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Aceton  ~ e rgeben  11 fl, t 7~-Dihydroxy-17f i - ace toxymethy l -  
4 -andros ten-3-on  (XII ) .  Alkal ische t l y d r o l y s e  yon  Ver-  
b i n d u n g  X I I  f i ihr t  schliessl ich zu l l f l ,  t 7 e - D i h y d r o x y -  
17f l -hydroxymethy t -4 -andros ten-3-on  (XI I I )  10. 

Dass  die i I - s t~nd ige  H y d r o x y l g r u p p e  von  V e r b i n d u n g  
X I I I  in f i-Stellung or ien t ie r t  ist, io lgt  aus der  Bi ldung des  
Monoace ta t s  X I I  u n t e r  mi lden  Bed ingungen  sowie dem 
molaren  D r e h w e r t b e i t r a g  der  11 -Hydroxy lg ruppe  yon  
+ 166 °n .  D u t c h  O x y d a t i o n  yon  X I I  mi t  Chrom-VI -ox id  
in w~issriger Essigsiture e n t s t e h t  17~-Hydroxy-17fl-  
a ce toxyme thy l -4 -and ros t en -3 ,  l l - d i o n  (XIV) lo. 

Die n a c h s t e h e n d e  Tabel le  en th~ l t  die Schme lzpunk t e  
u n d  op t i schen  Drehwer t e  der  im  T e x t  angef i ih r ten  Ver-  
b i n d u n g e n  12. "vVeitere phys ika l i sche  Daten ,  wie E l emen -  
t a rana lysen ,  UV-  u n d  I R - S p e k t r e n ,  s t i m m e n  mi t  den  
jeweils angegebenen  S t r u k t u r e n  iiberein 13 

Verbindung Fp. [~]D 

III 188-192 ° + 42,0 ° 
V 202-205,5 ° + 32,0 ° 
VI ~ 209 211 ° + 10,5 ° 
VI b 207-~11 ° + 9,0 ° 
IX 2"29-~231 ° + 188,0 ° 
X 194-199,5 ° - -  5,5 % 
XlI 182 187 ° + 11%5 ° 
XlII  156-158 ° + 12%0 ° 
XIV 162-167 ° + 139,(} °a 

Chemisch; b mikrobiologlseh; ~ in Pyridin; a in Dioxan. 

Summary. Sta r t ing  f rom 17e-hydroxy-17f l -hydroxy-  
me thy l -4 -andros ten -3 -one ,  we syn thes i zed  4-chloro-17e- 
h y d r o x y -  1 7 f l - h y d r o x y m e t h y I - 4 - a n d r o s t e n -  3 -one -  17, 20 - 
ace ton ide  and  1 7 ~ - h y d r o x y -  1 7 f l - h y d r o x y m e t h y l -  1, 4 -  
a n d r o s t a d i e n - 3 - o n e ,  l l f l ,  1 7 e - d i h y d r o x y - 1 7 f l - h y d r o x y -  
me thy l -4 -andros t en -3 -one  was ob ta ined  f rom cor t i sone  
v ia  me thy l -  17e-hydroxy-3,  11-dioxo-4-et ienate .  

A. SCHUBERT und  S. SCH~VARZ 

Wissenscha/tliche Laboratorien des VEB Jenapharm, 
Jena (DDR), 9. Juni 1965. 

g Zur Methode vgl. G. ROSENKRANZ, J. PATAKI und C. DJERASSr, 
J. org. Chem. 17, 290 (1952). 

10 Im Nieded. Pat. 89348; Chem. Abstr. 5d, 8910 (1960) wird eine 
andere Synthese des llfl, 17~-Dihydroxy-17fl-hydroxymethyl-4- 
androsten-3-ons beschrieben. Physikalische Daten sind nicht an- 
gegeben. An gleieher Stelle wird auch eine Darstelhmg yon 17~- 
Hydroxy-17/5-acetoxymethyl-4-androsten-3,11-dion beschrieben ; 
Fp. 161-164°; [~]D + 140° (Dioxan). 

n Der Mittelwert aus den molaren DrehwertbeitrSgen der l i  E- 
Hydroxygruppe in Corticosteron, Hydrocortison, llfl-Hydroxy- 
progesteron und llfl-Hydroxytestosteron betrfigt + 161 °. 

12 Sehmetzpunkte sind uakorrigiert; optische Drehwerte in Chloro- 
form, soweit nieht anders vermerkt. 

~a Frfiulein G. KRETZSCnMANN hat uns in dankenswerter Weise bei 
der Durehfiihrung der experimentellen Arbeiten unterstfitzt. 
Herrn Dr. K. HEELER mSchten wir ftir Aufnahlne und Diskussion 
der IR-Spektrcn danken. 

I s o m e r i c  H o m o a l l y l i c  C a t i o n s  F o r m e d  f r o m  
1 9 - S u b s t i t u t e d  S t e r o i d s  1 

The na tu re  of the  ca rbon ium ion i n t e rmed ia t e s  in the  
(1) (2) 

sequence  I - ~  I I  - +  I I I~ ,  3, involv ing  hydro lys is  (1) and  
ac id-ca ta lyzed  r e a r r a n g e m e n t  (2) has  been  inves t iga ted .  
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The p roduc t s  I I  and  I I I  sugges ted  the  i n t e r v e n t i o n  of two  
discre te  ca rbon ium ion in t e rmed ia t e s :  t he  first  (A), a 

h y b r i d  of the  canonica l  s t ruc tu res  c and  d, which  leads to  
the  cyc lopropylcarb inol ,  I I ,  unde r  condi t ions  of kinetic  
cont ro l ;  and  the  second,  B, a hybr id  of e and  [, formed 
f rom A unde r  condi t ions  of t h e r m o d y n a m i c  control ,  
which leads to I I I .  

H c t~ d 

CH30 ~ _ 1 3  GH30 

H H f e 

Considera t ion  of an  in t e rmed ia t e  such as B sugges ted  
t h a t  buf fe red  hydro lys i s  (kinetic control)  of the  m e t h a n e -  
su l fonate  of I I I  m i g h t  lead to  t he  cyc lopropy lca rb ino l  IV  
or  a co r respond ing  e l imina t ion  p r o d u c t  such  as v inyl-  
cyc lopropane  V. 

A t t e m p t e d  fo rma t ion  of t he  m e t h a n e s u l f o n a t e  of I I I  
employ ing  me thanesu l fony i  chlor ide in a n h y d r o u s  pyri -  
dine (3 h a t  room t e m p e r a t u r e ) l e d  to the  isolat ion of an 
e l iminat ion  product ,  m.p.  119-122 °, [c¢]~ + 93 °, the  
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spec t ra l  d a t a  * of which  es tabl ish  the  s t ruc tu re  as V. The  
nuclear  magne t ic  resonance  spec t rum showed  the  absence  
of v inyl  p ro ton  absorp t ion  and  the  presence  of a comp le x  
absorp t ion  a t  45 cps due to  the  cyc topropy l  pro tons .  The  
I R - s p e c t r u m  conf i rmed the  presence  of the  cyc lopropy l  
r ing ~ wi th  vma . 3067 cm -x, while  t h e  U V - s p e c t r u m  es tab -  
l ished the  presence of t he  con juga ted  v iny lcyc lop ropane  
c h r o m o p h o r e :  wi th  2mR ~ 216 n m  (e 8400). F o r m a t i o n  of V 
m a y  be accounted  for by  the  s te reoelec t ronica l ly  favorable  
e l iminat ion of the  9a-axial  p r o t o n  f rom the  i n t e rmed ia t e  
B. The v inylcyc lopropane ,  V, was  s m o o t h l y  conve r t ed  
back  to  the  homoal ly l ic  alcohol, I I I ,  u n d e r  condi t ions  
similar to those  employed  for the  r e a r r a n g e m e n t  of I I  to 
I I I .  

O O 
U 11 

The in te rconvers ions  of I I I  and  V p rov ide  chemical  
ev idence  t h a t  the  alcohol  I I I  is homoal lyl ic .  Since the  
spec t ra l  d a t a  of I I I  ~ and  V show t h a t  ne i the r  has  v inyl  
p ro tons ,  the  re la t ionsh ip  of I I I  to  t he  cyc lopropylcarb inot ,  
ii2, and  a t e t r a s u b s t i t u t e d  v iny lcyc lop ropane  (V) pro-  
v ides  conv inc ing  ev idence  for  t he  s t ruc tu r e  of b o t h  I I I  and  
V. The  s t e r eochemis t ry  of  I I I  (7fl-OH) is ass igned 2 on the  
basis  of i t s  mode  of fo rma t ion  b y  a t t a ck  of w a t e r  on the  
cat ion B t r a n s  to  t he  par t ia l  bond  b roken  in the  t r ans i t i on  
s t a t e  leading to  p roduc t .  This  is ana logous  to  t he  s tereo-  
chemis t ry  observed  for a va r i e t y  of cyc lopropy lca rb iny l -  
homoal ly l ic  convers ions  s. 

The  r e a r r a n g e m e n t  of I I  to  I I I  and  the  in te rconvers ions  
of I I I  and  V are analogous  wi th  regard  to  b o t h  s t ruc tu re  
and s t e r eochemis t ry  to  t he  ac id-ca ta lyzed  r e a r r a n g e m e n t  
of t hu jopsene  to  widdrol ,  the  m e c h a n i s m  of which  was  
recen t ly  e luc ida ted  b y  DAUBEN and  FRIEDRtCH 9. 

In  c o n t r a s t  to  t he  behav io r  of I I I  in a n h y d r o u s  pyr i -  
dine,  t r e a t m e n t  of t h e  m e t h a n e s u l f o n a t e  (I) wi th  ref luxing 
pyr id ine  for  18 h led to  t he  isolat ion of t h e  isomeric v inyl -  
cyc lopropane ,  VI  ~°, m.p .  105-107 °, [c¢]~ + 70 ° charac-  
te r ized  b y  i ts  spect ra l  p roper t i es :  v , ~  3025 cm -~ (vinyl) n,  
3063 cm -I  (cyclopropyl) ; Area x 215 n m  (e 5780). The NMR-  
s p e c t r u m  ~2 exh ib i t ed  the  v iny l  p ro ton  absorp t ion  as an 
A B - p a t t e r n  wi th  t he  low-field doub le t  showing  addi t iona l  
sp l i t t ing  due to coupl ing wi th  the  p ro ton  a t  C o . The peaks  
occur red  a t  315.5; 326.3: 347.3, 349.4; 357.0, 359.6 cps. 
The  high-field cyc lopropyl  doub le t  was visible w i th  peaks  
a t  33.6 and  38.3 cps. F o r m a t i o n  of VI  m a y  be accoun ted  
for by  loss of a CT-proton f rom t h e  ~ntermedia te  A. V I  was  
recovered  u n c h a n g e d  w h e n  sub jec t ed  to  t he  condi t ions  
employed  for t h e  convers ion  of I I  to  I I I .  

O 

H VI 

T r e a t m e n t  of I I  w i t h  me thanesu l fony l  chlor ide in an-  
h y d r o u s  pyr id ine  (condi t ions  ident ica l  to  those  emp loye d  
wi th  III) led to  fo rma t ion  of a wate r - so lub le  p r o d u c t  
which  is p r e sumab ly  the  5fl, 19-cyclo-6fl-pyridinium sal t  
(vii) formed f rom A. Cont inuous  ex t r ac t i on  of t h e  aque-  

1 This material was preseuted at the Symposium on Steroids Made 
Through Intramolecular Functionalization on the Cls- and Cla- 
Methyl Groups, at the 149th meeting of thc Amcrican Chcmical 
Society in Detroit (Michigan), on April 7, 1965. 
J. TADANIER and W. COLE, Tetrahedron Letters, No. 21, 1345 
(1964). 

s The configuration at C~ of the 5fl, 19-cyelo-6-ols has not yet been 
unequivocally established. Consideration of the canonical struc- 
tures a through d of a non-classical ion formed by participation of 
the zJ~-double bond indicates that to the extent that b, and thus 
6fl,19-bridging is important, the 6c¢-ol would be expected. This 
would require a short C6-C19 distance, and the stabilization gained 
by delocalization would be offset by the strain of the resulting 
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12 

bicyclobutoniumion. 

C~30 ~ C~30,]b- ~-----.,,/ 

H a H b 

CH3D ~ 
CH~O,..~/, ~ ' - - ~ /  

H H 
c d 

The canonical structures of c and d are analogous to the canoni- 
cal structures c" and d" of the stable, homoatlylic, 3c~,50~-cyclo 
cation. Reactions of the latter intermediate at C~ are known to 
occur stereospecifically with fl attack of a nueleophiIe which pre- 
serves maximum overlap of the p-orbitals at C~ and C a in the 
transition state leading to product 4. A similar stereoeleetronically 
controlled process operating on a cation with major contributions 
from canonical structures c and d would accordingly be expected 
to lead to the 5fl, 19-cyclo-6fl-hydroxysteroid. A Dreiding model of 
d, used as an approximation to the geometry of the cation, indi- 
cates that fl-attack of a nucleophile would also be favored steri- 
cally. The 6fl-hydroxy orientation of the hydrolysis product, II, 
is in accord with the half-widths of the Co-proton absorptions in 
the NMR-spectra of epimerie 6-hydroxy-Sfl, 19-cyclosteroids pro- 
vided the B-rings exist as half-chairs ~. 

C' ® d' 
4 This type of stereoelectronic control is discussed by "~VHITIIAM in 

regard to solvolytic formation of 6t~-hydroxy-'lfl, 5fl-cyclosteroids 
from the corresponding homoallylic cation. G. H. ~VHITHAM and 
(in part) J. A. F. WICKRAMASINGHE, J, chem. Soc. 1964, 1655. 5 IR-spectra were determined with carbon tetrachloride solutions, 
UV-spectra were determined in absolute methanol, and optical 
rotations were determined with 1% solutions in chloroform. The 
NMR-spectra were determined with a Varian A-60 spectrometer 
with solutions in deuteriochloroform using tetramethylsiIane as an 
internal reference. All compounds reported had satisfactory 
analyses for carbon and hydrogen. 
M. HOaAK, J. ~tEJKAL, and J. FARKAS, Coll. Czech. chem. 
Comm. 28, 2280 (1963). 
J. W. RowE, A. MALERA, D. ARIGOt¢I, O. JEGER, and L. RUZlCKA, 
Helv. chim. Acta 40, 1 (1957). 
E. M. KOSOWER and S. "WINSTEn¢, J. Am. chem. Soc. 78, 4347 
(1956). - W. F. JOHNS, J. org. Chem. 29, 1490 (1964}. 
W. G. DAU~En and L. E. FRIEI)RICH, Tetrahedron Letters, No. 38, 
2675 (1964). 
Formation of 5fl, 19-cyclo-6-enes from Z]5-19-sulfonate esters in 
rcfluxing pyridine has been previously reported by (a) J. J. BONE% 
H. WEHRLI, and K. SC~*FFNEa, Helv. chim. Acta 45, 2615 (1962) 
and (b) O. HALPERN, P. CRABB]~, A. D. CRoss, I. DELFIN, L. CER- 
VANTES, and A. BOWERS, Steroids 4, 1 (t964). 
K. NAKANISHI, Infrared Absorption Spectroscopy - Practical 
(Holden-Day Inc., San Francisco 1962), p. 24. 
Compare reference 10b 
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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 .  

J .  TADANIER 

Organic Chemistry Department, Research Division, 
Abbott Laboratories, North Chicago (Illinois USA), 
May 31, 1965. 

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 .  
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