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structures~°). I t  is obv ious  t h a t  t he  r e s t r i c t ion  of the  ex- 
p lora t ion  t h i n k i n g  to t he  Paleozoic  on ly  has  h a m p e r e d  
the progress  of ore f inding.  

Of specia l  in te res t ,  s t r uc tu r a l l y ,  is t h e  b recc ia t ion  and  
the p i t ches  a n d  flats.  Along-s ide  po lygona l  or s t r a igh t  
g raben  a n d  h o r s t  s t ruc tu res ,  t he  b recc ia t ion  is due  to 
fault ing.  Much,  a n d  poss ib ly  most ,  of t he  breccias  ex tend-  
ing over  large h o r i z o n t a l  d is tances ,  usua l ly  res t r i c ted  to 
defini te  hor izons ,  are caused  b y  i n t r a f o r m a t i o n a l  brec- 
clarion d u r i n g  e a r t h q u a k e s ,  w'hich a c c o m p a n i e d  the  vol- 
canism. Brecc ia t ion  is t h u s  a b u n d a n t  b o t h  in t he  b a s e m e n t  
rocks a n d  t he  Paleozoic  sed iments .  Brecc ias  have ,  locally, 
been c e m e n t e d  syngene t i ca l ly  b y  ore minera ls .  There  is 
often a g r a d u a l  t r a n s i t i o n  f rom c o n t o r t i o n s  of non-  or 
pa r t ly  conso l ida ted  s e d i m e n t s  to  pos t -d i agene t i c  breccia-  
tion. In  n u m e r o u s  places var ious  gene ra t ions  of breccia-  
t ion are v is ib le  a n d  are assoc ia ted  w i t h  var ious  genera-  
t ions of c h e r t  a n d  ore mine ra l i za t ion .  T he  breccias,  t he  
cherts ,  t h e  dolomi tes ,  a n d  t he  ore mine ra l s  are essent ia l ly  
syngenet ic  as conc luded  f rom the  c r i t e r ia  l is ted a b o v e  a n d  
add i t iona l  i n f o r m a t i o n  wh ich  will be p r e s e n t e d  in deta i l  
at  a l a t e r  da te .  

P i t ches  a n d  f lats  c an  be exp la ined  as syn-  or  s l ight ly  
pos tep igene t ic  s t r u c t u r e s  caused  b y  g r a v i t y  differences or 
local t e c ton i c  d i s tu rbances .  A n  excel lent ,  t h o u g h  epi- 
genet ica l ly  i n t e rp r e t ed ,  desc r ip t ion  of p i t ches  a n d  flats  
was g iven  b y  Cox26. 

I t  is be l ieved t h a t  th i s  s y n g e n e t i c - h y p o g e n e  t h e o r y  on  
the or igin of the  Mississippi  Va l ley  t y p e  depos i t s  el imi- 
na tes  t h e  diff icul t ies  e n c o u n t e r e d  b y  t he  t h r ee  old theo-  
ries~-L I t  is fel t  t h a t  i t  f i ts  t he  facts  b e t t e r  t h a n  the  
previous  theor ies ;  ye t  i t  shou ld  be accep ted  as a work ing  
hypo thes i s  a n d  no t  as an  a u t h o r i t a t i v e  dogma.  

G. C. AMSTUTZ 

Department el Geology, School o /Mines  and ]kletallurgy, 
Rolls (Missouri), February 79, 7958. 

Zusammen/assung 
Die S t re i t f r age  u m  die Genese  der  Mississ ippi-Val ley-  

Pb-Zn-Lagers t~ t t t en  wird  z u g u n s t e n  e iner  s yngene t i s chen  
und h y p o g e n e n  E n t s t e h u n g  aus  h y d r o t h e r m a l - e x h a l a -  
t iven,  grossente i l s  kol loidal  s e d i m e n t i e r t e n  Erz l6sungen  
entschieden .  Diese d r a n g e n  e n t l a n g  ura l ten ,  i m m e r  wieder  
au fgebrochenen  r h e g m a g e n e n  B r u c h s y s t e m e n  auf. 

2(; G. H. Cox, Illinois geol. Survey Bull. 21, 120 (191,1). 
27 After the completion of this manuscript, it came to the knowl- 

edge of the writer that a similar proposal was made with regard to 
many Alpine lead-zinc deposits (see SCUSEIDEr¢ Is and NZerCEL2% 

2s H.-J. SCHNEIDER, Fortsehr. Min. 3- ° (1953). 
29 E. N]CKEL, Chem. d. Erde 18, 99 (1956). 

C r y s t a l  a n d  M o l e c u l a r  S t r u c t u r e  o f  

3, 3 ' - D i b r o m o b e  n z o p h e n o n e  

I t  ha s  become  inc reas ing ly  clear  t h a t  in b e n z o p h e n o n e  
the s ter ic  h i n d r a n c e  b e t w e e n  t he  h y d r o g e n  a t o m s  in the  
2, 2 ' -pos i t ions  would  p r e v e n t  t he  molecule  f rom be ing  
coplanar.  I t  would  the re fo re  be  of g rea t  i n t e r e s t  to  get  a 
q u a n t i t a t i v e  measu re  of th i s  n o n - c o p l a n a r i t y  b y  X - r a y  
methods.  VVith t h i s  v iew the  d e t e r m i n a t i o n  of t he  c rys ta l  
s t ruc tures  of a series of b e n z o p h e n o n e  de r i va t i ve s  h a v e  
been u n d e r t a k e n  in t h i s  l a b o r a t o r y  a n d  t he  p re sen t  no te  
gives t he  resu l t s  o b t a i n e d  w i th  3, Y-d ib romobenzo-  
phenone.  

The  c rys t a l  be longs  to the  o r t h o r h o m b i c  s y s t e m  w i t h  
cell d imens ions  

a = 3.99, b = 11.70 a n d  c = 24.69 A. 

The  space  g roup  is P b c n  a n d  the  un i t  cell c o n t a i n s  four  
molecules.  The  C O b o n d  in t he  molecule  co inc ides  w i t h  
a two fold axis  of s y m m e t r y  in t he  c rys ta l .  
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Fig. 1.--Fourier projection on the (100) plane with the l/r atmn 
removed. Contottrs are at arbitrary intervals, l)otted lines correspond 

to zero electron density. 

Th ree  d imens iona l  We i s senbe rg  d a t a  were o b t a i n e d  
w i t h  C u K e  r ad i a t i on  and  the  in tens i t i e s  were e s t i m a t e d  
visual ly .  The  s t r u c t u r e  was so lved  b y  t he  h e a v y  a t o m  " 
me thod .  The  (y, z) coord ina tes  of t he  b r o m i n e  a t o m  were 
d e t e r m i n e d  f rom the  P a t t e r s o n  p ro j ec t i on  on  t he  (100) 
plane.  Us ing  the  signs of a n u m b e r  of re f lex ions  of t he  
t ype  (0kl) ob t a ined  from the  c o n t r i b u t i o n  of t he  b r o m i n e  
a tom,  the  f i rs t  Four ie r  m a p  was p r e p a r e d  w h i c h  showed  
d i s t i nc t  peaks  co r respond ing  to t he  l igh t  a toms .  The  
(y,z) co-ord ina tes  were ref ined b y  a success ion  of differ-  
ence syntheses .  The  Four ie r  p r o j e c t i o n  on  (100) p l ane  
w i th  t he  b r o m i n e  a t o m  r e m o v e d  is s h o w n  in F igu re  1. A n  
e s t i m a t e  of the  t i l t  of t he  benzene  r ing  was  m a d e  f rom 
the  d i s to r t ion  it  d i sp l ayed  on  the  (100) p ro j ec t i on  w h i c h  
gave the  a p p r o x i m a t e  x co -o rd ina t e  of t he  b r o m i n e  a tom.  
This  was used for the  d e t e r m i n a t i o n  of the  x co -o rd ina t e  
of all t he  a t o m s  b y  the  genera l ized  Fou r i e r  p ro j ec t i ons  
us ing  t he  ( lk l )  a n d  (2kl) ref lexions.  The  f inal  a t o m i c  co- 
o rd ina t e s  are  g iven  in the  Table .  

AtoInic co-ordinates 

Atmn x[a yJb z/c 

('1 
('2 
('3 
('4. 
('~ 
('6 
C7 
O 
Br 

0.025 
0.100 
0.081 
0.055 
0.174 
0.158 
0-00 
0-00 
0.3400 

0,075 
-0 .038  
- 0.092 
- 0,029 

0-079 
0-138 
0.133 
0.240 
0.1573 

0-196 
0.194 
0.142 
0.098 
0.102 
0.151 
0.250 
0.250 
0.0448 

The  R- f ac to r  for the  700 obse rved  ref lexions  was  15.7%. 
The  i n t r a m o l e c u l a r  d i s t ances  a n d  angles  are i n d i c a t e d  in 
F igure  2. The  s t a n d a r d  d e v i a t i o n  in t he  b o n d  leng ths ,  
e s t i m a t e d  b y  CRUICKSHANK'S m e t h o d  1 is of t he  o rde r  of 
0.04 A for C--C a n d  C--O bonds .  

t 1). W. J. CRUICKSnANK, Acta tryst. 2, 65 (19,19). 
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T h e  angle  b e t w e e n  t h e  1, 4 axes  of t he  p h e n y l  g roups  
is 126-2 °. T h e  e q u a t i o n s  of t h e  p lanes  of t h e  b e n z e n e  r ings  
were  d e t e r m i n e d  b y  t h e  m e t h o d  of l eas t  squa re s  a n d  i t  

. . .% c~ c.~ , -  

C C~ 5'o 

Fig. 0.--Bond lengths and bond angles for 3, 3"-dibromobenzo- 
phenone. 

was f o u n d  t h a t  none  of t he  a t o m s  was off t he  p l a n e  b y  
more  t h a n  0.01 2k. The  angle  b e t w e e n  t he  p lanes  of t he  
b e n z e n e  r ings  is 39.9°; h o w e v e r  each  of t he  p h e n y l  r ings  
is tw i s t ed  ou t  of t h e  c o m m o n  p l ane  i.e., t h e  p l a n e  con-  
t a i n i n g  

0 

Cx/C ' \C  , 

b y  a n  ang le  0 = 22-4 °. t t  is e s t i m a t e d  t h a t  t h e  angles  are  
a c c u r a t e  to  4=.. 1"5 ° . 

T h e  e luc ida t ion  of t h e  s t e r e o c h e m i s t r y  of b e n z o p h e n o n e  
d e r i v a t i v e s  b y  phys i ca l  m e t h o d s  (magne t i c  suscep t ib i l i ty  2, 
dipole m o m e n t  a n d  u l t r a v i o l e t  spec t ra )  was  s t a r t e d  as 
ea r ly  as 1935, b u t  u n f o r t u n a t e l y  t he  s u b s t a n c e  u n d e r  re- 
po r t  ha s  n e v e r  b e e n  s tud ied .  Howeve r ,  t h e  ear l ier  worker s  
were m o s t l y  i n t e r e s t e d  in  t he  ang le  b e t w e e n  t h e  1, 4 axes  
of t he  two  benzene  r ings  a n d  t he  va lues  v a r y i n g  f rom 122 ° 
to  133 ° h a v e  b e e n  sugges ted .  T he  va lue  o b t a i n e d  in th i s  
d e t e r m i n a t i o n  is qu i t e  close to  t h a t  c o m p u t e d  b y  COOM- 
BaR a n d  PARTINGTON 3 f rom dipole  m o m e n t  measu re -  
m e n t s  for  b e n z o p h e n o n e  (125 ~ 3°). B y  d e t e r m i n i n g  t h e  
e x a c t  pos i t ions  of t h e  t w o  iodine  a t o m s  in  4, 4 ' -d i iodo-  
b e n z o p h e n o n e  b y  X - r a y  m e t h o d ,  MANTHEY et al. 4 h a v e  
r e p o r t e d  t h e  angle  to  be  123-5 ° . Howeve r ,  t h e  comple t e  
s t r u c t u r e  of t h e  molecule  was  n o t  solved,  t h u s  l eav ing  
t he  non -p l ana r i t y ,  of t h e  molecule  a n  open  ques t ion .  

I n  r ecen t  years  t he  changes  in t h e  f requencies  a n d  ti le 
in t ens i t i e s  of t he  u l t r a v i o l e t  a b s o r p t i o n  b a n d s  h a v e  been  
used  m o s t  successful ly  to  get  a n  idea  of t he  a p l a n a r i t y  of 
molecules  (BRAUDE et al.5; O'SHAUGHNESS and  RODE- 
BUSH6; JONEST; REKKER and  NAUTA s) a n d  a series of 
a c c u r a t e  s tud ies  h a v e  been  m a d e  to  d e t e r m i n e  h o w  far  t he  
va r ious  s y m m e t r i c a l l y  s u b s t i t u t e d  d e r i v a t i v e s  differ  f rom 
t h e  u n s u b s t i t u t e d  b e n z o p h e n o n e .  F o r  t h i s  purpose ,  t he  
i n v e s t i g a t o r s  h a v e  to  a s sume  t h e  t i l t  of t h e  benzene  r ing 
f rom t h e  c o m m o n  p l ane  

O 

c,/C\c? 
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a n d  t i le  ca l cu l a t ed  v a l u e  of th i s  ang le  d e p e n d s  on  tile 
a s s u m p t i o n s  m a d e  r e g a r d i n g  t h e  b o n d  angles ,  bond 
l eng th s  a n d  t h e  m i n i m u m  d i s t a n c e  of a p p r o a c h  for  the 
h y d r o g e n  a t o m s ;  hence  t he  la rge  d i s c r e p a n c y  b e t w e e n  the 
theo re t i ca l  angles  r e p o r t e d  b y  SUTTON a n d  COATES 9 
(28 °) a n d  JONES 7 (15°). Th i s  ang le  (0) in  t h e  p r e sen t  case 
is 22.4 ° a n d  t h e  m i n i m u m  d i s t ance  of a p p r o a c h  of the 
(C2)H a n d  (C,~')H is of t he  o rder  of 2.2 A. One m u s t  re- 
m e m b e r  t h a t  a d d i t i o n a l  i n t e r m o l e c u l a r  forces m a y  come 
in to  p l a y  in a solid;  bu t ,  as t he  d i s t ance  b e t w e e n  the 
a t o m s  of n e i g h b o u r i n g  molecules  is n e v e r  less t h a n  3.3 A, 
one m a y  p r e s n m e  t h a t  t h e  on ly  p r e d o m i n a n t  forces are 
of t he  V a n  de r  W a a l s  type .  

I t  m a y  he  r e m a r k e d  t h a t  if t he  l e n g t h  of t he  b o n d  con- 
n e c t i n g  t h e  p h e n y t  r ing  to  t h e  c a r b o n y l  g r o u p  becomes 
s h o r t e r  due  to  s u b s t i t u t i o n  of e l ec t ron  re leas ing  groups  at  
the  4 pos i t ion ,  t h e n  0 would  b e c o m e  larger .  Th i s  is per- 
h a p s  t he  r e a s o n  w h y  in  t he  case of 4, 4 ' - d i m e t h o x y  benzo- 
p h e n o n e  x° th i s  ang le  is of t h e  o rde r  of 30 °. 

The authorn wish to thank Dr. M. V. BHATT O:[ the Department 
of Organic Chemistry, Indian Institute of Science, for kindly provid- 
ing them with the samples. 
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La  s t r u c t u r e  du  cr is ta l  de 3, 3 ' -d ib romobenzoph@none  a 
6t6 d6finie p a r  l ' emplo i  de donn6es  o b t e n u e s  p a r  r ayons  X 
d a n s  t ro is  d imens ions .  Les d i s t ances  et  les angles  de liaison 
on t  ~t~ o b t e n u s  e t  l ' on  a t r o u v 6  que  d e u x  a n n e a u x  de 
ph6ny le  de la moI6cule ne  s e n t  pa s  d a n s  le m6me  plan, 
l ' ang le  compr i s  e n t r e  eux  6 t a n t  de 39,9 °. 

9 G. E. COATES and L. E. SUTTON, J. chem. Soc. 1942, 66% 
lo I. L. KARLE, H. HAUPTMAN, J. KARLE, and A. B. WING, Acta 

cryst. 10, 481 (1957). 

Zur Konstitution des Resibufogenins und 
Artebufogenins 

Eine  eben  e r sch ienene  re in  t h e o r e t i s c h e  B e t r a c h t u n g  
von  THIESSEN 1, die s ich - ges t t i t z t  au f  unse re  f r t iher  2 er- 
h a l t e n e n  R e s u l t a t e  - u n t e r  a n d e r e m  a u c h  m i t  de r  Frage 
de r  K o n s t i t u t i o n  des  Res ibu fogen ins  be fa s s t  u n d  ffir 
dieses die F o r m e l  V in  Vorsch lag  b r i ng t ,  v e r a n l a s s t  uns, 
h i e r  kurz ,  u n d  frf iher  als  b e a b s i c h t i g t  ~, f iber  ganz  analoge 
Sch luss fo lge rungen  zu b e r i c h t e n ,  die s ich aus  unseren 
n e u e s t e n  e x p e r i m e n t e l I e n  U n t e r s u c h u n g e n  a m  tResibufo- 
gen in  u n d  a n  se inen  I s o m e r i s i e r u n g s p r o d u k t e n  ergeben 
h a b e n .  

B e i m  E i n d a m p f e n  e iner  LSsung  y o n  Resibufogenin 
(V) in  A c e t o n  h a t t e  s ich f r i iher  ~ re in  zuf~llig u n d  nicht 
r e p r o d u z i e r b a r  ein m i t  V i someres  A r t e f a k t  gebi ldet ,  das 
wi r  als A r t e b u f o g e n i n  b e z e i c h n e t  h a b e n .  W i t  f a n d e n  nun, 
dass  dieses ohne  Schwie r igke i t en  d u r c h  K o c h e n  yon  Resi- 
b u f o g e n i n  in  Aee ton ,  das  e t w a s  PerchlorsAure  enthiilt, 
be re i t e t  w e r d e n  k a n n .  A r t e b u f o g e n i n  is t  i n s t ab i l  u n d  wird 
d u r c h  A120~ in  e in  I someres  umge lage r t .  W i r  bezeichnen 

: W. L2. T~:ESSE~, Chemistry and Ind. t958, 440. 
2 K. MEYER, Helv. chim. Acta 35, 2444 (1950). 
a Die ausffihrliche Arbeit erschcint demniichst in Helvetica 

chimica Acta. 


