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Summary

The reactions of Mo(S,S) #-allyl)(CO),(py) [(S.S) = methylxanthate, N-ethyldi-
thiocarbamate and N, N-diethyldithiocarbamate] with various N- and P-donor mono-
and bi-dentate ligands has given four types of mono- and bi-nuclear complexes:
Mo(S.S)7-allyl)(CO),(L) [(S.S) = Mexant, EtHdtc, Et,dtc; L = PPh,]. Mo(S,S)( -
allyl}(CO),(L-L) [(S,S)= Mexant, (L-L)=bipy, phen, DDH., GBCHI; (S8.85)=
EtHdtc. (L -L) = bipy, phen, GBCHI; (S8.S) = Et.dtc, (L -L) = phen|, [Mo(S.S)( 7-al-
ly)(CO),].(p-L-L) [(S.S) = Mexant, EtHd1c, Et,dtc; (L-L)=4.4"-bipy, 4,4'-DTBP.
dppe], and [Mo(S.S)(7-allyl)(L-L)]),(u-CO), [(S.S)= EtHdtc, Et,dtc: L-L = dppe].
In some cases the pyridine replacement is accompanied by a change in the coordina-
tion mode of the I.1-dithiolato ligand.

Introduction

Complexes of general formula Mo(S,S)(7-allyl)(CO),(py). (S8.S = xanthate. di-
thiocarbamate) have been prepared by the reaction of MoBr({7-allyl)}(CO),(py), with
the corresponding alkali metal salt [2]. An excess of the 1,]1-dithiolate ligand gives
the same products. the second pyridine molecule being not displaced. This fact has
motivated the present study, which deals with the substitution reactions of
Mo(S.S. X m-allyl)(CO),(py) complexes [(S.S)= Mexant (methylxanthate), EtHdtc

* Part 1. IT and I11: see refs. 1. 2 and 3. respectively.
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( N-cthvldithiocarbamate). Et,dte (N. N-diethvldithiocarbamate)} with carbon mono-
xide and a series of mono- and bi-dentate. N- or P-donor ligands: 2.2-bipyridine
(bipy). 1.10-phenanthroline (phen). diacetvldihydrazone (DDH). 4.4-bipyridine
(4.4’-bipy). 4.4'-dithiobipyridine (4.4’-DTBP). 1.2-bis(diphenyiphosphinc)ethane
(dppe). triphenylphosphine (PPh,) and glyoxalbis(cvclohexvlimine) (GBCHI).

The reactions with 2.2’-bipyridine could be expected to give the same complexes
as were obtained from the direct reaction of MoBr(=-allyI)CO),(bipv) with the
corresponding alkaline xanthate or dithiocarbamate [3]. On the other hand the
reaction of Mo(S.S)(a-allyICO).(pv) complexes with dppe can be a convenient
method of preparing complexes containing (S8.S). CO. =-allv]l and dppe higands.
which could not be obtained by the reaction of MoBr{a-allvIY(CO).(dppe) with the
alkaline xanthates and dithiocarbamates we used [3].

The reaction type and products should also be influenced by whether the
bidentate ligands are chelating or non-chelating.

Results and discussion

The reactions of the Mo(S.S)( w-allyl)(CO).(py) complexes with the ligands men-
tioned above give several types of mono- and bi-nuclear compounds. according to
Scheme 1.

Most of the reactions occur immediately and the products separate from the
reaction medium cither spontancously or after addition of water. The complexes
behave as non-electrolytes in several solvents and decompose before melting or melt
with decomposition. They are rather stable. except for some of the dithiocarbamate
derivatives (4.4"-bipyv: 4.4-DTBP: GBCHI) which decompose slowlv in air. All these
complexes have low solubilities in ordinary organic solvents, which makes NMR
studies difficult.

SCHEME 1
CcO
o3 DO TCACLION
L
e e MO(S.S)m-ally(C O L)
i 1:1 (A.(L)=PPhy)
! 2
L-L
- e ——— - > MoS.S)(m-allyIn COYAL- 1)
Mo(S.S)( m-ally) COY(py) — - 1:1 (B.(L L)~ bipy. DDH. GBCHD
L-L
[ > {Mo(S.SK7-allvINCO), |, (p-L - L)
. 1:1 (C.(1.-1.) = 4.4-bipy. 4.4-DTBP. dppe)
: 2:1
I-1
o ) . [Mo(S.S)m-allvin L- L)]2( -CO)-
i1 (D.(1.-L) - dppe)

[(S.8) = Mexant, EtHdte. Et.du]
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No reaction was observed on bubbling carbon monoxide through a solution of
Mo(Mexant)( m-allyD)(CO),(py) or Mo EtHdte)(r-allvI)(CO),(py) in acetone. and the
recovered solids were spectroscopically (IR) identical with the starting compounds.
The starting complexes or decomposition products were isolated from the reactions
of DDH with Mo(S.S)(#-allyI(CO),(py) [(S.S) = EtHdtc, Et,dtc] or GBCHI with
Mo(Et dtc) #-allyI(CO),(py). The new compounds obtained in the remaining reac-
tions can be regarded as derived from the Mo(S.S)(7-allyl}(CO).(py) complexes by
replacement of the pyridine ligand. accompanied in some cases by a change in the
coordination mode of the 1.1-dithiolate Ligand. as discussed below. Table 1 sum-
marizes analytical data and some physical properties for the 1solated products.

The reaction of the Mo(S.S)(7-allyl}(CQ),(py) complexes with PPh; in a 1/1
molar ratio yields simple substitution products, Mo(S.8)(#-allyl}(CO),(PPh ;) (type
A). An excess of PPh, gives the same results.

In the case of potentially chelating N N-donor ligands. compounds of type B are
formed. The 2,2-bipyridyl derivatives Mo(Mexant)(#-ally)(CO),(bipy) (1) and
Mo(EtHdtc)(w-allyl)(CO),(bipy) (IX) so obtained are identical with those isolated
from the reaction of MoBr(=-allyl)}(CO),(bipy) with KMexant and NaEtHdtc [3]. As
in earlier studies [3.4] a compound of composition Mo(Et,dtc){ w-allvIXCO),(bipy)
could not be isolated from the reaction of the N, N-diethyldithiocarbamate deriva-
tive.

The reactions with bridging N.N-donor ligands vield binuclear species of type C.
independent of the molar ratio 1/1 or 2/1 of reactants {(molybdenum complex /
N.N-donor ligand). However the reaction with the potentially bridging or chelating
P P-donor ligand dppe leads to the formation of two types of binuclear compounds.
which contain the dppe bridging molecule (type C) [(S.S = Mexant, EtHdtc, Et,dtc)]
or two bridging CO molecules (type D) [(S§.S = EtHdtc. Et,dic]. Thus from the
reaction in 1 /1 molar ratio the orange solid which immediately precipitates corre-
sponds 1o the dppe bridging species [Mo(8.S)(=-allyl)(CO),], (p-dppe). but the
solution contains traces of [Mo(S.S) w-allvl)dppe)],(p-CO),. Upon stirring of the
reaction mixture for a longer time (2 h for the Et,dtc derivative or 2 days for the
EtHdtc derivative) CO evolution is observed and the precipitate disappears giving a
red solution. from which only the compound of type D is precipitated upon addition
of water. The reaction in 2/1 (starting compiex /dppe) molar ratio is similar, the
complex [Mo(S.S)( m-allyl)CO),],(u-dppe) immediately separates out and is con-
verted slowly upon stirring of the mixture to the D complex. Unidentified decom-
position products are also formed. The complex C — complex D conversion takes
place also upon stirring of the isolated complex [Mo(S8,S)(7-allyl)(CO), |.( p-dppe) in
acetone. This conversion cannot be reversed by bubbling CO for I h through a
solution of [Mo(S,S) w-allyl)(dppe)],(u-CO),.

The dppe bridged complexes do not react with carbon monoxide at room
temperature. but a bridge cleavage of the [MI,(CO) (dppe)).(p-dppe) (M = Mo, W)
compounds occurs upon treatment with CO to give MI(CO),(dppe) and
MI,(CO),(dppe), 5]

All these results are summarized in Scheme 2.

(Connnued op p. 220}
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SCHEME 2
dppe Co -,
Mo S.SH m-allyCOYpy ) — + | Mo(8.8)( m-ally]){ CO). ] p-dppe)
(L)
{{S.8)— Mexant, EtHidte, Et.die) Ot .,

[ Mo( S.8)Y m-albDUdppe )| (p-CO )
(D)
(8.8 EtHdw. Etdey

The influence of the substituent Y of the dithiolate ligands YCS,  on the
behaviour of the compounds (different reaction time. stability, reactivity. ete. for
dithiolate compounds with Y - OR. NRH) is evident {2.3.6]. This may be related to
the different electron-releasing abilities of Y |7].

Infrared spectra

Table 2 lists the most significant infrared frequencies of the CO. xanthate and
dithiocarbamate ligands in the new complexes. The compounds of the tvpe AL B and
C show two strong bands of approximately the same intensity. which are tyvpical of
the stretching vibrations #(CO) of two cis-carbonyt groups (4] The almost constant
frequencies (1930 = 20 ¢cm ' and 1840 £ 20 ¢cm ') of both #(CO) bands in the
m-allyldicarbony! complexes can be considered as evidence of the presence of the
w-ally]l group [8]. The absence of the characteristic bands of a e-allsl group confirms
the #-coordination of the allvl ligand [9]. Sometimes the #(CO) bands show splittings
or weak shoulders: this mayv be due to the presence of isomers. which i~ more
probable for the binuclear complexes.

The complexes of type 1 show a single #(C()) stretching vibration in the region of
the bridging carbonyl ligands [10], so that these compounds are formuliated as
CO-bridged binuclear species.

The »(C-0O R) and v(C ==N) stretching frequencies of the xanthate and dithio-
carbamate ligands in the complexes are commonly used to identify the mono- or
bi-dentate coordination of the L i-dithiolate ligands [11.12]. except the cases in
which the »#(C- -N) value fall in the 1480 90 region. The high values of these
»(C O R) and »(C=:N) frequencies in the complexes of tvpes A and C seem to
indicate the presence of a bidentate ligand. which is consistent with a simple
replacement of pyridine in the Mo(S.S)( =-allyI(CO).(py) complexes without change
in the hidentate coordination mode of the dithiolate ligand.

On the other hand in the most of complexes of the tvpe B. Mo(S.S) =-
allyICO)(L- L). the (S.8) ligands are clearly monodentate. However. in
Mo(Et ,dte)( =-allylCO).(phen). »(C==N) appears at 1512 cm ', frequency value
typical of the bidentate dithiocarbamates. This implies either an increasing of the
coordination number with respect to the starting carbonyl complex or monodentate
coordination of the phenanthroline molecule. Some examples of the monodentate
coordination of phenanthroline have been described [13]. However we fach the
structural and NMR data 1o decide between both possibilities. because of the low
solubility of this complex.

The formation of the CO-bridged complexes [Mo(S.8) m-allvhidppe)}.(p-COy,
probably involves an increase in the coordination number with respect to the
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TABLE 2

INFRARLD SPECTRAL DATA {(cm” ') FOR THE COMPLEXLES OF THE TYPE (A): Mo(S.8) =-al-
WINCONL)Y. (B) Mo(SS)m-allyIXCO)KL-L), (C): [Mo(S.S)}m-allylXCOY,}y(p-L-L) AND (D)
[Mo(S.8)( =-allyh{dppe)]( #-CO),

Compound  »(C=0) v(C-0-R) »(C-O) v(C--=N)  »(C=8) v(N~H)
(tvpe)
I (B) 1942 vs 1870 vs 1204 s 1145 m 1036 vs
Il (B) 1957 vs 1862 vs 1199 m 1127 m 1039 5
1936 v
11 (B 1954 vs 1873 vs 1198 m 1143 m 1028 vs
1939 vs 1858 vs
v (B) 1930 vs 1857 vs 1188 s 1136 m 1041 s
AY (AY 1919 vs 1842 vs 1222 wvs 1162 m 1042 m
1218 vs
Vi (Cy 1914 vs 1836 vs 1227 vy 1160 s 1036 s
1213 sh
VII  (C) 1934 vs 1841 vs 1214 vs 1166 s 1040 s
1923 vs 1833 vs 1223 vs
VI (Cy 1940 vs 1856 vs 1216 s 1167 m 1037 m
IX (B) 1925 vs 1839 vy 1486 » 948 & 3394 m
X (B) 1931 vs 1840 vs 1474 m 952 % 3378 m
XI (B) 1912 vs 1811 vs 1487 m 967 s 3350 m
X (Ay 1924 vs 1854 vs 1508 sh 982 m 3360 m
1498 s
XHE (Cy 1923 vs 1833 vs 1515 s 975 m 3150 m
XIV  (C) 1918 vs 1844 vs 1516 s 969 m 3190 m
XV (D) 1798 vs 1509 sh 980 m 3375 m
1496 s
XVl «(B) 1939 vs 1862 vs 1512 m 98S s
XVII (A) 1919 vs 1843 vs 1489 s 998 m
XVII (C) 1921 vs 1837 vy 1496 s
X1X (O 1925 vs 1832 vs 1494 ¢ 998 m
XX () 1937 vs 1839 vs 1486 s 999 m
1917 sh
XXI (D) 1791 sh 1484 s
1781 vs

basically octahedral Mo(S,S)(7-allyl)(CO),(py) complexes. to give 18-clectron,
scven-coordinate species (the bidentate and monodentate xanthate and dithio-
carbamate ligands are considered as three- and one-electron donors respectively) [4].
Seven-coordination is very common in molybdenum(II) chemistry [14].

Some N-ethyldithiocarbamate derivatives show a broader v(NH) band than the
starting complex, shifted towards lower frequencies. In the complex [Mo(EtHdtc)-
(-allyl)(CO), ], (p-dppe) - n acetone there is probably interaction between the NH
group of EtHdtc and the acetone molecule, which causes a shift of the v(CO)
stretching vibration of the acetone towards lower frequencies (1693 ¢cm '), In the
other cases, the low values of the v(NH) frequency in the solid state can he
attributed to interactions between NH groups of different molecules; higher v(NH)
frequency (3400 cm™ ') are observed in the solution spectrum.

The IR spectra of all these complexes clearly shows the characteristic vibration
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Fig. 1. Probable structural formulae for the complexes of tvpe AL B Coand DL

bands of the P- or N-donor ligands.
Figure I shows the probable structural formulae of the new compounds.

"H-NMR spectru

Table 3 shows the chemical shift and coupling constant data for some of the
complexes obtained. Unfortunately in several cases the NMR spectra could not be
obtained because of the low solubility of the products. The spectra are consistent
with the proposed formulae and with those of similar complexes previously stadied
[2 4.8]. The resonances of the allvl group definitively confirm the =-coordinaton of
this ligand. The ethyl groups of the A N-diethvl dithiocarbamate ligand give a single
resonance, thus both are equivalent on the NMR timie scale, because of free rotation
around the ' N bond.

Electronic spectra

Electronic spectra of a selection of products and starting compounds were
recorded in the 245900 nm region. Table 4 summarizes the absorption maxima
observed for these compounds. The assignment of these spectra is difficult because
of the 7-clectron systems present in various ligands and the low symmetry of the
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TABLE 3
'"H NMR CHEMICAL SHIFT (8. ppm) AND COUPLING CONSTANT DATA (J. Hz) FOR
SEVERAL COMPLEXES

Complex (S.5) LorL-L =-allyl
8 J 5 J 8 J
I (CH;)4.14 s 7.73 m (H,)) 1.40 m
828 m (H)) 3.19 s, (br)
8.57 m (HY 317 m
11 (CH,)4.19 s (CHy) 193 (H,) 1.33d 10
(NH,) 6.63 5. (br) (H_+H'p3.44 m
\Y (CH,) 4.08 s (Ph) 7.48 m (H,) 1.35 d 10
Vi (CH,) 4.09 s (H,) 794m (H,) 1.34 d 10
(H,) 885m (H)) 3.25 s.(bn)
VII (CH,) 4.09 (H,) 7.504d 6 (H ) 1.32d 10.3
(H,) &714d 6 (H)) 3.23 s (bhn)
X (CH;3) 1.39 1 7.60 m (H ) 1.39 m
807 m (H) 320d 6.3
853 m
882 m
XVIII (CH,) 1.15 ¢ 7.3 (H,) 798d 6 (H,)) 1.24 d 9.7

(=)

(CH,)377q 73  (H,) 890d (H) 3144 6

(H") 394 m

complexes. The absorption maxima appearing in the 385 550 nm region are due
probably to d — d transitions, accompanied in some cases of a transfer charge
M — L transition. Likewise the absorption bands in the range 290 300 nm include
probably a TC M — #*(CO) transition. The absorption maximum at 270 nm in the
phenanthroline complex can be unambiguously assigned to a = — #* intraligand
transition [15].

TABLE 4
ELECTRONIC SPECTRAL DATA

Compound Ae)

Mo(Mexant)(7-allyIXCO).(py) 398 sh (928). 315 (4000). 256 (10.320)

Mo(Mexant)(m-allyl)(CO),(Pph ;) 430 sh (336). 307 sh (3266). 264 (14674)

Mo Mexant} 7-allyl)(CO),(phen) 505 sh (1864). 432 (2208). 314 (26080), 290 sh (18240). 270
(34560)

[Mo(Mexant) z-allyl)(CO), |, ( p-dppe) 450 sh (600). 385 (2001), 338 (6303). 315 (8104). 251 (20610)

Mo(Et.dte)( 7-allyl) CO),(py) 380 sh (1200). 298 (10400). 250 (30400)

[Mo(ELdte) 7-allyl)(CO), | p-8.4™-Bipy) 550 sh (60). 298 sh (15616). 247 (34925)

[Mo(Et dte) 7-allyl(CO), | o p-dppe) 300 sh (16800). 248 (52800)

[Mo(Et,dte) m-altyl)dppe)) o #-CO), 470 sh (960). 360 (9600). 292 (16000). 250 sh (56800)
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Experimental

Several experiments were carried out under oxygen-free drv nitrogen. Analytical
grade solvents were used. The starting complexes, Mo(S.8)( =-allvInCOY.L(py) [(8.5)
= Mexant. EtlHdte. Et,dte). were prepared as described in the literature {2). Elemen-
tal analyses were carried out by the Elemental Micro Analvsis Lid. Laboratories,
Amberley, Beaworthy (Devon) England. Conductance measurements were per-
formed in several solvents at room temperature with a Philips conductivity bridge.
Model CM 4144 and a cell PR 9512 /00, Infrared spectra in the 4006 200 ¢m !
region were recorded on a 325 and 599 B Perkin  Elmer spectrophotometers., using
KBr disks. '"H NMR spectra were measured at 60 MHz with a Perkin Elmer R12
spectrometer in deuterodimethyl sulfoxide solution with TMS as internal standard.
Electronic spectra were recorded in chloroform solution on a Kontron Uvikon 820
Spectrophotometer.

Preparation of the complexes

The yiclds of the following reactions were very high or almost quantitative,

MofS.S)m-allvl)(COj(1. - L) complexes [1. {5,8)= Mexant, 1. 1. hipy; 11, 15.S)
= Mexant, I L = phen: [X.(S.8) = Etbldie, 1. -1 = bipv: X, (S.8)  Filldie, 11
phen: XV (S.S) = Et,die. L L= phen]. The L L ligand (phen or bipy) was added
in a 1/1 molar ratio to a solution of MO(S.SH7-alvIXCO)-(pv) in the minimum
amount of acetone. An immediate reaction took place with formation of a red
precipitate. After some minutes of stirring at room temperature the solid was filtered
off. washed with acetone, and dried under vacuum over P,O.. If the filtrate was
coloured. water was added to precipitate more solid.

MofMexantjfz-allvlit COp(DDHG (1H). To a solution of MogMexant) s-allvl)-
(CO)(py) in the minimum amount of acetone diacetyldihvdrazone was added in
1/1 molar ratio. An immediate reaction was observed. After stirring for some
minutes water was added to yield a reddish-orange precipitate. which was fiftered
off. washed with water and dried under vacuum over P.O.. The vield was almost
quantitative,

Mot Mexantjiz-allvif C)(GBCH ) (1F). The reaction was carried out in acetone
and under oxygen-free nitrogen by stirring of MogMexant)(s-alh(CO).(py) and
GBCHI in 1 /1 molar ratio. After stirring for 30 min water was added to the brown
solution to give a violet solid and after centrifugation this was washed with
acetone,/ 1,0 and dried under vacuum over P,0,.

MoAS.SHzm-allvip CO) (PP ) complexes [V (S.S) - Mexani: N1 (8,81 = Etlldie:
XVH, (5.8) = Et,dic]. These compounds were prepared in acetone and under N, by
stirring of equimolecular amounts of Mo(S.S) 7-allvixCO).(py) and PPh,. After 30
min the solvent was partially evaporated at reduced pressure and an orange
precipitate was separated by addition of water, Sometimes an oil or oily solid was
formed. and this was crvstallized by scratching the walls of the Schlenk tube or by
vigorous stirring. The solid formed was filtered off, washed with water, and dried
under vacuum over P.Q,.

Mot Etlidicjtm-allvlf COj 4 GBCHIT) (XT). A solution of 1 molar equivalent of
GBCHI in CH,CI, was added to a solution of MoEtHdie) z-allvICOy(py) in
acctone. A dark green solution was immediately formed. After stirring for 13 min
under N, the mixture wus concentrated under reduced pressure to give an oily solid.
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Then water was added. and the oil was crystallized as described above. The green
solid formed was filtered off, washed with water and dried under vacuum over P,O;.

[Mo(S.S)m-allyljf CO}, ] (p-4,4"-Bipy) complexes (VI (8.8) = Mexant; XIII, (S,5)
= EtHdre; XVIII, (S.S)= Et,dic]. The reaction was carried out under nitrogen.
Mo(S.S)( 7-allyl)}(CO),(py) and 44'-Bipy in 2/1 molar ratio were stirred in acetone
for 10 min, then the solvent was partially evaporated under vacuum and water was
added. An orange, reddish-brown or reddish-orange precipitate was formed. and this
was filtered off, washed with water. and dried under vacuum over P,O,. If an oil
appeared, it was crystallized by addition of water. as described above.

[Mo(Mexani)(m-allyl)(CO), [ »(u-4,4"-DTBP) (VII). A solution of 44-DTBP in
CH,Cl, was added to a solution of 2 molar equivalents of Mo(Mexant)(m-
allyl}CO),(py) in acetone. The reaction mixture was stirred for 30 min and
concentrated almost to dryness. Water was added with vigorous stirring and scratch-
ing of the vessel walls. The solid obtained was filtered off. washed with water and
dried under vacuum over P,0;.

[Mo(Et,dic)m-allyi)COj,] (n-4,4'-DTBP) (X1X). The reaction was carried out
under N,. Mo(Et,dtc)(m-allyl(CO),(py) and 4.4-dithiobipyridine in 2/1 molar
ratio were stirred in CH,CI, for 40 min. during which the colour of the solution
became topaz. n-Hexane was added to precipitate a yellow solid. If the precipitate
redissolved, it was recovered by concentration under vacuum. with stirring and
cooling in an acetone/liquid N, bath. The complex formed was filtered off. washed
with hexane and dried under reduced pressure.

[ Mo(S.S)(m-allyly CO), ] »(u-dppe} complexes [VIII, (§.5) = Mexant; XIV, (§,5)=
EtHdie; XX, (S.S) = Et,dic/. 1.2-Bis(diphenylphosphine)ethane was added to a
solution of 2 molar equivalents of Mo(S.S) m-allyl)}(CO),(py) in the minimum
amount of acetone. An orange solid separated immediately. The mixture was stirred
for 2} hours (Mexant derivative) or 10 min (EtHdtc and Et,dtc derivatives) under
nitrogen. The product formed was filtered off, washed with small amounts of
acetone and dried under vacuum.

[Mo(S.S)im-allvl)tdppe)] ,(u-CO}, complexes [XV, (5.8)= EtHdre; XXI, (8,5} =
Et.drc]. To a solution in acetone of the starting molybdenum complex 1 molar
proportion of dppe was added. After few minutes an orange solid separated. The
mixture was stirred under nitrogen until redissolution of precipitate (2 h for Et,dtc
derivative and 2 days for EtHdtc derivative). After filtration of the mixture and
addition of water a reddish-orange precipitate was formed, which was filtered off,
washed with water and dried under vacuum over P,0;.
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