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Sir:

Farly attempts to prepare 6-thiosubstituted pteridines
were uniformly unsuccessful (3,4) and examples of these
compounds were not reported in the literature until 1964
when Clark reported the preparation of 6-benzylthio-
pteridine (5). Only a few examples of 6-thiopteridines
have been reported since that time and these compounds
have been prepared either by the nucleophilic displace-
ment of 6-chloropteridines with thiols (6,7), or the nucleo-
philic addition of thiols to a localized 5,6-double bond of
the pteridine nucleus (6,8,9). The unavailability of 6-halo-
genpteridines and the structural requirements imposed by
localizing the 5,6-double bond make these routes un-
satisfactory as general preparative methods for the syn-
thesis of many 6-thiosubstituted pteridines.

We now wish to describe a new and direct one-step
unambiguous synthesis which gives 6-alkylthio and 6-aryl-
thiopteridines in good yields. The method involves the
reaction of pyridinium-activated acetates (I, R* = alkoxyl),
acetophenones (1, R* = phenyl or substituted phenyl),
other methyl ketones (I, R* = alkyl), and acetonitriles
(VI) with 4-amino-5-nitrosopyrimidines (II, R = H) or
4-acylamino-5-nitrosopyrimidines (II, R = acyl) to give
6O-thio-substituted pteridines. It is presently believed that
pyrimidine nitrones (111) are formed in situ by the reaction
of nitrosopyrimidines (II) with the pyridinium-activated
methylenes (1) or their corresponding ylids (10). Nucleo-
philic addition of the thiol (11) to IH gives a hydroxyl-
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amine intermediate (1V) which subsequently loses water
then cyclizes to give the O-thiopteridine derivative (V).
Pyridinium-activated acetonitriles (V1) give 7-amino-6-
thiopteridines (VII) by a similar sequence (12).

This new method is quite general and permits a wide
variety of substitution patterns on the pteridine nucleus.
This method is also highly versatile in that the three
starting materials (pyridinium salt, 4-amino-5-nitroso-
pyrimidine, and thiol) may all be independently varied.
This feature allows a multitude of new pteridine de-
rivatives to be produced from a few readily available
starting materials (13).

The potassium acelate-catalyzed reaction of 4,6-di-
amino-5-nitroso-2-phenylpyrimidine (II, R = H, R' =
CeHs, R? = NH,) with I-(¢yanomethyl)pyridinium chlo-
ride (VI, X = Cl) and thiophenol in refluxing ethanol gives
4,7-diamino-2-phenyl-6-phenylthiopteridine (V1I, R' =
R*® = C¢Hs, R? = NH,, 66% yield). Acylated 2,4,6-tri-
amino-5-nitrosopyrimidine derivatives (14) also give the
expected 6-thiopteridine derivatives under mild conditions,
Thus 2-amino-4,6-diacetamido-5-nitrosopyrimidine (11, R =
-COCHj3, R' = NH;, R? = -NHCOCI;) with I-(cyano-
methylypyridium chloride (VI, X = Cl) and thiophenol in
refluxing ethanol gives 4-acetamido-2,7-diamino-6-phenyl-
thiopteridine (VIIl, R = CgHs, 72% yield). This product
is identical in all respects with an authentic sample prepared
by another unambiguous synthetic route (15). Substi-
tution of n-hexylmercaptan for thiophenol in this system
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gives 4-acetamido-2,7-diamino-6-(n-hexylthio)pteridine
(VII, R = CgHy 3, 73% yield). When 2,4,6-triacetamido-
S-nitrosopyrimidine is used in similar reactions the cor-
responding 2 4-diacetamidopteridines are obtained.

Variations of the pyridinium salt in this reaction
system give a variety of substituents in the seven position
of the pteridine nucleus. For example, 2-amino-4,6-
diacetamido-5-nitrosopyrimidine (Il, R = -COCH;, R' =
Ni,, R?* = NHCOCHj;), thiophenol and I-(carbethoxy-
methyl)pyridinium chloride (I, R* = -OC, Hg, X = Cl) react
to give 4-acetamido-2-amino-6-phenylthio-7(8H)-pteridin-
one (V,R' = NH,,R? = NHCOCH;, R® = CgH;, R* = OH,
56% yield) (16). Similarly, acetonylpyridinium chloride
(I, R* = CH;, X = (), 143,3-dimethyl-2-0x0-1-butyl)-
pyridinium bromide (I, R* = t-Bu, X = Br), and phen-
acylpyridinium bromide (I, R* = C¢Hs, X = Br) give
the analogous pteridines (V, R! = NH,, R?* = NHCOCH3,
R? = CeHs) with methyl- (R* = CH3), t-butyl- (R* =
t-Bu) and phenyl- (R* = C¢Hs) in the seven position,
respectively.

Either acidic or basic hydrolysis of acylamino 6-thio-
pteridines produces the corresponding 2,4-diaminopteri-
dines. These pteridines are sulfur containing analogs of the
clinically useful 2,4-diamino-6-substituted pteridine anti-
folates (17). For example, hydrolysis of 4-acetamido-2,7-
diamino-6-phenylthiopteridine (V1II, R = C¢Hy) with con-
centrated hydrochloric acid at room temperature followed
by neutralization gives 2,4,7-triamino-6-phenylthiopteri-
dine (IX, R = CgHs, 100% yield). Hydrolysis with
aqueous sodium hydroxide or concentrated ammonium
hydroxide also gives the same products in somewhat lower
yields.

When aqueous alcoholic sodium hydroxide is used to
catalyze reactions involving acylated 2,4 ,6-triamino-5-
nitrosopyrimidines, 2,4-diaminopteridines are produced
directly in a single reaction. For example, under these
conditions, 2-amino -4,6 -diacetamido-5-nitrosopyrimidine
(I, R = COCH;, R' = NH,, R? = NHCOCH;), 1-cyano-
methylpyridium chloride (V1, X = (), and thiophenol
gives 2,4,7-triamino-0-phenylthiopteridine (IX, R = C¢ Hs,
71% yield) directly.

Thus, we now have available a simple unambiguous
lwo-step sequence or if desired, a one-step reaction for
producing a variety of 2,4-diaminopteridines of potential
pharmacological interest. The extension of the new syn-
thetic method to other types of nucleophiles and other
heterocyclic systems is under current investigation.
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