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Tetracyelic py1ido[2.3-blazepine derivatives Ja-d and ' as analoguces of mirtazapine were synthesized via V-
acyliminium ion cyvelization by using aromatic nngs such as benzene and thiophene nng as a 7z-nucleophile,
and evaluated for the binding allinity for ae-adrenoceptor. Anong tested compounds, 2.3.9, [3b-tetrahydro-
L {-benzo[fIpyirolo] 2, [-a]pynido[2.3-¢Jazepine (4a) wax the most potent (A1 = 0.26 4M) but showed about 3-
[0ld less binding allimity than mirtazapine (K1 = 0.08 M) for g--adrenoceplor.
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Introduction

Tetracyvclic azepines are presented as an imporiant class of
heterocyclic skeletons occurring in a number of bioactive
molecules for a varicty of biological targets’ and form. in
particular. (he tetracyclic antidepressants such as mianscrin
(1. Bolvidon™) and minazapine (2. Remeron®): Mirazapine
cnhances noradrenaling (NA) and scrotonin (3-HT) release
by blocking ihe inhibilory presynaptic a--adrenergic aulo-
receplors and stimulating (he 5-HT 4 receptors. ™ Therefore.
many svnthetic cfforts have been dirceted toward synihesis
of tetracyclic azepine derivatives because of (heir unique
structural featurcs and biological activitics.! Recently. we
have also reporled the synthesis of dibenzo[e, flazepine and
benzo[f]thicno[3.2-clazepine derivatives (3) as analogucs of
mianscrin.®

In this work. we wish (o describe the svnthesis and the
binding afMinitics of tctracyvclic pyrido[2.3-Alazcpine deriva-
tives 4 for a~-adrenoceptor as analogucs of minazapine
including (he binding aflinitics data of benzo[blazepine
derivatives 3.
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Figure 1. Representative tetracvelic azepine compounds.

Experimental Scction

Materials and measurements. All compounds used in
the synthesis were of reagent grade and used without further
purilication. and the solvents were freshly distilled by using
standard purification mcthods. 'H NMR spectra were
recorded on a Gemini Varian-300 (300 MHvz) spectrometer.
1C NMR specetra were recorded on a Gemini Varian-300 (75
MH?7) spectrometer. Infrared (IR) spectra were recorded on
Pcrkin Elmer 16-PC FT-IR using a potassium bromide
pellet. Low (EI) resolution mass spectra were determined on
HP GC 5972 and HP MS 3988A system at 70 ¢V, Dibenrzo-
[¢.flazcpines (3a-b) and benzo[f]thicno[3.2-¢lazepines (3¢-
d) werce obtained by the procedure reported in the litcrature

General procedure for the preparation of cyclic imides
(6a-f). To a solution of 3-benyy1-2-aminopyriding (Sa. 2.9 g.
132 mmol) in 30 mL of xyvlenc was added succinic
anhydride (2.3 g. 22.9 mumol). The reaction mixture was
heated at reflux for 5 h with Dean-Stark. After cooling to
room temperaturc. the Dean-Stark was removed and acetyl
chloride (2.7 mL. 30.5 mmol) was added to the mixture. The
reaction mixture was heated again at reflux for 3 h. The
solvent was distilled off undcr reduced pressure and the
residuc was dissolved in 100 mL of EtQAc. The organic
lavers were washed with saturated aqucous NaHCO; solution.
dricd over MgSOs. concentrated. and purificd by flash
column chromatography (EtOAc/n-hexanc = 1 : 3) to alTord
6a (3.1 g. 73%) as a white solid: mp 128-130 °C: MS m/z:
266 (M) IR (KBr) 3018. 1790, 1712. 1578 ¢cm ' "H NMR
(300 MHz. CDCl3) §8.30 (dd. J = 4.7. 1.6 Hz. [H. pyridine
C2-H). 7.63 (dd. J = 7.7. 1.2 Hz. TH. pyridinc C4-H). 7.35-
7.19 (m. 4H. pyridine C3-H. phenyl). 7.06 (d. /= 6.5 Hz.
2H. phenyD). 3.92 (s. 2H. pyridine-CH--Ar). 2.72 (m. 2H.
2 x-N-CO-CH,-). 2.52 (m. 2H. 2 x-N-CO-CHy-): *C NMR
(73 MHyz. CDCLly) §175.7. 148 4. 143.7. 140,53, 138.3. 351,
129.1.127.3.127.2. 125.1. 37.8. 28.9.

Preparation of 6b. The rcaction of Sa (400 mg. 22
mmol) and glutaric anhydride (374 mg. 3.3 minol) afTorded
6b (233 mg. 38%) as a whilc solid according to the pro-
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cedure described above; mp 102-103 °C; MS m/z: 280 (M),
IR (KBr) 3393.2917. 1733, 1686. 1434 cm™: 'H NMR (300
MHz. CDCls) & 848 (d. ./ = 5.0 Hz. 1H. pyridine C2-H).
7.53 (d. ./ = 7.6 Hz, 1H. pyridine C4-H), 7.32-7.23 (m. 53H.
phenvl). 7.11 (d. /= 7.5 Hz, L1H. pyridine C3-H). 3.82 (s, 2H.
pyridine-CH:-Ar). 2.81-2.55 (m. 4H. 2 xO=C-CH.-). 2.12-1.94
(m. 2H. O=C-CH:-CH:-). "*C NMR (75 MHz. CDCl;) &
178.0. 1539, 132.7. 14407, 144.3. 1404, 1347, 1344, 1339,
131.9. 1298, 41.3. 37.5. 224

Preparation of 6¢. Prepared from Sa (1.64 g. 8.9 mmol)
and diglycolic anhvdride (1.56 g, 13.4 munol) as described
above. A vellow oil (1.03 g. 41%): MS m/z: 282 (M'): IR
(KBr) 3425. 2924, 1696, 1581 cm™: '"H NMR (300 MHz.
CDCls) 6 8.52 (d../ = 5.6 Hz. 1H. pyridine C2-H). 7.62 (d. .J
= 7.7 Hz. 1H. pyridine C4-H). 7.37-7.13 (i, SH. phenyl).
7.12 (d.J= 7.0 Hz. 1H. pyridine C3-H). 4+.41 and 4.31 (ABq.
J =16.53 Hz. 2H. pyridine-CH:-Ar). 3.87 (s. 4H. 2 xO=C-
CH:--0-). "*C NMR (75 MHz, CDCls) § 170.0, 156.4, 148.1.
140.1. 139.1. 129.6. 129.1. 128.9. 127.1. 125.5. 67.5. 36.3.

Preparation of 6d. Prepared from 5a (600 mg. 3.3 mmol)
and thiodiglvcolic anhyvdride (737 mg. 4.9 mmol)) as
described above. A brown solid (461 mg. 47%): mp 83-87
°C. MS m/z: 298 (M'): [R (KBr) 3395, 2924, 2388. 1730.
1686 cm™: "H NMR (300 MHz. CDCL3) §8.47 (dd..J = 4.7.
1.7 Hz. 1H. pyndine C2-H). 7.33 (dd. /= 7.7, 1.7 Hz. 1H,
pyvridine C4-H). 7.32-7.23 (m. 3H. phenyl). 7.13 (d. ./ = 7.3
Hz. 1H. pyridine C3-H). 3.83 (s. 4H. 2 xO=C-CH:-S-). 3.67
and 3.48 (ABq. / = 16.7 Hz. 2H. pvridine-CH--Ar). '*C
NMR (75 MHz. CDClz) 8 168.5. 148.3. 148.2. 140.0. 138.2.
1334, 129.7.129.0, 127.2. 125.0. 37.1. 32.7.

Preparation of 6f. Prepared from 5b (2.76 g. 14.5 mmol)
and glutaric anhyvdride (2.48 g 21.8 mmol) as described
above. A vellow oil (2.90 g. 70%): MS m/z: 286 (M"): IR
(KBr) 3403, 2926, 1734. 1686, 1381 cm™: '"H NMR (300
MHz. CDCls) §8.50 (dd. .7 = 4.8. 1.7 Hz, 1H, pyridine C3-
H). 7.71 (d. 7 = 6.5 Hz. 1H. pyridine C4-H). 7.39 (dd. J =
7.7. 4.9 Hz, 1H. pyridine C3-H). 7.18 (d. ./ = 4.1l Hz. 1H.
thienyl C3-H). 6.94 (dd. J = 3.1. 3.5 Hz. 1H. thienvl C4-H).
6.76 (d../= 3.3 Hz. 1H. thienyl C5-H). 4.0l (s. 2H. pyridine-
CH--Ar). 2.83-2.70 (m. 4H. 2 xO=C-CH:-). 2.15-1.95 (m.
2H. O=C-CH.-CH~-CH--).

General procedure for the preparation of hydroxyl-
actams (7a-c¢). To a stirred solution of 6a (3.1 g. 11.4 mmol)
in 40 mL of THF was added DIBAL-H (IM in THF
solution. 22.9 mL. 22.9 mmol) dropwise at -78 “C and the
reaction mixture was allowed to warm to 0 °"C. After
quenching with agueous NH,Cl solution. the reaction
mixture was filtered through a pad of Celite 545 and the
filtrate was extracted with EtOAc. The combined extract was
dried over MgSO,. concentrated and purified with column
chromatography (EtOAc/n-hexane = 3 : 1) to afford 7a (2.15
2. 68%) as a pale vellow oil: IR (KBr) 3376. 2928. 1704.
1578. 1438 cm™: "H NMR (300 MHz. CDCly) §8.22(d.J =
4.8 Hz. IH. pyridine C2-H). 7.55 (d. ./ = 7.6 Hz. 1H.
pyridine C4-H). 7.24-7.14 (m. 4H. pyridine C2-H. phenyl).
7.01 (d..J= 7.6 Hz. 2H. phenyl). 5.26 and 3.95 (ABqg. J =
16.3 Hz. 2H. pyvrdine-CH~Ar). 2.70 (m. lH. O=C-CH--

Jae Yeol Lee et al.

CH.-). 2.29 (m. 1H. O=C-CH:-CHy-). 1.87 (. 1H. -CH.-
CH:-CH-OH). 1.70 (m. 1H, -CHy-CH=-CH-OH): “C NMR
(75 MHz. CDCl3) §174.0. 1531.0. 146.2. 143.9. 140.6. 139.6.
133.3.128.7.126.7. 122.8. 85.6. 38.2. 29.6. 27 4.

Preparation of 7b and 8b. Prepared from 6b (197 mg. 0.7
mmol) as described above: 7b (29 mg. 15%) as a vellow
solid: mp 94-95 °C: IR (KBr) 3333, 2947, 2366. 1624 cm™":
'H NMR (300 MHz. CDCl3) §8.23 (dd../= 4.8. 1.6 Hz. 1H.
pyridine C2-H). 7.51 (dd. /= 7.6. 1.0 Hz. 1H. pyridine C4-
H). 7.24-7.10 (m. 3H. phenyl). 6.94 (d. .7 = 7.0 Hz. IH.
pyridine C3-H). 4.77 (t..J= 2.6 Hz. 1H, -N-CH(OH)-CH:-)
3.90 and 3.79 (ABq. J = 16.2 Hz. 2H. pyrdine-CH:-Ar).
246 (dd. 7= 11.3. 1.4 Hz, 1H, O=C-CHa-). 2.27-2.21 (m.
2H. O=C-CH:-CH:-). 1.72 (dd. ./ = 12.2. 2.0 Hz. 1H. O=C-
CHu-). 1.57 (m. 1H. -N-CH(OH)-CH,-). 1.01 (m. 1H. -N-
CH(OH)-CH,-): “C NMR (75 MHz. CDCl5) §171.0. 155.1,
1464, 140.6. 140.0, 134.2. 129.0, 128.8. 126.9. 123.3,82.2,
38.6. 33.1. 28.5. 16.6. 8b (over-reduced product. 59 mg.
30%) as a vellow solid: mp 104 °C: [R (KBr) 3334. 3186.
2937.1722. 1656 cm™': 'H NMR (300 MHz, CDCl5) § 8.18
(d..7=3.3 Hz. 1H. pyridine C2-H). 746 (d../ = 7.5 Hz. 1H.
pyridine C4-H). 7.28-7.21 (m. 5H. phenyl). 7.10 {t../ = 3.8
Hz. 1H, pyridine C3-H), 4.00 (s, 2H. pyridine-CH:-Ar), 3.58
(t. /= 6.2 Hz. 2H. -NH-CO-CH:-) 2.41 (t../ = 7.2 Hz. 2H.
HO-CH:-CH:-). 1.80-1.70 (m. 2H. HO-CH:-CH>-). 1.61-
1.54 (m. 2H. O=C-CH:-CH:-): "*C NMR (75 MHz. CDCl3)
§ 1734, 1498, 146.2, 140.2 139.3. 129.5. 129.0. 126.9.
1223, 62.2. 37.9. 36.3, 32.336. 22.041 397. 174.0, 151.0,
146.2. 145.9. 140.6, 139.6. 133.3. 128.7. 126.7. 122.8. 85.6.
38.2.29.6.27 4.

Preparation of 7¢ and 8c. Prepared from 6¢ (1.05 g. 3.7
mmol) as described above: 7c¢ (211 mg. 20%) as a white
solid: mp 129-131 °C: IR (KBr) 3274. 2972, 1654, 1572 cm™":
'H NMR (300 MHz. CDCls) § 8.36 (d. ./ = 40 Hz. IH.
pyridine C2-H). 7.68 (d. ./ = 5.9 Hz. LH. pyridine C4-H).
7.31-7.20 (m. 5H. phenyl). 7.02 (s, LH. pyvridine C3-H). 5.96
(s. LH. -N-CH(OH)-CH>-) 4.31 (d. .7 = 16.4 Hz, IH. O=C-
CH.-O-). +.13-3.91 (m. 3H. O=C-CH;-O-. -N-CH(OH)-
CH--). 3.76 and 2.86 (ABq..7= 11.9 Hz. 2H, pyvridine-CH:-
An: "C NMR (75 MHz, CDCly) & 1685, 1466, 1411

397, 134,10 129.0. 128.0. 127.1. 123.7, 103.3, 80.0. 679,
67.4. 31.1. 8¢ (over-reduced product, 140 mg. 13%) as a
brown oil: [R (KBr) 3385, 2960. 2368. 1748, 1700, 1584
cm™; 'H NMR (300 MHz. CDCly) & 881 (br. 1H. -NH).
8.37 (d..7= 4.7 Hz. 1H, pyridine C2-H). 748 (d../=7.7Hz.
LH. pyridine C4-H). 7.31-7.22 (m, 5H, phenyl), 7.13 (d../ =
6.5 Hz. 1H. pyridine C3-H). 4.20 ¢s. 2H, -NH-CO-CH»-0-).
4.10 (m. 2H. -O-CH.-CH--OH), 4.02 (-O-CH.-CH>-OH)
3.97 and 3.95(ABq../= 8.1 Hz. pvridine-CH~-Ar).

Preparation of 7d and 8d. Prepared from 6d (208 mg.
0.7 mmol) as described above: hvdroxylactam 7d (41 mg.
20%) as a colorless oil; IR (KBr) 2924. 2362, 1730, 1646,
1581 cm™; 'TH NMR (300 MHz. CDCl3) 8 836 (d. =44
Hz. IH. pvridine C2-H). 7.68 (d. ./ = 7.7 Hz. 1H. pyridine
C4-H). 7.35-7.05 (m. 3H. phenvl). 7.02 (d../ = 7.5 Hz. 1H.
pyridine C3-H). 5.02 (t..7= 3.1 Hz. 1H. -N-CH(OH)-CH--).
397 and 3.90 (ABq. ./ = 14.2 Hz. 2H. pyridine-CH--Ar).
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3.38 (s. 2H. O=C-CHz>-). 2.69 (dd. /= 13.7. 2.7 Hz. 1H. -S-
CH,-CH-OH). 2.31 (dd. /= 13.7, 2.8 Hz. 1H. -S-CH,-CH-
OH): *C NMR (75 MHz. CDCl3) §171.0. 146.3, 140.5. 139.3.
133.9. 129.6. 128.7. 128.4, 123.4, 81.2. 38.1. 30.5. 29.6. 8d
(over-reduced product. 62 mg. 30%) as a brown oil; [R
(KBr) 3246. 2924, 1730. 1672, 1591 cm™: '"H NMR (300
MHz. CDCls) & 8.29 (d. ./ = 1.7 Hz. 1H. pyridine C2-H).
7.51 (d. ./ = 7.7 Hz. 1H. pyridine C4-H), 7.33-7.16 (m. 3H.
phenyl). 7.12 (d. J = 6.7 Hz. lH. pyridine C3-H). 4.03 (s.
2H. O=C-CH:-S). 3.76 (1. J = 3.4 Hz. 2H. -CH:-CH:-OH).
3.39 (s. 2H. pvridine-CHx-Ar). 2.78 (t. J = 5.6 Hz, 2H. S-
CH:-CH:-OH).

General procedure for the conversion of hydroxy-
amides (8d, 8f) to hydroxylactams (7d, 7f). A solution of
over-reduced product. hvdroxyamide 8d (100 mg. 0.3
mmol) in 10 mL of distilled DMSO was treated with
tricthylamine (0.276 mL. 1.98 mmol) and the mixture was
stired for 40 min at room temperature. A solution of
pyridine-SOz complex (138 mg. 0.99 munol) in 10 mL of
DMSO was added into the above mixture. The reaction
mixture was stirred for 2 h at room temperature and treated
with a mixture of water and EtOAc. The organic laver was
separated. dried over MgSQ., and concentrated under reduced
pressure. The resultant residue was purified with column
chromatography (EtOAc/n-hexane = 2 : 1) to provide 7d (68
mg. 69%) as a colotless oil.

Preparation of 7f. The reaction of 6f (263 mg. 0.9 mmol)
as described above afforded hydroxyvamide 8f (88 mg. 33%)
as a white solid;: mp 88 “C: IR (KBr) 3348. 3238, 2898.
1660, 1586. 1518 cm™: 'H NMR (300 MHz. CDClz) §8.25
(dd..7 = 4.8. 1.8 Hz. 1H. pvridine C2-H). 7.57 (dd. ./ = 7.6.
2.0 Hz. 1H. pyridine C4-H). 7.18-7.12 (m. 2H. thienyvl C3.5-
H) 6.94 (dd. /= 5.1. 3.4 Hz. 1H. thienvl C4-H). 6.81 (d. ./ =
4.4 Hz. 1H. pyvridine C3-H). 4.18 (s. 2H. pyridine-CH:-Ar).
3.61 (t..J=6.0 Hz. 2H. O=C-CH:-). 246 (.= 7.1 Hz. 2H.
-CH>-0OH). 1.81-1.57 (m. 4H. O=C-CH>-CH>-CH>-). Compound
8f was comverted into hvdroxylactam 7f as a vellow oil in
74% vield by the above Parikh oxidation reaction: [R (KBr)
3433, 2926. 2362. 1666, 1631 cm™: '"H NMR (300 MHz.
CDCls) 68.31 (dd../=4.8. 1.7 Hz. 1H. pyridine C2-H). 7.62
(d. .7 = 9.2 Hz. 1H. pyvridine C4-H). 7.26-7.21 (m. 1H,
thienyl C3-H). 7.12 (d. .7 = 4.8 Hz. 1H. thienvl C3-H). 6.91
(dd. 7= 52.3.4 Hz IH. thienyl C4-H). 6.73 (d../= 3.0 Hz.
1H. pyridine C3-H). 5.03 (. .J = 2.5 Hz. 1H. -N-CH-OH).
4.19 and 3.96 (ABq..J = 16.5 Hz. 2H. pyridine-CH--Ar).
2.54-2.36 (m. 2H. O=C-CH--). 1.93-1.70 (m. 2H. O=C-CH--
CH--CH--). 1.42-1.33 (m. 2H. O=C-CH>-CH>-).

General procedure for N-acyliminium ion cyclization
(9a-d, 9f). The reaction mixture of 7a (115 mg. 0.43 mmol)
and 1 mL of conc. H-SO4 was stirred for 2 h at room
temperature and treated with agueous NaHCO; solution. The
reaction mixture was extracted with CH-Cl-. The combined
organic laver was dried over MgSQ,. concentrated and
purified with column chromatography (EtOAc/n-hexane = 5
: 1) to provide 9a (48 mg. 45%) as a vellow solid: mp 175-
176 °C: IR (KBr) 3395. 2368. 1706. 1586 cm™: '"H NMR

300 MHz. CDCl;) 6848 (dd../ = 4.9. 1 8 Hz. 1H. pyridine
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C2-H). 7.65 (d. 7 = 9.3 Hz. 1H. pyridine C4-H). 7.26-7.15
(m. 4H. phenvl), 7.10 (t. 7 = 7.1 Hz, 1H. pyridine C3-H).
517 (dd. .7 = 9.4, 6.4 Hz, IH. -N-CH-Ar-). 446 and 3.50
(ABq..J= 14.3 Hz. 2H. pyridine-CH=-Ap). 2.73-2.61 (m. 3H.
0O=C-CH:-CH:-. O=C-CH:-CH,~). 2.21 (m. 1H. O=C-CH:-
CHy-). C NMR (75 MHz, CDCl3) § 175.5. 148.5. 138.5.
137.1. 1347, 1304, 128.2. 127.9. 123.7. 118.2. 1119,
111.7.62.3.38.1.31.4.31.2.

Preparation of 9b. Prepared from 7b (29 mg. 0.10 mmol)
as described above: 9b (16 mg. 60%) as a white solid: mp
134-137 °C. MS sn/z: 264 (M'): [R (KBr) 3415, 2927, 2378,
1668, 1386 cm™': "H NMR (300 MHz. CDCl;) §8.44 (d. .J =
4.8 Hz. 1H, pyridine C2-H), 7.61 (d../= 7.4 Hz, LH. pyridine
C4-H). 7.18-7.08 (m. 3H. pyridine C3-H. phenyl). 5.06 (t..7
=35.1 Hz. 1H. -N-CH-Ar-) 4+.52 and 3.42 (ABq. ./ = 14.3 Hz,
2H. pyridine-CH:-Ar). 2.75-2.59 (m. 2H. O=C-CH:-CH:-).
2.44-2.16 (m. 2H. O=C-CH:-CH:>-). 2.03-1.85 (m. 2H. -N-
CH-CH:-): “C NMR (75 MHz. CDCl3) § 171.0. 148.5, 148.3.
139.0, 136.8. 136.4. 136.2, 130.2. 128 4, 127.5, 127.4. 123.8.
61.2.38.2,33.4.33.0. 19.3.

Preparation of 9¢. Prepared from 7¢ (39 mg. 0.14 mmol)
as described above: 9¢ (23 mg. 63%) as a white solid: mp
209-211 °C: MS mi/z: 266 (M'): IR (KBr) 3408, 2388, 1664,
1578 cm™: '"H NMR (300 MHz. CDCl3) § 848 (d. ./ = 48
Hz. 1H. pyridine C2-H). 7.65 (d. ./ = 7.6 Hz. LH. pyridine
C4-H). 7.26-7.16 (m. 4H. phenyl). 7.06 (d. ./ = 7.3 Hz. 1H.
pyridine C3-H). 5.28 (dd. ./ = 8.8, 4.0 Hz, 1H. -N-CH-Ar-)
+.56 and 3.45 (ABq. ./ = 142 Hz 2H. pyndine-CH:-Ar).
4.5+ and 4.39 (ABq..7= 17.1 Hz, 2H, O=C-CH:-). 424 (dd.

J=122. 44 Hz. 1H. -N-CH(An-CH,-). 3.93 (dd..J = 12.2,

9.0 Hz. 1H. -N-CH(Ar)-CH,-): "*C NMR (75 MHz. CDCl3)
§ 167.8. 151.0. 1487, 137.3. 136.7. 1334, 1304, 1290.
1284, 1279, 1244 71.2.69.1. 60.6. 37.9.

Preparation of 9d. Prepared from 7d (80 mg. 0.27 mmol)
as described above: 9d (56 mg. 70%) as a white solid: mp
109-110 °C: MS m/z: 282 (M ). "H NMR (300 MHz. CDCl5)
§8.48 (dd..7=8.7. 4.3 Hz. IH. pyridine C2-H). 820 (d..J =
7.0 Hz. 1H, pyridine C4-H), 7.61 (dd../= 134, 5.8 Hz. 1H.
phenyl C3-H). 7.31-7.19 {(m. SH. phenvl) 5.53 (t../=6.0 Hz.
IH. -N-CH-Ar-) 4.61 and 3.71 (ABq../ = 14.3 Hz. 2H., O=C-
CH--S-). 4.12 and 347 (ABq. ./ = 15.5 Hz. 2H. pyridine-
CH~-Ar). 336 (d../=6.6 Hz. 2H, -N-CH(Ar)-CH>-).

Preparation of 9f. Prepared from 7f (94 mg. 0.33 mmol)
and methanesulfonic acid (0.211 mL. 3.26 mmol) as
described above: 9f (27 mg. 31%) as a white solid: mp 195-
197 °C. MS mi/z: 270 (M'): IR (KBr) 34035, 2926. 2857.
1646 cm™: '"H NMR (300 MHz. CDCl3) §8.48 (dd..J = 5.0.
1.7 Hz. IH. pyridine C2-H). 7.64 (dd../ = 7.5. 1.5 Hz. 1H,
pyridine C4-H). 7.26-7.20 {m. 1H. pyridine C3-H). 7.05 (d..7
=353 Hz 1H. thienyl C3-H). 6.77 (d../= 5.3 Hz. 1H. thienyI
C4-H). 491 (s. 1H. -N-CH-Ar). 4.36 and 3.63 (ABq. .J =
16.2 Hz. 2H. pyrdine-CH~-Ar). 2.63-2.57 (m. 2H., O=C-
CH--). 2.43-2.34 (m. 2H. -N-CH(Ar)-CH--). 1.92-1.76 (m.
2H. O=C-CH--CH--).

General procedure for the preparation of pyrido-
azepines (4a-d, 4f). To a solution of 9a (67 mg. 0.27 mmol)
in 10 mL of THF was added BF;OEt- solution (1 M
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solution in THF. 0.47 mL. 0.47 mmol) at 0 °C. and the
mixture was stirred for 30 min at and treated with BH:-SMe:
(2 M solution in THF. 0.2 mL. 0.4 mimol). After stirring for 3
h at roomn temperature, the reaction mixture was treated with
1 N HCI solution followed by an addition of mixture of
water and EtOAc. The separated organic laver was dried
over MgSO,. concentrated and purified with column
chromatography (EtOAc/n-hexane = 1: 3) to afford 4a (37
mg. 60%) as a white solid: mp 113-113 °C: MS m/z; 236
(M'): IR (KBr) 2952, 2856. 1588. 1456 cin™: 'H NMR (300
MHz. CDCls) § 7.96 (dd. /= 4.8. 0.9 Hz. 1H. pyridine C2-
H). 7.32-7.25 (. 4H. pyridine C4-H. phenyl). 7.17 (d. J =
7.2 Hz. 1H. phenvl) 6.40 (dd. ./ = 7.2. 5.1 Hz. 1H. pyridine
C3-H). 5.60 (t. /=6.3 Hz. 1H. N-CH-phenyl). 4.89 and 3.38
(ABq..J=14.7 Hz. 2H. Ar-CH:-phenvl). 3.71 (t..J= 6.6 Hz.
2H. N-CH;-). 2.39 (m. 1H. N-CH-CH,-). 2.33 (m. lH. N-
CH-CHy-). 2.10 (. 2H. N-CH:-CH~): '*C NMR (75 MHz.
CDCls) d 146.7. 139.9. 138.0. 136.6, 128.3, 128.0, 127.3.
123.7.123.7. 1182, 111.9. 111.7. 578, 49.6. 39.8. 30.1. 23.6.

Preparation of 4b. Prepared from 9b (84 mg 0317
mnol) as described above: 4b (64 mg. 80%) as a white
solid. mp 80 °C. MS m/z: 250 (M"). [R (KBr) 3423, 2924,
2827.2378. 1586 cm™' . 'H NMR (300 MHz. CDClz) §8.14
(d. J=3.0Hz 1H. pyridine C2-H). 7.28 (d. ./= 7.1 Hz, 1H,
pyvridine C4-H). 7.12-6.98 (m. 4H. pheny]). 6.68 (dd../= 7.1,
3.1 Hz. 1H. pyridine C3-H). 4.535 and 3.34 (ABq../ = 13.1
Hz. 2H. pyridine-CH--Ar). 4.12 (d. ./ = 10.3 Hz, 1H. -N-
CH,-CH:-). 3.96 (d../ = 12.1 Hz. 1H. N-CH,-CHz>-). 3.13 (t.
J = 12.1 Hz. 2H. -N-CH:-Ar). 2.01-1.94 (m. 2H. -N-
CH(AD)-CH--). 1.83-1.67 (m. 4H. -N-CH--CH--CH>-): '*C
NMR (75 MHz. CDCI5) § 146.4. 146.2. 140.4. 138.0. 134.2.
132.5. 129.7. 127.9. 127.2. 116.8. 116.6. 67.8. 31.1. 38.6,
38.5.383.26.8.

Preparation of 4c. Prepared from 9¢ (24 mg. 0.09 mmol)
as described above: 4¢ (10 mg. +49%) as a white solid: mp

Jae Yeol Lee et al.

97-100 °C: MS mifz: 252 (M'). IR (KBr) 3415, 2976. 2857.
2366, 1591 em™: 'H NMR (300 MHz. CDCls) §8.17 (d. J =
33 Hz. 1H. pyrdine C2-H). 7.35 (d. J = 6.6 Hz. lH.
pyridine C4-H), 7.18-7.10 (m. 4H. pheny]). 6.77 (dd../ = 7.2,
5.1 Hz. 1H, pyndine C3-H). 4.54 and 3.49 (ABq. /= 13.7
Hz. 1H. pyndine-CH:-Ar). +.38 (d../= 7.2 Hz. 1H. -N-CH-
phenvl). 4.05 (dt. ./ = 11.0. 2.7 Hz. 1H. -N-CH:-CH,-O-).
3.89-3.80 (m, 3H. -N-CH:-CH;-0O-): “C NMR (75 MHz.
CDCls) 8 159.2. 146.2. 1404, 1353.0. 131.2. 129.4, 128.2,
127.6.127.0.117.8. 116.6. 73.5. 67.6. 64.8. 19.0. 38.3.

Preparation of 4d. Prepared from 9d (56 mg. 0.20 mmol)
as described above: 4d (16 mg. 30%) as a vellow solid: mp
106 °C: MS mfz: 268 (M'). [R (KBr) 3415, 2917, 2837.
2366, 1725, 1574 cm™: '"H NMR (300 MHz, CDCls) § 8.04
(d..7=4.9 Hz. 1H. pyridine C2-H). 7.39 (d. /= 7.1 Hz. 1H.
pyridine C4-H). 7.23-7.12 (m. 3H. phenyl). 6.72 (dd..7= 7.0,
5.0 Hz. 1H. pyridine C3-H). +.530 (d..7 = 10.4 Hz. 1H. -N-
CH- Ar). .37 (m. 1H. N-CH,). 4.35 and 3.53 (ABq../=13.2
Hz. 2H. pyridine-CH>-Ar). 3.33 (m. 1H. N-CH,). 2.90 (m.
1H. S-CH,-CH-Ph). 2.62 {(m. IH. S-CH-CH-Ph). 2.44 (m.
2H. N-CH:-CH:-). “C NMR (75 MHz, CDCl3) 5 140.5, 140 4,
139.2, 136.7. 136.6. 132.5, 129.5. 1294, 129.2. 128.7. 128.3.
116.4.68.5. 54.3,38.4.35.0.27.9.

Preparation of 4f. Prepared from 9f (30 mg. 0.11 mmol)
as described above: 4t (5 mg. 21%) as a vellow solid: mp
108-111 °C: MS mi/z: 256 (M'"): IR (KBr) 3420, 2930, 2840,
1578, 1432 cm™: 'H NMR (300 MHz. CDCls) §8.21 (d. /=
+.9 Hz. IH. pyndine C2-H), 7.29 (d. J = 7.1 Hz. lH.
pyridine C4-H). 6.89 (d../ = 5.1 Hz. 1H. thienyl C2-H). 6.75
(dd./=7.1. 5.0 Hz. |H. pyridine C3-H). 6.66(d../ = 5.1 Hz,
LH. thienvl C3-H). 4.47 and 3.40 (ABq..J = 14.5 Hz. 2H.
pyridine-CH:-Ar). 4.05 (d. ./ = 11.5 Hz. 1H. -N-CH-Ar).
3.70 (m. IH. -N-CH,-CH:z-). 3.20 (m. LH. -N-CH.-CHz-).
1.95-1.59 (m. 6H. -N-CH-CH~-CH:-CH-~-): "*C NMR (75
MHz, CDCl5) & 146.5. 1463, 138.7. 134.0. 133.6, 1288.

if)

A i) =
| —_— @ _— [ oF
N7 NH N
2 \N In N N/g\(] o
X
O)\/X O)\/
5a:Ar=pheny| 6a-h, where n =0, 1; X = CH,,0, S; 7a-h
5b:Ar=thienyl X = phenyl, thienyl
iii) iv)

9a-d and 9f

da-d and 4f

Scheme 1. “Reagents: 1) succinic anhydride (n=0), glutaric anhydride (n=1), diglycolic anhvdride (n=1, X=0). (hiodiglycolic acid (n=1,
X=8). AcCl, xvlene. reflux: i) DIBAL-H. THF, -78 °C: iii) conc. H:80; (7a-d) or CHiSOsH (7e-f, Th), rt: iv) BF:-OFG and BHySMes,

THF, 1.
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1212, 117.6,1174,64.1,51.7,37.5.31.5,26.5. 25.7.
Results and Discussion

As shown in Scheme 1, our basic strategy utilizes the v-
acyliminium ion cyclization of hydroxylactam 7a-h with
aromatic ring as z-nuclcophile under the acidic condition.®
As a [irst step, 2-amino-3-phenylmethylpyridines (5a) and 2-
amino-3-thienylmethylpyridine (5b), which were prepared
by known procedure,” were condensed with  various
anhydrides or dicarboxylic acids to allord the cyclic imides
6a-h in moderale to good yiclds (38-75%). The results of all
reactions were summarized in Table 1.

In case of the reduction of cycelic imides o hydroxy-
lactams with NaBLEl,, the hydroxyamides 8. over-reduced
compounds, were oblained predominantly instead of the
desired hydroxylactams consistent with our previous results.”
Other reducing agents such as Red-Al and bis{2.6-dimeth-
oxyphenoxy)borane (BDMPB) also gave the side-products.®
On the other hand. the reduction of cycelic imides 6a-h with

Table 1. Structurcs and yiclds of cach reaction in Scheme |

Yield of 6 Yield of'® Yield oi'4

Entry Ar n X (%" (%) (%)
a  Phenyl 0 Clx 75 45 60
Pheny] ] ClHa 38 60 80
¢ Phenyl ] O 41 63 44
d  Phenyl ] S 47 70 30
e 2-Thienyl 0  Cli 63 decom.” -
f 2-Thienyl 1 Cl: 70 317 31
g  2-Thienyl ] O 52 - -
h  2-Thieny] | S 60 decom.” -

“Isolated yield. *Cl1T:SOst was used tfor cyclization instead of conc.
H2804.

Table 2, Reduction of ¢yclic imides (6a-h) and Parikh oxidation of

the corresponding over-reduced compounds (8d. 8f. and 8h) to
hydroxylactams (7a. 7f. and 7h)

TEA. Pyr-S0,
o %) o~ (3)
= o DIBAL-H 2 ‘ OH . % i OH
N | THF/-78 ~0°C X X
N” N In N” 'N n N™ "NH X{)n
o)\/ X 0)\/ X OJ\/ X
6a-h 7a-h 8a-h

Yieldof7  Ratio  Yieldol'7

Entry  Ar n N {Yo)' (7:8)" Trom § (%)

a Pheny] 0 ClHa 68 1:0 -
b Phenyl 1 ClHa 15 1:2 decom,
¢ Phemyl 1 0 20 3:2 o
d Pheny] 1 S H)* 2:3 69
e 2-Thiem! 0  Cl: 65 611 —"
f  2-Thienyl 1 ClHa 24¢ 0:1 74
g 2-Thienyl 1 O - 0:1 decom,
h 2-Thienyl 1 S 25 0:1 60

“Isolated yield. “Isolated ratio of 7 and 8. “Combined yield {reduction and
oxidation). “Not tricd.
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DIBAL-I1 provided hydroxylactams 7 along with hydroxy-
amides (8) in various ratios depending on the substrates. 2-
Thicny! derivatives 6f-h were, however, transformed to
hydroxyamides 8f-h. Fortunately, these over-reduced com-
pounds 8d, 8f and 8h could be cleanly converted into the
desired  hydroxylactams in acceptable yicld by Parikh
oxidation (Pyr.-SO; complex).” The results of these reactions
were summarized in Table 2.

The hydroxylactams 7a-f and 7h were subjected to the
acidic condition of A-acyliminium ion cyclization to obtain
tetracyclic ring system. The hydroxylactams 7a-d, which
have a phenyl ring as a z=nucleophile were eyelized smooth-
ly on trcatment of conc. 1180, to allord the cyelized
products in 45-70% yiclds. However, the cyclization of
hydroxylactams 7e and 7h, which have a thicnyl ring as a 7-
nucleophile, did not take place on the various N-acyliminium
ion cyclization conditions. The hydroxylactam 7f was only
cyclized successlully on treatment of C1SOs1T as an acti-
valor (o afford the cyclized product 9 in 31% yicld." This
may duc (o the instability of thienyl ring on the vigorous
acidic cyclization conditions. Finally. the reduction ol lactam
carbony! group in 9a-d and 9f with Bll;:SMc: in the pre-
sence of BF; OEt provided tetracyclic pyrido[2.3-Alazepines
4a-d, and 4f in 31-80% yiclds, respectively.

For the evaluation of biological cffect of synthetic com-
pounds as well as our previously reported compounds,” the
binding assay for oz-adrenoceptor was performed according
Lo the previously reported method and summarized in Table

Table 3, The binding alfinity of synthetic compounds for ¢a-
adrenoceptor

No. Structure K (pM)” No. Swucture  Ki (UMY«

]l)
2!)
S
N\ ) a i
3 N3 2.22 8 NTN =10
s (4a)
S S
W oY
4 N 21 9 NN 2.73
(3d) ) (4f)
{4 N |
5 100 ONTNK ) 008

“Affinitics of compounds were determined using competition binding
assay in the presence of I nM of |'H|rauwolscine. "Compounds from the
pre\-'iou;s results™"", “Mirtazapine (2) was prepared by the known proce-
dure.”
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3."" The binding affinity data of mirtazapine (2) was also
inserted for activity comparison. In general. tetracvclic azepins
3a. 3c¢. and 4a. which have a five-imembered pyrmolidine ring
showed better binding affinities than other tetracyclic azepines
having a six-membered piperidine. morpholine or thiomor-
pholine ring. Among tested compounds. 2.3.9.13b-tetralivdro-
1H-benzo|/JpvrTolo| 2.1-a)pyrido| 2.3-¢c|azepine (4a) was the
most potent (A1 = 0.26 M) but showed about 3-fold less
binding affinity than mirtazapine (2) (Ki = 0.08 uM) for o:-
adrenoceptor. On the other hand. tetracyvclic azepines having
a six-membered ring showed no noticeable binding affinities
except compound 4 (Ki=2.73 uM).

In conclusion. tetracyclic pyrido|2.3-# Jazepine derivatives
(4a-d and 4f) were successfully synthesized as analogues of
mirtazapine through N-acvliminium ion cyclization strategy
starting from 2-amino-3-arvlmethylpyrines Sa and Sb. The
key intermediates. hvdroxylactams 7. were prepared by
reduction of the corresponding imides with only DIBAL-H
followed by Parikh oxidation of the resulting over-reduced
compounds 8. The :-adrenoceptor binding affinity data of
synthetic compounds showed that J4-methyl group of
piperazine moiety of mirtazapine plavs an important role for
the binding affinity for a--adrenoceptor.
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