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Haloperidol,2 which is the prototype of a series of 
chemically related butyrophenones, has been used widely 
in the therapy of psychic disorder, especially of schizo
phrenia. Two members of this series, spiroperidol and 
benperidol,2 are the most potent neuroleptics known at the 
present time. In the previous paper,1- we described that 
some modification of the side chain of haloperidol or 
benperidol lowered neuroleptic activity of the parent drugs. 
In the present study, l-(4-fluorophenyl)-4-(l-piperidi-
nyl)-l-butanones substituted with benzimidazole, ben-
zotriazole, or quinoxaline derivatives at the 4 position of 
the piperidine ring and related compounds were prepared 
in order to search for new antipsychotic drugs. The 
structure-activity relationships of these derivatives are 
discussed herein and pharmacological properties of two 
selected compounds are described. 

Chemistry. Various butanone derivatives (4-28) and 
1,1-diphenylbutane derivatives (30-33) were synthesized 
by the general route outlined in Scheme I and listed in 
Table I. An intermediate, o-phenylenediamine (3), was 
prepared by reaction of 4-(2-nitroanilino)piperidine ; i (1) 
with 2-(3-chloropropyl)-2-(4-fluorophenyl)-l,3-dioxolane, 
followed by catalytic hydrogenation over Raney nickel of 
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the resulting butanone derivative 2. Cyclization of 3 with 
carboxylic acids or benzoyl chloride (method A), carbon 
disulfide (method B), sodium nitrite (method G), and 
pyruvic acid or oxalic acid (method H) gave benzimidazoles 
4-9, benzimidazolinethione (10), benzotriazole (26), and 
quinoxaline derivatives 27 and 28, respectively. Alkylation 
of 10 with dimethyl sulfate (method C), alkyl halides 
(method D), ethylene oxide (method E), or acyl chlorides 
(method F) gave 11-25 in good yield. 1,1-Diphenylbutanes 
30 and 31 were also synthesized from an o-phenylenedi
amine derivative3 29 as described above (methods A and 
B), and alkylation of 31 according to methods C and E gave 
2-(alkylthio)benzimidazole derivatives 32 and 33, re
spectively. 

Structure-Act iv i ty Relationships. Table I shows 
experimental results expressed as ED50 values estimated 
from dose-response curves of the compounds tested. Of 
the compounds in which alkyl groups were introduced at 
the 2 position of the benzimidazole ring (4-7), 5 was the 
most potent in inhibiting SMA and MGT. This compound 
was almost equally effective to haloperidol, although in
hibition of SMA with the former was of shorter duration 
than that with the latter. Compounds with a phenyl or 
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Table I. Physical Properties and Pharmacological Activities of 4-(4-Substi tuted p iper id inyl ) - l - (4- f luorophenyl ) - l -butanones and Related C o m p o u n d s 

CO(CH2)3N C0(CH2)3N 

S 

N ^ N R r ^ V - C O ( C H z ) 3 N \ - N ^ * N 
CH(CH2)3I 

compd 
no. 

4 
5 
6 
7 
8 
9 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
10 
24 
25 
26 
27 
28 
30 
31 
32 
33 

4 - 9 , 1 1 - 2 3 

R 

H 
CH3 

C2H5 

n-C 4 H, 
C6H5 

C F 3 

SCH, 
SC2H5 

SCH(CH3)2 

S(CH 2) 2OH 
S(CH2)3CO-C6H4-p-F 
SCH2CO-C6H4-p-Cl 
SCH2-C6H5 

SCH 2 CsCH 
SCH2COOC2H5 

S-C6H4-o-N02 

SCOOC 2H 5 

SCO(CH2)5CH3 

SCO-C6H4-p-Cl 
H 
CH3 

CH2CH—CH2 

- N = 
-COC(CH 3 )= 
-COC(OH)= 
CH 3 

SH ( thione) 
SCH3 

S(CH2)2OH 
haloperidol e 

benpe: r ido l ' 
p imoz ide ' 

method 

A 
A 
A 
A 
A 
A 
C 
C 
D 
E 
D 
D 
D 
D 
D 
D 
F 
F 
F 
B 
C 
D 
G 
H 
H 
A 
B 
C 
E 

yield, 
i % 

57.9 
58.9 
48 .5 
33.7 
42 .3 
71 .5 
68.9 
44.6 
46 .5 
48 .3 
38.2 
54.9 
67.4 
61.4 
67.9 
26.0 
54 .3 
59.9 
64.8 
74.5 

5.4 
40.0 
70.1 
41.9 
34.1 
40.4 
63 .2 
56.3 
70.4 

10 , 24, 

m p , °C 

9 4 - 9 5 . 5 
7 9 - 8 1 . 5 
2 2 1 - 2 2 5 dec 
2 4 8 - 2 5 1 
2 6 5 - 2 6 7 dec 
8 5 . 5 - 8 6 
9 8 - 9 8 . 5 
2 1 0 - 2 1 1 dec 
2 2 2 - 2 2 4 . 5 dec 
1 0 2 - 1 0 3 
1 3 7 - 1 3 9 
6 8 - 7 0 
1 2 4 - 1 2 6 
1 5 6 - 1 5 8 dec 
2 1 7 - 2 1 8 dec 
1 2 4 - 1 2 7 
1 0 8 - 1 0 9 
2 0 5 - 2 0 8 dec 
2 2 1 - 2 2 5 dec 
2 0 1 - 2 0 3 
2 6 9 - 2 7 1 dec 
2 1 4 . 5 - 2 1 6 dec 
1 0 2 - 1 0 3 
1 3 6 - 1 3 7 
2 6 4 - 2 6 9 dec 
1 2 5 - 1 2 6 . 5 
2 2 4 - 2 2 7 
1 1 0 . 5 - 1 1 1 . 5 
1 4 6 - 1 4 7 

25 

recrystn solvent 

E t 2 0 
E t 2 0 
E t 2 0 - M e 2 C O 
E t O H 
E t O H - M e 2 C O 
E t 2 0 - n - C 6 H 1 4 

E t O H 
MeOH 
E tOH-CHCl 3 

M e 2 C O - E t 2 0 
CHC1 3 -E t 2 0 
C6H6 

E t 2 0 
E tOH-Me 2 CO 
CHC13 - E t O H 
E t O H 
Et 2 0- / i -C 6 H 1 4 

MeOH 
MeOH-C„H 6 

Me2CO 
CHCl 3 -E tOH 
d i o x a n e - E t 2 0 
C H C l 3 - E t 2 0 - n - C 6 H 1 4 

Me 2 CO-n-C 6 H 1 4 

H 2 0 - M e O H 
E t 2 0 
E t 2 0 
E t 2 0 - n - C 6 H , 4 

CHC1 3 -E t 2 0 

2 6 - 2 8 

formula 

C 2 2 H 2 4 F N 3 0 
C 2 3 H 2 6 F N 3 0 
C 2 4 H 2 8 F N 3 0 2HCI 
C 2 6 H 3 2 F N 3 0 - 2 H C 1 H 2 0 
C 2 8 H 2 8 FN 3 0-2HC1 
C 2 3 H 2 3 F 4 N 3 0 
C 2 3 H 2 6 FN 3 OS 
C 2 4 H 2 8 F N 3 O S H C l 
C 2 S H 3 0 F N 3 O S H B r 
C 2 4 H 2 8 F N 3 0 2 S 
C 3 2 H 3 3 F 2 N 3 0 2 S 
C 3 0 H 2 9 ClFN 3 O 2 S H 2 0 
C 2 9 H 3 0 FN 3 OS 
C 2 5 H 2 6 FN 3 OS-2HCl c 

C 2 6 H 3 0 F N 3 O 3 S H B r 
C 2 8 H 2 7 F N 4 0 3 S 
C 2 5 H 2 8 F N 3 0 3 S 
C 2 9 H 3 6 F N 3 0 2 S H C 1 
C 2 9 H 2 7 C1FN 3 0 2 SHC1 
C 2 2 H 2 4 FN 3 OS 
C 2 3 H 2 6 F N 3 O S H C l 
C 2 S H 2 8 F N 3 O S H B r 
C 2 1 H 2 3 F N 4 0 
C 2 4 H 2 6 F N 3 0 2 

C 2 3 H 2 4 F N 3 0 3 C H 3 C O O H d 

^ 2 9 H 3 ) r 2JN3 

C 2 8 H 2 9 F 2 N 3 S 
C29H3 1F2N3S 
C 3 0 H 3 3 F 2 N 3 OS 

30 

ED50 ,mg/kg 

SMA test 

4 .7 (2 .5 -8 .9 ) " 
0 .85 (0 .4 -1 .7 ) 
9.1 ( 5 - 1 6 ) 

14 ( 8 - 2 3 ) 
18 ( 1 1 - 2 9 ) 

> 4 0 
6.2 (3 .0 -12) 
5.0 (2 .8 -9 .0 ) 
4.4 (1 .8 -11) 
6.9 (3 .5 -14) 

1 4 ( 9 . 3 - 2 1 ) 
5 . 0 ( 3 . 5 - 7 . 1 ) 
1.3 (0 .76-2 .3 ) 
1.2 (0 .55 -2 .7 ) 

> 4 0 
11 (6 .6 -19 ) 

0.36 (0 .17 -0 .77 ) 
1 . 0 ( 0 . 5 7 - 1 . 8 ) 
0.96 (0 .34 -2 .7 ) 
0.60 (0 .35 -1 .02 ) 
0 . 5 4 ( 0 . 2 2 - 1 . 3 5 ) 
0.87 (0 .48-1 .6 ) 

3 3 ( 1 9 - 5 9 ) 
14 .1 (8 .8 -22 .6 ) 

> 4 0 
- 4 0 

20 ( 1 3 - 2 0 ) 
1 3 ( 7 . 4 - 2 4 ) 

- 4 0 
0.80 (0 .43 -1 .5 ) 
0 . 5 6 ( 0 . 3 5 - 0 . 9 1 ) 
7.4 (4 -14 ) 

- 3 3 

po 

MGT tes t 

> 3 
0 .81 (0 .36 -1 .80 ) 

> 3 
> 3 
> 3 
N T b 

0.68 (0 .41 -1 .2 ) 
> 3 

1 . 6 ( 1 . 1 - 2 . 2 ) 
> 3 
> 3 

1.6 (1 .0 -2 .5 ) 
0 .76 (0 .52 -1 .1 ) 
0.74 (0 .50 -1 .1 ) 

N T 
N T 

0.65 ( 0 . 4 8 - 0 . 9 0 ) 
1.1 ( 0 . 8 0 - 1 . 5 ) 
0 . 8 3 ( 0 . 6 4 - 1 . 1 ) 
0.55 ( 0 . 4 1 - 0 . 7 4 ) 

N T 
N T 
N T 
> 3 
> 3 
> 3 

1.0 ( 0 . 6 7 - 1 . 4 9 ) 
2.4 (1 .7 -3 .5 ) 

> 3 
0.32 ( 0 . 2 8 - 0 . 3 7 ) 
0 . 6 3 ( 0 . 3 5 - 1 . 1 3 ) 
1.1 ( 0 . 7 6 - 1 . 5 ) 

" Figures in parentheses indicate 9 5 % fiducial limits. b N T = no t tested. e C : calcd, 5 9 . 0 5 ; 
donated from Janssen Pharmaceut ica . ^Benper idol ( m p 1 7 0 - 1 7 1 °C) and p imozide (mp 216 .5 

found, 5 8 . 5 5 . d C: calcd, 6 3 . 9 5 ; found , 63 .35 . e Haloper idol was kindly 
- 2 1 9 °C) were synthesized in our Ins t i tu te for exper imenta l use. 
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Scheme I 

. ^ X - . methodsC.E _ „ , 
N N — ZN N X N 

f\ 
32, R = CH3 

33, R = -(CH2)2OH 

/—\ V HN V-N N02 — w H 

30, R = CH3 

31, R= SH 

methods A, B 

^ A V 
—- ZN \ N NH2 w H 

XN V — N N 0 2 

4-9, R = H, alkyi, 
CF„ C6H5 

/ \ I method G / \ „ , / -5s 
XN \— N NH2 - YN ) — N N N 

11-23, R = alkyl, 
aralkyl, etc. 

24, R = CH3 

25, R= -CH2CH=CH, 

^ ' . ^ 2 ' 3 -

trifluoromethyl group in this ring (8 and 9) were almost 
devoid of activity. In the case of S-alkyl and S-aralkyl 
analogues 11-19, 17 and 18 showed high activities in both 

Sato ct al. 

SMA and MGT tests. As seen in 11-13 SMA-inhibiting 
activity was independent of the length of the S-alkyl chain, 
while the effect against MGT was largely influenced by 
the chain length. It is of interest that 11 was highly ef
fective in suppressing MGT in spite of being weak in 
SMA-inhibiting activity. Activities of S-ethoxycarbonyl 
and S-acyl derivatives (21-23) were statistically compa
rable to those of haloperidol, although SMA inhibition with 
the S-phenyl analogue 20 was negligible. The experiments 
with benzimidazolinethione analogues (10, 24, and 25) 
revealed that 10 had the most potent activity, almost equal 
to that of reference drugs, haloperidol and benperidol. 
Compound 24, though highly effective, was very short 
lasting in SMA-inhibiting action as compared with the two 
reference drugs. Only weak or no activity was observed 
in 26-28 having the benzotriazole or quinoxaline moiety 
at the 4 position of the piperidine ring. Activities of 
4,4-diphenylbutane derivatives (30-33) were almost 
comparable to or lower than those of pimozide. Of the 
compounds tested, 21-23 proved to be chemically unstable. 
In consideration of such a chemical property as well as 
pharmacological activities described above, 10 and 11 were 
selected for further pharmacological tests to clarify their 
profiles as neuroleptics. Measurement was made of the 
effect on methamphetamine- or apomorphine-induced 
stereotyped behavior and catalepsy-inducing activity. 

As presented in Table II, 10 was 9.3 and 8.1 times as 
potent as haloperidol and benperidol, respectively, in 
inhibiting methamphetamine-induced stereotyped be
havior. Its inhibitory effect on the behavior induced by 
apomorphine was also much greater than that of the 
reference drugs (haloperidol X 8.9, benperidol x 6.5). 
Although 10 had a catalepsy-inducing effect, its ED^ value 
was significantly larger than the doses (ED50) inhibiting 
stereotyped behavior induced by methamphetamine or 
apomorphine. Comparison of the ratios, B/A and B/A 
(Table II), revealed that the separation between doses 
antagonizing methamphetamine or apomorphine and 
inducing catalepsy was much greater in 10 than in the 
other compounds. It has been reported that antagonistic 
activity of neuroleptics to amphetamine- or apomor
phine-induced stereotyped behavior correlates well with 
their clinical antipsychotic activity' and that catalepsy-
inducing activity of such drugs is suggestive of their ability 
to produce an extrapyramidal side effect in humans.8 

From these points of view, 10 seemed to be promising as 
a potent neuroleptic with less liability to the extrapy
ramidal side effect. Compounds 10 and 11 had lower acute 
toxicity as compared with haloperidol. Further studies of 
this compound are in progress and the details will be 
published elsewhere. 

Experimental Section 
Melting points were determined on a Yanagimoto melting point 

apparatus (Type MP-1) and are uncorrected. IR (KBr), UV (in 
EtOH), and mass spectra were measured on a Hitachi 285 
spectrophotometer, a Hitachi 323 spectrophotometer, and a 
Hitachi mass spectrometer RMS-4 (direct inlet at 70 eV), re
spectively. NMR spectra were recorded on a Hitachi R-20B 
spectrometer (60 MHz) using Me4Si as internal standard. No
tations used in the descriptions are s = singlet, q = quartet, and 
m = multiplet. These spectral data were in accordance with the 
proposed structures. Where the analyses are indicated only by 
the symbols of the elements, the analytical results were within 
±0.4% of theoretical values. 

The following examples are representative of each procedure. 
Method A. l-(4-Fluorophenyl)-4-[4-(2-methyl-lH-benz-

imidazol-l-yl)-l-piperidinyl]-l-butanone (5). A mixture of 
3 (400 mg, 1 mmol) and AcOH (4 mL) was refluxed for 2 h. After 
chilling, the reaction mixture was diluted with H20, made alkaline 
with Na2C03, and extracted with CHC13. The extract was washed 
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Table II. Pharmacological Activities (po) of 4-(4-Substituted piperidinyl)-l-(4-fluorophenyl)-l-butanone Derivatives 

compd 

inhibn of methamphe-
tamine-induced 

stereotyped behavior, 
ED50, mg/kg (A) 

inhibn of apomorphine-
induced stereotyped 

behavior, ED5 
mg/kg (A') 

catalepsy-in ducin g 
act., EDS0, mg/kg (B) B/A B/A LD50, mg/kg 

10 
11 
haloperidol 
benperidol 

0.054(0.022-0.13)° 
0.20(0.07-0.54) 
0.50(0.22-1.2) 
0.44 (0.20-0.97) 

0.095(0.074-0.12) 
0.41 (0,26-0.64) 
0.85 (0.50-1.5) 
0.62(0.38-1.0) 

0.33 (0.17-0.64) 
1.1 (0.46-2.6) 
0.88 (0.50-1.5) 
0.92(0.50-1.7) 

6.1 
5.5 
1.8 
2.1 

4.5 
2.7 
1.0 
1.5 

500(350-710) 
930 (480-1800) 
240(200-280) 
N T b 

a Figures in parentheses indicate 95% fiducial limits. b NT = not tested. 

with H20 and evaporated in vacuo. To the residue were added 
EtOH (10 mL), H20 (4 mL), and concentrated HC1 (1 mL). The 
mixture was refluxed for 10 min, cooled, basified with diluted 
NaOH, and extracted with CHC13. The extract was washed with 
H20, dried over Na2S04, and concentrated. The crude product 
was purified by chromatography on silica gel, eluting with CHC13 
containing increasing amounts of EtOH. After evaporation of 
the solvent, the residue was crystallized from Et^O to give colorless 
prisms of 5 (229 mg, 58.9%): mp 79-81.5 °C; IR (KBr) v 1685 
cm"1 (C=0); UV max (EtOH) 244, 275, 282 nm; NMR (CDC13) 
6 1.4-3.2 (14 H, m, methylene protons of piperidine and butanone), 
2.54 (3 H, s, CH3), 3.8-4.4 (1 H, m, methine proton of piperidine), 
6.9-7.8 (6 H, m, meta protons of p-fluorobenzoyl and benz-
imidazole), 7.9-8.2 (2 H, q, ABX type, ortho protons of p-
fluorobenzoyl). Anal. (C23H26FN30) C, H, N. 

Method B. 4-[4-(2,3-Dihydro-2-thioxo-l.ff-benzimida-
zol-l-yl)-l-piperidinyl]-l-(4-fluorophenyl)-l-butanone (10). 
A mixture of 3 (9.99 g, 0.025 mol), KOH (2.80 g, 0.05 mol), CS2 
(5.70 g, 0.075 mol), H20 (5 mL), and EtOH (25 mL) was heated 
at 80 °C for 3 h in a sealed tube. After evaporation of the solvent, 
EtOH (250 mL), H20 (100 mL), and concentrated HC1 (25 mL) 
were added to the residue and refluxed for 10 min. After chilling, 
the reaction mixture was made alkaline with NH4OH, concen
trated in vacuo, and extracted with CHC13. The extract was 
washed with H20, dried over NazSO,,, and evaporated. The residue 
was chromatographed on silica gel using CHC13 and the eluate 
gave a white solid which was crystallized from Me2CO yielding 
10 (7.40 g, 74.5%): mp 201-203 °C; mass spectrum M+ 397; IR 
(KBr) v 1675 cm"1 (C=0); UV max (EtOH) 226.5, 246, 309 nm; 
NMR (CDC13) h 1.6-3.3 (14 H, m, methylene protons of piperidine 
and butanone), 4.9-5.5 (1 H, m, methine proton of piperidine), 
7.0-7.6 (6 H, m, meta protons of p-fluorobenzoyl and benz-
imidazole), 7.9-8.2 (2 H, q, ABX type, ortho protons of p-
fluorobenzoyl). Anal. (C22H24FN3OS) C, H, N. 

Method C. l-(4-Fluorophenyl)-4-[4-[2-(methylthio)-lff-
benzimidazol-l-yl]-l-piperidinyl]-l-butanone (11) and 4-
[4-(2,3-Dihydro-3-methyl-2-thioxo-l.ff-benzimidazol-l-yl)-
l-piperidinyl]-l-(4-fluorophenyl)-l-butanone (24). To a 
stirred solution of 10 (15.9 g, 0.04 mol), NaOH (3.20 g, 0.08 mol), 
and H20 (24 mL) in MeOH (200 mL) was added Me2S04 (7.06 
g, 0.056 mol) dropwise during 3 h at room temperature, and the 
reaction mixture was stirred for 2 h and concentrated in vacuo. 
The residue was made alkaline with diluted NaOH and extracted 
with CHC13. The extract was washed with H20 and dried over 
Na2S04. After removal of the solvent, the residue was passed 
through a silica gel column using CHC13. The oily residue was 
solidified with Et20-n-C6H14 and recrystallized from EtOH to 
yield colorless crystals of 11 (3.24 g, 19.6%): mp 98-98.5 °C; UV 
max (EtOH) 245.5, 292.5 nm. Anal. (C23H26FN3OS) C, H, N. 

The mother liquor was acidified with HCl-MeOH and con
centrated to dryness. The residue was recrystallized from EtOH 
to yield colorless crystals of 11-2HC1 (9.55 g, 49.3%), mp 179-180 
°C dec. Anal. (C23H26FN30S-2HC1) C, H, N. 

The filtrate was concentrated and crystallized from H20 to give 
colorless crystals, which were recrystallized from CHCl3-EtOH 
to afford colorless crystals of 24 (1.03 g, 5.7%): mp 269-271 °C 
dec; UV max (EtOH) 231, 246.5, 310.5 nm. Anal. (C23H26FN3-
OS-HC1) C, H, N. 

Method D. l-(4-Fluorophenyl)-4-[4-[2-(isopropylthio)-
lff-benzimidazol-l-yl]-l-piperidinyl]-l-butanone (13). A 
mixture of 10 (398 mg, 1 mmol) and isopropyl bromide (2 mL) 
in dioxane (5 mL) was heated at 120 °C for 38 h in a sealed tube. 
After cooling, the precipitate was collected and washed with 
dioxane. The crude product was recrystallized from CHCl3-EtOH 

to give colorless plates of 13 (242 mg, 46.5%): mp 222-224.5 °C 
dec; UV max (EtOH) 246, 286.5, 293 nm. Anal. (C26H30FN3O-
S-HBr) C, H, N. 

Method E. l-(4-Fluorophenyl)-4-[4-[2-(hydroxyethyl-
thio)-lH-benzimldazol-l-yl]-l-piperidinyl]-l-butanone (14). 
A mixture of 10 (597 mg, 1.5 mmol), ethylene oxide (176 mg, 4 
mmol) in THF (1 mL), and dioxane (5 mL) was heated at 80 °C 
for 8.5 h in a sealed tube. The reaction mixture was concentrated 
in vacuo. The residue was chromatographed on A1203 with C6H6 
and CHC13 as an eluant. Removal of the solvent afforded a 
colorless solid, which was recrystallized from Me2CO-Et20 to yield 
320 mg (48.3%) of 14 as colorless prisms: mp 102-103 °C; IR 
(KBr) v 3300, 3110 (OH), 1680 (C=0); UV max (EtOH) 244, 285, 
293 nm. Anal. (C24H28FN302S) C, H, N. 

Method F. l-(4-Fluorophenyl)-4-[4-[2-(ji-heptanoyl-
thio)-lff-benzimidazol-l-yl]-l-piperidinyl]-l-butanone (22). 
A mixture of 10 (596 mg, 1.5 mmol), n-heptanoyl chloride (669 
mg, 4.5 mmol), and triethylamine (304 mg, 3 mmol) in dry benzene 
(50 mL) was refluxed for 2 h. After cooling, the reaction mixture 
was washed with diluted Na2C03 solution and H20, dried over 
Na2S04, and evaporated. The residue was treated with HC1-
MeOH to give a colorless solid, which was recrystallized from 
MeOH to afford colorless needles of 22 (491 mg, 59.9%): mp 
205-208 °C; IR (KBr) v 1720, 1675 cm"1 (C=0). Anal. (C29-
H36FN302S-HC1) C, H, N. 

Method G. 4-[4-(lH-Benzotriazol-l-yl)-l-piperidinyl]-
l-(4-fluorophenyl)-l-butanone (26). To a solution of 3 (400 
mg, 1 mmol) in H20 (5 mL) and AcOH (180 mg, 3 mmol) was 
added NaN02 (76 mg, 1.1 mmol) on ice cooling. The reaction 
mixture was stirred for 5 min at the same temperature and then 
heated at 80 °C for 10 min. To the mixture were added MeOH 
(2 mL) and concentrated HC1 (1 mL), and the mixture was heated 
at 80 °C for 10 min. After cooling, the reaction mixture was made 
alkaline with Na2C03 and extracted with CHC13. The extract was 
washed with H20, dried over Na2S04, and evaporated. The residue 
was passed through an A1203 column using Et20 and EtjO-CHCls 
(1:1 v/v), and the eluate was evaporated to afford a pale yellow 
solid. Recrystallization from CHCls-E^O-n-CeH^ gave colorless 
prisms of 26 (257 mg, 70.1%): mp 102-103 °C; IR (KBr) v 1675 
cm"1 (C=0). Anal. (C21H23FN40) C, H, N. 

Method H. l-(4-Fluorophenyl)-4-[4-(3-methyl-2-oxo-l,2-
dihydro-lff-quinoxalin-l-yl)-l-piperidinyl]-l-butanone (27). 
A mixture of 3 (1.05 g, 2.6 mmol) and pyruvic acid (227 mg, 3.1 
mmol) in dry o-dichlorobenzene (5 mL) was refluxed for 2 h. After 
cooling, the reaction mixture was extracted with diluted HC1, and 
the aqueous layer was made alkaline with Na2C03, extracted with 
CHC13) and concentrated. EtOH (15 mL), H20 (5 mL), and 
concentrated HC1 (1.5 mL) were added to the residue, and the 
mixture was refluxed for 10 min. After chilling, the reaction 
mixture was made basic with diluted NH4OH, evaporated in 
vacuo, and extracted with CHC13. The extract was dried over 
Na2S04 and concentrated. The crude product was purified by 
chromatography on silica gel with Et20 and recrystallized from 
Me2C0-Et20 to give 448 mg (41.9%) of colorless needles (27): 
mp 136-137 °C; mass spectrum M+ 407; IR (KBr) v 1690, 1650 
cm"1 (C=0). Anal. (C24H26FN302) C, H, N. 

2-(4-FIuorophenyl)-2-[4-(2-nitroanilino)piperidin-l-yl-
propyl]-l,3-dioxolane (2). A mixture of 1 (24.4 g, 0.11 mol), 
2-(3-chloropropyl)-2-(4-fluorophenyl)-l,3-dioxolane (24.5 g, 0.1 
mol), Na2C03 (5.30 g, 0.05 mol), and KI (0.3 g, 1.8 mmol) in 
ra-BuOH (30 mL) was refluxed with stirring for 24 h and con
centrated in vacuo. The residue was chromatographed on A1203 
using CHC13 and the eluate afforded yellow crystals, which were 
recrystallized from E^O-n-CeH^ to give yellow needles of 2 (32.06 
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g, 74.6%), mp 78-80.5 °C. Anal. (C23H28FN304) C, H, N. 
2-[4-(2-Aminoanilino)piperidin-l-ylpropyl]-2-(4-fluoro-

phenyl)-l,3-dioxolane (3). A mixture of 2 (4 g, 9.3 mmol) and 
Raney nickel (4 mL) in MeOH (100 mL) was submitted to 
catalytic hydrogenation at ordinary temperature and pressure. 
After the theoretical amount of H2 was absorbed, the catalyst and 
the solvent were removed. The residue was crystallized from Et^O 
to give needles of 3 (3.18 g, 85.4%), mp 111-113 °C. Anal. 
(C23H3oFN302) C, H, N. 

Pharmacological Methods. Use was made of male mice of 
the STD-ddY strain weighing 20-28 g and male albino rats of the 
Wistar strain weighing 110-220 g. Test compounds were sus
pended in 0.5% CMC and given orally in a volume of 10 mL/kg 
to mice and 2 mL/kg to rats. EDso values with 95% fiducial limits 
were calculated according to the Litchfield-Wilcoxon method.4 

(a) Spontaneous Motor Activity (SMA) Test. Ten mice 
were used in each group. One hour after the administration of 
test compounds, the mouse was placed in the wheel cage, 210 mm 
in diameter and 40 mm in width (Kishimoto IKa Co., Kyoto). The 
number of revolutions of the cage which the mouse rotated for 
5 min was taken as an index for spontaneous motor activity. ED50, 
the dose which decreased the number of revolutions by 50%, was 
determined. 

(b) Antagonism to Methamphetamine Group Toxicity 
(MGT). The experiment was carried out by a modification of 
method of Sharma et al.5 Twenty mice were used in each group. 
The animals were kept aggregated in a metallic cage (22 x 32 X 
10.5 cm). Each group was treated with test compounds 1 h before 
subcutaneous injection of 25 mg/kg of methamphetamine hy
drochloride. EDW, the dose required to protect 50% of the animals 
from death due to methamphetamine, was determined from 
mortality of the animals at 24 h after methamphetamine injection. 

(c) Antagonism to Methamphetamine-Induced Stereo
typed Behavior. Rats were separately kept in individual cages 
(26 X 42.5 X 15 cm) made of plastic. Each group of five rats was 
administered test compounds 2 h before the treatment with 
methamphetamine hydrochloride (10 mg/kg ip). Stereotyped 
behavior induced by methamphetamine hydrochloride was scored 
1, 2, and 3 h after methamphetamine injection as 0 (sleeping), 
1 (squating), 2 (looking about), 3 (preening and grooming), 4 
(ambulating), 5 (rearing), 6 (sniffing), 7 (neck shaking), 8 (licking, 
biting, and gnawing), 9 (body shaking, walking back, and rotating), 
and 10 (hard ataxia and death). EDW, the dose which reduced 
the total scores by 50%, was determined. 

(d) Antagonism to Apomorphine-Induced Stereotyped 
Behavior. The experiment was carried out by a modification 

Many derivatives of chromones have been shown to 
inhibit the release of spasmogens which usually follows an 
antigen-antibody interaction.2"5 Although the mechanism 
of action of these compounds is not fully understood, the 

of the method of Janssen et al.2 Rats were kept in the same 
manner as described in the preceding item (c). Each group of 
six rats was administered test compounds 2 h before the treatment 
with apomorphine hydrochloride (1.25 mg/kg iv). The effect 
against apomorphine was taken as positive when, 20 min after 
apomorphine injection, gnawing behavior was not observed during 
an observation period of 1 min. ED50, the dose which produced 
a positive effect in 50% of the animals, was determined. 

(e) Catalepsy Test. The test was carried out according to the 
method of Costall et al.6 Six rats were used in each group. The 
animals were subjected to the catalepsy test 8 h after medication 
by placing both front limbs on a horizontal bar set up at a height 
of 12 cm from the floor. When the animals showed catalepsy for 
more than 1 min, the cataleptic syndrome was regarded as positive. 
ED50, the dose which produced a positive effect in 50% of the 
animals, was determined. 

(f) LDso. Ten mice were used for each dose level. LDM values 
were determined from 7-day mortality. 
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presence of an acidic group at C-2 or C-3 is characteristic 
of most of the active chromones. The majority of these 
contain a carboxyl group,2'5,6 but its replacement by a 
5-tetrazolyl ring has been shown to result in some com-

Benzopyrones. 14. Synthesis and Antiallergic Properties of Some 
iV-Tetrazolylcarboxamides and Related Compounds 
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A series of chromones containing an acidic group has been synthesized and screened for the ability to inhibit passive 
cutaneous anaphylaxis and the release of histamine from mast cells of the rat. Many of the chromones contain the 
jV-^-tetrazolyOcarboxamido group, a novel source of acidity. Others contain a carboxyl, C-(5-tetrazolyl), 5-
(4//)-oxotetrazolinyl, or AMS-tetrazolylJsulfonamido function. The compounds were compared with cromolyn sodium 
(sodium cromoglycate) and many were found to be powerful inhibitors of anaphylaxis. The most potent was 
7-methoxy-4-oxo-Ar-(5-tetrazolyl)-4#-l-benzopyran-2-carboxamide (15). Structure-activity relationships among the 
chromones and also some related compounds are discussed. 
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