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Cholesteryl aniline (Cz3Hs; N) is monoclinic, space group P2, with 4 = 9.020(3}, = 6.000(1), ¢ » 27.130 (DA, 8 = 98.22(2)°,
Z =2, De=1.06 g/cm3® and Dm = 1.04 g/cm?. A diffraction data set was collected with Mo~K. radiation (A= 0.7107 Ayona
diffractometer with a graphite monochromator to a maximum 2 8 value of 50°, by the w-2 & scan technique. The coordinates
of the non-hydrogen atoms and their anisotropic temperature factors were refined by full-matrix least-squares methods to
final R of 0.058. In cholesteryl group, bond distances were normal except in tail part, where high thermal vibration resulted in
apparent shortening of the C~C distances. The crystal structure consists of bilayers of thickness dyy,= 27.13 A, in each of
which there is the tail to tail arrangement of molecules aligned in the unit cell with their long axes approximately parallel to
the [104} axis. The two halves of the double layer are related to each other by the screw axis.

Introduction

The crystal structure analysis of the cholesteryl aniline
has been undertaken as one of a series of X—ray crystal struc-
ture determinations of cholesterol derivatives. Examination
of the unit cell parameters of the cholestero] derivatives sug-
gests that the majority of derivatives may have one of three
common crystal packing arrangements, so called monolayers
of type I and type I1, and bilayers type.! However, the crystal
data of cholesteryl aniline we obtained indicate that the
cholesteryl aniline belongs to none of three crystal structure
types. Therefore the primary aim in this study is to obtain
structural informations concerning the conformation and the
mode of the molecular interactions.

Chelesteryl aniline

Experimental

Cholesteryl aniline, from Sigma Chemical Company
Ltd., was recrystallized by slow evaporation of a mixture of
acetone, ethanol and ether solution at 5°C. The resulting
monoclinic, colorless, plate-like single crystals melted at
191.9°C.

Preliminary X-ray Weissenberg photographies showed
that the crystal system is monoclinic with space group P2,.
Subsequent X-ray data were collected using a Nonius CAD-
4 diffractometer with Mo-Ka graphite-monochromated ra-
diation ( A= 0.7107 A). And the accurate crystal lattice para-
meters were obtained by a least-squares fit of 23 reflections

Table 1. Summary of Crystal Data, Intensity Collection and
Least-Squares Refinements Satistics

formula Cy7H4sNHCgHs

Muw 461.8

space group P2y

@ A 9,020 (3)

b A 6.000 (1)

o A 27.130 (9)

B . deg 98.22 (2)

A 2

v.A3 1453.19

#(Mo-Kg), cm-! 0.64

density. g/cm? 1.06calc.}

1.04(measured by flotation in a #q.

K1 solution)

radiation Mo-K,(graphite monochromator,
A= 0.71074)
crystal size, mm h4x 0.4 x0.1

cell constant determination 23 reflections (20°<28 <28°)

reflection measured R VO 4 b T 2l 32
28 range. deg. 2-50

scan type w-28

scan range, deg. 0.7 + 0.35 tan &

No. of observed reflection 2246 | Fis|> 24| Fo|)
N 0.058

R 0.074

s LA FoY + fFa)D
diffractometer Enraf-Nonius CAD-4

with 20°<28< 28°. X-ray intensities were collected by
w~2 ¢ scan technique over a scan width of (0.7 + 0.35tan 8)°
in w. Three standard reflections (5.1,2), (3.2.3), (2.1,12) were
monitored for intensity and orientation check every 135
reflections. There was no significant loss of intensities
throughout data coliection. The 3002 independent reflections
measured, range of Akl; 0< k<10, 0<4<7,-32<7<32, with-
in sin 8/A=0.59 A"l. And the 2296 reflections with |F,|>
20| F,) were used in structure determination. Data were cor-
rected for Lorentz and polarization effects, but the absorp-
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Table 2. Fractional Atomic Coordinates (x 104) and Equivalent Iso-
tropic Thermal Parameters for Non-hydrogen Atoms of Cholesteryl
Ftrfllme‘ I'he e.5.d.’s are in parentheses, lley. = 1/3 .:E F Usaiajag;
(AZx 103)

Atom X ¥ 2z Ueq.
c(1) 31095 1112(0) 3601(1) 53(2)
C(2) 7168(4) 379(7 4012(1) 5%2)
) 5842(4) -866(7) 3821(1) 54(2)
Cl4) 6364(4) -2981(7) 358%1) 54(2)
C(5) 7368(3) -2532(6) 3202(1) 47(2)
C(6) 7052(4) ~3420(7) 2753(1) o56(2)
(&g 7982(4) -3138(9) 23431 3N2)
C(8) 9549(4) ~2187(7) 2532(1) 48(2)
a9 9418(3) -261(6) 2898(1) 45(2)
(10 8690(3) -1001(6) 3356(1) 47(2)
can 10942(5) 928(8) 30391} 5%2)
C(12) 11742(5) 154%(7) 2604(1) 62}
C(13) 1192((4) -484(6) 2268(1) 51(2)
C(14) 10323(4) ~1392(7) 211¢1) 50(2)
C(19) 10484(5) =3002(9) 168((1) 63(2)
C(16) 11732(5) -196(9) 1422(1) T2}
17 12408(4) -11{8) 1754(1) 58(2}
C(18) 12934(5) -22279) 25492} 58(2)
C(19) 9826(5) =2253%Y) 3740(2) 60(2)
C(20) 14101(4) 313(7) 1723(1) 63(2)
Ci2ny 14827(6) 2078(11) 206(2) 36(3)
C(22) 14322(3) 783(12) 1184(2) 8Y(4)
C(23) 159500(3) 665(15} 1080(2) 100(4)
C(29) 16166(6) 1056(19) S632) 127(3)
C(25) 17737(8) 919(18) 442(2) 128(5)
C(26) 17744(13) 97(X32) - 102(4) 24%17)
C(27) 18722(13) 2490(40) 706(3) 22914)
C(28) 3943(3) -69(6) 4385(1) 57(2)
29 3546(4) 2007(7) 4174(1) 64(2)
C@Gam 2456(5) 3290(9) 4362(2) 81(3)
C(31) 1752(4) 2516(11) 4748(2) 93(3)
C(32) 2147(4) 479510} 4962(1) 84(3)
C(33) 3240(4) -818i8) 4789%(1) 64(2)
N 4926(3) -1475(6) 4198(1} 64(2)

tions were ignored. All of the crystal data are summerized in
Table 1.

Structure Determination and Refinement

The phase problem was solved by direct method using the
program SHELXS-86.% The direct method were applied to
589 reflections with |£|>1.3. All the carbon and nitrogen
atoms were located on the £ map. The refinement was car-
ried out with full-matrix least—-square method, using the pro-
gram SHELX-76.2 Four cycles of isotropic full-matrix least-
squares refinements decreased AR value to 0.14. And then
anisotropic thermal parameters were introduced for the car-
bon and nitrogen atoms. After four cycles of anisotropic re-
finement, R reduced to 0.11. At this stage the 30 hydrogen
atoms were found on the difference Fourier map and remain-
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Table 3. Bond Distances (A) for Cholesteryl Aniline. The e.s.d.’s
are in parentheses.

C(1-2) 1.529(5) C()-C(10) 1.557(4)
G2)-C3) 1.508(5) G3-0C4) 1.520(6)
C(3)-N 1.451(4) Cl4)»-C(5) 1.506(4)
C(5)»-Ci6) 1.324(4) C5-C(10) 1.515(4)
CE-C7N 1.495(4) C(7)-C(8) 1.540(5)
C8-C(Y) 1.542(5) G814 1.505(4)
CH-C(10) 1.552(4) Q91D 1.5347(5)
CHM-C(19) 1.547(6) CO1-C(12) 1.514(3)
Cl12-C(13) 1.544(5} C(13)-Cl14) 1.542(3)
C3H-CLD 1.547(4) C(13)-C(18) 1.52046)
C(14)-C(15) 1.536(5) G15)-C(16) 1.54(K6)
C16y-C(17) 1.549(6) C17-C(20) 1.554(5)
C20)-C21) 1.503(7) C20-C22) 1.530(6}
C(22)-C(23) 1.527(6) C(23)-C(24) 1.488(8)
C(24)-C(25) 1.502(9) C(25)-C(26} 1.477(12)
C25-C427) 1.418(12) C(28)-C(29) 1.396(5)
Ci(28)-C(33) L4154 C(28)-N 1.373(4)
C29-C(30} 1.400(6) C(30-C(31} 1.381(7)
C31)-Ci32) 1.378(8} C(32)-C(33) 1.389(6)

Table 4. Bond Angles (°} for Cholesteryl Aniline. The e.s.d.'s are
in parentheses

Cl-C(2-C(3) 114.4(2) C1)-C(10)-C(5) 108.2(3)
C1)-CUR-CO) 108.4(3) C)=-C10)-C(19) 109.8(3)
CE2)-C(2)-C(10} 113.4(2) G2)-C3)-Cle) 110.2(3)
C2-C3)-N 113.9(2) C(3)-C4)-C(5) 113.1¢3)
C3-N-C(28) 124.7(3) C(4)-C(3p-N 108.8(3)
C-C5-C(6) 119.9(3) Cl)y-C5-Cl10) 116.4(2)
CERMAUB)-UT) 124.7(3) COI-Cao-C 111.12)
C5}-C(10)-C(19) 108.1(3} Cle-C(a)-C(1- 123.7(3)
CB-C(7)-C(8) 112.3(2) C7-CB-C9) 109.8(3)
UN-CB)-Cli14) 111.6(2) CBFCO-C(1) 112.3(3)
CER-CO-C(1 11.1{3) C8)-C(14)-C(13) 11436(2)
CB8-C{14)-C(15) 118.7(4) CO-C8»-C(14) 109.5(3)
CO-CLO-C(1D 111.3(3) CO-C1D-Cl12) 115.2(3)
COM-CH-C11y 113.3(2) CD-C2»-(13)  111.5(3)
C(12-C(13-C(14)  105.8(3) C12-C(13)-C(17y  117.0(3)
C(12-C(13-C(18)  110.%3) C(13)-(14)-C(13)  104.4(3)
C13)-CU7-C(18)  104.3(3) G13)-K17-C20)  118.8(3)
C(1a-Cl13)-C{t7)  100.8(2) C14-C(13)-C18)  111.6(3)
Cl14}-C(15)-C(16)  104.2(4) 19-C(16)-CATy  107.1(3)
C18-CO7N-C20)  111.7(3) CO7-C13)-C8  110.4(3)
Ca7-C20)-C21)  113.4(2) C17-C20)-C(22)  109.93)
CRO-C22)-C(23)  114.2(4) C21-C20-C22)  111.3(4)
C(22)-C(23-C24)  114.5(4) C23)-C24)-C(25)  117.3(5)
C2a-C25-C26y  110.9(6) C24)-Ci25-C27)  113.3(9)
C@6)-CG25)-C27) 1136012y N-CG28)-C(29) 122.5(3)
N-C(28)}-C(33) 118.4(3} C28)-C(29-C(30)  119.6(3)
C(28)-C(33)-C(32)  120.1(4) C29»-G28)-C(33)  118.9(3)
CR2O-C3M-C31)  120.95) C30-C(31-C(32) 120.0(4)
CBI-C(32)-C(33)  120.5(3)

ing hydrogen atomic positions were calculated from the car-
bon framework assuming standard geometry (C-H = 1.08 A,
4H-C-H = 109°). The function Eu(|F,|-|F|)* was mini-
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Figure 1. Molecular conformation with atomic numbering in Cho-
lesteryl aniline.

mized in the refinements, where ¢« is the weight of the reflec-
tion, defined by « = 1.O0/[¢%F) + 0.008(F )°]. In the final re-
finement, the positional parameters of all atoms, anisotro-
pically for the carbon and nitrogen atoms, isotropic thermal
parameters for the hydrogen atoms were refined. The final ¥
and Ric values were 0.058 and 0.074, respectively for the
2296 observed reflections.

The final atomic coordinates and thermal parameters of
the non~hydrogen atoms are given in Table 2.

Results and Discussion

The moiecular conformation is depicted in Figure 1. The
bond clistances in the tail show the apparent shortening
which is characteristic of cholesteryl compounds, and is
caused by the high thermat vibrations in this region. In this
case, it is especially pronounced in the C(25)-C(27) bond of
t.418 A. In the cholesterol rings, the C-C bond distances
range from 1.495 (4) to 1.557 (5) A and the C(5) = L{6) dist-
ance is 1.324 (4) A. In aniline group, the C-C bond distances
range from 1.378 (8} to 1.415 {(4) A, respectively. The intra-
molecular distance C(3)...C{16) which is useful for comparing
the length of the tetracyclic svstem has a value of 8.99 A
which is close to the limits of range of 8.86 to 9.01 A observ-
ed in related molecules.! A measure of the twist of the ring
systems about its long axis. is given by the COI9-C10)...
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Flgure 2. Molecular packing in Cholesteryl aniline viewed down
the a~axis. Atoms are shown as 20% probability ellipsoids.
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C(13)-C(18) pseudo torsion angle, which has a value of 14.8
{3)1°. This torsion angle ranges between 7.9° and 18.0° in
other related structures. Ring A and C assume the chair con-
formations; for ring A,<ACs*>*=3.94 and<4C,> = 4.91:
for ring C, <4Cs> = 6.64 and <4AC,> =8.07. Ring B assu-
mes a half chair and ring 1) the expected 132, Lle-half chair
conformations. The torsion angles, C(2)-C()-N-C(28) and
Cl)=-CE)-N=C(28) which are important for determining the
overall structure of the molecule are 75° and - 161 ° respecti-
vely. .

The C(17)...C(25) distance of 6.40 A is taken as & measure
of the extension of tail, this structure is almost tully extend-
ed. The seven atoms, C{17). C(20). C(22), C(23). C(29), ((25)
and C(26), are in a zigzag planar chain and Ci21) and C(27)
are out of the plane.

The crystal structure is shown in Figures 2 and 3. The
crystal structure consists of bilayers of thickness dog ;= 27.13
A. in each of which there is the tail to tail arrangement of
molecules aligned in the unit cell with their long axes approx-
imately parallel to the [104] axis. The two halves of the dou-
ble layer are related to each other by the screw axis sym-
metry. Such bilayers are similar to those of sodium choles-
teryl sulfate dihydrate.”

* ACs: mirror plane asymmetry parameter
AG=[Z (¥+y Ym])
AC;: two-fold asymimetry parameter
aC=[ I (f~ ¥ Ym] 7

where ACs(n) is measure of the deviations from mirror symmetry
about a plane passing through atom » and the diametrically opposed
atom o, and AC (n-0) is a2 measure of the deviations from two-fold
symmetry about an axis bisecting bond (#-0). The symmetry related
torsion angles are ¥ and ¥, and m is the number of such pairs.
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Figure 3. The structure of Cholesteryl aniline in projection down
the h-axis. Atoms are shown as 30% probability ellipsoids.

The aniline groups, the rigid steroid skeleta and the bran-
ched hydrocarbon side chains form three regions with dif-
ferent packing character within the bilayer.

The lateral packing of the steroid skeleta is different from
that found in other cholesteryl derivatives. In cholesteryl
esters,” " the skeleta pack laterally in a double row arrange-
ment in which the projecting methy! groups face each other
and can interdigitate due to a displacement of the steroid ske-
leta in the direction of their maximum extension. In choles-
teryl aniline the skeleta packed in single rows only. The
methyl groups project into the space hetween two skeleta of
the adjacent row.

The aniline groups are aligned so that their rings are
stacked parallel in columns in the @ direction and packed
with its screw axis related neighbor. The closest approach
between these two groups is 3.712 A (C(32)...N contact) and
the interplanar angle between two symmetry related benzene
rings is 92.0°,

‘The packing of the bulky steroid and aniline groups pro-
vides the tail chain with unusually large space. This may ex-
ptain the observed large thermal vibrations in the chain pack-
ing region.
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There are several intermolecular contacts less than 4.0 A.
of which the shortest is C(11)...C(29) of 3.654 A,
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