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teduetion of 2-methyl-3-aryl-4(311 }-¢quinazolinone hydrochloride (VII1, Av = Coll;, 2-CHLCety, and 2)5-

(Cl1;),CsH3) with NaBH. gave the corresponding 2-methyl-3-aryi-4-oxo-1,:

m high yield.
tetrahydrogninazoline (IV).

9 antiinflammatory aetivity was obzerved.

Since Gujral and co-workers! have reported that 2-
methyl-3-(2-tolyl)-4(3H)-quinazolinones have hypnotie
properties, detailed synthetic and biological studies on
3-aryl-4(3H)-quinazolinone  derivatives have heen
made,2~* but the synthesis and biological properties of
2-methyl-3-aryl-4 - oxo - 1,2,3,4 - tetrahydroquinazoline,
reduced at the C==N bond in the 2-methyvl-4(3H)-
quinazolinone ring, have not been deseribed. In this
paper. the syntheses of 2-methyl-3-arvl-4-oxo-1.2,3.4-
tetruhydroquinazolines (Ar = Cgl;, 2-CHy;CsH,, and
2,3-(CHj)oCsHj) and of their 1-acyl derivatives (Table
1) are deseribed for a study of their pharmacological
propertiex. 4-Oxo-1,2,3 4-tetrahyvdroguinazolines have
been synthesized from the reaction of anthranilamide
with aromatic aldehyde or ketones under acidie or baste
conditionts.*~% However, there are several methods de-
scribing the reduction of 4(3H)-quinazolinones to 4-
0x0-1,2,3 4-tetrahydroquinazoline. According  to
Mirzn,  3-methyl-4-ox0-1,2,3 4-tetrahvdroquinazoline
was prepared by reduction of 3-methyl-4(3H)-quin-
azolinone with LiAlH: in Denzene. Cohen and
Vaughan!! mentioned that G-sulfamyl-7-chloro-4(3H)-
quinazolinone wag reduced to the corresponding +-oxo-
1,2,3 4-tetruhydroquinazoline by NaBH. it the pres-
ctice of aluminum chloride.

The reduction of 2-methyl-3-phenyl-4(3H)-quinnzo-
line (I) with NaBH, in solvents such as aleohol, tetra-
hydrofurai, or dioxane could not be effected at 10
100°, unchanged I being recovered. However, using
diglyme at 100° the reduction gave a crystalline product
(mp 115-199°), which was identified s 2-cthylamino-
benzanilide (I1),'* prepared for comparison from 2-
cthylaminobenzoie neid (111 (Scheme I).
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4-tetrahydroquinazolines (1X0)

2-Ethylaminobenzanilide was prepared by NaBH, rednction of 2-meihyl-3-phenyl-4-oxa-1,2,:3,4-
Acetylation of IX gave the l-acetyl derivative (X), and 1-(N,N-disnbstituied
aminoacetyl) dertvatives (XII) were xyuthesized from IX tlirough I-chloroacetyl derivatives (X1,
cologieal text, enmpounds 10 and 13 showed nnalgetic nctivity as potent n= aminopyrine,

I pharma-
With compornds 6 and

The reduetion of T'HCI (1 mole) with NaBH, (1.2
molez) in tetrahydrofuran—diglyme atforded 2-methyl-3-
phenyl-4-0x0-1,2,3 4-tetrahydroquinazoline  in SX9;
vield.  3-(2-Tolyl) and 3-(2,3-xvlyl) derivatives were
reduced to the corresponding tetrahydro derivatives
(IX) under the same condition. This method could be
used for a general synthesix of the 4-oxo-1,2,3 4-tetra-
hydroquinazoline nucleus.

Reduetion of IV with NaBH, gave I i1 good yield.
Wilson showed that the =NCH(CH;)N== bonds in
hexahydropyrimidine and imidazoline derivatives werc
veadily cleaved with NaBH,.»®* Biressi and co-workers
found that the reduction of 2-nryl-4-o0x0-1,2,3 4-tetra-
hvdroquinazoline derivatives with trimethylamine-
boron afforded 2-(N-substituted amino)benzamide de-
rivatives but with NuBH, gave unchanged starting
material.’* When IV was treated with HCI in meth-
atol, 2-aminobenzanilide (V) was obtained by riug
opeliing of quintazolinone. IV wax treated with 3797
formaldehyde and hydrmgenated with Pd-C eatalyst
tn give the N-methyl dertvative (VII). This com-
pound was alzo obtained by reduetion of 1,2-dimethyl-3-
phenyl-4-oxo-dihydroquinazolinium iodide (VI) pre-
pared by Bogert’s method. "

The oxidation of IV with potassium permanganate
i acetone guve I i good yield.  Acetylation nf
2-methyl-3-nryl-4-ox0-1,2,3,4- tetrahy drmquinazolines
(IX) afforded the l-ncetyl derivatives (X).  Renction
uf VIIL with chloroncetyl chloride gave the I-chlor-
acetyl derivatives (XI) whieh were converted to the 1-
(N N-disubstituted saminoncetyl) derivatives (XI1) by
renction with seepndary antines (Seheme 1)

Results

Results are sunimarized in Table 11, Irom thesc
data it appeared that the annlgetic activity of our
series of quinazolinones was affected by the relation be-
tween substituents at positions 1 and 3. In 1-6 with
smaller substituents at position 1, analgetic activity
was scarcely observed. However, methylation of
phenyl at position 3 resulted in inerease of activity.
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i (his ctunpomnd melied we 170-171°, but oar authentic samule meliel
at 118-110°,
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4-0x0-1,2,3,4-TETRAKYDROQUINAZOLINES, [

TasLr I

1-ACYL-2-METHYL-3-ARYL-4-0X0-1,2,3,4-TETRAHYDROQUINAZOLINES

Yield,

No. Ar X %
1 C¢H; H 77.D
2 2-CH,CH, H 74.3
3 2,3-(CH,),Cell, i 76.4
4 CsH, Cl 771
5 2-CH,CeH Cl 87.0
6 2 3-(CH;),CeHy cl 61.1
s - (CH, G511, N(CH,), 85.7
9 2,3-(CHy)CsHy N(CHy) 845
10 CGH:, N’(C?Hﬁ)‘z 83.3
i 2-CH,CsH, N(CoHs) 91.0
12 2,3-(CH,),Col, N(CH,), 79.5
13 CeH, NO 0.2
14 2-CH,CH, NO 78.1
15 2,3-(CHy):CsHs NO 70.0

2 Free base.
D, l\IEQCO.

" Free base, mp 124~126°. < Decomposition.
¢ All compounds were analyzed for C, H, N,

Compounds 7-15 with aminoalkyl substituents at
position 1 exhibited comparatively potent activity.
Methylation of phenyl at position 3 decreased the po-
tency. Higher analgetic activity like that of amino-
pyrine was observed in 10 and 13. However, the dura-
tion of the activity was shorter than that of amino-
pyrine. In a carrageenin-induced edema, test com-
pounds 6, 9, 13, and 14 were almost as active as phenyl-
butazone and more active than aminopyrine. Anti-
histamic effects of these compounds were very weak, but
methylation of phenyl at position 3 resulted in increased
efficiency. Prolongation of thiopental sleeping time
was observed in 7-15, 10 showing the highest potency.
At maximum tolerated doses, many compounds pro-
duced sedation, decrease of spontaneous activity, and
muscle relaxation, In 11, 12, and 14, however, in-
creases of spontaneous activity and tremor were ob-
served. Compounds 6, 10, and 13, which showed po-
tent analgetic activity or inflammatory activity, did
not produce any behavioral change in animals,

Experimental Section

Pharmacology Methods., (1) Analgetic Activity.—Analgetic
effects were estimated by the intraperitoneal or oral administration
of samples dissolved in saline or shspended in 0.5% carboxymeth-
yleellulose (CMC) solution so that each dose could be given in 0.1
ml/10 g in mice. At the same time morphine was applied sub-
cutaneously at 1 mg/kg. Analgetic activity was determined by
the tail-pinch method.'® The base of the tail was pressed by the
500-g pressure of an artery clip. In mice exhibiting '‘complete
analgesia,” the effectiveness was determined and the ED;, was
caleulated."?

(2) Antiinflammatory Effect.—Male Wister rats (about 150
g) received an oral administration of samples dissolved in saline.

(16) H. Takagi, T. Inukai, and M. Nakama, Jupan. J. Pharmacol., 16,
287 (1966).
17y C. 8. Weil, J. Biometric Soc., 8, 249 (1952).
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0
N _Ar
N CH;
COCH.X
Mp, Recrystn
Salt °C solventd Formula®
125-127 A CHieN 0,
166-169 A CisHsNO,
150~-151 B CioHaN20:
174~176 A C;Hi;:CIN,0O,
168-170 A CisH:CIN,0;
e 172-173 A CsH,,CIN O,
LICI 225-226° C C1yH2.CIN;0,
a 120-121 B CaHxu N0,
a 157-158 B CoHasN;O,
HCl 148-150° D CyHoCIN;O,- H0
a 114—1 15 B ngH-nNaOg
a 146-147 B C~23H‘29N302
HCI 243-245° C CuHosCIN;0,- H,O
a 114-115 B CosHur N30
HCie 248-249 C C.sH;30CIN;O:

¢ Recrystallized from A, EtOH; B, benzene-hexane; C, EtOH-Et.0O

One hour later, 0.1 ml of 19, carrageenin saline solution was in
jected into the tissue of the planter sirface of the hind paw of the
rats as a phlogistic agent. The volume of the foot was estimated
before injection of the phlogistic agent and after 0.5, 1, 2, 3, 4,
and 5 hr. Foot volume was measured by immersion of the foot
in the side-armed vessel filled with water to an ink mark at the
level of the lateral malleolus. The volume of water overflow
was measured by pipet.

(3) Antihistamic Activity.—Guinea pig intestine was isolated
and suspended in a bath containing 20 ml of aerated Tyrode’s
solution maintained at 37 = 0.5° according to Magmis. The
samples were added to the Magnis bath at 1075 g/ml 3 min prior
to addition of histamine (5 X 1078 g/ml).

(4) Potentiation on the Anesthetic Effect of Barbiturates.—A
group of five mice was injected with test compounds intra-
peritoneally at 100 mg/kg 30 min prior to an intravenous injection
of thiopental sodium (25 mg/kg). Prolongation of the sleeping
time was compared with that of control animals. Room tem-
perature was maintained at 24 = 0.5° throughoit the experiment.

(5) Acute Toxicity and Behavioral Observation.—Adult male
dd strain mice weighing 20 & 1 g were used. The animals nsed
for the oral toxicily test were fagted 14 hir before dosing.  Samples
to be tested were dissolved in saline or suspended in 0.59; CMC
solution so that each dose could be delivered in 0.1 mi/10 g of
body weight, and were injected intraperitoneally or given orally
by stomach titbe. The animals were observed for behavioral
changes and mortality for 4 days after administration of the test
drugs. LD;, values were calculated by the Weil method'
based on the number of dead animals on day 4.

Chemical Methods.’® 2-Ethylaminobenzanilide (III). A,
From 2-ethylaminobenzoic Acid (III).—To a stirred solition of
IIT (17.6 g) in 59; HCI (148 mi) was passed gaseous COCl; at a
rate of abont 3 bubbles/sec for 2 hr at 30-35°. Separation of a
crvsialline produect began soon after the stream of COCl, was
started. The solid was collected, washed with cold H;O, and
dried; mp 121-122°, yield 9.9 g. A mixture of this product
(9.9 g) and aniline (5.3 g) was heated on a boiling-water bath for
2 hr. The reaction mixture turned into a clear solution with
evolution of CO, and then solidified. The crystalline produet was

(18) dMelting points are uncorrected and were determined in open capil-
laries in a batll. \Wlere analyses are indicated only by symbols of the
elements, analytical results obtained for tliose elements were within #0.4%,
of the theoretical values.
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Neneave 1
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s COH
j\\ NaBH, NHCH. _wcoq, @[
Z diglyme 2. C:H:NH,
N™ ~cH, ngHs NHC.H,
I 11 1
l KMnO, I
0 0 0
CeH; CeH;
. N/ ’ NaBH, N/ ¢ q* NH/CGHT'
CH L - e
)\ THF~digtyme )\ H,0
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HCl H
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Hy, 1~ CH,
Vi VII
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N CH; N CH, N CH.
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COCH;
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'/Ar ' N/Ar
)\ SeC~amiue /k
T CH, N” “CH,
COCH.CI COCH,NR,
XI X1
.AI' = H 2‘CH3C5H4‘ 2, 3'(CH11)!CGH'

NR, = ~N(CHy),,~N(C.H;).,, N >

reerystallized from FAOH 10 give eolorless prisms, mp 118-119°,
vield 10.7 g, dnal. (Ci;HeN0) C, H, N

B. From 2-Methyl-3-phenyl-4(3H )-quinazoline (I)."*—To a
<olntion of T (2.36 g) in diglvme (50 ml) was added NaBH, (0.38
g) and the mixtire was heated for 5 hr at 95-100°.  The reaction
mixture was concentrated nnder rednced pressure.  The residue
wis (reated with H.O and a few drops of AcOH to decompose
excess NaBHy, made alkaline with K.CQj3, and extracted (CsIs).
The dried extract was evaporated to give a colorless residite which
wis crystallized by adding hexane.  Recrystallization from EtOH
gave colorless prisms, mp 118-110°, vield 1.5 g (63¢;). The v
~pectrinm of the prodnet agreed with that of a snmmple abtained
by method A.

i ML Anseliilz, O, Seloudn, sl AL Greeiffenbers,

Ber., 35, 3480 (10025,

2-Methyl-3-aryl-4-0x0-1,2,3,4-tetrahydroquinazolines (IV and
IX). (a) Ar = CsH; (IV).—To a stirred suspension of 2-methyl-
3-phenyl-4(3H)-quinazoline hydrochloride (I-HCI) in dry THI
(40 ml) was added a solution of NaBH, (0.46 g) in diglyme (15 ml)
during 45 min at 5-10°. The mixture was stirred for 3 hr at the
same temperature. H.() was added to the reaction mixture until
1., evolution ceased and the solvent wax removed 1nder reduced
pressure. The residue was treated with H.O to give a crystalline
produet.  Recrystallization from IEtO1L gave colorless prisins,
mp 167-169°, yield 2.1 g (887).  Anal. (C;HLuN0) C, H, N.

(b) Ar = 2-CH.C:H; (IX).-~A =oluiton of NaBH, (£.8 g) in
diglyme (60 ml) was added to n stirred snspension of 2-methyl-3-
(2-tolyD)-4(3I -quinazolinone  hydrochloride® (11.5 g) in dry

20 K Kacher awl =0V, Zulieer, . fudiap Chem, Sov., 28, 344 (10510



Max tolerated
dose, mg/kg

No. po
1 >400
2 >400
3 400
4 >400
5 400
6 400
7 >200
8 >400
9 >400
10 >400
11 200
12 200
13 400
14 200
i5 200
Aminopyrine >400
Chlorphenylamine 100
Dipheuliydramine 100
Pheuylbntazone >400

p
400
400
200
400
200
200
100
200

200
200
100
100
100
100
100
100

20

50
200

TanrLe I1

SuMMARY OF PIHARMACOLOGICAL OBSERVATIONS

R

Behavior in max . —Effective (%) at—

tolerated dose 66
(po)*® mg/kg ip
a, i 0
a, ¢ 20
Unchanged 20
Unchanged 0
Unchanged 0
Unchanged 40
a, ¢ 40
Unchanged 20
a, ¢ 20
Unchanged 40
h,d, g ifj 0
b,n,0,1,d,1 0
Unchanged 40
b, h, i, k 0
a, m k, e 0
a, m 40
a, m
a
Unchanged

100 by barbiturate,  abscess, 100
meg/kg ip EDg, mg/kg 100 mg/kg ip mg/kg po
20 33
20 33
40 33 12
20 40
20 30 10
40 40 24
40 100
40 10
40 38 22
80 74.7 (45.1-123.9) ip*© 312 18
20 256 16
20 200 16
60 85.6 (hR.4-149.1) ip* 150 20
20 250 20
20 299 15
100 77.9 (h7.1-106.3) ip? 13
20

Antiinflam,
-Analgetic eflect————————— ¢, prolongation 9% inhib of
of sleeping time carrageenin

Antildstamic
effect, %, inliih
of liistamine
spasm, 10§
g/ml

o~ o

16
40

20
15

100
100

LDso, mg/ke

254.1 (216.1-298.8) ip?

215.6 (170.5-267.2) ip/

315.6 (241.1-413.2) ip*

« Behavior: a, spontaneous activity {; b, spontancons activity §; ¢, respiration | ; d, respiration {; e, palpebralsize }; f, palpebralsize 1; g, exophthalmos; h, tremor; i, clonic convnlsion;

, tonie convulsion; k, loss of righting reflex; 1, staggering gate; m, mnscle relaxation; n, Straub reaction; o, shivering.
(708.5-1059.0) po. ©162.4 (102.1-260.8) po.

1740.4 (595.C-903.8) po.

9 356.4 (246.1-491.1) po.

2 1505.8 (1087.8-1816.8) po.

b Insoluble in T'yrode solution.

©162.4 (104.8-251.8) po.

4864 .2
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THEF (150 ml) as above.  Recrystallization from IO gave
eolorless prisms, mp 196-198° 1it.3+ mp 192-193°, vield 8.6 g
(83700, Anal. (CislleN:0) €, H, N.

(¢) Ar = 2,3-(CH:).CiH; (IX).--2-Meihyl-3-(2,3-xviyl)-
A(aH)-quinazolhtone hydrochloride? (15 g) was rednced with
NaBBl; (2.3 g), n=nnder &, yielding colorless needlex (fran E1O11),
mp 245-246°, vield 10.5 g (80%¢). .inal. (Ci;11xN0) C, I, N.

Oxidation of IV with KMnO,.—Tu a stirted solution of IV
(238 mig) i dry Me,CO (10 ml) was added a sohttion of K3n(),
(1568 mg) in dry Me,CO (15 ml) during 2 hr at room temperatnre,
and =tirring was contined for 30 min.  Ixcess K MO, was re-
moved by addition of solid NaHS0; and the mixture was filtered.
The =olvent was evaporated to give a crvstalline residue.  Re-
cry=tatlization from EtOH gave T (191 mg) ns colorless prisms,
mp 144-146°.  The prodinct was identified with an anthentic
=ample of T (mixtnre melting point and i),

Reduction of IV with NaBH..— T a =tirred =olntion of 1V (1.2
) i THE (20 ml) wis added o =olution of NaBUH, (0.23 g) in
diglyine (5 ml) for 1 hre at 20° The reaction mixture became
clem vellow and =tirring was continned for 5 i 1O (2 ml) and
AcOIL (2 drops) were ndded to the mixture 1o decompose excess
NaBl and the solvent wax distilled nnder reduced pressure.  To
the residne was added HyO to give a crvstalline prodnet.  Re-
crv=tallizntion from KtOH gave colorless prisms, mp 116-118°,
vield 1.0 g, Admixture with IT did not depress ii= melting point,
aud ir spectra of the prodnet and IT agreed.

Decomposition of IV with HCL.—To a solution of TV {500 mg)
i 95¢, MceOH (20 ml) was added concentrated HCL (1 ml) sl
stirring was continmed for 2 hr at room temperatnre.  The solvent
wis diztilled mder reduced pressnrve.  The residie was dissolved
11 110 and made alkaline with X,CO;, and the erystalline produet
wias Hltered nnd recrystallized from EtOH-hexaue; colorless
needles (370 g), mp 116-117°.  The prodnet was tdentified nx
2-mninobenzanilide (V12422 from its iv =pectrinm which was identi-
cal with that of V

1.2-Dimethyl-3-phenyl-4-0x0-1,2,3,4-tetrahydroquinazoline
(VID.  A—IV in EtO (70 ml) was treated with 37¢; HCHQO
(LU g) and warmed at 50-60° for 1 hr. The mixture wias hy-
drogenated under atmospheric pressure with 105 Pd-C (0.5 g),
the thevrerical volunie of Hp being absorbed i 5 hr at room tem-

perative.  The catalyst was removed and the solvent was dis-
tilled. The residne was dissolved in Fi1.0 and washed with

11,0, the dried extract was evaporated, and the oily residue was
distilled mder rednce:d pressnre to give a colorless oil, bp 187~
190° (0.5 nmm), yvield 1.8 g (754,).  Anal. (CgHeN.O) C, T1 N

B. - 1,2-Dimethyl-3-phenyl-4-oxodihydroquinazolininm  iodide
(V1) was prepared by a modification of the pracedure of Boger. 14

(21 RO Shal, Jo Lpddiap Chem, Sed, 7, 200 (IU20): Cheon dbste, 19,
G1H 11925y,
22y R. 11 Clark anl 1. C, Wagtier, J. Ovg. Chem,, 9, 55 (1b L1,

Vol 11

A mixture of 1036 gy, CHBE (8.0 @), and dey Calla (4 ) was
heated tu a =ealed tnbe nt 110-112° for 7.5 he and conled. The
scparated  crysiallive praduet was fillered and  recrysiallized
Trom MeOH ta give VI ax colorless necdless; mp 241-242° dec,
vield 2.9 g 69 ikt mp 243° dee. Taa <stirresd snspensioun of
VI (1.9 g3 i absolute EA1OIT (20 ml) was added a =alntion of
NaBIH, (025 g in absolute EtOMH (273 by for 30 min. The
temperatire wax maintained at 3-5° dorving the addiiion aud
stirring was continaed {for 2.5 e ar oo temperatuve. The
~solvent was distilled nnder redneed pressove, aud the residue was
treated with H.O and extracted with 0. The dreied extrne
wis evaporateld and distilled at ISG-100° 105 s to give o
culorless ol THE g, ST, 0 Tr spertea of the prodort and ol the
scmple obtained frotn o were snperimpos=able.

1-Acetyl-2-methyl-3-aryl-4-0x0-1,2,3,4-tetrahydroquinazoline
{X). General Procedure.---A sulation of AcCl (0.009 mole) in
dryv MeCO {5 ml) was added to a stivee:d mixture of 1X (0,006
mnle) aud powdered anhivdrons K,C0, (001 mole) i dry Ale,CCO
PHO0 by at 0-0°, Sihving was canntbmed for 3 o at raom tan-
perature aud for 2 e 40-45°0 The <advenn was distilled, aond
the residne was treated with 1.0 to give a ervsialline prodnet
which was recrystallized from <ntiable solvemr. The prodiets
are listed in Table 1 (1--3).

1-Chloroacetyl-2-methyl-3-aryl-4-0x0-1.2.3 4-tetrahydroquin-
azolines ! XI, Ar = C:H.).--To a stireill suspension of TV {IN]
Ar = Cull) 40 g) tn dey Cells (500 ml) was added 2 =olntinn of
CICTLCOCHA.0 ¢) in dry Calds (1O miy at 5-10° The mixture
was stirred for 5 loean room tenperatre and reflnxed for 5 hr.
Inorgaiic companuds were rentoved ad the =olvent was distilled
{o give a residae which was crvstallized on addition of 1), Re-
cry=tallization from F101l gave colorless prism=, mp [74-1706°,
vield 4.3 g {(Table 1. 43, The derivatives (5, 6 in Table I ware
prepared stmilmly,

1-(N,N-Disubstituted Aminoacetyl)-2-methyl-3-aryl-4-oxo-
1.2,3,4-tetrahydroquinazolines (XII).—-In the genernl prace-
dure, the t-ehlomumeetyl derivatives NI (2.0 g) were dissalved in
A0 ml of 2 2000 <ol m of see-amine in Celle.  The mixture was
stirred for 4 hr a1 roam temperatnre, washed (110), and dried
{K.COy). Fvaporation of the =olvent gnve w erystalline residne
{for Table 1, 8,9, 11, 12, 14) «r an oily residne (Table I, 7, 10,
13, 155 The oily residues were dissolved in Et,0) and treated
with HCI-MeOH 1o give cryvstallime hydrochlorides.  The
praduets (7-15) are listed in Table I.
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