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A NOVEL SYNTHESIS OF ETHANOLAMINE-2-14C 

E. Kol ta i ,  B. Horvdth and D. B h f i  
I n s t i t u t e  f o r  Drug Research 
H-1325 Budapest, P.O.B. 8 2 ,  Hungary 

SUMMARY 

Ethan0lamine-2-’~C w a s  prepared by t h e  reduct ion 
of benzyloxycarbonyl-gly~ine-l-~~C methyl es te r .  The 
reduct ion w a s  c a r r i e d  out with calcium borohydride 
and t h e  pro tec t ing  group was removed by hydrogeno- 
l y s i s .  
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INTRODUCTION 

Ethanolmine l a b e l l e d  with 14C i s  an i m p o r t a n t  s t a r t i n g  materi- 

a l  i n  t h e  synthes is  o f  b io logica l ly  ac t ive  compounds and i s  of ten  

used for int roducing r a d i o a c t i v i t y  i n t o  t h e  molecule. Some methods 

a r e  mentioned for i t s  preparat ion i n  the  l i t e r a t u r e ,  but none i s  

simple and t h e  y i e l d  o f  n e i t e r  synthes is  surpasses 50 %. The prep- 

a r a t i o n  of  l abe l led  e thanolmine  by s p l i t t i n g  t h e  ethylene oxide 

ring’, 293-including t h e  preparat ion of  ethylene oxide- requi res  

very complicated equipment and s k i l f u l  manipulation, while the 

methods using L i A 1 H 4  for t h e  reduct ion o f  g l y c o l o n i t r i l e  

b e n ~ o a t e , ~  e t h y l  ~ y a n o f o r m a t e , ~  g lyc ine  e thyl  e s t e r 6  and N-tr i tyl-  

-glycine e thyl  ester,’  respec t ive ly ,  a re  impracticable,  because of  

t h e  tedious separa t ion  of e thanolmine  f r o m  alumina prec ip i ta tes .  

Our method has some advantages against  the published ones, 1-7 

avoids the d i f f i c u l t i e s  r e f e r r e d  above and c o n s i s t s  o f  very simple 
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s t e p s  ( s e e  Reac t ion  Scheme). G l y ~ i n e - l - ~ ~ C  w a s  prepared by t h e  

known method8 and i t  w a s  i s o l a t e d  i n  t h e  f o r m  o f  benzyloxy- 

c a r b o n y l - g l y ~ i n e - l - ~ ~ C ~  It w a s  e s t e r i f i e d  wi th  diazomethane and 

reduced w i t h  calcium borohydride t o  benzyloxycarbonyl-ethanol- 

amine-2- 14C.* A t  l a s t  t h e  p r o t e c t i n g  group w a s  removed by hydro- 

geno lys i s .  The y i e l d  ca lcu lRted  f o r  K l 4 C N  w a s  58 %. 

This  method i s  not  on ly  s u i t a b l e  f o r  t h e  p r e p a r a t i o n  o f  

e thanolamine,  bu t  f o r  t h a t  of o t h e r  amino-alcohols as wel l .  A case 

i n  poin t  i s  t h e  p r e p e r a t i o n  o f  L - W - n i t r o a r g i n i n o l ,  which has  n o t  

been prepared before .  We r e p o r t  h e r e  i t s  p r e p a r a t i o n  as non-la- 

b e l l e d  product. 

Reac t ion  Scheme 

N-CH2C1 + K14CN - 
+ 

Ph- CH2 -0- CO -NH- CH2 -I4 CO OH - H2N- CH2 -I4 COOH 

I 
f 

Ph-CH2-O-Co-NH-CH2-14COOCH3 - Ph-CH2-O-CO-NH-CH2-14CH20H 
/ 

HO-14CH2-CH2NH2 . HC1 
EXPERIMENTAL 

Mel t ing  p o i n t s  were de t e rn ined  w i t h  a BUCHI-510 Mel t ing  Po in t  

Determinator .  Thin l a y e r  chromatography w a s  c a r r i e d  o u t  on 5x20 

c m  p l a t e s  coa ted  w i t h  S i l i c a  g e l  60 PF254+366 (MERCK),  t h e  s p o t s  

were d e t e c t e d  by a Ber thold  LB 2723 scanne r  and c h l o r i n e - t o l i d i n e  

reagent .  A c t i v i t y  w a s  measured by a Packard Tri-Carb Liquid Scin- 

t i l l a t i o n  Spectrometer .  

Benzylo~ycarbonsl-alycine-l-~~C 
14 K CN (695.0 m g ,  10,53 m o l e s ,  7.474 GBq) w a s  d i s s o l v e d  i n  

Benzyloxy~arbonyl-ethanolamine-2-~~C w a s  prepared  by t h e  reac- 
t i o n  of  ethanolamine-2-14C w i t h  benzyloxycarbonyl  ch lo r ide ,9  
The r e d u c t i o n  of g l y c i n e  e t h y l  e s t e r  by calcium borohydride 
seems t o  be a ver e f f i c i e n t  metho b u t  t h e  i s o l a t i o n  o f  
e thmolamine  i s  ayso very  d i f f i c u l t :  SO we found more advanta- 
geous t o  use  o f  t h e  benzyloxycarbonyl  p r o t e c t i n g  groupo 
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methanol (20 ml) and a s o l u t i o n  of  chloromethyl-phthalimide 

(2,340 g ,  12.0 mmoles) i n  warm dioxane ( 5  ml) w a s  added, The mix- 

t u r e  w a s  s t i r r e d  f o r  one hour at room tempera ture  and w a s  r e f l u x e d  

f o r  one hour  more. A f t e r  coo l ing  t h e  p r e c i p i t a t e  w a s  f i l t e r e d  off, 

washed wi th  methanol (2x5 ml) and t h e  f i l t r a t e  w a s  evapora ted  i n  

a r o t a r y  evaporator .  The r e s i d u e  w a s  d i s so lved  i n  a mixtxre  o f  

a c e t i c  ac id  ( 1 6  ml), water ( 1 6  m l )  and conc. H C 1  (16 m l )  and re- 

f l u x e d  f o r  18 hours. Then it  w a s  cooled t o  O°C and phthnl  c ac id  

w a s  f i l t e r e d  o f f ,  washed w i t h  co ld  wa te r  (2x5 ml) and t h e  f i l -  

t r a t e  w a s  evaporated.  The r e s i d u e  w a s  d i s so lved  i n  water 20 m l ) ,  

t r e a t e d  w i t h  cha rcoa l  and 8 N NaOH (12 m l )  w a s  added. The so lu-  

t i o n  was concent ra ted  t o  about h a l f  volume ( t o  expel  ammonia) and 

benzyloxycarbonyl c h l o r i d e  ( 4  m l ,  about 25 mmoles) w a s  added at  

O°C, The mixture  w a s  s t i r r e d  f o r  one hour  at  O°C,  then  f o r  18 

hours  at room t empera ture  and d u r i n g  t h i s  time t h e  pH o f  t h e  m i x -  

t u r e  w a s  maintained above 10 by adding 8 N NaOH, Then t h e  mixture  

w a s  e x t r a c t e d  w i t h  e t h y l  e t h e r  (20 m l ) ,  s a t u r a t e d  wi th  N a C 1 ,  w a s  

cooled  t o  O°C and a c i d i f i e d  t o  pH 1 w i t h  conc. HC1.  The mixture  

w a s  e x t r a c t e d  w i t h  e t h y l  a c e t a t e  (4x20 ml), t h e  e x t r a c t s  were 

washed w i t h  25 % NaCl (30 m l ) ,  d r i e d  ove r  Na2S04 and t h e  so lven t  

w a s  evaporated. The r e s i d u e  w a s  l 0 5 6 4  g (7.48 mmoles) of benzyl- 

oxy~arbonyl-glycine-l-~~C. M. p. : 1 1 3 - 5 O C  ( L i t  8 :  1 1 5 - 7 O C  1. The 

m a t e r i a l  showed only  one s p o t  on a TLC p l a t e  (chloroform-metanol- 

- a c e t i c  ac id  95:5:3; Rf = 0.4). T o t a l  a c t i v i t y :  5.331 GBq (71.3 % 

c a l c u l a t e d  f o r  K 1 4 C N ) .  

N - B e n ~ g l o x y c a r b 0 n g l - e t h a n o l ~ ~ i n e - 2 - ~ ~ C  

1.564 g of  benzyloxy~arbonyl-glycine-l-~~C (7.1 mmoles, 5.331 

GBq)  were d i s s o l v e d  i n  e t h y l  a c e t a t e  (20 ml) and  diazornethane i n  

e t h y l  e t h e r  was added un t i l  gas e v o l u t i o n  w a s  f i n i s h e d  and t h e  so-  

l u t i o n  remained ye l low f o r  10 minutes ,  Then t h e  s o l v e n t  w a s  evapo- 

r a t e d ,  t h e  r e s i d u e  ( c o l o u r l e s s  o i l )  w a s  d i s s o l v e d  i n  e thano l  (40 

m l )  and CaC12.2H20 ( 3 0 0  g )  w a s  added, When t h e  s o l u t i o n  became 

c l e a r ,  l e 5  g of  NaBH4 (about  40 m o l e s )  were added i n  s m a l l  por -  



10 E .  Kol ta i ,  B .  Horvdtk and D. B&fi 

t i o n s  f o r  30 minutes a t  room temperature. The mixture w a s  s t i r r e d  

f o r  an addi t iona l  hour, t h e  solvent w a s  evaporated, the  residue 

was suspended with water (40 m l )  and the  mixture w8.s ac idf ied  t o  

pH 1 with conco HC1. It was ex t rac ted  with chloroform (3x25 m l ) ,  

3 t h e  combined e x t r a c t s  were washed with water (20 ml), 5 % NaHCO 

(2x20 m l )  and 25 % NaCl (20 m l ) ,  successively,  d r ied  over Na2S04 

and t h e  solvent  w a s  evaporated, 1.358 g of benzyloxycarbonyl- 

-ethan01amine-2-’~C (6.96 m o l e s )  were obtained. The mater ia l  

proved t o  be pure by TLC (benzene-ethyl ace ta te  1:4; Rf = 0.3)e 

Total  a c t i v i t y :  4.762 GBq (89 % I .  

Ethanol a~nine-2-’~C hydro chlor ide 

Benzyloxycarb0nyl-ethanolamine-2-~~C (1.358 g, 6.96 m o l e s ,  

40762 GBq)  w a s  d issolved i n  ethanol,  0,5 m l  of a c e t i c  acid and 

0.2 g of palladium-charcoal c a t a l y s t  were added and the mixture 

w a s  s t i r r e d  f o r  3 hours i n  hydrogen stream. The c a t a l y s t  w a s  f i l -  

t e r e d  o f f ,  t h e  f i l t r a t e  was a c i d i f i e d  with H C 1  i n  ethanol and the  

solvent  was evaporated, The res idue  (a brownish s o l i d )  w a s  d r ied  

i n  a vacum d e s i c c a t o r  over KOH and P205 and r e c r y s t a l l i z e d  from 

ethanol-ethyl ether.  563 mg of ethan0lamine-2-~~C.HCl were ob- 

ta ined  as white c r y s t a l s ,  Total  a c t i v i t y :  4.300 GBq. Yield: 90 %. 

M.p,: 77-81’C. The mater ia l  showed one spot  on TLC p l a t e  (butanol 

- a c e t i c  acid-water 4 : l : l ;  Rf = 0,2). 

Benzgloqycarbonyl-L-W -ni t roarRininol  

Benzyloxycarbonyl-L-w -n i t roarg in ine  methyl ester (3.68 g ,  10 

m o l e s )  and CaC12,2H20 (6.0 g )  were dissolved i n  ethanol (150 ml). 

After  10 minutes’ s t i r r i n g  a c l e a r  s o l u t i o n  w a s  obtained, then 

NaBH4 (2,2 g )  w a s  added i n  small port ions f o r  30 minutes and t h e  

mixture w a s  s t i r r e d  f o r  an addi t iona l  hour a t  room temperature. 

Ethanol w a s  evaporated, t h e  residue w a s  a g i t a t e d  with a mixture 

o f  water (30 ml) and a c e t i c  acid ( 3  m l ) ,  then t h e  undissolved 

m a t e r i a l  w a s  f i l t e r e d  off and washed with water (2x5 ml). After  

drying i n  a vacuum des icca tor ,  2,45-2.75 g of mater ia l  (75-81 $1 



A Novel Synthesis  of Ethnn~lamine-Z-~~C 11 

were ohte ined ,  The m t c r i a l  prove3 t o  b e  pu re  by TLC ( e t h y l  

a c e t z t e ;  Rf = 0 . 2 ) ,  bu t  conta ined  some i n o r g a n i c s ,  from which i t  

cen be l i b e r n t e d  by r e c r y s t a l l i z a t i o n  from isopropanol ,  M.p.: 

138-9'C. [ OC. I D  = 13.94' ( c  = 1; methanol) .  Analys is :  Found C 

49.32 %, H 6.26 %, N 20.54 %. Celc. C 49.55 %, H 6.24 %, N 20.64%. 

L- w - n i t r o a r g i n i r i o l  hydrobromide 

Benzyloxycarbonyl-I,- W - n i t r o a r g i n i n 0 1  (850 mg) w a s  d i s so lved  

i n  4 N HBr  i n  a c e t i c  ac id  (5 m l )  and i t  w a s  kept  at room tempera- 

t u r e  f o r  an hour. Then abs. e t h y l  e t h e r  w a s  added (20 m l ) ,  t h e  

s o l v e n t  was decanted  and t h e  p r e c i p i t a t e d  gum w a s  t r i t u r a t e d  w i t h  

a f u r t h e r  p o r t i o n  o f  e t h y l  e t h e r  (20 m l )  and w a s  d r i e d  i n  a vacu- 

um d e s i c c a t o r .  The gum s lowly  s o l i d i f i e d .  630 mg of  L - W - n i t r o -  

8rgininol.HBr were obta ined  (92 $1. M.P.: 152-4OC. The m a t e r i a l  

w a s  very  hygroscopic  and seemed t o  be pure by TLC ( e t h y l  acetate- 

-e thanol  1:l; Rf = 0.3). 
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