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1,2-Dihydrocyclobutac]quinoline?

Using 1,2-dihydrocyclobuta[c]quinolin-3(4H)-one (III} obtained through the photo-
addition of 4-methoxy-2-quinolone (I) to ethylene and subsequent base treatment of the
resulted cycloadduct (II) as a key intermediate, 1,2-dihydrocyclobuta[c]quinoline (V), a
new aza-analogue of naphthocyclobutene, was synthesized.

Keywords photochemical synthesis; photochemical 242 cycloaddition;  3-
chloro-1,2-dihydrocyclobutalc]quinoline ; 1,2,2a,3,4,8b-hexahydrocyclobuta[c]quinoline ;
aza-analogue of naphthocyclobutene; 1,2-dihydrocyclobuta[c]quinolin-3(4H)-one

1,2-Dihydrocyclobutalblquinoline, one of the possible heterocyclic analogues of naphtho-
cyclobutene, has been synthesized previously either from a sealed tube reaction of anthranil
with cyclobutanone in the presence of mercuric sulphate,® or via a Friedlander synthesis using
cyclobutanone and o-aminobenzaldehyde.®> In this paper, we describe the synthesis and
characterization of 1,2-dihydrocyclobutalc]quinoline (V), a new heterocyclic analogue of
naphthocyclobutene.

Irradiation of 4-methoxyquinolin-2(1H)-one (I) in a mixture of methanol and acetone
(2: 8 v/v) under bubbling of ethylene by high pressure mercury lamp (Toshiba 400P) through
a Pyrex filter afforded a 22 cycloadduct (II, mp 172.56—173.5°) in 909, yield as a sole iso-
lable product. The adduct (II) was treated with potassium hydroxide in methanol at reflux
to give 1,2-dihydrocyclobuta[c]quinolin-3(4H)-one (III, mp 228.5—224.5°) in a quantitative
yield. Comparison of the spectral data of IT and III with those of the cycloadducts of I with
substituted olefins and their methanol elimination products® confirmed correctness of the
assigned structures. Chlorination of III (reflux in phosphorous oxychloride) led to 3-chloro-
1,2-dihydrocyclobuta[c]quinoline (IV, mp 115.5—116.5°) in a quantitative yield. The struc-
ture of IV was established on the basis of combustion analysis,® UV spectrum [A¥ nm (log ¢):
210 (4.60), 229.5 (4.67), 234 (4.68), 277.5 (3.63), 306 (3.60), and 319 (3.66)] which is quite
similar to that of 2-chloro-4-methylquinoline [ nm (log &) : 208 (4.59), 229 (4.65), 277 (3.65),
304 (3.54), and 317.5 (3.59)], and finally of its pmr spectrum.® Thus, the four methylene

NII-Electronic Library Service



594 Vol. 29 (1981)

OMe MeO
I/\”/'\[ 300 nm /\)<> base A /<> POCls
N\UONAO  CHeCH, [\/\N/lwo T |\/“\N/[‘O 7
H H H
1 T m
H,/Pd/C
[ f
¥
/ AN v
N m N S
NANACT  ag. HiSO, NN NN/
v - H
v
VI
Chart 1

protons appeared as a singlet at ¢ 3.35 and the aromatic ones as multiplets between 7.35 and
8.1.

Though reductive dehalogenation of 2- and 4-halogenopyridines and -quinolines is general-
ly achieved by catalytic hydrogenation over palladium on charcoal (1 atm, room temp.),”
attempted reductive dechlorination of IV to the title compound (V) by this method was failed
and gave 1,2,2a,3,4,8b-hexahydrocyclobuta[c]quinoline® (VI, oil) as the major product.
Since the fused four membered ring was known to enhance susceptibility of the aromatic ring
to catalytic hydrogenation,” an alternative method for this reductive dechlorination step
was examined. Thus, the reduction of IV with zinc in aq. sulfuric acid (reflux) was found
to give the desired 1,2-dihydrocyclobutalc]quinoline (V, mp 46.0—47.0°); picrate, mp 208.0—
211.0°, decomp.) in 25.59%, yield. In this case, III (the simple hydrolysis product of IV) was
obtained in 52.59%, yield.1® '

1,2-Dihydrocyclobutalc]quinoline (V) was characterized by its pmr spectrum (¢: methylene
protons; 3.38's, Hy; 8.53 s, Hy; 8.0 m, Hg, H,, and Hg; 7.15—7.75) and UV spectrum [AMOY nm
(log €): 222 (4.78), 277.5 (3.63), 306.5 (3.43), and 319.5 (3.49)] which is almost the same with
those of alkylated quinolines.

Since 4-alkoxy-2-quinolones and -pyridones have no tendency to photodimerize but
selectively add to a variety of olefins and the resulted cycloadducts eliminate an alcohol to
give 1,2-dihydrocyclobuta[c]quinolin-3(4H)-ones and -pyridin-3(4H)-ones'!* by base, the
present route to the title compound (V) may have wide applicability for the syntheses of
this class of heterocyclic compounds.
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Synthesis of Renierone, Antimicrobial Metabolite from
a Marine Sponge Reniera sp.

Renierone, a unique isoquinolinequinone antimicrobial metabolite produced from a
marine sponge Reniera sp., was synthesized.

Keywords renierone; antimicrobial metabolite; Reniera sp.; marine sponge;
isoquinolinequinone; synthesis

Renierone, isolated from the ethanolic extracts of an intense blue sponge Reniera sp.,
has been characterized as 1-(7-methoxy-6-methyl-5,8-dioxoisoquinolyl)carbinyl angelate (2)
by an X-ray crystallographic study. It shows strong antimicrobial activity against Staphy-
lococcus auveus, Bacillus subtilis and Candida albicans.?

Recently we have reported the structure determination and synthesis of mimocin (1), a
new isoquinolinequinone antibiotic, from the fermentation broth of Streptomyces lavendulae.?

Their structural feature and antimicrobial activities led us to undertake the synthesis of
2 and its isomer 3.

7-Methoxy-6-methyl-8-nitroisoquinoline (4) [mp 84—86°]%* was converted to the Reissert
compound (5) [mp 160—161°; MS m/e: 349 (M*), 105; 'H NMR (CDCl,, 100 MHz) 6: 2.40 (3H,
s, C,~CH,), 8.95 (3H, s, C;,-OCHy), 6.11 (1H, d, /=8 Hz, C,~H), 6.54 (1H, s, C,-H), 6.71 (1H,
d, J=8 Hz, C,-H), 7.24 (1H, s, C;-H), 7.3—7.6 (5H, brs)] in 409, yield by Uff’s procedure.®

The lithium salt of 5, prepared by treatment with phenyllithium in dioxane-ether at —20°,
was treated with gaseous formaldehyde® [—20°——5°, 30 min; then 10°, 30 min] to yield 1-(7-
methoxy-6-methyl-8-nitroisoquinolyl)carbinyl benzoate (6) [mp 128—129°; MS m/e: 352 (M),
947, 105; 'H NMR (CDCly) 6: 2.54 (3H, s, C,—CHy), 3.96 (8H, s, C;~OCHy), 5.75 (2H, s, CH,0),
7.53 (1H, d, =6 Hz, C&-H), 7.76 (1H, s, C;-H), 8.45 (1H, d, /=6 Hz, Cs-H)] in 619, yield.

Upon hydrolysis[2%, NaOH-EtOH, 45°, 5 min], 6 gave in 90.83%, yield 1-(7-methoxy-6-
methyl-8-nitroisoquinolyl)carbinol (7) [mp 148—149°; MS mle: 248 (M*), 231, 201; 'TH NMR
(CDCly) é: 2.56 (8H, s, Ce—CH,), 3.97 (8H, s, C,~OCH,), 4.96 (2H, s, CH,0), 7.56 (1H, d, J=
6 Hz, C,~H), 7.81 (1H, s, C;-H), 8.44 (1H, d, /=6 Hz, C;-H); IR (KBr) 3340 cm™1].

The Fremy’s salt oxidation of 1-(8-amino-7-methoxy-6-methylisoquinolyl)carbinol (8)
mp 150—151° (dec); MS m/e: 218 (M*); IR (KBr) 3390, 3320 cm~"], obtained in 92.19, yield
by catalytic reduction of 7, provided 1-(7-methoxy-6-methyl-5,8-dioxoisoquinolyl)carbionl
(9) [mp 131—183°; MS m/e: 233 (M*); *H NMR (CDCl;) 6: 2.12 (3H, s, C;—-CHy), 4.24 (3H, s,
C,~OCH,), 5.24 (2H, s, CH,0), 7.86 (1H, d, /=5 Hz, C,-H), 8.84 (1H, d, /=5 Hz, C;~H);
IR (KBr) 3400, 1670 cm~] in 63.79, yield.

The compound 9 was treated with phenyllithium in dioxane-ether at —20° followed by
addition of angeloyl chloride to afford 2 [mp 92.0—92.56°]” in 379, yield, which was identified
with the natural renierone by comparison of IR, *H and **C NMR spectra.
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