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and XIAO-YING HUANG?®
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Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences,
Lanzhou 730000, China; ®State Key Laboratory of Structure Chemistry,
Fujian Institute of Research on the Structure of Matter,
Chinese Academy of Sciences, Fuzhou 350002, China

( Received 24 November 1998)

The reaction of dipropargylether with Mo,(CsH4R):(CO)s (R =H, COOCH,CH3;), prepared
by refluxing a toluene solution of Mo,(CsH4R),(CO)s (R =H, COOCH,CHj), gave dinuclear
cluster complexes (HC,CH,OCH,C,H-1)[Moz(CsH4R)x(CO)4] [(1): R=H, (2): R=COOCH-
CH,] and tetranuclear cluster complexes [Moy(CsH4R)(CO)4)(u-HC,CH,OCH,CoH-1)
[Mox(CsH4R)2(CO)4] ((3): R=H, (4): R=COOCH,CHj,)}, respectively. When (1) or (2) was
treated with an equimolar amount of octacarbonyldicobalt, the new novel tetranuclear cluster
complexes [Coy(CO)el(u-HC2,CH,OCH,CoH-4)[Mo(CsH4R),(CO)4] [(5): R=H, (6): R=
COOCH,CH,] were obtained. These complexes were characterized by elemental analysis, IR
and 'H NMR spectra. The molecular structure of complex (3 1/2CH,Cl,) was determined by
single-crystal X-ray diffraction methods.

Keywords: Dipropargylether; octacarbonyldicobalt; cluster complexes; crystal structure

INTRODUCTION

Interest in alkyne-cluster chemistry is due to two main reasons. The first one
is the desire to gain a better knowledge of the interactions of small mole-
cules with metal clusters, the alkyne complexes being considered as
useful models for the chemisorption of small molecules on metal surfaces'

* Corresponding author.
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and for carbon—carbon triple-bond activation and reduction.? Also, con-
siderable analogies can be found between the coordination modes of alkynes
and of carbon monoxide to several metal centres; in particular, the alkynes
show a greater variety of interactions resulting from the possibility of vary-
ing substituents, and hence the polarity of the triple bond. The other main
reason of interest in alkyne-cluster chemistry is the importance of acetylene
as a feedstock for industrial organic chemistry. The coordination chemistry
of alkyne substituents and acetylene has been studied extensively.> However,
little information on the reaction between diynes and dinuclear species has
been available.* We report here the interaction of a diyne with dinuclear
species and the relations of two C=CH groups during the reaction. It is
found that di- or tetranuclear cluster complexes would be formed when
the diyne reacted with Mo,(CsH4R)»(CO)4 (R =H, COOCH,CH3) and the
free radical group C=CH in the dinuclear cluster complexes could react
continuously with octacarbonyldicobalt to give novel tetranuclear cluster
complexes.

EXPERIMENTAL

All reactions were carried out under an atmosphere of pure nitrogen by
using standard Schlenk techniques. All solvents were thoroughly dried
according to standard procedures’ and distilled immediately before
use. Chromatographic separations and purifications were performed on
160-200 mesh silical gel. Mo(CO)s was obtained from Aldrich Chemical
Company; Co,(CO)s,° HC,CH,OCH,C,H,” Mo(CsH,COOCH,CH,),-
(CO)¢® were prepared according to the literature. IR spectra were recorded
on a Nicokel FT-IR 10DX spectrophotometer. 'H NMR spectra were mea-
sured on a Brucker AM-300 MHz spectrometer. Elemental analyses were
performed on a Carlo Erba 1106 analyzer.

Preparation of Clusters (1)—(4)

A solution of Moy(C,H5)2(CO)s (490 mg, 1 mmol) in toluene (30cm®) was
refluxed for 14h. Upon cooling to room temperature, dipropargylether
(94 mg, 1 mmol) was added and the mixtures were stirred for another 3 h at
room temperature. The solvent was removed under vacuum and the pro-
ducts were chromatographed on a 2.5 x20cm silica gel column using
CH,Cl,/petroleum ether (2: 1) as eluent to give two red fractions of clusters
(1) and (3). Cluster (1) was recrystallized from hexane/CH,Cl, at —20°C to
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give red, air-stable crystals, 170 mg 32.2% yield. m.p. 98°C (dec.). Calcd. for
CyoH160sMo, (%): C, 45.47; H, 3.05. Found: C, 45.51; H, 3.08. IR (KBr,
disc) 3308s (=C-H), 2114w (C=C), 1979vs, 1888vs (terminal CO), 1829s
(semi-bridging CO) cm~!. 'H NMR (CDCl,) 6 5.81 (s, 1H, C—-CH coordi-
nated to Mo-Mo); 5.33 (s, 10H, 2CsHs); 4.58 (s, 2H, CH,-C-C); 4.13
(d, 2H, CH,-C=C, J=2.4Hz); 2.42 (t, |H, C=C-H, J=2.4Hz).

Cluster (3) was recrystallized from hexane/CH,Cl, at —20°C to give
red crystals 3-1/2CH,Cl,, 160mg, 33.3% yield. m.p. 82°C (dec.). Calcd.
for C34H2600Moy4- 1/2CH,CL, (%): C, 41.24; H, 2.71. Found: C, 41.26;
H, 2.72. IR (KBr, disc) 1988vs, 1901vs (terminal CO), 1827s (semi-bridging
CO) cm™!. '"H NMR (CDCl;) 6 5.80 (s, 2H, 2C—CH); 5.32 (s, 20H, 4CsHs);
4.52(s, 4H, 2CH;).

Procedures for the preparation of (2) and (4) were similar to that for the
preparation of (1) and (3). Cluster (2), 240mg, 35.7% yield. Calcd. for
Ci6H2400Mo0, (%): C, 46.44; H, 3.60. Found: C,46.41; H, 3.58. IR (KBr, disc)
3300s (= C-H), 2115w (C=C), 2003vs, 1924vs (terminal CO), 1851s (semi-
bridging CO), 1716vs (C=0) cm™'. '"H NMR (CDCls) 6 6.00 (s, 1H, C-CH
coordinated to Mo~Mo); 5.90, 5.76, 5.40 (t, 8H, 2CsHy); 4.55 (s, 2H, CH,—
C-C); 4.22 (q, 4H, 2CH,, J=7.1 Hz); 4.13 (d, 2H, CH,-C=C, J=2.4Hz),
2.42(t, IH, C=C-H, J=2.4Hz); 1.29 (t, 6H, 2CH3, J = 7.0 Hz).

Cluster (4), 170mg, 27.2% vyield. m.p. 74-76°C. Caled. for
C46H42017Moy4 (%): C, 44.18; H, 3.39. Found: C, 44.22; H, 3.41. IR (KBr,
disc) 2001vs, 1934vs (terminal CO), 1851s (semi-bridging CO), 1718s
(C=0) cm™!. 'H NMR (CDCl;) é 5.99 (s, 2H, 2C-CH); 5.90, 5.74, 5.40
{t, 16H, 4CsH,); 4.47 (s, 4H, 2CH,-C-C); 4.22 (q, 8H, 4CH,, J=7.1 Hz);
1.28 (t, 12H, 4CH3, J=7.0 Hz).

Preparation of (5) and (6)

The cluster (1) (105mg, 0.2mmol) was treated with Co,(CO)s (70 mg,
0.2mmol) in THF (20cm?) at room temperature. After stirred for 2h, the
solvent was removed in reduced pressure and the residue purified by chro-
matography on silica gel using CH,Cl,/petroleum ether (2: 1) as an eluent.
Recrystallization from hexane/CH,Cl, at —20°C gave red solid cluster (5),
100 mg, 61.4% yield. m.p. 98°C (dec.). Calcd. for Cy6H601,CoMo; (%):
C, 38.36; H, 1.98. Found: C, 38.34; H, 1.96. IR (KBr, disc) 2097s, 2060vs,
2043vs, 2028vs, 2015vs, 2002vs, 1982vs, 1914vs (terminal CO), 1830vs (semi-
bridging CO) cm™'. '"H NMR (CDCls) 6 6.06 (s, 1H, C-~CH coordinated to
Co-Co); 5.85 (s, 1H, C-CH coordinated to Mo-Mo); 5.32 (s, 10H,
2CsHs); 4.67, 4.66 (d, 4H, 2CH,).
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Cluster (6) was prepared using the same procedure as that for (5). The
cluster (2) was used instead of the cluster (1). Some of (6) was obtained as
red oil, 113mg, 59.0% yield. Calcd. for Cs5,H,40,5C0,Mo, (%): C, 40.11;
H, 2.52. Found: C, 40.06; H, 2.51. IR (KBr, disc) 2095s, 2054vs, 2023vs,
1925vs (terminal CO), 1853s (semi-bridging CO), 1716s (C=0) cm~!. 'H
NMR (CDCls) 6 6.07 (s, 1H, C—CH coordinated to Co—-Co); 6.02 (s, 1H,
C—-CH coordinated to Mo—Mo); 5.90, 5.76, 5.41 (t, 8H, 2CsH,); 4.67 (s, 4H,
2CH,;); 4.23 (s, 4H, 2CH,); 1.29 (s, 6H, 2CHS).

Crystallography of Cluster (3-1/2CH,Cl,)

Crystals of 3- 1/2CH,Cl, suitable for diffraction analysis were grown from
hexane/CH,Cl; solution at —-20°C. The crystals were mounted on a glass
fibre. Preliminary examination and data collection were performed with
MoK radiation (A=0.71069 A) on an Enraf-nonius CAD4 diffractometer
equipped with graphite monochromators. The structure of 3-1/2CH,Cl,
was solved by the Patterson method. The molybdenum atoms and cobalt
atoms were located and coordinates of the remaining non-hydrogen atoms
were found from a difference map. The structure was refined by full-matrix
least-squares methods with anisotropic thermal parameters for non-hydro-
gen atoms. All calculations were performed on a MICRO VAX3100 com-
puter using the TEXSAN program system.

RESULTS AND DISCUSSION

The reactions described in this work are summarized in Scheme 1. Through
in situ reaction of the dipropargylether with a triply bonded complex
[Moy(CsH4R)2(CO)4] (R=H, COOCH,CHj,), prepared by refluxing a
toluene solution of metal-metal single bonded dimer [Moy(CsHy4)2(CO)¢]
(R=H, COOCH,CHy3), the homo-dinuclear clusters [HC,CH,OCH,C,H-u]-
[Mox(CsH4R)»(CO)q] [(1): R=H; (2): R=COOCH,CH;] and homo-
tetranuclear clusters [Mo,(CsH4R)»(CO)y)(u-HC,CH,OCH,CoH- 1)
[MOz—(C5H4R)2(CO)4] [(5) R= H, (6) R= COOCHzCH3]

All clusters show a large number of stronger terminal carbonyl absorp-
tion bands located at 2097-1886 cm™" and the bridging carbonyl absorption
bands was at 1830 cm™" for (1), (3) and (5) and 1850 cm™" for (2), (4) and (6)
in the IR spectra. The IR spectra of (2), (4) and (6) also show corresponding
C=0 absorption bands at 1716—-1718 cm ™!, and the absorption bands of the
C=C-H group of (1) and (2) appear at around 3300 and 2115cm™'.
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— (CH, OCH,C™CH
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CpMo—MCP
‘- Cp' = CpODOCH ,CH
1. HCWCCH,OCH,C™CH + MoCpyCO)] — V¥ F @ ”
HG == (O, OCHG—CH
\ /\ ~ /\\ /.,
CpMo—MCp CpMo— MECp
(3)Or'=Cp (4)Cp'= CPOOOCH ,CH,

HC—CCH, O CH,C—CH
\?/&/Hz ]:2 A\,
2. Mor@ + CoCO)y — CpMo— M SCo— CC

G)p'=C (6) '~ CpCOOCH ;CH,

SCHEME 1

Comparing the IR spectra (2) and (4) with that of (1) and (3), the carbonyl
absorption bands shift upfield with substituted cyclopentadienyl instead of
unsubstituted cyclopentadienyl. "H NMR spectra of all clusters show their
presence of their corresponding organic groups. Singlets at about § 4.67—
447 are caused by the methylene protons connected with C-CH coordi-
nated to M—M. For the substituted cyclopentadienyl rings, 'H NMR spec-
tra of (2), (4) and (6) exhibit two sets of bands at around 6 5.90-5.40;
upfield, one singlet at about § 5.40 (two proton) is assigned to two m-H
atoms of the substituted cyclopentadienyl and downfield two singlets
between § 5.90—5.76 to o-H resulting from the different desheilding effects
of electron-withdrawing groups COOCH,;CHj to 0-H and m-H. In the other
clusters, the protons of unsubstituted cyclopentadienyl appear as a singlet in
the range 6 5.30-5.40. It is interesting that the chemical shifts of protons of
the coordinated terminal alkyne (C—CH) are influenced by different metals
coordinated to the C—~CH group in the range § 6.07-5.80. In the 'H NMR
spectra of clusters (1) and (2), a doublet at 6 4.13 and triplets § 2.43 are
assigned to the protons of the methylene connected to the C=CH group and
the proton of the uncoordinated terminal alkyne (C=CH). Two signals,
CH; and CH,; in the CH3CH; group of (2), (4) and (6), are observed at é
1.29 and 6 4.22.

The structure of the cluster 3- 1/2CH,Cl, was determined by X-ray struc-
ture analysis. Crystal data are collected in Tables I and II gives selected bond
lengths and angles. Figure 1 shows the molecular structure. Moy(CsH5)»(CO),
unit coordinates to each of the two alkynyl groups of dipropargylether.
The overall conformations of the two (CCH)Mo,(CsH;),(CO), moieties
resemble each other and are quite similar to those previously described for
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TABLE I Summary of crystal and refinement data for cluster

(3 1/2CH,Cly)

X.-N. CHEN et al.

Formula
F.W.
Crystal system
Space group
F(000)
a(A)
b@A)
c(A)
a ()
B8¢)
7 ()

V(A%
Z

culc (g cm” )
u (MoKa) (em™)
Temperature (°C)
Scan type
20105 (°)
No. observations
No. variables
R, R,

C34H2609M04 . 1/2CH2C12

1004.80
triclinic
P-1
982.00
7.921(3)
13.360(3)
17.208(4)
109.15(1)
92.0(7)
93.34(2)
1714.3(9)
2

1.946
15.28
23.0
w-26
51.9
5564 (I > 2.00 o({))
442

0.040, 0.049

R= (| |Fol — |Fe| /T
*Ry = [Eu(lFo| ~ |Fel)

TABLE 11  Selected bond lengths (A) and angles (°) for (3-1/2CH,Cl,)

J/E Fz]l/Z

Mo(1)-Mo(2)
C(9)-C(10)
Mo(1)-C(10)
Mo(1)-C(9)
Mo(2)-C(10)
Mo(2)-C(9)
Mo(2)-C(3)
Mo(1)-C(3)
C(3)-0(3)
Mo(1)-Cp
Mo(2)-Cp
C-0O(t co, av)

C(9)-Mo(1)-Mo(2)
C(10)-Mo(1)-Mo(2)

C(10)-Mo(1)-C(9)

C(9)-Mo(2)-Mo(1)
C(10)-Mo(2)-Mo(1)

C(9)-Mo(2)-C(10)
C(10)-C(9)-Mo(1)
C(9)-C(10)-Mo(2)
0(3)-C(3)-Mo(2)

Mo-C-0 {tco, av)

2.9706(9)
1.331(7)
2.162(5)
2.192(5)
2.190(5)
2.095(5)
1.949(6)
2.888(6)
1.154(7)
1.9876
2.0129
1.1369
44.8(1)
47.3(1)
35.6(2)
47.5(1)
46.6(1)
36.1(2)
71.0(3)
68.13)
169.3(5)
178.43

Mo(3)-Mo(4)
C(13)-C(14)
Mo(3)-C(13)
Mo(3)-C(14)
Mo(4)-C(13)
Mo(4)-C(14)
Mo(3)-C(5)
Mo(4)-C(5)
C(5)-0(5)
Mo(3)-Cp
Mo(4)-Cp

C(14)-Mo(4)-Mo(3)
C(13)-Mo(4)-Mo(3)
C(13)-Mo(4)-C(14)
C(14)-Mo(3)-Mo(4)
C(13)-Mo(3)-Mo(4)
C(14)-Mo(3)-C(13)
C(13)-C(14)-Mo(d)
C(14)-C(13)-Mo(3)
0O(5)-C(5)-Mo(3)

2.9739(9)
1.343(7)
2.21%(5)
2.112(5)
2.171(5)
2.188(5)
1.942(6)
2.833(6)
1.170(7)
2.0129
1.9957

45.2(1)
47.9(1)
35.9(2)
47.3(1)
46.7(1)
36.12)
71.4(3)
67.93)
168.8(6)
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FIGURE ! Molecular structure of cluster (3- 1/2CH,Cl,).

[7°-CsHsMo(CO),],(1-C,H,).* The C;Mo, core adopts a pseudo-tetrahedral
geometry; each Mo atom is coordinated to two carbonyl ligands and one
cyclopentadienyl ligand. Two Mo—-Mo bond lengths are 2.9706(9) and
2.9739(9) A. Mo—C and C-C bond lengths in C;Mo; cores are in the range
1.937(6)-2.212(5) and 1.331(7)—1.343(7)A. These data are comparable to
corresponding values in [’-CsHsMo(CO)2ly(u-CoH,).” Mo(2)-C(3)-0(3)
and Mo(3)—C(5)-O(5) bond angles are 169.3(5)° and 168.8(6)°, respectively.
The average values of other Mo—C-O bond angles is 178.4°. On the other
hand, the asymmetry parameters, a, of 0.49 for C(3)-O(3) and 0.46 for
C(5)-0O(5) are within the range (0.1-0.6) for semi-bridging carbonyls.'® We
thus consider the C(3)-0O(3) and C(5)-0O(5) carbonyls to be the semi-
bridging carbonyls. The coexistence of both terminal and semi-bridging
carbonyls is in good agreement with the IR spectra of all clusters, showing

several strong absorption bands from 2097 to 1829 cm ™.
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Supplementary Material

Full lists of crystallographic data are available from the authors.
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