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but also represents a new helpful tool in the structural  
elucidation of terpenic compounds. This new tool 
limits the number  of carbon skeletons which can be 
proposed on the basis of the original isoprene rule x 
("empirical isoprene rule") alone. I t  is obvious that  any 
formula deduced in accordance with the "biogenetic" 
as well as with the "empirical"  isoprene rule requires 
experimental proof. 

The "empirical  isoprene rule" was deduced formally 
from the structure of the natural  terpenic compounds. 
From the "biogenetic isoprene rule", however, it 
would follow tha t  the carbon skeleton of the biological 
end product is not necessarily identical to the carbon 
skeleton of the precursor. In  other words the validity 
of the "empirical isoprene rule" depends on the mech- 
anisms of formation of the natural  compounds, and 
the failure of a terpene to obey this rule does not 
necessarily disprove its origin from isoprene units. 

Nomenclature 

The terms terpene, diterpene, triterpene are retain- 
ed here in preference to the terms terpenoid, diter- 
penoid, triterpenoid, which are occasionally used in 
the modern literature. These terms have unnecessarily 
been introduced in analogy to the expression "steroid",  
which denotes a group of compounds having an ir- 
regularly varying number  of carbon atoms. In the 
terpenic field the expression terpenoid should be 
reserved by  analogy for compounds in which the 
number of carbon atoms varies irregularly 2, in contrast 

1 C~. page  357. 
z E.g. santene ((79) , irone (Cll) ,  lupulone (C~I). 
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to the terpenes proper, where the number  of carbon 
atoms is always a multiple of five. 

The terms monoterpene, sesquiterpene, diterpene, 
triterpene are unambiguous and need not be replaced 
by  nebulous synonyms ending in "oid".  The te rm 
terpene, on the other hand, originally designated the 
monoterpenes alone. I n  order to avoid confusion the 
term terpene should be used only to designate the 
whole class of the terpenic compounds, and for the 
C10 group the te rm monoterpene should be used 
exclusively. 

Zusammenlassung 

Es wird eine ~bersicht fiber die Kohlenstoffger/iste 
der Sesquiterpene, Diterpene und Triterpene gegeben. 
Die Isoprenregel zeigt in jeder dieser Gruppen besondere 
Eigenheiten. Auch die Cs0-Steroide und ein Steroid mit 
31 Kohlenstoffatomen, die mit den Triterpenen ver- 
wandt sind, werden besprochen, Die Zusammenh~tnge 
zwischen Diterpenen und Triterpenen in bezug auf ihre 
Konstitution und Konfiguratiou werden diskutiert, wo- 
bei auf die weitgehende Obereinstimmung ihrer Konfigu- 
ration mit der Konfiguration der Steroide hingewiesen 
wird. Die kfirzlich durch die Experimentalarbeiten -con 
BLOCtt gewonnenen Kenntnisse fiber die biologische Ent- 
stehung des Cholesterins arts EssigsEure, unter sehr 
wahrscheinlicher Zwischenbildung des Triterpens Squa- 
len, geben Anlass zur Errrterung hypothetischer Wege 
ffir die Biogenese der pentazyklisehen Triterpene aus 
Squalen, der zyklischen Sesquiterpene aus Farnesol, der 
zyklischen Diterpene aus Geranyl-geraniol und schliess- 
lich auch der zyklischen Monoterpene aus Geraniol, 
unter Beachtung der elektronischen Zyklisierungsme- 
chanismen der organischen Chemie. Schliesslich wird 
die =biogenetische~ Isoprenregel definiert und ihre Be- 
deutung diskutiert. 
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The Configuration of Digoxigenin 

Although crystalline Digoxin (the tridigitoxoside of 
digoxigenin) was isolated in 1930 x and has been in 
clinical use in the United Kingdom since 1933 z the 
accepted proof of its structure is vitiated by a discrep- 
ancy between the optical rotation of the derived methyl 
3:12-dihydroxyetianate, [COLD + 39 ° (methanol) 3 and of 
authentic methyl 3 ~: 12 fl-dihydroxyetianate, [~]r) + 52° 

1 S. S m r a ,  J. Chem. Soc. 1930, 508. 
2 Brit. Med. J.  29~, 364 (1933). 
s M. STEIOER andT. REIC~STEIN, Helv. chim. Acta ~I, 828 {1938). 

(methanol) 1, with which it gave no melting point de- 
pression z. This matter  was discussed with Professor 
RmCHSTEIN and Dr. D. A. H. TAYLOR'in 1952 and in the 
knowledge that  the former was planning to prepare the 
four isomeric 3:12-dihydroxyetianates and the latter 
was repeating the degradation of digoxigenin, we studied 
partial acetylation of digoxigenin and the anhydrodi- 
goxigenins. 

1 V. WEariER and T. REZCr~SrEXr¢, Helv. chim. Acta 27, 965 
(1944). 

M. STSmER and T. REICHSTEIN, Helv. chim. Acta 21, 828 
(1938). - H. L. MASON and W. M. HOEgN, J. Amer. Chem. Soc. 60, 
2824 (1938); 61, 1614 (1939). 
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Digox igen in  on  a t t e m p t e d  pa r t i a l  a c e t y l a t i o n  gave  
m i x t u r e s  of the  d iace ta te  and d igox igen in  wi th  no t race  
of monoace ta t e s .  " f l " - A n h y d r o  (A 14) d igox igen in  how-  
e v e r  gave  the  12-monoace ta te ,  m.p.  199 ° laID + 26° 
(chloroform),  whi ls t  " e " - a n h y d r o ( A 8 - 1 4 ) d i g o x i g e n i n  
gave  a c o m p l e x  rh ix ture  f rom which  a l i t t le  of t he  3- 
monoace t a t e ,  m.p .  218 ° [C~]D + 31 ° (chloroform) was  
isola ted.  The  de r ived  mo lecu l a r  i nc r emen t s  of r o t a t i o n  
on ace ty l a t i on  of t he  3 - h y d r o x y  group  were  + 28 and  
- -15  respec t ive ly ,  and c lear ly  suppo r t  a 3 f l -configura-  
t ion  ( s t anda rd  va lue  + 17 4- 17) r a t h e r  t h a n  a 3~-con-  
f igura t ion  ( s tandard  va lue  + 83 4- 30):. I n  addi t ion ,  
" a " - a n h y d r o d i g o x i g e n i n - 3 - m o n o a c e t a t e  shows a com-  
p l ex  b a n d  in t he  in f ra - red  a t  8 ~u, cha rac t e r i s t i c  of  a 3 fl- 
a c e t o x y c h o l a n e  d e r i v a t i v e  9-. The  f o r m u l a t i o n  of digoxi-  
genin  as 3 fl: 12 fl: 1 4 - t r i h y d r o x y c a r d - 2 0  : 22-enolide w i t h  
a 3 f l - " p o l a r "  h y d r o x y  group  and  a 1 2 f l - " e q u a t o r i a l "  
h y d r o x y  group  which  is h inde red  by  the  14 f l -hydroxy  
group  sa t i s fac to r i ly  exp la ins  t he  pa r t i a l  a c e t y l a t i o n  
expe r imen t s .  

I ) igoxigenin ,  therefore ,  l ike al l  k n o w n  ca rd iac  agly-  
cones of p r o v e d  chemica l  s t ruc tu re ,  has  a 3 f l -hydroxy  
group .  

H.  M. E.  CARDWI~LIL and  S. SMITH 

The Dyson Perrins Laboratory, Oxford University, 
and Dart/ord, Kent, "I0 June, 1953. 

Zusammen[assung 

Par t i e l l e  Aze ty l i e rung  yon  Digox igen in  a n d  den  An-  
h y d r o d i g o x i g e n i n e n  h a t  ergeben,  dass d e m  Digoxi -  
genin  die S t r u k t u r  3-fl; 12- f l ,14-Tr ihydroxy-card  20 (22)- 
enol id  z u k o m m t .  

I D. H. R. BARTON, J. Chem. Soc. 19~6, 1116. 
2 R. N. JoNEs, P. HUMPHRIES, F. HERLING, and K. DOBRINBR, 

J. Amer. Chem. Soc. 73, 3215 (1951). 

On the  C o n s t i t u t i o n  of  R e s e r p i n e  f r o m  
Rauwolfia serpentina B e n t h :  

I n  an ear l ie r  c o m m u n i c a t i o n  2 we h a v e  d e m o n s t r a t e d  
t h a t  reserpine ~, a h y p n o t i c  and  h y p o t e n s i v e  alkaloid,  
i so la ted  f rom Rauwolfia serpentina BENTH*, can be  
h y d ro l y zed  to  reserpic  acid, t r i m e t h o x y b e n z o i c  acid and  
methanol .  

C~H400~lq" ~ + 2H,O > C22H~sOsN, + C:0HlaO 5 + CHaOH 

The  or iginal  a lkaloid  could  be  r econs t i t u t ed  b y  the  
in te rac t ion  of m e t h y l r e s e r p a t e  w i t h  t r i m e t h o x y b e n z o y l -  
chloride in pyr id ine  solut ion and i t  was thus  demon-  
s t r a t ed  t h a t  reserpic  acid, t he  k e y - c o m p o u n d  in t he  
chemis t ry  of reserpine,  does no t  suffer  f rom a n y  second-  
a r y  changes  dur ing  hydrolys is .  

Ox ida t ion  of  reserpic  acid wi th  p o t a s s i u m  p e r m a n g a -  
n a t e  under  condi t ions  used in t he  indole  a lka lo id  f ield 
b y  ear l ier  inves t iga to r s  5 has  y ie lded  4 -me thoxy -oxa ly I -  

1 Communication 7 on Rauwolfia Alkaloids. 
A. FURLENMEIER, R. LUCAS, H. B. MACPmLLAMY, J. 3I. MOL- 

LER, and E. SCHLITTLER, Exper. 9, 331 (1953). 
a Ciba's trade name for reserpine is "Serpasil". 
4 j .  M. MOLLBR, E. SCHL][TTLER, and H. J. BEIN, Exper. 8, 338 

(1952). 
5 ~. SP.~TH and H. BRETSCHN*EIDER, Bet. dtsch, chem. Ges. 63, 

2997 (1930). - M. M. JANOT, R. GO~rTAREL, and R. SNEEOXN, Helv. 
chim. Acta ~a, 1205 (1951), 

an th ran i l i c  acid (isolated as i ts  es te r  I).  B y  potash 
fusion we have  ob ta ined  an acidic  f ract ion,  which,  after 
m e t h y l a t i o n ,  y ie lded  the  s y m m e t r i c  5-methoxyisophtha-  
lic acid  d i m e t h y l  e s t e r  (II). B o t h  c o m p o u n d s  were 
iden t ica l  w i th  s y n t h e t i c  products~;  the i r  I .R .  spectra 
were  iden t ica l  and  no depression of  m i x e d  me l t i ng  point 
was found.  

COOR x 

CH O/ \NHCOCOOCH. ] I 
I I I :  R 1 =  R ~ =  CH~ 

I I I :  R 1 = I t ;  R~ = C~H s 

As i t  was possible t h a t  t he  m e t h o x y l  g roup  of the  ester 
(II), was an  ar te fac t ,  t he  acidic f rac t ion  of t he  potash 
fusion was e t h y l a t e d  w i t h  d iazoe thane .  The  crude  ester 
was a l iqu id  a t  r o o m  t e m p e r a t u r e ,  c rys ta l l i z ing  a t  -- 20 °. 
I t  was  the re fore  h y d r o l y z e d  and  5-e thoxyisophthal ic  
ac id  ( I I I ) ,  i den t i ca l  w i t h  a s y n t h e t i c  p roduc t ,  was ob- 
t a ined .  I t  was thus  d e m o n s t r a t e d  t h a t  5-hydroxyiso- 
ph tha l i c  acid  was p resen t  or iginal ly .  This  does not 
necessar i ly  i m p l y  t h a t  t he  phenol ic  h y d r o x y l  of the 
i soph tha l ic  acid  represen t s  the  a lcohol ic  group of reserpic 
acid, b u t  for b iogenet ica l  reasons  i t  is qu i te  l ikely.  

W h e n  reserpic  ac id  hydroch lo r ide  was t r e a t ed  with 
acet ic  anhydr ide  in  pyr id ine ,  a lac tone ,  C22HssO4Ns, m.p. 
335 ° cou ld  be  ob t a ined  in 60% yield,  wh ich  was best 
i so la ted  as a hydroch lo r ide .  The  same  c o m p o u n d  was 
ob t a ined  wi th  acylchlor ides  general ly ,  b u t  t he  isolation 
of the  pure  compound ,  in th is  case, was more  difficult. 
The  presence  of a 7-1actone is suppor t ed  by  I .R .  evidence, 
which  wou ld  f i t  in to  our  concep t ions  concern ing  the 
pos i t ions  of t h e  c a r b o x y l  and  the  a lcohol ic  hydroxyl  
groups .  Spec t ra l  ev idence  ind ica tes  t h a t  reserpic acid 
con ta ins  a m o n o m e t h o x y l a t e d  te t rahydro-f l -carbol ine  
sys tem.  This  a s s u m p t i o n  is fu r the r  s u b s t a n t i a t e d  by a 
pos i t ive  ADAMKIEWICZ color  tes t ,  wh ich  is not ,  as stated 
in the  l i teratureS,  typ ica l  for a ca rboxy l i c  acid of the 
h a r m a n  series, bu t  for t e t r a h y d r o h a r m a n  derivat ives 
themse lves .  This  color  reac t ion  has  been  s tud ied  with 
more  t h a n  20 indole  a lkalo ids  and  found  to  be correct  in 
al l  cases s. 

F u r t h e r m o r e ,  t h e  i so la t ion  of t h e  i soph tha l ic  acid 
de r i va t i ve  makes  i t  l ike ly  t h a t  reserpic  acid is a deriv- 
a t ive  of y o h i m b a n e  4. F o r  t he  t i m e  being,  we postulate 
th is  work ing  hypo thes i s  and if th is  is accepted ,  it is 
e v i d e n t  t h a t  acid (I) is de r ived  f rom rings A and  B and 
acid  (II) f rom r ing E of t h e  y o h i m b a n e  skeleton.  Al- 
t h o u g h  full  e x p e r i m e n t a l  i n f o r m a t i o n  concern ing  rings 
C and  D is no t  ye t  ava i lab le ,  we propose  the  following 
s t r u c t u r e  for reserpic  acid  (IV) 5. 

1 K. WARNAT, Helv. chim. Acta 14, 997 (1931). - J. CALANDRA 
and J. SVABZ, J. Amer. Chem. Soc. 72, 1027 (1950). 

s D. G. HARVEY, E. J. MILLER, and W. ROBSON, J. Chem. Soc. 
2941, 153. 

s "We are indebted to Drs. F. BADER and J. MOLLBR of Ciba, Basle, 
for this information. 

4 j .  YOST, Helv. chim. Acta 32, 1297 (1949). 
5 Numbering according to ]3ARGER-SCHOLZ, Helv. chim. Acta 16, 

1343 (1933). 
Note added in proof: From the products of selenium dehydro- 

genation of reserpie acid methylester yobyrine and a substance 
C19HI6NsO (Mp. 266°), probably 7-hydroxy-yobyrine, were isolated, 
affording more evidence for the presence in reserpine of the 
yqhimbane skeleton, Compare communication to J. Amer, Chem, 
Soc. by A. F. ST,A~DR~ eta/. and R. SCRWYZZR. 


