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II. CHLOROMETHYLATION OF N-FHENYLI~YRROLIDONE 

AND SOME TRANSFORMATIONS OF ITS CHLOROMETHYL DERIVATIVE 
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The chloromethylat ion of N-phenylpyrrolidone proceeds at the paraposi t ion of the benzene 
ring. The react iv i ty  of the chloromethyl  group in reactions with ammonium thiocyanate,  
potas s lum ethylxanthate, sodium acetate ,  thiourea,  potass ium phthalimide, urot ropine ,  so-  
dium thiosulfate, and potass ium permanganate  was investigated. A number  of previously  
undescribed compounds,  of which some were  found to be active pest ic ides,  were  synthe-  
s ized.  

This paper  is devoted to a study of the chloromethylat ion of N-arylpyrrol idone and the convers ion of 
its chloromethyl  derivat ive to var ious  previously  unknown compounds.  

We have found the conditions for obtaining good yields (77%) of chloromethylated N-phenylpyrrol idone.  
This react ion occurs  at 30-32~ in concentrated hydrochlor ic  acid with formaldehyde and hydrogen ch lor -  
ide as the chloromethylat ing agents.  The major  react ion product is N-(p-chloromethylphenyl)pyrrol idone 
(I), the s t ruc ture  of which was confirmed by PMR spect roscopy ~ and IR spect roscopy.*  Signals of the 
methylene groups of the pyrrolidine ring are  observed in the PMR spect rum:  a multiplet f rom the protons 
of the ~ -  and fl-CH 2 groups (5 ~ 2.35 ppm), a t r iplet  f rom the protons of the y-CH 2 group (6 3.82 ppm; J 7 
Hz), and a singlet f rom the protons of the CH2CI group (6 4.62 ppm). The protons of the benzene ring give 
a symmet r i ca l  spec t rum of the AA']313' type charac te r i s t i c  for para  substitution, which can be interpreted 
as an AB spec t rum [2, 3]: 5H ortho 7.67 ppm, 6H meta 7.37 ppm, JAB 9.0 Hz. 

A ve ry  intense band at 1700 cm -1, which is cha rac te r i s t i c  for the s t re tching vibrat ion of the C = O 
group, is observed in the IR spec t ra .  The cha rac t e r  of the absorption in the region of out-of-plane,  syn-  
phase vibrations of the aromat ic  C - H  bonds - the presence  of a band of medium intensity at 845 cm -1 - 
does not contradict  the conclusion of the para  position of the substituents in the benzene ring that was 
made on the basis of an analysis of the t~MR spect ra .  

We investigated the nucleophilic substitution of halogen in the chloromethyl  group by various func- 
tional groups and also oxidized it and replaced it by an aldehyde group. 

When a mixture of I and ammonium thioeyanate or of I and potass ium ethylxanthate is reflu• in 
acetone, good yields of N-(p-thiocyanotomethylphenyl)pyrrol idone (II) or  N-(p-ethyl•  
done (III) can be obtained. The react ion o t l  wt~la sodium acetate in glacial acetic acid to form N-(p-ace toxy-  
methylphenyl)pyrrolidone (IV) proceeds with the same ease.  N-(p-Aminomethylphenyl)pyrrol idone (V) 
could be synthesized by refluxing a mixture of I, po tass ium phthalimide, and potass ium carbonate in di-  

*The PMR spec t rum was recorded f rom a 10% solution in deuteroacetone with a DA-60-GZ spec t romete r  
with an operat ing frequency of 60 MHz and hexamethytdisi loxane as the internal s tandard.  
tThe IR spec t ra  of KBr pellets were  recorded with a UR-10 spec t romete r .  We thank A. F. Vasi l 'ev,  V. V. 
Negrebetskii ,  and N. L. Aryutkina for recording the spec t ra .  
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TABLE 1 

Com- 
pound 

ii 
III 
IV 
V 

VI 

VII 
VIII 

IX 

R M~cP' - 

C H 2 C  1 90--91 
CH2SCN 36--67 
CI-I2SC(=S)OC2FI5 35--86 
CH2OCOCI% 55--56 
Ct-I2NH2 168-- 

--169 
CH~SC(~NH.HC1) 223 

\ (dec.) 
NII2 

COOIt 210 
CIIO 119  
CII SII . . . .  2 1 l,~--i 

--1741 

0 - : ; ~  
I 
C6H 4 R- 

Empirical Found, 
formula . c IH~Cll i N I s 

CuH,2C1NO 63,2[5.6 [7,4[ 
CI2HI2N2OS 52215.3 
C14HITNO2S2 57,3'6,2 
C,3H~NOa 57,0 6,2 
CIltII4N20 39,2 7,5 

CI21I~N:~OS 50.0 5,2 12,~ 
�9 I-tC I 

Cn[luNOa :;4,1 5,2 -- 
CnI-IuNO2 39,5 5,9 -- 
CnFII~NOS 53,4 6,2 -- 

6,61 -- 
2,3113,9 
5,1121,1 
6.1[ -- 
:4,91 -- 

[4,9]11,7 i 
i 

E : 
6,9 I5,1 

Calculated, % 

clH/c, rNIs 
53,0 5,7 16,9 6,7 -- 
52,1 5,2 -- [12,1 13,8 
57,0 5,8 -- 4,7 21,7 
36,9 6,4 -- 6,0 -- 
39,5 7,4 -- 14,7 -- 

50,4 5,6 12,3 14,7 11,2 

34,4 5,4 -- ,  6,8 --- 
59,8 5,8 -- ,  7,4 - 
33,8 6,3 -- , 6,8 15,5 

m e t h y l f o r m a m i d e  with s u b s e q u e n t  h y d r o l y s i s  of the r e a c t i o n  p roduc t .  The hyd roch lo r ide  of N - ( p - i s o t h i o -  

u r o n i u m m e t h y l p h e n y l ) p y r r o l i d o n e  (VI) was  obtained by r e f lux ing  a m i x t u r e  of I and th iou rea  in d r y  ace tone .  

The c h l o r o m e t h y l  group of I is oxidized by re  f luxing a m i x t u r e  of I and a lka l ine  p o t a s s i u m  p e r m a n -  
ganate  to give a good yield of N - ( p - c a r b o x y p h e n y l ) p y r r o l i d o n e  (VII). N - ( p - F o r m y l p h e n y l ) p y r r o l i d o n e  (VIII) 
is  obta ined when  a m i x t u r e  of I and u r o t r o p i n  is ref luxed in g lac ia l  ace t i c  acid with subsequen t  h y d r o l y s i s  

of the r e a c t i o n  p roduc t .  N - ( p - m e r c a p t o p h e n y l ) p y r r o l i d o n e  (IX) is obtained in good yield by reflux{rig a 
m i x t u r e  of I, s o d i u m  hyposu l f i t e ,  and su l fu r i c  acid in  abso lu t e  a l coho l .  The p h y s i c o c h e m i c a l  cons tan t s  of 
the syn thes i zed  compounds  a r e  p r e s e n t e d  in  Tab le  1. 

The syn thes i zed  compounds  w e r e  tes ted for b io log ica l  ac t iv i ty .  Some of t h e m  w e r e  found to be a c -  
t ive p e s t i c i d e s .  

E X P E R I M E N T A L  

N - ( p - C h l o r o m e t h y l p h e n y l ) p y r r o l i d o n e  (I). A m i x t u r e  of 14 g (0.086 mole) of N - p h e n y l p y r r o l i d o n e  [1], 

46 g of 30% f o r m a l i n ,  and 400 ml  of concen t r a t ed  h y d r o c h l o r i c  acid was  s a tu ra t ed  with hydrogen  ch lo r ide  
at  30-32 ~ for 12 h .  The m i x t u r e  was  al lowed to s tand at r o o m  t e m p e r a t u r e  for 24 h and was  then  poured  

into 1 l i t e r  of ice w a t e r .  The r e s u l t i n g  p rec ip i t a t e  was  r e move d  by  f i l t r a t i on ,  washed  with cold w a t e r  un t i l  
i t  was  n e u t r a l ,  and d r ied  to give 14 g (77%) of c o l o r l e s s  c r y s t a l s  f rom p e t r o l e u m  e the r .  

N - ( p - T h i o c y a n a t o m e t h y l p h e n y l ) p y r r o l i d o n e  (II). A 3 - g  (0.014 mole) s a m p l e  of I was  added at 40-45 ~ 
to a m i x t u r e  of 2 g (0.026 mole) of a m m o n i u m  th iocyana te  in  100 ml  of d r y  ace tone ,  and the mi x t u r e  was  

re f luxed  for 7 h and al lowed to s tand ove rn igh t .  The p rec ip i t a t ed  NH4CI was  r e move d  by f i l t r a t i on  and 
washed with ace tone .  The f i l t r a t e  was  concen t r a t ed  in  vacuo ,  and the r e a c t i o n  p roduc t  was  r e c r y s t a l l i z e d  

f r o m  p e t r o l e u m  e t h e r - a l c o h o l  (1 : 1) to give 3 g (90%) of II~ 

N - ( p - E t h y l x a n t h a t o m e t h y l p h e n y l ) p y r r o l i d o n e  (III) o A m i x t u r e  of 3 g (0.014 mole) of I and 2.4 g {0.015 
mole) of p o t a s s i u m  e thy lxan tha te  in  100 ml  of d r y  ace tone  was  ref luxed for 6 h~ The m i x t u r e  was  cooled,  
and the p r e c i p i t a t e d  KC1 was r emoved  by  f i l t r a t i on  and washed wi th  ace tone .  The f i l t r a t e  was  concen t r a t ed  
in  vacuo ,  and the r e a c t i o n  p roduc t  was  r e c r y s t a l l i z e d  f r o m  p e t r o l e u m  e t h e r  to give 4 g C94%) of HI. 

N - ( p - A c e t o x y m e t h y l p h e n y l ) p y r r o l i d o n e  {IV]. A hot so lu t ion  of 3 g (0.014 mole) of I in  20 ml  of g l a -  
c i a l  ace t i c  acid was  added at  40-50 ~ to a so lu t ion  of 1.2 g (0.014 mole) of s o d i u m  ace ta te  in 10 ml  of g l a -  
c ia l  ace t i c  ac id .  The m i x t u r e  was  ref luxed for  8 h and cooled,  and the p rec ip i t a t ed  NaC1 was r emoved  by  
f i l t r a t i on .  The f i l t r a t e  was  concen t r a t ed  in  vacuo ,  and the c r y s t a l l i n e  r e a c t i o n  p roduc t  was  r emoved  by  
f i l t r a t i o n  and washed with cold w a t e r  un t i l  it was  n e u t r a l  to give 2 g (60%) of IV. The p roduc t  was  c r y s t a l -  

l ized f rom aqueous  a lcohol .  

N - ( p - A m i n o m e t h y l p h e n y l ) p y r r o l i d o n e  (V). A ground m i x t u r e  of 6 g {0.03 mole)  of p o t a s s i u m  ph tha i i -  
mide  and 1.5 g of p o t a s s i u m  ca rbona t e  was  added to 6 g C0.028 mole) of I in  100 ml  of d i m e t h y l f o r m a m i d e ,  
and the m i x t u r e  was  ref luxed for 7 h~ The so lven t  was  r emoved  by  v a c u u m  d i s t i l l a t i o n ,  100 ml  of 20% h y -  
d r o c h l o r i c  acid was added to the r e s i d u e ,  and the m i x t u r e  was  hea ted  on a b o i l i n g - w a t e r  bath for  1 h. The 
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mixture  was cooled,  and the c r y s t a l l i n e  product  was removed  by f i l t ra t ion  and washed with cold absolute  
a lcohol  to give 4 g (78%) of c o l o r l e s s  c r y s t a l s  ( f rom alcohol) of V. 

N- (p - I so th iouron iummethy lpheny l )pyr ro l idone  Hydroch lo r ide  (VI). A solut ion of 3 g (0.014 mole) of 
I in 30 ml of d r y  acetone was  added at 38-40 ~ to a solut ion of 1.5 g (0.019 mole) of t h iou rea  in 30 ml of d r y  
ace tone .  The mix ture  was refluxed for 7 h and cooled,  and the r eac t ion  product  was removed by f i l t r a t ion ,  
washed with absolute  a lcohol ,  and dr ied  to give 3 g (73%) of VI. The product  was c r y s t a l l i z e d  f rom alcohol .  

N- (p -Carboxypheny l )pyr ro l idone  (VII). A total  of 100 ml of a l~c solut ion of KMnO 4 was added at  40- 
50 ~ to 3 g (0.014 mole) of I in 100 ml of 1% KOH solut ion,  and the mix ture  was refluxed for 6 h and allowed 
to stand overnight .  The mixture  was hea ted ,  and the manganese  dioxide was removed by f i l t ra t ion .  The 
f i l t r a t e  was acidif ied with 50 ml of concent ra ted  hyd r oc h l o r i c  ac id ,  and the r e su l t ing  white p r e c i p i t a t e  was 
removed by f i l t ra t ion  and washed with w a t e r  unti l  it was neu t ra l  to give 2.1 g (74%) of c o l o r l e s s  c r y s t a l s  
[from p e t r o l e u m  e t h e r - a l c o h o l  (1 : 1}]. 

N - ( p - F e r m y l p h e n y l ) p y r r o l i d o n e  (VIII). A solut ion of 3 g {0.014 mole) of I in 30 ml of g lac ia l  ace t ic  
acid was added to 6 g (0.043 mole) of u r o t r o p i n  in 20 ml of w a t e r ,  and the mixture  was refluxed for 5 h. 
A tota l  of 30 ml of concent ra ted  hyd roch lo r i c  acid and 200 ml of w a t e r  we re  added to the hot solut ion,  and 
the mix ture  was heated to the boi l ing point .  The mix ture  was cooled,  and the solut ion was ex t r ac t ed  with 
e the r .  The e t h e r  l aye r  was s e p a r a t e d ,  washed with w a t e r ,  and d r i ed .  The solvent  was removed in vacuo,  
and the r e s idue  was c r y s t a l l i z e d  f rom absolu te  a lcohol  to give 2 g (74%) of VIII. 

N- (p -Mercap topheny l )py r ro l i done  (IX). A solut ion of 3 g (0.014 mole) of I in 25 ml of absolute  a l c o -  
hol was added at  30-40 ~ to 3 g (0.019 mole) of sod ium hyposulf i te  in 10 ml of wa t e r .  The mix ture  was r e -  
fluxed for 1 h, 25 ml of 50% su l fur ic  acid was added,  and the mix tu re  was refluxed for another  2 h and a l -  
lowed to stand overnight .  The solut ion was f i l t e r ed ,  and the f i l t r a te  was heated to 27% The p rec ip i t a t ed  
r eac t i on  p roduc t  was removed  by f i l t ra t ion  and dr ied  to give 1.35 g (50%) of IX. The product  was c r y s t a l -  
l ized f rom a l c o h o l - p e t r o l e u m  e ther  (1 : 1) o 

1. 
2o 
3o 
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