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S P E C I A L I A  
Les au t eu r s  son t  seuls r esponsab les  des op in ions  expr im6es  dans  ces b rgves  c o m m u n i c a t i o n s .  - F t i r  die K u r z m i t t e i l u n g e n  
is t  ausschl iess l ich  der  A u t o r  v e r a n t w o r t l i c h .  - Pe r  le b r e v i  comunicaz ion i  ~ responsab i le  solo l ' au to re .  - The  editors 
do no t  ho ld  t h e m s e l v e s  respons ib le  for t he  op in ions  expressed  in t h e  a u t h o r s '  b r ie f  repor t s .  - OTBeTCTBeHH0CTb 3a 

r~Op0TKHe C006ttleHg~ HeC'dT HCKJImqHTe~bH0 aBTop. - E1 responsab le  de los in fo rmes  reducidos ,  es th  el au tor .  

T h e  S t r u c t u r e  o f  G e l s e v i r i n e  ~ 

Some t i m e  ago t he  b i o s y n t h e t i c a l l y  u n u s u a l  a lkaloids  
semperv i r ine ,  ge lsemine ( la) ,  gelsedine (2a), ge lsemicine  
(11-methoxygelsedine)  (2b) a n d  gelsevi r ine  were isola ted 
f rom the  roo ts  of yel low j a s m i n e  (Gelsemium sempervirens 
Ait.)  2. Since on ly  t he  m i n o r  ox indole  a lka lo id  gelsevir ine  
(C21H~r r e m a i n e d  of u n d e t e r m i n e d  cons t i t u t i on ,  
i t s  s t r u c t u r e  ana lys i s  was u n d e r t a k e n .  I n  the  process  h igh  
reso lu t ion  mass  spec t rome t ry ,  a n d  1H and  ~3C N M R  spec- 
t r o scopy  were employed .  As a consequence  t he  use of 
these  powerful ,  new, a n a l y t i c a l  m e t h o d s  was e x t e n d e d  to  
a t h o r o u g h  e x a m i n a t i o n  of s t r u c t u r a l l y  h igh ly  complex  
ge lsemine  and  gelsedine, 
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l a ,  R = H  2aI R = H  
b,  R = OMe b,  IR = OMe 
c, R =Me  

The  molecu la r  ion p e a k  of 352 of t he  oily m i n o r  base, 
iden t i f i ed  as MARION'S2 gelsevir ine  b y  compar i son  of i t s  
I R -  a n d  UV-spec t r a  a n d  i ts  m e t h i o d i d e  m e l t i n g  p o i n t  
w i t h  t he  r epo r t ed  phys ica l  cons t an t s ,  p roved  i t  to  be  a 
C21H2403N~ subs tance .  I n t e n s e  9.2-9.4 ~xm I R - a b s o r p t i o n  
a n d  a 3.91 p p m  P M R  t h r e e - p r o t o n  s ing le t  revea led  i t  to  
possess a m e t h o x y  group  and  genera l  s imi l a r i t y  of all  i ts  
spec t r a  w i t h  those  of gelsemine ( la )  sugges ted  gelsevir ine  
m i g h t  be  m e t h o x y g e l s e m i n e .  

The  mass  s p e c t r u m  of ge l semine  ( la )  e x h i b i t e d  a base  
p e a k  (M-214), cha rac t e r i s t i c  of f r a g m e n t a t i o n  (a), me ta -  
s t ab l e  M-43 and  M-71 peaks  (m* 241.7 a n d  225.8, respec- 
t ively) ,  i nd i ca t i ve  of p a t h  (b), and  a M-202 peak,  p r o b a b l y  
due  to  t he  f o r m a t i o n  of t he  1 - m e t h y l - 3 - v i n y l p y r i d i n i u m  
ion ~. Gelsevi r ine  showed t he  same  f r a g m e n t a t i o n  p a t t e r n  
a long  w i t h  a d d i t i o n a l  peaks  i n v o l v i n g  t he  loss of t he  me-  
t h o x y  group.  A m e t a s t a b l e  M-31 p e a k  (m* 291.8) corres- 
p o n d i n g  to a m e t h o x y l  loss f rom the  molecu la r  ion was 
fol lowed b y  a m e t a s t a b l e  M-31-30 peak  (m* 264) due  to  t he  

loss of n i t r i c  oxide f rom the  M-31 oxindole  moie ty .  The  
m e t a s t a b l e  M-43 peak  (m* 271.3), a resu l t  of ge lsevi r ine ' s  
e q u i v a l e n t  of ge lsemine ' s  f r a g m e n t a t i o n  (a), also suffered 
loss of t he  m e t h o x y l  g roup  (M-74). These  m e t h o x y l  ex- 
t rus ions  were r emin i s cen t  of t he  b e h a v i o r  of t he  Na-me- 
t h o x y  u n i t  of gelsedine (2a). The  mass  s p e c t r u m  of t h e  
l a t t e r  revea ls  m e t a s t a b l e  M-31 (m* 272.6) ( m e t h o x y  loss), 
M-29 (m* 268.9) (e thyl  loss) a n d  M-29-31 (m* 240.2) (me- 
t h o x y l  loss  f rom the  M-29 f r agmen t )  peaks .  Loss of a 
C5H60 f r a g m e n t  f rom the  molecu la r  ion gave  a M-82 p e a k  
f rom wh ich  e m a n a t e d  a m e t a s t a b l e  M-82-31 p e a k  (m* 
187.9) r ep r e sen t i ng  one more  m e t h o x y l  ex t rus ion .  T h e  
base  p e a k  was M-176, a p r o b a b l e  consequence  of t r ans -  
f o r m a t i o n  (c). All these  d a t a  po in t ed  to gelsevi r ine  be ing  
Na- ine thoxyge l semine  ( lb ) .  

The  220 M H z  P M R  spec t ra  of ge lsemine  ( Ia)  ~ and  gelse- 
v i r ine  were nea r ly  iden t i ca l  excep t  for t he  chemica l  sh i f t  
of H-12 (Table  I). A 220 MHz P M R  s p e c t r u m  of gelsedine 
(2a) revea led  a n  e x t r a o r d i n a r y  s imi l a r i t y  of i t s  a r o m a t i c  
region [1-1-9 7.35 (d, J = 7.5 Hz),  H-10 7.06 (t, J = 7.5 Hz),  
H-11 7.24 (t, J = 7.5 Hz),  H-12 6.90 p p m  (d, j = 7.5 HZ)] 
and  i t s  m e t h o x y l  s ignal  (3.96 p p m )  w i th  those  of t he  gel- 
sevi r ine  s p e c t r u m  5. These  fac ts  s u p p o r t  s t r u c t u r e  l b  for 
gelsevir ine.  

Compar i son  of t he  CMR s p e c t r u m  of gelsevi r ine  w i t h  
the  spec t ra  of gelsemine ( la )  6 and  N~-methy lge l semine  

1 This communication represents paper VIII of the series 'Carbon-13 
Nuclear Magnetic Resonance Spectroscopy of Naturally Occurring 
Substances'. For the preceding article see E. W~NKERT, D, W. 
COCHRAN, E. W. H.AGAMAN, R. B. LEWIS and F. M. SCHELL, J. Am. 
chem. Soc. 93, 6271 (1971). 

2 H. SCHWARTZ and L. MARION, Can. J. Chem. 31,958 (1953) and 
references therein. 

8 The authors are indebted to the Mass Spectrometry Laboratory of 
the Batelle Memorial Institute for the high-resolution spectrum 
and element map. 

4 For a description of a 60 MHz PMR spectrum of gelsemine see H. 
CONROu and J. K. CHARKABARr Tetrahedron Lett. d, 6 (1959). 

s The remainder of the spectrum of gelsedine (2a), except for the 
oxymethylene signal [4.19 (d, J ~ 11.0 Hz), 4.27 (dd, J = 11.0, 
4.0 Hz)] was nearly as ambiguous as the reported 60 MHz spectrum 
[E. WENKERT, ]. C. ORR, S. GARRATT, ]. H. HANSEN, B. WICKBERG 
and C. L. LEICHT, J. Org. Chem. 27, 4123 (1962)]. 

6 E. WENKERT, C.-J. CHANG, A. O. CLOUSE and D. W. COCHRAN, 
Chem. Commun. 7970, 961. 
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( lc )  7 s h o w e d  t h e  e x t r a  m e t h o x y l  g r o u p  to  a f f e c t  t h e  c h e -  
m i c a l  s h i f t s  of  t h e  c a r b o n s  of  m a i n l y  t h e  o x i n d o l e  s u b u n i t  
a n d  t h e  v i n y l  g r o u p ,  i t s  1, 3 - d i a x i a l l y  o r i e n t e d  n e i g h b o r  8 
( T a b l e  I I ) .  T h e  e x t r a o r d i n a r i l y  d e s h i e l d e d  p o s i t i o n  of t h e  
m e t h o x y  g r o u p ,  w h e n  c o m p a r e d  w i t h  m e t h y l  e s t e r s  a n d  
m e t h y l  e t h e r s  of  t h e  a l i p h a t i c  a n d  a r o m a t i c  t y p e s ,  a n d  i t s  
n e a r l y  i d e n t i c a l  d v a l u e  w i t h  t h a t  of  g e l s e d i n e ' s  m e t h o x y l  
f u n c t i o n  c o n f i r m s  t h e  l b  d e s i g n a t i o n  for  ge l s ev i r i ne .  Che-  
m i c a l  s h i f t  a s s i g n m e n t s  of  t h e  r e m a i n i n g  c a r b o n s  of  ge l se -  
d i n e  (2a)  f o l l o w e d  t h e  a r g u m e n t s  in  t h e  C M R  a n a l y s i s  o f  
g e l s e m i n e  6 

I n  a n a l o g y  w i t h  t h e  d e m e t h o x y l a t i o n  of  g e l s e d i n e  5 a 
r e d u c t i o n  of  g e l s e v i r i n e  ( l b )  w a s  u n d e r t a k e n .  A s o l u t i o n  of  
120 m g  of  g e l s e v i r i n e  in  1 m l  of  m e t h a n o l  w a s  a d d e d  d r o p -  
w i se  to  a s o l u t i o n  of  25 m g  of  l i t h i u m  in  8 m l  of  l i qu id  a m -  
m o n i a .  T h e  co lo r l e s s  s o l u t i o n  w a s  p o u r e d  i m m e d i a t e l y  in-  
t o  a s a t u r a t e d  a m m o n i u m  c h l o r i d e  s o l u t i o n  a n d  t h e  m i x -  
t u r e  e x t r a c t e d  w i t h  e t h y l  a c e t a t e .  E v a p o r a t i o n  of t h e  ex -  
t r a c t ,  c h r o m a t o g r a p h y  of  t h e  r e s i d u e ,  80 m g ,  on  F lo r i s i l  
a n d  e l u t i o n  w i t h  30:1  c h l o r o f o r m - m e t h a n o l  y i e l d e d  35 m g  
of  g e l s e m i n e .  T h u s  a l l  f a c t s  p r o v e  g e l s e v i r i n e  to  p o s s e s s  
s t r u c t u r e  l b .  
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Table I. Chemical shifts (d in ppm), multiplicities and coupling constants  (J in Hz) of PMR spectra of deuteriochloroform solutions of gelsemine 
(1 a) and gelsevirine (1 b). 

Gelsemine Gelsevirine 

d J ,  (~ j 

H-3 
H-5 
H-6 
H-9 
H-10 
H-11 
H-12 
Ha-14 
He-14 
H-15 
H-16 
Ha-17 
He-17 
H~-18 
Ht-18 
H-19 

(exo) H-21 
(endo) H-21 

NMe 
OMe 

3.79 (d) 2.8 3.78 (d) 2.5 
3.47 (s) --  3.38 (s) --  
1.97 (s) --  1.93 (s) --  
7.43 (dd) 7.5, 2.0 7.44 (d) 7.5 
6.97 (ddd) 7.5, 7.5, 2.0 7.03 (dd) 7.5, 7.5 
7.15 (ddd) 7.5, 7.5, 2.0 7.26 (dd) 7.5, 7.5 
6.65 (dd) 7.5, 2.0 6.93 (d) 7.5 
2.37 (d) 8.0 2.42 (d) 8.0 

ca. 2.0 (d) 8.0 1.92 (d) 8.0 
2.83 (dd) 14.5, 2.8 2.81 (dd) 14.0, 2.5 

ca. 2.3 (ddd) 14.5, 2.0, 2.0 2.26 (ddd) 14.0, 2.0, 2.0 
3.91 (dd) 11.0, 2.0 3.87 (dd) 11.0, 2.0 
4.10 (dd) 11.0, 2.0 4.07 (dd) 11.0, 2.0 
4.9.5 (dd) 18.0, 1.8 4.94 (d) 18.0 
5.09 (dd) 11.0, 1.8 5.11 (d) 11.0 
6.28 (dd) 18.0, 11.0 6.19 (dd) 18.0, 11.0 
2.78 (d) b 10.0 2.75 (d) b 11.0 
2.32 (d) b 10.0 2.30 (d) b 11.0 
2.24 (s) - -  2.23 (s) - -  

- -  - -  3 . 9 1  ( s )  - -  

�9 All couplings < 3 Hz are from a 100 MHz spectrum, bThese values within any column may  be reversed. 
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Table II. CMR chenfical shifts (in ppm upfield from carbon disulfide, 
des2 = demob + 125.2 ppm) of chloroform solutions of gelsemine (la) 
(0.3 M), gelsevirine (lb) (0.3 M), N~-methylgelsemine (le) (1.0 M) and 
gelsedine (2a) (0.3M). 

la  Ib lc  2a 

C-2 13.1 19.3 15.6 17.7 
C-3 122.9 122.9 122.9 117.8 
C-5 120.4 120.0 120.3 126.8~ 
C-6 151.9 151.8 151.8 158.4 
C-7 138.4 140.0 138.7 139.4 
C-8 60.3 64.2 61.1 60.4 
C-9 64.4 ~ 64.2 64.4 66.9 
C-10 70.7 69.7 70.6 68.7 
C-11 64.1 ~ 64.2 64.4 64.3 
C-12 83.4 85.1 84.9 85.2 
C-13 51.8 52.7 49.2 54.1 
C-14 169.5 169.2 169.7 170.9 
C-15 154.3 154.3 154.3 157.6 b 
C-16 156.5 156.2 156.7 150.4 b 
C-17 131.0 130.9 131.0 128.5 
C-18 80.2 79.3 80.6 180.4 
C-19 53.6 54.0 53.4 170.9 
C-20 138.4 138.2 138.5 132.7 b 
C-21 126.2 126.1 126.2 -- 
NMe 141.7 141.2 141.9 -- 
NaMe -- -- 166.4 -- 
OMe -- 129.3 -- 129.0 

These values may be reversed, b The values of C-5 and C-20 and/or 
those of C-15 and C-16 may need to be interchanged. No models for 
the strained pyrrolidine unit 9 were available. 

Zusammen/assung. Die M a s s e n s p e k t r e n  u n d  lI-I- u n d  
13C-NMR-Spek t ren  der  G e l s e m i u m - A l k a l o i d e  Gelsemin ,  
Gelsed in  u n d  Gelsev i r in  w u r d e n  a u f g e n o m m e n  u n d  voll-  
st~mdig ana ly s i e r t .  Ge lsev i r in  w u r d e  d u r c h  R e d u k t i o n  in 
Ge l s e min  i ibergef f ihr t  u n d  be s i t z t  die S t r u k t u r  des Na- 
M e t h o x y g e l s e m i n s .  

E. WENKERT, C.-J. CHANG, D. W.  COCHRAN 10 a n d  
Pt. PELLICCIARI 

Department o/ Chemistry, Indiana University, 
Bloomington (Indiana 47401, USA), 
1 October 1971. 

7 C. W. MOORE, J. chem. Soc. 99, 1231 (1911). - R. GOUTAREL, M.-M. 
JANOT, V. PRELOG and R. P. A. SNEEDEN, Helv. ehim. Acta 34,1962 
(1951). - V. PRELOG, J. B. PATRICK and B. WITKOP, Helv. chiln. 
Acta 35, 640 (1952). 

s On the assumption of Lewis acid-base complexation affecting the 
chemical shifts the previous CMR spectrum of gelsenfine (la)6, run 
at ca. 1.5 M concentration, was not used for the comparison study. 
Further, the former spectrum was recorded on a continuous wave 
spectrometer, while the present study utilized a Fourier Transform 
spectrometer. 

0 For an X-ray analysis of gelsenficine (2b) see M. PRZYBYLSKA and 
L. MARION, Can. J. Chem. 39, 2124 (1961). - M. PRZYBYLSKA, Acta 
Crystallogr. 75, 301 (1962). 

lo U.S. Public Health Service predoetoral fellow, 1967-1971. 

P h o t o a d d i t i o n  o f  S u l p h y d r y l  G r o u p s  t o  B i l i r u b i n  i n  v i t r o  

Whi le  i n v e s t i g a t i n g  t h e  role of l igh t  in l ower ing  t h e  
s e r u m  b i l i r u b i n  level of i n f a n t s  w i t h  n e o n a t a l  h y p e r b i l i -  
r u b i n e m i a ,  one  of us  f o u n d  t h a t  in  v i t r o  p h o t o c h e m i c a l  
a d d i t i o n  of a lcohols  to  t h e  exo-vinyl g r o u p  of b i l i r ub in  (I) 
gave  r ise to  p r o d u c t s  s u c h  as I I~ .  W e  n o w  r e p o r t  t h a t  
c o m p o u n d s  c o n t a i n i n g  a s u l f h y d r y l  g r o u p  also u n d e r g o  
a n a l o g o u s  regio-specif ic  2 p h o t o a d d i t i o n  to  b i l i rub in  b o t h  
in c h l o r o f o r m  a n d  a q u e o u s  so lu t ions .  

COOH COOH 

2 g 

0 0 

H H 1t H 

I X = - -CH ~ CH 2 
I I  X = --CH(CH3)--OR 
I I I  X =- -CH(CH3) - -SCH2COOCH s 
IV X - - - C H ( C H 3 ) - - S C H 2 C H 2 O H  
V X = --CH(CHa)--OCH2CH2SH 
VI  X =- -CH(CH3) - -SCHeCH(NHCOCHa)COOH 
V I I  X =- -CH(CH3)- -SCH2CHCONHCH2COOH 

I 
NHCOCHeCH~CH (NH~) COOH 

W h e n  b i l i rub in  d i s so lved  in c h l o r o f o r m  (1 m g / m t )  
c o n t a i n i n g  5 % (v/v)  m e t h y l  t h iog lyco l l a t e  w a s  e x p o s e d  to  
U V - l i g h t  a, d i s a p p e a r a n c e  of t h e  s t a r t i n g  m a t e r i a l  w a s  
c o m p l e t e  in ca. 1 h a n d  a c c o m p a n i e d  b y  t h e  f o r m a t i o n  
of a n e w  c o m p o u n d  m i g r a t i n g  j u s t  a b o v e  b i l i r ub in  in 

TLC*.  T h e  ye l low p h o t o p r o d u c t  w a s  t h e n  o b t a i n e d  p u r e  
on  T L C  f r o m  t h e  res idue  of e v a p o r a t i o n  of t h e  r eac t ion  
m i x t u r e  a f t e r  all t h e  g reen  b i l i ve rd ino id  b y - p r o d u c t s  h a d  
been  r e m o v e d  b y  w a s h i n g  w i t h  m e t h a n o l  ~45% yield;  
c rys ta l l i sed  f r o m  C H C l a - C H 3 O H  1:24;  CHC~8 ~na~ 449 n m  
(e 56,000); Vmax 3410, 3260, 1735, 1695, 1650, 1615 e m  -1 
(in CHC13) ~. S t r u c t u r e  I I I  w a s  a s s igned  to  t h i s  p h o t o -  
d e r i v a t i v e  of b i l i r u b i n  on  t h e  bas i s  of i t s  e l e m e n t a l  
ana lys i s  4 a n d  of i ts  N M R - s p e c t r u m  5, w h i c h  e x h i b i t e d  
(in CDC13) t h e  c h a r a c t e r i s t i c  A B X  s igna ls  of  t h e  v iny l  
g r o u p  a t  pos i t i on  2 (endo) in t h e  biladiene-a,c ske le ton  1 
(dA, dB, dx = 5.53, 5.39, 6.60 a n d  JAx,  J~x ,  JAB = 18.0, 
11.1, 1.4 Hz)  a n d  f u r t h e r  a se t  of p e a k s  a s soc ia t ed  w i t h  
t h e  g r o u p i n g  - C H ( C H a ) S C H 2 C O O C H  s [1.57a (3H,  J = 7 
Hz,-CH~), 3.148 ( 2 H , - C H 2 - ) ,  3.66s (3H,  - O C H z )  a n d  
4.02~ (1H,  J = 7 Hz ,  > C H - S - ) 6 ] .  

1 p. MANITTO, Experientia 27, 1147 (1971). 
2 A. HASSNER, J. org. Chem. 33, 2684 (1968). 
3 Irradiations were conducted as described in ref.1; thin-layer 

chromatography was carried out on polyamide Enlethanol - 10% 
ammonia 9 : 1 (v/v)], spraying the plates with diazotised sulphanflie 
acid in HC1 dil. 

4 All the new compounds blackened without melting over 250~ they 
gave correct elemental analyses consistent with the assigned 
structures. 

s Chemical shifts are in parts per miUion (b) from internal tetra- 
methylsilane; s, singlet; d, doublet; t, triplet; q, quartet;  m, 
illultiplet. 

6 Partly buried beneath the signals of the central methylene bridge. 


