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Fig. 1. The shape and numbering of the molecule. Solid circles 
represent carbon atoms, circles oxygen atoms. The numbers 
correspond to those used in Table 1. 

1970), but there are no structural data for the hydro- 
carbon. We have shown that an analogous molecule 
(III) adopts a shape with planar ethylene bridges but 
with very pronounced vibration of C(4) and C(5) per- 
pendicular to the plane of the bridge, suggesting that 
the energies of the planar and twisted bridge systems 
in (I) may be very similar (Murray-Rust,  1974). The 
crystal structure of the 1,8-disubstituted derivative (II) 
was undertaken to investigate this [and also to con- 
firm it as the product of synthesis (Henry, Moodie, 
Parker & Watt, 1975)]. 

The structure consists of discrete molecules with no 
unusually short intermolecular contact distances (Table 
5), and it is reasonable to assume that the configuration 
observed is close to that of minimum energy. The 
homoadamantane nucleus has almost Czv symmetry 
and the torsional angle in the ethylene bridge is only 
2.0 (6) ° . The thermal ellipsoids of the two atoms in 
this bridge, C(4) and C(5), do not show any unusual 
anisotropic motion perpendicular to the bridge (the 
vibration of the ester groups is more pronounced by 
comparison) and the C2~ conformation would thus ap- 
pear considerably more stable than C2 arrangements 
with a torsional angle of about 60 ° (as predicted from 

models). The bond lengths are normal, but although 
the angles in the nucleus are considerably larger than 
tetrahedral they are not unusual in this type of system 
(Murray-Rust,  1974; Murray-Rust  & Murray-Rust,  
1975; Murray-Rust  & Smith, 1975). 

Table 5. lntermolecular contact distances (A) less than 
3"60/k (e.s.d.=O'O08 A) 

C(13)...0(3) 2, 37, 1 - z  3-24 
0(3) . . . .  C(1) 2, p, ~ 3.31 
c(4) . . . .  0(4) 2 - 1 ,  1 -y ,  ,~ 3.55 
0(4) . . . .  C(15) 2 - 1 ,  )7, z7 3.58 
0(4) . . . .  c(5) 2 - 1 ,  1 -y ,  z? 3.58 
O(1) . . . .  C(5) 2 -  1, l - y ,  •- 1 3.59 
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Abstract. C16H16N4, M=264"33, orthorhombic, Pbcn, 
a =  10.57 (1), b=7.46  (1), c =  16.93 (2) A from preces- 
sion photographs, refined by diffractometer. Z = 4 ,  
D,,,=1.33 (flotation), D¢=1.316 g cm -3. The com- 
pound was crystallized from petrol as needle prisms. 
The structure, refined to R = 0.056, shows discrete mol- 
ecules of almost D2a symmetry with some angle strain 
in the heterocyclic rings. 

Introduction. Systematic absences hkO h + k = 2n + 1, 
hOl l= 2n + 1, Okl k =  2n + 1 gave the space group as 
Pbcn. Data were collected for layers Okl to 4kl and 
hOl to h7l with a Hilger-Watts linear diffractometer 
(Mo K~ radiation). 792 unique reflexions were recorded 
for which the intensity was greater than 3a and the 
agreement between the two sets of data is shown in a 
merging R of 0.043 [R= ~[(FI - F2)[/½~(FI + F2)]. 
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Table  1. Atomic positions and anbotropic temperature factors ( x 104) with e.s.d.'s in parentheses 
The expression used for the anisotropic temperature factor was exp ( - [ f luh2+ f122k2 + fl3312+ 2fl~2hk +2fla3hl+ 2fl2akl]). 

x]a y/b z/c *~II ,822 ~33 ~12 ill3 fl23 
N(1) 6132 (3) 273 (4) 2255 (2) 84 (3) 174 (6) 35 (1) 24 (4) 0 (2) 4 (2) 
N(2) 4329 (3) 2960 (4) 1879 (2) 80 (3) 181 (6) 37 (1) 15 (4) 7 (2) 7 (2) 
C(1) 6037 (3) 948 (5) 1459 (2) 68 (3) 164 (7) 36 (1) - 3  (4) 3 (1) 0 (3) 
C(2) 5154 (3) 2258 (4) 1276 (2) 70 (3) 174 (7) 35 (1) - 9  (4) 1 (2) - 2  (3) 
C(3) 5059 (3) 2898 (5) 501 (2) 84 (3) 203 (8) 40 (1) - 1 4  (5) - 4  (2) 16 (3) 
C(4) 5844 (3) 2207 (6) -81  (2) 100 (4) 259 (9) 29 (1) - 4 5  (5) 0 (2) 4 (3) 
C(5) 6717 (3) 897 (6) 96 (2) 88 (4) 246 (9) 36 (1) - 2 3  (5) 4 (2) - 19 (3) 
C(6) 6816 (3) 255 (5) 871 (2) 80 (4) 216 (8) 41 (1) 1 (5) 1 (2) - 17 (3) 
C(7) 3414 (3) 1623 (5) 2174 (2) 60 (3) 229 (8) 38 (1) 2 (4) - 1 (2) 6 (3) 
C(8) 5000 (*) -723  (6) 2500 (*) 113 (6) 142 (10) 37 (2) * 4 (3) * 
C(9) 5000 (*) 3970 (7) 2500 (*) 103 (6) 144 (9) 45 (2) * 11 (2) * 
H(1)"f 4388 (36) 3846 (57) 293 (22) 121 285 54 - 3 9  - 3  15 
H(2) 5749 (37) 2622 (58) - 563 (23) 123 350 47 - 72 1 - 1 
H(3) 7292 (30) 399 (47) -308  (16) 73 222 17 - 2 9  - 1  - 2 6  
H(4) 7486 (39) -646  (40) 1030 (19) 135 54 44 - 1 7  7 - 2 7  
H(5) 2711 (25) 2319 (42) 2430 (24) - 7  119 90 4 - 1  22 
H(6) 3084 (25) 984 (47) 1676 (12) 26 329 - 1 9  4 - 1  22 
H(7) 5227 (32) -1496 (39) 2995 (16) 123 73 15 0 10 0 
H(8) 4327 (35) 4786 (54) 2806 (22) 151 212 62 0 3 0 

* Required by symmetry to be zero. 
Temperature factors for hydrogen atoms were estimated from those of the attached carbon atom and were not refined. 

Loren tz  and  polar iza t ion  correct ions  were applied (but  
none  for  absorp t ion)  and  layer  scales were obta ined  
t h r o u g h  c o m m o n  reflexions. The s t ructure  was solved 
by direct me thods  with the L S A M  series of  p r o g r a m s  
(Main ,  1971) and  refined by ful l -matr ix  least -squares  
calculat ions  with our  adap ta t i on  of  the PORFLS pro-  
g r a m  in the C R Y S T A L  69 system of  Powell  & Grif-  
fiths (1968). Five cycles of  ref inement  of  posi t ional  and  
isotropic  the rmal  pa rame te r s  gave R = 0 . 1 0 5  J R =  
~[IFol- Ifcl[/YJFoi] and  a difference synthesis then pro-  
vided all the hydrogen  a t o m  posit ions.  Aniso t rop ic  
t empera tu re  fac tors  were in t roduced  for  the heavier  
a toms  and  the refinement,  with the weighting scheme 
w=l/[l+F2o], converged with R = 0 . 0 5 6 . *  Scat ter ing 
fac tors  were t aken  f r o m  International Tables for X-ray 
Crystallography (1968). A tomic  pa rame te r s  are given 
in Table  1, the number ing  of  the a toms  in Fig. 1, bond  
lengths in Table  2, bond  angles in Table  3 and  some 
selected tors ional  angles in Table  4. 

N/----~N 

(I) 

Discussion. The c o n f o r m a t i o n  of  tricyclo[4,4,1,13.S]do - 
decane is of  considerable  interest  as bo th  $4 and  D2n 

* A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publica- 
tion No. SUP 30716 (6 pp.). Copies may be obtained through 
The Executive Secretary, International Union of Crystallog- 
raphy, 13 White Friars, Chester CH 1 1 NZ, England. 

Table  2. Bond lengths (A) between non-hydrogen atoms 
(e.s.d. =0 .005  A) 

N(1)-C(1) 1 "442 C(2)-C(3) 1-399 
N(1)-C(8) 1.468 C(3)-C(4) 1.387 
N(1)-C(7') 1-476 C(4)-C(5) 1.376 
N (2)-C(2) 1.441 C(5)-C(6) 1-401 
N(2)-C(7) 1 - 4 7 6  C(7)-N(I') 1.476 
N(2)-C(9) 1.475 C(8)-N(I') 1.468 
C(1)-C(2) 1.386 C(9)-N(2") 1.475 
C(I)-C(6) 1.391 

Table  3. Bond angles (°) involving non-hydrogen atoms 
(e.s.d. = 0 . 3  °) 

N(I)-C(1)-C(2) 120.2 C(1)-C(2) -C(3) 119.9 
N(1)-C(1)-C(6) 119 -8  C(1)-C(6)--C(5) 119.9 
N(1)-C(8)-N(I ' )  119"2  C(2)-N(2)--C(7) 113"0 
N(1)-C(7')-N(2') 118"0  C(2)-N(2)-C(9) 113"5 
N(2)-C(2)-C(1) 120"3  C(2)-C(1)--C(6) 120.0 
N(2)-C(2)-C(3) 1 1 9 - 7  C(2)-C(3)--C(4) 119.7 
N(2)-C(7)-N(I ' )  118-0 C(3)-C(4)--C(5) 120.6 
N(2)-C(9)-N (2') 118.7 C(4)-C(5)--C(6) 119.8 
C(1)-N(1)-C(8) 112.6 C(7)-N(2)-C(9) 114.7 
C(1)-N(1)-C(7') 113.3 C(7)-N(I')-C(8) 115.1 

symmetr ies  are possible.  A ni t rogen-subs t i tu ted  deriv- 
ative (I) has  been crystall ized and  analysed by X - r a y  
c rys ta l lography  ( M u r r a y - R u s t ,  1974) but  d o u b t  re- 
ma ined  as to whether the molecule had D2d symmetry 
(required by the space group)  or  was disordered in the 
crystal .  We synthesized the title c o m p o u n d  as an ana-  
logue [by the me thod  o f  Bischoff  (1898) using o-phen-  
ylenediamine]  and  recrystal l ized it f rom petrol .  In this 
molecule the two-ca rbon  bridges are cons t ra ined to be 
p l ana r  and  this requires  the nucleus to adop t  D2d sym- 
metry.  It was hoped  tha t  compar i son  of  the bond  an- 
gles in the two molecules  might  conf i rm the D2d con- 
fo rma t ion  o f  (I). 

The s t ructure  consists of  discrete molecules packed  
so tha t  no in termolecular  contac t  dis tance (between 
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Table 4. Torsional angles in the tricyclic nucleus (o) (e.s.d. = 0.4 °) 

C(8)-N( I )-C( i ) -C(2) 66.2 C(7)-N(2)-C(2)-C( I ) - 67.2 
C(7') C(2) - 66.7 C(9) C(1) 65.7 

C(1)-N(1)-C(8)-N(I') -78.7 C(2)-N(2)-C(7)-N(I') 78.3 
C(7') N(I') 53-2 C(9) N(I') - 53.9 

C(1)-N(1)-C(7')-N(2') 79.2 C(2)-N(2)-C(9)-N(2') - 78.3 
C(8) N(2') - 52.4 C(7) N(2') 53.7 

N(1)-C(1)-C(2)-N(2) 0.3 

N (2) z - "  fN(1} 
/ 

C131 / C(6) 

-C(5) 

Fig. 1. The geometry and numbering of the molecule. Primed 
atoms are generated by the action of the crystallographic 
diad shown. 

non-hydrogen atoms) is less than 3.50 A. Although the 
molecule lies on a crystallographic diad axis, its real 
symmetry is almost the expected D2a. The bond lengths 
are all as expected [C-C(aromatic)=l .39 A (av.); 
C(spZ)-N = 1.437, C(spZ)-N = 1.475 A, the latter in good 
agreement with the corresponding value in (I) of 1.470 

A]. The bond angles in the tricyclic nucleus show the 
same sort of increases from the tetrahedral value as 
found in (I); the angles to be discussed have been aver- 
aged on the basis of D2d symmetry and those for (I) 
are given in parentheses. The methylene bridges have 
an N - C - N  angle of 118.6 (116.9 °) but the other angle 
in the cyclooctane ring (114.8 °) is considerably smaller 
than in (I) (119-3°). The geometry of the two-carbon 
bridges is very similar in the two molecules and the 
small differences can be explained by the different 
lengths of the C-C bonds. The torsional angles in the 
tricyclic system are also essentially the same in both 
molecules. We conclude therefore that the geometry 
found for (I) is not inconsistent with that required for 
a D2a conformation, but naturally cannot dismiss the 
other possibilities put forward (Murray-Rust, 1974). 
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Abstract. CI8Hs2N203, M=324"46, orthorhombic, 
Pna2~ (No. 33), a =  18.13 (2), b =  11.56 (2), c=9.45 (2) 
A, from precession photographs, refined by diffractom- 
eter (Mo Kc~ radiation). Dm (flotation)= 1"09 g cm-3; 
for Z = 4 ,  De= 1.09 g cm -3. The structure was solved 
by direct methods, and refinement converged at R =  

0.051; the molecule contains bridged five- and seven- 
membered rings, each of which contains a hydroxyl- 
amine group. 

Introduction. Systematic absences Okl k + l=  2n + 1, 
hOl h = 2 n +  1, indicated space groups Pnam (No. 62) 


