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The Structure of Diacetylruthenocene 
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(Received 12 October 1962) 

Crystals of diacetylruthenocene are triclinic with two molecules in a unit cell of dimensions 

a=5.73,  b--8.15, c=13 .70A,  a=77 .8  °, fl=85"1 °, y=69"4 °, 

space group P i .  The structure has been determined from Patterson and electron-density projections 
along the a- and b-axes. The molecular configuration is very close to cis. 

In  ferrocene (Dunitz, Orgel & Rich, 1956) and two of 
its derivatives,  dibenzoylferrocene (Struchkov, 1956) 
and  diindenyl iron (Trotter ,  1958), X - r a y  analyses 
have shown t h a t  the  f ive-membered rings are stag- 
gered, wi th  subst i tuents  in gauche positions. In  ruthe-  
noeene (Hardgrove  & Templeton,  1959) and  bis- 
indenyl ru thenium (Webb & Marsh, 1962) on the  
other  hand,  the  f ive-membered rings are eclipsed, 
wi th  the  s ix-membered rings in the  l a t t e r  compound 
in the  cis configuration. The s t ruc ture  of diacetyl-  
ruthenocene has now been examined to determine its 
molecular configuration. 

The crystals  are yellow needles elongated along a, 
with (010) developed and  smaller  (001) faces. The cell 
d a t a  were determined from various films and on the  
G. E. Spectrogoniometer,  with single crysta l  orienter.  

Crystal data (2, Cu K a =  1.5418, ~t, Mo K a = 0 . 7 1 0 7  A). 
Diacetylruthenocene,  C14H1402Ru, M = 3 1 6 . 0 ,  m.p . - -  

149-150 °C. 

Triclinic, 
a=5.73_+ 0.01, b=8.15_+ 0.01, 

c-- 13-70 + 0 .02/~;  
a=77.8_+ 0.1 °, f l=85-1 -+ 0.1 °, 7=69.4_+0.1 °. 

U = 585.5 j(3. 
Dm--- 1.8 g.cm -8. 
Dx (with Z = 2) = 1.78 g.cm -3. 
F(000)----316. 
Absorpt ion coefficients for X-rays ,  

~t = 1.5418/~, # - -  114 cm -1; 
~t=0.7107 A, # - 1 4 - 3  cm -1. 

Space group P1 or P i .  P 1  from s t ruc ture  analysis.  

In t ens i ty  d a t a  for 0lcl and  hO1 reflexions were 
measured with  a scintil lation counter  using Mo K s  
radia t ion  (Zr fil ter and  pulse height  analyser).  The 
ru then ium position was determined from Pa t t e r son  
projections, and the  pa ramete r s  of the  other  a toms 
were determined,  and  all the  paramete rs  refined, 
by  successive Fourier  and difference syntheses. The 
final  discrepancy factors were 0-14 for 242 Okl re- 
flexions and 0.15 for 164h0/ reflexions ( tables  of 

Table 1. Final positions parameters 
Atom x y z 
l~u 0.1162 0.1500 0.2396 
C1 0-298 0.026 0.123 

2 0.392 0.146 0.162 
3 0.194 0.324 0.133 
4 0.007 0.293 0.093 
5 0.056 0-128 0.087 
6 0-142 -- 0-026 0.388 
7 0.226 0.121 0.402 
8 0.045 0.271 0.383 
9 -- 0.157 0.239 0.349 

10 --0-094 0.045 0.353 
11 0.463 --0.165 0.135 
12 0.329 -0.223 0.404 
13 0.714 --0.262 0.178 
14 0.239 --0.354 0.394 

O1 0.384 --0.273 0.113 
2 0.530 -- 0.244 0.441 

s t ruc ture  factors are avai lable from the author) .  
The positional pa ramete rs  are listed, as fract ions of 
the  uni t  cell edges, in Table 1, the final t he rma l  
pa ramete r s  being B~u = 2.5, Bc, o = 4.5/~2. The oxygen 
a toms were dist inguished by  their  d is t inct ly  greater  
peak heights in the Four ier  and difference syntheses 
for both projections. 
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Fig. 1. Molecular configuration. 

The molecular configurat ion is cis (Fig. 1), bu t  with 
one acetyl  group ro ta ted  180 ° wi th  respect  to the  
other. The angles between corresponding bonds in the  
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f i v e - m e m b e r e d  r ings  ind ica te  a r o t a t i o n  of on ly  a 
few degrees  (which is howeve r  a p p a r e n t  on t he  
a-axis  e l ec t ron -dens i ty  pro jec t ion)  f rom the  cis con- 
f igura t ion .  

Accura te  molecu la r  d imens ions  are no t  ava i lab le  
f rom this  two-d imens iona l  s tudy ,  and  since the  ob jec t  
was t he  d e t e r m i n a t i o n  of t he  molecu la r  conf igurat ion,  
no t h r e e - d i m e n s i o n a l  analys is  was carr ied out.  The  
a c e t o c y c l o p e n t a d i e n y l  res idues  are a p p r o x i m a t e l y  
p lana r  and  paral lel ,  and  t he  m e a n  molecular  d imen-  
sions are 1~u-C=2.18  ~ (omi t t ing  one ve ry  shor t  
d i s t ance  f rom the  averaging) ,  Car-Car  = 1.41 A, 
o the r  C - C  = 1.48 ~., C = 0  = 1"23 /~, A C - - C - - C  
(in f ive m e m b e r e d  rings) = 108 °. 

The  au tho r  is i n d e b t e d  to  Dr  M. D. Rausch  for 
sugges t ing  t he  p rob l em and  for t he  crysta l  sample,  

to  Dr  F. 1~. A h m e d  for k i n d l y  m a k i n g  ava i lab le  his 
IBM 1620 programs,  to the  staff  of t he  U n i v e r s i t y  
of Br i t i sh  Columbia  Compu t ing  Centre  for assis tance,  
and  to  the  Na t iona l  Resea rch  Council  of Canada  and  
t he  P res iden t ' s  Resea rch  Fund ,  U n i v e r s i t y  of Br i t i sh  
Columbia ,  for f inancia l  suppor t .  
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During our work we have found tha t  the me thod  
described by Hesse (1948) and Lipson (1949) is one of 
the most  powerful for indexing powder photographs 
with orthorhombic,  hexagonal or tetragonal  unit  cells. 
But  we have learned also tha t  it is very impor tant  to 
know exactly what  kind of differences may  occur at all. 

If we form the  differences of the values 

Qh~ = 4 s in 9 Ohk~ = h2a .2 + k2b .2 + l~c .2 + 2hka*b* cos ~* 
+ 2klb*c* cos a* + 2hla*c* cos fl*, 

we get in the  monoclinic system (ls t  setting) 
Qh~t-Qa~z" = N3c .2, (I) 

in the orthorhombic system 

Qhlcl -- Qa'k~ = Nla*~,  etc. (II) 

in the hexagonal  system 

Qh~ -- Qh'z" ~ = N a  *~, (IIIa) 

Qh~z--Qh~t" = N3c *~, (IIIb) 

in the tetragonal  system 

Qhlcl -- Qh'k'l = Na *'°, (IVa) 
Q h ~ - Q ~ "  = N3c .2, (IVb) 

in the cubic system 

Qh~-Q1, 'e ' l"  = N a  .2, (V) 

where N, N 1, N 2, N a are integers, the possible values 
of which (see Table 1) are de termined by the Bravais 
lattice properties. (From these numbers  all those which, 

in the form N l a  .2, can also represent possible values of 
Qh~ are pr inted in italics.) I t  is obvious tha t  there 
are some forbidden values even for primit ive unit  cells; 
N 3 = 1 2 - 1  "~ cannot  be equal to 2, 6, 10, 14 . . . . .  For  

Table 1. Possible values of 2V, N1,  N 2, N 3 

Monoclinic 
P N3=l ,  --, 3, 4, 5, --, 7, 8, 9, --, 11, 12, 13, -- . . . .  
B Na----4, 8, 12, 16, 20, 24 . . . .  

Orthorhombic 
P N~,N2, N3----1, - - , 3 , 4 , 5 , - - , 7 , 8 , 9 , - - , 1 1 , 1 2 , 1 3 , - -  . . . .  
C N 1, N 2 =4, 8, 12, 16, 20, 24 . . . .  

Na=I ,  - - ,3 ,4 ,5 ,  --, 7, 8, 9, --, 11, 12, 13, -- . . . .  
F, 1 N 1,N 2,N 3=4,8,12,16,20,24 . . . .  

Hexagonal 

I f  N =1, 2, 8, 4, 5, 6, 7, 8, 9, 10 . . . .  
N3=l ,  - ,  3, 4, 5, - ,  7, 8, 9, - ,  l l ,  12, 13, -- . . . .  

R ½N =1 ,2 ,3 ,8 ,5 ,6 ,7 ,8 ,9 ,10  . . . .  
½Na= l, --, 3, 4, 5, --, 7, 8, 9, --, l l ,  12, 13, -- . . . .  

Tetragonal 
P N = 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 0  . . . .  

N a = I ,  -- ,  3, 4, 5, -- ,  7, 8, 9, --, 11, 12, 13, -- . . . .  
I N =2, 4, 6, 8, 10, 12, 14, 16, 18 . . . .  

Na=4, 8, 12, 16, 20, 24, 28, 32 . . . .  

Cubic 
P N =1 ,2 ,3 ,4 ,8 ,6 ,7 ,8 ,9 ,10  . . . .  
I N = 2, 4, 6, 8, 10, 12, 14, 16 . . . .  
F N = 1 , - - , 3 , 4 , 5 , - - , 7 , 8 , 9 , - - , 1 1  . . . .  


