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SUMMARY 

A sinple pmcedure t o  eytheeise l , P - b i s ( 3 ' - b r o ~ p r i ~ y l )  

14 

piperaaine-2,3- 14  C, p i p o b ~ o m n - ' ~ C ( I - ~ ~ C I ,  v ia  pipe-ine-.Z, 3-I4C 

(V- C) W E  described. 

dibromide-1, d 4 C  gave I ,  4-dibmsylpiperaaine-Z,3-14C(III-14Cl i n  
34% yield.  III-14c woe catalytically reduced i n  g l a c i a l  acetic 
acid on Pd-C to afford pipsra~ine-Z,3-~~C d i a ~ e t a t e ( I V - ~ ~ C )  i n  90% 
yield,  followed by the convereion i n  aqueoue solution t o  free V- 
14C which w e  i n  turn subjected to a Schotten-Bawnann reaction 
v i t h  3-bmmopropiayt chloride t o  give I-I4C i n  69% yield.  

The cadensation of 1, Z-bisIbmsylamiwlethane(II1 with ethylme 

I N T R O D U C T I O N  

Pipobroman, 1 ,LC-bis( 3 I-bromopropionyl)piperazine( I ) ,  i s  known 

as an a n t i n e o p l a s t i c  agent.  

We inves t iga t ed  tho  syn thes i s  of "C-labeled I for t h e  drug 

metabolism s t u d i e s .  It  w a s  conceivable t h a t  a convenient method 

t o  prepare l4C-labeled p iperaz ine  would be widely appl icable  f o r  

t he  syntheses of l abe led  drugs conta in ing  p i p e r m i n e  no ie ty  i n  

t h e i r  molecules. A t  t h i s  po in t  of view we s tud ied  the  p repa ra t ion  

o f  14C-labeled p iperaz ine  as wel l  as  14C-labeled I .  
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The established synthesis of 14C-labeled I via 14C-labeled 

piperazine is described in this paper as shown in Chart 1. 

Chart 1 

+ *  n 
2 Et3N u 

I I P C  

Br ) @\-N N Z H 2 0  
*w 

Br 

in dioxane 
I 1  

Pd-C, 2H2 ) H-N-N-H.2 f i  CH&OoH 2 NaHCO3 j [H-N?i-+ 
in ClgCOOH in H,O I 

I v - ’~c  v -l4c 

9 7 - 5  
Brwwoc‘ ) Br-CHpCY-C-N-N-C-CY-CH2-Br ( w = 14C ) 
2 NaHC03 a 

14 1- c in H20 

Herbert et al. has reported the synthesis of piperazine- 

2,5-l4c by the reduction, with lithium aluminum hydride, of 2,5- 

diketopipera~ine-2,5-~~C, which was obtained by the cyclization 

of glycine-l-14C methyl ester. 

In the present study we adopted a synthetic route to 14C- 

labeled piperazine that 1,2-bis(benzylamino)ethane(II) and ethyl- 

ene dibromide(EDB) were condensed to form 1,k-dibenzylpiperazine 

(111) 2)’ ’), which was in turn subjected to the catalytic reduc- 

tion to give piperazine diacetate(1V) 4), since the present method 

iiivo;ves loss reaction steps and more convenient procedure as 

:@:‘:;:-.Y?.: wit!) tliose described above. 
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The r eac t ion  of e thylene  dibromide-1, 2-l4C(EDB-l4C) and I1 

i s  requi red  t o  proceed i n  the  small sea l ed  tube ,  s ince  minute 

quan t i ty  of v o l a t i l e  l abe led  compound i s  involved. The r e a c t i o n  

was found t o  proceed smoothly i n  absolu te  dioxane i n  a sea l ed  

tube with an a d d i t i o n  of a hydrogen bromide acceptor ,  t r i e t h y l -  

amine(TEA), i n s t ead  of potassium carbonate *) '  which might l ead  

t o  the  evolu t ion  of carbon d ioxide .  

A millimole-scale mixture of  11, EDB-14C(1 mCi), and TEA i n  

absolu te  dioxane was sea l ed  i n  t h e  small ampule and hea ted .  The 

t h i n  l a y e r  chromatogram of t h e  r e s u l t a n t  crude product showed t w o  

r ad ioscs ivs  2ehks  a t  o r ig i r ;  and a t  R f  0.37 RS show2 i n  F ig .  l a .  

The l a - t e r  WES i d e n t i f i e d  as  1,4-dibe~zylpiperazine-2,3-~~C( III- 

"C), with  57 % of the  t o t a l  r a d i o a c t i v i t y .  

w a s  p u r i f i e d  success ive ly  ori bas i c  aluninum oxide and s i l i c a  ge l  

columns by us ing  benzene as e l u e n t s ,  as showr. i n  F ig .  l b  and l c .  

The y i e l d  cf t he  p u r i f i e d  specimen was 34 % ca lcu la t ed  on EDB-l'C, 

and 51 % on 11, r e spec t ive ly .  

F ig .  1. 

The crude product 

Radiochromatograms of 1,4-Dibensylpiperazine-2 ,3-14C( III-l4C). 

( b )  

a)  Crude produci,. 

bj F i r s t  p u r i f i c a t i o n  by bazic alrnina column. 

c )  Second pur i l ' i c a t i c i ,  Ly s i l i c a  g e l  column. 

Orlgln Front 
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Thin layer chromatography was a l l  performed on s i l i c a  g e l  G 

p l a t e  0.25 mm t h i c k .  Solvent system : n-Sexane:EtOH = 1O:l 

Fig .  2.  F ig .  3 .  

Radiochromatogram o f  P ipera-  Radiochromatogram of 

! ~ i n e - 2 , 3 - ~ ~ C  d i a c e t a t e (  I V - 1 4 C ) .  P i ~ o b r o m a n - ~ ~ C (  I - 1 4 C ) .  

R t i O . 2 3  r 
Solvent system : Solvent system : 

E t O H  : c-NH,OH = 4 : 1 Benzene : Acetone = 7 : 3 

I I I - 1 4 C  w a s  subjec ted  t o  t he  c a t a l y t i c  hydrogenation with 

Pd-d i n  g l a c i a l  a c e t i c  ac id  t o  g ive  p i p e r a ~ i n e - 2 , 3 - ~ ~ C  d i a c e t a t e  

(IV-14C> wi th  the  y i e l d  of 90 %. The chemical and radiochemical 

p u r i t y  of  t he  product was found t o  be nea r ly  100 % .by t h i n  l aye r  

cbomatography as shown i n  F ig .  2 ,  i n d i c a t i n g  n o  f u r t h e r  p u r i f i -  

c a t i o n  was necessary.  The s p e c i f i c  a c t i v i t y  was 0.87 mCi/mmole. 

P repa ra t ions  o f  I have been repor ted  t h a t  the  condensation 

r e a c t i o n s  of 3-bromopropionyl chloride(3-BPC) wi th  f r e e  p iperaz ine  

i n  anhydrous fo rn  5, o r  i n  hexahydrate 6, were performed i n  

organic s o l v e n t s .  

On the  con t r a ry ,  IV-l'C c a - ~  be sub jec t ed  t o  a success ive  

condensation r e a z t i o n  i l l  aqueous s o l u t i o n  without isolation 01 

i r e e  p ~ p e r a z i n e - , 2 , 3 - ~ ~ C (  V - 1 4 C ) ,  when a Schotten-Baumann r e a ? t i o n  

iz ,-:::p.lo>-C.2. 
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IV-l'C was d i s so lved  i n  water and made f r e e  by t h e  addi t ion  

o f  sodium bicarbonate .  Then, 3-BPC and t he  sodium bicarbonate  

s o l u t i o n  were dropped a l t e r n a t e l y  onto t h e  f r e e  V-14C s o l u t i o n .  

R e c r y s t a l l i z a t i o n  o f  t h e  crude e x t r a c t s  wi th  benzene gave color- 

l e s s  l e a f  l e t s  of 1 ,4-b is (  3 '-bromopr0pionyl)piperazine-2,3-~~C 

(I-14C). 

Rf value i d e n t i c a l  with an au then t i c  I ,  and i t s  radiochemical 

p u r i t y  was found t o  be nea r ly  100 % as  revea led  e i t h e r  by the  

rad iochrosa togran(Fig .  3 )  or by the  inve r se  i so tope  d i l u t i o n  

ana lys i s .  The s p e c i f i c  a c t i v i t y  w a s  0.87 mCi/mmole. 

The t h i n  l aye r  chromatogram of the  specimen showed a 

(EXPERIMENTAL) 

A l l  mel t ing  p o i n t s  a r e  uncorrected.  

Chromatogran was scanned on Actigraph I11 (Nuclear Chicago). 

Radioac t iv i ty  w s s  determined on Tri-Carb l i q u i d  s c i n t i l l a t i o n  

spectrometer (Packard).  

I R  spectrum w a s  measured on I n f r a r e d  spectrophotometer FPI- 

S2 ( H i t a c h i ) .  

1,4-Diben~ylpiperazine-2,3-~~C (III-14C) 

A mixture o f  1 m C i  of EDB-14C(purchased from t h e  Radiochem- 

i c a l  Cent re ,  Arnersham, England, 9.7 mCi/mmole), 0.08 ml of non- 

l abe led  EDB, 0.35 ml of TEA and 160 mg of I1 ') i n  2 ml of abs .  

dioxane was heated a t  137 O C  for 4.5 h r .  i n  a s ea l ed  tube .  

t h e  excess TEA and dioxane were evaporated under reduced p res su re .  

The r e s idue  w a s  suspended i n  d i l .  NaOH and ex t r ac t ed  with benzene. 

The benzene l a y e r  was washed with NaCl s o l u t i o n ,  d r i e d  over anhjr- 

d r o u s  sodium s u l f a t e  and evaporated.  The r e s idue  was d isso lved  i n  

the  minimum volume of benzenp and the  s o l u t i o n  was passed timoug:- 

t he  column of 5 g of bas i c  aluminum oxide.  Twenty f i v e  :;.: 0:' 

Then 

. .  . benzene e l u a t e  contained 1OC r n ~  o f  III-14C, sLoze ra'::~'"~''i';%- -.. _. . 
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p u r i t y  w a s  93 I ,as r e v e a l e d  by t h i n  l a y e r  chromatogram(Fig. l b ) .  

The c rude  product  w a s  f u r t h e r  p u r i f i e d  on t h e  column of  1 g of 

s i l i c a  g e l .  One hundred m l  of benzene completed t h e  e l u t i o n  of 

111- C ,  91.7 mg, whose f i n a l  rad iochemica l  p u r i t y  was 100 % Sy 

t h i n  l a y e r  chromatogram(Fig. l c ) .  The y i e l d  w a s  51 % from I1 and 

34 % from EDB- C ,  r e s p e c t i v e l y .  The s p e c i f i c  a c t i v i t y  was 0.87 

mCi/mmole. 

14 

14 

Non-labeled I11 was s i m i l a r l y  p r e p a r e d  from non-labeled EDb, 

r e c r y s t a l l i z e d  from d i l .  MeOH. m.p. 90-91 OC. 

A n a l y s i s :  C, b 2  N2 = 2 C G . 4  

C H N 

Calcd.  (%) 81.16 8.32 10.52 

Found (%) 90.78 8.50 10.29 

Piperazine-2,3-14C d i a = e t a t e  IV-ll'C) 

A s o l u t i o n  of  90 mg of  III-l'C i n  5 ml of g l a c i a l  a c e t i c  

a c i d  was hydroganated on 100 mg of  Pd-C(l3 %) 'at roon  temp. under  

a tmospher ic  p r e s s u r e .  A t  t h e  end of 3 h r .  t h e  t h e o r e t i c a l  amount. 

of  hydrogen had been consumed. A f t e r  removal of c a b a l y s t  and 

a c e t l c  a c i d ,  t h e  r e s i d u e  was r e c r y s t a l l i z e d  from d i l .  EtOH. 

The p r o d u c t ,  IV-l'C, 62.8 mg(90 %),  was o b t a i n c d .  The r a d i o -  

chemical  p u r i t y  wa.5 100 % on t h i n  l a y e r  chromatoerxn(Fig .  2). 

Non-labeled I V  was oimil .ar ly  prepared  from non-I Libeieu 111, 

UI . p  . 202-205 'C. 

A n a l y s i s  : C, H,,, N, -C, ti80., = 2Ot,.;i 

c b: r j  

..'alcd. (6) 4t>. j.) 3.b0 1 :; . l,kJ 

F O U T ~  (.:) 4~ . . ' >4  3 . 8 ~  1.) .4?> 

. ~. . - ,  .-:is, ~ ' -.,l.c:..3;1'0;1on~l ;>i;>L.I';i:.,i:,..,- , ,,-'"(, ! I - ' . ' , . : I  
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S i x t y  m g  of I V - 1 4 C  i n  1 m l  of aqueous s o l u t i o n  w a s  mixed 

wi th  0.99 m l  of 5.0 % NaHCO, . 
And 149 rng of 3-BPO 7, i n  3 m l  o f  abs.  benzene and 1.47 m l  of 

j . 0  I N d i C O ,  was dropped a l t e r n a t e l y  onto t h e  s o l u t i o n  with 

continuous s t i r r i n g .  The mixture was l e f t  s t i r r i n g  f o r  2 hr. at 

5-10 O C ,  and ex t r ac t ed  with benzene. 

r i n sed  with NaCl s o l u t i o n ,  d r i e d  over anhydrous sodium s u l f a t e  

am1 evaporated.  The r e s idue  was r e c r y s t a l l i z e d  from iso-PrOH- 

n-Hexane. The c o l o r l e s s  l e a f l e t s  of  I- c ,  71.5 mg(69 %), were 

obtained wi th  the  s p e c i f i c  a c t i v i t y  of 0.87 mCi/mmole(2.45~Ci/mg). 

Non-labeled I w a s  synthes ized  i n  t h e  q u i t e  same way. m.p. 

The s o l u t i o n  was cooled a t  5 O C .  

The benzene l a y e r  was 

14 

102-101 O C (  iso-PrOH-n-Hexane) . 
Analysis : C,, H , 6 & B r 2 0 2  = 356.1 

C H N B r  

Calcd. (%) 53.75 4.53 7.85 44.88 

Found (%) 34.04 4.79 7.96 45.13 

I R ( K B r  d i s k )  : 1635 cm-'( PC-0. 
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