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Novel Benzamides as Selective and Potent Gastrokinetic Agents. IV." Synthesis and Structure-
Activity Relationships of 2-Substituted 4-Amino-/V-[(4-benzyl-2-morpholinyl)methyl]-5-chlorobenzam-

ides
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A new series of 2-substituted 4-amino-/N-[(4-benzyl-2-morpholinyl)methyl]-5-chlorobenzamides (4—39) including
a few 4-fluorobenzy! analogues were prepared and evaluated for their gastrokinetic activity by determining their effects
on the gastric emptying activity of phenol red semisolid meal in rats. The C-2 substituent comprises alkoxy and variously
substituted alkoxy groups. Among the derivatives, 4-amino-N-[(4-benzyl-2-morpholinyl)methyl]-2-(n-butoxy)-5-
chlorobenzamide (5), its 4-fluorobenzyl (6), and 3-methyl-2-butenyloxy analogues (22) were superior to cisapride and
essentially equipotent to the 2-ethoxy analogue (1b, AS-4370 as its citrate) in gastrokinetic activity. These compounds,
like AS-4370, had no dopamine D, receptor antagonistic activity.

Keywords 2-morpholinylbenzamide; gastrokinetic agent; gastric emptying; dopamine D, antagonism; [*H]spiperone

binding; structure-activity relationship

Metoclopramide is a dopamine D, receptor antagonist
as well as a gastrointestinal motility stimulant.?) Dopamine
D, receptor antagonism of metoclopramide is responsible
for its undesirable side effects such as akathisia and
hyperprolactinemia.® The gastrokinetic action of metoclo-
pramide is due to its antidopaminergic property and/or an
increase of acetylcholine release in the myenteric plexus
of the gut.* Cisapride, like metoclopramide, enhances
acetylcholine release without affecting dopamine receptor.”
The increase of acetylcholine release has been shown to be
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mediated by an activation of serotonin-4 receptor.®

To obtain gastrokinetic agents more potent and selective
than metoclopramide, a series of N-(2-morpholinylmethyl)-
benzamides 1 was designed and prepared.” 4-Amino-N-
[(4-benzyl-2-morpholinyl)methyl]-5-chloro-2-methoxy-
benzamide (1a) was found to have more potent gastric
emptying activity and much less dopamine D, receptor
antagonistic activity than metoclopramide. Subsequent
modifications of the benzoyl moiety (A),” and the benzyl
group (B),!'® of 1a led to the finding of 4-amino-5-chloro-
2-ethoxy-N-[[4-(4-fluorobenzyl)-2-morpholinylJmethyl]-
benzamide (1b) which has more potent gastrokinetic
activity than 1a. As a continuation of this work, our effort
was focused on further modifications of the C-2 sub-
stituent, i.e., the alkoxy group (C), since variation of the
substituent had been very limited in the previous study.”
The present paper deals with synthesis and structure-
activity relationships (SARs) of a series of 2-substituted
4-amino-N-[(4-benzyl-2-morpholinyl)methyl]-5-chloro-
benzamides (4—39) including a few 4-fluorobenzyl ana-
logues.

Chemistry  4-Amino-3-chloro-N-[[4-(4-fluorobenzyl)-2-
morpholinylJmethyl]-2-hydroxybenzamide (3) was pre-
pared from the corresponding 4-fluorobenzyl benzamide
(1b) using the method described in our previous paper”;
thus dealkylation of 1b with sodium ethanethiolate in
N,N-dimethylformamide (DMF) gave the 2-hydroxybenz-
amide 3. The conventional reaction of the 4-amino-N-[(4-
benzyl-2-morpholinyl)methyl]-5-chloro-2-hydroxybenz-
amide (2)” and its 4-fluorobenzyl analogue (3) with various
alkyl halides in the presence of tetrabutylammonium
bromide gave the desired 2-substituted benzamides 4—39
except 29, 31, and 37 (Chart 3).

Treatment of the 2-(2-oxopropoxy)benzamide 28 with

n-x+ couucuz—E j
n-BugN* Br" Jijt —@—n,

4-—28,30,32—36,38,39

Chart 3
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TaBLe 1. Physical Data for 2-Substituted 4-Amino-N-[(4-benzyl-2-morpholinyl)methyl]-5-chlorobenzamides (4—39)

cl CONHCH,—on
.
HN OR cu,—@—m

Analysis (%)

cqn  mp (°C)
Compound R R, Ylfld Recryst. Formula Caled (Found)
(/0) 1 9
solvent?) C H a N

4 (CH,),CH, H 97 192195 C,,H,CIN;O;-C,H,0,* 5799 6.08 658  7.80
(B) -1/4H,0 (5784  6.04 658  7.57)

5 (CH,),CH, H 95 188—190  C,,H,,CIN;0,-C,H,0,” 5822 633 636  7.54
(E) -1/2H,0 (5838  6.12 647  7.50)

6 (CH,),CH, F 98 178—184  C,,H,,CIFN,0,-HCI 5334 652 1369 8.1l
(E) -7/4H,0° (5345 670 1350  8.03)

7 (CH,),CH, H 96 172—174  C,,H,,CIN;0,-C,H,0,? 5889  6.53 621 736
(E) -1/4H,0 (5882 630 626 715

8 (CH,);CH, H 86 188—190  C,,H,,CIN;0,-3)2C,H,0,% 5872 636 559 663
(B) (5862  6.62 562 6.56)

9 (CH,)¢CH, H 96 190—193  CpeH,eCIN;O,-32C,H, 0,9 5849  6.60 539 639
E) -1/2H,0 (5849 654 552 6.46)

10 (CH,),CH, H 95 189—192  C,,H,4CIN;0,-32C,H, 0,9 5905 676 528 626
®) -12H,0 (5929 671 543 6.26)

11 (CH,)sCH, H 98 170—172  C,gH,CIN;0,-7/4C,H,0,% 5961  6.72 503 5.96
(E) (5947 694 532 6.01)

12 (CH,)sCH, H 95 166—168 C,oH,,CIN;0;-7/4C,H,0,®  60.12  6.87 493 584
() (5988 697 524 597)

13 CH(CH.,), H 98 184—186  C,,H,4CIN;0,-C,H,0,® 5751 6.13 653 774
(B) -1/2H,0 (57.64 616 647 747

14 CH,CH(CH,), H 70 172174 C,3H,oCIN;O;-C,H,0,? 59.17 625 647  7.67
(E) (5892 626 631  7.60)

15 (CH,),CH(CH,), H 93 175—177  C,,H,,CIN,05-C,H,0,% 5889  6.53 621 736
(®) -1/2H,0 (5916 643 650 7.5

16 (CH,),CH(CH,), F 75 189—195  C,,H,,CIFN,;0,-HCl 5457 691 1299  7.70
(E) -3/2H,0-2/5C,H,0H9 (5433 722 1326 7.6

17 CHf<} H 96  201—204 C,3H,4CIN,0,-C,H,0,? 5891 595 644  7.63
, ) -1/4H,0 (5901 625 651  7.58)

18 CHZ—O H 64 144—146  C,eH,,CIN,05-3C,H,0,9 5564 5.65 432 512
(B) (5570 5.92 462 5.07)

19 G H 72 194—197  C,,H,,CIN;0,-C,H,0,? 60.05  6.12 633 7.50
(E) (5976 6.13 630 7.36)

20 CH,CH=CH, H 85 177—180  C,,H,CIN;O;-C,H,0,% 5821 573 661  7.89
o -1/4H,0 (5802  5.66 657  7.80)

21 (CH,),CH=CH, H 97 189—192  C,,H,4CIN;0,-C,H,0,® 5891 595 644 763
(E) -1/4H,0 (59.03  6.04 642 7.59)

2 CH,CH =C(CH,), H 94 155—159  C,,H,(CIN;0,-32C,H,0,% 5788 591 569 675
(ED)  -1/4H,0 (5770 5.84 566 6.75)

23 CH,CH =C(CH,), F 95 170—172  C,,H,oCIFN,0,-2C,H,0,%" 5537 537 s11 605
(E) (5558 530 540 5.89)

24 CH,C=CH H 91 143—147  C,,H,,CIN,0,-2C,H,0,% 5501 5.08 541 641
(B) -1/2H,0 _ (5515 5.01 565  647)

25 CH,CH, H 75 103—108  C,H,4CIN,05-C,H,0," 5850 5.62 618 7.3
(E) ‘H,0 (5897 522 622 697)

26 (CH,),CeHs, H 67 85—88  C,4H,,CIN;O, -C,H,0,9 61.19  6.10 564 6.69
(E) ‘H,0 6117 6.15 572 6.60)

27 CH,COC,H; H 41 207210 C,,H,4CIN;0,-C,H,0," 60.15 537 573 6.79
®) -1/2H,0 (60.17  5.46 576 6.61)

28 CH,COCH, H 77 133—135  C,,H,¢CIN,0,-C,H,0," 5517  5.70 626 742
(E) “H,0 (5503 538 634 742

29 CH,CH(OH)CH, H 817 9497  C,,H,,CIN,0, C,H,0," 5703 6.28 701 831
(B) ‘H,0 (5689 617 721 8.26)

30 CH,CO,C,H, H 70 189192 C,,H,;CIN;O, 5980  6.11 767 9.10
_ (E) (59.64  6.17 756 8.95)

31 CH,CO,H H 467  252—255 C,,H,,CIN,O,-1/4H,0 5754 5.63 809  9.59
(E-W) (5777 541 804 937

73 CH,O(CH,),0CH, H 81 153—156  C,3H,oCIN;O5-2C,H,0,? 5349 550 509 604
0 (5341 551 530 6.16)

33 (CH,);0H H 96 154—156  C,,H,4CIN,0,- 1/4H,0 6027  6.55 809 9.8
(EA) (6044  6.64 825  9.32)

34 (CH,),Cl H 85 131—133  C,,H,,CL,N,0,-1/4H,0 5691 588 1585  9.39
(E) -1/10C,H,0H” (5715 589 1612 899
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TaBLE 1. (continued)
o Analysis (%)
iald ) mp (°C)
Compound R R, Y(loe/l‘g (Recryst. Formula Caled (Found)
)
solvent®) C H cl N
35 CH,CN H 73 198—201 C,,H,,CIN,0,-C,H,0, 56.08 5.8 6.62  10.46
E) -1/4H,0 (56.18 527 6.68 10.32)
36 (CH,);N(C0O),CcH, H 71 139—143  C,,H,;,CIN,O5-C,H,0,? 59.35 5.27 5.15 8.14
M) -1/2H,0 (59.36 5.42 5.09 7.92)
37 (CH,);NH, H 977 77—79  C,,H,eCIN,O;-H,0 58.59 693 786  12.42
(EA) (5847  6.64 782 1213)
38 (CH,);OC¢H,(4-F) H 81 145—147  C,,H,;5CIFN;0,-C,H,0,? 58.41 6.06 5.07 6.01
(E) -3/2H,0% (58.41 5.80 5.43 5.74)
39 (CH,);COC¢H,(4-F) H 21 202—205 C,oH,,CIFN;0,-3/2C,H,0,Y  57.77 5.33 4.87 5.77
(BE) -3/4H,0" (57.95 5.63 493

5.65)

a) Alkylating agents RX except 5-(4-fluorophenoxy)pentyl bromide (38) were obtained from commercial suppliers. 5-(4-Fluorophenoxy)pentyl bromide was synthesized
according to the literature.!® b) Yield of the free base of 2-morpholinylbenzamides is based on 2 or 3, except for 29, 31, and 37. ¢) Abbreviations for the solvents used

are as follows: E=ethanol, I =isopropanol, W=water, EA =ethyl acetate, M =methanol.

d) Fumaric acid. e) Calced for F: 3.67, Found: 3.38. f) The presence of a

crystallization solvent (ethanol) was shown by 'H-NMR. g) Caled for F: 3.48, Found: 3.24. k) Calcd for F: 2.74, Found: 2.89. i) Oxalic acid. j) Yields of 29, 31,

and 37 are based on 28, 30, and 36, respectively. k) Calcd for F: 2.72, Found: 2.39.

TaBLE II. Effect of 2-Morpholinylbenzamides (4—39) on Gastric
Emptying of Phenol Red Semisolid Meal in Rats

Gastric emptying rate

Compound Control 2.0mg/kg, p.o. o
(mean+ S.EM.) (%) (mean+S.EM) (n) 70 change
4 518+ 1.4 (5) 80.3+2.5 (4) 559
5 51.8+1.4 (5) 79.6+1.7 (4) 549
6 53.34+2.7 (5) 79.942.3 (4) 509
7 517134 (5) 729+ 1.0 (4) 419
8 528428 (5) 67.6+2.2 (4) 289
9 51.2+1.7 (5) 73.6£2.7 (4) 449
10 512%1.7 (5) 59.813.7 (4) 17
11 528128 (5) 62.5+3.7 (4) 18
12 528428 (5) 67.3£2.2 (4) 27
13 51.8%+1.4 (5) 71.614.3 (4) 389
14 50.0+ 1.6 (5) 75.644.7 (4) 519
15 50.0+1.6 (5) 72.1+2.1(4) 449
16 513122 (5) 78.0+2.2 (4) 529
17 5284238 (5) 78.5+2.3 (4) 499
18 5241 1.8 (5) 59.513.1 (4) 14
19 50.7+2.0 (5) 742409 (4) 469
20 52.6+ 1.7 (5) 76.6+2.1 (4) 469
21 49.843.5(5) 73.94+2.1 (4) 489
2 51.7+3.4 (5) 78.813.1 (4) 529
23 533127 (5) 70.8+3.4 (4) 339
24 49.843.5(5) 70.04+4.6 (4) 419
25 51.8% 1.4 (5) 67.113.3 (4) 309
26 5244+1.8 (5) 67.4+3.0 (4) 299
27 49.84+3.5(5) 59.3+394) 19
28 50.742.0 (5) 7294514 449
29 50.0+ 1.6 (5) 76.0+3.1 (4) 529
30 50.7+2.0 (5) 67.314.0 (4) 339
31 52.4+1.8 (5) 60.44+33 4) 15
32 53.0+24 (5) 63.24+3.9 (4) 19
33 50.2+3.4 (5) 68.6+3.2 (4) 379
34 50.2+3.4 (5) 737411 (4) 479
35 52.9+1.0 (5) 68.9+3.9 (4 309
36 50.7+2.0 (5) 69.0+2.4 (4) 369
37 51.8%2.1 (5) 56.3+ 5.4 (4) 9
38 52.512.6 (5) 66.0+3.2 (4) 269
39 52.5+2.6 (5) 71.24+2.3 (4) 369
Cisapride 552419 (5) 81.3+1.2 (5) 479
Metoclopramide 58.9+2.1 (5) 72.3+£3.8 (5) 219
1a 545438 (5) 75.943.6 (4) 399
1b 51.812.1 (5) 83.6+2.4 (4) 619
1c 51.5£3.1 (5) 79.5+3.7 (4) 549

a) Number of rats used. A statistically significant difference from the control
group; b) p<0.05, ¢) p<0.01 (Duncan’s multiple range test).

1) Calcd for F: 2.61, Found: 2.37.

sodium borohydride yielded the 2-(2-hydroxypropoxy)-
benzamide 29 as a diastereomeric mixture. Alkaline
hydrolysis of the ethyl phenoxyacetate 30 gave the
phenoxyacetic acid 31. The phthalimido group of 36 was
converted to an amino group by treatment with hydrazine,
thus giving 37. The physical data for compounds thus
prepared are listed in Table I. The structure of all
compounds (as racemates) was also confirmed by their
proton nuclear magnetic resonance (*H-NMR) spectra.

Biological Results and Discussion Compounds 4—39
were evaluated for their gastrokinetic activity by determin-
ing their effects on the gastric emptying rates of phenol red
semisolid meal through the stomach. The biological data
for these compounds at an oral dose of 2.0 mg/kg in rats
are shown in Table II, which includes, for comparison, data
for 1a, 1b, 4-amino-N-[(4-benzyl-2-morpholinyl)methyl]-
5-chloro-2-ethoxybenzamide (1c),” metoclopramide, and
cisapride.

We previously reported that replacement of the methoxy
group of 1a by an ethoxy group, giving lc, enhanced the
activity.” To learn the effect of variation of the C-2
substituent (OR) on activity, alkoxy groups with three to
ten carbon atoms were introduced. Replacement of the
methoxy group by an n-propoxy (4) or n-butoxy (§) group
caused a remarkable increase in activity; compounds 4 and
5 were the most active in this series, with activities more
potent than cisapride and equipotent to the 2-ethoxy-
benzamide 1c. Further extension of the alkyl chain tended
to reduce the activity. Replacement by the n-pentyloxy
(7) and n-heptyloxy (9) groups gave slightly more active
compounds than the methoxy derivative 1a in the gastric
emptying activity. Of much interest are compounds
10—12, which have an n-alkyl group with ecight to ten
carbon atoms; they are practically comparable or some-
what superior to metoclopramide. An interest in the
influence of a branched alkoxy group on activity led us to
prepare compounds 13—15. Conversion of the n-alkoxy
group of compounds 4, 5, and 7 to isopropoxy, isobutoxy,
and isopentyloxy groups (yielding 13—15, respectively)
had no favorable influence on activity. Overall, variation
of an alkoxy group caused a decrease in activity in the
order n-propoxy (4) =n-butoxy (5) >ethoxy (lc) >isobutoxy
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Tasie III.  Effect of the Selected 2-Morpholinylbenzamides on Gastric Emptying of Phenol Red Semisolid Meal in Rats
Gastric emptying rate®
Compound » )
Control (n?)/ Control (n)/ Control (n)/ o
0.2mg/ke, p.o. (n) 76 change 0.5mg/kg, p.o. () % change 2.0mg/ke, p.o. () 7 change

5 52.2+4.6 (5)/69.3+£3.3 (4) 339 51.0+2.6 (5)/72.94+4.2 (4) 439 51.8+1.4 (5)/79.6 1+ 1.7 (4) 549
6 52.24+4.6 (5)/66.8£6.3 (4) 28 52.2+4.6 (5)/70.54+2.1 (4) 359 53.342.7 (5)/79.9+2.3 (4) 509
22 51.743.0 (6)/66.6 2.8 (4) 299 49.3+3.6 (5)/69.7+3.9 (4) 419 51.74+3.4 (5)/78.84+3.1 (4) 529
1b° 52.54+2.6 (5)/75.44+2.1 (4) 449 49.31+3.6 (5)/72.0+3.4 (4) 469 51.84+2.1 (5)/83.64+2.4 (4) 619

a) Each value represents the mean+S.E.M. b) Number of rats used. A statistically significant difference from the control group; c) p<0.05, d) p<0.01 (Duncan’s

multiple range test). e) The figures shown are the data for the 1b-hydrochloride.

TaBLe 1IV. Effect of the Selected 2-Morpholinylbenzamides on Gastric Emptying of Phenol Red Semisolid Meal in Mice

Gastric emptying rate®

Compound b
Control (n?)/ Control (n)/ R Control (n)/ o
0.5mg/kg, po. () 0 change 1.0mg/kg, p.o. (n) % change 20mg/kg, p.o. (1) % change
5 NT 54.3+2.8 (7)/63.1+2.5 (5) 16 53.1+ 1.4 (7)/83.14+5.0 (5) 569
6 52.8+3.7 (7)/65.6+4.9 (5) 24 53.7+4.6 (7)/70.5+ 3.4 (5) 319 52.8+3.7 (7)/73.4+2.0 (5) 399
2 NT 543428 (7)/59.8+4.3 (5) 10 53.1+4.1 (7)/75.946.5 (5) 439
19 53.1+4.1(7)/76.7+4.1 (5) 449 52.742.1 (7)/72.0+ 1.9 (5) 374 54.3+2.8 (7)/69.5+3.3 (5) 289

a) Each value represents the mean+S.E.M. b) Number of rats used. A statistically significant difference from the control group; ¢) p<0.05, d) p<0.01 (Duncan’s

multiple range test). e) The figures shown are the data for the 1b-hydrochloride.

(14) > cisapride >isopentyloxy (15)=n-heptyloxy (9)=n-
pentyloxy (7)>methoxy (la)>isopropoxy (13)>n-hex-
yloxy (8)=n-decyloxy (12) > metoclopramide > n-nonyloxy
(11) > n-octyloxy (10). )

Replacement of the methoxy group of la by cyclo-
alkyloxy (17—19) and unsaturated alkyloxy (20—22, 24)
groups, in general, resulted in an increase in activity; the
exception was the cyclohexylmethyl derivative (18), which
showed the least activity of this series. Compounds 17 and
19—22 are practically comparable or somewhat superior
to cisapride; compound 22 with a 3-methyl-2-butenyloxy
group is essentially equipotent to 1c.

In a previous paper,® we reported that introduction of
a fluorine atom at the para-position of the benzyl group of
1c (giving 1b) caused an increase in activity. This finding
led us to introduce a fluorine atom into the benzyl group
of compounds 5, 15, and 22 (giving 6, 16, 23, respectively).
As a result, 16 was found to be significantly more active
than the parent compound 15, whereas 6 and 23 exhibited
lower activity than 5 and 22.

To know the influence of diversely functionalized C-2
alkoxy groups on activity, compounds 25—39 were pre-
pared. Introduction of phenyl (25, 26), benzoyl (27, 39),
acetyl (28), hydroxy (29, 33), ethoxycarbonyl (30), carboxyl
(31), (2-methoxy)ethoxy (32), chloro (34), cyano (35),
phthalimido (36), amino (37), and 4-fluorophenoxy (38)
groups into the C-2 position generally had no favorable
influence on activity. Acetyl (28), secondary hydroxy (29),
and chloro (34) groups exceptionally gave the derivatives
with an activity greater than that of la. Compound 29
with a secondary hydroxy group, in particular, had
comparable activity to that of 1c. Although there was, on
the whole, no clear SAR for the C-2 substituent, seven
compounds (4—6, 14, 16, 22, 29) were found to be more
active than cisapride.

The activity for dopamine D, receptor antagonism in

NT, not tested.

TaBLE V. Effect of the Selected 2-Morpholinylbenzamides on Gastric

- Emptying of Resin Pellet Solid Meal in Rats

Control 2.0mg/kg, p.o.
Compound % change
(mean+S.E.M.) (n9) (mean+S.E.M.) (n)
5 27.0+2.7 (5) 8.04+2.5(4) 709
6 27.0+2.7 (5) 434£094) 845
22 27.0+2.7 (5) 1284+1.7 (4) 539
1b 27.0+2.7 (5) 58+2.1(4) 799

a) Number of rats used. b) A statistically significant difference from the control
group; p<0.01 (Duncan’s multiple range test).

vitro was also determined by the [3H]spiperone binding
test as described previously.® None of the 2-morpholinyl-
benzamides prepared ever showed a dopamine D, binding
affinity at the concentration of 107®M, nor did the
analogues 1a—c.

In the light of the potent gastric emptying activity and
the weak acute toxicity in mice,” three compounds (5, 6,
22) were selected for further biological assays including the
gastric emptying activity of phenol red semisolid meal in
rats and mice at different doses. Gastric emptying activity
in rats using resin pellet solid meal was also tested, because
assays with semisolid meal and solid meal have shown a
difference in mechanism.'%!") The results are presented in
Tables III—V, where the activity of 1b is included for
comparison. In the gastric emptying activity of semisolid
meal at oral doses of 0.2, 0.5, and 2.0 mg/kg in rats and of
1.0mg/kg in mice, the three compounds were somewhat
less potent than 1b. In contrast, the gastric emptying
activity of solid meal at an oral dose of 2.0mg/kg of
compound 6 was slightly more potent than that of 1b.
These compounds, on the whole, are essentially equipotent
to 1b.

In conclusion, the modification of the C-2 substituents
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on the benzoyl moieties of 1a and 1b led to many com-
pounds (7 of 36 compounds examined in the present
study) with a better activity than cisapride. Of these, 4-
amino-N-[(4-benzyl-2-morpholinyl)methyl]-2-(r-butoxy)-
5-chlorobenzamide (5), its 4-fluorobenzyl (6), and 3-
methyl-2-butenyloxy analogues (22) were found to possess
a potent gastrokinetic activity and to have no dopamine
D, receptor antagonistic activity. Comparison of detailed
biological properties of these compounds and 1b showed,
however, that none of 5, 6, or 22 has the overall advantage
of 1b previously reported.® Therefore 1b (AS-4370 as its
citrate) was selected as the most promising candidate
as a selective and potent gastrokinetic agent. AS-4370,!2
now under clinical study, has the same mechanism of
gastrokinetic action as does cisapride.

Experimental

Chemistry All melting points were determined on a Yanagimoto
micromelting point apparatus and are uncorrected. Infrared (IR) spectra
were recorded on a Hitachi 260-10 spectrometer with KBr disks and
electron impact mass spectra (EIMS) were recorded on a JEOL JMS
D-300. 'H-NMR spectra were taken at 200MHz with a Varian
Gemini-200 spectrometer. Chemical shifts are expressed as & (ppm)
values with tetramethylsilane as an internal standard, and coupling
constants (J) are given in hertz (Hz). Organic extracts were dried over
anhydrous MgSO,. The solvent was evaporated under reduced pressure.
Merck Kieselgel 60 was used for column chromatography.

The preparation of 4-amino-N-[(4-benzyl-2-morpholinyl)methyl]-5-
chloro-2-hydroxybenzamide (2) was previously reported.”

4-Amino-5-chloro- V-[[4-(4-fluorobenzyl)-2-morpholinyl Jmethyl]-2-hy-
droxybenzamide (3) A solution of ethanethiol (1.9 g, 31 mmol) in DMF
(10ml) was added to a stirred suspension of sodium hydride (60%
dispersion in mineral oil, 1.2g, 0.030mol) in DMF (50ml) under ice-
cooling. After the reaction mixture was stirred at room temperature for
0.5h, 4-amino-5-chloro-2-ethoxy-N-[[4-(4-fluorobenzyl)-2-morpholinyl]-
methyl]benzamide” (1b, 8.4g, 20mmol) was added. The mixture was
heated to reflux for 4h, then cooled, and concentrated to dryness.
The residue was taken up in water and washed with CHCl;. The
aqueous layer was neutralized with 10% HCl and extracted with
AcOEt. The extract was washed successively with water and brine and
evaporated. The crude product was chromatographed on silica gel with
AcOEt to afford 3 as an oil, which was crystallized from toluene to
give 6.4g (82%) of 3, mp 117—119°C; its 'H-NMR spectrum revealed
that the crystal includes toluene as a crystallization solvent. Anal. Caled
for C;oH,;CIFN;0,-1/5CsH;CHj: C, 59.43; H, 5.53; Cl, 8.60; F, 4.61;
N, 10.19. Found: C, 59.11; H, 5.51; Cl, 8.53; F, 4.28; N, 10.11. 'H-NMR
(CDCl,): 1.95 (1H, t, J=10, 3-H,, ), 2.18 (1H, td, J=10, 4, 5-H,, ), 2.35
(0.6H, s, C;H;CHj), 2.56—2.84 (2H, m, 5-H,, and 3-H,,), 3.17—3.38
(1H, m, NCH), 3.47 (2H, s, FC;H,CH,), 3.52—3.83 (3H, m, NCH, 2-H,
6-H,,), 3.83—3.95 (1H, m, 6-H,, ), 4.39 (2H, s, NH,), 6.29 (1H, s, arom
3-H), 6.37 (1H, brt, NHCO), 6.93—7.70, 7.14—7.37 (6H, m, arom H),
12.44 (1H, s, OH). EIMS m/z: 393 (M™*). IR v cm™': 3430, 3340, 3220,
1645, 1580, 1280.

2-Substituted 4-Amino-N-[(4-benzyl-2-morpholinyl)methyl]-5-chlorobenz-
amides and Its 4-Fluorobenzyl Analogues (4—28, 30, 32—36, 38, 39).
A Typical Procedure. 4-Amino-N-[(4-benzyl-2-morpholinyl)methyl]}-2-(n-
butoxy)-5-chlorobenzamide (5) To a stirred solution of 2 (4.0 g, 11 mmol)
in 1N NaOH (32ml) were added tetrabutylammonium bromide (3.4¢g,
11 mmol) and a solution of n-butyl bromide (4.3 g, 31 mmol) in CH,Cl,
(32 ml). The reaction mixture was vigorously stirred at room temperature
for 15h and concentrated to dryness. The residue was dissolved in
AcOEt. The organic layer was washed successively with water and brine
and evaporated. The crude product was chromatographed on silica gel
with CHCl;-MeOH (95:5) to give 4.4g (95%) of 5 as an oil. This oil
was converted to the fumarate in the usual manner. EIMS m/z: 431
(M*). 'H-NMR (DMSO-d,): 095 (3H, t, /=7, OCH,CH,CH,CH,),
1.1—2.3, 2.4—2.9 (8H, m), 3.50 (2H, s, CH,C¢Hs), 3.1—3.8 (5H, m),
4.00 (2H, t, J=7, OCH,CH,CH,CH3;), 5.87 (2H, brs, NH,), 6.64 (1H,
s, arom 3-H), 7.30 (SH, s, CH,C¢HJ), 7.72 (1H, s, arom 6-H), 7.8—8.1
(1H, m, CONH). IR v em™': 3450, 3345, 3310, 3200, 2950, 2860, 1680,
1630, 1520.
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4-Amino-N-[(4-benzyl-2-morpholinyl)methyl]-5-chloro-2-(2-hydroxy-
propoxy)benzamide (29) To a solution of the free base of 28 (1.6g,
3. 7mmol) in MeOH (15ml) was added portionwise NaBH, (0.14g,
3.7mmol) at 5°C. The mixture was stirred at room temperature for 2h
and concentrated to dryness. The residue was dissolved in CHCl;, and
the organic layer was washed successively with water and brine and
evaporated to leave 1.3 g (81%) of 29 as an oil. This oil was converted to
the fumarate in the usual manner. EIMS m/z: 433 (M*). 'H-NMR
(DMSO-dg): 1.20 (3H, d, /=6, OCH,CH(OH)CH,), 1.6—2.3, 2.4—2.9
(4H, m), 3.47 (2H, s, CH,C¢Hj;), 3.1—4.2 (8H, m), 5.87 (2H, brs, NH,),
6.47 (1H, s, arom 3-H), 7.30 (5H, s, CH,C¢Hs), 7.70 (1H, s, arom 6-H),
8.0—38.3 (1H, m, CONH). IR v cm™': 3330, 3200, 1685, 1620, 1535.

4-Amino-N-[(4-benzyl-2-morpholinyl)methyl]-2-[(carboxymethyl)oxy]-
5-chlorobenzamide (31) A solution of 30 (0.7g, 1.5mmol) in a mixture
of EtOH (20ml) and 1N NaOH (4.5ml) was heated to reflux for 1h
and then cooled to 5°C. The reaction mixture was acidified with 10%
HCI and concentrated to dryness. The crude product was recrystallized
from EtOH-H,O (1:1) to give 0.3g (46%) of 31. EIMS m/z: 433
(M*). 'H-NMR (DMSO-dg): 1.7—2.4, 2.4—2.8 (4H, m), 3.50 (2H, s,
CH,CgH;), 3.1—3.9 (6H, m), 4.66 (2H, s, OCH,COOH), 5.90 (2H, brs,
NH,), 6.38 (1H, s, arom 3-H), 7.30 (5H, s, CH,C¢H;), 7.70 (1H, s, arom
6-H), 8.3—8.6 (1IH, m, CONH). IR v cm™!: 3440, 3305, 3200, 2945,
1625, 1500. .

4-Amino-2-(3-aminopropoxy)-/V-[ (4-benzyl-2-morpholinyl)methyl]-5- .
chlorobenzamide (37) A mixture of the free base of 36 (1.2 g, 2.1 mmol),
85% hydrazine monohydrate (0.22 g, 3.7mmol), and EtOH (30 ml) was
heated to reflux for 2h and then cooled to room temperature. The
reaction mixture was diluted with CHCl; (200ml), and the insoluble
materials were removed by filtration. The filtrate was washed successively
with a small amount of water and then brine. The solvent was evaporated
to leave a solid, which was recrystallized from AcOEt to give 0.9 g (97%)
of 37. EIMS mj/z: 432 (M*). 'H-NMR (DMSO-d,): 1.65 (2H, brs,
OCH,CH,CH,NH,), 1.8—2.4, 2.4—3.1, 3.1—3.9 (13H, m), 3.48 (2H, s,
CH,C¢H;), 4.10 (2H, t, J=6, OCH,CH,CH,NH,), 4.35 (2H, brs,
NH,), 6.30 (1H, s, arom 3-H), 7.29 (5H, s, CH,C¢H;), 8.09 (IH, s,
arom 6-H), 8.0—8.3 (1H, m, CONH). IR v cm™!: 3395, 3325, 3200,
2940, 2850, 1620, 1530.

Pharmacology The male mouse of Std-ddY strain (Japan SLC Inc.)
weighing 30—40¢ and the male rat of Wistar strain (Japan SLC Inc.)
weighing 130—150 g were used. The mice and rats were fasted for 18h
before the experiments.

Gastric Emptying of Semisolid Meal A test meal (0.05% phenol red in
1.5% aqueous methylcellulose solution) of 0.2ml per mouse and 1.5ml
per rat was given through a gastric tube. Fifteen minutes later, the
animals were sacrificed. The stomach was removed, and the amount of
phenol red remaining in the stomach was measured according to the
method of Scarpignato et al.'® The test compounds, suspended in
a 0.5% tragacanth solution, were orally administered 60min before
administration of the test meal.

Gastric Emptying of Solid Meal Gastric emptying of solid meal (resin
pellets) was measured according to the method of Jacoby and Brodie.'*
Small resin pellets (Amberlite TRA-93, 1-mm diameter, 40 pellets per
rat) were administered through a polyethylene tube (PE-200) into the
stomach. One hour later, the animals were sacrificed and the number of
pellets remaining in the stomach was counted. The test compounds were
orally administered 30 min before administration of the resin pellets.
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