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SUMMARY 

Erythro- and threo- isomers of a- (2-piper idyl)  -2,8-bis- 
( t r i f  luoromethyl) -4-q~inolinemethanol-a-~~C hydrochloride and 
methanesulfonate were prepared from labe led  carbon dioxide f o r  
metabolic and pharmacological s t u d i e s .  Intermediates  were 
2,8-bis ( t r i f luoromethyl )  cinchoninic-carboxy-14C a c i d  and 2,8- 
b i s  (trifluoromethyl)-4-quinolyl 2-pyridyl ketone-I4C. The r a t i o  
of e ry thro  t o  threo  isomers formed on hydrogenation of  the  pre- 
cursor  ketone was 5.6. The diastereomers were separated by 
r e c r y s t a l l i z a t i o n  and prepara t ive  t l c .  Erythro-to-threo conver- 
s i o n  was e f f e c t e d  by isomerizat ion of the  ace ty la ted  e ry thro  
isomers and deace ty la t ion .  
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dl-erythro- and dl-threo-a- (2-Piper idyl)  -2,8-bis ( t r i f luoromethyl )  -4- 

d~-erytkro-a-~2-Pi~eridyl)-2,8-bis~trifluoromethyl)quinolinemethanol hydro- 

ch lor ide  (?, Mefloquine, WR-142,490) is a poten t  an t imalar ia l  showing both cura- 

t i v e  ac t ion  (1) and suppressive prophylaxis ( 2 )  aga ins t  var ious drug-res i s tan t  

s t r a i n s  of PZasmodiun f d c i p a n u n  i n  humans. 

non-toxic and non-phototoxic (1). Mefloquine and the  corresponding t h r e o  com- 

pound (WR-177,602), labeled with 14C i n  t h e  methanol carbon, were prepared f o r  

metabolic ( 3 )  and pharmacological s t u d i e s .  

In  addi t ion ,  the  drug i s  r e l a t i v e l y  

Mefloquine w a s  f i r s t  prepared by Ohnmacht, P a t e l ,  and Lutz (4) using pre- 

The same route  w a s  used f o r  t h e  14C-synthesis. viously published methods ( 5 ) .  

2 , B - B i s  ( t r i f luoromethyl )  ~ i n c h o n i n i c - c a r b o x y - ~ ~ C  ac id  (3) w a s  obtained i n  

an 82.6% y i e l d  by the carboxylat ion of 2,8-bis(trifluoromethyl)-4-lithioquinoline 

(2) with labe led  carbon dioxide. The l i t h i o q u i n o l i n e  w a s  prepared by reac t ion  

of t h e  corresponding bromide (1, and n-butyllithium. The labe led  a c i d  (2) w a s  

converted t o  2,E-bis ( t r i f  luoromethyl) -4-quinolyl 2-pyridyl ketone-14C (4) with 

2-pyridyllithium which w a s  generated from n-butyl l i thium and 2-bromopyridine. 

Hydrogenation of t h e  ketone with platinum c a t a l y s t  gave a mixture of e ry thro  and 

t h r e o  isomers, (2) and (5) - The dl-erythro p a i r  (5, w a s  separated from t h e  

dl-threo p a i r  and p u r i f i e d  by r e c r y s t a l l i z a t i o n .  The corresponding dl-threo 
0362-4803/B0/0317-0431$01.00 Received Nay 22, 1978 
01980 by John Wiley & Sons, L t d .  Revised May 22 ,  1979 



432 

B r  

W. H. Yanko and C;. F .  DeebeZ 

L i  

1 - 2 - 

C O i H  

P ' N' CF3 ' N' C F 3  H C 1  

3 - 

5 

Erythro 

- 

4 - 

*o 
HCOH H - H C I  

C F j  

6 

Threo 

- 

p a i r  (5) w a s  i s o l a t e d  from t h e  r e c r y s t a l l i z a t i o n  f i l t r a t e s  by prepara t ive  t l c .  

Methanesulfonate s a l t s  of the  e ry thro  (1) and threo  (5) isomers were obtained by 

conversion of the  corresponding hydrochlorides t o  the  f r e e  bases and subsequent 

reac t ions  with methanesulfonic acid.  

The conversion of (2) t o  (6) by inversion a t  t h e  carbinol  carbon has been 

reported by Olsen ( 6 )  and C a r r o l l  and Blackwell ( 7 ) .  A m d i f i c a t i o n  of Olsen 's  

method was used f o r  t h i s  inversion.  

obtained by t h e  hydrogenation of the  ketone (4). 

mixture i n  a c e t i c  anhydride a t  r e f l u x  with hydrogen ch lor ide  gave predominantly 

t h e  ace ty la ted  threo  isomers. Deacetylation and p u r i f i c a t i o n  by r e c r y s t a l l i z a -  

t i o n  gave a 27 .2% y i e l d  of  pure (6) based on t h e  ketone. 

A mixture of 73.8% (2) and 13.1% (6) was 

Treatment of a s o l u t i o n  of t h i s  

A p i l o t  run f o r  t h i s  
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conversion gave 41.7% pure (21, and the  threo  configurat ion w a s  confirmed by pmr 

(dimethylsulfoxide-Dg-D20) (6, 7). The measured v i c i n a l  coupling constant  (J) 

was 6.2 Hz, which was i n  agreement with a reference sample. 

i n  the  same system w a s  2.3 Hz. 

The J value f o r  (5) 

EXPERIMENTAL 

Radioact ivi ty  measurements were made with a Packard T r i  Carb s c i n t i l l a t i o n  

spectrometer ,  Model 3385. A Cary Model 11 spectrophotometer was used f o r  uv 

measurements. Radiochemical p u r i t y  w a s  determined by t l c  analyses with s i l i c a  

g e l  (Eastman Chromogram N o s .  6060 and 13181) and measurement of  t h e  sec t ioned  

s t r i p .  All R values  of t h e  prepared labe led  compounds w e r e  i n  agreement with 

those from non-labeled reference samples. 

2 , B - B i s  ( t r i f luoromethyl )  cinchoninic-carboxy- 1 4 C  Acid (1) 

f 

2,8-Bis(trifluoromethyl)-4-bromoquinoline, 1.1392 g (3.31 m l e ) ,  i n  1 2  mL 

Et20, w a s  added t o  3.16 m o l e  n-butyl l i thium i n  2.15 mL hexane and 10 mL E t 2 0  

a t  -80° under argon. The l i t h i o  d e r i v a t i v e  w a s  carboxylated with 35.08 m C i  

(3.00 m o l e )  1 4 C 0 2  a t  -80'.  The mixture was s t i r r e d  1 h r  a t  -80" and warmed t o  

25O. The mixture was t r e a t e d  with 10 mL H 2 0  and the  aqueous layer  removed. The 

e t h e r  phase was ext rac ted  with 3 x 5 mL 0.8N NaOH and 3 x 2 mL H20. Acidif ica-  

t i o n  of the  combined aqueous washings with 3.6 mL a c e t i c  ac id  p r e c i p i t a t e d  t h e  

2,B-bis(trifluoromethyl) cinchoninic-carboxy-14C ac id ;  28.97 m C i ,  11.69 mCi/nunole  

(82.6% radiochemical) .  The radiochemical p u r i t y  w a s  99.6% a s  determined by t l c  

( E t O H ) ,  Rf 0.45. 

(12.3%) 

2,8-Bis(trifluoromethyl) -4-quinolyl 2-Pyridyl Ketone-14C (4) 

The a c i d i f i c a t i o n  was done i n  a vacuum system, and 4.32 m C i  

14C02 was recovered i n  aqueous a l k a l i .  

A s o l u t i o n  of 1.6453 g (10.41 m o l e )  dry 2-bromopyridine i n  3 mL dry E t 2 0  

w a s  added to  a s o l u t i o n  of  9.92 mole n-butyl l i thium i n  6.7 mL hexane and 15 mL 

E t 2 0  a t  -80' under argon. The mixture (-80") was s t i r r e d  1 h r ,  and an 18 mL dry 

e t h e r  so lu t ion  of 28.97 m C i  (2.,48 m o l e )  2,8-bis(trifluoromethyl)cinchoninic- 

carboxy-14C a c i d  was added. The mixture w a s  s t i r r e d  and gradual ly  warmed t o  -40' 

over 0.83 h r .  S t i r r i n g  w a s  continued f o r  0.5 h r  per iods a t  -40°, -30°, -20°, and 

-loo. Water, LO mL, was added. A black s o l i d  inso luble  i n  both phases was 
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removed by f i l t r a t i o n  (0.95 m e ) .  The e t h e r  l a y e r  was removed, and t h e  aqueous 

phase washed w i t h  6 mL E t p O .  

and 2 x 2 mL H20. 

fluoromethyl) cinchoninic-carboxy- 14C acid.  

The e t h e r  phase w a s  washed with 2 x 2 mL 0.5N NaOH 

The combined aqueous phases contained 4.49 m C i  of 2 , 8 - b i s ( t r i -  

Evaporation of t h e  E t p O  gave 20.15 m C i  of crude ketone,  a s o l i d - o i l  mix tu re ;  

radiochemical p u r i t y  95.9% (EtOH) ,  Rf 0.60. 

amount of bromopyridine which w a s  removed by evaporat ive chasing with 2 x 10 mL 

heptane. The r e s u l t i n g  brown s o l i d  w a s  washed with 2 x 25 mL h o t  heptane, and 

evaporation of the  decanted heptane e x t r a c t s  gave 18.63 m C i  c r y s t a l l i n e  ketone 

(53.1% o v e r a l l ;  radiochemical p u r i t y  98.80%). The black s o l i d ,  inso luble  i n  hot  

heptane,  contained 1.52 mCi .  

dl  -erg thro-a- (2-Piper idyl)  -2,8-bis ( t r i f  luo  romethyl) -4-q~inolinemethanol-a-~ C 

Hydrochloride (S )  

The mater ia l  contained a small 

2 , E - B i s  (trifluoromethyl)-4-quinolyl 2-pyridyl ketone-I4C, 18.63 mCi  i n  

35 rnL EtOH and 0.5 mL 1 2 N  HC1, was hydrogenated 3 h r  with 0.1 g PtO2 and 45.5 

p s i g  Hp .  Theore t ica l  amount of H2 w a s  absorbed i n  1.25 h r .  Analysis by t l c  

(EtOH) ind ica ted  80.1% (5) .  After  f i l t r a t i o n  and evaporat ion,  r e c z y s t a l l i z a -  

t i o n  of the s o l i d  res idue from 15 mL a c e t o n i t r i l e  gave 7.80 m c i  (2) ( radio-  

chemical p u r i t y  97.2%).  Recrys ta l l iza t ion  from 9 mL a c e t o n i t r i l e ,  a f t e r  

decolor iza t ion  with 0 .1  g carbon i n  25 mL MeOH, gave 5.85 m C i  (0.2167 g)  pure 

(2) (31.4% s t e p ,  16.7% o v e r a l l ) ;  11.20 mCi/mole. Radiochemical p u r i t y  and 

R values by t l c  were: EtOH,  98.8%, 0.26; 95 EtOH:5 E t 3 N ,  98.6%, 0.41; MeOH, 

liEtOH 
98.3%, 0.36; 79 benzene:19 MeOH:2 NH4OH. 98.2%, 0.40. Analysis by uv: 

282 nm ( E  56731, 304 ( E  37231, 317 ( E  2729). 

f 

max 

A second crop of 0.96 m C i  of the e r y t h r o  isomers (5) (radiochemical p u r i t y  

93.5%) was obtained from t h e  f i r s t  a c e t o n i t r i l e  f i l t r a t e .  This f i l t r a t e  con- 

t a i n e d  a mixture of (?), (6) , and o t h e r  mater ia l s .  The threo  isomers (6) and an 

a d d i t i o n a l  quant i ty  of (5) were i s o l a t e d  by prepara t ive  t l c .  

d l - e r g  t h m - a -  (2-Piper idyl)  -2,E-bis ( t r i f  luoromethyl) -4-q~inolinemethanol-a-~~C 

M e  thanesul  f onate  (1) 

A por t ion  of crude ( S ) ,  3.25 m C i  (0.29 m o l e ,  radiochemical p u r i t y  94 .4%) ,  

was converted t o  the  f r e e  base with 1 mL 2N NaOH. The f r e e  base w a s  ex t rac ted  
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with 3 x 2 mL CHpC12 which was d r i e d  (NapSO4). After evaporat ion,  a s o l u t i o n  of 

the  f r e e  base i n  2 mL MeOH was t r e a t e d  w i t h  0.0396 g (0.41 m o l e )  anhydrous 

methanesulfonic acid.  After evaporat ion,  the  r e s i d u a l  s o l i d  was s l u r r i e d  w i t h  

5 mL E t p O .  F i l t r a t i o n  gave 2.85 m C i  c r y s t a l l i n e  (2) and 0.15 m C i  e t h e r  so lubles ;  

radiochemical p u r i t y ,  79 benzene:19 MeOH:2 NHQOH, 96.10%. Recrys ta l l iza t ion  

from 2 mL a c e t o n i t r i l e  gave 1.61 m C i  (7); radiochemical p u r i t y ,  97.9% i n  the  

same solvent .  An impurity, 0.44%, w a s  observed a t  R 0.65, and the same i m -  

p u r i t y  was present  i n  the  reference sample. T r i t u r a t i o n  of t h e  1 . 2 4  mCi  f i l -  

t r a t e  res idue w i t h  E t p O  gave 0.97 m C i  s o l i d s .  Recrys ta l l iza t ion  from 3 mL 

2 Etp0:tetrahydrofuran (THF) gave 0.78 m C i  (1) ; radiochemical p u r i t y ,  94.0%. 

A t h i r d  f r a c t i o n  of (z), 0.66 m C i ,  w a s  obtained from the  prepara t ive  t l c  sepa- 

r a t i o n  of the f r e e  bases of (2) and (6). Recrys ta l l iza t ion  of t h e  combined 

3 crops of (z), 3.04 m C i ,  from 7 Et20:3 THF gave 2.79 m C i  (0.1142 9)  pure 

(2) ;  11.59 mCi/-mole. 

0.25; 79 benzene:19 MeOH:2 NHkOH, 97.2%, 0.46; 8 hexane:HOAc:n-BuOH, 99.7%, 

0.06. Analysis by uv: 

f 

Radiochemical p u r i t y  and Rf values were: E t O H ,  96.6%, 

282 nm (E 56891, 303 ( E  35411, 317 (E  2664). XEtOH 
max 

d 1 - threo-a- ( 2-Piperidy 1) - 2,8-bis ( tri f luoromethy 1) -4-quinolinemethanol-a- 4C 

Methanesulfonate (8) 

The residue from the  f i r s t  a c e t o n i t r i l e  f i l t r a t e  of (?), 7.43 m C i ,  w a s  con- 

ver ted t o  the  f r e e  base with 2.2 mL 1.5N NaOH. The f r e e  base consis ted of 42.2% 

of the  e ry thro  and 31.8% of the  threo  diastereomers. The diastereomers were 

separated from a 5.66 m C i  por t ion  of the f r e e  base mixture w i t h  t e n  20 x 20 x 0.1 

cm s i l i c a  g e l  GF p l a t e s  (Analtech, Inc.)  developed t o  19 c m  w i t h  EtOH which gave 

3 zones: 1-2 cm,  3-3.5 c m ,  and 13-14.5 cm.  The products were removed from t h e  

s i l i c a  with MeOH. Zone 1 contained 2.08 m e ,  68.1% ery thro  (Rf 0.26, E t O H )  and 

31.0% unknown impurity Rf 0.6. 

E t O H )  and 9.4% unknown a t  Rf 0.61. 

Zone 2 contained 1.70 m C i ,  85.7% threo  ( R  0.37, f 

The 1.70 m C i  of the threo  f r e e  base isomers w a s  converted t o  the  methane- 

su l fona te  i n  2 mL MeOH w i t h  0.0207 g (0.22 mole) methanesulfonic ac id .  After  

evaporation, washing the residue w i t h  2 x 5 mL E t 2 0  gave 1.49 m C i  ( g ) .  Fk?cqS- 

t a l l i z a t i o n  twice from 10 Et20:3 THF gave 1.10 m C i  (0.0441 9 ) :  11.86 mCi/mOle. 
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Radiochemical p u r i t y  and Rf va lues  were: 

2 NHkOH, 94.7%, 0.52; 8 hexane:HOAc:n-BuOH, 99.8%, 0.05. Analysis  by uv: 

2 8 2  nm ( 6  5358) ,  303 ( E  3558);  317 ( E  2585) .  

E t O H ,  94 .5%,  0.38; 79 benzene:19 MeOH: 

X E t O H  
max 

dl-threo-a- (2 -P ipe r idy l ) -2 ,8 -b i s  ( t r i f l u o r o m e t h y l )  -4-quinolinemethanol- 14C 

Hydrochlor ide (6) 

2,8-Bis (trifluoromethyl)-4-quinolyl 2-pyridyl  ketone-14C, 27.30 mCi (2.03 

mmolel, i n  40 mL EtOH and 0.6 mL 1 2 N  HC1, was hydrogenated 4 h r  w i th  0.11 g Pt02 

and 50.0 p s i g  Hp. 

( g ) ,  Rf 0.37. 

c r y s t a l s .  A s t r eam of hydrogen c h l o r i d e  w a s  p a s s e d  through a r e f l u x i n g  s o l u t i o n  

of t h e  racemate mixture  i n  1 2 . 1  mL acetic anhydride ove r  a 4 h r  i n t e r v a l .  Af t e r  

evapora t ion  of the acetic anhydride and chas ing  w i t h  3 x 10 mL Et20,  t r i t u r a t i o n  

wi th  15 mL E t 2 0  gave 21.09 m C i  (0.8249 g )  e t h e r  i n s o l u b l e  a c e t y l a t e d  t h r e o  iso- 

mers, a t a n  s o l i d .  The a c e t y l a t e d  t h r e o  isomers  were d e a c e t y l a t e d  by a 4 h r  

r e f l u x  i n  8 mL E t O H  and 8 mL 6N HC1. 

t a l s .  T r i t u r a t i o n  wi th  10 mL E t 2 0  and f i l t r a t i o n  gave 16.94 m C i  (0.7173 9) crude 

(a), a t a n  s o l i d .  A r a d i o m e t r i c  t l c  ( E t O H )  of the f i l t r a t e  showed 76.3% (5 ) .  

Analysis  by t l c  ( E t O H )  i n d i c a t e d  73.8% (z), Rf 0 .28,  and 13.1% 

After f i l t r a t i o n ,  evapora t ion  gave 26.34 m C i ,  0.9979 g ,  t a n  

Evaporat ion gave 0.8341 g red-brown crys-  

A s o l u t i o n  of 16.94 m C i  (61 i n  45 mL 44% E t O H  1.3N i n  HC1 w a s  t r e a t e d  

wi th  0 .1  g c h a r c o a l  and s t i r r e d  a t  60” .  F i l t r a t i o n ,  c o n c e n t r a t i o n  o f  t h e  

s o l u t i o n  t o  15 mL, c o o l i n g  a t  O o ,  and f i l t r a t i o n  gave 8.69 m C i  (0.2842 9) 

crude (a), a t a n  s o l i d .  A r a d i o m e t r i c  t l c  a n a l y s i s  (s i l ica/EtOH) showed 

90.4% (61, R 

r e c r y s t a l l i z a t i o n  gave 7.43 m C i  (0.2296 g )  pu re  (6); 13.42 mCi/mmole. Radio- 

chemical p u r i t y  and Rf va lues  w e r e :  E t O H ,  96.9%, 0.34;  MeOH, 97.08, 0.41; 79 

benzene:19 MeOH:2 NH+OH, 98.68, 0 .50;  34 benzene:15 E t O H : N H + O H ,  98.58, 0.54; 

HOAc,  99.1%, 0.45. Analysis  by uv: 

( E  2715).  

0.34, and 5.5% (z), Rf 0.25. Retreatment  w i t h  c h a r c o a l  and 
f 

2 8 2  nm ( E  5766) ,  304 ( E  3824) ,  317 h E t O H  
max 
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