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2-dimensionM electrophoresis, agar to starch-gel, method 
7, (p. 129). All bands separated by agar-gel, except No. 9, 
appeared in starch-gel on an oblique straight line passing 
through the origin (Figure 3). This would indicate tha t  
component 9 is of different molecular weight and/or shape 
from the other ones. The fact tha t  all fractions separated 
on agar-gel reappear when applied on starch-gel shows that  
none of the bands of this stage can be due to interactions 
with the electrophoretic medium. I t  also follows from this 
result that, apart  from difference in number, bands on 
starch-gel and agar-gel cannot be compared directly. 

At this stage of the investigation it  is impossible to 
present any hypothesis which would incorporate these 
results within the framework of the general subunit  theory 
of LDH-structure. Further  extensive experiments with 
bidimensional electrophoresis, tests on differential in- 
hibition and thermal stability of the isoenzymes and 
dissociation-recombination experiments 1= are envisaged, 
and these should eventually allow an interpretation of 
the multiplicity of Xenopus-LDH 13. 

Zusammen[assung. Das Isoenzymmuster der Laktat-  
dehydrogenase (LDH) wurde mittets Agar-Gel- und 
Stiirke-Gel-Elektrophorese untersucht. Unbefruchtete 

Eier und Entwicklungsstadien vom 2-Zell-Stadium bis 
zum 15. Tag warden als Totalextrakte analysiert;  yore 
15. Tag an wurden einzelne Organe geprtift und bis ins 
Adults tadium verfolgt. Die Entwicklung der LDH- 
Muster ist gekennzeichnet durch Zu- und voriibergehende 
Abnahme der Anzahl Isoenzyme und durch Verlage- 
rungen der Aktivit/its-Intensit~ten. Adultorgane weisen 
7 Isoenzyme auf mit  St~rke-Gel-Elektrophorese und deren 
9 mit  der Agar-Gel-Methode; dies steht im Gegensatz zu 
Untersuchungen an den iibrigen Vertebraten-Gruppen, 
die in der Regel ein LDH-Muster yon 5 Komponenten 
aufweisen. 

YVETTE W. KUNZ and J. HEARS 

Department o/Zoology, University College, Dublin 
(Ireland), 30th March 1967. 

12 A. BLANCO and  W. H. ZISKI~AM, Science 139, 601 (1963); W, 
ZXNKHAM, Science 142, t303 (1963). 

x3 The au thors  are m u c h  i n d e b t e d  to Professor Dr.  R. J .  WIE~E,  
Ghent ,  for d e m o n s t r a t i n g  his agar-gel  m e t h o d  and  al lowing t h e m  
to work  in his l abora to ry .  

DISPUTANDUM 

The  M e c h a n i s m  of the  Lead Tetraacetate  
Oxidat ion  of a B - N o r s t e r o i d  

I t  has recently been shown 1 in our laboratories that  
the B-norsteroid I is oxidized with lead tetraacetate to 
form the bridged oxides I I  and III .  

OA; OAc 

The direct formation of enol ethers or hemiketal 
acetates from tert iary monohydric alcohols by lead tetra- 
acetate oxidation is unprecedented, and we should like 
here to present a brief review of the literature pert inent  
to this reaction, with some of our ideas regarding possible 
mechanisms for this transformation. 

There is general agreement that  the first stage in the 
oxidation of monohydric alcohols with lead tetraacetate 
is the formation of lead triacetate alkoxides ~, although 
such intermediates have rarely been isolated 3, 

The alkoxide may  decompose by  either homolytic or 
heterolytic fission of the O-Pb bond. In  the case of primary 
or secondary alcohols in polar solvents, heterolytic fission 
with concomitant elimination of a proton to form a 
carbonyl compound is the favored pathway 4. On the 
other hand, in benzene solution, lead alkoxides of tert iary 
alcohols have been shown to undergo homolytic fission 
to form alkoxy and lead triacetate radicalsS,6. 

Our reaction was carried out  using an excess of lead 
tetraacetate in anhydrous benzene soIution at  reflux in 
the presence of calcium carbonate. Under these conditions 
we may assume that  the alcohol I was initially converted 
to an alkoxy radicaU. I t  is the fate of this tert iary alkoxy 
radical which we wish to discuss. 

0AC 

0AC 
g 

Aliphatic tertiary alkoxy radicals are known to react 
by 2 different pathways. The first involves abstraction 
of a hydrogen atom to reform the tertiary alcohol and to 
give a new radical. 

; I 
RaCO. + H e -  ~ R~COH + . C -  

I I 

If this reaction occurs with the solvent, the starting 
alcohol is regenerated and can react anew to form a lead 
alkoxide. Where stericatly feasible, intramolecular hydro- 
gen atom transfer from carbon to oxygen is a favored 
pathway and the resulting radical alcohol may be trans- 
formed into a cyclic ether 8. A second and more common 
route for reactions of tert iary alkoxy radicals is by fl 
cleavage to yield carbonyl compounds. 

R 
I 

R - C - O  . . . . . . . . .  ~ R-C=O + R" 
J 



15.8, 1967 Speeialia 687 

This process,  wh ich  can  occur  c o n c o m i t a n t l y  w i th  in t r a -  
molecular  h y d r o g e n  abs t rac t ion ,  is genera l ly  f avored  w i t h  
t e r t i a ry  alcohols, a n d  is less p r e v a l e n t  in s e c o n d a r y  alco- 
hols, a l t h o u g h  the  fac tors  which  inf luence the  ra t io  of ab-  
s t rac t ion  to  f r a g m e n t a t i o n  are no t  comple te ly  u n d e r s t o o d  
( G R E ~ E  e t  al.S). I n  polycycl ic  sys tems ,  s t ra in  in b o t h  
the s t a r t ing  alcohol and  in t he  p r o d u c t s  can  s t rong ly  
influence th is  ra t io  (CAIN~LLI e t  al.~). The f r a g m e n t a t i o n  
process is revers ib le  and  can  resu l t  in  a change  in t he  
s t e reochemis t ry  of b o t h  t h e  ~ a n d  t h e  fl c a rbon  a t o m s  of 
the  alcohol~. 

A th i rd  poss ib i l i ty  for reac t ion  of t e r t i a r y  a lkoxy  
radicals is r e a r r a n g e m e n t  by  1, 2 migra t ion .  A l though  th is  

R R 

R R 

react ion has  n o t  been  observed  p rev ious ly  in a l iphat ic  
Cases, co r re spond ing  a roma t i c  examp le s  are known.  Tri-  
p h e n y l m e t h o x y  radica l  readiIy undergoes  1,2 a ry l  migra-  
t ion 1 0  The  dr iv ing  force for th i s  r eac t ion  is t he  s tabi l iza-  

* 
¢-c-o-o-c-¢ ~ 2 ¢-c-o 

I I 

¢ ¢  

tion of the rearranged radical by resonance and possibly 
also the relief of strain. We wish to examine our reaction 
in the light of the above possibilities. 

On homolytic cleavage of the lead Mkoxide of alcohol I 
(Chart I), the alkoxy radical IV is generated. Models 
indicate that  there are no hydrogen atoms near enough 
to the oxygen radical for reac t ion  by intramolecular 
transfer. Reaction of IV with the solvent, benzene would 
regenerate the starting alcohol and form a phenyl radical, 
however, this reaction could not be detected n 

W e  visual ize 3 poss ible  rou tes  for  t he  f o r m a t i o n  of t he  
p r o d u c t s  I I  and  I I I  f rom radica l  IV. T h e y  will be  discussed 
in tu rn .  

1 D. ROSENTHAL, C. W. LEFL~R and M. E. WALL, Tctrahedron Left. 
3203 (1965) ; Tetrahedron 23, in press (1967). 
R. CRIEGEE, in Newer Methods o/ Preparative Organic Chemistry 
(Academic Press, New York 1963), vol. II, p. 36. 

s The isolation of lead hydroxy methoxy diaeetate from methanol 
and lead tetraacetate has been reported by R. CRI~aEE, L KRAFT 
and B. RANK, Justus Liebigs Annln Chem. 507, 199 (1933). 

4 M. Lj. MIHAILOVl6, Z. MAXSlMOVI6, D. JEREMId, Z. CEKOVId, A. 
MILOVANOVId and Lj. LOREI~C, Tetrahedron 21, 1395 (1965). 

1~ I{. HEUSLER and J. ~ALVODA~ Angew. Chem., Int. Edn 3, 525 
(1964) ; G. CAINELLI, B. KAMBER, J. KELLER, M. Lj. MmAILOVId, 
D. AEIGON[ and O. JEGER, Helv. chim. Acta 44, 518 (1961), 

6 It is possible that the lead atom plays a role in these mechanisms 
by complexing with the organic intermediates at certain stages, 
Our only attempt thus far to assess the importance of this factor 
was an unsuccessful effort to prepare the alkoxy radical corre- 
sponding to I from its hypochlorite. The reaction of I with chlorine 
monoxide or with hypochlorous acid resulted in the isolation 
either of the starting alcohol or polychlorinated products, 
This assumption is supported by the fact that when the alcohol I 
was irradiated at room temperature in benzene solution in the 
presence of lead tetraaeetate, the cnol ether II iwas formed. The 
reason that very little III was isolated can be explained by the fact 
that in the photolysis reaction the concentration of both reactants 
was very low. Since the reaction proceeds both thermally and 
photolytically, it is implied that alkoxy radicals rather than 
atkoxy cations are intermediates (J. KALVODA and K. H~trSL~R, 
Chemy Ind. 1431, 1963). 

8 G. CAINELLI~ B. KAMBER, J. KELLER, M. Lj. MIHAILOVI~, D. 
ARIOONI and O. JEOER, Helv. chim. Acta 44, 518 (1961); F. D. 
GREENE, M. L. SAVITZ, F. D. 0STERHOLTZ, H. H. LAO, W. N. 
SMITH and P. M. ZA~ZET, J. org. Chem. 28, 55 (1963). 

" K. HEUSLER, J. KALVODA, G. ANNER and A. WETTSTEIN~ Helv. 
claim. Acta d6, 352 (1963). 

10 H. WIELAND, Ber. dt. chem. Ges. 44, 2550 (1911); M. S. KHARASCH~ 
A. C. POSHKOS, A. FONO and X~ z. NUDX~CBER~, J. org. Chem. 16, 
1458 (1951). 

n It has been reported that the principal product of the reaction of 
phenyl radicals in benzene solutions is biphenyl n, however, no 
trace of this compound could be detected in the non-polar fractions 
of the reaction mixture. 

12 B. M. LYNCH and K. H. PAUSACKER, Aust. J. Chem. 10, 40 (1957) ; 
D. R. AuoooD and G. H. WILLIAMS, Chem. Rev. 57, 123 (1957) 
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(1) fl-Cleavage - Radical  Addi t ion  ( P a t h  Ax). The  
t e r t i a r y  a l k o x y  rad ica l  I V  is b o n d e d  to  a p r i m a r y ,  a 
secondary ,  a n d  a t e r t i a r y  a lky l  group.  I t  h a s  b e e n  s h o w n  
t h a t  t h e  r e l a t i ve  ease of f l-cleavage of a lky l  g roups  in 
a l k o x y  rad ica l s  is in  t h e  o rder  t e r t i a r y .  > s e c o n d a r y  > pr i -  
m a r y  is. T h u s  t he  expec t ed  c l eavage  p r o d u c t  of I V  would  
b e  r ad i ca l  V 14. Th i s  radical ,  on  r e c o m b i n a t i o n  w i t h  t h e  
o x y g e n  of t h e  c a r b o n y l  group,  could  fo rm t he  r ad ica l  VI ,  
w h i c h  b y  loss of a h y d r o g e n  a t o m  or  gain  of a n  a c e t o x y  
r ad i ca l  would  p r o v i d e  t h e  obse rved  p r o d u c t s  n a n d  In ,  
respec t ive ly .  I f  t h i s  m e c h a n i s m  were  correct ,  i t  would  
e x h i b i t  a n u m b e r  of nove l  fea tures .  

The  a t t a c k  of a n  a lky l  rad ica l  on  c a r b o n y l  o x y g e n  is 
m o s t  unusua l .  W e  h a v e  found  on ly  2 r e l a t ed  example s  in 
t h e  l i t e r a tu re .  One  is t he  a d d i t i o n  of b e n z o y l  r ad i ca l  to  
b e n z a l d e h y d e  15. The  second  is t h e  t h e r m a l  d e c o m p o s i t i o n  

0 0 0 

- • + ¢ - ~ - H  -~ ¢ - C - O - ~ H - ¢  

O 
II 

2 ¢-c-o-6~-¢ ~ ¢-CH-CH-¢ 
¢-coo oco-¢ 

of t h e  pe rox ide  V I I  x" to  fo rm a m i x t u r e  of 2 ,6-di - t -  
b u t y l b e n z o q u i n o n e  a n d  t h e  pheno l i c  e t h e r  I X .  The  

O,~O-~___.,.. 20 O" ~ O 0 .~- 

H0 

g X 

m e c h a n i s m  of th i s  r eac t i on  is n o t  k n o w n  in  detai l ,  b u t  
t h e  resu l t s  c an  be  e x p l a i n e d  b y  a s s u m i n g  t h a t  t h e  a l k o x y  
r ad i ca l  V I I I  fo rmed  b y  t h e  c leavage  of t h e  pe rox ide  
b r e a k s  d o w n  to  give t he  q u i n o n e  a n d  t - b u t y l  r ad ica l  
w h i c h  r e c o m b i n e  to  fo rm t h e  i n t e r m e d i a t e  X/7.  R a d i c a l  
X may,  however ,  also be  fo rmed  d i rec t ly  f rom V I I I  b y  a 
1, 2 migra t ion .  

I n  a n y  e v e n t  b o t h  of t he se  example s  i nvo lve  cases 
where  t he  c a r b o n y l  g roup  a t t a c k e d  is non-enol izab le ,  a n d  
whe re  t h e  r ad ica l  r e su l t i ng  f rom t he  a d d i t i o n  is s tab i l i zed  
b y  b e i n g  e i t he r  benzyl ic  or d o u b l y  allylic. N e i t h e r  of these  
s i t ua t i ons  o b t a i n s  in  ou r  case. T h e  n o r m a l  mode  of reac-  
t i on  of a lky l  rad ica l s  in  t h e  p resence  of a n  enol izable  
k e t o n e  is b y  h y d r o g e n  a t o m  a b s t r a c t i o n  w i t h  t h e  fo rma-  
t ion  of a n  eno la t e  r ad ica l  As. I t  would  the re fo re  be  expec t ed  
t h a t  r ad ica l  V would  r eac t  b y  i n t r a m o l e c u l a r  h y d r o g e n  
a t o m  t r a n s f e r  f rom C-4 to  C-10 or b y  loss of a fl h y d r o g e n  
a t o m  to  fo rm olefins. 

I t  h a s  b e e n  s h o w n  ~ t h a t  t h e  con f igu ra t ion  a t  C-10 is 
r e t a i n e d  d u r i n g  t h e  o x i d a t i o n  of I. A l t h o u g h  t he  p r o d u c t  
d i s t r i b u t i o n  of r ad ica l  r eac t ions  m a y  be  in f luenced  b y  
s ter ic  fac tors  ~g, models  of V i nd i ca t e  t h a t  t h e  r ad ica l  a t  
C-10 can  a p p r o a c h  t h e  c a r b o n y l  o x y g e n  a t o m  equa l ly  
well  f rom e i the r  face of t he  molecule.  T he  a l t e r n a t i v e  
p r o d u c t s  w i t h  x ox ide  o r i e n t a t i o n s  are also s te r ica l ly  qu i t e  
feasible.  I f  t h e  r eac t i on  does p roceed  b y  t h i s  m e c h a n i s m ,  
a n  u n u s u a l l y  h i g h  degree  of a s y m m e t r i c  i n d u c t i o n  would  
h a v e  to  ex i s t  t o  a c c o u n t  for  t h e  single c o n f i g u r a t i o n  a t  
C-10 in t he  p roduc t s .  

(2) fl-Cleavage-Ionic addition ( P a t h  A2). I n  a v a r i a n t  of 
t he  a b o v e  m e c h a n i s m  t he  in i t ia l  f l -cleavage p r o d u c t  V is 

ox id ized  b y  lead t r i a c e t a t e  r ad ica l  to  t h e  ke to  car-  
b o n i u m  ion X I .  Th i s  ion would  be  expec t ed  to  r eac t  
easi ly to  fo rm t h e  b r i d g e d  c a t i o n  X I I  w h i c h  wou ld  t h e n  
e i t he r  lose a p r o t o n  or r e a c t  w i t h  a c e t a t e  ion to  yie ld  t he  
p r o d u c t s  I I  a n d  I I I ,  r espec t ive ly .  

Th i s  m e c h a n i s m  m a y  be  cr i t ic ized for  t h e  fol lowing 
reason.  I n  t h e  course  of our  w o r k  1 we showed  t h a t  t he  
ion X I I  is a c t u a l l y  g e n e r a t e d  d u r i n g  t h e  ac id  ca t a lyzed  
solvolysis  of I I I .  Th i s  ion p roceeds  exc lus ive ly  to  t he  
h e m i k e t a l  X l I I  a n d  shows  no  t e n d e n c y  to lose a p r o t o n  to 
fo rm the  enol  e t h e r  I I  ~0. 

: H$ I 

0Ac 

OH 

xm H 

I t  is of course  t r u e  t h a t  t h e  lead t e t r a a c e t a t e  o x i d a t i o n  
was  ca r r ied  o u t  in  a n  ap ro t i c  so lven t  a n d  t h a t  t he  species 
X I I  g e n e r a t e d  u n d e r  these  cond i t i ons  m a y  r e a c t  differ-  
e n t l y  f rom a s imi la r  ca t ion  g e n e r a t e d  in aqueous  m e d i u m .  
Still, t h i s  p o i n t  would  need  to  be  c lar i f ied before  accep t -  
ance  of th i s  m e c h a n i s m ,  as wou ld  be  t h e  p r o b l e m  of t h e  
s t e r e o c h e m i s t r y  a t  C-10, m e n t i o n e d  before  in  c o n n e c t i o n  
w i t h  p a t h  A,. 

(3) 7, 2 migration ( P a t h  B). W e  wish  to  sugges t  t h a t  in  
t h e  specific case u n d e r  discussion,  t h e  r e a c t i o n  m a y  
p roceed  b y  a d i r ec t  one - s t ep  m i g r a t i o n  of t h e  5,10 b o n d  
of t he  a l k o x y  rad ica l  f r om C-10 to  oxygen,  i.e. a d i r ec t  
r e a r r a n g e m e n t  of I V  to  VI .  I n  all a l i pha t i c  t e r t i a r y  a l k o x y  
rad ica l s  he re to fo re  s tud ied ,  1, 2 m i g r a t i o n  h a s  n o t  b e e n  
observed .  WALLING has  statedZ*, ' E x t e n s i v e  d a t a  on  t h e  

la j .  D. BAeHA and J. K. KOCHI, J. org. Chem. 30, 3272 (1965); 
C. WALL1SG and A. PADWA, J. Am. chem. Soc. 85, 1593 (1963). 

1, Electronic factors are not the sole determinants of the mode of 
cleavage. In certain strained eyclobutanol systems, the normal 
direction of cleavage is reversed and primary groups are extruded 
in preference to secondary groups. M. AMOROSA, L. CAGLIOTb 
G. CAINELLI, H. IMMER, J. KELLER, H. WEHRLI, M. Lj. MIHAIL- 
OVld, g .  SCHAFFNER, D. ARIGONI and O. JERGER, Helv. china. 
Aeta. 45, 2674 (1962); J. FRIED and J. W. BROW~¢, Tetrahedron 
Lett. 1677 (1966). 

i~ F. F. RUST, F. H. SEUBOLD and W. E. VAUGHAN, J. Am. chem. 
Soc. 70, 3258 (1948). 

16 C. D. CooK, R. C. WOODWORTH and P. FIANU, J. Am. chem. Soc. 
78, 4159 (1956). 

n W. H. STARNES, JR. and N. P. NEUREITER, J. org. Chem. 32, 333 
(1967). 

is E. W. R. STEXCIE, Atomic and Free Radical Reactions (Reinhold 
Publishing Corp., New York 1954), Chaps. IV and V. 

19 F. D. GRZENE, C.-C. CHu, and J. WALIA, J. org. Chem. 29, 1285 
(1964); P. S. SKELL and P. D. READIO, J. Am. chem. Soc. 86, 3334 
(1964). 

=0 Compound II was shown independently to be involved in an 
alternate ionization to form an allylie carbonium ion with very 
different solvolysis products. The distinction between the cations 
derived from fl alkoxy allylie alcohols by the protonation of the 
ct carbon atom and the ion obtained by protonation of the hydroxyl 
group has been made previously. E. WENRERT and D. P. STRIAe, 
J. Am. chem. Soc. 86, 2044 (1964). 

gl C. WALLING, in Molecular Rearrangements (Ed. P. DE MAYo; 
Interseienee, New York 1963), p. 418. 
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decomposi t ion of t e r t - a lkoxy  radicals,  where  t he  sub- 
s t i tuents  are  alkyl,  show a b reakdown to ke tone  and an 
alkyl radical  r a the r  t h a n  a lkyl  migra t ion . '  E v e n  so, we 
feel t h a t  in our  sys tem special  c i rcumstances  exis t  which  
m a y  favor  a 1, 2 migra t ion  mechanism.  

Simple molecular  orb i ta l  t heo ry  predicts  t h a t  1,2 
migrat ions  in radicals  would  be less favored  t h a n  in the  
corresponding cat ions because in t he  t rans i t ion  s ta te  the  
addi t ional  e lec t ron of the  radical  m u s t  be  located in a 
non-bonding molecular  orbital ,  wi th  the  resul t  t h a t  t he  
energy requi red  to go to the  t rans i t ion  s ta te  is grea ter  in 
the radical  t h a n  in the  cation.  W e  bel ieve t h a t  in our  case, 
because of strain,  the  ground s ta te  of the  s ta r t ing  alcohol 
I and its der ived  a lkoxy  radical  are  of sufficient  energy to 
allow radical  migra t ion  to occur. This is ma in ly  due to the  
f ive-membered  13 ring which is jo ined to 2 s ix -membered  
rings, one by  a t rans  fusion. I t  is also possible t h a t  the  
presence of the  3 vic inal  fl subs t i tuents  a t  C-10, C-5, and 
C-6, a long wi th  the  3fl-acetoxy group adds addi t iona l  
strain to the  molecule.  The  rear ranged  product ,  on the  
other  hand,  has  oxygen  conta in ing  six- and seven- 
membered  rings, each in a s table chair  conformat ion.  The  
release of s t ra in  going f rom IV  to VI  m a y  p rov ide  the  
needed dr iv ing  force for this react ion.  

In  the  case of a closely related,  bu t  less s t ra ined steroid 
alcohol, lead t e t r a ace t a t e  ox ida t ion  takes  a di f ferent  
course. MIHAILOvld and co-workers  recent ly  repor ted  22 
tha t  5fl-cholestane-3fl, 5fl-diol, 3-acetate  (XIV) reacts  wi th  
lead t e t r aace t a t e  under  condi t ions  ident ica l  wi th  ours to 
form a mix tu r e  of cis- trans ke to  olefins .XV. Similar  
results were  also observed using mercur ic  oxide  2s. 

A c O ~  A ~ O ~  

XT~ XV 

The difference in behav ior  of the  normal  and B-nor  
steroid alcohols m a y  be expla ined as follows: i t  is known 
tha t  there  is a d is t inct  difference in the  t endency  of nine- 
and t e n - m e m b e r e d  rings to form br idged compounds .  I n  
n ine -membered  rings, bridging, where  possible, is dis- 
t inc t ly  favored.  Fo r  example ,  when  5-hydroxycyclonon-  
anone ~4 and 6 -hydroxycyc lodecanone  25 are  t rea ted  wi th  
me thano l  and acid, t he  former  forms the  br idged m e t h y l  
ether  (XVI) while the  l a t t e r  gives the  open-r ing keto  e ther  
(XVlI) .  

OCH 3 0 
@ 2 °- 

OCg a 0 

The par t icu la r  faci l i ty  of n ine -membered  rings to 
bridge in preference to forming open-r ing t au tomers  m a y  

e fur ther  seen in compound  X I I I  which does not  give a 

semicarbazone  and which exists  exclusively  (by IR)  as a 
hemiketM. 

I t  m a y  therefore  be argued t h a t  in the  13-nor series, 
r e a r r angemen t  of IV to VI  by  1, 2 migra t ion  comple te ly  
avoids  the  high energy in t e rmed ia t e  V, while in normal  
s teroids the  ke tone  form corresponding to  V is more  
favored  and the  observed  products  ref lect  this difference. 

By  assuming a d i rec t  migra t ion  mechan i sm ano the r  
possible exp lana t ion  for the  differences observed  be tween  
the  five- and s ix -membered  t3 r ing cases suggests itself. 
Models show t h a t  in the  radical  IV, m o v e m e n t  of the  
5, 10 bond  is res t r ic ted  to the  v ic in i ty  of a p lane  ss which  
is swept  out  by  the  ro ta t ion  of C-10 abou t  the  9-10 bond. 
I n  i n t e rmed ia t e  IV the  oxygen  radical  lies only  22 ° f rom 
this plane. On the  o ther  hand,  when  the  t3 r ing is six- 
membered ,  this  angle  is 60 °. Thus,  1, 2-migra t ion  in IV  
would  requi re  far  less d i s to r t ion  of normal  bond  angles 
t h a n  would  be  necessary in normal  steroids, resul t ing  in 
a t rans i t ion  s ta te  of lower energy.  

I n  cont ras t  to the  mechan i sm invo lv ing  the  ketone  inter-  
media tes  V or XI ,  a d i rec t  migra t ion  mechan i sm would  
pred ic t  r e ten t ion  of conf igura t ion  a t  C-10, which  explains  
the  observed R conf igura t ion  a t  C-10 in the  p roduc t s  I I  
and I I I .  

Af te r  1,2 migrat ion,  the  product ,  radical  VI,  would  
then  be expec ted  to  reac t  i r revers ibly  27 by  the  loss of a 
hydrogen  a t o m  at  C-4 or  by  cap ture  of an  ace toxy  radical  
to form the  products  I I  and I I I  respect ively .  

I n  conclusion, we m u s t  emphas ize  t h a t  a t  this  t ime  we 
are  able only  to out l ine  the  a l t e rna t ive  mechanisms.  Whi le  
i t  is t e m p t i n g  to suggest  t h a t  this  reac t ion  is the  first  
bona  fide example  of a 1, 2 a lkyl  migra t ion  in an a lkoxy  

s2 M. Lj. MIHAILOVI(~, Lj. LORENC, M. GA~Id, M. RoGId, A. MELERA 
and M. STEFANOVld, Tetrahedron 22, 2345 (1966). 

s* M. AKHTAR and S. MARCH, J. chem. Soc. c, 937 (1966). 
s4 R. CRXEGEH and H. ZOGEL, Ber. dt. chem. Ges. 84, 215 (19511. 
s5 R. CRIEGEE and W. SCHNORRENBERG, Justus Liebigs Annln Chem. 

560, 141 (1948). 
2e This surface is actually a cone, however, for small displacements 

it approximates a plane. 
27 The possibility that the 2 products II and III were interconvertible 
was excluded by showing that each product was stable to the 
reaction conditions. 
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radical ,  a c lear-cut  choice be tween  the  a fo rement ioned  
possibilit ies mus t  awai t  fu r the r  work  ~s. 

*s We wish to acknowledge the support of the Cancer Chemotherapy 
National Service Center, National Cancer Institute, National 
Institutes of Health, USA under Contract No. SA-43-ph-4351. We 
should also like to thank Dr. J. KALVOOA for stimulating discus- 
sions. 

Zusammen]assung. Ftir  die Bi ldung neuar t iger  Oxyda-  
t ionsprodukte ,  die bet der  R e a k t i o n  eines B-Nors tero ida l -  
kohols m i t  B le i - t e t r aace ta t  ents tehen,  werden  zwei 
Mechanismen vorgeschlagen:  Die bekann te  Spal tungs-  
Add i t ions -Reak t ion  eines A l k o x y  Radika ls  und die bisher  
u n b e k a n n t e  Umlage rung  eines Alkyl-terti~Lralkoxy Radi -  
kals. 

DAVID ROSENTHAL 

Research Triangle Institute, Research Triangle Park 
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P R O  E X P E R I M E N T I S  

L'absorptlon intestinale de l'eau chez le lapin 

Les recherches sur l ' absorp t ion  gas t ro in tes t ina le  de 
Eeau 1,~ o n t  d6montr~,  ent re  autres,  que  l ' in tes t in  gr~le 
absorbe beaucoup  plus  r ap idemen t  que  l ' e s tomac  s,4 e t  
que 99% de l ' eau  absorb6e emprun t e  la vole  por te  1,5 
Malgr~ la rapidi t6  avec  laquel le  l ' eau  est absorb6e, il 
reste que  la lumiSre du t rac tus  gas t ro- in tes t inal  cont ien t  
toujours  une cer ta ine  quan t i t4  d ' eau  qui, chez le lapin, 
repr~sente  envi ron  12% de l 'eau corporel le  to ta le  5. Ce % 
demeure  essent ie l lement  inchang4 apr~s un jeflne eomple t  
de 24 h *. Ut i l i san t  l ' oxyde  de deut4r ium,  GoYcH et al. v on t  
t rouv6 que  2% de l ' eau  corporel le  to ta le  se t r ouve  dans 
l ' in tes t in  gr~le. On  a aussi d6montr~ que l '~pith61ium 
in tes t ina l  laisse passer  l ' eau  dans les deux sens ~,~-. 

Malgr6 les nombreuses  connaissanees d6j~ acquises sur 
ce sujet,  il nous a paru oppor tun  d '6 tud ie r  l ' absorp t ion  
intes t inale  de l ' eau  & l ' a ide  d ' u n e  t echn ique  simple, 
rapide  et  tr~s efficace. Cet te  t echnique  nous pe rme t  de 
suivre  l ' absorp t ion  in v i v o  e t  d '4 tabl i r  une 6quat ion  
pa r t i r  de laquel le  il est  possible de calculer  la  quan t i t4  
m o y enne  d ' eau  t ransferee  en  fonct ion  du temps.  

Materiel et m~thodes. Nous uti l isons des lapins a lbinos 
m~des de la  souche Nouvelle-Z61ande, pesan t  en t re  2270 
e t  3160 g. Nous  les me t t ons  ~. la  di~te hydr ique  24 h 
a v a n t  l 'exp~rience e t  ~ di~te absolue 12 h plus tard.  Nous  
anesth6sions l ' an ima l  h l ' a ide  de  N e m b u t a l  sodique in- 
ject4 dans la ve ine  marg ina le  de l 'oreil le (30-50 mg/kg).  
Ensu i t e  les 2 veines  f4morale  e t  por te  son t  cath6t6ris4es 
s u i v an t  la  t echn ique  d6j~ d6cr i teS, t  Apr~s nous 6ire as- 
sur6s du bon 6coulement  du sang dans  les cath6ters,  nous 
in jec tons  dans  le duod6num 2 ml  de  s6rum physiologique  
c o n t e n a n t  30 #Ci d ' eau  triti6e. Nous  pr61evons s imul tan6-  
m e n t  les 6chant i l lons sanguins des 2 veines  k l ' a ide  de  
ser ingues tubercul ines  about6es a u x  cath6ters.  A v a n t  
chaque  prise, nous prenons  soin d ' en l eve r  de  chaque  
cath6ter  le sang qu i  s 'y  t r ouve  d6jg (0.17 ml), pr61evons 
i m m 6 d i a t e m e n t  0.35 ml  avec  une nouvel le  ser ingue e t  
re tournons  ensui te  dans  la c i rcula t ion le sang pr6alable- 
m e n t  retir6 du cath6ter .  Nous  centr i fugeons  l '6chant i l lon  
sanguin et  mesurons,  su ivan t  la m6thode  d6j~ d6crite ~°, 
l ' ac t iv i t6  de 100 pl du s6rum surnageant .  

Rdsultats et discussion. Nous  consid4rons que l ' ac t iv i t6  
mesur6e dans  le s6rum f6moral  t r adu i t  l 'act ivi t6,  dire 
r6siduelle, au m o m e n t  de la prise, alors que  l ' ac t iv i t6  
mesur4e dans le s4rum por te  est la somme de ce t te  
ac t iv i t6  r6siduelle e t  de l ' ac t iv i t6  apport6e par  le t r ans fe r t  
in tes t ina lL Nous  pouvons  done suivre les var ia t ions  de 

ces act ivi t6s  f4morale et  por te  en fonct ion du temps,  
comme  te font  voir  les deux  courbes de la  F igure  1, 
obtenues  chez un animal .  A pa r t  que lques  modif ica t ions  
des valeurs  des activit4s,  nous re t rouvons  des courbes de 
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Fig. 1. Courbe-type repr~sentant les variations temporettes de 
l'activit6 dans le s6rum du sang porte (e o) et dans le s~rum du 

sang f6moral (e . . . .  e) chez un animal. 
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