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A b s t r a c t  - The ~ - f o r m y l m e t h i a n i n e - t R N ~ ~ ~ ~ t  i s  i nvo l ved  i n  t h e  i n i t i a t i o n  of p r o t e i n  

b i o s y n t h e s i s  i n  p r o c a r y o t i c  organisms and i s  farmed v i a  the  t r a n s f e r  of a formyl g roup 

f r o m  c - f a r m y l t e t r a h y d r o f o l i c  a c i d  t o  the  amino group of meth ion ine i n  M ~ ~ - ~ R N A ~ ~ ~ ~ .  

Based on a p roposed  i n t e r m e d i a t e  f o r  t h i s  f o r m y l a t i o n  step, a t r a n s i t i o n  s t a t e  ana log 

was designed and synthesized and was shown i n  v i t r a  t o  be an e x c e l l e n t  i n h i b i t o r  o f  t h e  

t~ans fo rmy lase  reac t i on .  

The enzyme M e t - t ~ ~ ~ ~ M e t  t rans formylase f rom E.  coii has been desc r i bed l  and shown t o  ca ta l yze  t h e  

t r a n s f e r  o f  a fo rmy l  group2 from c - f o r m y l t e t r a h y d r o f o l i c  a c i d  ( 2 )  t o  t h e  f r e e  amino group o f  me- 

t h i o n i n e  i n  i l e t - t R ~ ~ f M e t  (l), (Scheme I ) .  The r e s u l t i n g  fj-formylmethionine-tRNAfMet ( 4 )  i s  i n -  

v o l v e d  i n  t h e  i n i t i a t i o n  o f  p r o t e i n  b iosyn thes i s  i n  p roca ryo t i c  organisrns.3 The s i g n i f i c a n c e  o f  

t h i s  t r a n s f o r m y l a t i o n  process f o r  b a c t e r i a l  gene expression makes the i n h i b i t i o n  of t h i s  process an 

i n t e r e s t i n g  t a r g e t  f o r  the  p o t e n t i a l  development o f  a n t i b a c t e r i a l  agents. 

The t r a n s f e r  o f  t h e  f o rmy l  g roup  f rom 2 t o  1 i s  u n i q u e  f o r  b a c t e r i a l  p r o t e i n  synthes is  b u t  i t  

should be recognized t h a t  both  1 and 2  have funct ions  i n  mamnalian biochemical  t ransformat ions4 a l -  

t hough  t h e  t r a n s f o r m y l a s e  enzyme i s  l a c k i n g  from euka ryo t i c  c e l l   extract^.^ Therefore t o  reduce 

t h e  p o s s i b i l i t y  o f  t o x i c i t y ,  any analog designed t o  i n h i b i t  t h i s  process shouid c l o s e l y  resemble 

t h e  t r a n s i t i o n  s t a t e  i n v o l v e d  i n  t h e  f a rmy l  t r a n s f e r  r e a c t i o n  ca ta lyzed by the  t ransformylase. 

Al though a s tab le  f ~ e t - t F ! N A ~ ~ ~ ~  enzyme has been i so la ted ,  t he re  i s  no evidence of a  formyl t r ans fe r  

t o  t h e  enzyme y i e l d i n g  an ac id  s t a b l e  formylated enzyme.6 Our r e s u l t s  suggest t h a t  a  formyl t r a n s -  

f e r  may i n  f a c t  t a k e  p lace d i r e c t l y  f rom compound 2 t o  1 imp l y i ng  the in termediacy  of a s t r u c t u r e  
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such as 37 i n  the  b a c t e r i a l  system. With t h i s  i n  mind, we envisaged a compound such as 15 as a pos- 

s i b l e  s t a b l e  t r a n s i t i o n  s t a t e  analog, which, a l though l ack ing  a  t e t r a h e d r a l  equ iva lent  t o  the a- 

amino a l c o h o l  o f  i n te rmed ia te  3, might  s t i l l  f u n c t i o n  as an i n h i b i t o r  a f  t h i s  one carbon t r a n s f e r  

reac t i on .  

The p repa ra t i on  of several  c- and - N5,N10-d isubst i tu ted - t e t r a h y d r o f o l i c  ac id  analogs have been des- 

c r i bed ,B  whereas o n l y  one unstab le  ?-subst i tu ted analog has been repor ted.9  Because te t rahydro-  

f a l i c  a d d  51° i s  known t o  undergo r a p i d  a i r  o x i d a t i o n , l l  we decided t o  choose the more s tab le  E- 

m e t h y l t e t r a h y d r o f o l i c  a c i d  (6 )12  (racemic a t  C6) as our  s t a r t i n g  m a t e r i a l  f o r  the prepara t ion  o f  

t h e  t a r g e t  i n t e r m e d i a t e  mo lecu le  12 (Scheme 11) .  Because the  c - m e t h y l - d l - L - H b - f o l a t e  has pre-  

v i o u s l y  been shown t o  be an e f f e c t i v e  i n h i b i t o r  of the  t r ans fo rmy la t i on  r e a c t i o n  (a l though noncom- 

p e t i t i v e  w i t "  t h e  fo rmy l  danor ) , l3  i t  was a n t i c i p a t e d  t h a t  s u b s t i t u t i o n  a t  w i t h  a  methyl  group 

wou ld  n o t  i n t e r f e r e  w i t h  the  i n h i b i t i o n  p rope r t i es  of the  t a r g e t  compound 15. Due t o  the inso lu-  

b i l i t y  o f  614 t h e  a d d  was f i r s t  converted t o  i t s  d i - y b u t y l  es te r  7 (1.5N HC1-"BuOH, BO"C, 16 h )  

i n  29% o v e r a l l  y i e l d  f rom f a 1  i c  a c i d .  Treatment o f  7 w i t h  N,N-dimethylarmamide d imethy laceta l14 

(DMF, 25°C. 4  h,  a rgon )  proceeded smoothly t o  y i e l d  t h e  more so lub le  d e r i v a t i v e  815 i n  83% y i e l d  

(mp 104-108'C) a f t e r  f l o r i s i l  column chromatography. 

T rea tmen t  o f  t h e  c -methy l t e t r ahydrofo la te  8 w i t h  t h e  methionyl  synthon 916 (3  eq., DML, 8 5 Y ,  18 

h, a r g o n )  produced t h e  c - m e t h i o n y l  d e r i v a t i v e  10 (64% y i e l d )  and a  minor amount of the E- 

m e t h i o n y l  a n a l o g  1115 (11%) (separated by s i l i c a  ge l  column chromatography). The L -bu ty l  es ter  of 

compound 10 was t h e n  s e l e c t i v e l y  c l e a v e d  (CF,COOH, 25"C, 1 h )  t o  produce the des i red ca rboxy l i c  

a c i d  d e r i v a t i v e  12 (90% y i e l d ,  as mono TFA s a l t ) .  The f i n a l  phase o f  t h e  synthes is  was accomplished 

(Scheme 111) by coup l ing  the  ac id  12 w i t h  the  r e a d i l y  a v a i l a b l e  puromycin a m i n o n u ~ l e o s i d e ~ ~  13 i n  

t h e  presence o f  ~ - e t h o x y c a r b o n y l - 2 - e t h o x y - 1 , 2 - d l h y d r 0 q u i l i ~ ~  (EEDQ) (DMF, 40eC, 1 6  h, argon). 

Thus the t e t r a h y d r o f o l a t e  t r a n s i t i o n  s t a t e  analog15 14 was obta ined i n  32% y i e l d  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  column chromatography.  i t  has been demonstrated t h a t  t h e  a n t i b i o t i c  puromycin i s  

c a p a b l e  o f  i n h i b i t i n g  p r o t e i n  synthes is  due t o  the  fac t  t h a t  i t  can success fu l l y  compete w i t h  t h e  

aminoacy l - tRNA f o r  t h e  r i b o s o m e . l g  The puromycin aminonucleoside 13 was, f o r  t h i s  reason, con- 

s i d e r e d  an  appropr ia te  s u b s t i t u t e  f o r  adenosine and would a l l o w  f o r  t h e  s e l e c t i v e  a c y l a t i o n  of t h e  

C3 amino group necessary f o r  the  cons t ruc t i an  of the  p o t e n t i a l  t ransformylase i n h i b i t o r  15. 

The wa te r  so lub le  t r i s o d i u m  s a l t  15 was prepared from the e s t e r  14, ( 6  eq. 0.35N aqueous NaOH i n  

1: l  DME/H,O, 25'C, 20 h )  p u r i f i e d  v i a  s i l i c a  ge l  chromatography ( e l u e n t  3 : l  propanol /  water )  and 

l y o p h i l i r e d  t o  g i v e  a  wh i te  s o l i d  homogeneous by t l c  ( c e l l u l o s e ,  1:2 1% aqueous sodium bicarbonate/  

p r o p a n o l ) .  The s t r u c t u r e  of 15 r e s t s  on the  method of synthes is ,  the  'Hnrnr ( i n  D20/C030H) 6 2.07 

( s ,  3H, SCHI), 2 .53  (s, 3H,NCHI), 3.44 [s, N(CH3)r]. 3.2-3.7 [m, NCH; NCH., over lapp ing N(CH3)zl 
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3.78,  4 . 0 2  ( b r . ,  AB, J gem.12 Hz, CH,OH) 4.44 (m, 2H), 4.65-4.7 (m) 6 . 1 1  ( b r ,  s, IH, NCHOC), 7.49-  

7 . 9 2  ( A A ' B B ' ,  4H), 8.18 ( 8 ,  I H ) ,  8 .34  ( 8 ,  I n ) ,  t h e  wma, ( H 2 0 )  215 nm ( s h  E 42,300), 275 (30, 100)  

and amlno a c i d  a n a l y s i s :  Found Met  ( 1 . 0 ) .  Giu(l.1). 

The f a c t  t h a t  15 c a n  s e r v e  a s  an  i n h i b i t o r  of t h e  t r a n s f o r m y l a s e  was demons t ra ted  in *. I n  

t h e s e  e x p e r i m e n t s  t r a n s f o r m y l a s e  a c t i v i t y  was assayed e s s e n t i a l l y  as d e s c r i b e d  b y  Dickerman e t  

a l . l b  Compound 15 was found t o  be an e x c e l l e n t  i n h i b i t o r  (-70% i n h i b i t i o n  o f  t r a n s f o r m y l a s e  a c t i v -  

i t y  a t  a c o n c e n t r a t i o n  o f  M) w h i l e  t h e  r e f e r e n c e  compound Ca l e u c o v o r i n  had an i n h i b i t o r y  

a c t i v i t y  of -50% a t  1 x M. More d e t a i l e d  enzymat ic  s t u d i e s  w i l l  be r e q u i r e d  t o  d e t e r m i n e  t h e  

mode o f  i n h i b l t i o n  b y  compound 15 a n d  w h e t h e r  i t  i s  t r u l y  F u n c t i o n i n g  a s  a t r a n s i t i o n  s t a t e  

i n h i b i t o r .  
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