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SYNTHESIS OF D-PHEElYLALA.NIh~-PROLYL-ARGI~INE ALDEIIYDE LABXLLED 

111 THE GUAKCDINO GROUP 
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S W , r n Y  

or-tert-Butyloxycarbonyl-w-benzyloxycarbonyl- 
- [guar~ido-~~C] arginine was prepared by react ing 
9c-tert-butyloxycarbonyl-ornithine with 11-benzyloxy- 
carbonyl-S-methyl- [14C] isothiourea,  and it  NQS trans- 
f omed t o  D-phenylalaninyl-prolyl- [ g u a n i d ~ - ~ ~ C ]  arginine 
aldehyde , v ia  w -benzyloxycarbonyl- [ g ~ a n i d o - ~ ~ C ]  - 
arginine lactam. 

Key !Yard : d - B O C -  w-Cbe- [g~anido-'~C] arginine 

IIJTRODUCTION 

I n  a preceeding paper (1) we reported on the synthesis  of a 

new anticoagulant,  D-phenylalaninyl-prolyl-arginine aldehyde 

(GYKI-14166)X labe l led  i n  the phenylalanine group. In order 

t o  complete the pharmacokinetic and metabolism s tudies ,  

l abe l l i ng  of another s i t e  of the molecule m a  required. Hereby 

we report  on the synthesis  of GYKI-14166 labe l led  i n  the 

guanidino group of arginine. T h i s  synthesis  proved t o  be more 

advantageous as compared t o  the e a r l i e r  one, avoiding the 

loss& of resolution. 

Although there have been several  methods for l abe l l i ng  

Unless otherwise s t a t e d  amino acids  should be considered 
to be L enantiomera. 
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arg in ine  i n  the guanidino group (2-4), s t r a n g e l y  enough, there  i s  

no method f o r  l a b e l l i n g  protected a rg in ine  d e r i v a t i v e s  useable i n  

pepti.de syntheses. As oc-tert-butyloxycarbonyl-O-bensyloxy- 

carbonyl-arginine (2) - was required f o r  the synthes is  of GYKI-14166 

on our patented route  (51, t h i s  key intermediate  was prepared by 
14  r e a c t i n g  IT-benzyloxycarbonyl-S-me thyl-  [ C] i ao th iourea  (2) - with 

tert-butyloxycarbonyl-ornithine (2). - This one-pot method for 

preparing 2 - was s u p e r i o r  t o  the  o ther  one (when S-methyl-iso- 

th iourea  was reac ted  with 1_ - and the  tert-butyloxycarbonyl-arginine 

obtained was benzyloxycarbonylated) and the y i e l d  vms somewhat 

higher ,  too. 

[l4C] Thiourea was prepared from barium [I4C] carbonate v i a  
5 barium[ 14  C] cyanamide in a y i e l d  of 89.7,; as described e a r l i e r  

(6,7).  It w a ~  then methylated with dimethyl s u l f a t e ,  and the 

r e s u l t e d  S-methyl- [I4C] isothiuronium s u l f a t e  - without pur i f ica-  

t i o n  - was reac ted  with N-benzyloxycarbonyloxy-succinimidex t o  

give 2. Formation of the product was monitored by TLC and i t  was 

reacted i n  s i t u  with 2 - t o  give 2, - which was transformed t o  

ol-tert-butyloxycarbonyl-O-benzyloxycarbonyl arg in ine  loctam (41, - 
followed by conversion i n t o  GYKI-14166 as described i n  the 

previous paper (1). The radiochemical y i e l d  was 12.7,; based on 

- 

Ba 1 4  coy 

EXPERRJZXTAL 

Thin l a y e r  chromatography was c a r r i e d  out  on s i l i c a  g e l  60 F254 

(KFJiCK). The s p o t s  were loca ted  by ch lor ine- to l id ine  spray  reagent 

and quant i f ied by a Berthold TLC scanner. Radioac t iv i ty  was 

measured i n  a Packard Tri-Carb 2660 l i q u i d  s c i n t i l l a t i o n  spectro- 

meter. 

p"C1 Thiourea 

[14C]'Phiourea (460 mg; 6.04 m o l e s ;  12.61 GBq) w a s  prepared 

It was prepared according t o  Frankel e t  al. (8). 
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from Ba C03 (1.3737 g; 6.656 moles5  14.06 GBq) by a known method 

(6,7) i n  5. radiochemical y i e l d  of 89.7% P u r i t y  was checked by TLC 

( e t h y l  a c e t a t e  - pyridine - a c e t i c  a c i d  - water 30:20:6:11; 

14  

Rf 0.5). 

oc- tert-But yl oxscarbonyl- w-benzyloxycarbonyl- rmanido-l4C] 

arginine (2 )  

S-Xethyl- ["C] i s o t h i o u r e a  was prepared according t o  Ol iver io  

e t  al. ( 9 )  and used without p u r i f i c a t i o n .  460 mg (6.04 m o l e s ;  

12.61 GBq) of [14C]thiourea, 0.28 ml of Prater and 0.416 mg (3.3 

m o l e s )  of  dirnethyl s u l f a t e  were s t i r red  at 13OoC f o r  30 minutes, 

then - a f t e r  cool ing - the  product was dissolved i n  a mixture of 

water (15 r a l )  and ethanol  (15 m l ) .  To t h e s o l u t i o n ,  1.4 ml (10 

m o l e s )  01 t r i e t h y l a n i n e  and 1.7 g (6.5 moles) of l-benzyloxy- 

carbonyloxysuccinimide (8 ) were added and s t i r r i n g  was continued 

a t  room temperature f o r  20 minutes. The r e a c t i o n  was monitored by 

TLC ( e t h y l  a c e t a t e  - benzene 1:l; Rf 0.6) and, i f  i t  w a s  

necessmy,  an a d d i t i o n a l  por t ion  of  N-benzyloxycarbonyloxy- 

succinimide was added. '7hen the  r e a c t i o n  was completed 2.32 8 

(1C m o l e s )  of  1_ - and another  1.4 ml (10 m o l e s )  of t r ie thylamine 

were added t o  the mixture,  i t  w a s  re f luxed  f o r  1.5 hours and the  

ethanol  was removed by evaporation. The res idue  was a c i d i f i e d  

175th a c e t i c  a c i d  ( 3 0  1x1) end a f t e r  the a d d i t i o n  of 20 m l  o f  e t h y l  

a c e t a t e  the mixture was s t i r r e d  f o r  1 5  minutes. Then the  l a y e r s  

were separated,  the aqueous phase was e x t r a c t e d  with e t h y l  a c e t a t e  

(2x20 nl) and the combined e x t r a c t s  were washed w i t h  water  (4x40 

ml) and 25,; NaJ1 (2x40 m l ) ,  successively.  The or&anic phase w a s  

d r i e d  over lJa2S04 and evaporated. The res idue  c r y s t a l l i z e d  on 

treatment w i t h  e ther .  Yield: 1.66 g (4.1 m o l e s ;  8.49 GBq) of 2 - 

(68.6). The material showed only one s p o t  by TLC ( e t h y l  acetate - 
pyridine - a c e t i c  a c i d  - water 60:20:6:11; Rf 0.5). 
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oL-tert-Butsloxycarbonsl-W-benzslomcarbonyl- rmanid0-’~:1 arginine 

lactam (4) 

To a so lu t ion  of 2 - (1.66 g; 4.1 m o l e s ;  8.49 GBq) i n  anhydrouE 

tetrahydrofuran (15 m l )  t r iethylamine (0.6 m l ;  4.1 m o l e s )  and, 

a f t e r  cooling t o  -lO°C, isobutyl  chloroformate (0.53 m l ;  4.1 

m o l e s )  were added. The mixture was s t i r r e d  f o r  15 minutes and 

tr iethylamine (0.6 ml; 4.1 moles) was added again, then s t i r r i n g  

was continued a t  -lO°C f o r  10 minutes, a t  O°C f o r  one hour and 

for an addi t ional  hour a t  room temperature. Thereafter 75 ml of 

i c e  water was poured t o  the mixture and this was s t i r r e d  f o r  20 

minutes. The precipi ta ted c rys t a l s  were f i l t e r e d  off and washed 

with i c e  water (2x15 ml), dissolved i n  CHC13 (50 nl) and a f t e r  

shaking with i ce  water (30 ml), the  organic so lu t ion  was sepamted 

and dr ied over C a C 1 2  with stirring f o r  45 minutes. The mixture was 

cleared mith s i l i c a  g e l  and f i l t e r ed .  After evaporation the 

residue was t r i t u r a t e d  with petroleum e the r  t o  produce c r y s t a l s  

of 4. - Yield: 1.157 g,  (745). T o t a l  a c t i v i t y :  5.00 GBq. The 

mater ia l  showed only one spot  by TLC (e thyl  ace ta te  - pyridine - 
ace t i c  acid - water 60:20:6:11; Rf 0.8). 

Benzyloxycarbonyl-D-phenylalaninyl-prolyl- r ~ ~ i a O o 1 4 c 1  arginine- 

(o -benzyloqcarbonyl) l a c  tam ( 6  - 
~~- ~ ~ 

To a suspension of 4 - (1.157 g; 2.96 m o l e s ;  5.00 GBq) i n  CHZ13 

( 2  ml), 6 ml of e thyl  ace t a t e  containing 0.35 g HC1 per ml were 

added3 the mixture was s t i r r e d  a t  room temperature f o r  3 hours, 

then d i lu t ed  with anhydrous e the r  (30 ml). IPhe prec ip i ta ted  

c rys t a l s  of [ g ~ a n i d o - ~ ~ C ]  arginine lactam HC1 ( 3 )  - were col lected 

and dr ied i n  a desiccator  over P205x. 

~ 

5 - was not purif ied;  i ts pur i ty  was estimated t o  be about 90,: by 
TLC (e thyl  ace ta te  - pyridine - ace t i c  ac id  - water 60:20:6:11; 
Rf 0.2) 
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To a s o l u t i o n  of Cbz-D-Phe-Pro-OH (1.96 g; 3.3 m o l e s )  i n  di-  

methylformmide (5 ml) 11-methylmorpholine (0.37 m l ;  3.3 m o l e s )  

and i sobuty l  ch lorofomate  (0.44 ml; 3.3 moles) were added at 

-15OC and s t i r r e d  f o r  10 minutes. Thereaf te r  a s o l u t i o n  of 5 i n  

dimethylfornamide (5  ml) and t r ie thylamine (1.4 ml; 10 m o l e s )  

were added, s t i r r i n g  was continued a t  -15OC f o r  one hour and at 

O°C f o r  an a d d i t i o n a l  hour, then the mixture was processed as 

described i n  a previous paper (1). The.cn.de 6 - (1.79 g; 4.83 GBq; 

963) was p u r i f i e d  by chromatography ( s i l i c a  g e l  6C; i k r c k j  70-230 

mesh; benzene - te t rahydrofuran 8 : 2 )  yie ld ing  1.596 g (2.38 

m o l e s ;  4.52 GBq) of  6 - as a w h i t e  powder, which proved t o  be 

homogenous by TLC ( e t h y l  a c e t a t e  - pyridine - a c e t i c  a c i d  - 
water 960:20:6:11; Rf 0.8). 

Cbz-D-Phe-Pro- [ g ~ a n i d o - ~ ~ C ]  A r g (  Cbz) aldehyde (2 

- 

5 

The reduct ion with L i l l H 4  vms c a r r i e d  out  as described i n  the  

preceeding paper (1); 1.296 g (1.93 m o l e s )  of 7 - vms obtained as 

a white powder. Yield was 813. The material analysed by TLC showed 

one spot  with a t a i l  ( e t h y l  a c e t a t e  - pyridine - a c e t i c  a c i d  - 
water 120:20:6:11; Rf 0.4). 

H-D-Phe-Pro- rmmido-14~1 bp-11 s u l f a t e  (GYIJ-14166 

Deprotection was performed by c a t a l y t i c  hydrogenation as descr i -  

bed e a r l i e r  (1); 553 mg (1.1 m o l e s )  of  GYKI-14166 vms obtained 

as a voluminous white s o l i d  (57,;). The product was i d e n t i c a l  with 

the i n a c t i v e  samples by TLC ( e t h y l  a c e t a t e  - pyridine - a c e t i c  

a c i d  - water 30:20:6:111 Rf 0.5) and by b i o l o g i c a l  a c t i v i t y  

(130,;). The o v e r a l l  radiochernical y i e l d  vras 12.7,; ca lcu la ted  

r e l a t i v e  t o  Bal4GO3. Tota l  a c t i v i t y :  1.78 GBq. 
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