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tende Kupfe re rz  der  Mi i r t schena lp  un te r sche ide t  sich 
yon den obenerw~ihnten Lagerst~i t ten vo r  a l l em durch  
die Anwescnhe i t  yon Sr, ]3, Cr u n d  Mo. Das  in Quarz-  
g~ingen des Tr i a sdo lomi t s  e ingesprengte  E rz  des l i ingst  
aufgelassenen Bergwerks  O n a p p e r k o p U  ist in bezug auf  
seine S p u r e n e l e m e n t e  a m  ehes ten  mi t  demjen igen  der  
Mfir tschenalp verg le ichbar .  Das  Kupfe r  v o m  F lumse r  
Berg muB als r e t a t i v  re in  angesprochen  werden .  

TH. HOGI und  W. I%~[EIER 

Mineralogisch - pc t rograph isches  und  Anorgan isch-  
chemisches I n s t i t u t  der  Univers i t t t t  Bern,  den 1. Mftrz 
1949, 

S u m m a r y  

Spec t rograph ica l  analys is  has been  m a d e  f rom 
several  Swiss copper-ore  deposits ,  The  resul ts  are  g iven  
in t abu la r  form.  

1 Schweiz. rain. u. petr. Mitt. 21, 80 (1941). 

The Synthesis  of Ring Sys tems  Related to 
Morphine. II The Carbon-Nitrogen Ring System 

A shor t  t i m e  ago the  synthes is  of 9 ,10-dioxo-13-  
cyanomethy l -5 ,  8, 9, 10, 13, 1 4 - h e x a h y d r o p h e n a n t h r e n e  
(t) was  r epo r t edL  The  presen t  c o m m u n i c a t i o n  deals  
wi th  t he  convers ion  of this  subs tance  to  a s a t u r a t e d  
cyclic c o m p o u n d  whose  s t ruc ture ,  to  a h igh  degree  of 
probabi l i ty ,  m a y  be represen ted  by  I I ,  and  which  thus  

O / C H ~  

I II 

conta ins  the  ca rbon-n i t rogen  ske le ton  p resen t  in mor-  
phine,  I on h y d r o g e n a t i o n  over  copper  c h r o m i t e  a t  135 ° 
and m o d e r a t e  pressures  is c o n v e r t e d  t o  an  a lkal i -  
insoluble  d ihyd ro  compound' ,  m . p .  252-5-254 ° (Calc.: 
C 75.86;  H 5.96;  F d . :  C 75-73; H 6.08) in 5O% yield.  
Since the  r e a d y  a lka l i - so lubi l i ty  of the  p a r e n t  I mus t  be 
due to  t he  d ica rbony l  sys tem,  we have  a s sumed  t h a t  in 
the d ihydro  c o m p o u n d  the  d iea rbony l  sys tem,  no t  the  
ca rbon-ca rbon  double  bond,  has  been a t t acked .  F u r t h e r  
reduc t ion  of  th is  neu t ra l  subs tance  ove r  R a n e y  nickel  
a t  room t e m p e r a t u r e  and  a tmospher i c  pressure  p roduces  
in 75% yie ld  a s a t u r a t e d  basic  h e x a h y d r o  de r iva t ive ,  
m. p. 242-243.5  ° (Calc.: C 74-67, H 7.44; Fd . :  C 74.47;  
H 7.29) w i th  the  absorp t ion  of two moles of hydrogen .  
I t  is no t  f u r t he r  reduced  o v e r  e i the r  R a n e y  nickel  or  
pa l l ad ium-ca rbon  a t  a tmosphe r i c  pressure.  R i n g  closure 
at  e i the r  C 9 or C 10 appears  to  offer the  best  exp lana -  
t ion of th is  reac t ion ,  since the  open cha in  s a t u r a t e d  
subs tance  (one i somer  of wh ich  has been ob ta ined  by  
reduc t ion  of  I w i t h  /Zaney nickel,  m. p. 201-207 ° w i th  
p ro found  decompos i t ion ,  Calc. :  C 74.09, H 8.16;  Fd . :  
C 74.03, H 8.37) is necessar i ly  on o c t a h y d r o  de r iva t ive .  
Of t h e  t w o  possibi l i t ies ,  we regard  r ing closure a t  C 9 
as m u c h  the  more  probable ,  since r ing closure a t  C 10 
necess i ta tes  t he  f o r m a t i o n  of a s e v e n - m e m b e r e d  ring,  
bu t  r ing  closure a t  C 10 canno t  a t  p resen t  be ru led  out .  
The  h e x a h y d r o  c o m p o u n d  read i ly  fo rms  a neu t r a l  

1 M. GATES and W. F. NEWftALL, J. Amer. Chem. Soc. 70, 2261 
(1948). 

d iace ty l  d e r i v a t i v e  (m. p. 137-138.7 ° , Calc.:  C 7 0 . 3 5 ,  
H 6-78;  F d . :  C 70.10, H 6.71) and  is c o n v e r t e d  by  t h e  
ac t ion  of hyd rogen  iodide  a n d  red  phosphorus  q u a n t i t a t -  
i ve ly  in to  a basic  desoxy  c o m p o u n d  (m. p. 207-208% 
Calc.:  C79 .63 ,  t i 7 . 9 3 ;  Fd . :  C79 .57 ,  H 8 . 0 0 )  which  
fo rms  a neu t ra l  m o n o a c e t y l  de r i va t i ve  (m. p. 135.5-137 °, 
Calc. :  C 7 6 . 2 9 ,  H 7.47;  Fd . :  C76 .57 ,  H 7.91). Th is  
series of reac t ions  has t e n t a t i v e l y  been fo rmu la t ed  as 
follows : 

o 0 0 ~~ H II oH _ , /l 

Dihydro Compound Hexahydro Compound Desoxy Compound 

Ca rbony l  d e r i v a t i v e s  of the  desoxy  c o m p o u n d  have  
n o t  been  ob ta ined ,  b u t  t he  ana ly t i ca l  f igures  requ i re  
t h a t  t he  oxygen  be p resen t  in the  fo rm of a c a r b o n y l  
group.  This  oxygen  is r e m o v e d  by  h y d r o g e n a t i o n  ove r  
coppe r  ch romi t e  a t  200-225 ° and 140-150 a t m o s p h e r e s  
pressure  to yield an  oi ly  oxygen- f ree  base 1 which  was 
n o t  cha rac t e r i zed  as such  b u t  was  m e t h y l a t e d  by  t h e  
ac t ion  of f o rma ldehyde  and  formic  acid  to  the  N - m e t h y l  
d e r i v a t i v e  n (Calc.: C 84.59, H 9 . 6 0 ;  Fd . :  C 84.12, 
H 9.77), pur i f ied  t h rough  its p ic ra te  (m. p. 210-212 ° 
dec., Calc. :  C 58.71, H 5,57;  F d . :  C 58.72, H 6.05). 

The  m e t h y l a t e d  base I I ,  r egene ra t ed  f rom its  p ic ra te  
and  dist i l led,  is a s tab le  colorless oil which  is s a t u r a t e d  
to  A d a m s  ca ta lys t .  I t  appea r s  to  be i somer ic  w i th  t he  
subs tance  " m o r p h i n a n e " ,  In. p. 62 °, ob ta ined  by  
GREWE in his e legan t  synthes is  ~. I t s  me th iod ide  (m. p. 
232-235 ° d e c .  Calc. :  C56 .39 ,  H 6 . 8 4 ;  F d . :  C56 .43 ,  
H 7.15) on shor t  boi l ing wi th  s t rong  a lkal i  affords an  
u n s a t u r a t e d  oi ly desbase,  soluble  in d i lu te  acids  (Calc.:  
C 84.65, H 9-87;  F d . :  C 84-09, H 9-43; p icra te ,  m.p.  
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207-209 ° , m ixed  m . p .  w i th  p ic ra te  of I I ,  176-195 ° , 
Calc. :  C 59.49, H 5-82; F d . :  C 59.35, H 6.09) which  on 
h y d r o g e n a t i o n  over  A d a m s  c a t a l y s t  absorbs  one mole 
of h y d r o g e n  and  is c o n v e r t e d  to an  oi ly  d ihydro -des -  
base (Calc.: C 83.98, H 10.57; F d . :  C 84.48, H 10-66; 
p icra te ,  m . p .  191-193 ° Calc. :  C 59.25, H 6-21; F d . :  

1 The complete removal of oxygen from the molecule under these 
conditions can be taken as evidence of a sort for ring closure at C 9, 
since if ring closure had taken place at C 10, the oxygen at C 9 would 
be much nlore difficultly removable by hydrogenation than one at 
C 10 adjacent to the aromatic ring. Cf. Cm GRUNDMANN, Newer 
Methods o/ Preparative Organic Chemistry (Interscienee Publishers, 
New York, 1948), p. 111. 

z R. GREwE, Naturwissenschaften 33, 333 (1946); Z. angew. 
Chem. A 59, 194 (1947). 
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C 59"34, H 6"30). T h e  des-base ,  on  d i s t i l l a t i on  w i t h  zinc 
dus t ,  y ie lds  1, 2, 3, 4 - t e t r a h y d r o p h e n a n t h r e n e ,  i so l a t ed  
as i t s  p i c r a t e ,  m . p .  108-110 °, n o t  d e p r e s s e d  b y  ad-  
m i x t u r e  w i t h  a u t h e n t i c  1, 2, 3, 4 - t e t r a h y d r o p h e n a n t h r e n e  
p i c ra t e ,  a n d  f u r t h e r  c h a r a c t e r i z e d  as i ts  t r i n i t r o b e n z e n e  
d e r i v a t i v e ,  m . p .  1 2 6 . 5 - 1 2 7 . 5  °, n o t  d e p r e s s e d  b y  ad-  
m i x t u r e  w i t h  a u t h e n t i c  1, 2, 3, 4 - t e t r a h y d r o p h e n a n -  
t h r e n e - t r i n i t r o b e n z e n e  of m. p. 128-129 °, (Calc. :C  60.75,  
H 4 .34 ;  F d . :  C 60.67,  H 4-96).  

I f  ou r  s u p p o s i t i o n  as to  t h e  p o i n t  of a t t a c h m e n t  of 
t h e  n i t r o g e n  a t o m  (at  C 9) is cor rec t ,  t h e n  t he  i s o m e r i s m  ~ 
of o u r  base  a n d  GREWE'S m o r p h i n a n e  m u s t  be  t he  
r e s u l t  of i s o m e r i s m  a t  c a r b o n  a t o m s  13 a n d  14. D e g r a d -  
a l i v e  w o r k  de s igned  to  a s c e r t a i n  t h e  s t e r e o c h e m i c a l  
n a t u r e  of t h e  r i ng  j u n c t u r e  in  q u e s t i o n  ha s  been  b e g u n  
in t h i s  l a b o r a t o r y .  

T h e  3 , 4 - d i m e t h o x y  d e r i v a t i v e  of I (m. p. 238-239  °, 
Calc . :  C 69.44,  H 5-51;  Fd . :  C 69.77,  H 5.65) h a s  a lso 
been  p r e p a r e d  in  q u a n t i t y ,  a n d  i t s  r e d u c t i o n  is u n d e r  
i n v e s t i g a t i o n .  M. GATES a n d  W. F. NEXVHALL 

P a r k  L a b o r a t o r y ,  B r y n  M a w r  College, B r y n  Mawr ,  
Pa . ,  J a n u a r y  10, 1949. 

Z u s a m m e n / a s s u n g  

9, 1 0 - D i o x o - 1 3 - c y a n m e t h y l - 5 ,  8, 9, 10, 13, 1 4 - h e x a h y d r o  
p h e n a n t h r e n  w u r d e  d u r c h  eine R e i h e  y o n  R e d u k t i o n e n ,  
d e r e n  M e c h a n i s m u s  n i c h t  v o l l s t ~ n d i g  a u f g e k l ~ r t  ist ,  in  
e ine neue  V e r b i n d u n g  f ibergef t ihr t .  Diese  b e s i t z t  s e h r  
w a h r s c h e i n l i c h  das  K o h l e n s t o f f / S t i c k s t o f f g e r f i s t  des  
M o r p h i n s  o d e r  e ines  se iner  S t e r e o i s o m e r e n .  Es  w i r d  
f iber  A b b a u r e a k t i o n e n  b e r i c h t e t ,  die diese S t r u k t u r  be-  
sUi t igen  k 6 n n e n .  

x Prof. R. GREWE has infornaed us privately that a by-product 
of his synthesis, obtained in small amount~ ~ appears to be identical 
with our substance (correspondence in nlelting points of pierate, 
methiodide, desbase picrate, dihydrodesbase picrate). 

Concerning Pikrat  A vide R. GREWE, Bet. Dtsch. chem. Ges. 
Sl ,  285 (1948). 

S o m e  O b s e r v a t i o n s  on the  O x i d a t i v e  
D e g r a d a t i o n  of C h o l e s t e r o l  

T h e  o x i d a t i o n  of cho les t e ro l  a c e t a t e d i b r o m i d e  w i t h  
c h r o m i c  acid,  as d e v e l o p e d  b y  RUZlCKA 1, is n o w  classic.  
F r o m  the  b r e a k i n g - d o w n  of t h e  M i p h a t i c  s i d e - c h a i n  of 
cho le s t e ro l  b y  t h i s  m e t h o d  a v a r i e t y  of d e g r a d a t i o n  
p r o d u c t s  resu l t s ,  s u c h  as d e h y d r o i s o a n d r o s t e r o n e ,  
p r e g n e n o l o n e ,  e t i ocho len i c  acid,  etc.  '2, w h i c h  a re  im-  
p o r t a n t  in  t h e  s y n t h e s i s  of b io log ica l ly  a c t i v e  s te ro ids .  
5 - D e h y d r o i s o a n d r o s t e r o n e  is f r e q u e n t l y  used  as s t a r t i n g  
m a t e r i a l  for  such  s y n t h e s e s .  T h e  m e c h a n i s m  of t h i s  
o x i d a t i v e  d e g r a d a t i o n  is i n c o m p l e t e l y  u n d e r s t o o d .  Re-  
c e n t l y  BILLETER a n d  ~{IESCHER 3 a d v a n c e d  a t h e o r y  on  
the  s ide -cha in  f iss ion of cho le s t e ro l  w i t h  c h r o m i c  acid.  
T h e y  a s s u m e  t h a t  t h e  t e r t i a r y  c a r b o n - a t o m s  a t  C~4, 
C w  C20, a n d  C~s a re  t h e  p o i n t s  whe re  t h e  molecu le  is 
a t t a c k e d  a n d  f rom w h i c h  d i rec t ly ,  or  i n d i r e c t l y  f r o m  
o t h e r  i n t e r m e d i a t e  p r o d u c t s ,  t e r t i a r y  c a r b i n o l s  ar ise.  
W h e n  spl i t  off, t h e s e  h y d r o x y  g r o u p s  w o u l d  y ie ld  w a t e r  
whi l e  t h e  r e s u l t i n g  c a r b o n - c a r b o n  d o u b l e  b o n d s  a re  t h e n  
d i s r u p t e d ,  g iv ing  r ise to  k e t o n e s  a n d  acids.  M a n y  
c o m p o u n d s  h a v e  b e e n  i so l a t ed  a n d  i d e n t i f i e d  t h a t  
a f fo rd  c o n f i r m a t i o n  of t h i s  t h e o r y  2. 

1 L. Ruzlc~A, Swiss Pat. 18'2391 (193"0. - L. RUZICKA and A. 
\V~TTSTEIN, Helv. chiin, acta 18, 987 (1935). 

For a review see: J. R. Bn.LETER and K. MIESCtlER, Helv. 
chim. acta 30, 1415 (1947). 

a j .  R. BILLETER and K. MIEGCHER, Helv. china, acts 30, 1-t14 
(1947). 

As in t h i s  l a b o r a t o r y  a s im i l a r  c o n c l u s i o n  as to 
" i n t e r m e d i a t e  p r o d u c t s "  h a d  been  d r a w n  f r o m  other  
e x p e r i m e n t s ,  i t  was  dec ided  to  p r e s e n t  a few r e l evan t  
resu l t s .  

T h e  r a t e  of f o r m a t i o n  of d e h y d r o i s o a n d r o s t e r o n e  
a c e t a t e  f r o m  cho les t e ro l  a c e t a t e d i b r o m i d e  b y  ox ida t ion  
w i t h  c h r o m i c  ac id  in  a so lu t i on  of g lac ia l  ace t i c  ac id  and  
d i c h l o r e t h a n e  was  d e t e r m i n e d .  F o r  t h i s  p u r p o s e  the 
d e h y d r o i s o a n d r o s t e r o n e  a c e t a t e  f o r m e d  h a d  to  be 
e s t i m a t e d  a t  va r i ous  s t ages  of t h e  r eac t ion .  

I n  v iew of t h e  q u a n t i t a t i v e l y  i n a c c u r a t e  a n d  labor ious  
m e t h o d s  a v a i l a b l e ,  t h e  i so l a t ion  of t h i s  k e t o n e  f r o m  the  
o t h e r  k e t o n e s  k n o w n  to  be  p r o d u c e d  b y  t h e  ox ida t i on  

w a s  avo ided .  I n s t e a d  of t h i s  t h e  c o l o r i m e t r i c  a s s a y  of 
17 -ke to s t e ro id s  w i t h  t h e  r e a c t i o n  of ZIMMERMANN l, 
as a d a p t e d  b y  CALLOW a n d  coworkers"-, was  used.  In 
t h i s  a s s a y  a d v a n t a g e  is t a k e n  of t h e  i n s t a b i l i t y  of the  
co loured  r e a c t i o n  p r o d u c t s  of t h e  20-, 25-, a n d  o ther  
k e t o - s t e r o i d s  w i t h  m - d i n i t r o b e n z e n e  in  a l k a l i n e  alcoholic  
so lu t ion ,  in  c o n t r a d i s t i n c t i o n  to  t h e  m o r e  l a s t i n g  colour  
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The figure shows the mnounts of 5-dehydroisoandrostcrone 
acetate (I), formed by oxidation of cholesterol (as its acetate di- 
bromide) with chromic acid, against time. - The reaction time (in 
hours) is plotted on the abscissa. The ordinate represents the amounts 
of (I) expressed in percentage of the total dehydroisoandrosterone 

acetate formed. 

J 
o b t a i n e d  w i t h  17-ke to-s te ro ids ,  e. g., d e h y d r o i s o a n d r o -  
s t e rone  a c e t a t e .  T h u s ,  for  i n s t a n c e ,  t h e  o x i d a t i o n  
p r o d u c t s  of choles te ro l ,  AS, S-pregnene-ol-(3/~ )_acetate_ 
one-20 a n d  ds ,~ -no r -cho le s t ene -o l - (3 f l ) - ace t a t e -one -25  
give  lab i le  co loured  p r o d u c t s  w i t h  co lou r  v a l u e s  of 
a b o u t  1/s a n d  1/10 r e s p e c t i v e l y  of t h a t  of d e h y d r o i s o -  
a n d r o s t e r o n e  ace t a t e ,  These  a re  k n o w n  t o  be  f o r m e d  in 
m u c h  sma l l e r  a m o u n t s  t h a n  d e h y d r o i s o a n d r o s t e r o n e  
ace t a t e .  T h e  o t h e r  k n o w n  o x i d a t i o n  p r o d u c t s  gave  such  
f a i n t  colours  as to  be  also negl ig ib le .  T h e  o x i d a t i o n s  
were  p e r f o r m e d  a p p r o x i m a t e l y  b y  t h e  u s u a l  p r o c e d u r e  ~, 
us ing  g lac ia l  ace t i c  ac id  d i s t i l l ed  o v e r  c h r o m i c  ac id  and  
d i c h l o r e t h a n e  w i t h  a neg l ig ib le  c h r o m i c  ac id  t i t r e .  Tile 
r e a c t i o n  t e m p e r a t u r e  was  k e p t  c o n s t a n t  w i t h i n  ± 2 °. 
The  c h r o m i c  acid s o l u t i o n  was  a d d e d  a t  a u n i f o r m  ra te  
ove r  7 h o u r s  a n d  t h e  c o n s u m p t i o n  of t h e  o x i d a n t  was 
c o n t r o l l e d  i o d o m e t r i c a l l y .  A t  r e g u l a r  i n t e r v a l s  a l i quo t  
s amp le s  were  t a k e n  a n d  t h e  m i x t u r e  of r e a c t i o n  com- 
p o n e n t s  in  t h e  s amp le s  was  " f i x e d "  b y  r e d u c t i o n  of t he  
sma l l  excess  of c h r o m i c  ac id  w i t h  m e t h a n o l .  T h e  s amp le s  
were  f u r t h e r  w o r k e d  up  b y  e v a p o r a t i n g  t h e  d i c h l o r e t h a n e  
i n  v a c u o ,  s p l i t t i n g  off t h e  b r o m i n e  w i t h  z inc  d u s t  a n d  

1 ~r, ZIMMERMANN, Z. physiol. Ch. 233, 257 (1935); Vitamine 
und Hormone 5, 1 {194.i); Schweiz. reed. Wschr. 76, 805 (1947). 

2 N. H. CALLOV¢, R. K, CALLO'A', and C. W, E~MENS, Biochem. 
J.  32, 1312 (1938). 

a For experimental details see F.I.A.T. Final Report No. 996. 
ed. by C, R. ADDINALL, p. 29 (London, 1947). 


