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Abstract

The six-membered ring of the title ester [[UPAC name:
tert-butyl 5-(hydroxymethyl)-2-(1-methylethyl)-3-oxo-
piperazine-1-carboxylate], C;3H>4N>O4, adopts a dis-
torted half-chair configuration with C5 lying out of
plane. Hydrogen bonds are formed between the OH
group and the protecting carbonyl group, and between
NH and the piperazine oxo group.

Comment

Substituted piperazinones are of interest in the devel-
opment of peptidomimetics, i.e. low-molecular weight
compounds that can replace peptides in their interaction
with receptors (Giannis & Kolter, 1993). The piperazi-
none ring can serve as a rigid template exposing sub-
stituents in a conformation resembling the side chains
of a parent peptide in its receptor-bound conforma-
tion (Giannis & Kolter, 1993). Little is known about
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CysHyN,0,.2H,0, C,,HyN,0,S.2H,0 AND C,sH;N,0,.2H,0

the three-dimensional structures of these compounds
(Michel, Evrard & Norberg, 1987). We report here the
structure of the title compound, (I).

o}

HO. . N_ O

Fig. 1. Perspective drawing of (I) showing the crystallographic
numbering scheme. Non-H atoms are shown with 30% probability
ellipsoids.

Fig. 2. A view of the unit cell showing intermolecular hydrogen
bonding.
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In the crystal the molecule adopts a distorted half-
chair conformation with C5 lying out of the plane. Fig.
2 shows two intermolecular hydrogen bonds, O61—
H61---041 and N1—H1---021. Interestingly, the ure-
thane bond (N4—C41) is found to have an antiperipla-
nar conformation (see Table 2). All other angles and
distances are as expected.

The absolute configuration of (I) has not been de-
termined, but was assigned to agree with the known
chirality as established by the synthesis, because there

were no anomalous-dispersion effects.

Experimental

The title compound was prepared by the previously published
method (Kolter, Dahl & Giannis, 1995) and recrystallized from

diethyl ether.

Crystal data

Ci3H2aN,O04

M, = 272.34
Orthorhombic
P2,2,2, .
a=7890() A
b=11752(1) A
c=17.028(1) A
V=15789(3) A®
Z=4

D, =1.146 Mg m~?
D,, not measured

Data collection

Enraf-Nonius CAD-4
diffractometer

26/w scans

Absorption correction:
none

2328 measured reflections

2019 independent reflections

1545 observed reflections
[1 > 20(D)]

Rint = 0.0575

emax = 5996o

Refinement

Refinement on F’

RIF? > 20(F%)] = 0.0674

wR(F?) = 0.1845

S = 1.061

2019 reflections

184 parameters

H atoms riding, except those
on O and N which refined
freely

w = V[ (F2) + (0.128P)* +

0.6321P]

where P = (F2 + 2F3)/3

(A/(T)max < 0.001

Cu K« radiation

A= 154178 A

Cell parameters from 25
reflections

0 = 40-46°

¢ = 0.696 mm™'
T=293(Q2)K
Plate

0.80 x 0.60 x 0.30 mm
Yellowish

h=-8—17
k=0— 13
I1=-19—-0

2 orientation and 3 intensity
standard reflections,
monitored every 200
reflections for orientation
and every 120 min
for intensity; intensity
variation +1%

Apmas = 0.194€ A7

Apmin = —0.157 e A™3

Extinction correction:
SHELXL93 (Sheldrick,
1993)

Extinction coefficient:
0.0151 (22)

Atomic scattering factors
from International Tables
for Crystallography (1992,
Vol. C, Tables 4.2.6.8 and
6.1.1.4)
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Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A’)

Ueq = (1/3)Z,Z/U,,a“a/‘a,.a,.

X ¥y < ch

NI 0.1426 (5) 0.6207 (4) 0.5218 (3) 0.083 (1)
c2 0.3045 (6) 0.6436 (6) 0.5054 (3) 0.077 (2)
c3 0.4322 (6) 0.5472(5) 0.5123(3) 0.073 (1)
N4 0.3672 (5) 0.4589 (4) 0.5648 (2) 0.072(1)
cs 0.1964 (7) 0.4200 (5) 0.5462 (3) 0.084 (2)
c6 0.0743 (6) 0.5178 (5) 0.5564 (3) 0.079 (2)
021 0.3495 (5) 0.7398 (4) 0.4841 (3) 0.095 (1)
c3l 04783 (9) 0.5015 (6) 0.4302 (4) 0.103 (2)
c32 0.5757 (12) 0.5847 (8) 0.3835 (4) 0.148 (3)
C33 0.5768 (16) 0.3889 (8) 0.4384 (5) 0.173 4)
cal 0.4637 (6) 0.4195 (5) 0.6233 (3) 0.074 (1)
041 0.6045 (4) 0.4563 (3) 0.6382 (2) 0.091 (1)
042 0.3830 (4) 0.3398 (3) 0.6646 (2) 0.088 (1)
ca2 0.4521 (8) 0.2940 (5) 0.7372 (4) 0.095 (2)
C43 0.3088 (10) 0.2149 (7) 0.7639 (5) 0.122 (3)
C44 0.6131(11) 0.2300 (8) 0.7237(7) 0.154 (4)
c4s 0.4745 (14) 0.3889 (8) 0.7946 (4) 0.156 (4)
col 0.0274 () 0.5377 (6) 0.6408 (3) 0.101 (2)
061 —0.0537 (5) 0.4437 (5) 0.6743 (3) 0.127 (2)
HI 0.068 (6) 0.675 (4) 0.515 (4) 0.100

Hol —0.156 (4) 0.437 (9) 0,669 (6) 0.190

Table 2. Selected torsion angles (°)

C6—N1—C2—C3 95(8) C2—N1—C6—C5 —20.7(7)
C2—C3—N4—C5 51.1(6)  N4—C5—C6—NI 44.6 (6)
C3—N4—C5—C6 —638(5) C3—N4—C41—042  —180.0(4)

Table 3. Hydrogen-bonding geometry (A °)

D—H: - A D—H H-4 D---A D—H--A
061—H61- - -041" 0.82(3) 1.98 (4) 2.770(5) 165 (11)
NI—H1...021" 0.88(3) 2.00(4) 2.837(6) 161 (6)

Symmetry codes: (i)x — I, y,z (i) x— 4,3 —y, 1 — 2

The absolute configuration of (I) was assigned to agree with
the known chirality at C3 and C6, as established by the
synthesis of the compound. The absolute structure could not
be determined reliably [Flack (1983) parameter = —0.0(7)].

Data collection: CAD-4-Express (Enraf-Nonius, 1989). Cell
refinement: CAD-4-Express. Data reduction: locally modified
XCADA4 (Sheldrick, 1992). Program(s) used to solve structure:
SHELXTL-Plus (Sheldrick, 1989). Program(s) used to refine
structure: SHELXL93 (Sheldrick, 1993). Molecular graphics:
SHELXTL-Plus. Software used to prepare material for publi-
cation: SHELXL93.

We thank the Deutsche Forschungsgemeinschaft for
financial support (Gi 204/1-2).

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCTr (Reference: JZ1074). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

Molecules of the title compound, C,HgBr,Si,, have a
crystallographic centre of inversion. The Si—C—C—Si
unit is thus planar and has a trans conformation. The
Br—Si—C—C moieties have almost ideal gauche con-
formations with Si—Br bond lengths of 2.2362 (12) A.

Comment

In the course of studies on cyclic silicon—nitrogen
compounds (Mitzel, Bissinger, Riede, Dreihdupl &
Schmidbaur, 1993; Mitzel, Riede, Schier, Angermaier
& Schmidbaur, 1995), 1,4-dibromo-1,4-disilabutane, (1),
served as a synthon for the H,Si—CH,—CH>—SiH,
unit. Structural information on simple molecules con-
taining this structural element appeared desirable in
order to obtain a basis for an understanding of the
decomposition pathways of such molecules, which are
probed as single-source precursors for the chemical
vapour deposition (CVD) of epitaxially grown 3-SiC

(Kunstmann et al., 1995).
H,
Br Si
\Si/\/ By
H;

0]

In the crystal, the molecule of (1) has a crystal-
lographic centre of inversion (Fig. 1). Similar results
were obtained for all other open chain molecules with
a symmetrical substitution pattern at the Si—C—C—Si
unit studied to date (Shibayeva, Atovmyan, Rozenberg
& Stryukov, 1983; Tacke, Niedner, Frohnecke, Ernst
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C13H24N,O4

Q Br

Sl] ~

NN

Brﬂ\

Fig. 1. A view of one molecule of (1) with the atom-numbering
scheme. Displacement ellipsoids enclose 50% probability surfaces
and H atoms are shown as spheres of arbitrary radii.

& Sheldrick, 1980; Ovchinnikov, Shklover, Struchkov,
Polyakov & Guselnikov, 1985).

The C—C and Si—C distances, as well as the angle
Si—C—C, are very similar to those reported for the ref-
erence molecules. The Si—Br distance [2.2362 (12) A]
fits well into the range established by only four
examples of Si—Br compounds with four-coordinate
Si atoms studied in the solid state so far [accord-
ing to a search in the Cambridge Crystal Structure
Database and the Inorganic Crystal Structure Database
(Gurkova, Gusev, Sharapov, Gar & Alexeev, 1979;
Kratky, Hengge, Stiiger & Rheingold, 1985; Schubert
& Steib, 1982)].

The most interesting structural feature of (1) is the
gauche conformation of each Br—Si—C—C unit. The
corresponding torsion angle [—61.7 (5)°] is close to the
ideal value for the gauche conformation of interpenetrat-
ing tetrahedra. The overall gauche-trans-gauche confor-
mation has also been found by Ovchinnikov et al. (1985)
in 2,5-dichloro-2,5-dimethyl-2,5-disilahexane and by
Tacke et al. (1980) for ({[Me3N(CH3)3]MeZSiCH2}2)12,
taking the most electronegative substituent at silicon as
a reference. This conformational preference appears to
be an inherent characteristic of this class of compounds,
although in the present case it may also be affected by
Si- - -Br and Br- - -Br intermolecular interactions. There
are some weak intermolecular interactions as indicated
by the shortest lattice contacts Si- - -Br [3.741 (1) A] and
Br---Br [3. 839(l)A] which are very close to the cor-
responding sums of the van der Waals radii (Si---Br

Fig. 2. Packing plot showing the Si-- -Br contacts in

crystals of (1), and the unit cell.

-Br and Br--
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