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with 5-Chloro-2-methoxytropone and 2,5-Dichlorotropone.
On the Solvent Effect for the Sites of the Reaction”

Tetsuo Nozok,*st Hitoshi TAKEsHITA,*:!t and Kozo Tajri!
Faculty of Science, Tohoku University, Sendai 980
ttResearch Institute of Industrial Science, 86, Kyushu University, Sakamoto, Kasuga, Fukuoka 816
(Received June 16, 1983)

The sites of the nucleophilic attack of the base-catalyzed condensation of dimethyl malonate with 5-chloro-2-
methoxytropone were solvent-dependent; the normal substitution product was predominant in benzene, but the

ciné-substitution products were exclusive in methanol.
exclusive in both solvents.

One of the most remarkable features on the nucleo-
philic substitution reaction of troponoid chemistry is a
frequent occurrence of the abnormal substituion, or
ciné-reaction,®® which means a reaction in which the

leaving group on the aromatic ring is not located on the

attacking site of the nucleophile. To date, many exam-
ples of such reactions have been recorded.¥  This
fundamental feature is important in order to understand
the complicated mode of ring-closure in the azulene
synthesis from the reactive troponoids.>:® The conden-
sation of troponoids with dimethyl malonate or ethyl
acetoacetate is known to give, in the c¢iné- and/or normal
mode, oxazulanones, 2H-cyclohepta[b]furan-2-ones,”
while, the methyl cyanoacetate and malononitrile,
cyano derivatives, are known to give the functionalized
azulene derivatives as major products.?’ Moreover,
the syntheses of the azulene derivatives from
oxazulanones have been developed; i.e., the consecutive
condensation of some oxazulanones with active meth-
ylene derivatives® and heating with various enamines.!?
In view of the capability of introducing various kinds
of functional groups to both five- and seven-membered
rings of azulenes, these make the oxazulanones impor-
tant as the starting materials. This paper will describe
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With 2,5-dichlorotropone, the ciné-reaction products were

the solvent dependency of the ciné-reaction encountered
in the formation of 2H-cyclohepta[b]furan-2-ones from
5-chlorotropolone derivatives, 5-chloro-2-methoxytro-
pone (1) and 2,5-dichlorotropone (2), with dimethyl
malonate.

First of all, when a methanol solution of 1 was allowed
to react with dimethyl malonate in the presence of
sodium methoxide, a somewhat complicated reaction
with a time-dependent product distribution occurred
at 30 °C. After separation of the product mixture by
the silica-gel column or high-pressure liquid chromatog-
raphy, 3—10 were isolated and characterized. A
minor product, 3, was shown to be 6-chloro-3-methoxy-
carbonyloxazulanone (I: X=CI) on the basis of the
'H-NMR spectroscopy, and 4 was also identified to be
5-chloro-3-methoxycarbonyloxazulanone (II: X=Cl,
Y=H). On the other hand, the major product, 5
(47%), was halogen-free, and its H-NMR spectrum
revealed a signal of another methoxyl group, introduced
by a nucleophilic attack; it was the major product
when the reaction was continued for a prolonged
period, up to 8 h. In fact, 5 could be prepared from 4
by sodium methoxide at room temperature.

Therefore, 5 is 5-methoxy-3-methoxycarbonyloxazul-
anone (II: X=MeO, Y=H). Similarly, 6 was shown
to be 6-methoxy-3-methoxycarbonyloxazulanone (I:
X=MeO) by chemical correlation with 3, and 7 and
8 correspond to the malonic ester derivatives from 3
and 4 (I and II: X=CH(COOMe),, Y=H).

The structure of 9 was determined to be 5-chloro-8-
methoxy-3-methoxycarbonyloxazulanone (II: X=Cl,
Y=OMe) by its mass spectrum [mfe, 268, 270 (MH,
C;,H,O;Cl)] and the *H-NMR analysis: A low-field
signal at 6 9.09 indicated the presence of a chlorine
atom at C-5, and its broadened shape due to a long-
range coupling indicated the presence of a hydrogen
atom at C-6. This was further confirmed by comparison
of the chemical shifts of C-7 proton with 6 [6=6.79 (dd,
J=11, 2.5 Hz)]; therefore, another methoxyl group of
9 is at the C-8.

The remaining product, 10, is the monodecarbox-
ylated derivative of 7 (I: X=CH,COOMe).

The base-catalyzed condensation reaction of 1 with
dimethyl malonate in benzene solution was slower than
that in methanol, and the product distribution was
considerably different. The major product in this case
was the normal condensate, 3 (649), which was
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TABLE 1. 'THE PRODUCT DISTRIBUTIONS (YIELD/%) OF THE CONDENSATION REACTION OF
1 AND 2 TO DIMETHYL MALONATE IN VARIOUS SOLVENTS
Normal condensates (I) ciné-Condensates (II)
R d
Products Cl OMe CH(COOMe); CH,COOMe CI OMe CH(COOMe) Cl, Y=OMe o ¢
(3) (6) (7 (10) (4) (5) (8) 9 (1)
1 in Methanol 3 7 2 1 7 47 3 5 18
1 in Benzene 64 7 11 3 24
1 in Benzene-Ether 47 1 11 - 3 24
2 in Methanol 62 16 17
2 in Benzene 65 3 8
2 in Benzene-Ether 65 2 5
TasLe 2. THE 'H NMR SPECTRA OF CYCLOHEPTA [b] FURANONES
Compd 3 4 5 6 7 8 9 10

64 8.68 8.87 8.40 8.80 8.77 8.83 9.09 8.87

85 7.58 (C)) (OMe) 7.39 7.63 (Malonyl) (Cl) 7.58

b6 (C1 7.33 7.2 (OMe) (Malonyl) 7.41 7.29 (CH2COOMe)

67 7.55 7.33 7.2 6.74 7.49 7.41 6.79 7.37

Os 7.23 7.33 7.2 7.42 7.36 7.41 (OMe) 7.37

3.90 3.80(6H) 3.80(6H) 3.92 3.74

Ome 3.93 3.91 4.00 3.92(6H) 595 3.93 417 3.93

OR-H 4.61(1H) 4.76(1H) 3.70(2H)

Jas 12.5 _ _ 12.5 12.5 —_— _ 12.0

Je-1  — a) a) _ —_ a) 11.0 —

Jr-s 10.5 a) a) 11.0 10.0 a) _ _

Js-6 —_ 1.0 2.5 _— _ a) _ —_

Js-7 2.0 _ _ 3.0 1.5 —_ 2.5 a)

a) By first-order analysis the coupling constants could not be determined, due to overlapping of signals.

accompanied by 4, 7, and 9. Formation of a chloro
methoxy derivative, 9, in this inert solvent can be
explained only in terms of the ciné-reaction via inter-
mediary adduct A which was followed by an auto-
oxidative dehydrogenation. An alternative explanation,
t.e., a nucleophilic introduction of methoxyl group on
the C-8 position of 4 followed by a dehydrogenation, is
not true since, as mentioned above, 4 was exclusively
converted to 5. Such a behavior has precedence in the
condensation of 2-(p-tolylsulfonyloxy)tropone with some
active methylene reagents.!V
Furthermore, the product distribution in the
reaction of 2 in a mixed solution of benzene-ether
(1 : 1)1» revealed an intermediary figure to those in
methanol and in benzene. Occurrence of 3—5, and
7 was directly confirmed by isolations.
Subsequently, the same reaction was carried out with
2 and dimethyl malonate. In methanol, the major
product was 4 (629,) which was accompanied by a
minor product, 5 (16%). No other compound was
detected other than the recovered tropone, 1 (179%);

the condensation thus occurred exclusively with the ciné
mode. The reaction in benzene also produced the ciné-
reaction products, 4 (659%) and 8, together with the
recovered 1 (89;). As expected, the reaction in a mixed
solution of benzene—ether disclosed similar features to
the results obtained from the reaction in methanol; it
gave 4 (659,) and 5.

Therefore, the results disclosed a solvent dependence
in the reaction of 1 and dimethyl malonate, where the
ciné-reaction was favored in the protic solvent, but in
nonpolar aprotic solvent the normal substitution
reaction was predominant. On the other hand, the
reaction of 2 and dimethyl malonate exclusively gave
the ciné-reaction products in every case.

Consequently, the reaction of 1 and dimethyl malonate
is solvent-dependent; in methanol, the predominant
process was the ciné-reaction, but in benzene, the
reverse was true. It is known that in many cases
encountered in the troponoid field, thoroughly different
product distributions have arisen from slightly different
reaction conditions; therefore, one must be careful in
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drawing conclusions based on a single fact. However,
in the present case, it is certain that the nature of
solvents decided the course of the reaction. In methanol,
the nucleophile, dimethyl sodiomalonate, should be
tightly solvated, while, in benzene the reagent is rather
naked. As results, nucleophilic attack by the solvated
bulky reagent to C-2 position, the substituted site, might
become unfavorable due to a steric hindrance.

The reaction of 2 with dimethyl malonate always
proceeded in the exclusive ciné-mode.

The case-catalyzed condensation of 1 and 2 with
other active methylene compounds, methyl acetoacetate
and methyl p-nitrophenylacetate, gave other interesting
features; these results will be presented in an independ-
ent paper.

Experimental

Throughout the study, the NMR spectra were measured by a
JEOL FX-100 Model spectrometer in CDCI, solutions unless
otherwise mentioned, and the chemical shifts were expressed in
the é unit from the internal standard, TMS. The UV spectra
were measured in methanol solutions using a Hitachi Model
124 spectrometer. The IR spectra were measured with a
JASCO Model A-102 spectrometer in either CCl, solutions or
with KBr disks. High-resolution mass spectra were taken by
JEOL OISG Model spectrometer, and the figures were
obtained by visual reading on the photographic plates.

The Condensation Reaction of 5-Chloro-2-methoxytropone (1) and
Dimethyl Malonate in Methanol. Anhydrous methanol (25
cm?) containing dimethyl malonate (775 mg), NaOMe (285
mg) and 1 (500 mg) was warmed to 30 °C with stirring. The
reaction was monitored by an occasional check of high-pressure
liquid chromatogram (polasil T/ethyl acetate—hexane). After
8 h, the solvent was removed by evaporation, and the residue
was neutralized with dil HCI and chromatographed on a silica-
gel column to give three fractions of product mixture: From
benzene—ether (80 : 20), a mixture of 3 and 4 (a, yellow solid,
59 mg), was at first eluted, and subsequently, a mixture of 5, 8,
and 7 (b, yellow solid, 307 mg), was obtained ; from the latest
fractions, a mixture of 6, 9, and 10 (c, yellow solid, 77 mg), was
obtained together with recovered 1 (89 mg).

Further fractionation of these products was performed by
high-pressure liquid chromatography (micropolasil/ethyl aceta—
tehexane): Thus, from the fraction a, analytical samples of 3,
6-chloro-3-methoxycarbonyloxazulanone (yellow needles; mp
250—251 °C [Found: C, 55.18; H, 2.949%,. Calcd for C;,H,-
O,CI: C, 55.37; H, 2.96%. 6(C)=51.9, 116.5, 129.3, 134.4,
140.7, 145.8, 153.0, 157.3, 163.5, and 164.4], 20 mg (3%)),
and 4, 5-chloro-3-methoxycarbonyloxazulanone (yellow ne-
edles; mp 172—173 °C [Found: C, 54.95; H, 2.98%,. 4(C)=
51.8,97.0,117.4,129.0, 135.1, 135.3, 147.8, 151.5, 158.5, 163.3,
and 169.3], 38 mg (7%,)) were isolated.

Similarly, analytical samples of 5, 8, and 7 were isolated
from the fraction b, and showed the following properties: 5,
5-methoxy-3-methoxycarbonyloxazulanone (yellow needles;
mp 200—201 °C [Found: C, 61.47; H, 4.059%,. Calcd
for C;,H,,05: C, 61.54; H, 4.03%,. 6(C)=51.5, 56.6, 94.1,
108.1, 115.1, 129.3, 134.3, 153.7, 157.3, 164.8, 165.2, and
168.4], 265 mg (47%)), 8, 3-methoxycarbonyl-5-[bis(methoxy-
carbonyl)methyl]oxazulanone (yellow needles; mp 181.5—182
°C [Found: C, 57.44; H, 4.18%,; M.W., 334.0647. Calcd for
Cy6H;,O4: C, 57.49; H, 4.22%,; M. W., 334.0689], 27 mg
(3%)), and 7, 3-methoxycarbonyl-6-[bis(methoxycarbonyl)-
methyl]oxazulanone (yellow crystals; mp 170—171 °C[Found:
C, 57.35; H, 4.289%,; M. W., 334.0652], 14 mg (2%)).

2H-Cyclohepta[b]furan-2-one Formation from 2,5-Disubstituted Tropones

3681

Preparative thin-layer chromatography (PTLC) of the frac-
tion ¢ gave 9, 5-chloro-8-methoxy-3-methoxycarbonyloxazul-
anone (yellow needles; mp 231—232 °C [Found: C, 53.54; H,
3.37%; M. W,, 268.0148. Calcd for C,,H,O;Cl: C, 53.65; H,
3.38%; M. W., 268.0139], 30 mg (5%)), 10, 3-methoxycar-
bonyl-6-(methoxycarbonylmethyl)oxazulanone (yellow ne-
edles; mp 170—171 °C [Found: C, 60.80; H, 4.289,; M. W.,
276.0615. Calcd for C,,H,,04: C, 60.87; H, 4.38%; M. W,
276.0634], 7 mg (19%), and 6, 6-methoxy-3-methoxycarbonyl-
oxazulanone (yellow crystals; mp 250—251 °C [Found: C,
61.44; H, 4.09%,. Calcd for C;,;H,,O;: C, 61.54; H, 4.30%,],
38 mg (7%)).

The Condensation Reaction of 1 and Dimethyl Malonate in Benzene.
An anhydrous benzene (25 cm?) solution of dimethyl malonate
(775 mg), NaOMe (285 mg), and 1 (500 mg) was warmed at
30 °C with stirring. After 8 h, the solvent was removed in
vacuo at room temperature, and the residue was extracted with
chloroform and dil HCl. The organic extracts were chro-
matographed on a silica-gel column to give a mixture of 3 and
4 (417 mg), 7 (48 mg; 7%), 9 (20 mg; 3%), and the unreacted
1 (120 mg; 24%). Separation of 3 and 4 was made by
repeated silica-gel column chromatography; the yields were
340 mg (649%) for 3, and 65 mg (119%,) for 4.

The Condensation of 1 and Dimethyl Malonate in a Mixture of
Benzene and Ether. NaOMe (120mg) and dimethyl
malonate (375 mg) were dissolved in anhydrous ether (20 cm?3)
and mixed with benzene solution (20 cm3) of 1 (350 mg) and
kept at 30 °C for 8 h. The mixture was then treated with dil
HCI, and extracted with ethyl acetate. The organic extracts
were chromatographed on a silica-gel column to give a yellow
solid, 3 (175 mg; 47%), 4 (40 mg; 11%), 5 (9.5 mg; 3%), 7
(4.5 mg; 1%), and the recovered 1 (85 mg; 249,).

The Condensation of 2,5-Dichlorotropone (2) with Dimethyl
Malonate in Methanol. A methanol solution (50 cm3) of 2
(505 mg, NaOMe (280 mg), and dimethyl malonate (450 mg)
was kept at 30 °C for 8 h, although disappearance of 2 was
already recognized after 1.5 h on a high-pressure liquid chro-
matogram. After evaporation of the solvent in vacuo at room
temperature, the residue was treated with dil HCI, and
extracted with ethyl acetate. Silica-gel column chromatog-
raphy of the mixture afforded 4 (245 mg; 62%), 5 (90 mg;
16%), and the recovered 1 (60 mg; 17%,).

The Condensation of 2 with Dimethyl Malonate in Benzene.
Anhydrous benzene (50 cm?®) containing dimethyl malonate
(300 mg), NaOMe (110 mg), and 2 (200 mg) was kept at 30 °C
for 8 h. The reaction was somewhat slower than in methanol;
it took 4 h to consume 2. The mixture was washed with dil
HCI and extracted with ethyl acetate. Silica-gel column
chromatography of the mixture afforded 4 (165 mg; 659%,) and
8 (10 mg; 3%,), along with 1 (15 mg; 8%).

The Condensation of 2 and Dimethyl Malonate in a Mixture of
Benzene and Ether. To an anhydrous ether solution (20
cm®) of dimethyl malonate (375 mg) and NaOMe (110 mg),
a benzene solution (20 cm3) of 2 (230 mg) was added at once,
and kept at 30 °C for 8 h. The mixture was then acidified by
dil HCl, and extracted with ether. The silica-gel column
chromatography of the mixture gave 4 (280 mg; 65%,), and 5
(8 mg; 29%,), together with 1 (15 mg; 4.5%).

The Further Conversion of 4 into 5. A Methanol solution
(10 cm?®) containing 4 (10 mg) and NaOMe (2 mg) was kept
at room temperature for 24 h. The mixture was diluted with
aqueous HC] and extracted with ether. The NMR analysis
of the organic fractions confirmed the presence of 5, but of no
other product.

The Conversion of 3 to 6. A methanol solution (10 cm?)
of 3 (15 mg) was similarly treated with NaOMe (2 mg) for
24h. The NMR analysis of the product confirmed the
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exclusive formation of 6.

Formation of 8 from 4. A benzene solution (5 cm?) of 4
(20 mg) was treated with 2 (50 mg) and NaOMe (1 mg) at 30
°Cfor 8 h. From the mixture, only 8, 6 mg, was separated by
PTLC.

Formation of 7 from 3. A benzene solution (5 cm?) of 3
(10 mg) and 2 (20 mg) with NaOMe (l mg) was heated at
30°C for 8 h. The mixture was fractionated by means of
PTLC to afford 7 (4 mg). No other compound was detectable.
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