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SYNTHESIS OF DEUTERIUM LABELLED TRIFLUOPERAZINE 

H . U .  S h e t t y ,  E.M. Hawes", and K . K .  Midha 
Col lege  of Pharmacy, U n i v e r s i t y  of  Saskatchewan, 
Saskatoon,  Saskatchewan, S l N  OWO, Canada. 

SUMMARY 

Procedures  f o r  t h e  p r e p a r a t i o n  of  t r i f l u o p e r a z i n e  
wi th  two, f o u r  and s i x  deuter ium atoms are desc r ibed .  
Deuterium was in t roduced  i n  t h e  p ropy lp ipe raz ine  s i d e  
cha in  by t r e a t m e n t  of t h e  a p p r o p r i a t e  amide wi th  
l i t h i u m  aluminium d e u t e r i d e .  The i s o t o p i c  p u r i t y  of 
t h e  p roduc t s  was g r e a t e r  t h a n  9 6 . 2 % .  

Key Words : T r i f l u o p e r a z i n e ,  deuter ium l a b e l l i n g  

INTRODUCTION 

The q u a n t i t a t i o n  of  pheno th iaz ine  t r a n q u i l i z e r s  i n  t h e  plasma 

of p a t i e n t s  under  t r e a t m e n t  w i t h  t h e s e  a g e n t s  i s  d i f f i c u l t ,  because 

of t h e  low levels encountered  and t h e i r  n o t o r i o u s  i n s t a b i l i t y  i n  

a l l  s t a g e s  o f  hand l ing  (1). The a n a l y s i s  o f  t h e  more p o t e n t  p i p e r -  

a z i n e  type  pheno th iaz ines ,  such a s  t r i f l u o p e r a z i n e ,  i s  p a r t i c u l a r l y  

d i f f i c u l t  because of t h e  ex t remely  low plasma l e v e l s  encountered .  

W e  have r e c e n t l y  r e p o r t e d  a s e n s i t i v e  radioimmunoassay method f o r  

t r i f l u o p e r a z i n e ;  and it i s  necessa ry  t o  v e r i f y  such  b i o l o g i c a l  

procedures  by a chemical  method ( 2 ) .  Gas chromatography-mass 

spec t romet ry  (GLC-MS) i s  one of t h e  few methods which has  t h e  nec- 

e s s a r y  s e n s i t i v i t y  and s p e c i f i c i t y  f o r  t h i s  comparison. S t a b l e  

i s o t o p e  ana logues  of t r i f l u o p e r a z i n e  a r e  needed a s  t r u e  i n t e r n a l  

s t a n d a r d s  f o r  o b t a i n i n g  t h e  r e q u i r e d  s e n s i t i v i t y  on GLC-MS, a s  w e l l  

a s  f o r  subsequent  pharmacokine t ic  s t u d i e s .  Genera l ly  t h e s e  s t u d i e s  

w i l l  need one o r  two o t h e r  l a b e l l e d  s t a n d a r d s  f o r  a d m i n i s t r a t i o n  t o  

human v o l u n t e e r s  by one o r  two r o u t e s .  
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The p ropy lp ipe raz ine  s i d e  cha in  was chosen a s  t h e  most s u i t -  

a b l e  l a b e l l i n g  s i t e  s i n c e  it i s  g e n e r a l l y  n o t  l o s t  du r ing  metabol ic  

p rocesses  i n  t h e  body, and o f f e r s  adequate  v a r i a t i o n  i n  t h e  number 

of l a b e l l e d  atoms. I n  t h i s  pape r  w e  d e s c r i b e  t h e  s y n t h e s i s  of  t r i -  

f l u o p e r a z i n e  wi th  two, f o u r  and s i x  deuter ium atoms i n  i t s  propyl -  

p i p e r a z i n e  s i d e  cha in .  

DISCUSSION 

I n  t h e  case  of pheno th iaz ines  compounds a r e  known wi th  a deu- 

t e r ium l a b e l  i n  t h e  p ropy l  s i d e  cha in  (3,4), b u t  a deuter ium l a b e l -  

l e d  p i p e r a z i n e  r i n g  i n  such compounds has  n o t  been r e p o r t e d .  The 

p ipe raz inones  appeared s u i t a b l e  p r e c u r s o r s  f o r  t h e  i n t r o d u c t i o n  of  

a deuter ium l a b e l  i n  t h e  p i p e r a z i n e  r i n g .  Indeed 1-methyl-3,5- 

p ipe raz ined ione  (I, Figure  l), s y n t h e s i s e d  by u r e a  f u s i o n  of  t h e  

commercially a v a i l a b l e  N-methyl iminodiacet ic  a c i d  ( 5 ) ,  on r educ t ion  

wi th  l i t h i u m  aluminium d e u t e r i d e  l e d  t o  1-methy1(3,3,5,5-2H4)pip- 

e r a z i n e  (2)  a s  t h e  hydroch lo r ide  i n  good y i e l d .  

For t h e  i n t r o d u c t i o n  o f  t h i s  key i n t e r m e d i a t e  (2) i n t o  t h e  

t r i f l u o p e r a z i n e  r i n g  system, 3-[10-(2-trifluoromethylphenothiazin- 

yl ) ]propionyl  c h l o r i d e  ( 6 )  - appeared a t t r a c t i v e .  F i r s t l y ,  r e l a t i v e -  

ly mild  c o n d i t i o n s  are involved  i n  t h e  format ion  and r e d u c t i o n  of 

amides,  and secondly  t h i s  p r e s e n t s  a f a c i l e  way t o  i n t r o d u c e  two 

f u r t h e r  deuter ium atoms. The necessa ry  a c i d  c h l o r i d e  (a ) ,  an un- 

s t a b l e  compound, was s y n t h e s i s e d  when r e q u i r e d  from t h e  a c i d  (21, 

a p r e v i o u s l y  r epor t ed  compound which was o b t a i n e d  a s  shown (3-5) 

( 6 J )  

The a c i d  c h l o r i d e  (6) r e a c t e d  wi th  t h e  u n l a b e l l e d  or l a b e l l e d  

N-methylpiperazine i n  d ry  benzene t o  g i v e  2 and 2 r e s p e c t i v e l y :  i n  

t h e  case  of t h e  t e t r a d e u t e r a t e d  compound, t h e  u s e  of t h e  dihydro-  

c h l o r i d e  s a l t  of 2 was necessa ry  i n  t h i s  r e a c t i o n ,  a s  t h e  free base 
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p i p e r a z i n e  could  n o t  be i s o l a t e d  i n  a d r y  cond i t ion .  Reduction of 

t h e  amides (2 and 8)  w i t h  l i t h i u m  aluminium hydr ide  o r  d e u t e r i d e  

gave t h e  d e s i r e d  t r i f l u o p e r a z i n e  u n l a b e l l e d  o r  w i t h  two, f o u r  and 

s i x  deuter ium atoms (9 ,  10a-b) i n  a t  l e a s t  55% y i e l d .  The i s o t o p i c  

p u r i t y  of t h e  l a b e l l e d  p u r i f i e d  p roduc t s  was determined by MS u s i n g  

a s i n g l e  i o n  moni tor ing  t echn ique .  The r a t i o  € o r  t h e  molecular  

i o n s  2Ho/2Hn w a s  shown t o  be 3.8,  1 . 3  and 0 . 3 %  f o r  t h e  d i - ( n = 2 ) ,  

t e t r a -  (n=4) and hexa- (n=6) d e u t e r a t e d  t r i f  l uope raz ine  r e s p e c t i v e l y .  

Th i s  p u r i t y  i s  s u f f i c i e n t  for u s e  i n  GLC-MS and pharmacokine t ic  

s t u d i e s ,  and t h e s e  r e s u l t s  w i l l  be r e p o r t e d  e l sewhere .  

EXPERIMENTAL 

The me l t ing  p o i n t s  w e r e  de te rmined  on an e l e c t r o t h e r m a l  m e l t -  

i n g  p o i n t  a p p a r a t u s  and a r e  uncorrec ted .  Thin l a y e r  chromato- 

graphy (TLC) was c a r r i e d  o u t  on pre-coa ted  f l u o r e s c e n t  s i l i c a  g e l  

s h e e t s .  I n f r a r e d  ( I R )  s p e c t r a  w e r e  recorded  on a Perkin-Elmer 2 9 7  

spec t rometer .  

ins t rument ;  chemical  s h i f t s  are expres sed  i n  6 u n i t s  ( p a r t s  p e r  

m i l l i o n )  r e l a t i v e  t o  TMS i n  CDC13 and DSS i n  D 2 0 .  E l e c t r o n  impact  

mass s p e c t r a  (EIMS) w e r e  o b t a i n e d  on a VG Micromass MM16F i n s t r u -  

ment a t  70eV; r e l a t i v e  i n t e n s i t y  i s  no ted  i n  p a r e n t h e s e s  a f t e r  

each  major fragment.  

1-Methyl ( 3  , 3 , 5 , 5-2H4) p i p e r a z i n e  d ihydroch lo r ide  (2) . The p ipe raz ine -  

PMR s p e c t r a  w e r e  de te rmined  w i t h  a Varian T-60 

~~ 

dione (1) ( 1 . 2 8  g ,  1 0  mmol) (5)  i n  d ry  THF (25 m l )  was added drop- 

w i s e  ove r  1 hr .  t o  a s t i r r e d  suspens ion  of  l i t h i u m  aluminium 

d e u t e r i d e  ( 1 . 2 6  g ,  30 mmol) i n  dry  THF. The r e s u l t i n g  mixture  was 

then  r e f l u x e d  f o r  4 h r . ,  and subsequen t ly  cooled  i n  ice  and 

c a u t i o u s l y  t r e a t e d  s u c c e s s i v e l y  wi th  moi s t  e t h e r  (25 m l )  and water  

( 2  m l ) .  The i n o r g a n i c  m a t e r i a l  was f i l t e r e d  o f f  and e x t r a c t e d  wi th  

e t h e r  i n  a Soxh le t  appa ra tus .  The combined e t h e r  e x t r a c t s  w e r e  

t r e a t e d  wi th  HC1 i n  e t h e r  and evapora t ed  t o  d ryness  under vacuum 
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w i t h  t h e  a i d  of  E t O H .  Trea tment  w i t h  c h a r c o a l  and c r y s t a l l i z a t i o n  

from E t O H  gave t h e  p i p e r a z i n e  (2) ( 1 . 2 4  g ,  7 0 % ) ,  m.p. 241.5-243OC 

as p a l e  w h i t e  c r y s t a l s .  A mixed m.p. w i t h  t h e  a u t h e n t i c  u n d e u t e r a t -  

e d  s a l t  w a s  n o t  d e p r e s s e d ;  PMR(D2O) 6 3.03(S,3H,N-C€I3) ,3 .66(S ,4H,  

p i p e r a z i n e  2 , 6  methylene  H ) ;  EIMS : 

4 2 ( 2 1 ) .  

l04(M+.)  (39)  , 5 8 ( 1 0 0 )  , 4 3 ( 3 8 ) ,  

10-[3- (4-Methyl- 1 - p i p e r a z i n y l )  - 3-oxopropyl]- 2 - t r i f  luoromethyl-10H- 

p h e n o t h i a z i n e  (1). To a s u s p e n s i o n  of 1 0 -  (2-carboxyethyl-2-  

trifluoromethyl-10H-phenothiazine (5) ( 6 , 7 )  (1 .017 g ,  3 mmol) i n  d r y  

benzene ( 1 0  m l )  a t  5OC w a s  added w i t h  s t i r r i n g  phosphorus  p e n t a -  

c h l o r i d e  (728 mg, 3.5 mmol) i n  d r y  benzene ( 5  m l )  over a p e r i o d  o f  

1 h r .  The m i x t u r e  w a s  a l l o w e d  t o  s t i r  fo r  a n  a d d i t i o n a l  1 h r .  dur -  

i n g  which t i m e  t h e  p i n k  c o l o u r  d i s a p p e a r e d .  The s o l v e n t  w a s  

removed under  vacuum a t  30-40°C and t h e  o i l y  r e s i d u e  t r e a t e d  w i t h  

p e t r o l e u m  e t h e r  ( 1 0  m l )  an? f i l t e r e d  t o  y i e l d  880 mg ( 8 2 % )  of t h e  

a c i d  c h l o r i d e  (g), m.p. 62-64OC. The c r u d e  p r o d u c t  w a s  immedia te ly  

used  i n  t h e  n e x t  s t a g e  of  s y n t h e s i s .  

The a c i d  c h l o r i d e  (5) (716 mg, 2 mmol) i n  d r y  benzene ( 5  m l )  

w a s  added dropwise t o  a stirred s o l u t i o n  of I - m e t h y l p i p e r a z i n e  

(220 mg, 2 . 2  mmol) i n  d r y  benzene ( 5  m l )  a t  5OC. The m i x t u r e  w a s  

s t i r r e d  f o r  a f u r t h e r  4 h r .  a t  room t e m p e r a t u r e  and s u b s e q u e n t l y  

w i t h  1 0 %  NaOH ( 5  ml) f o r  5 min. The o r g a n i c  l a y e r  w a s  s e p a r a t e d  

and washed s u c c e s s i v e l y  w i t h  1 0 %  NaOH and w a t e r .  The benzene l a y e r  

w a s  d r i e d  (MgS04), f i l t e r e d  and e v a p o r a t e d  t o  l e a v e  a y e l l o w  o i l ,  

which on p a s s i n g  t h r o u g h  a n e u t r a l  a lumina  column w i t h  benzene gave 

- 7 as a c o l o u r l e s s  v i s c o u s  o i l  ( 7 9 0  mg, 9 4 % ) ;  TLC : R f ( 9 5  C6H6 : 

5 M e O H ) 0 . 4 4 ;  IR(CHC13) : 1620 c m - l ( N C 0  I ) ;  PMR(CDC13) 

7 H , p i p e r a z i n e  3 ,5  methylene  H and N-C€13) ,2 .80 (t ,2H,CH2-C€l2-CO),  

3 .57(m,4H,piperaz ine  2 , 6  methylene  H) ,4.33(t,2H,phenothiazine N- 

CH2-) - ,6 .8-7.5(m,7H,aromatic  H) ;  EIMS : 4 2 1 ( M + - )  (100) , 2 8 0 ( 4 3 ) ,  

: 6 2.40(m, 
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266(43)  , 2 4 8 ( 3 1 )  , 1 5 5 ( 3 1 )  , 7 0 ( 2 4 )  , 5 6 ( 2 4 ) .  

lO-CC3-[4-Methyl-l- ( 2  , 2 , 6 ,  6-2H4)piperaziny1]-3-oxopropyl~~-2- 

trifluoromethyl-10H-phenothiazine (8). T h i s  was p r e p a r e d  from 5 by 

m o d i f i c a t i o n  of  t h e  method d e s c r i b e d  above f o r  1 : The h y d r o c h l o r i d e  

c e a s e d  

i d e  (5 
y i e l d )  

(CDC13 

s a l t  of t h e  l a b e l l e d  p i p e r a z i n e  (2) was i n i t i a l l y  t r e a t e d  w i t h  

anhydrous N a 2 C 0 3  in benzene under  r e f l u x  u n t i l  t h e  e v o l u t i o n  of C02  

T h i s  m i x t u r e  w a s  s u b s e q u e n t l y  t r e a t e d  w i t h  t h e  a c i d  c h l o r -  

as  p r e v i o u s l y  d e s c r i b e d .  The p r o d u c t  (8) w a s  o b t a i n e d  (90% 

a s  a c o l o u r l e s s  v i s c o u s  o i l  : TLC and I R  a s  f o r  8; PMR 

6 2.38 (m,7H,piperaz ine  3 , 5  methylene  g and N - C 3 )  ,2 .80  ( t ,  

2H,-Cg2CO) ,4*33(t,2H,phenothiazine N-C€€2-) ,6 .8-7 .5(m,7H,aromat ic  g) ; 

EIMS : 425(M+-) ( 1 0 0 )  , 2 8 0 ( 5 2 )  , 2 6 6 ( 4 0 )  , 2 4 8 ( 2 6 )  , 1 5 9 ( 6 9 )  , 7 2 ( 4 0 )  , 5 7 ( 3 5 ) .  

10-C3- (4-Methyl-1-piperazinyl) ( 3  , 3-2H2) propyl~-2-trifluoromethyl- 

10H-phenothiazine d i h y d r o c h l o r i d e  ( 9 ) .  The amide ( 7 )  - ( 4 2 1  mg, 

1 mmol) i n  d r y  e t h e r  ( 5  m l )  was added dropwise  o v e r  1 h r .  t o  a s t i r -  

r e d  s u s p e n s i o n  of l i t h i u m  aluminium d e u t e r i d e  ( 4 2  mg, 1 mmol) i n  

d r y  e t h e r  ( 5  m l )  a t  DOC. A f t e r  3 0  min. r e f l u x ,  w a t e r  ( 0 . 5  m l ) ,  

15N NaOH ( 0 . 5  m l )  and w a t e r  ( 0 . 5  ml) were s u c c e s s i v e l y  added. The 

e t h e r  l a y e r  was f i l t e r e d  o f f  and t h e  i n o r g a n i c  m a t e r i a l  was p l a c e d  

i n  t h e  t h i m b l e  of a S o x h l e t  a p p a r a t u s  and e x t r a c t e d  w i t h  e t h e r .  

The combined e t h e r  e x t r a c t s  w e r e  e x t r a c t e d  w i t h  1 0 %  H C 1  ( 5  m l  x 4 ) .  

The a c i d  e x t r a c t  was washed w i t h  e t h e r ,  t h e  pH a d j u s t e d  t o  8.0 w i t h  

Na2C03, e x t r a c t e d  w i t h  e t h e r ,  and t h e  combined e t h e r  e x t r a c t s  dr ied 

(MgS04) and f i l t e r e d .  Dry H C 1  i n  e t h e r  was added  t o  t h e  f i l t r a t e ,  

and t h e  s o l i d  which s e p a r a t e d  w a s  r e c r y s t a l l i s e d  from E t O H  t o  y i e l d  

265 mg ( 5 5 % )  o f  t h e  d i h y d r o c h l o r i d e  s a l t  of  t r i f l u o p e r a z i n e - d 2  ( ? ) ,  

m.p. 241-243OC (lit. ( 8 )  u n l a b e l l e d  m.p. 242-243OC). A mixed m e l t -  

i n g  p o i n t  w i t h  t h e  a u t h e n t i c  u n d e u t e r a t e d  sample , p r e p a r e d  by t h e  

same r o u t e  w i t h  l i t h i u m  aluminium h y d r i d e  or  from a commercial  

s o u r c e ,  was n o t  d e p r e s s e d :  TLC : Rf(100 MeOH : 2 0  H 2 0  : 3 NH40COCH3) 
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0.68; PMR(Free base, CDC13) : 6 1.90(t,2H,-CH2CD2) ,2.20-2.56(m, 

llH,piperazine methylene - H and N-CEI3), 3.94 (t, 2H,phenothiazine N- 

C€l2-) ,6.70-7.23(m,7H,aromatic - H): EIMS : 409(M+-) (51) ,308(13), 

280(12) ,266(20) ,248(16) ,143(32) ,129(22) ,115(100) ,72(35) ,70(28) I 

56 (10) ,43 (25). 

10-EE3-E4-Methyl-l- (2,2,6, 6-2H4) piperazinyl]propyl7~-2-trif luoro- 

methyl-l0H-phenothiazine dihydrochloride ( E l .  

Trifluoperazine-d4 (%) was prepared (60% yield) from - 8 and 

lithium aluminium hydride using the method described above for 9 : 
m.p. and TLC as for 2; PMR(free base, CDC13) : 6 1.90(q,2H,CH2- 

Cg2-CH2),2.20-2.64(m,9H,-CHz-piperazine, - piperazine 3,5 methylene 

- H and N-CH3) - ,3.97(tf2H,phenothlazine N-CFz-) ,6.76-7.40(m,7H, 

aromatic F);  EIMS : 411(M+.) (721, 306(15) ,280(19) ,266(22) ,248(17), 

145(37) ,131(30) ,117(100) ,72(35) ,58(17) ,43(33). 

10-[[3-[4-Methyl-l- (2,2,6, 6e2H4) piperazinyll(3, 3-2H2) propy111-2- 

trifluoromethyl-10H-phenothiazine dihydrochloride (*). 

Trifluoperazine-d6 (%) w a s  prepared (56% yield) from 5 and 
lithium aluminium deuteride using the method described above for 

- 9 : m.p. and TLC as for 2 ;  PMR(free base, CDC13) : 6 1.90(t,2HICH2- 

CHz-CD2) - ,2.20-2.53(m,7H,piperazine 3,5 methylene 2 and N-CH3) ,3.97 

(t,2H,phenothiazine N-CHz-) - ,6.76-7.40(m,7H,aromatic g) ; EIMS : 413 
(M'.) (20) ,308(13) ,280(13) ,266(22) 1248(17) 1147(35) ,133(25) ,119(100) I 

72(29) ,58(12) ,43(30). 
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