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Abstract.  Mr=460.5  , orthorhombic, P21212 , a =  
39.646(7), b = 8.421 (2), c = 7.149 (1) A, V= 
2386.8 (3) A a, z = 4, D m = 1.279 (3), Dx= 
1.281 Mg m -3, ,~,(Cu Kal) = 1.5405 A, # = 
0.788 mm -1, F(000) - 984, T =  298 K, R = 0.038, 
1320 reflections. The title compound was designed by 
computer-assisted molecular modelling as a rigid 
analog of the antidepressant (+)-mianserin. The predic- 
ted conformation previously assigned by PMR and IR 
spectra as well as the predicted configuration of the 
more active (+)-antipode have been confirmed. 

Introduction. cis- 1,3,4,6,7,1 lb-Hexahydro-2-methyl-7- 
phenyl-2H-pyrazino[2,1-a]isoquinoline (PR 881-884A) 
(1) is an experimental antidepressant designed by 
three-dimensional molecular modelling as a rigid 
analog of the atypical antidepressant mianserin (2) 
(Griffith, Gentile, Robichaud & Frankenheim, 1983). 
The antidepressant (+) enantiomer of (2) (Schoemaker, 
Berendson, Stevens & Nickolsen, 1981) has the S 
configuration (van Rij & Feil, 1973) which was used in 
the computer-graphics experiments for the design of (1). 
Best-fit least-squares correlations of molecular overlap 
were obtained with the 7S,11bS enantiomer of (1). 
Since the enantiomers of (1) possess different pharma- 
cological profiles and the atypical antidepressant 
activity is localized in the (+)-cis enantiomer, it was of 
interest to establish unambiguously the stereochemistry, 
conformation and absolute configuration of (+)-(1). 

I I 
CH 3 CH 3 

( 1 ) (2) 
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The amine (1) forms only diprotic salts with 
hydrogen halides. These salts would have been accep- 
table for a heavy-atom-based determination of the 
absolute configuration. However, the diprotonated 
amine appears to adopt a conformation different from 
that of the monoprotonated and free amine. Since these 
are the predominant species at pH 7.4, the diprotic salts 
were considered to lack physiological significance. The 
di-O-benzoyltartaric acid used in the resolution of (1) 
forms a monoprotic amine salt. This acid was con- 
sidered too cumbersome and led to the choice of the 
smaller hydrogen tartrate counterion as the internal 
asymmetric marker and thus to the direct-methods 
approach to the crystallographic study of the stereo- 
chemistry, conformation and absolute configuration of 
(+)-(1). Since the hydrogen (+)-tartrate salt of (+)-(1) 
afforded an ethanol solvate as plates from ethanol, the 
more prismatic methanol solvate from methanol was 
used. 

Experimental.  Prisms (0.25 x 0.25 x 0.15 mm) from 
anhydrous salt, m.p. 432-433 K, [a] 25°c = +54.1 (2), 
(c = 20.0 g dm -a, H20 ) in methanol. D m by flotation 
(CC14-C6H6). Picker FACS-I, Ni-filtered Cu Ko. Lat- 
tice parameters from 20 automatically centered reflec- 
tions (37 ° < 20 < 56°). 1430 reflections (hkl; 39,7,7), 
1320 I >_ 33(1), 2 0 _< 100 °, 0/20 scans. Lorentz, 
polarization, absorption (North, Phillips & Mathews, 
1968) (14.75%, 13,2,2) and extinction (Zachariasen, 
1968) (18%, 800) but not anomalous-dispersion correc- 
tions. 020 deleted (too strong to determine accurately). 
Standards constant [+2a(Iavg)]. Direct methods 
(MULTAN; Declercq, Germain & Woolfson, 1975). 
Zerovalent scattering factors (International Tables for 
X-ray Crystallography, 1974). Isotropic full-matrix 
least-squares refinement (ORFLS; Busing, Martin & 
Levy, 1962), in blocks (anion-methanol, cation). 
R = 0.060 minimizing ~.wllFol--IFcll 2, w = 1/O(Fo) 2 
from counting statistics. H-atom positional parameters 
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which could be calculated from geometrical con- 
siderations though not refined at this point were used in 
subsequent cycles of anisotropic full-matrix least- 
squares refinement. Isotropic thermal parameters 
(4 .0A 2) were assigned to H atoms and were not 
refined. Several cycles of anisotropic refinement and 
Fourier synthesis provided acceptable positions for all 
H atoms except H(O4T). In the final cycles of 
refinement, H-atom positional parameters were refined 
as a third block. R =0.038,  wR =0.052.  (A/cr)ma x 
= 0.5. Error in observation of unit weight 1.56. No 
peak greater than 0.29 or smaller than -0 .16  e A -3 in 
final difference Fourier synthesis. Calculations per- 
formed on IBM 370/168 and 3081D computers. If 

Fig. 1. Stereoscopic thermal-ellipsoid plot (Johnson, 1976) including 
50% probability. 

Table 1. Atomic positional parameters (xl04) in 
fractions of the lattice translations and equivalent 
isotropic thermal parameters (×103) derived from 
refined anisotropic thermal parameters (deposited) 
corresponding to the expression: expl-2~r~(Ul]h2a .2 + 
U=k2b .2 + U3312c .2 + 2U12hka*b* + 2U13hla*c* + 

2 U23klb*c*)]; Ueq ~-- (Ull U22 U33) 1/3 

Isotropic thermal parameters for H atoms (4.00 A 2) correspond 
to the expression: -Bsin20/k 2 and were not refined. Estimated 
standard deviations are given in parentheses. 

x y z Ucq(A 2) 
C(1) 3514 (1) 7557 (6) 9783 (6) 44 
N(2) 3187 (1) 7210 (5) 8812 (5) 48 
C(3) 3148 (1) 8316 (6) 7178 (7) 57 
C(4) 3447 (1) 8202 (6) 5898 (7) 53 
N(5) 3766 (I) 8504 (4) 6913 (5) 42 
C(6) 4048 (1) 8351 (6) 5585 (6) 51 
C(7) 4375 (1) 8856 (5) 6499 (7) 40 
C(Ta) 4416 (1) 8116 (5) 8387 (7) 41 
C(8) 4735 (1) 8058 (6) 9211 (8) 52 
C(9) 4788 (I) 7335 (6) 10910 (8) 58 
C(10) 4521 (1) 6641 (6) 11840 (7) 57 
C(I 1) 4202 (I) 6674 (6) 11039 (6) 44 
C(I la) 4146 (1) 7393 (5) 9309 (6) 38 
C(1 lb) 3801 (I) 7318 (5) 8392 (6) 40 
C(12) 2896 (1) 7359 (6) 10152 (8) 65 
C(13) 4420 (1) 10672 (5) 6604 (7) 43 
C(14) 4266 (1) 11541 (6) 7993 (8) 66 
C(15) 4321 (2) 13187 (7) 8058 (10) 81 
C(16) 4524 (1) 13923 (6) 6804 (10) 69 
C(17) 4675 (1) 13055 (7) 5444 (9) 60 
C(18) 4619 (I) 11429 (6) 5312 (7) 45 

C(IT) 3167 (l) 2891 (7) 9354 (6) 46 
C(2T) 3165 (1) 2914 (5) 7228 (6) 41 
C(3T) 2803 (1) 2724 (6) 6488 (6) 44 
C(4T) 2810 (I) 2753 (7) 4342 (7) 47 
O( 1 T) 3054 (1) 1640 (4) 10111 (4) 54 
0(27") 3281 (1) 4073 (4) 10205 (4) 57 
0(37") 3303 (1) 4368 (4) 6631 (4) 58 
O(4T) 2602 (1) 3978 (4) 7166 (5) 72 
0(57") 2971 (I) 1589 (4) 3583 (4) 52 
0(6/ ' )  2667 (1) 3837 (5) 3518 (5) 71 

O(Me) 3612 (1) 4080 (4) 3352 (4) 60 
C(Me) 3826 (1) 2763 (7) 3266 (10) 94 

H(N2)- N(2) 

C(l 21- N(2)- 

~ 13971 
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Fig. 2. Bond distances (A), angles (°), selected torsion angles (o) 
and hydrogen-bonding scheme. Estimated standard deviations 
are given in parentheses. 

not specified, programs were from the XRA Y package 
(Stewart, Kruger, Ammon, Dickinson & Hall, 1972). 

Discussion. The atomic positional parameters (Table 
1)* define the correct absolute configuration for the 
hydrogen tartrate anion and thus for the organic cation 
(Figs. l, 2). This confirms that the antidepressant (+) 
enantiomer has the 7S, 11 bS configuration as predicted 
by molecular-modelling studies (Griffith, Gentile, 
Robichaud & Frankenheim, 1983). Atoms C(1) and 
C(13) are cis as assigned by PMR and the junction 
between the piperidine (twist) and piperazine (chair) 
rings is trans as assigned by IR. The phenyl ring at 
C(7), the hydrogen on N(2) and the unshared electron 

* Lists of anisotropic thermal parameters for non-hydrogen 
atoms, atomic positional parameters for hydrogen atoms, structure 
factors, and torsion angles have been deposited with the British 
Library Lending Division as Supplementary Publication No. SUP 
39213 (11 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 
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pair on N(5) are axial. The C(13) -C(7 ) ,C(7a ) -C(8  ) 
torsion angle is -70 .9  (5) ° . The final difference Fourier 
map revealed no significant peak within hydrogen- 
bonding distance (<3.0/k) to N(5). Bond distances and 
angles (Fig. 2) are consistent with literature values 
(Ruble, Hite & Soares, 1976). The hydrogen-bonding 
scheme (Fig. 2) may explain why H(O473 could not be 
satisfactorily located. Neither 0(473 nor 0(67)  is 
hydrogen bonded to other atoms and they have the 
highest thermal parameters in the hydrogen tartrate 
anion. 
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Abstract. M r = 277.3, monoclinic, P21, a = 14.654 (3), 
b = 5 . 4 2 4 ( 3 ) ,  c = 8 . 6 1 0 ( 3 )  A, f l = 9 7 . 6 7 ( 3 )  ° , V =  
678.2 (8) ,A,3, Z =  2, Ox= 1.358 (2), O,,,= 
1.37 (2 )Mgm -a, 2(MoK~) = 0.7107/~, /t(MoKa--) = 
0.12 mm -l, T =  293 K, F(000) = 300, final R = 0.050 
for 1528 independent reflections. The gluconamide part 
of the molecule has a linear conformation with its long 
axis parallel to [100]. The molecule contains one 
N - H . . . O  intramolecular hydrogen bond, while three 
hydrogen bonds link the molecules to form the crystal. 

Introduction. Dans ce travail nous avons 6tudi6 la 
structure cristalline de la N-cyclohexyl-D-gluconamide. 
La structure de la N-(chloro-2 &hyl)-o-gluconamide 
d&ermin6e par diffraction de rayons X (Satzke & 
Mackay, 1975) et par diffraction neutronique (Sindt & 
Mackay, 1977) montre l'existence de nombreuses 
liaisons hydrog6ne. 

Une comparaison succincte des structures de ces 
deux compos6s est pr6sent6e. 

* Auteur auquel la correspondance doit &re adress6e. 
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Partie exp6rimentale. Preparation suivant la m&hode 
d6crite par Ishikawa (1964). Recristallisation dans 
MeESO; cristaux incolores, forme parall616pip6dique 
irr6guli6re. Masse volumique mesur6e par flottaison du 
cristal dans un m61ange hexane/CC14. Cristal taill6 
approximativement sous forme de sph6re de 0,20 mm. 
Mesures sur diffractom&re Nonius CAD-4 avec 0 
compris entre 4 et 23 °, radiation MoKfi, mono- 
chromateur de graphite, enregistrement des r6flexions 
avec (sin~max/~, = 0,766 A -1 en balayage 09/20, une 
vitesse en 09 de 20 ° min -1 et une amplitude AO 
= (1,8 + 0,5 tga) °. Param&res de la maille monoclini- 
que affin6s sur le diffractom&re ~ l'aide de 25 r6flexions 
ind6pendantes. 2923 r6flexions enregistr6es avec h = 
- 2 2  ~ 22, k =  0 fi 8, l =  0 ~ 13. Trois r6flexions de 
r&6rence (variation < 3%) contr616es toutes les 75 
r6flexions. 654 r6flexions ind6pendantes non observ6es, 
1528 r6flexions ind6pendantes avec I > 2,5a(/). Correc- 
tions de Lorentz et de polarisation, absorption ignor6e. 
M&hodes directes (MULTAN80, Main, Fiske, Hull, 
Lessinger, Germain, Declercq & Woolfson, 1980). 
Affinement ~t l'aide du programme S H E L X  (Sheldrick, 
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