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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 .  
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s On the assumption of Lewis acid-base complexation affecting the 
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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. 
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Likewise, i r radia t ion of bi l i rubin in chloroform con- 
t a i n i n g  2-mercaptoe thanol  [5% (v/v)i or N-acetyl-L- 
cysteine (2 mg/ml ,  i.e. a sa tura ted  solution) led to isolate, 
af ter  working as described above,  the  adducts  IV 
(62 % yield ; crystal l ised f rom CHCla--CH~OH 1 : 24) and VI  
(74% yield;  purified by  prec ip i ta t ion  wi th  He1 dil. 
f rom 0.1 N N a O H  solution4), respect ively.  These com- 
pounds  showed the  following spectroscopic propert ies  

CHela consis tent  wi th  the  expected  s t ructures :  IV, "~ax 
449 nm (e 53,300) ; vrnax 3420, 3265, 1700, 1650, 1618 cm -1 
(in CHC13); N M R  (CDC13)5, 1.56a (3H, J = 7 Hz,  -CHa);  
2.64t (2H, J = 6 Hz) and 3.70t (2H, J = 6 Hz) ( -S -CH~-  
CH2-OH,  the  hydroxy l  pro ton  failing into the  range 
2.5-3.0); 4.06q (1H, J = 7 Hz,  > C H - S - )  s and the  A B X  
sys tem of the  endo-v iny l  group (ha, ~B, 6x = 5.54, 5.40, 
6.61 and JAX, JBx, JaB = 17.0, 11.0, 1.4 Hz) ;  VI, 
Z~ax 446 n m  (e 52,000) in 6 • 10 -~ N methanol ic  N a O H ;  
Vmax 3400, 3260, 1690, 1645, 1610 cm -x (Nujol);  N M R  
(DMSOd6) ~ 1.50a (3H, J = 7 H z , - C H 3 ) ,  1.85, (3H, 
CHACO-), 2.71a (2H, - S - C H 2 - ,  double t  pa r t ly  buried 
benea th  the  signals of the  e thylene protons  of propionic 

a c i d  side chains), 4.0% (1H, J = 7  Hz, > C H - S - )  6, 
4.35m (1H, > C I - I - N H - ) ,  the A B X  sys tem of the  endo- 
viny l  group (dA, dB, ~x ~ 5.60, 5.55, 6.80 and JAx, Jnx ,  
JAB ~ 17.5, 11.0, 1.4 Hz) and 8.19a (1H, -NH-COCH3) .  

Tile fact  t h a t  IV was formed as essential ly the  only 
p roduc t  of addi t ion  7, and tha t  photoaddi t ions  to the  
exo-v iny l  group o t ~ n  appear  to be faster  wi th  
thiols t h a n  wi th  alcohols, is unders tandable  if one takes  
into account  the  mechan ism proposed for such addi t ions  ~ 
and the  difference in nucleophi l ic i ty  be tween  sulfhydryl  
and alcoholic function,  the  former  being general ly more 
nucleophil ic s. 

I t  is no tewor thy  tha t  compound  VI  was also produced 
in modera te  yield when  bi l i rubin was i r radia ted  in 
aqueous  solut ion (1 m g / m l  in N a O H - K H 2 P O  i adjus ted  
to p H  9:0) in the  presence of N-acetyl-L-cysteine (4 mg/ml)  
for 7-8 h 9. I n  addit ion,  TLC evidence was obta ined for 
the  format ion  of a pho toadduc t  of bi l i rubin wi th  gluta- 
th ione  (likely VI I )  by  i r radia t ion of a mix tu re  of these 
substances in aqueous  solution (1 mg /ml  of bi l i rubin 
and 2 m g / m l  of G S H  in N a O H - K H ~ P O 4  adjus ted  to 
p H  9.0). 

All the  above  findings suppor t  our hypothes is  1 tha t  a t  
least  par t  of the  serum bi l i rubin in animals  and humans  

exposed to na tura l  and art if icial  l ight  is e l imina ted  as 
pho toadduc t s  wi th  nucleophil ic substances,  for instance 
G S H  and, by  implicat ion,  albumin.  The  last  one seems 
par t icular ly  appropr ia te  to give an irreversible adduct  
wi th  bi l i rubin:  in fact, i t  is well recognized tha t  a reversible 
a lbumin-bi l i rubin  complex  10 occurs in the  extracel lular  
fluids of the  body;  fur thermore ,  i t  has been repor ted  tha t  
the  react ive  th iol  group of na t ive  a lbumin is contained 
in the  loosely organized por t ion of the  prote in  which is 
p robably  involved  in binding a great  m a n y  compounds  
of biological impor tance  1~. 

The  clinical impl ica t ions  of our  results are being in- 
ves t iga ted  fur ther  ~2. 

Riassunto.  Viene descr i t ta  l ' addizione fotochimica dei 
tioli al doppio legame eso della bil irubina.  Si prospet ta  
l ' ipotesi  che una  reazione di questo  t ipo sin responsabile 
della rapida  r iduzione della b i l i rubinemia nei neonat i  
i t ter ici  sot topost i  a fototerapia .  
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No isomer of IV, particularly V, was detected in the irradiation 
mixture. 

8 C. K. INGOLD, Structure and Mechanism in Organic Chemistry, 2rid 
ed: (Cornell University Press, Ithaca and London 1969), p. 451. 

9 It was isolated from the irradiated solution made acid with He1 
dil. and shown to be identical, byTLC, IR- and NMR-spectra, with 
compound VI obtained previously. 

10 N. H. MARTIN, J. Am. chem. Soc. 71, 1230 (1949).-D. BRATLID and 
J, FoG, Seand. J. elin. Lab. Invest. 25, 257 (1970) and references 
cited therein. - G. B. ODELL, Pediatrics 46, 16 (1970). 

11 G. FRANGLEN and G. R. E. SWANIKER, Bioehem. J. 709, 107 (1968). 
12 The authors wish to thank Prof. L. CANONICA for helpful discussion 

and Dr, G. SEVERINI RICCA for running NMR-speetra. 

Isolation of Quercetin 3,7,3',4'-Tetrasulphate from Flaveria b ident is  L. Otto Kuntze 

In  the  course of an inves t iga t ion  of the  f lavonoids  pre- 
sent in the  leaves of F .  bidentis (Compositae), which were 
collected f rom plants  growing in the  centra l  pa r t  of Ar- 
gentina,  a new compound  was isolated f rom the  methanol -  
water  (50%) extracts ,  which was character ized as quer-  
cet in 3, 7, 3", 4' te t rasulphate .  The  pure crystal l ine sodium 
salt  was obta ined  by passing a solut ion of the  crude crys- 
tai ls  th rough  a co lumn of Amber l i te  120 (H), and then  
th rough  Amber l i t e  I C R  50 (Na). The  salt  carr ied wi thou t  
mel t ing  a t  360 ~ . 

Found :  C, 25.98; H,  1.18; SO4, 53.54; S, 17.88; Na, 
12.98; Cal. for C15H6019S~Na~: C, 25.36; H,  0.85; SO~, 
54.08; S, 18.05;Na, 12.94%. U V :  (E tOH) ;  Zmax. 270; 310; 
340 sh n m  (log e, 4.32; 4.09; 4.04). I R :  s t rong band a t  

7.66 (1 H , d ,  J5 ' , r  = 8.5; C 5 ' - H ) ;  7.96 (1 H, d, J2',s' 
2.5; C 2 ' - H ) ;  8.16 (1 H, br. sig. C6'--H).  

Chromatography ;  W h a t m a n  1. Rf  AcOH 27 % - n - B u O H  
(1:1) 0.50; CH3COOH--HH~O (60:40) 0.75; I.i20 , 0.92. 

Hydrolys is  wi th  0 .1N He1 at  100 ~ produced crystals, 
m.p. 312-313 ~ (dec.) which were identif ied as quercet in  by 
UV 1_, IR-spec t ra  and Rf  values on paper  chromatography,  
employing  5 different  systems. 

The  isolated t e t rasu lpha te  was methy la ted  in d imethyl-  
sulphoxide solution wi th  d iazomethane  in ether.  Work ing  
of the  react ion p roduc t  in the usual  way, gave a whi te  
crude crystal l ine solid wi th  an IR- spec t rum lacking the  

3531 cm -1 (OH). N M R :  (DzO; 60 MHz) 6.78 (1 H, d, ' 1 K. PARCH and IV[. V. TRACE'Z, Modern Methods o] Plant Analysis 
Je, s = 2.5 Hz,  C 6 - H )  ; 7.13 (1 H, d, Ja, 6 = 2.5 Hz ;  C8-H) ; (Springer-Veflag, Berlin 1955), vol. 3, p. 476. 


