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Abstract

I: 4,7-Dichloro-1-cyano-N-isopropyltetracyclo-
[4.2.0.0%°.0*®]octane-4-carboxamide, C,;H;,CL,N,O0,
M, =285.17, orthorhombic, Fdd2, a=34.012(1),
b=15791(2), c=10899()A, Z=16, D.=
129gem ™3, CuKa (A =1.5418A), n =39.2cm™},
F(000) =2368, T=293 K, 1504 reflections with 7>
3a(), R=0.042. (II): 4,7-Dichloro-N-isopropyl-10-
oxo0-9-oxatetracyclo[4.4.0.0%°.0*8]decane-4-carbox-
amide, C,;;HsCLNO;, M,=304.17, monoclinic,
P2,/a, a=9.902(2), b=9.381(2), c=15.174 (2) A,
B=10325(1)°, Z=4, D,=147gcm 3, CuKa (A
=1.5418A), w=43.1cm™!, F000) =632, 2107
reflections with 7> 3a(I), R=0.036. (I) represents
the first crystallographic example of a secocubane.
The nonbonded distances (C4---C7) are 2.742 (5) and
2.717 3) A in (I) and (II). C—C distances in the cage
portions of the molecules are typical of cubanes.

Introduction

Cage compounds are of interest as potential high-
density energetic materials and pharmaceutical inter-
mediates. Selective carbon—carbon bond cleavage of
substituted cubanes has led to the synthesis of
polycyclic compounds such as the secocubanes and
nortwistbrendanes. The detailed structures of a seco-

0108-7681/92/060832-06$06.00

cubane derivative (I)* [a preliminary report is given
by Bashir-Hashemi, Dave, Ammon & Axenrod
(1990)] and a nortwistbrendane derivative (II)* are
reported here.

0
NG, 7’0

cl cl
NH NH

cnOY CIO\(

@ an

Experimental

(I) was prepared according to Bashir-Hashemi,
Dave, Ammon & Axenrod (1990). (II) was prepared
from the reaction of 1-(N,N-diisopropylcarbox-
amido)-4-cubanecarboxylic acid and HBr/acetic acid
according to Eaton, Millikan & Engel (1990), fol-
lowed by reaction of the lactone intermediate with
thionyl chloride. Crystallographic parameters and
data are given in Table 1. Enraf~-Nonius CAD-4

* The IUPAC names of (I) and (II) are 4,7-dichloro-1-cyano-N-
isopropyltetracyclo[4.2.0.0%%.0>#Joctane-4-carboxamide and 4,7-
dichloro-N-isopropyl-10-oxo-9-oxatetracyclo[4.4.0.0%°.0*¥]decane-
4-carboxamide.

© 1992 International Union of Crystallography



HERMAN L. AMMON AND A. BASHIR-HASHEMI

diffractometer with Cu source, incident-beam graph-
it  monochromator, A(Cu Ka)=1.5418 A; cell
parameters and crystal orientation from 25 auto-
matically centered reflections; 260—-6 scans over 46
range of 1.5(w + 0.14tan#); variable @-scan speed;
each scan recorded in 96 steps with two outermost
16-step intensity blocks used for background deter-
mination; diffractometer controlled with Digital
Equipment Corporation MicroVAX II computer and
standard Enraf-Nonius programs (version 5.0);
standard reflections monitored at | h intervals of
X-ray exposure, intensity-decay correction applied;
hkl’s for data collection selected to maintain dif-
fractometer y angle in the range 0-90°, empirical
absorption correction from i-scan data. All crystal-
lographic calculations performed with the TEXSAN
(Molecular Structure Corporation, 1989) program
system on DEC MicroVAX II or VAX Station II
computers; structures solved with the SIR direct-
methods program (Burla, Camalli, Cascarano,
Giacovazzo, Polidori, Spagna & Viterbo, 1989)
incorporated in TEXSAN. Full-matrix least-squares
refinement, Y[w(F, — F,)’] minimized with w=
1/0%(F,), reflections with I <30 () excluded from
refinement, corrections for secondary isotropic
extinction (Zachariasen, 1968) applied; C, O, N and
Cl refined with anisotropic temperature factors; H
atoms initially positioned from the C-atom
framework and refined with individual isotropic tem-
perature factors; H positions in (I) not varied; atomic
scattering factors from International Tables for X-ray
Crystallography (1974, Vol. IV, pp. 155-175); atomic
scattering factors corrected for dispersion (/nter-
national Tables for X-ray Crystallography, 1974, Vol.
IV, pp. 149-150).1

The preliminary publication (Bashir-Hashemi et
al., 1990) of the X-ray structure of (I) reported the
space group as monoclinic Cc with Z =8 (two mol-
ecules per asymmetric unit). Subsequent close exam-
ination of the two supposed crystallographically
unique molecules revealed that they were for all
intents and purposes perfect mirror images. In the
present paper a correction has been made with a
change to the orthorhombic space group Fdd2 with
one molecule per asymmetric unit. It should be noted
that the unit-cell transformation (reduction) routine
in the CAD-4 diffractometer control program failed
to list orthorhombic F as one of the possible Bravais
lattices; the orthorhombic F lattice was indicated
subsequently with the standalone NIST*LATTICE
program (Karen & Mighell, 19914). Reduction of the

+ Lists of structure factors, anisotropic temperature factors and
H-atom coordinates have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
55245 (36 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England. [CIF reference: CR0416]
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Table 1. Crystallographic data for (1) and (11)
@ (i

Crystal shape and Flat triangle, Flat hexagon,
dimensions (mm) 0.16 x 0.47 x 0.5 0.06 x 0.2 x0.3
Formula C;H,,CiLN, 0O C,;HsCIL,NO,
Formula weight 285.17 304.17
Crystal system Orthorhombic Monoclinic
Space group Fdd?2 (No. 43) P2,/a (No. 14)
Lattice parameters a (A) 34.012 (3) 9.902 (2)
b(A) 15.791 (2) 9.381 (2)
c(A) 10.899 (1) 15.174 (2)
B() 103.25 (1)
v (AY) 5854 (1) 1372.1 (8)
z 16 4
D, (gcm ?) 1.29 1.47
F(000) (e) 2368 632
u(em™') 39.2 43.1
Maximum 26 (") 118.8 139.9
No. of -scan data 3 6
Transmission-factor range 0.567-1.0 0.685-1.0
No. of standard reflections 6 9
measured
Standard 4/ variation (%), -118to - 1.8, -4010 +1.3,
mean (%) -76 -20
Reflection width w (*) 0.65 0.70
8 scan speed (* min ') 0.75-8.48 0.63-8.48
Data summary
Total No. of data measured 3673 2915
without systematic absences
No. of data without standards 3577 2768
and systematic absences
No. of unique data 1504* 2600
No. of data with /> 3o(/) 1395+ 2107
Ry,mon F (No. of data) 0.030 (456 x 2, 539 x 4) 0.003 (168 x 2)
No. of variables 174 233
Extinction factor 08(1)x10 ¢ 0.42(6) x 10 *
R factors: R, wR, S 0.042, 0.059, 1.70 0.036, 0.052, 1.29

Maximum shift in final Is cycle 0.01 0.40
Min., max. in final 4o map (e A %) —0.16, 0.20 -0.22, 0.2}

* Bijvoet pairs (e.g. I, and /,, ;) were not averaged; 1504 reflection data
set contained 756 unmatched data and 374 (I, I -,) pairs. R,,,, for the 374
pairs was 0.066.

monoclinic cell [a=10.879 (2), b6=15.795(5), c¢=
17.825 (6) A, B =107.69 (2)°] gave a reduced-cell
matrix (a.a, b.b, c.c, b.c., a.c, a.b) of 91.595, 91.959,
317.731, —29.463, —29.463, —32.782, which is
almost a perfect match to the ideal matrix for an
orthorhombic F lattice. For orthorhombic F, the a.b
term is equal to a.a — 2|b.c|; the reduced-cell param-
eters yield a value of —32.689 for this term. Addi-
tional confirmation for orthorhombic metric
symmetry was obtained from NIST*LATTICE by
the generation of the group of matrices, from a
primitive cell derived from the C-centered cell, that
reflect the holohedry of the lattice (Karen & Mighell,
1987; Karen & Mighell, 19915); the four matrices
obtained correspond to an orthorhombic lattice. The
1504 reflection data set for (I) was comprised of 1120
Fu.; and 374 F,,_, data (374 Bijvoet pairs); least-
squares refinement of the structure of (I) reported
here gave R, wR and S factors of 0.042, 0.059 and
1.70, respectively, whereas the corresponding values
for the mirror-image model were 0.054, 0.076 and
2.19. The R-factor ratio test (/nternational Tables for
X-ray Crystallography, 1974, Vol. IV, pp. 288-292)
indicated that model (I) was superior to the enantio-
mer at better than the 99% confidence level.

Atomic coordinates are listed in Tables 2 and 3;
bond lengths, angles and torsion angles are given in
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Table 2. Fractional coordinates, equivalent isotropic
temperature factors (A%) and e.s.d.’s in parentheses for

By = (873)2,2,U;a*a*a . a,

x y z B.q
CL4 0.64920 (3) 0.35661 (7) 0.4977 7.15 (5)
CL7 0.49185 (3) 0.2913 (1) 0.7932 (2) 10.04 (8)
o 0.6336 (1) 0.3545 (2) 0.7966 (3) 74(2)
N1 0.4531 (2) 0.3958 (5) 0.4702 (7) 13.1 (4)
N2 0.63548 (8) 0.2215 (2) 0.7277 (4) 5.6 (1)
Cl 0.5232 (1) 0.3582 (3) 0.5455 (5) 6.7 (2)
C2 0.5613 (1) 0.3728 (3) 0.4770 (4) 6.0 (2)
c3 0.5772 (1) 0.2851 (2) 0.5191 (4) 5.1(1)
Cc4 0.6082 (1) 03318 (2) 0.5962 (4) 54(2)
Cs 0.5806 (1) 0.4082 (2) 0.5948 (5) 6.2 (2)
Cé 0.5419 (1) 0.3925 (3) 0.6666 (4) 6.7 (2)
c7 0.5392 (1) 0.3046 (3) 0.7206 (4) 6.5 (2)
Cc8 0.5375 (1) 0.2703 (2) 0.5924 (4) 58 (2)
(04 0.4836 (2) 0.3784 (5) 0.5046 (6) 9.1(3)
Clo 0.6267 (1) 0.3010 (2) 0.7166 (4) 53(2)
Cl1 0.6562 (1) 0.1866 (3) 0.8347 (4) 6.4 (2)
Cl2 0.6477 (2) 0.0936 (4) 0.8488 (7) 93 (3)
c13 0.7001 (2) 0.2010 (5) 0.822 (1) 125 (5)

Table 3. Fractional coordinates, equivalent isotropic
temperature factors (A%) and e.s.d.’s in parentheses for

an
B., = 87%/3)2,2,U,,a*a*a a,
x y z B,
CL4 0.30189 (7) 0.14504 (6) 0.84473 (5) 4.58 (3)
CL7 0.27930 (8) 0.78407 (7) 0.71343 (5) 4.88 (3)
(0] 0.4116 (2) 0.3001 (2) 0.6755 (1) 426 (7)
09 0.4718 (2) 0.6653 (2) 0.8707 (1) 3.74 (6)
010 0.4013 (2) 0.8037 (2) 0.9688 (1) 5.7 (1)
N 0.1790 (2) 0.2721 (2) 0.6388 (1) 335(®)
Cl 0.2537 (3) 0.6075 (3) 0.9031 (2) 3.50 (9)
c2 0.2971 (3) 0.4502 (3) 0.9131 (2) 3349
C3 0.4043 (2) 0.4183 (2) 0.8539 (1) 3.06 (8)
c4 0.2940 (2) 0.3206 (2) 0.7946 (2) 3.10 (8)
Cs 0.1844 (2) 0.4074 (2) 0.8288 (2) 3.16 (8)
c6 0.1794 (2) 0.5710 (3) 0.8031 (2) 329 8)
c7 0.2820 (2) 0.5996 (2) 0.7455 (2) 315 (8)
C8 0.4235 (2) 0.5562 (2) 0.8040 (1) 3.03 (8)
Cl10 0.3759 (3) 0.7047 (3) 09181 (2) 39 (1)
Cll 0.2987 (2) 0.2951 (2) 0.6971 (2) 319 (8)
Cl2 0.1721 (2) 0.2321 (2) 0.5445 (2) 3.16 (8)
C13 0.0355 (3) 0.2771 (4) 0.4852 (2) 4.6 (1)
Cl4 0.1997 (4) 0.0749 (3) 0.5376 (3) 52(D)

Tables 4 and 5. The packing diagrams were put
together with the CHEMX program (Chemical
Design Ltd, 1987) on an Evans and Sutherland
PS-390 graphics system. The packing coordinate files
were converted to ORTEP format (Johnson, 1965)
for the formation of preliminary drawing files. The
PLOTMD program (Luo, Ammon & Gilliland,
1989) was used to display the ORTEP drawings on a
VAX Station II monitor, label the drawings, and
prepare print files for a Hewlett-Packard Laser-Jet II
printer.

Discussion

ORTEP drawings of (I) and (II) are shown in Figs. 1
and 2; bond lengths, angles and torsion angles are
listed in Tables 4 and 5. The Cambridge Structural
Database (January 1992 update) contains no struc-
tural data for the secocubane nucleus in which the

SECOCUBANE AND NORTWISTBRENDANE DERIVATIVES

Table 4. Bond lengths (A), angles (°), torsion angles
(°) and e.s.d.’s in parentheses for (1)

CL4—C4 1.804 (4) Cc2—Cs 1.545 (6)
CL7—C7 1.806 (4) C3—C4 1.535 (5)
0—Cl0 1.236 (5) C3—C8 1.586 (5)
N1—C9 1.138 (7) C4—C5 1.529 (5)
N2—C10 1.296 (5) C4—C10 1.536 (6)
N2—Cl11 1.470 (6) C5—C6 1.551 (6)
C1—C2 1.514 (6) C6—C7 1.510 (7)
C1—C6 1.562 (7) C7—C8 1.499 (7)
C1—C8 1.559 (6) Cl1—C12 1.505 (8)
C1—C9 1.453 (6) Cl1—C13 1.516 (7)
C2—C3 1555 (5)

C10—N2—Cl1 1232 (3) C2—C5—C4 89.0 (3)
C2—C1—C6 90.8 (3) C2—C5—C6 90.1 (3)
C2—C1—C8 91.7 3) C4—C5—C6 113.0 (3)
C2—C1—C9 127.5 (4) C1—C6—C5 88.5 (3)
C6—C1—C8 84.5(3) C1—C6—C7 89.2 (3)
C6—C1—C9 124.1 (4) C5—C6—C7 1133 (3)
C8—C1—C9 125.9 (5) CL7—C7—C6 109.4 (3)
C1—C2—C3 91.0 (3) CL7—C7—C8 109.5 (3)
C1—C2—C5 90.5(3) C6—C7—C8 88.4 (3)
C3—C2—C5 86.0 (3) C1—C8—C3 88.2 (3)
C2—C3—C4 88.4 (3) C1—C8—C7 89.7 (3)
C2—C3—C8 89.1(3) C3—C8—C7 112.6 (3)
C4—C3—C8 1122 (3) N1—C9-—Cl 178.0 (8)
CL4—C4—C3 108.0 (3) 0—C10—N2 123.6 (4)
CL4—C4—CS5 107.3 (3) 0—C10—C4 117.6 (3)
CL4—C4—C10 105.1 (2) N2—C10—C4 118.8 (3)
C3—C4—C5 87.3(3) N2—CI11—C12 110.7 (4)
C3—C4—Cl10 126.7 3) N2—CI11—C13 110.2 (5)
C5—C4—Cl10 120.7 (3) Cl12—C11—C13 110.3 (5)
CL4—C4—C3—C2 -84.5(3) C1—C8—C3—C4 88.7 (4)
CL4—C4—C3—C8  -172.9 (2) C1—C8—C7—C6 -21.9 (3)
CL4—C4—C5—C2 85.0 (3) C2—C1—C6—C5 0.7 (3)
CL4—C4—C5—C6 174.8 (3) C2—C1—C6—C7 - 1126 (3)
CL4—C4—C10—0 90.3 (4) C2—C1—C8—C3 -0.8 (3)
CL4—C4—CI0—N2  —87.5(3) C2—C1—C8—C7 111.9 (3)
CL7—C7—C6—Cl -88.3(3) C2—C3—C4—C5 228 (3)
CL7—C7—C6—C5  -176.3 (3) C2—C3—C4—C10 149.8 (3)
CL7—C7—C8—Cl 88.2(3) C2—C3—C8—C7 -88.2(4)
CL7—C7—C8—C3 176.1 (3) C2—C5—C4—C3 -23.0(3)
0—C10—N2—Cl1 ~2.8(6) C2—C5—C4—Cl0  —1549(3)
0—C10—C4—C3 -1429 (4) C2—C5—C6—C7 878 (4)
0—C10—C4—C5 -309(5) C3—C2—C1—C6 85.3(3)
N1—C9—C1—C2 -20Q21) C3—C2—C1—C8 0.8 (3)
N1—C9—C1—C6 103 (21) C3—C2—C1—C9 ~138.8 (6)
N1—C9—C1—C8 —14721) C3—C2—C5—C4 227(3)
N2—C10—C4—C3 39.4 (5) C3—C2—C5—C6 -90.2(3)
N2—C10—C4—C5 1513 3) C3—C4—C5—C6 66.7 (4)
C1—C2—C3—Ca -113.0 3) C3—C8—C1—C6 -91.5(3)
C1—C2—C3—C8 -0.8(3) C3—C8—C1—C9 139.9 (5)
C1—C2—C5—C4 113.7 (3) C3—C8—C7—C6 66.1 (3)
C1—C2—C5—C6 07(3) C4—C3—C2—C5 -226(3)
Cl1—C6—C5—C2 -0.7(3) C4—C3—C8—C7 -0.2 (4)
C1—C6—C5—C4 ~89.7 (4) C4—C5—C6—C7 -1.2(5)
Cl—C6—C7—C8 21.8(3) C4—C10—N2—CI1 1748 (3)
Cl1—-C8~—C3—C2 0.8 (3) C5—C2—C1—C6 -0.7(3)
C5—C2—C1—C8 -852(3)

C5—C2—C1—C9 135.2 (6) C6—C5—C4—C10 -65.2 (4)
C5—C2—C3—C8 89.6 (3) C7—C6—C1—C8 -21.0 (3)
C5—C4—C3—C8 -65.6(3) C7—C6—C1—C9 109.2 (5)
C5—C6—C1—C8 92.3 (3) C7—C8—C1—C9 ~107.5 (5)
C5—C6—C1—C9 -137.5(5) C8—C3—C4—C10 61.4 (4)
C5—C6—C7—C8 -66.2 (4) CI0—N2—C11—CI12 1562 (4)
C6—C1—C8—C7 212(3) CI0—N2—C11—C13  -81.5 (6)

two unlinked carbon atoms (C4 and C7) are not
bridged by one or two atoms. Homocubane
examples, in which there is a one atom bridge, show
nonbonded distances analogous to C4--C7 of 2.27 A
[1,4-dibromohomocubane ethylene ketal (Watson,
Kashyap, Marchand & Vidyasagar, 1989); 6,6-ethyl-
enedioxyheptachloropentacyclo[5.2.0.0%°.0*°.0%%]-

nonane-3-carboxylic acid (Okaya, 1969)], and the
range is 2.52-2.68 A for compounds [trans-9,10-
pentacyclo[4.4.0.0%°.0°8,0*"|decanedicarboxylic acid
(Schaefer & Walthers, 1971); basketene photo-
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Table 5. Bond lengths (A), angles (°), torsion angles
(°) and e.s.d.’s in parentheses for (1I)

CL4—C4 1.809 (2) Cc2—Cs 1.545 (3)

CL7—C7 1.796 (2) -3 1.569 (3)

o—<ClIl 1.236 (3) Cc3—C8 1.533 (3)

09—C10 1.367 (3) C3—C4 1.547 (3)

09—C8 1.442 (3) Cca—Cll 1.509 (3)

010—C10 1.196 (3) Ca—C5 1.540 (3)

N—Cl1 1.324 3) C5—C6 1.582 (3)

N—CI2 1.466 (3) C6—C7 1.508 (3)

C1—Cl0 1.490 (4) c1—C8 1.532 (3)

cl—2 1.535 (3) c12—Cci3 1.504 (4)

Cl1—C6 1.566 (3) Cl2—Cl4 1.508 (4)

C10—09—C8 1138 (2) C2—C5—C6 859 (2)
CIl—N—CI2 1219 (2) C7—C6—Cl 107.1 (2)
C10—C1—C2 1120 (2) C7—C6—C5 109.2 (2)
C10—C1—C6 117.8 2) C1—C6—CS 89.5 (2)
C2—C1—C6 86.8 (2) C6—C7—C8 105.4 (2)
Cl—C2—C5 920 (2) C6—C7—CL7 111.0 (2)
Cl—C2—C3 109.8 (2) C8—C7—CL7 1116 2)
C5—C2—C3 86.1 (2) 09—C8—C7 109.3 (2)
C8—C3—C4 113 (2) 09—C8—C3 108.1 (2)
C8—C3—C2 107.4 (2) C7—C8—C3 108.1 (2)
C4—C3—C2 88.0 (2) 010—C10—09 118.6 (2)
Cl11—C4—C5 1267 (2) 010—C10—C1 128.1 3)
Cl1—C4—C3 119.2 (2) 09—C10—Cl1 113.1 )
Cl1—C4—CL4 105.1 (1) O0—CI1—N 123.7 2)
C5—C4—C3 87.1 (2) 0—Cl1—C4 119.1 2)
C5—C4—CL4 107.8 (2) N—C11—C4 1172 (2)
C3—C4—CL4 109.7 (2) N—C12—C13 1103 (2)
C4—C5—C2 89.2 (2) N—C12—Cl4 110.4 (2)
C4—C5—C6 114.5 (2) CI13—Cl2—Cl4 1127 (3)
CL4A—C4—C11—0 94.4 (2) C1—C2—C3—C8 20 Q)
CL4—C4—CI11—N -873(2) Cl—C2—C3—C4 113.8 (2)
CL4—C4—C5—C2 ~86.3(2) Cl—C6—C7—C8 -36.0(2)
CL4—C4—C5—C6 -1714 ) Cl—C6—C5—C4 105.0 (2)
CL4—C4—C3—C8 -167.3 (1) Cl—C6—C5—C2 17.8 (2)
CL4—C4—C3—C2 84.8 (2) C2—C1—C6—C7 92.1(2)
CL7—C7—C6—Cl 84.9 (2) C2—C1—C6—C5 -179(2)
CL7—C7—C6—C5 -179.5(2) C2—C5—C4—Cl1 148.2 (2)
CL7—C7—C8—09 -439(2) C2—C5—C4—C3 23.5(2)
CL7—C7—C8—C3 ~161.3 (1) C2—C5—C6—C7 -90.1(2)
O0—Cl1—N—<CI2 -80(4) C2—C3—C8—C7 59.5(2)
0—CI1—C4—C5 -139.1 (2 C2—C3—C4—Cl1 ~154.1(2)
0—Cl11—C4—C3 -290(3) C2—C3—C4—C5 -23.1(2)
09—C10—C1—C2 -48.4(3) C3—C8—09—C10 67.2(2)
09—C10—C1—C6 499 (3) C3—C8—C7—C6 -407(2)
09—C8—C7—C6 76.7 (2) C3—C4—C5—C6 -61.6(2)
09—C8—C3—C4 -1535(2) C3—C2—C1—CI10 50.6 (3)
09—C8—C3—C2 -58.7(2) C3—C2—C1—C6 -682(2)
010—C10—09—C8 173.0 (2) C3—C2—C5—C4 -23.1(2)
010—C10—C1—C2 127.1 (3) C3—C2—C5—<C6 91.5(2)
010—C10—C1—C6  —134.6 (3) C4—C11—N—C12 173.8 (2)
N—C11—C4—C5 39.2(3) C4—C5—C6—C7 -29(3)
N—C11—C4—C3 149.3 (2) C4—C3—C8—C7 -353(2)
C1—C10—09—C8 -1 3) C4—C3—C2—CS5 230 (2)
C1—C2—C5—C4 ~1328(2) C5—C2—C1—C6 18.4(2)
Cl—C2—C5—C6 -182(2) C5—C2—C1—CI10 137.2(2)
C5—C2—C3—C8 - 88.7(2) C7—C6—C1—C10 -21.1(3)
C5—C4—C3—C8 84.8 (2) C7—C8—09—C10 ~50.2(2)
C5—C6—C7—C8 59.6 (2) C8—C3—C4—ClI -46.2(3)
C5—C6—CI1—C10 1311 2) CI1—N—CI2—CI3 154.0 (2)
C6—C5—Ca—Cl1 63.1 (3) CIl—N—CI12—Cl4 -380.8 (3)

dimer (Jones, Deadman & LeGoff, 1973); 7,8-diaza-
pentacyclo[4.2.2.0%°.0*°.0*'%dec-7-ene (Ottersen,
Romming & Snyder, 1976)] with a two-atom bridge.
In the absence of bridging atoms which force C4 and
C7 together, the distances are larger at 2.742 (5) and
2.717 (3) A in (I) and (II), respectively. The 2.717 A
distance in (II) is similar to the 2.708 A value found
in  4-methoxycarbonyl-7-bromo-10-0x0-9-oxatetra-
cyclo[4.4.0.0>°.0*#]decane (Eaton, Millikan & Engel,
1990).

In the cage portions of (I) and (II), the carbon-
carbon distances not associated with atoms Cl, C4
and C7 in (I) and with atoms C1, C4, C7 and C8 in
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(II) range from a low of 1.533 A [bond C4—CS5 in
(I1)] to a high of 1.586 A [bond C3—C8 in (I)] and
are characteristic of the values found in cubanes. It is
interesting that the longest C—C bonds, C3—C8 =
1.586 (5) A in (I) and C5—C6 = 1.582 (3) A in (II),
are in similar locations in the two structures. The
bond distances in the cage associated with C4 and C7
distances average 1.525(5)A. The other bond
lengths and angles have typical values. The relative
orientations of the cages and amide substituents are
very similar. For example, the O—C10—C4—C3
and O—C10—C4—CS5 dihedral angles in (I) are

Fig. 1. ORTEP drawing of (I). The C, O, N and Cl atoms are
shown as 50% ellipsoids, and the H atoms are depicted as
spheres with B= 1.5 A2,

(010
Q. o)}

o TR
® 1 f@

O

e O
&

&

Fig. 2. ORTEP drawing of (II). The C, O, N and Cl atoms are
shown as 50% ellipsoids, and the H atoms are depicted as
spheres with B=1.5 A2
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—142.9 (4) and —30.9 (5)°, and the corresponding
angles for O0—CI11—C4—C5 and O—C11—C4—C3
in (IT) are —139.1 (2) and —29.0 (3)°.

Packing diagrams are given in Figs. 3 and 4.
N—H--O==C interactions between molecules related
by glide-plane symmetry produce the closest inter-
molecular distances in both structures. In (I), the
molecules are related by a glide parallel to the bc
diagonal while in (II) the molecules are linked by an
a glide. The H—N—C=0 moieties are close to and
approximately parallel to the glide planes in both
structures. This permits a close approach of the

a/4

c 0
Fig. 3. ORTEP ball-and-stick packing diagram for (I). The mol-
ecules designated as (I), (II) and gllI) are at x, y, z; i x,
—i+y, —i+z and i—x, i+y, i+z The indicated O-H
intermolecular distance is 1.85 A.

Fig. 4. ORTEP ball-and-stick packing diagram for (II). Molecules
(I) and (II) are at x, y, z and } + x, 3 — y, z. The single O--H
intermolecular contact indicated is 2.13 A.

SECOCUBANE AND NORTWISTBRENDANE DERIVATIVES

C=0 and H—N portions of glide-related molecules
and places the hydrocarbon portions of the mol-
ecules on opposite sides of the planes. The interac-
tion is stror}fer in (I) with O---H = 1.85 and O--N2
=2.780 (4) A than (II) with O--H = 2.13 and O-~-N
=2908(3)A. Angles associated with the
C=0--H—N interactions are C10—O--H =157.0
and C10—0O--N2 = 155.7 (3)° in (I) and C11—0O--H
=161.6 (7) and C11—0O-+N =163.9 (2)° in (II). In
view of the similarity between these angles, other
nonbonded interactions in (II) are probably respon-
sible for limiting the close approach of hydrogen-
bonded molecules in (II) to a distance comparable to
that in (I).

The SVDHA program (Zhang, 1985) was used to
calculate the molecular volumes of (I) and (II) with
van der Waals radii for C, H, N, O and Cl of 1.70,
1.10, 1.55, 1.52 and 1.75 A, respectively (C—H and
N—H bonds were adjusted to 1.098 and 1.030 A).
The packing coefficients [efficiencies, PC = (mole-
cular volume/unit-cell volume per molecule) (Kitai-
gorodskii, 1961)] are 0.614 and 0.674 for (I) and (II)
and indicate that crystal packing is less efficient in
the former and this may be responsible for the larger
atomic displacement parameters in (I).

This work was supported at the University of
Maryland by the Office of Naval Research (N00014-
90-J-1388) and grants from the NSF for a computer-
diffractometer system and the NIH for a computer-
graphics system. Thanks to Drs V. Karen and A.
Mighell for assistance with the Cc to Fdd2 trans-
formation.
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Abstract

High-resolution X-ray diffraction data were collected
for oxalic acid dihydrate at 15 K and for acetamide
at 23 K (and at 100 K for comparison) to obtain
accurate crystal data and experimental electron den-
sity. The measurements were performed with a large
full-circle Eulerian cradle (400 mm diameter) with an
offset y circle equipped with a double-stage He
refrigerator (Displex DE 202) and a Be vacuum
chamber around the cold head. Conventional and
multipole refinements were carried out on the data.
Deformation density maps were generated by X — X
Fourier syntheses and compared with the static dis-
tribution obtained from the multipole model. Results
are also compared with those reported previously.
The change in the resolution of the deformation
density due to the improved accuracy of the high-
order data is analyzed. For the acetamide molecule
the temperature dependence of the measured intensi-
ties and the thermal parameters are also examined.

Introduction

In order to obtain accurate molecular data and static
electronic properties from X-ray diffraction observa-
tions the vibrational smearing of the electron density
due to atomic motion should be properly
decomposed from the asphericity due to chemical
bonds. In any scattering formalism applicable for
this task the parameters accounting for the two
effects are expected to be strongly correlated.
Reflections detected at low scattering angles carry

0108-7681/92/060837-12$06.00

information about the diffuse characteristics of the
electron density, while high-order data are mainly
affected by the sharp features of the distribution near
to the nucleus. The number of observable intensity
data for a given crystal and experimental conditions
is limited. One way to increase the resolution of the
diffraction data at high scattering angles is to
decrease the temperature and so the delocalization of
the electron density caused by vibrational smearing.
This is why the experiment should be carried out at
the lowest temperature feasible for a single-crystal
diffractometer.

For neutron scattering, temperatures of around
20 K have been realized for more than ten years
(Allibon, Filhol, Lehmann, Mason & Simms, 1981)
and a number of neutron structure determinations at
this very low temperature have been reported
(Jeffrey, Ruble, McMullan, De Frees, Binkley &
Pople, 1980; Jeffrey, Ruble & Yates, 1983, and
papers cited therein; Weber, Craven, Sawzik &
McMullan, 1991). Although cryostats for this tem-
perature have also been mounted on X-ray diffrac-
tometers in a few cases (Hendriksen, Larsen &
Rasmussen, 1986), most single-crystal X-ray data
sets are still collected around 100 K using conven-
tional nitrogen gas stream devices. The advantages
of neutron data at 20 K cannot be utilized unless the
corresponding X-ray data are available. One of the
few exceptions is reported by Coppens & Lehmann
(1976), who carried out a charge-density study at
30 K using a liquid-helium cooling device.

Based on our earlier experiences with a single-
stage cryostat at 50 K (Zobel & Luger, 1990) we
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