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AMINE AND HYDRAZINE COMPLEXES OF MOLYBDENUM CARBONYL

H. D. MURDOCH" axp R. HENZI
Cyaramid European Researck Institute, Cologny[Gzneva (Switzerland)
(Received September 16th, 1965)

The reactions of the halopentacarbonylmetal anions (I, M = Cr, Moor W; X =
Cl, Br or ) with isonitriles has recently been described!. Mono-, bis-, and tris-isonitrile
carbonyl metal derivatives were obtained. The degree of substitution is mainly de-
pendent on the halide X of the anion emploved, being lowest for the iodide and highest
for the chloride. It was also shown that the reaction followed a scheme as below,
involving intermediates of the type (IT and I1I, L = isonitrile).
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1t was therefore of interest also to investigate the corresponding reactions of the
halopentacarbonyl anions with amines. It was anticipated that the reactions would be
more complicated since under the reaction conditions the mono-amine complexes
(IV, L = amine) can react with excess amine to give bis-amine products, whereas
further reaction of the neutral isonitrile complexes with isonitrile did not occur.

The reactions were restricted to the molvbdenum complexes, although it is
anticipated that the method will apply in general to the corresponding chromium and
tungsten compounds.

MONO-AMIXES

Initial reactions were carried out using cvclohexylamine, pyridine, diphenyvl-
amine and triethvlamine. It was found that, as with the isonitriles the tetraethyl-
ammonium iodopentacarbonyimolybdenum (I, M = Mo, X = I) gives virtually only
the monocvelohexylaminepentacarbonyimolybdenum IV, M= Mo, L = cyclo-
hexvlamine) whereas, judging from the infrared spectrum of the reaction the cor-
responding chloro-anion affords a mixture of mono- and bis-cyclohexylamine derivati-
ves (IV and V, M = Mo, L = cyclohexylamine).

In the absence of solvent, however, both the iodo- and chloro-anions give the
mono-derivative as the sole product of reaction, provided reaction times are short.
The slow formation of the bis-product from the mono- is observed if the reactions are
allowed to continue.

" New address: Borax Copsolidated Ltd., Research Centre, Cox Lane, Chessington, Surrev,
Eugland.
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However, it was found impossible to isolate the bis{cvclohexyvlamine)tetra-
carbonyimolybdenum. All attempts led to decomposition or disproportionation.

For the reaction of the anions with pyridine, in tetrahyvdrofuran, the infrared
spectra of the reaction mixtures indicated product ratios similar to those observed
above. However, the reactions were exceedingly slow, being uncompleted in 3-7
davs, and hence, as above, reactions using pytidine both as solvent and reactant
were cartried out. Fast reactions were obtained for which, unlike the solvent-free
cvclohexylamine reactions, a greater control of the degree of substitution was ob-
served. Thus, reaction of the icdo-complex anion gave virtually pure monopvridine-
pentacarbonvimolvbdenum, whereas the bispyridinetetracarbonylmolvbdenum was
obtained from the chloro complex with traces only of the mono complex. From the
bromo complex a mixture of the two products was obtained.

With diphenylamine and triethylamine, no reaction with the halopentacarbonyl-
anions could be observed even at temperatures up to 50° This failure can be at-
tributed to the weak basic strength of the former amine, and the steric requirements
of the latter.

CHELATING DIAMINES

The second series of reactions were carried out using chelating diamines. Thus,
reaction of ethyvlenediamine or its tetramethyl derivative in tetrahydrofuran with
either the 1odo- or chloro-anion resulted only in the formation of the chelated diamine-
tetracarbonyimolvbdenum [V, M = Mo, L, = NH,CH.CH.,NH. or (CH,;),.NCH.,CH,-
N(CH,),., together, in the case of the ethylenediamine reaction, with some bis-
{ethvienediaminejtricarbonylmoiybdenum (V1Ij. This latter product is formed by
further reaction of the chelated diamine tetracarbonyl product with excess amine.
It can also be obtained In almost theoretical vield by reaction of the anions with
ethvlenediamine without solvent at 120°. Inirared spectra of the reaction using the
iodo-anion show evidence for Intermediate formation of the amineperiacarbonyvi
complex {vidz f1/ra;).
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NON-CHELATING DIAMINES

Reaction of the iodopentacarbonylmolybdenum anion with the non-chelating
diamine, piperazine in tetrahvdrofuran gave piperazinepentacarbonvlimolybdenum
(IV, M = Mo, L = piperazine} as the sole product. This contrasts with the reaction
of the amine with the hexacarbonyvlmolyvbdenum which gave only piperazinedeca-
carbonvldimolybdenum? (VIII).
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"/
{VIIT;
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REACTIONS IN AQUEOUS MEDIA

A further practical application of the method was also developed. It was found
that if the reactions are carried out using water as solvent, then the mono-amine-
pentacarbonylmetals are obtained as the sole products of reaction. Thus, reaction of
aqueous solutions of pyridine, cvclohexylamine, or piperazine with the halopenta-
carbonyimolybdenum anions gives good vields of the mono-amine psntacarbonyl-
molyvbdenum complexes. In this fashion, the ammoniapentacarbonylmolybdenum
(IV, M = Mo, L = NH,), hvdrazinepentacarbonylmolybdenum (IV, M = Mo, L =
NH,NH,) and (phenyvlhydrazine)pentacarbonvlmolvbdenum (IV, M= Mo, L=
C¢H;NHXNH,) could also be obtained. Further, when reaction with ethylenediamine
was carried out in aqueous medium, the product isolated is {(ethyvlenediamine)penta-
carbonvimolybdenum (IV, M = Mo, L = NH,CH,CH,NH,) with onlyv one of the
amine groups bonded to the metal. In organic solvents and even on standing in the
solid phase, this product forms the chelated (ethvienediamine)tetracarbonvimolyb-
denum, normally isolated. The formation of the mono-products applies irrespective
of the halopentacarbonylmetal anion employved.

Thus, the reactions of amines with halopentacarbonylmolvbdenum anion
provide a convenient method of preparation of mixed amine carbonyl derivatives of
the Group VI metals with some measure of control of the degree of substitution. The
reactions carried out in aqueous media especially, offer a simple method of preparing
monoaminepentacarbonvlmetal complexes and also enable the synthesis of hvdrazine
derivatives, not previously reported.

Unlike the reactions of the anions with isonitriles, no evidence for the formation
of intermediates of the types (II and IXI, L = amine} was obtained. However, by
comparison with isonitrile reactions?, it seems reasonable that the bis-amine derivatives
are also formed from complexes (I, L = amine}, and that formation from the pre-
formed monoaminepentacarbonyl complexes by further reaction with the amine is a
secondary process. Thus, in the ethylenediamine reactions the initial formation of an
aminepentacarbonyvl species is only observed for the iodo-anion as expected from the
isonitrile reactions. This product then cyclises to give the bis-complex in a secondary
reaction. In the reaction with the chloro-anion a careful infrared control of the re-
action throughout failed to show this pentacarbonyl species, the bis-product ap-
pearing in place of the anion, most probably via the complex (II, M == Mo, X ==
Ci, L= NXH,CH.CH.NH..}.

PROPERTIES

All of the amine products are vellow crystalline solids, relatively stable to air
in the solid state but less so in solution. Some of the comnplexes have been previously
described?~3 and the properties found largely correspond with these reported. How-
ever, some discrepancies were found in the literature with respect to the reported
melting points of certain of the complexes, and since in general the melting—de-
composition points occur over a 10-15° range, purity was ascertained by elemental
analyses.

The hydrazine- and (phenyvlhydrazine)pentacarbonylmolybdenum complexes,
which have not been previously reported, are also pale yvellow solids. The former
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complex has properties similar to the corresponding amine complexes, but the latter
compound darkens on standing even under nitrogen, and decomposes completely in
48 h at room temperature.

INFRARED MEASUREMENTS

The spectra of the complexes for the CO stretching region agree with reported
spectra®-3.5. Thus, for the pentacarbonyl derivatives, four bands are obtained cor-
responding to the two 4,, the E and B, modes®?. The latter vibration appears as a
very weak shoulder to the high frequency side of the lower A, band. The bis-amine
tetracarbonyl complexes also have four bands in this region, in agreement with the
cis-configuration of the amines. The bis(ethyvlenediamine)tricarbonvimolybdenum has
two rep stretching vibrations, one very bread, similar to other tris-amine complexes?.S.
For new complexes the spectra {Table 1) agree with the proposed formulations.

TABLE 1

INFRARED SPECTRA OF NEW COMPLEXES

Complex

1. NH.CH.CH,NH.Mo{CO,* 2070 W — 1931 vs ~ 1889 m
2. C‘Hm.\'._..\lo(CO;s o071 w 1975 wsh 1939 vs 1goo m
3. NHMeiCOpd 2070 w —_ 1930 Vs 1537 m
4- NHoNH Mo(COy; 2072 W 1975 wsh 1930 \s 1SgS m
5- GGH,NHNH.Mo(CO}y 2072w 1930 wsh 1935 vs 1597 m
5. (GH, NH.)L.Mo{CO) 2007 w ISTT s ~ 1864 sh 1826 s

7- (CH;,):.\CH:CH-.\((,II..)-.\IO!CO‘ 2013 W 1350 vs ~ 1875 sh 15330 s

3. {NH.CH,CH.NH.}.Mo(COj,c — 1591 s 1755 broad !s)

= In tetrahvdrofuran unless otherwise stated. 2 Rapidly coaverts to tetracarbonyl complex.
< Nitromethane. ¥ Behrens® does not report the reg bands for this complex. € Not isolated.

EXPERIMENTAL

Uniess otherwise stated all operations were carried out in an atmosphere of pure
dry nitrogen. Infrared spectra were recorded on Perkin—Elmer Models 521 and 337
with grating units. Microanalyses are by Dr. K. EpER, Ecole de Chimie, Geneva. All
melting points were recorded on a Kofler hotplate and are uncorrected.

Reactions were judged compleie by the absence in the CO stretching region of
the infrared, of the bands characteristic of the halopentacarbonylmolvbdenum anions.

Cyelohexylamine

In tetrahydrofuran. A mixture of the tetraethvlammonium iodo- or chloropenta-
carbonylmolvbdenum? (1 g) cvclohexylamine (5 ml} and THF (75 ml) was allowed to
stand for ¥ h (I) or o.5 hour (CI7). The precipitated tetraethylammonium halide
was then filtered off, and the solvent evaporated. The resultant solid was washed with
water and extracted with benzene (50 ml) to give soluble and insoluble fractions.
From the benzene-soluble fraction, the mono-cyclohexylaminepentacarbonyimolyb-
denum can be isolated by elimination of the solvent and recrystallisation from hght
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petroleum at —So° [yield 0.6 g, 889, (I7); 0.35 8. 42 % (Cl-}], m.p. 95-96° {dec.)
(lit® 102°). (Found: C, 39.71; H, 4.05. C;;H,;3;M0o0;N caled.: C, 39.42; H, 3.91%.
It was found that the benzene-insoluble material was not the bis-cyclohexviamine
complex expected. The material was insoluble in all normal solvents and could thus
not be purified. The analvtical figures were inconsistent and the product was not
studied further.

I sthout solvent. The anions (1 g) were stirred for 45 min with cyclohexylamine
(ro ml), and then a large volume of water was added. The cyclohexyiaminepenta-
carbonvimolybdenum which was precipitated was purified as above. The yield was

~ So°;.

I water. A suspension of the tetraethylammonium halopentacarbonylmolyb-
denum (1 g) was stirred with cyclohexyvlamine (2o ml) in water (xoo ml) for 2 h. The
monocyclohexylaminepentacarbonyvimolybdenum was then filtered off, washed with
water, dried and purified as above. The yield is almost theoretical.

Pyridine

VWithout sofvent. The tetraethvlammonium lodopentacarbonyvlmolvbdenum (0.5
g) was dissolved in pyridine (5 mi) and allowed to stand for 30 min. An excess of water
was then added and the solid precipitated was filtered, washed thoroughly with water,
dried and crystallised from light petroleum to give monopyridinepentacarbonyl-
molvbdenum (0.2 g, 63%), m.p. 83-84° {(dec. at ~ 120%) (Strohmeier® reports de-
composition at 120° but did not report the m.p.). (Found: C, 358.14; H, 1.64.
CoH;MoNO; caled.: C, 33.12; H, 1.60°,.)

If the above is repeated using the chloroanion, the product precipitated is the
bispvridinetetracarbonyvimolvbdenum. This is treated as above and purified by pre-
cipitation from tetrahvdrofuran/water, (0.35 g, ~ S0%), 120° (dec.) (Strohmeier*
also reports decomposition at 1157, but Cotton ¢f al3 report m.p. 163> dec. for this
compound.}. (Found: C, y5.70; H, 2.83. C; {H,,MoN.O, calcd.: C, 46.01; H, 2.763;.)

From the bromopentacarbonvimoivbdenum anion and pyridine, reaction as
above gave a mixture of the mono- and bis-pyridine complexes. No attempt was made
to separate and isolate the products.

In wwater. When the tetraethylammonium halopentacarbonyimolyvbdenum (1 g)
is treated for 30 min with pyridine (20 ml) in water (1oo ml), and the resultant mixture
diluted with water, the monopyridinepentacarbonylmolybdenum is precipitated and
can be purified as above. Yield is 95°9.

Diphenviamine and trietlviamine. \When the halopentacarbonylmolybdenum
anions were treated with these amines either in solution in THF. or as pure liquid in
the latter case, no reaction occurs and the starting material can be recovered.

Ethviencdiamtie

It tetralivdrofuran. A mixture of the tetraethylammonium halopentacarbonyl-
molybdenum (1 g) and ethylenediamine (2 g) in THF (100 ml) was stirred for 1 h (CI7)
or 3 h (I") at 30°. The reactions were filtered, water was added, the solvent volume
was reduced under vacuum, and the solid precipitated was crystallised from methanol/
water to give (ethylenediamine)tetracarbonyvimolvbdenum (0.5 g, ~ 92 9%, from I~
and 0.36 g, 82°;, from CI7), m.p. ~ 2go {dec.) (lit.® zgo dec.j. (Found: C, 27.15; H,
3.03; mol. wt. in dimethoxyvethane, 272. CgHMoN O caled.: C, 26.88; H, 3.01%;
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mol. wt., 268.) Cotton3 reports C, 22.88 cald., 22.2 found, for this proeduct. The solid,
obtained by filtration of the reaction, was washed thoroughly with water and was
purified by precipitation from ethvlenediamine/water by slow elimination of water
and amine under reduced pressure to give bis(ethylenediamine)tricarbonylmolyb-
denum (trace), dec. ~ 230-235°. (Found: C, 27.66; H, 5.13. C,H,sMoN O, calcd.:
C. 28.00; H, 5.35°,.)

Without solvent. The above product can also be obtained by heating the chloro-
anicn (2 g) with ethvlenediamine (10 ml} to 120° for 10 min. Water is then added and
the excess amine distilled off with the water under reduced pressure. The product
(x.x g, 75°%) is gradually- precipitated, and is filtered, washed brieflv with light
petroleum, and purified as above.

It is also obtained by allowing the isolated (ethyvlenediarnine)tetracarbonyl-
molybdenum to react at 30° with ethyvlenediamine in THF. The product is very slowly
formed and is precipitated from solution. It is purified as above.

In water. Reaction of the tetracthyvlammonium chloropentacarbonylmolvb-
denum (I g) with ethyvienediamine (ro ml} in water (zoo mlj, for 2 h and filtration of
the resultant solid, which was thoroughly washed with water, light petroleum and
dried, gave the (cthvlenediamine)pentacarbonvimolvbdenum as an off-white solid
(0.7 £, 95°%5) dec. 213-2257. (Found: C, 28.42; H, 3.01. C.H;MoN,0; caled.: C, 28.40;
H, 2.739;.) If the complex is dissolved in an organic solvent, rapid formation of the
chelated (ethvlencdiamineltetracarbonvimolvbdenum occurs, and hence, crystal-
lisation was impossible.

N N N N'tetramethyletlyieredianine

The reactions were only attempted in THF, and the (N,N,N",N"-tetramethyvi-
ethylenediamine)tetracarbonyvlmoiyvbdenum, m.p. 125-130° {dec.), was isolated and
purified as described for ethylenediamine. The vields were ~ So0°;. (Found: C, 37.14;
H, 5.26. C;,H;;MoN.O; caled.: C, 37.05; H, 5.29°;.)

Piperazine

15 fetrahvdrofuras. A mixture of piperazine (1 g), the iodo-anion (I g) in THF
(75 ml} was stirred for 3 h. Filtration and evaporation of the solvent gave the
piperazinepentacarbonyvimolybdenum, which was crvstallized from THF ‘water (0.5 g,
76%}, m.p. 135-140°. (Found: C, 33.67; H, 3.19; X. S.7. C,H,,MoN,O; caled.: C,
33-56; H, 3.03; N, 8.7%.)

15 water. The same product was also obtained from the chloro- or iodo-anion
(1.0 g), piperazine (2 g} and water (100 ml}. After 18 h the solid material was filtered
off, washed with water, dried and crystallised from THF;water, {o.5 g, 75, (I7), or
0.58 g, 622;, (Cl)_. No attempt was made to recover product from the aqueous phases.

Hydrazise ard phenvlhivdrazine

A mixture of the chlorcpentacarbonylmolybdenum anion (x gj, hydrazine
hydrate (5 mil) or phenyvihvdrazine (4 ml) in water (75 ml) was stirred for 30 min. The
solid material was then filtered, washed with water, briefiv with light petroleum and
dried. Purification was efiected by precipitation from THY/water. In this manner are
obtained hvdrazinepentacarbonylmelybdenum (0.4 g, 60%;), m.p. 85-¢9c° (dec.)
(Found: C, 22.61; H, 1.49. CGH MoN.O; caled.: C, 22.41; H, 1.50%,.) and (phenyl-
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hvdrazine)pentacarbonylmolvbdenum (0.8 g, ~ go%}), m.p. 95—g6° {dec.). (Found:
C, 38.40; H, 2.68. C,,H;MoN.O; caled.: C, 38.38; H, 2.34%.) The same products can
be also obtained in a similar fashion from the iodopentacarbonylmolybdenum anion.

Amnonia

The halopentacarbonylmolybdenum anions (1 g) were stirred with ammonia
(30 ml, 25°4) for 3—¢ h. The solid was then filtered, washed with water, and dried
to give the ammoniapentacarbonylmolybdenum {o.4 g (CI7), 63 %5 or o4 g (I7), 78 %1,
m.p. 102-108° (dec.) (Behrens® reports no dec. pt.). (Found: C, 23.64: H, 1.64.
C H,MoXNOQ; caled.: C, 23.74; H, 1.20°,.)

ACKNOWLEDGEMENTS
The authors wish to thank Dr. ¥. CaLberazzo for helpful discussions.
STMMARY

The reactions of the tetraethylammonium salts of the halopentacarbonyl-
molyvbdenum anions with amines are described. Mono- and, in some cases, bis-amine
carbonyl derivatives of molvbdenum are obtained depending on the halogen of the
anion. In aqueous media, the reactions invariably give the mono-aminepentacarbonyl-
molvbdenum compounds. By this latier method hydrazinepentacarbonvimolybdenum
derivatives can also be prepared.
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