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Selective Oxidation of 1,2-Diols by Electrochemical Method Using
Organotin Comnound and Rromide Ion as Mediators
eullu‘v.ll \JUlllPUullu CRAANE AFANFIRAIUAG AWVVIL €30 LVASRLULRCLILUL DO

Toshihide Maki,? Kazuhiro Fukae,? Hitomi Harasawa,? Takahiro Ohishi,?

a b

- - *
Yoshihiro Matsumura, ® and Osamu Onomura

Baculty of Pharmaceutical Sciences, Nagasaki University, 1-14 Bunkyo-machi, Nagasaki 852, Japan
bFaculty of Engineering, Kyoto University, Sakyo, Kyoto 606, Japan

Received 9 October 1997; revised 10 November 1997; accepted 21 November 1997

Abstract: A new electrochemical method for a selective oxidation of 1,2-diols to keto alcohols was
explored The method used dibutyitin oxide and bromide ion as mediators, and the oxidation was found
to proceed effectively at 0°C under neutral conditions. Under these reaction conditions, 1,2-
cyclohexanediol was selectively oxidized even in the presence of primary and secondary alcohols.

© 1998 Elsevier Science Ltd. All rights reserved.

Selective oxidation of a hydoxy group into a carbonyl group is a basic and important organic reaction. It
was reported in 1974 that 1,2- diols 1 were selectively oxidized to keto alcohols 3 by transformation of the
diols 1 to dibutylstannylenes 2 followed by brominolysis (eq 1), ' and the method has been applied to fine
chemistry as cxemplificd by the synthesis of (+)-spectinomycin® and the oxidation of unprotected sugars.™*
The method, however, has some disadvantages which require improvment. Namely, dibutylstannylenes 2
have to be prepared in advancc by the rcaction of 1 with dibutyltin oxide prior to brominolysis. This process
may be tedious and usually requires the use of more than an equimolar quantity of dibutyltin oxide, which is

troublesome at the working up and is not recommended from an environmental viewpoint. Also, becausc of

hvdrogen hromide oenerated at the ctage from 2 to 3 the reaction cvstem hecomes cliiooich and often recnlic
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We report herein a simple and highly efficient electrochemical oxidation of 1,2-diols, which is
characterized by mediation with a catalytic amount of an organotin compound and bromide ion under mild

reaction conditions. cis-1,2-Cyclohexanediol (cis-4) was examined as a representative of 1,2-diols (eq 2). 3
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which were depcendent on the reaction conditions. The results are summarized in Table 1.
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cis-4 (11 1I 10{) for 30 min gavec a ho NoOgENCHuUs methe lic solution, w
Tetracthylammonium bromide (1mmol) as a supporting clectrolyte was added to the solution, which was
placed in an undivided cell equipped with a platinum anodc and cathode (1ecm x 2cm), and the resulting
solution was subjected to constant current electrolysis (100mA) at 0°C. After passing 2.0F/mol of clectricity,
usual work-up gave 5 in 95% yield, which corresponded to 950% yield based on dibutyltin oxide (run 4 in
Table 1).7

;OH 50 mA/cm? in CH;0H -~ .0
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Bu,SnO
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Noteworthy points of the results are as follows. 1) Dibutyltin oxide was required for efficient oxidation

of cis-4 (run 1). 2) A considerable decrease of the yield of 5 was observed in the cases using BF, in place of
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io cis-4) was enough to complete the oxidation (compare runs 4, 7, and 8). The maximum yield of § based on
dibutyltin oxide reached 4700% (run B). 4) The yield of § was largely dependent on the reaction temperature
(see runs 3-6) and it was found that the electrolysis at 0°C afforded the best result (run 4). 5) Using Cl and T
mstead of Br decrcascd the yield of 5 (runs 9 and 10). 6) Usc of bis-tributyltin oxide as an organotin
compound resulted in a low yield of § (run 11). 7) The reaction conditions were neutral over the electrolysis.
On the basis of these facts, the following reaction mechanism can be presented, though it is still a

working hypothesis (Scheme 1).°
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Scheme 1 Working Hyposthesis for Reaction Mechanism



Table 1. Electrochemical Oxidation of cis-1,2-Cyclohexanediol (cis-4)*

Rup Organotin Compound SUPPOMIRE pieqiriciry vield (%) Yicd(P)of5
llll iUy 1€mp. b Dda>CU 0On UInglUUH
(equiv. to cis-4)  (equiv. to cis4) F/mol  of 5 Compound
A¥H 7 M 1 g
1 non Et4NBr (1.0) 0°C 2.0 11 .
2 Bu,Sn=0(0.1) Et,NBF, (1.0) 0°C 2.0 27°¢ 470
3 Bu,Sn=0 (0.1) Et,NBr (10) -20°C 2.0 84 840
4 Bu,Sn=0(0.1) Et,NBr (1.0) 0°C 2.0 95 950
5 Bu,Sn=0 (0.1) Et,NBr (1.0) Lt 2.0 58 580
6  Bu,Sn=0(0.1) Et,NBr (1.0) reflux 2.0 36 360
7 BuySn=0(0.05)  Et4NBr (0.2) 0°C 2.0 96 1920
8§ BuSn=0(0.02)  Et,NBr (1.0) 0°C 2.8 94 4700
9  Bu,Sn=0 (0.1) Et,NCl (1.0) 0°C 4.0 33 330
10 BupSn=0(0.1)  E,NI (1.0) 0°C 47 10 100
11 (BuzSn)0(0.1)  Et,NBr (1.0) 0°C 2.0 63 630

Electrolyqnq was carried out in an undivided cell equipped with platinum anode and cathode (1cm x 2cm).
Dctermmed by GLC.

bxgnmcam amouni of unidentified by-products was formed.

A reaction of dibutyltin oxide with cis-4 gives dibutylstannylene A, which is dissolved in methanol.’
Then, A is converted by the action of electrochemically generated Br* through a transition statc B (path a) to
an intermediate C, which reacts with cis-4 to afford 5 with regeneration of A and Br. High yields of §
observed in the cases of a catalytic amount of dibutyltin oxide and Br indicate an efficient regeneration of A
and Br'. Temperature dependence of the yiclds of 5 may be explained in terms of temperature dependence of
the efficiencies of the formation of A and 5. Namely, at room and reflux temperatures, some of A may be

decgmpncpd in methanol (path b), and at low temperature below 0°C the rate of the transformation of A to §
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may be dcaccerclated. The best result was obtained in the experiment carried out at 0°C.

Another remarkable point of the eiec‘ olysis was the high chemoselectivities. As shown in Table 1, cis-
4 was efficiently oxidized even in methanol as a soivent. Also, when the electrolysis was carried out in the
presence of cyclohexanol (5 equiv. to cis-4) in methanol as a solvent, $§ was obtained in 84% yield with a

99% recovery of cyclohexanol after 2F/mol of electricity was passed (eq 3).

X o . o electrolysis 0 _~_-OH

O _~OH  2F/mol 3
+ 3)
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] EuNBr
cis-4 5 equiv. to cis-4 in McOH 5 >99%
84%

at 0°C
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methanol containing dibutyltin oxide gave 5 in 42% yield at the stage of 1F/mol of clectricity with a recovery
of cis- and trans-4 in a ratio of 28 to 72, suggesting that the cis isomer was oxidized at about three times
faster than the trans isomer (eq 4)."°

NI NI electrolysis ,/'\/OH P /OH /\é 0 L
[0yt Ui 4)
1F/mol + +
N . /\/ B _ [\/\ [\/], kv)\ OH
K/K, i vl"l L BusSn=0 OH OH
is-4 - trans 4UH Et ggér:l(]gz;ol) cis-4 trans-4 °
(1mmol) (Immol)  in MeOH (20mL)  (0.30mmol) (0.78mmoly  (0-84mmol)
mmo
at0°C 30%recovery 78%recovcry 2%
{ ric/trane =SN/SON (C!S/!lrgng;zs/’??\
{cisftrans=30/50) \Cisi /1Ly

In conciusion, we developed a new electrochemicai method in which both dibutyitin oxide and Br
worked as efficient mediators for highly sclective oxidation of 1,2-diols. Application of this new selective
oxidation process to other 1,2-diols and polyols, and modification of the structure of organotin compounds for

more selective oxidation are under investigation.

Acknowledgment: One of authors thanks Grant-in-Aid for Scientific Research on Priority Areas (No. 283 ,
"Innovative Synthetic Reactions"), the Ministry of Education, Science and Culture, Japan.

1L, DUILIILL allul L UiLldlc, JdUdil.

1. a) David, S. C.R.Acad.Sci. Paris, Serie C 1974, 278, 1051-1053. b) David, S.; Theffry, AJ. Chem
Soc. Perkin 11979, 1568-1573.
Hanessian, S.; Roy, R. J.Am.Chem.Soc. 1979, 101, 5839-5841.

3. a) Tsuda,Y.; Hanajima, M.; Yoshimoto, K.Chem. Pharm. Bull. 1983, 31, 3778-3788. b) Tsuda, Y.;
jima, M.; Matsuhira, N.; Okuno, Y.; Kanemitsu, K. Chem. Pharm. Bull. 1989, 37, 2344-2350

3 i¥2. 183, 1%., AL Ly, 2.y AR 2y Tee A0, A TS LI,

S
2y
El

5. Some other 1,2-diols were also oxidized under the similar reaction conditions to the corresponding
keto alcohols (the isolated yields: 87% for 4-t-butyl-1,2-cyclohcxancdiol; 74% for 1,2-cycloheptanediol;
33% for 1,2-cyclopentanediol; 47% for meso-hydrobenzoin).

6. Dibutyltin oxide was hardly dissolved in methanol at room temperature.

~

Keto alcohol § was easily dimerized when isolated 5 was allowed to stand at room temperature. Thus,

the yields shown in Table 1 were obtained by means of GLC immediately after the electrolysis.

8. The "base" in the scheme 1 may be an electrochemically generated base® or Br .
9 Kashimura, S. J.Synth.Org.Chem.Jpn. 1985, 43, 549-556
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by treatment with excess benzoyl chioride in the presence of dimethylaminopyridine in methylene

chloride.



