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N-Alkylation reactions of 3-bromopyrazolo[4,3-d]pyrimidin-7-one and 3-bromo-7-chloro- and 3-bromo-7-
methoxypyrazolo[4,3-d|pyrimidines were studied. Alkylations in aqueous base yielded predominately N-1 alkyl
products, as did trimethysilylation using hexamethyldisilazane. In contrast, alkylation with 2-chlorotetrahydropyr-
an and sodium hydride in dimethylformamide or with dihydropyran and an acid catalyst in ethyl acetate yielded
predominantly N-2 alkyl products. Formation of 3-lithio derivatives of N-1 and N-2 alkylated 7-alkoxypyr-
azolo[4,3-d]pyrimidines from the corresponding 3-bromo compounds was accomplished by treatment with n-butyl-
lithium at low temperatures. N-1 alkyl compounds yield complex mixtures of products, including those of N-deal-
kylation and rearrangement with rupture of the pyrazole ring. The N-2 alkylated compound, 3-lithio-7-methoxy-
2-tetrahydropyran-2’-yipyrazolo[4,3-d]pyrimidine, was stable and reacted with benzaldehyde in high yield.

In connection with research in our laboratory directed
toward the development of methods for C-nucleoside syn-
theses! via coupling of metallo heterocyclic compounds with
appropriately derivatized sugars,? we have investigated the
utility of derivatives of 3-bromopyrazolo[4,3-d]pyrimidin-
7-oned (1) as precursors to the corresponding 3-lithio species.
Such heterocyclic organometallic compounds might serve as
convenient intermediates for synthesis of the potent antibiotic
formycinl* and related compounds. An important aspect of
the present work was a detailed study of the regioselectivity
of N-alkylation of 3-bromopyrazolo[4,3-d]pyrimidin-7-one?
(1), 3-bromo-7-chloropyrazolo[4,3-d]pyrimidine (2), and 3-
bromo-7-methoxypyrazolo[4,3-d]pyrimidine (3).

0
HN N,
SV,
N
Br
1 2 3

Regioselectivity of N-Alkylation. The factors which in-
fluence N-1 vs. N-2 alkylation of pyrazoles, while carefully
studied,® are not clear. Similar studies of indazoles® have led
to the following general rules: (1) in alkaline solutions both
isomers result, generally in about equal amounts, and (2)
heating with alkyl halides under neutral conditions results in
exclusive or predominate N-2 substitution. Several exceptions
to the first rule have been found as isopropyl, allyl, and benzyl
bromides yield only the N-1 derivatives. Alkylation reactions
of pyrazolo[4,3-d]pyrimidines are practically unknown. The
reaction of formycin!* with methyl iodide in ethanol con-
taining sodium ethoxide led to isolated yields of 24% 2-
methylformycin and 4% 1-methylformycin.”

Synthesis and Alkylation Reactions. 3-Bromopyra-
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zolo[4,3-d]|pyrimidin-7-one? (1) was synthesized, with modi-
fications which led to substantial improvements in overall
yield,® by the nine-step procedure of Robins et al.? The con-
version of 1 to 3-bromo-7-methoxypyrazolo[4,3-d]pyrimidine
(3) was effected in two steps by chlorination (phosphorus
oxychloride) to yield 3-bromo-7-chloropyrazolo[4,3-d]py-
rimidine (2), followed by treatment of 2 with sodium meth-
oxide.

In Scheme I are shown the studied alkylation reactions of
1, 2, and 3 and interconversions which aided in proof of
structures. The regioselectivities of the various alkylation
reactions are listed in Table I. To obtain the data in Table I,
crude product mixtures were analyzed by 'H nuclear magnetic
resonance ('H NMR) since crystallization often led to isola-
tion of a single product. Following the determination of N-
1/N-2 alkyl isomer ratios by analysis of their 1H NMR spectra,
definitive structure assignments of the N-1 and N-2 alkyl
isomers were made relying primarily on analysis of 13C nuclear
magnetic resonance spectra (13C NMR). These data indicate
that while N-1 alkylation is predominate in general, use of the
highly reactive 2-chlorotetrahydropyran (or dihydropyran
with acid catalysis) yields predominately N-2 alkylation.

Structure Assignments for N-1 and N-2 Alkylated
Derivatives, Recently, Pugmire and Grant!® and others®b-¢
have shown that 13C NMR spectroscopy can be used effec-
tively to distinguish between sites of alkylation of nitrogen
heterocycles. The basic principle guiding interpretation of the
13C NMR spectra of isomeric N-alkyl heterocycles is that a
carbon adjacent (@) to an alkylated or protonated (i.e., tri-
substituted) nitrogen resonates upfield of the signal of that
same carbon in other isomers. For an N-1 alkylated pyra-
zolo[4,3-d]pyrimidine, therefore, the 13C NMR absorption of
C-7a will be upfield and that of C-3 will be downfield of the
corresponding signals in the spectrum of the N-2 alkylated
isomer.

© 1979 American Chemical Society
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Table I. Regioselectivity in N-Alkylation Reactions of Pyrazolo[4,3-d]pyrimidines

starting alkylating registry reaction product distribution,?®
material agent no. conditions % N-1 % N-2
1 dimethyl sulfate 77-78-1 0.3 N NaOH 70 30
benzyl chloride 100-44-7 0.3 N NaOH 100
hexamethyldisilazane 999-97-3 neat, reflux 100
3 dimethyl sulfate 0.3 N NaOH 100
benzyl chloride 1.1 equiv ¢-BuOK, DMF?® 88 12
2-chlorotetrahydropyran 3136-02-5 1.1 equiv NaH, DMF?¢ 20 80
2 dihydropyran 110-87-2 ethyl acetate, HaS0,¢ 11 89

¢ Determined by integration of 'H NMR signals assignable to corresponding features of the respective isomers; see discussion in
the text and Experimental Section. ® Dimethylformamide. ¢ Catalytic quantity.

Scheme I. N-Alkylation and Structure Correlation Reactions
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In Figure I are graphic comparisons of the chemical shifts
of pyrazolo[4,3-d]pyrimidine ring carbon resonances of 3-
bromo-7-methoxypyrazolo[4,3-d|pyrimidine (3) and the re-
lated nitroger.-alkylated derivatives 7 and 8 (R = Me, PhCH.))
and 9 and 10; more extensive 3C NMR data are contained in
Table II. The assignments of the resonances to individual
carbons were made using the following criteria: (a) the C-5 and
C-7 resonances are assigned by their downfield chemical shifts
(two adjacent heteroatoms) and are distinguished by the nu-
clear Overhauser effect (NOE) of C-5; (b) the C-3 absorption
is assigned by its short (relative to C-3a and C-7a) relaxation
time due to the scalar relaxation contributed to ®Br;!! and
(c) the resonance of C-3a is expected to be approximately 15
ppm downfield of C-7a by analogy to formycin'2!% for N-1
alkylated or protonated derivatives, with this difference being
less for N-2 alkylated compounds.

The 'C NMR spectra of 3, 9, and 10 were obtained using
dimethyl-dg sulfoxide solutions owing to the limited solubility
of 3 in chloroform. Analysis of these spectra (Figure 1, Tahle
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Figure 1. Comparison of 13C chemical shifts for pyrazolo[4,3-d]py-

rimidine ring carbons of N-1 and N-2 alkylated derivatives. See Table
1I for complete chemical shift data for all carbons.

T AN ~t
150 140 130

II) using the criteria of Pugmire and Grant!? allows definitive
assignments of the sites of alkylation of 9 (N-2) and 10 (N-1)
and indicates that 3 is protonated on N-1. It is interesting that,
at room temperature, 3 does not exhibit the broad spectral
lines for C-3 and C-7a due to tautomerism of the N-H hetween
N-1 and N-2 which are observed for formycin.12.13

The '3C NMR chemical shifts of the pyrazolo[4,3-d]py-
rimidine ring carbons of 6, 7 (R = CH;; and PhCH,), 9, and 10
in CDClj; solution are also represented graphically in Figure
1, with chemical shift data listed in Table II. Again, inter-
pretation of the spectra of 9 and 10 as isomeric N-2 and N-1
alkyl compounds, respectively, is straightforward. Since pure
samples of isomers were not available, assignment of 6 and 7
(R = CH; and PhCH.) to the N-1 alkylated series was made
by comparison of their 1*C NMR spectra (see Figure 1, Table
IT) with spectra of 9 and 10; in each instance a striking corre-
spondence to the spectra of the authentic N-1 alkvlated isomer
10 was apparent.

Additional support for the assignments was furnished by
consideration of the '"H NMR spectra of the N-1 and N-2
methylated 3-bromopyrazolo[4,3-d]pyrimidin-7-ones [4 and
5 (R = CHy). respectively]. The 'H NMR spectrum (MeySO-
dy) of the crude reaction mixture resulting from treatment of
I with dimethyl sulfate in aqueous base exhibits two sharp
singlets at 4 4.19 and 4.10 assignable as N-methyl resonances.
The resonance at § 4.19 was assigned to the 3-bromo-1-
methylpyrazolol4,3-d|pyrimidin-7-one (4, R = CHy) on the
basis of the expected deshielding of the methy! hvdrogens due
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Table I1. Carbon-13 Chemical Shifts? for N-Alkyl Derivatives of 3-Bromopyrazolo[4,3-d]pyrimidines

compd solvent C-3 C-3a C-5 C-7 C-7a OCH; other
formyein? Mey,SO-dg 1437 1387 1516 151.6 123.0
3 MesSO-dg 1211 1421  151.1 1559 1227 54.3
9 MesSO-dg 1096 1394 152.2 1615 1311 54.2 86.0, 66.9, 28.2, 24.4, 21.3 (THP)¢
10 MesSO-dg 1217  143.2 151.8 156.1 1223 54.9 86.2, 67.1, 28.5, 24.5, 22.1 (THP)¢
6 CDCly 1253 146.8 151.8 155.1 129.0 0.48, 0.38 (OMesSi, NMesSi)
7 (R =CHy) CDCly 120.0 143.0 151.3 156.3 123.0 545 39.5 (NCHgy)
7 (R = CHyPh) CDCly 1214 143.8 151.7 156.3 1227 545 136.2, 128.8, 128.3, 127.8 (Ph); 56.2 (NCH,)
9 CDCl, 109.0 139.8 1527 162.1 1324 544 86.8, 68.1, 29.1, 24.7, 22.1 (THP)*
10 CDCl; 1229 144.2 1519 1564 122.8 54.8 86.9,67.9, 29.4, 25.0, 22.7 (THP)*

2 Spectra were obtained using solution concentrations of 200 mg/3 mL. The resonances of the solvents served as internal references;

chemical shifts are given in parts per million and were corrected to tetramethylsilane (Me4Si) using 6(Me4Si —

MeoSO-dg) = 39.6 ppm

and 6(MegSi — CDCl3) = 77.2 ppm. For numbering of ring carbons, see Figure 1. ® Data taken from ref 13. ¢ Tetrahydropyran-2'-

vl

to the adjacent C-7 carbonyl. Further, acidic hydrolysis of
3-bromo-7- methoxy 1-methylpyrazolo[4,3-d|pyrimidine (7,
R = CH3), for which the structure was assigned on the basis
of its 13C NMR spectrum, yielded 3-bromo-1-methylpyra-
zolo[4,3-d]pyrimidin-7-one (4, R = CHjs), identical with that
obtained by alkylation of 1. Similarly, acidic hydrolysis of
1-benzyl-3-bromo-7-methoxypyrazolo[4,3-d]pyrimidine (7,
R = PhCH,) yielded 1-benzyl-3-bromopyrazolo(4,3-d]pyri-
midin-7-one (4, R = PhCHy), which exhibited spectral prop-
erties identical with those of the corresponding product
formed upon alkylation of 1 with benzyl chloride in aqueous
base.

Formation and Reactions of 3-Lithiopyrazolo[4,3-d]-
pyrimidines. To assess the utility of 3-bromopyrazolo[4,3-
d]pyrimidine derivatives as intermediates for generation of
the correspending 3-lithio compounds, 1 equiv of n-butyl-
lithium was added to a solution of a derivative in an aprotic
solvent at =78 °C followed, after a time, by the addition of a
proton source (methanol). When a mixture of 3-bromo-7-
methoxy-1-methyl- and 3-bromo-7-methoxy-2-methylpyra-
zolo[4,3-d|pyrimidines (7 and 8, respectively) was treated in
this way, a mixture of products was produced. Chromato-
graphic separation yielded the expected debromination
products 7-methoxy-1-methyl- and 7-methoxy-2-methylpy-
razolo[4,3-d|pyrimidines (13 and 14) in 37% yield plus a

OMe
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comparable amount of the N-demethyl derivative 314 and 6%
of a butylated, ring-opened compound 15. Similarly, treat-
ment of 3-bromo-7-(trimethylsiloxy)-1-(trimethylsilyl)py-
razolo[4,3-d|pyrimidine (6) with n-butyllithium led to an

Scheme II. Possible Mechanism for Formation of
Butylated, Ring-Opened Products
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l n-BuLi TH o
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instantaneous precipitation, and after addition of methanol
a mixture of 1, the debrominated compound 16, and a butyl-
ated, ring-opened derivative 17 was isolated.

The results obtained with 3-bromo-7-methoxy-2-(tetra-
hydropyran-2-yl)pyrazolo[4,3-d]pyrimidine (9) were quite
different. Treatment of 9 with n-butyllithium followed by
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methanol addition produced the debrominated compound,
7-methoxy-2-(tetrahydropyran-2-yl)pyrazolo[4,3-d|pyrimi-
dine (19), in 88% yield with no evidence of butylated, ring-
opened side products. Reaction of the stable intermediate,
organolithium species 18, with benzaldehyde produced 3-
(hydroxyphenylmethyl)-7-methoxy-2-(tetrahvdropyran-2-

vl)pyrazolo[4,3-d]pyrimidine (20) in over 90% yield.

The formation of ring-opened, butylated products (i.e., 15
and 17) upon reaction of 3-bromopyrazolo[4,3-d]pyrimidine
derivatives with n-butyllithium can be rationalized as shown
in Scheme II. The mechanism is possible only for N-1 alkyl-
ated derivatives and explains why 9, which is N-2 alkylated,
vielded no such decomposition products. Analogous examples
have been reported in the indazole series. While N-2 alkylated
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indazoles yield stable 3-lithio derivatives at —20 °C,15 the
3-sodio derivatives of N-1 alkylated indazoles under similar
conditions undergo a ring opening to yield o-cyanoanilines.16
The 3-lithio derivatives of 1-methyl- and 1-(methoxy-
methyl)indazole formed under more drastic conditions (re-
fluxing toluene) also yield the ring-opened 2-aminobenzo-
phenones.!”

Experimental Section

Melting points were determined on a microscope hot stage and are
uncorrected. Ultraviolet spectra were obtained with a Perkin-Elmer
202 spectrophotometer. Mass spectra were obtained with CEC Du-
pont 21-110B or Dupont 21-491B mass spectrometers operated at 70
eV. 1H NMR spectra were recorded on a Varian HA-100 spectrometer.
13C NMR spectra were recorded at 15.158 mHz with a Varian XL-100
spectrometer operated in the FT mode using a Nicolet 12 mm
Multi-Observable Nuclear Accessory (MONA) probe and a Nicolet
TT-100 system. A 15° radio-frequency pulse excitation (varied be-
tween 5 and 60° for the progressive saturation experiments) with full
proton decoupling was used.

Elemental analyses were by Heterocyclic Chemical Corp., Harri-
sonville, Mo., or by Dr. R. Wielesek, University of Oregon.

3-Bromo-7-chloropyrazolo[4,3-d]pyrimidine (2). To a slurry
of 25.0 g (116 mmol) of finely ground 3-bromopyrazolo[4,3-d]pyri-
midin-7-one38 (1) in 250 mL of phosphorus oxychloride was added
26 mL of N,N-diethylaniline. After heating for 1.25 h under reflux,
the excess phosphorus oxychloride was removed under reduced
pressure. The residue was poured over ice and extracted with ethyl
acetate (3 X 1 L). The ethyl acetate extract was washed with aqueous
sodium bicarbonate, dried, decolorized with charcoal, and evaporated
to dryness in the cold. The crude product was triturated with 250 mL
of warm chloroform, cooled, and filtered to give 19.0 g {70%) of 3-
bromo-7-chloropyrazolo[4,3-d|pyrimidine (2), mp 213-218 °C. An
analytical sample, mp 215-218 °C dec, was obtained by several re-
crystallizations from ethyl acetate~hexane: 'H NMR (MesS8O-dg) 6
8.78 (s, C-5 H); UV Apax (pH 11) 229, 270, 344 nm; MS m/e 236, 234,
232, 199, 197.

Anal. Caled for CsH,;N,BrCl: C, 26.9; H, 0.9; N, 23.7. Found: C, 26.9;
H, 0.94; N, 23.9.

3-Bromo-7-methoxypyrazolo[4,3-d]pyrimidine (3). To an
ice-cold solution of 2.3 g (100 mmol) of sodium in 300 mL of methanol
was added 19.0 g (81.4 mmol) of 3-bromo-7-chloropyrazolo[4,3-d]-
pyrimidine (2). After stirring at room temperature for 24 h, the so-
lution was neutralized with acetic acid and concentrated in vacuo to
50 mL and 300 mL of water was added. The precipitate was collected
by filtration, and recrystallization from methanol yielded 16.2 g (87%)
of 3: mp 243-245 °C; 'H NMR (MegSO-dg) 6 8.57 (s, 1, C-5 H), 4.16
(s,3,0CHg3); 13C NMR (see Table I1); UV A (pH 11) 225, 253, 307
nm.

Anal. Caled for CgH; N OBr: C, 31.4; H, 2.8; N, 24.5. Found: C, 31.6;
H, 2.9; N, 24.7.

3-Bromo-1-(trimethylsilyl)-7-(trimethylsilyloxy)pyrazolo-
[4,3-d]pyrimidine (6). A mixture of 2.15 g (10 mmol) of 1 and 0.1 g
of ammonium sulfate in 15 mL of hexamethyldisilazane (HMDS) was
heated under reflux until solution occurred (2 h). The excess HMDS
was removed by distillation, the residue was dissolved in 20 mL of
carbon tetrachleoride, the solution was filtered, and the solvent was
evaporated in vacuo to leave 6 as a crystalline residue in quantitative
yield. Sublimation of the residue (150 °C/0.1 mm) yielded 3.4 g (95%)
of 6: mp 106-11C °C; MS m/e 360, 358, 279; 13C NMR (see Table II};
'H NMR (CCly) 6 0.50 (s, 9). 0.61 (s, 9), 8.49 (s, 1). This compound was
extremely susceptible to hydrolysis; storage and transfer required
strictly anhydrous environments.

Alkylation of 3-Bromo-7-methoxypyrazolo[4,3-d]pyrimidine
(3) with Dimethyl Sulfate. To a solution of 1.14 g (5 mmol) of 3 in
50 mL of water containing 0.6 g (15 mmol) of sodium hydroxide was
added 1.0 g (8 mmol) of dimethyl sulfate. After stirring for 1 h at room
temperature, the solution was cooled to 5 °C for 1 h and the precipitate
was collected by filtration and dried to yield 1.1 g (91%) of crude 3-
bromo-7-methoxy-1-methylpyrazolo[4,3-d|pyrimidine (7, R = CHj):
'H NMR (CDCl;) 4 8.55 (s. 1, C-5 H), 4.23 (s, 3, methyl), 4.19 (s, 3,
methyl); 13C NMR (see Table II); UV Aoy (MeOH) 223,290, 298, 310
nm.

Anal. Caled for C;H-N,OBr: C, 34.6; H, 2.90; N, 23.0. Found: C, 34.5;
H, 3.04; N, 22.8.

Alkylation of 3-Bromo-7-methoxypyrazolo[4,3-d]pyrimidine
(3) with Benzyl Chloride. To a solution of 1.14 g (5 mmol) of 3in 25
mL of dimethylformamide containing 1.2 g (10 mmol) of potassium
tert-butoxide was added 0.76 g (6 mmol) of benzyl chloride. After
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stirring for 4 h, the solution was poured into 150 mL of water and
extracted three times with 50-mL portions of dichloromethane. The
combined dichloromethane extracts were washed twice with 150 mL
of water and dried over sodium sulfate, and the solvent was removed
in vacuo. The TH NMR spectrum of the crude residue revealed a 7:1
ratio of N-1/N-2 benzyl derivatives. Crystallization from ethanol
yielded 1.1 g (69%) of the N-1 alkylated compound 7 (R = CHyPh):
mp 108-109 °C; 'H NMR (CDCl3) 6 7.52 (s, 1, C-5 H), 7.25 (s, 5, aryl),
5.66 (s, 2, benzyl), 4.18 (s, 3, methoxyl); 13C NMR (see Table IT); UV
Amax (MeOH) 223, 292, 298, 310 nm.

Anal. Caled for C13H11N4OBr: C, 48.9; H, 3.47; N, 17.5. Found: C,
48.6; H, 3.41; N, 17.6.

Alkylation of 3-Bromo-7-methoxypyrazolo[4,3-d}pyrimidine
(3) with 2-Chlorotetrahydropyran. To an ice-cold solution of 1.14
g (5 mmol) of 3 in 20 mL of dimethylformamide was added 0.72 g (6
mmol) of sodium hydride. After evolution of hydrogen ceased, 0.72
g (6 mmol) of 2-chlorotetrahydropyran!® was added dropwise. After
stirring for 20 min, the solution was poured into 100 mL of water and
extracted three times with 25 mL of ethy! acetate, and the combined
ethyl acetate portions were dried over sodium sulfate. The solvent was
removed in vacuo, and the TH NMR spectrum of the residue, 1.4 g
(90%), revealed N-1/N-2 alkylation products in a ratio of 1:4. An an-
alytical sample of 3-bromo-7-methoxy-2-(tetrahydropyran-2-yl)-
pyrazolo[4,3-d]pyrimidine (9) was obtained by crystallization of the
crude residue from methanol: mp 156-158 °C; tH NMR (CDCl3) 6 8.46
(s,1,C-5H),5.81(dd, 1,J = 9,3 Hz, C-2’ H), 4.12 (s, 3, methoxyl), 4.03
(m, 1,C-68"Heg), 3.69 (m, 1,C-6' Hyyx), 1.4-2.8 (m, 4,C-4"and C-5" HY;
UV Amax (MeOH) 215, 294, 304, 316 nm.

Anal. Caled for C11H13N4OsBr: C, 42.2; H, 4.18; N, 17.9. Found: C,
42.4; H, 4.19; N, 17.9.

Dry column chromatography (silica gel/chloroform) of the mother
liquors from the crystallization of 9, followed by crystallization from
methanol of the least polar fractions, yielded 3-bromo-7-methoxy-
1-(tetrahydropyran-2-yl)pyrazolo[4,3-d|pyrimidine (10): mp 122-123
°C; 'H NMR (CDCl;) 6 8.58 (s, 1,C-5H),5.96 (dd, 1,J = 9, 3 Hz, C-2’
H), 4.21 (s, 3, methoxyl), 4.04 (m, 1, C-6' Heq), 3.71 (m, 1, C-6" Hax),
1.4-2.8 (m, 4, C-4’ and C-5' H); UV A\ .« (MeOH) 218, 287, 292, 304
nm.

3-Bromo-1-methylpyrazolo[4,3-d]pyrimidin-7-one (4, R =
CHj3). To a solution of 0.6 g (2.5 mmol) of 3-bromo-7-methoxy-1-
methylpyrazolo[4,3-d]pyrimidine (7, R = CH3) in 30 mL of methanol
was added 10 mL of concentrated hydrochloric acid. The solution was
warmed for 15 min on a steam bath, 100 mL of water was added, and
the solution was cooled to 5 °C and left to stand overnight. The pre-
cipitate was filtered and dried to yield 0.5 g (87%) of 4 (R = Me): mp
>315 °C (sublimes); 'TH NMR (MesSO-dg) 6 7.90 (s, 1, C-5 H), 4.17
(s, 3, methyl); UV Anax (MeOH) 223, 228, 266. 283 nm.

Anal. Caled for CeHsNOBr-0.5H,0: C, 30.3; H, 2.54; N, 23.5. Found:
C,30.3; H, 2.39; N, 23.2.

Alkylation of 3-Bromopyrazolo[4,3-d]pyrimidin-7-one? (1)
with Dimethyl Sulfate. To a solution of 1.07 g (5§ mmol) of 1 in 50
mL of water containing 0.6 g (15 mmol) of sodium hydroxide was
added 0.7 g (5.5 mmol) of dimethyl sulfate. After stirring for 24 h at
room temperature, the solution was acidified to pH 5 with concen-
trated hydrochloric acid and cooled, and the resulting precipitate was
filtered and dried to yield 0.93 g (82%) of a 7:3 mixture (as measured
by the peak heights of the N-methyl peaks in the 'H NMR spectrum)
of N-1 (4, R = Me)/N-2 (5, R = Me) methylated compounds: 'H NMR
{(MesSO-dg) 6 7.96 (s, 0.7, C-5 H), 7.93 (s, 0.3, C-5 H), 4.19 (s, 0.7,
methyl), 4.10 (s, 0.3, methyl).

1-Benzyl-3-bromopyrazolo[4,3-d]pyrimidin-7-one (4, R =
CH,Ph). To a solution of 0.80 g (2.5 mmol) of 1-benzyl-3-bromo-7-
methoxypyrazolo[4,3-d]pyrimidine (7, R = CHyPh) in 30 mL of
methanol was added 10 mL of concentrated hvdrochloric acid. The
solution was warmed for 15 min on a steam bath, 100 mL of water was
added, and the solution was cooled to 5 °C and left to stand overnight.
The precipitate was then filtered and dried to vield 0.64 g (84%) of 4
(R = CH,Ph). Crystallization from 95% ethano! yielded a sample with
mp 285-287 °C; 'H NMR (Me2S0-dg) 6 7.98 (s, 1, C-5 H), 7.33 (s, 5,
aryl), 5.76 (s, 2, benzyl); UV Apax (MeOH) 223, 229, 285 nm.

Anal. Caled for C;uHgBrN4O: C, 47.3; H, 2.95. Found: C, 47.7; H,
3.12.

Alkylation of 3-Bromopyrazolo[4,3-d]pyrimidin-7-one? (1)
with Benzyl Chloride. To a solution of 1.07 g (5 mmol) of 1 in 100
mL of water containing 0.6 g (15 mmol) of sodium hydroxide was
added 0.76 g (6 mmol) of benzyl chloride. The resulting mixture was
stirred vigorously for 24 h at room temperature and then filtered
through Celite. The filtrate was acidified with concentrated hydro-
chloric acid to pH 5 and cooled to 5 °C, and the precipitate was col-
lected and dried to yield 1.1 g (64%) of 4 (R = CH;Ph), which exhibited
spectral characteristics and physical properties identical with those
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described above.

Treatment of 7 and 8 (~1:1 Mixture) with n-Butyllithium. To
a solution of 242 mg (1 mmol) of the mixture of 7 and 8 in 20 mL of dry
tetrahydrofuran under nitrogen at =78 °C was added 0.5 mL of a 2
M solution of n-butyllithium in hexane. After 20 min, 2 mL of
methanol was added, the solution was warmed to room temperature,
and the solvent was removed. The resulting residue was partitioned
between ethyl acetate and water. Acidification of the aqueous phase
produced a precipitate which was collected to yield 100 mg (40%) of
3-bromo-7-methoxypyrazolo[4,3-d]pyrimidine (3).3.1¢

Evaporation of the ethyl acetate fraction yielded 85 mg of a gum,
which upon silica gel chromatography using chloroform as eluent
vielded 60 mg (37%) of 7-methoxy-1- and -2-methylpyrazolo[4,3-
d]pyrimidines® 13 and 14 and 11 mg (6%) of a compound formulated
as 5-(methylamino)-4-methoxy-6-valeroylpyrimidine (15) on the basis
of its mass spectrum, which exhibited m/e 233 (M*.), 208 (M — Me),
194, 180, 166 (M —~ C4Hg).

Treatment of 3-Bromo-7-(trimethylsiloxy)-1-(trimethylsi-
lyl)pyrazolo[4,3-d]pyrimidine (6) with n-Butyllithium. To a
solution of 146 mg (0.405 mamol) of 6 in 10 mL of hexane at 78 °C under
nitrogen was added 0.2 mL of an n-butyllithium solution (2 M in
hexane). A yellow precipitate formed immediately. After 5 min 0.5
mL of methanol was added, causing the precipitate to redissolve. The
solvent was removed, and the residue was partitioned between
methylene chloride and water. From the aqueous layer, after acidi-
fication, was obtained a mixture of 1 and 163° as determined by the
observation of ions in the mass spectrum at m/e 216, 214 (1) and at
m/e 136 (16). Evaporation of the methylene chloride solution yielded
a gum which was crystallized from benzene-methylene chloride to
yield 12 mg of 5-amino-6-valeroyl-4-pyrimidinone (17) as fine yellow
plates: mp 197-198 °C; MS m/e 195 (M*.), 166, 153, 138 (M — C4Hy),
125.

Treatment of 3-Bromo-7-methoxy-2-(tetrahydropyran-2-
yl)pyrazolo[4,3-d]pyrimidine (9) with n-Butyllithium. To a so-
lution of 233 mg (3 mmol) of 9 in 20 mL of dry tetrahydrofuran, under
nitrogen, at —78 “C was added 0.5 mL of a 2 M solution of n-butyl-
lithium in hexane. After stirring for 30 min at —78 °C, 0.5 mL of
methanol was added and the solution was allowed to warm to room
temperature. The reaction mixture was evaporated to dryness under
reduced pressure, and the residue was partitioned between ethyl ac-
etate and water. The ethyl acetate extract was washed with water,
dried, and evaporated to an oil. Trituration of the oil with hexane gave
205 mg (88%) of 7-methoxy-2-(tetrahydropyran-2-yl)pyrazolo[4,3-
d]pyrimidine (19), mp 94-98 °C. A sample recrystallized from
methanol-hexane: mp 98-100 °C; NMR (CDCl;) 6 8.42 (s, C-5 H), 8.24
(s, C-3H), 5.61 (inversed of d, 1,Jax = 7T Hz,Jgx = 3 Hz, C-2' H), 4.09
(s, OCHj), 4.01-3.50 (m, 2, C-6' Hy), 2.45-1.42 (m, 6); UV Amax
(MeOH) 251, 282, 291, 303 nm; MS m/e 234, 151, 150, 85, 84.

Anal. Caled for C11H14N4O2: C, 56.4; H, 5.98; N, 23.9. Found: C, 56.4;
H, 5.74; N, 24.1.

3-(Hydroxyphenylmethyl)-7-methoxy-2-(tetrahydropyran-
2-yl)pyrazolo[4,3-d]pyrimidine (20). To a solution of 1 mmol of
lithio derivative 18, prepared as previously described at —78 °C, was
added 106 mg (1 mmol) of benzaldehyde, and the reaction mixture
was stirred at —78 °C for 1 h, allowed to warm to room temperature,
and stirred for an additional 30 min. The solution was evaporated to
dryness in vacuo and partitioned between ethyl acetate and water.
The ethyl acetate solution was washed with water, dried, and evapo-
rated to yield 279 mg of a solid. NMR examination showed a mixture
of ~5% of 19 and ~95% of the two anomers of 20. A sample of 20 re-
crystallized from methanol exhibited the following: mp 184-192 °C;
NMR (CDCly) 4 8.46, 8.44 (2s, C-5 H), 7.31 (phenyl), 6.62 (m, CHOH),
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5.52, 5.50 (2 apparent t’s, C-2’ H), 5.10 (br m, 1, OH), 4.18 (s, OCH3),
3.8-2.7 (br m, C-6 Hy), 2.5-1.4 (m, 6); after treatment with D50, the
multiplet at § 6.62 simplified to two singlets at 4 6.63 and 6.60 and the
broad multiplet of ¢ 5.10 disappeared; UV Anax (MeOH) 255, 288, 297,
310 nm; MS m/e 340, 256, 255, 239.

Anal. Caled for C1gHogN4O4: C, 63.5; H, 5.88; N, 16.5. Found: C, 63.7;
H,5.71; N, 16.2.

Acknowledgment. Appreciation is expressed to the Na-
tional Institute of General Medical Science (Grant GM-18588)
and to the U.S. Army Medical Research and Development
Command (Contract DADA-17-73-C-3046) for financial
support. We thank the University of California at San Fran-
cisco for use of the XL-100 NMR spectrometer, made avail-
able through NIH Regional Resource Grant RR 00892.

Registry No.—1, 20419-67-4; 2, 68510-70-3; 3, 68479-22-1; 4 (R =
Me), 68479-27-6; 4 (R = PhCHy), 68479-28-7; 5 (R = Me), 68510-69-0;
6, 68479-24-3; 7 (R = CHjy), 68479-25-4; 7 (R = CH,Ph), 68479-26-5;
8 (R = Me), 68479-29-8; 8 (R = PhCHy), 68479-30-1; 9, 68510-89-4;
10, 68479-23-2; 11, 68479-31-2; 12, 68479-32-3; 13, 68479-33-4; 14,
68479-34-5; 15, 68479-35-6; 16, 13877-55-9; 17, 68479-36-7; 18,
68479-37-8; 19, 68479-38-9; 20 (isomer 1), 68479-39-0; 20 (isomer 2),
68479-40-3.

References and Notes

(1) For recent reviews of the biology and chemistry of C-nucleosides, see G.
D. Daves, Jr., and C. C. Cheng, Prog. Med. Chem., 13, 303 (1976); S.
Hannessian and A. G. Pernet, Adv. Carbohydr. Chem. Biochem., 3, 111
(1976).

(2) I. Arai and G. D. Daves, Jr., J. Am. Chem. Soc., 100, 287 (1978).

(3) F. Cassidy, R. K. Olsen, and R. K. Robins, J. Heterocycl. Chem., 5, 461
{1968).

(4) R.J. Suhadolnik, ‘'‘Nucleoside Antibiotics”, Wiley-Interscience, New York,
N.Y., 1970, pp 354-389.

(5) (a) R. Fusco in ‘‘Pyrazoies, Pyrazolines, Pyrazolidines, Indazoles and
Condensed Rings’’, R. H. Wiley, Ed., Wiley-Interscience, New York, N.Y.,
1967, p 72; (b) S. Gelin, R. Gelin, and D. Hartmann, J. Org. Chem., 43, 2665
(1978); (c) 0. V. Goryunova, 1. A. Korbuckle, and M. N. Preobrazhenskaya,
Zh. Org. Khim., 14, 851 (1878); (d) R. A. Earl, R. J. Pugmire, G. R. Revankar,
and L. B. Townsend, J. Org. Chem., 40, 1822 (1975); (e} S. M. Hecht, D.
Werner, D. D. Traficante, M. Sundaralingam, P. Prusiner, T. lto, and T.
Sakurai, /bid., 40, 1815 (1975).

(6) L. C. Behr in "'Pyrazoles, Pyrazolines, Pyrazolidines, Indazoles and Con-
densed Rings'', R. H. Wiley, Ed., Wiley-Interscience, New York, N.Y., 1967,
p 309. ’

(7) L. B. Townsend, R. A. Long, J. P. McGraw, D. W. Miles, R. K. Robins, and
H. Eyring, J. Org. Chem., 39, 2023 {1974).

(8) M. V. Pickering, Ph.D. Thesis, Oregon Graduate Center, 1974.

(9) R. K. Robins, F. W. Furcht, A. D. Grauer, and J. W. Jones, J. Am. Chem.
Soc., 78, 2814 (19586).

(10) R.J. Pugmire and D. M. Grant, J. Am. Chem. Soc., 90, 697, 4232 (1968);
93, 1880 (1971).

(11) G.C.Levy, J.D. Cargioli,and F. A.L. Anet, J. Am. Chem. Soc., 95, 1527
(1973).

(12) M. T. Chenon, R. J. Pugmire, D. M. Grant, R. P. Panzica, and L. B. Townsend,
J. Heterocycl. Chem., 10, 431 (1973).

(13) T.R. Krugh, J. Am. Chem. Soc., 95, 4761 (1973).

(14) F. Yoneda and T. Nagamatsu, J. Am. Chem. Soc., 95, 5735 (1973), reported
a similar nucleophilic N-demethyiation.

(15) B. A. Tertov and P. P. Onishchenko, Zh. Obshch. Khim., 41, 1594
(1971).

(18) B. A. Tertov, P. P. Onishchenko, and M. A. Kazanbieva, Zh. Org. Khim.,
6, 2140 (1970).

(17) B. A. Tertov, V. V. Bessonov, and P. P. Onishchenko, Zh. Org. Khim., 10,
2617 (1974).

(18) G. E. Booth and R. J. Ouellette, J. Org. Chem., 31, 544 (1966).



