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Starting from 2,4-dichloropyrimidine, a concise synthetic route to medicinally important 4-aryl-5-pyrimidinylimidazoles is described. Sequen tial

substitution of the 4- and 2-chloro groups using a regioselective Sonogashira coupling, followed by nucleophilic substitution, led to
pyrimidinylalkyne derivatives, which were then oxidized to their corresponding 1,2-diketones. These 1,2-diketones, on cyclocondensation with
ammonium acetate and an aldehyde, furnished the desired pyrimidinyl imidazoles in good overall yields.

4,5-Diarylimidazoles, in which one of the aryl substituents
is a heteroaryl group such as a pyridine or pyrimidine, form
an important class of p38 MAPK (mitogen-activated protein
kinase) inhibitors, vigorously pursued by a number of pharm-
aceutical companies as antiinflammatory drugs (FigufeqL).

Despite the heightened interest, preparation of these com-  Meo N ’ N\>
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pounds has relied largely upon just two synthetic strategies. N
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monia and an aldehyde. Although this reaction is quite 2-position?!* A variety of base and solvent combinations
efficient, preparation of the necessary pyrimidinyl-substituted were investigated, but we could not find synthetically useful
dicarbonyl derivatives requires a lengthy sequence starting2-position selectivity. On a smaller scale{50 g), the two
from 2-mercapto-4-methylpiperidine. regioisomers could be separated by column chromatography.
A notably elegant approach, developed by the SKB gfoup, The 4-chloro regioisomet0 was then coupled with 4-fluo-
involved the cycloaddition of substituted TosMIC with rophenylacetylene, under standard Sonogashira coupling
aldimines, originally pioneered by van LeuserMore conditions?? to furnish the desired disubstituted acetylene
recently, Merck scientistshave reported a promising one- 1lain 76% yield. Although we obtained diarylacetylehta
pot synthesis of imidazoles based on the cyclocondensationin two steps, the poor regioselectivity in the nucleophilic
of an o-ketoamide with an amine, wherein the requisite substitution reaction rendered this approach impractical for
a-ketoamide is generated in situ by a Stetter reaction large-scale synthesis.
involving ano-amidosulfone. In these cases also, access to By reversing the order of the substitution steps, we
the suitably elaborated pyrimidines required multistep se- overcame the regioselectivity issues. A Sonogashira reaction
quences. To successfully exploit the particularly efficient between 2,4-dichloropyrimidine and 1-ethynyl-4-fluoroben-
condensation of 1,2-diketones bearing an electron-deficientzene smoothly afforded the desired regioisorb2ras the
pyrimidine moiety with an aldehyde and ammonia, a more major product in 65% isolated yield (Scheme 2). Unfortu-
succinct route to the requisite 1,2-diketone derivatives would
clearly be advantageous. Herein, we wish to disclose our
development of a novel approach to this important class of
compounds. Relative to existing methods, our synthetic route

is concise and appears suitable to provide ready access to a
range of structurally related 1,2-diketone and imidazole a «
||/\( Pd(PPhs)ZCIZ/CuI +-BuNH,

Scheme 2

analogues. ] ] ) ) . N\(N THF/EGN, reflux, 3 h N /N sealed tube, 80 °C YN \(N NHBu'
To more readily access the desired 1,2-diketone intermedi- ¢ 65% NHBu! cl
ates, we considered the oxidation of disubstituted acetylene 12 11a, 34% 13,55%

compounds, which could be derived from the readily

available 2,4-dichloropyrimidine through sequential substitu-
tion reactions (Figure 2). nately, treatment of 2 with tert-butylamine gave a mixture

of the desired compountila along with the product of 1,2-
addition across the alkynd,3. The structure ofl3 was
ascertained by NOE experimen#sTo avoid this hydroami-
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(6) ) Adams, J. L.; Boehm, J. C.; Gallagher, T. F.; Kassis, S.; Webb, E.
F.; Hall, R.; Sorenson, M.; Garigipati, R.; Griswold, D. E.; Lee, JB@©org.
Scheme 1 Med. Chem. Lett2001, 11, 28672870 and literature cited therein.
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(11) Chu-Moyer, M. Y.; Ballinger, W. E.; Beebe, D. A.; Berger, R.;
Coutcher, J. B.; Day, W. W.; Li, J.; Mylari, B. L.; Oates, P. J.; Weekly, R

i imidi i - i M. J. Med. Chem2002 45, 511-528.
dlghmmpy“mldme Wlthte!’t b.UtyIamlne at_60°C gave a (12) ) Sonogashera, K.; Tohda, Y.; Hagihara,dtrahedron Lett1975
mixture of 4- and 2-substitution products in 65% and 26% s5q 4467-4470.
yield, respectively. This result clearly indicated that the . (13) )_d_FOIr hthg vinylic derogken, f?trong_ 'E\I?IE zwasd %bﬁeéved Withf

. B : ol pyrimidinyl hydrogen and weaker effect with the 2-an ydrogens o

chloro group at the 4- -position is more reactive (ale|t S“ghtly) the 4-fluorophenyl. These aryl hydrogens, however, showed strong NOE
toward substitution with amine nucleophiles than the with t-butyl hydrogens. See the Supporting Information for the NOE spectra.

270 Org. Lett, Vol. 8, No. 2, 2006



EtOH, EgN/THF, NH.BuYTHF, and Buchwald amination,

were investigated with limited success. Table 1. Oxidation of11a
We hypothesized that it might be possible to effect the .
nucleophilic substitution on the pyrimidine nucleus prefer- 0 F
entially by changing the electronic and steric properties of 7 Conditions B
the alkyne. Based on this line of reasoning, a new route was NN NN ©
designed (Scheme 3). Sonogashira cross-coupling reaction | NHBu!
1a 6a
entry conditions results
Scheme 3
VS ™S 1 KMnO,,/CH:Cly, HO, AcOH, over-oxidation®
o = TMs F m/ Adogen 64, reflux, 3 h18
(Y os%PdPPhaChicu [ RANH, » 2 KMnOJ/CH,Cly, AcOH, 30%
N\fN THF/EtsN, reflux, 4.5 h N\gN sealed tube, 80 °C N\N/r}_:: Adogen 64, reﬂux, 1.5 his
‘;‘ 87% 9 . 3 KMnOdacetone, H;0O, MgSO4, 45%
F NaHCOs, rt, 45 min!?
_ P 4 I,/DMSO, 150 °C, 16 h20:21 over-oxidation®
(\\// 4-Fluoroiodobenzene ~7 5 PdCly/DMSO0, 130 °C, 4 h22 53%
1%KOH, CH30H ,\} N 0.5%Pd(PPh3),Cla/1%Cul | 1§ 6 NBS/DMSO ? 10 . 29 b TS
—w2n j¢ THFEGN, . 2.5 h W? , Tt, o min romma.tmn
90% in 2 steps NHR 84% NHR 7 HBr/DMSO, 130 °C, 3 h no reaction
16 1aR=t8 8 (CF3C00):IPh, DMSO, SM and
. =I-Pr
130 °C, 3 h*¢ over-oxidation®
9 RuCls/NalOy4, HoO/CH3CN/CCly, no reaction
£ (tri hvisilv] | ith ichl - f reflux, 2 h25:26
of (trimethylsi y)apety ene Wlt' 2,4-d|c. oropynrmdme af- 10 0504, MesNO, £-BuOH, Hs0, bromination®
forded the requisite alkyné&4 in 87% vyield. Heating this reflux, 5 h27.28

intermediate in neatert-butylamine at 8C°C gave exclu- o _

) ] T . ) a 4-Fluorobenzoic acid was isolatetiBased on MS, the product was
sively the desired substitution product. Desilylation followed |, isolated.
by another Sonogashira cross-coupling with 4-fluoroiodo-
benzene afforded compouddain very good overall yield.

This reaction sequence was performed successfully on(130°C) to achieve reasonably good conversion. Lower Pd
20-40 g scale without the need for column chromatography. |pading caused incomplete reaction and raising the temper-
It should be noted that accessing the intermediat&ot  apyre caused side reactions. A Pd on C/GEMSO system
only affords a more efficient route thl but also allows for - produced similar resulfé. These methods also required
a point of dlyer5|f|cat|on for'the de5|gr1 of new analogues. column chromatography to purify the final product, making
With a reliable route to diaryl-substituted acetyledés  them less well-suited for largescale preparations. Although
and 12 in hand, we set out to examine the key oxidation gyidation using KMnQ was more promising in terms of
reaction. Initially, we focused our attention on the oxidation ¢jean reaction and easy purification, over oxidation was a
of 12, for it would allow the introduction of the amine  major disadvantage. After screening numerous conditions,
substituent after imidazole formation. Oxidation of diaryl- it was found that the key to obtaining good yields was to
substituted acetylene to diketone is well precedented and &g a very finely powdered form of KMng& and to control
wide array of reagent systems have been repdftédl.  the reaction time in a, acetones®l solution buffered with

However, we soon realized that oxidation of a diarylacetylene \1gS0, and NaHCQ@. Under these optimized conditions, the
containing a pyrimidine group is far from trivial. Thus, in

the case ofl2 all our attempts using a battery of reagent  (18)) Lee, D. G.; Chang, V. SI. Org. Chem1979 44, 2726-2730.

systems resulted in no oxidation or over-oxidatib@ratify- (19)) Srinivasan, N. S.; Lee, D. @. Org. Chem1979 44, 1574.
. . . . . (20) ) Daz, F.; Brand, J. D.; Ito, S.; Gherghel, L.; Men, K. J. Am.
ingly, in the case ofl1a oxidation using KMnQ or PdC}/ Chem. S0c200Q 122 7707-7717.

DMSO went smoothly on small scale (Table 1, entries 3 and o (ﬁﬂl)nlto, ?{;g\}/]ehmelizer, hél.;zggzng, 31.32.7; Egggl, C.; Epsch, R.; Rabe, J.
. . .; Mullen, K.Chem—Eur. J. \ — .
5). The stark reactivity difference betwegbaand12 could (22)) Chi, K-W.; Yusubov, M. S.: Filimonov, V. DSynth. Commun.

be due to the reduced electron deficiency of the triple bond 1994 24, 2119-2122.
in compoundlla (23) Yusubov, M. S.; Filimonov, V. D.; Vasilyeva, V. P.; Chi, K.-W.

. . Synthesisl995 10, 1234-1236.
The oxidation procedures using KMp@nd PdG/DMSO (24)) Kita, Y.; Yakura, T.; Terashi, H.; Haruta, J.; Tamura, Ghem.

were then investigated carefully. Although both procedures Pharm. Bull. 1989 37, 891-894. _ . -
ked I I le. the P MSO t (25) Sharpless, K. B.; Lauer, R. F.; Repic, O.; Teranishi, A. Y.; Williams,
worked well on small scale, the Pd{ system D. R.J. Am. Chem. Sod 971, 93, 3303-3304.

suffered several drawbacks, requiring high Pd loading (26) Pattenden, G.; Tankard, M.; Cherry, P. Tétrahedron Lett1993

100 g 34, 2677-2680.
(~10%), prolonged reaction time, and elevated temperatures (27) Minato, M.: Yamamoto, K. Tsuji, Jl. Org. Chem199Q 55, 766

768.
(14) Gopal, H.; Gordon, A. Jletrahedron Lett1971, 31, 2941-2944. (28) Page, P. C. B.; Rosenthal, Betrahedron Lett1986 27, 1947
(15) Walsh, C. J.; Mandal, B. KJ. Org. Chem1999 64, 6102-6105. 1950.
(16) Yusubov, M. S.; Zholobova, G. A.; Vasilevsky, S. F.; Tretyakov, (29) ) See ref 19. Permanganate reagent that worked best in our hands
E. V.; Knight, D. W. Tetrahedron2002 58, 1607-1610. was a finely powdered form of KMngCairox M) purchased from Carus
(17) 4-Fluorobenzoic acid was isolated and characterized. Chemical Co.
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Table 2. Preparation of Imidazoles

F
o
~ R*CHO, NH,OAc ) -
' __RICHO, NHiOAc >—r
XN

NzN O TBME, rt |

NHR' Nn P

6a: R' = +Bu NHR'

6b: R' = j-Pr 17-19
no. R! R2 T (°C)/time (h) yield (%)
17a t-Bu H 65/4 56
18a t-Bu 4-CI1CgH4 65/48 68
19a t-Bu (CH30):CH rt/3 60
17b i-Pr H 65/3 52
18b i-Pr 4-CI1CgH4 65/48 62
19b i-Pr (CH30):CH rt/3 58

desired diketon®a was obtained consistently in 650%

yields an 5 g scale after simple aqueous workup and without

column chromatography.

272

Using the method described above, isopropyl analdipue
was also prepared in good yield. Cyclocondensation of the
diketones with ammonium acetate and an aldehyde (Table
2) efficiently provided various pyrimidinyl-substituted imi-
dazoles.

In summary, we have developed a concise, six-step
sequence to synthesize 4-aryl-5-pyrimidinylimidazetas
important scaffold useful in antiinflammatory drug research.
The methodology is well-suited to the preparation of a
number of related analogues.
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