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ous so lu t ion  w i t h  ch lo ro fo rm led to  t he  i so la t ion  of VI .  
F o r m a t i o n  of V I  f rom V I I  m o s t  p r o b a b l y  occurs  v ia  a 
H o f m a n n - t y p e  e l imina t ion .  

These  d a t a  conc lus ive ly  d e m o n s t r a t e  t he  ex is tence  of 
two  d iscre te  c a r b o n i u m  ion i n t e r m e d i a t e s  u n d e r  condi-  
t ions  of t h e  e l im ina t i on  r eac t i on  a n d  p rov ide  s t r o n g  
ev idence  for  t h e i r  i n t e r v e n t i o n  u n d e r  the  solvolysis  con-  
d i t ions  in  t h e  sequence  I -->- I I  + I I I  T he  di f ference be-  
t w e e n  these  two  i n t e r m e d i a t e s  m u s t  lie in  t h e i r  d i f f e ren t  
i n t e r n u c l e a r  d i s t ances  a n d  in  t he  o r i e n t a t i o n  of t he  C19- 
m e t h a n o  b r idge  13. 

zu AS( l ° ) -B-homo-7-hydroxy l i e r t en  S te ro iden  w u r d e  be-  
wiesen,  u n d  eine neue  A r t  de r  H o m o a l l y l u m l a g e r u n g  eines 
AS( l ° ) -B-homo-7-hydroxy l i e r t en  Stero ids  z u m  5fl, 6fl- 
M e t h a n o - 9 - e n  u n d  z u m  5fl, 6fl-Methano-lOfl-ol wurde  be-  
o b a c h t e t .  
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Zusammen/assung. Die E x i s t e n z  von  zwei ve rsch ie -  
d e n e n  i someren  H o m o a l l y l k a t i o n e n  in der  U m l a g e r u n g  
y o n  S te ro id -AS-19-Methansu l fonsXure-Es te rn  zu 5fl, 19- 
cyc lo -6 -hyd roxy l i e r t en  S te ro iden  u n d  de ren  U m l a g e r u n g  

13 A c k n o w l e d g m e n t :  T h e  a u t h o r  is i n d e b t e d  to Mr. W. WASHBURN 
for  the  I R - s p e c t r a ,  Dr .  R.  W.  MATTOON for N M R - s p e c t r a ,  Mr. ] .  
SUTHERLAND for  UV-spee t r a ,  a n d  Mr. O. KOLSTO for ana lyses .  

Conformat iona l  Studies  of 
cis- l O- Methyl-2-decalones 

I n  t h e  p a s t  e igh t  years ,  t h e  c o n f o r m a t i o n  equ i l i b r i um of 
cis-lO-methyl-2-decalone (1) h a s  b e e n  e v a l u a t e d  b y  con-  
I o r m a t i o n a l  concep t s  1 a n d  b y  O R D  m e a s u r e m e n t s  *. On  
t h e  bas i s  of t h e  c o n f o r m a t i o n a l  p o s t u l a t e s  i t  was  sug- 
ges ted  t h a t  such  a k e t o n e  would  as sume  t he  non-steroidal 
c o n f o r m a t i o n  l b ,  b u t  s u b s e q u e n t l y  t he  steroidal con fo rma-  
t i on  l a  was i n d i c a t e d  on  the  bas is  of OI~D s tudies .  
Recen t ly ,  t h i s  p r o b l e m  was  r e i n v e s t i g a t e d  3 a n d  O R D  a n d  
t e m p e r a t u r e  d e p e n d e n t  c i rcu la r  d i c h r o i s m  m e a s u r e m e n t s  
were p e r f o r m e d  o n  cis-7,7,10-trimethyl-2-decalone a n d  
on  cis-7~-isopropyl-lOfl-methyl-2-decalone. These  s tud ies  
led t he  i n v e s t i g a t o r s  to  t he  conc lus ion  t h a t  in  these  sub-  
s t i t u t e d  cis-lO-methyl-2-decalones t h e  non-steroidal all-  
c h a i r  c o n f o r m a t i o n  l b  p r o b a b l y  p l ayed  a n  u n i m p o r t a n t  
role in  t h e  c o n f o r m a t i o n a l  equ i l i b r i um  a n d  a t w i s t  con-  
f o r m a t i o n  (for examp le  lc)  was  favored .  I t  was  also sug- 
ges ted  t h a t  t he  on ly  o t h e r  a n d  r a t h e r  r e m o t e  poss ib i l i ty  
was  t h a t  t h e  ' n o n - s t e r o i d '  con fo rmer  l b  was indeed  pre-  
d o m i n a n t  a n d  t h e  C o t t o n  cu rve  was con t ro l l ed  b y  a 
smal le r  a m o u n t  of a con fo rmer  w i t h  a n  e x t r e m e l y  power-  
ful  a m p l i t u d e .  Th i s  poss ib i l i ty  ha s  n o w  been  e v a l u a t e d  
and ,  indeed,  s h o w n  to  be  correct .  

I n  c o n f o r m a t i o n s  la ,  l b ,  a n d  lc ,  t he  re la t ive  pos i t ion  
of t h e  C-10 m e t h y l  g roup  w i t h  r e spec t  to  t h e  c a r b o n y l  
g roup  is d i f f e ren t  a n d  the  pos i t i on  of t h e  m e t h y l  g roup  
should  be  i n d i c a t e d  b y  i ts  chemica l  sh i f t  in  i ts  N M R -  
spec t rum.  Fo r  example ,  in  t he  s te ro ids  i t  h a s  b e e n  found  
t h a t  w h e n  t he  C-19 m e t h y l  g roup  is ax ia l  to  t h e  r ing  (in a 
cha i r  c o n f o r m a t i o n )  h a v i n g  a c a r b o n y l  g roup  a t  C-3 (i.e. 
A/B-trans-3-keto-steroid) i t s  r e sonance  b a n d  is sh i f t ed  
downfie ld  b y  0.22 p p m  as c o m p a r e d  to  t h e  chemica l  sh i f t  
of t he  C-19 m e t h y l  g roup  in t h e  p a r e n t  h y d r o c a r b o n  4-e. 
~Vhen t he  C-19 m e t h y l  g roup  is e q u a t o r i a l  to  t h e  r ing  (in 

a cha i r  c o n f o r m a t i o n )  t h e  downf ie ld  sh i f t  is on ly  0.11 
ppm.  On t he  o t h e r  h a n d ,  in  a twist c o n f o r m a t i o n  t h e  C-19 
m e t h y l  g roup  is d i a m a g n e t i c a l l y  sh ie lded  b y  t h e  C-3 
c a r b o n y l  g roup  a n d  i ts  r e sonance  b a n d  is a p p r o x i m a t e l y  
a t  t he  same  pos i t ion  as in  t he  p a r e n t  h y d r o c a r b o n  6. 

I n  o rde r  to  e m p l o y  th i s  m e t h o d  of ana lys i s  in  t he  cis- 
10-me thy l -2 -deca lone  series, i t  was  f i rs t  necessa ry  to  see 
if t hese  s imple  mode l s  of s t e ro ids  fol lowed t he  downf ie ld  
p a r a m a g n e t i c  shift .  T h e  d a t a  o b t a i n e d  are  s u m m a r i z e d  
in t he  Table .  

Chemical shifts of C10-methyl protons a 

Corn- T A p p m  Corn- ~" A p p m  
pound (ppm) (one-ane) pound (ppm) (one-ane) 

A/B-trans 

Choles tane  9.23 
3-ke to  9.01 - -  0.22 

lO-Methyl-  
deealin 9.17 

2-keto 8.97 -- 0.20 
4-keto 8.93 -- 0.24 

A/B-cis 

C o p r o s t a n e  9.08 
3-ke to  8.97 - -  0.11 

10-Methyl-  
deca l in  9.05 

2-keto 8.83 -- 0.22 
4-ke to  8.83 - -  0.22 
2-keto-7 ,  7- 
d i m e t h y l  8.76 - -  0.29 

7c¢-Isopropyl- 
10ft-methyl- 
decalin 9.05 

2-keto 8.78 -- 0.27 

The  s p e c t r a  were  o b t a i n e d  wi th  c a r b o n  t e t r a ch lo r i de  so lu t ions  
a n d  c a l i b r a t e d  wi th  t e t r a m e t h y l s i l a n e  as a n  i n t e r n a l  s t a n d a r d .  

1 W.  KLYNE, Expe r .  12, 119 (1956). 
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4 R.  F.  Z~3ECHER, Helv .  ch im.  A c t a  44, 1380 (1961). 
5 E.  R. MALINOSKI, M. S. MANHAS, G. H .  MOLLEE, a n d  A. K. BosE,  
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6 M. GOEODETSKY and Y. MAZUR, Tetrahedron Letters 1964, 227. 
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In  the  trans-lO-methyldecalin series, c o m p o u n d s  which  
possess a chair -chair  conformat ion ,  t he  axial  m e t h y l  
group is shif ted downfield by  0.22 p p m  w h e n  the  ca rbony l  
group is placed in the  2-position. This  value is in good 
agreement  wi th  the  value found  in t he  s teroid  series and  
th is  resul t  indica tes  t h a t  t h e  s tero id  chemical  shif t  d a t a  
are applicable to  the  10-methyl -decal in  series. We  have  
now also shown t h a t  the  O R D  curves  for cis- and  trans- 
10-methyl-2-decalones  ob ta ined  in ca rbon  t e t r ach lo r ide  
solut ion were no t  s ign i f icant ly  d i f fe rent  f rom those  found  
in me thano l  and  d ioxane  solution.  

In  the  cis-10-methyldecalin series, i t  was  found  (see 
Table) t h a t  i n t roduc t ion  of a ca rbony l  group  a t  t he  C-2 
posi t ion sh i f ted  the  C-10 m e t h y l  resonance  downfie ld  by  
0.22-0.29 ppm.  These  values  are to  be compa red  wi th  
values  of 0.11 p p m  found in the  copros tane  series for 
A/B-cis c o m p o u n d s  possess ing the  two  chair  conforma-  
t ions  a r ranged  in t he  s tero idal  form la .  The decal in  
values  found ind ica te  t h a t  the  spa t ia l  a r r a n g e m e n t  be-  
tween  the  ca rbony l  and  C-10 m e t h y l  g roup  in the  cis-10- 
methyl -2-deca lones  is s imilar  to  t h a t  found  in the  non- 
steroidal confo rmat ion  l b  where  the  C-10 m e t h y l  g roup  is 
axial  to t he  r ing holding the  ca rbony l  group.  Such a 
spat ia l  a r r a n g e m e n t  has  been  ass igned earlier on the  basis  
of con fo rma t iona  ! analys isL If  t he  twist confo rmat ion  l c  
favored by  OIRD s tudies  were the  sole or ma jo r  conforma-  
t ion,  the  angula r  m e t h y l  g roup  would  be d iamagne t i ca l ly  
shie lded b y  the  ca rbony l  group and  would have  i ts  
resonance  b a n d  a t  a b o u t  t he  same pos i t ion  as in t he  
p a r e n t  h y d r o c a r b o n  6. 

I t  p rev ious ly  had  been  d e m o n s t r a t e d  by  low t empe ra -  
tu re  circular  d ichro ism t echn ique  a t h a t  w i th  t he  cis-7, 7- 
d ime thy l -  and  cis-7x-isopropyl-lO-methyl-2-decalones one 
is deal ing wi th  a m i x t u r e  of conformers .  T h a t  a s imilar  
s i tua t ion  also exis ts  for t he  pa r en t  cis-10-methyl-2- 
decalone has  now been  d e m o n s t r a t e d  by  a s t u d y  of t he  
change  of i ts  N M R - s p e c t r u m  wi th  t empe ra tu r e .  I t  was  
found t h a t  a t  -- 20 ° to  -- 30 ° there  was a band  b roaden-  
ing and  a t  -- 65 ° to  -- 70 ° there  was  an increase in the  
fine s t ruc tu re  of the  spec t rum.  

Thus,  the  room t e m p e r a t u r e  N M R - s p e c t r u m  of the  
Cis-10-methyl-2-decalones indica te  t h a t  the  non-steroidal 
confo rma t ion  l b  is a ma jo r  con t r i bu to r  to the  conforma-  
t ional  equi l ibr ium.  The sign of the Cotlon curve must be 
controlled by a conformer present in minor amounts and 
which has a large rotational valueL Indeed ,  t he  twis t  
con fo rma t ion  lc  could be such a minor  c o n t r i b u t o r  since 
i t  has  been  shown  t h a t  such a con fo rma t ion  has  a m u c h  
h igher  Co t ton  effect  m a g n i t u d e  t h a n  the  s t a n d a r d  chai r  
form of cyc lohexanones  s. 

In  the  Table  are also l is ted the  chemical  shif ts  of the  
re la ted  cis- and  trans-10-methyl-4-decalones. Here  again 
the  chemical  shi f ts  of t he  two isomeric ke tones  re la t ive to 
the i r  p a r e n t  h y d r o c a r b o n s  are abou t  t he  same. As in the  
2-decalone cases, i t  would appea r  t h a t  in t he  cis i somer  
the  non-steroidal confo rma t ion  p redomina tes .  

In  all of t he  NMR-s tud ies ,  however ,  i t  is realized t h a t  
such a spec t ra l  inves t iga t ion  does no t  pe rmi t  an unequi-  
vocal  analysis  of the  conformat ions  present .  The t empera -  
ture  dependence  of the  CD s tudies  does show t h a t  t he  
change  in free energy  wi th  t e m p e r a t u r e  is g rea te r  for the  
lesser confo rmat ion  (or conformat ions)  which  controls  the  
sign of the  O R D  or CD curve.  The e n t r o p y  of the  minor  
con fo rma t ion  (or conformat ions)  m u s t  be larger  t h a n  t h a t  
of the  m a j o r  con fo rma t ion  and  such  a re la t ionsh ip  would  
be expec ted  be tween  a twis t  and  a chai r  con fo rma t ion  9,~°. 

Zusammenfassung. I m  K e r n r e s o n a n z s p e k t r u m  einiger 
subs t i tu i e r t e r  cis-2-Decalone w u r d e n  die  chemischen  Ver-  
sch iebungen  angul/ irer  Me t h y l g r u p p e n  un te r such t .  Dabei  
wurde  festgestel l t ,  dass  die V e r b i n d u n g e n  vorwiegend  in 
der  n ich t - s t e ro ida len  Sesse l -Sesse l -Konformat ion  vorlie-  
gen. Das  Vorze ichen  der  OF, D C o t t o n - K u r v e n  dieser 
K e t o n e  muss  du rch  das  u n t e r g e o r d n e t e  Vorhandense in  
einer  K o n f o r m a t i o n  sehr  s t a rke r  Ampl i t ude ,  wie z .B.  der  
T w i s t - F o r m ,  bed ing t  sein. 
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This alternative was in fact considered in the early study (ref. 3, 
footnote 16) as a possible but less likely explanation for the ob- 
served ORD and CD data. 

s C. DJ~RASSI and W. KLYNE, Proe. nat. Acad. Sci., US 48, 1093 
(196"2). 

9 We wish to thank Prof. F. R. JENSEN and Mrs. BARBAaA BECK for 
the low temperature study and Mr. J. KARLINER for the prepara- 
tion of 7-isopropyl-10fl-methyldecaliu. This work was supported 
in part by Grants A-709 and GM-06840 from the National Insti- 
tutes of Health of the US Public Health Service. 

10 Added in proof: Since this paper was submitted, ELLIOTT, 
ROBINSON, and RIDELL 11, using the NMR-method, have arrived 
at similar conclusions. 

l l  D. R.  ELLIOTT, M. J .  T.  ROBINSON, a n d  F.  G. RIDELL, T e t r a -  
h e d r o n  L e t t e r s  7965, 1693. 

Alkalo id  Studies  LV 1. 1 9 - D e h y d r o y o h i m b i n e ,  a 
Nove l  Alkalo id  f r o m  Aspidosperrna pyricollum 

The recen t  encoun te r  ~ in var ious  Aspidosperma species 
of congeners  of t he  b iogenet ica l ly  in t r igu ing  alkaloid 
uleine (I) 3 p r o m p t e d  a r e inves t iga t ion  - using more  re- 
f ined separa t ion  t echn iques  coupled wi th  mass  spect ro-  
m e t r y  4 - of the  ba rk  of Aspidosperma pyricollum Muell.- 
Arg. f rom which  only  uleine (I) had  been  isolated pre-  
viously 5. In  the  p resen t  s tudy ,  aside f rom uleine (I), there  
was encoun te red  ( - - ) -appar ic ine  (II) ~, a t race  of deme thy l -  
asp idospermine  (III)7, yoh imbine  (IV), f l -yohimbine (V), 

and  a novel  alkaloid, which  in the  sequel  will be shown to 
possess the  s t ruc tu re  of 19 -dehydroyoh imbine  (VI). The 
l a t t e r  t h r ee  subs t ances  occurred  only  in the  s t rong ly  basic 
alkaloid f rac t ion  and  rep resen t  the  th ree  pr inc ipa l  alka- 
loids of th is  p lant .  

The new alkaloid,  m.p.  245 ° (dec.), [~]~ + 106 ° (c, 
0.53 in pyridine) ,  exh ib i t ed  an UV-abso rp t i on  spec t rum 
(~gtoH 226, 283, 293 m~, log e 4.48, 3.85, 3.77) ve ry  ~max 
similar  to  t h a t  of yoh imb ine  (IV) as well as I R - b a n d s  a t  
2.90/~ (NH) and  5.80 t*. The empir ica l  fo rmula  C21H~4N~O 3 
(Found:  C 71.00, H 6.90, N 7.74, mol. we igh t  352 (mass 
spec.);  calcd. C 71.57, t I  6.86, N 7.95, tool. we igh t  352) 


