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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. 
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Details of our experimental  work will be published 
elsewhere. 

L. DORFMAN, C. F. HUEBNER, 
H. B. M:AcPHILLAMY, E. SCHLITT- 
LER, and A. F. ST.ANDR~ 

Research Laboratories of Ciba Pharmaceutical Pro- 
ducts, Inc., Summit, New Jersey, July 24, 1953. 

Zusammen/assung 

Bei der Permanganatoxydat ion  und  der Kalischmelze 
der 1Reserpins~Lure wurden 4-Methoxy-oxalylanthranil-  
s~ure und  5-Oxyisophtals~ure isoliert. Als Arbeits- 
hypothese wird deshalb ffir tieserpins~iure eine Yohim- 
bans t ruk tur  postuliert. Durch die obigen Abbauergeb- 
nisse ist die Stellung der einen 3/Iethoxylgruppe fest- 
gelegt, wogegen die Haffstellen der drei weiteren funk- 
tionellen Gruppen noch nicht  gesichert sind. 

A N o t e  o n  G e i s s o s p e r r n i n e  

Some time ago we had the oppor tun i ty  to investigate 
a limited amount  of geissospermine. As our results do 
not quite agree with those reported in the li terature, 
and as we do not  anticipate a possibility to carry on 
this work, we report briefly our main findings. We have 
isolated geissospermine by the method of BERTHO and  
MooGL However, the amorphous product  obtained this 
way failed to crystallize and was purified by  chromato- 
graphy on alumina.  Geissospermine was eluted by 
ether-chloroform 1 : l  and all the fractions crystallized 
easily from alcohol. After 8 crystallizations from ethyl 
acetate geissospermine melted a t  217-219 °, This com- 
pound is not  a sesquihydrate as reported by BERTHO ~ 
(reported m.p. 210-212 °) bu t  is anhydrous.  Found :  
C, 75-54%; H, 7.75%; N, 8.85%; N-CHa, 1.17%; OCHa, 
4,72%; act. H, 0.17 %; microhydrogenation uptake H2, 
0,78 moles. Ti t ra t ion  in methyl-cellosolve gave one step 
with a p K  of 7-18. Calculated for C40Hs00~N 4 : C, 75-67 % ; 
H, 7-94%; N, 8.82%; N-CHn, 2"36%; OCHn, 4.88%. 
The I.R. spectrum of geissospermine has bands at  3580 
and 3410 cm -1 belonging to OH or NH groups and in the 
earbonyl region a strong band  at 1736 cm -x. Otherwise 
the spectrum is too complex for assignments to be made 
at this stage. Cleavage of geissospermine with cold 
hydrochloric acid: Pure geissospermine (3.75 g) was 
ground with 10 ml of concentrated hydrochloric acid 
until no red color was produced with nitr ic acid as des- 
cribed by BERTHO 3. The solution was poured on ice, 

made alkaline, and extracted with chloroform. The pro- 
duct  (3.17 g) was purified by chromatography on alumi- 
na. The bulk of the product  was eluted with 0.5% 
methanol  in chloroform. The chromatographed base 
(1.04 g) was then subjected to a 50 funnel  countercurrent  
dis t r ibut ion between chloroform and phosphate buffer 
pH 6.6. Besides smaller amounts  of impurit ies and about  
200 mg in the first funnels about  660 mg formed a 
homogeneous peak between the funnels 35 and 46. These 
were converted into a picrolonate and recrystallized to a 
constant  m.p. of 238-240°C. Found:  C, 61.64%, 61.94% ; 
H, 6.20%, 5.99%; N, 14.66%. Calculated for 
CtaHI6ONz'Cx0HsOnN4: C, 61,91%; H, 6.09%; N, 
14.94 %. The free base was liberated from the picrolonate 
and sublimed in high vacuum at  140 ° for analysis. 
Found :  C, 76.25%; H, 8.77%; N, 9"35%; N-CH 3, 
2.84%; OCH3, 0.0%; act. H, 0.67%. Calculated for 
C19H26ON: C, 76-47%; H, 8.78%; N, 9.39%, N-CH~, 
5.04 %. I t  is, therefore, clear tha t  we have in our hands 
the N-CH 3 carrying moiety of geissospermine bu t  tha t  
it  does not  in its pure iorm agree with the compound 
described previously by BERTHO 1. The U.V. absorbtion 
of the compound is a typical  dihydroindolic spectrum 
and it  is of interest  tha t  the U.V. spectrum of geisso- 
spermine can be obta inedbysuper imposing  thisspectrum 
on an indolic spectrum, for instance, tha t  of cinchon- 
amine. The I.R. spectrum of the C19H~6ON base shows 
a weak band at  3319 cm -1 and the carbonyl  band at  
1736 cm -x is not  present. Reduct ion of geissospermine 
with LiA1H, gave surprisingly a beautifully crystalline 
compound, m.p. 178-180°C. which was recrystallized 
from ethyl  acetate. Found :  C, 75.31%; H, 8.40%; N, 
8,90%; OCH~, 3.38%; N-CH3, 1.68%, p K  (methyl 
cellosolve) 8.00. Calculated for C,0H52N4Oa: C, 75.44%; 
H, 8.23%; N, 8-79%; OCHa, 4.87%; N-CH v 2.36%. The 
U.V. absorbtion of the compound is similar to tha t  of 
geissospermine. I t  is remarkable tha t  in the I .R. spec- 
t rum of this dihydrogeissospermine the strong band at  
1736 cm -1 remains unchanged. A strong band at  3150 
cm -1 is much more prominent  than  the bands in this 
region in geissospermine. Another  property by  which 
dihydrogeissospermine differs strongly from geisso- 
spermine is the resistance to even warm concentrated 
hydrochloric acid by which geissospermine is immediate-  
ly cleaved. 

K. WIESNER, W, RIDEOUT, 
and J.A. MANSON 

The Chemistry Laboratories, University o] New Bruns- 
wick, Fredericton, New Brunswick, Canada, July  6, 1953. 

Zusammen/assung 

Die infraroten und  ul t raviolet ten Spektren und ana- 
lytische Daten yon Geissospermin wurden diskutiert.  
Die Spal tung yon Geissospermin mit  konzentrierter  
Salzs~ure wurde wiederholt, und ein Spal tprodukt  
CxgH2nON~ wurde durch Gegenstromverteilung rein isc- 
liert und dutch ein kristallines Pikrolonat  charakterisiert.  
Dieses Produkt  besitzt ein Dihydroindolspektrum und 
tr~gt die N-methylgruppe des Geissospermins. 

x A. BERTliO and H. F. SARX, Ann. Chem. 556, 22 (1944). 

1 A. BERTHO and F. Mooa, Ann. Chem. 509, 241 (1934). 
2 A. BERTIIO and G. vo~¢ SCHIYCK~&NN, Bet. dtsch, chem. Ges. 

64, 2278 (1931). 
z A. BERTHO and H. F. SARX, Ann. Chem. 556, 22 (1944). 


