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CARBON-1 3 NUCLEAR N4GNETIC RESONANCE SPECTRUM OF COLCHICINE 

KEY WORDS: Carbon-13 NtlR, s i n g l e  frequency o f f - resonance decoupled 

(SFORD) , chemi ca l  s h i  ft, assignments, t r o p o l  one, 

t ropo lone  methyl  e t h e r  and c o l c h i c i n e .  

S. P. Singh, S. S. Parmar, V. I .  Stenberg and S. A. Farnum 

Departments o f  Phys io logy  and Chemistry 
U n i v e r i s t y  o f  Nor th  Dakota 

Grand Forks,  N ,  D. 58202 USA 

ABSTRACT: 13C NMR chemical s h i f t s  o f  t ropo lone,  t ropo lone  methyl  

e t h e r  and c o l c h i c i n e  a r e  repor ted .  The va r ious  carbon 

resonances have been assigned on  t h e  b a s i s  o f  s u b s t i t u e n t  

e f f e c t s  on benzene s h i f t s ,  i n t e n s i t i e s ,  m u l t i p l i c i t i e s  

generated i n  SFORD spec t ra  and t h e  comparison w i t h  s t r u c t u r -  

a l l y  r e l a t e d  compounds l i k e  t ropo lone  and t ropo lone  methy l  

e t h e r .  

INTRODUCTION 

Co lch i c ine  2 i s  an a l k a l o i d  o f  Colchicum autumnale. Von Stb'rck 

i n  1763 i n t roduced  c o l c h i c u r a  i n  the  t rea tment  o f  acu te  gout .  Col-  

c h i c i n e  i s  a s e l e c t i v e  an t i - i n f l ammato ry  agent i n  t h e  t rea tment  o f  

acu te  gouty a r t h r i t i s .  The s t r u c t u r e  and s te reochemis t ry  o f  c o l c h i -  

c i n e  a re  w e l l  charac ter ized ' " ,  b u t  t h e r e  a r e  no r e p o r t s  i n  t h e  
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1002 SINGH ET AL. 

1 i terature about the assignments o f  the carbon resonances o f  colchicine. 

As a p a r t  o f  our  continuing ef for t s  t o  assign the 13C NMR spectra o f  

therapeutic  agent^^-^, b o t h  synthetic and natural, we now wish t o  re- 

p o r t  the complete assignments of the various carbon resonances o f  

colchicine. 

NMR spectra of  tropolone b and tropolone methyl ether ,?, as model com- 

pounds i n  support of  the assignments o f  13C NMR spectrum of colchicine. 

The 13C HMR spectra o f  2,  z and 2 were obtained i n  C D C 1 3  as an 

internal lock and solvent and  tetramethylsilane as a reference. In 

each case a proton noise decoupled and single frequency off-resonance 

decoupled (SFORD) spectra were recorded. 

13C NMR spectra were assigned on the basis o f  13C NMF? chemical s h i f t  

theory, the multiplicit ies generated in the SFORD spectra, the inten- 

s i t i e s  of the signals and  the comparison with structurally related 

compounds. 

In the present investigation we have also assigned I 3 C  

The signals obtained from 

I z 

2 + 
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CARBON-13 NMR SPECTRUM OF COLCHICINE 1003 

Resu l ts  and D iscuss ion  

Tropolone .1, 

The 13C ElFlR chemical s h i f t s  o f  t ropo lone  a r e  recorded i n  Table 1 

and i l l u s t r a t e d  i n  F igu re  I .  As i s  e v i d e n t  f r o m  F igu re  I ,  t h e r e  a re  

fou r  s i g n a l s  which account f o r  a l l  t h e  seven carbon resonances o f  1. 
The s i n g l e t  which occu r  a t  t h e  f a r t h e s t  d o w n f i e l d  (171.8 ppm) i s  as- 

s igned t o  C-1 and C-7 on the  bas i s  o f  t he  chemical s h i f t  t heo ry  f o r  

t h e  carbon o f  carbony l  group . The s i g n a l  e x h i b i t e d  by C - l  and C-7 

a re  a t  t h e  same p lace  due t o  the  keto-enol  tautomerism. The t h r e e  

6 

Table I 

Carbon-13 NMR Chemical S h i f t s  o f  Tropolonea 

l . l u l t i p l i c i t y c  Chemical S h i f t  b Assignments 

cl, c-7 

c-3, c-5 

c-4 

C-2, C-6 

171.8 

137.5 

128.2 

123.9 

aChemical s h i f t s  a r e  expressed i n  ppm r e l a t i v e  t o  te t ramethy l -  

s i l a n e .  

bNumbering o f  carbons i s  shown i n  t h e  s t r u c t u r e  1. 

'Signal m u l t i p l i c i t y  ob ta ined  f r o m  SFORD; s = s i n g l e t ,  d = 

'L 

doub le t .  
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1004 SINGH ET AL. 

C 

c-I, C-7  

---I--- 171.8 I3 

:-5 I 

I 1: 

.2.C-6 

1.9 CDCI, 

.- 
Figure  1 .  The p r o t o n  no ise  decoupled "C NMR spectrum o f  t ropo lone .  

doub le ts  centered  a t  137.5, 128.2 and 123.9 ppm have been ass igned t o  

t h e  carbon resonances o f  C-2, C-3, C-4, C-5 and C-6. Since a d i r e c t l y  

bonded-OH group t o  t h e  benzene nucleus produces an u p f i e l d  s h i f t  

t h e  o r d e r  o f  o r t h o  > pa ra  > meta > ipso ,  t h e  s i g n a l  a t  137.5 ppm i s  

ass igned t o  C-3 and C-5, s i g n a l  a t  128.2 ppm t o  C-4 and s i g n a l  a t  123.9 

t o  C-2 and C-6. 

6 i n  

i r opo lone  methyl  e t h e r  5 
The 13C HMR chemical  s h i f t s  o f  ,? ob ta ined  from i t s  13C NMR spec- 

The s i x  separa te  s i g n a l s  i n  t rum ( F i g u r e  2 )  a r e  recorded i n  Tab le  2 .  
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1006 SINGH ET AL. 

Table 2 

Carbon-13 NMR Chemical S h i f t s  o f  Tropolone Methyl  E thera  

Mu 1 ti p l  i c i  ty Chemical S h i f t  b Assignments 

c- 7 

c- 1 

c-3, c-5 

C-6 

c- 4 

c- 2 

C-8 

180.3 

165.4 

136.7 

132.9 

127.8 

112.6 

56.2 

a’cSee f o o t n o t e  i n  Table I 

bNumbering o f  carbons i s  shown i n  t h e  s t r u c t u r e  2,. 

t h e  r e g i o n  o f  112 t o  181 ppm, r e l a t i v e  t o  t e t r a m e t h y l s i l a n e ,  rep resen t -  

ed  t h e  seven carbon resonances o f  t ropo lone  r i n g .  The s i g n a l  a t  56.2 

ppm wh ich  i s  a q u a r t e t  i n  SFORD spectrum i s  due t o  t h e  C-8 carbon re -  

sonance o f  t h e  methoxy group. 
6 a re  assigned t o  C-7 and C-1 on t h e  bas i s  o f  chemical  s h i f t  t heo ry  . 

By comparing t h e  e f f e c t  o f  t h e  methoxy group on t h e  t ropo lone  r i n g  

w i t h  i t s  i n f l u e n c e  on t h e  benzene nucleus t h e  doub le ts  centered  a t  

The two s i n g l e t s  a t  180.3 and 165.4 ppm 
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CARBON-13 NMFi SPECTRUM OF COLCHICINE 1007 

112.6, 127.8 and  132.9 ppm a r e  assigned t o  C - 2 ,  C-4 and C-6, respec- 

t i v e l y .  The signal a t  136.7 pprn represents t w o  near equivalent carbons 

a t  C-3 and  C-5. 

Colchicine 2 
The chemical s h i f t s  of various carbon resonances of ,$ are  recorded 

in Table 3. 

There a r e  fourteen separate  s ignals  a t  lower f i e l d  which account f o r  

the aromatic carbons and the carbons o f  the carbonyl groups. The re-  

maining e ight  carbon resonances a re  represented by seven s igna ls  which 

have been observed a t  higher f i e l d s  (Table 3 ) .  

The two s i n g l e t s  f a r t h e s t  downfield, 179.6 a n d  170.3 pprn, a re  readi ly  

assigned t o  C-7 a n d  C-17, respect ively,  by comparing the chemical 

s h i f t s  of the carbonyl carbons of 2 and t6. 
t o  a benzene nucleus causes lower f i e l d  s h i f t s  of 31.4 and 1 . 0  ppm a t  

the ips0 and meta carbons, respect ively,  r e l a t i v e  t o  the benzene C 

signal and upfield s h i f t s  o f  14.4 and 7.7 ppm for the o r t h o  and para  

carbons, respect ively.6 Since C-11 has o r t h o ,  meta and para methoxy 

groups, the doublet centered a t  107.5 ppm may be best  assigned t o  i t .  

The o ther  three doublets centered a t  135.8, 130.5 and  113.2 pprn a re  

a t t r i b u t e d  t o  the carbon resonances of C-3, C-6 and C - 2 ,  respect ively,  

by comparing the chemical s h i f t s  of  $. 

ppni have been assigned t o  C-1 and C-5, respect ively,  by comparing the  

chemical s h i f t s  o f  corresponding carbons of $. 
served f o r  C-5 i s  a t  s l i g h t l y  lowerfield compared t o  C-3 due t o  the 8 

e f f e c t  of nitrogen.6 

on the chemical s h i f t s  of benzene6, the s i n g l e t s  a t  153.6, 152.9 and 

The 13C PlMR spectrum of 2 i s  i l l u s t r a t e d  in Figure 3. 

The methoxy group attached 

13 

The s i n g l e t s  a t  164.1 and  137.2 

The chemical s h i f t  ob- 

By considering the influence of the methoxy group 
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Table 3 

Carbon-13 NMR Chemical S h i f t s  o f  Colchicinea 

Mu1 t i p l i c i t y '  Chemical S h i f t  b Assignments 

c-7 S 179.6 

C-17 

c- 1 

c-12 

C-14 

C-15 

c-4 

c-5 

c- 3 

C-13 

C-6 

C-16 

c- 2 

5 

d 

170.3 

164.1 

153.6 

152.9 

151.1 

141.6 

137.2 

135.8 

134.5 

130.5 

125.7 

113.2 

c-11 d 107.5 

c-20 9 61.3 

c-19, c-21 9 56.4 

c-22 rl 56.1 

C-8 d 52.9 

c-10 t 36.2 

c- 9 t 30.0 

C-18 9 22.6 

aycSee footnote i n  Table I .  
bNumbering o f  carbons i s  shown i n  the s t r u c t u r e  2. 
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1010 SINGH ET AL. 

134.5 ppm a r e  b e s t  assigned t o  C-12, C-14 and C-13, r e s p e c t i v e l y ,  

though the  assignments o f  C-12 and C-14 may be reversed. 

The l i n k a g e  between C-4 o f  t r opo lone  r i n g  and C-16 o f  benzene 

r i n g  a re  analogous t o  t h a t  o f  t he  b ipheny l .  

meta and para  e f f e c t s  o f  methoxy y o u p s  on C-16 and comparing t h e  

chemical s h i f t s  o f  cor respond ing  carbons o f  4- iodo b ipheny l  2’. t h e  

s i n g l e t s  a t  125.7 and 141.6 ppm a r e  assigned t o  C-16 and C-4, respec- 

t i v e l y .  

w e l l  as t h e  a, 5 

down f ie ld  s h i f t  i n  comparison t o  y carbon wh ich  induces a s l i g h t  up- 

f i e l d  s h i f t .  

a t t r i b u t e d  t o  t h e  carbon resonance o f  C-15. 

Cons ider ing  t h e  o r tho ,  

The C-15 carbon i s  under i n f l u e n c e  o f  t h e  methoxy groups as 

and y carbons where a and 6 carbons produce a l a r g e  

On t h i s  bas is ,  t h e  remain ing  s i n g l e t  a t  151.1 ppm i s  

139.8 

-1 

0 
It 

CH3-NH - C - C H 3  

171.6 4 5 d 140.4 z 
As i s  e v i d e n t  f rom Tab le  3, t h e  f o u r  q u a r t e t s  i n  t h e  13C NMR 

spectrum of 2 a r e  due t o  t h e  f o u r  methoxy groups and t h e  C-18 methyl  

group. 

t o  C-18 and comparable w i th  a ~ e t a n i l i d e . ~  The q u a r t e t  a t  56.1 ppm i s  

assigned t o  C-22 by comparing w i t h  a. The resonance o f  C-20 w i l l  be 

6 observed a t  l o w e r f i e l d  as compared t o  the  C-19 and C-21 resonances. 

Thus t h e  q u a r t e t  cen te red  a t  61.3 ppm i s  assigned t o  C-20 w h i l e  C-19 

and C-21 resonances a r e  represented  a t  56.4 ppm. 

a t tached  t o  n i t r o g e n  wh ich  produces a l a r g e  d o w n f i e l d  s h i f t , 6  thus  

t h e  d o u b l e t  cen te red  a t  52.9 ppm i s  assigned t o  C-8. 

The q u a r t e t  t h a t  is f a r t h e s t  u p f i e l d ,  22.6 ppm, i s  assigned 

The C-8 i s  d i r e c t l y  

By comparing t h e  
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1011 CARBON-13 NMR SPECTRUM OF COLCHICINE 

chemical  s h i f t s  o f  indane ,6,7 t h e  t r i p l e t  cen tered  a t  36.2 and 30.0 

ppm have been assigned t o  C-10 and C-9, r e s p e c t i v e l y .  

Exper imental  
6 z 

The 13C NMR spec t ra  o f  t rop lone ,  t r o p l o n e  methyl  e t h e r  and 

c h i c i n e  were ob ta ined  on a JEOL FX 60 spectrometer ope ra t i ng  a t  

c o l -  

15.03 

KHz. 

30% w/v) as s o l v e n t  and i n t e r n a l  l o c k  and t e t r a m e t h y l s i l a n e  as re fe rence .  

The spectrometer s e t t i n g  du r ing  exper iment was as f o l l o w i n g :  

w i d t h  4KHZ, pu lse  w i d t h  18 p sec (go" ) ,  r e p e t i t i o n  r a t e  2.5 sec. and 

da ta  p o i n t s  4K. 

The saniples were run  i n  10 mn tubes u s i n g  CDC13 ( c o n c e n t r a t i o n  

spec t ra  

Tropolone and c o l c h i c i n e  were purchased from A l d r i c h  chemical Co. 

Milwaukee, Wisconsin.  The t ropo lone  methyl  e t h e r  was prepared i n  ou r  

l a b o r a t o r y 8  by m i x i n g  e t h e r i a l  s o l u t i o n  of  t r opo lone  w i t h  f r e s h l y  pre- 

pared  diazomethane9 i n  d r y  e the r .  

sure  y i e l d e d  5.  NMP, (CC14) 6 6 . 5 t 0 7 . 3  (m, 5H, r i n g  p ro tons )  and 3.8 

(5,  3H, OCH,). 

Removal o f  e t h e r  under reduced pres-  
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