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Crystals of 2,6,11,15-tetramethylhexadeca-2,4,6,8,10,12,14-heptaen- 1,16-dial (crocetind ialdehyde) are 
triclinic, space group P1, with a= 5.136(2), b= 8.369(2), c= 11.146(3) ,~, ~= 87-30(5), fl= 92.63(5), ~,= 
112"28(5) °. Data were collected on an automated diffractometer using Cu Ke radiation. The structure 
was solved by the symbolic addition procedure and refined by full-matrix least-squares methods to an R 
value of 0.047 based on 1142 observed reflexions. The molecules are all trans and nearly planar and are 
stacked in layers nearly parallel to the (577) plane. The packing of the molecules is probably determined 
by the aldehyde and methyl groups, as the shortest intermolecular distances involve such groups. The 
molecules show significant deviations from planarity, also within the double bond systems. Calcu- 
lations of torsion angles show that the aplanarity decreases towards the middle of the chain. This is 
probably due to a higher degree of conjugation in this part of the chain, as the differences between single 
and double bond lengths also decrease towards the middle of the chain. 

Introduction 

Crocetin is a C20-carotenoid and its digentiobiose ester, 
crocin, is the principal pigment of saffron (Crocus sa- 
tivus) and has also been observed in several other 
flowers and in some fruits. Saffron has been used for 
artificial colouring of food since ancient times. Croce- 
tindialdehyde can be synthesized as described by Isler, 
Gutman, Lindlar, Montavon, Rfiegg, Ryser & Zeller 
(1956). Recently it has also been isolated from the 
leaves of Jacquinia angustifolia by Eugster, Hfirlimann 
& Leuenberger (1969). Crocetindialdehyde is common- 
ly used in syntheses of carotenoids according to the 
method of Wittig & Sch~511kopf (1954). 

It was shown by Karrer, Benz, Morf, Raudnitz, 

Stoll & Takahashi (1932) that crocetin is a dicarboxylic 
acid that has a polyene chain structure with seven 
double bonds and four side chain methyl groups. The 
numerous conjugated double bonds in the carotenoids 
are responsible for their colour and allow exceptional 
opportunities for cis-trans-isomerism as discussed by 
Zechmeister (1962). 

The all-trans form is generally the more stable. It is 
found by ultraviolet spectroscopy that this form also 
dominates in solutions of crocetindialdehyde. One of 
the aims of this investigation was therefore to establish 
that the all-trans conformation is retained in the crys- 
talline state. Furthermore I was interested in studying 
the packing and bonding effects of long-chain alde- 
hydes. 
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Experimental 

Crystal data 
Crystals grown from methylene chloride at - 2 0 ° C  

were supplied by Siv.ing. H. Kjosen at the Organic 
Chemistry Laboratories of NTH. They are bright 
orange-red thin plates [face (010)] and usually elon- 
gated in the [I00] direction. The {101} forms are also 
well developed. 
Crystallographic data" 
Crocetindialdehyde (2,6,11,15-Tetramethylhexadeca-2, 
4,6,8,10,12,14-heptaen- 1,16-dial), C20H2402 
F.W. 296.41; triclinic, Z =  1; 2cuK,= 1.5418 
a =  5.136+0.002/~ 
b = 8.369 + 0-002 
c = 11.146 + 0.003 

=87.30 + 0.05 ° 
fl=92.63 +0.05 

= 112.28 + 0.05 
V -  442.6 A 3 
Dx = 1.11 g.cm -a for for Z = 1. 
/z=5.6 cm -~ for Cu K~. 
No systematic absences. 
Space group" P1 or PT. The latter was indicated by 
the statistical distribution of intensities and confirmed 
by the final solution of the structure. 

Intensity measurements 
A crystal of dimensions 0.035 x 0.16 x 0.30 mm was 

used for the intensity measurements. Its greatest 
length was in the direction of the a axis, and it was 
mounted on a Picker FACS-1 automatic diffractom- 
eter with this axis approximately parallel to the 
goniometer head axis. Ni-filtered CuKc~ radiation 
(2= 1.5418 A) was used. The lattice parameters given 
above were obtained by least-squares refinement of 
the setting angles for 12 reflexions with 20 > 70 °. 

The intensities were measured in the 0-20 scan mode 
with a scan speed of 1 ° per min in 20 and a scan width 
of 2.0 ° plus a dispersion correction. The background 
was measured for 40 sec at each side of the reflexions. 
Two standard reflexions (230 and 10~) were measured 
every 20 reflexions. They did not show any significant 
changes during the data collection period. The inten- 
sities of all 1453 reflexions with 20< 128 ° were meas- 
ured. 1147 reflexions which had net intensity I greater 
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Fig. 1. Numbering of the atoms in crocetindialdehyde as used 
in this paper. 

than 2a(/) were regarded as observed, a(I) being de- 
fined as 1/(aN + (0.01. N) z) where the last term accounts 
for a 1% instrumental instability; aN is the statistical 
counting error and N is the sum of peak and back- 
ground counts. 

The intensities were corrected for Lorentz and polar- 
ization effects. The program S C A L E R  was used to 
determine the scale factor and a common temperature 
factor by a least-squares fit of a straight line to a 
Wilson plot. The values obtained were used for cal- 
culation of normalized structure factor amplitudes, 
IEhl's. The values of (1E,,I)=0.798 and ( [ E Z - l [ ) =  
1.018 compare well with the theoretical values for 
the centric case, 0.798 and 0.968 respectively. This 
confirms space group P1, which requires a centre of 
symmetry in the molecule since there is only one 
molecule in the unit cell. The molecule must then be in 
a trans configuration around the central C(8)-C(8') 
double bond. Fig. 1 shows the numbering of the atoms 
as used in this paper. 

Determination and refinement of the structure 

The structure was solved by the symbolic addition 
method (Karle & Karle, 1963). The first trials were 
not successful, however, and the failure was later 
traced to an unfavourable choice of starting reflexions. 
This particular set gave a wrong sign for the 002 re- 
flexion early in the sign generation process, and this 
ruined the remainder of the procedure. In the final 
starting set 111, 434 and 362 were chosen as origin- 
defining reflexions, and, in addition, symbols were as- 
signed to the 335, 238 and 543 reflexions. Signs of 137 
reflexions with E >  1-50 were generated and E maps 
were calculated for the eight possible sign combinations 
of the three symbols. All the maps contained maxima 
corresponding to zigzag chains or parts of chains. A 
model with C(1)-C(8) positions based on the third 
map with sign combination - , - ,  + for the three un- 
knowns in the starting set, had an RI index (Rt= 
Y~]IFo[- Fcl[/YlFol) of 0"468 and a difference map gave 
the correct positions for C(9), C(10) and O. It is 
interesting to note that the R1 index for this model was 
not significantly lower than for the incorrect 
models based on the first two maps, namely 0.471 and 
0.496 respectively. The symbolic addition program 
S Y M B O L  and the Y2-relationships program P H A S E  
of X R A  Y67 (Stewart, 1967) were used in the calcula- 
tions of signs. 

The full-matrix least-squares program ORFLS was 
used for parameter refinement. It minimizes ~w(Ifol- 
IFcl) 2, and w = 1 during this part of the refinement. The 
scattering factors used are those of Doyle & Turner 
(1968) for carbon and oxygen and from Stewart, 
Davidson & Simpson (1965) for hydrogen. Refinement 
with individual isotropic temperature factors converged 
at R~ = 0.168. Conversion to anisotropic temperature 
factors and refinement gave Rt=0.105. A difference 
map revealed the positions of all hydrogen atoms. 
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T a b l e  1. Observed and calculated structure factors 
The columns are l, 10[Fo~,~[, 10]F~aae]. Asterisks indicate unobserved reflexions. 
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Refinement proceeded with isotropic temperature fac- 
tors for hydrogen and all parameters were allowed to 
vary. The refinement converged at a value of R t =  
0.055. Inspection of the observed and calculated struc- 
ture factors showed that the observed IFl's were 
systematically too small for the highest IFI values. This 
is probably due to secondary extinction which may be 
corrected by the method given by Zachariasen 
(1963). Since there are so few strong reflexions in this 
data set it is difficult to determine the extinction 
coefficient in a reliable way. Therefore it was decided 
simply to remove the five strongest reflexions (111, 
10T, 012, lIT and 002) from the data set. These re- 
flexions had IFobsl ranging from 90.0 for 111 to 39.1 
for 002. Subsequent refinement gave a final Rt index 
of 0.047. The final least-squares cycles were calculated 
with the weight factor w = 1/32(I) where a(I) is as defined 
earlier. The final weighted reliability index R2= 
[Yw(IFol-IFcl)Z/~wFZo]l/2 is 0.036. All reliability in- 
dexes given are based on 1142 observed reflexions. A 
final difference map showed only a few maxima of 
0.05-0.10 e.A -3 and no significant features could be 
found. 

Observed and calculated structure factors are listed 
in Table 1. Final positional and thermal parameters 
are given in Table 2. 

Results and discussion 

Fig. 2 shows the molecules as viewed down the a axis 
and Fig. 3 shows the molecular packing as seen along 
the c axis. The conformation is all-trans and nearly 
planar, but the molecular chains are slightly bent, both 
in the molecular plane and out of this plane. 

Equations of mean least squares through various 
parts of the molecule have been calculated and the 
results are given in Table 3. The best plane through 
the conjugated chain is very nearly parallel to the 
(577) plane. Table 3 shows the results of calculations 
of best planes through each double bond system and 
also through the methyl carbon atoms and the three 
chain atoms nearest to them. Ideally the angle between 
successive double bond systems should be zero in a 
conjugated bond system, but Table 4 shows that there 
are angles of 2.4-8.3 ° between them. Furthermore, 
each double bond system shows significant deviation 
from planarity. On the other hand the C(1)-C(2)- 
C(3)-C(9) and the C(5)-C(6)-C(7)-C(10) groups of 
atoms are planar. To investigate further the non- 
planarity of the conjugated chain, torsion angles have 
been calculated for alternating single and double bonds 
through the chain, and the results are given in Table 5. 
The torsion angles are 1-2 ° higher for single bonds than 

Table 2. Final atomic parameters of  crocetindialdehyde 
E.s.d.'s of the parameters are given in parentheses. 

The first number in the index of an H atom refers to the number of the C atom to which it is bonded. 

Thermal parameters, f~j( x 104), are defined by: exp [ -  (h2fl 1 + k2f22 + 12f33 + 2hkfl 2 + 2hlf13 + 2klf23)]. 

X y Z fill fl22 fl33 f12 f13 f23 
C(1) 0"5763 (4) --0'3527 (2) 0"2630 (3) 541 (13) 181 (5) 148 (3) 156 (6) 42 (5) 31 (3) 
C(2) 0"4320 (4) -0"2476 (2) 0"3069 (2) 469 (11) 151 (4) 97 (2) 121 (5) 2 (4) 13 (2) 
C(3) 0"3671 (4) -0"1443 (2) 0"2251 (2) 537 (12) 176 (4) 91 (2) 153 (6) 36 (4) 18 (2) 
C(4) 0-2400 (4) -0"0223 (2) 0"2443 (2) 496 (11) 166 (4) 83 (2) 143 (5) 13 (4) 7 (2) 
C(5) 0"2033 (4) 0"0826 (2) 0"1563 (2) 632 (13) 197 (4) 82 (2) 201 (6) 25 (4) 15 (2) 
C(6) 0"0920 (4) 0"2160 (2) 0"1656 (2) 549 (12) 172 (4) 76 (2) 164 (6) 2 (4) 5 (2) 
C(7) 0-0835 (4) 0.3123 (3) 0-0653 (2) 796 (14) 211 (4) 77 (2) 258 (7) 18 (4) 9 (2) 
C(8) -0"0083 (4) 0"4535 (2) 0"0524 (2) 793 (13) 212 (4) 77 (2) 262 (7) - 3  (4) 3 (2) 
C(9) 0"3714 (9) -0"2609 (5) 0"4368 (2) 1323 (26) 315 (7) 91 (2) 440 (13) -23 (6) 14 (3) 
C(10) -0"0022 (6) 0-2439 (3) 0-2845 (2) 667 (14) 188 (5) 83 (2) 194 (4) 15 (4) 8 (2) 
O 0"6683 (3) -0"4438 (2) 0"3244 (1) 760 (10) 245 (3) 208 (2) 284 (5) 11 (3) 46 (2) 

H(ll) 
H(31) 
H(41) 
H(51) 
H(71) 
H(81) 
H(91) 
H(92) 
H(93) 
n(101) -0.083 (4) 
H(102) 0.165 (4) 
H(103) -0.115 (4) 

Table 2 (cont.) 
x y z B 

0.601 (4) -0-344 (2) 0.168 (2) 7.4(0.5) A2 
0.414 (3) -0.148 (2) 0.145 (1) 4-6 (0.4) 
0"185 (3) -0"009 (2) 0"328 (1) 4"1 (0"4) 
0"263 (3) 0"072 (2) 0"077 (1) 4-8 (0"4) 
0-154 (3) 0-283 (2) -0"007 (1) 4"6 (0"4) 

-0"095 (3) 0-485 (2) 0"127 (1) 4-7 (0"4) 
0"403 (5) -0"354 (4) 0"477 (2) 10"3 (0"7) 
0"260 (6) -0"210 (4) 0"459 (2) 12"1 (l'0) 
0"526 (8) -0"173 (5) 0"474 (3) 17"5 (1"6) 

0"328 (2) 0"282 (1) 6"5 (0"5) 
0"285 (3) 0"344 (2) 8"4 (0"6) 
0"144 (3) 0"324 (2) 7"5 (0"6) 

for neighbouring double bonds, and the torsion angles 
seem to decrease towards the middle of the chain. 

The molecule exhibits an in-plane bending as can be 
clearly seen from the bond angles in Fig. 4. These 
results agree well with earlier investigations on polyene 
chains, such as those discussed by Bart & MacGillavry 
(1968), Braun, Hornstra & Leenhouts (1971) and 
Hamanaka,  Mitsui, Ashida & Kakudo (1972). The 
in-plane bending may be explained as a result of intra- 
molecular repulsion between methyl groups and neigh- 
bouring hydrogen atoms. Some of the short H . . . H  
approach distances are given in Table 6. The H(81). • • 
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Table  3. Planarity of  the molecule 

Plane A : 

Plane B: 

Plane C: 

Plane D: 

Plane E: 

Plane F: 

Plane G: 

(a) Equations for best planes 

C and O in the conjugated chain 
3.023x + 3.518y+4.531z= 1.759 

C(1), C(2), C(3), C(4) 
3.383x+ 3.562y + 1.957z= 1.192 

C(3), C(4), C(5), C(6) 
3.572x + 3.105y+ 2.269z= 1-357 

C(5), C(6), C(7), C(8) 
3.695x + 2.791y + 2.426z= 1.352 

C(7), C(8), C(8'), C(7') 
3.687x + 2.666y + 2.950z= 1.333 

C(1), C(2), C(3), C(9) 
3.318x+ 3-689y+ 1-964z= 1.127 

C(5), C(6), C(7), C(10) 
3.683x + 2.844y + 2.326z = 1.345 

(b) Deviations (.~) from planes defined above 

O 
c(1) 
c(2) 
c(3) 
c(4) 
c(5) 
c(6) 
c(7) 
c ( 8 )  

c(9) 
c(10) 

A B C D F G 
0.170 

-0.066 0.016 0-001 
0.066 - 0.012 - 0.004 

-0.137 -0.023 0.017 0.001 
-0.005 0-019 -0.015 
- 0-146 - 0.020 0-009 0.002 

0.029 0.018 -0.007 -0.007 
-0 - I  12 -0-013 0.002 

0.049 0.011 
0.425 0.001 
0.381 0.002 

Tab le  4. Angles between best planes 

The planes are defined in Table 3; angles are given in degrees. 

Planes B C D E F G 
A 13.9 12.9 13-1 11.2 13.8 13.4 
B 3.7 6.1 8.3 1.0 5.6 
C 2.4 4.7 4.6 1-9 
D 2.9 7.0 0.6 
E 9-0 3"5 
F 6"5 

Table  5. Torsion angles for  bonds in the conjugated 
chain 

Bonds Angle 
O I C(1)--C(2)--C(3) 5"4 ° 
C(2)--C(3)--C(4)--C(5) 4"8 
C(4)--C(5)--C(6)--C(7) 2"6 
C(6)--C(7)--C(8)--C(8') 3"8 
C(1)--C(2)--C(3)--C(4) 3"5 
C(3)--C(4)--C(5)--C(6) 3"4 
C(5)-C(6)-C(7)-C(8) 2.0 

H(101) dis tance o f  2.13 A p robab ly  causes s t rain 
which  is responsible  for  the C(6)-C(7)-C(8)  and  
C(10)-C(6)-C(7)  angles being larger t han  120 ° so as 
to make  the C(10) methy l  g roup  bend  away f rom H(81) 
to release some o f  the strain.  There  are also shor t  
i n t r amolecu l a r  distances between H(41) and  the two 
methyl  groups.  This  causes H(41) to be bent  away f rom 

C(10) and  C(9) away f rom H(41), so tha t  the whole  
chain  is bent  in the molecu la r  plane.  The H . - . H  
distances on the side of  the chain opposi te  the methy l  
groups  are also shor t  and  the only  way tha t  the s t rain 
can  be released is by a bending  out  o f  the molecu la r  
p lane  as observed above.  

Table  6. Short intramolecular distances 

E.s.d.'s are given in parentheses. 

H(11).. .  H(31) 2.20 (3) A 
H(31).. .  H(51) 2.34 (3) 
H(51). . .  H(71) 2.20 (3) 
H(71) ' ' '  H(81') 2"41 (2) 
H(81) ' '  "H(101) 2"13 (2) 
H(41) ' ' '  H(103) 2"34 (3) 
n ( 4 1 ) ' ' '  H(92) 2"31 (4) 

O ' "  H(91) 2"53 (3) 

Table  7. Bond lengths 

E.s.d.'s are given in parentheses. The mean values quoted are 
for corresponding bonds in several polyene chain structures as 

tabulated by Bart & MacGillavry (1968). 

This work Mean 
C(1)--C(2) 1.459 (3) 
C(3)--C(4) 1.433 (3) 
C(5)--C(6) 1.444 (3) 
C(7)--C(8) 1.427 (3) 
C(2)--C(3) 1.344 (3) 
C(4)--C(5) 1.340 (3) 
C(6)--C(7) 1.357 (3) 
C(8)--C(8') 1.360 (3) 
C(2)--C(9) 1-485 (3) 
C(6)--C(10) 1.489 (3) 
C(1)--O 1.211 (3) 
C(1)--H(11) 1.07 (2) 
C(3)--H(31) 0.94 (2) 
C(4)--H(41) 1.01 (2) 
C(5)--H(51) 0.96 (2) 
C(7)--H(71) 0.98 (2) 
C(8)--H(81) 1.05 (2) 
C(9)--H(91) 0.95 (3) 
C(9)--H(92) 0.89 (4) 
C(9)--H(93) 0.95 (3) 
C(10)-H(101) 0.94 (2) 
C(10)-H(102) 1.02 (2) 
C(10)-H(103) 0.92 (2) 

1.461/~, 
1.447 
1-447 
1.436 
1.357 
1.359 
1.356 
1.348 
1-516 
1.504 

Table  8. Bond angles 

E.s.d.'s are 0.3 ° for this work. The mean values quoted are for 
corresponding bonds in several polyene chain structures as 

tabulated by Bart & MacGillavry (1968). 

This work Mean 
O C(1)-C(2) 125.6 ° - 
C(1)--C(2)-C(3) 116.3 117.8 ° 
C(1)--C(2)-C(9) 118-5 118-9 
C(9)--C(2)-C(3) 125.2 123-2 
C(2)--C(3)-C(4) 127-8 125-6 
C(3)--C(4)-C(5) 122.3 122.2 
C(4)--C(5)-C(6) 127.4 125.8 
C(5)--C(6)-C(7) 117.6 118.1 
C(5)--C(6)-C(10) 119.2 119-5 
C(10)-C(6)-C(7) 123.2 122.5 
C(6)--C(7)-C(8) 128.4 126.9 
C(7)--C(8)-C(8') 122.8 123.2 
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The bond lengths of crocetindialdehyde are given 
in Table 7 and are also given in Fig. 5 for the 
heavier atoms. The results of several polyene chain 
structure determinations have been compiled by Bart 
& MacGillavry (1968) and their averages have been 
listed for comparison. Satisfactory agreement with 
our results can be observed. A common feature 
of these structures is a decrease in the difference 
between single and double bonds towards the 
centre of the molecule, i.e. a higher degree of conju- 
gation at the centre. This effect can also be observed 
in crocetindialdehyde. If one takes the difference 
between alternate single and double bonds from C(1) 
towards C(8), one obtains: 0=0.115, 0.093, 0.087 and 

0"067 A, which is a systematic and significant decrease. 
The decrease in torsion angles towards the middle of 
the chain (Table 5) also supports the theory of higher 
conjugation in this part of the chain. Calculations of 
zero-order Hfickel bond orders for even-membered 
polyene chains carried out by Binsch & Heilbronner 
(1968) also show that the differences in bond orders 
decrease towards the middle of a long chain. There is a 
significant shortening of the C-C(Me) bonds compared 
with the normal C(sp2)-C(sp 3) length of 1.510/~ given 
by Sutton (1965). This shortening has also been ob- 
served in some of the other polyene chain structures 
studied, but it is not clear how to account for it. 

The bond angles are given in Table 8 and Fig. 4. 

c 2  

Fig. 2. Molecular packing in crocetindialdehyde. Projection down the a axis. 
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There is close agreement with the mean values tabu- 
lated by Bart  & MacGillavry.  It is probable that  the 
bond angles and lengths are governed mostly by intra- 
molecular forces since there are such small deviations 
f rom the mean values for similar structures. Differences 
in molecular packing do not seem to have any appre- 
ciable influence on bond lengths or angles. This is in 
agreement with the observations of  Hirschfeld & 

Schmidt (1957). But a slight bending of  a p lanar  
molecule out of  the molecular plane will not  influence 
the bond lengths or angles very much, so it is still 
possible that  the deviations f rom planari ty are partly 
due to intermolecular forces. 

The molecules pack in layers nearly parallel to the 
(577) plane. Within a layer the chains are stacked end 
to end with the aldehyde and terminal methyl groups 

Table 9. Intermolecular distances 

Distances are included within a limit 0.2 )k greater than the sum of the van der Waals radii of the participants. 
Rc = 1.80/~, Ro = 1.36/~, Rn = 1.17/~. 

Symmetry operations: 
1: x + l , y  
2: x+ 1, y -  1 
3: x , y + l  

, z  10: - x + l ,  - y  , - z  
, z  11: - x + l ,  - y - l ,  - z + l  
, z  13: - x  , - y  , - z + l  

Sym. op. Sym. op. 
C(1)--C(4) 3.49 ,~, 1 C(3) .... H(103) 3.04 A 1 
C(3)--C(10) 3.68 1 C(1) H(81) 3.03 2 
C(1)--C(3) 3.80 1 H(102)-C(I) 3.09 3 
C(4)--C(10) 3.70 1 H(11)--C(7) 3.08 10 
C(6)--C(1) 3.70 3 C(1 )  H(71) 3.16 10 
C(10)-C(1) 3.56 3 H(92)--C(10) 3.16 13 
C(7)--C(1) 3.72 3 
C(8)--C(1) 3"63 3 H(102)-O(1) 2.73 3 
C(8)--C(3) 3-76 3 H(91)--O(1) 2.67 11 
C(10)-C(9) 3.75 13 

H(71)--H(11) 2.17 10 

Fig. 3. Molecular packing in crocetindialdehyde. Projection down the c axis. 
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situated around a centre of symmetry. The other 
methyl groups in a chain are accommodated in the 
space between chain ends in neighbouring layers (Fig 
4). In this way all methyl and aldehyde groups are 
given space between chain ends and the chains them- 
selves may adopt relatively tight side-packing. The 
molecular packing is probably mainly determined by 
the packing of methyl and aldehyde groups. This 
theory is substantiated by the list of shortest inter- 
molecular distances given in Table 9. Most of the 
shorter contact distances can be found around the 
methyl and aldehyde groups, but none are shorter than 
the normal range of van der Waals contacts. 

The XRA Y67 program system supplied by Stewart 
(1967) has been used on an UNIVAC 1108 computer 
for the structure determination (PHASE),  least- 
squares refinement (ORFLS),  Fourier calculations 
(FOURR) and calculations of best planes (LSQPL). 
The author's ALGOL programs SCALER,  SIGMA2 

118"5 125'2 

~'- ,~ o " - . , . ~ 2 2 . 3 ~ 2 3 .  2 
' , ,  o " 28 

1 2 2 " 8 ~  _ 

Fig.4. Bond angles (o). 

~ 1"485 

0 ~ 1 7  ~L_.~;.?¢. 7. /1"489 

Fig. 5. Bond distances (•). 

and S Y M B O L  were also used on the 1108 computer 
for part of the structure determination. 

I wish to thank Mr H. Kjesen for supplying crystals 
of good quality and Professor H. Sorum for kind and 
patient supervision of the work for a lic.techn, degree, 
of which this project was a part. Fellowship awards 
from Norges Tekniske Hegskole (NTH) and Norges 
Almenvitenskapelige Forskningsrgtd (NAVF) and a 
grant from Reidar Holmsen og flues legat are also 
gratefully acknowledged. 

References 

BART, J. C. J. & MACGILLAVRY, C. H. (1968). Acta Cryst. 
B24, 1587. 

BINSCH, G. t~ HEILBRONNER, E. (1968). In Structural 
Chemistry and Molecular Biology, by A. RiCH & N. 
DAVIDSON, p. 815. London : Freeman. 

BRAUN, P. B., HORNSTRA, J. & LEENHOUTS, J. 1. (1971). 
Acta Cryst. B27, 90. 

DOYLE, P. A. & TURNER, P. S. (1968). Acta Cryst. A24, 390. 
EUGSTER, C. H., HURLIMANN, H. • LEUENBERGER, H. J. 

(1969). Helv. Chim. Acta, 52, 806. 
HAMANAKA, T., MITSUI, T., ASHIDA, T. & KAKUDO, M. 

(1972). Acta Cryst. B28, 214. 
HIRSCHFELD, F. L. ,~ SCHMIDT, G. M. J. (1957). J. Chem. 

Phys. 26, 923. 
ISLER, O., GUTMANN, H., LINDLAR, H., MONTAVON, M., 

ROEGG, R., RYSER, G. t~ ZELEER, P. (1956). Helv. Chim. 
Acta, 39, 463. 

KARLE, I. L. t~ KARLE, J. (1963). Acta Cryst. 16, 969. 
KARRER, P., BENZ, F., MORF, R., RAUDNITZ, H., STOLE, 

M. & TAKAHASHI, T. (1932). Helv. Chim. Acta, 15, 
1218, 1399. 

STEWART, J. M. (1967). XRA Y67-Program System for X-ray 
Crystallography, TR67-58. Computer Science Center, 
Univ. of Maryland. 

STEWART, R. F., DAVXDSON, E. R. & SIMPSON, W. T. (1965). 
J. Chem. Phys. 42, 3175. 

SUTTON, L. E. (1965). Special Publication No. 18. London: 
The Chemical Society. 

WITTtG, G. & SCH6LLKOPF, U. (1954). Chem. Ber. 87, 1318. 
ZACHARIASEN, W. H. (1963). Acta Cryst. 16, 1139. 
ZECHMEISTER, L. (1962). Cis-trans Isomeric Carotenoids, 

Vitamins A, and Arylpolyenes. Wien: Springer-Verlag. 


