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During the screening of novel platelet-activating factor (PAF) antagonists, we found that 1-(6-methoxy-3,4-
dihydro-2-naphthoyl)-4-(3,4,5-trimethoxybenzyl)piperazine and its 4-(3,4,5-trimethoxybenzoyl)piperazine deriva-
tives (1b, 2b) exerted in vitro and in vivo PAF-antagonistic activities. Modifications of the 1-acyl group, the substitu-
ent at the 4-position and the piperazine ring of 1a and 2b were examined and from this series 1-(2,3-dimethoxy-
6,7-dihydro-5 H-benzocyclohepten-8-ylcarbonyl)-4-(3,4,5-trimethoxybenzoyl)piperazine (2g) was found to be one of

the most potent PAF antagonists.

Keywords PAF antagonist; structure-activity relationship; 1,4-disubstituted piperazine; 1-(6-methoxy-3,4-dihydro-2-

naphthoyl)-4-(3,4,5-trimethoxybenzyl)piperazine;
trimethoxybenzoyl)piperazine

Platelet-activating factor (PAF) is an ether phospholipid
which possesses potent platelet-aggregating, proinflam-
matory, smooth-muscle-contractile and hypotensive ac-
tivities, and appears to be crucial in the pathogenesis of
bronchial asthma and in the lethality of endotoxin shock
and anaphylactic shock.!?) Intensive efforts to find drugs
which attenuate the effects of PAF using a variety of in
vitro screening techniques have resulted in the discovery
of a number of specific PAF antagonists, some of which
are being tested for their clinical effectiveness.> ~® During
the screening of novel PAF antagonists using the assays
for the inhibitory activities against PAF-induced platelet
aggregation of rabbit plasma (in vitro) and PAF-induced
hypotension in conscious rats (in vivo, p.o.), we found
that 1-(6-methoxy-3,4-dihydro-2-naphthoyl)-4-(3,4,5-
trimethoxybenzyl)piperazine and its 4-(3,4,5-trimethoxy-
benzoyl)piperazine derivatives (1b, 2b) exerted in vitro
and in vivo PAF-antagonistic activities, and we have con-
ducted modification studies aiming the improvement of
these activities. Initial modifications of 1b by aromati-
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1-(2,3-dimethoxy-6,7-dihydro-5H-benzocyclohepten-8-ylcarbonyl)-4-(3,4,5-

zation to 3 and saturation to 4, resulted in the re-
duction of in vitro and/or in vivo activities. Therefore,
we successively examined modifications of the ethylene
moiety (-CH,CH,-) in the dihydronaphthalene ring at
the 1 position of the piperazine ring, trimethoxybenzyl
or trimethoxybenzoyl moiety at the 4-position of the
piperazine ring, and the piperazine ring, and evaluat-
ed the activities of the resulting compounds in compari-
son with those of L-6527317 and WEB-2086.% In this
paper, we describe the structure-activity relationships
(SARs) in PAF-antagonistic activities of 1,4-disubstituted
piperazine derivatives and related compounds.

Synthesis .

1-Acyl-4-(3,4,5-trimethoxybenzyl)- and 1-acyl-(3,4,5-
trimethoxybenzoyl)piperazine derivatives (la—k, 2a—Kk)
were synthesized by coupling benzocyloalkenoic acids
(7a—k) with 1-(3,4,5-trimethoxybenzyl)piperazine (8a)®
or 1-(3,4,5-trimethoxybenzoyl)piperazine (8b)” as shown
in Chart 2. Benzocycloalkenoic acids were prepared from
benzocycloalkanones by the following four-step proce-
dure, which is similar to that described by Jacques and
Horeau.!® Methoxycarbonylation- of benzocycloalka-
nones (Sa—Kk) using dimethyl carbonate and sodium
methoxide in methanol provided the a-methoxycarbonyl
derivatives (6a—k, Table V). Sodium borohydride
(NaBH,) reduction of these f-oxo-esters (6a—Xk), sub-
sequent alkaline hydrolysis and finally dehydration in
a solution of dioxane containing concentrated hydro-
chloric acid afforded the desired bezocycloalkenoic acids
(7a—k, Table VI). Conversion of 7a—k into the cor-
responding acid chlorides with thionyl chloride and sub-
sequent condensation with 8a,b (method A) or treat-
ment of 7a—k and 8a,b with diethyl phosphorocyani-
date (DEPC) in N,N-dimethylformamide (DMF) (meth-
od B) gave l-acyl-4-(3,4,5-trimethoxybenzyl)- and 1-acyl-
4-(3,4,5-trimethoxybenzoyl)piperazines (la—k, 2a—Kk).
Similarly, 3 and 4 were prepared by acylation of 8b
with 6-methoxynaphthoic acid and 6-methoxy-1,2,3,4-
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tetrahydro-2-naphthoic acid.

Oxidation of 2k with sodium periodate in aqueous
methanol or with two equivalents of m-chloroperbenzoic
acid (m-CPBA) in methylene chloride gave its sulfoxide
(21) and sulfone (2m) derivatives, respectively (Chart 3).
The physicochemical properties of the compounds thus ob-
tained (1a—m, 2a—m, 3, 4) are summarized in Table
L

Modification of the spacer between the piperazine ring
and the aromatic substituents at the 1- and 4-positions of
1 and 2 was carried out in the g series fixing the
2,3-dimethoxy-6,7-dihydro-5H-benzocyclohepten-2-yl
moiety and the 3,4,5-trimethoxyphenyl ring (Chart 4,
Table II). Amidation of 2,3-dimethoxy-6,7-dihydro-5H-
benzocyclophepten-8-carboxylic acid (7g) with N-(3,4,5-
trimethoxythiobenzoyl) (8¢),'V N-(3,4,5-trimethoxyben-
zenesulfonyl) (8d), N-(3,4,5-trimethoxyphenyl) (8e),** N-
(3,4,5-trimethoxyphenethyl) (8f) and N-(3,4,5-trimethoxy-
phenylacetyl)piperazine (8g) afforded compounds with a
variety of spacers between the piperazine and 3,4,5-
trimethoxyphenyl rings (11—15). 1-(2,3-Dimethoxy-6,7-

dihydro-5H-benzocyclohepten-8-ylcarbonyl)piperazine
(9a) obtained by coupling 7g with 1-formylpiperazine,
followed by selective deformylation in dilute hydrochloric
acid was converted into its thiocarbonyl derivative (9b)
using Lawesson’s reagent.!® Acylation of 9b with 3,4,5-
trimethoxybenzoyl chloride gave the 1-benzocyclohep-
tenethiocarbonyl derivative (16). Mannich reaction of
2,3-dimethoxy-6,7-dihydro-5H-benzocyclohepten-5-one
(5g) with paraformaldehyde and 8a,b gave Mannich
bases (10a,b), which were led to 1-benzocycloheptenyl-
methylpiperazine derivatives (17, 18) by NaBH, reduc-
tion and subsequent dehydration.

The 4-(2,3,4-trimethoxybenzoyl) derivative (19) was
prepared by condensation of 9g with 2,3,4-trimethoxy-
benzoy! chloride. The compounds thus prepared (11—19)
are listed in Table IL.

Replacement of the piperazine ring including the spacer
between the N-heterocyclic ring and the 3,4,5-trimethoxy-
phenyl group was the final structural feature examined.
The required amines, i.e., 4-(3,4,5-trimethoxybenzoyl)-
aminopiperidine 20b, 4-(3,4,5-trimethoxybenzoyl)oxy-
piperidine (20d), 4-(3,4,5-trimethoxyanilino)piperidine
(20e), and 4-(3,4,5-trimethoxyphenoxyl)piperidine (20f),
were synthesized as follows. Acylation of 4-amino-1-
benzylpiperidine or 1-benzyl-4-hydroxypiperidine with
3,4,5-trimethoxybenzoyl chloride and subsequent cat-
alytic reduction using 5% palladium charcoal afforded
20b and 20d, respectively. Reductive amination of 1-
benzyl-4-piperidone with 3,4,5-trimethoxyaniline and
subsequent debenzylation by catalytic reduction gave
20e. Mitsunobu reaction of 1-benzyl-4-hydroxypiperidine
with 3,4,5-trimethoxyphenol and subsequent debenzyla-
tion gave 20f. Know amines, 1-(3,4,5-trimethoxybenzoyl)-
1,2,3,4,5,6-hexahydro-1,4-diazepine (20a),'* 3-(3,4,5-tri-
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TaBLE 1. Physicochemical Data for 1-Acyl-4-(3,4,5-trimethoxybenzoyl)piperazines and 1-Acyl-4-(3,4,5-trimethoxybenzyl)piperazines (1a—m, 2a—

m, 3, 4)
R,
R, X OMe
e
R; #~CO—N  N-Y OMe
s
OMe
Analysis (%)
C‘;:I“pd‘ R, R, R, X n Y Method® Y o0 Formula Caled (Found)
0. (%)
C H N
1a H MeO MeO CH, 0 CH, B 88 240250  C,¢H3,N,04- 60.75 6.67 545
HCI-1/2H,0 (60.85 6.66  5.44)
2a H MeQ MeO CH, 0 Cco A 94 183—185  C,¢H3oN,0, 6471 626 581
(6477 631  5.76)
1b H MeO H CH, | CH, A 60 210—215 C,¢Hj,N,05-HCl 6386 680 5.73
(63.66 6.88  5.62)
2b H MeO H CH, 1 Cco A 83 128—130  C,¢H;oN,04 6694 648  6.00
(67.04 651  6.04)
1c H MeO MeO  CH, 1 CH, A 66 215—220 C,,H,,N,04-HCl 6248 680 540
(6240 6.85 531)
2 H MeO MeO  CH, 1 Cco A 94 183—185  C,,H;,N,0, 6531 650  5.64
(65.50 6.53  5.64)
1d H EtO EtO CH, 1 CH, A 87 204—208 C,oH,sN,0,-HCl 6367 7.19 5.12
(63.54  7.13  5.11)
2d H EtO EtO  CH, 1 Cco A 90 127—129  C,oH;,N,0, 6640 692 534
(66.42 688  5.32)
le H nPrO nPrO CH, 1| CH, A 80 203—207 C;,H,,N,0,-HCl 6474 7.54 483
(6473 761  487)
2e H n-PrO  n-PrO CH, 1 co A 92 124—126  C4,H,N,0, 6737 730  5.07
(67.49 733 5.05)
1f MeO  .MeO MeO CH, | CH, B 72 203—206 C,gH;34N,O,- 60.26 686  5.02
. HCI1/2H,0 (60.27 681  4.90)
2f MeO MeO MeO CH, | Cco A 97 172—173  C,gH,34N,04 6387 651 532
(63.83  6.55  527)
1g H MeO MeO CH, 2 CH, A 74 195203  C,gH36N,04- 6204 707 517
HCI-1/2H,0 (61.78 7.24  5.10)
2g H MeO MeO CH, 2 Cco A 97 164—165  C,3H;,N,0, 6587 671 549
(6587 675  5.44)
1h MeO MeO H CH, 2 CH, B 43 225—229  C,gH34N,O4-HCl  63.09  7.00 526
(6271 707 5.15)
2h MeO MeO H CH, 2 Cco A 92 133—134  C,gHy N,0, = 6587 671 549
(6584 679  5.52)
1i H MeO MeO CH, 3 CH, A 93 200203 C,oH gN,04-HCl 63.67 7.19  5.12
63.67 720  5.03)
2i H MeO MeO CH, 3 Cco A 78 170—171  C,oH;4N,0, 6640 692 534
(66.50 7.00  528)
1j H MeO MeO 0 2 CH, A 61 208—210 C,,H;,N,0,- 59.61 667 5.17
HCl-1/2H,0 (60.00 6.57  5.20)
2j H MeO MeO o 2 Cco A 98 132—134  C,,H;,N,04 6327 629 547
(63.23 639  5.34)
1k H MeO MeO S 2 CH, A 83 187—189  C,,H;3,N,04S" 5790 6.48  5.00
HCI1/2H,0 (5833 644  4.97)
2k H MeO MeO S 2 co A 85 113 C,.H;,N,0.8 6135 610  5.30
(6148 620  524)
21 H MeO MeO SO 2 Cco C 83 138 C,,H;,N,0,8: 58.57 601  5.06
1/2H,0 (58.35 5.87  4.90)
2m H MeO MeO SO, 2 Cco C 83 226—229  C,,H;,N,0,8" 56.04 592  4.84
H,0 (56.34 567 4.78)

MeO
3 CH, B 48 169—173 C,eH;oN,0,-HCl 61.83 659  5.55
(6210 6.52  5.49)

MeO
4 CH, B 67 220225 C,¢H3N,05-HCl 6360 7.18 5.7
\CO\ (6356 720  5.72)

a) Method A: acylation of 8a, 8b with acid chloride. Method B: condensation of acids with 8a, 8b using DEPC. Method C: see experimental section.

methoxybenzoyl)aminopiperidine (20¢),'> and 2-(3,4,5- 7g with various amines (20a—g) gave compounds 21—
trimethoxybenzoyl)aminoethylamine (20g),'® were pre- 26 (Chart 5, Table III).
pared according to the cited methods. Condensation of
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TasLe II.  Physicochemical Data for 1,4-Disubstituted Piperazines (11—19)
MeO MeO
/T N\ /N
MeO X—N N—Y OMe MeO CO—N N—CO OMe
_/
OMe
11—18 19 MeO OMe
Analysis (%)
C"“;f’;““d X Y Yield (%)  mp (°C) Formula Caled ) Found
C H N C H N
11 CO CsS 94 172—173 C,sH3,N,0,S 63.86  6.51 5.32 63.59  6.54 5.31
12 Cco SO, 79 180—181 C,,H3,N,0,8 5933 627 512 59.17 614 517
13 CO — 88 161—162 C,,H;,N,Oq 67.20 7.100  5.80 66.96 7.20 5.59
14 CO (CH,), 96 245250 C,0H3sN,O6-HCl 6367  7.19 5.12 6342 724 5.01
15 CcO COCH, 87 114—115 C,,H;4N,0, 66.40  6.92 5.34 66.25  7.04 5.52
16 CS co 90 204—206  C,gH,,N,0,S 63.86 6.51 532 63.68 652 519
17 CH, CH, 83 155—156  C,4H4gN,O, 69.68 7.94 580 69.78 8.03 570
18 CH, Cco 70 235—240  C,gH,,N,0,-HCI 63.09 7.00 526 6293 701 524
19 — — 87 125—126  C,5H,,N,0, 6587 671 549 6599 675  5.40
TaBLE III.  Physicochemical Data for N-Heterocyclic Ring Derivatives (21—27)
MeO
MeO Co—HetQOMe
OMe
Analysis (%)
Compound Yield o Calcd Found
No. Het (%) mp (°C) Formula -
C H N C H N
21 -N_. NCO- 71 o C,oH 4N,0,  64.19 7.06 5.16 64.29 7.05 4.89
22 —NQNHCO~ 85 198—200  C,,H44N,0, 66.40 6.92 5.34 66.54 6.95 5.29
23 ‘N: ? 83 164—166  C, H34N,0, 66.40 6.92 5.34 66.20 6.95 5.29
NHCO-
24 —NC>—OCO— 87 126—128 C,oH35NOg 66.27 6.71 2.66 66.08 6.60 2.55
25 N NH- 68 118—120  C,gH,N,0,  67.72 7.31 5.64 67.53 7.16 5.42
26 = C>>O— 87 128—129  C,3H;4NO, 67.59 7.09 2.81 67.48 7.21 2.86
27 N SNANHCO- 160173 CLH,N,0, 6444 666 578 6461 668 556

a) Amorphous powder.

Biological Results and Discussion

PAF-antagonistic activities of 1,4-disubstituted piper-
azines and related compounds synthesized in the pres-
ent study were evaluated in terms of inhibitory activities
on PAF-induced rabbit platelet aggregation (in vitro)
and PAF-induced hypotension in rats (in vive).!” The
results are shown in Table IV.

1-Acyl-4-(3,4,5-trimethoxybenzyl)- and 1-acyl-4-(3,4,5-
trimethoxybenzoyl)piperazine derivatives (1la—k, 2a—XK)
showed potent PAF-antagonistic activities. Among mo-
difications of the methylene moiety in the dihydro-
naphthalene ring at the 1-position, the inhibitory potency

increased in the order of 1g, 2g > 1¢, 2¢, 1i, 2i > 1la, 2a.
Transformation of the benzocycloheptene ring (1g, 2g)
into the benzoxepine ring (1j, 2j) and the benzothiepine
ring (1K, 2k) analogues resulted in no significant reduction
in activities. Oxidation of the sulfide group (21, 2m)
reduced both in vitro and in vivo activities. Alkoxy
substituents on the phenyl ring of the l-acyl groups
influenced the biological activities; 6,7-dimethoxy sub-
stituents (le, 2¢) in the dihydronaphthalene series and a
2,3-dimethoxy arrangement (1g, 2g) in the 5,6-dihydro-
5H-benzocycloheptene ring gave optimum activity (Table
IV). Increasing hydrophobicity of the alkoxy group
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OMe
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Chart 4
/\ i
W N-COR HNQ—NHCOR HN by other trans:formanons of th.e. carbonyl group or the
N methylene moiety at the 4-position to give the sulfonyl
NHCOR  (12), ethylene (14) and acetyl (15) compounds, or by
20a 20b 20c¢ deletion of the spacer (13). The 1-(2,3-dimethoxy-5,6-
dihydro-5H-benzocyclohepten-8-yl)methyl derivatives
(17, 18) diminished the activities. The presence of the
HN OCOR HND_NHR HND‘ OR 34 5-trimethoxybenzoyl moiety at the 4 position was
thought to be critical for biological activity because its
20d 20e 20f replacement by a 2,3.4-trimethoxybenzoyl group (19)
markedly reduced both ir vitro and in vivo activities. In
COR OMe this series of 1,4-disubstituted piperazine derivatives,
H2N/\/NH R: —Q—OMe compounds 2g and 2j showed the most potent inhibi-
OMe tion of PAF-induced platelet aggregation and of PAF-
20g induced hypotension in rat (p.o.). Compared with L-
Chart 652731 and WEB-2086, 1,4-disubstituted piperazine de-
ar

(1c—1d, le) enhanced in vitro affinity toward the PAF
receptor, but decreased the inhibitory potency against
PAF-induced hypotension in rats (in vivo). Modifications
of the spacers between the piperazine ring and the aromatic
moieties at the 1- and 4-positions gave compounds 11—
18. The 4-(3,4,5-trimethoxythiobenzoyl) derivatives (11)
showed enhanced activities, and the 1-thiocarbonyl de-
rivative (16) showed comparable activity to 11 in vitro.
PAF-antagonistic activities in vitro, however, were reduced

rivatives showed lower affinities for PAF-receptors, but
more potent activities against PAF-induced hypotension
in vivo. Modification of the piperazine ring (21—27) gave
the following results; the 4-(3,4,5-trimethoxybenzoyl)-
1,2,3,4,5,6-hexahydro-1,4-diazepine (21), as well as the
3-(3,4,5-trimethoxybenzoyl)amino- (23), 4-(3,4,5-trime-
thoxyanilino)- (25) and 4-(3,4,5-trimethoxyphenoxyl)-
piperidine (26) compounds, retained PAF-antagonistic
activities, but, the 4-(3,4,5-trimethoxybenzoyl)amino (22)
and 4-(3,4,5-trimethoxybenzoyl)-oxypiperidine (24), and
the ring-opened compound (27) did not inhibit PAF-
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TaBLE IV. PAF-Antagonistic Activities of 1,4-Disubstituted Piperazine Derivatives and Related Compounds

Vol. 42, No. 3

Inhibitory activities against PAF-induced
platelet aggregation?

Inhibitory activities against PAF-induced hypotension in rats?
(% inhibition)

Cor‘lg’:““d (% inhibition)

’ - Dose (p.o0.)
3x 1077 31076 3x1075m (mg/kg) Ih 2h 4h 6h 8h
1a — 0 34 30 77 58 23 3 _
2a — — 26 30 86 82 74 40 20
1b — 16 100 30 74 56 40 12 s
2b — 80 30 100 100 97 60 =
Ie 3 100 30 77 75 49 30 —
10 49 53 25 10 —
2 — 30 100 30 100 97 88 79 61
10 99 91 70 41 2
1d - 34 100 30 88 95 65 52 26
2 64 100 30 100 100 77 58 55
3 59 30 15 5 3
le — 83 100 30 79 69 60 33 2
2 — 85 100 30 82 81 59 43 34
1f — 10 87 30 75 60 4 — -
o — 9 100 30 89 84 61 — —
1g — 28 100 30 94 97 88 72 41
10 95 83 41 26 13
3 79 66 33 17 3
2 — 64 99 30 100 100 100 100 87
10 100 100 93 89 74
3 78 7 53 24 18
1h — 20 88 30 65 52 21 0 —
%h — _ 7 30 73 57 26 — —
i B 20 100 30 100 100 73 4 31
2 — 23 100 30 100 100 100 91 75
1 — 12 100 30 100 97 70 75 52
% — 45 100 30 97 100 100 95 99
10 100 100 87 82 61
3 74 70 4 33 28
1k — 8 78 30 9% 94 67 49 45
2K 20 100 30 94 o1 78 64 54
21 — — 50 30 7 0 8 _ —
m — — 73 30 7 12 12 — —
3 — 87 30 81 81 64 48 —
4 — — 28 30 47 34 14 — —
1 — 100 100 30 9 100 100 100 96
10 93 99 99 9 85
3 72 69 60 38 27
12 — — 21 30 7 5 — - —
13 — — 3 30 0 10 — — —
14 — — 3 30 2 20 — _ —
15 — — 0 30 0 20 — — —
16 3 56 100 30 2 14 39 2 —
17 — — 18 30 5 7 7 7 —
18 — — 37 30 64 79 71 60 30
19 — 0 30 9 12 - — —
21 — 0 100 30 86 86 7 64 —
2 — — 2 30 6 6 2 — —
23 — 8 97 30 26 4 57 60 54
2 — — 0 30 5 3 3 — —
25 — 16 100 30 61 79 79 73 56
26 — 2 100 30 61 75 88 o1 90
10 30 48 51 50 39
27 — 6 30 10 10 3 - -
1-652731 12 88 99 30 34 63 49 31 —
10 19 23 15 12 —
WEB-2086 81 100 — 30 85 81 59 45 17
10 55 61 33 20 6
3 20 19 16 13 6

a) Percent inhibition of platelet aggregation induced by PAF (3.0-—10 nm).

induced platelet aggregation. These results indicate that
the manifestation of biological activities requires a par-
ticular spatial arrangement between the two aromatic

b) Percent inhibition of hypotension induced by PAF (0.5 ug/kg) in rats.

moieties as well as polyalkoxy substituents and a carbonyl
oxygen at the 1-position of the piperazine ring and that
the piperazine or piperidine ring should provide a dom-
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inant framework, in conformationally restricting the
two aromatic rings. Further modification of the piperazine
ring of 2g will be dealt with in a subsequent paper.'®

Experimental

All melting points were determined on a Yanagimoto micro melting
point apparatus (hot stage type) and are uncorrected. The infrared (IR)
spectra were recorded with a Hitachi 260-01 spectrophotometer. The
proton nuclear magnetic resonance (*H-NMR) spectra were recorded in
the indicated solvents on a Varian EM-390 instrument. Chemical shifts
are reported as d-values relative to tetramethylsilane (TMS) as internal
standard.

Starting Benzocycloalkanones and Related Compounds 5,6-Dime-
thoxy-1-indanone (Sa) and 6-methoxy-3,4-dihydro-1(2H)-naphthale-
none (5b) are commercially available (Aldrich Chemical Company, Inc.).
6,7-Dimethoxy-3,4-dihydro-1(2H)-naphthalenone (5¢),'® 2,3-di-
methoxy- (5g),2% 3,4-dimethoxy-6,7,8,9-tetrahydro-5 H-benzocyclohep-
ten-5-one (Sh),2V and 2,3-dimethoxy-5,6,7,8,9,10-hexahydrobenzocyclo-
octen-5-one (5i)2? were prepared according to the cited methods. Other
materials were synthesized as described below.

6,7-Diethoxy-3,4-dihydro-1(2H)-naphthalenone (5d) A mixture of
6,7-dihydroxy-3,4-dihydro-1(2H)-naphthalenone (5g),%* diethyl sulfate
(13 g), anhydrous K,CO; (13.6 g) and acetone (150 ml) was refluxed with
stirring for 6 h. The reaction mixture was filtered and the filtrate was
concentrated in vacuo. The residue was taken up in H,O and AcOEt,
and the organic layer was separated, washed with H,O, dried over
anhydrous Na,SO, and concentrated in vacuo. The residual oil was
recrystallized from AcOEt-hexane to give 5d (5.9g, 90% yield) as
colorless needles, mp 77—78 °C. IR vKB cm™1: 2930, 1660, 1590, 1500,
1360. '"H-NMR (CDCly) §: 1.41, 1.45 (6H, t, J=7.5Hz, OCH,CHs,),
2.13 (2H, m, C,-H), 2.60 (2H, t, J=6Hz, C,-H), 2.87 (2H, t, /=6 Hz,
C,-H), 4.12, 4.14 (4H, q, J=7.5Hz, OCH,CH,), 6.65 (1H, s, Cg-H),
7.50 (1H, s, C5-H). Anal. Caled for C; H,405: C, 71.77; H, 7.74. Found:
C, 71.91; H, 7.86.

6,7-Dipropoxy-3,4-dihydro-1(2 H)-naphthalenone (5e) Similarly, Se
was prepared by alkylation of 6,7-dihydroxy-3,4-dihydro-1(2H)-naph-
thalenone with 1-iodopropane and anhydrous K,CO; in DMF in 77%
yield. Recrystallization from Et,O-hexane gave colorless needles, mp
63—64°C. Anal. Caled for C,¢H,,05: C, 73.25; H, 8.45. Found: C,
73.32; H, 8.46.

7,8-Dimethoxy-2,3,4,5-tetrahydro-1-benzoxepin-5-one (5j) A mixture
of 3,4-dimethoxyphenol (10g), ethyl 4-bromobutyrate (15.2g), anhy-
drous K,CO; (11.7g) and DMF (40 ml) was stirred at 70°C for 15h.
The reaction mixture was poured into ice-water and extracted with AcOEt.
The organic layer was washed with H,O, dried over anhydrous Na,SO,
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and concentrated in vacuo. A solution of NaOH (6.8 g) in MeOH (30 ml)
and H,0 (60 ml) was added to the residue, and the mixture was stirred
at 60 °C for 40 min, then concentrated to ca. 60 ml in vacuo. The residual
mixture was acidified with 10% HCI (pH 3) and extracted with AcOEt.
The organic layer was washed with water, dried over anhydrous Na,SO,
and concentrated in vacuo. The residue was recrystallized from
AcOEt-hexane to yield 4-(3,4-dimethoxyphenoxy)butyric acid (12.5g;
81% yield) as colorless prisms, mp 90—91°C. A mixture of this acid
(6 g) and polyphosphoric acid (50 g) was agitated at 100 °C for 30 min.
The reaction mixture was poured into ice-water and extracted with
AcOEt. The organic layer was washed with H,O, dried over anhydrous
Na,SO, and evaporated in vacuo. The residue was crystallized from
AcOEt-hexane to yield 5j (4.55g; 82% yield) as colorless prisms, mp
87—88°C. IR vEB:r cm ™ !: 1660, 1600, 1500, 1440, 1370, 1260, 1140, 1060,
1010. 'H-NMR (CDCl,) §: 2.17 (2H, m, C,-H), 2.87 (2H, t, J="7.5Hz,
C4-H), 3.90 (3H, s, OCH,;), 3.92 (3H, s, OCHy;), 4.22 (2H, t, J=7.0 Hz,
C,-H), 6.58 (1H, s, C4-H), 7.30 (1H, s, C4-H). Anal. Caled for C,,H,,0,:
C, 64.85; H, 6.35. Found: C, 64.85; H, 6.38.

7,8-Dimethoxy-2,3,4,5-tetrahydro-1-benzothiepin-5-one (5k) A 2.5M
solution of ethanolic sodium ethoxide (77 ml) was added to a solution
of 3,4-dimethoxythiophenol (28 g) in EtOH (50 ml) and the whole was
refluxed for 10 min. Then y-butyrolactone (18.5g) was added, and the
mixture was refluxed for 3h. The reaction mixture was poured into
ice-water and the mixture was concentrated to ca. 100ml in vacuo. The
resultant mixture was acidified with 1 N HCl and extracted with AcOEt.
The organic layer was washed with H,O, dried over anhydrous Na,SO,
and concentrated in vacuo. The residue was crystallized from AcOEt to
give 4-(3,4-dimethoxythiophenoxy)butyric acid (20.8g) as colorless
prisms, mp 78 °C. The acid was mixed with polyphosphoric acid (183 g)
and the mixture was stirred at 100 °C for 2 h. The reaction mixture was
poured into ice-water (500 ml) and extracted with AcOEt. The organic
layer was washed with H,O, dried over anhydrous Na,SO, and con-
centrated in vacuo. The residue was subjected to column chromatography
on silica gel (hexane: AcOEt=5:1) to give 5k (12.0g; 92% yield) as
colorless prisms (from hexane-CH,Cl,), mp 128—129°C. IR vKBr~
cm™!: 2930, 1660, 1590, 1250. 'H-NMR (CDCl,) 6: 2.00—3.16 (6H, m,
C,14-H), 3.87 (3H, s, OCH;), 3.90 (3H, s, OCH,), 6.87 (1H,
s, Co-H), 7.37 (1H, s, C4-H), Anal. Calcd for C,,H,,0,S: C, 60.48; H,
5.92. Found: C, 60.62; H, 6.00.

Methyl 2,3-Dimethoxy-5-0x0-6,7,8,9-tetrahydro-5 H-benzocyclohep-
tene-6-carboxylate (6g) A mixture of 5g (10g), NaOCH, (11.2g) and
dimethylcarbonate (150 ml) was heated under reflux in a stream of N,
for 8h. After cooling, the reaction mixture was treated with 1N HCl
(210 ml) and extracted with AcOEt. The organic layer was washed with
H,0, dried over anhydrous Na,SO, and concentrated in vacuo. The
crystalline solid obtained was recrystallized from EtOH to give 6g (11.1 g;

TAaBLE V. Physicochemical Data for Methoxycarbonyl-Substituted Benzocycloalkenones (6a—Kk)

R;

R X

: (CH,),

R; CO,Me

(0]
Analysis (%)
Compound Yield o Caled Found
N R, R, R, X n %) mp (°C)  Formula
C H C H

6a H MeO  MeO  CH, 0 86 162—163 C,;3H,,05  62.39 5.64 62.32 5.63
6b H MeO H CH, 1 o
6¢c H MeO MeO CH, 1 B
6d H EtO EtO CH, 1 88 115—116  C;gH,005 6574  6.90 65.74  6.93
6e H n-PrO n-PrO CH, 1 96 116—117 C,gH,,0s 73.25 8.45 73.32 8.56
6f MeO MeO MeO CH, 1 o
6g H MeO  MeO  CH, 2 88 91—92  C,;H,;05 6474  6.52 64.65 658
6h MeO  MeO H CH, 2 82 il sH 0, 6474 6.52 64.38 6.63
6i H MeO MeO CH, 3 85 Oil 2005 65.74 6.90 65.51 7.20
6j H MeO  MeO o 2 78 120121 C,,H,0,  60.00 5.75 59.91 5.71
6k H MeO MeO S 2 80 132—133  C,,H,;(0,S 56.74 5.44 56.51 5.46

a) MM. J. Jacques, A. Horeau, Bull. Soc. Chim. Fr., 1950, 512. b) M. M. Hashem, K. D. Berlin, R. W. Chenut, N. N. Durhan, J. Med. Chem., 19, 229

(1976).

¢) E. A. Mawdsley, K. D. Berlin, R. W. Chenut, N. N. Durhan, J. Med. Chem., 19, 239 (1976).
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88% yield) as colorless needles, mp 91—92 °C. IR v&E: cm ™ 1: 2950, 1740,
1630, 1600, 1570, 1510, 1440, 1360, 1240, 1200, 1130, 1090. 'H-NMR
(CDCl;) 6: 1.8—3.15 (7TH, m), 3.81 (3H, s, OCHj;), 3.91 (3H, s, OCH,),
3.95 (3H, s, OCH,), 6.65—7.5 (2H, m). 4nal. Caled for C,sH,405: C
64.74; H, 6.52. Found: C, 64.65; H, 6.58.

Compounds 6a—k were similarly prepared, and their physicochemical
properties are summarized in Table V.

2,3-Dimethoxy-6,7-dihydro-5 H-benzocycloheptene-8-carboxylic  Acid
(7g) A solution of 6g (82g) in MeOH (500 ml) and CH,Cl, (500 mi)
was treated with NaBH, (10g) in small portions at room temperature
with stirring over a period of 2 h. The reaction mixture was then stirred
for a further 30 min, poured into ice-water and extracted with CH,Cl,.
The organic layer was dried over anhydrous Na,SO, and concentrated
in vacuo. A 10% NaOH solution (350ml) was added dropwise to a
solution of the above residue in MeOH (50ml) and the mixture was
stirred at room temperature for 1 h. After acidification with concentrated
HCI (100ml), the reaction mixture was extracted with AcOEt. The
organic layer was washed with H,O, dried over anhydrous Na,SO, and
concentrated in vacuo. Concentrated HCI (40 ml) was added to a solution
of this residue in dioxane (200 ml) and the mixture was stirred at 90 °C
for 40 min. The reaction mixture was concentrated to ca. 40 ml, then
poured into ice-water and extracted with AcOEt. The organic layer was
washed with H,O, dried over anhydrous Na,SO, and concentrated in
vacuo. The residue was crystallized from AcOEt to yield 7g (54 g; 74%
yield) as colorless prisms, mp 158—159°C. IR vKE' cm ™ !: 3600—2000,
1670, 1600, 1570, 1520, 1450, 1360, 1240, 1120, 1030, 850. 'H-NMR
(CDCly) 6: 1.9—2.95 (6H, m), 3.87 (3H, s, OCH,), 3.90 (3H, s, OCH,),
6.68 (1H, s, Co-H), 6.86 (1H, s), 7.80 (1H, s). Anal. Caled for C,,H,,0,:
C, 67.63; H, 6.50. Found: C, 67.97; H, 6.55.

Compounds 7a—k were similarly prepared, and their physicochemical
properties are listed in Table VI.

1-(2,3-Dimethoxy-6,7-dihydro-5 H-benzocyclohepten-8-ylcarbonyl)-4-
(3,4,5-trimethoxybenzoyl)piperazine (2g) Method A: A mixture of 7g
(0.5g), SOCI, (1ml) and toluene (10ml) was stirred at 100°C for 30
min and then concentrated in vacuo. A solution of the above-obtained
acid chloride in CH,Cl, (8 ml) was added dropwise to a solution of
1-(3,4,5-trimethoxybenzoyl)piperazine 8b (0.62g), Et;N (1.2ml) and
CH,Cl, (10 ml) under ice-cooling. The reaction mixture was stirred at
room temperature for 1h, washed with 1N HCI and subsequently with
aqueous NaHCO;, dried over anhydrous Na,SO, and concentrated in
vacuo. The residue was subjected to column chromatography on silica
gel (AcOEt:acetone: hexane=10:8:5) to yield crude 2g. Recrystal-
lization from AcOEt gave 2g (0.9g, 87%) as colorless prisms, mp
164—165°C. IR vEBr cm™1: 2930, 1630, 1580, 1510, 1460, 1420, 1320,
1230, 1120. 'H-NMR (CDCl,) é: 1.8—2.9 (6H, m), 3.66 (8H, brs,
~CH,-), 3.78 (3H, s, OCH,), 3.83 (12H, s, OCH3,), 6.45 (1H, brs), 6.68
(4H, s). Anal. Calcd for C,gH;,N,0,: C, 65.87; H, 6.71; N, 5.49. Found:
C,65.87; H, 6.75; N, 5.44. Method B: Diethyl phosphorocyanidate (1.0 g)
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was added to a mixture of 7g (1.0 g), 8b (1.25g) and DMF (12ml) with
stirring under ice-cooling. Stirring was continued for 30 min, then Et,N
(1.1g) was added to the mixture. The reaction mixture was stirred at
room temperature for 1h, poured into ice-water and extracted with
AcOEt. The organic layer was washed with H,0, dried over anhydrous
Na,SO, and concentrated in vacuo. The residue was subjected to column
chromatography on silica gel to yield 2g (1.54 g, 75% yield).
Compounds la—k, 2a—k, 3 and 4 were synthesized by a similar
condensation of 8a,b with corresponding carboxylic acids, and their
physicochemical properties are summarized in Table I.
1-(7,8-Dimethoxy-2,3-dihydro-1-benzothiepin-4-ylcarbonyl)-4-(3,4,5-
trimethoxybenzoyl)piperazine S-Oxide (2I) A solution of NalO, (0.96 g)
in H,O (1 ml) was added to a solution of 2k (1.6g) in MeOH (10 ml)
with stirring under ice-cooling. Stirring was continued for 1h, then the
reaction mixture was allowed to stand in a refrigerator for 48 h, poured
into ice-water and extracted with AcOEt. The organic layer was washed
with H,O, dried over anhydrous Na,SO, and concentrated in vacuo.
The residual solid was recrystallized from EtOH-Et,O to afford 21 (1.3 g,
83% yield) as colorless prisms, mp 138°C. IR vKBr ecm~1: 1630, 1590,
1410, 1110, 1050. 'H-NMR (CDCl,) §: 2.73 3.00 (2H, m, SO-CH,-),
3.50—3.96 (8H, m, ~CH,-), 3.87 (12H, brs, OCHj,), 3.96 (3H, s, OCH,),
6.63 (2H, s), 6.53 (1H, s), 6.80 (1H, s), 7.37 (1H, s). Anal. Caled for
C,7H;3,N,048-1/2H,0: C, 58.57; H, 6.01; N, 5.06. Found: C, 58.35; H,
5.87; N, 4.90.
1-(7,8-Dimethoxy-2,3-dihydro-1-benzothiepin-4-ylcarbonyl)-4-(3,4,5-
trimethoxybenzoyl)piperazine S-Dioxide (2m) m-CPBA (1.71g) was
added in small portions to a solution of 2k (1.6g) in CH,Cl, (10ml)
with stirring under ice-cooling. Stirring was continued for 1h, then the
reaction mixture was allowed to stand at —S5°C for [5h. After de-
composition of excess peracid with Na,SO,, the reaction mixture was
poured into ice-water and extracted with CH,Cl,. The organic layer was
washed with aqueous NaHCO,, dried over anhydrous Na,SO, and
concentrated in vacuo. The residual crystals were recrystallized from
EtOH to give 2m (1.4 g, 83%) as colorless prisms, mp 226—229°C. IR
Ve cm ™ 112950, 1630, 1410, 1230, 1125. 'H-NMR (CDCl,) §: 2.90—3.13
(2H, m, SO,CH,CH,-), 3.46—3.86 (10H, m, -CH,-), 3.87 (9H, brs,
OCHj3;), 3.90 (3H, s, OCH3,), 3.97 (3H, s, OCH3;), 6.60 (2H, s), 6.53 (1H,
s), 6.80 (1H, s), 7.57 (1H, s). Anal. Caled for C,,H;,N,0,S-H,0: C,
56.04; H, 5.92; N, 4.84. Found: C, 56.34; H, 5.67; N, 4.78.
1-(3,4,5-Trimethoxybenzenesulfonyl)piperazine (8d) A solution of
3,4,5-trimethoxybenzenesulfonyl chloride®* (4.1 g) in CH,Cl, (5ml) was
added dropwise to a mixture of 1-formylpiperazine (1.5g), Et;N (1.5g)
and CH,Cl, (10ml) with stirring under ice-cooling. Stirring was
continued for 1 h, then the reaction mixture was poured into ice-water
and the whole was extracted with CH,Cl,. The organic layer was washed
with 5% citric acid and then with aqueous NaHCOj, dried over Na,SO,
and concentrated in vacuo. A mixture of the above obtained residue,
conc. HCI (2ml) and dioxane (20 ml) was stirred at 70 °C for 3 h. After

TABLE VI. Physicochemical Data for Benzocycloalkenoic Acids (7a—Kk)
R,
R X<
’ (CHy),
RS Z > coH
Analysis (%)
Compound Yield o . Calcd Found

I\?o. R, R, R, X (%) mp (°C) Formula oun

C H C H
Ta H MeO MeO CH, 0 34 251-252 C,,H,,0, 65.45 5.49 65.19 5.52
b H MeO H CH, 1 o
Tc H MeO MeO CH, 1 b
7d H EtO EtO CH, 1 86 182—184 C, H,30, 68.69 6.92 68.81 6.99
Te H n-PrO n-PrO CH, 1 67 140—141  C,,H,,0, 70.32 7.64 70.50 7.67
7f MeO MeO MeO CH, 1 9
g H MeO MeO CH, 2 74 158—159 C,,H,,0, 67.73 6.50 67.97 6.55
7h MeO MeO H CH, 2 44 208—209 C,,H,(0, 67.73 6.50 67.97 6.49
Ti H MeO MeO CH, 3 79 200—201 1sH1504 68.69 6.92 68.56 6.99
75 H MeO MeO (0] 2 70 209—210 13H 1,05 62.39 5.64 62.15 5.48
7k H MeO MeO S 2 64 192—193 C,;H,,0,S 58.63 5.30 58.55 5.37

a) MM. J. Jacques, A. Horeau, Bull. Soc. Chim. Fr., 1950, 512.

b) H. L. Holmes, L. W. Trevoy, Org. Syn., 26, 28 (1946).

¢) Commercially available.
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condensation and subsequent addition of H,O, the mixture was made
alkaline with 2N NaOH and extracted with CH,Cl,. The organic layer
was worked up.

The residue was crystallized from AcOEt-Et,0 to give 8d (0.93 g, 20%
yield) as colorless prisms, mp 143°C. IR vXBr cm™1: 3400, 1590, 1320,
1160, 1130. '"H-NMR (CDCl,) 6: 2.83—3.17 (8H, m, ~CH,-), 3.89 (9H,
s, OCHj;), 6.93 (2H, s). Anal. Calcd for C,3H,,N,0,S: C, 49.35; H,
6.37, N, 8.85. Found: C, 49.34; H, 6.44; N, 8.93.

1-(3,4,5-Trimethoxyphenethyl)piperazine Dihydrochloride (8f)25 8f
was prepared by LiAlH, reduction of 8g and isolated as the dihy-
drochloride. Colorless needles, mp 210—220 °C (from aqueous EtOH).
Anal. Caled for C;sH,,N,0;-2HCI: C, 50.99; H, 7.42; N, 7.93. Found:
C, 50.73; H, 7.58; N, 7.78.

1-(3,4,5-Trimethoxyphenylacetyl)piperazine Hydrochloride (8g) A
mixture of 3,4,5-trimethoxyphenylacetyl chloride (3 g) in CH,Cl, (10 ml)
was added dropwise to a solution of N-formylpiperazine (1.7 g), Et;N
(2.5ml) and CH,Cl, (30 ml) with stirring under ice-cooling. Stirring was
continued for 2h, then the reaction mixture was poured into ice-water
and extracted withCH,Cl,. The organic layer was washed with H,O,
dried over anhydrous Na,SO, and concentrated in vacuo. A mixture of
the above-obtained residue, 10% HCI (15ml) and MeOH (5ml) was
stirred at 80 °C for 1 h. The reaction mixture was poured into a mixture
of ice-water and AcOEt, mixed and separated. The aqueous layer was
made alkaline with 2N NaOH and extracted with CH,Cl,. The organic
layer was washed with aqueous NaHCOj, dried over anhydrous Na,SO,
and concentrated in vacuo. The residue was dissolved in MeOH (5ml)
and treated with 5 N methanolic HCl to afford a crystalline hydrochloride.
Recrystallization from EtOH-Et,0 gave 8g (2.1 g, 48% yield) as colorless
prisms, mp 153—154°C. Anal. Calcd for C,sH,,N,0,-HCI-1/2H,0:
C, 53.01; H, 7.12; N, 8.26. Found: C, 52.75; H, 7.10; N, 8.11.

1-(2,3-Dimethoxy-6,7-dihydro-5 H-benzocyclohepten-8-ylcarbonyl)-
piperazine (9a) Compound 9a was synthesized in 76% yield according
to a method similar to that described for 8g using the acid chloride of
7g, instead of 3,4,5-trimethoxyphenylacetyl chloride. Recrystallization
from AcOEt afforded colorless needles, mp 137—138°C. IR vKBr cm~1:
3300, 2950, 1620, 1520,1450,1340, 1240, 1130, 1005. 'H-NMR (CDCIl,;)
é: 1.8 (1H, s, NH), 1.9—3.7 (14H, m), 3.80 (3H, s, OCH,;), 3.86 (3H, s,
OCH,;), 6.3—6.7 (3H, m). Anal. Calced for C,gH,,N,0,-1/2H,0: C,
66.44; H, 7.74; N, 8.61. Found: C, 66.49; H, 7.73; N, 8.55.

1-(2,3-Dimethoxy-6,7-dihydro-5 H-benzocycloheptene-8-thiocarbonyl)-
piperazine Hydrochloride (9b) A mixture of 9a (0.8g), Lawesson’s
reagent (0.61 g) and benzene (15ml) was stirred under reflux for 2h.
After cooling, the reaction mixture was filtered. To the filtrate, 10% HCl
and AcOEt were added, vigorously mixed and separated. The aqueous
layer was made alkaline with 10% NaOH and extracted with AcOEt.
The organic layer was washed with H,O, dried over anhydrous Na,SO,
and concentrated in vacuo. The residue was dissolved in EtOH and treated
with ethanolic HCl. The mixture was allowed to stand in a refrigerator
for 2d. The resulting precipitates were collected by filtration and
recrystallized from EtOH to give 9b (0.38 g, 41% yield) as pale yellow
prisms, mp 252—256°C. IR vKBr cm~1: 3320, 2950, 1610, 1520, 1480,
1440, 1320, 1240, 1120, 1000. 'H-NMR (CDCl;) §: 1.9—4.5 (15H, m),
3.80 (3H, s, OCHj3), 3.85 (3H, s, OCH,;), 6.15—6.72 (3H, m). Anal. Caled
for C,4H,,N,0,8-HCI-1/2H,0: C, 57.21; H, 6.93; N, 7.41. Found: C,
57.34; H, 7.04; N, 7.28.

1-(2,3-Dimethoxy-5-0x0-6,7,8,9-tetrahydro-5 H-benzocyclohepten-6-
yimethyl)-4-(3,4,5-trimethoxybenzyl)piperazine Dihydrochloride (10a)
A mixture of 5g (2.0 g), 8a-2HCI (3.25 g), paraformaldehyde (2.0 g) and
EtOH (100ml) was refluxed for 12h. After cooling, the resulting
precipitates were collected, washed with EtOH and recrystallized from
MeOH to give 10a (2.5 g, 46% yield) as colorless needles, mp 185—186 °C.
IR v¥Br cm™1: 2930, 1660, 1590, 1500, 1450, 1350, 1330, 1260, 1230,
1200, 1120, 1010. 'H-NMR (CDCl;) §: 1.30—3.48 (19H, m), 3.78
(3H, s, OCH,;), 3.82 (3H, s, OCH,), 3.88 (6H, s, OCH3;), 3.90 (3H, s,
OCH,), 6.55 (2H, s), 6.70 (1H, s), 7.28 (1H, s). Anal. Caled for
C,sH,N,0, - 2HCI-3/2H,0: C, 56.19; H, 7.24; N, 4.68. Found: C, 56.33;
H, 6.92; N, 4.59.

1-(2,3-Dimethoxy-5-0x0-6,7,8,9-tetrahydro-5 H-benzocyclohepten-6-
yimethyl)-4-(3,4,5-trimethoxybenzoyl)piperazine Hydrochloride (10b)
10b was similarly synthesized in 38% yield by a Mannich reaction of 5g,
8b-HCI and paraformaldehyde as colorless needles from EtOH-AcOEt,
mp 187—189 °C. Anal. Caled for C,gH34N,0,-HCI: C, 61.25; H, 6.79;
N, 5.10. Found: C, 61.02; H, 6.87; N, 5.08.

1-(2,3-Dimethoxy-6,7-dihydro-5 H-benzocyclohepten-8-ylmethyl)-4-
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(3,4,5-trimethoxybenzyl)piperazine (17) A solution of 10a (1.8g) in
MeOH (50 ml) was treated with NaBH, (0.8 g) in small portions at room
temperature with stirring. Stirring was continued for a further 20 min,
then the reaction mixture was poured into ice-water and extracted with
AcOEt. The organic layer was washed with H,O, dried over anhydrous
Na,SO, and concentrated in vacuo. A mixture of the residue obtained
by the above procedure and 2N ethanolic HCl (30 ml) was stirred at
90°C for 30 min. The mixture was concentrated in vacuo. The residue
was poured into ice-water containing Na,COj; (8 g) and extracted with
AcOEt. The organic layer was washed with H,O, dried over anhydrous
Na,SO, and concentrated in vacuo. The residue was recrystallized from
AcOEt to give 17 (1.47 g, 83% yield) as colorless prisms, mp 155—156 °C.
IR vEKBr cm~1: 2940, 2800, 1590, 1450, 1420, 1350, 1240, 1120, 1020.
'H-NMR (CDCl,) é: 1.75—2.8 (6H, m), 2.46 (8H, brs), 2.97 (2H, s,
CH,N), 3.40 (2H, s, NCH,-), 3.80 (3H, s, OCH,), 3.84 (12H, s, OCH,),
6.22—7.69 (5H, m). Anal. Caled for C,3H;35N,04: C, 69.68; H, 7.94; N,
5.80. Found: C, 69.78; H, 8.03; N, 5.70.

Compound 18 was similarly prepared by reduction of 10b and
subsequent dehydration. Condensation of 7g with 8c—g (method A) gave
compounds 11—15. Acylations of 9b and 9a with the corresponding
benzoyl chlorides (method A) gave 16 and 19, respectively. The phy-
sicochemical properties of 11-—19 are shown in Table II.

4-(3,4,5-Trimethoxybenzoyl)aminopiperidine Hydrochloride (20b) A
solution of 3,4,5-trimethoxybenzoyl chloride (1.5g) in CH,Cl, (10ml)
was added dropwise to a mixture of 4-amino-1-benzylpiperidine (1.35g),
Et;N (1.8 g) and CH,Cl, (10 ml) with stirring under ice-cooling. Stirring
was continued for 1 h, then the reaction mixture was poured into ice-water
and extracted with CH,Cl,. The organic layer was washed with H,O,
dried over anhydrous Na,SO, and concentrated in vacuo. A mixture of
the residual crystals (0.7 g), 10% Pd-C (0.3 g) and MeOH (20 ml) was
hydrogenated in a stream of H, under atmospheric pressure for 4h. The
catalyst was filtered off and the filtrate was concentrated in vacuo. The
residual oil was dissolved in EtOH and treated with ethanolic HCI to
give a crystalline hydrochloride, which was recrystallized from
EtOH-Et,0 to yield 20b (0.44 g, 22% yield) as colorless needles, mp
135—140°C. 'H-NMR (CDCl,) §: 1.20—3.30 (10H, m), 3.84 (3H, s,
OCH;), 3.87 (6H, s, OCH3), 6.12 (1H, m, NHCO), 6.98 (2H, s). Anal.
Caled for C;sH,,N,0,-HCI-H,0: C, 51.64; H, 7.22; N, 8.03. Found:
C, 51.42; H, 7.36; N, 7.92.

4-(3,4,5-Trimethoxybenzoyl)oxypiperidine Hydrochloride (20d) 20d
was prepared by benzoylation of 1-benzyl-4-hydroxypiperidine with
3,4,5-trimethoxybenzoyl chloride and subsequent catalytic hydrogena-
tion. Colorless needles, mp 162--164°C (from EtOH-Et,0). IR vXBr
cm™!': 3520, 3350, 1685, 1600, 1510. "H-NMR (CDCl,) é6: 2.10—3.70
(9H, m), 3.90 (9H, s, OCH;),5.25 (1H, m), 7.28 (2H, s), 9.60 (1H, brs).
Anal. Caled for C,sH,,NOs-HCI: C, 54.30; H, 6.68; N, 4.22. Found:
C, 54.06; H, 6.65; N, 4.07.

4-(3,4,5-Trimethoxyanilino)piperidine Hydrochloride (20e) A mix-
ture of NaBH,CN (0.48 g) in EtOH (10 ml) was added dropwise to a
solution of 1-benzyl-4-piperidone (1.0 g), 3,4,5-trimethoxyaniline (0.97 g),
AcOH (0.6 g) and EtOH (15ml) at room temperature with stirring. The
mixture was stirred for 3 h and then poured into ice-water, made alkaline
with 1 N NaOH (5 ml) and extracted with AcOEt. The organic layer was
washed with H,O, dried over anhydrous Na,SO, and concentrated in
vacuo. The residue was subjected to column chromatography on silica
gel (hexane: AcOEt: EtOH=10:10:1). The oily 1-benzyl-4-(3,4,5-
trimethoxyanilino)piperidine thus obtained was dissolved in MeOH
(40 ml). The mixture was hydrogenated in the presence of 10% Pd-C
(0.5g) at room temperature under atmospheric pressure for 4h. The
catalyst was filtered off and the filtrate was concentrated in vacuo. The

 residue was dissolved in EtOH and treated with ethanolic HCl. The

resulting precipitates were collected and recrystallized from EtOH to give
20e (0.8 g, 56% yield) as colorless plates, mp 288—290°C. Anal. Calcd
for C,,H,,N,0;-HClL: C, 55.52; H, 7.66; N, 9.25. Found: C, 55.42; H,
7.79; 9.15.

4-(3,4,5-Trimethoxyphenoxy)piperidine Hydrochloride (20f) A solu-
tion of diethy! azodicarboxylate (0.91 g) in tetrahydrofuran (THF) (5 ml)
was added dropwise to a mixture of 1-benzyl-4-hydroxypiperidine (1.0 g),
3,4,5-trimethoxyphenol (0.96 g), PPh, (1.37 g) and THF (15ml) at room
temperature with stirring. The mixure was stirred for 24 h, then poured
into ice-water and extracted with AcOEt. The organic layer was washed
with H,0, dried over anhydrous Na,SO, and concentrated in vacuo.
The residue was subjected to column chromatography on silica gel
(hexane: AcOEt: EtOH =10: 10: 1) to give 1-benzyl-4-(3,4,5-trimethoxy-
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phenoxy)piperidine as an oil, which was converted into the hydro-
chloride by treatment with ethanolic HCl. A mixture of the hydro-
chloride (0.8g), 10% Pd-C (0.4g) and MeOH (30ml) was hydro-
genated at room temperature under atmospheric pressure for 4h. The
catalyst was filtered off and the filtrate was concentrated in vacuo.
The residue was crystallized from EtOH-Et,O to give 20f (0.5g, 31%
yield) as colorless needles, mp 226—228°C. 'H-NMR (CDCl;) 6:
1.40—3.50 (8H, m), 3.75 (3H, s, OCHj;), 3.80 (6H, s, OCH,), 4.2 (1H,
m), 6.15 (2H, s). Anal. Calcd for C, ,H,,NO,-HCI: C, 55.35; H, 7.30;
N, 4.61. Found: C, 55.16; H, 7.43; N, 4.58.

1-(2,3-Dimethoxy-6,7-dihydro-5 H-benzocyclohepten-8-ylcarbonyl)-4-
(3,4,5-trimethoxybenzoyl)perhydro-1,4-diazepine (21) Condensation of
7g with 20a by a method similar to that described for 2g (method A)
gave 21 in 71% yield as a colorless powder. IR vKBr em™1: 2940, 1630,
1590, 1520, 1470, 1420, 1330, 1240, 1130, 1010. 'H-NMR (CDCl,) é:
1.70—2.95 (8H, m), 3.30—4.05 (8H, m), 3.81 (3H, s, OCH,), 3.85 (12H,
s, OCH,), 6.42 (1H, brs), 6.63 (2H, s), 6.68 (1H, s), 6.70 (1H, s). Anal.
Caled for C,,H;¢N,0,-H,0: C, 64.19; H, 7.06; N, 5.16. Found: C,
64.29; H, 7.05; N, 4.89.

Compounds 21—27 were similarly prepared by condensation of 7g
with 20a—g, and their physicochemical properties are listed in Table III.

Evaluation of Inhibitory Activity against PAF-Induced Platelet Ag-
gregation in Rabbit Platelet-Rich Plasma Experiments were done ac-
cording to the method reported in the literature.!™ In brief, citrated
(final concentration, 0.315%) blood of male New Zealand White rabbits
(3—4 kg) was used. The blood was centrifuged at 3000 x g for 3s and
3000 x g for 10 min to obtain platelet-rich plasma (PRP) and platelet-poor
plasma (PPP), respectively. The platelet density of PRP was adjusted to
400000 cell/ul with PPP. The volume of PRP, PAF antagonists and
aggregation inducers was 250, 25, and 25ul, respectively. Platelet
aggregation was measured using an 8 channel aggregometer (Hematracer
VI, Niko Bioscience, Japan). PAF was dissolved in 0.9% saline containing
0.25% bovine serum albumin (BSA) and PAF antagonists were dissolved
in 0.9% saline. The concentration of PAF was chosen to provide
submaximal aggregation (3.0 to 10 nm).

Effect on PAF-Induced Hypotension in Conscious Rats'” Male
Sprague-Dawley (S-D) (Japan Clea Laboratories, Tokyo; Jcl) rats, 6—
10 weeks old, were used. The rats were anesthetized with sodium
pentobarbital (50 mg/kg, i.p.), and the right femoral artery and left
femoral vein were cannulated for measurement of mean arterial blood
pressure and for injection of PAF, respectively. Experiments were carried
out 20h after surgery. PAF (0.5 ug/kg, i.v.) was injected 20 min before
and 1 to 8h after administration of PAF antagonists (one p.o. dose per
rat). PAF antagonists were given orally in a volume of 10ml/kg. PAF
was injected in a volume of 0.25 ml/kg, and was flushed with 0.25ml of
saline for 25s. During these experiments, rats had free access to food
and tap water.

Acknowledgement The authors are grateful to Drs. S. Terao and A.

Vol. 42, No. 3

Imada for encouragement throughout this work. The authors are also
grateful to Mr. H. Nakagawa for biological testing.

References

1) D.J. Hanahan, Ann. Rev. Biochem., 55, 483 (1986).

2) J.J. Godfroid, P. Braquet, Trends Pharmacol. Sci., 7, 368 (1986).

3) P. Braquet, J. J. Godfroid, Trends Pharmacol. Sci., 7, 397 (1986).

4) P. Braquet, L. Touqui, T. Y. Shen, B. B. Vargaftig, Pharmacol.
Rev., 39, 97 (1987).

5) R.N. Saunders, D. A. Handley, Ann. Rev. Pharmacol. Toxicol., 27,
237 (1987).

6) J. Casals-Stenzel, G. Muacevic, K.-H. Weber, J. Pharmacol. Exp.
Ther., 241, 974 (1987).

7) a) S.-B. Hwang, M.-H. Lam, T. Biftu, T. R. Beattie, T.-Y. Shen,
J. Biol. Chem., 260, 15639 (1985); b) T. Biftu, N. F. Gamble, T.
Doebber, S.-B. Hwang, T.-Y. Shen, J. Snyder, J. P. Springer, R.
Stevenson, J. Med. Chem., 29, 1917 (1986).

8) H. G. Morren, Berg. Patent 560330 (1958) [Chem. Abstr., 53,
16169¢ (1959)].

9) L. Toldy, I. Toth, J. Borsy, Acta. Chim. Acad. Sci. Hung., 49, 265
(1966).

10) M. J. Jacques, A. Horeau, Bull. Soc. Chim. Fr., 1950, 512.

11) C. Farina, M. Pinza, A. Gamba, G. Pifferi, Eur. J. Med.
Chim. Ther., 14, 27 (1979).

12) K.Brewster, D. B. Coult, R. M. Pinder, Chim. Ther.,7,87(1972).

13) B. S. Pederson, S. Scheibye, N. H. Nilson, S.-O. Lawesson, Bull.
Soc. Chim. Berg., 87, 223 (1978).

14) H. Offerman, K. Posselt, Ger. Patent 2360545 (1974) [Chem.
Abstr., 81, 105570 (1974)].

15) T. Irikura, K. Kasuga, J. Med. Chem., 14, 357 (1971).

16) T. Irikura, T. Shiba, Y. Abe, H. Matsukubo, H. Sekiguchi, K.
Tsuru, Japan. Patent J60-149569A (1985) [Chem. Abstr., 104,
129903s (1986)].

17) Z. Terashita, Y. Imura, M. Takatani, S. Tsushima, K. Nishikawa,
J. Pharmacol. Exp. Ther., 242, 263 (1987).

18) H. Fukushi, H. Mabuchi, Y. Imura, Z. Terashita, K. Nishikawa,
H. Sugihara, Chem. Pharm. Bull., 42, 551 (1994).

19) R. D. Haworth, C. R. Mavin, J. Chem. Soc., 1932, 1485.

20) D. Caunt, W. D. Crow, R. D. Haworth, C. A. Vodoz, J. Chem.
Soc., 1950, 1631.

21) K. Itoh, H. Sugihara, A. Miyake, N. Tada, Y. Oka, Chem. Pharm.
Bull. (Tokyo), 26, 504 (1978).

22) R. Legros, P. Cangiant, Compt. Rend., 250, 23 (1972).

23) T.Momose, H. Oya, Y. Ohkura, M. Iwasaki, Pharm. Bull. (Japan),
2, 119 (1954).

24) R. C. Moreau, Y. Adam, U. Tanguy, G. Bourdiau, Chim. Ther.,
7, 466 (1972).

25) J. Iwao, T. Iso, M. Oya, Eur. Patent EP 116368 (1984) [Chem.
Abstr., 102, 24637p (1985)].

NII-Electronic Library Service





