
S Y N T H E S I S  OF 1 - A R Y L - 2 , 6 - B I S ( C H L O R O M E T H Y L ) P I P E R I D I N E S  
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Severa l  de r iva t ives  o f2 ,6 -b i s (ch lo romethy l )p ipe r id inehave  been synthes ized as model c o m -  
pounds with " r ig id"  b i s ( f l -ch loroe thy l )amino  groups .  They have a ry l  subst i tuents  on the ni -  
t rogen  a tom.  

We have p rev ious ly  desc r ibed  2 ,5 -b i s (ch lo romethy l )pyr ro l id ines ,  which a r e  compounds p o s s e s s i n g  
the r ig id  f o r m  of the cytotoxic b i s ( f l -ch loroe thy l )amine  group [1]. In o rde r  to examine the compara t ive  
chemica l  and biological  ac t iv i t ies  of a num ber  of cycl ic  analogs of b i s ( f i -ch loroe thy l )amine ,  we have p r e -  
p a r e d  compounds in which the ~ , ~ ' - c a r b o n  a toms  of the cytotoxic group a re  locked into a p iper id ine  r ing 
by means  of a t r imethy lene  br idge.  The synthes is  of these  compounds was effected as follows: 
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The s ta r t ing  e s t e r s  of 2 ,6 -p iper id ined ica rboxyl ic  acid (I-V) (see table  1) were  p r e p a r e d  by condensa-  
tion of dimethyl  m e s o - ~ , e - d i b r o m o p i m e l a t e  with p r i m a r y  a r o m a t i c  amines .  

2 ,6 -B i sme thoxyca rbony lp ipe r id ines  a re  reduced smoothly  by L iAIH 4 in good yields  to the c o r r e s p o n d -  
ing bis(hydroxymethyl)  de r iva t ives  VI-X. 

At tempts  to p r e p a r e  1 -a ry l -2 ,6 -b i s ( ch lo rome thy l )p ipe r id ines  by heating the bis(hydroxymethyl)  d e r i v -  
a t ives  VI-X with thionyl chlor ide ,  as  desc r ibed  for  2 ,6 -b i sch lo romethy lp ipe r id ines  with al iphat ic  subs t i tu -  
ents [2, 3], resulted in considerable resinification. We have previously described similar difficulties in the 
attempted preparation of l-piperidino-2,5-bis(chloromethyl)pyrrolidine using thionyl chloride [4]. l-Aryl- 
2,6-bis(chloromethyl)piperidines (XI-XV) and l-piperidino-2,5-bis(chloromethyl)pyrrolidine (XVI) were ob- 
tained by reaction of the diols with phosphoryl chloride. 

1-Phenyl-2,6-bis-substituted piperidines readily undergo reactions characteristic of tertiary aromat- 
ic amines. Thus, reaction of the diester I with nitrous acid givesthe nitroso derivative XVII. The l-phe- 
nyl derivatives I and XI undergo the azo coupling reaction with p-nitrophenyldiazonium chloride to give the 
azo dyes XVIII and XXVIII. l-(p-Nitroazobenzene)-2,6-bis(ehloromethyl)piperidine is a latent form of 
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1-phenyl-2,6-bis(chloromethyl)piper idine.  It is known that a s imi lar  compound with the p-bis  ( f l -chloro-  
ethyl)amino group has a significant suppressive effect on the growth of the Walker carc inoma [5]. 
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React ion of the d ies ter  I with dimethylformamide in the p resence  of phosphoryl  chloride gives the 
aldehyde XIX. The diol VI under the conditions of the Vi lsmeier  react ion gives p-[2~6-bis(chloromethyl)-  
piperidino] benzaldehyde (XXIII), which is the cycl ic  analog of p-[bis(f l-chloroethyl)amino]benzaldehyde,  
which finds wide application in the synthesis  of anti tumor compounds. 

In a manner  s imi lar  to other a romat ic  aldehydes, the aldehydes XIX and XXIII readi ly form 2,4-dini-  
t rophenylhydrazones XX and XXIV, and azomethines XXI and XXV with metanil ic ac id .  

It is known that p-[bis(f l -chloroethyl)amino]benzylidene der ivat ives  of barbi tur ic  acid possess  high 
ant i tumor activity [6].. The benzylidene derivative XXVI is readi ly  formed on heating the aldehyde XXIII 
with barbi tur ic  acid. The aldehyde XIX also reac t s  with barbi tur ic  acid. 

The aldehyde XXIII r eac t s  with hippuric acid in acetic anhydride to give the azolactone XXVII. 

The authors thank P r o f e s s o r  I. Ya. Postovski i  for his interest  in this work. 

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

1-Aryl -2 ,6-bis (methoxyearbonyl)p iper id ines  (I-V).. Dimethyl m e s o - ~ , c  -d ibromopimela te  (0.1 mole), 
bp 186-191 ~ (12 mm) [7], 0.3 mole of the amine, and 0.5 g of KI in 50 ml of benzene were boiled for 30 hr  
(for IV and V) and 70 hr  (for I-III).  The react ion mixture was diluted with water  until the precipi ta te  d is -  
solved completely,  then extracted with ether.  The ether ext rac t  was washed with small port ions of 6-N HC1. 
The acid extract  was neutral ized with cone. NaOH and extracted with ether .  After drying over  MgSO4, the 
ether  was distil led off, and the residue distilled in vacuo to give a slightly yellow viscous oil, which c rys t a l -  
l ized on prolonged cooling, except compounds III and IV (see Table 1). 

1-Aryl -2 ,6-bis (hydroxymethyl)p iper id ines  (VI-X): The dies ter  I -V (0.3 mole) in 25 ml of dry e ther  
was added dropwise to 0.75 mole of LiAIH 4 in 350 ml of dry  ether .  The mixture was boiled for 4 hr; then 
50 ml of water was added with care .  The ether  layer  was separated,  and the residue extracted careful ly  
with sma l l  port ions of ether.  The extract  was dried over MgSO 4, and the ether  removed.  The residue was 
distil led in vacuo to give a Vaseline-l ike oil (see Table 1). 

1-Aryl -2 ,6-b is (chloromethyl )p iper id ines  (XI-XV). The diol VI-X (0.7 mole) in 40 ml of dry  benzene 
was boiled with 1.6 ml of f resh ly  distilled phosphoryl  chloride for  4 hr.  The react ion mixture was cooled, 
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COOCHa 
COOCHa 
COOCHa 
COOCHa 
COOCHa 

OH 
OH 
OH 
OH 
OH 
Cl 
Ct 
Ct 
Cl 
Cl 

182--186 (3) 
2o7-21o (4) 
190--195 (4) 
207--210 (4) 
220--225 (6) 

'2o7 (5) 
217--220 (6) 
195--198 (2) 
225--227 (5) 
215--220 (2) 

45--46 
80--81 

89--90 

4 5 - - 4 7  

7 9 - - 8 0  
192--193 
207--208 
229--230 
215--216 

*Found ,  %: Cl11 .32 ,  Ca l cu l a t ed ,  %: Cl11 .38 .  
C1 34.74. Ca lcu la t ed ,  %: C1 34.44. 

Molecular formula 

CtsHIgN04 
C)sH1sC1N04 * 
CI6H2INO4 
C16H21NOs 
C 17H24N204 
C13HIgNO2 
CtaHIsCINOz 
CI4H21NOa 
CI,~H2INOa 
CIsH~4N~O~ 
C~aH~TCI2N ~ 
CI~HI6CIaN �9 HCI 
C~4H~gCI~N - HCI$ 
ClrHIgCI=NO �9 HCI 
C1sH22C12N2 �9 2HCI 

Found, % 

C H 

65.08 680 
58.12 I 6.10 
66.41 I 7.34 
62.49] 7,11 
64.17__ 7.68_ 

71.47 } 9.06 
66A0 8.72 

60794 I 6.94 
46.93 / 5.15 
54,84 J 6,27 
51,38 6,57 
48.63 6,45 

Calculated, % 

N C H 

- -  64.98 6.90 
57.81 5.81 

4"~I 65,98 i 7.27 
8-.96 62"55/ 6.89 

63.75 7.73 
6.I3 -- -- 
5,33 
6,20 797J 55 
-- 66.89 1 8,43 

1 l,Ol I 

5.52 60-~7 [ 6_;4 
4.19 47.441 5.20 
4.82 54.60r 6.51 
4.11 51.79] 6,20 
7.56 48.71 6.46 

4.81 

8.75 
6.33 
5.49 
5.95 

10,59 
5.42 
4.26 
4.55 
4.31 
7 48 

Y i e l d ,  
% 

65 
35 
45 
55 
40 
90 
79 
80 
70 
50 
85 
35 
80 
60 
60 

J 'Fotmd,  %:C126.98.  Ca lcu la t ed ,  %: C127.47. :~ Found ,  %: 

pou red  onto ice ,  and n e u t r a l i z e d  with c onc a m m o n i a ;  The  b e n z e n e  l a y e r  was  s e p a r a t e d ,  and the  r e s i d u e  f u r t h e r  
e x t r a c t e d  with s m a l l  p o r t i o n s  of b e n z e n e .  The c o m b i n e d  be nz e ne  e x t r a c t s  were  d r i e d  over  MgSO 4, and the 
b e n z e n e  r e m o v e d  in  vacuo a t  a ba th  t e m p e r a t u r e  no t  e xc e e d i ng  40~ The r e s i d u a l  oil f a i l ed  to c r y s t a l l i z e  
on prolortged cool ing  except  for  XI and XIII. The h y d r o c h l o r i d e s  were  ob ta ined  by  t r e a t m e n t  of the e the r  
so lu t i ons  of the d ich lo ro  compounds  with a lcohol ic  HC1, and  were  p u r i f i e d  by r e c r y s t a l l i z a t i o n  f r o m  ab -  
so lu te  e thanol  (see T a b l e  1). 

l - P i p e r i d i n o - 2 , 5 - b i s ( c h l o r o m e t h y l ) p y r r o l i d i n e  (XVI). To a so lu t ion  of 1.3 g (0.006 mole)  of 1 - p i p e r i -  
d i n o - 2 , 5 - b i s ( h y d r o x y m e t h y l ) p y r r o l i d i n e  [4] in  25 ml  of d ry  be nz e ne  was added 1.3 ml  of POC13, and the 
m i x t u r e  bo i l ed  for  5 hr .  The m i x t u r e  was worked  up as  above .  The f r e e  b a s e ,  a s l igh t ly  ye l low oil ,  was  
d i s s o l v e d  in  e the r  and t r e a t e d  with a l coho l i c  HC1 to give the h y d r o e h l o r i d e ,  mp  185~ ( f rom abso lu t e  a l c o -  
hol).  Found ,  %: C 45.92; H 7.46; N 9.66. Ca l cu l a t ed  for  CIIH26C12N2 �9 HC1, %: C 45.91; H 7.36; N 9.74. 

1 - p - N i t r o s o p h e n y l - 2 , 6 - b i s ( m e t h o x y c a r b o n y l ) p i p e r i d i n e  (XVII). 3.05 g (0.01 mole) of the d i e s t e r  I was 
d i s s o l v e d  with hea t ing  in 7.5 ml  of conc HC1, the so lu t ion  cooled,  and a so lu t ion  of 1.26 g (.0.018 mole)  of 
s o d i u m  n i t r i t e  in 4 ml  of w a t e r  was added at  0-5~ Af te r  s t and ing  fo r  one hr ,  the m i x t u r e  was  d i lu ted  with 
twice  i t s  vo lume  of wa te r ,  and e x t r a c t e d  with c h l o r o f o r m .  The r e a c t i o n  p r o d u c t  was p r e c i p i t a t e d  with p e t -  
r o l e u m  e t h e r ,  and c r y s t a l l i z e d  f r o m  e t h e r  to give 2 g of b r i g h t - g r e e n  n e e d l e s ,  mp 136~ Found,  %: 

C 58.87; H 5.95; N 9.10. Ca l cu l a t ed  for  C15H18N2Os, %: C 58.80; H 5.88; N 9.14. 

1 - ( p - N i t r o a z o b e n z e n e ) - 2 , 6 - b i s ( m e t h o x y e a r b o n y l ) p i p e r i d i n e  (XVIII). A so lu t ion  of 1.5 g (0.005 mole)  
of the d i e s t e r  I in 10 ml  of ace tone  was  added at  0-5~ to p - n i t r o p h e n y l d i a z o n i u m  ch lo r ide  ( f rom 0.7 g of 
p - n i t r o a n i l i n e  and  0.8 g of NaNO 2 in 3 ml  of HC1). The m i x t u r e  was kept  in the r e f r i g e r a t o r  fo r  two days ,  
the p r e c i p i t a t e  was  f i l t e r e d  off and r e c r y s t a l l i z e d  f r o m  aqueous  ace tone  g iv ing  a b r i g h t - r e d  p roduc t ,  mp 
154-154.5~ Found,  %: N 13.10. Ca l cu l a t ed  fo r  C21H22N406, %: N 13.14: 

p - [ 2 , 6 - B i s ( m e t h o x y c a r b o n y l ) p i p e r i d i n o ] b e n z a l d e h y d e  (XLX). To 15.2 ml  of d i m e t h y l f o r m a m i d e  was 
added at  0-5~ 1.86 ml  of phosphory l  ch lo r ide .  Af te r  15 ra in  at th i s  t e m p e r a t u r e ,  5.54 g (0.018 mole) of the 
d i e s t e r  I in  15.2 ml  of d i m e t h y l f o r m a m i d e  was  g r a d u a l l y  added,  and  the m i x t u r e  was s t i r r e d  fo r  15 m i n .  
It was  then  w a r m e d  to 40~ kept at  th is  t e m p e r a t u r e  for  2 h r ,  cooled,  pou red  onto ice,  and n e u t r a l i z e d  with 
conc a m m o n i a .  The  p r e c i p i t a t e  was  f i l t e r e d  off on a cooled  funne l ,  and washed  with ice  wa te r .  The c rude  
p roduc t  was an oil  at  r o o m  t e m p e r a t u r e ,  weight  4 g. P u r i f i c a t i o n  was  ef fec ted  via  the m - s u l f o a n i l  d e r i v a -  
t ive.  Th i s  (0.2 g) was r e c r y s t a l l i z e d  f r o m  aqueous  me thano l  and t r i t u r a t e d  with 4 ml  of 5% sod ium c a r b o n -  
ate with gen t le  w a r m i n g  on a wa t e r  bath .  The a ldehyde which s e p a r a t e d  was  f i l t e r e d  off and c r y s t a l l i z e d  
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from water, giving a finely crystall ine,  colorless compound, mp 87-89~ Found, %: N 4.62. Calculated 
for C16Hl~NO 5, %: N 4.58. 2,4-Dinitrophenylhydrazone (XX). Dark-red,  finely crystalline compound, mp 
207-209~ (from benzene). Found, %: N 14.62. Calculated from C22H23N5Os, %: N 14.44. m-Sulfoanil(XXI). 
Bright-yellow crystalline compound, mp > 350~ (prisms, from aqueous methanol). Found, %: N 6.14. 
Calculated from C22H24N2OTS, %: N 6.08. 

5-[p-2,6-Bis(methoxyearbonyl)piperidinobenzylidene]barbituric acid (XXII). Hot solutions of 1.5 g 
(0.005 mole) of the aldehyde XIX in 30 ml of ethanol, and 0.68 g (0.005 mole) of barbituric acid in 6 ml of 
water, were mixed and heated to boiling for 2 min. The precipitate was fi l tered off and recrystal l ized 
from a dimethylformamide-butanol mixture (1:25) to give a bright-orange finely crystalline product, mp 
288-289~ Yield 1.6 g }80%). Found, %: C 58,42; H 5.13; N 10.]0. Calculated for C20H21N3OT, %: C 58.33; 
H 5.10; N 10.12. 

p-[2,6-Bis(ehloromethyl)piperidino]benzaldehyde (XXIII). To 7 ml of dimethylformamide was added 
at 0-5~ 4.6 ml of phosphoryl chloride, and after 15 min, 3.2 (0.015 mole) of the diol VI in 7 ml of dimethyl- 
formamide was added dropwise. The mixture was s t i rred at 0-5~ for 15 rain, then heated at 85-90~ for 
4 hr 30 min. Cone ammonia was then added with cooling, to pH 8, and the precipitate was fi l tered off and 
recrystal l ized from ethanol to give colorless pr isms,  mp 83-85~ Yield 75%. Found, %: C 60.65; H 6.55; 
N 5.15. Calculated for C14H17C12NO , %: C 60.88; H 6.20; N 5.07. 

2,4-Dinitrophenylhydrazone (XXIV). D a r k - r e d  f ine!ycrystal l ine solid, mp 175-176~ (from butanol). 
Found, %: N 14.91. Calculated for C20H21C12N504, %: N 15.02, 

m-Sulfoanil (XXV). Bright-yellow finely crystalline solid, mp > 350~ (from 50% ethanol). Found, %: 
N 6.64. Calculated for C20H22C12N203S, %: N 6.34. 

5-[p-2,6-Bis(chloromethylpiperidino)benzylidene]barbituric acid: (XXVI). This was obtained in a 
similar manner to XXII, in 60% yield. The deep-orange crystall ine solid had mp 237~ (decomp, from bu- 
tanol). Found, %: C 54.95; H 5.12; C1 17.39. Calculated for CIsH19C12N303, %: C 54.53; H 4.83; C1 17.80. 

4-[p-(2,6-Bischloromethylpiperidino)benzylidene]phenyl-5-oxazolone (XXVII). 5.72 g (0.02 mole) 
quantity of the aldehyde XXIII, 3.6 g (0.02 mole) of hippuric acid, and 2.8 g of anhydrous potassium carbon- 
ate in 20 ml of acetic anhydride were heated gradually to 100~ (15 min), and s t i r red for an additional 15 
min. On the following day, the reaction mixture was poured into a mixture of ice and water. The aqueous 
layer  was decanted off, and the residual oil was tr i turated with ether and crystal l ized ~from glacial acetic 
acid. The bright-orange needles had mp 154-156~ yield 3.5 g (25%). Found, %: N 6.82. Calculated for 
C23H22C12N202, %: N 6.52. 

1-(p-Nitroazobenzene)-2,6-bis(chloromethyl)piperidine (XXVIII). This was obtained in 45'% yield by 
the method given above for XVIII, as a bright-red,  finely crystall ine solid, mp 113-114~ (from isopropanol). 
Found, %: C1 14.91; N 14.76. Calculated for C20H21C12N504, %: C1 15.27; N 15.02. 
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