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auff~tlligen Eigenschaften. Dies Gehirn war erheblich 
umfangreicher als dos yon Eohippus, und zwar vor- 
wiegend durch dos Volumen der Oblongata; deren 
beide Durchmesser am Foramen magnum sind das 
Vierfache von Hyracotheriu.m, und damit  liegen sie in 
der Variationsbreite yon Equus. Das Groghirn war 
anscheinend nicht gefurcht, und es ist zwar doppett so 
breit als das von Eohippus, aber es ist nur ~/s h6her 
und 1/a l~inger - d.h. es war ein geradezu winziger Tell 
des Gesamthirns. Der AusguB der Sella turcica ist, wie 
die Hypophyse  beim Pferd - aber nicht bei dessen 
kleineren Ahnen - herzf6rmig; der Vorderlappen der 
Hypophyse  dieses Haplolambda (?) war tast halb so 
breit  als sein GroBhirn! - Hier hat te  sich also die An- 
wendung von Ergebnissen der Pferdestudie als richtig 
erwiesen. Aber die Pal~toneurologie beginnt ja eben 
erst mit  solcherlei Forschung. Neues Material wird 
nicht nur unsere Kenntnis wirklich phylogenetiseher 
Entwicklung der Gehirne erweitern, sondern auch den 
Geltungsbereich im Augenblick scheinbar gesicherter 
Ergebnisse einschr~tnken. 

Summary 

The m a t e r i a l  of p a l e oneu ro logy  has  been  a s s e m b l e d  
more  or  less b y  chance .  R e p r e s e n t i n g  a r a n d o m  assor t -  

m e n t  of b ra ins  of var ious  fossil v e r t e b r a t e s  f rom d i f fe ren t  
geological  hor izons ,  i t  was  no t  a re l iable  basis  for  t h a t  
specia l  t a s k  of pa leoneuro logy ,  t he  s t u d y  of b ra in  
evo lu t ion  t h r o u g h  t h e  ages. A new phase  began  for 
pa l eoneu ro logy  w h e n  t h e  co l l abora t ion  of A m e r i c a n  
m u s e u m s  r e su l t ed  i n  t he  p r e p a r a t i o n  of endoc ran ia l  
cas t s  f r o m  a lmos t  eve ry  s tage  of t he  we l l -es tab l i shed  
e v o l u t i o n a r y  h i s t o r y  of t he  horse.  Now it  was  possible  to  
follow t h e  evo lu t ion  of  a b ra in  t h r o u g h  a pe r iod  of  a b o u t  
55 mil l ion years .  In  t he  g radua l  t r a n s f o r m a t i o n  of t he  
Hyracotherium bra in  in to  t h a t  of Equus t h e  m a i n  fea tu re  
was  f o u n d  to  h a v e  been  g r e a t e r  e x p a n s i o n  of ce reb rum,  
neopa l l i um and  c o r r e s p o n d i n g  p o r t i o n  of t he  cerebe l lum 
t h a n  of t h e  o t h e r  b ra in  por t ions .  Compar i son  of the  
b ra ins  t o d a y  cha rac t e r i s t i c  of lower  p l acen ta l  m a m m a l s  
w i th  t hose  t o d a y  cha rac t e r i s t i c  of  the  h ighe r  fo rms  had  
sugges ted  t h a t  th i s  is t h e  m a i n  t r e n d  in progress ive  
b ra in  evolu t ion ,  H o w e v e r ,  Hyracotherium (and o t h e r  
ear ly  T e r t i a r y  r e p r e s e n t a t i v e s  of t h e  higher ,  specia l ized 
e u t h e r i a n  orders)  h a d  a b ra in  wh ich  h a d  n o t  ye t  r eached  
t h e  e v o l u t i o n a r y  level  of  even  t h e  m o s t  p r imi t i ve  of 
R e c e n t  e u t h e r i a n  bra ins .  The  cha rac t e r i s t i c s  of  t he  
Equus bra in  were  n o t  p r e s e n t  in t he  Equidse  for t he  
g rea t e r  p a r t  of  th i s  f a mi l y ' s  h i s to ry .  In  t he i r  g radua l  
d e v e l o p m e n t ,  t he  equ id  b ra in  passed  t h r o u g h  evolu t ion-  
a ry  s tages  wh ich  are  n o t  r e p r e s e n t e d  in t h e  series of 
R e c e n t  m a m m a l  bra ins ,  un t i l  a b o u t  15 mil l ion years  
ago i t  r eached  t h e  R e c e n t  level  of ungu la t e  bra in  
evolu t ion .  The  var ious  resu l t s  of th i s  one  inves t iga t ion  
ind ica te  t h a t  more  s tud ies  of such  p h y l e t i c  b ra in  
h is tor ies  will revea l  fu r the r ,  sti l l  u n k n o w n  d a t a  on 
bra ins  a n d  on evo lu t ion  in general ,  fac t s  of a k ind  which  
on ly  a pu rpose fu l  pa l eoneu ro logy  can  furn ish .  
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M e c h a n i s m  of the P h o t o c o n d e n s a t i o n  of Stero ids  1 
D u r i n g  t h e  course  of some  re la t ed  work,  a s t u d y  was  

m a d e  of t he  p h o t o c o n d e n s a t i o n  of s t e ro ids  a n d  a 
m e c h a n i s m  e v o l v e d  w h i c h  a p p e a r s  to  exp la in  all t h e  
k n o w n  d a t a  on th is  r eac t ion  and  p red ic t s  poss ib i l i t ies  
for  f u t u r e  work.  

V¢I~DAUS and BORGEAUD $ found that ergosterol (I) undergoes 
dehydrogenation and condensation when exposed to light in the 

1 Abstracted trom the dissertation which is being submitted to the 
Faculty of the Graduate School of the Polytechnic Institute of 
Brooklyn in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy. 

2 A, WINDAUS and P. BORGEAUD, Ann. Chem. 460, 235 (1928). 

absence of oxygen and in tile presence of certain sensitizers (such as 
fluorescein or eosin). The sensitizer also acts as hydrogen acceptor. 
The ".timer, bisergostadienol (II), (at first erroneously named "ergo- 
pinaeol") on pyrolysis, produces a new compound, neo-ergosterol 
(II1). From the known structure of neo-ergosterol 1. ~), INtIOFFI~N3 
deduced a formula for bisergostadienol. His sole basis was SCHmDT'S 
double bond rule, which states that on pyrolytic rupture a bond once 
removed from a double bond is preferentially broken. The formula 
accounts for the seission both at the 7.7" bond and at the angular 
C-10 methyl groups. 

1 KURT BONSTI~DT, Z. Physiol. Chem. 185, 165 (1929). 
H. HONIGMANN, Ann. Chem. 511, 292 (1934). 

3 HANS H. INUOFFEn, Naturwissenschaften 26, 125 (1937). 
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In  1936 SCHENCK et al. ~ in Germany and URISHIBARA and ANDO ~ 
in Japan  found a similar dimerization fgr 7-dehydrocholesterol (IV), 
and an analogous pyrolysis product, norsterol. They assumed a 
structure for the bisteroid paralIel to INIIOFFEN'S formula for the 
ergosterol dkner. 

~¢VINDAUS a n d  ZUHLSDORF 3 obtained the same dimolecular 
steroid from /ls,S-cholestadienol (V) and LJ6,S-eoprostadienol (VI} 
as had been isolated from 7-dehydroeholesterol. 

TOMINAYA 4 showed tha t  the hydroxyl group at  C-3 is superfluous 
for this photodimerization when he found tha t  irradiation of zJsd- 
cholestadiene led to thc formation of a bisteroid. 

I FR. ScHENCK, K.BUCHOLZ, and O.WIESE,  Ber. DtsclL Chem. 
Ges. 69, 2696 (1936).. 

2 YOSHIYUKI URISHIBARA and TosHto ANDO, Bull. Chem. Soe. 
Jap. 11, 80{2 (1936); 12, 495 (1937) in English. - TOSHIO ANDO, Bull. 
Chem. Soc. Jap.  14, 285 (1939); 14, 48~ {1939). 

3 A. WINDAUS and G.ZUHLSDORF, Ann. Chem. 536, ~04 (1938). 
4 AKIRA TOmNAOA, Bull. Chem. Soe. Jap.  I4, 486 (1939). 

KENNEDY and SPRXNG 1 utilized thc capacity of several ergosterol 
isomers to undergo this photochemical reaction as an aid in deter- 
mining their spatial  configuration at  C-9 and C-10. The inabili ty of 
lmnisterol {VII} and isopyrocalciferol {VIII), and the abil i ty of 
ergosterol (IX), dehydroergosterol {X), dehydrolumisterol (XI) and 
pyrocalcilerol (XII) to condense photochemically point to the steric 
relationship of the methyl  at  C-10 and the hydrogen at  C-9 as the 
determining factors. These groups were taken to be trans in the 
isomers tha t  gave dlmers (IX and XII)  and cis in those that  did not 
(VII and VIII) .  

Steroids with unsaturat ion in ring A have also been subjected to 
this reaction. JACOBSEN and NAWROCRI °" exposed zJz,4-cholestadiene 
(XIII)  to tungsten ligilt and obtained a dimolecular product, for 
which a 3,B' bond was suggested. 

I T. KENNEDY and F. S. SPRING, J. Chem. Soc. 250 (1939). 
2 ROBERT P. JACOBSEN and C.Z. NAWROCKI~ J. Amer. Chetn. Soc. 

62, 2fil~ (1940). 
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The exposure of the same diene to sunlight by USHAKOV and 
KOSHEL~VA 1 led to the formation of a dimer isomeric with JA- 
COBSEN'S. The Russian investigators also condensed z]a,5-ehole- 
stadiene (XIV) and obtained the same dimer as fronl the ~,4 diene. 

The  w o r k  of JACOBSEN and  USHAKOV has been  re-  
p e a t e d  and  conf i rmed  by  t h e  au thor .  

No proposed  m e c h a n i s m s  for a n y  of these  pho to -  
condensa t ions  h a v e  appeared .  The  m e c h a n i s m  sugges ted  
below accoun t s  for all  known  d imer iza t ions ,  inc lud ing  
the  f o r m a t i o n  of t he  same  d i m e r  f r o m  th ree  s te ro ids  
(IV, V and  VI),  and the  isola t ion of two  d imers  f rom the  
same s tero id  (XI I I ) .  

Since all  t h e  reac t ions  unde r  discussion proceed unde r  
t he  inf luence of l igh t  (and wi th  t he  loss of  an  a t o m  of 
hydrogen) ,  the  a s sumpt ion  is m a d e  t h a t  a free radica l  
m e c h a n i s m  is opera t ive ,  w i t h  the  e jec t ion  of the  a t o m  
of h y d r o g e n - - f r o m  a ca rbon  in or  nea r  t he  a c t i v a t i n g  
diene s y s t e m - - p r o d u c i n g  the  radical .  

I n  e rgos tero l  (I) and  7 -dehydrocho les te ro l  (IV) t he  
h y d r o g e n  can  be lost  f r o m  t h e  6, 7 or  9 posi t ion.  Of these  
possibil i t ies,  on ly  toss of h y d r o g e n  f rom C-9 produces  a 
rad ica l  capab le  of s tab i l i za t ion  b y  resonance  (Form.  A) .  

Th is  resonance  pe rmi t s  t he  odd e lec t ron  to  be a t  C-9 
or  C-7. Since the  9 pos i t ion  is s t e r i ca l ly  h indered ,  
coupl ing  should  p roceed  bes t  a t  C-7. Th i s  gives  a d imer  
w i t h  precisely  the  fo rmula  p roposed  by  INHO~FEN (II).  

A S,8.cholestadienol (V) can  lose h y d r o g e n  f rom the  
5, 6 or  7 posi t ion,  of which  on ly  loss f rom C-5 produces  a 
resona t ing  rad ica l  (Formulm B). 

Since the  5 posi t ion is s ter ica l ly  h indered ,  coupl ing 
should occur  a t  t he  7 posi t ion.  Combina t i on  a t  C-7 will 
produce  the  same d imer  f rom the  6,8 d iene  as f rom the  
5,7 diene, which has been  e x p e r i m e n t a l l y  verif ied.  

I n a s m u c h  as th is  m e c h a n i s m  requires  t he  e l imina t ion  
f rom zl~,8-coprostadienol (VI) of the  C-5 hydrogen ,  its 
conf igura t ion  in t h e  m o n o m e r  does n o t  af fec t  the  
s t ruc tu re  of the  dimer .  This  accounts  for the  fo rmat ion  
of the  same bis teroid  f rom this  diene, too. 

The  app l i ca t ion  of th is  reasoning  to  t he  ergosterol  
i somers  (VII ,  V I I I ,  I X  and  X I I )  s tud ied  b y  KENNEDY 
and SPRINa 1 calls for the  r e m o v a l  of t he  h y d r o g e n  a tom 
on C-9. A s t u d y  of molecu la r  models  has  shown the  C-9 
hyd rogen  to  be h indered  if t h e  C-10 m e t h y l  is cis to  it. 
The  e x p e c t e d  g rea te r  ease of e l imina t ing  an unb locked  
h y d r o g e n  a t o m  expla ins  t he  deduc t ion  1 t h a t  ergosterol  
isomers  fo rm p h o t o d i m e r s  if t he  C-10 m e t h y l  and the 
C-9 h y d r o g e n  are  t rans .  

The  fac t  t h a t  two  d i f fe ren t  d imers  were  ob ta ined  2 
f rom A~,4-cholestadiene ( X I I I )  m a y  be reso lved  by  the 
fol lowing a r g u m e n t .  This  diene can  lose a hydrogen  
a t o m  f rom the  1, 2, 3, 4 or  6 posi t ion,  o~ which  on ly  loss 
f rom the  1 or  6 posi t ion will p roduce  resonance-s tabi l ized  
radicals  (Formulm C). 

1 M. L USaAKOV and N.F. KOSHELEVA, J. Gem Chem. U.S.S.R. 1 T. KEN~'EDY and F. S. SPm~,'6, J. Chem. Soc. ~°50 (1939). 
11, ~03 (1941). 2 M. I. USHAKOV and N. F. I~OSnELEVA, 1OC. cit. 
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Of t h e  four  poss ib le  pos i t i ons  for  c o u p l i n g - - l , 3 , 4  
a n d  6 - - n o n e  c a n  be  e l i m i n a t e d  for  s t e r i c  reasons ,  b u t  
t w o  of  t h e s e - - 3  a n d  4 - - w o u l d  b e  f a v o r e d  b e c a u s e  t h e y  
a re  once  r e m o v e d  f r o m  t w o  d o u b l e  b o n d s ,  w h e r e a s  t h e  
o t h e r  t w o  poss ib le  pos i t i ons  a re  m e r e l y  a l ly l ic  to  one  
d o u b l e  b o n d .  T h e  d i m e r  f r o m  A2,4-choles tadiene cou ld  
t h e r e f o r e  be  e i t h e r  a 3,3'  or  a 4 ,4 '  b i s t e ro id .  

S ince  two  d i m e r s  h a v e  a c t u a l l y  b e e n  f o u n d ,  t h e r e  
r e m a i n s  to  be  d e t e r m i n e d ,  if  poss ib le ,  w h i c h  b i s t e r o i d  
was  i so l a t ed  b y  e a c h  of t h e  i n v e s t i g a t o r s .  

A p p l y i n g  t h e  r e a s o n i n g  u sed  p r e v i o u s l y  t o  t h e  
c o n d e n s a t i o n  of  A3,*-cholestadiene ( X I V )  1, i t  is  a p -  
p a r e n t  t h a t  t h i s  d i ene  cou ld  coup le  b e s t  a t  t h e  4 
pos i t i on  (Formulae  D).  

Cons ide r i ng  t h a t  t h e  s a m e  d i m e r  was  o b t a i n e d  b y  
USHAKOV a n d  KOSHELEVA 1 f r o m  t h e  3,5 d iene  a n d  t h e  
2,4 d iene ,  i t  fol lows t h a t  t h e i r  d i m e r  s h o u l d  be  t h e  4 ,4 '  
c o m p o u n d ,  whi l e  JACOBSEN a n d  NAWROCKfS d i m e r  z 
s h o u l d  b e  t h e  3,3" c o m p o u n d .  T h i s  c o r r e s p o n d s  t o  t h e  
sugges t i ons  of t h e s e  i n v e s t i g a t o r s  m a d e  p u r e l y  on  
i n t u i t i v e  r eason ing .  J osEv~t L. OWADES 3 

D e p a r t m e n t  of C h e m i s t r y ,  P o l y t e c h n i c  I n s t i t u t e  of 
B r o o k l y n ,  J a n u a r y  6, 1950. 

s t e r i n  nach RUZICKA u n d  WETTSTEIN 1. A n  a n d e r e m  
Or t  2 b e r i c h t e t e n  wi r  aus f i i h r l i ch  f iber  e ine  R e i h e  se ine r  
A b k S m m l i n g e .  I m  Zuge  de r  V e r w e r t u n g  de r  N e b e n -  
p r o d u k t e  d e r  C h o l e s t e r i n o x y d a t i o n  v e r s u c h t e n  wi r  u n t e r  
a n d e r e m  d u r c h  A n b a u  e ines  5 - R i n g e s  a n  d a s  t r i z y -  
k l i sche  K e t o n  in  die A n d r o s t e r o n r e i h e  (I I )  zu ge l angen .  
Dies  s ch i en  u m  so i n t e r e s s a n t e r ,  als CORNFORTI-I u n d  
ROmNSON 3 k t i rz l ich  die T o t a l s y n t h e s e  e ines  d e m  t r i zy -  
k l i s chen  K e t o n  n a h e s t e h e n d e n  D i k e t o n s  b e s c h r i e b e n .  
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Zusammen]assung 
E s  wi rd  e ine  A n z a h l  y e r w a n d t e r  R e a k t i o n e n  d e r  

S t e ro ide  v e r g l e i c h e n d  b e t r a c h t e t .  E i n  R e a k t i o n s -  
m e c h a n i s m u s  w i rd  vo r ges ch l agen ,  de r  s l imt l i che  be-  
k a n n t e  Vorg~inge zu erkl~iren v e r m a g  u n d  de r  es er- 
m6g l i ch t ,  die S t r u k t u r  de r  e n t s t e h e n d e n  B i s t e ro ide  vo r -  
h e r z u s a g e n .  

1 •. I. USHAKOV and U. F. KOSHELEVA, IOC. cit. 
2. ROBERT P. JACOBSEN and L. Z. NOVROCKI, 10¢. cit. 
a Present address: Fleischnlann Laboratories, Standard Brands, 

Inc., 810 Grand Concourse, New York 51, N.Y. 
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D a r s t e l l u n g  y o n  4 - R i n g - K e t o n e n  aus  d e m  
t r i z y k l i s c h e n  Keton  yon  K 6 s t e r  und  L o g e m a n n  ~ 

Das  t r i z y k l i s c h e  K e t o n  I v o n  K6STER u n d  LOGE- 
~ANN * e n t s t e h t  n e b e n  D e h y d r o - 3 f l - a n d r o s t e r o n  in  b e a c h t -  
l i chen  M e n g e n  be i  de r  C h r o m s ~ i u r e o x y d a t i o n  y o n  Chole-  

1 96. Mitteilung der Reihe ~0ber Steroide, (95. Mitt. siehe He.lv. 
chim. acta 38, 388 (1950). 

H.K6ST~R und W. LOGEMANN, Ber. Dtsch. chem. Ges. 78, 
298 (1940). 

F f i r  d e n  A n b a u  des  5 -R inges  e l n p f a h l  s ich  e ine  R e a k -  
t ionsfo lge ,  wie sic d u r c h  die T e i l f o r m e l n  I I I  bis  V I I  ge-  
k e n n z e i c h n e t  wird .  E i n  so lche r  W e g  i s t  in  ~ihnlich gear -  
t e t e n  Fi i l len  s c h o n  6 f t e r s  v e r s u c h t  w o r d e n  4. I n  de r  

t L.RuzmKA und A.WETTSTEIN, Helv. chim. aeta 18,986 (1935). 
2 Siebe Note 1, Kolonne links. 
a J.W.CoRNFORTtl und R. RoBIusos, Nature I60, 737 (t947); 

J. Chem. Soc. London, 1855 (1949). 
a J.W.Coox und C.A. LAWRENCE, J. Chem. Soc. London, 1637 

(1935); 817 (1937).--C.K.CnUA~G, Y.L.TIEN und C.M. MA, Ber. 
Dtsch. chem. Ges. 69, 1494 (1936),- C.D.NEN]TZESCU, E.CmRA- 
N~SCU und V. PRZEMETZKY, lb. 73, 313 (1940). 


