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At this point the color of the bromine persisted for 23 min after
each addition.  The unreacted bhromine was blown off with «
stream of nitrogen, and the reaction mixiure wus coneentrated 16
a syrup n vacno, bath temperature less than 30°.  The residue
was evaporated three fimes with 10-ml portions of ethanol.
whereupon it erystallized.  The product was triturated with cold
ethanol and with ether to obtain 340 mg of a cryvstalline hydro-
bromide salt, mp 135-135°.  Recrvstallization from methanol
ether gave an analviical =ample, mp 136- 138°.  Anal.  Caled
for CyHyBrNOs: Br, 26.0. Found: Br, 25.71.  Concentration
of the original mother ligquors vielded 170 mg of the starting
material, 2-thiouracilarabinoside.  Treatment of a concentrated
ethanolic solution of the hydrobromide with a slight excess of
ethanolic N1l yvielded 2,2'-anhyvdro-1-(8-p-arabinofuranosyl .-
uractt (IIh), mp 238-241°, identical in all respects with an authen-
tic sample.”!

Bromination of 1-(g-p-Arabinofuranosyl)-2-thiocytosine.
2,2’-Anhydro-1-(3-n-arabinofuranosyl)cytosine  Hydrobromide
(IXb).—-Bromination of 80 mg of VIT in the manner deseribed
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i the previons example yielded, after veervstadlization from
ethanol, 17 mg of IXD, mp 240° dee, ALY 264 mp e 9900) and

231 g fe 9T0M, A0 244 mg (¢ 63500, AT 0TS g (o 92000,
A0S g fe ANO0 L

Anadl Caled for CylTuBrNGO 0 COBa300 T390 N, 15T
B, 260010 Foand: ¢ 34550 T, 3.76:0 N, 13,600 Br, 2051,

After acidifieation of the alkaline wy =ohwtion the following
constant= were obtained: NP OOST g de 12,1000, A0 2
i fe 15005

lodination of IV. - A =olution of 260 mg (1 mmole) of TV 10«
mixture of 28 ml of water and 7 mi of pH 6.84 builer was treated
dropwise with 0.8 mb of TV 1y =olution which was 2.4 N in KL
A solution of VKOO was added <imulianconsly to maintain the
pI near nentrality. The <lightly turbid solution was detonized
by trentment with Dowex 3 (OH ) and Dowex 50 WX ([ "
resiis, - Cloncentration in cacio yvielded a mixture from which
D (60 mgy was =eparated by virtie of its very limited =olubility
i evhanol. From the mother liquor, 123 mg of the starting
e tevial IV was obtained,
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The synthesis of 23 2-aryl-2,3-dihydro-4 ¢ H-quinazolinones ix reported.,

A vumiber of these are highly aetive

i inhibiting the multiplication of Earle’s L cells growing in suspension: nine have 51, £ 6 mg/ml and of these

two have 191z = 0.1 mg/mlin this sereening procedure.

The literature containg u limited number of refer-
ences to 2,3-dihydro-4(1H)-quinazolinones, and several
of these reports are concerned with the evaluation of
these compounds for possible pharmacodynamie, in-
secticidal, and antifungal activity.! Our objective in
synthesizing a series of 2-aryl-substituted derivatives
of that heterocyele was to study them as inhibitors of
multiplication of the Earle’s L cell line of mouse fibro-
blasts growing in suspension.? It will be seen in Table
[ that a significant number of these derivatives showed
very high in vitro activity: compounds 1 and 11 with
EDs = 0.1 pg/ml and 2--5, 10, 13, and 21 with D =
6 ug/ml* were the most potent. For comparison, 2,3-
dihydro-2-phenyl-4H-1,3-benzoxazin-4-one,* the 1-oxu
analog of 1, had EDg > 50 pg/ml; actinomyein TV,
one of the highly cytotoxic antibiotics, had EDy, =
0.006 pg/ml.?

The compounds were sereened ux inhibitors of ccll

(b @) s AL Kilroe Smith and H. Stephen, Tetrahedron, 1, 38 (1837}
(b) H. Béhme and H. Baing, Areh. Pharm., 293, 1011 (1960); te) [1. Gurien
and B. B. Brown, J. Pharm. Sci., 52, 1102 (1963); . Gurien and T P
Gordon, U, S. Patent 3,162,636 (Dec 22, 1964); (d) Instituto de Angeli
S.p.A.. French Patent M1893 (Aug 5, 1963): Chem. Ahstr., 60, 395364
(1964); (e) C. H. Boehringer Sohn, French Patent M2388 (July 6, 1964);
Chem. Abstr., 61, 160754 (1064); Netherland Application 302,479; Chem.
Abstr., 84, 9743 (1968); (f) Farbenfabriken Bayer A.-G., Belgian Patent,
632,578 (Nov 20, 1963); Chem. Abstr.. 61, 8321d (1964); (g) G. Pala and A.
Mantegani, Guzz. Chim. Ttal., 94, 595 (1964); (b)) V. 8, Dighe and 8. L.
Mukherjee, Current Sei. (India), 88, 645 (1964): Chem. Abstr., 62, 2775
(1966); Rexall Drug Co., U, 8. Patent 3,257,497 (June 21, 1966): Shulion,
Ine., U. S, Patent 3,265,697 (Aug Y, 14661,

(2) The inhibition studies were carried out hy Dr, D). Perlman of these
laboratories.

(3) J. Leitner, B. J. Abbott, and 8. A, Schepartz, Cuncer Res., 25, 1779
(1965), state that in the CCNSC cell culture screening procedure for the
selection of compounds for further study, EDs < 6 pg. ml is the requirement
to pass the first stage of evaluation,

(4) AW, Titherley. J. Chem. Soc., 91, 1414 (1907,

(5) D). Perlman, Hindustun Antibiot. Bull.,, 8, 175 (1466),

multiplication by the procedure of Pevlman, el al®
To aliquots of sterile cells were added serial dilutions of
aqueous dimethyl sulfoxide solutions of the quinazolone
and the mixtures were incubated for 3 days at 37°.
The amount of compound needed to give a 509 -
hibition was determined graphically by means of dose:
FESPOLSC Curve.

Several methods were employed for the synthesis of
the 2-arvl-23-dihydro-+(1H)-quinazolinones.  Method
AL andl formation in ethanol between the 2-aminobenz-
amide and the aromatic aldehyde followed by the base-
catalyzed cyelization™ was the most generally appli-
cable.  This method failed with 13 and 22; the success-
ful procedure (method C) employed catalytic amounts
of p-toluenesulfonic acid in hoiling chlorobenzene and
made use of a special device which allowed the con-
densed solvent to be dried by percolation  through
A bed of caleium hydride before returning to the rewe-
tion flask.  In method B, sauturated ethanolic hvdro-
gen chloride was the reaction medium; while sucvess-
ful with 1 and 12, the procedure failed with several
other compounds.  The two amino derivatives, 14
and 17, were obtained by catalytic hydrogenation of
the corresponding nitro compounds.

Structure—Activity Relationships.—The only strue-
tural modification of 1 which did not adversely affeet
activity was the replacement of o hydrogen at posi-
tion 6 by a chlorine atom; somewhat decreased activity
was found when the substituent in that position was
NOs or Br and even less activity when the substituent
was HoN or CH,CONH. A high order of activity was
retained when the 2-phenyl group of 1 was replaced by

6y Do Perlman, No A Guiffre, and P W, Jackson, Pree. Soc.o Erpli.
Biol. Med., 102, 290 (1950,
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p-tolyl, o- or p-chlorophenyl, thenyl, or Grans-styryl:
replacement by o-nitrophenyl, o-aminophenyl, @ poly-
substituted phenyl, or 2-furyl gave compounds with de-
creased activity.  When the hydrogen at position 2
in 1 was replaced by methyl, activity was decrensed.
Finally, replacement of the hydrogen at position 3 of
1 by 2,6-xylyl gave an active compound while substit-
uents like methyl, benzyl, o-tolyl, and 4-pyridyimethyl
in the same position gave less uetive derivatives. The
I-oxa analog of 1 was inactive at the highest level
tested.

Experimental Section

All melting points were taken in capillary tubes heated hy
means of an oil bath and are uncorrected.

2,3-Dihydro-2-( p-tolyl)-4(1H)-quinazolinone (2). Method A.

To a solution of 3.40 g (0.025 mole) of anthranilamide and 3.00
g (0.023 mole) of p- mlualdehvde in 25 ml of 053¢ ethanol wux
added 1.6 ml of 20¢/ aqueous NaOH, the mixture was heated
under reflux for 1 hr and (()()led, and the precipifated =olid wax
fillered and air dried to give 5.10 g of erude product, mp 230-233°.
Recrystallization from 600 ml of 2-propanol gave 3.90 g of 2.

6-Bromo-2,3-dihydro-2-phenyl-4(1H )-quinazolinone (12).
Method B.—A mixture of 2.16 g (0.01 mole) of 2-amino-5-bromo-
benzamide and 25 ml of 3.24 N ethanolic TICL was stirred 0,25
hr at 25°, 1.06 g (0.01 mole) of benzaldehyvde was added, and the
stirring at 25° was continued for 36 hr.  The =olid product was fil-
tered; when air dried it weighed 3.00 g und melted 2355-256°.
Recrystallization from 900 ml of 2-propanol gave 2.07 g of 12.

2,3-Dihydro-6-nitro-2-phenyl-4(1H )-quinazolinone (13).
Method C.——A mixture of 0.20 g of p-toluenesulfonic acid mono-
hydrate and 250 ml of chlorobenzene was distilled in a special
apparaius constructed so that the condensed vapors percolaied
downward through a supported hed of 814 mesh Call, and were
dried by that reagent before returning to the reaction flask.
When the evolution of hydrogen from the Call. indicated the
absence of water in the d\\l]“(lie, 3.62 g (0.02 mole) of 2-amino-i-
nitrobenzamide and 2.12 g (0.02 mulv of benzaldehvde were
added.  The distillation of 1his mixture in the same apparatis
wias contintled until there was no evidence of reaction with the
Cally (1 hr). The =olid which separated on moling was filtered:
when air dried it weighed 4.80 g and melted 263-270° dec.  Re-
erystallization from 500 ml of propanol-water (2: i) gave 4.00
of 13.

6-Amino-2,3-dihydro-2-phenyl-4(1H )-quinazolinone (14).
Method D.—2,3-Dihy (110 6-nitro-2-phenyl-4(1H)-quinazolinone
(2.90 g, 0.011 mole), 200 ml of absolute ('lh(mol, and 1.0 g of
50 Pd-C were shaken for 0.25 hr under 3.3 kg/em? of hydrogen,
the catalyst was filtered, and the filtrate was concenivated 1o
dryniess dn vacio. Successive recrystallizations from 700 ml and
from 100 ml of toluene gave 1.10 g of 14.

6-Acetamido-2,3-dihydro-2-phenyl-4(1H)-quinazolone (15).
Method E.—Crude 14 (6.5 g), 200 1l of acetic anhydride, and
4 ml of pyridine were heated under reflux for 0.5 hr and concen-
trated to dryness in vacio. Recry=tallization from 1300 ml of
acetonitrile gave 1.41 g of 15.

The procedure described below, the reaction of an izatole an-
hydride with ammonia or an amine, was employed to preparve all
but twao of the intermediate 2-aminobenzamides used to «vn-
thexize the 2, 3-dihydro-4(11)-quinazolones.

2-Amino-5-nitrobenzamide.-~To a stirred =u=pen=ion of 31.2 ¢
(0.15 mole) of G-nitroi=atoic anhydride in 500 ml of 2-propanol
was added dropwise 50 ml of aqueous ammonia (¢ 0.9). When
the addition wax complete, the mixture was concentrated from
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the ~teant bath first under atmospherie pressare and then in vacio,
The air-dried residne weighed 2%.3 g, mp 225-230° and was
ervstallized from 2830 ml of aqueous 2-propanol 2:31 10 give
170 g 16300 vieldof produet, mp 232-2:35°

Anal. Caled for CTENGOy G, d6.4010 T S0 N, 2320,
Found: O, 46495 H, 3.00: N, 23.005.

In =imilar fashion were prepared the {ollowing 2-nminobenz-
amides,

2-Amino-5-chlorobenzamide, 75, vield, mp 166 16497, aite
recrystallize m(m from toluene (SO ml/g;. Jtnal. Caled for C411-
CIN,O: CL 200660 N, 16,42, Found: CL 20.62: N, 16.56.

2-Amino-5 bromobemamnde, 8200 vield, mp IS4 18670 afte
reervatallization from toluene 070 mlygn Anal. Caled for
C:HBrNLO: B, 37,070 N, 122080 Found: Br, 37300 N, 12080,

2-Amino-N-|i 4-pyridy! imethyl|benzamide, ~1¢, vield, mp
132-155°%,  alier veervsvallization  from !ulumw (60 ml/gn
111(:' Caled for CallaNO: € tiN.T]: I, 5070 N Ixd,
Found: O, 6545 H, 5.00; N, Is.

2 Amlno N- benlebemamlde, 61 \whl mp 12012270 afte
reeryv=tallization from Skelly=olve 140 ml/g\. Anat. Caled
for CrHuNLO: N, 12350 Found: N, 1208,

2-Amino-N-{2,6-xylyljbenzamide. -To 36.3 g (11,30 molei o
2,6-dimethylaniline in 300 ml of dey ‘Mumhnm was added drop-
wize 2 dry CHCL solmion of e-uitrobenzoyvl chloride iprepared
from 23 g (015 moler of o-nitrobenzoie acidl. Subsequently,
the mixture wax =tirred and refluxed tor 1 he and then worked up
to give 350 g ul’ crude product, mp 210 "1"°, recrystallization
from 1600 ml of 2-propanol gnv‘ 0 g 830 vield s of 2-nitro-N-
12, 6-xyIvibens: um(hu mp 2102117,

Anal. Caled for CpIuNO O
Found: €, 66550 HL 5230 N, 1037,

The nitro derivative (234 g1, 3.0 g of K, Pd-C)and 750 ml o
absolute ethanol were shaken at 45° under 3.3 kg/em?® of hvdro-
gen: reduction was rapid, no (\ \hu]v wis =olated in the vwsuad
manner 204 g (047, vieldr of 2-amino-N-2,6-xyivbenzamide.
mp 125-130° after recrys ‘1“1/,‘111 on from 800 ml of Sl\ell)‘sulv(' I

Anale Caled for CplN00 CL 74070 H, 6.710 N, LLG6.
Found: ', 7457 1L 6710 N, HL60,

When the amino derivaiive was dissolved in 109, aqueous
HCL vhe =olution filtered, and the filtrate cooled, there was
obtuined the hydrochloride, mip 23%-240°.

Anel, Caled for CoHNO-HCT: CL 1257
12,68,

2-Amino-N-(u-tolylibenzamide. —'I'he above procedure, modi-
fied only i that 3200 g (0.3 mole) of o-toluidine was used in place
of 26-dimethylaniline, gave 33.0 g (359 vield) of the nivro-
benzamide, mp 171 173° after reervstallization fron 14000l of
2-1)1'(»]»““)1

Aned. fed Tone O NGO O G562
Fownd: (', (') 760 I 4 \'v N, LLO6,

Reduction of 329 g of the nitro dertvative guve 26.0 g o9,
vieldi of  2-amino-N-o-tolyDbenzamide, mp 115 117° afte
recry=tallization from 600 ml of Bkelly=olve I

Awnal, Caled 1tor CoIIENO C0 T48310 HL 6.240 NL 120N,
Found: €, 7429, 11, 6.24; N, [2.206.

2,3-Dihydro-2-( o-nitrophenyl)-4(1H j-quinazolinone 16 ;.
Method E. A.- A mixture of 6.80 g 70.05 mole) of anthranil-
amide, 7.55 g (0.05 mole) of g-nitrobenzaldehyvde, and 45 mi of
9537, ethanol was warmed until solution occurred and fltered.
and the filtrate was ullowed 1o cool. The vellow (1\\ullim‘ <olid
which =eparated was tiltered to give 1H0 g (82¢ (v ield) of 2-{to-
nitrobenzylidene jamino benzamide, mp 171-175°.

Anal. Caled for CLHGNO OO 62450 0L 4120 N 161
Found: O, 62,650 11 4410 N 1206,

B.- -The prodoet from A 2.0 g, 110075 mole), 45 mil of 457,
ethanol, and 1.8 ml 207, aqueous NaOl were heated under ve-
fAux for | hr and cooled, and the =olid was filtered to give L1 g
of crude 13, Reervstallization from S0 ml of agueous ethanol
i1 1) gave 0.S g of pure 16,

T

G610 T 2097 N o2,

Found:

H, 4750 N o,



