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Summary

The reaction of CpCoCzHg with (diglyme)Mo(CO);, (CH3;CN);Cr(CO); and
(DMF);W(CO); yields dimetallic complexes CpCoCgHgM(CO); which contain
bridging fluctional cyclooctatetraene. The electron deficiency of the Mo(CO);
groups relative to CpCo is believed to be balanced by a 7-donor metal—metal
bond. This is indicated by an unusually low absorption band in the IR spec-
trum, and by the X-ray structure of the Co—Mo dimer, which shows a
shortened Mo—CO bond #rans to the metal—metal bond. A further product is
the nonfluctional dimer CpCoCsH:Mo(CO),, in which cyclooctatetraene retains
a rigid ‘““tub”’ conformation. Reaction of CgHzFe{CO); with (diglyme)Mo(CO);
also yields a dimeric product (CO);FeCgHgMo(CO); with a fluctional bridge
ligand.

Introduction

A large number of dimeric compounds containing two metal centers are
known [2]. The most common class involves metal—metal bonding between the
same element, and there are few complexes with two different metal centers.
This is largely due to difficulties of synthesis, since reliable routes to such com-

* For part XI see ref. 1.
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pounds are rare. Thé most common methods produce mixtures of products or
reduced yields due to competitive redox reactions between the two metals
involved.

Our approach was based on the reaction of low-valent olefin complexes con-
taining uncoordinated double bonds with unsaturated zero-valent organometallic
groups. As starting compounds we chose the cyclooctatetraene complexes
CpCoCgHg [Cp = C,H,] and CgHgFe(CO);, both having two uncoordinated
double bonds. The cobalt complex exists in two forms in a dynamic equilibri-
um [3]. These 18 + 4e precursors, when treated with unsaturated 12e moieties
like M(CO); [M = Cr, Mo, W], should yield 34e dimers having metal-—metal
bonds and bridging ligands.

A further possibility was the formation of triple-decker species, since such
structures with a central planar cyclooctatetraene ring have recently been pro-
posed for [(CgHg)sTi]?™ [4] and [(CgHg)3Co,J** [5]. Our own synthesis of the
first 34e triple-decker sandwich [(CsH;)3Ni,]" utilised in fact the same
approach, namely reaction of the 20e compound Ni(Cp), with the unsaturated

fragment [CpNil* [6].
Results and discussion

Treatment of CpCoCgHg with (diglyme)Mo(CO); in THF results in a slow
darkening of the mixture within two hours. After work-up, two products were
isolated in good yields, a dark red, almost black complex I, soluble in toluene,
and a light red, hexane-soluble complex II. Elemental analyses indicated a com-
position C,;H3CoMoQ, for II, suggesting a complex C;H,CoCgHgMo(CO),. The
IR spectrum of II supported this assumption, since it showed four strong
absorptions in the carbonyl region typical of a Mo(CO), moiety.

The 3C NMR revealed three signals in the oleginic region in an approximate
ratio of 4 : 5 : 4. This suggested a dimeric structure for II, in which cycloocta-
tetraene retains its “tub” conformation and acts as a bridging ligand coordinat-
ing to both metals with two double bonds each. The 18e rule is satisfied for both :
metals and there is no interaction between them. Because of the different chemi- :
cal environments, there is a large difference in chemical shifts between cycloocta-
tetraene carbons coordinated to Co (66.6 ppm) and those coordinated to Mo a
(105.1 ppm). The overall structure, which might be called a pseudo triple-
decker, is similar to the dimer CpCoCgHgCoCp [5].

The dark red compound I, having an analytical composition of
C16H13CoMo00O,, showed IR absorptions at 1837, 1882 and 1951 ¢m™!. In the
13C as well as the 'H NMR only two sharp singlets were obtserved in the ole-
finic region in the ratio of 5 : 8. These data suggested a complex CpCoCgHgMo-
(CO);. Although we considered the IR absorption at 1837 cm™! to be too low
for a terminal carbonyl group, no reasonable structure with bridging carbonyls
could be suggested. We, therefore, assigned this absorption to a terminal car-
bonyl group, influenced by a strong electron-donating trans effect.

Two alternative structures were consistent with the spectroscopic data,
namely :

a) a triple-decker complex with a planar cyclooctatetraene ligand sandwiched
between both metals.
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Fig. 1. 13C NMR (noise decoupled, schematic CgDg) and IR spectrum (hexane) of II

b) a metal—metal bonded compound with a bridging fluctional cyclooctatetraene
ring, similar to the complexes CgHgFe,(CO)s [7] and CgHgMn,(CO)s {8].
As no other method allowed distinction between these two isomeric struc-
tures, a single crystal X-ray diffraction study was performed. A perspective
view of the molecule C;H,.CoCgHMo(CO); is shown in Fig. 2. Final positional
and thermal parameters, bond lengths and bond angles for two crystallographic-
ally different molecules are given in Tables 1, 2 and 3.

a =\

Fig. 2. A side view of the CPCoCgHgMo0{CC)3 molecule with appropriate numbering scheme.

{Continued on p. 344)
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TABLE 2
DISTANCES IN THE TWO CRYSTALLOGRAPHICALLY DIFFERENT MOLECULES CsHsCoCgHgMo-
(CO)3 (IN A)

(a) Molecule 1

Mo(1)—Co(1) 2.998(1) Co(1)>—C(15) 2.131(8)
Mo(1)Y—C(1) 1.925(8) Co(1)—C(16) 1.997(7)
Mo(1)—C(2) 1.982(8) Co(1)—C(17) 1.982(7)
Mo(1)—C(3) 1.977(8) Co(1)—C(18) 2.108(7)
Mo(1)—C(11) 2.371(7) Co(1)—CPQ) 2.06(1)
Mo(1)—C(12) 2.302¢7) Co(1)—CP(2) 2.07(1)
Mo(1)—C(13) 2.312(7) Co(1)—CP(3) 2.04(1)
Mo(1)—C(14) 2.369(7) Co(1)—CP(4) 2.05(1)
C(1)—0(1) 1.14(1) Co(1)—CP(5) 2.06(1)
C(2)—0(2) 1.14(1) CP(1)—CP(2) 1.41(2)
C(3)—0(3) 1.14(1) CP(2)—CP(3) 1.37(3)
C(11)—C(12) 1.39(1) CP(3)—CP(4) 1.36(3)
Cc(12)—C(13) 1.43(1) CP(4)—CP(5) 1.38(3)
C(13)>—C(14) 1.38(1) CP(5)—CP(1) 1.41(2)
C(14)>—C(15) 1.46(1)

C(15)—Cc(@6) 1.42(1)

C(16)—C(17) 1.39(1)

C(17)—C(18) 1.41(1)

C(18)—C(11) 1.45(1)

(b) Rolecule 2

Mo(2)—Co(2) 2.969(1) Co(2)—C(15) - 2.098(7)
Mo(2)—C(1) 1.929(8) Co(2)—C(16) 2.000(8)
Mo(2)—C(2) 1.988(7) Co(2)—C@7) 1.995(7)
Mo(2)—C(3) 1.981(7) Co(2)—C(18) 2.134(7)
Mo(2)—C(11) 2.368(7) Co(2)—CP(1) 2.08(1)
Mo(2)—C(12) 2.322(7) Co(2)—P(2) 2.08(1)
Mo(2)-C(13) 2.310(8) Co{2)—CP(3) 2.08Q1)
Mo(2)—C(14) 2.380(7) Co(2)—CP(4) 2.05(1)
C(1)—0@) 1.15@Q) Co(2)—CP(5) 2.06(1)
C(2)—0(2) 1.13Q1) CP(1)—CP(2) 1.41(2)
C(3)—0(3) 1.13(1) CP(2)—CP(3) 1.39(2)
C(11)—C(12) 1.39(1) CP(3)—CP(4) 1.38(2)
C(12)—C(13) 1.43(1) CP(4)—CP(5) 1.39¢(2)
C(13)—C(14) 1.40(1) CP(5)—CP(1) 1.46(2)
C(14)—C(15) 1.46(1)

C(15)—C(16) 1.43(1)

C(16)—Cc@a7) 1.39Q1)

C(17)-C(18) 1.45(1)

C(18)—C@1) 1.42(1)

It is immediately obvious that reaction between CpCoCgHg and Mo(CO);
does not produce a triple-decker species, but a complex with a bridging cyclo-
octatetraene ligand with cisoid arrangement of the CpCo and Mo(CO); moie-
ties.

Both metal groups are each within bonding distance of four carbon atoms of
cyclooctatetraene, the ring having a flattened boat shape. Some angles within
the ring are significantly larger than in free cyclooctatetraene, where all angles
are 126.5° [9].

The cobalt—molybdenum bond lengths, 2.969 and 2.998 & respectively, are
rather long even for single bonds. The cause of this lengthening is most likely
due to the presence of the bridging CgHg moiety and the resulting balance
between metal—metal bond length and optimum overlap between ligand and

A e R e
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TABLE 3

BOND ANGLES (deg.) IN MOLECULES 1 AND 2
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(a) Molecule 1

Co(1)»—Mo(1)}—C() 175.9(2) C(18)—C(11)—Cc(12) 132.7¢7)
Co(1)—Mo(1)—C(2) 91.5(2) C(11)—C(12)—C(13) 128.0(7)
Co(1)>—Mo(1)—C(3) 94.1(2) Cc(12)—C(13)-C(14) 129.7(7)
Co(1)>-Mo(1)—C(11) 70.5(2) C(13)—C(14)—C(15) 132.0(7)
Co(1)>-Mo(1)—C(12) 93.1(2) C(14)—C(15)—C(16) 131.3(7)
Co(1)—-Mo(1)—C(13) 92.9(2) CA5)—C(16)—C(r7) 123.2(7)
Co(1)—-Mo(1)—C(14) 71.5(2) C(16)—C(17)>—C(18) 124.6(7)
C(1)—Mo(1)—C(3) 83.0(3) C(17)—C(18)—C(11) 131.9(6)
C(1)—Mo(1)—C(11) 112,2(3)

C(1y-Mo(1)—C(12) 90.7(3)

C(1)—Mo(1)—C((13) 91.1(3) Average angles in C5Hs:108.0(1)
C(1)>—Mo(1)—C(14) 111.5(3)

C(2)—Mo(1)—C(1) 85.7(3) Torsion angles:

C(2)—Mo(1)—C(3) 91.1(3)

C(2)—Mo(1)—C(11) 162.1(3) C(18)—-C(11)—C@a2)—<@as) 31.2
C(2)—Mo(1)—C(12) 153.6(3) C(11)—C(12)—C(13)—C(14) 1.2
C(2)Mo(1)—C(13) 117.6(3) C(12)C(13)—C(14)—C(15) —31.1
C(2)~Mo(1)—C(14) 91.0(3) C(13)—-C(14)—C(15)-C@a6) —24.9
C(3)—Mo(1)—C(11) 89.6(3) C(14)—C(15)—C(16)—C(17) 61.8
C(3)Y—Mo(1)—C(12) 114.4(3) C(15)—-C(16)—C(17)—C@18) 0.5
C(3)—Mo(1)—C(13) 150.2(3) C(16)—C@17)>—C(18)—C(11) —G50.6
C(3)—Mo(1)—C{14) 165.5(3) Cc(17)—C@As8)—<C11)—ca2) 214
Mo(1)—Co(1)—C(15) 67.1(2) CP(1)—CP(2)—CP(3)—CP(4) 1.3
Mo(1)—Co(1)—C(16) 96.2(2) CP(2)—CP(3)—CP(4)—CP(5) —0.5
Mo(1)—Co(1)—C(Q7) 96.4(2) CP(3)—CP(4)—CP(5)—CP(1) —0.5
Mo(1)—Co(1)—C(18) 68.1(2) CP(4)—CP(5)—CP(1)—CP(2) 1.3
Mo(1)—C(1)—0(1) 178.7(6) CP(5)—CP(1)—CP(2)—CP(3) —1.6
Mo(1)—C(2)—0(2) 178.4(7)

Mo(1)—C(3)—0(3) 177.1(8)

(b) Molecule 2

Co(2)—Mo(2)—C(1) 171.2(2) C(18)—C(11)—C(12) 132.2(7)
Co(2)—Mo(2)—C(2) 89.2(2) C(11)—C(12)—C(13) 128.7(7)
Co(2)—Mo(2)—C(3) 91.2(2) C(12)—C(13)—C(14) 129.6(7)
Co(2)—Mo(2)—C(11) 71.7(2) C(13)—C(14)—C{15) 131.7{6)
Co(2)—Mo(2)—C(12) 93.3(2) C(14)—C(@15)—C(16) 131.7(7)
Co(2)—Mo(2)—C(13) 93.0(2) C(15)—-Cc@ae6)—Cc@am7) 122.9(7)
Co(2)—Mo(2)—C((14) 71.0(2) C(@16)—C(17)—C(18) 123.8(7)
C(1)y—Mo(2)—C(3) 82.7(3) C(17)—C(18)—C(11) 131.8(7)
C(1)—Mo(2)—C(11) 114.2(3)

C(1)-Mo(2)—C(12) 95.1(3)

C(1)—Mo(2)—C(13) 95.4(3) Average angles in CsHs: 108.0(2)
C(1)—Mo(2)Y—C(14) 117.3(3)

C(2)—Mo(2)—C(1) 84.7(3) Torsion angles:

C(2)—Mo(2)—C(3) 92.8(3)

C(2)—Mo(2)—C(11) 87.0(3) C(18)—C(11)—C(12)—C(13) 31.0
C(2)—Mo(2)—C(12) 114.4(3) C(11)—C(12)—C(13)—C(14) -~1.9
C(2)Mo(2)—C(13) 150.5(3) C(12)—C(13)—C(14)—-C(15H) —29.5
C(2)—Mo(2)—C(14) 160.0(3) C(13)—C(14)—C(15)—C(16) —24.3
C(3)—Mo(2)—C(11) 163.0(3) C(14)—C(15)—C@16)—C(17) 62.8
C(3)—Mo(2)—C(12) 152.4(3) C(15)—C(16)—C(17)—C(18) —1.8
C(3)—Mo(2)—C(13) 116.5(3) C(16)—C(17)—C(18)—C(11) —61.9
C(3)Mo(2)—C(14) 80.2(3) C(17)—C@18)—C(11)—Cr12) 25.5
Mo(2)—Co(2)—C(15) 68.4(2) CP(1)—CP(2)—CP(3)—CP(41) —0.9
Mo(2)—Coa(2)—C(16) 97.4(2) CP(2)—CP(3)—CP(4)—CP(5) 1.1
Mo(2)—Co(2)—C(117) 96.8(2) CP(3)—CP(4)—CP(5)—CP(1) —0.8
Mo(2)—Co(2)—C(18) 66.8(2) CP(4)—CP(5)—CP(1)—CP(2) 0.2
Mo(2)—C(1)—0() 175.3(6) CP(5)—CP(1)—CP(2)—CP(3) 0.5
Mo(2)—C(2)—0(2) 177.7(6)

Mo(2)—C(3)—0(3) 178.0(7)
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metal orbitals. This could also be the reason for the distortion of the CgHjy ring,
which is clearly separated in two diene units. The organic ligand, although fluc-
tional in solution, is far from planar in the solid state, and so complete delocali-
zation of wr-electrons and equal bond distances are not expected and are not
found. The longest bond lengths, of 1.45—1.46 A, are observed for the C—C
bonds separating the two diene units bound to Co and Mo.

A related structure has been found for CgHgMn,(CO), [8] with a similarly
long Mn—Mn distance of 3.045 A, while the bridging cyclooctatetraene ring in
CgHgFe,(CO); adopts a different orientation in relation to the metal—metal
bond [7]. :

A noteworthy difference is evident in the Mo—CO bond lengths in the mole-
cule. While the two carbonyl groups trans to cyclooctatetraene have normal
Mo—C bond lengths of 1.97—1.98 A (the same bond lengths are found, for
instance, in CgHgMo(CO); [10], a significantly shorter Mo—C bond length is
found for the carbonyl group trans to cobalt, with values of 1.92 and 1.93 A,
respectively. An explanation of the short M—CO distance of the carbony! group
trans to the metal—metal bond (and the unusual IR frequency at 1837 em™?)
can be found by careful “‘electron counting’. In contrast to the two previously
mentioned dimers, CgHgFe,(CO)s [7] and CgHgMn,(CO)¢ [8], complex I has an
inherently unsymmetrical electronic structure. The d® Co' atom achieves a no-
ble gas configuration by the donation of six electrons from the cyclopenta-
dienyl ring and four electrons from the cis diene system. Cobalt therefore does
not need to form a metal—metal bond. The d° Mo°® atom on the other hand,
receiving two electrons from each of the three carbonyl groups and four elec-
trons from the cyclooctatetraene ring, is short of a noble gas configuration by
two electrons. Within the structural frame that has emerged from the X-ray
analysis this electronic imbalance between the two metal centers can only be
compensated by a two-electron donor metal-—metal bond, with the CpCo unit
acting as a Lewis base and Mo(CO); as a Lewis acid.

This donor effect is clearly reflected in the structural and spectroscopic pro-
perties of the CO group frans to the metal—metal bond. The back-bonding abil-
ity of molybdenum is greatly enhanced in this direction, leading to a stronger
Mo—C bond (as shown by the X-ray structure) with concurrent weakening of
the C—O bond (as evident from the unusually low frequency IR band). The
C—O bond is only slightly elongated in one molecule but this effect is, as
expected, not large. The interaction between cobalt and molybdenum is most
likely a m-donor bond, with the donor orbital of cobalt lying in the same plane
as the 7*-orbital of the CO group. This would explain the sharp increase in
back-bonding to the CO group.

Further experiments showed that similar complexes can be prepared by reac-
tion of CpCoCgHy with (CH;CN);Cr(CO); and (DMF);W(CO);, no tetracar-
bonyl complexes like IT being formed in either reaction.

CpCoCgHgCr(CO); (II1) also forms dark red crystals with almost identical IR
absorptions as I. In the !*C NMR spectrum we observed two sharp signals of
the fluctional C;Hs and CgHg ligands and a weak signal at 239 ppm from the
Cr(CO); group. This signal remained unchanged on cooling to —50°C. Further
cooling was not possible due to the low solubility of this complex. This '3C sig-
nal indicated rapid exchange of the ecarbonyl groups, as two signals should be
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observed in a non-fluctional configuration. The chemical shift is also unusual,
the signal appearing at a lower field than normal Cr(CO); groups.

Preliminary results of an X-ray structure analysis of 111 show that this com-
plex has a completely analogous structure to I, with a Cr—Co bond length of
2.92 A and a significantly shorter Cr—CO bond trans to Co [11].

A low yield of CpCoCzHgW(CO); (IV) was obtained after prolonged reaction
between CpCoCgHg and (DMF);W(CO);. This dark red complex showed IR
absorptions at 1836, 1889 and 1947 cm™* and two signals at 3.50 and 4.61
ppm in the 'H NMR in the ratio of 8 : 5.

We were not able to induce a similar reaction between the analogous rhodi-
um complex CpRhCgHg and the reagents mentioned above. Prolonged reac-
tion of CgHgFe(CO); with (diglyme)Mo(CO);, however, also produced a
dimeric complex in moderate yields having the analytical composition
CgHgFeMo(CO)s (V). The IR spectrum revealed three strong and broad absorp-
tions at 1921, 1985 and 2043 cm™!, while 'H and !3C spectra showed one sharp
signal only at 4.4 and 73.8 ppm, respectively, in the olefinic region, indicating
again a fluctional CgHj ring. In addition, two !3C signals were observed, at
212.4 and 210.6 ppm, attributed to two different tricarbonyl units. This spec-
trum remained unchanged on cooling to —70°C. Complex V although appar-
ently similar to I, IIT and IV in having a metal—metal bond and a fluctional
bridging CgHg ring, does not show the unusually low carbonyl absorptions in
the infrared. As the Fe(CO); and Mo(CO); groups again differ by two electrons,
a totally symmetrical structure as in CgHgsMn,(CO), can be excluded. Electrenic
equilibrium and noble gas configuration for both metals can be theoretically
achieved, in several ways:

a) through bridging carbonyls (tais can be excluded from the IR),

b) through a donor metal—metal bond as in I (unlikely from the IR),

c) through an unsymmetrical bonding mode of the CgHg ring.

The last, most likely arrangement, is shown in Fig. 38 as well as the arrangement
of compound I for comparison. The cyclooctatetraene ring would coordinate
with three carbons to iron and with five to molybdenum, each metal achieving

a noble gas configuration through a normal metal—metal bond. A similar arrange-
ment was observed in the analogous complex (CO);FeC;H,Rh(CO),, where ion

is bound to three carbons of a bridging tropylium ring, while the Rh(CO), moi-
ety, having one electron less, coordinates to four carbons [12].

No reaction, however, occurred even under more rigorous conditions between
CgHgFe(CO); and (CH,CN);Cr(CO); or (DMF);W(CO),.

oOC— Mo—-=——-Co

alh
co/ \co cé \co N\
co co @

Fig. 3. I
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Conclusion

The present study was undertaken to demonstrate the possibility of using
electron-rich olefin complexes as starting materials toward the synthesis of
dimetallic compounds. No true triple-decker species are formed in these reac-
tions, but in some of the product complexes a remarkable type of 7-donor
bond between two different metals is observed, through which both metals can
achieve an eighteen electron valence shell.

A further series of cationic dimetallic complexes with bridging fluctional
cyclooctatetraene, obtained by a similar method, is discussed in the following
paper [15].

Experimental

All experiments were carried out under nitrogen, using solvents purified un-
der nitrogen by standard procedures. NMR measurements were performed on a
Varian XL-100 or a JEOL C 60 HL spectrometer and IR spectra were recorded
on a Beckman IR 12 spectrometer. References to the preparation of the Cr,
Mo and W precursors are given in ref. 13.

(a) X-Ray study of I

Crystals were grown from a mixture of CH,Cl,, toluene, and hexane.
Weissenberg and precession photographs revealed that the crystals belonged to
the monoclinic space group P2,/c (C3;,, No. 14). Cell parameters are:
a=11.889(2) A, b =15.512(3) &, ¢ =16.153(8) &, 8 =99.25(2)° dops =1.82 g
cm 3, da.. =1.84 g em ™3, Z = 8 with two crystallographically different mole-
cules. Intensity data to 20 < 48° (Mo-K, radiation) were collected with a Syn-
tex P2, automated diffractometer and corrected for absorption (z = 20.1 cm™').
The 4614 reflexes within 20 < 48° were reduced in the usual manner, giving
3853 observed reflexes with I > 30(I). The structure was solved by a combina-
tion of Patterson, Fourier and least squares refinement techniques using the
XRAY system [14], the final R value being 4.67% based on the observed
reflexes. A table of final values of the observed and calculated structure factors
has been deposited at the British Lending Library.

(b) Synthesis of I and IT

0.50 g (2.2 mmol) of C;H;CoCgHg in 30 ml THF is treated with 0.75 g (2.4
mmol) of (diglyme)Mo(CO); and stirred for two hours. After removal of the
solvent under vacuum the residue is extracted with acetone. At —80°C a mix-
ture of I and II crystallizes and is filtered off. Repeated extraction of this mix-
ture with hexane leaves dark erystals of I, while II precipitates from the com-
bined hexane fractions at —30°C. Complex I can be recrystallized from toluene/
hexane at —30°C. Yield of I: 0.44 g (55% based on CpCoCgHy), yield of II:
0.32 g (834%).

(I) Found: C, 47.00; H, 3.14; Co, 14.28; Mo, 23.38. C,sH;3CoMo00; calcd.: C,
47.03; H, 3.21; Co, 14.44; Mo, 28.50%. IR (CH,Cl,): 1837, 1832, 1951
em™!. 'H NMR (CgDg): 3.55 (s, 8 H), 4.60 (s, 5 H) ppm. **C NMR (CDCl,,
noise decoupled): 68.4, 81.7 ppm.
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(II) Found: C, 46.81; H, 3.00; Co, 13.46; Mo, 22.07. C,;H,5CoMo00O, calcd.: C,
46.81; H, 3.03; Co, 13.51; Mo, 21.99%. IR (hexane): 1902, 1951, 1957,
2041 cm™!. 3C NMR (acetone-dg), noise decoupled): 66.6, 85.2, 105.1

ppm.

(¢) Synthesis of III and IV

To a solution of 0.50 g (2.2 mmol) of CH;CoCgHg in 30 m] THF is added
0.70 g (2.4 mmol) of (CH3;CN);Cr(CO);, and the mixture is stirred for 8 hours.
After evaporation of the solvent, the residue is taken up in toluene and the
solution filtered. After addition of hexane to this solution the complex crys-
tallizes at —30°C, yield 0.83 g (42%). (III) Found: C, 51.36; H, 3.67.
C,6H,5CrCoOj caled.: C, 51.65; H 8.5%. IR (CH,Cl,): 1836, 1879, 1942 ecm™'.
'H NMR (acetone-clg): 3.55 (s, 8 H), 4.60 (s, 5 H) ppm. '*C NMR (acetone-dg):

69.3, 83.9, 239.0 ppm.

The procedure for IV is the same, but with use of 1.15 g (2.4 mmol)
(DMF);W(CO); and with a reaction time of 16 hours. IR (CH,Cl,):1836, 1889,
1947 cm™'. '"H NMR. (acetone-dg): 3.50 (s, 8 H), 4.61 (s, 5 H) ppm.

(d) Synthesis of V

The method is the same as above, using 0.50 g (CO)3FeCgHg (2 mmol) and
0.70 g (diglyme)Mo(CO); (2.2 mmol) and a reaction time of 16 hours, yield
0.33 (40%). (V) Found: C, 39.78; H, 1.87; Fe, 13.07; Mo, 22.45. C,;;HgFeMoO4
calcd.: C, 39.65; H, 1.90; Fe, 12.99; Mo, 22.62%. IR (CH,Cl,): 1921, 1985,
2043 cm™!. 'H NMR (acetone-dg): 4.4 (s) ppm. '*C NMR (CDCl;): 73.8,
210.6, 212.4 ppm.
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