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Summary 

On t r e a t m e n t  of 3e-hydroxy-Sf l - s te ro ids  w i t h  lead t e t r a -  
a c e t a t e  f o r m a t i o n  of 3~, 9~-oxides  is obse rved .  T h e  y ie lds  
of  th i s  r ing  closure r e a c t i o n  decrease  s ign i f i can t ly  in  t he  
o rde r  11-keto, A*,n-ene a n d  r ing-C s a t u r a t e d  c o m p o u n d s .  

Alkaloid Studies XXV ~. 
The Structures of the Aspidosperma Alkaloids 

Cylindrocarpine and Cylindrocarpidine 

I n  c o n n e c t i o n  w i t h  ou r  i n v e s t i g a t i o n s  on  a lka lo ids  f r o m  
B r a z i l i a n  Aspidosperma species, t h e r e  h a s  b e e n  r eco rded  
in  p r e l i m i n a r y  form* t h e  i so la t ion  of four  new  alkaloids ,  
cy l ind roca rp ine ,  pyr i fol id ine ,  pyr i fo l ine  a n d  re f rac t ine .  
~Ve wou ld  n o w  l ike to  r e p o r t  t h e  s t r u c t u r e  e luc ida t ion  of 
cy l ind roca rp ine ,  as  wel l  as  t h e  i so la t ion  a n d  c o n s t i t u t i o n  
of  a f i f th  a lka lo id  of t h i s  series, cy t ind roca rp id ine .  

Cylindrocarpine (II). T h e  ear l ie r  i n v e s t i g a t i o n s  * showed  
t h a t  c y l i n d r o c a r p i n e  co r r e sponded  t o  C,0_z0Hz~_,,N,O, 
a n d  t h a t  t h e  four  o x y g e n  a t o m s  f o r m e d  p a r t  of a ca rbo -  
m e t h o x y  g roup  a n d  a N - c i n n a m o y l - 7 - m e t h o x y d i h y d r o -  
indole  mo ie ty .  Cons ide rab le  c la r i f i ca t ion  was  p r o v i d e d b y  
n u c l e a r  m a g n e t i c  r e s o n a n c e  (NMR) s tud ies  ~. F i rs t ,  t h e  
N M R  s p e c t r a  of  a v a r i e t y  of indole  a n d  d i h y d r o i n d o l e  
a lka lo ids  were  measu red ,  a m o n g  t h e m  a sp idospe rmine  (I) *, 
e b u r n a m o n i n e  *, ibogamine*,  d i abo l ine  ~, coronar idine*,  a n d  
a k u a m m i c i n e  *, a n d  the se  m e a s u r e m e n t s  showed  c lea r ly  
t h a t  such  N M R  s p e c t r a  c an  o f t e n  be  used  for  pu rposes  of 
' f inger  p r i n t i n g ' .  T h e  N M R  s p e c t r u m  (Fig. 1) of aspido-  
s p e r m i n e  (I) - in  a d d i t i o n  to  t h e  cha rac t e r i s t i c  peaks  for  
t he  a r o m a t i c  m e t h o x y l  f u n c t i o n  (~5 = 3.89), t h e  N - a c e t y l  
g roup  (~ = 2.20), t h e  C-5 e t h y l  s u b s t i t u e n t  (d = 0.57 for  
s t r o n g  l ine a t  CH~ group)  a n d  t he  lone h y d r o g e n  a t o m  
a t t a c h e d  to  C-13 w h i c h  is n o t  sp l i t  (6 = 2.20) b y  a n y  
n e i g h b o r i n g  p r o t o n - - s h o w s  a series of p e a k s  f r o m  ~ = 
2.90 to  3.31 w h i c h  a p p e a r  to  be  qu i t e  cha r ac t e r i s t i c  of t h e  
a sp idospe rmine  skele ton.  A m u l t i p l e t  cons i s t ing  of four  
l ines  c e n t e r e d  a r o u n d  6 = 4.50 is ass igned  to  t h e  p r o t o n  
o n  C-2, w h i c h  couples  i t s  sp in  to  t h e  t w o  p r o t o n s  o n  C-3. 
These  s a m e  f ea tu re s  a re  also f o u n d  in  t h e  N M R  s p e c t r u m  
(Fig. 2) of cy l ind roca rp ine  (II) ,  t h u s  sugges t ing  t h a t  t h e  
s a m e  t y p e  of ske l e ton  is a lso  p r e s e n t  in  t h i s  a lka lo id .  I n  
a d d i t i o n  to  t h e  e x p e c t e d  d i f ferences  a s soc ia t ed  w i t h  t h e  
N - a c y l  s u b s t i t u e n t  (absence  of s t r o n g  ¢5 = 2.20 p e a k  d u e  
to  t h e  a c e t y l  g roup  in  I a n d  a p p e a r a n c e  of  l ines  a t  397, 
413, 455, a n d  471 cps - - r e l a t i ve  t o  t e t r a m e t h y l s i l a n e  a t  

• 60 m e - - a s s o c i a t e d  w i t h  t h e  transcinnamoyl sys tem) ,  t h e  
m o s t  s ign i f i can t  conc lus ion  is t h e  absence  of  a C-e thy l  
group.  A p e a k  a t  ~ = 2.48 due  to  t h e  h y d r o g e n  a t o m  a t  
C-13 is s t i l l  p r e s e n t  a n d  is n o t  sp l i t  b y  ax~y n e i g h b o r i n g  
h y d r o g e n ;  therefore ,  C-5 m u s t  also be  s u b s t i t u t e d  a n d  
t h i s  r e p r e s e n t s  t he  m o s t  logical  s i te  for  t he  c a r b o m e t h o x y  
b e a r i n g  f r a g m e n t  k n o w n *  to  be  p r e s e n t  in  cy l indro -  
carp ine .  T h e  p r o x i m i t y  of t h e  c a r b o n y l  g roup  to  C-5 ac-  
c o u n t s  for  t h e  sh i f t  of t h e  C-13 p r o t o n  p e a k  f r o m  6 = 2.20 
in  I to  2.48 in  I I .  A n o t h e r  v e r y  i m p o r t a n t  piece of infor -  

m a r i o n  c a m e  f rom t h e  N M R  p r o t o n  c o u n t  x° b y  e lec t ron ic  
i n t e g r a t i o n ,  w h i c h  d e m o n s t r a t e d  qu i t e  c lea r ly  t h e  pre-  
sence  of 34 p r o t o n s  a n d  t h u s  a u t o m a t i c a l l y  e s t a b l i s h e d  
t h e  empi r i ca l  f o r m u l a  as Ca0H~iN~O , i n s t e a d  of t h e  equa l ly  
a c c e p t a b l e  C,0H,2N,O,.  

T h e  empi r i ca l  fo rmula ,  t h e  n u c l e a r  m a g n e t i c  r e s o n a n c e  
d a t a  sugges t ing  a n  a s p i d o s p e r m i n e  (I) ske l e ton  a n d  t h e  
ear l ie r  a d d u c e d  c h e m i c a l  i n f o r m a t i o n  2 a re  m o s t  p l a u s i b l y  
c o m b i n e d  in  expres s ion  I I  a n d  t h i s  was  p r o v e d  as  follows. 
R e d u c t i o n  of  cy l i nd roca rp ine  (II)  w i t h  l i t h i u m  a l u m i n u m  
h y d r i d e  a f fo rded  a s epa rab l e  m i x t u r e  of t h e  N-~ -pheny l -  
p r o p y l  d e r i v a t i v e  V I  (m. p. 49°C, no  a m i d e  a b s o r p t i o n  
in  i n f r a r e d ) n  a n d  t h e  non -c ry s t a l l i ne  d i h y d r o c y e l i n d r o -  

ca rpo l  V I I  ,--m~xtACHCl' 6.10 [~)xz. O x i d a t i o n  of t h e  l a t t e r  w i t h  
c h r o m i u m  t r iox ide  in ace t ic  acid so lu t ion  p r o v i d e d  t h e  

• C H C I ~  a ldehyde ,  d i h y d r o c y l i n d r o c a r p a l  (VI I I )  (~ma~ 5.85 a n d  
6.10 ~), w h i c h  was  pur i f i ed  b y  c h r o m a t o g r a p h y  a n d  re-  
duced  b y  t he  W o l f f - K i s h n e r  p r o c e d u r e  to  t h e  k n o w n  
d e a c e t y l a s p i d o s p e r m i n e  (IX) xL 

Cylindrocarpidine (IV). Thi s  n e w  a lka lo id  was  i so la ted  
f rom t h e  e y l i n d r o c a r p i n e  (If)  m o t h e r  l iquors* a n d  ex-  
h i b i t e d  t h e  fol lowing p r o p e r t i e s  a f t e r  r ec rys t a l l i za t ion  
f rom aqueous  e t h a n o l :  m.  p. 118-118.5°C,  [~¢]~)7 _ 122oc  

(c, 0.72 in  ch loroform) ,  ~EtOH 218 (log e 4,58), 255 (4.09) 
~ I I I a X  

a n d  in f lec t ion  a t  286-290 m ~  (3.61-3.55),  --min~EtOH 234 m v  
(log e 3.67); Anal. Calc. for  C,3H~0N,O4: C, 69.32; H ,  7.59; 
N,  7.03; O, 16.06; 2 0 C H ~ ,  15.55. F o u n d :  C, 69.22;  H ,  
7.53; N,  6.98;  O, 16.32; OCH~, 15.41. T h e  N M R  p r o t o n  
c o u n t  con f i rmed  t h e  ana lys i s  ( found :  30.2 nk 0-5), While 
t h e  N M R  s p e c t r u m  (Fig. 3) was  v e r y  s imi l a r  to  t h a t  

1 Paper XXtV, T. NAI~A~O, C. DJERASSI, R.A. CORRAL, and 
O. O. OgAzI, J. org. Chem., in press. 

B. G~L~RT, L.D. ANTONACCIO, A .A .P .G .  ARCHER, and C. 
DJEgAssI, Exper. 16, 61 (1960}. 

s For details on measurement and recording of NMR results see 
C. DJERAssI, T. NAKANO, A. N. JAMES, L. H. ZALKOW, E. J. E~SE~- 
BRAUN, and J. N. SHOOLERY, J. org. Chem., in press, For reasons 
pointed out in that  paper, dimensionless chemical shift units are 
used, ~int/SiMe4 = cps[60 × 10 ~ ppm (for a 60megacycle instrument). 
For conversion to the Tiers T scale [G.V.D. T1ERS, J. phys. Chem. 62, 
1151 (1958)] the following simple relationship may be used: T = 
10 -- d int/SiMe 4. 

4 j .  F. D. MXLLS and S, C. NYBURG, Tetrahedron Letters, No. 11, 
1 (1959); J. chem. Soc. 1960, 1458, For confirmatory chemical 
evidence see H. CONROY, P. R. BROOK~ and Y. AMIEL, Tetrahedron 
Letters, No. 11, 4 (1959). - G. F, SMrrH and J. T. WROnEL, J. chem. 
Soc. 1960, 1463. 

s M. F. BARTLETT and W. I.TAYLOR, Tetrahedron Letters, No.20, 
~0 (1959). 

s M. F. BARTLETT, D. F. DIC~EL, and W. I. TAYLOR, J. Amer. 
chem. Soc. 80, 1~6 (1958). 

? A. R. BATTERSBY and H. F. HODSON, Proc. chem. Soc. 1959, 196. 
s M. GORMArL N. NEUSS, N. J. CoN~, and J. A. DEYRUP, J. Amer. 

chem. Soc. 82, 114~2 (1960). 
K. Ac~tORA~VRTHY and R. ROBI~sos, Tetrahedron 1, 179 

(1957). - G. F. SMXTn and J. T. WROBEL, J. chem. Soc. 196o, 792. - 
K. BERNAUER, W. AR,nOLD, C. WRISS~t,~, H. SCItMXD, and P. 
KARRER, Helv. chim. Acta 43, 717 (1960. - P. N. EvwARns and G.F. 
Smwg, Proc. chem. Sos. 1960, 215. 

Specifically, the proton count was performed by integrating the 
10 aromatic and olefinic protons, the proton on C-2 and the 6 protons 
of the methoxyl groups as a group of 17 protons, thusgiving 
408.4 -4- 4 (arbitrary units) as an average of 5 runs. This is corrected 
for the residual CHC13 in the CDC1 v The total integral for 5 runs 
was 839.4 4- 6 but a blank run of the solvent showed that 25 units 
of integral came from solvent contamination. Thus, the total integral 
is 814.4. This gives the total number of protons as 814.4 4- 6] 
408.4 4- 4× 17 ~ 33.9 =k 0.5 protons. 

~t All substances gave satisfactory elementary analyses. 
fa See B. WITKOP and J. B. PATRICK, J. Amer. chem. Soc. 76, 

5603 (1954). 
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I R= COCHs; R'= C~H 5 
II R = COCH=CHC6H~; R' = CH~CO~CH 3 
Ill R = COCH~CH2CsHs; R' = CH2CO~CH 3 
IV R = COCHs; R' = CH2CO2CH 3 
V R = H; R' = CH2CO~H 
VI R = CH2CH2CI-12CeHs; R' = CH~CH=OH 
VII R = COCHzCH~CeHs; R'  = CHiCH~OH 
VIII  R = COCH2CH2CeHs; R "  = CH~CHO 
IX R =  H; R ' =  CiH 6 

(Fig. 1) of aspidospermine (I) except for the absence of 
the C-ethyl group and the presence (6 = 3.58) of a carbo- 
methoxy function, which was also indicated by the in- 
frared band at  5.81 ~ (in addition to the amide band at  
6.13 ~). The existence of a N-acetyl  substi tuent (~ = 2.22) 
was established by aqueous hydrochloric acid hydrolysis 
and paper chromatographic identification 13 of acetic acid 
in the steam-volatile distillate. An unsplit C-13 proton 
peak at  6 = 2.45 suggests tha t  C-5 is again substituted in 
the manner of II.  Indeed the non-volatile portion of this 

13 C. F. GAFCBERS, H. SCftMID, and P. KARRER t Helv. chim. Acta 
37, 1336 (1954). 

14 Postdoctorate research fellow, 1958-1960. 
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acid c leavage  p r o v i d e d  t he  d ihyd roch lo r ide  (m. p. 247 to  
249°C) of cy l ind roca rp in i c  acid (V) [p rev ious ly  ~ o b t a i n e d  
b y  acid hydro lys i s  of  d i h y d r o c y l i n d r o c a r p i n e  ( I I I ) ] ,  t h u s  
d e m o n s t r a t i n g  t h a t  cy l ind roca rp id ine  h a d  to  possess  
s t r u c t u r e  IV.  
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Zusammen]assung 

Die S t r u k t u r a u f k l ~ r u n g  yon  C y l i n d r o c a r p i n  (II) u n d  
Cy l ind roca rp id in  (IV) zeigt,  dass  diese zwei Alka lo ide  die 
e r s t en  Mi tg l ieder  der  A s p i d o s p e r m i n f a m i l i e  (I) s ind,  in  
d e n e n  eine saue r s to f fha l t i ge  S e i t e n k e t t e  a n s t a t t  de r  ge- 
w S h n l i c h e n  C - 5 - A t h y l g r u p p e  vor l iegt .  

Spontane  Tr anssu l f ur a t ion  
z w i s c h e n  o r g a n i s c h e n  Thiosu l fons i iuren  

und Sulf ins/ iuren 

Die o r g a n i s c h e n  T h i o s u l f o n a t e  de r  a l l geme inen  F o r m e l  
R - S O ~ - S H  g e w a n n e n  a n  b io log i schem In te resse ,  n a c h -  
d e m  das  T h i o t a u r i n  u n t e r  d e n  S t o f f w e c h s e l p r o d u k t e n  in 
vivo des  Cys t ins  1,~ u n d  de r  Alanin th iosul fons~iure ,  in vitro 
u n t e r  den  A b b a u p r o d u k t e n  des  Cys t ins  d u t c h  chemische  ~ 
u n d  e n z y m a t i s c h e  ~ R e a k t i o n e n  nachgewiesen  wurde .  

E s  sch ien  u n s  n u n  y o n  In te resse ,  zu er forschen,  ob  die 
V e r b i n d u n g e n  de r  F o r m e l  R - S O ~ - S H  s p o n t a n  Er sche i -  
n u n g e n  yon  T r a n s s u l f u r a t i o n  au fwe i sen  kSnnen ,  welche  zu 
V e r b i n d u n g e n  R - S O ~ - H  f t ihren.  

Zu d iesem Zweck  w u r d e n  e inerse i t s  A lan in thJosu l fon -  
s~ure  {I) u n d  H y p o t a u r i n  (II) .  a n d e r s e i t s  T h i o t a u r i n  ( IV) 
u n d  Cys te insu l f ins~ure  ( I I I )  in  0,02 M wfisseriger L S s u n g  
be i  Z i m m e r t e m p e r a t u r  g e m i s c h t  u n d  die R e a k t i o n s p r o -  
d u k t e  a l sba ld  p a p i e r c h r o m a t o g r a p h i s c h  u n t e r s u c h t  ( W h a t -  
m a n - P a p i e r  No. 4; E l u t i o n  m i t  P h e n o l  a n d  Coll idin-  
Lu t id in ) .  

Bei  be iden  F/i t len w a r e n  i m  C h r o m a t o g r a m m  alle v ie r  
e r w £ h n t e n  V e r b i n d u n g e n  I - I V  v o r h a n d e n ,  ausse r  d e m  
ger inge  S p u r e n  y o n  Tau r i n ,  welches  de r  O x y d a t i o n  des  
H y p o t a u r i n s  wi th rend  de r  C h r o m a t o g r a p h i e  e n t s t a m m t e .  
A n d e r u n g  des p H  zwischen  5 u u d  8,5 sowie V e r l ~ n g e r u n g  
de r  R e a k t i o n s d a u e r  i i nde r t en  den  c h r o m a t o g r a p h i s c h e n  
B e f u n d  n ich t .  Das  R e s u l t a t  zeigt ,  dass  e ine r a sche  T r a n s -  
s u l f u r a t i o n s r e a k t i o n  zwischen  den  V e r b i n d u n g e n  v o m  
T y p  R - S O ~ - S H  u n d  A k z e p t o r e n  v o m  T y p  R - S O ~ - H  
s t a t t f i n d e t .  

RSOzSH+ R'SO~H ~+_ RSO~H+ R'SO~SH 
I I I  I i t  IV 

R = HOOC • CHNHz • CH~- R" = N H I .  CH~ • CH~- 

Na t i i r l i ch  muss  e ine solche T r a n s s u l f u r a t i o n s r e a k t i o n  
be r ( i cks i ch t ig t  werden ,  w e n n  biologische  Ma t e r i a l i en  
zwecks F e s t s t e l l u n g  y o n  T h i o s u l f o n a t e n  u n t e r s u c h t  we t -  
d e n  sollen.  

C. DE MARCO u n d  M. COLETTA 
Istituto di Chimica Biologica, Universit& di Roma (Ira- 

lien), 25: Juli  1960. 

Summary 

S p o n t a n e o u s  t r a n s u l f u r a t i o n  r e a c t i o n s  b e t w e e n  a lan i -  
n e t h i o s u l i o n i c  ac id  a n d  h y p o t a u r i n e ,  a n d  b e t w e e n  t h i o t a u -  
f ine  a n d  cys te inesu l f in ic  acid,  h a v e  b e e n  d e m o n s t r a t e d .  

1 D. CAVALLINI, C. DE MARCO und B. MONDOVf, J. biol. Chem. 
234, 854 (1959). 

2 ~). CAVALLINI, C. DE MARCO, ]3. MONDOVI und L. TENTORI, J. 
Chrom. 3, ~0 (1960). 

a D. CAVALLINI, C. DE MARCO und B. MONDOVf, Arch. Biochem. 
Biophys. 87, 281 (1960). 

4 D. CAVALLINI, C. n~ MARCO, B. MO~DOV~ und G. MORI, Enzy- 
mologia, 22, 161 (1960), 

l~ber das  Verhal ten  yon  R i b o f l a v i n - S e m i c h i n o n  
g e g e n  Meta l l ionen.  

Mode l l s tud ien  zur  M e t a l l - F l a v o e n z y m k a t a l y s e  

W i r  h a b e n  f r i iher  1 gezeigt ,  dass  R ibo f l av in ,  welches  in  
de r  C h i n o n f o r m  Rf l  vor l iegt ,  e n t g e g e n  den  B e f u n d e n  an-  
d e t e r  A u t o r e n  2 kein  s t a r k e r  M e t a l l c h e l a t - B i l d n e r  is t  a. Aus  
de r  s c h w a c h e n  Meta t l -Af f in i t~ t  y o n  Rf l  t/~sst s ich  die  
Mcta l l -Spez i f i t / i t  a k t i v e r  F l a v o e n z y m e  4,~ n i c h t  erkl~iren. 

A u c h  die aus  Rf l  d u t c h  A u i n a h m e  y o n  1 Mol  H~ e n t -  
s t e h e n d e  L e u k o f o r m  RflH2 zeigt,  wie w i t  f a n d e n  °, ke ine  
p o t e n t i o m e t r i l c h  oder  s p e k t r o p h o t o m e t r i s c h  nachwe i s -  
baxe MetaU-Aff in i t~ t .  
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I n  de r  Zwischenze i t  i s t  m a n  - v o r  a l l em d u r c h  die U n -  
t e r s u c h u n g e n  yon  BEINERT 7 _ d a r a u f  a u ~ m e r k s a m  g e m a c h t  
worden ,  dass  ein d r i f t e r  F l a v i n - S t r u k t u r t y p ,  d ie  F l a v o s e -  
m i c h i n o n e  Rf lH 8, fi ir  die B i o k a t a l y s e  a u s s c h l a g g e b e n d e  
B e d e u t u n g  ha t .  

Zu d e n  F a k t o r e n ,  welche  diese r ad ika l i s che  F l a v i n -  
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