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DEUTERIUM, TRITIUM, AND CARBON-14 LABELING OF 

9-[[2-METHOXY-4-[(METHYLSULFONYL)AMINO]PHENYL]AMINO]-N,5-DIMETHYL- 

ACRIDINECARBOXAMIDE (CI-921), A NEW ANTITUMOR AGENT 

Sheryl J. Hays and C. C. Huang 

Warner-Lambert/Parke-Davis Pharmaceutical Research 
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SUMMARY 

CI-921 2,  a potent antitumor agent has been labeled with deuterium and 
tritium by an exchange reaction employing platinum black as a catalyst. 
The title compound was carbon-14 labeled from 2-~hloro-benzoic-carboxy-~~~ 
acid to produce the isethionic salt 2 with a specific activity of 26.9 mCi/ 
mmol. The overall radiochemical yield f o r  the carbon-14 sequence was 22%. 
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INTRODUCTION 

A large number of (acridiny1amino)methanesulfonanilide derivatives have 

recently been investigated for antitumor activity.l-’ 

derivatives, amsacrine, N-[4-(9-acridinylamino)-3-methoxyphenyl]methane- 

sulfonamide (L) ,  has been shown to be highly effective against acute leukemia 
in man and is currently in worldwide clinical use. 

9-[ [2-me thoxy-4-[ (me thylsulfonyl)amino] phenyl] amino] -N, 5-dime thyl-4- 

acridinecarboxamide (CI-921) (2) is more effective than amsacrine against 
murine solid tumors, is less myelosuppressive and has greater metabolic 

stability.8-11 

in progress. 

Of these 

A new analogue of 1, 

Preclinical toxicology studies with CI-921 are currently 

The bioavailability, metabolism and protein-binding studies of 2 
required both the tritium and carbon-14 labeled compounds. The deuterium 

labeling reaction of CI-9212 was carried out by a catalytic exchange 

reaction as a preliminary experiment before tritium exchange labeling. 
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N H S 02M e N HS02Me 

N H  NH 

a 2H-labeled 
b 'H-fabeled 
C ''C-labeled free base 
d ''C-lobeled isethionate salt 

RESULTS AND DISCUSSION 

Deuterium Exchange 

The f r e e  base  o f  ana logue  L w a s  mixed w i t h  a c e t i c  a c i d ,  d e u t e r a t e d  water  

and platinum black  i n  a s e a l e d  v i a l  a t  80°C f o r  18 hours .  The deuter ium 

l abe led  product  2 was ana lyzed  f o r  deuter ium i n c o r p o r a t i o n  by p ro ton  NMR ar 

mass spec t roscopy.  Assignment of t he  a romat i c  p ro tons  i n  t h e  300 MHz NMR of 

t h e  unlabe led  compounds was accomplished by decoup l ing  exper iments  and by 

comparison of t h e  NMR of t h e  s t r u c t u r a l  f ragment  of 2, N-(4-amino-3-methoxy- 

pheny1)methanesulfonamide (3). 
s p e c t r a  of t h e  unexchanged and deuterium-exchanged p roduc t  & can be seen  i n  

F igu re  1. An e v a l u a t i o n  of t h e  d i f f e r e n c e s  i n  t h e  i n t e g r a t i o n  of t h e  two 

s p e c t r a  demonst ra tes  t h a t  deuter ium i n c o r p o r a t i o n  i s  g r e a t e s t  f o r  t h e  p ro tons  

a t  t he  7 ,  2 ,  and 6 p o s i t i o n s  w i t h  atom % deuter ium of 68%, 68%, and 58% 

r e s p e c t i v e l y .  These p o s i t i o n s  a r e  the  l e a s t  h inde red  i n  t h e  molecule.  

These r e s u l t s  a r e  t h e r e f o r e  i n  agreement wi th  a p rev ious  s tudy  which s u g g e s t s  

t h a t  p o s i t i o n a l  deuter ium enr ichment  w i t h  a p la t inum c a t a l y s t  i s  a f u n c t i o n  

o f  t h e  s t e r i c  r a t h e r  than  t h e  e l e c t r o n i c  parameters  of t h e  s u b s t i t u e n t s . l *  

Mass s p e c t r a l  a n a l y s i s  of t h e  deuterium-exchanged compound 2a demonst ra tes  

t h a t  under t h e  c o n d i t i o n s  i n  which the  r e a c t i o n  was run, CI-921 2 shows an 

ave rage  i n c o r p o r a t i o n  of 2-3 deuterium atoms p e r  molecule.  

The a romat i c  r e g i o n  of t h e  300 MHz NMR 

- 
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Figure  1. IH NMR s p e c t r a  o f  t he  a r m a t i c  r e g i o n  ( 6 . 8 - 5 . 8  5) of 

A )  Unexchanged CL-921 a n d  B )  ’3eu t e r im-exchanged  C I - 9 2 1  a. 
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Tr i t ium Exchange 

The s y n t h e s i s  of g e n e r a l l y  t r i t i u m  l a b e l e d  CI-921 _?. was accomplished 

by a s i m i l a r  c a t a l y t i c  exchange r e a c t i o n  performed by New England Nuclear ,  

u s ing  p la t inum black  c a t a l y s t  and 25 C i  of t r i t i a t e d  water i n  a c e t i c  a c i d .  

The product  was found t o  have a s p e c i f i c  a c t i v i t y  of 4.2 Ci/mmol. 

t r i t i u m  l abe led  compound 2 was conve r t ed  t o  t h e  i s e t h i o n a t e  s a l t  and d i l u t e d  

t o  a f i n a l  s p e c i f i c  a c t i v i t y  of 59.3 mCi/mmol. 

a n a l y s i s ,  me l t ing  p o i n t ,  TLC and HPLC were c o n s i s t e n t  w i t h  a u t h e n t i c  

The 

The 1~ NMR, e l e m e n t a l  

m a t e r i a l .  The r ad iochemica l  p u r i t y  was g r e a t e r  than  98%. 

While i t  i s  r easonab le  t o  assume t h a t  p o s i t i o n a l  enr ichment  of tritium 

w i l l  p a r a l l e l  t h a t  f o r  t h e  deuter ium exper iment ,  t h e  a d d i t i o n a l  c o n t r i b u t i o n s  

of i s o t o p e  e f f e c t s ,  a l t e r e d  r e a c t i o n  c o n d i t i o n s ,  r a d i a t i o n ,  and i m p u r i t i e s  

a r i s i n g  from r a d i o l y s i s  can  sometimes a l t e r  t h e  exchange p rocesses  i n  a 

q u a n t i t a t i v e  i f  n o t  q u a l i t a t i v e  manner.13 

r e a c t i o n  c o n d i t i o n s  was t h e  t empera tu res  a t  which t h e  deuter ium and t r i t i u m  

exchange r e a c t i o n s  were run  (80°C for deuter ium v e r s u s  25'C f o r  t r i t i u m ) .  

Th i s  i n  some c a s e s  w i l l  i n f l u e n c e  the  s p e c i f i c i t y  of l a b e l i n g . 1 3  

The most n o t a b l e  d i f f e r e n c e  i n  

Carbon-14 Labe l ing  

The s y n t h e s i s  of t h e  i s e t h i o n a t e  s a l t  of CI-921-14C was 

accomplished us ing  2-chlorobenzoic-carboxy-14~ a c i d  (2) a s  t h e  s t a r t i n g  

m a t e r i a l  a s  shown i n  Scheme 1. 

w i t h  2-amino-3-methylbenzoic a c i d  (5) t o  y i e l d  t h e  d i a c i d  2 in  a 62% 

y i e l d .  

yellow ac r idone  

c h l o r i d e ,  fo l lowed by t r e a t m e n t  w i t h  40% aqueous methylamine t o  produce the  

amide 8. 

t he  amide 2 i n  r e f l u x i n g  ch loroform,  y i e l d e d  the  hydroch lo r ide  s a l t  which 

was conver ted  t o  t h e  f r e e  base  &. 

7 w a s  71%. 

60.7% y i e l d  t o  produce t h e  f i n a l  compound wi th  a s p e c i f i c  a c t i v f t y  of 

The l a b e l e d  ch lo robenzo ic  a c i d  5 w a s  coupled 

Treatment OF 5 w i t h  concen t r a t ed  s u l f u r i c  a c i d  a t  9OoC a f f o r d e d  t h e  

i n  a 83% y i e l d .  The a c r i d o n e  1 w a s  hea t ed  w i t h  t h i o n y l  

Addi t ion  of N-(4-amino-3-methoxyphenyl)methanesuLfonamide (3) t o  

The y i e l d  from the  a c r i d o n e  i n t e r m e d i a t e  

The f r e e  base  2 was conver t ed  t o  t h e  i s e t h i o n a t e  s a l t  g i n  - 
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26.9 mCi/mmol. The 1 H  NMR, I R ,  e l emen ta l  a n a l y s i s ,  me l t ing  p o i n t ,  TLC, and 

HPLC were 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 .  The r ad iochemica l  p u r i t y  was 

g r e a t e r  than  99%. The o v e r a l l  r ad iochemica l  y i e l d  from Z-chlorobenzoic- 

c a r b o ~ y - ~ ~ :  a c i d  (5) was 22%. 

SCHEME 1 
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EXPERIMENTAL 

Mel t ing  p o i n t s  were de te rmined  on a Thomas Hoover c a p i l l a r y  me l t ing  

p o i n t  a p p a r a t u s  and a r e  uncor rec t ed .  

Var ian  XL-300 (300 MHz) spec t rophotometer .  Chemical s h i f t s  were r e p o r t e d  i n  

6 (ppm) downfield from t e t r a m e t h y l s i l a n e .  Mass s p e c t r a  were r eco rded  wi th  

a F innigan  S e r i e s  4000 GC-MS. Liquid  s c i n t i l l a t i o n  coun t ing  was performed 

wi th  a Packard 574 l i q u i d  s c i n t i l l a t i o n  coun te r  u s ing  Beckman Ready-Solv MP 

o r  Mal l inck rod t  Handi f luor  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 .  

NMR s p e c t r a  were de te rmined  on a 

Thin l a y e r  chromatography (TLC) was performed on E. Merck s i l i c a  g e l  

60 F-254 p l a t e s  (0.25 m m ) .  The f i n a l  compound 2 was ana lyzed  u s i n g  the  TLC 
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systems desc r ibed  a s  fo l lows:  

System 2 CH2C12/MeOH/HCOOH (44:5:1) Rf = 0.14; System 3 2-propanol/H20/ 

HCOOH (9:1:.1) Rf = 0.33. P l a t e s  were r ad iochemica l ly  ana lyzed  us ing  a 

Ber thold  LB 2832 Automatic TLC - Linea r  Analyzer.  High p r e s s u r e  l i q u i d  

chromatography (HPLC) was performed u s i n g  a S p e c t r a  Phys ic s  SP 8700 s o l v e n t  

d e l i v e r y  sys tem,  Kra tos  Spec t rof low 773 v a r i a b l e  wavelength  U V  d e t e c t o r ,  

Hewlett-Packard 3390A i n t e g r a t o r  and Uni ted  Technologies  Packard Tr i -Carb  

RAM 7500 r a d i o a c t i v i t y  monitor.  

System 1 E t O A c / E t O H / H C O O H  (5 :5 :1)  Rf  = 0 . 2 3 ;  

The t r i t i u m  exchange r e a c t i o n  was performed by N e w  England Nuclear .  

2-Chl o r o b e n z o i ~-carboxy-~~~ a c i d  (4) a t  a s p e c i f i c  a c t i v i t y  of 25.2 mCi! 

mmol was purchased from Midwest Research  I n s t i t u t e .  2-Amino-3-methylbenzoic 

a c i d  (2) w a s  purchased from Ald r i ch  Chemical Company. N-(4-Amino-3-methoxy- 

pheny1)methanesulfonamide (2) was syn thes i zed  a s  desc r ibed  p rev ious ly  . 2 , 3  

carboxamide [ G - 2 H ]  (2a )  

A mix ture  o f  t h e  f r e e  base  (46 mg, 0.1  mmol) of 2, 0.3 mL H O A c ,  0.2 mL 

D20 (99.8 atom %) and 40 mg p la t inum b lack  were p l aced  i n  a 0.5 mL V-vial  

w i th  cap  and s t i r r i n g  ba r .  The s o l u t i o n  was s t i r r e d  i n  t h e  s e a l e d  v i a l  f o r  

18 hour s  a t  80°C. The r e a c t i o n  s o l u t i o n  was f i l t e r e d  through a C e l i t e  pad 

t o  remove t h e  c a t a l y s t  and  t h e  c a t a l y s t  was washed w i t h  MeOH. The s o l v e n t s  

were removed under reduced p r e s s u r e  and t h e  r e s u l t i n g  a c e t a t e  s a l t  was 

d i s so lved  i n  MeOH and a p p l i e d  t o  a 2 mm s i l i c a  g e l  p rep  p l a t e  e l u t e d  wi th  

C H 2 C l 2 / M e O H / H C O O H  (44:5:1).  The orange  band was e l u t e d  from the  p l a t e  w i th  

MeOH and t h e  m a t e r i a l  was suspended i n  a s o l u t i o n  c o n t a i n i n g  KHC03 (10 m g ) ,  

3 mL H 2 0  and 1 m L  DMF. The s o l u t i o n  was hea ted  t o  50°C f o r  one hour ,  cooled  

t o  25OC and f i l t e r e d .  The f r e e  base  (26 mg) was ob ta ined  and ana lyzed  by 

NMR and mass spec t roscopy ,  

one drop TFA): 

l H ,  J1,2 = 8 . 8 ) ,  8.12 ( d ,  1 H ,  arom. 8H, 5 7 , ~  = 8.4 Hz),  7.93 ( d ,  l H ,  

arom. 6H, J 6 , 7  = 6.8 Hz),  7.58 ( t ,  l H ,  arom. 2H, 5 1 , ~  = 8.8 Hz, 

'H NMR of t h e  unexchanged compound (DMSO-d6 and 

8.59 ( d ,  l H ,  arom. 3H, 52 ,3  = 7.7  Hz), 8.43 ( d ,  l H ,  arom. 
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J 2 , 3  = 7.7 Hz),  7.52 ( d ,  l H ,  arom. 6'H, J 5 ' , 6 '  = 8.8 Hz), 7.43 ( t ,  lH, 

arom. 7H, J 6 , 7  = 6.8 l lz,  57,s = 8.4 Hz), 7.06 ( s ,  l H ,  arom. 3 'H),  7.02 

( d ,  l H ,  arom. 5'H, J 5 '  ,6' = 8.8 Hz), 3.56 (s, 3H, OCH3), 3.16 ( s ,  3H, 

SOZCH~) ,  2.98 ( s ,  3H, CONHCH3), 2.72 (s, 3H, arom. -CH3). 

The NMR of t h e  deuter ium exchanged product  showed a l t e r a t i o n  i n  t h e  

s p l i t t i n g  p a t t e r n s  and i n t e g r a t i o n  i n  t h e  a romat i c  r e g i o n  ( s e e  F igu re  1). 

Mass spectrum of t h e  unexchanged compound 2, E I  (sample mixed w i t h  NH4C1) 

m / e  464 (M+, 24.3),  385 (100).  Mass spectrum o f  t h e  deuter ium exchanged 

compound, E I  (sample mixed w i t h  NH4C1) m / e  469 (7 .1 ) )  468 (17 .0 ) ,  467 

(25.71, 466 (22.2), 465 (9 .3 ) ,  388 (100). 

9- [ [ 2 -Me thoxy -4- [ (me t h y l  s u 1 f ony 1 )amino] p heny 1 ] amino ] -N , 5 -dime t h y l  -4-acr i d ine -  

~ a r b o x a m i d e [ G - ~ H ] ,  2-hydroxyethanesulfonate (1: l), hemihydra te  (Zb) 

A mix tu re  o f  un labe led  2 (46 mg, 0.1 m m o l ) ,  p la t inum black  c a t a l y s t  

(50  mg) i n  HOAc (0.5 mL) and 25 c u r i e s  of t r i t i a t e d  H20 was s t i r r e d  f o r  

24 hour s  a t  25'C and l a b i l e  t r i t i u m  was removed i n  vacuo us ing  MeOH as  a 

s o l v e n t .  

was a g a i n  taken  t o  d r y n e s s ,  i n  vacuo, and then  r e d i s s o l v e d  i n  10 mL of M e O H ,  

TLC a n a l y s i s  of t h e  c rude  m a t e r i a l  showed , i?proximately 35% of t h e  d e s i r e d  

t r i t i a t e d  compound. A 2.5 mL a l i q u o t  (- 200 mCi) of t h e  methanol ic  

s o l u t i o n  was removed. The sample was concen t r a t ed  and s p o t t e d  on a 

p r e p a r a t i v e  s i l i c a  g e l  p l a t e  (1.0 mm, 20 x 20 cm), which was e l u t e d  wi th  

EtOAc/EtOH/HCOOH (5:5:1). 

sc raped  from t h e  p l a t e  and e l u t e d  wi th  MeDH. The s o l v e n t  was removed and the  

p u r i f i e d  m a t e r i a l  was ana lyzed  f o r  rad iochemica l  p u r i t y  by TLC. A l l  t h r e e  

s o l v e n t  systems showed a 5% impur i ty .  The m a t e r i a l  was d i s s o l v e d  i n  a 

minimum of EtOAc/MeOH/HCOOH (5 :5 :1)  and p u r i f i e d  by a s i l i c a  gel column 

(E. Merck, 230-400 mesh #9385, 1 .5  x 15 cm). The orange  band was c o l l e c t e d ,  

concen t r a t ed  under reduced p r e s s u r e  and found t o  c o n t a i n  t h e  formate  s a l t  

w i t h  a s p e c i f i c  a c t i v i t y  of  4.2 Ci/mmol. Radiochemical p u r i t y  was shown t o  

be  g r e a t e r  than  99%. 

A f t e r  f i l t r a t i o n  from the  c a t a l y s t ,  t h e  c rude  p roduc t  (826 mCi) 

The orange  band co r re spond ing  t o  the  p roduc t  was 
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The formate  s a l t  (12.3 mg) was conve r t ed  t o  t h e  f r e e  base  us ing  5X 

NallCO3 followed by e x t r a c t i o n  wi th  CH2C12 .  Methanol ic  Z-hydroxyethane- 

s u l f o n i c  a c i d  (60 p l ,  1.32 M) was added and t h e  s o l v e n t s  were removed. The 

2-hydroxyethanesulfonate s a l t  of un labe led  CI-921 (1.0 g)  was added t o  the  

p u r i f i e d  t r i t i a t e d  m a t e r i a l  and t h e  compound was r e c r y s t a l l i z e d  from 2% 

aqueous E t O H .  The red-orange  s o l i d  (0.52 g)  [mp 171-172 ( d e c ) ,  un labe led  

a u t h e n t i c  sample 1 7 1 - 1 7 2  ( d e c ) ]  had a f i n a l  s p e c i f i c  a c t i v i t y  of 59.3 m C i /  

m m o l .  An A l l t e c h  s i l i c a  column (10 !.I, 4.6 mm ID x 25 cm) was used f o r  HPLC 

a n a l y s i s  w i th  t h e  fo l lowing  s o l v e n t  system: CHzCL2/MeOH ( 4 : l )  w i t h  a flow 

r a t e  of 1.0 mL/minute. The r e t e n t i o n  time f o r  t he  compound was 11.5 minutes 

employing UV d e t e c t i o n  a t  254 nm. F r a c t i o n s  (0.5 mL) were c o l l e c t e d  i n  

s c i n t i l l a t i o n  v i a l s  f o r  rad iochemica l  a n a l y s i s .  Both r ad iochemica l  and 

chemical p u r i t y  were found t o  be g r e a t e r  than  98%. An NMR spectrum was taken  

i n  DMSO-d6 and found t o  be i d e n t i c a l  t o  a n  a u t h e n t i c  un labe led  sample. NMR 

d a t a  f o r  t h e  d e u t e r a t e d  compound a r e  inc luded  i n  t h e  Exper imenta l .  

- 

Anal. ca l cd  f o r  C H N S 0 -0.5H20: C ,  52.03; H ,  5.17; N ,  9.34. 
26 30 4 2 8 

Found: C ,  52.28; H ,  4.94; N ,  9.41. 

2 - [ ( 2  -Ca rboxy - 14C-phenyl )amino] - 3-me thy1 benzo i c  a c i d  (6 )  - 
2 - C h l o r o b e n zoi~-carboxy-~~~ a c i d  (6) (60.5 m C i ,  90% rad iochemica l ly  

pure ,  382 mg, 2.4 m m o l ,  s p e c i f i c  a c t i v i t y  25.2 mCi/mmol), 2-amino-3-methyl- 

benzoic  a c i d  (5) (363 mg, 2.4 m m o l )  and K2CO3 (0.777 g ,  5.6 m m o l )  were 

mixed wi th  1-methyl-2-pyrrolidinone (2 mL) and s t i r r e d  f o r  t e n  minutes .  

Copper powder (20  mg)ll  and CuzBrZ ( 1 2  mg) were added and the  r e a c t i o n  

mixture  was hea ted  t o  150'C over  a 35 minute pe r iod .  The s l u r r y  was hea ted  

a n  a d d i t i o n a l  1.75 hour s  a t  15OoC, cooled  to 25'C and poured ove r  ice and 

C e l i t e .  The s o l u t i o n  was f i l t e r e d  and t h e  s o l i d  washed w i t h  H20. The 

f i l t r a t e  was a c i d i f i e d  w i t h  g l a c i a l  HOAc and a be ige  p r e c i p i t a t e  w a s  f i l t e r e d  

and a i r  d r i e d  f o r  18  hours .  

Na2CO3 ( 5 % )  and Darco was added t o  t h e  h o t  s o l u t i o n  and s t i r r e d .  The 

s o l u t i o n  was f i l t e r e d  through a C e l i t e  pad. The s t i l l  darkened l i q u i d  was 

The d i a c i d  5 was d i s s o l v e d  i n  20 mL of h o t  
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mixed w i t h  20 mL of 95% E t O H  and g l a c i a l  HOAc was added dropwise.  

so lu t i -on  was cooled  t o  10°C and t h e  s o l i d  (331  mg) was f i l t e r e d  a f t e r  two 

hours .  

c o l l e c t e d  (82  mg). 

(nip 255-256'C, a u t h e n t i c  un labe led  sample mp 257-258OC) (37.3 m C i ;  413 mg, 

51.7% radiochemica l  y i e l d ) .  

( 5 : 5 : .  1) i n d i c a t e d  t h a t  6 was g r e a t e r  than  95% rad iochemica l ly  pure.  

The 

The f i l t r a t e  was concen t r a t ed  and a second c rop  of c r y s t a l s  was 

The two c rops  were combined t o  y i e l d  t h e  d i a c i d  5 

TLC on s i l i c a  g e l  e l u t e d  wi th  EtOAc/EtOH/HCOOH 

9,l0-Dihydro-5-nethyl-9-oxo-4-acridinecarboxyli~-~~C a c i d  (7 )  

The d i a c i d  .6- (37.3 m C i ,  413 mg, 1 .5  mmol) was added i n  s m a l l  p o r t i o n s  

u s i n g  a powder funne l  (Kontes #K-299400) t o  a r e a c t i o n  f l a s k  c o n t a i n i n g  

1.0 mL conc. H2SO4. The s o l u t i o n  was hea ted  t o  105OC f o r  15 minutes  and 

t h e  tempera ture  was lowered t o  9OoC f o r  3.25 hours .  The r e a c t i o n  was coo led ,  

poured i n t o  5 mL H20 and s t i r r e d .  The yellow s o l i d  which p r e c i p i t a t e d  was 

f i l t e r e d  and washed w i t h  H20. The s o l i d  was d i s s o l v e d  i n  h o t  DMF/EtOH/H20 

(2:3:5) and conc. NH40H. The h o t  b l ack  s o l u t i o n  was f i l t e r e d  through a 

C e l i t e  pad and cooled  t o  10aC f o r  2 . 7  days.  

317 mg, 83.4% radiochemica l  y i e l d )  (mp 351-353'C, un labe led  a u t h e n t i c  sample 

mp 357'C) was c o l l e c t e d  and d r i e d  i n  a vacuum oven a t  60°C f o r  30 hours .  

TLC of t h e  s o l i d  on s i l i c a  g e l  e l u t e d  w i t h  EtOAc/EtOH/HCOOH (5:5:1) i n d i c a t e d  

t h a t  t h e  product  was g r e a t e r  t han  97% radiochemica l ly  pure.  

The ye l low s o l i d  1 (31.1 m C i ,  

A 

9-1 [2-Methoxy-4-[(methylsulfonyl)amino]phenyl]amino]-N,5-dimethyl-4-acridine- 

c a r b ~ x a m i d e - ~ ~ C  (2c )  

The ac r idone  (31 .1  m C i ,  317 mg, 1.25 mmol) was mixed w i t h  t h i o n y l  

c h l o r i d e  (2 mL) and DMF (8.0 111) and t h e  s o l u t i o n  was hea ted  t o  r e f l u x  f o r  

0 .6  hours .  The excess  t h i o n y l  c h l o r i d e  was removed i n  vacuo, and f i n a l  

t r a c e s  were removed by r e c o n c e n t r a t i n g  w i t h  5 mL of dry  dioxane. 

The b r i g h t  yellow s o l i d  was suspended i n  4.5 mL of CHCl3 (EtOH f r e e )  

and cooled  t o  5'C. Aqueous NHzCH3 (40%, 5 mL) was added and  t h e  yellow 

solid dissolved. The r e a c t i o n  was s t i r r e d  an  a d d i t i o n a l  0.5 hour s  a t  5OC. 
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'The b lack  r e a c t i o n  s o l u t i o n  was t r a n s f e r r e d  t o  a s e p a r a t o r y  funne l  and C H C l 3  

( 2 0  mL) and H20 (15  mL) were added t o  produce two l a y e r s .  The CHC13 l a y e r  

c o n t a i n i n g  the  a c r i d y l  c h l o r i d e  8 was washed w i t h  H20 ( 3  x 10 mL), d r i e d  

(MgS04) and f i l t e r e d .  

1-methyl-2-pyrrolidlnone ( 4  mL), N-(4-amino-3-methoxyphenyl)methane su l fon -  

aniide ( 2 ) 2 , 3  (288 mg, 1.33 mmol) and conc. H C l  (5 ~ 1 ) .  The s o l u t i o n  was 

r e f luxed  f o r  0.5 hours .  A s h o r t  pa th  d i s t i l l a t i o n  head was p laced  on t h e  

r e a c t i o n  v e s s e l  and t h e  r e a c t i o n  was r e f l u x e d  f o r  a n o t h e r  hour whi le  the  

CHCl3 was d i s t i l l e d  o f f .  EtOAc (10 mL) was added t o  t h e  r e a c t i o n  s o l u t i o n  

and the  CHCl3 cont inued  t o  d i s t i l l  o f f  f o r  a n  a d d i t i o n a l  hour .  The r e a c t i o n  

was cooled  t o  2 5 ' C ,  a n  a d d i t i o n a l  10 mL of EtOAc was added and t h e  s o l u t i o n  

was r e f r i g e r a t e d  ove rn igh t .  The r ed  s o l i d  was c o l l e c t e d  by f i l t r a t i o n  and 

d r i e d  a t  60°C i n  a vacuum oven. A s o l u t i o n  of DMF (1 mL), H20 (6 mL), and 

The yellow CHCl3 s o l u t i o n  was combined wi th  

KHC03 (148 mg, 1.48 mmol) was added t o  t h e  H C 1  s a l t  and t h e  suspens ion  was 

s t i r r e d  a t  5OoC f o r  f i v e  hours .  The s o l u t i o n  was coo led  t o  25OC and t h e  

orange  s o l i d  was c o l l e c t e d  by f i l t r a t i o n .  

4 1 1  mg, 70.9% rad iochemica l  y i e l d )  was d r i e d  i n  a vacuum oven a t  60'C f o r  

20 hours .  

The f r e e  base  & (21.9 m C i ,  

9-[ [2-Methoxy-4-[ (me thylsulfony1)amino]phenyl]amino] -N,5-dime thy l -4 -ac r id ine -  

carboxamide-14C, 2-hydroxyethanesulfonate (1: l), hemihydra te  (2d)  

The f r e e  base  & (21.9 m C i ,  411 mg, 0.82 m m o l )  was s l u r r i e d  i n  DMF 

(4  mL) f o r  t e n  minutes  a t  60-65'C. A methanol ic  s o l u t i o n  of 2-hydroxyethane- 

s u l f o n i c  a c i d  (1.32 M, 700 ~ 1 ,  0.924 mmol) and 4 mL o f  MeOH were added and 

t h e  s o l i d  d i s s o l v e d  and formed a dark  r ed  s o l u t i o n .  The s o l u t i o n  was hea ted  

f o r  a n  a d d i t i o n a l  t e n  minutes ,  f i l t e r e d  through a g l a s s  wool p lug  and cooled  

t o  25OC. EtOAc/hexane (1:l) was added dropwise u n t i l  t h e  s o l u t i o n  turned  

c loudy.  The s o l u t i o n  was r e f r i g e r a t e d  and a f t e r  18 hour s  t h e  2-hydroxy- 

e t h a n e s u l f o n a t e  s a l t  (0 .40  g ,  82.3% recovery)  was c o l l e c t e d  by f i l t r a t i o n  and 

a i r  d r i e d .  The s o l i d  was d i s s o l v e d  i n  10% aqueous methanol and r e f r i g e r a t e d  

f o r  2.5 days. The da rk  orange  s o l i d  was c o l l e c t e d  by f i l t r a t i o n  and d r i e d  i n  

a vacuum oven a t  70°C f o r  24 hours  t o  y i e l d  t h e  2 -hydroxye thanesu l fona te  s a l t  
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(13.3 m C i ,  300 mg, 60.7% rad iochemica l  y i e l d )  [mp 268-270'C ( d e c ) ,  un labe led  

a u t h e n t i c  sample mp 268-270°C ( d e c ) ]  w i th  a s p e c i f i c  a c t i v i t y  of 26.9 m C i /  

mmol. 

Thin l a y e r  chromatographic  a n a l y s i s  was performed on s i l i c a  g e l  a s  

d e s c r i b e d .  An A l l t e c h  s i l i c a  column (10 !.I, 4.6 mm I D  x 25 cm) was used f o r  

HPLC a n a l y s i s  w i t h  t h e  fo l lowing  s o l v e n t  system: CHzC12/MeOH (96:4) w i t h  a 

f low r a t e  of 1.0 mL/minute. The r e t e n t i o n  time f o r  t h e  compound was 7.5 

minutes  us ing  s e q u e n t i a l  moni tor ing  wi th  UV d e t e c t o r  a t  254 nm and r ad io -  

a c t i v i t y  d e t e c t o r .  Both r ad iochemica l  and chemica l  p u r i t y  were found t o  be  

g r e a t e r  than  99% by TLC and HPLC. NMR and IR spectra were i d e n t i c a l  t o  those  

o b t a i n e d  wi th  a n  a u t h e n t i c  sample. 

a r e  inc luded  i n  t h e  Exper imenta l .  IR (KBr) 1620 (C=O); 1265 ((2-0). 

NMR d a t a  f o r  t h e  d e u t e r a t e d  compound 2 

Anal. c a l c d  f o r  C H N S 0 -0.5H 0: C ,  52.03; H ,  5.17; N ,  9.34. 
26 30 4 2 8 2 

Found: C ,  52.17; H ,  5.18; N ,  9.65. 

ACKNOWLEDGMENTS 

The a u t h o r s  thank M s .  Susan Uhlendorf ,  Mr. Bruce S c o t t ,  D r .  Gary 

McClusky, and D r .  H o l l i s  Showal te r  f o r  t h e i r  v a l u a b l e  a i d  and t e c h n i c a l  

a s s i s t a n c e .  

REFERENCES 

1. A t w e l l ,  G. J . ,  Cain,  B. F. ,  and See lye ,  R.  N . ,  J. Med. Chem., 11: 611 

(1972).  

Cain,  B. F. ,  See lye ,  R.  N . ,  and Atwel l ,  G. J . ,  J. Med. Chem., ": 922 

(1974).  

2.  

3. Cain,  B. F . ,  Atwel l ,  G. J., and Denny, W. A. ,  J. Med. Chem., Is: 1110 

(1975).  

4. Cain,  B. F. and Atwe l l ,  G. J. ,  J. Med. Chem., 2: 1124 (1976).  

5 .  G i n ,  B .  F ,  and Atwel l ,  G. J., J. Med. Chem., 2: 1409 (1976) .  

6. Denny, W. A , ,  Cain,  B.  F., A twe l l ,  G. J. ,  Hansch, C . ,  Panthananicka A . ,  

Leo, A . ,  J. Med. Chem., 25: 276 (1982) .  



586 S. .I. Hays and C. C. Huang 

7 .  

8 .  

9. 

10. 

11. 

12. 

13.  

14. 

Denny, W .  A . ,  A t w e l l ,  G. J., and Baguley ,  B. C., J. Med. Chem., 26: 

1619 ( 1 9 8 3 ) .  

Baguley ,  8. C . ,  A t w e l l ,  G. J., Denny, W .  A . ,  Ferguson ,  L. R . ,  F i n l a y ,  

G .  J . ,  and  Wilson ,  W .  R . ,  A b s t r a c t s  of  P a p e r s ,  1 3 t h  I n t e r n a t i o n a l  

Congress  o f  Chemotherapy,  Vienna ,  A u s t r i a ,  Augus t  2 8  - September  2 ,  

1983. 

Denny, W. A . ,  A t w e l l ,  G.  J . ,  and Baguley ,  B .  C . ,  J. Med. Chem., 27: 

000 ( 1 9 8 4 )  i n  p r e s s .  

Latham, B . ,  Von Hoff, D. D . ,  and E l s l a g e r ,  E. F. ,  A b s t r a c t s  of P a p e r s ,  

F o u r t h  NCI-EORTC Symposium on New Drugs i n  Cancer T h e r a p y ,  B r u s s e l s ,  

Belgium, December 14-17, 1983. 

Leopold ,  W .  R . ,  S h i l l i s ,  J. L . ,  C o r b e t t ,  T. H., and J a c k s o n ,  R. C., 

P r o c .  A m e r .  Assoc. Cancer  Res . ,  25: 000 ( 1 9 8 4 )  i n  p r e s s .  

F r a s e r ,  R. R .  a n d  Renaud, R. N . ,  J .  Amer. Chem. SOC., z: 365 ( 1 9 6 6 ) .  

Evans,  E. A . ,  " T r i t i u m  and i t s  Compounds," 2nd e d i t i o n ,  J o h n  Wiley and 

Sons ,  New York ( 1 9 7 4 ) .  

B l a t t ,  A. H . ,  Org. Syn. C o l l .  Vol. 11: 445 (1943) .  




