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und  das  Mare  S u p e r n a t a n t  in e iner  Porze l l anscha le  im 
"VVasserbad v e r d a m p f t .  De r  R i i c k s t a n d  wird  sofor t  3mal  
(3 + 2 + 1 ml) m i t  9 6 % i g e m  A t h a n o l  e lu ier t  und  das  
E l u a t  in e iner  E p r o u v e t t e  v e r d a m p f t .  Der  t r o c k e n e  Rtick- 
s t a n d  wi rd  in 0,06 ml  7 0 % i g e m  A t h a n o l  u n t e r  E r h i t z e n  
in s i e d e n d e m  W a s s e r  a u f g e n o m m e n  u n d  zent r i fug ier t .  

B. Elehtrophorese: 0,03 ml  des k la ren  E x t r a k t e s  (ent-  
sp r i ch t  0,5 ml B l u t s e r u m )  werden  in e inem 1,5 cm langen  
S t r i ch  in die Mi t t e  des W h a t m a n - 3 - P a p i e r s  (12 × 37cm) 
a u f g e t r a g e n  (Abb.  1). Das  a u f g e t r a g e n e  Mus te r  wird n i ch t  
ge t rockne t .  

Das  P a p i e r  wird  m i t  Pu f fe r  (Pyridin-Eisessigs~iure-  
Wasse r  1 0 : 1 0 : 4 5 0  m l -  p H  4,7) b e f e u c h t e t  (mit  Aus- 
n a h m e  de r  Stel le  m i t  d e m  a u f g e t r a g e n e n  Muster ,  u m  
eine iiberflt issige Z e r s t r e u u n g  des Mus te rs  zu vermeiden)  
u n d  die ho r i zon ta l e  E l e k t r o p h o r e s e  in f euch te r  K a m m e r  
w/ ih rend  2 h durchgef i ih r t .  

Auf  diese Weise  er fo lg t  die T r e n n u n g  de r  G r u p p e n  yon 
AminosAuren  auf  a m  S t a r t  b l e ibende  neu t r a l e  und  auf  
s au t e  u n d  basische,  die zu r  Anode  bzw. zu r  K a t h o d e  wan-  
dern.  Gle ichzei t ig  wird  das  biologische Mater ia l  en tsa lz t .  

24 V. JIRGL, Clin. Chem. 3, 154 (1957). 
25 V. JIRGL, Vnit~ni 16kaf'stv~f 1o, 922 (1956). 

C. Chromato~raphie: Nach d em T o c k n e n  werden  die 
E n d e n  des  E l e k t r o p h e r o g r a m m s  au f  e ine G e s a m t l g n g e  
yon  24 cm a b g e s e h n i t t e n  u n d  ein 24 × 40 c m  W h a t m a n -  
3 -Pap ie r  au f  de r  N/*hmaschine  a n g e h e f t e t  (Abb.  1). 

Z u m  Schlusse  folgt  die e ind imens iona le  E n t w i c k l u n g  
( s e n k r e c h t  zur  R i c h t u n g  de r  E lek t rophorese )  im S y s t e m  : 
n - B u t a n o l - E i s e s s i g s g u r e - W a s s e r  4 : 1 : 5 .  Schon  bei ein-  
bis  z w e i f a c h e m  E n t w i c k e l n  wird  eine gu te  A u f t r e n n u n g  
de r  A m i n o s ~ u r e n  erziel t  (Abb.  2 u n d  3). 

V. JIRGL 

Inst i tut  /iir Hiimalologie und 13luttrans/usion, Prag, 
28. JuI i  195& 

Summary  

A s imple  m e t h o d  for p a p e r - e l e c t r o c h r o m a t o g r a p h y  of 
free a m i n o a c i d s  of b lood se rum is given.  I n  t h e  first  direc- 
t ion  of t h e  s e p a r a t i o n  a n o r m a l  a p p a r a t u s  for p a p e r  elec- 
t r o p h o re s i s  of s e rum p ro t e ins  a t  low w) l tage  is used. The  
a m i n o a c i d s  a re  s e p a r a t e d  in to  neu t ra l ,  acid  a n d  basic  
c o m p o n e n t s  acco rd ing  to t he i r  m o b i l i t y  in t h e  electr ic  
field, a n d  are  s e p a r a t e d  in the  second d i rec t ion  b y  m e a n s  
of t h e  d e s c e n d i n g  t e c h n i q u e  on a c h r o m a t o g r a m  sewn to  
t h e  e l e c t r o p h e r o g r a m .  

I n f o r m a t i o n s -  I n f o r m a t i o n e n  - I n f o r m a z i o n i  - N o t e s  

C O G I T A T I O N E S  

C o n f o r m a t i o n a l  Control  of Bond Migrat ion in the 

D - H o m o  R e a r r a n g e m e n t  of 17 -Hydroxy-20 -Keto  
Steroids  ~ 

By N. L. WENDLER, D. TAUB~ and R. FIRESTONE 

Abstract .--The concep t  of e o n f o r m a t i o n a l  con t ro l  of 
b o n d  m i g r a t i o n  in t he  t r a n s i t i o n  s t a t e  to  t he  D-homo- 
a n n u l a t i o n  of 17 -hydroxy-20-ke to  s te ro ids  appea r s  to  pro- 
v ide  a un i f ied  r a t i ona l e  for t he  obse rved  p h e n o m e n a .  

The  r e a r r a n g e m e n t  of 17-hydroxy-20-ke to  s te ro ids  b y  
Lewis acids as well  as b y  a lkal i  has  been  ex tens ive ly  in- 
v e s t i g a t e d  in r e c e n t  years~;  t h e  s t r u c t u r e s  of t he  D-homo 
p r o d u c t s  h a v e  been  d e t e r m i n e d  b u t  a c o n v i n c i n g  exp lana -  
t ion  for t he  d i f ferences  in b o n d  m i g r a t i o n  invoked  b y  
r eagen t  as well  as b y  s tero id  con f igu ra t i on  a t  C-17 has  
no t  ye t  appea red .  

O n  t he  o t h e r  h a n d ,  TURNER 2e ha s  p rov ided  an  ex- 
ce l lent  r a t i ona l e  for t he  h y d r o x y l  con f igu ra t i on  in the  
m a j o r  i somer  a r i s ing  f rom these  r e a r r a n g e m e n t s ,  w h e r e b y  
the  r e a g e n t  con t ro l s  t he  c a r b o n y l  o r i e n t a t i o n  in the  re- 
a r r a n g i n g  species. Thus ,  a Lewis acid, t h r o u g h  oxygen  
coord ina t ion ,  b r ings  the  oxygen  f u n c t i o n a l i t y  (C=O vs. 
OH) re l a t ive ly  cis wi th  respec t  to  each  o ther ,  whereas  

1 Contribution from Merck & Co., Inc., Rahway, N. J.,preseltted 
before the North Jersey Section of the American Chemical Society 
by N. L. WENDLER as part of a lecture entitled Stereochemical Elleets 
Attending D-Ring Rearrangements in Steroids, February 3, 1959. 

2 For leading references see: (a) L. RUZlCKA aim H. MELDAHL, 
Helv. ehim. Acta 23, 364 (1941}). - (b) C. W. SHOPPEE and D.A. 
Pm~s, Helv. chin). Acta 26,201 (1943). - (e) R. B. TURNER, J. Amer. 
chem. See. 75, 8484 (1953). - (d) D. 1(. Ft~KUSmMA, S. I)OBmNER, 
M. S. HEFFLER, T. I t .  KRITCHEVSKY, F. HERLING, and G. ROBERTS, 
J. Amer. chem. Soc. 77, 6585 (1955). - (e) N. L. ~VENDLER, ]). TAUB, 
S. DOBRXNER, and D. K. FUKUSmMA, J. Amer. chem. See. 7*, 5027 
(1956). - (f) R.B. TvR~ER, M. PERELMAN, and K.T. PARK, jm, 
J. Amer. chem. See. 79, 1108 (1957). 

a lkal i  p roduces  a trans a l i g n m e n t  of these  s ame  func t i ons  
in v i r t u e  of charge-d ipo le  repuls ion .  The  c o n s e q u e n t  
r e a g e n t - i m p o s e d  o r i en t a t ions ,  the re fore ,  p r e d e t e r m i n e  in 
t he i r  r e spec t ive  i n s t ances  t h e  e or fl o r i e n t a t i o n  of t h e  
h y d r o x y l  func t ion  in t h e  m a j o r  p r o d u c t  of r e a r r a n g e m e n t  
(see fo rmulae  below).  T h i s  co n cep t  does  not ,  however ,  
give a n y  clue as to  t i le b o n d  i nvo lved  in the  m i g r a t o r y  
process  itself.  

I n  t h e  r e a r r a n g e m e n t  p r o p e r  i t  is to  be o b s e r v e d  t h a t  
Lewis-acid  ca ta lys i s  i nduces  16, 17-bond m i g r a t i o n  in t h e  
n o r m a l  s te ro id  series (17~-OH) (.4), whereas  the  13,17- 
bond  is i n v o l v e d  in t h e  iso ,series (17fl-OH) ( /3)3 E lec t ron ic  
cons ide ra t i ons  would  lead to the  p red i c t i on  t h a t  the  13, 17- 
b o n d  shou ld  h a v e  m i g r a t e d  in b o t h  i n s t ances  since, in t h e  
t r a n s i t i o n  s t a t e  of t h e  m i g r a t o r y  process,  t h e  more  h igh ly  
s u b s t i t u t e d  C-13 pos i t ion  shou ld  be b e t t e r  able  to  par -  
t i c ipa te  in t h e  de loca l i za t ion  of the  cha rge  def ic iency 
c rea t ed  a t  C-20 (see s t r u c t u r e s  (2) a n d  (8)) 4. 

In  the  a lka l ine  ca t a lyzed  r e a r r a n g e m e n t s ,  on the  o t h e r  
h a n d ,  t h e  1 3 , 1 7 - b o n d  a p p e a r s  to  m i g r a t e  in b o t h  t h e  
n o r m a l  as well as the  iso series (see, however ,  l a t e r  discus-  
s ion) ;  n o t w i t h s t a n d i n g  t h a t  on  e lec t ron ic  g ro u n d s  d is t r i -  
b u t i o n  s t a b i l i z a t i o n  of the  cha rge  surp lus  in the  t r a n s i t i o n  
s t a t e  of t h e  m i g r a t o r y  process  shou ld  be b e t t e r  accom-  
m o d a t e d  a t  the  pos i t ion  (C-16) of lower g roup  s u b s t i t u -  
t ion.  

I t  is p roposed  t h a t  the  f ac to r  con t ro l l ing  the  bond  mi-  
g r a t i o n  in t h e  r e a r r a n g e m e n t  of these  s y s t ems  is a confor-  
m a t i o n a l  one. I t  wil l  be n o t e d  t h a t  in a n y  of the  rear-  
r a n g i n g  species,  d e p e n d i n g  on wh ich  b o n d  migra tes ,  t h e  

a The bond  migra t ions  referred to arc those involved ill producing 
the major product of each reaction which in general corresponds to 
ca. 65% and I00% respectively of the isomer mixtures. 

4 The possibility that sterie factors present in the Lewis acid 
catalyzed rearrangement in tl~e n(~rmat series (17~ OH) but absent 
in the iso series (17/~-OH) may be responsible for the difference in 
bond migration in ttw two series (see I:~rKUSm.~A et al. 2d) is *rot 
convincing to us, l)or is the infcrenee that the alkaline catalyzed 
rea r r angemen t s  Cottforlll to electronic expec ta t ions .  
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expans ion  of t h e  D-ring f rom a 5- to  a 6 - m e m b e r e d  cycle 
will, in  the  t r a n s i t i o n  s ta te ,  acqu i re  t h e  c h a r a c t e r  of e i t h e r  
a b o a t  or  a cha i r  c o n f o r m a t i o n .  T h e  g r e a t e r  s t a b i l i t y  
assoc ia ted  w i t h  t h e  l a t t e r  s t a t e  shou ld  p r o m o t e  t h a t  b o n d  
m i g r a t i o n  whe re in  t h e  t r a n s i t i o n  s t a t e  acqu i res  cha i r - l ike  
c h a r a c t e r  a n d  re sembles  t h e r e i n  t h e  p r o d u c t  of t h a t  con-  
fo rmat ion .  On  t h e  basis  of t h i s  i n t e r p r e t a t i o n ,  t h e  b o n d  
mig ra t i ons  i n v o k e d  in t he  va r ious  r ing  e x p a n s i o n  rear -  

CH3 CH~ 
I _ CH~ A ...... 

(A) - - - , . -  0 ' - - - - ~ "  At .... " 
2 ^ 

(~) (z)  (3) 

CH~ 

~F13:17 bond 
migration t 

0 "'"" 
At l ..... 

(5) (4) (6) 

r a n g e m e n t s  of 17 -hydroxy-20-ke to  s te ro ids  a n d  i l l u s t r a t ed  
below, a p p e a r  to  f ind a un i f i ed  e x p l a n a t i o n  5. 

I n  the  Lewis acid ca t a lyzed  D - h o m o a n n u l a t i o n  of a 17~- 
h y d r o x y - 2 0 - k e t o  s t e ro id  (A) m o v e m e n t  of t he  16, 17-bond  
in t h e  T u r n e r - c o m p l e x  (2) p rov ides  a t r a n s i t i o n  s t a t e  (3) 
w i t h  deve lop ing  Chair c h a r a c t e r  a n d  r e s e m b l i n g  t i le  ob-  
se rved  p r o d u c t  of t h a t  c o n f o r m a t i o n  (4). 

CH~ 

(7) (8) 
16:T/-bond migration 

0~)  0 t )  

(9) ~/ 

0 

(10) 

Migra t ion  of t h e  13 ,17-bond,  on  t h e  o t h e r  h a n d ,  wou ld  
deve lop  the  less s t ab le  b o a t  c o n f o r m a t i o n  in t he  t r a n s i t i o n  
s t a t e  (5) co r r e spond ing  to  t h e  p r o d u c t  (6) of t h e  same  
geomet ry .  B y  t h e  same  cons ide ra t ions  Lewis-ac id  ca ta -  
lyzed r e a r r a n g e m e n t  of the  i somer ic  17f l -hydroxy-20-ke to  
s y s t e m  (B) should  p re fe ren t i a l ly  p roceed  w i t h  13 ,17 -bond  
m i g r a t i o n  lead ing  v i a  t h e  cha i r - l ike  t r a n s i t i o n  s t a t e  (9) 
to  t h e  obse rved  p r o d u c t  of t h e  s ame  c o n f o r m a t i o n  (10). 

I n  t he  a lka l i - ca ta lyzed  D - h o m o a n n u l a t i o n  in  t h e  iso- 
series (C) i t  is r ead i ly  recognized  t h a t  t he  T u r n e r - o r i e n -  

5 For earlier examples wherein the chair conformation in the 
transition state of reactions has been invoked to permit a selection 
of directional course, see: N. L. WENDLER, Exper. 9, ~16 (1953).  - 
A. ESCHENMOSER, L. RUZICKA, O. Jeger, and D. ARIGONI~ Helv. 
ehim. Acta 38, 1890 (1955). 

t a t i o n a t  i n t e r m e d i a t e  (13) will a ch i eve  a m o r e  s t a b l e  
t r a n s i t i o n  s t a t e  (14) w i t h  c h a i r - c o n f o r m a t i o n a l  c h a r a c t e r  
r e s u l t i n g  f rom m i g r a t i o n  of t h e  1 3 : I T - b o n d  to  g ive  t h e  
o b s e r v e d  p r o d u c t  (15} of t h e  s a m e  g e o m e t r y ;  in  con t r a s t ,  
t h e  less s t a b l e  b o a t  t r a n s i t i o n  s t a t e  (16) wou ld  o b t a i n  
were  t h e  16: 17-bond  to  move.  T h e  a lka l ine  c a t a l y z e d  re- 
a r r a n g e m e n t  in  t h e  n o r m a l  series (D),  on t h e  o t h e r  h a n d ,  
would  a p p e a r  to  i nvo lve  b o n d  m i g r a t i o n  c o n t r a r y  to  t h e  

CH3 
H0 t e 5- 

(C) ~ , u  0 13:17-bond C CH~ 

[7) (13) (IQ 

~IB~17-bond migration 1 

0 0 .. 
" "":'" GHz CH 3 C H ~ ~  

~- V.- 
(17) (l ~) 05) 

p r inc ip le  of c o n f o r m a t i o n a l  co n t ro l  in  as m u c h  as t h e  
m a j o r  p r o d u c t  fo rmed  is (20), r e su l t i ng  f rom 1 3 : I T - b o n d  
mig ra t i on .  T h e  a n t i c i p a t e d  p r o d u c t  (22), in  fact ,  is t h e  
on ly  one of t h e  four  possible  i somer ic  ketols  c ap ab l e  of 
a r i s ing  f rom the  D - h o m o a n n u l a t i o n  reac t ions ,  t h e  fo rma-  
t i on  of w h i c h  h a s  n e v e r  been  observed .  Th i s  i somer  is, 
however ,  ava i l ab le  s y n t h e t i c a l l y  2e a n d  h a s  n o w  been  

CH~ 
CO 

(°7 

(1) 

0 

0 

OH 0 

% CH~ 

(Zl) (Z0) 

found  to  be  u n s t a b l e  u n d e r  the  cond i t ions  of t h e  a lka l ine  
r e a r r a n g e m e n t  where in  i t  is c o n v e r t e d  to  t h e  i somer  (20) 
as t h e  m a j o r  p r o d u c t  8 

T h e  f o r m a t i o n  of (20) f rom (22) c an  t a k e  place  theo-  
re t i ca l ly  b y  two  p a t h w a y s  of w h i c h  t h e  d i rec t  m e t h y l  
m i g r a t i o n  C17 + Cl~a is exc luded  b y  t h e  t r a c e r  work  of 
T U R N E R 2 f ;  f u r the r ,  t h e  p r o d u c t  f rom t h e  i somer iza t ion  
(22) + (20) c o n t a i n e d  in  a d d i t i o n  to  (20) as t h e  m a j o r  
c o m p o n e n t  also i t s  17a~-ep imer  (15), f o r m e d  in  t h e  same  
essen t ia l  r a t io  as t h a t  o b s e r v e d  for t h e  i somer i za t ion  of 
s t a r t i n g  s te ro id  (1) itself. I f  (22) h a d  been  t r a n s f o r m e d  to 

0 Ring D in (20) is formulated in the boat form which would be 
the immediate geometrical consequence of 13: 17-bond migration. 
It  is understood that a subsequent conforlnational inversion will 
occur to provide the chair form of (20). 
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(20) by  me thy l  migra t ion  i t  follows t h a t  (20) should have  
been  formed as the  exclusive 17a-epimer. I t  m a y  be con- 
c luded  therefore  t h a t  the  i somer  (22), an t ic ipa ted  f rom 
the  principle of conformat iona t  control  of bond movement ,  
represents  the  kinet ic  p roduc t  of r ea r r angemen t  which is 
in equi l ib r ium wi th  s ta r t ing  mater ia l ,  wherein  the  la t te r  
subsequen t ly  rearranges  to  t he  t h e r m o d y n a m i c  p roduc t  
(20). This  conclusion is s t rengthened  by  the  fact  t ha t  the  
m a j o r  (kinetic) p roduc t  (15) arising f rom the /so-ser ies  by  
alkal ine cata lys is  z ~,a has now been found to be unstable  
on prolonged con tac t  wi th  alkali  and subsequent ly  iso- 
merizes  to (20) 7. 

These and other findings associated with what is now recognized 
to constitute an equilibrium relationship among the isomeric D-homo 
ketols will be reported in detail elsewhere. 

THEORIA 

Origines d e  l a  vie 
Par I. GRUNDLAND* 

Le probl6me de l 'origine de la vie  et  la synth6se premi6re 
des prot6ines sont  i n t i m e m e n t  li6s et  on les confond 
habi tue l lement ,  les prot6ines en t ran t  duns la cons t i tu t ion  
de tou t  6tre v ivan t .  

Le probl6me de la synth6se des prot6ines par  les orga- 
nismes a 6t6 de t o u t  temps  l 'ob je t  des plus act ives  re- 
cherches.  I1 semble que derni6rement  un progr6s impor-  
t a n t  aft  6t6 r6alis6 dans  cet te  direction.  D'apr6s les concep- 
t ions actuelles,  la synth6se des prot6ines dans les syst~mes 
v ivan t s  serai t  li6e h l 'exis tence des macromol6cules  de 
s t ruc ture  ch imique  complexe  repr6sent6es par  les poly-  
m6res des acides nucl6iques. I1 semble concevable  cepen- 
d a n t  que  la synth6se des prot6ines r6alis6e ac tue l l ement  
par  les 4tres v ivan t s  doi t  diff6rer no t ab l emen t  de celle qui  
se produisa i t  au m o m e n t  oh ils on t  apparu .  On pourra i t  
a d m e t t r e  dans  ce cas q u ' a u  cours de la synth6se des pro- 
t6ines l ' i n te rven t ion  des acides nucl6iques ne fu t  pas tou- 
jours  obt igatoire  e t  q u ' u n  cycle plus primit if ,  non d6- 
pourvu  d' int6r~t,  remplissai t  ~ l 'or igine ces fonctions.  

L ' a tmosph6re  de la terre,  au d6but  de son existence,  
compor t a i t  un  m61ange de gaz forrn6s par  des compos6s 
h6t6ronucl6aires - oh  des 616ments ~. nombre  var iable  de 
nucl6ons 6ta ient  li6s ~. l 'hydrog6ne  issu des protons e t  
neu t rons  s ' 6chappan t  de not re  plan6te,  au sein de laquelle  
s 'op6raient  des 6quilibres nucl6aires instables 1-~. Cela dfi 
se passer  apr6s q u ' u n  tourbi l lon en igni t ion se fur d6tach6 
de  la masse du pr6soleil pour  former  la tel-re, i l y  a 4,5-4,6 
mil l iards d 'ann6es  (KANT-LAPLACE, JEANS, JEFFREYS, 
FIESlENKOW, HOYLE). L a  f ixat ion de l 'hydrog6ne sur  les 
616ments en vole de cons t i tu t ion  a contr ibu6 ~ la fo rmat ion  
des hydrures  duns les couches profondes ainsi que  duns 
l ' a tmosphbre  de la terre.  Des  rad icaux  hydrures  M H  se 
r e t r o u v e n t  duns les a tmosph6res  stellaires oh leur pr6- 
sence est  r6v616e par  l ' ana lyse  spectrate  de la lumi6re 
6raise (duns les spectres des bandes de ro ta t ion-vibra t ion) .  
Ainsi  on a signal6 duns les 6toiles la pr6sence des r ad icaux  
• C H e t .  N H , .  O H , .  M g H , .  Ca l l ,  . ]3eH~ et  dans les taches  
solaires. Leur  persistance aux  hautes  temp4ra tures  s 'ex-  
p l iquera i t  pa r  l ' abondance  de l 'hydrogbne dans les a tmos-  
ph6res stellaires, ce qui  fair reculer  la l imlte de dissociat ion 
des hydrures .  Dans  l ' a tmosph6re  de la terre, l 'hydrog6ne 

* Varsovie. 
1 H.C. UREY, Proe. Natl. Acad. Sic. US 38, 351 (1952). - A. DAU- 
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a j .  D. BERNAL, The Physical Basis o] Li[e (Rutledge, London 

1951). 

combin6 ~ l 'oxyg6ne  donna i t  des mol6cules d 'eau,  au car-  
bone - d u  m6thane,  ~ t ' a z o t e - d e  l ' ammoniac ,  au s o u f r e -  de 
l 'hydrog6ne  sul fureux;  enfin, les compos6s mix tes  ne man-  
qua i en t  pus:  pa r  exemple  le carbone,  l ' azote  e t  t 'hydrog6ne  
fo rmaien t  le gaz cyanhydr ique .  

A l 'beure  actuelle,  on peu t  relever  l ' exis tence  d 'oc6ans  
de m6thane  e t  d ' a m m o n i a c  duns l ' a tmosph6re  des p lan6tes  
telles que  Jupi te r ,  Sa tu rne  e t  Uranus.  Sur la terre,  on peu t  
d6celer les t races de l ' a tmosph6re  jadis  r fduc t r ice  de no t re  
plan6te  n o t a m m e n t  lors des 6ruptions vo lcan iques ;  le 
panache  des volcans  pr6sente duns la vapeur  d ' eau  6mise 
une concen t ra t ion  sup6rieure en isotope lourd d ' hyd ro -  
g6ne - le deut6re - ~ celle contenue  dans l 'eau a tmosph6-  
r ique 4 - ce qui  semble r6sulter  de la dissociation et  oxy-  
da t ion  des hydrures  m6tal l iques  entraln6s par  l '6rupt ion 
vo lcan ique  et  p rovenan t  des fissures profondes de l '6corce 
terrestre ,  R e n c o n t r a n t  l 'oxyg~ne a tmosph6rique,  l 'hydro-  
g6ne et  le deut6re p rovenan t  des hydrures  m6tal l iques 
dissoci6s subiraient  une oxyda t ion  avec format ion  de mol6- 
cules d ' eau  ~. concent ra t ion  sup6rieure en eau deut6ri6e 
( d o u r d e q ,  ~ celle contenue  dans l 'eau a tmosph6r ique  
c o m m e  cela a 6t6 constat6.  On peu t  consid6rer ce fair 
c o m m e  indice de ce qu '6 t a i t  l ' a tmosph6re  p r imi t ive  r6duc- 
t r ice de la terre  qui  r6sul tai t  du nombre  des protons  6mis 
par  la terre,  e t  6galement  comme  l ' indice d ' u n  d6placement  
des propor t ions  respect ives  des isotopes en faveur  des 
616ments lourds. La  t eneur  en deu te r ium d6passant  de 
beaucoup  celle que  l 'on cons ta te  hab i tue l l emen t  de cer-  
ta ines sources de p6trole 5, des gaz naturels  tels que  le 
m6thane8 pour ra ien t  fournir  le m6me indice.. 

Le d6placement  de la d is t r ibu t ion  des isotopes en faveur  
d 'une  plus grande fr6quence des isotopes lourds s 'observe  
encore duns l ' analyse  des spectres de que lques  6toiles pa r  
exemple  en ce qui  concerne les isotopes 12C et  13C. Ainsi  
duns certaines 6toiles on a pu cons ta te r  une propor t ion  de 
lsC/12C al lant  j u squ ' g  1/2 alors que sur terre  ce r appo r t  
n 'es t  que de 1,1/98,97-0. 

La  g rav i ta t ion  ter res t re  ne suffisait  pus ~ ma in ten i r  
l 'hydrog~ne duns les l imites  de l ' a tmosph~re  te r res t re  d 'oh  
r6sul tai t  une fui te  de ce gaz duns l 'espace.  En  mSme t emps  
l ' a tmosph6re  ter res t re  subissai t  l ' ac t ion  du r a y o n n e m e n t  
solaire, c o m m e  d 'a i l leurs  de celui qui  p rovena i t  de la ter re  
m6me. L a  per te  d 'hydrog6ne  e t  Fact ion  du r a y o n n e m e n t  
solaire a l tant  jusqu 'X l 'u l t rav io le t  lo inta in  d6 te rmina ien t  
une o x y d a t i o n  cons tan te  de l ' a tmosph6re  compens6e par  
les fa isceaux d 'hydrog6ne  (protons) issus de la terre .  Avec  
le temps,  le r a y o n n e m e n t  de la terre  d iminna  et  l ' o x y d a -  
t ion  de l ' a tmosph6re  ne fur plus compens6e pa r  une r6- 
duc t ion  6quivalente .  C 'es t  alors que  les mol6cules d 'eau ,  
dissoci6es par  des effets photochimiques ,  d6 te rmina ien t  
des r6actions d ' o x y d a t i o n  pa r  l ' en t remise  des r ad ieaux  
libres fo rm6s .  OH,  . OaH ou des hydroperoxydes  HzO ~. I1 
en r6sul ta i t  l ' appar i t ion  des rad icaux  libres organiques,  et  
aux  d6pens du m6thane  pus exemple :  

H3C. ; He--C.  H 2 - - C - - H  

OOH O - - O .  

ainsi que des hydroperoxydes  tels:  

R - - C H - - R I  R- -CH--R~  

OOH O. + .OH 
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