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SUMMARY

The work in the first part of this thesis describes the crystal
structure analysis of the trans-ethylideneaminodimethylborane dimer
(MeHCNBMeZ)Z. The structure was solved from the three dimensional
Patterson function with the aid of superposition methods, and the
atomic parameters refined by Fo syntheses and least-squares calculations
to a residual of 0121 for the 645 observed reflections. The molecule
was found to contain a planar four-membered boron-nitrogen ring system
with a double bond attached directly to nitrogen and to be the trans
isomer,

Part 11 describes the crystal structure analysis of the 2,2'-dimethyl-

)

butylidene-3-aminodimethylaluminium dimer, (Bu*MeCNALMe Evaluation

2’'2°
of the three dimensional Patterson function gave the solution to the
structure. Refinement of the atomic parameters showed the space group
to be the centrosymmetric Cmca rather than Aba2, The final value for the
residual was O-114 for the 524 reflections observed. This structure
was shown to be similar to (MeHCNBMe2)2 as it contains an aluminium-
nitrogen four membered ring system with a double bond attached to
nitrogen and to be the trans isomer.

The crystal structure analysis of dimethylphosphinatodimethyl-
gallium, (MeaGaoaPMez)z, is described in part III. Over the 726

reflections observed, the final value of R was 0-086, The dimer contains

an eight membered ring system in which the gallium atoms are bridged by
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two phosphinate groups. The ring conformation is such that contacts
across the ring and methyl contacts round the ring are comparable with

the closest intermolecular contacts.
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STRUCTURE REFINEMENT

X-rays are scattered by the electrons in atoms. The atoms possess
finite volume and phase differences arise between rays scattered from
different parts of the atom. The differences increase with increasing
scattering angle and the atomic scattering factor, fo' falls off with
sin ©, The atoms in a crystal lattice have finite amplitudes of
oscillation. The frequency of these vibrations is less than the
frequency of the X-rays so that, as the thermal motions of corresponding
atoms are not in phase, the scattering is further reduced with
increasing Bragg angle. The vibrations can be described as an
ellipsoid of vibration. This can be represented as a temsor, U, with
six independent components. The amplitude U, for a reflection with

Miller indices hkl, is given by,

- 2_ .2 «2 2 .2 ,at -
U= U, % Uazk?b + Uzg1%*? + 20, klb%c* + 205 lnc*a
+ 2012hka‘b*

and the expression for the atomic scattering, f, by
f=f exp - 8n°U(sin G/)\)2
For an isotropic vibration this is expressed as f = fo exp - B(sin e/A)2
where B, the Debye factor, is 8n°U.
The resultant of waves scattered by the whole contents of the

unit cell in a particular direction is the structure factor, Fhkl

n
_ 2ni(hx./a + hy./b + 1z_/c)
o
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where the summation is over all the n atoms in the unit cell, atom j

having coordinates xj, yj, zjo
This complex quantity can be expressed as an amplitude, Fhkl =\/A2 + B2

together with a phase angle, «, where o, . = tan~! (B/A).

f.co (hx ./ /b + 1z /¢]
j s 2n ( J/a + KyJ/ + zJ/c)

fjsin 2n (hxj/a + kyj/b + 1zj/c)

n
v
=
o
n
e )
°
The structure factor can also be represented by the expression

abc

a b c¢
R - v J’ J S/O(xyz)e 2ni (hx/a + ky/b + 1z/°).dx.dy.dz.
o o

°

Where/o(xyz) is the electron density at the point xyz in the unit cell,

the number of electrons in the volume dx.dy.dz. beinglo(xyz) dx.dy.dz.
As/D(xyz) is a periodic function it can be represented as a

Fourier series,

o0
\ N 2ri (px/a + qy/b + rz/c)
poam =) ) )T
— o0

Substituting this in the expression for Fhkl and integrating, all terms
are zero except those where p = -h, q = =k and r = =1.

Thus Fhkl/v =A(hk1l)

o0
and/O(xyz) = %Z}_thkle =211 (hx/a + ky/’b + 12/0)

—00



Fourier Methods.

Fo synthesis.,

Evaluation of the expression for the electron density using the
observed values for the structure factors, Fo’ combined with the
phases of structure factors based on the postulated atomic parameters,
Fc’ gives a high concentration of electron density in the region of
atomic sites. Re-estimates of the atomic coordinates from these peaks
give a set of Fc in better agreement with the Fo's hence leading to
further refinement.

Not all the refleciious can be observed experimcntally and only
a finite number of terms are available to include in the summation.
This gives rise to termination of series effects where the peaks are
surrounded by diffraction ripples which can cause the observed peaks
to be displaced from their true positions.

If the structure is being solved by heavy atom methods, peaks due
to the atoms not included in the calculation of structure factors
appear in the Fo synthesis and hence their coordinates can be found.

Refinement by this method ends when the signs of the Fc for a

centro-symmetric space group are no longer changing.

Fo - Fc synthesis,

If, instead of Fo’ the difference between the magnitude of the

observed and calculated structure factors, (IFOI - |Fc| ), are used as
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coefficients in the Fourier series, the systemmatic errors due to the
termination of series are eliminated. The resultant synthesis gives
the difference between the observed electron density and that for the
postulated model and indicates corrections to the positional and
thermal parameters for each atom.

The ccordinats corrections can Le sstimated from the first
derivatives °ff3° -/Dc. The value of the electron density at a distance
r from the centre of an atom can be approximated by the expression
Lol = 5(0) exp (-pr).

Expanding this and ignoring all terms past the second gives

Pole) = fle) (1 -pr).

If the error in r is 6r then
2 2
/ﬂz(r) -/(L(r) -/ﬁ;(o)(l - p(r=51)“) f/%(o)(l - prl)e
Assuming that the shapes of/oo and /% are identical but are displaced

_ &D
then, if Dr =./%(r) -/Ké(r), (EE;? r=o " jf%(°)2P5r°

Hence Or = 92)
“\ér/ r = ¢ 29/%(0)
Values of p and/(g(o) can be found from the shape of the peak for each

atom from an Fo synthesis.

Anisotropic corrections to the thermal parameters can be found from
the curvatures of (/% -/oc) and the correction to an isotropic
temperature factor can be determined from the value of D at an atomic

site. If isotropic temperature parameters have been used to calculate



the set of Fc then the principle axes of the ellipscid of vibration
are in the directions of principal curvature of D at the atomic site.
Schomaker (1957) derives the following equations giving the
corrections to scaling and thermal parameters,
If h1, h2 and h3 are the components of 2 sin ©6/)\ along the
principal axes of the ellipscid of vibration and T is the assumed

isotropic temperature factor, then

h
[
24) = (1 + aK) ! £ T exp ((aBh2 + AB_KS + 881 )/4) expb2mihr) .V.dh,

where ho is the limit of the observed reflections and the AB's are

the changes in the temperature parameter and AK the error in the scale

factor.

He derives the following four equations:

D(o) + (20 = f(0) = 4n TAK =1‘3 I, (4B, + 4B, + 4B,)
D"(o) = 1§ "0 T,AK + ‘-*3 " I (3B, + 4B, + 4B 3
D,"(0) = --%n3I4M+ 45“316 (4B, + 3B, + AB,)
D,"(0) = - 1§ n’ I,AK + :’5 "> I (4B, + 4B, + 308,)

The D"(o0) are the curvatures of /% -'/% and Iz, I, and I are

h
o
. n
integrals of the form In = ‘Z h £, T. dhe
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These are analagous to the equations derived by Cruikshank (1956),
which give the corrections to the thermal parameters referred to the
reciprocal axes.

If the scaling is assumed correct and the first equation ignored,

Schomakers equations simplify to those produced by Cochran (1951) .

Method of Teast-Squares

This method adjusts the scale and atomic parameters so that the
sum of the weighted squares of the differences in magnitudes of the

ohserved and calculated structure factors, R, is minimised.

R= w(|F | - |F D 25 a2
[V < A
hkl hicl

where

A=|F°| —|Fc‘

For R to be a mininmum 6R/6pj = O where p are the parameters of Fc
and j is one of the n atoms,

Cochran, 1948, has shown that the methods for determining
corrections to the atomic parameters by least-squares refinement and
the difference synthesis are formally equivalent and identical if the
least squares weights, w, are equal to 1/fhk1.

The structure factors least=squares parameter corrections are

computed by solving a set of normal equations derived as follows:
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R WAb\Fc\
for R to be a minimum = = o0 = cososoo (1)
épj bpj

Expanding 4 as a function of its parameters using the first two terms
only of the Taylor Series, where p represents a set of parameters and

the set of errors in these, gives
SF,

n

al.. . N\ YA < G

QG\P v < = L4\p/ = .‘bp
=1 * i

This approximation is valid only for small parameter changes as Fc
is not a linear function of these. As Fc is a linear function of the
scale factor, the normal equations are valid for large scale changes

if the changes in the c¢iher parameters are small.

n
A(p + € ) = o, A(p) = i; €, £
n=

Substituting this in equation (1) gives a set of n equations, the
normal equations.

n 81F | 5IF - 8IF ]
Z{Z W<6° . 6é>}€.= 2w o
=1\ Py Py 1 ma Py

The partial derivatives of Fc with respect to the coordinates are

evaluated as follows: lFé = Acosa + Bsine

BIF, (oA (& ()
5. - 6pj cos & + 6pj)sin o + (-A sin a + B cos o) 6pj

J



where
=Asina + Bcosa = o
Aj = fj cos2n(hx/a + ky/b + 1lz/c)
and
Bj = fj sin2n(hx/a + ky/b + lz/c)
then
6A__ -2nhf sin2n(hx/a + ky/b + 1lz/c)
ox., - a 9
a J
and E%j _ 2rhcos2n (hx/a + ky/b + 1z/c) _ 2zmh A,
%, & B
J
Hence
S5{F|
¢ .2k (A.cosa - B.sina)
6pj a J J

The partial derivatives with respect to the thermal parameters can be

found similarly. They are of the form.

6IF|
- -2n®n%a*? IF d
1,
as %% = -2n2h?a*2Aj and %% = -2n2hza=sz
11,3 11,J

The overall scale factor for the Fo is determined as the inverse

scale factor for the Fc and 5IFé = IFJ where the Fc include this

oG G



scale factor.

With the availability of larger, faster computers, it is possible
to use the full matrix treatment to solve the normal equations directly
in some cases. Usually some approximation is made, Use of the
diagonal terms only of the matrix leads to very slow refinement as this
neglects any interaciion between parameters.

In the block diagonal approximation suggested by Cruikshank et.al.,
1961, corrections to the coordinates and temperature parameters are found
by calculating a series of 3x 3, 6 x 6 and 1 x 1 matrices together with
their right hand sides. The 3 x 3 matrix allows for the interactions
between the coordinates of an atom due to the axes not being orthogonal
and the 6 x 6 matrix allows for the interactions between the anisotropic
thermal parameters of an atom,

The effect of a change of overall scale factor on the temperature
parameter corrections is found from a 2 x 2 matrix.

These were the approximations made in the least-squares computer
program used for the work described in this thesis. Other programs
use a series of 9 x 9 or 4 x 4 matrices to allow for the interactions
between all the parameters of an atom.

When using approximations of this kind it is found that fewer
cycles of refinement are needed if the shifts obtained from the least
squares equations are multiplied by a partial shift or "fudge"

factor. In the block diagonal approximation used a partial shift



factor of 008 was applied to all the shifts.
For the parameters to have minimum e.s.d.’s each of the structure

factors should be weighted so that w = k/az o The e.s.d. in the

F
parameter p‘_j is given by hicl

aa(pj) = (aal)pjijZ/(m-n)

where (aﬁl)._i is an element of the matrix inverse to the full matrix,

J
aij’ of the normal equations, m is the number of experimental observations
and n the number of parameters. Rather than giving each reflection a

weight of K/hz, a weighting function with only a few parameters is used

. L2
ive average values of wA that are constant

and these are adjusted to
for reflections within ranges of value F° and/or sin6/i.

For the work in this thesis Fo syntheses were used to complete the
structure determination by locating atoms whose coordinates could
not be found by Patterson methods, Refinement of atomic parameters was
carried out by structure factors least squares calculations. Difference

syntheses were computed to check the least-squares results for unforseen

errors e€.g. disordering and in an attempt to locate hydrogen atoms.
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The Crystal Structure of trans—ethylideneaminodimethylborane dimer

(MeZBNCHMe)2

Introduction

Hydroboration of methyl cyanide using dimethyl borohydride gives

two products with the same chemical analysis and very similar infra-red

-

pectra, one a liguid and the other a solid, Vapour density determinations
and cryoscopic measurements in benzene indicate that the molecule

contains two MeaBNCHMe units, and the i.r. spectra shows bands that

could correspond to a carbon=-nitrogen double bond stretching frequency.

The similarity of these two compounds suggest that they are cis and trans

isomers with the following structure for the trans compound. (Lloyd and

Wade, 1964).

e,

H Me

\ _
/ / N

Me

r\

N
AN
N\
As yet no complete structure analysis has been carried out for a

compound containing a boron-nitrogen four membered ring with a double
bond attached directly to it. The crystal structure analysis confirms
that, in the crystalline state, this compound has the structure suggested

and is the trans isomer,

Experimental

Crystals,

Crystals elongated in the direction of the 'c' axis were found to
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form on the sides of a flask containing (MeaBNCHMe)2 crystals left
standing at the pressure of their own vapour. The crystals were air
sensitive but could be cut and mounted on glase fibres in air and were
found to be satisfactorily protected by a coating of shellac.
Crystal data.

The unit cell dimeunsions were obtained from photographs of the
hko and hol nets teken with Cu Ka radiation and of the okl and hol
nets using Mo Ka radiation and the precession method. The greatest
error in these is probably that in centering the crystal and is thought
to be of the order of O«%%, The dimensions given are the mean values
obtained using the different radiatiomns, the greatest difference in the
corresponding values being O« %,
Monoclinic. a = 64558, b = 11.92%, ¢ = 7.80%, p = 105%23

A(Mo Ka) = 0471078, M(Cu Ko) = 1054188

V= 592-73R3, % = 4 Me,BNCHMe units, F(000) = 184 electrons

2
- =3 - -3

Dm = 0093 gm cm 7, Dx = 0929 gm cm

Absorption p(Cu Ka) = 2.2 cm-1, n{Mo Ka) = 065 cm”

Observed reflections:

hol when h = 2n

oko when k = 2n

hkl no conditions.

This uniquely determines the space group as PZl/a, (Cgh)o
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The density for four Me,BNCHMe units per unit cell of 0:929 gm cm‘=3

2
calculated using the above cell dimensions is the same as the value
of 093 gm cm-3 obtained by differential flotation of the crystals in

& methyl cyanide water mixture. Each of the four asymmetric units of
the space group is occupied by one MeEBNCHMe unit, If the compound is
dimeric in the crystalline state, then each dimer must possess a centre
of symmetry and the methyl carbons on the carbons attached to nitrogen
must be trans.

Collection of Intensities.

Partial three dimensional data was recorded photographically using
Zr=filtered Mo radiation and the precession method for the okl-=2kl
nets and Ni-filtered Cu radiation and the equi=inclination Weissenberg
method for the hko=hk5 nets,

The intensities were estimated visually by comparison with a
graduated scale, the elongated reflections only on the Weissenberg
nets being used,

Length corrections (Phillips, 1956) were applied to these
reflection on the nets hkl-hk? at the same time as the usual Lorentz
and polarisation corrections. For the nets hkli and hk5 the length
of spots with the same sin © values were found to vary across the film
so estimates of the lengths were obtained by direct measurements.

No correction for absorption was made,
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The structure factors were correlated using factors calculated
from the common reflections by a modified Rollett least-squares method.

They numbered 475 of which 174 appeared on more than ome net.

Structure Determination

The structure was solved by calculation of the three-dimensional
Patterson function. The atomic parameters were refined by Fo and
Fo - Fc syntheses and finally by least squares calculations.

The three dimensional Patterson function was calculated, the

expression
Bkl
P(uvw) = % 2%-%;-%;-[whklthkll 2cosZn(hu + 1w) +
2
wﬁkllF_ | “cos2n(=hu + 1lw)] cos2rkv

being evaluated at intervals in u of 0»2622, in v of 0-26BX and in
w of 0.298%,

The expression used for w. was 1/ { £ exp (-2o551n26/A 2) 2}

hkl
where f is the theoretical value for the scattering for the sin ©
value for each Fhk1°

A statistical analysis of the intensities of the hko reflections
(Wilson, 1942) gave an apparently low estimate of the overall temperature

factor of 2o822 for the atoms in the molecule. The expression used for

LAY gives a set of coefficients intermediate to those from point atoms
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at rest and point atoms,

The Patterson function was solved by choosing a sharply defined
peak L4e8% from the origin as arising from the single weight vector
due to C3' = C3 and superimposing this on the origin. (see fig. I).
This three-dimensional superposition gave regions of positive overlap
in mc in the asymmetric unit,
but for C4 there was a choice of two peaks, one of which was eliminated
by further superpositions. The appearance of this spurious peak was
probably due to the boron-nitrogen vector orientated similarly to the
C3 = C4 vector.

The coordinates obtained from the superposition were as follows
and gave interatomic distances and angles consistent with the proposed

dimeric structure.

Atom x ¥ 2 £
N 0-92 060 079
c1 =0+ 92 1679 =158
ce 0.92 0s60  =2010
c3 1o bk 1479 1018
Ch 2410 179 2463
B 0.13 0060 =092

A set of structure factors was calculated using these coordinates.

The value of the residual, R, was 059 where
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. 2Tl - I Fl

2 AF |

Structure Refinement

Refinement was carried out at first from a three dimensional
F° synthesis computed at the same intervals as the Patterson function
using the signs of the calculated structure factors with their observed
magnitudes.

The expression used was

h k 1
L \TV V] hik=2n :
playz) = v é Z Lﬂ( hkl cos2n(hx + 1z) + F}ﬁ‘-.-j_cosZn(hx - 1z) | cos2nky
@ o o

h k 1
Zry— 'Fh+k = 2n+l
s | "hkl sin2n (hx + 1z) + FhkisinZW(hx - 1z) | sin2nky

This gave well defined peaks in positions corresponding to five
of the atomic sites, and with heights consistent with their atomic number.
The carbon peak heights were between 4 and 5 e R -3. The sixth peak,
corresponding to C2, was much more smeared out along b. The y-
coordinate of C2 was adjusted until calculated structure factors gave
a residual of 0-47., Two further cycles of refinement caused the resi-
dual to fall to 0-39 and then to 031, At this stage the coordinate
shifts were of the order of 0+1%.

Refinement was continued by calculating an Fo - Fc synthesis.



-17 =

The shifts in the coordinates were derived by means of the expression
(see Introduction).

46 = )

or = dar

2/%(0)1)
with the atomic positions being moved in the direction of maximum
gradient., Values of /2(0) and p were obtained by plotting 105/; against
r2 for C2 and N,

Temperature factor corrections for the atoms were calculated,
assuming (wrongly) the scaling to be correct, from the values of the
cloctron density at the atomic sites. The simplified expression
/% =/3 = -nI, 8B and the suggested value for I (Schomaker, 1957) were
used. Where,ﬂL '/CE is negative at the atomic sites the temperature
factors are too lowe

Structure factors calculated using these corrections to the
coordinates and temperature factors gave a residual of 029, As
EZ‘FA and E:\Fcl for these structure factors were still very different
the scale and temperature factors were corrected as follows.

Structure factors for the hko and okl nets were used to plot values
of ln()’:'\Flo /3 Fé ) against sin2'9 for ranges of sin®. From the
intercept and slope of this line, K, the scale factor, and the change
in B can be measured,

KF, = F, exp(-ABsinae/ A 2)
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1ma%v2md)=mum)-mﬂ¥wxa

The values of B used were found to be too high and K too low.
Altering the scale and temperature factors in this way improved
the residual from 0029 to 00265,

A second difference map was computed which resulted in a residual
of 0-215, At this stage the coordinate shifts were of the order of
0.028,

As a least-squares computer program was now available, refinement
was continued isotropically for all six atoms to a residual of
00177, the average shift after five cycles being 0.0028. A11 six

atoms were then refined anisotropically to a residual of 0139,

Hydrogen atoms.

At this stage in the refinement a difference map was computed
which showed peaks of height about 0-25 <->.ﬁl-'.5 that could all be
explained as being due to the hydrogen atoms and all the hydrogen
atoms could be accounted for in this way. The mean C-H distance for
the methyl hydrogens ranged from 0.83 to 1048 with a mean value of
10038, The C-C-H angles ranged from 102° to 131° with a mean value
of 112°. The single hydrogen, H7, was 1.218 from Ch.

Structure factors calculated including all ten hydrogen atoms
in these positions gave, after one further cycle of refinement of the

atoms other than hydrogen a residual of 0-1204, the final value.
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The final cycle of refinement.

No. of planes = 646, TIF | = 3681-45, TIF) = 3639:38,

R = 021207, R' = 00313,
In the final cycles refinement the weighting scheme used was
_ 2
w=1/(a + IFOI + c(Fo) Yo

w appears in the quantity R', which is that minimised in the

least-squares calculations,

2
R' = Zw “Fol - ‘Fcl)
S wiF |2
o

In the last cycle of refinement values of a of 3.2 and ¢ of

Oo3 were used. The final shifts in the coordinates ranged from
0+03 to 0+15 of the corresponding e.s.d., the average value being
0.0048. The average shift in temperature factors, for this cycle
was 0000028 2. These shifts varied from O to 012 of the corresponding
e.8.do

The final values of the atomic coordinates are shown in table
I and the thermal parameters in table II. The unobserved planes were
not included in the refinement, but none of these were found to be
significantly greater than their minimum observable value. The
final values of the structure factors are listed in table V.

The scattering curves quoted in International Tables for X-ray

Crystallography Volume III, page 202, were used.
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N

H10
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Table I. (MeaBNCHMea)Z

Atomic Coordinates and their e.s.d.'s

z
0-5872
-1.8933
=106144
702460
2:7625
-100208
0+ 4000
=20 3000
=1+ 3000
=208500
34000
3+ 2000
3.0240
~1-5780
=203670
=0+9200

o(x)
0-0036
00074

00063

o(y)
00036
0.0058
0. 0070
000052
00065

0-0053

o(z)
0+0041
0-0071
0-0075
00060
0.0072

00064



=21 =

Table II. (MeZBNCHMeZ)Z

Thermal parameters in R e and their e.s.d.'s in 103 R 2 in brackets.

Atom U11 U22 U23 U12 U23 U13

N1 000358(2) 0.0455(2) 0.0313(3) =0-0025(1) =0-0039(3) 0-0074(2)
C1  040895(5) 0:0609(3) 0-0672(5) 0:0035(3) 0:0213(3)~0-0081(L4)
€2 0:0678(4) 0-1002(5) 0.0748(5) =0:0115(L4) =0:0189(4) 0-0399(4)
C3 000505(3) 0:0605(3) 0:0517(4) =0-0038(2) =-0-0128(3) 0-0060(3)
Chk  0:0615(3) 0:0857(4) 0:0683(5) ~0+0099(3) =0-0252(3)=0-0001(3)

B 0-0446(3) 0:0472(3) 0e0422(4) -0+0040(2) 0-006L(2) 0.0103(3)

The isotropic temperature factor used for all the hydrogen atoms had the

value O« 1106,
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Table III. (MeZBNCHMe) 5

Bond distances and angles,

B-C1 106028 0.008%
B-C2 1620 00008
B-N 1588 00006
B-N'* 10596 0006
N-C3 10272 0.006
C3-Ch 1. 468 0007
B-N mean 14592 0004
B~C mean 10611 0-006
B-N-B' 93.6° 0.3°
N-B-N"' 8604

C1-B-C2 11649 Ool
N=C3-Ck 1252 0+5
B-N-C3 1314 0ok

B'-N-C3 1347 Qo
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Description of the Structure

As expected from the chemical evidendé, the molecule is dimeric
and contains a four-membered boron-nitrogen ring with a double bond
attached to nitrogen. It is the trans isomer. The interatomic
distances and angles together with their estimated standard deviations
are shown in Table III and also in Fig. I. The lengths of the chemically
equivalent bonds B-N and B=N' and also B=Cl and B-C2 do not differ
significantly from one another and their mean values are illustrated in
the figure and are included in the table,

The ring bonds are formally single and the average B-N distance of
1592 & 0:004k is the same as that of 10591 + 00006K in (BC1_NMe,),
(Hess, 1963) which also contains a four-membered boron-nitrogen ring.
This close agreement arises in spite of the nitrogen atoms being
formally sp2 hybridised in the present work and sp3 hybﬁidised in the
other case. In both instances the bond angles in the rings are nearly
90° and the atomic orbitals involved in the ring formation must depart
considerably from their formal hybrid states. Similar lengths are
found in other compounds, The B-N distance in (CHB)aNBF3 (Geller and
Hoard, 1951) is 158k and in the [BH2<NHB)2]+ ion (Nordman, 1959) it is
1458 + 0+02R.

The carbon-nitrogen double bond, N=C_, has a length of 1o27aﬂ,

3'
the same as in (ButMeCNAlMea)ao This value is also found for

dimethylglyoxime (Merritt and Lanterman, 1952). The mean B-C distance of
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10611 + 0-006f is the same as that in tetramethyl diborane (Hedberg
and Schomaker, 1951).

However the C3-Ch distance of 1.468 + 0-0078 is much shorter than
that expected for a bond involving atoms in spa and sp3 hybrid
states. Pauling (1960) estimates the shortening for a C=C single
bond adjacent to a C=C domble bond es of the ordsr of C-02R. To
comparable shortening is found in (Bu®MeCNA1Me )

2’2
glyoxime the corresponding distance is 105330 On the basis of the

and in dimethyl-

significance tests proposed by Cruickshank (1953), the difference
between the above value and that of 1453 + 0-013 is highly significant.
The moleculer librations will lead to an apparent shortening in the
bond lengths and the effect would be expected to be greatest for this
terminal bond. However only a part of the shortening can be explained
in this way.

The ring angle at nitrogen is greater than 90°. This might be
expected from its formal sp2 hybrid nature and its greater electro-

negativity than boron. However in (BCl

3

2NMea)2 where all the ring

atoms are formally sp” hybridised, the angle at boron is 93-1o
compared with 86+4° in the present work. With the reduction in the ring
angle at boron from the tetrahedral value, the angle Cl-B=C2 is
increased to 116+8° and leads to a C1-C2 distance of 2:-75A.

The B'-N=C3 angle of 134:7° is greater than B-N-C3 which is

131o7°° This distortion increases the distances between Ch and the
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methyl carbons on B! to 3okk and 345K, Similarly the increase in
the angle N=C3-Ck to 125o2°, greater than the trigonal value,
increases the non-bonding contacts involving Ch.

The equation of the mean plane through By, N, C3 and the atoms
related by the centre of symmetry is

0+769x' = 02633y + 0.076z' = O

where the atoms are referred to orthogonal axes parallel to a, b and
c*¥o

The distances of the atoms from this plane are as follows:

N 0-0094
ClL  =1-353
c2 14391
C3  0.004
ch 0061
B 0-000

Ch is therefore at a distance of 0sO6A from the mean plane.
The equation of the mean plane through B, Cl, C2 and the atoms
related by the centre of symmetry is
0e489x"' + 04695y + 0e527z2' = O
vhere the atoms are referred to axes as above. The distances of the
atoms from this plane are:

B ~0+006A
c1 0.002
c2 02002
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and the atoms are co-planar. The angle between the two mean planes is
89°,

The temperature parameters are generally greater for atoms
furthest from the molecular centre and are smallest for the boron and

nitrogen atoms. In addition the values appear smaller for nitrogen

than for horo

13
Jde

2]

ty

wWith some increased concentration
of electrons at nitrogen.

The intermolecular contacts of less than 44X are listed in Table
1V where the second atom is situated at the position indicated in the
Table, The two contacts of less than Ui are from C2 to C3 and Ch4 of

the next molecule along a. F¥igs. II and III show the molecular packing.
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Intramolecular contacts.

Table 1IV.
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(MeZBNGHMe)2

Non bonding contacts.

C1

c2

ca2' C4

C1' C4

Intermolecular

contacts,

c2
c2
cs
ch
c2
c2
c2
c3
cs
C1

C3

c3
ch
ch
c2
c2
ch
c3
c3
C1
C1

Ch

1—x,§,;
l-x,i,i
X~3,3-Y 42
X,Yy itz
1—x,§,§
X~} ¥=%,2
X3, =512
X=3,2=Y,2
l+x,y,142
X, 3y, 2

x’%il'Y9z

24745
30 450
3442

3.804°
3961
4.08
ks 16
Le221
bo22
e 23
4e25
he27
e 32
438
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mamTTy e {7 . 3
.LHB.LLEI Vo KMeabmeeZ)ac

Observed and calculated structure factors,
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The Crystal Structure of 2.2' dimethylbutylidene=3-aminodimethyl=

aluminium dimer (ButMeCNAlMea)zo

Introduction.

Trialkylaluminiums react with alkyl cyanides forming adducts which
rearrange on heating, giving products thought to contain a nitrogen-
slumipium four-membered ring system. Unlike the analagous boron
compounds only one product is formed in most cases and this is thought
to be exclusively the trans isomer (Wade and Jennings, 1965). These
compounds are much more readily hydrolysed than the corresponding
ethylideneaminoboranes, but for the compounds in which there is most
crowding of the groups round the aluminium the hydrolysis is very slow
and (ButMeCNAlMea)2 is hydrolysed very slowly indeed. This compound
is also unusuel in that it does not undergo further rearrangement and
is not further attacked by trimethylaluminium. (ButCMeNAlMea)2 was
studied for comparison with (MeCHNBMe)2 and also to see whether the
packing in the crystal would account for its unusual lack of reactivity

compared with other aluminium compounds in the series.

Me,
Al
But\ /1 \ / Me
//C::=N N—
Me \AIL/ \ BuE
Me

Experimental

Plate~like crystals were grown by vacuum sublimation, cut to
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suitable shapes and mounted in sealed glass capillary tubes, the walls
of which were about 0-06 mm. thick. These operations were carried out

in a glove box in an atmosphere of oxygen free nitrogen.

Q;ystalldata.

The unit cell dimensions were measured from photographs of the
hol and okl nets photographed using Zr- filtered Mo radiation and the
precession camera, The statistical errors in the cell dimensions
measured from the photographs are 0-004% in a, 00068 in b and 0.003R
in ¢. The actual error is probably about 0-5% of each dimension and
10' in B.

Orthorhombic a = 11-28, b = 14868, ¢ = 12.54k, V = 208533
Z = 8 Bu'MeONALMe,, formula units, D_ = 02935 gmeom 2, (A= 0:7107) =
14186 cm™ . p(A = 1.5418) = 10.5 em T,
Reflections observed:-

hk} when h + k = 2n

hko when h = 2n (k = 2n)

hol when 1 =2n (h = 2n)

okl when (k = 2n)
These are consistent with the centrosymmetric space group Cmeca
(International Tables for X-ray Crystallography, Vol. 1, No. 64) or with
the non-centrosymmetric C2ca (Aba2, No, 41 if the directions of a and ¢

are interchanged). The density calculated on the basis of eight

3

BuMeCNAIMe. units per unit cell is 0:935 gn.cm >, in agreement with

2
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the experimental value of between 0+91 and 0096 gm.cm .

If the space group is C2ca then the molecule must possess a two-
fold axis lying along a. For the trans isomer this must be perpendicular
to the plane of the ring. For the space group to be Cmca the molecule
must possess, in addition, a mirror plane perpendicular to this two-
fold axis., For the trans isomer to fulfill the symmetry requirements of
this space group, the plane containing the ring atoms must coincide with
the mirror plane and all of the atoms will lie in this plane, except the
atoms of the two methyl attached to aluminium and also the atoms of

two of the methyl groups forming part of the t-butyl group which will

Collection of Intensities.

As the absorption coefficient for this compound for Mo radiation
is 1186 cm-1 and the crystals were fairly small, no absorption corr-
ection was made to any of the data as Mo radiation was used throughout,

The hkO-hk6 nets were recorded using the equi-inclination angle
Weissenberg technique and a needle shaped crystal of cross
section 003 x 0.3 mmz. A crystal shaped like a triangular plate
mounted along ite longest side and of height Os6 mm., and thickness
O-4 mm, and the precession camera were used to record the nets okl-3kl,

hol=-h6l and some diagonal nets.

The intensities of these reflections were estimated visually
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using a graduated scale, After the usual Lorentz, polarisation and
length corrections (Phillips, 1956) had been applied, the structure
factors on the twenty four nets were correlated by a least-squares
method.646 independent reflections were recorded, 161 of these appeared

on only two nets and a further 185 on at least three,

The Patterson Function

The expression

| F | 2 cosZ2nhucos2nkvcos2nlw

P(uvw) = k1

Me

DOX

o

<jco
o>1s

was used to compute the three-dimensional Patterson function, the
structure factors being weighted by means of the function
exp {12 sinze/A 2} + This function was allowed a maximum value of 100
so as not to give too large a weight to the weak high-order reflections.
The Patterson section P(Ovw) showed a large number of pronounced
peaks, in agreement with the expected arrangement of the molecules in
the cell. An examination of the aluminium=-aluminium vectors allowed
coordinates to be assigned to the aluminium atom. The x~-coordinate of
zero is compatible with either space group and can arise from this atom
being situated in the mirror plane in the centro-symmetric space group
or from the arbitrary position of the origin in the a-axis direction
in the non-centrosymmetric one. Direct inspection of the Patterson

function, together with the use of superposition methods, revealed the
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positions of all the atoms except those of the methyl carbons in the
t-butyl group, With the omission of these atoms, the molecule was
found to be essentially centrosymmetric and structure factors were
calculated for these atoms, assuming a centrosymmetrical model., The

residual R was 038,

An Fo synthesis was then evaluated at the same intervals as the
Patterson function using the expression appropriate to the centro-

symmetrical case, namely that for Cmca. This is

L

(o} o (o]

8 S k+1l+2n
f:(xyz) =51/ } > Fy i coserhxcos2nkycos2nlz

k+l=2n+1 '
— > > } FﬁklcosZnhx51n2nky51n2nlz
o (+] o

The electron density map showed peaks at positions corresponding to

all the atoms whose positions had previously been determined, In addition,
peaks corresponding to the methyl carbon atoms in the t-=butyl group were
also present. These peaks were very drawn out and, in one direction, fell
to half their maximum value over a distance of about 2R. The compound was
now established as the trans isomer,

The inability to recognise peaks in the Patterson function arising
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from vectors involving the methyl carbon atoms in the t-butyl group did
not permit a choice of space group to be made at that time. Calculation
of the electron density in the centrosymmetrical space group resulted

in their being a mirror plane at x = O, Atoms, which are not related in
pairs by the mirror plane, will give rise to peaks of electron density,
above and below this plane, of weight one-~half, The peaks which were
smeared out in the F0 synthesis were thought to have arisen in this

way from the overlap of peaks of lesser heigbt. On this basis, coordinates
were now given to the methyl carbon atoms in the t-butyl group. The
positions of these atoms were not related by a mirror plane and the centre
of symmetry in the structure was now removed, permitling systematic

methods of refinement to be applied.

Refinement

The atomic parameters of the non-centrosymmetrical model in the
space group Aba2 were refined by least=-squares methods. With isotropic
temperature factors the residual fell to 0+175 and with anisotropic
temperature parameters to a value of 0-117, At this stage the temperature
factors of two of the methyl carbons in the t-butyl group were very much
larger than those of the third and were not consistent with the vibration
of the group as a whole, The carbon-carbon distances in the t~butyl
group ranged from 1¢45 to 1¢55A with quoted e.s.d.'s of about 0-03
and the carbon-carbon angles varied considerably amongst themselves. In

addition, the molecule showed marked deviations from planarity in a
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not very systematic manner. At this stage, a difference map showed two
peaks of height OoSeR-3 close to two of the t-butyl methyl carbons and in
positions related by the plane of the molecule, although these atoms had
shown no tendency to move to positions related in this way during the
refinement,

For these reasons it was thought that the space group might he the
centrosymmetric Cmca and atomic coordinates were chosen in accordance with
the required molecular symmetry. Of the three methyl carbon atoms in the
t-butyl group, one now lay in the mirror plare at x = O with one above
and one below this plane and related by it. The refinement of this model
guve thermal parameters more easy to understand and more consistent
bond distances and angles. The least-squares refinement was carried out
with isotropic thermal parameters until a residual of 0184 was obtained.
Further refinement with anisotropic thermal parameters resulted in the
final value of the residual being O-11k4, calculated on the 52k observed
reflections, A difference synthesis now showed no major features and in
particular there were no marked positive or negative regions in the
plane of the t-butyl methyl carbons.

It would appear that these atoms are undergoing very large vibrations,
apparently as a rigid body, about the bond C3-Ch to the rest of the
molecule rather than rotating freely about this bond. The space group was

now established as Cmca,
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The Final Cycle of Refinement.

No. of planes = 524, IFl =13052, IF} = 12684, R = 0-114,
Rl = 0+0351,

In the final cycles of refinement the weighting scheme W = 1/(a +
IFJ + ché 2) was used. a and ¢ had the values 12 and 0:08 in the
last cycle. The real part of the correction for dispersion was applied
to the scattering factors for aluminium. The unobserved reflections were
given zero weight in the refinement. The final coordinates and their
e.8.,d.'s are listed in Table VI and the final thermal parameters in
Table VII. The average coordinate shift in the final cycle of refinement
was 0-00183, the shifts ranging up to 0-25 of the corresponding e.s.d.
The average shift in thermal parameters was 0-00152, the shifts varying
from O to 0+35 of the corresponding e.s.d. The final values of the
structure factors are listed in Table X.

The scattering factors used were those quoted in International

Tables for X-ray Crystallography, Vol. 1, page 202.



Table VI. (ButMeCNAlMea)Z. Atomic Coordinates and their standard

deviations

Atom X y z ox oy gz
A1 0 1+260 0671 0 0.004  0-004
N 0 -0-600 1172 0 0-011 0010
c1 1761 2103 1.028 0015 0:012 0043
c2 10267 =12317 ko322 00028 00025 0019
c3 0  =1.340 20207 0 0:017  0-016
ch 0 -0+ 827 34664 G 0016 0:013
Cc5 0 =2.879 24109 0 0.018 04016

c6

(o]

0678 30735 0 0024 0-021
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Table VII. (ButMeCNAlMeZ)a

Thermal parameters in 22 and their e.s.d.'s in 103 RZ in brackets.

Atom U U U U U U

11 22 33 12 23 13
A1 0:067(3) 0-034(2) 0-035(2) 0 0-005(2) 0

N 0.065(8)  0.037(6)  0.019(4) 0 0.010(4) o

C1  04082(9)  0-069(7)  0-072(8) -0.025(7) =-0.008(6) 0-0004(7)
C2  0.209(23) 0-195(22) 0-:093(11)  0105(14)-0-047(13) =0-077(14)
C3  0.090(13) 0-058(10)  0.058(10) 0 0017(9) 0

chk  0.062(10) 0-069(9) 0-026(6) 0 0-003(7) 0

C5  00175(23)  0.046(9) 0-049(9) 0 0.010(8) 0

C6  0-232(32) 0.079(13)  0-053(10) 0 -0:025(11) 0
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Description of the Structure

As expected, the molecule is a dimer and contains a four-membered
ring system with a double bond attached to nitrogen. It is the trans
isomer.

The bond lengths and angles are listed in Table VIII. The values
for the chemically equivalent honds Al-N and Al-N' {where N' refers to
the atom related by the centre at 000) do not differ significantly from
one another and their mean value is also quoted. The molecular dimensions
are shown in fig., IV,

A value of 1-96X (Pauling, 1960) is obtained for the length of an
saluminium=-nitrogen single bond for atoms in sp3 hybrid states. As the
nitrogen is formally 5p2 hybridised, a value of about 1+94% might be
expected. Both these values agree with the mean Al-N distance of
14942 £ 0.0084.

The A1-C1 distance of 2:01 £ 0-014R is in good agreement with the
value of 1+99% found for the terminal aluminium-carbon bond in tri-
methylaluminium (Rundle, 1953). This distance is considerably greater
than that of a boron-carbon bond and the separation between C1 and the
atom related by the mirror plane is increased to 3-523, compared with
2:74K in the boron compound examined previously. This distance is now
greater than most of the other intramolecular non-bonding contacts.

The length of the carbon-nitrogen double bond N=C3 is 1-2723, almost

identical with that of the corresponding bond in (MeHCNBMe)2 and of the
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Table VIII. (ButMeCNAlMe ) Bond lengths and angles.

2’2"
A1-N 129278 0.011%
A1-N? 1.958 0.011
Al-C1 2.010 0014
N=C3 1272 0:020
C3-C5 1+543 0.025
C3-Ch 1545 0.022
ch-C2 14509 0.027
cl-C6 1506 0-029
Al-N (mean) 1. 942 0.008
N-AL-N‘ 85+4° 0e5°
Al=N-Al? L6 0+5
C1=-Al=C" 12242 0.6
Al=N-C3 140-5 08
Al'=N=C3 12540 0.8
N=C3-Ch 125-3 1.0
N-C3-CS 1205 1e1
Ch=C3=C5 113+0 143
C3-Ch=C2 1076 101
C3=-CL-C6 1120 et
C2-CL-C6 1077 1.2

c2-Ch-c2n 1142 1.6
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double bond in dimethylglyoxime.

Neither of the carbon-carbon bonds adjacent to the double bond is
shortened as in the boron compound. Their lengths of 1545 %X 0.022R for
C3-Ch and 1+543 % 0.025R for C3-C5 do not differ significantly from the
value of about 10525, expected for a bond between carbon atoms in sp2 and
sp3 hybrid states.

In the t-=butyl group, the distances involving the methyl carbons are
1¢509 X 0.027& for C2-C4 and 14506 * 0.029R for C4-C6 and neither is
significantly shorter than the standard value of 1.54458 for diamond.
However the space group symmetry requires that the thermal vibration

tensor components U, and U13 for C6 have zero value and this atom has

12
its major axis of vibration parallel to a. The correction for thermal
oscillation effects (Cruickshank, 1956a) for the bond CL-C6 is 0.0174
giving a corrected length for this bond of 1=523ﬂ. An increase in

length of similar magnitude is expected for C2-Ch,

As in the boron compound previously examined the ring angle at
nitrogen is greater than 90°, presumably because of its formal sp2 hybrid
state and the greater electronegativity of nitrogen compared with
aluminium. This angle at 94+6° is greater than in the earlier case, since
aluminium forms longer bonds than boron and the bond angle at aluminium
would be expected to deform more readily than the one at nitrogen.

Corresponding to this reduction in the ring angle at aluminium, the angle

C1=-A1-C1" (where the C1" refers to the atom related by the mirror plane
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at x = 0) is increased to 122-2% considerably greater than the tetrahedral
value,

The values other angles seem best discussed in conjunction with the
lengths of the non-bonding contacts which arise within the molecule. These

together with the intermolecular contacts are listed in Table IX. The
arrangemant resulits in pairs of methyl carbons,
plane, and methyl carbons lying on the mirror plane being situated
round the circumference of the molecule and giving rise to maximum non-
bonding contacts.

The distortion of the aluminium-nitrogen~carbon angles to 140° for
Al-N=C3 and 125 for Al'=N-C3 increases the C1-C6 separation to 3-552
making it comparable to the C1-C5 separation of 3-678 and to corresponding

intramolecular contacts in (Me BNCHMe)2 of 345 and 3o44R. The value of

2
112° for the angle C3-C4-C6 is not significantly greater than the
tetrahedral value of 109° 281, but the N=C3-Ch angle of 1250, slightly
greater than the trigonal value, will help to increase the C1-C6
separation., The value of 3+67 for the distance C1-C5 is in spite of the
angle N=C3-C5 of 121° being nearly trigonal and Al'-N-C3 being 1250.

The angle C5-C3-Chk is only 113° which is much less than trigonal
and the value for C2-C4-C3 of 108° is not significantly different to
tetrahedral, As a result of the molecular geometry the separation

between C2 and C5 at 2-998 is much shorter than other contacts between

methyl groups not bonded to the smame atom. In hexamethyl benzene
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(Robertson, 1939) the methyl contacts round the ring are 2.92 '

In the t-butyl group the angle C2-Clk-C6 is 108° and close to
tetrahedral whereas C2-C4<C2" where this angle is in a plane perpendicular
to the plane of the molecule in 114°. The separation between C2 and C6
is 2¢44 and that between C2 and C2" is 2-532.

111 % oms except C1 aud C2 are fixed un ihe mirror plane by the
requirements of the space group symmetry. The best line through N, C3
and the atoms related by the centre of symmetry is
x =0, y = =0:5872

N is 0558 from this and C3 - 0.0388 and the four atoms are not co-
linear. The equation of the mean plane through Al, C1 and the atoms
related by the centre of symmetry is

0+0719x - 0+4088y + 0.90872z = O
where X, y and z are parallel to the crystal axes. The angle between the
normal to this plane and the mirror plane is ?o.

The intermolecular contacts are listed in Table IX., The only
contacts of less than 4R are between C2 and C2' of the next molecule at
(3, 0y 3) and C5 with C6 of the molecule at (4, %, O).

The molecular packing is shown in fig. Vi

The lack of reactivity of this compound compared with similar
compounds of aluminium is explained by the molecular structure. The
aluminium has two nitrogens and four methyl groups around it in a very

distorted tetrahedral arrangement, In addition it has two methyl groups as



- 49 -

more distant neighbours at 3-21 and 3~1ER and another aluminium atom

at a distance of 2.8%.




Table IX. (ButMeCNAlMea)Zo Non-bonding contacts.

—y

Intramolecular contacts,

C5'=C1
C1=-C6
A1-C6
N-C6
A1-C5'
N-C5!
c6-C2
c2-c2t
C1=C1"
c2-C5

Intermolecular contacts.

C2-C2
C5-C6
C1-C2
C1-C2
C1-C1
C1=C5
C2-C3
C1-C2

2 =X ¥y %~
Oy y-7%, 3 -
2-%, 5,2~
Xy 2+ Y, % -
2 -X % =Y,
Oy, 2+, 2%~
2y ¥s 2 - 2
=X ¥, 2% -

N NN NN N

N

2. 678
3455
2012
2:86
3021
2-46
2o bl
2.53
3+52
2.99

3.8788
34891
Le022
4.083
Le262
ke313
Lo 344
Lelol
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TABLE X. (ButMeCNAlMez)Z.

QObserved and calculated structure factors.
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Dimethylphosphinatodimethylgallium dimer (MeaGaOZPMea)Z.

Introduction,

Phosphinic acids react with a variety of metals., Some of these
compounds have been shown to be polymeric and others dimeric., In all
known cases the metal atoms are linked by two bridging phosphinate
groups.

Cobalt and zinc phosphinates are thought to have a polymeric structure
(Coates, 1962).
Recent work (Danielsen, 1963) has shown that Mn(GHBCOOC H.) (o

252 2
is pblymeric with two phosphinate bridges between the metal atoms.

PClZ)z n

Wilkes, 1965, has shown that the molecule
(CHEOCHOCHB)ZCr(OP(C6H5)ZO)ZCr(CHBOCHOCHB)2 contains an eight membered
chromium phosphinate ring system.

Trimethylaluminium and trimethylgallium react with phosphinic
acids giving products whose infrared spectra and molecular weights
suggest that they are dimeric with phosphinate bridges. (Coates, 1964).
A crystal structure analysis of dimethylgallium dimethylphosphinate
has confirmed that the dimer contains an eight membered phosphinate
ring system.

’E‘j’l\
O,\\\\\$
p

MezGa..

/////’
o)
GaMe,
0\ /O‘

Me,
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Experimental

The crystals are extremely soluble in organic solvents,
Sublimation in vacuo gives needle-shaped crystals elongated along b.
Crystals of 0+1 x 01 mm2 crossection were sealed in thin walled
lithium borate capillary tubes. The substance is air sensitive but
erystals mounted in the

ir were sufficiently
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purposes.

Crystal data.

The unit cell dimensions were measured from photographs of the
zero nets using the precession method and Zr-filtered Mo radiation.

The calculated statistical standard deviations in the cell dimensions
are O-OO}X in a, 0.014% in b and O-OOBR in ¢, but the actual errors are

thought to be about 0.005 of the unit cell lengths and 20' in B.

Monoclinic a = 15-23%, b = 6-78R, ¢ = 16.31%, B = 105° 23'.
Absorption p(Mo Ka) = 36.28 cm_1, 1(Cu Ka) = 6134 em V.
Dx = 155 gm. cm 2, z = 8, V = 165282,
Observed reflections:-
hkl when h + k = 2n.
hol when 1 = 2n, (h = 2n),
oko when (k = 2n).
These are consistent with the two space groups Cc and C2/c (Numbers

9 and 15 in International Tables for X-ray Crystallography, Vol. 1).
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The calculated density, assuming eight MezGaOZPMe2 units per
unit cell, is 155 gm. cm-3° The density of the crystals is found to
lie between that of water and carbon tetrachloride (1.6 gm. cm-3)°

If the space group is C2/c¢ then the dimer must possess a twofold

axis or be centrosymmetric.

Collection of Intensities

Zr-filtered Mo radiation was used tc record photographically
the nets hol - h6l using the equiinclination angle Weissenberg technique
and the okl - 2kl and the hko - hk2 nets using the precession method.
The intensities were estimated visually using a calibrated
scale. The usual Lorentz and polarisation corrections were applied
to the data. The length correction, (Phillips, 1956) was made to the
data from the upper level Weissenberg photographs. No correction
for absorption was made,
The structure factors were correlated using a least squares

method. They were 726 in number, 188 appearing on more than one net.,

Structure Determination

The Patterson function

The expression evaluated was

TRl e 2 12
P(uvw) = 3= > EZ:EE: hkl Fpiql “cos2n(hu + 1w) + Wp o |Fp,l “cos2n
o

(=hu + lw)} cos2nkv
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in intervals in u of 0025388, in v of 0.2718R and 0.28238 in w. The
coefficients were sharpened by weighting them using the expression
exp(2Bsin®®/\ %) with B taking the value of 6. The maximum value this
expression was allowed to take was 100 to reduce the weighting for the
weak high order reflections.

While the data collection was in prograss, the Patterson function
was computed in projection along the three crystal axes and showed
the space group to be C2/c. In the 010 projection, three peaks of
similar height appeared, two of which arise from double-weight phosphiorus-
gallium vectors and the third from the gallium-gallium single weight
vector. The situation was resolved since an estimate of the gallium
Z-coordinate, with respect to the cell origin, was obtained from the
projection along a. In the 010 projection a single application of
superposition methods, based on the gallium-gallium single-weight peak,
revealed a centrosymmetric eight-membered ring. Structure factors,
based on the ring atoms alone, gave a residual of 0-32 after one cycle
of least-squares refinement. A difference map then revealed the
positions of the methyl carbon atoms in this projection (Fig. VII).

The space group C2/c possesses centres of symmetry at 0,0,0, and
2,%,0 and two-fold axes. Examination of the Patterson function suggested
that the molecule is grouped around the centre of symmetry at Z,z,0.

The hko structure factors, calculated on the gallium and phosphorus atoms

alone, gave a residual of O.42,



(MezGaOzPMez)z 010 projection

— Fo synthesis
--- Fo-Fc synthesis

(Fc's based on the ring atoms only)
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As a check on the two dimensional results the three dimensional
"Patterson function was evaluated. This allowed atomic coordinates to

be assigned to the gallium and phosphorus atoms. R(hkl) was 027,

Fo synthesis

A three dimensional Fo synthesis was computed at the same intervals
2g the Patterson function uging the signe of structure factors based on
the phosphorus and gallium atoms only. This showed peaks corresponding
to all the atoms other than hydrogen and allowed coordinates to be
assigned to thems The reliability index was now 0-12.

The expression evaluated was

e 0 oo
£ (xyz) ='%E( Z E 2__ (FhklcOSZn(hx + 1z) + FﬁklcOSZH(hx + 12z)) cos2nky.
o o o

XX o oo
—- E 2 }::(Fhk151n2n(hx + 1z) + Fﬁklslnan(hx + 1z))sin2nky)
o o o

Structure refinement

The atomic parameters of all eight atoms were refined by one
cycle of least squares calculations using isotropic thermal parameters
to a residual of 0:116, Introduction of anisotropic thermal parameters
for all the atoms reduced the residual to 0.085, its final value, over
the 726 reflections,

An Fo - Fc synthesis computed at this stage showed only one

pronounced feature, a peak of height 1 e.A.—3 near the site of the
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gallium atom. Many of the other peaks were close to carbon atoms,
but could not readily be explained as due to hydrogen atoms,
Structure factors for the unobserved reflections were not
included in the refinement. None of these were found to be
significantly greater than their minimum observable value.
The scattering curves used were those in International Tables
for X-ray Crystallography, Vol. III, p. 202, to which the
real part of the correction for dispersion (ibid, p.213) was applied

for gallium and phosphorus, but not the imaginary part.

The final cycle of refinement

No. of planes = 726, |F | = 39,977, %2IF ) = 39,102,
R = 0-0856, R' = 0.0188.

The values of the constants A and C in the expression used for
the weighting w, where w = 1/(A + IFl + c"|F°| 2), were 80 and 0«1 in
the final cycle. At this stage the average coordinate shift was
OoOOESR the shifts varying up to 0e35 of the corresponding e.s.d. The
average shift in thermal parameters was 0-002332, the shifts ranging
up to 0:50 of the corresponding e.s.d.

The coordinates and thermal parameters are listed in Tables XI

and XIT and the final values of the structure factors in Table XV,
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Table XI. (MeaGaOEPMeZ)a. Atomic Coordinates and their standard

deviations.

Atom X y 28 a9, ay o,
Ga 5¢017 1495 -1.820 0-002 0-002  0-002
P 5406 3.086 00957 0. 004 0005 0005
01 3+670 0-262 -1.287 0-011 0:015 0-012
02 1.875 14310 0+064 0+011 0013 0012
c1 3466 0+ 330 2736 0023 0.025 0-023
c2 6o 421 0O 351 =2¢52 0-022 0.028 0-023
c3 10143 0615 -2+505 0:023 0:025 0:019

ch 1830 =1+366 =0« 370 Q.02 0:023 0025
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Table XIT. (Me,GaOPMe),. Thermal parameters in £ with e.s.d.'s in

10° 82 in brackets.

Atom s U2 Us3 Us2 U3 Y13
Ga 0-048(1) 0.064(1) 0:050(1) 0.001(1)  =0.006(1) 0.013(1)
P 0.039(2) 0.057(3) 0.054(2) 0.004(2) =0.010(5) 0-006(2)
01 0.042(7) 0.082(10) ©0.072(8)  ©0.004(7) -0-008(7) 0-019(6)
02 0-043(6) 0-074(9)  0-047(6)  0-004(6)  =0:006(6) =0-00L4(5)
C1  0:085(15) 0.072(16) 0+:095(16) 0:005(13)  0.027(13) 0-004(12)
C2 0.064(13) 0.103(20) ©0-081(15) 0-.064(13) =0-018(14) 0-004(11)
€3 0079(15) 0-104(18) 0.053(11) 0.014(13)  0:013(12)-0.016(10)
Ck  0.075(14) 0.068(16)  0.101(17)  0:006(12) =0-005(13) 0-019(12)
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Description of the Structure.

The molecular dimensions are listed in Table XIII and are shown

in Fig. VIII. The lengths of the two phosphorus-oxygen bonds, P‘-=O1

and P'-Oa, are 1:522 X 0.012 and 1.492 £ 0-013R respectively and do

not differ significantly from one another, Their mean value is also

3 1 1 ~ o am L NN -~ rs
Simil v the mean values of Ga-0, and Ga-

1

of Ga-C% and Ga-C,, of P'-C3 and P'-Ck and also of the angles

2
Ga-01-P' and Ga'-Oz-P' are also listed. However the variations in the
four carbon~phosphorus-oxygen angies and in the four oxygen-gallium=-
carbon angles are significant,

The mean gallium-oxygen distance of 1¢93k * 0.009f is not
significantly shorter than that of 1.96 * 0+03. & in (Me ,GaOH) ,
(Smith and Hoard, 1959). For a single covalent bond, a length of
10928 (Pauling, 1960) is expected.

The mean phosphorus-oxygen length of 1:505 * 0.008R is the same
as the average value of that in the chromium(III)phosphinate,

(CH3COCHCOCH3) 2c:z-(op(<361{5) 20) ZCr(CH3COCHCOCH3)2 (Wilkes and Jacobson,

1965)» The expected value for a phosphorus-oxygen single bond is
10712 (Schomaker and Stevenson, 1941) so that, in the present case, there
is considerable shortening due to dr - pn bonding.

The average gallium-carbon distance of 1.980 % 0-0162 is the same

as that in (MeaGaOH)4° Similarly the mean phosphorus-carbon length of
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Table XIII. (MeaGaoaPMea)a. Intramolecular distances and angles.

Bonding €.8.do

Ga-01 1.9328 0.013%

Ga=02' 1:936 0011

P'-01 10522 0:012

P'=-02 10492 0.013

Ga-C1! 1.978 0024

Ga=C2 1982 0024

P'-C3 1.837 0-020

P'-Cl 14815 0-024

Ga=0 mean 1934 0-009

Ga=C mean 1.980 0.016

P-0 mean 1.505 0008

P-C mean 1.826 0.016

C1'-Ga-C2 126+1° 0.9°

01-Ga~-02" 993 05

02-P!~01 1159 0e7

C3~P'=Ch 107-8 11

01-Ga-C1 110+0 08

01-Ga=C2 1050 09

02'-Ga~C1 1075 0.8

02'-Ga~C2 10547 0e7

Ga~01-P" 13841 0-9 Ga-0~P mean 137+7°

Ga'-02-P! 137+ 4 08 0-Ga=C mean 1070
C-P-0 mean 10841

C3-P'-01 108-9 0.8

C3-pP'-02 108.2 0.8

CL-P' =01 106-0 1.0

Cl4-P'-02 109+5 049



4.54

(Me,GaOoPMeo)o
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14826 + 0:016R is very similar to the value of 1.84 + 0:02R found in
trimethylphosphine (lLide and Mann, 1958).

The 01-Ga—02' angle of 99°3° is much less than the tetrahedral

value and is the same as in (MezGaOH)4. Resulting from this, the angle

C,]'--Ga-C2 is increased to 126-10, giving a separation C

'-c2 of 3.52%.

However the r le O, ~P'-0_, 2t 115-Q

. ™ o 1 vasntor
Aly  AsAL, 1 - w2’ s o e CSivod

1
3y -

and the angle CB-P'-04 of 10708° gives a C -C4 separation of 2.958.

3

The mean angle at oxygen of 137-70 is similar to the value of 1330
in (MeZGaOH)4 and comparable valwes have been reported for other
phosphinates. In the chromium(III) phosphinate, the angles at oxygen
range from 141 to 161° and in the polymeric (Mn(PO c1l ) (cn cooc2H5)2)
the angles are 141 and 1730. In the former case the effect is attributed
to the non-bonding contacts involving atoms of the phenyl groups.

The non-bonding contacts of less than 4.4 are listed in Table XIV.
There are two carbon-carbon contacts around the ring of less than 43,

the separations C1 - CA and C1 - C,' being 3+79 and 3-893 respectively.

3
These distances are normal and are similar to the shorter contacts of
Ze74 and 3-79R across the ring and it would appear that the ring
conformation and the distortions at the ring angles is chiefly
determined by the nature of these contacts. The shortest intermolecular

contact of 3-4BX between O, and an atom related to 04 and at the

1

equivalent position #-x, y—-%, %, is less than any of the intramolecular

contacts already described. A perspective view of the atoms in the



Table XIV.

Intermolecular Contacts

(Meaeao PMe.) ..

2

2°2

Ga
P
01

cz
c2
c2
c1
Ch
c1

Intramolecular contacts

cl
ch

C3
c1!
Ga
Ga
P
P
Ga
P
01
02
Ch
C1

%"‘x: Y%,

- 65 -

Non-bonding Contacts.

N1

x, 1l+y, 2

%-xi Y"% ’

N1

Xy ¥y =3=2
F=X, ==y, %
x+%, ¥-3, 2
x+3, y+3, 2
Xy ¥y 242

2=X, Y'Jz"

X, iy

33 ]

- — 1 _
i1=X, ¥, =z~2

=Xy Y2, z

X%, Y+3, Z

X, ¥, 2
Ch 2.958
ca 3453
01! 307k
02 379
01 393
02 3-99
Ga' LSk
P! L5k
01! 385
02! 395
c1 379
c3! 3-89

4182
L3819
345
37k
3-33
3290
3-94
34981
.02
L.027

L nm
Uy

4.169
L3l
436
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(Me,Ga 0,PMe,), - .



ring is shown in figure X.

The equation of the mean plane through the ring atoms Ga, P, O

1!

O2 and the atoms related by the centre of symmetry at %, #, O is

-0+ 3496x"' + 0:7556y = 0s5541z"

=0:0381

vhere the coordinates are referred to orthogonal axes parallel to

a;, b and o*. The distances of the atoms from the plane are as follows:
Ga 0.398 c, -2.358
P 0.00 02 =060
01 =036 03 1o 42
0, 035 C, =1eb44
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TABLE XV, (MeZGaO PMeZ) .

2

Cbserved and calculated structure factors.
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<166
281
<160
712
<165
896
195
<151
<151
372
453
<153
283
287
<160
<163
<166
309
<173
<178
<182
341
382
<204
<200
<196
<191
<187
<182
a17
229
<176
174
345
222
292
280
<172
<173

10Fc
778
=555
-1337
-463
305
188
-85
=113
70
=152
=544
-91
=290
16
773
-68
959
-307
49
23
-394
488

242
284
-184
-19
=217
=300
-68
=17
36
346
=219
171
=127
232
186
=217
186
=429
~166
-18
=190
338
191
295
289
27
-116
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10Fo
<175
370
529
<179
<175
<171
619
<165
336
<160
580
<155
463
<154
416
311
447
336
435
2086
694
357
<168
358
511
281
395
469
285
311
401
348
329
276
248
526
105
353
311
285
278
287
283
418

10Fc
=105
=392
438
-186
28
-182
-565
-134
-277

421
60
414
90
=386
269
=448
181
356
=131
620
~-313
68
-306
=546
222
~443
505
276
280
458
-86
-256
372
-270
~£48
-195
388
372
~259
341
357
-261
=444

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
15
15
15
15
15
15
15
15
15
15
15
16
16
16
18
16
16
16
16
16
16
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10Fo
343
<184
<181
<177
391
<167
<170
<167
543
<166
213
<165
547
<166
481
<168
<170
<173
304
308
<188
340
579
<173
<171
<1695
505
<167
200
274
349
310
207
286
<127
434
<97
438
270
408
<168
<167
293

10Fc
-358
242
=101
120
364
-135
33
-165
-574
-5
-157
83
597
=20
497
-20
-76
65
-289
=242
1920
=375
503
-199
25
-126
~-468
-9
~-195
127
387
174
287
330
-178
-471
-21
502
313
209
-118
66
203
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COMPUTER PROGRAMMES

The computations were carried out on an Elliott 803 computer using
programmes prepared in this laboratory.

The following programmes have been written by myself in Algol,
1. A programme to correct the intensities of reflections, obtained by
Weissenberg or precession methods, for Lorentz and polarisation factors.
If desired, corrections for spot extension (Phillips, 1956) may also be

applied to upper level Weissenberg data.

2. A programme to calculate bond distances and their e.s.d.'s using

the formula put forward by Cruickshank, 1953,
2 2 2y,2 2 2y 2 2 2y 2
o = 1 o o
(o(x)p + a(x)q) + (o(y)p + y)q)m + (o(z)p + z)q)n

where 1, m and n are the direction cosines referred to orthogonal axes
for the bond between p and q.

This programme also calculates the e.s.d., d© in an angle as follows:

2 2 2 2
ae“ = l3 (Cosa3 - CosGCosa1) c(x)u

2 2
+ (11(Cosa1 - CoseCosas) + 13(Cosa - CoseCosa1) o(x)v

3

2 L2 2
+ 11(Cosa1 - COSQCOSGB) c(x)w

plus similar terms for o(y) , and a(z) , where Coso,, CosB,,
Uy V,W 1 1

U,V,w

CosY1 are the direction cosines for the bond 11 between atoms u and v
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and CosaB, CosB3 and CosY3 are the direction cosines for the bond 13
between v and w referred to orthogonal axes. (Darlow, 1960).

3s A programme to compute van der Waals contacts between atoms of
adjacent molecules. This generates the coordinates for each atom in all
the equivalent positions within any combinations of translations of half

a cell edge in any direction from one complete unit cell for monoclinic
and orthorhombic space groups. The programme then calculates the distance

between each atom in the asymmetric unit and each of the stored sets of

coordinates for all the atoms, out=putting those less than a pre-set limit,
N P
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