Synthesis of Trisubstituted Imidazoles
by Palladium-Catalyzed Cyclization of

ORGANIC
LETTERS

2005
Vol. 7, No. 4
609-611

O-Pentafluorobenzoylamidoximes:
Application to Amino Acid Mimetics

with a C-Terminal Imidazole

Shazia Zaman, Kitamura Mitsuru, T and Andrew D. Abell*

Department of Chemistry, Urersity of Canterbury, Priate Bag 4800,
Christchurch, New Zealand, and Department of Chemistry, Graduate School of
Science, The Unersity of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, Japan

andrew.abell@canterbury.ac.nz

Received November 17, 2004

ABSTRACT
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(S)-BocHNCHMe, (8)-BocHNCHCH,CHMe;

1-Benzyl-4-methylimidazoles with a range of substituents at the 2-position are
with catalytic amounts of Pd(PPh
imidazole.

prepared from O-pentafluorobenzoylamidoximes on treatment

3)4 and triethylamine. The sequence provides access to optically active amino acid mimetics with a C-terminal

Imidazoles are an important class of heterocycle with an
ability to behave as ligands in metalloenzyfeasd non-
natural metal complexésThey are components of a number
of highly significant biomolecules, including the essential
amino acid histidine (and related compounds), biotin, and
the pilocarpine alkaloid$An imidazole ring has also been
used as a component of nonnatural cyclic pepfides as a
stable ester isostere for use in peptidomimetfcAs such,
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a good deal of interest exists in developing new and efficient
methods for the synthesis and functionalization of imid-
azoles: 2-functionalized imidazoles are typically prepared
by metalation of an imidazole followed by reaction with an
electrophilé (e.g., an aldehyde or isocynate) or, more
recently, by reaction of an azolium ylide with a reactive
carbonyl®

In this paper, we present a new synthesis of 2-substituted
1-benzyl-4-methylimidazoles based on a palladium(0)-
catalyzed amino Heck reaction (an electrophilic amination
sequence) of amidoximes and the application of this meth-
odology to the preparation of amino acid mimetics containing
a C-terminal imidazole; se&2a—c. Mimetics of this type
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are known, being prepared by reaction of an optically active
aldehyde derivative of an amino acid with Kkh 40%
glyoxal and DMF However, problems with racemization
have been noted with this meth&dhis is, to our knowledge,

the first report of an imidazole synthesis based on a metal-

catalyzed C-N bond formation reaction. Related methodol-

the same isomer ofb, as per the in situ experiment. The
hydroxamoyl chloride8c, prepared as aB/Z mixture (6:5)
from glycine methyl ester hydrochloridewas also reacted
with allyl benzylamine in DMF to givelc (75%) as a 6:5
mixture of isomers (Scheme 1).

The key substrates for the amino Heck reactidses—c)

ogy has been reported for the preparation of pyrroles and awere then prepared by reacting the samples=#@, (E)-
number of azaheterocycles, including azaazulenes, spiroimines4b, and E/2)-4c (isomer ratio of 6:5) with TEA and

and pyridinium derivative%: 1!
We first demonstrated the feasibility of the methodology

pentafluorobenzoyl chloride in DCM at< to give E)-5a
and E)-5b as single isomers an&(2)-5c¢ (isomer ratio of

using simple amidoximes as depicted in Scheme 1. Reaction4:1) in 83, 87, and 88% yields, respectively. AhO-
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aKey: a, R = PhCH,; b, R = Ph(CH,),; ¢, R = COMe.

of aldehyded a and1b with hydroxylamine in the presence
of pyridine gave the aldoximesE(2)-2a'? (75%, 1:1) and
(E/2)-2b'3 (72%, 3:2), respectively. These were then sepa-
rately treated with NCS, in dry DMF at 7QC, to give the
corresponding hydroxamoyl chlorid8a and3b, which were

pentafluorobenzoyloxime was chosen for use in the subse-
guent amino Heck sequence since this group is known to
suppress the competing Beckman rearrangefient.

The N,O-pentafluorobenzoyl amidoximés,b were treated
with 10 mol % Pd(PP%), and 5 equiv of TEA in DMF, at
80 °C for 30 min, to give the desired imidazoléa,b in 72
and 70% vyields, respectively. The amino Heck cyclization
of 5¢c was slower. Its consumption (as determined by TLC)
required 3 h at 80°C, and the desired imidazokc was
isolated in 30% yield. The lower yield in this case is unlikely
to be linked to the presence of two isomers of the substrate
5¢, since the outcome of other amino Heck reactions are
reported to be independent of the geometry of the substrate
oximel%11The amino Heck cyclizations &a—c are thought
to proceed by oxidative addition of Pd(0) to the-® bond
to give an alkylideneaminopalladium(ll) intermediate.
Olefin insertion into this species, followed by elimination
of palladium hydride gives a dihydroimidazole, which finally
isomerizes under the reaction conditions to the imidazole.

With the simple imidazole$ in hand, we next set about
extending the methodology to amino acid-based examples;
seel2in Scheme 2. As mentioned earlier, an imidazole has

not isolated but simply coupled, in situ, with allyl benzyl- _

amine in DMF to giveda (63%) and4b (61%), respectively,

as single isomers, tentatively assigned fBedonfigurationt4

In a separate experimer#h was treated with NCS and the
crude product analyzed B NMR to show3b as a single
isomer, which was isolated in 87% yield, characterized, and
tentatively assigned théz)-configurationt* This sample of

3b was then reacted with allyl benzylamine in DMF to give

(9) Kitamura, M.; Narasaka, KChem. Recor@002 2, 268. Kitamura,
M.; Chiba, S.; Saku, O.; Narasaka, €hem. Lett2002 606. Tsutsui, H.;
Narasaka, KChem. Lett1999 45. Tsutsui, H.; Narasaka, Chem. Lett
2001, 526.

(10) Tsutsui, H.; Narasaka, K.; Kitamura, Bull. Chem. Soc. Jpr2002
75, 1451.

(11) Zaman, S.; Kitamura, M.; Narasaka, Bull. Chem. Soc. Jpr2003
76, 1055.

(12) Boucher, J.-L.; Delaforge, M.; Mansuy, Biochemistryl994 33,
7811.

(13) Lam, P. Y. S.; Adams, J. J.; Clark, C. G.; Calhoun, W. J.; Luettgen,
J. M.; Knabb, R. M.; Wexler, R. RBioorg. Med. Chem. Let2003 13,
1795.

(14) It has been noted th&talkyl hydroxamoyl chlorides isomerize to
the thermodynamically stabl&)-isomer and that these react stereospecifi-
cally to give an E)-amidoxime (Johnson, J. E.; Nalley, E. A.; Kunz, Y.
K.; Springfield, J. RJ. Org. Chem1976 41, 252. Johnson, J. E.; Todd, S.
L.; Dutson, S. M.; Ghafouripour, A.; Alderman, R. M.; Hotema. M. R.
Org. Chem 1992 57, 4648). Note that the substituent priorities2and
3/4 are different such that the respecti#)-{somers have opposite relative
configurations.

610

Scheme 2
O NH,OH.HCI, Na,CO,, sOH  allyl benzyl amine,
R MeOH/H,O, it ! DMF, 70 °C
——————————————————.
X
BocHN BocHN
7a-c NCS,DMF, — 8a-cX=H
50-60 °C, 2h |__,[9a.c X =cl
,OX
N—S
| Pd(PPhy),, TEA,
R N DMF, 80°C Rﬁ/{N\
_— -

BocHN k Ph BocHN k Ph

10a-¢c X=H CgFsCOCI, TEA, 12a-c

11a-c X = COC,Fg~ DCM,0°C
1) 1N HCI, EtAc, t Ph N
2) (S)-Boc-Ala, EDCI, N
HOBT, DIPEA, DMF, t N

NH
BocHNJ\If kPh
o 13

aKey: a, R = PhCH; b, R = Me; ¢, R = CH,CHMe,.

been used in this context as a stable ester isostere at the
C-terminus of a peptidomimet?® The key starting aldehydes
7a—c were prepared by DIBALH reduction of)-N-Boc-
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Phe-OMe, §-N-Boc-Ala-OMe, and $-N-Boc-Leu-OMe,

NMR of the crude product revealed a turnover of-3%%

respectively. Treatment of each of these aldehydes within all cases; however, the isolated yields are some what

hydroxylamine hydrochloride in the presence of,@&s'”
gave the E/2)-a-amino aldoxime®a (79%, 2:1),8b (72%,
3:1), and8c (83%, 3:2), which were purified by column
chromatography and recrystallizati&hA one-pot treatment
of these oximes with NCS, as f@in Scheme 1, gave the
hydroxamoyl chloride9a—c, which were reacted in situ with
allyl benzylamine to give the amidoximé&8a—c as mixtures
of isomers'®

Treatment of separate samplesld@fa—c with TEA and
pentafluorobenzoyl chloride, as fdr gave single isomers
of the substrates for the amino Heck reactibha—c in 61,
63, and 31% yields, respectiveéfThese were then subjected
to the amino Heck reaction conditions to give the C-terminal
amino acid mimeticd2a—c in good yield. In particular, the
(9-Phe- and 9-Leu-based amidoximellaand11ccyclized
smoothly n 1 h to give the optically active imidazole
derivativesl2a (70%) andl2c (56%), while §-Ala-based
12bwas isolated in 68% yield after a comparatively shorter
reaction time of 30 min. The reactions work well, atdi
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lowered by difficulties in removing the triphenylphosphine
oxide byproduct. Finally, th&l-Boc group of the Phe-based
imidazolel2awas removed on treatment Wil N HCI, and
the resulting free amine coupled witl$){Boc-Ala under
standard conditions to giv&3 (>95% de byH and **C
NMR), thus suggesting that little or no racemization had
occurred in the preparation of the imidazole.

In summary, new methodology has been developed for
the synthesis of 1-benzyl-4-methylimidazoles with a range
of substituents at the 2-position based upon a palladium-
mediated amino Heck reaction of an amidoxime, itself
derived from the corresponding aldehyde. The sequence is
simple and efficient and can be used to prepare optically
active amino acid mimetics containing a C-terminal imid-
azole.
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