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The synthesis of the indole skeleton of new melatoninergic analogues was realized using solid-phase methodology in association with microwave
irradiation. This combination speeds up the solid-phase drug discovery process in rigorously established conditions.

Solid-phase organic synthesis provides a powerful means forgood yields, and cleaner reactions over conventional thermal
the preparation of compound libraries and has been successprocedured.In very recent years, the concept of speeding
fully used for the construction of both oligomeric compounds up resin-bound chemistry by microwave activation has
and small moleculesHowever, solid-phase synthesis still created a lot of interest, both from the academic and industrial
exhibits several shortcomings owing to the nature of the communities’
heterogeneous reaction conditions. We recently published an original investigation of the
Nonlinear kinetic behavior, slow reactions, solvation synthesis, in a homogeneous phase, of the indole core of
problems, and degradation of the polymer support resulting melatonin analoguesThis synthesis confirmed that con-
from long reaction times are some of the problems experi- ventional thermal procedures can be substituted by micro-
enced in solid-phase organic synthésdidicrowave irradia-

tion is known to allow striking reduction in reactions times, (4) The most cited reviews (more than 100 citations) in microwave-
assisted chemistry (Science Citation Index, August 2001): (a) Caddick, S.
Tetrahedron1995,51, 10403—10432. (b) Loupy, A.; Petit, A.; Hamelin,
(1) Laboratoire de Génie Protéique et Cellulaire, EA3169, Groupe de J.; Texier-Boullet, F.; Jacquault, P.; Mathe, Bynthesid998 1213-1233.
Chimie Organique, UFR Sciences Fondamentales et Sciences pour I'lngénieur(c). Varma, R. SGreen Chem1999, 43-55.
Batiment Marie Curie, Université de La Rochelle, F-17042 La Rochelle (5) (@) Yu, H.-M.; Chen, S. T.; Wang, K. T. Org. Chem1992,57, 7,
cedex 1, France. 4781-4784. (b) Larhed, M.; Lindeberg, G.; Hallberg, Retrahedron Lett
(2) For a discussion, see: (a) Lew, A.; Krutzik, P. O.; Hart, M. E.; 1996,37, 8219—8222. (c) Kuster, G.; Scheeren, H. Tétrahedron Lett.
Chamberlin, A. RJ. Comb. Chem2001,ASAP article. (b) Hermkens, P. 200Q 41, 515-519. (d) Hoel, A. M. L.; Nielsen, Jletrahedron Lett1999
H. H.; Ottenheijm, H. C. J.; Rees, Detrahedron1997,53, 5643—5678. 40, 3941-3944. (e) Strohmeier, G. A.; Kappe, C. O.Comb. Chen2002

(c) Hermkens, P. H. H.; Ottenheijm, H. C. J.; ReesTBtrahedronl996, 4, 154—161. (f) Combs, A. P.; Saubern, S.; Rafalski, M.; Lam, P. Y. S.
52, 4527—4554. Tetrahedron Lett1999,40, 1623—1626.

(3) Stadler, A.; Kappe, C. CEur. J. Org. Chem2001, 919—-925 and (6) Finaru, A.; Berthault, A.; Besson, T.; Guillaumet, G.; Berteina-Raboin,
references therein. S. Tetrahedron Lett2002,43, 787—790.
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wave irradiation. The experimental microwave conditions [ AR

described_in this previous Ppaper are weII—estainshgd, z_:md Scheme 1. Solid-Phase Synthesis of
our goal is now to combine solid-phase synthesis with 5-Carboxamido-N-acetyltryptamite
microwave heating in order to speed up drug discovery ) ) )
processes and also to demonstrate the real interest of a suct @-+nwrmoc ik Amide Resin
association.

In this paper we report the transposition of the solid- 5 ¢ !

under microwave irradiation. Comparison with classical .““‘W"“z
thermal methods was also studied and will be discussed.
The acid-labileRink’ linker was chosen for connection of

(o]
support synthesis of the indole core of melatonin analogues Hc?‘@‘””: 1 0 |
H NH

b)

aromatic iodide to polystyrerfeGeneration of the indole AT e ol

skeleton under microwave irradiation was studied with a -

microwave oven especially designed for organic syntHesis. o NHAc " NHAC

Preliminary solid-phase experiments were performed at HNJ\@{/ e) . JkCrC

constant temperature. Confirming the results recently ob- - T N N swe, ¢

tained in homogeneous phase, these conditions were not 5 classical heating : 73%

satisfactory, and we observed that the best results were allcatrames: S0

obtained by a strict power control of the focused microwave o

irradiation. For our application on solid support, the tem- jiiAe

perature must be lower than 14C (thermal stability of .%Hi@CI 6
N

polystyrene). In this case dichloromethane (DCM) or a
mixture of N,N-dimethylformamide (DMF)/acetonitrile (ACN)

as solvent allows us to not exceed this temperature under a ol e)
i _ classical heating : 62%
strict power control of the microwaves. microwaves : 85%
. . . . . NHAc
Generation of various indole derivatives was performed o
in five steps via a palladium-mediated reaction between HN | P
2-iodoaniline derivatives and functionalized acetylenes. N

The peptidic coupling of 4-amino-3-iodobenzoic adid N _ _
on Rink amide resin was performed, in 48 h, in dioxane. *Reagents and conditions (for time and yield see Table 1): (a)

; ; ; e piperidine 20%, DMA, rt, 60 min; (b}l (4.4 equiv), TBTU (4.4
Following the pathway previously publishéthe palladium equiv), HOBT (2 equiv). NEt (14.4 equiv), DMAP (1 equiv),

catquzed _coupling reaction & and 3'° (ratio, 1/5) was dioxane; (c)3 (5 or 3 equiv, see table), Pd(OAP.2 equiv), PPh
realized with Pd(OAg) NaOAc, and P4P in the presence (0.4 equiv), LiCl (2 equiv), NaOAc (4 equiv), DMA; (d) NIS (3 or
of LiCl, which is known to provide excellent regioselectiv- 1.5 equiv, see table), GBIy; (e) cleavage, TFA, 20%, Gigl,, rt.
ity* (Scheme 1).

The attempted indole derivativkwas cleaved to obtain
the expected Compourmin a good y|e|d (74%) (the ratio 6, which could be later involved in various palladium-
between the quantity & and 3 is very important; if it is mediated reactions, allowing access to various 2-substituted
too small, lowest yields were observed) (Table 1). indoles (Scheme 1).

The high regioselectivity observed in this reaction sug- 19 evaluate the stability of the resin under microwaves,
gested insertion of the intermediate arylpalladium species the Rink amide polystyrene was placed under microwave
into the alkyne from the less hindered side.

Treatment o#4 with 3 equiv of NIS (N-iodosuccinimide) _
in DCM at reflux during 24 h afforded the iodo derivative Table 1. Classical Heating and Microwave Solid-Support
Experiments? Ratio 2/3 = 1/5 and3/NIS = 1/3

(7) Rink, H. Tetrahedron Lett1987,28, 3787—3790.

(8) The Rink resin had previously been used in microwave-assisted solid- conventional thermal microwave irradiation; strict
phase chemistry; see ref 5f. heating? power control®

(9) Focused microwave irradiations were carried out at atmospheric - - - -
pressure with a Synthewave S402 Prolabo microwave reactor (300 W, reaction temp yield reaction  power yield (%)
monomode system), which has quartz reactors, visual control, irradiation step  time  (°C) (%) time (W) afterstep e
monitored by PC computer, infrared measurement, and continuous feedback
temperature control (Commarmot, R.; Didenot, R.; Gardais, J. F. French b 48 h rt 100° 3 min 45 100¢
Patent 84/03496, 198&hem. Abst1986,105, 17442.) c 24 h 100 100¢ 13 min 60 80¢

(10) N-[4-(1,1,1-Trimethylsilyl)-3-butyn-1-yl]acetamid&was obtained,

in six steps, from commercially available but-3-ynol (see ref 7). ¢ 24h 100 100; 2x13min 60  100° .
(11) (a) Ujjainwalla, F.; Warner, Dletrahedron Lett1998,39, 5355— d 24h 40 62 14 min 60  100¢ 85
5358. (b) Larock, R. C.; Yum, E. KI. Am. Chem. S0d.991,113, 6689— (5 steps) (5 steps)
6690.
(12) All reactions reported here were performed on a scale of 260 aQil bath. In these experiments the temperature did not reach the critical

mg of beads (0.7 mmol/g) allowing the isolation of at least 20 mg of crude Vvalue of 140°C (thermal stability of polystyrenef Conversion rate was
product. Yields, therefore, refer to the weight of product purified by flash determinated byH NMR after cleavage with TFA—CKCly (1/4 viv).
chromatography. Analysis of products was performeddyNMR (250 dYield after purification by flash chromatography.

MHz) and mass spectroscopy.
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irradiation for 5, 15, or 20 min, with strict power control || NG

(39, 60, or 75 W), .in the presence of variqus Solvents taple 2. Classical Heating and Microwave
(dichloromethane, d|methylacetam|_de, or a m|>§ture DMF/ Homogeneous-Phase Experiments; Raf®= 1/3 and3/NIS =
ACN, 2/1 viv). After washing and drying of the solid support, 1/1.5

the aromatic iodide moiety was coupled using the standard

peptidic conditions described above. After cleavage (TFA/ Conven::zzt&il:]thermal mlcrowa\;sv'errrigztgn; strict
CH.Cl,, 1/4 v/v) calculation of the quantity of the resulting g P

amide allowed determination of the stability of the support. reaction temp yield® reaction power yield® (%)
In the conditions described in this paper no alteration of the S©°___time  (¢) () tme (W) afterstepe
polymer was detected. The solid-phase reaction conditions c¢ 4h 100 70 10 min 60 84

for the preparation o2, 4, and6, were transposed to our  d 24h 40 58  1lmin 60 94
open microwave oven. Successful results are summarized avyield after purification by flash chromatography.
in Table 1.

For each procedure studied, exposition of the reaction
mixtures to microwaves allowed a substantial increase in the the microwave irradiation of the reaction mixtures and was
yields and a striking reduction in the reaction times (e.g., "ot affected by the transposition of the process to solid-

coupling of1 to the resin was reached in only 3 min, instead SUPPOrt conditions.

of 48 h at room temperature or 12 h atZDby conventional In conclusion, studying an easy and original access to the
heating). Curiously, an incomplete conversion idtavas indole core of melatonin analogues via palladium-mediated
observed (80%). heteroannulation of internal alkyng with o-iodoaniline

No modification was detected by increasing the amount derivative 2, we confirm that conventional thermal proce-
of compound3, changing the irradiation power, or varying dures can be substituted by microwave irradiation.
reaction times. The desired 5-carboxaritaeetyltryptamine The 2-iodo derivative obtained could be used to obtain
derivative4 was obtained with complete conversion after a further modifications in this position via Suzuki, Stille, Heck,
double coupling (Table 1). This procedure implied a complete OF Sonogashira palladium-mediated coupling reaction. With
removal of all reagents and byproducts by washing off the well-established experimental conditions, it is now possible
resin before submitting it to identical coupling conditions 0 combine solid-phase synthesis with microwave heating
for a second time. in order to speed up the drug discovery process. In connection

A very spectacular decrease in the reaction time of tep with recent published resultsthis work demonstrates the
(conversion of the trimethylsilyl into an iodo group) was also real advantage of such an association for a rapid access to
detected (24 h~ 14 min, Table 1). novel molecules with potential pharmacological value and

To demonstrate the real advantage of associating micro-OPens the door to wider application of microwaves in solid-
waves and solid-phase synthesis, we compared the resultphase organic synthesis.
obtained in the present study with the data described in our
previous work with a methyl ester (Table 2). It is important
to observe that the considerable enhancement (short time
and very good yields) of this multistep procedure results from 0L0259185
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