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Heterocyclic compounds are commonly used as scaffolds in
designing biologically active compounds.1 Imidazolone-based het-
erocyclic molecules play an important role in various biochemical
processes, and their use as building blocks in developing new drugs
such as COX-2 inhibitors,2a anti-inflammatory,2b anticancer,2c,d

cardioactive agents,2e angiotensin II receptor antagonists,2f and
others2g–i is well documented. Imidazoisoindolones with phenolic
subunits have been reported to exhibit high fluorescent proper-
ties.3 Recently, imidazoisoindolone-based orally active drug candi-
dates for the treatment of respiratory syncytial virus were
explored.4

Transition metal-catalyzed C–H activation reactions have
gained significant importance over the years.5 Functional group-di-
rected C–H insertion reactions are widely used for the synthesis of
various heterocyclic ring systems.6 Among these, palladium-cata-
lyzed C-arylation reaction is a valuable synthetic tool for the for-
mation of a wide variety of oxygen and nitrogen heterocycles.7

Palladium-catalyzed intermolecular C–H functionalization of imi-
dazolin-2-one under ligand-less conditions has been published
recently by Chen and co-workers.8 Herein, we report an intramo-
lecular C–H insertion reaction of 2-haloaryl imidazolinones to syn-
thesize aryl imidazoisoindolones.9

Although imidazolin-2-one is commercially available, we have
prepared 2-bromobenzyl imidazolinone derivative 4 from com-
mercially cheaply available hydantoin (1) in four steps rather than
from the quite expensive imidazolin-2-one.10 Hydantoin (1) was
first subjected to monobenzylation11 by treating with NaH, benzyl
bromide, and a catalytic amount of tetrabutylammonium iodide
(TBAI) in anhydrous DMF, and then reacted with 2-bromobenzyl
bromide (2) under same conditions to furnish N,N-diarylated
hydantoin 3. Selective reduction of the amide carbonyl of 3 by
LiAlH4 (1 equiv) in Et2O, and the subsequent elimination of aminol
ll rights reserved.

: +1 919 530 6600.
s).
by treating with a mixture of trifluoroacetic anhydride (TFAA)12

and TFA in CH2Cl2 furnished 1-benzyl-3-(2-bromobenzyl)-1H-imi-
dazol-2(3H)-one (4) (Scheme 1).
Our study began with the cyclization of 1-benzyl-3-(2-bromob-
enzyl)-1H-imidazol-2(3H)-one (4). In the very first attempt, 4 was
treated with Pd(OAc)2, PPh3, and Cs2CO3 in anhydrous DMF at
80 �C. We were delighted to observe the complete consumption
of 4 in 12 h to furnish 2-benzyl-2H-imidazo[5,1-a]isoindol-3(5H)-
one (5) in 66% yield (Scheme 2). In an attempt to improve the yield
of 5, we carried out a series of experiments with different palla-
dium catalysts, ligands, and bases (Table 1). The best observed
reaction conditions for C–H insertion reaction were Pd(OAc)2 with
bidentate ligand 1,2-bis(diphenylphosphino)ethane (dppe) (Table
1, entry 4) and Pd(PPh3)4 (Table 1, entry 8) with yields of 79%
4 5

Scheme 2.
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Table 1
Optimization of reaction conditionsa

Entry Catalyst Ligand Base Time (h) Yieldb (%)

1 Pd(OAc)2 PPh3 Cs2CO3 10 66
2 Pd(OAc)2 PPh3 K2CO3 10 60
3 Pd(OAc)2 dppp Cs2CO3 3 53
4 Pd(OAc)2 dppe Cs2CO3 3 80
5 Pd(OAc)2 dppb Cs2CO3 3 72
6 Pd(OAc)2 (±)BINAP Cs2CO3 24 40c

7 Pd(OAc)2 Xantophos Cs2CO3 24 40c

8 Pd(PPh3)4 — Cs2CO3 12 79
9 Pd(OAc)2 — NaOAc�3H2O 24 —

10 Pd(OAc)2 — NaOAc 24 —

a Conditions: Pd catalyst (10 mol %), ligand (20 mol %), base (1.5 equiv), DMF
(entries 1–8), DMSO (entries 9 and 10), 80 �C.

b Isolated yield.
c Conversion based on TLC.
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and 80%, respectively. Attempted C–H insertion of 4 under ligand-
less conditions8 using Pd(OAc)2 and NaOAc in DMSO gave multiple
products (Table 1, entries 9 and 10).

2-Benzyl-2H-imidazo[5,1-a]isoindol-3(5H)-one (5) was charac-
terized by NMR spectroscopy (1H and 13C) and MS. But to our sur-
prise, 5 decomposed in CDCl3 within an hour resulting in multiple
spots. The compound 5 is quite stable in CD3OD for several days
when stored in the freezer, and somewhat stable in acetone-d6,
as we noticed approximately 15% decomposition in 24 h at room
temperature.

Owing to the unusual decomposition of 5, we first sought to
replace the benzyl protecting group with a Boc group. Thus, the
2-bromobenzyl group was first introduced onto hydantoin (1) by
reacting with 2-bromobenzyl bromide (2) and NaH, and then
transformed it to the Boc protected 2-bromobenzyl derivative 6.
Selective reduction of the amide carbonyl with NaBH4 in EtOH
and elimination of the resulted aminol by MsCl and excess of
Et3N in CH2Cl2 afforded the tert-butyl 3-(2-bromobenzyl)-2-oxo-
2,3-dihydro-1H-imidazole-1-carboxylate (7) (Scheme 3). When
Scheme 3.

Table 2

Entry Substratea C–H insertion reactio

1 N

N

OBr

7

Boc

5

2 N

N

OI

10

Boc

1

compound 7 was allowed to react, only a 26% yield of cyclized
product 7a was obtained.13

We next decided to attempt the C–H insertion reaction while
retaining the free hydrogen on the imidazolin-2-one. Recently,
we have developed a mild and efficient method for the N-Boc
deprotection under basic conditions in boiling MeOH.14 The N-
Boc moiety on 7 was cleaved under mild basic conditions using
K3PO4�H2O in refluxing MeOH within a short reaction time of
30 min to afford 1-(2-bromobenzyl)-1H-imidazol-2(3H)-one (8)
(Scheme 4). With suitable reaction conditions in hand, we exam-
ined the palladium-catalyzed intramolecular C–H insertion reac-
tion on 8. When 8 was treated with 20 mol % of Pd(PPh3)4 and
Cs2CO3 in DMF, we obtained 2H-imidazo[5,1-a]isoindol-3(5H)-
one (9) in 53% yield for 2 steps (Scheme 4).15

As an extension of this methodology, we decided to elaborate
this for differentially substituted 2-haloaryl imidazolone deriva-
tives. Accordingly, we have prepared 2-iodobenzyl imidazolone
derivative 10 (Table 2, entry 2) by adopting the same reaction
sequence from hydantoin (1) and 2-iodobenzyl bromide. N-Boc
moiety in 10 was deprotected with K3PO4�H2O in refluxing MeOH,
and the resulted compound was then treated with 20 mol % of
Pd(PPh3)4 and Cs2CO3 in DMF to give 2H-imidazo[5,1-a]isoindol-
3(5H)-one (9) in an improved yield of 84% (Table 2, entry 2).
Replacement of bromine with iodine increased the reaction rate
and the yield of C–H insertion product.

Our next objective was to study the scope of this protocol for
differentially substituted 2-bromoaryl imidazolone derivatives.
Hence, we have prepared various substituted 2-bromoaryl-imi-
dazolone derivatives with both electron-deficient aryl bromides
and electron-rich aryl bromides by employing the appropriate
synthetic sequences. Palladium-catalyzed intramolecular C–H
insertion reactions of the substituted 2-bromoaryl-imidazolone
derivatives were carried out and they produced various imidaz-
oisoindol-3-ones (Table 2).16 The reaction tolerated a variety of
different aryl substitution. As shown in Table 2, the nature as
well as the position of the substituents on the aromatic ring
affects the yields of the reaction. Substitution with electron-
n time (h) Product Yieldb (%)
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Table 2 (continued)

Entry Substratea C–H insertion reaction time (h) Product Yieldb (%)
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a Conditions: Boc deprotection: K3PO4�H2O (20 mol %), MeOH, reflux, 30 min. C–H insertion: Pd(PPh3)4 (20 mol %), Cs2CO3 (1.5 equiv), DMF, 80 �C.
b Isolated yields after 2 steps (Boc deprotection and C–H insertion).
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donating groups resulted in lower yields (Table 2, entries 7 and
8). The lower yields appear to be attributed to the decomposi-
tion of the cyclized products 20 and 22 during the work-up
and/or purification step. Analysis of the reaction by LC/MS
showed that, after 7 h, the starting materials were all consumed
to give the products 20 and 22, and there was no detection of
any bromo-reduced by-products.17

In conclusion, we have developed an efficient methodology for
the synthesis of various imadazoisoindol-3-ones by palladium-cat-
alyzed intramolecular C–H insertion reaction. The synthetic utility
of this method for the construction of imidazoisoquinolone, aryl
imidazoazipinone ring systems, and their application toward natu-
ral product synthesis is under investigation, and the results will be
published in due course.
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17. See Supplementary data for the LC/MS analysis data.


