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An expedient, traceless, solid-phase synthesis of 2,4,6-trisubstituted thiazolo[4,5-d]pyrimidine-5,7-dione
derivatives has been developed. The solid-phase synthetic route utilizes urea formation by a microwave
irradiation promoted reaction of a thiazole amino ester resin with an isocyanate. The resulting urea resin is
converted to a thiazolopyrimidinedione resin, containing two diversity elements at N-4 and N-6, by using
a one-pot cyclization/N-alkylation process. After oxidation to form a sulfone, nucleophilic C-2 substitution
with amines, the third diversity element, gives the target 2,4,6-trisubstituted thiazolo[4,5-d]pyrimide-5,7-
dione derivatives. This highly efficient solid-phase synthetic sequence enables the incorporation of three
points of diversity into the preparation of the thiazolo[4,5-d|pyrimidine-5,7-dione ring system.

Introduction

The combinatorial synthesis of small organic molecules
in either the solution-phase or on solid support has had a
significant impact in the area of drug discovery.'? Among
small molecule families, heterocyclic compounds have
received particular attention in this regard, since they are
often important structural components of bioactive mol-
ecules.? Thiazolo[4,5-d]pyrimidine-5,7-dione derivatives
(1, Figure 1), congeners of xanthine and uracil (pyrim-
idinedione), exhibit a wide range of important biological
properties® and, as a result, they serve as attractive targets
for combinatorial library construction via solid-phase syn-
thesis. For examples, thiazolo[4,5-d]pyrimidinedione have
demonstrated activities as TNF-o inhibitors for rheumatoid
arthritis, multiple sclerosis, and ashma,?® as antidepressant
agents acting on the central nervous system, °° as hepatitis
C virus (HCV) polymerase inhibitors, ** and as antihuman
cytomegalovirus (HCMV) agents.*® In view of these diverse
properties, methods for efficient synthesis of thiazolo[4,5-
d]pyrimidine-5,7-diones have attracted much attention and
led to the development of a number of preparative routes.*
However, we have not been able to uncover reports which
describe the synthesis of thiazolo[4,5-d]pyrimidine-5,7-diones
on solid supports or concise approaches for solution-phase
synthesis of 2.4,6-trisubstituted analogs. Related to this,
several solid-phase syntheses of xanthine® and pyrrolo-
[3,2-d]pyrimidinedione® have recently been described.

In an early effort, we developed a facile, rapid, traceless
linker based solid-phase strategy for the preparation of a
small molecule library based on the thiazole and fused-
thiazole scaffolds.” As part of an ongoing drug discovery
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project, we required concise solid- or solution-phase routes
for the construction of a fused-thiazolo heterocycle library.
Below are described recent results from this investigation
that has led to the first solid-phase synthetic protocol for
preparation of 2,4,6-trisubstituted thiazolo[4,5-d]pyrimidine-
5,7-dione derivatives 1 (see Figure 1), which we believe is
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Figure 1. Structures of xanthine, uracil, and thiazolo[4,5-d]pyri-
midine-5,7-dione 1.

Scheme 1. Solution-Phase Synthesis of
Thiazolo[4,5-d]pyrimidine-5,7-dione 1a
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Scheme 2. Solid-Phase Synthesis of
Thiazolo[4,5-d]pyrimidine-5,7-dione Derivatives 1
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applicable to high-throughput construction of drug-like
compound libraries.

Results and Discussion

In preliminary studies, the development of reactions and
conditions for the solution-phase synthesis of thiazolo-
[4,5-d]pyrimidine-5,7-dione derivatives 1 was explored
(Scheme 1). The route begins with conversion of the known
thiazole amino ester 27*® to the thiazolo[4,5-d]pyrimidine-
5,7-dione 3 via reaction with isocyanates that serve as one
diversity element. This is exemplified by the reaction of
amino ester 2 with phenyl isocyanate in the presence of
pyridine, +-BuOLi, or diisopropylethylamine. This process
did not lead to high yielding formation of thiazolourea 4,
even in refluxing THF, toluene, or DMSO. Recently,
microwave (MW) irradiation has been shown to be a
powerful tool for various solution- or solid-phase chemical
reactions.’ Interestingly, reaction of 2 with phenyl isocyanate
under MW irradiation conditions (i-Pr,NEt, DMSO, 150 °C,
20 min), led to thiazolourea 4 in a 72% yield. Although MW-
assisted reaction of amino ester compound with isocyanate
in DMSO/H,O0 is known to generate pyrimidinediones (e.g.,
3),10 only urea 4 was obtained in our case.

Attempts to promote cyclization of thiazolourea 4 to form
the thiazolo[4,5-d]pyrimidinedione ring by using various
reaction conditions (NaOH, THF/H,0,**!'! NaOEt, EtOH,>!2
and -BuOK, toluene, or THF13) were unsuccessful. In
contrast, the desired thiazolo[4,5-d]pyrimidine-5,7-dione 5
is obtained by employing a one-pot cyclization/N-alkylation
procedure in a 64% yield. Accordingly, treatment of thia-
zolourea 4 with NaH in DMF'* for 1 h at room temperature
to generate cyclization product 3 is followed by in situ
N-alkylation with methyl iodide for 1 h to generate 5.

The thiazolo[4,5-d]pyrimidine-5,7-dione 5§ was oxidized
to form sulfone 6 by reaction with mCPBA in CH,Cl,. The
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Figure 2. ATR-FTIR spectra of resins 7, 10, 12, and 13 (R! = Ph
R? = Me).

sulfone group in 6 (crude) was displaced by reaction with
benzylamine in CH,Cl, to produce the target thiazolo
[4,5-d]pyrimidine-5,7-dione derivative 1a (73% yield from
5). This product was characterized by using ESI-LC-MS, as
well as 'H and '*C NMR spectroscopy. Overall, this solution-
phase synthetic route is efficient and practical.

On the basis of successful solution-phase reaction condi-
tions, the solid-phase synthetic route for preparation of
thiazolo[4,5-d]pyrimidine-5,7-dione derivatives utilizes ap-
propriate isocyanates, alkyl halides, and amines as key
building blocks and diversity elements. The sequence begins
with formation of thiazole amino ester resin 7 through
reaction of the solid supported cyanocarbonimidodithioate
8 with ethyl 2-bromoacetate (Scheme 2). The known resin
8 is derived from the Merrifield resin 9 by reaction with
dipotassium cyanodithioimidocarbonate.”

The amino ester resin 7 is first swollen in DMSO and then
treated under MW irradiation conditions with isocyanate (the
first diversity element) to give the corresponding thiazolourea
resin 10. The progress of this reaction (R! = Ph) was
monitored by using ATR-FTIR, which showed that the NH,
stretching bands at 3493 and 3363 cm™! disappeared in
concert with the shift of an ester stretching band from 1666
cm ! to 1672 cm ™! and the appearance of a urea carbonyl
stretching band at 1713 cm™! (Figure 2). The one-pot
cyclization/N-alkylation of thiazolourea resin 10, using NaH/
alkyl halide (the second diversity element), was carried out
in DMF at room temperature. Accordingly, treatment of resin
10 with NaH in DMF provided the intermediate 11, which
undergoes in situ N-alkylation with methyl iodide to provide
the desired thiazolo[4,5-d|pyrimidine-5,7-dione resin 12
(R! = Ph, R?> = Me). The progress of this process was
monitored by using ATR-FTIR, which displayed the disap-
pearance of the characteristic CNH band at 1541 cm™ L.
Treatment of resin 13 with mCPBA in CH,Cl, provides the
resin-bound sulfone intermediate resin 13. Although this
reaction is not amenable to ATR-FTIR monitoring, it models
well-known solution-phase thiazole forming reactions.”"'?

Finally, the sulfone group in resin 13 is displaced by
desulfonative substitution reaction with the corresponding
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Chart 1. Calculated Physicochemical Properties of the 2,4,6-Trisubstituted Thizaolo[4,5-d]pyrimidine-5,7-dione Derivatives 1
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amines (benzylamine for 1a), serving as a third diversity
element in CH,Cl,. This process, which is accompanied by
concurrent cleavage from the resin, furnished the final
thiazolo[4,5-d]pyrimidine-5,7-dione derivative 1a (34% over
six steps, from Merrifield resin 9) which was purified by
column chromatography. The '"H NMR spectrum of thia-
zolo[4,5-d]pyrimidine-5,7-dione 1a matched that of material
produced by using the solution-phase synthetic route.

By using the new solid-phase synthetic route, we were
able to prepare the thiazolo[4,5-d]pyrimidine-5,7-dione de-
rivatives displayed in Table 1 starting from Merrifield resin
9 and appropriate isocyanates (R'NCO), alkyl halides (R2X),
and amines (R’R*NH).

The results summarized in Table 1 show that when R! is
phenyl or 4-methoxyphenyl, the corresponding thiazolo[4,5-
d]pyrimidine-5,7-diones are produced in good yields (Table
1, entries 1—32, 21—34%). However, when R! is ethyl, the
overall yields are lower (entries 33—48, 10—21%). Also, in
contrast to cases in which the R? substituent is a benzyl or
methyl where the yields of the thiazolo[4,5-d]pyrimidine-
5,7-diones are high (entries 1—16, 25—34%), routes in which
R? s the electron-withdrawing benzyl (4-nitrobenzyl) proceed
inefficiently (entries 17—24, 21—28%). Among the R*R*NH
series, desulfonative nucleophilic substitution takes place
smoothly with benzyl, primary aliphatic, and secondary
amines (entries 1—8). The isolated overall yields for thia-
zolo[4,5-d]pyrimidine-5,7-diones ranged from 10 to 34% for
the six step linear pathway (average yield for each step was
69 to 84%) from the Merrifield resin 9. Moreover, the target
compounds are furnished in high purities [>95% as judged
from LC-MS traces (integration of diode array 200—400 nm

traces)] and characterized by using MS as well as 'H and
13C NMR spectroscopy.

Having established a flexible procedure for solid-phase
synthesis of 2,4,6-trisubstituted thiazolo[4,5-d]pyrimidine-
5,7-dione derivatives 1, our attention next turned to the
evaluation of the potential drug properties of members of
this heterocycle family. In general, the ultimate goal of a
drug discovery programs is the synthesis of chemical entities
that are orally bioavailable; that is, they possess physiological
properties that allow them to be absorbed into the gas-
trointestinal system. Lipinski’s Rule'® and similar formula-
tions serve as guides to an estimation of the physicochemical
properties of the 2,4,6-trisubstituted thiazolo[4,5-d]pyrimi-
dine-5,7-dione derivatives calculated using Accord for Excel
functions.'” Of particular interest are the key bioavailability
parameters including molecular weight, lipophilicity, number
of hydrogen bond donors and acceptors, number of rotatable
bonds, and the polar surface area. Chart 1 displays the results
of these physicochemical property calculations, performed
on the library we have constructed (see Table 1). As can be
seen by viewing the data, most of the key parameters for
members of the library fall within the range of those
predicted for reasonable oral bioavailable drugs by using the
commonly known guidelines.

In summary, this investigation has led to the development
of the first traceless solid-phase synthetic route that efficiently
generates 2,4,6-trisubstituted thiazolo[4,5-d]|pyrimidine-5,7-
dione derivatives, which are congeners of xanthine and uracil.
The sequence contains three diversity sites that are introduced
in reactions involving isocyanates (R'), alkyl halides (R?),
and amines (R?). The strategy, based on an efficient solution-
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Table 1. Prepared Thiazolo[4,5-d]pyrimidine-5,7-dione Derivatives 1 Using Solid-Phase Synthetic Route”
R
SIS N
N L
R$ S YR
1 (o]
entry products R! R? RR'N  Yield (%) entry products R! R? RR'™N  Yield (%)b|
1 1a Ph Me BnNH 34 25 ly 4-MeO-Ph Me BnNH 29
2 1b Ph Me  4-MeO-BnNH 31 26 1z 4-MeO-Ph  Me  4-MeO-BnNH 30
3 1c Ph Me n-PrNH 30 27 1aa  4-MeO-Ph Me n-PrNH 29
4 ld Ph Me CﬁH] | CHzNH 31 28 1lab 4-MEO-Ph Me C@HJ 1CH2N-H 31
5 1e Ph Me¢ EtLN 29 29 lac  4-MeO-Ph Me Et;N 23
-\
6 1f Ph Me \/N 25 30 lad 4-MeO-Ph Me CN 21
7 1g Ph Me N 30 31 lae  4-MeO-Ph  Me ¢ N 26
/N N\
8 Lh Ph Me g N 31 32 laf  4-MeO-'h  Me 3N 23
9 li Ph Bn BnNH 32 33 lag Et Me BnNH 13
101 Ph Bn  4-MeO-BoNH - 32 34 1lah Et Me  4-MeO-BaNH 12
1 1k Ph Bn n-PrNH 33 35 lai Et Me n-PrNH 15
12 11 Ph Bn CeH; CH,NH 29 36 1aj Et Me CeH;,CH,NH 14
13 1m Ph Bn Et;N 31 37 T1ak Et Me Et;N 12
N
14 in Ph Bn \/N 27 38 1al Et Me CN 15
15 1o Ph Bn { N 26 39 lam Et Me ¢ N 15
/N SN
16 1p Ph Bn Q N 30 40 lan Et Me O N 19
17 1q Ph 4-NO,-Bn BoNH 27 41 1ao Et Bn BnNH 18
18 1r Ph 4-NO,-Bn 4-MeO-BaNH 24 42 lap Et Bn 4-MeO-BnNH 17
19 1s Ph 4-NO,-Bn n-PrNH 28 43 laq Et Bn n-PriNH 20
20 1t Ph 4-NO,-Bn CgH;;CH.NH 23 44 lar Et Bn Csl1;,CILNIT 16
21 1u Ph 4-NO»-Bn EtN 22 45 las Et Bn Et;N 19
-\
22 1v Ph 4-NO,-Bn \/N 21 46 1at Et Bn CN 10
23 1w Ph 4-NO,-Bn ¢ N 24 47 1au Et Bn { N 21
24 1x Ph 4-NO,;-Bn Q N 22 48 lav Et Bn Q N 18

“ All reactions were performed on 150—200 mg scale of resin 13 and R2X (Mel, BnBr, and 4-NO,—BnBr) were used. * Six-step overall isolated

yield from Merrifield resin 9 (loading capacity = 0.94 mmol/g).

phase sequence, enables the construction of a large library
and is potentially applicable for the preparation of other drug-
like thiazolo-fused ring systems. Finally, the calculated
physicochemical properties of members of the library
constructed by using this approach are well distributed within
reasonable oral acceptable drug-like ranges. Further studies
in this area are underway, the results of which will be
reported in due course.
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