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and little dibromonitromethane (2) would be formed. In
the case of slow addition there would be ample time for 8 to
give 1 and the hypobromite would preferentially react with
the more reactive 1 than nitromethane.”

Experimental Section

Reaction Conditions. To a stirred solution of 0.004 mol of ole-
fin in 11.2 ml of nitroalkane maintained at ice-bath temperatures
was added 2 ml (1.2 M) of tert-butyl hypobromite-carbon tetra-
chloride solution. (The concentrations of the alkyl hypobromites
solutions varied somewhat depending on the preparation.) The re-
actions were essentially instantaneous but stirring was continued
for a short time. Slow addition of the hypobromite was done with a
dropping funnel or a dropping pipet. Rapid addition simply in-
volved letting the hypobromite solution run in directly from a vol-
umetric pipet. The reaction products were analyzed directly by
VPC. The synthesis of methyl hypobromite has been described
. previously;! we used this same procedure to make tert-butyl hypo-
bromite. As was the case with the alkyl hypochlorites, no reaction
occurred between the alkyl hypobromites and the nitroalkanes un-
less the olefins were present.

Identification of Products. Bromonitromethane (1) and tri-
bromonitromethane (3) were synthesized unambiguously by addi-
tion of the appropriate amount of bromine to a solution of nitro-
methane and base, and were identified by comparison of their in-
frared spectra with the reported spectra for these compounds.® Di-
bromonitromethane (2) was prepared as described for 1 and 3, and
its structure was confirmed from its infrared spectrum (absorption
bands, cm™1), C-H, 2400; -NQy, 1325 and 1575; C-Br, 600 and 675;
and from its boiling point; reported,? 58-60 °C (13 mm) [175 °C
(760 mm)]; found, 50 °C (5.5 mm) [180 °C (760 mm)]. 1-Bromoni-
troethane (4) and 1,1-dibromonitroethane (5) were synthesized un-
ambiguously as previously described.!® The ir spectrum of 4 also
compared favorably with the reported spectrum.” The compound
responsible for peak 4 was isolated from the reaction product (hy-
pobromite, olefin, and nitroethane) by preparative VPC; the ir
spectrum of the collected compound was identical with that of the
unambiguously synthesized 4, with the exception of a small car-
bonyl absorption (contaminant) in the later. Compounds 1, 2, 3,
and 5 were confirmed as products by comparisons of the retention
times of the peaks assigned to them with the retention times of the
authentic compounds. Styrene dibromide was prepared by addi-
tion of bromine to styrene. 3-Bromostyrene was synthesized unam-
biguously by the decarboxylation of 2,3-dibromocinnamic acid.!*
The synthesis of 2-bromo-1-methoxy-1-phenylethane has been de-
scribed previously.!? 2-Bromo-1-tert-butoxy-1-phenylethane was
isolated by preparative VPC and identified by its NMR spec-
trum:18 § 1.20 [s, 9, C(CHa)s), 3.35 (d, 2, CHb), 4.65 (t, 1, CH), 7.35
(s, 5, CeHs).

Analysis Procedure. Compounds 1, 2, and 3 were separated on
a 4 ft X 0.25 in. column packed with 2% DNP on Chromosorb W
(60/80 mesh) DCMS at 65 °C (flow rate 60 ml/min He); under
these conditions the retention times (min) were respectively 3.3,
6.5, and 13.0. The internal standard was p-bromochlorobenzene.
Compounds 4 and 5 were separated as described for the bromoni-
tromethanes with the exception that the column was 8 ft; the re-
tention times (min) were respectively 4.8 and 9.1. The internal
standard was o-bromotoluene. Compounds 6, 7, 2-bromo-1-me-
thoxy-1-phenylethane, and styrene dibromide were separated on
the same column as used for the bromonitromethanes (column
temperature 100 °C) with the following retention times (min), re-
spectively: 4.6, 11.7, 6.9, and 15.8.
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It has recently been shown that trichloramine reacts with
olefins to give vicinal dichlorides by a radical mechanism,!
and that iodobenzene dichloride and olefins also form vici-
nal dichlorides by either an ionic or radical mechanism de-
pending on the conditions.? Since we had recently estab-
lished the structures of the stereoisomeric dichlorides that
result from chlorination of cyclopentadiene (1)? and 1,3-
cyclohexadiene (2),* we felt that it would be of interest to

Clm/(CHz)n Clg, (CHy), Clag (CH,), £C1 (CH,), 4Cl
od 1 L1 LY «L 7T

Ccr
la,2a 1b,2b 1c,2¢ 1d,2d

compare the product ratios from these chlorinating agents
with those from molecular chlorine with the object being to
obtain information on the bonding in the intermediate rad-
icals and ion pairs. The products from reaction of the
dienes with antimony pentachloride are also included for
comparison purposes.’

The structures of the dichloride products are shown
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TableI. Chlorinations of Cyclopentadiene and 1,3-Cyclohexadiene
Dichlorides, % Yield, %
Chlorinating
Entry agent Solvent la 1b ie 1d 2a 2b 2¢ 2d 1 2
1 Clg CH.Cl, 38 25 18 9 14 58 21 7 52 38
2 Cle CCl 27 23 39 11 8 22 69 1 60 28
3 Cly CsHyo 13 29 29 28 15 49 33 3 68 34
49 Clp Neat 25 26 34 15 40
58 PhICl, CH,Cl, 10 17 24 49 3 39 18 40 43 67
6o PhICl, CCl, 5 21 41 33 <1 24 28 45 55 96
78 PhICI, CsHiz 7 17 44 32 3 36 28 32 74 74
8a.c PhiCl, CH,Cl, 1 44 29 26 0 46 10 44 85 90
96 PhICl, Neat 0 41 30 29 1 49 9 41 59 88
10 NCl; CHyCl, 19 37 26 18 9 47 20 24 54 99
11 NCls CCly 14 36 26 24 8 41 31 20 71 92
128 NCl; CCly 11 38 25 26
13 NCl; CsHio 12 33 25 30 9 45 23 23 68 99
14¢ NCls Neat 12 38 25 25 6 46 19 29 55 58
15 SbhCls CHCl, 7 12 52 29 27
16 ShCls CCly 6" 22 38 34 2 40 18 42 96 65
17 ShCls CsHio 19 21 27 33 71

¢ The reactants were illuminated with ultraviolet light and flushed with No. ? 2,6-Dimethyl-4-tert-butylphenol was added (1 M) as an

inhibitor. ¢ The solution was 0.5 mol fraction in diene.

below where n = 1 and 2 for cyclopentadiene (1) and 1,3-
cyclohexadiene (2), respectively.

The amounts of the products and the corresponding re-
action conditions are summarized in Table I. The following
general observations can be made: (a) all three chlorinating
agents give more trans 1,4-dichlorides than does molecular
chlorine—this is particularly dramatic with 1,3-cyclohexa-
diene; (b) in most cases there is a decrease in amount of cis
1,2 addition with all of the chlorinating agents which is
most notable with iodobenzene dichloride; and (c) the
yields of the dichlorides (2a-d) from 1,3-cyclohexadiene
are greatly improved with iodobenzene dichloride, trichlo-
ramine, and antimony pentachloride.

Entry 14 describes reaction conditions which are most
conducive to a radical reaction: pure diene (molecule-in-
duced homolysis); absence of an inhibitor (Os removed by
No); and ultraviolet illumination. Product ratios (entries
10-13) under all of the different reaction conditions are es-
sentially identical with those from entry 14, suggesting that
trichloramine reacts with dienes 1 and 2 only by a radical
mechanism.? The intermediate radical (3) apparently has

RO RS
3

little bridging between the chlorine and the adjacent allylic
system since trichloramine does give considerable cis 1,2
addition. The electron density in 3 may be somewhat lower
at Cs, and hence less stable and more reactive, since trans
1,2-dichloride 1b is the major product under radical condi-
tions, or the product ratios from the reaction of radical in-
termediate 3 with the chain-carrying species (NClz, NCl,,
NCl, etc.) simply may reflect a steric preference.” If chlo-
rine reacts with cyclopentadiene (1) by a radical mecha-
nism (entry 14),% the radical intermediate from molecular
chlorine should be identical with 3 from trichloramine, but
since the product ratios are different the intermediate
must exhibit a steric preference in its reaction with the dif-
ferent chlorine donors. This is further exemplified by iodo-
benzene dichloride, which, under radical conditions (entry
9), shows similar reactivity to trichloramine except for the
fact that it gives little cis 1,2 addition to either dienes 1 or
2. Apparently the large iodobenzene dichloride molecule
experiences severe steric hindrance as it approaches Cj

(cis) in both of the intermediate radicals. The radical inter-
mediate from 1,3-cyclohexadiene also shows a slight prefer-
ence for trans attack at Cg in the chain-propagating step
with both trichloramine and iodobenzene dichloride
(entries 10-14 and 8-9, respectively).

We feel that a comparison of the ionic addition products
from the reaction of iodobenzene dichloride (entries 5, 6,
and 7)1 and chlorine (1, 2, and 3) with dienes 1 and 2
raises an interesting question concerning the structure of
the ion pair from iodobenzene dichloride. The results in
Table I show that iodobenzene dichloride gives considera-
bly more trans 1,4 addition to both 1 and 2 than does mo-
lecular chlorine. We suggest that this difference can be ex-
plained on the basis of a consideration of the respective ion
pairs. In the reaction of iodobenzene dichloride the ion pair
(4, shown with diene 1)!! would involve the large anion
(Ph-I-C1~) which would experience steric hindrance as it

(Ph—T—C1)’~
PhiCl, L
—_— Cl; —_—
(Ph—I—Cl)~
Cly
AN g — dichlorides
4

approached Cs in a cis direction (cis 1,2 addition), but
could undergo trans attack freely at the same carbon. On
the other hand, the small chloride ion in the corresponding
ion pair from molecular chlorine apparently experiences
little steric hindrance during attack at any of the positions.
Steric hindrance also appears to be involved in cis attack of
the large anion at C; since there is a significant reduction
in cis 1,4 addition for both dienes in going from chlorine to
iodobenzene dichloride; this is particularly dramatic for
diene 2. (The results for diene 1 in pentane are, for un-
known causes, exceptions to these comparisons.) Tanner
and Gidley? do not discuss the structure of the anion in the
jon pair but show chloride ion and the iodobenzene mole-
cule in their ion pair. It is conceivable that our results could
be explained on the basis that the chloride ion and the io-
dobenzene molecule remain in close proximity in the ion
pair and that the large iodobenzene molecule effectively
blocks cis attack by chloride ion at carbons 1 and 3.
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The steric requirements of the large anion (Ph-I-CI™)

can also be used to explain the fact that Cristol et al.!! ob-

tained trans addition of chlorine in the reaction of ace-
naphthylene with iodobenzene dichloride. Tanner and Gi-
dley? concluded that this reaction must be going by a radi-
cal mechanism since ionic addition of molecular chlorine to
acenaphthylene gave only cis addition. However, the large
anion from iodobenzene would probably prefer to add trans
while the small chloride ion could add cis.

The increase in trans 1,4 addition and the decrease in cis
1,2 addition in the reaction between 1 and antimony penta-
chloride has also been rationalized on the basis of a large
anion (SbCly~ or SbClg™) in the ion pair.5

The small amount of cis 1,2 addition (la, 2a) which does
occur in the reaction of 1 and 2 with iodobenzene dichlo-
ride is probably not the result of a concerted, molecular
process (5, shown with diene 1) since cis 1,2-dichloride for-
mation with this chlorinating agent in the case of other ole-
fins has been interpreted in other ways,? or simply has not
been observed.1%:12 The cis 1,4-dichlorides (le and 2¢) can
not be formed by a concerted cis 1,4 addition since this su-
prafacial addition would be forbidden with iodobenzene di+
chloride as has been explained with antimony pentachlo-

ride.13
Cl
// S
)
~

Experimental Section

Materials. Both iodobenzene dichloride!4 and trichloramine!®
were prepared as described in Organic Syntheses. Antimony pen-
tachloride was obtained from Alfa Products. )

Reaction Conditions. Reactions were carried out under nitro-
gen (unless oxygen was required as an inhibitor) and at thé fol-
lowing temperatures: trichloramine and antimony pentachloride,
—10 °C; and iodobenzene dichloride, room temperature. The
dienes were dissolved in the appropriate amount of solvent to give
a mole fraction of 0.02. The chlorinating agents were added to a
stirred solution of the dienes in such amounts to consume 10 and
20% of the diene in dilute and neat solutions, respectively. The
method of addition of the chlorinating agent depended on the re-
action conditions: with dilute solutions, antimony pentachloride
and iodobenzene dichloride were added as ca. 5% solution in the
appropriate solvent; and in neat reactions, antimony pentachloride
was added neat, and iodobenzene dichloride as a solid. Under all
conditions trichloramine was added as a solution (0.6-0.7 M) in the
appropriate solvent. The approximate volumes of dilute reaction
mixtures are (ml): CHaCls, 22; CCly, 32; and CsHyo, 38. )

Identification and Analysis of Products. The cyclopentadiene
dichlorides have already been reported,® and the procedures for es-
tablishing the structures of the cyclohexadiene dichlorides are de-
scribed elsewhere.* The dichlorides from both ‘dienes were ana-
lyzed by VPC under the following conditions: (cyclopentadiene), 7
ft X 0.125 in. column (SS) at 62 °C packed with 8,8-oxydipropioni-
trile (2.5%) on 80-100 mesh Chromosorb W (AWDMCS) with re-
tention times (min) of 4.4, 7.4, 20.6, and 22.6 for 1b, 1d, 1¢, and 1a,
respectively; and (cyclohexadiene),!6 6 ft X 0.125 in. column (SS)
at 57 °C packed with SE-30 (2.5%) on 80-100 mesh Chromosorb W
(AWDMCS) with retention times (min) of 5.8, 7.2, 7.9, and 9.2 for
2b, 2d, 2¢, and 2a, respectively. The stability of the dichlorides
under these reaction and analysis conditions have been discussed
elsewhere.3-5
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The potential of tetrathia[4.4]cyclophanes as useful syn-
thetic precursors of bridged aromatic ring systems has been



