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Mixed-Metal Derivatives!

The reaction of the carbonyl anion Mn(CO);~ or Co(CO)s~ with Fe(CO); produces the new anion FeMn(CO)y~ or FeCo-

(CO)k™.

Although a number of dinuclear metal carbonyl
anions have been known for some time?—* (e.g., Fep-
(CO)s?~, Niz(CO)g?~, and M(CO)y2~ where M = Cr,
Mo, or W), no dinuclear species that contained different
metals were known until recently. Graham reported
that the reaction between either the Mn(CO);~ or
Re(CO);~ ion and a group VI hexacarbonyl at 170° pro-
duced the anionic dinuclear species MnM(CO),™~ or
ReM(CO);;~ (where M = Cr, Mo, or W)* He
postulated that the mononuclear ions were behaving as
Lewis bases and displacing carbon monoxide from the
group VI metal. Alternately the reaction between
Lewis bases and the metal hexacarbonyls can be carried
out photochemically at ambient temperature.® There-
fore, a study of the reaction of several mononuclear
carbonyl anions with Fe(CO); or M(CO)s (M = Cr,
Mo, or W) under photolytic conditions was initiated.
In addition, it was found that the dinuclear anions
M;(CO)1e2~ were valuable reagents for the preparation
of dinuclear anions containing different metals.

Experimental Section

All of the manipulations described in this section except the
weighing of reactants were performed under a nitrogen at-
mosphere since solutions of both the reactants and products
were susceptible to oxidation. However, in the solid state
decomposition of the products was ohserved only after several
weeks. The iron-containing dinuclear species were more re-
active toward oxygen than the others.

Materials.—The metal carbonyls Mny(CO)y, Cr(CO);, Mo-
(COY), W(CO), Fe(CO);, and Co0:(CO)s were obtained from
Alfa Inorganics. The simple anions’™¢ Co(CO),~, Mn(CO);~,
and HFe(CO),~ were prepared by the literature methods and
isolated as crystalline solids by use of [(CsH;)3P]eNCl as the
counterion. The dinuclear carbonyl anions My(CO)2~ (where
M = Cr, Mo, or W) were prepared as described previously.

Preparation of [(C¢H;);P]:NFeCo(CO)s.—A mixture of 0.35
ml (2.62 mmol) of Fe(CO); and 0.71 g (1.00 mmol) of [(CsH;)s-
Pl.NCo(CO)s in 50 ml of dry tetrahydrofuran (THF) was
irradiated with a GE AH4 floodlamp until 85 cm? (at STP) of
gas was evolved. The mixture was filtered under nitrogen and
the solvent was removed from the filtrate under vacuum at
ambient temperature. The residue was extracted with 75 ml
of ether. Pentane was added to the extract to crystallize the
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The reaction of the carbonyl anions M2(CO)12~ (M = Cr or W) with either Co;(CO)s or Mn{CO), produces the
mixed-metal dinuclear anion MCo(CO),~ or MMn{(CO)1~.

Some reactions of the anion Fe,(CO )2~ are also discussed.

product. A 0.32-g sample of the red product was obtained;
mp 100-102° (rapid heating). Decomposition of the product
commenced at approximately 75-80° and it did not melt when a
slow heating rate was used.

Amnal. Caled for [(CeH;);P]:NFeCo(CO): C, 60.2; H,
3.42; N, 1.60; Fe, 6.30; Co, 6.52; O, 14.6. Found: C, 60.4;
H, 3.44; N, 1.65; Fe, 6.17; Co, 6.70; O, 14.2.

Preparation of [(CeH;)sP]:NFeMn(CO),.—A mixture of 0.40
ml (2.99 mmol) of Fe(CO); and 0.75 g (1.02 mmol) of [(CeHs)s~
P NMn(CO); in 50 ml of THF was treated as described above.
Upon addition of pentanc to the ether cxtract, a 0.27-g sample
of dark red product was obtained; mp 134-135°. Decomposition
began at approximately 120-125°.

Anal,  Caled for [(CsH;)PloNFeMn(CO): C, 60.0; H,
3.33; N, 1.55; Fe, 6.2; Mn, 6.1; O, 16.0. Found: C, 59.8;
H, 3.36; N, 1.59; Fe, 6.4; Mn, 6.0; O, 15.5.

Preparation of [(C¢H;);P}:NMCo(CO)(M = Cr or W).—A.
The preparations of both the chromium and the tungsten deriva-
tives were carried out in an analogous manner except a reaction
temperature of —10° was used in the former case. To 1.71 ¢
(0.99 mmol) of [{(CsH;)sP]sN]2W:(CO)yp in 50 ml of THF at 0°
0.5 g (1.46 mmol) of Co,(CO)s was added. The reaction mixture
was stirred for 0.5 hr and then the solvent was removed at 0°
under vacuum. The solid residue was extracted three times with
25-ml portions of ether. Pentane was added to the combined
ether extracts to crystallize the product. A 0.75-g sample of
product was obtaned; mp 111-113° with decomposition when
a fast heating rate was used. Decomposition occurred below
this temperature and no melting was observed until 185-187°
(the melting point of [(CeH3)sP]:NCo(CO)},) when a slow heating
rate was employed. When a 1.4-g sample of [(CeH;)sP}2N]:Crs-
(CO)1p was treated in the same way, a 0.41-g sample of product
was obtained; mp 73-75° dec. Both of the products were orange.

Anal. Caled for [(CeH;):P].NCrCo(CO): C, 60.0; H, 3.33;
N, 1.55; Co, 6.5; Cr, 5.8. Found: C, 59.7; H, 3.30; N, 1.62;
CO, 6.4; CI’, 5.3. Caled for [(CsHs)gP}zNVVCO(CO)gt C, 523,
H, 2.90; N, 1.36; Co, 5.7; W, 17.8. Found: C, 52.2; H,
2.98; N, 1.40; Co, 5.8; W, 17.0.

B. A mixture of 1.0 g (2.83 mmol) of W(CO)s; and 1.41 g
(1.99 mmol) of [(CeH;)3P]aNCo(CO); in 40 ml of THF was ir-
radiated until 55 cm? (at STP) of gas was evolved. The solution
was filtered and the solvent was removed under vacuum. The
solid residue was extracted three times with 25-ml portions of
ether. Pentane was added to the ether extracts to crystallize
the product. A 0.35-g sample of [(CeH;)sPlaNWCo(CO)sy,
which was identical with that prepared above, was obtained.

Preparation of [(C¢H;);P]s2NMnM(CO);,, (where M = Cr, Mo,
or W).—The preparation was petformed in an analogous manner
for the chromium, molybdenum, and tungsten derivatives.
For example, a mixture of 0.73 g (0.50 mmol) of [{(CsH;)3P]:N].-
Cry(CO)y and 0.21 g (0.54 mmol) of Mny(CO)yo in 25 ml of THF
was refluxed for 10 min. The reaction mixture was filtered and
the solvent was removed under vacuum. The residue was
dissolved in 10 ml of CHyCl;. Then 50 ml of ether was added
and finally pentane was added to crystallize the product. A
0.79-g sample of [(CeH;)sPlo:NMnCr(CO)y was obtained.
Following the same procedure resulted in the isolation of .71 g
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of [(CﬁH.’,)xP]zNMHMO(CO)w and 0.89 g of [(CsHa)aP]zNan-
(CO)1o when 0.79 g of [[(CeH;)sPJeN1eMoy(CO)yp and 0.91 g of
[[(CeH;)sP]aN]aW:2(CO)1o were used, respectively. The infrared
spectra of these compounds in the CO stretching region were
identical (to within =2 cm ™) with the literature values.®

Anal. Caled for [(CeHg)PlaNCrMn(CO)p: C, 59.7; H,
3.24; N, 1.51. Found: C, 59.3; H, 3.01; N, 1.42. Calcd for
[(CeHs)sP]:NMoMn(CO),: C, 57.0; H, 3.10; N, 1.44. Found:
C, 56.5; H, 3.08; N, 1.31. Caled for [(CsH;)sP1:NWMn(CO):
C, 52.3; H, 2.84; N, 1.32. Found: C, 52.1; H, 2.79; N, 1.20.

Preparation of [[(C¢H;)sP]:N]sFe:(CO)s.—A mixture of 0.70
ml (5.24 mmol) of Fe(CO); and 25 g of 19, sodium amalgam in
50 ml of THF was irradiated with a GE AH-4 floodlamp for 4 hr,
The mixture was decanted off the amalgam under nitrogen and
2.0 g (3.48 mmol) of [(CeHs);P]oNCl in 75 ml of CH,Cl, was
added. Then the mixture was filtered and the solvent was
removed under vacuum. The residue was dissolved in 35 ml of
CH,Cl; and 30 ml of ethyl acetate was added. Upon cooling a
1.91-g sample of dark brown product was obtained; mp 183-
185°.

Anal. Caled for [[(CsH;)sP]:N]:Feo(COs): C, 68.0; H, 4.25;
N, 1.98; Fe, 7.93. Found: C, 67.9; H, 4.22; N, 1.91; PFe,
7.87.

Preparation of [(C¢H;);P]:NFe;Mn(CO)2.—A. To a solution
of NayFe(CO)s, prepared as described above, 1.0 g (2.55 mmol)
of Mny(CO)yp was added. The mixture was heated at 40° for
1 hr and then 2.5 g (4.35 mmol) of [(C¢H;)sP].NCl in 100 ml of
methylene chloride was added. The mixture was filtered and
the solvent was removed from the filtrate under vacuum. The
residue was extracted three times with a 10:40 CH,;Cly—ether
mixture. Pentane was added to the combined extracts. A
0.83-g sample of dark blue product was obtained. The residual
solid left after extraction was recrystallized from CH.Cl; and
ether. A 1.21-g sample of [(CsHs)P]:NMn(CO); (contaminate
with a small amount of the cliloride) was obtained.

B. A mixture of 1.6 g (4.39 mmol) of Fex(CO); and 1.4 g
(1.91 mmol) of [(CeH:)sP]:NMn(CO); in 50 ml of THF was
refluxed for 2 hr. The solution was filtered and the solvent was
removed under vacuum. The residue was washed with 25 ml of
ether and the washings were discarded. It was then recrystallized
from CHCl; and ether. A 1.10-g sample of product was obtained;
mp 171-173°. The infrared spectrum of the compound in THF
was identical (within &=3 cm ™) with the spectrum reported in the
literature.!!

Anal. Caled for [(CeHs):;P]zNFezMn(CO)lzi C, 55.4; H,
2.88; N, 1.34; Fe, 10.8. Found: C, 55.6; H, 2.89; N, 1.42;
Fe, 10.1.

Reaction of [(C¢H;);P].NHFe(CO), and Fe(CO);.—A mixture
of 0.70 ml (5.24 mmol) of Fe(CO); and 1.43 g (2.02 mmol) of
[(CsH;)3P]:NHFe(CO)y in 25 ml of THF was irradiated with a
GE AH-4 floodlamp until 60 cm® (at STP) was evolved. The
mixture was filtered and the solvent was removed under vacuum.
The residue was extracted with two portions of 75 ml of ether.
Pentane was added to the extract to crystallize the product.
A 022-—g sample of the red [(CeHs)aP]zNHFea(CO)n was ob-
tained; mp 145-147°. The H! nmr spectrum in CH,Cl, solution
contained a peak at +12.1 ppm from TMS.

Anal. Caled for [(CsH;);P)e:NHFes(CO)u: C, 55.6; H, 3.05;
N, 1.43; Fe, 16.5. Found: C, 55.4; H,3.11; N, 1.38; Fe, 16.3.

Thermal Decomposition of [(C¢H;):P].:MCo(CO) (M = Cr or
W).—The thermal decomposition of both the chromium and
tungsten salts was carried out in the same manner. A 1.22-g
(1.18 mmol) sample of [(CsH;)sP]sWCo(CO)s~ was placed in a
cold-finger-equipped sublimer and the system was evacuated.
Then a 100° oil bath was raised around the sample. Almost
immediately a white sublimate appeared on the cold finger.
After 15 min the system was opened to a manometer. No
pressure increase was observed. The white sublimate (0.36 g,
1.01 mmol) was identified as W(CO)s by its infrared spectrum.
The residue was dissolved in 10 ml of CH;Cl; and the mixture

(11) U, Anders and W. A, G, Graham, Chem. Commun., 291 (1966).
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was filtered. The dark deposit on the filter plate was discarded.
Ether, 40 ml, was added to the filtrate. On standing, a 0.67-g
(0.95-mmol) sample of [(CsH;);P].NCo(CO); was obtained.
It was identified by its infrared spectrum and melting point.

Infrared Spectra.—The infrared spectra were obtained on solu-
tions of approximately 0.010 g/ml of the compounds in CH,Cl,
unless otherwise noted. The instrument, a Perkin-Elmer Model
521 spectrometer, was calibrated with indene. Table I tabulates
the bands observed in the carbonyl region.

TABLE I

INFRARED SPECTRA OF THE DINUCLEAR CARBONYL
ANIONS IN THE CO STRETCHING REGION

Compound Cm ™!
FeCo(CO)~ 2056 w, 1989 m, 1953 s, 1895 w, 1776 m
FeMn(CO)y~ 2066 w, 2024 w, 1968 vs, 1937 m, sh, 1870 m
WCo(CO)y~ 2062 w, 2012 m, 1940 vs, 1912 w, sh, 1864 m
CrCo(CO),~ = 2055 w, 2000 w, 1936 vs, 1910 w, sh, 1864
m, 1854 m

@ Spectrum taken as a Nujol mull,

Conductivity Measurements.—Only two of the new salts were
stable enough in solution to permit the determination of their
conductivity in nitromethane solutions. The equipment em-
ployed has already been described.!? The specific conductivity
of the nitromethane used was 5.47 X 1077. The anion concentra-
tion (M) and molar conductance (cm?/ohm equiv) are: for
FeCo(CO)™, 1.003 X 1073, 67.3; for FeMn(CO);~, 1.002 X
1073, 68.7.

Results and Discussion

Although it has been recognized for several years that
mononuclear carbonyl anions such as Mn(CO)s~ or
Re(CO);~ can function as a Lewis base toward a few
select Lewis acids!® it was not until recently that their
ability to function as a ligand toward a neutral metal
carbonyl moiety was apparently demonstrated.? This
concept has now been extended to include the Co(CO),~
ion. Thus, when a solution containing Fe(CO); and
either of the above two ions was irradiated, carbon
monoxide was evolved and the mixed-metal dinuclear
anions were formed in low to moderate yields

hy
Fe(CO)s + Mn(CO);~ —> FeMn(CO),~ + CO

hy
Fe(CO)s 4+ Co(CO)i— —> FeCo{(CO)%~ + CO

When the reactions were carried out thermally, no
dinuclear species could be isolated. In fact, the reac-
tion of the Mn(CO);~ ion with Fe(CO); in diglyme has
been reported to yield a trinuclear species, Fe;Mn-
(CO)ye=.*t  This may, in part. be due to the relatively
low thermal stability of the dinuclear ions. However,
further reaction of these species with excess Fe(CO);
must also be considered likely. When an attempt was
made to extend this reaction to include the HFe(CO),~
ion, the desired product, HFe,(CO);s~, was not isolated.
Instead, the HFes(CO)y~ anion was formed in low
yield. This material was identified by analysis and by
comparison with an authentic sample of (C.H;);NH-
HFe3(CO)11.M

In order to determine if the Co(CO),~ anion could
also function as a base toward the group VI metal

(12) J. K. Ruff, Inorg. Chem., 3, 813 (1963).

(13) G. W, Parshall, J. Am. Chem. Soc., 86, 361 (1964).
(14) J. R. Case and M. C. Whiting, J. Chem. Soc., 4632 (1960).
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carbonyls, mixtures of W(CO); and [(CeH;)3P.NCo-
(CO); were irradiated. Ouly small amounts of the
desired dinuclear metal carbonyl anion, WCo(CO),~,
were isolated. No product could be obtained when
either of the two other group VI metal carbonyls were
used in this type of reaction

t hV
W(CO); + Co(CO)™ —> WCo(CO)™ + CO

However, an alternate route to some of these derivatives
was found. This is based on the reaction of the
dianion W,(CO)2~ or Cr(CO)2~ with Co:(CO)s.
The reaction proceeded readily at 0° in THF and the
mixed species were formed in low yield. Unfor-
tunately, it was not possible to obtain an analytically
pure sample of the molybdenum derivative by this
method since it appeared to be quite unstable. The
equation

Mg(CO)m?‘ -+ COQ(CO)& —_— 2MCO(CO)9~

is only approximate since large amounts of the
Co(CO),~ anion were also produced. This reaction
could easily be extended to produce the known mixed-
metal dinuclear metal carbonyl anions MMn(CO)y~
(where M = Cr, Mo, or W)?

M:(CO)102~ + Mnz(CO)p —> 2MMn(CO)e™

The reaction proceeded rapidly at 50° and almost quan-
titative yields of the products were isolated.

Since the dinuclear anions of the group VI metals
appear to be useful reagents in the preparation of mixed-
metal derivatives, it was of interest to explore similar
reactions using the Fey(CO)s?~ anion. Although the
preparation of this anion has been accomplished by
several methods,’ it is easily prepared in a manner
analogous to that reported for the My(CO),*~ anions
(where M = Cr, Mo or W)*

i hl‘
2Fe(CO); + NaxHg —> Fe(CO)2~ + 2CO

Both Co0:(CO)s and Mn,(CO)y reacted with the Fe,-
(CO)s?~ anion in solution at or below ambient tempera-
ture. However, no dinuclear species could be isolated.
Instead, the Co.(CO)s was converted to the Co(CO)s~
ion in good yield. The fate of the iron carbonyl moiety
is not known, although evidence for the presence of
other products was found by infrared spectroscopy.
The reaction involving Mn,(CO)y was also complex.
However, it was possible to isolate in moderate yield
both the known trinuclear species FeoMn(CO);~ * and
the Mn(CO);~ ion. A much higher yield of the tri-
nuclear species was obtained in the reaction of the Mn-
(CO);~ 1on with Fe,(CO),®

Mn(CO);~ 4+ Fex(CO)s —> MnFe,(CO)™ 4 2CO

Since both of the two systems involving the Fep-
(CO)¢*~ ion are complex, speculation on the exact
mechanism of the observed reactions seems unwar-
ranted. It is apparent, however, that the Fey(CO)y%—
ion is a better reducing agent than either of the ions

(15) W. Hieber and R. Werner, Chem. Ber., 90, 1116 (1957).

(16) The Fes(CO)q in this reaction may also be replaced with Fes(CO)ie,
but lower yields are obtained.
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Mn(CO);~ or Co(CO),~. It is possible that the other
species observed in these systems may arise from the
reaction of these mononuclear ions with an iron carbonyl
moiety formed by oxidation.

All of the new dinuclear metal carbonyl anions are
crystalline solids which are relatively stable in air. The
two ions CrCo(CO)s~ and WCo(CO),~ are not stable
in solution and are thus quite difficult to recrystallize.
Therefore, conductivity and H! nmr measurements
were obtained only on the FeCo(CO)s~ and FeMn-
(CO)s~ ions. The equivalent conductance for these
ions was in the range expected for a 1:1 electrolyte in
CH;3NO, solution.’” The H! nmr spectra of these in-
dicated the absence of hydridic hydrogen and para-
magnetic impurities.

The thermal stability of the new dinuclear anions is
much lower than that found for either the M:(CO)yp*~
or MMn(CO)y,~ ions (where M = Cr, Mo, or W).43
The latter are stable above 150° while the former de-
compose near 100°.  Little or no carbon monoxide was
observed in the decomposition of either the CrCo-
(CO)y~ or WCo(CO)y— ions

6MCo(CO)~ — BM(CO) + M + 6Co(CO)N™

Both l\I(CO)s and [(CsH;)gP]QNCO(CO)4 could be
isolated in high yield from the above decompositions.
A dark deposit metallic in appearance was also formed.
No quantitative investigation of the decomposition
of the other two dinuclear metal carbonyl anions was
carried out due to the limited amount of material avail-
able.

In addition to having a relatively low thermal stabil-
ity, the CrCo(CO),™ ion and to a lesser extent the
WCo(CO),y~ ion is unstable in solution. In fact, it was
not possible to obtain a reliable solution infrared spec-
trum of the former even in methylene chloride. The
rate of decomposition appeared to increase with in-
creasing basicity of the solvent. The only decomposi-
tion products that could be observed by infrared spec-
troscopy were Cr(CO)s and the Co(CO),~ ion. Thus,
the decomposition in solution may be similar to the
thermal decomposition. The reaction of either of
these ions with 1 equiv of (C¢Hj);P at ambient tempera-
ture produced M(CO);P(Ce¢H;); and the Co(CO)4—
ion in high yield

MCo(CO)~ 4+ (CeHi)sP —> M(CO);P(CsH;); + Co(CO)s~

where M = Cr or W. No reaction was observed be-
tween (CgH;)sP and the FeMn(CO)y— or FeCo(CO)s™
ion under similar conditions.

The infrared spectra in the carbonyl region of the new
dinuclear metal carbonyl ions are summarized in Table L.
One striking difference is apparent between the spec-
trum of the FeCo(CO)s~ ion and the spectra of the
others-—the presence of a bond in the region attributed
to bridging carbonyls.®® The band at 1776 cm~! in the
FeCo(CO)s~ ion is considerably lower than the band
assigned to the bridging carbonyl groups in the isoelec-

(17} R. D. Feltham and R. G. Hayter, J. Chem. Soc., 4587 (1964).

(18) Some care must be exercised in applying the empirical criteria for
bridging carbonyls, especially in the case of charged species.
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tronic Coy(CO)s.'® This is undoubtedly due to the
presence of the negative charge. No appreciable
change in the intensity or position of this band was ob-
served in different solvents such as THF, CH;NOs,,
or CHy,Cl; or in the solid state, indicating that the
bridges remain intact. Thus, it is likely that the FeCo-
(CO);s~ ion will have a structure similar to Cos(CO)s and
will be quite different from the isoelectronic species Fey-
(CO)s*~ which is presumed to have a simple metal-
metal bond.?

There are no bands present in the spectra of the
MM’ (CO)q~ ions that can be assigned to bridging car-
bonyls. They would be expected to be found below
1830 em~!, where the bridging carbonyl absorptions
occur in the isoelectronic Fey(CO)y,?! owing to the nega-
tive charge on theion. Thus, it must be concluded that
a simple metal-metal bond exists in these three ions. A
related case is the compound MnCo(CO), in which
bridging carbonyls also appear to be absent.??

If a simple metal-metal bond exists in the MM’-
(CO)s~ ions, then the manganese or the group VI metal
would be expected to be in an octahedral environment.
The coordination of the iron or cobalt would be in the
form of either a tetragonal pyramid or a trigonal bi-
pyramid., The former configuration would result in an
over-all symmetry for the ion of Ci., while the latter

(19) G. Bor, Spectrochim. Acla, 19, 1209 (1963),

(20) R. S. Nyholm, Proc. Chem. Soc., 273 (1963).

(21) R. K. Sheline and K. S. Pitzer, J. Am. Chem. Soc., T2, 1107 (1950).
(22) K. K. Joshi and P. L, Pauson, Z. Naturforsch., 1Tb, 585 (1962).

DINUCLEAR CARBONYL ANIONS 1821

[T [T

A’A

Cwv Cs

Figure 1.—Proposed structures for the MM'(CO),™ ions.

would result in C, symmetry. (See Figure 1.) This
would lead to the expectation of five (3A and 2E) or
nine (6A’ and 3A’’) infrared-active stretching frequen-
cies in the carbonyl region, respectively, assuming that
coupling of the carbonyl vibrations occurs across the
metal-metal bond. If the coupling is negligible, local
site symmetry will be sufficient to determine the number
of active infrared frequencies, and either five or six
infrared-active bands should be observed for the te-
tragonal-pyramid or the trigonal-bipyramid configura-
tion, respectively. The observed spectra would tend to
favor the Ci, symmetry of these ions. However, the
structure with C; symmetry cannot be completely elim-
inated since a lack of resolution or accidental degeneracy
of some of the modes could easily result in the observed
spectra.

Acknowledgment.—This work was carried out under
the sponsorship of the U. S. Army Missile Command,
Redstone Arsenal, Ala., under Contract DAAHOIL-
67-C-0655.

The Chemistry of the Dinuclear Carbonyl Anions.

By J. K. RUFF

Received April 10, 1968

CONTRIBUTION FROM ROHM AND Haas CoMPANY,

REDSTONE RESEARCH LABORATORIES, HUNTSVILLE, ALABAMA 35807

II1.* Halogen-Bridged Anions

Anions of the type M(CO);1~ (where M = Cr, Mo, or W) react with excess M(CO)s or M’(CO) under photolytic conditions

to form dinuclear anions of the type My(CO)l~ or MM/(CO)pl—.

in several cases.
n) . . . . .
(CO)1?~ anion with iodine is also discussed.

Although the group VI metal carbonyls have been
known to react with a large variety of neutral Lewis
bases,? the use of anionic Lewis bases is more restricted.
Wilkinson,® Fischer,* and their coworkers were the
first to employ the halide ions as ligands for these car-
bonyls. This system was later expanded by Abel,
Butler, and Reid.® These workers reported that a
variety of mononuclear derivatives of the type M(CO);-

(1) PartII: J. K. Ruff, 7norg. Chem., T, 1818 (1968).

(2) G. R. Dobson, 1. W. Stolz, and R. K. Sheline, Advan. Inorg.-Chem.
Rudiochem,, 8, 1 (1966).

(3) E. W. Abel, W. Bennett, and G. Wilkinson, Ckem. Ind. (London), 442
(1960).

(4) E. O. Fischer and K. Ofele, Chem. Ber., 98, 1156 (1960).

(3) E. W, Abel, I, S. Butler, and J. G. Reid, J. Chem. Soc., 2068 (1963).

The structures of these anions are discussed in terms of their infrared spectra.

Related chloride and bromide derivatives were prepared
The reaction of the Cry-

X~ could be prepared by the thermal reaction of the
group VI metal hexacarbonyl and a relatively soluble
form of halide ion such as the tetraethylammonium
salts. Behrens and Schwab reported that the reaction
of iodine with the salt Na,Cr,(CO); gave NaCr(CO);l,
Cr(CO)s1, or Cry(CO)yI.8"  Furthermore, it was found
that the last species could be reduced to the anion
Cre(CO)1l —,® which is apparently identical with those
reported in this study.

Since it has recently been demonstrated that anionic

(6) H. Behrens and R. Schwab, Z. Naturforsch., 19b, 768 (1964),

(7) H. Behrens and H. Zizlsperger, ¢bid., 16b, 349 (1961).
(8) H. Behrens and D. Hermann, 7bid., 21b, 1234 (1966).



