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S WMARY 

Pirmenol h y d r o c h l o r i d e  (+-(f)-a-[3-(2,h-dimethyl-l-piperidinyl)- 
propy l ]  -a-phenyl-2-pyridinemethanol monohydrochloride,  CI-845), a new a n t i -  
a r rhyt lnnic  drug ,  w a s  l a b e l e d  w i t h  I 3 C  and 14C. 
r e a c t e d  wi th  2 - t r h n e t h y l s i l y l p y r i d i n e  t o  y i e l d  2-benzoylpyridine.  
t h e  l a t t e r  w i t h  ~-l-(3-chloropropyl)-2,h-dimethylpiperidine gave pirmenol 
f r e e  base ,  which was subsequen t ly  conve r t ed  t o  t h e  HC1 s a l t .  

Key Words: Pirmenol hydroch lo r ide ,  13C, 14C, c&-(+)-a-[3-(2,6- 
d ime t hyl- 1 - p i p e r  i d  iny l  ) p r o  pyl ] -a-phe nyl- 2 -pyr i d  ineme t hano 1 
monohydrochloride,  a n t i a r r h y t h m i c ,  CI-845 

Labeled benzoyl c h l o r i d e  
Treatment o f  

I NTRODUC T I ON 

Pirmenol h y d r o c h l o r i d e  ( c  i s - ( f ) -a -  [3-( 2,h-d ime thyl -1  - p i p e r i d  iny1)- 

propyl]-a-phenyl-2-pyridinemethanol monohydrochloride,  CI-845) i s  be ing  

developed  a s  an o r a l l y  a c t i v e ,  l ong  l a s t i n g  a n t i a r r h y t h m i c  drug f o r  a c u t e  and 

c h r o n i c  the rapy  ( 1 , 2 ) .  

s y n t h e s i z e d  f o r  metabolism and b i o a v a i l a b i l i t y  s t u d i e s .  

- 

14C and 13C l a b e l e d  pirmenol hydroch lo r ide  were 

TJnlabeled pirmenol h y d r o c h l o r i d e  ( 5 )  was f i r s t  syn thes i zed  by Fleming ( 3 )  - 
b y  d i r e c t  coup l ing  o f  7-benzoylpyr id ine  w i t h  c&-l-(3-lithiopropy1)-2,6- 

d i m e t h y l p i p e r i d i n e  o r  2-1 i t h i o p y r  i d i n e  w i t h  ciS-y-( 2 ,h-d h e t h y 1 p i p e r i d i n o ) -  

butyrophenone. In  o r d e r  t o  i n c o r p o r a t e  a carbon l a b e l  i n t o  a m e t a b o l i c a l l y  
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s t a b l e  p o s i t i o n  such  a s  t h e  c a r b i n y l  carbon,  a n o t h e r  r e a c t i o n  pathway was 

n e c e s s a r y .  This  was accomplished in a f i v e - s t e p  s y n t h e s i s  u s i n g  l a b e l e d  

benzo ic  a c i d  a s  t h e  s t a r t i n g  m a t e r i a l  (Scheme 1). 

*COOH "COCI 

la,b 2a,b 3a,b 

1) N a ,  NH3,  THF 

2)  C l ( C H 2 y : D  

3) H', H 2 0  
H 3  1 

5a,b 

*-indicates location of label 

b- 3C 
a-14c 

S c h e m e  1 

4a,b 

RESULTS AND DISCUSSION 

The key i n t e r m e d i a t e  i n  t h i s  s y n t h e s i s  o f  5 was 2 -benzoy lpyr id ine  (2) 
There  a r e  numerous l i t e r a t u r e  r e p o r t s  on making unsymmetrical  ke tones  (4,5 

and i n  p a r t i c u l a r  2 (6-10) u s i n g  a c i d  c h l o r i d e s  o r  e s t e r s  and organometa l l  ! c  

r e a g e n t s .  

and Thames (11) d i s p l a c i n g  t h e  t r i m e t h y l s i l y l  g roup  from 2 - t r i m e t h y l s i l y l -  

p y r i d i n e  wi th  l a b e l e d  benzoyl c h l o r i d e .  

- 

We chose  t o  s y n t h e s i z e  l a b e l e d  3 u t i l i z i n g  t h e  method o f  P i n k e r t o n  
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Commercially a v a i l a b l e  l a b e l e d  benzo ic  a c i d  was conve r t ed  t o  t h e  

co r re spond ing  a c i d  c h l o r i d e  w i t h  e x c e s s  t h i o n y l  c h l o r i d e .  

r i d e  was hea ted  w i t h  2-trimethylsilylpyridine t o  g i v e  2. 
d r i v e n  t o  f avor  product  fo rma t ion  by use  o f  e x c e s s  2-trimethylsilylpyridine 

and by d i s t i l l a t i o n  o f  c h l o r o t r i m e t h y l s i l a n e  d u r i n g  t h e  c o u r s e  o f  t h e  r e a c t  ion. 

I t  h a s  been shown t h a t  d i a r y 1  ke tone  d i a n i o n s  gene ra t ed  by sodiun/ammonia 

The c rude  a c i d  chlo- 

The r e a c t i o n  w a s  

r e a c t  w i th  a l k y l  h ' a l ides  t o  form s u b s t i t u t e d  a l c o h o l s  (12-14). We u t i l i z e d  t h e  

r e a c t i o n  i n  t h e  s y n t h e s i s  o f  k. The d i a n i o n  o f  l a b e l e d  2-benzoylpyr id ine  was 

t r e a t e d  wi th  c is-1-( 3-chloropropyl)-2,6-d ime thy1 p i p e r  i d  i n e  i n  t e t rahyd r o f u r a n  

t o  g i v e  Re- 

moval o f  t h e  l i q u i d  ammonia i n  r e f l u x i n g  t e t r a h y d r o f u r a n  was necessa ry  f o r  a 

b e t t e r  y i e l d .  The h y d r o c h l o r i d e  s a l t  format ion  was completed w i t h  anhyi rous  

HC1 i n  2-propanol. 

20% f o r  2 and 2, r e s p e c t i v e l y .  

- 
accord ing  t o  a modi f ied  procedure  o f  Fleming and Hinkley  ( 1 5 ) .  

The o v e r a l l  y i e l d  f o r  t h e  €our - s t ep  s y n t h e s i s  was 28% and 

- 5a was found t o  have  a s p e c i f i c  a c t i v i t y  o f  11.1 mCi/mmol. The I R ,  

The rad io-  lH-NMR, TLC and HPLC w e r e  c o n s i s t e n t  w i t h  a u t h e n t i c  m a t e r i a l .  

chemica l  p u r i t y  was >99% by TLC and HPLC. 

The i s o t o p i c  abundance o f 2  w a s  94.5% a s  de te rmined  by comparing mass 

s p e c t r a l  peaks  a t  m/e = 324 (;rl+-CH3) and 323. 

was t o o  sma l l  f o r  q u a n t i t a t i o n .  

v e r y  s t r o n g  peak a t  6 77. 

un labe led  2 and was c o n s i s t e n t  w i th  a s h i f t  o f  a a o a t e r n a r y  carbon wi th  a 

hydroxyl  s u b s t i t u e n t .  

m a t e r i a l .  

The M+ peak i n  t h e  s p e c t r u n  

m e  decoupled 13C-NMR spectrum showed one 

This cor responded t o  a peak i n  t h e  13C-NMR o f  

The T R  and l!-I-NVR were i d e n t i c a l  w i th  un labe led  

The product  had >99% chemical p u r i t y  by YPLC. 

EXPER R? ENTAL 

( ~ - ~ ~ C ) B e n z o i c  a c i d ,  a t  a s p e c i f i c  a c t i v i t y  o f  10.0 mCi/mmol was 

purchased  from Benchmark Sc i e n t i € i c  S e r v i c e s .  

o b t a i n e d  from MSD I s o t o p e s  w i t h  90 aton-% 13C. 

( ~ - ~ ~ C ) B e n z o i c  a c i d  was 

2-Trimethylsilylpyridine was 
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prepared  from 2-1 i t h i o p y r i d i n e  and c h l o r o t r i m e t h y l s i l a n e  by a m o d i f i c a t i o n  o f  

t h e  method d e s c r i b e d  by A n d e r s o n g g .  (16). 

d ime thy lp ipe r id ine  hydroch lo r ide  ( 3 )  was s u p p l i e d  by t h e  Chemical Development 

Group, Warner-Lambert G o . ,  Hol land ,  Michigan. The co r re spond ing  f r e e  base  was 

ob ta ined  by t r ea tmen t  w i th  base .  

- cis-l-(3-Chloropropy1)-2,6- 

Mel t ing  p o i n t s  were de te rmined  on a Thomas rloover c a p i l l a r y  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  uncor rec t ed .  

EM390 spec t romete r  and 13C-NMR on a Bruker WH90 FT-NMR spec t romete r .  

Chemical s h i f t s  were r e p o r t e d  in 6 (ppm) downf ie ld  from t e t r a m e t h y l s i l a n e .  

I n f r a r e d  s p e c t r a  were o b t a i n e d  on  a N i c o l e t  MX-1/3600 FT-IR. 

c o l l e c t e d  wi th  a F inn igan  Series 4000 G.C.-M.S. 

IH-NMR s p e c t r a  were de te rmined  on a Var ian  

Mass s p e c t r a  were 

L iqu id  s c i n t i l l a t i o n  coun t ing  was done wi th  a Packard  574 l i q u i d  

s c i n t i l l a t i o n  c o u n t e r  u s i n g  Beckman Ready-Solv MP l i q u i d  s c i n t i l l a t i o n  

c o c k t a i l .  

Thin l a y e r  chromatography (TLC) was done on Anal tech  s i l i c a  g e l  p l a t e s  

( 2 5 0 ~ ) .  S e c t i o n s  ( 5  mm) were sc raped  and d i s s o l v e d  i n  methanol and c o c k t a i l  

f o r  l i q u i d  s c i n t i l l a t i o n  coun t ing .  Vigh p r e s s u r e  l i q u i d  chromatography (HPLC) 

was performed us ing  an Al t ex  l l0A p m p ,  Du Pont I n s t r u m e n t s  v a r i a h l e  wavelength 

UV d e t e c t o r  a t  2 5 4  nm, Hewlett-Packard 3390A i n t e g r a t o r  and Uni ted  Technologies  

Packard Tri-Carb RAY 7500 r a d i o a c t i v i t y  moni tor .  P r e p a r a t i v e  l i q u i d  chromato- 

graphy was accomplished w i t h  a n  F4I RP-SY pump, EM Lobar s i z e  c s i l i c a  column, 

and Du Pont Ins t rumen t s  v a r i a b l e  wavelength UV d e t e c t o r  a t  278  nm. 

(a-14C)Benzoyl c h l o r i d e  ( 2 a ) .  ( ~ a - ~ ~ C ) B e n z o i c  a c i d  (50 m C i ,  

5 .0  mmol, s p e c i f i c  a c t i v i t y  10.0 mCi/mmol) was p l aced  i n  a 10 mL f l a s k  and 

f l u s h e d  wi th  N2. “hionyl  c h l o r i d e  (2.0 mL, 2 7  mmol) w a s  added and t h e  

s o l u t i o n  h e a t e d  t o  80°C f o r  6 .5  h .  

i n  vacuo. Toluene was added t o  a i d  i n  removal o f  t h e  t h i o n y l  c h l o r i d e  and 

The e x c e s s  t h i o n y l  c h l o r i d e  w a s  evapora t ed  

-- 
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evapora t ed  i n  vacuo. The l i g h t  ye l low l i q u i d  co-chromatographed wi th  an  

a u t h e n t i c  sample o f  benzoyl c h l o r i d e .  TLC: R f  = 0.89 (PhCH3:AcOH 1 9 : l ) .  "he 

c r u d e  sample was used in t h e  next  s t e p .  

(a-13C)Benzoyl c h l o r i d e  ( 2 b ) .  (a-13C)Benzoic a c i d  (6 .91  g, 

5 6 . 6  mmol) was t r e a t e d  wi th  t h i o n y l  c h l o r i d e  ( 2 1  mL) a s  d e s c r i b e d  for  2. 

product  was used d i r e c t l y  i n  t h e  next  s t e p .  

h e  

2 -( ~ - ~ ~ C ) B e n z o y l  pyr  i d  i n e  ( 3a) .  2-Tr i m e  thy1 s i l y l p y r  i d  i n e  

( 1 . 3 9  g, 10.0 mmo1) was added t o  t h e  benzoyl c h l o r i d e  from t h e  p rev ious  s t e p .  

The f l a s k  was f i t t e d  w i t h  a shor t -pa th  d i s t i l l a t i o n  head and hea ted  t o  110°C. 

A c o l o r l e s s  d i s t i l l a t e  b o i l i n g  a t  50-55'C w a s  c o l l e c t e d .  A f t e r  2.5 h t h e  brown 

s o l u t i o n  was cooled  t o  50°C. Water ( 5  mL) was added and t h e  mix tu re  main ta ined  

a t  50'C f o r  30  min. The coo led  mix tu re  was e x t r a c t e d  w i t h  e t h e r  (2 x 10 mL). 

The e t h e r e a l  s o l u t i o n  was washed w i t h  wa te r  and d i l u t e  NaHC03, d r i e d  (MgSOq), 

f i l t e r e d ,  and evapora t ed  i n  vacuo t o  g i v e  a ye l low o i l .  A f t e r  3 days  a t  3°C a 

w h i t e  s o l i d  formed. "he o i l - s o l i d  mix tu re  was t r i t u r a t e d  wi th  methanol and 

f i l t e r e d .  

methanol was removed i n  vacuo. The o i l  was warmed t o  50°C under vacuun t o  

remove t r a c e s  o f  r e s i d u a l  2-trimethylsilylpyridine, seeded, and cooled  t o  3°C. 

A l i g h t  brown s o l i d  was recovered  a f t e r  t r i t u r a t i o n  w i t h  hexane. Recovered w a s  

2 7 . 7  m C i  (55% y i e l d  from ( ~ - ~ ~ C ) b e n z o i c  a c i d ) .  

hexane: EtnAc 4 :  1)  co-chromatographed w i t h  a u t h e n t i c  2-benzoylpyr i d i n e  ( A l d r i c h  

Chemical Co. ) .  

The s o l i d  was de te rmined  t o  be  an unknown s ide-product  by TLC. "he 

TLC: Rf  = 0.45 (cyc lo-  

2-( a-13C) Be nzoy1 p y r i d i n e )  . The (a- l  3C)benzoyl c h l o r i d e  

from t h e  p rev ious  s t e p  w a s  allowed t o  r e a c t  w i t h  2-trimethylsilylpyridine 

(11 .8  g ,  84.9 mmol) a s  d e s c r i b e d  f o r & .  Recovered was 6.45 g (62% y i e l d )  o f  

l i g h t  brown s o l i d ,  mp .41-44"C, mp f o r  t h e  un labe led  compound ( A l d r i c h  Chemical 

Co. )  42-44'C. TLC: Rf = 0.41 (cyc1ohexane;EtOAc 4 : l ) .  
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c i s -  ( +)-a- [ 3-( 2,6-Dimethyl-I -p ipe r  i d  iny l  ) propyl  ] -a-phenyl- 

Sodium (0 .14  g,  -2-pyridine(a-14C)methanol) monohydrate ( 4 a ) .  

6 .1  mmol) was p l aced  i n  a n i t r o g e n  f l u s h e d  ?-neck f l a s k  f i t t e d  w i t h  a d ry - i ce  

condenser ,  septum, and an  ammonia i n l e t .  The f l a s k  and condenser  were coo led  

t o  -78°C and ammonia ( 1 5  mL) condensed. The b l u e  s o l u t i o n  was s t i r r e d  f o r  1 h.  

2- (a -14C)Benzoylpyr id ine  (460 mg, 27.7 mCi) in d r y  t e t r a h y d r o f u r a n  ( 2 . 5  mL) 

was added over  10 min. "he c o o l i n g  b a t h  was removed and t h e  s o l u t i o n  r e f l u x e d  

f o r  5 h. The c o l o r  changed t o  a d a r k  pu rp le .  The f l a s k  was once  a g a i n  cooled  

t o  -78°C and ~ - l - ( 3 - c h l o r o p r o p y l ) - 2 , 6 - d ~ e t h y l p i p e r i d i n e  (9 .55  g ,  2.9 mmol) 

i n  t e t r a h y d r o f u r a n  (2.0 mL) was added ove r  5 min. A f t e r  r e f l u x i n g  € o r  45 min 

t h e  ammonia was removed, r e p l a c i n g  i t  w i t h  t e t r a h y d r o f u r a n  (15  id). The 

m i x t u r e  was h e a t e d  t o  r e f l u x  f o r  30  min,  t h e  c o l o r  changing  from blde-green  t o  

orange .  

and t h e  s o l v e n t  was evapora t ed  i n  vacuo. To t h e  o i l y  r e s i d u e  was added 

methanol ( 1 0  mL).  The mix tu re  was h e a t e d  t o  b o i l i n g  and f i l t e r e d  through 

C e l i t e  r i n s i n g  wi th  b o i l i n g  methanol (2 x 5 mL). Warm wa te r  ( 7  mL) was added. 

The s o l u t i o n  was seeded  and cooled .  

A d d i t i o n a l  wa te r  ( 3  mL) was added i n  sma l l  p o r t i o n s .  

c o l l e c t e d  and d r i e d  i n  vacuo a t  40°C. R e c r y s t a l l i z a t i o n  From methanol-water 

gave  560 mg (15.8 m C i ,  57% y i e l d )  o f  fi. Qf = 0.54 (?hCH3:Et3N 19:1), 

co-chromatographed wi th  a n  a u t h e n t i c  sample o f  un labe led  A. 

A small amount o f  methanol was added t o  d e s t r o y  any un reac ted  s o d i m  

A l i K h t  ye l low s o l i d  c r y s t a l l i z e d .  

The m a t e r i a l  was 

-- 
TLC: 

c i s- ( k )-a- [ 3 -( 2 ,6  -Dime  t hyl- 1 -p ipe r  i d  iny l  p r o  pyl ] -a-phenyl- 

-2-pyr id i11e(a-~~C)methanol  (4b ) .  In  a manner s i m i l a r  t o  t h a t  

d e s c r i b e d  f o r  t h e  s y n t h e s i s  o f  a, sodiun  (1.70 g ,  7 3 . 9  mmol) i n  ammonia 

( 4 5  mL) was t r e a t e d  w i t h  2-(~-~~C)benzoylpyridine (5 .45  g ,  35.1 mmol) i n  

t e t r a h y d r o f u r a n  (20 mL). 

d h e t h y l p i p e r i d i n e  (6 .83  g ,  36 mmol )  was added. 

d e s c r i b e d  f o r  

A f t e r  5 h o f  r e f l u x ,  ~-l-(3-chloropropyl)-2,6- 

The r e a c t i o n  was worked up a s  

and 7.52 g o f  c rude  2 was c o l l e c t e d  i n  t h r e e  c r o p s .  The 
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m a t e r i a l  was p u r i f i e d  by p r e p a r a t i v e  l i q u i d  chromatography u s i n g  5% t r i e t h y l -  

amine i n  to luene .  

TLC: 

Recovered was 5.00 g (42% y i e l d )  o f  anhydrous z. 
Rf = 0.35 (PhCH3:Et3N 1 9 : l ) .  

c is-(  f. )-a- [3-( 2,6-Dime thy1 -1 -p ipe r  i d  i n y l )  p ropyl  1 -a-phenyl- 

2-pyridine(a-l4C)methano1 h y d r o c h l o r i d e  (5a ) .  To (0 .56  g) w a s  

added 2-propanol (0 .5  mL) and 1.016 M HC1 i n  2-propanol (1 .54  m L ) .  

was hea ted  t o  b o i l i n g .  The s o l u t i o n  was cooled  t o  about 35°C and e t h e r  

(2 .1  mL) was added. A p r e c i p i t a t e  was c o l l e c t e d  and washed wi th  e t h e r .  A f t e r  

d r y i n g  a t  68°C i n  vacuo, 477 mg (14.1 m C i ,  s p e c i f i c  a c t i v i t y  11.1 mCilmmo1) o f  

o f f -wh i t e  s o l i d  was r ecove red  (82% y i e l d ) ,  mp 171.5-173.O"C (147°C s o f t ) .  

The mix tu re  

TLC: Rf = 0.45 (PhCH3:Et3N 1 9 : l ) ;  Rf = 0.78 (EtOH:H20:NH40H 16:3 :1) ;  

R f  = 0.32 (Et0Ac:NQOq 9 9 : l ) .  HPLC: A l l t e c h  C 1 8 ,  l op  

(4.6 mm I D  X 250 mm), 20% CH?CN i n  phosphate  b u f f e r  (0.05 M NaH2P04 w i t h  

0 .5% Et3N a d j u s t e d  t o  pH 2.60 wi th  H3P04), f low r a t e  1.0 ml/min, r e t e n t i o n  

t i m e  9 .8  min. 

(DMSO-d6) and I R  (KBr) were i d e n t i c a l  t o  an  un labe led  s t a n d a r d .  

The r ad iochemica l  p u r i t y  was >99% by TLC and HPLC. IR-NMR 

c is-(? )-a-[ 3-(2,6-Dimethyl-l-piper i d i n y l )  p ropyl  1 -a-phenyl- 

Z - p y ~ - i d i n e ( a - ~ ~ C ) m e t h a n o l  h y d r o c h l o r i d e  (5b ) .  'Ihe hydroch lo r ide  

s a l t  was gene ra t ed  as d e s c r i b e d  f o r  5a.  C o l l e c t e d  was 4.093 g (74% y i e l d )  o f  a 

c o l o r l e s s  c r y s t a l l i n e  s o l i d ,  mp 169.0-170.0"C. TLC: Rf = 0.43  (PhCH3:Et3N 

19:l); Rf = 0.22 (Et0Ac:NkOH 9 9 : l ) ;  Rf = 0.79 (EtOH:HzO:NH40H 16:3 : l ) .  

HPLC: 

IR(KBr) and lH-NMR(DMSO-d6) were i d e n t i c a l  t o  an a u t h e n t i c  sample. 

13C-NMR(DMSO-dg) 6 77. 

324 (7 .11 ) ,  227 (25 .3 ) ,  126 ( l o o ) ,  112 (26). m/e = 324 (Mf-CH3) and 323 were 

used  t o  de t e rmine  a n  i s o t o p i c  abundance o f  94.5%. Anal. Calc .  f o r  

C22H30N2Q'HCl:C. 70.51; H, 8 .27 ;  N ,  7.47; C 1 ,  9.46. 

Found: C ,  70.76; H ,  8 .48 ;  N, 7.32; C1, 9.62.  

- 

c o n d i t i o n s  t h e  same a s  f o r + a ,  r e t e n t i o n  t i m e  10.13 min, p u r i t y  >99%. 

Mass Spec t run  m/e (%I) 339 (M+, 0.171, 
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