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On the basis of the previously reported clinical candidate, SSA-426 (1), a series of related 2-piperazin-
1-ylquinoline derivatives 3—16 were synthesized and evaluated as dual-acting serotonin (5-HT) reuptake
inhibitors and 5-HT;s receptor antagonists. In particular, compound 7 exhibits potent functional
activities at both the 5-HT transporter and 5-HT;, receptor, good selectivity over the ay-adrenergic
and dopaminergic receptors, acceptable pharmacokinetic properties, and a favorable in vivo profile.

Introduction

Selective serotonin reuptake inhibitors (SSRIs") have
achieved great success in treating depression and related
psychiatric illnesses. While SSRIs are efficacious in 60—80%
of patients, they require weeks of treatment before efficacy is
observed.! This delay in efficacy is believed to be due to
stimulation of inhibitory 5-HT 5 autoreceptors, and the onset
of antidepressant activity is consistent with a time-dependent
desensitization of these autoreceptors.” The combination of
an SSRI and a 5-HT A receptor antagonist within one mole-
cule could inhibit the 5-HT transporter while simultaneously
antagonizing 5-HT; 5 autoreceptors to prevent feedback in-
hibition of neuronal firing. This dual mechanism of action
would maximize serotonergic function and result in an im-
mediate increase in synaptic levels of 5-HT in forebrain
regions. Over the past decade, both preclinical and clinical
data have positioned SSRI/5-HT 5 receptor antagonism as an
important target for the development of new antidepressant
therapeutics.®* As a result, this approach has been pursued by
many pharmaceutical companies>® and has been the focus of
a major effort in our laboratories.””

(S)-2-((4-(1 H-Indol-3-yl)-5,6-dihydropyridin-1(2 H)-yl)-
methyl)-8-methyl-2,3-dihydro-[1,4]dioxino-[2,3-f]quino-
line (SSA-426, 1, Figure 1),”® Wyeth’s first advanced SSRI/
5-HT, o antagonist, was tested extensively in preclinical animal
models, lending further support to the potential of this approach
for the treatment of depression. In vivo, this compound produced
an immediate and dose-dependent increase in cortical extracel-
lular levels of 5-HT following oral administration. This com-
pound also showed efficacy in several behavioral models that are
predictive of antidepressant-like activity.® To further investigate
the SAR and build chemically diverse series of analogues, we
initiated a study to replace the 3-indolyl tetrahydropyridinyl core
(A region, Figure 1) with other 5-HT transporter pharmaco-

*To whom correspondence should be addressed. Phone: 732-274-
4423. Fax: 732-274-4405. E-mail: zhoud@wyeth.com.

“Abbreviations: SSRIs, selective serotonin reuptake inhibitors; 5-HT,
serotonin; r-5-HT-T, rat serotonin transporter; h-5-HT; s, human 5-
HT, A receptor; CYP450, cytochrome P450.
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phores.’ In one of our initial efforts, we incorporated 6-nitroqui-
pazine'® (2, Figure 1) as the 5-HT transporter moiety. The
resulting compound 3 demonstrated good binding affinity for
both the 5-HT transporter and the 5-HT; 5 receptor. We then
turned our attention to modification of the substitutent at the C6-
position of the quipazine moiety, and of the “linker” (B region,
Figure 1) between the 8-methyl-2,3-dihydro-[1,4]dioxino[2,3-/]
quinolin-2-yl and 2-quinolinyl core. Herein, we report the synth-
esis and in vitro biological evaluation of compounds 3—16, as
well as in vivo characterization of compound 7.

Chemistry

The requisite 2-(piperazin-1-yl)quinolines (2, 22—26, and
30—34) and 2-(homopiperazin-1-yl)quinolines (27—28 and
35) were either commercially available (2, 32—35) or were
readily prepared (22—28 and 30—31) by the method outlined
in Schemes 1—2. The 2-(piperazin-1-yl)- and 2-(homopiper-
azine-1-yl)quinoline intermediates 22—28 were prepared by
nucleophilic aromatic substitution of the corresponding 2-
chloroquinolines 17—20 with the piperazines 21a—c¢ or homo-
piperazine 21d in N, N-dimethylformamide and in the presence
of potassium carbonate at 110—140 °C. The construction of 2-
(piperazin-1-yl)quinoline-6-carbonitrile (30) was achieved in
two steps utilizing a nucleophilic aromatic substitution reac-
tion with piperazine-1-carbaldehyde (29). Subsequent heating
of 2-(4-formylpiperazin-1-yl)quinoline-6-carbonitrile in aqu-
eous sulfuric acid (4.0 M) at 130 °C triggered decarbonylation
to give the piperazine analogue 30. 2-(Piperazin-1-yl)quino-
line-6-carboxamide (31) was obtained from the corresponding
cyano analogue 30 via hydrogen peroxide-catalyzed nucleo-
philic addition of sodium hydroxide (Scheme 2). Finally, the
2-(piperazin-1-yl)- and 2-(homopiperazine-1-yl)quinolines
(2, 22—28, and 30—35) underwent N-alkylation under ther-
mal, basic conditions with (R)-(8-methyl-2,3-dihydro-[1,4]
dioxino[2,3-f]quinolin-2-yl)methyl  4-bromo-benzenesulfo-
nate (36)'! to provide the target compounds 3—16 (Scheme 3).

Results and Discussion

Structure—Activity Relationships. Compounds were eval-
uated in vitro to determine their binding affinities for both
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Downloaded by TATA INST OF FUNDAMENTAL RES on October 11, 2009 | http://pubs.acs.org
Publication Date (Web): July 21, 2009 | doi: 10.1021/jm900374r

4956 Journal of Medicinal Chemistry, 2009, Vol. 52, No. 15

&J@ T

SA-426
-5-HT-T: K= 2.3 nM

h-5-HT-T: ICs; = 145 nM

h-5-HT1A: K; = 3.0 nM

GTPyS™: Imax = 100%:; ICs = 45 nM

8-Nitroguipazine (2)

B

NO, R’

——

o] /@/ o R? N
(NN NN
500 505

4-16

|

Figure 1. Compound Design.
Scheme 1¢
1

Rl R
—_— - R2

N e NTNTY

NH

ITRI=F K(/fn

18: R'= OCF,
19:R'=H 22:R"=F,R?=H,n=1
20: R"=CN 23:R'=0OCF;, R?=H,n=1
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26:R'=CN, R? = (R)}-Me, n =1
27;R'=CN,R?=H,n=2
28:R'=F,R?=H,n=2
“Reagents and conditions: (a) piperazine (21a), or (S)-2-methylpi-
perazine (21b) or (R)-2-methylpiperazine (21c) or 1,4-diazepane (21d),
DMF, 110—140 °C.

the serotonin transporter (r-5-HT-T) and the 5-HT 5 recep-
tor (h-5-HT;4). Compounds were also evaluated for their
h-5-HT, 5 receptor functional activity. Antagonism at the 5-
HT A receptor was determined using a [*°S]-GTPyS binding
assay. WAY-100635 (a 5-HT;5 receptor antagonist) and
fluoxetine (a 5-HT transporter inhibitor) were used as re-
ference standards (Table 1).

Our SAR study began with an evaluation of the 6-nitroqui-
pazine analogue 3. Compared to 1, compound 3 showed a
9-fold increase in binding affinity for the 5-HT transporter
(K; = 0.25 nM) but had weaker affinity for the 5-HTj,
receptor (K; = 20 nM). Encouraged by these results, we
evaluated the effects of other electron-withdrawing substitu-
tents at the C6-position of the 2-(piperazin-1-yl)quinoline ring.

As summarized in Table 1, replacement of the C6-nitro group
on the quipazine moiety with a C6-halogen resulted in substan-
tially decreased binding affinity for the 5-HT transporter but the
binding affinity for the 5-HT 5 receptor was maintained. The
exception was the chloro derivative 5, which showed a 10-fold
decrease in binding affinity for the 5-HT 5 receptor. Interest-
ingly, the C6-cyano and C6-carboxamide analogues (7 and 8)
demonstrated a 3—5 fold increase in 5-HT A receptor binding
affinity compared to the corresponding C6-nitro analogue 3.
Replacement of the C6-nitro group with a trifluoromethoxy
group was found to be less favorable; compound 9 exhibited
reduced binding affinities for both the 5-HT transporter and the
5-HT A receptor. For comparison purposes, the corresponding
C6-unsubstituted analogue 10 was prepared as well. As depicted
in Table 1, compound 10 had only moderate binding affinities
for both the 5-HT transporter and the 5-HT; 5 receptor.

After optimization of the C6-substitution of compound 3,
we turned our attention toward modification of the linker B
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“Reagents and conditions: (a) l-piperazinecarboxaldehyde (29),
DME, 130 °C; (b) H,SOy, 130 °C; (c) NaOH, 30% H,0,, DMSO.

20

region with the goal of further increasing the 5-HT trans-
porter binding affinity while retaining the 5-HT ;o receptor
binding affinity. The first modification examined the effect
of introducing a methyl group to the C3-position of the
piperazine, using the C6-unsubstituted analogue 10 as a
starting point. As summarized in Table 1, within the pair
of diastereomers 11 and 12, the (R)-methyl piperazinyl
analogue 12 exhibited better binding affinity for the 5-
HT A receptor than its corresponding (S)-2-methyl isomer
11 but less affinity for the 5-HT transporter. It was our hope
that minor structural changes, such as introduction of the
Cé6-cyano on the quipazine ring of compound 12, would
afford an increase in binding affinity for the 5-HT transpor-
ter, as suggested by the enhanced binding affinity of the 6-
cyano analogue 7 when compared with C6-unsubstituted
analogue 10. Surprisingly, this goal was not realized: com-
pound 13 demonstrated a 2.7-fold loss in 5-HT transporter
binding affinity when compared to the compound 12.

In the next aspect of the SAR of the linker B region, we
explored the effect of expansion of the piperazine ring to the
homopiperazine. We prepared the C6-unsubstituted analo-
gue 14 first. It is interesting to note that homopiperazine
analogue 14 exhibited nearly equal potencies for both 5-HT
transporter (K; =7.40 nM) and the 5-HT; 5 receptor (K; =
6.79 nM). However, compound 14 showed an increase in 5-
HT, A receptor intrinsic activity (Z,ax = 58%). Introduction
of an electron withdrawing group (fluoro or cyano) at the
Co-position of quipazine ring, exemplified by analogues 15
and 16, provided further improvement in binding affinities at
both 5-HT transporter and 5-HT 5 receptor when compared
to compound 14. However, 5-HT 5 receptor partial agonist
functions were retained in compounds 15 and 16.

At this stage, we further examined a few compounds
selected from Table 1 for their functional activities at
the human 5-HT transporter site by incubating test com-
pounds with a human carcinoma cell line (JAR cells)
previously treated with staurosporine to enhance the endo-
genous expression of the 5-HT transporter.'® Because SSRIs
can show different affinities at the rat versus human trans-
porter,!” determination of functional activity was done to
confirm activity at human 5-HT transporters. Compound 7
proved to be one of the most potent 5-HT transporter
inhibitors (ICso = 57.7 & 14.6 nM vs ICsq = 145 nM for
compound 1 and ICs50=39.4 nM for fluoxetine) in this assay.
Considering that the potency for blocking 5-HT 5 receptoris
similar (ICso = 102.1 £ 19.1 nM), this dual mechanism
compound was tested further in microdialysis and the beha-
vioral model.

Further selectivity profiling of compound 7 across the a,
adrenergic receptor and the dopamine receptors is depicted
in Table 2. Selectivity of compound 7 for the o, adrenergic
receptor was determined by incubating rat cortical mem-
branes with [*H]-prazosin.'® Affinity for the dopamine D,,
D5, and Dy receptors was determined using [*H]-spiperone in
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“Reagents and conditions: (a) (R)-(8-methyl-2,3-dihydro-[1,4]dioxino[2,3-flquinolin-2-yl)methyl 4-bromobenzenesulfonate (36), EtsN or Pr,EtN,

DMSO, 90 °C.

Table 1. 2-Piperazin-1-ylquinoline Derivatives 3—16

R1

Z
GTPS
R! n R? r-5-HT-T K; (nM)” h-5-HT A K; (nM)* Tnax %o ICso (nM)?

fluoxetine 2.7
WAY-100635 0.9

1 2.3440.59 3.02+£0.1 983+ 1.4 56.7+11.7

3 NO, 1 H 0.25 4 0.00 20.0 + 5.2 79.0 + 1.4 294 + 153

4 F 1 H 66.0 £+ 3.5 329+0.5 100 £ 0 2165 + 898

5 Cl 1 H 0.88 4 0.54 214.1 +15.7 62.0+ 1.4 781 + 255

6 Br 1 H 127+ 1.7 17240.5 96.0 + 0.7 156 + 8.9

7 CN 1 H 138+ 1.0 37405 88.6 & 6.11 102.1 +19.7

8 CONH, 1 H 17.0 4+ 0.1 72409 100 £ 0 164.0 £ 10

9 OCF; 1 H 148.5 + 47.4 172.0 + 30.4 85.0+ 1.4 588.0 & 24.0
10 H 1 H 750 £6.2 473+78 100 £ 0 4870 + 2641
1 H 1 (S)-CH; 103449 167.0 + 15.6 76.5 4 19.1 1899 + 1556
12 H 1 (R)-CHj 328 +13.9 55+1.7 85.0+ 1.4 117 4+ 14.0
13 CN 1 (R)-CH; 89.6 =+ 54.3 28+12 92.04+0.2 180 +23.4
14 H 2 H 74+23 6.8 +£0.3 58.0 £2.8 70.0 £ 18.0
15 CN 2 H 1.1+£04 20+0.2 53.0+£ 1.4 58.0 + 6.4
16 F 2 H 3.94+0.1 1.54+0.5 74.0 +0.7 70.0 £ 19.0

“Kjvalues are the mean of at least two experiments performed in triplicate, determined from nine concentrations and all K; values were calculated from

ICso values using the method of Cheng and Prusoff.!? ? Binding affinity at rat cortical 5-HT reuptake sites labeled with [°H]-paroxetine. '

‘Binding

affinity at human 5-HT;  receptors in CHO cells labeled with [*
5-HT A receptor.15 I'ax 1s the maximum percent inhibition.

CHO cells transfected with human D,, D3, and D4 recep-
tors.'? Gratifyingly, compound 7 displayed high selectivities
against o,; adrenergic receptor and dopamine D5, D3, and Dy
receptors. At this point, we have identified a molecule that
met our primary in vitro criteria. We then proceeded to
evaluate this compound in vivo.

Pharmacokinetic Profile. The pharmacokinetic profile of
compound 7 was determined in rats. As summarized in Table 3,
the iv bolus pharmacokinetics of compound 7 exhibited
moderate clearance, volume of distribution and elimination
half-life. Upon oral administration at 3 mg/kg, compound 7
was quickly absorbed, had a moderate terminal half-life, and
good oral bioavailability. However, upon oral dosing at 10 mg/kg,

H]-8-OH-DPAT." “Stimulation of GTPyS* binding in CHO cells expressing the

both the maximum plasma concentration (C,,x) and systemic
exposure (AUC,_..) increased in a less than dose-proportional
manner, suggesting saturation of absorption.

In Vivo Microdialysis. An in vivo microdialysis assay was
used to investigate the effect compound 7 on 5-HT levels in rat
dorsal lateral frontal cortex, a brain region intimately linked to
impairments in cognition and motor function in depressed
patients.” Initially, six dialysate samples were taken prior to
drug injection to demonstrate a steady baseline. At the end of
the sixth baseline sample, animals received an oral administra-
tion of compound 7 (3—30 mg/kg, po) or vehicle (2% Tween 80,
po), and dialysis samples were collected for the following 3 h. As
illustrated in Figure 2, acute administration of compound 7
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Table 2. Binding Affinities at a; Adrenergic and Dopaminergic Recep-

tors
r-a dopaminergic receptors
compd K;(nM)  h-D,K;(nM)  h-D3 K; (nM)  h-D4 K; (nM)
7 1110 1306 1316 1418

Table 3. Pharmacokinetic Profile of 7 in Rats®
rat PK

1 mg/kg (iv)’ 3 mg/kg (oral)® 10 mg/kg (oral)®

Cy (ng/mL) 903
Cinax (ng/mL) 456 + 227 815 + 189
Tax (h) 1.3+0.6 1+0.0
ty2 (h) 4 3.8+03 3.8+£0.6
AUC (h-ng/mL) 1268 2320 + 759 4620 + 1450
CL (mL/h/kg) 13.2
Vs (mL/kg) 2.5
F (%) 61 36

“Results are expressed as mean + SD of n = 3. ® Compound dosed
intravenously in 20/80, DMSO/PEG200; n = 2. “Compound dosed
orally in 2% Tween/0.5% methyl cellulose.

(10—30 mg/kg, po) rapidly and dose-dependently elevated
extracellular levels of 5-HT in the rat frontal cortex, an effect
shown to be similar to acute coadministration of fluoxetine and
WAY-100635.2' This effect was not observed with acute fluox-
etine treatment alone.”’ At 30 mg/kg, maximal elevations in 5-
HT were 71% above baseline. These results indicated that
combining a serotonin reuptake inhibitor and a 5-HT A recep-
tor antagonist component within the compound 7 successfully
limited the negative feedback through blockade of the 5-HT 5
autoreceptor and allowed an immediate increase in synaptic
levels of 5-HT, suggesting rapid onset antidepressant effects.
Resident-Intruder Model. The rat resident-intruder model
described by Mitchell and Redfern® is sensitive to the effects
of antidepressant mechanisms. The acute treatment with a
wide range of antidepressant drugs commonly reduces the
aggressive behavior? of resident rats when confronted with an
unknown conspecific intruder. In the test, resident animals
were separated 3 days prior to each test day and housed
individually with food and water available ad libitum. Thirty
min prior to the social encounter, the resident rats were treated
with either vehicle or compound 7 (3.3, 10.0, and 30 mg/kg,
sc). A drug-free unfamiliar intruder was then introduced into
the resident rats’ home cage and the ensuing social behavior
recorded on to videotape for 10 min.>* As indicated in
Figure 3, compound 7 demonstrated a dose-dependent reduc-
tion in the level of aggressive behavior (IDso=12.5 mg/kg, sc;
F(3,21) = 10.642, p = 0.0004) at doses that had no effect on
total behavior score (IDsq > 30.0 mg/kg, sc; F(3,21)=0.832,
p = 0.4487), consistent with antidepressant-like effects.
Cytochrome P450 (CYP450) Inhibition. The CYP450 activ-
ities of compound 7 in human liver microsomes were also
evaluated. As a result, compound 7 showed virtually no inhibi-
tion of CYP2AG6 or CYP2D6 (tested up to 100 uM concentra-
tion) and only weakly inhibition of CYP2C9 (IC5,=358 uM).
Compound 7 moderately inhibited CYP2C8 and CYP2CI19
with ICsy=29 and 98 uM, respectively. However, compound 7
exhibited potent inhibition of CYP3A4 (ICs5o = 10 uM).

Summary

In this study, we synthesized a class of 2-(piperazin-1-yl)
quinoline analogues 3—16. The goal of creating a single
molecular entity with dual activities as both a 5-HT transpor-
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Figure 3. Effects of 7 in rat resident-intruder.

ter inhibitor and a 5-HT;, receptor antagonist has been
achieved. The identity of the substituent at the C6-position
of quipazine and the piperazine linker in the B region are
clearly important. Compound 7 from this series was chosen
for further profiling in vitro and in vivo. This compound
dose dependently increased synaptic 5-HT levels after acute
oral administration in a way consistent with a more rapid
antidepressant-like effect. It was also active in the model
predictive of antidepressant activity. Thus, compound 7
represents an important advancement in this area.

Experimental Section

General Procedure: Preparation of Compounds 3—16. A solu-
tion of [(2R)—8-methyl-2,3-dihydr0[l,4‘]dioxin0[2,3-f]quinolin-
2-yljmethyl 4-bromobenzenesulfonate'" (36), 2-(1-piperazinyl)
quinoline, and triethylamine (or diisopropylethyl amine) in
dimethyl sulfoxide was heated under nitrogen at 90 °C for
12 h. The reaction was diluted with saturated aqueous sodium
bicarbonate and extracted three times with methylene chloride.
The combined organic layers were washed three times with
water, dried over anhydrous sodium sulfate, filtered, and con-
centrated in vacuo. The residue was purified by chromatogra-
phy on silica gel (1/44/55 methanol/ethyl acetate/hexanes) to
afford the desired product. The material was dissolved in ethyl
acetate and made into its hydrochloride salt using excess ethe-
real hydrochloric acid.

(25)-8-Methyl-2-{[4-(6-nitroquinolin-2-yl)piperazin-1-yl|-
methyl}-2,3-dihydro[1,4]dioxino[2,3-f]quinoline (3). Yield: 48%
of an orange foam. The hydrochloride salt was prepared and
collected as a yellow solid; mp 200 °C (dec). "H NMR (400 MHz,
DMSO‘dG) Anal. (C26H25N5O4'2.75HC1) C, H, N.

(25)-2-{|4-(6-Fluoroquinolin-2-yl)piperazin-1-yljmethyl}-8-
methyl-2,3-dihydro[1,4]dioxino[2,3-f]quinoline (4). Yield: 54%
of a yellow solid; mp 140—141 °C. 'H NMR (400 MHz,
DMSO-C[G) Anal. (C26H25FN402) C, H, N.

(25)-2-{|4-(6-Chloroquinolin-2-yl)piperazin-1-yljmethyl}-8-
methyl-2,3-dihydro|1,4]dioxino|2,3-f]quinoline (5). Yield: 69% of
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a light-yellow oil. The hydrochloride salt was prepared and col-
lected as orange crystals; mp 209—218 °C. '"H NMR (400 MHz,
DMSO'dﬁ) Anal. (C26H25C1N40225H20'4HC1) C, H, N.
(25)-2-{|4-(6-Bromoquinolin-2-yl)piperazin-1-yljmethyl}-8-
methyl-2,3-dihydro[1,4]dioxino|2,3-f]quinoline (6). Yield: 39%
of an off-white solid; mp 153—154 °C. '"H NMR (400 MHz,
DMSO'dﬁ) Anal. (C26H25BI'N402) C, H, N.
2-(4-{1(2S)-8-Methyl-2,3-dihydro|1,4]dioxino[2,3-f|quinolin-
2-yllmethyl}piperazin-1-yl)-quinoline-6-carbonitrile (7). Yield:
72% of a colorless oil. The hydrochloride salt was prepared and
collected as a yellow powder; mp >275°C. "H NMR (400 MHz,
DMSO-dg). Anal. (C57H,5Ns0,-1H,O-2HCI) C, H, N.
2-(4-{|(25)-8-Methyl-2,3-dihydro|1,4]dioxino[2,3-f|quinolin-
2-yllmethyl}piperazin-1-yl)quino-line-6-carboxamide (8). Yield
44% of a colorless oil. The hydrochloride salt was prepared
and collected as a yellow solid; mp 290 °C (dec). "H NMR (400
MHz, DMSO-dy). Anal. (C,7H,;N505-1H,0-2HCI) C, H, N.
(25)-8-Methyl-2-({4-|6-(trifluoromethoxy)quinolin-2-yl|piper-
azin-1-yl}methyl)-2,3-dihydro-[1,4]dioxino|2,3-f |quinoline ).
Yield: 77% of a yellow solid; mp 174—176 °C. "H NMR (400
MHZ, DMSO-dG) Anal. (C27H25F3N403) C, H, N.
(25)-8-Methyl-2-[(4-quinolin-2-ylpiperazin-1-yl)methyl|-2,3-
dihydro[1,4]dioxino[2,3-f |quinoline (10). Yield: 21% of a light-
brown oil. The hydrochloride salt was prepared and collected as
an orange—brown solid; mp 237—243 °C. 'H NMR (400 MHz,
DMSO-dg). Anal. (C,6H26FN4O,-1.25H,0-3HCI) C, H, N.
(25)-8-Methyl-2-{[(2.5)-2-methyl-4-quinolin-2-ylpiperazin-1-
yllmethyl}-2,3-dihydro[1,4]dioxino-[2,3-f]quinoline (11). Yield:
62% of an off-white solid; mp 141—144 °C. '"H NMR (400 MHz,
DMSO—d()) Anal. (C27H28N402'0.2H20) C, H, N.
(25)-8-Methyl-2-{[(2 R)-2-methyl-4-quinolin-2-ylpiperazin-
1-yllmethyl}-2,3-dihydro|1,4]dioxino-[2,3-f]quinoline (12). Yield:
47% of an off-white solid; mp 78—82 °C. '"H NMR (400 MHz,
DMSO'dG) Anal. (C27H28N402'0.3H20) C, H, N.
2-((3R)-3-Methyl-4-{[(2.5)-8-methyl-2,3-dihydro[1,4]dioxino
[2,3-j|quinolin-2-yl]methyl}pipera-zin-1-yl)t}uinoline-6-carboni-
trile (13). Yield: 67% of a light-yellow foam. "H NMR (400 MHz,
DMSO-d(,) Anal. (C23H27N502'0.4H20) C, H, N.
(25)-8-Methyl-2-|(4-quinolin-2-yl-1,4-diazepan-1-yl)meth-
yl]-2,3-dihydro[1,4]dioxino|2,3-f]-quinoline (14). Yield: 37% of a
yellow foam. "H NMR (400 MHz, DMSO-dg). Anal. (C57Hos-
N40,-0.5H,0) C, H, N.
2-(4-{1(2S)-8-Methyl-2,3-dihydro|1,4]dioxino|2,3-f|quinolin-
2-yllmethyl}-1,4-diazepan-1-yl)-quinoline-6-carbonitrile (15). Yield:
2% of an off-white solid; mp 80—85 °C. '"H NMR (400 MHz,
DMSO-ds); HRMS (ES) m/z 466.2237 [M + H]" caled; m/z
466.2232 [M + H] ™" obsd.
(25)-2-{|4-(6-Fluoroquinolin-2-yl)-1,4-diazepan-1-yl|methyl}-
8-methyl-2,3-dihydro|1,4]dioxino-[2,3-flquinoline (16). Yield:
50% of a yellow foam; '"H NMR (400 MHz, DMSO-dg). Anal.
(Cy7H27FN4O,- 1.5H,0-2.5HCI) C, H, N.
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