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Syntheses of 2-Alkylamino- and 2-Dialkylamino-4,6-diarylpyridines
and 2,4,6-Trisubstituted Pyrimidines Using Solid-Phase-Bound
Chalcones

Alan R. Katritzky,*® Larisa Serdyuk, Christophe Chassairfgporin Toadef
Xiaojing Wang$ Behrouz Forood,Brenton Flatt; Congcong Sur,and Kim Vo
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Several substituted 2- and 4-hydroxyacetophenones are linked to Wang resin via a modified Mitsunobu
protocol. These resin-bound acetophenones are condensed with aromatic aldehydes, and the resulting chalcones
5 are used for the synthesis of 2-dialkylamin®af-d) and 2-alkylamino-4,6-diarylpyridined {a—f), and
2-alkyl-4,6-diaryl- (48 and 2,4,6-triarylpyrimidines 14b,9 in a manner suitable for combinatorial
applications.

Introduction vinyl)tributyltin,” and (iii) nucleophilic displacement of
Solid-phase organic synthesis is now extensively used forChlorlne in chloro-Wang resin by 3-acetylphenoxide arfion.

the preparation of small molecule librarfgst Widely varied Mitsunobu reactions of Wang-type resins with phenolic
solution-phase chemistries are currently being transferred toSubstrates have proven useful for linking a wide variety of
solid phase, often involving extensive studies to develop Phenols bearing functional groups such as amino dcids,
suitable methods for solid support reactiobs.Lately, the ~ €Sters and cyanidésldehydes, ** and chiral oxazolidino-
rich chemistry of chalcones has been applied to the synthesig€S:* We now show that phenols bearing enolizable groups,
of pyrrolidineg and pyridine% on Wang resin and to  Such as acetyl, can also be linked in this manner.
pyrimidines, pyrazoles, and pyridines on Rink amide rdsin. ~ When DIAD was added to a solution of 4-hydroxy-
These reports have prompted us to disclose our own resultsacetophenon2aand PPhin NMM and Wang resin (Scheme
in this area. 1), significant linking of byproduct (hydrazinedicarboxylate)
During efforts to build scaffolds for combinatorial chem- Was observed by GFC NMR and confirmed by cleavage
istry, based on strategies developed by us in solution phasdollowed by GC-MS. However, exposure of a mixture 2f
for various heterocycles, chalcones appeared to be versatileind PPhto a prolonged action of DIAD at room temperature
substrates. Chalcone-based libraries by the solution-phasd® h), followed by the addition of Wang resin and running
synthesis were reported recerfty?. Two main routes are  the reaction for 48 h, gave clean anchoring?af-d to the
available for building chalcones on solid support: (i) linking Solid support, as proved by the cleavage of pure hydroxy-
the aldehyde followed by the condensation reaction with acetophenone8a—d from the resin (GEMS data). The
acetophenonésor (i) linking the acetophenone followed Variety of hydroxyacetophenong@s—d linked cleanly onto
by the condensation reaction with aldehy@@sThe first ~ the resin shows the generality of the method, which
approach has recently been shown to afford pure chalconedepresents the first linkage of a phenol carrying a highly
on the solid phaséWe believe that the low yields and enolizable group to a Wang resin, making use of the
loading of acetophenone onto the resin sometimes reportedVlitsunobu reaction. The utility of resin3a—d was dem-
for the second strateggould be connected with the linking ~ Onstrated by their reactions with aromatic aldehydasd

procedure chosen for the acetophenone. which led to the synthesis of chalcorgs—d in high yields
and purities (as shown by analysis of cleavage prodieets
Results and Discussion d) (Scheme 1).

Significant efforts have been devoted to linking acetophe- Combina3toria| synthesis of pyridines is still scarcely
nones to a solid support. Previously described methods fordeveloped? The three previously described combinatorial
the preparation of acetophenone-bearing resins include (j)Syntheses of pyridines comprise (i) an approach to 2-methyl-
the acetalization op-diacetylbenzene with a 1-benzyl-2,3- 3-carboxypyridines by Hantzsch chemisttyii) the prepara-
isopropylideneglycerol resih (i) Pd(0) catalyzed cross- 0N of 2-methyl-3-cyanopyridines via {33] cycloaddition
coupling of solid-phase-bound aryl iodides with 1-(ethoxy- Tom 3-aminocrotonitrile and.,f-unsaturated ketonésand

(i) cyclization of 1,5-pentadiones with ammonium ac-

S University of Florida. etate?1* Thus, a 2-aminopyridine library would fill a gap in

*Trega Biosciences Inc. the current solid-phase repertoire.
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Table 1. Preparation of 2-Aminopyridine8a—d and 11a—f

products R R3 R*  purity© (%)

9a  4-MeGH. -(CHo)s- 95 13a-c R?
9b*  4-MeOGH, -(CH2)2-O—(CHy)- 76 50% TFA
9c 4-MeGsH4 'CHz(O_C5H4)CH2CH2- 75 CH,Cl,
9d® Ph -CHCH,CH,CH(CO,H)- 90 m,1h

1188 4-MeGH; CH,CH=CH, H 90 ’

11 4-MeGH;  CH,CH(CHs), H 20 i

11& 4-MeGsHy4 cycloCng H 90 NZ N

11k  4-MeGH;  CH(CHs)CoHs H

1l1e 4-MeGsH4 CH,CgHs H

90 |
80 /@)\)\RZ
11f  Ph CHCH,COH  H 85 o ;

4a-c

a Starting chalcone derived from 4-hydroxyacetophen®@art-

ing chalcone derived from 2-hydroxyacetophendigy LC—MS. 14 | a b c
A solution-phase synthesis of 2-(dialkylamino)pyridines 1| cH. c.H. 3NO2
. . R 3 Y65 CgH,
based on the condensation of a chalcang¢benzotriazol- purity
1-yl)acetonitrile and secondary amines was recently devel- %) | 8 79 93
oped in our group® This procedure has now been success- R2= 4-MeCgHs

fully transferred to the solid-phase synthesis of various

pyridines. In a typical example, pyrrolidine was treated with 1-yl)-4-(4-methylphenyl)-6-(4-hydroxyphenyl)pyridi®a was

a solution ofa-(benzotriazol-1-yl)acetonitrile in 2-methoxy-  recovered in 90% yield with 95% purity. This protocol was
ethanol at 7580 °C for 1 day to afford an intermediate  successfully extended to different chalcones and various
amidine7 (Scheme 2). Without isolation, compouidvas amines (Table 1), including other secondary amines (com-
reacted with the chalcone-bound reSafor an additional pounds9b,c,d), primary-alkyl primary-amines (compounds
24 h at 75-80°C to give resirBa. On cleavage 08a, using 11a,b, secondary-alkyl primary-amines (compourdds,d),

a 50% solution of TFA in methylene chloride, 2-(pyrrolidin- a benzylic amine (compoundile, and also amino acids
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(compound®f and11f). Compound®a—d and1la—f were
all obtained 7595% pure (by LC-MS), attesting to the

Katritzky et al.

General Procedure for the Preparation of Resin-Bound
Chalcones 5a-d. Resins3 (four tea-bags, 100 mg each, 0.34

generality of the method. Primary amines and amino acids mmol) were added to a solution of aldehydés—d (10
were condensed in high yield and purity to give an access mmol) in dry THF (40 mL). A solution of sodium methoxide
to 2-aminopyridines bearing an additional point of diversity in methanol (25 wt %, Aldrich) was added over a 15 min
(compoundd 1). As shown with compoundgb,c, however, period. The flask was shaken under nitrogen at room
condensations with secondary amines were somewhat lessemperature for 24 h. The solution was removed, and the
favorable since the corresponding 2-aminopyridines were bags were washed with 30% aqueous ACOHQOHTHF,
isolated typically with a purity of 75%. Moreover, aromatic MeOH, THF, CHCI, (all by 2 x 40 mL). The bags were
amines could not be efficiently condensed with chalcone- dried under high vacuum over 24 h. The resins were cleaved
bound resin®. We believe that the lower nucleophilicity of by a 50% TFA solution in CkCl, (1 h, room temperature).
the aromatic amines retards the formation of the intermediate  (E)-1-(4-Hydroxyphenyl)-3-(4-methylphenyl)prop-2-en-

amidines and, therefore, of the pyridine rings. 1-one (6a).1H NMR o: 2.41 (s, 3H), 6.96 (dJ = 8.6 Hz,
Pyrimidines are another class of heterocycles which, o) 725 (d,J = 8.0 Hz, 2H), 7.52 (dJ = 15.7 Hz, 1H),
alongside pyridines, constitute valuable building blocks/ 7 56 (4,3 = 7.7 Hz, 2H), 7.83 (dJ = 15.6 Hz, 1H), 8.01

important pharmacophore in drug discovery. Solid-phase (d, J = 8.7 Hz, 2H). Yield: 85%. Purity: 97%.
preparations of pyrimidines and their derivatives were

recently disclosed!*172PWe have also studied the utility
of the chalconeba prepared by our new method for the
synthesis of pyrimidine$3a—c. lllustrative examples (Scheme
3) involve reactions of chalcone redsa with acetamidines
12a—c upon heating in DMA, which resulted in the isolation
after cleavage of 2-substituted-4-(4-hydroxymethyl)-6-(4-
methylphenyl)pyrimidined4a—c.

(E)-1-(4-Hydroxyphenyl)-3-(4-methoxyphenyl)prop-2-
en-1-one (6b).*H NMR 6: 3.88 (s, 3H), 6.96 (multiplet,
4H), 7.44 (d,J = 15.5 Hz, 1H), 7.62 (dJ = 8.7 Hz, 2H),
7.82 (d,J = 15.5 Hz, 1H), 8.00 (dJ = 8.5 Hz, 2H). Yield:
85%. Purity: 95%.

(E)-3-(4-Chlorophenyl)-1-(4-hydroxyphenyl)prop-2-en-
1-one (6¢).!H NMR ¢: 6.96 (d,J = 8.8 Hz, 1H), 7.42 (d,
J=8.5Hz, 1H), 7.48 (dJ = 8.5 Hz, 2H), 7.57 (dJ = 8.8

Conclusions Hz, 1H), 7.58 (d,J = 16.4 Hz, 1H), 7.78 (dJ = 16.4 Hz,

A new protocol for the preparation of resin-bound chal- 1H), 8.02 (d,J = 9.0 Hz, 1H), 8.06 (dJ = 8.5 Hz, 2H).
cones was developed through a modified Mitsunobu reaction Yield: 80%. Purity: 74%.
between Wang resin and hydroxyacetophenones, followed (E)-1-(4-Hydroxy-3-methylphenyl)-3-phenylprop-2-en-
by condensations with aryl aldehydes. Compared to the 1-one (6d).Yield: 80%, purity: 90% (LG-MS).
known methods, ours represents a rapid and facile solid-  General Procedure for the Preparation of Resin-Bound
phase preparation of one of the most commonly used building pyrigines 8a—d and 10a-f. Solutions ofa-(benzotriazol-
blocks in the assembly of heterocyclic rings. Syntheses of 1_y|acetonitrile (1.19 g, 7.5 mmol) and the amine of choice
2-dialkylamino- and 2-alkylaminopyridines via benzotriazole (7.5 mmol) in 2-methoxyethanol (30 mL) were heated at 75
mediated chemistry and pyrimidines illustrate the utility of ggeoc for 24 h (DBU (7.5 mmol) was added for the synthesis
this chemistry in solid-phase synthesis. of compounds8d, and 10f). Four tea-bags of resirka—c
(2100 mg of resin per bag) were added to the solutions and
reacted for an additional 24 h at the same temperature. When
the mixtures reached room temperature, the tea-bags were
washed with DMA, THF, MeOH, THF, MeOH, Ci€l,,
MeOH (all by 2 x 30 mL), and the resins were dried for 1
day under high vacuum. Cleavage was performed with 50%
TFA in CHxCl, (1 h, room temperature).

2-(Pyrrolidin-1-yl)-4-(4-methylphenyl)-6-(4-hydroxyphen-
ypyridine (9a). *H NMR ¢: 2.03-2.09 (m, 4H), 3.5¢
3.63 (m, 4H), 6.43 (s, 1H), 6.86 (d,= 8.4 Hz, 2H), 7.15
(s, 1H), 7.30 (d,J = 7.7 Hz, 2H), 7.61 (dJ = 7.7 Hz, 2H),
8.00 (d,J = 8.4 Hz, 2H). Yield: 90%. Purity: 94% (G€E

Experimental Section

General Methods.*H, *C, and GP3C NMR spectra were
collected on a 300 MHz NMR spectrometer (300 and 75
MHz, respectively) using CDghs solvent. Tetrahydrofuran
(THF) was distilled under nitrogen immediately before use
from sodium/benzophenone. All other reagents were obtained
from commercial sources and were used without purification.

General Procedure for the Preparation of Resin-Bound
Acetophenones 3ad. Hydroxyacetophenones (12.5 mmol)
were dissolved in NMM (50 mL), followed by the addition
of triphenylphosphine (3.28 g, 12.5 mmol). To the resulting
solutions, DIAD (2.22 mL, 11.3 mmol) was added dropwise
within 15 min. The resulting yellow solutions were reacted MS), 95% (LC-MS).
for 5 h atroom temperature, and six tea-bags loaded with ~ General Procedure for the Preparation of Resin-Bound
Wang resin (100 mg resin per bag, 0.79 mmol/g) were placed Pyrimidines 13a—c. To solutions of acetamidineb2a—c
in the solution. The mixtures were shaken at room temper- (13.0 mmol) in DMA (30 mL) was added one tea-bag of
ature for 48 h. Two tea-bags were taken out and subsequentlyesin 5a (100 mg). The mixtures were reacted for 24 h at

washed with 2« CH,Cl,, THF, THF:H,O = 1:1, H,O, THF:

H,O = 1:1, THF, MeOH, 2x CH,CI; (all by 30 mL) and
dried under high vacuum overnight. Cleavage was performed
with 50% TFA in CHCI; (1 h, room temperature2& yield
85%. Purity: 95%); Zb: yield 90%. Purity: 98%); Zc:
yield 85%. Purity: 95%); Zd: yield 90%. Purity: 90%).

75—80 °C while gently stirring the solution. When the
mixture reached room temperature, the solutions were
removed and the tea-bag was washed with DMA, THF, THF:
H,O (1:1), THF, CHCI,, MeOH (all by 2 x 30 mL) and
then dried for 1 day under high vacuum. Cleavage was
performed with 50% TFA in CkCl, (1 h, room temperature).
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2-Methyl-4-(4-hydroxyphenyl)-6-(4-methylphenyl)pyri-
midine (14a).'H NMR 6: 2.49 (s, 3H), 2.96 (s, 3H), 6.85
(d,J= 8.6 Hz, 2H), 7.41 (dJ = 8.0 Hz, 2H), 7.79 (s, 1H),
7.89 (d,J = 8.8 Hz, 2H), 7.98 (dJ = 8.2 Hz, 2H). Yield:
90%. Purity: 89%.

2-Phenyl-4-(4-hydroxyphenyl)-6-(4-methylphenyl)pyri-
midine (14b). *H NMR ¢: 3.92 (s, 3H), 6.96 (dJ = 8.7
Hz, 2H), 7.08 (dJ = 8.9 Hz, 2H), 7.56-7.59 (m, 3H), 7.84
(s, 1H), 8.10 (dJ = 8.7 Hz, 2H), 8.21 (dJ = 8.8 Hz, 2H),
8.55-8.57 (m, 2H). Yield: 85%. Purity: 79%.

2-(3-Nitrophenyl)-4-(4-hydroxyphenyl)-6-(4-methylphen-
yl)pyrimidine (14c). *H NMR ¢: 3.93 (s, 3H), 7.02 (d) =
8.8 Hz, 2H), 7.08 (dJ = 8.9 Hz, 2H), 7.70 (t) = 8.0 Hz,
1H), 7.94 (s, 1H), 8.22 (d] = 8.8 Hz, 2H), 8.26 (dJ = 8.9
Hz, 2H), 8.35 (ddJ = 1.6, 8.2 Hz, 1H), 9.03 (dJ = 7.8
Hz, 1H), 9.50 (dJ = 1.6 Hz, 1H). Yield: 90%. Purity: 93%.

References and Notes
(1) (a) Fruchtel, J. S.; Jung, Bngew. Chem., Int. Ed. Engl99§ 35,

17-42. (b) Hermkens, P. H. H.; Ottenheijm, H. C. J.; Rees, D.

Tetrahedron 1996 52, 4527-4529. (c) Hermkens, P. H. H.;
Ottenheijm, H. C. J.; Rees, Oetrahedron1997 53, 5643-5644.

(d) Booth, S.; Hermkens, P. H. H.; Ottenheijm, H. C. J.; Rees, D.

Tetrahedronl998 54, 15385-15443. (e) Andres, C. J.; Denhart, D.
J.; Deshpande, M. S.; Gillman, K. \€omb. Chem. High Throughput
Screeningl999 2 (4), 191-210. (f) Lorsbach, B. A.; Kurth, M. J.
Chem. Re. 1999 99, 1549-1581.

(2) Hollinshead, S. PTetrahedron Lett1996 37, 9157-9160.

Journal of Combinatorial Chemistry, 2000, Vol. 2, No. 285
(3) Chiu, C.; Tang, Z.; Ellingboe, J. W. Comb. Chem1999 1, 73—
77

(4) Marzinzik, A. L.; Felder, E. RJ. Org. Chem1998 63, 723-727.

(5) (a) Powers, D. G.; Casebier, D. S.; Fokas, D.; Ryan, W. J.; Troth, J.
R.; Coffen, D. L.Tetrahedrorl998 54, 4085-4096. (b) Deshpande,
A. M.; Argade, N. P.; Natu, A. A.; Eckman, Bioorg. Med. Chem.
1999 7 (6), 1237-1240.

(6) Xu, Z.-H.; McArthur, C. R.; Leznoff, C. CCan. J. Chem1983 61,
1405-14009.

(7) Beaver, K. A.; Siegmund, A. C.; Spear, K. Tetrahedron Lett1996
37, 1145-1148.

(8) Richter, L. S.; Gadek, T. Rietrahedron Lett1994 35, 4705-4706.

(9) Rano, T. A,; Chapman, K. TTetrahedron Lett1995 36, 3789~
3791.

(10) McNally, J. J.; Youngman, M. A.; Dax, S. [etrahedron Lett1998
39, 967-970.

(11) Devraj, R.; Cushman, Ml. Org. Chem1996 61, 9368-9373.

(12) Purandare, A. V.; Natarajan, Betrahedron Lett1997 38, 8777
8780.

(13) Nefzi, A.; Ostresh, J. M.; Houghten, R. £hem. Re. 1997, 97,
449-472.

(14) Gordeev, M. F.; Patel, D. V. Heterocyclic Combinatorial Chemis-
try: Azine and Diazepine PharmacophoresClombinatoiral Chem-
istry and Molecular Diersity in Drug Disceery;, Gordon, E. M.,
Kerwin, J. F., Jr., Eds.; Wiley-Liss, Inc.: New York, 1998; pp 201
212.

(15) Grosche, P.; Htzel, A.; Walk, T. B.; Trautwein, A. W.; Jung, G.
Synthesis1999 11, 1961-1970.

(16) Katritzky, A. R.; Belyakov, S. A.; Sorochinsky, A. E.; Henderson,
S. A,; Chen, JJ. Org. Chem1997, 62, 6210-6214.

(17) (a) Obrecht, D.; Abrecht, C.; Grieder, A.; Villalgordo, J. Melv.
Chim. Acta1997 80, 65-72. (b) Srivastava, S. K.; Haq, W,;
Chauhan, P. M. SComb. Chem. High Throughput Screent@99
2 (1), 33-38.

CC990072Q



