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The Crystal and Molecular Structure of

I-(p-lodobenzenesulfonyl)-1-azaspiro[ 2.5 Joctane

H. M. Zacharis and L. M. Trefonas

Department of Chemistry, Louisiana State University in New Orleans

The structure of 1(p-iodobenzenesulfonyl)-1-azaspiro[ 2.5 Joctane was determined by a single-

crystal x-ray diffraction study. The compound crystailizes in the orthorhombic space group
P2, 2,2, with cell dimensions: a = 11.655, b = 11.825, ¢ = F1.005 £ 0.002 A. The aziridine ring

is spiro-fused to the cyclohexane ring with the nitrogen atom occupying the equatorial position.
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The cyclohexane ring is in an undistorted chair conformation and forms a dikedral angle of 97.1

with the aziridine ring. The structure was refined to a final value of R = 0.07, for the 590

independent reflections.

Introduction.

The study of |-(p-iodobenzenesulfonyl)-1-azaspiro-

[2.5]octane (Figure I) was undertaken as part of a more
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Figure 1
general study  of aziridine in a varicty of bonding
situations. Previous studies undertaken in this laboratory
(1) have characterized the trends observed when an azir-
idine ring is bicyclically-fused to a larger saturated ring
(¢yclopentane through cyclododecane). To our knowledge
no structural information was previously available for the
situation in which an aziridine ring is spiro-fused to a
saturated ring system, Consequently, the structure deter-
mination reported herein represents the first such analysis.

Crystal Data.

A crystalline sample of the title compound was made
available to us by Professor Paul Fanta of the Ilinois
[nstitute of Technology. A single crystal of sufficient
quality for x-ray study was obtained by vapor-diffusion
recrystallization of the sample from a solution of benzene
exposed to an atmosphere saturated with hexane vapor.
The crystal chosen for the study had approximate
dimensions of 0.17 mm x 0.15 mm x 0.05 mm. Its shape
approximated a rectangular prism.

The space group was unambiguously assigned as
P2,2,2, from the extinct (hOO), (0kO), (008) reflec-
tions when h, k or € are odd, respectively. Cell dimensions
were determined using Cu-Ka radiation. The Ka,-Ka,
peaks for a set of 27 reflections with the two-theta values

ranging from 57°-72° were resolved and measured under
fine conditions (1° take-off angle and 0.05° receiving slit)
on a G E. XRD-5 diffractometer. These values were then
refined by least-squares techniques (2) resulting in the cell
dimensions (and estimated standard deviations) given
below:

a=11055%0.002 A

b=11.825+0.002 A
¢ = 11.068 £ 0.002 A

The calculated density of 1.642 g/(:m3 was in agreement
with the experimentally measured value of 1.62 g/(~,m3
using flotation techniques.

Intensity data were collected on a G 1. XRD-490 auto-
mated diffractometer using Mo-Ka radiation and Ross
balanced filters (Zr and Y) by the stationary crystal-
stationary counter method. A counting time of 10
scconds for cach filter and a take-off angle of 5° were
used. A set of three standards were monitored every
twenty-five reflections with the crystal being manually
re-aligned whenever any of the standards deviated from its
original value by more than two standard deviations
(based on counting statistics). Two equivalent sets of
data were taken; each at a different phi range of the
reflection sphere, together spanning the range from 0° to
180°. In cach data set, 1184 reflections were measured
in the reflection sphere out to a 20 of 45°%; 590 were
considered observed. Each data set was converted inde-
pendently to structure factors using a program modified
for the PDP-10 (3). Lorentz-polarization corrections were
applied as a function of two-theta, and absorption (20%
maximum) was corrected as a function of phi only. The
absorption was measured at two different two-theta values
and since the curves were similar, the absorption was
treated as being independent of two-theta. The relatively
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TABLE 1
Fractional Coordinates and Anisotropic Thermal Parameters (a)
(Standard Deviations x 10% in parentheses)

Atom X Y 7 B B33 Bi2 B3 B23

| 102 3) 2221 3)  A859( 3)  .0089( 2) .0096( 2) 0150 ¢ 3) 0044 ( 2) 0015(¢ 3)  -.0011( 3)
S 0283( 8)  5081( 8) 2423 ( 9)  .0074( 8) .0074( 8) 0085( 9)  .0005( 8)  .0007( 9) -.0004( 8)
0, 5826 (19)  .5299(27) 1285 (22)  .0059422) .0248 (41) 9903 (27) 0097 (26)  -.0017 (21) .0006 (30)
0, 0497 (18) 5998 (17) 3196 (14) - L0100 (23) 0057 (17) 0110 (26) 0005 (17)  -0039(26)  -.0040 (24)
N S510(27) 4165 (27)  .3105(34) 0129 (34) .0124(34) 0135 (42) .0024.(29) L0035 (28) .0089 (40)
Gy 0560 (24) 3166 (24) 2097 (27) 0009 (27) 0045 (26) 0043 (38)  -.0009 (22)  -.0009 (20) .0000 (26)
C, 0233(31) 3449 (31)  .3193(35) 0123 (41) 0117 (37) 0055 (36) 0001 (32)  -.00060 (41) 0038 (39)
Cy B172(32) 4007 (30)  .3326(33)  .0130 (40) .0090 (34) 0056 (38) 0077 (33) L0007 (38) 0051 (35)
Cy 577(24)  A316(25)  .2335(22) 0060 (27) 00064 (28) -.0019 (24) .0059 (24) 0015 (23) .0008 (23)
Cs 7929 (35) 0 .3930(30)  L1154(41) 0128 (43) 0049 (32) 0184 (60) 0039 (35) 0070 (46)  -.0021 (39)
C 8946 (37)  .3310(32) L1068 (33) 0129 (43) .0113(39) 0102 (46)  -.0015 (41) 0098 (46) -.0043 (37)
Cy A541(29) 3571 (29)  .2476 (A7) 0075 (34) 0007 (32) 0294 (81)  -.0037(28) 0020 (45) -.0156(45)
Cy A329(29)  .4443(35)  .3391(39) 00060 (31) 0148 (146) 0130(54)  -.0022(33) -.0010(37) -.0018 (48)
Cy A038 (42) 4051 (45) 4600 (48) 0113 (48) 0197 (61) 0206 (067) 0009 (54) .0007 (59) L0055 (59)
Cro  .2073(41) 3950 (47)  .4910(51)  0124(51) .0179(62) .0258 (93) 0073 (51) 0032 (58) L0000 (65)
Cyy .2087(38) 5026 (59)  .4515(58)  .0088 (17) 0339 (96) 0329 (99) 0000 (64)  -.0027 (63)  -.0283 (88)
Cya .2385(37)  .5353(51)  .3251(30) 0141 (48) .0352(92) 0003 (42) 0089 (55) 0127 (44)  -.0082 (60)
Gy .3058(25)  .5570(37)  .3076(37) .0028 (27) .0225(55) 0134(47)  -.0019 (31) 0107 (37) -.0087(51)

a) Anisotropic temperature factors of the form: exp-| 8, 1h? 4 8a,k% 4 8332 + 281 2hk + 28, 3hL+ 285 3k¥]
¥ p

TABLE 11

Calculated Hydrogen Positions

Atom (a) X Y 7.
"5 A373 2700 2654
;4 A378 3729 1604
o A372 4601 5249
P 1389 3289 4789
1o 2538 3830 5793
Hy 10 22353 3302 4446
My 2321 56051 5071
IPRE 1235 A912 4569
{PRr 1956 L6059 3039
PP 2146 A729 2095
T 3914 6193 3626
Hys 3812 5789 2219

(1) Second number refers to carbon atom to which the hydrogen

is bonded.

low lincar absorption coefficient of g = 22.5 em™! was
consistent with the experimentally observed two-theta
imdependence. The standard reflections indicated that
there was no observable erystal decay. At this point an
agreement factor was caleulated between the two sets of

data of R = 0.078.

considered to be sufficient to allow the data to be com-

The precision of the data was

bined. The structure determination was then carried out
with the averaged set of structure factors.

Structure Determination.

The iodine and sulfur coordinates were readily obtained
from the three-dimensional Patterson map.  From the
Patterson vectors of these atoms and geometric considera-
tions, reasonable coordinates for the two phenyl carbon
atoms lying along the straight line determined by the
iodine and sulfur were obtained. Using the coordinates of
these 4 atoms in 4 cycles of least-squares refinement, the
data refined o an R value of 0.26. From a combination
of Fourier and difference Fourier syntheses, the rest of
the structure was obtained (see Figure 2). Using the
coordinates of all 18 atoms in 10 cycles of isotropic
refinement, with a block diagonal approximation, the data

reflined to a value of R = 0.18. At this point the isotropic
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temperature factors were converted o zmisnlr()pir lem-
perature  factors.  After an additional 20 cyeles of
refinement, the R value had dropped o 0,071 with the
fargest <hilts in hoth coordinate and temperature factor
parameters being less than one-tenth the estimated stand-
ard deviation of any of the parameters. A final difference
map was caleulated and showed no peak at a height
1.0 ¢ /A3, and =0 the structure

refinement was considered to be complete.

sreater than about

By

Figure 2 - Fourier projection based on the phases resulting
from the positions of: iodine, sullur, €, €4, Contours
drawn at 1.0 ¢/A for light atoms,

Results and Discussion.

Standard deviation for the various atoms were calen-
lated at 0.01 A for the iodine, 0.02 A for the sulfur and
averaged 0,045 A for the lighter atoms. Table 1 lists the
final coordinates and anisotropic temperature faclors.
These values are substantially Ligher than would be antici-
pated for a structure refined to a value of R = 0.074. Our
troubles, as is often the case under these circumstances,
can be traced largely to crystal quality. Vhe difficulty in
obtaining a erystal of suitable quality and size which in
turn scatters sufficiently well, was, in itself, a problem
which occupied us for almost one year. Our efforts were
only partially successful as is reflected in our measured
data which is carried oul o 26 = 15° and accounts for our
ultimately obtaining only 590 out of 1184 reflections
(< 50%) which were statistically significant.

Cx
Lol
150°
0RBLA o
Sy g
1495
[N 3
029381 4 <,
i NPUID 182004
Ca 151853)

131805
120200
szt Meae® -
<. '
N
180031 135 0B

1174028,

(AT

Figure 3 - Perspective drawing of molecale with distances

and angles given (KSD in last Figures given in parentheses).
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Figure 3 shows a perspective drawing of the molecule
with the bond distances and bond angles indicated. 1t one

focuses

first on the known aspects of the structure, the
p-iodobenzylsullonyl moiety, one can gauge the reliability

The 50 distances (1.39; and 1404 A)
.10 A

.37 - 1475 quoted (1.5,0) in other similar derivatives,

of the data.
average  to which s well within the range
Similarly, the S € distance of 1.704 A lies in the rimge
1.73 - 178 A quoted for this distance in these other com-
pounds. The angles about the sulfur atom (;OSO = 118.1°,
/CS0 = 108.8° £ 2.6% JOSN = 109.7°, and 7 CSN = 99.5%)
are those to be anticipated and correlate quite well with
the same literature values,

The phenyl ring at lirst glance appears more distorted
than is usnally anticipated with CC = 1.38 £ 0.030 A and
/CCC = 1199 £ 2.1°, The major distortion involyes atom
1 bonded to the iodine. The very pronounced anizotropy
of the iodine makes this peak botl difficnlt to resolve in
cither a Fourier or difference Fourier map and alzo makes
One

can place it i its most likely location on the straight line
| t L t likely locat the straight |

its least-squares refinement somewhat ambiguous.
connecting the iodine, C and the sulfur and at a reason-
able |- C distance (2.03 A) and continue refinement with
its coordinates fixed at this position. 11 this is done, the
R-value is unalfected, but the remaining phenyl atoms
shift slightly resulting in the phenyt ring with € € -
1.39¢ = 0.027 A and CCC = 118.7 £ 1°. Thus, although
none of the actaal distances or angles are seriously
alfected, the standard deviations are improved.

The bicyclic moiety is, of course, the primary interest
in this study. The aziridine ring itself has € N distances
averaging 1.47¢ A and a C—C distance of 1.405 A. Thes

[
values agree with those found in a microwave study of
aziridine itsell (7) where these values are 1484 and
1485 A, respectively. The internal angles in the aziridine

average to 60.1 £ 0.7°

which again is the expected value.

The eyelohexane ring has distances averaging Lo 1.534
+ (.04 A and internal angles averaging to 111.3 = [.6°.
These average distances and angles are in agreement with
those eited in the literature (8).
distances (CY-C10 = 1.615 A) deviates by two standard
deviations from the average, and based on our other

Only one ol these

difficulties, it is not felt that this difference should be
assigned any chemical significance. The nitrogen is equa-
torial to the six-membered ring, as predicted from the
chemistry of this compound (9). This is shown in Figure 4.

A particular point of interest is centered around the
question of whether the six-membered ring in this com-
pound is distorted. In a previous study (10) in which an
aziridine ring is bieyclically eis fused to a eyclohexane
ring, the cyclohexane ring was badly distorted. 1t was
appreciably flattened:  the internal angles were opened up
far beyond the values normally expected; and a discreet
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Figure 4 - Perspective drawing of molecule showing the
nitrogen in the equatorial position.

Figure 5 - Perspective drawing of the spiro-fused moiety
(including the caleulated hydrogen atoms).

shortening in the bond lengths was observed. By contrast,
none of these effects were present in this compound.
Rather, the torsion angles range from * (5()—()()0) and the
dihedral angles about the center bonds are 131° and
129.6° showing that the eyclohexane ring is essentially
undistorted. Further, the angle between the plane of the
aziridine ring and the plane of the three adjacent atoms in
the cyclohexane ring has a value of 97.1°.  Finally,
evidence of this lack of appreciable distortion is supported
by the caleulated hydrogen positions in the cyclohexane
ring.  These caleulated positions (based on geometric
considerations and an assumed C—1 distance of 1.00 A)
are listed in Table 11, Based on these positions no trans-
annular contacts (less than 2,30 A) are noted in the cyclo-
hexane ring. Figure 5 illustrates the spiro-fused moiety
witli the caleulated hydrogen positions.
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Figure 0 - Contents of the unit cell. Al close contact:
between molecules involving iodine which are less than
4.0 A and all other close contacts less than 3.5 A are

indicated.

The only contact between iodine and the lighter atoms
(I-C1) Yess than 4.0 A is 3.58 A, The three closest contacts
(less than 3.50 A) between the lighter atoms consist of
three distances to 0, of 3.32, 3.34 and 3.30 A involving
Ce, Gs, and Cq, respectively. None of these distances are
close enough to merit additional comment. The packing
within the unit cell is illustrated in Figure 6.
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