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Microwave assisted ring-opening of epoxides with N-biaryl
sulfonamides in the synthesis of matrix metalloproteinase-9
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Abstract

A microwave accelerated epoxide ring-opening process with N-biaryl sulfonamides is described. Under this mild, highly efficient
condition, an a-hydroxy-b-N-biaryl sulfonamide skeleton is rapidly assembled leading ultimately to a novel series of matrix metallo-
proteinase-9 inhibitors with single digit nanomolar activities.
� 2007 Elsevier Ltd. All rights reserved.
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Scheme 1.
Ring opening of epoxides with diverse nucleophiles is an
important transformation in organic synthesis that gener-
ates a variety of useful building blocks with hydroxyl func-
tionalities.1 In our small molecule drug design program, we
were particularly interested in synthesizing a novel skele-
ton, 1 to serve as matrix metalloproteinase-9 (MMP-9)
inhibitors (Scheme 1).2 We envisioned how this skeleton
could be derived easily from 2 by a SN2 replacement of
its activated a-hydroxyl group. More importantly, this
skeleton with diverse substitutions on the sulfonamide
and/or biaryl ether portion could be rapidly assembled
by an epoxide ring-opening reaction from common ep-
oxides 3 and simple sulfonamides 4. A few reports on ring
opening of epoxides with N-aryl toluenesulfonamides
employing thermal condition in the presence of a phase
transfer reagent have been previously documented.3 These
conditions were suitable for the synthesis of benzo-fused
heterocycles.3,4 To diversify structure rapidly for struc-
ture–activity relationship (SAR) studies, we herein report
a microwave accelerated ring opening of epoxides with
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N-biaryl sulfonamides, particularly the alkanesulfon-
amides, for the synthesis of an a-hydroxy-b-N-biaryl sul-
fonamide skeleton.5 Elaboration of these intermediates
ultimately led to a novel series of MMP-9 inhibitors.

Epoxide 5a together with sulfonamide 6a were ini-
tially selected to evaluate the effectiveness of this process.
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Conditions including bases, solvents, concentrations, and
reaction temperatures were screened under microwave irra-
diation and/or thermal condition (Table 1). The conversion
of 6a was determined by HPLC analysis using 4-bromo-
biphenyl as the internal standard. By using K2CO3 as the
base and DMF as the solvent, ring opening proceeded
rapidly with high conversion (84%) in 20 min at 120 �C
under microwave irradiation (entry 1). Under these reac-
tion conditions, the use of Cs2CO3 as the base or DMSO
as the solvent, proved to be slightly less effective (68–72%
conversion, entries 2 and 3). Elevated reaction tempera-
tures at 140–160 �C did increase the conversion to 95% in
10–20 min (entries 4 and 5). However, some undesired
products were observed based on the HPLC analysis. It
was also found that higher concentrations provided excel-
lent conversion (95%) (entry 6 vs entry 1). Under this con-
centration (0.5 M), 84% conversion could be obtained at a
lower temperature (90 �C) with a 40 min irradiation (entry
7). A reaction utilizing a catalytic amount of base (K2CO3,
0.2 equiv) and a phase transfer reagent (BnEt3N+Cl�,
0.1 equiv) in 1,4-dioxane was also investigated under
microwave condition. However, only 46% conversion was
obtained after 30 min irradiation (entry 8). Under a similar
irradiation, the conversion increased significantly to 85%
within 20 min by using stoichiometric amount of K2CO3

(entry 9). In contrast, thermal conditions with a catalytic
Table 1
Ring opening of epoxide 5a with sulfonamide 6aa

O

MeO
OMe

5a

HN
S

Me
O

O

O

Me
+

6a

con

Entry Base Solvent Concd of
6a (M)

Condition Tem
(�C

1 K2CO3 DMF 0.1 Microwave 120
2 Cs2CO3 DMF 0.1 Microwave 120
3 K2CO3 DMSO 0.1 Microwave 120
4 K2CO3 DMF 0.1 Microwave 140
5 K2CO3 DMF 0.1 Microwave 160
6 K2CO3 DMF 0.5 Microwave 120
7 K2CO3 DMF 0.5 Microwave 90
8d K2CO3

(0.2 equiv)
1,4-
Dioxane

0.5 Microwave 120

9d K2CO3

(1.0 equiv)
1,4-
Dioxane

0.5 Microwave 120

10d K2CO3

(0.2 equiv)
1,4-
Dioxane

0.5 Thermal 90

11d K2CO3

(1.0 equiv)
1,4-
Dioxane

0.5 Thermal 90

12d,e K2CO3

(1.0 equiv)
1,4-
Dioxane

0.5 Thermal 120

a All reactions employed 5a (2.0 equiv), 6a (1.0 equiv), and base (2.0 equiv)
b Conversions of 6a were determined by HPLC analysis at 10 and/or 20 min
c Side products formed by HPLC.
d Additive, BnEt3N+Cl� (0.1 equiv), was employed.
e The reaction was performed in a sealed tube.
amount of K2CO3 in dioxane, only gave 30% conversion
after 1 h of heating (entry 10).3 Indeed, high conversion
could be achieved by using 1.0 equiv of base with a longer
reaction time (6 h, entry 11). Although the higher reaction
temperature (120 �C) also accelerated the reaction rate,
several undesired products were observed based on the
HPLC results (entry 12).

With the optimized condition in hand, our attention was
next focused on exploring the scope and limitation of this
process. Diverse epoxides 5 and N-biaryl sulfonamides 6

with various R1 and R2 substituents were evaluated using
the conditions established above, namely K2CO3 (1.0–
2.0 equiv) as the base in DMF (0.25–0.5 M) under micro-
wave irradiation (Table 2).6 Under this condition, the ring
opening of 5a with 6a gave 7 in 88% isolated yield after
20 min irradiation at 120 �C (entry 1). This result was con-
sistent with that observed during the optimization proce-
dure described above. By applying the thermal conditions
for 12 h, a comparable yield of 7 (76%) was obtained (entry
2). It is worth to note that a lower temperature with pro-
longed irradiation is particularly suitable for volatile epox-
ides such as methyl glycidate 5b. For instance, treatment of
6a with (R)-5b and (S)-5b at 80 �C for 40 min afforded (R)-
9a and (S)-9a (85% and 82%, respectively, entries 3 and 4).
The reaction of TBS-protected glycidol 5c with 6c provided
diol 10 in 78% yield after deprotection using tetrabutyl-
N

S

O

Me

O

MeO
HO Me

Me O
O

7

ditions

perature
)

Conv. of
6ab (10 min)

Conv. of
6ab (20 min)

Conv. of
6a (time)

65 84 —
68 68 —
62 72 —
79 95c —
95c — —
— >95 —
— 65 84 (40 min)
— — 46 (30 min)

— 85 —

— 30 (1 h) —

— 68 (2 h) >90 (6 h)

— 60 (1 h)c 86 (3 h)c

unless otherwise specified.
using 4-bromobiphenyl as the internal standard unless otherwise specified.



Table 2
Synthesis of 7, 9–14 via ring opening of epoxides 5 with biaryl sulfonamides 6 and 8a
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6a, (S)-9a, R1= Me; R2= 4-methylphenoxy

6b, (S)-9b, R1= Me; R2= phenyl

6c, (S)-9c, R1= Me; R2= 4-chlorophenoxy

6d, (S)-9d, R1= Me; R2= 4-trifluoromethylphenoxy

6e, (S)-9e, R1= Me; R2= (5-trifluoromethylpyridin-2-yl)oxy

6f, (S)-9f, R1= i-Pr; R2= 4-methylphenoxy

6g, (S)-9g, R1= Ph; R2= 4-methylphenoxy rac-13
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Entry Epoxide Sulfonamide Temperature (�C) Time (min) Product (yield, %)

1 5a 6a 120 20 7 (88)
2b 5a 6a 90 12 h 7 (76)
3 (R)-5b 6a 80 40 (R)-9a (85)
4 (S)-5b 6a 80 40 (S)-9a (82)
5 5c 6c 100 30 10 (78)c

6 5d 6a 120 30 11a (68) + 11b (4)
7 5e 6a 140 30 12 (88)
8d 5f 6a 180 90 rac-13 (67)
9 (S)-5b 6b 80 40 (S)-9b (86)

10 (S)-5b 6c 80 40 (S)-9c (78)
11 (S)-5b 6d 80 40 (S)-9d (75)
12 (S)-5b 6e 80 40 (S)-9e (72)
13 (S)-5b 6f 80 40 (S)-9f (75)
14 (S)-5b 6g 80 40 (S)-9g (71)
15 (S)-5b 8 80 60 (S)-14 (38)
16b (S)-5b 8 90 24 h (S)-14 (47)

a Epoxide (2.0–3.0 equiv), sulfonamide (1.0 equiv), and K2CO3 (1.0–2.0 equiv) in DMF (0.5–0.25 M) were employed under microwave irradiation with
indicated temperature and reaction time unless otherwise specified.

b Epoxide (2.0–3.0 equiv), sulfonamide (1.0 equiv), K2CO3 (1.0–2.0 equiv), and BnEt3N+Cl� (0.1 equiv) in 1,4-dioxane (0.5–0.25 M) were employed
under thermal heating condition.

c Yield after deprotection using TBAF in THF.
d Microwave condition with DMSO as the solvent was employed.
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ammonium fluoride (TBAF) in THF (entry 5). Moreover, ring
opening of epoxides 5d,e with 6a gave structurally diversi-
fied hydroxyl compounds 11a and 12 (70–88%, entries 6
and 7). With the epoxides examined, the ring opening typi-
cally occurred at the sterically less hindered carbon with
an exception of the styrene oxide 5d. A small amount of
regio-isomer 11b (4%) was also isolated (Table 2, entry
6).7 Initial attempts to open sterically hindered epoxides,
such as 5f, by a similar microwave irradiation or under
thermal heating conditions were fruitless. In fact, harsher
conditions, that is, using DMSO as the solvent at 180 �C
for 1.5 h irradiation, were required to promote this reaction
successfully with 67% of 13 isolated (entry 8).8

The effect of substituents on both sulfonamide (R1) and
on the N-phenyl ring (R2) was next examined. The ring-
opening of (S)-5b with 6b–e, which contained an aryl or
aryl ether at 4-position, afforded (S)-9b–e in 72–86%
(entries 9–12). These results suggested only a marginal
influence by the R2 substituent. Indeed, a minor influence
of steric and/or electronic effect on sulfonamide (R1) was
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also observed. For example, when isopropanesulfonamide
6f and benzenesulfonamide 6g were employed, comparable
yields of products (S)-9f and (S)-9g were obtained (71–
75%, entries 13 and 14). Notably, by switching the N-biaryl
mathanesulfonamide (e.g., 6c) to a N-methyl biaryl sulfon-
amide (e.g., 8), a relatively low yield of (S)-14 was obtained
under either microwave or thermal conditions presumably
due to the significantly reduced NH acidity (entries 15 and
16 vs entry 10).

After complete examination of this process, the products
(S)-9a,b and (S)-9f derived from the ring-opening reaction
were converted to the corresponding hydroxamic acids (S)-
15a–c in 73–95% yield upon treatment with hydroxylamine
hydrochloride salt and sodium methoxide (Scheme 2).9 As
previously addressed, the a-hydroxyl group is perfectly sit-
uated for installation of diverse amino groups by a SN2 dis-
placement. Activation of the hydroxyl group of (R)-9a with
triflic anhydride using 2,6-lutidine as the base provided
intermediate (R)-16, which could undergo facile displace-
ment with various amines.10 For instance, treatment of
(R)-16 with aniline or morpholine gave (S)-17a,b in excel-
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Scheme 2. Reagents and conditions: (a) NH2OH�HCl (2.0 equiv), NaOMe
(6.0 equiv), MeOH, rt, 1 h, 15a (1 h, 84%), 15b (1 h, 73%), 15c (1 h, 95%),
18a (3 h, 86%), 18b (24 h, 38%); (b) Tf2O (1.2 equiv), 2,6-lutidine
(1.5 equiv), CH2Cl2, �20 to 0 �C, 1 h, 91%; (c) PhNH2 or morpholine
(4.0 equiv), CH2Cl2, 0 �C to rt, 17a (24 h, 84%), 17b (1 h, 89%).
lent yields (84–89%). Finally, the hydroxamic acids (S)-
18a,b were obtained by a similar transformation as men-
tioned above for (S)-15, though only a moderated yield
of (S)-18b (38%) was obtained.

The inhibitory activities of hydroxamates (S)-15a–c and
(S)-18a,b were assayed against the MMP-9 enzyme. Pre-
liminary SAR results showed that the biphenyl ether ((S)-
15a) was a suitable substituent on the nitrogen atom, giving
an IC50 of 7.8 nM, whereas the biphenyl substituent ((S)-
15b) only provided 79% inhibition at 10 lM. Increased ste-
ric influence on R1, such as isopropyl ((S)-15c), resulted ca.
35-fold loss of activity (286 nM). Instead of an a-hydroxyl
group, the a-amino substituents, including phenylamino
and morpholin-4-yl ((S)-18a,b), both gave increased
potency at low single digit nanomolar range (0.6 nM and
1.9 nM for (S)-18a and (S)-18b, respectively).

In conclusion, a facile microwave assisted epoxide ring-
opening reaction with N-biaryl sulfonamides has been
described. As illustrated by all examples examined, this
reaction is extremely efficient with good isolated yields
and general for both reaction partners. The skeleton assem-
bled by this ring-opening process could be elaborated to its
hydroxamic acid that exhibited significant binding affinity
toward MMP-9 enzyme. The optimization and detailed
SAR studies of this series as novel MMP-9 inhibitors will
be disclosed in due course.
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