Microwave-Assisted Solid-Phase Organic
Synthesis (MASPOS) as a Key Step for
an Indole Library Construction’

ORGANIC
LETTERS

2003
Vol. 5, No. 16
2919—2922

Wei-Min Dai,* Dian-Shun Guo, Li-Ping Sun, and Xiang-Hong Huang

Combinatorial Chemistry Laboratory, The Biotechnology Research Institute and
Department of Chemistry, The Hong Kong University of Science and Technology,

Clear Water Bay, Kowloon, Hong Kong SAR, China
chdai@ust.hk

Received June 11, 2003

ABSTRACT

H O
N

NHSOAr

Cu(OAc);, NMP

HN)’_
n-Pr
s}

n=2348

Ar= O-’CF3CsH4, m-CF3C5H4. p-CF305H4

purities: 95-99%; overall yields: 65-82%

n 200 °C, 10 min, MW l

H O
QN ah NHSOAr

I"IN -

o™\, pr

Microwave-assisted solid-phase organic synthesis (MASPOS) has been demonstrated to significantly facilitate the Cu(ll)- or Pd(ll)-mediated
ring closure of the resin-bound 2-alkynylanilides. Under microwave irradiation at 200 °C [for Cu(OAc),, NMP] or 160 °C [for Pd(MeCN),Cl,, THF]
for 10 min, l-acyl-2-alkyl-5-arenesulfamoylindoles were obtained, after cleavage from the resin, in 95-99% purities and in 65-82% overall

yields via a 5-step synthetic sequence.

Microwave-assisted organic synthédias gained increasing

popularity in recent years due to advancement in instrumen-

sis? polymeric resins are used to facilitate separation of
products. However, because of the heterogeneous nature of

tation. Organic reactions can now be performed in closed organic reactions occurring at the interface of polymeric
vessels in a temperature and pressure controlled mannersupport and solution, it often requires a long reaction time

providing reproducible results. The short reaction time
normally attained at high temperature under microwave
superheating is ideally suited for combinatorial chemistry
in drug discovery.In the solid-phase combinatorial synthe-
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or results in incomplete conversion of starting materials. The

latter accumulates impurities on resins and diminishes the
quality of compound libraries. It has been demonstrated that
microwave dielectric heating can be used to speed up organic
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reactions carried out on soluBland solid~’ polymeric

supports. \We report here on an indole library synthesis using scheme 1. Synthesis of 5-Nitroindoled via Base-Catalyzed

microwave-assisted solid-phase organic synthesis (MAS- Cyclizatiort

POSY as a solution for promoting a metal-catalyzed cycliza- 0

tion of the resin-bound 2-alkynylanilides, which fails under Q—NHFmoc 5 O_HJ‘fJ -

thermal heating conditions. e
The indole ring system is an attractive scaffold for 1:Rinkcamkin:fasin

combinatorial synthesislt increases structural diversity via

ring substitution and diverse biological activities are associ- O_H 0 NO, 4

ated with indole-derived drug-like molecules. A survey of =

the literature revealed that solid-phase synthesis of the indole HN

library possessing an arenesulfamoyl group on the ring Jn-Pr

skeleton has not been reporf@dVe envisaged a solid-phase 3 ©

split-and-pool approach using the directed sorting method i P NO;

to construct a library of sulfonamidésengineered on the m

indole scaffold?> Scheme 1 illustrates the synthesis of the

resin-bound 5-nitroindoled, using the IRORI radio fre-

2:n=2348
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individual library membe#® MASPOS was then performed
Scheme 2. Synthesis of Indoles via Cu(ll)- or Pd(ll)-Mediated 0N @n Emrys creator from Personal Chemistry AB. Table 1
Cyclizatiorf‘ summarizes the results of the Cu(ll)- and Pd(ll)-mediated
H O cyclization of 6. Under thermal heating below 8 for
Q_N 240—300 min, partial cyclization took place with catalytic
“ Pd(MeCN)Cl, *° to give indole7 in <80% purities (entries
),,_n Pr 1-2, Table 1). In contrast, under microwave dielectric
3 NH, heating?® 6 cyclized at 160C (THF, 10 min) in the presence
ﬁ; - Q of 0.2 equiv of Pd(MeCNXI, to afford 7 in 75% overall
b e yield from 1 and in 94% purity. However, replacement of
HN/}_mPr THF with NMP (180°C, 10 min) decreased both the yield
5 O (61%) and purity (85%) of7, presumably due to cleavage
NHSO,Ar of the product from the resin (entry 3 vs entry 4). For the
Jf\)_Q microwave-assisted Cu(OAepromoted cyclization, the best
results (82% yield and 98% purity) were obtained in NMP
,}—n Pr I at 200°C for 10 min. Lower reaction temperature (entries 6
60 0 and 7 vs entry 8) or less catalyst loading (entry 9 vs entry
HQNW 8) diminished the yield and purity.
oﬁKN After optimization of the cyclization conditions under
n-Pr microwave irradiation, a small library of 12 indol&swas
7 synthesized with MASPOS as the key step via the 5-step

a Reagents and conditions: (a) Se@H,O (50.0 equiv, 1.0 M),  Synthetic sequence.(~2— 3 —5— 6 — 7)2' Table 2
NMP, rt, 24 h; (b) ArSQCI (5.0 equiv), pyridine-DCM (1:5), rt,

B N G S Sty v
Pd(MeCN}Cl, (0.2 equiv), THF, 16CC, 10 min, MW; (d) 20%

NHSO,Ar

n=2348; Ar = 0-CF,CgH,,
m-CF,CeH, p-CF,CeH,

TFA in DCM, 1t, 1 h (see Tables 1 and 2). Table 2. Synthesis of Indoleg via Microwave-Assisted
Cyclization of Resin-Bound 2-Alkynylanilide@
0
. . . NHSO,A
from the above reactions, after treatment with 20% TFA in HZNW 2
DCM, are mainly the uncyclized 2-alkynylanilides. Because "N
the MicroKan reactors are not suited for temperatures higher C’él\,,.pr
than 85°C, the resin-bound in each reactor was then 7
transferred to a 5-mL Emrys process vial together with the - -
. . . entry n Ar yield (%)? purity (%)
R: tag for preserving the structural information of the
20 mol % Pd(MeCN),Cl,, THF, 160 °C, 10 min, MW
| L2 0GR 7 o
2 4 O-CF3C5H4 71 99
Table 1. Cyclization Results of Resin-Bound 2-Alkynylanilides 3 ) 0-CF3CeH3 65 99
6 with or without Microwave Irradiation 4 4 m-CFsCeHy 71 99
HN o , NHSO,Ar 5 8  mM-CFsCeHa 68 99
ny 100 mol % Cu(OAc)2, NMP, 200 °C, 10 min, MW
O’(\ 6 3 0-CF3CgH4 72 95
n-Pr 7 2 m-CF3CeH, 82 98
7 8 3 m-CF3CgsH4 75 96
9 2 p-CF3CsHa 74 95
aT (o : : : 10 3 p-CF3CgH. 71 96
entr Ar/n cat.;2 T (°C)/t (min ield/purity (%)P
y (Ot (min) _ yieldfpurity (%) 11 4 p-CF3CgH. 70 97
1 p-CF3CeH4/2  Pd(11)(0.1); 75/300°¢ 65/75 12 8 p-CF3CgH4 72 95
2 p-CF3CsHa/8  Pd(11)(0.5); 80/240¢ 70/80  Caleulated based on loading of th ol rdsDetermined
3 p-CFsCeHa/8  Pd(11)(0.2); 160/10°9 75/94 alculated based on loading of the commercial rdsihDetermine
4 m-CF3CgH4/4  Pd(11)(0.2); 180/10¢9 61/85h by HPLC. The structure was confirmed By NMR and MS.
5 p-CF3CsH4/3  Cu(11)(1.0); 85/1440f i
6 0-CF3CeH4/2  Cu(I1)(1.0); 160/15%9 56/70 _
7 M-CFsCeHa/3  Cu(11)(1.0); 180/10"9 68/70 shows two sets of results with Pd(ll) and Cu(ll) as the
8 m-CF3sCeHa/2  Cu(I1)(1.0); 200/10%9 82/98 catalyst, respectively. In all cases, puritiessd@5% for the
9 0-CF3CeH4/3  Cu(l1)(0.2); 200/15%9 70/80 crude product3 were obtained with estimated overall yields
apd(Il) = Pd(MeCN)Cl,; Cu(ll) = Cu(OAc). ® Yield was calculated
based on loading of the commercial redinPurity was estimated biH (16) Yasuhara, A.; Kanamori, Y.; Kaneko, M.; Numata, A.; Kondo, Y.;
NMR of the crude product mixture. The major impurity is the unreacted Sakamoto, TJ. Chem. Soc., Perkin Trans.1D99, 529—534.
substrate®In NMP. dIn DMF. ¢In THF.fIn DCE. 9 With microwave (17) (a) Saulnier, M. G.; Frennesson, D. B.; Deshpande, M. S.; Vyas,
irradiation. " Unidentified impurity was detectedThe substrate was re- D. M. Tetrahedron Lett1995,36, 7841—7844. (b) Hiroya, K.; Itoh, S.;
covered. Ozawa, M.; Kanamori, Y.; Sakamoto, Tetrahedron Lett2002,43, 1277—

1280.
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Figure 1. LC-MS data for indole7 (n = 2, Ar = m-CRCgH,).

(A) HPLC chromatogram showing a major peaktat 9.90 min
(98% purity). (B) Mass spectrum of the major peak in panel A,
showing a base peak at/z482 [M + 1]t and a [2M]" peak
corresponding tan/z 962. Also see Supporting Information for
larger copies.

of 65—82% calculated from the commercial Rink amide resin
1. All members of the library were characterized by LC-MS

2922

analysis and the molecular structures7ofvere confirmed
by 'H NMR. Figure 1 illustrates the typical HPLC chart of
an unpurified indole7 and the MS spectrum of the major
elute. LC-MS data of other indoleg are found in the
Supporting Information.

In summary, we have described above a new example of
MASPOS applied to the first solid-phase synthesis of a C5
arenesulfamoyl-substituted indole compound library. It fea-
tures a combination of microwave-assisted fast organic
reaction with solid-phase combinatorial chemistry technology
for production of high-quality single-molecule libraries. We
are currently expanding the size of the indole library by using
various ArSQCI for the formation of sulfonamide8. Our
preliminary results indicated that the microwave-assisted Cu-
(I-mediated ring closure d tolerates a variety of functional
groups in the sulfonamide subunit, including the F-, Cl-,
MeO-, CRO-, and alkyl-substituted phenyl, naphthyl, and
thiophenyl groups. The details will be disclosed in due
course.
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