Synthesis of isoindolinones via carbonylative cyclisation of
2-(2-bromophenyl)-2-oxazolines by a bimetallic palladium—nickel catalyst

system
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2-(2-Bromophenyl)-2-oxazolines react with carbon
monoxide (3 atm) in alcohol in the presence of a catalytic
amount of a bimetallic palladium—nickel catalyst to give
the corresponding isoindolinones in high yields.

Transition metal-catalysed carbonylative heterocyclisation has
been a useful synthetic tool for the formation of a variety of
heterocyclic compounds such as lactams, lactones and imides.!
As part of our series of studies on the synthesis of heterocyclic
compounds catalysed by transition metals, we found recently
that 2-bromobenzaldehyde reacted with CO in alcohols in the
presence of a catalytic amount of palladium salts to give
3-alkoxy phthalides via intramolecular carbonylative cyclisa-
tion.2 The key step of this cyclisation process was the
coordination of the oxygen of the formyl group adjacent to the
palladium of the aroylpalladium intermediate followed by
nucleophilic attack by alcohol. Thus, consideration of this
pathway led us to attempt the carbonylative cyclisation of
2-(2-bromophenyl)-2-oxazolines since the oxazoline bears a
similar spatial arrangement of molecular structure and coordi-
nation function to transition metals as 2-bromobenzaldehyde.
Here we report that 2-(2-bromophenyl)-2-oxazolines react with
CO in alcohol in the presence of a bimetallic palladium—nickel
catalyst to afford the corresponding isoindolinones.

Treatment of 2-(2-bromophenyl)-2-oxazoline 1 with CO (3
atm.) in ethanol in the presence of a catalytic amount of
bis(triphenylphosphine)palladium(ir) chloride (2 mol%) to-
gether with triphenylphosphine (8 mol%) and triethylamine (1.3
equiv.) at 100 °C for 24 h afforded the carbonylative cyclised
product, isoindolinone 2b and 2-(2-ethoxycarbonylphenyl)-
2-oxazoline 3b in 53% yield (2b:3b = 85:15) (Scheme 1).
However, the addition of nickel(1r) chloride (0.5 mol%) to the
system under the same reaction conditions accelerated the
reaction, the yield of the products being increased without loss
of selectivity with a shorter reaction time (99% yield,
2b:3b = 88:12). In contrast to these results, when only a
catalytic amount of the nickel catalyst was used in the reaction,
the carbonylative cyclisation scarcely proceeded and the
starting oxazoline was recovered. Thus, the co-existence of
palladium and nickel catalysts was shown to be necessary for
the effective formation of the isoindolinone 2b. Moreover, the
ratio of palladium to nickel has a considerable effect on the yield
of 2b since the use of the molar ratio 0.25 in the reaction
afforded, even after a long reaction time, a lower yield of 2b.
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Scheme 1 Reagents and conditions: i, PAC1,(PPh;),, NiCl,-6H,0, PPhs,
Et;N, 3 atm, 100 °C

Among the bases examined, triethylamine was the most
effective for the formation of 2b. The reaction also proceeded
using other palladium salts such as PdCl,, Pd(OAc),,
PdCl,(MeCN),, Pd(dba), and Pd(PPh;); in place of
PdCl,(PPhs), together with NiCl,-6H,0, but the yield of 2b was
generally lower than that when PdCl,(PPh;), was used together
with NiCl,-6H,O (25-70% yield). Furthermore, the reaction
also proceeded using other nickel salts in place of NiCl,-6H,O
together with PdCl,(PPhs),. NiCl,(PPhs), and NiCl,(DPPE)
exhibited nearly the same catalytic activity as NiCl,-6H,O
under the employed reaction conditions. Typical results are
summarised in Table 1.

The carbonylative cyclisation also proceeded in other
alcohols such as methanol and isopropanol and with other easily
available 2-(2-bromophenyl)-2-oxazolines (Table 2). However,
the reaction with the oxazolines containing substituents in the
oxazoline ring (4-6) did not afford satisfactory yields of the
isoindolinones under the above optimized reaction conditions.
The reaction of oxazolines 46 requires two or three times the

Table 1 Carbonylative cyclisation of 1 under various conditions?

Catalyst Yield (%)?
Palladium (mol%) Nickel (mol%) t/h 2b 3b
PdCI,(PPh;); (2) — 24 44 8
PdCl,(PPhs), (2) NiCl,-6H,0 (0.5) 12 87 12
PdCl,(PPhs), (2) NiCl,-6H,0 (0.5) 6 58 9
—_ NiCl,-6H,0 (2) 24 trace 0
PdCI,(PPh;), (0.5) NiCl,-6H,0 (2) 24 55 9
PdCI,(MeCN), (2) NiCl,-6H,0 (0.5) 24 70 8
PdCl, (2) NiCl,-6H,0 (0.5) 24 67 8
Pd(OAc), (2) NiCl,-6H,0 (0.5) 24 42 7
PdCl,(PPh;);, (2) NiCl,(PPh;), (0.5) 24 91 8
PdC1,(PPh;3), (2) NiCl,(DPPE) (0.5) 24 88 9

!
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a All reactions were carried out with 1 (1 mmol), PPh; (8 mol%) and Et;N
(1.3 mmol) in ethanol (15 ml) at 100 °C under CO (3 atm). » Determined by
GLC.
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Fig. 1 Crystal structure of 9
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Table 2 Carbonylative cyclisation with various oxazolines?

Catalyst
Oxazoline Alcohol Pd? (mol %) Ni¢ (mol%) t/h Product Isolated yield (%)4
1 MeOH 2 0.5 12 2a 71
1 EtOH 2 0.5 12 2b 80
1 PriOH 4 1 24 2¢ 64
o/g EtO Oj/
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a All reactions were carried out with oxazoline (1 mmol), PPh; (8 mol%), and Et;N (1.3 mmol) in alcohol (15 ml) at 100 °C under CO (3

atm). ® PdCl(PPhs),.
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Scheme 2

amount of catalyst and a longer reaction time to give desirable
yields of the isoindolinones 7-9. In the case of (S)-2-(2-bromo-
phenyl)-4-isopropyl-2-oxazoline 6, the reaction proceeded
diastereoselectively to afford the isoindolinone 9. Detailed
structural information of 9 was obtained by X-ray crystal
structure determination.t The ORTEP view of 9 (Fig. 1)
confirms the (S,R)-configuration. The isoindolinones thus
obtained could be converted to the corresponding phthalimides
10 quantitatively in acidic media (Scheme 2).
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Footnote

T Crystal data for 9: CisH;oNO;, M = 261.324, orthorhombic,
a = 8.321(1), b = 8.427(1), ¢ = 20.177(3) A, V = 1414.8(3) A3 (by least-
squares analysis of 25 reflections), T = 294 K, space group P2;2,2; (no.
19), graphite monochromated Mo-K« radiation, A = 0.71073 A, Z = 4,
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¢ NiClp(DPPE). 4 In all cases 2-(2-alkoxycarbonylphenyl)-2-oxazolines ( < 15%) were also formed. ¢ Diastereoisomeric mixture.

D. = 1.227 g cm—3, F(000) = 560, a chunky crystal with dimensions 0.32
X 0.32 X 0.32 mm, p(Mo-Ka) = 0.8 cm™!, semi-empirical absorption
correction based on 1V scans, transmission factors 95.9-99.9%; Enraf-
Nonius CAD4 diffractometer; 1695 reflections measured, 1217 unique
reflections with / > 30(/) were used during subsequent structure refinement.
The structure was solved by direct methods (MULTAN)? and subsequent
Fourier difference techniques, and refined anisotropically, by full-matrix
least-squares, on F? (program MolEN).# Hydrogen atoms were not
included. The weighting scheme was w—! = oF2 + (PWT * F)2 + QWT
(Killean and Lawrence method).5 The most suitable values of PWT and
QWT for this data were 0.02 and 1.0, respectively. The final discrepancy
indices R = Z||Fol —|FJ/2|Fo| and Ry, = (EW||Fo| —|FJP/Ew |Fo|2)12
are 0.069 and 0.086, g.o.f. = 1.67.

Atomic coordinates, bond lengths and angles, and thermal parameters
have been deposited at the Cambridge Crystallographic Data Centre
(CCDC). See Information for Authors, Issue No. 1. Any request to the
CCDC for this material should quote the full literature citation and the
reference number 182/197.
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