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b o r d e n t  des  c a n a u x  have r s i ens .  Or  le p o u r t o u r  de  ces 
cav i t6s  a p p a r a i t  i n c o m p l e t  su r  l ' a u t o r a d i o g r a p h i e  p o u r  
deux  des os t6ones  radioact i fs .  L ' i m a g e  h i s to log ique  de la  
coupe  d6calcifi6e e t  color6e au b leu  de m6 thy l~ne  A p H  4,8 
(C) d 6 m o n t r e  u n  d6ta i l  s u p p l 6 m e n t a i r e  essent ie l :  la pr6- 
sence  de Zn  ~s es t  li6e A celle d ' u n  liser6 pr6osseux.  

Ce liser6 p r6osseux  s ' i n sc r i t  A l ' i n t6 r ieur  des couches  
calcifi6es, seules v is ib les  SUE la mic ro rad iograph ie .  Ses 
aff in i t6s  t i nc to r i a l e s  o n t  6t6 6tudi6es d a n s  le l a b o r a t o i r e  de 
L A c ~ o l x  ~. C ' e s t  en  p6r iph6r ie  de  ce liser6, le long  d ' u n e  
, l igne-f ront i~re~ c l a i r e m e n t  ind iqu~e  p a r  le b leu  de  
m6thy l~ne ,  que  la  s u b s t a n c e  o r g a n i q u e  de  l 'os  c o m m e n c e  
b r u s q u e m e n t  ~ se c h a r g e r  de  sels m i n 6 r a u x .  C ' e s t  c e t t e  
l imi te  p6 r iph6r ique  des  liser6s pr6osseux  qu i  a 6t6 d6- 
ca tqu6e e t  r epor t6e  ~ t ' enc re  SUE l ' a u t o r a d i o g r a p h i e .  B i en  
e n t e n d u ,  elle co r r e spond  au c o n t o u r  des c a n a u x  h a v e r s i e n s  
te l  que  le d e s s i n e n t  les r a y o n s  X. Si l ' on  n6glige l ' i n6v i t ab l e  
d i f fus ion  des t r aces  a u t o r a d i o g r a p h i q u e s ,  on  do l t  a d m e t t r e  
que  la  r ad ioac t iv i t~  es t  localis6e le long  de la  l igne- 
f ront i~re.  

I1 es t  ho r s  de d o u t e  que  le Zn  ~ se d6pose  d a n s  le t issu 
qui  es t  su r  le p o i n t  ou en  t r a i n  de se calcifier.  A j o u t o n s  
i n c i d e m m e n t  que  le ca r t i l age  de  c ro issance  re t i en t ,  lui 
aussi ,  du  Z n  ~: (obse rva t ions  in6di tes) .  Cer tes  ce t  616ment 
n ' e s t  pa s  le seul  ~ se c o m p o r t e r  de  la  sor te .  Qu ' i l  suffise de 
c i t e r  Ie Ca ~ ,  d o n t  la d i s t r i b u t i o n  h6t6rog~ne  es t  si b i en  
i l lus t%e p a r  l ' a u t o r a d i o g r a p h i e  ~, e t  c e r t a in s  co lo ran t s  
v i t a u x ,  p a r m i  lesquets  les t 6 t r acyc t ines  o n t  fourn i  des  
images  f luorescentes  tr~s d 6 m o n s t r a t i v e s  ~. 

Mais  on  a obse rv6 :  que  les a u t o r a d i o g r a p h i e s  au Ca a~, 
en  pa r t i cu l i e r  que lques  jours  apr~s  l ' in jec t ion ,  p r 6 s e n t e n t  
u n  voi le  diffus qu i  t r a d u i t  sans  d o u t e  des r6ac t ions  
d '6changes .  De m~me,  d ' a u t r e s  radio616ments  util is6s 
jusqu 'A p r6 sen t  d a n s  l ' 6 tude  du  m 6 t a b o l i s m e  osseux 
p e u v e n t  d 6 m o n t r e r  les d6p6ts  de s u b s t a n c e  min6rale ,  ma i s  
ils se r e t r o u v e n t  aussi  d a n s  la  masse  du  t i ssu  d6j~t form6 s. 
D ' a u t r e  pa r t ,  si I 'on  che r che  u n  m o y e n  d ' ~ v a l u e r  p a r  des  
mesu res  e x t e r n e s  l ' i n t ens i t6  des  p h 6 n o m ~ n e s  de  calcifi-  
c a t ion  d a n s  u n e  r6gion d6 te rmin~e  du  sque le t te ,  o n  ne  
peu t ,  b i en  e n t e n d u ,  r ecour i r  au  p l o m b  ~ ni  a u x  t 6 t r a -  
cyclines.  

Le  zinc, d o n t  les i so topes  65 e t  69 ~ m e t t e n t  des  r a y o n s  y, 
o f f r i ra i t  le doub le  a v a n t a g e  de  m a r q u e r  6 t e c t i v e m e n t  les 
s i tes  de min~ra l i s a t ion  e t  de ne  p a s s e  f ixer  d a n s  les t i ssus  
sque le t t i ques  d6j~ calcifi6s. 

Enf in ,  il n ' e s t  pas  sans  in t6 r~ t  de m e n t i o n n e r  que,  chez 
u n  s inge sacrifi6 t ro is  mois  apr~s in jec t ion  de Zn 65, la rad io-  
ac t iv i t~  a p p a r t i e n t  A des lamel les  osseuses calcifi6es e t  en-  
fouies dans  la p r o f o n d e u r  du  t issu.  Le zinc s ' i ncorpore  
donc  d a n s  l 'os, ma i s  il y res te  s o u s t r a i t  a u x  6changes  et  
m a s q u 6  pou r  l ' h i s toch imie .  

S u m m a r y .  Five  d a y s  a f t e r  i n t r a v e n o u s  a d m i n i s t r a t i o n  
of Zn  e5 to  y o u n g  monkeys ,  a u t o r a d i o g r a m s  of c o m p a c t  
b o n e  show t h a t  r a d i o a c t i v i t y  is exc lus ive ly  loca ted  a t  t h e  
f ron t i e r  line, whe re  preosseous  t i ssue  is b e c o m i n g  m i n e r -  
alized. Since no  diffuse r eac t ion  can  be  de t ec t ed  a t  t h i s  
s tage  in t he  p re -ex i s t ing  calcif ied bone ,  i t  is conc luded  
t h a t  Zn  e5 is no t  e x c h a n g e d  w i t h  t he  c o n s t i t u e n t s  of bone  
t issue,  b u t  does  i nd i ca t e  acc re t ion  of new m i n e r a l  sub-  
s tance .  

S. HAUMONT et  J.  VINCENT 

D d p a r t e m e n t  d ' A n a t o m i e  et d 'His to log ie ,  Un iver s i t d  Lova -  
n i u m ,  Ldopoldv i l le  (Congo) ,  le 16 m a r s  7961. 

4 j .  VINCENT, Arch. Biol. 65, 531 (1954); 68, 561 (1957). - P. LA- 
CROIX, in Bone Structure and Metabolism (Ed. Churchill, London 
1956), p. 36. - C. P. LEBLOND, P. LACROIX, R. PONLOT et A. DHEM, 
Bull. Acad. Roy. M6d. Belg. 24, 421 (1959). 

5 p. LACROIX, Bull. Acad. Roy. M6d. Belg. 18, 489 (1953); Second 
Radioisotope Conference 1, 134 (Ed. Butterworths, London 1954).- 
J. VINCENT, Recherches sur la constitution de l' os adulte, Th~se Uni- 
versit~ Louvain (Ed. Arscia, Bruxelles 1955). 

e j .  p. GHOSEZ, Arch. Biol. 70, 169 (1959). - W. H. HARRIS, Nature 
188, 1038 (1960). 

7 j . s .  ARNOLD, W. S. S. JEE et  K. JOIINSON, Amer.  J. Anat .  99,291 
(1956). - J. H. MARSHALL, R. E. ROX~'LANI) e t  J .  J o w s s v ,  Rad ia t i on  
Res. 10, 258 (1959). - R. POSLOT, Le radiocalcium dans l'dtude des os 
(Ed.  Ar~cia, Bruxel les ,  e t  Masson, Par is  1960). 

a R. E.  ROWLAND, Clin. Orthop. 17, 146 (1960). 
9 T. SATO, G m l m a  J .  Med. Sci. 2, 183 (1953). - J .  V1NCENT, Rev.  

Belge Pathol. M6d. Exp6r. 26, 161 (1957). 

S t e r e o c h e m i c a l  and Polar  Effects in B r o m i n a t i o n  
of A n d r o s t a n - 3 - o n e  Mannich  Bases  

I n  a p r ev ious  r e p o r t  1 we ou t l i ned  t h e  p r e p a r a t i o n  of 
M a n n i c h  bases  of 3-ke tos te ro ids .  I n  pa r t i cu l a r ,  t h e  p rep-  
a r a t i o n  a n d  c o n f i g u r a t i o n  of 17f l -hydroxy-2~-pyr ro l id ino-  
m e t h y l - 5 ~ - a n d r o s t a n - 3 - o n e  (I) was  es tab l i shed .  T h i s  
c o m m u n i c a t i o n  is conce rned  w i t h  t h e  b r o m i n a t i o n  of I 
a n d  i ts  17f l -propionate  es te r  (II)  u n d e r  t h e r m o d y n a m i -  
ca l ly  a n d  k ine t i ca l ly  con t ro l l ed  condi t ions .  

B r o m i n a t i o n  of I (or I I )  u n d e r  t h e r m o d y n a m i c  con t ro l  
(excess h y d r o g e n  b r o m i d e  in glacia l  acet ic  acid) gave  rise 
to  on ly  one p roduc t ,  4c¢-bromo-17fl -hydroxy-2~-pyrrol i -  
d i n o m e t h y l - 5 ~ - a n d r o s t a n - 3 - o n e  h y d r o b r o m i d e  ( I I I ) ,  m. p. 
200-202 °, -~C2H~OH 282 m[z, s t r o n g  c a r b o n y l  b a n d  in t he  "'max 
i n f r a r ed  a t  1728 c m - k  I ) . ehyd r ob r om i na t i on  of I I I  w i t h  
l i t h i u m  ch lor ide  in d i m e t h y l f o r m a m i d e  gave  17f l -hydroxy-  
2 ~ - p y r r o t i d i n o m e t h y l - 4 - a n d r o s t e n - 3 - o n e ,  w h i c h  was  iden-  
t i ca l  w i t h  a s a m p l e  p r e p a r e d  ear l ier  in  a n  u n a m b i g u o u s  
m a n n e r  x. C o n t r a r y  to  t h e  f ind ings  of DJERASSI ~ e t  al., on  
t h e  b r o m i n a t i o n  of 2 ~ - m e t h y l c h o l e s t a n - 3 - o n e  u n d e r  
e q u i l i b r a t i n g  cond i t ions ,  we could  n o t  isolate,  even  in 
m i n u t e  a m o u n t s ,  2 f l -bromo-17f l -hydroxy-2~-pyr ro l id ino-  

m e t h y l - 5 a - a n d r o s t a n - 3 - o n e  (IV). Th i s  m a y  be  due  to  t h e  
s t rong  pos i t ive  cha rge  on  n i t rogen .  

T h e  b r o m i n a t i o n  of I a n d  i ts  enol  a c e t a t e  was  t h e n  
ca r r i ed  o u t  u n d e r  k ine t i ca l ly  con t ro l l ed  cond i t i ons  ( c a rbon  
t e t r a c h l o r i d e  a n d / o r  ace t ic  acid c o n t a i n i n g  s o d i u m  ace ta te ) .  
Once  aga in ,  on l y  one a - b r o m o k e t o n e  de r iva t i ve ,  m . p .  169 ° 
was  isolated.  D e h y d r o b r o m i n a t i o n  of t h i s  s u b s t a n c e  gave  
a d i h y d r o p y r a n y l  d imer ic  s te ro id  s imi la r  to  t h e  one  
p rev ious ly  descr ibed  3 a n d  a sma l l  a m o u n t  of t he  A 1 deri-  

va t ive ,  m .p .  168-170° v'maxt~C2B*OH 237 m~,  e 8000). Thus ,  
b r o m i n a t i o n  h a d  occur red  a t  C 2. T h e  i n f r a r e d  a b s o r p t i o n  
s p e c t r u m  of t h i s  b r o m o k e t o n e  showed  one  s t r o n g  b a n d  a t  
1710 cm -x a n d  m a x i m u m  a b s o r p t i o n  in t h e  u l t r av io l e t  
was  found  a t  312-315 mt~. Therefore ,  t h e  b r o m i n e  is 
ax ia l ly  o r i en t ed  l ead ing  to  one  of t h e  con fo rma t ions ,  
e ach  cons ide red  as t h e  h y d r o b r o m i d e  salt .  
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In  view of DJERASSI'S findings ~,3, a priori, the boat 
s tnlcture Vb, obtained by a conformation 'flip' of Va to 
relieve the unfavorable 1,3-diaxial interaction of the 
pyrrolidinomethylene-methyl groups and the dipolar 
interaction of bromine-carbonyl, should be the expected 
product. Also, according to the axial halo ketone rule such 
a compound is expected to give a negative Cotton effect. 
In fact, however, the optical rota tory dispersion curve of 
the bromoketone in question was characterized by a 
strong positive Cotton effect 4 (Figure). 

This establishes unexpectedly but  unequivocally tha t  
the kinetically controlled bromination product is IV. 
Models reveal that  direct equatorial  entry of bromine is 
quite difficult due to steric hindrance imposed by the 
large pyrrolidinomethyl group. As a result, in the presence 
of large steric factors at  C, (larger than a methyl  group 
and at least equivalent in 1, 3-n0n bonded steric effect to 
the angular methyl  group), the axial a t tack of the reagent 
to the half-hair of the enol is the only course the reaction 
can take in spite of the steric influence of the angular 
methyl  group. 

Since i t  is conceivable tha t  the hydrogen bonding effect 
of the proton and carbonyl in IV aids significantly in the 
A ring maintaining the chair form, it  was of interest (a) to 
remove this source of intramolecular bonding and in so 
doing to impose a greater steric factor at Cz and (b) to 
s tudy the bromination of such a compound. Consequently, 
17 f l-hydroxy- 2 e-pyrrol idinomethyl-  5 ~-androstan- 3-one 
methobromide (VI), m.p.  232 °, carbonyl absorption in the 
infrared a t  1710 cm -z was prepared in the usual manner. 
Bromination of VI under kinetic control with bromine in 
acetic acid containing sodium acetate gave a product 
(VII) m.p. 176-176.5 °, whose infrared carbonyl absorption 
band was displaced to 1730 cm -x and an inflection was 
observed at  284 m~ in the ultraviolet  region of the 
spectrum. This suggests an equatorial  bromine. That  i t  
was not the 4~-bromo derivat ive was unambiguously 
shown by preparing the methobromide salt of I I I ,  m.p.  
205-206 ° . The two substances were found to be distinctly 
different. Thus, compound VII  is the 2-bromo derivative 
whose spectral properties indicate boat structure. 

Once again because of the steric factors, axial bromi- 
nation leads to VIIa.  However, in this case the absence of 
hydrogen bonding effects plus the strong diaxial 1,3- 
bromine-methyl  interaction results in a conformation 
'flip'  to the more stable V I I b  with equatorial  bromine. 

In summary, the above data  serve to illustrate further 
the directional influence of steric factors in kinetically 
controlled brominations 5. Thus, axial bromination under 
kinetic control occurs even when there is steric hindrance 
to axial approach of the reagent provided tha t  the steric 
factors associated with ~-substituents (in this case sub- 
sti tuents a t  C~ in 3-ketosteroids) are of such magnitude 
to prevent  equatorial  entry. However, the polar effect of 
the basic nitrogen may  also be significant and further 
work along these lines is in progress to elucidate this 
matter .  

Zusammen[assung. Mannich-Basen yon 5c¢-Androstan- 
3-one wurden unter  thermodynamisch and kinetisch kon- 
trollierten Bedingungen bromiert.  Die Konformation der 
unter diesen Bedingungen erhaltenen Produkte wurde 
stark durch die sterischen und polaren Eigenschaften des 
Substi tuenten in 2-Stellung beeinflusst. 
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