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(Matsumoto, Higuchi, Hoshino, Koike, Naoi &
Nagai, 1988), das bisher aber noch nicht strukturell
charakterisiert worden ist. Ein bemerkenswerter for-
maler Zusammenhang besteht mit der Kristallstruk-
tur des Ciasiumsilicids CsSi (Kliche, Schwarz & von
Schnering, 1987), das aus durch die Kationen als
ps-Liganden zu Cs,Si,-Cubaneinheiten ergénzten
Sis-Tetraedern aufgebaut ist und bei Besetzung
gleichartiger Lagen in der gleichen Raumgruppe wie
die hier beschriebene Verbindung kristallisiert.

Diese Untersuchung entstand in enger Zusammen-
arbeit mit Frau Professor Dr M. Baudler und
Herrn Dipl. Chem. G. Scholz, die uns die Kristalle
iiberlassen und bei der Diskussion der Ergebnisse
geholfen haben. Die Arbeit wurde durch eine Sach-
mittelspende des Fonds der Chemischen Industrie
gefordert. Wir danken den Genannten fiir die
Unterstiitzung.
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Structure of Methyl 4,ex0-6-Diphenyl-exo-2,3-(phenyliminodicarbonyl)-
7-azabicyclo[2.2.1}heptane-1-carboxylate*
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Abstract. C,gH,yN,O,, M,=452-5, monoclinic,
P2)/c, a=13321(3), b5=14566(Q2), c=
11625 (2) A, B=92-18 (2)°, V' =2254 (1) A3, Z=4,
D,=1383Mgm™3, A(Mo Ka)=07107A, u=

* Alternative name: methyl 3,5-dioxo-4,7,9-triphenyl-4,10-diaza-
tricyclo[5.2.1.0>¢|decane-1-carboxylate.

1 To whom crystallographic correspondence
addressed.

1 To whom chemical correspondence should be addressed.
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should be

0-084 mm !, F(000) =952, T=294 K, R = 0-037 for
2420 unique reflections. The conformation specified
in the name of the compound was determined in
order to establish the diastereochemistry of the re-
action of cyclic azomethine ylides with N-phenyl-
maleimide.

Introduction. Following a study of the stereo-
chemistry of 1,3-dipolar cycloadditions, the title

© 1990 International Union of Crystallography
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compound is a product which exemplifies such
a reaction of S5-phenyl-2-methoxycarbonyl-3,4-
dihydro-2H-pyrrole derivatives (1) with N-phenyl-
maleimide. Compounds (1) tautomerize in refluxing
toluene to give cyclic azomethine ylides (2), which
can react with N-phenylmaleimide. In this way
Mkhairi & Hamelin (1987) prepared the cycloadduct
(3) (R* = H). Using the same experimental conditions
we prepared a similar compound (3) (R* = Ph) (title
compound); the mechanism of this reaction could
only be ascertained from the stereochemistry of (3),
which could not be obtained from proton magnetic
resonance.

E=COMe

Experimental. Parallelepiped shaped crystal from a
toluene solution, 0-27 X 0-30 x 0-50 mm, CAD-4
Enraf-Nonius diffractometer, cell parameters were
determined from 25 reflections having 7-09 < 8 <
18-57°, no absorption correction was applied. 0-039
<(sin@)/A<0572A""; —16<h=<16,0<k<18,0

Fig. 1. ORTEP view of the molecule.
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Table 1. Positional parameters and their estimated
standard deviations

Anisotropically refined atoms are given in the form of the
isotropic equivalent thermal parameter defined as: 8,,8* + B,,0°
+ B + B,abcosy + BsaccosB + Bysbecosa)

x y z B(A)
c) 0-7590 (1) 04166 (1) 04118 (2) 314 (4)
cQ2) 0-6650 (1) 04283 (2) 04874 (2) 328 (4)
C(3) 07132 (1) 04315 (1) 06100 (2) 327 (4)
C(4) 0-8258 (1) 04170 (1) 0-5879 (1) 285 (4)
C(5) 0-8392 (1) 03140 (1) 0-5528 (1) 328 (4)
c(6) 07941 (2) 03162 (2) 04288 (1) 371 (5)
N(7) 0-8318 (1) 04712 (1) 0-4822 (1) 289 (3)
c(8) 0-6128 (1) 05186 (2) 04724 (2) 338 (4)
o®) 0-5589 (1) 0-5428 (1) 03913 (1) 421 (3)
N©) 0-6331 (1) 05725 (1) 0-5697 (1) 348 (4)
C(10) 0-6915 (1) 05263 (2) 06529 (2) 362 (4)
0(10) 0-7191 (1) 0-5592 (1) 07439 (1) 532 (4)
c(11) 07469 (1) 0-4470 (2) 02879 (2) 3.56 (4)
C(12) 07816 (2) 05303 (2) 02523 (2) 511 (6)
C(13) 07726 (2) 05555 (2) 01371 2) 698 (7)
c(14) 07297 (2) 0-4970 (2) 00582 (2) 721 (8)
c(15) 0-6932 (2) 0-4148 (2) 00925 (2) 656 (7)
C(16) 07013 (2) 0-3887 (2) 0-2070 (2) 491 (5)
c(@an) 08989 (1) 0-4465 (1) 06821 (2) 303 (4)
0(41) 0-9681 (1) 0-4979 (1) 06695 (1) 387 (3)
0(42) 0-8785 (1) 0-4052 (1) 07803 (1) 381 (3)
C(43) 09467 (2) 0-4251 (2) 08775 (2) 530 (6)
ci5n 0-9466 (2) 0-2806 (1) 0-5653 (2) 320 (4)
C(52) 10214 (2) 03115 (2) 04954 (2) 405 (5)
C(53) 1-1196 (2) 0-2822 (2) 0-5123 (2) 483 (5)
C(54) 1-1444 (2) 0-2207 (2) 0-5976 (2) 269 (5)
C(55) 1:0709 (2) 0-1886 (2) 06674 (2) 480 (5)
C(56) 0-9735 (2) 02182 (2) 06503 (2) 418 (5)
o) 0-5942 (1) 0-6628 (2) 05848 (2) 371 (4)
C(92) 0-6028 (2) 07274 (2) 04992 (2) 492 (6)
C(93) 0-5664 (2) 0-8146 (2) 05153 (2) 659 (7)
C(94) 0-5225 (2) 08377 (2) 06173 (2) 656 (7)
C(95) 0-5139 (2) 07733 (2) 07005 (2) 599 (6)
C(96) 0-5484 (2) 0-6852 (2) 06853 (2) 484 (5)

< / < 14; intensity control reflections: 422, 224, 080,
0-7% variation during measurements, average o(/)//
= 0-0054. 3536 unique reflections, 1116 unobserved
reflections [/ < 30(l)]. Direct methods, program
MULTAN11/82 (Main, Fiske, Hull, Lessinger, Ger-
main, Declercq & Woolfson, 1982). H atoms bonded
to C(43) were located from a Fourier difference map.
Other H-atom locations were calculated (Frenz,
1982). Atomic diffusion factors were from Interna-
tional Tables for X-ray Crystallography (1974). Full-
matrix refinements. Refined parameters were x, y, z
for all atoms and B;’s for C, N and O atoms. For
each H atom B was chosen equal to 1 A? + B of the
neighbouring heavy atom. R = 0:037, wR =0-045, w
=1/dXF), S= 166, maximum shift-to-e.s.d. ratio
(A/0)max = 001, |Ap|max =013 (4) e A=%. Program
ORTEP (Johnson, 1976) was used to represent the
molecule (Fig. 1). Atomic coordinates are given in
Table | and bond distances and angles are given in
Table 2.*

* Lists of structure factors, anisotropic thermal parameters,
coordinates of H atoms, bond distances and angles involving H
atoms, and data of average planes of the rings have been
deposited with the British Library Document Supply Centre as
Supplementary Publication No. SUP 52666 (21 pp.). Copies may
be obtained through The Technical Editor, International Union of
Crystallography, 5 Abbey Square, Chester CHI 2HU, England.
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Table 2. Bond distances (A) and angles (°)

C(1y—CQ) 1-567 (3) C(12—C(13) 1389 (3)
C(1)—C(6) 1-545 (3) C(13)—C(14) 1363 (4)
C(1)—N() 1478 (2) C(14y—C(15) 1358 (4)
c(1—c(1l) 1-509 (3) C(15—C(16) 1384 (3)
C—CO) 1-541 (2) C(41)—0(41) 1:200 2)
C(2)—C(®) 1-494 (3) C(a1)—0(42) 1328 (2)
C(3)—C(4) 1:546 (3) 0(42)—C(43) 1452 (3)
C3)r—C(10) 1-499 (3) C(51)—C(52) 1:385 (3)
C@—C(5) 1-567 (3) C(51)—C(56) 1:379 (3)
C(4)—N(7) 1-465 (2) C(52)—C(53) 1383 (3)
C(4y—C(31) 1-499 (2) C(53)—C(54) 1368 (3)
C(5—C(6) 1-541 (3) C(54)—C(55) 1377 (3)
C(5—C(51) 1:514 (3) C(55)—C(56) 1:374 (3)
C(8)—0(8) 1215 (2) CO1—CO2) 11377 (3)
C(8)—N(9) 1396 (2) C(91)—C(96) 11378 (3)
N(9)—C(10) 1391 (2) C(92)—C(93) 1:375 (4)
N(©)—C(©1) 1-426 (3) C(93)—C(94) 1:384 (4)
C(10—0(10) 1:206 (2) C(94)—C(95) 1355 (4)

11y —C(12) 1:368 (3) C(95—C(96) 1377 (4)
C(11)—C(16) 1:3%0 (3)

CR—C(1)—C(6) 1060 (2) CR3)—C(10)—0(10) 1270 2)
C)—C(1)—N(7) 98-7 (1) NO—C(10—0(10) 1241 (2)
c@y—c(1y—c(1) 116-4 (1) C()—C(11)y—C(12) 1216 (2)
C(6)—C(1)—N(7) 104-4 (1) C(1)—C(11)—C(16) 1196 2)
c(e—C(—c(11) 1149 (2) C(12)—C(11)—C(16) 1188 (2)
N(T)—C(1)—C(11) 1145 (2) C(11y—C(12)—C(13) 1205 2)
C(1)—C2)—CB) 1020 (1) C(12—C(13)—C(14) 1202 (3)
C(1)y—C2y—C(®) 1141 (2) C(13)—C(14—C(15) 1200 (2)
C(3—C(2)—C(®) 1049 2) C(14)—C(15—C(16) 1206 (2)
C2)—C(3)—C(4) 102:5 (1) C(11)—C(16)—C(15) 1200 2)
C(2)—C(3)—C(10) 1048 (2) C4)y—C(a1)—0@1) 1247 (2)
C(4)—C(3)—C(10) 11244 (2) C(4—C(41)—0(42) 1105 2)
C3)—C(4)—C(5) 1071 (2) 0(41)—C(41)—0(42) 1248 (2)
CO)—CU@—N(7) 98:6 (1) C(41)—0(42)—C(43) 1159 (2)
C(3)—C(4)—C@l) 1166 (2) C(9—C(51)—C(52) 1225 (2)
C(Sy—C{4)—N(7) 1067 (1) C(5)—C(51)—C(56) 1200 (2)
C(5)—Ci4)—C(41) 1128 (2) C(52)—C(51)—C(56) 1175 (2)
N(7)—C(4)—C(41) 1138 (2) C(51)—C(52—C(53) 1209 (2)
C(4)y—C(5)—C(6) 1003 (2) C(52)—C(53)—C(54) 1204 (2)
C4—C(5)—C(51) 1136 () C(53)—C(54—C(55) 1195 (2)
C(6y—C(5—C(51) 1155 (2) C(54)—C(55)—C(56) 1198 (2)
C(1)—C(6—C(5) 1042 (2) C(51)—C(56—C(55) 1219 (2)
C()—N(T—C(4) 969 (1) NE)—C(91)—C(92) 1201 2)
C(2—C(8)—0(8) 12711 (1) N@O)—C(91)—C(96) 1198 (2)
C(2—C(8)—N(9) 1090 (2) C(92)—C(91)—C(96) 1202 (2)
O(8)—C(8)—N(9) 1238 (2) C(91)—C(92)—C(93) 1196 2)
C(8)—N(9)—C(10) 1121 2) C(92)—C(93)—C(94) 1202 (3)
C(8—N(9)—C(91) 1239 (2) C(93)—C(94)—C(95) 1195 (3)
C(10—N(9)—C(91) 1239 (2) C(94)—C(95—C(96) 1211 (2)
C3)y—C(10)—N(9) 1089 (2) C(91)—C(96)—C(95) 1193 (2)

Discussion. Bond lengths obtained for the central
part of the compound (the 7-azabicyclof2.2.1]hep-
tane block) are rather large, as might be expected for
cyclic species. For single C—C bonds the average
value is 1-551 (12) A, whereas the average for other
C—C single bonds is 1-503 (8) A. For single C—N
bonds the average is 1-47 (1) A, whereas the average
for other C—N single bonds is 140 (2) A.

Numerous bicyclo[2.2.1]heptane compounds have
been studied; a few of them are azabicyclo[2.2.1]-
heptane derivatives: several 2-aza (Ammon, Maz-
zocchi & Liu, 1980; Ammon, Mazzocchi, Liu,
Colicelli, Doherty & Stewart, 1982; Ammon, Bhatta-
charjee, Ravi & Potlock, 1983), a 1,4-diaza (Abra-
ham, Rosenstein & Pettit, 1971), a 2,3-diaza (Little &
Doedens, 1972), a 5-aza-2-oxa-3-oxo (Lenstra, Petit
& Geise, 1979) and a hexahydrotetrazine derivative
(Bokii, Babushkina, Vasil’ev, Volodina, Kozik,
Struchkov & Suvorov, 1975), but only one paper — to
our knowledge — deals with a 7-azabicyclo[2.2.1]-
heptane derivative (Swanson, Stavinoha & Mariano,
1982).

C28 H24N204

Good agreement is found between data in these
papers and our results. In the paper by Swanson et
al. the average C—C single bond in the bridged ring
is 1-552 (30) A and the average C—N single bond in
the bridge is 1-52 (2) A. Nevertheless our results are
probably much more accurate than theirs — as far as
they may be compared — since these authors were
hindered from obtaining a ‘good’ conventional R
factor by the heavy thermal agitation of ClO, ions
in their crystals.

Mean planes of the different rings

The planarity of the aromatic rings is good as
shown in Table 3 (deposited). Planes were defined as
follows: II(1) C(11) to C(16) plus C(1); II(5) C(51) to
C(56) plus C(5); I1(6) C(91) to C(96) plus N(9).

The heptane ring may be examined in two parts,
I1(2) and II(3) plus N(7). Each part is almost planar;
the discrepancy is less than 0-02A. The angle
between I1(2) and II(3) is 70 (1)°.

The planarity of the pentagonal ring is quite satis-
factory too: see II(7) below. The angle it forms with
I1(2) is 10 (1)° and with II(3) 62 (1)°.

As often occurs, the methyl group of the methoxy-
carbonyl group is almost coplanar with the carbonyl
as shown by the distance of C(8) to II(4).

Finally it may be noted that II(5) is approximately
normal to the neighbouring II(2) ring [the angle is
96 (1)°], presumably due to steric effects.

Torsion angles

The following torsion angles were found:
N(7)—C@)—C(5)—C(51) =93-8 (2), N(H—CH@)—
C(5—H(5)= —1479 (9), H3)—C(3)—C4)—N(7)

=159-8 (8), C(10)—C(3)—C(@4)—N(7) = —73-7 (2)°.

The stereochemistry of (3) (R*=Ph) proves that
the approach of the dipolarophile occurs: (@) with
the N-phenylmaleimide ring in an exo position, as
suggested by Mkhairi & Hamelin; (b) on the opposite
side of the substituent R* = Ph (anti approach), this
substituent lying in an exo position.
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Phenyl-Substituted Cyclopropanes. 1. trans-2-(p-Tolyl)cyclopropanoic Acid

By BELKIS RAMIREZ, A. VALENTINA RIVERA, ELDRYS RODULFO DE GIL* AND MIGUEL ALONSO

Departamento de Quimica, Facultad de Ciencias, Universidad de Los Andes, Meérida, Venezuela

AND SARAH PECKERAR

Instituto Venezolano de Investigaciones Cientificas, Caracas, Venezuela

(Received 7 October 1988; accepted 15 August 1989)

Abstract. C, H,,0,, M,=176-215, orthorhombic,
Pben, a =22-197 (4), b=10-104 (2), c = 8-595(2) A,
V=1927-7A% Z=8,D, =118,D,=12l4gcm 3,
A(Mo Ka) =0-71069 A, p =0-047 mm™!, F000)=
752, T=298 K, R=0-067 and wR = 0-074 for 689
unique reflections with 7> 3o (I). The crystal struc-
ture consists of cyclic —COOH hydrogen-bonded
dimers arranged along a with the H atoms situated
on a twofold axis equidistant from pairs of O atoms.
The p-tolyl and carboxylate groups adopt bisected
positions with respect to the cyclopropyl ring. The
observed pattern of ring bond lengths is consistent
with conjugative wr-acceptor interactions involving
asymmetry parameters &(tolyl) = —0-009 and
8(COOH) = —0-026 A.

Introduction. The physical and chemical properties
and reactivity patterns of cyclopropane are atypical
of higher cycloalkanes. Spectroscopic and chemical
studies of various substituted cyclopropanes have
shown that the cyclopropyl ring is similar to a
double bond in many aspects (Deno, Richey, Liu,
Lincoln & Turner, 1965; Schleyer & Buss, 1969;
Charton, 1970). The ability of cyclopropane to
conjugate with adjacent 7 acceptors, e.g. carbonyl,
cyano, etc. (Hoffmann, 1970; Hoffmann & Stohrer,
1971), and its highly effective stabilization of
carbonium ions (Deno, Richey, Liu, Lincoln &
Turner, 1965; Schleyer & Buss, 1969) are of parti-
cular interest to chemists. The effect of substitution
on the geometry of cyclopropane has generated

* To whom correspondence should be addressed.
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widespread interest and numerous theoretical and
experimental studies. In particular, for w-acceptor
substituents, the distal ring bond is shortened and
vicinal bonds are lengthened. Data for electron-
donor substituents are sparse, and the conjugative
effects of some substituents are not yet clearly
defined (Allen, 1980, 1981). In the case of phenyl
substituents they appear to accept electron density
from the cyclopropane 3¢’ orbitals in the bisected
conformation, but to donate electron density to the
4¢’ orbitals in the (predominant) perpendicular con-
formation.

This paper presents the X-ray structure of the first
of a series of phenylcyclopropanes, undertaken in
order to understand the complex conjugative inter-
action between a phenyl substituent and the cyclo-
propane ring.

Experimental. Density determined by flotation in
CCly/n-hexane. Colourless cube, 0-48 x 0-42 x
0-48 mm. Automated four-circle Philips PW 1100
diffractometer. Lattice parameters determined by
least-squares procedure applied to the setting angles
of 25 strong reflections in the range 6-6 < 8 <9-3°.
Intensity data to (sin8)/A = 0-55 A~ in the range 0
<h<26, 0<k=<l1l, 0=</<9 measured with
graphite-monochromated Mo Ka radiation; intensi-
ties measured by 6-26 scans. Three standards
monitored every 50 reflections; intensity variation
<1%. Systematic absences proved the space group to
be Pbcn. After Lp corrections the 1378 initial reflec-
tions were reduced to 689 unique data with I > 3o(]).
No corrections made for absorption or extinction.
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