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C17H120, triclinic, P1,  a=9.375 (12), b=7.898 (7), c=9-139 (11)A,  ~=74.14 (9), ,8=90.86 (9), ~,= 
108.30 (7) °, Z = 2 ,  de= 1.268, d,,= 1.31 g cm a. The structure was solved by the multisolution method 
and refined to R = 0.08. 

Introduction 

The c o m p o u n d  was supplied by Dynesen  (1972) 
and  the colourless crystals  were made  by zone 
melting.  Intensit ies were collected on a four-circle 
Picker  di f f ractometer .  Cu Kc~ rad ia t ion  ( 2 =  1.5418 A) 
was selected by a g raph i te  m o n o c h r o m a t o r .  The 
count ing  chain  included a scinti l lat ion counter  and  a 
pulse-height  analyser .  Reflexions were collected for  a 
full sphere up to s i n 0 / ~ . = 0 . 6 0 0 A  -1. Because of  
abso rp t ion  in the moun t ing  mater ia l  the intensities o f  
reflexions re la ted by symmet ry  differed significantly. 
Loren tz  and  polar iza t ion  correct ions  were applied,  
a s suming  graphi te  to behave as an ideal mosaic  crystal .  
F r o m  each symmet ry - re l a t ed  pai r  of  reflexions the 
larger  was chosen for inclusion in the da ta  set. This 
gave 2072 F values,  which were conver ted  to E values 
by the p r o g r a m  S Y M B A D  (Danielsen,  1969). The 
s t ructure  was solved by direct me thods  with the pro-  

g r a m  M U L T A N  (Main ,  Wool f son  & Germa in ,  1971). 
The 454 largest  E values were used. A Four ie r  m a p  was 
calcula ted with the set of  phases  which had  the best 
figure of  meri t  af ter  t angent  ref inement.  It showed all 
the non-hydrogen  a toms.  Full mat r ix  leas t -squares  
ref inement  was carr ied out  for  the posi t ional  and  ani- 
sotropic  t empera tu re  fac tor  pa rame te r s  of  the non-  
hydrogen  a toms.  Posi t ional  pa ramete r s  of  hydrogen  
a toms  were derived f r o m  stereochemical  cons idera t ions  
and  were included in the least-squares  c o m p u t a t i o n s  
with isotropic t empera tu re  fac tor  paramete rs .  Con-  
vergence was ob ta ined  at  R = 0 . 0 9 6  (R=YllFobsl- 
IFcll/~lFob~l) with all da t a  included.  When  intensities 
with Fz<_2a(F 2) were excluded an R of  0.08 was 
obta ined.  A difference m a p  calculated after  the last 
ref inement  with the significant F values showed no 
features  which could  be in terpre ted as a toms.  Final  
values of  the a tomic  coord ina tes  and  thermal  p a r a m -  
eters are listed in Table  1. Bond lengths are given in 

Table  1. Atomic coordinates and thermal parameters ( ×  103) 

The anisotropic temperature parameters of the non-hydrogen atoms are of the form 

exp [ - 2rc2(ul la~Zh 2 + u22a~2k 2 + -33a3-/ -{- ul2ala2hk + u23a2askl + ut3axazhl)], 
a7 being the size of the ith reciprocal axis in A -1. The isotropic temperature parameters of the hydrogen atoms are of the form 

(a) Non-hydrogen atoms 
exp [ -2n2U sin 2 0/22]. U and uts are in A 2. 

.X y Z Ull U22 1/33 /412 U13 U23 

O 0"4000 (3) 0"6130 (3) 0"8207 (3) 50 (1) 53 (1) 84 (2) 6 (1) - 1 (1) - 13 (1) 
O' 0"1844 (3) 0"2954 (3) 0"5833 (3) 100 (2) 45 (1) 89 (2) 15 (1) 4 (2) - 1 5  (1) 
C(1) 0.2690 (3) 0.5238 (4) 0.8196 (4) 48 (2) 43 (2) 67 (2) 11 (1) 3 (1) - 1 4  (1) 
C'(1) 0-2660 (4) 0.4614 (5) 0.5685 (4) 57 (2) 47 (2) 71 (2) 13 (2) - 9  (2) - 14 (2) 
C(2) 0.1748 (4) 0.5535 (4) 0.6793 (4) 53 (2) 46 (2) 61 (2) 11 (1) 4 (1) - 8  (1) 
C(3) 0.0107 (4) 0.4480 (6) 0.7453 (5) 49 (2) 64 (2) 74 (2) 13 (2) - 2  (2) - 15 (2) 
C'(3) 0.2176 (4) 0-7605 (5) 0.5874 (4) 63 (2) 45 (2) 69 (2) 18 (2) 1 (2) -11  (2) 
C(4) 0.0228 (4) 0.3306 (4) 0.9019 (4) 50 (2) 45 (2) 71 (2) 10 (2) 6 (2) - 1 8  (2) 
0(4)  0.3188 (4) 0.7810 (4) 0.4531 (4) 53 (2) 49 (2) 59 (2) 15 (1) - 5  (1) -11  (2) 
C(5) 0.9102 (4) 0.1917 (5) 0.0026 (5) 56 (2) 53 (2) 87 (3) 8 (2) 16 (2) - 2 0  (2) 
C'(5) 0.3989 (4) 0.9420 (5) 0.3420 (5) 62 (2) 50 (2) 74 (2) 94 (2) 1 (2) - 9  (2) 
C(6) 0.9475 (5) 0.1007 (5) 0.1417 (4) 84 (3) 49 (2) 85 (3) 11 (2) 32 (2) - 1 3  (2) 
C'(6) 0.4788 (5) 0.9262 (6) 0.2237 (5) 66 (2) 68 (2) 66 (2) 10 (2) 3 (2) - 7  (2) 
C(7) 0.0949 (5) 0.1454 (6) 0.1818 (5) 95 (3) 61 (2) 68 (2) 28 (2) 12 (2) - 8  (2) 
C'(7) 0.4822 (5) 0.7539 (6) 0.2146 (5) 72 (2) 81 (3) 68 (2) 25 (2) 6 (2) - 19 (2) 
C(8) 0.2079 (5) 0.2844 (5) 0.0837 (4) 68 (2) 62 (2) 65 (2) 23 (2) - 3  (2) - 2 0  (2) 
C'(8) 0.4041 (4) 0.5951 (6) 0.3250 (4) 67 (2) 62 (2) 68 (2) 21 (2) - 4  (2) - 2 2  (2) 
C(9) 0.1699 (4) 0.3746 (4) 0.9431 (4) 54 (2) 45 (2) 64 (2) 13 (1) 2 (2) - 2  (2) 
C'(9) 0.3225 (4) 0.6097 (4) 0.4435 (4) 53 (2) 49 (2) 61 (2) 14 (I) - 7  (2) - 13 (2) 
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Table  1 (cont.) Table  2. Bond lengths (A) 

(b) Hydrogen atoms AI= [I[C(i)-C(j)]-I[C'(i)-C'(j)][. 
x y z U (ORFFE, Busing, Martin & Levy, 1964). 

H(1) 0"9547 (40) 0"3708 (51) 0"6758 (42) 71 (11) 1 l 
H'(I) 0.1225 (50) 0"7760 (58) 0-5547 (47) 89 (13) C(4)-C(5) 1"383 (7) C'(4)-C'(5) 1"389 (5) 
H(2) 0"9602 (51) 0"5354 (62) 0"7578 (49) 96 (14) C(5)-C(6) 1.378 (6) C'(5)-C'(6) 1.380 (6) 
H'(2) 0.2704 (44) 0.8442 (55) 0"6464 (43) 75 (11) C(6)-C(7) 1.385 (7) C'(6)-C'(7) 1.396 (6) 
H(3) 0.8062 (42) 0.1590 (49) 0.9759 (40) 70 (9) C(7)-C(8) 1.375 (6) C'(7)-C'(8) 1"372 (6) 
H'(3) 0.4030 (42) 0.0662 (58) 0.3597 (44) 77 (11) C(8)-C(9) 1.390 (5) C'(8)-C'(9) 1.385 (6) 
H(4) 0"8668 (48) 0"9975 (60) 0"2048 (46) 89 (13) C(4)-C(9) 1"386 (5) C'(4)-C'(9) 1"391 (5) 
H'(4) 0.5445 (41) 0.0475 (53) 0"1441 (42) 68 (10) C(1)-C(2) 1.553 (5) C'(1)-C(2) 1.557 (5) 
H(5) 0.1117 (51) 0.0826 (66) 0"2868 (57) 107 (15) C(2)-C(3) 1.537 (5) C(2)--C'(3) 1.545 (5) 
H'(5) 0.5407 (49) 0.7491 (58) 0.1270 (50) 87 (12) C(3)-C(4) 1.502 (6) C'(3)-C'(4) 1.504 (6) 
H(6) 0"3060 (39) 0.3205 (45) 0.1055 (36) 57 (9) C(1)-C(9) 1"463 (6) C'(1)-C'(9) 1"459 (6) 
H'(6) 0"3960 (52) 0.4835 (69) 0.3133 (52) 92 (14) O- - -C(1)  1.210 (4) O ' - - - C ' ( l )  1"213 (4) 

H(3)-C(5) 0.973 (36) H'(3)-C'(5) 1.028 (40) 
H(4)-C(6) 0"953 (42) H'(4)-C'(6) 1.046 (43) 

Table  2 and  angles in Table  3. The molecu la r  s t ruc ture  H(5)-C(7) 0.988 (48) H'(5)-C'(7) 0.992 (46) 
is shown in Fig. 1. Observed  and  calculated s t ructure  H(6)-C(8) 0.908 (32) H'(6)-C'(8) 0-899 (50) 
fac tors  are listed in Table  4. H(1)-C(3) 1-026 (37) H'(1)-C'(3) 0.971 (39) 

H(2)-C(3) 0.984 (48) H'(2)-C'(3) 0.977 (46) 

AI (A) x 103 
6 (7) 
2 (9) 

10 (9) 
4 (8) 
5 (8) 
5 (7) 
4 (8) 
8 (7) 
2 (8) 
4 (6) 
3 (6) 

53 (55) 
75 (54) 

5 (64) 
14 (59) 
58 (58) 

7 (56) 

Discussion 

This invest igat ion was unde r t aken  to ob ta in  infor-  
ma t ion  a b o u t  the in te rac t ion  between the zc sys tem 
of  the benzene ring and  the dione moie ty  of  the 

molecule.  The  bond  lengths of  one of  the five- 
m e m b e r e d  rings are therefore  c o m p a r e d  with the b o n d  
lengths of  (S)-(  - ) - s p i r o [ 4 , 4 ] n o n a n e -  1,6-dione (Al tona ,  
de Graaf f ,  Leeuwestein & Romers ,  1971) in Table  5. 

Table  3. Bond angles (o) 

Av= Iv[C(i)-C(j)-C(k)]-v[C'(i)-C'(j)-C'(k)][ (ORFFE, Busing, Martin & Levy, 1964). 

v(°) v(°) Av x 10 
C(9)-C(1)-C(2) 107.4 (3) C'(9)-C'(1)-C'(2) 107-8 (3) 4 (4) 
C(1)-C(2)-C(3) 104.0 (3) C'(1)-C'(2)-C'(3) 103.8 (3) 2 (5) 
C(2)-C(3)-C(4) 105-1 (3) C'(2)-C'(3)-C'(4) 105.0 (3) 1 (4) 
C(3)-C(4)-C(9) 111.6 (3) C'(3)-C'(4)-C'(9) 111-8 (3) 1 (4) 
C(4)-C(9)-C(1) 109.8 (3) C'(4)-C'(9)-C'(1) 109.7 (3) 1 (4) 
C(4)-C(5)-C(6) 119.0 (4) C'(4)-C'(5)-C'(6) 118.5 (4) 5 (5) 
C(5)-C(6)-C(7) 121.3 (4) C'(5)-C'(6)-C'(7) 121.7 (4) 4 (5) 
C(6)-C(7)-C(8) 120.4 (4) C'(6)-C'(7)-C'(8) 119-7 (4) 7 (6) 
C(7)-C(8)-C(9) 118.0 (4) C'(7)-C'(8)-C'(9) 118.9 (4) 9 (5) 
C(8)-C(9)-C(4) 121-9 (3) C'(8)-C'(9)-C'(4) 121.6 (3) 3 (4) 
C(9)-C(4)-C(5) 119.4 (4) C'(9)-C'(4)-C'(5) 119.6 (4) 2 (5) 
C(9)-C(1)-O 128.7 (3) C'(9)-C'(1)-O' 127.7 (4) 
C(2)-C(1)-O 124.0 (3) C'(2)-C'(1)-O' 124.3 (3) 
C(3)-C(4)-C(5) 129.0 (4) C'(3)-C'(4)-C'(5) 128.6 (3) 
C(1)-C(9)-C(8) 128.3 (3) C'(1)-C'(9)-C'(8) 128.7 (3) 

~ C ' (  ' '(7) J H (6) 

, C'(9) O' 

H H(3) 

H(1) 

Fig. 1 The plane containing the atoms C(4), C(5) and C(9) is rotated 45 ° out of the plane of the paper. The thermal ellipsoids 
of the non-hydrogen atoms are scaled to enclose 75 % probability (ORTEP, Johnson, 1965). 
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Table 4. Observed and calculated structure factors 
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le b 
-------C 

Q 

remaining pairs of corresponding bond lengths do not 
differ significantly. 

Table 5. Bond lengths (A) for one of  the five-membered 
rings in the title compound and for 
( S )-( - )-spiro[4,4]nonane- 1,6-dione 

The atoms of the latter compound are here labelled corre- 
sponding to the title compound. 

(S)-(-)-Spiro[4,4]- (+)-2,2'-Spirobi[indan]- 
nonane-l,6-dione 1,1'-dione 

C(4)-C(9) 1"529 (5) 1"386 (5) 
C(1)-C(9) 1"522 (5) 1"463 (6) 
C(3)-C(4) 1.548 (5) 1.502 (6) 
C(1)-O 1-239 (5) 1.210 (4) 
C(2)-C(3) 1-538 (5) 1537 (5) 
C(1)-C(2) 1"529 (5) 1553 (5) 

Calculations of best least-squares planes through 
each of the benzene rings and the five-membered rings 
show that the benzene rings are planar within exper- 
imental error, whereas the five-membered rings are 
non-planar. Each of the latter is close to an envelope 
form. 

The two halves of the molecule of the title compound 
are not related by crystallographic symmetry. The dif- 
ferences between corresponding bond lengths, Al= 
]l[C(i)-C(j)]-l[C'(i)-C'(j)][ and the standard devia- 
tions a(Al) are recorded in Table 2. The differences 
between corresponding angles, Av = [v[C(i)-C(j)-C(k)] 
-v[C'(i)-C'(j)-C'(k)]l and the standard deviations 
a(Av) are recorded in Table 3. The tables show that 
Al<2a(dl )  and Av<2cr(Av). Thus the hypothesis that 
the two halves of the molecule are equal cannot be 
rejected at the 5 % significance level. 

The crystal structure is shown in Fig. 2. The mol- 
ecules form chains which twist in a manner such that 
opposite planes are always parallel. 

Fig. 2. The crystal structure of the title compound. The con- 
tent of one unit cell is shown. The thermal ellipsoids of the 
non-hydrogen atoms are scaled to enclose 75 % probability 
(ORTEP, Johnson, 1965). 

The two halves of the latter molecule are related by 
crystallographic symmetry and the two halves of the 
title compound do not differ significantly as will be 
discussed later. Consequently only half the bond 
lengths of each of the two molecules need to be dis- 
cussed. The first four bond lengths recorded for the 
title compound are significantly shorter than the corre- 
sponding bond lengths of the nonanedione. This 
means that the n-system of the benzene ring is inter- 
acting with the oxygen atom and the two nearest 
carbon atoms of the five-membered ring. The two 
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