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S P E C I A L I A  
L e s  a u t e u r s  s o n t  s e u l s  r e s p o n s a b l e s  de s  o p i n i o n s  expr im@es  d a n s  ces  b r ~ v e s  c o m m u n i c a t i o n s .  - Ff i r  d ie  K u r z m i t t e i l u n g e n  
i s t  a u s s c h l i e s s l i c h  d e r  A u t o r  v e r a n t w o r t l i c h .  - P e r  le b r e v i  c o m u n i c a z i o n i  ~ r e s p o n s a b i l e  so lo  l ' a u t o r e .  - T h e  e d i t o r s  
do  n o t  h o l d  t h e m s e l v e s  r e s p o n s i b l e  fo r  t h e  o p i n i o n s  e x p r e s s e d  in  t h e  a u t h o r s '  b r i e f  r e p o r t s .  - OTBeTCT~eHHOCTb aa 

KOpOTKHe coo6meHg~ HeC~T ~CK~mqHTe~bHO aBTOp. -- E1 r e s p o n s a b l e  de  los i n f o r m e s  r e d u c i d o s ,  e s t g  el a u t o r .  

A c i d - C a t a l y z e d  Add i t i on  of A l c o h o l s  and T h i o l s  to B i l i rub in  

R e c e n t l y  we  f o u n d  t h a t  b i l i r u b i n  (I) r e a c t s  u n d e r  U V -  
l i g h t  w i t h  a l c o h o l s  1 a n d  m o r e  r e a d l y  w i t h  t h i o l s  ~ t o  g i v e  
a d d u c t s  s u c h  as  I I  a n d  I I I  in  m o d e r a t e  a n d  h i g h  y i e l d s  
r e s p e c t i v e l y .  O n  t h i s  b a s i s  we  h y p o t h e s i z e d  t h a t  a t  l e a s t  
p a r t  of  t h e  s e r u m  b i l i r u b i n  in  a n i m a l s  a n d  h u m a n s  i r r a -  
d i a t e d  w i t h  b l u e - v i o l e t  l i g h t  (for  i n s t a n c e ,  in  j a u n d i c e d  
n e w b o r n  i n f a n t s  d u r i n g  p h o t o t h e r a p y  a) m a y  be  e l i m i n a t e d  
as  p h o t o a d d u c t s  w i t h  n u c l e o p h i l i c  s u b s t a n c e s  o c c u r r i n g  
in  t h e  b o d y .  I n  a g r e e m e n t  w i t h  t h i s  h y p o t h e s i s  r e c e n t  
s t n d i e s  o n  t h e  p h o t o c a t a b o l i s m  of  b i l i r u b i n  in  t h e  conge -  
n i t a l l y  j a u n d i c e d  ( G u n n )  r a t  4, a s  wel l  a s  in  c h i l d r e n  w i t h  
C r i g l e r - N a j j  a r  s y n d r o m e  5, i n d i c a t e  t h a t  i r r a d i a t i o n  c a u s e s  
a m a r k e d  i n c r e a s e  in  t h e  b i l i a r y  e x c r e t i o n  of  b i l i r u b i n  
d e r i v a t i v e s ,  in  l a rge  p a r t  ye l low,  d i a z o p o s i t i v e  a n d  
w a t e r - s o l u b l e .  H o w e v e r ,  t h e s e  p h o t o c a t a b o l i t e s  q u a l i t a t i -  
v e l y  r e s e m b l e  t h o s e  f o u n d  u n d e r  c o n t r o l  l i g h t i n g  c o n d i -  
t i ons ,  t h u s  s u g g e s t i n g  t h a t  e x p o s u r e  t o  l i g h t  s i m p l y  
a c c e l e r a t e s  t h e  c a t a b o l i s m  of  b i l i r u b i n  b y  m e c h a n i s m s  
s i m i l a r  t o  t h o s e  n o r m a l l y  o p e r a t i v e  in  p a t i e n t s  w i t h  
C r i g l e r - N a j j a r  s y n d r o m e  a n d  in  G u n n  r a t s  4,5. W e  n o w  
r e p o r t  t a h t  in  s t r o n g l y  ac i d  m e d i a  b i l i r u b i n  u n d e r g o e s  
r eg io spec i f i c  6 a d d i t i o n  of  p r o t i c  n u c l e o p h i l e s  ( R O H ,  
R S H )  a f f o r d i n g  t h e  s a m e  p r o d u c t s  o b t a i n e d  b y  i r r a d i a t i o n .  

W h e n  b i l i r u b i n  w a s  d i s s o l v e d  in  c h l o r o f o r m  (1 m g / m l )  
c o n t a i n i n g  5 %  (v/v)  m e t h y l  t h i o g l y c o l l a t e  a n d  a f ew  

c r y s t a l s  .of p - t o ] u e n s u l f o n i c  ac id ,  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  p i g m e n t  w a s  c o m p l e t e  in  ca.  8 h (a t  r . t .  in  t h e  
d a r k )  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 c o m p o u n d  
m i g r a t i n g  j u s t  a s  I V  2 in  T L C  7. T h i s  w a s  t h e n  o b t a i n e d  
p u r e  (60 % yie ld)  a f t e r  w a s h i n g  w i t h  m e t h a n o l  t h e  r e s i d u e  
of  e v a p 6 r a t i o n  o f  t h e  r e a c t i o n  m i x t u r e ,  a n d  s h o w n  to  be  
I V  b y  c o m p a r i s o n  (UV,  I R ,  N M R )  w i t h  a n  a u t h e n t i c  
s a m p l e  p r e p a r e d  b y  p h o t o a d d i t i o n .  

1 p. MAN1TTO, Experientia 27, 1147 (1971). 
2 p. ~[ANITTO and D. ~/~ONTI, Experientia 28, 379 (1972). 
a See leading articles in Bitirubin Metabolism in the Newborn (Eds. 

I7). BERGSMA, D. Y. Y. HSlA and C. JACKSON; The Williams and 
Wilkins Company, Baltimore 1970). 

4 j .  D. OSTROW, J. din.  Invest. 50, 707 (1971). 
5 E. W. CALLAHAN JR., M. M. THALER, M. KARON, K. BAUER and R. 

SCH~IID, Pediatrics d6, 841 (1970). 
This term is used here in an extension of its common usage. See 
S. TURNER, Chemistry in Britain, 1971, p. 191. - A. HASSNER, J. 
org. Chem. 33, 2684 (1968). 
TLC was carried out on polyamide 2 (for VI) and on pre-eoated 
silica gel plates (Merck) [solvent systems: methanol - benzene - 
chloroform 1.5:100:50 (v/v) for IV, V, VII, IX, X, XIII  and XIV; 
idem 1:4.5:4.5 (v/v) for VIII;  ethyl a c e t a t e -  ch loroform-  ligroin 
1:0.5:3 (v/v) for azopigments methyl  esters]. All the new com- 
pounds gave correct elemental analyses. 

CO2CH ~ 
~ CO2CH3 

R~ R 2 CH. / ~ CH 3 R 3 R 4 

H H H H 

R1 R2 Ra R4 

I CH 3 CH=CH 2 CH 3 
II CH 3 CH=CH~ CH 3 
III CH a CH=CH i CH a 
IV CH 3 CH-CH 2 CH 3 
V CH 3 CH=CH 2 CH 3 
VI CH a CH=CH 2 CH 3 
v i i  CH 8 CH-CH i CH a 
v i i i  CH a CH=CH 2 CH 3 
IX CH-CH~ CH 3 CH 3 
X CH a CH---CH~ CH=CH 2 
X l I I  CH-CH 2 CH 3 CH. 
XIV CH(CHs)SCH2COOCH 3 CH 3 CH a 
X V  CH 3 CH CH 2 CH a 

CH=CH 2 
CH(CHa)OR 
CH(CHa)SR 
CH(CH 3) SCH~COOCH a 
CH(CHa)OCH a 
CH(CHa) SCH2CH(NHCOCH3) COOH 
CH(CH 3) SCOCH a 
CH(CH 3) SCH(CHa)CONHCH2COOH 
CH-CH 2 
CH 3 
CH(CHa)SCH2COOCH 3 
CH(CH 3) SCH2COOCH 3 
CH(CHa)OS0aH 
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Likewise,  b i l i rub in  in ch lo roform c o n t a i n i n g  p - T s O I t  
a n d  1. m e t h a n o l  (10%, v/v) ,  or 2. N-ace ty l -L-cys te ine  
(2 mg/ml) ,  or  3. t h ioace t i c  acid (5 %,  v /v) ,  or  4. ~ -mercap to-  
p rop iony lg lyc ine  (2 mg/ml )  gaveT: 1. V (7 days,  25% 
yield) ~, 2. VI  (6 h, 80~o) 2, 3. V I I  [6 h, 85%,  N M R  
(DMSOd6) s 1.54a (3H, J - ~  7 Hz,  -CH3) , 2.3% (3H, 
cH~cos), 4.66a (1H, J -= 7 Hz,  ) C H - S - )  a n d  t h e  A B X  

s y s t e m  of t h e  endo-vinyl group  b e t w e e n  5,5-7.2;  "'max~CHCl~ 
450 n m  (e 52,30O)], 4. V I I I  [5 h, 87%,  N~R(DIVfSOd6) 
1.27a (3H, J = 7 Hz, Ct ta-CI t -CO ), 1.55a (3H, J = 7 Hz, 
CHa-CH-S ), 3.85a (-CH2-NH-) p a r t l y  bu r i ed  b e n e a t h  t h e  
b r o a d  s ingle t  of t he  cen t r a l  m e t h y l e n e  b r idge  a t  4.10, and  
t h e  A B X  s y s t e m  of t he  endo-vinyl group  b e t w e e n  5.5-7.3;  

2c~cl, 451 n m  (~ 51,100)]. No i somer ic  a d d u c t s  were 
de tec ted  in t he  r eac t ion  m i x t u r e s ;  in  add i t ion ,  no signi- 
f i can t  isomeric  s c r a m b l i n g  of b i l i r u b i n  I X e  (I) l ead ing  to  
formation of bilirubin llla (IX) and bilirubirf XIII~ 
(X) ~ was  obse rved  in  T L C  u n d e r  t h e  above  cond i tons  as 
well  as in  ch lo ro fo rm c o n t a i n i n g  p - T s O t t  only. 

The  f o r m a t i o n  of such  a d d u c t s  as I V - V I I I  can  be  
r a t iona l i zed  as a n  in i t i a l  p r o t o n a t i o n  of t he  i sovinylne-  
o x a n t h o b i l i r u b i n i c  acid m o i e t y  of b i l i rub in  (as in  XI )  
fol lowed b y  a r e a r r a n g e m e n t  (wi th  p r o t o n  t ransfe r )  to  
yie ld  t he  ca t ion  X I I  i t  wh ich  m a y  be  a t t a c k e d  b y  t h e  
nuc leophi le  I-IX (X = O R  or SIR) occurr ing  in  t h e m e d i u m .  
T h a t  b i l i r u b i n  exis ts  in  acid med ia  pa r t i a l l y  in  p r o t o n a t e d  
forms (XI  as wel l  as t h e  co r re spond ing  one w i t h  t h e  p r o t o n  
a t t a c h e d  to  t h e  v i n y l n e o x y n t h o b i l i r u b i n i c  acid moie ty)  
is s t rong ly  s u p p o r t e d  b y  t he  U V - s p e c t r m n  of t h e  p i g m e n t  
in  ch lo ro fo rm c o n t a i n i n g  p- to luensu l fon ic  acid. I n  fact ,  
t h i s  so lu t ion  exh ib i t s  t w o  a b s o r p t i o n  m a x i m a  a t  517 
(e 132,000 calc.) ~ a n d  453 ran,  t he  f o r m e r  a p p e a r i n g  
cons i s t en t  w i t h  t he  presence  o f p r o t o n a t e d  d i p y r r o m e t h e n e  
de r iva t i ve s  ~a. F u r t h e r m o r e ,  t h e  m e c h a n i s m  p roposed  
accoun t s  for  t h e  regiospecif ic i ty  ~ of t he  ac id -ca ta lyzed  
add i t ions  to  b i I i rub in  as a consequence  of a n  i n t e r ac t i on  
be tween  t he  enolic h y d r o x y l  (or t he  p r o t o n a t e d  carbonyl )  
and  t h e  v i n y l  group wh ich  occur  in  close p r o x i m i t y  in 
t he  i s o v i n y l n e o x a n t h o b i l i r u b i n i c  acid m o i e t y  on ly  ~a. 
Conf i rming  ev idence  for  t he  dif ference in  r e a c t i v i t y  be t -  
ween  endo- and  exo-vinyl  groups  in  a bi ladiene-a ,c  
ske le ton  re su l t ed  f rom t h e  b e h a v i o r  of I X  a n d  X u n d e r  
t he  cond i t ions  for  a n  ac id -ca ta lyzed  a d d i t i o n  of m e t h y l  
th iog lyco l la te  : two  de r iva t ives  co r re spond ing  to X I I I  and  

X I V  ~5 were ob t a ined  f rom the  fo rmer  isomer,  whereas .  
none  f rom t h e  la t te r .  

All  these  d a t a  ra ise  t h e  poss ib i l i ty  t h a t  enzyme-ca t a lyz -  
ed add i t ions  of nnc leophi les  to  t he  exo-vinyl  g roup  of 
b i l i r ub in  v i a  a ca t ion  such  as X I I  occur  in  vivo,  and  
sugges t  t h a t  s t ruc tu re s  X V  and  I I  (R = glycosyl  radical )  
are t h e  m o s t  l ike ly  c a n d i d a t e s  for  n a t u r a l  b i l i r ub in  sul- 
fa te  ~v a n d  for  t he  a lka l i - s tab le  b i l i r u b i n  con juga t e  de tec ted  
.by I~UI~NZLE aS a z o p i g m e n t  B~ ~9. I n  add i t ion ,  t h e  above  
resu l t s  m i g h t  exp la in  t he  f ind ing  t h a t  t h e  v iny l / i sov iny l  
i somer  r a t io  of azop igmen t s  der ived  f rom h u m a n  and  r a t  
bi le  is a l m o s t  a lways  in f a v o u r  of t h e  v i n y l  i somer  ~9, ~0 

s Chemical shifts are in parts per million (5) from internal tetra- 
methylsilane; s, singlet; d, doublet; q, quartet. 
Acid-catalyzed isomeric scrambling of bilirubin IX~ has been 
recently reported ~~ We obtained IX and X in satisfactory yields 
by preparative TLC ~ of the isomeric mixture arizing from the 
treatment of bilirubin (100 rag) in DMSO (20 ml) withp-TsOH (0.5 g) 
for I rain (at r.t. under He) followed by precipitation with HeO. 

l0 A. F. DONAG~ and F. AssIsI, Chem. Commun. 7972, 117. 
11 The same cation was postulated as a transient intermediate in 

photo-induced additions to bilirubin 1. 
le The molecular extinction coefficient was calculated considering 

the decrease of the maximum at 453 nm as due to the protonation 
of one chromophore of bilirubin. 

13 L. G. S. ~ROKER~ F. L. ~VVHITE, ]R. H. SPRAGUE, S. G. DENT J!R.~ 
and G. VAN ZANDT, Chem. Rev. dl, 325 (1947). - W. RUDIGER, in 
For~schritte der Chemic organischer Naturjorsto]]e (Springer Verlag, 
Wien 1971), p. 73. 

14 j .  C. KOHLI, M. S. WADIA and P. S. I{ALSI, Experientia 28, 131 
(1971), for another example. 

2~ These adduets were identified by a comparison (co-chromato- 
graphy v) of their ethyl anthranilate azopigments methyl esters 1~ 
with those of IV and X. 

1~ K. P. 1Vf. HEIRWEOH, G. P. VAN HENS, P. LEROY, F. P. VAN ROY 
and Iv. H. JANSEN, Biochem. J. 720, 877 (1970). 

1T ]3. A. NOlR, A. T. DE "VVALZ and E. A. RODRIOUEZ GARAY, Biochim. 
biophys. Acta 222, 15 (1970) and references cited therein. By 
contrast, WATSON'S synthetic bilirubin disuHate is, 19 results proba- 
bly from Markownikoff addition of H2SO 4 to both ezo-vinyl groups 
of bilirubin IIIc~ (IX) arizing from isomeric scrambling ~ of natural 
bilirubin IXc~ (f) under the reaction conditions. 

18 C. H. GREGORY and C. J. WATSON, J. Lab. clin. Med., 60, 17 (1962). - 
C. C. KEEI~ZL~, Biochem. J. 779, 395 (1970). 

19 C. C. KUI~NZLE, Biochem. J. 719, 411 (1970). 
20 I~" H. JANSEN and M. S. STOLL, Biochem. J. 125, 585 (1971). 
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This  would  re su l t  f r om the  occur rence  in  v ivo  of b i l i r ub in  
de r i va t i ve s  ca r ry ing  a s u b s t i t u e n t  on  t h e i r  i sovinyl -  
n e o x a n t h o b i l i r u b i n i c  acid p o r t i o n  (as in  I I  a n d  I I I ) ,  t h u s  
caus ing  a def ic iency of t he  d e t e c t a b l e  i sov inyl  azopig-  
men t s .  

Riassunto. I n  mezzo  f o r t e m e n t e  acido la b i l i r u b i n a  
reagisce con  gli alcooli  e con i t io l i  f o rnendo  con a l te  rese 

p r o d o t t i  di  add iz ione  iden t ic i  a quel l i  o t t en ib i l i  p e r  v ia  
fo toch imica  in assenza  di acidit~t. 

P. ]V[ANITTO and  D. )/IoNTI 

Istituto di Chimica Organica della Facoltg di Scienze 
dell' Universit~ di Milano, Centro per lo studio 
delle sostanze organiche naturali del C.N.R., 
Via Saldini 50, 1-20733 Milano (Italy), 79 July 7972. 

T h e  I s o l a t i o n  of D e h y d r o d i i s o e u g e n o l  f r o m  the  Ari l  of Myristica fragrans Hout t  z 

Myristica/ragrans H o u t t .  is t h e  economica l ly  i m p o r t a n t  
m e m b e r  of t h e  f a m i l y  Myris t icaceae .  T he  seed (nutmeg)  
a n d  t he  ar i l  (mace) are  wide ly  used  as spices a n d  h a v e  a 
long h i s t o r y  of abuse  in v iew of t h e i r  r epo r t ed  na rco t i c  
p roper t i e s  2, 3. W h i l s t  t e rpeno ids  a n d  f a t t y  acids c o n s t i t u t e  
t h e  m a j o r  classes of c o m p o u n d s  found  in t h i s  species, 
p r o p e n y l p h e n y l  e thers  are also p r e s en t  in  s ign i f ican t  
q u a n t i t i e s  a-5. W e  now  wish  to  r e p o r t  t he  i so la t ion  of a n  
e x a m p l e  of a d imer ic  p ropeny lpheno l ,  t h e  c o u m a r a n  
der iva t ive ,  dehydrod i i soeugeno l  (I). This  c o m p o u n d  was 
i so la ted  f rom t h e  phenol ic  f r ac t ion  of a cold p e t r o l e u m  
e t h e r  e x t r a c t  of f resh ly  g round  mace,  b y  c o l u m n  c h r o m a t o -  
g r a p h y  on  si l ica gel [e lu t ing so lven t :  b e n z e n e / h e x a n e s  
(1:1)~ 

The  dehydrod i i soeugeno l  (I), [mass spec t rum,  found :  
NI+. 326.1515, ca lcu la ted  for C20H220 4 326.1518, m a j o r  
peaks :  326 (100%),  311 (10%), 283 (6%),  202 (10%), 
164 (6%), 151 (11%), 137 (18%), I R  vm=~ 3560 cm -1. 
U V  lmax (E tOH)  275 nm]  was o b t a i n e d  as w h i t e  c rys ta l s  
m.p.  130-132 ~ (from benzene-hexane) ,  l i t .s;  m.p.  132-133 ~ 
The  N M R - s p e c t r u m  (CDCla) showed  t h e  fol lowing 
s ignals :  z 3.07-3.26, m, 5 a r o m a t i c  H ;  3.65, d, J = 15 t t z ,  
1, e l l ;  3,95, m, 1, / / t-I ;  4.40, s, 1, O H ;  4.94, d, J = 9 Hz,  
1, r 6.13, s, 3, OCH3; 6.15, s, 3, OCH3; 6.58, m,  1 , / / 'H ;  
8.15, d, J ~- 6 Hz,  3, y H ' s ;  8.63, d, J = 7 I-Iz, 3, y ' H ' s .  
These  va lues  are  in  a g r e e m e n t  w i t h  t hose  r e p o r t e d  b y  
LUDWIG et  al. 7, for  dehydrod i i soeugeno l  w h i c h  was  
p r e p a r e d  b y  o x i d a t i o n  of i soeugenot  (II).  T he  c o m p o u n d  
(I) was  f i rs t  p r e p a r e d  b y  CowslN a n d  HgRISSEY s in  1908, 
i t s  p h e n y l c o u m a r a n  s t r u c t u r e  I p roposed  in  1933 s a n d  
ver i f ied  severa l  years  laterg,  ~0. T he  i den t i f i c a t i on  of t he  
i so la ted  c o m p o u n d  as (I) was  ver i f ied  b y  f o r m a t i o n  of t he  
ace ty l  d e r i v a t i v e  (m.p. 111-113 ~ lit. n m.p.  113-5 ~ [Mass 
s p e c t r u m ;  M+. 368 (27%) m a j o r  peaks ,  326 (100%),  311 
(10%),  202 (14%), 174 (5%),  164 (9%),  153 (23%),  151 
(11%), 137 (14%), 91 (10%), 77 (9%),  43 (50%)].  

Sil~ce isoeugenol  has  been  r epo r t ed  in t he  essent ia l  oil 
of mace  n a n d  can  be  c o n v e r t e d  to  dehydrod i i soeugeno l  b y  
ox ida t ion ,  i t  was  the re fo re  necessa ry  to  ensure  t h a t  t h e  
dehydrod i i soeugeno l  i so la ted  f rom mace  was no t  a n  
a r t i f a c t  fo rmed  b y  ox ida t i on  of i soeugenol  d u r i n g  t he  
e x t r a c t i o n  procedure .  Th i s  was  ach ieved  b y  de tec t ion  of I 
b y  two-d imens iona l  t h i n  l ayer  c h r o m a t o g r a p h y  [Br ink-  
m a n n  sil ica gel G plates ,  RI  in  d i e thy l  e the r / cyc lohexane  
(50:50) = 0.46; R f  in  b e n z e n e / a c e t o n e  (95:5) = 0.43] of 
t he  f resh p e t r o l e u m  e the r  ex t rac t .  The  i d e n t i t y  of t he  t h i n  
layer  spo t  was e s t ab l i shed  b y  c o m p a r i s o n  of t h e  RI  va lues  
in  two  so lven t  sy s t ems  a n d  t h e  colour  r eac t ions  (Fas t  B lue  
t3 a n d  An i sa ldehyde  reagents )  of t h i s  s u b s t a n c e  w i t h  
those  of a pur i f ied  sample  of (I), a n d  f u r t h e r  ver i f ied  b y  
d e t e r m i n a t i o n  of t h e  mass  s p e c t r u m  of t h e  m a t e r i a l  
e x t r a c t e d  f rom t h e  a p p r o p r i a t e  spo t  on  t he  p la te .  

Dehydrod i i soeugeno l  (I) ha s  n o t  p rev ious ly  been  
r e p o r t e d  as a p l a n t  cons t i t uen t ,  h o w e v e r  t he  ana logous  
compound ,  dehydrod icon i fe ro l  a lcohol  ( I I I )  has  been  
i so la ted  f rom spruce  c a m b i u m  sap (cf. Ref.12). 

Dehydrod icon i f e ro l  a lcohol  ha s  been  p roposed  as an  
i n t e r m e d i a t e  in  t h e  b io syn thes i s  of l ign in  and  it,  as well  as 
dehydrodi i soeugenol ,  has  been  used as a mode l  for  spect ro-  
scopic and  deg rada t i ve  s tudies  in  l ign in  chemis t ry .  

Rdsumd. On a p u  isoler le dgshydrod i i soeug6nol  de 
l 'ar i l le  de  Myristica fragrans H o u t t .  (fleur de muscade) .  
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