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Introduction. The combinatorial synthesis of diversified

heterocyclic compounds that are subsequently screened fo

biological activity is a promising strategy for developing new
pharmaceutical lead structureAmong the various possible
libraries of low molecular weight compounds, nitrogen-

809

ies have been described, with each method providing
synthetic access to indole products bearing different substitu-
tion patterns. To the best of our knowledge, the only solid-
phase synthesis of 3-iodoindoles via iodocyclization was
reported by Barluenga, who included only one example of
an indole (Scheme P)That reaction was carried out at low
temperature by using expensive }B¥, and the strong acid
HBF, on an alkynyl carbamate, and the yield was low.

The emergence of solid-phase organic synthesis has
encouraged the transfer of solution-phase reactions to the
solid phase. Many useful reactions have now been optimized

Ior solid-phase conditions, even though the transfer of

standard solution-phase reactions to the solid-phase can often
be problematié. Recently, we disclosed the solution-phase
synthesis of 3-iodoindoles by the iodocyclization Nfi\-

containing heterocycles, which are recognized as pharma-dimethyl-2-(1-alkynyl)anilines. This strategy provides an

cophores, are particularly attractiv€@ne particular molec-
ular scaffold of interest is the indole scaffold, since indoles
are known to exhibit a broad range of biological activity
and are found in numerous natural prodddBonsequently,

ideal starting point for the synthesis of diverse indoles on
solid-phase. Furthermore, the ability to introduce various
additional substituents into the resulting indoles using known
Pd chemistry would further expand the scope of this solid-

there is a great demand for their evaluation as potential drugphase indole synthesis, since Pd chemistry on a solid phase
candidates. With recent advances in solid-phase synthesishas been well-develop€dWe now report the successful

many combinatorial approaches for generating indole librar-

transfer of our solution-phase synthesis of 3-iodoindoles via
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Scheme 3 A complex mixture was obtained. We were gratified to see
i Me that when the polymer-bond indo&a was cleaved from the
: ol SR N |' i resin by basic transesterification with excess NaOMe in a
) e ShR 1:4 mixture of MeOH/THF, the corresponding methyl indole-
O—\ b. NaOMe, ! A ) .
o MeOHTHF 5-carboxylateBawas obtained in a 99% yield with excellent
o] o purity.
8b R = -CeHyg (0%) With an effective set of reaction conditions for the solid-
8c R = cyclohexenyl (0%) phase iodocyclization established, the conversion of a range
8d R = 4-methylphenyl (96%) - . . . .
Be R = 4-methoxyphenyl (94%) of alkynylanilines into the desired 3-iodoindoles and sub-
gf 2= ;—ch{lfropﬂl:enyl L99%|) 06 sequent cleavage of the products from the resin was
o R = oadiioremmen oy examined (Scheme 3). Of the polymer-bound alkynylanilines

examined, the R substituents that did not work wetexyl

iodocyclization to the solid phase. 3-lodobenzofurans can and 1-cyclohexenyl, even though they worked very well in
also be synthesized on the basis of a similar strategy. the corresponding solution-phase chemistifhe starting

Results and DiscussionOur general reaction sequence materials were consumed, but none of the desired products
for the solid-phase synthesis of the 3-iodoindoles is outlined were obtained after cleavage. This is undoubtedly due to the
in Scheme 2. Methylation of the amino group bfusing  heterogeneous nature of the reaction when carried out on
NaH and Mel, followed by saponification with LIOH in THF/  the solid phase. When the R group is an aryl group, the
H-0, afforded the carboxylic aci8l The benzoic aci@was  cyclization proceeds smoothly in 24 h at room temperature.
anchored to commercially available Wang chlorinated resin The effect of various aryl substituents on the cyclization has
(3.0 equiv of CsCG;, 0.5 equiv of K, 1.5 equiv of acid per  peen examined. The desired 3-iodoindoles were obtained in
Cl residue, DMF, 8CC), providing resin4 with a loading 80999 yields and-95% purities independent of the nature

of 0.67 mmol/g> The Sonogashira reaction @ under o the substituent on the phenyl moiety. The slightly lower
standard reaction conditions [catalyst P4EPh),, catatalyst yield obtained when the 2,4-difluorophenyl group is em-

Cul, HNEg] afforded the immobilized alkynylanilinéain ployed might be due to either a steric effect or inductive
excellent yield and purity® The resin-bound aniline$and o 1ot40n withdrawal from the triple bond. In each case,
Sigaggo/befggg'ﬂ%? bylcrlleavmg atsmall s?mplg r?f the resin cleavage of a small sample of the resin by basic transesteri-
Wi 0 HCl (1 h, room temperature); however, fication with excess NaOMe in a 1:4 mixture of MeOH/

in later work, aniline4 and all Sonogashira products have . )
o . THF led to the crude product, whose purity was estimated
been verified by NaOMe cleavage. The cyclizatiorbatto by 1H NMR ¢ 4 GC/MS vsis. Th q
the polymer-bound 3-iodoindoa was carried out in CH Y spectroscopy and ° analysis. the crude
products were then further purified by flash chromatography

Cl, using a 3-fold excess of ht room temperature for 24 h. ve the final isolated vields of prod q h
The resulting polymer-bound indoga was cleaved from to g_|vet € final 1o ated yields of products reporte ,o_n_t €
basis of the loading of the polymer-bound alkynylaniline.

the resin using 50% TFA/CHEI, (1 h, room temperature).
To our disappointment, the desired 3-iodoinddlewas One advantage of our iodocyclization process is that the
isolated in only a 40% yield with poor purity. We reasoned iodo-containing products present on the solid support can
that the 3-iodoindole might be unstable under the strongly be further elaborated through various palladium-mediated
acidic conditions used to cleave the indole from the solid coupling reactions. For example, the Sonagashira coufling
support. Thus, pure 3-iodo-1-methyl-2-phenylindole was and Suzuki couplint of 6a afforded the corresponding
subjected to 50% TFA/CHLI, for 1 h atroom temperature.  coupling products9 and 10 in 91% and 80% yields,

Scheme 4
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Table 1
OMe o._R
=R E¥ ]I o
O—\o CH4Clas Ojo
[s]
S 25°C, 24 h .
13 14
entry 14 R electrophile yield (%) purity (%)
1 l4a Ph b 46 81
2 l4a Ph ICI 52 >95
3 14b Ph p-NO,CeH,SCI 44 82
4 14c p-Tol ICI 72 >95
Scheme 5 Conclusions.In summary, we have developed an efficient
Ph, Ph method for the synthesis of 3-iodoindoles on a solid support
P N J Ph which provides excellent yields and purities under very mild
= Ph Iz NaOMe QII reaction conditions. The 3-iodoindoles bound to polystyrene
O_\o CHCl,  MeOHITHF o - are versatile building blocks for the preparation of various
o 25°C, 24 h ? 3-substituted indoles through palladium-mediated coupling
% = reactions. This approach allows one to introduce diverse
substituents into the indole N-1, C-2, C-3, and C-5 positions.
Scheme 6 Hence, our protocol can be applied to the combinatorial
OMe library synthesis of a diverse collection of structurally novel
' Cs,C03, Kl | indoles. We will report on the application of this methodol-
HOQCQ—OMe B O—\ ogy for the synthesis of additional libraries in due course.
' g 0 Y Polymer-bound 3-iodobenzofurans can also be prepared using

OMe

Ph H

cat. PdCly(PPhg)s
cat. Cul, HNEts
96%

13

respectively, as determined by transesterification and isola-
tion of the corresponding methyl esters (Scheme 4).

The ability to introduce diverse substituents on the
1-position of the indole would further expand the scope of
this solid-phase indole chemistry. Toward this end, ré&din
was prepared and subjected to our standard cyclization
conditions. The reaction afforded exclusively 3-iodo-1-
phenylindole 12 in an 82% yield and 92% purity as
determined by transesterification and isolation (Scheme 5).

We have also investigated the synthesis of 3-iodobenzo-
furans on a solid phase using a similar strategy. The resin
13 was prepared by using a procedure that was similar to
that used for resiba (Scheme 6). When using our standard
cyclization conditions (4.0 equiv of in CH,CI, for 24 h),
the desired 3-iodobenzofurd® can be obtained in a fair
yield and good purity, as determined by transesterification
and isolation (Table 1, entry 1). When the stronger electro-
phile ICl was employed, the yield was improved to 52% and
the purity to>95% (entry 2). Interestinglyp-NO,CsH,SCI
can also be employed as an electrophile, affording the
benzofuran produci4b in a 44% vyield and good purity
(entry 3), even though this electrophile failed to afford any
cyclization product in the previous solid-phase synthesis of
indoles. When R is a slightly more electron-rich 4-meth-
ylphenyl group, the yield using ICl increased to 72% (entry
4).

a similar strategy.

Acknowledgment. We gratefully acknowledge financial
support of this work by the National Institutes of Health (KU
Chemical Methodologies and Library Development Center
of Excellence, P50 GM069663). We also thank Frontier
Scientific Co. for the phenylboronic acid and Johnson
Matthey, Inc. and Kawaken Fine Chemicals Co., Ltd. for
the Pd(OAc).

Supporting Information Available. General experimen-
tal procedures and spectral data for the compounds listed in
Table 1 and Schemes—2. This material is available free
of charge via the Internet at http://pubs.acs.org.

References and Notes

(1) (a) Bunin, B. A.The Combinatorial IndexAcademic Press
Ltd.: London, 1998. (b) Obrecht, D.; Villalgordo, J. M.
Solid-Supported Combinatorial and Parallel Synthesis of
Small-Molecular-Weight Compound Librarjeslsevier Sci-
ence Ltd.: New York, 1998. (dTombinatorial Chemistry:
Synthesis, Analysis, Screenidging, G., Ed.; Wiley-VCH:
Weinheim, 1999. (dCombinatorial Chemistry and Molec-
ular Diversity in Drug Discaery; Gordon, E. M., Kerwin,
J. F. Jr., Eds.; John Wiley & Sons Ltd.: New York, 1998.

(2) (a) Loughlin, W. A.Aust. J. Chem1998 51, 875-893. (b)
Balkenhohl, F.; von dem Bussche-thefeld, C.; Lansky,
A.; Zechel, CAngew. Chem., Int. Ed. Endl996 35, 2289
2337. (c) Nefzi, A.; Ostresh, J. M.; Houghten, R.@hem.
Rev. 1997, 97, 449-472.

(3) (a) McKay, M. J.; Carroll, A. R.; Quinn, R. J.; Hooper, J.
N. A. J. Nat. Prod.2002 65, 595-597. (b) Verpoorte, R.
Alkaloids 1998 397-433. (c) Sundberg, R. Prog. Het-
erocycl. Chem1989 1, 111-125. (d) Saxton, J. ENat.
Prod. Rep.1986 3, 353—-394. (e) Saxton, J. ENat. Prod.
Rep.1987 4, 591-637. (f) Saxton, J. ENat. Prod. Rep.
1989 6, 1-54. (g) Sundberg, R. J. IndoleBest Synthetic
Methods Academic Press: San Diego, 1996. (h) Gribble,
G. W. J. Chem. SocPerkin Trans. 1200Q 1045-1075.



812 Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 6

(4) Lee, S.-H.; Clapham, B.; Koch, G.; Zimmermann, J.; Janda,
K. D. J. Comb. Chem2003 5, 188-196 and references
therein.

(5) Barluenga, J.; Trincado, M.; Rubio, E.; Gonzalez, J. M.
Angew. Chem., Int. EQ003 42, 2406-2409.

(6) (a) Booth, S.; Hermkens, P. H. H.; Ottenheijm, H. C. J.; Rees,
D. C. Tetrahedronl998 54, 15385-15443. (b) Hermkens,

P. H. H.; Ottenheijm, H. C. J.; Rees, D. Getrahedronl 997,
53, 5643-5678. (c) Hermkens, P. H. H.; Ottenheijm, H. C.
J.; Rees, D. CTetrahedron1996 52, 4527-4554.

(7) (@) Yue, D.; Larock, R. COrg. Lett. 2004 6, 1037
1040. (b) For the recent cyclization to polycyclic aromatic
iodides, see: Yao, T.; Campo, M. A,; Larock, R.L Org.

Reports

Chem.2005 70, 3511-3517. (c) For a review of iodine as
an electrophile toward alkenes, see: French, A. N.; Bissmire,
S.; Wirth, T.Chem. Soc. Re 2004 33, 354-362.

(8) For a review, see: Bse, S.; Kirchhoff, J. H.; Kbberling,
J. Tetrahedron2003 59, 885-939.

(9) (a) Frenette, R.; Friesen, R. Wetrahedron Lett1994 35,
9177-9180. (b) Stadler, A.; Kappe, C. Gur. J. Org. Chem
2001, 919-925.

(10) Koradin, C.; Dohle, W.; Rodriguez, A. L.; Schmid, B.;
Knochel, P.Tetrahedron2003 59, 1571-1587.

(11) Wright, S. W.; Hageman, D. L.; McClure, L. D. Org.
Chem 1994 59, 6095-6097.

CCO050062R



