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1,3-Dipolar Cycloaddition Product, Oxime, Isoxazoline
The X-ray crystallographic structure of the title compound, a product of a 1,3-dipolar cy
cloaddition reaction of benzonitrile oxide to 3,3,4,4,5,5-hexamethyl-l,2-bis(methylene)cyclopentane, has been determined. Colourless plates crystallize in the orthorhombic space group
Pbca with cell dimensions a = 13.698(2), b = 11.836(2), c = 29.157(4) A, V= 4727.2(1.2)A3,
Z = 8, 3736 reflections, final R(F) = 0.063 and wR(F2) = 0.166. The crystals are racemic,
the molecules of opposite chirality form centrosymmetric dimers via intermolecular hydro
gen bonds O-H - N between their oxime groups. The molecules are highly strained and the
geometrical consequences of the steric strain are discussed.

Introduction
The 1,3-dipolar cycloaddition of nitrile oxides to
olefines or alkynes leads to Z\2-isoxazolines or isoxazoles, respectively [1]. In the latter case concomi
tant formation of oximes has been observed [2].
This result prompted the suggestion that 1,3-dipolar
cycloaddition was a stepwise process [3], but the
biradical mechanism proposed there was criticized
later [4].
Compounds 2 and 3 (and 4, the reaction is
not enantiospecific, see Scheme 1), are the first
oximes obtained from an olefinic dipolarophile,
when 3,3,4,4,5,5-hexamethyl-l,2-bis(methylene)cyclopentane (1) is combined with benzonitrile ox
ide [5]. The formation of the oxime 2 can be ra
tionalized by intramolecular hydrogen transfer in
a diradical produced as an intermediate during the
1,3-dipolar cycloaddition [6]. A similar reaction has
also been observed when C,N-diphenylnitrone was
used as a 1,3-dipole [7].
The oxime 3 arises from the oxime 2 by cycload
dition of another nitrile oxide molecule to the re
maining exo-methylene group in 2.
Elucidation of the stereochemistry of these unusual
reaction products would give more information on
the configuration of the intermediate diradical and
thus provide a better insight into the mechanism of
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Table 1. Crystal data, data collection and structure refine
ment.

Table 2. Bond lengths [A] and angles [deg] and selected
torsion angles [deg] with e.s.d’s in parentheses.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group
Unit cell dimensions

C (l)-C(29)
C (l)-C(28)
C(2)-C(31)
C(2)-C(30)
C(3)-C(4)
C(4)-C(16)
C(5)-C(26)
C(6)-C(7)
C(7)-C(10)
C(16)-C(17)
C(17)-C(20)

1.520(4)
1.560(5)
1.507(5)
1.553(4)
1.512(4)
1.520(4)
1.517(4)
1.474(4)
1.480(4)
1.486(4)
1.467(4)

C(l)-C(5)
C(l)-C(2)
C(2)-C(3)
C(3)-C(6)
C (4)-0(19)
C(4)-C(5)
C(5)-C(27)
C(7)-N(8)
N (8)-0(9)
C(17)-N(18)
N(18)-0(19)

1.549(4)
1.582(4)
1.531(4)
1.319(4)
1.477(3)
1.533(4)
1.562(5)
1.278(3)
1.402(3)
1.282(4)
1.404(3)

C(29)-C (l)-C(5)
C(5)-C (l)-C(28)
C(5)-C (l)-C(2)
C(31)-C(2)-C(3)
C(3)-C(2)-C(30)
C(3)-C (2)-C (l)
C(6)-C(3)-C(4)
C(4)-C(3)-C(2)
0(19)-C(4)-C(16)
0(19)-C(4)-C(5)
C(16)-C(4)-C(5)
C(26)-C (5)-C (l)
C(26)-C(5)-C(27)
C(l)-C(5)-C(27)
N(8)-C(7)-C(6)
C(6)-C(7)-C(10)
C(15)-C(10)-C(7)
C(17)-C(16)-C(4)
N(18)-C(17)-C(16)
C (17)-N (18)-0(19)
C(21)-C(20)-C(17)

114.4(3)
108.4(3)
105.0(2)
110.8(3)
110.5(2)
104.6(2)
1 2 2 .2 ( 2 )
108.4(2)
101.7(2)
1 1 0 .0 ( 2 )
116.9(2)
116.0(3)
106.3(3)
110.0(3)
121.4(2)
122.9(2)
120.7(3)
101.9(2)
112.8(3)
109.4(2)
121.0(3)

C(29)-C(l)-C(28)
C(29)-C(l)-C(2)
C(28)-C(l)-C(2)
C(31)-C(2)-C(30)
C(31)-C(2)-C(l)
C(30)-C(2)-C(l)
C(6)-C(3)-C(2)
0(19)-C(4)-C(3)
C(3)-C(4)-C(16)
C(3)-C(4)-C(5)
C(26)-C(5)-C(4)
C(4)-C(5)-C(l)
C(4)-C(5)-C(27)
C(3)-C(6)-C(7)
N(8)-C(7)-C(10)
C (7)-N (8)-0(9)
C(11)-C(10)-C(7)
N(18)-C(17)-C(20)
C(20)-C(17)-C(16)
N(18)-0(19)-C(4)
C(25)-C(20)-C( 17)

103.4(3)
113.6(3)
112.1(3)
105.3(3)
114.5(3)
111.2(3)
129.3(3)
106.9(2)
117.5(2)
103.5(2)
113.4(3)
103.9(2)
106.9(3)
130.9(3)
115.6(2)
1 1 2 . 1 (2 )
121.4(3)
120.6(3)
126.6(3)
108.8(2)
120.7(3)

C i7Ü32NtO t
416.55
293 (2 )K
0.71073 A
orthorhombic

P bca
a = 13.698(2) A
b = 11.836(2) A
c = 29.157(4^ A

4727.2(12) A3
8, 1.171 Mg/m3
0.074 m m "1
1792
1.40-24.08°
0 < h < 15,0 < k < 13,
-3 3 < / < 0
Refls collected / unique
3736 / 3736 [fi(int) = 0.000]
3 7 3 0 /0 /3 4 2
Data / restraints / params
Goodness-of-fit on F 2
1.369
Final R indices [I > 2<r(I)\ R\ =0.0626, wR2 = 0.1447
R Indices (all data)
R\ = 0.1103, wR2 = 0.1660
Largest diff. peak and hole 0.422 and-0.194 e/A3

Volume
Z, Calculated density
Absorption coefficient
F(000)
0-Range for data collection
Index ranges

C(23)

Cyclopentane ring:
C (l)-C(2)-C(3)-C(4) -11.2(3) C(2)-C(3)-C(4)-C(5) -31.3(3)
C(3)-C(4)-C(5)-C( 1) -38.7(3) C(4)-C(5)-C( 1)-C(2) -31.9(3)
C(5)-C( 1)-C(2)-C(3) -12.9(3)
Isoxazoline ring:
C (4)-0( 19)-N( 18)-C( 17)
0 ( 19)-N( 18)-C( 17)-C( 16)
N( 18)-C( 17)-C( 16)-C(4)
C( 17)-C( 16)-C (4)-0( 19)
C( 16)-C (4)-0( 19)-N( 18)

Fig. 1. A view of the S-enantiomer showing the labelling
scheme. Displacement ellipsoids are drawn at the 30%
propability level.

1,3-dipolar cycloadditions o f nitrile oxides. In this
paper we report the X-ray structure o f the oxim e 3.
Experimental
Colourless crystals suitable for X-ray analysis were
grown from methanol solution by slow evaporation. The

13.9(3)
1.3(9)
-15.1(3)
21.3(3)
-22.2(3)

data were collected on a kappa-geometry KM4 KUMA
diffractometer [8], with graphite monochromated Mo-KQ
radiation. The accurate unit cell dimensions were ob
tained by the least-squares fit of setting angles of 32 re
flections (12° < 26 < 27°). The 9-29 scan method and
a variable scan speed, depending on reflection intensity,
were used. Two control reflections were measured after
every 100 reflections and showed no systematic changes
during data collection. Intensity data were corrected for
the Lorentz and polarization effects [8]. The structure was
solved by direct methods with the SHELXS86 [9] pro
gram and refined by the full-matrix least-squares method
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with the SHELXL93 [ 10] program. Refinement on F 2 was
carried out for all reflections, six of them were excluded
from the reflection file due to their large (IF0I2 - IFCI2) dif
ferences. The function Iw<IFol2 - IFCI2)2 was minimized
with w “ 1 = [<j2( F 0) 2+ (0.0430 P)2 + 2.5033 P], where P =
( F02 + 2 F 2)/3.
All non-hydrogen atoms were refined with anisotropic
thermal parameters. The coordinates of the hydrogen
atoms were calculated in their idealized positions, then H
atoms of the methyl groups were refined as a riding model
with their thermal parameters calculated as 1.5 times Ueq
of that of the carrier carbon atom, for the other H atoms
their positional and thermal parameters were refined.
The crystallographic data, together with data collec
tion and structure refinement details are listed in Table 1.
Selected bond distances, bond angles and torsion angles
of 3 are reported in Table 2. The displacement ellipsoid
representation of the 4-5 (3) enantiomer, together with the
atomic numbering scheme, is shown in Fig. 1. The draw
ings were performed with a Stereochemical Worksta
tion [11], Additional crystallographic data have been de
posited with the Cambridge Crystallographic Data Centre
as supplementary publication No CCDC 159938. Copies
of the data can be obtained on application to CCDC, 12
Union Road, Cambridge CB2 1EZ, U.K. [E-mail: deposit@ccdc.cam.ac.uk].
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Table 3. A comparison of the bond angles Oj<
Ccycioaik in spirocycloalkanes.

Ref

. cycloalk

0

,-Cs

116.0(1)°

12

112.9(5)°

12

cycloalk

. (2 ) 0

1 1 0 0

this work

cycloalk

116.1(9)'

12

110.0(2)°

13

Results and Discussion
Crystals of the title compound contain pairs
of enantiomers, the chiral center being the spirocarbon atom C(4). The further discussion will con
cern the overall conformation of 3, which is similar
to that of 3-phenyl-4,5-dihydro-isoxazole-5-spirocyclopentane [12] (5),

although six methyl groups in 3 introduce much
greater steric stress than that existing in the
molecule 5. The cycloalkane ring appears to be rigid
in the crystal of 3, showing no evidence of disor
der. Torsion angles in that ring (Table 2) indicate
a conformation close to a half-chair form with a
pseudo-axis of symmetry passing through the C(2)
atom and the midpoint of the C(4)-C(5) bond, with
the asymmetry parameter ZAC2 = 1.3°. The value of
the pseudoradial puckering amplitude, q, calculated

as the square root of the sum of squares of the atom
deviations from the mean plane through the five
membered ring is 0.38 A. A close value, of 0.35 A
has been found for the unsubstituted cyclopentane
ring in 5 [12], while the mean of q derived for
the unsubstituted cyclopentane molecule in the gas
phase equals to 0.43 A [17]. However, the nature
of the steric strain in the cyclopentane region of 3
is quite complex and the puckering amplitude does
not provide full information. The bond distances
in the cyclopentane ring vary significantly, from
1.512(4) Ä for the C(3)-C(4) distance, typical of
the Csp2-Csp3 single bond, up to 1.582(4) A of the
Csp3- Csp3 bond distance C(l)-C(2), which is much
longer than the bond distances in unsubstituted
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Table 4. Hydrogen-bonding geometry (Ä, deg).
D -H -A

D-H

H -A

D -A

C (25)-H (25)-N (18)‘ 0.90(4) 2.60(4) 2.852(4)
0 (9 )-H (9 )-N (8 )n
0.80(4) 2.02(4) 2.778(3)

D -H -A
97(3)
159(3)

Symmetry cod es:1x, y, z ; 11 2 - x, 1 - y, 1 - z.

Fig. 2. The centrosymmetric dimmer. Hydrogen bonds
are indicated as dashed lines.

cyclopentane, 1.548(1) A, derived from the electron
diffraction [17]. Also the exocyclic bond angles to
the methyl groups are significantly different from
the tetrahedral values (see Table 2). This big vari
ety of the deformed geometric parameters found in
the cyclopentane ring in 3 should be undoubtedly as
cribed, in part at least, to the atom-atom non-bonded
repulsions in the highly overcrowded cyclopentane
moiety, since the (C—C ) m ean nonbonded distance in
the cyclopentane ring of 3 is equal to 2.45(4) A,
a value comparable with that in the unsubstituted
cyclopentane, the later being 2.444 A, as calculated
from the electron diffraction data [17]. Probably,
due to the steric reasons, the C(3)=C(6)-C(7)=N(8)0 (9 ) chain is not flat and no conjugation is observed,
the C(3)=C(6) and C(7)=N(8) bond distances being
1.319(4) and 1.278(3) A, respectively, typical of
isolated double bonds. On the other hand, the C(6)C(7)=N(8)-0(9) group is nearly planar to within
0.03 A and the configuration of the oxime group
is Z (torsion angles : 0(9)-N(8)-C(7)-C(6) -6.4(4)
and 0(9)-N(8)-C(7)-C(10) 177.7(2)°). The configu
ration of 3, in relation to the C(3)=C(6) double bond,
is E (torsion angles C(7)-C(6)-C(3)-C(4) -174.9(3)°
and C(7)-C(6)-C(3)-C(2) 3.7(5)°). Contrary to the
other spiro-derivatives of isoxazoline [12 - 15], this
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