja- 
cent chlorine,14 bromine,l5 or iodine15 atom (as well as sul- 
fur, silicon, germanium, tin, phosphorus, and arsenic 
groups16) exhibits a preferred conformational orientation 
in which the heteroatom eclipses the p orbital of the radical 
center. Although the precise mode of interaction of the het- 
eroatom with the unpaired electron is not fully understood, 
the results indicate that these radicals do not possess truly 
symmetrically bridged structures (the results for @-Br and I 
are not definitive in this regard) but that the interaction of 
orbitals is sufficient to cause hindered internal rotation 
about the C,-CB bond. This interaction must be stabilizing 
and the reduction in energy of the product radical should 
exert itself in the transition state leading to formation of 
the radical. It might also be pointed out that the controver- 
sy over the importance of anchimeric assistance in bromi- 
nation studies stems largely from attempting to relate ra- 
tios of products possibly formed via several competing 
pathways with the rates of initial abstraction of hydrogen. 
Such complications are not inherent in the present study 
since the value of kBr/kC1 is a function only of the rate of 
abstraction of bromine from the substrate molecule. 

If anchimeric assistance by a @-bromine is equally effec- 
tive for all the 1,2-dibromides investigated in this study, 
then the ratio of rates for bromine abstraction from a di- 
bromide relative to the rate of abstraction from the corre- 
sponding monobromide, k,&mono, should be reasonably 
constant. The last column in Table I illustrates that this 
ratio varies considerably from a high of 8.9 for the cyclo- 
propyl compounds to a low of only 2.3 for the cyclooctyl 
bromides. We believe that the variation in this ratio re- 
flects the relative importance of anchimeric assistance to 
abstraction of bromine for each dibromide since the en- 
hancement in rate due to a polar effect should be similar 
for all the dibromide-monobromide pairs. It can be shown 
that the ratio varies qualitatively with the relative popula- 
tion of that conformation for each 1,2-dibromide in which 
the two bromine groups are antiperiplanar to each other. 

Consider the meso- and dl-2,3-dibromobutanes. The 
lowest energy conformation of the meso isomer is that in 

Br 
meso 

Br 
dl  

which the bromines are trans to each other, whereas the 
conformation of the dl isomer which has the bromines 
trans requires the CH3 groups to be gauche to each other, a 
somewhat higher energy conformation. This results in a 
faster rate of bromine abstraction for the meso isomer as 
compared to the dl compound since the p-bromine in the 
former compound is better aligned to contribute to  lower- 
ing the activation energy barrier for abstraction. A similar 
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mode of reasoning can account for the relatively small dif- 
ference of 4.9 in the rate of abstraction of bromine from 
1,2-dibromoethane as compared to ethyl bromide. A signif- 
icant proportion of molecules of 1,2-dibromoethane exists 
in the less reactive gauche conformation in solution since 
the difference in energy between the trans and the gauche 
isomers is only 0.7 kcal/mol.l7 On the other hand, the rigid- 
ity of the three-membered ring and the relatively wide 
Br-C-H angles in trans- 1,2-dibromocyclopropane (HCH 
angle = 115.12’ in cyclopropane1*) place the two bromine 
atoms in an alignment approaching the optimal trans ar- 
rangement accounting for the enhanced dibromo:mono- 
bromo ratio of 8.9. Likewise, in trans- 1,2-dibromocyclo- 
pentane the flexibility of the five-membered ring allows for 
various conformations but it has been determined that the 
two bromines exist >90% in the diaxial form.19 Similarly, 
trans- 1,2-dibromocyclohexane is known to exist as an equi- 
librium mixture of diaxial and diequatorial conformers in 
an essentially equimolar proportion.20 The diaxial confor- 
mation is perfectly aligned, of course, for assistance by the 
adjacent bromine and an enhancement in rate of 8.3 over 
that observed for bromocyclohexane results. From Table I 
i t  may be noted that the dibromo:monobromo ratio drops 
rather significantly for the cycloheptyl and, particularly, 
the cyclooctyl compounds. This is in accord with conforma- 
tional studies on trans- 1,2-dibromocyclooctane in which it 
was concluded that there is a significant population of con- 
formations having the bromines in a “diequatorial” ar- 
rangement.21 An inspection of molecular models suggests 
that transannular interactions increase as the bromines ap- 
proach an anti conformation. 

Although variation in kd,/kmono ratios for the various cy- 
cloalkyl di- and monobromides can be qualitatively ration- 
alized as reflecting the relative populations of conforma- 
tions in which the two bromines in the dibromides ap- 
proach a trans alignment, this reasoning should not be 
overextended. In particular, free radical hydrogen bro- 
mide additions to 1-bromocycloalkenes were observed to be 
trans-stereospecific suggesting the intermediacy of a bro- 
mine-bridged radical but alteration of the ring size made 
the additions monostereospecific.22 Stereoselectivity de- 
creased in the order c6 > Cg > C7 > C4 and it has been sug- 
gested23 that the stability of the bromine-bridged radicals 
(probably not symmetrically bridged) relative to the classi- 
cal radicals may be altered by strain. Extension of this rea- 
soning would suggest that  the cyclopropyl system would 
produce the most strained intermediate which is not re- 
flected in the high kdi/kmono value in the present study. 
The addition of HBr to a 1-bromocycloalkene and the ab- 
straction of bromine from a trans- 1,2-dibromocycloalkane 
differ significantly, however, and perhaps are not compara- 
ble, The former requires a bridged-bromine radical inter- 
mediate to abstract hydrogen from HBr to produce a cis- 
1,2-dibromocycloalkane whereas the present study involves 
removal of a bromine atom from a trans- 1,2-dibromocy- 
cloalkane. 

An alternate explanation of our data cannot be ruled 
0 ~ t . 3 2  I t  is observed that the kBr/kC1 values for the 1,2-di- 
bromides listed in Table I are reasonably constant except 
for the cyclopropyl and ethyl systems. If assistance by 
neighboring bromine is significant, it  is plausible that this 
factor is dominant over conformational effects for all the 
secondary systems except cyclopropyl and the kdi/kmono ra- 
tios thus reflect mainly on reactivity differences among the 
monobromides where conformational effects appear to be 
more important. The cyclopropyl and ethyl systems react 
slower in both series presumably due to C-Br bond 
strength considerations. 

It may be noted that a crucial feature of either of the 
above explanations of the kd,/kmono data is the involvement 
of anchimeric assistance by the neighboring bromine for 
the 1,2-dibromides. 

In our previous work we concluded that a concerted 
elimination of the (?-bromine was probably not responsible 
for the enhanced rate of iodine abstraction from l-bromo- 
2-iod0ethane.~ The present results confirm this conclusion. 
The kdi/kmono value of 8.9 for the cyclopropyl pair is the 
largest observed in the present work yet the elimination of 
P-bromine from the 2-bromocyclopropyl radical should be 
the least favored. Heat of formation data indicate an in- 
crease of 25.4 kcal/mol in ring strain in going from cyclo- 
propane to cyclopropene whereas there is a loss of ring 
strain for the cyclopentyl through cyclooctyl counter- 
parts.24 

(c) Estimate of Stabilizing Influence of &Bromine 
Substituent. It  was concluded in the above section that a 
P-bromine substituent can stabilize a radical center al- 
though the precise mode of this stabilization is not yielded 
by these studies. I t  would seem important to be able to ob- 
tain an estimate of this stabilizing influence. Krusic and 
Kochi have obtained barriers to rotation in alkyl radicals of 
1.2, 1.6, and 2.0 kcal/mol for the /3 substituents Si, Ge, and 
Sn, respective1y.lsa A barrier as high as 5 kcal/mol was 
noted for Sn in the adduct of tributylstannyl radical to bu- 
tadiene.16c Alternatively, the stabilization energy in the 2- 
bromoethyl radical due to interaction of the unpaired elec- 
tron with the P-bromine substituent may be defined as 
D(CH3CH2-H) - D(BrCH2CH2-H).25 We have observed 
in previous studies that the abstraction of iodine from 0- 
bromoethyl iodide is ca. 90% faster than the expected rate 
after correcting for inductive  effect^.^ From this rate en- 
hancement an estimate of the stabilizing influence of the 
&bromine can be calculated since there is an excellent cor- 
relation between the rate of abstraction of iodine from ali- 
phatic iodides and the respective thermodynamic C-H 
bond dissociation energies, providing the kinetic k l /ku ,  
values are first corrected for the slight polar effects of the 
groups attached to the carbon from which the iodine is ab- 
~ t r a c t e d . ~  Knowing the kI/kB, abstraction rate of  an alkyl 
iodide, it is possible to obtain its D(C-H). By calculating 
the D(C-H) for BrCH2CH2-H and comparing it with the 
known D(C-H) for CH~CHZ-H, a stabilization of 2.1 kcal/ 
mol is obtained for the 2-bromoethyl radical relative to the 
ethyl radical itself. 

A similar analysis utilizing kBr/kC1 data of the sort ob- 
tained in the present study yielded a bond dissociation en- 
ergy for BrCH2CH2-H of 96.1 kcal/mol which is lower than 
the D(C-H) of ethane by 1.9 kcal/mol in good agreement 
with the estimate from the kI/kBr data. The same treat- 
ment was applied to allyl bromide as a check on the validi- 
ty of this method. From the kBr/kC1 value of 2.43 for allyl 
bromide a resonance energy of ca. 8 kcal/mol is estimated. 
This compares with a value of ca. 10 kcal/mol determined 
by other w0rkers.~5 It  appears, then, that this Polanyi type 
of relationship is capable of yielding at least semiquantita- 
tive estimates of stabilization energies although the true 
values may be underestimated somewhat possibly because 
of the inherent assumption of a constant AS* for the reac- 
tions. In this regard, Skell, et al., reported a AAH* = -3.4 
kcal/mol and a AAS* = -7.2 eu for the @-hydrogen of 1- 
bromobutane relative to the (Y hydrogen for reaction with 
Br atoms and interpret the differences as resulting from 
bromine bridging.lla Thus, we conclude that a P-bromine 
stabilizes a radical site to the extent of ca. 2.0 kcal/mol al- 
though this value might underestimate the stabilization 
somewhat. 
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Experimental Section 
Kinetic analysis were performed as described previ~usly.~ 
Bromocyclopropane, bromocyclobutane, bromocyclopentane, 

bromocyclohexane, bromoethane, 2-bromobutane, 1,2-dibromoe- 
thane, and allyl bromide were commercially available and purified 
by vacuum distillation if deemed necessary by glpc analysis. 

Bromocycloheptane was synthesized by adding anhydrous HBr 
to cycloheptene following the general procedure of Mozingo and 
Patterson.26 To a solution of 0.2 mol of cycloheptene in anhydrous 
ether in a round-bottom flask wrapped in aluminum foil was 
added a slight excess of dry HBr from a gas cylinder, keeping the 
temperature below 5O. The reaction was allowed to stir for 20 hr. 
As much of the unreacted cycloheptene as possible was removed 
by vacuum distillation. The remaining cycloheptene was brominat- 
ed by saturating with Brz, washed with 10% NaHS03 and water, 
and dried, and the bromocycloheptane was obtained by distillation 
at 26-26.5' (0.3 mm), yielding a product >99% pure by glc and 
containing no detectable dibromide. This compound was very sen- 
sitive to thermal decomposition, and glpc injection port tempera- 
ture and distillation pot temperatures were kept below 80'. Com- 
mercially obtained bromocycloheptane was found to contain ca. 
10% low-boiling impurities and attempted purification by spinning 
band distillation at reduced pressures was unsuccessful due to 
thermal decomposition. 

Bromocyclooctane was synthesized in a similar manner from cy- 
clooctene. Since this compound was also quite susceptible to ther- 
mal decomposition, attempts to distill the product only yielded 
more impurities. The major reaction impurity was cyclooctene 
which was removed by washing with 85% HzS04 at  5 O following 
the procedure of Cope, Brown, and Other low-boiling com- 
ponents of the mixture were removed by distillation at  50' (0.3 
mm), leaving bromocyclooctane that was >99% pure by glpc. 

meso- and dl-2,3-dibromobutane were prepared from trans- and 
cis-%butene, respectively, by bubbling the butene through a 0.1 
mol solution of Brz in CC14. The exothermic reaction occurred 
quite fast and the bromine color was discharged in 15 min. The 
CC14 was removed on a rotary evaporator and the product distilled 
at 29-30' (5 mm). Analysis by glpc showed each isomer >99% 
pure, the only detectable impurity being the other diasteriomer. 
tmns-1,2-Dibromocyclopropane was prepared by addition ,of 

Brz to cyclopropene in CHzClz. The cyclopropene was generated 
by the method of Closs and K r a n t P  using 22 ml (0.4 mol) of allyl 
bromide and 16 g (0.4 mol) of' sodium amide rather than allyl chlo- 
ride as reported. The higher boiling allyl bromide gave better re- 
sults with less allyl compound as contaminate in the product. The 
cyclopropene generated escaped through the condenser as it was 
formed and was bubbled into 5.8 g (0.4 mol) of Brz in CHZC12. The 
CHzClz was removed by fractional distillation and the product col- 
lected by glc and identified by nmr spectros~opy.~~ 
trans-1,2-Dibromocyclopentane, -cyclohexane, -cycloheptane, 

and -cyclooctane were prepared by the slow addition of the respec- 
tive cycloalkene to a solution of bromine (ca.  0.3 mol) in CCld until 
the bromine color was just discharged. The solutions were then 
fractionally distilled at atmospheric pressure to remove the CCl4 
and any unreacted cycloalkene, and then were vacuum distilled 
utilizing either a Vigreux or spinning band distillation apparatus: 
trans- 1,2-dibromocyclopentane (bp 53-56' (4.5 mm)); trans-1,2- 
dibromocyclohexane (bp 55-57' (0.4 mm)); trans- 1,2-dibromocy- 
cloheptane (bp 42-46' (0.1 mm)); trans- 1,2-dibromocyclooctane 

(bp 71-73O (0.1 mm)). All products were determined to be >99% 
pure by glpc although all the dibromides were found to be quite 
sensitive to injection port temperature.30 

Registry No.-HBr, 10035-10-6; cycloheptene, 628-92-2; cy- 
clooctene, 931-88-4; trans-2-butene, 624-64-6; cis-2-butene, 590- 
18-1; bromine, 7726-95-6; cyclopropene, 2781-85-3; cyclopentene, 
142-29-0; cyclohexene, 13 0-83-8. 
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