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SYNTHESIS OF [ 'H]CI-980, ETHYL[ 5-AMINO-l,2-DIHYDRO-2(S)-RETHYL-3(3- 

['H]PHENYL)PYRID0[3,4-b]PYRAZIN-7-YL]CARBAMATE ISETHIONATE SALT, A TUBULIN- 

BINDING, ANTIMITOTIC, BROAD-SPECTRUM ANTITUMOR AGENT 

Helen T. Lee and Peter W. K. Woo 
Parke-Davis Pharmaceutical Research, 
D i v i s i o n  o f  Warner-Lambert Company, 
Ann Arbor, Michigan 48105, U.S.A. 

SUMMARY 

[3H]CI-980 ( l ob )  was synthesized i n  an e ight -s tep sequence 
w i t h  an o v e r a l l  y i e l d  o f  2.4%. Reaction o f  m-bromophenyl l i t h i u m  
(2) w i t h  N-ethoxycarbonyl-L-alanine gave the  c h i r a l  ketone 3. 
Reduction o f  3 w i t h  sodium borohydride fo l lowed by a l k a l i n e  N- 
deprotect ion and condensation w i t h  e t h y l  6-amino-4-chloro-5-nitro- 
2-pyr id ine carbamate (6)  gave 7. Chromium t r i o x i d e  ox ida t i on  o f  7 
fo l lowed by reduc t i ve  c y c l i z a t i o n  w i t h  iron-ace$ic ac id  gave the  
key bromo in termediate 9. Palladium cata lyzed H-hydrogenolysis 
o f  9 gave the f r e e  base form o f  [3H]CI-980 ( l oa ) ,  which was 
converted t o  t he  i se th iona te  s a l t  ( l ob )  before use. 

[3H]CI-980, anti tumor agent, c a t a l y t i c  3H-hydrogenolysis Key Words: 

INTRODUCTION 

As i nd i ca ted  i n  the  previous communication, t h e  b i o l o g i c a l l y  more a c t i v e  

2(S) enantiomeric component o f  ethyl[5-amino-lY2-dihydro-2-methyl-3- 

phenyl py r ido [  3,4-b]pyrazi n-7-yl lcarbamate (R,S-10) , a broad spectrum a n t i  tumor 

agent,' i s  being developed c l i n i c a l l y  as CI-980. During t h e  process, t he  l abe led  

forms o f  CI-980 w e r e  needed f o r  pharmacokinetics and drug metabolism stud ies.  

This paper presents the  synthesis o f  ['H]CI-980. 

RESULTS AND DISCUSSION 

[3H]CI-980 was synthesized i n  e i g h t  steps (Scheme I). L i t h i a t i o n  o f  1 w i t h  

n-butyl l i t h i u m  a t  - l lO"C, fo l lowed by reac t i on  w i t h  N-ethoxycarbonyl-L-alanine' 
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Scheme I. Synthesis of [3H]CI-980 
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[ 3 H ]  CI-980 

gave, after chromatography, 21% o f  pure 3. Reduction of 3 with sodium 

borohydride in methanol at room temperature, followed by alkaline hydrolysis with 
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potassium hyd rox ide  i n  aqueous methanol (2 h, r e f l u x ) ,  gave a c rude p roduc t  which 

was p u r i f i e d  by t r i t u r a t i o n  w i t h  e thano l ;  pure  5 (77%) was i s o l a t e d  i n  t h e  mother 

l i q u o r .  

(24 h, r e f l u x )  gave, a f t e r  chromatography, 30% o f  7 .  

chromium t r i o x i d e  i n  pyridine-dichloromethane (2  h, room tempera ture)  gave 66% o f  

8. 

r e f l u x )  gave 75% o f  9. 

Condensat ion o f  5 wi th  6 i n  t h e  presence o f  t r i e t h y l a m i n e  i n  e thano l  

O x i d a t i o n  o f  7 w i t h  

Reduct ive  c y c l i z a t i o n  o f  8 w i t h  i r o n  powder i n  a c e t i c  ac id -e thano l  (3 .5  h, 

Replacement o f  t h e  bromine i n  9 was r e a d i l y  accompl ished i n  1 h w i t h  e i t h e r  

hydrogen o r  deuter ium, u s i n g  Pd/C as c a t a l y s t  and THF as s o l v e n t .  

then c a r r i e d  o u t  under s i m i l a r  c o n d i t i o n s  b u t  i n  t h e  presence o f  15 e q u i v a l e n t s  

o f  un labe led  CI-980 f r e e  base as c a r r i e r ,  as no p roduc t  c o u l d  be i s o l a t e d  i n  i t s  

absence. The p roduc t ,  a f t e r  p u r i f i c a t i o n  by s i l i c a  g e l  chromatography, was 

c h a r a c t e r i z e d  and s t o r e d  as t h e  f r e e  base 10a. The f r e e  base was conver ted  t o  

[ jH]CI-981 ( l o b ) ,  t h e  i s e t h i o n a t e  s a l t ,  f o r  pharmacok ine t ic  and m e t a b o l i c  s t u d i e s  

immedia te ly  b e f o r e  use, as t h e  l a t t e r  was found t o  be uns tab le .  

T r i t i a t i o n  was 

EXPERIMENTAL 

T r i t i a t i o n  was per fo rmed by Amersham Co. R a d i o a c t i v i t y  was de termined w i t h  

a Packard T r i -Carb  4530 1 i q u i d  s c i n t i l l a t i o n  counter ,  u s i n g  Beckman Ready-Gel as 

t h e  coun t ing  medium. TLC p l a t e s ,  E .  Merck s i l i c a  g e l  60 F-254, were scanned on a 

B e r t h o l d  LB2832 au tomat ic  TLC l i n e a r  ana lyzer .  

performed u s i n g  E. Merck s i l i c a  ge l ,  230-400 mesh. 

Spec t ra  Phys ics  SP8700 s o l v e n t  d e l i v e r y  system, K ra tos  Spec t ro f l ow  773 v a r i a b l e  

wavelength UV d e t e c t o r ,  and Rad iomat ic  Beta Flow 1 r a d i o a c t i v i t y  f l o w  d e t e c t o r .  

Unless o the rw ise  s p e c i f i e d ,  A l l t e c h  Econos i l  Columns, C18 4.7 mm x 20 cm were 

used. 

7070E/HF mass spec t rometer .  

Column chromatography was 

HPLC was per fo rmed u s i n g  a 

MS d a t a  were ob ta ined  by e l e c t r o n  impact  a t  70 eV u s i n g  a V G A n a l y t i c a l  

E thv l  ~ 2 - ( 3 - B r o m o ~ h e n v l ~ - l  (S1-methvl-2-oxoethvl  lcarbamate (31. 

n -Buty l  l i t h i u m  (30 mL, 75 mmol, 2.5 M) was added dropwise  t o  an e t h e r  

s o l u t i o n  (125 mL) o f  m-dibromobenzene (17.7 g, 75 mmol) a t  -110°C and s t i r r e d  a t  

t h i s  tempera ture  f o r  0.5 h .  N-(Ethoxycarbony1)-L-alanine' (0.4 g, 24.8 mmol) i n  
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e t h e r  (50 mL) was t h e n  added s l o w l y .  

up f rom -110°C t o  -10°C. 

temperature was kep t  below 5°C. 

was p u r i f i e d  by chromatography over  s i l i c a  g e l  ( 3 : 2 ,  CHC1,:hexane) t o  g i v e  

produc t  3 (1.6 g, 21%). 6 1.05-1.5 (m, 6H, CH,), 4.05 (9, 2H, 

CH,), 5.0-5.36 (rn, lH ,  CH), 5.5 (b, lH, NH), 7.25-8.0 (m, 4H, A r ) .  

a n a l y s i s :  c a l c .  f o r  C12H14N103Brl: C 48.02; H 4.70; N 4.67. Found: C 48.13; 

H 4.82; N 4.83. 

T h i s  r e a c t i o n  m i x t u r e  was a l l owed  t o  warm 

1 M H,PO, (100 mL) was added a l l  a t  once, and t h e  

The r e s i d u e  f rom evapora t i on  o f  t h e  e t h e r  l a y e r  

'H NMR (CDCl,): 

Elemental  

a-(1-Aminoethvl  I-3-bromobenzenemethanol (51. 

Sodium borohydr ide  (361 mg, 9.54 mmol) was added i n  two p o r t i o n s  over  0 .5  h 

t o  a s t i r r e d  s o l u t i o n  o f  3 (1.9 g, 6.33 mmol) i n  CH,OH (25 mL) a t  room 

temperature.  A f t e r  0.5 h, a c e t i c  a c i d  ( 2  mL) was added and t h e  r e a c t i o n  was 

evaporated t o  d ryness .  

NaHC03. 

combined CH,Cl, p o r t i o n s  were evaporated t o  an o i l .  Aqueous MeOH (25 mL, 3.1, 

MeOH:H20) c o n t a i n i n g  0.9 g o f  KOH was added and t h e  s o l u t i o n  was r e f l u x e d  f o r  

2 h, cooled, and evapora ted  t o  dryness. An i n s o l u b l e  i m p u r i t y  was removed by 

r e c r y s t a l l i z a t i o n  f rom EtOH. 

The r e s i d u e  was d i s t r i b u t e d  between CH,Cl, and s a t u r a t e d  

The aqueous l a y e r  was e x t r a c t e d  w i t h  CH,Cl, (2  x 20 mL), and t h e  

Evapora t ion  o f  t h e  mother l i q u o r  gave pure  5, 

1.12 g (77%). 

E thv l  ~6-Amino-4-l~2-~3-bromo~hen~l~-2-hvdroxy-l-methyleth~llaminol-5-nitro-2- 

p v r i d i n v l l c a r b a m a t e  (7).  

A m i x t u r e  o f  6 (1.017 g, 4.45 mmol), 5 (1.12 g, 4.87 mmol), and Et,N 

(0.65 mL) i n  E t O H  (17 rnL) was heated under r e f l u x  f o r  24 h, cooled, and 

evaporated t o  d ryness .  The r e s i d u e  was p u r i f i e d  by s i l i c a  g e l  column 

chromatography (1% E t O H  i n  CH,Cl,) t o  g i v e  670 mg o f  7 (30%). 'H NMR (CDC1,): 

6 1.18 (d, 3H, CH,), 1.3 (t, 3H, CH,), 3.8-4.0 (m, lH, CH), 4.25 (4, 2H, CH,), 

5.05 (m, lH ,  CH), 6.95-7.65 (m, 5H, A r ) .  
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Et hvl T6-Ami no-4- r r2- (3-bromo~henvl) -1-methv1-2-oxoethv11 ami nol-5-ni tro-2- 
pvridinvl lcarbamate (81. 

A solution of 7 (640 mg, 1.41 mmol) in CH,Cl, (25 mL) was added to a stirred 

solution of pyridine (1.77 mL in 25 mL CH,Cl,), followed by CrO, (1.078 g, 

10.78 mmol). After stirring at room temperature for 2 h, the mixture was 

filtered through celite. 

obtained after purified by silica gel column chromatography (3% EtOH in CHC1,) as 

yellow powder (420 mg, 66%). d 1.3 (t, 3H, CH,), 1.6 (d, 3H, 

CH,) 4.22 (4, 2H, CH,), 5.16 (t, lH, CH), 6.8 (s, H, NH), 7.1-7.98 (m, 4H, Ar), 

8.05 ( s ,  lH, Ar). Elemental analysis: calc. for C17H1,N,0,Br-0.15CHCH,: 

C 43.81; H 3.89; N 14.90. Found: C 43.75; H 3.60; N 15.14. MS: m/z 452, 454 

[ (MtH)"; 796r, 'l8r]. 

The filtrate was evaporated, and the product (8)  was 

'H NMR (CDCl,): 

Ethvl 1 5 - A m i n o - 3 - ~ 3 - b r o m o ~ h e n v l ~ - 1 . 2 - d i h v d r o - 2 ~ ~ ~ - m e t h v l ~ v r i d o ~ 3 . 4 - ~ l ~ v r a z i n - 7 -  

yl lcarbamate (91. 

Iron powder (39.6 mg, 0.71 nmol) was added to a solution of 8 (80 mg, 

0.18 mmol) in 6.2 mL of glacial acetic acid and 6.2 mL o f  abs EtOH. 

was heated under reflux for 3.5 h. 

neutralization with sol id Na,C03, the mixture was extracted with CH,Cl, 

(3 x 20 mL), and the combined extracts were dried over MgSO, and concentrated 

under vacuum. 

Et,N:EtOH:CH,Cl, (3:3:94) as eluent. 

MS: m/r 404, 406 [(MtH)"; 796r, ''Br]. 

The mixture 

After addition of H,O (1 mL) and 

Pure 9 was isolated by column chromatography on silica gel using 

The yellow powder (9)  weighed 70 mg (98%). 

I3H1CI-980 (10bl 

The 'H analog of 10a was first prepared in order to optimize the reaction 

conditions and isolation procedures. 

subjected to 'H-hydrogenolysis in the presence of 5% Pd/C (10 mg) in 4 mL THF 

under deuterium for 1 h at 1 atm and room temperature. The mixture was filtered 

and washed with methanol, and the filtrate was neutralized with K,CO, (0.1 g) and 

Compound 9 (10 mg, 0.025 mmol) was 
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evaporated t o  d ryness .  

chromatography u s i n g  2% E t O H  i n  CHC1, as e l u a n t .  

t h e  re fe rence  ‘H ana log) .  

The pu re  ‘H analog (6 mg, 75%) was i s o l a t e d  by  column 

MS: m/z 327 [ (MtH)”;  326 f o r  

Using s i m i l a r  procedure as f o r  t h e  ‘H analog above b u t  i n  t h e  presence o f  

un labe led  CI-980 f r e e  base as c a r r i e r ,  3H-hydrogenolysis o f  9 was c a r r i e d  o u t  

(8 mg o f  9, 100 mg o f  un labe led  10a, 20 mg Pd/C, 10 mL THF, 5 C i  o f  t r i t i u m  gas), 

and t h e  c rude p roduc t  was i s o l a t e d  as t h e  f r e e  base ( 5  mL methanol r i n s e ,  100 mg 

K,CO,). 

t r i t i u m  gas, p u r i f i e d  by chromatography, and f u r t h e r  d i l u t e d  w i t h  un labe led  10a 

t o  g i v e  t h e  t r i t i a t e d  f r e e  base p roduc t  (210 mg; 113 m C i  19.5% o f  t h e o r e t i c a l ) .  

The p u r i t y  o f  10a, accord ing  t o  TLC, was 98.5% (2:98 EtOH:CHC13; R, 0.22), and 

accord ing  t o  HPLC (55% 0.05 M t r i e t h y l a m i n e  a d j u s t  t o  pH 3.1 w i t h  f o r m i c  ac id ,  

45% a c e t o n i t r i l e ,  1 mL/min, r e t e n t i o n  t i m e  5.1 min) ,  was 98.5% rad iochemica l  and 

100% chemical (270 nm). 6 1.1-1.35 (m, 6H, CH,), 4.1-4.35 (9, 

2H, CH,), 4.45 (b, lH, NH), 4.8-4.9 (m, l H ,  CH), 5.0 (b, 2H, NH,), 7.35-7.05 (s, 

l H ,  Ar ) ,  7.75 (s, l H ,  A r ) ,  7.9-8.05 (m, ZH, A r ) .  The s p e c i f i c  a c t i v i t y  was 

175 mCi/mmol. Compound 10a was t r e a t e d  w i t h  1 eq o f  i s e t h i o n i c  a c i d  t o  g i v e  t h e  

s a l t  10b immedia te ly  b e f o r e  pharmacok ine t ic  and me tabo l i c  s t u d i e s .  

The c rude p roduc t  was coevaporated t h r e e  t imes  w i t h  e thano l  t o  remove 

‘H NMR (CDCl,): 
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