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4 reaction in Scheme 1. Excess ethylene sulfide was used
in our reaction to shift the equilibrium to la; however,
distillation of the product (1a) did not give 3 as an im-
purity as was observed with the ref 4 reaction in Scheme
I. This may result from an impurity such as bromine or
a bromo compound in the product from the ref 4 reaction
in Scheme I acting as a catalyst for the reaction of la.

These results clearly demonstrate the validity of the
potential equilibrium given in eq 1.

Experimental Section

All reagents were used as obtained from Aldrich without further
purification. 'H and *C nuclear magnetic resonance (NMR) data
were obtained on a JEOL FX90Q Fourier transform nuclear
magnetic resonance (FTNMR) spectrometer and were referenced
vs. tetramethylsilane. Elemental analyses were performed by
Midwest Microlabs, Indianapolis, IN.

Bromoethyl Benzyl Sulfide (1a). To 75 g of ethylene sulfide
was added 171 g of benzyl bromide. The neat mixture was heated
to 50 °C and monitored by !H NMR for the disappearance of the
benzyl bromide methylene proton signal. This occurred after 24
h, at which time the solution was flushed with dry nitrogen gas
to remove excess ethylene sulfide. The crude reaction mixture
afforded a quantitative yield of the bromoethyl benzyl sulfide (1a),
and the 'H NMR spectrum was comparable to that from the
product obtained by Schneider’s procedure.* An aliquot of our
product was distilled to give la: bp 120-123 °C (0.55 torr), [lit.*
bp 111 °C (0.2 torr)}; 'H NMR (CDCl;) 6 2.78 (t, 2, CH,S), 3.31
(t, 2, BrCH,), 3.68 (s, 2, SCH,Ph), 7.25 (s, 5, Ph).

Chloroethyl Trityl Sulfide (1c). To a flask was added 5.58
g (0.02 mol) of trityl chloride and 2.4 g (0.04 mol) of ethylene
sulfide in 25 mL of dichloromethane and stirred for 48 h at room
temperature. The solvent was evaporated, and the residue was
recrystallized once from benzene/petroleum ether (50:50) to afford
1c in an 81% yield.

The 'H NMR spectra of this solid and the analytical sample
were identical: 'H NMR (CDCl;) 6 2.63 (t, 2, CH,S), 3.08 (t, 2,
CICH,), 7.15-7.52 (m, 15, PhyC). A sample was twice recrystallized
as above to give le, mp 119.5-121 °C.

Anal. Caled for CyH4CIS: C, 74.43; H, 5.65; Cl, 10.46; S, 9.46.
Found: C, 74.36; H, 5.85; Cl, 10.41; S, 9.71.

Acknowledgment. We thank the U.S. Army Medical
Research and Development Command for financial sup-
port of this research by Contract DAMD17-82-C-2075.

Registry No. la, 60671-59-2; 1c, 108418-96-8; 3, 100-39-0; 4,
420-12-2; trityl chloride, 76-83-5.

A Convenient Synthesis of lin-Benzopurines
through a Common Intermediate

Nelson J. Leonard* and Franciszek Kazmierczak!

Roger Adams Laboratory, School of Chemical Sciences,
University of Illinois, Urbana, Illinois 61801

Andrzej Rykowski

Institute of Organic Chemistry, Polish Academy of Sciences,
01-224 Warsaw, Poland

Received January 22, 1987

Continuing interest in lin-benzopurine derivatives as
dimensional probes of binding and activity' has prompted
us to seek improvement in the synthesis of the tricyclic
heteroaromatic nuclei so as to make the entire series more
readily available. For example, the initial synthesis of
lin-benzoadenine required the separation of isomeric
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substituted quinazolones at an intermediate stage.2 Now,
by recourse to symmetrical substitution on benzimidazole,
it is possible to avoid isomeric diversion away from pre-
cursors that lead to the linear tricyclic ring system. 5,6-
Dimethylbenzimidazole (1), which is readily available, was
oxidized by potassium permanganate to benzimidazole-
5,6-dicarboxylic acid (2) in 48% yield. Conversion to 1-
acetylbenzimidazole-5,6-dicarboxylic anhydride (3) in 93%
yield was effected by heating 2 with acetic anhydride. The
five-membered cyclic anhydride was enlarged to a six-
membered oxazinedione ring by treatment with azidotri-
methylsilane, Me3SiN; (Scheme I).35

The mixture of 1- and 3-acetylimidazo{4,5-g]-7,5-benz-
oxazine-6,8(5H)-dione (4a, 4b) was then used directly in
the crude form as the pivotal intermediate for the synthesis
of lin-benzohypozanthine (5),? lin-benzoxanthine (6),°
lin-benzoguanine (7),’® and /in-benzoadenine (8).2 In short,
the intermediate 4a,b serves as the common branch point
for all the stretched-out purines related to the naturally
occurring purines. Some of our observations that led to
the development of more efficient synthetic methodology
for the tricyclic series are worthy of comment. It is im-
portant to use freshly distilled azidotrimethylsilane in
anhydrous acetonitrile with the rigorous exclusion of
moisture to effect an efficient conversion of anhydride 3
to the complex isatoic anhydride intermediate 4a,b. Ex-
tension of the reaction time beyond that described in the
Experimental Section led to increased formation of an
unwanted side product.® Formamidine acetate*® in DMF
or Cellosolve was used to convert 4a,b to lin-benzohypo-
xanthine, imidazo[4,5-g]quinazolin-8(7H)-one (5),? in 86 %
overall yield from 8. Fusion with urea® produced lin-
benzoxanthine, imidazo[4,5-g]quinazoline-6,8(5H,7H)-
dione (6),° in an overall yield of 55% or greater. The NMR

(1) For recent review, see: Leonard, N. J.; Hiremath, S. P, Tetrahe-
dron 1986, 42, 1917,
2 (g) é.aeonard, N. J.; Morrice, A. G.; Sprecker, M. A. J. Org. Chem. 1975,

, 356.

(3) Washburne, S. S.; Peterson, W. R.; Rerman, G. A. J. Org. Chem.
1972, 37, 1738.

(4) Stevenson, T. M.; Leonard, N. J. J. Org. Chem. 1984, 49, 2158.

(5) Stevenson, T. M.; KaZmierczak, F.; Leonard, N. J. J. Org. Chem.
1986, 51, 616.

(6) Keyser, G. E.; Leonard, N. J. J. Org. Chem. 1979, 44, 2989,

(7) Keyser, G. E.; Leonard, N. J. J. Org. Chem. 1976, 41, 3529,

(8) Beauchamp, L. M.; Dolmatch, B. L.; Schaeffer, H. J.; Collins, P.;
Bauer, D. J; Keller, P. M.; Fyfe, J. A. J. Med. Chem. 1985, 28, 982.

(9) Coppola, G. M. Synthesis 1980, 505; see especially pp 507 and 529
for probable type.
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spectrum of 6 in (CD,),SO gave evidence of 1H and 3H
tautomers.'?

For the conversion of 3 through 4a,b to lin-benzo-
guanine, 6-aminoimidazo[4,5-g]quinazolin-8(7H)-one (7),7#
we tested new reaction conditions with isatoic anhydride
as a model. Upon treatment of the latter with cyanamide
and potassium tert-butoxide in DMF, 2-amino-
quinazolin-4(3H)-one was produced in 55% yield. Under
the same conditions, lin-benzoguanine (7) was obtained
in 59% overall yield from 3 via 4a,b. Direct conversion
of the same precursor to lin-benzoadenine, 8-amino-
imidazo[4,5-g]quinazoline (8),% in 56% overall yield was
accomplished by using the general sequential treatment
described by Foster and Elam:!! (a) anhydrous ammonia
in anhydrous DMF; (b) POCl;; (c) concentrated NH,OH.
In the course of each of the four conversions described
above (3 — 4a,b — 5-8), the N-acetyl group is removed,
with the result that the structures of the final products are
as indicated except for possible ambiguity concerning the
tautomeric forms in different environments.

Experimental Section

Melting points were determined on a Bichi capillary melting
point apparatus and are uncorrected. 'H NMR spectra were
recorded on a General Electric QE-300 spectrometer. The elec-
tron-impact mass spectra were run on a Varian MAT CH-5 low-
resolution spectrometer and on a 731 high-resolution spectrometer.
Acetonitrile and N,N-dimethylformamide were distilled from
calcium hydride.

Benzimidazole-5,6-dicarboxylic Acid (2). Into a 5-L,
three-necked, round-bottomed flask equipped with condenser,
thermometer, mechanical stirrer, thermostated dropping funnel,
and heating mantle was poured 700 mL of a 1:1 (v/v) mixture
of water and tert-butyl alcohol followed by 40.0 g (0.274 mol) of
5,6-dimethylbenzimidazole (Aldrich). Stirring of this heteroge-
neous mixture at room temperature for 15-30 min gave a ho-
mogeneous, slightly brown solution, to which was added dropwise
during 4 h a solution of 432.4 g (2.74 mol) of KMnO, dissolved
in 3.0 L. of H,0 from a dropping funnel thermostated at 80 = 2
°C. This was best accomplished by adding a homogeneous solution
of KMnQ,, prepared separately at 68-70 °C, to the funnel in
500-mL portions. The temperature of the reaction mixture in-
creased slowly to 70 + 2 °C, and the rate of addition of the KMnO,
solution and heating were regulated so as to keep the temperature
at this level. The heat was turned off, and stirring was continued
for 15 min. Anhydrous Na,SO; (150 g, 1.19 mol) was added in
five portions to decompose the excess unreacted KMnO, while
the temperature of the reaction mixture rose to 78-80 °C. The
hot mixture was stirred 30 min and filtered, and the MnO, cake
was washed with 500 mL of boiling water. The combined filtrates
were concentrated to approximately 1.5 L at 40-45 °C under
vacuum and then diluted to 3.0 L with distilled water. To the
solution cooled at 0-2 °C was added 600 mL of cold aqueous acetic
acid (2:1, v/v). The white solid that precipitated, together with
additional solid that resulted from concentration of the mother
liquor, was recrystallized from boiling water. After drying in vacuo
at 70 °C, compound 2 was obtained as a colorless powder that
was hygroscopic: yield, 26.9 g (48%).2 From the analytical
sample water was removed by azeotropic distillation with benzene
using a Dean—Stark apparatus. This sample dried at 110 °C and
0.01 mmHg for 48 h still contained approximately 15% of benzene
according to 'H NMR and analytical data: mp 294-296 °C dec;
H NMR ((CD;),S0) 6 7.37 (s, 0.6 H, benzene), 7.88 (s, 2, 4-H and
7-H), 8.46 (s, 1, 2-H), 12.92 (br s, 3, 2 X COOH and NH).

Anal. Caled for CoHN,04#0.15C;H: C, 54.57; H, 3.16; N, 12.86.
Found: C, 54.36; H, 3.19; N, 12.41.

(10) Benassi, R.; Lazzeretti, P.; Schenetti, L.; Taddei, F. Tetrahedron
Lett. 1971, 3299.

(11) Foster, C. H.; Elam, E. U. J. Org. Chem. 1976, 41, 2646.

(12) This compound was listed as the hydrate in a table of infrared
spectra of substituted benzimidazoles by Morgan [Morgan, K. J. J. Chem.
Soc. 1961, 2343], but it was not in fact the 5,6-isomer. Other attempts
at oxidizing 1 to 2 have resulted in partial oxidation or in decarboxylation.
(White, E. H.; Matsuo, K. J. Org. Chem. 1967, 32, 1921.)

Notes

1-Acetylbenzimidazole-5,6-dicarboxylic Anhydride (3). A
suspension of 20.7 g (0.10 mol) of benzimidazole-5,6-dicarboxylic
acid (2) in 200 mL of acetic anhydride was stirred for 3 h at
145-150 °C (oil bath) with exclusion of moisture. After cooling
to 5 °C, the white precipitate was collected by filtration, washed
with 150 mL of anhydrous ether, and dried overnight at 80 °C
and 15 mmHg to provide 21.3 g (93%) of compound 3. An
analytical sample was obtained by recrystallization from ethyl
acetate: mp 272-274 °C dec; '"H NMR ((CD,),SO) § 2.84 (s, 3,
CH;), 8.47 (s, 1, 4-H), 861 (s, 1, 7-H), 9.32 (s, 1, 2-H); mass
spectrum (EI) (10 eV), m/z (relative intensity) 230 (M*, 24), 188
(M™* - 42, 27), 186 (M* - 44, 15); IR (KBr) 1850, 1790, 1750 cm™.

Anal. Caled for C;;HN,Oy: C, 57.40; H, 2.63; N, 12.17. Found:
C, 57.38; H, 2.61; N, 12.08.

Mixture of 1- and 3-Acetylimidazo[4,5-g1-7,5-benz-
oxazine-6,8(5H)-dione (4a,b). To a suspension of 5.0 g (21.7
mmol) of 3 in 300 mL of anhydrous acetonitrile was added 12 mL
(90 mmol) of freshly distilled azidotrimethylsilane at room tem-
perature with the exclusion of moisture. The mixture was stirred
vigorously while the temperature of the oil bath was raised
gradually to 90-95 °C. After an additional 3 h of stirring, the
solution was cooled to 5 °C and 1.5 mL of water was added
dropwise. Removal of the solvent at reduced pressure provided
a mixture of 4a and 4b in approximately equal proportions, as
indicated by the proton NMR spectrum in (CD;),SO: 6 2.75 (s,
3, CH,), 7.37 (s, 0.5 H), 7.98 (s, 0.5 H), 8.23 (s, 0.5 H), 8.62 (s, 0.5
H), 8.99 (s, 0.5 H), 9.13 (s, 0.5 H), 11.60 (s, 0.5 H), 11.78 (s, 0.5
H); mass spectrum (10 eV), m/z (relative intensity) 245 (M*, 16),
201 (63). The crude mixture was used directly in conversions to
5-8 without purification.

lin-Benzohypoxanthine (Imidazo[4,5-g]quinazolin-8-
(7H)-one, 5). The crude mixture of 4a,b obtained as described
above from 5.0 g (21.7 mmol) of 3 was dissolved in 60 mL of
anhydrous DMF, 7.5 g (72 mmol) of formamidine acetate*® was
added, and the reaction mixture was heated for 3 h in an oil bath
at 155 °C. The reaction mixture was cooled to 50 °C, and the
precipitated solid was collected by filtration and washed with 100
mL of water. Drying at 100 °C under 15 mmHg provided 3.45
g (86% overall yield) of compound 5 as a white powder: mp >320
°C (lit.> mp >320 °C); 'H NMR ((CD3),S0) 6 7.87 (s, 1), 8.01 (s,
1), 8.35 (s, 1), 8.53 (s, 1), 12.02 (br s, 1), 12.86 (br s, 1); mass
spectrum (10 eV), m/z (relative intensity) 186 (M*, 100), 159 (20);
high resolution mass spectrum, m/z 186.0543 (caled for C;HgN,O,
186.0541).

lin -Benzoxanthine (Imidazo[4,5-g]quinazoline-6,8-
(5H,7TH)-dione, 6). A solution of crude 4a,b obtained from 5
g (21.7 mmol) of 3 and 3.78 g (63 mmol) of urea in 60 mL of DMF
was heated in an oil bath at 155 °C for 5 h. The reaction mixture
was cooled to room temperature, and the solid that precipitated
was collected by filtration and washed with 100 mL of water to
give, after drying at 100 °C and 15 mmHg for 24 h, 2.42 g (55%
overall yield) of 6 as a light cream powder: mp >300 °C (1it.f mp
>300 °C); '"H NMR ((CD3),S0) major signals § 7.26 (s, 1), 8.14
(s,1),8.36 (s, 1), 11.02 (s, 1), 11.17 (s, 1), 12.60 (s, 1); mass spectrum
(10 eV), m/z (relative intensity) 202 (M*, 100), 159 (55); high
resolution mass spectrum, m/z 202.04908 (caled for CgHgN,O,,
202.04908).

Direct Conversion of Isatoic Anhydride to 2-Amino-
quinazolin-4(3H)-one. To a stirred solution of 1.84 g (44 mmol)
of cyanamide in 5 mL of DMF cooled to 5 °C was added 4.92 g
(44 mmol) of potassium tert-butoxide in small portions over a
period of 10-15 min. After addition was complete, the resulting
mixture was diluted with 50 mL of DMF, and 6.52 g (40 mmol)
of isatoic anhydride was added with the exclusion of moisture.
The reaction mixture was heated with stirring in an oil bath at
155 °C for 3 h. The solution was diluted with 300 mL of water
and acidified with acetic acid to pH ~6.5. The reaction mixture
was then filtered quickly and cooled at 5 °C for 24 h. The resulting
precipitate was collected by filtration, washed with 50 mL of water,
and dried at 100 °C and 15 mmHg to give 2-aminoquinazolin-
4(3H)-one as a white powder: yield 3.52 g (556%), mp 314-315
°C (lit."* mp 315-316 °C), readily characterized by its spectroscopic
properties.

(13) Manolov, E. Dokl. Bolg. Akad. Nauk 1965, 18, 243.
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lin -Benzoguanine (6-Aminoimidazo[4,5-g Jquinazolin-8-
(7H)-one, 7). Similar conditions, but with a twofold excess of
cyanamide (1.84 g, 44 mmol) and potassium tert-butoxide (4.92
g, 44 mmol) over crude 4a,b from 5.00 g (21.7 mmol) of 3, were
used to obtain lin-benzoguanine (7) as a white powder from water:
yield 2.62 g (59%); mp >300 °C (lit. mp >300 °C); 'H NMR
((CD3),S0) 6 6.46 (s, 2), 7.33 (s, 1), 8.16 (s, 1), 8.34 (8, 1), 11.5-12.5
(br s, 2); mass spectrum (10 eV), m/e (relative intensity) 201 (M*,
100), 184 (11.9); high resolution mass spectrum, m/z 201.0651
(caled for CgH;N;O, 201.0652).

lin-Benzoadenine (8-Aminoimidazo[4,5-g Jquinazoline, 8).
The previously described synthesis of lin-benzoadenine (8) re-
quired the conversion of 5 through the corresponding 8-thione.?
In this sequence, compound 8 was obtained directly from the
common precursor 4a,b for 5, 8, and 7. Anhydrous ammonia was
bubbled into a suspension of 4a,b obtained from 1.15 g (5 mmol)
of 8 in 10 mL of anhydrous DMF at 10 °C for 30 min. The clear
solution was degassed with dry N, to remove ammonia. After
dropwise addition of 2 mL of phosphoryl chioride at 5-15 °C
during 15 min the mixture was heated at 65-70 °C for 2 h and
then cooled to 20 °C. Ice water (5 mL) was added, followed by
concentrated NH,OH to basicity (pH ~10.0). The resulting
solution was filtered and then heated at 100 °C for 1 h. The solid
that precipitated was collected by filtration and washed with 50
mL of water and then dried at 100 °C and 15 mmHg to afford
8, as a cream powder: yield 0.52 g (56%); mp >320 °C (lit.2 mp
>320 °C); 'H NMR (CD,COOD) 4 8.45 (s, 1), 8.77 (s, 1), 8.89 (s,
1), 9.01 (s, 1); high resolution mass spectrum, m/z 185.0704 (calcd
for CQH7N5, 185.0701).
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The chemistry of 2,7-naphthyridine derivatives has been
little explored, partly due to the difficult and multistep
synthesis of these compounds.? Some of the syntheses
reported are not applicable to the preparation of polyalkyl
derivatives. We recently reported a short and general
synthesis of 1,3,6,8-tetralkyl-2,7-naphthyridines by a
one-pot tetraacylation of 2-methyl-1-propene or 2-
methyl-1-propene precursors followed by treatment with
liquid ammonia (Scheme I).34

The reaction goes through a monoacylation step, pro-
ducing the kinetic nonconjugated keto olefin 2, which is
further acylated to give 3. Ring closure of 3 gives the
pyrylium salt 4. Acylation of 3 followed by ring closure
or acylation of 5, the conjugate base of the pyrylium 4,

(1) Van der Plas, H. C.; Wozniak, M.; Van den Haak, H. J. W. Adv.
Heterocycl. Chem. 1983, 33, 95-146.

(2) Paudler, W. W.; Kress, T. J. Adv. Heterocycl. Chem. 1983, 33,
147-184.

(3) Erre, C. H.; Pedra, A.; Arnaud, M.; Roussel, C. Tetrahedron Lett.
1984, 25, 515-518.

(4) Erre, C. H.; Roussel, C. Bull. Soc. Chim. Fr. 1984, 2, 449-453.
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results in the formation of the 4-ketonyl-2,6-dialkyl-
pyrylium salt 6, which is in equilibrium with its un-
protonated form 7. We have proposed 7 as a possible
intermediate for the last acylation, which can occur either
in positions 3 or 5 of the methylenepyran framework to
give 8 or, preferentially according to calculated electronic
charges,® on the exocyclic carbon atom leading to 9. We
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