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Synthesis, Crystal and Molecular Structure of a Stable Monomeric Five- 
co-ordinate Gallium-Amine Complex, Chloro(dimethy1)-I ,I O-phen- 
ant h rol ineg a1 I i um ( 1 1 1 )  

By Andrew T. McPhail and Richard W. Miller, Paul M. Gross Chemical Laboratory, Duke University, Durham, 

Colin G. Pitt," Goutam Gupta, and Suresh C. Srivastava, Chemistry and Life Sciences Division, Research 

X -  Ray single-crystal analysis, l H  n.m.r., and molecular-weight measurements establish that the title compound has 
a trigonal bipyramidal structure in the solid state and in chloroform, but ionizes in water. Crystals are monoclinic, 
space group P2,lc. with cell dimensions a = 10.75(1), b = 11.91 (1). c = 15.59(1) 8, p = 134.8(1)", Z = 4. The 
crystal structure was solved by the heavy-atom method and atomic parameters refined by full-matrix least-squares 
calculations to R 0.052 for 1 228 statistically significant reflections from diffractometer measurements. Two methyl 
groups [Ga-C 1.956(10) and 1.952(10) 81 and a 1 ,lo-phenanthroline (phen) nitrogen atom [Ga-N 2.1 19(6) 81 
define the basal plane of the trigonal bipyramid ; axial sites are occupied by the second nitrogen of the bidentate 
phen ligand [Ga-N 2.433(6) A] and the chlorine atom [Ga-CI 2.440(3) 81. Comparison of these dimensions with 
those in other gallium complexes indicates that only the Ga-N distances are significantly lengthened due to intra- 
molecular ligand-ligand steric interactions. 

In addition, I H  n.m.r. spectral studies establish the cis-configuration of the octahedral complexes cis- [GaCI,- 
(phen),]X (X = CI, GaCI,, or MeGaCI,). 
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UNIDENTATE amines such as pyridine and trimethyl- 
amine react with gallium(II1) hydride and gallium(m) 
halides to form stable four-co-ordinate 1 : 1 c~mplexes.l-~ 
Five-co-ordinate 2 : 1 complexes [GaL2X3] have been 
detected, but these revert to the 1 : 1 complexes unless 
maintained at  a low temperature in the presence of excess 
of amine. While bidentate amines, such as ethylenedi- 
amine (en) ,6 1,lO-phenanthroline (phen) ,' and bipyridyl 

1 ,lo-phenanthrolinegallium(m), a rare example of a 
stable five-co-ordinate monomeric gallium( 111) complex. 

When dimethylgallium hydroxide was treated with 
an excess of hydrogen chloride or thionyl chloride, 
followed by 1,lO-phenanthroline, a 75% yield of the 
partially demethylated complex, cis-[GaCl,(phen),]+- 
[MeGaCl,]-, was obtained. However, neutralization of 
dimethylgallium hydroxide with one equivalent of 

TABLE 1 
lH N.m.r. chemical shifts (p.p.m.) of gallium(Ir1)-1, 10-phenanthroline complexes a 

Ga-CH, Compound H2, Ho HP H* H& H7 H51 H6 
1,lO-Phenanthroline 9.03 7.57 8.23 7.74 
[GaMe,(Cl) (phen)] ; b  CDCl, 9.58 7.91 8.58 8.04 0.12 

CD,CN 9.28 7.88 8.60 8.03 -0.01 
D,O 9.07 7.88 8.44 7.62 - 0.20 

cis-[GaCl,(phen),]X 10.08, 7.62 8.45, 7.60 9.16, 8.68 8.23, 8.36 0.04 

cis-[GaBr,(phen)J[GaBr,] 10.25, 7.63 8.47, 7.59 9.15, 8.67 8.25, 8.38 
(X = C1, GaCl,, or MeGaC1,) 

Determined in CD,CN unless otherwise specified; correct signal intensities were observed. J2,,  J s v  4;  Jaa, J7v 2 ;  J 3 4 ,  J i8  8 Hz. 
JZ3 ,  Jso  = 5 ;  J2,,  J,o 1.5; Js4 ,  J 7 8  8; J 6 . 6  9 Hz. Determined in CD,CN/D,O (3 : 1) .  

(bipy),8$9 should favour formation of five-co-ordinate 
gallium(rI1) complexes, the observed products are six- 
co-ordinate complexes, formed by partial or complete 
displacement of the halide from the co-ordination sphere, 
e.g. [GaClq(phen),] C1, [Ga(phen),] Br,. Organogal- 
lium(II1) halides are less well studied, although there is 
evidence 10 that the diammine and ethylenediamine 
complexes of dimethylgallium chloride are four-co- 
ordinate, i.e. [GaMe,(NH,),]Cl and [GaMe,(en)]Cl. All 
these observations would suggest that five-co-ordinate 
gallium(II1) is kinetically labile and thermodynamically 
unstable relative to the four- and six-co-ordinate states. 
It is therefore of interest to report here the preparation 
and structural characterization of chloro(dimethy1)- 
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hydrochloric acid, followed by addition of 1,lO-phenan- 
throline, gave a 65% yield of the desired 1 : 1 complex, 
[GaMe, (Cl) (phen)] . 

The lH  n.m.r. spectra of the 1 : 1 complex in dichloro- 
methane, acetonitrile, and water, showed magnetically 
equivalent methyl groups and a low-field aromatic 
pattern indicative of 1 ,lo-phenanthroline in a symmetri- 
cal environment (Table 1). The spectra are equally 
compatible with a four-co-ordinate ionic structure, 
[GaMe,(phen)] +, a pseudo-rotating five-co-ordinate struc- 
ture, and a symmetrical six-co-ordinate structure, cis- 
[GaMe,(Cl) (phen) (solvent)], although the latter iss terically 
unreasonable. Addition of an excess of 1,lO-phenan- 
throline produced a time-averaged spectrum of the free 
and complexed amine, as a result of rapid ligand exchange. 

A. P. Kochetkova and V. Tronev, Khim. Redkikh Elementov, 
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There was no evidence of a 2 : 1 complex, e.g. [GaMe,- 

The 1 : 1 complex showed no Ga-C1 absorption 6-9 in 
the 300--400 cm-l region of the far-i.r. spectrum (Nujol, 
KBr) , favouring the ionic structure [GaMe,(phen)] W-. 
The measured molecular weight of 166 (calc. 315.4) in 
water also indicated an ionized structure in this medium. 
However, in acetonitrile and chloroform the molecular 
weights were 320 and 330, respectively, favouring a 
five- or six-co-ordinate (solvent associated) structure. 
In order to resolve these ambiguities an X-ray crystal- 
structure analysis was undertaken, and confirmed that 
[GaMe,(Cl) (phen)] is a discrete non-ionic monomeric 
complex. The atomic arrangement, atom numbering 
scheme, and packing of the monomeric units in the crystal 
are illustrated in the Figure. Interatomic distances and 
valency angles are in Table 2; displacements of atoms 
from least-squares planes are in Table 3. 

(Ph42I  +- 

TABLE 2 
Interatomic distances (A) and angles ( O ) ,  with estimated 

standard deviations in parentheses 
(a)  Bond lengths 

Ga-Cl 2.440(3) C(4a)-C( lob) 1.397(11) 
Ga-N(1) 2.119(6) C(5)-C(6) 1.319(12) 
Ga-N ( 1 0) 2.433(6) C(6)-C(6a) 1.433( 12) 
Ga-C( 11) 1.956(9) C(6a)-C(7) 1.420(12) 
Ga-C( 12) 1.952(10) C(6a)-C(lOa) 1.42 1 (10) 

1.330(10) C(7)-C(S) 1.316( 14) 
1.367 (8) 1.390( 12) 
1.382 (1 2) E[i\Igt)O) 1.344( 11) 

:[; Ir:[?bb) 
C( 2)-C (3) 

1.372 (12) N (10)-C( 10a) 1.346( 10) 
1.411( 12) C(l0a)-C( lob) 1.416(10) 
1.451 (1 1) 

E[:izy2) 
C(4a)-C(5) 

C1-Ga-N( 1) 91.2 (2) C (5)-C(4a)-C( lob) 1 18.6 (7) 
C1-Ga-N ( 1 0) 16 1.0 (2) C(4a)-C(5)-C (6) 12 1.9 (8) 
Cl-Ga-C(11) 95.5 (3) C( 5)-C( 6)-C(6a) 12 1.1 (8) 
Cl-Ga-C( 12) 99.4 (3) C( 6)-C( 6a)-C( 7) 124.8 (7) 
N ( 1 )-Ga-N (1 0) 1 18.2 (7) 
N(1)-Ga-C(l1) 114.3(3) C(7)-C(Ba)<(lOa) 116.9(7) 
N(l)-Ga-C(12) 108.4(3) C(6a)-C(7)-C(8) 119.4(7) 
N( 1 0)-Ga-C ( 1 1) 84.3 (3) C( 7)-C( 8)-C( 9) 121.4(9) 
N ( 1 0)-Ga-C( 12) 94.1 (3) C( 8)-C( 9)-N( 10) 12 1.7( 8) 
C ( 1 1 )-Ga-C ( 12) 1 34.2 (4) Ga-N ( 1 0)-C (9) 12 9.8 (5) 
Ga-N ( 1 )-C( 2) 1 22.6( 5) Ga-N ( 1 0)-C( 1 Oa) 109.8( 5) 
Ga-N( 1 )-C (1 Ob) 1 1 9.6 (5)  C (9)-N ( 10)-C (1 Oa) 1 1 8.3 (6) 
C( 2)-N ( 1 )-C ( 1 Ob) 1 1 7.6 ( 6) C( 6a)-C ( 1 0a)-N (1 0) 122.1 (6) 
N( 1)-C (2)-C (3) 12 3.2 (7) C (6a)-C( lOa)-C( 1 Ob) 120.5( 7) 
C (2) -C( 3)-C (4) 120.3 (8) N (1 O)-C (lOa)-C( 1 Ob) 1 1 7.3 (6) 
C( 3)-C( 4)-C(4a) 1 17.8( 8) N( 1)-C( lOb)-C(4a) 122.2(6) 
C(4)-C(4a)-C(5) 122.7(8) N(l)-C(lOb)-C(lOa) 118.3(6) 
C(4)-C(4a)-C( lob) 1 1 8.7( 7) C( 4a)-C( 1 0b)-C ( 1 Oa) 1 19.5( 6) 

(b) Valency angles 

7 1.9 (2) C (6)<(6a)-C ( 1 Oa) 

(c) IntermolecuIar separations < 3.6 
C(3) - * * C(7I) 3.48 C(2) - - * ClII 3.55 
C(4) * * * C(7I) 3.53 C(4a) * * * C(lOa1) 3.59 
C(4) - * * C(8I) 3.53 

Roman numeral superscripts refer t o  the foliowing trans- 
formations of the co-ordinates of Table 4: I 1 - x, --y, 1 - z ;  
I1 -x,  -y, -2. 

The gallium co-ordination geometry is distorted tri- 
gonal bipyramidal with two methyl groups and the phen 
nitrogen N(l) defining the basal plane and the axial sites 
occupied by the chlorine atom and the other nitrogen 
atom, N(10), of the bidentate phen ligand. Departures 
of the valency angles a t  gallium from ideal trigonal 
bipyramid values may be ascribed to minimization of 

intramolecular non-bonded interactions between the 
ligands and to the rigid nature of the bidentate phen 
ligand. The gallium atom lies 0.199 A out of the basal 
plane in the direction of the axial chlorine, thereby 
decreasing interactions between the chlorine and the 

TABLE 3 

Equations of least-squares planes in the form: * A X  + 
BY + CZ + D = 0; displacements (A) of atoms from 
the plane are given in square brackets 

Plane (I) : phen 
-0.7304X + 0.6580Y - 0.18342 - 0.7439 = 0 

"(1) 0.109, C(2) 0.013, C(3) -0.090, C(4) -0.057, C(4a) 
0.003, C(5) -0.004, C(6) 0.023, C(6a) 0.030, C(7) 0.015, 
C(8) -0.056, C(9) -0.056, N(10) -0.028, C(l0a) 0.035, 
C(lOb9 0.059, C(11) 2.244, C(12) - 1.176, Ga 0.508, C11.2821 

Plane (11) : N(1), C(11), C(12) 
0.1517X - 0.3554Y - 0.92232 + 2.357 = 0 

[K(1) 0.0, C(11) 0.0, C(12) 0.0, C(2) 1.014, K(10) -2.160, 
Ga 0.199, C1 2.6301 

Dihedral angle between planes (I) and (11) : 53.0" 
* Cartesian co-ordinates (X, Y, 2) are related to the frac- 

tional co-ordinates (x,  y ,  z )  of Table 4 by the transformation: 
[ X ,  Y, z ]  = [xa + zccosp, yb, zcsinp] 

J 

Crystal structure of chloro(dimethy1)-1, lo-phenanthroline- 
gallium, viewed in projection along the b axis 

equatorial ligands and consequently increasing the C1- 
Ga-C(Me) angles relative to the N( lO)-Ga-C(Me) angles. 
Particularly severe overcrowding between the chlorine 
atom and the hydrogen atom H(2) is relieved through a 
combination of twisting of the phen ligand to give a C1- 
Ga-N(1)-C(2) torsion angle of &17" and rotation of the 
ligand away from the chlorine and approximately in the 
Cl-Ga-N(1O) plane. The latter is manifested in the 
lengthened Ga-N bonds (see below) and the near- 
equality of the Ga-N(1)-C(2) and Ga-N(1)-C(l0b) 
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angles [122.6(5) and 119.6(5)'] in contrast to the signi- 
ficantly different values at N(10) [129.8(5) and 109.8(5)"] 
which conform to the normal pattern of phen Ligands.ll 
Significant departures [150.1(1)-175.9(1)"] of axial tri- 
gonal bipyramidal substituents from an ideal linear 
arrangement have been noted for all 12-16 previously 
characterized five-co-ordinate gallium complexes, in 
each of which constraints are imposed on the ligands 
through ring formation. A similar result is obtained in 
the present study where the C1-Ga-N(10) angle [169.1(2)"] 
is a consequence of the rigid nature of the bidentate 
ligand. 

Previous structural investigations on four-, five-, and 
six-co-ordinate gallium complexes 17-Z6 have revealed a 
wide range of Ga-C1, Ga-0, and Ga-N distances, al- 
though Ga-C(Me) distances remain essentially constant. 
Such a variation indicates that in any particular complex 
the distances are strongly dependent upon co-ordination 
number, steric effects, and constraints imposed by ligand 
geometry. A trigonal bipyramidal arrangement at five- 
co-ordinate gallium would be expected to have two non- 
equivalent sets of distances comprising three strong 
equatorial and two weaker axial bonds.27 Accordingly, 
these would be associated with two different gallium 
single-bond covalent radii for which the best estimates * 
from available structural data appear to be yeq 1.21 and 
Y,, 1.41 A. 

In accord with the constancy of Ga-C(Me) distances 
[1.942(7) - 1.972(10) A] reported previously l 5 ~ 2 4 ~ 2 5  for 
both four- and five-co-ordinate gallium, the equatorial 
Ga-C bond lengths [1.956(9) and 1.952(10)A] of the title 
compound lie within this range and are close to the sum 
of the single-bond covalent radii (1.98 A). 

The axial Ga-C1 length [2.440(3) A] in the present 
complex is longer than the equatorial distance [2.190(2) 
A] at  five-co-ordinate gallium in [Ga(2-Mequin),C1] by 
approximately the predicted rax - yeq difference (0.20 A) 
and lies just outside the range [2.235(3)-2.403(3) A] 
reported for a number of octahedral complexes.lg~~ 

The two Ga-N distances [2.119(6) and 2.433(6) A] 
* An estimate of these radii and the resulting normal bond 

lengths may be derived from consideration of the dimensions of 
the five-co-ordinate [Ga(B-Mequin),Cl] (2-Mequin = 2-methyl-8- 
hydroxyquinolinato) complex.12* l3 If the bond lengths in this 
complex are taken to represent the sums of the appropriate single- 
bond covalent radii then, by use of Pauling's values 2.9 for C1, N, 
and 0, the equatorial (req) and axial (pax) radii for gal1ium(111) may 
be derived. d(Ga-Cl) = 2.19 A = yep + 0.99 A;  d(Ga-0) = 
1.87 A = re, + 0.66 A;  d(Ga-N) = 2.11 %i = r,, + 0.70 A. 
These radii would then lead to predicted normal equatorial Ga-C 
(Me) and Ga-N distances of 1.98 and I .  91 A, and an axial Ga-Cl 
distance of 2.40 A. 

11 See e.g., G. P. Khare and R. Eisenberg, Inorg. Chem., 1970, 
9,2211 ; D. L. McFadden and A. T. McPhail, J.C.S. Dalton, 1975, 
1993. 

l2 M. Shiro and Q. Fernando, Analyt. Chem., 1971, 43, 1222. 
l3 K. Dymock and G. J. Palenik, J.C.S. Chem. Comm., 1973, 

l4 S.  J. Rettig, A. Storr, and J. Trotter, Canad. J .  Cheiir., 1974, 

l5 S.  J. Rettig, A. Storr, and J. Trotter, Canad. J .  Chew., 1975, 

l6 S. J. Rettig, A. Storr, and J. Trotter, Canad. J .  Chem., 1975, 

884. 

52, 2206. 

53, 58. 

53, 763. 

differ significantly in accord with the fact that the biden- 
tate phen ligand spans equatorial and axial trigonal 
bipyramidal sites. In contrast to the normal Ga-C(Me) 
and Ga-Cl distances found in the complex, both Ga-N 
distances are longer than the sums of the respective single- 
bond covalent radii (1.91 and 2.11 A) but their ratio 
(1.15) remains close to the normal radius ratio (1.16), 
which indicates that both bonds suffer a similar degree 
of extension in order to reduce steric overcrowding. The 
extended equatorial bond length is comparable to the 
axial Ga-N distance in five-co-ordinate [Ga(2-Mequin),Cl] 
[2.106(5) -41 1 2 ~ ~  and lies in the range of distances 
[2.034(7)-2.182(5) A] in octahedral gallium com- 
plexes.lS-20 The long axial bond ranks with the longer 
Ga-N distances found in [Me,N*CH2*CH2*OGaMe2] 
[2.471(4) 

The means of chemically equivalent bonds in the phen 
ligand, assuming CZv symmetry, are in excellent agree- 
ment with values for these parameters in other com- 
plexes : I1 N( 1)-C(2) 1.337( 11) , N( 1)-C( lob) 1.357 (lo), 
C(2)-C(3) 1.386(12), C(3)-C(4) 1.344(14) , C(4)-C(4a) 
1.41 6 (1 2), C (4a) -C (5) 1.442 (1 2), C (4a) -C (lob) 1.409 (1 1 ) , 
C(5)-C(6) 1.319(12), C(lOa)-C(lOb) 1.416(10) A, where 
the quoted standard deviations are the larger of the 
individual values derived from the least-squares calcula- 
tions. In accord with observations for other phen com- 
plexes, the ligand atoms depart by significant amounts 
from coplanarity (Table 3) with no clearly discernible 
pattern. The Ga-N-C angles are significantly different 
(see above) at N(l) and N(10), with those at the former 
being atypical owing to steric interactions between H(2) 
and the axial chlorine. 

cis-[GaC12(phen)2] [GaMeClJ.-The structure of this 
compound was assigned on the basis of its elemental 
composition and comparison of its IH n.m.r. and i.r. 
spectra with the spectra of [NBun,l[GaMeC13] and cis- 
[GaC12(phen)&1 (Table 1). The cis-configuration of the 
latter cation could not be assigned in an earlier Raman 
and i.r. study but is unambiguously established by its 
lH n.m.r. spectrum which consists of two independent 
ABX patterns (H4,3,2 and H7,8,9) and an AB quartet 
(H5,&. This rules out a symmetrical trans-configuration 

and in a cage complex [2.778(3) A].16 

17 D. F. Shriver and C. E. Nordman, Inorg. Chem., 1963, 2, 

1 8  C. H. L. Kennard, Inorg. Chinz. Acta, 1967, 1, 347. 
19 G. Beran, A. J. Carty, H. -4. Patel, andG. J. Palenilr, Chem. 

20 R. Restivo and G. J. Palenik, J.C.S. Dalton, 1972, 341. 
21 I<. Dymock, G. J. Palenik, and A. J. Carty, J.C.S. CJzem. 

22 W. Harrison, A. Storr, and J.  Trotter, J.C.S. Dalton, 1972, 

23 D. F. Rendle, A. Storr, and J. Trotter, J.C.S. Dalton, 1973, 

24 D. I;. Rendle, A. Storr, and J. Trotter, J.C.S. Dalton, 1975, 

25 D. J. Patmore, D. F. Rendle, -4. Storr, and J. Trotter, J.C.S. 

26 K. R. Breakell, D. F. .Rendle, A. Storr, and J. Trotter, 

27 R. J.  Gillespie, * Molecular Geometry,' Van Nostrand, 

28 L. Pauling, ' The Nature of the Chemical Bond,' 3rd edn., 

1298. 

Comm., 1970, 222. 

Comm., 1972, 1218. 

1554. 

2252; J.C.S. Chein. Comm., 1973, 189. 

176; J.C.S. Chem. Comm., 1974, 406. 

Dalton, 1975, 718. 

J.C.S. Dalton, 1975, 1584. 

London, 1972. 

Cornell University Press, Ithaca, New York, 1960. 
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and conforms with the spectra of other known bis(phen) 
octahedral complexes with cis-configurati~ns.~~ 

EXPERIMENTAL 
Dimethylgallium hydroxide 30 and 1,lO-phenanthroline 

complexes of gallium trichloride and tribromide 7 were pre- 
pared by literature procedures. 1H N.m.r. spectra were 
recorded by use of a Varian HA 100 spectrometer with 
acetonitrile (2.00 p.p.m.) as internal standard. Chemical 
shifts and coupling constants of bis( 1,lO-phenanthroline) 
complexes were derived by computer-assisted least-squares 
fitting of the experimental and theoretical spectra, and pro- 
ton assignments were confirmed by double-resonance ex- 
periments. 1.r. spectra were obtained by use of a Perkin- 
Elmer 637 spectrophotometer with caesium iodide grating. 
Molecular weights were determined by vapour-phase osmo- 
metry. Elemental analyses were performed by Galbraith 
Laboratories, Knoxville, Tenn. 

C2,H1,C1,GaN, requires C, 43.48; H, 2.76; Cl, 26.61; N, 
8.09%; M ,  311). 

The same product (76%) was obtained when a stirred 
mixture of dimethylgallium hydroxide (4.12 mmol) and 
thionyl chloride (8.2 mmol) was warmed from - 80 to 25 "C, 
concentrated in vucuo, then treated with 1, lo-phenanthro- 
line. 

Crystal Data.-C,,H,,ClGaN,, M = 3 15.5, Monoclinic, n 
= 10.75(1), b = 11.91(1), c = 15.19(1) A, @ = 134.8(1)", 
U = 1 380 A3, D, (flotation) = 1.52 g ~ m - ~ ,  2 = 4, Do = 
1.52 g ~ r n - ~ ,  F(000) = 696. Cu-K, radiation, A = 1.5418 A, 
~(cu-K,) = 45.5 cm-1. Space group P2Jc (C,Sh) from 
systematic absences: OK0 when k # 2n, h01 when 1 # 2n. 

Crystallographic Measurements.-A crystal of dimensions 
ca. 0.15 x 0.20 x 0.40 mm was oriented on a glass fibre such 
that the b axis was parallel to the spindle axis. Preliminary 
unit-cell dimensions and space-group data were obtained 
from rotation and Weissenberg photographs taken with 

TABLE 4 
Fractional atomic co-ordinates ( x lo4) and anisotropic temperature factor parameters, * with estimated standard deviations 

in parentheses 
X 3.' z Bll Bzz B33 BlZ B13 

1521(5) 733(6) 2 521(4) 2.7(1) 1.7(3) 2.9(1) -0.3(2) 1.8(1) 
1737(7) 1302(8) 1883(5) 3.2(1) 3.4(6) 3.8(2) 0.0(2) 2.3(1) 
3 048(8) 2 O S S ( 8 )  2 415(5) 4.9(2) 2.8(6) 5.1(2) 0.1(2) 3.8(1) 
4 180(7) 2 341(8) 3 653(6) 3.5(1) 3.2(6) 5.2(2) - 0.5(2) 3.1(1) 
4 020(7) 1728(7) 4 363(5) 2.2(1) 1.7(5) 3.8(2) -0.2(2) 1.7(1) 
5 180(8) 1895(8) 5 687(5) 2.8(2) 3.0(6) 3.7(2) - 1.1(2) 1.7(1) 
5 036(8) 1297(8) 6 343(5) 3.2(2) 3.2(6) 3.3(2) -0.4(2) 1.5(1) 
3 739(7) 432(7) 5 776(5) 2.7( 1) 3.0(6) 2.5(1) 0.4(2) 1.4(1) 
3 534(8) - 276(9) 6 419(5) 4.1(2) 5.5(6) 3.5(1) 1.1(2) 2.8(1) 
2 364(8) - 1  087(9) 5 814(5) 5.4(2) 5.1(6) 4.0(1) -0.7(3) 3.4(1) 
1270(8) -1 237(8) 4 546(5) 5.0(2) 3.2(6) 4.3(2) -1.1(2) 3.2(1) 
1395(6) -587(6) 3 889(4) 3.6(1) 2.9(4) 3.4(1) -0.7(2) 2.3(1) 

-2 245(8) 220(9) 1802(6) 3.6(2) 5.4(6) 4.9(2) 0.3(2) 3.0(1) 
-215(8) -1 779(8) 1357(6) 4.8(2) 2.2(6) 4.5(2) 0.5(2) 3.0(1) 

-2 279(3) 564(3) - 351 (2) 3.63(7) 4.76(17) 2.74(6) 0.82(9) 1.55(3) 

* In the form: exp{- [&(h2a*2Bll + k2b*2B22 + Z2~*2B33 + 2hka*b*Bl, + 2hZa*c*B13 + 2kZb*c*Bz3)]}. 

2 587(6) 246(7) 4 481(4) 1.9( 1) 2.2(5) 2.2(1) 0.3(2) 1.1(1) 
2 700(6) 919(7) 3 771(4) 1.8(1) 1.7(4) 2.5(1) 0.3(2) 1.2(1) 

- 676( 1) - 314( 1) 1 656(1) 3.4012) 3.12(6) 3.76(6) -0.25(2) 2.25(2) 

B23 

1.1(2) 

-0.3(2) 
-0.3(2) 

- 0.3(3) 
-0.7(2) 
- 1.3(3) 

- 0.4(2) 
- 1.2(2) 

0.7(3) 
0.3(3) 
0.1(3) 

-0.3(2) 
-0.5(2) 
- 0.1 (2) 

0.3(3) 

0.67(8) 
- 0.4(3) 

- 0.3 3 (3) 

Chloro (dimethyl) - 1,l O-phenanthrolinegalliurn .- Dimethyl- 
gallium hydroxide (233 mg, 2.00 mmol) was stirred with 
0.h-hydrochloric acid (20 ml) a t  0 "C for 10 min. 1,lO- 
Phenanthroline hydrate (396 mg, 2.00 mmol) and ethanol 
(50 ml) were added and the clear solution was stirred at 
0 "C (10 min), and then 25 "C (1 h). Solvent was removed 
in vacz.Io and the residue crystallized from acetone (411 mg, 
65%); m.p. 146 "C [Found: C, 53.25; H, 4.40; C1, 11.35; 
N, 8.85. C,,H,,ClGaN, requires C, 53.30; H, 4.47; C1, 
11.24; N, 8.88%]. 

cis-[DichZorobis( l,lO-~henanthroline)gatlium] Methyl- 
trichZorogaZZnte.-Dry hydrogen chloride was bubbled into a 
stirred solution of dimethylgallium hydroxide (482 mg, 4.12 
mmol) in anhydrous diethyl ether for 1 h. Solvent was 
removed and the residue in diethyl ether-ethanol (8:  1, 
50 ml) was added to 1,lO-phenanthroline hydrate (198 mg, 
10 mmol) in the same solvent. After 30 min, the crystalline 
precipitate was filtered, washed with diethyl ether-ethanol, 
then diethyl ether, and recrystallized from 30% acetone- 
ethanol to give white needles (1 110 mg, 85%), m.p. 310 "C, 
vmaX. (KBr) 670 (Ga-Me), 330sh, 315 (Ga-Cl)cm-l [Found: C, 
42.95; H, 2.50; CI, 24.95; N, 8.05%; M (MeCN), 309. 

2v J. D. Miller and R. H. Prince, J. Chem. Soc., 1963, 3185; 
J. Chem. SOC. (A), 1969, 519; H. Ito. J. Fujita, and T. Ito, BUZZ. 
Chem. SOC. Japan, 1971, 44, 723. 

Cu-K, radiation and precession photographs taken with Mo- 
K ,  (A  = 0.7107 A) radiation. Accurate unit-cell dimen- 
sions were obtained by least-squares treatment of the 8, x, 
and d angles for 40 high-angle reflections measured on an 
Enraf-Nonius CAD 3 automated diffractometer (Ni- 
filtered Cu-K, radiation, 3' take-off angle). Two octants 
of intensity data for reflections with 8 < 67" were collected 
by use of the 8-28 scanning technique with scanwidths 
(1 .O + 0.50tanO) ". Attenuators were inserted automatically 
to ensure that counting rates did not exceed 2 500 counts 
s-l; attenuation factors were derived experimentally. 
Background counts for a time equal to half the duration of 
the scan period were made at each end of the scan range. 
Crystal and instrument stability were monitored throughout 
by remeasurement of the intensity of a strong standard re- 
flection after each batch of 99 reflections; no significant 
variation was noted, although the crystal visibly darkened 
during data collection. Absorption corrections were estab- 
lished experimentally from the 4 dependence of the intensity 
of the 040 reflection measured at x 90". From a total of 
1 885 independent measurements, 1 223 reflections with I > 
2.0 o(1) [o(l) = (scan count + total background count))] 

3O M. J. Sprague, G. E. Glass, and R. S. Tobias, Inorg. Synlk., 
1970, 12, 2519. 
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were corrected for Lorentz, polarization, and absorption 
effects, and used in the structure analysis. 

Structure A naZysis.-Initial co-ordinates for the gallium 
atom were obtained from the three-dimensional Patterson 
map. Approximate positions for the remaining non-hydro- 
gen atoms were obtained from a gallium-phased three- 
dimensional F,  Fourier synthesis, and when structure 
factors were calculated R was 0.36. 

Positional and isotropic thermal parameters were then 
refined by six cycles of full-matrix least-squares calculations 
which reduced R to 0.123. Six further cycles during which 
the atoms were allowed to assume anisotropic temperature 
factors decreased R to 0.076. Calculated positions (assum- 
ing C-H 1.05 k) for the phenanthroline hydrogen atoms 
were found to coincide with regions of positive electron- 
density in a difference-Fourier synthesis ; the methyl- 
group hydrogen atoms could not be placed with confidence. 
When the contributions of the phenanthroline hydrogen 
atoms, with isotropic thermal parameters of their bonded 
carbon atoms, were included in the structure-factor calcula- 
tions R decreased to 0.069. Two further least-squares 
cycles during which the parameters of the non-hydrogen 
atoms were varied brought the refinement to convergence at 
R 0.068. Final atomic positional and thermal parameters 
are listed in Tables 4 and 5. Observed structure amplitudes 
and calculated structure factors are listed in Supplementary 
Publication No. SUP 21735 (8 pp., 1 microfiche).* 

For the structure-factor calculations, scattering factors 
for carbon, nitrogen, chlorine, and gallium were taken from 

* For details see Notice to Authors No. 7, in J.C.S. Dalton, 
1975, Index issue. (Items less than 10 pp. are supplied as full- 
size copies), 

TABLE 5 
Calculated fractional co-ordinates ( x lo3) and isotropic 

temperature factors for the hydrogen atoms labelled 
according to the carbon atom to which they are bonded 

Atom X Y 2 BIA 
H(2) 
H(3) 
H(4) 
H(5) 
H(6) 
H(7) 
H18) 
H(9) 

83 115 92 3.7 
322 254 190 4.7 
520 295 405 4.3 
616 2 52 614 3.7 
587 144 731 3.4 
439 - 15 738 4.1 
222 - 164 629 4.3 

32 - 188 405 4.7 

ref. 3 1, and for hydrogen from ref. 32 ; those of both chlorine 
and gallium were corrected for the effects of anomalous 
di~persion.~3 In the least-squares calculations, CwA2 was 
minimized with weights w given by w* = 1 for lFol < 17.7 
and w f  = 17.7/IF01 for IFo/ > 17.7; this scheme showed no 
systematic dependence of ( wA2) when analyzed in ranges 
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