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The guimny solid was redissolved tn w small mmount of -PrOH
and treated with a slight excess of HCI-EtOAc to give 3.6 g of
material, mp 233-234° (dec 244°). A further crop of 40.4 g of
somewhat gummy material was obtained from the filtrate of
(A) by addition of EtOAc. This matertal was dissolved in
-PrOH and treated with HCI in EtOAc as deseribed to give n
additional 15.2 g of matertal, mp 235-237° (dec¢245°1. The com-
bined, partially purified crops were recrystalitzad twice from
anhydrous EtOH-F1OAc 1o give 76.4 g of compoand, mp 253.2
253.5° dec.

Bromomethyleyclobutane. —1"repared by the method of Meek
and Rowe.?  As in the case of bromomethylevelopropane a pure
componnd, with no evidence of rearrangement, was obtained by
this procednre, which is somewhat more convenient than that of
Krug, ¢ al?

Cyclobutylacetonitrile. - Prepaved by the method given foo
vyclopropylacetonitrile.

4-Amino-2-cyclopentyl-5-pyrimidyimethanol. -A mixture of
188 g (0.1 mole) of 4-amino-5-cyano-2-cyelopentylpyrimidine,
3.0 g of 109 Pd=C, and 250 ml of 2.0 N HCI was hydrogenated
at 3.3 kg/em? Theoretical uptake of Hy oceurring during 4.5 hr.
The catalyst was filtered and the filtrate concentrated in vacuo.
Last traces of HoO) were removed by codistillation with i-PrOH.
Final concentration to a low volime yvielded n muass of cry<tals on
chilling and scratehing (15.0 g) mp 130--133°.

The base wax obtained by solittioc of the HCI sult in H.O and
addition of 504 NaOH solutton. The substance was exiracted
with n-BuOH and the extract was dried (MgROs). A gummy
sultd was obtained on removal of the solvent; this became erys-
talline, mp 101-104° on trituration with EtOAc.

Procedure C. 1-[(4-Amino-2-cyciopropyi-5-pyrimidyl)methyl|-
2-picolinium Chloride Hydrochloride, --A suspension of 2.63 ¢
of 4-aminto-5-chloromethyl-2-cyclopropylpyrimidine - HCI in 20
mi of 2-picoline was heated on a steam bath for 3 hr with oc-
castonal strirring.  The suspenston was eooled and the hard ball
broken up and reheated with 10 ml of fresh 2-picoline for 45 min.
The suspension was filtered, washed with 66,0, and dried (3.46 ¢
mp 226-227°). The sabstance wns heated with 25 mi of +-PrOH,
chilled, filtered, and dried (3.24 g, mp 227-228° dee). Tdentity
and purity were verified by nmr.

4-Amino-5-chioromethyi-2-cyclopropyipyrimidine - HCI. - A
solution of 4.8 g of 4-amino-2-cyclopropyl-3-pyrimidyimethanol

1) R. C. Keag, Lo W, Smidg and C. K. Frey, J. Amer. Chen. Soc., 76,
3222 (1454).
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m 25 mi of DM was chilled to 0° and treated with 5.62 g ol
SOCE. After 1 hr the reaction mixture was allowed to warm to
roont temperatare and then kept overraght. A gunany prodact
wax formed oa additiorcof 1260 and was tritirated several times
with it A solation of this substance e andivd FHOF was
trented with 109, F1OH HOD until slightly acidic. The =olvela
was removed ipomcio wand distillatione repeated with Cella 1o
give a gannny sold. A crvstaliine prodact wies iscdated o1cve-
ery=tallizaticar from MeCO 5.0 g mp IR0 1812 dees Sractaral
verifieatioa was by nur analysis.

4-Amino-2-cyciohexyl-5-isopropoxymethyipyrimidine. A 24.5-
¢ quantity of evelohexawecarboxmmidine - HBr wax added to a
<oluticar of 246 g of Nain 150 ml of /-1vOT1 cortained tmder N,
T'o thix was wddded in 1ol s Tee-bhath temperatare a <olition of
183 g of e-lxopropoxymethyl-g-imethoxyuerylonitrile in 50 ml
of -PrOIL The reactione nuxtate was allowed to come 1o room
temperature and wis allowed 1o <t pvernight, Tt was concerc-
aated 7n ovaceo we far as possible. The restdne was dissadved i1
270 HOT and extracted with Ft:0.  After basification with Na.-
CO; sohution the produet was extracted with CH.Ch. The dvted
extract was siripped of solvent to give 209 g of light yellow
needles, mp 109-114° The product was recrystallized from
Cslle (170 gn, g HISA120°0 Apnl. (CrablaNO1 ¢, H, N
ayv nax at 234 and 273 mg, mibe ae 215 and 2540 G acid max
249 mu; miie at 220,

Procedure D. 1-{(4-Amino-2-cyciohexyl-5-pyrimidyi )methylj-
2-picolinium Chioride Hydrochioride.---A =olution of 6.34 ¢ of
-amino-2-evelohexyl-3-isopropoxymethylpyrimidine ne 12,5 ml
of 2-picoline and 50l of xvlene was treated with anhydrons
HCH which was babbled in at a moderate rate. The rate was
adjusted to mandian the exothernt at aboat 80°. After abont 50
nin the temperature dropped. The solation was reflnxed with
stirring for 2 hr. - Addition of a further 6-ml portion of 2-pieolice
wax followed by 1.5 hr additional heating.  The snpernatant
was renoved and the residne weated with 25 ml of MeC'N.
Stirring overnightt and tiltering gave 5.3 g «f =olid, mp 2182207,
The strueture was veritied by mnr determination.

1-{(4-Amino-2-cyciohexyl-5-pyridimidyi)methyl}-2,4-lutidinium
chioride hydrochloride was prepared by provednre D.
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A number of substituted 2,4-dianitnoquinazolines have been prepared and studied in mierobiologieal, mmn-

malian cell eniture and transpiantable mouse tumor systems.

Structure-antifolate correlations in niterobiologieal

<vstems are preseited, together with an interpretation of the opthnal inhibitory activity of the 5-substituted com-

pounds.

As part of a long-standing chemical and biological
program involving various types of condensed 2,4-
diaminopyrimidine derivatives as candidate chemo-
therapeutic agents, we have recently reported the syn-
thesis of some 1,3-diaminobenzo{f]quinazolines (I),?
and have presented preliminary data on their antifolie,

(D) "T'his investigation was supported (n parl by a research granc ((i6516)
and a research career development award (K3-CA-22,151) from the National
Cancer Institicte, National Institutes of Health, U. 8, Public Health Service.

2y ) AL Roxowsky and 1T Modese, J. Org. Chon, 31, 2607 (14966):
(AL Rosowsky und 15, 0, Modest, /. Heteroegel. Chem., 8, 38T (1966);
() F. D Hhorows, AL Rosowsky, and E.J. Modest, J. Ory. Chem., 32, 4040
(1967) (paper V of (his series).

dutitumor, and antimalaudal aetivity.?  In conncetion
with this work, it was of interest to prepare a series of
simpler 2.4-diaminoguinazoline analogs (II). In par-

vy These residis wece presenced in pare Lefoce dee Divisioa of Mediciuut

Chemis(ry at the 155th National Meeding of the Mgerican Clicmical Sociecy,
San Fraaciseo, Calif., April 1967,
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ticular, it was hoped that the significantly greater water
solubility of 2,4-diaminoquinazolines might facilitate
their biological transport and result in more favorable
chemotherapeutic properties,

Occasional references can be found in the literature
concerning the antifolic and antibacterial properties
of 24-diaminoquinazolines;* however, only a limited
amount of chemical work is published.? In this paper,
we should like to report on the synthesis of 2,4-dia-
minoquinazolines by a relatively seldom-used approach,
starting from anthranilonitriles. Our interest in the
use of anthranilonitriles was prompted by an earlier
finding in this laboratory that l-cyano-2-naphthyl-
amine condensed readily with cyanamide in the presence
of pyridine-HCI at elevated temperature,?* whereas no
reaction could be effected upon prolonged treatment
with guanidine in refluxing 2-methoxyethanol. This
observation made it desirable to seek additional infor-
mation concerning the possible influence of structure
upon the reactivity of the o-aminonitrile system. To
this end, we prepared a series of anthranilonitriles
bearing Me, Cl, and MeO substituents at various posi-
tions, and carried out condensation reactions with three
potential 2,4-diaminopyrimidine ring-forming reagents,
namely, cvanamide, cyanoguanidine, and guanidine.

The anthranilonitiiles used in this work were syn-
thesized via standard routes. For example, 4-methyl-
2-nitroaniline was converted into 4-methyl-2-nitroben-
zonitrile through a Sandmeyer reaction, and the latter
compound was reduced to 4-methylanthranilonitrile
(ITIa) with SnCl,.” Similarly prepared from the ap-
propriately substituted o-nitroanilines were 6-Me-2
4 5-Mes-, 4-Cl-® 4,5-Cly-, 4-MeO-," and 6-methoxy-
anthranilonitriles!' (ITIc-I1Te, IIIg-TIIi). 5-Methyl-
anthranilonitrile (IIIb) was obtained by pyrolysis of
5-methylisatin,’> and 35-chloroanthranilonitrile (I1If)

(4) (a) E, A, Falco, L. G. Goodwin, G H. Hitchings, I. M. Rollo, and
P. B. Russell, Brit. J. Pharmacol., 8, 185 (1951): (b) G. H. Hitchings, G. B.
Elion, and S. Singer. Chem, Biol. Pteridines. Ciba Found. Symp., 1964, 290
(1954); (c) O. D. Bird, V. Oakes, K. Undheim, and H. N. Rydon, Pteri-
dine Chem., Proc. Int. Symp.. 3rd, 1962, 417 (1964); (d) J.J. Burchall and
G. H. Hitchings, Mol. Pharmacol., 1, 126 (1965).

(5) The following is a representative listing of the approaches reported
in the literature to date: (a) 2,4-diamino-6-methylquinazoline (1Ib) via
chlorination and amination of 2,4-dihydroxy-6-methylquinazoline |V, Oakes,
H. N. Rydon, and K. Undheim, J. Chem. Soc., 4678 (1962)]: (b) 2.4-di-
aminoquinazoline from anthranilonitrile and cyanamide or cyanoguanidine in
aq acid |W, Zerweck and W, Kunze, German Patent 737,931 (July 1, 1943):
Chem. Zentralbl., 144 2], 2015 (1943)]: (c¢) IIb and other alkyl-substituted
analogs from anthranilonitriles and cyanoguanidine under fusion conditions,
and also from 2,4-dihydroxyquinazolines via chlorination and amination
[G. H. Hitchings, E. A. Falco, and K, W, Ledig, U. 8. Patent 2,945,859
(July 19, 1960): Chem. Abstr., 54, 24820 (1960)]: (d) 2,4-diaminoquin-
azoline from quinazoline and NaNH; in PhNMe; |S. Skraup, German
Patent 958,197 (Feb 14, 1957): Chem. Abstr., 58, 8177 (1959)): (e) 2.4-
diaminoquinazoline from 2-tetralone via cyanoguanidine fusion and Pd-C
dehydrogenation [E. J. Modest, S, Chatterjee. and H. Kangur Protopapa,
J. Org. Chem., 80, 1837 (1965)): (f) 2,4-diamino-6-nitroquinazolines from
2-chloro-5-nitrobenzonitriles and guanidine [John Davoll. British Patent
1,078,887 (Aug 9, 1967): Chem. Abstr., 68, 6668 (1968) .

(6) For a discussion of substituent effects upon the reaction of anthranilo-
nitriles with CS; and also an extensive bibliography on the cliemistry of o-
aminonitriles, see E. C. Taylor, A. McKillop, and R. N. Warrener, Tetra-
hedron, 23, 891 (1967).

(7) (a) M. T. Bogert and A. Hoffman, J. Amer. Chem. Soc., 27, 1293
(1905): (b) G.T. Morgan and E, A. Coulson, J. Chem. Soc., 2551 (1929).

(8) (a) S. Gabriel and A, Thieme, Chem, Ber., 52, 1079 (1919): (b) J.
Kenner and 13, Witham, J. Chem. Soc., 119, 1452 (1921).

) R.L.McKee. M. K. McKee, and R. W. Bost, J. Amer, Chem. Soc., 89,
940 (1947).

(10) A, H, Cook, I. M. Heilbron, K. J. Reed, and M. N. Strachen, J. Chem.
Soc., 861 (1945).

(11) P. Friedliinder, 8, Bruckner, and G. Deutsch, Justus Liebigs Ann.
Chem., 888, 23 (1912).

(12) G. R. Bedford and M. W, Partridge, J. Chem. Soc., 1633 (1959).
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was synthesized from p-chloroaniline by iodination and
subsequent reaction with CuCN in pyridine.!* Of the
aforementioned anthranilonitriles, ITId and IIIg have
not been reported previously.

IMla-i ITa-i

Representative examples of the reaction of anthrani-
lonitriles with cyanamide, cyanoguanidine, and guani-
dine are given in the Experimental Section. The reac-
tion with cyanamide and pyridine- HCI was performed
essentially as reported earlier for l-cyano-2-naphthyl-
amine.? For the condensation with cyanoguanidine,
the anthranilonitriles were converted into HCI salts,
which were fused with cvanoguanidine by heating at
ca. 160° for 10-15 min. For the reaction with guani-
dine, equivalent amounts of the anthranilonitrile and
guanidine-HCl were added to a solution of NaOMe
in 2-methoxyethanol, a slight excess of base being used.
The mixture was refluxed for several days, the progress
of the reaction being monitored by uv spectroscopy and
tle.

Attempted condensations with guanidine in lower-
boiling alcohols were unsuccessful. All the anthranilo-
nitriles were condensed with cyanamide, but only a few
selected examples were condensed with cyanoguanidine
and guanidine. Yields for all the reactions and physi-
cal constants for the 2,4-diaminoquinazoline products
are shown in Table I,

Examination of the yields listed in Table I allows
certain tentative conclusions to be drawn concerning
(1) the influence of substituents upon the reactivity
of anthranilonitriles and (2) the efficacy of the three
pyrimidine ring-forming reagents. Where a direct
comparison can be made, there appears to be little or
no difference between cyanamide and cyanoguanidine,
as might be expected. Reactions in which cyanoguani-
dine was used all gave yields of approximately 309,
regardless of substituent variation. Among the reac-
tions carried out with cyanamide, the possibility of
some substituent dependence was indicated by the low
vields obtained with anthranilonitriles containing Cl
para to CN. A fairly low yield was also obtained with
6-methoxyanthranilonitrile. In the case of guanidine
reactions, there appears to be a slight preference for
Cl-substituted anthranilonitriles. After 8-days re-
flux, the reaction of Me- and MeO-substituted anthra-
nilonitriles proceeded only in trace amount, as evi-
denced by tle and uv spectroscopy. In contrast, the
chlorinated analogs gave yields of approximately 109,
after 3-days reflux. Previously reported successful
condensations of guanidine with such heterocyclic o-
aminonitriles as 4-amino-5-cyanopyrimidines'* and 3-
aminopyrazinecarbonitriles® apparently cannot be ex-
tended to the carbocyclic series; in the latter instance,

(13) K. W, Breukink, L. H. Krol, P. K. Verkade, and B, M. Wepster,
Recl. Trav. Chim. Pays-Bas, 76, 401 (1957).

(14) (a) E. C. Taylor, R. J. Knopf, R. F. Meyer, A. Holmes, and M. L.
Hoefle, J. :Amer. Chem. Soc., 82, 5711 (1960); (b) H. Grahoyes, G. E.
Jaffe, I. J. Pachter, J. P. Rosenbloom, A, J, Villani, J. W, Wilson, and J,
Weinstock, J. Med. Chem., 11, 568 (1968).

(15) J. H. Jones and E. J. Cragoe, Jr., tbid.. 11, 322 (1968).



884 Journal of Medicinal Chemistry, 1970, Vol. 13, No. 5

Basowsky, o af.

TaBrLe I
SYNTHESIS AND PHystean CoNsTANTS 01 2,4-D1AMINOGQUIN AVZOLINES

Compd 11 R Method® Y yield” Mp, “C ol anal, samples Ehnpirical Tonma)a Mnalyaes
i A-Me A 35 210-21 14 CHN, CoHL N
(! v
b 0-Me A 31 CsH1oNs-0.5H0 ¢, 11, N
[d 7-Me : 36 CyHoNy ¢, 11 N
13 24
C ¢
d 6,7-Mes A 45 253-254 CuwHiNy-0.25H.0 I, N/
¢ G-C1 A b 269-271.5¢ CyH:N,CI ¢, H, CI) N
13 B
. ca. 1O
f 7-Cl1 A 14 229.5-230.5 C 12N, Cl ¢, 1, Ciy N
3 BB
(¢ ca. Ok
g 6,7-Cl, A it 270-270. 5/ CollaN (L ¢, 1, L N
C ra. HOR
h 5-Me() A 16 2082007 Col11oN:O ', H, N
1 7-MeO : 52 220-230 CalloN O ¢, 11, N
13 3l
¢ .

o Method A: H2NCN-C;H;N - HCI; method B: HoNC(=NH)NHCN on HCl salt; method C: H,NC(=NH)NH,. " Aectual yields

are probably higher in some cases; the values reported are after one crystallization.
of the elements, analytical results for those elements were within == 0,47 of the theoretical values.
7 Analytical sample prepared by vacuum sublimation.

after 8 days.

* Where analyses are indicated only by synibols
4 Lit.5¢ 212-13°. ¢ Slight reaction

9 Lit.52 256°. » Reaction worked up after 2 days. ¢ According

to a publication which appeared after the completion of this work [J. K. Horner and D. W. Heury, J. Med. Chem., 11, 946 (1968)], ITe

has mp 268-273°. 7 C: caled, 62.31: found, 62.70.
the use of cyanamide or cyanoguanidine in the presence
of acid seems clearly preferable.

Biological Results.—The 2 4-diaminoquinazolines
synthesized in this program were examined in several in
vitro and in vivo bioassay systems at The Children’s
Cancer Research Foundation. In microbiological sys-
tems, ' significant activity [IDs (509 inhibiting dose)
<10 ug/ml] was observed against Streptococcus faecalis,
Lactobactllus  arabinosus, and Pediococcus cerevisiae
(Table I1); little or no activity was shown in the L.
caset 7469/riboflavin (0.01 ug/ml) or L. fermenti 9338/
thiamine (0.01 pg/ml) test systems. With the excep-
tion of the 7-MeG derivative (111}, all of the compounds
were active against KB cells (human epidermoid car-
cinoma) in culture,'” with ID;, values in the range 0.7
to 5 ug/ml. Six compounds (Ila, Ile, IId, IIe, IIh,
and IIi) were tested ¢n vivo againgt two transgplantable
mouse lymphatic leukemias in ascitic form: L1210
leukemia in BDF/1 hybrid mice and P1534 leukemia in
DBA/2 inbred mice. Compounds were injected intra-
peritoneally daily for 4 days beginning on the first day
after tumor implantation. at 4 logarithmically spaced
dose levels. At nontoxic doses none of the conmpounds
tested significantly prolonged survival of 11210 leu-
kemic mice. However, Ilc at 7.5 mg/kg per day X ¢
and ITh at 10 mg/kg per day X 4 prolonged the life
span of P1534 leukemic mice by 249, and 259, re-
spectively, beyond the survival time of untreated con-
trolx,

Two interesting structure-activity correlations can
be made on the basis of the inhibition data in bacterial
systems presented in Table II (svstems 1-4). The
first of these is that the growth-inhibitory activity of
substituted 2,4-diaminoquinazolines in the bacterial

(16) G, E. Foley, R E MeCacthy, VoML Binns, B K, Snell, B, M. Guiraed
G. W, Kidder, V. C. Dewuy, and 1", 3, T'hayer, Ann, N Y, cdead. Set., T8, $1i
(1058).

(17) G K. Foley and H, Eagle, Cuncer Res., 18, 1012 (1458); 1. Eagle and
G. k. Yoley, ilid., 18, 1017 (1958).

systems tested appears to follow the order of substitu-
tion, 7- < 6- < 5-, with the 6,7-disubstituted com-
pounds tending to occupy a position intermediate be-
tween the 6- and T-monosubstituted analogs. The
second iz that for any given position of substitution,
activity does not appear to depend very much upon
whether the substituent is Me, Cl, or MeO. This is
illustrated by the activity of Ile, IIf, and IIi against
S. faecalis, for example.

The two most active compounds in bioassay systems
1-4 (Table IT) are ITa and ITh, each of which contains o
5 substituent. Although these analogs exhibit a fairly
high order of activity in several microbial systems, the
high level of activity of ITh against the folate-requiring
species S. faecalis is particularly interesting, inasmuch
as it approaches that of the 1,3-diaminobenzo|[f]quina-
zolines studied previously in this laboratory.?* The
MeO group in ITh and C-9 and C-10 in I can occupy
nearly identical positions in space relative to the 2,4-
diaminopyrimidine ring. Furthermore, the fact that
the O atom in the MeO of ITh is hydrephilic in char-
acter, whereas (C-10 in I is hydrophobic, appears to
have little or no influence upon the degree of enzyme
inhibition in the S. faecalis assay. A possible inter-
pretation is that these atoms do not participate in
direct binding to the enzyme, and may in fact lie in a
cleft or cavity wherein their hydrophilie or hydrophobic
character is irrelevant. The bullk of hydrophobic
binding, according to this hypothesis, would then have
to be provided by groups slightly further removed from
the 2,4-diaminopyrimidine ring, such as the Me group
in ITh or the C-9 atom in I.

ECH“\OIE NH,
¢ ¢
‘ RN
IO,
‘ N7ONH,
1 I
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TasrLe 11
In Vitro GROWTH-INHIBITORY ACTIVITY OF 2,4-DIAMINOQUINAZOLINES (IDs IN ug/ml)

Compd I1 R 1
a 5-Me 0.25
b 6-Me 0.4
c 7-Me 3
d 6,7-Me, 1.3
e 6-Cli 0.7
f 7-Ci 3.1
g 6,7-Cl, 0.24
h 5MeO 0.036
i 7-MeO 5

OCNDWN R WO

10+

Assay system?

3 4 5

32 0.8 1.5 5
3.5 0.55 1.8

10+ 10 3

8 2.9 1.7 3

3.4 1.6 2

10+ 10+ 1
6 2.6 0.55 0.7

25 0.25 0.13 1
10+ 10+ 10+

o System 1: Streptococus faecalis 8043 /folate (0.001 ug/ml); system 2: Lactobacillus arabinosus 17-5/pantothenate (0.01 ug/ml);
system 3: L. arabinosus 17-3/nicotinate (0.01 pg/ml); system 4: Pediococcus cerevisiae 8081 /citrovorum factor (0.01 ug/ml); system
5: KB cells (human epidermoid carcinoma) in Eagle’s medium (see ref 17 for in vitro assay methods).

Experimental Section

Uv spectra were measured with Cary Model 11 and Model 15
spectrophotometers. Ir spectra were taken in KCI disks with a
Perkin-Elmer Model 137B double-beam recording spectro-
photometer. Meiting points were measured in Pyrex capillary
tubes in a modified Wagner—Meyer apparatus!® at a heating rate
of 2°/min, and are corrected wherever possible. Microanalyses
were performed by Galbraith Laboratories, Knoxville, Teni.
Where analyses are indicated only by symbols of the elements,
analytical results for those elements were within £0.49, of the
theoretical values.

Synthesis of Anthranilonitriles. 4-Methylanthraniionitrile
(Illa).—4-Methyli-2-nitrobenzonitrile, mp 91.5-94° (lit.™» 99.8°),
was prepared i1 499, yield from 4-methyl-2-nitroaniline by
the diazotization procedure of Morgan and Coulson.”» Reduc-
tion with SnCl, in HCI as described by Bogert and Hoffman™
gave a 689 yield of IIIa, mp 89-91° (lit. 90°,7™ 94°7),

5-Methylanthranilonitrile (IIIb).—5-Methylisatin was cou-
verted into its oxime in 759 yield; mp 224.5-226.5° (lit.1?
225-226°). Pyrolysis of the oxime according to Bedford and
Partridge!? afforded a 169, yield of IIIb, mp 58.5-60.5° (lit.1?
59-60°), after successive crystallizations from EtOH-H,O and
Et:0-n-heptane (Darco),?

6-Methylanthranilonitrile (IIlc).—Following the standard pro-
cedures used for the synthesis of II1a, 6-methyl-2-nitroaniline was
converted in 659 yield into 6-methyl-2-nitrobenzonitrile, mp
107.5-108° (lit. 109-110°3% 115°%). Reduction of the latter
with SnCl; in HCI gave an 839 yield of IIlc, mp 126.5-128°
(Iit. 127-128°,82 131°8b),

4,5-Dimethyl-2-nitrobenzonitrile.—To a solution of 16.6 g (0.1
mole) of 4,5-dimethyl-2-nitroaniline in 100 ml of hot AcOH was
added 50 mi of 6 N HCI. The mixture was stirred and cooled
at 10° until a dense ppt of finely divided HCI salt was formed, and
diazotization was carried out by adding in one portion a solution of
7.5 g (0.11 mole) of NaNOQ; in 20 ml of H,O. The cold diazotized
mixture was filtered and added slowly with stirring to a solution
of 30 g of KCN and 27 g of CuSO,-5H,0 in 150 ml of H:0 at
40°. When the evolution of N, subsided, 90 mi of H»O was added,
the mixture was heated to 55-60° for 20 min, and aunother 200
ml of H,O was added. The solid was filtered, washed with
H:0, dried, and extracted with toluene in a Soxhlet apparatus.
The extract was treated with Darco and evapd to dryness and the
residue was crystallized from 4:1 Et:0-Me.,CO (Darco); yield
9.45 g (549,), mp 169-170°. Two recrystallizations from -PrOH
furnished the analytical sample, mp 174.5-176.5° (iit.2* 170°).
Anal. (CgHgNzOz) C, H, N.

4,5-Dimethylanthranilonitrile (IIld).—To a stirred solution of
20.6 g (0.0914 mole) of SnCl;- H:O in a mixture of 17 mi of 12 N
1ICl and 5 mi of hot AcOH at 25-30° was added slowly 4.93 g
(0.028 mole) of the preceding nitro compd. After being stirred
overnight, the red solution was cooled and basified to pH 8 with
40% NaOH. The solid was filtered, washed to neutrality with
H:0, dried in vacuwo, and extracted with CHCl; (2 X 500 ml).

(18) E. C. Wagner and J. F. Meyer, I'nd. Eng. Chem., Anal. Ed., 10, 584
(1938).

(19) I’. Meyer, Chem, Ber,, 16, 2261 (1883),

(20) Darco G-60 activated carbon, Atlas Cliemical Industries, Inc..
Wilmington, Del.

(21) A. Bréandstrém and 8. A. 1. Carlsson, Acta Chem. Scand., 21, 983
(1967).

The combined extracts were concd to dryness and the residue
was crystallized from C¢Hsg; yield 2.5 g (619%). Two more
crystallizations from CgHe with the aid of Darco afforded the
analytical sample, mp 147-148°. Anal. (CoH)N:) C, H, N.

4-Chioroanthraniionitrile (IIle).—Diazotization of 4-chioro-2-
nitroaniline according to the usual method gave 4-chloro-2-
nitrobenzonitrile, mp 93-97° (lit.?2 98°), and reduction of the
latter with SnCl; in HCI as prescribed by McKee and coworkers?
afforded IIle, mp 156-158° (lit.® 161-162°).

5-Chioroanthranilonitrile (IIIf).—Following the route specified
by Breukink and coworkers,! p-chloroaniline was converted in
539, yield into 4-chloro-2-iodoaniline, mp 41-42° (iit.}¥ 40.5-
41.5), and the latter was transformed in 729, yield into IIIf,
bp 101-102° (0.7-0.8 mm) [lit."* 158-159° (10 mm)], mp 95.5—
96° (lit. 95-95.5°,12 96-98°12), by reaction with CuCN in refluxing
pyridine.

4,5-Dichloro-2-nitrobenzonitrile.—To a stirred solution of 6.7
g (0.097 mole) of NaNQ; in 60 mi of coned H,SOy4 at 6° was added
rapidly 20 g (0.097 mole) of 4,5-dichloro-2-nitroaniline.2? The
diazotization mixture was heated to 70° in order to effect com-
plete solution, and was then cooled, and added gradually with
stirring to an ice-cold solution of 29 g (0.45 mole) of KCN and
27 g (0.11 mole) of CuSO;-5H:0 in 150 mi of H;O. The temp
rose spontaneously to 50°, and vigorous N, evolution was ob-
served. After being heated 5-10 min to 60° on the steam bath,
the mixture was diluted with 800 ml of H.O and chilled. The
solid was filtered, washed to neutrality with H,Q, dried in vacuo,
and extracted with PhMe in a Soxhlet apparatus. The PhMe
extract was treated with Darco and evapd to dryness, and the
residue was crystallized from 7-PrOH; yield 4.1 g (209%): orange
solid, mp 118.5-119°. Repeated crystallizations from ~PrOH
afforded the analytically pure sample, mp 129.5-130°. Anal.
(C;H.CI:N-0,) C, H, CI, N.

In another run, in which the diazotization was carried out in
the usual mixture of AcOH and HCI instead of in HsSO,, there
was obtained a 179 yield of nitrile, mp 113-115°. However, a
considerable amount of starting material apparently failed to
undergo diazotization in this medium, and rendered the puri-
fication of the desired product quite difficult. In some instances,
diazotization in AcOH-HCI failed completely, only starting
material being recovered.

4,5-Dichloroanthranilonitrile (Illg).—Following the procedure
described for the synthesis of IIId, reduction of the preceding
nitro compound with SnCl, in HCI gave a 639, yield of ITIg; mp
162-163° (CCly). Two additional crystallizations from CCly,
followed by vacuum sublimation at 70° (0.005 mm), afforded an
analytically pure sample, mp 163-164°. Anal. (C/HCI:N2)
C, H, Cl, N,

4-Methoxyanthranilonitrile (IITh).—Diazotization of 4-
methoxy-2-nitroaniline gave a 679, yield of 4-methoxy-2-
nitrobenzouitrile, mp 131-135° (AcOH-H:0). Further recrys-
tallization from AcOH-heptane afforded analytically pure
orange-yellow needles, mp 137.5-139° (lit.1° 140°). Reduction
of this compd with SnCl; in HCI as reported by Cook and co-
workersl® gave a 509, yield of IITh as pale yellow leaflets, mp

(22) A. Claus and H. Karz, J. Prakt. Chem. 2] 87, 197 (1888).

(23) Normal diazotization conditions are nearly ineffectual with this
compound because of the strong deactivating influence of the two Cl sub-
stituents, The diazotization conditions reported liere were taken from
A. F. Holleman and F, E. van Haeften, Recl, Trav, Chim, Pays-Bas, 40, 67
(1921), who used 2,4-dichloro-6-nitroaniline,
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04-05° (1w 96°), after two crystallizations from 1260-heptane
(Darco).

6-Methoxyanthranilonitriie (FHIi).-m-Dinitrobenzene was con-
verted into 2-methoxy-6-nitrobenzonitrile by reaction with KON
in refluxing aq MeOH.?* Reduction of the nitro conpd with
SuCl in HCI at 40-50° gave a 30 yield of ITTi, mp 141-143°
(It 141°) after several crystallizations with the aid of Darco,
tirst from EtaO-heptane, then from AcOH-H,0, and finally fran
IStOH.

Synthesis of 2,4-Diaminoquinazolines. Reaction with Cyan-
amide (Method A). 2,4-Diamino-6-chioroquinazoline (Ile).
An open pear-shaped flask containing a mixinre of 0.5 g (0.D0327
mole) of IITf, 0.5 g (0.0119 mole) of crystalline cyanamide,?
and 2.0 g (0.017 mwole) of pyridine: HCI was hinmersed in an oil
bath preheated to 180°.  With the formation of a clear melt, the
niernal temp rose rapidly and reached a max of 164° hefore
subsiding gradually. At 150° the flask was removed from the
bath and allowed to cool. The partly resolidified melt was
tritinated with 10 ml of 950 12tOH until all the gnmmy material
dissolved and only a vellow powder remained. The latter wax
filtered, washed with Et,0 in order 1o remove any unreacted I11f,
and digested with 30 ml of boiling HaO.  After removal of an
holuble residue, the filtrate was basified with 107 NayCQy,
and the gelatinous ppt was collected, washed dropwise with cold
H.0, and erystallized from HyOQ (Dareo)y; vield 0.27 g (3790
Two more crystallizations fron1 H.O (Darco) afforded analy ti-
cally pure yvellow needles, myp 269--271.5°,

Reaction with Cyanoguanidine (Method B). 2,4-Diamine-7-
methoxyquinazoline (IIi).—A cold solution of 1.0 g (0.0067 niolet
of 11Tt in 40 ml of k.0 wax treared with dry HCL and the ppt
was collected, washed with 26,0, and dried in o to give

21 V. Raieseell and W. G, Tebbiens, in Organie Syncheses,” Coll. Vol
I, Wiley, New York, N. Y., 1955, p 293,

25 W oare gracefid (o (he Smerican Cyapawmid Co,, Boand Drook.,
N, J. for snpplying ny widhy a saple of covsialline eyanamide.

STy, d d.

L2 g (964t of ILTh-HCIH mp 176-179°.  An open pear-<haped
flask containing a mixture of this imaterial and 0.55 g {0.0065
mole) of evmognanidine was nmuntersed e an ol bath preheated
to 165°. The intermal reaction temp was maintained at 158

164° for 10 miie. The fised solid was dissolved in 25 ml of botling
IT.0, and the <ohition was cooled below 1D® and hasified with
cancd NaOH.  The gitimny yellow solid was filtered mid washed
with 190 1o remove unreacted IITh, aid the residne wus crysial-
Itaed from 10 ml of .0 (Darco); yield 0.8% ¢ G175 ¢ mp 250

251°0 Repenated coysiallization from 11,0 furnished the samlvii-
enl snmple, vellow needles, mp 229-230°.

Reaction with Guanidine (Method (' 2,4-Diamino-7-
chloroquinazoline (Iff).---T'o a ~cdntionc of 0.37 g (0.0069 molel ol
NaOMe i1 12 ml of Z-imethoxyethanol were added successively
(.63 g (0.0066 1mole) of gnanidine - HCTand 0.5 g (0.0033 mole) of
ITTe.  The mixtare was reflnxed with magnetic stiveheg for 71 hr.
NaCl was removed from the hot renetiow mixture by filtration
amd the filirate was evapd to dryviess mder rediteed pressnre.
The residue was tritaraaed with 10 ml of EGO (o vemove aue
reacted =tarting material, e, Crystallization of 1he 1i.0-
heoluble rexidue from 35 ml of HaO (Darcod afforded colorless
needles, swhich were xgain trituratod with 10 ml of .0 vield
0.03% g 99 0 A analytieal ssanple. prepared separately rino
methad A and ervstallized 3 thnes fron 1.0, melted at 2200
230.5°.
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A series of S-aryl- and S-aralkyidi- and -tetrahydro-t-oxo-G-gquinazolinesulfonamides have been syvinthestzed

and texted for pharmacologieal netivity,

The high biological activity of some benzothiadi-
azines! and  2-alkylquinazolinones? prompted us to
investigate a series of 3-aryl and 3-aralkyl di- and
tetrahydro-4-oxo-6-quinazolinesulfonamides.  The com-
pounds chosen for study are illustrated®® by the general
formula I where R, R, R", Y. Z = H, alkyl, arvL
aralkvl, R'" = aryl or aralkyl; R and R’ may also be
absent (1,2-double bond).

The most interesting compounds, from a pharmaco-
logical point of view,3¢ were those in which the hetero-
evelie ring was saturated. So far the most promising

«1) K. H. Beyer and J. £, Baer, Fharmucol. Kev., 18, 517 (1961).

(2) (a1 J. R. Cummings, L. M. Lipchuck, and E. H. Stokey. Fed. Proc..
21, 429 (1962); (h) R. H. Seller, M. Fuchs, G. Onesti, C. Swartz, A. N.
Brest, and J. H. Moyer. Clin. Pharmacol. Ther,, 8, 180 (1962).

31 G BV Slecey, L8, Patenl 3,360,518 (Dee 26, 1057 (b 1501,
Liolair, Dharmecologist, 10, 162 t1968): iel . 1lelair, F. Kaiser, 13. Van-
Denbmrg, A, Borrelli, R. lawlor, R. Panaseviceh, and J. Yelnosky, .treh.
Tat. Uhserpuceodyn., 17T, 71 (1969).

Several of the eompommnds have been found to he potent diareties.

of the compounds tested is 7-chloro-1,2,3 d-tetraly-
dro-2-methyl-4-ox0-3-0- tolyl-6-quinazolinesulfonamidc
(metolazone) which is a potent, virtually nontoxic
duretic and natriuretic.  The compounds wele pre-
pared in several ways; initially the unreduced precursors
were reduced with NaBH~AlICl; mixture.t tvpieal
examples being illustrated in Scheme 1.

oty I, Cohen, . Klavbeeg. L. R Vawghan, /. Aoner. Chew, Spe., 82, 200141
<1H60).



