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Abstract—Oxidation of p-bromothioanisole with toluene dioxygenase provides the corresponding diene diol 2 in good yield. Electro-
chemical reduction of 2 gives access to diene diol 3, which is not accessible by direct bio-oxidation of thioanisole. Absolute config-
uration and enantiomeric purity are reported for the new metabolites.
� 2004 Elsevier Ltd. All rights reserved.
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Figure 1. Oxidation of p-bromothioanisole and reactive options in

metabolites.
1. Introduction

The oxidation of sulfur-containing compounds by vari-
ous enzymes is well documented;1 both monooxygenases
and dioxygenases convert divalent sulfur to sulfoxides
with high enantiomeric excess.2 The prokaryotic dioxy-
genases, which process aromatic compounds to cis-
dihydrodiols,3 have shown remarkable selectivity in
the oxidations of thiophene4 and benzothiophene4b,5 to
the corresponding cis-diols, in most cases without
attendant oxidation of the sulfur atom.

In connection with our study of selective electrochemical
reduction of halogen versus sulfur functionalities, we
became interested in halothioanisoles such as 1, whose
metabolites would be amenable to a variety of further
reactions, as indicated in Figure 1. For example, oxida-
tion of the thioether in diene diol 2 would provide sulf-
one 4 in which each carbon could be further
functionalized by selective operations on the vinylsulf-
one moiety6 as well as by tethered radical cyclizations7

of the vinyl bromide. We were also interested in the
directing effects of the thiomethyl group on the stereo-
chemistry of the oxidation. In a review published in
1998 Boyd proposed that the larger of the two groups
in p-substituted arenes directs the oxidation with a 2,3-
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regiochemistry and b-stereochemistry.8 In this manu-
script we report the synthesis, absolute configuration,
and enantiomeric purity of diol 2 as well as the synthesis
of diol 3, which cannot be obtained by direct bio-oxida-
tion of thioanisole with toluene dioxygenase.
2. Results and discussion

Boyd prepared the unstable diol 3 chemically from the
homochiral diol 5 in a very low yield (�10–14%)9

mailto:thudlicky@ 


SMe
OH

OH

SMe S MeO

Br
OH

OH

Br
OH

OTHS

OH

OTHS

R

SMe
OH

OH

SMe

OR

OH
SMe

Br

O

OTHS

O

CF3

Ph
OMe

3 6 7

5 8 9

R= H

R= THS

10

11

TDO TDO

PAD, AcOH1)

2) THSCl, imid.

PtO2, H2

1 R= Br

R= H

2

3
-2.7 V  THSCl, imid.

Raney Ni

NEt3, DMAP

Mosher's acid
    chloride

12

MeSNa
HMPA

toluene dioxygenase PAD, AcOH

(TDO)

Scheme 1.

Br
OH

OH

SMe
OH

OH

Br
OH

OH

Br
OH

OH

MeS OH

OH

MeS

5 3

13

NaSMe/HMPA

14

NaSMe/HMPA -
-NaBr

15

Scheme 2.

2834 K. J. Finn et al. / Tetrahedron: Asymmetry 15 (2004) 2833–2836
(Scheme 1). An improvement in yield (55%) was realized
when the iodo analogue of 5 was used.10 (R)-Sulfoxide 7
was also reported by Boyd et al.11 from the fermenta-
tions of thioanisole 6 with Pseudomonas UV4.

When we subjected thioanisole 6 to whole-cell fermenta-
tion with the recombinant E. coli JM 109 (pDTG601),
an organism developed by Gibson to over-express tolu-
ene dioxygenase (TDO),12 we identified 7 as the major
product (2.5g/L, 92% enantiomeric excess)13 together
with trace amounts of 3.14 In a similar whole-cell oxida-
tion of p-bromothioanisole with Gibson�s organism, we
obtained a relatively high yield (2.3g/L) of diol 2,15,16

isolated as a crystalline compound by ethyl acetate
extraction of the fermentation broth.17 Diol 2, unlike
3, is quite robust, probably because of the electron flow
from the two functionalities is mutually cancelled and
does not contribute to the lability of either hydroxyl.
Electrochemical reduction18 of 2 at �2.7V (Hg cathode)
gave 3, which was immediately subjected to diimide
reduction with potassium azodicarboxylate (PAD)19

and subsequently protected as the silyl ether 11. Initial
attempts to determine the absolute configuration of diol
2 were performed according to the precedent for vinyl
halides to undergo substitution by sulfur nucleophiles
by a putative addition–elimination mechanism mediated
by HMPA.20 Indeed, Boyd has reported the synthesis of
cyclohexadiene-diol 3 by treatment of homochiral diol 5
with sodium thiomethoxide in HMPA, albeit in low
yield, 1–5%10 and 10–14%.9 Under identical conditions,
diol 13 was instead converted to the regioisomer 15, the
structure and connectivity of which was tentatively as-
signed on the basis of COSY 1H NMR spectroscopy
(Scheme 2). A plausible explanation for the formation
of 15 may be the preference for a conjugate rather than
the a-addition of sodium mercaptide to the olefin, as
shown in Scheme 2.
In a second attempt to establish its absolute configura-
tion, diol 2 was converted to silyl ether 11, which was re-
duced in the presence of Raney nickel to ether 9. Finally,
homochiral diene diol 5 was partially reduced, protected
as its THS ether, and hydrogenated in the presence of
Adams� catalyst to provide mono-protected diol 9,
whose physical and spectral properties were compared
with those of the material obtained from diol 2 as shown
in Scheme 1. The sample of 9 obtained from 5 had a spe-
cific rotation of +10.6; the sample isolated from Raney
nickel reduction of 11 had a specific rotation of +3.
The mass spectrum of the latter showed high molecular
weight impurities apparently transparent in 1H and 13C
NMR experiments as the spectra of both compounds
showed identical purity.
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To clarify the observed discrepancy in specific rotation,
we performed an additional proof of enantiomeric ex-
cess. Racemic cis-dihydroxy cyclohexane was converted
to a monothexyl derivative and further transformed to
Mosher�s ester 12, whose 19F NMR spectrum displayed
signals of equal intensity at �71.8 and �72.6ppm. Both
samples of 9 were converted to their Mosher esters and
their 19F NMR spectra displayed a single signal at
�72.8ppm. On the basis of this evidence we concluded
that 2 possesses the b-absolute configuration as indi-
cated in Scheme 1. As near as can be judged from the
absence of the diastereomeric signal in 12, the enantio-
meric excess of diol 2 is therefore greater than 95%.
We conclude that the whole-cell fermentation of p-
bromothioanisole with E. coli JM 109 (pDTG601) pro-
duced the single stereoisomer represented in Scheme 1
and that the thiomethyl group rather than the bromine
was the directing element in the biooxidation. This
observation further supports Boyd�s proposal that the
larger of the two groups on the aromatic nucleus directs
the regio- and stereochemistry of the oxidation. Further
investigation of applications of these new metabolites in
asymmetric synthesis is ongoing and will be reported in
due course.
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