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2 - (2,4,6 - Triethylphenyl)ethanol. 2,4,6 - Triethylbenzyl
chloride (0.063 mole) was converted to the nitrile and the
crude nitrile hydrolyzed as described under the preparation
of 2-(p-ethylphenyl)ethanol to give 2,4,6-triethylphenyl-
acetic acid (169, yield), m.p. 95-96°. The 2,4,6-triethyl-
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(80% yield), m.p. 39-40°; 3,5-dinitrobenzoate, m.p. 97.5-
98.0°.
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phenylacetic acid (0.01 mole) was reduced using lithium
aluminum hydride?! to give 2-(2,4,6-triethylphenyl)ethanol
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A comparison of N-bromoacetamide and N-bromosuccinimide as brominating agents in reactions which were presumably
free radical in type has been carried out especially with reference to their tendencies to give allylic bromination or addition
to the double hond. It was found qualitatively that N-bromoacetamide showed more tendency toward addition and was the
more reactive reagent. N-Bromodiacetimide, which closely resembles N-bromosuccinimide from the standpoint of electronic
configuration but which is more like N-bromoacetamide from the standpoint of steric strain, was so reactive it could not be
prepared pure. Crude solutions of it reacted with olefins to give bromine addition products as the only ones isolated, but
these could have arisen from the reaction with bromine formed by decomposition. An investigation of the fate of the acet-
amidyl radical during the reaction of N-bromoacetamide with styrene to give styrene dibromide showed that when the
reactants were carefully mixed so that the reaction proceeded rapidly and smoothly nearly all of the acetamidyl radical
could be identified as acetamide. The source of the hydrogen necessary for acetamide formation, at least in some of the
cases, must have been either styrene or a brominated product, but no products formed by such hydrogen abstraction could

be isolated.

N-Bromoacetamide has been used? as a source of
bromine atoms for substitution on the allylic posi-
tion, and N-bromosuccinimide has been de-
veloped?®—7 extensively as a brominating agent for
allylic positions and aromatic side chains. For
each of these N-bromo compounds, however, addi-
tion of bromine to the double bond has at times
been observed under conditions expected to favor
free radical reactions. N-Bromoacetamide appears
to give this type of reaction quite readily.8® In
the case of its reaction with styrene the free radical
nature of the reaction was especially apparent.?
Addition with N-bromosuccinimide has been ob-
served®—1¢ a5 the main reaction in several cases
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while in other cases some addition has been ob-
served when substitution was the main reac-
tion.%¥—1% Tn several instances there was extensive
addition under conditions favorable to free radical
reactions.?~13 In other cases the beneficial effects of
antioxidants such as p-fert-butyleatechol®®® and
of halide ion'%!® in promoting addition reactions
have been interpreted in terms of polar mecha-
nisms.

The results of the present investigation are sum-
marized in Table I. In the cases studied N-bromo-
acetamide tended to give addition preferentially
and N-bromosuccinimide gave the expected allylic
bromination where possible. In detail the results of
Table I do not always agree with results reported
elsewhere. For example, no cyclohexene dibromide
was isolated from the reaction with N-bromosuc-
cinimide but small amounts have been reported»—18
under conditions favorable to free radical reactions.
No dibromide could be isolated from extended inter-
action of styrene with N-bromosuccinimide in the
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absence of an efficient hydrogen source or of halide
ion, but a small yield has been reported! ¢ under
such conditions. In another report® styrene was
listed as being unreactive to A-bromosuccinimide.

TABLE I
REeacTiONS OF OLEFINS WITH N-BROMOAMIDES
Total
Yield
N- Typeof (%)
Bromo- Mole Sol- Bromi- Iso-
Olefin amide® Ratio® vent nation lated
2-Methyl- NB® 0.5 CCl Allyle 41
2-hexene NBA¢ 1.25 CCL Addition 50
NBD¢ 0.67 CCL Addition 29
Cyclo- NBS* 0.2 CCL Allyl 58
hexene NBA¢ 2.0 CCl Addition 47
NBA® 0.25 CClL Allyl 36
NBD¢ 2.0 HCCl; Addition 33
Styrene NBS” 1.0 CCL Addition 0
NBS¢* 1.0 CHCl; Addition 26
NBA® 2.0 CClL Addition 34
NBA° 2.0 CHClL; Addition 52
NBD® 2.0 HCCl; Addition 24
1,3-Diphen- NBS* 0.83 CClL 2t 0
ylpropene NBA* 2.0 CCL Addition 23
NBD* 2.0 HCCL Addition 10
Isobutylene NBS? CHCl, *?* 0
NBAY ..  CHCL Addition 42
Ethyl cin- NBS* 1.0 CHCl; Addition 0
namate NBA® 2.0 CHCl; Addition 39
Methy!l ¢in- NBA* 2.0 CHCl; Addition 30
namate
Trans NBA® 2.0 CHCL Addition 42
stilbene
Tolan NBA* 2.0 CCl, Addition 32
Benzalace- NBA® 2.0 CHCl; Addition 57
tophenone
Phenylacet- NBA®* 2.0 CHCl; Addition 387
ylene

* NBS represents N-bromosuccinimide; NBA, N-bromo-
acetamide; NBD, crude N-bromodiacetimide. ® Mole ratio
of N-bromoamide to olefin. ¢ In each of these cases the
solution was warmed to start the reaction and the olefin
or N-bromoamide was added slowly enough to maintain the
reaction mixture at or below the boiling point. ¢ This prod-
uct consisted of 277, 2-methyl-4-bromo-2-hexene and 149,
of a crude dibromo-2-methyl-2-hexene. ¢ The solution was
boiled under reflux until there was no test for N-bromo-
amide with moist starch-iodide paper. 7 This entry repre-
sents the results of a number of experiments in which the
solution was boiled under reflux for as long as 4 days and il-
luminated with an ultraviolet lamp during that period for
22 hrs. At the end of this maximum period of time, a 95%
recovery of NBS and a 739, recovery of styrene were made.
With shorter reaction periods even more NBS could be re-
covered. The addition of a small amount of NBA did not
initiate any reaction. ¢ Ethyl alcohol (10 ml. per 100 ml. of
CHCYL) was added before any change took place with the
relatively insoluble NBS. * The solution was refluxed for
from 15 to 30 min. * A residue which gave off hydrogen
bromide but would not crystallize was formed. ¥ Carried
out at room temperature under a Dry Ice reflux condenser
as isobutylene was bubbled into the solution. * The only
product other than succinimide charred and decomposed
on distillation. ’ This reaction was carried out under reflux
under ultraviolet illumination for 3 days. The NBS was re-
covered in 929, yield.

_EEO) Kharasch and Priestley, J. 4m. Chem. Soc., 61,
3425 (1939).
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When cyclohexene reacted with excess N-bromo-
acetamide the reaction which took place was addi-
tion, but with excess olefin substitution was ob-
served as had been reported.” With 2-methyl-2-
hexene, on the other hand, the reaction was con-
trolled by adding N-bromosacetamide & little at a
time so that the olefin was in excess but the addi-
tion product was obtained. None of the reaction
mixtures gave any isolable amounts of 1:1 adducts
of the sort that have been reported for the reactions
of N-bromosulfonamides,?.2! N-haloamides,®? N~
bromoimides, 5% or N-bromomorpholine?? with
olefinic compounds.

In connection with the addition of bromine the
fate of the nitrogen-containing radical is of in-
terest. When N-bromosucecinimide has been in-
volved good yields of succinimide have usually
been reported.’®—1* In connection with N-bromo-
acetamide some acetamide and sometimes some
bisacetamide hydrobromide have been found,? but
never enough to account for much of the acetamidyl
radical. In the present investigation the reaction of
N-bromoacetamide and styrene wag found to give
yields of acetamide as high as 659. When the
acetamide was isolated by precipitation as bisacet-
amide hydrochloride yields as high as 979, were ob-~
tained. Such complete accounting for the acetam-
idyl radical was possible only when the reaction
was carried out with just the right degree of con-
trol. In one experiment, where the reagents were
mixed too fast, for example, the reaction mixture
was extracted as completely as possible with water.
It was possible to account for 74.5%, of the nitrogen
in the water-soluble portion and for 21.7%, of the
nitrogen in the water insoluble portion. Thus, some
of the acetamidyl radical itself can be involved in
addition to give water insoluble products.

In order to account for the acetamidyl radical
forming acetamide it is necessary for a source of
hydrogen to be available, In at least some of the
experiments with styrene, where there was no hy-
drogen available from the solvent, this must have
been either the styrene or a brominated product.
No products resulting from this type of action could
be isolated however. A simple dehydrogenation of
styrene would be expected to yield phenylacetylene,
but this compound reacted with N-bromoacetamide
to yield what appeared to be its dibromide which
should have been isolable had appreciable amounts
been present in the reaction mixture. It seems that
the dehydrogenation of either styrene or a bro-
minated product was accompanied by some kind
of polymerization, but polystyrene was not formed.?
The presence of other possible hydrogen donors
did not change the situation in general. With
chloroform or benzene as solvents there was no
evidence of dehydrogenation products arising from

(21) Foldi, Ber., 63, 2257 (1930).
(22) Southwick and Walsh, J. Am. Chem. Soc., 77, 405
(1955).
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the solvent. Stilbene was brominated and triphen-
ylmethane did not react when they were included
in the reaction mixture as possible hydrogen
sources.

In the case of the reaction of tolan with N-
bromoacetamide neither the starting olefin nor the
dibromide appear to have been likely sources of
hydrogen. From this reaction mixture only a 709,
yield of bisacetamide hydrochloride could be iso-
lated. In cases such as this some of the acetamide
may have acted as a source of hydrogen, but no
products resulting from such a reaction could be
isolated.

Ethyl alcohol was evidently an effective hydro-
gen source since the unreactive combination of N-
bromosuccinimide and styrene reacted when it was
present to give 269 of the dibromide. Even better
results have been reported with catechol and tert-
butyleatechol. %16

Qualitatively there was a striking difference in
reactivity between N-bromoacetamide and N-
bromosuccinimide especially in the cases of styrene
and ethyl cinnamate which could not undergo
allylic bromination. In every case, even when N-
bromosuccinimide reacted quite rapidly, N-bromo-
acetamide reacted faster.

It had been hoped that a comparison of N-
bromodiacetimide with the other two N-bromo-
amides would throw some light on the differences
in reactivity. The results were disappointing,
however, since N-bromodiacetimide could be pre-
pared only in an impure solution and its reactions
may merely be those of the bromine formed from
its decomposition. Its tendency to decompose, how-
ever, may be significant in itself. Surely it does act
more like N-bromoacetamide than like N-bromo-
succinimide. It may be that the reactivity and in-
stability of N-bromoacetamide and especially N-
bromodiacetimide are caused by steric strain on
the nitrogen-bromine bond. Such steric strain would
not be a factor in the structure of the cyelic N-
bromosuccinimide. In any event it is quite evident
that in general N-bromoacetamide is considerably
more reactive than N-bromosuccinimide.

The difference in the results of the reactions of
these two N-bromoamides might be explained on
the basis of the reaction scheme outlined in equa-
tions 1 to 4. This scheme is consistent with the free
radical mechanism proposed for substitution reac-
tions by N-bromosuccinimide,?*24 If the nitrogen-
- bromine bond were weakened, step 1 and those like
step 4 would be particularly affected. If step 2 were
faster than 3, but a relatively unfavorable equilib-
rium, a relatively rapid step 4 would allow step 2
to be relatively slow, but still faster than step 3,
and, thus, the predominant path, which would

(23) Bloomfield, J. Chem. Soc., 114 (1944).

(24) Dauben, McCoy, and Youngman, meeting of the
Amerroan Cmemricat Sociery, Chicago, Sept. 1950, p.
1IN.
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lead to bromine addition. At the same time, a rela-
tively slow step 4 would give the irreversible step
3 a chance to compete successfully with the rela-
tively unfavorable equilibrium of step 2 and sub-
stitution would predominate. Decreasing the rela-
tive amount of the N-bromo compound would have
the same effect of favoring step 3 over step 2 while
an increase would have the opposite effect,.

>NBr -+ hy —> >N- + Br (1)
>C=(|I—CH2— + Br >CBr—-[C—CHr (2)

:>C=?—CH2' 4+ >No > >C=(IJ——CH— 4+ >NH (8)

R+ + >N—Br —> RBr + >N (4)

Thus, if such a scheme were followed N-bromo-
succinimide would be expected to tend to give sub-
stitution and N-bromoacetamide to tend to give
addition, which results have been observed. In
the cases where N-bromosuccinimide gave addi-
tion step 2 could be an equilibrium favorable enough
to compete with step 3 in spite of a slow step 4.

In order to explain the formation of acetamide or
succinimide from the addition reaction it is neces-
sary to consider a source of hydrogen ZH, entering
into the reaction sequence some such way as shown
in steps 5 and 6. Such steps in the sequence make
available bromine atoms for step 2. The ease with
which a step such as 6 would take place would
again depend on the reactivity of the N-bromo
compound. Since two such steps (4) and (6) would
be necessary for the addition reaction only reactive
N-bromo compounds would usually be expected to
react effectively in this way:

>N. + ZH, —> >NH + ZH. (5)
ZH. + >N—Br —> >NH + Z: + Br- (6)

EXPERIMENTAL

N-Bromoacetamide. This compound of m.p. 97-103° was
prepared as described?® for an earlier investigation, but most
of the N-bromoacetamide used was kindly supplied by
Araphoe Chemicals, Inc.

N-Bromosuccinimide. This compound was prepared as
described® by the alkaline bromination of suecinimide, but
most of the N-bromosuccinimide used was kindly supplied
by Arapahoe Chemicals, Inc.

N-Bromodiacetimide. In an all glass system freshly pre-
pared phenyl magnesium bromide [from 15.7 g. (0.10 mole)
of bromobenzene] in 200 ml. of anhydrous ether was added
to a solution of 10.1 g. (0.10 mole) of diacetimide® in 150
ml. of anhydrous ether. A white precipitate formed and the
reaction mixture became warm. To this suspension 16 g.
(0.10 mole) of bromine was slowly added with stirring. A
yellowish semisolid formed during the addition. The yellow
solution was decanted and most of the ether was removed by
distillation. The concentrated solution was filtered and dis-
solved in 75 ml. of carbon tetrachloride. This solution was
then used in the bromination experiments.

An alternative procedure was the same as the procedure
described above until the diacetimidomagnesium bromide
was precipitated. This was then filtered from the solution

(25) Polya and Tardrew, J. Chem. Soc., 1081 (1948).
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TABLE 11
ProPERTIES OF BrROMINATION PrRODUCTS
Brominat- BP, Pressure, M.P.®
Product ing Agent °C. Mm. °C. dz° ny
2,3-Dibromo- Br, 73-75 1.5068 1.4990
2-methyl NBA 73-74 8 1.5063 1.4963
hexane® NBD 69-73 5 1.5015 1.4980
4-Bromo-2- NBS 43-44 5 1.1679 1.4785
methyl-2-
hexenes
Dibromo-2- NBS 90-92.5 5 e 1.5269 1.5333
methyl-2-
hexene®
1,2-Dibromo- NBA 99-102 13 Cae 1.780 1.5530
cyclo- XBD 93-96 10 e 1.777 1.5521
hexane?
3-Bromocyclo- NBS 73-76 16 1.393 1.5300
hexene’ NBA 73-74 14-15 e 1,405 1.5279
1,2-Dibromo- NBS . .. 71-72 ..
1-phenyl- NBA 108-110 4 71-72
ethanes NBD . 72-73
1,2-Dibromo- Br, 108-109
1,3-diphen- NBA 106108
ylpropane’ NBD .. . 106-108 . .
1,2-Dibromo- NBA 7-38 9 .. 1.545 1.4800
2-methyl- 145-146 745 . 1.528 1.4800
propane?
Ethyl 1,2-di- NBA 7374 . .. ®
bromohy-
drocinna~
mate®
Methyl 1,2-di- NBA 115-116
bromohy-
drocinna~
mate®
trans-c,a’- 11~ NBA 208-209
bromostil-
bene®
meso-a, o'~ Di~ NBA 243-244
bromobi-
benzyl?
2,3-Dibromo- NBA 158-159
3-phenyl-
propio-
phenone®?
a,B-Dibromo- NBA 101-104 4
styrene’

@ All m.p.’s corrected. Mixtures of solid bromination products with authentic samples gave no lowered m.p.’s. ® Lit. b.p.
99-100° (27 mm.), n%? 1.5001 [Hurd and Bennett, J. Am. Chem. Soc., 51, 3675 (1929)]. ® Anal. Cale’d for C;Hi:Brs: Br,
60.2%. Found: Br, 58.87%,. The product slowly decolorized bromine in carbon tetrachloride and potassium permanganate
in acetone. Sodium iodide in acetone gave an immediate white precipitate with some light brown color. ¢ Lit. b.p. 97-98°
(10 mm.), di® 1.7898, ' 1.5540 [Coffey, Rec. trav. chim., 42, 398 (1923)]. * Lit. b.p. 69~72° (13 mm.), n% 1.5285.7 I Lit.
m.p. 112° (block) when prepared from the oily olefin of unknown configuration.?® ¢ Lit. b.p. 54-56° (24 mm.), 149-151° (760
mm.), n% 1.5119, d2° 1.7827 [Krestinsky, Ber., 55, 2754 (1922)]. Distillation at atmospheric pressure gave rise to fumes of
hydrogen bromide and a distillate which decolorized bromine in carbon tetrachloride and potassium permanganate in
acetone. * Lit. m.p. 117° [Anschiitz and Kinnicutt, Ber., 11, 1214 (1878)]. ¢ Lit. b.p. 132-135° (15 mm.) [Nef, 4dnn., 308,

273 (1898)].

and kept at 75°. On the day before a bromination was to be
carried out 10.2 g. (0.05 mole) of the finely divided diacet-
imidomagnesium bromide was placed in an all glass vessel in
contact with excess bromine vapor and left overnight. The
excess bromine was then pumped off and the residue was
extracted with two 25 ml. portions of warm chloroform.
The orange solution wasused in the bromination experiments.

The attempted synthesis of N-bromodiacetimide by means
of the usual basic brominations which were used in the
synthesis of N-bromoacetamide and N-bromosuccinimide
gave no isolable product. The method? of bromination of

V(26) Hemio and Ziunmer, J. dm. Chem. Soc., 73, 1103
(1951).

the silver salt of diacetimide in trifluoroacetic acid likewise
gave no isolable product.

9-Methyl-2-hexene. This compound was prepared by the
condensation of n-butylmagnesium bromide with acetone
followed by dehydration of the carbinol formed.?”

1,3-Diphenyl-1-propanol. A solution of 100 g. (0.48 mole)
of benzalacetophenone in 400 ml. of 959, ethyl alcohol
was hydrogenated over copper chromite at 1500 Ib. per sq.
inch and 140°. Distillation of the pale green solution yielded
83 g. (819%) of 1,3-diphenyl-1-propanol, b.p. 150-152° (2

(27) Hdgar, Calingaert, and Marker, J. Am. Chen. Soc.,
51, 1483 (1929).
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mm.), d2° 1.0594, n% 1.5734 which check well with re-
ported® values.

1,3-Diphenylpropene. A mixture of 106 g. (0.50 mole)
of 1,3-diphenyl-1-propancl and 45 ml. of 85% phosphoric
acid was slowly distilled to yield 80 g. (85%,) of 1,3-diphenyl-
propene, b.p. 144-145° (5 mm.) which was probably the
product, b.p. 164-168° (11 mm.), of questionable geometric
configuration often obtained in the synthesis of this ole-
ﬁn.28.29

Other olefins. Styrene was used without purification with
the fert-butyleatechol stabilizer present. Cyclohexene was
distilled from sodium wire and kept over sodium wire. All of
the other olefins were either commercial products or were
synthesized by methods appearing in the Organic Syntheses
series.

Solvents. Chloroform was washed several times with con-
centrated sulfuric acid and then with water. It was dried
over anhydrous potassium carbonate and then distilled.
Carbon tetrachloride was distilled from phosphorus pent-
oxide. Commercial, thiophene-free benzene was used with-
out change.

Bromination Exzperiments. In general, 0.1 mole of brominat-
ing agent was used in 50 to 150 ml. of solvent with varying
amounts of olefin. In all of the reactions the N-bromoamide
was the yield-limiting material. Conditions during the reac-
tion were adjusted to suit the reactivity of the N-bromo-
amide. In general, the N-bromoacetamide reactions had to
be controlled much more carefully, by adding one of the
reagents a little at a time, than did those with N-bromosuc-
cinimide. The general results of the brominations are sum-
marized in Table I. The properties of the products are given
in Table IT. In general, good yields of succinimide were ob-
tained from those reactions from which no N-bromosuccin-
imide could be recovered. Varying amounts of acetamide
could be obtained from the reactions involving N-bromoacet-
amide. As much as a 559, was isolated when cooled in an
ice-salt bath and as much as 659, was isolated when ether
was present.

About 44 experiments of this type were carried out be-
tween styrene and N-bromoacetamide in order to try to
isolate products more completely. In each case 0.1 mole of
N-bromoacetamide in the solvent was heated to reflux and
0.05 mole of styrene was added as rapidly as the violence of
the reaction would permit. The acetamide was precipitated
by anhydrous hydrogen chloride to give bisacetamide hydro-
chloride, m.p. around 131° in yields of 95-979 in the
most quantitative experiments. Attempts to purify the
oily residue by crystallization or distillation were usually
terminated by the formation of a brittle resinous glass.
Oxidation of 10 g. of the residue with hot basic permanganate

(28) Pfeiffer, Kalckbrenner, Kunze, and Levin, J. prakt.
Chem., [2] 119, 109 (1928).
(29) Ramart and Arnagat, Ann. chim. [10] 8, 310 (1927).
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in one experiment yielded 0.5 g. of benzoic acid as well as the
resinous glass.

When such a reaction was carried out in carbon tetra-
chloride with 0.05 mole of stilbene present a 15%, yield of
stilbene dibromide and a 349 yield of styrene dibromide
were obtained. A 559, yield of stilbene was recovered.
With 0.025 mole of triphenylmethane and 0.025 mole of N-
bromoacetamide with 0.125 mole of styrene in carbon tetra-
chloride, a 429, yield of styrene dibromide was isolated
and 919 of the triphenylmethane was recovered.

One experiment was carried out in carbon tetrachloride
on a carefully weighed sample of N-bromoacetamide. The
reaction mixture was extracted with water. The water
layer was divided into portions and shown to contain 74.5%
of the nitrogen by Kjehldal analysis and 18.69% of the
bromine by silver nitrate precipitation. The carbon tetra-
chloride solution was evaporated. The residue was shown
to contain 21.79; of the nitrogen by Kjehldal analysis and
81.79%, of the bromine by hot alcoholic silver nitrate precipi-
tation.

A very careful experiment was carried out with 4.1 g.
(0.023 mole) of tolan and 6.3 g. (0.046 mole) of N-bromo-
acetamide in 100 ml. of refluxing carbon tetrachloride. At
the end of 20 hr. no more N-bromoacetamide was present,
From the reaction mixture were obtained 2.5 g. (32%) of
crude tolane dibromide and 2.5 g. (70%) of bisacetamide
hydrochloride by the general methods described above.

In several cases reactions of the olefins with bromine in
carbon tetrachloride were carried out for the purpose of pre-
paring authentic samples of dibromides. The properties of
these samples are included in Table II.

Bisacetamide hydrochloride. A solution of 4.0 g. (0.067
mole) of acetamide in 50 ml. of anhydrous chloroform was
saturated with anhydrous hydrogen chloride to give 5.4 g.
(1049%,) of bisacetamide hydrochloride, m.p. 128-129°,
Crystallization from acetonitrile yielded 5.0 (969%) of the
hydrochloride, m.p. 130-131°.

Anal. Cale’d for C;HuN.0,Cl: C, 81.07; H, 7.17; N, 18.12;
Cl, 22.93. Neutralization equivalent weight, 155.9. Found:
C,31.12; H, 7.15; N, 17.67; Cl, 23.01. Neutralization equiva-
lent weight, 154.6.

Bisacetamide hydrochloride has been reported,®#® to
have a m.p. varying from 125-135°. It has also been re-
ported?3! to be considerably more stable than the 1:1
salt which decomposed with loss of hydrogen chloride to give
bisacetamide hydrochloride. No 1:1 salt was ever isolated
in the present investigation, but analysis of some samples of
bisacetamide hydrochloride of m.p. around 125° showed
that they were probably contaminated with this salt.
Recrystallization of such samples always gave bisacetamide
hydrochloride of m.p. around 131°.

(30) Pinner and Klein, Ber., 10, 1896 (1877).
(31) Strecker, Ann., 103, 322 (1857).



