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hexane R; 0.45; IR (CDCl,) 1710, 1690 cm™; NMR (CDCly) 8 5.86
(s,1H, O{efinic H), 2.17 (s, 3 H, COCH,), 2.5-1.0 (m, 23 H); mass
spectrum, m/z 300.2076 (M?, caled for CaoHasOg, 300.2082). Anal.
(CyH350,) C, H.

13-(2-Oxopropyl)-3-methoxygona-1,3,5(10)-triene (19). To
a solution of methylmagnesium iodide (made from Mg (48 mg,
2 mmol) and methyl iodide (580 mg, 2.2 mmol) in ether (25 mL)
was added a solution of 17 (295 mg, 1 mmol) in anhydrous tet-
rahydrofuran (5 mL) and the mixture was stirred overnight. HCl
(50% ) was added and the mixture was stirred for 15 min. Isolation
of the product by the standard procedure using ether extraction
(2 x 50 mL) gave a viscous oil. This was purified by column
chromatography on silica gel, using methylene chloride as the
eluant, and led to a solid which on crystallization from ether—
pentane afforded 19 as needles (118 mg, 37.8%): mp 122-123 °C;
TLC CH,Cl, R; 0.45, 10% EtOAc/Hexane R; 0.40; IR (CDCLy)
1710 em™ (CDCly) 67.12 (d,J = 7.9 Hz, 1 H, H-1), 6.70-6.60
(m, 2 H, H-2 and H-4), 3.70 (s, 3 H, Ar OCH,), 2.15 (s, 3 H,
COCHS,), 2.7-1.0 (m, 17 H); mass spectrum, m/z 312.2090 (M*,
caled for CyHyg0,, 312.2082).
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N-[(1-Ethyl-2-pyrrolidinyl)methyl]-2-methoxy-5-sulfonamidobenzamides
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A series of some novel N-[(1-ethyl-2-pyrrolidinyl)methyl}benzamides involving replacement of the sulfamoyl group
in sulpiride with a sulfonamido group was synthesized and tested for dopamine receptor blockade. In comparison
with sulpiride, several compounds were considerably more potent than sulpiride as dopamine receptor blockers.

The structure-activity relationships are discussed.

Sulpiride has been reported to be an effective antipsy-
chotic agent and displays marked pharmacological dif-
ferences from those of the “classical” neuroleptic drugs,
e.g., haloperidol and chloropromazine.!

Sulpiride has a relatively low neuroleptic potency in both
animals!? and humans,® which could be due to a low degree
of biological availability* including low penetration into
the brain.5 Thus, it should be of interest to synthesize
and evaluate other types of neuroleptic benzamides®¢
modified from sulpiride.

The present paper describes modifications involving
replacement of the sulfamoyl residue in sulpiride with a
sulfonamido residue, as shown in the general formula I

Chemistry. A number of benzamides were synthesized
by methods A-G from known 5-nitroanisic acids (1a,” 1b,%

(1) Jenner, P.; Marsden, C. D. Life Sci. 1979, 25, 479.

(2) Florvall, L.; Ogren, S. O. J. Med. Chem. 1982, 25, 1280.

(8) Mielke, D. H.; Gallant, D. M.; Kessler, C. Am. J. Physchiatry
1977, 134, 1371. : .

(4) Dross, K. Arzneim.-Forsch. 1978, 28(5), 824.

(5) Benakis, A.; Rey, C. J. Pharmacol. 1976, 7, 367.

(6) (a) Ogata, M.; Matsumoto, H. Japan Unexamined Pat. Publn.
No. 5392763, 1978; U.S. Patent 4 328 155, 1982; U.S. Patent
4328344; 1982; U.S. Patent 4350635, 1982; U.S. Patent
4351770, 1982. (b) Ogata, M.; Matsumoto, H. Japan Pat.
Publn. No. 54 22110, 1979. (¢) Ogata, M.; Matsumoto, H. Ja-
pan Unexamined Pat. Publn. No. 54 30156, 1979. (d) Ogata,
M.; Matsumoto, H. Japan Unexamined Pat. Publn. No.
5392763, 1978. (e) Ogata, M.; Matsumoto, H. Japan Unexa-
mined Pat. Publn. No. 5473780, 1979.
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1c?) as depicted in Scheme L
2-Methoxy-4-substituted-5-nitrobenzoic acids (la-c)
were esterified with methanol via the acid chlorides and
gave the methyl esters that on treatment with tin/
hydrochloric acid or catalytic hydrogenation on platinum
catalyst were reduced to the 2-methoxy-4-substituted-5-
aminobenzoic acid methyl esters. Treatment of the above
products with methanesulfonyl chloride gave the 5-
methanesulfonamidobenzoic acid methyl esters (2a-c).
Compounds 2a—c were methylated with dimethyl sulfate
in the presence of potassium carbonate in acetone and

(7) Simonsen, J. L.; Rau, M. G. J. Chem. Soc. 1917, 111, 220.
(8) Beilstein 10, 237.
(9) Goldstein, H.; Schaaf, E. Helv. Chim. Acta 1957, 40, 369.
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Table I. N-[(1-Ethyl-2-pyrrolidinyl)methyl]-2-methoxy-5-sulfonamidobenzamides
R, : OMe
stozT CONHCHZ—-[Nj
Rs i!Zt
compd R, R, R;  method mp, °C recrystn solvent  yield,” % formula anal.
4a H Me Me A 94.5-96 AcOEt/(i-Pr),0 67 C17Hz:N30,8 C,H,N. S
4b Me Me Me A 92-96 AcOEt/(i-Pr),0 52 C1sHyN;0,S C,H,N, S
4c Cl Me Me A 141-143 AcOEt/(i-Pr),0 80 Ci:HpN;0,CIS C,H, N, CL S
6a H N(Me)Me H B 141-142 AcOEt/(i-Pr),0 39 C17H2eN,0,S C,H,N, S
6b Me N(Me)Me H B 129-129.5 ACOEt/(i‘Pr)ZO 64 C18H30N404S C, H, N, S
6c Cl N(Me)Me H B 118-120 AcOEt/(i-Pr),0 41 Cy:H;N,O,CIS C,H, N, ClL S
8a H N(Me)Me Me Cc 64.5-65.5 AcOEt/(i-Pr),0 36 CysH3oN,0,4S C,H,N,S
8b Me N(Me)Me Me Cc 83-84 AcOEt/ (i-Pr),0 61 C1gH3N,O,S C,H,N, S
8¢ Cl N(Me)Me Me C 93-94 (-Pr),0 19 CisH»xNO,CIS C,H,N,CL S
lia H Me H D 170-171 AcOEt 12 C15H25N304S C, H, N, S
11b Me Me H D 131-132 AcOEt/(i-Pr),0 37 C7HN;0,8 C,H,N,S
llc Cl Me H D 125.5-127 AcOEt/(i-Pr),0 25 CieHuN;0,CIS C,H,N,CL S
12a H NHMe H E 159-160 AcOEt 57 C1eHz6N,0,S C,H,N, S
12b Me NHMe H E 157-158 AcOEt/(i-Pr),0 50 C;HxN,04S C,H,N, S
12¢ Cl NHMe H E 134-136 AcOEt 67 CieHysN,O,CIS  C,H,N,ClL, S
14a H NH, H F 140-141 MeOH/AcOEt 58 CsH2N,0,S C,H,N, S
14b Me NH, H F 140-141 AcOEt/Et,0 67 C1eH26N,0,S C,H,N,S
14c Cl NH, H F 158-159 MeOH/AcOEt 29 CisHN,O,CIS  C,H,N,CL S
18a H NH2 Me G 129-130 ACOEt/Eth 50 C18H28N404S C, H, N, S
18b Me NH2 Me G 149.5-150.5 ACOEt/ (i'PI)gO 70 C17H23N404S C, H, N, S
18¢ Cl NH, Me G 137-138 AcOEt/ (i-Pr),0 47 CieHasNO,CIS  C, H, N, CL S

¢Yield based on the last step.

subsequently hydrolyzed to the 5-(N-methylmethane-
sulfonamido)benzoic acids (3a-c) with aqueous sodium
hydroxide. Compounds 3a-c¢ were then treated with
thionyl chloride and 1-ethyl-2-(aminomethyl)pyrrolidine,
giving the benzamides 4a-c (method A).

The above 2-methoxy-4-substituted-5-aminobenzoic acid
methyl esters gave on treatment with dimethylsulfamoyl
chloride 5-{(dimethylsulfamoyl)amino]benzoic acid methyl
esters (fa—¢). Compounds 5a—c were transformed into the
desired benzamides (6a—¢) through the corresponding acid
chlorides by reaction with 1l-ethyl-2-(aminoethyl)-
pyrrolidine (method B).

Compounds 5a-c¢ were also methylated with dimethyl
sulfate in the presence of potassium carbonate in acetone
and subsequently hydrolyzed to the 5-[dimethyl-
sulfamoyl)methylamino]benzoic acids (7a—c) with aqueous
sodium hydroxide. Compounds 7a—c were then treated
with thionyl chloride and 1-ethyl-2-(aminomethyl)-
pyrrolidine, giving the benzamides 8a—c¢ (method C).

The 5-nitrobenzamides 9a—c, which were prepared from
the corresponding benzoyl chlorides and 1-ethyl-2-(ami-
nomethyl)pyrrolidine, were reduced with catalytic hydro-
genation on platinum or tin/hydrochloric acid to the an-
iline compounds 10a-c, which were used as starting ma-
terial in methods D-G. Treatment of 10a—c with meth-
anesulfonyl chloride afforded the 5-methanesulfonamido-
benzamides 11a—¢ (method D). Methylsulfamoyl chloride
also reacted with 10a-c to yield the 5-[(methyl-
sulfamoyl)amino]benzamides 12a-¢ (method E).

The appropriate 5-(sulfamoylamino)benzamides 14a-c
were prepared by the reaction of 10a—c with tert-butyl-
sulfamoyl chloride in the presence of triethylamine fol-
lowed by treatment of the resulting 5-[(tert-butyl-
sulfamoyl)amino]benzamides 13a-c with trifluoroacetic
acid (method F).

The trifluoroacetates (15a—c), which were prepared by
the reaction of trifluoroacetic anhydride with 10a-c, were
treated with sodium hydride and methyl iodide in di-
methylformamide followed by hydrolysis with aqueous
potassium carbonate and gave the N-methylaniline com-

Table II. Pharmacological Evaluation of
5-Sulfonamidobenzamides (I)

block of apomorphine: EDj,

mg/kg, oral
antiemetic anticlimbing acute toxicity
activity activity in mice: LDj,°
compd in dogs® in mice® mg/kg, oral
4a 0.17 22.9 (16.7-30.8) >1000
4b 0.1-1.0 26.1 (20.9-33.4) >1000
4c 0.05-0.1 7.7 (6.1-9.7) >500
6a 0.1-1.0 >50 750
6b 0.01-0.05 13.3 (10.2-18.8) >1000
6c 0.01-0.05 8.3 (5.9-12.1) >1000
8a 0.5-1.0 36.2 (13.7-102.6) 750
8bh 0.5-1.0 >50 (71.8-115.1) 750
8c 0.05-0.1 31.8 (21.2-46.8) 750
lla 1.0-2.0 >50 >500
11b 0.1-1.0 35.6 (25.2-66.1) 750
lic 0.05-0.1 9.1 (6.2-12.3) >1000
12a >1 >50 >1000
12b >1 >50 >1000
12¢ >1 >50 >1000
14a 5.0-10.0 >50 >1000
14b >1 >50 >1000
14¢ 0.5-1.0 >50 >1000
18a 0.1-1.0 >50 >1000
18b 0.1-1.0 >50 >1000
18¢ 0.1-1.0 >50 >1000
sulpiride  0.09 174 (152-202) >3000

*Up and down method of Brownlee et al.l® ®Regression analy-
sis; 95% confidence limits are included parentheses. °Oral LDjg
values were obtained by graphical interpolation.

pounds 16a-c. Treatment of 16a-c with tert-butyl-
sulfamoyl chloride in the presence of triethylamine gave
the 5-[(tert-butylsulfamoyl)amino]benzamides 17a-c.
Compounds 17a-c¢ were treated with trifluoroacetic acid
and yielded the desired 5-(sulfamoylmethylamino)benz-
amides 18a—c (method G).

Pharmacology. Structure-Activity. The pharma-
cological results obtained with the compound I series
(Table I) are presented in Table II. The neuroleptic
activities of I were determined by their inhibitory effects
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on apomorphine-induced behavior (emesis in dogs and
climbing in mice) and compared with those of sulpiride.

Introduction of NH(Me)SO,NH, NH,SO,NH, and
NH,S0,N(Me) groups to the 5-position of the benzene
nucleus resulted in poor activity, as shown by 12a—¢, 14a—c,
and 18a-c. Several factors may contribute to the low
potency of these sulfamoylamino compounds, such as
metabolic degradation or low penetration into the brain.
This finding demonstrated the importance of the sulfamoyl
group (NH,S0,) in the sulpiride structure.

On the other hand, 4a—¢, 6a—c, 8a—c, and 11b,c having
the methanesulfonamido or (dimethylsulfamoyl)amino
group, showed strong antidopaminergic potency compared
to 12a—¢, 14a-c, and 18a-c. This finding suggests that
introduction of the lipophilic group facilitates penetration
of the compound through the blood-brain barrier.

In general, the 4-substituted (Cl or methyl group)
methanesulfonamido- or [(dimethylsulfamoyl)amino]-
benzamide series (4¢, 6b,c, 8¢, and 11b,c) were more po-
tent than the corresponding 4-unsubstituted sulfon-
amidobenzamides (4a, 6a, 8a, 11a), with the exception of
4b and 8b. In compounds 4b and 8b, there were two
methyl groups in both the 4-position in the benzene nu-
cleus and the sulfonamido nitrogen. The different apo-
morphine blocking activity of 4b and 8b may be due to the
conformation of the sulfonamido group moiety, which
differs from that of the desmethyl compound. Introduc-
tion of a methyl group that is more bulky!? than a chlorine
atom would somewhat change the conformation of the
sulfonamido group related to binding with the dopamine
receptor.

(10) Pauling, L. “The Nature of the Chemical Bond”, 3rd ed.;
Cornell University Press: Ithaca, NY 1960; p 260.
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Experimental Section

Melting points were determined in a “Biichi” capillary melting
point apparatus and are uncorrected. NMR spectra were obtained
with a Varian T-60 spectrometer. Elemental analyses were
performed by the analytical department of Shionogi Research
Laboratories and are within £0.4% of the calculated values.

Method A. Methyl 2-Methoxy-4-methyl-5-methane-
sulfonamidobenzoate (2b). A mixture of 2-methoxy-4-
methyl-5-nitrobenzoic acid (1b; 84 g, 0.4 mol) and SOCI, (250 mL)
was refluxed for 1 h, and the resultant mixture was evaporated
to remove the SOCl,. The residue was mixed with MeOH (200
mL) and evaporated to remove the MeOH. The residue was
washed with (i-Pr),0 to give methyl 2-methoxy-4-methyl-5-
nitrobenzoate (84.9 g, mp 124.5-125.5 °C, 91%).

A mixture of the above ester (2.79 g, 0.012 mol), PtO, (280 mg),
and MeOH (50 ml) was sujected to hydrogenation. The catalyst
was filtered, and the filtrate was evaporated to give methyl 2-
methoxy-4-methyl-5-aminobenzoate as a syrup (2.38 g, 0.012 mol).
The ester was dissolved in pyridine (3 mL), and methanesulfonyl
chloride (324 mg, 2.83 mmol) was added with stirring under ice
cooling. After 30 min of stirring, the mixture was poured into
ice water and acidified with dilute HCI and extracted with CH,Cl,.
The extract was washed with H,0, dried over Na,SO,, and
evaporated to remove the solvent. The residue was crystallized
from AcOEt/(i-Pr),0 to give 2b (655 mg, mp 144-144.5 °C, 85%).
Anal. (CuH15NO5S) C, H, N.

Compounds 2a (mp 84-86 °C, 53%) and 2¢ (mp 183-185 °C,
48%) were obtained by the same method.

2-Methoxy-4-methyl-5-(N-methylmethanesulfonamido)-
benzoic Acid (3b). A mixture of 2b (1.0 g, 3.66 mmol), K,CO,
(1.01 g, 7.31 mmol), Me,SO, (694 mg, 5.50 mmol), and acetone
(20 mL) was refluxed for 1.5 h. After the solvent was evaporated,
the residue was heated with aqueous NaOH (10% aqueous NaOH
10 mL, MeOH 5 mL) at 85 °C for 10 min. The organic solvent
was removed, and the residue was acidified with dilute HCl. The
resulting precipitate was extracted with CH,Cl,. The organic layer
was washed with H,0, dried over Na,SO,, and filtered. The
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filtrate was evaporatead, and the residue was washed with benzene
to give 3b (900 mg, mp 196-197 °C, 90%). Anal. (C;;H;;NO;S)
C,H,N,S.

Compounds 3a (mp 147-148.5 °C, 72%) and 3¢ (mp 175-177
°C, 64%) were obtained by the same method.

N-[(1-Ethyl-2-pyrrolidinyl)methyl]-2-methoxy-5-(N-
methylmethanesulfonamido)benzamide (4b). A mixture of
3b (500 mg, 1.83 mmol) and SOCI, (5 mL) was refluxed for 30
min, and the resultant mixture was evaporated to remove SOCL,
The residue was mixed with benzene and evaporated to remove
excess SOCl,. The residue was mixed with triethylamine (370
mg, 3.66 mmol) and dry CH,Cl, (5 mL), and a solution of 1-
ethyl-2-(aminomethyl)pyrrolidine (260 mg, 2.02 mmol) and CH,Cl,
(1 mL) was added dropwise with ice cooling and stirring. The
resultant mixture was stirred at room temperature for 30 min.
The reaction mixture was mixed with aqueous NaHCO; and
shaken with CH,Cl,. The organic layer was washed with H,0,
dried over Na,S0O,, and evaporated to remove the solvent. The
residue was chromatographed on alumina (activity II). The
fractions eluted with 2% MeOH /CH,CIl, were collected to obtain
4b (362 mg, 52%).

Compounds 4a and 4c¢ were obtained by the same method.

Method B. Methyl 2-Methoxy-4-methyl-5-[(dimethyl-
sulfamoyl)amino]benzoate (5b). To a solution of methyl 2-
methoxy-4-methyl-5-aminobenzoate (244.2 g, 1.25 mol, derived
from 1b in method A) in dry pyridine (488 mL) was added
dropwise dimethylsulfamoyl chloride (233.5 g, 1.63 mol) with the
temperature maintained at 50 °C. After the addition, the mixture
was stirred for 30 min at room temperature. The reaction mixture
was diluted with CH,Cl, (1.2 L) and poured into ice-water (488
mL) and acidified with concentrated HCI (488 mL). The resultant
precipitate was extracted with CH,Cl, and washed with water.
The organic layer was dried over Na,SO, and evaporated to give
5b (272.7 g, mp 119-120 °C, from AcOEt, 72%). Anal. (C,,-
H,sN,04S) C, H, N, S.

Compounds 5a (mp 101.5-102.5 °C, 43%) and 5¢ (mp 171-172
°C, 51%) were obtained by the same method.

N-[(1-Ethyl-2-pyrrolidinyl)methyl]-2-methoxy-4-
methyl-5-[(dimethylsulfamoyl)amino]benzamide (6b). A
mixture of 5b (1.42 g, 4.70 mmol) and 10% NaOH (14.2 mL) was
heated at 80 °C for 30 min. The reaction mixture was acidified
with 6 N HCl and extracted with 5% MeOH/CH,Cl,. The organic
layer was washed with H,0, dried (Na,SO,), and evaporated to
give 2-methoxy-4-methyl-5-[(dimethylsulfamoyl)amino]benzoic
acid (1.24 g, mp 154-156 °C, 92%).

A mixture of 2-methoxy-4-methyl-5-[(dimethylsulfamoyl)-
amino]benzoic acid (20.2 g, 70.1 mmol) and SOCI, (101 mL) was
refluxed for 30 min, and the resultant mixture was evaporated
to remove SOCl,. The residue was mixed with triethylamine (14.15
g, 140 mmol) and dry CH,Cl, (101 mL), and a solution of 1-
ethyl-2-(aminomethyl)pyrrolidine (9.89 g, 77.14 mmol) and CH,Cl,
(20 mL) was added dropwise with ice cooling and stirring. The
resultant mixture was stirred at room temperature for 15 min.
The reaction mixture was mixed with aqueous NaHCO; and
shaken with CH,Cl,. The organic layer was washed with H,0,
dried (Nay,80,), and evaporatead to remove the solvent. The
residue was chromatographed on alumina (activity II). The
fractions eluted with CH,Cl,-3% MeOH /CH,Cl; were collected
to obtain 6b (17.8 g). Anal. (C;sH3N,O,S) C, H, N, S.

Compounds 6a and 6¢ were obtained by the same method.

Method C. 2-Methoxy-4-methyl-5-[(dimethylsulfamoyl)-
methylamino]benzoic Acid (7b). To a solution of methyl 2-
methoxy-4-methyl-5-[(dimethylsulfamoyl)amino]benzoate (5b;
5 g, 16.53 mmol) in dry acetone (25 mL) were added K,COj; (4.57
g, 33.1 mmol) and dimethyl sulfate (4.17 g, 33.1 mmol), and the
resultant mixture was refluxed for 1 h. After evaporation of the
acetone, the residue was diluted with H,O and extracted with
CH,Cl,. The organic layer was washed with H,0, dried over
Na,S0,, and evaporated to remove the solvent. The residue was
heated with aqueous NaOH at 85 °C for 3 min. The reaction
mixture was acidified with aqueous HCl and extracted with
CH,CL,. The organic layer was washed with HyO and dried
(NayS0,). The organic solvent was removed to give 7b (4.65 g,
mp 157.5-159 °C, after washing with (;-Pr),0, 93%). Anal
(CoHgN,058) C, H, N, S.

Ogata et al.

Compounds 7a (mp 87-88 °C, 71%) and 7¢ (mp 171-172 °C,
65%) were obtained by the same method.
N-[(1-Ethyl-2-pyrrolidinyl)methyl]-2-methoxy-4-
methyl-5-[(dimethylsulfamoyl)methylamino]benzamide (8b).
A mixture of 7b (23.3 g, 77.1 mmol) and SOCI, (116 mL) was
refluxed for 30 min, and the resultant mixture was evaporated
to remove SOCL,. The residue was mixed with triethylamine (15.57
g, 0.15 mol) and dry CH,Cl, (116 mL), and a solution of 1-
ethyl-2-(aminomethyl)pyrrolidine (10.87 g, 0.85 mol) and CH,Cl,
(22 mL) was added dropwise with ice cooling and stirring. The
resultant mixture was mixed with aqueous NaHCO; and shaken
with CH,Cl,. The organic layer was washed with H,0, dried
(NayS0,), and evaporated to remove the solvent. The residue
was chromatographed on alumina (activity II). The fractions
eluted with CH,Cl, were collected to yield 8b (19.35 g). Anal.
(CIQH32N4O4S) C’ H’ N’ S.
Compounds 8a and 8¢, were also obtained by the same method.
Method D. N-[(1-Ethyl-2-pyrrolidinyl)methyl]-2-meth-
oxy-4-chloro-5-nitrobenzamide (9¢). A mixture of 2-meth-
oxy-4-chloro-5-nitrobenzoic acid (900 mg, 3.89 mmol) and SOCl,
(5 mL) was refluxed for 80 min, and the resultant mixture was
evaporated to remove SOCl,. Dry CH,Cl, (9 mL) and triethyl-
amine (790 mg, 7.82 mmol) were added, and a solution of 1-
ethyl-2-(aminomethyl)pyrrolidine (750 mg, 5.85 mol) and CH,Cl,
(4 mL) was added dropwise with ice cooling and stirring. The
resultant mixture was stirred at room temperature for 15 min.
The reaction mixture was mixed with aqueous NaHCO; and
shaken with CH,Cl,. The organic layer was washed with H,0,
dried over Na,SO,, and evaporated to remove the solvent. The
residue was mixed with Et,O and shaken with dilute HCL. The
aqueous layer was made alkaline with aqueous NaHCO; and
shaken with CH,Cl,. The organic layer was washed with H,0,
dried over Na,SO,, and evaporated to remove the solvent. The
residue was recrystallized from AcOEt/ (i-Pr),0 to give 9¢ (679
mg, mp 107-108 °C, 57%). Anal. (CIEH20N304CI) C, H, N, CL
Compounds 9a (mp 106-108.5 °C, 69%) and 9b (mp 113-113.5
°C, 45%) were obtained by the same method.
N-[(1-Ethyl-2-pyrrolidinyl)methyl]-2-methoxy-4-chloro-
5-aminobenzamide (10¢). 9¢ (7.33 g, 21.4 mmol) was mixed with
a solution of concentrated HC1 (36.7 mL) and H,O (73.3 mL), and
the resultant mixture was heated at 50 °C, mixed with tin chips
(7.7 g, 64.9 mmol), and stirred at 50 °C for 4 h. After cooling,
the reaction mixture was made alkaline with aqueous NaOH and
shaken with CH,Cl,. The organic layer was washed with H,0,
dried over Na,SO,, and evaporated to remove the solvent. The
residue was chromatographed on a column of alumina, which was
eluted with CH,Cl,. The elute was evaporated to remove the
solvent. The residue was washed with (i-Pr),0/petroleum ether
to give 10¢ (5.38 g, mp 85-86.5 °C, 81%). Anal. (CsHxN30,Cl)
C,H,N,CL
Compounds 10a (HCI salt, mp 194-200 °C, 35%) and 10b (mp
82.5-83 °C, 51%) were obtained by the same method.
N-[(1-Ethyl-2-pyrrolidinyl)methyl]-2-methoxy-4-chloro-
5-methanesulfonamidobenzamide (11¢). To a solution of 10¢
(1.58 g, 5.06 mmol) and dry pyridine (15.8 mL) was added dropwise
methanesulfonyl chloride (880 mg, 7.6 mmol) with the temperature
maintained at 0-5 °C. After addition, the mixture was stirred
for 30 min at room temperature. The reaction mixture was poured
into H,O and made alkaline with aqueous NaHCO; and extracted
with CH,Cl,. The organic layer was washed with H,O, dried over
NayS0,, and evaporated to remove the solvent. The residue was
chromatographed on a column of alumina (activity III), which
was eluted with CH,Cl, and 8% MeOH/CH,Cl,. The fractions
were evaporated to remove the solvent. The residue was re-
crystallized from AcOEt/(i-Pr),0 to give lle (498 mg, mp
125.5-127 °C, 25%). Anal. (CsHN30,SCD C, H, N, 8, CL
Compounds 11a and 11b were obtained by the same method.
Method E. N-[(1-Ethyl-2-pyrrolidinyl)methyl]-2-meth-
oxy-4-chloro-5-[ (methylsulfamoyl)amino]benzamide (12¢).
To a solution of 10¢ (1.0 g, 3.2 mmol), triethylamine (390 mg, 3.86
mmol), and dry CH,Cl, (20 mL) was added a solution of me-
thylsulfamoyl chloride (460 mg, 8.55 mmol) and CH,Cl, (4 mL)
with ice cooling and stirring. The resultant mixture was stirred
for 15 min. The reaction mixture was mixed with aqueous
NaHCO; and extracted with CH,Cl,. The organic layer was
washed with HyO, dried (Na,SO,), and evaporated to remove the
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solvent. The residue was chromatographed on alumina (activity
III). The fraction eluted with CH,Cl; and 1% MeOH/CH,Cl,
was collected to obtain 12¢ (863 mg). Anal. (C;sHysN,0,SCD
C,H N, S, CL

Compounds 12a (mp 159-160 °C, 45%) and 12b (mp 157-158
°C, 51%) were obtained by the same method.

Method F. N-[(1-Ethyl-2-pyrrolidinyl)methyl]-2-meth-
oxy-4-methyl-5-(sulfamoylamino)benzamide (14b). A mixture
of 10b (1.0 g, 8.43 mmol), dry CH,Cl, (20 mL), and triethylamine
(693 mg, 6.86 mmol) was added dropwise to a mixture of tert-
butylsulfamoyl chloride (707 mg, 412 mmol) and CHCl, (5 mL)
with ice cooling and stirring. After stirring for 15 min, the reaction
mixture was mixed with aqueous NaHCO; and extracted with
CH,Cl,. The organic layer was washed with H,0, dried (Na,SO,),
and evaporated to remove the solvent. The residue was chro-
matographed on alumina (activity IT) and eluted with CH,Cl; and
2% MeOH/CH,CI, to give N-[(1-ethyl-2-pyrrolidinyl)methyl]-
2-methoxy-4-methyl-5-[(tert-butylsulfamoyl)amino]benzamide
(13b; 1.0 g, mp 107-168 °C, 68.3% from AcOEt/(i-Pr);0). Anal
(CyH4N,O48S) C, H, N, S.

The above 13b (700 mg, 1.64 mmol) was mixed with tri-
fluoroacetic acid (7 mL), stirred at room temperature for 3 h, and
evaporated to remove the trifluoroacetic acid. The residue was
mixed with aqueous ammonia, NaCl was added, and the mixture
was extracted with CHCl;. The organic layer was washed with
saturated brine, dried (Na,SO,), and recrystallized from
AcOEt/Et,0 to give 14b (408 mg). Anal. (C;gH5N,0,8) C, H,
N, S.

Compounds 14a and 14¢ were obtained by the same method.

Method G. N-[(1-Ethyl-2-pyrrolidinyl)methyl]-2-meth-
oxy-4-methyl-5-[(tert-butylsulfamoyl)methylamino]benz-
amide (17b). To a solution 10b (423 g, 14.5 mmol) in dry CH,Cl,
(40 - mL) was added dropwise trifluoroacetic anhydride (4.57 g,
21.76 mmol) with ice cooling and stirring. The resultant mixture
was stirred at room temperature for 15 min. The reaction mixture
was mixed with aqueous NaHCO; and extracted with CH,Cl,. The
organic layer was washed with H,0, dried (Na,SO,), and evap-
orated to remove the solvent. The residue was washed with
AcOEt/(i-Pr),0 to give N-[(1-ethyl-2-pyrrolidinyl)methyl}-2-
methoxy-4-methyl-5-(trifluoroacetamido)benzamide (15b; 4.15
g, mp 125-127 °C, 74%).

The above 15b (4.0 g, 10.32 mmol) was dissolved in DMF (20
mL), and NaH (50%, 520 mg, 10.83 mmol) was added with ice
cooling and stirring. To the resultant mixture was added Mel
(1.54 g, 10.85 mmol) with ice cooling and stirring. The reaction
mixture was stirred for 30 min at room temperature, and diluted
with H,O and extracted with CH,Cl,. The organic layer was
washed with HyO, dried (Na,S0O,), and evaporated to remove the
solvent. The residue was mixed with 10% aqueous K,CO; (40
mL) and MeOH (40 mL) and heated on water bath for 15 min.
The organic solvent was removed, and the residue was diluted
with H,O and extracted with Et;0. The organic layer was washed
with H,0, dried (Na,80,), and filtered, and the filtrate was
evaporated to leave N-[(1-ethyl-2-pyrrolidinyl)methyl}-2-meth-
oxy-4-methyl-5-(methylamino)benzamide (16b) as an oil (2.6 g).

The above 16b (2.6 g, 8.5 mmol) was mixed with dry CH,Cl,
(26 mL) and triethylamine (1.72 g, 17 mmol), and a solution of
tert-butylsulfamoyl chloride (2.20 g, 12.8 mmol) in CH,Cl, (6 mL)
was added dropwise with ice cooling and stirring. The resultant
mixture was stirred for 15 min at room temperature. The reaction
mixture was mixed with aqueous NaHCO; and extracted with
CH,Cl,. The organic layer was washed with H,0, dried (Na,S0O,),
and evaporated to remove the solvent. The residue was chro-
matographed on alumina (activity II). The fractions eluted with
1-3% MeOH/CH,Cl, were collected to obtain 17b (975 mg, mp
142.5-143 °C, 21.4%, from AcOEt). Anal. (Cy;H,N,0,8) C, H,
N, 8. 17a (mp 127-128 °C, 26%), 17¢ (mp 135-140 °C, 13%).
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The above 17b (800 mg, 1.8 mmol) was refluxed with tri-
fluoroacetic acid (8 mL), stirred at 50 °C for 30 min, and evap-
orated to remove the trifluoroacetic acid. The residue was mixed
with aqueous ammonia, salted out with saturated brine, and
extracted with CHCl;. The organic layer was washed with sat-
urated brine, dried (Na,SO,), and evaporated to remove the
solvent. The residue was recrystallized from AcOEt/diisopropyl
ether to give 18b (485 mg). Anal. (C,;HyN,0,S) C, H, N, S.

18a and 18¢ were obtained by the same method.

Pharmacology. Antiemetic Activity. The method of Chen
et al.l! was used. One hour after administration of the compound,
the number of vomitings within 30 min of subcutaneous injection
of 0.1 mg/kg apomorphine in fasted dogs were observed. For each
dose of the compound, the number of vomitings on the testing
day was compared with that observed in the same dog 2 weeks
before the test. EDj, values were calculated according to the up
and down method of Brownlee et al.!?

Anticlimbing Activity. The method of Protais et al.!® was
used. The test was carried out on two to three groups of animals,
a group consisting of 10 mice. After subcutaneous injection of
1 mg/kg of apomorphine, the mouse was put in a stainless cage
(10 X 10 X 20 cm) and showed wall-climbing behaviors by holding
the wire mesh of the cage wall with their four paws. The test
compound was given orally as an arabic gum suspension 60 min
prior to the administration of apomorphine. Twenty minutes after
the administration of apomorphine, the observation was made
for 83 min. The criterion of climbing behaviors was determined
in comparison with a control group of mice. Results were shown
as the value of EDg (milligrams/kilogram). EDjg, values were
calculated according to regression analysis.

Acute Toxicity. The acute toxicity of each drug was deter-
mined in groups of 10 mice on the seventh day after oral ad-
ministration. The LDj;, values were obtained by graphical in-
terpolation.
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