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The Crystal and Molecular Structure of

(3-Morpholinopropyl)diphenylsilanol

MARGARETA SODERHOLM

Department of Medical Biophysics, Karolinska Institutet, S-104 01 Stockholm, Sweden

(3-Morpholinopropyl)diphenylsilanol,
C19H75N0281 M, =327.5, triclinic, space group
Pl a=15. 073(41 ‘A, b=9.678 3) A, c=6.770 3)

A, a=99. 04&) B—95 84(2), 7-103 90(2
V=936.68 Z=2, D,=116 Mgm>,
u(CuKa)=1.146 mm™, F(OOO) 352.

The intensities of 3308 unique reflexions were
measured on an automatic diffractometer. The
structure was solved by direct methods and
refined by full-matrix least-squares calculations
using 3281 reflexions to a final R,,-value of 0.072.
The molecules are held to ther by O—H--:N
hydrogen bonds [2.840(3) A] thereby forming
infinite chains which build up the structure. The
morpholine ring has a chair form conformation.

The title compound is closely related to the
anticholinergic drugs difenidol (1,1-diphenyl-4-
piperidino-1-butanol) and sila-difenidol  (3-
piperidinopropyl)diphenylsilanol.! The present
molecule and the sila-difenidol molecule . differ
only in that a CH, in the piperidine ring of the
latter is substituted with an oxygen to form a
morpholine ring. The structure of (3-morpholi-
nopropyl)diphenylsilanol has been determined in
order to compare it with the structure of sila-
difenidol.? The material was kindly supplied by
Dr. Reinhold Tacke, der Technischen Universi-
tit, Braunschweig.

EXPERIMENTAL

Large colourless crystals were obtained by
recrystallization from a mixture of hexane and
diethylether. A crystal with the dimensions
0.6x0.7x0.45 mm was used for the data collec-
tion. Preliminary investigations using oscillation
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and Weissenberg techniques showed that the
crystals were triclinic, space group P1 or P1. Unit
cell parameters derived from diffractometer
measurements a=15.073(4). A, b=9. 678(3) A,
¢=6.7703) A, a=99. 04(2) ﬁ—95 84(2) and
¥=103.90(2)". The intensities were measured on
a Philips PW-1100 diffractometer with the o—20
scan technique. Graphite monochromatlzed
CuKe radiation (A=1.5418 A) was used. 3308
independent reflexions within sin #/A=0. 61 A
were collected at a scan speed of 0.04 s~! and
with a scan width of 1.50°. Seven reﬂe)uons were
not measured because of too high intensities.
Reference reflexions recorded at regular inter-
vals during the data collection showed no signifi-
cant changes in their intensities. After correction
for Lorentz and polarization factors 27 reflexions
with negative intensities were rejected. Because
of the size of the crystal and the fact that CuKa
radiation was used an absorption correction
would have been desirable. Unfortunately the
crystal was dismounted from the diffractometer
before the necessary measurements for absorp-
tion correction were made.

DETERMINATION AND REFINEMENT OF
THE STRUCTURE

The structure was solved by direct methods
and Fourier synthesis using the program systems
MULTAN 80> and SHELX,* respectively. The
positions of all non-hydrogen atoms were easily
established from the E-map. The intensity data
showed that even the faintest reflexions had very
low oF,. To reduce the number of reflexions
1076 with |F,|<800(F,) were excluded in the
early stages of refinement. Two cycles of isotro-
pic refinement followed by two cycles of anisotro-
pic refinement of the non-hydrogen atoms gave
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Table 2. Final positional parameters for the
hydrogen atoms (x10%) which all were given

U=0.05 A2. Standard deviations in parentheses.
P y z
HIA  2472)  1483)  458(4)
HIB 1842)  228(3)  342(4)
H2A  3002)  366(3)  208(4)
H2B 370(2)  330(3)  366(4)
H3A 331(2)  90(3)  198(4)
H3B 25(2)  1313)  56(4)
H4A  483(0)  171(3)  154(4)
H4B a88(2)  335(3)  170(4)
HSA  538(2)  3433) —126(4)
H5B 2)  2933)  —12(4)
H6A 429(2) 16(3) —419(4)
H6B 430(2)  180(3) —387(4)
H7A 3792)  -9(3) -109(4)
H7B 07(2)  41(3) ~249(4)
H9 97(2)  5323)  618(4)
H10 542)  T24(3)  483(4)
Hil 180(2)  868(3)  366(4)
HI2 323(2)  816(3)  351(4)
H13 347(2)  613(3)  483(4)
Hi5 202)  113)  627(4)
Hié ~36(2)  2203)  783(4)
H17 —65(2)  175(3)  1043(4)
Hi8 48(2)  408(3)  1167(4)
H19 161(2)  486(3)  1004(4)
HO1 350(2)  368(3)  828(4)

an R-value of 0.086. A subsequent difference
synthesis revealed the positions of all hydrogen
atoms. Two further cycles of anisotropic refine-
ment of the non-hydrogen atoms lowered the
R-value to 0.067. The hydrogen atoms were then
refined isotropically in two cycles which resulted
in an R-value of 0.064. Weights were then
applied to F, according to w=1.00/c%(F,)
+0.0003F,2. In the last refinement based on all
data (3281 reflexions) the non-hydrogen atoms
were refined anisotropically and the positions of
the hydrogen atoms were refined with fixed
isotropic thermal parameters (U=0.05 A?) until
the shifts were all below the e.s.d.’s. The final
Ry=Zw"||F,|—|F.||/2w¥|F,| was 0.072 with a
conventional R=ZX||F,|—|F.||/Z|F,| of 0.067. A
difference Fourier synthesis based on the final
parameters of all atoms showed no peak higher
than 0.26 e A-3. The final positional and thermal
parameters of the non-hydrogen atoms are given
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in Table 1 and the positional parameters of the
hydrogen atoms are given in Table 2. The atomic
scattering factors used were those of Internation-
al Tables for X-Ray Crystallography.’ Lists of the
final structure factors are available on request
from the author.

RESULTS AND DISCUSSION

The atomic numbering is shown in the schem-
atic drawing of the molecule (Fig. 1). The bond
distances and angles uncorrected for the effects
of thermal motion are given in Table 3. The C—H
distances are in the range of 0.85-1.08 A.
Although no absorption correction was made all
bond lengths and bond angles are normal and in
good agreement with those given for sila-
difenidol,? sila-pridinol® and (2-morpholino-
ethyl)diphenylsilanol.” The phenyl rings are
slightly distorted. The deviation from a regular
hexagonal geometry of the benzene ring upon
substitution of a hydrogen atom with a silicon
atom affects the bond lengths and bond angles.®
In the present molecule this distortion is most
pronounced in the angles C9-C8-C13 and
C15-C14—-C19 both of which are 116.3(2).
Deformation of this magnitude are common in
organosilicon compounds where benzene rings
are attached to silicon atoms.?%7%1° Both phenyl
rings are planar. The maximum deviation from
the least-squares plane is 0.010(4) A for the atom
C13 in ring A and —0.007(4) A for the atom C17
in ring B. The morpholine ring has as expected a
chair form conformation. The atoms N and 02
deviate —0.666(3) and 0.655(3) A, respectively,
from a least-squares plane through the carbon
atoms C4—-C7. The angle between the phenyl
rings is 66.4(3)’ which is less than the correspond-
ing angle in pridinol,® sila-pridinol,® sila-difeni-
dol? and in (2-morpholinoethyl)diphenylsilanol.”
In these structures the angle is larger than 90",
The angles between the phenyl rings and the
least-squares plane through the morpholine ring
are 86.0(3)’ (ring A) and 29.6(3)" (ring B).

The morpholinopropyl chain has an extended
conformation. The torsion angles of the
Si—C1-C2—-C3 and C1-C2-C3—N fragments
are 169.8(2) and 175.7(2)°, respectively. The
distance between the phenyl centre and the
nitrogen atom is for ring A 6.4 A and for ring B
8.2 A.
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Table 3. Intramolecular bond distances (A) and angles (°) with estimated standard deviations in
parentheses.

Si-01 1.635(2) C8-C9 1.404(3)
Si—C1 1.881(2) 9-C10 1.385(4)
Si—C8 1.872(2) C10-C11 1.371(4)
Si—C14 1.871(2) C11-C12 1.376(4)
C1-C2 1.533(3) C12-C13 1.382(4)
C2-C3 1.514(3) C13-C8 1.398(3)
C3-N 1.468(3) C14-C15 1.395(3)
N-C4 1.472(3) C15-C16 1.391(4)
C4—C5 1.500(4) C16-C17 1.370(5)
C5-02 1.427(3) C17-C18 1.363(5)
02-C6 1.425(3) C18—C19 1.385(4)
C6-C7 1.494(4) C19-Cl4 1.392(3)
C7-N 1.471(3)

01-Si—Cl1 110.7(1) Si—-C8-C9 121.9(2)
01-Si—C8 107.4(1) Si-C8-C13 121.5(2)
01-Si-Cl4 111.9(1) 9-C8-C13 116.3(2)
C1-Si—C8 108.8(1) C8-C9-C10 121.9(2)
C1-Si-C14 109.2(1) C9-C10-C11 119.9(2)
C8-Si-Cl14 108.7(1) C10-C11-C12 120.0(2)
Si-C1-C2 115.0(2) C11-C12-C13 120.2(2)
C1-C2-C3 111.12) C8-C13-C12 121.8(2)
C2-C3-N 115.3(2) Si-C14—C15 122.6(2)
C3-N—C4 111.9(2) Si—C14-C19 121.1(2)
C3-N-C7 109.222) C15-C14—C19 116.3(2)
CA-N-C7 108.1(2) C14-C15-C16 121.2(2)
N-C4-C5 110.5(2) C15-C16-C17 120.4(3)
C4-C5-02 112.252) C16—C17-C18 120.0(3)
C5-02-C6 109.4(2) C17-C18-C19 119.7(3)
02-C6-C7 110.6(2) C14-C19-C18 122.5(2)
C6—C7-N 111.4(2)

H11 H12
\ /
C11—C12

/ \

H10—C10 A C13—H13

\ / o bea

——HO1
Ho \ / Hla H2a H3a C4—C5
H19 Si \ I I l / \
\ / ci—c2—c3—N 02
C19—C14 | | | \ /
H1b H2b H3b
/ \ c7—C8
s ~
H18—C18 B Ci15—His HTo | | "Hea
\ / H7a Heb
C17—C16
/ \
H17 H16

Fig. 1. Schematic drawing of the (3-morpholinopropyl)diphenylsilanol molecule, showing the
numbering scheme of the atoms.
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The crystal structure is built up by infinite
chains of intermolecular hydrogen bonded mole-
cules. These chains are running in the c-axis
direction which is illustrated in Fig. 2. Each
molecule is linked to another by the hydrogen
bond O1-HO1---N where the symmetry code for
the N atom is x, y, 1+2z. The geometry of this
bond is characterized by an O---N distance of
2.840(3) A, an O—H distance of 0.67(3) A, and
an O—H-N angle of 174(3)’. The hydrogen
bonding system described above is very similar to
that of (2-morpholinoethyl)diphenylsilanol
where the molecules also form intermolecular
O—H:--N hydrogen bonds (O---N distance 2.78
A)7 but it differs completely from that of

sila-difenidol where there is a strong intramolecu-
lar O—H:--N hydrogen bond (2.69 A).2
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