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Reactions of [M(CO )6) or [M(CO)3(MeCNh)(M=Cr, Mo or W) with 4-vinylpyridine lead to the com-
plexes having the formulation [(4-CH2= CH-CsH4N)M(CO)3) (I) in which 4-vinylpyridine is bonded to
the metal atom through the six :7t-electronsof the heteroaromatic ring. Reaction of 1 (M= Cr) with HCl
gas affords the N-protonated complex [4-CH2= CH-CsH4NH)Cr(COh) Cl(II).Complexes (I) (M = Cr or
Mo) also react with PPh3to give [M(CO)3(PPh3h)(III).

The synthesis of arene substituted derivatives of
Group VIB metal carbonyls and their applications
as reagents for organic synthesis or as precursors for
new organometallic complexes have been known 1

for a long time. Although aromatic heterocycles
such as thiophene and pyrrole have been reported+'
to coordinate to M(CO h groups, complexes of pyri-
dine or substituted pyridine systems have remained
mostly unexplored. We report herein the syntheses,
reactions and spectral characteristics of some 4-vi-
nylpyridine substitituted derivatives of Group VIB
metal carbonyls.

Materials and Methods
Reactions were carried out under a dry nitrogen

atmosphere or in vacuo. IR spectra were recorded
on a PE 983 spectrophotometer, PMR spectra in
CDCl3 or CD1Cl1 on a Varian XL-200 instrument
and mass spectra on a high resolution mass spec-
trometer. Acetonitrile was freshly distilled over
PzOs.[M(CO)61(M = Cr, Mo or W) was commercial-
ly available. [M(COh(MeCNhl was prepared fol-
lowing published proceduresv".

Preparation of complexes (I)
These were prepared by two methods (A) and (B).
Method A: A mixture containing [Cr(CO)61 (1 g,

4.5 mmole), 4-vinylpyridine (1.44 g, 13.7 mmole)
and heptane (50 ml) was degassed, sealed in vacuo
and heated at 100-120° for 72 hr. The reaction mix-
ture was cooled and the orange solution filtered
through kiesel-guhr. After removal of solvent under
reduced pressure the residue was chromatographed
over a column of silica gel. Elution with pet. ether
(40-60° )-diethyl ether (1:1, v/v) gave two bands.

The first band upon removal of solvent under re-
duced pressure gave [(4-CI:Iz = CH- CSH4N)-
Cr(CO hl as yellow crystals from pentane-diethyl
ether (0.6 g, 55%), m.p. 118-20° (Found: C, 50.4; H,
3,2; N, 5.9. ClOH7N03Cr requires C, 49.8; H, 3.0;
N, 5.8%). The second band upon removal of solvent
gave a small quantity of an uncharacterised material.

Complexes 1 (M =Mo), m.p. 109-11 0, yield 60%
(Found: C, 42.7; H, 2.8; N, 4.5. ClOH7N03Mo re-
quires C, 42.1; H, 2.5; N, 4.9%) and I (M = W), m.p.
136-38°, yield 40% (Found: C, 32.7; H, 2.4;,N, 4.1.
CIOH7N03W requires C, 32.2; H, 1.9; N, 3.8%)
were similarly prepared.

Method B: To a freshly prepared solution of
[Cr(CO)3(MeCN)31 (1.18 g, 4.6 mmole) in acetoni-
trile (50 rnI) was added 4-vinylpyridine (1.44 g, 13.7
mmole) and the reaction mixture refluxed for 2 hr.
Work-up as described under (A) gave 1 (M = Cr)
(0.79 g, 72%). Complexes 1 (M=Mo and W) were
obtained in 68% and 56% yields respectively by this
method.

Reaction ofI(M= Cr) with hydrogen chloride
Hydrogen chloride was bubbled through a solu-

tion of 1 (M = Cr) (0.5 g, 2.07 mmole) in hexane (50
mI). A pale yellow precipitate immediately separat-
ed out. After 4 hr, the precipitate was filtered,

(I)
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washed with pentane and dried in vacuo to afford
[(4-CHz = CHC5H4NHXCr(COhlCI (II) (0.92 g,
80%) as pale yellow crystals, m.p. 165-6r (Found:
C, 44.5; H, 3.1; N, 5.2; CIOHgNO]ClCr requires C,
44.2; H, 2.8; N, 5.3%).

+

(II)

Reaction of I (M = Cr) with triphenylphosphine
A solution of 1 (M = Cr) (0.5 g, 2.07 rnmole) and

triphenylphosphine (1.58 g, 6.21 mmole) in cyclo-
hexane (50 mI) was heated to reflux under nitrogen
for 4 hr. The colour of the solution turned pale yel-
low. The solvent was removed under reduced pres-
sure and the solid thus obtained was washed several
times with pentane to yield (Cr(CO)](PPh3hl (ref. 7)
(0.65 g, 66%), as pale yellow crystals. I (M = Mo)
reacted with PPh3 in a similar way to give
[Mo(CO)3(PPhJ1l (ref. 8) (72%).

Results and Discussion
[M(CO)6l or [M(COMMeCNU (M=Cr, Mo or

W) react with 4-vinylpyridine to give the new com-
plexes of the composition [(4-CH2 = CH-
CSH4N)M(COhl (I) by the loss of three CO groups
or the acetonitrile ligands. Elemental analyses were
compatible with the assigned formulation I.

The IR spectra of I in cyclohexane exhibited two
vCO modes in each of the complexes [(M = Cr),
1936 and 1916 cm-I; (M=Mo), 1940 and 1919
em - I and (M = W), 1930 and 1916 ern - I] in agree-
ment with the C3v symmetry. Similar vCO modes
have been reported in the literature'"!' for the arene
and substituted arene-tricarbonyl complexes of Gr
VIB metals.

PMR spectra indicated the presence of the 4-vi-
nylpyridine ligand bonded to the metal through the
heteroaromatic ring. Thus the PMR spectra
[1(M=Cr), CDCI3, b 8.38 (d, J=6.6 Hz, 2H), 7.07
(d, J=6.6 Hz, 2H), 6.62 (dd, J= 17.3 and 10.8 Hz,
1H), 6.01 (d, J = 17.3 Hz, IH), 5.63 (d, J = 10.8 Hz,
1H); I (M = Mo), CD2CI2, b 8.56 (d, J = 6.6 Hz, 2H),
7.22 (d, J= 6.6 Hz, 2H), 6.64 (dd, J = 17.6 and 10.8
Hz, 1H), 6.02 (d, J = 17.6 Hz, 1H), 5.64 (d, J = 10.8
Hz, 1H); I (M=W), CDCll, b 8.25 (d, J=5.9 Hz,
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2H), 7.55 (d, J= 5.9 Hz, 2H), 6.80 (dd, J= 17.5 and
11.5 Hz, IH), 6.05 (d, J = 17.5 Hz, IH), 5.60 (d,
J = 11.5 Hz, 1H)] comprised of two doublets for the
para substituted pyridine ring, a double doublet for
H~ and doublets for both H, and He. The double
doublet for He arises due to coupling of the non-
equivalent H, and He. The doublets at - b 6.0 and
5.6 ar~ due to n, and He respectively. The assign-
merit IS made on the basis of the large trans coup-
ling constant [3J(HCCH) -17 Hz] between the H,
and He protons. The observed values of cis and
trans coupling constants are compatible with those
observed for a vinylic system'". The chemical shifts
for. the vinylic protons remain almost unchanged
w~le those of the pyridine ring protons are slightly
shifted towards higher field indicating that comple-
~ation occurs through the six rt-electrons of pyridine
nng. The assigned structure is also consistent with
the I8-electron rule formalism. The mass spectra of
complexes (I) displayed the molecular ion peaks
corresponding to the formulation [(CH2 = CH-
CsH4N)M( CO M Other important peaks due to the
sequential loss of three CO groups were also ob-
served [I (M=Cr), mJz at 241 (M+), 213 (M+-CO),
185 (M+-2CO), 157 (M+-3CO), 105 {M+-
(3CO+Cr)l; I (M=Mo), mJz at 285 (M+), 257
(M+-CO), 229 (M+-2CO), 201 (M+-3CO), 105
{M+-(3CO+Mo)}; I (M=W), mJz at 373 (M+),
34: (M+-CO), 317 (M+-2CO), 289 (M+-3CO), 105
{M -(3CO + W))]. These fragmentation patterns
are characteristic of metal carbonyl complexes 13.

The complex I (M = Cr) reacts with HCI gas at
ambient temperature to give the N-protonated pro-
duct [(4-CHz = CH-CsH4NH)Cr(COhCI (II) as pale
yellow crystals. IR spectrum of II in CHzCl2 exhibit-
ed two vCO bands at 2035 and 1990 em - I. The
shift of the vCO modes from 1936 and 1916 em - I

in I (M=Cr) to 2035 and 1990 cm-I in II is consi-
tent with the removal of electron density from the
chromium atom as expected for a cationic complex.
Complex (II) also displayed a broad band at 3170
em -1 characteristic of vNH supporting the forma-
tion of the N-protonated complex. The PMR spec-
trum of II [CD2CI2, b 8.71 (d, J = 6.6 Hz, 2H), 7.57
(d, J = 6.6 Hz, 2H), 6.92 (dd, J = 17.5 and 10.7 Hz,
1H), 6.38 (d, J= 17.5 Hz, IH), 5.94 (d, J= 10.7 Hz,
IH)] is also consistent with the proposed structure
except that we failed to observe the signal due to
NH proton. The mass spectrum of II [mJz 278
(M+), 250 (M+-CO), 222 (M+-2CO), 194 (M+-
3CO), 106 {M+-(3CO+Cr+Cl}} 105 {M+-
(3CO + Cr + HCI)\] showed the molecular ion peak
at mJz 278 corresponding to the molecular formula
[(CH2 = CHCsH4NH)Cr(COh]CI. Other important
peaks due to successive loss of three carbonyl
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groups were also observed in the spectrum. The
peak at mlz 106 corresponding to
CH2 = CHCsH4NH clearly indicated the formation
ofN-protonated complex.

Reaction between I (M = Cr or Mo) and triphenyl-
phosphine in cyclohexane occurred at reflux tem-
perature to give complexes [M(CO)3(PPh3)3] (III)
which were characterised from a comparison of
their spectral data with those of authentic samples
reported in the literature+". The formation of III
from I provides further evidence that in complexes
(I) the organic ligand is bonded to the M(COh moie-
ty. This reaction seems to be analogous to the reac-
tion of PPh3 with arenetricarbonyl complexes of
Group VIB metals!".
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