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mmol) was added dropwise during 10 min and the solution was
stirred at —78 °C for 20 min. The solution temperature was
adjusted to 0 °C (ice/water bath) and gaseous formaldehyde
(generated by heating paraformaldehyde to 150-160 °C in a stream
of nitrogen and dried by passing over phosphorus pentoxide) was
bubbled into the solution until a straw-colored solution was ob-
tained. The solution was stirred overnight at room temperature
and was then poured into saturated ammonium chloride solution
(50 mL) and extracted with ether (5 X 10 mL). The ether extracts
were washed with water (10 mL), saturated NaHCO; (2 X 10 mL),
and brine (10 mL) and dried (MgSO,). Evaporation of solvents
gave 2.39 g of residue, which was chromatographed on silica gel
to give, after evaporation of solvent and kugelrohr distillation,
0.339 g (34%) of epi-cis-B-santalol (9), bp 110-120 °C (0.3 mm),
91% pure. Further purification gave material which was 96%
pure: NMR (CDCly) § 1.01 (3 H, s, >CCHj,), 1.79 (3 H, br s,
=C(CH,OH)CH;), 1.0-2.3 (12 H, m), 2.60-2.75 (1 H, m,
CHC=CH,), 4.14 (2 H, s, CH,0H), 4.46 and 4.73 (2 H, 2 s,
>C=CHj,), 5.15-5.35 (1 H, m, CH=C<); IR (film) 3330, 2940,
1660 cm'; mass spectrum, m/e 220, 202, 187, 159. Anal. Calcd
for C;5H,,0: C, 81.76; H, 10.98. Found: C, 81.48; H, 10.91.
(E)-Ethyl 2-Methyl-5-(2-exo-methyl-3-methylenebicyclo-
[2.2.1]hept-2-y1)-2-pentenoate (30). Sodium hydride (0.212 g
of a 50% oil dispersion, 4.42 mmol) was washed with dimeth-
oxyethane (3 X 5 mL). To a suspension of the sodium hydride
in dimethoxyethane (25 mL) was added triethyl phosphono-
propanoate (1.052 g, 4.42 mmol) in dimethoxyethane (5 mL).
When hydrogen evolution had ceased, the solution was cooled (0
°C) and aldehyde 23 (.786 g, 4.42 mmol, 86% pure) in dimeth-
oxyethane (5 mL) added dropwise during 5 min. The mixture
was stirred at 25 °C for 1 h, then heated at 60-70 °C for 30 min,
cooled, poured into water (30 mL), and extracted with ether (4
X 10 mL). The ether extracts were washed with water (3 X 10
mL) and then brine (10 mL) and dried (MgSO,). The solvents
were evaporated and the residue was chromatographed on silica
gel to give, after evaporation of solvent and kugelrohr distillation,
0.773 g (67%) of esters, bp 110-115 °C (0.3 mm). GLC analysis
indicated 81% E and 9% Z ester 30: NMR (CDCl,) 6 1.03 (3 H,
s, >CCHj,), 1.15-1.38 (3 H, t, J = 7 Hz, CH,CH,), 1.85 (3 H, br
s, =C(CO,R)CHy), 1.0-2.4 (11 H, m), 2.6-2.8 (1 H, m, CHC=CH,),
4.00-4.37 (2 H, q, J = 7 Hz, CH,CH,), 4.48 and 4.73 (2 H, 2’5,
>C=CHy,), 6.6-7.0 (1 H, m, CH=C(CO,R)); IR (film) 2960, 1705,
1650, 1460 cm™; mass spectrum, m/e 262, 247, 234, 216, 189, 161;
UV (95% EtOH) 217 nm (caled 217) (¢ 16 300). Anal. Caled for
Ci7Hy0,: C, 77.81; H, 9.98. Found: C, 77.58; H, 10.10.
(E)-2-Methyl-5-(2-exo-methyl-3-methylenebicyclo{2.2.1]-
hept-2-yl)-2-penten-1-ol (Epi- trans-g-santalol) (10). To a cold
(0 °C) solution of aluminum chloride (0.089 g, 0.67 mmol) in ether

(10 mL) was added portionwise lithium aluminum hydride (0.076
g, 2 mmol). The solution was stirred for 30 min at 0 °C and then
esters 30 (0.262 g, 1 mmol; 82% E, 14% Z) in ether (3 mL) were
added dropwise. The solution was stirred at 0 °C for 1.3 h and
then cautiously poured into 2 N HCI (5 mL) and ice (5 mL). The
aqueous layer was extracted with ether (4 X 10 mL). The com-
bined organic extracts were washed successively with water (2
X 5 mL), saturated NaHCO; (3 X 5 mL), and brine (5 mL) and
dried (MgSO,). Evaporation of solvent and kugelrohr distillation
gave 0.191 g (87%) of a colorless oil, bp 120-130 °C (0.3 mm).
GLC analysis indicated 83% epi-trans-3-santalol (10) and 14%
epi-cis-G-santalol (9). A sample for 80-MHz 'H NMR analysis
was obtained by preparative GLC: NMR (CDCl,) 6 1.03 (3 H,
s, >CCH3), 1.69 (3 H, br s, =C(CH,0H)CHj;), 1.0-2.3 (12 H, m),
2.60-2.75 (1 H, m, CHC=CH,), 4.00 (2 H, s, CH,OH), 4.47 and
472 (2 H, 25, >C=CH,), 5.3-5.6 (1 H, m, CH=C(CH,OH)); IR
(film) 3300, 2960, 1660 cm™!; mass spectrum, m/e 220, 205, 202,
187, 159. Anal. Calced for C;sH,,0: C, 81.76; H, 10.98. Found:
C, 81.61; H, 10.95.

2-Methyl-5-(2-exo-methyl-3-methylenebicyclo[2.2.1]hept-
2-yl)pentan-1-ol (Dihydroepi-3-santalol) (11}, Lithium shot
was added to a mixture of esters 30 (0.262 g, 1 mmol), ethanol
(5 mL), ether (5 mL), and ammonia (20 mL) until a persistent
blue color was observed. Ammonium chloride (2 g) was added
and ammonia allowed to evaporate. The residue was dissolved
in ether (20 mL) and water (10 mL). The aqueous layer was
extracted with ether (3 X 5 mL), and the ether extracts were
washed successively with water (2 X 5 mL) and brine (5 mL) and
dried (MgS0O,). The solvents were evaporated and the residue
was chromatographed on silica gel to give after kugelrohr dis-
tillation 0.155 g (70%) of a colorless oil, bp 110-130 °C (0.3 mm).
GLC analysis indicated a purity of 99%: NMR (CCl,) § 0.84-0.96
(3H,d, J = 7 Hz, >CHCHj;), 0.99 (3 H, s, CHy), 0.8-2.2 (14 H,
m), 2.63 (1 H, s, OH), 2.5-2.75 (1 H, m, CHC=CH,), 3.33-3.42
(2H,d, J = 6 Hz, CH,0H), 4.42 and 4.66 (2 H, 2 5, >C=CH,);
IR (film) 3350, 2960, 1660 cm™!; mass spectrum, m/e 222, 207,
204, 161, 149, Anal. Caled for C;sHy0: C, 81.02; H, 11.79. Found:
C, 80.62; H, 11.57.
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Synthesis of prox-Benzoisoallopurinol
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Pyrazolo[3,4-f]quinazolin-9-one (prox-benzoisoallopurinol, 1), an extended analogue of 7-hydroxypyrazolo-
[4,3-d]pyrimidine (isoallopurinol, 2) and a potential dimensional probe for substrates of xanthine oxidase, has
been synthesized by two independent routes. The title compound, prepared by elaboration of either a suitably
substituted indazole or a quinazolinone, was found to be an active substrate for and an alternative-substrate
inhibitor of xanthine oxidase. The product of enzymatic oxidation of prox-benzoisoallopurinol has been identified

as the corresponding prox-benzoisoalloxanthine.

Recent work in this laboratory has centered on the
synthesis of “stretched-out” versions of biologically active

purine compounds.! Encouraged by the fluorescence and
biochemical properties of extended analogues in this se-
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ries,? we have initiated an investigation of similarly ex-
tended pyrazolopyrimidines, and we report here the syn-
thesis of prox-benzoisoallopurinol (1), an extended ana-

HN—- o)

8 B 3 NIt H.
HNk 1 ~ HNk ) N\N
N e /

A SN
[ 2
0] o]
' N ° .
MR NN
3 4

logue of isoallopurinol (2) and the second in a series of
benzoallopurinols. The synthesis of the first such com-
pound, pyrazolo[4,3-g]lquinazolin-5-one (lin-benzoallo-
purinol, 3), a 2.4-A-wider version of allopurinol (4, the drug
of choice for the treatment of hyperurecemia® and a potent
inhibitor of xanthine oxidase), has recently been reported.*
A commitment to the exploration of the dimensional re-
quirements of enzyme active sites together with an interest
in substrates and inhibitors of xanthine oxidase encouraged
us to synthesize and test prox-benzoisoallopurinol.
Since prox-benzoisoallopurinol (1) can be perceived as
either a fused quinazoline (Scheme I, route A) or a fused
indazole (Scheme I, route B), two independent routes to
its synthesis were envisioned. Because route A proceeds
via the known quinazolinone 6° and route B via the known
indazole 9,% the convergence of these independent synthetic

(1) (a) Leonard, N. J.; Morrice, A. G.; Sprecker, M. A. J. Org. Chem.
1975, 40, 356. (b) Morrice, A. G.; Sprecker, M. A.; Leonard, N. J. Ibid.
1975, 40, 363. (c) Keyser, G. E.; Leonard, N. J. Ibid. 1976, 41, 3529. (d)
Leonard, N. J.; Sprecker, M. A.; Morrice, A. G. J. Am. Chem. Soc. 1976,
98, 3987. (e) Keyser, G. E.; Leonard, N. J. J. Org. Chem. 1979, 44, 2989.

(2) (a) Scopes, D. 1. C,; Barrio, J. R.; Leonard, N. J. Science (Wash-
ington, DC) 1977, 195, 296. (b) Schmidt, M. J.; Treux, L. L.; Leonard,
N. J.; Scopes, D. 1. C.; Barrio, J. R. J. Cyclic Nucleotide Res. 1978, 4, 201.
(c) Leonard, N. J.; Scopes, D. 1. C.; VanDerLijn, P.; Barrio, J. R. Bio-
chemistry 1978, 17, 3677. (d) Kauffman, R. F.; Lardy, H. A.; Barrio, J.
R.; Barrio, M. d. C. G.; Leonard, N. J. Biochemistry 1978, 17, 3686. (e)
VanDerLijn, P.; Barrio, J. E..; Leonard, N. J. Proc. Natl. Acad. Sci. U.S.A.
1978, 75, 4204. (f) VanDerLijn, P.; Barrio, J. R.; Leonard, N. J. J. Biol.
Chem. 1978, 253, 8694. (g) Leonard, N. J. Heterocycles 1979, 12, 129. (h)
Leonard, N. J; Keyser, G. E. Proc. Natl. Acad. Sci. U.S.A. 1979, 76, 4262.

(3) Zyloprim, Burroughs-Wellcome. (a) Goodman, L. S.; Gilman, A.
“The Pharmacological Basis of Therapeutics”, 5th ed.; Macmillan: New
York, 1975; p 352. (b) “Treatment of Hyperurecemia Associated with
Gout and Other Conditions. ZYLOPRIM. A Xanthine Oxidase
Inhibitor”; Burroughs-Wellcome: Research Triangle Park, NC, 1976.

(4) Foster, R. H.; Leonard, N. J. J. Org. Chem. 1979, 44, 4609.

(5) Baker, B. R.; Schaub, R. E.; Joseph, J. P.; McEvoy, F. J.; Williams,
J. H. J. Org. Chem. 1952, 17, 141.

(6) Aldrich Chemical Co., Milwaukee, WI.
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routes provides unequivocal structure proof.

Synthesis. Route A. 5-Methylanthranilic acid (5)¢ was
fused with formamide (the Niementowski procedure)” to
give the known 6-methylquinazolin-4-one (6).° Nitration
with potassium nitrate in sulfuric acid, a procedure which
allows stoichiometric addition of the nitrating agent, gave
the isomer 6-methyl-5-nitroquinazolin-4-one (7) as the sole
mononitro product. This was readily reduced to the fused
o-toluidine-type compound 8 with hydrazine over Raney
nickel.

The treatment of compound 8 with sodium nitrite in
acetic acid gave prox-benzoisoallopurinol (1) accompanied
by many highly colored side products. The promoting
effect of the pyrimidone ring of 8 toward indazole forma-
tion, reported to be necessary in this type of ring closure,?
was insufficient for the clean formation of 1.

Route B. The availability of a substituted indazole (9)®
directed investigation of a second route to prox-benzo-
isoallopurinol (1). The many documented routes to qui-
nazolinones® suggested a pyrazoloanthranilic acid (i.e., 12)
as a logical synthetic intermediate. The isatin 111° was
synthesized in two steps from 6-aminoindazole (9) by using
the Sandmeyer procedure.l! Of the two possible isatin
isomers that might have resulted from the ring closure of
10, we know that only the “bent” one (11) was formed, on
the basis of the NMR spectra of the reaction products, in
which no proton resonances attributable to a “linear”
compound were observed. This result is consistent with
the experiments of Burch,!? in which the Conrad-Lim-
pach!® procedure yielded a prox-pyrazoloquinoline, and of
Primc,* in which only “bent” isomers of pyrazolo-
quinolines were formed in the Skraup synthesis from 5-
and 6-aminoindazole. Alkaline oxidation of the isatin 11
gave the substituted anthranilic acid 12.

Conversion of 12 into 1 was complicated by the facile

(7) Niementowski, S. v. J. Prakt. Chem. 1895, 51, 564.

(8) (a) Noelting, E. Chem. Ber. 1904, 37, 2556. (b) Porter, H. D;
Peterson, W. D. “Organic Syntheses”; Wiley: New York, 19565; Collect.
Vol. 111, p 660.

(9) Quinazoline review: Armarego, W. L. F. In “The Chemistry of
Heterocyclic Compounds. Fused Pyrimidines Part I. Quinazolines”, 1st
ed.; Brown, D. J., Ed.; Wiley-Interscience: New York, 1967.

(10) By Chemical Abstracts nomenclature, this is actually an indazole.

(11) (a) Sandmeyer, T. Helv. Chim. Acta 1919, 2, 234. (b) Marvel, C.
S.; Hiers, G. S. “Organic Syntheses”; Wiley: New York, 1941; Collect. Vol.
1, p 327. (c) Snow, R. A,; Cottrell, D. M,; Paquette, L. A. J. Am. Chem.
Soc. 1977, 99, 3734. (d) For a recent review of isatins, see: Popp, F. D.
Adv. Heterocycl. Chem. 1975, 18, 1.

(12) Burch, H. A. U.S. Patent 3859291, 1975; Chem. Abstr. 1975, 82,
P140131.

(13) Conrad, M.; Limpach, L. Chem. Ber. 1887, 20, 944.

(14) Primc, J.; Stanovnik, B.; Tisler, M. J. Heterocycl. Chem. 1976, 13,
899.
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Table I. Kinetic Data? from Oxidation of Purines and
Purine Analogues by Xanthine Oxidase

compd Kmb Vma.xc Kleopeb
hypoxanthine 1.75x 10°¢ 3.87x 1077 d
1 1.45x 10°° 7.32x 1077 0.95%x 10°¢
3¢ 1.6 X 107*  2687x 1077 1.77x 107s7
allopurinol g g 5.4 X 10-10h

@ Based on Lineweaver-Burk plots (least squares linear
fit to data). ? In units of moles per liter. ¢ In units of
moles per minute per milligram of protein. ¢ Not appli-
cable. ¢ Reference 4. [ Previously unpubllshed result.

# Not measurable under these conditions.” " This is the
reported®? dissociation constant for the enzyme-
inhibitor complex and is more meaningful here than the
K; slope for allopurinol, which is 7.0 x 1077 M.”

decarboxylation of 12 on heating to yield 6-aminoindazole
(9). Early attempts to form the quinazolinone 1 from the
anthranilic acid 12, i.e., by heating with formamide, failed.
A gentle method for quinazolinone synthesis involving the
use of benzoyl isothiocyanate!®€ was applied to generate
compound 1. The heating of compound 12 in acetone with
a benzene solution of benzoyl isothiocyanate gave the
thioureido compound 13. The mercaptoquinazolinone 14,
formed by treatment of 13 with either aqueous hydroxide
or ammonia at reflux, was subsequently reduced to prox-
benzoisoallopurinol (1) by heating it in ammonial” over
Raney nickel,!® with the conformation of nickel salts.

Alternatively, target compound 1 could be synthesized
via the ester of 12 (15). Methyl 6-aminoindazole-7-
carboxylate (15a) was synthesized by the treatment of 12
with an anhydrous solution of diazomethane (Caution!)™?
prepared without distillation® from N-methyl-N"nitro-
N-nitrosoguanidine.® The ethyl ester 15b was prepared
similarly from 12 and N-ethyl-N'-nitro-N-nitroso-
guanidine.®? For preparations of greater than 100 mg
of the ester, the method of Arndt? was convenient for the
generation of diazoethane. Although the ethyl ester 15b
resisted fusion with formamide to form 1 and conversion
with ammonia to the corresponding amide, it could be
formylated with acetic formic anhydride® followed by
heating in liquid ammonia at 120 °C to give crystalline 1
in analytically pure form. The preferred route for the
preparation of 1 from 9 is thus 9 — 10 — 11 — 12 — 15b
— 1. prox-Benzoisoallopurinol (1) was found to be non-
fluorescent.

Behavior with Xanthine Oxidase. We have inves-
tigated the behavior of prox-benzoisoallopurinol (1) both
as a substrate and as an inhibitor with xanthine oxidase.?

(15) Benzoyl isothiocyanate synthesis: {a) Douglass, I. B.; Dains, F.
B. J. Am. Chem. Soc. 1934, 56, 719. (b) Ambelang, J. C.; Johnson, T. B.
Ibid. 1939, 61, 632. {c) Cook, A. H.; Downer, J. D.; Heilbron, 1. J. Chem.
Soc. 1948, 1262. (d) Takamizawa, A.; Hirai, K.; Matsui, K. Bull. Chem.
Soc. Jpn. 1963, 36, 1214.

(16) Examples of ring closures: (a) Yamazaki, A.; Kumashiro, 1.;
Takenishi, T. J. Org. Chem. 1967, 32, 1825. (b) Maguire, J. H.; McKee,
R. L. J. Heterocycl. Chem. 1979, 16, 133.

(17) (a) Snyder, H. R.; Foster, H. M.; Nussberger, G. A. J. Am. Chem.
Soc. 1954, 76, 2441. (b) Foster, H. M,; Snyder, H. R. “Organic Syntheses”;
Wiley: New York, 1963; Collect. Vol. IV, p 638.

(18) Raney nickel review: Pizey, J. S. “Synthetic Reagents”; Wiley:
New York, 1974; Vol. II, Chapter 4.

(19) Caution: Diazoalkanes are explosive and toxic. All manipula-
tions should be carried out in an efficient fume hood. Gloves should be
worn. See: Sax, N. I. “Dangerous Properties of Industrial Materials”,
4th ed.; Van Nostrand-Reinhold: New York, 1975; p 610.

(20) Fales, H. M.; Jaouni, T. M.,; Babashak, J. F. Anal. Chem. 1973,
45, 2302.

(21) McKay, A. F,; Ott, W. L,; Taylor, G. W.; Buchanan, M. N;
Crooker, J. F. Can. J. Res., Sect. B 1950, 28, 683.

(22) Arndt, F. “Organic Syntheses”; Wiley: New York, 1943; Collect.
Vol. II, p 165.

(23) Fieser, L. F.; Fieser, M. “‘Reagents for Organic Synthesis”; Wiley:
New York, 1967; Vol. I, p 4.
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Figure 1. Ultraviolet absorption spectra of prox-benzoisoallo-
purinol (1) (---) and its xanthine oxidase product 16 (—) in
phosphate buffer at pH 7.8.

Scheme 11

HN—N

: ”1@)

15

Using conventional assay methods with oxygen as the final
electron acceptor,” we obtained data as reported in Table
I. Because prox-benzoisoallopurinol is a substrate for
xanthine oxidase (Figure 1), it was hypothesized that its
mode of inhibition might be that of an alternative sub-
strate.® We observed the oxidation of hypoxanthine (as
uric acid formation) in the presence and absence of 1.4 X
10* M prox-benzoisoallopurinol (1) over a range of hy-
poxanthine concentrations. A Lineweaver-Burk plot
(least-squares linear fit to data) showed that the inhibition
was competitive and that, consistent with an alternative
substrate mode of inhibition,2® Kj, K, within ex-
perimental error. To test the poss1b1f€ty of mhxbmon by
the oxidation product of 1, analogous to the development
of inhibition by the oxidation product of allopurinol,?” we
preincubated samples of xanthine oxidase alone in a buffer
with compound 1 or with allopurinol (4) to determine
whether inhibition developed. The prox-benzoisoallo-
purinol-treated enzyme oxidized hypoxanthine at the same
rate as the untreated enzyme, whereas the allopurinol-
treated enzyme lost nearly all its catalytic ability. These
results parallel those obtained with lin-benzoallopurinol
(3), which also inhibits xanthine oxidase competitively by
an alternative substrate mode.*

Like allopurinol (4),7” both benzoallopurinols 1 and 3 are
excellent substrates for xanthine oxidase, with activities

(24) Recent xanthine oxidase reviews: (a) Bray, R. C.; Swann, J. C.
Struct. Bonding (Berlin) 1972, 11, 107. (b) Bray, R. C. In “The
Enzymes”, 3rd ed.; Boyer, P., Ed.; Academic Press: New York, 1975; Vol.
XII, p 299. (c) Massey, V. In “Iron~Sulfur Proteins”; Lovenberg, W., Ed,;
Academic Press: New York, 1973; Vol. I, p 301.

(25) (a) “Biochemica Information”, Boehringer Mannheim GmbH:
Mannheim, West Germany, 1973; Vol. 1, p 179. (b) “Enzymes, Enzyme
Reagents, Related Biochemicals”; Worthington Biochemical Company:
Freehold, NJ, 1972; p 30.

(26) Segel, I. H. “Enzyme Kinetics”; Wiley-Interscience: New York,
1975; pp 793-813.

(27) Elion, G. B. Ann. Rheum. Dis. 1966, 25, 608.
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comparable to those of the natural substrate hypoxanthine.
Unlike allopurinol, compounds 1 and 3 do not inhibit
xanthine oxidase by a powerful secondary mechanism?®
and are inhibitors only in concentrations comparable to
their K’s. These results indicate that while both 1 and
3 are relatively unpromising xanthine oxidase inhibitors,
both bent (1) and linear (3) extended analogues of iso-
allopurinol or allopurinol (4) can be accommodated sat-
isfactorily at the active site of xanthine oxidase.

We have identified the products of oxidation of 1 and
of 3 by xanthine oxidase. prox-Benzoisoalloxanthine
(pyrazolo{3,4-flquinazoline-7,9-dione, 16) was synthesized
chemically from compound 12 by treatment with benzoyl
isocyanate® followed by ring closure in aqueous hydroxide
or from intermediate 15 by treatment with ethyl chloro-
formate followed by ring closure with liquid ammonia at
120 °C (Scheme II). For enzymatic synthesis, compound
1 in dimethyl sulfoxide was diluted in aqueous buffer and
oxidized with xanthine oxidase. The solid obtained after
evaporation of the buffer and precipitation from the re-
maining dimethyl sulfoxide was identical in all respects
with chemically prepared 16, as judged by “mixed NMR”
spectra and other properties.

In an analogous experiment, the enzymatic oxidation
product of lin-benzoallopurinol (3)* has been identified by
chemical synthesis (Scheme III). The substituted ben-
zonitrile 18, which we have described previously,* was
hydrolyzed in sulfuric acid to the nitro amide 19, from
which the indazole 20 was formed by treatment with so-
dium nitrite in acetic acid. The reduction of intermediate
20 with hydrazine over Raney nickel afforded 21, which
was fused with urea to give lin-benzoalloxanthine (pyra-
zolo[4,3-g]quinazoline-5,7-dione, 17), identical in all re-
spects with the product obtained from the enzyme-cata-
lyzed oxidation of 3. Neither compound 16 nor compound
17 was oxidized further by xanthine oxidase.

Experimental Section

Unless otherwise indicated, all thin-layer chromatographic
(TLC) separations were performed on Merck precoated silica gel
f-254 plates with fluorescent backing and were developed with
ethyl acetate. Melting points were determined on a Biichi melting
point apparatus and are uncorrected. Reactions in ammonia were
performed in a high-pressure bomb obtainable from the Parr
Instrument Co. The NMR spectra were recorded on a Varian
Associates EM-390 or HA-220 spectrometer using tetramethyl-
silane as an internal standard. Data are reported as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet,

(28) (a) Spector, T.; Johns, D. G. J. Biol. Chem. 1970, 245, 5079. (b)
Massey, V.; Komai, H.: Palmer, G.; Elion, G. B. J. Biol. Chem. 1970, 245,
2837.

(29) Speziale, A. J.; Smith, .. R.; Fedder, J. E. J. Org. Chem. 1965, 30,
4306.
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q = quartet, br = broad, m = multiplet), integration, coupling
constants, and assignment. Mass spectra were obtained by Mr.
J. Carter Cook and his staff on a Varian MAT CH-5 low-resolution
or a Varian MAT-731 high-resolution spectrometer coupled with
a 620i computer and a STATOS recorder. Ultraviolet absorption
spectra were obtained on a Beckman Acta MVI spectrometer, and
the maxima are reported as follows: solvent, wavelength, ab-
sorption coefficient, and description (sh = shoulder). Micro-
analyses were performed by Mr. Josef Nemeth and his staff or
by Midwest Microlab, Ltd. Raney nickel (No. 28) was used as
purchased from the Grace Chemical Co. Buttermilk xanthine
oxidase (xanthine oxygen oxidoreductase; EC No. 1.2.3.2) was
purchased from Sigma Chemical Co.

Pyrazolo[3,4-f)quinazolin-9-one (prox-Benzoisoallo-
purinol, 1). From Ethyl 6-Aminoindazole-7-carboxylate
(15b). An ice-cold, stirred solution of 400 mg (1.95 mmol) of ethyl
6-aminoindazole-7-carboxylate (15b) in 10 mL of 98% formic acid
was treated with 5 mL of acetic formic anhydride? at 0 °C and
allowed to reach room temperature. When TLC (developed in
50:50 ethyl acetate/hexane) showed that all of the starting material
had been consumed, the solvents were evaporated in vacuo, and
the residue was freed of residual solvents by the azeotropic
evaporation of aliquots of dry toluene (3 X 10 mL) in vacuo. The
solid was placed in a 110 mL stainless-steel reaction bomb, cooled
in a dry ice/acetone bath, and covered with 20 mL of liquid
ammonia. The bomb was sealed, heated to 120 °C for 12 h, and
cooled slowly to room temperature before being reimmersed in
a dry ice/acetone bath and unsealed. The ammonia was decanted,
leaving 200 mg (51%) of tan, analytically pure needles of 1: mp
>300 °C; NMR ((CD,),S0) 6 7.34 (d, 1, J = ¢ Hz, C_H), 8.12 (d,
1,J = 9 Hz, C,H), 8.19 (s, 2, C, H); mass spectrum, m/e 186 (M*);
UV max (phosphate buffer, pH 7.8) 252 nm (e 24600), 314 (8300),
326 (8400).

Anal. Caled for CgH¢N,O-NH;: C, 53.19; H, 4.46; N, 34.47.
Found: C, 52.99; H, 4.37; N, 34.67.

From 5-Amino-6-methylquinazolin-4-one (8). A solution
of 140 mg (0.8 mmol) of 5-amino-6-methylquinazolin-4-one (8)
in 15 mL of glacial acetic acid, treated at once with 55 mg (0.8
mmol) of sodium nitrite in 1 mL of water, was stirred at 20 °C
for 3 days. The solvents were evaporated in vacuo, and the
residual solid was triturated with water and filtered to give, after
drying, a brown solid (50 mg, 34%; mp >300 °C) spectroscopically
identical with that prepared by the first route. The absence of
NHj; in this case and the one below did not interfere in the UV
or NMR spectra.

From 7-Mercaptopyrazolo[3,4-f]lquinazolin-9-one (14). A
hot solution of 7-mercaptopyrazolo[3,4-f]quinazolin-9-one (14, 100
mg, 0.45 mmol) in 20 mL of 5 M ammonium hydroxide was heated
at reflux over Raney nickel for 1.5 h. The catalyst was removed
by filtration, and the solvents were removed in vacuo to give 75
mg (90%) of a pale powder which contained some nickel salts:
mp >300 °C, spectroscopically identical with that prepared by
the other routes.

6-Methyl-5-nitroquinazolin-4-one (7). A solution of 1.0 g
(6.2 mmol) of 6-methylquinazolin-4-one (6)5 in 10 mL of con-
centrated sulfuric acid was added to a solution of 630 mg (6.25
mmol) of potassium nitrate in 10 mL of concentrated sulfuric acid.
The combination was allowed to stand at room temperature for
24 h before being poured over 200 mL of crushed ice. The pre-
cipitate was collected and dried to give 830 mg (65%) of a pale
yellow powder: mp 265 °C dec; NMR ((CD3),S0) 6 2.30 (s, 3, CHa),
7.75(d, 1,J = 9 Hz, C,,H), 7.88 (d, 1, J = 9 Hz, C,H), 8.20 (s,
1, 2-H); mass spectrum, m/e 205 (M"); exact mass caled for
CyH,N40; 205.0487, found 205.0485.

5-Amino-6-methylquinazolin-4-one (8). A solution of 3.0
g (14.6 mmol) of 6-methyl-5-nitroquinazolin-4-one (7) in 200 mL
of absolute ethanol (heating may be required to effect solution)
was treated at 0 °C with 200 mg of 10% palladium on charcoal
catalyst. Stirring was initiated, and 2.5 mL of 98% hydrazine
hydrate was added dropwise while the suspension was allowed
to warm to room temperature, where it remained for 1 h before
being heated to reflux for an additional 2 h. The suspension was
filtered hot to remove the catalyst, and the filtrate was evaporated
in vacuo to give 2.2 g (86%) of a tan solid: mp 212 °C dec; NMR
((CD4),S0) 8 2.10 (s, 3, CHy), 6.63 (d, 1, J = 9 Hz, 8-H), 6.92 (s,
NH),7.29(d, 1, J = 9 Hz, 7-H), 7.80 (s, 1, 2-H); mass spectrum,
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m/e 175 (M*); exact mass caled for CogHgN3O 175.0744, found
175.0743.

6-(Isonitrosoacetamido)indazole (10). Into a I-L flask
equipped with a mechanical stirrer and condenser were placed,
in order, 9.0 g (54 mmol) of chloral hydrate,® 117 mL of water,
130 g of sodium sulfate, a solution of 6.65 g (50 mmol) of 6-
aminoindazole (9)¢ in 185 mL of water containing 4.3 mL of
concentrated hydrochloric acid, and a solution of 18 g (130 mmol)
of hydroxylamine hydrochloride in 32 mL of water. The mixture
was heated slowly to gentle reflux over 4 h, maintained at reflux
for 30 min, and immersed in an ice bath. The resulting tan
precipitate was filtered, triturated with 250 mL of hot water,
refiltered, and dried to yield 10.2 g (100%) of a crude beige solid
that could be used in the next step without further purification:
mp 200 °C dec; NMR ((CD;),S0) 6 7.23 (d, 1, J = 9 Hz, C_H),
762 (d, 1,J =9 Hz, C,H), 7.67 (s, 1), 7.97 (s, 1), 8.17 (s, 1), 10.27
(s, 1); mass spectrum, m/e 204 (M*); exact mass caled for Cq-
H3N, O, 204.0647, found 204.0642.

Pyrrolo[2,3-glindazole-7,8-dione (11). To 10 mL of con-
centrated sulfuric acid was added 2.5 g (12.3 mmol) of mois-
ture-free 6-(isonitrosoacetamido)indazole (10) with vigorous
stirring to prevent local heating. The resulting solution was
warmed at 80 °C in an oil bath for 30 min and then poured over
250 mL of crushed ice. The solid which separated was isolated
by filtration and taken up in 50 mL of 2 M sodium hydroxide,
and this mixture was filtered to remove impurities and neutralized
carefully with glacial acetate acid. The resulting suspension was
filtered to remove further impurities, and the filtrate was acidified
carefully with concentrated hydrochloric acid. The red solid which
separated was filtered and dried to give 2.02 g (88%) of crude
11: mp 300 °C; NMR ((CD,),S0) 6 6.73 (d, 1, J = 9 Hz, C,H),
8.08 (s, 1, 3-H), 8.08 (d, 1, J = 9 Hz, C_ H), 11.7 (s); mass spectrum,
m/e 187 (M*).

Anal. Caled for CoHgN 04 C, 57.76; H, 2.69; N, 22.45. Found:
C, 57.48; H, 2.60; N, 22.18.

6-Aminoindazole-7-carboxylic Acid (12). At no time during
this procedure!!® should the temperature be allowed to exceed
60 °C. A 250-mL flask fitted with a mechanical stirrer and a
thermometer was charged with a solution of 5.3 g (216 mmol) of
pyrrolo[2,3-glindazole-7,8-dione (11) in 100 mL of 1.5 M aqueous
sodium hydroxide and warmed to 50 °C. Hydrogen peroxide
(30%, 7.0 mL) was added dropwise to the reaction, which must
be kept between 50 and 60 °C. The reaction was initially exo-
thermic enough to maintain the desired temperature without
external heating. When the addition was complete, the mixture
was stirred overnight at room temperature. The mixture was
neutralized slowly and carefully with concentrated hydrochloric
acid, and this mixture was stirred at room temperature for 30 min
with activated charcoal, filtered through Celite, concentrated in
vacuo to 30 mL, and brought to pH 4 by further addition of
concentrated hydrochloric acid. The suspension was cooled to
0 °C and filtered, and the residue was dried at room temperature,
affording 3.62 g (72%) of a tan powder: mp 110 °C dec; NMR
((CDy),S0) 66.60 (d, 1, J =9 Hz, C,H),7.57 (d, 1,J = 9 Hz, C_H),
7.83 (s, 1, 3-H); mass spectrum, m/e 177 (M*); exact mass caled
for CgH,N;0, 177.0538, found 177.0540.

6-(3-Benzoylthioureido)indazole-7-carboxylic Acid (13).
A suspension of 177 mg (1.0 mmol) of 6-aminoindazole-7-carboxylic
acid (12) in 15 mL of acetone was heated at reflux with 0.5 mL
of a 2 M solution of benzoyl isothiocyanate in benzene!®® for 12
h. The beige suspension thus formed was filtered, and the residue
was dried, giving 150 mg (44%) of a tan solid. An analytical
sample could be obtained by recrystallization from ethanol/di-
methylformamide: mp 210 °C dec, NMR ((CD,),S0) 6 7.54 (m,
3,C.H), 7.83 (s, 1), 7.98 (m, 3, CH), 8.14 (s, 1), 11.48 (5, 1), 13.18
(8, 1); mass spectrum, m/e (field desorption) 340 (M™).

Anal. Caled for C;¢H;3N,058: C, 56.46; H, 3.55; N, 16.46.
Found: C, 56.32; H, 3.55; N, 16.44.

7-Mercaptopyrazolo[3,4-flquinazolin-9-one (14). A sus-
pension of 110 mg (0.32 mmol) of 6-(8-benzoylthioureido)-
indazole-7-carboxylic acid (13) in 2 mL of 10% aqueous sodium
hydroxide was heated at reflux for 4 h. Following cooling and

(30) In the first of these steps, chloral hydrate is required. This ma-
terial is a restricted substance, and clearance from the U.S. Drug En-
forcement Agency is required for its purchase.

Foster and Leonard

careful neutralization with concentrated hydrochloric acid, the
suspension was filtered, giving 60 mg (88%) of a tan solid, an
analytical sample of which could be obtained by recrystallization
from ethanol/dimethylformamide: mp >300 °C dec; NMR ((C-
D3),S0) 6 7.12 (d, 1, J = 9 Hz, CH), 8.09 (d, 1, J = 9 Hz, C,H),
8.14 (s, 1, 3-H); mass spectrum, m/e 218 (M™).

Anal. Caled for CgHN,OS: C, 49.53; H, 2.86. Found: C, 49.21;
H, 2.77.

An identical sample was obtained by substituting concentrated
ammonia for aqueous hydroxide.

Methyl 6-Aminoindazole-7-carboxylate (15a). Caution:
This procedure should be carried out in an efficient fume hood.'®
In the procedure described by Fales et al.,?® 400 mg (2.72 mmol)
of N-methyl-N “nitro-N-nitrosoguanidine® was decomposed 100
mg at a time, and the combined ethereal solutions were added
to an ice-cold suspension of 80 mg (0.45 mmol) of 6-amino-
indazole-7-carboxylic acid (12) in 30 mL of acetone. The sus-
pension was stirred at 0 °C for 2 h and allowed to come to room
temperature overnight. When TLC showed that all of the starting
material had reacted, the solvents were evaporated with a stream
of N, to yield a red powder: mp 175 °C; NMR (CDCl;) 6 4.00
(s, 3,CH,), 6,47 (d, 1, J = 9 Hz, 5-H), 7.58 (d, 1, J = 9 Hz, 4-H),
7.86 (s, 1, 3-H); mass spectrum, m/e 191 {M™); exact mass calcd
for CQH9N302 191.0693; found 191.0694.

Ethyl 6-Aminoindazole-5-carboxylate (15b). Caution: This
procedure should be carried out in an efficient fume hood.'® A
benzene/toluene solution of diazoethane procedure by the method
of Arndt? from 300 mg (1.86 mmol) of N-ethyl-N"nitro-N-
nitrosoguanidine,® was added to a stirred suspension of 150 mg
(0.85 mmol) of 6-aminoindazole-7-carboxylic acid (12) in 15 mL
of acetone at 0 °C. The suspension was allowed to come to room
temperature and was then filtered. The filtrate was evaporated
with a stream of N, to give 140 mg (80%) of an orange solid which
could be purified by sublimation: mp 180-181 °C; NMR ((C-
D;),S0) 6 1.837 (t, 3, J = 7 Hz, CHy), 4.42 (q, 2, J = 7 Hz, CHy),
6.58 (d, 1,J = 9 Hz, 5-H), 7.54 (d, 1, J = 9 Hz, 4-H), 7.85 (s, 1,
3-H); mass spectrum, m/e 205 (M™).

Anal. Caled for C,gH;; N3O, C, 58.53; H, 5.40; N, 20.48. Found:
C, 58.72; H, 5.45; N, 20.67.

Pyrazolo[3,4-f]quinazoline-7,9-dione (prox-Benzoiso-
alloxanthine, 16). From 6-Aminoindazole-7-carboxylic Acid
(12). A suspension of 177 mg (1.0 mmol) of 6-aminoindazole-7-
carboxylic acid (12) in 15 mL of dry acetone was heated at reflux
for 15 min with 1 g of 4-A molecular sieves before being treated
with 1 mL of a 1.0 M solution of benzoyl isocyanate® in benzene.
The reaction was stirred at room temperature for 1 h, and the
precipitate which had formed was isolated by filtration and then
suspended and heated at reflux in 10 mL of 10% sodium hy-
droxide for 6 h. The suspension was filtered while hot, and the
filtrate was neutralized with concentrated hydrochloric acid and
filtered to give 113 mg (56%) of a beige powder: mp >250 °C;
NMR ((CDy),S0) 66.98 (d,1,J =9 Hz,C,H), 797 (d, 1,J =
9 Hz, C_H), 8.06 (s, 1, 3-H); mass spectrum, m /e 202 (M*); exact
mass caled for CgHgN,O, 202.0491, found 202.0491.

From Ethyl 6-Aminoindazole-7-carboxylate (15b). A
suspension of 20 mg (0.1 mmol) of ethyl 6-aminoindazole-7-
carboxylate (15b) in 10 mL of ethyl chloroformate was heated
at reflux for 2 h. The solvent was removed in vacuo, and the
residual solid was placed in a 110-mL stainless-steel bomb, cooled
in a dry ice/acetone bath, and covered with 20 mL of ammonia.
The bomb was sealed, heated to 120 °C for 12 h, recooled in a
dry ice/acetone bath, and opened. Evaporation of the ammonia
(effected by allowing the bomb to warm up slowly) gave 15 mg
(80%) of a pale solid, identical with compound 16 prepared by
the first route.

From Pyrazolo[3,4-f]quinazolin-9-one (1). A solution of
10 mg (0.53 mmol) of pyrazolo[3,4-flquinazolin-9-one (1) in 0.5
mL of dimethyl sulfoxide was added dropwise to 200 mL of boiling
water. The resulting solution was cooled to room temperature
and mixed with 25 mL of 0.5 M TEAB® buffer (pH 7.7). But-

(31) TEAB is triethylammonium bicarbonate. A 6-L sample was
prepared as follows. At 0 °C, combine 425 mL of distilled triethylamine
with 3 L of water in a 6-L flask, bubble carbon dioxide through this
overnight, adjust the volume to 6 L with water, store the mixture at 0 °C,
and check the pH. If the pH is >8, add more carbon dioxide.
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termilk xanthine oxidase (250 uL of a 20 mg/mL suspension in
2.3 M ammonium sulfate) was pelletted in a centrifuge, dissolved
in 1 mL of 0.5 M TEAB buffer, and added to the substrate. The
course of the oxidation was monitored by UV spectrometry with
2-mm-path cells over the range 350-220 nm. When the reaction
was complete, the solvents were concentrated in vacuo to 0.5 mL
and treated with 10 mL of cold water, giving a precipitate which
was isolated by centrifugation. The pellet was resuspended in
acetone and repelletted, and the solid was dried in air to give 11
mg (98%) of a white solid, which was identical in all respects,
including “mixed NMR” comparison, with that prepared by the
chemical routes.

Pyrazolo[4,3-g]quinazoline-5,7-dione (17). From 6-
Aminoindazole-5-carboxamide (21). A mixture of 200 mg (1.17
mmol) of 6-aminoindazole-5-carboxamide (21, preparation de-
scribed below) and 400 mg (6.67 mmol) of urea was heated in an
oil bath at 14 °C for 45 min. The clear solution partially solidified,
and heating was continued at 180 °C for an additional 1.5 h, until
the melt had become too solid to stir and the evolution of ammonia
had ceased. The crude solid was triturated twice with 20 mL of
water to give 85 mg (36%) of a tan solid: mp >300 °C; NMR
({(CDy),S0) 6 7.17 (s, 1, C,H), 8.19 (s, 1, C,H), 8.43 (s, 1, C,.H);
mass spectrum, m/e 202 (M*); exact mass caled for CgHgN,O,
202.0490, found 202.0488.

From lin-Benzoallopurinel (3). A solution of 10 mg (0.053
mmol) of pyrazolo[4,3-g]quinazolin-5-one (lin-benzoallopurinol,
3) in 0.5 mL of dimethyl sulfoxide was added dropwise to 250 mL
of boiling water. The solution was cooled to 0 °C and mixed with
250 mL of 0.5 M TEAB* buffer (pH 7.7). Xanthine oxidase (500
uL of a 20 mg/mL suspension in 2.3 M ammonium sulfate) was
pelletted in a centrifuge and dissolved in 1 mL of 0.5 M TEAB
buffer after the supernatant was removed. The enzyme solution
was added to the solution of 3 in TEAB, and the reaction mixture
was allowed to come to room temperature. The reaction was
monitored by UV spectrometry using 2-mm-path cells over the
range 300-240 nm. When the reaction was complete (ca. 2 h),
the solvents were concentrated in vacuo to 0.5 mL. Addition of
10 mL of cold water produced a precipitate which was isolated
by centrifugation, resuspended in acetone, and repelletted in a
centrifuge. The white solid thus obtained was dried in air to give
10 mg (92%) of compound 17 which was identical by “mixed
NMR” and UV spectra with that prepared by the route described
above.

4-Amino-5-methyl-2-nitrobenzamide (19). To 5 mL of 10%
sulfuric acid was added 100 mg (0.56 mmol) of 4-amino-6-
methyl-2-nitrobenzonitrile (18),* and the resulting suspension was
placed in a 100 °C oil bath. Nitrogen was gently blown over the
top of the suspension until the volume of the reaction mixture
remained constant, at which time the nitrogen stream was re-
moved, and the reaction was kept in the bath for an additional
hour. The reaction mixture was poured over 80 g of crushed ice
and neutralized carefully with concentrated ammonia. The yellow
solid thus appearing was collected and dried to yield 100 mg (92%)
of yellow crystals: mp 268 °C; NMR ((CDy),S0) 4 2.10 (s, 1, CHy),
5.75 (s, NH), 6.98 (s, 1, C.H), 7.24 (s, 1, C, H); mass spectrum,
m/e 195 (M™).

Anal. Caled for CgHgN,Og: C, 49.23; H, 4.65; N, 21.53. Found:
C, 49.39; H, 4.86; N, 21.30.

6-Nitroindazole-5-carboxamide (20). A suspension of 2.2
g (11.28 mmol) of very finely ground 4-amino-5-methyl-2-nitro-
benzamide (19) in 220 mL of glacial acetic acid was treated all
at once with a solution of 778 mg (11.3 mmol) of sodium nitrite
in 2 mL of water, and the solution was stirred vigorously for 15
min before being allowed to stand at room temperature for 24

J. Org. Chem., Vol. 45, No. 15, 1980 3077

h. The solvents were evaporated in vacuo, and the residue was
dried and used in subsequent steps without further purification:
dec 226 °C; NMR ((CD,),SO0) é 8.17 (s, 1, C,H), 8.27 (s, 1, CH),
8.42 (s, 1, C,H); mass spectrum, m/e 206 (M*).

6-Aminoindazole-5-carboxamide (21). A solution of 2.0 g
(10 mmol) of 6-nitroindazole-5-carboxamide (20) in 600 mL of
methanol was treated with 3 mL of 98% hydrazine hydrate.
Raney nickel was added, and the suspension was stirred vigorously
for 6 h and filtered through Celite to remove the catalyst. The
filtrate was concentrated to 300 mL, treated with charcoal, and
stripped of the solvents in vacuo to give 1.6 g (91%) of a tan solid
which could be recrystallized from methanol: mp 268 °C (lit.*
mp 265 °C); NMR ((CD,),S0) 6 6.32 (s, NH), 6.57 (s, 1, 7-H), 7.81
(s, 1, CoH), 7.95 (s, 1, C,H); mass spectrum, m/e 176 (M*).

Oxidation with Xanthine Oxidase? and Oxygen. The
procedures used were modifications of the method of xanthine
oxidase assay described by Boehringer Mannheim.?® Final assay
mixtures had a total volume of 3.05 mL in a cuvette with a 1.0-cm
light path. The assay mixtures contained oxygen as the final
electron acceptor,® sodium EDTA at 0.10 mM, potassium
phosphate buffer, pH 7.8 at 0.1 M, and the substrate to be oxidized
at the specified concentrations. Each assay was initiated by
addition of 50 uL of an enzyme solution which was a dilution of
Sigma buttermilk xanthine oxidase (20 mg/mL suspension in 2.3
M ammonium sulfate) in 2 M ammonium sulfate in a ratio of 1:20
when compound 1 was the substrate and of 1:200 when hypo-
xanthine was the substrate. The oxidation of compound 1 was
monitored at 254 nm, and the oxidation of hypoxanthine was
monitored at 283 nm (the isosbestic point for the oxidation of
1) as the formation of uric acid. Assays generally took 10-15 min
for complete oxidation.

In a study of the possible inhibitory effect of prox-benzoiso-
allopurinol on uric acid formation from hypoxanthine, duplicate
samples were run at each concentration, one with an inhibitor
concentration of 1.4 X 10° M 1 and one without inhibitor. In
a preincubation study, two 50-uL aliquots of 1:20 Sigma xanthine
oxidase in 2 M ammonium sulfate were incubated with 450 uL
of phosphate buffer or 450 uL of 2.9 X 10 M 1 in phosphate
buffer, respectively, at 23 °C for 4 h. For each of the two sets
of assays, 50 uL of this incubation mixture was used to catalyze
the oxidation of 7.34 X 10 M hypoxanthine in phosphate buffer
under the assay conditions described above, and the formation
of uric acid was monitored as a function of time.
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(32) We found that the assay results were the same whether oxygen
was bubbled into the assay mix before addition of enzyme or not.



