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ndolone derivatives constitute important structural units 
d in numerous bioactive molecules, pharmaceuticals and 
ral products with interesting therapeutic activities.1 Among 
, isoindolone-3-carboxylates and their derivatives are of 

icular interest. Besides exhibiting a wide spectrum of 
ogical properties2 such as antidiabetic, antihypertensive, and 
arrhythmic and antiviral activities they serve as universal 
ding blocks for enantioselective Michael reaction,3 
olactonization,4 hydrogenated octahydroisoindole core 
cture,5 and large scale syntheses of pharmaceuticals.2(a) 
refore, development of efficient catalytic methods for the 
enient synthesis of these scaffolds is highly appealing.
he transition metal-catalyzed C-H functionalization of 

ero)arenes with various coupling partners assisted by 
cting groups is one of the prominent strategies to construct 
ety of valuable heterocycles.6 Among them, diazo 
pounds have been widely utilized in carbenoid C-H 
ation via carbene migratory insertion pathways under Rh, Ir, 
o catalysis to access different types of alkylation or 
lation products (Figure 1).7 In 2013, Rovis reported a Rhiii-

lyzed C-H activation of N-alkoxybenzamides with 
or / acceptor diazo compounds8 to afford isoindolones 
ing a quaternary carbon center. The asymmetric version of 
type of transformations has been developed by Cramer one 
 later.9 Same year Yu et al. reported a similar reaction of 
koxybenzamides with α-diazo esters.10 In this study, the 
acyclic intermediate was isolated and characterized by 
y crystallography, which provided direct proof that 
 / N-H cyclometalation was a key step in the catalytic cycle. 
o compounds of donor / acceptor type were used in most 
s described. The annulation reactions of acceptor / acceptor 
o compounds to access isoindolone derivatives have been 
ored just on a few examples of diazomalonates towards 
cetyl)benzenehydroxamic acids under rather big loading of 
ium catalyst [Cp*RhCl2]2.10

iven the great importance of fluorine-containing compounds 
odern drug discovery process,†,11 we have recently achieved 

the ortho-selective (hetero)arene C-H coupling with 3,3,3- 
trifluoro-2-diazopropionate being a unique synthon for 
simultaneous installation of two pharmacophore groups (CF3 
and CO2R) into organic molecules.12 Thus, aryl ketone 
methoximes, N-arylpyrazoles,13 6-arylpurines14,15 and 
N-pyrimidylindole16 have proved to be effective substrates for 
that catalytic transformation (Figure 1). Herein we report a direct 
Rhiii-catalyzed C-H activation / [4  +  1]-annulation of aryl 
hydroxamates using fluorinated acceptor /acceptor diazo 
compounds as the cross-coupling partners to afford new 
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efficient method for the selective preparation of trifluoro-
hyl-substituted isoindolones has been developed via 
ii-catalyzed C-H activation / [4  +  1]-annulation of aryl 
roxamates with functionalized acceptor/acceptor diazo 
pounds as cross-coupling partners.
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Figure  1  CF3-Carbenoid functionalization of (hetero)arenes.
2020, approximately 25% (14 of 53) of all drugs approved by the 
 contained fluorine. For a recent review, see ref. 11.
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isoindolone derivatives. To the best of our knowledge, synthesis 
of trifluoromethyl-substituted isoindolone-3-carboxylates as 
well as 3,3-bis(trifluoromethyl)isoindolones have not been 
realized up to date.

We commenced our study with the reaction between 
N-(pivaloyloxy)benzamide and readily available methyl 3,3,3- 
trifluoro-2-diazopropionate 1 for the screening of optimal 
conditions for the annulation (Scheme 1). First, the attempted 
experiment under conditions previously found for CF3-carbene 
C-H functionalization of N-arylpyrazoles and aryl ketone 
methoximes ([Cp*RhCl2]2  / AgSbF6 in 1,2-dichloroethane)13 
failed (Table 1, entry 1). Fortunately, the replacing of silver 
additive with cesium acetate resulted in smooth reaction to give 
isoindolone 2a in 76% NMR yield (entry 2). Acetonitrile was 
identified as the most effective solvent (entries 2-5). The reaction 
should be best performed in the presence of 2.0 mol% 
[Cp*RhCl2]2 and 10 mol% CsOAc in MeCN under argon at 
40 °C for 3 h to afford the desired [4 + 1]-cycloaddition product 
2a in high yield (entry 7). The reaction could also proceed in the 
absence of any additives, however, the full conversion was never 
achieved even under prolonged reaction time (entry 9). Iridium- 
and cobalt-based catalytic systems proved to be ineffective 
(entries 11, 12).

With the optimized conditions in hand, we examined a series 
of substituted aryl hydroxamates (Scheme 2) and prepared 

the corresponding 3-methoxycarbonyl-3-(trifluoromethyl)iso
indolones 2a-e in good to excellent yields. The electronic nature 
of substituents in aromatic ring does not significantly affect the 
outcome of the reaction. However, the reaction with aryl 
hydroxamates bearing electron-withdrawing groups (CF3 and 
NO2) required heating up to 70 °C to reach full conversion. It is 
noteworthy, that in the case of an ortho-substituted phenyl ring 
all our attempts to induce conversion of the starting 
hydroxamate and to obtain product 2f have proved to be 
unsuccessful.

Next, we investigated the reactivity of 1,1,1,3,3,3-hexafluoro-
2-diazopropane 317 which had not previously been applied in 
any metal-catalyzed C-H functionalization of (hetero)arenes 
(Scheme 3). Its reactions with aryl hydroxamates occur readily 
at 70 ºC in acetonitrile when using the same catalytic system as 
for 1 and afforded the corresponding 3,3-bis(trifluoromethyl)-
isoindolones 4a-e in moderate to good yields (Scheme 3).

We were also interested in studying the behavior of one more 
acceptor/acceptor diazo compound, namely, diethyl diazo-
malonate 5. There is just one documented10 example of its 
application in similar reaction with N-acetoxybenzamide under 
catalysis with 5 mol% of [Cp*RhCl2]2. We found herein that 
the reaction proceeded smoothly at 70 ºC in MeCN in 
the presence of 2.0 mol% of [Cp*RhCl2]2 and 10 mol% 
of CsOAc to afford the desired products 6a-e in good yields 
(Scheme 4). Slightly higher yields were indicated for products 
6d,e when the reaction was run in THF.

Finally, we demonstrated one of the possible synthetic 
applications of the synthesized isoindolones 2. The saponification 
of compound 2a with KOH in methanol leads to decarboxylation 
product 7 in 62 % yield (Scheme 5). The same compound can be 
also obtained under acid hydrolysis conditions in lower yield of 
40 %. An alternative pathway to 7 and its derivatives via Pd-
catalyzed intramolecular aminocarbonylation of 2,2,2-trifluoro-
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Table  1  Optimization of the C-H activation / annulation reaction.a

Entry Catalyst (mol%) Additive (mol%) Solvent Yieldb of 2a (%)

  1 [Cp*RhCl2]2 (2.5) AgSbF6 (10) ClCH2CH2Cl     0
  2 [Cp*RhCl2]2 (2.5) CsOAc (30) ClCH2CH2Cl   76 (58)
  3 [Cp*RhCl2]2 (2.5) CsOAc (30) MeOH   85
  4 [Cp*RhCl2]2 (2.5) CsOAc (30) THF   96
  5 [Cp*RhCl2]2 (2.5) CsOAc (30) MeCN 100
  6 [Cp*RhCl2]2 (2.5) NaOAc (30) MeCN 100
  7 [Cp*RhCl2]2 (2.0) CsOAc (10) MeCN 100 (92)
  8 [Cp*RhCl2]2 (1.5) CsOAc (10) MeCN   75
  9 [Cp*RhCl2]2 (2.5) - MeCN   70
10 - CsOAc (30) MeCN     0
11 [Cp*IrCl2]2 (5.0) CsOAc (30) MeCNc     0
12 [Cp*CoI2]2 (5.0) CsOAc (30) MeCNc     0

 a Reagents and conditions: N-(pivaloyloxy)benzamide (0.2 mmol), 
diazo  compound 1 (0.22 mmol), solvent (3 ml), argon, 40 °C. b From 
19F  NMR, isolated yields are given in parentheses. c The reaction was 
performed at 100 °C.
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1-(2-iodophenyl)ethan-1-amine has been previously reported by 
Fustero et al.18

In summary, we have elaborated an efficient procedure for the 
preparation of trifluoromethyl-substituted isoindolones based on 
Rhiii-catalyzed C-H activation / [4  +  1]-annulation of aryl 
hydroxamates with functionalized acceptor / acceptor diazo 
compounds as the cross-coupling partners. The reactions proceed 
smoothly with high regioselectivity within 3-4 h in acetonitrile 
in the presence of 2 mol% [Cp*RhCl2]2 and 10 mol% of cesium 
acetate as additive and allowed the simultaneous introduction 
of two pharmacophoric CF3 and carboxylate functions into 
position 3 of isoindolone core.
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support from the Ministry of Science and Higher Education of 
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