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HD 0.021 (8) 1/4 —0.470(7) 0.066 (9)
H(2) 0.215(5) 0.375 (4) —0.286 (4) 0.077(7)
H(4) 0.135(8) 1/4 —0.810(7) 0.054 (8)
H(5) 0.398 (8) 1/4 —0.810 (7 0.065 (10)
H(6) 0.619 (1) 1/4 —0.304 (8) 0.066 (11)
. Qo o
Table 2. Selected geometric parameters (A, °)
C(1)—C(2) 1.473(5) C(2)—0 1.297 (4)
C(1)—H(1) 0.96 (4) N—H(4) 0.92(4)
C(1)—H(2) 1.02(3) N—H(5) 0.86 (5)
C(2)—N 1.287 (4) O—H(6) 0.80 (5)
Cl- - -H@4") 229 (4) Cl- - -H(6) 2.09(5)
Cl- - -H(S") 2.39(5)
C(1)—C(2)—N 122.6 (3) N—C(2)—0 116.6 (3)
C(1)—C(2>—0 120.8 (3)
H4')- - -Cl- - -H(") 134.1 (14) CI". . -H(4)—N 174 (3)
H@)- - -Cl- - -H(6) 118.0(15)  CI™---H(5)—N 171 (4)
H(5")- - -Cl- - -H(6) 108.0(15)  Cl---H(6)—O 177 (4)

Symmetry codes: (i) 1 +x,v,1 + 2z (i) x,y, | + 2z (i) x — 1, y,z — 1}
(iv)x,y,z— 1.

Computations were carried out on a MicroVAX 3600 computer
with the NRC package (Gabe, Lee & Le Page, 1985). Data
collection: CAD-4 Software (Enraf-Nonius, 1989). Cell refine-
ment: CAD-4 Software. Data reduction: NRC. Program(s)
used to solve structure: MULTAN11/82 (Main et al., 1982).
Program(s) used to refine structure: NRC. Molecular graphics:
ORTEP (Johnson, 1976). Software used to prepare material
for publication: NRC.

The authors are grateful to the National Science
Council of Taiwan, ROC, and Academia Sinica for
partial financial support. Thanks are due to Ms S.-
C. Chou for assistance in the X-ray intensity data
collection.

Lists of structure factors. anisotropic displacement parameters, H-atom
coordinates and complete geometry have been deposited with the [UCr
(Reference: AS1105). Copies may be obtained through The Managing
Editor. International Union of Crystallography, 5 Abbey Square, Chester
CHI 2HU, England.
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Abstract

In the galactonic acid part of the title compound,
C,7H3,044, two C—O bonds are aligned 1,3-parallel
with an O---O distance of 2.884(2) A. The absolute
structure, determined crystallographically, corresponds
to the known chirality of the title compound.

Comment

The title compound (I) was synthesized by reacting
penta-O-acetyl-p-galactonyl chloride with ethyl benzo-
ylacetate in the presence of a base in an aprotic
solvent (Meisel, 1991). In order to characterize the
resulting reaction product unambiguously, an X-ray
structure determination was undertaken. Suitable single
crystals, melting at 403—405K, were obtained from
ethanol. The positions of all H atoms were refined with
distance restraints for the C—H distances (Sheldrick,
1993). All other distances and angles are generally
as expected. Friedel opposites were collected after
each reflection. These Friedel pairs are regarded as
symmetry independent and were not merged. Since the
title compound crystallizes in a polar space group, polar
axis restraints were applied by the method of Flack &
Schwarzenbach (1988).

OAc A0 OAc
O | I I
O

AcO  OAc
N\
EWO O
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Only recently it has been realized that acetylated
open-chain carbohydrates show a high tendency towards
aligning primary acetoxy groups 1,3-parallel to one
another (Koll er al., 1993). The 1,3-parallel interactions
between the heavy atoms O and C are usually designated
as O//O and C//O. The O//O interaction between O4 and
06 in the title compound could easily have been avoided
by a rotation of 120° around the C5—C6 bond resulting
in a conformation that is free of such an interaction.
The angle between the C4—04 and C6—O6 vectors is

—12.5(1)°.

Besides the title compound, other reported cases are:
xylitol pentaacetate (Park, Park & Shin, 1990), the hexa-
acetates of p-glucitol (Park et al., 1990; Kopf, Topf,
Morf, Zimmer & Ko6ll, 1991), p,L-glucitol and galacti-
tol (Kopf, Morf, Zimmer, Bischoff & Koll, 1992). Two
acetylated derivatives of mannitol have also been de-
scribed, in which such an interaction is also observed

(Galan et al., 1988).

Fig. 1. SCHAKALB8S8 drawing (Keller, 1986) of the molecular confor-

mation and atomic numbering scheme.

Experimental
Crystal data

C27H3,014

M, = 580.53
Monoclinic

P2,

a=11775 () A
b=7.763 (1) A
c=16283 (1) A
B =93.79 (1)°
V=14852 (2) A®
Z=2

D, =1298 Mg m~>

Data collection

Enraf-Nonius CAD-4
diffractometer

Cu Ka radiation

A =154178 A

Cell parameters from 25
reflections

0 = 41.4-53.0°

2 =0.903 mm™!

T=293 (1)K

Transparent blocks
0.5 x 0.4 x 0.3 mm
Colourless

Rin = 0.0279
Omax = 76.5°

C27H3,014

20/w scans
Absorption correction:

none
7117 measured reflections
6233 independent reflections
5921 observed reflections

[1 > 2a(D)]

Refinement

Refinement on F?
R[F? > 20(FH) = 0.0412
wR(F?) = 0.1124
S =1.042
6233 reflections
409 parameters
Calculated weights
w=1/[cX(F2)+(0.0779P)?
+0.1346P)
where P=(F2+2F2)/3
(A/0)max = 0.430
Apmax = 0201 ¢ A3
Apmin = —0.201 ¢ A3

h=0— 14
k=0—-9
1 =-20—20

3 standard reflections
frequency: 120 min
intensity variation: 1%

Extinction correction:
SHELXL (Sheldrick, 1994)

Extinction coefficient:

0.004 (0)

Atomic scattering factors
from International Tables
for Crystallography (1992,
Vol. C, Tables 4.2.6.8 and
6.1.1.4)

Absolute configuration:
Flack parameter =
—0.07 (13) (Flack, 1983)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Ueq = (1/3)2,’2}(/,7(2:0;8,‘.3,’.

x y z Ueq

0Ol 0.6184 (2) 0.1119 (2) 0.3827 (1) 0.0720 (5)
02 0.6965 (1) 0.5128 (2) 0.2972 (1) 0.0435 (2)
03 0.5401 (1) 0.3144 (2) 0.2082 (1) 0.0484 (3)
04 0.8375 (1) 0.2543 (2) 0.1722 (1) 0.0402 (2)
05 0.7003 (1) 0.0327 (1) 0.0826 (1) 0.0395 (2)
06 0.8460 (1) 0.2703 (2) —0.0043 (1) 0.0498 (3)
021 0.8721 (1) 0.5331 (2) 0.3568 (1) 0.0757 (5)
031 0.4742 (2) 0.0467 (3) 0.1844 (2) 0.0979 (7)
041 0.8983 (1) 0.5236 (2) 0.1506 (1) 0.0703 (4)
051 0.5479 (1) —0.0337 (2) ~0.0010 (1) 0.0652 (4)
061 0.8506 (2) 0.5026 (3) —0.0828 (1) 0.0947 (7)
C1 0.6449 (1) 0.2596 (2) 0.3766 (1) 0.0458 (3)
(o] 0.7026 (1) 0.3298 (2) 0.3031 (1) 0.0393 (3)
C3 0.6536 (1) 0.2506 (2) 0.2232 (1) 0.0383 (3)
C4 0.7216 (1) 0.3028 (2) 0.1500 (1) 0.0350 (3)
CS 0.6780 (1) 0.2143 (2) 0.0710 (1) 0.0356 (3)
C6 0.7238 (1) 0.2823 (2) —0.0072 (1) 0.0459 (3)
C21 0.7901 (2) 0.6005 (3) 0.3260 (1) 0.0504 (4)
C22 0.7732(2) 0.7894 (3) 0.3131(2) 0.0726 (6)
C31 0.4555 (2) 0.1973 (4) 0.1915(1) 0.0658 (6)
C32 0.3432(2) 0.2841 (6) 0.1832(2) 0.089 (1)

C41 0.9182(1) 0.3787 (3) 0.1722(1) 0.0479 (4)
C42 1.0314 (2) 0.3100 (4) 0.2022 (2) 0.0717 (6)
Cs51 0.6241 (1) —0.0769 (2) 0.0465 (1) 0.0461 (4)
C52 0.6486 (2) —0.2570 (3) 0.0733 (2) 0.0786 (8)
C61 0.9003 (2) 0.3903 (3) —0.0461 (1) 0.0507 (4)
C62 1.0256 (2) 0.3660 (3) —0.0397 (2) 0.0679 (6)
Ola 0.6379 (1) 0.3786 (2) 0.4360 (1) 0.0514 (3)
Olc 0.2942 (1) 0.2816 (3) 0.4740 (1) 0.0684 (4)
O3a 0.4123 (2) 0.3462 (4) 0.3769 (1) 0.0889 (6)
Cla 0.5949 (2) 0.3263 (3) 0.5106 (1) 0.0505 (4)
C2a 0.4843 (2) 0.2969 (3) 0.5155 (1) 0.0577 (5)
C3a 0.3976 (2) 0.3131 (3) 0.4471 (1) 0.0602 (5)
Clb 0.6824 (2) 0.3181 (3) 0.5793 (1) 0.0552 (4)
C2b 0.6540 (2) 0.3381 (4) 0.6593 (1) 0.0766 (7)
C3b 0.7359 (3) 0.3235 (5) 0.7238 (2) 0.0929 (9)
C4b 0.8467 (2) 0.2917 (5) 0.7087 (2) 0.0916 (9)
C5b 0.8765 (2) 0.2735 (6) 0.6295 (2) 0.098 (1)

Cé6b 0.7954 (2) 0.2900 (5) 0.5645 (2) 0.0788 (7)
Cle 0.2002 (2) 0.2894 (5) 0.4120 (1) 0.0800 (8)
C2c 0.0934 (2) 0.2823 (8) 0.4558 (2) 0.111 (1)
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Table 2. Selected geometric parameters (A, °)

Oo1—C1 1.194 (2) C5—C6 1.511(2)
02—C2i 1.353(2) C21--C22 1.493 (3)
02—C2 1.425(2) C31-C32 1.482 (4)
03—C31 1.363 (2) C41—C42 1.488 (3)
03—C3 1.431(2) C51—Cs2 1.487 (3)
04—C41 1.354 (2) Co1—C62 1.484 (3)
04—C4 1.439 (2) Ola—Cla 1.407 (2)
05—C51 1.343(2) O1c—C3a 1.343(2)
05—Cs 1.444 (2) Olc-—Cle 1.449 (3)
06—Col 1.341 (2) 03a—C3a 1.195 (3)
06—C6 1.440 (2) Cla—C2a 1.330(3)
021—C21 1.180 (3) Cla—Clb 1.471 (3)
031—C31 1.197 (3) C2a—C3a 1.466 (3)
041—C41 1.197 (3) C16—C2b 1.375(3)
051—C51 1.194 (2) Clp—Cé6b 1.385(3)
061—C61 1.189(3) C2p—C3b 1.383 (4)
Cl—Ola 1.343(2) C3ph—Cdab 1.367 (4)
Cci—C2 1.517(2) Cab--C5b 1.367 (4)
c2—C3 1.518(2) C56—Co6b 1.383 (4)
C3—C4 1.533(2) Clc—C2c 1.487 (4)
C4—Cs 1.518(2)

C21—02—C2 116.26 (13)  041—C41—04 123.1(2)
C31—03—C3 117.8(2) 041—C41—C42 125.9(2)
C41—04—C4 117.84 (13)  04—C41—C42 110.9(2)
C51---05—C5 116.78 (12)  O51—C51—05 123.8(2)
C61—06—C6 116.52(14)  051—C51—C52 1253 (2)
01—C1—0la 125.0(2) 05—C51—C52 110.87 (14)
o1—Cl1—-C2 122.9(2) 061—C61—06 122.0(2)
Ola—C1—C2 111.88(15) 061—C61—C62 125.6 (2)
02—C2—-Ci 112.81(13)  06—C61—C62 112.4(2)
02—C2—C3 109.37(13) C1—Ola—Cla 117.72 (15)
C1—C2--C3 111.53(13)  C3a—0lc—Clc 115.6 (2)
03—C3—C2 107.67 (12)  C2a—Cla—0la 120.7 (2)
03—C3--C4 107.85(12) C2a~-Cl12—Clh 1259(2)
C2—C3—C4 111.78(12)  Ola—Cla—Clb 113.3(2)
04—C4—C5 11093 (11)  Cta—C2a—C3a 125.2(2)
04-—C4--C3 105.73(11)  O3a- -C3a—-Olc 1229(2)
C5—C4--C3 111.98(12) 03a—C3a—C2a 1274 (2)
05—C5—C6 112.28(12)  Olc--C3a—C2a 109.7 (2)
05—C5-—C4 106.40(12)  C2b—C1b—-C6h 118.6 (2)
Co—C5-—C4 115.88(13) C26—C1b—Cla 1209 (2)
06— C6—C5 111.16(12)  C6b—Ch—Cla 120.5(2)
021—C21-02 123.3(2) Clo—-L26—C3h 120.6 (2)
021--C21—C22 126.3(2) Cab—LC3h-—C2b 120.3(2)
02—C21--C2 110.4(2) C5p—(ih—C3h 119.7(2)
031-C21 - 08 1223 (2) C4p- CSh--Céb 120.3(2)
O31—C21 -(32 127.2(2) Clb—C6h-—C5b 120.3(2)
03—C31--C32 110.5(3) Ole--Clc—C2c 107.2(2)

Data coilection and cell refinement: Enraf-Nonius CAD-4
software. Data reduction: CADSHEL (Kopf, 1987). Pro-
gram(s) used to solve structure: SHELX590 (Shcldrick, 1990).
Program(s) used to refine structure: SHELXL (Sheldrick,
1994). Molecular graphics: SCHAKAL 88 (Keller, 1986). Soft-
ware used to prepare material for publication: CIF2TEX (Kopf,
1992aj; FCF2FOC (Kopf, 1992b).

We gratefully acknowledge financial support from the
Deutsche Forschungsgemeinschaft and the Fonds der
Chemischen Industrie.

Lists of structure factors, anisotropic displacement parameters, H-atom
coordinates and complete geometry have been deposited with the [UCr
{Reference: AB1135). Copies may be obtained through The Managing
Editor, International Union of Crystallography, 5 Abbey Square, Chester
CHI 2HU, England.
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Abstract

The 3-germabicyclo[3.1.0jhexane moiety in the title
compound, C;7H,6Ge, adopts a boat form even though
the ring bears bulky substituents. This stresses the
difference in the structures of germa- versus carbo-
cycles.

Comment

The preference for the boat conformation of the bicy-
clo[3.1.0]hexane (BCH) ring system, shown in Fig. 1,
has been well documented (Mastryukov, Osina, Vikov &
Hildebrandt, 1977; Kisiel & Legon, 1978). It was shown
that the origin of this rather unexpected conformation is
the enhanced eclipsing effect in the chair form, which
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