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Abstract 

complex, 

The reaction of the cluster complex H~Coz(CO),]CCos(CO), with (or without) BrCCo,(CO), under Cadiot-Chodkiewicz 
coupling conditions gave the unusual alkynyl carboxamide complex C~HsN(H)c(O)OqCoz(CO),lCCos(CO), rather than a 
coupled product containing two tricobalt cluster units. Steric demands imposed by the Co, cluster allow attack at the least 
hindered alkyne carbon and stabilise the formed ynamine, so allowing subsequent CO insertion. The product has been 
characterised by X-ray crystallography. 

1. Introduction 

Tricobaltcarbon clusters with alkyne functionality, 
such as Me,SiC=CCCo,(CO), Cl), have been success- 
fully prepared by coupling reactions between alkynes 
and BrCCo,(CO), [I]. Attempts to link two or more 
cluster moieties via alkyne chains have proved less 
successful, with coupling reactions involving acetylene 
or diacetylene giving poor yields of the required cou- 
pled products, 2 and 3. Previous reports [2,31 have 
demonstrated the possibility of protecting the alkyne 
unit by the formation of hexacarbonyldicobalt deriva- 
tives [4]. In particular, such complex formation has 
been utilised to protect the alkyne functionality under 
Friedel-Crafts conditions [3] and during carbocation 
formation in stereospecific ring closure reactions [5]. 
We were intrigued to see if similar protection was 
afforded to the alkyne function under conditions re- 
quired for Cadiot-Chodkiewicz coupling of alkyne 
moieties. A preliminary investigation of the copper- 
catalysed coupling reaction between HC%ZC~,(CO),I- 
CCo,(CO), (4) 161 and BrCCo,(CO), showed no evi- 
dence for the formation of the required (CO),Co,C- 
(C=CWCo,(CO),lCCo,(CO), (51 [l]. Instead, reason- 
able yields of an amide complex, C,H,N(HMOl- 
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C==Co,(CO),lCCo,(CO), (61 were obtained. This pa- 
per reports the details of this unusual reaction and 
X-ray structural confirmation of the unique product. 
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2. Results and discussion 

Attempts to couple HGC[Co,(CO1,lCCo,(CO&, (4) 
and BrCCoJCO), under Cadiot-Chodkiewicz condi- 
tions were singularly unsuccessful. The reaction of 
HC=C[Co,(CO),]CCo,(CO), with EtNH, in the pres- 
ence of CuCl led inevitably to the facile formation of 
the novel alkynyl carboxamide complex C,H,N(H)C- 
(O)~cICo,~CO),lCcO,(CO~, (6) (eqn. (1)). It was 
found that both the reaction product and approximate 
yield of 6 were independent of the presence of the 
bromo cluster, BrCCo,(CO), but, if the reaction is 
carried out in an atmosphere of CO, the yield is 
increased significantly. 

(1) 
EINH, 

The mass spectrum of 6 showed a weak parent ion 
and sequential loss of 16 carbonyl groups; loss of one 
additional carbonyl group to the number of metal 
bound groups is characteristic of Co,(CO),C(CO)X 
functionality 171 and offers good evidence for the car- 
boxamide formulation. The infrared spectrum of the 
molecule in the carbonyl region is a complex aggregate 
of the idealised five-band spectrum of the tricobaltcar- 
bon unit [8] and up to six bands from the dicobalthex- 
acarbonyl fragment [4]. Nine bands are readily resolved 
in the region 2108-2014 cm-’ and the two highest 
energy bands at 2108 and 2085 cm-’ can be assigned 
to the totally symmetric vibrations of the carbonyl 
groups of the tricobalt and dicobalt moieties respec- 
tively. In addition the carboxamide v(CO) is observed 
at 1730 cm-‘. 

To our knowledge this is the first Co,(CO), complex 
of an alkynyl carboxamide and confirmation of the 
detailed structure of 6 was sought from an X-ray crys- 
tal structure analysis. There are two independent 
molecules in the asymmetric unit of the monoclinic 
unit cell of 6. Perspective views of these molecules are 
shown in Fig. 1 which also shows the atom numbering 
scheme, with selected bond length and angle informa- 
tion in Table 1. The structure consists of discrete 
molecules, with the closest intermolecular contact (not 
involving H atoms) being 2.83(2) A between 0031) 
atoms. The discrete molecular units exhibit minor vari- 
ations in bond lengths and angles and also differ signif- 
icantly in the relative orientations of the Co,(CO), 
units and their amide substituents with respect to the 
planes of the Co, triangles. Unless otherwise stated, 
molecular parameters for molecule 1 will be used in 
the subsequent discussion. 

The structure is that of a (p-alkyne)hexacarbonyl- 

(b) 

Fig. 1. Perspective views of the two unique molecules of C,H,- 
N(H)C(O~Co,(CO),]CCo3(CO), (6) showing the atom number- 
ing schemes. (a) molecule 1; (b) molecule 2. 

dicobalt complex with an ethylamide as one alkyne 
substituent and a methylidynetricobalt nonacarbonyl 
moiety as the other. The hexacarbonyldicobalt frag- 
ment has the alkyne C=C bond approximately perpen- 
dicular to the Co-Co bond [interline angle 88.7(8)“] [9] 
and there is a classical ‘sawhorse’ arrangement of the 
carbonyl ligands with respect to the two cobalt atoms 
[lo]. The C(12&C(13) (1.34(2) AI and Co(14)-Co(15) 
(2.461(2) li> distances are normal [ill, and the bend 
back angles 42” and 37” subtended by the alkyne sub- 
stituents at C(12) and C(13) respectively [12] indicate 
relatively little steric interaction between the alkyne 
dicobalt moiety and its amide and cluster substituents. 
The Co,C unit of the cluster substituent on the alkyne 
is found to be a reasonably symmetric pyramid as is 
characteristic Ff this grouping with normal Co-Co 
[mean 2.46(l) Al and Co-C [mean 1.930) Al distances 
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[13]. Each cobalt atom carries the expected two equa- 
torial and one axial carbonyl ligands, and close con- 
tacts between the equatorial carbonyl groups of the 
cluster and those of the dicobalt acetylene moiety 
result in a characteristic reduction in the dihedral 
angles between the Co, meanplane and the mean- 
planes containing the Co and associated carbonyl 
groups. The C(ll)-C(12) bond linking the tricobalt and 
dicobalt moieties is 1.47(2) A long, closely similar to 
that found in the related molecule HC=C[Co,(CO),l- 
CCo,(CO), (4) [6]. However, in contrast to the parent 
molecule, this bond is almost orthogonal to the plane 
of the Co, triangle with the angles C(12)-c(ll)-Co 
equal within experimental error, and the angle be- 
tween the C(l)-C(2) bond vector and the perpendicu- 
lar to the Co, meanplane is 2.1W’. 

The second substituent on the bridging alkyne is a 
simple ethylamide group linked to the alkyne carbtn 
atom by the C(13)-C(14) bond of length 1.46(2) A. 
Other bond distances and angles within the amide 
fragment are unremarkable and, as expected, the atoms 
C(13) C(14) O(14) N(H) and C(15) of the amide func- 
tion are coplanar. 

Alkynyl carboamides are normally produced from 
halo precursors [14], and the WI) catalysed reaction 
of a terminal acetylene complex and an amine to give a 
carboxamide has not been reported previously. Primary 
amines normally react with terminal acetylenes under 
Cadiot-Chodkiewicz coupling conditions to give Schiff 
base compounds and addition products but Schiff base 
formation is not possible with 4 as a substrate. Since 
the catalysed reaction (eqn. (1)) does not take place 
with a Co,(CO), derivative of a terminal acetylene 
(e.g. PhCX[Co,CO),]H), it is the tricobaltcarbon 
cluster which is providing the electronic and steric 
features required for the reaction to occur. A clue to 
the mechanism of the reaction is the report [15] that 
copper-catalysed oxidation of Ph-W-H with sec- 
ondary amines under Glaser coupling conditions leads 
to ynamines; there was indirect evidence that ynamines 
were intermediates in reactions with primary amines. It 
is therefore reasonable to suggest that the initial prod- 
uct in reaction (1) is a cluster ynamine arising from 
direct attack of the amine on the coordinated acetylene 
(eqn. (2) at the more open end of the carbyne chain. 

EtNl+ + 

Activation of the coordinated alkyne would be facili- 
tated by the electron-withdrawing capability of the 

support for this proposal can be found in the observa- 
tion that intramolecular decarbonylation of acyl cluster 

Co& unit 113,161 and, because the triple bond is complexes occurs via migration of the acyl CO group 
coordinated to the C?o,(CO), fragment, allenisation is to an equatorial site on the cobalt triangle [211. This 

avoided. Stabilisation of the ynamine results from the 
steric protection afforded by the equatorial carbonyl 
‘umbrella’ of the CCo, cluster substituent on the alkyne 
which blocks further reaction. Hydration of the C=C 
bond of an ynamine is a known route to amides [15], 
but this pathway is blocked by the incorporation of the 
alkyne unit into the alkyne dicobalt complex. Further- 
more, our results show that formation of the alkynyl 
carboxamide requires the presence of the CCo, cluster 
as an alkyne substituent indicating that the amide 
carbonyl is derived from an intramolecular reaction. 
Mechanistically it is difficult to visualise the amine 
acting as a nucleophile or the Cu’ coordinating to the 
complexed alkyne. Formally, the ynamine can be re- 
garded as a product from the cross-coupling of an 
aminium radical and a cluster radical, stabilised by the 
steric protection afforded by the cluster unit. 

Ynamines while thermally stable are usually very 
reactive [14] and the subsequent intramolecular inser- 
tion of CO to give a carboxamide (eqn. (3)) is clearly 
possible given the close proximity of the Co-CO groups. 

(3) 

Where insertion occurs with terminal alkyne- 
Co,(CO), complexes it generally results in breakdown 
of the complex species (eqn. (4)) followed by a series of 
additional steps leading to the formation of a variety of 
products ranging from esters to cyclopentadienones 
14,171. 

(H*C*H)Co*WO)~ =J=! CH, = CHCO,Et (4) 
Carbonyl-insertion reactions of the more robust tri- 

cobaltcarbon cluster to give acyl derivatives are well 
known and migration of ligated CO to the apical car- 
byne atom of the cluster is accelerated by the presence 
of amines and other nucleophiles [18]. The intimate 
mechanism of carbon monoxide insertion reactions with 
these clusters is not well understood 1191. Migratory 
insertion of a CO ligand into a C-Co bond through an 
intermediate such as 7 has been suggested [20] and 

7 
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TABLE 1. Bond lengths and angles for C,H5N(H)C(0)OqCo,(C0,]CCo,(C0)9 (6) 

Molecule 1 Molecule 2 

Bond lengths 
cdll)-Cdl2) 
CdllXo(l3) 
Cdll)-cm 
Cow-Ctlll) 
Cdll)-C(ll2) 
Cdll)-C(113) 
Cd12)-Cdl31 
Cdl2bCXll) 
C&12)-c(121) 
C&12)-cx121) 
Cd12)-C(l22) 
C&2)-Ct123) 
Cdl3)-c(11) 
Co03)-Ct131) 
Cd13)-(X32) 
Cd13)-c(133) 
Cd14xdlS) 
Cd14bCU2) 
Cd14)-c(13) 
Cd14)-c(141) 
C&14)-CX142) 
Cd14)-c(143) 
Cow-cx12) 
CdlSbc(13) 
C&5)-C(151) 
Co(15)-C(152) 
Cd15)-C(153) 
C(llbC(12) 
C(12)-C(13) 
C(13)-C(14) 
C(14)-O(14) 
C(14)-N(l1) 
N(ll)-CX15) 
C(15)-C(16) 
c(lll)-o(111) 
C(112)-o(112) 
C(113b0013) 
C(121)-0021) 
C(122)-o(122) 
c(m)-O(123) 
C(131)-o(131) 
C(132)-o(132) 
c(133)-0(133) 
c(141)-q141) 
C(142)-O(142) 
C(143)-O(143) 
C(151)-O(151) 
C(152)-0052) 
C(153)-O(153) 

Bond angles 
Cdl2bCdllbCdl3) 
CdlZ)-Cdll)-all) 
C&Z)-co(ll)-cxlll) 
C&2)-Corn--c(112) 
C&2)-Co(ll)-C(113) 
Cdl3)-Cdll)-c(U) 
C&13)-C&l)-cull) 
Cd13bCdll)-c(112) 
Cd13)-Cdll)-cx113) 

2.478(3) 
2.456(2) 
1.921(l) 
1.79(2) 
1.78(2) 
1.85(2) 
2.446(3) 
1.92(l) 
1.780) 
1.780) 
1.79(2) 
1.81(2) 
1.94(l) 
1.78(2) 
1.83(2) 
1.83(2) 
2.461(2) 
1.95(l) 
1.96(l) 
1.81(2) 
1.79(2) 
1.83(2) 
1.97(l) 
1.94(l) 
1.81(l) 
1.80(l) 
1.83(l) 
1.47(2) 
1.34(2) 
1.46(2) 
1.24(2) 
1.32(2) 
1.47(2) 
1.48(2) 
1.13(2) 
1.16(2) 
1.14(2) 
1.15(2) 
1.15(2) 
1.14(2) 
1.14(2) 
1.11(2) 
1.13(2) 
1.14(2) 
1.15(2) 
1.13(2) 
1.12(2) 
1.14(2) 
1.13(2) 

Cd21)-Cd221 
Co(21bCo(23) 
Cd21)-cx21) 
Cd21)-C(211) 
Cd21)-c(212) 
Cd21)-CX213) 
Cd22bCd23) 
Cd22bC(21) 
co(22)-C(221) 
Cd22bC(221) 
co(22)-C(222) 
Cd22)-C(223) 
Cd23bC(21) 
C&23)-C(231) 
&(23)X(232) 
Cd23)-c(233) 
Cd24)-Cd251 
Cd24bCt22) 
co(24)-c(23) 
CoW-CX241) 
CoW-cY242) 
&(24)X(243) 
C&5X(22) 
C&sPx23) 
Cd25bCm11 
C&5)-c(252) 
C&5)-CX253) 
cx21bc(22) 
cx22bCm 
CWbCX24) 
C(24)-o(24) 
(X24)-N(21) 
N(2l)-C(25) 
c(25)-c(26) 
C(211)-O(211) 
c(212)-O(212) 
Ct213bO(213) 
Ct221)-O(221) 
(x222)-O(222) 
C(223)-O(223) 
(x231)-O(231) 
cx232)-O(232) 
cx233)-O(233) 
Cml)-owl) 
Ct242)-O(242) 
c(243)-O(243) 
Cml)-O(251) 
Ct252kO(252) 
cQ53)-O(253) 

59.40) 
49.9(4) 
99.8(5) 

150.6(5) 
97.5(5) 
50.7(4) 

151.5(5) 
96.6(5) 

100.6(5) 

Cd22xd21xd23) 
Cd22)-C&21)-C(21) 
ckl(22)-co(21)-c(211) 
Co(22)-GJ(21)-c(212) 
Cd22)-Co(21k-c(213) 
co(23xd21)-cx21) 
Cd23)-Cd21)-cx211) 
Cd23)-Cd21)-c(212) 
Cd23)-Co(21)-C(213) 

2.460(3) 
2.455(2) 
1.93(l) 
1.80(2) 
1.76(2) 
1.81(2) 
2.459(3) 
1.91(l) 
1.80(2) 
1.80(2) 
1.84(2) 
1.81(2) 
1.91(l) 
1.82(2) 
1.84(l) 
1.86(2) 
2.472(3) 
2.01(l) 
1.960) 
1.83(2) 
1.79(2) 
1.83(2) 
1.97(l) 
1.96(l) 
1.80(2) 
1.83(2) 
1.83(2) 
1.44(2) 
1.37(2) 
1.47(2) 
1.24(2) 
1.33(2) 
1.44(2) 
1.49(2) 
1.12(2) 
1.16(2) 
1.14(2) 
1.12(2) 
1.11(2) 
1.17(2) 
1.10(2) 
1.11(2) 
1.11(2) 
1.14(2) 
1.14(2) 
1.13(2) 
1.16(2) 
1.10(2) 
1.14(2) 

60.0(l) 
49.7(4) 
92.0(5) 

145.3(5) 
105.2(5) 
50.0(4) 

151.7(5) 
100.6(5) 
93.4(5) 
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Molecule 2 

223 

Bond angles 
a11)-cdll)-al11) 
a11)-com)-a112) 
a11)-cml)-c~113) 
c~111)-co(ll)-a112) 
c~111xdll)-a113) 
C(l12)-CdllbC(113) 
CdllbCotl2)-Co(l3) 
cow-cd12)-a11) 
cdll)-cd12)-a121) 
cdllbcd12)-a122) 
Cdll)-Cdl2)-C(123) 
cdl3Kdl2)-ctll) 
Co(13)-co(12)-C(121) 
Cd13bCdl2)-a1221 
Cd13)-Cd12)-a1231 
all)-co~12)-a121) 
allH.m2)-a122) 
C(llbCd12)-a123) 
a121)-co(12)-a122) 
a121)-C&2)-a123) 
C(122Xd12)-a1231 
Cdll)-Cdl3)-Cot121 
co(ll)-Cdl3)-all) 
Cdll)-Cd13)-a1311 
CdllWd13ba132) 
cdllxd13)-a133) 
Co(12)-C&3)-all) 
Cd12bCd13)-a131) 
C&2)-C&3)-a132) 
C&2)-Cot13)-a133) 
c~ll)-cot13)-c~131) 
all)-Cot13)-C(132) 
all)-cQ(13)-c(133) 
C(131)-C&3)-c(132) 
c~131)-cd13)-c~133) 
al32bCd13)-al331 
C&5)-Cd14)-a12) 
cd15)-cd14)-a13) 
cd15wd14)-a141) 
Cd15)-Cd14)-a142) 
Cd15)-Cdl4)-c(l43) 
C(12)-Cd14)-C(13) 
a12)-Co(14)-C(141) 
C(l2)-Cdl4)-al421 
a12)-Cd14)-a1431 
al3bcdl4)-a141) 
a13)-Co(14)-a142) 
a13Px14)-a143) 
a141)-Cd14)-C(142) 
a141)-cot14)-a143) 
a142)-Co(14)-a143) 
C&4)-Cd15)-C(12) 
cm4xd15)-c~13) 
cou4bcm5)-c~151) 
Cd14Ndl5)-C(l52) 
cd14)-Cd15)-a1531 
C(12Xd15)-a13) 
C(12)-Cd15)-a1511 
a12)-C&5)-a1521 
a12Xd15)-C(153) 
a13wQt15)-a151) 
C(13)-Cd15ba152) 

101.4(6) 
102.5(6) 
142.9(6) 
95.3(7) 

101.5(7) 
104.0(7) 
59.w 
49.X4) 

152.6(4) 
96.0(5) 

101.3(5) 
50.9(4) 
99.6(4) 

152.2(5) 
96.9(5) 

103.7(6) 
103.9(6) 
143.1(6) 
98.0(7) 
98.9(7) 

101.5(7) 
60.7(l) 
50.2(4) 
97.0(5) 

151.7(5) 
99.5(4) 
50.4(4) 

154.8(5) 
97.6(5) 
96.8(5) 

107.0(6) 
102.4(6) 
141.6(6) 
98.7(7) 
98.8(7) 

101.1(6) 
51.4(3) 
50.4(4) 

101.0(4) 
150.5(5) 
96.9(4) 
40.3(5) 

103.9(6) 
103.8(6) 
140xX6) 
142.0(6) 
100.8(6) 
103.2(6) 
100.9(6) 
104.9(7) 
96.4(6) 
50.6(3) 
51.1(4) 
98.2(4) 

151.7(5) 
lOOS(4) 
40.3(5) 

106.7(6) 
102.4(6) 
142.5(6) 
143.4(6) 
104.1(6) 

a21)-cd21)-a211) 109.6(6) 
a21)-cd21)-a212) 95.6(6) 
a21)-Cd21)-a213) 141.4(6) 
a211Pzd21)-a212) 101.0(7) 
a211)-Cd21bCi213) 98.7(7) 
a212)-Co(21)-a2131 104.5(7) 
cd21xd22wd23) 59.90) 
co(21wd22)-a21) 50.4(4) 
cd21)-cd22)-a220 152.2(5) 
cd21wd22)-a222) 100.0(6) 
Co(21)-Co(22)-a223) 97.0(5) 
co(23bCd22)-C(21) 50.1(4) 
Cd23)-Cd22)-C(221) 95.8(5) 
cd23)-Cd22)-a2221 151.9(6) 
Cd23bCd22)-C(223) 99.1(5) 
a21xo(22)-a221) 104.5(6) 
a21)-cd22)-a222) 102.4(7) 
a21)-Cd22)-a223) 141.7(6) 
a221bciJt22ba222) 97.1(8) 
a221)-Cd22)-a2231 100.2(7) 
a222Xo(22)-a2231 103.0(8) 
Cd21)-Cd23)-Co(22) 60.1(l) 
Cot2l)-Cd23)-c(21) 50.5(4) 
Cd21Nd23)-C(231) 94.8(5) 
Cd21Wd23)-a2321 151.9(5) 
Co(21bCd23)-a2331 101.8(4) 
cd22wd23)-a21) 49.8(4) 
Cd22)-Cd23)-a230 152.0(5) 
Cot22)-Cd23ba232) 98.1(5) 
Cot22)-Cot23)-C(233) 99.8(5) 
a21)-Cot23)-a2311 105.7(6) 
a21)-Co(23)-a2321 102.4(6) 
a21)-Cd23)-a2331 144.6(6) 
a231bCd23)-a2321 100.9(6) 
a231bCd23)-C(233) 97.3(7) 
a232)-Cd23)-a2331 99.2(6) 
cbm)-cd24)-a22) 50.9(4) 
Cd25)-Cd24)-a23) 50.9(4) 
Cot25)-Cd24)-a241) 97.1(4) 
Cd25)-Cd24)-C(242) 150.1(5) 
Cd25bco(24)-C(243) 101.0(5) 
a22)-Co(24)-a231 40.3(6) 
a22bCo(24)-a2411 107.8(6) 
a22)-Cd24)-a2421 100.2(6) 
a22)-Cd24ba243) 141.4(6) 
a23)-C&24)-a241) 143.2(6) 
aUbCd24)-a242) 103.3(6) 
a23)-Cd24)-a2431 102.8(6) 
a241bCd24)-a2421 100.0(7) 
a241X&4)-a2431 100.87) 
a242)-Cd24)-a243) 99.8(7) 
Cd24)-Cd25)-a221 52.4(3) 
Cd24)-Cd25)-a23) 50.8(4) 
co(24Xd2S)-a251) 101.6(5) 
Cd24bC&5)-a2521 146x51 
Cd24Xd25)-a253) %.3(4) 
c(22bc&5)-c(23) 40.7(6) 
a22)-Cd25ba251) 103.3(7) 
a22wd25)-a252) 101.7(6) 
a22bcd25)-a2531 143.4(6) 
a23xd25ka251) 142.0(6) 
a23bcd25ba252) 95.5(6) 
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TABLE 1 (continued) 

C(13)-Co(lS)-C(153) 
CX151)-C&15)-c(152) 
c(151)-co(15)-c(153) 
C(152hG~(15)-C(153) 
CdllbC(ll)-Cdl21 
Cdllh-C(ll)-Co(l3) 
Co0l)-c(ll)-cx12) 
Cd12bC(ll)-Co(13) 
co(12)-cx11)-c(12) 
C~U3)-C(ll)-c(12) 
Co(14)-C(12)-Co(15) 
Co(14)-C(12)-C(l1) 
Cd14kCU2)-CU3) 
Cd15bC(12bC01) 
Cd15bCX12)-C(13) 
c(ll)-C(12)-C(13) 
Cd14)-C(13)-CoU5) 
Cd14bc(13bC(12) 
Cd14)-CU3bc(14) 
Cd15)-C(13)-c(12) 
co(15bc(13)-c(14) 
C(12)-C(13)-c(14) 
C(13)-C(14)-O(14) 
C(13)-C(14)-N(11) 
0(14)-C(14)-N(U) 
C(14)-N(ll)-C(15) 
N(ll)-C(15)-C(16) 
Cdllbcx111)-o(l11) 
C4$11)-c(112)-0(112) 
CdllbC(l13)-0013) 
Cd12h-c(121)-0021) 
Com-a122)-0(122) 
Co(12)-c(123)-0023) 
c0(13)-c(131)-0(131) 
Cd13)-C(132)-0032) 
Cd13)-C(133)-0033) 
Cd14bC(141)-0040 
Cd14bC(142)-0042) 
Cd14)-C(143b0043) 
Cd15k-Ct151)-0051) 
Cd15)-C(152bO(152) 
Cd15)-C(153)-0053) 

104.8(6) 
98.1(6) 
99.M6) 
99.7(6) 
80.3(5) 
79.1(5) 

130.5(9) 
78.7(5) 

133.6(9) 
133.49) 

78.0(5) 
135.1(9) 

70.3(S) 
132.5(9) 

68.7(7) 
143(l) 

78.5(5) 
69.4(S) 

128.8(9) 
71.1(7) 

141.9(9) 
138(l) 
121(l) 
1160) 
122(l) 
123(l) 
112(l) 
1760) 
177(l) 
178(l) 
175(l) 
175(l) 
1750) 
177(l) 
177(l) 
177(l) 
177(l) 
1740) 
1790) 
178(l) 
178(l) 
1780) 

ct23xo(25)-q253) 
q251)-Cd25X(252) 
a251)-co(25)-cn53) 
c(252xm5)-c(253) 
Cd21)-C(21)-C&22) 
Cd21)-C(21)-Co(23) 
cd21)-c(21xx22) 
Cd22)-C(21)-C&3) 
Cd22)-C(21~-cx22) 
Co(23)-C(21)-c(22) 
Co(24I-c(22Mi$!5) 
Coa4)-cx22)-q21) 
(x24)-(x22)-cx23) 
Cd25)-C(22)-C(21) 
Cd25)-C(22)-c(23) 
C(21)-C(22)-C(23) 
Cd24)-C(23)-Co(25) 
co(24)-C(23)-cx22) 
Cd24)-C(23bcx24) 
G$25)-C(23)-cx22) 
Cd25)-C(23)-c(24) 
c(22)-cx23)-c(24) 
cx23)-cx24bot24) 
Ct23)-C(24)-N(21) 
0(24)-c(24)-N(21) 
CX24)-N(21)-C(25) 
N(21bc(25bC(26) 
cd21)-c(211)-0(211) 
C&21)-c(212)-o(212) 
Cd21)-C(213)-O(213) 
C&22)-c(221)-O(221) 
cd22)-C(222)--O(222) 
Cd22)-C(223bO(223) 
C&23)-C(231)-O(231) 
Co(23)-C(232bO(232) 
Cd23)-C(233bO(233) 
Co(24)-C(241)-O(241) 
Cd24)-C(242k-O(242) 
cd24)-c(243bcQ43) 
Cd25)-C(251)-OWlI 
C&5)-C(252bO(252) 
C&25)-C(253)-O(253) 

106.7(6) 
106.1(7) 
101.4(7) 
96.9(7) 
79.9(5) 
79.5(5) 

130.6(9) 
8O.z(5) 

1350) 
130.4(9) 

76.7(5) 
133.2(9) 

67.6(7) 
137.39) 

69.2(S) 
143(l) 

78.3(5) 
72.1(S) 

1420) 
70.1(S) 

127.3(9) 
137(l) 
120(l) 
115(l) 
123(l) 
121(l) 
1120) 
177(2) 
1760) 
1760) 
1780) 
175(2) 
178(l) 
1740) 
1780) 
177(l) 
1760) 
179.6(S) 
1790) 
177(l) 
175(l) 
179.7(6) 

route should also be open to the Co,(CO), systems, 
and the classic formation of acrylate, propionate and 
succinate esters from the reaction of the archetypal 
HC=CH[Co,(CO),l with CO in ethanol [22] can be 
explained in terms of CO insertion into the Co- 
C acetylene bonds followed by breakup of the bridged 
dicobalt complex with the extrusion of Co,(CO), or 
HCo(CO),. However the presence of the bulky 
CCo&CO&, substituent evidently stabilises the carbox- 
amide-Co,(CO), products by blocking loss of the 
Co,(CO), moiety. 

The unusual reaction reported here is another ex- 
ample of the way in which the electronic and steric 

demands of the tricobaltcarbon cluster 113,231 can be 
used to influence the reactivity of coordinated organic 
moieties. Further work is in progress in an attempt to 
explore the scope and utility of this novel chemistry. 

3. Experimental details 

All reactions were carried out under argon or nitro- 
gen in purified, dried solvents. The compounds 
HC=Ch3,KO),lCCo,(CO), (4) [61, BrCCoj(CO), LX1 
and CuCl 1251 were prepared by published methods. 
Infrared spectra were recorded on a Digilab FX60 
spectrometer. FAB mass spectra were recorded on a 
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TABLE 2. Crystal data, data collection and refinement for 
C,H,N(H)C(0)GC[Co,(CO),lCCo3(C0)9 (6) 

Empirical formula C~I%%N% 
M/g mol-’ 
Crystal system 
Space group 
a/i 
b/A 

c/A 

;; 

Y/O 
V/K 
D,/gcme3 
Z 
Crystal size/mm 
pL(Mo Ka) cm-’ 
F@OO) 
Diffractometer: 
Temperature/K 
Radiation: 
Scan type: 
Scan speed/deg mitt-’ 
Data limits/ 
Reflections measured 
Crystal decay b 
Absorption correction 
Transmission 

822.95 
Monoclinic 
P2, /n (No. 14) a 
9.504(7) 
35.537(21) 
16.841(13) 
90 
94.45(6) 
90 
5511(7) 
1.98 
gb 
0.38 x 0.38 x 0.02 
29.47 
2615 
Nicolet R3M 
123*5 
MO Kcr (A = 0.71069 A) 
8-28 
Variable, max 29.0 min 4.0 
3<28<45 
h, k, f 1 
<7%= 
analytical d 
0.942 (maximum) 
0.599 (minimum) 
6814 d 
4004 
Direct methods 
316 e 
calculated 
0.0623 
0.0636 
[1.4589/(aZF +0.00089F2~] 

0.74-0.76 

Total reflections 
Unique data (I > 2~1) 
Method of solving 
Number of variables 
Treatment of protons 
R(CAF/E I F, I) 
R,[~w”Z(AF)/Cw”*F,] 
Weight(w) 
Residual density e A-’ 

a A non-standard setting of P2, /c (No 141, reference 27. b ‘lwo 
unique molecules in the asymmetric unit. ’ Standard reflections (4 0 
0) (0 18 0) (0 0 4) measured after every 100 reflections. d Lorentz and 
polarisation and absorption corrections were applied using the 
SHELXTL system, reference 28. ’ In each alternating blocked matrix 
cycle. 

VG ZAB 2HF instrument at the University of Ade- 
laide. Elemental analyses were performed by the Mi- 
croanalytical Service, University of Otago. 

3.1. Reaction of HC~C[Co2(CO)&Co,(CO), with 
BrCCo,(CO), 

BrCCo,(CO), (0.25 g) in dioxane (3 cm31 was added 
dropwise to a solution of dioxane (3 cm3) containing 
HCWCo,(COh$Xo,(CO), (0.30 g), Etch, (50 ms), 
and CuCl (20 mg). An exothermic reaction occurred 

and the temperature was maintained below 29°C. The 
mixture was stirred for a further 30 min, then filtered 
and the residue washed with C&Cl,. The solvent was 
removed under reduced pressure and the remaining 
solid subjected to preparative TLC on silica plates with 
CH,Cl, eluent. Five significant bands were obtained: 
(1) purple BrCCo,(CO), (0.12 g); (2) green HwCo,- 
(CO),lCCo,(CO), (0.18 g); (3) orange CJCCo,(CO),l, 
[26], (35 mg); (4) green (30 mg); (5) dark brown EtN- 
(HXCo,(CO), [ll. Band 4 was recrystallised from hex- 
ane and identified as C,H,N(H)C(O~Co,CO),]- 
CCo,(CO), (6); yield 30 mg (22%). Found C, 31.41, H, 
0.94, N, 1.70 C,,HsO,,NCos requires C, 30.72, H, 0.74, 
N, 1 .71%. m/e 823 M+. v(C0) hexane: 2108w, 2085s, 
2072vs, 206Ovs, 2052w, 2043sh, 2033s, 2025sh, 2014~ 
1730s cm- l. 

Repetition of the reaction under an atmosphere of 
carbon monoxide, in the absence of BrCCo,(CO),, 
gave the amide complex [band (4)] as the principal 
product in ca. 40% yield. 

3.2. X-ray data collection, reduction and structure solu- 
tion for C, H, N(H)C(O)C=C[Co,(CO),]CCo,(CO), 

A sample of 1 prepared as outlined above was 
recrystallised from hexane as green-black plates. Pre- 
liminary precession photography (Cu Kcr) uniquely 
confirmed the monoclinic space group P2,/n (a non- 
standard setting of P2,/c (No. 14) [27]). Details of the 
crystals, data collection and structure refinement are 
summarised in Table 2. The structure was solved by 
direct methods using SHELXTL [28]. The resulting E-map 
revealed the location of 10 cobalt atoms, 5 from each 
of the two independent molecules in the asymmetric 
unit. The remaining non-hydrogen atoms were found 
in subsequent difference Fourier, least squares refine- 
ment q&S Using SHELX-76 [29]. Hydrogen atoms on 
the amide C atoms were included as fmed contribu- 
tions to F,(d(C-H) 0.98 A). Weighted refinement was 
performed with the carbon atoms of the carbonyl lig- 
ands refined isotropically and all other non-hydrogen 
atoms assigned anisotropic temperature factors. The 
two independent molecules were refined in alternating 
blocked-matrix cycles minimising w( ( F, I - I F, I j2. Re- 
finement of this model converged with R = 0.0623 and 
R, = 0.0636 for the 4004 observed reflections; 316 pa- 
rameters were refined for each independent molecule. 
The final difference map showed maxima at 0.74 and 
-0.76 e Am3. Final positional and equivalent thermal 
parameters are listed for both molecules in Table 3. 
Tables of thermal parameters, H-atom parameters, ob- 
served and calculated structure factors, and full listings 
of bond length, angle and meanplane data can be 
obtained from the author (J.S.). 
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TABLE 3. Final positional and equivalent a thermal parameters for C,H,N(H)C(O~Co,(CO),]CCo,(CO), (6) 

Atom X Y z &l/u1 1 
Molecule I 
Cdl0 
Cd121 
C&3) 
cM14) 
Cd151 
Gill) 
C(12) 
Ct13) 
Cc141 
O(14) 
N(11) 
Ct15) 
Ct16) 
cxlll) 
0011) 
cx112) 
0012) 
cc1131 
0013) 
C(121) 
0021) 
Cc1221 
0022) 
CO231 
0023) 
c(131) 
0031) 
C(132) 
o(l32) 
C(133) 
0033) 
Ct141) 
0041) 
Ct142) 
0042) 
Ct143) 
0043) 
cx151) 
0051) 
C(152) 
o(152) 
Ci153) 
0053) 

Molecule 2 
Cat211 
cd221 
COW 
Cd24 
COW 
a211 
c(22) 
CW) 
CXW 
OW 
N(21) 
C(25) 
C(26) 
Ct211) 
a210 

0.1028(2) 
0.2044(2) 
0.3367(2) 
0.3111(2) 
0.5271(2) 
0.271(l) 
0.3320) 
0.3500) 
0.293(2) 
0.1647(9) 
0.385(l) 
0.345(2) 
0.358(2) 

- 0.024(2) 
- 0.1060) 

0.123(2) 
0.135(l) 

- 0.010(2) 
-0.080(l) 

0.345(l) 
0.4350) 
0.083(2) 
0.003(l) 
0.136(2) 
0.101(l) 
0.390(2) 
0.4230) 
0.511(2) 
0.6195(9) 
0.286(2) 
0.250(l) 
0.324(l) 
0.3290) 
0.127(2) 
0.011(l) 
0.372(2) 
0.4120) 
0.603(l) 
0.649(l) 
0.617(l) 
0.6710) 
0.634(l) 
0.6970) 

0.6255(2) 
0.7271(2) 
0.8738(2) 
0.4845(2) 
0.7276(2) 
0.7070) 
0.6680) 
0.6510) 
0.697(l) 
0.8188(9) 
0.601(l) 
0.6330) 
0.603(2) 
0.452(2) 
0.3450) 

0.0463(l) 
0.0863(l) 
0.0761(l) 

-0.0248(l) 
-0.0124(l) 

0.0387(4) 
0.0033(4) 

- 0.0347(4) 
-O&49(4) 
- 0.0676(3) 
- 0.0900(3) 
- 0.1231(4) 
-0.1141(5) 

0.0190(4) 
0.0010(3) 
0.0114(4) 

- 0.0102(3) 
0.0840(4) 
0.1075(3) 
0.1008(4) 
0.1126(3) 
0.0710(4) 
0.0590(3) 
0.1338(5) 
0.1644(3) 
0.0497(4) 
0.0340(3) 
0.0887(4) 
0.0950(3) 
0.1215(4) 
0.1487(3) 
0.0125(4) 
0.0369(3) 

- 0.0359(4) 
- 0.0456(3) 
- 0.0691(4) 
- 0.0962(3) 

0.0248(4) 
0.0475(3) 
O.OOOOc4) 
O&069(3) 

- 0.0538(4) 
- 0.0796(3) 

0.2371(l) 
0.20230) 
0.2472(l) 
0.3061(l) 
0.31240) 
0.2566(4) 
0.2891(4) 
0.3284(4) 
0.3611(4) 
0.36243) 
0.3885(3) 
0.4221(4) 
0.4156(5) 
0.2180(4) 
0.2053(3) 

0.8081(l) 0.021 
0.70450) 0.021 
0.8333(l) 0.020 
0.6223(l) 0.020 
0.7088(l) 0.019 
0.7532(7) 0.018 
0.7225(7) 0.012 
0.7362(g) 0.019 
0.7849(g) 0.022 
0.7921(6) 0.027 
0.8179(7) 0.026 
0.8668(9) 0.036 
0.953(l) 0.069 
0.7469(9) 0.031(4) 
0.7116(7) 0.048 
0.8857(9) 0.031(4) 
0.9384(6) 0.044 
0.8480(9) 0.035(4) 
0.8713(7) 0.046 
0.6470(9) 0.024(3) 
0.6114(6) 0.042 
0.6241(9) 0.029(4) 
0.5758(6) 0.045 
0.7262(9) 0.036(4) 
0.7395(6) 0.045 
0.921(l) 0.034(4) 
0.9793(7) 0.052 
0.8029(9) 0.028(4) 
0.7861(7) 0.038 
0.8795(9) 0.030(4) 
0.9094(6) 0.035 
0.5475(9) 0.026(4) 
0.5019(6) 0.038 
0.6099(9) 0.028(4) 
0.5988(6) 0.045 
0.5760(9) 0.028(4) 
0.5469(6) 0.040 
0.6491(8) 0.022(3) 
0.6110(6) 0.030 
0.8036(9) 0.023(3) 
0.8643(6) 0.036 
0.6825(8) 0.022(3) 
0.6648(6) 0.036 

0.60770) 0.025 
0.7261(l) 0.023 
0.65480) 0.021 
0.7965(l) 0.021 
0.8588(l) 0.023 
0.7082(8) 0.018 
0.7547(8) 0.020 
0.7526(g) 0.018 
0.7055(g) 0.022 
0.6844(6) 0.029 
0.6878(6) 0.018 
0.6418(g) 0.023 
0.5544(9) 0.057 
0.6197(9) 0.035(4) 
0.6246(8) 0.060 
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TABLE 3 (continued) 

Atom x Y z 

(x2121 0.583(2) 0.2828(4) 0.5665(9) 
o(212) 0.550(l) 0.3132(3) 0.5423(6) 
Ct213) 0.669f2) 0;2079(4) 0.524(l) 
o(213) 0.7OOfll 0.1880(4) 0.4734(71 
Cx221) 0.847(2) 0.1986(4) 0.8140) 
o(221) 0.920(l) 0.1970(3) 0.8694(7) 
Ci222) 0.565(2) 0.1902(51 0.7730) 
o(222) 0.4670) 0.1809(3) 0.7990(8) 
Ct223) 0.768(2) 0.1579(5) 0.6761(9) 
o(223) 0.796(l) 0.1296(3) 0.6428(7) 
CX231) 0.896(2) 0.2897(5) 0.5930) 
o(231) 0.913(l) 0.3136(31 0.5518(6) 
cx2321 1.014(21 0.2548(4) 0.7344(9) 
o(232) 1.100(l) 0.2590(3) 0.7823(6) 
c(233) 0.965(2) 0.2120(4) 0.5926(9) 
o(233) 1.018(l) 0.1899(31 0.5576(6) 
c(241) 0.427(2) 0.2677(4) 0.8615(9) 
o(241) 0.3940) 0.2449(3) 0.9051(6) 
CC!421 0.367(2) 0.2979(4) 0.7105(9) 
o(242) 0.2910) 0.2926(3) 0.6559(6) 
Ct243) 0.400(2) 0.3484f4) 0.8382(9) 
Of2431 0.3470) 0.3742(3) 0.8646(7) 
c(251) 0.739(2) 0.2713(5) 0.9250) 
o(251) 0.7410) 0.2452(3) 0.9686(6) 
Ct252) 0.910(2) 0.3264(4) 0.845(l) 
o(252) 1.0160) 0.3367(3) 0.8332(7) 
c(253) 0.690(2) 0.3516(4) 0.9271(9) 
cx2531 0.666(l) 0.376Of3) 0.9699(6) 

a Equivalent isotropic U defined as one third of the trace of the orthogonalised qj tensor. 

4Cpll 

0.032(4) 
0.044 
0.034(4) 
0.058 
0.035(41 
0.060 
0.052(5) 
0.062 
0.036(4) 
0.048 
0.033(41 
0.046 
0.028(4) 
0.049 
0.028(4) 
0.040 
0.029(4) 
0.044 
0.028(41 
0.041 
0.033(4) 
0.054 
0.04Of4) 
0.049 
0.033(4) 

::z4, 
0.044 
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