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CYCLOADDITIONS OF 1,2-DIHYDROCYCLOBUTA [c]QUINOLIN-3(4H)ONES TO OLEFINS:

NEW AZA-ANALOGUES OF ortho-QUINODIMETHANESl

Chikara Kaneko,* Toshihaiko Nalto, and Masako Ito
Faculty of Pharmaceutical Sciences, Kanazawa University, Takara-ma-~hi,

Kanazawa, 920, Japan

Summary An usefulness of 1,2-dihydrocyclobuta[clgquinolin-3(4H)ones as synthons
for organic synthesis for aza-analogues of benzocyclobutenes was demonstrated by

their inter- and intramolecular cycloadditions to olefins.

Benzocyclobutenes have been effectively utilized as starting materials for the

2,3 The key reaction 1n these syrtheses 1s

synthesis of polycyclic ring systems.
an 1intra- and intermolecular cycloaddition of g-quinodimethanes, generated in
situ by the thermolysis of benzocyclobutenes, to olefins or imines. In thas
paper, we report cycloaddition reactions of 1,2-dihydrocyvclobutalclguinolin-
3(4H)ones with olefins.

A 20 mM solution of l-cyano~1,Z-dlhydrocyclobuta[c]qulnolln—B(4H)one1b (I} in
xylene containing 30 mol. equiv. of methyl acrylate was heated at 100° until all
of the starting materials were consumed (ca. 15 hr). Evaporation of t-e solvent
gave a crystalline adduct (II: mp 200-212°) in 90% yield. Though the oroduct
showed only one spot on t.l c¢., PMR spectrum showed 1t to be a mixture of two
stereoisomers both having a head-to-head structure (IIt and IIc¢ in ca. 21
ratic). Heating of ;E in pyridine-d. at 100° for 15 hr afforded the ejuilibra-
tion mixture in which IIc [§. 3.59,43 (Me), and 5.08, d, J=4.0 Hz (CH"N)] pre-
dominated over IIt [&: 3.77, s (Me), and 5.20, 4, J=2.0 Hz (CI_&CN)].4 This
clearly andacates that cycloaddition reaction proceeded under kinetic _ontrol,
being the major stereoilsomer (;EE) less stable thermodynamically than the minor
one (;zs). The smaller coupling constants in these doublets i1ndicate -uasi-
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alkene cycloadducta'b) ratio of cis- and trans-lsomersc)

X Y (mp) in the product as formed after equ111bratlond)
COOMe H II (200-212°) trans/cis ca. 2 trans/cis ca. 3/4
COOMe COOMe III (240-242°) trans/cis ca. 3
(ﬁgOMe H IV (262-265°) trans/cis ca. 1.5 trans/cis ca. 1/3

a) The compound (I) was warmed at 100° in xylene 1in the presence of 30 mol,
excess of alkenes.

b) The adducts were obtained in 90-95% yields.

c) Cis and trans refer to the relation between CN and X functions, and c1ls
isomer 1s thermodynamically more stable than the trans-isomer.

d) The equilibration was reached after 15-20 hr's heating (100°) in pyrldlne—ds.
The ratios were determined by NMR spectra.

axial orientation of the cyano group in each 1isomer (;Ep or ;l;) and such config-
urations are reasonably expected from steric repulsions between the cyanc group
and the peri-hydrogen atom 1f the former takes guasi-equatorial orientation.
Based on these data, stereo-structures of both i1somers are deduced to be as shown
in the formulae IIt and IIc. Other electron-deficient alkenes also reacted with
L‘under the same condition to give mixtures of two stereoisomers, 1n which the
major 1somers were always thermodynamically less stable than the minor ones, and
hence, treatments with pyridine at 100° as above reversed the proportions of the
two 1somers. In all products, head-to-head structures are assured from PMR
spectra: the signal of the proton on the cyanated methine function in each 1somer
appeared as a doublet, without exception. The results of these cycloaddition
reactions are summarized in the Table.

Contrary to the ease of cycloaddition reactions between‘l,and electron-defi~
cient alkenes, electron-rich alkenes (e.g., allyl acetate, cig-2-butene-1,4-diol,
etc.) did not react w1th,£_under these condations, and only dlmer5 of T was ob-
tained after a prolonged reaction time (ca. 100 hr for the complete consumption
of;Q.

The above results showed clearly that 1,2-dihydrocyclobuta(clquinolin-3-ones
reacted with olefins 1n the same manner as benzocyclobutenes. A similarity of
reactions between our system and benzocyclobutenes was further demonstrated by
the following intramolecular rearrangement reaction. Thus, heating of 1,1-di-

1b

methyl-1,2-dirhydrocyclobutalc]lgquinolin-3 (4H) one ggl under a comparable condi-

tion as the above cycloaddition reactions afforded 4-isopropenyl-3-methyl-2-qui-
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nolone [VI. mp 177.5-179°; 6(CDC13): 2.04, 4, J=1.0 Hz (Me), 2.23, s (C3—Me),
5.41, 4, J=1.5 Hz, and 4.89, 4,9, J=1.5 and 1.0 Hz: the olefinic proton being
trans to the methyl group at 2.04; 7\Me°H nm (log&)- 221 (4.54), 271 (3.87),
324.5 (3.90), and 338.5 (3.74)] 1n a quantltatlve vield., Quite recently,
Kametani et gl.e reported the same kind of isomerization reactions of 1,l-di-
alkylated benzocyclobutenes and proposed the mechanism involving an initial
opening to o-quinodimethane species and subsequent [1,5]-sigmatropic hydrogen
shift.

Finally, 1t is demonstrated that the cycloaddition of 1,2-dihydrocyclobutalc]-
guinolin-3-ones to electron-rich olefins becomes possible 1f these two functions
are suitably located each other in one molecule due to an entropy assistance,
whose significant participations are now well documented in the intramolecular
2,3 Thus, 1-(5-hexenyl)-1,2-da-
hydrocyclobuta{clguinolin~3- one7 (VII: mp 118.5-120°) afforded the cyclized
adduct [VIII+ mp 285-288°,Ahoo nm: 222, 272.5, 282, 324.5, and 338.5; & (pyra-
dlne—ds): 1.0-1.9, m (10H), 2.3-3.25, m (3H), 7.1-7.8, m (4H), and 12.65, bs
(NH)] an a guantitative yield by heating for 6 hr in refluxed o-dichlorobenzene.

cycloaddition reactions of benzocyclobutenes.

These experiments revealed that 1,2-dihydrocyclobutalclquinolin-3-ones, now

la,1b ;
read:ily available, "' can serve as synthons in organic syntheses as aza-ana-

logues of benzoecyclobutenes. All of these reactions can be explained to proceed
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through aza-¢o-quinodimethanes g&) as key intermediates, just like as now well
documented participations of o-quinodimethanes in the reactions of benzocyclo-
butene serles.8 However, the regio-selective formation of the head-to-head
adducts (g.g., IIt) 1n the intermolecular cycloaddition reactions seem to indi-
cate that a stepwise process through diradical intermediates gg<—>;g) 1s an
another attractive mechanism for these reactlons.9
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