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ABSTRACT

The rhodium-catalyzed addition of an alkenyl C�H bond to isocyanates via sp2 C�H bond activation followed by an intramolecular cyclization is
described. This atom-economic and catalytic reaction affords a simple and straightforward access to biologically relevant 5-ylidene pyrrol-2(5H)-
ones and can be carried out under mild and neutral conditions in the absence of any additives and environmentally hazardous waste production.

5-Ylidenepyrrol-2(5H)-ones are found in a number of
bioactive natural products1 as well as designed pharma-
ceuticalmolecules (Figure 1).2Despite its importance, only
a few examples are reported for the preparation of 5-yli-
denepyrrol-2(5H)-ones. The classical methods are based
onusingmaleimides as startingmaterials, which undergo a
Wittig reaction to give the targetmolecules.3However, this
procedure suffers from poor regioselectivity in the cases
of unsymmetrical substrates. Several synthetic protocols
have been developed in the past few years.4 Among
them,Abarbri’s electrophilic cyclization strategy generates

stoichiometric amounts of halide waste.4a,b The transi-
tion-metal-mediated domino reaction requires the harsh
reaction conditions and stoichiometric amounts of transi-
tionmetal.4cYoshimatsu’smethod4d is limited to selenium-
stabilized alkynyl amide substrates, and Murakami’s
strategy suffers from harsh acidic reaction conditions.4e

Therefore, the development of simple, effective, and
catalytic methods for synthesis of valuable 5-ylidenepyrrol-
2(5H)-ones under mild and neutral reaction conditions
remains a great goal.
On the other hand, synthetic transformation via transi-

tion-metal-catalyzed C�H bond functionalization, one of
the hot topics in current organic chemistry, has consider-
ably improved the field of cross-coupling chemistry in
terms of atom- and step-economical points of view.5

Recently, several investigations revealed that RhIII com-
plexes are promising catalysts for direct addition of
C(sp2)�H to polarized C�O6 and C�N7 multiple bonds
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via a chelation-assisted electrophilic metalation of the
ortho C(sp2)�H bond. However, applying these directed
arene C�H functionalization methods to alkenes is still
challenging due to the increased reactivity and lability of
olefins.Until now, only a fewexamples have been reported.8

Recently, Bergman and Ellman reported the addition
of alkenyl C�H bonds of enamides to isocyanates.8a Very
recently, Shi8b and Ellman8c reported alkenyl C�H bond

addition to N-tosylimines and aldehydes using a pyridine
and oxime as directing groups, respectively. Herein we
report the direct RhIII-catalyzed alkenyl C�H bond addi-
tion to isocyanates, wherein the directing group for C�H
bond functionalization serves an auxiliary role of capturing
the resulting amide group to afford synthetically and phar-
maceutically important 5-ylidene-pyrrol-2(5H)-ones (eq 1).
More importantly, in contrast to previous methods,3,4 this
RhIII-catalyzed annulation reaction9 proceeded in the ab-
senceof anyadditives andenvironmentallyhazardouswaste
production under mild and neutral reaction conditions.

As indicated in Table 1, we initiated our studies by con-
ducting the RhIII-catalyzed addition of R,β-unsaturated
oxime (1a) to p-tolyl isocyanate (2a). Although the use of
5mol%of (Cp*RhCl2)2 proved unsuccessful in catalyzing
this reaction (entry 1), (Cp*RhCl2)2 (5 mol %) in the
presence ofAgSbF6 (20mol%) inTHFat 100 �Cprovided
the desired product 3a in 60%yield (entry 2). The prepared
RhIII precursor [Cp*Rh(CH3CN)3](SbF6)2 showed super-
ior reactivity compared to that observedwith (Cp*RhCl2)2
and AgSbF6 (entry 3). A screen of solvents revealed DCE
tobe superior toTHF (entries 3�6).A longer reaction time
and a higher temperature (120 �C) did not result in any
reduction in yield (entry 7) and lowering the temperature
led to a slightly low conversion (entry 8). A lower catalyst

Figure 1. Structures of some biologically important 5-ylidene-
pyrrol-2(5H)-ones.
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loading proved to be effective. At a 2.5 mol % catalyst
loading, complete conversion into productwasmaintained
by simply lengthening the reaction time to 24 h (entry 9).
Finally, we were pleased to observe that this reaction was
scaled-up without difficulty (entry 10).

With the optimal conditions established, we next inves-
tigated the substrate scope of various isocyanates in this
transformation (Scheme 1). The isocyanates 2 allowed
incorporation of a wide range of functionalization in the
products; aromatic groups bearing electron-donating (3a
and 3b) or -withdrawing groups (3c�h) were tolerated and
excellent yieldswere observed, irrespective of the electronic
nature of the substituents on the phenyl ring. Notably, the
tolerance of the ester (3e), bromo (3f), and chloro group
(3g) offers the opportunity for further functionalization. In
addition, 1-naphthyl isocyanatewas also readily converted
to the corresponding product (3i) in good yields. In addi-
tion to phenyl isocyanate, primary and secondary alkyl
isocyanate substrates showed good reactivity, providing
the corresponding products 3j and 3k in excellent yields.
To evaluate the scope of the present catalytic reaction,

we next investigated the substrate scope with a range of
R,β-unsaturated oximes (1) having different substitution
patterns (Scheme 2). In addition to (E)-1-(cyclohex-1-en-1-
yl)ethanone O-methyl oxime (3a), acyclic oximes were
readily converted to the corresponding fully substituted
5-ylidene-pyrrol-2(5H)-ones (3l�r) in good yields. The
variation of R3 in the oximes 1 to alkyl group (3l), phenyl
group with electron-donating and electron-withdrawing
substitution (3m�p) as well as to 2-naphthyl group (3q) led
to moderate to good yields. We also explored variation at
R1 and established that ethyl group also work well in this

transformation (3r), providing easily separable Z- and
E-isomers in a ratioof 3:1.TheR2 substituent is not essential
for the success of the reaction, thereby enabling the pre-
paration of 3-subtituted 5-ylidene-pyrrol-2(5H)-ones (3s).

Based on the known chemistry of metal-catalyzed C�H
bond activation and addition reactions,6,7 we tentatively

Table 1. Reaction Optimizationa

entries catalysts (5 mol %) solvent yieldb (%)

1 (Cp*RhCl2)2 THF 0

2 (Cp*RhCl2)2, AgSbF6 THF 60

3 [Cp*Rh(CH3CN)3](SbF6)2 THF 73

4 [Cp*Rh(CH3CN)3](SbF6)2 PhMe 35

5 [Cp*Rh(CH3CN)3](SbF6)2 DCM 44

6 [Cp*Rh(CH3CN)3](SbF6)2 DCE 86

7c [Cp*Rh(CH3CN)3](SbF6)2 DCE 86

8d [Cp*Rh(CH3CN)3](SbF6)2 DCE 77 (87)

9e [Cp*Rh(CH3CN)3](SbF6)2 DCE 84

10f [Cp*Rh(CH3CN)3](SbF6)2 DCE 80

aReaction conditions: 0.2 mmol of 1a, 0.3 mmol of 2a, 0.01 mmol of
Rh catalyst, 1 mL of solvent, 100 �C, 12 h. bYield of isolated product.
Yield in parentheses is based on recovered starting material. cThe
reaction was carried out at 120 �C for 20 h. dThe reaction was carried
out at 90 �C. e 2.5 mol % of catalyst was used. Reaction time is 24 h.
fThe reaction was scaled up to a 2 mmol substrate level.

Scheme 1. Substrate Scope for Isocyanatesa

aReaction conditions: 0.2 mmol of 1a, 0.3 mmol of 2, 0.01 mmol of
catalyst, 1 mL of DCE, 100 �C, 12 h. Yield of isolated product.

Scheme 2. Oxime Substrate Scopea

aReaction conditions: 0.2 mmol of 1, 0.3 mmol of 2a, 0.01 mmol of
catalyst, 1 mL of DCE, 100 �C, 12 H. Yield of isolated product.
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propose the following reaction pathway (Scheme 3). The
catalytic annulation reaction is initiated by the oxime-
directed ortho C�H bond activation to form a relatively
stable five-membered rhodacycle A and is accompanied
by a release of one equivalent of proton (Hþ). Selective
insertion of isocyanate into the Rh�C bond of intermedi-
ate A gives the seven membered rhodacycle B, which is
protonated to produce the intermediated C. The existence

of intermediate C was observed by carrying out the reac-
tion at 85 �C for 5 h (eq 2). Finally, intramolecular
nucleophilic addition followed by elimination of one
molecule of methoxyamine, provided compound 3a and
regenerated the catalyst.

In summary, we described herein a novel method for
synthesis of substituted 5-ylidene pyrrol-2(5H)-ones via
RhIII-catalyzed addition of an alkenyl C�H bond to iso-
cyanates with subsequent cyclization. This operationally
simpleapproachexhibitshigh regioselectivityand functional
group tolerance and is amenable to a number of different
substituents on the isocyanates andR,β-unsaturated oximes.
Most importantly, this reaction gives a simple and straight-
forward access to biologically relevant 5-ylidene pyrrol-
2(5H)-ones and can be carried out under mild and neutral
conditions in the absence of any additives and environmen-
tally hazardous waste production. Because of the potential
utility of the resulting 5-ylidene pyrrol-2(5H)-ones, we
expect this catalytic method to be widely applied in the
pharmaceutical fields.

Supporting Information Available. Experimental pro-
cedures, characterization of products, and copies of
1H and 13C NMR spectra. The material is available free
of charge via the Internet at http://pubs.acs.org.

Scheme 3. Proposed Mechanism (L = CH3CN)
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