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Introduction 

A c e d i a n t h r o n e  (I) ,  a l so  k n o w n  as  a c e a n t h r o n e - 2 ' :  1' : 1 : 2- 
a c e a n t h r o n e ,  
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wa~,  w h e n  w e  b e g a n  t h i s  i n v e s t i g a t i o n ,  o f  i n t e r e s t  fo r  t w o  
spec i a l  r e a s o n s .  I n  t h e  f i r s t  p l a c e  i t  w a s  d e s i r a b l e  t o  

c o n f i r m  o r  c o n t r a d i c t  t h e  c h e m i c a l  f o r m u l a  p o s t u l a t e d  
b y  Cla r  (1939),  a n d ,  in  t h e  s e c o n d ,  t h e  b o n d  l e n g t h s  a n d  
a n g l e s  in  t h e  r a t h e r  u n u s u a l  f i v e - m e m b e r e d  r i n g s  w h i c h  
i t  c o n t a i n s  s e e m e d  we l l  w o r t h  m e a s u r i n g .  

C r y s t a l l o g r a p h i c  m e a s u r e m e n t s  

A c e d i a n t h r o n e ,  C300~H14; m o l . w t .  406.11  ; m . p .  ~ 360 ° C. ; 
dcalc. ~ 1"490, dobs. ---- 1"498 g . c m .  -3. M o n o e l i n i c  p r i s m a t i c  : 
a = 5 .644-0 .01 ,  b --  10 .964-0 .02 ,  c = 1 5 . 4 9 ! 0 - 0 3  /~, fl 
1 0 8 . 2 ± 0 . 5  °. A b s e n t  s p e c t r a :  {hOl} a b s e n t  w h e n  l o d d ,  
{0k0} a b s e n t  w h e n  k o d d .  S p a c e  g r o u p  P21/c. T w o  c e n t r o -  
s y m m e t r i c a l  m o l e c u l e s  p e r  u n i t  ce l l ;  e l e c t r o n s  p e r  u n i t  
c e l l - - - - F ( 0 0 0 )  ~ - 4 2 0 .  A b s o r p t i o n  c o e f f i c i e n t  f o r  Cu Kc¢ 
r a d i a t i o n  (:t ~ 1 . 5 4 / ~ )  ---- 8-7 era.  -1. T h e  c r y s t a l s  a r e  f ine  
we l l  f o r m e d  n e e d l e s  e l o n g a t e d  p a r a l l e l  t o  t h e  a ax is .  

Structure analysis  

A t t e m p t s  t o  e l u c i d a t e  t h e  s t r u c t u r e  b y  t h e  u s u a l  m e t h o d s  
w e r e  u n s u c c e s s f u l .  E v e n t u a l l y  t h e  m e t h o d  of  t h e  F o u r i e r  
t r a n s f o r m  w a s  a p p l i e d ,  u s i n g  t h e  t e c h n i q u e  a d o p t e d  b y  
G o o d w i n  & V a n d  ( p r i v a t e  c o m m u n i c a t i o n )  f o r  b e n z a n -  
t h r o n e .  B y  t h i s  m e a n s  a g e n e r a l l y  s a t i s f a c t o r y  c o r r e l a t i o n  
of  o b s e r v e d  a n d  c a l c u l a t e d  g e o m e t r i c a l  s t r u c t u r e  f a c t o r s  
w a s  s e c u r e d  w i t h  d i s c r e p a n c i e s  /~ = 1 0 0 l i F o [ -  ]Foil + IFo[ 

* P re sen t  address :  The  J o h n s t o n  F o u n d a t i o n  for  Medical  
Phys ics ,  Un ive r s i t y  of Pennsy lvan ia ,  Ph i lade lphia  4, Pa . ,  
U.S.A.  

T a b l e  1. Atomic co-ordinates 

X x X" Y y Z z Z" 

A 0.06 0.011 0.21 0.62 0.057 -- 0.47 -- 0"030 -- 0.45 
B 1.27 0.225 0.75 --  0.68 -- 0.062 1.66 0" 107 1-58 
C 1.85 0.328 0.94 --  1.44 --  0.131 2.90 0" 187 2-76 
D 3.14 0.557 1.93 --  1.14 --0-104 3.87 - -0 .250  3.68 
E 3.96 0.702 2.82 -- 0.14 -- 0-013 3.68 0-238 3.50 
F 3"36 0.596 2.57 0.70 0.064 2.52 0-163 2.39 
G 2.10 0.372 1-63 0.38 0.035 1.51 0.097 1.44 
H 1.46 0.259 1.42 1.06 0.097 0.14 0.009 0.13 
I 4.20 0"745 3.54 1.76 0" 161 2.12 0.137 2.01 
J 3.57 0-633 3"30 2.46 0.225 0.86 0"055 0.82 
K 2.21 0.392 2-24 2.28 0.208 --  0-10 -- 0"006 -- 0-10 
15 4.34 0"770 4.17 3.52 0.322 0-54 -F 0.035 0.51 
M 3.86 0-684 4.04 4.30 0.392 -- 0-58 -- 0.037 -- 0-55 
/V 2-52 0.446 3.03 4.10 0.374 -- 1.63 -- 0.105 -- 1.55 
O 1-84 0-326 2.24 3.12 0.285 -- 1.29 - -0 .083 -- 1.23 
P 5.42 0.960 4.56 1.98 0" 181 2.74 0.177 2.60 

He re  (X, Y, Z) and  (X' ,  Y, Z')  are  a tomic  co-ord ina tes  (in A) wi th  respec t  to monocl inic  (a, b, c) and  p seudo  o r tho rhombic  
(a, 5, c*) axes ;  (x, y,  z) are f rac t ional  co-ord ina tes  wi th  respec t  to  the  monocl inic  axes.  
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Length 

Bond obs. calc. 

AA" 1.59 1.42 
AB" 1.48 1.44 
AH 1.41 1.40 
BG 1.42 1.40 
B(~  1.39 1.41 
CD 1.38 1-39 
DE 1.35 1.39 
EP 1.41 1.40 
FG 1.37 1.41 
PI  1-49 1-45 

Table 2. Bond lengths 

Values in/~ngstrSm units 
L e n g t h  

^ i 
r 

A Bond obs. talc. A 

+ 0" 17 OH 1"49 1"43 q- 0"06 
0"04 H K  1.49 1"43 ~ 0 " 0 6  

+ 0"01 I J  1"40 1-45 - -  0"05 
0"02 I P  1"20 1" 22 - -  0 .02  

- -  0" 02 J K  1"42 1"41 -~ 0"01 
- -  0 .01  J L  1.41 1"39 + 0"02 
- -  0 .04  K O  1.41 1 .40  + 0 .01  

0 .01  L M  1.32 1"39 - -  0-07 
- - 0 . 0 4  M N  1.44 1-39 + 0 - 0 5  
40"04 NO 1"30 1.40 --0.10 

of 20"0, 27-8 and  18.8 in the  {hk0}, {h0l} and  {Ok/} zones 
respectively.  The s t ructure  which gave these results  had  
the atomic co-ordinates l isted in Table 1, leading to the  
interatomie distances quoted in Table 2 and  the  bond 

Table 3. Angles in pentalene ring 

Values in degrees, all 4- 5 ° 

A'AH 104 
AA'B 107 
A'BG 108 
BGH 108 
OHA 110 

angles in the  pentalene r ing set out  in Table 3. One of 
the  la ter  project ions along a is shown in Fig. 1. 
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Fig. 1. 

Al though there is compara t ive ly  l i t t le information 
concerning bond lengths in compounds like acedianthrone 
we felt  ra ther  surprised about  the lengths indicated for 
bonds A A ' ,  AB ' ,  I J ,  L M ,  170, H K ,  even allowing for the 
fact  t h a t  the  first  two form pa r t  of the  curious five- 
membered ring. One of us (T. H.  G.) has therefore cal- 
culated the bond lengths in acedianthrone by  the me thod  
of molecular orbitals wi th  the  results  shown in column 3 
of Table 2. The four th  column of this  table gives the  
difference between 'observed'  and  'calculated '  bond 
lengths.  The 'observed'  bond lengths  are considered to be 

subject  to an  error of 4-0.06/~;  this  is due to the  overlap 
of molecules in the Fourier  project ion along b and  to non- 
resolution of certain a toms in other  projections. Wi th in  
these limits, therefore, there is general agreement  between 
the X- r ay  results and  the wave-mechanical  calculations, 
a l though there is clearly room for improvement  in the  
case of the bonds AA' ,  170 and L M  and  probably  also 
GH and  H K ;  indeed bond A A '  mus t  be wrong and  we 
hope to re turn  to the examina t ion  of th is  compound and  
to resolve these discrepancies. Nevertheless  the results  
show t h a t  the  crystal  s t ructure  mus t  be subs tan t ia l ly  as 
given and,  in part icular ,  confirm the formula (I) for 
acedianthrone.  

M o l e c u l a r  a r r a n g e m e n t  

The equat ion of the molecular  plane, calculated from the  
co-ordinates (Table 1) of a toms E and  L and  the  fact  
t h a t  i t  passes th rough  the  origin, is 

- -  0.593X' + 0.629 Y + 0.503Z' = 0 .  

All the  a toms lie wi th in  0-1 A of this  plane except  F 
and  P (the quinonoid oxygen) which are 0.12 and  0 .15/~  
away,  deviat ions which we feel are scarcely significant.  

W h e n  viewed parallel  to the  line 0.593X' = 0.503Z', 
Y = 0 the molecule a t  the  origin and  t h a t  derived from 
i t  b y  the  operat ion of the  screw axis are seen edge-on 
and  thei r  planes are near ly  perpendicular.  The inter- 
molecular distance perpendicular  to the molecular planes 
is 3.4/~.  These last  observations are bo th  in accord wi th  
the a r rangement  in m a n y  crystals  containing disc-like 
molecules. 

E x p e r i m e n t a l  

The sample of acedianthrone,  given to us b y  Messrs 
Imper ia l  Chemical Indus t r ies  Limited,  deposited dark  
green opalescent crystals  from ni t robenzene solution. 
These were examined b y  rotat ion,  oscillation and  Weis- 

sonberg photographs about the principal axes, int, ensi~y 
measurements  being made by  the  mult iple-f i lm technique.  

We are grateful  to Messrs Imper ia l  Chemical Indust r ies  
Limi ted  for the  supply  of acedianthrone and  the  loan of 
appara tus ,  to Dr  V. V a n d  for helpful discussions, to Dr  
E.  Clar for his interest ,  and to the  Depa r tmen t  of Scientific 
and  Indus t r ia l  Research for a main tenance  gran t  to one 
of us (P. H. F.). 
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