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A convenient FeCl3-catalyzed synthesis of N-sulfonylimines via the condensation of aldehydes with
N-sulfonylamides in mild and neutral conditions (in ethanol at room temperature) is reported. This
procedure constitutes the first iron-catalyzed synthesis of N-sulfonylimines and is adapted to the con-
densation of both aromatic and aliphatic aldehydes.

� 2009 Elsevier Ltd. All rights reserved.
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Scheme 1. Iron-catalyzed N-sulfonylimine synthesis from aldehydes and
sulfonylamides.
1. Introduction

N-Sulfonylimines have been increasing in importance during
the two last decades because they are one of the few types of im-
ines bearing electron-withdrawing N-substituents that are stable
enough to be isolated but also enough reactive to be useful in-
termediates1 in organic synthesis and industrial applications. They
were used in numerous reactions such as nucleophilic addition,2

hetero Diels–Alder,3 or ene reactions.4 In addition, they were ex-
cellent precursors for the preparation of aziridines5 and
oxaziridines.6

A lot of synthetic routes7 toward N-sulfonylaldimines have al-
ready been developed based on Lewis acid catalyzed reactions8 of
sulfonamides with aldehyde precursors, rearrangement of oxime
O-sulfinates,9 tellurium mediated reaction of aldehydes with
chloramine-T,10 via the reaction of N-trimethylsilylaldimine with
various sulfonyl chlorides.11

The straightforward route is still the direct condensation of
carbonyl compounds with sulfonamides.12 Due to the weak nu-
cleophilicity of sulfonamide derivatives, harsh acidic conditions
and high temperatures were usually required and dehydrating
agents or apparatus were oftenly used. In a synthetic point of view,
those drastic conditions were not compatible with the resulting
imine derivatives. Furthermore, some other procedures needed
cumbersome experimental and multi-step procedure.

In another hand, iron, one of the most abundant metals on the
earth, and consequently one of the most inexpensive and envi-
ronmentally friendly ones, has seen a rise of its use as catalyst. Very
efficient processes, which are now able to compete with other
metal-catalyzed ones have emerged in the C–C bond formation,13
x: þ33 2 23 23 69 39
(C. Darcel).
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hydrosilylation,14 oxidation,15 epoxidation,16 even hydrogenation
areas.17

In continuing our work on the use of iron as catalyst18, we de-
scribed herein the first iron-catalyzed synthesis of N-sulfonylaldi-
mines using an efficient and simple procedure for the direct
condensation of aldehydes with N-sulfonamides (Scheme 1).
2. Results and discussion

In an initial attempt to synthesize N-sulfonylimine using iron-
catalyzed procedure, we have investigated the condensation re-
action of benzaldehyde 1a (1 mmol) with N-tosylamide 2 (1 mmol)
in ethanol as solvent. Our catalytic system consisted on commer-
cially available iron salt such as dry FeCl3. A systematic study was
first undertaken to define the best reaction conditions, and Table 1
lists the representative data obtained for the synthesis of N-tosyl-
benzylimine 3a with various commercially available iron salts.

In general, 10 mol % of iron salt was applied as catalyst precursor
in ethanol and the reaction mixture was stirred at room tempera-
ture for 1 h.

First of all, when iron(II) salts were employed as catalyst, low to
moderate GC-yields ranging from 4 to 50% were observed. Among
the different iron(II) salt precursors tested, the best result was
achieved when the reaction was performed in presence of FeCl2,

furnishing the N-tosylbenzylimine 3a in 50% GC-yield (Table 1,
entry 2). Interestingly, the use of iron(III) salts, and more especially
FeCl3 is crucial for the success of this reaction as a promising GC-
yield of 75% was obtained (Table 1, entry 11). Interestingly, the
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Table 1
Iron salt screening for the addition of p-tosylamide to benzaldehyde

Ph H

O

Ph H

N SO2-p-Tol
+  p-Tol-SO2-NH2

[Fe] (10 mol-%)

EtOH, rt, 1 h
1a 2 3a

Entry Iron salt 10 mol %a GC-yield (%)b

1 d 0
2 FeCl2 50
3 FeBr2 46
4 Fe(acac)2 5
5 Fe(OAc)2 4
6 FeSO4$7H2O 28
7 (NH4)2Fe(SO4)2$6H2O 7
8 Fe(ClO4)3$xH2O 44
9 Fe2O3 1
10 FeCl3$6H2O 60
11 FeCl3 75
12 Fe(acac)3 5

a Experimental conditions: benzaldehyde (1 mmol), p-tosylamide (1 mmol), iron
salt (10 mol %) in 3 mL of ethanol for 1 h.

b Determined by GC.

Table 3
Investigation of benzaldehyde and catalyst amount on the model reaction

Ph H

O FeCl3

Ph H

N SO2-p-Tol
+  p-Tol-SO2-NH2

EtOH, rt, 1 h
1a 2 3a

Entry FeCl3 (mol %)a Benzaldehyde (equiv) GC-yield(%)b

1 10 1 75
2 10 1.5 76
3 10 2 85
4 4 2 100 (92c)
5 1 2 80

a Experimental conditions: benzaldehyde, p-tosylamide (1 mmol), iron salt in
3 mL of ethanol for 1 h.

b GC-yield of tosylamide, determined by GC.
c Isolated yield.

Table 4
Scope of the reactiona

R1 H

O
+  R2-SO2-NH2

R1 H

N SO2R2
FeCl3 (4 mol-%)

EtOH, rt, 1 h

1 2 3

Entry R1 R2 Time (h) GC-yield Isolated yield

1 Ph p-Tol 1 3a 100 92
2 4-CF3–C6H4 p-Tol 1 3b 96 83
3 4-OMe–C6H4 p-Tol 1 3c 90 72
4 4-Br–C6H4 p-Tol 1 3d 100 80
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conversion was moderate (61%) when FeCl3$6H2O was used, which
shows the far better Lewis acid ability of FeCl3.

18b,19 Control ex-
periments in absence of iron salt (Table 1, entry 1) confirmed the
crucial role, which the iron catalyst plays in the described con-
densation reaction as it did not occur.

To get more information on the optimal catalytic conditions, we
carried out also intensive investigations to define the best solvent
for this transformation. Eight different solvents were tested at room
temperature for 1 h using 10 mol % of dry FeCl3 as catalyst. Table 2
lists representative data collected for the synthesis of N-tosylben-
zylimine 3a as model reaction.

Ethanol has been found to be a far better solvent than other
classical organic ones tested: N-tosylbenzylimine 3a was obtained
with rather good GC-yield (75%) (Table 2, entry 8). In other classical
solvents, the GC-yields were moderate and surprisingly, no reaction
occurred in DMF and N-methylpyrrolidone (NMP) (Table 2, entries
3 and 4).
Table 2
Investigation of solvents on the model reaction

Ph H

O FeCl3

Ph H

N SO2-p-Tol
+  p-Tol-SO2-NH2 solvent, rt, 1 h

1a 2 3a

Entry FeCl3 (mol %)a Solvent GC-yield (%)b

1 10 DCE 58
2 10 THF 65
3 10 NMP 0
4 10 DMF 0
5 10 Toluene 50
6 10 Acetone 54
7 10 AcOEt 41
8 10 EtOH 75

a Experimental conditions: benzaldehyde (1 mmol), p-tosylamide (1 mmol), iron
salt (10 mol %) in 3 mL of solvent for 1 h.

b Determined by GC.

5 4-Cl–C6H4 p-Tol 1 3e 95 70
6 Furan-2-yl p-Tol 1 3f 86 67
7 Thiophen-2-yl p-Tol 1 3g 87 74
8 Thiophen-3-yl p-Tol 1 3h 56 30
9 2 80 45
10 4b 100 71
11 5-Methylthio-phen-2-yl p-Tol 4 3i 57 30
12 4b 80 62
13 5-Ethylthio-phen-2-yl p-Tol 48 3j 100 71
14 4-Br–C6H4 p-ClC6H4 16 3k 100 70
15 4-Cl–C6H4 p-ClC6H4 16 3l 100 48
16 4-Br–C6H4 Ph 16 3m 90 66
17 4-Cl–C6H4 Ph 16 3n 86 57
18 4-Br–C6H4 Me 16 3o 95 54
19 Cyclohexyl p-Tol 16b 3p 100 d

20 Propyl p-Tol 16b 3q >90 d

a Experimental conditions: aldehyde (2 mmol), p-tosylamide (1 mmol), FeCl3
(0.04 mmol, 4 mol %) in 3 mL of ethanol for 1 h.

b The reaction was performed at 60 �C.
Variation of the ratio of aldehyde to N-tosylamide had signifi-
cant impact on the conversion. With a 1:1 ratio, the GC-yield was
75% (Table 3, entry 1). When we increased the amount of aldehyde
to a ratio 1.5:1, the GC-yield didn’t increase significantly (76%)
(Table 3, entry 2). But when the ratio reached 2:1, a good and
promising GC-yield of 85% was observed (Table 3, entry 3).

At this stage, we studied the variation of the amount of catalyst
on the conversion of the reaction. By changing the amount of iron
from 10 mol % to 4 mol %, the yield increased to 92% (Table 3, entry
4). But when the lower amount of FeCl3 was used (1 mol %), the GC-
yield decreased to 80%.

Hence, the optimized conditions found for the synthesis of N-
tosylaldimines starting from aldehyde and N-tosylamide are the
use of 2 equiv of aldehyde, 1 equiv of N-tosylamide in the presence
of 4 mol % of dry FeCl3 in ethanol at room temperature for 1 h.

The substrate scope was then investigated. A variety of alde-
hydes and N-sulfonylamides were tested under the optimized
conditions using FeCl3 as catalyst (Table 4).
In general, all reactions were clean, and the N-sulfonylimines 3
were obtained in moderate to good yields under the previously
optimized conditions. The purification of the desired compound
was made by simple recrystallization. It turned out that our iron-
catalyzed condensation could adapt to various aldehydes. For
aromatic aldehydes such as benzaldehyde or p-substituted benz-
aldehydes, the reaction proceeded smoothly and gave rise to the
aromatic N-tosylimines 3a–e in moderate to good GC-yields
reaching 100% and isolated yields ranging from 70 to 92% (Table 4,
entries 1–5). When 2-furaldehyde and 2-thiophenecarboxaldehyde
were used, good GC-yields were observed (86 and 87%,
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respectively) and good isolated yields were obtained (3f, 67% and
3g, 74%) (Table 4, entries 6 and 7). Using the same reaction condi-
tions (room temperature, 1 h), 3-thiophenecarboxaldehyde gave
only a moderate GC-yield of 56% and an isolated yield of 30% (Table
4, entry 8). Increasing the reaction time to 2 h had a beneficial effect
(GC-yield¼80%, isolated yield¼45%, entry 9). However, enhancing
the temperature to 60 �C for 4 h improved both GC-yield (100%)
and isolated yield (71%) (Table 4, entry 10). In like manner, the 5-
methylthiophen-2-yltosylimine 3i was obtained in 62% yield when
the reaction mixture was warmed at 60 �C for 4 h instead of 30%
after 4 h at room temperature (Table 4, entries 11and 12). The 5-
ethylthiophen-2-yltosylimine 3j was obtained with 71% isolated
yield after 48 h at room temperature (Table 4, entry 13).

We were successful in extending the procedure to include other
sulfonamides such as p-chlorophenylsulfonamide (entries 14 and
15), phenylsulfonamide (entries 16 and 17) and methylsulfonamide
(entry 18). In those cases, the reactions proceeded at room tem-
perature for 16 h and led to the corresponding sulfonaldimines
with moderate to good isolated yields (48–70%).

We must underline that the conversion rate of p-toluenesulfo-
namide with aldehydes was higher than the other sulfonamides
used, certainly due to a difference of nucleophilicity of the amino
part.

Due to mild and neutral condensation reaction conditions, eno-
lizable aliphatic aldehydes were also good candidates for the re-
action (Table 4, entries 19 and 20) and gave the desired N-tosylimines
3p,q with good GC-yields ranging from 90 to 100%. Those two ali-
phatic N-Ts imines were not purified because of their instability.

At this stage of the project, although the mechanism of the
present reaction has not been studied in details and if any mech-
anistic discussion is speculative, we believe that the catalyzed
transformation proceeds via an iron Lewis acid activation of the
carbonyl group of the aldehyde. Therefore, iron-coordinated car-
bonyl increases its electrophilicity to trigger the nucleophilic attack
by the sulfonylamide (Scheme 2).
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Scheme 2. Plausible mechanism for iron-catalyzed sulfonylimine synthesis.
3. Conclusion

In conclusion, we have developed the first iron-catalyzed ad-
dition of N-sulfonylamides on aldehydes, which involves a com-
mercially available catalyst, FeCl3. This efficient and simple method
provides in most cases the desired N-sulfonylimines in moderate to
good yields. Overall the novel iron-catalyzed N-sulfonylimines
synthesis reported here constitutes a promising process because of
its operational simplicity: it must be pointed out that this N-sul-
fonylimine synthesis is conducted in mild and neutral conditions
(room temperature in ethanol as solvent). Its increased efficiency
and enlargement of the substrate scope are currently under in-
vestigation by our research group.

4. Experimental section

4.1. General information

All reagents and solvents were used as received. Reactions were
performed under ambient atmosphere. Technical grade solvents
were used. 1H and 13C NMR spectra were recorded on a Bruker DPX
200 and AM300WB spectrometers at ambient temperature in
CDCl3. Chemical shifts are given in parts per million (ppm) relative
to CDCl3 (1H: 7.26 ppm, 13C: 77.00 ppm). Coupling constants are
given in hertz (Hz). High resolution mass spectra (HRMS) were
recorded by the HRMS unit of the CMRPO (Rennes) using EI
(Electron ionization, 70 eV) or electrospray ionization (ESI). Gas
chromatography (GC) was performed on a GC-2014 (Shimadzu) Gas
Chromatograph equipped with a 30-m capillary column (Supelco,
Equity�-5, fused silica capillary column, 30 M�0.25 mm�0.25 mm
film thickness), using N2/air as vector gas. GC–MS were measured
by GCMS-QP2010S (Shimadzu) with GC-2010 equipped with a 30-
m capillary column (Supelco, SLB�-5ms, fused silica capillary col-
umn, 30 M�0.25 mm�0,25 mm film thickness), using helium as
vector gas. The following GC conditions were used: initial tem-
perature 100 �C, for 2 min, then rate 10 �C/min until 250 �C and
kept at 250 �C for 15 min.

4.2. General procedure

In a 10 mL vial equipped with a magnetic stirring bar, 4 mol % of
commercially available dry FeCl3 was added to the solution of sul-
fonylamide (1 mmol) in ethanol (3 mL). Aldehyde (2 mmol) was
then added.

The solution was stirred at room temperature for 1 h. Volatile
components were then removed under reduced pressure and the
residue was recrystallized in a mixture of 2 mL of hot AcOEt and
6 mL of hexane. After 5 h in fridge, the solid was filtered, washed,
and dried.

Compounds 3a,2c,12b,g,h 3b,20 3c,2c,12g,20 3d,21 3e, 8a,12b,g 3f,12c

3g,8a,12b 3h,8a 3l22, 3m,23 and 3n23 were characterized by compar-
ing their NMR spectra with the literature data.

4.2.1. N-Benzylidene-4-methylbenzenesulfonamide 3a
The compound was prepared as described in the general pro-

cedure (92% isolated yield). GC: tR¼19.4 min. MS (EI): m/z 259 (Mþ,
80), 195 (40), 155 (100), 104 (90), 91 (90), 77 (90), 65 (90), 51 (90).
1H NMR (200.13 MHz, CDCl3): d ppm 2.46 (s, 3H), 7.37 (d, 2H, J¼8),
7.45–7.55 (m, 2H), 7.60–7.75 (m, 1H), 7.85–8.00 (m, 4H), 9.06 (s, 1H).
13C NMR (50.75 MHz, CDCl3): d ppm 170.6, 145.1, 135.4, 132.8, 131.8,
130.3, 129.6, 128.5, 126.9, 22.1.

4.2.2. N-(4-Trifluoromethylbenzylidene)-4-methylbenzene-
sulfonamide 3b

The compound was prepared as described in the general pro-
cedure (83% isolated yield). GC: tR¼18.4 min. MS (EI): m/z 327 (Mþ,
60), 155 (100), 145 (30), 91 (100), 65 (100), 51 (30). 1H NMR
(200.13 MHz, CDCl3): d ppm 2.48 (s, 3H), 7.39 (d, 2H, J¼8.4), 7.77 (d,
2H, J¼8.0), 7.92 (d, 2H, J¼7.8), 8.07 (d, 2H, J¼8.0), 9.10 (s, 1H). 13C
NMR (50.75 MHz, CDCl3): d ppm 169.3, 144.9, 125.5–143.7 (m),
129.3 (q, 1JC–F¼260), 22.3.

4.2.3. N-(4-Methoxybenzylidene)-4-methylbenzenesulfonamide 3c
The compound was prepared as described in the general pro-

cedure (72% isolated yield). GC: tR¼26.9 min. MS (EI): m/z 289 (Mþ,
15), 155 (15), 134 (70), 91 (80), 77 (15), 65 (30). 1H NMR
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(200.13 MHz, CDCl3): d ppm 2.45 (s, 3H), 3.91 (s, 3H), 6.98 (d, 2H,
J¼8.8), 7.35 (d, 2H, J¼8.0), 7.91 (d, 2H, J¼8.8), 7.90 (d, 2H, J¼8.2),
8.96 (s, 1H). 13C NMR (50.75 MHz, CDCl3): d ppm 169.7, 165.7, 144.7,
136.1, 134.2, 130.2, 128.3, 125.6, 115.1, 56.1, 22.1.

4.2.4. N-(4-Bromobenzylidene)-4-methylbenzenesulfonamide 3d
The compound was prepared as described in the general pro-

cedure (80% isolated yield). GC: tR¼21.4 min. MS (EI): m/z 339 (Mþ,
10), 337 (Mþ, 10), 184 (10), 182 (10), 155 (60), 91 (100), 65 (25). 1H
NMR (200.13 MHz, CDCl3): d ppm 2.46 (s, 3H), 7.37 (d, 2H, J¼8.0),
7.64 (d, 2H, J¼7.7), 7.80 (d, 2H, J¼8.0), 7.90 (d, 2H, J¼7.7), 8.99 (s,
1H). 13C NMR (50.75 MHz, CDCl3): d ppm 169.3, 145.3, 135.3, 133.0,
132.8, 131.6, 130.7, 130.3, 128.6, 22.1.

4.2.5. N-(4-Chlorobenzylidene)-4-methylbenzenesulfonamide 3e
The compound was prepared as described in the general pro-

cedure (70% isolated yield). GC: tR¼20.4 min. MS (EI): m/z 295 (Mþ,
5), 293 (Mþ, 10), 155 (50), 91 (100), 65 (25). 1H NMR (200.13 MHz,
CDCl3): d ppm 2.47 (s, 3H), 7.37 (d, 2H, J¼6.9), 7.49 (d, 2H, J¼7.2),
7.88 (m, 4H), 9.02 (s, 1H). 13C NMR (50.75 MHz, CDCl3): d ppm 169.2,
145.3, 141.9, 135.3, 132.8, 131.2, 130.3, 130.2, 128.6, 22.1.

4.2.6. N-(2-Furylmethylene)-4-methylbenzenesulfonamide 3f
The compound was prepared as described in the general pro-

cedure (67% isolated yield). GC: tR¼17.8 min. MS (EI): m/z 249 (Mþ,
80), 155 (100), 139 (40), 91 (100), 65 (100), 51 (30). 1H NMR
(200.13 MHz, CDCl3): d ppm 2.45 (s, 3H, CH3), 7.10–7.50 (m, 3H),
7.70–8.00 (m, 4H), 9.13 (s, 1H). 13C NMR (50.75 MHz, CDCl3): d ppm
162.7, 144.9, 139.6, 138.6, 137.2, 135.8, 130.2, 129.3, 128.4, 22.1.

4.2.7. 4-Methyl-N-(2-thienylmethylene)-benzenesulfonamide 3g
The compound was prepared as described in the general pro-

cedure (74% isolated yield). GC: tR¼20.8 min. MS (EI): m/z 265 (Mþ,
80), 174 (60), 155 (100), 110 (100), 91 (100), 83 (30), 65 (100), 51
(30). 1H NMR (200.13 MHz, CDCl3): d ppm 2.45 (s, 3H), 7.18–7.30 (m,
1H), 7.36 (d, 2H, J¼8.2), 7.80 (d, 2H, J¼4.2), 7.88 (d, 2H, J¼8.4), 9.13
(s, 1H). 13C NMR (50.75 MHz, CDCl3): d ppm 162.7, 144.0, 139.5,
138.6, 135.8, 130.2, 129.3, 128.4, 126.9, 22.1.

4.2.8. 4-Methyl-N-(thiophen-3-ylmethylene)-benzenesulfonamide 3h
The compound was prepared as described in the general pro-

cedure (71% isolated yield). GC: tR¼20 min. MS (EI): m/z 265 (Mþ,
10), 210 (100), 174 (90), 155 (100), 110 (45), 91 (100), 83 (35), 65
(100). 1H NMR (200.13 MHz, CDCl3): d ppm 2.46 (s, 3H), 7.25–7.35
(m, 2H), 7.62 (d, 1H, J¼5.0), 7.89 (d, 2H, J¼8.2), 8.16 (m, 2H), 9.02 (s,
1H). 13C NMR (50.75 MHz, CDCl3): d ppm 163.5, 145.0, 138.6, 137.5,
135.7, 130.2, 128.5, 128.2, 126.9, 22.1.

4.2.9. 4-Methyl-N-((5-methylthiophen-2-yl)methylene)-
benzenesulfonamide 3i

The compound was prepared as described in the general pro-
cedure (62% isolated yield). GC: tR¼20.7 min. MS (EI): m/z 281 (Mþ,
8), 279 (20), 207 (25), 155 (20), 124 (55), 91 (100), 65 (30), 53 (20).
1H NMR (300.13 MHz, CDCl3): d ppm 2.44 (s, 3H), 2.58 (s, 3H), 6.89–
7.88 (m, 6H), 9.00 (s, 1H). 13C NMR (75.47 MHz, CDCl3): d ppm 161.9,
153.7, 144.2, 140.1, 136.0, 135.8, 129.7, 127.8, 21.6, 16.5. HRMS (EI,
70 eV): calcd for C13H13NO2S2 [Mþ] 279.0388, found 279.0388.

4.2.10. N-((5-Ethylthiophen-2-yl)methylene)-4-
methylbenzenesulfonamide 3j

The compound was prepared as described in the general pro-
cedure (71% isolated yield). GC: tR¼21.2 min. MS (EI): m/z 293 (Mþ,
20), 155 (15), 138 (75), 122 (15), 91 (100), 65 (30). 1H NMR
(300.13 MHz, CDCl3): d ppm 1.30 (t, 3H, J¼7.5), 2.41 (s, 3H), 2.88 (q,
2H, J¼7.5), 6.90–7.85 (m, 6H), 9.00 (s, 1H). 13C NMR (50.75 MHz,
CDCl3): d ppm 162.0, 161.3, 144.1, 140.1, 135.7, 135.3, 129.6, 127.6,
126.0, 24.2, 21.5, 15.2. HRMS (EI, 70 eV): calcd for C14H15NO2S2 [Mþ]
293.0544, found 293.0534.

4.2.11. N-(4-Bromobenzylidene)-4-chlorobenzenesulfonamide 3k
The compound was prepared as described in the general pro-

cedure (70% isolated yield). GC: tR¼21.7 min. MS (EI): m/z 359 (Mþ,
10), 357 (Mþ, 8), 184 (20), 182 (20), 177 (25), 175 (65), 113 (35), 111
(100), 76 (25), 75 (55), 51 (20), 50 (10). 1H NMR (300.13 MHz, CDCl3):
d ppm 7.52 (d, 2H, J¼8.7), 7.66 (d, 2H, J¼8.5), 7.79 (d, 2H, J¼8.6), 7.96
(d, 2H, J¼8.8), 9.02 (s, 1H). 13C NMR (75.46 MHz, CDCl3): d ppm
169.6,140.4,136.5,132.7,132.5,131.0,130.7,129.5,129.5. HRMS (ESI):
calcd for C13H9NO2SClBrNa [MþNa]þ 379.9124, found 379.9122.

4.2.12. N-(4-Chlorobenzylidene)-4-chlorobenzenesulfonamide 3l
The compound was prepared as described in the general pro-

cedure (48% isolated yield). GC: tR¼20.6 min. MS (EI): m/z 315 (Mþ,
8), 313 (Mþ, 10), 177 (15), 175 (45), 140 (10), 138 (25), 113 (35), 111
(100), 76 (10), 75 (45), 51 (10), 50 (15). 1H NMR (300.13 MHz,
CDCl3): d ppm 7.50 (d, 2H, J¼8.4), 7.55 (d, 2H, J¼8.5), 7.89 (d, 2H,
J¼8.3), 7.96 (d, 2H, J¼8.4), 9.04 (s, 1H). 13C NMR (75.46 MHz, CDCl3):
d ppm 169.4, 141.9, 140.4, 136.5, 132.5, 130.6, 129.7, 129.6, 129.5.

4.2.13. N-(4-Bromobenzylidene)-benzenesulfonamide 3m
The compound was prepared as described in the general pro-

cedure (66% isolated yield). GC: tR¼20.3 min. MS (EI): m/z 325 (Mþ,
5), 323 (Mþ, 5), 184 (15), 182 (15), 141 (45), 77 (100), 51 (25), 50 (10).
1H NMR (300.13 MHz, CDCl3): d ppm 7.61 (m, 5H), 7.79 (m, 2H), 8.00
(m, 2H), 9.03 (s, 1H). 13C NMR (75.46 MHz, CDCl3): d ppm 169.6,
140.4, 136.4, 132.7, 132.5, 130.9, 130.7, 129.52, 129.50.

4.2.14. N-(4-Chlorobenzylidene)-benzenesulfonamide 3n
The compound was prepared as described in the general pro-

cedure (57% isolated yield). GC: tR¼19.3 min. MS (EI): m/z 281 (Mþ,
4), 279 (Mþ, 10), 141 (45), 138 (25), 113 (12), 111 (4), 77 (100), 51
(25), 50 (10). 1H NMR (300.13 MHz, CDCl3): d ppm 7.49 (d, 2H,
J¼7.7), 7.57 (m, 3H), 7.89 (d, 2H, J¼7.8), 8.02 (d, 2H, J¼7.0), 9.04 (s,
1H). 13C NMR (75.46 MHz, CDCl3): d ppm 169.1, 141.6, 137.9, 133.7,
132.4, 130.7, 129.6, 129.2, 128.0.

4.2.15. N-(4-bromobenzylidene)-methanesulfonamide 3o
The compound was prepared as described in the general pro-

cedure (54% isolated yield). GC: tR¼14.9 min. MS (EI): m/z 263 (Mþ,
25), 261 (Mþ, 25), 184 (100), 182 (100), 157 (45), 155 (45), 102 (30),
101 (20), 80 (50), 79 (55), 76 (75), 75 (75), 65 (20), 51 (15), 50 (50).
1H NMR (200.13 MHz, CDCl3): d ppm 3.15 (s, 3H), 7.67 (d, 2H, J¼7.7),
7.84 (d, 2H, J¼8.0), 9.00 (s, 1H). 13C NMR (75.46 MHz, CDCl3):
d ppm170.4, 132.7, 132.4, 130.9, 130.5, 40.2. HRMS (EI, 70 eV): calcd
for C8H8NO2

79BrS [Mþ] 260.9459, found 260.9473.

4.2.16. N-(Cyclohexylmethylene)-4-methylbenzenesulfonamide 3p
The compound was prepared as described in the general pro-

cedure. It was not purified because of its instability. GC:
tR¼18.4 min. MS (EI): m/z 265 (Mþ, 35), 210 (40), 197 (70), 155 (85),
133 (80), 110 (100), 91 (100), 83 (40), 65 (100), 55 (100).

4.2.17. N-Butylidene-4-methylbenzenesulfonamide 3q
The compound was prepared as described in the general pro-

cedure. It was not purified because of its instability. GC: tR¼14 min.
MS (EI): m/z 225 (Mþ, 10), 197 (100), 155 (100), 133 (100), 106 (60),
91 (100), 70 (100), 65 (100), 51 (30).
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1. For selected examples, see: (a) Bégué, J. P.; Bonnet-Delpon, D.; Crousse, B.;
Legros, J. Chem. Soc. Rev. 2005, 34, 562–572; (b) Gohain, M. Synlett 2003, 2097–
2098; (c) Shim, J.-G.; Yamamoto, Y. Heterocycles 2000, 52, 885–895; (d) Prakash,
G. K. S.; Mandal, M.; Olah, G. A. Synlett 2001, 77–78; (e) Bloch, R. Chem. Rev. 1998,
98, 1407–1438; (f) Weinreb, S. M. Top. Curr. Chem. 1997, 190, 131–184; (g) Davies,
F. A.; Reddy, R. T.; Weismiller, M. C. J. Am. Chem. Soc. 1989, 111, 5964–5965.

2. For selected examples: (a) Ooi, T.; Uematsu, Y.; Maruoka, K. J. Am. Chem. Soc.
2006, 128, 2548–2549; (b) Duan, H. F.; Jia, Y. X.; Wang, L. X.; Zhou, Q. L. Org. Lett.
2006, 8, 2567–2569; (c) Fujisawa, H.; Takahashi, E.; Mukaiyama, T. Chem.dEur. J.
2006, 12, 5082–5093; (d) Shi, M.; Chen, L.-H.; Li, C.-Q. J. Am. Chem. Soc. 2005, 127,
3790–3800; (e) Soeta, T.; Kuriyama, M.; Tomioka, K. J. Org. Chem. 2005, 70, 297–
300; (f) Hayashi, T.; Kawai, M.; Tokunaga, N. Angew. Chem., Int. Ed. 2004, 43,
6125–6128; (g) Yim, H. K.; Wong, H. N. C. J. Org. Chem. 2004, 69, 2892–2895; (h)
Wipf, P.; Kendall; Stephenson, C. R. J. J. Am. Chem. Soc. 2003, 125, 761–768; (i)
Yamada, K.-I.; Fujihara, H.; Yamamoto, Y.; Miwa, Y.; Taga, T.; Tomioka, K. Org.
Lett. 2002, 4, 3509–3511; (j) Wang, D. K.; Zhou, Y. G.; Tang, Y.; Hou, X.-L.; Dai, L.-X.
J. Org. Chem. 1999, 64, 4233–4237.

3. For selected examples: (a) Garcia-Mancheno, O.; Gomez-Arrayas, R.; Carretero,
J. C. J. Am. Chem. Soc. 2004, 126, 456–457; (b) Morgan, P. E.; McCague, R.;
Whiting, A. J. Chem. Soc., Perkin Trans. 1 2000, 515–525; (c) Yao, S.; Johannsen,
M.; Hazell, R. G.; Jorgensen, K. A. Angew. Chem., Int. Ed. 1998, 37, 3121–3124; (d)
Bauer, T.; Szymanski, S.; Jezewski, A.; Gluzinski, P.; Jurczak, J. Tetrahedron:
Asymmetry 1997, 8, 2619–2625; (e) Boger, D. L.; Corbett, W. L.; Curran, T. T.;
Kasper, A. M. J. Am. Chem. Soc. 1991, 113, 1713–1729; (f) Boger, D. L.; Curran, T. T.
J. Org. Chem. 1990, 55, 5439–5442; (g) Sisko, J.; Weireb, S. M. Tetrahedron Lett.
1989, 30, 3037–3040.

4. (a) Yamanaka, M.; Nishida, A.; Nakagawa, M. Org. Lett. 2000, 2, 159–161; (b)
Melnick, M. J.; Freyer, A. J.; Weinreb, S. M. Tetrahedron Lett. 1988, 29, 3891–3894;
(c) Taschaen, D. M.; Turos, E.; Weinreb, S. M. J. Org. Chem. 1984, 49, 5058–5064.

5. (a) Arini, L. G.; Sinclair, A.; Szeto, P.; Stockman, R. A. Tetrahedron Lett. 2004, 45,
1589–1591; (b) Aggarwal, V. K.; Alonso, E.; Ferrara, M.; Spey, S. E. J. Org. Chem.
2002, 67, 2335–2344; (c) Hori, R.; Aoyama, T.; Shioiri, T. Tetrahedron Lett. 2000, 41,
9455–9458; (d) Wang, D.-K.; Dai, L.-X.; Hou, X.-L. Chem. Commun. 1997, 1231–
1232; (e) Li, A.-H.; Dai, L.-X.; Hou, X.-L.; Chen, M.-B. J. Org. Chem. 1996, 61, 4641–
4648; (f) Li, A.-H.; Dai, L.-X.; Hou, X.-L. Chem. Commun. 1996, 491–492.

6. (a) Davis, F. A.; ThimmaReddy, R.; Reddy, R. E. J. Org. Chem. 1992, 57, 6387–6389;
(b) Vishwakarma, L. C.; Stringer, O. D.; Davis, F. A. Org. Synth. 1988, 66, 203–210.

7. For a review, see: Weinreb, S. M. Top. Curr. Chem. 1997, 190, 131–184.
8. For selected examples, see: (a) Wynne, J. H.; Price, S. E.; Rorer, J. R.; Stalick, W.

M. Synth. Commun. 2003, 33, 341–352; (b) Jennings, W. B.; Lovely, C. J. Tetra-
hedron 1991, 47, 5561–5568; (c) Boger, D. L.; Corbett, W. L.; Curran, T. T.; Kasper,
A. M. J. Am. Chem. Soc. 1991, 113, 1713–1729; (d) Jennings, W. B.; Lovely, C. J.
Tetrahedron Lett. 1988, 29, 3725–3728; (e) McKay, W. R.; Proctor, G. C. J. Chem.
Soc., Perkin Trans. 1 1981, 2435–2442; (f) Lichtenberger, J.; Fleury, S.; Barette, B.
Bull. Soc. Chim. Fr. 1955, 669–680.
9. Boger, D. L.; Corbett, W. L. J. Org. Chem. 1992, 57, 4777–4780.
10. Trost, B. M.; Marrs, C. J. Org. Chem. 1991, 56, 6468–6470.
11. Georg, G. I.; Harriman, G. C. B.; Peterson, S. A. J. Org. Chem. 1995, 60, 7366–7368.
12. For selected examples, see: (a) Khalafi-Nezhad, A.; Parhami, A.; Zare, A.;

Nasrolahi-Shirazi, A.; Zare, A. R. M.; Hassanirejad, A. Can. J. Chem. 2008, 86,
456–461; (b) Fan, R.; Pu, D.; Wen, F.; Ye, Y.; Wang, X. J. Org. Chem. 2008, 73,
3623–3625; (c) Li, Z.; Ren, X.; Wei, P.; Wan, H.; Shi, Y.; Ouyang, P. Green Chem.
2006, 8, 433–436; (d) Jain, S. L.; Sharma, V. B.; Sain, B. J. Mol. Catal. 2005, 239,
92–95; (e) Garcia Ruano,, J. L.; Aleman, J.; Cid, M. B.; Parra, A. Org. Lett. 2005, 7,
179–182; (f) Lee, K. Y.; Lee, C. G.; Kim, J. N. Tetrahedron Lett. 2003, 44, 1231–
1234; (g) Jin, T.; Feng, G.; Yang, M.; Li, T. Synth. Commun. 2004, 34, 1277–1283;
(h) Chemla, F.; Hebbe, V.; Normant, J.-F. Synthesis 2000, 75–77; (i) Love, B. E.;
Raje, P. S.; William, T. C., II. Synlett 1994, 493–494; (j) Love, B. E.; Ren, J. J. Org.
Chem. 1993, 58, 5556–5557; (k) Boger, D. L.; Corbett, W. L.; Curran, T. T.; Kasper,
A. M. J. Am. Chem. Soc. 1991, 113, 1713–1729; (l) Vishwakarma, L. C.; Stringer, O.
D.; Davis, F. A. Org. Synth. 1988, 66, 203–210.

13. For complete reviews of the state of the art, see: (a) Bolm, C.; Legros, J.; Le Paih,
J.; Zani, L. Chem. Rev. 2004, 104, 6217–6254; (b) Cahiez, G.; Marquais, S. Pure
Appl. Chem. 1996, 68, 53–60; (c) Sherry, B. D.; Fürstner, A. Acc. Chem. Res. 2008,
41, 1500–1511.

14. (a) Tondreau, A. M.; Lobkovsky, E.; Chirik, P. J. Org. Lett. 2008, 10, 2789–2792;
(b) Shaikh, N. S.; Enthaler, S.; Junge, K.; Beller, M. Angew. Chem., Int. Ed. 2008,
47, 2497–2501; (c) Gelalcha, F. G.; Bitterlich, B.; Anilkumar, G.; Tse, M. K.;
Beller, M. Angew. Chem., Int. Ed. 2007, 46, 7293–7296; (d) Shaikh, N. S.; Junge,
K.; Beller, M. Org. Lett. 2007, 9, 5429–5432; (e) Nishiyama, H.; Furuta, A. Chem.
Commun. 2007, 760–762; (f) Furuta, A.; Nishiyama, H. Tetrahedron Lett. 2007,
49, 110–113.

15. (a) Shi, F.; Tse, M. K.; Li, Z.; Beller, M. Chem.dEur. J. 2008, 14, 8793–8797; (b)
Nakanishi, M.; Bolm, C. Adv. Synth. Catal. 2007, 349, 861–864; (c) Pavan, C.;
Legros, J.; Bolm, C. Adv. Synth. Catal. 2005, 347, 703–705; (d) Pavan, C.; Legros,
J.; Bolm, C. Adv. Synth. Catal. 2005, 347, 703–705; (e) Legros, J.; Bolm, C. Chem.dEur.
J. 2005, 11, 1086–1092; (f) Legros, J.; Bolm, C. Angew. Chem., Int. Ed 2004, 43, 4225–
4228; (g) Legros, J.; Bolm, C. Angew. Chem., Int. Ed. 2003, 42, 5487–5489.

16. (a) Bitterlich, B.; Schroeder, K.; Tse, M. K.; Beller, M. Eur. J. Org. Chem. 2008, 29,
4867–4870; (b) Gelalcha, F. G.; Anilkumar, G.; Tse, M. K.; Bruckner, A.; Beller, M.
Chem.dEur. J. 2008, 14, 7687–7698; (c) Gelalcha, F. G.; Bitterlich, B.; Anilkumar,
G.; Tse, M. K.; Beller, M. Angew. Chem., Int. Ed. 2007, 46, 7293–7296; (d)
Schroeder, K.; Tong, X.; Bitterlich, B.; Tse, M. K.; Gelalcha, F. G.; Brueckner, A.;
Beller, M. Tetrahedron Lett. 2007, 48, 6339–6342; (e) Bitterlich, B.; Anilkumar,
G.; Gelalcha, F. G.; Spilker, B.; Grotevendt, A.; Jackstell, R.; Tse, M. K.; Beller, M.
Chem. Asian J. 2007, 2, 521–529; (f) Anilkumar, G.; Bitterlich, B.; Gelalcha, F. G.;
Tse, M. K.; Beller, M. Chem. Commun. 2007, 289–291.

17. (a) Gaillard, S.; Renaud, J.-L. ChemSusChem 2008, 1, 505–509; (b) Enthaler, S.;
Hagemann, B.; Erre, G.; Junge, K.; Beller, M. Chem. Asian J. 2006, 1, 598–604; (c)
Bart, S. C.; Lobkovsky, E.; Chirik, P. J. J. Am. Chem. Soc. 2004, 126, 13794–13807.

18. (a) Wu, X.-F.; Darcel, C. Eur. J. Org. Chem. 2009, 1144–1147; (b) Wu, X.-F.; Bezier,
D.; Darcel, C. Adv. Synth. Catal. 2009, 351, 367–370.

19. Ladépêche, A.; Tam, E.; Ancel, J.-E.; Ghosez, L. Synthesis 2004, 1375–1380.
20. Hayashi, T.; Ishigedani, M. J. Am. Chem. Soc. 2000, 122, 976–977.
21. Vass, A.; Dudas, J.; Varma, R. S. Tetrahedron Lett. 1999, 40, 4951–4954.
22. Williams, D. R.; Robinson, L. A.; Amato, G. S.; Osterhout, M. H. J. Org. Chem. 1992,

57, 3740–3744.
23. Sharghi, H.; Hosseini-Sarvari, M.; Ebrahimpourmo-ghaddam, S. ARKIVOC 2007,

xv, 255–264.

http://dx.doi.org/doi:10.1016/j.tet.2009.07.029

	Iron-catalyzed sulfonylimine synthesis under neutral conditions
	Introduction
	Results and discussion
	Conclusion
	Experimental section
	General information
	General procedure
	N-Benzylidene-4-methylbenzenesulfonamide 3a
	N-(4-Trifluoromethylbenzylidene)-4-methylbenzene	sulfonamide 3b
	N-(4-Methoxybenzylidene)-4-methylbenzenesulfonamide 3c
	N-(4-Bromobenzylidene)-4-methylbenzenesulfonamide 3d
	N-(4-Chlorobenzylidene)-4-methylbenzenesulfonamide 3e
	N-(2-Furylmethylene)-4-methylbenzenesulfonamide 3f
	4-Methyl-N-(2-thienylmethylene)-benzenesulfonamide 3g
	4-Methyl-N-(thiophen-3-ylmethylene)-benzenesulfonamide 3h
	4-Methyl-N-((5-methylthiophen-2-yl)methylene)-benzenesulfonamide 3i
	N-((5-Ethylthiophen-2-yl)methylene)-4-methylbenzenesulfonamide 3j
	N-(4-Bromobenzylidene)-4-chlorobenzenesulfonamide 3k
	N-(4-Chlorobenzylidene)-4-chlorobenzenesulfonamide 3l
	N-(4-Bromobenzylidene)-benzenesulfonamide 3m
	N-(4-Chlorobenzylidene)-benzenesulfonamide 3n
	N-(4-bromobenzylidene)-methanesulfonamide 3o
	N-(Cyclohexylmethylene)-4-methylbenzenesulfonamide 3p
	N-Butylidene-4-methylbenzenesulfonamide 3q


	Acknowledgements
	Supplementary data
	References and notes


