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Palladium-mediated coupling/intramolecular indole cyclization of terminal alkynes with resin 8, followed by cleavage of the sulfonamide linkage,
were executed under mild conditions to provide diverse indoles 10 in excellent yield and purity. This chemistry benefits from a dual-activation
process that derives from use of a traceless N-sulfonyl linker. Also, direct mercuration of 9 (X = H, R = 4-Me-C¢H,), followed by palladium-
mediated coupling with methyl acrylate, efficiently provided 3-functionalized product 12.

Substituted heterocyclic compounds offer a high degree of indole-based combinatorial libraries. However, all of these
structural diversity and have proven to be broadly useful as solid-phase methods are based on amide, ester, or ether
therapeutic agents. Thus, there has been a great deal ofinkers, which remain in the final products after cleavage.
interest in the development of strategies for generating Since extraneous substituents such as CQI@,H, or OH
heterocyclic libraries on solid suppoft&iven that the indole  could well be undesirable in certain libraries, there is a need
nucleus is present in a wide variety of biologically active to develop solid-phase synthetic routes to indoles that rely
compounds, weand others have devised efficient solid- on traceless linkers. Already, there have been several
phase syntheses of indole derivatives for the generation oftraceless-linker strategies described for the solid-phase
synthesis of small organic molecules, such as those involving
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of indoles based on a THP resin was also recently discfsed. Scheme 1
Herein, we report our synthetic studies on the construction
of indoles on the solid phase with a traceless sulfonyl linker,

. > yndme
which further capitalizes on a “dual-activation process”. That & O ~Cl + @[ NH
NH, CHeClz 181

is, the traceless sulfonyl linker serves as an activating group ®_Ar.5[5,02
to facilitate indole cyclization and, after indole formation, 3
is activated and poised for cleavage under mild conditions.

A particularly useful approach to 2-substituted indoles
involves palladium-mediated heteroannulation of 2-iodoa- ___RC=CH®) ma cleavage SR
nilines with terminal alkyne&:42b1Thus, an aryl iodide is Pd(PPh3):Cly, Cul, N
coupled with a terminal alkyne to form the?sgsp coupling EtsN. DMF, 70°C  (— Ar- 50, 6 a R = Ph
product, which then undergoes intramolecular cyclization to 5 b: R = 4-Me-CgH,

form an indole ring. In this process, unlike the palladium-
mediated heteroannulation of a 2-haloaniline with an internal
alkyne311 activation of the amine is required to effect the washing, the resulting resin was subjected to cleavage. An
cyclization. The efficiency of the cyclization depends on the initial attempt to cleave the sulfonyl linker with KOH, the
nitrogen substituent and on forcing conditions, such as amost common base used in solution-phase deprotection of
strong base and high temperature, which are normally appliedthe tosyl group from indole nitrogen, proved to be problem-
with substituents such as acyl or alkoxycarbofiyt? By atic. For example, cleavage 6fR = Ph) with 5% KOH in
contrast, when the amine is activated by a strong electron-MeOH/1,4-dioxane/water (1:1:0.1) occurred very slowly at
withdrawing group such as sulfonythe sg—sp coupling 23 °C. Increasing the reaction temperature to°@0for 5 h

and the indole cyclization can occur in one pot under afforded desired indol€a with only 41% yield and 67%
relatively mild condition$®!® Therefore, we considered purity as determined by HPLC (Table 1, entry 1). Prolonging
employing a sulfonyl resin attached to nitrogen as a traceless

and activating linker for the solid-phase synthesis of indoles. _
Sulfonyl linkers have been developédnd used for various  Taple 1. Cleavage of ResinS[(R = Ph)— 6a]

chemical transformations on the solid ph&%e>Cleavage
of a sulfonyl linker from nitrogen in solid-phase synthesis €My rgt(molequiv)  solvent T time  yield” purity’
can require inconvenient conditions, such as anhydrous HF; 0 ® B *
however, this linkage in our chemistry can be easily removed KOH (10) ¢ 70 5 41 67
from the indole nitrogen under mild conditions.

, ) i ) 2 1-BuOK (10) THF 0 3 68 93

To test this process, we first used 2-iodoanilthend the
commercially available PS-TsCl resira (polystyrene sul- 3 t-BuOK(10) THF 0 6 82 82
fo.nyl c_hlorlde; Argonaut Te(_:hnolog|es). We Ioad_ed rekin 4 1BuOK(10) THE 25 3 100 04
with 2 in the presence of pyridine/GBI, to give resin-bound
precursor3 (Scheme 1). Treatment of resthwith pheny- 5  MesSiOK(10) THF 0 3 8 35
lacetylene 4, R= Ph, 6 molar equiv), a catalytic amountof ¢ d 75 5 11 29
Pd(PPH),Cl; (10 mol %), Cul (20 mol %), and BNl in DMF
at 70°C for 6 h resulted in a black reaction mixture. After 7 K2CO3(10) ¢ 70 7002 69

8 CsF(3) THF 70 5 0 -
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purity (entry 4). However, the application of this base to || G

comt?ipatorial synthesis could be Iimitgd sinqe strongly pasic Table 2. Traceless Solid-Phase Synthesis of Inddlemd 107
conditions may not accommodate a wide variety of functional

groups. Fortunately, tetrabutylammonium fluo#tiE BAF, entry X R T  time yield® purity
5 molar equiv) in THF at 70°C for 5 h proved to be O b (%) (%)
excellent, providing cleaved produgain quantitative yield | H oh 0 6 100 o5
(after removal of the TBAF) with 95% purity (entry 11).
TBAF was easily eliminated from the crude product by 2 H 4-Me-C¢Hy 70 8 97 95
aqueous washing. This mild cleavage method should allow 3 H 4-F-CgH, 75 6.5 100 98
the synthe3|s_ Qf d|versg indole derivatives bearing either base- 4 H 4MO-CH, 75 65 95 07
or acid-sensitive functional groups.
5 H Bu 755 89 92
: C o 6 H MeOCH, 7505 97 93
o-@%—ol 7 H HOCH,CH, 75 5 90!
1b ° 8 H (Et0),CH 75 5 94¢ -
6-F PhSCH, 70 6 85 98

The results in Table 1 clearly demonstrate that the
palladium-mediated $p-sp coupling of3 with phenylacety- 10 6-F 6-MeO-2-Np 70 6 97 95
lene (4, R =Ph) and sulfonyl linker-activated indole
cyclization occur efficiently in one pot under relatively mild
conditions. The cleavage of the sulfonamide linkage could 12 6-MeO 4-Me-CHy 60 16 98 85
also be executed under mild conditions due to its activation
via indole formation. When a Merrifield resin-based sulfonyl
chloride 1b'2 was used instead dfa, the chemistry was 14 6-MeO MeOCH, 60 6 94 86
equally effective. For example, by using the same procedure
as described above, 2-iodoaniline was loaded onto ddsin
reacted with 4-ethynyltoluene in the presence of the pal- 16  5-CO,Me  2-pyridyl 70 6 87 100
Iadiun_’n c_ataly_st, an_d cleaved v_vith TBAF to affofb in 17 5CO,Me  PhSCH, 0 6 g5 100
quantitative yield with 92% purity. B -

With these results in hand, we examined the scope of this _#Np = naphthyl. Conditions: (1) Pd-mediated coupling/indole cycliza-
solid-phase method for the synthesis of diverse indoles bygﬂ?ri((fsg 221:(,"’g"‘ylnglg;;?)I;"ro'ezruﬁ,q‘x‘;;fﬁrsg’g)'?t&Ia'(‘ggerfbf;rcgqisiv')’,‘
using commercially available PS-TsCI redia and TBAF Pd(PPB)2Cl, (0.1 molar equiv), EN—DMF (1:6—8); (2) resin cleavage
as a cleavage reagent. This dual-activation process turned® — 10): TBAF (5 molar equiv), THF, 70C, 5 h." Crude yields (based

. on the loading level of resiB). All products gave satisfactory analytical
out to be very robust. As shown in Scheme 2 and Table 2, gata.c Determined by reversed-phase HPL{G0% of 2-vinylindole was

observed in crude product Bi# NMR. € The compound was unstable under

_ reversed-phase HPLC conditiold NMR showed a single product.

6-MeO 4NO,C¢H, 60 6 90 9

6-MeO 6-MeO-2-Np 60 6 85 91

15 5-CO,Me Bu 70 6 87 94

Scheme 2
o | S groups, and heterocycles. The substituent on 2-iodoaniline
A i . . . .
@—@-'é—c‘ + x—:ii[ __pyrdine X7 7 can be either electron-donating or electron-withdrawing.
o) Z > NH, N 'T'Sg When7 bore an electron-withdrawing substituent, such as
1a 7 aX=H S ar' 2 for 7b and7d, it was loaded onto PS-TsCl resiain CICH,-
b: X =5-F
¢: X = 5-OMe (17) Typical procedure: To a solution of 5-fluoro-2-iodoaniline7p;
d: X = 4-CO,Me 400 mg, 1.69 mmol) and pyridine (222 mg, 2.8 mmol) in 1,2-dichloroethane
(5 mL) was added PS-TsCI resin (Argonaut Technologies, Inc.; 352 mg,
0.56 mmol) in one portion. The suspension was stirred &G6or 18 h,
filtered, washed sequentially with GBI,, MeOH, and EfO, and dried in
R-C=CH(4) s N R TBAF X SN R vacuo to give resi8 (X = 5-F; 470 mg). A suspension of resth(X =
_——»Pd(PPh 12C LN m G N 5-F; 89 mg, 0.11 mmol) in DMF (4 mL) was treated with 6-methoxy-2-
w2v \ ’ ' H naphthylacetylene (120 mg, 0.66 mmol), Cul (4.2 mg, 0.022 mmoi) Et
Cul, EtzN, DMF @— ArsO, 10 (0.5 mL), and Pd(PRJeCl, (7.7 mg, 0.011 mmol). After being stirred at
9 70 °C for 6 h, the black mixture was filtered, washed sequentially with

DMF, water, MeOH, CHCI,, MeOH, and E{O, and dried in vacuo. The
resulting resin was suspended in THF (6 mL) and treated witthNBy(1.0
M in THF, 0.55 mL, 0.55 mmol). The mixture was stirred at %0 for 5

excellent yields ¥ 85%) and purities¥90%) were achieved h and then filtered and washed with THF. The combined filtrates were
evaporated, and the residue was dissolved in EtOAc (60 mL). The solution

7 : .
f‘?r most cas_eé. T_he terminal alkyned, is ?‘ble to carry was washed with water (3 30 mL) and brine (20 mL) and dried (Ma
diverse functionality such as alkyl, ether, thioether, alcohol, SQ,). Concentration in vacuo furnished 31 mg (97% yield) of the indole

acetal, aryl with electron-donating and electron-withdrawing 10 X = e%‘Fb'er o efs'g"de_gﬁg‘s’\épﬁgfg'emzﬁ‘;'ggy(I\l/l%;’f"?Ag%R&‘g”y
calcd for GgH14FNO + HT 292.1138, found 292.1127. The structure was

(16) Yasuhara, A.; Sakamoto, Tetrahedron Lett1998,39, 3651. confirmed by!H NMR.
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CH,CI and the reaction temperature was increased t50
It is noteworthy with 3-butyn-1-ol as the alkyne component
that about 50% (based dii NMR) of 2-vinylindole was

Scheme 3

obtained in the final productO (Table 2, entry 7). This ioc
dehydration might be attributed to the electron-withdrawing X-mR Hg(OAC),, HCIO, sl N_g
nature of the sulfonyl linker attached to the indole nitrogen. & f\\l HOAc, dioxane, NaCl Z N
Thus, a sulfonyl resin-bound 2-vinylindole, a potentially O—Ars0, Q—AS0,
useful resin-bound intermediate for the solid-phase synthesis 9 11
of biological active compounds, such as tetrahydrocarbazoles CO,Me
via Diels—Alder reaction, can be accessed by treating resin =
9 (R = HOCH,CH,) with an appropriate acid. 1) HaC=CHCO,Me

The usefulness of a sulfonyl linker is illustrated further in PA(OACT X ) X< H
the functionalization of the 3-position of resin-bound indoles 2) cleavage & N R = 4-Me-CgHy
9. We sought a resin-bound organometallic fr@mwhich 12

should be a useful precursor for the introduction of diverse

substituents into the 3-position. Our preliminary results with
direct mercuratiotf of 9 (X = H, R = 4-Me-GH,4) were
very promising. Treatment & (X = H, R = 4-Me-GH,)
with mercury(ll) acetate and a catalytic amount of HZIO

In conclusion, we have described a facile traceless solid-
phase construction of diverse indoles based on a sulfonyl
linker via a dual-activation process. We have also shown

afforded synthetically versatile resin-bound organomercurial that a sulfony! linker is effective during mercuration at the
11 (Scheme 3). The 3-indolylmercury species could be 3_position of indole on a solid support. Given the ready
converted to other organometallics or coupled with a suitable gy ailability of a variety of terminal alkynes, the high loading
substrate by either a catalytic or a stoichiometric process. 3nq ow price of the PS-TsCl resin, the mild reaction

For example, coupling o1 with methyl acrylate in the
presence of stoichiometric Pd(OAdave, after resin cleav-
age with TBAF, 2,3-disubstituted indol& in 60% isolated
yield. A resin-bound organomercurial might also be useful
for the study of relatively unexplored solid-phase radical
reactions?® The sulfonyl linker could also be used as an

activating group to direct the solid-phase deprotonation at

the 2-position of indole followed by reaction with a variety
of electrophiles. The investigation of this sulfonyl linker-

directed metalation of indole, and its applications in chemical
library synthesis, are in progress and will be reported in due

course.
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conditions, and high yields, our traceless-linker method
should be valuable for the generation of indole-based
combinatorial libraries.
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