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the  ca tegory  of rad ioac t ive  substances  as to the  safe ty  
regula t ions  of mos t  countr ies  concerning t h e  t ranspor t ,  
hand l ing  and  use of open rad ioac t ive  sources. This  v e r y  
p rob lem is lef t  to  the  a t t en t ion  a n d  responsibi l i ty  of the  
c o m p e t e n t  na t iona l  as well  as in te rna t iona l  authori t ies .  

Rdsumd. Des mesures  de rad ioac t iv i t6  de nombreux  
6chant i l lons d ' eau  lourde et  de substances deut6r6es de 
p rovenances  les plus diverses on t  mont r6  que  les substan-  
ces de t eneur  61ev6e en deu t6r ium ( >  99%) pr6sentent  une 
radioac t iv i t6  sp6eifique de l 'o rdre  de 5 ~Ci par  g r amme  de 

deut6r ium,  due  au t r i t i um d 'or ig ine  na ture l le  concentr6 
en m e m e  t emps  que  le deut6r ium.  Le ph6nom6ne ne se 1f- 
mi t e  pas  aux  isotopes de  l 'hydrog~ne.  I1 est  de caraet~re 
g6n6raI et  compor t e  d ' impor tances  cons6quences ttz6o- 
r iques e t  p ra t iques .  
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P h o t o c h e m i s t r y  o f  B i l i r u b i n  

Al though  the  phenomenon  of a decrease in serum bili- 
rub in  levels in animals  and h u m a n s  i r rad ia ted  wi th  UV- 
l igh t  is well  known (and exposure  of infants  to f luorescent  
l ight  is c o m m o n l y  ut i l ized to t r ea t  neona ta l  jaundiceZ), 
the  mechanisms  invo lved  and the  products  of bi l i rubin 
decay  have  no t  been identif ied.  I n  v i t ro  pho todecom-  
posi t ion of bi l i rubin was also s tudied a t  l ength  2, b u t  no 
p h o t o de r iva t i ve  has  been isolated as yet .  I n  th is  paper  
we wish to  repor t  the  s t ruc ture  de t e rmina t ion  of the  
products  we succeeded in isola t ing af te r  i r rad ia t ion  of 
b i l i rubin  in v i t ro  in the  presence of alcohols. 

W h e n  bi l i rubin (I)3 dissolved in chloroform conta in ing  
10% (v/v) m e t h a n o l  was exposed in a pyrex  flask to a 
mercu ry  l amp (k > 300 nm) 4, fo rmat ion  of a pho top roduc t  
was observed and followed by  TLC on po lyamide  5 [meth- 
a n o l -  10% a m m o n i a  9:1 (v/v)]. Af te r  60-70% of bili- 
rub in  was conver ted  (ca. 30 h), c h r o m a t o g r a p h y  of the  
reac t ion  mix tu re  on a po lyamide  co lumn developed wi th  
ace tone  gave  the  yel low pho tode r iva t i ve  [20% yield on 
the  s ta r t ing  ma te r i a l  a f te r  c rys ta l l iza t ion  f rom CHC13- 
CH3OH;  i t  b lackens w i thou t  me l t ing  ove r  250~; 2 cHcJ" 

~ l a x  

446 n m  (e 58,800); vmaz = 3420, 3260, 1695, 1645, 
1615 cm -1 (in CHC13) ] to which  the  formula  C34Ha0N,O 7 
could be a t t r i bu t ed  on the  basis of its mass-spec t rum 

[m/e 616 (2.5%, M+), 584 (37%), 286 (100%)] and its 
e lementa l  analysis  ~. In  addit ion,  this  pho top igmen t  gave 
a posi t ive  d iazoreac t ion  ~ and afforded bi l i rubin when its 
ch loroform solut ion was st i rred wi th  aqueous  HC1 I 0 N  
for 2 h a t  r.t .  I n  the NMR-spec t rum,  as shown in the  
Figure,  i t  exh ib i ted  the  character is t ic  ABC pa t t e rn  of 
1 v iny l  group s, which could be  ana lyzed  as an  A B X  
sys tem ~ (6 l ines in t he  X p a r t  and 8 lines in t he  A B  
pa r t :  6A, ~B, ~SX = 5.53, 5.38, 6.59 p p m ;  JAx, Jnx ,  JAB --~ 
17.2, 10.3, 1.7 Hz),  and fu r the r  a set  of peaks  associated 
to t he  grouping  - C H ( O C H 3 ) - C H  3 [a s inglet  a t  ¢% 3.21 
(3H. -OCH3),  a double t  centered  a t  6 1.40 (3H, J ~ 7 Hz,  
--CH3) and a q u a r t e t  centered a t  J 4.32 (1H, J = 7 Hz; 

COzR _COzR 

2 
H H H H 

I R=H 
If R=CH~ 

Spin ~e~. 

Hx /H 8 ',,---_._, 

6x 5Ab~ -~Hf- 
k Z:CH //~ >CH-CH, 

(1) 

A 

NblR-spectrum at 60 Mttz of 8a-methoxy-8a,8b-dihydrobilirubin (III) in CDC1 a. Chemical shifts are in ppm (5) from internal tetra- 
metlaylsilane. 
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-~CH) ;  in t e r re l a t ion  b e t w e e n  t h e  las t  2 groups  of s ignal  
be ing  p rov ided  b y  a spin  decoupl ing  experiment~.  

All these  d a t a  sugges ted  t h a t  t he  p h o t o p i g m e n t  arose 
f rom Markownikof t  add i t i on  of a molecule of m e t h a n o l  
to  1 v iny l  double  b o n d  of bi l i rubin,  b u t  d id  no t  dis t in-  
guish b e t w e e n  the  2 possible  isomers  resul t ing  f rom such 
a react ion.  The u n a m b i g u o u s  a s s ignemen t  of t he  s t ruc-  
ture  I I I  to  t h e  p h o t o a d d u c t  res ts  on spect roscopic  evi- 
dence,  as follows. 

In  the  NMIZ-spect rum of VI,  t he  signals  due  to  t h e  
v iny l  p ro tons  ( A B X  s y s t e m  showing 6A, 6B, 6X = 5.46, 
5.33, 6.57 p p m  and  JAx, JBx, JAB = 17.5, 12.0, 1.4 Hz} 
a p p e a r e d  to  fall in to  the  same range a s  t he  downf ie ld  
v iny l  group of b i l i rubin  d i m e t h y l  es ter  (II). This  f inding,  
which  ind ica ted  t h a t  t he  downf ie ld  v iny l  of I I  was to  
be p laced  in pos i t ion  2 (endo), al lowed t h e  s t ruc tu re  I I I  
to  be ass igned to  t h e  p r o d u c t  fo rmed  by  pho toadd i t io r t  
of m e t h a n o l  to  bi l i rubin.  
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T r e a t m e n t  of I I I  w i th  the  s to ich iomet r ic  a m o u n t  of 
d i a z o m e t h a n e  in CHC13 for 1 min,  fol lowed b y  prec ip i ta -  
t ion  w i t h  l ight  pe t ro leum,  a f forded  t h e  cor responding  
d i m e t h y l  es ter  (IV) [v,,a, = 3315, 1740 cm -x (in CHCI~); 
role 644 (M+), 612] t he  N M R - s p e c t r u m  of which  was  
c o m p a r e d  w i t h  t h a t  of b i l i rubin  d i m e t h y l  es ter  (II) 
prepa red  in t he  same m a n n e r  1°. F r o m  such a compar i -  
son n i t  was  found  t h a t  t he  downf ie ld  v iny l  g roup  of 
b i l i rubin  d i m e t h y l  es ter  (ABX sys t em showing  6A, 63, 
6x = 5.40, 5.24, 6 . 5 5 p p m  and  JAx, JBx, JAB = 17.5, 
12.1, 1.4 HZ) was  again p r e sen t  in t h e  p h o t o d e r i v a t i v e  
d i m e t h y l  es ter  (ABX s y s t e m  showing  6A, 63, 6x = 5.42, 
5.30, 6.53 p p m  and  JAx, JBx, JAB = 17.5, 12.1, 1.4 Hz). 
In  o rde r  to  es tab l i sh  w h e t h e r  th i s  v iny l  group was  in  
pos i t ion  2 (endo) or 8 (exo) of t he  bi ladiene-a,  c skeleton,  
we syn thes i zed  the  symmet r i ca l  c o m p o u n d  VI  con ta in ing  
b o t h  v iny l  s u b s t i t u e n t s  in  endo-fl-position of t he  ou te r  
pyr ro le  rings.  This  isomeric  b i l i rubin  d i m e t h y l e s t e r  (VI) 
[~CHC13 = 405 n m  (e 63,000); role 612 (4.5%, M+), 300 max 
(100%)] was  o b t a i n e d  in m o d e r a t e  yie ld  by  t r e a t i n g  the  
co r respond ing  ve rd in  V z2 w i t h  Zn in acet ic  acid unde r  
n i t rogen  x3 and  pur i fy ing  the  c rude  p r o d u c t  of r educ t ion  
b y  p r e p a r a t i v e  TLC (Merck Silica Gel G, 1.5 ram, 10% 
e thano l  in benzene) .  

z j .  LucEx', M. FERREIR0 and J. HEWITT, Pediatrics 41, 1047 (1968) 
and references cited therein. 
J. D. OSTROW and R. V. BRANHAM, Gastroenterology 58, 15 (1970). 

3 Bearing in mind the well recognized possibility of tautomerism 
between a lactam and enol form in the outer pyrrole rings of 
rubins and vcrdins ~, no attempt will be made to represent the 
actual structures for the compounds mentioned here, except where 
it wiU be pertinent to the discussion. 

4 Irradiations were conducted under nitrogen using a Philips HPK 
125 W high-pressure mercury lamp at ca. 40 °C. 

5 Z. J. PETRYKA and C. J. WATSOn, J. Chromat. 37, 76 (1968). 
e Satisfactory analyses, IR-, NMR- and MS-spectra were recorded 

for all the compounds described. 
7 T. K. "WITH, Bile Pigments (Academic Press Inc., New York and 

London 1968). 
8 E. WENKERT and P. BEAK, J. Am. chem. Soc. 83, 998 (1961). 
9 j .  W. EMSELEY, J.  FEENEY and L. H. SUTCLIFFE, High Resolution 

Nuclear Magne#ie Resonance Spectroscopy (Pergamon Press, London 
1965), vol. 1, p. 357. - T. SCHAEFER, Can. J. Chem. 40, 1 (1962). 

10 H. FISCHER and H. ORTH, Die Chemie des Pyrrols (Akad. Verlags- 
geselisehaft, Leipzig 1937), Bd. 2, T1. 1, p. 637. 

zz Comparison between the NMR-speetra of bilirubin and its photo- 
derivative was not possible because the solubility of the former 
is too low in chloroform to obtain a useful spectrum. 

z3 This compound was prepared according to R. BONNET and A. F. 
McDONAGH, Chem. Commun. 1970, 238. 

la A. W. NICHOL and D. B. MORELL, Biochim. biophys. Aeta 184, 
173 (1969). 
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W e  f o u n d  t h a t ,  bes ides  m e t h a n o l ,  o t h e r  a lcohols  c an  
be  a d d e d  p h o t o c h e m i c a l l y  to  b i l i r u b i n  g iv ing  8a-Mkoxy-  
8a, S b - d i h y d r o b i l i r u b i n s  (X). Thus ,  8a -e thoxy-  (X, R = 
CzHB), 8a -n -p ropoxy-  (X, R = CH2CH2CH3) a n d  8a-iso- 
propoxy-8a ,  8 b - d i h y d r o b i l i r u b i n  (X, R ---- CH(CH3)z) were  
o b t a i n e d  e w h e n  b i l i r u b i n  was  i r r a d i a t e d  in  ch lo ro fo rm 
c o n t a i n i n g  e thano l ,  n - p r o p a n o l  a n d  iso-propanol, respec-  
t ive ly .  I t  is n o t e w o r t h y  t h a t  t he se  p roduc t s ,  as wel l  as 
I l i ,  were f o u n d  to  be  t h e  on ly  ones  f o r m e d  in  s ign i f i can t  
y ie ld  u n d e r  t h e  a b o v e  condi t ions .  T he  m e c h a n i s m  sug- 
ges ted  to  a c c o u n t  for  t h e  f o r m a t i o n  of all  t h e  p h o t o -  
a d d u c t s  is ou t l i ned  below. 

The  f ind ing  t h a t  p h o t o i n d u c e d  a d d i t i o n  of p ro t i c  re- 
a g e n t s  (ROH)  to  b i l i r u b i n  occurs  p re fe ren t i a l l y  a t  t h e  
exo-v inyl  g roup  a n d  follows Markowniko f f ' s  rule, m a y  be  
r a t i ona l i zed  b y  a s s u m i n g  t he  a t t a c k  b y  t h e  nuc leoph i le  
a t  pos i t i on  8a of a ca t ion  such  as I X .  T he  f o r m a t i o n  of I X  
is be s t  exp l a ined  as i n v o l v i n g  a p r o t o n a t i o n  of t i le bas ic  
i n t e r m e d i a t e  V I I I  a r i s ing  f rom a r e a r r a n g e m e n t  of a n  
e l ec t ron ica l ly  exc i ted  s t a t e  of b i l i r u b i n  (VII) ,  a l t h o u g h  
a n  e x t e r n a l  p r o t o n a t i o n  of t he  s ame  exc i t ed  s t a t e  to  
f o r m  I X  direct ly ,  c a n n o t  be  ru led  ou t  a priori .  The  
a s s u m p t i o n  of t h e  r e a r r a n g e m e n t  ou t l i ned  in V I I  is con-  
s i s t e n t  w i t h  t h e  f i nd ing  t h a t  b i l i r u b i n  ex is t s  in t h e  enol  
f o rm  (Ib) 14; f u r t h e r m o r e ,  acco rd ing  to t h e  process  s h o w n  
in t h e  scheme,  f o r m a t i o n  of I I I  was  obse rved  w h e n  m e t h -  
a n o l  was  a d d e d  to  a p r ev ious ly  i r r a d i a t e d  ch lo ro fo rm 
so lu t i on  of b i l i r u b i n  15. 

T h e  r eac t i on  w h i c h  resu l t s  f r o m  i r r a d i a t i o n  of b i l i r ub in  
in t h e  p resence  of a nuc leoph i l e  is a u n i q u e  exam pl e  of 
a p h o t o c h e m i e a l l y  i nduced  ionic a d d i t i o n  to  a v iny l  
d o u b l e  b o n d  x6 a n d  raises  t he  poss ib i l i ty  t h a t  a t  leas t  

p a r t  of t he  s e r u m  b i l i rub in  in n e w - b o r n  i n f a n t s  m a y  be  
e l i m i n a t e d  d u r i n g  p h o t o t h e r a p y  as p h o t o a d d u c t s  w i t h  
nuc leoph i l i c  s u b s t a n c e s  occur r ing  in  t h e  body .  

Riassunto. Pe r  az ione  del la  luce u l t r a v i o l e t t a  la  bi l i-  
r u b i n a  d i sc io l ta  in  CHC13-CHaOH s o m m a  u n a  moleco la  
di m e t a n o l o  fo rnendo  u n  p r o d o t t o  pe r  il qua l e  si d imo-  
s t r a  la  s t r u t t u r a  I I I .  Ta l e  reazione,  o s s e r v a t a  a n c h e  con  
a l t r i  alcooli,  suggerisce la poss ib i l i th  che p a r t e  de l la  bili-  
r u b i n a  del  s iero dei  n e o n a t i  i t t e r i c i  s o t t o p o s t i  a foto-  
t e r a p i a  v e n g a  e l i m i n a t a  so t to  f o r m a  di  p r o d o t t i  di  fo to-  
add iz ione  con  sos tanze  nucleof i le  p r e s e n t i  ne l l ' o rgan i smo .  

P. MANITTO 17 

Istituto di Chimica Organica della Facolt~ di Scienze 
dell' Universit& di Milano, Centro per lo studio 
deIle sostanze organiche naturali del C.N.R., 
Via Saldini 50, 1-20133 Milano (Italy), 9 March 1977. 

14 A. W. NICHOL and D. B. MORELL, Biochim. biophys. Acta 177, 
599 (1969); it is likely that the photoadducts we report here are 
also in the enol form in chloroform solution. 

15 Eventually, the above mechanism is supported by the observed 
pH dependence of photoadduct formation (faster at lower pH) 
under irradiation; pH of the medium was varied by adding acetic 
acid or triethylamine. 

15 j .  A. ~[ARSHALL, Acct chem. Res. 2, 33 (1969). 
1~ The author wishes to thank Prof. L. CANONICA for helpful discus- 

sions, Dr. G. SEVERIm RlCCA for running the NMR-spectra and 
Dr. T. SALVATORI for the mass-spectra. 

T e r a t o l o g i s c h e  Pr i i fung  e in iger  T h a l i d o m i d - M e t a b o l i t e  

T h a l i d o m i d  b i l d e t  im  O r g a n i s m u s  d u r c h  H y d r o l y s e  zahl-  
re iche  M e t a b o l i t e  1. Zur  K l ~ r u n g  de r  Frage ,  ob  T h a l i d o m i d  
se lbs t  oder  eines de r  H y d r o l y s e n p r o d u k t e  das  e igent l iche  
t e r a t o g e n e  Agens  da r s t e l l t ,  w u r d e n  die a u f g e f u n d e n e n  
S p a l t p r o d u k t e  s y n t h e t i s i e r t  u n d  a m  K a n i n c h e n  t e ra to lo -  
gisch gepr i i f t  5. I n  k e i n e m  Fa l le  liess s ich  eine e indeu t ige  
t e r a t o g e n e  W i r k u n g  b e o b a c h t e n .  Dieser  ]3efund k 6 n n t e  
n a c h  ~(EBERLE3 d a r a u f  zur i ickgehen,  dass  fiir die Me tabo-  
l i fe  au f  G r u n d  ih r e r  po la ren  S t r u k t u r  M e m b r a n s c h r a n k e n  
bes t ehen ,  wXhrend  fiir T h a l i d o m i d  weder  das  E n d o m e -  
t r i u n l  u n d  die B l a s t o c y s t e n m e m b r a n e n  n o c h  die P l a c e n t a  
H i n d e r n i s s e  dars te l len .  

U m  eine h 6 h e r e  M e l n b r a n g ~ n g i g k e i t  de r  M e t a b o l i t e  zu 
e r re i chen  4, 16sten w i t  die zu p r i i f enden  S u b s t a n z e n  m i t  
Hilfe  des Tens ides  Tween  20 u n d  app l i z i e r t en  die r e l a t i v  
h o c h k o n z e n t r i e r t e n  L 6 s u n g e n  i n t r a p e r i t o n e a l .  U n t e r  die- 
sen B e d i n g u n g e n  zeigte N - Ph t ha l y l - D L - g l u t am i ns i i u r e  (I) 
e m b r y o t o x i s c h e  E f f ek t e  bei  de r  S W S - M a u s  ~. F e r n e r  wur-  
de nachgewiesen ,  dass  die biologische Aktivit~Lt y o n  I aus-  
schl iessl ich au f  das  L-Isomere  zur f ickgeht  ~. Die e m b r y o -  
t ox i sche  ~Virkung des L- I someren  k o n n t e  d u r c h  k o n k u r -  
r i e rende  V e r a b r e i c h u n g  y o n  L-Glutamins~Lure, n i c h t  abe r  
d u r c h  D-Glu t amins~ure  k o m p e n s i e r t  werdenT. 

I n  de r  v o r l i e g e n d e n  A r b e i t  w e r d e n  die H y d r o l y s e n -  
p r o d u k t e  y o n  I t e r a to log i sch  u n t e r s u c h t :  Die d u r c h  Auf-  
s p a l t u n g  des  P h t h a l i m i d - R i n g e s  e n t s t e h e n d e  N-(o-Carb-  
oxybenzoyl ) -DL-glu tamins~iure  (II)  sowie die aus  II n a c h  
e i n e m  we i t e r en  h y d r o l y t i s c h e n  S c h r i t t  r e su l t i e r enden  
S p a l t p r o d u k t e  Ph tha l sAur e  ( I I I )  u n d  Glutamins~Lure (IV). 
Die S u b s t a n z e n  I I  u n d  I I I  w u r d e n  n a c h  Gabe  v o n  Tha l ido-  
m id  in U r i n  u n d  Faeces  n a c h g e w i e s e n  1,a; I V  f a n d  s ich 

n a c h  H y d r o l y s e  y o n  T h a l i d o m i d  u n t e r  phys io log i schen  
]Bedingungen o. 

Zur  H e r s t e l l u n g  v o n  I I  werden  2,77 g (10 raM)  I ~ u n t e r  
E i s k i i h l u n g  u n d  Sch i i t t e ln  m i t  15,3 ml  2 N  N a O H  verse tz t .  
M a n  g ib t  die L 6 s u n g  sogleich au f  e ine 2 × 13 cm-Si iu le  yon  
Dowex  50 ( H e - F o r m )  u n d  f~ng t  e twa  6 0 m l  E l u a t  
(pH _~ 3) in  e iner  e i sgek i ih l t en  Vor lage  auf. Dabe i  kr i s ta l -  
l i s ier t  c h r o m a t o g r a p h i s c h  re ines  I I  aus. Das  P r o d u k t  wi rd  

0 

0 
] 

I +HTO 
0 

COOH COOH 

COOH COOH 
"COOH 

lit lq 


