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A “Catch and Release” Strategy for the Parallel Synthesis of
2,4,5-Trisubstituted Pyrimidines

Andrea Porcheddu,* Giampaolo Giacomelli, Lidia De Luca, and Antonio Maria Ruda
Dipartimento di Chimica, Uniersita degli Studi di Sassariyia Vienna 2, [-07100 Sassari, Italy

Receied July 1, 2003

A resin capture and release strategy for making a combinatorial array of 2,4,5-trisubstituted pyrimidines is
demonstrated by capturing-ketoesters ang-ketoamides on a solid-supported piperazine. Through a
cyclocondensation reaction, the solid-supported enaminone is reacted with several guanidines under heating
or microwave irradiation affording the corresponding pyrimidines in good yield and chemical purity directly

on solution. After this final step, the support can be effectively recycled.

Introduction with a high degree of potential diversity and wide utility for
Combinatorial chemistry is recognized as a very powerful drug discovery using solid-phase techniques, it is important
tool for the acceleration of the drug discovery procesee ~ (© design a pyrimidine synthesis in which at least three
philosophy behind how combinatorial methods can be components can be independently and rgadlly varied. In that
employed more effectively has become more refined to allow context, sulfur linkers have been attractive for heterocyclic

for such concepts as “privileged structures” and the synthesissyn_theSis' The .sulf.ur linker .is popular becapse it can be
of libraries that contain “druglike” characteristiésThe activated by oxidation and displaced by a wide variety of

design and the synthesis of platforms that possess drug"kenucleophlles to introduce new diversity into the molecule

characteristics and are also amenable to parallel high(cleavage/diversificatiorﬂA limitation against this simple

throughput synthesis methods remain a continuing challenge®PProach is that the procedure is not suitable to prepare
for contemporary medicinal chemistfy. pyrimidines having substituents susceptible to this oxidant

Recently, we embarked on a development program for the condition (m-CPBA)'.° Moreover, a postsynthetic purification

parallel synthesis of several biologically interesting hetero-

is required if more than 1.0 molar equivalent of reagent is
cycles? Because heterocycles form the basis of many drug used for the diversification/cleavage step or if the conversion
classes, combinatorial libraries derived from known hetero-

is not totally achieved. Furthermore, at the end of the process,
cyclic core fragments are attractive targets for identifying

it is not possible to recycle the polymer.

lead st_ructureé_A relatively Iit.tle. gxplored (;Iass of hetero_— Results and Discussion
cycles is constituted from pyrimidines bearing an alkylamine A ¢ . di imed d the identifi
substituent on the 2-position. 2-Aminopyrimidine derivatives S afpart 0 onkg]o.mg Sth €S aime btlowar . tl €1de n.t('j.'ca'
are found in compounds with potential biological functions tion ho new c}ec n!%ues é).r. a com |rr]1at0r|a pyrlm:j ine
as diverse as antipsychotic, cardioprotective, and antimalarialSY"tnes!s under miid con !thﬂS, we have examined new
activities® traceless linker methodologies on solid phase. Condensation

We were therefore interested in the solid-phase synthesisre‘F’lCt'on_S of 1,3-<_j|(_:arbonyl compounds or synthetic equiva-
of pyrimidines libraries. Common approaches for this class lents _W'th gua_nlq”_we zillow a broad access to 2-amino-
of compounds include ring formation reactions and thermal SUb‘T.t'tli.ted ﬂy””?'d'g‘eé- we report herelnh_thhe suckc):essful
nucleophilic aromatic substitution reactions of halogenated application of resin-boung-enaminones, which can be seen

pyrimidines with amine$Nucleophilic aromatic substitution Folt(h as]: SLter])ported sytrjthetlfchguhﬁlh?rlest.or T.OV(;' 2tracgless
reactions of electron deficient halogenated pyrimidines are INKers Tor the preparation of highly functionalized 2-amino

usually rapid and high yielding. However, in the case of pyrimidine librariest? We were attracted to such a strategy
electron rich or even neutral halogenated ,pyrimidines ca as enaminones should be versatile intermediates too for the
with alkyl, alkoxyl, or amino substituents), the substitution preparation of several other heterocyclic derivatie$o

reactions require prolonged heating for hours or days. Onegestljgr?_a ragl?j_syn;tlheystof a Il|l?[_rary of cgmpgugtis that r(]:an
further limitation of these approaches is that one substituent € delivered directly onto solution, we decided o anchor

is held invariant in order to anchor the pyrimidine ring to the S-enamino ketqne on a .SOI'd am|ne-funct|on_al|zed
the solid phasé. support. To reach this goal, we first chose the synthetic route

To avoid this limitation, a “traceless” strategy had to be depicted in the retrosynthetic Scheme 1, which had been

designed that would be compatible with the synthesis of successfully applied to the synthesis of pyrazoles and

i 4,15
heterocyclic systems. To prepare a collection of pyrimidines |soxazole§1. . . :
The amine group on solid support was an attractive point

* To whom correspondence should be addressed. 89 079229528. to reall_ze a_“catc_h an_d _release’_’ _app_roach and to deliver Fhe
Fax: +39 079229559. E-mail: anpo@uniss.it. target libraries with minimal purification steps. Several solid
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Scheme 1.Retrosyntetic Analysis of a Library of Pyrimidines
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Scheme 2. Solid-Support Amines Used To Prepare
Support-Boung-Enaminones

Q

9 0O NH
N
Bn
(] % Oy O
H N
1 1a 1b 1c 1d
@ = (PS)-Ph-CH,

Scheme 3.Preparation of Polymer-Bound Enofes
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Scheme 4. Synthetic Route to Substituted Pyrimidifa
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styrenel. The synthetic strategy was initially optimized using
commercial 5-keto esters and subsequently extended to
pB-keto esters an@-keto amides prepared according to the
classical malonic synthesi§.

The desired 2-aminopyrimidines§)(were prepared from
the -enaminone on the resid)(and guanidine §) by
refluxing them together in a basic alcoholic media. Thus,
the condensation afa with 1 equiv of guanidine nitratba
liberated from its salt with sodium ethoxide in boiling EtOH/
THF (4/1) fa 2 h resulted in the formation of the chemically
pure target heterocyclic speci@ain 88% yield (Scheme 4).

Initially, our main focus in further derivatizing the
enaminone was the conversion to pyrimidines by means of
a number of guanidines with different steric and electronic
properties. The current literature reveals a growing number

determined by colorimetric assays and elementary analysis of resin beads)Of examples of syntheses of guanidines, which utilize several

guanilating reagents. Typically, the synthesis of guanidines

support amines were found to perform well in the synthesis involves treatment of an amine with an electrophilic amidine

of the support-boung-enaminone (Scheme 2).
Generally, piperazind and piperidinela provided the

species. 3,5-Dimethyl-1-pyrazolylformamidinium nitrate
(commercially available) was used to convert primary,

cleanest products after cleavage. Moreover, most of thesecondary, and aromatic amines to their guanidine nitrate
acyclic secondary amines and branched primary aminesderivatives under mild conditiori§.This protocol allowed
afforded complex mixtures in the cyclization displacement the efficient guanylation of complex, thermally labile amines
step. Taking into account that supported piperazinis (Scheme 5).
commercially available, we chose to explore its use for the  Two j-ketoestersta,b and 13 guanidines with potential
formation of an anchore@-enaminone. To increase the different reactivity were selected to check the optimized
amount of material that could be generated, a relatively high- pyrimidine synthesis conditions in the preparation of a 26-
loading form (5.60 mmol/g) was selected. Therefore, a membered array (Scheme 4 and Table 1). Another 13-
mixture of piperazine bound resih, N-formylimidazole membered array was prepared using the same guanidines
dimethylacetaP, and g3-keto este3 was mixed and heated (Scheme 6 and Table 1) with the immobiliz8eketoamide
for 48 h in DMF, in the presence of 10% CSA as catalyst 4c followed by purification of the final compounds. The
(Scheme 3). Filtration from the beads gg8«enaminonet excess of reagents can be easily removed at the end by means
in good yield (as determined by colorimetric assays and of an aqueous acidic work up or a strong cationic exchange
elementary analysis of resin beads). resin capturing for the semiautomated sample purification.
This result convinced us to further explore the function- This last postsynthetic purification procedure appears to be
alized polymerl in this reaction. Thus, severgidicarbonyl particularly efficient for the hydrophilic pyrimidines. Pyri-
compounds3a—c) were attached to piperazinomethylpoly- midines were obtained in both good yield and chemical purity
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Scheme 5. Preparation of an Array of Guanidines

R2

Journal of Combinatorial Chemistry, 2004, Vol. 6, No. 107

. NH
/ \N iPrOH 2 NO3
N/ HNQ 3 reflux, 2h R2 + / \
R0, R™ (MW, 80°C, 10 min.) N NH, N
N NH R =H,R* 1|23 E
2 ® 7 2 Sa-n
@
° i, JI\II\HZ JI\ILHz NH2 NHz O\ °NH, Q ®NH,
~ HO
H,N” “NH, I'\I NH, E't \/\ YH H,
Sa 5b Sc Se Sg
® ® ®
NH, NH, NH2 ®NH NH,
N~ NH N - J
i 2 Q NH, |/\N NH, Il}{] NH, ©/\H NH,
OH  5p 5i 51 5m 5n

Table 1. Representative Pyrimidine Synthesis Using Enaminone Reéascf and Various Guanidinesé—n, 7) under

Thermal Conditions

R! @ @No
QN N N §_€
_R? __ EONa _ 4
0 HN N T THREOH 4< E j
O 0 e 2h, reflux
da-c R Sil-lle? 6-8 fRELILlEd}

3 5 6a-0.Y= 0, R=Me R'=Ft

R*=H.R 7a-0.Y= 0. R=IPr. R'=Et

8a-0,Y = NEt, R=1Pr, R'=Et
guanidine/ % yield?/ guanidine/ % yield®/ guanidine/ % yield?/
entry enaminone purity® entry enaminone purity® entry enaminone purity?
6a 5alda 88/91 7a 5aldb 85/87 8a 5al4c 87/89
6b 5b/4a 92/89 7b 5b/4b 90/88 8b 5b/4c 90/85
6C 5clda 91/88 7c 5cl/4b 89/85 8c 5cl4c 91/87
6d 5d/4a 93/87 7d 5d/4b 89/86 8d 5d/4c 93/85
6e 5e/da 81/89 7e 5e/4b 83/87 8e 5el4c 85/88
6f 5flda 94/85 7f 5f/4b 92/90 8f 5fl4c 94/87
69 5g/4a 90/90 79 5g/4b 92/88 8g 5g/4c 92/89
6h 5h/4a 92/92 7h 5h/4b 91/87 8h 5h/4c 94/85
6i 5ild4a 91/90 7i 5i/4b 90/88 8i 5il4c 91/90
6l 5l/4a 89/87 71 5l/4b 92/89 8l 5l/4c 89/88
6m 5m/da 92/89 m 5m/4b 94/91 8m 5m/4c 92/90
6n 5n/4a 89/91 n 5n/4b 92/88 8n 5n/4c 91/90
60 7/4a 94/89 70 7/4b 92/93 80 7/4c 90/92

aYijelds are determined based on mass recovery of crude prddeatity given is determined from crude material based on area of peak
corresponding to the correct molecular weight, monitored by HPU® detection, scanning at 254 nm.

(between 85 and 92%, as judged by HPLQV 254/MS

able to form an intensely colored complex (rust-brown) with

measurements) independently of the structure of the guanidinegnolizable ketones.

andf-keto ester of3-keto amide employed. These data are

On the basis of our recent encouraging experiences in the

summarized in Table 1. More details are reported in the area of microwave-assisted So”d_phase Chem?gm also

Experimental Section.
During the development of this protocol, we used two

considered the use of this technology to optimize the timing
of developed protocd® Resin-bound enaminone synthesis

colorimetric tests to verify the progress of the reactions. The can be effectively performed in high yield within 30 min
free amine on polymer was monitored using the chloranil using a self-tunable microwave synthesizer af832 The
test. This rather sensitive assay enables the detection of evemneaction was carried out in an open vessel to allow the
small amounts of free secondary amines on the resin, andremoval of the formed methanol from the equilibrigffter
thereby, a negative test indicates that the enaminone wassome experiments, we discovered that the desired pyri-
anchored on the solid support. The presence on the resirmidines6—8 could be efficiently released from the resin by
(and consequently the delivery from the resin) of enaminonescontrolled single mode microwave irradiation of supported

4 could be monitored with iron(lll) te&t too, which was

enaminone in the presence of guanidirfes—n and 7,
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Scheme 6. MWI Capture and Release of Pyrimidines via Solid-Supported Enamifones

6-8
Yield: 88-95%, Purity: > 98%
4a: Y=0; R = Me;
CH(OMe), 4b: Y=0: R=Pp \ 6a2-0,Y=0, R=Me.R'=Et
4¢: Y=NE: R='Pr R'=Et R 7a-0.Y=0, R=Pr, R'=Et
5a-n,7 8a-0,Y =NEt,,R = 'Pr, R'=Ft

aReagents and conditions: (i) DMF, CSA (catalytic), MWI, 80, 30 min. (ii) EtONa, EtOH/THF (4/1), MWI, 130C, 10 min.

Table 2. Comparison of Conventional and Microwave recycled solid support, and high yields of the desired products
Procedures for Pyrimidine Libraries Synthesis with high level of purity were always obtained at least for
thermal reaction microwave-assisted reaction ~ 3—4 cycles.
(2h, 65°C) (20 min, 80°C) In summary, we describe an alternative approach to the
pyrimidines % yield/purity? % yield®/purity® synthesis of libraries of substituted pyrimidines starting from
6a—0 91/89 92/98 different 3-keto-esters of3-keto-amides, using a low cost
7a—0 90/88 90/99 and high loading polymer, under very mild conditions and
8a—o0 91/88 90/98

through a microwave strategy. Thermal drawbacks of solid-
2 Average yield determined based on mass recovery of crude supported chemistry, such as degradation of the polymer
product.” Average purity determined by HPLC peak area at 254 support caused by heating for long times, are so avoided.
nm. " ) .
Additional results of an ongoing effort in our laboratory to
working in a sealed tube for 10 min at 13G and using develop solid-phase methodologies for the synthesis of other

EtOH/THF (4/1) as solvent (Scheme 6) (see Experimental fu_sed ring systems based on the key enaminone intermediate
Section)? will be reported elsewhere.

Increasing the reaction time up to 20 min or resubjecting _ €neral Procedure for Guanidine Nitrate Synthesis.
the recovered resin under the above conditions did not change3€n2ylguanidine Nitrate. To 3,5-dimethyl-lguanylpyrazole
both yield and purity. On the contrary, irradiating at 78 nitrate (0.4 g, 2 mmol) in 15 mL ofPrOH was added
in a sealed tube for 5 min, the yield of the isolated cleaved Penzylamine (0.43 g, 0.44 mL, 4.0 mmol). The mixture was
compounds increased slightly, but the purity was somewhat"€fluxed until the disappearance of guanypyrazole (TLC:
lower and it was not possible to recycle the restored sugport. PCM/MeOH/NH; 4/1/2) and allowed to cool. Ether (5 mL)
Because of the low purities, in these solid-phase transforma-Was added, and the resulting sticky solid product was
tions, a further postcleavage purification of these compoundscollected, washed with ether, and dried in vacuo. Recrys-
was necessary. At the optimum cleavage temperature of 13d@llization of the crude product fronPrOH/ELO (1/1)
°C and using the same equivalents of reagents as in theyielded 0.3 g (70%) of benzylguanidine nitrate as a white
thermal reaction, the microwave-assisted release gave similafrystalline solid; mp 153152 °C (lit.2° mp 150-153 °C).
isolated yields of products. Pyrimidinés-8 were obtained ~'H NMR (D;0): 4.60 (s, 2H). 7.257.40 (m, 5H).*C
in very high purity &95%) as judged by HPLEUV 254/ (D2O): 45.3,126.3, 127.5, 128.2, 135.0, 156.8. Anal. Calcd
MS measurements (see Table 2 for details). The chemicalfor CsHi2N4Os: C, 45.28; H, 5.70; N, 26.40. Found: C,
identity and HPLG-UV homogeneity of a selection of these 45.30; H, 5.67; N, 26.40.
samples were further corroborated by comparison of their General Procedure for Conventional and Microwave-

IH NMR data with the spectra obtained from conventional Assisted Pyrimidine Synthesis. 1. Conventional Proce-
solution-phase experiments. Yields were determined by dure. a. Resin-Bound Enaminone.To a suspension of
weighing the isolated solid materials after evaporation of piperazine resin (0.18 g, 1.00 mmol) swollen in DMF (2 mL)
solvent and were generally in the range of-85% (over was added a solution of N-formylimidazole dimethylacetal
two steps, based on the initial loading of PS relinThese (0.85 g, 6 mmol), ethyl acetoacetate (0.39 g, 0.38 mL, 3
microwave-assisted reaction conditions also significantly mmol), and camphorsulfonic acid (86.0 mg, 10% w/w) in
reduced the reaction time for the solid-phase cleavage DMF (8 mL). The resulting mixture was heated to 80
reactions. In Table 2 are reported some results for thefor 48 h. The complete conversion of supported secondary
cleavage reactions of restunder MW irradiation (method  amine to enaminone was confirmed using the colorimetric
B), as compared with those of the thermal reaction (method “Chloranil test” (negative). After it was cooled, the mixture
A). was transferred to a polypropylene vessel, and the resin was

The solid support used can be regenerated in a turnoveffiltered off and washed with alternating portions of DMF (3
cycle. The procedure described was in fact repeated usingx 10 mL), MeOH (3x 10 mL), and CHCI, (3 x 10 mL).




Synthesis of 2,4,5-Trisubstituted Pyrimidines Journal of Combinatorial Chemistry, 2004, Vol. 6, No. 109

The resin was dried under reduced pressure. After a samplesuspension was placed into an sealed tube (CEM designed
was taken for IR, the resin was directly used for the next 10 mL pressure-rated reaction vial), and the reaction mixture
step. The IR spectrum of this sample was compared with was exposed to microwave irradiation as above for 10 min
the piperazine starting resin (KBr pellet) and showed a strong at 130°C and monitored for the disappearance of carbonyl
carbonyl absorption band at 1688, 1643, and 1580'cm function on the support-bound material (negative keCl
indicating successful solid support capture offtHeeto ester. colorimetric test, positive to chloranil test). After it was
b. Cyclization. 1,1-Dimethylguanidine nitrate (0.15 g, 1.00 cooled to room temperature, the resin was then collected
mmol) was added at room temperature to a solution of Using a sintered glass funnel and successively washed several
sodium ethoxide in ethanol, prepared from sodium (24 mg, times with EtOH (3x 10 mL). All of the alcoholic layers
1.00 mmol) and anhydrous ethanol (4 mL). The suspensionwere combined and concentrated in a vacuum, and the
was stirred for 10 min, and the sodium nitrate was removed residue was dissolved in GEl (20 mL). Methylene chloride
by filtration. The ethanol solution of guanidine was added solution was sequentially washed with 5% HCI aqueous
to the solid-supported enaminorga (from the above solution, aqueous solution, and brine and dried over anhy-
experiment) swollen in dry THF (1 mL). The mixture was drous NaSQ.. The solvent was evaporated to dryness under
heated at reflux until disappearance of carbonyl function on reduced pressure to give the pure target pyrimi@in¢0.20
the support-bound material (negative to Fe@lorimetric 9, 95% yield, 99% HPLC purity). The identity of the products
test, positive to chloranil test). After it was cooled to room Wwas controlled by comparison of thél NMR, °C NMR,
temperature, the resin was collected in a coarse-fritted funneland MS spectra with literature data.
attached to a jointed Erlenmeyer flask connected to vacuum  Ethyl 2-(Dimethylamino)-4-methypyrimidine-5-carbox-
and successively washed with EtOH %310 mL) agitating ~ Ylate (6b). Yield, 92% (95% yield, MWI). White powder,
the resin with a wooden spatula to ensure mixing. All of the Mp 56-58 °C (petroleum etherfH NMR (CDCly): 6 1.36
alcoholic layers were combined and concentrated in vacuo, (t, J = 6.0 Hz, 3 H, CH), 2.65 (s, 3 H, CHh), 3.24 (s, 6 H,
and the residue was dissolved in &Hb (20 mL). Methylene  (CHa)2N), 4.32 (9, = 6.0 Hz, 2 H, OCH), 8.82 (s, 1 H,
chloride solution was sequentially washed with 5% HCI AT, H-6). °C NMR (CDCE): 6 14.6, 25.7, 34.8, 60.4, 111.0,
aqueous solution, agueous solution, and brine and dried over!58.6, 160.1, 166.5, 170.0. IR (CH{I 1705, 1584, 1560,
anhydrous Nz80,. The solvent was evaporated to dryness 1415 cnt'. MS (ESI+ ve ion): m'z = 210.23 [M+ H]*.
under reduced pressure to give the pure title pyrimiéinhe ~ HPLC analysis: 89% (99% MWI). Anal. Calcd for
(0.19 g, 92% vield, 89% purity). The identity of the product CioH1sN3O2: C, 57.40; H, 7.23; N, 20.08. Found: C, 57.43;
was controlled by comparison of th, 1°C NMR, and MS ~ H, 7.20; N, 20.10.
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