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Abstract - The synthesis of nicotianamine (1) and a re la ted  compound (2) 
- amino ac id  der iva t ives  having the azet id ine  r i n g  - was achieved by 

reduct ive coupling of L-aspart ic-5-semialdehyde der iva t ives  w i th  L-azet id ine- 

2-carboxyl ic ac id  methyl ester. 

Nicotianamine (1) i s  a unique amino ac id  containing the azet id ine-2-carboxyl ic ac id  moiety, 

f i r s t  i so la ted  from the leaves of Nicot iana -.'' I t s  s t ruc ture  was elucidated as 2(S), 

3'(S),3"(S)-N-[N-(3-amino-3-carboxypropyl)-3-amino-3-carboxypropyl]-azetidine-2-carboxylic ac id  

by spectral  analysis and by the chemical transformation from L - a l e t i d i n e - 2 - c a r b o x y l i c  ac id  (AZC) 

( ) . 2  Nicotianamine (L) has a lso  been found i n  many species o f  Solanaceae and some other 

plants.)) I n  sp i t e  of the wide d i s t r i bu t i on ,  the b io log i ca l  s ign i f i cance of t h i s  compound i s  

s t i l l  uncertain. 

On the other hand, several amino ac id  der iva t ives  re la ted  t o  nicotianamine (?) such as 

mugineic ac id  (2)4*5) and avenic ac id  A (i)6) have been i so la ted  from the excreta o f  the roots of 

oats cu l tu red under i r o n  def ic ien t  condi t ions.  These ac id i c  amino acids possess an i r o n  che la t ing  

a c t i v i t y  and p lay  a r o l e  i n  i r o n  uptake and t r a n ~ p o r t . ~ )  During the course o f  our attempts t o  

i s o l a t e  such che la t ing  amino ac id  der iva t ives ,  avenic ac id  B (5)  was i so la ted  from the roo t  ex t rac t  

coo- 

HO H2 H2 



of Rvena sat iva.  I n  our l a s t  paper,8) we described the synthesis o f  t h i s  compound a reduct ive 

coupling of L-malic semi-aldehyde der iva t ive  6- wi th  L-homoserine lactone L by using Na8H3CN, a 

se lec t ive  reducing agent. It i s  thought t h a t  other che la t ing  amino acids and re la ted  compounds, 

i n  which two o r  three molecules are connected through a C-N bond,can be synthesized as o p t i c a l l y  

ac t ive  forms by the same method. I n  the present comnunication, we describe the synthesis o f  

nicotianamine (1) and A2C dimer (2 ) .  2(S),3'(5)-~-(3-amino-3-carboxypropyl)-azetidi'ne-2-carboxylic 
ac id  i so la ted  from the seeds of s i l v a t i c a  L, along w i th  nicotianamine (1). 2) 

The synthesis o f  .?-was achieved through reduct ive coupling o f  L-aspartic-0-semialdehyde de- 

r i v a t i v e  ]ga t o  AZC methyl es ter  ]4 by using NaBH3CN a f t e r  deprotection and, i n  the case of i t w o  

moles of aldehydes ( g b  and g c )  were combined stepwise w i t h  14.9) Since L-aspartic-@-semialdehyde 

i s  a important biogenet ic precursor o f  L-hornoserine and L-methionine, t h i s  compound might be a 

u n i t  i n  the biosynthesis of nicotianamine (1).  i r o n  che la t ing  amino acids and other C-4 amino ac id  

der ivat ives.  The r e q u i s i t e  aldehydes g a - c  were synthesized i n  a f a i r  y i e l d  from L -a l l y l g l yc ine  

according t o  the method o f  ~euberger")  w i t h  a modification. Treatment o f  L -a l l y l g l yc ine  8- wi th  

carbobenzoxy chlor ide,  fo l lowed by e s t e r i f i c a t i o n  w i th  a) diazomethane b)  Meewein reagent and c) 

isobutylene gave corresponding es ters  1 ia-c .  Osmium te t raox ide ox idat ion  o f  the esters l i a - c  

afforded d io l s  1Ja-c, which were oxidized w i th  sodium metaperiodate y i e l d i n g  corresponding aldehydes 

p c :  E d D  +29.9O, t19.7" and t15.1" (CHC13), respect ively.  The signals due t o  the aldehyde 

Protons were observed a t  9.68-9.73 ppm i n  the pmr spectra o f  the aldehydes K a - c .  

a) M2N2 
coo- -- O H  

b)  

H ,5, - 
8 C) < / H ~ S O ~  - 2 90% I j a :  Rl=Me 

(Z=COOCH~C,H~) 81% 2 b :  R , = E ~  

85% l$: R1=t8u 

NaI04 COORl 3 H o ~ N H ,  O H C X  
70-85% NHZ 

(two steps) 

z a - c  12a-c 
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I n  preference t o  the synthesis,  an au thent ic  sample o f  n icot ianamine (9 was i s o l a t e d  from 

young leaves of Lycium ~ h i n e n c e . ~ )  The spec t ra l  data of i s o l a t e d  i (mp 243D(decom.), ["ID -48.0" 

(c-0.2, H20)) were shown t o  be i d e n t i c a l  w i t h  those i n  the  l i t e r a t u r e .  Reaction o f  the 

aldehyde E a  and AZC methylester  14 w i t h  NaBHjCN a t  pH 6.0 a f fo rded z a  i n  a 62% y i e l d :  [ale -60.5" 

(cs0.5, CHC13); ms, m/e 364.1658 ( ca l c ' d  f o r  Cl8HZ4N2O6. 364.1635); ir (CHC13) 1720, 1495, 1225, 

1045 cm-'; pmr (CDC13) 6 7.33 (5H, s,  -C&),  6.47 ( lH,  d, 5-8, -NH), 5.12 (2H, s,  OC3-C6H5). 

4.38 ( lH ,  m, C H), 3.69, 3.72 (each 3H, s, -OCH3), 3.60 ( lH ,  t, 5=8, C ( 2 ) g ,  3.39 ( lH,  m, C(Q 
(3')-  

Ha), 2.80 ( I H ,  m, C Hb), 2.4-2.9 (2H, m, C(1,)3) ,  2.1-2.4 (2H, m, C(3)$), 1.6-2.0 (2H, m ,  - (4)- 

H ) .  In the case o f  1_2b and 1_4, G b  was obtained i n  a 68% y i e l d :  [do -78.0' (c=0.1, C H C ~ ~ ) .  
C(2.)-2 

Deprotect ion of 12a: 1. H2/10% pa l lad ium carbon, 2. 1% methanol ic  potassium hydroxide, fol lowed 

by chromatographic p u r i f i c a t i o n  on a Dowex 50W column afforded the compound L: [do -81.8" (c= 

0.06, H 0 ) .  The paper chromatography Rf value, [dD and the  pmr spectrum of the  synthetic specimen 
2 

o f  2 were shown t o  be i d e n t i c a l  w i t h  those o f  the  na tu ra l  one i n  the  l i t e r a t u r e .  2) 

COOMe 

I%KOH - - 
HC1 NH2.HCI 78% 

(two steps) 

- I 

Na8H3CN 

E a  + '2 pH6.0 
56% NHZ 



Reaction of the  aldehyde 12a w i t h  lAa, the  decarbobenzoxylat ion p roduc t  o f  1_5a i n  the  presence o f  

NaBH3CN a t  pH 6.0 gave a lactam 1_7: [ a I D  -45.3" (c=0.2, CHC13), i n  a 56% y i e l d .  The expected 

was ob ta ined  by r e d u c t i v e  condensation o f  the  aldehyde c c  t o  E b  i n  a 75% y i e l d :  [ a l D  -35.4' ( c =  

0.1, CHC13); ms, m/e 535.2909 ( c a l c ' d  f o r  C27H41N308, 535.2893); i r  (CHC13) 1720, 1500, 1367, 

1230, 1150 cm-l; pmr (CDC13) 6 7.32 (5H, s, -C6%), 6.19 ( IH ,  d, J=8, - N i l ,  5.08 (2H, s ,  0 -CS-  

C6H5), 4.15 (ZH, q, 5.7, 0-CH+CH3), 4.2-4.3 ( lH,  m, C(3..,H), 3.66 (3H, s, -OCli3), 3.2-3.7 (3H, 

ms C(2)H, C(39)H, C(4)Ha), 2.0-2.9 (7H, m ,  C(4)Hb, C(l,)%, C(l,,)$, CO)H+), 1.25 (3H, t, J=7, 

-CH2CH3). 1.45 (9H, s, -C(CH3)3), 1.5-2.0 (4H, m, C(2.)H+, C(2,,)H+). Depro tec t ion  of 9: 1. 

H2/10% pa l lad ium carbon, 2. t r i f l u o r o a c e t i c  ac id,  3. 1% potassium hydroxide,  fo l lowed by chroma- 

tog raph ic  p u r i f i c a t i o n  on a Dowex SOW column fu rn ished  the  compound 1: mp 247" (decom.). [ a j D  

-45.8" (c=0.1, H 2 0 )  The specimen of s y n t h e t i c  1 was shown t o  be i d e n t i c a l  w i t h  n a t u r a l  

n i co t ianamine  i n  a l l  respects i n c l u d i n g  the  paper chromatography Rf value, Rt  on HPLC and pmr 

spectrum. Fur ther  t h e  synthet ic :  showed no m e l t i n g  p o i n t  depression i n  the  mixed mp t e s t  w i t h  

natural nicot ianamine.  

AS mentioned above, the  o p t i c a l l y  a c t i v e  n ico t ianamine  (i) and AX ddimer (9 were synthesized 

by r e d u c t i v e  coup l ing  o f  A2C methyl  e s t e r  12  and aspart ic-6-semialdehyde d e r i v a t i v e s  l L a - c  and, 

the syn thes is  of the  c h e l a t i n g  amino a c i d  d e r i v a t i v e s  and r e l a t e d  compounds by t h e  same method i s  

now under i n v e s t i g a t i o n .  
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