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N-ALKYLATION OF AMINO ACIDS DURING HYDROGENDLYTIC DEPROTECTION 
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Summary: Pa r t i a l  N-a lky la t ion  of amino acids was observed during hydroge- 

n o l y t i c  deprotect ion.  

Partial N-methylation of threonine during catalytic hydrogenation of 

methanol-acetic acid solutions of Fmoc-(Gal a or fl)Thr-Lys(Z)-Pro-Arg 

(NOz)-OBzl has been demonstrated by proton n.m.r, and FAB mass spectro- 

scopy (I), N-AIkylation of o-amino acids by reaction with aldehydes 

followed by catalytic hydrogenation (2) and conversion of primary and se- 

condary alcohols to aldehydes or ketones in the presence of palladium 

catalyst (3) were previously described. Hydrogenolytic deprotection in 

methanol, or in methanol-containing solutions, is widely used in peptide 

synthesis. I t  i s  thus surprising that, to our knowledge, this side 

reaction has not been described to date. 

To evaluate the e f fec t  of d i f f e r e n t  parameters on th i s  side react ion 

simple model compounds were hydrogenated, in various condi t ions,  in 

methanol-acetic acid (1:1 v /v } .  Proton n.m.r, spectra at 200 MHz of the 

hydrogenation products were recorded, at d e f i n i t e  times, at 298 ° K on a 

Bruker WP 200 SY spectrometer. Concentration of the samples was in the 

range 1.3-2% in D20 (99.?%), chemical sh i f t s  (6) are expressed r e l a t i v e  

to HOD set at 4.8 ppm in D20. Proton assignments were determined by 

se lec t i ve  homo-spin decoupling. The amount of N-a lky la t ion  was calculated 

e i t he r  from the r a t i o  of the signals of N-CH 3 and y-CH 3 or the r a t i o  of 

the a-protons of threonine and i t s  N-methylated de r i va t i ve .  Though the 

r e p r o d u c i b i l i t y  of the experiments proved low, the resul ts  obtained 

showed that ne i ther  the type of ca ta lys t  (Pd black or Pd/C), nor the 

presence of oxygen s i g n i f i c a n t l y  inf luence the N-methylation extent which 

depends on the hydrogenation time and is reduced, or even e l iminated,  by 

add i t ion  of water. Ca ta ly t i c  hydrogenation of Fmoc-Thr-OH, or Z-Thr-OH, 

(48 h hydrogenation time, 10% Pd/C 160 mg, substrate concentrat ion 20 

7 4 6 3  



7464 

~-CH 

t 

L i "  
e 

i z 

~ ' C H  

e X 
I 

~-CH 

L 

z 
i 

y u 

4 3 4 3 

F i g . l . - 1 H  n . m . r . s p e c t r a  of  h y d r o g e n a t e d  Fmoc-Thr-OH i n :  a) m e t h a n o l - a c e -  

t i c  a c i d ,  and b) e t h a n o l - a c e t i c  a c i d .  

mmol) y i e l d e d  20-40% of  N - m e t h y l a t e d  t h r e o n i n e .  A c o n s i s t e n t  amount of  

N , N - d i m e t h y l - t h r e o n i n e  was a l s o  formed ( F i g .  l a ) .  When me thano l  was r e -  

p l a c e d  w i t h  e t h a n o l  N - e t h y l a t i o n  o c c u r r e d  t o  a s i m i l a r  e x t e n t  ( F i g .  l b )  

bu t  d i e t h y l a t i o n  was never  o b s e r v e d .  

H y d r o g e n a t i o n  of  H-Thr-OH gave l e s s  than 10% of  the  N -me thy l  d e r i v a -  

t i v e .  A d d i t i o n  o f  2 mmol 9 - m e t h y l - f l u o r e n e ,  t o l u e n e ,  or  even f l u o r e n e ,  t o  

the  t h c e o n i n e  s o l u t i o n  b e f o r e  c a t a l y t i c  h y d r o g e n a t i o n ,  rose the  m e t h y l a -  

t i o n  e x t e n t  to  20-25% and N , N - d i m e t h y l - t h r e o n i n e  was a l s o  f o rmed .  

Comparab le  r e s u l t s  were o b t a i n e d  by c a t a l y t i c  h y d r o g e n a t i o n  o f  H-Ala-OH. 

A p a r t i a l  N e - a l k y l a t i o n  a l s o  o c c u r r e d  d u r i n g  c a t a l y t i c  h y d r o g e n a t i o n  of  

Boc-Lys-ON and Ac-Lys-OH. The f a c t  t h a t  N - m e t h y l a t i o n  d u r i n g  h y d r o -  

g e n o l y t i c  d e p r o t e c t i o n  s t e p s  in  p e p t i d e  s y n t h e s i s  has not  been p r e v i o u s l y  

d e s c r i b e d ,  c o u l d  be due to  the  f a s t  remova l  of  the  N - p r o t e c t i n g  g r o u p ( s )  

n o r m a l l y  o c c u r r i n g  in  a t i m e  s h o r t e r  than t h a t  needed f o r  a s i g n i f i c a n t  

o c c u r r e n c e  of  the  s i d e  r e a c t i o n .  Moreover  the  s o l v e n t s  used o f t e n  c o n t a i n  

some wa te r  and 1H n . m . r ,  s p e c t r o s c o p y  i s  no t  r o u t i n e l y  u t i l i z e d  in  the  

c h a r a c t e r i z a t i o n  of  s y n t h e t i c  p e p t i d e s .  
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