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dihydro-2(1H)-quinolinone (2), was prepared by the coupling reaction of 1-(4-benzyloxy-2.3-dichlorophenyl)-
piperazine (11) with 7-(4-chlorobutoxy)-3,4-dihydro-2(1H)-quinolinone (1 6). The palladium-catalyzed amination
of contiguous tri- and tetra-substituted benzenes with piperazine derivatives was investigated. The key intermediate
11 was efficiently prepared using the palladium-catalyzed amination of phenyl bromide 15 with piperazine.

© 1998 Elsevier Science Ltd. All rights reserved.

The 2(1H)-quinolinone derivative, 7-[4-[4-(2,3-dichlorophenyl)-1-piperazinyl]butoxy]-3,4-dihydro-2(1H)-
quinolinone (Aripiprazole, 1), a novel antipsychotic agent, was synthesized by Oshiro and co-workers.! It
possesses both the post dopamine (DA) receptor antagonist (D,-antagonist) and DA autoreceptor agonist activity.
In recent studies on the metabolism of 1, one metabolite 2 was isolated from the biological fluids of rat, whose
nuclear magnetic resonance (NMR) and mass (MS) spectral data? indicated the structure of a 4-hydroxy-
phenylpiperazine compound (Figure 1). We have been interested in the synthesis of 2, especially the highly

substituted core, a 1-(2,3-dichloro-4-hydroxyphenyl)piperazine moiety. We initiated the synthesis of 2 in order

to confirm the structure of the main metabolite, to compare its pharmacological activity and to establish the
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Figure 1

In general, substituted phenylpiperazines have been prepared by the reaction of various aniline derivatives with
bis(2-halogenoethyl)amine hydrohalides:k"b or by the nucleophilic substitution of phenyl halides having electron-
withdrawing groups with piperazines. There are some drawbacks to these methods. In the former case, the
ortho and para isomers are often contaminants when preparing the nitro compounds which are the precursors of

the aniline derivatives. The purification of the resulting piperazine derivative is complicated because of poor
yield, and bis(2-bromoethyl)amine uyf‘wfobromidc is very poisonous. In the latter case, it is difficult to introduce
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a piperazine part into the desired position of the benzene ring.

Receady, Buchwald & al. and Hartwig i al. have independenily reporied the palladium-caialyzed amination of
aryl bromides,4* iodides*’X and triflates*!° with primary or secondary amines and anilines.  This new
amination has a broad substrate scope in which electron-rich or electron-poor phenyl halides can be combined
with primary and secondary amines to afford the desired aryl amine products in moderate to excellent yields.
After we attempted the synthesis of phenylpiperazine 11 using the usual procedure, we tried to improve the
synthetic efficiency using the palladium-catalyzed amination (Figure 2). We now here describe the efficient
preparation of 2.
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(1) Classical Phenylpiperazine Synthesis.
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We first constructed the key intermediate 11 using the usual synthetic procedures as illusirated in Scheme 1.
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nenol {3) wiih eihyl chioroformaie in the presence of
sodium hydroxide (NaOH) in water in 98% yield. Nitration of the carbonate 4 with nitric acid (HNO,, d =
1.38) in fuming suifuric acid (free SO; content 60%, 60% oleum) and concentrated sulfuric acid (H,S0y,),
followed by treatment of the mixwre of § and 6 with 1 N NaOH in water, gave the 4-nitrophenol compound 73
and 6-nitrophenol compound 852 in 59% and 27% yield after purification by silica gel column chromatography,
respectively. Benzylation of the 4-nitrophenol 7 with benzyl bromide in the presence of sodium hydride (NaH)
in N,N-dimethylformamide (DMF) afforded the benzyloxyphenyl derivative 9 in 82% yield, which was
hydrogenated with zinc (Zn) in the presence of ammonium chloride (NH,C1) in methanol (MeOH) to give the
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aniline derivative 10 in 86% yield. The desired intermediate phenylpiperazine 11 was prepared by condensation

of the aniline 10 with bis(2-bromoethyl)amine hydrobromide in the presence of potassium hydroxide (KOH) in
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{2) Phenylpiperazine Synthesis by the Palladium-catalyzed Amination.
| » P ‘a..n . | S |4 1 1
Recent papers™* concerning the palladium-catalyzed amination of phenyl halides including wifiates prompted us

to apply this methodology for the development of an effective procedure for the synthesis of phenylpiperazines.
As an application for the synthesis of medical drugs, we investigated the synthesis of contiguous tri-substituted
phenylpiperazines using the palladium-catalyzed amination. In preliminary studies, we attempted the palladium-
catalyzed amination of 1,2,3-trihalogeno-substituted benzenes, 1-halogeno-2,3-dichlorobenzene or 2,3-
dichlorophenyl trifluoromethanesulfonate, with piperazine or N-methylpiperazine as summarized in Table 1.

Table 1 Palladium-catalyzed Aromatic Amination

a ~— a a
s H NY — X:a=Br Y:azH
QZF_S-X_ \—’ H_u NY b=l b = CH-
A\ W 4 N7 N/ 3

B t-BuONa, toluene ¢ = OTf
1a-c refiux, 18 hr 13a, b
Entry X Y Reaction conditions Yield (%)
1 Br H 3 mol% PdCl,[P(o-tol);], 0
2 Br CH, 2 mol% Pd,(dba);, 6 mol% (R)-BINAP 58
3 I CH,4 2 mol% Pd,(dba)s, 6 mol% (R)-BINAP 59
4 Br H 0.2 mol% Pd,(dba);, 0.6 mol% (R)-BINAP 26
5 Br H 1 mol% Pd,(dba)s, 3 mol% (R)-BINAP 58
6 Br H 2 mol% Pd,(dba)s, 6 mol% (R)-BINAP 62"
7 1 H 2 mol% Pdy(dba)s, 6 mol% (R)-BINAP 66
8 OTf  CH, 2 mol% Pd,(dba)s, 6 mol% (R)-BINAP trace
9 OTf CH,4 4 mol% Pd(OAc),, 8 mol% (R)-BINAP 8

* Isolated yield.
** 1,1'-(2-Chloro-1,3-phenylene)bispiperazine (13c) as a byproduct was obtained in 7% yield.
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As far as we know, there is no palladium-catalyzed amination of 1,2,3-trihalogeno-substituted benze
piperazine derivatives. The palladium-catalyzed amination of contiguous halogeno-substituted benzene is the only
reaction of 1-bromo-2-iodobenzene with morpholine.) We considered it difficult that the amination would
proceed with a good yield because of the electron deficiency of the benzene ring of phenyl halides, and
furthermore, the bulkiness of the benzene derivatives. Therefore, a slightly large amount of Pd,(dba); and (R)-
BINAP were used. Although Buchwald’s group® had reported that both racemic and nonracemic BINAP gave
similar results in the amination reaction, we employed the optically active compound which was readily available
and inexpensive. As shown in Table 1, the amination of the 1-halogeno-2,3-dichlorobenzenes with piperazine or

N-methylpiperazine proceeded with moderate yields using the Pd2(dba)3/(R )-BINAP catalyst system (entries 2, 3

and 5 - 7). The use of Pdy(dba) at low catalyst loading (0.2 mol% Pd) gave a low yield (entry 4).  The yield of
- A s Ao tsmasmmmzradd s L0 2211 APS T Y ~1 Linb ~ntnlisat landi;aea 1O DAY famtrr A)
the coupled product was improved to 62% yieid with a reiatively nign La'w.xybi 10aqing (£ moi% raj entry O).
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and ¥). we inus ¢stapiisnea an effective preparauon of i- (.L 3- mCﬂloropnenyl)plperaZme (l.’a) 0 which was

an essential component for the synthesis of the mother compound 1, and considered that the synthesis of 13a
using the palladium-catalyzed amination of commercially available and cheap 2,3-dichlorobromobenzene’ with
piperazine was significant in view of our medicinal needs.

(3) Synthesis of the Metabolite 2.

We next planned to establish the preparation of the key intermediate 11 by the palladium-catalyzed amination of
the highly substituted phenyl bromide with piperazine according to the method already mentioned, as shown in
Scheme 2. We employed 4-bromo-2,3-dichlorophenol (1 4)8 as the starting material, which was converted in a
quantitative yield to 1-benzyloxy-4-bromo-2,3-dichlorobenzene (1 5) by the treatment of benzyl chloride with
potassium carbonate (KyQO3) in DMF.  The palladium-catalyzed amination of a contiguous tetra-substituted
benzene 15 with piperazine gave the desired phenylpiperazine 11 in 94% yield. It was suggested that the
amination regioselectively proceeded with a excellent yield as compared with the results described in Table 1

becance the existance of a bulkv henzvlaxv oroun on the benzene ring disturbed the reaction of the neigl rino
Vwewddow Wiv wAiIoWriivww Wi o m i & ‘U“J El\luy AWEL MW VwilidAvlivw .l.l& NIV Vvl WHiIWw AWl Vi uUlw l~l5llwlll.6
Ahloesda a7 fsaer wmanmtimn AL tha nhanolninaeasinag 11T Goith tha Alhlacids 1 €] niad it e tha
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presence of K,(00; and sodium iodide (Nal) in DMF to give the coupling product 17 in 90% yield.
Deprotection of the benzyl group from the coupling product 17 with concentrated hydrochloric acid (HCI) in
acetic acid (AcOH) afforded the desired compound 2 in 84% yield. The target compound 2 was prepared from
4-bromo-2,3-dichlorophenol (1 4) in 71% overall yield in 4 steps. The structure of the metabolite 2 was identical
with that of the corresponding synthetic compound 2 on the basis of nuclear magnetic resonance (NMR), mass
spectrum (MS) and high performance liquid chromatographic (HPLC) comparisons.2  The activities of the
dopamine receptor antagonist of 2 were found to give similar results.!
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benzenes with piperazine derivatives and established an efficient synthesis of the key intermediate 11. The key
intermediate 11 was converted to 2 by a coupling reaction with the chioride 1 6 followed by deprotection of the
benzyl group. The structure of the metabolite 22 was identical with the synthetic compound 2 based on spectral

comparisons.
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Experimental Section
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Melting points were determined with a Yamato MP-21 apparatus and are uncorrected. Infrared (IR) spectra
were recorded on a Perkin Elmer FI-IR spectrometer Spectrum 1000. Nuclear magnetic resonance (NMR)
spectra were recorded on a Bruker AVANCE DPX 250 spectrometer.  Mass spectra (MS) were obtained on
Finnigan MAT GOQ instruments. Silica gel (Fuji silysia chemical Ltd., BW-127ZH) was used for column
chromatography. Preparative thin layer chromatography (PLC) was carried out on plates (20 x 20 cm, 0.5 mm,
thickness) precoated with silica gel (60F,5,, Merck Art 5744).

Ethyl 2 3. dichloropheny! carbonate {4). Ethyl chloroformate (3.25 £. 30 mimol) was ol Ao
LUlYl 4,2-QICINOTOpPncnys {aroonaiwc (4). cuiyil CioroLoir \2.£0 g, SV iliiti uu was added ulupwmc
&~ ra ~n " 2 ARY _/\TYY /74 AN ~an . AN Féo Y41 n
to a mixture of 3 (4. 89 £, U mmol) ana Naur (1.2U g, 5U mmol) in water {5U mi) at room itemperature. After

the mixture was stirred at room temperature for 1.5 h, the mixture was poured into 10% aqueous NaOH and
extracted with Et,O. The extracts were dried over Na,SO,4 and concentrated to dryness in vacuo. The residue
was recrystallized from hexane to give 4 (6.91 g, 98%) as colorless needles, mp 51 C. 1H-NMR (CDCLy) ¢
1.41 (3H,t, J=17.1 Hz), 436 (2H, q, J=7.1 Hz), 7.10 - 7.30 (2H, m), 7.39 (1H, dd, J=7.1, 2.0 Hz). IR
(KBr) : 2982, 1765, 1456, 1373, 1277, 1239, 1000, 868 cm™l. MS m/z (%) : 263 (29, M*), 208 (13), 190
(12), 164 (62), 162 (100), 133 (10), 126 (23), 73 (26). Anal. Calcd for CgHgCl,O4 @ C, 45.99; H, 3.43.
Found : C, 45.87; H, 3.45.

Nitration of 4. 2,3-Dich nitropheno! (7)° and 2,3-dichloro-6-nitroph

Nitric acid (d = 1.38, 12 ml, 160 mmol) was added dropwise to a mixture of concentrated H,SO,
% oleum (30 mi) at 4 'C and then 4 (18.81 g, 80 mmol) was added to the reaction mixture at 5 - 10
mixture was stirred at 5 C for 2 h, it was poured into ice-water and extracted with EtyO. The extracts were dried
over Na,SO, and concentrated to dryness in vacuo. The residue was added to a mixture of 5 N NaOH (40 ml)
and water (50 ml), and the mixture was stirred at 80 C for 0.5 h. The mixture was cooled to about 4 C, which
was acidified by addition of concentrated HCI (15 ml) and extracted with CH,Cl,. The extracts were dried over
Na,SO, and concentrated to dryness in vacuo. The residue was purified by column chromatography (silica gel;
eluent, CH,Cl,) to give 7 (9.84 g, 59%) as a pale brown powder and 8 (4,50 g, 27%) as a yellow powder. 7;
IH.NMR (CDCl,) &:6.23 (1H, broad s), 7.07 (1H, d, J = 9.5 Hz), 7.89 (1H, d, J = 9.5 Hz). 8; 'H-NMR
, 11.28 (1H, broad s).
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added 60 % NaH (2.16 g, 54 mmol) at4 C. Afier the mixture was stirred at4 ‘C for 20 min, benzyl bromide

(8.62 g 50.4 mmol) was added dropwise. The reaction mixture was stirred at room temperature overnight. The
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mixture was poured into ice-water and extracted with AcOEt - toluene (5 : 1). The extracts were dried over
Na,SO, and evaporated off. The residue was purified by column chromatography (silica gel; eluent, AcOEt :
hexane = 1: 8) to give 9 (11.04 g, 82%) as a pale yellow powder. An analytical sample of 9 was recrystallized
from ACOE! - hexane as pale yellow needles, mp 88 - 89 C. 'H-NMR (CDCly) 6:5.27 (2H, ), 6.96 (1H, d,
J=9.2 Hz), 7.30 - 7.55 (5H, m), 7.85 (1H, d, /= 9.2 Hz). IR (KBr): 1568, 1524, 1454, 1339, 1280, 995,
816, 757 cm’l. MS m/z (%) : 299 (17), 297 (100, M¥), 182 (34), 269 (13), 267 (17), 178 (28), 176 (43), 91

(100). Anal. Caled for C.:HCl,NQO, : C, 52.38; H, 3.04, 4.70. Found :C. 52.53: 2.86: N. 451
LIVUVUJ. Ji7kes. Laivua il \413AL9\JL2L‘\.’5 o s 13, ¥, N, 4./U. round : C, J2.09, , L0000, 1N, .01,
22 Minklnewn A haneolavevanilinna (100 nn anbitinn AFQ (TN &5 o A mmnl) in MaOYH 200 m I\ wace
&y AJICHIUNU-S-DTCIILYIVAYAllIIINNT (1VU/), 1U a SULUHUUIT UL 7 (1U.JJ &, JU IHIULS 11 IVIANJT L \&UV 1) wad
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0 C. Afier the mixture was gently
refiuxed for 1 hr, the insolubie maieriais were removed by fiitration and washed with MeOH. The fiitrate was
concentrated in vacuo. The residue was purified by column chromatography (silica gel; eluent, AcOEt : hexane =
1:4) w0 give 10 (9.01 g, 86%) as a pale yellow powder. An analytical sample of 10 was recrystallized from
Et,O - hexane as pale yellow needles, mp 56 - 57 C. TH-NMR (CDCly) 4 :3.91 (2H, broad s), 5.06 (2H, s),
6.61 (1H, d, J=8.9 Hz), 6.77 (1H, d, J = 8.9 Hz), 7.25 - 7.55 (5H, m). IR (KBr) : 3394, 3293, 1600,
1486, 1454, 1277, 1036, 803, 695 cml. MS m/z (%) : 269 (26), 267 (43, M*), 178 (23), 176 (34), 91 (100),
65 (24).  Anal. Caled for Cy4H,;Q,NO: C, 58.23; H, 4.13; N, 5.22. Found : C, 58.04; H, 3.69; N, 4.92.

1
g-digh!grgphgnv!)p perazine (11). To a mixture of 10 (3.47 g, 18 mmol) and

1-(4-Benzyloxy-2, ny raz
is(2-bromoethyl)amine hydrobromide (4.37 g, 14 mmol) in water (2 ml) was added KOH (85 %, 0.53 g, 8
bis(2-bromoethyl)amine hydrobromide (4.37 g, 14 mmol) in water (2 ml) was added KOH (85 %, 0.53 g, 8
mmol) in water (1 ml) at 90 C in three portions during 90 min. The mixture was stirre 90 C for 3 h. Thc

mixture was poured into 10 % aqueous NaOH (7 ml) and extracted with CH,Cl,. The extracts were dried over
Na,50, and concentrated to dryness in vacuo. The residue was purified by column chromatography (silica gel;
eluent, CH,Cl, : MeOH = 40: 1 — 20 : 1) to give 11 (1.04 g, 22%) as a pale yellow powder. An analytical
sample of 11 was transformed into its hydrochloride salt by the addition of 10 % HCI - MeOH (25 ml) followed
by the concentration to dryness in vacuo. The residue was recrystallized from EtOH as colorless needles, mp
252 -255 C (dec.). 'H-NMR (DMSO-dg) ¢:3.05 - 3.15 (4H, m), 3.15 - 3.25 (4H, m), 5.21 (2H, s), 7.16
(1H, d, J = 9.0 Hz), 7.21 (1H, d, J = 9.0 Hz), 7.25 - 7.50 (5H, m), 9.05 (2H, broad). IR (KBr) : 2930,
2713, 2474, 1590, 1477, 1450, 1294, 1047, 806, 748 cm'l, MS m/z (%) : 336 (40, M*), 249 (10), 247 (65),

245 (100), 209 (10), 91 (15), 83 (11). Anal. Caled for C,-H,Cl,NO,HCI : C, 54.64; H, 5.12; N, 7.50.
LTS AN Jy MU T ANy 12+ 79 -~ l/ 15 Vi) ? 3 H 3 ’
Faund - SA471.- ’7‘ N 747

LTUUIRL oy J™. 7 1,y 12, ckalFy LNy ﬁl’

General procedure for aromatic amination reactions using palladium catalyst.

i-(2,3-Dichiorophenyi)-4-methyipiperazine (1i3b). A mixiure of 3-bromo-1i,2-dichiorobenzene
(12a) (113 mg, 0.5 mmol), N-methylpiperazine (65 mg, 0.65 mmol), +BuONa (67 mg, 0.7 mmol), (R)-BINAP
(9.3 mg, 0.015 mmol) and Pd,(dba); (4.6 mg, 0.005 mmol) in dry toluene (6 ml) was gently refluxed with
stirring under a nitrogen atmosphere for 18 h. The mixture was filtrated by a pad of Celite and the filtrate was
extracted with CH,Cl,. The extracts were dried over Na,SO, and evaporated off. The residue was purified by
thin layer chromatography (silica gel; eluent, CH,Cl, : MeOH = 10 : 1) to give 13b (71 mg, 58%) as a pale
yellow oil. An analyncal sample was 13b was transformed into its hydrochloride salt by the addition of 10 %

s in vacuo. The

(20), 187 (14), 173 (34), 166 (32) 85 (20), 66 (17). Anal. Calcd

N, 9.95. Found:C, 46.86; H, 5.21; N, 9.99.
1-(2,3-Dichlorophenyl)piperazine (13a)32b, 13a (72 mg, 62% as a yellow oil) and 1,17-(2-chloro-

1,3-phenylene)bispiperazine (13c) (10 mg, 7% as a pale yellow oil) as a byproduct were prepared by a

Q_/\

general procedure described previously with 12a (113 mg, 0.5 mmol), piperazine (258 mg, 3 mmol), (R)-
BINAP (9.3 mg, 0.015 mmol), -BuONa (67 mg, 0.7 mmol) and Pd,(dba); (4.6 mg, 0.005 mmol) in dry



S. Morita et al. / Tetrahedron 54 (1998) 4811-4818 4817
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(neat) : 2944, 2823, 1577 1471, 1456, 1244, 1137, 995, 790, 754 cm 1 MS m/
(100), 229 (11), 202 (18), 187 (33), 173 (15), 159 (11), 147 (12), 75 (28).
3-Benzyloxy-4-bromo-1,2-dichlorobenzene (15). A mixture of 14 (7.26 g, 30 mmol), benzyl
chloride (4.94 g, 39 mmol), K500 (5.39 g, 39 mmol) in DMF (65 ml) was stirred at room temperature
overnight. The mixture was poured into ice-water and extracted with AcOEt - toluene (5 : 1). The extracts were
dried over Na;8O, and evaporated off. The residue was purified by column chromatography (silica gel; eluent,
AcOEt : hexane =1 : 15) to give 15 (9.97 g, quantitative yield) as a white powder. An analytical sample of 15

il

was recrystallized from AcOEt - hexane as colorless needles, mp 89 - 91 C. IH-NMR (CDCl3) 4:5.16 (2H,
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,d,J=80Hs. IR
%) : 250 (38, M*), 238

s), 6.78 (1H, d, J = 8.9 Hz), 7.25 - 7.50 (6H, m) IR (KBr) : 1574, 1448, 1384, 1280, 1258, 1075, 1019,
l g nn + N saA oNn rALN
46, 697 MS mi/z (%) : 197 (100, M), 182 (34), 180 (46), 179 (74), 164 (47), 154 (47), 153 (58),
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27 (97), 126 (42), 125 (45). Anal. Caicd for C{3HgCl,BrO : C, 47.03; H, 2.73. Found : C, 47.15; H,
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1-(4-Benzyloxy-2,3-dichlorophenyl)piperazine (11) by the palladium-catalyzed amination.
Compound 11 (2.52 g, 94% as a pale yellow powder) was prepared by a general procedure described previously
with 15 (2.66 g, 8 mmol), piperazine (4.13 g, 48 mmol), +-BuONa (1.08 g, 11.2 mmol), (R)-BINAP (149 mg,
0.24 mmol) and Pd,(dba); (61 mg, 0.064 mmol) in dry toluene (80 ml). An analytical sample of 11 was
transformed into its hydrochloride salt by the addition of 10 % HCI - MeOH (8 ml) followed by the concentration
to dryness invacuo. The residue was recrystallized from EtOH as colorless needles, mp 252 - 255 T (dec.).

7.21 (1H, d J—90Hz),725 750 (5H m),905 (2H broad)
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linone {(17). A mixture of 11 (0.7‘ 1g, 2.‘1 mmotl), 16 (0.51 g, 2 mmol), K,CO;3 (0.28 g, 2 mmol) and N
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(0.45 g, 3 mmol) in DMF (5 ml) was stirred at 100 “C for 2 h. The mixture was concentrated in vacuo and ice-
water (about 50 ml) was added. The precipitated crystals were collected by filtration and purified by column
chromatography (silica gel; eluent, CH,Cl, : MeOH = 30 : 1) to give 17 (1.00 g, 90%) as a white powder.  An
analytical sample was recrystallized from EtOH as colorless needles, mp 143 - 144 C. IH-NMR (CDCly) d':
1.60 - 1.95 (4H, m), 2.49 (2H, t, J = 6.9 Hz), 2.50 -2.80 (4H, m), 2.89 (2H, t,J = 6.9 Hz), 2.90 - 3.20 (4H,
m), 3.96 (2H, t,J = 5.9 Hz), 5.12 (2H, s), 6.36 (1H, dd, J = 8.4, 2.4 Hz), 6.51 (1H, dd, /= 8.4, 2.4 Hz),
7.25 - 7.50 (5H, m), 8.67 (1H, broad s). IR (KBr) : 2942,

1 MS m/z (%) : 553 (19

1 1051, 1028, 968,734 ecm™', Mo m/z :333 (19,
M*), 351 (19) 349 (36) 303 (63), 3 1 (98), 176 (23), 163 (23), 139 (30), 98 (26), 91 (100), 84 (69), 70 (35).
Anai. Caicd for C45H33CI,N305 : C, 64.98; H, 6.00; N, 7.58. Found : C, 65.01; H, 6.00; N, 7.48.
7-[4-[4-(2,3-Dichloro-4- hydroxyphenyl)-l-piperazmyl]butoxyj-5,4-d|hydro-2(iii‘)-quino-
linone hydrochloride (2). A solutionof 17 (0.55 g, 1 mmol) in concentrated HCI (6 ml) and AcOH (6 ml)
was gently refluxed for 3 h and the mixture was evaporated in vacuo . The residue was recrystallized from EtOH
to give 2 (0.42 g, 84%) as a white powder, mp 153 - 155 C. H-NMR ((DMSO-dg) ¢ :1.50 -2.00 (4H, m),
2.40 (2H, t, J=17.5 Hz), 2.77 (2H, t, J =7.5 Hz), 2.95 - 3.50 (10H, m), 3.92 (2H, ¢, J =5.7 Hz), 6.44 (1H,

d, J=2.4Hz), 6.49 (1H, dd, J = 8.2, 2.4 Hz), 6.96 (1H, d, J = 8.9 Hz), 7.04 (1H, d, J = 8.2 Hz), 7.06 (1H,

1177, 1051, 1028, 968, 734
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, 15315, 1495, 1416, 1359, 1297, 1190, 966, 908, 820 cm™. MS m/z (%) : 465 (40), 464 (19), 463 (45,

M*), 429 (19), 428 (17), 427 (40), 303 (13), 261 (65), 259 (100), 163 (13), 98 (22), 84 (50), 70 (60). Anal.
Calcd for C23H27CIZN3O3-HC1 : C, 55.16; H, 5.63; N, 8.39. Found: C, 55.18; H, 5.69; N, 8.32. An
identical sample of 2 was transformed into the hydrochloride salt free 2 by the addition of saturated aqueous
NaHCOj; (10 ml) and extracted with CH,Cl,. The extracts were dried over Na,SO, and concentrated to dryness
in vacuo. The residue was recrystallized from DMF-H,O as a white powder, mp 225 - 226 C (dec). 'H-NMR
(DMSO-dg) S : 1.50 - 1.85 (4H, m), 2.25 - 2.65 (8H, m), 2,70 - 2.95 (6H, m), 3.91 (2H, t, / = 6.1 Hz), 6.35
-6.55 (2H, m), 6.70 - 7.10 (3H, m), 9.98 (1H, s5), 10.23 (1H, s).
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cluent, CH3CN : 20 mM aqueous Na2804 :AcOH = 30:70: 1, detection UV 254 nm). The chromatogram
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