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ORGANIC PREPARATIONS AND PROCEDURES IN". 9 ( 2 ) ,  57-62 (1977) 

COMPARISON OF SYNTHETIC ROUTES TO Ot-CANALINE 

Tim0 Korpela*, Juhani Lundell and Paavo Pasanen 

Department o f  Chemistry and Biochemistry, 
University of Turku, SF-20500 Turku 50, Finland 

Canaline (a-amino-y-aminooxy butyric acid], a natural 
1,2 product derived from canavanine by the enzyme arginase, 

is a strong inhibitor of many B6-vitamin dependent enzymes. 

A lower homolog o f  canaline, a-amino-8-aminooxy propionic 

acid, has been succesfully used in biospecific chromatography 

of alanins aminotransferase. Since substrates of other B6- 

enzymes resemble canaline they could b e  purified with a g e l  

to which canaline is attached. Although a number of syntheses 

have been synthetic canaline is not commercially 

available. Therefore three different routes of the synthesis 

were tested as shown in Scheme 1 .  

Route 1 .  Acrolein method 

3.4 

0 

Coupling of oximino acetic acid ethyl ester to acrolein 

was unsuccesful in several solvents (methanol, DMSO, OMF and 

pyridinel and at temperatures ranging from -5 to 100' using 

NaOCh3 o r  Et3N as base; acrolein diethyl acetal was equally 

unsuccesful. Possible yields below about 10% were undetect- 

able for in this case the reaction mixture was analyzed 

directly by NMR spectrometry. The acrolein method would have 

certain advantages in a large-scale preparation cf DL-canaline. 

A related way from acrolein to DL-canavanine" should b e  
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KORPELA, LUNDELL AND PASANEN 

e a s i l y  m o d i f i e d  t o  t h e  s y n t h e s i s  o f  O L - c a n a l i n e .  

Rou te  1 R o u t e  2 Rou te  3 

CH2 = CHC HO BrCH CH CHC02CH3 
2 21 

PhCONH 

NHCOPh 
i 

+ 

P hCONHONa 

MeOH 1 
PhCONHOCH CH HC02CH3 

CH C-NOH 

OEt 
3 1  

P h2C=NONa 

2F 
2 2F 

NHCOPh 

Ph2C-NOCH CH HC02H 

MeONa 

NHCOPh 
CH3C-NOCH2CH2CH0 

I 

o'Et Na\ NH4C1 "1 
H2NOCH2CH2FHCOOH 

N H* 
I' 

Scheme 1 

8 
Route  2. L a c t o n e  f i s s i o n  method 

D i f f i c u l t i e s  a l s o  a r o s e  i n  t h e  l a c t o n e  f i s s i o n .  O i s s o l v -  

i n g  an amount o f  sodium e q u i v a l e n t  t o  benzophenone oxirne i n  

N - m e t h y l  p y r r o l i d o n e  t o o k  an u n r e a s o n a b l y  l o n g  t i m e  i f  t h e  

ox ime  was w e l l  d r i e d  o v e r  P205 i n  vacuo. W h i l e  7 5 %  o f  t h e  

sod ium d i s s o l v e d  r e a d i l y ,  t h e  r e m a i n d e r  c o u l d  o n l y  be d i s -  

s o l v e d  b y  a d d i n g  more benzophenone oxime. The r e a c t i o n  tem- 

p e r a t u r e  o f  t h e  l a c t o n e  f i s s i o n  was c r i t i c a l ;  v i g o r o u s  r e f l u x -  

i n g  was r e q u i r e d  so t h a t  t h e  r e a c t i o n  m i x t u r e  t u r n e d  b l a c k ,  

If t h e  r e a c t i o n  m i x t u r e  was b r o w n i s h ,  o n l y  l i t t l e  c a n a l i n e  

was d e t e c t e d .  The maximum y i e l d  o f  c a n a l i n e  o b t a i n e d  was 25% 

a s  measured f r o m  t h e  r e a c t i o n  m i x t u r e .  S i n c e  t h e  s t i c k y  sub- 

s t a n c e  o b t a i n e d  f r o m  t h e  a c i d i f i c a t i o n  o f  t h e  w a t e r  was h a r d  

t o  p u r i f y ,  i t  was h y d r o l y z e d  and t h e  h y d r o l y z a t e  f i l t e r e d  

and evapora ted .  The c r u d e  s o l i d  was p u r i f i e d  by c r y s t a l l i -  
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COMPARISON OF SYNTHETIC ROUTES TO DL-CANALINE 

z a t i o n  f r o m  e t h a n o l  and  a c e t o n e  a s  r e p o r t e d , ’  b u t  was shown 

t o  b e  c a n a l i n e  a c e t o x i m e  by t i t r a t i o n  and NMR s p e c t r a .  H y d r o l -  

y s i s  t o  c a n a l i n e  was a c h i e v e d  by h e a t i n g  w i t h  18% H C 1 .  

R o u t e  3. A l k y l  b romide  method 7 

T h e  aminooxy g r o u p  i s  commonly i n t r o d u c e d  i n t o  a l k y l  

c h a i n s  by a s u b s t i t u t i o n  r e a c t i o n  o f  hydroxamic  a c i d  s a l t  on 

a l k y l  h a l i d e s .  ’ ’ - I 3  The c a n a l i n e  s y n t h e s e s  o f  t h i s  t y p e  

a r e  p r o b a b l y  b e s t  c a r r i e d  o u t  v i a  a - ( b e n z a m i d o l - y - b r o m o  

b u t y r i c  a c i d  es ter . ’  T h e  c o u p l i n g  r e a c t i o n  g a v e  y i e l d s  com- 

p a r a b l e  t o  t h o s e  o f  K n o b l e r  and F r a n k e l , ’  b u t  o n l y  a f t e r  some 

m o d i f i c a t i o n s .  T h e  r e a c t i o n  i n  m e t h a n o l  p r o d u c e d  c a n a l i n e  

i n  50% y i e l d ,  b u t  i n  e t h a n o l  o n l y  30% o f  t h e  t h e o r e t i c a l  

( m e a s u r e d  f r o m  t h e  r e a c t i o n  m i x t u r e ) .  A h i g h e r  r e a c t i o n  tem- 

p e r a t u r e  (63’-67 1 and l o n g e r  t ime  were a l s o  n e c e s s a r y .  

Benzhydroxamic a c i d  g a v e  m u c h  h i g h e r  y i e l d s  t h a n  o x i m i n o  

a c e t i c  a c i d  e t h y l  e s t e r ,  h y d r o x y u r e t h a n e  or benzophenone 

ox ime ,  a l l  o f  w h i c h  g a v e  y i e l d s  below 1 0 % .  When ox imino  a c e -  

t i c  a c i d  e t h y l  e s t e r  was used  a s  t h e  s o l v e n t  t h e  y i e l d  was 

32% ( h y d r o x y u r e t h a n e  g a v e  7% i n  t h e  same w a y ) .  C r y s t a l l i -  

z a t i o n  o f  t h e  i n t e r m e d i a t e  p r o d u c t  f a i l e d ;  o n l y  a m i l k y  sus- 

p e n s i o n  i n  w a t e r  was a c h i e v e d .  

6,7 

0 

C a n a l i n e  s y n t h e s i s  via t h e  a l k y l  b romide  was t h e  mos t  

r e l i a b l e  o f  t h o s e  t e s t e d  i n  t h e  c r i t i c a l  c o u p l i n g  s t e p .  

L a c t o n e  f i s s i o n  and a l k y l  b romide  me thods  g a v e  p u r e  c a n a l i n e  

o n l y  w i t h  h y d r o l y z i n g  t h e  r e a c t i o n  m i x t u r e  f o l l o w e d  by i o n -  

exchange  c h r ~ m a t o g r a p h y ’ ~  or p r e c i p i t a t i n g  c a n a l i n e  a s  i t s  

oxime.  
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KORPELA, LUNDELL AND PASANEN 

EXPERIMENTAL 
T h e  s t a r t i n g  m a t e r i a l s  were p r e p a r e d  a c c o r d i n g  t o  l i t -  

b e n z h y d r o x a m i c  a c i d , 1 7  a -  
e r a t u r e  p r o c e d u r e s :  b e n z o p h e n o n e  ox ime ,  l 5  o x i m i n o  a c e t i c  a c i d  
e t h y l  e s t e r ,  16  h y d r o x y u r e t h a n e ,  
amino-y-butyrolactone-HBr, '' m e t h y l  and  e t h y l  a - b e n z a m i d o -  
y - b r o m o b u t y r a t e .  T h e  o x i m e s  and  h y d r o x a m i c  a c i d s  were 
f r e sh ly  p r e p a r e d  and s t o r e d  a t  -20'. T h e  p u r i t y  o f  t h e  s t a r t -  

i n g  m a t e r i a l s  was c h e c k e d  by N M R  and  I R  s p e c t r a  u s i n g  60  MHz 
P e r k i n - E l m e r  R 1 0  and  P e r k i n - E l m e r  Model 337  s p e c t r o m e t e r s .  
M e l t i n g  and  b o i l i n g  p o i n t s  were a s  r e p o r t e d  i n  t h e  l i t e r a t u r e .  
A l k y l  b r o m i d e  The b i g i n n i n g  o f  t h e  s y n t h e s i s  was 
made a c c o r d i n g  t o  K n o b l e r  and  F r a n k e l . 7  A s e a l e d  f l a s k  wh ich  
was m a g n e t i c a l l y  s t i r r e d  i n  a w a t e r b a t h  was u s e d .  The  r e a c -  
t i o n  t ime was 18 h a t  67'. The  m i x t u r e  was t h e n  c o o l e d ,  

f i l t e r e d  and  e v a p o r a t e d ,  T h e  o i l  was h y d r o l y z e d  by 270  ml 1 8 %  
H C 1  3 h a t  l l O o .  The  h y d r o l y z a t e  was c o o l e d  and  f i l t e r e d  t o  

remove  b e n z o i c  a c i d .  A f t e r  e v a p o r a t i o n  t h e  o i l  was d i s s o l v e d  
i n  a b s .  E t O H  (50 mll. E t 3 N  was a d d e d  d r o p w i s e  u n t i l  b a s i c  
( p H - 8 ) .  T h e  m i x t u r e  was k e p t  o v e r n i g h t  a t  -20' and  t h e  p r e c i -  
p i t a t e  was  c o l l e c t e d .  The  c r u d e  c a n a l i n e  was d i s s o l v e d  i n  h o t  
a c e t o n e ,  A f t e r  c o o l i n g  c a n a l i n e  p r e c i p i t a t e d  a s  a c e t o x i m e .  
The  s o l i d  was h y d r o l y z e d  t o  c a n a l i n e  w i t h  50 m l  1 8 %  H C 1  30 

min a t  l D O o .  A f t e r  e v a p o r a t i o n  c a n a l i n e  was a c h i e v e d  a s  v e r y  
h y g r o s c o p i c  d i h y d r o c l o r i d e .  Y i e l d  2 .1  g 1 2 6 % ) .  Ace tox ime :  
m.p. 2 1 I o .  I R  (cm-']  2100 ,  1 6 2 5  ( -NH3+l ,  1 5 8 5  ( C O O - I ,  1660  
( C - N l ,  1 5 1 5 ,  1 4 2 0 ,  1355,  1 3 3 0 ,  1075 .  NMR (ppm, 6 - u n i t s )  
t r i p l e t s  3 . 8 5 ,  4.2;  q u a r t e t  2 . 2 ;  s i n g l e t  1 . 9  ( m e a s u r e d  i n  
0 2 0 ,  PO 8 . 0 ) .  C a n a l i n e :  D i p o l a r  i o n  m a p .  190-193O ( d e c . 1 .  
I R  [ern-') 2140 ,  1615 ,  1 5 1 0 ,  1 4 2 0 ,  1 3 4 5 ,  1050 .  NMR q u a r t e t  
2 .15 ;  two c o a l e s c i n g  t r i p l e t s  3 . 9 6 ,  3.85, 3 .75 ,  3 .69  (pD 8.01. 

L a c t o n e  f i s s i o n  method. '  The  r e a c t i o n  was made a c c o r d i n g  t o  
G i l o n  e t  a 1 , 8  T h e  m i x t u r e  was r e f l u x e d  a t  220' f o r  4 h ,  t h e n  

c o n c e n t r a t e d  i n  v a c u o  and  p o u r e d  i n t o  water [ 5 0 0  m l l .  U n r e -  
a c t e d  ox ime  was removed and  t h e  s o l u t i o n  was  a g a i n  c o n c e n -  
t r a t e d  in v a c u o .  The  o i l  was d i s s o l v e d  i n  18% H C L  ( 2 0 0  m l l  
and  was k e p t  a t  110' f o r  3 h .  T h e  m i x t u r e  was f i l t e r e d  and  
e v a p o r a t e d  i n  v a c u o .  T h e  p u r i f i c a t i o n  was made a s  m e n t i o n e d  
i n  t h e  a l k y l  b r o m i d e  me thod .  Y i e l d  2 .4  g ( 1 1 . 5 % 1 .  T h e  NMR and  
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COMPARISON OF SYNTHETIC ROUTES TO DL-CANALINE 

IR spectra were consistent for canaline. 
Detection of canaline. Canaline was detected on Whatman no. 1 
paper chromatography using descending elution with butanone: 
propionic acid: water (75:25:301. This solvent system was 
found to be better than those reported earlier.' The papers 
were sprayed with 0.1% ninhydrin plus 4% pyridine in acetone 
and kept at 60' for 30 minutes. The following Rf values and 
colors were obtained: canaline 0.72 (violet), canaline acetox- 
ime 0.65 (violatl, homoserine lactone 0.45 (yellow), homoser- 
ine 0.27 (violet). Spraying with 0.05 M pyridoxal-5'-phosphate 
in 0.5 M phosphate buffer pH 7 gave immediately a white spot 
(Rf=0..19) on yellow background for hydroxylamine. The amino 
acids gave dark yellow spots with this spray. The canaline 
spot also became slowly white. 
Paper electroforesis. Paper electroforesis using 0.1 M sodium 
citrate buffer, pH 3.3 gave the following relative mobilities 
(ninhydrin spray]: arginine 1, homoserine lactone 1.08, 
canaline 0.81, canaline acetoxime 0.45 and homoserine 0.42. 
The time was 4 h (8.5 V/cml. 
Quantitation of canaline. The amount of canaline was measured 
in the following way: the reaction mixtures were evaporated 
in vacuo and then hydrolyzed with 18% HC1 at 110' in sealed 
ampoules f o r  3 hrs. The amount of canaline in the hydrolysate 
reached maximum after 2-3 hrs. and stayed constant for at 
least 2 hrs, This behaviour indicates that the impurities in 
the reaction mixture do not significantly catalyze decompo- 
sition of canaline during the hydrolysis. Appropriate samples 
[containing 30-200 pg of canalinel were taken from the hydrol- 
ysate to be chromatographed as described above. The violet 
spots were cut out and dissolved in 2 ml of methanol and 
absorption at 570 nm was measured. Standards were made in the 
same way from commercial L-canaline (Sigma Chem. Co.1. 

-- 
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