Dec. 1972

Notes

1449

Quinazolines. IX. Direet Amination via the Chichibabin Reaction (1)

Andre Rosowsky, Nickolas Papathanasopoulos and Edward J. Modest

The Children’s Cancer Research Foundation and the Departments of Biological Chemistry and Pathology,
Harvard Medical School, Boston, Massachusetts 02115

Received June 26, 1972

Condensed 2-amino-, 4-amino-, and 2,4-diaminopyrimi-
dines are prepared most commonly vie one of several
general routes, [n one of these, the corresponding hydroxy
compound is treated with phosphorus oxychloride and
the resultant chloro derivative is allowed to react with
ammonia (2).  Alternatively, the hydroxypyrimidine can
be thiated with phosphorus pentasulfide followed either
by S-methylation with dimethyl sulfate and amination
(3a) or by direct amination (3b). Unfortunately, chlori-
nation and thiation reactions of condensed hydroxy-
pyrimidines are nol always successful, especially when
one amino group is already present on the pyrimidine
ring. Furthermore, amination often requires high temper-
ature and pressure as well as stringent exclusion of mois-
ture. A different strategy obviating these difficulties to
some degree involves the use of pyrimidine precursors
already containing potential amino groups in place.
Examples of this approach include the condensation of
anthranilaldehydes or anthranilonitriles with formamide,

cyanamide, or guanidine (2{,4) and the thermal cycli-
zation of N',N®-bis(2-naphthyl)biguanides to 1,3-diamino-
benzo[f]quinazolines (5a,b).
should like to call attention to the potential synthetic

In the present paper we

utility of still another approach, involving the use of the
Chichibabin reaction to effect direct amination in con-
densed pyrimidine ring systers,

Although it has been used extensively with pyridines,
quinolines, and isoquinolines (6,7) and has been the
subject of spirited mechanistic controversy (8), the
Chichibabin reaction has enjoyed scant recognition as a
method of amination of monocyclic and polyeyclic
pyrimidines. Otiai and Karii (9a) reported in 1939 that
treatment of 4-methylpyrimidine with sodium amide in
decalin affords a mixture of 2-amino-4-methylpyrimidine
and 2,4-diamino-6-methylpyrimidine, together with two
other unidentificq products. More recently the reaction
of quinazoline has been claimed to give 4-aminoquinazoline
(9b) or 24-diaminoquinazoline (9¢), and an unusually

TABLE 1

1a-1j
Starting Material Conditions
°C/hours
Ta(R-=0H,R"=H) 120/1.5
1c (R =H, R = OH) 140/4
1le (R = NH,, R' = H) 115/4.5
1g (R = H, R" = NH,) 130/4
Th(R=SIL R =H) 100/0.1

1h 120/4

Ti (R=H, R = SH) 145/4.5
1 (R = NH,, R' = SH) 140/4
2a(R =SH, R =11) 112/3

2a 120/4.5
3a(R = SH, R' = H) 125/4.5

00, ©o0:, O

R

2a-2¢ 3a,3b

Product % Yield
1b(R = O, R’ = NHy) 96 (a)
1d(R = NH,, R’ = Ol) 70
(R = R’ = NH,) 93 (a)
11f 65
1e 65 (a)
1f 51
1f 40
1f 76 (a)
2b(R = NH,, R' = H) 30
2c (R = R’ = NH,) 43
3b(R = R’ = NH,) 71

(a) Aminations performed with commercial sodium amide; see reference (14).



facile amination 1-alkyl-1H-benzo|de Jquinazolines at the
2-position has been described (9d). Insofar as we know,
however, no Chichibabin reactions have ever been reported
with fully aromatic polycyclic pyrimidine ring systems of
more than two rings. Moreover, Chichibabin reactions
have not been investigaled with quinazolines or other
condensed pyrimidines containing a polar substituent
such as amino, hydroxy, or mercapto at the 2-position.

The results of eleven Chichibabin reactions carried out
in this study are summarized in Table I, and a general
procedure is given in the Experimental section.

It is of interest to note that l-hydroxybenzo[f]-
quinazoline (1a) and l-aminobenzo[f]quinazoline (1e)
were somewhat more reactive than the corresponding
3-isomers Ic and 1g. This may be due either to a steric
effect or to variations in charge distribution on the
pyrimidine ring as a function of the nature and point of
attachment of the polar substituent.

Compounds containing a mercapto function on the
pyrimidine moiety provided particularly noteworthy
results, in that the difference in ease of replacement
between hydrogen and a mercapto group permitted
selective monoamination to be carried out under suitable
experimental conditions.  Thus, 1-mercaptobenzo[f]-
quinazoline (1h) could be transformed exclusively into
1e after a few minutes at 100°, whereas heating at 120°
for 4 hours led to 1,3-diaminobenzo[f]quinazoline (1f)
as the sole product. Similarly, reaction of the linear
isomer 4-mercaptobenzo|g |quinazoline (2a) afforded 4-
aminobenzo[g ]quinazoline (2b) after 3 hours at 112°
but gave 2,4-diaminobenzo(g |quinazoline (2c) after 4.5
hours at 120°. Selective monoamination was more difficult
to achieve in the benzo[g]quinazoline series than in the
benzo[f]quinazoline series because the time and temper-
ature differentials between monoamination and diamina-
tion were considerably greater in the latter instance.
Variations in the ease of monoamination and diamination
among the several examples of the three ring systems
reported here are probably due in part to differences in
electron density distribution.  Similar arguments have
been advanced recently in order to account for reactivity
differences among monaza heterocycles in the Chichibabin
reaction (10). However, although theoretical calculations
of electron densities have been performed for quinazoline
(11), comparable data for the benzo[f]quinazolines and
benzo|g |quinazolines have not been reported to date.

The present finding that 2,4-diaminopyrimidine deriy-
atives can be generated directly from 4-mercapto pre-
cursors in a single operation is of general preparative
interest. Anthranilic acids are readily accessible starting
materials, and 4-hydroxyquinazolines derived from them
by reaction with formamide can usually be thiated in
excellent yield. Thus, the three-step sequence summarized
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(Eq. 1)

below (Eq. 1) represents a potentially valuable new route
to 2,4-diaminoquinazolines and other 2 4-diaminopyrimi-
dine ring systems of biological interest (12).

EXPERIMENTAL (13)

General Procedure for Chichibabin Reactions.

A 0.5-iter three-neck flask equipped with a magnetic stirrer,
gas inlet tube, and air condenser was cooled by means of a
Dry Ice/acetone bath and charged with liquid ammonia (50 ml.).
The top of the condenser was fitted with a one-way valve to
permit venting. A few crystals of ferric nitrate were added,
followed by metallic sodium (1 g.) cut into small pieces. When
all the sodium had reacted, the ammonia was allowed to
evaporate and N,N-dimethylaniline (50 ml., previously dried over
Linde 4A molecular sieves) was added (14). The compound to
be aminated (1 g.) was added to the well-stirred sodium amide
suspension, the gas inlet tube was replaced with a thermometer,
and the flask was heated for the requisite length of time (Table I).
Heating was carried out in an electrically heated oil bath or by
means of a thermostatically regulated mantle. At the end of the
reaction the mixture was allowed to cool to room temperature and
treated successively with solid ammonium chloride (0.5 g.) and,
dropwise (15), with water (5-10 ml.). The temperature was not
permitted to exceed 35° during this process. After 30 minutes of
additional stirring the solid was filtered, washed with a little water,
rinsed with benzene and dichloromethane, dried under reduced
pressure, and recrystallized from a suitable solvent.

Source of Starting Materials and Identification of Products.

All the benzo{f]quinazolines reported here were available from
previous work in this laboratory (2f) and were re-synthesized as
necessary.  4-Mercaptobenzo[g]quinazoline (28) was prepared
by thiation of 4-hydroxybenzo[g]quinazoline which was obtained
from 3-amino-2-naphthoic acid and formamide (2d, 16). 4-
Aminobenzo[g ]quinazoline (2b) and 24-diaminobenzolg lquin-
azoline (2¢) were identified on the basis of m.p., mixture m.p.,
and spectral (ir, uv) comparison with authentic samples kindly
provided by Dr. S. K. Sengupta of these laboratories, who had
prepared them earlier by amination of the corresponding cnloro
derivatives (16). 4-Mercaptoquinazoline (3a) was synthesized
according to the literature route (17), and 2,4-diaminoquinazoline
(3b) was identified by comparison with an authentic specimen
obtained via dehydrogenation of 2,4-diamino-5,6,7,8-tetrahydro-
quinazoline (18) or condensation of anthranilonitrile and cyanamide
in the presence of pyridine hydrochloride (4d).
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