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Abstract

Multisubstituted pyrroles with a 2-sulfonamido-group were synthesized through a Cul-catalyzed
three-component coupling and a 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) / silica-gel promoted
cyclization under mild conditions in moderate yields.
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Introduction

Pyrroles are an important class of heterocycles due to their applications as bioactive compounds
and synthetic intermediates in organic synthesis. ! Recently it was also found that pyrroles have
broad application in the field of materials chemistry and as structural elements in molecular
recognition studies.? Classical methods for the synthesis of these nitrogen heterocycles include
the Knorr,®> Hantzsch,* and Paal-Knorr® reactions.® However, these approaches usually present
some limitations in terms of substituents that can be introduced, the substitution pattern, or
regioselectivity. As a result, development of new and efficient methodologies for the synthesis of
pyrroles with different substituent groups from simple, readily available starting materials
remains an important research theme in organic chemistry though several novel synthetic
strategies have been described in recent years.’

Recently, Fokin et al. have reported a Cul-catalyzed coupling reaction of terminal alkynes
and sulfonyl azides to intermediate ketenimine derivatives, generated in situ from the triazole
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cycloadduct upon release of N2 (Scheme 1),2 which could be further transformed to some
interesting heterocycles in a one-pot fashion.®
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Scheme 1

In these reactions, the ketenimines trapped firstly by various nucleophiles is the key step. It
was envisioned that this kind of ketenimines might be used as an efficient structure unit in the
construction of pyrroles (Figure 1). Retrosynthetically, 2-tosylaminopyrrole derivatives could be
prepared by scission of the bond between C-3 and C-4 of the pyrrole to the acetamidines
containing a carbonyl group, which in turn could be obtained conveniently by a three-component
reaction using sulfonyl azide, terminal alkyne and amino ketone. In our continual efforts to
explore the synthesis of heterocyclic compounds,’® herein we present a Cul-catalyzed three-
component coupling and a DBU / silica-gel promoted cyclization to afford an efficient synthesis
of multisubstituted pyrroles with a 2-tosylamino-group function,** which would be useful
intermediates for access to other heterocyclic derivatives since they could be further elaborated
to amplify complexity via a variety of carbon-carbon or carbon-heteroatom bond formation
reactions.*?
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Figure 1. Synthetic strategy.

Results and Discussion

In our primary investigations, we selected the Cul-catalyzed reaction of p-toluenesulfonyl azide
(1a), phenylacetylene (2a), 2-(phenylamino)-1-phenylethanone (3a) as the model reaction (Table
1). After workup and isolation, the desired product 4a®® was obtained in 17% vyield. In order to
optimize the reaction conditions, several solvent and bases were examined. THF was found to be
the suitable solvent for this transformation in comparison with others, such as CHsCN, DMF and
CHCI3 (Table 1, entries 1-4). A lower yield was obtained when pyridine was used as the base
(Table 1, entry 5).
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Table 1. Optimization of reaction conditions for the formation 4a?

Ts<
L Ph Cul, rt |N
Ph—= + TsN; + PhHN/}O( — ph%h‘/\wph
1a 2a Ph O
3a 4a
Entry Solvent Base t(h) Yield (%)°
1 CH3CN EtzN 5 17
2 DMF EtsN 4 42
3 CHCI; EtsN 20 50
4 THF EtzN 5 78
5 THF Py 24 66

Reaction conditions: 1a (1.3 mmol), 2a (1.3 mmol), 3a (1.0 mmol), solvent (2 mL), EtsN (1.0
mmol), Cul (0.1 mmol). PIsolated yield based on 3a.

We then investigated the possibility for the cyclization of 4a wusing 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU) as the base. In an initial experiment, we observed the
formation of pyrrole 5a in 57% yield when the reaction was performed in CH3CN using DBU as
the base (Table 2, entry 1). Then we tried to screen the reaction conditions to improve the yield.
To our delight, we found that silica-gel could promote this transformation.'* A more competitive
yield was obtained when DBU(3 equiv.) was used (Table 2, entries 2-5). Next, we examined the
effect of solvent choice on this reaction (Table 2, entries 6-9). A better yield was obtained when
CHsCN was used as the solvent (Table 2, entry 4).

Table 2. Optimization of reaction conditions for the cyclization 4a?

Ts<y Ph Ph
|
PhJ\NWPh DBU N
Ph O solvent TsHN™ N
Ph
4a 5a
Entry Solvent t (h) Yield (%)°
1° CHsCN 8 57
2 CH3CN 12 0
3¢ CH3CN 5 72
4¢ CHs;CN 5 79
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Entry Solvent t (h) Yield (%)°
5f CHsCN 5 76
6° C2HsOH 6 55
7¢ DMSO 8 43
9¢ THF 15 76

2 Reaction conditions: 4a (0.3 mmol), solvent (2 mL), DBU (0.3 mmol), silica-gel(0.5g). ®
Isolated yield based on 4a. ¢ no silica-gel was added. ¢ 2 equiv. DBU was added. ¢ 3 equiv. DBU

was added. f4 equiv. DBU was added.

With the optimized reaction conditions in hand (Table 2, entry 4), we further examined the
scope of the reaction and the results were summarized in Table 3. From the results in Table 3, we
could see that the reaction could proceed smoothly to afford pyrroles in moderate to good yields.
Lower yields were obtained when R* or R® were alkyl group relative to aryl group (Table 3,
entries 5-6). Tetrasubstituted pyrrole could also be obtained in moderate yield (Table 3, entry

11).

Table 3. Cyclization of 4 to pyrroles 52

R CH3CN  TsHN R2
4
Entry RY/R?/R3R* Time(h)  Product Yield(%)?

1 Ph/H/Ph/Ph, 4a 6 5a 79
2 p-CH3CsHa/H/Ph/Ph, 4b 8 5b 78
3 0-CH3CgH4/H/Ph/Ph, 4c 8 5c 75
4 Ph/H/p-CH3Ce¢Ha/Ph, 4d 6 5d 83
5 Ph/H/CHs/Ph, 4e 8 5e 50
6 Ph/H/Ph/n-CsHa1, 4f 22 5f 27
7 Ph/H/Ph/p-CHsCeHa, 4g 8 5g 61
8 Ph/H/Ph/m-CICsHa, 4h 6 5h 75
9 Ph/H/p-CH3CeHa/m-CICsHa, 4i 6 5i 89
10 Ph/CH3/Ph/m-CICsHa, 4j 5 5j 56

& |solated yield based on 4.
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In order to simply the manipulation, then we tried to obtain 5a in a one-pot, sequential
procedure. Using THF for the first step and CH3CN for the second step, we obtained 5a in 60%
yield.

Plausible reaction mechanism. On the basis of the above results, a plausible mechanism for the
DBU / silica-gel promoted cyclization was outlined in Scheme 2. Firstly, the deprotonation with
DBU produces the carbanion A. Subsequent nucleophilic attack of the intramolecular carbonyl
group and capture of a hydrogen cation to afford alcohol B.** Then elimination of one molecular
water and aromatization of the resulting intermediate to afford pyrroles 5.
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Scheme 2
Conclusion

In summary, we have developed an efficient method for the synthesis of multisubstituted
pyrroles with a 2-tosylamino-group function in moderate to good yields under mild conditions.
These pyrrole compounds bearing a 2-tosylamino functional group may be converted to other
interesting and useful structural units in organic synthesis. Further studies into the scope and
synthetic applications of this transformation are being carried out in our laboratory.

Experimental Section
General. All *H- and 3C- NMR spectra were measured in CDCl3(DMSO-ds) and recorded on
Bruker Avance 111 500 MHz (125 MHz) spectrometer spectra with TMS as the internal standard.

Chemical shifts are expressed in ppm and J values are given in Hz. HRMS were performed on a
Agilent 6210 LC/TOF instrument. IR spectra were run on a Thermo Nicolet 6700 spectrometer.
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Melting points were measured using CRC-1 melting point instrument and are uncorrected.
Solvents were distilled before use. 2-(Arylamino)-1-arylethanones and 1-(phenylamino)- propan-
2-one were prepared as previously described.®®

General procedure for the synthesis of 4

To a mixture of Cul (0.1 mmol), sulfonyl azide 2 (1.3 mmol), alkyne 1 (1.3 mmol) and 2-
(arylamino)-1-arylethanones or 1-(phenylamino)propan-2-one (1.0 mmol) in THF (2 mL) was
added EtsN (1 mmol) under an N2 atmosphere at room temperature. The mixture was stirred until
reaction was completed (monitored by TLC) and then evaporated on vacuum. The residue was
subjected to silica gel column chromatography with petroleum ether/ethyl acetate as eluent.
(E)-N-(2-Oxo-2-phenylethyl)-N,2-diphenyl-N"-tosylacetamidine (4a). Solid (mp 122-124 °C).
'H NMR (500 MHz, CDCls) & 7.78 (d, 2H, J 7.7 Hz, Ar), 7.54-7.51 (m, 3H, Ar), 7.38 (t, 2H, J
7.8 Hz, Ar), 7.25-7.19 (m, 3H, Ar), 7.12-7.09 (m, 5H, Ar), 6.96 (d, 2H, J 8.1 Hz, Ar), 6.94-6.92
(m, 2H, Ar), 5.05 (s, 2H, -CHy), 4.30 (s, 2H, -CH>), 2.29 (s, 3H, -CHs). ¥3C-NMR (125 MHz,
CDCls): & 192.7, 166.3, 142.0, 141.8, 140.3, 135.1, 134.4, 133.5, 129.5, 128.8, 128.6, 128.2,
128.1, 127.9, 126.4, 126.2, 59.0, 37.0, 21.4; IRvmax (cm™): 3032, 1700, 1530, 1144, 1091, 763,
693; HRMS-ESI: [M+H]* m/z calcd for C29H27N205S: 483.1742 found: 483.1730.
(E)-N-(2-Oxo-2-phenylethyl)-2-phenyl-N-p-tolyl-N*-tosylacetamidine (4b). Solid (mp 168-
170 °C). *H NMR (500 MHz, CDCls) § 7.82-7.80 (m, 2H, Ar), 7.60-7.56 (m, 1H, Ar), 7.51 (d, J
8.2 Hz, 2H, Ar), 6 7.42 (t, J 8.0 Hz, 2H, Ar), 7.16-7.15 (m, 3H, Ar), 7.05-6.98 (m, 8H, Ar), 5.08
(s, 2H, -CHy), 4.32 (s, 2H, -CHy), 2.32 (s, 3H, -CHs), 2.31 (s, 3H, -CHs). 3C-NMR (125 MHz,
CDCl3): 6 192.8, 166.4, 141.7, 140.3, 139.5, 138.8, 135.2, 134.5, 133.4, 130.0, 128.7, 128.6,
128.2, 127.9, 127.7, 126.3, 126.2, 59.1, 36.8, 21.4, 21.0; IRvmax (cm™): 3034, 1699, 1535, 1145,
1091, 743; HRMS-ESI: [M+H]" m/z calcd for C30H29N20s3S: 497.1899 found: 497.1889.
(E)-N-(2-Oxo0-2-phenylethyl)-2-phenyl-N-o-tolyl-N'-tosylacetamidine (4c)

Solid (mp 124-126 °C). *H NMR (500 MHz, CDCls3) & 7.81-7.79 (m, 2H, Ar), 7.59-7.54 (m, 3H,
Ar), 7.44-7.40 (m, 3H, Ar), 7.28-7.23 (m, 1H, Ar), 7.16-7.10 (m, 5H, Ar), 7.00 (d, J 8.2 Hz, 2H,
Ar), 6.91-6.89 (m, 2H, Ar), 5.79 (d, J 16.6 Hz, 1H, -CH>), 4.40 (d, J 14.7 Hz, 1H, -CH>), 4.16 (d,
J 14.7 Hz, 1H, -CH>), 4.10 (d, J 16.6 Hz, 1H, -CH>), 2.33 (s, 3H, -CHs3), 1.77 (s, 3H, -CHs). 3C-
NMR (125 MHz, CDCl3): 6 192.4, 166.4, 141.7, 140.7, 140.4, 136.0, 135.2, 133.7, 133.4, 131.2,
129.5, 129.1, 128.8, 128.6, 128.2, 127.9, 127.0, 126.6, 126.2, 57.8, 36.8, 21.4, 17.0; IRvmax (CM"
1Y: 3028, 1696, 1530, 1145, 1087, 743, 720; HRMS-ESI: [M+H]* m/z calcd for C3oH29N20sS:
497.1899 found: 497.1920.

(E)-N-(2-Oxo-2-p-tolylethyl)-N,2-diphenyl-N'-tosylacetamidine (4d). Solid (mp 156-158 °C).
H NMR (500 MHz, CDCls) § 7.72 (d, 2H, J 8.2 Hz, Ar), 7.53 (d, 2H, J 8.3 Hz, Ar), 7.30-7.21
(m, 5H, Ar), 7.15-7.12 (m, 5H, Ar), 7.00 (d, J 8.2 Hz, 2H, Ar), 6.96-6.94 (m, 2H, Ar), 5.07 (s,
2H, -CHy), 4.32 (s, 2H, -CHy), 2.43 (s, 3H, -CHg), 2.33 (s, 3H, -CHs). *C-NMR (125 MHz,
CDClz): 6 192.3, 166.3, 144.4, 142.1, 141.7, 140.3, 134.5, 132.7, 129.5, 129.3, 128.7, 128.6,
128.2, 128.0, 126.4, 126.2, 58.9, 37.0, 21.7, 21.4; IRvmax (cm™): 3034, 1694, 1539, 1145, 1090,
726; HRMS-ESI: [M+H]* m/z calcd for C3oH29N205S: 497.1899 found: 497.1893.
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(E)-N-(2-Oxopropyl)-N,2-diphenyl-N'-tosylacetamidine (4e). Solid (mp 100-102 °C). 'H
NMR (500 MHz, CDCls) 6 7.72 (d, 2H, J 7.7 Hz, Ar), 7.27-7.10 (m, 8H, Ar), 7.00 (d, J 7.5 Hz,
2H, Ar), 6.87-6.86 (m, 2H, Ar), 4.43 (s, 2H, -CHy), 4.25 (s, 2H, -CHy), 2.41 (s, 3H, -CHz), 2.03
(s, 3H, -CH3). 13C-NMR (125MHz, CDCls): § 201.0, 166.4, 142.2, 141.8, 140.4, 134.2, 129.5,
129.1, 128.7, 128.5, 128.2, 127.9, 126.4, 62.0, 36.9, 27.3, 21.5; IRvmax (cm™): 3036, 1725, 1537,
1142, 1090, 693; HRMS-ESI: [M+H]" m/z calcd for C24H25N203S: 421.1586 found: 421.1580.
(E)-N-(2-Oxo-2-phenylethyl)-N-phenyl-2-pentyl-N'-tosylacetamidine (4f). Qil. tH NMR (500
MHz, CDCl3) 6 7.76-7.74 (m, 2H, Ar), 7.57-7.53 (m, 3H, Ar), 7.44-7.36 (m, 7H, Ar), 6.98 (d,
2H, J 8.1 Hz, Ar), 5.02 (s, 2H, -CH>), 2.79-2.76 (m, 2H, -CH>), 2.29 (s, 3H, -CH3), 1.68-1.62 (m,
2H, -CH,), 1.16-1.02 (m, 6H, -3CH), 0.78 (t, 3H, J 7.3 Hz, -CH3). ®*C-NMR (125 MHz,
CDCl3): 6 192.7, 169.2, 142.4, 141.5, 140.7, 135.0, 133.3, 129.8, 128.8, 128.7, 128.5, 128.0,
127.8, 125.9, 58.6, 31.1, 30.7, 29.1, 27.1, 22.2, 21.3, 13.8; IRvmax (cm™): 2926, 1700, 1536,
1145, 1090; HRMS-ESI: [M+H]" m/z calcd for C2sH3sN203S: 477.2212 found: 477.2211.
(E)-N-(2-Ox0-2-phenylethyl)-N-phenyl-2-p-tolyl-N'-tosylacetamidine (4g). Solid (mp 102-
104 °C). *H NMR (500 MHz, CDCls) & 7.81 (d, 2H, J 7.5 Hz, Ar), 7.58 (t, 1H, J 7.2 Hz, Ar),
7.52 (d, 2H, J 7.9 Hz, Ar), 7.42 (t, 2H, J 7.5 Hz, Ar), 7.29-7.15 (m, 5H, Ar), 6.99 (d, 2H, J 7.8
Hz, Ar), 6.95 (d, 2H, J 7.7 Hz, Ar), 6.84 (d, 2H, J 7.6 Hz, Ar), 5.09 (s, 2H, -CH>), 4.27 (s, 2H, -
CHy), 2.32 (s, 3H, -CHg3), 2.29 (s, 3H, -CHs). °C-NMR (125 MHz, CDCls): & 192.8, 166.6,
142.1, 141.7, 140.4, 135.9, 135.2, 133.4, 131.3, 129.5, 128.9, 128.7, 128.6, 128.5, 128.2, 127.9,
126.2, 59.0, 36.5, 21.4, 21.0; IRvmax (cm™): 3054, 1691, 1545, 1145, 1087, 693; HRMS-ESI:
[M+H]" m/z calcd for C3oH29N203S: 497.1899 found: 497.1881.
(E)-2-(3-Chlorophenyl)-N-(2-oxo-2-phenylethyl)-N-phenyl-N'-tosylacetamidine (4h). Solid
(mp 108-110 °C). *H NMR (500 MHz, CDCls) § 7.83-7.81 (m, 2H, Ar), 7.58 (t, J 7.4 Hz, 1H,
J.7.4 Hz, Ar), 7.52 (d, 2H, J 8.2 Hz, Ar), 7.42 (t, 2H, J 7.8 Hz, Ar), 7.33-7.25 (m, 3H, Ar), 7.15-
7.08 (m, 4H, Ar), 7.01-6.96 (m, 3H, Ar), 6.77 (s, 1H, Ar), 5.10 (s, 2H, -CH>), 4.30 (s, 2H, -CH>),
2.32 (s, 3H, -CHs). 3C-NMR (125 MHz, CDCls): § 192.5, 165.5, 142.0, 141.8, 139.9, 136.2,
135.0, 133.9, 133.5, 129.6, 129.5, 129.0, 128.8, 128.7, 128.6, 128.0, 127.9, 126.8, 126.7, 126.1,
59.0, 36.5, 21.4; HRMS-ESI: IRvmax (cm™): 3062, 1697, 1535, 1146, 1088, 687; [M+H]* m/z
calcd for C29H26CIN203S: 517.1353 found: 517.1339.
(E)-2-(3-Chlorophenyl)-N-(2-oxo-2-p-tolylethyl)-N-phenyl-N'-tosylacetamidine (4i). Solid
(mp 143-145 °C). *H NMR (500 MHz, CDCls) § 7.73 (d, 2H, J 8.2 Hz, Ar), 7.52 (d, 2H, J 8.2
Hz, Ar), 7.32-7.26 (m, 3H, Ar), 7.22 (d, 2H, J 8.1 Hz, Ar), 7.14-7.10 (m, 4H, Ar), 7.01 (d, 2H, J
8.1 Hz, Ar), 6.98-6.96 (m, 1H, Ar), 6.76 (s, 1H, Ar), 5.08 (s, 2H, -CHz), 4.30 (s, 2H, -CH>), 2.43
(s, 3H, -CHs), 2.34 (s, 3H, -CHs). ®*C-NMR (125 MHz, CDCls): § 192.1, 165.5, 144.5, 141.9,
140.1, 136.3, 133.9, 132.6, 129.6, 129.5, 129.3, 129.0, 128.8, 128.1, 128.0, 126.8, 126.7, 126.2,
58.9, 36.5, 21.7, 21.4; IRvmax (cm™): 3059, 1692, 1541, 1278, 1145, 1088, 693; HRMS-ESI:
[M+H]" m/z calcd for C3oH28CIN203S: 531.1509 found: 531.1528.
(E)-2-(3-Chlorophenyl)-N-(1-oxo-1-phenylpropan-2-yl)-N-phenyl-N’-tosylacetamidine (4j).
Solid (mp 140-142 °C). *H NMR (500 MHz, CDCls) & 7.82 (d, 2H, J 7.4 Hz, Ar), 7.55 (t, 1H, J
7.4 Hz, Ar), 7.45 (d, 2H, J 8.2 Hz, Ar), 7.37-7.19 (m, 6H, Ar), 7.13-7.08 (m, 2H, Ar), 6.92 (d,
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2H, J 8.1 Hz, Ar), 6.88 (d, 2H, J 7.1 Hz, Ar), 6.65 (s, 1H, Ar), 6.05 (g, 1H, J 7.5 Hz, -CH), 4.36
(d, 1H, J 15.4 Hz, -CHy), 4.09 (d, 1H, J 15.4 Hz, -CHy), 2.30 (s, 3H, -CHs), 0.97 (d, 3H, J 7.5
Hz, -CHs). *C-NMR (125 MHz, CDCls): & 198.6, 164.9, 141.9, 139.8, 137.2, 136.4, 135.1,
133.8, 133.0, 130.9, 130.1, 129.5, 129.2, 129.1, 128.8, 128.7, 128.6, 128.3, 126.7, 126.2, 58.7,
37.7, 21.4, 15.8; IRvmax (cm™): 3062, 1697, 1535, 1146, 1088, 688; HRMS-ESI: [M+H]" m/z
calcd for C3oH2s8CIN203S: 531.1509 found: 531.1484.

General procedure for the synthesis of 5

To a mixture of 4 (0.3 mmol), silica-gel (0.5 g) in CH3CN (2 mL) was added DBU (0.9 mmol)
under an N2 atmosphere at room temperature. The mixture was stirred at room temperature until
4 consumed (monitored by TLC, usually 1-2h) and then the mixture was elevated to 60 °C until
reaction was completed (monitored by TLC). After evaporation the solvent, the residue was
subjected to silica gel column chromatography with petroleum ether/ethyl acetate as eluent to
afford pyrroles 5.

1,3,4-Triphenyl-2-tosylaminopyrrole (5a). Solid (mp 118-120 °C). 'H NMR (500 MHz,
CDCl3) & 7.47-7.46 (m, 4H, Ar), 7.39-7.37 (m, 1H, Ar), 7.20-7.06 (m, 10H, Ar), 6.98 (s, 1H,
pyrrole-H), 6.92 (d, J 6.9 Hz, 2H, Ar), 6.82 (d, 2H, J 8.1 Hz, Ar), 6.75 (br, 1H, -NH), 2.29 (s,
3H, -CHs). ®C-NMR (125MHz, CDCls): § 142.9, 138.8, 136.3, 134.8, 133.4, 129.8, 129.1,
128.1, 128.0, 127.9, 127.2, 126.9, 126.0, 125.8, 125.7, 123.5, 122.2, 120.3, 119.9, 21.4; IRVmax
(cm™): 3263, 1598, 1499, 1390, 1160, 754, 697; HRMS-ESI: [M+H]" m/z calcd for
Ca20H25N20,S: 465.1637 found: 465.1633.
1-(4-Methylphenyl)-3,4-diphenyl-2-tosylaminopyrrole (5b). Solid (mp 158-160 °C). *H NMR
(500 MHz, CDCls) 6 7.35 (d, J.8.2 Hz, 2H, Ar), 6 7.24 (d, J 8.2 Hz, 2H, Ar), 7.20-7.06 (m, 10H,
Ar), 6.95 (s, 1H, pyrrole-H), 6.93-6.92 (m, 2H, Ar), 6.82 (d, 2H, J 8.0 Hz, Ar), 6.78 (br, 1H, -
NH), 2.43 (s, 3H, -CHs), 2.29 (s, 3H, -CHs). *C-NMR (125 MHz, CDCls): & 142.8, 137.0,
136.5, 136.3, 134.9, 133.4, 129.8, 129.7, 129.0, 128.1, 128.0, 127.9, 126.9, 125.9, 125.8, 125.6,
123.2, 122.0, 120.4, 119.9, 21.4, 21.1; IRvmax (cm™): 3251, 1598, 1499, 1390, 1160, 754, 697;
HRMS-ESI: [M+H]" m/z calcd for C3oH27N20,S: 479.1793 found: 479.1788.
1-(2-Methylphenyl)-3,4-diphenyl-2-tosylaminopyrrole (5¢). Solid (mp 148-150 °C). *H-NMR
(500 MHz, CDCls): 6 7.37-7.28 (m, 4H, Ar), 7.20-7.07 (m, 10H, Ar), 6.95 (d, 2H, J 6.9 Hz, Ar),
6.88 (br, 1H, -NH), 6.85-6.83 (m, 3H, Ar & pyrrole-H), 2.31 (s, 3H, -CHz), 2.25 (s, 3H, -CHz).
13C-NMR (125 MHz, CDCls): § 142.8, 137.6, 136.5, 135.6, 135.0, 133.6, 130.7, 130.0, 129.1,
128.8, 128.3, 128.1, 128.0, 127.9, 126.9, 126.3, 125.9, 125.7, 123.0, 121.0, 120.1, 21.4, 17.9;
IRvmax (cm™): 3266, 1605, 1386, 1159, 754, 697; HRMS-ESI: [M+H]* m/z calcd for
CaoH27N20,S: 479.1793 found: 479.1788.
1,3-Diphenyl-4-(4-methylphenyl)-2-tosylaminopyrrole (5d). Solid (mp 178-180 °C). 'H-NMR
(500 MHz, CDCls): 6 7.47-7.45 (m, 4H, Ar), 7.38-7.35 (m, 1H, Ar); 7.16 (d, 2H, J 8.3 Hz, Ar),
7.11-7.06 (m, 3H, Ar), 7.01 (s, 4H, Ar), 6.95 (s, 1H, pyrrole-H), 6.91-6.90 (m, 2H, Ar), 6.82 (d,
2H, J 8.1 Hz, Ar), 6.66 (br, 1H, -NH), 2.30 (s, 3H, -CHs), 2.28 (s, 3H, -CHs). 3C-NMR (125
MHz, CDCIs): 6 142.9, 138.8, 136.2, 135.4, 133.4, 131.8, 129.8, 129.1, 128.9, 127.9, 127.1,
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126.9, 126.0, 125.7, 123.4, 122.1, 120.2, 119.7, 21.4, 21.0; IRvmax (cm™): 3264, 1598, 1499,
1388, 1329, 1161, 754, 697; HRMS-ESI: [M+H]* m/z calcd for C3oH27N20,S: 479.1793 found:
479.1779.

1,3-Diphenyl-4-methyl-2-tosylaminopyrrole (5¢). Solid (mp 108-110 °C). *H-NMR (500 MHz,
CDCls): 6 7.44-7.31 (m, 5H, Ar), 7.18-7.16 (m, 5H, Ar); 7.05-7.03 (m, 2H, Ar), 6.82 (d, 2H, J
8.2 Hz, Ar), 6.75 (br, 1H, -NH), 6.67 (q, 1H, J 0.7 Hz, pyrrole-H), 2.31 (s, 3H, -CHj3), 2.05 (s,
3H, -CH3). ®*C-NMR (125 MHz, CDCls): & 142.8, 138.9, 136.4, 133.9, 129.2, 129.0, 127.9,
127.0, 126.7, 125.8, 125.7, 123.7, 119.9, 118.8, 117.1, 21.4, 11.2; IRvmax (cm™): 3250, 1598,
1501, 1390, 1160, 754, 697; HRMS-ESI: [M+H]" m/z calcd for C24H23N20,S: 403.1480 found:
403.1467.

1,4-Diphenyl-3-pentyl-2-tosylaminopyrrole (5f). Solid (mp 100-102 °C). *H-NMR (500 MHz,
CDCl3): & 7.43-7.36 (m, 6H, Ar), 7.28-7.25 (m, 4H, Ar); 7.08-7.04 (m, 4H, Ar), 6.77 (s, 1H,
pyrrole-H), 6.54 (br, 1H, -NH), 2.51-2.48 (m, 2H, -CH>), 2.39 (s, 3H, -CHs), 1.38-1.35 (m, 2H, -
CHy), 1.23-1.17 (m, 4H, -CHy), 0.83 (t, 3H, J 7.1 Hz, -CHs). ¥*C-NMR (125 MHz, CDCls): §
143.3, 138.5, 136.9, 136.0, 129.3, 128.9, 128.4, 127.7, 127.2, 126.6, 126.0, 125.2, 123.9, 122.9,
119.5, 119.3, 32.0, 29.6, 24.4, 22.3, 21.5, 14.0; IRvmax (cm™): 2952, 1597, 1499, 1390, 1160,
754, 697; HRMS-ESI: [M+H]* m/z calcd for C2sH31N20-S: 459.2106 found: 459.2094.
1,4-Diphenyl-3-(4-methylphenyl)-2-tosylaminopyrrole (5g). Solid (mp 204-206 °C). *H-NMR
(500 MHz, CDCls): & 7.49-7.44 (m, 4H, Ar), 7.39-7.36 (m, 1H, Ar); 7.21-7.14 (m, 7H, Ar),
6.97(s, 1H, pyrrole-H), 6.88 (d, 2H, J 7.9 Hz, Ar), 6.83 (d, 2H, J 8.2 Hz, Ar), 6.79 (d, 2H, J 8.1
Hz, Ar), 6.66 (br, 1H, -NH), 2.32 (s, 3H, -CHs), 2.31 (s, 3H, -CH3). 3C-NMR (125 MHz,
CDCl3): 6 142.9, 138.8, 136.5, 135.6, 134.9, 130.3, 129.6, 129.1, 128.9, 128.6, 128.1, 128.0,
127.1, 127.0, 125.8, 125.7, 123.4, 122.1, 120.3, 119.8, 21.5, 21.2; IRvmax (cm™): 3249, 1597,
1501, 1400, 1328, 1161, 754, 697; HRMS-ESI: [M+H]" m/z calcd for C3oH27N20-S: 479.1793
found: 479.1780.

1,4-Diphenyl-3-(3-chlorophenyl)-2-tosylaminopyrrole (5h). Solid (mp 216-218 °C). *H-NMR
(500 MHz, CDCl3): 6 7.49-7.47 (m, 4H, Ar), 7.42-7.39 (m, 1H, Ar); 7.24-7.16 (m, 5H, Ar), 7.12-
7.10 (m, 2H, Ar), 7.07-7.05 (m, 1H, Ar), 7.00 (t, 1H, J 7.9 Hz, Ar), 6.98 (s, 1H, pyrrole-H), 6.89
(d, 2H, J 8.1 Hz, Ar), 6.85-6.83 (m, 2H, Ar), 6.72 (br, 1H, -NH), 2.32 (s, 3H, -CHs). 3C-NMR
(125 MHz, CDCls): 6 143.3, 138.5, 136.4, 135.3, 134.3, 133.8, 129.6, 129.2, 129.1, 128.2, 128.1,
128.0, 127.5, 126.9, 126.1, 125.9, 123.4, 120.7, 120.5, 120.2, 21.5; IRvmax (cm™): 3255, 1597,
1500, 1390, 1160, 754, 697; HRMS-ESI: [M+H]" m/z calcd for CxoH24CIN2O,S: 499.1247
found: 499.1233.

1-Phenyl-3-(3-chlorophenyl)-4-(4-methylphenyl)-2-tosylaminopyrrole (5i). Solid (mp 163-
165 °C). *H-NMR (500 MHz, CDCls): § 7.50-7.45 (m, 4H, Ar), 7.40-7.37 (m, 1H, Ar); 7.22 (d, J
8.2 Hz, 2H, Ar), 7.11 (br, 1H, -NH), 7.06-6.97 (m, 6H, Ar), 6.94 (s, 1H, pyrrole-H), 6.88-6.85
(m, 4H, Ar), 2.31 (s, 6H, -2CHs). 3C-NMR (125 MHz, CDCls): & 143.2, 138.6 136.5, 135.7,
135.5, 133.7, 131.4, 129.6, 129.1, 129.0, 128.2, 127.9, 127.3, 126.8, 126.0, 125.8, 123.3, 120.8,
120.4, 119.9, 21.5, 21.1; IRvmax (cm™): 3248, 1597, 1500, 1391, 1160, 754, 697; HRMS-ESI:
[M+H]" m/z calcd for C3oH26CIN202S: 513.1404 found: 513.1392.
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1,4-Diphenyl-3-(3-chlorophenyl)-4-methyl-2-tosylaminopyrrole (5j). Solid (mp 210-212 °C).
'H-NMR (500 MHz, CDCls): § 7.53-7.46 (m, 3H, Ar), 7.40-7.38 (m, 2H, Ar), 7.28-7.18 (m, 5H,
Ar), 7.06-7.05 (m, 2H, Ar), 6.94-6.93 (m, 1H, Ar), 6.88-6.84 (m, 3H, Ar), 6.80 (t, J 1.6 Hz, 1H,
Ar), 6.72 (d, 1H, J 7.7 Hz, Ar), 2.28 (s, 3H, -CHgs), 2.08 (s, 3H, -CH3). 3C NMR (125 MHz,
CDCIl3): 8143.0, 136.9, 136.8, 135.8, 134.9, 133.4, 130.4, 129.5, 129.0, 128.9, 128.8, 128.2,
128.0, 127.9, 127.1, 126.8, 125.8, 125.3, 120.4, 120.2, 119.3, 21.4, 12.0; IRvmax (cm™): 3225,
1598, 1499, 1381, 1162, 761, 694; HRMS-ESI: [M+H]* m/z calcd for C3oH26CIN20,S: 513.1404
found: 513.1399.
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One kind of reaction product with high polarity could be monitored firstly during the
reaction using thin layer chromatography. We think this may be the alcohol intermediates.
We could separate this alcohol intermediate with partially converted to pyrrole using
preparative TLC. It showed that silica-gel could promote the reaction. *H NMR (500 MHz,
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(s, 3H, -CHs). *C-NMR (125 MHz, DMSO-ds): & 167.7, 141.4, 140.0, 139.5, 138.6, 134.3,
128.8, 128.7, 128.4, 127.9, 127.3, 127.1, 126.7, 126.5, 126.3, 125.4, 123.6, 79.0, 62.1, 59.9,
20.7.

Page 306 °ARKAT-USA, Inc.



General Papers ARKIVOC 2012 (viii) 295-307

15. (a) Lakner, F. J.; Parker, M. A.; Rogovoy, B.; Khvat, A.; lvachtchenko, A. Synthesis 2009,
1987. (b) Hattori, G.; Sakata, K.; Matsuzawa, H.; Tanabe, Y.; Miyake Y.; Nishibayashi, Y.
J. Am. Chem. Soc. 2010, 132, 10592.

Page 307 ©ARKAT-USA, Inc.



