STUDIES OF SOME B-~-PROPANOLAMINES, IMIDAZO [2,1—1)]

THIAZOLES AND YLIDES, BY X-RAY ANALYSIS

A THESIS
SUBMITTED TO THE UNIVERSITY OF GLASGOW
FOR THE DEGREE OF DOCTOR OF PHILOSOFPHY

IN THE FACULTY OF SCIENCE

IAN R. CAMERON

CHEMISTRY DEPARTMENT NOVEMBER 1975



"123

"t HS% $

+I
*( )
7+ *(
, 8

1.

0

;<
4 <=



ACKNOWLEDGEMENTS

I wish to express my gratitude to my supervisors, Professor G. A. Sim
and Dr. A. F. Cameron for their interest during this research, and

~ in particular to Dr., Cameron for his guidance and encouragement
throughout. I would also like to thank Dr. C. J. Gilmore for his
advice on the use of existing crystallographic computer programs,

In addition, my thanks extend to the Science Research Council for
their maintenance grant, and to Imperial:Chemical Industries Limited
(Pharmaceuticals Division) for supplying many of the compounds
investigated. Finally, thanks are due to my fiancée for her patieﬁce

whilst typing this thesis,



ii

SUMMARY

In this thesis, single crystal X-ray diffraction technigues have
been used to determine the crystal and molecular structures of
ten compounds. The contents are presented in four Parts, the
first of which is a brief discussion on some theoretical aspects
of these techniques, with special emphasis being placed on the
Direct ilethods of structure determination used predominantly in

this researche.

In Part 2, X-ray analysis has been used to study the molecular
structures and conformations of five similar comﬁounds of interest
in the treatment of certain heart disorders. In particular, the
compound Inderal (1-(2-Hydroxy-3-isopropylamino-propoxy)-
naphthalene) is used extensively as a p-adrenergié receptor
blocking agent, and in order to investigate possible characteristic
conformational differences and/or similarities between active and
inactive B-blocking agents and their relationship to the
conformationally-restricted anti-depressant Vivalan (2-(2-Ethoxy-
phenoxymethyl)morpholine), the crystal-structures of the five
compounds, (+) 1-(2-Hydroxy=-3-isopropylaminopropoxy)=-naphthalene
hydrochloride, (¥) 1-(2-Eydroxy-3-isopropylaminopropoxy)-
naphthalene hydrochloride, (¥) 1-(4-Acetamidophenoxy)-3-
isopropylaminopropan-2-0l perchlorate, (t) 2-(2-Ethoxyphenoxy-
methyl)morpholine oxalate and (¥) 1-(2,6-Dichlorophenoxy)=3-
isopropylaminopropan-2-0l hydrochloride have been determined and
appropriate comparisons have been made, In addition, since the

conformations of flexible molecules in the solid state need not
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necess=rily correspond with the conformations which pertain in
solution, the solid-state study has been matched by spedtroscopic
studiés and by theoretical predictions of the free molecule
conformation (both undertaken elsewhere). To date, neither of
these latter projects have been completed, but where possible the
solid state conformations have been compared with the conformations

indicated by the other techniques.,

Part 3 is concerred with the elucidation of the molecular structures
of the similar compounds, 6 B-(1-Ethy1-l-hydroxypropy1)-5(X-phenyl-
2,3,5,6-tetrahydroimidazo [2,1-b] thizzole and 5,5-Diphenyl-6-oxo-
2,3,5,6—tetrahydroimidazo [2,14ﬂ thiazole., In the former case,
the method of synthesis may feasibly result in either of the two
isomers, 6 B-(1-Ethyl-l-hydroxypropyl)-5d -phenyl-2,3,4,5-tetra~
hydroimidazo [2,1-1:] thiazole br 5 B-(1-Ethyl-1-hydroxypropyl)-

6 d\~phenyl-2,3,5,6-tetrahydroimidazo [é,l—é] thiazole and since
conventional spectroscopic techniques were unable to differentiate
between these possibilities an X-ray analysis has been carried out.
Spectroscopic studies of the minor product of the reaction of
ethylene dibromide with 5,5-diphenyl-2-thiohydantoin showed
apparent anomalies from expected results and in order to confirm
the detailed molecular structure of 5,5-Diphenyl-6-o0xo0-2,3,5,6-
tetrahydroimidazo [?,l-b] thiazole, an X-ray analysis has been

carried out.

The contents of Part 4 include a brief discussion of the various
modes of TT bonding postulated for second-row ylides and since

Nédichlorophosphinoyl—l-triphenylphosphazene and N-diphenylphos-
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phazene may both be regarded as belonging to this class of

compound, the crystal-structure aralyses of both these ylides have
been carried out in order to obtain furthef informstion regarding
the bonding‘systems and conformations exhibited by second-row ylides,
These results have also been compzred with the known dimensions of
similar bonding systems and appropricte comparisons have been made,
Also included in Part 4 is the X-ray enalysis of the final product
obtained from reacting a methanolic solution of methyl 6 B-phenyl-
acétamido—penicillanate with chloremine T, at room temperature,

The spectroscopic analysis of this product revealed three possible
structures and since oné possibility was an unusual ylide, and since
comparison of this compound with other ylide systems was thought

to afford the opportunity for detaiied investigations of bonding
aﬁd conformational patterns within second-row ylide systems, the
crystal structure analysis has been carried out and the compound

characterised,
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1.1, X-RAY DIF-R/CTTON

The vwave-nature of X-ruzys and the triperiodicity of the internal
structures of crystisls vere first demonsirated in 1912 by the

. - Wt SNSRI PSR
researches of W, Fwiedrich and P. Tnipping arising from a
sugeestion by Max von Lauve, that a crystal might act as a thiree-
dimensional diffraction-grating for X-rays. Von Laue's inter-
pretation of the observed diffraction pattern indicated that
the conditions for diffraction maxima may be expressed in terms

\ . . 2
of a set of mzt’ 2patical equations,

(2.2 3in®)/X\ =h
(b2 8in®)/)\ =k (1)
(c.2 Sine)/) =1

where a, b, ¢ are the unit cell dimensions

© is the diffraction angle of the X-ray beam,

X is the X-ray wavelength,

h, k, 1 are integers.
These equations (1) are known as the Laue equations and when
they are simultaneously satisfied a diffracted beam of maxipum
intensity is produced. V. L. Bragg3 identified the arbitrary
integers h, k and 1 with the ¥iller indices of the crystal lattice
planes responsible for diffraction of the X-ray beam and by
treating diffraction as reflection from planes in the lattice he
deduced that the conditions for diffraction maxima mey be |
represented by the simple equation,

n X\ = 2d(hk1)Sin O , (2)

where © is the angle of incident and reflected rays from a crystal

plane, d is the interplanar spacing for the set of planes (nk1)



and n is an integer.

That reflection in the above sense is not analogous to true
reflection from a mirror plane is seen from the restrictions set

by the integer values for n.

From a consideration of Bragg's law (equation (2)) in the form,

Sin B = g}l(%)

it is seen that Sin 6 is inversely proportional to thie interplanar
spzeing d. The irlerpretation of X-ray diffrsction patterns may
thus be fzcilitated by construction of a 'reciprocal lattice! based
on 1/d, a qusntity whiéh var'zs directly a2s Sin© ., This
construction is obtained by considering normals to all possible
direct lattice planes (hkl) to radiate from some latiice point
taken as the origin and to terminate at a point a dist=nce

.I/B@kﬂ from this origin, The set of points thus determined

constitutes the reciprocal lattice which provides a convenient

r:2thod in crystallography for discussing X-ray diffraction patterns.

1.2, DIFFRACTION DATA COLLECTION

The main problem of crystallographic diffraction data collection
rzy be best considered in two parts: (1) Geometry of diffraction;
which includes the calculation of the size, shape and symmetry of
the reciprocal and direct lattices, usually by utilisation of
protographic methods involving oscillation, ‘"eissenberg and
Pracession photographs. (2) Assignment of an observed intensity
td every point in the reciprocal lattice so that the diffraction
pittern may ultimately be related to the distribution of
diffracting electrons in the unit cell. In Parts 2, 3 and 4 of

this thesis, the intensity data have been collected by counter
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reasurenent on a computer-controlled four-circle diffractometer,
the quentity nessured by this instrument being the 'integrated
irtensity' which way adequately be dafined as 'a messure of the
total nusber of photons of the characteristic wevelength being
used which are diffizcted in the proper direcilcen by a reciprocal
lattice point passing from the outside to the inside of the
sphere of reflection or vice versa's (The splere of ceflecticn
defines that region of space where 3ragg's Law is satisfied). An
adequate discussion on the use of four-circle diffractometers in
intensity data collection is given in standard text-books such as
those written by G. H. Stout ana L. H.~Jensen4, and U. ¥, Arndt

5

and B. T. I, Willis~”,

1.,3. DATA REDUCTION

The intensity data thus represent all the informastion available
from physicsl measurenents and in order that a complete crystzl-
structure solution might be carried out, this information must be
reduced to a more usable form involvirg the quantity F(hkl) ’
which is the amplitude of the wave diffracted from the set of
plares (hkl) within the crystal, This structure amplitude,
F(hkl)’ can be related to the experimentally observed intensity,

I(hkl)) by the expression,

Flak1) = KIhkl)) o (3)

Lp

where

(i) p is the polarisation factor which compensates for partial
polarisztion of the diffracted beam., VWhen the radiation used has
been monochromatised by prereflection from a cr&stal, and the

original, prereflected and scattered beams are coplanar, the
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polerisation fector is expressed =2s,

2 2
=1 Cos 28, Cos 26
p + m . (46.)

1+ Cos22 Om
where 8, is the 3ragg angle of the ronochromator crysial.
However, in the absence of a monochromator crystal, this
expression reduces to the more comaonly expressed form,

p=1+ 003226

2 (4v)
(ii) L is the Torentz factor which allows for the varying times
required for reciprocal lattice points to pass tlrough the sphere
of reflection, depending on their position in reciprocal space
and their direction of aprroach to the sphere. The expression |
for this factor is dependent on the method of data collection,

but for four-circle diffractometer data, it may be written as,
w1
~'Sin 20 (5)

L
(iii) K is a scale factor required to place the set of observed
structure amplitudes on a correct absolute scale but since it is of
importance only when the absolute magnitudes of the IF(hkl)IS
are required, it is frequently given the value of unity =nd the
set of structure smplitudes thus obtained are known as relative
structure amplitudes, 'Frel |, and are on an arbitrary scale,
These lFrel l s may be defined by,

' 3
Frell -x |Fo| = (I(hk1>/L p) (6)

The scaling between !Frell and IFbl is usually obtained at a

later stage by comparison of the IFrells with the IFcl values

obtained on the basis of the structure found.

In recent years, the increased use of Direct )Methods (see 1.6.b)
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1

in structure solution hss necessitated the placing of intensity
d=tn on en ebsolute scz2le, =nd one rethod commonly used to obtzin
the necessary scale fac'or employs the zpplication of a Wilson-plot

es described by “ilson (1942) 6. This plot derives from the

expression,

I 2
1n [ _rel )= InC - 23 (M)
< A )

N
2 fof
- i
=1
wvhere Irel is the observed intensity on an arbitrary scale,

N is the number of atoms in the unit cell,

foi is the séattering factor for ezch atom,

B is related to the mean square amplitude (U) of atomic

. . . 2
vibration by the expression,B = 8T U,
C is related to the scale constant k, needed to convert

l7_ | to l by k = c"% where |[F., | = x|r__|.

FIabs abs| re

In addition to Lorentz =2nd polariéation factors, the observed
intensities and hence structufe amplitudes are affected by the
physical phenomena of extihction and absorption. ZIxtinction,
which is dependent on the physicsl perfection and size of the
crystal, results in attenustion of the incident beam especially
when the crystal is in a diffracting position, and thus reduces
the intensity of the diffracted beam. Since mény crystals used
in X-ray diffraction studies are small and imperfect, this effect

is often ignored,

The intensity of radiation passing through a crystal is also
reduced by absorption, which is a function of the material

constitution of the crystal and . of the path~length of the X-rey
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berm through the crysta2l. ibsorption is therefore dependent
upon the sizes and shapes of crysizls, and correction hence
becomes difficult for all but spherical =nd cylindrical crystals.
However, if{ cry:=tals sre suall =sxd the linear sbsorption
coefficient (;L) is not high, tha srcor due to absorption

becomes small and is often ignored.

SCATTNRING FACTORS

The X-ray scattering factor fo is defined as the ratio of the
amplitude of the radiation scatiered by the atom at rest, to the
amplitude scattered under the same conditions by an electron.
Since the electrons in an atom occupy a finite volume whose linear
dimensions are comp2rable with the wavelength of X-ray radiation,
phase differences between waves scattered by different parts of
the ztom must be considered in the evalﬁation of fo. At low
angles of diffraction, such differences are small and fo assunmes

a value equal to the total number of electrons in the atom or

ion (Z), whilst at higher values of these angles (6 ) the
scattering amplitude is reduced by interference effects. The value
of fo is thus a -function of Sir19/>\ and results obtained from

the calculation of X-ray scattering factors of different atoms or
ions are usually presented in the form of tables giving fo at
fixed intervals of Sin®/) , e.g. T, However the reliability of
calculated scattering factors is dependent on the accuracy of

the total wave function used to represent the electron density and
only in the case of the hydrogen atom is the exact form of such
wave functions knovm. In addition, fo's are usually calculated
on the basis of a stationary atom and since atoms in crystals

vibrate about their lattice position, this motion must affect the:



atomic scattering factor. Since the magnitude of vibration
generally increases with tempersture, it is often referrea to as
thermal motion and has the effect of smearing the electron cloud,
thus decreasing the scattering power of the real atom. The

scatlering factor corrected for icotropic theviual motion can be

£ = fo exp [.-B (%{‘,_2 9) 1 (8)

where the Debye factor B can be relat-d to the mean square

expressed es

amplitude (U) of atomic vibration by the expression,

B = 877°U (9)
However, in many cases thermal motion occurs via anisotropic
modes of vibration and Cruickshank has expressed the scattering

factor in such situations as -

2 2 %2 2, *2 2 %2 L X %

f = fo exp [- 217 (Unh & ® 4+ 0,1 ° + Uyyl®c © + 2U)hka b
* * B

+20);1ha’c” + 2T, klb ¢ ) ] , : (10)

®  _* *

where a , b and ¢ are the reciprocal cell translations and Uij
are thermal parameters expressed in terms of mean-square
amplitudes of vibration, i and j being with reference to the

. * % *
reciprocal axes a2, b and ¢ .

1.4, THW STRUCTURE FACTOR

The structure factor F ) may be considered as the resultant of

(nk1
J wrves scattered in the direction of the reflection hkl by the J
atoms in the unit cell. Each of these waves has an amplitude

proportional to fj (thé scattering facfor of atom j) and a phase,
A with respect to a wave scattered by hypothetical electrons at

the origin of the cell, TFor the general plane (hkl) the phase

change from the origin to the point xj yj zj is



2 TT(hxj/a + kyj/b + 1zj/c) and the resultant vector is given
hy the expression,
x ky. .
(m) Z £y exp [2n1 (hx, + Y3 +lzJ)] (11)
vrere the sumxation is taken over 211 the atoms in the unit cell
znd ijjzj are the fractional coordinates of these ztoms referved

to the dircet cell @#yxes a, b znd c.
9

The structure factor is thus s ccmplex guentity churacterised by
an amplituﬂel?l and a phsse const=znt A which can be evaluated by

means of the equations,

I
>

+

jou]

, 2 2
|7 (hk1)| = Phkl hk1 (12)

=1

M (13)

where
Ay Zf CosZTT(hx +kya+lz) (14)
By if Sln217(hx +ky +lz) (15)

These equations can be further simplified by the presence of
symmetry e.g. when the cell origin is chosen as a centre of symmetry,
the resultant vector can be obtained by summing the cosine terms

alone since Bhkl becomes zero,.

Derivation of equation (11) assumes that all the scattering matter
in the unit cell is concentrated into a number of spherically
symnetrical atoms situated at known points (xjyjzj). In the actual
crystal it is unlikely that this will be the case and a more general
definition is required in order to dispense with the idea of separate
atoms and electrons at individual sites in the crystal, If,o(xyz)

is assumed to be the electron density af a point (xyz), the amount

of scattering matter in the volume element Vdxdydz is‘Pdedydz,
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where V is the volume of the unit cells The structure factor
quation for each volume element may thus be written as,
(hvl) /[j:f)o(xyz) exp 2 TT1(hx + ky + 1z) dxdydz , (15)
an exrression vnlch more closely represents the situation within

KX P
the crystel.

1.5. J_JJ’] C1 1“v)lw

Since the internal structure of a crystal is triperiodic, the
electron density,/D at a point (x, y, z),can be represented by a

three-dimensional Fourier series such as

p (xyz) = > E:E: C(h'k'l') exp 21 (h'x + k'y + 1'z) (16)

hl k. 'C
where h', k', 1' are integers between - e and +
It can be shown that, when equation (16) is substituted in equation
(15), the integral over one period is zero for all terms except
‘that one for which h = ~h',"k = =k', 1 = =1' i,e. when,

Cr-= -1 F

(hkl) = V " (hx1) , (a7)

Hence the Fourier coefficients, ) are directly related to

Clnrkrye
the corresnonding structure factors and the electron density may be
represented as a Fourier transform of the structure. factors,

expressed by,
}O(xyz) =% Z’ Z 'Z F(hkl) exp [--277i (hx + ky + 12)] (18)

VEquation (18) thus gives the basic form of Fourier summation as used
in crystal-structure analysis. As previously mentioned (1.4.) the
structure factor F(hkl) is a complex quantity of which only the
structure amplitude may be derived from experimental data (1.3.).
From equation (18) it is seen that for elucidation of electron

density within a crystal structure, a knowledge of the phase angle
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C*(H”l) is requived, The fundamental problem in Y-ray crystall-
[R5
o raphy is thus to determine the phsce sngles appropriate to the

obeewved sirvcture amplitudes and two rethods of overcoming

this phase problem are Cescri’ed in the folloving scction.

1.6, PUASE MTTRIUIIATION

(a) The Patterson lethod.

Yheress a triple Fourier <eries using F(hkl) as coefficients yields
a map of atomic positions, Patterson demonstrated that a function

9

of the form, oo

P(uvw) = %- sz Z lF(hkl)’ 2 exp [Zﬂi (hu + kv + 1v)_J , (19)
employing ‘%hkﬁl?:as coefficients,vould give an interatomic vector
representation of the crystal structure. A peak in this function

) corresponds to an inter-

P(uvw) at the point in space (ul w

1"
atomic distance in the crystal, defined by a vector whose
components are uy vy and Wy the value of the function being
proportional to the product of the scattering factors of the two
atoms involved, The structure amplitudes are derived directly from

the observed intensity data and the Patterson synthesis (19) nmay

thus be calculated directly.

For a molecule containing N atoms in a unit cell, there are N(N-1)
discrete interatomic vectors in the cell, resulting in poor
resolution due to the more densely packed arrangement and the
greater intrinsic breadth of Pattergon ﬁeaks as compared to Fourier
peaks. The latter problem may be greatly reduced by a process

known as sharpening, in which the scattering power of alll'atoms is

considered as being concentrated at the nucleus, i.e. point atoms,
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but, for even a moderately complicated structure it is very
difficult to obtain the atomic coordinates of all atoms by
inspection of the Patterson synthesis slone. EHowever, the
presence of an ztom of high scattering power in the structure,
i.e., a heavy atom, alleviates this problem since vector pesks
involving such atoms will have considerably greater peak heights

than those involving only lighter atoms.

An acditional tool in the solution of the Patterson function was
introduced by Harker in 1936,1%hen he indiczted that in cases where
certzin symmetry elements are present in the crystal many of the
useful heavy-atom peaks are concentrated in particular lines snd
sections of the P(uvw) function. Thus the position of a heavy

atom can be obtained from a Patterson function and the appropriate
phases calculated, If the scattering power of this atom dominates
the structure factor, then a first appfoximation to the phasing

has been obtained and an electron-density distribution can be
computed which may reveal the positions of soﬁe of the light atoms,
Including these atoms in a subsequent structure-factor calculation
will yield improved phase angles and a closer representation of the
true electron density results. Through several cycles of such
calculations, it is normally possible to elucidate a complete
structure. The mein disadvantage of this heavy atom method is that,
for a very heavy atom the dominance in the structure factor

becomes too great, and uncertainty in light-atom coordinates
increases until, in extreme cases the light atoms may not be located.
This method is most successful when the sum of the squares of the
atomic numbers of the heavy atoms is equal to that of the lighter

4.

atoms



i.e. E: 22h
— T 1 ~ (20)
L%
Difficulties also arise in structure elucidaﬁion when the heavy
ztoms are situvated in or close to a specisl position in the unit
cell so trat their symmetry is higher thzn thet of whole molecules,
This mzay lead to heavy atom conbtribution to only 2 certain class
of rzflection while for the other reflections its contributions
are roduced. A fourier nep computed on the heavy atom alone

therefore dieplays additional false symretry (pseudosymmetry).

'

<

beczuse the systematic omission of a class of reflection imposes

a higher syrmetry on the entire structure. Vhere possible this
preblem is solved by selecting a chamically rezsonable part of

the molecular framework from the pseudosymuetrically related

peaks. Inclusion of these atoms along with the heavy-atom position
in subsequent structure~factor and electron-density calculations

is often sufficient to remove the pseudosymmetry.
(b) Direct lethods

The term 'direct! is usually reserved for those mmethods which
attempt to derive the phases of the structure factors directly
by mathematical means from the measured X-ray intensities.
Ideally, direct methods reduce the phase problem to an objective
procedure in which any decisions are of a purely mathematical
nature, the physical basis of these methods being the
assumptions that,

(a) electron-density is everywherevpositive

() electfon density consists of discrete Spherically-symmétric

atoms.



—
o

In crder to rzte use of zssumption (b), in direct methods, it
is ndvantazeous to corvert the observed structure fectors to

either unitary or normalised structure factors,

The unitary structure factor is defined by,

F
U = “(nk1) (21)
(mx1) = —L0kL)
e,
-3
J—
and represents the structure factor expressed as a fraction of
its maximum possible value, whilst the normalised structure factor

is defined by,

‘E(hkl)‘z - _[thklllz (22)
N
€) 5
3=

where E:is a number which corrects for space group extinctions.
¥ost formulae in direct methods are now expressed in terms of the

norrnalised structure-factor,

11
merly attempts by Harker and Kasper (1948) and subsequently Karle
12
and Hauptuman (1950) showed that application of classical

inequalities to the formulae for F Jead to relationships

(hk1)

between the megnitudes of some F s and the signs and phases

(hx1)
of some others. These relationships are in the form of inequalities
which vary with the symmetry of the crystal under consideration

and are dependent on the positivity of electron density. Phase
information however, is restricted to those reflections with

large intensities and as the complexity of the crystal increases,
other relationships between structure factors must be utilised.

The next stage in the development of direct methods was initiated

by Sayre (1952) 13 who showed that for a structure containing
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enual and resolved ztoms, the structure factors are inter-related

by precise equations of the form,

Fln) = thk Fc) *F (nx) (23)

Vher i€ , A 1t sco + Y & ™ - = F
wihere Qh is a calculzble scale term, and BN F(hkl)’ Fk (h'%'11).

a1
Further extersion of Sayre's work by Cochran (1952) 4 and
1>
7 v . I 42 s 1 1 : L
Zachariasen (1952) indicated that for cenlrosymuetric crysvals
the sign relationship,
S{h).s(kx).S(htk)~1 (24)
(where S means sign of)
is probably true, especially when the structure factors are large.
A qualitative estimate of the zssocizted probability has been
1£-20

attempted by several authors e.g.

, 16 . : Linsas
In 1953, Karle and Haupitman suggested a similar formula (utilising

the normalised structure factor) might be of use in obtaining phase

information and expressed the relationship,

S E(h)z s }]; E(k).E(h_k) (25)
which they termed the E:Z relationship relating to centrosymretric
crystals. flthough these authors also derived a probability
function, P+(h) which determined the probability that the sign of
Eh be positive, subsequent work21 has shown that this quentity might
be better applied in the form given by Woolfson (1954) 1 and
Cochran and Yoolfson (1955)18,

P,z + 4 tenh o 2 |z | 5: B () B (hes) (26)
where O"n = 2 Zj

- 22
In the case of non-centrosymmetric crystals, J. Karle and I. L. Kerle

(1956) have shown thzt an analogoﬁs 2:2 relationship between phases



of the structure factors might be represented by the expression
B <R+ 8 Y ' (27)
and in addition they derived the relationship,

Z |().J(h )l».)ll’l (Q +Q k)

tan &h 5— |= (k)'E( k)l Cos (Q + ® )

by which uhe probable phnse Qh may be obtained from a knowledge

of those phases Qk and Qh—k' The reliability with which this

“

phase Qh may oe determined using the tangent formula (28) and the
variance of bh for a given set of (Qk and Qh k) have been related

to the quantity C*I] defined by Iarle and Xarle 2l s

Zkth cos (Qk + Qh_kﬂ 2 4 Z}i{hkSin (Qk + 'Qh_k):'tz

where K\ = 2(53(y2_3 2 (29)

h

Equation (28) is based on the premise that all phases inserted in
the equation are correct., Fowever, in structure determination,
these phases are themselves uncertsin and have an associated
variance. IMore recent work (1971)?3 has suggested that the use
of a weighted tangent formula for phase determination might be
more useful, in which each phase is accompanied by an associated

weight. ©Such an expression has been derived and is of the form,

Sin (8 + 4§ ) =T,

X e [B) (k)

tan Qh =
2 A [F(k).m(h k)| Cos (8 +8§ ) =B
Kk
where,
Ty = tanh{d' d‘ -3/2 I(h)l ('I‘ +B) } : (30)

Phase determination procedures utilising equations such as

21
(25) - (30) have been described by Karle and Farle (1965) for
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both centrosymmetric 2nd non-cenirosymmetric crystals, Both
procedures require respective 2:2 listings involving all
it (this

reflections with ]E lvalues greater than a fixed 1limi
2 1.4). In

s}

linit is arbitrery and is frequently chosen es
this way relationships between the phases of the structure-

factors are set up, and by obtaining a knowledgze of a small set
of phases, further phase determination may be possible via these

relationships.

A structure invariant is a single structure factor or linear
combination of structure factors whose phase is independent of
unit-cell origin position in any space group, whilst a structure
seminvariant nsy be described as a single structure fzctor or
linear combination of structure factors whose phase is invariant
with the shift of origin, provided the origin is restricted to
points in the ﬁnit cell with identical point group symmetry. As
the observed étructure amplitudes are independent of origin
position and choice of enantiomorph (in the non-centrosymmetric
case) they can only define the absolute value of the pheses of
structure invariants and seminvasriants, hence in order to obtain
explicit values for individual phases, both the enantiomorph (non-
centrosymmetric case) and origin position must be defined. In
order to fix an origin, certain linearly independent reflections
whose phases are dependent on the choice of origin, (i.e. non-
seminvariants) must be chosen, the iequired number of these
reflections being dependent on the space groﬂp, e.gs three linearly
independent, non-seminvariant reflections are required for origin
definition in space group PI, whilst only one is required in the

case of space group R§, A complete description of the theory of
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structure-invariants and origin definition is given in a series
. 16,22424
of papers by Hauptman and Karle (1953, 1956, 1959) and Karle

25
and Fauptman (1961) ~.

In choosing reflections required for origin definition, preference
is given to those reflections with the largest E(hkl) values vhich
can enter into large numbers of combinations required by formulae
(25) or (27). The unit cell origin is thus uniquely defined by
assigning ph2ses arbitrarily (within the limits set by phase
restrictions imposed by space group symmetry) to a properly chosen
set of reflections. These phase assignments hence constitute a
starting set of phases from which further phase informstion may be

derived,

In the case of centrosymmetric structures,phase determination may
proceed by means of the 'Symbolic Addition' method in which some
additional symbols are assigned, as required’to other large
fE(hkl) reflections which appear to enter into many combinations
consistent with formula (25). 3y accepting new pha§e valueé thus
determined with a probability greater than a specified value

(e.g. Karle and Karle (1966)2].suggest a probability value greater
than 0.97), it is possible to obtain the phases of many of the

remaining large E ) reflections in terms of phase specific-

(nk1
ations and the unknown symbols. Phase determination is also
enhanced by the fact that when the sign of a reflection is known;
the signs of all the symmetry-related reflections are also
known. If p unknovn symbols are assigned, then by giving these
symbols all possible combinations of the signs + and -, 2P

Fourier maps, with the determined E(hkl)'s as coefficients, can be
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calculated and the siructure may be obtazined from the correct

map (termed E-52D) o

A non-centrosyrsetric spsce group may exist as one of two
enantiomorrhs and hence in order to determine explicit phases
for reflections, both the origin defining ceflections znd an
enanticmorph defining reflection must be determired. The
ecnantiomorph mey be cefined by specifying that the sign of the

)

phase of a particular structure iwrariant should lie betveen

0 and W rather than between W\ and 27V ,

After the phase values of the origin and enantiomorph defining
reflections have been specified, some adiitional symbols may be
assigned (as needed) to other reflections with large values of
IE(hkl)I which enter into many combinations as required by formula
(27). By assigning p unknown symbols every possible combination
of the values £ T1/4 and ¥ 3 Ti/4, starting sets of phases can
be utilised in formula (28) or (30) and 4p Fourier-maps with the

determined E 's as coefficients can be calculated,

(hk1)

It is advantageous to have some figure of merit to associate with
each set of phases in order to judge their relative plausibilities.
One such figure which could be used is the 'R index' figure of

merit described by Karle and Karle (1966) 21,~

R = Z},‘ IEhI obs - |Bul calc.

;\ 1% ons.

2 .
where |Eh| cale 18 computed from the sum of the squeres of

(31)

|Eh|Cos §, and |EhlSin §, and subsequently scaled by equating



2 2 Mt e dd g .
{:IEhI obs cmii}E%l cale. This indicator is not absolute and
will vary from structure to structure but however, solution sets

of highest R-value have much less probability of being correct.

Ider1lly, a ratio of approxim~tely 10 E(hkl) valuss per atom in the
asymmetric unit should be used in the calculaztion of an T-mape.

On those occasions in which only partial determination of the
correct structure is obtained, those phases appropriate to the
observed fragnent may be further utilised in the tangent formula
(28) or (30) to generate the remaining phases necessary for

complete structure determination.

In cases where an incorrect solution has been obtained, the peaks
in the E-map generall& do not make good chemical sense, although
sometimes partial structures can be found which are incorrectly
orientated in the unit cell. Under such circumstances it is

usually best to choose a different basic set of phases.,

Several completely automatic computer programs have been developed
which will carry out the E—generation,zjz listing, symbolic addition
and solution procedures. In the X-ray '72 suite of progranms 26 , used
extensively in the structure determinations reported in parts

2, 3 and 4, some relevant programs are;

(1) TNORMSF - calculates normalised structure factors.
(ii) SINGEN - deve10p92:2 structure invariant relationships, i.e.

finds reflections which have indices satisfying the conditions,
o + h3 =0

kl + k2 + k3 = 0.

h1 +h

11 + 12 + 13 =0
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(iii) FASE - is designed to cliain a set of phases for the
solution of centrosymmetric structures and treats the out-
put of the Singen program by a direct solution of product
equaticns using a symbolic addition technigue. Two kinds
of procduct ecuations are used.

. «Q -
(a){2 equations e.g. S(h1)°°(h2)'s(h3) = +
(b) Fguations which are produced by elimination of a single
phase between two different }fz relationships e.ge
o~ °r‘ = an S . oS = - e e
S(hl) %(hz) o(h3) + and o(h4) S(hs) (h3) henec

S(hl).S(hz).S(h4).S(h5) = -

Thece relationships practically always make it possible to produce
a sufficient rumber of product equations to reduce a chosen number
of 'gernerator' reflections to be expressed in terms of those
reflections with highest |E(hk1)| values'which are suitable for
origin definition., Origin definition is automatically carried out,
in this program, by arbitrary assignment of signs to these origin-
defining reflections, thus enabling phase determination of all
'generator! reflections which are then substituted into all 272
relationships involving those reflections with E(hkl) values
greater than a specified limit. In this way phase determination is
obtained for the required number of reflections and an E-map can
be computed, Details of the actual procedure are given in

reference (27).

(iv) TANGEN - applies a weighted tangent formula (30) to a small
set of starting phases to produce a sufficient number of
phases to permit structure solution. In this program, phase

refinement is also carried out by repeated tangent iteration,
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Cutwith the X-ray '72 suite of programs, the computer program
FULTAN (multiple—tangent—formula method) 28 Has been used for
structure determination in Parts 2, 3 and 4. This program utilises
a multisolution rethod, first described by Germain 2nd Toolfson
(1968) 28 and differs from pure symbolic addition methods since,
instead of representing unknown phases by symbols, it assigns them
explicit values., "Thenever possible, the program defines the origin,
using reflections with restricted phases but when this is not
feasible general reflections are used. The considerations releting
to using general reflections are as follows =~ initially a ;hase

may be in any of the quadrants 1, 2, 3 or 4 (where quadrant 1 is
the range of values between 0 and 7T /2, quadrant 2 is the range
between TT /2 and TT, quadrant 3 is between TV and - TT'/Z, and
quadrant 4 is between O and - TJ /2). By shifting an origin, a
phase in quadrant 1 may be changed to quadrant 2 while a phase in
quadrant 4 may be changed to quadrant 2. Hence restricting the
phase to quadrants 1 and 4, fixes the origin., However, a phase in
quadrant 4 may be changed to quadrant 1 by change of enantiomorph
(in non-centrosymmetric cases) and thus restricting a phase to
quadrant 1 fixes the origin and enantiomorph simultaneously. 1In
MULTAN this corresponds to fixing the phase as 17 /4., If general
reflections are to be used in origin definition, then the first

may be made equal to T1/4 to fix the origin and enantiomorph
whilst each of the remaining general reflections must be allowed two

possible values x T1/4 in order to complete the origin fixing.

Since a knowledge of the phases of just oné or two reflections at

an early stage of phase determination is very valuable, the program

includes a formula which determines phases from the values of



|B|2 alone. This E:l formula is talen as a special case of a 2’2
reiationship in which two reflections are the same i.e.
+ + ~

N TR TR 40 x 0 | (32)
vhere @ is a resultant phase shift due to translational symmetry
and Qi nust belong to a siructure seminvariant with a restricted
phase. The program thus recognises which reflections are centric
structure invarients and deduces phase relationships of the type
(32). Phese determinations with a probability greater than a
specified value are hence included in the starting sets of phases,
To increase the efficiency of phase-determining procedures, a
specified number of general reflections can be assigned all possible
combinations of the phase values ¥ T/4 and £ 377 /4 (thus giving a
maximum érror of 45o and a mean error of 22.50 for any reflection)
and the starting sets of phases thus obtained are subjected to
the tangent formula, lMultan is thus a multisolution method of
phase determination since cach set of starting phases will generate

3 full set of phases, the correct solution being obtained from

examination of the 'figure of merit' and/or by trial and error.

1.7. ACCURACY AFD LEAST-SQUARES REFINTVENT

Vhen a model of the structure has been found, its accuracy may be
estimated by comparison between observed and calculated structure
factors., This estimation is usually expressed in terms of the R-

factor or 'residual index' defined as
R=) (k |Fo| -|Fe|)
i:(k]Fbl)

where k is a scaling constant.

: (33)

least-squares is applied to crystal structure refinement by
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ninimising some function of the differences between observed and
calculated structure amplitudes with respect to the atomic para=-

neters, The function most commonly minimised is

D - thl w(|ro| - |me)? = {h‘kl wAF (34)
where the summation is taken over all independent structure
amplitudes znd w is the weight associsted with each term. Ideally
each w should equal the inverse square of the standard deviation

of the corresponding observation, but, in practice it is usually
necessary to apply a more flexible weighting scheme in which several
psrameters can be varied to give approximately the szme average

w[SF2 for systematic groups of the data, obtained by batching them

according to [Fo] and Sin9/>\ .

If the atomic parameters which determine |Fc| are, PyPp,=="=~="" D,

then the condition that the function (34) approaches & minimum is,

EEQ = ‘éil.w(lFOI - |Fb| ) . BlFbl =0

3 DPs b‘PSI (35)

for s =1 to n,

Vhen the set of parameters, Pg» used in this refinement procedure
approximates reasonably to the true values,[& F i.e, (|F0| - chI)
may be expanded as a first order Taylor Series involving the set

of parameters, p, and parameter changes, A p, i.e.

AF(p +Ap) =AF(p) - Ap .3 |Fo| - -=-m--- ~Ap, « ¥]|Fel
N (36)
pn

d P

Substituting equation (36) into equation (23) yields the set of

n normal equations of least-squares for s = 1 to n, i.e,
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n

w '.o o e ' W'nx c
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S hk1l d P d P, hk1l d Py

These equations can be solved to give the set of parameters shifts
to be applied to the initial perameters., In matrix notation,
the n normal equations(can be expressed as,

MAp=N (38)
and the set of parameter sets may thus be written as

Np = wly (39)
vhere M-l is the inverse matrix of M, such that M~¥M = 1. Since
the least-squares normal-equation matrix is symmetrical, in(n+l)
elements on and above the leading diagonal must be stored by the
appropriate computer program and as the complexity of the structure
increases it is frequently necessary to make approximations because
of limited computer storage. (In Parts 2, 3 and 4 all least-squares
refinement was carried out via the CRYLSQ program of the X-ray

'72 suite of programs).

Because of the omission of higher terms in the Taylor Series, it
is usually necessary to compute several cycles of least-squares
refinement before a minimum is obtained and the course of such

refinement may be followed by examination of the values

R =Z(k|Fo| - |7 ])

(33)
Y (x|wol)
R' =) w(k|Fo| - |Fe|)?
| T w{of 2 (40)

calculated after each cycle of refinement. The refinement process
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vey be assumed complete vhen the calsulsted shifts (Ap) are
conegiderably less than the eslivated standard deviations for the

corresponding perameters,

It is custouary to test the refired model, obtained by least-
squares methods, by calculating a Difference Fourier summation
with (IFol ~|Fc|) as coefficients. This 'Difference Mep' thus
indicates any significant departure of the calculated model from

the true crystal structure.

1.8, ISTII'ATED STANDARD TRVIATIONS

The least-squares method of refinement allows the calculation of
new parameters but, to assess their precision, it is necessary to

have knoviledge of the corresponding estimated standard deviations.

The estimated standard deviation in a parameter p; may be éxpressed

as,

¢ (p;) = Mg ( zhkl wAF) /o-n (41)

where ME% is the ith diagonal element of the inverse matrix M-l,

m is the number of observations,
n is the number of parameters,

w is the weight of the appropriate A F.

Of special importance are the estimated standard deviations of atomic
positional parameters which can be used in the calculation of bond-
length and bond-angle standard deviations, necessary for assess-

ment of the reliability of determined molecular dimensions,.

Bond-length standard deviations for éxample may be used to assess

whether a particular bond length in a molecule is significantly



different from a similar bond or a theoretical value. If two
bonds 1, and 1,, with estimated standard deviations 0’(11) and
o‘(lz) respectively, are found to differ experimentelly by 4 1,
the possidle significsnce of this differerce can be estinmated
by using & set of numerical significénce levels susgested by
Cruickshank (1953)29. T'e expressed the standard deviation of

§1 as,

J = Jo’(ll)2 + o*(l;_,)2 (42)
and defined P as the probability that the two bonds could differ
by (Sl by chance., Hence it is possible to assess the significarnce

level of differences in bond lengths as follows:-

If 6l\< 1.6456¢ , then P2 5% i.e., insigrificent difference.

If 2.3276 > 51 > 1.645¢6, then 5%% P) 155 i.e. possibly significant
difference. |

If 3,090 > 81 > 2.327¢, then 1%>P>0,1% i.e. significant

difference.
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INTRODUCTION

In 1962, the compound Alderlin (I) was found to block specifically
cardiac and other B-adrenergic receptors in laboratory animals but
was also found to be carcinogenic.l Subsequent investigation32 of
non-carcinogenic compounds with B-blocking activities revealed that
racenic Inderal (IV) is about ten times more potent than racemic
Alderlin and also that the (-) isomer of Inderal is 60-100 times
more active than the (+) isomer whose efficiency as a B-blocker is
similar to that of compound II which has neither hydroxyl group nor
chiral centre. Easson and Stedman (1933)3 had previously suggested
that efficient éttaohment to a specific receptor site requires the
presence of amino, phenyl and B-hydroxyl groups, and the above
results indicate that the stereospecificity of the receptor site is
such that the hydroxyl group of the (+) isomer is unable to bind
efficiently to it. The absolute configuration of the chiral centre

4

in (-) Inderal has been characterised as S by synthetic methods

> have shown that of the compounds listed in Table

and experiments
2(a), only the 2,6-dichloro-derivative (VII) is totally inactive as
a B-blocking agent. This inactivity of the 2,6-dichloro compound

is common to all 2,6-disubstituted derivatives with the exception of
the 2,6-difluoro compound, which suggests that the steric influence

of large substituents at these positions prevents efficient attach-

ment to the receptor sites.,

Vivalan (VI), a well-known anti-depressant, is also totally inactive
as a B-blocking agent but in view of the previously mentioned activity

of compound II, it is unlikely that this inactivity can be attributed
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solely to the lack of a hydroxyl group and it is plausible that the
confornational differences caused by the restrictions of the
morpholine ring may also contribute to the absence of B-blocking
effects. Hovever, some side~effects of Inderal are similar to the
effects of Vivalan on the central nervous system, thus suggesting
that Inderal may be able to adopt not only the conformation required
for activity at a B-adrenergic receptor site, but mey also be able
to adopt thét conformation pertinent to Vivalan-like central-

nervous-system effects.,

In order to investigate the possiﬁle characteristic conformational
differences and/or similarities between active and inactive B-
blocking agents, and their relationship to the conformationally-
restricted anti-depressant Vivalan, X-ray analyses of the series of
compounds (+) Inderal hydrochloride (III), (%) Inderal hydrochloride
(1v), () Eraldin perchloraté (V), (%) vivalan oxalate (VI) and

(}) 2,6-dichloro derivative (VII) have been carried out. A1l the
compounds have been studied as salts (the exact nafure of each salt
being determined largely by the availability of suitable crystals
for X-ray work) because biogenic monamines are thought to exist in
the cationic (quaternery ammonium) form under physiological conditions.
Separate analyses of (+) Inderal hydrochloride and of (t) Inderal
hydrochloride were undertaken to investigate the possible effects of
different crystal envirdnﬁents on the same molecule., Moreover, since
the conformations of flexible molecules in the solid state need not
necessarily correspond with the conformation which pertain in
solution, the solid-state study was matched by spectroscopic studies6

aimed at determining the solution conformations and also by
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theoretical predictions of the frece nolecule conforaztion. To

]

izte, neither of these latiler projects have been completed, but

where possible the solid state conforsntions have been compared

vith the coaforn-ticns indicsted by the other teclnicues,



OH 0CH20T€2C}.2,'\H .92
JHCHZIFHCHMeQ
(1) i (11)
| +
GC I\z(‘ 2 "12(:!‘_‘,.62
c1”
(111) = (+) Inderal Hydrochloride
f'JH' . (v) = (£) Tnderal Hydrochloride
OCH,CTICH, T, CH e,
o OCH,CHy \
C10
4
NHCOCH 2=
3 ) [0204] . 1-\!]';
v (V1) 2
OH
i +
I e
OCH,CHCH,NH,CHlfe., o
| +
C1 C1 OCH_CHCH. N, CTlie
- 2 22 2
c1
(vII) , (VIII)
o4
| +
_ H,CHCH,NH,CHle,,
N

F

c1

(1X)



Compounds_"ested for B-blocking lictivity

OH
|
CH20HCH2FTHC} 782
Ry R,

Ry R,
2-C1 H Active
3=Cl H ' Active
4-C1 H Active
2~C1l 3-Cl Active
3-C1 4-C1 Active
2-C1l 5-C1 Active
3-C1 5=C1 Active
2-Cl 6-C1 Inactive
(%) Inderal Active

(%) Eraldin Active



SECTTION 2.1,

THE CRYSTAL AND 1I0LXCULAR STRUCTURES OF

(+) INDTRAL HYDROCHLORINE [(+) 1-(2-Hydroxy-
3-isopropylaminopropoxy)-naphthalene Hydrochloride]

and

(¥) INDERAL HYDROCHIORIDE [(f)l-(z-z-zydroxy-

3-isopropylaminopropoxy)-naphthalene Hydrochloride]
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EXPERIMENTAL

(+) INDERAL HYDROCHLORIDE
(+) 1-(2-Bydroxy-3~isopropylaminopropoxy)~naphthalene Hydrochloride

CRYSTAL DATA
C,Hy NO,CL5 M=295.8; Monoclinic, a=12.431%, b=9.728R, c=6.884%,
ﬁ=93.99°; U=830.53R3; Dc=1’19 g.cm.-3; Dm=l.21 g.cm.—3; Z2=23

FOOO=316; Space group P2, ;L =2.46 cm.-l; Mo—Kd\X—rays;)\=0.71073.

13-

CRYSTALLOGRAPHIC IMEASURELENTS

Unit cell parameters were initially determined from Weissenberg
and oscillation photographs, taken with Cu-Ka () =1.5418%)
radiation, and from precession photographs, taken with Mo-Kd

(A =0.71078) radiation, and were subsequently refined by least-
squares calculations before data collection. The space group P21

was indicated both by systematic absences and by optical activity.

Intensity measurements were made on a Hilger and Watts Y290 four-
circle diffractometer, by exposing a small crystal (0.1 x 0.4 x

0.2 mm.) rotating about b, to graphite-monochromated Mo radiation
(Mo~Ket l) and by using the 8,W scan technique (in the range

0< 26 £54%) to collect 1183 independent reflections with I 20
(6}=F+Bl+32). Appropriate corrections for Lorentz»and polarisation
factors were made but absorption effects were considered small and

no corrections were applied.

STRUCTURE DETERMINATION

The position of the chlorine atom was determined from the Patterson
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function, the y-coordinate being arbitrarily assigned the wvalue,
0.2500, to define the origin in space group P2;. This value was

held constant throughout subsequent refinement.

Initial attempts at structure determination were hindered by the
inevitable presence of pseudo-symmetry resulting from the arbitrary
choice of the chlorine y~coordinate., An electron-density
calculation, based on those phases appropriate to the chlorine
atom, revealed several plausible atomic sites. Careful choice of
atomic positions from the range of pseudo-symmetrically related
peaks, and their inclusion in a subsequent round of structure-~
factor and electron-density calculations, reduced the extent of
the pseudo-symmetry. It hence proved possible to determine all
non-hydrogen atomic positions after several rounds of structure-
factoi and electron~-density calculations in which all non-hydrogen
atoms had been assigned an arbitrary isotropic temperature factor
U so=0.0532. After each calculation the data were placed on an

i
approximate absolute scale by equating klebl and [JFbI.

STRUCTURE REFINEMENT

Refinement of positional, vibrational and scale parameters by full-
matrix least-squares calculations converged after 9 cycles when R
was 0,054 and R' was 0.007. Details of the refinement are given

in Table 2,1.1.

Positions of the carbon and nitrogen-bonded hydrogen atoms were
obtained by calculation, staggered conformations being assumed for

all methyl groups, while the hydroxyl hydrogen~-atom position was
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obtained from a difference synthesis., Contributions from the
hydrogen atoms, with arbitrary temperature factors Uiso=0.03x2,
were included in all structure-factor calculations, but their

positions were not refined.

An appropriate weighting scheme was chosen by examination of a
series of bivariate ( ‘Fo\ and Sﬂ%fl ) analyses of observed and
calculated structuquoFctors. The scheme is of the form;

1 AR |Fe, w=1077,

otherwise V=X.Y,

with X=1 if Sin6>3B, else X= a8

and Y=1 if ‘Fol( C, else Y= ng
The most suitable values for A, B and C were found to be 0.5,

0.5 and 7.0 respectively.

At the conclusion of refinement, difference syntheses and electron-~
density calculations revealed no errors in the structure. In all
structure factor calculations, the atomic scattering factors used
were those given in reference (35). Observed and calculated
structure~factors are listed in Appendix 1. Positional and
vibrational parameters with estimated standard deviations are
given in Table 2,1.2. The values of e.s.d.s are derived from the
inverse of the least-squares normal equation matrix and should be

regarded as minimum values,
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EXPERIMENTAL

(¥) I¥DERAL HYDROCHLORIDE
(i) 1-(Z—Hydroxy—3-isopropylaminopropoxy)—naphthalene Hydrochloride

CRYSTAL DATA

C, H,,N0,C1;5 M=295.8; Fonoclinie, a=13.984%, b=8.289%, c=13.974%,
P=98.49"; U=1602.03R3; D =1.23 g.cm.‘3; D =1.24 g.cm.“3, Z=43
Fboo=632; Space group P21/n;/k =2,46 cm.nl; Mo-K{ X-rays;

X =0.7107%.

CRYSTALLOGRAPHIC NEASUREMENTS

Unit cell parameters were initially determined from Veissenberg
and oscillation photographs, taken with Cu-Ka () =1.5418R)
radiation, and from precession photographs, t_aken with Mo—-Kel
(M =O.7107X) radiation, and were subsequently refined by least-
squares calgulations before data collection. The space group

P21/n was indicated by systematic. absences,

Intensity measurements were made on a Hilger and Watts Y290 four-
circle diffractometer, Data were collected by exposing a small
crystal (0.2 x 0.3 x 0.2 mm.), rotating about b, to graphite-
monochromated Mo radiation (Mo-Kd l) and by using the 6w scan
technique (in the range 0<26¢ 50°) to collect 1535 independent
reflections with 120 (g =W2). Appropriate corrections
for Lorentz and polarisation factors were made but absorption

effects were considered small and no corrections were applied.
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STRUCTURE DETERMINATTION

The structure was determined by centro-symmetric Direct Methods
using the computer programs, DATRDN, NORMSF, PHASE, FOURR, Fc

and CrRYLSQ, contained in the X-ray '72 suite of progrems,

Phase determination was initiated by assigning phases to those 80
reflections with highest |E| valves, Bach phase was either assigned
directly or was expressed, via.j{lzrelationships, in terms of the
three linearly independent non-structure-seminvariant reflections

given in Table 2.1.3.

The unit-cell origin was defined by assigning each of these
reflections an arbitrary phase value of 3600, and the phases of
the above 80 reflections were then used in a series of sigma-2
relationships from which phase values for all 204 reflections with

E ) 1.4 were assigned.

An E-map based on these 204 reflections revealed 19 possible atomic
sites. Subsequent structure-factor and electron-density calculations
revealed plausible pogitions for all non-hydrogen atoms. Each atom
was assigned an arbitrary temperéture factor Uiso=0.0522 and least-

squares refinement was initiated,

After one cycle of full-matrix calculations, the isotropic temperature
factor of the hydroxyl-oxygen atom increased to a value Uiso=0.1122.
To investigate this phenomenon, contributions from this atom were
omitted and an electron-density difference synthesis was calculated,

which indicated that two sites with approximate equal electron

densities weie stereochemically acceptable for the hydroxyl group.
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However, since each molecule contains only one hydroxyl group, it
was concluded that each crystallographic moleculer site is statistic-

ally occupied by molecules of (+) and (-) absolute stereochemistry.

Bach of the two disordered atomic sites was initially assigned a
population parameter of 0.5 with respect to the electron density of
one oxygen atom. Refinement of these population parameters in
subsequent least-squares calculations indicated that this assignment
had been correct. After each of the above calculations, the data
were placed on an approximate absolute scale by equeting kiJFbl

and Y |Fc| .

STRUCTURE REFINEILENT

Refinement of positional, vibrational, electron-density population
and scale parameters converged after 12 cycles of full-matrix least-
squares calculations when R was 0,060 and R' was 0,005. Details of

the refinement are given in Table 2.1.4.

Vibrational parameters of the disordered oxygen atoms were not
refined until after the population parameters had been satisfactor-
ily refined. 15 hydrogen-atom positions were selected from a
vdifference synthesis and tgeir positional parameters were refined in
cycles 9-10. The remaining hydrogen-atom positions were calculated
and included in subsequent calculations but were not refined. A
fixed isotropic temperature factor U S°=o.0382 was arbitrarily

i
assigned to all hydrogen atoms.

An appropriate weighting scheme was chosen by examination of a series

of bivariate ( Fo and §l§§2) analyses of observed and calculated



structure-factors. The scheme was of the form;
e A |Po) [Fe], w=1077

otherwise W=X.Y,

with X=1 if Sin6> B, else X= Q; e

and Y=1 if [Fo|( C, else Y= -

| Fd
The most suitable values for A, B and C were found to be 0.75,
0.4 and 9.0 respectively. At the conclusion of refinement, a

difference synthesis and electron-density distribution revealed

no errors in the structure.

In all structure-factor calculations, the atomic scattering
factors used are given in reference (35). Observed and calculated
structure-factors are listed in Appendix 2. Positional and
vibrational parameters with estimated standard deviations, are
given in Table 2.1.5. Values of e.s.d.s are derived from the
‘inverse of the least-squares normal-equation matrix and should be

regarded as minimum values.
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(+) To=isn AD (3) INDBRAL HYDROCHLORIDES

DISCUSSION

Diagrammatic representations of the (+) and (%) compounds are
shovm in Figures 2.1.1., and 2.1.2. respectively. In both
diagrams, the hydrogen atoms are omitted, for clarity, but for
the purposes of discussion are numbered as the atoms to which
they are bonded. Details of bond lengths, bond angles, torsion
angles, least-squares planes, intra-ionic non-bonding distances

and inter-ionic distances are given in Tables 2.1.6, to 2.1.10.

Both compounds exist as hydrochlbride salts in which the proton-
ated-nitrogen atom bears the cationic charge and, as would be
expected,rthere are no statistically-significant differences
between the corresponding bond lengths and endo-cyclic valency

angles of these compounds.

The naphthalene-ring system in both compounds is close to planar,
with tﬁe maximum deviation from the least-squares plane through the
rings being 0.027% in the (+) compound and 0.0208 in the (%)
compounds, and in addition, atoms 0(1) and C(6) lie close to the
aforementioned planes, their respective distances being -0.020 and
0.1928 in the (+) compounds and -0,043 and 0.239% in the (%)
compound. These approximately coplanar arrangements of atoms result
in steric crowding. In particular; deformation of the bond angles
o()c(7)c(8) [124.5(7)°',e.nd 124.6(6)° for the (+) and (%)
compounds respectively] and 0(1)c(7)c(15) [113.8(6)0 and

114.8(4)?] may be a result of possible steric interactions e.g.
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c(8) - c(6) [2.82 and 2.832], H(8)- -+ H(6) {2.32 and 2.202]

and H(8)-+«- H(6') [2.22 and 2.20@. The non-bonded distances
c(14)-+-0(1) [2.752 in both compounds:\ and H(14)---0(1) [2.40 and
2.453i]a1so suggest sone steric interactions between these atoms but,
within the limits of expzrimental erxnor, no corresponding distort-
ions are cbvious. The remaining dimensions of the naphthalene

rings are, within experiemental error, similar to those reported

for other naphthalene systemss_lz, including Naphthalene itselflz.

In both compounds, the values observed for bond angle C(3)N(1)C(4)
[-116.4(6) and 117.6(45] are larger than might otherwise be expected
for a tetrahedral valency angle and similar values for the corres-
ponding angle in compounds such as Isoprenaline13 {}14.7(5) and
115.5(6)5] suggest that this may be a genuine effect. Bond lengths
c(5) - c(6) [.1.489(10) and 1.485(7)@, c(2) - ¢c(3) [1.502(15) and
1.485(9)?] and C(1) - ¢(3) [i.477(15) and 1.523(9)3] appear shorter
than might be expected for C(sp3) - C(sp3) bonds but are similar to

13-21

values reported for many compounds containing an alkyl chain
bonded to an aromatic system e.g. a C(sp3) - C(sp3) bond length of
1.493(8)2 has been reported by E. M. Gopalakrishna and L. Cartz
(1972)19. It is possible that such apparent shortening may be due
largely to the effects of thermal librational motions of the

moleculeszz.

Those dimensions not previously discussed are typical of accepted
literature values, with the exception of those concerning atom
positions 0(20) and 0(21) of the (¥) Inderal Hydrochloride, whose

apparently anomalous values e.g. 0(21) - c(5) [;.375(9)?] and
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0(20) - c(5) [1.332(8)#} , are probably the result of the dis-

ordering effect peculiar to this compound.

(+) TWOTUAL HYDROCHLORIDE

The alkoxy chain is in a fully-extended conformetion [torsion angles
c(5)e(6)0(1)c(7)175.4(6)°, c(4)c(5)e(6)0(1)172.8(6)°, 1(1)c(4)
c(5)c(6) -163.7(6)° and c(3)N(1)c(4)c(5) :—170.2(6)OJ in

which the hydroxyl group is gauche with respect to atoms N(1) and
0(1) | n(2) c(4) c(5) o(21) 77.4(7)° and 0(21) c(5) c(6) o(1)
-65.0(7)‘1 Newman Projections illustrating the appropriate conform-
ations about bonds C(4) - C(5) and C(5) - C(6) are given in Figure

2.1.3.

Atoms N(1) and 0(21) are almost equidistant from the chloride ion,
the dimensions, N(1)-:-C1 [3.142] , H(2N)--: C1 [?.18&}’angle N(1)
H(2N) c1 [166.1{] , 0(21)--- c1 [3.132] , H(021)---C1 {2.153] and
angle 0(21) H(021) C1 Yléé.l‘il , suggesting hydrogen bonding of
the types,%ﬁ+ - H--+C1™ and -0-H-~C1 (it is noted however, that
atom position H(2N) is calculated, assuming tetrahedral geometry
at atom N(1) ). The distortion of torsion angle N(2) ¢(4) c(5)
0(21) [77.4(7)"] from the ideal staggered conformation value, may
be interpreted as an effect of the hydrogen-bonding arrangements,
since the corresponding value in several similar compounds, €.ge
Th1165(a) 4 [—47.8(4)ﬂ , is less than 60°, possibly due to electro-

static interactions between atoms N(1) and -0(H).

A diagram representing the crystal-packing arrangements is given

in Figure 2'01‘4-
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(1) INDERAL HYIROCHLORIDE

ks previously noted, (see Experimental) both (4) and (<) cations
equally occupy equivalent crystallographic sites and as a result,
the conformations of both enantiomers, at equivalent sites, are
identical except for those changes induced by the differing config-
urations at the chiral centre., TFigure 2.,1.5, illustrates the
alternative configurations and ccnformations about bonds C(4) - c(5)
and C(5) ~ C(6), demonstrating that atom N(1) is geuche with respect
to both alternative hydroxyl positions [%orsion angles N(1)c(4)
©(5)0(21)49.4(6)°, and. N(1)c (4)C(5)0(20) -50;4(6)"-] , while

the inter-atomic non-bonded distances N(1)-:0(21) [?.89?} and N(1)
+..0(20) [é.SZ?J suggest possible electrostatic interactiOﬁi between
these pairs of atoms (hydrogen bonds of the typeEN+ - H-~-6—R, are
unlikely, relevant dimensions being H(IN)---0(21) 2.952, H(1IN)---0(20)

2,418, H(2N)--< 0(21) 3.948 and H(2N)--<0(20) 3.67R).

Space~-group symmetry requires that both the (+) and (~) enantiomers,
occupying equivalent crystallographic sites (a), have eentrosymmetric-
ally-related enantiomers occupying equivalent sites (b), and it follows
that the (+) enantiomer at a site (a) has a different conformation
from the (+) enantiomer at a site (b), a similar phenomenon occurring
in the case of the (-) enantiomer. The crystal hence contains two
closely-related conformations of the Inderal cation and also the
inverse images of these conformations, all of which are apparently
present to the same extent. Although uncommon, this type of packing
disorder is not unique, & similar phenomenon having been reported

in the X-ray analysis of 1l-p-Bromobenzenesulphonyloxymethyl-5-

2
methylbicyclo [3,3,1] nonan-9-ol 3-
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Yo hydvoxyl-hydrogen atoms could be located from difference syntheses
and hence no accurate assessment of possible hydrogen-bond geometries
of the type, -0-H...C1, can be macde, although inter-ionic distances,
0(21)--«c1” [}.123] and 0(20)--~01"[%.99X] , suggest possible
hydrogen bornding involving these pairs of atoms, while dimensions
N(1)---c1” [3.12 and 3.27?], H(2N)««c C1™ [é.oe?j, H(IN)- «cC1™
[é.zlﬁ]', angle N(1) z(2n) €1 [iel.ad] and N(1) H(1W) 01'!;66.5§]
suggest strong hydrogen-bonds, of the form.%§+ - H-“Cl-, between the
ammonium group and two chloride ions. A diegram illustrating the
crystal-packing arrangements is givén in Figure 2.1.6, and
demonstrates that, in the present compound, atom N(1) can hydrogen bond
to two chloride ions, whilst atoms 0(21) or 0(20) can equally hydrogen
bond to onelanion which is however, at a different equivalent position
from that chloride ion hydrogen-bonded to the aforementioned aton,

N(1).

In contrast to the (+) Inderal H&drochloride, the alkoxy chain of the

(t) compound does not adopt a fully-extended conformation {}orsion

angles C(3)W(1)c(4)c(5) -81.6(5)° and c(4)c(5)c(6)0(1) —59.1;;‘;ZL)§]
and a possible rationalisation of these observed deviatious )

from the sterically more-favoured fully-extended conformation may be
obtained by consideration of the geometries required for efficient
hydrogen bonding. PFigure 2,1.7. illustrates the differing conformations
about both bonds C(6) - C(5) and c(4) - N(1) in the (+) anda ()
compounds. It is thus plausible that the respective positions of the

cations relative to the anions may be a factor in the determination of

these adopted conformations.
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Tt is noted that the crystal structure of (¥) Inderal Hydrochloride
has been reported,24 but although corresponding dimensions of both
determinations are similar within experimental error, no packing
disorder was reported despite sznomalies in the published atomic
parameters and in particular, in the values of Bij observed for the
hydroxyl-oxygen atom. These anomalies are similar to those which
led to the suspicion of disorder in the present crystal, and which

have been successfully accounted for, via a disordered model.

6 .
In addition, a recent publication (1975)3 has confirmed the crystal
end molecular structure of (+) Inderal Hydrochloride to be experi-

mentally identical with the analysis described in this thesis,



TARLE 2.1.1,

CCUISE OF REFIVIIERT

rararnelers Relined

x 7, U, for all non-
v Yo 7y Fiso
hydrogen atoms; overall scale

factor; unit weights.

As above except H~-positions in
calculation but not refined

and weighting scheme applied.

Xy Yy 2, Uij(i’ j=1,2, 3)

for all non-hydrogen atoms;

overall scale factor; H atoms

included but not refined;

weighting scheme applied.

Cycles Fingl R Final R!
1-3 0.120 0.014
4 -5 0.103 0.021
6 -9 0.054 0,007



TABLE 2.1.2.

(a) Atomic Fractional Coordinates and E.S.Ds of (+) Inderal

Hydrochloride

ADCI x/a v/b /¢

Célg 1.2024 7 0.4566(15) —0.2132217
c(2 1,2424(7 0.59035193 ~0.5150(17
c(3) 1.2200(6 0.5605(10 ~0,3026(14
c(a) 1.0590 6) 0.5076(8 -0.114o§1o
ce) 0.9478(s)  0.4404(8 ~0.1309(9)
c(é 0,8916 63 0,4570(8 0.0495(10)
c§7 0,7200(6 0,4202(8) 0.1722(9)
c(s 0.7461(6 0.4285(9) 0.3451(10
c(9 0.6724(7 0.4852§11 0.4859(10
c 10; 0.5772(7 0.4216(1 0.4652(10
c(11 0.4510(7 0.2750(10 0.2567(12
c(12 0.4255(7 0.2046(9) . 0,0891(12
c(13 0.4982 7; ‘ 0.2051(10) -0,0595(11
c(14 0.5930(5 0.2744(9) -0.0353(9)
Céls o.sm 53 0.3498(7 0.1383(¢)
c(16 5477(6 0.3485(8 0.2894(10)
0(1) o 78A2 o.4155§7 0.0190(6)
0(21) 0.9553(5 0.2959(6 -0,1529(7
17(1) 1.1031(2 0.517826 —0.306528
c1(1) 1,0555(2 0.2500(- -0,5534(3




TABIE 2,1.2. (Cont.)

(b) Hydrogen-atom Fractional Coordinates for (+) Inderal

Hydrochloride

£TOM x/a y/o z/c

H§1) 1.2815 0.3647 -0.2818
(1Y) 1.3673 04760 -0.2052
H(1'Y) 1.2714 0:4354 -0.0765
H(2) 1.3184 0.6173 ~0.5289
H(2') 1.1959 0.6565 -0.5794
H(2'") 1.2337 0.5014 -0.5963
H(3) 1.2357 0.6506 -0.2383
H(1N§ 1.05T1 ' 0.5827 -0.3844
H(2N 1.0958 0.4276 -0.3706
H(4) 1.1080 0.4486 ~0.0266
H(4') 1.0565 0.5971 -0.0511
H(5) 0.9051 0.4752 -0.2471
H(6) 0.9314 0.4246 0.1633
H(6*) 0.8907 0.5685 0.0792
H(8) 0.8162 ©0.5386 0.3608
H(9) 0.6934 0.5323 0.6181
H(10§ 0.5282 0.4249 0.5703
E(11 0.3988 0.2780 0.3642
H(12) 0.3573 - 0.1550 0.0725
H(13) 0.4797 0.1541 -0.1823
H(14) 0.6456 0.2759 -0.1408

H(021) 1.0000 0.2781 -0.2675




TABLE 2,1.2. (Cont.)

(¢) Anisotropic Temperature Factors and E.S.Ds of

ATOM
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Average Estimated

Qo Za

U

(+) Inderal Hydrochloride (8°)

U

1 22 33 12 13 23
0.051 0.136 0.116 0.017 -0.001 0.002
0.064 0.098 0.115  -0.007 0.019  0.019
0.047 0.068 0.099 -0.010 0.001 -0.009
0.055 0.054 0.057 0.001 -0.002 -0.011
0.064 0.052 0.049 —.009 -0.002 0.006
0.061  0.062 0.053 -0.008 —-0.002 -0.001
0.0€66 0.049 0.047 0.001 0.003 0.005
0.071 0.064 0.056 0.012 -0.001 -0.010
0.080 0.094 0.053 0.006 -0.002 -0.016
0.083 0.084 0.048 0.018 0.016 0.003
0.072 0.078 0.073 0.002 0.018 0.010
0.073 0.064 0.083 ~0.012 0.005 0.009
0.081 0.073 0.067 -0.013 ~0.006 -£.002
0.070 0.063 0.049 0.003 0.004 0.002
0.061 0.048 0.047 0.004 0.002 0.006
0.068 0.058 0.054 0.006 0.005 0.010
0.063 0.085 0.048 -0.016 0.007 -0.005
0.107 0.056 0.063 -0.014 0.021 0.000
0.044 0.040 0.066 -0.003 0.001 —0.004
0.081 0.052 0.068 -0.009 -0.001 -0.018

Standard Deviations
0.001 0.001 0.001 0.001 0.001 0.001
0.003 0.003 0.003 0.002 0.002 0.003
0.004 0.004 0.003 0.003 0.002 0.002
0.005 0.005 0.004 0.004 0.003 0.004
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TABLE 2.1.4.

AATTS O “a 3 aTITYT ey
COURSN OF LW DIl anT

Prvzoeters Nefined

X, ¥, %, ror all non-hydrogen

atoms; U, of all non-hydrogen
" Tiso

atoms except 0(20) and 0(21);

P.P. of 0(20) =nd G(21); H-

atoms in calculation but not

refined; scale factor; unit

viaights,

Xy ¥y 2, of all non-hydrogen
atoms; Uij of non-hydrogen
atomns except 0(20) and 0(21);
P.P. of 0(20) and 0(21), scale
factor; unit weights; H-atoms

in calec. but not refiied.

Xy Yy 2, Uij of all non-
hydrogen atoms; P.P. of 0(20)
and 0(21) constant; H-atoms in

calc. but not refined.

X, ¥y, 2, of all atoms except
calculated positions; P.P. of
0(20) and 0(21) constant; scale

factor; unit weights.,

Cycle

9 - 10

Tinal R Tinal R!
0.145 0,018
0.080 0,007
0.07 0.006
0,066 0.005
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TABIE 2,1.5.

(2) Atomic Fractional Coordinates and E.S.Ds of (%) Inderal

Hydrochloride twith P0pu1atioﬁ Parameters)

AT z/a /b

=
™~
Q

c(1) -0,1057(6) 0. 1539( ) 0.519%(5
¢(2) ~0,2762(5) 0.2427(2) 0.4654(4
c(3) -0.1735(4) 0.2691(5) 0'4563E4)
cé4) -0.0633(4) 0. ?96055) 0.3270(4
c(s) ~0,0520(3) 0.4764(5) 0.3142(3
C§6> 0.0418(3 g 0.5152§5§ 0,2018(4
c(7) 0,2113 0.4704(5 0.3331 3;
C<8§ 0.° 374(43 0.5520(5) 0.2565(4
(9 0.3337(4 0. 5579§f§ 0.2430 4%
Célo) 0.4042(2) 0.4831(6 0.3037(4
c(11) 0.4501(4) 0.3135(8) 0.4426(5
c(12) 0.4239(5 g 0. 2319(8) 0.5263g5
c(13 0.3289 0, 2277 0.5430(4
c(14 0.2577(4 0. 3063 0.4820(3
a(1s 0.2820(3 0. 3912 0.4002(3
C€(16) 0.3789(3 0, 3976 0.3849(3
0(1) 0.1183(2 0. 4567(3 0.3525§2
0 213 -C.0768(6) o 5704 - 0,3878(6)
0(20 -0,1256(4 .J409 0.2552(5
u(1) -0.1594(3 0.2529(4 0.352353
c1(1) -0.1512(1 -0,1065(1 0.2882(1

e o & o o e e e o o & e o o
[eNeoAV AV, NoNeoNoNoNoNoNoNoNoNoNoNoRoNoNeoNoNe)

S T T o I o B B e o S U Gy wl oy Sy
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TABLE 2.1.5. (Cont.)

(b) Hydrogen-atom Fractional Coordinates and E.S.Ds of (¥)

Inderal Hydrochloride (with Population Parameters)

LTOM x/a v/o z/c P.P.
B(1) -0.1294(- 0.0374(- 0.5204( - 1
H(1') -o.081oé— 0.1876(- 0.5861( - 1
H(1'Y) -0.0539( - 0.1769(- 005000( - 1
H(2) ~0.2912(35 0.2581(63) 0.5347(34§ 1
H(2') -0.3179(35 0.2986( 64 0.4165(35 1
H(2'") ~0.2930(35 0.1547(63 0.4466(35) 1
H(3) ~0.1534(34 0.3870( 61 0.4735(33) 1
H(1N) ~0.2162(35 0.3200(6?; 0.3085(33 1
H(2N) -0.1731(35 0.1285(62 0.3317(34 1
H(4) —-0.0113(35 0.2636(60g 0.3804(33 1
H(4') -0.0553(35)  0.2592(61 0.2604(33) 1
H(5) ~0.1040( - 0.4918(- 0.2577(- 0
H(5') -0.0517(- 0.5246( - 0.3794(- 0
H(6) 0.0450( - 0.45922— 0.2167(- 1
H(6') 0.0476(-) 0.6337(- 0.2712(- 1
H(8§ 0.1843(34 o°5829260 o.2169§33g 1
H(9 0.3547(35 0.6026( 61 0.1844(34 1
H(10) 0.4791(35 0.4862(60 0.2959(34; 1
H(11) 0.5210(353 0.3183(60 0.4245(34 1
H§12) 0.4836( 35 0.1798(59 0.5709(34) 1
H(13) 0.3028(35) 0.1662(59 0.6045(33g 1
H(14) 0.1879(35)  0.3006(61 0.4943(33 1

o
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TABLE 2,1.5. (Cont.)

(e) Anisotropic Temperature Factors and E.S.Ds of (t) Inderal

| 2
Iydrochloride (§7)

ATe J11 U22 U33 U12 U13 U23

c(1 0,104 £,028 0.0783 -0,006 ~0,015 0,002
(2 0.092 0.077  0.088 ~0.017 0.026 0,015
023 0,078 0.042 0.073 -0,003 0,012 ~0,017
c(a) 0,053 0.039 0,021 0,005 0,011 0.001
c(5) 0.05% 0,033 0.070 0,001 0,004 -2, 006
¢(6) 0,061 0,011 0,071 0,003 -0, 000 ~0,000
a(7) 0,053 0.033 0,058 -0,004 0,007 -0,005
cgag 0,058 0.050 0.073 -0,002 0,009 0,010
a(9 0.083 0.057 0.075 -0, 006 0,020 0,011
¢(10) 0,052 0,056 0.091 -0,005 0,019 0,002
c(11) 0,061 0,087 0.093 0,006 -0,002 0,003
¢(12) 0.089 0,096 0,085 0,011 -0,018 0,022
c(13) 0.090 0,077 0,066 0,002 -0.004 0,009
c§14) 0,071 0,048 0.055 -0,004 0.002 ~0,003
c 15; 0.058 0.035 0.052 -0, 005 0.003 -0,004
c(16 0.05 0,046 0,071 -0.003 0,003 -0,006
o(1) 0. 052 0,052 - 0.058 -0,001 0.005 0,006
0(21) 0.094 0.050 0.0¢9 0,002 0,018 -0,C05
0(20) 0,044 0,033 o.o92 : 0,002 -0,020 -0.000
17(1) 0,058 0.03C 0.G70 0.000 0,004 -0,007
c1(1) 0.0864 0,0369 0.0952 ~0,0002 0.0035  -0,C150
Average Jstimcted tondard Doviustions

C1 0,0009 0.0005 0,008 0.00C5 0.00256 0.00C5
o 0,002 0,001 0,002 0,001 0,002 0,001
0 0,003 0,002 0.003 0,002 0,003 0,002
o 0,003 0,003 0,003 0,002 '0,002 0,002




PARIE 2,1,6.

Irtramolecular Bornded Distances and E.S.Ds (X)

KTOM A ATOM B (+) Inderal HC1 (Y) Inderal HC1

c(1) — ¢(3 1.477(15) 1.523(9)
c(2) — ©(3 1.502(15) 1.485(9
c(3) —- n(1 1.512(9 - 1.508(6
N(1) - (4 1.472(9 1.476(6
c(4) — c(5 1.526(11) 1.518(6
c(5) — - c(6 1.489(10 1.485(7
c(5) —-- 0(21; 1.418(10 1.375%2
c —— 0(20 - «332
cég — 0E1) 1.428(9) 1.429(6
o(1) —— ¢(7) 1.367(8) 1.371(5
c(7) —— ¢(8) 1.382(10 1.361(6
c(7) — c¢(15) 1.409(10 1.419(6
c(8) — ¢(9) 1.400(11 1.388é8
c(9) — c(10 1.336(13 1.352(8
c(10) — c(16 1.429(11 1.426(7
c(11) — c(12 1.359(12 1.362(9
c(11) — c(16 1.403(12 1.425(8
c(12) — ¢(13 1.409(12 1.383(10)
c(13) —- c(14 1.358(12) 1.375(8)
cgmg — ¢(15 1.426(93 1.425(6)
c(15) —- ¢(16 1.433(9 1.403(6)




TABRIE 2.1.7.

Velency Angles and E.S.Ds (in DEGRZES)

) Inderal HC1

&

(+)Inderal KC1.

ATOM C

ATCH B

ATOM A
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) Inderal HG1

+

d Torsion Angles and E.S.Ds (o)
(+) Inderzl HC1 (

=

TABLE 2,1.8.
clect
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Selected leuwsi-souares planes in the form, 1X' + mY' + nZ' =4,

Wweece X', YU oand 2' represeat an orthogonalised sot of 2%es,
Ao (4) Tnderal Hydrochloride,

{a) Plene Tnuatigni=

0.41048X' - 0,52375Y' + 0.391074' = 0.73328

(b) . Devistions (%) of atoms from plune (stavred aloms dofine the plane)

2

C(lg 1.666(13) c(7)n »0.004E8§
c(2 ~0.401(11) Cgs . 0,013(8
c(3) 0.227(9 C(9) & 0.023(10)
(1) -0,022(6 ¢(10), -0.014(10)
c(4) 0.313(8 c(11), -0.,002(9
c(5) 0.243(8 C(12), 0.016(9
0(21) 1.387(6 C 13§* 0.012(9
c 6% 0.192(8 c(14), 0.000(8
o(1 -0.020(6 C 15g* -0.027(7
c1(1) 1.266(1 c(16 -0,017(8




TAWIE 2,1.9. (Cont.)

) Tnderal Hydrochloride.

+

(
(2) Pleve

B,

Douations -

™
N

0.C6022X' + 0.32900Y' + O,

Deviations (X) of ateuas from the plane (starced atoms define

(b)

ie)

oy
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aABIE 2,1.10.
() (+) Indcral Hydrochloride,

Totre, torde non-honding distunces < 3.63

Alom A Atom B
3 i
(1) 0(1)
6(1) o§21)
0(21) n(1)

Interionic distances < 3.83

c(5) » Cl

Oé?%) C1

(1 Cl

célo) c(14 T
c(1 C(1l2 II
c(1 c(13) - 11
c(7 c(12 IIT
c(s C(11). . 111
c(s c(12 I1I
c(9 c(11 I1I
c(9 c(12 III
c(10 c(11 ITI
C(10 c(12 11T
C(15 C(12 v ITI
c(16 c(12) 11T
H(2N) Cl

H(021) C1

3.07
2,82
2475
2. 17
3.07

3.77
3.13
3-14
3072
3.55
3.64
3.34
3.73

where the position of atom B is given by,

I = X, ¥, 14z
1T = 1+x, ¥, 2
II1 = 1-x, 3+y, 2z



TAETYH 2 0 b} . 10. (C'Ont . )

(b) (f) Trideral Hydrochloride

Tt denic 1 -hending distances < 3.63

Iiem A Atom B X
¢(1) 0(43 3.08
¢(3) c(5 3.29
c(3) 0(21) 3.06
Gla 0(1 2.85
.3§6§ 003 053
o(1 c(14) 2.75
o(1) o(wog 3.55
0(1) o(x1 3.00
o(;'og n(1) 2,82
0(zn N§1) 2.89
0(»0) H(IN) 2.41
0(20) ] zug 3.67
0(21) B(IN 2.95
0(21) H(2N) 3.94
Inter-ionic distances ¢ 3,808

c(4) C1 3.57
n(1) Cl 3.12
H(2N) Cly . 2,08
C(5) Cly I 3.72
0 20; C1y I 2.99
o(21 cl I 3.12
c(1 o(1) 11 3.70
c(1 0(21) 11 3..3
c(2 c(7) I 3.70
c(2 ¢(15) II 3.58
C(3 c 73 II 3.74
C(3 o(1 11 3.50
c(14) 0(21 1I 3.48
0(1) 0(21) . II 3.77
0(21) 0(21) II 3.72
c 113 c(11 111 3.59
c(13 0(20 v , 3.69
c(9) c 1; v 3.78
Cgs) c(7 VI 3.79
c(s) c(15) VI 3.55
c(s) c(16) VI 3.72
0(9; c(7) VI 3.61
c(9 ¢(15) VI 3.65
c(9) o(1) VI 3.66
c(2) Cl VII 3.75
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EXPERIMENTAL

N v
(=) TRAIDIN FIRCILORATE
(i) l~(4ﬂ£cetamidophenOXY)“3-iSOprOpy1aminoprop2n~2"01 Perchlorale

CAYTET, DETA

01412200 Cls L1170 1=381.95 Triclinic, 2=10.686%, b-10,913%,
¢-8. 9367, 100.15°, B=84.96°, J=17.70°; U=593.56%; D_=1.28 g.om.”3;
Dmtl‘BO g.cm.—3; Z=23 Tooo-404; Space group Pi;}{=2.36 cm.-l; 170-

KA X-vays; \ =0.71078.
CISTALLOGIAPHIC MEASURLMENTS

Unit cell paramcters were initially determined from Veissenberg and
oscillation photographs, taken with Cu-Ko (A ;1.54183) radiation

and from precession photographs, taken with Mo—Kd.()\=O.7107X) radia-
tion and were subsequently refined by least-squares calculations
before dazta collection. The space group Pl was suggested by photo-
graphic evidence, densily measurements (by flotation with ethyl
benzoate/carbon tetrachloride) and the racemic nature of the

compound, and was subsequently confirmed by structure refinement,

Intensity measurements were made on a Hilger and Vatts Y290 four-
circle diffractometer by exposing a small crystal (0.2 x 0.4 x 0.2mm.),
rotating about b, to graphite-monochromated Mo radiation (Mo-Kx,) and
by using the ®,w scan technique (in the range 0<2B\(500) to collect
1306 independent reflections with I3 20; (6= [1+B,+B,). Appropriate
corrections for Lorentz and polarisation factors were made but
absorption effects were consideredlémall and nd'correc%ions were

applied,
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57EUCTURS DRe T2 THATION

T™e structure was determined by cenlro-symmetric Direct Nethods
vsing t7 2 computer program MULTAN and approprizte programs

conteired in the X-ray '72 suite of computer programs.

Flese delernination was initiated by choosing six reflections, three
of which defined the unit-cell origin and were given phase values of
3600, and three of which were selected beceuse of their abilily to
form a large nusber of sipno-2 phese relationships. Since the phases
of the three non-origin-defining reflections were unknown, they vere
given all pozsible combinations of the values 360° 2znd 180° to
initinte a ceries of calculations utilising the weighted tangent
Torimla of Mircet l'ethods (the correct starting set bLeing given in
Table 2.2.1.), from which the phases of 154 reflections with E >

1.4 were assigned,

fn E-map based on these 154 reflections, revealed 22 plausible atomic
positioﬁs and subsequent structure~-factor and electron-density
calculations confirmed all non-hydrogen atomic positions, with the
exception of those positions associated with possible perchlorate-
oxygen ~toms. The electron-density distribution attributed to such
atoms indicated a high degree of disorder which was subsequently
investigated by a seriecs of electron-density calculations and
difference syntheses. Six stereochemically-acceptable atomic sites
were finally selected as possible perchlorate-oxygen atomic

positions and each was assigned a population parameter related by
ratio to its observed electron density, the total population parameter

over all six positions being equivalent to the electron-density

population of four oxygen atoms.
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The foregoing series of calculations 2lso revealed the presence of

a2 third moiety in the unit cell but zccurate assignment of individ-
ual stoxic positions wes hindered by disorder. Stereochemical and
spoce-group symetey considerations indicated that the moiety was not
a molecule of the solvent of crystallisation (ethanol) and attempts
to chzraclterise it by i.r. spectroscopy proved unsuccescfuls

Careful selection of possible atomic sites, during initial structure
refinement, showed that the observed el@ction density could best be
attributed to a molecule of methenol, statistically distributed
between two centrosyrietrically~related crystallographic-molecular
sites, «nd in all subsecuaent calculations the carbon end oxygen atoms

of the methanol molecule were assigned population pavemeters of 0,50

An arbitrary temperature factor Uiso=o’0582 was assigned to each non-

hydrogen atom and after each calculation, the data were placed on an

approxinate absolute scale by equating kjElFo\ and §:|Fb

STRUCTURE REFINZNENT

Couwputing limitations forced the use of an arbitrary blocking
strategy in which the parameters of groups of atoms were refined
simultaneously (considering all off-diazonal elements within the
group), while the remaining parameters were held constant. Details
of the refinement are given in Table 2.2.2, and show convergence
of positional, vibrational and scale parameters after 20 cycles of
least-squares calculations, when R was 0.073 and R' was 0.007. TWo

refinement of population parameters was carried out.

Vhere possible, hydrogen-atom positions were selected from difference
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syntheses or were calculated (stzgrered conformations being assumed
for all wmethyl groups) and were assigned arbitrary temperature

- 82 . . .

fretors, Uiq0=0.03 in subsequent calculations, no refinement of

positional or vibrational parsmeters being carried out.

An appropriate weightiug scheme was chosen by exarination of
bivariete ( }Pol and$%;§) analyses of obscrved and calculated
structurc—factoré. The scheme was of the form;

£ & |Fe|> |e], =107

otherwise W=X.Y,

with X=1 if Sin{>B, else X= Sﬁgi
and Y=1 if |po] € €, else Y= “_§|

The most suitable values for A, B and C were found to be 0.75, 0.45
and 9.00 respectively., At the conclusion of refinement difference
syntheses and electron-density calculations revealed no gross errors

in the structure,

In all structure-factor calculations, the atomic scattering factors
used are given in reference (35). Observed and calculated structure=
factors are given in Appendix 3, while positional and vibration
paraneters, with estimated standard deviations are shown in Table 2.2.3.
The values of e.s.d.s. are derived from the inverse of the least-
squares normal-equation matrix and should be regarded as minimum

values.
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(1) =RA1DIN PERCHLORATE

DISCUSSION

e S+ @ 2 ot e i et

A dizgen stic representation of this compound is given in
Pie 2.2.)e, hydrogen atoms being omitted for clarity but, for
the purroses of discussion, numbered as the atoms to which they
are bonded. Tetails of bond lengths, bond angles, torsion

angles, least-squares plenes, intra-ionic non-bonding distances

and intersjoric distances are listed in Tables 2.2.4. to 2.2.8,

The high degree of disoxnder in the perchlorate anion prevents
accurate assermment of its dimensions, and those positions guoted
as oxygen~atom positions may best be reparded as having an
incressed probability of occupation by an oxygen atom. Similarly,
the dir nsions of the methanol molecule are influenced by the
partial occupancy of its atomic sites and by possible disorder,
and the apparently lonz C(15)-0(15) [ﬁ.64(4)g] bond is probebly

a result of these effectse.

The Eraldin cation shows no evidence of disorder, with the largest

observed vibrational parameter being U_,=0.123, in the case of

33
atom C(2). Those hydrogen atom positions (H(IN) and H(2N))
bonded to atom N(1) were calculated, assuming tetrshedral nitrogen-

atom geometry, while H(N2) was selected from a difference synthesis,

The phenyl ring is planar, within experimental error, with atoms
0(1) and N(2) respectively, 0,012 and -0,0168 distant from the
least-squares rlane through the ring atoms. The least-squares plane

through atoms 0(3), N(2), C(13) and C(14) confirms the planarity



L2 : . o

of the acetiamide group, the dihedral angle [é0.4 ] between the
foregoing planes, being similer to the corresponding value

r s | I . s A PR 25 m. e R .

\17.6" ] obzerved in fcetznilide™, This value, vhich is less than
\ o} . .. C s . ¥

e ungle of 907 required for minimum steric intcvactions LC(ll)"’
¢(13)2.048 wnd O(3)~ch(11)2.862_}, su: xests possibie TT -electron
corsmnication beleen the scetanidz end aronatic systeme The
rer=ining dimensions of the acetanilide portion of the present

)
) PR [4
compound are similar to those reported for Acetanilide 2 and

- 26
other similar systems .

The alkoxy chain has a fully~extended conformation [ﬁorsion angles
c(7)o(1)e(6)e(5) - 176.7(5)°, 0(1)e(6)c(5)c(4)166.5(5)°, ¢(6)c(5)
C(4)W(1)177.4(5)° and 0(5)0(4)N(1)0(3)174.1(5)°] s in vhich the
hydroxyl group is gauche with respect to atoms N(1) and 0(1)
[torsion angles N(1)c(4)c(5)0(2) 54.7(7)° end 0(2)0(5)0(6)0(1)
—71.9(6)61 . FPigure 2,2.2. illustrates the conforu:tions about
bonds €(4) -~ C(5) and ¢(5) - C(6). The interatomic distance N(1)
-+ 0(2) [é.BZX] suggests possible electrostatic interactions
between %gese atoms although hydrogen bonding of the form

;N+—H-~ 0-R, seems unlikely'[H(lN)--~O(2) 3.028 and H(2N) - 0(2)

2.538 |.

The distortions of torsion angles c(1)c(3)N(1)c(4) [475.5(7)"]

and C(2)c(3)N(1)c(4) [i61.9(6)§} from the ideal staggeved-
conformation velues may be largely due to intra-ionic [6(1)"'
c(4) 3.132] end inter-ionic EJ(].)“ -0(22) 3.28% and c(4)--- 0(11)
3.328 | steric interactions, while interionic distances such as
c(9)-+ o(17) [—3.453] and C(11)++- N(2) [3.533] suggest that possible

steric interactions between these pairs of atoms may contribute to
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the deviation of torsion angle C(6)0(1)c(7)c(8) [;22.2(1o)ﬂ
from the approximately-eclipsed confor@ations found in similar
sysiems e.g. the corr>sponding torsion-angle values for (+)
Trderal Hydroc' loride znd (i) Inderal Hydrochloride are respect-

ively, 9.6(10)° and 7.8(6)°.

A dirgrsm reprosenting the crystal-packing arrangements of

this conpound is given in Figure 2.2.3. and shows that each cation
may be associated with two perchlorate anions and, vhere possible,
with a olecule of methanol. The disorder in the perchlorste
enion end the partial occupancy of the methanol molecule, prevent
accurate assessment of the dimensions of possible hydrogen bonds,
but inter-ionic distances, N(2)---0(17) {é.963], ¥(1)-<- 0(13)
[5.942] y 0(15) - 0(23) {é.ezﬁ] and 0(2)--+ 0(15) {Z.GIg], suggést

interactions between these pairs of atoms,

Bond lengths C(5) - ¢(6) {}.504(10)@] , c(1) -c(3) [i.493(12)é]
and c(2) - c(3) [i.523(13)é] appear shorter than might be expected
for C(sp3) - C(sp3) bonds but, as previously noted, in the cases of
(+) Tnderal hydrochloride and (t) Inderal hydrochloride, these
apparently anomalous values may be a result of thermal libretional
motion of the cation322. The remaining dimensions of the present
compound agree with those of accepted literature values for similar

bonding systems,
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TARTE 2,2.2,

x, vo zo end U, of 211 non-
P v ? ico

2

hydrogen @!oms, except Methanol

t Lghte

cmsy scale factor,; unit vweighte.

AY]

s in cycles 1 - 4 plus hydrojzin-
2lom cockributions but with no
cefivenent of hydresen #louwsy

scnle factor; unit weights.

Xy Yo Zy Uij (i, = 1, 2, 3) of
perchlorate atom positions; x, y,

zy U of liethanol C and 0 atoms;

iso
structure-Tactor contributions
from all other atoms but with no

refirement of these atoms; scale

fector; unit weights,.

Xy Yy Zy Uij of non-hydrogen atons
of cation; structure-factor
coritributions from all other atoms
but with no refinement of these

atoms; scale factor, unit weights,

X, ¥y 2z, U,

ij

of lfethanol C and 0 atoms; structure-

factor contributions from all other

of perchlorate atoms and

Cvcles Piral R Final R
1-4 0.170 0.036
5«6 0.152 0,024
7-11 0,112 0,013
12 - 14 0.079 0,008
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TABIE 2.2.3.

(2) Atomic Fractional Coordinates and E.S.Ds for Compound V
(vith Population Paraneters)

£'TON x/a v/b z/c

c(1) 1.3839(10) 0.4735(8) 0.6714(12)
c(2) 1.3399(10) 0.5876(11.) 0.9453(13)
c(3) 1.2819(7 0.5389 63 0.8031(9
c(4) 1.12079(7 0.4247(7 0.7369§8
¢ 5§ 1.0407§6 0.3223%6) 0.7761(8
c(6 0.9422(7 0.3064 Gg 0.6682(8
c(7g 0.8193(6) 0.1541(6 0.5895(8)
c(s 0.7384(8) 0.2316(7) 0.5197(11)
Cg‘)) 0.9433(8 0.1845(6) 0.4265(10)
c(10) 0.6530(6 0.0556263 0.4060(7)
c(11) 0.7326(6 -0.0228(6 0.4793(7
C 12§ 0.8175(7§ 0.0233(6) 0.5712(8
c(13 0.5698(6 -0.1065(7 0.2350(7
c(14) 0.4649(7) -0.1212(7 0.1407(8
0(1) 0.9048(5 0.,1907(4 0.6850(6
0(2) o.9832§4 0.3569(4 0.9322(5
0 33 0.6540(5 -0.1977(4 0.2488(6)
N(1 1.2013%5 0.4481(5 0.8440(6)
N(2) 0.5651(5) 0.0146(5 0.3094(7)
c(15 0.9459(34) 0.0463(32 1.0688(50
0(15 0.9808(14 0.1873(12 1.1043(10
o(11 1,1632(23 0.3572(30 1.3568(17
0(13 1.2516(13 0.3742(12 1.1375511
0(16 1.1667(34) 0.2952(57 1.3253(53
o(17 1,3702 113 0.2394(14 1.2671%16
0(22 1.3181(59 0.4063(46 1.3186(76
0 23§ 1.2397(25) 0.1915(21 1.1370(29
c1(1 1.2586(2) 0.3028(2) 1.2397(3)

e o o o
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TABLE 2,2.3.

(b) Eydrogen-atom Fractional Coordinates

ATCM x/a y/b z/c

H(1) 1.4347 0.3903 0.6892
H(1") 1.3391 0.4492 0.5735
H(1'') 1.4276 0.5179 0.6518
H(2) 1.3971 0.5089 0.9779
H(2') 1.3959 0.6476 0.9226
ng") 1,2720 0.6308 1,0311
H(3) 1.2263 0.6129 0.7730
H lNg 1,2613 0.3641 0.8510
H(2N 1.1527 0.4867 0.9508
H(4) 1.1599 0.3915 0.6279
HE4') 1,0486 0.5000 0.7118
H(5) 1.1073 0.2377 0.7645
H(6) 0.9827 0.2977 0.5560
H(6') 0.8662 0,3820 0. 6885
H(8) 0.7170 0.3408 0.5399
H(9) 0.5976 0.2457 0.3650
H(11) 0.7298 -0,1153 0.4667
H§123 0.9051 ~-0.0415 0.6088
H(14 0.3809 -0.0894 0.2097
H(14') 0.4680 -0.0668 0.0619
H(14'Y) 0.4684 -0.2103 0.0860

H ozg 1,0486 0.3907 0.9286
0.5203 0.0697 0.2873




TARTHE 2.2.3. (Cont.)

(c)

ATOM

Anisolropic

T

enperature Factors and

W N~ VW U ey B (o N O S/ oo A oo

N e/ e N NN

Q0000000 AEZFOOOCAQOAOCOOIAQAQOOQQO
AN H RN W RN = b 0 00—~ O\ N

| i e Vi Ve e e N Ve T P Ve T Ve e i Ve Ve

U Uy U33
0,110 0,062 0.112
0.093 0.117 0.123
0.055 0.039 0.076
0,057 0.059 0.050
0,051 0.042 0.056
0.065 0.048 0.072
0.051 0.051 0.060
0.081 0,044 0.114
0,080 0.040 0.112
0.043 0.036 0.059
0.063 0,036 0.054
0.062 0.040 0.060
0,050 0. 947 0.057
0.057 0.060 0,061
0.067 0,052 0.055
0.073 0.049 0.080
0.073 0,037 0.092
0.045 0.044 0.053
0.048 0.033 0.089
0.15(4 0.13(3 o.3o§5§
0,12(1 0.06(1 0.13(1
0.18(2 0.34(3 0.04(1
0.24(1 0.18(1 0.13(1
0.21(3 0.56(9 0.40(5
0.16(1) 0.,22(1 0.25(1
0,29 63 0.15(4 0.42(7
0.19(2 0.12(2 0.18(2
0.077(1) 0.063(1) o0.07L(1

Average E,S.Ds for the Eraldin Cation

0
N
Cc

0.003 0.003 0.003
0.003 0.003 0,004
0,005 0.004 0.005

7. 3.Ds for Coupound V (82)

U5 Y13 Us3
-0,037 0.044 ~-0,003
-0,069 ~0.011 0.005
~0,016 -0,003 0.006
-0,013 -0,016 0,012
-0.013 -0,005 ~0,002
-0,022 ~0.017 0.014
-0.015 -0.016 0.004
-0,019 -0.047 0.011
-0,019 -0.045 0,022
-0,007 -0,011 0.003
~0,012 -0.010 0.004
-0.008 -0.012 0.008
-0,014 -0,008 0,005
-0.014 -0,016 0.005
-0,027 0.003 -0,004
-0,025 ~0,027 0.013
-0.002 ~0,027 -0.000
-0,014 ~0,011 0,005
-0,005 ~0.026 0.007
-0,06(2) ~0.o7g3g 0.132(3)
-0,05(1 -0.05(1 0.06(1)
0.14(2 0.05(1 0.05
0.06§l 0.02(1 0.,10(1
-0.18(5 -0,04(3 0.26(6
0.07(1 ~0,05(1 0.11(1
-0,18(5) -0.28 63 0.17(5
-0,10(2) 0.05(2 -0,08(2)
0.004(1) -0,002(1) 0,024(1)
0.002 0.003 0,002
0.002 0.003 0.003
0.004 0,004 0,004




iLie it A A

TABLE 2.2.4.
Tutrzmolecular Borded Distences and .9.Ds (in 2)

LT A ATOL B it

o(a c(3) 1-493(12g
o(2) c(3) 1.523(13
CZB (1 1.515(3
ir(a c(4 1.47228
(4 c(5 1.525(9
3§5 056 1.504(10)
c(5 0(2 1.425(8
c(6 o(2 1.432 8§
o(1 c(7 1.376(8)
o(7 o(3 1.245(10)
(7 c(12) 1.407(9)
c{8 c(9) 1.393(12)
cz9 c(0 1.3990(9
cglog ¢(11 1.353(9
c(a c(12 1.392(9
c(10) i1(2) 1.419(8
K%Z) ¢(13) 1.359(9
c(13 0(3) 1.223(8
c§13§ c§14 1;479§10g
c(15 o(15 1,643(37
cl o(11 1,3552
c1 0%13 1.30(1
c1 0(16 1.22(4
c1 o(17 1.31(1
cl 0(22 1,51(6
c1 0(23 1.45(2




Valeocy Angles and E.S.Ds (in DEGREES)

ATCM A LTOM B ATOM C
; C c(2
égii ogg) 351;
c(2 c(3 g 2)
N(1
3%5) CE4 C 5§
0(4% c(5 c(6
0(2 c(5) C 4;
O§2§ c(5) c(6
c(5 c 6§ Ogl)
c(6) o(1 c(7)
O%l) c(7) c(8)
o(1) 057 c(12)
c§12) c(7 C 8;
c(7 c(8 C(9
C(8§ c§9) Cgloé
c(9 c(10 c(11
c(10) o 11§ Cg12
c(11) c(12 c(7
c(9) c 103 N 2§
c(11 c(10 N(2
célog N§2) c§13)
N B
c(1
ﬁégg Cglg 0(3)




YABIR 2.2.6.

Selected Torsicn &ngles (o) and 5.5.Ds for Compound V
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TARIE 2.2.7.

elocted lorst-eguaves planes in the form, 1X' + X' + n2' = d,

+

shove X'y, Y and 2' represent sn ortho ovalised set of nxes,

() Flane Doustiocns:=

Pline 1 ~0.5395X' - 0,2959Y' + 0,7882Z' = -1.1671
Plane 2 ~0,6071X' + 0,0513Y' + 0,7S30Z' = =1.6990
(b) Deviations (R) of atoms from the plsnes (starred stoms define
the plane
- R ¥ * ) ¥
Plone 1: ®(2) 003(6), 0(3) 0.003(5), c(13)" -0.009(7), c(14)
0.003(7), c(10) -0,011(6), c(7) -0.124(7), 0(1) -0.112(5)

Plsne 2

*

Cgl —3.428.10; c(11), 0,008(7
c(2 -1.502(11 c(12 o.oooE7
c(3 -1.985(7 c(13 -0.414(7
W od T
c&6 . -0.438(7 (2 0.928(2
c(7)% ~0.008(7 o(3 -0.794(5
c(8), 0.007(9 (1 -1.125(5
c§9 % 0.001(9 r(2 -0,015(6
¢(10) -0.009(6 ' '

(¢) Dihedral angle between planes 1 and 2 is 20.40



T,"‘AT{IE 21 2- 8 L]

(2) Intranolecular Non-t.ciing Distances ( 3.6

A0 A ATOM B 2

C(l§ 0(43 3.13
c(6 Cée 2.84
c(1o 0(3) 2,87
c(11 , Cé13) 3.04
c(a1 0(3) 2.86
0(1; 0(2) 2.90
N(1 0(2) 2,82

(b) Tnlerionic non~honding dislances <3.82

c§5; 0(15) 3.57
o(2 0(15 2,61
0(15) 0(23 2.82
oézg 0(23 3.75
c(2 0(13) 3.37
c(3 0(13 3.77
0(2 0(13 3.56
N(1 0(13 2.94
c(1) 0(22 I 3.28
c(4) 0(16 T 3.65
c(4) 0(11) I 3.32
c(6 0(16 I 3.69
c(6 o(11 I 3.68
c(9 0(17 II 3.45
¢(10) 0(17 II 3.69
c 14? 0 232 I 3.74
c(14 0(17 1I 3.78
N(2) 0 17; II 2.96
c(10) c(13). 111 3.71
C 1o§ N(2) 111 3.59
c(11 C 133 III 3,78
c(11 C(14 111 3.73
c(11 N(2) 111 3.53
c(12 c(14) III 3.63
N(2) N(2) 11T 3.66

where the position of atom B is given by,

I = x, ¥, 2-1
II = x-1, y, z-1
II1 = 1l-x, -y, 1-z
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() VIVALAN OXATATE

() 2-(2-Ethoxyphenoxymethyl)morpholine Oxalate
CHYSTAL DATA

C15H, R0, 5 1<326.35 Tonoelinic, 2-11.583%, b=5.896%, c=22,447%,
P=112.497°; U=1416.328%; D_=1.54 gcn.”35 D155 geom ™Yy 743

OOD=600; Spzce group P21/c;/L=1.31 cm.—l; No~KA X—rays;)\=0.7107g.

CRYSTALLOGRAPHIC LRASUAELENTS

Unit cell paramelers were init.zlly determined from Weissenber
y

24

and oscillation photographs tzken with Cu—K&.(>\=1.5418X) radiation,
and froem precession photographs taken with Mo-K« ().=0.7107X)
radiation, and were subsequently refined by least-squares

calculations before data collection. The space group P21/c was

indicated by systematic absences.

Intensity messurements were made on a Hilger and Vatts Y290 four-
circle diffrectometer, exposing a small crystal (0.3 x 0.4 x 0.2 mm.)
rotating about b, to graphite-monochromated Mo radiation (Mo—Kd\l)
and by using the 6,w scan technique (in the range 0< 29\<54°) to
collect 1363 independent reflections with I) 20 (¢ = J’ITBIHBZ).
Appropriate corrections for Lorentz and polarisation factors were
made but absorption effects were considered small and no corrections

were applied.

STRUCTURE DETERMINATION

The structure was determined by centrosymmetric Direct-Methods
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using computer programs, DATRIN, NORNSF, SINGEN, TANGEN, Fc and

MOUKR, from the X-ray '72 suite of Programs.,

Thase determination was initiated by assigning phases to five
reflections, three of which adequately defined the unit-cell
origin and were given phases of 3600, and two of which were chosen
on the basis of their alility to form a large nurber of'z2 phase
reletionshipse. Since the phases of the letter two reflections
were uimown, they were given all possible combinztions of the
pheses _60 and 1800 to initiate a series of calculetions utilising
the Tangent formula of Direct Methods, the correct starting set
proving to be that shown in Table 2.3.1., from which the phases

of 165 reflections with E D

> 1.4 were assigned.

An E-map based on these 165 reflections revealed the positions of

all non-hydrogen atoms in the cationic moiety, subsequent structure-
factor and electron-density calculations revealing the complete
structure. Each non-hydrogen atom was assigned an arbitrary
temperature factor, Uiso= 0.0582 and after each round of calculations

the data were placed on an approximate absolute scale by equating

k ¥ |Pol and ¥ |Fc| .

STRUCTURE REFINENENT

Refinement of positional, vibrational and scale perameters by full-
matrix least-squares calculations converged after 10 cycles, when R
was 0,046 and R' was 0,003, Details of the refinement are given in

Table 2,3.2,

Hydrogen-atom positions were selected from an electron-density

difference synthesis and were included in all subsequent structure-
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fector calculations, a temperature factor Uisb=0.0322 having been
erbitrarily assigned. Yo refinement of hydrogen-atom positional

or vibrational parameters was carried out,

tn appropriate weighting scheme was chosen by examination of a series
of bivsriate (|Fo| andg%§Q analyses of observed znd calculated
structure-factors. The scheme was of the form;

If A |Fo|> |7el, w1077,

otherwise V=X.Y,

with X=1 if Sint> B, else X= 5_;;9

and Y=1 if lFol( c, else Y=

C
|Fo|
The most suitable values for A, B and C were found to be 0.75, 0.50

and 20,0 respectively.

At the concluéion of refinement, a difference synthesis and electron-
density distribution revealed no errors in the structure. In all
structure~-factor calculations, the atomic scattering factors used
were those given in reference (35). Observed and calculated
structure~factors are listed in Appendii 4, and positional and
vibrational parameters, with estimated standard deviations are

given in Tabie 2.3.3. Values of e.s.d.s. are derived from the
inverse of the least-squares normal-equation matrix and should be

regarded as minimum values,
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(5), VIVALAN OXALATE

DISCUSSION

A dizgraunetic representation of this compound is given in Figure
2.3.1., hydrogen atoms being omitted, for clarity, but for the
purposes of discussion, numbered as the atoms to which they are
bonded. Details of bond lengths, bond angles, torsion angles,
lesst-squares planes, intre-ionic non-bonding distances and inter-

icnic di: tances are given in Tables 2.3.4. to 2.3.8.

Tn the Vivalan moiety, the queternary nitrogen atom N(1) bears the
cztionic charge, while delocalisation of the anionic charge on the

oxalate ion is lemonstrated by bond lengths 0(4) - €(15) [}.248(4)

%] end o(5) - c(15) [1,237(4)2].

The morpholine ring adopts a chair conformation in which atoms C(2),
¢(3), c(4) and c(5) are coplenar, within experimental error, with
atoms 0(2) and N(1) respectively -0.655 and 0.6628 distant from this
plane. In the present compound, torsion angle N(1)c(4)C(5)0(2)
[}57.6(4)§} is determined by the chair conformation of the morpholine
ring, in contrast to the corresponding angles in compounds III, IV
and V, which may be influenced by possible electrostatic intersctions

and hydrogen-bond effects.

The equatorial orientation of the 2-ethoxy phenoxy substituent is
demonstrated by torsion angles N(l)c(4)¢(5)c(6) [-176.6(3)"] and
c(2)o(2)c(5)c(6) [178.8(3)°] , while the staggered conformation of
the substituents about bond C(5) - C(6) is shown by torsion engles
c(4)c(5)c(6)0(1) 166.4(3)°] and 0(2)c(5)c(6)0(1) [73.9(3)"] (see

Figure 2.3.2,), whose deviations from ideal values may arise from
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steric intersctions, e.ge 0(2)"=O(1) 2.902}~.

The zpproximate plemarity of the 2-ethoxyphenoxymethyl substituent
is shovn by the porpendiculsar distances of 2loms 0(1) [;0.0572} ’
c(6) {no.mﬁ], 0(3) [-o.ozoﬁ] , ¢(13) [—o.oosﬁ] and C(14)
[}0.0123 from the least~squares plane through the phenyl ring
etoms, the maxinum deviation of a ring atom from this plane being
0.0152. This arrangement of atoms results in several interatomic
non-bonded distances shorter than the sum of the appropriate Van
der Vaal's radii e.g. C(8)-+-C(6) [2.792] , c(a1)e-<c(13) [2.822]
and 0(3)---0(1) [é.G]ig and possible steric interactions between
such p2irs of atoms may contribute to deformztions of the external
bond angles of the phenyl ring e.g. 0(1)c(7)c(12) [115.6(3)"]
o(1)c(7)c(8) {124.6(4)ﬂ , c(7)c(12)0(3) EL16.7(3)°] and C(11)
c(12)0(3) [124.8(4)"] and may also contribute to the slight

deviations of the phenyl-ring atoms from planarity.

The oxalate ion is sited on a crysteallographic centre of inversion

and has dimensions typical of reported literature value324—30.

The crystal packing is dominated by hydrogen bonding of the type
:LN+5H --'i?>3 with each Vivalan cation capable of associating with
two oxalate anions, and each anion capable of accepting a hydrogen
bond from four cations. The direction of the possible hydrogen
bonding is along the crystallographic b axis, the posSibie
dimensions being; N(1):+- 0(4) [2.7213], H(1N)--- 0(4) [1-743] , angle
N(1) B(1N) 0(4) [162.2°] , N(1)+--0(5) [2.7031, H(2N) -+ 0(5)
[&.653] and angle N(1)H(2N)0(5) {;57o7i]o' Figures 2.3.3. and 2.3.4,

illustrate these crystal packing arrangements.
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of CH O

scale factor; unit weights.

of CN O

refined; rcale factor; unit weights,

Xy Jy Zy Uij(i’ J=1,2, 3)
CKO atoms; I-atoms in

calculation but not refined;

factor, unit weights,

Xy ¥y 2y Ups(d, 5 =1, 2, 3)
CNO etoms; H-atoms in
calculation but not refined;

.

factor; weighting scheme adj

atoms;

alomsg

of

scale

scale

usted,

Cycle Final R Final R!
1-3 0,126 0.015
4 -5 0,111 0.011
6 -8 0.046 0.002
9 - 10 0.046 0,003



TABIE 2.3.3.

(a) Atomic Frectional Coordinates and E.S.Ds of Compound VI

ATOM x/a y/b z/c

c(2 0.4564(3 0.347757 0.7006(2
c(3 0.4151(3 0.5026(6 0,6424(2
c(4 0.6238(3 0.4625(6 0.6411(2
c(5 0.6589(3 0.3079(6 0.7001(1
c(6 0.7946(4 0.3375 82 0,7405(2
c(7 0.9525(3 0.1690(8 0.8318(2
c(8 1.0398(4 0.3316(8 0.8320(2
c(9 1.1583(4 0.3398(10) 0.8819(2
c(10 1.1892(4 0.1795(10) 0.9300(2
c(11 1.1047(4 0.0117(9) 0.9292(2
c(12 0.9851(4 0.0043(8 0.8808(2
c(13 0.9275(4 -0.3214(9 0.9271(2
c(14) 0.8178(4 -0.4727(9 0.9137(2
0(1) 0.8327(2 0.1554(5 0,7866(1
0 2; 0.5879(2 0.3683(4 0.7375(1
0(3 0.8947(2 ~0.1518(6 0.8773(1
N(1) 0.4880(3 0.4467(5 0.6023(1
c(15) 0.4775(3 0.9207(5 0.5211(1
0 1; 0.4775(3 0.9971(4 0.5729(1
o(5 0.4454(3 0.7260(4 0.5010(1




TARIA 2.3.3. (Cont.)

(b) EHydrogen-atom Fractional Coordinates

ATOM x/a y/b

H(2) 0.4445 0.1771
H(2') 0.4088 0.4042
H(3) 0.4427 0.6763
Hé3') 0.3175 0.5000
H(4) 0.6527 - 0.6344
H(4") 0.6638 0.3969
H 5% 0.6416 0.1310
H(6 0.8395 0.3230
H(6') 0.8051 0.5000
H(8) 1,0000 0.4539
H(9) 1.2490 0.3889
H(10) 1.2853 0.1374
H 11; 1.1303 -0.,1243
H(13 1,0000 -0.4439
H(13') 0.9353 -0.2333
H(14) 0.7526 -0.4367
H(14') 0.7875 -0.5556
H(14'") 0.8215 -0,6136
H 1N§ 0.4494 0.5647
H(2N 0.4676 0.2871

z/c

0.6911
0.7275
0,6614
0.6121
0 6598
0,6171
0. 6805
0.7100
0.7567
0.7928
0,6862
0.9689
0.9571
0.9286
0.9701
0.9230
0.8729 -
0.9346
0.5619
0.5846




TABIE 2,3.3. (Cont.)
(¢) Anisotropic Temperature Factors(xz)

ATOM U11 U22 U33 U12 U13 U23

c(2§ 0.050 0.046 0.038 0.001 0.021 0.006
c(3 0.053 0.042 0.036 0,005 0.021 0,002
c(4) 0,052 0.047 0.035 -0.003 0.019 0,000
c(s 0.048 0.046 0.032 0,001 0.014 0,001
c(6 0.051 0.058 0.049 -0.001 0.014 0,007
c(7 0,044 0,066 0.047 0,009 0.013 ~-0.004
c(8 0.053 0.068 0.063 0.004 0,019 -0,000
c(9 0,043 0.091 0.075 0.007 0.021 -0,011
¢(10) 0.043 0.098 0,063 -.010 0.019 -0,015
C 11% 0.053 0.085 0.049 0.020 0.018 0.004
c(12 0.048 0.068 0.044 0.012 0,017 0.000
c(13) 0.057 0.075 0.046 0.021 0,016 0,012
c(14) 0.067 0.075 0,062 0.010 0.025 0.018
o(1) 0.051 0,066 0.052 0.002 0,007 0,010
o(2 0.050 0,052 0.027 -0,002 0,014 0,001
0(3 0.053 0,076 0.049 0.010 0,012 0,015
N(1 0.050 0,032 -~ 0,028  -0,003 0,014 0.002
c(15) 0.046 0.030 0.029 0.007 0.013 0.002
0(4) 0.099 0,037 0.046 ~-0,012 0.044 -0,007
0(5) 0.103 0.031 0.040 0.008 0.034 0.001

Average E.S.Ds

0,002 0,002 0,001 0,001 0.001 0.001

0
N 0.002 0.001 0.001 0,001 0,001 0,001
C

0.002 0,003 0,002 0,002 0,002 0,002




TARIE 2.3.4.

Inirarolecvlar Bonded Distances and E.S.Ds (in R)
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rI‘AT\I_JE 20 3.'5'

Valency Aingles and E.S.Ds (in O)
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TABLE 2.3.6.

Selected Torsion Angles and E,S.Ds (in o)
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TARIE 2.3.7

Selected least-squares planes, in the form, 1X' + mY' + nZ' = 4,

vhere X', Y' and Z' represent an orthogonalised set of axes.

(a) Plane Equations:-

Plane 1  0.59816X' - 0.59695Y' ~ 0.53465Z' = ~7.5-624
Plene 2 -0,08340X' — 0.79485Y' ~ 0.60105%' = -10.30079
Plane 3 0.59169X' — 0.59311Y' - 0.54600Z' = -7.75395

(b) Deviations (S) of atoms from the plane (starred atoms define

the plane)

Plane 1

c(2) -1.936(4) c(10 : -0,008(5

c(3§ ~1.822 3% c(11), 0.012(4

c(4 -0.219(4 c(12 ~0,002(4

C(5 -0.390(3 c(13 -0,005(4

c(6), -0,213(4 c(14 -0,012(5

C(7)y -0.012(4 o(1 ~0,057(3

C(8), 0.015(4 o(2 -1.699(2

c(9) -0.005(5 0(3 ~0,020(3
N(1 -0.471(3

Plane 2:  C(2)" 0.001(4), c(3)” -0.001(4), c(4)” 0.001(4),

c(5) -0.001(3), C(6) -0.745(4), N(1) 0.662(3), 0(2) -0.655(2)

Plane 3:  0(3)% -0.000(3), c(13)* 0.000(4), c(14)* 0.000(5)

c(12) 0,014(4), 0o(1) -0.010(3)

(c) Dihedral angles between planes:-

(1) - (2) 41.8°% (1) - (3) 0.8%, (2) -~ (3) 41.4°
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EXPERIMENTAL

(¥) 2,6-DICHLORO DERIVATIVE

(%) 1-(2,6-Tichlorophenoxy)=3~isopropylaminopropan~2-01 Hydrochloride

CpoH 0,015 1=314.65 Orthorhonbic, a=10, 2888; b=5.1418, c=28.421%;
U=1503.13X3; D,=1.40 g.cm 3, D =1.41 g.cm. 3; Z=4; FOOO=656; Space

gI'Oup P21 l l’M 6 04 Chle 1 I‘ZO“‘I:‘* X“rays; >\=007107XO

CRYSTALLOGRAPHIC LSASURFLENTS

Unit cell parameters were initially determined from Weissenberg and
oscillation photographs, taken with Cu-K& (\=1.5418%) radiation,
and from precession photographs, taken with Mo-K«& (>\=0.7107X)
radiation, and were subsequently refined by least-squares calcul-
ations before data collection. The space group P212121 was

indicated by systematic absences, despite the racemic nature of

the sample.

Intensity measurements were made on a Hilger and Watts Y290 four-
circle diffractometer, by exposing a small crystal (0.2 x 0.4 x 3 mm,)
rotating about b, to graphite-monochromated Mo-radiation (Mo-K )

and using the O, scan technique (in the range 0 {2 & 60°) to

collect 949 independent reflections with I} 26; (o] -ﬁﬁz)
Appropriate corrections for Lorentz and polarisation factors were
applied but absorption effects were considered small and no

corrections were made,

STRUCTURE DETERMINATION

The structure was determined by non-centrosymmetric Direct Methods
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using the computer program, MULTAN, and appropriate programs contained

in the X-ray '72 suite of programs.’

Fhase determination was initiated by assigning phases to those
reflections shown in Table 2.,4.1. 2nd utilising them in a scries of
calculations, based on the weighted tengent formula of Direct 1'cthods,
from which phzses were assigned to those 200 reflections with

£ 1.18.

An B-map based on these 200 reflections reveasled the positions of

the three chlorine atoms and subsequent structure-factor and electron-
density calculations revealed plausible atomic sites for all non-
hydrogen atoms. 2&n arbitrary temperature factor Uiso=0°o522 was

given to each atom and least-squares refinement was initiated.

After one cycle of full-matrix calculations, the isotropic temperature
factor of the hydroxyl-oxygen atom increased to a value Uiso=0.1082.
To investigate this phenomenon contributions from this atom were
omitted and an electron-density difference synthesis was calculated,
which indicated that two sites with approximate equal electron-
densities were stereochémically acceptable as the hydroxyl group.
However, since each molecule contains only one hydroxyl group, it

was concluded that each crystallographic-molecular site is
statistically occupied by molecules of (+) and (~) absolute stereo-

chemistry,

Since the sample is racemic, the (+) and (-) molecules were assumed
to be equally numerous in the crystal and each site was correspondingly

given a fixed population parameter (P.P.) of 0.50 with respect to the

electron density of one oxygen atom. After each calculation, the
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dzta were placed on an approximate absolute scale by equating

k| Fo| and ¥ |Fel

STRUCTURE REFINMELENT

Refinement of positional, vibrational and scale parameters converged
after 10 cycles of full-matrix least-squares calculations, when R
was 0,051 and R' was 0,003, Details of the refinement are given in

Table 2.4.2.

Positions of the carbon and nitrogen-bonded hydrogen atoms were
obtained by calculation, staggered conformations being assumed for
all methyl groups, but the positions of the alternative hydroxyl-
hydrogen atoms could not be calculated and were omitted.
Contributions from the hydrogen atoms, with arbitrary temperature
factors Uiso=0.0322, were included in all structure-factor

calculations but the values were not refined.,

An appropriate weighting scheme was chosen by examination of a
series of bivariate ( ‘Fol ands%gi) analyses of observed and
calculated structure factors. The scheme is of the form;

If A |Fo|) |Fd, w=1077,

otherwise W=X.Y,

with X-1 if Sin@) B, else X= S22

and Y=1 if |Fo|( c, else Y= -&_

|Fol

The most suitable values for A, B and C were found to be 0,75, 0.30

and 20.0.respectively.

At the conclusion of refinement, a difference synthesis and electron-

density distribution revealed no errors in the structure. In all

structure-factor calculations, the atomic scattering factors used
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were those given in reference (35). Observed and calculated structure-
factors are listed iﬁ Appendix 5. Positional and vibrational
parameters with estimated stendard deviations are given in Table

2.4.3. The values of the e.s.d.s are derived from the inverse of

the least-squares normal-equation matrix and should be regarded as

minimum values,
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2,6-DICHLORO DEZRIVATIVE

DISCUSSION

A diegrarm.atic representafion of this compound is given in Figure
2‘4,1_, I, drogen atoms being omitted, for clarity, but for the
purposes of discussion, numbered as the atoms to which they are
bonded. Details of bond lengths, bond angles, torsion angles, intra-
ionic non-bonding distances and inter-ionic distances are given in

Tebles 2.4.4. 1o 2.4.8.

The present compound exists as the hydrochloride salt in which the
quaternary nitrogen atom bears the cationic charge. The phenyl ring
is planar, within experimental error, with atoms C1(2), C1(3) and
0(1) respectively 0.022, -0,012 and 0.0342 distant from the least-
squares plane through the :ihg atoms, In the similar compounds,

III - VI, atom C(6) is approximately coplanar with the aromatic
system but in the present compound, steric interactions between atoms
c1(2), c1(3) and c(6) [01(2)~~c(6) 3.40% and C1(3):- C(6) 3.622]
result in displacement of atom C(6) so that it is positioned

-1.2468 distant from the least-squares plane through the phenyl-ring

atoms,

The alkoxy chain is in a fully-extended conformation [}orsion angles
c3)n(1)e(4)c(5) - 163.2(6)°, N(1)c(4)c(5)c(6) - 172.2(6), C(4)
c(5)c(6)0(1) - 171.2(6)° and c(5)c(6)o(1)c(T) - 171.3(6)°] and since
both (+) and (-) enantiomers occupy equivalent crystallographic sites,
their respective conformations are identical except for those changes
induced by differing configurations at the chiral centre. The atom

positions 0(21) and 0(20) hence represent the hydroxyl-oxygen atoms
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of the (+) and (-) isomers respectively ard Figure 2.4;é; illustrates
the 51ternative.configurations end conformations about bonds C(4)-
c(5) and C(5) - ¢(6). 1In both enantiomers, the quaternary nitrogen
atom is gauche with respect to the hydroxyl group [torsion angles
0(21)c(5)c(4)v(1) 84.9(8) and 0(20)c(5)c(4)N(1) - 61.7(8)%] end, as
in similar compounds (e.g. I1II, IV and V), interatomic non-bonding
distances N(1)---0(21) [}.012] and N(1)-:‘o(2o)[é.852 suggest possible

weak electrostatic interactions between these pairs of atoms, although

H

hydrogen bonding of the type, £N+—H-»-O-R, is unlikely'[ H(IN). « -
0(21) 2.648, H(aW)- < 0(20) 2,968, H(2N) -+ 0(21) 3.68% and H(2N):--
0(20) 2.558, where atom positions H(1N) and H(2N) were calculated,

esswning tetrehedral geomelry at atom N(1) .

Because of the aforementioned (see Experimental) packing disorder, no
hydroxyl-hydrogen atoms could be located and hence n6 assessment of
poseible hydrogen-bond dimensions of the type, R-O-H--~Cl—, can be
made. Inter-ionic distances, 0(21):+ C1(1) [3.24 and 3.143] and
0(20)~--Cl(1) [3.182] hovever, suggest interactions between these
pairs of atoms, while the dimensions N(1)H(1N)C1(1) [172.25},

H(2N)- -+ 01(1) [é.142] and angle N(1)H(2N)c1(1) [iso.of] indicate
possible hydrogen bonding of the typejiN+—H'-~Cl_, between the cation
and two chloride ions. This arrangement of crystal packing, in
which both the (+) and (-) enantiomers equally occupy equivalent
sites in a crystal of acentric space group, is uncommon and in the
present compound, restricted rotation about bond 0(1) - C(7) may

be a factor contributing towards this phenomenon. Figure 2.4.3.

illustrates the crystal-packing arrangements of this compound.

Distortions of torsion angles C(3)N(1)c(4)c(5) '163'2(6)§] and



3

o(21)c(5)c(4)u(1) [5409(8)§] from their respective ideal values, may
be influenced by the aforementioned hydrogen-bonding arrangements,
vhile the deviations of torsion angles 0(21)c(5)c(6)0(1) [}70.0(5)5}
and 0(20)c(5)c(6)o(1) [77.2(8)ﬂ from ideal staggered-conformation
values, nay be a result of steric interactions (e.g. 0(21):+:0(1)

2.798 and 0(20):<.0(1) 2.92%) and possible hydrogen-bond effects.

The apparently anomalous geometries of the bonds involving 0(21)
and 0(20) e.g. C(5) - 0(21) 1.633(14)% and ¢(5) - 0(20) 1.583(14)%
are probably a result of the disordering effects, pecuiiar to this
compound, while the apparently short C(sp3) - C(Sp3) bonds, C(5) -
c(6) EL.488(11)R], c(4) - c(5) [1.475(11)?1 ,» C(1) - ¢(3)
[1.512(12)8] and C¢(2) - ¢(3) [1.496(11)8], may be an effect of
thermal librational motion of the cationez, similar to that
prostulated in compounds III, IV and V. The remaining dimensions
of the alkoxy chain are similar to those observed in compounds III,
IV and V, while those dimensions of the phenyl ring which have not

been discussed are typical of accepted literature values.



TABLE 2.4:1).

The phace values of the three origin-defining reflections were
arbitrarily assigned within the limits of space-group-symmetry
restrictions, but the phese of the 0 2 2 reflection was
deternined by epplication of the appropriate Etl foriula

to all reflection data with 32,1.18. The criteria for using
reflactions 2 1 1 and 6 2 12 in the starting sat of pheses

vere their ability to form lerge numbefs of 2:2 phase relation-
ships and their ability to setisfy the vequirements of enantio-
morph definition (the erentiomorph wzs defined by reflection 2 11 ).
Since tha values of phases a, and b ware uvknowsn they were given
all posnible combinations of the values & TI/4 and ¥ 3 /4, the

correct values proving to be 315o and 45° respectively.

h K 1 E Phi

2 0 13 1.95 90° ) Origin
) Defining
5 0 5 1.94 90° g Reflections
2 1 0 1.67 360° )
0 2 2 2,21 180°
2 1 1 2,96 (a)

6 2 12 2.81 (b)



Paraneters Relined

Xy ¥y 25 U, of all non-
iso
hydrogen stoms; scale factorsg

unit weights,

As in cycles 1 - 2 with

cor sributions from calculated
hydrogen-atom positions; no
relinement of hydrogen-atom

positions,

Xy Yy 2y Uij (i, 3 =1, 2, 3)
of all non-hydrogen atoms;
contributions from hydrogen
atoms but with no refinement;

scale factor; unit weights,

As in cycles 5 - 6 with the

weighting scheme adjusted.

Cycle TFinal R Final R!
1-2 0,116 0.013
3-4 0.108 0,012
5 -6 0,052 0.003
7~-8 0,051 0,003



TABIE 2.4.3.

(a) Atomic Fractional Coordinates and E.S,Ds of Compound VII

(with Population Parameters)

ATOM x/a y/b z/c P.P.
c(1 0.1647(8 -0,0129(17 -0.0889(33 1.0
céz 0.3221(9 0. 2992 18 ~0,1238(3 1.0
c(3 0.2333(7 0. 2455 16 -0,0832(2) 1.0
cé4 0.2413(7 0.2277 19 0.0060(3 1.0
c(5 0.3197(8 0.2071(1 0.0471(3 1.0
c(6 0,2533(7 0.2537(1 0.0926(3 1.0
0273 0.2902(8 0.3126(1 g 0.1743(3 1,0
c(e 0,3553(8 0.1245(1 0.2003(3 1.0
¢(9) 0.3197(10) 0.0668(20) 0.2456(3) 1.0
c(10 0.2197(11) 0,1932 23) 0.2663(3 1.0
c(11 0.1526510) 0.3838(2 0.2422(3 1.0
c(12 0.1881(7) 0.4422(1 0,1966(2 1.0
0(1) 0.3285(5) 0.3744E 0.1296 2% 1.0
0(21; 0.2910(12) 0.6187(2 0.0429(4 0.5
0520 0.4369(10) 0.1076(2 0.0478(3 0.5
N(1) 0.3142(5) 0.2477(1 -0.0385(2 1.0
01§13 0,0069(2 0.2507(4 0.4590(1 1.0
c1(2 0.1052(2 0.6824(5 0.1663(1 1.0
€1(3) 0.4827(2 ~0,0405(6 0.1732(1) 1.0




TABIE 2.4.3. (Cont.)

(b) Hydrogen-atom Fractional Coordinates and Population Parameters

ATOM x/a y/b z/c P.P.
H(1) 0.2330 -0.1579 -0.0924 1.0
H(1') 0,1069 -0.0525 -0,0631 1.0
H(1'') 0,1134 . =0,0177 -0,1201 1.0
H(2) 0.3720 0,4681 -0,1209 1.0
H(2') 0.3948 0.1552 -0,1262 1,0
H(2'') 0.2755 0.2963 -0.1545 1.0
H(3) 0.1653 0.3871 _ -0,0810 1.0
H lN; 0.3682 0.4106 -0.0372 1.0
H(2N 0.3769 0.0937 -0,0394 1.0
H(4) 0.2055 0.0448 0.0113 1.0
H§4‘) 0.1597 0.3467 0,0046 1.0
H(5) 0.3543 0.4899 0.0462 0.5
H(5") 0.4171 0.2722 0.0499 0.5
H(6) 0.2455 0.0608 0.0997 1.0
H(6') 0,1622 0.3289 0.0935 1.0
H(9) 0.3667 -0,0640 0,2652 1,0
H 103 0.1934 0.1404 0.3002 1,0
H(11 0,0801 0.4852 _ 0.2588 1.0




TABLE 2.4030 (Cont-)

2
(¢) Anisotropic Temperature Factors of Compound VII (X )

ATOM U U, U33 Uy, U13 Ups
Célg 0.058 0.047 0,086 0,001 -0,003 0.001
c(2 0,073 0,058 0.050 -0,001 0,002 -0,012
¢(3) 0,051 0,035 0.043 0,008 ~0,006 -0,001
c(4) 0.043 0.053 0.041 -0,001 0,004 0.007
c(5 0,062 0.053 0.052 -0,023 0,003 -0,010
c(6 0.047 0.063 0,045 -0,012 0.008 0,003
c(7 0,049 0,058 0,044 -0,016 -0.003 -0,000
c(8 0.059 0,062 0.049 -0,007 -0.009 0.000
c(9 0,074 0,075 0,061 ~0,006 -0,025 0,010
c(10 0,095 0,083 0.045 -0,008 0,003 0.011
c(11 0.074 0,076 0,050 -0,011 0,015 -0,005
c(12 0,049 0,060 0.049 -0,013 -0,005 0,003
0(1) 0.053 0.070 0,038 -0.019 0,001 -0,004
0(213 0,085 0.044 0,068 0.007 0,017 0,001
ogzo 0.047 0,072 0.048 0.012 0.001 -0.007
N(1) 0,040 0.034 0,042 -0,005 0.008 -0,001
C1 13 0.047 0.041 0.117 -0.003" 0,012 -0,021
c1(2 0,068 0.063 0,067 0.004 0.003 0.007
C1(3) 0,073 0.096 0.109 0.024 0,008 0,007
Average E,S.ds

Cl 0,001 0,001 0,002 0.001 0.001 0,001
0 0,006 0,006 0,005 0,005 0.005 0.005
N 0,003 0.003 0.003 0.003 0.003 0,003
c 0.005 0,005 0,005 0,004 0,004

0.005




TABIE 20 40 40

Intramolecular Bonded Distances and E.S.Ds (in %)

ATOM A ATOM B ?

c 13 c(3) 1.512(12)
c(2 c(3) 1.496(11)
c 33 N(1) 1.520 93
N1 C 43 1.475(9
c(4) a(s 1.475(11
c 53 c(6) 1.488(11
c(5 0 21% 1.633(14
c(5 0(20 1.583(14
c(6 0 1% 1.446(9
o(1 c(7 1.369(9
c(7 c(s) : 1.389(12)
c(7) c(12) 1.396 113
c(8) ¢(9) 1.368(12
c(8) c1(3 1.742(9)
c(9) c(10 1.352(15
c(10 c(11 , 1.381(15
c(11 c(12 1.377(11
c(12 c1(2 | _ 1.732(8)




TABLE 2.4.5.

Velency Angles and E,S.Ds (in DZGREES)
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TABIE 2.4:6.

Selected Torsion Angles and E,S.Ds for Compound VII
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TABIE 2,4.7.

Least-squares plane for the phenyl ring, in the form, 1X' + mY'
+ nZ' = 4, where X', Y' and Z' represent an orthogonalised

set of axes.

(a) Plane Equation:-

0,63677X' + 0.69222Y' + 0.33963Z' = 4.70104

(b) Deviations (X) of atom from the plane (starred atoms define v

the‘plane)

c(1 -4.525§9 C 11): 0,002(10)
c(2 -2.721(9 c(12) 0.003(8)
c(3 -3.103(8 0(1) 0.034(5)
c(4 -2.252(8) 0(21) -0.995(11
c(s -1,060(8 0(20) -0.179(12
C(6) -1,246(8 N(1) -2,133(6
c(7) -0,005(8 c1(1 0.667(2
c(8), 0.003(9) c1(2 0.002(2
C(9) 0,002 103 c1(3 -0.012(3
c(10) -0,004(11




TABLE 2.4.8.

Intramolecular Non-bonding Distances ( 306R

ATOIL A ATOM B b

(1 C§4§ 3,07
c(6 c(8 3.31
c(6 0122 3.40
c(6) c1(3 3.62
C(6 c(12 3.18
o(1 ogzo 2.92
o(1 0(21 2.79
0(1 0152 2,98
o(1 C1(3 2.93
0 ?03 N(lg 2.85
0(21 N(1 3.01

Interionic Distances € 3.8

1) c1(1
203 c1(1
21 c1(1
1) c1(1)
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where the position of atom B is given by,

% = %‘x) =Y, (%TZ)-I

I%I = &-x, 1y, (b+2)-1
= X, l+y, 2

v N ’ Y

2 L
gtX, %‘Yv -2

= —x,
—x’
1-x,

%Ty’ 3-2 2
§+y)-1, 3~z
by, -z




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































