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Pyrano[2,3-b]indolizinone derivatives were formed in 18—989%, yields by the reactions of 3-[bis(alkylthio)-

methylene]-2,3-dihydroindolizin-2-ones with various acetates in the presence of alkali.

Dihydroindolizinones were

readily obtained by the alkaline treatment of 1-[2,2-bis(alkylthio)-1-ethoxycarbonylvinyl]-2-ethylpyridinium
iodides and -2-methylpyridinium iodides or by the S-alkylation of 3-[(alkylthio)mercaptomethylene]-1-phenyl-

2,3-dihydroindolizin-2-ones with alkyliodides.

In a previous paper a report was given on the un-
expected formation of 3-[bis(ethylthio)methylene]-1-
methyl-2,3-dihydroindolizin-2-one in the reaction of
1-[1 - ethoxycarbonyl - 2,2 - bis(ethylthio)vinyl] - 2 - ethyl-
pyridinium iodide with alkali.) The compound is a
quite new indolizine with an interesting structure: a)
dihydroaromatic: b) enone and ketene dithioacetal:
c) 2-methylene-1,2-dihydropyridine. We thus assumed
that, if the structural contribution such as (C) (Fig. 1)
for this 3-methylene-2,3-dihydroindolizin-2-one is pre-
sent, the reaction of this molecule with a bifunctional
reagent may lead to the condensed indolizine derivative.
This was found to be the case, pyrano[2,3-b]indolizinone
derivative being formed by the reaction with ethyl
cyanoacetate under basic conditions. In this paper
we wish to report the synthesis of some 3-methylene-
2,3-dihydroindolizin-2-ones and their facile transfor-
mations into pyrano[2,3-b]indolizinone derivatives.
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Fig. 1.

Results and Discussion

Preparation of 3-Methylene-2,3-dikydroindoli zin-2-ones.
The reactions of 1-[2,2-bis(alkylthio)-1-ethoxycarbonyl-
vinyl]-2-ethylpyridinium iodides (8 and 9) and -2-
methylpyridinium iodides (10 and 11), readily obtained
from 1-(ethoxycarbonylmethyl)-2-ethylpyridinium bro-
mide (1) and -2-methylpyridinium chloride (2) wvia
the corresponding pyridinium ylides (4—7) (Scheme
1),2 with alkali gave 3-[bis(alkylthio)methylene]-2,3-
dihydroindolizin-2-one derivatives (15—18) as dark
green prisms or oils in over 909, yields. In contrast
with 10 and 11,3 alkaline treatment of 2-ethylpyri-
dinium salts (8 and 9) in the presence of an activated
ethoxymethylene compound such as ethyl (ethoxy-
methylene)cyanoacetate (12) afforded only 3-methyl-
ene-2,3-dihydroindolizin-2-ones (15 and 16) in com-
parable yields, and not the expected 2-allylidene-1,2-
dihydropyridines (13 and 14). On the other hand,
treatment of 2-benzyl-1-(ethoxycarbonylmethyl)pyri-
dinium bromide (3) with carbon disulfide and then
dialkyl sulfate in the presence of potassium hydroxide
afforded  3-[(alkylthio)mercaptomethylene]-1-phenyl-

2,3-dihydroindolizin-2-ones (21 and 22) as orange nee-
dles in 88 and 799, yields, respectively. S-Alkylation
of the mercapto derivatives (21 and 22) with methyl
and ethyl iodide in the presence of potassium carbonate
in chloroform gave 3-[bis(alkylthio)methylene]-1-
phenyl-2,3-dihydroindolizin-2-ones (19 and 20) in 96
and 919, yields, respectively.

The 3-methylene-2,3-dihydroindolizin-2-one deriva-
tives (15, 16, and 19—22) were very stable under the
usual conditions (below 80 °C), while the I-unsub-
stituted derivatives (17 and 18) were considerably
unstable even at room temperature and, in particular,
very sensitive to column separation (alumina).

The structural assignment of the 2,3-dihydroindoli-
zin-2-one derivatives (15—22) was accomplished mainly
from physical and spectral data. For example, ele-
mentary analyses of the crystalline compounds (15,
19, 21, and 22) were in good accord with the proposed
structures. The IR spectra of 15—22 showed a strong-
ly lowered carbonyl absorption near 1600 cm~!, in-
dicating the presence of the contribution of the polarized
structure as observed in 2-methylene-1,2-dihydropyri-
dine derivative, and those of 21 and 22 exhibited
also a weak mercapto absorption near 2500 cm~! but
no hydroxyl absorption over 3000 cm-t. The IR spec-
tra of 21 and 22 excluded the possibility of the 2-
hydroxyindolizine structure. The NMR spectra (Table
1) of compounds 15—20, and 21 and 22 are similar
to each other, and the considerable low values of
the skeletal protons in 15—20 in comparison with
those of aromatic indolizines® strongly supported their
dihydroindolizine structure. Furthermore, signals ap-
pearing at near 0 13 ppm in the NMR spectra of 21
and 22 should be due to the mercapto group hydrogen-
bonding to the 2-carbonyl oxygen. The considerably
high values of the chemical shifts of 21 and 22 as com-
pared with those of 15—20 can be explained by the
promoted aromatic character owing to the hydrogen-
bonding.

Reactions of 3-Methylene-2,3-dihydroindoli zin-2-ones with
Various Acetates in the Presence of Alkali. In order
to achieve transformation of these dihydroaromatic
compounds (15—20) into condensed aromatic indoli-
zine derivatives, we carried out their reactions with
bifunctional reagents in the light of ketene dithioacetal
chemistry.®) We chose activated acetate derivatives,
which can easily generate the nucleophilic carbanion
under basic conditions and also have an electrophilic
carbonyl carbon. When 3-methylene-2,3-dihydroindo-
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TasrLe 1. NMR DATA OF 3-METHYLENE-2,3-DIHYDROINDOLIZIN-2-ONES
Compd 5 ¢ 7 8 R R’ R'(H Coupli
no. - - - - (H) oupling constants
15 8.43 6.00 6.5—7.0 1.79 2.37 2.63 Js5,6=7.0, J4,,=6.5, j6,3:2.0Hz:
d br t m s s s
16 8.59 5.93 6.76 6.53 1.73 2.82 1.19 3.11 1.24 Js6=Je.7=7.0, J1,6=9.0,
d dt br t br d s q t q t Jes=2.0Hz
17 8.55 6.13 6.6—7.0 5.21 2.39 2.64 Js5.6=7.0, J6,,==6.5, J5,s=2.0Hz
d br t m s s s
18 8.73 6.08 6.6—7.1 5.17 2.90 1.24 3.20 1.27 J5.6=7.0, J5.,=6.5, Js.s=2.0Hz
d br t m s q t q t
19 8.60 6.15 a) a) 6.7—7.9 2.37 2.65 Ts6=Je1=7.0, Jo,s=1.5Hz
d dt m s s
20 8.76 6.10 b) b) 6.7—7.8 2.91 1.24 3.23 1.28 Jse=Je,n 7.0, Jes-=1.5Hz
d dt m q t q t
21  9.40  6.82 c) c) 7.0—7.9 2.84 12.920 Js6=Je2=7.0, Jos=1.5Hz
d dt m s s
22 9.42 6.79 c) c) 7.0—7.9 3.51 1.44 12.939 Jse=Je,25=7.0, Jgs=1.5Hz
d dt m q t s

a) Overlapped with phenyl signals appearing at § 6.7—
c) Overlapped with phenyl signals appearing at 6 7.0—7.9. d) Proton of mercapto group.

d 6.7—7.8.
R R
+ NCCHyCOEt —= Q
C@R' O e C@J C@o (24—29).
R’S - RS CN Et0 CN
15-20 24-29 30-32
| R__® [ ®
24 Me Me 30 Me
25 | Me Et (31) | H
26 Ho Me 32 | Ph
7 H Et
28 Ph Me
29 Ph Et
Scheme 2.

lizin-2-ones (15—20) were allowed to react with ethyl
cyanoacetate (23) in benzene in the presence of tri-
ethylamine under reflux, smooth evolution of methane-
thiol or ethanethiol was observed, separation of

7.9. b) Overlapped with phenyl signals appearing at

the reaction solutions giving crystalline 4-alkylthio-
3-cyano-2H-pyrano[2,3-b]indolizin-2-one derivatives
4-Ethoxy derivatives 30 and 32 were also
obtained in the reactions of 15 and 20 (Scheme 2).
Furthermore, the respective replacement of the solvent
and the base, benzene by ethanol and triethylamine
by potassium ¢-butoxide, in the reactions of 15, 16,
and 19 with 23 gave rise to increased formation of 4-
ethoxypyranoindolizinones (30 and 32).

On the other hand, similar reactions of 15—20
with ethyl benzoylacetate (33), diethyl malonate (34),
ethyl acetoacetate (35), and ethyl phenylacetate (36)
in the presence of potassium i-butoxide gave only
4-alkylthio-2H-pyrano[2,3-b]indolizin-2-one derivatives
(37—60) in 18—989, yields with the evolution of
methanethiol or ethanethiol (Scheme 3). The use of
triethylamine as a base in the above reactions did
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TaBLe 2. NMR DATA OF PYRANO[2,3-b]INDOLIZINONES

Compd no.® C-6 C-7 C-8 C-9 C-10 C-3 C-4
24 9.45d —6.7—7.7Tm—— 2.32s — 2.99s
25 9.47d 6.93brt 7.33brt 7.51br d 2.27s — 3.50q 1.41¢
26 9.46d ——6.4—7.7Tm—-— 6.47 s — 3.02s
27 9.46d 6.95 dt 7.32br t 7.55br d 6.39s — 3.53q 1.41¢
28 9.43d 6.99 dt b) b) 7.8—8.0m — 3.01s
29 9.59d 6.97 dt b) b) 7.0—8.0m — 3.53q 1.461
30 8.78d c) c) c) 2.32s — 5.08q 1.66¢t
32 8.78d c) c) c) 7.2—8.0m — 5.07q 1.66¢
37 9.23d 6.75 dt 7.08 br t b) 2.30s® 7.3—8.1m 2.33s®
38 9.25d 6.74 dt 7.09br t 7.45br d 2.28's 4.40q 1.39¢ 2.52's
39 9.28d 6.82 dt 7.34br t 7.49br d 2.30s 2.65 s 2.46 s
40 9.33d 6.67 dt 6.97 br t b) 2.32s 7.1—7.6m 1.98 s
41 9.37d 6.74 dt 7.08 br t b) 2.34s 7.3—8.1m 2.88q 1.21t
42 9.30d 6.74 dt 7.08br t 7.42br d 2.28 s 4.41q 1.40¢ 2.97q 1.31t
43 9.36d 6.78 dt 7.11brt 7.45br d 2.31s 2.62s 2.91q 1.27¢
44 9.43d 6.66 dt 6.98 br t b) 2.35s 7.2—7.6m 2.41q 1.04¢
45 9.31d 6.80 dt 7.10br t b) 6.38s 7.3—8.1m 2.39s
46 9.27d 6.79 dt 7.10bt t 7.47br d 6.31s 4.40q 1.40t 2.54s
47 9.29d 6.83 dt 7.15br t 7.50br d 6.36s 2.66 s 2.49s
48 9.41d 6.70 dt 7.02br t b) 6.37s 7.0—7.6m 2.03s
19 9.43d 6.88 dt 7.11br t b) 6.40s 7.3—8.1m 2.89q 1.21t¢t
50 9.51d 6.88 dt 7.20br t 7.58br d 6.43 s 4.47q 1.42t 3.03q 1.35t
51 9.39d 6.81 dt 7.13br t 7.48br d 6.32s 2.61s 2.92q 1.29¢
52 9.50d 6.70 dt 7.00br t b) 6.36s 7.2—7.6m 2.42q 1.05¢
53 9.38d 6.80 dt 7.16br t b) 7.1—8.1m 7.1—8.1m 2.39s
54 9.37d 6.82 dt 7.13br t b) 7.2—7.9m 4.40g 1.40t 2.54s
55 9.37d 6.86 dt b) b) 7.0—8.0m 2.63 s 2.50's
56 9.48d 6.74 dt 7.04br t b) 7.2—7.9m 7.2—7.9m 2.03s
57 9.55d 6.85 dt 7.14br t b) 7.2—8.1m 7.2—8.1m 2.93q 1.23t¢
58 9.57d 6.84 dt b) b) 7.0—8.0m 4.42q 1.43t 3.04q 1.38¢
59 9.51d 8.85dt b) b) 7.0—8.0m 2.62s 2.96q 1.31t
60 9.59d 6.73 dt 7.05br t b) 7.1—8.0m 7.1—8.0m 2.43q 1.07t

a) The coupling constants are as follows: Jg,,=J;5-=7.0 Hz, Jg,,-=8.0Hz, [, ,:=2.0Hz, and Ji,:-7.0 Hz.
c) Overlapped with the C,-, Cg-, and Cy-proton signals of the 4-alkyl-

Overlapped with phenyl proton signals.

thiopyranoindolizinones (24, 25, 28, and 29). d) Or 2.33.
R
R'S
15-20
R R! R” R R’ RY R R’ R
37 | Me Me COPh 45 | H Me COPh 53 | Ph Me COPh
38 | Me Me CO,Et 46 | H Me CO,Et 54 | Ph Me CO,Et
39 | Me Me COMe 47 | H Me COMe 55 | Ph Me COMe
40 | Me Me Ph 48 | H Me Ph 56 | Ph Me Ph
41 | Me Et COPh 49 | H Et COPh 57 | Ph Et COPh
42 | Me Et COpEt 50 | H Et CO,Et 58 | Ph Et CO,Et
43 | Me Et COMe 51 | H Et COMe 59 | Ph Et COMe
44 | Me Et Ph 52 | H Et Pn 60 | Ph Et Ph
Scheme 3.

not give satisfactory results because of their diminished
yields of pyranoindolizinones.

All the pyrano[2,3-b]indolizinones (24—30, 32, and
37—60) were very stable crystalline compounds with
strong fluorescence. Elementary analyses of com-

b)
e) Or 2.30.

pounds 25—29 and 37—60 were in good accord with
the postulated structures, the IR spectra always showing
a strong absorption at 1670—1700 cm~! due to the
2-pyrone carbonyl group (Table 4). As compared
with 3-methylene-2,3-dihydroindolizin-2-ones (15—22),
the NMR spectra of the pyranoindolizinones (24—30,
32, and 37—60) (Table 2) exhibited signals at a fairly
low field attributable to the skeletal protons, whose
values coincided with those of known aromatic indoli-
zine derivatives.® For example, the NMR spectrum
of 39 showed skeletal proton signals at 6 6.82 (1H,
dt, J=7.0, 7.0, and 2.0 Hz, C,~-H), 7.34 (1H, br
t, /=8.0 and 7.0 Hz, Cg-H), 7.49 (lH, br d, J=
8.0 Hz, Cy-H), and 9.28 (1H, d, /=7.0 Hz, C;~H),
and methyl signals at 6 2.30 (3H, s, C,;—Me), 2.46
(3H, s, SMe), and 2.65 (3H, s, COMe), and the chemi-
cal shifts of the skeletal protons (§ 6.82—9.28) and
of the C,,—Me protons (6 2.30) were in line with those
of 3-acylindolizines (¢ 6.50—9.40)% and 1-methylindoli-
zine (6 2.27).” On the other hand, the NMR spectra
of 30 and 32 were almost the same as those of 4-alkyl-
thiopyrano[2,3-b]indolizin-2-ones (24—29 and 37—60)
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TaBLE 3. DATA OF 3-METHYLENE-2,3-DIHYDROINDOLIZIN-2-ONES
: Calcd (%) Found (%)
Compd ~ Pre.  Yield o o yKBe Formula — —
no. cursor 0(/) C H N C H N
150 8 95 86—88 1600 — C,H,;;NOS, 57.34 5.21 5.57 57.37 5.21 5.54
16" 9 92 Oil 1600 —
7™ 10 1009 Oil 1600 —
18» 11 1009 Oil 1600 —
192 21 96 131—133 1595 — C,sH,;NOS, 65.14 4.82 4.47 65.36 4.85 4.50
20" 22 91 Oil 1600 —
219 3 88 121—122 1572 2550 C,eH,;,NOS, 64.18 4.38 4.68 64.00 4.41 4.63
22¢) 3 79 119—121 1570 2510 C,;H;;NOS, 65.14 4.82 4.47 65.02 4.83 4.46
a) Dark green prisms. b) Dark green oil. c¢) Neat. d) Crude yield. e) Orange needles.

except for the absence of the alkylthio signals and
the presence of an ethoxyl signals (6 near 1.7 (3H,
t, /J=7.0Hz) and near 5.1 (2H, q, J=7.0 Hz)).
From the results and mechanistic consideration, the
products 24—29 and 37—60, and 30 and 32 were
concluded to be 4-alkylthio-2H-pyrano[2,3-b]indolizin-
2-one derivatives and the 4-ethoxy isomers, respectively.

Reaction Mechanism. The formation of pyrano-
indolizinones (24—29 and 37—60) is explained by
the nucleophilic substitution with the carbanion (61),
generated in situ by the treatment of acetates with
base, at the 3-methylene position of 2,3-dihydroindoli-
zin-2-ones (15—20), followed by the hydrogen abstrac-
tion from the resulting product (62) by a base catalyst
and then the intramolecular nucleophilic cyclization
of the anion (64) (via the primary carbanion (63))
with the elimination of an ethoxide ion. The fact
that the primary substitution compound (62) was not
isolated at all suggests a very fast progress of steps
62->63- >64->24—29 and 37—60. On the other hand,
4-ethoxypyranoindolizinones such as 30—32 should be
formed via the nucleophilic substitution of 4-alkylthio-
3-cyanopyranoindolizinones by the ethoxide ion gen-
erated in situ in these reaction systems, since, if similar
substitution for  3-methylene-2,3-dihydroindolizin-2-
ones (15—20) could occour initially, other 4-ethoxy-
pyranoindolizinone derivatives should be formed to-
gether with 30 and 32. In these reactions the reason
for only the formation of 4-ethoxy-3-cyano-2H-pyrano-
[2,3-b]indolizin-2-ones (30 and 32) is not clear, but
it may be related to the strong electron-withdrawing
effect and the smaller hindrance of the cyano group.

The mechanisms are summarized in Scheme 4.

Experimental

Melting points were measured with a Yanagimoto micro-
melting point appratus and are uncorrected. Microanalyses
were carried out on a Perkin-Elmer 240 Elemental Analyzer.
The NMR spectra were determined with a Varian EM360A
NMR Spectrometer in deuteriochloroform with tetramethyl-
silane as an internal standard. The chemical shifts are
expressed in o values. The IR spectra were taken with a
Hitachi 260-10 Infrared Spectrophotometer.

Preparation of Pyridinium Salts (8—11). All the 1-
[2,2-bis(alkylthio) - 1 - ethoxycarbonylvinyl]-2-ethylpyridinium
iodides (8 and 9) and -2-methylpyridinium iodides (10 and
11)2:% were prepared from 1-(ethoxycarbonylmethyl)-2-ethyl-
pyridinium bromide (1) and -2-methylpyridinium chloride
(2) according to the procedure of Tominaga et al.» The
results and some properties of new compounds (4, 5, 8, and
9) are as follows: (4), 569%,, yellow needles, mp 146—149 °C,
Found: C, 54.86; H, 6.05; N, 4.909,. Calcd for C,;H,,-
NO,S,: C, 55.09; H, 6.05; N, 4.929%. (5), 38%, yellow
needles, mp 103—106 °C, Found: C, 39.48; H, 4.78; N,
3.30%. Calcd for C,H,)NO,S,I: C, 39.52; H, 4.74; N,
3.29%,. (8), 919, pale yellow prisms, mp 109—I112 °C,
Found: C, 56.61; H, 6.42; N, 4.639,. Calcd for C,;H,,-
NO,S,: C, 56.53; H, 6.44; N, 4.71%. (9), 86%, pale yellow
prisms, mp 117—120°C, Found: C, 42.36; H, 5.31; N,
3.229,. Caled for C,H,,NO,S,I: C, 42.38; H, 5.34; N,
3.099%,.

Preparation of 3- Methylene-2,3-dihydroindolizin-2-ones (15—18).
General Method: A chloroform solution (50 ml) of pyridinium
salt (1 or 2 mmol) was treated with potassium carbonate
(5 or 10 g) at room temperature until the TLC spot of the
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salt disappeared (ca. 10—15h). Insoluble inorganic sub-
stances were removed from the reaction solution by filtration
and the filtrate was concentrated at reduced pressure. The
residues were separated by column chromatography (alumina)
using ether-chloroform as an eluent in the cases of 1-methyl-
3-methylene-2,3-dihydroindolizin-2-ones (15 and 16). How-
ever, the column separation of l-unsubstituted 3-methylene-
2,3-dihydroindolizin-2-ones (17 and 18) was unsuccessful
because of their instability. The results and properties are
given in Table 3.

Preparation of 3-[(alkylthio) mercaptomethylene)-1-phenyl-2,3-di-
hydroindolizin-2-ones (21 and 22). To an ethanol so-
lution (100 ml) of 2-benzyl-1-(ethoxycarbonylmethyl)pyri-
dinium bromide (3, 10 mmol) and carbon disulfide (I.1 g,
15 mmol) aq potassium hydroxide (KOH (2.8 g, 50 mmol)
in 5 ml water) was added dropwise at room temperature.
After the reaction mixture had been stirred for 1 h, ice water
(200 ml) and then dialkyl sulfate (12 mmol) were added.
The crude 3-[(alkylthio)mercaptomethylene]-1-phenyl-2,3-
dihydroindolizin-2-one (21 or 22) precipitated was collected
by filtration, dried, and recrystallized from chloroform. The
results are summarized in Table 3.

Preparation of 3-Methylene-2,3-dihydroindolizin-2-ones (19 and
20). General Method: A chloroform solution (50 ml)
of mercapto derivative (3 mmol) was treated with potassium
carbonate (10g) and methyl or ethyl iodide (4 mmol) at
room temperature for 1—2 d, and the reaction mixture
was filtered in order to remove insoluble substances. The
filtrate was concentrated, and the residual oil was separated
by column chromatography (alumina) using ether—chloro-
form as an eluent. The data are given in Table 3.

Preparations of Pyrano[2,3-blindolizinones (24—30, 32, and
37—60). Method A: A benzene solution (30 ml) of
3-methylene-2,3-dihydroindolizin-2-one (1 mmol), ethyl cya-
noacetate (23, 0.34 g, 3 mmol), and triethylamine (2 g) was
allowed to react under reflux for 6—12h. The reaction
mixture was concentrated at reduced pressure, and the
residual oil was separated by column chromatography (alu-
mina). Recrystallization from chloroform-ether gave the
corresponding 4-alkylthio-3-cyano-2H-pyrano[2,3-b]indolizin-
2-ones (24—29) and the 4-ethoxy derivatives (30 and 32).

Method B: A benzene solution (30 ml) of 3-methylene-
2,3-dihydroindolizin-2-one (1 mmol), the acetate (3—5
mmol), and potassium ¢-butoxide (1.5—2 mmol) was allowed
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to react under reflux until the TLC spot of 3-methylene-
2,3-dihydroindolizin-2-one disappeared (3 h—3d). The re-
action mixture was then filtered in order to remove insoluble
inorganic substances and the filtrate was concentrated at
reduced pressure. The usual separation of the residual oils
gave the corresponding 4-alkylthio-2H-pyrano[2,3-b]indolizin-
2-one derivatives (37—60).

In the reactions of 15, 16, and 19 with 23, the replacement
of the solvent and base, benzene by ethanol and triethylamine
by potassium ¢-butoxide, gave rise to increased formation
of 4-ethoxypyranoindolizinones (30 and 32).

In the reactions with various acetates (23 and 33—36),
l-unsubstituted 3-methylene-2,3-dihydroindolizin-2-ones (17
and 18) were used without purification, the yields of pyrano-
indolizinones (26, 27, and 45—52) being estimated from
the corresponding pyridinium salts (10 and 11).

The results and properties are summarized in Table 4.
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