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C7---C6--4211 118.8 (5) C27---C26--C31 119.0 (5) 
C6--C7---C8 119.6 (6) C26---C27---C28 120. I (6) 
C7---C8---C9 120.9 (6) C27--C28--C29 119.8 (6) 
C8--C9--C 10 120.2 (7) C28--C29---C30 120.4 (6) 
C9---C10-4211 119.9(7) C29--C30--C31 120.4(6) 
C6----C11--CI0 120.6 (6) C26----C31---C30 120.3 (5) 

Symmetry codes: (i) -x ,  - y ,  i - z; (ii) - x ,  - y ,  -z .  

The title structure was solved by direct methods and refined by 
full-matrix least-squares calculations. H atoms were placed at 
geometrically idealized positions with C--H bond lengths of 
0.96 A and isotropic displacement parameters fixed at 0.06 ,~2. 

Data collection: MXC diffractometer system (MacScience, 
1989). Cell refinement: MXC diffractometer system (Mac- 
Science, 1989). Data reduction: CRYSTAN (Gilmore & Brown, 
1988). Program(s) used to solve structure: CRYSTAN. Pro- 
gram(s) used to refine structure: CRYSTAN. Molecular graph- 
ics: ORTEP (Johnson, 1965) in CRYSTAN. Software used to 
prepare material for publication: CRYSTAN. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: OA1045). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The structures of two diastereoisomers of the title com- 
pound, C27H24N2065, were determined by single-crystal 
diffractometry. The two molecules are very similar as 
far as bond distances and angles are concerned, but 
more substantial differences are observed in some tor- 
sion angles. 

Comment 
Two diastereoisomers of the title compound were 
analysed by single-crystal diffractometry, that is, the 
3S,4S,7R, (I), and 3R,4S,7R, (II), isomers. Both com- 
pounds were synthesized starting from the natural prod- 
uct 4-hydroxy-L-proline (La Rosa & Dalla Croce, 1998), 
hence the stereochemistry at the C7 atom is known. 
The X-ray analysis of these compounds was strongly 
suggested by the difficulty in assigning the relative con- 
figurations to the other two asymmetric centres (C3 and 
C4) by NMR spectroscopy. A complete knowledge of 
the stereochemistry of ~q-lactams is required in order to 
study the biological activity of this class of compounds. 

_OAc / OAc 

H ~  ~'~Ph P h % ~  ~'~H 

N N 
I I 
S ~ Ph ~ Ph 

o" % d" S"o 

(I) (II) 

The geometries of the two molecules are very similar 
as far as bond distances and angles are concerned, the 
greatest differences being 0.042 (6).~, in the distances 
(C1--N2) and 5.3 (4) ° in the angles (C3--N2--$22). 

The geometric parameters of the two molecules 
(Figs. 1 and 2) are not very different from the values 
found in the literature for other B-lactam derivatives. We 
only mention that the bonds involving the N atom in the 
four-membered ring of compound 0I) are slightly more 
elongated [C1--N2 1.422 (5) and N2--C3 1.516 (5) A 
(Table 4) compoared with Csp2- -N  1.385 (19) and N - -  
Csp3 1.464 (12) A reported for/3-1actams in International 
Tables for  Crystallography (1995, Vol. C)]. This indi- 
cates, in compound (H), a reduced conjugation of the N2 
atom with the C1=O21 group, and it is accompanied 
by some degree of pyramidalization of N2 which is out 
of the plane formed by C1, C3 and $22 by 0.344 (4) 
[sum of angles at N2 is 344.4 (5)°]. In compound (I), this 
distance decreases to 0.159 (2)A and the angles at N2 
sum to 356.5 (3) °. In this case, the four-membered ring 
deviates from planarity, having an average torsion angle 
of 5.5 (1) ° and a maximum deviation from the least- 
squares plane of the ring of 0.046 (3)A for C1, while 
in compound (II), the ring is nearly planar, the average 
torsion angle being 0.6 (1)°. The O atom (O21) of the 
g-lactam is also in the least-squares plane of the ring, 
the atom-plane distances being 0.071 (2)A for (I) and 
0.128 (4) A for (II). 

The four-membered ring is nearly perpendicular to the 
least-squares plane of the five-membered ring, the two 
planes forming a dihedral angle of 86 (1) ° in (I) and 
82 (1) ° in (II). The puckering analysis (Cremer & Pople, 
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Fig. 1. ORTEPII plot (Johnson, 1976) of (I) with the atom-numbering 
scheme. Displacement ellipsoids are drawn at the 30% probability 
level. 
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Fig. 2. ORTEPII plot (Johnson, 1976) of (II) with the atom-numbering 
scheme. Displacement ellipsoids are drawn at the 30% probability 
level. 

1975) of  the f ive-membered ring gives the parameters 
Q = 0.362 (3 )A  and ~ = 302.6 (4)" for (I), and Q = 
0.367 (5 )A  and ~o = 100.7 (7) ° for (II), Q being the 
puckering amplitude and ~o the phase angle. These 
values correspond to a nearly twisted conformation for 
(I) and an intermediate twisted-envelope conformation 
for (II). 

More relevant differences between the diastereoiso- 
mers are observed in the torsion angles, due to both the 

different configuration at the C3 centre and the differ- 
ent packing of  the crystals. The most obvious difference 
is the orientation of  the benzenesulfonyl  group with re- 
spect to the spiro group, in order to reduce the steric 
hindrance with the phenyl group bonded to the asym- 
metric C3 centre; the torsion angle of  the C 3 - - N 2 - -  
$ 2 2 - - C 2 5  sequence is 119.7 (3) ° for (I) and - 6 4 . 9  (4) ° 
for (II). Also, the orientation of  the C9==O10 bond is 
strongly influenced by the stereochemistry at C3; it is 
coplanar with the f ive-membered ring in (I), while in 
(II), it points away from the least-squares plane of  this 
ring in order to reduce the interaction with the phenyl 
group bonded to C3 [O10-plane distance 1.181 (3)A].  
Another  relevant difference is found in the junct ion of  
the acetoxy group at the C7 centre, the N 5 - - C 6 - - - C 7 - -  
O17 torsion angle being 148.8 (2) ° for (I) and 75.2 (4) ° 
for (II). These values correspond to a distance between 
O 17 and the plane of  the ring of  0.443 (2) ,4, for (I) and 
1.735 (4),~, for (II). In this case, the different confor- 
mation is due only to the intermolecular interactions, 
because the molecular  environment  is nearly unchanged 
in both cases. In fact, both O atoms of  this group are 
involved in weak C - - H . . . O  intermolecular hydrogen 
bonds. Several other weak C - - H . . . O  bonds are found 
in both compounds due to their large conformational  
flexibility. 

Experimental 

Crystals of the title compounds were obtained with extreme 
difficulty by precipitation from ethyl acetate for (I) and from 
acetone for (II). The best crystals were needle-shaped and were 
separate from a common aggregation centre. 

Compound (I) 
Crystal data 

C27H24N2065 Mo Kc~ radiation 
Mr = 504.54 A = 0.71073 ,~, 
Orthorhombic Cell parameters from 29 
P2~ 2j 2~ reflections 
a = 10.032 (2) ,4, 0 = 2.22-9.40 ° 
b = 10.787 (3) ,~ # = 0.176 mm- 
c = 22.947 (4) A T = 293 (2) K 
V = 2483.2 (10) ,~3 Needle 
Z = 4 0.40 x 0.15 × 0.15 mm 
Dx = 1.350 Mg m -3 Colourless 
Dm not measured 

Data collection 

Siemens P4 diffractometer 
0?/20 scans 
Absorption correction: none 
7295 measured reflections 
3461 independent reflections 
2589 reflections with 

I > 2or(/) 
Ri,t = 0.032 

0max = 24.99 ° 
h = -11 ---, 11 
k = - 1  ~ 11 
l = -25  ~ 27 
3 standard reflections 

every 197 reflections 
intensity decay: 5.12% 
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Refinement 

Refinement on F 2 
R[F 2 > 20-(F2)] = 0.035 
wR(F z) = 0.066 
S = 0.991 
3461 reflections 
325 parameters 
H atoms not refined 
w = 1/[0-2(Fo 2) + (0.0306P) 2] 

where P = (F ff + 2F,2)/3 
(A/0-)max = 0.002 

Apmax = 0.167 e ,~,- 3 
Apmin = -0 .183  e .~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Absolute structure: Flack 
(1983) 

Flack parameter = - 0 . 0 9  (9) 

Table  1. Selected bond lengths (A) fo r  (I) 

c1-021 1.196 (3) C4~N5 1.449 (3) 
C1--N2 1.380 (3) C4--C8 1.521 (3) 
C1--C4 1.538 (4) N5---C6 1.466 (3) 
N2--C3 1.497 (3) C6--C7 1.521 (3) 
C3~C4 1.589 (4) C7---C8 1.514 (3) 

Compound 01) 
Crystal data 

C27H24N2065 
Mr = 504.54 
Orthorhombic 
P212121 
a = 6.237 (1) 
b = 18.928 (2) .A, 
c = 21.321 (3) .A 
V = 2517.0 (6) ~3 
Z = 4  
Dx = 1.331 Mg m -3 
Dm not measured 

Mo Ka  radiation 
A = 0.71073 .A 
Cell parameters from 27 

reflections 
0 = 2.35-7.51 ° 
/z = 0.173 mm -~ 
T = 293 (2) K 
Needle 
0.52 × 0.22 × 0.10 mm 
Colourless 

Data collection 

Siemens P4 diffractometer 
w/20 scans 
Absorption correction: none 
3978 measured reflections 
3492 independent reflections 
2256 reflections with 

I > 2o-(1) 
Rint = 0.025 

Refinement 

Refinement on F 2 
R[F 2 > 20-(F2)] = 0.052 
wR(F 2) = 0.083 
S = 1.089 
3492 reflections 
325 parameters 
H atoms not refined 
w = 1/[0-2(Fo 2) + (0.0321P) 2] 

where P = (F ff + 2F2)/3 
(A/0-)max = 0.007 

0max = 23.00 ° 
h = 0 - - '  6 
k = 0 - * 2 0  
1 = - 2 3  --, 23 
3 standard reflections 

every 97 reflections 
intensity decay: < 4 %  

Apmax = 0.176 e ,~-3 
Apmin = --0.161 e .~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Absolute structure: Flack 
(1983) 

Hack parameter = 0.09 (14) 

Table  2. Selected bond lengths ( ,4)for (II) 

c1-021 1.185 (5) C4--N5 1.447 (51 
CI--N2 1.422 (5) C4--C8 1.538 (5) 
C1---C4 1.535 (6) N5--C6 1.472 (5) 
N2--C3 1.516(51 C6---C7 1.511 (5) 
C3--C4 1.571 (5) C7---C8 1.513 (5) 

© 1998 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Because of  the bad shape of  the crystals, the data collections 
were limited in 20. However, the reduced thermal motion 
allowed the determination of  both structures with sufficient 
accuracy. 

For both compounds,  data collection: XSCANS (Fait, 1991); 
cell refinement: XSCANS; data reduction: XSCANS; program(s) 
used to solve structures: SIR92 (Altomare et al., 1994); 
program(s) used to refine structures: SHELXL93 (Sheldrick, 
1993); molecular graphics: ORTEPII (Johnson, 1976); soft- 
ware used to prepare material for publication: SHELXL93 and 
PARSTCIF (Nardelli, 1991). Molecular parameters were cal- 
culated using PARST (Nardelli, 1983, 1995). 

T h e  a u t h o r  g ra t e fu l ly  t hanks  Drs  Tu l l io  Pilati  and  
C o n c e t t a  La  R o s a  for  he lp fu l  d i s cus s ions .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: NA1356). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
T h e  crys ta ls  o f  C9H10N22+.2C1 - con t a in  8 - a m m o n i o -  
q u i n o l i n i u m  ca t ions ,  w h i c h  are s t acked  a long  the  c axis,  
and  ch lo r ide  an ions ,  w h i c h  o c c u p y  the  c h a n n e l s  b e t w e e n  
the  s tacks .  T h e r e  is e x t e n s i v e  N - - H - . . C 1  h y d r o g e n  
b o n d i n g  b e t w e e n  the  ca t ions  and  an ions ,  as wel l  as w e a k  

a n i o n - c a t i o n  C 1 . . . H - - C w  ~ in te rac t ions .  
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