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TABLE I 
2-(/3-HYDROXYALKYL)NICOTINIC, -ISONICOTINIC, AND -PICOLINIC ACID HYDRAZIDES 

SCsHt  
position 

4- 
:<-e 

:$- 

4- 

3- 
4- 

3- 

4- 

2 - e  
4- 

3- 

R R1 
CHI H 
CHs H 
H H  

H H  

H H  
H CHj 

H CHI 

H H  

CHI H 
11 H 

H H  

11 x 
0 

1 Rr  

0 

0 
0 

I Rr  

0 

0 
0 

0 

0 

&ONHN(CH,)CHRCR, $OH.yHX 
N 

hI.p. ,  0C.Q 

142-1 44 
119-122 
206-207 

dec. 
127 5-133 

106-107.B 
89-91 

102-1 01 
de?. 

125-127 

121-123 
112-113.5 

dec. 
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Yield, --Calcd., % --- 
c/o" c I3 4 
23 6 7 . 3 5  6 . 7 1  

!I 67 .35  6 . 7 1  14.68 
13 3 1 . 1 4  5 . 1 5  22.65' 

51 : i7 .39 7 . 2 2  20.05 

10 5 7 . 3 9  7 . 2 2  20.08 
(;I 59.17 7 . 6 7  1 8 . 8 2  

52 4 3 . 4 3  5 . 9 6  26.27j  

52 66.40 6 . 3 2  33.48 

38 6 7 . 3 5  6 . 7 1  1 4 . 7 3  
20 55 .37  6 . 7 1  21 .53  

40 5 5 . 3 7  6 . 7 1  2 1 . 5 3  

? _  

-Found.d %-- 
C I€ 3- 

6 7 . 4 8  6.89 
6 7 . 3 7  7 . 0 6  14.5!) 
50.76 5 . 5 2  22.89 

5 8 . 0 4  7.16  1 9 . 8 0  

5 7 . 2 2  7 . 4 3  2 0 . 1 4  
59.47 8 . 0 1  1 5 . 7 6  

41.88 6 . 3 5  2 5 . 4 8  

6 7 . 3 9  6 .16  75 .58  

67.54 6 .01  14.67  
54.86 7.40 21.53  

55.41 6 . 8 3  20.85 

Thomas-Hoover capillary melting point apparatus; corrected. h For description of methods, see Evperimerital Section. ?r'n 
e erythro-( - ) isomer. effort was made t o  determine the conditions for optimum yield. 

f Bromine. 
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I n  contrast, treatment of erythro-( - )-2-methyl-2-( a- 
methyl-b-hydroxy-b-phenethy1)isonicotinic acid hy- 
drazide (111) with HBr-AcOH at ambient tempera- 
ture did not give the isosteric pyridyloxadiazine but 
rather produced in 46% yield, erythro-( - )-2-methyl-2- 
(a-methyl-b-acetoxy-p-phenethy1)isonicot inic acid hy- 
drazide dihydrobromide (IV). This observation of the 

CH? 

I11 

IV 

influence exerted by the basic pyridyl nitrogen on the 
course of this reaction prompted us to prepare various 2- 
(6-hydroxyalky1)carboxylic acid hydrazides having 
differing types of hydroxyl groups and differing types 
of nitrogen-containing acyl moieties, such as isonico- 
tinoyl, nicotinoyl, and picolinoyl, and determine how 
they behaved when treated with various acidic dehy- 
drating agents. 

The 2-(@-hydroxyalkyl)nicotinic, -isonicotinic, and 
-picolinic acid hydrazides (Table I) were prepared by 
treating appropriate hydrazino alcohols with either the 
chloride, mixed anhydride, or anhydride of nicotinic, 
isonicotinic, and picolinic acids (Scheme I). Cycliza- 
tion of the hydrazides in which the hydroxyl group is 
either primary, qecondary, or tertiary, to give sub- 
stituted .j,R-dihydro-2-(2-, .?-, and 4-pyridyl)-4H-l,3,4- 
oxadiazines was accomplihhed using the four following 

methods : (1) concentrated H2S04, ( 2 )  HBr-AcOH, 
(3) 0-tosylation followed by solvolysis, and (4) re- 
placement of OH by C1 followed by base-catalyzed de- 
hydroc hlorinat ion. 

SCHEME I 

NC, H ,COX H d  NH, I H 6  ,NH ---f 

X = C1 or OCOC,H6 

R 

The choice of the method used for cyclization is dic- 
tated by the influence the hydroxyl group and the basic 
pyridyl nitrogen exert on the course of the reaction. 
For example, whereas 2-methyl-2-(p-hydroxypropyl), 
2-methyl-2 - (0 - hydroxyisobutyl) , 2 -methyl- 2 - (b - hy- 
droxy-b-phenethyl), and erythro-( --)-2-methyl-2- (a- 
methyl-@-hydroxy-b-phenethyl) benzoic acid hydrazides 
are all cyclodehydrated by HBr-AcOH into substituted 
5,fi-dihydro-4H-~,3,4-0xadiazines,~~~ the isosteric nico- 
tinic and isonicotinic acid hydrazides do riot all behave 
similarly (Scheme 11). 

The 2-methyl-2-(~-hydroxyisobutyl)nicot inic and iso- 
nicotinic acid hydrazides (VIII) mere ryclodehydrated 
with HBr-AcOH into substituted .i,B-dihydro-4H-l ,3,4- 
oxndiazines. However, treatment of 2-methyl-2-(p- 
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hydroxyisopropyl)- arid 2-met hyl-2-(P-hydroxypheti- 
ethy1)nicotinic acid hydrazide. (VI1 arid IX) wi th  
HBr-AcOH gave mixtures conipol-ed mainly of uri- 
rhanged hydroxy hydrazide and 0-acet ylatrd hydroxy 
hydrazide. Because we had found2d that 2-@- 
hydroxyethy1)beIizoic acid hydrazides could iiot tic 
vyclodehydrated with HBr-AcOH, this method wa< riot 
:itteriil)ted with 2-(P-hydroxyethyl)nicotinic. and -iso- 
riirotinic acid hydrazides. The 2-methyl-2-(P-hydroxy- 
alkyl)riiciotntc:, -isonicotinic, and -picolinic acid hy- 
drazide- containing secondary benzylhydroxyl were all 
successfully cyclodehydrated with concentrated sul- 
furic* acid at ambient temperature. 

The 2-methyl-Z-(P-hydroxyisopropyl)nicotinic and 
-isonicot ir i ic  acaid hydrazides were successfully cyclo- 
dehydrated by converting them to 0-tosyl derivatives, 
arid then subjecting the 0-tosylates to solvolyzing con- 
ditions, i .e. ,  refluxing water-acetone in the presence 
of sodium carbonate. 

The 2-niethyl-2-(~-hydroxyethyl)nicotiriic and -i.o- 
nicot inic acid hydrazides were converted to 2-(@-chloro- 
ethv1)nicotinic and -isonicotinic acid hvdrazides with 
thi&irl chloride, and the chlorides mere" cyclodehydro- , I  ( 8  \ I  I . \ C l t . t t  L,Lfu,e 171, I L ' I X  1 l ~ I ; t l l  
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Maximal Electroshock Test.-Groups of 10 mice were 
given the test compounds intraperitoneally 1 hr. 
prior to being subjected to supramaximal electroshock 
delivered through corneal  electrode^.^ The results are 
expressed as a ratio of the number of mice protected 
from the tonic hind limb extensor phase of the seizure 
to  the number shocked. 

The results of these pharmacological tests are sum- 
marized in Table 11. All but three of the compounds 
greatly prolonged hexobarbital sleep times. The three 
inactive rompounds were 3-pyridyls which did not have 
either a methyl group in the .?-position or two methyl 
groups in the 6-position. 

Conipounds of the 4-pyridyl series antagonized the 
effects (tremor, salivation, defecation) of injecting 
tremorine in mice (standard anti-Parkinson screen) ; 
the 2- and 3-pyridyl isomers were inactive. Leslie and 
Alaxwellj have suggested that the pharmacological 
actions of tremorine may be entirely due to the 
metabolically formed oxotremorine. So, antagonism to 
this substance by our active compounds was investi- 
gated and they were found to be inactive. We conclude 
then, that  these compounds are inhibiting the oxidation 
of tremorine to oxotremorine rather than antagonizing 
the central actions of its metabolically formed oxo de- 
rivative. Compounds in this series which antagonized 
tremorine were found to be active also in the electro- 
shock test. 

Experimental Section 
General Procedures for the Preparation of the Compounds 

Listed in Table I. Method A.-To a stirred mixture of 0.50 
mole of CY-( 1-methylhydrazinomethy1)benzyl alcohol, 250 ml. of 
triethylamine, and 750 ml. of methylene chloride was added, 
over a 0.5-hr. period, a suspension of 0.55 mole of nicotinoyl 
chloride hydrochloride (prepared from nicotinic acid and thionyl 
chloride) i n  350 ml. of methylene chloride. The mixture was 
stirred and refliised for 3 hr., stirred for 16 hr., t,rented wit'h 500 
ml. of CHC13, and washed with water. The organic solution was 
evaporated in ~ o c u o ,  and the residiial oil was dissolved in metha- 
nol and treated with gaseous HBr. The hydrobromide was pre- 
ripitated with ether, removed by suction filtration, and recrystal- 
lized from an appropriate solvent. 

Method B.-To a stirred, cooled (5") mixture of 0.50 mole of 
picolinic acid, 75 ml. of triethylamine, 150 ml. of benzene, and 
200 ml. of chloroform was added dropwise, 0.5 mole of ethyl 
chloroformate. To the 
stirred mixture was added a solkition of 0.5 mole of S-amino- 
(-)-ephedrine in  200 ml. of CHCI,. The mixture was stirred at  
ambient temperature overnight, washed a 4 h  water, and evap- 
orated in v u c m .  The residue was crystallized with an appro- 
priate solvent. 

Method C.-To a stirred solution of 0.50 mole of 1-( l-methyl- 
hydrazino)-2-propanol in 200 ml. of methylene chloride there was 
added over a period of 2 hr., a solution of 0.50 mole of nicotinic 
acid anhydride (prepared from potassiiim nicotinoate and oxalyl 
chloride) in 500 ml. of methylene chloride. The mixtiire was 
stirred and refluxed for 1 hr., cooled, and filtered, and the filtrate 
was evaporated in vaczto. The residiial oil was dissolved in 200 
ml. of hot ethanol, treated with 200 ml. of 1 S NaOH, and re- 
fluxed for 1.5 hr. The cooled mixture n a s  treated with NazSOj 
and thoroughly extracted with CHC13. The washed (water) and 
dried (hlgSO1) CHCL solution was evaporated in oacuo, and the 
residue was crystallized with an  appropriate solvent. 

General Procedures for the Preparation of the Compounds 
Listed in Table 11. Method A.-To a beaker containing 20 ml. 

The reaction was stirred at' 5" for 1 hr. 

(4) E. A. Swinyard, W. C .  Brown.  and I.. S. Goodman, .I. Phnrmncol. 

(5) G. H. Imlie and  I). R.  Maxwell, .Vatwe, 202, 95 (1964). 
Bzptl. T h e m p . .  106, 319 (1952). 

of stirred concentrated H2S04 was added, dropwise, a solution of 
2.0 g. of erythro-( - )-2-methy1-2-( a-methyl-p-hydroxy-p-pheii- 
ethy1)isoiiicotiiiic acid hydrazide in 20 ml. of CHCL. The mix- 
ture was stirred and the CHC1, was evaporated with a stream of 
nitrogen. The mixtiire was allowed to st,and a t  ambient tem- 
perature for 2 hr., pomed onto crushed ice, and basified with Naz- 
COS. The basic mixture was extracted with methylene chloride. 
The methylene chloride extract was dried over anhydrous hfgSO3 
and evaporated in z'oc~~o. The residual oil was either crystal- 
lized with an appropriate solvent or converted to an acid addi- 
tion salt by dissolving i l r  dry ether and treating with either HCI, 
HBr, or maleic acid. 

Method B.-To 100 ml. of stirred thionyl chloride was added, 
portionwise, 15 g. (0.08 mole) of 2-methy1-2-( p-hydroxyethy1)- 
nicotinic acid hydrazide. After the addition was completed, the 
mixture was stirred a t  50" for 1 hr., cooled, and t'reated with 
ether until the precipitation of the hydrochloride was complete. 
The hydrochloride was removed by suction filtration, washed 
with dry ether, air dried, dissolved in 120 ml. of ethanol, treated 
x i th  a solut'ion of i . 0  g. of KaOH in 50 ml. of water, and heated 
on a st,eam bath for 2 hr. The mixtiire was concentrated by dis- 
tillation in z'acuo, t'reated with 100 ml. of water, and extracted 
thoroughly with CHC13. The CHCla extract was washed (wat,er), 
dried (XazSO,), and evaporated in anoto.  The residual oil either 
solidified and was recrystallized from an appropriate solvent or 
was chromatographed on alumina and converted to the hydro- 
chloride. 

Method C.-A mixture of 10 g. (0.05 mole) of 2-methyl-2-(p- 
hydroxypropy1)isonicotinic acid hyrazide, 10 g. (0.05 mole) of p-  
toluenesulfonyl chloride, and 100 nil. of dry pyridine was kept a t  
4' for 'LO hr., poured onto crushed ice, extracted with CHCla, 
and then the CHC13 extract was washed (SaZCO, solution and 
water) and evaporated in oacito. The residne &-as dissolved in 
100 nil. of acetone, tr-ated with 100 ml. of water and 20 g. of 
K2C0aj heated on a steam bath for 1.5 hr., and allowed to stand a t  
ambient temperatiire overnight. The solid was removed by 
sx t ion  filtration, aiid the filtrate was extracted thoroughly with 
CHCl,. The washed (wxterj and dried (SarSOl)  CHCla extract 
 as chromatographed on aliimina, and the oil obtained upon 
evaporatioii of the eliient was converted t o  the hydrochlo- 
ridr. 

Method D.-2-lIethyl-2-( p-hydroxyisobuty1)nicotinic acid hy- 
drazide (10.0 g.) dissolved in 250 ml. of glacial acetic acid was 
treated with gaseous HBr until the solution was saturated. 
After standing at ambient temperature for 5 hr., the mixtIire was 
evaporated in oocuo. The residue was either recrystallized with 
an appropriate solvent' or it was basified and extracted with ether, 
and the hydrochloride was obtained by treating the ether extract 
with gaseous HC1. 

Attempted HBr-AcOH Cyclodehydration of erythro-(-)- 
2-Methyl-2-(~~-methyl-p-hydroxy-p-phenethyl)isonicotinic Acid 
Hydrazide.-A solution of 15.3 g. of erythro-( - )-2-methyl-2-( 01- 

methyl-p-hydroxy-p-phenet'hyl)isonicot,inic acid hydrazide in 
300 nil. of glacial acetic acid was saturated with gaseous HBr. 
After standing a t  ambient temperature for 1 hr., the mixture was 
evaporated in vacuo and the semisolid, glassy mass crystallized 
by triturating i t  with methanol-ether. Recrystallization from 
methanol-isopropyl ether gave 12.1 g. (46%) of erythro-(-)-2- 
methyl-2-( a-methyl-8-acetoxy-p-phenethy1)isonicotinic acid hy- 
drazide dihydrobromide, m.p. 177-178' dec. 
Anal. Calcd. for C18H21N103.2HHr: C, 44.19; H, 4.74; Br, 

32.6i. Found: C, 43.86; H, 4.89: Br, 31.80. 
Attempted HBr-AcOH Cyclodehydration of 2-Methyl-2-( p- 

hydroxyisopropy1)nicotinic Acid Hydrazide.-A solution of 2.0 g. 
of 2-methy1-2-(p-hydroxyisopropyl)nicotinic acid hydrazide in 
100 ml. of glacial acetic acid was saturated with gaseous HBr. 
After standing at ambient temperature for 3 hr., the mixtiire was 
evaporated in L'UCUO. The residiial oil was dissolved in a mini- 
mum of methanol, basified with 5Tc aqiieoiis Na?CO,, and ex- 
tracted with CHCI,. The dried IlIgSO,) CHC1, extract was 
evaporated in vacuo leaving an oil (1.8 g.) which by infrared 
analysis was shown to be a mixture composed mainly of 2-methyl- 
2-(p-hydroxyisopropyl)nicotinic acid hydrazide and 2-methyl-2- 
((3-acetoxyisopropy1)nicotinic acid hydrazide; vmaX (film) 3300- 
3200 broad (OH, NH),  1723 (ester carbonyl), and 1668 (hydrazide 
carbonyl) cm.-'. 

Attempted HBr-AcOH Cyclodehydration of Z-Methyl-2-(@- 
hydroxyphenethy1)nicotinic Acid Hydrazide.-A solution of 2.0 
g. of 2-methyl-2-(p-hydroxyphenethyl)nicotinic acid hydrazide 
dihydrohromide in 50 ml. of glacial acetic acid waa satv<irated 
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with gaseous HBr and allowed to stand at  ambient temperature which by infrared analysis was shown to be a nnstiire composed 
for 18 hr. The mixtiire was evaporated zn cacuo. The residiial mainly of 2-rnethy1-2-(p-hydroxyphenethyl)nicotinir arid hy- 
oil was dissolved in a minimum of methanol, basified with 5y0 drazide and 2-meth~1-2-(p-acetoxypheiiethyl)1iicotiriic acid hy- 
aqueous Na2C03, and extracted with CHCI,. The dried (hlgSO4) drazide; vmsx (film) 3390-3180 broad (OH, SH) ,  1T26 (wter  
CHCl, extract was evaporated in vacuo leaving an oil (1.1 g.) carbonyl), and 1695 (hydrazide carbonyl) cm.-l. 

New Sedative and Hypotensive 3-Substituted 2,4(1H,3H)-Quinazolinediones 

SHIS HATAO, HERBERT J. HAVERA, WALLACE G. STRPCKER, T. ,J. LEIPZIG, 
RICHARD -4. KULP. AND HAROLD E. HARTZLER 

Chrniicnl Thrrapeictz'cs Research Laboratory, X i l e s  Laborntorips, Inc., Elkhnrl, Inrliann 

Received Apri l  12, 1965 

A series of 3-sitbstitiited 2,4( lH,3H)-qiiinazolinediones, mostly 3-(4-aryl-l-piperazinylalkyl)-2,4( lH,3H)- 
qiiinazolinediones, was prepared from the corresponding o-amino-N-sitbstitiited benzamides by treatment with 
phosgene in boiling chlorobenzene. 1-hIethyl-3-substituted 2,4( 1H,3H)-qiiinazolinediones were prepared by 
the reaction of o-methylamino-N-substituted benzamides with ethyl chloroformate, followed by heating at  200" 
to cyclize. These compoiinds showed varying degrees of sedative and hypotensive activity in experimental 
animals. 

It has been reported that 2,4(1H,3H)-quinazolinedi- 
oiie1J and 1,.3-diniethyl-2,4(1H,3H)-quina~olinedione~~~ 
possess anticonvulsant3 activity against electroshock 
and pentylenetetrazol seizures in mice. 3-Alkyl-, 3- 
aralkyl-, and 3-aryl-2,4(1H,3H)-quinazolinediones4 
have been described but no pharniacological screening 
results were given. Our finding thaf some amides 
derived from 4-aryl-l-~~iperaziriylalliylamines,~ 4-aryl-l- 
piperazinylalkanoic acids,j and S-(4-aryl-l-piperazinyl- 
alkyl) derivatives of cyclic imides6 have shown sedative 
and hypotensive activities led 11s to prepare 3-substi- 

I was also prepared by treating I1 with ethyl chloro- 
formate, followed by heating at 200" to cyclize. 

The formation of the quinazoliriedione (I) (Scheme I) 
by treatment of o-amino-S- [3-(4-phenyl-l-piperazinyl)- 
propyllbenzaniide (11) with phosgene at  the boiling 
point of chlorobenzene was presumed to proceed 
through the intermediate isocyanate (IV) formed by 
dehydrochlorination of the carbamoyl chloride (111). 
Under the same conditions, o-methylamino-N- [3-(4- 
phenyl-1-piperazinyl)propyl]benzamide (V) gave the 
carbamoyl chloride (VI) in high yield (Scheme 11). 

SCHEME I1 t uted [mostly 3-(4-aryl-l-piperazinylalkyl)-2,4 ( lH,-  
8H)-] quinazolinediones (I). 

The reaction of primary amines with isatoic anhy- 
dride gives mainly o-aniin~benzaniides~ with minor 
quantities of l-nlky1-3-(o-carboxyphenyl)ureas.4b The 
latter compouiids are readily cyclized with dilute min- 

C0NHR.H C1 @E: a 0 N (CH,)COCI 

v VI 

eral acid to give I. In our hands, o-amino-S-alkyl- (or 
aralkyl-) benzamides (11) cyclized readily with phos- 
gene in  boiling chlorobenzene to give I in high yield. 

SCHEME I 

CONHR c o c i  ~ [@ CONHR 

I1 I11 

C1 C,H NH COCl - 
0 

DEE0] - &go 
H 
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R =  -(CH~),N"N c,H, 
W 

The dehydrochlorination of VI to give isocyanate is riot 
possible in the latter case. 1-Methyl-3- [3-(4-phenyl-l- 
piperaziny1)propyl 3 -2,4( lH,3H)-quinazolinedione(VII) 
was obtained by treating V with ethyl chloroformate, 
followed by heating at 200". See Table I for coni- 
pounds I and VII. 
2-Thio-2,4(1H,3H)-quinazolinediones (VIII) were 

prepared by adding I1 to a solution of thiophosgene in 
chlorobenzene, followed by heating under reflux to 
cyclize (see Table 11). 
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