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Valence-isomerization Reaction of Quadricyclane to Norbornadiene
Promoted by Lithium TFPB

Shin~ya IKEDA, Takaaki SONODA, and Akira MORI

Thermally-forbidden reactions of quadricyclane to norbornadiene were accelerated by a catalytic
amount of alkaline salts, where the presence of water and the nature of the counter anion and solvent

affected the rate.

Non-hydrated, highly electrophilic lithium ions obtained from Lithium

tetrakis(3,5-bis(trifluoromethyl)phenyl)borate (LiTFPB) promotes the valence-isomerization of
quadricyclane to norbornadiene extremely; the relative rates in the presence of LiTFPB, LiTFPB*H,0,

and NaTFPB are 470:76:2.7 in CDCl; and 297:9.7:1 in C(DsCD;.
difference of the binding energy of lithium and sodium ion.

This is explained by the
The rates in CDCl, are higher than

those in C¢D,CD;, which is supported by theoretical calculations.
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LITFPB & TPFPB (tetrakis(pentafluocrophenyl)-
borate) 7 =F > (BC4Fy,) DHE% Fig. 11ZR7.
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Fig. 1. Structures of LiTFPB and LiTPFPB

Table 1. Relative rate constants of valence isomerization
of quadricyclane in CDCl; at 60 °C?

Catalyst mol*% rel. Kops
Na(H,0),TFPB (n<0.5) 17 1.0+0.13Y
Li(H,0),TFPB (n<0.5) 1.7 174%39
Li(H,0),TFPB (n=1) 17 28+4.7
LiN(SO,C4Fg)» 17 <0.1
LiN(SO,CF3), 17 <0.1
LiAl(OC(CF3),CgHs)4 17 <0.1
Na(H,0),TPFPB (n<0.5) 1.7 <0.1

a) reaction conditions; substrate concentration=50 mmol/l,
b) Kgps (Na(H20), TFPB (n<0.5)=4.1 x 10™* mol ledm3es’!
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Fig. 3 X-ray structure of LiAl(OC(CF3),CsHs)4

Table 2. Relative rate constants of valence isomerization
of quadricyclane at 60 °C?

Catalyst Solvent rel. Kops
Na(H,0),;TFPB (n<0.5) CDCl3 1.0+0.13Y
Li(H,0),TFPB (n<0.5) CDCly 174+39
Li(H,0),TFPB (n=1) CDCl3 28+47
Na(H,0),TFPB (n<0.5) CPLD;  037%0.047
Li(H,0),TFPB (n<0.5) CDsCD;3 110+4.7
Li(H,0),TFPB (n=1) CDsCD3 3.6+0.94

a) reaction conditions; substrate concentration=50 mmol/l,
catalyst concentration=1.7 mol%
b) Kops (Na(Hy0),TFPB (n<0.5)=4.1 x 10" mol ledm3es!
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Table 3. Binding energy of lithium cation and substrates

substrate binding energy (kcal/mol)
toluene 44.9
chloroform 24.6
quadricyclane 37.7

Calculated by B3LYP/6-31G*
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