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(VII, 500 myg, .77 unmoles) was dissolved 11 4 ml of 1494 aqueous
NH;.  Beunzyl chloride (230 mig, 1.8 ninioles) iu 2.0 ml of dioxaue
was added to the basic =olution aud the mixture was stirred at
roont temperature for 3 hr.  The mixture wasz diluted with 6 ml
of water aud theu extracted five times with 7.5-ml portious of
ethyvl acetate. ‘L'he ethyl acetate solutiou, after drying (MgSO,),
was evaporated in vacuo to yield an oil which solidified wheu
triturated with ligroiu (bp 90-120°). The crude solid was
recrystallized from an acetoue-ligroiu niixture to yield 500 nig
(76" 1) of analytically pure product, mp 143-144°, Ja}?2p —66.3°
1e 1, ethaunl).

Anel. Caled for CgHNGO43: C, 57.9; H, 5.13;
Foand: C,a88.1; H, 5.03; N, 11.1.

N, 1L.4.
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4-Methylthio-7-(3-p-ribofuranosyl)pyrrolo(2,3-d]pyrimidine
(IXa).—To a solution of 0.55 g of NaOCH; in 30 ml of methanol
was added 2.8 g of T-(8-p-ribofuranoxyl)pyrrolol2,3-d] pyrinii-
dine-4-thiol (VII). After VII had dissolved, 0.6 ml of methyl
iodide i1 3 nil of methauol was added aud the solution was
stirred at room temperature for 2 hr.  The pH was theu adjusted
to 6 and the solution (zome solid preseut) evaporated to dryuess
{n vacuo at room teniperature. The resulting yellow oil was
triturated with aceioue. The white solid was collected by filtra-
tion, dried, aud recrystallized froni methauol to vield 2 g (65%5)
of analytically pure compouud, mp 195-194°,
Anal.  Caled for CiHpN;0.8: C, 484 1, 5.05;
Fouud: C, 48.55; H, 5.20; N, 14.27.

N, 14.14.

Nucleosides. V.

2-Thiopyrimidine g-pD-Arabinofuranosides
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The reaction of 2,2’-anhydro-1-(5-o-trityl-g-p-arabinofuranosyluracil (IIa) with H,S iu alkaline wedium
followed by detritylation produced 1-(g-p-arabiuofuranosyl)-2-thiouracil (IX). Thiation of the triacetate of IV

vielded the corvespouding 2,4-dithionracil nucleoside VI.

Reaction of VI with NH; yielded the 2-thiocytosine

arabinoside VII, cytosine arabitioside VIII, or the 2,2-anhydrocytosine mucleoside IX depending ou the coudi-
tions 1zed. Reaction of IV or VII with bromine water resulted in the formation of 2,2-auhydronucleosides IIb

and IX, respectively.

as antiviral agents.

Interest in thiopyrimidine nucleosides was heightened
recently by the isolation of 4-thiouridylic acid! and a 2-
thiopyrimidine nucleotide*? from FE. colt t-RNA as
“odd" nucleotides and by the demonstration of an
enzymatic thiolation of t-RNA.* Tt has been suggested
that?® the facile formation and cleavage of a disulfide
bond in t-RNA may provide a chemical mechanism to
the ""adapter modification hypothesis,”® although no
difference in the maximum tyrosine-accepting ability
was detectable between the native and disulfide forms
of K. colt tyrosine t-RNA.Y  More recently, evidence
was presented for reversible conformational changes
and ribosome binding efficiency upon iodine oxidation
of lvsyl t-RNA from B. subtilis.” A model involving
sulthydryvl-disulfide interconversion of thiopyrimidines
was again postulated. In our study of nucleoside
antimetabolites, it was noted that the free base, 2-
thiouracil, has been reported to suppress the production
of infective turnip vellow mosaic viral nucleoprotein,®
possibly via a preferential inhibition of viral-RNA-
dependent RN A synthesis.® It was also incorporated
into RNA of tobacco leaves and tobacco mosaie virus.
The physicochemical difference between 2-thiouracil
and uracil was indicated by recent nmr studies which
concluded thut 2-thiouracil exists essentially in the
thiol form.'® The ultraviolet absorption spectrum of

(1) M. N. Lipsel1, J. Biol. Chem., 240, 5975 (196.J).

(2) J. A. Carhon, L. Hung and D. S. Jones, I'ror. Nutl. Avaid. Sei. U, S..
83, 979 (19G3).

3) T. Schleich and J. Goldstein, Srienre, 150, 1168 (1965).

(4) R. 8. Hayward and 8. 13. Weiss, Proc. Natl. Acad. Sci., U". 8., 58, 1161
(1966).

(3) N. Sneoka and T. Kano-Sijeoka, tbid., B2, 1535 (1964).

(6) M. N. Lipsett and A. Peterkofsky. ib7d.. 58, 1169 (1966),

(7) B. Goehler and R. H. Doi, ibid., 56, 1047 (1966).

(8) R. 1. B. Francki and R. E. F. Matiliews, Virology, 17, 367 (1962).
(9) P. K. Ralpli, R. I, I, Matiliews, and A. I. Matus, Biovhim. Biophys.

Actu. 108, 53 (1963).
(10) J. Kokko, L. Mandell, and J. Goldstein, J. Am. Chem. Soc., 84, 1042
(1962).

Todination of IV gave a =imilar result.
showed antiviral activity agaiust vaccinia in tissue cultire.

1-(3-p-Arabinofurauosyl)-2-thioeytosine (VII)
The other thiopyrimidine nicleosides were inactive

2-thiouridine suggests that it may act as an analog of
cytidine as well as of uridine in RNA synthesis.®
TFollowing our previous investigations of pyrimidine
nucleosides as potential antiviral agents the synthesis
of 2-thiopyrimidine g-v-arabinosides was considered of
some interest.

In contrast to the 4-thiopyrimidine nucleosides which
are readily available from the corresponding 4-oxo-
pyrimidine nucleosides by thiation with PsS;, 112 the 2-
thiopyrimidine nucleosides have been prepared by more
eircuitous routes.’®  Nethods involving the usze of
glycosyl amines'* % and glycosylthioureas!® as starting
points for building the 2-thiouracil ring system have
been reported.

The formation of 2-thiouridine by the reaction of
H,S with 2,5-anhydrouridine under mildly alkaline
conditions has been described by ToddY and by
others.'®* The bacterial synthesis of thiouridylic
acid has been demonstrated. ®

Taking advantage of our recent experience with 2,2~

(11) J. J. Fox, D. V. Praay, I. Wemyen, I. L. Doerr, L. Clheong, J. E.
Knoll, M. L. Eidinoff, A. Bendiclh, and G. U}, Brown, ibid., 81, 178 (1959).

(12) 1. Wemypen. R. Duschinsky. L. Kaplan, and J. J. Fox, 1bid., 83, 4755
(1961).

(13) Very recently, T. Ueda, Y. lida, K. Ikeda, and Y. Mizuno, Chem.
['hurm. Bull. (Tokyo). 14, 666 (1966), have reported the preparation of 2.4-
dithiouridine by the lhiation of 2°.3'.5'-tri-O-benzoyl-4-thiouridine under
forcing conditions. Conversion of 2.4-dithiouridine 1o 2-thiocyiidine was
accomplished by ammonolysis in a manner similar 10 Lhe one reported lLiere
for the arabinonnicleoside.

(14) G. Shaw and R. N. Warrener, J. Chem. Soc., 163 (1958).

(15) G. Shaw., R. N. Warrener, M. H. Maguire, and R. K. Ralph, ibid..
2294 (1958).

(16) M. Sano, Bull. Chem. Soc. Jupan, 10, 308 (1962).

(17) D. M. Brown, D. B. Parihar, A. Todd. and 8. Varadarajan. J. Chem.
Soc., 3028 (1958).

(18) R. \W. Chambers and V. Kurkov, J. Am. Chem. Soc., 85, 2160 {1063).

(19) N. K. Koclietkov, E. [. Budonsky, and V. N. Shibaev, Tetrahedron,
19, 1207 (1963).

(20) H. Amos, E. Vollmayer, and M. Korn, Arck. Biochem, Biophys.. 77,
236 (1958).
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anhydroneleosides, w feasible =ynthetic pathway for
the preparation of 2-thiopyvrinidine g-v-nurabinosides
appeared to be by way of the anhydro ring eleavage of
2.2 canhydronneleosides with HaS i g wanner analo-
golls to the reaction of 2.5 -anhydronneleosides.?

Initially,  when  2.27-anhydro-(S-trityl-1-3-p-nunbino-
furanosyDuractt (Ha) was treated with H.S at room
temperatire' only the starting materiad was recovered,
Nouetheless, when the temperature was vaised to 100~
1107, the desived reaction took place. and S'-trity]-1-
g-v-arabinofinranosyvl-2-thionractt (I waus obtiined
it good vield (Chart ). By-orodnets carresponding
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to the H'-thio or 5’G-ecpithio structures™1 obtained 1o
the reaction of 2,5 -anhydromridine with HoS were ap-
parently not formed in appreciable amounts.  Detri-
tylation of  IIT fumished  1-g-v-arabinofuranasyl-2-
thiouracil (IV).  The nltraviolet spectra of IV i acid
and base were very =imilar to those reported for 2-
thiomridine.'  Hydrolysiz of IV with aqueons cliloro-
acetic acid™ yielded o mixtiure whicl contained, as «
major component, a substance rinnning at the same ratoe
i 1-g-p=arabinofuranosylnaeil (spongouridine) in thin
layer chromatography.  Acetylation and thiation of
IV yielded 273757 -tri-O-ncetyl-1-3-n-arabinofuranosyl-
2 A-dithionraeil (VID.

The course of the reaction of VI with amumonia was
quite dependent upon the conditions used. By heating
V1 with aquecons NH,OH at 100° for 3 hr, amination
was accompauied by complete desulfnrization: 1-3-n-
arabiiofranosyleytosine (VIH) was formed as the

Aol 10

Dt REORN

ajar proditet st odated as the hydrochboride i
O viebl When VE wus heated inoaahydrons meth-
anolie winada ot 1007 Tor 4 To the desived 1-3-n-
arabinolnvanosyl-2-thioevtosine (VI was abtained
e 2000 viekds However, when VI was heated e -
hvdrons wetlimalic NHy ot the s temperntare e
HY hro o eonaples renetinn mixture was obtained instead
il rom wlheels ondy 202 anhvdro-E-(g-v-rabin-
Nsw=yieviosine eonbd beisolated as the Tivdeoehlorvide
AN I very fow vield,

A aquieots solutiear o IV liseharged the enlor aof
bromine water viery rapidly. Sogwewlat nuexpecetedly
the prodint of the hrommiuation was found 0 be the
hvdrobromide  of 2 -anthvdro-1-(3-v-nrabinofurano-
svhurseil (I, Simlady, the browmiation of V11
viekded

22 anhden-1-tg-p-nn hinolinsnosy ey osine
hvdrabramide (N2

T the canrse af o Badted mvestigations ol the rene-
tiens ol 2-thiaaeleosides e attempt wis made 1o
prepare the disulfide of VII by reaetion with dodine,
Asindicatal abhave, fortnation of disulfides of this type
fio beew suggested 1o have =ome biological signifieance.
The reversible tnactivation ol =KX\ by wndine s
Lelieved 1o invotve <nch clumges* Compound TV
whet trented withe G equiv ol dadine i near neteal
softition iconditions whieh result i the conversion of
thionridine 1o t-thionridine disutide) vielded only
nelanged 1V and the 222-anbivdromaceleoxide 1D
200 s presnmed that the
wecleui=m of the formmtion of T i this ease s simdlar
ta that velved e bronination reaction. Com-
potdd VI consmmes odine very mpidly under the
same coenditions but nnfortunately o recoguizable
eotupaatitds eonld be solated Tronn the reaction niixture,
Cliunbers snd en-workers™ were alsn nnsiecessful in
atteryns ta prepare the disulfide of neetone 2-thio-

the o o abaan

nridine.

The attempted desulfurization or IV with Haitey
wickel was alsa abortive: ouly o intrnetable ginn was
alitained.

Preliminary evaduation o these nieleosides mdi-
cated that T-g-n-nrabinolranosyl-2-thioeytosine (V11
possesscd sclective sutivieal activities in the tissne
cultire assav aaninst vaceinia at 6.25 geoml with a
therapeutie mdex of greater than G4 Gzee Table 1.
Howns =lightly active against herpes and adeno 2
virnses,  TU was ot aetive against the himnan adenn-
eareinon ELAdY Noao 1 gvown i the emnbryonnted egg:
adose of 2 me ege wis aot toxie to the chick cmbryn,®
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TasrLe 1
ANTIVIRAL ACTIVITY OF
1-3-D-ARABINOFURANOSYL-2-THIOCY''OSINE

Antiviral Tlerap

Virus conen, pg/ml index®
Vaceinia 6.25 >64
Herpes 200 >2
Adeno 2 200 >2

“ Cytoloxic concentration for GMEK cells was greater thau 400
ug/ml.

At 1 mA/ concentration it showed no effect on the in-
corporation of hypoxanthine or orotic acid into RNA
in intact Ehrlich ascites cells.?® No antiviral activity
was found with 1-8-p-arabinofuranosyl-2-thiouracil
(IV).

Experimental Section?-%

2,2’-Anhydro-1-(5-O-trityl-3-p-arabinofuranosyl)uracil (Ila).2*
—To a solution of 9.8 g (0.144 mole) of imidazole in 83 ml of
CH,ClL; waz added, dropwise, a solutiou of 4.12 g (0.036 mole) of
thiophosgeite in 34 ml of beuzeue. The mixture became warm
spoutaneously and was stirred without cooling for 2 hr. The
precipitated imidazole hydrochloride was filtered, aud the solid
was washed with 35 ml of CH,Cly and 160 ml of toluene. The
filtrate was filtered again to remove a slight turbidity. 5’-O-
Trityluridine (I) (15.9 g, 0.033 mole) was added to the filtrate,
aud the mixture was heated to distil the CH.Cl; and beunveue.
Wheu the temperature of the distillate reached 107° (in approxi-
utately .75 hr) precipitation of the prodiiet appeared complete.
The mixture was cooled and filtered, and the product was washed
with cold ethanol. The yield was 14.3 g (949), mp 200-205°.
Thix material is sufficiently pure for most syuthetic purposes,
bit may be recrystallized from ethanol to give pure material,
mp 215-219°, with very good recovery.
1-(5-O-Trityl-8-np-arabinofuranosyl)-2-thiouracil (III).—A
stream of H,S was passed into a solution of 8.0 g (17 mmoles) of
2,2'-anthydro-1-(5-O-trityl-g-n-arabinofuranosyljuracil in 75 ml
of dry dimethylformamide (DMF) and 5.6 ml of triethylamiue
while the mixture was heated to 95° during 1.5 hr.  Heatiug was
continuons while the temperature was raised to 115° during
4.5 hr.  Afler keepiug at room teniperature overnight, the reac-
tion mixture was poured iunto 300 ml of water. The product
was extracted twice with 100-wnl portious of ethyl acetate. The
addition of saturated NaCl solution was helpful in breakiug the
emulsion that formed. The ethyl acetate =olution was washed
with water, dried (MgS80,), aud coucentrated to 9.0 g of a glassy
foam +n vacuo. Chromatography on 450 g of silica gel vielded
.8 g (W0%) of amorphous pale yellow solid iu one peak, eluted
with 407 methauol in CH.Cl,, The product showed a siugle
spot ou thin layer chromatography (silica gel, methanol-CH,Cl,,
1:9).
1-(3-p-Arabinofuranosyl)-2-thiouracil (IV).—A mixture of 7.8
g (155 mmoles) of 1-(5-O-trityl-g-n-arabinofuranosyl)-2-
thiouracil and 80 ml of 80¢; acetic acid was heated on the steam
bath for 20 miu. The mixture was concentrated to dryuess
in vacuo and the residile was partitioued between water aud ether.
Concentration of the aqueous phase yielded 4.0 g of a erystalline
=olid. Trituration with ethauol gave 3.2 g (80¢¢) of product,
mp  199-204°.  leerystallization froni ethanol furiished an
analytical saniple, mp 203-205°, [a]®;, +110° (H:0, ¢ 1.0),

(26) Tlis experiment was carried out by Dr. H. 'I'. Shigenra of 1lese
laboratories following the procedure publislied previously: H. T. Shigeira
and C. N. Gordon, J. Biol. Chem., 287, 1932 (1962).

(27) All melting points were delermined on a Kofler hot stage equipped
wilh a calibrated 1hermometer.

(28) We are indebted to Mr. R. N. Boos and lis associates for microanalyt-
ical data, and to Mr. E. A. MacMullan and his associates for the ultraviolet
spectral data.

(29) This preparalion of 1la is reporled liere as a more convenienl pro-
cedure tllan tliose previonsly reported ;08! isolation of bisimidazole thione is
avoided.

(30) J. J. Fox, N. Miller, and I. Wempen, J. Mei. Chem., 9, 101 (1966).

(31) W. V. Ruyle, T. Y. S8len, and A. A. Patcletl, J. Org. Chem., 80, 4355
(1963).

NUCLEOSIDES.

Vv 333

M0 276 mu (e 14,700), Apk 245 nig (e 4500), At 270 mu
(e 14,000) and 241 mp (e 21,700), A%MH 262 mu (e 13,600).

Anal. Caled for CoHpN:0:8: C, 41.54; H, 4.65: N, 10.77;
S, 12,2, Found: C, 41.65; H, 4.64; N, 10.37; S, 12.3.

1-(2,3,5-O-Triacetyl-3-p-arabinofuranosyl)-2-thiouracil (V).—
A solution of 2.5 g (9.6 mmoles) of 1-(g-p-arabinofuranosyl)-2-
thiouracil in 4 ml of pyridiiue aud 20 ml of acetic anhydride wax
heated on the steam bath for 1 hr. The mixture was couceu-
trated in vacuo to ai oil, aud the coucentration was repeated
twice after the successive addition of 20-nil portions of ethauol
and tolueue, Reerystallization from ethauol yielded 8.31 g
(8944 ) of crystals, mp 140.5-141.5°.

Anal. Caled for CsHisN:O:3: C, 46.63: M, 4.70; N, 7.25:
S, 8.4, Fonud: C, 46.48; H,4.63; N, 7.27; S, 8.4.

1-(2,3,5-O-Triacetyl-3-p-arabinofuranosyl)-2,4-dithiouraecil
(VI).—A mixture of 3.2 g of 1-(2,3,5-O-triacetyl-g-p-arabinosyl)-
2-thiouracil, 55 ml of dry pyridine, aud .4 g of PsS; was heated
at reflux for 3.5 hr.  The cooled mixture was poured iuto 300 ml
of water, aud after 20 miu of stirring, the solid product was filtered
and washed well with water. The moist. product was taken up
in 25 ml of pyridine aud warmed on the steam bath nutil the
evolittion of H«S was complete. The product was again pre-
cipitated by the gradual addition of 200 ml of cold water. After
filtering, washing, and drying at 110° in vacuo the crude product
weighed 3.26 g (98¢7), mp 145-147°. After recrystallization
from toluene-hexaie, .01 g (915) of bright vellow crystals was
obtaived: mp 146-147°: AZ 281 mu (e 20,400), inflections at
360, 340, 300, aud 198 mu.

Anal. Caled for C;H\N.0:3: C, 44.78; H, 4.51; 8, 15.9.
Found: C, 44.68; H, 4.32: S, 15.9.

1-(3-p-Arabinofuranosyl)-2-thiocytosine (VII).—A solution of
2.0 gof 1-(2,3,5-O-triacetyl-8-p-arabinofuranosyl)-2,4-dithiouracil
in 100 ml of methauol was saturated with auhydrous NHj at 0°.
The mixture, iv a glass liner, was heated i a pressure bomb at
100° for 8 hr. The reaction mixture was concentrated to a
giim n vacuo, aud most of the by-prodiict acetamide was removed
by sublimation at 60° (0.1 mm). The residue was chromato-
graphed on 100 g of silica gel. Elution of the column with
CH.Cl—methanol mixtures with methauol conceutrations of
2-25%; gave fractions containing acetamide and a series of brown
gums. The desired product was eluted with 30¢; methauol-
CH,ClL: a total of 0.386 g (309%), mp 175-180° dec, was obtaiied.
Recrystallization from methanol-2-propainol furnished an an-
alytical sample, mp 180-182° dec, AH: 278 mu (e 17,800) aud
230 mu (e 16,800), A25 252 mu (e 7900), N2 2525 mpu (e
22,900), pK, = 3.20 (fron1 uv data).

Anal. Caled for CgH;3N;0.8: C, 41.70; H, 5.06: N, 16.21;
3, 12.3. Fouud: C, 41.76; H, 4.98: N, 16.49; S, 12.7.

Prolonged Reaction of VI with Methanolic NH;. 2,2’-An-
hydro-1-(3-n-arabinofuranosyl)cytosine Hydrochloride (IXa).—A
solution of 250 mg of VI i 10 ml of methanol saturated with
NH; at 0° was heated in a bomb at 100° for 45 hr. The dark
browu =olution was filtered to remove a small amounut of black
solid. The filtrate was couceutrated n vacuo and the acetamide
was stiblimed at 60° (0.5 mm). The residiie was taken up iu
ethanol (8 ml) aud treated with charcoal, and the filtrate was
diluted with 10 ml of ether. Thin layer chromatography showed
a multiplicity of components. Upou treatment with excess
ethereal HCl and unearly complete evaporation, a crystalline
solid was deposited. After recrystallization from methauol-
2-propaitol, 4.4 mg of material was collected which showed the
properties of 2,2’-anthydro-1-(8-b-arabinofuranosyleytosine hy-
drochloride,? mp 250-260° dec, A™22 231 mu (e 8900) and 263
mu (e 9900).

Anal. Caled for CgH.CIN;Oy: C, 41.47; H, 4.64; N, 16.12.
Fouud: C, 41.48; H, 4.49; N, 16.62.

Reaction of VI with Aqueous NH;. 1-3-p-Arabinofuranosyl-
cytosine (VIII).—A solution of 200 mg of V1 in 15 ml of conceli-
trated NH,OH was heated i a bomb for 3 hr at 100°. After
removal of the solvent in vacuo and the acetamide by sublimation
at 60° (0.1 mm), the ernde amorvhous product showed an uv
spectrum typical of a cytosine wicleoside.  After the addition of
a slight excess of ethanolic HCl, aud recrystallization from
ethanol, 110 mg (7550) of 1-B-b-avabinofuranosyleytosive hydro-
chloride wa~ obtaived; mp 188-190°, not depressed au aduiix-
ture with an antheutic sample. The infrared spectrani in Nujnl
was ideutical with that of an authentic spectrum.

Bromination of IV. 2,2'-Anhydro-1-(3-p-arabinofuranosyl)-
uracil (IIb).—To a solution of 520 mg (2 mmoles) of IV in 12 ml
of water was added dropwise 3 ml of 1 M Bry solution in CCls.
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At this poiul the enlav of the hrowine persisted foe 20 win afller
cach additinu.  The uureacted bromine was blownu off with o
=treant of uiivogen, and the reactinu mixture was concentrated 1o
iosyrup in vaceo, bath tewperature less than 50°0 The vesidne
was eviparated theee fimes with tD-ml pavkinus of ethpnnt,
whercapou it evystallized.  The produet was teiteated with ealid
ethavol aud with ether ta obtain H40 g nf a4 crystalline hydu-
bromide =alt, mp 135--135°. Hecrystallization {rou wethaual
¢ther gave an analylical =aviple, wip G- 0iI8°0 dwel.  Caled
for Cplly BrNgOs: Br, 26.0.  Found: Br, 25.700 Caneentrpting
of the original wother liquors vielded 170 g of the staring
wlerial, 2-(hiouracilarabinoside.  Trentinent of o enncenttated
ethavalie solation of the hydeobramide with w slight excess of
ethanolic NIy yielded  2,2'-auhyrlro-t-ig-v-arubinofavinunsyl -
uracil (1), wip 238-241° idevieal in all vexpeers wh v auihen-
e ssunple.

Bromination of 1-(3-v-Arabinofuranosyl)-2-thiocytosine.
2,2'-Anhydro-1-(3-v-arabinofuranosyl)cytosine  Hydrobromide
(IXb).--Brontinalion of SO wig of VIT v the vianuer deseribed

Valo id

i the previous exsunple vieldal, atter veervstadlizotnn (oo
ethanal, (7 wg ol X, 240° deey ALY 264 g (e DIDIT et
D5t e 0D, AT 044w (e 2D, AT 2T v £ Q201
EOBY i fe 4SO

Lo Cabes] T CulleBBeNaUOy: O naunt: HL Sha N, LT
Br, 260000 Foand: C) 04050 T LT N GLGD: B, 2ast

Alter aevhificatione af the atkaline ny =abion the Tallownie
catslitul=s were abngined: }\’,’i\ DN e 12,400, }\f"”;‘ RE M
e fe LODU,

lodination of IV. - A ~alutinn af 206D wig o L wwaler ol IV wwa
unxture of 2% wl of water aud 7wl of pIT 6.84 buifer was teeatal
dvapwise with DSl of 1N Ly salutinn which was 2.4 3 v KL
A sobuion of NV KeCOy was added <imubianenasty 1o nunotaio tuoe
pH venr veutvating. The slightly turbid salutinn was deinnized
by treatment with Dawex 5 (OH 73 and Dowex 5D WX (1
tesius, Congeendrlion in cectio Vielded amixtuee Hraw which
D (56 s wis =epavated by vivhne of s very el sodubiliny
e ethanol. From the wather liguov, 125 g of ihe stavting
vrdevial PV S was abitained,

Substituted 2,3-Dihydro-4(1H)-quinazolinones.
A New Class of Inhibitors of Cell Multiplication
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The syuthests ol 23 2-aryl-2 -dihvdeo-4 U HD-guivazelivenes s reporied,

A vnber af these jpee highly aetive

tu {uhibitiug the multiplication of Earle's L cells growiug tu suxpensinu: nive have BDw £ 6 wg/ul aud of these

two hitve 15Dq0 = 0.0 g/l in this sercening procedure.

The literature containg a limited number of refer-
cuees to 2,3-dihydro-4(1H)-quinazolinones, and several
ot these reports are coucerned with the evaluation of
these compounds for possible pharmacodynamic, in-
secticidal, aud 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 Barle’s L cell line of mouse fibro-
blasts growing in suspension.” It will be =cen in Table
[ that a significant number of these derivatives showed
very high i ¢itro activity: compounds 1 and 11 with
EDs = 0.1 pg/ml and 2-5, 10, 13, and 21 with [2D; =
6 wg/ml* were the most potent.  Tor compurison, 2,3-
dihydro-2-phenyl-4H-1,3-benzoxazin-4-one,* the l-oxu
analog of 1, had EDg > 40 pg/ml; actinomycin TV,
one of the highly cytotoxic untibiotics, had EDy =
0.006 pg/ml."

The compounds were serecined ax ihibitors of ecll

hy 1a) To AL Kilree Sl awl 1L Steplien, Tetenheiteme, 1, 008 10 LOAT:
(1) H. Bélune and 11, Biing, Ak, Phoeng, 292, 1011 {1960 ; 101 11 Girien
and B. B. Urawn, J. Fhorm, Sci., 520 110¥ (19637 1. Gorien and ‘1. 1%
Gurdnn, U, 8. T'atent 3,162,636 (Dec 2Y, 19G1H); &b Instivan Jde Angeli
S.nA. French ['atent M189% {Ang & 1963): Chem. Abstr., 60, 39764
(1964): () C. 1L. laeliringer Solin, French 'alent M2388 (July 6, 1964):
Chem. Absir., 61, 160754 (1084); Necherland Application 302,479; Chem.
Abstr., 84, 0743 11466): (f} I'arlienfalinken Bayer A.-G., Belgian FPalent,
G32,578 (Nov 2l 1963); Chenw Abstr.. 61, 83214/ 11964); 1) G. Pala and A.
Mancegani, Gnzz. Chim, [tel., 94, 504 (1064): i) V. & Divhe and 8, L.
Aliiklerjee, Current Sei. ilnida), 88, M4 (1Utid); Chewm. Adstr., 62, 2770
(1966); Rexall Ding Co., U, 8. Vatenc 3,217,397 (Jine 21, 1966);  Shnlem,
Ine., (L 8, Patenc 3,265,697 ( Ang 9, 1464).

(3) The inhihidion studies were carried ou¢ Ly Do D, Yerlman of chesce
latrorataries.

(3) J. Leitner. 1%, J. Albote, and 8. A. Scliepartz, Cuncer Res., 26, 1779
(1965), stale that in the CCNSC cell cilinre sereening procedure fnr the
selection af enmpminds for further stndy, TDs € 6 pemlis (lie reqnirenisnys
to pass the first sfage of evaluatiom,

(4) AW, Titherley, J. Chem, Sue., 91, 1419 {1407,

1) L. Yerlman, Hinduston Antibiog, Bull, 8, 173 (1966).

multiplication by the procedure ot Perlman, ef ol
To aliquots of sterile cells were added serial dilintions of
aquicous dimethyl sulfoxide solutious of the quinazalone
and the mixtures were incubated for 3 days at 47°.
The amount of compound needed to give a 50% iu-
hibition was determined graphically by moeans of dose:
LFESPOUSC CLTVe.

Severnd methods were employed for the synthesis of
the 2-aryl-23-dihydro-$ (1 H)-quinazolinones.  Method
AL andl formation in ethanol between the 2-aminobenyg-
amide sand the aromatic aldehyde followed by the base-
catalyzed eyelization'® wus the most generally appli-
cable.  This mcthod failed with 13 and 22; the siccess-
ful procedure (method C) employed catalytic amonuts
of p-toluenesulfonie acid in boiling chlorobenzeue and
muade use of w special deviee which allowed the con-
densed solvent to be diied by pereolation through
a bed ol ealeum hydride befare retinning to the reac-
tion flagk.  nowethod B, saturated ethanolic livdrn-
gou chloride was the reaction medinn; while suecess-
ful with 1 and 12, the procedure failed with several
other compounds. The two amino derivatives, 14
and 17, were obtuined by catalytic hydrogenation of
the corresponding nitro compounds.

Structure-Activity Relationships.—The ouly =trie-
tural modification of 1 which did not adverscly affeet
activity was the replacement of a hydrogen at posi-
tion 6 by a chlorine atom; somewhat decreased activity
was found when the substituent in that position was
NQ; or Br and even less activity when the substituent
wus HuN or CHRCONH. A high order of activity wus

retaiied when the 2-phenyl group of 1 was replaced by

i DL Yerhman, NN Gaitlee, jond 10 WL lackson, e, Swe. Bapd

Binl. Uwed,, 102, 250 (1050:,



