sl Hanny L. Yane axo

Al this pwint the eabar of the bramine persisted {2t win alver
cach addition. The mueacted bromine was bluwn wff with o
slream of nitrogen, and the reactivn mixture wie= cineentrated
a =yrup inongeno, bath temperature less than 20°0 The residae
was evapurated three times with 1=l poetions o erhal,
wherenpan it crysiallized. The produet was Citneated with calil
ethanol and with ether ta obtain 240 mg nf a crv=tatline hyde-
bromide =alt, mp B5-158°0 Recrv=tallization Trovt methaad
ether gave an analviteal =ple, mp B 138°0 el Cahal
Tor Gyl BeNaoDy: By, 26,00 Foannd: B, 25,70 Cuineaamtion
of the original wother liquors yielded 170 mg of the =tarting
material, 2-thivnracilarabinaside. Treatmenn of o concentmi el
ethanalic solntion of the hydrabramide with o <bight excess of
cthanalic: Nty vielded  2,2-anhyibra- - g-p-neabincd syt -
nracit (ITh) amp 238-241°, identienl in alb vespeets with ananihen-
e sample.#!

Bromination of 1-(g-u-Arabinoluranosy!)-2-thiocytosine.
2.2’-Anhydro-1-(-n-arabinofuranosyl)cytosine  Hydrobromide
(IXb)—-Brominatan of SO mg of VIT v the nuaner deseribed

Manrion INATRSTEIN

Valo 1o

e dhe peevinns exsanple vielded, after veerystathizaion Tnun
erthenaad, 17 g of EXD, mp 240° dee, ALY 264 g (e D00 aal
AL g fe VT AN 244 g Ce AR, AN 275 e e Uzon,
AU IS i e IND L

Ayl Cabled foe CulhaBe NGO Conaest: HE s N, BT
Br, 26,1 Foaad: ¢ 04550 H W70 N, BLot Bre, st

Afrer aetdification ol the atkaline oy sabutione the fadlowing
cunstnd s o weee ubnained >\‘“\ UNT e te 120100 N.?“j,' RE
i <e Bl

Todination of IV. - A ~ulutivn uf 200 g L ramuade; af TV nea
misire uf 25 mb ol warer apd 7 mbaf pht 6.84 buifer was ieentadld
dhopwise with 0.8 wb ol BV Le =ahutione whieh was 2.4 Ve KL
A sabntionoad N KCO was added <sinmbraneonsty oo nandain the
pH e neneadiny. ‘The <lightly tebid =abntion was deinnized
by trennmenn with Duwex 0 (O~ and Dowex 50 WX (HE
resins, Conceentvtion o caevo yielded a mixnore (o which
FED (56 mgh was <eparted by virtue ul its very Hited =atabihy
e ethanal, From the mather Boguue, BSD g o the <iariing
neteviab PV was uhicdueld,

Substituted 2,3-Dihydro-4(1H)-quinazolinones.
A New Class of Inhibitors of Cell Multiplication

Hannry L. Yane axp Marioy KaLgsTEIN
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The synthesis o 23 2=y =2 -dihydeo-4 0D -quinazohinones i< repoeied,

A tmaber ut vhese sare highly nenve

i inhibiting the mnttipliention of Eavle's L cells grawing in suispen=ivac aine have EDw £ 6 mg/ml and of these

two have B = 0 b g/l in this sereening procednre.

The hterature containg o linited number of refor-
cuees to 23-dihydro-4(1H)-quinazolinones, and sceveral
of these reports are concerned with the evaluation of
these compounds for possible pharmacodyamic, in-
secticidal, and auntifungul aetivity.!  Our objective in
sylithesizing a seriex of 2-aryl-substituted derivatives
of that hicteroeyele was to study them as inhibitors of
multiplication of the Earle's L cell Hue of mouse fibro-
blasty growing in suspeusion.” It will be seen in Table
I that a significant number of these derivatives showed
very high i ¢itro activity: compounds 1 aud 11 with
D5 = 0.1 pg/mt and 2-5, 10, 13, and 21 with XD, £
6 pg/ml® were the most potent.  7or comparison, 2,3-
dihydro-2-phenyl-4H-1,3-benzoxazin-4-one# the 1-oxa
analog of 1, had EDg > 50 pg/ml; actinomyein IV,
one of the highly cytotoxic antibiotics, had EDy =
0.006 pg/ml."

The compounds were sereened ax hibitors of coll

o) @y I A Kirne Xmith anel 1L Scephews Tetadesdrgs, 1 38 VUL
) H. Bélune and 11, Baing, Ak, [9eom., 298, 1001 (19G07; vy 11 Guricu
anl B. B. Brown, J. Pharm. Sei., 52, 1108 (19635 11 Guriew and ‘1L 1
Gurdon, U, 8. Patenl 3,162,636 (Dec 22, 1U64); alj lnstitin e Angwi
S.A., French llatent MI1893 (Aug &, 1U63): Clhem. Abstr., 60, 3976k
(1964); (¢) C. 11. Boeelringer Splin, I'vench Patent M23588 (July 6, 1964);
Chem. Abstr., 61, 16073k (1V64); Nerlerlantl Application 302,479; Clen.
Abstr., 64, 9743 (1U6B); 1§y I'arlienfaliriken Bayer A.-G., Belgian Patent,
G32,078 (Nuv 20, 1963): Chem. Abstv., 61, 83214 (1864); (z) G. Pala anil A.
Mantegani, Guzz. Ciaw, [td., 94, 590 (10ti4); il V. &, Digle awml 8, L.,
Muklierjee, Cuvceyt Sei. tlmlia), 88, (4L (1Ytid)y; Chew. Ahstr., 62, 277
(1Y66); Rexall Druy Cu, 17, 8. Parent 3,277,397 (lune 21, 1966):  Shultow,
Ine., 11 8, Patenl: 3,265,697 (Aug Y, 1466,

() Tlhe inhihilion stadies were carvried we hy Drv. D, Perlman of Wiese
lalioraturies.

13) J. Leitner, 3. J. Albott, and 8. A, Scliepartz, Cuwcer fes., 26, 179
(1965), stare thar in the CCNSC cell culture screening proeedure far the
zelevtivn uf vamnpuuruds fur furthier study, TS50 < 6 we ml s clie requivemein
ti pass tle first stage uf evaluatian,

(4) AW, Titherley, J. Chem, Sge., 91, 1414 (1007,

)y . lerlman, Hindustaie Antibout, Ball., 8, 170 (1baa,.

multiplication by the procedure ot Perhnn, ef alt
To aliquots of sterile cells were added seriat dilutions of
acuicous dimethyl sulfoxide solutions of the quinazoloue
and the mixtures were ncubated for 3 days at 57°.
The smount of compound needed to give a 509 in-
hibition waus determined graphically by means of dose:
LespOISe Curve,

Several methods were employed for the synthesis of
the 2-nvvt-2.2-dihydro-4(1H)-quinazohnones.  Method
AL anil formatian in ethanol between the 2-nminobenz-
amide and the aromatic aldehyde followed by the base-
entalyzad eyelization'® was the most generally appli-
cable. This method failed with 13 and 22; the suceess-
ful procedure (imethod C) eniployed eatalytic amounts
of p-toluenesulfonic acid m hotling chlorobenzene and
made use of o ospeetal device which allowed the con-
denxed solvent 1o be dvied by pereolation through
a bed of culehim hydride before returning to the reuc-
tion flagsk. 1o method B, saturated ethanolie hvdro-
voit ehiloride was the reaction mediuny; while sueeess-
ful with 1 and 12, the procedure failed with several
other compounds.  The two anmino derivatives, 14
and 17, were obtained by eatalytic hydrogenation of
the corresponding nitro compounds.

Structure-Activity Relationships.—The only =true-
tural modification of 1 which did not adversely nffect
activity was the replucement of u hydrogen at posi-
tion 6 by a chlorine atom; somewhat decreased activity
was found when the substituent in that position was
NO, or Br and even less activity when the substituent
was HoN or CHCONH. A high order of activity wuas
retained when thie 2-phienyt group of 1 wus replaced by

it D Pevlian, NooAL Guutee, and o WL Jdavksen, Fres Sovee Bl
Binl. A ed., 102, 250 ¢ s,
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Recrysiu Yiell, Calal, 9 IFounl, Y, -——— (Farle's L
No. R R N R Metlionl® solvent My, °C Y TFormula C 11 N C 11 N L cells) 'é
1 T I'h 11 A b 224--2206¢ 86 CulH1eN.O 74.08 H.60 12,49 75,10 578 12,19 0.1 E
2 H H p-CH.Cil T It A d 20022204 66 CulluN:O 75.60 5.92 1176 75.75 5.98 11.84 1 =
§] I IT 0-CICsH, H A I 200-211 78 CullCINLO 64.00 4.28 13.70 64.90 4.063 3.85 2.4 5
4 11 IT p-ClCel 14 It A S/ 205-208 70 CuHCINGGO - 64.99 4.28 1370  64.87 4.21 13.56 2.5 1;;
5 H IT trans-PhCII=CII IT A g 168 1724 38 ClT1aN-O 76.78 5.64 11.19 76.68 5.87 11.05 0.5 T{v
6 H H 2,3,5-TIO(CHLCel Ty i A 1 2061262 65 CulTClN-0O» 5438 .26 9.07 H4.07  2.96 8,04 30 t
7 10 H 1,4-(ClH; ) CCHL0)CI T IT A 7 167 170 65 CralT» N, 752 714 908 Ts.42 7.22  8.8Y 30 =
8 1 i 2,4,5-1(CH W CL(CIT0)CIT 1 A k 246-248 S8 CulTaNO: 75007 827 7.64 7o 817 7.72 10 o
9 1! H 2-Furyl IT A { 163 -16.1 a4 CulTuN-O, 67.28 4.71 13.08 67.22 4.85 15.38 o) %—
10 11 IT 2-Thenyl H A d 215-216 75 C-HeN:08 62.60 4.48 1217 62.8%7 4.0 12,08 6 iR
11 Cl H Ph 1| A m 2552077 ) Cull, CIN2O  64.99 428 Lo BAL 12 4040 C. 0.1 E
12 Br H I'h I1 B d 255 206 66 Cull(BrNO 57,46 1.66 9.23 5ot 396 9.1 7.5 =
L OuN H PPh I C 7 267268 74 CuH N3Oy 62.45 4.12 15.61 62.08 4.24 1541 2 Il
14 I.N IT I'h IT b 7 192 195 42 CullTaNO 7020 548 1756 7020 599 17.71 20 E
15 CILCONIT T Ph I o p o HIE 200 CuHaNOs S 1A L1487 100 z
16 H 1T 0-ONCslI, IT A [ 191 1947 6 ClT N3Oy 62.45 4.12 15.61 62.75 4.3 15.40 10 E
17 11 I o0-TT.NClI T4 H b § 170-173 19 CuH N0 70.27 548 1756 70.42 5.70 17.2 20 ;t:
I8 H H Ph CIT, A l 167 169¢ 5 CiI1 4N 75.60  5.92 11.G7 75.45 591 11.81 25 é
1 11 IT IPh PhCH. A b 163-165 76 Ca TigN-O 80.25 577 8.0l 80.04 5.61 8.64 20) &
20 H PPh o0-CIT,Cll, A " 174175 80 CodT N0 80,20 5.77 8.0l 80.38% 5.77  8.80 Hy
21 I 1 Ph 2.6-(CHRClT; A » 210222 [ CaalHauNLO 80.46 6.14 8.50 80.60  6.19 8.40 D
22 1T ClI;  Ph H ; { 225 229 47 CulliaN9) 7560 5.92 1176 75.48 6.02 11.76 10
23 11 H  Ph 4-Pyridylmethyl A g 194-196 65 ColliINyO 76.17 5.44 13.35  76.40 5.61 13.20 10

« See lixperimental Section for details. ¢ 2-Propanol-H,O (1:1). ¢ Béhme and Boing!® report mp 223-224°; their syuthetic] procedure was different. ¢ 2-Propanol. ¢ Lit.1» mp 230°.
7 Ethanot-IT,0 (3:1). ¢ Toluene. * Lit.?» mp 210° and lit.1h mp 224-226° for the product of the reaction between anthranilamide and cinnamaldehyde. The produet now being described was
prepaved from ¢rans-ciinamaldehyde and showed the expected absorption in the infrared of a trans >C=C< at 10.4 x. ¢ Propanol. 795%, Ethanol. * 2-Propanol-H,O (2:1). ! 2-Prepanol-
ILO (1:2). = Ethanol-H.0 (1:1). = Lit.1» mp 246-248° for the product obtained by a different procedure. ° Anal. Caled: Ci, 11.70. Found: Cl, 11.90. » Acetonitrile. ¢ Anal. Caled:
acetyl valne, 15.30. Found: acetyl value, 15.61. r Lit.’2 mp 192°. ¢ Tolnene—Skellysolve I (3:1). ¢ Bohme and Biing'® employing a different synthetic procedure report mp 165°.  * Skelly-
solve IS, v Propanol-IT,0 (1:1).
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p-tolyl, - or p-chloropheuyle theuyl, or frans-styryl;
replacement by o-nitrophenyl, o-muninophenyl. o poly-
substituted phenyl, or 2-furyt gave compounds with de-
ercased activity,  When the hvdrogen av position 2
in 1 was replaced by methyl, activity wns deercascd.
Finally, replacement of the hydrogen at position 3 of
1 by 2.6-xylyl gave an aetive compound while substit-
uents like methyl, benzyl, o-tolyl, and 4-pyridylmethyl
11 the same position gave less active derivatives. The
F-oxa analog of T was inactive at the hghiest level
tested.

Experimental Section

Al melting paintx were taken inc enpillavy ibes heared hy
mestts of an oil bath and are nucorreeted.

2.3-Dihydro-2-(p-toly!)-4(1H)-quinazolinone (2). Method A.

‘To u =ohition of 4.40 g (0.025 mole) of anthranitanude und {.00
g (0.025 mole) of p-tohwldehyde v 27 mb of Y50 ethanol wax
added 1.6 mt of 20¢, ngneous NaOH, the mixture was hented
under reflux for 1 hr and cooled, und the precipitated solid wax
filtered and aiv dried (v give 5.10 g of crude product, mp 230-2004°,
Recrystallization from 600 b of 2-prapanot gave 3.90 g of 2.

6-Bromo-2,3-dihydro-2-phenyl-4(1H)-quinazolinone (12).
Method B.—A mixlure of 2.16 g (1.01 mole) of 2-amino-5-bromo-
benzamide and 25 mt of 2.24 N cthanolic TICH was stirved 0,25
brne 25° 106 g (0.01 nmole) of benzaldehyvde was ndded, and the
stirring at 25° was continned for 36 hr.  The <uhid product wus fil-
tered; when air dried it weighed 3.00 g und melted 255-256°.
Beery=tallization from 900 ml of 2-propanal gave 2.07 g of 12.

2,3-Dihydro-6-nitro-2-phenyl-4(1H )-quinazolinone (13).
Method C.---A mixtire of 0.20 g of p-loluenesulfonic acid monu-
hydrate and 250 ml of chlorobenzene was distilled in a special
appuarains canstrneted so that the condensed vapors percoluted
downward throngh n zupported bed of $-14 mesh Catly and were
dried by (hat reagent before retirning ta (he reactian flask.
When the evalution of hydiogen fram the Caly indieated the
absence of water in the dixtitlate, 1.62 ¢ 0.02 mole) uf 2-mmine-7-
nitrubenzamide and 2.12 g 0,02 muler of benzaldehyde were
added.  The distillation uf this mixture in the same apparatns
wits cantinued nntil there was 1o evidence of reaction with the
Cally (F hed. The =alid which sepuraed i eooling was filtered:
when air dried it weighed 4.80 g aud mehted 26:8-270° dee. Re-
cry=tallizatian from 500 ml of propauwok-warer (20 1) gave 4.00 g
lllI 13.

6-Amino-2,3-dihydro-2-phenyl-4(1H )-quinazolinone i14).
Method D.—25-Dihvdro-6-nitro-2-phenyvi-4(11-quinazalinane
(2.00 g, 0.011 mote), 200 ml uf absolute ethanol, and 1.0 ¢ ol
e Pd-C were shaken for 0.25 hr nuder i kg/Zem?® of hydragen,
the caralyst was fihered, and the filtente wax concenivated 1
dryness in vacno.  Suecessive recrystalhizativns fram 700l and
(raan 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 ml of acetie anhydride, aud
4l of pyridine were hented under veflux fua 0.5 hre and concen-
(rated to dryuess in vacno.  Recrv=tallizatinn from 1300 ml of
acetanitrile gave 14l g of 15.

The procednre deseribed helow, the reaction ul s i=ataie au-
hydride with ammonia or ancamine, wax cmployed to prepave all
but twa of the intermediate 2-aminabenzamides uzed tu <vi-
thesize the 2 0-dihydro-4 U -gnnazalones.

2-Amino-5-nitrobenzamide.- -t a stivved <u=pension of 112 ¢
(015 made) of G-niivai=ataie anhvdride o 500 b of Y-propancl
wix tdded drapwise b mb b agqueons amonia (0 0.0). When
the additicn was complete, the mixture was concentrated from

MarioN NanksrsiN

Vall 1o

the steam bath fivst under atimspherie pressuve nnd then aemeacie,
The aiv-dried residue weighed 2823 g0 mp 225230 and was
ery=tathized Do 28580 b af aguenns 2-proguand e o give

P 600 viekd s ol praduner, wp 2002007,

awls Caled i CITENGOg: O, 4ot L o N 2o
Found: € 40400 L 00: N, 200,

b =tmilae fshione were prepaved the fullawing 2-oontiandenz-
aanides,

2-Amino-5-chlorobenzamide, @5’ vield, wmp 166 1607, ane
reveystathizinion romcialnene 0 mbfgs. ol Caled ot 1h-
CINGO: CL 206t Ny 16420 FPoand: CL 20620 N B

2-Amino-5-bromobenzamide. 2!, vield. mp IS4 ISG7 aine
recrystatlization froon whiene T mbygr el Caled G
CiHBeNLO: B, A5 N, 12080 Fuand: Br, AT N, FASA

2-Amino-N-|i 4-pyridy! imethyl|benzamide, ~I', vield, wmp
1324 150%, abrer vecrvsratlization frooe wduene 1680 mbrw
el Caledd (e CrdbaNsO: Co 08 TEH: T 3770 N =4
Fonnd: €, 68050 HL a0, NS,
2-Amino-N-benzylbenzamide. N6', vield, wp P2l 1227 alny
vevrystallizatione froan Rkellysobee i mljzn tuel. Caheal
fur CodEaNsO: N, 12850 Faand: N, F20S.
2-Amino-N-(2,6-xylyl tbenzamide. - Tv 200 g o0 e of
Lp-dimethybidbine 2o mb ol dey chhioaform was anbded drape-
wixe o dey CHCL =obuilione ol v-nitrnhenzavt ehhide jpreparved
frian 270 g AL b wader abf cendirobenzade acid]. Subsequently,
ihe mixtuee was <tivred aud retloxed o B he and thew worked ap
o give G g ol erwde proddoet, mp 221220 veeey=tadhizin o
Frome 1600wl od 2-prupannl gave 2300 @ a8t viekd s o 2-nitin- N-
ti-xvivBibenzanide, mp 210211
bouds Caled (e CutbONO00 Uy
Feand: €, ue.0x: o N, 1T,

The witnoderivanive 22004 gy S gul A0 PO rand 720 b
absulvte ethimad were shaken mt 43° under ot kgZem® of hydioe
gers rednetion was orapidy and theve was isabated oothe usnal
nemmner 2E3 g Y, vields of 2emaine=N-02,6-xvhvhbenzamnde,
wp E25-10° adter recev=tatlization Frean 600 mbod Skelly=ubve IS

Apad. Cabead Tow CptbyNae G0 24070 T 6.7 NV L.
Foanat: €, 74570 L 6.700 N, TG0,

Wheo the amina derivaiive wis dissabved e 1o, aynenms
HCL the =admin filtered, sund the fibrate conded, there was
ubtiined the hydrochloride, nip 2:45-2402,

Al Cabad e ColleNO - HCE: CL P2 st
126N,

2-Amino-N-{u-tolylihenzamide. - The aluwe poweedure, nuuh-
Bed oy v that 200 g 000 maded ué actadnidine was n=ad in place
af 2 G-dimethyhodline, gave 250 g o800 viehh of the ninee
Lenznide, wap FCE 1022 ahrer reervstatlizanion frong Ban il of
Sepropinl.

Apul, Cated e CoplaNus: O s 4700 N,
Fooad: O, 63760 T 4830 N, HLOG,

Beducticn ul 2280 g ol vhe nivre devtviniive gave 26000 g0
vieldt ol 2-amine-N-te-tabyhberzamide, mp FEC T afie
ceerv=tattization oo 600 mb of Sketty=ulve F.

Aol Cabed Lo CodaNGO: O T4 HE 6,240 N
Fonad: €, 7429, 624 N, 1226

2.3-Dihydro-2-cg-nitrophenyl)-4{ 1H ;-quinazolinone 16,
Method E.  A.- A mixiure of 6.80 g (008 wole) uf anthenudl-
amide, T.55 g 1005 maked of e-nitrobenzaldehyde, and 45 b ol
024 ethanal was wacnaed aneil =abntion veenered and filtered.
tnd the filience wos atlowed 1o conl The vellow cev=tadiine <uhid
which =eparated was liliered toogive TR g (820 vield) ol 2-]0n-
nitrobenzylidene Jamino’ benzamide, mp 171-175°.

Aol Caled e COENGO: O G240 T 4.0 N
Found: C0 62,680 HL 440 NL R,

B.- - The prodiet frane A i g, 0@ nndey, £ b ad v
etinol, aud S b 2000 aguenns NaODTh were heated mder re-
Ay for I he sood coaded, ot the suhid was filiered togive 1o g
af rade 130 Reerystadbizaiom fran SBomb ol ngueans ethanal
i) pave DS @ ud pue 16,
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