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Electronic and Steric Effects of the Substituents on the Rate of
Unidentate Exchange in Carboxylate-Bridged Trinuclear Metal
Complexes
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The carboxylate-bridged trinuclear metal complex ions undergo the substitution of
unidentate ligands (L) at the terminal sites, while the bridging carboxylato and the
central us-oxo ligands are inert (Type I: n=1; M = Cr, Co, Ru, Rh. Type II: n=2; M = Mo,
W).

[M3(23-0),(-RCO2)6(L)3]™ + 3 L' —  [M3(u3-O)n(-RCO3)6(L")3]™ + 3 L

We have kinetically studied the substitution reactions for the terminal ligands in the
complexes of Group 6 metals, and discussed the results in relevance to their structures to

reveal the mutual ligand effects of the capping us-oxide and the bridging carboxylates.
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Fig. 2. Substitution of terminal ligands in a trinuclear complex.
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Fig. 3. Mechanisms of the ligand substitution reaction.
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Fig. 5. Taft relationship between the rate constant and
the substituent R for the py exchange of
[Cra(us-0)(1-RCO2)(py)s]” in CH3NO; at 55 °C.
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Table 1. Reaction parameters for ligand substitution reaction of [Cr3(u3-O)(1-RCO2)(L)s]

R k10" s™ AH ¥, kJ mol™ AS*, J K mol™ AV* em® mol™

System : L = py-ds —» py (at 55 °C) ??

H 0.88 £ 0.02 137 £ 4 +90%3 +9.6+0.2
CH; 15.7+ 0.6 127 £ 4 + 88 +12 +10.2+0.3
CH;3CH, 8604 116 = 1 +51+4 +10.8 £ 0.1
CH3CH,CH, 7.60 £ 0.05 127 £ 1 +74+3 +13.710.2
CH,CI 0.032 + 0.002 145 + 1 o YA 7 S —
0 o 0 P
(CH3)3C 3.80 £ 0.06 125+ 6 +69+18 +13.8120.4
CH,CICH, 1.73 £ 0.01 119+ 3 +48 +9 +13.4+0.3

(CHCH2),CH 476£007 M3%1  +35%2 - +143£04

System : L = H,O —» dma ? (at 25 °C) ¥

H 0.273 £ 0.002 123+ 2 +81x5 +18.5+0.3
CH; 5.20 £ 0.01 107 £ 2 +5116 +17.320.1
CH3CH, 6.13 £ 0.02 103 x4 +39+13 +124+0.2
CH,CI 0.180 + 0.004 114 £ 2 +47 7 +18.4+0.2
CHCI, 0.12 £ 0.05 12114 +34+8 +14.4+0.3
CH3;0CH, 0.288 + 0.001 119+ 3 +78 + 11 +21.320.3
(CH3)sC 13.5+£0.1 99+ 3 +3116 +17.6 £0.2
CH,CICH, 0.289 + 0.001 108 £ 2 +4118 +21.0+£0.2
(CH3CH,),CH 413 +£0.03 98 + 2 +29%3 +17.4 0.4

a Dimethylacetamide.
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Table 2. Kinetic parameters for ligand substitution of [Mos(u3-X)(u3-Y)(1-RCO2)(py)s]”.

R ki10™* s AH*, kJ mol™ AS*, J K ' mol™

System : X = 0%, Y = CCH;*" L = py —» py-ds (at 20 °C) >

H 4.80 122 + 4 +101 %12
CH, 10.2 162 + 10 + 249 + 33
CH3CH, 5.12 129+ 9 +132 + 30
(CH3)sC 5.65 122+ 3 +103+9
(CH3CH,),CH 12.8 171 £ 10 + 274 + 36
CeHsCH,CH, 5.58 126 + 2 +114+5
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Table 3. Kinetic parameters of the terminal ligand(L) substitution in acetate-bridged trinuclear complexes
with a triangular core, [Ma(u3-O)(1-CH3CO5)e(L)s]"", and a trigonal-bipyramidal core,
[M3(13-X)(3-Y)(u-CH3C02)6(L)3]™* (X, Y = 0%, CCH3¥).

AH ¥ AS* AV*

Core Solvent  k/107°s™" T/°C K mol 1K molt em? molt RETS
Isotropic exchange of terminal ligands (L = pyridine/pyridine-ds)
Mn3(u3-0) CH,Cl, - -50 - - - 30
Cos(u3-0) CH;CN 57+0.6 25 150+ 7 176 + 21 20.0+0.6 30
Cr3(u3-0) CD3:NO, 1.1x0.02 25 127 £ 4 88 + 12 10.2+£0.3 22
Ruz(u3-0) CD;CN 3.0 55 123+ 6 41+ 19 - 10
Mos(u3-O)(u3-CCH3) CD3NO, 86 + 10 21 112 £ 1 77+5 --- 12
_Moy(uy-CCHa)gln = 1] CDNOp 85 7. 93%5  24%18 .28
Solvolysis (L = H,O —» L = solvent)
Cr3(us3-0) dma® 52 + 0.1 25 107 £ 2 51+6 17.3+£0.1 24
Cra(us-0) urea® 49000 M~ 25 71+4 12+ 7 26
H,0° 640000 25 98 + 1 1022 - 26
Rus(u3-0) CD;0D 55 21 103+6 41 +£12 - 13
Rh3(u3-0) CD;0D 16 10 1029 42 + 32 - 13
Ru,Rh(u3-0)[Ru site] CD;0D 6.0 21 1105 48 + 17 - 13
[Rh site] CD;0D 5.1 21 1024 2112 - 13
Mo3(x3-O)(u3-CCH3) CD;0D 94+15 -22 9311 49 + 47 - 15
Mos(u3-0)2 CD;0D <0.00055 40 155 153 - 28
W3 (u3-0)2 CD;0D 55+0.6 25 113+ 3 56 +9 - 12
Mos3(u3-CCH3)o[n = 1] CD;0D 7800 -40 74 £ 8 53+ 34 - 28
Mos3(u3-CCHj3)o[n = 2] CD;0D 17000 10 869 47 + 31 --- 28

? Dimethylacetamide. ® Formation of the complex with L = urea from L = H,0. ° Aquation of the complex with L = urea.

Flo, ZEERICERL TS LT~ B RIS TS d B ERIRHRE ORMR EXTIEL T
BY, R ETE AL TORISTEIZEZ IR LRICE RN T RSN TWHEE ZLND.

Table 4. Activation volumes, plausible reaction mechanism and kinetic parameters of the metal ions.

Metal d" configuration® lonic radii Trinuclear complexes Mononuclear complexes
A AV Mechani % Mechani
(A) rem? mol™” echanism Iem?® mol™ echanism
Mn(I11) d* (hs) 0.65 147 147
Co(lll) d° (Is) 0.55 +20.0 D +1.2 I4
Cr(I1) o’ 0.62 +10.2 Iy -9.6 la
Ru(lll) d’ (Is) 0.62 --- Ig -8.3 la
Rh(lI1l) d’ (Is) 0.67 --- Iy —4.1 A

@ The hs and Is in parentheses denote the high-spin and low-spin type d” configurations, respectively
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Fig. 6. Relationship between substitution rates and number of d electrons.
(O, O, © : mononuclear complexes, @, ® : trinuclear complexes)
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