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O R G A N I C  PREPARATIONS AND PROCEDURES INm. 8( I), 25-32 (1976) 

P S E U D O H A L O G E N S  XXI. N - C H L O R O  AMIDES WITH ELECTRON-WITHDRAWING 
G R O U P S  O H  NITROGEN 

S a n d r a  C .  C o t t r e l l  ,* C y r i l  Abrams** and D a n i e l  Swern* 

F e l s  R e s e a r c h  I n s t i t u t e  and  D e p a r t m e n t  o f  C h e m i s t r y  
Temple U n i v e r s i t y ,  P h i l a d e l p h i a ,  P e n n s y l v a n i a  19122 

For another s tudy ,  we required 11-chloro amides with electron-with- 

drawing groups on nitrogen. 

ac id  ( I ) , '  N-chlorodiacetamide (11),3'4 N-chlorodibenzamide ( 111),4 d ie thyl  

N-chloroiminodicarboxylate (IV) , 4 y 5  ethyl -N-chloro-ptoluenesul fonylcar- 

bamate ( V ) , 4  and N-chloromaleimide ( K ) . ~  Pure I ,  111, V and VI were 

obtained b u t  I1 and IV were obtained in only 80-90% pur i ty ;  the  usual 

contaminant was unreacted s t a r t i n g  material .  

Selected f o r  preparation were N-chloroparabanic 
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S. C. COTTRELL, C. A B M S  AND D. SWERN 

Direct monochlorination of parabanic ac id  w i t h  ch lor ine ,  following 

1 i t e r a t u r e  procedure ,2 gave e r r a t i c  and i rreproduci bl e results i n  our hands, 

We therefore  used the disproportionation reaction of parabanic acid with 

N,N-dichloroparabanic ac id ,  a procedure based on the  high y i e l d  preparation 

of N-monochlorourethane from urethane and N,N-dichlorourethane.6 N , N -  

Dichloroparabanic ac id ,  mp 238-240" (dec) was prepared from parabanic 

acid and t -buty l  hypochlorite (TBH) 

equimolar quant i ty  o f  parabanic acid i n  acetone a t  0". 

quan t i t a t ive  y i e ld  o f  N-chloroparabanic acid ( I ) ,  mp 149-152" (dec ) ,  

l i t  

2 and then allowed t o  r eac t  w i t h  an 

An e s s e n t i a l l y  

2 146-148", was obtained by so lvent  evaporation. 

N-Chlorodi benzamide ( I I I ) , mp 90-92 (dec) , e thyl  N-chl oro-p-to1 uenesul- 

fonylcarbamte  ( V ) ,  a l i q u i d ,  and N-chloromaleimide (VI) ,  mp 100-103" (dec ) ,  

were prepared generally i n  good y i e lds  by reaction of dibenzamide, ethyl p- 

toluenesulfonylcarbamate and maleimide, respec t ive ly ,  with an excess of TBH i n  

methylene ch lor ide  followed by so lvent  evaporation. Compounds I11 and V were 

obtained d i r e c t l y  a s  pure compounds (iodometric ana lys i s  f o r  pos i t i ve  halogen, 

95-100%); pure N-chloromaleimide (VI) was usually obtained only a f t e r  r ec rys t a l -  

l i z a t i o n  of the crude reac t ion  product. N-Chlorodiacetamide (11) and d ie thyl  

N-chloroimididicarboxylate (IV) were prepared s imi l a r ly  b u t  t h e i r  pos i t i ve  

halogen content did not exceed 85-90% usually and attempts t o  pur i fy  them 

f u r t h e r  resu l ted  e i t h e r  i n  no improvement o r  decomposition. Spectral  data 

( i r ,  nmr ,  u v )  were obtained on a l l  of the  compounds. The pos i t i ve  halogen 

compounds reported here a r e  s t a b l e  a t  0" i n  the  dark. 

E X P E R I M E N T A L '  
1 

- N , N - D i c h l o r o p a r a b a n i c  M . - P a r a b a n i c  ac id  (4.4 g,  0.039 mol) and TBH 

(16 g ,  0.15 mol, 100%excess) were stirred f o r  3 hr a t  room temperature a f t e r  an 

i n i t i a l  exotherm caused the tempera tu re to  r i s e t o 4 0 " .  Volati leswereevaporated 

in a ro ta ry  evapora tory ie ld ing  awhi t e  s o l i d  residue (6.7 g ,  9 6 % y i e l d ) ,  mp 
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N-CHMRO AMIDES 

238-240" (dec) , 1 i t1 239-240" (dec). 
Pos i t i ve  Chlor ine Calcd: 38.8 

Found: 38.4 

- N - C h l o r o p a r a b a n i c  Acid ( I ) .  - N,N-Dichloroparabanic ac id  (3.6 g, 0.02 

mol) and parabanic ac id  ( 2 . 3  g, 0.02 mol) were s t i r r e d  i n  acetone (30-35m1) 

a t  0" w i t h  approximately hou r l y  monitor ing by t l c .  A f t e r  about 16-20 h r ,  the 

o r i g i n a l  spots due t o  parabanic ac id  (Rf 1 )and N,N-dichloroparabanic a c i d  

(Rf 0) had disappeared and on ly  a s ing le  new spot (Rf 0.5) was observed. The 

solvent was evaporated i n  a r o t a r y  evaporator y i e l d i n g  a wh i te  residue o f  

pure I i n  100% y i e l d ,  mp 149-152" ( d e c ) ; l i t  146-148". 
Pos i t i ve  Chlor ine Calcd: 23.9 

Found: 23.7 

2 

D i b e n z a m i d e . -  Benzamide (6.05g, 0.05mol)anddryTHF (100ml )werep laced ina  

300-1111 , four-neck f l a s k  equipped w i t h  a magnetic s t i r r e r ,  condenser w i t h  d ry ing  

tube, n i t rogen i n l e t ,  thermometer andan add i t i on  funnel .  To the s t i r r e d  so lu t i on  

b lanketedwi th  d ryn i t rogen,  n - b u t y l l i t h i u m i n  hexane (31.3ml,O.O5mol) was 

addedover5-10min. Thereact ion was exothermicand t h e i n t e r n a l  temperature rose 

near ly  t o  r e f l u x .  Refluxingwas con t inued fo r  20min fol lowed by coo l ing  t o  room 

temperature and add i t i on  o f  benzoyl ch lo r i de  (7.03 g, 0.05 m l  ) i n  THF (25 m l  ) over 

30 min. A f t e r  h a l f  the  benzoyl ch lo r i de  had been added the  mix tu re  became homo- 

geneous. W h e n a d d i t i o n w a s c o m p l e t e , t h e s o l u t i o n w a s r e f l u x e d f o r 5 h r d u r i n g w h i c h  

t i m e  a p r e c i p i t a t e  reformed. A f t e r  being s t i r r e d  overn igh t  a t  room temperature, 

thereac t ionmix tu rewas f i l t e r e d y i e l d i n g a w h i t e  s o l i d  (5.84g,mp >215O). It was 

suspended i n  water and a c i d i f i e d  w i t h  1NHC1 fol lowed by ex t rac t i on  w i t h  chloroform. 

The d r ied  (MgS04) ch lo ro fo rmext rac t  was evaporated t o  dryness g i v i n g  the  desired 

product, a wh i te  s o l i d  (3.9 g, mp 147.5-150°, 35%y ie ld ) ,  l i t  147-148". 

- Ir ( f i l m ) :  

- uv A max 

- Nmr (CDC13): 6 7.3-8.1 (aromatic, m, 10 H), 9.4 (N-H, broad s ,  1 H) .  

8 

3300-3500 (N-H), 1710 (C=O), 1610, 1580, 1510 (aromatic) cm-' 

243 nm, E 195000 (1.2 mg/100 m l  ) 

The 
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presence of the N-H proton was confirmed by deuterium exchange. 

- N - C h l o r o d i b e n z a m i d e  ( I I I ) . -  Dibenzamide (0.675 g, 3 mmol) was d isso lved  

i n  CH2C12 (20 m l )  i n  a l O O - m l ,  one-neck f l a s k  equipped with a drying tube 

and magnetic stirrer. 

s t i r r e d  f o r  1-2 h r  a t  room temperature followed by evaporation of  v o l a t i l e s .  

The product (111) was a white c r y s t a l l i n e  s o l i d  (0.7 g ,  mp 90-92", 85% y i e l d .  
Pos i t i ve  Chlorine Calcd: 13.7 

Found: 13.7 
- I r :  (CHC13): 1725 cm-1 ( C = O )  

- u v  'max 

- Nmr (CDC13): 6 7.3-8.0 (aromatic,  m ) ;  no N - H  through 6 14 

E t h y l  - p - t o 1  u e n e s u l  f o n y l c a r b a m a t e .  -p-Toluenesulfonamide (9.55 g ,  0.05 

ml )  was d isso lved  i n  absolu te  ethanol (50 m l )  i n  a 300-1111 three-neck f l a s k  

equipped w i t h  a condenser, d ry ing  tube ,  thermometer, magnetic s t i r r e r  and 

an add i t ion  funnel.  Anhydrous potassium carbonate (11.5 g ,  0.0824 mol) 

was added and the mixture was refluxed f o r 1  h r .  Ethyl chloroformate (12.0 g, 

0.09 mol) was added over 30 m i n  and, a s  the r eac t ion  mixture s o l i d i f i e d  

near the end o f  the add i t ion ,  r eapp l i ca t ion  of  hea t  and add i t iona l  absolu te  

ethanol (10 ml) were requi red .  

was concentrated t o  ha l f  i t s  volume i n  a r o t a r y  vacuum evaporator.  

t i l l e d  water (80 m l )  was added and ethanol-water azeotrope (35 ml) was 

removed by d i s t i l l a t i o n .  

and r e f r i g e r a t e d .  

ether y i e ld ing  a white s o l i d  (mp 80-83"; 79% y i e l d )  (l i t1°82-84").  

- I r  ( f i l m ) :  3300 (N -H) ,  1760 (C=O), 1350, 1165, ( S O 2 ) ,  1610 (a romat ic )  cm-l 

- Uv ~2:~: 228 nm,  E 10200 (1 .O mg/100 ml ) 

Nmr (CDC13): 6 1.15 (Cti3CH3, t ,  3 H ) ;  2.4 (CE3, s ,  3 H ) ,  4.1 (CH3C%, 9, 

TBH (0.81 g ,  7 m o l )  was added and the so lu t ion  was 

244 nm, E 23000 (1.1 mg/100 ml) 

9 

Af t e r  3 hr of r e f l u x ,  the r eac t ion  mixture 

Dis- 

The res idue  was a c i d i f i e d  t o  pH 4 w i t h  5N HC1 

The crude product (100% y i e l d )  was r e c r y s t a l l i z e d  from 

2 H), 6 .7  (N-H, b r o a d s ,  1 H), 7.3and 8.0 (aromatic,  dd,  4 H ) .  
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N-CHMRO AMIDES 

Ethy l  N-Chloro-e-toluenesulfonylcarbamate ( V ) . -  Prepared by the 

same procedure used f o r  111 except t h a t  the r a t i o  of T6H:ethyl-ptoluene- 

sulfonylcarbamate was 1.5:l , the reaction solution was stored overnight a t  

0" and then f i l t e r e d  pr ior  t o  evaporation. 

l iquid (98% y ie ld ) .  

The product was a color less  

Posit ive Chlorine Calcd: 12.8 

Found: 12.3 

- Ir ( f i lm):  1765 ( C = O ) ,  1390, 1185, (SO2), 760 (N-C1) cm-' 

- "' %ax 

- Nmr ( C D C 1 3 ) :  6 1.3 ( C i 3 C H 2 ,  t ,  3 H), 2.5 (CE3, s, 3 H ) ,  4 .3 (CH3C$, q ,  

230 nm, E 12500 (0.9 mg/100 ml) 

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

- N-Chloromaleimide ( V I ) . l l - P r e p a r e d  from maleimide and TBH by the same 

procedure used f o r  111 except t h a t  the reaction solut ion was stored over- 

n i g h t  a t  0" a f t e r  1 hr reaction a t  room temperature. Evaporation of sol-  

vent yielded pure VI, a color less  so l id ,  i n  v i r tua l ly  quant i ta t ive y i e ld ,  

mp 100-103". The melting point was not improved by repeated r e c r y s t a l l i -  

zation from ethyl acetate-petroleum ether, although the y i e ld  was markedly 

reduced (25%). 

t ion products, melting range 88-98", which could be purified by recrystal-  

l i za t ion  but w i t h  large losses of product. 

Duplicate preparations frequently yielded l e s s  pure reac- 

~ _ _  Anal. Calcd fo r  C4H2C1N02: C ,  36.5; H ,  1.53; C1, 27.0 

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

- Ir (KBr disc) :  

- Uv 

- Nmr (CD3COCD3): 

1730 cm-l ( C = O )  

216, 257 nm, E 6990, 3750 (1.3 mg/100 ml) 

6 7.2 ( s ) .  Maleimide can be readi ly  seen as  an impurity 

from the vinyl proton s i n g l e t  a t  6 6.9 and the broad N-H 

s ing le t  a t  9.8. 
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S .  C. COTTIIELL, C. ABRAMS AND D. SWERII 

- N - C h l o r o d i a c e t a m i d e  ( I I ) . -  Prepared from diacetamide and TBH a s  already 

described. 

CH30H o r  1:4 CH30H-CC14 f o r  development) pu r i ty  by iodometric ana lys i s  was 

only about 90%. 

Although the  residue showed only a s ing le  spot by t l c  (100% 

Nmr read i ly  detected s t a r t i n g  material  and E - b u t a n o l .  

I r  (CHC13): 1715 cm-l (C=O) 

u v  'max 
CH CN : 211 nm,  E 10800 ( 1 . 2  mg/100 ml) ;  x ma: : 206, n m ,  E 9700 

(0.8 mg/100 m l )  

Nmr ( C D C 1 3 ) :  6 2.6 ( s )  

D i e t h y l  i m i n o d i c a r b o x y l  a t e  from T r i e t h y l  N i  t r i  l o t r i c a r b o x y l a t e .  - 

Ethyl carbamate (12  g ,  0.13 mol) was dissolved i n  dry e t h e r  (150 ml) i n  

a 500-ml three-neck f l a sk  equipped with a condenser and drying tube,  

thermometer and magnetic s t i r r e r .  The mixture was cooled t o  0-5" during 

the  addition of f r e sh ly  cu t  sodium (2.9 g,  0.13 mol) and the  mixture was 

s t i r r e d  overnight a t  room temperature. 

t o  0-5" and ethyl chloroformate (28 g,  0.26 mol) was added dropwise follow- 

ed by overnight s t i r r i n g  a t  room temperature. 

and the f i l t r a t e  was d i s t i l l e d  under vacuum. 

mainly of unreacted ethyl carbamate, t he  main f r a c t i o n ,  t r i e t h y l  n i t r i l o -  

t r i ca rboxy la t e ,  bp  82" (0.75 t o r r ) ,  was obtained a s  a co lo r l e s s  l i qu id  

(y i e ld  20-30%). 

I r  ( n e a t ) :  

Nmr (CDC13): 6 1.32 (Ct13CH2, t ) ,  4.35 (CH3C%, q), no N-H through 6 14. 

The reaction mixture was cooled 

T h e  s o l i d  was f i l t e r e d  

After a forerun cons is t ing  

no N - H ,  1775 cm-l ( C = O )  

Triethyl n i t r i l o t r i c a r b o x y l a t e  (5 .8  g ,  0.025 mol) was s t i r r e d  f o r  1 hr 

w i t h  2 potassium hydroxide so lu t ion  (39 ml) followed by neu t r a l i za t ion  

w i t h  d i l u t e  s u l f u r i c  ac id  w i t h  cooling and then multiple ex t rac t ion  w i t h  

e the r .  

y l a t e  (4 .8  g )  was obtained a s  a residue. 

After drying (MgSO,) and sol vent evaporation, diethyl iminodicarbox- 

Vacuum d i s t i l l a t i o n  gave a small 

30 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
5
8
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



N-CRIrORO AMIDES 

forerun o f  somewhat impure product, fo l lowed by the  main f r a c t i o n  cons is t -  

i n g  o f  pure diethyliminodicarboxylate, a co lo r less  o i l  c2.2 g, bp 73-74" 

(0.1-0.15 t o r r ) ,  47% y ie ld ] .  

the hydro lys is  and workup were conducted on a l a r g e r  scale (0.13 mol). 

- Ir (CHC13): 3500 (N-H), 1820, 1790, 1730 (C=O) cm-l 

Nmr (CDC13): 6 1.3 (Cti3CH2, t, 6 H), 4.2 (CH3C$, q, 4 H), 7.4 (N-H, broad 

Yields as high as 70-75% were obtained when 

s ,  1 H) 

D i e t h y l  - N-Chloroiminodicarboxylate ( IV) . -Prepared from d i e t h y l -  

iminocarboxylate and TBH as described except t h a t  the  molar r a t i o  o f  d i -  

ethylethyliminodicarboxylate t o  TBH was 1 :3.4. 

I V  o f  on l y  85% p u r i t y  as determined by iodometric analysis.  

- Ir (CHC13): 1820, 1780 cm-l (C=O) 

uv 'max 
Nmr (CDC13): 5 1.35 (CE3CH2, t, 6 H), 4.35 (CH3C%, q, 4 H). 

Solvent evaporation y ie lded  

218 nm, E 23000 (1.0 mg/100 m l )  

No N-H v i s i b l e  

T l c  showed and no change i n  nmr spectrum on add i t i on  o f  D20. 

t h a t  the  impur i t i es  i n  I V  were t r i e t h y l  N,N,N-tricarboxylate 

(Rf 0.5) and diethyliminodicarboxylate (Rf 0.55) ( S i l i c a  Gel F 

50:50 acetone-benzene). 
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