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-X-ray data of eleven compounds containing the bi clo(3,3,l)nonane system were anal@ 
in order to tidy its conformation. From the available data. fl: e atructurcs have been subdivided into 
four major groups depending upon the conformation taken up in the aystal ttructurc and also based 
on chemicaJ dassi8cation of the bicyclo(3,3,l)nonane system. It was found that in the majority of the 
cases reported, the sy-stem exisa in the ‘chnir*haiY form. However, in certain cii6es. apedly when 
there are bulky subatitwnb at positions 3 or 7, the system adopta the ‘chair-boat’ conformation. The 
interestinn conformational features of the four major groups are disauscd in terms of their bond 
lengths, &nd angler and torsion angks. 

The bicyclo(3,3,l)aoaaae system is of considerable 
stere-ochetical interest as this system may be coa- 
strutted, usiag a bell and stick model, by the 1,3- 
fusloa of the two cyclohexaae chairs free of angular 
strain. However, coastructioa of a scale model of 
the ‘chair-chair’ form shows that there is aa ia- 
tolerable traasaaaular interaction between the axial 
hydrogeas at C, sad c7 which are calculated to be 
about 1 A apart. Chviag to this short aoaboaded 
interaction it has been predicted that the mokcule 
should exist ia a ‘chair-boat’ form even though this 
still has some fairly bad interactions.’ Figure 1 
shows the ‘chair<hair’ aad ‘chair-boat’ coaforma- 
tioas of the bicyclo(3,3,l)aoaaae system. ‘Ikis sys- 
tem may also be hnagiaed to take up a ‘boat-boat’ 
(crown) conformation. However, the ‘boat-boat’ 
form is energetically very unstable compared to the 
other two aad hence this is merely of theoretical 
interest and the possibility of structures existing ia 
this coafonnatioa could be ruled out. IR spectra 
available on some of these compouads indicate that 
the ‘chair-chair’ form is preferred.’ Analysis on this 
system using other techniques like C?NMR3 aad 
electron diffraction4 have also been reported. Aa 
interesting recent report on chair-boat equilibrium 
ia the bicyclo(3,3,l)aoaaae system based on NMR 
and molecular mechanics study is available.’ 

Analysis of the data and discussior! 
Crystal structure data are available for eleven 

compounds from which interesting conclusions may 
be drawn regarding the conformation of the 
bicyclo(3,3,l)aoaaae system ia the solid state. The 
structures could be divided into four groups as 
given ia Table 1 phich also gives the accuracy of 
the structure analysis (the mesa tstbnated standard 
deviation ia atomic coordinates (u)), the coaforma- 
tioa which the bicyclo(3,3,l)aoaaae system takes 
up ia the crystal structure and the refereace.b’6 

t Contribution No. 484 from the Department of Physics 
(Crystallography and Biophysics, University of Madras. 

The structural formulae of the compounds are 
given ia Fig. 2. Group I consists of structures that 
exist ia the ‘twin-chair’ or ‘chair-chair’ form with 
all atoms as carbons ia the bicyclo(3,3,l)aoaaae 
system. Group II deals with two azabi- 
cyclo(3,3,l)aoaaae compounds with nitrogen at 
position 3 in the riag aad all the other riag atoms as 
carbons while group III deals with two tetrara- 
bicyclo(3,3,l)aoaaae structures. Group IV contains 
compounds ia the ‘boat-chair’ conformation, somk 
of which have bulky substitueats at positions 3 or 7 
of the ring. Structure 9 of Group IV has a bulky 
substitution of a tertiarybutyl group attached to 
position 7 while structures 10 .anb 11 have a Br 
atom covaleatly bonded to position 3 of the riag 
which could cause a very serious short contact if the 
bicyclo(3,3,l)aoaaae system were to exist ia the 
chair-chair coafonnatioa. It is interesting to note 
that compound 4, which has a S-membered riag 
attached to the bicyclo(3,3,l)aoaaae system, exists 
ia both the ‘chair-hair’ aad ‘boat<hair’ conforma- 
tions with the methyleae carbon at position 7 hav- 
ing alternate sites ia the lattice, the ‘ch&-chk 
form having a probability of occurrence of 70% 
and the ‘chair-boat’ form having 30% probability. 
Hence, this structure is referred to ia Groups I aad 
IV ia Table 1. Figure l(a) gives the nomenclature 
adopted ia this paper for equivalent bond lengths 
and eagles of the bicyclo(3,3,l)aoaaae system to 
facilitate discussion 00 the structures. 

The bond lengths, bond eagles and torsion angles 
observed for the eleven crystal structures are given 
ia Tables 2, 3 aad 4 respectively together with the 
mean bond lengths, bond angles and torsion eagles 
of individual structures while Table 5 gives the 
overall averages of the four groups of structures. Ia 
takiag the overall averages of the structures ia 
Group Iv, tbe structum 44~ is excluded (due to its 
inherent inaccuracy on account of the disordered 
position). There are not many structures ia each of 
the different groups to draw more meaningful esti- 
mates of average parameters. However, one may 
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draw the following observations from the analysi8 
of the averages. The mean C-C bond length of the 
3-atom biigebead, which does not involve the 
methine carbons at C, and C, ((2)) appears to have 
a lower value compared to the mean (y) bonds 
involving the methine carboos 88 is 8eeo from val- 
ues reported in Table 2 for Groups I and II. The 
overali mean values of (z) are 1.52(2) and 
1.50(4) A respectively for Croup I and II structures 
(Table 5(a)). The mean C-c bond ieogth of the 
one-atom bridgehead ((x ) has a value of l-52(2) A 
for Croup I and 1.54(2) h for Group II compounds 
while the mean bond length (y) is 1.54(2)A for 
Croup I and 1.52(2) A for Croup II. For Croup IV 
structures, which exist io the ‘boat-chair’ confor- 
mation, the meao C-C bond length of the ooc- 
atom bridgehead of 1.51(l) A is found to be smal- 
ler thao the mean values of (y) and (z) which have 
values 1.54(3) A and 1.53(2) A respectively. The 

boad angles of the 3-atom bridgehead have been 
observed to have values larger than tetrahedral 
(109%‘) compared to the other bond angles in the 
safe belonghig to Groups I, II and III. This is 
due to the considerable distortion of the two cyclo- 
hexaae rings which exist in a ‘distorted-chair’ con- 
formation in the crystal lattice. Thus, it is seen io 
Table 5(b) that (d) and (e) values of the bond 
angles of Groups I to III are, in general, observed 
to be significantly larger than tetrahedral except for 
the C-C-N an@ (d) of Croup II of X)9(3)‘. The 
mean angle (a) is observed to be slightly larger than 
tetrahedral except for 3-axabicyclo(3,3,l)oonanea 
(Croup II ) which has a low mean value of 104(3)0. 
The mean angle (b) is close to tetrahedral for 
compounds belonging to Groups I to lV with a 
minimum of 108.5(12)“, for Croup IV aad a max- 
imum of 110.7(18)” for Group II. The mean angle 
(c) for Groups I to III is observed in general to be 

Table 1. List of biiclo(3.3.l)nonanc structure 

Group code Compound name 
W’= (e.s.d.) Confor- 
BrouP R-factor A mation* Ref. 

I 

II 

111 

Iv 

9-Aminobicyclo(3,3,l)nonane-9-carboxyIic 
acid hydrobromide monohydrate 
1-p-Bromobenu?nesulphonyloxymethyl-S- 
mtthylbicyclo(3,3,1)nonan-941 
2-Chlorobicydo(3,3,I)nonan-9-one 
DL-1,7-dicarbomethoxy-3a7-me~aao-3aH- 
dccahydrocyclopen~~c~ne-Z-1O~one 

3+kabicyclo(3,3,l)nonane hydrobromide 
l,S-Dinitro-3-methyl-3-axabicyclo(3,3,1)- 
nonane-l-one 
l.S-Dini~3-methyl-3-azabicydo(3,3,1)- 
nonane-7-one 

3,7-~~tyl-l,3,5,7-te~bicyclo- 
(3,3,l)nonane 
3,7-Dinitro-1,3,5,7-tetrazabicyclo- 
(3,3,l)nonane 

l-Methyl-72x0~t-butylbicyclo(3.3,1)- 
nonane-2.9dione 
9-Benxoyl-Ja-bromo-2-B_hydroxy-9- 
axabicyclo(3.3,l)nonane 
9-&nzoy1-3-a-bromo-9-axabicycI0(3,3,1)- 
nonane-2-one 
D,L-1,7-dicarbomethoxy-3a-7-methano-3aH- 
dccabydrocydopcn~cyclooctane-2,l~~one 

PZ’IC 

pi 

p2,lC 
P&/C 

P42,lc 
P3,lC 

PCCI! 

P2,lc 

a,/c 

PT 

P&/C 

Q/C 

p2,tc 

7.9% 0.006 c-c 6 

12.9% 0.017 c-c 7 

8.8% 0.005 c-c 
5.6% 0.002 c-c ! 

8.9% -t c-c 10 
8.6% 0.009 c-c 11 

8.1% 0.005 c-c 11 

5.2% 0.002 M 12 

3.5% 0.002 c-c 13 

6.0% 0.004 b-c 14 

11.2% 0.008 b-c 15 

10.1% 0.01s b-c 16 

5.6% 0.003 iFc 9 

l c-c refers to Chair-chair; b-c refers to Boat-chair conformations. 
t e..s.d.‘s not available in the reference”. 
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The conformation of the bicyclo(3.3.l)nonane system 

Table S(s). Mean bond lengths (A) 

2005 

Mean bond length Group I Group II GroupIII Group Iv 

(x) ;j; 
1.52(2) l.%(2) - 1.51(l) 

- - 1.464(9) .1.485(6) 

(Y) ($ 
l.%(2) 1.52(2) 1.54(3) 

- - 1.4;(2) - 

(2) ;A; 
1.52(2) lSO(4) 1.53(2) 

- l&(3) 1.474(U) - 

Note: (i) C-C bond 
(ii) C-N bond 

Table S(b). Mean bond angles (“) 

Mean bond angle Group I Group II Group III Group Iv 

ill(2) 104(3) - 
(a) $i _ _ - 

112.5(O) 
112.9(O) 

(iv) 

w (kj 

108,6(14) 110,7(18) 
110.6(2) - 

10926) 
109(l) 

- - 

111 - - - lOSYl2) 

(c) ($ 
113.7(16) 112.6(21) ill(4) 

- - 114.0(S) - 

(d) ($; - 
114.6(12) ;l3;2; - 112(2) 

(iv) - - 11227) 1 

(e) !‘) 113.5(18) 116(3) - 111(l) 

(Ii) - 111.2(9) 114.5(24) - 

Note: (i) C-C--C bond angle 
(ii) C-N-C bond angle 

(iii) C-C-N bond angle 
(iv) N--cN bond angle 

Table S(c). Mean torsion angles (“) 

Group II Group Iv 
Mean torsion Group I Group III 

angle RingA RingB Chair-ring (A) Boat-ring (B) 

:; :2::; 
63(4) 63(2) 60(3) 61(2) 62(4) 
62(2) 53(2) 51(3) W2) 4(4) 

S(2) 50(6) 

signiilcantIy larger than tetrahedral with a 
minimum of 112.6(21)” for Group II and a max- 
imum of 114.qs)o for Group III structures. It is 
worthwhile to note that the mean C-C-C bond- 
angle for a theoretically expected chair conforma- 
tion of cyclohexane ring is larger than tetrahedral 
having the value of 11 lo.“*” 

Conformational details of ring structures are best 
understood in terms of torsion angles which are 
given in Table 4t for all the structures. The Table 
also gives the mean torsion angles (t&) of the A 
and B cyclohexane rings for Groups I to IV along 
with the mean torsion angles about equivalent 
bonds for individual structures. The theoretical val- 
ues of the torsion angles for the cyclohexane chair 

t The torsion angles for the compound 7 reported in 
ref. 12 are found to be in error. ‘he valuea reported here 
are correct veluea computed by m. 

conformation are *56.““’ The 4.” of individual 
structures with the two cyclohexane rings in the 
chair conformation, i.e., Groups I and III, have 
values close to each other. The small variations in 
I#.. may be due to the substituents attached to the 
A and B rings and to general packing features. 
However, in Group II, which deals with the 
axabicyclo(3,3,l)none system, the A ring con- 
taining nitrogen is seen to be more puckered and 
hena has a larger 4.” compared to the B ring. In 
Group IV struchucs the A and B rings have the 
chair and boat conformation respectively. The dW 
of the chair ring is generally larger than the & in 
Groups I and III (except for ring A of .Group II) 
which shows that the cyclohexane chair is less 
distorted in Group lV than structures having the 
chair-chair conformation. The broad general fea- 
tures already disa~~I on the conformation of the 
bicyclo(3,3,l)nonane system can be clearly visual- 
ised by considering the overall mean torsion angles 
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Table 6. Least squares plane deviations 

GmuP I II III Iv 

Mean dcvistion of atom 3 
from L.S. Plane tluougll -0.53 A -0.67 A -0.54A -0.64.b 
atom 1, 2. 4. and 5 (Plaoc K) 

Mean deviation of atom 9 
from L.S. Plane tbrougb +0.71 +0.79 +0.70 +0.69 
atoms 1.2.4. and 5 (Pline K) 

Mean deviatioo of atom 7 
from L.S. Plane tlukgb -0.52 -0.46 -0.53 +0.60 
atoms 5, 6.8 aod 1 (Plane Y) 

Mean deviation of atom 9 
from L.S. Plane tbrougb +0.73 +0.78 +0.70 +0.68 
atoms5,6,8andl(PlaneY) 

(3...7)distanol? 3.09 2.82 2.86 - 

about various bonds as given in Table S(c).. ‘Ihus, 
for Group I structures the mean torsion angles 
starting from the 3-atom bridgehead show a 
gradual increase in value from 44(3)9 ((2)) to 62(2) 
((x)) at the one-atom bridgehead. It is observed 
that the mean torsion angle (yy) about bonds in- 
volving both A and B rings have the maximum 
puckering with a value of 69(4)” for Group I, 67(S) 
for Group II and 70(2)0 for Group III structures. 
The mean torsion angles about various bonds of the 
B ring of Group II resemble structures in Groups I 
and III. However, the torsion angles about bonds 
of the A ring involving nitrogen are found to have 
torsion angles close to each other and this suggests 
that the A ring involving N is particularly less 
distorted. However, the large values of torsion 
angles (greater than W) show that the A ring is 
more puckered than a pure cyclohexane chair con- 
formation in which the expected torsion angle is 
close to l 56’.“*” The mean torsion angles of the 
tetraxabicyclo(3,3,1)nonane system (Group III) ap- 
pears to have the same pattern that is observed in 
Group I structures. In Group IV, the A ring, which 
has the chair conformation, has mean torsion ang- 
les about the x, y and z bonds agreeing more 
closely with one another unlike the structures in 
Groups I and III and this shows that the chair 
conformation is less distorted in ‘chair-boat’ struc- 
tures. ‘Ihe torsion angles about the bonds of ring B 
shows that these values correspond to a slightly 
distorted boat conformation.‘9 

Ilie overall general discumiin on the conforma- 
tion of the bicyclo(3,3,l)nonane system could also 
be visual&d in terms of least squares plane calcu- 
lations through diiIerent groups of atoms and some 
characteristic features have been tabulated (Table 
6). The deviations of atoms 3 and 9 from the best 
plane through the atoms 1,2,4 and 5 (referred to 
as plane X) and of 7 and 9 from the best plane 
through atoms 5,6,8 and 1 (referred to as plane Y) 
should, in the ideal case, have the same expected 
value of 0.73 A. However, the deviations of atoms 
3 and 7 of the 3-atom bridgeheads from planes X 
and Y for Group I arc found to have mean values 
of -0.53 and -0.52 A respectively while atom 9 of 
one-atom bridgehead deviates from these planes by 
signiilcantly larger distances, i.e., +0.71 and 
+0.73 A respectively and the latter are found to be 
close to the ideal value for the chair conformation. 

This feature again shows that the ring:is fia+nod‘ 
near the 3-atom bridgehead and more puckered at’ 
the one-atom bridgehead of ‘the ‘bicydo-” 
(3,3,l)nonane system. The mean deviations of 
atoms 3 and 9 in Group II from IUne’X (corres- 
ponding to ring A involving nitrogen) are -0.67’ 
and +0.79 A showing that it is considerably less’ 
distorted than Group I. However, the mean d&a-. 
tions of atoms 7 and 9 of -0.46 and +0.78 A 
respectively from plane Y (corresponding tu ring B 
with all C atoms) indicate that the ring b more 
distorted. Mean values of the Least ‘squares plane 
deviations of atoms in the tetraxabicydo- 
(3,3,l)nonanes of Group III agreee well with the 
values of Group I structures. In Group IV the 
mean deviations of -0.64 and +0.69 A with mpxt 
to ring A (which exists in the chair conformation) 
clearly show that the ring is less distorted than 
Group I and III structures already described. ‘Ihe 
deviations from plane Y (with rw to ring B 
which exists in the boat conformation) show that 
the mean deviations reported are on the same side 
of the plane and the boat conformation is less 
distorted as these have nearly the same .values of 
+0.60 and +0.68 A respectively. Table 6 also gives 
the non-bonded C, . . . C, distama for Groups I to 
III which exist in the ‘twin-chair’ conformation and 
the mean values are 3.09.2.82 and 2.86 A reapec- 
tively. These values are larger than the expected 
non-bonded separation of.252 A’t when both -the 

t This value is, however, based 00 a cycloboxane chair 
conformatioo with tetmkdral bond angles and +6V tor- 
sion aogla. It might qpcar that it WC ssuune the cur- 
reotb accc~ted rmslkr values of tersion angles W63 
and kd ;n&s slightly k@X (1 l lo)“~“. ti c; . . . c, 
rparationa would inueue. Hcwever. model building 
sbows tbat tbis valoe actually slightly dm to 2.39 A. 
Thisisbecausetbemode1buUdiagwoukiresIdtintbe 
bond angks ‘C (see fig. 1) on eitba side of the 
bridgehead to have a much smaller value of 101’ wbkb 
effectively auses the slight shortening of the C,. . . C, 
distance. A correct tbunetial approach for tbe above 
ertimatioin of the distance would involve detailed poten- 
tial energy caladatious using minimizatioo techniques af- 
lowing for variations in bond leogtbs, bond angles alId. 
torsion angles and particuMy treating there to have 
unequal vahei about various bon& aa ia obncrvcd from 
the observations of the structural data reported lo tbis 
pap=. 
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chairs have the id&l chair conformation. It is to be 
noted that the abovcmeationcd non-bonded die 
tancat for Group II of 2.82A gives the mean 
N~...C,~tactwhilef~Group~~itis 
a N>... NT contaizt and hence these values are 
fo~(ohrvemean~u~~etthantbeC,... 
c,amtactof3.wAof~rou~1. 

The structural tidies on the bicyclo(3,3,1)- 
nonane system thus reveal t&tt tie q&cm prefers 
to adopt in general the Wair-chair’ conformation 
in the cry&al lattice tith considerable flattering at 
the 3-atom bridgeheada as revealed by the bond 
angle8 and torsion angle3 of the str&ures. It 
adopt8 a ‘boatdhaif conformation mainly in situa- 
tiona of bulky rubstitutiona at positions 3 or 7 u in 
the c8#e of structurea 9,lO and Il. It is further 
seen that the ‘boat-chpir’ conformation is considcr- 
ably las&torted than the ‘chair-chair’ form. For 
the 3-azabicyclo(3,3,l)nonane ryatem (Group II) it 
is -XI that the 6-membered ring’involving N h leas 
distorted than the other ring having all C atoms. 
The t&&abicyclo(3,3,1)nonane structunx (7 and 
6) qxis! in&e !chakzhair form with distortions in 
the 6-membered ring system very’ nearly the same 
an in structurc4 belonging to Group I. 
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