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In the present  paper ,  as a continuation of studying the nucleophilic react ions  of ~, ~-dichlorovinyl-  
amides ,  we studied their  r eac t ion  with p r i m a r y  and secondary  amines ,  and a lso  w~ith e t h y l e n e -  diamine 
(EDA), which, by analogy with [1, 2], proceeds  by the scheme:  

R,R2NH 
CCI~=CHNHCR ~__. CHCI~CH~NCR ' --> CHC|zCHNHCR 

O O NR1R 20  

This reac t ion  course  is confirmed by the absence of react ion between diethylamine and ~, ~-dichlorovinyl-  
pyrrol idone,  for which the indicated tau tomer ic  equil ibrium is imposs ible .  

The reac t ion  was run  ei ther  without a solvent or in dioxane, using an equimolar  ra t io  of the amine 
and f i ,~-dichlorovinylamide.  The amines ,  listed in Table 1, were se lec ted  as the nucleophiles. A double 
amount of the ~-f i-dichiorovinylamide was taken in the case of EDA. The reac t ion  conditions and the yields 
of the products  a r e  given in Table 1. The addition products a re  crys ta l l ine  compounds that a re  soluble in 
most  organic solvents and a re  insoluble in water .  The elemental  analysis  data and the melting points of 
the obtained compounds a re  given in Table 2. 

F r o m  Table 1 it can be seen that the reac t ion  of diethylamine with ~, f l-diehlorovinylbenzamide p ro -  
ceeds in bet,~er yield and much more  rapidly  than with ~, ~-dichlorovinylaeetamide.  This fact is in a g r e e -  
merit with the previously  mentioned [2] high react iv i ty  of a romt ic  d, ~-dichlorovinylamides .  In order  to 
study the effect of the s t ruc tu re  of the amine on the course  of the reac t ion  we studied the percent  conver-  
sion as a function of the t ime for a se r i e s  of amines  (Table 3). According to the data in Table 3, the 
studied amines  can be a r ranged  in the following order  of increase  in their  re la t ive  reac t iv i ty  in the r e a c -  
t ion with /3, ~-dichlorovinylacetamide.  

O(CH~)4NH < C~H~CH~NH~ < t-C4HgNH ~ ~ s e c -  C~HgN[-I2 
n-C4HgNH2 < (C~Hs)~NH 

TABLE 1. Conditions for React ion of/3, ~-Dichloro-  
vinylamides C12C = CH--  NI-I-  C OR With Amines 

rt Amine 

CsHs Diethylamirm 
CHa Diethylamine 
CHs MorpSoline 
CHa Cyclohexylamine 
CHa l Benzylamine 
CH3 l n-Butylamine 
CHa ~ scc- Butylamine 
CHa I tert-Butylamine 
CH8 I Allylamine 
,CH3 [ Ethylenediamine 

*Taken from [3]. 

K b 

8,5.t0-4 
8,5.t0-4 
5,0.t0-8 
4,4.t0-4 
4,2.t0-~ 
4,0.t0-a 
3,6.10-a 
2,8.i0-~ 
4,9.t0-~ 
t, 2. i0.-~ 

Reaction 
t ime ,  
min 

30 
90 

30 
40 

120 
t20 

l .... Yield, 
T. ,  ~ ~o " 

50 
50 
90 
70 
69 
90 
90 
90 
70 
60 

75 
65 
60 
60 
80 
70 
70 
70 
60 
70 
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TABLE 3. 
CCI 2 =CHNHCOCH 3 in Dioxane at  50 ~ 

Re la t ive  Reac t iv i ty  of Amines  in  Reac t ion  With 

Conversion, % 
Corn- | 

se. ,c-  I 
pound (c..Hs):.xH n-C~H~NH~ C,HgN'H: [-C~HgNH21 C~H~CHzNH2 O(CE~hNH 

20 i4 

56 
80 68 
90 82 
94 86 

14 
34 
54 
70 
80 
84 

i2 8 
30 20 
52 38 
68 50 
80 58 
84 63 

30 
60 

t20 
t80 
240 
300 

3 
t0 
24 
34 
40 
42 

This  o rde r  co inc ides  with the o r d e r  of change in  the b a s i c i t y  of the a m i n e s .  The r e a c t i o n  does not go (5 h, 
90 ~ with weakly b a s i c  amines  l ike an i l ine .  The addi t ion  p roduc ts  of p r i m a r y  amines  to  the  /3, ~ - d i c h l o r o -  
v iny lamideu  do not r e a c t  with a second molecu le  of the ~, ~ -d i ch lo rov iny l amide .  Both of the  amino  groups 
in  EDA r e a c t .  

CHaCONFIC H=CCh 
CCh=CHNHCOCHz + H zN(CH'2)~NH2 ~ CHaCONHCHNH(CH=)=NH~ > 

[ 
CHCI~ 

- ,  CH3CON HCHN HCHeCH~NHCHNHCOCHa 
] I 

CHCI, CHCh 

From: a c o m p a r i s o n  of the IR s p e c t r a  of compound (IV) (see Table  2) and the s t a r t i n g  cyc lohexylamine  
and ~ , /3 -d ich lo rov iny lace tamide  i t  can be s e e n  that  the band,  co r respond ing  to  the N- -  H s t r e t ch ing  v i b r a -  
t ions  in ' 3 , t l -d i ch lo rov iny lace tamide ,  r e m a i n s  unchanged in the addi t ion produc t ,  w he r e a s  the band, c o r r e -  
sponding to  the f r ee  s t r e t ch ing  v ib ra t ions  in  cye lohexy lamine ,  is  shif ted in (IV) by 26 cm -1 toward  lower  
f requencie~ and is  somewhat  b r o a d .  This  fact  can be expla ined by the fo rma t ion  of an i n t r a m o l e c u l a r  hy-  
d rogen  bomt in  the addi t ion  p roduc ts  of the p r i m a r y  a m i ne s ,  analogous to the bond in ch lo ra l  amides  
CClaCH[OH)NHCOR [5]. 

ChHC H R \ / N \  / 
C C 
I ~i (I) 

N O 

/ \ H " "  R x 

Substant ia l  d i f f e rences  in  the v ic ina l  s p i n - -  sp in  coupling constants  a r e  obse rved  in the NMR s p e c t r a  
of the  addi t ion  p roduc ts  of the p r i m a r y  and s e c o n d a r y  amines  in CC14 (Table 4). F o r  the addi t ion p roduc ts  
of the  seco~xlary a m i n e s  J cHc12_CH c o r r e s p o n d s  to  an  equal  populat ion of the t h r e e  ro ta t iona l  c o n f o r m e r s  
r e l a t i v e  to Lhe CHC12- CH bond.  In compounds (IV)- (VII) (see Table  4) a subs t an t i a l  d e c r e a s e  in  the 
v ie ina l  con,,~tant (2.5-3.0 Hz) r e f l e c t s  a p r edom i na nc e  of the g a u c h e - c o n f o r m e r ,  which is  evident ly  s t ab i l i z ed  
by the i n t r a m o l e c u l a r  hydrogen  bond when the (I) s t r u c t u r e  is  fo rmed .  F r o m  an examinat ion  of the Stuar t  
~ - B r i e g l e b  models  i t  fol lows that  subs t an t i a l  s t e r i c  i n t e r ac t i on  of the  R 1 subs t i tuent  and the C! a toms  in 
the sh ie lded  and t r a n s - c o n f o r m a t i o n s  makes  the  gauche -con fo rma t ion  of the CHC12 --  CH f ragment  the  mos t  
f avorab le  for  s t r u c t u r e  (I). 

Des tzue t ion  of the hydrogen  bond should r e d u c e  the d i f fe rence  in the  value of JCHC12_ CH in the ad -  
d i t ion  p roduc ts  of the  p r i m a r y  and s e c o n d a r y  a m i n e s .  Actua l ly ,  when CFaCOOH is  added to  so lu t ions  of 
(III) and (V') (see Table  4) in CCI 4 a d e c r e a s e  in  the  constant  (due to  an i n c r e a s e  in the e l e c t r one ga t i v i t y  of 
the  n i t rogen  [6]) f r om 6.8 to  3.8 is  obse rved  in  the f i r s t  c a se ,  and an  i n c r e a s e  f rom 2.5 to  3.6 is  obse rved  

! 

in  the secoml c a s e .  

E X P E R I M E N T A L  M E T H O D  

The ]~IR s p e c t r a  we re  r e c o r d e d  for  5% CCI 4 solu t ions  on a T e s t a  BS-487-C s p e c t r o m e t e r  (80 MHz), 
us ing  HMI)S as  the  i n t e rna l  s t a n d a r d .  The IR s p e c t r a  we re  r e c o r d e d  for 0.002 M CC14 solut ions  on a UR-10 
i n s t r u m e n t ,  

P re l~ t ra t ion  of Addi t ion  P roduc t s  of Amines  to f l ~ - D i c h l o r o v i n y l a m i d e s .  A so lu t ion  of 0.02 mole 
of the ~, ~ - d i c h l o r o v i n y l a m i d e  in 0.02 mole  of the amine  was hea ted  in c losed  t e s t  tubes ;  the t e m p e r a t u r e  
and t i m e  of heat ing a r e  ind ica ted  in  Tab le  1. The r e a c t i o n  was t e r m i n a t e d  when the so lu t ion  b e c a m e  thick 
and d a r k .  l 'he  m ix tu r e  was d i lu ted  with wa te r ,  and the obtained p r e c i p i t a t e  was f i l t e r ed ,  d r i e d ,  and 
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TABLE 4. Chemical  Shifts (5, ppm) and Spin--  Spin Coupling Con- 
s tants  (SSCC) of Pro tons  in NMR Spectra  of the Compounds CI 2- 
CHCHNHCOR in CC14 

I 
x 

"o 

o~ 
H 
o rO 

([) 

(sl) 
(HD 
(IV) 
(V) 

(Vf) 

(VII) 

(VIII 

R X 

C,H, N(CzHs)2 

CH, N(C~Hs)z 
CH~ NC4H,0 
CHs NIIC,Ha, 
CHs NHCH,CsH5 
CHz NHC,Hg~ec 

fill, NHfiHzCH~fiH~ 

(CHsCONHCHNHCH~)z 
I 

CHClz 

Chemical shifts (6, ppm, 0.05) SSCC +0,1Hz 

+; R 

5,83 5,30 

5,7i 5 i0 
599 ~9i  
5.85 5 05 

5,82 ] 5,01 

;/rio 75 -- 
I 7.70 

6,99 I 2.02 
6.83 [ 2.03 
6.39 1 2.02 
6,t/~ [ t,89 
6,99 1 2,~ 
8,50 [ 2,03 

7,98[ 2.01 

CH, 2.70; CH~ 1.12 

CH, 2.56; CHa I.I~ 
0CH~ 3,6~; CH2 2.59 

CH 2.58; CH~ 1.60andl,25 
CH~3.81; Call6 6.69 
CH 2,7i; CH2 1,~4; 

CH* 0.98 
CH*. 3,30: ~CH 5,24; 

=CH2 7,22 
CH*.CH2 2,78 

5.1 9.0 

6.3 g.6 
6.8 9.0 
2.8 8,2 
2.5 s,5 
2,6 7,8 

2,6 9.0 

2.9 S.9 

*The spectrum was recorded for a 5%DMSO solution. 
TThe signals of the proton of the amide group are given; in compounds (IV)-(VIII) the 
second NH proton is located in the region of the signals of the alkyl protons. 

pur i f ied by r e e r y s t a l l i z a t i o n  and by r ep rec ip i t a t i on  f r o m  methanol  solut ion with wa te r .  The r eac t ion  mix -  
t u r e  containing EDA was let s tand for  a day at  ~20 ~ The product that  c rys ta l l i zed  when t r ea t ed  with e ther  
was washed with wa te r .  

Study Of Rela t ive  ReaetJ,vity (see Table  3). Samples  (5 ml  each) of 1 M solut ions of the amine  and the 
,3, /J-dichlorovinylamide in dioxane were  t he rmos t a t t ed  at  50 ~ and then  mixed.  Aliquots (0.1 ml) of the r e a c -  
t ion mix tu re  were  r e m o v e d  at  definite t ime  in te rva l s ,  acidif ied with cone. H2SO 4, and then 10 ml  of a 0.02 
N solut ion of b rom i ne  in methanol  was added.  The f r ee  b romine  was kil led with excess  KI and the l i b e r -  
ated iodine was t i t r a t ed  with 0.02 M Na2S2Oz solution. The degree  of convers ion  is equal to  10 V in %, 
where  V is the volume of Na2S203 solut ion consumed for  the t i t ra t ion .  

C O N C L U S I O N S  

1. ~, ~-Dich loroviny lamides  add p r i m a r y  and secondary  amines ,  and a l so  e thylenediamine.  An in-  
c r e a s e  in the bas ic i ty  of the amine  fac i l i ta tes  the addition. 

2. It  was shown that  the addition products  of the p r i m a r y  amines  contain an i n t r amolecu l a r  hydrogen 
bond by studying the i r  IR and NMR s p e c t r a  in CC4 solution. 
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