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are bonded to one metal ion and the carboxylate
group is bonded to a second metal ion.#* In the com-
plex [Cu(GlyGlyGly)Cl]-1.5H,0, where the peptide
nitrogens of triglycine are protonated, the amino
nitrogen and the catrbonyl oxygen of the g-peptide link-
age are bonded to one copper ion while the terminal
carboxyl group is coordinated to a second copper ion,
so that the structure consists of ~Cu-peptide-Cu-
peptide— chains: ¥

The o-methylene protons of diglycine, however,
undergo a downfield shift upon coordination of the
amino group which could be due either to binding to the
adjacent peptide linkage or to increased codrdination
at the carboxylate end. Thus no information about
the structures of the aminc-coordinated complexes
can be obtained from the chemical shift data.

Complexation Effects on the Reactivity of the Peptide
Linkages of Triglycine.—The reactivity of the peptide
linkages of triglycine is affected by coordination to
cadmium, zinc, and lead as evidenced by the increased
peptide proton exchange rates (Tables V and VI).

Pagenkopf and Margerum?®* observed that coordina-
tion of the carbonyl group of the a-peptide linkage of

(47) H. C. Freeman, G. Robinson, and J. C. Scloone, Acta Crystallogr.,
17, 719 (1964). '
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Cu(H-,L), where H-,L is triglycine with the 8-
peptide nitrogen deprotonated and copper coordinated,
labilizes the a-peptide proton. The peptide proton of
acetylglycine is also labilized upon coordination to
cadmium, zinc, and lead."® In the case of the cadmiiumi
complex, the proton exchange rate is 53 times faster
than that of free acetylglycine. In the present work,
it was not possible to resolve rate constants for specific
complexes from the data in Tables V and VI due to un-
certainties in the species presenit. The data indicate,
however, that both the «- and S-peptide protons are
labilized by coordination to these metal ions, with the
apparent degree of labilization being greater for the
a-peptide protons over the pH ranges where the kinetics
are accessible by nmr. This is likely due to the fact
that over these pH ranges coordination to the C-ter-
minal carboxylate group is at a maximum while there
is much less coordination at the amino end. Consider-
ing only the changes in charge, coordination of a di-
positive metal ion to the ionized C-terminal carboxylate
group is also predicted to enhance the rate of exchange
of the adjacent a-peptide proton more than replacement
of the amino proton by a dipositive metal ion is pre-
dicted to enhance the rate of exchange of the 8-peptide
proton.
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A simplified GQVFF model has beén used to calculate force constants for the anionic indium(III) halide complexes InX4~
(X = Cl, Br, or I), InCls?~, and InCle~ and for the recently prepared indiumn(I) species InX;?~ (X = Cl, Br, or I). The
primary stretching force constants for the indium(III) chloro anions decrease linearly with increasing coordination number.
The results for the indium(I) complexes are compared with those in the literatutre for isoelectronic tin(II) and antimony (III)

species. :

Introduction

One of the interesting featiires of the ecoordination
chemistry of indium is that three-, four-, five-, and six-
coordinate complexes can be prepared, in some cases
with the same ligand. In particular, recent preparative
work has shown that for anionic halide comiplexes, co-
ordination numbers four, five, or six can be obtained
with chloride, four or six with bromide, and four with
iodide. Slight changes in experimental coriditions
may bring about changes in the coordination number;
for example, both the four- and five-coordinate chloride
species are stabilized by tlie tetraethylammonium cat-
ion, depending on the solvent from which the complex
isrecrystallized. b2

A discussion of these phenomena is hampered both
by the lack of a reliable model of the bonding involved

* Address correspondence to this author at the Department of Chemistry,
University of Windsor, Windsor 11, Ontario, Canada.

(1) J. B. Ekeley and H. A, Potratz, J. Amer. Chem. Soc., 68, 907 (19386).

(2) J. Gislason, M. H. Lloyd, and D. G. Tuck, Inorg. Chem., 10, 1907
(1971).

and by the absence of appropriate energetic data, in
particular of bond strengths. As part of a general in-
vestigation of these problems, we have now carried out
force constant calculations for all those anionic indium-
(III) halide complexes for which complete vibrational
spectra are available. We also report the results of
similar calculations for the halide complexes of in-
dium(TI) recently prepared by us,? and thlie values ob-
tained are compared with those for some isoelectronic
species. In general, the results reveal somie interesting -
empirical relationships amornyg the force constants and
the oxidation state of the metal, the nature of the lig-
and, and the coordination number. Thlese relation-
ships are discussed in terms of the indium-halide
bonding interactions.

The calculations were based on a simplified general
quadratic valence force field model (GQVFF), which
has generally been accepted as a good approximation
for expressing the potential energy of small molecules.

(3) J. G. Contreras and D. G. Tuck, Chem. Commun., 1552 (1971).
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Force field models do not lead to a unique expression
of the potential energy, but this approximation does
allow meaningful comparisons to be made with previous
results and isostructural molecules. Raman and in-
frared vibrational spectra from the literature have been
used in normal-coordinate analyses for the indium(I1T)
species InX;~ (X = Cl, Br, and I}, InCl;>—; and InClg®~
and for the indium(I) anions InXs?~ (X = Cl, Br, or
I). In all cases Wilson’s F and G matrix method was
used, and the force constants were fitted to the ob-
served frequencies by an iterative procedure. Com-
putations were performed on the IBM 360/60 com-
puter of the Simon Fraser Computing Centre, whose
assistance is acknowledged with thanks.

Results

Tetrahaloindate(III) Anions, InX,—.—A number of
salts containing the tetrahaloindate(III) anions (X =
Cl, Br, and I) have been prepared.’? The infrared
and Raman results on the crystalline solids are in good
agreement with the Raman spectra reported by Wood-
ward and his coworkers*—® for extract solutions of
these species. The solution spectra of the anions were
assigned on the assumption of Ty symmetry, with four
molecular vibrations (A; + E + 2F,); some splitting
of the F modes in the solid state was observed. The
tetrahedral symmetry has been confirmed by X-ray
crystallographic studies for the InCly~ anion,” and more
recently, for Inl,—, both in simple salts® and in the ionic
dimer [InI.(DMSO):][Inl] (DMSO = dimethyl sulf-
oxide).? The spectral data used in our calculations
(see Table I) are those reported by Woodward, et al.,

TaBLE I

VIBRATIONAL SPECTRA, STRUCTURAL PARAMETERS, AND
ForcE CONSTANTS FOR TETRAHEDRAL InX,;~ ANIONS

A. Vibrational Spectra (¢cm~!) and Bond Length (107¢ cm)

In-X
bond
Species Condition vi{A1) v (E) »3(F2) va(F2) length
InCl~ Ether 321 89 337 112 2.33
extract
InBry~  Isobutyl 197 55 239 79 2.47
methyl
ketone
Inls™ Aqueous 139 42 185 58 2.70
solution

B. Force Constants (10-% dyn/cm)

~— Caled frequencies —
Species fr Fre Fra fa foa vi v2 v3 V4

InCli— 1.865 0.095 0.086 0.086 0.015 321 89 336 112
InBr,~ 1.598 0.067 0.076 0.076 0.013 196 56 239 79
Inl,— 1.199 0.079 0.058 0.058 0.007 139 42 183 58

for the solution species. Table I also gives the relevant
In-X bond lengths in the solid state; since no experi-
mental values are available for In(I11)-Br, the mean of
the lengths of the In(IIT)-Cl and In(III)-I bonds was
used.

The potential function for these tetrahedral species is

2V = 4f,(Ar,)? + 6r¥f.(Aa)? + 12f,,(Ar)(Ar;) +

24rf, (A7) (Aa) + 12r% . a(Aa;)(Aay)

(4) L. A. Woodward and M. J. Taylor, J. Chem. Soc., 4473 (1960).

(5) S. A. Woodward and P. T. Bill, ¢bid., 1609 (1955).

(6) L. A. Woodward and G. H. Singer, ¢bid., 716 (1958).

(7) J. Trotter, F. W. B. Einstein, and D. G. Tuck, Acte Crystallogr., Sect.
B, 25, 603 (1969).

(8) M. Gilbert, F. W. B. Einstein, and D. G. Tuck, unpublished results.

(9) F.W. B. Einstein and D. G. Tuck, Chem. Commun., 1182 (1970).
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Following the usual practice, the force constants asso-
ciated with the stretching-bending interactions and
bending-bending interactions were assumed to be zero
when no common bond is involved. The term f,,
refers to the interaction involving one bond and the
angle, and all the other terms have their usual meaning.
The G-matrix elements were constructed from the
structural parameters given in Table I.

Examination of the potential function reveals that
the number of force constants to be calculated is greater
than the number of vibrational frequencies available.
Following Donalson, et al.,* we used the approximation
fra = fa, an assumption which was also found to be
necessary in calculations on InClg®~ and InX;*~ (see
below). Table IB shows the derived force constants
for the InX,~ species and the calculated frequencies,
which are in good agreement with the experimental
results in Table IA.

Woodward, ef al.,*=® used an approximate method to
obtain values of 2.16, 1.83, and 1.44 X 1075 for the
primary stretching force constants for InCL—, InBr,~,
and Inl,~, respectively. These values differ consid-
erably from those calculated in the present work,
mainly because the authors assumed that all other force
constants could be neglected. More recently, Muller
and Krebs have also calculated force constants for these
species, using a modified valence force field, and as-
suming that Fy; = 0, which leads to the unrealistic con-
clusion that f,, is zero.!* Their values for the primary
stretching force constants are about 0.1-0.2 unit lower
than those given in Table IB, but the agreement be-
tween the two calculations for the bending force con-
stants is reasonably good, with differences of less than
0.05 unit. In related work based on a general valence
force field approach, Krebs, Muller, and Fadini!? ob-
tained the primary stretching force constants and the
stretching-stretching interaction force constants for
the InX,~ species, but did not calculate any bending
force constants. These calculations gave values close
to, but still different from, those in Table IB. It is
worth pointing out that Krebs, et al., only obtained the
difference fo — fao for the bending interactions, with
values of 0.7, 0.6, and 0.5 X 10~% for the chloride, bro-
mide, and iodide respectively, surprisingly similar to
those which can be derived from our calculations.

The calculated eigenvectors and potential energy
distribution for the F, vibrations show that the eigen-
vectors S; and S; in »; undergo slightly increased cou-
pling along the series InCly~, InBr;—, and Inl,~; »; con-
tains less than 0.5% of S, in InCli~, 49 in InBr,—, and
7% in Inly~. The opposite situation is found for
where S; is present to about 49, in the chloride and 2%
in the bromide, with the vibration 1009, pure in Inl,~.

The Pentachloroindate(III) Anion, InCl>—.—Ra-
man,!® polarized single-crystal Raman,'** and polar-
ized far-infrared' spectra of the InCl;®*~ anion have
been reported. The spectra reported by Adams and
Smardzewskil® were used in our calculations, and Table
11 shows their assignments, the derived force constants,

(10) J. D. Donalson, J. F. Knifton, J. O’'Donaghue, and S. D. Ross,
Spectrochim. Acta, 22, 1173 (1966).

(11) A.Muller and B. Krebs, J. Mol. Spectrosc., 24, 180 (1967).

(12) B. Krebs, A. Muller and A, Fadini, sbid., 24, 198 (1967).

(18) J. G. Contreras and D. G. Tuck, unpublished results.

(14) 8. R. Leone, B. Swanson, and D. F. Shriver, Inorg. Chem., 9, 2189

(1970).
(15) D. M. Adams and R. R. Smardzewski, J. Chem. Soc. 4, 714 (1971).
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TaBLE II

Force ConsTanTs (1078 pyN cM~!) AND OBSERVED AND
CarLcuLaTED FREQUENCIES (cM~1) FOR InCl;?~

Obsd? freq Assignment® Force constant Caled freq
204 n(A1) fr = 1.378 239
283 v2(A1) fr = 1.305 283
140 v3(Aj) frer = —0.039 140
287 va(B1) F = 0.335 286
183 v5(B1) fa = 0.018 183
165 ve(Ba) faa = —0.010 164
274 vi(E) fs = 0.033 274
143 vs(E) fss = 0.009 143

108 vo(E) . 108
o From ref 15. :

and the observed and calculated frequencies for InCl;2—.

The single-crystal X-ray structure!® of ((C;H;)aN)s-
[InCl;] shows that the anion has C,, symmetry in this
salt. The unique apical In-Cl bond is slightly shorter
(2.415 # 0.012 A) than the four basal bonds (2.456 =+
0.007 A), and an average bond length of 2.45 A was
used in the present calculations. The error involved
in this assumption is negligible. The Cl-In-Cl bond
angle in the basal plane is 86.70°, and the Clpae—In—
Claxia1 angle 103.87°. No InBr;*~ species have been
isolated in the crystalline state, so that the compari-
sons possible for InX,~ anions could not be repeated in
this symmetry.

In the calculation of the force constants the potential
function for the C;, InCl;2~ was

2V = fr(A75) + 4fr(A7)2 + 4r2fa(Aa)2 +
4r’fg(AB)? + 8 (Ary)(Ar)) + &f,(Ary)(Ar;) +
87 fau(Aey) (Acy) + 8r%f53(AB8,) (AB)

where f,. refers to the interaction force constant of a
bond in the plane and the axial bond, fg is the primary
bending force constant of the axial ligand, and fgg refers
to the bending interaction for the same ligand. The
symmetry coordinates listed by Begun and Fletcher?
were used. The various internal coordinates are de-
fined as follows: r, (¢ = 1, 2, 3, 4) = In—Clyasal, 73 =
In—Claxial, @4y is the angle between bonds in the basal
plane, and 8, the angle between the axial bond r; and
any of the bonds in the basal plane. The G-matrix
elements were calculated from the formulas of Wilson,
et al.,’® using the structural parameters quoted above.

Examination of Table II shows that fg, the primary
stretching force constant for the axial ligand, is slightly
greater than the corresponding force constant for the
basal chlorides, which is readily explained by the fact
that InCl2~ is a very slightly distorted C, species in
which the indium atom is a little above the basal plane
of the four chlorides.

The Hexachloroindate(III) Anion, InClL*—.—The
vibrational spectrum of the InCls3~ anion has been re-
corded for salts with both organic? and inorganic cat-
ions.!® There is reasonable agreement between these
two sets of results, leading to the assignments shown in
Table III. No crystal structure determinations have
been reported, but the number of bands in the vibra-

(18) D. W. Brown, F. W. B. Einstein, and D. G. Tuck, Inorg. Chem,, 8,
14 (1960).

(17) C, M. Begun, W. H. Fletcher, and D. F. Smith, J, Chem. Phys., 42,
2236 (19865).

(18) E. B. Wilson, J. C. Decius, and P. C. Cross, “Molecular Vibrations,”
McGraw-Hill, New York, N. V., 1855.

(19) T. Barrowcliffe, I. R. Beattie, P. Day, and K. Livingston, J. Chem.
Soc. 4, 1810 (1967).
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TaBLE III

Force ConsTaNTs (10~% DYN ¢M 1) AND OBSERVED AND
CaLcULATED FREQUENCIES (cM™!) FOR InClg~

Caled
Obsd freq Assighment Force constant freq
275, R v1(Ag) fr = 0.949 275
175, R v2(E,) fe = 0.154 176
245, ir v3(F1q) frer = 0.010 245
150, ir va(F1q) fra = 0.089 151
130, R vs (Fag) fa = 0.089 130

Sfaa = 0.028
tional spectrum confirms the expected O, symmetry.
For the In-Cl bond in this anion we have taken a bond
length of 2.61 A, based on the data® for [InCls- HyO]2~
and on the discussion of In—Cl bond lengths given pre-
viously.®

The potential function has the form

2V = 6f.(Ar)? + 120%.(A)? + 24f,.(Ar)(Ar,) +
6fr(Ary) (A7) + 24rf,a(Ar)(Aa) + 247*faa(Da;) (Aay)

where f,. refers to the interaction force constant of two
mutually perpendicular bonds, and the other terms have
the usual meaning. Table IIT shows the derived force
constants, the calculated and observed frequencies, and
the vibrational assignments.. Taking into account the
change in the mass of the central atom and the oxida-
tion state, the f, value for InCls®~ is in reasonable agree-
ment with that reported by Wharf and Shriver?! for
SnClg?~ (1.435 X 107F).

The eigenvectors and potential energy distribution
calculations for the Fy, vibrations show that »; is quite
pure, whereas », contains about 109, of the S; eigen-
vector.

No salts of the corresponding Inlg®~ anion have been
reported, but the InBrs*~ complex has been identified
in the crystalline lattice of (CH3;NH;)JInBr; and
((CHg)zNH2)4Il’1Br7 (4R4N+ =+ IIlBrea_ -+ Br‘). The
» and v absorptions of this presumably O, anion are at
170 and 179 cm ™!, respectively;* unfortunately these
results do not constitute a sufficient basis for calcula-
tion of the force constants for this anion.

Trihaloindate(I) Anions, InX,;?’~.—The vibrational
spectra of the InX;2~ species (X = Cl, Br, or I) have
been shown to be consistent with (s, molecular sym-
metry.»1% The two higher frequency bands were as-
signed, by comparison with other known Cj, species, as
the symmetric and asymmetric stretching modes, and
the two lower frequencies as the symmetric and asym-
metric bending modes respectively.

The potential function for the InX3?~ species has the
form

2V = 3f,(Ar)? + 3r¥a(Aa)? + 6f,.(Ar;)(Ar) +
127f,a(A7) (Aa) + 67%faa(Aa;)(Aay)

It is clear that the number of force constants to be cal-
culated is greater than the number of frequencies avail-
able, and the approximation f,, = f, used for InX,~
and InCly*~ was again applied for the InX;2~ anions.
Values of bond lengths and bond angles are not avail-
able, so that in constructing the G-matrix elements we
used the bond angles found for the isoelectronic SbX3s
species?? and bond lengths from ref 20. Table IV

(20) “International Tables for X-Ray Crystallography,” Vol. III, The
Kynoch Press, Birmingham, England, 1962,

(21) 1. Wharf and D. F. Shriver, Inorg. Chem., 8, 914 (1969).

(22) Y. Morino, K. Kuchitsu and T. Moratani, ibsd., 8, 867 (1969).
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TaBLE IV
Force ConsTanTs (1078 pyN cM~1) AND OBSERVED AND CALCULATED FREQUENCIES (cM 1) For InX; 2™ ANIONS
Species v, A a, deg fr Frr fra fa faa » V2 V3 y4
InCly2—~ 2.42 99 0.760 0.205 0.101 0.101 0.006 251 103 185 98 Caled
252 102 185 97 Obsd
InBrs2~ 2.54 97 0.750 0.160 0.050 0.050 0.012 177 73 145 45 Caled
177 74 149 46 Obsd
Inl;?~ 2.86 99 0.625 0.170 0.071 0.071 0.026 137 80 108 40 Caled
136 78 110 40 Obsd
shows the derived force constants, the observed and 20~
calculated frequencies, and the structural parameters tnci;

used in constructing the G matrices.

The calculated eigenvectors and potential energy
distribution for the InXj3%*— species indicate that the
vibrations are fairly pure, although there is some change
in the »(A;) vibration from InCl?— (1009 S:) to
Inls?~ (909, S: + 109, S:). The opposite situation is
found for the 1 (A;) vibration, which in InCl;*~ con-
tains about 239, of .S;, whereas in Inl3?—, », is almost
100% S.. The E vibrational modes are less coupled,
so that in InCl®~ »; contains no S; eigenvector; in
InI;2—, »3 contains only 39 of Si;. For InCl3*~, », con-
tains about 179, of S;, compared with 59 of S; in
InBry?— and 129 in Inls?—,

Discussion

The results of the force constant calculations reveal
a number of interesting relationships between these
constants for the various indium complexes, and in
some cases between the values for complexes of indium
and related elements.

As noted in the Introduction, direct evidence on the
type of bonding in anionic indium halide complexes is
lacking, but two nuclear quadrupole resonance (ngr)
studies strongly imply that the bonding is in fact ionic
in character. The nqr spectra (}*¥In and *Cl) of
[InCls- HyO ]2~ have been interpreted in terms of ionic
In—Cl bonds,?? and similar studies?* of SnXg?~ anions
(X = Cl, Br, I) lead to the conclusion that the per-
centage ionic character varies from 609 in SnClg®~ to
559 in Snls?—, with a linear dependence on the differ-
ence in the electronegativities (Xpea — Xsn). Finally,
and of more immediate relevance, Wharf and Shriver?!
showed that calculations based on ionic models gave the
correct ratio of stretching force constants for SnCl, and
SnClg?2—. It therefore seems a reasonable working
hypothesis that the bonding in the isoelectronic indium-
(I11T)-halide complexes is significantly ionic.

We first consider the primary stretching force con-
stants (f,) for the tetrahaloindate(III) anions (Table
I), for which f, decreases smoothly from InCls~ to
Inl,~. It seems likely that these changes in f, arise
from concomitant (but not necessarily proportional)
changes in bond strength and, in the light of the above
discussion, changes in f, might be related to changes in
the electronegativity difference AX (=Xnslogen —
X1n). Infact, if one takes the Pauling electronegativ-
ities used in establishing the relationship between per-
centage ionic character and AX in the nqr studies,?
f- is linearly dependent on AX (=1.38, 1.18, and 0.88
for Cl, Br, and I, respectively). In order to put such
a relationship in its proper context, it must be pointed

(23) 8. L. Carr, B. B. Garrett, and W. G. Moulton, J. Chem. Phys., 47,
1170 (1967).

(24) See M. Kubo and D. Nakamura, Advan. Inorg. Chem. Radiochem.,
8, 257 (1966).
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Figure 1.—The dependence of the primary stretching force con-

stant (f;) on the coordination number in some halide complexes
of indium(III).
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Figure 2.—The dependence of log f, on the oxidation state of the
metal for MX; halides of some main group metals.

out that with either the Sanderson or Allred-Rochow
values for AX, a plot of f, against AX is markedly
curved (and presumably this also applies to the ngr
results). - The general conclusion, however, seems valid,
namely, that with suchionic-bonded species the stretch-
ing force constant, and hence presumably the bond
strength, depends on the electronegativity of the ligand.
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Recent work? has shown that a similar relationship
exists for the stretching modes of MCl; and MBr; mole-
cules (M = C, Si, Ge, or Sn). For these species, v and
3 are found to be dependent upon the ionic character
of the M-X bond, but here again the nature of the rela-
tionship depends on the set of electronegativity values
which are used. There seems to be little profit in dis-
cussing the detailed nature of such dependences at this
point.

Wharf and Shriver?! noted an interesting effect of
oxidation state in their work, which covered both tin(II)
and -(IV) halide complexes. They defined a param-
eter @ = oxidation state/coordination number and
showed that Q is proportional to f, in tin—chloride com-
plexes, in which the ratio of the stretching force con-
stants for SnX;~ to SnX, varies from 0.48 to 0.59, with
an average value of 0.54 which is in good agreement
with the ratio Q(8nX;™)/Q(SnX,) = 0.67. We have
tested this suggestion for our compounds and find that
the ratio of the stretching force constants for pairs of
InX;3%— and InX,™ anions varies from 0.41 to 0.52, with
an average value of 0.46, which is somewhat closer to
the ratio Q(InX;?~)/Q(InXy~) = 0.44 than is the case
for the analogous ratios for the tin compounds. . Un-
fortunately the dependence of f, on € does not hold
within the group of indium(III) halide complexes, in
which the coordination number varies from four to six.
The relevant values are

Q 10%fy, dyn cm —t
InCly~ 0.75 1.865
InCls2~ 0.60 1.378, 1.305
InClg?~ 0.50 0.949

(25) T. E. Thomas and W. J. Orville-Thomas, J. Inorg. Nucl. Chem., 84,
839 (1972).
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Despite this absence of a proportionality between Q
and f, for these three species, a relatively simple rela-
tionship does exist, as is shown by the plot of f, against
coordination number (Figure 1). Again it is difficult
to place any detailed interpretation on these relation-
ships, except that an ionic model would require a grad-
ual weakening of bonds with increasing coordination
number.

Figure 2 shows another relationship between the log
of the primary stretching force constants for the iso-
electronic species InX;3%~, SnX;~, and SbX;2%:% and the
oxidation state of the central element. There is some
uncertainty in the point for SbBrs, arising from the
range of values reported® for f, (1.338-1.686 X 10~°
dyn cm™!). Relationships between stretching fre-
quencies and oxidation state are well-known (see, for
example, Adams®), but Figure 2 implies the existence
of a more precise dependence than is usually acknowl-
edged.

In summary, then, the primary stretching frequencies
of the indium(I) and -(III) anionic halide complexes
depend on ligand electronegativity, coordination state,
and oxidation state in a manner which is qualitatively
in keeping with a model of significantly ionic In-X
bonding, the details of which remain to be elucidated.
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Complexes of

Tervalent Molybdenum with Nitrogen, Oxygen, and Sulfur Donors
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Recetved March 27, 1972

Preparation of complexes of the type MoX;L; [X = Cl, Br; L = pyridine, nitrile, tetrahydrofuran, tetrahydrothiophene]
from the reaction of Mo(CO)X; with the pure liquid donor is described. The results indicate that donor ligands which
do not have a special ability to stabilize low oxidation states cause a disproportionation of Mo(II) into Mo(0)and Mo(III).
Magnetic properties and infrared and electronic spectral data of the complexes are discussed.

When Mo(CO),Cly and Mo(CO)Br, are treated
with substances containing N, P, As, and Sb as donor
atoms, products of the type Mo(CO);L.X, may be
formed.'—* Excess pyridine, 2,2’-bipyridine, and 1,10-
phenanthroline give complexes of the type Mo(CO),-
L,X,.* These reactions were carried out by dissolving
the reactants in a suitable solvent. We were inter-
ested to- learn whether the use of neat liquid donors
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would lead to more highly substituted products. Such
was found to be the case with trimethyl phosphite
which gave Mo(CO);[(CH;30)sPsX: During the course
of this work, Bonati and Mighetti showed that molybde-
num halocarbonyls react with excess isocyanides to give
complexes with the formulation MoL;X,.! We have
found that reaction of the halocarbonyls with pure AsEt;
in excess gave a photosensitive product of the approxi-
mate composition Mo(CO);(AsEt;)Cl,.  This is surpris-
ing because AsPh; gives Mo(CO);(AsPh;)Clp.?
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