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PSEUDOHALOGENS XXI.1 N-CHLORO AMIDES WITH ELECTRON-WITHDRAWING
GROUPS ON NITROGEN

Sandra C. CottreH,i Cyril Abrams** and Daniel Swern*

Fels Research Institute and Department of Chemistry
Temple University, Philadelphia, Pennsylvania 19122
For another study, we required t-chloro amides with electron-with-
drawing groups on nitrogen. Selected for preparation were N-chloroparabanic

3,4

acid (I),2 N-chlorodiacetamide (II), N-chlorodibenzamide (III),4 diethyl

4,5

N-chloroiminodicarboxylate (1V), ethyl-N-chloro-p-toluenesul fonylcar-

bamate (V),4 and N-chloromaleimide (VI).4 Pure I, III, V and VI were
obtained but II and IV were obtained in only 80-90% purity; the usual

contaminant was unreacted starting material.

0
I

N [
C]-N\\\C ///NH CH &—
I

HC._ /

25

© 1976 by Organic Preparations and Procedures, Inc.



12: 58 27 January 2011

Downl oaded At:

S. C, COTTRELL, C, ABRAMS AND D, SWERN

Direct monochlorination of parabanic acid with chlorine, following
literature procedure,2 gave erratic and irreproducible results in our hands.
We therefore used the disproportionation reaction of parabanic acid with
N,N-dichloroparabanic acid, a procedure based on the high yield preparation
of N-monochlorourethane from urethane and N,N-dich]orourethane.6 N,N-
Dichloroparabanic acid, mp 238-240° (dec) was prepared from parabanic
acid and t-butyl hypochlorite (TBH)2 and then allowed to react with an
equimolar quantity of parabanic acid in acetone at 0°. An essentially
quantitative yield of N-chloroparabanic acid (I), mp 149-152° (dec),
1it2 146-148°, was obtained by solvent evaporation.

N-Chlorodibenzamide (III), mp 90-92 (dec), ethyl N-chloro-p-toluenesul-
fonylcarbamate (V), a 1iquid, and N-chloromaleimide (VI), mp 100-103° (dec),
were prepared generally in good yields by reaction of dibenzamide, ethyl p-
toluenesulfonylcarbamate and maleimide, respectively, with an excess of TBHin
methylene chloride followed by solvent evaporation. Compounds IIlandV were
obtained directly as pure compounds (iodometric analysis for positive halogen,
95-100%); pure N-chloromaleimide (VI) was usually obtainedonly after recrystal-
1ization of the crude reaction product. N-Chlorodiacetamide (II) and diethyl
N-chloroimididicarboxylate (IV) were prepared similarlybut their positive
halogen content did not exceed 85-90% usually and attempts to purify them
further resulted either in no improvement or decomposition. Spectral data
(ir, nmr, uv) were obtained on all of the compounds. The positive halogen
compounds reported here are stable at 0° in the dark.

EXPERIMENTAL’

N,N-Dichloroparabanic Acid]-Parabanicacid(4.4g,0.039mo1)and TBH

(16 g, 0.15mo1, 100% excess) were stirred for 3 hr at room temperature after an
initial exotherm caused the temperature to rise to 40°. Volatiles were evaporated

in a rotary evaporatoryielding awhite solid residue (6.7 g, 96%yield), mp

26
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238-240° (dec), 19t} 239-240° (dec).
Positive Chlorine Calcd: 38.8
Found: 38.4

N-Chloroparabanic Acid (I).- N,N-Dichloroparabanic acid (3.6 g, 0.02

mol) and parabanic acid (2.3 g, 0.02 mo1) were stirred in acetone (30-35m1)
at 0° with approximately hourly monitoring by tlc. After about 16-20 hr, the
original spots due to parabanic acid (Rf 1)and N,N-dichloroparabanic acid
(Rf 0) had disappeared and only a single new spot (Rf 0.5) was observed. The
solvent was evaporated in a rotary evaporator yielding a white residue of

pure I in 100% yield, mp 149-152° (dec);h’t2 146-148°,
Positive Chlorine Calcd: 23.9
Found: 23.7

Dibenzamide.- Benzamide (6.05 g, 0.05 mo1) and dry THF (100 m1) were placed ina
300-m1, four-neck flask equipped with a magnetic stirrer, condenser with drying
tube, nitrogen inlet, thermometer and an addition funnel. To the stirredsolution
blanketed with dry nitrogen, n-buty1Tithium in hexane (31.3ml1, 0.05 mo1) was
added over 5-10min. The reaction was exothermic and the internal temperature rose
nearly to reflux. Refluxingwas continued for 20 min followed by cooling to room
temperature and addition of benzoyl chtoride (7.03 g, 0.05 m1) in THF (25 m1) over
30 min. After half the benzoyl chloride had been added the mixture became homo-
geneous. When addition was complete, the solution was refluxed for 5 hr duringwhich
time a precipitate reformed. Afterbeingstirredovernight at room temperature,
the reaction mixture was filtered yielding awhite solid (5.84 g, mp >215°). It was
suspended inwater and acidified with INHC1 followed by extractionwith chloroform.
The dried(MgSO4)ch]oroformextractwasevaporatedto dryness giving the desired
product, a white solid (3.9 g, mp 147.5-150°, 35% yield), 11't8 147-148°.

Ir {(film): 3300-3500 (N-H), 1710 (C=0), 1610, 1580, 1510 (aromatic) cm-]

AMeOH:
max

Nmr (CDC13): 8 7.3-8.1 (aromatic, m, 10 H), 9.4 (N-H, broad s, 1 H). The

Uv 243 nm, € 195000 (1.2 mg/100 ml)
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presence of the N-H proton was confirmed by deuterium exchange.

N-Chlorodibenzamide (III).- Dibenzamide (0.675 g, 3 mmol) was dissolved

in CH2C12 (20 m1) in a 100-ml, one-neck flask equipped with a drying tube
and magnetic stirrer. TBH (0.81 g, 7 mmol)} was added and the solution was
stirred for 1-2 hr at room temperature followed by evaporation of volatiles.

The product (III)was a white crystalline solid (0.7 g, mp 90-92°, 85% yield.
Positive Chlorine Calcd: 13.7

Found: 13.7
Ir: (CHC1,): 1725 cm™ (C=0)
uv M. 244 nm, ¢ 23000 (1.1 mg/100 m1)

Nmr (CDC13): § 7.3-8.0 (aromatic, m); no N-H through § 14

Ethyl-p-toluenesulfonylcarbamate. - p-Toluenesulfonamide (9.55 g, 0.05

mol) was dissolved in absolute ethanol (50 m1) in a 300-ml three-neck flask
equipped with a condenser, drying tube, thermometer, magnetic stirrer and
an addition funnel. Anhydrous potassium carbonate9 (11.5 g, 0.0824 mol)
was added and the mixture was refluxed for1 hr. Ethyl chloroformate {12.0 g,
0.09 mol) was added over 30 min and, as the reaction mixture solidified
near the end of the addition, reapplication of heat and additional absolute
ethanol (10 m1) were required. After 3 hr of reflux, the reaction mixture
was concentrated to half its volume in a rotary vacuum evaporator. Dis-
tilled water (80 ml) was added and ethanol-water azeotrope (35 ml) was
removed by distillation. The residue was acidified to pH 4 with 5N HCI

and refrigerated. The crude product (100% yield) was recrystallized from

10

ether yielding a white solid (mp 80-83°; 79% yield) (1it ~82-84°).

Ir (film): 3300 (N-H), 1760 (C=0), 1350, 1165, (SOZ)’ 1610 (aromatic) cm_]

MeOH
max °

Nmr (CDC1

Uv A 228 nm, ¢ 10200 (1.0 mg/100 m1)

3): § 1.15 (C53CH3, t, 3H); 2.4 (CES’ s, 3 H), 4.1 (CH3Cﬂ2, q,
2 H), 6.7 (N-H, broads, 1 H), 7.3and 8.0 (aromatic, dd, 4 H).

28



12: 58 27 January 2011

Downl oaded At:

N-CHLORO AMIDES

Ethyl N-Chloro-p-toluenesulfonylcarbamate (V).- Prepared by the

same procedure used for IIl except that the ratio of TBH:ethyl-p-toluene-
sulfonylcarbamate was 1.5:1, the reaction solution was stored overnight at
0° and then filtered prior to evaporation. The product was a colorless

Tiquid {98% yield).

Positive Chlorine Calcd: 12.8

Found: 12.3

Ir (film): 1765 (C=0), 1390, 1185, (S0,), 760 (N-C1) en”)

!x.kmggH: 230 nm, ¢ 12500 (0.9 mg/100 ml)
Nmr (CDC13): § 1.3 (CHiCHy, t, 3 H), 2.5 (CHy, S, 3 H), 4.3 (CHyCH,, g,

2 H), 7.4 and 8.0 (aromatic, dd, 4 H).

N-Chloromaleimide (VI). 1]-Prepared from maleimide and TBH by the same

procedure used for III except that the reaction solution was stored over-
night at 0° after 1 hr reaction at room temperature. Evaporation of sol-
vent yielded pure VI, a colorless solid, in virtually quantitative yield,
mp 100-103°. The melting point was not improved by repeated recrystalli-
zation from ethyl acetate-petroleum ether, although the yield was markedly
reduced {25%). Duplicate preparations frequently yielded less pure reac-
tion products, melting range 88-98°, which could be purified by recrystal-

lization but with large losses of product.

Anal. Calcd for C H2C1N02: C, 36.5; H, 1.53; C1, 27.0

.\
Found: C, 36.8; H, 1.82; C1, 26.8

Ir (KBr disc): 1730 cm”!

Uv AMeOH:
— “max

(C=0)

216, 257 nm, ¢ 6990, 3750 (1.3 mg/100 m1)

ﬂmg_(CD3C0CD3): 5§ 7.2 {s). Maleimide can be readily seen as an impurity
from the vinyl proton singlet at § 6.9 and the broad N-H
singlet at 9.8.
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N-Chlorodiacetamide (II).- Prepared from diacetamide and TBH as already

described. Although the residue showed only a single spot by tlc (100%
CH3OH or 1:4 CH3OH-CC14 for development) purity by iodometric analysis was

only about 90%. Nmr readily detected starting material and tert-butanol.

Ir (CHCI,): 1715 em ! (c=0)

MeOH

uv AN 211 nm, = 10800 (1.2 mg/100 m)5 A EISN: 206, m, < 9700
{0.8 mg/100 m1)

Nmr (CDC13): § 2.6 (s)

Diethyliminodicarboxylate from Triethyl Nitrilotricarboxylate.-

Ethyl carbamate (12 g, 0.13 mol) was dissolved in dry ether (150 ml) in

a 500-ml1 three-neck flask equipped with a condenser and drying tube,
thermometer and magnetic stirrer. The mixture was cooled to 0-5° during
the addition of freshly cut sodium (2.9 g, 0.13 mol) and the mixture was
stirred overnight at room temperature. The reaction mixture was cooled
to 0-5° and ethyl chloroformate (28 g, 0.26 mol) was added dropwise follow-
ed by overnight stirring at room temperature. The solid was filtered

and the filtrate was distilled under vacuum. After a forerun consisting
mainly of unreacted ethyl carbamate, the main fraction, triethyl nitrilo-
tricarboxylate, bp 82° (0.75 torr), was obtained as a colorless liquid
(yield 20-30%).

1

Ir (neat): no N-H, 1775 cm ' (C=0)

Nmr (CDC13): 6 1.32 (CH,CH

3CH,, t), 4.35 (CH,CH,, g), no N-H through § 14.

372

Triethyl nitrilotricarboxylate (5.8 g, 0.025 mol) was stirred for 1 hr
with 2 N potassium hydroxide solution (3% ml) followed by neutralization
with dilute sulfuric acid with cooling and then multiple extraction with
ether. After drying (MgSO4) and solvent evaporation, diethyliminodicarbox-

ylate (4.8 g) was obtained as a residue. Vacuum distillation gave a small
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forerun of somewhat impure product, followed by the main fraction consist-
ing of pure diethyliminodicarboxylate, a colorless oil [2.2 g, bp 73-74°
(0.1-0.15 torr), 47% yield]. VYields as high as 70-75% were obtained when

the hydrolysis and workup were conducted on a larger scale (0.13 mol).

Ir (CHCI 3500 (N-H), 1820, 1790, 1730 (C=0) cm-]

3):
Nor (CDCT,): 6 1.3 (CHyCH,, t, 6 H), 4.2 (CHyCHy, q, 4 H), 7.4 (N-H, broad

s, 1 H)

Diethyl N-Chloroiminodicarboxylate (IV).-Prepared from diethyl-

iminocarboxylate and TBH as described except that the molar ratio of di-
ethylethyliminodicarboxylate to TBH was 1:3.4. Solvent evaporation yielded
IV of only 85% purity as determined by iodometric analysis.

Ir (CHC1): 1820, 1780 cm”'

AMeOH:
max

Nmr (CDC]3): 5§ 1.35 (CﬂBCH

(C=0)

Uv 218 nm, € 23000 (1.0 mg/100 ml)

, t, 6 H), 4.35 (CH q, 4 H). No N-H visible

2 3CHy:
and no change in nmr spectrum on addition of DZO‘ Tlc showed
that the impurities in IV were triethyl N,N,N-tricarboxylate
(Rf 0.5) and diethyliminodicarboxylate (Rf 0.55) (Silica Gel F
50:50 acetone-benzene).
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Spectra were obtained as follows: uv, Perkin-Elmer 202 UV-VIS
Spectrophotometer; ir, Perkin-Eimer 137 or Unicam SP1000 Infrared
Spectrophotometer; nmr, Varian EM-360 or Varian A60-A Spectrometer
with TMS as internal standard. Melting points: Thomas Hoover Uni-
Melt apparatus. Tic: Eastman Chromagram 6060 Silica Gel F plates,
visualization with iodine or uv light. Elemental Analyses: Micro-
analysis Inc., Wilmington, Del. Maleimide (Aldrich) was recrystal-
1ized from benzene. Benzamide, benzoyl chloride, diacetamide, ethyl
chloroformate, parabanic acid, p-toluenesulfonyl chloride and urethan
were obtained from Aldrich Chemical Co. t-Butyl hypochlorite (TBH)
was obtained from Baker or Frinton Laboratories; its TBH content was
determined before each use and it was stored in a cold room in the
dark. n-Butyl lithium was obtained from Foote Mineral Co. and p-
toluenesulfonamide from MC&B Manufacturing Chemists. The purity of
all chemicals was confirmed by ir, nmr and mp {where applicable).
Methylene chloride was washed successively with concentrated sulfuric
acid, aqueous sodium bicarbonate and water, then dried over calcium
chloride and distilled from phosphorus pentoxide; it was stored over
Linde 4A molecular sieves. Acetone and tetrahydrofuran (THF) were
distilled and stored over Linde 4A molecular sieves.
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After this preparation was completed, J. D. Warren, J. H. MacMillan
and S. S. Washburne, J. Org. Chem., 40, 743 (1975) also prepared VI
in 58% yield from maleimide and sodium or calcium hypochlorite and
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