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C(26) 
C(27) 
C(28) 
C(29) 
C(30) 
C(31) 
C(32) 
C(33) 
C(34) 

Table 4 (cont.) 

1 2 3 4 
- 0.008 
- 0.006 

0.016 
- 0.021 

0"019 
-0.013 

0-002 
0"010 

-0.018 

Equations of planes. IX+ m Y+ nZ=p 
with X=xa+zc cos ,8, Y=yb and Z=zc sin ,8. 

1 0.8435 - 0.4978 0.2020 3.666 
2 0.8341 -0.5217 0.1791 3.472 
3 0.9819 -0.0492 0.1827 8.806 
4 - 0.6070 0.7610 - 0.2290 1.154 
Mo(2)S(3)S(4) 0.8478 0.4884 0.2066 3.749 
C5H5 norrnals --0"1732 0"1546 0.9727 2.843 

We wish to thank  the Nat ional  Institute of  General 
Medical Sciences, U .S .Publ ic  Heal th  Service, for a 
fellowship to J . R . K .  Calculations were done on the 
Oxford University K_DF9 computer  with the NO VTAPE 

programs developed by J. H. Holbrook,  J. S. Rollett  and 
B. R. Stonebridge and modified by O. J. R. Hodder .  The 
conditional refinement was p rogrammed by G. Ford.  
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The crystal structure of octa-cis-2,trans-6-diene-l,8-dioic acid, CsO4HI0, has been determined from 
three-dimensional X-ray diffraction data. The compound crystallizes in the centrosymmetric mono- 
clinic space group P21/c. The unit cell contains four molecules and has the dimensions a =  7"75 + 0-02, 
b = 17.34 + 0.03, c=  10-10 + 0.02 ~ ;  p=  138 ° 52'+ 30'. The molecules are associated in rows in the crystal 
lattice. The molecular rows lie in planes parallel to (101--), alternately oriented along the a +  b+  c and 
a -  b + c crystallographic directions. The values of the rotation angles around the single bonds C(5)-C(6) 
and C(3)-C(4) adjacent to the double bond in trans configuration and to the double bond in .cis con- 
figuration are 126.6 ° and - 9 7  ° respectively. 

Introduct ion 

The determinat ion of  the crystal and molecular  struc- 
ture of  octa-cis-2,trans-6-diene-l,8-dioic acid, 

o o 
cis trans / 

C--CH ~-------CH--CHz--CH2--CH CH--C 
/ \ 

OH OH, 

is par t  of a research p rogramme whose aim is the deter- 
minat ion of  the values of  internal rota t ion angles about  

single bonds adjacent to double bonds. As model  com- 
pounds a series of  aliphatic unsatura ted  bicarboxylic 
acids have been studied (Ganis  & Martuscelli,  1966; 
MartusceUi, 1967). In  fact, though the problem of  
hindered rota t ion around single bonds adjacent to 
double bonds has been extensively studied on simple 
molecules in the vapour  and liquid phases by spectro- 
scopic techniques (nuclear magnetic resonance, micro- 
wave and R a m a n  spectroscopy; electron diffraction), 
only a few values of  the conformat ional  parameters  de- 
termined by X-ray methods in the solid state are to be 
found ill the literature. 
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Experimental and unit-cell parameters 

Transparent plate-shaped crystals of octa-cis-2,trans- 
6-diene-l,8-dioic acid (melting point 113-114°C) elon- 
gated along the a + c  axis were grown by slow evapo- 
ration, at room temperature, of a saturated methanolic 
or benzenic solution. The space group and unit-cell di- 
mensions were determined from oscillation and Weis- 
senberg photographs taken about crystallographic axes 
with Cu K0c radiation. The density of the crystals was 
measured by the flotation method. 

Crystal data 
C804Hlo M.W. 170.18 
Monoclinic P21/c 
a=7.75  + 0.02, b =  17.34 + 0.03, 

f l=  138° 52' + 30'. 
U= 893.66 A 3 
Z = 4  

c=  10.10+ 0.02 A, 

Density [ experimental 1.28 + 0.01 g.cm -3 

[ X-ray 1.26 g.cm -3 

Intensity data were collected by nickel-filtered copper 
radiation with the use of multiple-film equi-inclination 
Weissenberg photographs about the a + c axis for layer 
lines 0 to 4. The zero layers about the c axis and about 
the a axis have been recorded to provide cross-corre- 
lation of the a + c axis data. The number of independent 
reflexions observed was 364. The intensities were eval- 
uated by eye estimation, corrected for change of spot 
shape on upper layer equi-inclination photographs 
(Phillips, 1956) and reduced to structure amplitudes by 
a data reduction program written for an IBM 1620 
computer (Damiani, De Santis, Giglio & Ripamonti, 
1962). No absorption correction was applied. 

Structure determination 

In order to found a trial model of the structure of 
octa-cis-2,trans-6-diene-l,8-dioic acid, we followed a 
method that we had applied successfully to a series 
of dicarboxylic acids (Corradini, Ganis, Pedone, Sirigu 
& Temussi, 1967; Corradini, Ganis, Avitabile & Mar- 
tuscelli, 1966; Ganis, Martuscelli & Avitabile, 1966; 
Martuscelli & Avitabile 1967; Martuscelli & Pedone, 
1968). We supposed that the molecules of octa-cis-2, 
trans-6-diene-l,8-dioic acid were associated in rows 
through the formation of intermolecular hydrogen bonds 
between carboxylic groups related by crystallographic 
inversion centres. Assuming the internal parameters of 
Table 1 for the molecule (on the basis of the data re- 
ported in the literature for similar compounds) the per- 
iodicity of the molecular rows was found to be 18.44 A. 
This periodicity is close to the crystallographic axis 
( a + b + c )  (18.54 A). Hence we assumed the molecular 
rows' direction was coincident with the a + b+  c crys- 
tallographic axis in the crystals. Under this assumption 

the only unknown parameter is the rotation angle, q~, 
of the molecular rows around the a +  b +  c axis. 

Table 1. Internal coordinates assumed for the 
first trial model of 

octa-cis-2,trans-6-diene- 1,8-dioie acid 

* The 
radini & 

0(3) 
\ cis 

c(1)--C(2)=C(3)--C(4)-- 

Distance 

/ 
0(4) 

0(2) 
trans j 

- -C(5)--C(6)-- -  C(7)--C(8) 
\ 

o(]) 

C-O 1.25/~, 
C-C 1.54 
C=C 1.33 
O-H---O 2-70 

Angles 
O-C-C 120 ° 
C-C-C 110 
C=C-C 120 

Dihedral angles 
O-C(1)-C(2) A C(1)-C(2)-C(3) 0 (180) ° 
O-C(8)-C(7) A C(8)-C(7)-C(6) 0 (180) 
C(2)-C(3)-C(4) A C(3)-C(4)-C(5) - 130 
C(6)-C(5)-C(4) A C(5)-C(4)-C(3) 180 
C(8)-C(7)-C(6) A C(5)-C(6)-C(7) 130 

rotation angles are measured following Natta, Cor- 
Bassi (1961). 

The best orientation of the molecular rows was ob- 
tained by computing the reliability index, 

R = z  ]IFoI-IF~II/Z IFol, 

for the hkO and Okl zones as a function of q~. An abso- 
lute minimum of the R index is obtained for both zones 
for the same value of the rotation angle q5 (Rhko=0"44; 
R0kz =0.41). The relative fractional atomic coordinates 
were used as starting parameters for the refinement of 
the structure. 

Refinement of the structure 

The refinement was initially carried out for the (001) 
and (1013) projections by successive Fourier synthesis 
calculations. The coordinates obtained in this way were 
used for the final three-dimensional refinement, which 
was carried out by the block-diagonal-matrix least- 
squares method. The minimized function was: 

Rw= Z w(hkl) [Fo(hkl) - 1  ]2  hkt K Fc(hkl) , 

giving a unit value to all the weighting factors w(hkl). 
Thermal parameters were allowed to vary isotropically 
at the first stage up to the conventional R value of 0.20. 
The refinement was then continued by the use of ani- 
sotropic thermal parameters for the C and O atoms. In 
the last stage of the refinement the positions of the 

A C 25B - 7* 
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hydrogen atoms were calculated ( C - H =  1.10/k) and atoms. The scattering factors of  Berghuis, Haanappel ,  
introduced into the structure factor  calculations with Potters,  Loopstra ,  MacGil lavry  & ¥eenendaa l  (1955) 
the same isotropic temperature  factor  ( B = 6  Az). We for carbon and oxygen atoms and of  McWeeny (1951) 
have not  taken  into account the carboxylic hydrogen for hydrogen atoms were used. 

Table 2. Final fractional atomic coordinates and their standard deviations (/k x 10 -2) 

x/a y]b z/c 
C(1) 0.6282 0"4307 0.7043 
C(2) 0.7572 0.3824 0.8829 
C(3) 0"7800 0.3071 0.8924 
C(4) 0.6798 0.2499 0.7272 
C(5) 0.4294 0-2156 0.6186 
C(6) 0"3101 0"1712 0"4306 
C(7) 0.2388 0" 1026 0.3960 
C(8) 0.1449 0"0555 0.2228 
O(1) 0"0834 0"0133 0.2131 
0(2) 0"0869 0-0900 0.0833 
0(3) 0.6480 0.5059 0.7389 
0(4) 0"5468 0"4040 0"5537 
H(2) 0.839 0.412 1.016 
H(3) 0"884 0.281 1"036 
H(4a) 0.826 0"204 0'769 
H(4b) 0"659 0"280 0"620 
H(Sa) 0.457 0" 176 0"718 
H(Sb) 0.293 0.261 0.571 
H(6) 0.287 0.202 0.323 
H(7) 0.244 0.074 0.496 

3"1 1"8 2"8 
3-4 2.1 3"1 
3"6 2"0 3"1 
3"4 2"1 3-1 
3-3 2.3 3-3 
3"4 1"9 3"5 
3"4 2.2 3-4 
3"4 2"0 3"1 
2.4 1-4 2"2 
2"2 1.3 1-9 
2"3 1"3 1"9 
2"4 1"3 1"9 

Table 3. Comparison between observed (Fo) and calculated (Fo) structure factors of 
octa-cis-2,trans-6-diene- 1,8-dioic acid 

h k l  F. ~ h k l  Fo ~ h k l  Fo F~ h k l  ~ Fc h k l  F. F, h k  I Fo V, h k l  F. F, 

2 0 0 21.8 -23.6 0 10 I 1 .5 .8  16.2 ~ 1 1 3.0 - 2.7 ~ 3 3 7.3 763 ~ 3 4 9.0 - 806 5 8 8 3.8 - 207 ~ 14 8 401 -0.6 
2 0 0 19o4 02202 0 11 1 707 S.O I 1 2 41.1 60.1 ~ 3 3 2701 -3101 ~ 5 6 8 .8  - 602 1 9 1 607 3o6 I 14 7 2.8 -0 .1  
3 0 0 2.8 + 3.0 0 12 1 6 .1  3.3 2 1 2 209 - 5 .6  3 3 3 303 - 20~ ~ S 5 808 6 .7  i 9 1 11.6 -11o4 ~ 15 3 602 -402 
4 0 0 2.0 - 1.3 0 13 I 6.1 3.9 2 1 2 71ol 070.9 ~ 3 3 806 - 8.5 ~ 5 S 10.0 700 2 9 1 11.9 13.3 ~ 13 3 3.4 -305 
0 2 0 38.3 37.5 0 14 I 3.5 6.0 ~ I 2 19.0 18.9 1 3 4 4.7 6.2 ~ S 3 4.S 3.2 2 9 2 13.6 13.3 & 18 5 3.3 -1 .0  
0 4 0 11.7 12.2 0 I 2 3,7 5.2 I I 3 4.6 - 7.3 2 3 4 27ol .2908 4 $ 3 15.5 o14.6 ~ g 2 609 - 202 2 17 3 3.8 -309 
0 8 0 2802 -28.6 0 2 2 4000 -3507 I 1 3 3.8 - 307 ~ 3 4 200 lo8 3 3 8 7.2 - 7o8 I 9 3 503 - SoS 0 1 4 6.$ 1.4 
0 8 0 13o0 8.3 0 3 2 5.5 - 6o5 2 I 3 29.6 -34.5 4 3 4 400 - 209 6 3 6 6.7 - 307 2 9 4 S.S lo9 4 I 8 10.7 -~.8 
0 10 0 32.9 31.7 0 6 2 8200 05900 3 1 3 12o0 -12.0 I 3 S 506 - 3.3 1 6 I 3.1 - 3.6 2 9 5 8.8 5.8 ~ 2 8 603 o4.ol 
0 12 0 17.6 16.3 0 5 2 27.2 027.2 4 1 3 25.0 2202 2 3 S 3008 30.7 ~ 6 1 3.7 - 3.2 ~ 9 S 3.7 3.6 ~ 3 8 700 -7.2 
0 0 2 2903 029.3 0 6 2 2800 023.8 I I 4 306 - 4.8 3 3 $ 7.4 9.0 2 6 1 6.7 8.7 4 9 6 5.3 4.5 S 3 4 2.9 204 
0 0 4 5 . 0  3 .4  0 7 2 21o4 18ol ~ 1 4 1009 -10.9 ~ 3 5 19.6 -18.~ 3 6 1 305 - 3.5 I 10 1 4.0 5.3 ~ 3 9 4.5 02.8 
1 I 0 7.9 10.3 0 8 2 13.1 -13o8 3 1 & 404 - 4 .4  ~ 3 6 13.2 -11 .1  2 6 2 27.0 -27 .8  2 10 I 3.8 4 .3  1 5 3 808 -7o l  
2 I 0 2.7 - 1.9 0 9 2 8.3 10.2 2 1 3 13.7 13o8 3 3 6 7.1 7.4 3 6 2 2.4 3.2 2 10 1 207 3.3 6 3 5 2.9 0200 
3 1 0 408 - 6.1 0 10 2 608 6 .0  ~ I 3 3 .0  2.9 ~ 3 8 809 - 7 .2 ~ 6 2 4 .6  - 4.1 3 10 I 2.9 - 1.6 3 6 8 5.8 3.2 
4 I 0 200 - 003 0 11 2 7.8 8.6 3 1 3 303 2.7 ~ 3 7 12o3 10o7 2 6 3 4.0 - 4.2 I 10 2 6.6 - 3.2 5 6 4 2.8 2ol 
1 2 0 34.1 32e0 0 1 3 9 .8  -- 803 6 1 $ 3.0 -- 202 1 6 I 3.7 307 1 6 4 3.3 -- 309 2 10 2 3.1 -- 0.1 ~ 7 9 406 "3o6 
2 2 0 13o7 18ol 0 2 3 61.6 --35.6 ~ 1 6 3o5 2ol I 6 I 9.1 7°1 3 6 4 3o0 - 5°0 2 10 2 6°3 5o3 I 9 2 4°7 4o8 
3 2 0 204 - 2.6 0 3 3 23.8 -21.0 ~ 1 8 10.5 - 809 2 4 1 408 - 6°9 4 6 4 20°5 -1606 3 10 2 1.8 - 2.3 S 9 3 $°3 409 
6 2 0 2.8 - 2.2 0 6 3 403 - 2.9 ~ I 7 15.2 13o3 2 6 I 400 - 609 2 6 3 5.1 3.7 2 10 3 7.6 7.0 I 10 2 400 4.9 
I 3 0 19.5 -19.6 0 $ 3 701 - 608 1 2 1 8.0 - 6o8 3 4 1 10o9 10.9 4 6 7 4.3 6.5 1 10 4 6°$ - 5.4 I 12 0 2.4 o l .6  
2 3 0 29o4 -31.3 0 8 3 13.8 12o3 2 2 1 3.9 - 6ol ~ 4 1 6.4 3.7 6 6 7 4.0 4.5 2 10 & 13.8 14.3 3 12 4 S.2 5.0 
3 3 0 600 300 0 7 3 2.6 - 2.9 2 2 I 65.0 60.4 1 4 2 2.2 2.8 I 7 1  3.8 3.9 2 10 5 6°8 - 8.2 
4 3 0 2.1 - 2.2 0 8 3 6.7 608 I 2 2 1°3 - 2.8 ~ 4 2 800 703 I 7 I 2.8 - 3.7 3 10 3 6.1 6.7 
1 4 0 2.0 - lo7 0 9 3 900 $06 1 2 2 17.7 -17o7 2 6 2 8.7 - 9°9 2 7 I 7.0 - 7.3 ~ 10 S 209 - 2.9 
2 6 0 1.3 3.6 0 11 3 303 307 2 2 2 2.3 - 5.7 ~ 6 2 6.4 - 3.6 3 7 1 3.6 303 ~ 10 6 6°1 3.6 
3 6 0 3.7 8o7 0 12 3 11o2 o12.8 [ 2 2 23ol 28.7 S 6 2 2.2 2.3 1 7 2 3.8 4.1  I 11 1 3.5 - ~.4 

6 0 6.2 - 3.2 0 13 3 307 - 2.8 ~ 2 2 18.8 17.0 2 6 3 26.0 -27.9 I 7 2 10o8 -11o3 2 111  3°3 2.6 
I S 0 309 606 0 16 3 506 - 3.8 ~ 2 3 8.0 - 7,4 ~ 6 3 2.3 207 2 7 2 12ol 10,2 2 11 1 12°8 1307 
2 5 0 15,2 -13.8 0 2 ~ 1~,9 16.3 ~ 2 3 8.4 7ol I 4 4 11.2 10.7 3 7 2 403 6.1 1 11 2 6.8 5.7 
3 $ 0 1.8 - 1.0 0 3 ~ 6.9 - 7;1 3 2 3 9ol 9ol 2 6 6 43.8 047.3 4 7 2 3.~ - 4.7 I 11 2 2.0 - 2.0 

3 0 4.2 2.1 0 4 4 21.0 15o7 4 2 3 10.3 - 10.3 3 6 6 2.6 2.5 5 7 2 1.9 - 0.6 2 11 2 6.9 4.9 
1 6 0 8 .1  603 • 8 4 6 ,5  2 .7  I 2 6 1008 -10o8 ~ 6 6 7.7 - 6.7 ~ 7 3 8.1 8.1 ~ 11 3 5.3 3.7 
2 6 0 6.2 - 3.1 0 7 G 905 6.3 2 2 6 11o3 o13.5 5 6 ~ 3.6 . 208 2 7 3 26.6 .28.3 1 11 4 9.1 7.3 
3 6 0 3.4 2.9 0 8 4 5.4 3.6 3 2 6 3.2 - 6.8 2 6 5 6.1 2.3 6 7 3 7.3 - 6.7 1 11 3 3.6 5.3 
6 6 0 lo9 009 0 10 6 5.6 - 207 ~ 2 6 606 - 6.8 ~ 6 5 7.1 . 600 I 7 4 3.2 3.7 ~ 11 4 6°3 $.9 
I 7 0 805 - 8.3 0 11 6 3o9 o 600 2 2 5 17.5 -18.6 ~ ~ 5 7.8 - 9.5 2 7 6 11.0 10.6 3 11 4 7.1 - 7.1 
2 7 0 16.8 16.8 1 0 2 5.2 - 8.2 ~ 2 s 6.2 - 303 ] 6 6 10.7 808 3 7 & 3.3 . 5.0 ~ 11 4 5.8 4.6 
3 7 0 1.8 0.9 1 0 2 8.8 9.1 2 2 8 9.1 7.8 ~ 6 8 6.0 - 2.6 1 7 5 6.2 208 ~ 11 3 6.2 6.2 
I 8 0 1.1 - lo0 2 0 2 3.1 - 807 ~ 2 8 12.7 1003 ~ 6 6 10.0 809 2 7 5 6.6 2ol 3 11 6 5.6 6.9 
2 8 0 lo7 - 3o0 2 0 2 5900 58.5 5 2 6 3.9 3.9 ~ 6 6 209 1.9 1 8 I 5.2 3.2 ~ 11 6 8.8 - 8.6 
3 8 0 3.7 601 3 0 2 6 . 2  ° 209 6 2 7 5o3 - 2 . 0  6 6 6 ~00 - 206 2 8 1 6.6 7.~ I 12 1 2.9 l o l  
I 9 0 800 5.3 ~ 0 2 9ol 809 ~ 1 7 3.8 2.7 ~ 6 7 706 - 6.2 ~ 8 I 10 .5  - 1 1 . 3  I 12 2 6 .5  ~ .1  
2 9 0 8.8 8ol 5 0 2 2.6 1.8 6 2 8 7 .8  5.5 5 6 8 308 - 307 4 8 1 4 .0  - 3.6 I 12 2 3.8 . 4 .0  
I 10 0 lo5 . 0.4 I 0 6 303 - 3o5 6 2 9 6o6 - 2.8 6 6 9 ~.9 - 208 3 8 2 7.5 - 8.6 ~ 12 2 10o8 905 
2 20 0 2o7 008 ~ 0 4 306 3ol I 3 1 6.4 - 2.5 1 3 1 17.5 17o6 2 8 3 8.9 6.3 2 12 3 6.7 3.$  
I 21 0 208 3.8 ~ 0 6 13o6 13.8 1 3 I 2 .2 0 .8  2 5 I 12.8 -12o7 3 8 3 9.2 - 8 .4 I 12 ~ 7.8 - 600 
I 11 0 10.0 8.5 ~ 0 4 20.6 o17.6 2 3 I 19.6 -21 .6  ] S I 903 -11o3 ~ 8 3 6 .0  4 .6  ~ 12 5 909 - 909 
• I 1 1900 1206 5 0 6 906 - 609 2 3 I 10.9 12o3 3 $ I 4 .8  203 ~ 8 6 | . 7  - 6ol ~ 12 6 7 .0  - 6.2 
• | 2 78 .0  -7307 6 0 6 1107 309 3 3 I 8 .2  8o2 ~ S I ~ .0  606 ~ 8 ~ 4 .8  603 2 13 I 805 - 6 .6 
• 3 1 59.6 52o0 ~ 0 6 29.0 26.1 1 3 2 2.9 - 2.5 1 s 2 16.0 14.5 ~ 8 6 367 ° $.9 ~ 13 2 3.7 2.9 
0 , ~  3 ~ . 0 - 3 1 . 8  ~ 13.8 10.3 I l l  , 1 . 0 . 2 0 . 3  ,Oo3.39.2 : :  2.9 2.3 3 o 1 . 7 . 7  I I I  4"8 ,03 ~ 11., 13 - o ,  2 o 2 . 3 . 2  ~ 1 1  6 . 7 .  r~  1 1 13 : 1o06'08 9013" 
0 8 I 18.8 14.0 6 0 10 3.6 - 303 ~ 3 2 1308 18.1 ~ S 2 5 .0  3.9 ~ 8 5 305 206 ~ 13 3 8.7 8 .0  
• 7 1 10 .6  - 8.3 1 I I 600 ~*0 3 3 2 8.0 6o l  ~ 5 3 6~08  -4J~02 ~ 8 S 600 - 101 ~ 13 6 3.8 2.3 
0 8 1 20.9 23.0 2 1 1 8.8 - 8 .7  ~ 3 2 12o3 1000 3 $ 3 300 o 5 .2  ~ 8 6 3.3 108 I 16 I 3.1 3.1 
0 9 1 500 3.6 2 I 1 11100 107.7 I 3 3 lo6 - ~ .6  ~ $ 3 3o8 - 3 .9 6 8 7 501 309 6 16 $ 3.3 ° 202 
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The refinement was considered complete when the 
coordinate shifts were less than the corresponding stan- 
dard deviations. The final value of the reliability index, 
R was 0.131. The final atomic coordinates, together 
with the corresponding standard deviations, (Cruicks- 
hank, 1949) are reported in Table 2. In Table 3 ob- 
served and calculated structure factors are listed. 

Table 4 shows the coefficients B~j of the temperature 
factor in the form: 

exp [-- l (h2a*2Bl l q- k 2b*2B22 + 12c'2933 -t- 2hka* b* B12 

+ 2hla*c*B13 + 2Klb*c*B23)], 

with the corresponding standard deviations. 
A composite projection of the electron density dis- 

tribution is shown in Fig. 1. 
The fading out of the intensities with sin 0 and the 

shape of the spots are responsible for the relatively high 
value of the R index. 

Description of the structure 

Molecules of octa-cis-2,trans-6-diene-l,8-dioic acid are 
linked together to form chains by a double hydrogen- 
bonding system between adjacent carboxylic groups, 
related by a centre of symmetry. The molecular rows, 
as in the case of deca-trans-3,trans-7-diene-l,lO-dioic 
acid (Martuscelli, 1967), are not parallel but oblique. 
In fact, the molecular rows lie in planes parallel to 
(10T), alternatively oriented along a + b + c and a -  b + c 
crystallographic directions. 

The main feature of the octa-cis-2,trans-6-diene- 
1,8-dioic crystalline structure is the planarity of the 
atomic groups: 

and 

Distance a(x) 
C(4) -0"7 3.4 
C(3) 3.8 3-7 

O(4)-- -0(3') 
cis / ~ cis 

- - C ( 4 ) - - C ( 3 )  = C(2) - -C(1)  x C(1")--C(2')  = C(3 ' ) - -C  (4 ' ) - -  
\ / 

O(3)---O(4') 

O(1)---O(2 v) 
trans / ~ trans 

--C(5)--C(6) = C(7)--C(8) x C(8v)--C(7 v) = C(6v)--C(5v)-- 
\ / 

0 ( 2 ) - - - 0 ( 1  v) 

The corresponding least-squares mean planes equations, 
calculated by the method of Schomaker, Waser, Marsh 
& Bergman (1959), attributing a unit weight factor to 
all atoms are: 

7.13X+ l.13 Y - 4 . 4 4 Z =  l.91 , 
6.39X- 4.25 Y -  2.90Z = 0.00. 

The equations are referred to the axes of the unit cell, 
X, Y , Z  being fractional coordinates. The two planes 
make an angle of 19 °. 

In Tables 5 and 6 the distances of the atoms from the 
relative plane are compared with their standard devi- 
ations. As already pointed out above the molecular 
rows are contained in the (10T) plane, and the packing 
of the rows in this plane can be seen in Fig. 2, where all 
the shortest intermolecular contacts are reported. In 
this layer the structure is made up by an infinite suc- 
cession of the two molecular planes described above, 
one containing the cis double bond ('cis' plane) and 
the other containing the trans double bond ('trans' 
plane.) The relative packing of the layers can be seen in 
Fig. 3, and it is characterized by the interlocking of the 
"cis' plane of one layer with the 'trans' plane of the 
neighbouring layers, and vice versa. 

Table 5. Distances (A x 10 -2) of  atoms 
c(4), c(3), c(2), c(1), 0(3), 0(4), c(4'), c(3'), 

C(2'), C(I'), O(3'), 0(4') 
from the least-square mean plane of  equation: 

7.13X+ 1.13 Y - 4 . 4 4 Z =  1.91 
and their atomic standard deviations (A × 10 -2) 

tr(y) tr(z) 
2"1 3-1 
2"0 3.1 

Table 4. Final temperature parameters 

Temperature factors are given in the form: 

exp [ -  ¼(h2a,2Bl I q- k2b*2B22 q- 12c,2B33 q- 2hka,b ,Bl  2 + 2hla,c,Bl 3 -k 2klb*c*B23)]. 

B11 B22 B33 B12 B13 B23 o'(B11) o'(B22) o'(B33) or(B12)  o'(B13) o'(B23) 
C(I) 11"739 7"782 7"168 -3"039 7"076 -3"420 1"511 1"165 1"330 1"116 1"313 1"007 
C(2) 12"930 8"314 9"375 1"633 8"216 0"962 1"668 1"286 1"492 1"235 1"451 1"134 
C(3) 16"225 8"280 9"107 0"546 10"129 0"812 1"882 1"271 1"481 1"286 1"527 1"092 
C(4) 13"862 9"771 9"483 - 4"367 9"068 - 1"669 1 "654 1"313 1"406 1 "374 1"407 1"279 
C(5) 11"279 14"520 11"981 -4"770  9"141 -8"456  1"606 1"892 1"731 1"397 1"541 1"524 
C(6) 13"048 6"930 14"168 -0"369 11"020 0"061 1"683 1"220 1"859 1"218 1"655 1"216 
C(7) 12"437 9"669 13"014 0"754 10"357 0"744 1"623 1"417 1"734 1"299 1"561 1"353 
C(8) 13"317 10"164 8"600 0"035 8"610 - 1"229 1"688 1"349 1"438 1"297 1"440 1"181 
O(1) 16"482 8"302 12"220 -0"120  11"209 0"379 I"332 0"869 1"112 0"920 1"119 0"871 
0(2)  13"654 7"983 8"661 0"856 8"060 1 "237 1" 176 0"826 1"000 0"834 1"003 0"720 
0(3)  16"859 7"358 8"280 - 3"622 9"282 - 3"940 1"243 0"785 0"864 0"873 0"944 0"752 
0(4)  15"707 7"452 7"677 -0"412  8"739 -2"302  1"204 0"784 0"938 0"837 0"989 0"685 
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Table 5 (cont.) 

Distance a(x) tr(y) tr(z) 
C(2) 3"2 3"4 2"1 3"1 
C(1) -7"0 3"1 1"8 2"8 
0(3) 0.2 2.3 1.3 1.9 
0(4) - 1.2 2.4 1"3 1.9 
C(43 0-7 3.4 2.1 3-1 
C(3') -3.8 3.7 2.0 3.1 
C(2") - 3.2 3.4 2.1 3.1 
C(l') 7-0 3.1 1.8 2.8 
O(3") - 0.2 2.3 1.3 1-9 
O(4") 1.2 2.4 1.3 1.9 

Table 6. Distances (A x 10 -2) of atoms 
C(5), C(6), C(7), C(8), 0(1) ,  0(2) ,  C(5V), C(6V), 

C(7V), C(8V), O(lV), 0 (2  v) from the least-square 
mean plane of  equation: 

6.39X+ - 4.25 Y -  2.90Z = 0 and 
their atomic standard deviations (_.~ x 10 -z) 

Distance o'(x) a(y) cr(z) 
C(5) 3"6 3"3 2"3 3"3 
C(6) 0"7 3"4 1-9 3"5 
C(7) - 5"7 3"4 2-2 3"4 
C(8) 4"4 3"4 2"0 2-1 
0(1) --2"8 2"4 1"4 2"2 
0(2) - 6"8 2'2 1 "3 1"9 
C(5 v) - 3-6 3"3 2"3 3"3 
C(6 v) - 0.7 3-4 1.9 3.5 
C(7 v) 5.7 3.4 2.2 3.4 
C(8 v) - 4.4 3.4 2.0 3.1 
0(I v) 2.8 2.4 1.4 2.2 
0(2 v) 6.8 2.2 1-3 1.9 

Table 7. Intramolecular distances and angles 
with standard deviations 

Distances 
C(1)-C(2) 1.496 
C(2)-C(3) 1.311 
C(3)-C(4) 1.555 
C(4)-C(5) 1"455 
C(5)-C(6) 1.552 
C(6)-C(7) 1.246 
C(7)-C(8) 1.530 
C(8)-O(1) 1.261 
C(8)-O(2) 1.261 
C(1)-O(3) 1.329 
C(1)-O(4) 1.217 
C(4). • .0(4) 2.925 
0(4)- . .  O(3') 2.595 
0(2) . . .  O(1) 2.554 

Angles 
C(1)-C(2)-C(3) 125.2 o 
C(2)-C(3)-C(4) 128.7 
C(3)-C(4)-C(5) 112.0 
C(4)-C(5)-C(6) 110.6 
C(5)-C(6)-C(7) 123.1 
C(6)-C(7)-C(8) 124.0 
C(7)-C(8)-O(1) 114.9 
C(7)-C(8)-O(2) 119.1 
O(1)-C(8)-O(2) 124.5 
O(4)-C(1)-C(2) 122.7 
O(3)-C(1)-C(2) 113.1 
O(3)-C(1)-O(4) 123.4 

0"045 -~ 
0"030 
0"043 
0"066 
0"049 
0"035 
0"046 
0"029 
0"036 
0"023 
0"036 
0"029 
0"030 
0'030 

1 . 5  ° 

1"2 
1"6 
1"5 
1"8 
1"1 
1"3 
1"2 
1"1 
1"2 
0"9 
1"1 

Table 7 (cont.) 

Dihedral angles 
O(4)-C(1)-C(2) A C(1)-C(2)-C(3) - 5" 1 o 
O(3)-C(1)-C(2) A C(1)-C(2)-C(3) - 175-5 
C(1)-C(2)-C(3) A C(2)-C(3)-C(4) - 1" 1 
C(2)-C(3)-C(4) A C(3)-C(4)-C(5) - 97"9 
C(3)-C(4)-C(5) A C(4)-C(5)-C(6) 169-4 
C(4)-C(5)-C(6) A C(5)-C(6)-C(7) 126.6 
C(5)-C(6)-C(7) A C(6)-C(7)-C(8) -- 174-0 
C(6)-C(7)-C(8) A C(7)-C(8)-O(1) 179.3 
C(6)-C(7)-C(8) A C(7)-C(8)-O(2) - 14.2 

The lengths of  the two independent  hydrogen bonds 
between carboxylic groups of  two centrosymmetrically 
related molecules are 2-595 + 0.030 and 2.554 + 0-030 A 
respectively, between 0 ( 4 ) - - - 0 ( 3 ' )  and O(2)- - -O( lV) .  

Molecular conformation 

Fig. 4 shows a drawing of  the molecular model  of  octa- 
cis-2, trans-6,diene-l,8-dioic acid, and the conforma-  
tional parameters  are listed in Table 7, together with 
their extimated s tandard deviations. Each carboxylic 
group lies, wi thin  the experimental errors, in the plane 
of  the neighbouring double bond. The C(8)-O(1) and 
C(8)-O(2) bond lengths are practically equal, while in 
the other carboxylic group the C(1)--O(3) and C(1)-  
0(4)  distances are rather  different. The values of  the 
rotat ion angles around the single bonds C(5)-C(6) and 
C(3)-C(4) adjacent to the double bond in trans configu- 
rat ion and to the double bond in cis configuration are 
126.6 ° and - 97.0 ° respectively. 

In Table 8 a comparison with the values which the 
same parameters  assume in a series of  low-molecular 
weight and macromolecular  compounds is given. As 
can be deduced from the Table, in the solid state the 
skew conformat ion is more  frequently found than  the 
cis conformation,  and the value of  the rotat ion angle is 
nearer to 130 ° than to the assumed value of  120 ° . The 
value of  - 97 o for the rotat ion angle C(2)-C(3)-C(4) A 
C(3)-C(4)-C(5) is not very unusual.  In fact, in geranyl- 
amine hydrochloride (Jeffrey, 1944) and in poly-t-butyl- 
butadiene (Cesari, 1964) the rotat ion angles about  the 
- C H 2 - C  and CH2-C bonds assume the values of  99 o 

I I 
CH3 CH3-C-CHa  

I 
CH3 

Fig. 1. Composite drawing of the final electron-density series 
viewed along the b axis. Contours are at intervals of 2 eA-3. 
starting with 2 e.A-3. 
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2; 
Fig. 2. Projection of the structure on the (lOT) plane. Only the molecular rows oriented along the a + b  + e crystallographic axis 

are reported. 

"" " "~"  ° ° " ~ "  , , " " -  - o ° "  0(1)  o "  

C(2I) C(2tv) C(41v) H 6 =11 H(5ibl) ) ( ) 

Fig. 3. Projection of the structure along [010]. 
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H(3) H(2) 

H(4.)O,,~ " ~  

'~H('6) 

0(2) 

Fig.4. Molecular model of octa-cis-2,trans-6-diene-l,8-dioic 
acid. 

and 90 ° respectively. These deformations are evidently 
induced by the presence of a bulk side group on the 
double bond. 

In the case of octa-cis-2,trans-6-diene-l,8-dioic acid 
the deviation from the skew conformation is probably 
a result of both intermolecular and intramolecular in- 
teractions. In fact, a skew conformation would further 
decrease the distance between 0(4) and H(4b) which is 
already unusually short (2.22 •). The short intramolec- 
ular contacts C(4)---0(4)  (2.925 ~)  and O(4)---H(4b) 
(2.22 ./~) are also responsible for the large values of the 

valence angles O(4)-C(1)-C(2) (122.7°); C(1)-C(2)- 
C(3) (125.2°), C(2)-C(3)-C(4) (128-7°). 
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Affinement de la Structure Cristalline du Compos6 Pyridinoxyde Dibrome, 
Chlorure Mereurique 

PAR FRAN~OISE GENET ET JEAN-CLAUDE LEGUEN 

Laboratoire de Cristallographie C.N.E.T . -C.N.R.S .  du Centre de Recherches de Lannion, 
C6tes-du-Nord et Laboratoire de Cristallographie de Bellevue, Hauts-de-Seine, France 

(Refu le 24 juin 1968, revu le 12 dOcembre 1968) 

The refinement of the crystal structure of dibromopyridine oxide-mercuric chloride has clearly 
shown a bending of the mercuric chloride molecule. The structure is made up of mercuric chloride 
chains linked together by the organic molecules. 

CsNOH3Br2-HgCI2 

Br H 
\ / 

C--C 
/ \ 

H---C N--O, HgCI2 
\ / 

C--C 
/ \ 

Br H 

L'6tude de ce compos6 a 6t6 entreprise dans le cadre 
g6n6ral d'une 6tude de la liaison aminoxyde et, dans 
ce cas, de chlorure mercurique au voisinage d'une 
liaison polaire: la liaison azote-oxyg6ne du pyridin- 
oxyde. 

Le cristal appartient au syst6me monoclinique, les 
param~tres sont les suivants (Bompoint, 1962) a =  
9,2+0,1, b=27,1 +0,1, c=4,08 +_0.05/~, f l = 9 7 ° +  1 °. 

L'application de la m6thode de l 'atome lourd a per- 
mis d'obtenir une repr6sentation approch6e de la struc- 


