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We describe the use of a microwave reaction for the conversion of various bromides to sodium sulfonates
that have been further elaborated to sulfonyl chlorides. This new approach leads to much improved
yields and shorter reaction times. Representative sulfonyl chlorides serve as precursors for the respective
sulfonyl fluorides that are potent inhibitors of the fatty acid amide hydrolase.
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1. Introduction

Sulfonyl chlorides are important intermediates for the synthesis
of a range of organic compounds including industrial and agricul-
tural chemicals. For example, these are used in the preparation of
sulfonic acid amides and esters as well as in the production of her-
bicides, detergents, dyes, elastomers, ion exchange resins, and
pharmaceuticals.1–10

In the course of our program aiming at developing potent and
selective inhibitors for the endocannabinoid deactivating en-
zymes,11–17 we were faced with the synthesis of substituted and
unsubstituted phenylalkyl and phenoxyalkyl sulfonyl chlorides
(Scheme 1) that serve as precursors for the respective sulfonyl flu-
orides. In general, sulfonyl fluorides (e.g., AM 374,14 3, Fig. 1) are
capable of inhibiting12–14,18 fatty acid amide hydrolase (FAAH),19–

21 an intracellular membrane-bound enzyme that degrades and
inactivates bioactive lipid amides including the endocannabinoid
anandamide22 (1a, Fig. 1) and the sleep-inducing agent oleamide23

(2a, Fig. 1). Some sulfonyl fluorides act as FAAH inhibitors and ex-
hibit therapeutic potential for the treatment of pain, inflammation,
cancer, anxiety, and sleep disorders.24–26

A general approach for the preparation of sulfonyl chlorides in-
volves oxidative chlorination of the precursor sulfur deriva-
tives9,27–38 (e.g., thiols, sulfides, thiocyanates, thiocarbamates,
ll rights reserved.
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thioacetates, and isothioureas,.). However, many of these proce-
dures involve stepwise oxidation followed by chlorination leading
to low yields, and are not convenient and safe due to the use of haz-
ardous and noxious reagents. Recently developed oxidizing agents
such as N-chlorosuccinimide,39,40 as well as the iodosobenzene/
HCl41 and the chloro-trimethysilane/KNO3

42 systems are more
effective when used with aryl and benzyl thiols and thiol derivatives.

Non oxidative approaches for the synthesis of alkyl sulfonyl chlo-
rides involve: (a) formation of Grignard or organolithium reagents
from alkyl halides and subsequent addition to sulfuryl chlo-
ride;18,43,44 and (b) refluxing of bromides with sodium or ammo-
nium sulfite in water45–49 to give the corresponding sulfonates
that upon treatment with a chlorinating agent45–51 (e.g., SOCl2/
DMF, POCl3, PCl5, and cyanuric chloride,.) lead to sulfonyl chlorides.
However, use of organometallic reagents involves tedious proce-
dures and results in poor and at best moderate yields, while conver-
sion of bromides to sulfonates requires refluxing for many hours.

While seeking to improve the method which employs sodium
sulfite in refluxing water,45–47,49 we found that use of microwave
irradiation remarkably decreases the time required for the conver-
sion of bromides to sodium sulfonates and enhances the yield of
the respective sulfonyl chlorides. Optimal conditions involve
microwave heating (160 �C) of bromide and sodium sulfite in a
mixture of THF/EtOH/H2O for 15 min. We report here details of this
work and include the synthesis of the hitherto unknown sulfonyl
fluorides 9b, 9m, and 9n (Scheme 2). A full structure–activity
relationship (SAR) study for all sulfonyl fluorides synthesized11,12

as FAAH inhibitors will be reported elsewhere.
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Scheme 1. Reagents and conditions: (a) Na2SO3, THF/EtOH/H2O (1:2:2), MW, 160 �C, 15 min; (b) SOCl2, benzene/DMF, 50 �C, 3 h, 44–65% from 3.
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Figure 1. Substrates (1a, 2a) and inhibitor (3) of fatty acid amide hydrolase (FAAH).
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Scheme 2. Reagents and conditions: (a) NH4F, acetone, reflux, 2 h, 90–92%.

S. O. Alapafuja et al. / Tetrahedron Letters 50 (2009) 7028–7031 7029
2. Results and discussion

In order to identify optimal reaction conditions for the conver-
sion of substituted and unsubstituted phenylalkyl and pheno-
xyalkyl bromides 3a–3p to the respective sodium sulfonates 4a–
4p (Scheme 1) we have chosen 3a and 3b as representative starting
materials for a screening process where a number of reaction con-
ditions were explored (Table 1). The required 4-phenoxybutyl bro-
mide (3b) was commercially available while 4-bromo-1-(4-
benzyloxyphenyl)butane (3a) was synthesized in five steps from
4-phenoxybutyl bromide and 4-anisaldehyde following our dis-
closed procedures.12

Bromides 3a and 3b were heated with sodium sulfite using
reaction conditions shown in Table 1, and the crude sodium sulfo-
nates 4a and 4b were treated with thionyl chloride in the presence
of catalytic amounts of DMF, under standard conditions,12,46,49 to
give the respective sulfonyl chlorides 5a and 5b. As seen in Table
1, heating of 3a and sodium sulfite in refluxing water for 36 h led
to sulfonyl chloride 5a in 18% isolated yield (entry 1). The yield
of this conversion was improved significantly (37%) and the heat-
ing time was reduced to 24 h when the solvent was changed to a
mixture of EtOH/H2O (2:1 ratio, entry 2). Replacement of the con-
ventional heating method with microwave irradiation resulted in
improved yield for sulfonyl chloride 5a (41%) while the reaction
time was remarkably reduced to 10 min (entry 3). Further
improvement in the yield of 5a (47–50%) was accomplished by



Table 1
Reaction conditions for the conversion of bromides 3a and 3b to sodium sulfonates 4a and 4b and yields of the final products sulfonyl chloridesa 5a and 5b, respectively

Entry Bromide Product sulfonyl
chloride

Solvent (equiv
of Na2SO3)

Heating (temp.) Time of heating for the conversion
of bromides to sodium sulfonates

Yieldb of sulfonyl
chloride (%)

1 3a 5a H2O
(1.4)

CHc

(reflux)
36 h 18

2 3a 5a EtOH/H2O = 2:1
(1.4)

CHc

(reflux)
24 h 37

3 3a 5a EtOH/H2O = 2:1
(1.4)

MWd

(120 �C)
10 min 41

4 3a 5a THF/EtOH/H2O = 1:2:2
(1.4)

MWd

(120 �C)
10 min 47

5 3a 5a THF/EtOH/H2O = 1:2:2
(1.4)

MWd

(160 �C)
15 min 50

6 3a 5a THF/EtOH/H2O = 1:2:2
(1.4)

MWd

(160 �C)
20 min 48

7 3b 5b EtOH/H2O = 2:1
(1.4)

CHc

(reflux)
24 h 58

8 3b 5b EtOH/H2O = 2:1
(1.4)

MWd

(150 �C)
10 min 61

9 3b 5b EtOH/H2O = 2:1
(1.6)

MWd

(160 �C)
15 min 62

10 3b 5b THF/EtOH/H2O = 1:2:2
(1.6)

MWd

(160 �C)
15 min 65

a Sulfonyl chlorides were produced from the intermediate sodium sulfonates 4a and 4b using standard conditions (Scheme 1).12

b Isolated yields of spectroscopically pure compounds.
c CH = conventional heating inside a thermostated oil bath under magnetic stirring.
d MW = microwave irradiation using a CEM Discover microwave devise in closed vessels and under magnetic stirring.

Table 2
Examples of synthesized sulfonyl chlorides using the microwave-assisted approacha

Entry Bromide Sulfonyl chloride Yieldb (%)

1 3a 5a 50
2 3b 5b 65
3 3c 5c 61
4 3d 5d 65
5 3e 5e 65
6 3f 5f 63
7 3g 5g 60
8 3h 5h 61
9 3i 5i 52

10 3j 5j 51
11 3k 5k 50
12 3l 5l 51
13 3m 5m 63
14 3n 5n 65
15 3o 5o 52
16 3p 5p 53
17 3q 5q 55
18 3r 5r 57
19 3s 5s 51
20 6 8 44

a Reagents and conditions: (a) Na2SO3, THF/EtOH/H2O (1:2:2), MW, 160 �C,
15 min; (b) SOCl2, benzene/DMF, 50 �C, 3 h.

b Isolated yields of spectroscopically pure compounds.
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microwave heating at 160 �C for 15 min using a mixture of THF/
EtOH/H2O (1:2:2 ratio) as the reaction solvent (entries 4–6).

Similar trends were observed in the conversion of 4-pheno-
xybutyl bromide (3b) to the respective sulfonyl chloride 5b (Table
1). Conventional heating for 24 h is required to produce 5b in 58%
yield, while microwave irradiation for 15 min using 1.6 equiv of so-
dium sulfite, led to 62% yield for 5b (entries 7–9). Again, use of a
mixture of THF/EtOH/H2O (1:2:2 ratio) as the reaction solvent, en-
hances the yield of the two step procedure (entry 10). In summary,
optimal reaction conditions for the conversion of bromides 3a and
3b to the respective sodium sulfonates 4a and 4b (Scheme 1) in-
volve microwave irradiation (160 �C) of 3a or 3b and 1.6 equiv of
sodium sulfite in a mixture of THF/EtOH/H2O (1:2:2 ratio).

With these results in hand, the scope of our microwave ap-
proach was explored with a variety of substituted and unsubstitut-
ed phenylalkyl and phenoxyalkyl bromides as well as with alkyl,
alkenyl, and substituted alkyl bromides52 (Scheme 1 and Table
2). The required starting materials 3c–3h, 3m–3s, and 6 were com-
mercially available while bromides 3i, 3j, and 3k were synthesized
in five steps from 6-phenoxyhexyl bromide and 4- or 3- or 2-anis-
aldehyde following our previously disclosed procedures.12 Starting
bromide 3l was prepared by etherification12 of commercially avail-
able 4-hydroxyphenol with 1,4-dibromobutane.

We have previously synthesized phenylalkyl sulfonyl chlorides
5c–5h (Scheme 1) from the respective iodides using a low temper-
ature lithium–iodine exchange53 and treatment of the resulting
organolithium reagent with sulfuryl chloride.12 This approach gave
5c–5h in only 19–23% yields12 while following our optimized
microwave-assisted method the yield was increased to 60–65%
(Table 2, entries 3–8). In addition, the benzyloxy-substituted phe-
nylheptyl sulfonyl chlorides 5i–5k (Scheme 1) were previously
synthesized by us in 38–40% yields using conventional heating
for 24 h,12 whereas microwave irradiation for 15 min increased
the yields to 50–52% (Table 2, entries 9–11). In a similar fashion,
sulfonyl chlorides 5l–5s and the 1,5-disulfonyl chloride 8 were
synthesized in 44–65% yield (Table 2, entries 12–20). Treatment
of 5b, 5m, and 5n with ammonium fluoride in refluxing acetone
gave the respective sulfonyl fluorides 9b, 9m, and 9n in 90–92%
yield54 (Scheme 2).
3. Conclusion

In summary, we found that the use of microwave irradiation
remarkably decreases the time required for the conversion of bro-
mides to sodium sulfonates and enhances the yield of the respec-
tive sulfonyl chlorides. Representatives of the latter serve as
precursors for the corresponding sulfonyl fluorides that are potent
inhibitors of the fatty acid amide hydrolase.
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spectrum m/z (relative intensity) 232 (M+, 25), 139 (9), 107 (6), 94 (100), 77
(13); exact mass calcd for C10H13FO3S, 232.0569; found, 232.0572. Anal. Calcd
(C10H13FO3S): C, 51.71; H, 5.64. Found: C, 52.09; H, 5.75.
4-(2-Chlorophenoxy)butanesulfonyl fluoride (9m). IR (neat) 2929, 1511, 1394 (s),
1197 (s); 1H NMR (500 MHz, CDCl3) d 7.40 (dd, J = 8.0 Hz, J = 1.5 Hz, 1H, 3-H, –
O–Ph–Cl), 7.24 (td, J = 8.0 Hz, J = 1.5 Hz, 1H, 5-H, –O–Ph–Cl), 6.94 (td, J = 8.0 Hz,
J = 1.5 Hz, 1H, 4-H, –O–Ph–Cl), 6.93 (dd, J = 8.0 Hz, J = 1.5 Hz, 1H, 6-H, –O–Ph–
Cl), 4.12 (t, J = 6.0 Hz, 2H, –CH2–O–Ph–Cl), 3.64 (m as dt, J = 11.0 Hz, J = 3.5 Hz,
2H, –CH2SO2F), 2.26 (m as qt, J = 8.0 Hz, 2H, –CH2CH2SO2F), 2.08 (qt, J = 6.0 Hz,
2H, –CH2CH2CH2SO2F); mass spectrum m/z (relative intensity) 268 (M++2, 7),
266 (M+, 21), 238 (9), 196 (10), 149 (12), 139 (14), 128 (100), 99 (6); exact mass
calcd for C10H12FClO3S, 266.0180; found, 266.0178.
4-(3-Methylphenoxy)butanesulfonyl fluoride (9n). IR (neat) 2954, 1515, 1398
(s), 1192 (s); 1H NMR (500 MHz, CDCl3) d 7.19 (t, J = 7.5 Hz, 1H, 5-H, –O–Ph–
Me), 6.81 (d, J = 7.5 Hz, 1H, 4-H, –O–Ph–Me), 6.73 (s, 1H, 2-H, –O–Ph–Me),
6.71 (d, J = 7.5 Hz, 1H, 6-H, –O–Ph–Me), 4.04 (t, J = 6.0 Hz, 2H, –CH2–O–Ph–
Me), 3.52 (m as dt, J = 11.0 Hz, J = 3.5 Hz, 2H, –CH2SO2F), 2.36 (s, 3H, –Me),
2.21 (m as qt, J = 7.6 Hz, 2H, –CH2CH2SO2F), 2.00 (qt, J = 6.7 Hz, 2H, –
CH2CH2CH2SO2F); mass spectrum m/z (relative intensity) 246 (M+, 31), 139
(8), 128 (9), 108 (100), 91 (12), 77 (6); exact mass calcd for C11H15FO3S,
246.0726; found, 246.0729.
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