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C513—H513. . .062 1.00 2.96 3.050(3) 86
N5—HS5- - -092' 1.00 2.00 2.969 (3) 162
C9—H9- - -0102" 1.02 2.38 3.297 (4) 150
C23—H23A- - -031" 1.00 2.44 3.233(3) 136
C23—H238- - -055" 1.01 2.55 3.354(3) 137
C510—H510- - 062" 1.01 2.61 3.189 (4) 117
Symmetry codes: (i) x, y, 1+z: (ii) —x, y— 4, =1 =z (iii) 1 —x, L+y, =2,

(V) x. 1+y,z(v) —x,y— §, -z

The absolute configuration was assigned on the basis of
the known chirality of the D-manno used in the synthesis.
Since compound (I) crystallizes in a polar space group,
polar axis restraints were applied by the method of Flack
& Schwarzenbach (1988) and the absolute structure was
established as described by Flack (1983). The H atoms
were included at geometrically calculated positions. The
displacement factors at room temperature are rather high and
refinement of the terminal atoms gave the shift/s.u. greater
than the normal values. It was in order to overcome these
difficulties that the structure was studied at low temperature.

Data collection: CAD-4 Software (Enraf-Nonius, 1989).
Cell refinement: SET4 (Boer & Duisenberg, 1984) and
CELDIM in CAD-4 Software. Data reduction: XRAY76 Sys-
tem (Stewart et al., 1976). Program(s) used to solve struc-
ture: SIR92 (Altomare et al., 1994). Program(s) used to refine
structure: XRAY76 System. Molecular graphics: PLATON94
(Spek, 1994). Software used to prepare material for pub-
lication: PARST (Nardelli, 1983b) and PARSTCIF (Nardelli,
1991).

We thank Dr J. C. Palacios for supplying the crystals,
and the Junta de Andalucia and DGICYT (PB92-0525-
C02-02) for financial support.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: NA1392). Services for accessing these
data are described at the back of the journal.

References

Altomare, A., Cascarano, G.. Giacovazzo, C., Guagliardi, A., Burla,
M. C., Polidori, G. & Camalli, M. (1994). J. Appl. Cryst. 27, 435.

Avalos, M., Babiano, R., Cabanillas, A., Cintas, P., Didnez, M. J.,
Estrada, M. D., Jiménez, J. L., Lépez-Castro, A., Palacios, J. C.
& Pérez-Garrido, S. (1995). J. Chem. Soc. Chem. Commun. pp.
2213-2214.

Boer, J. L. de & Duisenberg, A. J. M. (1984). Acta Cryst. A40, C-410.

Cremer, D. & Pople, J. A. (1975). J. Am. Chem. Soc. 97, 1354-1358.

Enraf-Nonius (1989). CAD-4 Software. Version 5.0. Enraf-Nonius,
Delft, The Netherlands.

Flack, H. D. (1983). Acta Cryst. A39, 876-881.

Flack, H. D. & Schwarzenbach, D. (1988). Acta Cryst. Ad44, 499-506.

Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge
National Laboratory. Tennessee, USA.

Marino, J. P. Jr, Osterhout, M. H. & Padwa, A. (1995). J. Org. Chem.
60, 2704-2713.

Nardelli, M. (1983a). Acta Cryst. C39, 1141-1142.

Nardelli, M. (1983b). Comput. Chem. 7, 95-98.

Nardelli, M. (1991). PARSTCIF. Program for the Creation of a CIF
from the Outpur of PARST. University of Parma, Italy.

Osterhout, M. H., Nadler, W. R. & Padwa, A. (1994). Synthesis, pp.
123-141.

Pous, K. T. (1984). 1,3-Dipolar Cycloaddition Chemistry, edited by
A. Pawda, vol. 2, p. 1-82. New York: Wiley.

Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of
Crysial Structures. University of Géttingen, Germany.

© 1999 International Union of Crystallography
Printed in Great Britain - all rights reserved

1023

Spek, A. L. (1994). PLATON94. Program for the Automated Analysis
of Molecular Geometry. University of Utrecht, The Netherlands.
Stewart, J. M., Machin, P. A., Dickinson, C. W., Ammon, H. L., Heck,
H. & Flack, H. (1976). XRAY76 System. Technical Report TR-446.
Computer Science Center, University of Maryland, College Park,

Maryland, USA.

Acta Cryst. (1999). C55, 1023-1025

N-tert-Butoxycarbonyl-N, N'-ethylene-
bridged (S)-tyrosyl-(S)-tyrosine methyl
ester

KazuHIRO YAaMATO, HIROYUKI MI1YakE, KEN HIROTSU AND
Y osHITANE KoJiMa

Department of Chemistry, Graduate School of Sci-
ence, Osaka City University, Sugimoto, Sumiyoshi-ku,
Osaka 558-585, Japan. E-mail: kojima@sci.osaka-cu.ac jp

(Received 2 December 1998; accepted 8 February 1999)

Abstract

The title compound, a pseudopeptide, methyl (2S)-3-
(4-hydroxyphenyl)-2-[(3S)-4-(tert-butoxycarbonyl)-3-(4-
hydroxybenzyl)-2-oxopiperazin-1-yl]propionate, C,6H3;-
N,05, was crystallized from an H,O/methanol solution.
The two N-substituted chains on the piperazin-2-one
(MKP) ring lie in the quasi-equatorial position and the
third chain lies in the quasi-axial position. Each side
chain on the tyrosines is located opposite the MKP ring.
The MKP ring has a pseudo-chair form.

Comment

Peptides which are conformationally restricted through
short-range cyclizations have been synthesized with the
aim of clarifying the relationship between their bio-
logical activities, their conformations and their func-
tionalities (Toniolo, 1990). The present authors have
also prepared a series of structurally reinforced dipep-
tides containing N, N -ethylene bridging and have stud-
ied their opiate activities (Takenaka et al., 1993; Ya-
mashita et al., 1997). Although we have reported
solid and solution structures of this series of oligo-
pseudopeptides (Yamashita et al., 1989; Kojima et al.,
1991) and macrocyclic pseudopeptides (Miyake et al.,
1996; Kojima et al., 1995) which showed ionophorous
(Kojima er al., 1992) and enantioselective transport
(Miyake et al., 1993) properties, we have never ob-
tained a crystal of a linear oligopseudopeptide contain-
ing a functional group on the side chains. This is the
first paper describing the crystal structure of a pseu-
dopeptide constructed from tyrosines, Boc-eYY-OMe,

Acta Crystallographica Section C
ISSN 0108-2701 ©1999



1024

where Boc is tert-butoxycarbonyl and eYY is (25)-3-
(4-hydroxyphenyl)-2-[(35)-3-(4-hydroxybenzyl)-2-oxo-
piperazin-1-yl]propanoic acid (Yamashita et al., 1993).

OH
H
[e)
Me
N
X
O
Boc-eYY-OMe

The ORTEPII (Johnson, 1976) drawing of Boc-
eYY-OMe is shown in Fig. 1. The two N-substituted
chains on the piperazin-2-one (MKP) ring lie in the
quasi-equatorial position and the third chain is in the
quasi-axial position. Each side chain on the tyrosines
is located on the opposite face of the MKP ring.
The torsion angles (IUPAC-IUB, 1970) of the peptide
backbone [C1—C2—N3—C19 —127.7(3)° and N3—
C2—C1—N6 —8.5(3)°] in the MKP ring are within
the ranges observed in cyclic peptides possessing the
MKEP ring (Kojima et al., 1995; Miyake et al., 1996)
and the other torsion angles outside the MKP ring are
within the allowed regions of the Ramachandran plot
(Ramachandran & Sasisekharan, 1968). Intermolecular
hydrogen bonds (Table 2) mediated by both functional
groups on the side chains of the tyrosines fix the
conformations of the urethane bonds [021—C19—

Fig. 1. ORTEPII drawing (Johnson, 1976) of Boc-eYY-OMe with the
atom-numbering scheme. Ellipsoids for non-H atoms correspond to
the 70% probability level and H atoms are shown as spheres of an
arbitrary radius.

Cy6H3N,04

N3—C2 is cis (IUPAC-IUB, 1970)] in the solid state,
while the structure in solution is in an equilibrium of cis
and trans conformations (1:2 in perdeuterated dimethyl
sulfoxide), as described previously by Kojima er al.
(1991).

The piperazin-2-one ring is in a near-chair con-
formation. The C1—C2—C11—CI2 torsion angle is
166.5 (2)°, indicating that the a—(3 conformation of the
side chain on atom C2 is the U; form (Kojima et al.,
1991). This result, that cis-peptide bonding on the N-
terminal end of eYY induces a U; form, is the same
as for previous data that were obtained for macro-
cyclic pseudopeptides containing N, N’-ethylene-bridged
phenylalanylphenylalanine (Miyake ez al., 1996).

Experimental

The ethyl analogue of the title compound, Boc-eY Y-OEt, was
prepared from di-rerz-butyldicarbonate [(Boc).O] and N,N'-
ethylene-bridged-(S)-tyrosyl-(S)-tyrosine ethyl ester (eYY-
OEt: Yamashita et al., 1993) prepared earlier. The title methyl
ester (Boc-eYY-OMe) was obtained quantitatively from a so-
lution of Boc-eY Y-OEt in the presence of NaOMe in methanol
by ester exchange (m.p. 371-376 K). Analysis calculated for
C2H32N207-1H-0: C 63.27, H 6.74, N 5.68%; found: C
63.27, H 6.69, N 5.70%. A single crystal suitable for X-ray
analysis was obtained from a 1:1 H.O/methanol solution as a
non-hydrated one. IR (KBr): 1744, 1696 (sh), and 1665 cm™'
for v(C=O0) of ester, urethane and amide, respectively; FAB
MS m/z 485 [M + H']: [a]p = +14.5 (in methanol).

Crystal data

Ca6H32N,04 Mo Ka radiation

M, = 484.55 A=0.7107 A
Monoclinic Cell parameters from 25
P2, . reflections
a=9641(4) A 0 =128-17.1°
b=10251(4) A p = 0087 mm™'
c=13.893(5 A T=150K

3 =101.00 (3)°° Prismatic
V=13478(8) A’ 0.35 x 0.33 x 0.05 mm
Z=2 Colourless

D, =119 Mgm™
D,, not measured

Data collection

Rigaku AFC-7R diffractom- Rint = 0.023
eter Omax = 30°
w/26 scans h=0-— 11
Absorption correction: none k=0—12
4100 measured reflections I=-17—->17

3830 independent reflections
3256 reflections with
1> 20

Refinement

Refinement on F
R =0.039
wR = 0.042

3 standard reflections
every 150 reflections
intensity decay: 2.5%

w = U[aX(F,)
+ 0.00006|F,|*]
(A/O')rnax < 0.001
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S =1.962

3256 reflections

316 parameters

H-atom parameters not
refined

Apmux =0.29¢ A:J

Apmm =-0.14e 1\‘3

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (fi, °)

010—C1 1.233(2) N6—C5 1.470 (3)
N3—C2 1.467 (3) N6—C7 1.466 (3)
N3—C4 1.443 (3) c1—2 1.519(3)
N3—C19 1.360 (3) c2—C11 1.544 (3)
N6—Cl 1.342(3) C4—C5 1.508 (3)
C2—N3—C4 114.6 (2) o10—C1—C2 118.2(2)
C2—N3—C19 1232(2) N6—C1—C2 120.4 (2)
C4—N3—C19 121.5(2) N3—C2—C1 11.1(2)
Cl1—N6—CS 124.9(2) N3—C2—Cli 112.3(2)
CI—N6—C7 116.8 (2) Cl—C2—C11 110.3 (2)
C5—N6—C7 118.1(2) N3—C4—C5 1099 (2)
010—C1—N6 121.4(2) N6—C5—C4 110.2(2)
010—C1—N6—C5 177.5(2) C1—C2—N3—C4 42.8(2)
O10—C1—N6—C7 —8.4(3) C1—C2—N3—CI19 —127.7(3)
O10—C1—C2—N3 170.3 (2) Cl—C2—Cl1—Ct2 166.5 (2)
010—C1—C2—Cl1 —64.5(3) C2—N3—C4—C5 —64.1(2)
020—C19—N3—C2 171.6 (3) C2—CI1—N6—C5 —-3.8(3)
020—C19—N3—C4 1.7 (4) C2—Cl—N6—C7 170.3(2)
N3—C2—CIl—N6 -8.5(3) C4—N3—C2—Cl1 —81.3(4)
N3—C4—C5—N6 47.6 (2) C4—C5—N6—C7 170.0 (2)
N6—C1—C2—C11 116.7(2) C5—N6—C7—C8 —132.4(3)
Cl—N6—C5—C4 —159(3) C5—C4—N3—CI19 106.5 (2)
CI—N6—C7—C8 53.0(3) Cl1—C2—N3—CI19 108.2 (3)

Table 2. Hydrogen-bonding geometry (A, °)

D—H.--A D—H H...A DA D_H...A
O18—H13- - -020' 0.747 1911 2,648 (2) 170
033—H29- - -018" 0.816 1.964 2.771(3) 170

Symmetry codes: (i) —x,y — 4, =z (i) x — 1,1 +y,z.

All H atoms were fixed at geometrically favourable positions.
The absolute configuration of the molecule is derived from the
known (§)-configuration of the tyrosine moieties.

Data collection: Rigaku/AFC Diffractometer Control Soft-
ware (Rigaku Corporation, 1988). Cell refinement: Rigaki/AFC
Diffractometer Control Software. Data reduction: TEXSAN
(Molecular Structure Corporation, 1995). Program(s) used to
solve structure: SHELXS86 (Sheldrick, 1985) and DIRDIF94
(Beurskens et al., 1994). Program(s) used to refine structure:
TEXSAN. Software used to prepare material for publication:
TEXSAN.

We are grateful to Ms Rika Tanaka for elemental
analysis and mass spectroscopy measurements.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: OB1005). Services for accessing these
data are described at the back of the journal.

References

Beurskens, P. T., Admiraal, G., Beurskens, G., Bosman, W. P.
de Gelder, R., Israel, R. & Smits, J. M. M. (1994). The DIRDIF94
Program System. Technical Report of the Crystallography Labora-
tory, University of Nijmegen, The Netherlands.

IUPAC-IUB Commission on Biochemical Nomenclature (1970). Pure
Appl. Chem. 25, 1273-1280.

Johnson, C. K. (1976). ORTEPIHL. Report ORNL-5138. Oak Ridge
National Laboratory, Tennessee, USA.

© 1999 International Union of Crystallography
Printed in Great Britain - all rights reserved

1025

Kojima, Y., Ikeda, Y., Kumata, E., Maruo, J., Okamoto, A., Hirotsu,
K., Shibata, K. & Ohsuka, A. (1991). Ini. J. Peptide Protein Res.
37, 468—475.

Kojima, Y., Miyake, H., Ikeda, Y., Shibata, K., Yamashita, T., Ohsuka,
A. & Sugihara, A. (1992). Polym. J. 24, 591-595.

Kojima, Y., Yamashita, T. & Miyake, H. (1995). Chem. Lett. pp.
201-202.

Miyake, H., Kojima, Y., Yamashita, T. & Ohsuka, A. (1993).
Makromol. Chem. 194, 1925-1933.

Miyake, H., Yamashita, T., Hirotsu, K. & Kojima, Y. (1996). Acta
Cryst. C52, 681-684.

Molecular Structure Corporation (1995). TEXSAN. Single Crystal
Structure Analysis Software. Version 1.7-2. MSC, 3200 Research
Forest Drive, The Woodlands, TX 77381, USA.

Ramachandran, G. N. & Sasisekharan, V. (1968). Adv. Protein Chem.
23, 283-437.

Rigaku Corporation (1988). Rigaku/AFC Diffractometer Control Soft-
ware. Rigaku Corporation, Tokyo, Japan.

Sheldrick, G. M. (1985). SHELXS86. Program for the Solution of
Crystal Structures. University of Gottingen, Germany.

Takenaka, H., Miyake, H., Kojima, Y., Yasuda, M., Gemba, M. &
Yamashita, T. (1993). J. Chem. Soc. Perkin Trans. 1, pp. 933-937.

Toniolo, C. (1990). Int. J. Peptide Protein Res. 35, 287-300.

Yamashita, T., Kojima, Y., Hirotsu, K. & Ohsuka, A. (1989). Int. J.
Peptide Protein Res. 33, 110-114.

Yamashita, T., Takenaka, H. & Kojima, Y. (1993). Amino Acids, 4,
187-192.

Yamashita, T., Tsuru, E., Banjyo, E., Doe, M., Shibata, K., Yasuda,
M. & Gemba, M. (1997). Chem. Pharm. Bull. 45, 1940-1944.

Acta Cryst. (1999). C55, 1025-1027

Absolute configuration of the active
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Abstract

The absolute configuration of the active compo-
nent of fungicide Carpropamid of a diastereoisomeric
mixture was determined to be (1S5,3R)-N-[(R)-1-(4-
chlorophenyl)ethyl]-2,2-dichloro- 1-ethyl-3-methylcyclo-
propanecarboxamide, C;sH;3CI3NO. Two molecules are
tightly coupled in the crystal. The intermolecular hydro-
gen bonding between C=0 and H—N is responsible for
this assembly.
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