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Palladium catalysed synthesis of cyclic amidines and imidates
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Abstract—The palladium catalysed insertion of isonitriles into aryl bromides carrying pendant amine or alcohol groups on the ortho
position affords cyclic amidines or imidates in good yield.
� 2004 Elsevier Ltd. All rights reserved.
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Scheme 2.
We recently reported the palladium catalysed three com-
ponent synthesis of aryl-amidines or -imidates from aryl
bromides, isonitriles, and amines or alcohols respec-
tively (Scheme 1).1 We now report that the reactions
work well in an intramolecular fashion to afford cyclic
amidines and imidates.

The formation of cyclic lactones and lactams by intra-
molecular cyclisation of aryl halides on to alcohols or
amines with incorporation of carbon monoxide is
known.2 The stoichiometric insertion of isonitriles into
1-palladaisoindolines to afford isoindolinium salts has
also been reported.3

Treatment of 2-bromobenzylamine 1a and 2-(2-bromo-
phenyl)ethanamine 1b with tert-butylisonitrile
(1.5equiv), dry Cs2CO3 (1.2equiv), 5mol% PdCl2 and
10mol% 1,1 0-diphenylphosphinoferrocene (dppf) in tol-
uene at 109 �C for 1h gave quantitative (by GC) conver-
sion into the cyclic amidines 2 (Scheme 2). Work-up by
extraction into 2.5% acetic acid in water, basification,
extraction into ether and Kugelrohr distillation afforded
2a and 2b as white crystalline solids, each in 64% yield.
Only the endocyclic imine tautomers were observed, as
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judged from the proton chemical shift of the tert-butyl
groups of 1.54 and 1.49ppm, respectively. In a variety
of amidines ArC(@NtBu)NR2 and ArC(@NR)NHtBu
the proton shift of the tert-butyl group was 1.0 in the
former, 1.41–1.45 in the latter.4

Unfortunately, the cyclisation has the same limitation to
tert-alkylisonitriles that we observed for the analogous
intermolecular process––both cyclohexyl- and n-butyl-
isonitriles gave low yields. Surprisingly, the reaction also
failed when cyclisation of secondary amines was tried.

We then turned our attention to the formation of cyclic
imidates, and found a much more versatile process
(Scheme 3, Table 1). Treatment of the appropriate
bromoalcohol 3 or 4 with an isonitrile (1.5equiv), so-
dium tert-butoxide (1.3equiv), PdCl2 (5mol%) and
dppf (10mol%) in toluene at 109 �C for 4–16h gave
clean conversion into the desired imidates 5 and 6.
The best work-up method was found to be to dilute
the cold reaction mixture with diethyl ether and filter
through a pad of silica eluting with 5% triethylamine
in diethylether. After removal of solvent the crude prod-
uct was chromatographed on silica eluting with 5%
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Table 1. Palladium catalysed synthesis of imidates 5 and 6

R1 R2 R3 Product Yield %a

H H tBu 5a 76

H H nBu 5b 61

H H c-C6H11 5c 75

H H CH2Ph 5d 44

H Me tBu 5e 82

Me Me tBu 5f 63

H H tBu 6a 60

H H nBu 6b 38

H H c-C6H11 5c 50

Me Me tBu 6d 84

a Isolated yield.
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triethylamine in petrol to afford the pure cyclic imidates.
Aqueous work-up, or chromatography without the
presence of base gave partial hydrolysis to the corre-
sponding lactones.

It is notable that both 5- and 6-membered ring imidates
could be formed, the isonitrile could be primary, second-
ary or tertiary, and the alcohol could be primary, sec-
ondary or tertiary. The conversions to 5a, 5f and 6a
after 1h were 37%, 51% and 21%, respectively, indicat-
ing that neither the size of ring formed, nor steric hin-
drance of the alcohol has a big effect on the rates of
reaction and suggesting that the rate of attack of the
alcohol on the supposed iminoacylpalladium intermedi-
ate is not rate limiting.

Although we have not proven the shown (Z)-stereo-
chemistry of the imidates 5 and 6 formed, calculations
indicate it to be substantially more stable than the (E)-
form.5 Exposure of the imidates to acid––conditions ex-
pected to equilibriate the geometric isomers––caused
only slow hydrolysis to afford the expected lactones.

In conclusion we have shown that benzo-fused cyclic
amidines and imidates are readily obtained by a palla-
dium catalysed coupling, and the latter, in particular is
a versatile process.6
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