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Formation of 2,3-Dihydro-4(1H)-quinolones and Related Compounds via
Fries-type Acid-catalysed Rearrangement of 1-Arylazetidin-2-ones

By Shinzo Kano,” Tsutomu Ebata, and Shiroshi Shibuya, Tokyo College of Pharmacy, 1432-1 Horinouchi,

Hachioji, Tokyo 192-03, Japan

A variety of 1-arylazetidin-2-ones were treated with trifluoroacetic acid under reflux, methanesulphonic acid at
100 °C, or conc. sulphuric acid to give the corresponding 2,3-dihydro-4(14)-quinolones via acyl migration and

N—CO fission.

In the case of 1-(3-substituted phenyl)azetidin-2-ones, two positional isomeric products, 5- and

7-substituted 2,3-dihydro-4(1#4)-quinolones were obtained. 4-Methyl-, 4-ethoxycarbonyl-, and 4-piperidin-2-
yl-1-arylazetidin-2-ones and their analogues were also converted into the corresponding 2-substituted 2,3-
dihydro-4(1H)-quinolones under acidic conditions. The 3-substituted 1-phenylazetidin-2-ones (36) and (37)
were converted into the furo[3,2-c]quinoline systems (38) and (40), respectively, by application of this method.

MANY N-substituted anilides are known to rearrange to
ortho- or para-substituted aniline derivatives with Lewis
acids,! and several types of N-phenyl-lactam are con-
verted into the corresponding ortho-migrated products

H
[CHZ]n ~——CH, v N\[CH y
—— 20 (1)
n=1,56,11 /‘
/N —'_—‘C\ c
Ph 0 ]
0

under the conditions of the photo-Fries rearrangement,
initiated by cleavage of the N-CO bond [equation
(1)].2  Recently, a new high-yield migration of the acyl
group in various anilides to give o-acylanilines using
bismuth chloride as catalyst has been reported [equation
(2)]® However, there has been no survey of intra-
molecular acyl migration in l-arylazetidin-2-ones with
Lewis acids except for our initial study,* even though it
is well known that the amide bond of azetidin-2-ones is
easily cleaved with nucleophiles such as amines and
alcohols. We have investigated the Fries-type acid-
catalysed rearrangement of various 1-arylazetidin-2-ones

cleavage of the N-CO bond (see later). The 1l-aryl-
azetidin-2-ones (2a—i) were prepared by cyclisation of
the ethyl g-anilinopropionates (la—i), obtained by
Michael addition of ethyl acrylate to the corresponding
aniline derivatives ® with ethylmagnesium bromide, as
reported by Holley.8 The 3-hydroxyphenyl compound
(2j) was obtained by reductive debenzylation of (2i) in
the presence of 109, palladium on charcoal. Cyclisation
of the butyrate (3), obtained by Michael addition of ethyl
crotonate to p-anisidine, afforded the 4-methoxyphenyl
compound (6). Reductive amination of ethyl benzoyl-
acetate with p-anisidine in the presence of 109, palladium
on charcoal and sodium borohydride afforded compound
NHAc

BiCl3 AC
—_— (2)
Me Me

{4), cyclisation of which with ethylmagnesium bromide
gave the azetidinone (7). Similarly, the pyridyl deriva-
tive (8) was also prepared wvia (5) starting from ethyl 2-
pyridylcarbonyl acetate instead of ethyl benzoylacetate.

TaBLE 1

Microanalysis or mass spectrum (M) of the ethyl B-anilinopropionates (1), (3), and (12)

Analyses of mass spectra (M)

M.p./°C Found (%) Required (%)
(b.p./°C; . A ) s -
Compound P[Torr) (o} H N Formula C H N
(1c) 110—112+ 50.05 5.75 5.35 C,;H,;C1,NO, 50.0 5.7 5.56
(153; 3)
(1d) 4 M+ 4 2, 273, M+, 271 C,,H,,BrNO, M* + 2,273, M+, 271
(le) 106—108 - 62.35 7.9 22.0 CyoH s N0 62.15 7.8 21.75
(123; 3)
(1h) ® M+, 236 CusHyoN,O, M+, 236
(13) 104-—105 ¢ 67.3 6.75 15.0 C6H,oN O, 67.35 6.7 14.75
(3) 125127 ¢ 59.15 7.7 18.8 C,,H,,N;0, 59.15 7.6 18.95
(150; 3)
(12) 151—153 ¢ 64.4 6.5 5.0 C,;H;CINO, 64.4 6.55 5.05

@ Crystallised as the hydrochloride (from MeOH-Et,0).
Et,0).

in acidic solution giving 2,3-dihydro-4(1H)-quinolones,
and report the results here.

Preparation of 1-Arylazetidin-2-ones.—Various mono-
cyclic 1-arylazetidin-2-ones were synthesised to examine
the intramolecular rearrangement of the acyl group via

5 Not crystallised.

¢ Crystallised as the hydrazide (from Me OH-

The naphthyl compounds (13) and (14) were prepared by
the cyclisation of the corresponding naphthylamino-
propionates (11) and (12), respectively. The properties
and analytical data of the anilinopropionates and the
aryl-azetidinones are listed in Tables 1 and 2. Catalytic
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hydrogenation of (8) over Adams catalyst gave com-
pound (9). Treatment of (9) with trifluoroacetic anhy-
dride yielded the trifluoroacetamide (10). The hydrazine
derivative (17) was prepared from the acid chloride

View Online
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for cleavage of the amide bond of (2b), which remained
unchanged. Thus, trifluoroacetic acid or methane-
sulphonic acid were most suitable for migration of the
carbonyl group. The reactions of (2a), (2c), and (2d)

TABLE 2

1-Arylazetidin-2-ones

Analyses
Found (¢ Required (9
Yield Mp.¢  mfe 8 (CDCl,), 3-H and _Found (%)  Required (%)
Compound (%) °C (M+ 4-H; Jin Hz C H N Formula C H N
(2b) 45 9798 177 2.98}2 H,t J4),35002H, 676 62 795 C,H,NO, 678 625 7.9
[Te} t, ] 4)
% (2¢c) 35 111—112 181 ¢ 3.12}2 H,t J4),360(2H, 59.45 4.6 7.4 CoHCINO 59.5 445 7.7
o t, /4
8 (2d) 30 102—104  225°¢ 2.93-3.12(2H, m), 479 38 6.05 C,H,BINO 47.8 355 6.2
2 3.43—3.62 (2 H, m)
= (2e) 40 75178 161 2.90—3.05 (2 I;,Hm), ) 7445 6.95 8.45 C,,H,,NO 745 69 87
s 3.45—3.58 (2H, m
8 (21) 45 67—69 177 301(2H, m),353(2H m 6775 63 1775 C,H,NO, 678 625 79
N (2g) 35 56—58 181° 3.05(2H, m),3.54 (2H, m) 598 45 7.65 C,H,CINO 59.5 445 7.7
S S (2h) 35 117—118 190 295 (2H.t, J4), 348 (2H, 694 75 147 C,H,N,0 6945 7.4 144
—_ t, ] 4)
% 2 (2i) 40 98—99 253  3.07 (2 H,t, J 4.5), 3.57 76.1 595 525 C,,H,NO, 7585 595 555
gy (2H, t, J 45)
o ; (6) 60 9799 191  2.56 (1 H, dd,d] 2] 151H)z), 80.2 69 71 C,H,NO, 69.1 685 7.35
Q4 3.17(1H, 4dd, J 5,15
s 4 4.03 (1 H, m)
>3 ] 60 9496 253  2.83 (1 H, dd, ({ 3.5, 15)), 75.9 595 57  C,H,NO, 7585 595 B5.55
73 3.48 (1 H, dd, J 5, 15),
) 4.90 (1 H, dd, J 2.5, 5
£ < (8) 50 111113 254  2.96 (1 H, dd, J 3, 15), 7095 56 1116 C,H,N,0, 70.85 555 11.0
29 3.53 (1 H, dd, J 5.5, 15),
58 5.06 (1 H, dd, J 3, 5.5)
5 2 (13) 25 Oil 197 2.98—3.13 (2 H, m),
Z > 3.63—3.78 (2 H, m)
3%‘ (14) 30 131—133 197 313(2H, t J4),359(2H, 17895 57 69  C,H,NO 7915 56 7.1
3 t,J4)
-§ g s All compounds were recrystallised from benzene-hexane except (13). > M* 4 2 at m/e 183. ¢ M* + 2 at mfe 227.
= c
o
§ B (15),7 obtained from the ester (16) 7 by reaction with NN-  with trifluoroacetic acid to give the corresponding 2,3-
g dimethylhydrazine. dihydro-4(1H)-quinolones (18a),® (18¢),® and (18d),
= Fries-type Acid-catalysed Rearrangement of 1-Aryl-2- respectively, were also examined (Table 3). The form-

azetidinones.—We first examined the migration of the

0
x@—nmcm]zcoza —_— x@—rD’/
Y Y '

(1 (2)

X Y X Y
Q; H H f; H OMe
b; OMe H g: H Cl
i Cl H hi H  NMe,
d; Br H i; H OCH2Ph
¢; H Me. ji H OH

carbonyl group in various acidic solutions to determine
the optimum conditions giving 2,3-dihydro-4(1H)-
quinolones. Treatment of (2b) with trifluoroacetic acid
under reflux for 1 h gave 2,3-dihydro-6-methoxy-4(1H)-
quinolone (18b) # in 959, yield. Use of concentrated
sulphuric acid, methanesulphonic acid, trifluoromethane-
sulphonic acid, and boron trifluoride-diethyl ether at
100 °C led to different yields of (18b), as shown in the
Table 3. Acetic acid and formic acid were not effective

@*NH?HCHZCOZEI—’ I ‘
©0Me

(3) R=Me (6)R=Me
(4)R=Ph (7)R=Ph
(5IR=4\ (®IR={ ,
N N
O
N
J
H
(10)R= O-
|
COCF,

ation of (18a—d) seems to depend on the electronic
effect of the substituent on the benzene ring, electron-
donating groups leading to increased yields. Similar
reactions of (2b) were also carried out in the presence of
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nucleophilic aromatic compounds such as phenol or
anisole in order to examine whether or not intermolecular
acyl migration to these aromatic compounds might occur.
However, intermolecular acylated products were not
obtained and the reaction resulted in the formation of
only (18b). This indicates that this acyl migration
occurs in a different manner from the general nucleo-
philic cleavage of the amide bond of azetidin-2-ones.10
This acyl migration was applied to the synthesis of the
benzoquinolones (19) 1 and (20).1? Treatment of (13)

)

0

wne L)

(15) R=COCL
(16) R =CO,Et
(17) R =CONHNMe,

RNHICH,1,CO,Et ———

ed
(12)R=

R

el

NPh
(o)

with trifluoroacetic acid for 2 h under reflux led to
smooth acyl migration at the B-position to give (19) in
509, yield, and (20) was obtained in 859, yield from (14)
under the same conditions.

It was of interest to examine whether the acyl re-
arrangement occurred at the para- or ortho-position with
respect to the substituent on the benzene ring for the 1-
(3-substituted phenyl)azetidin-2-ones. Treatment of
(2e) with trifluoroacetic acid for 1 h under reflux gave
the 7-methylquinolone (21a) (35%,) 4 and the 5-methyl
isomer (22a) (35%,).* Similarly, (2f) gave (21b) 13 (40%,)
and the 5-methoxy-isomer (22b)4 (209%); (2g) also
afforded two products (21c) (25%) and (22¢) 4 (89,) in
much lower yields. However, (2j) afforded only the 5-
hydroxyquinolone (22d), in 739%, yield, and the 7-
hydroxy-isomer (21d) was not observed. In the case of
{2h), trifluoroacetic acid was not effective for migration

TABLE 3

Formation of 2,3-dihydro-4(1H)-quinolones
(18a—d) from (2a—d)

Lactam Acid Product % Yield
(2a) CF,CO,H (18a) 80 ¢
(2b) CF,CO,H (18b) 95 ¢
(2b) Conc. H,SO, (18b) 507
(2b) MeSO,H (18b) 60 ¢
(2b) CF,SO,H (18b) 409
(2b) BF,;-Et,0 (18b) 15
(2¢) CF,CO,H (18¢) 30°
(2d) CF,CO,H (18d) 30°

@1 h reaction at 100 °C. ¢ 1.5 h reaction at 100 °C.

of carbonyl group and the reaction resulted in the form-
ation of only resin.

Treatment of (2h) with methane-
sulphonic acid at 100 °C gave the 7-dimethylamino-

Vieypme

quinolone (21¢) in 159, yield and the 5-dimethylamino-
derivative (22e) was not formed. The 5-substituted di-
hydroquinolones were easily distinguished from the 7-

0
N
H

(18)
a;X=H ¢;X=Cl
b; X =OMe d; X =Br

(19) (20)
o X 0
H H
(21) (22)
X X
n;Me d;OH
b; OMe e; NMe,
¢; Ct
Ph He _Ph
MeO c=¢
N” "0
H
(23) (24)
Q 1
o (25) R'=0Me, R=Me
(26) R'=H, R?=CO,Et
N“R? (27) R'=H, R%=CONHNMe,
(28) R'=OMe, R%= Q_
)
H
(29)R'=0Me, R%= O—
)
COCF,
H
: ,NQ_oMe
N
)
(30)
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substituted isomers by the observation of characteristic
signals at & ca. 7.7—7.73 due to 5-H in the 'H n.m.r.
spectra of the 7-substituted compounds. The isomers
obtained from (2e-—g) were easily separated by column
chromatography on silica gel with benzene-chloroform
as eluant.

The isomerization of 1,4-diarylazetidin-2-ones giving
4-aryl-3,4-dihydro-2(1H)-quinolones by use of acids
such as sulphuric acid or polyphosphoric acid was first

,Online

J.CS. Perkin

obtained under these acidic conditions. Protection of
the amino-group as the trifluoracetamide did not improve
the yield of the product, and significant differences were
not observed in the yields of the corresponding products
(28) and (29) from (9) and (10), respectively.

Finally, we attempted to synthesise furo[3,2-c]-
quinoline derivatives by this acyl migration, since the
acid-catalysed rearrangement of 1-aryl-3-(8-oxoalkyl)-
azetidin-2-ones (31) or their equivalents might give the

R
O R 0]
0 \
R >
o — —
ON\ N N
Ph H H

(31) (32)

(33)

0 (CHa),
[CH ]n [CH ]n cl \
R
0 -
N OH N N
0 “ph 0 Ph
(34) n=2 (36) n=2 (38)n=2
(35) a=3 (37) n=3 (40)n=3
+
CH,NHPh
ICHgln l_l
0" "0
(39)n=2
(41)n=3

reported by Gambaryan 15 and the results were extended
by Bird® and Suschitzky.” We also examined a
similar reaction by treatment of (7) with trifluoroacetic
acid for 6 h under reflux to give the quinolone (23)
accompanied by the amide (24) through fission of the
1—4 bond without cleavage of the amide bond as expect-
ed. In contrast, (6) afforded only the quinolone (25) in
959, yield under similar conditions.

This significant difference in the reactivity of 1-aryl-
azetidin-2-ones caused by different substituents at the
4-position led us to examine the same reaction with (16)
and (17). However, treatment of (16) with concentrated
sulphuric acid at room temperature afforded the quino-
lone (26) and (17) was also converted into (27) on treat-
ment with methanesulphonic acid at 100 °C.

The amide bond of azetidin-2-ones is well known to be
easily cleaved by nucleophiles such as amine and alcohol
derivatives.l® Thus, (9) produced the indolizine deriva-
tive (30) on treatment with sodium ethoxide.!® How-
ever, treatment of (9) with methanesulphonic acid
yielded the quinolone (28) in 309, yield and (30) was not

furo[3,2-c]quinolines (33) via the quinolones (32). In
view of this, the cyclohexyl-azetidinone (36), easily
obtained from the epoxide (34),° was treated with
methanesulphonic acid in benzene under reflux for 1.5 h
to give the desired tetrahydrobenzofuro[3,2-¢c]quinoline
(38) accompanied by the alternative product, the
butenolide (39),1® as expected, which were easily separ-
ated by column chromatography on silica gel. Assign-
ment of structure (38) was based on its molecular formula,
C;5H,3NO (mass spectrum and microanalysis), and its TH
and 13C n.m.r. spectra which showed the presence of the
quinoline skeleton (see Experimental section). Aro-
matisation of a 1,2-dihydroquinoline type intermediate
can be accounted for by aerial oxidation.

Similarly, the cycloheptyl compound (37), obtained
from the epoxide (35),1* was also treated with methane-
sulphonic acid to give the furo[3,2-c]quinoline derivative
(40) accompanied by the butenolide (41).1?

The intramolecular acyl migration of 1-arylazetidin-2-
ones is thus applicable to the synthesis of quinoline
derivatives.
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EXPERIMENTAL

H N.m.r. spectra were measured with a Varian T-60
spectrometer, and *C n.m.r. spectra with a JEOL FX-100
spectrometer operating at 25.0 MHz. Mass spectra were
measured with a Hitachi RMU-7L instrument.

General Procedure for the Prepavation of Ethyl B-Anilino-
propionates.—A mixture of the appropriate aniline deriva-
tive (0.5 mol), ethanol (500 ml), concentrated hydrochloric
acid (48 ml), and ethyl acrylate (55 g, 0.55 mol) [ethyl
crotonate (73 g, 0.55 mol) for the preparation of (3)] was
heated under reflux for 48 h, Solvent was then evaporated
off and the residue made basic with 289, aqueous ammonia
and extracted with chloroform. The extract was washed
with water, dried (Na,SO,), and evaporated. The residue
was purified by distillation ¢» vacuo or column chromato-
graphy on silica gel to give the product in 70—809, yield
in each case. Analytical data for compounds which had
not been reported previously are in Table 1.

Ethyl B-(4-Methoxyanilino)-B-phenylpropionate (4).—A
mixture of ethyl benzoylacetate (25 g, 0.13 mol), p-anisidine
(16 g, 0.13 mole), and benzene (200 ml) was refluxed in the
presence of a catalytic amount of toluene-p-sulphonic acid
for 12 h. The solvent was evaporated off and a solution of
the residue in ethanol (200 ml) catalytically hydrogenated
under hydrogen at atmospheric pressure in the presence of
sodium borohydride (5 g, 0.15 mol) and 10%, palladium on
charcoal (10 g). The catalyst was filtered off and the filtrate
evaporated. The residue was diluted with water and
extracted with chloroform. The extract was washed with
water, dried (Na,SO,), and evaporated. Chromatography
of the residue on silica gel with benzene as eluant followed
by removal of solvent afforded the ester (4) (28.5 g, 70%,),
m.p. 52.5—54 °C (from benzene-hexane) (Found: C, 72.05;
H, 6.95; N, 4.85. C;;H,;NO; requires C, 72.2; H, 7.05;
N, 4.7%).

Ethyl B-(4-Methoxyanilino)-B-(2-pyridyl)propionate (5).—
The reaction of ethyl 2-pyridylcarbonylacetate (256 g, 0.13
mol) and p-anisidine (15.9 g, 0.13 mol) by the procedure in
the foregoing preparation gave the ester (5) (25.5 g, 65%),
m.p. 72—74 °C (from MeOH-Et,0O) (Found: C, 67.95; H,
6.7; N, 9.45. C;H,N,O, requires C, 68.0; H, 6.7; N,
9.35%,), M*, mje 300.

General Procedure for the Preparation of 1-Arylazetidin-2-
ones.—A solution of ethylmagnesium bromide (3 mol 1) in
ether (20 ml) was added to a solution of the appropriate
ethyl B-anilinopropionate (0.04 mol) in dry tetrahydrofuran
(250 ml) at room temperature. For (2h), ethylmagnesium
bromide was added while the mixture was cooled in ice.
The mixture was stirred for 14 h, evaporated, and the
residue diluted with water and extracted with chloroform.
The extract was washed with water, dried (Na,SO,), and
evaporated. The residue was chromatographed on silica
gel with benzene as eluant (see Table 1).

1-(4-Methoxyphenyl)-4-piperidin-2-ylazetidin-2-one (9).—
A solution of (8) (2 g, 7.87 mmol) in ethanol-acetic acid
(150 ml; 1:1) was stirred under hydrogen at atmospheric
pressure in the presence of platinum catalyst (0.5 g) until
the theoretical amount of hydrogen (524 ml) had been
absorbed. After removal of the catalyst and evaporation
the residue was recrystallised from benzene-hexane to give
the azetidinone (9) (1.74 g, 85%,), m.p. 107—108 °C (Found:
C,69.5; H,7.8; N, 10.75. C,;;H,,N,0O, requires C, 69.2; H,
7.75; N, 10.8%); 8 (CDCl) 3.76 (3 H, s), 3.90 (1 H, m,
4-H), 6.82 (2 H, d, J 9 Hz), and 7.35 (2 H, d, J 9 Hz); M*,
mle 260.

i

1-(4-Methoxyphenyl)-4-(N-trifluoroacetylpiperidin-2-yl)-
azetidin-2-one (10).—A mixture of (9) (600 mg, 2.3 mmol),
trifluoroacetic anhydride (1.2 g, 5.7 mmol), and pyridine
(8 ml) was stirred at room temperature for 2 h. After dilu-
tion with water, the mixture was extracted with chloro-
form. The extract was washed with water, dried (Na,SO,),
and evaporated. The residue was recrystallised from
benzene-hexane to give the #riffuoroacetyl compound (10)
(740 mg, 90%), m.p. 136—137 °C (Found: C, 57.35; H,
54; N, 7.9. C,;H,,F;N,O; requires C, 57.3; H, 5.35; N,
7.85); M*, mle 356; § (CDCly) 3.78 (3H, s), 4.52—4.80 (3 H,
m), 6.83 (2 H,d, J 9 Hz),and 7.19 (2 H, d, J 9 Hz).

4-(NN-Dimethylhydrazinocarbonyl)-1-phenylazetidin-2-one
(17).—A mixture of (15) (800 mg, 3.82 mmol), NN-dimethyl-
hydrazine (600 mg, 10 mmol), triethylamine (0.7 ml), and
dry benzene (30 ml) was stirred at room temperature for 3 h.
After evaporation the residue was extracted with chloro-
form. The extract was washed with water, dried (Na,SO,),
and evaporated to leave the Aydrazine (17) (712 mg, 80%,),
m.p. 197—198 °C (from MeOH-Et,O) (Found: C, 61.75;
H, 6.5; N, 17.95. C,,H,;,N,0, requires C, 61.8; H, 6.45;
N, 18.0%,).

General Procedure for the Fries-type Reavvangement of 1-
Arylazetidin-2-ones.—A mixture of the l-arylazetidin-2-one
(200—500 mg, 1.5—3.0 mmol) and trifluoroacetic acid
(6—10 ml) was heated under reflux for 1-—1.5 h. The
cooled mixture was diluted with water, made basic with
289, aqueous ammonia, and extracted with chloroform.
The extract was washed with water, dried (Na,SO,), and
evaporated to give the almost pure 2,3-dihydro-4(1H)-
quinolones in the case of (18a—-d), (19), (20), (22d), (25), and
(29). In the reaction of (2e—g), the products were easily
separated by column chromatography on silica gel (3—4 g).
Elution with benzene afforded (2la—c) and elution with
chloroform or chloroform-methanol (98 : 2) yielded (22a—
c). M.p.s and analytical data are as follows (18a), m.p.
42—44 °C (lit.,* 44.5 °C); (18b), m.p. 111—113 °C (lit.,®
114.5 °C); (18c), m.p. 126—126.5 °C (lit.,® 126 °C); (18d),
m.p. 110—111 °C (from MeOH-Et,0) (Found: C, 47.9; H,
3.45; N, 6.25. C,H BrNO requires C, 47.8; H, 3.55; N,
6.2%); (19), m.p. 158—160 °C (from MeOH-Et,0) (Found:
79.25; H, 5.05; N, 6.95. C,,H,,NO requires C, 79.15; H,
5.15; N, 6.9%); (20), m.p. 140—141 °C (from MeOH-
Et,0) (Found: C, 78.9; H, 5.2; N, 6.9%); (2la), m.p.
93—95 °C (from MeOH-Et,0) (Found: C, 74.55; H, 6.85;
N, 8.5. C,,H;;NO requires C, 74.5; H, 6.9; N, 8.7%);
(22a), m.p. 97—98 °C (from MeOH-Et,O) (Found: C,
74.35; H, 6.9; N, 8.459%); (21b), m.p. 138——139 °C (lit.,*3
137 °C); (22b), m.p. 183—184 °C (from MeOH-Et,0)
(Found: C, 67.6; H, 6.25; N, 7.7. C,;oH,;NO, requires
C, 67.8; H, 6.25; N, 7.9%); (21c), m.p. 128—130 °C (from
MeOH-Et,0O) (Found: C, 59.3; H, 4.45; N, 7.45. C,H,-
CINO requires C, 59.5; H, 4.45; N, 7.7%); (22c), m.p.
122—1238 °C (from MeOH-Et,O) (Found: C, 59.35; H,
4.4; N, 7.5%); (22d), m.p. 105—106 °C (from MeOH-
Et,0) (Found: C, 66.1; H, 5.5; N, 8.5. C,H,NO, requires
C, 66.25; H, 5.55; N, 8.6%); (25), m.p. 139—140 °C (from
CeH—Et,0) (Found: C, 69.3; H, 6.95; N, 7.3. C,;H,,NO,
requires C, 69.1; H, 6.85; N, 7.35%); (29), m.p. 173—
174 °C (from MeOH-Et,0) (Found: C, 57.45; H, 5.45; N,
7.75. Cy;H, F3;N,O, requires C, 57.3; H, 5.35; N, 7.9%,).

7-Dimethylamino-2,3-dihydro-4(1H)-quinolone  (21le).—A
mixture of (2h) (500 mg, 2.63 mmol) and methanesulphonic
acid (8 ml) was heated at 100 °C for 1 h. The mixture was
diluted with water, made basic with 289, aqueous ammonia,
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and extracted with chloroform. The extract was washed
with water, dried (Na,SO,), and evaporated, and the residue
was recrystallised from methanol-ether to give the di-
hydroquinolone (21e) (75 mg, 15%), m.p. 163.5—164.5 °C
(Found: C, 69.65; H, 7.6; N, 15.0. C,,;H,,N,O requires
C, 69.45; H,7.4; N, 14.75%); M*, m/e 190; 8 (CDCL,) 5.72
(1H,d, J2Hz), 616 (1 H, dd, J 2 and 9 Hz), and 7.73
(1H,d, J9Hz).

2-Ethoxycarbonyl-2,3-dihydro-4(1H)-quinolone (26).—A
mixture of (16) (500 mg, 2.28 mmol) and conc. sulphuric
acid (5 ml) was stirred at room temperature for 3 h. The
mixture was poured into ice~water, made basic with 289,
aqueous ammonia and extracted with chloroform. The
extract was washed with water, dried (Na,SO,), and
evaporated to give the esfer (26) (135 mg, 12%), m.p.
77.6—179 °C (from MeOH-Et,0) (Found: C, 65.65; H,
65.95; N, 6.15. C,;,H,;;NO; requires C, 65.75; H, 6.0; N,
6.4%); M, mfe 219.

2-(NN-Dimethylhydrazinocarbonyl)-2,3-dihydro-4(1H)-
quinolone (27).—A mixture of (17) (600 mg, 2.15 mmol) and
methanesulphonic acid (5 ml) was heated at 100 °C for
1.5 h. The mixture was diluted with water, made basic
with 289, aqueous ammonia, and extracted with chloroform.
The extract was washed with water, dried (Na,SO,), and
evaporated to yield the hydrazine (27) (300 mg, 60%), m.p.
150—151 °C (from MeOH-Et,0) (Found: C, 61.65; H,
6.55; N, 18.05. C,,H,;;N;O, requires C, 61.8; H, 6.5;
N, 18%); M*, mle 233; § (CDCl;) 2.58 (2 H, m), 7.10
(1 H, m), and 7.63—7.87 (1 H, m).

2,3-Dihydro-T-methoxy-2-piperidin-2-yl-4(1H)-quinol-

one (28).—A mixture of (9) (500 mg, 1.92 mmol) and
methanesulphonic acid (5 ml) was heated at 100 °C for 1.5 h
and worked up as above to yield the piperidine (28) (150 mg,
156%), m.p. 1561—151.5 °C (from MeOH-Et,0) (Found: C,
69.0; H, 7.7; N, 10.55. C,;;H,,N,0, requires C, 69.2; H,
7.75; N, 10.76%); M™, mle 260; & (CDCl;) 6.60 (1 H, d,
J 9 Hz), 691 (1 H, dd, J 2.5, 9 Hz), and 7.20 (1 H, 4,
J 2.5 Hz).

Treatment of (T) with Trifluoroacetic Acid.—A mixture of
(7) (600 mg, 1.98 mmol) and trifluoroacetic acid (10 ml) was
heated under reflux for 6 h. The mixture was diluted with
water, made basic with 289, aqueous ammonia, and
extracted with chloroform. The extract was washed with
water, dried (Na,SO,), and evaporated. The residue was
chromatographed on silica gel (3 g). Elution with trans-#-
(p-methoxyphenylcarbamoyl)styrene (24) (40 mg, 89%,), m.p.
140—142 °C (from benzene-hexane) (Found: C, 75.75; H,
5.65; N, 5.8. C,,H,;NO, requires C, 75.85; H, 5.95; N,
5.55%); M*, mle 253; 8§ (CDCl,;) 3.74 (3 H, s), 6.53 (1 H, d,
J 15 Hz), 6.80 (2 H, d, J 9.5 Hz), 7.17—7.47 (7 H, m), and
7.69 (1 H, d, J 15 Hz). Elution with chloroform yielded
3,4-dihydro-6-methoxy-4-phenyl-2(1H)-quinolone (23) (150
mg, 30%,), m.p. 1562—153 °C (from MeOH-Et,0) (Found:
C,75.6; H,585; N,5.35. C,,H,;NO, requiresC, 75.85; H,
5.95; N, 5.55%); mje 253; 8 (CDCl,;)2.88 (2H,d, J 7.5 Hz),
3.66 (3 H, s), and 4.23 (1 H, t, J 7.5 Hz).

3-(1-Chloro-2-hydroxycyclohexyl)-1-phenylazetidin-2-one
(36).—A mixture of the epoxide (34) (1.5 g, 6.17 mmol),
methanol (50 ml), and conc. hydrochloric acid (5 ml) was
heated under reflux for 2h. The solvent was evaporated off
in vacuo and the residue was diluted with water and
extracted with chloroform. The extract was washed with
water, dried (Na,SO,), and evaporated. The residue was
recrystallised from methanol-ether to give the azetidinone
(36) (1.3 g, 80%), m.p. 188—190 °C (Found: C, 64.45; H,

ine
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6.5; N, 5.05. C,;;H,,CINO, requires C, 64.4; H, 6.5; N,
5.0%); mfe 281 (M+ + 2) and 279 (M*).
3-(1-Chloro-2-hydroxycycloheptyl)-1-phenylazetidin-2-one

(37).—A mixture of the epoxide (35) (1.5 g, 5.84 mmol),
methanol (50 ml), and conc. hydrochloric acid (5 ml} was
heated for 1.5 h and the mixture was worked up as above
to yield the azetidinone (37) (1.28 g, 75%,), m.p. 152—154 °C
(from MeOH-Et,0) (Found: C, 65.25; H, 6.8; N, 4.6.
C,eHCINO, requires C, 65.4; H, 6.85; N, 4.75%); mje
295 (M™* + 2) and 293.

Treatment of (36) with Methanesulphonic Acid.—A mixture
of (36) (340 mg, 1.16 mmol), benzene (14 ml), and methane-
sulphonic acid (3.4 ml) was refluxed for 1.5h. Afterremoval
of solvent, the mixture was made basic with 289, aqueous
ammonia and extracted with chloroform. The extract was
washed with water, dried (Na,SO,), and evaporated. The
residue was chromatographed on silica gel (2 g). Elution
with chloroform-benzene (1 : 1) afforded the butenolide (39)
(74 mg, 25%,), which was identical spectroscopically with an
authentic specimen. Elution with chloroform yielded
7,8,9,10-tetrahydrobenzofuro[3,2-clquinoline (38) (103 mg,
389%), m.p. 112—113 °C (from MeOH-Et,0) (Found: C,
80.6; H, 5.95; N, 6.1. C;;H,;NO requires C, 80.7; H,
5.85; N, 6.25%); mfe 223 (M™*) and 195 (M* — 28); &
(CDCL,) 1.82—2.16 (4 H, m), 2.70—2.92 (4 H, m), 7.52—
7.77 (2 H, m), 8.10—8.25 (2 H, m), and 9.00 (1 H, s); 1BC
n.m.r. § (CDCly) 20.32, 22.37, 22.66, and 23.24 (each CH,),
119.63, 126.26, 127.23, 129.48, and 143.36 (each aromatic
CH), and 112.67, 117.00, 120.80, 145.22, 154.08, and
154.32 (each aromatic C) p.p.m.

Treatment of (37) with Methanesulphonic Acid.—A mixture
of (37) (500 mg, 1.69 mmol), benzene (20 ml) and methane-
sulphonic acid (4.8 ml) was refluxed for 1.5 h and the mix-
ture was worked up as above. The residue was chromato-
graphed on silica gel (2.5 g). Elution with chloroform-
benzene (1:1) gave the butenolide (41) (100 mg, 239%),
which was identical spectroscopically with an authentic
specimen. Elution with chloroform afforded the fetra-
hydrocycloheptafuroquinoline (40) (160 mg, 409%), m.p.
110—112 °C (from benzene-hexane) (Found: C, 81.25; H,
6.30; N, 6.10; M*, 237.114. C,;H;;NO requires C, 81.0;
H, 6.35; N, 5.9%; Mt 237.115); & (CDCl;) 1.13—2.02
(6 H, m), 2.51—3.13 (4 H, m), 7.48—7.65 (2 H, m), 8.08—
8.25 (2 H, m), and 8.98 (1 H, s).

[9/1669 Received, 3rd October, 1979)

REFERENCES

1 * Molecular Rearrangements,’ Part I, ed. P. D. Mayo, Wiley,
New York, 1967.

2 M. Fischer, Chem. Ber., 1968, 101, 2669; 1969, 102, 342.

3 A. Basha, S. S. Ahmed, and T. A. Farooqui, Tefrahedron
Letters, 1976, 3217.

4 S, Kano, T. Ebata, and S. Shibuya, Heterocycles, 1976, 4,
1649.

5 R. C. Elderfield, W. J. Gensler, T. H. Bembry, C. B. Kremer,
F. Body, H. A. Hageman, and J. D. Head, J. Amer. Chem. Soc.,
1964, 68, 1259.

8¢ R. W. Holley and A. D. Holley, J. Amer. Chem. Soc., 1949,
71, 2124; 2129.

7 J.C. Sheehan and A. K. Bose, J. Amer. Chem. Soc., 1950, 72,
5118.

8 'W. S. Johnson and B. G. Buell, J. Amer. Chem. Soc., 1949,
71, 1901,

? J. Koo, J. Org. Chem., 1963, 28, 1134.

10 A, K. Mukerjee and A. K. Singh, Synthesis, 1975, 547;
M. S. Manhas, S. G. Amin, and A. K. Bose, Heterocycles, 1976, §,
669.


http://dx.doi.org/10.1039/p19800002105

Downloaded by McGill University on 23 October 2012
Published on 01 January 1980 on http://pubs.rsc.org | doi:10.1039/P19800002105

1980

11 W. N. Speckham, U. K. Pandit, and H. O. Huisman,
Tetrahedvon Letters, 1964, 3279.

12 A, F. Beckhli and N. P. Kozyreva, Azatsoderzhashchic
Getertsikly, 1976, 296.

13 J. T. Braunhaltz and F. G. Man, J. Chem. Soc., 1957, 4166.

12 7. Robert, W. Julien, and G. Bernard, Fr.P., 1.514,280
(C1.C.07), 23 Feb., 1968, Appl., 10 Jan., 1967,

15 I. Knunyants and N. Gambaryan, Izvest. Akad. Nauk
S.S.S.R. Otdel. Chim. Nauk., 19567, 7, 834.

Vi qzﬂjine

16 P, G.Birdand W. J. Irwin, J.C.S. Perkin I, 1973, 2664.

17 D. Johnson and H. Suschitzky, Tetrahedron Letters, 1974,
42217.

18 S, Kano, T. Ebata, Y. Denta, S. Hibino, and S. Shibuya,
Heterocycles, 1977, 8, 411.

19 S, Kano, E. Ebata, K. Fuanki, and S. Shibuya, J. Og.
Chem., 1979, 44, 3946.


http://dx.doi.org/10.1039/p19800002105



