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Istituto di Chimica Fisica, Universitgl di Milano, Via Saldini 50, 20133 Milano, Italy 

(Received 11 September 1970) 

The crystal and molecular structure of bicyclo[2,2,2]-octene-2,3-endo-dicarboxylic anhydride, 
C10H1003, has been determined by direct methods and refined by least-squares. The crystals are mono- 
clinic, space group P2Jc, with a=6.534, b= 10.480, c=12.184/~, fl=96.37 ° and four molecules per 
unit cell. Intensity data for 1263 reflexions were collected on a PAILRED diffractometer from a crystal 
mounted along the a axis. The final R index for 967 reflexions with Io>2a(Io) is 0.050; the average 
standard deviation in the atomic positions is about 0.003/1, for C and O and about 0.03 A for H atoms. 
Within experimental error the molecule has symmetry m; there is no twisting from the 'eclipsed' con- 
formation around the C(1)-C(4) axis. The anhydride group is significantly non-planar. The anisotropic 
temperature factors of the heavier atoms in the bicyclo-octene nucleus can be accounted for by a 
Schomaker-Trueblood rigid-body treatment; on this basis, corrections to the observed bond distances 
are in the range 0.008 to 0.012/~. The thermal vibrations of the atoms in the anhydride group do not 
seem to correspond to the rigid-body motion of the rest of the molecule. 

Introduction 

Following our interest in the conformation of 'rigid' 
molecules with internal strain (Destro, Gramaccioli & 
Simonetta, 1968; Destro, Filippini, Gramaccioli & 
Simonetta, 1968; Bellobono, Destro, Gramaccioli & 
Simonetta, 1969; Destro, Filippini, Gramaccioli & 
Simonetta, 1969a, b, c), and in view of theoretical work 
on an extensive series of these compounds that we plan 
to carry out, it seemed to us particularly profitable to 
collect further accurate structural data on some bridged 
alicyclic anhydrides. Another point of interest for this 
particular compound is the absence of any accurate 
experimental data about the conformation of the bi- 
cyclo[2,2,2]oct-5-ene nucleus. 

Experimental 

Crystals of bicyclo[2,2,2]oct-5-ene-2,3-endo-dicarboxyl- 
ic anhydride were obtained from the reaction of 
cyclohexa-l,3-diene with maleic anhydride and were 
recrystallized from a benzene-light petroleum solution.* 
They are prismatic, elongated along a. Weissenberg 
photographs indicated them to be monoclinic, with 
space group P2Jc (the systematic absences are 0k0 
and hOl with k or l odd). 

The unit-cell dimensions (see Table 1) were obtained 
from a least-squares fit to measurements of sin' 0 for 
37 Okl and 17 hll reflexions on zero-level Weissenberg 
photographs taken at 21 °C using Cu Ke radiation; the 
film was held in the asymmetric position, essentially 
following the Straumanis technique. Eccentricity coef- 
ficients were included as parameter in the least- 
squares calculations and weights were assigned as in- 
versely proportional to sin 220. 

* We wish to thank Professor I. R. Bellobono for having 
kindly supplied us with the crystallized substance. 

Table 1. Crystal data 

C10H1003 
Monoclinic 
a =  6-534+0"004 
b = 10"480 + 0.001 
c =  12.184+0.001 
/?=96.370+0.02 ° 
Dm= 1-43 g. cm-3 
F(000) = 376 Z = 4 

Mol. wt. 178.16 
Space group P21/c 
2(Cu K~l)= 1.54051 /~ 
2(Cu K~2)= 1.54433 
2(Cu K~)= 1.5418 
/~ = 8.88 cm-1 
D:~ = 1.427 g.cm -3 
V= 829.24 A 3 

The density was measured by flotation in a dilute 
Thoulet (K2HgI4) solution. 

For determination of the structure, intensity data 
were collected on a Philips linear equi-inclination 
diffractometer (PAILRED) in the automatic mode 
using the co-scan technique. Mo Ke radiation (mono- 
chromatized by a Si (111) single crystal) and a scintilla- 
tion detector with pulse height analyser were used. The 
scan range varied from +0-4 ° to + 1.3 ° (the larger 
values being used in the higher layers for low values of 
the Y" angle). The scan speed was l°.min-1; back- 
ground counts were taken for 40 seconds at both ends 
of the scan, with crystal and counter stationary. Scan- 
ning was automatically repeated for each reflexion (up 
to a maximum of four times) until the number of scan 
counts reached at least the value of 1000. The layers 
0 to 6 about the a axis were obtained from a crystal 
whose diameter was about 0.3 mm. A total of 1263 
reflexions were measured and corrected for Lorentz 
and polarization factors. No corrections either for 
absorption or for secondary extinction were applied at 
this stage. 

Solution and refinement of the structure 

Approximate absolute scale and overall temperature 
factor were obtained by Wilson's method. For the 
solution of the phase problem by direct methods, the 
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Table 2. Observed and calculated structure factors 
The values have been multiplied by 10. Form factors for C and 
O a t o m s  a re  t a k e n  f r o m  C r o m e r  & W a b e r  (1965) a n d  f o r  H 
a t o m s  f r o m  S t e w a r t ,  D a v i d s o n  & S i m p s o n  (1965).  
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structure factors were converted to the normalized 
structure factors IE,,k,l (Hauptman & Karle, 1953). The 
values of  the statistical averages ( IEI)  and (I E z -  l l )  
are 0.829 and 0.916, rc sp~ctively, in fair agreement with 
the values expected for a centrosymmetric structure. 
The sign determination was undertaken by applying 
the Sayre relationships (Sayre, 1952) to 162 reflexions 
with [El > 1.5. The whole process was performed using 
a F O R T R A N  IV computer  program (Long, 1965). 

The E map (Karle, Hauptman,  Karle & Wing, 1958), 
computed with the phases corresponding to the highest 
consistency index (0.84) revealed all the carbon and 
oxygen atoms. The structure-factor calculation in- 
cluding all the three-dimensional data gave an index 
R =0.28.  

Refinement was performed by a block-diagonal 
least-squares process, minimizing the function 
~.w(lFlobs--[Flc,lc) 2, using a program written by A1- 
b a n . ,  Domenicano & Vaciago (1966). During the 
first eight cycles ( 'shift f ac to r '=0 .6 )  weights of  the 
form w =  1If 2 were used, w h e r e f i s  the average scatter- 
ing factor for all the atoms at the calculated value of  
sin 0/2. The R factor reduced to 0.17. Weights were 
then changed to w =  1/tr2(F), where a(F) was taken as 
a(FZ)/2F and computed from z 2 2 2 2 2 a Fo = acsF~ + (AFo) . 
Here, 2 2 trcs(Fo) is the counting statistical variance and 
A an empirical parameter,  which was chosen so as to 
make w(AF) 2, the weighted mean quadrat ic  error, 
approximately constant  (within 10 %) over the entire 
range of ]F0l's (Peterson &Levy, 1957; Cruickshank & 
Pilling, 1961 ; Albano,  Bell ,n,  Chin|  & Scatturin, 1969). 
In the first cycles, A was taken equal to 0-02; it was 
changed during the course of the refinement to a final 
value of  0.08. 

The R factor dropped (in two cycles) to 0.12 and, 
after a three-dimensional difference Fourier  synthesis 
which indicated the positions of the hydrogen atoms, 
to 0.077 (in six cycles). During this stage, anisotropic 
temperature factors were assigned to carbon and oxy- 
gen atoms;  the hydrogen atoms were only included in 
structure-factor calculations. At the end of this proce- 
dure, the 'goodness of  fit' [~wA2/(n-p)] 1/2 was 1.61, 
significantly larger than the expected value of  1.0. 

C(1)  
C(2)  
C(3)  
C(4)  
c ( 5 )  
C(6)  
c(7) 
c ( 8 )  
c(9) 
C(10)  
o(1) 
0 ( 2 )  
0(3) 

Table 3. The heavy atom parameters and their standard deviations 
All  the  va lues  in th is  t ab l e  h a v e  b e e n  m u l t i p l i e d  by  104 . T h e  t e m p e r a t u r e  f a c t o r  is in the  f o r m  

T~ = exp  [ -  (bt  x h z + b22k2 + b33/2 + 2bl2hk + 2b13hl + 2b23kl)] 

x y z b l l  b22 b33 b j2 bj3 
759 (5) 8006 (3) 767 (3) 192 (10) 67 (3) 61 (2) 33 (4) 3 (3) 

1694 (5) 7400 (3) 1873 (2) 183 (8) 69 (3) 43 (2) - 5  (4) 12 (3) 
3667 (5) 6694 (3) 1697 (2) 160 (8) 72 (3) 42 (2) - 2  (4) - 7  (3) 
4084 (5) 6807 (3) 477 (2) 180 (9) 7 5  (3) 53 (2) 21 (4) 27 (3) 
2191 (6) 6348 (3) - -230  (3) 303 (12) 64 (3) 40 (2) 4 (4) 6 (3) 

497 (6) 6965 (3) - -85  (2) 249 (11) 78 (3) 45 (2) - -17  (5) - -16  (4) 
2359 (6) 8955 (3) 426 (3) 290 ( l l )  59 (3) 75 (3) 5 (5) 18 (4) 
4350  (6) 8245 (3) 259 (4) 243 (11) 91 (4) 69 (3) - - 2 6  (5) 32 (4) 

326 (6) 6397 (3) 2264 (3) 202 (11) 104 (4) 48 (2) - -23  (4) 1 0  (3) 
3270 (5) 5337 (3) 2003 (2) 228 (10) 87 (4) 48 (2) 10 (5) -- 1 (3) 
1336 (4) 5235 (2) 2361 (2) 256 (8) 88 (2) 68 (2) - - 1 6  (3) 24 (3) 

- -1391  (5) 6465 (3) 2483 (3) 214 (9) 165 (4) 111 (3) - -6  (4) 54 (3) 
4309 (5) 4417 (3) 1964 (2) 363 (9) 92 (3) 110 (2) 61 (4) 29 (3) 

b23 
3 (2) 

- -11  (2) 
- -  4 ( 2 )  

6 (2) 
- -  4 ( 2 )  

6 (2) 
5 (2) 

13 (3) 
- - 4  (2) 

12 (2) 
17 (1) 
14 (2) 
31 (2) 



R. D E S T R O ,  G. F I L I P P I N I ,  C. M. G R A M A C C I O L I  A N D  M. S I M O N E T T A  2025 

Further refinement was based on only those re- 
flexions - 967 in number  - whose intensity I0 was 
greater than or equal to twice the standard deviation 
a(10). For these reflexions, the R index was 0.059 and 
the goodness of  fit was 1.83; the formal  standard 
deviations in the coordinates were approximately 10% 
larger than those calculated from the entire data set. 

Full-matr ix least-squares refinement was carried out, 
introducing as further variables the coordinates and 
isotropic temperature factors of  the hydrogen atoms 
and a secondary extinction coefficient (Zachariasen, 
1963). A modified version of the ORFLS program was 
used (Busing, Mart in & Levy, 1962). After three cycles, 
no change in atomic parameters exceeded one third 
of  its s tandard deviation. The R factor for the 
967 reflexions dropped to 0.050 and the goodness of 
fit to 1.27; the bond distances and angles involving the 
hydrogen atoms were significantly improved. The final 

130.3 ° 
i09.9 ° ii0.5 ° 130.3 ° 

iii.4oi 

110.0 o Iog.bo.A 

)77°  1311 107'9L 
• " ~  (I:321) , , " N  

I lil.9 o 

1"505 / ~  j'0'5"9°/114.7 ° 114"7° 1 0 6 : 6 ° ' ~  
( I .516)  ~ _\\ ,~_._ t . 5 o 2  0.513)  

~109.8 o 

1.532 M.J  
C(5)-C(4)-C,(8) : 108.3 o (I.544) C(7)-C(I)-G(6)=i08"2 ° 

Fig. l .  The molecule of bicyclo[2,2,2]oct-5-ene-2,3-endo- 
dicarboxylic anhydride, seen along the direction corre- 
sponding to the maximum moment of inertia. The a's in 
the bond distances are about 0.005 A and in the angles 
about 0.3 ° . Values in parentheses include corrections for 
thermal motion. 

value for the secondary extinction parameter,  Q (Lar- 
son, 1967, equation 3), was 1 2 ( + 3 ) x  10 -6. 

Precision of the results 

The observed and final calculated structure factors are 
listed in Table 2; the final parameters of  the heavier 
atoms are given in Table 3 and of  the hydrogen atoms 
in Table 4. 

Table 4. Parameters for the hydrogen atoms 
Values of x, y and z are multiplied by 103 and of B by 10 

x y z B(A 2) 
H(1) -52  (5) 844 (3) 89 (2) 44 (6) 
H(2) 196 (6) 804 (3) 242 (3) 43 (7) 
H(3) 484 (6) 701 (3) 218 (3) 32 (7) 
H(4) 526 (6) 631 (3) 34 (3) 39 (7) 
H(5) 236 (5) 565 (3) -77  (2) 47 (6) 
H(6) -79  (5) 678 (3) -52  (3) 48 (7) 
H(7) 245 (5) 956 (3) 102 (3) 59 (7) 
H(8) 167 (5) 941 (3) -29  (3) 54 (6) 
H(9) 553 (5) 854 (3) 74 (3) 57 (6) 
H(10) 462 (7) 840 (4) -47  (4) 68 (9) 

The standard deviations in the coordinates of  the 
heavier atoms, derived from the residuals and the 
diagonal elements of  the inverse matrix of  the final 
least-squares cycle, correspond to positional uncer- 
tainties of  the order of  0.003 A for the carbon and 
oxygen atoms and of  0-03 A for the hydrogen atoms. 
The corresponding standard deviations in the bond 
distances involving only heavier atoms are around 
0.005 A and in the angles around 0.3°; in the C - H  
bonds they are around 0.04 A and in the H - C - C  and 
H - C - H  angles 2 and 3 °, respectively. A comparison 
between 'chemical  equivalent '  bond distances and 
angles seems to indicate that the reported precision is 
not overestimated. 

Corrections for thermal libration 

A 'rigid' molecule such as this anhydride was expected 
to behave as a rigid body in undergoing thermal  libra- 
tion. Accordingly, the tensors T, L, S (Schomaker & 
Trueblood, 1968), were derived from a least-squares 
treatment,  using a F O R T R A N  IV program written by 
one of us (GF). In these calculations, equal weights 
were assigned to all thermal factors. The agreement 

Table 5. Rigid-body tensors for bicyclo[2,2,2]octene-2,3-endo-dicarboxylic anhydride 

The tensors are referred to a Cartesian coordinate system defined by unit vectors ~*, b, ~ x 6*. All values have been multiplied 
by 104 . 

T(/~,z) 5551 (430) -881 (91) -356 (271) 
500 (19) - 249 (70) 

2700 (386) 
L(rad 2) 41 (6) 13 (4) - 1 (4) 

65 (7) -24  (5) 
83 (7) 

S(A. rad) - 10 (34) 43 ('9) -262 (48) 
-278 (39) 41 (9) -13  (34) 

648(54) -114(11) -31 (35) 

('unreduced') 
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between observed and calculated values of B~j's was 
good with the exception of B33 for C(9) and C(10), 
where the observed values were smaller than the cal- 
culated values, and O(1) and 0(2), where the observed 
values were larger, the differences amounted to be- 
tween three and five standard deviations. This is con- 
sidered as evidence for significantly non-rigid beha- 
viour of this portion of the molecule. Calculations were 
then repeated for the bicyclo-octene nucleus alone, 
excluding the anhydride group; the results are shown 
in Table 5. The agreement between observed and cal- 
culated values of B~j's was markedly improved, the 
differences now rarely exceeding the standard deviation, 
with a maximum of 2cr. The mean square rotational 
displacements of the bicyclo-octene nucleus amount to 
33, 18, and 11 (0)2 about the principal axes of the tensor L. 

Bond distances and angles involving the C and O 
atoms are shown in Fig. 1; values in parentheses in- 
clude corrections for thermal motion. For the atoms 
of the bicyclo-octene nucleus, these corrections were 
derived from the formula proposed by Schomaker & 
Trueblood (1968), using the rigid-body parameters of 
Table 5. In view of the non-rigid-body motion of the 
atoms of the anhydride grouping, corrections to the 
bond distances involving these atoms have been esti- 
mated. Corrections to the bond angles are small (less 
than 0.1 °), and have been neglected. 

Distances and angles involving the hydrogen atoms 
are given in Table 6. 

Table 6. Bond distances and angles involving the 
hydrogen atoms 

C(1)-I--I(1) 0.98 A. C(6)-H(6) 
C(2)-H(2) 0.95 C(7)-H(7) 
C(3)-H(3) 0.97 C(7)-H(8) 
C(4)-H(4) 0-96 C(8)-H(9) 
C(5)-H(5) 1"00 C(8)-H(10) 

0.96 A 
0-96 
1.05 
0.97 
0-94 

C(2)--C(1)-H(1) 109 ° 
C(7)--C(1)-H(1) 111 
C(3)--C(2)-H(2) 111 
C(2)--C(3)-H(3) 112 

C(6) -C(1) -H(1)  114 ° 
C(1)-C(2)-H(2) 110 
C(9)-C(2)-H(2) 110 
C(4)-C(3)-H(3) 110 

Table 6 (cont.) 

C(10)-C(3)-H(3) 109 
C(5)--C(4)-H(4) 111 
C(6)--C(5)-H(5) 127 
C(5)--C(6)-H(6) 122 
C(1)--C(7)-H(7) 102 
C(8)--C(7)-H(7) 116 
H(7)--C(7)-H(8) 108 
C(4)--C(8)-H(10) 112 
C(7)--C(8)-H(10) 107 

C(3)-C(4)-H(4) 111 
C(8)-C(4)-H(4) 113 
C(4)-C(5)-H(5) 118 
C(1)-C(6)-H(6) 123 
C(1)-C(7)-H(8) 106 
C(8)-C(7)-H(8) 113 
C(4)-C(8)-H(9) 108 
C(7)-C(8)-H(9) 113 
H(9)-C(8)-H(10) 107 

D i s c u s s i o n  

The molecule as viewed along the direction correspond- 
ing to the maximum moment of inertia is shown in 
Fig. 1. A stereoscopic illustration of the molecule, 
nearly along the same direction of Fig. 1, is shown in 
Fig. 2. The molecular symmetry is very close to m, no 
difference between the 'chemically equivalent' bond 
distance and angles exceeding 2a. This strongly sup- 
ports the point of view that the conformation here 
found is the same as in the isolated molecule, at least 
within the limits of our experimental results. A similar 
fact was observed also in 5-norbornene-2,3-endo-dicar- 
boxylic anhydride (Destro, Filippini, Gramaccioli & 
Simonetta, 1969c). 

Equations of the planes through the regions of the 
molecule which are of particular interest are given in 
Table 7, together with interplanar angles and the devia- 
tions of the individual atoms from the planes. Torsion 
angles are given in Table 8. Each of the four-membered 
rings (planes A, B, and C) is planar within the experi- 
mental uncertainty, and thus there is no significant 
twisting from the eclipsed conformations around the 
C(1)-C(4) axis. The eclipsed conformation also seems 
to be the stable one in bicyclo[2,2,2]octane (Ermer & 
Dunitz, 1969). The anhydride group (planes D and D') 
is, however, far from planar, the bridging oxygen 
atom O(1) being displaced to one side of the mean plane 
and the terminal oxygen atoms 0(2) and 0(3) to the 
other side. The displacements are almost twice as 
large for the 5-norbornene derivative (Destro et 

4 
Fig. 2. A stereoscopic view of the molecule (Johnson, 1965). 
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al., 1969a, b, c), where a similar puckering was ob- 
served. 

The bond distances and angles in the anhydride 
group are close to the corresponding ones in the 5- 
norbornene derivative (if data uncorrected for thermal 

Fig. 3. Molecular packing seen along a. 

libration are compared), and to the results obtained 
for succinic anhydride by Ehrenberg (1965) and by 
Biagini & Cannas (1965). 

Molecular packing 

If we assume as van der Waals radii for carbon, oxy- 
gen, and hydrogen the values 1.8, 1.4, and 1.2 /~,, 
respectively (Kitaigorodskii, 1961) we see that in only 
two cases do two atoms belonging to different mole- 
cules lie a t  a d i s t a n c e  s m a l l e r  t h a n  t h e  s u m  o f  t h e  
c o r r e s p o n d i n g  v a n  d e r  W a a l s  r ad i i  (see T a b l e  9);  e v e n  
in t h e s e  t w o  cases  t h e  d i s t a n c e  d o e s  n o t  s e e m  to  b e  
s i gn i f i c an t l y  s m a l l e r  ( w i t h i n  3a) .  T h u s ,  t h e r e  a p p e a r s  
t o  be  n o  s t r o n g  i n t e r m o l e c u l a r  i n t e r a c t i o n ,  a n d  a v i r t u a l  
a b s e n c e  o f  a n y  m o l e c u l a r  d i s t o r t i o n  c o n n e c t e d  w i t h  
c ry s t a l  p a c k i n g .  T h e  m o l e c u l a r  p a c k i n g  a l o n g  a is 

s h o w n  in F ig .  3. 

T a b l e  9. In termolecu lar  contac t  dis tances 

Uncorrected for thermal libration 

C(5)-H(2) x, a__y z -  ½ 2.92/~. 2 

O(2)-H(3) x -  1, y, z 2.52 

Table 7. Some planes of interest 
The coefficients q~ are the direction cosines relative to the crystallographic axes a, b and e. In the least-squares treatment,  the meth-  
od described by Schomaker ,  Waser, Marsh & Bergman (1959) was adopted,  with weights inversely proport ional  to the positional 
s tandard deviation along the normal  to the plane. Atoms marked with an asterisk were omit ted from least squares. 

Plane A Plane B Plane C Plane D 
d d A A 

C(1) 0-001 C(1) -0 .001  C(i)  -0-001 C(2) 0.003 
C(2) -0 .001  C(4) 0.001 C(4) 0.001 C(3) 0.008 
C(3) 0"001 C(5) -0"003 C(7) -0 -004  C(9) -0"004  
C(4) -0 .001  C(6) 0.003 C(8) 0.004 C(10) 0.004 

O(1) 0045 
0(2)  -0"046 
0(3)  - 0"044 

ql q2 q3 D 
Plane A 0.5073 0.8336 0-1607 - 7 . 3 9 5 / ~  
Plane B 0-2601 0.6547 - 0.7342 - 4-937 
Plane C 0.2318 0.1404 0.9309 - 2.162 
Plane D 0-2655 0.1921 0.9095 - 3.857 
Plane D' 0.2692 0.2057 0.9052 - 3.954 

A A B  121"5 ° A A D  120"9 ° 
Dihedral  angle: A A C 116.4 A A D' 120.1 

B A C 122.1 

Plane D' 
A 

C(2) 0-006 
C(3) O.OO6 
C(9) -0-021 
C(10) - 0 . 0 1 9  
O(1) 0.013 

*0(2) - 0 . 0 6 6  
*0(3) - 0.078 

T a b l e  8. Torsion angles 

The convent ion proposed by Klyne & Prelog (1960) is adopted.  

C(1)--C(2)-C(3)--C(4)  - 0.3 ° C(2)-C(3)- -C(4)- -C(5)  - 54.2 ° 
C(3)--C(4)-C(5)--C(6)  57.8 C(4)-C(5)- -C(6)- -C(  1 ) - 0.6 
C(5)- -C(6)-C(1)- -C(2)  -57"1 C(6)-C(1)- -C(2)- -C(3)  54-6 
C(6)- -C(5)-C(4)- -C(8)  - 56.4 C(5)-C(4)- -C(8)- -C(7)  53.5 
C(4)- -C(8)-C(7)- -C(1)  0.6 C(8)-C(7)- -C(1)- -C(6)  - 54-8 
C(7)--C(1)-C(6)--C(5)  57-9 C(7)-C(8)- -C(4)- -C(3)  - 61.8 
C(8)--C(4)-C(3)--C(2)  61.5 C(3)-C(2)- -C(1)- -C(7)  - 61-4 
C(2)- -C(1)-C(7)- -C(8)  61.0 C(9)-O(1)--C(10)-O(3) - 175.5 
O(2)--C(9)-O(1)--C(10) 176.3 C(2)-C(9)--O(1)--C(10)  - 3 . 6  
C(9)- -0(1)-C(10)-C(3)  3"5 O(1)-C(10)-C(3)--C(2) - 2"0 
C(10)-C(3)-C(2)--C(9)  - 0.0 C(3 ) -C(2) - -C(9) - -0 (  1 ) 2.1 



2028 S T R U C T U R E  OF C10H10Oa 

This research has been made possible by a grant 
from the Consiglio Nazionale delle Richerche. 

References 

ALBANO, V., BELLON, P. L., CHINI, P. & SCATTURIN, W. 
(1969). J. Organometal. Chem. 16, 461. 

ALBANO, V., DOMENICANO, A. & VACIAGO, A. (1966). 
Gazz. chim. ital. 96, 922. 

BELLOBONO, I. R., DESTRO, R., GRAMACCIOLI, C. M. & 
SIMONET'rA, M. (1969). J. Chem. Soc. (B), p. 710. 

BIAGINI, S. • CANNAS, M., (1965). Ric. Sci. 8, (II-A), 1518. 
BUSING, W. D., MARTIN, K. O. & LEVY, H. A. (1962). 

ORFLS. U. S. Atomic Energy Commission Publication 
ORNL-TM 305. 

CROMER, D. T. & WABER, J. T. (1965). Acta Cryst. 18, 104. 
CRUICKSHANK, D. W. J. & PILLING, D. E. (1961). In Com- 

puting Methods and the Phase Problem in X-ray Crystal 
Analysis. Paper no. 6. Oxford: Pergamon Press. 

DESTRO, R., FILIPPINI, G., GRAMACCIOLI, C. M. & SIMO- 
NETTA ,M. (1968). Tetrahedron Letters, 57, 5955. 

DESTRO, R., FILIPPINI, G., GRAMACCIOLI, C. M. & SIMO- 
NE'rrA, M. (1969a). Tetrahedron Letters, 29, 2493. 

DESTRO, R., FILlY'PIN'I, G., GRAMACCIOLI, C. M. & SIMO- 
NETTA, M. (1969b). Tetrahedron Letters, 38, 3223. 

DESTRO, R., FILIPPINI, G., GRAMACCIOLI, C. M. & SIMO- 
NETrA, M. (1969c). Acta Cryst. B25, 2465. 

DESTRO, R., GRAMACCIOLI, C. M. & SIMONETTA, M. (1968) 
Chem. Commun. p. 568. 

EHRENBERG, M. (1965). Acta Cryst. 19, 698. 
ERMER, O. & DUNITZ, J. D. (1968). Chem. Commun. 567. 
HAUPTMAN, n. & KARLE, J. (1953). Solution of the Phase 

Problem. I. The Centrosymmetric Crystal. A. C. A. Mono- 
graph No. 3. Pittsburgh: Polycrystal Book Service. 

JOHNSON, C. K. (1969). ORTEP. Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. 

KARLE, I. L., HAUPTMAN, H., KARLE, J. & WING, A. B. 
(1958). Acta Cryst. 11,257. 

KITAIGORODSKII, A. I. (1961). Organic Chemical Crystallo- 
graphy, English ed. p. 7. New York: Consultants Bu- 
reau. 

KLYNE, W. & PRELOG, V. (1960). Experientia, 16, 521. 
LARSON, A. C. (1967). Acta Cryst. 23, 664. 
LONG, R. E. (1965). Doctoral Thesis, Univ. of California, 

Los Angeles. 
PE'rERSON, S. W. & LEVY, H. A. (1957). Acta Cryst. 10, 70. 
SAYRE, D. (1952). Acta Cryst. 5, 60. 
SCHOMAKER, V. & TRUEBLOOD, K. N. (1968). Acta Cryst. 

B24, 63. 
SCHOMAKER, V. ,WASER, J., MARSH, R. E. & BERGMAN, G. 

(1959). Acta Cryst. 12, 600. 
STEWART, R. F., DAVIDSON, E. R. & SIMPSON, W. T. (1965). 

J. Chem. Phys. 42, 3175. 
ZACHA~ASEN, W. H. (1963). Acta Cryst. 10, 629. 

Acta Cryst. (1971). B27, 2028 

Verfeinerung der Kristallstruktur yon o~-(p-Toluoyl)-aeetophon-enol 

VON KATSUO KATO 

Mineralogisch-Petrographisches lnstitut der Universitiit Hamburg, 2 Hamburg 13, Grindelallee 48, Deutschland 

(Eingegangen am 4. Juni und wiedereingereicht am 23. Oktober 1970) 

The crystal structure of co-(p-toluoyl)-acetophenone enol (C16H1402) was refined by the least-squares 
method. This compound crystallizes in the space group Pbca with the lattice constants a= 10.428, 
b= 27.427 and c= 8"914 A; Z=  8. The R value was 0"050 based on the 1814 structure amplitudes used 
in the least-squares refinement, and 0.080 based on all the 2436 observed structure amplitudes. A 
hydrogen bond (O-H. • • O distance 2.458 A) was found within the molecule. The structure is compared 
with that of the closely related compound, dibenzoylmethane. 

Einfiihrung 

co-(p-Toluoyl)-acetophenon-enol (TEN), C16H1402, 
wurde zusammen mit Dibenzoylmethan-enol (DBM) 
yon RSsch (1927) kristalloptisch eingehend untersucht. 
Nach ihm kristallisieren die beiden Substanzen in 
Kristallldasse mmm, haben /ihnliche Achsenverh/ilt- 
nisse und Habitus, und sehr hohe Doppelbrechung. 
Die Kristallstruktur des DBM wurde von Williams 
(1966) bestimmt und verfeinert. Zur Kristallstruktur 
des TEN wurden yon Kato (1969) nur die Gitterkon- 
stanten, die Raumgruppe und die groben Koordinaten 
yon Kohlenstoff- und Sauerstoffatomen berichtet. 
Demnach ist das Bauprinzip der beiden Strukturen 

identisch. Um jedoch den Effekt dernur  bei TEN vor- 
handenen Methylgruppe n/iher zu untersuchen, wurde 
die vorliegende Strukturverfeinerung vorgenommen. 

Experimentelles 

Das von Herrn Prof. R/Ssch freundlicherweise bereit- 
gestellte Material wurde nach Umkristallisierung in 
Athanol zur r/Sntgenographischen Untersuchung her- 
angezogen. Zur genauen Bestimmung der Gitterkon- 
stanten wurden mit einer von Buerger (1937) beschrie- 
benen Weissenberg-Kamera die nullten Schichten um 
die a- und b-Achse aufgenommen. Aus insgesamt 58 
Cu Kcq-, cq- und c~-Reflexen im Rtickstrahlbereich er- 


