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FLUORINE-CONTAINING AMINO ACIDS AND THEIR DERIVATIVES. 5.' 

SYNTHESIS OF NOVEL FLUORINATED ANALOGUES OF THE ANTITUMOR AGENT, 

METHOTREXATE 

Tadahiko Tsushima,* Ken j i  Kawada, Osamu S h i r a t o r i ,  and Naomi Uchida 

Shionogi Research Labora tor ies ,  Shionogi & Co., L td . ,  Fukushima-ku, 

Osaka 553, Japan 

Abs t rac t  - Novel methotrexate analogues w i t h  y - f l ua ro -  o r  cr-di f luoromethyl-  

subst i tued-g lu tamic  a c i d  were synthesized f o r  ant i tumor  screening. 

Methotrexate (MTX), a po ten t  i n h i b i t o r  o f  d i h y d r o f o l a t e  reductase, i s  an an t i t umor  agent i n  wide 

c l i n i c a l  use aga ins t  var ious types o f  cancers.' Progress i n  pharmacological and physicochemical 

research on t h i s  drug and d ihyd ro fa la te  reductase i t s e l f  has l e d  t o  an understanding o f  t h e  

fundamentals of t h e  mode o f  a c t i o n  and t h e  mechanism o f  t r a n s p o r t  and metabolism, enab l ing  more 

accurate drug design based on t h e  s t r u c t u r e - a c t i v i t y  r e ~ a t i o n s h i p s . ~  Recent ly,  i nc reas ing  

a t t e n t i o n  i s  be ing p a i d  t o  chemical m o d i f i c a t i o n  o f  the  g lu tamic  a c i d  moie ty  i n  the  search for 

l e s s  t o x i c  analogues f o r  use i n  high-dose  treatment^.^ A few s tud ies  have a l ready been 

at tempted based an the idea t h a t  a c i d i t y  enhancement o f  the  y -carboxy l ic  a c i d  group might 

d im in i sh  t h e  i n  v i v o  polyglutamate format ion and hence lower i t s  t o x i c i t y  t o  meet t h e  requ i re-  

ments o f  high-dose t r e a t n ~ e n t . ~  Along t h e  same l i n e  we synthesized two novel  methotrexate 

analogues (2 and 3) con ta in ing  f l u o r i n a t e d  g lu tamic  acids.  

6 I n  our synthes is ,  we d i d  no t  use t h e  commonly employed coup l ing  r e a c t i o n  o f  5 b u t  adopted 

i ns tead  t h e  method developed by P ipe r  and ~ o n t g o m e r y , ~  which i s  shown i n  Scheme 1, because 

f luoroamino ac ids  a re  o f t en  unstab le  under s t r o n g l y  bas ic  cond i t ions .  The s t a r t i n g  ma te r i a l ,  

y - f l uo rog lu tam ic  a c i d  (9, was prepared by a known method8 i n v o l v i n g  Michael  a d d i t i o n  of d i e t h y l  

9 f luoromalonate t o  e t h y l  2-acetamido-acrylate and decarboxy la t ion  of the  r e s u l t i n g  adduct. Un- 

f o r t u n a t e l y ,  the  methyl es te r  o f  6 cou ld  no t  be used i n  s tep b because i t  q u i c k l y  c y c l i z e d  t o  a 

2-pyrrolidone-5-carboxylic a c i d  d e r i v a t i v e  under t h e  r e a c t i o n  cond i t i ons  employed. Furthermore, 

t a k i n g  i n t o  account t h e  dep ro tec t i on  procedure o f  t h e  f i n a l  step (Step e), we chose isopropy l  

e s t e r  (7) as a s u i t a b l e  reac tan t  f o r  t h i s  scheme.1° This e s t e r  was then reacted w i t h  N-benzyl- 

oxycarbonyl-N-methyl-e-aminobenzoyl c h l o r i d e  i n  DME i n  the presence o f  t r i e t h y l a m i n e  t o  af ford 



Scheme 1 
1: R=HNCH(C02H)CH2CH2C02H(MTX) - 
2: R=HNCH(C02H)CH2CHFC02H - 
3: R-HNC-CHF2(C02H)CH2CH2C02H - 
4: R-HNCCH3(C02H)CH2CH2C02H - 
5 :  R-OH 

Scheme 2 

MeO,CCH,CH,~HCO,Me 
'pF2 (9) (f) 

MeO,CCH,CH,~CO,Me- 

CHF, 
~ 0 z ~ ~ ~ z ~ ~ 2 $ ~ ~ 2 ~  + m2 (h) MeO,CCH,CH, 

13 NH2 0 CO,H I - 15 tNH3.CF3SOj 
l d  - 

t h e  p roduc t  (8) i n  90% o v e r a l l  y i e l d  f rom 6 .  A f t e r  d e p r o t e c t i o n  o f  t h e  benzyloxycarbonyl  group 

b y  t r ea tmen t  w i t h  HBr-CH3COOH, t h e  r e s u l t i n g  amine (2 )  was coup led  w i t h  2,4-diamino-6-(bromo- 

me thy1 )p te r i d i ne  i n  d imethylacetamide and t h e  p roduc t  (2) was ob ta i ned  i n  70% y i e l d  from 8. 11 

M i l d  a l k a l i n e  h y d r o l y s i s  o f  10 w i t h o u t  h y d r o l y s i s  o f  t h e  4-amino group a f f o r d e d  t h e  des i r ed  

p roduc t  (2) i n  84% i s o l a t e d  yield.'' A f t e r  c a r e f u l  pu r i f i ca t i on ,12  t h e  a n a l y t i c a l l y  pure  sample 
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was ob ta i ned  and i d e n t i f i e d  as t h e  d e s i r e d  compound. 11 

Next ,  an another  f l u o r i n e - c o n t a i n i n g  analogue o f  metho t rexa te ,  t h e  a - d i f l u o r o m e t h y l a t e d  der iva-  

t i v e  (3). was syn thes ized  as shown i n  Scheme 2. The S c h i f f  base o f  d imethy lg lu tamate  (2) was 

reac ted  w i t h  d i f l uo roca rbene  generated i n  s i t "  by a known rnethod13 t o  g i v e  the  a - d i f l u o r o -  

methy la ted  p roduc t  (12). Th i s  p r o d u c t  was hydro lyzed,  w i t h o u t  p u r i f i c a t i o n ,  t o  a  m i x t u r e  of  

f r e e  ac i ds ,  13 and l4, which were subsequent ly  separated by chromatography u s i n g  AG 50W-X8 ion- 

exchange r e s i n ,  g i v i n g  i s o l a t e d  y i e l d s  o f  14% and 24%, r e s p e c t i v e l y .  Here we d iscovered  t h a t  

these two c y c l i r e d  and noncyc l i zed  ac ids ,  14 and 2 can be a lmost  comp le te l y  i n t e r c o n v e r t e d  f rom 

one t o  another  under t h e  p roper  cond i t i ons .14  Thus, t h e  des i r ed  noncyc l i zed  e s t e r  ( g )  was 

e x c l u s i v e l y  ob ta i ned  f rom b o t h  ac i ds  2 and 2 by t rea tment  w i t h  t h i o n y l  c h l o r i d e  i n  methanol i n  

t h e  presence o f  t r i f luoromethanesul fonic  ac id .  S u r p r i s i n g l y ,  t h e  use o f  a  ve r y  s t r ong  a c i d  l i k e  

trifluoromethanesulfonic a c i d  was r e q u i r e d  t o  p reven t  i n t e r n a l  c y c l i z a t i o n ,  because o f  t h e  

markedly d imin ished b a s i c i t y  o f  2. I n  t h e  f o l l o w i n g  a c y l a t i o n  s t ep  o f  2 ( b  i n  Scheme 2), t h i s  

d imin ished b a s i c i t y  aga in  r e q u i r e d  a l a r g e  excess o f  N-benzylouycarbonyl-N-methyl-p-aminobenzoyl 

c h l o r i d e  t o  make t h e  s l ugg i sh  a c y l a t i o n  r e a c t i o n  proceed f a s t e r  t han  t h e  i n t e r n a l  c y c l i r a t i o n .  

The subsequent r e a c t i o n s  o f  ,g which l e d  t o  t h e  d e s i r e d  f i n a l  p roduc t  (3) were done i n  almost 

t h e  same way as f o r  2.  The o-methyl d e r i v a t i v e  (4) was a l s o  p repared  as a  r e fe rence  compound of  

3  f o r  an t i t umor  screening.  An t i t umor  sc reen ing  a f  these novel f l u o r i n e - c o n t a i n i n g  methotrexate - 
analogues i s  i n  p rogress  and t h e i r  r e s u l t s  w i l l  be r epo r t ed  elsewhere i n  t h e  near f u t u r e .  

Note: Whi le  t h i s  paper was b e i n g  prepared,  we were in fo rmed t h a t  a  s i m i l a r  work was t o  be 

r epo r t ed  by Coward e t  a l .  a t  t h e  188 th  ACS Meet ing.  15 
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