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O R C A N I C  PREPARATIONS AND PROCE1)URES TNT. 2 0 ( 3 ) ,  253-260 (1988)  

SYNTHESIS OF THE ANTIHYPERTENSIVE AGENT l-(I-METHYLETHYL)-2-(2- [4-( 3-TRI- 

FLUOROMETHY LPHENY L ) - 1-PIPERAZ INY L] ETHYL ) -lH-NAPHTH [I ,2-d] IMIDAZOLE C ITRATE 

E. Tojat and A. Trani* 

Merrell-Dow Research Institute, Lepetit Research Center, 
Via R. Lepetit 34 - 21040, Gerenzano (VA) ITALY 

The citrate salt of l-(l-methylethyl)-2-(2-[4-(3-trifluoromethylphenyl~ 

-1-piperazinyl] ethyl )-lH-naphth[l,Z-d] imidazole, coded L 15848, is a long- 

lasting antihypertensive agent, orally active in conscious normotensive and 

renal hypertensive dogs without CNS depressant effects. The synthesis of 

L 15848 and of other naphth[l,2-d] imidazoles from 1-methoxynaphthalene has 

been reported. This route works well on a lab scale but is less suitable 

for large scale production because of low yields in the nitration of the 

intermediate 4-bromo-1-methoxynaphthalene and the hazardous use of 99% 

nitric acid in acetic anhydride. This paper describes an alternative pro- 

cedure for the preparation of L 15848 that is more suitable for larger 

scale reactions. 

3 

2 

Treatment of the sodium salt of 3-hydroxynaphthalene-4-sulfonic acid (I) 

with nitrous acid gave 2-ni troso-1-hydroxynaphthalene-4-sulfonic acid 

(11) , in nearly quantitative yield; in contrast, treatment of I with 

aqueous nitric acid afforded 2.4-dinitro-1-hydroxynaphthalene .3 Complete 

3 

oxidation of the nitroso group was achieved using a 4:l molar ratio of36X 

"1988 by Organic Preparations and Procedures Inc. 
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4 
hydrogen peroxide to I1 in alkaline solution; I11 was purified 2 its 

barium salt obtained by treatment of the reaction mixture with a molar 

quantity of barium hydroxide. Desulfonation of 111 was best accomplished 

by a modification of Bogdanov's procedure6 with 85% phosphoric acid at 

363". Methylation of IV was best carried out with only a slight excess 

dimethyl sulfate and potassium carbonate in methyl ethyl ketone ( M E K ) ,  thus 

7 
avoiding the use of excess dimethyl sulfate of the original procedure. 

5 

V I  I 

a) NaNO HC1 b )  H 0 OH- c) Ba(OHl2 d) H 0' e) Me SO M E K ,  K CO f) 

i-PrNH t-BuOMe g )  C1CH2CH2COC1, ClCH CH C1 h) H Pt, EtOAc i) HC1, 
2' 2 2' 3 2 4 '  2 3  

2' 2 2  2' 
i-PrOH J )  N-(3-trifluoromethylphenyl)piperazine, AmOH k )  Citric acid. 
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SYNTHESIS OF THE ANTIHYPERTENSIVE AGENT l-(l-METHYLETHYL}-2-(2-[4-(3-TRT- 

The r e p l a c e m e n t  of t h e  methoxy g r o u p  w a s  accompl ished  by t r e a t m e n t  w i t h  

i s o p r o p y l a m i n e  i n  - t - b u t y l  methyl  e t h e r  i n  n e a r l y  q u a n t i t a t i v e  y i e l d .  

A c y l a t i o n  of  V I  w i t h  3 - c h l o r o p r o p i o n y l  c h l o r i d e  d i d  n o t  r e q u i r e  any a c i d  

a c c e p t o r .  C a t a l y t i c  r e d u c t i o n  of t h e  n i t r o  group of V I I  f o l l o w e d  by a c i d -  

c a t a l y z e d  c y c l i z a t i o n  gave  2-chloroethylnaphth[l,2-d] midazole  V I I I .  Dur ing  

t h e  work-up of t h e  r e a c t i o n  m i x t u r e ,  a p a r t i a l  d e h y d r o h a l o g e n a t i o n  o f  t h e  

a l k y l  c h a i n  was o b s e r v e d ,  g i v i n g  r ise t o  a b o u t  5% o f  t h e  c o r r e s p o n d i n g  2- 

v i n y l  d e r i v a t i v e .  The c r u d e  r e a c t i o n  m i x t u r e  was t h e n  f i n a l l y  t r e a t e d  w i t h  

N-(3-trifluoromethylphenyl)piperazine t o  y i e l d  t h e  f i n a l  compound as a f ree  

b a s e .  

Format ion  of t h e  c i t r a t e  (L 15848)  r e p r e s e n t s  a c o n v e n i e n t  p r o c e d u r e  for 

e l i m i n a t i n g  a l l  t h e  by-products  o f  t h e  p r e c e d i n g  s t e p s .  1, 75848 is o b t a i n e d  

i n  a y i e l d  of a b o u t  60% from V i n  t h e  form of a ncm-hygroscopic w h i t e  c r y s -  

t a l l i n e  s o l i d ,  s t a b l e  t o  a i r  and l i g h t .  

EXPERIMENTAL SECTION 

M e l t i n g  p o i n t s  were d e t e r m i n e d  on a Buchi  510 c a p i l l a r y  a p p a r a t u s  and are 
u n c o r r e c t e d .  I R  s p e c  r a  were measured i n  n u j o l  mull  w i t h  a Perkin-Elmer 157 
s p e c t r o p h o t o m e t e r .  H-NMR s p e c t r a  were r e c o r d e d  on a Bruker  WH 270 or AM 
250 s p e c t r o p h o t o m e t e r .  M i c r o a n a l y s e s  were per formed by t h e  A n a l y t i c a l  De- 
p a r t m e n t  o f  Gruppo L e p e t i t .  D i f f e r e n t i a l  s c a n n i n g  c a l o r i m e t r y  c u r v e s  (DSC) 
were o b t a i n e d  on a TA 2000 Mettler t h e r m a l  a n a l y z e r ,  i n  a normal pan ,  w i t h  
N i t r o g e n  flow o f  25 mL/min and a h e a t i n g  rate of 5O/min. TLC d e t e r m i n a t i o n s  
were c a r r i e d  o u t  on s i l i c a  gel  p l a t e s  60 F254:Merck. 

f 

2-Nitro-1-hydroxynaphthalene-4-sulfonic Acid Barium S a l t  Hydra te  (111). - 

T o  a s o l u t i o n  of sodium I-hydroxynaphthalene-4-sulfonate ( F l u k a ,  p u r i t y  

d e g r e e  70%) (350 g, 1 mole)  i n  4 L of water was added sodium n i t r i t e  ( 7 5 . 9  

g, 1 . 1  mole)  f o l l o w e d  by I N  H C 1  ( 1 . 1  L,  1 . 1  mole) w i t h  t h e  t e m p e r a t u r e  
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TOJA AND TRANT 

b e i n g  m a i n t a i n e d  be low 5 O .  The r e a c t i o n  m i x t u r e  was a l l o w e d  t o  w a r m  s l o w l y  

t o  i'ooni t e m p e r a t u r e  a n d  t h e  p r e c i p i t a t e  was r e d i s s o l v e d  by a d d i t i o n  of NaOH 

p e l l e t s  (44 g ,  1 . 1  mole) .  The pH of t h e  s o l u t i o n  was b r o u g h t  t o  8 by  a d d i -  

t i o n  of IN NaOH a n d  36% w/v h y d r o g e n  p e r o x i d e  (400 m L ,  4 . 2  moles) was ad- 

ded .  The r e a c t i o n  m i x t u r e  w a s  s t i r r e d  for 1 8  h r s  and d u r i n g  t h i s  t i m e  t h e  

t e m p e r a t u r e  s l o w l y  r o s e  t o  2 9 O .  A s o l u t i o n  of Ra(Oti)  .8H 0 (315.5 g ,  I 

mole) i n  5 L of water was added  and  t h e  r e s u l t i n g  y e l l o w  p r e c i p i t a t e  was 

c o l l e c t e d  a n d  a i r - d r i e d  a t  60° t o  g i v e  382 g (90%) of t h e  c r u d e  111. 

2-Nitro-I-hydroxynaphthalene (IV). - A s t i r r e d  d i s p e r s i o n  of 1 0  g (23.6 

m o l e s )  of I11 i n  1 L of 85% H PO w a s  h e a t e d  a t  l b 0 "  i n  a f l a s k  s e t  up  for 

steam d i s t i l l a t i o n .  Compound 1V was steam d i s t i l l e d  as i t  was fo rmed  . The 

p h o s p h o r i c  a c i d  was d e c a n t e d  and  t h e  r e a c t i o n  f l a s k  washed w i t h  m e t h y l e n e  

c h l o r i d e .  The same s o l v e n t  was u s e d  t o  e x t r a c t  t h e  d i s t i l l a t e  ar.d t h e  com- 

2 7  

5 

_____ 

3 4  

b i n e d  e x t r a c t s  were e v a p o r a t e d  t o  a f f o r d  3.3 g (74%) of IV, mp. 126-128O, 

a s s a y  by DSC 97%, I R  ( n u j o l ) :  1 6 2 5 ,  1585, 1545, 1390, 1380, 980, 810, 7 7 0 ,  

735 crn ; IviiR ( d  -0i4SO) : d 5.5 ( b r o a d  band  d u e  t o  e x c h a n g e  w i t h  w a t k r  p r t .  
-1 

6 

s e n t  i n  t h e  s o l v e n  

( d ,  2H), 8.39 ( d  

a c i d  9:0.5:0.5:0.2 

, IH), 7.43 ( d ,  IH), 7.64 ( d d ,  I H ) ,  7.75 ( d d ,  IH), 7 .94  

IH); R : 0.28 ( n - h e x a n e : e t h y l  a c e t a t e : d i o x a n e :  ace t ic  
f 

6 
Larger q u a n t i t i e s  of I V  were p r e p a r e d  t h r o u g h  B o g d a n o v ' s  p r o c e d u r e ,  w i t h -  

o u t  m o d i f  i c a t i o n .  

I-Methoxy-2-nitronaphthalene (V). - Anhydrous p o t a s s i u m  c a r b o n a t e  (400 g )  

was added  t o  a s t i r r e d  s o l u t i o n  of 97% 2-nitro-I-hydroxynaphthalene (IV) 

(500 g ,  2.56 m o l e s )  i n  5 L of m e t h y l  e t h y l  k e t o n e  f o l l o w e d  by d r o p w i s e  ad- 

d i t i o n  of d i m e t h y l  s u l f a t e  (250 m L ,  2.64 moles)  d u r i n g  5 min.  a t  room tem- 
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SYNTHESIS OF THE ANTIHYPERTENSIVE AGENT I-(I-METHYLETHYL)-2-(2-[4-(3-TRT- 

perature. The mixture was heated to reflux for 5 hrs then the solvent was 

evaporated under reduced pressure. The residue was taken up with 3.5 L of 

rnethylene chloride, filtered and the solution washed with 10% sodium hydro- 

xide, dried (Na SO ) and evaporated. The residue was recrystallized from 2 

L of absolute ethanol to yield 437 g (84%) of V, mp. 77-78O, lit. rnp. 80°;  

IR (nujol): 1620, 1585, 1520, 1340, 1210, 980, 815, 792, 760 cm ; NMR 

(CDC1 ) :  6 4.13 ( s ,  3H), 7.6 (d and dd overlapped, 3H), 7.89 (d, ZH), 8.31 

(d, 1H); R 10.25 (n-hexane:acetone - 8:2). 

N-(l-methylethyl)-2-nitro-l-naphthylamine (VI).- Isopropylamine (92 mL, 

0.357 mole) was added to a slowly stirred solution of V (72.6 g, 0.357 

mole) in 290 mL of t-butyl methyl ether. The mixture was kept at 40° under 

2 4  
8 

-1 

3 

f 

nitrogen for three days. The solvent was evaporated and the residue (82 g )  

was utilized in the next step without purification. An analytical sample 

melted at 5 8 O  after recrystallization from i-PrOH; IR (nujol): 3330, 1615, 

1570, 1530, 1395, 1115, 820-660 cm-’; NMR (CDC1 ) :  & 1.30 (d, 6H), 4.15 

( m ,  IH), 7.24 (d, l H ) ,  7.51 (dd, IH), 7.62 (dd, IH), 7.95 (d, 1H mobile 

proton), 8.04 (d, IH), 8.28 (d, lH), all the peaks are doubled for the pre- 

sence of two rotational conformers; R 0.36 (p-hexane:acetone 8 : 2 ) .  

9. Calcd for C H N 0 : C, 67.80; H ,  6.13; N, 12.1b 

Found: C, 68.16; H, 5.69; N, 12.14  

3 

f: 

33 14 2 2 

3-Chloro-N-(l-methylethyl)-N-(2-nitro-l-naphthyl)propionarnide (VII). - A 

solution of VI (100 g, 0.434 mole) in 600 m L  of 1,2-dichloroethane was ad- 

ded to a 1 L flask equipped with a reflux condenser, a Claisen distillator 

and a mechanical stirrer. About 50 rnL of solvent were distilled off to re- 

move traces of water from the reaction mixture. 3-Ch1oropropion)l chloride 
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T O J A  AND TRANT 

(45 mL, 0.467 mole )  was added  d r o p w i s e  a t  60° and t h e  m i x t u r e  was h e a t e d  

a g a i n  i n  o r d e r  t o  d i s t i l l  o f f  a b o u t  400 mL o f  s o l v e n t  d u r i n g  5 h r s .  Ano the r  

p o r t i o n  of  t h e  a c y l  c h l o r i d e  (16.8 m L ,  0 .174  m o l e )  was added d r o p w i s e  and 

t h e  m i x t u r e  was h e a t e d  a t  120° for  an a d d i t i o n a l  h o u r .  After  c o o l i n g  t o  

room t e m p e r a t u r e ,  500 rnL o f  m e t h y l e n e  c h l o r i d e  were added  f o l l o w e d  by 300 

m L  of IN sodium h y d r o x i d e  w h i l e  t h e  t e m p e r a t u r e  was m a i n t a i n e d  below 20°. 

The o r g a n i c  l a y e r  was s e p a r a t e d ,  d r i e d  o v e r  Na SO and  e v a p o r a t e d  t o  d r y -  

n e s s .  The r e s i d u e  was t r i t u r a t e d  t w i c e  w i t h  250 mL of hexane  t o  a f f o r d  

2 4  

a f t e r  f i l t r a t i o n  131 g ( a b o u t  94%) of V I I  u s e d  a s  s u c h  i n  t h e  n e x t  s t e p .  An 

a n a l y t i c a l  s ample  was o b t a i n e d  by c r y s t a l l i z a t i o n  from 2 - p r o p a n o l ,  mp. 

108-109O; I R  ( n u j o l ) :  1655, 1525, 1350, 825, 800, 750 cm ; NMR (CDC1 1 :  

& 0 . 9  ( d ,  3H), 1.04 ( d ,  3H), 2.24 (m, lH), 2.71 (m, IH), 3.71 (m, lH), 3.82 

(m, IH), 4.91 (m, lH), 7.7-8.22 ( d ,  and  d d ,  a r o m a t i c  p r o t o n s ,  6H); R : 0.28 

(p -hexane  : ace t o n e  ti : 2 ) . 

Anal .  Ca lcd  f o r  C H C1N 0 : C ,  5 9 . 9 1 ;  H ,  5.34; N ,  8.73; C1, 11.05 

-1 
3 

f 

16 17 2 3 __ 

Found:  C ,  60.05; H ,  5.38; N,  8.57; C1, 10.86 

- 2-(2-Chloroethyl)-l-(l-methylethyl)-1H-naphth~1,2-d]imidazole ( V I I I ) .  - A 

s o l u t i o n  o f  V I I  (500 g ,  1.56 mole )  i n  3.2 L of e t h y l  ace ta te  w a s  hydroge-  

n a t e d  a t  room t e m p e r a t u r e  and a t m o s p h e r i c  p r e s s u r e  i n  t h e  p r e s e n c e  o f  PtO 
2 

(5 g) f o r  6 h r s .  The c a t a l y s t  was f i l t e r e d  and t h e  s o l v e n t  was e v a p o r a t e d  

unde r  r e d u c e d  p r e s s u r e  y i e l d i n g  t h e  c o r r e s p o n d i n g  amino d e r i v a t i v e  (453 

g ) .  T o  a s u s p e n s i o n  o f  t h i s  c r u d e  m a t e r i a l  i n  2 -p ropano l  (2.5 L ) ,  277 rnL o f  

37% HCl was added d r o p w i s e  w i t h  s t i r r i n g  a t  room t e m p e r a t u r e  and t h e n  t h e  

8 

m i x t u r e  was h e a t e d  t o  r e f l u x  for 3 h r s .  The s o l v e n t  was e v a p o r a t e d  unde r  

r e d u c e d  p r e s s u r e  and 2 . 9  L of m e t h y l e n e  c h l o r i d e  w a s  added f o l l o w e d  by 
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SYNTHESIS OF THE ANTIHYPERTENSIVE AGENT l-(l-METHYLETHYL)-2-(2-[4-(3-TRI- 

dropwise a d d i t i o n  of 1 .16  L of  20% NaOH t o  r each  pH 8.  The o rgan ic  1aj:r 

was washed twice wi th  700 mL of  water  and evapora ted  t o  dryness  t o  y i e l d  

419.4 g of VIII used a s  such i n  t h e  nex t  s t e p .  NMR s p e c t r a  showed t h a t  t h e  

mixture  con ta ined  85% of VIII, 5% of  t h e  cor responding  2-vinyl d e r i v a t i v e  

and 10% of an unknown m a t e r i a l .  An a n a l y t i c a l  sample was ob ta ined  by column 

chromatography on s i l i c a  g e l  e l u t i n g  wi th  benzene:ace tone  9 : 1 ,  mp. 126- 

128O; IR ( n u j o l ) :  1300, 810, 750 cm ; NMR ( C D C 1  ) : &  1 . 7  ( d ,  6 H ) ,  3.46 ( t ,  

2 H ) ,  4 .15  ( t ,  2H), 5 .44  (broad  m u l t i p l e t ,  l H ) ,  7.39-8.42 ( d ,  and dd, aro- 

-1 
3 

mat ic  p ro tons ,  6 H ) ;  R f :  0.41 (benzene:ace tone  8 : 2 ) .  

Anal. Calcd f o r  C H C 1 N  : C ,  70.45; H ,  6 .28 ;  N, 10.27;  C 1 ,  12.99 

Found: C ,  70.70; H ,  6 .33 ;  N ,  10.30; C 1 ,  12.71 

16 17 2 

l-(l-l~lethylethyl)-2-(2-(4-(3-trifluoromethylphenyl)-l-piperazinyl)ethyl)- 

lH-naphth[1,2-d] imidazole  c i t r a t e  ( L  15848) .  - A s o l u t i o n  of  c rude  VIII 

(354 g )  and N-(3-trifluoromethylphenyl)piperazine (597 .2  g ,  6.72 moles) i n  

4 .2  L o f  n-amyl a l coho l  was hea ted  a t  r e f l u x  under n i t r o g e n  f o r  6 h r s .  The 

s o l v e n t  was d i s t i l l e d  o f f  a t  reduced p r e s s u r e  and t h e  r e s i d u e  was taken  up 

wi th  2 L of  water  and 3 L of  methylene c h l o r i d e .  The o rgan ic  l a y e r  was 

washed twice  wi th  600 mL of  water  and evapora ted  t o  dryness  t o  y i e l d  594 g 

of t h e  f i n a l  compound a s  a f r e e  base .  To t h e  s o l u t i o n  of t h e  base  i n  1 . 7  L 

o f  methanol,  p rev ious ly  deco lo r i zed  wi th  cha rcoa l  a t  r e f l u x ,  a s o l u t i o n  o f  

c i t r i c  a c i d  monohydrate (227 g ,  1 .08  mole) i n  650 m L  o f  methanol was added. 

A f t e r  c o o l i n g  t o  room t empera ture ,  t h e  p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a -  

t i o n  and t r i t u r a t e d  s e v e r a l  times wi th  co ld  methanol t ill  complete decolo- 

r a t i o n .  The product  was d r i e d  a t  50° under vacuum t o  y i e l d  549 g of  L 

15848, mp. 141-143O; IR ( n u j o l ) :  3500, 1730, 1170, 1120, 820, 785, 7 4 8 ,  690 
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TOJA AND TRANI 

-1 
crn ; NMR ( d  -DMSO):8 1 . 7 7  ( d ,  6H), 2 . 6 2  ( d ,  2111, 2 . 7 3  ( d ,  Z H ) ,  3 . 0 2  (un -  

0 

r e s o l v e d  rn, 4t1),  3 .31 ( u n r e s o l v e d  m ,  2H), 3.38 ( u n r e s o l v e d  rn, 4 H ) ,  5 . 4 4  

711), 7 . 6 8  ( d d ,  IH), 7 . 7 2  (2d, ZH), 8.05 ( d ,  I H ) ,  8 . 4 4  ( d ,  1 H ) ;  R 0.81 f 

( m e t h a n o l :  c h l o r o f o r m :  15% NH OH 9 7 : 3 : 0 . 5 ) .  
4 

Ana l .  C a l c d  f o r  C H F N 0 : C ,  60.17; H ,  5 . 6 6 ;  N ,  8 . 5 1  

Found:  C ,  60.06; H ,  5 . 6 5 ;  N ,  8 . 4 5  

- 33 37 3 4 7 

REFERENCES 

t P r e s e n t  A d d r e s s :  R o u s s e l  Maestret t i ,  Via Gran S a s s o  18,  20131 M i l a n o .  

1 .  E .  T o j a ,  D .  Barone and E .  B a l d o l i ,  U. S. P a t e n t  4 , 5 9 4 , 3 4 8  ( 1 9 8 6 ) ;  C .  A . ,  
1 0 4 ,  75025rn ( 1 9 8 6 ) .  -- 

2. E .  Toja ,  G .  D i  F r a n c e s c o ,  D .  B a r o n e ,  E .  B a l d o l i ,  N .  C o r s i r o ,  G .  T a r z i a ,  
E u r .  J .  Med. Chem., 2 2 , 2 2 1  ( 1 9 8 7 ) .  

3. 0. N .  W i t t  and H .  Kaufrnann, Be r . ,  24, 3157 ( 1 8 9 3 ) .  

4 .  Many o t h e r  o x i d i z i n g  a g e n t s  c o u l d  b e  u s e d ,  see H .  F e u e r ,  “The C h e m i s t r y  
of  t h e  N i t r o  and N i t r o s o  Groups“, CH 3 ,  P a r t  2 ,  S .  P a t a i ,  E d . ,  I n t e r -  
s c i e n c e  P u b l i s h e r s ,  N e w  York, N .  Y . ,  1970 .  

5 .  An e x c e s s  of bar ium h y d r o x i d e  h a s  t o  b e  a v o i d e d  b e c a u s e  ba r ium p e r o x i d e  
also p r e c i p i t a t e s  by r e a c t i o n  w i t h  e x c e s s  hydrogen  p e r o x i d e .  T o  a v o i d  
t h i s  problem i t  is p r o f i t a b l e  t o  d e s t r o y  e x c e s s  hydrogen  p e r o x i d e  by i n -  
t r o d u c i n g  a c a t a l y t i c  amount of P t  b l a c k  i n  t h e  r e a c t i o n  m i x t u r e  and 

s t i r r i n g  a t  room t e m p e r a t u r e  t i l l  t h e  p e r o x i d e  t e s t  is n e g a t i v e ,  p r i o r  
t o  t h e  a d d i t i o n  of B a ( O H )  . 

2 

6 .  S. V. Bogdanov and I .  N .  K o r o l e v a ,  Zur. Obsrh .  Khirn., - 23 ,  1761 (195’3). 

7 .  G. R .  Clemo, J .  G. Cockburn and R .  S p e n c e ,  J .  Chem. Soc., 1265  (19‘31 ) .  

8.  R :0.33 ( h P n z e n e : a c e t o n e  8:2), IH ( N u ~ n l ) :  3460,  3140, 1630, I A 5 ,  i l 1 0 ,  
f -1 
150 r-r . 

( R e c e i v e d  J a n u a r y  2 7 ,  1987; i n  r e v i s e d  f o r m  November 16, 1987) 

260 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


