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Substituted 3-(arylmethylene)isoindolin-1-ones can be efficiently synthesized in a stereoselective manner from various ynamides and boronic
acids by palladium-catalyzed Heck—Suzuki—Miyaura domino reactions.

Substituted 3-methyleneisoindolin-1-ones of typé alkynest®and the Horner condensation of 3-(diphenylphos-
(Figure 1) are present in a number of naturally occurring phinoyl)isoindolin-1-ones with aldehyd&%®
and biologically active compoundg.Existing methods for In recent years, the synthetic application of ynamides has

their preparation often rely on nucleophilic additions to expanded enormouslthese stable electron-deficient vari-
phthalimides of typeB followed by dehydration, but this ants of ynamines having been demonstrated to undergo
can produce mixtures of regioisomers in the case of unsym-several transformations usually carried out with alkynes such
metrical substrates?3 as metal-catalyzed cycloadditioffametathesi8 sigmatropic
Several recent synthetic developments that have improvedrearrangement$,and addition reactiof’'? eventually fol-
the situation include some Pd-catalyzed three-componentlowed by cross-coupling$:'* However, to our knowledge,
processes that exploit a carbonylation reactiBwcatalyzed reports dealing with palladium-catalyzed reactions directly
heteroannulations involving 2-iodobenzamides and terminal involving ynamides appear to be restricted, so far, to

hydrostannatiof?
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1-ones of typeA’ that proceeds from ynamides of tyge
and arylboronic acids, which relies on Pd(0)-catalyzed
Heck—Suzuki-Miyaura domino reactions for success
(Scheme 1).

To investigate the feasibility of this Pd(0)-catalyzed
process, several ynamides of ty@ewere prepared from
2-iodobenzoic acidl. Thus, coupling with benzylamine,
2-bromobenzylamine, and allylamine afforded the corre-
sponding 2-iodobenzamid@a (60%),2b (81%),2c (73%),

respectively. Their conversion to ynamides was achieved by

formation of the potassium amides (KHMDS, toluene, rt)
and condensation with alkynyliodonium s&f® to afford
compoundgla (48%),4b (72%), and4c (63%), respectively,

in acceptable yield¥ Subsequent desilylation using TBAF
in THF finally provided5a (96%),5b (79%), andbc (85%),
respectively. A structurally related ynami&e possessing

(4) (a) Gai, X.; Grigg, R.; Khamnaen, T.; Rajviroongit, S.; Sridharan,
V.; Zhang, L.; Collard, S.; Keep, ATetrahedron Lett2003 44, 7441
7443. (b) Cho, C. S.; Shim, H. S.; Choi, H.-J.; Kim, T.-J.; Shim, S. C.
Synth. Commurk002 32, 1821-1827.

(5) (@) Kundu, N. G.; Khan, M. W.; Mukhopadhyay, Retrahedron
1999 55, 12361-12376. (b) Sashida, H.; Kawamukai, 8ynthesid999
1145-1148. (c) Kundu, N. G.; Khan, M. WTetrahedron Lett1997, 38,
6937-6940. (d) Khan, M. W.; Kundu, N. GSynlett1997 1435-1437.

(6) (&) Rys, V.; Couture, A.; Deniau, E.; GrandclaudonTEtrahedron
2003 59, 6615-6619. (b) Couture, A.; Deniau, E.; Grandclaudon, P.;
Hoarau, C.; Rys, VTetrahedron Lett2002 43, 2207-2210. (c) Couture,
A.; Deniau, E.; Grandclaudon, P.; Rybalko-Rosen, Honee, S.; Pfeiffer,
B.; Renard, PBioorg. Med. Chem. LetP002 12, 3557-3559. (d) Couture,
A.; Deniau, E.; Grandclaudon, P.; Hoarau,T@trahedror200Q 56, 1491
1499.

(7) For a review, see: Zificsak, C. A.; Mulder, J. A.; Hsung, R. P.;
Rameshkumar, C.; Wei, L.-ITetrahedron2001, 57, 7575-7606.

(8) (a) Marion, F.; Coulomb, J.; Courillon, C.; Fensterbank, L.; Malacria,
M. Org. Lett.2004 6, 1151-1153. (b) Shen, L.; Hsung, R. Petrahedron
Lett. 2003 44, 9353-9358. (c) Witulski, B.; Lumtscher, J.; Berg§fer,

U. Synlett2003 708-710. (d) Witulski, B.; Alayrac, CAngew. Chem.,
Int. Ed. 2002 41, 3281-3284.

(9) (@) Huang, J.; Xiong, H.; Hsung, R. P.; Rameshkumar, C.; Mulder,
J. A.; Grebe, T. POrg. Lett.2002 4, 2417-2420. (b) Saito, N.; Sato, Y.;
Mori, M. Org. Lett.2002 4, 803—805.

(10) (a) Frederick, M. O.; Hsung, R. P.; Lambeth, R. H.; Mulder, J. A,;
Tracey, M. R.Org. Lett.2003 5, 2663-2666. (b) Mulder, J. A.; Hsung,
R. P.; Frederick, M. O.; Tracey, M. R.; Zificsak, ©rg. Lett. 2002 4,
1383-1386.

(11) (a) Hirano, S.; Tanaka, R.; Urabe, H.; SatoOFg. Lett.2004 6,
727-729. (b) Tanaka, R.; Hirano, S.; Urabe, H.; SatoOFg. Lett.2003
5, 67—70.

Scheme 2. Preparation of Ynamides of Typg?
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aReagents and conditions: (a)NRH,, EDCI, cat. DMAP, E4N,
CH.Cly, rt; (b) KHMDS, 3, toluene, rt; (c) TBAF, THF, rt.

a pyridine ring was also prepared from the readily available
2-bromonicotinic acid6’ and allylamine according to a
similar strategy (28% overall yield) (Scheme 2).

Since the planned strategy toward 3-(arylmethylene)-
isoindolin-1-ones of typé\' involved two different Pd(0)-
catalyzed steps, it was of interest to initially examine the
feasibility of the Heck reaction. Thus, ynamidels and5c
(Scheme 3) were treated with a catalytic amount of Pd(@Ac)

Scheme 3
®  Pd(OAc), o 0
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5b (o-Br)Benzyl b 7 (56%)
5¢ Allyl 8 (62%)

(5 mol %) and PPh(10 mol %) in DMF at 80°C, and to
regenerate the Pd(0) catalyst from the intermediat@yl-
palladium complexes of typ®, the reaction was carried out

in the presence of ammonium formate (1.5 egé&winder
these conditions, the desired 3-methyleneisoindolin-1-ones
7 and 8% were cleanly generated in 56% and 62%
yields, respectively. Worthy of note is the fact that the
presence of an arylbromide in substr&tedid not alter the
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Table 1. Heck—Suzuki~Miyaura Domino Reactions

reagents: boronic acid

Pd catalyst (5 mol%), base, solvent product (yield)

substrate

Ao - o,

Pd(PPh,),, NaOH, DME/H,0 9 (48%)
55 Pd(dba), NaOH, THF/H,0 9 (59%)
Pd(OAc), + 2 PPhy, NaOH, THF/H,0 9 (70%)
Pd/C, NaOH, THF/H,0 9 56%)

(]

d 10
| |‘|Bf PhB(OH),
5b Pd(OAc), + 2 PPh;, NaOH, THF/H,O
(o]
O N
@[ I C[we (=
: v
OMe

Pd(OAc), + 2 PPh;, NaOH, THF/H,O0 11 (67%

B
10 (51%)

N N/\/
| PhB(OH), —\_
N~ Bl
sq  Pd(OAc), +2 PPhy, NaOH, THF/H,0 12 (52%)

Pd/C, NaOH, THF/H,O 12 (0%)

5d OB(OH)z g =

Pd(OAG), + 2 PPh,, NaOH, THF/HQO 13 (68%)

Scheme 4
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course of the reaction, it remaining intact in the final product

7 (Scheme 3).

reaction. The use of Pd(dbdgd to a slightly increased yield

of 9 (59%), but the optimal result (70%) was obtained when
Pd(OAc) (5 mol %) and PPH(10 mol %) in THF were
used to catalyze the process. Interestingly, Pd on C was also
an effective catalyst for this reaction, althougjtvas obtained

in slightly diminished yield (56%).

The Pd(0)-catalyzed HeelSuzuki—Miyaura domino re-
actions were applied to ynamidés—d in the presence of
various boronic acids under optimized conditions [Pd(QAc)
(5 mol %), PPk (10 mol %), aqueous NaOH, THF, reflux],
and the resulting 3-(arylmethylene)isoindolin-1-on&8
(51%) andl11 (67%), as well as the pyrrolopyridinoné2
(52%) and13 (68%), were obtained in moderate to good
yields, as single geometric isoméPdt is worth mentioning
that the use of the heterogeneous catalyst Pd on C was
unsatisfactory in the case of ynamiéld, presumably due
to poisoning of the catalyst by the nitrogen atom of the
pyridine ring.

The E)-configuration of the 3-benzylideneisoindolin-1-
one 9 was assigned byH NMR and comparison with the
literature dat&:>°The €)-configurations of the isoindolinone
10 and the pyrrolopyridinond2 were also unambiguously
confirmed by an independent preparation of authentic
samples of their corresponding)fisomers® The configura-
tions of the other 3-(arylmethylene)isoindolin-1-ones were
determined on the basis of these results, which were in
agreement with the fact that carbopalladation of alkynes
involves a syn addition process, whereas the cross-coupling

Having demonstrated that ynamides were viable substratesvith o-vinylpalladium complexes proceeds with net retention
for the carbopalladation process, we investigated the achieve©f the olefinic configuratiort?

ment of the Heck Suzuki-Miyaura domino reactions
(Table 1)!® When ynamideba was treated with benzene-

As the Suzuki-Miyaura cross-coupling reactions require
the presence of a baseand because alkynylsilanes are

boronic acid in the presence of aqueous sodium hydroxideknown to be deprotected under these conditions, it was

as a base and a catalytic amount of Pd@H®B mol %) in

envisaged that we could advantageously carry out a one-pot

refluxing 1,2-dimethoxyethane (DME), the corresponding transformation starting from the trimethy!silylynamida
3-benzylideneisoindolin-1-oréwas obtained in acceptable ~ Thus, treatment oda with agueous NaOH in THF at reflux

yield (48%) and as a single stereoisortferAdditional

generated the terminal ynamiiain situ, which underwent

experiments indicated that other palladium catalysts could the subsequent HeetSuzuki-Miyaura domino reactions by
also be used and that THF was a suitable solvent for this addition of benzeneboronic acid or 3,4-dichlorobenzene-

(19) Apparently, the HeckSuzuki—Miyaura domino reactions afforded

(20) Authentic samples of th&)-isomers of compoundE) and12 were

the 3-(arylmethylene)isoindolin-1-ones described herein as single geometricprepared from amide&b and 2d, respectively, by Sonogashira coupling
isomers. However, we cannot rule out that for some substrates of this class,with phenylacetylene and subsequent base-induced ring-closure (EtONa/
depending on the aryl group and the nitrogen substituent, equilibration may EtOH). The stereochemical outcome of this literature procedure has been

further occur especially by acid-catalyzed, hydratiolehydration, or

photochemical processes.
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In conclusion, we have reported an efficient stereoselective data for compound$a—d, 7—14, and the Z)-isomers of
access to K)-3-(arylmethylene)isoindolin-1-ones by using 10 and 12, copies of the!H NMR spectra of new com-
Pd(0)-catalyzed HeekSuzuki-Miyaura domino reactions  pounds, and representative experimental procedures. This

involving ynamides and arylboronic acids. This process, material is available free of charge via the Internet at
which further expands the synthetic utility of ynamides, will - http://pubs.acs.org.

be applied to the preparation of natural and/or biologically
active products. OL049302M
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