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Two new linked alkyne-bridging tetrahedral carbonyl clusters containing Co,C,; Co,(CO)q
(1-HCCCH,O0C(CH,);COOCH,CCH-1)Coy(CO)6, 1, and  Co,(CO)g(t-HCCCH,O0C
(CH,)sCOOCH,CCH-1)C0,(CO)g, 2, have been prepared by reactions of two dipropargyl
esters (HC=CCH,00C),R (R = (CH,);, (CH,)g) with Co,(CO)g. Expansion reactions of
1 and Cox(CO)e(u-HCCCH,OOCCOOCH,,CCH-1)Cox(CO)e, 3, with Fe;(CO),, give two
new mixed-metal linked clusters Co,(CO)g(1-HCCCH,OOC(CH,);COOCH,CCH-p,n%)
Co,Fes(CO)ya, 4, and Cos(CO)e(1i-HCCCH,00CCOOCH,CCH-14,5*)Co,Fes(CO) s, 5. The
new clusters were characterized by elemental analysis, IR, "H-NMR and ESI-MS analysis.

Keywords: Alkyne-bridging; Linked cobalt-iron cluster; Expansion reaction

1. Introduction

Interest in transition metal complexes bridged by unsaturated hydrocarbons result from
the relevance to metal-catalyst surfaces and materials science [1-7]. Linked clusters have
also attracted attention due to potential applications as polymeric materials and their
unusual structures and reactions [8§-19]. Our previous work has shown that linked
alkyne-bridging Co,(CO)C, clusters react with Rh,(CO)4Cl, to form linked distorted
closo-Rh,Co,C, octahedral clusters [19]. It has also been reported that Fe;(CO);, can
provide a mononuclear or binuclear carbonyl iron fragment during reaction with alkyne
compounds [20].

To investigate the reactivity of linked metal-alkyne carbonyl clusters with Fe;(CO);»
and obtain the heterometal alkyne-bridging carbonyl clusters, we prepared two new
linked cobalt carbonyl clusters, Co,(CO)s(u-HCCCH,OOC(CH,);COOCH,CCH-pu)
Co0,(CO)g 1 and Co,(CO)¢(u-HCCCH,00C(CH,)sCOOCH,CCH-1)Co,(CO)g 2, and
one known linked cobalt cluster Co,(CO)g(u-HCCCH,OOCCOOCH,CCH-u)
Co0,(CO)g 3 by reactions of Co,(CO)g with three dipropargyl esters. Then, we carried
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H~¢—¢-CcH,00C-R-COOCH,-c—c—H

THF
(HCCCH,00C),R + 2 Coy(CO)g ——— /
//\\ {.—\\c()(cm3

(C0);Co Co(CO);  (CO)4
R= (CH,);1; (CH,)g2; noR 3.

Scheme 1. The synthesis of linked clusters 1-3.

1 THF H~c—c—cn,00c-R-coocH,—C—c—H
+  Fey(CO)yy — > /\ k //\\
3 (c0)3c0/ Co(CO)4 (CO)Co———Co(CO),

>

1>
(CORFESFe(CO);  R=(CHy4 noRS.

Scheme 2. The reaction of 1 and 3 with Fe;(CO);, to give linked clusters 4 and 5.

out the reactions of 1 and 3 with Fe;(CO);,, obtaining two new heterometal alkyne-
bridging carbonyl clusters, Co,(CO)s(u-HCCCH,OOC(CH,);COOCH,CCH-11,n%)
Co,Fe,(CO); o 4 and Coo(CO)e(1-HCCCH,O0CCOOCH,CCH-11,n*)Co,Fe,(CO);» 5
(schemes 1 and 2). All new linked clusters were characterized by elemental analysis and
spectroscopic methods.

2. Experimental

2.1. General details

All reactions were carried out under an argon atmosphere by standard Schlenk
techniques. All solvents were dried and distilled from sodium benzophenone or CaH,
before use. Chromatographic separations were performed on silica gel columns
(160-200 mesh) of varying length. Thin-layer chromatography (TLC) was performed on
commercial Merck plates coated with a 0.20 mm layer of silica gel.

(HC=CCH,00C),R (R=(CH;); [21], (CHjys [22]) and Coy(CO)¢(-
HCCCH,00C),Co0,(CO)¢ 3 [13] were prepared by literature methods. Co,(CO)g and
Fe;(CO),, were used as received from a commercial source.

Infrared spectra were recorded on a Nicolet NEXUS 670 FT-IR spectrophotometer.
"H NMR spectra were measured on a Bruker Avance DPX-400 MHz spectrometer in
chloroform-d,. Chemical shifts are quoted in parts per million (ppm) and referenced to
tetramethylsilane (TMS). ESI-MS positive ion spectra were obtained on an Agilent
1100 LC-MSD-Trap-XCT instrument. Elemental analyses (C, H) were performed on a
Perkin—Elmer 2400.

2.2. Reaction of (HC=CCH,00C),(CH>)3 with Co,(CO)g to give 1

To a solution of Co,(CO)g (924.8 mg, 2.7 mmol) in 30 mL of THF was added dropwise
a solution of (HC=CCH,O0C),(CH,); (562.4 mg, 2.7mmol) in 15mL of THF at room
temperature. The reaction mixture was stirred at 60°C for 8 h and monitored by TLC.
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THF was removed under reduced pressure. The residue was separated by column
chromatography on silica gel. Elution with petroleum ether afforded the orange-red
Co0,(CO)e(u-HCCCH,O0OC(CH,);COOCH,CCH-1)Co2(CO)s  (282.4mg, 26.8%,
based on Co,(CO)g), m.p. 126°C; Anal. Found: C, 36.01; H, 1.52%. Calcd for
C»3H,0,6Coy4: C, 35.41; H, 1.55%. IR (KBr disc): v(CO) 2098m, 2055vs, 2022vscm ™ ';
v(C=0) 1741scm™'. "H NMR (CDCl;, 400 MHz): §6.07 (s, 2H, 2=CH), 4.82 (s, 4H,
20CH,), 2.50 (s, 4H, 2CH>), 2.04 (s, 2H, CH,) ppm. ESI — MS m/z: 802.7, M+ Na™;
complex fragmentation.

2.3. Reaction of (HC=CCH,00C),(CH3)g with Co,(CO)g to give 2

To a solution of Coy(CO)g (924.8mg, 2.7mmol) in 30mL of THF was added
dropwise a solution of (HC=CCH,00C),(CH,)z (750.6mg, 2.7mmol) in 15mL
of THF at room temperature. The reaction mixture was stirred at 60°C for 7h
and monitored by TLC. After the solvent was removed under reduced pressure, the
residue was extracted by a small amount of CH,Cl, and purified by column
chromatography (silica gel eluent: petroleum ether) to afford the orange-red
Co,(CO)e(u-HCCCH,O0OC(CH,)sCOOCH,CCH-1)Co2(CO)s  (340.4mg, 29.6%,
based on Co,(CO)g), m.p. 132°C; Anal. Found: C, 40.10; H, 3.01%. Calcd for
CogH5,0,6Co4: C, 39.56; H, 2.61%. IR (KBr disc): v(CO) 2097m, 2059vs, 2029vscm ™ ';
v(C=0) 1742mcem™". "H NMR (CDCl;, 400 MHz): §6.06 (s, 2H, 2=CH), 4.68 (s, 4H,
20CH,), 2.37 (s, 4H, 2CH;), 1.64 (s, 4H, 2CH,), 1.31 (s, 8H, 4CH,) ppm. ESI-MS m/z:
872.8, M+ Na™; complex fragmentation.

2.4. Reaction of 1 with Fe3(CO)y, to give 4

To a solution of 1 (114.4mg, 0.15mmol) in 20mL of THF at 60°C was added
Fe3(CO)» (75.1mg, 0.15mmol) under argon. The reaction mixture was stirred for
12h and the color gradually changed from orange-red to brown. A TLC analysis of
the reaction mixture showed the disappearance of 1. After solvent was removed
under reduced pressure, the residue was separated by column chromatography
on silica gel. Elution with CH,Cly/petroleum ether (1:1) gave Co,(CO)g
(u-HCCCH,OO0C(CH,);COOCH,>CCH-11,n*)C0,Fe,(CO);» (24.7mg, 13.2%, based
on 1), m.p. 144°C; Anal. Found: C, 33.01; H, 1.32%. Calcd for CyoH,0,,Co4Fe;:
C, 32.87; H, 1.14%. IR (KBr disc): v(CO) 2097s, 2058vs, 2026vscm™'; »(C=0)
1741scm™". "TH NMR (CDCls, 400 MHz): §8.08 (s, H, =CH), 6.08 (s, H, =CH), 5.52
(s, 2H, OCH,), 5.11 (s, 2H, OCH,), 2.38 (s, 4H, 2CH,), 1.87 (s, 2H, CH,) ppm. ESI-MS
m/z: 1082.2, M + Na™; complex fragmentation.

2.5. Reaction of 3 with Fe3(CO); to give 5

The preparation procedure for 5 was similar to that described above.
C05(CO)e(1-HCCCH,00CCOOCH,>CCH-11,n*)C0,Fe,(CO);» 5 (31.2mg, 20.5%,
based on 3). Anal. Found: C, 34.14; H, 1.64%. Calcd for C,sHsCo4Fe,05, - 4/5CsH 4
C, 34.02; H, 1.60%. IR (KBr disc): v(CO) 2096s, 2039vs, 1992(sh)ycm™'; »(C=0)
1658cm™". '"H NMR (CDCls, 400 MHz): §7.83 (s, 1H, =CH), 5.96 (s, IH, =CH), 5.08
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(s, 2H, OCH,), 4.24 (s, 2H, 20CH>) ppm. ESI-MS m/z: 1063.9, M 4 2Na™*; complex
fragmentation.

3. Results and discussion

3.1. Characterization of 1, 2, 4 and 5

IR spectra show intense terminal carbonyl absorption bands in the range
2098-2022cm ™", and a characteristic absorption band of the ester carbonyl at about
1741cm™" for 1, 2, 4 and 1658 cm™! for 5. Comparison with the literature data reveals
that 1 and 2 show three main terminal carbonyl absorption bands in positions similar to
reported cobalt-alkyne linked clusters (table 1). Clusters 4 and 5 have similar IR spectra
to that of reported mixed-metal alkyne clusters (table 2); 4’s carbonyl absorption
positions are more similar to the mono-expanded linked octahedral rhodium-cobalt
cluster Rl’lzCOz(CO)10(#4,7}2-HC2CH20-C6H4- 1 ,4-OCH2C2H-M)C02(CO)6 than to
tri-nuclear iron-cobalt cluster (u3-FcCCH)FeCo,(CO)q.

The 'H NMR spectra of the new linked clusters are consistent with diyne ligand-
capped cluster structures and show the presence of hydrogen atoms in their
corresponding organic groups. For 1 and 2, singlets at about §6.07-6.06 can be
assigned to protons of the terminal alkyne (C,H) groups coordinated to Co—Co cores.
The signals at §4.82-4.68 are caused by —-OCH,— groups and the peaks at §2.50-2.37,
52.04-1.64 and §1.31 reveal protons of different CH, groups of the dipropargyl ester
ligands.

The '"H NMR spectra of 4 and 5 are not the same as that of their precursors.
For instance, the two protons of two C,H groups appear as singlets at §8.08 and 6.08,
87.83 and 5.96 for 4 and 5, respectively. Comparing 'H-NMR spectra with those of
reported alkyne-bridging cobalt clusters [8-10, 13], cobalt-iron clusters [23] and

Table 1. The IR ¥(C=O0) data of 1, 2 and other Co,(CO)s(u-HCCR) clusters.

Cluster IR ¥(C=0)/cm ™! Ref.

1 2098, 2055, 2022 This work
2 2097, 2059, 2029 This work
(HOCC,H-1)Co,(CO)s 2097, 2062, 2050, 2026 4
[CH»(CO,CH,CoH-p),][Cox(CO)¢ln 2099, 2058, 2029, 2008 13
[CeH4(COLCHLCoH-1)2][Co2(CO)g)a 2100, 2060, 2029, 1979 13

Table 2. The IR »(C=0) data of 4, 5 and other M, Co,(CO)s(u-HCCR) clusters.

Cluster IR »(C=0)/cm " Ref.

4 2097, 2058, 2026 This work
5 2096, 2039, 1992 (sh) This work
(13-FcCCH)FeCo,(CO)y 2095, 2056, 2027, 2008, 1971 [23]

RhyC0o2(CO) o (pai’-HC,CH,0-CoHy-1, 2098, 2056, 2026, 1876 (u-C=0)  [19]
4-OCH,C>H-11)Co5(CO)g
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cobalt-rhodium cluster, haCOz(CO)1()(,[;64,1’]2-HC2CH20-C6H4-1,4-OCH2C2H-M)C02(CO)6
[19], the singlets at §8.08 and 7.83 can be assigned to protons of the terminal alkynes
(C,H) coordinated to Fe,Co, and at §6.08 and 5.96 to protons of the C,H group
coordinated to Co—Co. Signals at §5.52 and 5.11 for 4 and at § 5.08 and 4.24 for 5 also
identify two different OCH, groups. Resonances at § 2.38 and 1.87 show the presence of
different CH, groups in 4.

On the basis of the IR and NMR spectra and elemental analysis and MS, we propose
these new linked clusters’ structures as that shown in schemes 1 and 2. During the
thermo-expansion reactions of linked cobalt-alkyne carbonyl clusters (Co,(CO)g
(u-HCCCH,000Q)),R with Fe3(CO);, at 60°C, the tri-nuclear iron carbonyl cluster
provides the Fe,(CO)q fragment to insert into the Co—Co bond forming an alkyne-
bridging butterfly Fe-Co mixed-metal cluster.
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