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Abstract: N-(2-Oxo)-amides were efficiently converted to tri- and tetra- substituted imidazoles
under neutral reaction conditions upon treatment with neat ammonium trifluoroacetate.

© 1998 Elsevier Science Ltd. All rights reserved.
Appropriately substituted diaryl imidazoles are known inhibitors of p38 MAP kinase.! As part of our
program to develop inhibitors of p38 kinase, we requxred a regloselectlve synthesns of tetrasubstituted imidazoles

[
Cun
=
a
]
7]
¢

e ATy and -~ . A _ - s

Dt:dllllg J2=-{ £-EHUOT l)ylluyl} diiud “-d! yl g,luupb, Wlllbll WoOul ow l lUUlP 1 1 O T y )
currihetitniante at tha Aana and tuwna nAgitinng Rﬂ' thndc fr\v- tha cunthacic af hicghly cnhetitnitad imidarzala rimgc ars
suostituents atl tne one ana two positions. MeEnoas 101 € syninesis Of nigmy Suosttulea immiGazoie rings arc
limited and eenerallv cannot be carried out under neutral conditions 2 Herein, we renort an efficient svnthesis of
frmited and generally cannot be carriec out under neutr al concions.” Herein, we report an ciiicient sy S1S Of

subsutunons at the one and two positions.

Amino alcohols A (Scheme 1) were coupled with either acid chlorides or carboxylic acids to give the
corresponding amides. The resulting products afforded N-(2-oxo)-amides B by oxidation under Swern
conditions. When these dicarbonyl compounds were heated with ammonium trifluoroacetate,” good to excellent
yields of the desired imidazole C were obtained. The use of known conditions* for similar transformations,
which utilize refluxing acetic acid in the presence of excess ammonium acetate, were unsuccessful for these
systems.’
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The scope of this ring forming reaction was explored for a variety of compounds and the results are
summarized in Table 1. Although the method tolerates a versatile array of subtitutents, when R, is sterically
hindered R, appears to be limited to small groups.® The reaction conditions were consistent and the yields
ranged from 59 - 87%. For a typical experiment, the substrates were combined with 10 equivalents of
ammonium trifiuoroacetate and heated to 150 °C until the contents liquefied. After five minutes, the heat was

removed and water added to the flask before solidification occurred. The products were then exiracted from the
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Table 1
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Entry R1 R2 Yield
i # ‘\\/‘\ CH3 75%
\_~NCbz
NCbz
2 # CHy 70%
3 ;"YN HCbz
! CHa 75%
. #
5 S _NHCbz
N~ NHCbz ('_:H3 75%
- & -l-, ? CH, 85%
4 NN v
i“‘\_/\_
8 L ,lICbz H 87%
N~~~
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to the ketone under Swern conditions. The keto-amide was then heated in neat ammonium trifluoroacetate to
afford imidazole 9. The 2-fluoropyridine 9 served as a useful intermediate and was further elaborated by
reactions with amines. For example, the addition of (S)-o-methylbenzyl amine to 9 provided the targeted kinase
inhibitor 10.
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Reagnngs and Conditions: a) n-Buli (1.05 equiv.), 1, THF at -78 °C, then 2 (80%); b) +-BuONO, HCI, ethanal

t -5 °C for 1 hr, then 2 hrs at 23 °C (95%); ¢) 10% Pd / C (30% by wt. of substrate), H, (1 atm) in ethanol for 12 hrs
(91%); d) ethyl formate (as solvent) refluxed 10 hrs (100%); BH,*THF (3.0 equiv.) in THF at 24 °C, 2 hrs (85%); e)
7 (1.1 equiv.) 6, triethylamine (1.5 equiv.) in methylene chloride at 25 °C, 20 min. (95%); f) DMSO (2.5 equiv.) and
oxalyl chloride (2.0 equiv.) in methylene chloride at -78 °C, then 8. After 2 hrs triethylamine (3.0 equiv.) and warm
10 23 °C; Unpurified ketone from 8 in ammonium trifluoroacetate (as solvent) at 150 °C for 5 min. (86%); @) (-)-a-
methylbenzylamine (5 equiv.) at 150 °C for 12 hrs (76%); h) 10% Pd/ C (30% by wt. of substrate) and H, (1 atm) in
ethanol for 4 hrs (98%).
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In conclusion, we have described a mild and efficient method for the synthesis of imidazoles which
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allows for the convenient variation of the substituents at the one and two positions.
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Substitution of ammonium trifluoroacetate with ammonium acetate lead to decomposition of starting
materials. The subdued nucleophilicity of the trifluoroacetate anion resulits in conditions sufficiently mild
to accommodate the fluoropyridine moiety.
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s resulted in the diromposition of starting m ---atenals. The sole isolated

nroduct haractenzed as the xrruddzole pyridone. We suggest that the pyridone is formed via acetate
addition to the fluropyridine followed by hydrolysis upon aqueous work up.

The synthesis of keto-amides bearing sterically hindered R, groups was difficult due to competitive
acy]atlon on oxy gen (w1th the exceptlon of acetyl chloride (entry 9)). Attempts to migrate the acyl group in
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