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Abstract: Addition of o-iodobenzoyl chlorides to imines affords N-
acyliminium ions, perhaps in equilibrium with a-chlorobenz-
amides, as adducts. Reaction of the adducts with 1.1 equivalents of
phenyllithium at –78 °C followed by warming to ambient tempera-
ture induces an intramolecular Wurtz–Fittig coupling to afford 2,3-
dihydroisoindolones in excellent yields.
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The reaction of acid chlorides with imines affords adducts
3 which may be represented formally as the N-acylimini-
um ions 3a or the corresponding a-chloroamides 3b de-
rived from 1,2-addition across the imine C–N bond.1 Such
adducts of imines and a variety of acylating agents, which
include acid chlorides and anhydrides, have been pro-
posed as intermediates in the synthesis of a number of dif-
ferent heterocycles.2 This has included several complex
natural products containing heterocycles as substruc-
tures.3 Reaction of acid chlorides with simple imines has
also been used in a method to protect a secondary amide.4

Our interest in preparing isoindolones prompted specula-
tion that adducts 3 derived from the addition of o-iodo-
benzoyl chlorides to imines might be readily cyclized
under reductive coupling conditions to afford 2,3-dihy-
droisoindolon-1-ones (Scheme 1). Thus, generation of an
anion or anion equivalent ortho to the benzoyl carbonyl
group in the benzoyl chloride/imine adduct 3 should pro-
vide an intermediate poised to cyclize to an isoindolone.5

We proposed that the desired cyclization might be in-
duced by forming the ortho-lithio derivative 4 from the o-
iodobenzoyl chloride/imine adduct 3, by lithium–iodide
exchange.6 Such a reaction would be similar in principle,
to the Wurtz–Fittig-type cyclization of a,w-dihaloalkanes
induced by tert-butyllithium, which was described by
Bailey and co-workers.7 We were also encouraged by our
previous work utilizing lithium–iodide exchange to gen-
erate internally functionalized aryllithium reagents, in the
presence of imines, as method to prepare isoindolones.8

Direct nucleophilic couplings to form a bond between the
carbon a to nitrogen and the ortho-C-aryl carbon to form
an isoindolone ring are rare (5, formation of red bond).9

Scheme 1 (a) Addition of acid chlorides to imines to form N-acyl-
iminium salts 3a and/or chloroamides 3b; (b) lithium–iodide ex-
change-induced cyclization to form isoindolone 5

A representative adduct 3 was prepared by adding o-iodo-
benzoyl chloride to a THF solution of butylidenebutyl-
amine 2, (R1 = Pr, R2 = Bu, R3 = H) at –25 °C. After
stirring for 10 minutes at –25 °C, the resulting solution
was cooled to –78 °C and phenyllithium (1.1 equivalent)
was added dropwise. The cooling bath was removed im-
mediately, and the mixture was warmed to ambient tem-
perature. Isoindolone 5 (R1 = Pr, R2 = Bu, R3 = H) was
isolated in a 90% yield. The reaction was very clean, with
only a minor amount of a single by-product being detect-
ed. The by-product was identified as N-[(1E)-1-butenyl]-
N-butylbenzamide, presumably arising from some minor
competing b-elimination from the acid chloride/imine ad-
duct 3 (R1 = Pr, R2 = Bu, R3 = H). Preparation of the acid
chloride/imine adduct above –25 °C (e.g., 0 °C), followed
by cooling to –78 °C, treating with phenyllithium and
warming to ambient temperature gave poorer yields of the
isoindolone.10 Also, warming of the reaction mixture from
–78 °C to room temperature before the aqueous quench
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appeared to be critical to the success of the reaction. Thus,
quenching reaction mixtures at 0 °C instead of bringing to
ambient temperature decreased the yield of isoindolone 5
(R1 = Pr, R2 = Bu, R3 = H) to 66% (Table 1, entry 2). In
this particular case, a small amount of N-butylbenzamide
was also recovered from the reaction mixture, which sug-
gested that the lithium–iodide exchange had proceeded,
but the cyclization to form the isoindolone was incom-
plete. Hydrolysis of the intermediate organolithium re-
agent 4a formed from 3 after lithium–iodide exchange
would afford N-butylbenzamide. From consideration of
Baldwin’s rules, the expected poor nucleophilic trajectory
(5-endo-trig), and the probable higher barrier required for
ring closure via the N-acyliminium are consistent with a
higher temperature needed for the cyclization. However,
the intermediacy of the a-chloroamide adduct 4b as op-
posed to the N-acyliminium ion 4a undergoing the cy-
clization remains as a possibility through the more
favorable 5-exo-tet ring closure.11

The isoindolone annulation protocol was applied to the
synthesis of several other isoindolones (Table 1). The re-
action appears relatively general for the synthesis of 2,3-
dihydroisoindol-1-ones derived from o-iodobenzoyl chlo-
rides and simple imines. Interestingly, the presence of a
pendant aryl bromide did not interfere with the purported
lithium–iodide exchange6 and afforded the 5-bromo-
substituted 2,3-dihydroisoindol-1-one in excellent yield
(Table 1, entry 3). There were some limitations identified.
Thus, only a trace of the desired product was detected
from the attempted reductive cyclization of the adduct de-
rived from reaction of furylidenepropylamine with o-
iodobenzoyl chloride (Table 1, entry 9). The relatively
carbon-acidic furan ring may undergo competing metalla-
tion by reactive organolithium intermediates and interfere
with the desired course of reaction. Likewise, the ben-
zylidenallylamine adduct (Table 1, entry 10) afforded
only 12% of the isoindolone. In this latter case, a symmet-
rical stilbene was isolated as a by-product.12

We briefly investigated several other approaches to pro-
mote the intramolecular reductive coupling on the acid
chloride/imine adduct 3 by analogy with the Wurtz–Fittig
reaction.7,13 Thus, treatment of 3 (R1 = Pr, R2 = Bu, R3 =
H) with lithium metal with, or without, exposure to ultra-
sound, afforded only traces of the desired 2,3-dihy-
droisoindol-1-one 5. Reaction of 3 (R1 = Pr, R2 = Bu, R3

= H) with ytterbium metal, in the presence or absence of
copper(I) salts, again gave only traces of the desired prod-
uct.14 Reaction of 3 with freshly prepared SmI2 did not
give any of the isoindolone.15 Finally, the use of low va-
lent nickel salts16 and complexes,17 and indium powder,18

all of which have been reported to be effective in reduc-
tive biaryl and aryl-alkyl couplings, also failed to cyclize
the adducts 3. We did not explore Group VIII mediated
cyclizations, involving palladium or platinum, for exam-
ple.

We have shown that adducts of imine and o-iodobenzoyl
chlorides serve as convenient precursors to the isoindol-

one ring system by a direct annulative approach.19,20 The
in situ generation of an aryllithium intermediate is pro-
posed, which promotes the cyclization to form the 2,3-di-
hydroisoindol-1-ones. The accommodation of certain
functional groups indicates that a wider array of function-
alized organolithium reagents may be more generally ac-
cessible for use in synthesis through transient
generation.21
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Table 1 2,3-Dihydroisoindol-1-one 5 from the Cyclization of Ad-
ducts 3 Induced by Phenyllithium

Entry R1 R2 R3 Product 
5

Yield 
(%)a

1 Pr Bu H 5a 88

2 Pr Bu H 5a 66b

3 Pr Bu 5-Br 5b 81

4 Pr Bu 5-Me 5c 90

5 Pr Bu 4-Cl 5d 65

6 c-hexyl Bn H 5e 65c

7 2-phenethyl allyl H 5f 70

8 Pr H 5g 79d

9 2-furyl Pr H 5h ca 10d

10 Ph allyl H 5i 12

a Reactions were conducted at –78 °C (±3 °C) using 1.1 equiv of PhLi 
and 1.0 equiv each of the o-iodobenzoyl chlorides and imine followed 
by warming to ambient temperature, stirring 1 h before quenching 
with H2O. Yields are for isolated products by flash chromatography 
and short-path distillation.
b Reaction warmed from –78 °C to 0 °C, stirred 1 h before quenching 
with H2O.
c Isolated and purified by recrystallization.
d Isolated by flash chromatography.
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