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Various 3,3-diallyl isoindolones were synthesized via a indium-mediated Barbier type double allylation
reaction of ortho-cyanobenzoates in good yields in short time. The reactivity of nitrile group toward allyl-
indium is sufficient to form a cyclic compound when a suitable electrophilic center is present in the same
molecule to trap the imine intermediate.

© 20009 Elsevier Ltd. All rights reserved.

Allylindium reagents have been used extensively for the intro-
duction of allyl group in a Barbier type manner to various electro-
philes.!> Although many electrophiles including aldehydes,
ketones, imines, and N-tosylimines have been used in the in-
dium-mediated allylations,! the reaction of a less reactive electro-
phile such as nitrile has not been used in organic synthesis. The
first successful results of indium-mediated allylation of nitriles
have been reported by Yamamoto and co-workers a decade ago
(vide infra, Scheme 1),2*P although allylation of nitrile with allylin-
date instead of allylindium was reported by Butsugan and co-
workers in 1993.2¢ However, the allylation of nitrile with allylin-
dium was limited to substrates having an electron-withdrawing
substituent and an o-proton.?*®

Very recently, we reported indium-mediated Barbier type ally-
lations of the nitrile group in y-cyanoesters (vide infra, Scheme
1),*? y-ketonitriles*" and §-ketonitriles.> The intrinsic reactivity
of the nitrile group toward allylindium species was sufficient to
form the corresponding imine or enamine intermediates, and the
corresponding 8-valerolactams,>® pyrroles,>® and isoquinolines>*
were obtained in good to moderate yields via the subsequent cycli-
zation of the intermediates with an electrophilic moiety in the
same molecule. During the studies we have found that the nitrile
group can react with allylindium even in the absence of both an
EWG and an a-proton when the intermediate can react with near-
by electrophile in the same molecule such as an ester>? or a steri-
cally hindered ketone.>®¢ In addition, we also found that even
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aromatic nitrile can react with allylindium.>¢ In these contexts,
we envisioned that ortho-cyanobenzoates could afford 3,3-diallyl
isoindolone scaffold via indium-mediated double allylation strat-
egy, as shown in Scheme 1. The first results of Yamamoto in this
area®®® and ours of y-cyanoesters>® are also depicted in Scheme
1 for comparison.
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Scheme 1. Development of In-mediated allylation of nitrile.
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Various isoindolone derivatives have been known to possess o]
interesting biological activities*® including MDM2-p53 interac- Grubbs catalyst (3 mol%) M —N/_\N—M
tion inhibitory activity,*® mixed lineage kinase activity,*> CNS-re- 9q _toluene, 50°C, 2 O NH °s T s
lated disorders treating activity,*® and HIV-1 integrase inhibitory 9 O g Ru‘\\CI
activity.*® Especially, various spiro-isoindolones have received cr ﬁaPh
much attention due to their interesting biological activi- 3 (88%)
ties.4¢f6de&n Thys various synthetic approaches of isoindolone
scaffold have been developed.>® In some examples, a copper-cata- Scheme 2.
lyzed addition of nucleophile to carbonyl-ene-nitrile system,’® a
palladium-catalyzed intramolecular C-arylation,’® and an addition
of transiently-generated methyl o-lithiobenzoate to imine> have During the studies we observed an interesting solvent effect.
been reported. Xu and co-workers reported the synthesis of 3- The product 2a was formed in THF at refluxing temperature in
monoallyl isoindolone derivatives via the In-mediated allylation ~ 71% as described above; however, the reaction in DMF (70-80 °C)
of N-tert-butanesulfinyl imines.” The synthesis of Xu and co-work- was failed completely and 1a was recovered. Similarly, the reaction
ers is the only paper describing the preparation of isoindolone scaf-  failed in 1,4-dioxane, aqueous THF, PEG-3400, and DMSO, while 2a
fold by using indium chemistry, to the best of our knowledge. was obtained in moderate yields both in dichloroethane (51%) and

As the initial entry, we examined the reaction of ethyl 2-cya- ortho-dichlorobenzene (57%). From the results we could imagine
nobenzoate (1a) and allyl bromide in the presence of indium pow- that the reaction is effective in a solvent which does not disrupt
der in THF and obtained 3,3-diallyl isoindolone (2a) in 71% yield the six-membered chelation transition state’>'° and a decisive
(entry 1 in Table 1).2 The reaction was very fast (30 min) and clean. ~ €Xplanation deserved further studies.
Encouraged by the results, we prepared various ortho-cyanobenzo- As one of the synthetic applications of 3,3-diallylated isoindol-
ates 1b-g° and examined the syntheses of isoindolones 2b-h, as ~ Ones, we examined the ring-closing metathesis (RCM) reaction of
summarized in Table 1. The mechanism for the reaction can be  2g with 2nd generation Grubbs catalyst (3 mol%) in toluene
proposed as follows: first allylation of 1 to produce the imine inter- (50°C, 2 h) and obtained the corresponding spiro compound 3 in
mediate (I), cyclization of (I) to form cyclic N-acylimine (I}, and ~ 88% yield, as shown in Scheme 2.
second allylation of (II) to form 2, as shown in Table 1. As in entry In summary, we synthesized various isoindolones via a indium-
8, the reaction of 1a and methallyl bromide produced compound  Mmediated double Barbier type allylation of ortho-cyanobenzoate
2h in a similar yield (66%); however, the reaction with y-substi-  derivatives in refluxing THF in moderate to good yields. We ex-
tuted allylic bromides such as cinnamyl bromide or crotyl bromide tended the scope of In-mediated allylation reaction toward ni-
did not produce appreciable amounts of the corresponding isoin- trile—containing substrates which was hitherto regarded as un-
dolone derivatives, presumably due to steric problems.!° reactive.
Table 1
Synthesis of poly-substituted isoindolones®
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/ N 2d (89) 2h (66)

2 Conditions: substrate (1.0 mmol), allyl bromide (4.0 mmol), In powder (2.0 mmol), THF, reflux, 30 min (60 min for entry 8).
b Methallyl bromide was used.

2g (65)
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