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Structural studies of natural products by new NMR 
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Abs t rac t  - It was found t h a t  a new PD-NMR techn ique,  HMBC (Heteronuc lear  
m e  Bond C o n n e c t i v i t y )  was an e x t r e m e l y  u s e f u l  t e c h n i q u e  f o r  
s t r u c t u r a l  a n a l y s i s  o f  compl ica ted  molecules w i t h  many methyl  groups such 
as po lyp rop iona te  de r i ved  m e t a b o l i t e s  and terpenes. I n  a d d i t i o n ,  HMBC 
proved t o  be a method of cho ice  f o r  s t r u c t u r a l  i n v e s t i g t y o n  o f  pep t ide  
substances. I t s  a p p l i c a t i o n  f o r  s t r u c t u r a l  a n a l y s i s  o r  C-NMR spec t ra l  
assignments o f  e ry th romyc in ,  l ycoc lavano l  , capuramycin and comp les ta t i n  i s  
descr ibed i n  t h i s  paper. 

INTRODUCTION 

A new 20-NMR techn ique HMBC (Heteronuc lear  M u l t i p l e  Bond C o n n e c t i v i t y ) ( r e f .  l), which i s  
very  use fu l  f o r  s t r u c t u r a l  s t  i e  o f  compl ica ted  n a t u r a l  products,  has r e c e n t l y  been 
p2oposed. Th is  method de tec ts  '?'C-'H l o n g  rang coup l i ngs  separated by two o r  t h r e e  bonds 
( Jc-H o r  3J -H) by t h e  most s e n s i t i v e  nucleus fH r e s u l t i n g  i n  h i g h l y  improved s e n s i t i v i t y .  
Since t h e  inFormat ion  ob ta ined  by HMBC r e v e a l s  t h e  c o n n e c t i v i t y  between p ro ton  s p i n  systems 
separated by quaternary  carbons o r  heteroatoms, and s ince  i t s  s e n s i t i v i t y  i s  p r o p o r t i o n a l  t o  
t h e  s igna l  i n t e n s i t y  o f  p ro ton  s igna ls ,  t h i s  method i s  ex t remely  powerful  f o r  s t r u c t u r a l  
s tud ies  o f  compl ica ted  molecules w i t h  many methyl  groups such as terpenes and po lyp rop iona te  
de r i ved  po lyke t i des ;  i n  most cases, t h e  s igna l  i n t e n s i t y  o f  sharp methyl  p r o t o n  resonances 
i s  an o r d e r  o f  m a g n i t u d e  s t r o n g e r  t h a n  t h e  o t h e r  s i g n a l s  and t h e i r  c r o s s  peaks can  be  
de tec ted  w i t h  ease i n  t h e  HMBC spec t ra .  Another advantage o f  t h e  a p p l i c a t i o n  o f  HMBC f o r  
s t r u c t u r a l  s tud ies  o f  compl ica ted  molecules w i t h  many methyl  groups i s  t h a t  t h e  c ross  peaks 
f methyl  carbons can be ve ry  easy analyzed, s ince  t h e  carbon nex t  t o  a methyl  res idue  (i.2. 

;:C:H) i s  e a s i l y  i d e n t i f i e d  by a n a l y s i s  o f  H-H COSY and C-H COSY. I n  t h e  case o f  te rpene 
e r i v a t i v e g ,  many methyl  carbons a re  l i n k e d  t o  quaternary  carbons. Thus, t h e  d i s t i n c t i o n  o f  

HMkC can a l s o  T e  s u c c e s s f u l l y  u t i l i z e d  f o r  d e t e c t i n g  l o n g  range coup1 i n g s  between carbons 
and exchangeable protons. Therefore,  i t  i s  a method o f  cho ice  t o  revea l  t h e  amino a c i d  
sequences o f  pep t ide  d e r i v a t i v e s .  
A p p l i c a t i o n  o f  t h i s  new NMR method f o r  s t r u c t u r a l  s tud ies  i s  descr ibed i n  t h i s  paper. 

-H and Jc- which i s  ve ry  d i f f i c u l t  i n  most cases, can e a s i l y  be accomplished. 

APPLICATION OF HMBC FOR STRUCTURAL STUDIES OF ERYTHROMYCIN 

As a f i r s t  example f o r  s t r u c t u r a l  s tud ies  by HMBC, t h e  a n t i b i o t i c  e ry th romyc in  (F ig .  1) was 
se lec ted  as a model compound, s ince  i t  possessed many methyl  groups. I n  t h e  HMBC spectrum 
o f  e ry th romyc in  (F ig .  1, i n  C@g, o n l y  t h e  methyl  p ro ton  reg ion  i s  shown), t e n  C-methyl and 
one N-dimethyl groups show t h r e e  o r  two c ross  peaks. Ana lys i s  o f  t h i s  spectrum cou ld  be 
made very  s t r a i g h t f o r w a r d l y .  A methyl  p r o t o n  doub le t  a t  1.27 ppm showed c ross  peaks w i t h  an 
e s t e r  carbonyl  (C-1, observed as a f o l d  back s igna l  a t  ca. 58 ppm), a methine a t  45.4 ppm 
(C-2) and an oxymethine a t  80.7 ppm (C-3), which w e accommodated i n  t h e  p a r t i a l  s t r u c t u r e ,  
-0OC -C H(CH3)-C H(0) -  by t a k i n g  account o f  t h e i r  f5C chemical s h i f t s .  
SimiSar?y, a m e t i y l  p ro ton  doub le t  a t  1.53 ppm showed c ross  peaks w i t h  t h e  oxymethine C-3 
j u s t  explained, a meth ine  a t  40.1 ppm (C-4) and an oxymethine a t  84.2 ppm (C-5), g i v i n g  t h e  
p a r t i a l  s t r u c t u r e ,  -C3H(0)-C4H(CH3)-C5H(0)-. Thus, t h e  carbon ske le ton  f rom C - 1  t o  C-5 was 
es tab l i shed .  By repea t ing  t h e  same procedure,  t h e  c o n n e c t i v i t y  o f  t h e  carbon ske le ton  o f  
t h e  aglycone moie ty  o f  t h e  a n t i b i o t i c  (C-1 t o  C-15) became c l e a r .  The c o n n e c t i v i t i e s  CH2- 
C(CH3) (OCH3)-CH(0)-CH(O)-CH3 i n  c lad inose,  and (CH )2N-CH and CH -CH(O)-CH3 i n  desosamine 
were a l s o  revea led  by  HMBC as shown i n  Fig.  1 ( i n d i c a t e d  by bolc? l i n e s ) .  I n  a d d i t i o n  t o  
these p a r t i a l  s t r u c t u r e s ,  d e t a i l e d  a n a l y s i s  o f  t h e  HMBC spectrum made c l e a r  t h e  remain ing  
s t r u c t u r e s  such as t h e  l i nkages  between C-3 and C - 1 " ,  and C-5 and C - 1 '  ( da ta  n o t  shown) 
( r e f .  2 ) .  
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Fig. 1. HMBC spectrum of erythromycin 

ASSIGNMENT OF THE "C-NMR SPECTRUM OF LYCOCLAVANOL 

Lycoclavanol i s  a t r i t e r p e n e  i so la ted  from L co odium clav t u m  ( r e f .  3 )  and i t s  s t ruc ture  
had been determined by conventional methods.*e&NMR spectral  assignment could 
be obtained by appl icat ion of HMBC. As shown in Fig. 2, each methyl s ing le t  displayed four 
cross  peaks. For example, two methyl s i n g l e t s  a t  1.17 ppm and 0.95 ppm showed cross  peaks 
with the  three  common carbons (37.6 ppm, -C-,  43.8 ppm, -CH- and 75.2 ppm, -CH-0-). T h u s ,  
these three  carbons were assigned t o  t h e  carbons C-22, C-17 and C-21, respect ively,  and the  
methyl groups t o  C-29 and C-30. Likewise, the  carbons connected by bold l i n e s  in Fig. 2 
could be assigned very e a s i l y  as  tabulated in  Table 1. The remaining methylene carbons 
could a l so  be ident i f ied  by de ta i led  analysis  of the  HMBC spectrum ( r e f .  4 ) .  
I t  should be emphasized t h a t  the  analyses of the  HMBC spectra  of compounds with many methyl 
groups such as  erythromycin and lycoclavanol were very e a s i l y  accomplished giving enough 
information t o  reveal the  connect ivi ty  of t h e  carbon skeletons. 

I , I /  

Fig. 2. HMBC spectrum of lycoclavanol 

TABLE 1. C-13 NMR DATA OF 
LYCOCLAVANOL 

No. No. 
.............................. 
.............................. 
1 CH2- 34.6 16 CH2- 24.5 
2 CH2- 26.7 17 CH- 43.8 
3 CH- 70.1 18 C -  36.4 
4 C- 44.2 19 CH2- 31.8 
5 CH- 50.3 20 CH2- 26.6 
6 CH2- 19.6 21 CH- 75.2 
7 CH2- 46.0 22 C-  37.6 
8 C-  37.9 23 CH3- 23.5 
9 CH- 63.0 24 CH2- 65.8 

10 C- 38.5 25 CH3- 16.6 
11 CH2- 25.7 26 CH3- 20.1 
12 CH2- 27.6 27 CH2- 56.8 
13 CH- 57.4 28 CH3- 13.7 
14 C= 139.1 29 CH3- 22.1 
15 CH= 122.6 30 CH3- 28.6 .............................. 
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STRUCTURAL DETERMINATION OF A N E W  NUCLEOSIDE ANTIBIOTIC, 
CAPURAMYCIN 

Capuramycin (C H 0 N ) i s  a new nuc leos ide  a n t i b i o t i c  produced by Streptomyces r i s e u s  
446-S3 a c t i v e  neumoniae and M cobacter ium sme m a t i s  ATCC 6 0 b  
5).  The I R  spectrum of-we-sence M a n * f u n c t i o n s  (3400, 
1680, 1515 c m - l )  and t h e  absence o f  e s t e r  o r  c a r b o x y l i c  a c i d  r e s i d u e s .  Comple te  a c i d  
h y d r o l y s i s  o f  I gave C - l y s i n e  and u r a c i l .  
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Fig .  3. P a r t i a l  s t r u c t u r e s  o f  
capuramycin 
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A d e t a i l e d  a n a l y s i s  o f  t h e  COSY and 1 3 C - l H  COSY NMR spec t ra  
o f  capuramycin taken i n  CD OD showed t h e  p a r t i a l  s t r u c t u r e s  
a, b y  and c i n  F ig .  3. d e  r e l a t i o n s h i p s  between pro tons  
and carbons no t  i n d i c a t e d  by these methods were es tab l i shed  
by HMBC. Thus, t h e  p o s i t i o n  o f  OCH3 (tSH 3.426) on C-3' was 
e s t a b l i s h e d  by t h e  c ross  peak observed between H-3' ( 6  
3.843) and OMe (6c  58.7) as shown i n  t h e  HMBC spectrum o! 
capuramycin (F ig .  4 ) .  The l i n k a g e  o f  an amide carbony; 
group t o  C-5' was conf i rmed by t h e  c ross  peak between H-5 
( 6  4.671) and C-6'  ( t i c  173.4) .  I n  a s i m i l a r  way, t h e  
f o h o w i  ng c o n n e c t i v i t i e s  proved by ana lyz ing  t h e  same HMBC 
spectrum; H - 1 '  t o  C-2 and C-6, H-1"  t o  C-5" 3 an oxygen, 
H-3" t o  C-5", H-4" t o  C-5" and C-6", H-2"' t o  C - 1 " '  , and H- 

The  i n f o r m a t i o n  on  t h e  1 i n k a g e  b e t w e e n  t h e s e  t h r e e  
frauments a-c was a l s o  ob ta ined  f rom t h e  a n a l y s i s  o f  t h e  

6 " '  t o  C - 1 " ' .  

HMBC spectrum. Fo r  example, H-5' ( 6 ;  4.671) and H-1" ( 6  5.239) showed a c ross  peak w i t h  C- 
1" (6c  101.3) and C-5' ( 6  79.0), r e s p e c t i v e l y ,  t o  r e s u f t  i n  t h e  l i n k a g e  o f  f ragment a and 
fragment b. The c ross  pea\ between H-2"' ( 6  4.552) and C-6" ( t ic  161.9) a t tached fragment c 
t o  f ragment b. Thus, based on HMBC spec t ra7  ana lys i s ,  t h e  p lana r  s t r u c t u r e  o f  capuramycin 
was determined. I t s  abso lu te  s t r u c t u r e  was e s t a b l i s h e d  as shown i n  F ig .  5 by X-ray and ORD 
s p e c t r a l  a n a l y s i s  ( r e f .  6 ) .  

STRUCTURE OF COMPLESTATIN, A N  INHIBITOR OF PROTEASE ACTIVITY 
OF COMPLEMENT I N  THE H U M A N  COMPLEMENT SYSTEM 

HMBC can a l s o  be a p p l i e d  f o r  d e t e c t i n g  l ong  range coup l i ngs  between carbons and exchangeable 
protons. I t s  a p p l i c a t i o n  f o r  a pep t ide  compound enabled t o  e s t a b l i s h  t h e  t o t a l  s t r u c t u r e  o f  
comples ta t in .  Th i s  m e t a b o l i t e  i s o l a t e d  f rom t h e  myce l i a  o f  Streptomyces lavendu lae  ( r e f .  
7 )  s t r o n g l y  i n h i b i t s  t h e  hemolysis o f  s e n s i t i z e d  e r y t h r o c y t e s  by t h e  complement system 
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( IC5 -0.1 pg/ml) .  I t  i s  t h e  most po ten t  compound among t h e  known i n h i b i t o r s  w i t h  a n t i -  
compqement a c t i v i t y .  The m o l e c u l a r  f o r m u l a  o f  c o m p l e s t a t i n  was d e t e r m i n e d  t o  be 
C H 0 N C by elemental  a n a l y s i s  and HR-FABMS s p e c t r a l  data. 
TRi *fi-'?n!i "C-NMR s p e c t r a l  da ta  showed t h e  presence o f  1 X -NCH3, 2 X CH2, 6 X CH, 20 X - 
CH=, 24 X -C=, 1 X -COOH, 6 X 40-NH- and 1 X -C=O. 
D e t a i l e d  a n a l y s i s  o f  t h e  COSY spec t rum o f  c o m p l e s t a t i n  r e v e a l e d  t h e  p r e s e n c e  o f  t h e  
f o l l o w i n g  u n i t s ;  4 X -CO-NH-CH-, 1 X -CO-NH-CH-CH 1 x -CH2-CH-N-, 2 X 1 ,4 -d i subs t i t u ted  
aromat ic  system and two or tho-coup led  aromat ic  pro$&. 

Ana lyses  o f  t h e  HMBC and H-H C O S Y  s p e c t r a  o f  c o m p l e s t a t i n  e s t a b l i s h e d  seven p a r t i a l  
s t r u c t u r e s ,  i.e., s i x  amino a c i d  u n i t s  and one fragment w i t h  a ketone f u n c t i o n  (A t o  F and 
G, r e s p e c t i v e l y ,  i n  F ig .  6 ) .  The sequence of these fragments cou ld  a l s o  be ob ta ined by 
a n a l y s i s  o f  l o n g  range coup1 ings  between methine and/or amide pro tons  and t h e  carbonyl  
carbon o f  t h e  ad jacent  amino a c i d  fragmentZ The arrows i n  t h e  F igu re  i n d i c a t e  l ong  range 
c o u p l i n g s  be tween p r o t o n s  and c a r b o n s  ( J o r  'J$-$). By t a k i n g  i n t o  a c c o u n t  t h e  
ove r lapp ing  o f  t h e  carbonyl  carbons i n  Fig!-& and a d i  i o n a l l y  observed C-H l o n g  range 
c o u p l i n g s ,  t h e  amino a c i d  sequence o f  c o m p l e s t a t i n  was e s t a b l i s h e d  t o  g i v e  t h e  t o t a l  
s t r u c t u r e  shown i n  Fig.  7 ( r e f .  8 ) .  
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Fig .  6. 
P a r t i a l  s t r u c t u r e s  o f  comp les ta t i n  
revea led  by HMBC s p e c t r a l  a n a l y s i s  

Fig. 7. 
S t r u c t u r e  o f  comp les ta t i n  
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OH OH bH 

Comples ta t in  i s  s t r u c t u r a l l y  r e l a t e d  t o  g l ycopep t ide  a n t i b i o t i c s .  The main d i f f e r e n c e s  a re  
t h a t  comp les ta t i n  has no sugar u n i t s ,  and possesses an i n d o l e  nucleus. It i s  i n t e r e s t i n g  
t h a t  t h e  b i o l o g i c a l  a c t i v i t i e s  o f  comp les ta t i n  and g l ycopep t ide  a n t i b i o t i c s  a re  markedly 
d i f f e r e n t ;  t h e  l a t t e r  show very  s t rong  a n t i b a c t e r i a l  a c t i v i t y  t o  gram p o s i t i v e  b a c t e r i a  
w h i l e  con ip les ta t i n  i n h i b i t e d  t h e  growth o f  a few gram p o s i t i v e  b a c t e r i a  a t  a very  h i g h  
concen t ra t i on  (ca.  2000 pg/ml). Tested so f a r ,  g l ycopep t ide  a n t i b i o t i c s  showed no a n t i -  
complementary a c t i v i t y .  These r e s u l t s  suggest t h a t  d i f f e r e n c e  o f  t h e  b i o l o g i c a l  a c t i v i t i e s  
o f  g l ycopep t ide  a n t i b i o t i c s  and comp les ta t i n  i s  no t  due t o  t h e  presence o f  sugar u n i t s  i n  
t h e  former group. 

REFERENCES 

1. M.F. Summers, L.G. M a r z i l l i  and A. Bax, J .  Am. Chem. SOC., 108, 4285-4292 (1986).  
2. H. Seto, K. F u r i h a t a  and M. Ohuchi, J .  A n t i b i o t i c s ,  i n  press. 
3. Y. Tsuda, K. Isobe, T. Sano and A. Morimoto, Chem. Pharm. Bu l l . ,  23, 98-1105 (1974). 
4. H. Seto, K. Fu r iha ta ,  X. Guangi, C. Xiong and P. D e j i ,  Agr ic .  Bio% Chem., 52, 1797-1801 

(1988). 
5. H. Yamaguchi, S. Sato, S. Yoshida, K. Takada, Y. S h i t o r i ,  H. Seto and N. Otake; 

6. H. Seto, N. Otake, S. Sato,  H. Yamaqucill, 1,. T u A u u U ,  II. i t o h ,  H.S.M. Lu and J .  Clardy ,  
J .  A n t i b i o t i c s ,  39, 1047-1053 (1986). 

- .  
Tetrahedron L e t t .  ,- 2, 2343-2346 (1988). 

7. I. Kaneko, D.T. Fearon, K.F. Ausfen, J .  Immunol., 124, 1194-1198 (1980). 
8. H. Seto, T. Fu j ioka ,  K. Fu r iha ta ,  I. Kaneko and S. Takahashi, t o  be publ ished. 




