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Abstract: Kinetics of Michael type addition using alkynyl carbene complex as substituent was studied by '"H NMR
technique. To either substituted pyrazols or tungsten Fischer carbene, the reaction is of first order. And when the
substituted groups at 3,5-positions become larger, the reaction rates slow down, with the obvious increase in acti-
vation enthalpies and entropies. Through density functional calculations, the mechanism of Michael type addition
was investigated with alkynyl carbene complex as the substrate and 3,5-diphenyl-pyrazole (or 3,5-ditertbutyl-pyra-
zole) as the nucleophile. It was found that the large substituted groups will increase greatly the activation barrier
of step 3, making it larger than that of step 1. Accordingly, the rate-determining step should be step 3, which is
different from the Michael reactions with pyrazoles containing smaller substituted groups or without substituted

groups.
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Scheme 1 Reaction pathway of the addition of substituted pyrazole to Fischer carbene complex A
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Fig.1 'H NMR spectra for reaction of 3,5-diphenyl-pyrazole and alkynyl carbene in CDCI; (50 °C)
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Table 1 Rate constants and activation parameters for Michael type addition
K(T) / £(298 K) / AG*(298 K) / AH” / AS*/ Linear
Pyrazole Tem. / C
(10”mol ™"+ dm*-s™) (10”mol ™+ dm?+s™) (kJ - mol™) (kJ - mol™) (J-mol™- K™ correlation
B, 35 0.49
40 0.93
0.17 94.5 71.5 -57.2 0.98
45 1.26
50 1.92
B, 40 0.56
45 0.89
0.1 95.8 83.3 -41.8 0.98
50 1.33

55 2.64
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Fig.2  Structures of reactant, intermediates and products of Michael type addition with

3,5-diphenyl-pyrazole as the nucleophile
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Fig.3 Structures of transition states for Michael type addition with 3,5-diphenyl-pyrazole as the nucleophile
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Table 2 Geometric parameters for structures related to Michael type addition (Bond lengths in nm)

W-C1 C1-C2 C2-C3 C1-01 C3-N2 N1-H1 C2-H1
A-B, 0.221 2 0.141 2 0.123 0 0.141 7 0.133 9 0.433 1 0.450 4
TS(B)) 02311 0.136 8 0.126 2 0.146 1 0.136 0 0.202 0 03390
In,(B)) 0.234 9 0.132 3 0.132 8 0.147 6 0.137 4 0.148 1 0.324 8
InyB)) 0.234 3 0.132 3 0.132 8 0.147 7 0.138 1 0.148 0 0.102 7 03119
TS,(B)) 0.224 9 0.141 4 0.135 1 0.149 3 0.136 2 0.146 7 0.1323 0.164 2
P®B) 0.220 7 0.148 1 0.135 6 0.147 6 0.133 4 0.143 0 0.266 0 0.109 3
A-B, 0.221 5 0.141 0 0.123 0 0.141 6 0.134 1 0.444 5 0.447 4
TS,(B,) 0.229 4 0.137 6 0.125 8 0.143 2 0.1350 02151 0.348 8
In,(B,) 0.234 6 0.132'1 0.1329 0.147 8 0.137 8 0.147 8 03252
In,(B,) 0.234 5 0.1323 0.132 8 0.147 7 0.138 0 0.148 2 0.102 6 03126
TS,(B,) 0.224 0 0.141 1 0.135 6 0.149 2 0.137 0 0.146 5 0.137 6 0.162 2
P(B,) 0.220 0 0.148 4 0.1353 0.147 6 0.133 3 0.143 9 0.287 9 0.109 3
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Table 3 Activation barriers for Michael type addition

with several different nucleophiles
(units in kJ-mol™)

Step 1 Step 3
3-Methyl-5-phenyl-pyrazolel® 73.0 523
3-Phenyl-5-methyl-pyrazole!” 80.1 55.6
3.5-Diphenyl-pyrazole 87.4 124.6
3,5-Di-tert-butyl-pyrazole 79.9 158.4
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