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The Catalytic Pinacol Rearrangement of 1,2 - Diols Using an Antimony(V) Salt
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In the presence of a catalytic amount of antimony(V) chloride or antimony(V) salt
generated from antimony(V) chloride and silver hexafluoroantimonate, the pinacol
rearrangement of several 1,2 - diols or their trimethylsilyl ethers proceeds smoothly to
give the corresponding ketones in good yields.

The pinacol rearrangement is the skeletal rearrangement of 1,2 - diols in the presence of strong protic acids
or Lewis acids, and is a valuable method for the preparation of aldehydes and ketones including interesting and
unusual ones. The most common acid for the pinacol rearrangement is concentrated HySOy, sometimes HCIO4
or BF3:OEty, and at least an equimolar amount of the acid is requiredl) and relatively little work has been
reported on the pinacol rearrangement promoted by a catalytic amount of the acid. In the course of our
continuous investigationsz) to explore useful catalytic reactions by utilizing the antimony(V) salt 7, easily
prepared in situ from SbClg and AgSbFg, we have now found that the salt also promotes the pinacol
rearrangement of 1,2 - diols or their trimethylsilyl ethers to afford the corresponding ketones in good yields.

In the first place, the pinacol rearrangement of [ Bicyclopentyl - 1,1° - diyl - bis(oxy)]bis{trimethylsilane]
(13)3) was tried in CH»Cl, at 15 - 20 °C in the presence of a catalytic amount of 7 which was effective in the
catalytic Beckmann rcarrangement4) of the ketoxime trimethylsilyl ether. The reaction proceeded smoothly to
afford spiro[4, 5]decane - 6 - one (2) in good yield (Scheme 1 ). The rearrangement of 1,2 - Diol 1b as a
substrate was also promoted by the same salt to give the corresponding ketone in good yield.

OR SbCls - AgSbFg (20 mol%)
O;ZO CHCly

1 ab 15-20 °C overnight
a, .
2 (from 1a) Yield 79%
a:R=TMS, b:R=H 2 (from 1b) Yield 88%
Scheme 1.

Next, in order to optimize the reaction conditions, several Lewis acids and solvents were examined by
taking the above mentioned reaction of 1b as a model. The best result was obtained when the reaction was
carried out in CH,Cl, in the presence of the antimony(V) salt prepared in situ from SbClg and AgSbFg. It is
noted that SbCly itself also exhibits a rather good catalytic activity (Table 1).
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Table 1. Effect of Catalyst and Solvent
OH Catalyst (20 mol%) Q
OH 15-20 °C 3h
1b 2
Entry Catalyst Soivent Yield / %
1 SbClg CHxCh 83
2 SnCly, CH.Ch 56
3 TiCly CHCk 24
4 BF; « OEt, CHxCh 62
5 AlCl3 CHxCh trace
6 SbCls- AgSbFg CHCh 88
7 SbClg- AgCIO4 CHCh 85
8 SbCls- AgBF 4 CH,Ch 79
9 SbCls- AgOTf CH.Ch 76
10 SbCls- AgSbFg EtCN 57
11 SbCls- AgSbFg toluene 66

Several examples of the present pinacol rearrangement are demonstrated in Table 2. In all cases, the
reaction proceeds smoothly to give the corresponding ketones in good to excellent yields. The results show that,
in the case of the substrates having a labile migrating group, SbCly itself is the best catalyst (Entries 1 - 3).
While, for example, 1,2 - migration of simple alkyl chains, the combination of SbCls and AgSbF¢ gave better
results (Entries 5, 7, 8). In general, there is little difference in yields between 1,2 - diol and its trimethylsilyl
ether (Entries 2, 5, 6, 7), however, in the case of the substrate having an acid sensitive group, trimethylsilyl
ether of 1,2 - diol gave a better result (Entry 3).

In the case of trimethylsilyl ether of 1,2 - diol, the catalytic cycle of this rearrangement is postulated as
shown in Scheme 2. The salt 7 activates a trimethylsilyloxy group of 1,2 - diol moiety, which is followed by
rearrangement of R to form the intermediate cation stabilized by antimonate anion 9. Then 9 reacts with initially
formed tetrachloro(trimethylsilyloxy)antimony (8) to give the desired ketone 10 along with a regeneration of the
catalyst 7 and TMSZO.S) In the case of 1,2 - diol, since 7 is probably readily hydrolyzed with the produced
H50 to afford SbCl4(OH) and HSbFg, the latter, extremely strong acid,® may behave as the promoter of this
rearrangement.

A typical experimental procedure for the pinacol rearrangement of benzopinacol is as follows; a 0.5 M
solution of antimony(V) chloride (0.12 ml) in CH,Cl, was added to a silver hexafluoroantimonate (20.6 mg,
0.06 mmol) solution in CH»Cl, under ice cooling with the protection from the light. After stirring for 1h, a
suspension of benzopinacol (110.0 mg, 0.3 mmol) in CHyCl, was added at -78 °C. The mixture was stirred for
1h at -78 °C and for 10 min at -23 °C. The reaction was quenched with phosphate buffer (pH 7). The organic
layer was separated and dried over NapSO4. The evaporation of the solvent gave a crude product which was
purified by preparative TLC to afford 103.6 mg (99%) of 2,2,2 - triphenylacetophenone, mp 182 - 183 °C.
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Table 2. The Catalytic Pinacol Rearrangement of 1,2 - Diols and Their Trimethylsilyl Ethers

83

Entry Substrate”) Product Method® Temperature/°C  Time Yield /%
Ph OH Ph N A 9
1 PhH -23 10 min
> 7< PH  Ph B 9%
PH OH Ph
A(R=H) %6
2 Me ] PR 0O BR=TMS) ¢ overnight 98
Phj\ﬁph Ph—>—< B(R-H )
Me Mé¢ Me (R=H 9
OR
0 RO y /_O A(R=TMS) 75
3 % o 0 B(R=TMS) .78 5h g7
M -
*“ VR | \ IMe Me B(R=H) 39
0
OH
O_@ B 15-20 3h &3
4
o
AR=TMS) 15.20 overnight 74%
OR o Me
Me Ph AR=H) 80°
5 Ph Me 0 Me o 15-20 5h 9
OR Me o BR=H) 45
3 4
o B(R=TMS) 51
OR .
B(R=H
Rd ( ) 52
o) A(R=TMS) 15.20 ovemight 64°
Ph Ph Ph Ph Ph )
e o) 15-20 3h
OR Me _ ¢)]
Me”, / B B(R=H) 49
5 6
0
OH A 68
8 15-20 3h
0o B 59
a) Method A: SbCls-AgSbFs , B: SbCls.

b) 3:4=61:13.¢) 3:4=69:11.d) 3:4=31:14.¢) 5:6=46:18.1) 5:6=46:17.g) 5:6=39:10.
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Scheme 2. The catalytic cycle.
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