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ABSTRACT

The solid-phase synthesis of N-alkyl-N-(f-keto)amides and 1,2,4,5-tetrasubstituted imidazoles was demonstrated using a traceless cleavage
strategy based on benzylic acylammonium chloride reactivity. The approach enables the assembly of diverse compounds in a minimal number
of steps in moderate to excellent yield (23—-88%) and high purity (64—100%).

Tertiary amides are an important class of compounds for drugon benzylic acylammonium chloride reactivity. This approach
discovery. More than 20000 compounds with known involves the formation of aN-benzyl tertiary amine on resin
biological activity contain tertiary amidédn patrticular, the followed by N-acylation to release in situ a tertiary amide
N-alkyl-N-(5-keto)amide skeleton is also a synthetic precur- (Scheme 1). The chemistry of debenzylating tertiary amines
sor to imidazoled. The imidazole pharmacophore is of
therapeutic interest due to its hydrogen bond detamceptor
capability® There has recently been considerable develop-
ment in the solid-phase synthesis of small molecule libraries

Scheme 1. Synthetic Strategy
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by acylative dealkylation has been descriBddsing this
chemistry, Coskun and Tirli have synthesized a range of



N-alkyl-N-phenacylamides in solutichMiller et al. have (<5%). Lowering the temperature to ambient reduced the
provided the only exemplification of this solid-phase linker efficiency considerably, suggesting that the milder cleavage

strategy by the preparation of a small rangéNdbenzylpip- conditions reported by Miller et al. for unconstrained tertiary
erazine amide$. amines are not generdllt was also observed that the
This Letter describes the preparation of an arraly-afkyl- methoxy substitution present i@ resulted in cleavage

N-(3-keto)amides (Scheme 1). The strategy is effcient as it efficiency comparable to that df in contrast with the studies
introduces functional diversity in three out of the four of Coskun and TirlB This suggests that a single alkoxy
synthetic steps, including the cleavage reaction. Since onlysubstitution (i.e., resir8) is necessary and sufficient to
the correctly assembled tertiary amines should quaternize ancactivate the nitrogen—benzyl carbon bond scission by acid
cleave, pure product would be expected. Prior assembly ofchloride. The simple monoalkoxybenzyl syst@mvas the
the tertiary amines on resin by reductive amination and preferred linker for the subsequent library synthesis.
N-alkylation of the resultant secondary amines permits The reaction sequence fbkalkyl-N-(3-keto)amides syn-
independent variation of each substituent of the tertiary amidethesis is shown in Scheme 3. 4-Hydroxybenzaldehyde was
core. Excess acid chloride from the cleavage step could beimmobilized on chloromethylpolystyrene resin (Polymer Lab,
removed using a scavenger reSiyclization of the cleaved ~ 3.75 mmol/g) by alkylation using sodium hydride. The
ketoamides with ammonia to the corresponding 1,2,4,5- alkylation was monitored by FTIR spectroscopic analysis of
tetrasubstituted imidazoles allows the option of a second, the intensity of the aryl aldehyde peak at 1695 ¢nelative
distinct compound library from the synthetic sequence. to a polystyrene backbone peak at 1600 &nAn “average”

To study the linker chemistry, two tertiary amindsand set of reagents considered to have moderate electronic and
2, were first synthesized in solution following a literature steric properties were chosen for optimization of all subse-
proceduré' and loaded onto Merrifield resin (Aldrich, 1.05 quent reactions to test the generality of the chemistry. The
mmol/g) by alkylation to give resin8 and4 (Scheme 2). reagents selected wenebutylamine, 4-chlorophenacy! bro-

mide, and benzoyl chloride. Selection of 4-chlorophenacyl
_ bromide also facilitated quantitation of yields by chlorine
. . . elemental analysis of thid-alkylated product. Resib was
Scheme 2. Studies on Linker Chemistry treated with 5 equiv ofi-butylamine in THF/TMOF and the
imine reduced using LiBId The reaction was monitored by
gel phase FTIR spectroscopy which detected the disappear-
ance of the aldehyde band at 1695¢rand the appearance

HO NaH, DMF O\/O
j@\/ —42h ]@\/ o of the imine band at 1645 crhk followed by the loss of the
N\ quantitative N y

X yield “Me latter band; gel phas8C NMR spectra ob and6a clearly
L S0rd resolved all the substrate signals. The loading was determined
to be 2.30 mmol/g by N-analysis (94% yield from Merrifield
ngcgc' s e resin). The resin-bound secondary améeewas alkylated
T DMF.5h ngzg?ma: X = OMe using 2 equiv of 4-chlorophenacyl bromide in the presence
il of 1.9 equiv of diisopropylamine at £& for 16 h to generate
Me " fB-keto amine7a on resin. Overalkylation of the tertiary

amine occurred when excess bromoketone was used. Owing
to its apparent instability, the resin-bound ketimine7a
was promptly subjected to cleavage by acylation.

To explore the acylationcleavage step the reaction
etween resin-bound tertiary amifaand benzoyl chloride
was studied. This reaction proved to be sensitive to both
solvent and the added base. Treatmertaoivith 5 equiv of
benzoyl chloride in DCM, THF, or DCE resulted in a low
yield of the corresponding tertiary ami&q (typically 23%)
and detectable formation of side products that included

(4) A review on combinatorial chemistry: Jung, G.; Fruchtel, Agjew N-butylbenzoylamide, presumably formed by b.enzoylatlo.n
Chem., Int. Ed. Engl1996,35, 17-42. T o ' and cleavage of the unreacted secondary amine. No side
(5) Another example of tertiary amide synthesis on solid phase: Barn, products were detected in the more basic solvent DMF.

D. R.; Morphy, J. R.; Rees, D. Qetrahedron Lett1996,37, 3213—6. ; ; ; ;
(6) A review on linkers for solid-phase organic synthesis: James, |. W. Inclusion of triethylamine base further improved the cleavage

Both resins were treated with 5 equiv of acetyl chloride at
50 °C for 5 h to generate the desired tertiary amide in each b
case in 80% crude yield with 95% purity by HPLC UV
analysis. Cleavage efficiency was comparable in anhydrous
THF, DMF, DCE, or TMOF, and the use of additives such
as potassium carbonalepotassium iodid€,and lithium
chloridé® showed only marginal improvement in yield

Tetrahedron1999,55, 4855—946. _ reaction, increasing the yield dramatically from 23% to 67%.
(7) Cooley, J. H.; Evain, E. Bynthesid989, 1-7. However the product contained detectable contaminants
(8) Coskun, N.; Tirli, F.Synth. Commuri997,27, 1-9. . . . . O/ it
(9) Miller, M. W.; Vice, S. F.; McCombie, S. WTetrahedron Lett1998 including N,N-dimethylbenzoylamidé; plus 10-15% yield

39, 3429-32. of the overbenzoylated tertiary amidé-(n-butyl)-N-(4-

(10) A review on solid supported reagents for purification: Booth, R.
J.; Hodges, J. CAcc. Chem. Red.999,32, 18-26.

(11) Venkov, A. P.; Vodenicharov, D. MBynthesis1990, 253—255. (13) King, J. A,; Bryant, G. LJ. Org. Chem1992,57, 5136—9.
(12) Shults, E. E.; Mukhametyanova, T. S.; Spirikhin, L. V.; Sultanova, (14) Presumably a result of benzoylation fN-dimethylamine from
V. S.; Tolstikov, G. A.Zh. Org. Khim.1993,29, 1149—-62. traces of dimethylamine due to DMF degradation.
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Scheme 3. Solid Phase Synthesis df-Alkyl-N-(5-keto)amides and 1,2,4,5-Tetrasubstituted ImidaZoles
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For Ry R, Rj R4
6a - 9a n-C4Hq H CgH4(4-Cl) Me
6b - 9b i-Pr H CgHa(4-Cl) Me
6c - 9¢c Bn H CgHa(4-Cl) Me
6d - 9d Ph H CgH,(4-Cl) Me
7e - %e n-C4Hgy H CgHa(4-OMe) Me
7f - of n-C4Hg H t-C4Hg Me
79 - 99 n-C4Hg H Et Me
7h - 9h n-C4Hg H CgH,{(4-pyr) where pyr = (1-pyrrolidino) Me
7i - 9i n-CsHy Me Ph Me
71 - 9j n-C4Hg Ph Ph Me
7k - 9k n-C4Hg H COOEt Me
71 -9l n‘C4H9 '(CH2)3' Me
m-9m n-CyHg Ac N(Me), Me
7n-9n n-C4Hg H CgHa(4-Cl) CH,0OAc
70 - 90 n-C4Hg H CgH4(4-Cl) COOEt
7p-9p n-CHg H CgH4(4-Cl) c-CgHyy
7q - 99 n-C,Hg H CgH4(4-Cl) Ph
7r-9r n-C,Hg H CgHa(4-Cl) CgH4(4-CN)
7s -9s n-C4Hg H CgH4(4-Cl) CgHa(4-OMe)

a (i) 4-Hydroxybenzaldehyde (2.2 equiv), NaH (2.1 equiv), DMF, 12 h{@5(ii) R;NH; (5 equiv), 1 h, rt, 2:1 THF/TMOF, (iii) LiBH
(2.5 equiv), 24 h, rt, 87—97% yields from Merrifield resin; (iwrhaloketone (2 equiv.), DIPEA (1.9 equiv), 48, 16 h, DMF; (v)
R,COCI (6 equiv), NMM (1.5 equiv), 48C, 6 h, DMF; (vi) aminomethylpolystyrene (10 equiv), DCM, 1 h,-28% yields from6a—d,;
(vii) NH4OAc (100 equiv), AcOH, residual DMF, 9tC, 24 h, 23-84% yields from6a—c.

chlorophenacyt-benzoyl)phenamide. The latter side product and LCMS. The crude product was filtered through a pad
probably results from the deprotonation of the acidic proton of silical” to furnish material in 96% purity (81% overall
o to the nitrogen in the resin-bound acylammonium inter- yield in three steps fronéa).
mediaté® and was not formed when a less basic amine such  To test the generality of the chemistry optimized for single
as N-methylmorpholine (NMM) was employed. The opti- compounds, the synthesis of a carefully selected array of 19
mized conditions for the benzoylation reaction used 6 equiv tertiary amides and 13 imidazoles (Scheme 3 and Table 1)
of acid chloride and 1.5 equiv of NMM at 5T for 6 h in was attempted in parallel under identical conditions. The
DMF. Excess benzoyl chloride and the majority of the reagents selected for each step were chemically diverse to
benzoic acid (from hydrolyzed benzoyl chloride) were explore structure—reactivity relationships.
removed by stirring with high capacity aminomethylpoly- 1o explore the effect of varying the primary amine,
styrene resin (1.8 mmol/g, Polymer Lab, 10 molar equiv of penzaldehyde resi was reacted witm-butylamine, iso-
amine) for 30 min at room temperature. TLC of the filtrate propylamine, benzylamine, and aniline to furnish secondary
indicated a base-line contaminghtvhich was easily re-  gminessa—d respectively in good yield6a, 94%;6b, 87%;
moved by filtration through a pad of silica to furnish a single 6c, 92%; 6d, 97%). N-Alkylation of resins6a—d with
product (8q) in 82% yield and 97% purity. 4-chlorophenacyl bromide to furnista—d was followed by

To form the corresponding imidazdle), the tertiary amide  cleavage with acetyl chloride to yield tertiary amidgs—
8q was stirred in DMF at 90C with NH,OAc and glacial ¢, Of all the primary amines utilized, only aniline failed to
acetic acid. Quantitative conversion of the amide to the yield any tertiary amide (8d). Chlorine analysis of reih
imidazole was observed in 24 h according to HPLC, TLC, showed a high level of alkylated material, suggesting that
the acylation of unreactivd,N-disubstituted anilinéd was

(15) The pk of the methylene protons sandwiched between a tertiary
amine and a ketone functionality is estimated to be 6.4 and will be lower

if the nitrogen is quaternized/positively charged. (17) As an alternative workup procedure, a simple evaporation under
(16) Confirmed by!H NMR spectroscopy to contain NMM-benzoate  high vacuum can also be carried out as the excesgOMd, HOAc, and
salt. DMF solvents are all volatile materials.
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I cven for the cases where yields were relatvely low. In

Table 1. Yield and Purity for Sample8a—sand general lower alkylation efficiencies were observed for
9a—c,e—i,n—r a-branched haloketones with tebranched chloroketones
and bromopyruvate failing to yield any tertiary amide
product. The acylation of resifa was explored using six

entry %yield® % purity® entry % yield® % purity®

8a 87 98 9a 84 95 reagents: acetoxyacetyl chloride, ethyl oxalyl chloride,
8b 33 86 9b 26 68 cyclohexanecarbonyl chloride, benzoyl chloride, 4-cyanoben-
ZZ sg 93 iﬁa\d 54 87 zoyl chloride, 4-methoxybenzoyl chloride. Here the overall
8e 88 96 9e 79 86 yields of tertiary amide8n—sfrom the common precursor

sf 82 c of 80 100 is a direct reflection of the acylation—cleavage efficiency.
8g 81 ¢ 9g 78 96 In general the acylations afforded tertiary amides in reason-
8h 28 71 9h 19 49 ably high purity &70%) but with a range of overall yields

8i 30 98 9i 27 89 (25—84%). The cyclization efficiency for 13 of thgke-

8j 10 100 NAd toamides was subsequently studied. Quantitative conversions
8k 0 NA¢ were observed for all but two cases. Cyclization of crude
8l 0 NAS 8h was poor, probably due to the impurities from the
8m 0 NAd . . :

8n 51 04 on 0 73 prec_edlng step. LCMS _of the rea(_:tlon rr_uxtu_re_&ofrevealed

80 65 91 % 54¢ 76¢ relatively clean formation of a diketopiperidine compound
8p 26 71 9p 23 64 (details in Supporting Information).

8q 82 97 9q 81 96 To summarize, the traceless linker strategy was employed
8r 84 90 or 80 86 to synthesize a diverse array Nfalkyl-N-(8-keto)amides.

8s 25 71 NA? Of the 19 cases studied, 15 lead to product in varying yields

asolated yields were calculated on the basis of the loading of resin- (25—88%) but always in high purity (72100%). Cyclization

bound secondary aminega—d. All compounds were characterized by  of the amides gave the corresponding substituted imidazoles
HPLC, H and 3C NMR spectroscopy, HRMS, and FTIR spectroscopy. . Th | fth di h bled th
b 96 purity was measured from HPLC UV spectra (at 254 niBfor-sand In most cases. The results of these studies have enabled the

220 nm for9a—c,e—i,n—r).¢ % purity could not be determined by HPLC ~ design of a much larger library. Indeed, the automated

UV analysis due to the low extinction coefficient of the prodd@ynthesis ; i ; . _N-(R- ; _
of these compounds from low-yielding precursors were not attempted. Synthes_ls _Of libraries dN a”‘Y' N-(B ket(_))am'des and sub
eFigures for the unexpected product 2,3-diketo-5-(4-chlorophenyl)-5,6- Stituted imidazoles for biological screening is now underway.

dehydropiperidine.
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pentanone, and 2-chlofgN-dimethylacetoacetamide. Cleav- NMR spectra for5, 6a and7a, FTIR spectra qu, 6a,.7a,
age of the resultant tertiary aminés—m with acetyl chloride and HPLC trace.s foBq and9q. This material is available
yielded the corresponding tertiary amidks-m with varying free of charge via the Internet at http://pub.acs.org.
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