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Abstract - The opine known as cucumopine 1 produced by crown g a l l  tumours and h a i r y -  

r o o t  exh ib i t ed  chemical and spectroscopic data corresponding t o  4-(2-carboxyethy1)- 

4,5,6,7-tetrahydroimidazo~4,5-clpyridine-4,6-dicarboxylic acid.  The i d e n t i f i c a t i o n  

was v e r i f i e d  by a b iogenet ic  type synthesis from L - h i s t i d i n e  and o -ke tog lu ta r i c  acid.  

The pathogenic s o i l  bac te r i a  Aqrobacterium turnefaciens and Agrobacterium rhirogenes induce, 

respect ive ly ,  crown g a l l  tumours and ha i r y - roo t  i n  dicotyledonous p lants ,  and d i v e r t  p l an t  

1 metabolism towards the synthesis o f  s p e c i f i c  compounds c a l l e d  opines . Pathogenic determinants 

i n  Agrobacterium are located on closed c i r c u l a r  DNA molecules, the  T i  (A. tumefaciens) and the 

Ri (A. rhizogenes) plasmids. When a p l a n t  c e l l  i s  infected, a segment o f  plasmid c a l l e d  T-DNA 

( t ransfer red DNA), i s  i n teg ra ted  i n  the  p l a n t  c e l l  genome. I n  p l a n t  c e l l s  T-DNA codes fo r  the 

biosynthesis o f  opines which the pathogen can u t i l i z e  as spec i f i c  growth substrates.  

2 Cucumopine 1 and an acid-rearrangement product 2 were i s o l a t e d  from grapevine crown g a l l  

tumours caused spontaneously by Agrobacterium tumefaciens, and from c a r r o t  ha i r y - roo t  cu l t u res  

induced by Agrobacterium rhizogenes. Pu r i f i ed  cucumopine 1 ( f i gu re  I) was obtained as an 

amorphous powder, [01i2 -33" ( c  = 0.37, H 2 0 )  I t s  molecular formula CllHI3N3O6 (microanalysis)  

was confirmed by fab mass spectroscopy MH+ 284. The uv spectrum ( H p )  showed a band a t  218 nm, 

i n d i c a t i n g  an unsaturated chromophore w i thout  extended conjugat ion.  The ir spectrum exh ib i t ed  



bands a t  3500-3300 cm-l (broad) and 1620 cm-' (sharp), c h a r a c t e r i s t i c  o f  carboxy l ic  ac id  group 

absorptions. This s t r u c t u r a l  f ea tu re  i s  a t t es ted  t o  by the  presence o f  th ree carboxy l ic  reso- 

nances i n  the nmr spectrum, a t  177.7. 172.3 and 170.3 ppm ( t a b l e  1). The f i r s t  r esu l t s  

suggested t h a t  cucumopine had a b i c y c l i c  s t ruc tu re  w i t h  two double bonds and th ree  carboxy l ic  

ac id  funct ions.  Chemical evidence f o r  the l a t t e r  f u n c t i o n a l i t i e s  was provided by the formation 

o f  an amorphous t r ime thy l  es ter  d e r i v a t i v e  4 [diazomethanel ether] ,  [ m 1 i 2  -50' ( c  = 0.71, 

1 1 CHC13), ir : 1710 cm- . The 400 MHz H nmr spectrum o f  i n  CDC13 showed the s i n g l e t  s igna l  o f  

a deshielded proton a t  7.65 ppm, suggesting the presence of an imidazole r i ng .  The absence o f  

o the r  o l e f i n i c  resonances i s  i n  agreement w i t h  an imidazole group subs t i t u ted  a t  C-4 and C-5. 

This proposal i s  corroborated by the  presence i n  the  nmr spectrum o f  an o l e f i n i c  methine' 

carbon resonance a t  135.1 ppm and two quaternary o l e f i n i c  carbon resonances a t  129.1 and 127.7 

ppm. We reasoned t h a t  a na tu ra l  product conta in ing an imidazole r i n g  system and a t h i r d  

n i t rogen atom, w i thout  having fur ther  unsaturat ion,  might be der ived from h i s t i d i n e .  Indeed 

careful ana lys is  o f  the  'H nmr spectrum o f  the  t r i e s t e r  revealed s igna ls  o f  an ABX system. 

th ree doublets o f  doublets a t  3.91, 2.96 and 2.76 ppm i n  the  a l i p h a t i c  p a r t  o f  the spectrum. 

The downf ie ld double doublet  a t  3.91 ppm was assigned t o  C-6H o f  h i s t i d i n e ,  i t s  downfield 

pos i t i on  being a consequence o f  i t s  a -d i spos i t i on  t o  the carboxy l ic  group and the presence o f  

the adjacent n i t rogen atom. The two o ther  double doublets showing geminal coup l ing  ( J  = 16.0 

Hz) and a v i c i n a l  coupl ing w i t h  C-6H (J  = 11.0 and 4.5 Hz), were assigned t o  C-7H. The values 

of the coupl ing constants proved t h a t  the  carboxy l ic  ac id  a t  C-6 was i n  an equator ia l  pos i t i on .  

The 13c nmr spectrum revealed the presence of one quaternary carbon, appearing a t  61.9 ppm and 

two methylene carbons, a t  28.6 and 32.2 ppm. These three resonances were a t t r i b u t e d  t o  C-4, C-8 

and C-9 respect ive ly .  

Figure I 
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The second substance 2 ( f i gu re  I), i s o l a t e d  as a wh i te  amorphous powder, -4g0 (c = 1.0, 

H20), from grapevine crown g a l l  tumours, turned ou t  t o  be an a r te fac t  which had been formed 

from cucumopine 1 dur ing the ac id  ex t rac t i on .  The c lose r e l a t i o n s h i p  between the two compounds 

was es tab l ished by tne  formation o f  2 from 1 when t h e  l a t t e r  was heated i n  aqueous ac id  

2 t so lu t i on  f o r  30 min. . The fab mass spectrum of 2 had a molecular i on  peak MH 266 which 

corresponded t o  CMH' - 181 fo r  the  compound 1. The i n f ra red  s p e c t r m  of 2 showed a strong 

carbonyl absorpt ion a t  1670 cm-I a t t r i b u t e d  t o  a v-lactam funct ion.  The 13c nmr spectrum showed 

the presence o f  th ree carbonyl resonances. Two of them, a t  174.1 and 171.8 ppm, are a t t r i b u -  

t a b l e  t o  carboxy l ic  acids, s ince the treatment of 2 w i t h  diazomethane r e s u l t s  i n  the format ion 

of a d ies ter .  The t h i r d  carbonyl, a t  178.7 ppm, was a t t r i b u t e d  t o  a lactam carbon ( t ab le  I). 

Table I : 13c Nmr chemical s h i f t  values ( 8  ppm) f o r  compounds 1, 2 and ( i n  D20) and fo r  

methyl es ters  !, 5 and 6 ( i n  CDC13). 

Carbon 1 - 2 - 3 - 4 - 5 - 6 - 

-- 

a, b and 5 : the assignments may be interchanged i n  any v e r t i c a l  column. 

F ina l l y ,  the s t ruc tu res  of 1 and 2 have been proved by synthesis. We based our s t ra tegy  on the 

P ic te t -Speng ler  react ion ,  which has been performed w i t h  f ~ r m a l d e h y d e ~ ' ~ ,  and 



ketones7". We extended i t s  a p p l i c a t i o n  t o  t he  condensation of  L - h i s t i d i n e  w i t h  u - ke tog lu ta r i c  

ac id  i n  aqueous s o l u t i o n  a t  pH 12.5 (LiOH), which afforded 1 (40 %) as wh i te  c r ys ta l s ,  mp 

205-210PC decomp. (50% aq. EtOH) and 3 (36 %) (Scheme I). Synthet ic  and na tu ra l  cucumopines 

exh ib i t ed  i d e n t i c a l  spec t ra l  p rope r t i es  ( o p t i c a l  r o t a t i o n ,  ms, ir, uv, nmr) 

1 - 2 

( I  ) Reagent : LiOH (pH 12,5 ), 50°C, '24 h. 

Scheme I 

Compound 3 was i s o l a t e d  as a  wh i te  c r y s t a l l i n e  so l i d ,  mp 285-290°C decomp. (50% aq. EtOH), 

[di2 +27' ( c  = 1.16, H 2 0 )  The molecular  formula C11H11N305 (microanalysis)  was confirmed by 
t 

mass spectrometry (MH 266). The i n f r a r e d  spectrum showed absorp t ion  bands a t  3300-3200 (-N-H, 

-0-H ac id ) ,  1710 (C = 0 ac id)  and 1670 (C = 0  lactam) cm-I. The 13c nmr spectrum ( t a b l e  I )  of 

t he  methyl es te r  d e r i v a t i v e  5 showed the  presence of two methoxy groups and one carbonyl group. 

1 The coup l ing  constant  (J  = 8.0 Hz) shown i n  H  nmr spectrum i nd i ca ted  an equa to r i a l  p o s i t i o n  

f o r  C-6H. Assuming t h a t  no i nve rs i on  has occurred a t  C-6, compound 3 i s  thus the  C-4 epimer of 

compound 2 and ar ises  on account o f  the  format ion of a  new asymmetric cent re  dur ing  the  

c y c l i s a t i o n  reac t ion .  

I n  order t o  conf i rm the  r e l a t i v e  stereochemistry of 5 and 5,  NOE experiments were c a r r i e d  out. 

The absence of enhancement o f  the  C4H, C-8H and C-9H resonances of 5 suggested t h a t  t he  two 

carboxy l ic  groups i n  C-6 and C-4 have a  trans o r i en ta t i on ,  as i nd i ca ted  on f i g u r e  11. 

1 A de ta i l ed  examination o f  the  H  nmr spectrum o f  5 revealed a  downf ie ld  s h i f t  of t he  C-6H (4.6 

ppm fo r  5 and 5.38 ppm fo r  €4, due t o  t he  an i so t rop i c  e f fec t  of t he  lactam carbonyl ,  i n  

agreement w i t h  a  & o r i e n t a t i o n  f o r  the  two carboxy l ic  groups. The i sane r i c  lactams 2 and 3 

e x h i b i t  somewhat d i f f e ren t  e l ec t ropho re t i c  m o b i l i t i e s  a t  pH 1.7 (Mo.g.= -0.34 f o r  2 and M0.g. = 

-0.51 fo r  3 ; M.E. Tate, unpublished r e s u l t ) .  This observat ion i s  cons is ten t  w i t h  the  proposed 

conf igurat ions s ince a t  t h i s  pH the  di f ference i n  m o b i l i t y  i s  determined mainly on the  ex ten t  

of i o n i z a t i o n  of t he  4-carboxylate group, which i n  t u r n  i s  inf luenced by i t s  p r o x i m i t y  t o  the  

p o s i t i v e l y  charged imidazole moiety. 
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Figure U 

From these r e s u l t s ,  we propose t h e  abso lu te  s te reochemis t ry  dep ic ted  i n  f i p u r e  I fo r  2 and 5, 
and t he re fo re  f o r  cucumopine 1. 
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EXPERIMENTAL 

I n f r a red  spec t ra  ( i r )  were recorded on an In f racord  Perkin-Elmer spectrophotometer. U l t r a v i o l e t  

spec t ra  (uv) were r u n  e i t h e r  i n  H20 o r  EtOH s o l u t i o n  on a  Bausch and Lomb spec t ron ic  505 

spectrophotometer. 'H Nuclear magnetic resonance (nmr) spec t ra  were recorded i n  D20 (HDO a: an 

i n t e r n a l  standard, 6 = 4.65 ppm) f o r  a c i d  compounds, i n  CDC1, f o r  e s t e r  compounds (TMS as an 

i n t e r n a l  standard, 6 = 0  ppm), on a  BrUker WP-400 (400 MHz) instrument.  13c Nmr spec t ra  were 

recorded i n  D20 f o r  a c i d  compounds, i n  CDC13 f o r  e s t e r  compounds, on a  BrDker WP-200 (50.33 

MHz) instrument.  Fab-mass spectrometry (ms) was performed on a  Kra tos  80RF spectrometer ; the  

m a t r i x  was g l yce ro l .  

I s o l a t i o n  o f  t h e  n a t u r a l  products : E x t r a c t i o n  from d r y  grapevine crown g a l l  tumours (2) gave 

119 mg of cucumopine 1, and 963 mg of  compound 1. The compounds e x h i b i t e d  t h e  f o l l ow ing  

c h a r a c t e r i s t i c s  : 



Cucumopine 1 : amorphous ; uv (H20) Amaxnm ( l o g  E )  218(3.77) ; c a l f  -33' ( c  = 0.37, H20) ; ir 

1 (nu jo l )  3500-3300, 1620, 1560, 1460, 1380 cm-I ; fab-ms : MH' 284 ; H nmr (D20) 6 ppm : 

2.2-2.6 (4H, m, H-8 and H-9). 2.87 ( lH, dd, J = 17.0 and 12.0 Hz, H-7). 3.21 ( lH, dd, J = 17.0 
. .. 

and 5.0 Hz, H-7). 4.04 ( lH, dd, J = 12.0 and 5.0 Hz, H-6). 8.58 (IH, s, H-2) ; "C nmr, see 

t a b l e  I. 
.,q 

Compound P : amorphous, uv (H20) Amaxnm ( l o g  c )  216(3.72) ; [db' -49" (c = 1.0. H20) ; ir 

+ (nu jo l )  3600-3000, 1670, 1580, 1455, 1375 cm" ; fab-ms : MH 266 ; 'H nmr (020) 6 ppm 2.1-2.44 

(4H, m, H-8 and H-9). 2.73 (IH, dd, J = 16.5 and 5.0 Hz, H-7). 2.9 (IH, dd, J = 16.5 and 11.0 

Hz, H-71, 4.26 ( lH, dd, J = 11.0 and 5.0 Hz, H-6). 8.41 ( lH, s, H-2) ; nmr, see t a b l e  I 

Preparat ion of methyl es te r  4 : Natural  cucumopine 1 i n  mix ture  w i t h  2 (40 mg) i n  CH30H 

s o l u t i o n  (3 ml) was e s t e r i f i e d  w i t h  a so lu t i on  of diazomethanelether (10 ml)  f o r  one hour. The 

reac t i on  mix ture  was then concentrated in t o  g i ve  a crude product (46  mg) which was 
+ p u r i f i e d  on s i l i c a  gel  TLC t o  y i e l d  t r i e s t e r  Q (16 mg) : amorphous ; ms mlz : M 325 ; uv 

(EtOH) Amaxnm ( l o g  c )  207(3.85). 215(3.80) ; [ a l f  -50' ( c  = 0.71, CHC13) ; i r  (neat) 1710. 

1620, 1560, 1460, 1380 cm-l ; 'H nmr ( C D C T ~ )  6 ppm 2.0-2.56 (4H, m, H-8 and H-9). 2.76 (IH, dd, 

J = 16.0 and 11.0 HZ, H-7). 2.96 (IH, dd, J = 16.0 and 4.5 HZ, H-7). 3.63, 3.76 and 3.83 

(3-OMe, 3s). 3.91 ( lH, dd, J = 11.0 and 4.5 Hz, H-6). 7.65 (lH, s, H-2) ; 13c nmr, see t a b l e  I. 

Preparat ion of methyl es te r  5 : Compound 2 (881119) i n  CH30H so lu t i on  (7  ml )  was e s t e r i f i e d  w i t h  

a so lu t i on  of diazomethanetether (20 ml )  f o r  one hour. The reac t i on  mix ture  was then 

concentrated in t o  g i v e  a crude product (100 mg), which was p u r i f i e d  on s i l i c a  gel  TLC t o  
+ 

y i e l d  d ies te r  5 (67 mg) : amorphous ; ms mlz : M 293 ; uv (EtOH) hmaxnm ( l o g  6 )  ZlO(3.85) ; 

[di2 -112' ( c  = 1.06, CHC13), ir (neat) 1740, 1670, 1590, 1440, 1265, 1230 cm-' ; ,'H nmr 

(CDC13) 6 ppm 2.16-2.68 (4H, m, H-8 and H-9). 2.88 (IH, dd, J = 16.0 and 5.0 Hz, H-7) ; 3.26 

(lH, dd, J = 16.0 and 11.5 Hz, H-7). 3.81 and 3.85 (2-OMe, 2s). 4.60 (lH, dd, J = 11.5 and 5.0 

Hz, H-6). 7.65 ( lH, s, H-2) ; 13c nmr, see t a b l e  I. 

Synthesis o f  cucumopine 1, and compound 3 : L - h i s t i d i n e  (1.552 g, 0.01M) was added t u  

a -ke tog lu ta r i c  ac id  (2.992 g, 0.02M) i n  water (10 ml ) ,  then the mix ture  was t rea ted  w i t h  LiOH 

(2.22 g, 0.05M). The so lu t i on  (pH 12.5) was heated a t  50°C dur ing  24 h. A f t e r  t h i s ,  the  

so lu t i on  was a c i d i f i e d  t o  pH 2.5 w i t h  concentrated HCl. Ethanol (25 ml )  was added and the 

so lu t i on  was l e f t  a t  4'C dur ing  th ree days t o  f a c i l i t a t e  c r y s t a l l i s a t i o n  o f  the product 1 as 

whi te  c r ys ta l s .  Rec rys ta l l i sa t i on  from water-EtOH 50 % y i e l ded  3.38 g (40 %) o f  1. The aqueous 
+ 

s o l u t i o n  was then percolated over a Dowex 50-X8 (H form) column (250 ml), c a t i o n i c  species 
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were desorbed w i t h  1N NH40H, and the e luent  concentrated. The s o l u t i o n  was adjusted t o  pH 3 

w i t h  concentrated HCl and d i l u t e d  w i t h  one volume of EtOH. Product 3 p rec ip i t a ted  as wh i te  

c r ys ta l s ,  2.84 g (36 1).  

Cucumopine 1 was i d e n t i c a l  w i t h  t h e  na tu ra l  product ( ~ o l ~ ~ ,  uv, ir, ms, nmr) mp 205-210°C 

decomp. Elemental ana lys is  of Cl1Hl3N3O6. 1H20 : found C : 43.69 1,  H : 4.80 %, N : 13.50 % ' 

ca lc  C : 43.85 %, H : 4.31 %, N : 13.95 %. 

Compound 3 : +27' (c = 1.16, H20) ; mp 285-290°C decomp. uv (H20) Amaxm (101 E) D 
218(3.98) ; ir ( n u j o l )  3300-3200, 1710, 1670, 1580, 1460, 1380, 1350, 1220 cm-' ; fab-ms : MH 

t 

1 266 ; H nmr (D20) 6 ppm 2.03 (IH, d t ,  J = 13.0 and 10.0 Hz, H-9), 2.35 (lH, dd, J = 16.0 and 

10.0 Hz, H-8). 2.48 ( lH, dd, J = 13.0 and 10.0 Hz, H-9), 2.73 (lH, d t ,  J = 16.0 and 10.0 Hz, 

H-8). 2.83 (lH, dd, J = 16.0 and 5.0 Hz, H-7). 3.03 ( lH, d, J = 16.0 Hz, H-7). 5.06 ( lH, d, J = 

5.0 Hz, H-6). 8.42 (IH, s, H-2) ; 13c nmr, see t a b l e  I ; elemental ana lys is  of Cl1HI1N3O5 : 

found C : 49.03 %, H : 4.23 %, N : 15.18 %, ca l c  C : 49.81 %, H : 4.18 %, N : 15.85 %. 

Preparat ion o f  methyl es te r  6 : Compound 3 (120 mg) i n  CH30H s o l u t i o n  ( I h i l )  was e s t e r i f i e d  

w i t h  a so lu t i on  of diazomethanelether (30 ml)  f o r  one hour. The reac t i on  mix ture  was then 

concentrated in t o  g i ve  a crude product (144 mg), which was p u r i f i e d  on s i l i c a  gel  TLC t o  

22 
y i e l d  d ies te r  6_ (61 mg) : amorphous ; uv (EtOH) j,,,nm ( l o g  8 )  216(3.89), 206(3.91) ; Calo 

1 +63" (c = 1.07, CHC13) ; ms mlz N+ 293 ; H nmr (CDC13) 6 ppm 2.10 (IH, d t ,  J = 12.0 and 9.0 

Hz, H-9). 2.46 (IH, dd, J = 17.0 and 9.0 Hz, H-8), 2.77 (1H. dd, J = 12.0 and 9.0 Hz, H-9). 

2.93 ( lH, d t ,  J = 17.0 and 9.0 Hz, H-8), 2.97 (IH, dd, J = 16.0 and 8.0 Hz, H-7). 3.27 (1H, d, 

J = 16.0 Hz, H-7). 3.62 and 3.73 (2-OMe, 2s), 5.38 (IH, d, J = 8.0 Hz, H-6). 7.53 (IH, s, 

H-2) ; nmr, see t a b l e  I .  
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