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SYNTHESES AND REACTIONS OF 1,2*DIHYDROCYCLOBUTA[Q]ISOQUINOLIN*4(3H]—ONES1

Toshihiko Naito and Chikara Kaneko*
Faculty of Pharmaceutical Sciences, Kanazawa University,

Takara-machi, Kanazawa, 920, Japan

Summary: Two-step synthesis of 1,2-dihydrocyclobutalg]isoquinolin-4(3H)-ones,
novel cyclobutane-fused heterocycles, from 3-methoxy-2-methylisoquinolin-1(2H)~
one and their reaction with olefins are described.

We have recently shown that intermolecular 2+2 cycloaddition of heteroaroma-
tics having a f-alkoxy-enone function in their skeleton to olefins can be effect-
ed photochemically and the resultant adducts afforded the corresponding cyclo-
butane~-fused heterocaromatics (e.g., l,2—dihydrocyclobuta[g]quinolin-3(4HJ—ones,2
-pyridin-3(4H)—ones,3 and —coumarinsl by elimination of an alcohol under appro-
priate conditions.
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In an extension for our synthetic study of cyclobutane-fused hetercaromatics
as well as for enlargement of the scope for the above two-step procedure for the
syntheses of this kind of compounds, we have applied the above procedure to the
synthesis of title compounds starting either from 4-acetoxy- or 3-methoxy-2-
methyl-isoquinolin-1(2H)~one (1 or 2), having a conjugated dienone system oxygen-
ated at r- or §-position (Scheme 1 and 2). As expected,4 both l-isoguinclones
afforded upon irradiation the 2+2 cycloadducts with olefins. Though the adducts
from the former did not afford the desired compounds in any conditions examined,
the ones from the latter gave the desired compounds by the use of boron trifluo-
ride-etherate in an appropriate aprotic soclvent. This vaver describes these
synthetic studies as well as reactions of the resultant 1,2-dihydrocyclobutalg]-
isoquinolin-4 (3H) -ones with olefins.

Irradiation of 5~6 x 10'3 mol solution of 1 or 2 in methanol containing a
large excess of olefin (500-600 mol equiv.) by high pressure mercury lamp
(Toshiba-400P, Pyrex filter) until disappearance of the starting isoquinolone5
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afforded in all cases l-substituted 1,2,2a,8b-tetrahydrocyclobutalc]lisoquinolin-
4(3H)-ones (3 and 4) as a mixture of two diastereoisomers. These two isomers
were easily separated by column chromatography over silica gel and the melting
points and yields are shown in the Table. Regiochemistries of these adducts can

be determined from their nmr spectra.s'7 Thus in CDCl, solution, 2a-proton of

each of 3a-c appeared at around 6 4.2-4.9 with expecteg splitting pattern by
coupling with 2~protons (J=8-10 Hz) and was further splitted as doublets by N,-
proton (J=4.5-6 Hz and these doublets collapsed to singlets by the addition of
D20) and 8b-proton in 4 appeared as a doublet centered at around & 3.8-4.1 indi-

cating the presence of only one proton at the l-position in each adduct (4).
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Scheme 1
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Scheme 2

Tdble. Melting Points and Yields of 1,2,2a,8b-Tetrahydrocyclobutalglisoguino-
lin-4(3H)-ones (3 and 4) and 1,2-Dihydrocyclobutalglisogquinolin~-4(3H)~
ones (6).

}'* 4* 6**
comp. ~ ~
Y mp (%) Y mp (%) R mp (%)
a 221-223° dec. 55 || e 154-155° 49 | e
2 e ) .
N 249-251° dec. a1 || N - 168-169° 45 | cny  1737173.5° ca. 90
b Cy 238-239.5° s1 | £ oil 70 | £

- (-]

-(CH,)4{  223-224.5° 15 || cooMe oi1l 21 | coome 1427143 ca. 30
c 226.5-227.5° dec. 43
OAc 236.5-238° dec. 21

* Stereochemistry of each isomer has not been determined as yet.
** The yields of gg,z_from 4 were almost the same irrespective to their stereo-

chemistries.
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All attempts (such as treatment with base or acid, or pyrolysis) to convert
the adducts (3) to 5 have failed. However, while the action of base to 4e result
ed in the recovery of the starting material, the action of boron trifluoride-
etherate to 4 in benzene led, irrespective to their stereostructures, to the
corresponding cyclobutenes8 (6) in high yields. The successful elimination of
methanol from 4 by the Lewis acid probably reflects the appreciable stability of
the carbonium ion structure at C2a (7) due to the participation of the neighbour-
ed NMe group. On the contrary, such a stability can not be expected for the
carbonium ion structure at Cay (8) nor the carbanion structure at C, (9) expect-
ed from 3 and this argument may account for the failure in the formation of 3

from 3.
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Finally, we examined the 4+2 cycloadditicn of 1,2-dihydrocyclcbutalgliso-
quinolones (6e) to olefins via the aza-o-quinodimethane intermediate (10) deriv-
ed from the formers.9 Thus, refluxing of 6e with dimethyl fumarate (15 mol
equiv.) in xylene for 60 min. resulted in the formation of a mixture (;lg, oil:
ca. 2:1 ratio) in a gquantitative yield. Though these two isomers could not be
separated, their ratio was determined from nmr spectrum, which showed COOMe
signals ats 3.58, 3.72, and 3.76 for the major product, and at & 3.52, 3.79, and
3.84 for the minor one. 1In a similar manner, a mixture (}ég, 0il) composed of
two diastereoisomers was again obtained in a quantitative yield by the cycloaddi-
tion of feg to methyl methacrylate. 1In this case, the proportion of the two
isomers was ca. 1:1 and each showed the methine proton signal (CHCN) as a singlet
(6 4.17 and 4.60). This fact demonstrated that cycloaddition of 6e to the
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acrylate proceeded regioselectively to give the head-to-head adducts (11lh).

The present study not only indicates that our two-step procedure for the

synthesis of cyclobutane-fused heteroaromatics can be applicable to heteroaroma-

tics having &-alkoxy-dienon

e system in them as starting materials
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demonstrated that newly synthesized 1,2-dihydrocyclobutalclisoquinolin-4(3H)-ones

can

2.
3.
4.

serve as synthons for 1,2,3,4~-tetrahydrophenanthridin-6 (5H) -ones (1) .
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