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string which is imag ined  s t r e t ched  a long the  box  and  
a t tached a t  i ts  ends  (see Figs. 11 and  12). I f  the  s y s t e m  
of con juga ted  double  bonds  ex t ends  over  severa l  b ran -  
ches in a molecule  (e,g. as in t he  case of g u a n i d i n i u m  
ion or  of fulvene)  the  s ta tes  of the  ~-e lec t rons  s t and  in 
analogy to  the  s t a t i o n a r y  s ta tes  of the  t r ansve r sa l  oscil- 
lations of a co r r e spond ing ly  b r a n c h e d  s t r e t c h e d  s t r ing  
fixed a t  i ts  end  (see Figs.  13 a n d  14). 

I t  is fu r the r  shown t h a t  th is  n e w  a p p r o a c h  to  t h e  
problem of chemica l  bond ing  leads to a s imple  in te rp re -  

t a t i o n  of the  p h e n o m e n o n  of mesomer i sm,  and  enables  
an easy  ca lcu la t ion  to be m a d e  of the  t o t a l  ~-e lec t ron  
charge  d i s t r ibu t ion  a long the  chain,  t he  knowledge  of 
which  is of  i m p o r t a n c e  in d e t e r m i n i n g  the  r eac t i ve  
behav iou r  of  the  c o m p o u n d .  I t  is also possible in this  
m a n n e r  to  ca lcu la te  the  ene rgy  levels  of the  ~-e lec t ron  
s ta tes  and  thus  to reach conclus ions  abou t  t he  s t a b i l i t y  
of the  c o m p o u n d  and  to  d e t e r m i n e  the  pos i t ion  of  i ts  
abso rp t ion  bands  in the  u l t r a -v io l e t  and  visible spec t ra l  
regions.  
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The Autoxidation of Ferrous Ions in Aqueous 
Solution 

Some t i m e  ago ~ t h e  fo l lowing m e c h a n i s m  was proposed  
for the  a u t o x i d a t i o n  of  ferrous ions  in aqueous  solu- 
t ions:  

Fe  2+ + O n -+ Fe  3+ + O~ (1) 

Fe  8+ + O~- -~ Fe  2+ + O v (2) 
(O~ + H+ ~__ HO2) , 

Fe  2+ + H O  2 -+ F e  3+ + HO2,  (3) 

(HO~" + H + ~ H2On), 

Fe  2+ + H20  ~ --> Fe  s+ + O H -  + OH,  (4) 

Fe+ + O H  --> Fe ~+ + O H - .  (5) 

In  the  l igh t  of a recen t  theo re t i ca l  discussion 2 of t he  
mechan ism of e lec t ron  t rans fe r  processes in solut ions ,  i t  
appears  t h a t  t he  p r i m a r y  process,  e q u a t i o n  (1), has  to  
be g iven a s o m e w h a t  d i f fe ren t  i n t e r p r e t a t i o n  and  should  
be represen ted  b y :  

Fe  n+ + O~ ~_ (Fe 3+. O~-) (6) 

leading to  t h e  fo rma t ion  of  an  ion pa i r  complex ,  wi th  a 
corresponding ga in  of Cou lombic  energy.  A cons ide ra t ion  
of equa t ion  (6) shows t h a t  the re  wou ld  st i l l  be  a g rea t  
t endency  for  t h e  reverse  process,  w i t h  r e s t i t u t ion  of  t he  
ini t ial  s ta te ,  I t  seems,  however ,  t h a t  t h e  reverse  process  
can be i n h i b i t e d  to  a cons iderab le  e x t e n t  i f  t he re  are  
sui table  an ions  (e.g. F - ,  PnO~-, O H - )  p re sen t  in t he  
solution which,  b y  r eac t ing  wi th  t h e  complex ,  can  Iead 
to its s t ab i l i sa t ion  accord ing  t o :  

(Fe a+. O~-) + F -  -+ ( F - ,  Fe  3+. O~). (7) 

1 j .  WEISS, Na tu rwi s senscha f t en  23, 6.1 (1935). 
2 J. WEISS (in p repara t ion) .  

The  new c o m p l e x  m a y  e v e n t u a l l y  b reak  up accord ing  to :  

( F - ,  Fe  3+. OF) --> (Fe n+. F - )  + O~ (8) 
o r  

( F - -  Fe  3+, O1) + H+ --> (Fe3+. F - )  + H O  2 (9) 

fo l lowed aga in  b y  the  sequence  of reac t ions  g iven  
previous ly .  Thus ,  one of  t he  func t ions  of  these  anions  is 
e v i d e n t l y  to  s tahi l ise  t h e  p r i m a r y  complex ,  a p a r t  f rom 
c o m p l e x i n g  the  ferr ic  ions and  suppress ing  reac t ion  (2), 
as sugges ted  prev ious ly .  I n  a g r e e m e n t  w i th  these  views,  
we h a v e  found  1 t h a t  unde r  these  condi t ions  the  ra te  of 
a u t o x i d a t i o n  is g iven  b y :  

ra te  oc [Fe 2+] [Oa] [F-] .  (10) 

In  the  absence  of these  s tabi l i s ing anions  the  p r i m a r y  
c o m p l e x  should  exh ib i t  a grea t  t e n d e n c y  to  r e v e r t  to t he  
in i t ia l  s t a t e  and  this  is in full  a g r e e m e n t  w i t h  t he  fac t  
t h a t  a u t o x i d a t i o n  of ferrous ions in d i lu te  (acid) 
so lu t ions  is a v e r y  slow process.  The  slow convers ion  to  
ferr ic ions which  t akes  p lace  under  these  cond i t ions  has  
been  r e inves t iga t ed  and  th is  has con f i rmed  I t he  ear l ie r  
f indings  of MAcBAIN ~ and  LAI~tB and  ELDER 3 -  t h a t  unde r  
these  condi t ions  the  ra te  e q u a t i o n  confo rms  to :  

r a te  0¢ [Fe~+]~ [O~]. (11) 

Th is  suggests  t h a t  s t ab i l i sa t ion  of  t he  p r i m a r y  c o m p l e x  
can  n o t  o n l y  be  b r o u g h t  a b o u t  by  reac t ion  w i t h  su i t ab le  
an ions  b u t  t h a t  t he re  is also a ce r ta in  a m o u n t  of s ta-  
b i t i sa t ion  by  t h e  i n t e r ac t i on  w i t h  ferrous ions p r e sen t  in 
t h e  solut ion,  accord ing  to :  

(Fe ~+. O~) + Fe  2+ ~ (Fe *+, O~- Fe  2+) ~+_ (12) 
(Fe ~+" O~-" Fe  3+) 

l ead ing  to  a n o t h e r  c o m p l e x  which  is also s tab i l i sed  by  
Coulombic  forces and which  m a y  s u b s e q u e n t l y  b reak  up,  

1 ~V. TAYLOR and  J. WEtSS (ilx p repara t ion) .  
n j .  W. McBAIN, J, Phys, Chem. 5, 631 (1901). 
3 A. B. LAMB and  L, W, ELDER, J.  Amer,  Chem. Soc. 58, 144 

(1931). 
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e.g. accord ing  to :  

(Fe z+. O~- .  Fe  ~+) + H + -+ 2 Fe  *+ + HO~ (13) 

fo l lowed aga in  by  the  r eac t ion  sequence  "given above .  
This  s o m e w h a t  more  de ta i l ed  i n t e r p r e t a t i o n  of the  

p r i m a r y  process g iven  above  arises f rom t h e  a s sumpt ion  
tha t ,  in the  case of  an  e n d o t h e r m i c  process,  an  uns tab le  
i n t e r m e d i a t e  ionic  c o m p l e x  m a y  be  s tabi l i sed  b y  Cou- 
lombie  in te rac t ions ,  a pr inc ip le  wh ich  appears  to have  
wider  app l ica t ions  in t he  m e c h a n i s m  of e lec t ron  t rans-  
fer processes in so lu t ion .  

A full  a c c o u n t  wilt  be  pub l i shed  elsewhere.  J .  VCEiss 

University o[ Durham, King's  College, Newcastle upon 
Tyne, 1, England, December 1, 1952. 

Zusamme n[assung 

Der  Pr imi i rprozess  des bere i t s  vo r  e iniger  Zeit  gege- 
benen  Mechan i smus  der  A u t o x y d a t i o n  yon  Fe r ro ionen  
in v e r d i i n n t e n  w~issrigen LSsungen  w u r d e  e r n e u t  disku-  
t ie r t ,  besonders  im H i n b l i c k  auf  die Rol le  yon  e lek t ro-  
s t a t i s chen  W e c h s e l w i r k u n g e n  bei der  B i ldung  des pri- 
m~iren Io n enkomplexes .  Es  ze ig t  sich, dass Cou lombsche  
Wechse lwi rkungen ,  auch  m i t  ande ren  in der  LSsung  vor -  
h a n d e n e n  Ionen ,  yon  B e d e u t u n g  ftir die  S tab i l i s i e rung  
des pr im/ i ren  I o n e n k o m p l e x e s  sein k6nnen,  und  es is t  
sehr  wahrschein l ich ,  dass, ganz  a l lgemein,  solche Wech-  
se lwi rkungen  bei  E iek t ronenf ibe rgangsprozessen  in L~- 
sungen  in B e t r a c h t  gezogen werden  mtissen. 

S t e r o i d s  X L  

T h e  O x i d a t i o n  of U n s a t u r a t e d  S t e r o i d a l  
A l c o h o l s  w i t h  M a n g a n e s e  D i o x i d e  ~ 

W i t h i n  the  last  few years  the  e m p l o y m e n t  of m a n -  
ganese d iox ide  for the  o x i d a t i o n  of po lyene  a l ipha t ic  
p r i m a r y  and  s e c o n d a r y  a lcohols  t o  t he  co r respond ing  
a ldehydes  and  ke tones  r e spec t ive ly  has  been  f ind ing  
increas ing  app l i ca t ionL  Qu i t e  r ecen t l y  the  scope of  this  
t y p e  of reac t ion  was cons ide rab ly  widened  by  the  demon-  
s t r a t i o n  3 t h a t  even  s imple  s ingly u n s a t u r a t e d  p r i m a r y  
alcohols,  such  as a l ly l  alcohol ,  could  be  ox id ized  s m o o t h l y  
to  the  e, f l -unsa tura ted  a ldehydes ,  We  h a v e  been  s t u d y -  
ing  for some t i m e  the  ac t ion  of manganese  d ioxide  on a 
v a r i e t y  of u n s a t u r a t e d  s te ro ida l  alcohols .  This  s t u d y  has  
led to  a n u m b e r  of  i n t e r e s t i ng  observa t ions ,  and  has  
resu l ted  in a c o n v e n i e n t  new rou te  to  t es tos te rone ,  and  
a s imple  syn thes i s  of s te ro ida l  A4,e-dien-3-ones. 

The  f irs t  example s  to  be s tud ied  were  A*-cholesten - 
3 fl-ol and  A4-22a-spirosten-3 fl-ol, con t a in ing  the  A4-3-ol 
s y s t e m  (I a). I n  v i e w  of t he  inso lub i l i ty  of m a n y  s teroids  
in l igh t  p e t r o l e u m  the  so lven t  usua l ly  e m p l o y e d  for  
ox ida t ions  w i t h  manganese  d ioxide  2, a v a r i e t y  of o the r  

x Steroids XXXlX. J. Ro.,ao, A. ZAFFAROm, J. HENDRICltS, 
G. ROSENKRANZ, C. DJERASSI, and F. SONDIIEIMER, Chem. a. Ind. 
195~, 783. 

2 Cf. S. BALL, T. W. GOODWIN, and R. A. MORTON, Biochem. J. 
42, 516 (1948). -- N. L. WENDLER, H. L. SLATES, N. R. TRENNER, 
and M. TISHLER, J. Amer. Chem. Soc. 73, 719 (1951). - B. C. L. WEE- 
~os and R. J. Woovs, J. Chem. Soe. ~687 (1951). - E. A. BRAUDE 
et al., ibid. 1755 {1951); 1419, 1430 (1952). - K. R. FARRAR, J. C. 
HAMLET, H. 13. HE,BEST, and E. R. H. JoNEs, ibid. 2657 (1952); 
R. AHMAD, F. SONDtIEIMER, B. C. L. WEEDON, and R. J. WOODS, 
ibM. 4089 (195~2). 

J. ATTENBVRROW, A. F. B. CAMEROK, J. H. CHAPMAN, R, M. 
EVANS, 13. A. HEMS, A. B. A. JANSEN, and T. WALKER, J. Chem. 
Soc. 195'2, 1094. 

so lvents  were  inves t iga t ed .  I t  was found t h a t  ox ida t ion  
p roceeded  rap id ly  by  shak ing  (I a) a t  r o o m  t e m p e r a t u r e  
wi th  f reshly  p r ec ip i t a t ed  m a n g a n e s e  d ioxide  in iner t  
so lven t s  such  as benzene,  ch loroform,  e t h y l e n e  chloride, 
acetone,  etc . ,  convers ion  to  the  A4-3-ones (Ib) being 
comple t e  in circa 2 hours ;  t he  l a t t e r  could  be i so la ted  in 
exce l len t  yield.  S imi la r ly  o x i d a t i o n  of zi 5-22 a-spiros tene-  
3 f l : 7~ -d io l  3 -ace ta te  (IIa)l led to  t he  ds -7-one  (IIb),  
d0 .11)-22a-5~-spi ros tene-3f l :12-diol  ( I l f a )  ~ gave  the 
rig(11) -12-one ( I I Ib) ,  and AS:1~(~°) -pregnadiene-3  fl: 21- 
diol  3 furn ished  the  cor responding  21-aldehyde.  All these 
p roduc t s  were  i so la ted  in sa t i s f ac to ry  yie ld .  

Aa-Cholestene-3 fl : 6 fl-diol ( IVa)  4 in benzene  so lu t ion  
wi th  manganese  d iox ide  a t  r o o m  t e m p e r a t u r e  was only 
oxid ized  a t  C-3, and  d4-choles ten-3-one-6f l -o l  ( IVb).was 
p r o d u c e d  in 75 % yield.  This  p rocedure  represen t s  a s imple 
new syn thes i s  of such  6 - h y d r o x y l a t e d  A4-3-ketones,  and 
has  a l r eady  been app l ied  in o the r  series [inter al.: 6fl- 
h y d r o x y - p r o g e s t e r o n e  (m.p, 181-183 °, [a~2°D + 105 ° (all 
ro t a t ions  in CHC13), ~Etoti 236 m/~, loge  4,22, found :  C, 
75.97; H,  9.32), 6 f l -hydroxy-z l~-andros tene-3 ,17-d ione  5 
(m.p. 192--194 °, [~]2°D + 114 o, ..'~EtOItmax 236 m/~, loge 4,25, 
found :  C, 75.56; H,  8.81)]. W h e n  this  r eac t ion  was 
ca r r i ed  ou t  a t  r e f lux  t e m p e r a t u r e ,  t he  cor responding  
d ike tones  (IVc) were  formed.  

The  obse rva t ion  t h a t  a s a t u r a t e d  alcohol,  such as the 
17 f l -hydroxy  grouping,  is s table  t owards  manganese  
d iox ide  a t  r o o m  t e m p e r a t u r e  opened  up the  w a y  for a n e w  
syn thes i s  of t es tos te rone .  At -Andros tene -3  : 17-dione was 
reduced  wi th  l i t h ium a l u m i n i u m  hydr ide  to w h a t  is 
p r e s u m a b l y  essent ia l ly  a m i x t u r e  of A4-androstene - 
3 fl: 17 fl-diol and  the  3 ~: 17 fl-diol% which  in ch loroform 
solu t ion  w i t h  m a n g a n e s e  d iox ide  a t  r o o m  t e m p e r a t u r e  
was on ly  ox id ized  a t  C-3 to  yield pure  t e s tos te rone  in 
90 % overa l l  y ie ldL I n v e s t i g a t i o n  in to  the  reac t ion  con- 
d i t ions  of the  ox ida t ion  s tage  r evea led  t h a t  the  a m o u n t s  
of  oxide  a n d  so lven t  could  be r educed  to  such  an e x t e n t  
w i t h o u t  loss in yield,  so as to m a k e  the  large-scale  com- 
merc ia l  p roduc t i on  of t e s tos te rone  by  this  m e t h o d  the  
s imples t  and  m o s t  eeonomicM y e t  devised.  

The  read i ly  ava i l ab le  AS-3fl-ols ( type  V) w i t h  man-  
ganese d ioxide  in re f lux ing  benzene  were  found  to yield 
the  cor responding  A¢:8-dien-3-ones (VII) in convers ions  
of circa 30%,  I n  th is  w a y  the  fo l lowing d ienones  (VII) 
were  p repa red  (proper t ies  g iven  on ly  for new compounds )  : 
A~:6- 22 a -sp i ros tad ien-3-one  a , A4:6-cholestadien-3-one,  
A4:~.androstadiene-3 : 17-dione s, A4:6-androstadien-17 tS- 
ol-3-one (6-dehydro tes tos te rone) ,  A4:6-pregnadiene-3 : 20- 
d ione (6-dehydroproges terone)  s, A4:~_pregnadien_20 fl-ol- 
3-one (m.p. 197--199 °, [0~320D q- 15 o, ..~EtOHmax 282 mp ,  loge 
4.54, found : C, 80.41 ; H,  9.87), A 4 :~:~o-pregnatriene-3 : 20- 
dione (prepared  f rom As:16-pregnadiene-3fl :20fl-diol)  

1 H. J. RINGOLD, G. ROSENKRANZ, and C. DJERASSI, J. Amer. 
Chem. Soe. 74, 3318 (1952). 

2 C. DJERASSI, H. MARTIr~EZ, and G. ROSENKRANZ, J. Org. Chem. 
16, 1278 (1951). 

a Interal . ,  H. HEUSSER, K. EICHENBERGER, and PL. A. PLATTNER, 
Helv. chim. Acta 38, 1088 (1950). 

4 Inter  al., V. A. PETROW, O. ROSENHEIM, and W. W. STARLING, 
J. Chem. Soc. 1938, 677. 

5 The relationship between these compounds with the known 
corresponding 6-acetoxy-Zl4-3-ones [M. ErlRE~STEIN, J. Org. Chem. 
6, 626, 908 (1941)] will be discussed in a forthcoming detailed paper. 

6 Cf. W. G'. DAUBEN, R. A. MICI1ELI, and J. F. EASTIIAM, J. Amer. 
chem. Soc. 7t, 3852 (1952). 

This preferential oxidation has recently been carried out in 
these laboratories by means of Raney nickel in acetone, albeit in 
poorer yield (J. Romo, G. ROSENKRANZ, and C. DJERASSI, to be 
published}. 

8 Identified by comparison with an authentic specimen. 


