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into account. As before, ks is 500 sec~!; however,
K, for a neutral uncharged species is about 0.1 /-1,
From the HT™ result, taking ks/(k2 + ku) = 0.1,
an upper limit for &y of 5 M ~! sec™?! can be obtained.
Whether this rate constant is im fact equal to zero
cannot be definitely concluded from the experiments.
This experimentally determined low value for k; is
the reason the reaction of ambident bitartrate to pro-
duce an anionic complex was neglected in the relaxation
expression.

The same model may be applied to the complexation
of a second ligand molecule. Relative to the first
complexation, competing factors are operative. The
water-exchange rate of the remaining equatorial waters
is considerably enhanced.3? This effect has been inter-
preted in the case of VO* solely on electrostatic
grounds wherein the negatively charged coordinating
group of the ligand neutralizes in part the high positive
charge, leading to labilization of the remaining waters.
In the case of vanadyl, two orders of magnitude may
be involved. However, the ion-pairing constant is
also affected. The complex VOT is neutral, leading
to a much lower K;, from electrostatic considerations.
There are also fewer binding sites and unfavorable
steric requirements, which lower K.

(32) K. Witthrich and R. E. Connick, Inorg. Chem., T, 1377 (1968).
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From the considerations above, we see that an a
priori calculation of the relative rates of the first
and second complexations is not possible. In the latter
case, the value of k)’ experimentally determined from
relaxation methods is 277 A1 sec™!, reflecting a com-
promise of the competing trends. The value of %’
was confirmed by the initial rate stopped-flow experi-
ments, the interpretation of which does not depend
on the stability constant. The value of k&’ (although
its standard error is smaller) is directly dependent
on the equilibrium quotients,

Since all of the experiments were performed at pH
<1.85, the hydroxovanadyl species, VOOH*, was not
postulated in the overall mechanism. The coordinated
hydroxyl would lead to an increase in the rate via a
labilization of the remaining waters as described above.
This path was not included on the basis of the work
of Rossotti and Rossotti!” and that of Jones and Ray.”
In the vanadyl complexation studies by, for example,
Wendt and Schlund,®® this pathway was included. The
work in this case was done in the pH range 3-5. Ex-
trapolation of their data to lower pH indicates that
pathways incorporating hydroxy species are unim-
portant at the acidities of this study.

(33) A. Schiund and H. Wendt, Ber. Bunsenges. Physik. Chem., 12, 852
(1968).
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Three vanadyl(IV) complexes of monothio-3-diketones, RC(SH)==CHCOR’ (R = CsH;, R’ = C¢H;, CGH;0; R = CH;,
R’ = CgH;), have been prepared and characterized by infrared, electron spin resonance, and optical spectral studies as well

as by the usual analytical methods.

The complexes are monomeric and appear to be square pyramidal.

The behavior of

the complexes in a variety of solvents indicates that solvent effects are comparable to those previously observed for vanadyl-

(1V) B-diketones.
some spectral assignments are discusaed.

Introduction

Although vanadyl(IV) complexes have been the ob-
jects of many studies,’* there still is not a large body
of information pertaining to any but compounds with
V-0 or V=N bonds. Accordingly, we have undertaken
an investigation of vanadyl(IV) compounds involving
second-period donor atoms, with emphasis on sulfur.®*

In view of recent developments in the coordination
chemistry of monothio-g8-diketones,® it seemed partic-

(1) J.Selbin, Coord. Chem. Rev., 1, 233 (1966).

(2) J.Selbin, Angew. Chem.,Intern. Ed. Engl., B, 712 (1966).

(3) B.J.McCormick, Inorg. Chem., T, 1665 (1968).

(4) B.J. McCormick, Can. J. Chem., 22, 4283 (1969).

(5) 8. E. Livingstone, Quart. Rev. (London), 19, 386 (1965); R. C. Mehro-
tra, V. P. Gupta, and D. Sukhani, Inorg. Chim. Acia Rev., 8, 111 (1968);

S. E. Livingstone and E. A, Sullivan, Ausiralian J. Chem., 22, 1363 (19869),
and previous papers.

Some qualitative conclusions about the nature of the bonding in these complexes have been reached and

cularly worthwhile to investigate vanadyl(IV) com-
plexes of such ligands in detail. The ligands used
in this work and our abbreviations for these ligands are
H;CC=CHCCH; CH;C=CHCCsH; CsH;C=CHCOC,;H;
éH O SH & SiH |
Hbas Hdbms Hebas
Livingstone? has reported a dimeric complex formed
from a fluorinated monothio-8-diketone and VO?**, for
which the following structure was proposed

S 0O
1o ¥
S/ | \O/ ! \O
~0 e

} (6) R. K. V. Ho, 8. E. Livingstone, and T. N. Lockyer, ibid., 19, 1179
(1966).
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Two complexes of dbms, VO(dbms)sy and VO(dbms),-
(H:0),® have heen briefly described. Aside from these
three reports, there appear to be no other vanadyl(1V)
monothio-B-diketones.

Experimental Section

Materials.—-Vanadyl(IV') sulfate diliydrate (Fisher Scientific
Co., purified grade) was used as received. Dibenzoylmethane,
benzoylacetone, and ethyl benzoylacetate were obtained from
Eastman Organic Chemicals and were used as received. Pyr-
idine (py), dimethyl sulfoxide (DMSQ), and other solvents were
distilled and deaerated with dry nitrogen before use.

Measurements.—FElectronic spectra were measured in solution
at room temperature with a Cary Model 14 spectrophotometer
and 10-mm matched quartz cells fitted with Teflon stoppers.
Diffuse reflectance spectra were determined with the same in-
strument equipped with a Model 1411 reflectance attachment.
Infrared spectra were obtained with a Beckman [R-12 spectrom-
eter. The compounds were dispersed in either Nujol or halo-
carbon oil; spectra of the addition products were determined by
mulling the parent complex witlh Nujol containing an excess of
the addendum. Esr spectra were obtained with a Varian E-3
spectrometer and a standard quartz solution cell at roomn teri-
perature. The instrumnent was calibrated with a solution of
DPPH in benzene.

Magnetic susceptibility nieasurements were niade at room
temperature with a Gouy balance of standard design by using
[Ni(en);])S$:0;° as the calibrant. The reported magnetic moments
were corrected for diamagnetic contributions by using Pascal’s
constants.

Molecular weights were determined with a Hitachi Perkin-
Elmer Model 115 vapor pressure osmometer by using benzene or
methylene chloride as solvent. The measurements were made
within 5 min of preparing the solutions. Elemental analyses
were done by Galbraitii Microanalytical Laboratories.

Syntheses.—The ligand Hebas was prepared by previously
reported procedures.}'? The remaining two ligands, Hdbms
and Hbas, were prepated by muodifications of Livingstone’s!?
method, as described below.

Hdbms.—A solution of 4.0 g of dibenzoylimethane in 22 ml of
absolute ethanol was cooled to —70°, Hydrogen sulfide was
bubbled into the solution for 38 min followed by dry hydrogen
chloride for 31 min. A CaCly-filled drying tube was attached
to the reaction flask and the solution was warmed to roon tem-
perature. After 4 hr it was again cooled to —70°, liydrogen
sulfide was introduced for 5 miin, aud the mixture was treated
with dry hydrogen chiloride for 30 min. The drying tube then
was replaced and the solution was warmed to room temperature
where it was permitted to stand for 22 lir. The resulting
deep red solution was then poured into 600 ml of ice water and the
mixture was kept (with occasional stirring) in an ice bath for 40
min. After the red crystalline product was filtered off, washed
with water, and recrystallized from ether under nitrogen, it was
dried over PO for 8 hr.

Hbas.—A solution of 4.0 g of benzoylacetone in 210 ml of
absolute ethanol was cooled to —70°. Hydrogen sulfide was
bubbled into the solution for 38 min followed by dry hydrogen
chloride for 37 min. A CaClyfilled drying tube then was at-
tached to the reaction flask and tlie solution was warmed slowly
to room temperature. After the solution had remained at room
temperature for 2 hr, hydrogen sulfide was bubbled into the
solution for 5 min, followed by hydrogen chloride for 7 min.
The drying tube was replaced, aud after 17 hr at room tempera-

(7) R. A. Bozis and B. J. McCormick, Chem. Commun., 1592 (1968).

(8 E.Uhlemann and P, Thomas, Z. Naturforsch., 28b, 275 (1968),

(9) N.F.Curtis, J. Chem. Soc., 3147 (1961).

(10) B. Figgis and J. Lewis, “Modern Coordination Chemistry,” Inter-
science Publishers, Inc., New York, N. Y., 1460,

(11) Z. Reyes and R. M. Silverstein, J. Am. Chem. Soc., 80, 6367 (1958).

(12) Z.Reyes and R. M, Silverstein, ¢bid., 80, 6373 (1958).

(13} S. H. H. Chaston, 8. E. Livingstone, T. N. Lockyer, V. A. Pickles, and
J. S. Shannon, Australian J. Chen., 18, 873 (1965),
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ture, the deep orange solution was poured into 350 ml of ice water.
The mixture was kept in an ice batli for 30 min, whereupon a re
oil separated and then solidified. The red compound was sepa-
rated by filtration, washed with ice cold water, and dried in a
stream of air.

VO(dbms):.-~A solution of VO?2' was prepared by dissolving
0.40 g (0.002 mol) of VOSO, - 2H,O in 1 ml of warm 1,0, to
which was added 1 ml of ethanol after dissolution of the sulfate
had taken place. This solution was prepared and used as quickly
as possible to prevent extensive hydrolysis of the VO?**. The
VO solution was then added to a solution of 0.96 g (0.004 mol)
of Hdbms in a minimum of warm absolute ethanol. Then a
solution of 0.60 g (0.004 mol) of NaCel13;05-3H:0 in 2.5 ml of a
warm 60:40 water—ethanol mixture was added slowly, whereupon
a precipitate formed. After filtration, the precipitate was
washed three tiines each with water and petroleum ether. The
olive brown microcrystals were then dried i# vacuo over POy, for
20 hir.  Amal, Caled for CypHnO:SV: C, 66.07; H, 4.04; S,
11.75; mol wt 545. Found: C, 66.02; H, 4.33; S, 11.39; mol
wt 555 (in benzene).

VO (bas),.—-A VO?T solution, prepared as described above,
was added slowly to a stirred solution of 0.75 g (0.0042 mol) of
Hbas in 5.5 inl of warm absolute ethanol, whereupon a precipitate
formed. The solution was cooled in an ice bath for & min and
then filtered. The olive green complex was washed and dried
as described above. Anal. Caled for CypHi30:8,V: C, 57.00;
H, 4.31; 8, 15.22; mol wt 421, Found: C, 57.56; 1, 4.48; S,
15.60; mol wt 426 (in benzene).

VO(ebas),.—This compound was synthesized under nitrogen.
A solution of VO?T was prepared as described above except that 4
ml of ethanol was added to the dissolved sulfate. The VO?** solu-
tion then was added to a solution of 1 ml (~0.004 mol) of Hebas
in 16 ml of absolute ethanol. A sodium acetate solution, pre-
pared as described above, was added slowly to the thoroughly
stirred solution, whereupon a green precipitate formed. After
this solution was cooled in an ice bath for 10 min, a green com-
pound was separated, washed, and dried as described earlier.
Anal. Caled for CHuOsS:V: C, 54.88; H, 4.60; S, 13.32;
mol wt 481. Found: C, 54.32; H, 4.59; S, 13.38; mol wt 420
(in methylene chloride).

Other Compounds.—The vanadyl(IV)-3-diketone complexes
used for purposes of comparison were prepared by conventional
procedures.tt

Results

The ligands were prepared either by known pro-
cedures or modifications of them. Early in the syn-
thetic aspects of this work it appeared that the sulfur
atom of dbms exchanged with oxygen atoms from
the solvent to give a B-diketone complex of VO?2+.
However, it was subsequently found that our initial
samples of Hdbms were heavily contaminated with
the 8-diketone analog. The modified preparation pro-
cedures given above have obviated this difficulty.

The complexes were prepared by straightforward
procedures involving the treatment of vanadyl(IV)
sulfate with the ligand in mixed ethanol-water solu-
tions. Except in the case of Hbas, a weak base such
as acetate is required in the preparations for the re-
moval of the acidic proton from the ligands. It is
interesting to mnote in this regard that Livingstone
used metal acetates in much of his work.®'* The
analytical and infrared data indicate that none of
the complexes is solvated, in contrast to one of the
previous reports® in which VO(dbms), was formulated
with a water molecule. Molecular weight studies in-

(14) J. Selbin, G. Maus, and D. L. Johnson, J. Irorg. Nucl. Chem., 29, 1735
(1967).
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dicate that VO(dbms),;, VO(bas),, and VO(ebas), are
monomeric in noncoordinating solvents. Melting
points, all of which are lower than those for correspond-
ing 8-diketone complexes, are given in Table III.

All of the complexes are stable for an indefinite
period of time when stored under dry nitrogen. They
very slowly decompose when stored in air. In solu-
tion the complexes decompose at varying rates, but
in all cases the rate seems to be accelerated by oxygen.
For studies involving solutions of the complexes, fresh
samples were prepared under nitrogen and used for
the measurements as quickly as possible (5-10 min).
In general, the complexes are soluble in coordinating
solvents but are only slightly soluble in other organic
solvents.

Infrared spectra were recorded in the 200-4000-
cm~?! region and given in Table I are some selected

TaBLE 1
INFRARED DaATA

——————— Str freq, em " l—m—-—o——

Assignment VO(dbms): VO(bas)2 VO(ebas):
V=0 992 984 996
(V=0) (py*) 956 955 964
(V=0) (DMSO0*) 955 954 959
C==0F 1512¢ 1537 1518
C=5b 1265 1272 1250

1568}
(P 15120 1547 %1580

= V=0 stretching frequency in presence of compound indi-
cated. ? Assignments based on work reported in ref 13, 15, and
16. ¢ Bands broad and not clearly resolved.

frequencies and tentative assignments.'?.18 The
V=0 stretching frequencies were easily recognized
since there were no serious interferences from ligand
bands and were 5-10 cm~—! lower than those observed
for corresponding 8-diketone complexes. In the pres-
ence of coordinating solvents the V=0 stretching
frequencies are reduced 30-40 cm 1.

Electronic spectra of the solid compounds were mea-
sured by diffuse-reflectance techniques from 11.5 to
25.0 kK, and most of the solution spectra were mea-
sured in the 8.5-33.0-kK region. Spectral scans were
made to 7.2 kK in pyridine, and no bands were found
other than those discussed below. We feel confident
that all of the d-d transitions are located within the
band envelopes reported. Molar extinction coeffi-
cients (M~! ecm~!) for the bands in the 12.5-22.7
and 22.7-33.0-kK regions varied within the ranges
40-400 and 4000-18,000, respectively. Electronic spec-
tral data are summarized in Table II. The limited
solubility of the complexes in noncoordinating solvents
coupled with the “tailing-off”’ of charge-transfer bands
into the visible region made studies in these solvents
difficult. The most satisfactory noncoordinating sol-
vent found for spectral studies was 1,2-dibromoethane.

Magnetic susceptibility measurements were made
on the solid complexes, and the results are given in

(16) A. Ouchi, M, Hyodo, and Y. Takahashi, Bull. Chem. Soc. Japan, 40,
2819 (1967).

(16) S. H. H. Chaston and 8. E. Livingstone, Australian J. Chem., 20, 1065
(1967).
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TanLe 11
ELECTRONIC SPECTRAL PROPERTIES OF
VANADYL(IV) MONOTHIO-B-DIKETONES®
Medijum?® Emax
VO(dbms)
A 14.7 21.3 24 .4
B 13.0¢ 15.9 22.8
C 12, 5¢ 16.4 23.6
D 11.1¢ d
VO(bas)
A 16.3 22.0 28.4
B 13.2¢ 16.7 23.3 31), 4¢
C 12, 8¢ 17.0 25.0 31.3
D 12.1¢ 16.7¢
VO(ebas),
A 15.4 17.5¢ 20 .4 25.0
B 13.1 16.4¢ 20.0¢° 26.4
C 12.7 14.9 20.0 27.0
D 10.5¢ 17.3

® Spectral data are in kilokaisers (kK). ? A, solid; B, pyr-

idine; C, DMSO; D, 1,2-dibromoethane. ¢ Shoulder. ¢ Ob-
scured.
Table III. The corrected magnetic moments lie in

the range 1.70-1.78 BM and are consistent with the
spin-only value for a d! case.® These results suggest
that there are no direct V-V interactions in the solid
complexes. Electron spin resonance studies were
carried out at room temperature in a variety of solvents.
A typical spectrum is shown in Figure 1, and the
nuclear isotropic g values and vanadium hyperfine

splitting constants are presented in Table III. The g
3 1
100 G
—
Figure 1.-—Esr spectrum of VO(ebas); in pyridine.
values are corrected for second-order effects.”” In all

cases, eight-line spectra were observed, and there were
no extra lines or splittings that might suggest the
presence of two or more vanadyl(IV) species in the
solutions.

The go values are in the range expected for vanadyl-
(IV) complexes.’® The 4, values measured in the
noncoordinating solvent methylene chloride all lie at
97 = 1 G. Significant reduction of the 4, values
occurs when the complexes are dissolved in coordinat-
ing solvents. In general, pyridine causes the greatest
reduction.

(17) H. A. Kuska, Ph.D, Thesis, Michigan State Uuniversity, 1965.

(18) H. A. Kuska and M. T. Rogers in “Radical Ions,” E. T. Kaiser and
L. Kevan, Ed., Interscience Publishers, Inc., New York, N. Y., 1968, Chapter
13.
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TarLre [II

MAGNETIC PROPERTIES, ELECTRON SPIN RESONANCE
PARAMETERS, AND MELTING POINTS OF VANADVL(IV)
MONOTHIO-B-DIKETONES

108xg, pett™™,
Medium® cgsu BM g0 Aqg Mp, °C

VO(dbms),

Solid 2.05 1.72 89

A 1.875 98.0

B 1.974 94.0

C 1.976 93.0
VO(bas),

Solid 2.50 1.72 172

A 1.976 96.0

B 1.973 94.0

C 1.975 93.0
VO(ebas);

Solid 2.25 1.76 132

A 1.975 98.0

B 1.973 96.0

C 1.975 93.0

Discussion

A wide variety of monothio-g-diketone (mtdk) com-
plexes have now been prepared and investigated?8 1316
in some detail, and in most cases structures have
been proposed in which chelating mtdk ligands bond
through sulfur and oxygen atoms to provide six-mem-
bered rings. In this respect mtdk ligands are similar
to B-diketones. In a few instances involving “'b”
class!® metals or mixed-ligand complexes such as Pd-
(C.H;SCS=CHCOCF3)(P(CeHy)s), it is thought that
mtdk ligands bond only through sulfur atoms. 20,21

Infrared studies on the complexes prepared in this
work are quite indicative of the bonding mode of
the ligands. In no case were bands observed that
could be attributed to free carbonyl groups, and the
assigned C=0 frequencies?*:2® in Table I agree closely
with those reported for compounds in which the car-
bonyl function is coordinated. That the carbonyl
groups are bound is not surprising in view of the
class “a” character!® of V(IV), but it was thought
initially that the sulfur atoms might not coordinate,
since sulfur is a class ‘D’ donor atom. However,

=S bands were found at frequencies very close to
those that have been reported previously for mtdk
complexes bonded through sulfur atoms. In view of
these infrared results and the stoichiometry of the
complexes, it seems certain that the ligands are bi-
dentate. The infrared spectral studies on the green,
monomeric complexes VO(dbms)s, VO/(ebas)s, and VO-
(bas)s confirm the presence of the vanadyl(IV) group
since very characteristic V=0 stretching frequencies
are observed at ¢ca. 990 cm ™~

(19) S. Ahrland, J. Chatt, and N. R. Davies, Quart. Rev. (London), 12,
265 (1958).

(20) R. K. Y. Ho, S. E. Livingstone, and T. N. Lockyer, Australian J.
Chem., 21, 103 (1968).

(21) 8. H. H. Chaston and 8. E. Livingstone, #bid., 20, 1079 (1967).

(22) The C==0 and C==C assignments may be interchanged..28 This
does not alter the conclusion that the carbonyl groups are bound.

(23) C. G. Barraclough, R. L. Martin, and I. M. Stewart, Australian J.
Chem., 22, 891 (1969).

Inorganic Chemistry

The structures of the complexes reported here cannot
be assigned in detail in the absence of X-ray results,
but, in view of the great tendency of vanadyl(IV)
complexes to adopt a square-pyramidal geome-
try, 122425 it can reasonably be assumed that VO-
(dbms),, VO(ebas);, and VO(bas), do not deviate
grossly from this structure. This supposition is sup-
ported by the optical and esr spectral work, as discussed
below. At this point, there is no direct information
that can be brought to bear on the question of whether
the complexes have c¢is (Cq) or trans (Cy) configura-
tions. A brief reference!® to X-ray work on Pd(dbms),
and Pt(dbms), indicated that the compounds have a
trans square-planar configuration, but this conclusion
is confused by the report® that both complexes are
cis.  Obviously, more work is needed in this area.

A characteristic,®# % but not inviolate,? property of
square-pyramidal vanadyl(IV) complexes is their ten-
dency to add a sixth ligand trans to the oxygen atom.
We have found that treatment of the complexes with
coordinating ligands such as pyridine or DMSO results
in a downward shift of the V==0 stretching frequency
by ¢a. 30 cm~'. Such a shift is expected if a sixth
ligand is added with a concomitant increase in electron
density on the vanadium atom.?

Extensive study of the complexes in solution is
difficult owing to their tendency to decompose upon
standing, even in the absence of air. For example, a
benzene solution of VO(dbms); decomposed in a period
of 1 hr to give a black insoluble precipitate that was
not characterized further. It is possible that redox
processes are facilitated in solution with the forma-
tion of ligand oxidation products. Analogous behavior
has been observed previously for Fe(dbms);.'

The solution electron spin resonance spectra are
quite typical of those that have been reported pre-
viously for VO?T complexes, and the isotropic g values
(go) are in accord with the theory that places the
single unpaired electron in a nonbonding d,, orbital.?
The g, values are somewhat higher (~0.005) than
those observed for the corresponding B-diketone com-
plexes. This is consistent with the notion that electron
delocalization increases in going from @B-diketone to
monothio-3-diketone complexes.

The observed isotropic vanadium hyperfine splittings,
Ag, depend on both the ligand system and the solvent.
While there has been some uncertainty as to the rela-
tion between A4, values and the nature of metal-
ligand bonds,® it is now thought that the amount
of 4s contribution to ground-state o bonding is the
primary factor in determining the variation of A,.2¢
However, it is probable that covalency effects also

(24) R. P. Dodge, D. H. Templeton, and A. Zalkin, J. Chem. Phys., 85, 55
(1961).

(25) L. J. Boucher, D. E. Bruins, T. F. Yen, and D. L. Weaver, Chen.
Commun., 363 (1969).

(26) E. A. Shygam, L. M. Shkol'nikova, and S. E. Livingstone, Zh. Siruk!.
Khim., 8, 550 (1967); J. Struct. Chem. (USSR), 8, 490 (1967).

(27) J. Selbin, H. R. Manning, and G. Cessae, J. Inorg. Nucl. Chem., 25,
1253 (1963).

(28) L. J. Boucher, E. C. Tynan, and T. F. Yen, Inorg. Chem., T, 731
(1968).

(29) B.R.McGarvey, J. Phys. Chemn., T1, 51 (1967).
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Figure 2.—Reflectance spectra (A) and spectra measured
in 1,2-dibromoethane solutions (B): ---, VO(dbms); ---,
VO(bas).; , VO(ebas),.

contribute,’® and in this respect it is of interest to
note that 4, values for vanadyl(IV) complexes de-
crease in the order g-diketone (~110 G) > monothio-
B-diketone (~96 G) > N,N-dialkyldithiocarbamate
(~90 G)¥® > maleonitriledithiolate (70 G).** It is
possible that this trend reflects, in part, increasing
covalency in going from class “a” (oxygen) to class
“b” (sulfur) donor atoms. It is anticipated that addi-
tional information on these points will be forthcoming
from low-temperature esr studies that are currently
under investigation. The observed decrease in 4, with
increasing donor strength of solvent may reflect the
decrease in = donation from the axial oxygen atom
to the metal, as well as the increased interaction be-
tween the mtdk ligands and the vanadium atom
brought about by a movement of the metal closer to
the basal plane of the square pyramid when a sixth
ligand is coordinated.?-3?

In the present study a fundamental objective has
been to compare the optical spectra of the O-S bonded
mtdk complexes to those of O-O and S-S bonded
B-diketone and dithiocarbamate complexes, respec-
tively. While there has been a great deal of con-
troversy surrounding the interpretation of the electronic

(30) B.J. McCormick and E. M. Bellott, Jr., Inorg. Chem., in press,

(81) N. M. Atherton, J. Locke, and J. A. McCleverty, Chem. Ind. (Lon-
don), 1300 (1865).

(32) I.J. Boucher and T. F. Yen, /norg. Chem., T, 2665 (1968).
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Figure 3.—Spectra measured in pyridine solutions: A, VO-
(dbms);; B, VO(bas):; C, VO(ebas),.

spectra of vanadyl(I1V) complexes,?2:3.9.33 it gppears
that recent molecular orbital calculations?® can be used
as a basis for successful spectral interpretations. These
calculations place the single unpaired electron in a
nonbonding metal d,, orbital, and the expected d-d
transitions for g-diketone complexes are d,, — d.., d,.
(I), dgy = dys—ye (1), and d,, = d,. (III), in order
of increasing energy. In mtdk complexes the d,—.
level is expected to lie close to the d,,, d,, level, since
the ligand field strength of mtdk ligands is low?%.%
and the d;.~,. level decreases in energy with decreasing
donor strength.

The mtdk complexes reported here show a rich
spectrum in the 9-33-kK region. Spectral data are
summarized in Table II and representative spectra
are shown in Figures 2 and 3. The intense bands
found higher than 18 kK undoubtedly arise from transi-
tions of the types L« — Mg or L« — L_«, where L, «
refers to a ligand molecular orbital. Such bands have
been discussed and assigned previously by Chaston
and Livingstone?! in their study of Ni(Il)-mtdk com-
plexes.

(33) G. Vigee and J. Selbin, J. 7novg. Nucl. Chem., 31, 3187 (1969).

(34) L. G. Van Quickenbourne and S. P, McGlynn, Theoret. Chim. Acta, 9,
390 (1968); C.J. Ballhausen and H. B. Gray, Inorg. Chem., 1, 111 (1962).

(36) Monothio-3-diketone ligands have been placed between dithio-
carbamates and dithiopliosphates in the spectrochemical series, %
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Intrusion of charge-transfer bands into the visible
region renders the study of d-d transitions difficult.
The most satisfactory reflectance spectrum was pro-
vided by VOf(ebas), and this can be attributed to
the fact that the charge-transfer bands begin some
3-4 kK higher than do those in VO(bas), and VO-
(dbms),. It seems clear that bands occurring at fre-
quencies lower than 16.5 kK can be attributed to d-d
transitions. Such bands are found in the reflectance
spectra of VO{ebas);, VO(bas);, and VO(dbms), at
15.4, 16.3, and 14.7, kK, respectively, and in solutions
of 1,2-dibromoethane at 17.3 kK for VO{(ebas), and
16.7 kK (shoulder) for VO(bas),. The corresponding
band for VO(dbms), in 1,2-dibromoethane is totally
obscured by a charge-transfer “‘tail.”’” The reason that
the bands are shifted to slightly higher energies in
1,2-dibromoethane is not clear, but it is not uncommon
to find small differences between reflectance spectra
and those measured in noncoordinating solvents.'* An
additional absorption is seen as a very poorly defined
shoulder in 1,2-dibromoethane at approximately 10.5,
12.1, and 11.1 kK in the ebas, bas, and dbms complexes,
respectively. Thus, the spectra are qualitatively simi-
lar to those of 8-diketone complexes in the 10-20-kK
region, except that only two bands are observable. Pro-
visionally, the shoulders at 10.53-12.1 kK are assigned
to transition I while the bands at 14.7-17.3 kK are
assigned to transition II. It is possible, of course,
that these assignments should be reversed, as has
been proposed for other cases,®** and it is unfortunate

Inorganic Chemisiry

that the poor resolution of the bands does not permit
more detailed study. Transition III may be barely
discernible as a shoulder at ce. 21 kK in the reflectance
spectrum of VO(ebas),.

Spectra measured in the coordinating solvents di-
methyl sulfoxide and pyridine (Figure 3) show a band
at about 16 kK that corresponds well with the band
assigned above to transition II. The resolution of
the band was satisfactory in all solvents studied only
in the case of VO(ebas),, and in this case a red shift
was observed in the coordinating solvents. The shoul-
ders found at 10.5-12.1 kK in 1,2-dibromoethane are
shifted to the blue in coordinating solvents. The mag-
nitude of the shift is very difficult to ascertain owing
to the broadness of the shoulders, but it may be as
much as 2 kK. The observed red and blue shifts
are so poorly defined that conclusions about the spectral
assignments are perilous; however, it should be pointed
out that similar shifts have been observed by Selbin
and coworkers!® for several g-diketone complexes in
which the low-energy shoulder was assigned as transi-
tion II. The spectral shifts observed in coordinating
solvents do support the view that the complexes can
add a sixth ligand.
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The proton nmr spectra of the Cr(I1), Fe(I1I), Co(Il), and Ni(II) tris chelates with a series of unsymmetrically methyl-

substituted o-phenanthrolines have been obsarved.

A set of four equally intense resonance peaks for a given ligand proton

indicates that the two possible geometrical isomers, cis and trans, are formed in statistical amounts for all complexes., The
extent of magnetic dissymmetry for a given metal ion was found to depend on the position(s) of methyl substitution, with

the greatest effect noted for methyl groups at the 4 position.

Analysis of the isotropic shifts for the Cr(11) and Fe(I11)

clielates suggests that the w-contact interaction is more sensitive to unsymmetrical methyl substitution than either the o-

contact interaction or the dipolar interaction,
primarily fromn the dipolar interaction.

Introduction

A recent analysis' of the ligand contact shifts for
tris o-phenanthroline (phen) and «,«’-bipyridine
(bipy) chelates with Cr(II) has indicated that, although
metal-ligand = bonding is present, it plays a relatively
minor role in the spin-delocalization mechanism, in
spite of the fact that these ligands had been previously
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(1969).
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