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A SIMPLE AND REGIQSELECTIVE PREPARATION OF 2~ OR 3-SUBSTITUTED
QUINOLINE DERIVATIVES VIA DIALKYLQUINOLYLBORANES
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Ishikari-Tobetsu, Hokkaido 061-02, Japan

Abstract —— Various guinoline derivatives possessing a substituent
at the 2- or 3-position were prepared by the reaction of dialkyl-
quinolylboranes and organic bromides in the presence of a palladium

catalyst.

Since numerous quinclines occur in natural scurces and have valuable chemothera-
peutic, tumorinhibiting and fungicidal properties, much attention has been paid to
the syntheses of substituted guinolines, but the general methods for regioselective
introduction of an aryl, a hetercaryl, or an alkenyl group into guinoline nucleus
are scarce. We have previously reported a convenient procedure for the regio-
selective introduction of varicus substituents (i.e., aryl, heteroaryl, alkenyl)
into the 3- or 4-position of pyridine by the palladium-catalyzed cross-coupling
reaction between diethylpyridylboranes and organic halides.2 We wish to report
here a simple and regiocselective preparation of 2- or 3-substituted quinoline de-
revatives (3} from dialkylguinolylboranes {1)3 and organic bromides (2) in the

presence of a palladium catalyst.
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Reaction of la (1 mol eq.) with 2 (1.5 mel eg.) was carried out in the presence
of powdered KOH (3 mol eq.), Bu,NBr (0.3 mol eg.) and Pd(Ph3P)Q (0.1 mol eqg.} in
THF under nitrogen atmosphere at refluxing temperature to give 3a. Substituents
(i. e., acetyl, amino, ester) on the phenyl ring of aryl bromides were unchanged
during the reacticn (Table 1), and a hetercaryl or an alkenyl group was also suc-
cessfully introduced (Table 2).

Reaction of lb with 2 under the same conditions gave 2-substituted quinoline de-
rivatives (3k), as listed in Table 3 and 4. In these cases, the use of benzene
instead of THF gave slightly improved results.

Furthermore, preparation of dubamine (i),4 graveoline (_5_)5 and (*)=-guspareine (§)6
could be realized as follows (Chart 2).

Reaction of 1lb with 3,4-methylenedioxybromobenzene in the presence of KOH, Bu NBr
and Pd(PhBP)4 in refluxing benzene under nitrogen atmosphere afforded dubamine (4)
in 42% yield. N-Methylation of 4 with methyl trifluoromethanesulfonate followed
by oxidation with K3Fe(CN)6 under a basic condition produced graveoline (5) in
65% yield based on 4.

A similar treatment of lb with 3,4-dimethoxy-B8-bromostyrene gave 6 in 50% yield,
which was subseguently subjected to the catalytic hydrogenation with PtO2 in EtOH
under atmospheric pressure (7; 75% yield) followed by N-methylation with methyl

iodide to produce (*)-cuspareine (8) in B0% yield.
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Table 1

*

Preparation of 3-arylquinclines

R R
m\@ pa® AT
la + —_— > -
R Yielda) mp(°C) or 1H-—NMR(CDCl3) 5 Formula Analysis(%) or High-MS(m/e)
(%) bp(°C/mmHg) Caled (Found)
H 76 mp 51-53%) 7.20-7.80(m, 8H), 7.90-8.20
(1it.” 51-52)  (m, 2H), 9.05(d, 1H, J=2 Hz)
2-Me 71 syrup 2.26({s, 3H), 7.20-8.20(m, C22H16N407 c, 58.98; H, 3.60; N, 12.50
mp 182-184%) 9H), 8.83(d, 1H, J=2 Hz) (c, 59.03; H, 3.80; N, 12.30)
4-Me 7 mp 76-76") 2.33(s, 3W), 7.16(c, 2H,
(1ie.® 77-79) 127 Hz), 7.35-7.80(m, SH),
7.90-8.20{(m, 2H), 9.05(d,
1H, J=2 Hz)
2-0Me 63 syrup 3.70(s, 3H), 6.80-7.80 C22H16N408 c, 56.90; H, 3.47; N, 12.07
mp 255—256c) (m, 8H), 8.10(d4, 1H, (¢, 56.73; H, 3.38; N, 11.85)
J=2 Hz), 9.03(d, 1H,
J=2 Hz)
4-0Me 70 mp 83—85b) 3.77(s, 3H), 6.95(d, 2H, CI6H13NO C, 81.68; H, 5.57; N, 5.95
J=8 Hz), 7.40-7.85(m, 5H), (c, 81.51; H, 5.59; N, 5.83)
8.05(d, 2H, J=8 Hz), 9.06
(d, 1H, J=2 Hz)
2-NH, 41 syrup 3.50-4.50(br s, 2H), 6.70- € 5Hy N, 220,1001
6.90(m, 1H), 7.00-7.85(m, (220.1011)

5H), 8.00-8.30(m, 2H),
8.70-9.00{m, 2H)
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Table 1

{ continued )

a)
Yield

R mp(°C) or 1H—NMR(CDC13) S Formula Analysis (%) or High-MS(m/e)
(%) bp (°C/mmHg) Caled (Found)
4-NH, 58 mp 176-1779 3.60-4.20(br s, 2H), 6.73
(11e.” 175.5- (d, 1H, J=7 Hz), 7.30-8.20
Y1 (w, 8wy, 9.06(d, 1H, J=2 Hz)
Z—NO2 44 syrup 7.20-8.20(m, 9H), 8.76(d, C, . H N_O C, 52.62; H, 2.73; N, 1l4.61
o) 217137579
mp 230-231 1H, J=2 Hz) (C, 52.66; H, 2.68; N, 14.63)
4-COCH,, 45 mp 137-138%7 2,63(s, 3H), 7.460-8.35(m, C, /4, N0 c, 82.57; H, 5.30; N, 5.66
94), 9.13(3, IH, J=2 Hz) (c, 82.42; H, 5.14; N, 5.52)
2-C0O0Me 36 SYTup 3.60(s, 3H), 7.20-8.25(m, 023H16N409 C, 56.10; H, 3.28; N, 11.38
mp 215-217% 9H), 8.76(d, 1H, J=2 Hz) {(c, 56.13; H, 3.36; N, 11.23)
£-COOMe 54 mp 123-125° 3.86(s, 3H), 7.40-7.90(m, C, 48,580, C, 77.55; H, 4.98; N, 5.32
5H), 8.00-8.40(m, 4H), 9.10 (c, 77.71; H, 5.03; N, 5.37)

*# THF was used as the reaction solvent. a)} isclated yield based on la

recrystallized from EtOH

d) recrystallized from benzene

(d, 1H, J=2 Hz)

b) recrystallized from hexane

e) recrystallized from benzene-hexane

c¢) picrate;
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Table 2 ( continued )

R- Br Product Yielda) mp{°C) or lH-NM‘R(CDCIB) [ Formula Analysis(%Z)Calcd{Found)

(Z) bp (°C/mmHg) C H N

T
g
)

67 bp 98/1 2.20({s, 3H), 5.20(s, 1H), ClZHllN 85.17 6.55 8.28
5.52(s, 1H), 7.30-7.80(m, (85.07 6.58 8.33)
3H), 7.90-8.10(m, 2H),

9.03(s, 1H)

— -~ . =
EtO/_\Br Oe 40 oil 1.36Ct, 3H, J=7 He), 3.92 C gH, N0 53.27  3.77 13.08

OEt mp 191-193% (q, 2H, J=7 Hz), 5.30(4, (53.23 3.71  12.97)
14, =6 Hz), 6.30(d, 1H,
J=6 Hz), 7.30-7.80(m, 3H},
7.85-8.10(m, 1H), B.26(d,
1H, J=2 Hz), 8.95(d, IH,
J=2 Hz)
Ph_ T Fh 40 mp 98-99°) 7.00-7.75(m, 10H), 7.80- ¢, H 4N 88.28 5.67 6.06
\—\Br @/\/ 8.20(m, ?H), 8.95(d, 1H, (88.49 5.69 6.03)

J=2 Hz)

% THFY was used as the reaction solvent. a) 1isolated yield based on la b) recrystallized from pet. ether

¢) recrystallized from hexane d) picrate; recrystallized from EtOE
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Table 3 Preparation of 2-arylquinolines
R
Br
pa®
1b + ""““““;’ ‘ilu
- Sa
R yield® mp(°C) or 1H—NMR,(CD013) 6 :
) bp (°C/mmHg)
" 51 mp 84-852) 7.20-7.80 (m, 4H ), 7.85-8.30
(11:.11 84) {m, 7H)
2-Me 40 mp 77-78%) 2.37 (s, 3W), 7.15-7.80 (n, 8H),
(1it.*? 76-76.2)  8.00-8.20 (m, 2H)
4-Me 50 np 81-827 2.43 (s, 3H), 7.10-8.20 (m, 10H)
(11e. 2 82-83)
2-0Me 40 viscous oil 3.70 (s, 3H), 6.80-8.20 (m, 10H)
mp 180-181
Qic. '™ 177-178)
4{-0OMe 50 mp 120--1221)) 3.80 (s, 3H), 6.95 (4, 2H,
aie.'? 126) 3=8 Hz), 7.30-7.80 (m, 5H),
7.95-8.20 (m, 3H)
2~C00Me 35 syrup 3.60 {s, 3H), 7.35-7.90 (m,
8H), 8.00-8.20 (m, 2H)®
4-COOMe 50 mp 151-153% 3.93 (s, 3H), 7.30-8.30 (o,
10w

* Benzene was used as the reaction solvent.

a) isolated yield based on 1b b) recrystallized from ether c) plerate;
rectystallized from EtOH d) recrystallized from hexane e} High-MS (m/e):
Calecd for C17H13N02 263.0947. Found: 263.09599. f) High-MS (m/e):
Calcd for 017H13N02 263.0947. TFound: 263.09348.
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Table 4 Preparation of 2-substituted guinoline derivatives

Pd0 w2
1lb + R-Br rd P

R-Br Product tie1d®  mp(*0) or Li-nm (coely) 8
(%) bp(°C/mmHg)
' -~
| _ )
Br N 41 mp 98-99 7.10-7.90(m, 5H), 8.00-
Bz (1ic.” 98) 8.30(m, ZH), 8.40-8.80
{m, 3H)
Br .
@ Oe ~ 40 mp 70-71P) 7.10-8.75(m, 9H), 9.26
lN’ (iir.” 66.5) (@, 1§, J=2 Hz)
xr
I P 40 mp 130-13119%)  7.30-8.20(, 98)
[:;j N
@B OO 30 mp 197-198% 7.30-7.85(m, 12H), 8.05-
-
r 2 (1it. Y% 193 8.40(m, 8HY, 8.75(d, 4B,
194} J=8 Hz}
Br O = 30 mp 175-176% 7.20-8.20(m, 10H), 8.73
-~
2 O (d, 18, J=2 Hz), 9.63
S,
(d, 1H, J=2 Hz)
~
CH.,CH=CHBT — 50 bp 130/1 1.85 and 2.00{two
3 =CHCH., 17
(lit. 80/ singlets, 3H), 6.50-
0.01) 6.95(m, 2H), 7.20-7.85
~ (m,4H), 7.80-8.10{(m, 2H)
?—Br = 40 bp 130/1 2.35(s, 3H), 5.42(d, 1H,

(1it:.L8 120/3) J=1 Hz), 5.86(d, 1H, J=
1 Hz), 7.30-7.80{(m, 4H),

B Oe 7.85-8.20(m, 2H)
EE:j\ Z~ph 40 mp 96—97°) 7.10-7.80(m, 11H), 7.90-
Ph (lit.19 99— 8.20(m, 2H)

100)

* Benzene was used as the reaction solvent. a} 1isolated yield based on lb
b) recrystallized from pet. ether ¢) recrystallized from hexane d) re-
crystallized from ether e) Anal. Caled for C H NS : C, 73.91 ; H, 4.30 ;

1379
N, 6.48, TFound : C, 73.90 ; H, 4.29 ; N, 6.63.
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EXPERIMENTAL

All melting points were determined with a Yanagimoto micro melting point apparatus
and are uncorrected. THF and benzene were distilled from sodium benzophenone
ketyl before use. IR spectra were recorded with a Hitachi 270-30 spectrometer.
NMR spectra were determined with a Hitachi R-40 and a JEOL FX-900 spectrometers.
Chemical shifts are reported relative to internal tetramethylsilane and given in
§-value. Coupling constants are reported in Hz and splitting patterns are de-
signated as follows; s, singlet; 4, doublet; t, triplet; g, guartet; m, meltiplet;
br, broad. Mass spectra were recorded on a JEOL JMS-QH100 and a JEOL-D300 spec-
trometers. Flash chromatography was performed on silica gel 230-~400 mesh ASTM

obtained from Merck.

Typical procedure for the preparation of substituted quinclines {3): 3-Phenyl-

guinoline A mixture of la (394 mg, 2 mmcl), bromobenzene (468 mg, 3 mmol),
powdered KOH (336 mg, 6 mmol), BuﬂNBr (322 mg, 1 mmol) and Pd(PhSP)h (231 mg, 0.2
mmol) in THF (10 ml} was refluxed for 8 h under nitrogen atmosphere. The mix~
ture was diluted with AcOEt (60 ml), washed with brine (40 ml}, and dried over

MgS0 After removal of the solvent, the residue was purified by flash chromato-

L
graphy with AcOEt-hexane (1:4} to give 311 mg (76%) of 3-phenvlquinoline. Other
derivatives (3), obtained by the same procedure, are summarized in Tables 1, 2,

3 and 4.

Dubamine (4) A mixture of lb (498 mg, 2 mmel), 3,4-methylenedioxybromo-

benzene (600 mg, 3 mmol), powdered KOH (336 mg, 6 mmol), Bu,NBr (322 mg, 1 mmol)

4
and Pd(Ph3P)4 {231 mg, 0.2 mmol) in benzene (10 ml) was refluxed under nitrogen

atmosphere for 12 h. The mixture was diluted with AcOEt (50 ml), washed with

brine (40 ml), and dried over MgSO After removal of the solvent, the residue

4
was purified by flash chromatography with AcOEt-hexane (1:15) to give 209 mg (42%)

of 4, mp 94-95°C (acetone-hexane) (1it.,ﬁ mp 95-96°C). IR(KBr): 1610, 1596,
1556, 1496, 148Bs, 1444, 1426 cm_l. 1H-NMR(CDClB) §: 5.95 (s, 2H), 6.89 (4, lH,
J=7 Hz), 7.30-7.80 {(m, 6H), 8.00-8.30 (m, 2H). High resclution MS (m/e): Calcd

for C16H11NO2 24%.07891. Found 249.07840.

Graveoline ({(5)

A mixture of 4 (150 mg, 0.6 mmol) and methyl trifluoromethane-

sulfonate (185 mg, 1.2 mmol) was warmed at 50°C for 1 h. After cooling, the
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precipitate was collected, washed with ether and dried, The crystalline sub-

stance was added to a suspension of K3Fe(CN)6 (395 mg, 1.2 mmol) in 20% NaOH
solution (20 ml) and then stirred at room temperature for 1 h. The mixture was
extracted with AcOEt, the extract was washed with brine (40 ml) and dried over

Mgso, . After removal of the solvent, the residue was purified by flash chromato-

graphy with AcOEt to give 109 mg (65%) of 5, mp 199-201°C (acetone-hexane) (lit.,5

mp 204-205°C).  IR(KBr): 1622, 1600, 1578, 1542, 1492, 1472, 1448 cm™l. la-nmr

(CDClB) §: 3.63 (s, 3H), 6.06(s, 2H), 6.29(s, 1H), 6.80-7.00{m, 2H), 7.20-7.95¢(
m, 4H), B8.50(dd, 1H, J=2,8 Hz}. High resolution MS (m/e}: Calcd for C17H13N°3
279.08947. Found 279.08827.

2-(3,4-Dimethoxystyryl)guincline (6} A mixture of lb (498 mg, 2 mmol), 3,4-

dimethoxy-8-bromostyrene (726 mg, 3 mmol), powdered KOH (336 mg, 6 mmol), Bu,NBr

4
(322 mg, 1 mmol} and Pd(Ph3P)a (231 my, 0.2 mmol) in benzene (10 ml) was refluxed

under nitrogen atmosphere for 10 h. The mixture was diluted with AcOEt (60 ml),

washed with brine (40 ml), and dried over MgSO After removal of the solvent,

4"
the residue was purified by flash chromatography with AcOEt-hexane {1:3) to give

291 mg (50%) of 6, a colorless viscous oil. IR(CHC13): 1626, 1616, 1590, 1558,
1512, 1466, 1444, 1422 em 1. lH-NMR(CDCla} §: 3.85 (s, 3H), 3.90 (s, 3H), 6.60-
7.80 (m, L0H), B8.00 (d, 1lH, J=6 Hz). High resclution M8 (m/e): Calecd for

019H17N02 291,12595. Found 291.12685.

2-{3,4-Dimethoxy-f-phenethyl}-1,2,3,4-tetrahydroguincline (7)

A mixture of

6 (200 mg) and PtO, {15 mg) in EtOH (10 ml) was stirred at room temperature under

2
atmospheric pressure of hydrogen. After hydrogen up-take ceased, the solvent
and catalyst were removed, and then the residue was purified by flash chromato-
graphy with AcOEt-hexane (1:3) to give 153 mg (75%) of 7, a viscous oil.
IR(CHC13): 3450, 1608, 1592, 1512, 1484, 1466, 1444 cm"l. lH-NMR(CDC13) §: 1.65~
2.00 {m, 4H), 2.50-2.90 (m, 4H), 3.10-3.50 {(m, 2H), 3.83 (s, 6H), 6.30-7.00 (m,

7H) . High resclution MS (m/e): Caled for C19H23N02 297.17276. Found 297.17236.

(+)-Cuspareine ({8} A THF solution {10 ml) of 7 (110 mg, 0.37 mmol} was added

dropwise to a THF suspension (5 ml) of NaH (50% dispersion in mineral oil, 28 mg,
0.6 mmol) under nitrogen atmosphere at 0°C, and the whole was stirred for 30 min.

Methyl iodide (7% mg, 0.5 mmol) was added, the mixture was stirred at 0°C for 30

— 2384 —
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min, and then at room temperature for 1 h. Saturated NHacl solution (1 ml} was
added under ice-~cocling, and the mixture was extracted with AcOEt (50 ml). The
extract was washed with brine (30 ml), and dried over MgSOA. after removal of
the solvent, the residue was purified by flash chromatography with AcOEt-hexane
(1:3) to give 92 mg (B0%}) of 8, a viscous oil, bp 200°C/] mmHg (bath temperature)
(lit.,6 bp 180-1%0°C/1 mmHg). IR(CHCl3): 1602, 1574, 1502, 1480, 1466, 1454 cm_l.
lH—NMR(CDC13) §: 1.50-2.10 (m, 4H), 2.40~2.90 (m, 4H), 2.90 (s, 3H}, 3.10-3.50

{m, 1H), 3.83 (s, 6H}, 6.40-7.20 (m, 7H). High resclution MS (m/e): Caled for

C20H25N02 311.18844. Found 311.18774.
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