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SUMMARY 

Two new procedures a re  desc r ibed  f o r  t h e  p r e p a r a t i o n  o f  
d i -  and te t ra -deu te ra ted  lo-[ [ 3-[ 4-( 2-hydroxyethyl  )-1- 
p i  p e r a z i n y l  ] p r o p y l ] ] - 2 - t r i  f l  uoromethyl-10H-phenothi a z i n e  
( f l uphenaz ine ) .  Deuter ium was in t roduced  i n  e i t h e r  t h e  1- o r  
t h e  1- and 3 -pos i t i ons  o f  t h e  p r o p y l  s i d e  cha in  by r e d u c t i o n  
w i t h  deu te ra ted  borane i n  t e t r a h y d r o f u r a n  o f  t h e  a p p r o p r i a t e l y  
s u b s t i t u t e d  N-10 amide o r  amido es te r .  The i s o t o p i c  p u r i t y  
o f  t h e  synthes ized deu te ra ted  products  was g r e a t e r  than 99%. 

Key Words: An t ipsycho t i c .  f luphenazine,  deuter ium l a b e l 1  ing.  

INTRODUCTION 

The syntheses o f  p ipe raz ine - t ype  pheno th iaz ine  a n t i p s y c h o t i c  agents, namely 

f l uphenaz ine  ( 1 ) .  perphenazine (2). p roch lo rpe raz ine  (3 )  and t r i f l u o p e r a z i n e  

( 4 ) .  w i t h  two, f o u r  and s i x  deuter ium atoms i n  t h e  p ropy l  and/or p i p e r a z i n e  

groups o f  t h e  N-10 s i d e  cha in  were p r e v i o u s l y  repor ted.  

pounds have been u t i l i s e d  as t r u e  i n t e r n a l  standards i n  GC-MS assays (5.6), as 

w e l l  as i n  me tabo l i c  (6 ,7 )  and pharmacokinet ic  (6,8) s tud ies .  For  these ongoing 

s t u d i e s  deu te ra ted  analogs o f  p ipe raz ine - t ype  phenoth iaz ine a n t i p s y c h o t i c  agents 

w i t h  t h e  l a b e l  s o l e l y  i n  t h e  p r o p y l  cha in  were requ i red .  T h i s  s i t e  has been 

demonstrated t o  be l e s s  prone than t h e  r e s t  o f  t h e  molecule t o  me tabo l i c  a t t a c k  

( 9 ) .  I t  i s  known t h a t  p ro tons  a re  r e a d i l y  l o s t  from the  2 - p o s i t i o n  o f  t he  

p ropy l  cha in  i n  o rgan ic  s y n t h e t i c  procedures i n v o l v i n g  a c i d i c  o r  bas i c  t r e a t -  

ments and i n  the  e l e c t r o n  impact mass s p e c t r a l  f ragmentat ions o f  t he  products .  

Therefore,  it seemed p r e f e r a b l e  t o  e x p l o r e  f u r t h e r  s y n t h e t i c  methods t o  deu- 

t e r a t e d  p ipe raz ine - t ype  pheno th iaz ine  a n t i p s y c h o t i c  agents w i t h  t h e  l a b e l  

These l a b e l l e d  com- 
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r e s t r i c t e d  t o  t h e  1- and 

r e p o r t s  (1-4) two deu te r  

3 -pos i t i ons  o f  

um atoms were 

t h e  p r o p y l  chain.  I n  t h e  p rev ious  

ncorporated i n  t h e  3 - p o s i t i o n  o f  t h i s  

syn thes i s  o f  f l uphenaz ine  (F igu re  I. &) 

s p e c i f i c a l l y  l a b e l l e d  w i t h  two o r  f o u r  deuter ium atoms i n  t h e  1- o r  1- and 3- 

p ropy l  chain.  T h i s  paper desc r ibes  t h e  

p o s i t i o n s  o f  t h e  p r o p y l  s i d e  chain,  r e s p e c t i v e l y .  Deuter ium l a b e l l e d  f luphena- 

z i n e  i s  r e q u i r e d  f o r  ongoing c o l l a b o r a t i v e  s t u d i e s  i n v o l v i n g  t h i s  d rug  (10). 

D I S C U S S I O N  

An impor tan t  s tep  i n  t h e  s y n t h e t i c  r o u t e s  r e p o r t e d  here t o  t h e  p r e p a r a t i o n  

o f  d i d e u t e r a t e d  and t e t r a d e u t e r a t e d  f l uphenaz ine  i n v o l v e d  deu te ra ted  borane 

r e d u c t i o n  o f  t h e  a p p r o p r i a t e  N-10 a c y l a t e d  pheno th iaz ine  d e r i v a t i v e  (F igu res  

1.11). I n  the  p rev ious  r e p o r t s  (1-4) t o  t h e  syn thes i s  o f  deu te ra ted  p ipe raz ine -  

t y p e  pheno th iaz ine  a n t i p s y c h o t i c  agents, deuter ium was i n t r o d u c e d  by l i t h i u m  

aluminium d e u t e r i d e  r e d u c t i o n  o f  t h e  a p p r o p r i a t e  amide, e s t e r  o r  imide. How- 

ever. as expected (11). t h i s  reagent  r e s u l t s  i n  v a r i o u s  products,  i n c l u d i n g  

ret ro-Michael  products  on at tempted r e d u c t i o n  o f  N-10 a c y l a t e d  pheno th iaz ine  

d e r i v a t i v e s .  

The s e l e c t i v e  borane r e d u c t i o n  o f  s imple c a r b o x y l i c  a c i d  amides t o  amines 

i n  t h e  presence o f  l e s s  s u s c e p t i b l e  groups such as esters ,  bromides o r  ch lo -  

r i des ,  i s  w e l l  e s t a b l i s h e d  (11).  A l so  t h e r e  i s  a r e p o r t  t o  t h e  syn thes i s  o f  

deuter ium l a b e l l e d  analogues o f  t r i c y c l i c  an t i dep ressan t  drugs where t h e  l a b e l  

i n  t h e  1 - p o s i t i o n  o f  t h e  p r o p y l  s i d e  cha in  was in t roduced  by r e d u c t i o n  o f  t he  

a p p r o p r i a t e  acy la ted  im inod ibenzy l  compound w i t h  deu te ra ted  borane (12). How- 

ever, we a re  unaware o f  p rev ious  a p p l i c a t i o n s  o f  t h i s  reagent  t o  t h e  syn thes i s  

o f  deuter ium l a b e l l e d  analogues o f  pheno th iaz ine  a n t i p s y c h o t i c  agents. 

impor tan t  a t t r i b u t e  o f  t h e  s y n t h e t i c  schemes r e p o r t e d  here t h a t  r e l a t i v e l y  m i l d  

c o n d i t i o n s  a re  i n v o l v e d  i n  t h e  f o r m a t i o n  and borane r e d u c t i o n  o f  t h e  N-10 

a c y l a t e d  phenoth iaz ines,  s ince  t h e  l o s s  o f  t h e  s i d e  cha in  i s  commonly 

encountered i n  r e a c t i o n s  i n v o l v i n g  these compounds. 

I t  i s  an 

I n  t h e  p rev ious  r e p o r t  t o  d i d e u t e r a t e d  f l uphenaz ine  t h e  deuter ium atoms 

were i nco rpo ra ted  a t  t he  3 - p o s i t i o n  o f  t h e  p r o p y l  cha in  by a f i v e  s tep  s y n t h e t i c  
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sequence (1). We now report by a three step sequence (Figure I) the synthesis 

o f  the analogue 3 with the two deuterium atoms incorporated at the 1-position 
o f  the propyl chain. 

(12) to the synthesis of the dideuterated analogues of the tricyclic antidepres- 

sant drugs. desipramine and imipramine. involved an initial acylation of 2- 

trifluoromethyl-lop-phenothiazine with either 3-chloropropionyl chloride or 3- 

bromopropionyl chloride (1+2,2). 
treated with deuterated borane in tetrahydrofuran and the resultant reduced 

products, 

This simple sequence, analogous to the previous report 

The N-10 acylated compounds. 2 and 3, were 

and 5, then treated with 2-hydroxyethylpiperazine to obtain flu - 

Y- H 

1 - 

C 

0 

Y-CR2-CH2-CH2 - 
I 

<i-cH2-oH 2 

6a: R= H; &: R= H - 
0 
I1 

c: ClCCH,CH,Cl or ClCOCH,CH,Br,C,H,: d: BH,or B’H,. THF; e: 

only with 4 KI. CH,COC,H,. 

0 
II 

1 :  x= c1 
3: x= Br 

Y-C-CH2-CH2-X 

- 
- 

I d  
Y-CR2-CH2-CH2-X 

4a: X= C1, R= H 
4b: X= C1, R= H 
5 : X= Br, R= H 

2 
2 

- 
- 
- 

Figure I. Synthesis of [2H,]fluphenazine. 

phenazine-l*-’H2 (&). 

overall yield for the three step synthetic sequence involving the chloroalkyl 

The desired deuterated product was obtained in 44x 
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i n te rmed ia tes .  

We i n i t i a l l y  a t tempted t o  syn thes i se  t e t r a d e u t e r a t e d  f l uphenaz ine  by a 

T h i s  sequence m u l t i s t e p  sequence ( F i g u r e  11. 1+ I+ 8+ !+ lo-+ =+ E+ 2). 
f i r s t l y  i n v o l v e d  t h e  a c y l a t i o n  o f  2-trifluoromethyl-l0H-phenothiazine (1) w i t h  

c h l o r o a c e t y l  c h l o r i d e ,  f o l l o w e d  by r e d u c t i o n  o f  t h e  a c y l a t e d  p roduc t  1 w i t h  

deu te ra ted  borane t o  o b t a i n  t h e  2 -ch lo roe thy l  compound 8 i n  good y i e l d .  How- 

ever,  t he  at tempted convers ion o f  t h i s  l a t t e r  compcund t o  t h e  cyanide 2 under 

severa l  c o n d i t i o n s  r e s u l t e d  i n  o n l y  low y i e l d s  o f  t h e  d e s i r e d  compound, t h e  

ret ro-Michael  p roduc t  1 be ing  t h e  major  product .  Therefore,  t h i s  m u l t i s t e p  

s y n t h e t i c  sequence was n o t  i n v e s t i g a t e d  any f u r t h e r .  

A novel  s y n t h e t i c  scheme was developed f o r  t h e  syn thes i s  o f  t e t r a d e u t e r a t e d  

f l uphenaz ine  (F igu re  11. 1+ g+ =+ E+ 2). 
ob ta ined  by A!-10 a c y l a t i o n  o f  2-trifluoromethyl-l0H-phenothiazine (1) w i t h  

e thy lma lony l  c h l o r i d e ,  was reduced w i t h  deu te ra ted  borane t o  o b t a i n  t h e  d e s i r e d  

t e t r a d e u t e r a t e d  a l c o h o l  i n  99.83% i s o t o p i c  p u r i t y .  Therefore,  n o t  o n l y  t h e  

amide f u n c t i o n a l  group, b u t  a l s o  t h e  e s t e r  f u n c t i o n  was reduced i n  one step. It 

i s  hypothes ised t h a t  t h i s  r a r e  r e d u c t i o n  by borane o f  an e s t e r  group r e s u l t e d  

s ince  six-membered r i n g  i n te rmed ia tes ,  such as 15. increased t h e  e l e c t r o p h i l i c  

na tu re  o f  t h e  carbonyl  carbon atom. That r e d u c t i o n  o f  bo th  amide and e s t e r  

f u n c t i o n a l  groups had occu r red  was v e r i f i e d  by examinat ion o f  t h e  E I M S  and 

spec t ra  o f  t he  p roduc ts  r e s u l t i n g  f rom t h e  r e d u c t i o n  o f  14 w i t h  borane and 

deu te ra ted  borane. Also t h e  a n t i c i p a t e d  s h i f t  o f  f o u r  mass u n i t s  i n  t h e  base 

peak (molecular  i o n )  was seen on comparison o f  t h e  E I M S  o f  t h e  non-deuterated 

a l coho l  

subsequent ly brominated w i t h  t r i pheny lphosph ine  and N-bromosuccinimide, w h i l e  

displacement o f  t h e  bromine atom o f  t h e  r e s u l t a n t  p roduc t  12 by 2- 

hydroxye thy lp ipe raz ine  r e s u l t e d  i n  t h e  r e q u i r e d  f luphenazine-1 ’, 3l-’H, (2). 
The o v e r a l l  y i e l d  o f  t h e  f o u r  s tep  s y n t h e t i c  sequence was 37%. 

Thus, t he  amido e s t e r  14. 

1 
HNMR 

and t h e  deu te ra ted  a l c o h o l  E. The deu te ra ted  a l c o h o l  jlJ was 

The i s o t o p i c  p u r i t y  o f  t he  l a b e l l e d  p u r i f i e d  products  was determined by GC- 

MS of t h e  TMS d e r i v a t i v e  of t h e  compound, where a s i n g l e  i o n  formed f rom t h e  

l o s s  o f  CH,OTMS from t h e  pa ren t  i o n  was monitored. The ’H,/’H, r a t i o s  o f  these 
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I 
I 
I 
I 
I 

321 

B 
Y-C-CH2-C1 

7 - 

Y-H 

/ 0 
II 

Y -C-CH2-COC 2H5 

Y-C~H~-CH~-CI 

8 - 

c> 
HZCH20H 

12 - 

0 0  
I I  II 

f: Cl-CCH2COC2HS. C6H6; 0 :  BH3 o r  B2H3, THF: h: NBS, ( C 6 H 5 ) 3 P ,  CH3C:N; 

1: H r/? \-(CH,),OH, CH,COC2H5 

2 
F i g u r e  11. Approaches t o  t h e  synthesis  o f  [ H,]f luphenazi , ;e  
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1 
i o n s  were determined t o  be 0.38 and 0.19% f o r  t h e  f luphenazine-1 - 'Ht and f l u -  

phenazine-1 .3 -'H,,. r e s p e c t i v e l y .  T h i s  p u r i t y  i s  s u f f i c i e n t  f o r  t h e i r  use i n  

me tabo l i c  and pharmacokinet ic  s tud ies ,  as w e l l  as t r u e  i n t e r n a l  s tandards i n  GC- 

MS assays. F i n a l l y ,  t h e  methods r e p o r t e d  here t o  t h e  syn thes i s  o f  d i -and t e t r a -  

deu te ra ted  analogues o f  f l uphenaz ine  w i t h  t h e  l a b e l  i n  t h e  p r o p y l  s i d e  cha in  can 

be r e a d i l y  adapted f o r  t h e  s y n t h e s i s  o f  s i m i l a r l y  l a b e l l e d  analogues o f  o t h e r  

p ipe raz ine - t ype  pheno th iaz ine  a n t i p s y c h o t i c  agents, such as perphenazine. pro- 

c h l o r p e r a z i n e  and t r i f l u o p e r a z i n e .  and a l i p h a t i c - t y p e  pheno th iaz ine  ant ipsycho-  

t i c  agents, such as ch lorpromazine and t r i f l u p r o m a z i n e .  

1 1  

EXPERIMENTAL 

M e l t i n g  p o i n t s  were determined w i t h  a Gallenkamp m e l t i n g  p o i n t  apparatus 

and a re  uncorrected.  React ions were moni tored on pre-coated f l u o r e s c e n t  t h i n  

l a y e r  chromatographic (TLC) sheets ( K i e s e l g e l  60 FZs4. E. Merck) and spo ts  were 

observed under shortwave UV l i g h t .  I n f r a r e d  spec t ra  ( I R )  were recorded on a 

Beckman Acculab 4 spectrophotometer.  The p r o t o n  nuc lea r  magnet ic resonance 

( 'HNMR) spec t ra  were measured w i t h  a Var ian  T-60 spect rometer  u s i n g  t e t r a m e t h y l -  

s i l a n e  (TMS) as an i n t e r n a l  standard.  The chemical  s h i f t s  a r e  expressed i n  6 

u n i t s  ( p a r t s  pe r  m i l l i o n ,  ppm) r e l a t i v e  t o  TMS. E l e c t r o n  impact mass spec t ra  

( E I M S )  were recorded on a VG Micromass 7070HE ins t rumen t  a t  70eV equipped w i t h  a 

VG 2035 data system; r e l a t i v e  i n t e n s i t y  i s  noted i n  parentheses a f t e r  each major  

fragment. I n t e r f a c e  o f  t h i s  system w i t h  a Hew le t t  Packard 5790 gas chromato- 

graph gave the  GC-MS system: 

c a p i l l a r y  column (0.32 mm i.d., 0.25um f i l m  t h i c k n e s s )  ( J  & W S c i e n t i f i c  Inc;  

Rancho Cordova. CA) and t h e  MS was a t  180°C source temperature.  

a n a l y s i s  were performed by Guelph Chemical L a b o r a t o r i e s  Ltd;  Guelph, O n t a r i o .  

Deuterated borane i n  t e t r a h y d r o f u r a n  (>97.52 deuter ium) was ob ta ined  f rom Ven- 

t r o n  Corporat ion,  Danvers, MA, and Merck. Sharp and Dohme. Dorval .  Quebec. A l l  

t h e  chromatographic column was a 30 m Durabond-5 

Elemental  

o t h e r  chemicals were ob ta ined  f rom A l d r i c h  Chemical Co., Milwaukee, WI. 

10-(3-Chloropropionyl)-2-trifluoromethyl-10~-phenothiazine (2). To a s o l u t i o n  

o f  2-trifluoromethyl-10H-phenothiazine (1) (25.0g. 93.5 mmol) i n  d r y  benzene 
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(125 mL), cooled t o  0-5"C, was added 3-ch loropropiony l  c h l o r i d e  (13.06g. 102.9 

mmol) dropwise w i t h  s t i r r i n g  under a n i t r o g e n  atmosphere. 

was ref luxed fo r  24 h. al lowed t o  a t t a i n  room temperature and s low ly  added t o  

i c e  water. 

so lu t i on ,  water and saturated NaCl so lut ion,  and d r i e d  (Na,SO,). 

so lvent  i n  vacuo gave 27.3g (82%) o f  a ye l l ow ish  green so l i d ,  which r e c r y s t a l -  

l i s e d  from benzene-hexane t o  a f f o r d  2, mp 78-79°C: IR(nujo1): 1670(C=O)~m-~; 

'HNMR( CDC 1 3): 

- H ), 7.93(broad s. lH,Cl-phenothiazine I$; EIMS: m/z 359/357(M+'.4/12).267(100). 

266( 51 ), 93/91 (3/7). 

N,3.92. Found: C.54.10;H,3.22:Cl, 10.23;N.3.97. 

l0-(3-Bromopropionyl)-2-trifluorornethyl-l0~ -phenothiazine (3). 
pared from 1 and 3-bromopropionyl c h l o r i d e  by adaptat ion o f  the method described 

fo r  2. 
mp 80-81 "C; 'HNMR(CDC1,): 

7.70(m, 6H, aromatic H). 7.83( broad s, 1H. C,-phenothiazine H):EIMS:m/z 403/401 

(M+', 7/6 ),268( 17 ),267( 100 ),266( 48). Anal. Ca lcd. f o r  C ,H , ,BrF ,NOS: C. 

47.78; H.2.76;Br. 19.86;N. 3.48. Found: C,48.04;H.2.94;Br, 19.58:N.3.49. 

lO-(3-Chloropropyl)-2-trifluoromethyl-10H-phenothiazine (G) .  To an ice-  

cooled s o l u t i o n  o f  borane i n  te t rahyd ro fu ran  (23.2 mL o f  0.98M solut ion:22.7 

mmol BH3) was added the amide 2 (5g. 14.0 n o l )  i n  p o r t i o n s  w i t h  s t i r r i n g  under 

a n i t rogen  atmosphere. 

was al lowed t o  a t t a i n  room temperature 

bath. Upon coo l i ng  t o  0-5°C. excess borane and borane complexes were decomposed 

w i t h  the  slow a d d i t i o n  o f  6N HC1 (3.5 mL). and the  so l ven t  was removed i n  vacuo. 

The res idue was b a s i f i e d  (%pHlo) w i t h  40% NaOH s o l u t i o n  and ex t rac ted  w i t h  

ether. 

so lu t i on ,  and d r i e d  (b!a,SO,). 

The r e a c t i o n  m ix tu re  

The organic  phase was separated, washed success ive ly  w i t h  10% NaHCO, 

Removal o f  the 

62.70-3.20( m. 2H, CH ,-CO), 3.82 (t. 2H, CH-C 1 ), 7.20-7.70( m. 6H. aromat i c 

Anal. Calcd. f o r  C16H,,C1F,NOS:C,53.71 :H. 3.10: C1.9.91; 

This was pre- 

An o i l  was obtained, which r e c r y s t a l l i s e d  upon r e f r i g e r a t i o n  t o  g i ve  3, 
62.86-3.23(m, 2H.CH2-CO). 3.75 (t. 2H. Ctl,-Br), 7.20- 

A f t e r  completion of t he  a d d i t i o n  the r e a c t i o n  m ix tu re  

and then re f l uxed  f o r  2 h on an o i l  

The organic phase was washed w i t h  water, f o l l owed  by saturated NaCl 

Removal o f  the so lvent  i n  vacuo a f fo rded  a so l i d ,  

which was r e c r y s t a l l i s e d  from absolute ethanol t o  a f f o r d  

7O-7l0C( 1 i t . ( l3)mp 70-7loC]; 

c e n t r a l  Ct12),3.63(t.2H, - J = 6H2, CH2-C1).4.03(t,2H,J=6Hz. C!,- 

(3.38 g. 702). mp 
1 
HNMR(CDC1 B ) :  61.93-2.43 (q,2H,J=6Hz. propy l  
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phenoth i  az i ne), 6.76-7.96( m. 7H. aromat ic  tJ) . 
lo-( 3-Chl oro[  1.1 - 'H ,] p r o p y l  ) - 2 - t r i  f 1 uoromethyl-1 CII-phenothi a z i  ne (9). T h i s  was 

prepared (60% y i e l d )  f rom 1 and deu te ra ted  borane i n  t e t r a h y d r o f u r a n  by t h e  

method desc r ibed  f o r  &, mp 73-75°C; 

C2H 2 ) ,  3.66(t. 2H.J=6Hz, CH,-Cl), 6.80-7.40(m. 7H, aromat ic  - H); E IMS:m/z  

347/345(Mf', 23/66). 266( 100). 

lo-( 3-Bromo[ 1 , 1-'H , ]propy l  ) - 2 - t r i  f 1 uoromethyl- l0H-phenothi  az ine  ( 5 ) .  
prepared (68% y i e l d )  f rom 3 and deu te ra ted  borane i n  t e t r a h y d r o f u r a n  by t h e  

method desc r ibed  f o r  &. mp 69-70°C [ l i t .  ( 1 ) u n l a b e l l e d  mp 70-71"CI; 'HNMR 

(CDC 1 3 )  : 62.30( t. 2H. J=6Hz. C t i2 -C2H2 ), 3.53( t, 2H. J=6Hz. CtJ,-Br), 6.76-7.36 (m, 7H, 

aromat ic  H); EIMS:m/z 391/389 (M+', 70/67). 266(100). 

lo-[ [ 3-[ 4-(2-Hydroxyethyl)- l  -p i  peraz i n y l  ] [ 1 , 1-'H,]propyl ] 1 - 2 - t r i f  l uo romethy l -  

10H-pheno th iaz ine  (a). A m i x t u r e  o f  (0.50 g, 1.45 mmol), Z-hydroxyethyl-  

p i p e r a z i n e  (0.471 g. 3.62 m o l )  and a c a t a l y t i c  amount o f  KI was r e f l u x e d  i n  

e t h y l  methyl  ketone ( 5  m L )  f o r  24 h. The s o l v e n t  was removed i n  vacuo. and t h e  

r e s i d u e  d i s s o l v e d  i n  10% HC1 ( 8  mL) .  The a c i d i c  s o l u t i o n  was washed tho rough ly  

w i t h  e the r .  The o rgan ic  phase was separated and e x t r a c t e d  w i t h  10% HC1 ( 2  x 10 

mL). The combined a c i d  f r a c t i o n s  were b a s i f i e d  w i t h  Na,C03 and e x t r a c t e d  w i t h  

e the r ,  The o rgan ic  l a y e r  was washed w i t h  water, f o l l o w e d  by sa tu ra ted  NaCl 

s o l u t i o n ,  and d r i e d  (Na,SO,). The s o l v e n t  was removed i n  vacuo t o  a f f o r d  a 

r e s i d u a l  o i l  (0.61 g), which was d i s s o l v e d  i n  d r y  e t h e r  and t r e a t e d  w i t h  

e the rea l  HC1. The r e s u l t i n g  s o l i d  (0.62 g. 90%) was r e c r y s t a l l i z e d  from abso- 

l u t e  e thano l  t o  a f fo rd  t h e  d i h y d r o c h l o r i d e  s a l t  o f  g, mp 231-233'c [ l i t . ( 1 4 )  

u n l a b e l l e d  mp 235-237"C]; 'HNMR(free base.CDC1, ): 

C2H,), 2.10-2.70(m,12H.piperazine CtJ2 and Cl i2-piperazine),3.56(t  and a broad 

s, 3H,J=6Hz. CH,-OH), 6.67-7.20(m. 7H. aromat ic  1); EIMS:m/z 439(M+*. 21 ), 

407 ( 12 ), 282( loo) ,  266( 1 1 ) ,250( 1 2 ) , I  73 ( 10). 143 ( 39). 1 14( 1 3), l oo (  1 7), 98( 14). 

compound 

u s i n g  t h e  procedure desc r ibed  f o r  13. 
10-(2-Ethoxycarbonylacetyl)-2-trifluoromethyl-lD~-phenothiazine (14). To a 

cooled (0-5°C) s o l u t i o n  o f  2-trifluoromethyl-l0H-phenothiazine (1) (50.0 g, 

'HNMR(CDC1 3 ) :  6 2.60 (t, 2H.J=6Hz,CH2-CH2- 

T h i s  was 

61.83(t,3H,J =6Hz.Ct12- 

T h i s 

was a l s o  prepared (89% y i e l d )  f rom 5 and 2-hydroxyethylpiperazine 
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187.1 mmol) i n  d r y  benzene (400 mL)  was added e t h y l  malonyl  c h l o r i d e  (15) 

(30.98 g, 205.8 mmol) dropwise w i t h  s t i r r i n g  under a n i t r o g e n  atmosphere. 

r e a c t i o n  m i x t u r e  was ma in ta ined  a t  r e f l u x  f o r  17 h. The h o t  r e a c t i o n  m i x t u r e  

was c a r e f u l l y  added t o  i c e  c o l d  water  w i t h  s t i r r i n g .  

separated and success i ve l y  washed w i t h  water  and s a t u r a t e d  NaCl s o l u t i o n  and 

d r i e d  (Na,SO,). 

which was used i n  t h e  subsequent s t e p  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  A smal l  

amount was p u r i f i e d  by column chromatography ( s i l i c a  column w i t h  ch lo ro fo rm as 

e luen t ) :  IR(neat) :1740(ester C=O),1685(amide C=O)cm-': 'HNMR(CDC1,): 6 1.25 

(t, 3H.J =7Hz,Ci,). 3.56(s, 2H,CH2-CO),4.20(q.2H, J=7Hz. Ctip-0),7.20-7.70(m.6H, 

aromat ic  tJ.7.92 (broad s, 1 H,C,-phenothiazine lj):EIMS:m/z 381(t@*,3),267(29), 

266 ( 18). 85 ( 77 ) ,83 ( 100). 47 ( 28). 

l0-(3-Hydroxypropyl)-2-trifluoromethyl-lO~-phenothiazine (fi). To an i c e -  

cooled s o l u t i o n  o f  borane i n  t e t r a h y d r o f u r a n  (17.6 mL o f  0.98 M s o l u t i o n  :17.2 

mmol BH,) was added dropwise a s o l u t i o n  o f  t h e  amido e s t e r  14 (4.689 g. 12.3 

mmol) i n  d r y  t e t r a h y d r o f u r a n  ( 5  mL) w i t h  s t i r r i n g  under a n i t r o g e n  atmosphere. 

The r e a c t i o n  m i x t u r e  was subsequent ly  t r e a t e d  and worked up as f o r  t h e  prepara- 

t i o n  o f  5. However, i n  t h e  work-up, removal o f  t h e  e t h e r  i n  vacuo af forded an 

o i l ,  which was passed through a s i l i c a  column w i t h  ch lo ro fo rm as e luen t .  

p o r a t i o n  o f  t h e  a p p r o p r i a t e  f r a c t i o n  o f  e l u a t e  (TLC a n a l y s i s )  gave t h e  p r e v i -  

o u s l y  r e p o r t e d  (1 )  =. as a p a l e  y e l l o w  o i l  (2.92 g, 73%); 'HNMR(CDC1,): 

1.99(m, 2H,J = 6Hz, p r o p y l  c e n t r a l  CH,), 2.43(s, 1H.Ol-j). 3.68( t. 2H,J=6Hz, Ctl,-O), 

3.98(t. 2H.J=6Hz,CH2-phenothiazine),6. 73-7.47(m. 7H, aromat ic  lj). 

lo-( 3-Hydroxy [ 1, l .  3.3 - H,)propyl)-2-trifluoromethyl-lOH-phenothiazine (D). 
T h i s  was prepared (462 y i e l d )  f rom 14 and deu te ra ted  borane i n  t e t r a h y d r o f u r a n  

The 

The o rgan ic  phase was 

Removal o f  benzene i n  vacuo a f f o r d e d  a v iscous o i l  (72.0 g). 

Eva- 

6 

2 

(1.0 M s o l u t i o n )  by the  method desc r ibed  f o r  D; 
s,3H.CH2 and Olj),6.76-7.40(m.7H,aromatic lj); EIMS:m/z 329 (e'. 100),282 

(45), 266( 59).250( 17). 

'HNMR (COC1,): 61.96(broad 

l0-(3-Bromo [1,1,3,3-'H,] propy1)-2-trifluoromethyl-lokphenothiazine 

T h i s  compound was prepared by an improved m o d i f i c a t i o n  o f  t h e  p rev ious  

r e p o r t e d  method f o r  t he  syn thes i s  o f  t he  non-deuterated compound (1) .  

- 12). 

Y 

To a 
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s t i r r e d  s o l u t i o n  o f  t h e  a l c o h o l  11 (0.928 g. 2.8 mmol) and t r i pheny lphosph ine  

(1.108 g. 4.2 mmol) i n  a c e t o n i t r i l e  (10 mL) (Gr ied  over  mo lecu la r  s ieves )  was 

added dropwise a s o l u t i o n  o f  N-bromosuccinimide (0.752 g, 4 . 2  mmol) i n  d r y  

a c e t o n i t r i l e  (10 mL).  The r e a c t i o n  m i x t u r e  was s t i r r e d  a t  room temperature f o r  

1 h. A f t e r  removal o f  t h e  s o l v e n t  i n  vacuo. t h e  r e s i d u e  was passed th rough  a 

s i l i c a  column w i t h  ch lo ro fo rm as e luen t .  Evapora t i on  o f  t h e  a p p r o p r i a t e  

f r a c t i o n  o f  t h e  e l u a t e  (TLC a n a l y s i s )  gave 1.01 g (90%) o f  l 2 ,  mp 70-71°C [ l i t .  

(1 ) u n l a b e l l e d  mp 70-71 "C]; 'HNMR(CDC1 3 ) :  62.20( broad s.2H, Cti,),6.70-7.30 

(m.7H.aromatic tj): E I M S :  m/z  393/391 (M+'J2/73).282(86).266( 100).250(36). 

lo- [  [ 3-[4-(2-Hydroxyethyl)-l-piperazinyl I [  1.lI3,3-'Ht+]propyl]]-2- 
trifluoromethyl-10H-phenothiazine (13). 
(1.085 g. 2.8 mmol) and 2-hydroxye thy lp ipe raz ine  (0.718 g. 5.5 mnol)  i n  2- 

butanone (15 mL)  was heated a t  r e f l u x  f o r  5 h. 

s o l v e n t  i n  vacuo. t h e  r e s i d u e  was passed th rough  a s i l i c a  column ( c h l o r o f o r m  

e l u e n t )  t o  g i v e  1.181 g (89%) o f  a y e l l o w  o i l .  

i n  anhydrous e the r ,  t r e a t e d  w i t h  e t h e r e a l  HC1, and the  s o l i d  which separated was 

r e c r y s t a l l i s e d  

mp 225-226", 'HNMR( f r e e  base, C D C l  3 ) :  61.90( s . ~ H . C ~ ~ ~ - C ' H ~ ) . ~ .  30-2.70(m. 10H, 

p i p e r a z i n e  C l i Z  and Ctj2-piperazine),3.70( t .2H.Ct j24).  3.80( broad s, lH,OH), - 6.60- 

7.20(m, 7H. aromat ic  H): EIMS:m/z 441(h+.1+',38),410(27).282 (100),266( 13 ),250( 13). 

175(12), 145(43), 116( 16). 100 (19),98( 18).73(17). 

A m i x t u r e  o f  t h e  l a b e l l e d  bromide 12 

A f t e r  c o o l i n g  and removal o f  t h e  

The r e s u l t i n g  o i l  was d i s s o l v e d  

f rom abso lu te  e thano l  t o  a f f o r d  t h e  d i h y d r o c h l o r i d e  s a l t  o f  13. 
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