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The Synthesis of Pyrimidineisothiazolones. The Effect of Temperature on the Addition of
Aryl Amines to Functionalized Pyrimidines.
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Abstract: A new synthesis for the hither-to-unknown pyrimidine isothiazolones 1 and 2 is detailed. The low temperature selectivity
of amine nucleophiles on 6-chloropyrimidine-S-acylbromides (12) for the acylbromide over the ring chloride provides a new
procedure for the functionalization of 5-carboxypyrimidines.

As part of our drug discovery effort in the area of inflammatory diseases, we identified a novel class of
pyrimidine fused isothiazolones, 1 and 2, as therapeutic targets for the area of cartilage protection. A paper by
Schaper! on the use of monothiomalonic amides to make 3-oxo-2,3-dihydroisothiazolo[5,4-d]pyrimidines, is
the only literature report to our knowledge, relating to the synthesis of this class of compounds. We desired an
expeditious route to 1 more amenable to the production of C-ring analogs, as well as an accessible synthesis
of the hither-to-unknown isomer(s), 2. Also detailed is an interesting temperature selectivity effect observed
on the addition of amine nucleophiles to doubly activated pyrimidines (12). This procedure is a new method

for selectively adding functional groups to the pyrimidine framework.
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Our synthetic route to 1 is given in Scheme 1. Complementary to the Schaper synthesis of the
pyrimidine isothiazolone 1, in which the pyrimidine ring was formed from suitably substituted acyclic
precursors, we chose to take advantage of the readily available orotic acid 3, as starting material. This allowed
us to examine oxygen substituents in the 2 and 6 positions of the A-ring. 5-Bromoorotic acid 4 was prepared
in 51% yield by the action of HBr/H207 on 3. Conversion of the 4-carboxy group of 4 to an acid chloride (as
an amide precursor) proved to be problematic due to the insolubility of 4 in a variety of solvents appropriate
for chlorination. However, by heating 4 in POCI3 (20 ml/g) at 170 °C for 6 h in a steel bomb, followed by
azeotropic removal of the excess phosphorous oxychloride with toluene, and reaction with an appropriately

substituted aniline, we obtained 6a-c in 50-60% yield for the two step procedure.
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Reaction of NaOMe in DMF for 15 min at RT, gave selective displacement by methoxide of the
chlorides , affording 7a-c in 60-70% yields. To form the B-ring (isothiazolone), we next required installation
of sulfur, in the 6-position of the pyrimidine ring of 7. Difficulty in displacing the 5-bromo group with a
variety of sulfur nucleophiles encouraged us to employ an electrophilic sulfur reagent to effect this
transformation. Normal amide deprotonation with NaH followed by Li - halogen exchange with nBuLi and
trapping with dibenzyldisulfide produced, after workup, the 5-protio material only. Use of the more
electrophilic benzylthiocyanate2 gave the required 5-benzyl sulfides in 30-40% yields, which were readily
oxidized with mCPBA to their corresponding sulfoxides 8a-c. Ring closure to give the desired isothiazolones

1a-c was accomplished by dropwise addition of 8a-¢ in CH2Cl; to a solution of trichloroacetyl chloride in
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methylene chloride. In the case of 1a, conversion to the corresponding 2,4-bis-oxo derivative 9 was also
accomplished by treating the former with methanesulfonic acid in n-amyl alcohol.

The N,N-dimethyl substituted positional isomers, 2a-c, were prepared via a similar route, starting with
N,N-dimethylbarbituric acid 10 (Scheme 2). As mentioned, these compounds were previously unreported in

the literature. Vilsmeier reaction on 10 gave the corresponding 6-chloro-5-aldehyde 11 in 68% yield following
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recrystallization from water.3 Analogous to our procedure in Scheme 1, conversion of the aldehyde to the

corresponding amide was first attempted via the more circuitous route of oxidation to the carboxylic acid,

conversion to the acid chloride and subsequent reaction with an appropriate aniline. We discovered that direct

conversion of the aldehyde to the acid bromide?, was possible by heating 11 with NBS in CCly and a catalytic

amount of AIBN. Dilution3 with CH2Clp, cooling to -78 °C and slow® addition of the amine and external base

triethylamine, gave good yields of the corresponding chloroamides 13a-c.

An interesting temperature effect was noted for this step. Addition of the amine at 0 °C or greater to

the chloroacid bromide 12, resulted in production of the bis-addition product 14 only. This selectivity

constitutes a useful sequence for the 5,6-functionalization of barbiturates and uracils, an otherwise difficult

task.”

Displacement of the Cl with NaSH in ethanol was accomplished at RT with short reaction times.

Cyclization to the corresponding pyrimidine isothiazolones 2a-c was efficiently carried out using 1.1

equivalents of I2 and TEA in CH2Cly. This one-step method of ring closure to form the isothiazolone 2 was
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attempted on the sulfide precursor of 1 but was found to be unsuccessful. This necessitated the two step

oxidation, cyclization procedure described in Scheme 1.

In conclusion, we have provided two general synthetic routes to the pyrimidineisothiazolones 1 and 2,
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starting from readily available materials. The low temperature addition of amine nucleophiles to 12 provides a
useful entry into 5-carboxy-6-substituted uracils. Our biological data pertaining to the evaluation of these

compounds as cartilage protectants will be included in a subsequent publication.
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