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with gaseous HBr and allowed to stand at ambient temperature 
for 18 hr. The mixture was evaporated in vacuo. The residual 
oil was dissolved in a minimum of methanol, basified with 5 % 
aqueous Na2C03 , and extracted with CHC13. The dried (MgS04) 
CHCls extract was evaporated in vacuo leaving an oil (1.1 g.) 

which by infrared analysis was shown to be a mixture composed 
mainly of 2-methyl-2-(/3-hydroxyphenethyl)nicotinic acid hy-
drazide and 2-methyl-2-(/3-acetoxyphenethyl)nicotinic acid hv-
drazide; i w (film) 3390-3180 broad (OH, NH), 1726 (ester 
carbonyl), and 1695 (hydrazide carbonyl) cm. - 1 . 
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A series of 3-substituted 2,4(lH,3H)-quinazolinediones, mostly 3-(4-aryl-l-piperazinylalkyl)-2,4(lH,3H)-
quinazolinediones, was prepared from the corresponding o-amino-N-substituted benzamides by treatment with 
phosgene in boiling chlorobenzene. l-Methyl-3-substituted 2,4(lH,3H)-quinazolinediones were prepared by 
the reaction of o-methylamino-N-substituted benzamides with ethyl chloroformate, followed by heating at 200° 
to cyclize. These compounds showed varying degrees of sedative and hypotensive activity in experimental 
animals. 

It has been reported that 2,4(lH,3H)-quinazolinedi-
oiie1,2 and l,3-dimethyl-2,4(lH,3H)-quinazolinedione1'2 

possess anticonvulsant3 activity against electroshock 
and pentylenetetrazol seizures in mice. 3-Alkyl-, 3-
aralkyl-, and 3-aryl-2,4(lH,3H)-quinazolinediones4 

have been described but no pharmacological screening 
results were given. Our finding that some amides 
derived from 4-aryl-l-piperazinylalkylamines,5 4-aryl-l-
piperazinylalkanoic acids,5 and X-(4-aryl-l-piperazinyl-
alkyl) derivatives of cyclic imides6 have shown sedative 
and hypotensive activities led us to prepare 3-substi
tuted [mostly 3-(4-aryl-l-piperazinylalkyl)-2,4(lH,-
3H)-] quinazolinediones (I). 

The reaction of primary amines with isatoic anhy
dride gives mainly o-aminobenzamides7 with minor 
quantities of l-alkyl-3-(o-carboxyphenyl)ureas.4b The 
latter compounds are readily cyclized with dilute min
eral acid to give I. In our hands, o-amino-X-alkyl- (or 
aralkyl-) benzamides (II) cyclized readily with phos
gene in boiling chlorobenzene to give I in high yield. 

SCHEME I 

aCONHR coct 
NH2 ciCft 

f ^ \ - CONHR 
l^Jl—NHCOC1 
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N = C = 0 
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Sci. Ed.,U, 545 (1955). 
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I was also prepared by treating II with ethyl chloro
formate, followed by heating at 200° to cyclize. 

The formation of the quinazolinedione (I) (Scheme I) 
by treatment of o-amino-X-[3-(4-phenyl-l-piperazinyl)-
propyl Jbenzamide (II) with phosgene at the boiling 
point of chlorobenzene was presumed to proceed 
through the intermediate isocyanate (IV) formed by 
dehydrochlorination of the carbamoyl chloride (III). 
Under the same conditions, o-methylamino-N-[3-(4-
phenyl-l-piperazinyl)propyl]benzamide (V) gave the 
carbamoyl chloride (VI) in high yield (Scheme II). 

SCHEME II 

f^\~ CONHR 
k^J-NHCH3 

C0CI2 

CI C,iH, 

r^V-CONHR-HCl 
V^-N(CH,)C0C1 

VI 

C1C00C,H, 

f^\~ CONHR-HC1 200° 
\J—N(CH:))C00C2H5 

R=-(CH2)3N NC6H5 

The dehydrochlorination of VI to give isocyanate is not 
possible in the latter case. l-Methyl-3-[3-(4-phenyl-l-
piperazinyl)propyl]-2,4(lH,3H)-quinazolinedione(VII) 
was obtained by treating V with ethyl chloroformate, 
followed by heating at 200°. See Table I for com
pounds I and VII. 

2-Thio-2,4(lH,3H)-quinazolinediones (VIII) were 
prepared by adding II to a solution of thiophosgene in 
chlorobenzene, followed by heating under reflux to 
cyclize (see Table II). 

0 

CONHR e s q 
NH, ncBH, 

H 
VIII 
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No. 

1 

2 

3 

4 

5 

(i 

7 

S 

Oil 

1) 

C 

10 

11 

12 

13 

14 

1,") 

16 

17 

IS 

10 

20 

21 

22 

23 

24 

26 

27 

X 

H 

CI 

H 

H 

CI 

CI 

H 

H 

H 

H 

H 

H 

CI 

CI 

CI 

XOo 

R 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

C H 3 C O N H H 

H 

H 

CM 

H 

H 

CI 

H 

CI 

" M a l e a t e . 6 

8.40. 
F o u n d 
' Anal 

F o u n d : 
: HC1 , 
. Ca lcd . 

H 

H 

H 

H 

H 

H 

H 

C H 3 

C H 3 

C H 3 

Basic n i t r 

n 

0 

0 
2 

2 

2 

2 

3 

:! 

'•) 

;$ 

•> 
3 

3 

3 

3 

3 

3 

4 

4 

4 

5 

5 

5 

6 

3 

3 

3 

ogei 
HC1, 8.48. • 

16 .1 . ' ' . 
: H C 1 , 8, 

Inal 
.25. 

Z 

H 

H 

H 

m-C\ 

H 

m-Cl 

H 

o-Cl 

Hi-Cl 

p-Cl 

m-CFa 
p-V 

H 

TO-C1 

p-C\ 

H 

H 

II 

m-Cl 

H 

H 

m-Cl 

H 

H 

H 

»i-Cl 

H 

xx 
At.p., °C. 

307-309 dec . 

> 2 6 0 

> 2 5 0 

244-245 

> 2 7 0 

2 1 2 . 5 - 2 1 4 . 5 

2 1 0 . 5 - 2 1 1 , 5 

dec. 

2 5 1 - 2 5 3 

230-231 

2 2 8 - 2 3 0 

220-222 

202-203 

224-226 dec . 

185-186 

> 2 6 0 

195-196 

240-241 

204-206 
2 2 8 . 5 - 2 3 0 

195-197 dec . 
2 0 3 - 2 0 4 . 5 dec . 

194-195 

259-260 

227- 230 

213-216 

198-199 

223-225 

259-262 

203-205 

208-210 

256-258 dec . 

245-246 dec . 

1 9 6 . 5 - 1 9 7 . 5 

276-277 

192-193 

243-245 

205-210 

220-222 

172-173 

211 -213 dec . 

180-184 
206 -208 dec . 

185-187 
226-230 

173-174 

259-261 dec . 
99-101 

247-249 
103-105 
256-25S 

> 2 5 0 

i. T i t r a t e d b y H C 1 0 4 . 
' Anal. 
. Calcd 

F o u n d : 

T A B L E 1 

O 

V ^ W ^ N NCBH4Z 

R 
Formula 

C„ ,H,„X 4 0 2 

C , S H I ! ( X 4 0 2 ' 2 H C 1 

C „ H 1 7 C 1 X 4 0 2 

C2 0H2 2X4O2 

C M H 2 2 X 4 0 r HC1 

C2C1H21C1X40, 

C2 0H2 1CLX4O2-C4H4<.V 

C20H2,C1X4(>2 

C 2 [ 1 H 2 I C]X 4 0 2 -C 4 H 4 0 4 

C2 0H,0Cl2X4O2 

C2„H2 0Cl2X4O2 • C 4 H 4 0 4 

C 2 1 H 2 4 X 4 0 2 

C 2 1 H 2 4 X 4 0 2 - 2 H C 1 - H 2 0 ' 
C 2 iH 2 3 ClX 4 0 2 

C 2 1 H 2 3 C1X 4 0 2 -HC1' J 

C 2 1H 2 3C1X 40 2 

C 2 , H 2 3 C 1 X 4 0 2 - H C T 

C 2 1 H 2 3 C 1 N 4 0 2 - ( C H 3 ) 2 S ( V 
C 2 1H 2 3C1X 40 2 

C 2 I H 2 3 C 1 X 4 0 2 - C 4 H 4 0 4 

C 2 2 H 2 3 F 3 X 4 0 2 - C 4 H 4 0 4 

C 2 1 H 2 3 FX. ,0 2 

C 2 1 H 2 3 F X 4 ( V H C 1 

C 2 1 H 2 3 CIX 4 0 2 

C 2 ,H 2 3 C1X. , ( ) 2 C 4 H 4 0 4 

C2 ,H2 2C12X4()2 

C 2 ,H 2 2 C1 2 X 4 0 2 -C 4 H 4 0 4 

C2 ,H22C12X4()2 

C2 1H2 2C12X4(>2-C4H404 

C 2 J H 2 3 X i ( ) 4 

C 2 3 H 2 7 X 6 0 3 

C 2 3 H 2 7 N, ,0 3 -C 4 H 4 0 4 

C22H26X4(>2 

C 2 2 H 2 6 X 4 0 2 -2HC1» 

C 2 2H 2 5C1X 40 2 

C 2 2 H 2 i C l X 4 0 2 - H C l ' ' 

C22X23C1X4(>2 

C 2 . .H 2 ; ,C1X 4 0 2 -C 4 H 4 0, 
C23H2SX4(>2 

C 2 3 H 2 „X 4 G 2 -2HCT 

C23H27C1X.1()2 

C 2 3 H 2 7 C1X,0 2 -HC1 

C 2 3 H 2 7 C I X 4 O 2 

C , 3 H 2 7 C 1 X , 0 2 H C 1 

C24H3UX4()2 

C 2 4 H 3 oX, ( ) 2 -HC! ; 

C2 2H2 6X4()2 

C2 2H2 6X4<)2-2HC1* 
C 2 2H 2 5C1X 40 2 

C 2 2 H 2 5 C 1 X 4 0 2 - H C ' 

C 2 2 H 2 3 C l X 4 0 2 - H C r ' 

* Anal. Ca lcd . : HC1 , 16.0. 
Ca lcd . : HC1 , 8.38. F o u n d : HC1, 8.38. • 
.: HC1 , 8.13. 

HC1, 8.40. * 
F o u n d : HC1 . 8.12. < Anal 
Anal. Ca l cd . : HC1 , 16.2. 

c 

67 . 1 

6 0 . 6 
6 8 . 5 

6 2 . 0 

5 7 . 5 

6 9 . 3 

6 3 . 2 

6 3 . 3 

5 2 . 6 

5 8 . 3 

5 6 . 9 
6 6 . 0 

6 0 . 2 

5 s . : ; 

5 4 . 7 

5 4 , 7 

61 .6 

6 5 , 5 

6 0 . 3 
6 9 . 9 

6 3 . 9 

5 9 . 0 

7 0 , 5 

6 4 . 5 

5 9 . 6 

5 9 . 6 

7 1 , 0 

6 9 , 8 

5 8 , 5 
6:;. 9 
58 , S 
5S. S 

Caled,, ' 
11 

5 .59 

4 . 8 0 

6 .29 

5 . 9 4 

5 . 0 3 

6 . 6 0 

5 . 7 6 

5 . 7 6 

5 . 5 4 

5 . 2 5 

4 , 9 3 

6 , 0 3 

5 . 7 4 

5 . 2 8 

4 , 7 7 

4 . 7 7 

5 . 6 4 

6 .41 

5, 77 

6 . 8 8 

6 . 0 5 

5 . 5 3 

7 . 1 5 

6 . 3 2 

6 . 0 5 

6 . 1 0 

7 . 3 8 

6 , 8 8 

6 .21 

6 . 0 5 
5 . 8 0 

5 . 8 0 

',- .. 
N 

17 .4 

14.2 

15.7 

16.0 

14 ,5 

14 .6 
1 1 2 

3 .64 ' ' 

11 .2 

3 .34 ' ' 

1 0 . 5 

15 .4 

1 2 . 3 
1 4 . 0 

12.9 

1 4 . 0 

1 2 . 9 

10 .3 

14. 1 

1 0 . 9 

10 .2 

1 4 . 6 5 

1 3 . 4 

1 4 , 0 

1 0 . 9 

3 .24 ' ' 

.10.2 
;> 24'' 

10 .2 

17,2 

1 6 . 6 

1 3 . 0 

14 .8 

3 . 1 1 ' ' 

1 3 . 6 
12 .5 

3 .40 ' ' 

10 .6 

14 .3 

12 .0 

13. 1 
12.1 

13.1 
12.1 
13, s 

12 7 

1 4 . 8 

12 .4 

13 .6 

12. 5 
12 ,5 

F o u n d : HC1, 16.0. d 

' Methosu l faO ;. " Anal. 
'. Ca lcd . : HC1 . 15.7. 

Fouin d: HC1, 16 .1 . ' 

1 
C 

6 7 , 3 

6 0 , 5 
6 8 . 9 

62 .1 

5 7 . 0 

6 8 . 8 

6 3 . 1 

6 3 . 3 

5 2 . 3 

5 8 . 1 

5 6 . 9 

6 6 . 2 

5 9 . 9 

5 8 . 4 

5 4 . 8 

5 5 . 0 

6 1 , 4 

6 4 . 9 

6 0 , 0 

7 0 , 1 

6 3 , 7 

5 8 . 7 

70 . 1 

6 4 . 5 

5 9 . 3 

5 9 . 1 

7 0 , 6 

6 8 . 5 

5 8 , 5 

6 3 . 6 
5 8 . 1 

5 8 . 1 

Anal. 
Calcd 

'ound, ',-; 
II 

5 . 6 6 

5 .11 

6 . 3 3 

6 . 0 2 

5 , 13 

6 . 9 6 

6 . 1 9 

6 .17 

6 . 2 2 

5 . 4 4 

4 , 9 0 

6 , 2 8 

5 .91 

5 . 5 0 

4 . 9 6 

4 . 9 0 

5 . 6 4 

6 . 5 0 

5 . 5 6 

6 99 

6 39 

5 . 5 5 

7 17 

5 97 

6 .21 

6. OS 

7 . 3 8 

6 .87 
6 . 2 9 

6 . 2 3 
5 . 9 7 
5 . 9 5 

Calcd 

N 

17 ,4 

14,2 

15.5 

16 .0 

14 .5 

14.5 

11 3 

3 . 6 4 

1 1 .3 

3 . 3 6 

10 .3 

15.4 

12 .2 
13. S 

12.7 

14.2 

1 2 . 6 

1 0 . 2 
13.S 

10.7 

10 .2 

1 4 . 6 5 

1 3 . 2 

13.7 

10.7 

3 .21 

1 0 . 3 

3 . 2 5 
10.0 

17 3 

16.7 
13.0 

15 .0 

3 , 11 
13.S 

12 2 

3 . 6 6 

10.4 

14.2 
l l . s 

13.1 
12 .2 

13.6 

12. 1 

13 7 

13 0 

14.6 
12 3 

13.2 
12 ,2 

12 .6 

.: H C 1 
:.: HC1 , 16.2. 

F o u n d : HC1, 15.8. 
Anal. Calcd .: HCI , 

8.12. Found: HCI, 8.18. •» Anal. Calcd.: HCI, 8.13. Found: HCI, 8.08. 

Pharmacology.—These compounds show varying havioral observations in dogs and cats, (2) locomotor 
degrees of sedative and hypotensive activity. One of activity using a rotarod,8 (3) activity cages9 with mice, 
the best compounds as a potential psychosedative was 
9b (Table I). Its activity in experimental animals was («) N. W. Dunham and r. s. .Miya. j . Am. pt.arm. .4»»»,•., .svi. ;;rf., 
comparable to that of chlorpromazine (CPZ). This is 46!,f08,.(19,'"),'v . , . .-, , , „, , ,. ,, ,,,, ,„, 

1 / i • i It)} ( . A. \\ inter ami I,, Hataber. ,/. Pharmacol, hxptl. I licrap.. 103, 

shown bv the following tests: (1) double blind be- uauji.ii). 
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TABLE II 

0 

No. 

28 

29 

30 
31 

32 

X 

H 

H 

H 
H 

H 

R 

H 

H 

H 
H 

H 

Y 

0 

0 

0 
0 

0 

n 

0 

1 

2 
2 

2 

B 

-0 
-o 
CeH5 

CHjtOOU 

H 

1 

33 H H 

34 H H 

35 H H 

36 H H 

37 H H 

38 H H 

39 CI H 

40 H H 

41 H CH3 

42 CI H 

0 2 

0 3 

0 3 

0 3 

0 3 

0 3 

0 3 

-3,4 

CHj 

Oo 
N(C2HS)2 

/—\ 
—N 0 

0 3 - N 

0 3 _N 

0 3 

NCH2CH2OH 

NCH2CH,CeH5 

/—\ 
—N NCH2CH2CeH5 

—l/^V-CsH, 

- N ^ > - C 6 H 5 

X 

I 
R 

Formula M.p., °C. 

>260 

265-267 dec. 

238-239 
245-247 
215-216 
202-203 

275-278 

210 dec. 

217-218 

227-228 

168-169 

242-243 

181-183 dec. C I T H M N ^ O S ^ C J I I C V 

166-167 C23H28X402 

>260 C23H28N402-2HC1* 
233-234 C23H27C1X402-2C4H404» 

172-176 C22H25N302 

210-202 C22H26X302 • C4H404» 

185-188 dec. C23H26N302 • C4H404» 

C I3H9N302 

Ci3H,N302-HCl° 

C„H„X 3 0 2 

C H H U X S C V H C I * 

C 1 6H 1 4N 20 2 

Ci8Hi8N204 

CigHi5N302 

C20H22N4O2-2HCl-CH<O'
i.« 

C2iH24N402-2HCl 

C15H2iN302-HCl 

Ci5Hi9N303 

C15H19X303-HC1' 

198-199.5 C22H24C1X302 

221.5-222.5 C22H24C1N302 • C4H404» 
dec. 

CmHaeXsOrHCl' 

C21H23C1X40S-C4H404« 

C21H23C1X40S 
C21H23C1X40S-HC1' 
C23H28N4OS-2HCl 

"Anal. Calcd.: HC1, 13.2. Found: HC1, 13.2. b Anal. Calcd.: HC1, 12. 
Titration with HC104. d Methanolate. • Anal. Calcd.: HC1, 16.1. Found: HC1, 
HC1,11.4. « Maleate. h Anal. Calcd.: HC1,15.7. Found: HC1, 15.7. • Anal. 
i Anal. Calcd.: HC1,8.10. Found: HC1, 8.05. 

43 

44 

45 

46 

H 

H 

CI 

H 

H 

H 

H 

H 

0 

s 
s 

s 

3 

3 

3 

5 

—N 

—N 

—N 

—N 

V0H 

NQH4Cl-m 

~ V - C6HS 

250-250.5 
dec. 

212-213 

213-215 
>280 
262-264 

^.— 
c 

56.6 

66.5 
58.0 

66.3 

-Calcd., 
H 

3.63 

4.35 
4.15 

5.53 

%— • 
N 

17.6 

15.3 

16.6 
4.83= 

10.5 
8.60 

, 
c 

56.9 

66.3 
57.4 

66.1 

Found, 
H 

4.14 

4.40 
4.33 

5.45 

%—— 
N 

17.6 

15.3 

16.7 
4.72 

10.8 
8.83 

70.9 4.92 13.8 

12.3 

70.2 5.01 13.7 

12.2 

57.7 5.99 12.8 57.4 6.08 12.8 

57.7 7.06 13.5 

62.5 6.25 14.6 

12.9 

53.2 5.67 9.93 

70.5 7.15 14.3 
12.1 

56.5 5.35 8.50 

72.8 6.90 11.6 
65.2 6.05 8.77 

65.7 6.09 8.52 

10.6 

60.8 5.45 8.18 

10.1 

56.7 5.14 10.5 

60.8 5.55 13.5 
55.9 5.33 3.13 c 

57.4 6.29 11.6 

7. Found: HC1, 12.3, 
16.0. f Anal. Calcd.: 

Calcd.: HC1,8.79. 

58.0 7.62 13.7 

61.9 6.57 14.7 

12.8 

53.8 5.90 9.86 

70.2 7.21 14.5 
12.1 

56.7 5.44 8.50 

72.6 6.40 11.9 
65.0 5.66 8.88 

65.6 6.45 8.72 

10.7 

61.1 5.94 8.08 

10.3 

56.9 6.02 10.6 

60.8 5.95 13.1 
55.7 5.74 3.23 
57.7 6.58 11.7 

c Basic nitrogen. 
HC1, 11.3. Found: 

Found: HC1,8.73. 

(4) hexobarbital sleeping time prolongation in mice,10 

(5) lowering the threshold current for psychomotor 
seizure in mice,11 and (6) lowering the acute c?-amphet-
amine toxicity in aggregated mice.12 Equal prolonga
tion of the hexobarbital sleeping times (mg. for mg.) 

(10) C. A. Winter, J. Pharmacol. Exptl. Therap., 94, 7 (1948). 
(11) G. Chen, C. R. Enson, and B. Bohner, Proc. Soc. Exptl. Biol. Med. 

86,507 (1954). 
(12) (a) J. H, Burn and R. Hobbs, Arch, intern, pharmacodyn., 113, 

290 (1958); (b) G. S. Stone, B. M. Bernstein, W. E. Hambourger, and V. A. 
Drill, ibid., 127, 85 (1960). 

were obtained with 9b and CPZ. At a dose 5-10 times 
that of CPZ, 9b depressed spontaneous motor activity 
in mice and rats to the same extent as did CPZ. In the 
rotarod test, the ED i 0 of 9b was 2.9 mg./kg. and that of 
CPZ was 1.6 mg./kg. In a blind crossover behavioral 
study in dogs and cats, 9b at 5 mg./kg. (p.o.) produced 
sedation equal to that produced by CPZ in dogs and 
produced greater (1.9 times) sedation in cats than did 
CPZ at the same dose. The toxicity of 9b was very 
low: LD50 >7650 (rat, p.o.), 3290 (rat, i.p.), and 2160 
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mg./kg. (mouse, i.p.). Sedative and hypotensive 
activities are found principally in compounds having a 
4-aryl-l-piperaziiiylalkyl group. The following seda
tive activity-structure relationships were found in this 
series. When X = R = Z = H (Table I), n = 
0 « n = 2 < n = 3 ^ / t = 4 ^ n = .j » n = (5, and 
when X = R = H, Y = 0, and n = 3 (formula I), the 
relationships shown in Scheme III were observed. 

Sen EM K I 1 1 

B = - N NC(iH4Cl-m 

;NC„H4CF:i-m. 

NC ( ,H.,F-JD > NC„H,> 

> - N ( a H , ) 2 > - N N C . H . n - " and 

'NCR.CrLCJi , 

-N X , and -N 
\ / CeH5 \ 

The introduction of a 1-methyl group or a C = S at 
position 2 seems to destroy the activity. The most 
potent hypotensive compounds were 7 and 18. At ."> 
mg./kg. (normotensive anesthetized dog, i.v.), 7 caused 
a ">4% drop in blood pressure which lasted 58 min. A 
drop of 2o% was maintained more than 3 hr. Simi
larly, at o mg./kg. (dog, i.v.), 18 caused a 08% drop in 
blood pressure for 57 min. and a 25% drop was sus
tained for more than 5 hr. These compounds reversed 
the pressor effect of epinephrine, but did not block the 
action of acetylcholine. Introduction of a halogen 
(Z or X = CI, see Table I) in these compounds de
creased the1 hypotensive activity drastically, although 
the sedative activity was maintained. The details of 
(he pharmacology will be published elsewhere.13 

Experimental Section11 

l-Arylpiperazines were prepared readily according to the pro
cedure of Pollard.1" 4-Aryl- and 4-hydroxy-4-phenylpiperidines 
were prepared by the procedure of Janssen, et ah1'' Isatoic an
hydride and 0-chloro-, 6-nitro-, and 1-methylisatoic anhydrides 
were obtained from Matimee Chemical Co.17 (".'"-labeled phos
gene was obtained from New England Nuclear Corp.18 

o-Aminti-N-[3-(4-TO-chloropheny]-l-piperazinyl)propyl]benz-
amide.—To a solution of l-(3-aminopropyl)-4-m-chlorophenyl-
piperazine (607 g., 2.4 moles) in SOO ml. of dimethylformamide 
(DMF) was added 440 g. (2.7 moles) of isatoic anhydride during 
15 min. with stirring. The inner temperature rose to 59° and 
soon dropped as C0 2 was given off. As the temperature fell to 
('«. 40°, the mixture began to solidify and 1500 ml. of water was 
added all at once with vigorous stirring. The mixture was 
stirred for an additional hour and cooled in an ice bath. The 
solid was collected, washed with water then with 2-propanoI, 
and dried at 100°, m.p. 152-153°, yield 748 g. 

Anal. Caled. forC.oHsClNjO: N, 15.0. Found: X, 14.8. 
3-[3-(4-m-Chlorophenyl-l-piperaziny])propyl]-2,4(lH,3H)-

quinazolinedione (9).- A stream of phosgene was bubbled into a 
boiling solution of the above amine (748 g., 2.0 moles) in 4000 ml. 
of chlorobenzene during 2 hr. (280 g. was absorbed). The 
reaction mixture was cooled in an ice bath and the solid product 

Col) ./. I'lmrmai-nl. h'xptl. Therap., 148, (13) II. Fujimori and I). 
151 (1965). 

M4) All mel t ing po in ts tire correc ted and were d e t e r m i n e d using a (Swiss) 
Biichi a p p a r a t u s . Infrared spec t ra were d e t e r m i n e d wi th a P e r k i n - E l m e r 
Model 237 g ra t i ng s p e c t r o p h o t o m e t e r . T i t r a t i o n s were done with a Sargent 
Model I) recording t i t r a t o r . 

(15) C. R. Pollard and I.. C. Mac l l owe l l . J. An,, ('hem. Sot:, 56, 21911 
(1934); 76, 1853 (1954). 

i 16) P. A. ,1. . lanssen, rl nl.. ./. Mitl. /'/,,(,•„,, Chun.. I , 281 (1959), 
(17) Toledo , Ohio. 
(18) Huston 18, Mass . 

was collected by suction, washed with 2-propanol, and dried in 
air. The crude product was recrystallized from a mixture of 
1000 nil. of glacial acetic acid and 3000 ml. of water (activated 
charcoal) to give a light cream colored solid which was collected 
and washed with 500 ml. of 2 5 r / acetic acid and then with ace
tone. After drying at 100°, the monohvdrochloride melted at 
240-241°, yield'740 g. ( 85 ' , ) . 

A sample was treated with aqueous XHs and the resulting free 
base was recrystallized from aqueous methanol-DMF to give a 
colorless solid of m.p. 105 190°; iv*/ 1712 and 11)07 cm. : fimide 
oarbonyls l,1" no amide 11 band. 

o-Amino-N-methylbenzamide and l-o-Carboxyphenyl-3-
methylurea. To 255 g. of 40'.',' aqueous methylamiue was added 
portionwise isaloic anhydride (103 g., 1.0 mole). A vigorous 
reaction occurred with evolution of CO. ami heat. The resulting 
milky solution was kept at room temperature overnight and 
then was heated on a steam bath for 1 hr. to give a clear solut ion. 
When the solution was cooled in an ice bath, a heavy oil sepa
rated and soon solidified. The solid was collected, washed with 
water, and dried at 50°, m.p. 70-74°, yield 133.7 g. (80.4' , ;. 
It was recrystallized from aqueous methanol to give 114.1) g. 
of o-amino-X-methvlbenzamide, m.p. 74-77°. The aqueous 
methylamiue solution was acidified with dilute HOI to give a 
light tan solid of m.p. I SO-1 SI ° dec , yield 8.1 g. (4 .2 ' , ). It was 
recrystallized from acetone-Skelly B to give a colorless solid of 
in.p. 188-189° (lit.11, m.p. 183°), yield 3.0 g. This compound 
showed a correct analysis for l-o-carboxyphenyl-3-methylurea. 

Anal. Oalcd.forCjHmXoOs: X, 14.4. Found: X.14.8. 
3-Methyl-2,4(lH,3H)-quinazoIinedione. A. The above \-o-

earboxyphenyl-3-methvlurea '2.0 g.! was suspended in is ' ' , 
H O and heated on a hot plate for a few minutes. The solid 
product was collected, m.p. 240-241°, yield 2.0 g. It was re
crystallized from aqueous methanol-DMF to give a pun1 sample 
of'm.p. 240-241° (lit."' m.p. 241 °>. 

Anal. Calcd. for CBHsX2(.)o: X, 15.1). Found: X, 15.9. 
B. - o-Amino-X-methylbenzamide (75.0 g., 0.5 mole) was added 

all at once to ice-cold chlorobenzene (250 ml.) containing 08.4 g. 
(0.09 mole) of phosgene, and the resulting suspension was stirred 
at room temperature overnight. It was then stirred under re
flux for 2 hr. and cooled in an ice-water bath. The solid was 
collected and dried in air, m.p. 215-222°, yield 89.8 g. (100.2(', i. 
It was recrystallized from acetone-DMF to give a slightly yellow 
solid of m.p. 241-243°, yield 34.7 g. No mixture melting point 
depression was observed with the sample from A. 

Anal. Caled. for ( t . tFN.O,: C, 01.5: H, 4.55; X, I5.il. 
Found: C. 01.02; H, 4.89: X, 10.1. 

The filtrate from the recryslallization gave an additional 7.7 
g. of the product melting at 238-241 °. 

l-(2-Carboxy-4-nitrophenyl)-3-[3-(4-phenyl-l-piperazinyl )-
propyl] urea and 2-Amino-5-nitro-N-[3-(4-phenyl-l-piperazinyl)-
propyl]benzamide. A mixture of l-(3-aminopropyl)-4-phenyl-
piperazine (70.9 g.. (1.325 mole) and 0-nitroisatoic anhydride 
(67.5 g., 0.325 mole) was heated on a steam bath for 1 hr. after 
the initial reaction had subsided lo give a dark yellow solid 
mass. This was dissolved in hot DMF, treated with carbon, 
filtered, and diluted with acetone and with a large volume of 
ether to give 13.4 g. ( 10.4',' ) of a light yellow solid of m.p. 242° 
dec. It was l-(2-earboxv-4-nitrophenyl )-3-[3-(4-phenyl-l-piper-
azinvl )propvl|urea. 

Anal. Caled. for C2|H.J5X,():,: C, 59.0; H, 5.85; X. 10.4. 
Found: C, 58.8: H, 5.70: X, Hi.5. 

The filtrate was concentrated by heating on a hot plate and 
water was added to give a dark oil which slowly solidified on 
scratching. The yield was 97.0 g. (77.9' ' ,), m.p. 143-145°. with 
softening at 138°. It was dissolved in hot DMF and added to a 
large amount of water to give a yellow powder of m.p. 140-144°. 
It was again recrystallized to give an analytical sample of m.p. 
141-144°: v2T" :'"">00 and 3330 (XH2 and NH), 1645 (amide 
C-=0), 1550 (amide I F , 1505 and 1330 em. - ' (X(V). 

Anal. Caled. for C,.,lHMXsO;t: X, 18.30; X(basic), 3.50. 
Found: N, 18.24; X( basic t, 3.60. 

6-Nitro-3-[3-(4-phenyl-l-piperazinyl)propyl]-2,4(lH,3Hi-
quinazolinedione. (16). A. -Into a boiling solution of 2-
amino-5-nitro-N- [3-(4-phenyl-1 -piperazinyl)propyl]benzaniide 
(9.5.2 g., 0.249 mole) in 400 ml. of chlorobenzene was passed a 

(111! II. f i i l l ier tsori . .1. < '. D c ' i u s . and 11. K. <'iu'istensen, ./. , t i« . Chr, 
Si,r.. 74, 4834 (1952; . Repor ted carl .onyl absorp t ions at 11)911-1720 in 
l«5ti-16B8 c tn . - i for 1- u,r 3-! methyl -2 ,4 i 1 II ,3 I i l-quina/.olinedioiies 
I.H-dimetli.vl-2,4( I II ,:i 111- nunazol inedionc . 
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slow stream of phosgene during 90 min. to give a tan solid. The 
reaction mixture was kept at room temperature overnight and the 
solid was collected on a filter, m.p. 170-210° with softening at 
120°, yield 99.1 g. The free base was obtained by treating the 
crude hydrochloride with aqueous XH3. The base was re-
crystallized twice from aqueous methanol-DMF to give a deep 
yellow solid of m.p. 208-210°; yield 50.0 g.; >v*c" 1725 and 1670 
(imide carbonyls), 1540 and 1340 cm. - 1 (NOj). From the re-
crystallization mother liquor, 29.5 g. of crude starting material 
was obtained by adding excess water, m.p. 129-139°. 

B.—l-(2-Carboxy-4-ni t rophenyl)-3-[3-(4-phenyl- l -pipera-
zinyl)propyl]urea (13 g.) was recrystallized twice from aqueous 
DMF-methanol to give a yellow solid of m.p. 208-210°, yield 
8.0 g. The melting point of a mixture with the product from 
method A was not depressed. The infrared spectra were identical. 

Anal. Calcd. for C21H23X50,: X, 17.14. Found: X, 17.07. 
6-Amino-3-[3-(4-phenyl-l-piperazinyl)propy]]-2,4(lH,3H)-

quinazolinedione.—The above nitro compound (50.0 g., 0.123 
mole) was hydrogenated using 10 g. of palladium on charcoal 
( 5 % Pd by weight) in 400 ml. of glacial acetic acid under 3.5 kg. 
(50 lb.) initial hydrogen pressure at room temperature. The 
calculated amount of hydrogen was taken up in 30 min. The 
catalyst was removed, and the solvent was evaporated in vacuo 
to leave a brown viscous syrup which was treated with aqueous 
NH3 to give a solid of m.p. 229-235°, yield 46.9 g. This was re-
crystallized from aqueous methanol-DMF (carbon) to give a 
brown powder of m.p. 234-238°, yield 37.9 g. The amino deriva
tive is unstable in air. 

6-Acetamido-3-[3-(4-phenyl-l-piperazinyl)propyl]-2,4(lH,3H)-
quinazolinedione Maleate (17).—The above amino derivative 
(30.2 g.) was hydrogenated again in a mixture of glacial acetic 
acid (200 ml.) and acetic anhydride (50 ml.) with 5 g. of pal
ladium on carbon ( 5 % Pd by weight) to reduce any oxidized 
material. The product was obtained as described above, yield 
27.2 g., m.p. 258-262° (softening at 252°). It was recrystallized 
from aqueous methanol-DMF to give a tan powder of m.p. 257-
261° dec , yield 18.1 g. It was suspended in methanol, maleic 
acid (5.8 g., 0.05 mole) was added to give a slurry which was 
dissolved in aqueous methanol-DMF, and the solution was 
treated with charcoal and concentrated. Addition of ethyl ace
tate gave a pure maleate of m.p. 245-246° d e c ; yield 19.7 g.; 
>W 1710 and 1650 (imide carbonvls), 1650 cm.-1 (AcNH). 

Anal. Calcd. for C a H j i N s O r C ^ O i : C, 60.3; H, 5.77; N, 
13.0. Found: C, 60.0; H, 5.50; N, 13.0. 

o-Methylamino-N-[3-(4-phenyl-l-piperazinyI)propyl]benz-
amide.—A mixture of 1-methylisatoic anhydride (54.0 g., 0.305 
mole) and l-(3-aminopropyl)-4-phenylpiperazine (66.9 g., 0.305 
mole) was heated on a steam bath for 1 hr. after the initial re
action had subsided. The resulting solid was recrystallized from 
aqueous acetone to give a colorless crystalline solid of m.p. 127-
129°; yield 91.2 g. (86%); "™cu 3345 (broad XH), 1640 (amide 
C = 0 ) , 1520 cm.-1 (amide I I ) . 

Anal. Calcd. for C21H28X40: X, 15.9. Found: X, 16.1. 
o-(N-Chlorocarbonylmethylamino)-N-[3-(4-phenyl-l-piper-

aziny])propyl]benzamide Hydrochloride.—Dry phosgene was 
bubbled into a boiling solution of o-methylamino-X-[3-(4-phenyl-
l-piperazinyl)propyl]benzamide (49.1 g., 0.14 mole) in 250 ml. 
of chlorobenzene during 45 min. with vigorous stirring to give a 
slightly tan solid. After cooling to room temperature, ethyl 
acetate was added, and the solid was collected on a filter, washed 
with ethyl acetate and ether, and dried in air; m.p. 227-228° 
d e c ; yield 61.4 g.; v™ 178O (COCl), 1750, 1645 cm."1 (amide 
C = 0 ) , no amide II band. 

Anal. Calcd. for C22HnClN402-HCl: X, 12.4. Found: X, 12.5. 
The above hydrochloride (50.6 g.) was recrystallized twice from 

aqueous 2-propanol containing HC1 to give the trihydrochloride of 
the starting material, m.p. 218-219° dec , vield 39.5 g. 

Anal. Calcd. for C21H3,C1.,N40: HC1, 23.7. Found: HC1, 23.7. 
l-MethyI-3-[3-(4-phenyl-l-piperazinyl)propyl]-2,4(lH,3H)-

quinazolinedione (25).—To a boiling solution of o-methylamino-
X-[3-(4-phenyl-l-piperazinyl)propyl]benzamide (54.6 g., 0.155 
mole) in 250 ml. of dry tetrahydrofuran was added a solution of 
ethyl chloroformate (17.4 g., 0.16 mole) in 50 ml. of tetrahydro
furan dropwise during 10 min. to give a milky solution which 
was heated under reflux for 1 hr. and then kept at room tempera
ture overnight. The solvent was removed in vacuo and the 
residue (sticky semisolid) was heated at 200-235° in a wax bath 
for 5 hr. to give a brown solid mass. This was dissolved in hot 
methanol and treated with dry HCI to give a light tan solid of 
m.p. 248-252° dec , yield 58.3 g. Recrystallization from aqueous 

methanol containing HCI and ethyl acetate gave 48.1 g. of a 
colorless solid of m.p. 248-250° dec. This was dissolved in 
water and made basic with aqueous XH3 to give a colorless sirup 
which soon solidified on scratching. Recrystallization from 
aqueous acetone gave a colorless solid of m.p. 97-98°; yield 39.0 
g.; J W ™ 1660 and 1705 (imide carbonyls), no amide II and XH. 

The free base was dissolved in 200 ml. of methanol and added 
to 200 ml. of methanol saturated with dry HCI to give a colorless 
solid. This was collected on a filter, washed with ethyl acetate 
and ether, and dried in air; m.p. 247-249° (dark melt); yield 
44.1 g.; s*™ 1660 and 1705 (imide carbonyls), no amide II. 

6-Chloro-3-[3-(4-phenyl-l-piperazinyf)propy]J-2-thio-2,4(lH,-
3H j-quinazolinedione (45).—To a suspension of 2-amino-5-
chloro-X-[3-(4-phenyl-l-piperazinyl)propyl]benzamide (25.0 g., 
0.067 mole) in 250 ml. of chlorobenzene at room temperature was 
added a solution of thiophosgene (8.0 g., 0.076 mole) in 50 ml. of 
chlorobenzene dropwise during 10 min. with stirring to give a 
milky suspension. Heating at reflux for 1 hr. gave a mixture of a 
light solid and a very dark blue solid. The solid was collected 
on a filter and washed with ethyl acetate and ether, and the still 
solvated solid was treated with aqueous ammonia to give a light 
tan oil which partly solidified. This was extracted with chloro
form and an insoluble solid was collected on a filter. The chloro
form layer was separated and dried. The solvent was removed 
in vacuo to give a mixture of tan and greenish blue solids. The 
mixture was triturated with ether and the insoluble solid was 
collected on a filter; yield 7.7 g., m.p. 184-200°. The chloro
form-insoluble solid melted at 198-205°, yield 16.7 g. Both 
solids were combined and recrystallized from aqueous methanol-
D M F (carbon) to give a light greenish blue solid of m.p. 201-
210°, yield 19.9 g. Two more recrystallizations gave a light 
greenish yellow solid of m.p. 213-215°, yield 16.0 g. 

The base in methanol was treated with dry HCI to give a purple 
solid. Enough aqueous D M F was added to the boiling suspen
sion to yield a clear solution which was filtered hot. The filtrate 
deposited a colorless hydrochloride on cooling; yield 14.2 g.; 
m.p. >280°; ^ 3180 (XH), 1680 (imide C = 0 ) , 1535 (thioimide 
II) , 1330 (thioimide III) , 1170and 1150cm.-1 (thioimide C=S) . 2 0 

N-Methyl-N-phenethylenediamine.—X-Methylaniline (321 
g., 3 moles) was added to a mixture of 37% formalin (243 ml., 
3 moles) and sodium bisulfite (312 g., 3 moles) in 1000 ml. of water. 
The mixture was stirred at 70-80° for 2 hr. and 195 g. (3 moles) 
of KCX was added. After refluxing for 3 hr., the reaction mix
ture was extracted with ether. The ether extract was dried, 
and the solvent was removed in vacuo to leave a liquid of b.p. 
97-98° (0.5 mm.), yield 332.8 g. (75.5%). This was X-methyl-X-
fiyanomethylaniline. The nitrile was hydrogenated in metha-
nolic ammonia using a Raney nickel catalyst at 100° at 70.3 kg. 
(1000 lb.) pressure. The crude amine was distilled at 148° (13 
mm.), yield 226.5 g. (67%), lit.21 b.p. 145° (13 mm.). 

2,3,4,5-Tetrahydro-l-methyl-l,4-benzodiazepine.—X-Methyl-
X-phenylethenediamine (166.2 g., 1.1 moles) was added slowly 
to 250 ml. of 90% formic acid at ca. 10°. After the addition of 
90 ml. (1.11 moles) of 37% formalin, the mixture was heated at 
90° for ca. 60 hr. with stirring. The cooled solution was added 
to ice and basified with XaOH solution, and the resulting amine 
was extracted with chloroform. The extract was dried and 
evaporated in vacuo to give the X-formyl derivative, which was 
hydrolyzed by heating in 18% HCI overnight. The acidic solu
tion was concentrated in vacuo, and the residue was basified with 
XaOH solution. The resulting amine was extracted with ether 
and dried. After removing the solvent, the amine distilled 
at 87-93° (0.43 mm.), yield 45 g. (25%). 

Anal. Calcd. for Ci0HHN2: X(basic), 8.64. Found: 
X(basic), 8.63 (titration with HCIO4). 
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