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The oxidation of the 1-thiochromanones 1-3 by dimethyldioxirane (DMD) produced the corre-
sponding sulfoxides 4-6 or sulfones 7-9; their relative amounts depended on the amount of oxidant
used. A low diastereoselectivity was observed in the sulfoxidation of the 2-substituted 1-thio-
chromanones 2 and 3, due to the small steric differentiation during the DMD attack. An unusual
reactivity pattern was found in the DMD oxidation of the 1-thiochromones 10-12, in that the
sulfoxides 13-15 were more reactive toward the electrophilic oxidizing agent than the corresponding
sulfides. The observed anomaly may be explained in terms of transannular stabilization of the
transition structure (TS) for the sulfone formation, promoted through favorable conformational
effects in the sulfoxide. Higher sulfoxide/sulfone ratios were found in solvents of greater hydrogen
bond donor capacity, which is in accordance with the postulated stabilizing effect.

Introduction

2,3-Dihydro-4H-1-benzothiopyran-4-ones and their
2-phenyl derivatives (widely cited by the semitrivial
names 1-thiochroman-4-ones and 1-thioflavanones), as
well as 4H-1-benzothiopyran-4-ones and their 2-phenyl
derivatives (1-thiochromones and 1-thioflavones) are the
thio analogues of the naturally occurring chromonoid and
flavonoid compounds.2 Some of these substances, par-
ticularly their sulfones, have been shown to display
antibacterial,3 fungicidal,4 antitumor,3b,5 HIV-inhibitor,5d

human-cytomegalovirus (HCMV)-protease-inhibitor,6 se-
rotonin-3-receptor-antagonic,7 antiallergic,8 diuretic and

antihypertensive,9 immunosupressive,10 and weak CNS11

activities. Despite their interesting pharmacological prop-
erties, relatively little has been published on the oxida-
tion chemistry of thiochromonoids and thioflavonoids.

To fill this gap, and in view of our interest in dioxirane
chemistry, especially the reactivity of dimethyldioxirane
(DMD) toward oxygen-, sulfur-, or nitrogen-containing
heterocycles,12,13 we have examined the dioxirane oxida-
tion of thiochromanone- and thiochromone-type sub-
strates and herein we report our results of this study.
As before, we have focused on the chemoselectivity
(heteroatom versus double bond and sulfur versus sul-
foxide oxidation) and the diastereoselectivity of the
oxygen transfer.
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p 167.

2275J. Org. Chem. 2001, 66, 2275-2280

10.1021/jo001469f CCC: $20.00 © 2001 American Chemical Society
Published on Web 03/06/2001



Results and Discussion

First, we studied the oxidation of 1-thiochroman-4-one
(1a), 2-methyl-6-R1-1-thiochroman-4-ones (2a-c), and
1-thioflavanone (3a) with various amounts of DMD. The
treatment with an excess (2.5-4.1 equiv) of DMD at
subambient temperature afforded the corresponding sul-
fones 7a, 8a-c, and 9a in excellent yields (84-96%), cf.
Scheme 1 and Table 1.

The main advantage of our protocol is the mild condi-
tions; the typical procedure14-16 developed previously to

synthesize 1-thiochroman-4-one 1,1-dioxides utilizes hot
H2O2 in acetic acid (in situ formation of peracid) as
oxidant. Other oxidants such as monoperoxyphthalic acid
(3-4 equiv),15 sodium perborate,17 and cold KMnO4 in
mixtures of acetic acid and water18 have been employed,
limited to only one example.

Treatment of the thiochromanones 1a, 2a-c, and 3a
with a smaller excess (1.4-2.1 equiv) of DMD afforded
the corresponding sulfoxides 4a, 5a-c, and 6a in good
yields (77-93%), although some of the sulfones 7a, 8a-
c, and 9a were also formed even at incomplete (80-90%)
conversion. However, the sulfoxide/sulfone ratio, mea-
sured by 1H NMR spectroscopy, was usually higher than
8-10, which indicates a high chemoselectivity for the
attack of DMD on the sulfur atom of the sulfide func-
tionality (Table 2).

A similar chemoselectivity has been observed in the
DMD oxidation of 2,3-dihydro-1,5-benzothiazepin-4(5H)-
ones.13h Earlier oxidations of the parent 1-thiochroman-
4-one (1a) and its 2- or 3-methyl-substituted derivatives
to their sulfoxides have been performed by using ice-cold
H2O2/acetic acid,14,19 sodium periodate,20 or m-CPBA,21

whereas the enantioselective sulfoxidation of the thio-
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E.; Lévai, A.; Németh, M.; Peters, K. Heterocycles 1999, 51, 85.

(14) Arndt, F.; Flemming, W.; Scholz, E.; Löwensohn, V.; Källner,
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Scheme 1

Table 1. Isolated Products in the DMD Oxidationa of
Thiochromanones 1-3 and Thiochromones 10-12

sulfoxide sulfone

entry
sub-

strate
DMD

(equiv)
convnb

(%) product
yieldc

(%) product
yieldc

(%)

1 1a 1.42 86 4a 93 7a 4.8
2 1a 3.25 100 4a 0 7a 96
3 2a 2.01 91 5a 81 8a 14
4 2a 3.00 100 5a 0 8a 85
5 2b 2.25 98 5b 86 8b 1.3
6 2b 3.17 100 5b 0 8b 86
7 2c 1.80 100 5c 88 8b 8.9
8 2c 3.50 100 5c 0 8b 84
9 3a 2.12 100 6a 77 9a 16

10 3a 4.10 100 6a 0 9a 92
11 10a 1.20 33 13a 11d 16a 61
12 10a 5.28 100 13a 0 16a 88
13 10e 1.20 34 13a 32 16a 59
14 10e 5.00 100 13a 0 16a 84
15 11a 1.20 51 14a 10 17a 37
16 11a 3.50 100 14a 0 17a 93
17 12a 1.20 36 15a 28 17a 67
18 12a 4.70 100 15a 0 17a 88
19 12b 4.47 100 15b 0 17b 86
20 12c 4.56 100 15c 0 17c 87
21 12d 4.56 100 15d 0 17d 82

a For conditions see the Experimental Section. b Calculated on
the basis of the recovered starting material. c Yields refer to
isolated products, the values normalized to 100% conversion.
d Decomposition during column chromatography.

Table 2. Product Data and Diastereomeric Ratiosa in
the DMD Oxidationb of Thiochromanones 1-3 and

Thiochromones 10-12

entry
sub-

strate
DMD

(equiv)
convn

(%)
sulfoxidec

(%) drd
sulfonec

(%)

1 1a 1.42 86 97 3
2 2a 2.01 94 88 59:41 12
3 2b 2.25 96 98 60:40 2
4 2c 1.80 100 93 61:39 7
5 3a 2.12 100 61 70:30 39
6 10a 1.20 31 24 76
7 10e 1.20 30 40 60
8 11a 1.20 41 32e 68e

9 12a 1.20 32 28 72
10 12d 1.20 20 15 85
a Determined by 1H NMR analysis of the crude reaction mixture

after removal of the solvents, error e5% of the stated values; mass
balances >90%. b For conditions see the Experimental Section.
c Values normalized to 100% conversion. d Diastereomeric (cis/
trans) ratio of sulfoxides 5,6. e Mass balance 83%.
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chromanone 1a was accomplished by H2O2 in the pres-
ence of chloroperoxidase (CPO)20 or iodosylbenzene and
chiral, nonracemic porphyrin catalyst.22 Very recently two
mild and efficient procedures have been published for the
oxidation of sulfides including 1-thiochromanone (1a) to
their sulfoxides, one of them utilizes H2O2 in the presence
of titanium derivatives supported on silica,23 whereas
ceric ammonium nitrate (CAN) and hydrated silica gel
were used in the other case.24

1-Thioflavanone 1-oxide (6a) was obtained by treat-
ment with ice-cold H2O2/acetic acid,14,25 sodium perio-
date,18,25 chloramine-T,25 or monoperoxyphthalic acid (1
equiv),15 but in these sulfoxidations also some sulfones
were obtained as byproducts. In view of the simple
procedure, the high efficiency, and good selectivity, DMD
seems to be the oxidant of choice to prepare 1-thiochro-
man-4-one 1-oxides.

A point of interest was the diastereoselectivity in the
sulfoxidation of 2-substituted 1-thiochroman-4-ones 2a-c
and 3a by DMD. Although some sporadic mention has
been made on the formation of diastereomers in the
literature,19c,25-27 neither their separation nor the deter-
mination of the relative configuration has been carried
out. We succeeded in separating the mixtures of the cis
and trans diastereomers of 2a and 2b by column chro-
matography, which allowed the unequivocal assignment
of the NMR signals to the each diastereomer. Although
the 1H NMR28 and 13C NMR spectra showed character-
istic shifts for each diastereomer, the NMR data alone
were insufficient to establish the relative configuration
unambiguously, since the preferred conformations of the
diastereomers are unknown. For this purpose, PM3
calculations29 were conducted on the diastereomeric
sulfoxides, which revealed a conformation with pseudo-
equatorial methyl groups for both isomers, the sulfoxide
oxygen atom is pseudoaxial in the cis30 and pseudoequa-
torial in the trans30 diastereomer.

Definitive configurational assignment was provided by
X-ray analysis of the two isomers of 5b.31 Thus, the more
polar major diastereomer is the cis sulfoxide (cis-5b),
while the less polar minor one is the trans sulfoxide
(trans-5b). On the basis of the relative configurations of
the cis,trans-5b, all the remaining diastereomers32 were
assigned with the help of the NMR data. The observed

differences in the 1H NMR spectra arise from anisotropy
effects of the sulfoxide functionality. Thus, a marked
downfield shift (0.67-0.8 ppm) is observed for the 3-Hax

(“syn-axial effect”)33 and a smaller upfield shift (0.09-
0.24 ppm) for the 2-H and 3-Heq hydrogen atoms of cis-
5a-c and cis-6a, while a small downfield shift (0.09-
0.24 ppm) of the 3-Heq and 2-methyl and a small upfield
shift (0.08-0.19 ppm) is found for the 2-H hydrogen
atoms of trans-5a-c and trans-5a. On the basis of these
NMR data, we may conclude that the sulfoxides 5 and 6
have similar conformations both in solution and in crystal
phases. Also, the calculated ∆δ ) δtrans - δcis values for
the 2-methyl, C-2, C-3 and C-8a carbon atoms of the
sulfoxides 5a (+1.9, +5.2, +3.2, and +3.6) and 5b (+1.7,
+5.1, +3.1, and +3.5) may be explained by the “gauche
γ steric shift”33 and furnish further support for the
preferred half-chair conformation with pseudoequatorial
methyl groups.

The diastereomeric ratio in Table 2 indicates a low cis
preference, which falls far behind the diastereoselectivity
observed in the sulfoxidation for the 2,3-dihydro-1,5-
benzothiazepin-4(5H)-ones.13h The observed low diaste-
reoselectivity in the sulfoxidation of 2-substituted 1-thio-
chroman-4-ones 2a-c and 3a originates from the poor
steric control during the attack of DMD on the half-chair-
like conformation of the thiochromanone ring, as exem-
plified in the calculated29 conformation (Figure 1) of
2-methyl-1-thiochroman-4-one (2a).

DMD oxidation of the 1-thiochromones 10a and 11a,
1-thioflavone (12a), and their 3-benzyl derivatives 10e
and 12b-d with an excess (3.50-5.28 equiv) of DMD
afforded the corresponding sulfones 16a,e, 17a, and
18a-d in excellent (82-93%) yields; the complete con-
version to the sulfones required a higher excess of DMD
than in the case of 1-thiochroman-4-ones (Table 1,
Scheme 2).

No epoxidation of double bond was observed; even the
addition of further batches of DMD left the 1-thio-
chromone and 1-thioflavone 1,1-dioxides intact. This
preferred attack of DMD on the heteroatom in the
presence of a double bond is well-documented;35 also the
persistence of the R,â- or â,γ-unsaturated sulfones toward
DMD has been demonstrated.36

When the substrates 10a,e, 11a, and 12a,d were
treated only with a slight excess (1.2 equiv) of DMD, both
1H NMR analysis of the reaction mixture (Table 2) and
the yields of isolated materials (Table 1) revealed a high
proportion of sulfone and considerable amounts of un-
reacted sulfide; the expected sulfoxides were found only
as minor products. A literature survey indicated that
the sulfones of 1-thiochromones and 1-thioflavones are
readily available by oxidation with hot H2O2 in acetic
acid,3b,11,14,37,38 hot peracetic acid,39 hot monoperoxy-

(21) MacKenzie, N. E.; Thomson, R. H. J. Chem. Soc., Perkin Trans.
1 1982, 395.

(22) Groves, C. T.; Viski, P. J. Org. Chem. 1990, 55, 3628.
(23) Fraile, J. M.; Garcı́a, J. I.; Lázaro, B.; Mayoral, J. A. J. Chem.

Soc., Chem. Commun. 1998, 1805.
(24) Ali, M. H.; Leach, D. R.; Schmitz, C. E. Synth. Commun. 1998,

28, 2969.
(25) Bálint, J. Ph.D. Thesis, Kossuth Lajos University, Debrecen,

Hungary, 1978.
(26) Still, I. W. J.; Brown, W. L.; Colville, R. J.; Kutney, G. W. Can.

J. Chem. 1984, 62, 586.
(27) Chauhan, M. S.; Still, I. W. J. Can. J. Chem. 1975, 53, 2880.
(28) 1H NMR spectra of cis-5a and cis-5b allowed first order analysis

only at g360 MHz.
(29) Software package VAMP 5.0: Rauhut, G.; Chandrasekhar, J.;

Alex, A.; Steinke, T.; Clark, T. University of Erlangen-Nürnberg,
Germany, 1993.

(30) The cis prefix refers to the isomer in which the sulfoxide oxygen
and the alkyl/aryl group at the position 2 are on the same side of the
heteroring; the trans-5a-c have the 1R*,2S*, while the trans-6a has
the 1R*,2R* relative configuration, the difference is due to the change
in the priority of the substituents at the C-2 atom.

(31) For crystallographic data, see: (a) Peters, K.; Peters, E.-M.;
Adam, W.; Kövér, P.; Lévai, A.; Patonay, T. Z. Kristallogr. NCS 2000,
215, 217 for cis-5b. (b) Peters, K.; Peters, E.-M.; Adam, W.; Kövér, P.;
Lévai, A.; Patonay, T. Z. Kristallogr. NCS 2000, 215, 219 for trans-
5b.

(32) The 1-thioflavanone 1-oxide diastereomers were separated by
fractional crystallization and the relative configuration of the cis-6a
was determined by X-ray analysis, which led to the same assignment,
cf. Somogyi, L. Phosphorous, Sulfur Silicon 1998, 143, 191.

(33) Lett, R.; Marquet, A. Tetrahedron 1974, 30, 3379.
(34) Zoller, U. Cyclic Sulfones and Sulfoxides. In The Synthesis of

Sulphones, Sulphoxides and Cyclic Sulphides, The Chemistry of
Functional Groups; Patai, S., Rappoport, Z., Eds.; Wiley: Chicester,
1994.

(35) For recent reviews on dioxirane chemistry, see: (a) Adam, W.;
Hadjiarapoglou, L. Top. Curr. Chem. 1993, 164, 45. (b) Curci, R.; Dinoi,
A.; Rubino, M. F. Pure Appl. Chem. 1995, 67, 811. (c) Adam, W.; Smerz,
K. Bull. Soc. Chim. Belg. 1996, 105, 581. (d) Kazakov, V. P.; Voloshin,
A. I.; Kazakov, D. V. Russ. Chem. Rev. 1999, 68, 253.

(36) Adam, W.; Golsch, D.; Hadjiarapoglou, L.; Lévai, A.; Nemes,
Cs.; Patonay, T. Tetrahedron 1994, 50, 13113.
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phthalic acid,15 or with H2O2 in trifluoroacetic acid at
room temperature.40 All attempts to synthesize the
corresponding sulfoxides by using less oxidant and/or
milder conditions failed in that only mixtures of sulfide,
sulfoxides, and sulfones were obtained.3a,15,41 Indeed, the
pure 1-thiochromone 1-oxide (13a)41 and 1-thioflavone
1-oxide (15a)15 can only be prepared by dehydrobromi-
nation of the respective 3-bromo-1-thiochroman-4-one
derivatives. No explanation appears to have been offered
so far for this unexpected behavior of 1-thiochromones
and 1-thioflavones toward oxidation. Presumably, it may
be attributed to the â-acylvinyl-sulfide functionality, since
neither simple vinyl sulfides36 nor 1-thioaurone36 with
an R-acylvinyl sulfide functionality showed this unique
oxidative reactivity.

To obtain better mechanistic insight into the enhanced
chemoselectivity for sulfone formation, competion experi-
ments were performed. First, a 1:1 mixture of 1-thiofla-
vanone (3a) and 1-thioflavone (12a) was treated with a
stoichiometric amount of DMD and the composition of

the oxidation mixture was determined by 1H NMR
spectroscopy after removal of the solvent. 1H NMR
analysis indicated 48% unreacted 1-thioflavanone (3a),
52% 1-thioflavanone 1-oxide (6a) as a mixture of diaster-
eomers, and 100% 1-thioflavone (12a) in the oxidation
mixture. Neither 1-thioflavone 1-oxide (15a) nor 1-thiofla-
vone 1,1-dioxide (18a) were detected; i.e., under these
conditions 1-thioflavone (12a) persisted oxidation. These
product data indicate that the reactivity of 1-thiofla-
vanone (3a) is at least 1 order of magnitude higher than
that of 1-thioflavone (12a) in acetone-CH2Cl2 (53:47).
The decreased reactivity of the 1-thiochromone substrate
toward the electrophilic35,42 DMD may be rationalized by
the lower electron density at the sulfur atom due to the
electron-accepting efficacy of enone functionality (Figure
2).

Indeed, the electron-attracting feature of the enone
unit is supported by PM3 calculations,29 which indicate
a significantly greater net atomic charge on the sulfur
atom (+0.232) of 1-thioflavone (12a) than on the sulfur
atom (+0.080) of 1-thioflavanone (3a), see Table 3.

In the second competion experiment, a 1:1 mixture of
1-thioflavone (12a) and 1-thioflavone 1-oxide (15a) was
treated with 1.2 equiv of DMD. 1H NMR analysis, after

(37) Dosemund, J.; Geuschow, B. Arch. Pharm. (Weinheim) 1984,
317, 27.

(38) Watanabe, S.; Nakazumi, H.; Akagi, N.; Maeda, K.; Kitao, T.
J. Heterocycl. Chem. 1990, 27, 1241.

(39) Chen, C. H.; Reynolds, G. A.; Luss, H. R.; Perlstein J. Org.
Chem. 1986, 51, 3282.

(40) Cozzi, P.; Pillan, A. J. Heterocycl. Chem. 1988, 25, 1613.
(41) Still, I. W. J.; Arora, P. C.; Sokolowsky, S. N. Org. Prep. Proced.

Int. 1975, 7, 159.

(42) (a) Adam, W.; Golsch, D. Chem. Ber. 1994, 127, 1111. (b) Adam,
W.; Golsch, D.; Görth, F. C. Chem. Eur. J. 1996, 2, 255. (c) Adam, W.;
Golsch, D. J. Org. Chem. 1997, 62, 115.

Figure 1. PM3-optimized geometries of 2-methyl-1-thiochromanone (2a), 1-thiochromone (10), and 1-thiochromone 1-oxide (13);
postulated transition structures.

Scheme 2
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removal of the solvent, showed a mixture of 48% unre-
acted 1-thioflavone (12a), 27% 1-thioflavone 1-oxide
(15a), and 25% 1-thioflavone 1,1-dioxide (18a). Thus, 96%
of the starting material 12a was left behind unreacted
and most of observed sulfone 18a was formed from the
sulfoxide 15a added at the beginning of the oxidation.
This composition clearly shows the higher oxidative
reactivity of the sulfoxide than the parent sulfide toward
the DMD oxidant. From the observed product data
(Tables 1 and 2), we may conclude that the sulfoxide 15a
is at least 10 times more reactive than its parent sulfide
12a.43 This reactivity pattern is unexpected since sulfides
are usually much more reactive toward oxidation by
DMD than sulfoxides;35,44 e.g., p-tolyl methyl sulfide is
>300 times more reactive than its sulfoxide.35b A lower
nucleophilicity may be expected for the sulfide due to the
enone functionality,44c but this electronic effect of the
enone should also apply to the sulfoxide and cannot
explain the reverse reactivity. Neither the HOMO-
LUMO energy gap nor the net atomic charges on the
sulfur atoms of the sulfides and sulfoxides (Table 2)
explain the observed anomalous reactivity that the
sulfoxide is more effectively oxidized than the corre-
sponding sulfide.

In another control experiment we treated the sulfoxide
15a with 1.4 equiv of DMD and the 1H NMR analysis of

the reaction mixture, after removal of the solvent, gave
a 38:62 mixture of sulfoxide 15a and sulfone 18a, but no
sulfide 12a could be detected. This observation excludes
any disproportionation of the sulfoxide 15a into the
sulfide 12a and sulfone 18a, furthermore it makes the
existence of an independent and direct route from sulfide
12a to sulfone 18a improbable. In this context, previously
Asensio and co-workers45 have postulated a direct route
to the sulfone through a cyclic sulfurane intermediate
as a major pathway in the oxidation of phenyl methyl
sulfide, dibenzyl sulfide, and dibutyl sulfide by methyl-
(trifluoromethyl)dioxirane.

One possible explanation for the observed anomalous
reactivity pattern may be found in the calculated29

preferred ground-state conformations of the 1-thio-
chromone 1-oxide (13a) and 1-thiochromone (10a). As
shown in Figure 1, in contrast to the planar structure of
1-thiochromone (10a), 1-thiochromone 1-oxide (13a) ex-
ists in a “boat-type” conformation, which brings the lone
pair of the sulfoxide sulfur atom and the carbon atom of
the carbonyl group in closer proximity. As a consequence,
in the dipolar transition structure (TS-13a),42b,44 the
developing partial negative charge on the remote dioxi-
rane oxygen atom may interact with the partially positive
carbon atom of the carbonyl group, which should stabilize
the transition structure and decrease the energy of
activation to favor sulfone formation (Figure 1). A similar
transannular interaction between the oxygen atom of the
dioxirane and the electron-deficient sulfur atom of a
remote sulfoxide group has been postulated to account
the observed the chemo- and diastereoselectivity in the
oxidation of thianthrene-5-oxide.42b

To support this proposed transannular stabilization of
the TS, the solvent effect was examined. Indeed, the
sulfoxide (15a)/sulfone (18a) ratio compiled in Table 4
changed from 7:93 for the oxidation in pure carbon
tetrachloride solution to 66:34 in carbon tetrachloride-
acetic acid (1:1). A similar (60:40) ratio was obtained in
pure chloroform.

These data clearly show that solvents of higher hydro-
gen-bonding donor (HBD) capacity favor the formation
of sulfoxide. Such an advantageous effect of the increas-
ing HBD character (e.g., CHCl3 > Me2CO > CCl4 order),
or the addition of traces of water, on the rate and

(43) On the basis of the reported35b,d second-order kinetics, the
kinetics of the substrates 12a and 15a with DMD may be described
by the differential equations

d[12a]/dt ) - k1[12a][DMD]

d[15a]/dt ) k1[12a][DMD] - k2[15a][DMD]

d[DMD]/dt ) - k1[12a][DMD] - k2[15a][DMD]

d[18a]/dt ) k2[15a][DMD]

where k1 is the rate constant for the oxidation of 12a into 15a and k2
is the rate constant for the oxidation of 15a into 18a. No simple solution
was found in the literature, but simulation (Mathematica for Windows,
Student Version 2.2, Wolfram Research, Inc., Champaign, Illinois,
USA, 1993) at the starting concentrations [12a]0 ) 2.8 × 10-2 mol/
dm3, [15a]0 ) 2.83 × 10-2 mol/dm3 and [DMD]0 ) 1.53 × 10-2 mol/
dm3 gave the best fit of the observed product ratio with rate constant
values k1 ∼ 1 × 10-3 and k2 ∼ 1 × 10-2 mol/dm3‚s.

(44) (a) Murray, R. W.; Jeyaraman, R.J. Org. Chem. 1985, 50, 2847.
(b) Murray, R. W.; Jeyaraman, R.; Krisna Pillay, M. J. Org. Chem.
1987, 52, 740. (c) Ballistreri, F. P.; Tomaselli, G. A.; Toscano, R. M.;
Bonchio, M.; Conte, V.; DiFuria, F. Tetrahedron Lett. 1994, 35, 8041.

(45) Asensio, G.; Mello, R.; González-Núòez, M. E. Tetrahedron Lett.
1996, 37, 2299.

Figure 2. Mesomeric structure of 2-substituted-1-thio-
chromones 10-12.

Table 3. Calculateda HOMO Energies, HOMO-LUMO
Energy Gaps, and Net Atomic Charges on the Sulfur

Atoms

sulfides sulfoxides

HOMO
(eV)

∆εb

(eV)
net charge
on sulfur

HOMO
(eV)

∆εb

(eV)
net charge
on sulfur

10a -8.93 8.77 0.240 13a -9.45 9.29 1.073
1a -8.86 8.70 0.089 4a -9.44 9.28 0.993

12a -8.88 8.72 0.232 15a -9.30 9.14 1.076
3a -8.83 8.67 0.080 cis-6a -9.33 9.17 0.977

trans-6a -9.29 9.13 0.977
a Reference 29. b ∆ε ) LUMODMD - HOMOsubstrate; LUMODMD

) -0.16 eV.

Table 4. Solvent Effect on the Sulfoxidation of
1-Thioflavone (12a) by Dimethyldioxirane (DMD)a and

m-Chloroperbenzoic Acid (m-CPBA)b

entry solvent oxidant
convn

(%)
sulfoxide/sulfonec

(15a/18a)

1 CCl4
d DMD 29 7:93

2 CCl4-Me2CO (9:1)d DMD 25 12:88
3 Me2CO DMD 15 35:65
4 CCl4-MeOH (1:1)d DMD 29 48:52
5 CHCl3

d DMD 21 60:40
6 CCl4-AcOH (1:1)d DMD 25 66:34
7 CCl4

d m-CPBA 46 9:91
8 CHCl3

d m-CPBA 68 17:83
a 1-Thioflavone (0.500 mmol), DMD (0.600 mmol), and solvent

(6-15 mL) at 0 °C for 24 h. b 1-Thioflavone (0.500 mmol), m-CPBA
(0.610 mmol), and solvent (6-15 mL) at 25 °C for 24 h, washed
with saturated NaHCO3 before solvent evaporation. c Determined
by 1H NMR analysis of the crude reaction mixture after removal
of the solvent, error e5% of the stated values. Mass balances
>90%. d Acetone-free DMD solution, see ref 47e.
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stereoselectivity of dioxirane epoxidations is well docu-
mented.46c,f,47 A Kamlet-Taft analysis of DMD epoxida-
tions pointed out that the HBD capacity is the dominat-
ing factor while the solvent’s hydrogen-bonding acceptor
(HBA) capacity, the solubility parameter and the ability
of the solvent to stabilize a charge or dipole are of less
importance.47b In the present case the higher HBD
capacity of the solvent stabilizes the partially negative
charge on the remote dioxirane oxygen intermolecularly
(see TS-13a′ in Figure 1) and, consequently, the intramo-
lecular stabilizing effect of the carbonyl group is de-
creased. The dominance of the intermolecular stabilizing
effect, which is effective for both sulfide 10a and sulfoxide
13a, over the intramolecular stabilizing effect results in
the loss of discrimination between substrates 10a and
13a based on the different conformation (see Figure 1)
and shifts the product ratio toward the “regular” one.

Since the electrophilic dioxiranes and peracids are
considered to have similar transition structures for
oxygen transfer, it was of interest to assess the solvent
effect in the oxidation of the 1-thioflavone (12a) by
peracids under the same conditions as with dioxiranes.
1H NMR analysis of the reaction mixture of sulfide 12a
and m-chloroperbenzoic acid (m-CPBA) revealed a similar
trend, i.e., more sulfoxide in chloroform than carbon
tetrachloride (Table 4, entries 7 and 8), although the
solvent effect is less pronounced. This decreased sensitiv-
ity of the peracid oxidation toward the HBD capacity of
the solvent may be rationalized in terms of the effective

internal hydrogen bond in the peracid, which makes the
interaction with the external hydrogen-bonding donor
less important.

In summary, dimethyldioxirane is a convenient and
useful oxidizing agent in the synthesis of 1-thiochroman-
4-one sulfoxides and sulfones, the chemoselectivity de-
pends on the amount of oxidant used. The sulfoxidation
of 2-substituted 1-thiochroman-4-ones takes place in low
diastereoselectivity because of the low steric differentia-
tion between the two possible attacks. A unique reversed
reactivity pattern, i.e., a higher reactivity of sulfoxides
versus the corresponding sulfide, was discovered in the
DMD oxidation of 1-thiochromones and 1-thiochromone
1-oxides. This anomaly may be explained in terms of a
transannular stabilizing effect by the carbonyl group in
the TS for the sulfoxide oxidation in view of a favorable
conformational effect. Solvents of high HBD capacity
were found to increase the sulfoxide/sulfone ratio, prob-
ably due to the formation of a hydrogen bond between
the solvent and the dipolar TS which disrupts the
internal stabilization.
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