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Abstract 

The asymmetric oxidation of prochiral 2-(arylsulfenyl)pyrroles has been investigated.  A marked 

electronic effect within the substrate significantly influenced the degree of enantioselectivity 

obtained, with very high enantioselectivity being obtained for 5-(nitrobenzensulfenyl)pyrrole-2-

carboxaldehydes using Ti(i-PrO)4/(+)-(R,R)-DET/H2O/CHP.  This result bodes well for optimizing 

the asymmetric oxidation of other diaryl sulfides, substrates that have previously given only low 

enantiomeric excesses. 
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Introduction 

The use of chiral sulfoxides as auxiliaries for the asymmetric synthesis of biologically important 

compounds has found many applications.1,2  For example, the efficiency of sulfoxides has been 

demonstrated for controlling the stereoselectivities of alkylation reactions, Michael addition 

reactions, aldol reactions, cycloaddition reactions, and Pummerer rearrangements.3  Chiral 

sulfoxides are generally prepared using either organometallic reagents and resolved diastereomeric 

sulfinates (i.e. chiral sulfinyl transfer reagents),2,4-6 or via the asymmetric oxidation of prochiral 

sulfides.2,7 

Synthetic strategies involving pyrroles often require the introduction of a deactivating 

electron-withdrawing group that reduces the electron-rich character of the pyrrole unit.  As such, 

the nucleophilicity of the pyrrolic core may be controlled and undesirable side-reactions 

minimized.8  Whilst this control has commonly been achieved by the use of carboxylates at the 2-

position the use of a sulfenyl group to mask the 2-position, rather than protect through electron-

withdrawal, has recently been demonstrated.9,10  The utility of 2-(sulfenyl)pyrroles in acylation 

reactions, nitration reactions, and condensation reactions with various aldehydes, as well as the 

removal of the sulfenyl group using Raney nickel, highlights the sulfenyl group as a valuable 

masking/protecting group for pyrrolic compounds.  With 2-(arylsulfenyl)pyrroles showing promise 

for the synthesis of functionalized pyrroles, 2-(arylsulfinyl)pyrroles11 become of interest. 

Chiral 2-(arylsulfinyl)pyrroles of high enantiomeric purity prepared by sulfinylation using 

diastereomerically pure menthyl arylsulfinates have attracted attention because of their use as 

removable chiral auxiliaries and as building blocks for macromolecular chemistry.4  While this 

method has been successfully applied for several 2-(arylsulfinyl)pyrroles,4,5 it lacks generality 

because of the difficulty in obtaining a diverse set of diastereomerically pure menthyl aryl- or 
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alkylsulfinates.2  Indeed, the preparation of diastereomerically pure menthyl arylsulfinates requires 

multiple recrystallizations and, furthermore, menthyl alkylsulfinates (e.g. menthyl 

methanesulfinate) are typically oils which thus prohibits recrystallization as a strategy by which to 

obtain diastereomerically pure material.12,13  In this article, we report investigations towards an 

alternative approach to chiral 2-(arylsulfinyl)pyrroles involving the asymmetric oxidation of 

prochiral 2-(arylsulfenyl)pyrroles. 

Although, numerous methodologies have been reported for the asymmetric oxidation of 

sulfides to sulfoxides:2,6,14-16 so far, they have been largely limited to sulfides with two 

stereochemically different substitutents (i.e. aryl and alkyl). Substrates with similar groups such as 

dialkyl or diaryl generally lead to little or no asymmetric induction.  For example, the asymmetric 

oxidation of methyl benzyl sulfide using a chiral titanium complex,17,18 chiral oxaziridine,19 chiral 

metallo(salen) complex,20 or enzymatic methods21,22 gives the desired sulfoxide in modest/excellent 

yields (50-97%), but with poor enantioselectivities (14-58%).  Even a recent example for the 

asymmetric oxidation of sulfides using hydrogen peroxide in water and a homochiral iron(III) 

catalyst focuses on the oxidation of methyl phenyl sulfide, with a somewhat reduced 

enantioselectivity being obtained for even ethyl phenyl sulfide.23 Similarly, a very recent novel 

oxaziridinium salt, derived from cholesterol, gives good/excellent enantioselectivity for a variety 

of aryl alkyl sulfides, but no reports for diaryl sulfides are included.24 

Results and discussion 

In order to probe their asymmetric oxidation, we prepared a series of 2-(arylsulfenyl)pyrroles with 

various substituents at the 2- and 5-positions.  Following an established procedure for the 

preparation of 2-(phenylsulfenyl)pyrrole 2a10,25 from 2-(thiocyanato)pyrrole26,27,28 and 

phenylmagnesium bromide, a series of 2-(arylsulfenyl)pyrroles 2a-2d were obtained in good 
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yields by simply varying the Grignard reagent used (Scheme 1).  We previously reported the 

preparation of 4e and 4f using Vilsmeier-Hack formylation conditions9 and extension of this work 

for the 2-(arylsulfenyl)pyrroles 2a-2d provided 5-(arylsulfenyl)pyrrole-2-carboxylaldehydes 4a-4d 

in moderate to good yields.  The excellent directing ability of the arylsulfenyl group for 

formylation at the vacant α-position emphasizes a general feature of sulfenyl masking groups.  In 

our hands, 2-(arylsulfenyl)pyrroles 2a-2d prepared via this route were found to be unstable to air9 

and were immediately protected as their corresponding N-tosyl derivatives 3a-3d for ease of 

manipulation and storage.8  In all cases, the introduction of an electron-withdrawing group (tosyl 

or formyl) resulted in enhanced product stability. 

With several prochiral 2-(arylsulfenyl)pyrroles available we investigated their asymmetric 

oxidation29,30-32 using chiral titanium complexes prepared from Ti(i-PrO)4 and (+)-(R,R)-diethyl 

tartrate (DET), as described by Kagan17,33-38 and Modena.18  In our preliminary efforts, the 

asymmetric oxidation of 2-(phenylsulfenyl)pyrrole 2a using tert-butyl hydroperoxide (TBHP) 

according to both the Kagan and Modena protocols resulted in essentially racemic sulfoxide 6a 

(Table I, entry 1), albeit in reasonable isolated yield.  Under similar conditions, pyrroles 2e and 2f, 

bearing an electron-withdrawing group within the sulfenyl moiety, were oxidized using cumyl 

hydroperoxide (CHP) at -20 °C and 25 °C with a dramatic improvement of enantioselectivity 

(entries 2 and 3 vs. entry 1).  Interestingly 2e, bearing one nitro group, gave an enantioselectivity 

of 29% under these conditions whereas 2e, with two nitro groups, gave an enantioselectivity of 78 

% and so decreasing the electron-density about the sulfide appeared to result in an increased 

enantioselectivity.  However, the use of 3a with an electron-withdrawing tosyl group on the 

pyrrolic nitrogen atom did not result in improved enantioselectivity, despite attempts under various 

conditions (entry 4).  Maintaining N-tosyl substitution, the introduction of the more sterically 

demanding naphthyl group within 3b, rather than a phenyl or tolyl group within 3a and 3c, 
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respectively, on the sulfenyl moiety did not significantly affect the oxidation reaction (entry 5 and 

6A).  Furthermore, and significantly, other well-known methods for asymmetric sulfide oxidation 

resulted in poor yields and enantiopurities with 2-(p-tolylsulfenyl)pyrrole-N-tosylpyrrole 3c (entry 

6; methods C-E).  The poor enantioselectivities for 3c serve to further emphasize that the 

preparation of enantiopure sulfoxides by the oxidation of diaryl sulfides is far from trivial. 

Continuing the notion that the introduction of electron-withdrawing groups enhances the 

stereoselectivity of oxidation (entries 2 and 3 c.f. 1) the effect of the α-formyl substituent was 

investigated. Thus, 5-(arylsulfenyl)pyrrole-2-carboxylaldehydes 4a-4f were oxidized in 

moderate/good yields using the Kagan and Modena protocols and in all cases the 

enantioselectivities were enhanced (entries 8-13) over attempts using analogous pyrroles lacking 

the formyl group.  In particular, the asymmetric oxidation of 4e and 4f provided chiral sulfoxides 

7e and 7f, respectively, in 45% yield (96% ee) and 85% yield (98% ee), respectively (entries 12 

and 13). 

Our results regarding the asymmetric oxidation of 2-(arylsulfenyl)pyrroles possessing 

substitutents with varying electronic effects allow us to rationalize the effectiveness of the Kagan 

and Modena protocols for this transformation.  Although the Kagan and Modena procedures have 

been widely used for the oxidation of many prochiral sulfides, the structure of the reagent 

responsible for the stereochemical course of the reaction is still unknown.39,40 In some cases, the 

addition of additives and the preparation of the reagent are crucial in obtaining specific chiral 

sulfoxides with high enantiopurities and/or yields.37,41,42  More seriously, prochiral sulfides with 

two sterically different substitutents are generally good substrates for asymmetric oxidation, 

whereas substrates with similar groups often give products with low enantiopurities.  For example, 

Kagan and co-workers reported the asymmetric oxidation of aryl methyl sulfides using a chiral 

titanium complex prepared from Ti(i-PrO)4/(+)-(R,R)-DET/H2O/TBHP (1:2:1:1) to give chiral 
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sulfoxides with good/excellent enantiopurities (i.e. phenyl, 89% ee; p-tolyl, 91% ee; p-

methoxyphenyl, 86% ee; p-nitrophenyl, 77% ee); however, the asymmetric oxidation of alkyl 

methyl sulfides under the same conditions resulted in chiral sulfoxides with reduced 

enantiopurities (i.e. n-octyl, 71% ee, t-butyl, 53% ee; cyclohexyl, 54% ee; benzyl, 58% ee).17  In 

the face of the poor enantioselectivities that have traditionally been obtained for the asymmetric 

oxidation of diaryl sulfides, the results from the present study suggest that there is an important 

electronic effect that can influence this transformation.  Although the origin of enantioselectivity is 

speculative at this point, one factor that could temper the influence of an electronic effect is the 

substrate-reagent binding affinity.  If the mechanism involves a reversible associative step and 

electron-rich substrates have high association constants, as would be expected, reactions involving 

electron-rich substrates would give lower enantioselectivities since these substrates bind more 

strongly (i.e. high reactivity and less selective). For electron-poor substrates, low association 

constants would allow for the substrate to dissociate and reassociate before reaction occurs (i.e. 

low reactivity and more selective).  The traditional model used to predict the stereochemical 

outcome of sulfide oxidation involves the differentiation of sterically different substituents, and 

electronic effects are not typically considered:17,39,40 on the contrary, the results of the study 

presented herein strongly suggest that electronic effects play an important role in the asymmetric 

oxidation of diaryl substrates. 

Conclusions 

We have demonstrated the asymmetric oxidation of 2-(arylsulfenyl)pyrroles using a chiral 

titanium complex.  Our work suggests a strong electronic effect where the incorporation of 

electron-withdrawing groups to differentiate the two sulfenyl substituents results in an 

enhancement of enantioselectivity.  This method is particularly well-suited for prochiral sulfides 
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bearing two aryl groups and expands the scope of substrates suitable for the Kagan and Modena 

protocols to include prochiral 2-(arylsulfenyl)pyrroles.  Our current research is directed towards 

the preparation of a range of enantiopure 2-(arylsulfinyl)pyrroles using alternative strategies. 

Experimental section 

Representative procedures 
2-(p-Tolylsulfenyl)pyrrole 2c: 

To a solution of p-tolylmagnesium bromide [prepared from p-bromotoluene (12.0 mL, 16.8 g, 100 

mmol) and magnesium turnings (2.4 g, 100 mmol) in anhydrous THF (150 mL) at 0 °C under N2], 

was added dropwise 2-(thiocyanato)pyrrole (4.9 g, 39 mmol) in anhydrous THF (150 mL).  After 

stirring at 0 °C for 30 min, ice-cold water (ca. 100 mL) was added.  The mixture was diluted with 

EtOAc and washed with sat. aqueous NH4Cl and brine, before being dried over MgSO4 and 

concentrated to give crude 2-(p-tolylsulfenyl)pyrrole 2c which was purified using flash column 

chromatography (CH2Cl2 as eluent) to give the title compound 2c (6.7 g, 38 mmol, 97%). 

A solution of 2-(p-tolylsulfenyl)pyrrole-N-tosylpyrrole 3c (0.52 g, 1.5 mmol) in 15% vol 2M 

NaOH (5.5 mL, 11 mmol) in MeOH (35 mL) was heated to reflux for 2 h until no starting material 

remained (TLC analysis).  The mixture was cooled to room temperature and diluted with EtOAc, 

washed with aqueous 0.1 M NaOH (3x) and brine (3x) before being dried over MgSO4 and then 

concentrated to give crude 2-(p-tolylsulfenyl)pyrrole 2c (0.25 g, 1.4 mmol, 93%) which was used 

in the next reaction without further purification.  1H NMR (500 MHz, CDCl3):  δ 8.17 (1H, br s), 

7.00-6.97 (2H, m), 6.93-6.91 (2H, m), 6.84-6.82 (1H, m), 6.53-6.52 (1H, m), 6.27-6.26 (1H, m), 

2.24 (3H, s).  13C NMR (125 MHz, CDCl3):  δ 135.5 (s), 135.5 (s), 129.9 (d x2), 126.5 (d x2), 

121.8 (d), 118.4 (d), 116.4 (s), 110.4 (d), 21.0 (q).  HRMS m/z calc. for C11H11NS:  189.0612 

(188.0534 for M-H); Found:  188.0539 (ESI-). 
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2-(p-Tolylsulfenyl)pyrrole-N-tosylpyrrole 3c: 

TsCl (8.1 g, 43 mmol) was added to a suspension of 2-(p-tolylsulfenyl)pyrrole 2c (6.7 g, 35 mmol) 

and NaOH (5.6 g, 141 mmol) in 1,2-dichloroethane (130 mL) at 0 °C.  The resulting mixture was 

warmed to room temperature and stirred for 12 h.  Water was added and the mixture was extracted 

with CH2Cl2 (3x).  The combined organic layers were washed with brine, dried over MgSO4, and 

then concentrated to give crude 2-(p-tolylsulfenyl)pyrrole-N-tosylpyrrole 3c which was purified 

using flash column chromatography (50% CH2Cl2 in hexanes as eluent) to give the title compound 

3c (10.0 g, 29 mmol, 83%).  1H NMR (500 MHz, CDCl3):  δ 7.73 (2H, d, J = 8.5 Hz), 7.61-7.59 

(1H, m), 7.10 (2H, d, J = 8 Hz), 6.90 (2H, d, J = 8 Hz), 6.76 (2H, d, J = 8 Hz), 6.53-6.52 (1H, m), 

6.33-6.31 (1H, m), 2.31 (3H, s), 2.24 (3H, s).  13C NMR (125 MHz, CDCl3): δ 145.1 (s), 135.7 (s), 

135.5 (s), 134.1 (s), 129.68 (d x2), 129.64 (d x2), 128.2 (d x2), 127.0 (d x2), 126.6 (d), 125.8 (d), 

121.0 (s), 111.8 (d), 21.7 (q), 21.1 (q).  LRMS (EI):  343 ([M]+, 100), 188 (73).  HRMS m/z calc. 

for C18H17NO2S2:  343.0701; Found:  342.9792 (EI). 

5-(p-Tolylsulfenyl)pyrrole-2-carboxylaldehyde 4c: 

POCl3 (0.28 mL, 0.47 g, 3.1 mmol) was added dropwise to DMF (0.24 mL, 0.23 g, 3.1 mmol) at 0 

°C under N2.  The resulting mixture was heated to 100 °C and stirred for 15 min.  After cooling to 

0 °C, a solution of 2-(p-tolylsulfenyl)pyrrole 2c (0.25 g, 1.4 mmol; 0.05 M in CH2Cl2) was slowly 

added and then heated at refluxed for 1 h.  The resulting mixture was cooled to 0 °C and aqueous 1 

M AcONa (50 mL) was added.  The resulting suspension was heated to reflux and stirred for 1 h.  

After cooling to room temperature, the mixture was extracted with CH2Cl2 (3x).  The combined 

organic layers were washed with sat. aqueous Na2CO3 (3x) and brine, before being dried over 

MgSO4 and then concentrated to give crude 5-(p-tolylsulfenyl)pyrrole-2-carboxylaldehydes 4c that 

was purified by flash column chromatography (CH2Cl2) to give the title compound 4c (0.23 g, 1.1 
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mmol, 79%).  1H NMR (500 MHz, CDCl3):  δ 9.62 (1H, br s), 9.38 (1H, s), 7.20 (2H, d, J = 8 Hz), 

7.09 (2H, d, J = 8 Hz), 6.92-6.91 (1H, m), 6.40-6.30 (1H, m), 2.31 (3H, s).  13C NMR (125 MHz, 

CDCl3):  δ 178.5 (d), 137.1 (s), 135.1 (s), 131.5 (s), 130.6 (d x2), 130.4 (d x3), 121.1 (s), 116.6 (d), 

21.2 (q).  HRMS m/z calc. for C12H11NOS:  217.0561 (216.0483 for M-H); Found:  216.0485 (ESI-

). 

2-(p-Tolylsulfinyl)pyrrole-N-tosylpyrrole 5c: 

Racemic:  50% wt m-CPBA (0.22 g, 0.60 mmol) was added to a solution of 2-(p-tolylsulfenyl)-N-

tosylpyrrole 3c (0.20 g, 0.60 mmol) at room temperature for 2 h.  Saturated aqueous NaHCO3 was 

added and the mixture was extracted with CH2Cl2 (3x).  The combined organic layers were washed 

with brine, dried over MgSO4 and then concentrated to give crude 2-(p-tolylsulfinyl)pyrrole-N-

tosylpyrrole 5c which was purified using flash column chromatography (10% ethyl acetate in 

CH2Cl2 as eluent) to give the title compound 5c (0.092 g, 0.27 mmol, 45%). 

Asymmetric:  Ti(i-PrO)4 (0.14 mL, 0.14 g, 0.50 mmol) was added dropwise to a solution of (+)-

(R,R)-DET (0.17 mL, 0.20 g, 1.00 mmol) and 2-(p-tolylsulfenyl)pyrrole-N-tosylpyrrole 3c (0.17 g, 

0.50 mmol) in CH2Cl2 (2 mL) under argon at room temperature.  After 5 min, water (9 µL, 0.50 

mmol) was added and stirring was continued at room temperature for 45 min.  80% wt 

Cumylhydroperoxide (0.19 mL, 0.15 g, 1.00 mmol) was then added under argon at -20 °C and 

stirring was continued for 20 h.  Water was added and the mixture was allowed to stir for 30 min 

at room temperature.  The resulting mixture was diluted with CH2Cl2 and filtered through a pad of 

silica and eluted with ethyl acetate to give the crude product which was purified using flash 

column chromatography (10% ethyl acetate in CH2Cl2 as eluent) to give the title 2-(p-

tolylsulfinyl)pyrrole-N-tosylpyrrole 5c (0.15 g, 40 mmol, 83%, 16% ee; determined by chiral 

HPLC analysis of the corresponding tosyl deprotected 6c; see Supporting Information).  1H NMR 
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(500 MHz, CDCl3):  δ 7.81 (2H, d, J = 8.5 Hz), 7.61 (2H, d, J = 8 Hz), 7.33 (1H, m), 7.29-7.26 

(4H, m), 6.62 (1H, dd, J = 2, 4 Hz), 6.31 (1H, dd, J = 3.5, 3.5 Hz), 2.40 (3H, s), 2.39 (3H, s).  13C 

NMR (125 MHz, CDCl3):  δ 146.0 (s), 142.1 (s), 141.3 (s), 137.0 (s), 135.3 (s), 130.3 (d x2), 129.9 

(d x2), 127.7 (d x2), 126.4 (d), 126.0 (d x2), 118.4 (d), 113.2 (d), 21.8 (q), 21.6 (q).  HRMS m/z 

calc. for C18H17NO3S2:  359.0650 (382.0548 for M+Na); Found:  382.0542 (ESI+). 
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Tables 

Table I.  Asymmetric and racemic oxidation of 2-(arylsulfenyl)pyrroles. 

N S
R1

R3

R2
N S

R1
R3

R2 O  

Entry Substrate Product R1 R2 R3 Methoda Oxidant 
Time 

(h) 

Temp 

(°C) 

Isolated 

yield 

(%) 

Eeb 

(%) 

1 2a 6a Ph H H A 

B 

TBHP 

TBHP 

20 

20 

-20 

-20 

72 

98 

0 

9 

2 2e 6e 4-

NO2Ph 

H H A CHP 48 -20 80 29 

3 2f 6f 2,4-

NO2Ph 

H H A CHP 20 25 87 78 

4 3a 5a Ph Ts H A 

A 

B 

F 

CHP 

CHP 

TBHP 

m-CPBA 

20 

20 

20 

15 

min 

-20 

25 

25 

0 

0 

77 

78 

77 

- 

8c 

7 

- 

5 3b 5b 1-

Naph 

Ts H A 

F 

CHP 

m-CPBA 

20 

2 

25 

25 

91 

72 

12c 

- 

6 3c 5c Tol Ts H A 

C 

CHP 

oxaziridine 

20 

48 

-20 

25 

83 

11 

16c 

31 
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D 

E 

F 

H2O2 

H2O2 

m-CPBA 

48 

48 

2 

25 

25 

25 

6 

0 

45 

0 

- 

- 

7 3d 5d Mes Ts H A 

A 

CHP 

CHP 

20 

48 

-20 

25 

0 

37 

- 

27 

8 4a 7a Ph H CHO A 

A 

B 

B 

B 

TBHP 

CHP 

TBHP 

CHP 

CHPd 

20 

20 

20 

20 

20 

-20 

-20 

-20 

-20 

-20 

62 

79 

95 

72 

70e 

69 

54 

53 

53 

17 

9 4b 7b 1-

Naph 

H CHO A 

A 

TBHP 

CHP 

20 

20 

-20 

-20 

87 

87 

52 

53 

10 4c 7c Tol H CHO A 

A 

TBHP 

CHP 

20 

20 

-20 

-20 

78 

78 

65 

54 

11 4d 7d Mes H CHO A CHP 48 -20 93 48 

12 4e 7e 4-

NO2Ph 

H CHO A 

F 

CHP 

m-CPBA 

48 

2 

-20 

25 

45 

45 

96 

- 

13 4f 7f 2,4-

NO2Ph 

H CHO A 

A 

F 

CHP 

CHP 

m-CPBA 

20 

20 

2 

-20 

25 

25 

0 

85 

76 

- 

98 

- 

a Method A:  Ti(i-PrO)4/(+)-(R,R)-DET/H2O/TBHP or CHP (1:2:1:2) in CH2Cl2; Method B: Ti(i-PrO)4/(+)-(R,R)-DET/TBHP or 
CHP (1:4:2) in ClCH2CH2Cl; Method C:  (+)-(1S)-(10-Camphorsulfonyl)oxaziridine (1.05 equiv) in CH2Cl2;43 Method D:  (-)-(S)-2-
(N-3,5-Diiodosalicyliden)amino-3,3-dimethyl-1-butanol/[VO(acac)2]/H2O2 (1.5 equiv) in CH2Cl2;20,44 Method E:  
Chloroperoxidase/H2O2 (1.5 equiv) in 20% acetonitrile and sodium citrate buffer (0.05 M, pH 5);45 Method F:  m-CPBA (1.0 equiv) 
in CH2Cl2.  b Determined by chiral HPLC analysis. c Determined by chiral HPLC analysis of the corresponding tosyl deprotected 6c.  
d Kinetic resolution of rac-7a using 0.5 equiv of CHP.  e Recovered 7a. 
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Schemes 

N
R2

S
R1

N
H

S
R1

OHC

2a R1=Ph; R2=H, 73%

3a R1=Ph; R2=Ts, 85%

N
H
1

2b R1=1-Naph; R2=H, 72%

3b R1=1-Naph; R2=Ts, 93%
2c R1=Tol; R2=H, 97%

3c R1=Tol; R2=Ts, 83%
2d R1=Mes; R2=H, 80%

3d R1=Mes; R2=Ts, 59%
2e R1=4-NO2Ph; R2=H (57%, ref. 24)
2f R1=2,4-NO2Ph; R2=H (85%, ref. 24)

4a R1=Ph, 56%
4b R1=1-Naph, 83%
4c R1=Tol, 79%
4d R1=Mes, 53%
4e R1=4-NO2Ph (76%, ref. 8)
4f R1=2,4-NO2Ph (67% ref. 8)

i and ii

iv

iv

iv

iv

v
87%

v
86%

v
93%

v
86%

vi
or iii

 

Scheme 1.  Synthesis of 2-(arylsulfenyl)pyrroles. 

i) I2/NaSCN,28 ii) aryl magnesium bromide,25 iii) ref.11, iv) TsCl/NaOH, v) NaOH/MeOH, vi) 

POCl3/DMF. 
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 Captions 

Scheme 1.  Synthesis of 2-(arylsulfenyl)pyrroles. 
i) I2/NaSCN,28 ii) aryl magnesium bromide,25 iii) ref.11, iv) TsCl/NaOH, v) NaOH/MeOH, vi) 

POCl3/DMF. 
 
 
 
 
 

Table I.  Asymmetric and racemic oxidation of 2-(arylsulfenyl)pyrroles. 
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Graphical Abstract 
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