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9-Substi tuted 2 ,6 ,dichlorojulol id ines  and 1 -a ry l -2 ,5 -d i ( ch lo romethy l )py r ro l id ines  - a l k y l a t -  
ing compounds with alkylat ing cen te r s  in fixed posi t ions - w e r e  synthes ized ,  and the i r  b a s i c i -  
t ies  and ra tes  of hydro lys i s  w e r e  de te rmined .  The re la t ionship between the s t r u c t u r e ,  ba -  
s ie i ty ,  and rate  of hydro lys i s  of these compounds is d i scussed .  

Among the numerous  a lkylat ien reac t ions  that de te rmine  the biological  act iv i ty  of a r y l b i s ( 2 - c h l o r o -  
e thy l )amines ,  the reac t ion  with nucleic ac ids ,  including the fo rmat ion  of t r a n s v e r s e  bonds between the in-  
dividual DNA f i laments ,  is of grea t  s ignif icance.  In this case ,  the t h r ee -d imens iona l  or ienta t ion  of the 
a lkylat ing cen te r s  of b i s (2-ch loroe thy l )amine  may  v a r y  within definite l imits  due to f ree  rota t ion about the 
C - C  and C--N bonds,  such that the dis tance between them becomes  c lose  to the dis tance between the nu- 
cleophil ic  cen te r s  of the DNA he l ixes .  To obtain informat ion  regard ing  the reac t ion  conditions and the 
c h a r a c t e r  of the bond formed during the reac t ion  of the a lkylat ing compounds with the nucleic ac ids ,  it 
s e e m s  of in te res t  to invest igate  compounds with fixed spat ia l  or ienta t ions  of the alkylat ing cen t e r s .  One 
of the f i r s t  s tudies in this a r e a  was an invest igat ion in which it was poss ib le ,  although with g rea t  difficulty,  
to synthes ize  1 - p o l y b r o m o a r y l - 3 , 4 - d i b r o m o p y r r o l i d i n e  [1]. A number  of ch loromethyl  de r iva t ives  of 1- 
a ry lpyr ro l id ine  and 1-a ry lp iper id ine  have also been synthesized [2, 3]. 

In the p r e s en t  pape r ,  we desc r ibe  the synthesis  and p r o p e r t i e s  of compounds that a r e  re la ted to 
a ry lb i s (2 -ch lo roe thy l ) amines  in which the alkylat ing cen te r s  a re  included in the he te rocyc l i c  s y s t e m s  to 
r e s t r i c t  the i r  spat ia l  s h i f t i n g -  2 ,6-dichlorojulol idines  (I) and 1 -a ry l -2 ,5 -d i ( ch lo rome tby l )py r ro l id ines  (II). 
Compound s I we re obtained by cycl izat ion of b i s (3 -ch lo ro -2 -hydroxypropy l )  a ry l amines  (III) and sub se -  
quent chlor inat ion without i sola t ion of the in te rmedia te  hydroxyjulol id ines ,  since cons iderab le  diff icult ies 
a re  involved in the isola t ion [4]. The synthes is  of Ic was a lso  accompl ished  by another  route:  initial  ch lo r -  
ination of dihydroxy compound IIIc with phosphorus  oxychloride and subsequent  t h e r m a l  cyc l iza t ion  of d i -  
chloro der iva t ive  Vc. 

1 -Pheny l -2 ,5 -d i (ch lo romethy l )pyr ro l id ine  ( I Ia )was  synthesized f rom 1-pheny l -2 ,5 -d i (ca rbomethoxy) -  
pyr ro l id ine  (Via) via  the method descr ibed  in [2, 5, 6]. In this case ,  it turned out that one chlorinated p r o -  
duct (IIa) is obtained f rom both s t e r e o i s o m e r s  of  Via [5]. 1 - (p -To ly l ) -2 ,5 -d i (ch lo romethy l )pyr ro l id ine  (IIb) 
was also s i m i l a r l y  obtained.  

A study of the n i t rosa t ion  and azo coupling of IIa  demons t ra ted  that the parapos i t ion  of the benzene 
r ing has  reduced reac t iv i ty  as compared  with related noncyclic compounds ,  for  example ,  N ,N-b i s (2 -ch lo ro -  
ethyl) aniline, which can be explained by the d e c r e a s e  in the conjugation of the ni t rogen a tom with the a r o -  
mat ic  r ing.  The r ea s on  for  this is d is rupt ion of the coplanar i ty  of the s y s t e m  under  the influence of a p y r -  
rolidine r ing with ch loromethy l  groups .  (See scheme on following page.) The reac t ion  of Ha with po ta s -  
s ium thiocyanate gave 2 ,5 -d i ( th iocyana tomethy l ) - l -pheny lpyr ro l id ine  which, however ,  does not f o r m  an 
additional r ing with the S - S bonds on t r e a t m e n t  with alkaline reagen t s ,  as descr ibed  for  b i s (2- th iocyana to-  
e thy l )a ry lamines  [8], apparen t ly  because  of the unfavorable  s t e r i c  conditions.  
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TABLE 1. Basicity Constants and Hydrolysis Rates of Chlorine- 
Containing Compounds 

Hydrolysis in 50% 
I acetone at 66~ 

. for 30 rain ipK a in 
Compound aceto- ~ ompoum 

nit'rile Iconcen- 
Itration, 

, ]M* 

1- Phenyl- 2,5- di(chloromethyl)pyrro lidine (IIa) 
1- Tolyl- 2, 5- di(chloromethyl)~yrroUdine (IIb)'r 
9- Methyl- 2, 6- dichlorojulo Iidine (Ib) 
9- Methoxy- 2, 6- dichlorojulolidine (Ic) 
N, N- Bis(2 - c htoroethyl)a niline 

6,43 

6;6 
6,70 
7,21 

0,005 
0,005 
0,0025 
0,005 
0,01 
0,005 
0,0025 

ior~ formed, 

H § C1- 

52,1 50,8 
55,0 54,0 
10,6 10,1 
14,1 14,0 
20,0 20,0 
20,0 20,0 
22,0 22,3 

*In v iew of  the  low s o l u b i l i t y  of the i n v e s t i g a t e d  compounds  in  50% 
aqueous  a c e t o n e ,  the h y d r o l y s i s  was  s tud ied  at  l ower  c o n c e n t r a t i o n s  
than  those  i nd i ca t ed  in [9]. 
+ U n d e r  n i t r o g e n .  

T A B L E  2. B a s i c i t y  C o n s t a n t s  of  the  S t a r t i n g  A m i n e s  and Some  2-  
H y d r o x y a l k y l a m i n o  Compounds  in A c e t o n i t r i l e  at  25~ 

Compound pKa Compound pK a 

J u l o l i d i n e  
2, 5 - D iraethvlol- 1 - phenyl- 
pyrrolidine" 

10,85 
10,75 

N,N-Bis(2- hydroxyethyl)aniline 
N, N- Bis(2- hydroxypropyl)a niline 
Aniline 

11,11 
12,10 
10,56[10] 

Iv a, e I b,c 

RC6H4 N (CH..C H ClCfl2 CI)2 I 
Vta 

f t 3 C O O C - ~ C O O C H  3 ~ HO H , 2 C - ~ C H 2 0  |l ~ CI H 2 C ~ ] N ~ C H 2 C I  

C6H4R CGH~R CGH4R 

vla,b vJl a,b iia,b 

a R H, b R= p-CH~, C R =-p-OCH 3 

To c o m p a r e  the a l k y l a t i n g  a b i l i t y  of the s y n t h e s i z e d  compounds  wi th  tha t  of  the  p r e v i o u s l y  known 2-  
c h l o r o a l k y l a m i n e s ,  we  s tud ied  the r a t e s  of  h y d r o l y s i s  of j u l o l i d i n e s  I and p y r r o l i d i n e s  II u n d e r  s t a n d a r d  
cond i t i ons  [9, 12] (Table  1). In c o n n e c t i o n  wi th  the fact  tha t  the b a s i c i t y  of the  n i t r o g e n  a t o m  h a s  a s u b -  
s t a n t i a l  e f f ec t  on the  r a t e  of  h y d r o l y s i s  of a r y l ( 2 - h a l o a l k y l ) a m i n e s ,  we d e t e r m i n e d  the b a s i c i t y  cons t an t s  
of  I and II and s e v e r a l  s t a r t i n g  and i n t e r m e d i a t e  h y d r o x y  compounds  (Tab le s  1 and 2). The d e t e r m i n a t i o n  
was  c a r r i e d  out wi th  a c e t o n i t r i l e  so lu t ions  v i a  the  method  in [10, 11]. 

The  d a t a  p r e s e n t e d  d e m o n s t r a t e  tha t  the  p r e s e n c e  of two c h l o r i n e  a t o m s  in the 2 p o s i t i o n  r e l a t i v e  to 
the n i t r o g e n  of the a l i p h a t i c  c h a i n  o r  the h e t e r o c y c l i c  r i n g  m a r k e d l y  l o w e r s  the  b a s i c i t y  of  the  compound ,  
wh i l e  the e f fec t  of h y d r o x y l  g roups  i s  c o m p a r a t i v e l y  s m a l l .  On the  b a s i s  of the  l i t e r a t u r e  d a t a ,  a c c o r d i n g  
to  which  c h l o r i n e  a t o m s  a t t ached  to the  s e c o n d a r y  c a r b o n  a t o m s  of  2 - h a l o a l k y l a m i n e s  a r e  h y d r o l y z e d  c o n -  
s i d e r a b l y  m o r e  r e a d i l y  than  p r i m a r y  a m i n e s ,  the  p r e s e n c e  of  m e t h y l  and m e t h o x y  g roups  in the p a r a p o s i -  
l i on  r e l a t i v e  to n i t r o g e n  a l s o  a c c e l e r a t e s  h y d r o l y s i s  [9, 12], and one should have  expec t ed  a high r e a c t i v i t y  
for  9 - a l k y l - 2 , 6 - d i c h l o r o j u l o l i d i n e s  (I). H o w e v e r ,  the  r a t e  of  h y d r o l y s i s  of I is  in fact  l o w e r  than  that  of  
the  n o n c y c l i c  a n a l o g - - N , N - b i s ( 2 - c h l o r o p r o p y l ) a n i l i n e ~  Th i s  r e d u c t i o n  in r e a c t i v i t y  cannot  be exp l a ined  by  
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the difference in the basici t ies  of the compounds,  since 2,5-di(ehioromethyl)pyrroIidine (IIa) has a tower 
basic i ty  and, at the same t ime,  a higher  rate of hydrolys is  than Ic.  The decrease  in the stabil ization of 
the intermediate cation (VIII) by virtue of an increased distance between C(2 ) and nitrogen,  which enter  into 
the composit ion of the rigid he te rocyc l ic  sys tem,  should be assumed to be the reason for the reduced r e -  
activi ty of 2,6-dichlorojulolidines.  

OCH a 

VIII 

The he te ro r ing  of the pyrrol idine cation (IX), like aeyclic  2-eh loroa lkylary lamines ,  does not inter-  
fere with the establ ishment  of the optimum distance between the nitrogen and the f l -carbon and thereby 
the achievement of the best  stabilization; the presence  of a pyrrol id ine  ring instead of two individual ch loro-  
ethyl chains may promote  an increase  in the nucleophilicity of the nitrogen. The fact that the presence  of 
a methyl group in the paraposi t ion of the benzene ring of Iib only slightly increases  the rate of hydrolys is  
is also evidence for weakening of the t r ansmiss ion  of the effect of the p-methyl  group to the nitrogen atom 
of the pyrrol idine ring. 

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

Thin- layer  chromatography on activity II aluminum oxide was used to monitor  the reactions and to 
determine the puri t ies  of the products .  The solvent sys tems  were  as follows: A) b e n z e n e - n - h e x a n e  (1:1), 
and B) benzene -me thano l  (9:1). Iodine was used as the developer .  The IR spect ra  of KBr pellets were  
recorded with a UR-10 spec t rophotometer .  

9-Methyl-2,5-dichlorojulol idine (Ib). A mixture of 1.07 g (0.01 mole) of p-toluidine and 1.86 g (0.02 
mole) of epichlorohydrin was heated at 140-150 ~ for 9 h under nitrogen. Phosphorus oxych[oride [7.5 g 
(0.05 mole)] was added to the result ing mass ;  the mixture was heated at 120-123 ~ for 4 h. The mixture 
was cooled, and the excess  POC13 was decomposed with a 2% sodium carbonate solution. The mixture was 
extracted with ch loroform,  and the ext rac t  was dried with magnesium sulfate. The ch lo roform was r e -  
moved by vacuum distil lation, and the residue was chromatographed with a column tilled with aluminum ox- 
ide with elution by sys t em Ao The fract ion with Rf 0.9* was collected to give 0.54 g (21%) of a product with 
mp 119-120 ~ (from ethanol). Found: Cl 27.7; N 5.7%. C13HIsC12N. Calculated: Cl 27.7; N 5.5~. IR spec-  
t rum,  cm- l :  622 medium (m), 695 weak (w) (C - C1). 

9-Methoxy-2,5-dichlorojulol idine (Ic). A) This compound was s imi la r ly  obtained in 23% yield f rom 
p-anisidine and had mp 135-136 ~ (from ethanol) and RfA0.9o Found: C1 27.7; N 5.6%. CI3H15C12NO. Cal-  
culated: C1 26.1; N 5.2~c. IR spec t rum,  c m - l :  638 m, 695 s t rong (s) ( C - C I ) .  

]3) A solution of 3.08 g (0.01 mole) of N,N-bis (y-chloro- /? -hydroxypropyl ) -p-anis id ine  and 4.5 g 
(0.03 mole) of phosphorus oxychloride in 15 ml of ch lo roform was retiuxed for 5 h. The excess  phos-  
phorus oxychloride was decomposed with 2% sodium carbonate solution. The aqueous solution was ex- 
t racted with chloroform,  and the extract  was dried with magnesium sulfate. The ch loroform was removed 
by disti l lation, the residue was dissolved in 6 m[ of te t rachloroethane,  and 3 ml of TiC14 was added to the 
solution. The mixture was heated at 100-105 ~ for 30 min and cooled. The TiCI 4 was decomposed with 
water ,  and the aqueous solution was extracted with chloroform.  The ch lo roform extract  was worked up in 
the usual manner  to give an oil. The oil was chromatographed with a column titled with aluminum oxide 
with elution by sys t em A to give Ic, which was identical to the sample descr ibed above. 

1-Phenyl-2 ,5-di (chloromethyl)pyrrol id ine  (IIa). A) A solution of 2.63 g (0.01 mole) of c i s - l - p h e n y l -  
2,5-di(carbomethoxy)pyrrol idine {Via) in 50 ml of absolute ether  was added dropwise to a solution of 0.95 g 
{0.025 mole) of lithium aluminum hydride in 30 ml of absolute ether ,  and the react ion mixture was refluxed 
for 12 h. It was then cooled, and the excess  lithium aluminum hydride was decomposed with 2 ml of 25% 
potass ium hydroxide.  The ether  layer was dried with magnes ium sulfate, and the e ther  was removed by 
vacuum disti l lation to give 1.6 g (77%) of 1-phenyl-2 ,5-dimethylpyrrol id ine  (VIIa) as a tight-yellow oil 

* The upper index indicates the sy s t em for which the Rf value is presented.  
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wi thRfB0o5 .  Found: N 6 5 %  C12H17NO 2 Calcula ted:  N 6.4%, ~OH 3510 cm -1 A 2.07-g(0.01 mole) s a m -  
ple of VIIa was d i sso lved  in 15 ml of ch lo ro fo rm,  7.5 g (0.05 mole) of phosphorus  oxychlor ide  was added,  
and the mix ture  was  ref luxed for 2 h and worked up as  indicated for  I to give 1 76 g (72~) of IIa with mp 
80.5-80.7 ~ (from ethanol) (rap 81.5-82 ~ [4]) Found: C1 293;  N 5.9%. CI2HIsC12N. Calcu la ted :  CI 29.1; 
N 5 . 7 ~ .  I R s p e c t r u m ,  c m - l :  650w,  693 s ( C - - C I ) .  

B) A 2.3 g (0.01 mole) sample  of t r a n s - V I a  was t rea ted  as above to give 1.2 g (58%) of IIa with mp 
80-80.5 ~ (from ethanol).  This  product  did not d e p r e s s  the mel t ing  point of the sample  obtained in e x p e r i -  
ment A. 

1 - T o l y l - 2 , 5 - d i m e t h y l o l p y r r o l i d i n e  (VIIb). The reac t ion  of 2.77 g (0.01 mole) of 1 - t o l y l - 2 , 5 - d i ( c a r b o -  
me thoxy)pyr ro l id ine  (VId) and 0.95 g (0.025 mole) of l i thium a luminum hydr ide  was c a r r i e d  out as above to 
give 1.8 g (81~) of VIIb as  a l ight -yel low o i l w i t h R f B 0 . 4 9 .  Found: N 6.4%. Ci3H19NO 2. Calcula ted:  N 6.3~.  

1 - T o l y l - 2 , 5 - d i ( c h l o r o m e t h y l ) p y r r o l i d i n e  (IIb). A 2 .19-g  (0.01 mole) s ample  of VIIb was d isso lved  in 
20 ml of ch lo ro fo rm,  7.5 g (0.05 mole) of phosphorus  oxychlor ide  was added,  and the mix ture  was refluxed 
for 2 h. It was then cooled and worked up as indicated for Ib to give 2.06 g (80%) of IIb with mp 99.5-100 ~ 
(from ethanol).  Found: C1 27.9; N 5.5%. Ci3HiTC12N. Calcula ted:  C1 27.4; N 5.4%. 

1 -Fheny l -2 ,5 -d i ( t h iocyana tome thy l )py r ro l i d ine .  A solut ion of 2.44 g (0.01 mole) of IIa and 9.7 g (0.1 
mole) of p o t a s s i u m  th iocyanate  in 75 ml of ethanol was refluxed for  8 h. The ethanol  was removed by 
vacuum d i s t i l l a t i on ,  and the r e s idue  was washed with w a t e r  and ex t r ac t ed  with ch lo ro fo rm.  The ex t rac t  
was worked up in the usual  manner  to give 2 g (69~) of a product  with mp 84.5-85 ~ (from ethanol).  Found: 

N 14.4~. C14Hi5N3S 2. Calcula ted:  N 14.6%. 

4 - N i t r o - 4 ' - [ 2 , 5 - d i ( c h l o r o m e t h y l ) - l - p y r r o l i d i n y l ] a z o b e n z e n e  A 2 .44-g (0.01 mote) sample  of IIa was 
d i sso lved  in 50 ml of methanol ,  and a solut ion of p -n i t robenzened iazon ium hydroch lo r ide ,  obtained f rom 
1.38 g (0.01 mole) of p -n i t r oan i l i ne ,  was added.  The r e su l t ing  p r ec ip i t a t e  was removed by f i l t ra t ion  and 
dr ied  to give 3.25 g (82%) of a product  with mp 137-138 ~ (from n-hexane) .  Found: Cl 18.1; N 14o1~. 

CisH18C12N402. Calcula ted:  C1 18.0; N 14.3%. 
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