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Reactions of Terephthalate with Co.(CO)s, M0,Cp,(CO), and RuCo.(CO)
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Three organometallic complexes [ CsHi- p-(COCH2CoH-w) 2] [Co2(CO) 6] 2(1) [ CoHa-p-
(CO.CH2C2H) 2] [RuCo2(CO) o] 2 (2) and [(HC.CH,OCO) CeHs-p-(CO.CH.CoH-p) | [Mo2Cpo
(CO) 4] (3) have been prepared from the reactions of dipropargyl terephthalate with Co.(CO) s,
Mo2Cp2(CO) 4 and RuCo2(CO) ;. From their "H NMR spectra, it is found that the deshielding effect
of metal species on terminal alkyne follows RuCo:(CO)¢ > Co02(CO)¢ > Mo2(CO) 4Cpz. The sin-
gle-crystal diffraction of compound 1 was undertaken with the data: triclinic, P1, a =8.139(2) A,
b=8.808(3)A, c=11.343(3) A, B=96.260(6)°, V=773.4(4)A*, Z=1, Dc=1.748g cm™?,
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R=0.0513,wR =0. 1266.
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0 Introduction

The chemistry of di- or trinuclear transition metal complexes bridged by the unsaturated hy-
drocarbons has been attracting great attention because of the relevance to the chemistry of met-

al-catalyst surfaces!'"

. It is hoped that carbon-rich fragments bridging a dinuclear frame in homoge-
nous system serve as models for the understanding of the chemistry of reactive intermediates obtained
during catalytic reactions. Further it is well known that the coordination of an organic molecule to
metal center increases the stability of the whole system and makes the coordinated substrate active
toward specific reactions that may not be possible through classical organic procedures'*!. The coor-
dination chemistry of the alkyne and alkynyl species bearing a C = C functional group has been
studied extensively'’!. Recently, diyne clusters have been receiving considerable attention because of
their unusual structures and reactions'*! . As an extension, we have investigated the interrelation of
two C=C groups during the capping reaction and the interrelations of two C:M, groups during the

exchange reactions'”’

. Here the results of capping reactions of dipropargyl terephthalate with dinu-
clear complexes Co2(CO)s, Mo2Cp2(CO)4 and trinuclear species RuCo>(CO) 1 and the crystal struct-

ure of the compound 1 are reported.
1 Experimental

All reactions were carried out under a nitrogen atmosphere using Schlenk and vaccum line
techniques. The solvents were treated using the usual method for preparing anhydrous and deoxy-
genated solvents. Column separation was carried out using 160 ~ 200 mesh silica gel. Co.(CO);'*/,
Mo,Cp2(CO) """ and RuCo>(CO) 11"*! were prepared according to the literature. The dipropargyl
terephthalate was obtained by esterification of terephthalic acid with propargyl alcohol, and charac-
terized by C/H analysis, IR and 'H NMR. The IR spectra were recorded on a Nicolet FT-IR 10DX
spectrophotometer. The '"H NMR spectra were recorded on a Bruker AM 400MHz spectrometer. The
elemental analyses were performed on a Carlo Erba 1106 type analyzer.

The dipropargyl terephthalate (242mg, 1mmol) was treated with Co.(CO) s(684mg, 2mmol) in
THF (25c¢m?®) at room temperature. The mixture was stirred for 2. 5h, the solvent was removed and
the residue was separated on 2. 5cm X 30cm silica gel chromatography. Elution with hexane /CH,Cl,
(2:1) gave the main red band, condensing the solvent and crystallization from hexane/CH.Cl, at —
20°C gave red crystals [ CsHs- p-(CO-CH>C2H )| [ Co2(CO)s]2(1) (644mg, 79% ). Anal. Caled. for
CasHi0016Cos: C, 38.36; H, 1.24. Found: C, 38.37; H, 1.24%. IR (KBr): »(C=0) 2100vs,
2060vs, 2029vs, 1979vs, v(C=0) 1718cm~'. 'H NMR(CDCL:): & 8.18 (s, 4H, C¢Hi), 6. 14
(s, 2H, 2CH), 5.55 (s, 4H, 2CH.)ppm.

The preparation of complex [ CsHs-p-(CO.CH2C2H) 2] [RuCo2(CO) o] 2 (2) is similar to that
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described above. Yield 68% . Anal. Calcd. for C5:Hi0022CosRu2: C, 32.45; H, 0.85. Found: C,
32.48; H, 0.86%. IR (KBr): v(C=0) 2104vs, 2058vs, 2039vs, 2011vs, 1892m, v(C =0)
1720ecm~". '"H NMR(CDCl3): 89.44 ~8.12(d, 6H, 2CH and C¢H.), 5.14(s,4H,2CH,), 5.30 ~
5.14(d, 2H, CH,)ppm.

Compound [ (HC.CH,OCO) CsHs- p- (CO.CH>CoH-) | [ M02Cp2(CO)4](3) was prepared as fol-
lows: A solution of M0.Cp2(CO) 6(490mg, 1mmol) in toluene (25cm’) was refluxed for 15h. After
cooling to room temperature, the dipropargyl terephthalate(121mg, 0.5mmol) was added and the
mixture was stirred at room temperature for another 2h. The solvent was removed and the residue was
chromatographed on silica gel column using CH>Cl./ether(10: 1) as eluent to give the main red
band. Removal of the solvent and crystallization from hexane/CH,Cl; at —20°C gave red solids
(264mg, 48% ). Anal. Calcd. for CasHxOsMoo: C, 50.12; H, 2.98. Found: C, 50.10; H,
2.31%.IR(KBr): v(=CH) 3283w, v(C=C) 2129, v(C=0) 1989vs, 906vs, 1827vs, v(C =0)
1724m, 1688m cm~'. "H NMR(CDCl3): 8 8. 19(s, 4H, CsH,), 5. 82(s, H, CH), 5. 41 (s, 2H, CH>),
5.34 ~5.33(d, 10H, 2Cp, J=4.25Hz), 4.98 ~4.96(q, 2H, CH,, J=2.6Hz), 2.57 ~2.56(t,
1H, =CH, J=2.3Hz)ppm.

2 Results and Discussion

All the reactions described in this work are summarized in Scheme 1. Treatment of Co.(CO)s
and RuCo2(CO) 11 respectively with dipropargyl ester CoHi- p-(COCH2C2H) 2 in 2: 1 molar rate at
room temperature affords the compound [CsHa-p-(CO.CH2C2H) 2] [C02(CO) 6] 2(1) and [ CeHa- p-
(CO.CH2C2H) 2] [RuCo2(CO) ¢]2(2) . However, using the same procedure the expected linked
compound [ CsHs-p-(CO>CH,C2H) > ] [Mo2(CO) 4Cp2]> can not be separated from the reaction, only
the mono-capping product [ (HC:CH,OCO) CsHs- p-(CO.CH2C2H-p) | [M02Cp2(CO) 4] (3) can be
obtained. Compounds 1 and 2 are more stable than 3 both in air and in solvent.

The IR spectra of 1 and 2 showed intense absorption bands in the range of 2104 ~ 1892c¢m ™'
assigned to the carbonyls bound to Cobalt and Ruthenium atoms. And the three strong vibrational

frequencies at 1989, 1906 and 1827c¢m ™" in IR spectrum of 3 are characteristic of carbonyls attached
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" mean that terminal alkyne

to Molybdenum atom, the weak absorption bands at 3283 and 2129c¢cm -
exist in molecule. The 'H NMR spectra of these compounds are very characteristic. Because of the
introduction of metal species, the chemical shift of terminal alkyne proton was strongly influenced
with respect to that free ligand (2.57 ~2.56ppm) . The proton resonance in (u-C=CH)
RuCo2(CO)s appeared at 9. 44 and 8. 12ppm as two singlets, and that in (u-C=CH)Co.(CO)s was
observed at 6. 14ppm and that in (u-C=CH)Mo2(CO)4Cp> was at 5. 82ppm. So we could draw the
conclusion that the deshielding effects of three cluster species on the proton of terminal alkyne follow

the series RuC02(CO)o > Co02(CO)6 > Mo:Cp2(CO)4. As for the resonance of methylene connected to

coordinated alkyne, they are less influenced appeared in the range of 5. 55 ~5. 14ppm.
Table 1 Crystal Data and Structure Refinement for Compound 1

empircal formula

Ca6H10016C 04

formula weight 814. 06

crystal system triclinic

space group Pl

F(000) 402

a/A 8.139(2)

b/& 8.808(3)

c/A 11.343(3)

B/ (°) 96.260(6)
v/A 773.4(4)

Z 1

De/ (g cm™?) 1.748
,u,(MoKa)/mm" 2.181

crystal dimensions/mm 0.22x0.20x0. 16
temperature /K 294(2)

O/ (°) 27.55

No. of reflections independent 3510

No. observations [ 1> 20 ()] 2017

No. Variables 209

‘R, "wR [I>20(1)] 0.0513, 0. 1266
largest diff. peak and hole/(e: A~3) 0.602, —0.288

R=X1Fol =1 FI/ X1 Fol, "Rw=[X o(l Fol =1 F.12) /% oFs]'?
Table 2 Selected Bond Lengths(A) and Angles(°) for Compound 1

Co(1)-C(2) 1.802(3) Co(2)- C(4) 1.811(3) Co(1)-C(1) 1.813(3)
Co(2)-C(6) 1.814(3) Co(1)-C 1.817(3) Co(2)-C(8) 1.942(2)
Co(1)-C(8) 1.937(2) (,0(2)—(,(7) 1.948(2) Co(1)-C(7) 1.941(2)
C(7)-C(8) 1.332(3) Co(1)-Co(2) 2.4834(7) C(8)-C(9) 1.473(3)
Co(2)-C(5) 1.792(3) C(10)-C(11 1.483(3)
C(8)-Co(1)-C(7) 40.16(9) C(7)-C(8)-C(9) 139.2(2) C(8)-Co(1)-Co(2) 50.28(7)
C(7)-C(8)-Co(1) 70.10(13)  C(7)-Co(1)-Co(2) 50.44(7) C(9)-C(8)-Co(1) 135.79(16)
C(8)-Co(2)-C(7) 40.03(9) C(7)- C(S) Co(2) 70.23(15)  C(8)-Co(2)-Co(1) 50.10(6)
C(9)-C(8)-Co(2) 134.20(16)  C(7) 50.20(6) Co(1)-C(8)-Co(2) 79.61(9)
C(8)-C(7)-Co(1) 69.74(12)  C(8) C(7) C0(2) 69.74(14)  Co(1)-C(7)-Co(2) 79.36(8)

In order to further established the structures of these complexes, single crystal structure deter-

mination of 1 was undertaken using X-ray diffraction method. The crystallographic data and the se-
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Fig. 1  Molecular structure of compound 1
lected bond lengths and angles are given in Ta-
bles 1 and 2. The molecular structure and the
packing diagram are shown in Figs. 1 and 2.

As seen in Fig. 1, a Co2(CO)s unit is coor-
dinated to one of the two alkynyl groups of
dipropargyl terephthalate, each cobalt atom is
coordinated by three terminal carbonyls. The
C2Co2 core adopts a pseudo-tetrahedral geome-
try. The Co-Co bond length is 2. 4834(7)A, and
the two Co-C bond distances in the C,Cox cores
are 1.948(2) and 1.937(2) A respectively,
comparable with those of related dicobalt com-

[4a, 9]

: . 5d,
plexes and our previous reports®” **'°! The

C(7) -C(8) bond length is 1.332(3) A, which is
much longer than the normal C=C bond lengths

but in the normal region of u-alkyne

-hexanecarbonyldicobalt compounds. The bond

distance of C(10)-C(11) is 1. 483(3) A, shorter Fig- 2 Packing diagram of compound 1

than normal C-C single bond length, and the torsion angle of C(13) -C(12) -C(11) -C(10) is
-179.5(2)°, so the two 7(C =0) systems are conjugated together with the 77 (CsHs) system.
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