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~ TableXI
Micellar Effects upon the Apparent Dissociation
Constants of n-Butylxanthic Acid in Water

Surfactant “ pKa” Surfactant oK a”
1.54 B5x10%M NaLS 2.45
2 x 10 M CTABr 1.01 102 M Triton 1.92

Micellized alkyl sulfates are readily hydrolyzed in mod-
erately concentrated acid; therefore we did not use highly
acidic solutions in these experiments, and freshly made so-
lutions were always used.

Apparent Dissociation Constants. Micellar effects
upon the rates at pH > 3 can be explained qualitatively in
terms of changes in the acid dissociation of the alkylxan-
thic acid. Similar observations have been made on a num-
ber of micellar catalyzed or inhibited reactions.8-10.14b We
have calculated the apparent dissociation constant of n-
butylxanthic acid in the presence of micelles by rapidly de-
termining the total concentration of xanthate ion. (The
values are apparent because we do not know the distribu-
tion of xanthic acid or xanthate and hydronium ions be-
tween water and the micellar pseudophase.!6)

Micelles change the dissociation constant in the expected
directions (Table XI). Cationic micelles of CTABr should
stabilize the xanthate ion relative to xanthic acid, and they
increase the dissociation constant, whereas anionic micelles
of NaLS and nonionic micelles of Triton should stabilize
xanthic acid relative to its anion, and they decrease the dis-
sociation constant.
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The kinetics of condensation of N-methyl-4-picolinium iodide and p-dimethylaminobenzaldehyde in 78.2%
(v:v) aqueous alcoholic sodium hydroxide were determined at 25° spectrophotometrically by following the ap-
pearance of p-dimethylamino-4-styrylpyridinium methiodide at 470 nm. The reaction was first order in meth-
iodide, aldehyde, and hydroxide with a third-order rate constant of 1.67 X 10-2 M~2 sec™!. The kinetics of the
proton exchanges of N-methyl-4-picolinium iodide in methanol-ds—methoxide-ds were determined by nmr at
35°, The second-order rate constants for exchange of N-methyl, 2,6-, and C-methyl protons were 2.2 X 10~%, 1.62
X 10~4, and 7.5 X 10~2 M~1 sec™!, respectively. The second-order rate constant for the N-methyl proton ex-
change of N-methylpyridinium iodide was 16 X 103 M~! sec™!. The kinetic data are in accord with a condensa-
tion mechanism in which the rate-determining step is carbon—carbon bond formation by reaction of the methy-
lene base with the aldehyde. Nitrogen decoupling experiments showed the 8 protons of the N-methylpyridinium
iodide to be coupled to nitrogen. Furthermore, the N-methyl group showed a positive nuclear Overhauser effect

upon irradiation of nitrogen.

In conjunction with a study of the detection of alkyl ha-
lides by reaction with 4-picoline we have examined the rate
of the 78.2% (v:v) aqueous alcoholic base induced conden-
sation of N-methyl-4-picolinium iodide (1) with p-dimeth-
ylaminobenzaldehyde (2) to yield the highly colored p-
dimethylamino-4-styrylpyridinium methiodide (3) (eq 1).

Phillips! has reported the analogous piperidine-induced
condensation of N-methyl-2-picolinium iodide with 2.

The objective of the kinetic experiments was to deter-
mine the reaction mechanism sufficiently to define the op-
timum conditions for alkyl halide detection. The central
mechanistic questions were (1) the role of the conjugate
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base of the quaternary ammonium ion (i.e., the methylene
base); (2) the role of the dimer of the methylene base; and
(3) the identification of the rate-determining step of dye
production, whether it is carbon-carbon bond formation or

CH3

CHS r N(CHy),
1 2

+1°
(CH).N —@—CH=CH—©N——CH3 @
3

elimination to form the final conjugated system. In ancil-
lary experiments we have measured the rates of exchange
of the protons of 1 in methanol-ds—methoxide-ds.

Mills and Raper? suggested methylene base 4 as an inter-
mediate in the piperidine-catalyzed reaction of 1-ethylqui-
naldinium iodide with 2 (eq 2).

AN X
N

| CH,™ IT
Et Et

™ piperidine
@ + OHC-Q—NMeZ -
IT/ CH;

Et I™

Although Mastagli, Larivé, and Etevenon? presented evi-
dence that methylene base 6 is not necessarily an interme-
diate in the condensation (eq 3) in neutral and acidic
media, Brooker? invoked methylene base 6 to account for
his observations on the condensation of 2-methyl-3-alkyl-
benzothiazolium iodide (5) with 2. The latter system intro-

@:‘f}cm + base == 2 @[}:CHQ _

R I

R = Me Et
5 6
CHg
7

duces a complication in that 6 has been shown to form 7
and this dimer can serve as a source of monomeric methy-
lene base 6. The dimer apparently forms by reaction of
methylene base with quaternary salt.5 In elegant experi-
ments Owen® isolated the monomeric methylene base 6.
This isolation made possible a study of the monomer—
dimer equilibrium. Although no data were presented on the
rate of approach to equilibrium in solution, the monomer
(presumably neat) dimerized within 2 hr at 0° under nitro-
gen. Spectra of the monomer could be determined without
interference from dimerization.5
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Owen® also studied the rate of condensation of methy-
lene base 6 with 1,3-diethyl-5-(N,N-dimethylaminomethy-
lene)-2-thiobarbituric acid (8) in acetonitrile containing
triethylamine (eq 4).> He concluded that carbon-carbon

Bt
N
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<j[.§>==CH2 + MeNCH={ =8
N N
| o m
R
6

R 0 gt
Et
Oy |
N
..>=CHCH%N>=S
N
| 0" |
R Et
9
R = Me Et

bond formation (eq 4, step a) was rate determining because
the condensation rate was independent of the concentra-
tion of excess triethylamine presumably necessary for step
b. Furthermore, the rate of formation of 9 from quaternary
salt 5 in the presence of a 1000-fold excess of 8 and a
10,000-fold excess of triethylamine was identical within ex-
perimental error with the rate of formation of 9 using
methylene base 6. This result would suggest that quater-
nary salt is converted completely to methylene base by tri-
ethylamine in a step that is not rate controlling. It seems
safe to conclude that dimerization of methylene base is not
kinetically significant under Owen’s conditions; otherwise
the reaction would approach one-half order, instead of the
observed first order in methylene base.

While the above-mentioned studies provide an informa-
tive guide to the individual steps that might be involved in
the condensation in aqueous ethanol, they are at best only
suggestive regarding the rate-determining step. We, there-
fore, have examined the kinetic form of the condensation
reaction along with the rates of proton exchange of N-
methyl-4-picolinium iodide (1) in methanol-ds~methoxide-
ds to estimate the rate of formation of methylene base de-
rived from 1,

Results

Kineties of Condensation. The product of the conden-
sation of 1 and 2 in 78.2% (v:v) aqueous ethanolic sodium
hydroxide was 3. This structural assignment was based on
melting point comparison (mp 256-258°, lit. mp 255°)6 and
nmr spectral data. Compound 3 showed resonances at &
4.28 (s, 3 H, N*CH3) and 3.2 [s, 6 H, N(CHs)s), and com-
plex absorptions at 6 6-7. There were no resonances at
higher field than & 3.2 in the product 3, indicating the ab-
sence of an aromatic methyl group. The N-methyl-4-picoli-
nium iodide showed resonances at 6 1.9 (s, 3 H, CCHj;) and
3.6 (s, 3 H, N*CHj). Nitrogen decoupling experiments
showed that it was the signal of the 8 protons of 1 that was
broadened considerably by nitrogen coupling. This broad-
ening, which is characteristic of N-alkylpyridinium salts, is
absent in the free basis. Irradiation of the nitrogen shows a
nuclear Overhauser effect for the NCHj3 group, the methyl
intensity increasing about 13%. Thus, the nmr spectrum of
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Table I
Initial Rate Studies of Reaction Order and the Derived
Third-Order Rate Constants for the Base-Catalyzed
Condensation of N-Methyl-4-picolinium Iodide and
p-Dimethylaminobenzaldehyde at 25°, 78.2%

Aqueous Ethanol (v:v)

(Methiodide], d(OD)%/d4, 10 Galdehydel,  10% &g,”
104M min~1 [OH™] M M_2 sec!
0.2 0.013 1.0 2.0 1.63
0.5 0.031 1.0 2.0 1.55
1.0 0.058 1.0 2.0 1.46
1.5 0.080 1.0 2.0 1.33
2.0 0.114 1.0 2.0 1.43
1.0 0.013 1.0 0.5 1.31
1.0 0.028 1.0 1.0 1.41
1.0 0.042 1.0 1.5 1.41
1.0 0.060 1.0 2.0 1.51
2.0 0.026 0.25 2.0 1.30
2.0 0.044 0.375 2.0 1.47
2.0 0.062 0.5 2.0 1.55
2.0 0.119 1.0 2.0 1.49

Average 1.46 £+ 0.15

a Initial slope of the trace of optical density vs. time. ® Using an
extinction for dye 30f 3.32 X 10* M-1cm~1,

3 was consistent with condensation at the 4-methyl group
and clearly inconsistent with condensation at the N-methyl
group.

The kinetic order of each factor in the base-catalyzed
condensation of 1 and 2 in aqueous ethanol was determined
spectrophotometrically by following the rate of appearance
of the 470-nm band of 3. The initial slope of the trace of
optical density vs. time was divided by the extinction coef-
ficient for 3 (e 3.32 X 10* M~ cm™1) to obtain the initial
rate of formation of 8. In any given run the concentration
of base was constant. The concentration of 2 was always at
least 50 times that of 1, and thus its concentration re-
mained constant. From the behavior of the initial rates as a
function of the concentrations of base, aldehyde, and meth-
iodide, the reaction was shown to be first order within ex-
perimental error in each of these reagents. The third-order
rate constants derived from the initial rates are shown in
Table 1. The average value of the third-order rate constant
from the initial rate data was 1.46 X 10~2 M~2 sec™1-

The reaction was also followed through 1 half-life (or a
portion thereof at higher concentrations of 1). Values of op-
tical density and time were read from the trace and optical
densities at infinite time were obtained by dilution. Point-
by-point pseudo-first-order rate constants were calculated
from eq 5 where (OD. — ODy) is proportional to the initial
methiodide concentration and (OD. — OD;) is proportion-

1 OD. — OD ‘
= —In|— 0
k [ODac - ODt] (5)

al to methiodide at time ¢. The pseudo-first-order rate con-
stants were divided by the appropriate hydroxide and alde-
hyde concentrations to obtain third-order rate constants.
Comparison of the third-order rate constants from initial
rate studies (Table I) and those from point-by-point deter-
minations (Table II) shows satisfactory agreement.

Proton Exchange of N-Methyl-4-picolinium Iodide.
For convenience the rates of proton exchange of N-methyl-
4-picolinium iodide (1) were determined in methanol-d,
containing methoxide-ds. the rates were followed by ob-
serving the decay of the nmr signal characteristic of a par-
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Table IT
Point-by-Point Pseudo-First-Order Rate Constants and
Derived Third-Order Rate Constants for the Base-
Catalyzed Condensation of N-Methyl-4-picolinium
Iodide and p-Dimethylaminobenzaldehyde at 25°

[Methiodide], [Aldehyde], 10% hopsds 102 £ 3,
10% ¥ 102 4 sec] 172 sec]
9 2 3.42 1.72
2 2 3.27 1.63
1 1 1.75 1.75
1 1 1.58 1.59
Average 1.67 + 0.08

¢ [OH-] = 1.0 M in all runs; solvent 78.2% ethanol (v:v).

ticular proton. All protons in 1 were exchangeable. The ex-
tent of exchange was determined by integration of the par-.
ticular signal relative to the carbon-bound proton impurity
in methanol-d, as a standard. The exchange measurements
were carried out at 35°.

The 4-methyl proton of 1 exchanged too rapidly to mea-
sure in 1.47 M methoxide-d3 in methanol-ds. Under these
conditions the N-methyl protons (5 4.40) exchanged with a
pseudo-first-order rate constant of 3.3 X 1075 sec™! corre-
sponding to a second-order rate constant of 2.2 X 10~5 M~1
sec—L. The rate constant of N-methylpyridinium iodide de-
termined similarly was 16 X 1075 M~1 sec~l. The induc-
tive effect of the 4-methyl group retards the rate almost
eightfold. The rate of exchange of the 2,6 protons of 1 was
about ten times faster than that of its N-methyl protons,
showing a second-order rate constant of 1.62 X 10-¢ M1
sec~! in 0.8 M methoxide-ds—methanol-d4. The 4-methyl
protons exchanged with a second-order rate constant of 7.5
X 10"2 M1 gec1i in 1.47 X 10—4 M methoxide-d s metha-
nol- d4

Discussion

The simplest mechanism that is consistent with the ki-
netic data is shown in Scheme I in which k3 << k3. The ap-
pearance of the aldehyde in the rate expression suggests

Scheme I
CH, CH,
ky
O + OH == [ | +HO 60
ke
Ny N
l fast I
CH, I CH,
ky
ke
N(CH),
o
<CH3)2N—@(|:—CHZ—@N+—CH3 @
H

n— (CH3)2N—©>—CH=CH—CN —cH,
several steps



A Condensation of N-Methyl-4-picolinium Iodide

that proton transfer (step 1) cannot be rate determining.
This conclusion was confirmed by the nmr exchange exper-
iments, that showed that the 4-methyl protons of N-
methyl-4-picolinium iodide exchanged much faster than
the formation of product 3. The first-order dependence of
the condensation rate on base shows that the equilibrium
constant for step 1 must be small; i.e., an inappreciable
amount of N-methyl-4-picolinium iodide is converted to
methylene base. In the extreme case, if all picolinium io-
dide were converted to methylene base, then an increase in
the concentration of base would not increase the rate. The
conclusion was checked by showing that the uv spectrum of
N-methyl-4-picolinium iodide was the same in the presence
and absence of 1 M base. Thus, all of the evidence is consis-
tent with a rapid proton-transfer equilibrium, with step 2
rate determining. Methylene base dimer is not a kinetically
significant intermediate.

Another mechanism can be shown to be consistent with
the kinetic data if step 3 (Scheme I) is expanded to include
the individual steps involved (Scheme II). Thus, if steps 1,
2 (Scheme I), and 4 are rapid and reversible and step 5
(Scheme II) is rate determining, third-order kinetics would
result. This mechanism is analogous to that of the conden-
sation of acetophenone with benzaldehyde in ethoxide-eth-
anol, where it has been shown that the keto alcohol is de-
graded to acetophenone and benzaldehyde more rapidly
than it is converted to benzalacetophenone.” To probe this
possibility we prepared the alcohol 13 by reaction of the
lithium salt of 4-methylpyridine with p-dimethylamino-
benzaldehyde.8 Reaction of 13 with methy! iodide failed to

N@—CHZLi + 'Me2N©—CHO —
OH

N@—CHE(IJH—@—NM%
B

produce 12 in pure form. However, treatment of the solu-
tion prepared from 13 and methyl iodide with base gave
10% 3 (based on 13) but less than 1% 2, which was the limit
of spectrophotometric detectability of 2. Thus, the balance
of the evidence suggests that condensation step 2 is rate de-
termining and not the dehydration step.

Scheme I1

i
MeQN—@—CH—CHZ—©\I+—CH3 FHO ——e
-
11
(I)H
HO- + MeN—@—CHCH2—©N+—-CH3 4)
-
12

(])H
X - low
MezN—@—CH—CH2+—CH3 + o~ =%
-
OH™ + MezN@-CH=‘CH ON—cH, )
+

H,0 3 !

Our results show that the condensation reaction is sub-
stantially faster than the alkylation of 4-picoline by methyl
iodide.
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Experimental Section

Melting points were taken on a Thomas-Hoover capillary appa-
ratus and are uncorrected. Infrared spectra were recorded on a
Perkin-Elmer Model 257 in potassium bromide. Routine nmr spec-
tra were determined on a Varian A-60D instrument. Ultraviolet
spectra were run on a Cary Model 14 spectrophotometer or a Beck-
man DB spectrophotometer.

N-Methyl-4-picolinium methiodide was obtained by refluxing
equimolar quantities of 4-picoline (Eastman) and methyl iodide in
ethanol for 24 hr in the dark. Recrystallization from ethanol af-
forded material with mp 152° (lit. mp 152°).°

p-Dimethylamino-4-styrylpyridinium methiodide was pre-
pared by refluxing 2.34 g (0.01 mol) of N-methyl-4-picolinium io-
dide and 1.5 g (0.01 mol) of dimethylaminobenzaldehyde (East-
man) in ethanol containing 0.03 mol of sodium ethoxide for 1 hr.
Upon cooling red needles separated, which were crystallized from
ethanol, mp 256-258°. Anal. Caled for CigHigNoI: C, 52.46; H,
5.19; N, 7.65; I, 34.7. Found: C, 52.48; H, 5.17; N, 7.37; I, 34.8. The
nmyr, ir, and uv-visible spectral data were in accord with the as-
signed structure. The extinction coefficient for the styryl meth-
iodide in 95% ethanol was 5.16 X 104 M~1 ¢cm™! at 470 nm.

1-(4-Dimethylaminophenyl)-2-(4-pyridyl)ethanol (13) was
prepared by a modification of Villani’s method?® using n-butyllith-
fum in tetrahydrofuran instead of sodium amide. To 15 ml of a
22% hexane solution of n-butyllithium (0.035 mol) at 4° was added
dropwise 3.3 g (0.036 mol) of 4-picoline in 20 ml of tetrahydrofur-
an. After 30 min 4.5 g (0.03 mol) of p-dimethylaminobenzaldehyde
in 20 m! was added dropwise at 5°. The clear yellow solution was
allowed to stand for 18 hr after which time 50 ml of water was
added. The solution was extracted with benzene. The resulting so-
lution was dried with magnesium sulfate and the solvent was re-
moved by rotary evaporation. The residue was recrystallized twice
fromsbenzene. The product (1 g) had mp 166-168° (lit. mp 165-
167).

Kinetics. Stock solutions of N-methyl-4-picolinium iodide and
p-dimethylaminobenzaldehyde were prepared in absolute ethanol.
Stock solution of potassium hydroxide were prepared in distilled
water. The concentrations of the stock solutions were adjusted so
that combination of 0.9 ml of the iodide and aldehyde solutions
with 0.5 ml of the aqueous base gave the final concentration of
reactants shown in Tables I and 1I. A run was initiated by addition
of temperature-equilibrated base to a cuvette containing iodide
and aldehyde. The resulting solution was shaken vigorously and
placed in the thermostated compartment of the spectrophotome-
ter.

The initial rate studies (T'able I) were carried out on a Beckman
DB instrument. Tangents were drawn to the curve and the slopes
were determined in the usual way. Corrections were applied where
necessary for any reaction that had occurred before the optical
density traces could be started. The correction was determined
from the initial optical density, the extinction coefficient of the
dye, and the stoichiometric concentrations. The experiments were
done several times. The results in Table I are representative.

Point-by-point rate data were determined on a Cary 14 instru-
ment. The procedure for preparation and mixing of stock solutions
was the same as that for the initial rate studies. The trace of opti-
cal density against time was followed from 10 min to 1 hr. The so-
lutions were incubated for 8~10 half-lives before the final optical
density reading was taken. Pseudo-first-order rate constants were
reproducible to +5%.

Proton Exchange of N-Methyl-4-picolinium Iodide with
Methanol-d ;—Methoxide-d3. Sodium metal (67.7 mg, 3 mmol)
was dissolved in 2 ml of methanol-d4 (E & M Laboratories, Inc.,
99% D, 98.5% CDs) to give a 1.5 M solution. Addition of 35.5 mg
(0.15 mmol) of N-methyl-4-picolinium iodide to 0.5 ml of the basic
methanol-d4 solution produced a dark green solution. The nmr
spectrum showed complete loss of 2,6 aromatic resonance at 5 8.81
(doublet, 2 H) and the high-field methyl resonance at 6 3.68 (sin-
glet, 3 H). The high-field aromatic doublet at § 7.95 had collapsed
to a broad singlet. The exchanged protons appeared in the solvent
peak at § 6.13.

The low-field methyl resonance at 4 4.40 exchanged slowly. The
rate was determined by periodic integration of the peak using the
carbon-bound proton impurity in methanol-d, as a standard. The
3 and 5 protons also exchanged but more slowly. The rate of ex-
change of the 2,6 protons was determined similarly in 0.8 M meth-
oxide. For comparison the rate of exchange of the N-methyl pro-
tons in N-methylpyridinium iodide was determined in a similar
manner.
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The rate of exchange of 4-methyl protons was determined in
1.47 X 1074 M base by integration of the singlet at § 3.68 using the
N-methyl signal as standard.

Acknowledgment. The authors express their apprecia-
tion to Dr. Louis Berkowitz for preparation of compound
13. They are also indebted to Mr. Thaddeus Novak for
technical assistance and to Mr. Harold Klapper for the nmr
spectra and their interpretation.

Registry No.—1, 2301-80-6; 2, 100-10-7; 3, 959-81-9.

Notes

Notes

References and Notes

(1) A.P. Phillips, J. Org. Chem., 12, 333 (1947).

(2) W. Mills and R. Raper, J. Chem. Soc., 2460 (1925).

(3) P. Mastagli, H. Larivé, and P. Etevenon, C. R. Acad. Sci, 252, 3782
(1961).

(4) L. G. S. Brooker, S. G. Dent, Jr., D. W. Heseltine, and E. Van Large, J.
Amer: Chem. Soc., 75, 4335 (1953), and earlier papers in the series.

(5) J. R. Owen, Tetrahedron Lett,, 2709 (1969); Eastman Org. Chem. Bull.,
43, No. 3 (1971).

(6) G.R. Clemo and G. A. Swan, J, Chem. Soc., 1454 (1938).

(7) D. 8. Noyce, W. A. Pryor, and A. H. Battini, J. Amer. Chem. Soc., 77,
1402 (1955).

(8) F.J. Villani, C. A. Ellis, and S. Tolksdorf, J. Med. Chem., 13, 359 (1970).

(9) ‘Chemistry of Carbon Compounds,” Vol. 4A, E. H. Rodd, Ed., American
Elsevier, New York, N. Y., 1957, p 523.

N-Monochlorination and N-Monobromination of
Carbamates and Carboxamides by Sodium
Hypochlorite and Hypobromite!2

Carol Bachand, Hughes Driguez,'? John M. Paton,!¢ Daniel
Touchard,d and Jean Lessard*

Département de Chimie, Université de Sherbrooke, Sherbrooke,
Québec, J1K 2R1, Canada

Received March 12, 1974

Our studies on the chromous chloride promoted addition
of N-chlorocarbamates to olefins2led us to devise a conve-
nient method for the preparation of N-monochlorocarbam-
ates in high yield, free from the N,N-dichloro derivatives.

. This method was also applied to the preparation of N-
monochlorocarboxamides and of N-monobromocarbamates
and -carboxamides needed for the chromous chloride pro-
moted addition studies?¢ and some photochemical work.?
The recent publication of Swern and coworkers? on the
preparation of ethyl and methyl N-chlorocarbamates
prompted us to report our results.

The method consists of the formation of the sodium salt
of the monohalo derivative followed by careful neutraliza-
tion. The salt is prepared by treating a slight excess (0.5-
2%) of the amide with sodium hypochlorite or hypobro-
mite® (5-6% solution) at ca. 0° (eq 1). After the addition of

ZCONH, + NaOX —»> ZCONXNa + H,0 (1)
ZCONXNa + H,0' — ZCONHX + H,0 + Na* (2)

methylene chloride, dilute (1-2 N) sulfuric acid is added
slowly until the sodium salt (eq 2) and the excess sodium
hydroxyde are neutralized (an excess of acid must be avoid-
ed). The solvent is removed at reduced pressure at 20-25°.
The results are recorded in Table I.

N-Chlorocarbamates. The yields of the N-monochloro-
carbamates 1-67 are excellent (86-98%) with the purity of
the crude reaction products being satisfactory for use in
reactions without further purification. The method is thus
very efficient.

N-Chlorocarboxamides. The N-monochlorocarboxam-
ides 8-16 were obtained in good yield, the purity of the

crude reaction products being satisfactory for use in reac-
tions. The method was not successful with the sterically
hindered 2,2-dimethylpropionamide nor was it convenient
for the preparation of the water-soluble N-chloroformam-
ide (7). Beckwith and Goodrich® have prepared N-mono-
chlorocarboxamides in good yield by the bromine-catalyzed
reaction of primary carboxamides with tert-butyl hypo-
chlorite.

N-Bromocarbamates. We have studied the bromina-
tion of ethyl, 2,2,2-trichloroethyl, and benzyl carbamates
(17, 18, and 19) and, to our knowledge, this is the first re-
ported preparation of N-bromocarbamates. It appears that
the disproportionation of the N-bromocarbamates 17 and
18 (eq 3) does occur to a significant extent (K°% =~ 0,08 and

2ROCONHBr ~—. ROCONH, + ROCONBr, (3)

0.1, respectively, at ca. 37°). Indeed, although both the io-
dometric and neutralization analyses of the crude N-bro-
mocarbamates 17 and 18 indicated a purity of 100%, their ir
and nmr spectra showed the presence of nonbrominated
carbamate. A careful examination of the integration for the
various protons of the nmr spectra indicated clearly the
presence of a third product, most probably the N,N-dibro-
mocarbamate, the aliphatic protons of which had the same
chemical shift as those of the N- monobromocarbamate, the
molar ratio being approximately equal to that of the non-
brominated carbamate (see Experimental Section for de-
tails).

The crude benzyl N-bromocarbamate (19) was found to:
decompose rapidly under reduced pressure, as evidenced
by continuous evolution of gas within the oily product, the
loss of active bromine, and reduction in weight of material
(the yield and active bromine content reported in Table I
refer to a crude product kept under reduced pressure for 10
min after evaporation to dryness). The crude N-bromocar-
bamates 17, 18, and 19 could be stored in the refrigerator
for several days without any loss of active bromine.

N-Bromocarboxamides. Kergomard® has prepared N-
bromoacetamide by adding a sodium hypobromite solu-
tion® to a solution of acetamide in acetic acid. N-Bromo-
benzamides have been prepared by using bromine in aque-
ous alkaline solution with subsequent rapid acidification



