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2 ©F,  Cholesteryl pentyl carbonate (Cs;HysO5) 2l 221 ol AAT=E XA 3dwjoz o731
e, o] AL whApAAe] ale] FUAFE P2olel, HAE A4 2=12,484(3), 5=9,043(3),
c=14.053(3) A, £=94.12(2)°°]c}, Four-circle automatic diffractometer & 3|3 7ZE 5% 2o
m, FZ%& cholesteryl octanoate 2 AT E AdTF22 ol& AU HiAFHo 2 Y]
ek, A5 AlEE R 1164709 whdEol distel 0, 120190}, Cholesteryl 534 A3l 2%
7+ AAHeU pentyl 7] o] dodolde} 2 AT wiiol] Aol #wetrh b-FF wWEE 2,
screw symmetry ol 3l gl Ay BAEL ME a2 3] Fod 925 monolayer & H4
3z qlch, Monolayer WellA cholesteryl 25¢] A& 223 4l =& sk Monolayer Type
Il packing mode oll 3153317, cholesteryl hexanoate, octonoate, hexyl carbonate, oleate 51 77
TFZEH v T2E so] Adrt,

ABSTRACT. Cholesteryl pentyl carbonate (Cz3Hsc03) is monoclinic, space group P2;, with
a=12.484(3), b=9.043(3), ¢ = 14.053(3) A, £ =94.12(2) ° and z=2. The intensity data were measured for
the 2969 reflections within sin 8 / A=0.52 A, using an automatic four--circle diffractometer and
graphite monochromated Mo-K, radiation. The atomic coordinates from cholesteryl octanoate were used
in an initial trial structure and the strueture was refined by full-matrix least squares methods. The final
R-factor was 0.12 for 1164 observed reflections. The pentyl group has shortened bond lengths due to
the high thermal vibrations in this region. Adjacent molecules are related by 2, screw axis so that they
are arranged in an antiparallel array, corresponding to the Monolayer Type 1I packing mode. There are
close packings of cholesteryl groups within the monolayers. This packing type is similar to those of
cholesteryl hexanoate, octanoate, hexyl carbonate and oleate.

INTRODUCTION cholesteryl pentyl (amyl) and hexyl carbonates,?

cholesteryl formate,3 cholesteryl chloroformate,

We have undertaken a series of crystal struc- cholesteryl isobutyrate,5 saturated esters with
tures of the fatty acids esters and carbonates of chain lengths C4-Cg6-8 and a number of longer
cholesterol.1-2¢ The ecrystal structures of chain cholesteryl alkenoates have the same crystal
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Table 1. Crystal data for monolayer type Il cholesterol derivatives

Unit cell Parameters

Compound Space Group
*Cholestery| formate’ P2,
CasHy60 2=2
*Cholesteryl chloroformatet P2,
ngHqu]Og z=2
*Cholestery! isobutyrate? P2,
CaHs20; z=4
* +Cholesteryl hexanoate® P2,
Ci3H5:05 z=2
+ Cholestery! heptanoate? P2,
Cs4Hs502 2=2
* +Cholesteryl octanoate® P2,
C35H3002 ié=
* +Cholesteryl oleate® P2,
CasH7a0; 2=2
* + Cholesteryl-frans-9-trans -12- P2,
octadecadicenoate (linolelaidate)l¢ z=2
CasH 7602
+ Cholestery] trans-9-octadecenoate P2,
{etaidate)1! z2=2
CysH7g02
+ Cholesteryl ¢/s ~11-¢icosenoatel! P2,
C47H3202 z2=2
+ Cholesteryl ¢fs-13-docosencate P2,
{erucate)!! =2
CyoHs602
* + Cholesteryl pentyl carbonate P2,
CasHs0s 2=2
* + Cholesteryl hexyl carbonate2 P2,
C34H5303 2=2

@ =13,757(1), b = 6.073 (1),
¢=13592(2) A, 8 = 94.(1)°
a=12.836(2), b = 9.417(2),
c=12.327(2) A, £ = 113.5(1)°
a=15.115(8), b = 9.636(5).
€=20.2249) A, £ = 93.15(5)°
a=12.162(3), b = 9.314(3),
c=13.6435) &, g = 93.55(3)°
a=12.54, b=923,

c=14.02 &, 8 =92.0°

@ =12.803), b = 9.20(2)
c=14.123) &, 8 =93.81(3)°
a = 12.65(3), b = 9.13(3),
c=18.79(5) A. 8 = 93.3(3)°

a = 13.03(3), & = 8.76(2),
c=17904) A, 8 = 89.7(2)°

a=129%3), °b =9.2(1),
c=18.7(4} A, # =93(1)*

a=12.6(2), b=9.1(L),
c=19.8(4) A, B = 92(1)°
a=13.0(3), b =9.2(1),

c=2093) A, g =921)°

@ = 12.4843), b = 9.043(3),
c=14.0533) A, 8 = 94.17(2)®
a=12.728(2), b= 9.184(1),
c=13.9912) A, g =92.93(1)°

Structure determinations are complete for those marked(*}; isostructural with that of cholesteryl octanoate is mar-

ked(+).

structure type, which have been designated Type
II monolayer in order to distinguish it from other
structure types.'2-1¢ The crystal data for these
molecules are tabulated in Table 1.

These structures are remarkable in forming
layer structures in which the central region of the
layers, composed largely of semi-rigid cholesteryl
groups, is closely packed and the packing of the
flexible fatty acid or carbonate chains and the
isoprenoid substituents at cholesterol C(17) form
the interface region between layers. Within the
monolayers of Type II, there is little change from
one crystal structure to another,

We have determined the crystal structuse of

cholesteryl pentyl carbonates in order to make
detailed comparisons with other type II structures.

EXPERIMENTAL

Cholesteryl pentyl carbonate from Tokyo Kasei
Kogyo Co., Ltd., was crystallized by slow evapora-
tion of an acetone solution at room temperature
in the form of needles. Accurate cell parameters
were determined by least-squares fit of 23 reflec-
tions with 27 °< 2 8«35 ° using a diffractometer.

X-ray data collection was carried out using a
Nonius CAD-4 diffractometer and graphite-
monochromated MoK radiation (A =0.7107 A)
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by the w/28 scan techniques. Three standard
reflections were monitored, no significant loss of
intensities being observed throughout data collec-
tion. The 2969 independent reflections were
measured in range of hkl: 0<h<14 0 <k <10,
—16 <! <16, within (sin@)/ A <0.52 A-1,

All of the crystal data are as follows: CH,
{CH,),0C0O0C,;H,s; Mol. Wt. 500.8; Space Group
P2, ¢=12.484(3), b=9.043(3), c=14.053(3) A,
£=94172), 2=2; #(Mo-K.). 0.34 cm-1; Dc=1.06
glems; D, =1.03 g/cm3 by the floatation method
using a KI aqueous solution.

Since the cell parameters for cholesteryl pen-
tyt carbonate are similar to those for cholesteryl
octanoate, the atomic positional parameters of
tetracyclic ring part of latter molecule were used
as a starting model in Fourier refinements. The ini-
tial R-factor was 0.33, where R=X|Al/Z|F ; |and
A=|F, -|F..The atomic paramters of tail and
alkyl carbonate chain of the molecule were located
in the difference Fourier maps. But several atomic
peaks were poorly resolved, and as a result, the
calculated bond distances and angles involving
atoms of a carbonate chain and C{17) side tail were
unsatisfactory.

The Fourier syntheses were calculated, which
indicated the revised configurations for atoms of
C(24)...C(27) and C(31)...C(33).

After several cycles of refinements, the R-
factor dropped to 0.20. At this stage, anisotropic
thermal parameters were introduced for the car-
bon and oxygen atoms, and after 10 cycles of full
matrix least-suares refinements, R-factor decreas-
ed to 0.13. Hydrogen atomie positions were also
calculated from the carbon framework assuming
standard geometry (C-H distance is 1.08 ;\).
Hydrogen atoms were included in the refinement
with fixed parameters, including a uniform ther-
mal parameter of 0.05 A2, After final cycle of
refinement, R-value was 0.12 for the 1165 observ-
ed reflections greater than F,>20(F,). The
weighted R-value R, = X(w|F,-F |/ ZwF,) was
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Table 2. Fractional atomic coordinates { x 10%) and equi-
valent isotropic temperature factors (A2x 103)of the
non hydrogen atoms with e.s.d.s in parentheses

Atom X ¥y F Ueq_’
C(1) 461(2) 853(3) 784(1) 89
C2) 371(2) 826(3) 853(1) 91
C(3) 263(2) 821(3) 7972) 85
Ci4) 263(1) 706(3) 711(2) 93
Ci{5) 352(1) 724(3) 651(2) 69
Ci6) 338(1) 72%(3) 557(1) 64
Ci7y 425(1) 7443} 493(1) 77
Ci8) 536(1) 717(3) 544(2) 69
C(9) 551(1) 798(3) 635(1) 71
C(10) 464(2) 734(0) 709(1) 69
Can 665(1) 800(3) 630(1) 72
C(12) 748(1) 848(3) 61K 67
C(13) 741(1) 755(3) 516(1) 57
C(14) 624(1) 772(3) 475(1) 49
C(15) 626(1) 713(3) 37%1) 70
C(16) 738(1) 756(3) 343D 57
C(17) 79%(1) 814(3) 437(1) 65
C(18) 768(1) 590(3) 536(1) 72
C(19) 500(1) 384(3) 746(1) 77
C(20) 924(1) 77%3) 431{1) 76
Ci21) 986(1) 837(3) 52X 98
C(22) 966(2) 847(3) 342(2) 94
C(23) 1073(2) 779(3) 315(1) 86
C(24) 1113(2) 852(4) 231 119
C(25) 1218(3) 806(5) 194¢2) 187
Cc(26) 1280(3) 701(6) 230(3) 233
C@2n 1243(2) 881(5) 108(2) 188
C(28) 96(2) 84%5) 851(2) 180
c29 -7 831(7) 910(2) 285
C{30 -136(2) 803(4) 986(2) 158
C(31) ~244(3) 824(6} 997(2) 261
C(32) -302(2) 767(6) 1066(3) 238
C33 -404(3) 784(5) 1070{2) 190
O3} 182(1) 782(3) 858(1) 124
0 331 783(4) 913(1) 183
0(28) 61(2} 91H4) 784(1) 202

*Equivalent isotropic {/ defined as one third of the trace
of the orthogonalized U/; tensor.

0.13, where w=1.232/(0 2(F,) + 0.001 (¥,)). Max-
imum final shift to e.s.d. ratio was (.98 and 1.31 for
positional and thermal parameters, respectively. Fi-
nal differenc Fourier map showed maximum and mi-
nimum peaks of 0.31 and 0.30 ¢ ;\-3, respectively.

The final atomic coordinates and thermal
parameters of the nohydrogen atoms are given in
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Table 2. All calculations were performed with
SHELX-76 program!7 on a IBM 3083 computer,
and scattering factors taken from International
Tables for X-ray Crystallography.18

RESULTS AND DISCUSSION

The molecular conformation of cholesteryl pen-
tyl carbonate, which is drawn by the ORTEP pro-
gram,19 is depicted in Fig. 1. The bond distances
and angles of cholesteryl pentyl carbonate are
listed in Table 8. These are in agreement, within
experimental error, with those found in other
cholesterol derivatives. The bond distanees in the
tail and the pentyl carbonate show the apparent
shortening which is characteristic of cholesterol
derivatives, and is caused by the high thermal
vibrations in these regions. In this case, it is
especially pronounced in the C(25)-C(26} bond (1.31
A) and C(32)-C(33) bond (1.29 A).

The intramolecular distance C(3)...C(16) which
is useful for comparing the length of the tetracyelic
system has value of 9.00 (3)1:&, which is close of the
limits of range of 8.8 to 9.01 A observed in related
molecules. The torsion angle C(19)-C(10)...C(13)-
C(18) which is a measure of the twist within the
tetracyclic system, is 13.1 °, This torsion angle
ranges between 7.9 and 18.0 ° in other related
structures.

The mirror plane {ACs) and the two-fold
(AC;) asymmetry parameters of the ring are
defined by Duax and Norton.20*

*ACs: mirror plane asymmetry parameter
AC=(Z (@t8))/m)¥
AC,: twofold asymmetry parameter
AC=(Z, (8- 9))/m)

Where ACs(n) isa measure of the deviations from mir-
ror symmetry about a plane passing through atom r and
the diametrically opposed atom o, and AC; (r-0) is a
measure of the derviations from twofold symmetry
about an axis bisecting bond (n-0). The symmetry

related torsion angles are ¢;and &7, and m is the
number of such pairs,

B.M. Craven

Fig. 1. Molecular conformation with atomic numbering.

The asymmetry parameters of non-ideal
systems measure the degree of departure from
ideal symmetry at any of the possible symmetry
locations. Ring A and C assume a chair conforma-
tion: for ring A, <4Cs>=46 and < AC,>
=5.8; for ring C, «<ACs> =44 and
<AC,> =6.6. Ring B assumes a half chair and
ring D the expected 134 , 14 -half chair confor-
mations.

The torsion angle C(2)-C(3)-0(8)-C{28) which
is important for determining the overall structure
of the molecule is 133; so that the carbonyl bond
is parallet to the C(3)-H bond. The corresponding

Journai of the Korean Chemical Sociely



Table 3. Bomd lengths L:\) and angles (°} for Cholesteryl

Cholesteryl Pentyl Carbonate & 24 % £7+2 33

Pentyl Carbonate. The e.s.d.’s are in parentheses

Table 4, Selected torsion angles (°) in Cholesteryl Pentyl

Carbonate, The e.s.d.’s are in parentheses

C(1)-C(2) 1.56 (3}
C(2)-C(3) 1.50 (3)
CBC(3) 1.42 (8)
C(5)-C(8) 1.32 (3)
C(6)-C(7) 1.47 (3)
C(8)-C(9) 1.47 (3)
C{9)-C(10} 1.67 (2)
C(10}-C(19) 1.51 (3}
C(12)-Ci13) 1.57 (3)
C(18)-C(AN 1.47 (3)
C(14)-C(15) 1.48 (3)
C(16)-C(17) 1.56 (3)
C(20)-Ci21) 1.54 (3)
C(22)-C(23) 1.55 (3)
C(24)-C(25) 1.50 {4)
C(25-C(27) 1.43 (5)
C(28)-0 1.35 (4)
C(29)-C(30) 1.41 (4)
C(30)-C(31) 1.39 (4)
C(32F-C(33) 1.29 (5}
C(1)-C(2)-C(3) 110 @)
C(3)-C(4)-C(5) 114 (2)
C(4)-C(5}-C(6) 122 (2)
CEFUT-C(8) 112 {2)
C(1)}-C(10)-C(9) 104 (1)
CR-C()-CLo) 112 (2)
C(6)-C(5)-C(10) 124 (2)
CECO-CUD  11542)
CE-C(11)»-C(12) 113 (1)
C-C(14)-C(18) 115(1)
CO-CB»-C(14) 109 (2)
C(8)-C(14)-C(15) 121 (2)
C(14)-C(15)-C(16) 108 (1)
C(12-C(13)-C(1T 117 (2)
C(15)-C{(16)-C(17) 102 (1)
C(14)-C(13)-C(18) 110 (2)
C{1)C(0-C(1% 115 (2)
COFC{10-C1% 110 (D)
C(16)}-C(17)-C(20) 108 (2}
COT-C20)-C22) 111 (2)
C(20)-C(22)-C(23) 114 (2)
C(23)-C(24)-C(25) 120 (3)
C(24)-C(25)-C(2T) 114 (2)
C(3-0(3)-Ci28) 119 (2)
C(29)-C(30)}-C(31) 133 (3)
C(81)»-C(32)-C(33) 124 (4)
O(3)-C(3)-C(9) 110 (2)
0-C(29)-C(30) 121 (3)
0(28)-C(28)-0 124 (2)

C{1)-CQ0
C(3-Cia)
Cl)-C(5)
C(5)-C(10)
C(N)-Ci8)
C8r-C14)
CEX-Cn
C1-C(12)
C(13)-C(14)
C(13)-C(18)
C(15)-C(16)
C(17)-C(20)
C(20)-C(22)
C(23)-C(24)
C(25)-Ci26)
C(28)}-0(3)
C(28)-028)
€(29)-0
C(81-C32)

C(2)-C(3)-C(4)
C(1)-C(10)-Ci5)
CBHCEXN
C(N-C(8)-C(9)
C(5)-C(10)-C(9}
C(4)-C(5)-C(10)
C(8)-C(9)-C(10)
C(10}-C(9)-C(11)
C(11-C(12)-C(13)
C(7-C(8)-C(14)
C(12)-C(13)-C(14)
C13)-C(14)-C(15)
C13)-COT-C(16)
C(14)-C{13)-C(1 7N
C(12)}-C(13)-C(18)
C(17T}-C(13)-C(18)
C(E-C(10)}-C{19)
C(13)-C(17)-C(20)
C{1M-C(20}-C(21)
C21)-C(20}-C(22)
C(22)-0(23)-C(24)
C(24)-C(25)-C(26)
C(26)-C(25)-C(27)
C(23)-0-C(29)
C(30)-C(31)-C{82)
C(2F-C(3)-C(32)
0-C(28)-03)
O(3)-C(28)-N28)

151 (3)
1.60 (4)
1.45 (3)
157 (3}
1.54 (2)
1.59 (2)
1.51 (2)
1.53 (2)
1.54 (2)
1.55 (4)
1.56 (2)
1.60(2)
1.52 (3)
1.48 (3)
1.31 {6)
1.23 (4}
1.19 (4)
1,36 (4)
1.34 (5)

112 (2)
110 (2)
125 (2}
112 (2)
107 (1)
113 @
109 (2)
112 (1)
113 (2)
108 (2)
105 (1)
104 (1)
107 2)
101 (1)
111 ¢2)
112 (2)
111 (1)
120 (2)
109 (2)
111 2)
112 (2)
125 (3)
121 (3)
116 (3)
127 (4)
127 (4)
106 (3)
126 (3}

C(1)-C(2)-C(3)-0(3) 175 (3)
C(8)-C(3)-C(4)-C(5) -173 (3)
C(2)-C(3)-0(3)-C(28) 137 (3)
G(4)-C(3)-0(3)-0(28) -100 (3)
0-C(28)-0(3)}-C(3) 176 (4)
O(28)-C(28)-0(3)-C(3) 19 (3}
0(3)-C(28)-0-C(29) - 174 (4)
0(28)-C(28)-0-C(29) -16 (4)
0-C(29)-C{30)-C(31) -172(7)
C(30)-C(29)-0-C(28) ~162 (5)
C(29)-C(30)-C(31)-C(32) 166 (7)
C(30)-C(31)-C(32)-C(33) -176 ()
C(13)-C(17)-C(20)-C(21) -59(2)
C(13)-C(17)-C(20)}-C(22) 179 (3)
C(16)-C(17)-C(20)-C{21) 179 (2}
C{16)-C(17)-C{20)-C(22) 56 (2)
C(17)-C(20)-C(22)-C(23) - 162 (3)
C(21}-C(20)-C(22)}-C(23) 77 (2)
C(20)-C(22)-C(23)}-C(24) -178 (3)
C(22)-C(23)-C(24)-C(25) 178 (3)
C(23)-C(24)-C(25)-C(26) 2(3)
C(23)-C(24)-C(25)-C(2T) 177 (4)
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torsion angles arz 121 ° in cholesteryl octanoate,
137 © in cholesteryl oleate, 114 ° in cholesteryl hex-
anoate and 112 © in cholesteryln-hexyl carbonate.

The C(17) side chain has all trans conformation.
The C{17)...C(25) distance of 6.52 A is taken as a
measure of the extension of the tail, this structure
is almost fully extended. The seven atom C(17),
C(20), C(22)...C(25), C(27) are in a zigzag planar
chain and C(21) and C(26) are out of the plane. The
conformation of the n-pentyl group also has all-
trans form.

The packing diagrams are shown in Fig. 2 and
3. The planes of the cholesteryl group are parallel
to ac plane with the entire molecular long axes be-
ing nearly parallel to the [20I] direction. The
crystal structure consists of antiparallel molecules
arranged to form monolayers with a thickness of
one unit cell {dgo, = 14.05 A). There is an efficient
packing of cholesterol ring systems within the
stacks of molecules which are related by two-fold
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Fig. 2. The crystal structure of cholesteryl pentyl carbonate in projection down the b axis. Atoms are shown as 30%
probability ellipsoids-
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Fig. 3. The crystallographic (010) projections of the cholesterol tetracyclic ring systems of cholestery] pentyl carbon-
ate(a), cholesteryl hexyl carbonate(b), cholesteryl hexanoatetc), cholestery] octanoate{d), cholesteryl oleate(e), choles-
teryl linolelaidate(f), cholesteryl chloroformate(g), cholesteryl formate{h), cholestery] isobutyrate(i}.
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screw axes. In directions more or less parallel to
the erystal b-axis there are multiple intermolecular
C...C distances less than 4.5 ;&, of which the
shortest (3.72 A) is C(8)...C(18).

Similar structures of cholesteryl chloroformate,
cholesteryl octanoate, hexanoate, oleate,
linoledaidate and hexyl carbonate. Those are all
isostructural with the others. In the six crystal
structures, the arrangement within the central
region of the monolayers is very similar. The dif-
ference in monolayer thickness (13.64-18.79 A)is
associated primarily with structural differences in
the interlayer region. The atoms in this region con-
sist of the alkanoate or alky] carbonate chains of
the molecules.

Crystal Structures of cholesteryl chloroformate,
formate and isobutyrate also belong to monolayer
type II. Those three structures are not isostrue-
tural with one another. In the cholesteryl chlorofor-
mate, there is some overlap of the B, C and D rings
in a manner similar to the cholesteryl octanoate
while in the formate, there is no overlap of the
steroid rings viewed down the screw axis. In the
structure of isohutyrate, the two distinet molecules
form separated stacks with differing degrees of
steroid overlap; efficient cholesteryl packing of the
molecules in (A) and no overlap in molecule (B).

These monolayer type II are compared as shown
in F4g. 3.
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