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Abstract Rearrangement reaction of 8-(cycloalkenyl-
oxy)quinolines and the acid-catalyzed cyclization of the
products were investigated. These reactions afforded insights
on interesting new heterocyclic systems. Depending on the
size of the cycloalkenyl moiety, we could isolate benzofuro
[3,2-h]quinoline, methanooxecino[3,2-k]quinoline, metha-
nooxonino[3,2-k]quinoline, and/or spiro[cycloalkano-1,2'-
furo[3,2-h]quinoline. The mechanism of the novel rear-
rangement reactions is also discussed.

Keywords Claisen rearrangement - Cyclization -
Furo-quinoline - Oxecino-quinoline - Oxonino-quinoline -
Ring constriction

Introduction

8-Hydroxyquinoline, a chelating agent, was a very versatile
reagent in various organic reactions [1-8]. It was used as a
stabilizer of hydrogen peroxide in rocket fuel oxidizers.
The copper-8-quinolate, as well as the heterocyclic com-
pound itself, exhibits antiseptic, growth inhibition, and
pesticidal properties [9, 10]. The 8-alkoxyquinolinium
salts, especially the lower ethers, also have significant
antibacterial activities [11]. 8-Tosylaminoquinoline sup-
presses macrophage-mediated inflammation by inhibition
of the production of NO and PGE [12, 13].
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Recently we have developed efficient methods for the
preparation of heteroaromatic compounds by Claisen
rearrangement and subsequent cyclization [14-17]. With
the aim of continuing efforts to synthesize novel hetero-
cyclic compounds, we have examined the preparation of
8-(cycloalkyloxy)quinolines, their sigmatropic rearrange-
ment reactions, and subsequent acid catalyzed cyclizations.
We report here the results and the preparation of new tet-
racyclic compounds.

Results and discussion

8-(Cycloalkyloxy)quinolines 3 (Scheme 1) were prepared
from 8-hydroxyquinoline (1). Treatment of 1 with sodium
hydride afforded the corresponding anion, which was then
reacted with 3-bromocycloalk-1-enes 2. These reactions
gave 8-(cycloalkyloxy)quinolines 3 in good to excellent
yields. The products were then subjected to thermal-
assisted and/or microwave-assisted electrocyclic reaction.
The thermal reactions were performed in chlorobenzene at
reflux, and the Claisen rearrangement needed 80 h to give
compounds 4 in acceptable yield. We obtained essentially
the same yield when we kept ethers 3 at 130 °C for 8§ h
under microwave irradiation.

The acid-catalyzed intramolecular cyclization of com-
pounds 4 was performed with sulfuric acid at 100 °C. Starting
with 4a, the cyclization reaction afforded, besides the
expected benzofuro[3,2-h]quinoline Sa, the isomeric metha-
nooxocino[3,2-A]quinoline 6a, in a ratio of 1:2;i.e., the 6-exo-
trig-like process was favorable [18-20]. The cyclization
reaction was significantly faster when we used the more acidic
trifluoromethanesulfonic acid (pK, = —15). The reaction
took place at r.t. and yielded predominantly compound 6a
(38 %), besides a small amount of compound 5a (6 %).
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Scheme 1

OH Br
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The structure and stereochemistry of the new compounds
Sa and 6a were established by spectroscopic methods. For
instance, an HPLC-MS experiment of compound 6a showed
a molecular ion peak at m/z = 225, indicating a molecular
formula C;sH;sNO. All proton and carbon signals of this
compound were assigned after extensive NMR measure-
ments using COSY, HMQC, and HMBC techniques. 'H and
13C NMR, especially NOE studies, verified the structure and
the cis-fused arrangement. Namely, the proton spectrum
showed the presence of four methylene groups; among them,
the one showing up at 6 = 1.98 and 2.06 ppm correlated
with the methylene at C-13. Furthermore, the two broad
singlet peaks (3.15 and 4.99 ppm), one of them originating
from an oxymethine proton, could be attributed to the pro-
tons at the annelation (C-2 and C-6). The cis-annelation was
confirmed by NOE correlation. The important NOE inter-
actions of compound 6a are shown in Fig. 1.

In the analogue cyclization reaction of the homolog 4b we
obtained furo[3,2-#]quinoline Sb and a spiro analog 7a
approximately in equal amounts, in both sulfuric acid-cata-
lyzed and trifluoromethanesulfonic acid-catalyzed processes
(yields 39 and 46 %, respectively). The formation of the
spiro compound could be the result of a consecutive [1,2]-
alkyl migration, [1,2]-H shift, and cyclization (Scheme 2).
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Acid-catalyzed intramolecular cyclization of com-
pound 4c afforded a mixture of three compounds in a ratio
of 5:5:1 (yield 56 %). Here, besides the expected metha-
nooxecino [3,2-h]quinoline 6b and the spiro compound
7b, we also isolated a methyl-substituted compound 8.
The structure of the latter was established by 'H and '°C
NMR spectra, and NOE investigation. The 'H NMR
spectrum of compound 8 was similar to that of 6b
except the presence of a signal of a methyl group
(0 = 1.70 ppm). The carbon signal (6 = 31.96 ppm) also
suggested the presence of a methyl group in the molecule.
The significant NOE correlation between the methyl
protons and the protons at C-14, and the lack of same with
the annellation proton at C-7 (3.21 ppm), suggested the
cis-fused structure (Fig. 1).

A plausible mechanism for the formation of compound 8
is proposed in Scheme 3. On the protonated starting com-
pound 9c, the [1,2]-alkyl migration took place, which
relieved the strain of the cyclooctenyl moiety of the mol-
ecule. Deprotonation of the intermediate 12 yielded
compound 13, on which acid-catalyzed intramolecular
cyclization afforded compound 8 (the same type of ring
constriction reaction was observed earlier during the bro-
mination of trans-cyclooctene [21, 22]).
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Fig. 1 Selected NOE correlations of compounds 6a and 8
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In summary, novel heterocyclic compounds have been
prepared from 8-(cycloalkenyloxy)quinolines by thermal
rearrangement followed by acid-catalyzed cyclization. The
present synthetic schemes would enable access to a variety
of furoquinolines, oxocinoquinolines, oxecinoquinolines,
and spiro analogues, which would have interesting bio-
logical properties.

Experimental

Solvents were used as received from commercial suppliers,
and no further attempts were made to purify or dry them.
Melting points were determined on a Biichi apparatus.
Infrared (IR) spectra were recorded on a Bruker Alpha FT

spectrophotometer. '"H NMR and '>C NMR spectra were
obtained on a Bruker DRX-500 spectrometer operating at
500 and 125 MHz, respectively. All NMR spectra are
reported in ppm relative to TMS. MS spectra were con-
ducted on Agilent 6140 quadrupole LC/MS instrument
(ESI was +2 kV). Microwave irradiation was carried out
using a CEM Explorer microwave reactor equipped with an
automatic temperature controller and auto sampler (CEM
Corporation, Matthews, NC). Liquid chromatography was
conducted on the Agilent LCQ101 LC/MS (column:
Gemini 3 u C18, 50 x 3 mm; solvent H,O) instrument.
Merck precoated silica gel 60 F,s4 plates were used for
TLC, and Kieselgel 60 for column chromatography.

Quinolin-8-ol (1) was obtained from a commercial
source and was of the highest grade available. 3-Bromo-
cyclohex-1-ene (2a) [23], 3-bromocyclohept-1-ene (2b)
[24], and 3-bromocyclooct-1-ene (2¢) [25] were prepared
using their literature procedures.

General procedure for preparation
of 8-(cycloalk-2-enyloxy)quinolines 3

To a cold-stirred suspension of NaH (12 mmol, 80 % in
mineral oil) in 10 cm® DME, a solution of 1.0 g quinolin-8-
ol (1, 6.88 mmol) in 30 cm® DME was added dropwise,
and the resulting mixture was stirred at 0 °C for 2 h. To
this mixture the appropriate bromine 2 (10 mmol) was
added dropwise, and stirring was continued at r.t. for 24 h.
The reaction mixture was quenched with 100 cm® brine
and extracted with EtOAc (4 x 50 cm®). The combined
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Scheme 3
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organic layers were washed with 1 N NaOH solution and
water, and then dried over MgSO,. Evaporation of the
solvent under reduced pressure provided a residue which
was purified by column chromatography on silica gel using
hexane-EtOAc 6:1 as the eluent.

8-(2-Cyclohexen-1-yloxy)quinoline (3a, C,sH;5sNO)
Yellow oil; yield 56 %; TLC: R;y= 0.29 (hexane—
EtOAc = 4:1); IR (KBr): v = 1,650, 1,610, 1,560, 1,500,
1,470, 1,370, 1,310, 1,260, 1,100 cm™"; "H NMR (CDCl5):
0 =170 (m, 1H, Cs-H), 1.96 (m, 1H, Cs-H), 2.07 (m,
1H, C4—H), 2.10 (m, 2H, C¢—H), 2.15 (m, 1H, C4—H), 5.12
(brs, 1H, C;—H), 5.98 (m, 1H, C3-H), 6.02 (d, J = 11 Hz,
1H, C,-H), 7.12 (d, J =8 Hz, 1H, C,-H), 7.36 (d,
J =8 Hz, 1H, Cs-H), 7.38 (dd, J = 8 Hz, 4 Hz, 1H,
Cs-H), 7.42 (t, J = 8 Hz, 1H, Cs—H), 8.09 (d, J = 8 Hz,
1H, C4—H), 8.95 (dd, J = 4 Hz, 1 Hz, 1H, C,—H) ppm; '°C
NMR (CDCls): 6 = 19.53 (C-5'), 25.08 (C-4'), 28.17
(C-6"), 72.31 (C-1), 110.65 (C-7), 119.48 (C-5), 121.31
(C-3), 126.32 (C-2'), 126.45 (C-6), 129.65 (C-4a), 131.99
(C-3%), 135.73 (C-4), 141.04 (C-8a), 149.22 (C-2), 153.69
(C-8) ppm.
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8-((Z)-Cyclohept-2-enyloxy)quinoline (3b, C;csH;7NO)
Yellow oil; yield 46 %; TLC: Ry = 0.3 (hexane—ace-
tone = 5:2); IR (KBr): v = 1,625, 1,570, 1,510, 1,480,
1,450, 1,380, 1,320, 1,260, 1,100 cm™~'; "H NMR (CDCl5):
0 = 1.42 (m, 1H, Cs—H), 1.73 (m, 1H, Cg—H), 1.80 (m,
1H, Cs-H), 2.04 (m, 1H, C;~H), 2.10 (m, 1H, C¢—H), 2.19
(m, 1H, C4—H), 2.28 (m, 1H, C4-H), 2.30 (m, 1H, C;—H),
5.18 (m, 1H, C;—H), 591 (m, 1H, C3-H), 5.98 (m, 1H,
C,-H), 7.03 (d, J = 8 Hz, 1H, C,-H), 7.37 (d, J = 8 Hz,
1H, Cs—H), 7.42 (m, 2H, C3-H and C¢-H), 8.12 (d,
J =8 Hz, 1H, C4—H), 8.97 (d, J = 3.5 Hz, 1H, Cg-H)
ppm; 13C NMR (CDCly): 6 = 26.47 (C-5), 27.94 (C-6)),
28.60 (C-4"), 33.22 (C-7"), 78.60 (C-1"), 110.46 (C-7),
119.37 (C-5), 121.48 (C-3), 126.69 (C-6), 129.68 (C-4a),
130.60 (C-3'), 136.05 (C-2'), 136.15 (C-4), 140.55 (C-8a),
149.20 (C-2), 153.45 (C-8) ppm; MS: m/z (%) = 239 (M™,
100), 145 M+ — C;H,, 16).

8-((Z)-2-Cycloocten-2-yloxy)quinoline (3¢, C17H;oNO)

Yellow oil; yield 46 %; TLC: Ry= 0.45 (hexane-
acetone = 5:1); IR (KBr): v = 1,613, 1,595, 1,497,
1,468, 1,424, 1,374, 1,314, 1,258, 1,180 cm™'; '"H NMR
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(CDCl3): & = 1.49 (m, 1H, Cs—H), 1.57 (m, 1H, Cg—H),
1.66 (m, 1H, C;—H), 1.71 (m, 1H, C;=H), 1.74 (m, 1H,
Cg—H), 1.78 (m, 1H, Cs—H), 2.03 (m, 1H, Cg—H), 2.24 (m,
1H, C4—H), 2.34 (m, 1H, Cg-H), 2.37 (m, 1H, C,~H), 5.35
(m, 1H, C;~H), 5.70 (m, 1H, Cy~H), 5.80 (m, 1H, C3-H),
7.05 (d, J =8 Hz, 1H, C,—H), 7.35 (d, J = 8 Hz, 1H,
Cs—H), 7.41 (m, 1H, C¢-H), 7.43 (m, 1H, C5-H), 8.13 (d,
J = 8 Hz, 1H, C4—H), 8.98 (d, J/ = 4 Hz, 1H, C,—H) ppm;
13C NMR (CDCl;): & = 23.49 (C-7), 26.27 (C-6'), 26.81
(C-4"), 29.12 (C-5), 35.82 (C-8), 76.36 (C-1"), 110.50
(C-7), 119.25 (C-5), 121.38 (C-3), 126.82 (C-6), 129.54
(C-4a), 130.17 (C-3"), 132.95 (C-2), 136.34 (C-4), 140.15
(C-8a), 149.03 (C-2), 153.88 (C-8) ppm.

General procedures for rearrangement of ethers 3

Method A A solution of ether 3 (3 mmol) in 50 cm®
chlorobenzene was kept at reflux for 80 h. The solvent was
evaporated under reduced pressure, and the crude product
was purified by column chromatography on silica gel
(hexane-EtOAc = 4:1).

Method B Ether 3 (5 mmol) was kept at 130 °C for 8 h
under microwave irradiation. After cooling, the reaction
mixture was dissolved in a mixture of CH,Cl, and acetone
(5:2) and purified by column chromatography (hexane—
EtOAc = 4:1).

7-(2-Cyclohexen-1-yl)-8-quinolinol (4a, C,sH;sNO)
Greenish crystalline solid; yield: method A 47 %, method
B 52 %; m.p.: 97-98 °C; TLC: R; = 0.52 (hexane—
EtOAc = 4:1); IR (KBr): v = 3,320 (OH), 1,625, 1,505,
1,460, 1,370, 1,340, 1,280, 1,230, 1,090 cm™'; '"H NMR
(CDCl3): 6 = 1.66 (m, 1H, Cg—H), 1.72 (m, 1H, Cs—H),
1.77 (m, 1H, Csy-H), 2.13 (m, 3H, C4—H and Cg¢-H), 4.12
(m, 1H, Cy—H), 5.74 (dd, J = 8 Hz, 1.5 Hz, 1H, C,-H),
5.97 (m, 1H, Cs—H), 7.28 (d, J = 8.5 Hz, 1H, Cs-H), 7.35
(dd,J = 8.2 Hz,4 Hz, 1H, C5-H), 7.43 (d, J = 8.5 Hz, 1H,
Cs—H), 8.09 (d,J = 8.2 Hz, 1H, C4,—H), 8.46 (br s, IH, OH),
8.74 (dd, J =4 Hz, 1 Hz, 1H, C,-H) ppm; '>C NMR
(CDCls): 6 = 21.43(C-5"),25.11 (C-4"),30.30 (C-6"), 34.86
(C-1), 117.09 (C-5), 120.97 (C-3), 126.86 (C-4a), 127.77
(C-7),128.00 (C-6), 128.81 (C-3"),129.97 (C-2"), 135.89 (C-
4), 138.05 (C-8a), 147.73 (C-2), 148.67 (C-8) ppm.

7-((Z)-2-Cyclohepten-1-yl)-8-quinolinol (4b, C;sH,7,NO)

Light greenish crystals; yield: method A 52 %, method B
52 %; m.p.: 80-84 °C; TLC: R;y= 0.75 (hexane—ace-
tone = 5:2); IR (KBr): v = 3,340 (OH), 1,640, 1,520,
1,475, 1,405, 1,380, 1,290, 1,240 cm™'; 'H NMR (CDCl5):
0 = 1.50 (m, 1H, Cs—H), 1.76 (m, 1H, Cs¢—H), 1.83 (m,
1H, Cs-H), 1.87 (m, 2H, C;—H), 1.98 (m, 1H, C¢—H), 2.31
(m, 2H, C4-H), 4.27 (br s, 1H, C;—H), 5.78 (dd,
J =11 Hz, 2.5Hz, 1H, C,-H), 593 (m, 1H, C3-H),
7.39 (d, J = 8.5 Hz, 1H, Cs-H), 7.48 (dd, J = 8 Hz, 4 Hz,

1H, C5-H), 7.55 (d, J = 8.5 Hz, 1H, C¢H), 8.28 (d,
J = 8 Hz, 1H, C4—H), 8.78 (d, J = 4 Hz, 1H, C,-H), 9.8
(br s, 1H, OH) ppm; >C NMR (CDCls): 6 = 27.18 (C-5'),
28.92 (C-4), 30.38 (C-6'), 34.73 (C-7"), 40.14 (C-1"),
117.82 (C-5), 120.58 (C-3), 127.29 (C-4a), 128.83 (C-6),
132.27 (C-7), 132.30 (C-3'), 135.96 (C-2'), 136.00 (C-8a),
138.46 (C-4), 146.11 (C-2), 147.15 (C-8) ppm.

7-((Z)-2-Cycloocten-1-yl)-8-quinolinol (4c, C7H;9NO)
Greenish crystals; yield: method A 49 %, method B 51 %;
m.p.: 107-109 °C; TLC: Ry = 0.2 (hexane—EtOAc = 4:1);
IR (KBr): v = 3,340, 1,505, 1,465, 1,452, 1,405, 1,380,
1,348, 1,300, 1,280, 1,180, 1,040 cm™'; "H NMR (CDCl5):
0 = 144 (m, 1H, Cs-H), 1.63 (m, 1H, C¢-H), 1.71 (m,
2H, C;-H), 1.80 (m, 2H, Cs—H and C¢—H), 1.83 (m, 2H,
Cg—H), 2.18 (m, 1H, C4—H), 2.54 (m, 1H, C4—H), 4.45 (m,
1H, C;-H), 5.76 (m, 2H, Cy—-H and CyH), 7.34 (d,
J = 8.5 Hz, 1H, Cs-H), 7.39 (dd, J/ = 8 Hz, 4 Hz, 1H, C3—
H), 7.54 (d, J = 8.5 Hz, 1H, C¢-H), 8.15 (d, J = 8 Hz,
1H, C4—H), 8.74 (d, J = 4 Hz, 1H, C,-H), 8.8 (br s, 1H,
OH) ppm; '*C NMR (CDCls): 6 = 26.26 (C-7), 26.47 (C-
4", 26.66 (C-6"), 29.68 (C-5), 35.99 (C-1'), 36.69 (C-8),
117.63 (C-5), 120.87 (C-3), 126.86 (C-4a), 127.65 (C-06),
128.63 (C-7), 129.68 (C-3"), 132.73 (C-2'), 136.64 (C-4),
137.53 (C-8a), 147.19 (C-2), 148.24 (C-8) ppm.

General procedures for cyclization
of 7-(2-cycloalken-1-yl)-8-quinolinols 4

Method A A solution of 1.0 g compound 4 in 0.6 cm®
sulfuric acid was kept at 100 °C for 1 h. After cooling, the
reaction mixture was poured into 10 cm’® water; the
resulting solution was basified with 1 N NaOH solution
and extracted with CHCl; (3 x 15 cm®). The combined
organic layers were dried over MgSQO, and the solvent was
evaporated under reduced pressure. The residue was puri-
fied by column chromatography.

Method B A solution of 1.0 g compound 4 in 1 cm®
trifluoromethanesulfonic acid was stirred at r.t. for 1 h. The
reaction mixture was poured in 1 N NaOH solution and
extracted with CHCl; (3 x 15 cm®). The combined
organic layers were dried over MgSQy; solvent was evap-
orated in vacuo, and the residue was purified by column
chromatography.

cis-6b,7,8,9,10,10a-Hexahydro[ 1 [benzofuro[3,2-h]-
quinoline (5a, CsH;sNO) and cis-3,4,5,6-tetrahydro-
2H-2,6-methanooxocino|3,2-h]quinoline (6a, C;sH;5NO)
Compound Sa: yield: method A 17 %, method B 6 %; light
yellow oil; TLC: Ry = 0.33 (hexane-EtOAc 4:1); HPLC:
R, = 3.764 min; IR (KBr): v = 1,613, 1,588, 1,515, 1,450,
1,435, 1,360, 1,348, 1,312, 1,300, 1,260, 1,220, 1,176,
1,137 cm™'; 'H NMR (CDCls): 6 = 1.37 (m, 1H, Cg—H),
1.49 (m, 1H, C;,—H), 1.57 (m, 2H, Cg-H and Co-H), 1.63
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(m, 1H, Co-H), 1.91 (m, 1H, C,;—H), 1.96 (m, 1H, C;,-H),
2.30 (m, 1H, Cyo—H), 3.37 (m-q, J = 7 Hz, 1H, Cg,-H),
4.97 (m, 1H, Cp,-H), 7.31 (dd, J = 8 Hz, 4 Hz, 1H, Cs-
H), 7.34 (d, J = 8 Hz, 1H, Cs-H), 7.39 (d, J/ = 8 Hz, 1H,
Cs-H), 8.11 (d, J = 8 Hz, 1H, C4—H), 8.85 (d, J/ = 4 Hz,
1H, C,-H) ppm; 3C NMR (CDCl;): 6 = 20.21 (C-9),
21.97 (C-8), 27.27 (C-10), 28.81 (C-7), 41.48 (C-6b), 84.06
(C-10a), 119.75 (C-5), 120.71 (C-3), 122.63 (C-6), 128.76
(C-4a), 131.63 (C-6a), 136.07 (C-4), 136.27 (C-11b),
149.64 (C-2), 154.75 (C-11a) ppm; MS: m/z (%) = 225
M, 100).

Compound 6a: yield: method A 35 %, method B 38 %;
light yellow oil; TLC: R; = 0.28 (hexane—acetone 5:2);
HPLC: R, = 3.47 min; IR (KBr): v = 1,578, 1,560, 1,500,
1,455, 1,430, 1,380, 1,356, 1,345, 1,326, 1,307, 1,246,
1,210, 1,195, 1,170, 1,111, 1,080, 1,072 cm™'; 'H NMR
(CDCl3): 6 = 1.37 (m, 1H, C4,—H), 1.48 (m, 1H, C4,—H),
1.64 (m, 1H, C3—H), 1.83 (m, 1H, Cs—H), 1.85 (m, 1H, Cs—
H), 1.98 (m, 1H, C5-H), 2.06 (m, 1H, C;3—-H), 2.31 (m,
1H, C3-H), 3.12 (br s, 1H, C¢—H), 4.97 (br s, 1H, C,—H),
7.17 (d, J = 8.2 Hz, 1H, C,-H), 7.24 (d, J = 8.2 Hz, 1H,
Cg-H), 7.33 (dd, J = 8.2 Hz, 4.2 Hz, 1H, C,—H), 8.05
(dd, J = 8 Hz, 1.2 Hz, 1H, Co-H), 8.90 (dd, J = 4 Hz,
1.2 Hz, 1H, C,-H) ppm; 3C NMR (CDCly): 6 = 17.55
(C-4), 29.60 (C-13), 32.27 (C-6), 32.90 (C-5), 33.55 (C-3),
72.35 (C-2), 118.19 (C-8), 121.14 (C-10), 124.44 (C-6a),
128.15 (C-7), 128.53 (C-8a), 136.19 (C-9), 139.41 (C-12a),
149.43 (C-11), 151.79 (C-12b) ppm; MS: m/z (%) = 225
M, 100).

cis-7,8,9,10,11,11a-Hexahydro-6bH-cyclohepta-
[4,5[furo[3,2-h]quinolone (5b, C1,H7NO)
and 3'H-spiro[cyclohexane-1,2'-furo[3,2-h]quinolone
(7a, Ci6H;7NO)
Compound 5b: yield: method A 19 %, method B 22 %;
light yellow oil; TLC: Ry = 0.2 (hexane—acetone 4:1); IR
(KBr): v = 1,622, 1,511, 1,461, 1,440, 1,423, 1,394, 1,368,
1,359, 1,307, 1,244, 1,134, 1,114, 1,077, 1,043, 907 cm™";
'"H NMR (CDCl;): § = 1.45 (m, 3H, Cg-H, Co—H, and
Cio-H), 1.72 (m, 2H, Cg—H and Cy—H), 1.86 (m, 2H, C,—H
and C;o-H), 1.94 (m, 1H, C;-H), 2.10 (m, 1H, C,;-H),
2.27 (m, 1H, C;;—-H), 3.78 (m, t-d, J/ = 9.9 Hz, 3.5 Hz, 1H,
Cen-H), 5.25 (m, t-d, J = 10 Hz, 4 Hz, 1H, C,,-H), 7.32
(br s, 2H, Cs—H and C¢-H), 7.34 (m, 1H, C3-H), 8.11 (d,
J = 8.5 Hz, 1H, C4—H), 8.85 (d, J = 4 Hz, 1H, C,-H)
ppm; *C NMR (CDCly): 6 = 24.19 (C-10), 28.62 (C-8),
31.22 (C-9), 31.64 (C-7), 31.81 (C-11), 47.50 (C-6b), 88.50
(C-11a), 119.35 (C-5), 120.79 (C-3), 123.22 (C-6), 128.89
(C-4a), 129.32 (C-6a), 135.46 (C-12b), 136.18 (C-4),
149.40 (C-2), 154.09 (C-12a) ppm; MS: m/z (%) = 239
M, 100).

Compound 7a: yield: method A 20 %, method B 24 %;
light yellow oil; TLC: Ry = 0.5 (hexane—EtOAc 4:1); IR
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(KBr): v = 1,600, 1,566, 1,508, 1,460, 1,436, 1,361, 1,281,
1,253, 1,214, 1,184, 1,170, 1,078, 1,052, 1,037, 990 cm™!;
"H NMR (CDCl5): 6 = 1.51 (m, 4H, C3-H, C4~H, and Cs—
H), 1.83 (m, 2H, C,-H and C¢-H), 1.95 (m, 2H, C;-H and
Cs-H), 2.02 (m, 2H, C,-H and C¢-H), 3.22 (m, 2H, C3—
H), 7.32 (d, J = 8 Hz, 1H, Cs—H), 7.38 (dd, J = 8 Hz,
4 Hz, 1H, C,—H), 7.40 (d, J = 8 Hz, 1H, C,—H), 8.18 (d,
J = 8 Hz, 1H, C¢-H), 8.91 (d, J = 4 Hz, 1H, Cg—H) ppm;
13C NMR (CDCly): & = 23.12 (C-3 and C-5), 25.14 (C-4),
37.32 (C-2 and C-6), 41.53 (C-3'), 91.11 (C-1), 119.01 (C-
5'), 120.56 (C-7"), 124.57 (C-4"), 125.21 (C-3a), 128.88 (C-
5a’), 134.43 (C-9a’), 137.36 (C-6'), 148.67 (C-8'), 153.51
(C-9b') ppm; MS: m/z (%) = 239 (M, 100).

3,4,5,6,7,8-Hexahydro-2H-2,8-methanooxecino(3,2-h]-
quinolone (6b, C;7HoNO), 3'H-spiro[cycloheptane-1,2'-
furo[3,2-h]quinolone (7b, C7H,oNO), and 2-methyl-
2,3,4,5,6,7-hexahydro-2,7-methanooxonino[3,2-h]-
quinolone (8, C7H;oNO)

Compound 6b: yield: method B 25 %; light yellow oil;
TLC: R;=0.35 (hexane-acetone 5:2); HPLC:
R, = 3.824 min; IR (KBr): v = 1,502, 1,451, 1,413,
1,373, 1,259, 1,214, 1,086, 1,017 cm™'; "H NMR (CDCl5):
0 = 1.30 (m, 2H, C4,—H and C¢-H), 1.58 (m, 1H, Cs—H),
1.64 (m, 2H, C5-H and C,-H), 1.79 (m, 3H, C4,—H, Cs-H,
and C¢-H), 2.13 (m, 1H, C;5-H), 2.35 (m, 1H, C5-H), 2.42
(m, 1H, C5-H), 2.45 (m, 1H, C,—H), 3.02 (m, 1H, Cg-H),
4.81 (m, 1H, C,-H), 7.26 (d, J = 8.5 Hz, 1H, Co-H), 7.28
(d, J = 8.5 Hz, 1H, C(-H), 7.34 (dd, J/ = 8 Hz, 4 Hz, 1H,
C»-H), 8.06 (d, / = 8 Hz, 1H, C;;-H), 8.90 (d, J/ = 4 Hz,
1H, C;3-H) ppm; "*C NMR (CDCly): 6 = 22.46 (C-6),
23.72 (C-5), 24.59 (C-15), 30.39 (C-8), 30.62 (C-4), 30.86
(C-3), 36.18 (C-7), 74.19 (C-2), 118.08 (C-10), 120.78 (C-
12), 125.75 (C-8a), 127.97 (C-9), 128.00 (C-10a), 135.72
(C-11), 140.57 (C-14a), 147.52 (C-14b), 149.07 (C-13)
ppm; MS: m/z (%) = 253 (100).

Compound 7b: yield: method A 25 %; light yellow
oil; TLC: R;= 0.52 (hexane-acetone 5:2); HPLC:
R, = 4.174 min; IR (KBr): v = 1,511, 1,462, 1,360,
1,311, 1,278, 1,259, 1,159, 1,080, 1,015 cm™'; '"H NMR
(CDCl3): 6 = 1.52 (m, 2H, C3-H and C¢-H), 1.63 (m, 2H,
C4—H and Cs-H), 1.72 (m, 2H, C4~H and Cs-H), 1.86 (m,
2H, C3-H and C¢-H), 1.98 (m-dd, 2H, C,—H and C;—H),
2.26 (m-dd, 2H, C,-H and C;—H), 3.25 (s, 2H, C3-H), 7.29
(d, J = 8.2 Hz, 1H, Csy-H), 7.32 (dd, J = 8.2 Hz, 4.4 Hz,
1H, C4-H), 7.35 (d, J = 8.2 Hz, 1H, C,—H), 8.09 (dd,
J =28.5Hz, 1.5Hz IH, Cg¢-H), 8.86 (dd, J = 4.0 Hz,
1.5 Hz, 1H, Cy—H) ppm; '*C NMR (CDCly): § = 22.21
(C-3 and C-6), 29.18 (C-4 and C-5), 40.73 (C-2 and C-7),
43.29 (C-3%), 94.36 (C-1), 118.93 (C-5), 120.63 (C-4"),
124.00 (C-7"), 124.12 (C-3a’), 128.82 (C-5a’), 136.01
(C-6"), 136.05 (C-92a"), 149.51 (C-8'), 154.12 (C-9b') ppm;
MS: m/z (%) = 253 (100).
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Compound 8: yield: method B 6 %; light yellow oil;
TLC: R;=0.29 (hexane-acetone 5:2); HPLC:
R, = 3.802 min; IR (KBr): v=1,512, 1,462, 1,423,
1,394, 1,368, 1,359, 1,308, 1,289, 1,244, 1,134, 1,114,
1,077, 1,043 cm™'; '"H NMR (CDCls): 6 = 1.35 (m, 2H,
C4—H and Cs—H), 1.50 (m, 1H, Cs-H), 1.68 (m, 1H, C4—H),
1.70 (s, 3H, CH3), 1.87 (m, 1H, C¢-H), 1.95 (m, 1H, C5—
H), 2.00 (m, 1H, C3-H), 2.21 (m, 3H, C¢—H and C;4—H),
3.21 (m, 1H, C;—H), 7.35 (d, J = 8.5 Hz, 1H, Cy—H), 7.40
(d, J = 8.5 Hz, 1H, Cg-H), 7.45 (dd, J = 8 Hz, 3 Hz, 1H,
C;1-H), 820 (d, J=8.5Hz, 1H, C;p-H), 9.03 (d,
J=3Hz, 1H, C;»-H) ppm; '*C NMR (CDCl,):
0 = 24.04 (C-5), 26.97 (C-4), 31.96 (CHs), 33.16 (C-7),
35.30 (C-6), 37.01 (C-14), 42.94 (C-3), 78.72 (C-2), 118.20
(C-9), 120.73 (C-11), 125.59 (C-7a), 128.18 (C-9a), 128.47
(C-8), 137.61 (C-10), 138.00 (C-13a), 148.09 (C-12),
149.02 (C-13b) ppm; MS: m/z (%) = 253 (100).
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