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The Unusual Properties of 5-Methyl-4,5,6,7-tetrahydro-1H-indazole
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Abstract: The crystal structure of the title
compound was determined by X-ray anal-
ysis at 200 K. Three independent mole-
cules form a trimer joined by strong and
linear N—H - - - N hydrogen bonds. There
is another centrosymmetrically related
trimer in the unit cell. Both tautomers (1 H

der of the NH protons involved in the N-
H --N hydrogen bonds has been ob-
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served. Solid-state 1*C CPMAS NMR
was used to establish the dynamic nature
of the NH-proton disorder, the title com-
pound being the first example of proton
transfer in a tantomeric mixture of pyra-
zoles with an equilibrium constant other
than 1.

and 2H) are present in each trimer. Disor-

Introduction

Compound 1, although it should be named 5-methyl-4,5,6,7-
tetrahydro-1H-indazole, has to be considered structurally as a
tetramethylene-substituted pyrazole. The reason is that NH-
indazoles are always 1H tautomers,!* =3 while N H-pyrazoles of
this kind are mixtures of both tautomers la and 1b (Fig-
ure 1).!*) Tautomerism involving only annular nitrogen atoms,
that is, atoms pertaining to the ring, is called “annular tau-
tomerism” 1!

Compound 1 was prepared from 4-methylcyclohexanone in
two steps and was obtained in the racemic form with respect to
C(5) .13 Its crystallization is expected to yield a racemic com-
pound since spontaneous resolution is a relatively rare phe-
nomenon.!® Thus four entities are possible for this compound
(eight if one considers that owing to conformational flexibility
of the six-membered ring, the methyl group can be axial or
equatorial).

To understand why the structure of 1 in the solid state is
unusual we have to summarize the present knowledge of the
structure of NH-pyrazoles in this state, knowledge which is
mainly based on X-ray crystallography and CPMAS NMR
spectroscopy. Two kinds of NH-pyrazoles 2 have to be consid-
ered, depending on whether the substituents at positions 3 and
5 (R? and R°®) are identical (including the hydrogen as a sub-
stituent) or different. Compound 1 belongs to this latter group,
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Fig. 1. Isomers of compound 1.

the polymethylene chain CH,-CH(CH,)-CH,—CH, being a
special class of 4,5- (2a) and 3,4-disubstituted pyrazole 2b
(Scheme 1). We have summarized all the available information
in Table 1 (the geometry of these and other pyrazoles has been
discussed elsewhere) .[25!

Regarding annular tautomerism, the thermodynamic aspects
(position of the equilibrium) and the kinetic ones (proton trans-
fer) should be distinguished. The problem of determining and
discussing the equilibrium constant occurs only for the asym-
metric pyrazoles. In solution and in the gas phase, asymmetric
NH-pyrazoles exist as a mixture of tautomers 2a and 2b with
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Scheme 1.

Table 1. Structure of NH-pyrazoles in the solid state |a].

Asymmetric, R*#R?® Symmetric, R* = R®

Cyclic  3.R*= Me. R* = NO,. R® = H [7] 4, R? = R® = Ph, R* = Br [8]
dimers 5, R* =R’ =Ph, R* = NO, [9]
6, R* = R% = Bu', R* = H[10]
7.R* = R® = Bu', R* = NO, [9)
Cyelic 8. R®=I. R*=NO,, R® = Me [7] 9,R* = R’ = H, R* = NO, [9]
trimers 10, R* = Ph, R* = Br, RS = H [11] 11, R? = RS = Me. R* = H [12,13]
12. Campholc]pyrazole (14] 13. R* = R* =}, R* = Br [15]
14. R> = CO,Me, R* = CF,. R® = H[16]
Cyclic 15. R? = Ph(Mc), R® = Me(Ph), 16, R* = R® = Ph, R* = H [§]
tetramers R*=H{17-19]

Catamers 17, R® = N,. R* = Ph, R® = H [20} 18, R? = R% = R* = H [21-23]

19, R} = R’ = Me, R* = NO, [24]

[a] Reference numbers are given in square brackets.

equilibrium constants which depend on the nature of R* and R®
but are never very different from unity.f2¢ 27! [n the solid state,
on the other hand, there is only one tautomer present: com-
pounds 3, 8 (desmotropy), 10, 12 (the 2H tautomer probably
resulting from the Mills—Nixon effect),*! 14 and 17. The only
exception is 3(5)-phenyl-5(3)-methylpyrazole (15), a cyclic te-
tramer formed by two 3-phenyl-5-methyl and two 3-methyl-5-
phenyl tautomers.

As for the kinetic aspect of proton transfer along the inter-
molecular hydrogen bond, the necessary conditions for its ob-
servation are: i) the pyrazole must be symmetric; i) the structure
should be cyclic, that is, only the compounds 4, 5, 6,7, 9, 11, 13
and 16 present the required structural characteristics. Here
again the exception is compound 15, where a quadruple proton
transfer transforms a tetramer (2x2a +2 x 2b) into another
tetramer (2 x2b +2 x 2a) of the same energy, as in Scheme 2.

In summary, for asymmetric N H-pyrazoles one should expect
either only one tautomer (dimers, trimers, tetramers and
catamers) or both tautomers in a 1:1 ratio present in a cyclic,
even structure (n = 2 dimers or » = 4 tetramers).
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Results and Discussion

X-ray crystallography: The main geometrical characteristics of
the molecular and crystal structure of compound 1 are reported
in Table 2. The three independent molecules of the title com-
pound form trimers in which the 1H tautomer, the molecules
labelled as A and B in Figure 2, and the 2H tautomer, the mol-
ecule labelled C, are present. The pyrazole rings of the three

Fig. 2. A perspective view of the trimer showing the numbering system. The dis-
placement ellipsoids are drawn at 30 % probability level. The disorder of the chiral
C(5) atom in molecule B is represented by thin lines. Dotted lines indicate hydrogen
bonds; only those hydrogens with the higher population values are retained.

independent molecules do not show significant differences (test-
ed by half normal probability plots).!*®! Their geometry closely
approximates the mean geometry (Table2) describing the
motlecular structure of structurally related compounds: 1 H- and
2H-pyrazole moieties fused to a six-membered aliphatic ring
system (CSD refs: BAKTUC, CAVPAQ, YAXYIF and
HXBIND, JEZGAW, LABHEB, respectively).!>?! The angles at
the nitrogen atoms are a sensitive indicator of the position of the
hydrogen atom,’®® the protonation being associated with an
increase in the N(1) and N(2) angles (1H or 24 tautomer, re-
spectively). In the present compound these angles, which some-
what resemble those of the corresponding tautomers 1a and 1b,
range from 107.3(3) to 109.3(2)° in fairly good agreement with
the disorder model found for the corresponding hydrogen
atoms, that is, two thirds of tautomer 1a and one third of tau-
tomer 1b. An interpolation of the N(1) and N(2) values for A,
B and C yields a population of 0.604-0.02 for 1a instead of the
result of 2/3 found for the proton disorder.

As far as the aliphatic rings are concerned, the Csp?—Csp?
and Csp*~Csp?® distances in molecule C are in agreement with
the reported values.[**! The differences between molecules A
and B could be a result of the presence of both enantiomers
within the trimer. Only the C(5) chiral atom, not the C(6) atom,
in molecule B (Figure 2), was split into two positions (see exper-
imental) which correspond to the S and R configurations (in one
trimer there are 0.33 R molecules and 2.67 S molecules, or vice
versa in the centrosymmetrically related trimer, 0.33 S and
2.67 R). Although the displacement parameters in A are higher
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Table 2. Selected geometrical parameters (A, ).
CSD results

A B/B’ [a] C 1H 2H
N(1)-N(2) 1.352(5) 1.348(4) 1.353(4) 1.355(7) 1.363(6)
N(2)-C(3) 1.324(4) 1.327(5) 1.334(4) 1.335(11) 1.351(8)
C(3)-C(31) 1.392(5) 1.387(5) 1.380(5) 1.407(13) 1.365(6)
C(31)-C(T1) 1.390 (4) 1.378(4) 1.390(4) 1.371(16) 1.397(6)
N(1)-C(71) 1.345(4) 1.348(5) 1.332(4) 1.349(8) 1.325¢(7)
C(31)-C(4) 1.468 (5) 1.487(6) 1.499(5)
C(4)-C(5)/C(5) 1.452(7) 1.559(7)/1.402(13) 1.526(5)
C(5)/C(5)-C(6) 1.384(6) 1.369(8)/1.516(14) 1.518(6)
C(5)/C(5)- C®) 1.517(6) 1.557(10)/1.535(14) 1.532(7)
C(6)-C(7) 1.459(5) 1.477(8) 1.521(5)
C(N-C(71) 1.451(6) 1.478(5) 1.496(5)
NQ@)-ND-C(71) 109.3(2) 108.6(3) 107.3(3) 112.2(8) 103.6(8)
N(1)-N(Q2)-C(3) 107.3(3) 107.5(3) 108.9(3) 104.7(11) 112.3(5)
N@2)-C(3)»-C(31) 110.7(3) 110.5(3) 109.3(3) 111.2(9) 106.8(2)
C(3)-C(3-C(71) 104.0(3) 104.1(3) 104.1(3) 104.9(4) 104.7(4)
N(1)-C(71)-C(31) 108.5(3) 109.1(3) 110.2(3) 107.0(6) 112.5(9)
C(31)-C4)-C(5)/C(5H-C(6) —25.3(6) —35.2(7)/29.1(12) —47.6(4)
C(4)-C(5)/C(5")-C(6)-C(T) 34.5(T) 45.5(9)/—25.6(13) 65.1(4)
C(5)/C(5)-C(6)-C(T)-C(T1) —~23.5(6) —29.5(8)/6.8(9) —45.4(4)
C(6)-C(T)-C(71)-C(31) 6.4(5) 6.6(6) 14.3(5)
C(7)-C(71)-C(31)-C(4) —0.0(5) —~1.6(6) —0.8(5)
C(71)-C(31)-C(4)-C(5)/C(5) 8.6(5) 14.5(5)/ —17.4(8) 17.5(4)
Cremer and Pople parameters
72 (A) 0.175(4) 0.235(6)/0.211(9) 0.377(3)
3 A ~0.146(4) —0.205(5)/0.109(7) —0.324(4)
02 () 129.8(8) 131.1(7y/62.0(11) 130.6(4)
#2 () —34.6(12) ~44.9(12)/102.7(14) —33.3(6)
Central ring of the trimer
NDA-NA - N(HDB-N(2)B 12.5(4) q2(A) 0.165(3)
NA - N(1HB-N(2)B- - N(22)C -4.9(3) q3(A) 0.006(3)
N(DB-N(@2)B:--N(2)C-N1)C -6.3(3) 2(7) 87.9(9)
N(2)B---N{2)C -N(DC- - N(DA 11.3(3) ¢2(°) 81.2(9)
N@C-N(DTC - - N(DA-N(DA —4.2(4)
N(DC- - N{(HA -N(DA - - N(1)B -7.7@3)
Hydrogen interactions X-H H---X XY X-H Y
N(DA-HMA - N(1)C 0.85(6) 2.02(6) 2.879(4) 175(7)
N(OB-H(1)B- - NQQ)A (0.93(8) 1.94(8) 2.866(4) 173(7)
NQ)C-HQ)C---N(2)B 0.83(-) 2.07¢-) 2.893(5) 168(-)
N@A-HQ)A---N(1)B 1.14(15) 1.78 (14) 2.866(4) 157011
N@2)B-H@2)B---N@2)C 1.09(15) 1.83(15) 2.893(5) 165¢11)
N(C-HMC - N(1)A 0.82(-) 2.07(-) 2.879(4) 164 ()

{2] A prime (') stands for the disordered positions in molecule B.

than those of molecule C, a disorder model for A could not be
established. The six-membered ring in molecules A and C
adopts a slightly distorted half-chair conformation (Table 2)
more puckered in C [Q, = 0.228 (5) vs. 0.498 (4) A],1** while the
conformations of the disordered molecules, B and B’, are inter-
mediate between half-chair and envelope conformations, with
total puckering amplitudes of 0.313(7) and 0.238(8) A, respec-
tively. The presence of disorder in B and probably to a lesser
extent in A affects their conformation, increasing their pucker-
ing.

The six nitrogen atoms of the independent trimer form a
pseudo six-membered ring, neglecting the hydrogen atoms,
which adopts a nearly ideal skew conformation (Table 2). The
molecules in a trimer are connected by rather strong and linear
hydrogen bonds, as compared with those reported for com-
pounds 8 and 14 (Tables 2 and 3). The largest N --- N distance
exists in compound 11 with methy! groups at C(3) and C(5) and
a planar central ring; the weighted average distance is
2.909 (1) A. Only van der Waals interactions are responsible for
the packing of the trimers (Figure 3).
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Table 3. Geometry of the independent hydrogen interactions in cyclic trimers of
NH pyrazoles A, 9. Compounds 9 and 11 present dynamic disorder.

Compound N---N N-H---N
8, R3=H, R*=NO,, RS = Me 2.875(7) 163(8)
2.872(9) 157¢7)
2.900(7) 162(10)
9, R3 =R’ =H, R* = NO, 2.858(4) 168 (6)
2.872(4) 159(8)
2.880(3) 167(6)
2.880(3) 177(9)
2.858(4) 172(9)
2.872(4) 167(7)
10, R?® = Ph, R* = Br, RS = H 2.851(7) 170(9)
2.869(7) 166(7)
2.931(8) 162(7)
1,R3=R*=Me, R°=H 2.978(6) 172()
12, Campholc]pyrazole 2911 4) 177(5)
2.931(3) 171(5)
2.933(3) 173(5)
2.936(3) 178(3)
2.914(3) 170(3)
2.910(3) 179(5)
14, R® = CO,Me, R* = CF,, R* = H 2.874(5) 168(5)
2.902(6) 168(4)
2.964(5) 163 (4)
0947-6539/97j0301-0123 § 15.00 +.25/0 —_— 123



FULL PAPER

C. Foces-Foces et al.

Fig. 3. Packing of the trimers (diagram along the ¢ axis).

THNMR spectroscopy: In order to obtain information about
the conformation of the six-membered ring in solution, we
recorded the spectrum of pyrazole 1in CDCl; at 500 MHz. We
also carried out semiempirical
AM 1 calculations* on the com-
pound to obtain the values of the
dihedral angles. The system formed
by the 11 protons [H(3)-H(4a)-
H(4b)-H(5)(CH,)~H(6a)~H(6b)-
1 H(7a)-H(7b)] is too complex to be
analyzed directly, so the analysis®*
was carried out on a series of 'H-decoupled spectra [H(3) decou-
pled and Me decoupled]; the assignment of the different protons
was sustained by 'H-'H two-dimensional spectroscopy. The
result of the analysis is reported in Table 4.

Table 4. 'HNMR chemical shifts (§) and coupling constants (Hz) of compound 1
in CDCl; at 499.88 MHz according to the iterative analysis {rms error 0.01 Hz).
Calculated vicinal coupling constants in Hz (H-C-C-H dihedral angles in degrees)
for AM 1 optimized geometries.

d J
H(4a) 2.090 H(7a) 2.628
H(4ce) 2.637 H(7¢) 2.751
H(5) 1.809 Me(5) 1.054
H(6a) 1.440 H(3) 7.265
H(6e) 1.881
*J vicinal coupling constants Me,, Me,,
SJH(4a),H(5)] 10.16 11.55 (166.17) 1.16 (78.78)
SJH(4e),H(5)] 5.05 5.28 (48.89) 5.83 (—38.19)
3JIH(5),H(62a)] 11.04 12.31 (177.05) 2.83 (—61.24)
SJH(S),H(6e)) 2.72 2.53 (—65.46) 3.55(55.83)
3/TH(6a) H(7a)] 11.15 12.42 (163.39) 1.19 (71.51)
3H(6a) H(7e)} 5.61 5.96 (45.47) 5.80 (—46.39)
3N H(6€),H(7a)] 5.94 5.80 (46.06) 5.76 (—45.50)
3JH(6e).H(7¢e)] 3.04 1.19 (—71.86) 12.42 (—163.42)

Other coupling constants

“JIH(4e), H(6e)(W) =132 Hz;

SJ[H(42),H(7e)] =0.84 Hz; SJ[H(4e),H(7a)] = 0.83 Hz;
*J[H(4¢),H(7e)] =0.00 Hz; */[H(4e),H(3)] = 0.82Hz;
3JIMe(5),H(5)] = 6.69 Hz.

5J(H(4a).H(7a)] =1.55 Hz;

124

& VCH Verlagsgesellschaft mbH, D-69451 Weinheim, 1997

Semiempirical calculations with the AM 1 Hamiltonian for
the two conformations of the 5-methyl group, axial and equato-
rial, led to two local minima, the equatorial situation being more
stable by 1.5 kcalmol™*. The crystallographically observed
molecule C is very similar to the calculated one (methyl equato-
rial); for instance the H-C-C-H torsion angles show a linear
relationship [AM 1 (torsion angles) = 0.9§+0.01 mol; C (tor-
sion angles) » = 8, r* = 0.999]. The geometries of molecule A
and particularly molecule B differ more from those calculated
by AM 1, but this could partly be a consequence of the disorder.

If the vicinal H-C-C-H coupling constants of Table 4 are com-
pared with the couplings caiculated (by means of a Karplus
relationshipf®3) for the equatorial and axial conformations
(AM 1 minimized geometries) it appears that in solution 85 % of
Me,, and 15% of Me,, is present instead of the 100% of Me,
present in the crystal (note that the disorder in the crystal in-
volves C(5) and not the methyl group).

13C CPMAS NMR spectroscopy: Compound 1 presents the
following signals assigned in 'H-'*C 2D experiments at
125 MHz in CDCl; solution: & =22.02 [CH,4(5)], 25.06
[CH(5)], 29.44 [CH ,(4)], 30.40 [CH,(7)], 31.98 [CH,(6)], 115.66
[C(3a)], 132.26 {broad, C(3)], 143.68 [broad, C(7a)]. The
CPMAS NMR spectrum at 100 MHz is represented in Figure 4.
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Fig. 4. 13C CPMAS NMR spectrum of compound 1.

The highfield part originates with sp® carbons, 21.7 [CH,(5)],
22.9 [CH,4(5)], 29.5 and 30.8, CH(5), CH,(4) and CH,(7)] and
32.0 [CH,(6)], and the lowficld part to the three pyrazole sp?
carbons, 114.9 [C(3a)], 128.7 [C(3)] and 143.2 [C(7a)]. Two
points should be noted, the existence of two signals for the
5-methyl group, and the broadening of pyrazole carbons C(3)
and C(7a) compared with pyrazole C(4). The splitting of the
5-methyl group is not due to the presence of tautomers 1a and
2a (see later on) but to the crystallographic disorder of chiral
C(5) in the racemic compound (1/8 ratio).

From related pyrazoles™ it is possible to estimate the chemi-
cal shifts of aromatic carbons in both tautomers: 1a: 1333
C(3),114.9 C(3a) and 139.1 C(7a); 1b: 123.1 C(3), 114.9C(3a)
and 148.3 C(7a). The signals of C(3a) for both tautomers are
identical or very similar, but those of C(3) and C(7a) appear as
two broad signals centred at § = 128.7 and 143.2 instead of four
signals. The position corresponds to approximately 50% of 1a
and 50 % of 1b and the broadening (inciuding that of C(34)) can

0947-6539/97/0301-0124 $ 15.00+ .25{0 Chem. Eur. J. 1997, 3, No. {
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be simulated with a bandwidth of 30 Hz and a rate constant
k., =1800 s~ '. For the experimental temperature of 300 K, this
rate corresponds to AG, =13.1 kcalmol ™.

Conclusions

Tetrahydroindazole 1 presents a mixture of static and dynamic
disorder that only the combined use of crystallography and
NMR was able to resolve. The static disorder (narrow lines in
NMR) concerns C{5): of the two trimers present in the unit cell
one contains 1/9 .S enantiomer and 8/9 R enantiomer, while the
other contains 1/9 R enantiomer and 8/9 S enantiomer. Obvi-
ously the splitting of the C-methyl signals (Figure 4) is not di-
rectly due to the enantiomerism but rather to the presence of the
minor enantiomer in a trimer formed by the other predominant
enantiomer. The ratio in the 3C CPMAS NMR spectrum seems
larger than the crystallographic 1/8 ratio, indicating that may be
there is also disorder in another molecule of the trimer
(molecule A).

The dynamic disorder involves the NH protons, and in order
to discuss it we have represented the equilibrium of a trimer in
Figure 5. In crystallography there are two methods for estima-
tion of the populations of the two trimers: the direct method
based on the electron density of the NA protons (66 % of the left
trimer and 34 % of the right trimer) and the indirect method
based on the interpolation of the internal angles of the N atoms
(60% of the left trimer and 40% of the right trimer). Since both
methods give roughly the same populations, let us assume there
is a 60/40 ratio of trimers in equilibrium. To calculate the per-
centages of tautomers 1a and 1b, it suffices to calculate
0.6(2x1a) +0.4(1a) =1.6 of 1a, and 0.6(1b) +0.4(2x 1b) =
1.4, that is 53% 1a and 47% 1b (K; =1.14) (if the 66/34 ratio
is used, the results are 56% la, 44% 1b, K; =1.25).

In summary, the asymmetric NH-pyrazoles crystallize in
single tautomeric forms or in 1:1 mixtures of both tautomers,
with the exception of compound 1. This is the only pyrazole
which crystallizes as a trimer in which both tautomers are present
in amounts that are different but not very different (55:45)
owing to a fast proton exchange (on the NMR timescale). The
activation energy, 13.1 kcalmol ™!, is similar to that measured
accurately for 3,5-dimethylpyrazole, 13.47 kcalmol™! at
302 K31 More generally, the presence of two tautomers in a

S /:
=N~ ’

R = |
: N\
N

—-I---Z

Trimer: 2 x 2H (A+B)
+1x [H(C)

Angles at NH = 112.2¢
Angles at N = 104.2°

Trimer: 2 x 1H (A+B)
+1x2H (C)

Angles at NH=112.2°
Angles at N = 104.2°

Fig. 5. A schematic representation of the tautomers in tetrahydroindazole 1 (for simplicity the 5-Me group has been omitted).
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Table 5. Crystal analysis parameters at 200 K.

crystal data formula
crystal habit

crystal size (mm)
symmetry

unit cell determination
a (A)

b (A

c(A)

w7 ()
packing: V (A%), Z
Peatca (8Cm ™3), M, F(000)
pem™")

experimental data technique

radiation

scan width (%)

Ormax ()

no. of independent reflns
no. of observed reflns
standard refins

solution and refinement
solution

refinement

parameters:

number of variables
degrees of freedom
ratio of freedom

final shift/error

H atoms
weighting scheme

max. thermal value (A?)
final AF peaks (e A~%)
final R and Rw

CH; N,
colourless prism
0.63 x0.23 x 0.30
triclinic, PT
least-squares fit from 37 reflns (6 <45")
13.612(3)

9.618(2)

9.435(2)

96.31(2), 81.18(1), 104.97(3)
1176.1(5), 6

1.154, 136.19, 444

5.474

tfour-cirele diffractometer: Philips PW 1100,
bisecting geometry. Graphite oriented
monochromator: w/20 scans.

Detector apertures 1 x 17, 0.5 min/refln.

3995
2627 (20(1) criterion)
2 reflns every 90 minutes; no variation

direct methods: Sir92
least-squares on Fy, ., full matrix

401 fa)
2226
6.6
0.036

from difference synthesis
empirical as to give no trends in
{wA2F) vs. (|Fy,l> and (sin0ji>
U1 {C(6)mol- B) = 0.136(4)
~0.36/0.27

0.062, 0.069

[a] See experimental.
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single crystal is a very infrequent situation, and when this hap-
pens they are present in exactly equal proportions, compound 1
being the only exception to this observation. Of the eight possi-
bilities that compound 1 could present (see introduction) only
four are found in the crystal, since all the methyl groups are
equatorial: 26% 1a R, 26% 1a S, 22% 1b R and 22% 1b S.

Experimental Section

Equipment: *H and *>C NMR spectra in solution were acquired on a Varian
500 Unity spectrometer. The '*C CPMAS NMR spectrum was recorded on
a Bruker DSX-500 at 125.76 MHz
with the facilities of Bruker Ana-
lytische Messtechnik  (Karlsruhe,
Germany).

23 i 5-Methyl-4,5,6,7-tetrahydro-1H-in-
v

O ,l, 2/3 dazole (1) was prepared as described
,{1 H 1/3 in ref. [5]. Crystals suitable for X-ray

Moy N diffraction were obtained by slow
1/3 N
23 \Q@

cvaporation of an ethanol solution.
Average situation

M.p. 75°C.
observed in crystallography

Angles at NH = 108.6-109.3°
Angles at N = 107.3-107.5°

X-ray structure determination: The
most relevant details of data collec-
tion and the refinement procedure
are given in Table S. The crystal used
in data collection was enclosed in a
Lindemann capillary to prevent sub-
limation and was cooled to 200 K
with an Oxford Cryostream device;

0947-6539/97)0301-0125 § 15.00 + .25/0 — 125
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the stated temperature was measured continuously during data collection.
The structure was solved by means of the SIR 92 program [36]. The refine-
ment was carried out by full-matrix least-squares procedures on F,, . The
hydrogen atoms, the positions of which were obtained from difference Fouri-
er synthesis, were included in the refinement, although some of them were
kept fixed in the last cycles. The six-membered rings in molecule B appear to
be statistically disordered because of the presence of both S and R configura-
tions {occupancy factors of 0.66(2) and 0.34(2). respectively). In spite of the
high thermal factors displayed by the atoms C(5), C(6) in molecule A and
mainly by C(6) in molecule B, a disorder model for these atoms could not be
obtained (Figure 2). Besides, disorder of the protons at N(1) and N(2) is also
observed (0.65(4) and 0.35(4) population factors). Most of the calculations
were performed by the XTAL 3.2-system [37], PESOS [38] and PARST {39]
programmes. The atomic scattering factors were taken from ref. {40]. Crystal-
lographic data (excluding structure factors) for the structure reported in this
paper have been deposited with the Cambridge Crystallographic Data Centre
as supplementary publication no. CCDC-1220-39. Copies of the data can be
obtained free of charge on application to the Director, CCDC, 12 Union
Road, Cambridge CB21EZ, UK (Fax: Int. code +(1223)336-033; e-mail:
teched @ chemcrys.cam.ac.uk).
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