o-BeNzoYL MALONANILATE CYCLIZATION PRODUCTS

J. Org. Chem., Vol. 38, No. 3, 1973 449

Cyclization Products Derived from o-Benzoyl Malonanilates'

A, WALSER,*!* A. SzENTE, AND J. HELLERBACH
F. Hoffmann-La Roche & Co., Ltd., Basle, Switzerland
Received September 11, 1972

2’-Benzoyl-2-aminomalonanilates such as 6 were prepared viu the corresponding carbobenzoxy derivatives 3

or by reduction of the 2-nitro- or 2-isonitrosomalonanilates 16 and 17.

Depending on the substitution pattern,

these amines cyclized to the benzodiazepine-3-carboxylates 7 or to the 3-amino-4-hydroxytetrahydroquinoline-2-

one-3-carboxylates 5.
possible intermediate in this ring expansion.

The latter derivatives were rearranged to the benzodiazepines 7 as was the aziridine 13, a
Reaction of 2'-benzoyl-2-bromomalonanilates 19 with ammonia, in-

stead of leading to the expected amines, yielded the 3,4-epoxycarbostyrils 23 and the 3-phenyloxindoles 22.

The malonanilates 3 (Scheme I) were prepared by
acylating the benzophenones 1 with the monoester
of 2-(benzyloxycarbonylamino)malonic acid and phos-
phorus pentachloride in a two-phase system of methy-
lene chloride and aqueous sodium carbonate. These
compounds cyclized with good stereoselectivity to the
tetrahydroquinolones 4! in the presence of triethyl-
amine. Cleavage of the carbobenzoxy group with
hydrogen bromide in glacial acetic acid led to the cor-
responding amines 5 with no change of stercochemistry
as indicated by nmr spectroscopy. The configura-
tions assigned to compounds 4 and 5 were based on
the following cxperiments. Acid-catalyzed cycliza-
tion of 3d yiclded, in addition to 4d, the oxazolo deriva-
tive 12, which upon cleavage with hydrogen bromide
led to 11, the diastercoisomer of 5d. Compound 11,
in turn, reacted smoothly and almost quantitatively
with phosgene in pyridine to yield 12, indicating the
cis configuration for the participating hydroxy and
amino groups. The reaction of the stereoisomer Sd
with phosgene, under similar conditions, gave a com-
plex mixture, chromatography of which yiclded 349,
of the oxazolone 9, the diastercoisomer of 12, and 259,
of eompound 10. The ethyl carbamate was formed
during the quenching of the phosgene reaction with
ethanol, the carbamoyl chloride corresponding to 10
being most likely the precursor. Further support for
the assigned stercochemistry rests on the observation
that compound 11, but not the diastercoisomer 5d,
could be converted to the aziridine 13. This follows
if we assume that the aziridine had formed by & trans
elimination? from the intermediate bromo amine,
which would be expected to result from an SN2 reac-
tion of the cis amino alcohol 11 only.,

The diasterecomeric amino alcohols 5d and 11 werc
found to be thermally interconvertible. Refluxing
either 5d or 11 in toluene for 3 hr led to an equilibrium
mixture containing the two isomers in a ratio of about
1:1. Treatment of these compounds with strong
base, aqueous or anhydrous, yielded 3-aminocarbo-
styrils. Thus, compound 5d was converted to the
known 3-aminocarbostyril 8.2 TUnder acidic condi-
tions, compounds 5 and 11 rearranged in high yiclds
to the benzodiazepine-3-carboxylates 7.4
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C. 8olomon, Can. J. Chem., 46, 2263 (1968).

(2) A.Hassner and C. Heathercock. Tefrahedron, 30, 1037 (1964).

(3) R.I.Fryer, B. Brust, and L. H. Sternbach, J. Chem. Soc., 3097 (1964).

(4) (8) J. Schmitt, P. Comoy, M. Suquet, G. Callet, J. LeMeur, and T.
Clim, Chim. Ther., &, 239 (1969); (b) Etabs, Clin-IByla 8. A., French Patent
978,360 (June 15, 1964).

This rearrangement was best cffected by refluxing
compounds 5 in an inert solvent such as toluene in the

resence of a weak acid, e.g., acetic acid. The stereo-
1somers 5d and 11 showed no noticeable differences
in their convertibility to the benzodiazepine 7d. The
aziridine 13 could also be transformed into the benzo-
diazepine 7d under similar conditions. The acetyl
derivative 14 was a by-product in this reaction, and
for comparison it was prepared by acetylation of 13.
This finding suggests that the aziridine 13 is a likely
intermediate in the conversion of 5 or 11 to the benzo-
diazepines. An alternate pathway would be ring
opening of 5 or 11 to 2-aminomalonanilates such as 6
and reeyelization to the seven-membered ring.

Removal of the protecting carbobenzoxy group from
compounds 3 with hydrogen bromide in acetic acid
led to the corresponding ammonium salts.  The stabil-
ity of the amines liberated from these salts was de-
pendent on the substitution pattern. Three different
cascs designated A, B, and C in Scheme I were ob-
served. In case A (R; = H; R, = Cl), the stable 2-
aminomalonanilate 6 was obtained. It was cyclized
to the benzodiazepine 7e by heating in benzene in the
presence of acetic acid. If both R, and R, were pro-
tons (casec C) the main product was the tetrahydro-
quinolonc 5a, while, in case B (R; = CHj; R, = H),
the benzodiazepine 7¢ was the major produet.

While sterie hindrance was most likely responsible
for the lack of ring closure in case A, it is not obvious
why a proton in place of a methyl group altered the
coursec of cyclization. We suggest that it could be
attributed to conformational differences due to hydro-
gen bonding. The existence of hydrogen bonding in
acylated o-aminobenzophenones has been pointed out
by Derieg and coworkers® on the basis of ir data and
it is further supported by our nmr data.

Hydrogen bonding of the aniline proton to the car-
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bonyl oxygen of the benzophenone as illustrated in - tive I (R = H) was obtained in crystalline form,?
conformation 1 is responsible for its large chemical whereas the N-methylated derivative II (R = H)

shift. The considerable deshiclding of the proton
ortho to the acylamino group also lends support for
the dominance of conformation I.  The N-methylated
compounds represented by conformation IT lack this
deshielding of the ortho proton and often appear as a
mixture of two rotamers in the nmr spectra,

Additional evidence for a stable conformation due
to hydrogen bonding is the fact that the glycine deriva-

was ncver isolated; it cyclized spontaneously to the
benzodiazepine, The same considerations may be
valid for the 2-aminomalonanilates I and II (R =
COOR;), where formation of the six-membered ring
dominates with compound I while the cyclization to

(8) A.Stempeland F. W. Landgraf, J. Org. Chem,, 37, 4675 (1962).
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the seven-membered ring is favored with the N-methyl-
ated compound II.
1,4-Benzodiazepine-3-carboxylates were also acces-

sible in good overall yield by the sequence of reactions’

depicted in Scheme I1.

Acylation of the aminobenzophenones 1 with malonic
ester acid chloride yielded compounds 15. Alkaline
conditions had to be avoided in order to prevent cycliza-
tion of the products to the quinolones 18.  The malon-
anilates were nitrated or nitrosated in acctic acid to
give either the nitro derivatives 16 or the oximes 17.
The nitromalonates 16 proved to be rather strong acids
which were extractable from cther with sodium bicar-
bonate solution. Both the nitro derivatives 16 and

OH™ or
NH,CY/DMF

CH,
I NCOCH,Br
Cl =0

24

the oximes 17 were reduced with zine in acctic acid.
The amines obtained in this way were cyelized dircetly,
without isolation, to the benzodiazepines 7 by refluxing
in benzene and acetic acid.

We also attempted the preparation of 1,4-benzo-
diazepine-3-carboxylates 7 by treating the bromides
19 with ammonia, a standard procedure for the syn-
thesis of benzodiazepines. The bromomalonanilates
19 were obtained by acylation of the aminobenzo-
phenones 1 with bromomalonic cster acid chloride.
Displacement of the bromide with ammonia led, how-
ever, not to the desired amine, but to the epoxide 20
instcad. Ammonia was apparently a strong cnough
base to generate the carbanion which attacked the
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benzophenone carbonyl intramclecularly to form the
epoxide via the intermediate bromohydrin.

In our search for a way to cleave the epoxide 20,
we heated it with ammonium chloride in dimethyl-
formamide. Under these conditions, an almost quan-
titative conversion to the oxindole 22 was observed.
The oxindole was also.formed by treating the epoxide
20 with alkali. Strong acid, on the other hand, con-
verted it to the carbostyril 23a. When the N-methyl-
ated epoxide 21 was subjected to any of these condi-
tions, no oxindole formation could be detected, and
only the 3-hydroxycarbostyril 23¢ was isolated. This
same hydroxycarbostyril could be obtained wvia the
epoxide 25 which was prepared in low yield from the
bromoacetate 24.

The interesting change in the path of epoxide cleav-
age due to the N-methyl group may be explained by

the mechanism shown in Scheme III. Base is as-
ScaiMmE 11
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sumed to abstract the amide proton from eompound
20. Opening of the epoxide by the electron shifts as
shown would lead to intermediate D. Reprotonation
and ketol rearrangement would result in the ring-
contracted B-dicarbonyl compound E. Decarbonyla-
tion of this intermediate leads to the enol form I, pro-
tonation of which yields the oxindole 22. With the
N-methylated compound 21, the nucleophile cannot
abstract a proton and must attack the carboxyl group.
This will result in decarboxylation and conversion of
the epoxide to the 8-hydroxycarbostyril 23c.

Experimental Section

Meliing points were determined in a capillary melting point
apparatus. The uv spectra were measured in 2-propanol on a
Cary Model 14 spectrophotometer; nmr spectra were recorded
with a Varian A-60 or Varian T-60 instrument. Ir spectra were
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determined on a Beckman IR-9 spectrometer. Silica gel
Merck (70-325 mesh) was used for chromatography.

Methyl 2’-Benzoyl-2-(benzyloxycarbonylamino)-4’-chloromal-
onanilate (3a).—Phosphorus pentachloride (12.5 g, 0.06 mol)
was added to a suspension of 16 g (0.06 mol) of methyl 2-(benzyl-
oxycarbonylamino)malonate (2a)” in 100 ml of methylene chlo-
ride cooled to ~20°. After the solution was stirred for 30 min
at —20 to —10°, 9.3 g (0.04 mol) of 2-amino-5-chlorobenzo-
phenone was added to the solution. The temperature was
allowed to reach 5-10°, when 100 ml of 109, aqueous sodiuim
carbonate was added. The two-phase system was stirred vigor-
ously for 30 min. = The methylene chloride layer was separdted,
washed with sodium carbonate solution, dried over sodium sul-
fate, and evaporated. Crystallization of the residue from meth-
anol yielded 17.5 g (91%) of product, mp 108-111°. The ana-
lytical sample was recrystallized from ether-hexane: mp 110~
112°; nmr (CDCL) 6 3.82 (s, 3, OCHj), 5.08 (d, 1, J = 7 Hz,
-CHNH), 5.11 (s, 2, OCH,), 6.06 (broad d, 1, J = 7 Hz, CH-
NH), 7.15-8.0 (m, 12, aromatic H), 8.52 (d, 1, J = 9 Hz, C,,
H), 11.25 (broad s, 1, NHCO). )

Anal. Calcd ,fOl‘ CzaHlelNzOel C, 62.44; H, 4.40; N,
5.82. Found:  C,62.42; H,4.37; N, 5.92.

The following compounds were prepared in the same way.
They were not isolated in crystalline form, but used directly in
further reactions: ethyl 2/-benzyl-2-(benzyloxycarbonylamino)-
4/-chloromalonanilate (3b), ethyl 2'-benzoyl-2-(benzyloxycar-
bonylamino)-4’-chloro-N-methylmalonanilate (3d), and methyl
2'-benzoyl-2-(benzyloxycarbonylamino)-4’-chloro-N-methyl-mal-
onanilate (3¢), .

.~ Methyl - 2-(Benzyloxycarbonylamino)-4’-chloro-2’-(2-chloro-
benzoyl)malonanilate  (3e).—Methyl  2-(benzyloxycarbonyl-
amino)malonate (24) (16 g) was treated as described above with
12.6 g of phosphorus pentachloride and 10.6 g (0.04 mol) of.
2-amino-2’,5-dichlorobenzophenone® to yield 13.5 g (65%) of
product, crystallized from methanol: mp 115-118°; nmr
(CDCl;) 8 3.86 (s, 3, OCH,), 5.15 (s, 2, OCH,), 5.16 (d, 1, J =

7 Hz, CHNH), 6.11 (broad d, 1, J = 7 Hz, CHNH), 7.1-7.8

(m, 11, aromatic H), 8.66 (d, 1, J = 9 Hz, Cs, H), 12.0 (broad
s, 1, NHCO). ~

Anal.  Caled for CaHyClN,Og:  C, 58.25; H, 3.91; N, 5.44,
Found: C, 58.20; H,4.00; N, 5.50. .

Methyl 3-(Benzyloxycarbonylamino)-6-chloro-4-hydroxy-1-
methyl-4-phenyl-1,2,3,4-tetrahydroquinolin-2-one- 3 - carboxylate
(4¢).—-5-Chloro-2-methylaminobenzophenone (9.5 g) was acyl-
ated as described above with 16 g of methyl 2-(benzyloxycar-
bonylamino)malonate and 12.6 g of phosphorus pentachloride
to yield 23.8 g of methy! 2’-benzoyl-2-(benzyloxycarbonylamino)-
4’-chloro-N-methylmalonanilate (3c) as a light yellow resin which
resisted all attempts at crystallization. - This material was dis-
solved in 300 ml of anhydrous methanol containing 1 ml of tri-
ethylamine. After the solution was allowed to stand overnight,
the crystals which separated were collectéd and washed with
methanol to leave 18.2 g (929%) of product: mp 177-180°;
nmr (CDCl,) 5 3.50 (s, 3, NCHy), 3.60 (s, 3, OCHy), 5.07 (s, 2,
OCHy,), 6.53 (broad s, 1, OH or NHCO), 6.95 (d, 1, J = 9 Hz,
Cs H), 7.05-7.5 (m, 12, 2 C¢H;, OH, or NHCO, C; H), 7.68
(d,1,J = 2.5 Hz, C; H).

Anal. Caled for CosHasCIN,Og:  C, 63.10; H, 4.68; N, 5.66.
Found: C,63.10; H,4.68; N, 5.62.

Ethyl 3-(Benzyloxycarbonylamino)-6-chloro-4-hydroxy-1-meth-
yl-2-0x0-4-phenyl-1,2,3,4-tetrahydroquinoline-3-carboxylate (4d).
Method A. Base-Catalyzed Cyclization.—An ethanolic solution
of crude ethyl 2'-benzoyl-2-(benzyloxycarbonylamino)-4’-chloro-
N-methylmalonanilate (3d), prepared as was the corresponding
méthyl ester for 4c, was treated with triethylamine. Crystall-
ization from ethanol yielded the product, mp 165-168°.

Method B. Acid-Catalyzed Cyclization.—Crude ethyl 2'-
benzoyl-2-(benzyloxycarbonylamino)-4/-chloro- N - methylmalon-
anilate (3d) (23 g) was refluxed for 3 days i a mixture of 200 ml
of toluene and 100 ml of acetic acid. The solvents were evap-
orated under reduced pressure and the residue was partitioned
between methylene chloride and 10% aqueous sodium carbonate
solution. The organic phase was dried and evaporated. Chro-

(7) Mp 77-79°, prepared according to the procedure described by C.
Gansser, Bull. Soc. Chim. Fr., 1713 (1966), for the corresponding ethyl ester
2b,

(8) L. H.Sternbach, E. Reeder, O. Keller, and W. Metlesics, J. Org. Chem.,
26, 4488 (1961).
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matography of the residue on 500 g of silica gel with methylene
chloride yielded 13 g (56%,) of product, mp 165-168°. -

Anal. Caled for CoHyCIN,Og: C, 63.72; H, 4.95; N, 6.96,
Found: C,63.56; H, 5.09; N, 7.12.

Methyl  3-Amino-6-chloro-4-hydroxy-2-oxo-4-phenyl-1,2,3,4-
tetrahydroquinoline-3-carboxylate (5a).—A mixture of 4.8 g
(0.01 mol) of methyl 2’-benzoyl-2-(benzyloxycarbonylamino)-
4'.chloromalonanilate, 30 ml of methylene chloride, 30 ml of
acetic acid, and 20 ml of acetic acid containing 309 hydrogen
bromide was allowed to stand at room temperature for 20 hr.
After evaporation under reduced pressure, the residue was dis-
solved in methylene chloride and the amorphous hydrobromide
of methyl 2-amino-2’-benzoyl-4’-chloromalonanilate was pre-
cipitated with ether: nmr (CDCl;) § 3.80 (s, 3, OCHs), 5.67
(s, 1, CH), 7.2-8.0 (m, 7, aromatic H), 8.33 (d, 1, J = 9 Hg,
Cs, H), 8.65 (broad s, 3, NH,*), 11.15 (s, 1, NHCO),

The amorphous salt was partitioned between methylene chlo-
ride and 109 aqueous sodium carbonate solution. The organic
layer was separated, dried, and evaporated. Crystallization of
the residue from ether yielded 2.7 g (78%) of product, mp 168
170° after recrystallization from methylene chloride-ether:
nmr (CDCls) 6 2.15 (very broad s, 2, NH,), 3.55 (s, 3, OCH,),
5.8 (broad s, 1, OH), 6.73 (d, 1, J = 9 Hz, C; H), 6.95 (d, 1,
J =25Hz CH),7.3(q, 1, Jap = 9, Jax = 2.5 Hz, C; H),
7.36 (s, 5, CeHs), 9.1 (broad s, 1, NHCO).

Anal. Caled for CiiHisCIN,Os:  C, 58.88; H, 4.36; N, 8.08.
Found: C, 59.03; H,4.39; N, 8.00.

Methyl 3-Amino-6-chloro-4-hydroxy-1-methyl-2-0xo-4-phenyl-
1,2,3,4-tetrahydroquinoline-3-carboxylate (5c¢).—A mixture of
10 g of methyl 3-(benzyloxyecarbonylamino )-6-chloro-4-hydroxy-
1-methyl-4-phenyl-1,2,3,4-tetrahydroquinoline-2-one- 3 - carbox-
ylate (4c), 50 ml of methylene chloride, 50 ml of acetic acid and
40 ml of acetic acid containing 30% hydrogen bromide was al-
lowed to stand at room temperature for 16 hr. The solvents
were removed under reduced pressure and the crystalline residue,
after being slurried with ether, was collected to yield 8.5 g (96%)
of hydrogen bromide salt, mp 143-148° dec. This salt was
partitioned between methylene chloride and 109, aqueous so-
dium carbonate solution and the organic layer was dried and
evaporated. The residue was crystallized from ether to yield
6.5 g (89%) of product: mp 125-128°; nmr (CDCl;) § 2.14
(broad s, 2, NH,), 3.43 (s, 3, NCHj;), 3.62 (s, 3, OCH,), 5.08
(s, 1, OH), 7.0(d, 1 J = 9 Hz, Cs H), 7.3 (s, 5, CeHs), 7.34
(51,}%5 Jas = 9, JJax = 2.5 Hz, C; H), 762 (d, 1, J = 2.5 Hz,

Anal. Caled for CsHiCIN,Os: C, 59.92; H, 4.75; N,
7.76. Found: C,60.11; H,4.74; N,7.77.

Ethyl  3-Amino-6-chloro-4-hydroxy-1-methyl-2-oxo-4-phenyl-
1,2,3,4-tetrahydroquinoline-3-carboxylate (5d).—Cleavage of
ethyl 3-(benzyloxycarbonylamino)-6-chloro-4-hydroxy-1-methyl-
4-phenyl-1,2,3,4-tetrahydroquinolin-2-one-3-carboxylate (4d)
with hydrogen bromide as described in the previous experiment
yielded the product in 709, yield: mp 98-100° erystallized
from ether-hexane; nmr (CDCl;) 6 1.0 (t, 3, J = 7 Hz, CHy)
2.13 (broad s, 2, NH,), 3.42 (s, 3, NCH;), 4.05 (ABX; system,
16 lines in 100-MHz spectrum, 2, OCH,CH;), 5.10 (s, 1, OH),
6.96 (d: 1, J =9 HZ, Cs H), 7.3 (q, 1, JAB = 9, JAx = 2.5 I‘IZ,
C:H),7.25(s, 5, CeHs), 7.45(d, 1,J = 2.3 Hz, C; H).

Anal. Caled for CyuH,CINO,: C, 60.88; H, 5.11; N,
7.48. Found: C,61.30; H,5.09; N,7.37.

Ethyl  3-Amino-6-chloro-4-hydroxy-1-methyl-2-oxo-4-phenyl-
1,2,3,4-tetrahydroquinoline-3-carboxylate (11), Method A. By
Cleavage of Compound 12.—A solution of 3.6 g of ethyl 8-chloro-
5-ngethyl-2,4-dioxo-9b-phenyl -2,3,5,9b-tetrahydrooxazolo(4,5-¢] -
quinoline-3a-carboxylate (12) in 140 ml of glacial acetic acid
containing 309, hydrogen bromide and 35 ml of water was al-
lowed to stand at room temperature for 3 days. The mixture
was poured into ice and aqueous sodium carbonate solution and
the base was extracted with ether. The extracts were washed
w1t.h water, dried, and evaporated. Chromatography of the
r'e51d.ue on silica gel using methylene chloride, followed by crystal-
lization of the clean fractions from ether-petroleum ether (bp
30-60°), yielded 1.3 g (38%) of product: mp 110-112°; nmr
(CDCL) 5 0.98 (t, 3, J = 7 Hz, CHy), 2.37 (broad s, 2, NHy),
3.52 (s, 3, NCH,), 3.96 (q, 2, J = 7 Hz, OCH,), 5.60 (broad s,
1, OH), 6.98 (d, 1, J = 2.5 Hz, C; H), 7.06 (d, 1, J = 9 Haz,
88 H)): 7.35 (s, 5, CGH5>, 7.36 (q, 1, Jap = 9, Jax = 2.5 Hz,

T .

Anal. Caled for CsHuCIN,Op: C, 60.88; H, 5.11; N, 7.48,
Found: C,61.03; H,5.13; N, 7.35.
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Method B. By Thermal Isomerization of 5d.—A solution of
11.5 g of ethyl 3-amino-6-chloro-4-hydroxy-1-methyl-4-phenyl-
1,2,3,4-tetrahydroquinolin-2-one-3-carboxylate (5d) in 200 ml of
toluene was refluxed for 3 hr. The solvent was removed under
reduced pressure and the residue was chromatographed over 300 g
of silica gel using 5% ethyl acetate in methylene chloride. In
addition to 5 g of starting material, 4 g (35%) of the isomeric
produet, mp 110-112°, was obtained.

Methyl  2-Amino-4'-chloro-2’-(2-chlorobenzoyl)malonanilate
(6).—A mixture of 5.15 g of methyl 2-(benzyloxycarbonylamino)-
4’-chloro-2’-(2-chlorobenzoyl )malonanilate (3e), 30 ml of meth-
ylene chloride, 30 ml of glacial acetic acid, and 20 ml of glacial
acetic acid containing 309, hydrogen bromide was allowed to
stand at room temperature for 4 hr. After evaporation of the
solvents under reduced pressure, the residue was partitioned
between water and ether. The water phase was washed with
ether and was made alkaline with aqueous sodium carbonate
solution, The precipitated base was extracted with methylene
chloride. The dried extracts were evaporated and the residue
was crystallized from ether to yield 2.75 g (72%) of product:
mp 106-109°; ir (KBr) 3400, 3340, 3210 (CONH, NH,), 1740
(COOCH;), 1690 (NHCO), 1650 em™ (C=0); nmr (CDCly)
8 2.17 (broad s, 2, NH,), 3.87 (s, 3, OCH;), 4.47 (s, 1, CH),
7.2-7.8 (m, 6, aromatic H), 8.8 (d, 1, J = 9 Hz, C;, H), 12.4
(broads, 1, NHCO).

Anal. Caled for CiyH.CLN:Oy: C, 53.56; H, 3.70; N,
7.35. Found: C,53.46; H,3.79; N, 7.31.

Ethyl  8-Chloro-5-methyl-2,4-dioxo-9b-phenyl-2,3,4,9b-tetra-

“hydrooxazolo[4,5-c]quinoline-3a-carboxylate (12). Method A.—

Crude ethyl 2’-benzoyl-2-(benzoloxycarbonylamino)-4'-chloro-
N-methylmalonanilate (3d) (23 g) was refluxed for 3 days in 200
ml of toluene and 100 ml of acetic acid. The solvents were evap-
orated under reduced pressure and the residue was partitioned
between methylene chloride and 109, aqueous sodium carbonate
solution. The organic phase was dried and evaporated. The
residue was chromatographed over 500 g of silica gel using meth-
ylene chloride. After elution of 13 g of ethyl 3-(benzyloxycar-
bonylamino )-6-chloro-4-hydroxy-1-methyl-4 - phenyl-1,2,3,4 - tet-
rahydroquinolin-2-one-3-carboxylate (4d), 6.5 g of 12 was
eluted and crystallized from ethanol: mp 218-220°;, nmr
(CDCl;) 6§ 0.85 (¢, 3, J = 7 Hz, CHy), 3.53 (2, 3, NCHa), 3.69
(m, 2, OCH,), 6.6 (broad s, 1, NH), 7.13 (d, 1,J = 9 Hz, C; H),
7.20 (d, 1, J = 2.5 Hz, Cy, H), 7.2-7.6 (m, 6, rest of aromatic
protons).

Anal. Caled for CoHpCIN,O5: C, 59.93;
8.84. Found: C,59.97; H,4.43; Cl, 8.68.

Method B.—Ethyl 3-amino-6-chloro-4-hydroxy-1-methyl-4-
phenyl-1,2,3,4-tetrahydroquinolin-2-one-3-carboxylate (11) (0.5
g) was dissolved in 7 ml of pyridine, and 3 ml of a 20% solution
of phosgene in chloroform was added with ice cooling. The
mixture was allowed to stand at 0° for 2 br and was then parti-
tioned between methylene chloride and 2 N hydrochloric acid.
The organic layer was dried, filtered, and evaporated. Crystal-
lization of the residue from ethanol yielded 0.4 g (75%,) of prod-
uct, identical with the material obtained in A.

Ethyl  8-Chloro-5-methyl-2,4-dioxo-9b-phenyl-2,3,5,0b-tetra-
hydrooxazolo[4,5-c] quinoline-3a-carboxylate (9) and Diethyl 8-
Chloro-5-methyl-2,4-dioxo-9b-phenyl-2,3,5,9b-tetrahydrooxazolo-
[4,5-c] quinoline-3,3a-dicarboxylate (10).—A 27% solution of
phosgene in chloroform (6 ml) was added to a solution of 3 g
of ethyl 3-amino-6-chloro-4-hydroxy-1-methyl-4-phenyl-1,2,3,4-
tetrahydroquinolin-2-one-3-carboxylate {5d) in 30 ml of anhy-
drous pyridine and 12 ml of chloroform. The mixture was
stirred at 0° for 75 min, when ethanol was added and stirring was
continued for an additional 15 min. The reaction mixture was
partitioned between methylene chloride and 2 N hydrochloric
acid. The organic layer was washed with 2 N hydrochloric acid
and water, dried, and evaporated, The residue was chromat-
ographed on 200 g of silica gel using 109, ethyl acetate in meth-
vlene chloride. Crystallization from ether yielded 1.1 g (34%)
of 91 mp 153-157°; nmr (CDCly) 6 0.96 (t, 3, J = 7 Hz, CHy),
3.17 (s, 3, NCHy), 4.00 (q, 2, J = 7 Hz, OCH,), 6.72 (s, 1,
NH),6.95(d, 1, J = 9 Hz, Cs H), 7.1-7.6 (m, 6, aromatic H),
7.65(d,1,J = 2.5Hz, C, H).

Anal. Caled for C,Hy;CIN,Os:  C, 59.93; H, 4.28; N, 6.99.
Found: C,59.70; H, 4.27; N, 6.80.

The second product which was eluted was crystallized from
ether to yield 0.8 g (259%,) of 10, mp 206-208° dec.

Anal. Caled for CosllCINGOr:  C, 58.42; H, 4.48; N, 5.92.
Found: C,58.12; H,4.44; N, 5.74,

H, 4.28; Cl,
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Ethyl 6-Chloro-3-methyl-2-oxo-7b-phenyl-1,2,3,7b-tetrahydro-
laH-azirino[2,3-c]quinoline-la-carboxylate (13).—A solution of
16 g of ethyl 3-amino-6-chloro-4-hydroxy-1-methyl-4-phenyl-
1,2,3,4-tetrahydroquinolin-2-one-3-carboxylate (11) in 120 ml
of glacial acetic acid containing 30%, of hydrogen bromide was
allowed to stand at room temperature for 24 hr. The solvent
was evaporated under reduced pressure and the residue was parti-
tioned between methylene chloride and ice-cold sodium carbonate
solution. The methylene chloride layer was washed with water,
dried, and evaporated. Crystallization of the residue from ether—
petroleum ether yielded 11.2 g (739%,) of product: mp 188-190°;
nmr (CDCls) 6 0.92 (t, 3, J = 7 Hz, CH,), 3.52 (g, 3, NCHj),
3.97 (q, 2, J = 7 Hz, OCH,), 6.96 (d, 1, J = 2.5 Hz, C; H),
7.03(d, 1,J = 9 Hz, C, H), 7.2-7.9 (m, 6, aromatic H), NH
very broad between 2 and 3 ppm.

Anal. Caled for C,Hi:CIN,Oy:  C, 63.96; H, 4.80; N, 7.85.
Found: C,63.43; H,4.69; N, 7.65,

Ethyl 1-Acetyl-6-chloro-3-methyl-2-0xo-7b-phenyl-1,2,3,7b-
tetrahydro-laH-azirino[2,3-c]quinoline-la-carboxylate  (14).—
One drop of perchloric acid was added to a suspension of 0.1 g
of ethyl 6-chloro-3-methyl-7Tb-phenyl-1,2,3,7b-tetrahydro-1aH-
azirino[2,3-¢] quinolin-2-one-la-carboxylate in 1 ml of acetic
anhydride. After stirring for 5 hr at room temperature the re-
action mixture was partitioned between ice-cold 109, sodium
carbonate solution and methylene chloride. The organic phase
was washed, dried, and evaporated. Crystallization from ether
yielded 60 mg (34%) of product, mp 228-230°.

Anal. Caled for CyH;yCINOs:  C, 63.24; H, 4.80; N, 7.02;
Cl,8.89. Found: C,63.26; I1,4.85; N, 7.01; Cl, 8.90.

3-Amino-6-chloro-1-methyl-4-phenylcarbostyril (8).3—Sodium
methoxide (0.3 g, 5.5 mmol) was added to a solution of 1 g (3.7
mmol) of methyl 3-amino-6-chloro-4-hydroxy-1-methyl-4-pheny!-
1,2,3,4-tetrahydroquinolin-2-one-3-carboxylate (8¢) in 20 ml of
methanol. The solution was allowed to stand at room tempera-
ture for 20 hr. It was then neutralized with acetic acid and
partitioned between methylene chloride and aqueous sodium
carbonate solution, The organic phase was separated, dried,
and” evaporated., Crystallization from ether yielded 0.65 g
(859%) of product, mp 130-133°.

Methyl 7-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-
2-one-3-carboxylate (7a).4—A mixture of 1 g of methyl 3-amino-
6-chloro-4-hydroxy-4-phenyl-1,2,3,4-tetrahydroquinolin-2-one-
3-carboxylate (5a), 20 ml of benzene, and 2 ml of acetic acid was
refluxed for 4 hr. The solvents were evaporated and the residue

was crystallized from methylene chloride-methanol to yield -

0.72 g (76%) of product, mp 217-219°.

Ethyl 7-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-
one-3-carboxylate (7b).* Method A.—Zinc dust (2 g) was added
to a solution of 2 g of ethyl 2’-benzoyl-4'-chloromesoxalanilate-
2-oxime (17a) in 40 ml of methylene chloride and, within 5 min,
4 ml of acetic acid was added dropwise with stirring. The mix-
ture was stirred for 1 hr at room temperature and then filtered.
The filtrate was evaporated, dissolved in 20 ml of benzene and
2 ml of acetic acid, and refluxed for 2 hr. The solution was ex-
tracted with 109} sodium ecarbonate solution, dried, and evap-
orated. Crystallization of the residue from ethanol yielded 1.1 g
(609%) of product, mp 232-234°.

Method B.-——Fuming nitric acid (98%) (30 ml) was added to a
soldtion of 34.6 g of ethyl 2’-benzoyl 4’-chloromalonanilate
(15a) in 250 ml of acetic acid, After sitting at room temperature
for 2.5 hr, the mixture was diluted with 1 1. of water. The pre-
cipitated resin was collected, washed with water, and dissolved
in ether. The ether phase was extracted several times with
saturated sodium bicarbonate solution. The extracts were
washed with ether and acidified with hydrochloric acid. The
precipitated product was extracted with methylene chloride,
The extracts were dried over sodium sulfate and evaporated to
leave 26.5 g (68%) of ethyl 2’-benzoyl-4’-chloro-2-nitromalon-
anilate (16a) as a yellow resin. A solution of 2 g of this product
in 50 ml of methylene chloride was treated with 2 ml of acetic
acid and 2 g of zine dust. After a vigorous reaction, the mixture
was stirred for an additional 10 min and filtered. The filtrate
was evaporaled, dissolved in 70 ml benzene and 2 ml of acetic
acid, and refluxed for 2 hr. The mixture was washed with
saturated sodium bicarbonate solution, dried over sodium sul-
fate, and evaporated. Crystallization of the residue from
ethanol yielded 0.8 g (459%) of product, mp 228-230°.

Methyl 7-Chloro-1,3-dihydro-1-methyl-5-phenyl-2H-1,4-benzo-
diazepin-2-one-3-carboxylate (7c). Method A.—A mixture of
0.5 g of methyl 3-amino-8-chloro-4-hydroxy-1-methyl-4-phenyl-
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1,2,3,4-tetrahydroquinolin-2-one-3-carboxylate (5c¢), 20 ml of
benzene, and 2 ml of acetic acid was refluxed for 3 hr. The
residue, obtained upon evaporation to dryness, was recrystallized
from methylene chloride-methanol to yield 0.43 g (919) of
product, mp 224-226°,

Anal, Caled for CsHisCIN:Oy:  C, 63.07; H, 4.41; N, 8.17.
Found: C,63.25; H,4.49; N, 8.05.

Method B.—Glacial acetic acid (40 ml) containing 309 of
hydrogen bromide was added to a solution of 5 g of erude methyl
2'-benzoyl-2-(benzyloxyearbonylamino )-4’- chloro- N- methylmal-
onanilate (3c). After standing at room temperature for 4 hr,
the solvent was removed under reduced pressure and the residue
was partitioned between methylene chloride and 109, aqueous
sodium carbonate solution. The organic layer was dried and
evaporated. Crystallization of the residue from methylene
chloride-methanol yielded 2.7 g (77%,) of product, mp 224-226°.

Ethyl 7-Chloro-1,3-dihydro-1-methyl-5-phenyl-2H-1,4-benzodi-
azepin-2-one-3-carboxylate (7d).* Method A.—A mixture of
3.74 g of ethyl 3-amino-6-chloro-4-hydroxy-1-methyl-4-phenyl-
1,2,3,4-tetrahydroquinolin-2-one-3-carboxylate (5d), 50 ml of
toluene, and 5 ml of acetic acid was refluxed for 2 hr. The usual
work-up and crystallization from ethanol yielded 2.6 g (73%)
of produiet 7d, mp 196-199°.

Method B.—Ethyl 3-amino-6-chloro-4-hydroxy-1-methyl-4-
phenyl-1,2,3,4-tetrahydroquinolin-2-one-3-carboxylate (11) (2 g)
yielded, under the same conditions, 1.6 g (84%) of product 7d.

Method C.—A mixture of 0.4 g of ethyl 6-chloro-3-methyl-7b-
phenyl-1,2,3,7b-tetrahydro-1aH-azirino{2,3-¢]quinazolin-2-one-
la-carboxylate (13), 20 ml of toluene, and 3 ml of acetic acid was
refluxed for 5 hr. The residue obtained after the usual work-up
was chromatographed over 20 g of silica gel using 109, ethyl
acetate in methylene chloride. After elution of 0.1 g (229%) of
ethyl l-acetyl-6-chlorc-3-methyl-7b-phenyl-1,2,3,7b-tetrahydro-
laH-azirino[2,3-c]quinolin-2-one-la-carboxylate (14), 0.2 g
(50%) of 7d, mp 196-199°, was obtained.

Method D,—Zinc dust (2 g) was added to a solution of 2 g of
ethyl 2/-benzoyl-4’-chloro-V-methylmesoxalanilate 2-oxime (17¢)
in 40 m] of methylene chloride, and 4 ml of acetic acid was added
dropwise with stirring within 5 min. After the addition, stirring
was continued for 20 min. The filtered reaction mixture was
evaporated and the residue was refluxed for 2 hr in 20 ml of
benzene and 2 ml of acetic acid. The solution was washed with
109, aqueous sodium carbonate, dried over sodium sulfate, and
evaporated. Crystallization of the residue from ethanol-ether
yielded 0.5 g (27%) of 7d, mp 196-199°.

Method E.—Fuming nitric acid (98%) (30 m]) was added to a
solution of 36 g of ethyl 2’-benzoyl-4’-chloro-N-methylmalon-
anilate (15¢)-in 250 ml of acetic acid. After standing for 2 hr
at room temperature, the mixture was poured into 1 1. of water.
The precipitated resin was collected, washed with water, and
dissolved in benzene. The benzene solution was washed with
water, dried, and evaporated to leave 34.5 g (859%) of crude
ethyl 2’-benzoyl-4’-chloro-2-nitro-N-methylmalonanilate (16¢),
which was reduced as follows. To a solution of 2 g of the crude
16¢ in 50 ml of methylene chloride and 2 ml of acetic acid, 2 g of
zine dust was added with stirring. After the exothermic reac-
tion, stirring was continued for an additional 10 min. The resi-
due obtained after filtration and evaporation of the reaction
mixture was partitioned between benzene and 2 N hydrochloric
acid. The benzene layer was extracted twice with 2 N hydro-
chloric acid. The extracts were combined, washed with ether,
and made alkaline by addition of 109 aqueous sodium carbonate
solution. The precipitated base was extracted with methylene
chloride and the extracts were dried and evaporated. The resi-
due was refluxed in 20 ml of benzene containing 2 ml of acetic
acid for 2 hr. The cold mixture was washed with 109 aqueous
sodium carbonate, dried, and evaporated. The residue was
erystallized from ethanol to yield 0.5 g (489 overall) of 7d, mp
196-199°.

Methyl 7-Chloro-5-(2-chlorophenyl)-1,3-dihydro-2H-1,4-benzo-
diazepin-2-one-3-carboxylate (7e).—A mixture of 0.5 g of methyl
2-amino-2’-(2-chlorobenzoyl)-4’-chloromalonanilate (6), 20 ml
of benzene, and 2 ml of acetic acid was refluxed for 3 hr. After
evaporatipn, the residue was crystallized from methanol-ether
to yield 0.33 g (70%) of product: mp 216-219°; nmr (CDCls)
53.94 (s, 3, OCHy), 4.72 (s, 1, CH), 7.0-7.8 (m, 7, aromatic H),
9.53 (broad s, 1, NHCO).

Anal. Ca]Cd for CuI‘LgClzNgOaZ C, 5622,
7.71. Found: C,56.02; H, 3.18; N, 7.73.

H, 3.33; N,
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Ethyl 2’-Benzoyl-4'-chloromalonanilate (15a).—A solution of
23 g (0.1 mol) of 2-amino-5-chlorobenzophenone in 200 ml of
methylene chloride was overlaid with 100 ml of saturated sodium
bicarbonate solution. At 0-5°, 19.3 g (0.115 mol) of 2-carbo-
ethoxyacetyl chloride was added dropwise with vigorous stirring.
After complete addition, stirring was continued for 10 min. The
methylene chloride solution was separated, washed with bicar-
bonate solution, dried, and evaporated. The residue was crystal-
lized from ether-hexane by cooling to —10° to yield 22 g (64%):
mp 54~55°; nmr (CDCls) & 1.30 (t, 3, J = 7 Hz, CH,CHj,),
3.50 (s, 2, CH,), 4.28 (q, 2, J = 7 Hz, OCH,CH3;), 7.2-8.0 (m, 7,
aromatic H), 8.55 (d, 1, J = 9 Hz, Cs H), 11.04 (broad s, 1,
NHCO); ir (KBr) 3260 (NH), 1720 (COOEt), 1690 (NHCO),
and 1650 em ! (C=0).

Anal. Caled for CisHygCINO,:  C, 62.52; H, 4.66; N, 4.05.
Found: C,62.37; H,4.62; N, 3.77.

Ethyl 2’-Benzoyl-4'-chloro-N-methylmalonanilate (15¢).—2-
Carboethoxyacetyl chloride (39.2 g, 0.235 mol) was added to a
solution of 49.2 g (0.2 mol) of 5-chloro-2-methylaminobenzo-
phenone in 400 m! of methylene chloride cooled to 0°, After
20 min, 400 ml of saturated sodium bicarbonate solution was
added within 15 min at 0-5° with vigorous stirring. The organic
layer was separated, dried, and evaporated. Crystallization of
the residue from ether—hexane yielded 64.3 g (89.59) of colorless
crystals: mp 98-100°; ir (KBr) 1745 (COOE®t), 1680 (NHCO),

and 1660 em™ (C=0); nmr (CDCl3) § 1.22 (t, 3, J = 7 Hz,.

CH,CH;), 3.05 and 3.30 (s, 3, NCH;), rotamers), 3.24 (s, 2,
CH:), 4.11 and 4.13 (g, 2, OCH,CHj;, rotamers), 7.2-8.0 (m, 8,
aromatic protons).

Anal. Caled for CyHiCINOy:  C, 63.43; H, 5.04; N, 3.89.
Found: C,63.18; I, 5.00; N, 3.84.

Ethyl 4'-chloro-2’-(2-fluorobenzoyl )malonanilate (15d) was ob-
tained as above by treating 25 g (0.1 mol) of 2-amino-5-chloro-
2’-fluorobenzophenone® with 18 g (1.2 mol) of 2-carboethoxy-
acetyl chloride. The product was crystallized from ether~hex-
ane: mp 74-77°; ir (CHCl) 3300, 1745, 1700, 1635 em L.

Anal. Caled for CisHi,CIFNO,: C, 59.43; H, 4.16; N,
3.85. Found: C,59.36; H,4.02; N, 4.00.

Ethyl 6-Chloro-1,2-dihydro-4-(2-fluorophenyl)quinolin-2-one-3-
carboxylate (18d).—Potassium lert-butoxide (1 g, 9 mmol) was
added to a solution of 18.2 g (0.05 mol) of ethyl 4’-chloro-2’-
(2-fluorobenzoyl)malonanilate in 200 ml of ethanol. After
stirving at room temperature for 2 hr, the mixture was diluted
with water. The precipitated product was filtered and recrystal-
lized from ethanol-methylene chloride to yield 12.1 g (709%,) of
product: mp 245-247°; uv (2-PrOH) Amex 237-238 mp (e
44,300), 271-272 (7120), sh 280 (6650), infl 533 (4700), 337-338
(6280), infl 360 (5350); ir (CHCl,) 1735, 1660 em ™.

Anal. Caled for CisHiCIENO;: C, 62.53;
4.05. Found: C,62.26; N, 3.83; N, 3.98.

Ethy! 6-Chloro-1,2-dihydro-1-methyl-4-phenylquinolin-2-one-3-
carboxylate (18¢c).—By the same procedure a mixture of 18 g
{0.05 mol) of ethyl 2’-benzoyl-4’-chloro-N-methylmalonanilate,
200 ml of ethanol, and 1 g of potassium tert-butoxide gave 15.3 g
of 18c: mp 127-128°; nmr (CDCl) 6 0.97 (t, 3, J = 7 Ha,
CHay), 3.75 (s, 3, NCHy), 4.05 (q, 2, J = 7 Hz, OCH,), 7.1-7.7
(m, 8, aromatic H).

Anal. Caled for CipHisCINO;:  C, 66.77; H, 4.72; N, 4.10.
Found: C,66.60; H,4.40; N, 4.03.

Ethyl 2’-Benzoyl-4’-chloromesoxalanilate 2-Oxime (17a).—A
solution of 50 g of sodium nitrite in 100 ml of water was added
dropwise to a solution of 34.6 g (0.1 mol) of ethyl 2’-benzoyl-
4’-chloromalonanilate (158a) in 250 ml of acetic acid. The mix-
ture was stirred for 90 min at room temperature. The pre-
cipitated crystals were separated, washed with water, and dried
in vacuo to leave 33 g of product, mp 98-105°. The filtrate was
diluted with water to yield a second crop, 3.5 g (total yield 97%,).

The product was a mixture of two isomeric oximes which could
be separated by chromatography on silica gel using 209, ethyl
acetate in methylene chloride. The isomer eluted first crystal-
lized from ethanol: mp 115-117°; ir (KBr) 3450, 3150, 1720,
and 1650 em~!; nmr (CDCly) & 1.35 (t, 3, J = 7 Hz, CH,),
4.42 (q, 2, J = 7 Hz, OCH,), 7.2-7.9 (m, 7, aromatic H), 8.64
(d, 1, J = 9 Hz, Cs H), 104 (s, 1, OH), 11.55 (broad s, 1,
NHCO).

Anal.
Cl, 9.46.

(9) L. H. Sternbach, R.I. Fryer, W. Metlesios, G. Sach, and A. Stempel, J.
Org. Chem., 27, 3781 (1962).

o, 3.79; N,

Calcd for C1gI‘I15C1N'zO.§I C, :)769, I‘I, 403, N, 7.47,
Found: C,57.68; H,3.91; N, 7.51; Cl, 9.51.
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The second isomer eluted had mp 131-132°; nmr (CDCl,) &
1.40 (t, 3, J = 7 Hz, CH;), 4.46 (q, 2, J = 7 Hz, OCH,), 7.4~
8.0 (m, 7, aromatic H), 8.38 (d, 1, J = 9 Hz, Cs, H), 12.0 (broad
s, NH or OH), 16.2 (broad s, 1, NH or OH).

Ethyl 2'-Benzoyl-4’-chloro-N-methylmesoxalanilate 2-Oxime
{17¢).—A solution of 25 g of sodium nitrite in 50 ml of water
was added to a solution of 18 g (0.05 mol) of ethyl 2’-benzoyl-
4'-chloro-N-methylmalonanilate (15¢) in 125 ml of acetic acid.
Concentrated sulfuric acid (10 ml) was added dropwise to the
stirred solution and after stirring for 2 hr at room temperature,
the product was precipitated by addition of water to yield 7 g
(36%) of crystalline oxime, mp 196-198°. The analytical sam-
ple was recrystallized from benzene—ethyl acetate: mp 203-
205°; mixture of two isomers in solution; nmr (DMSO) 5 1.12
and 1.15 (t, 3, CHs), 3.14 and 3.20 (s, 3, NCH;), 3.86 and 4.13
(q, 2,J = 7 Hz, OCH,), 7.3-8.0 (m, 8, aromatic H), 12.9 (s, 1,

OH).
Anal. Caled for CpH;CIN:O;: C, 58.70; H, 4.41; N,
7.21; Cl,9.12. Found: C,58.33; H,4.31; N, 7.09; Cl, 9.46.

Ethyl 2-Bromo-4’-chloro-2’-(2-fluorobenzoyl )malonanilate
(19d).—2-Bromo-2-carboethoxyacetyl chloride® (25 g, 0.11 mol)
was added to a solution of 25 g (0.1 mol) of 2-amino-3-chloro-2’-
fluorobenzophenone in 200 ml of methylene chloride. After
stirring at room temperature, the mixture was poured into 200
ml of saturated sodium bicarbonate solution. The methylene
chloride layer was washed with water, dried, and evaporated.
Crystallization of the residue from ethanol yielded 31 g (70%)

of product: mp 81-83°; ir (CHCls) 3250, 1750, 1690, 1650
cm™t,
Anal. Caled for CH BrCIFNO,: C, 48.83; H, 3.19; N,

3.16. Found: C,48.90; H, 3.19; N, 3.06.

Methyl 2’-Benzoyl-2-bromo-4’-chloromalonanilate (19a).—
In the same way, reaction of 24 g (0.11 mol) of 2-bromo-2-carbo-
methoxyacetyl chloride with 23 g (0.1 mol) of 2-amino-5-chloro-
benzophenone yielded 29 g (719%) of product, mp 92-93°, crystal-
lized from methylene chloride~hexane: nmr (CDCL) 8§ 3.86
(s, 3, OCH;), 4.90 (s, 1, CH), 7.3-8.0 (m, 7, aromatic H), 8.55
(d,1,J = 9Hz, Cs, H), 11.5 (broad s, 1, NHCO),

Anal. Caled for C;H;BrCINO,: N, 3.41; Br, 19.46; Cl,
8.63. Found: N, 3.57; Br, 19.83; Cl, 8.80,

Methyl 6-Chloro-3,4-epoxy-1,2,3,4-tetrahydro-4-phenylquin-
olin-2-one-3-carboxylate (20a).—A solution of 4.1 g of methyl
2’-benzoyl-2-bromo-4’-chloromalonanilate (19a) in 20 ml of
methylene chloride was added to 20 m] of liquid ammonia. After
the addition, the reaction mixture was allowed to warm gradually
to room temperature, while being stirred for 1 hr. The meth-
vlene chloride solution was washed with water, dried, and evap-
orated. The residue was crystallized from methylene chloride—
hexane to yield 3 g (919%): nmr 8 3.54 (s, 3, OCHy), 7.04 (d, 1,
J =9Hz, CH), 707, 1,J = 2.5Hz, C; H), 7.2-7.9 (m, 6,
avomatic H), 10.3 (broad s, 1 NH).

Anal. Caled for CHi.CINQ,: C, 61.92; H, 3.67; H, 4.25.
Found: C,62.07; H, 3.63; N, 4.25.

Ethyl 6-chloro-3,4-epoxy-4-phenyl-1,2,3,4-tetrahydroquinolin-
2-one-3-carboxylate (20b) was obtained in the same manner by
causing crude ethyl 2’-benzoyl-2-bromo-4’-chloromalonanilate
(19b) to react with liquid ammonia: mp 192-193°; ir (KBr)
3210, 1770, 1750, and 1690 ecm 1,

Anal. Caled for C,gH«CINO,: C, 62.89; H, 4.11; N, 4.07.
Found: C,62.77; H, 4.00; N, 4.09.

Ethyl 6-Chloro-3,4-epoxy-4-(2-fluorophenyl)-2-oxo-1,2,3,4-
tetrahydroquinoline-3-carboxylate (20d).—A solution (30 ml)
of 2.3 g of sodium in 100 ml of ethanol was added to a solution
of 22 g (0.05 mol) of ethyl 2-bromo-4'-chloro-2’-(2-fluorobenzoyl)-
malonanilate (19d) in 200 ml of benzene. The mixture was
stirred for 10 min, neutralized with acetic acid, and washed with
water. The benzene layer was separated, dried, and evap-
orated. Crystallization of the residue from ether yielded 14 g
(789%) of product: mp 223-226° after recrystallization from
ethanol; ir (CHCl;) 3375, 3250, 1750, and 1695 ecm ™1,

Anal. Caled for CiH,CIFNOQ,: C, 59.76; H, 3.62; N,
3.87. Found: C,59.80; H, 3.42; N, 3.88.

Methyl 6-Chloro-3,4-epoxy-1-methyl-2-0x0-4-phenyl-1,2,3,4-
tetrahydroquinoline-3-carboxylate (21).—Potassium tert-butoxide
(2.7 g, 0.024 mol) was added to a solution of 6.6 g (0.02 mol) of
methyl 6-chloro-3,4-epoxy-4-phenyl-1,2,3,4-tetrahydroquinolin-
2-one-3-carboxylate (20a) in 50 ml of dimethylformamide cooled
to —10°.  After stirring for 5 min, 3.4 g (0.024 mol) of methyl

(10) . S8taudinger and H. Becker, Ber., 50, 1016 (1917).
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iodide was added and the reaction mixture was allowed to reach
room temperature. The product was precipitated by pouring
into ice water. It was collected, washed with water, and dis-
solved in methylene chloride. The solution was dried and evap-
orated and the residue was crystallized from methanol to yield
5.5g(80%) of 21, mp 143-145°.

Anal. Caled for CsHCINO.: C, 62.89; H, 4.11; N, 4.07.
Found: C,63.10; H,4.24; N, 3.77.

6-Chloro-3-hydroxy-4-phenylcarbostyril  (23a).—Methyl
6-chloro-3,4-epoxy-4-phenyl-1,2,3,4-tetrahydroguinolin- 2-one-3-
carboxylate (20a) (3.3 g) was added with stirring to 30 m! of
concentrated sulfuric acid. Evolution of carbon dioxide ceased
within 15 min. The clear solution was poured into ice water
and the precipitated product was collected, washed with water,
and dissolved in methylene chloride. The solution was dried
and evaporated. Crystallization of the residue from ethyl
acetaté—methanol yielded 2.05 g (759%) of 23a: mp 255-258°;
uv (2-PrOH) Amex 231-232 mu (¢ 47,400), 287 (7750), infl 313
(7150), 325 (10,200), 338 (8100); ir (KBr) 3375 and 1640 cm ™,

Anal. Caled for C;HCINOe:  C, 66.31; H, 3.71; N, 5.16.
Found: C,66.54; H,3.89; N, 5.02,

6-Chloro-4-(2-fluorophenyl)-3-hydroxycarbostyril (23d) was ob-
tained in 93% yield by treating 12 g of ethyl 6-chloro-3,4-epoxy-4-
(2-fluorophenyl)-1,2,3,4-tetrahydroquinolin-2-one-3-carboxylate
(20d) with 50 ml of concentrated sulfuric acid as described
in the previous example: mp 255-257°; ir (CHCl;) 3400, 3150,
1660 cm 1.

Anal. Caled for C,HoCIFNO,: C, 62.19;
4.84. Found: C,62.49; H,2.96; N,4.77.

6-Chloro-3-hydroxy-1-methyl-4-phenylcarbostyril (23c).
Method A.—A mixture of 3.43 g (0.01 mol) of methyl 6-choro-
3,4-epoxy-1-methyl-4-phenyl-1,2,3,4-tetrahydroquinolin-2-one-
3-carboxylate (21), 1 g (0.018 mol) of ammonium chloride, and
30 ml of dimethylformamide was refluxed for 2 hr. The cooled
mixture was poured into water. The precipitate was collected,
washed with water, and dissolved in methylene chloride. The
solution was dried and evaporated. The crystalline residue was
slurried with methylene chloride-ether to yield 2.4 g (849,) of
23c. The analytical sample was recrystallized from methylene
chloride—ethyl acetate: mp 252-253; uv (2-PrOH) Apax 232 mpu
(¢ 48,500), 290 (8300), sh 315 (7100), 321-322 (9700), 339 (7500);
ir (KBr) 3250 and 1620 cm~1,

Anal. Caled for CieH,CINO,: C, 67.26; H, 4.23; N, 4.90.
Found: C,67.54; H,4.24; N, 4.77.

The same compound was obtained by treating 21 with either
concentrated sulfuric acid or aqueous alkali.

Method  B.—6-Chloro-3,4-epoxy-1-methyl-4-phenyl-1,2,3,4-
tetrahydroquinolin-2-one (25) (1 g) was added to 5 ml of conecen-
trated sulfuric acid. After solution was complete, the reaction
mixture was poured into ice water and the precipitate was ex-
tracted with methylene chloride. The dried extracts were evap-
orated and the residue was recrystallized from methylene chlo-
ride—ethyl acetate to yield 0.85 g (856%) of 23¢, mp 250-253°.

6-Chloro-3,4-epoxy-1-methyl-4-phenyl-1,2,3,4-tetrahydroquin-
olin-2-one (25).—A solution of 3 g (0.075 mol) of sodium hy-
droxide in 30 ml of water was added to a solution of 18.5 g (0.05
mol) of 2-bromo-2'-benzoyl-4’-chloro-N-methylacetanilide  in
100 ml of dimethylformamide. The mixture, which was stirred
at room temperature for 30 min. crystallized on seeding and
cooling in ice water. Seeds were obtained by chromatography
of crude material on silica gel using methylene chloride and
crystallization of the clean fractions from methanol-ether.

H, 3.13; N,
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The separated crystals were collected, washed with methanol—
water, and recrystallized twice from acetone-methanol to yield
5.1 g (35%) of 25: mp 123-124°; ir (KBr) 1650 cm™; uv
(2-PrOH) Amax 266-267 mp (e 12,280), infl 300 (2900); nmr
<C]I)—IC)13) 6 3.41 (s, 3, CHs), 3.75 (s, 1, CH), 6.8-7.6 (I, 8, aroma~
tic H).

Anal. Caled for CsH;sCINO,: C, 67.26; H, 4.23; N, 4.90.
Found: C,67.30; H,4.24; N, 4.98.

5-Chloro-3-phenyloxindole (22a).1—A mixture of 2 g (6 mamol)
of methyl 8-chloro-3,4-epoxy-4-phenyl-1,2,3,4-tetrahydroquin-
olin-2-one-3-carboxylate (20a), 1 g (18 mmol) of ammonium
chloride, and 20 ml of dimethylformamide was refluxed for 20
min. The product was precipitated by the addition of water to
the cooled reaction mixture. It was collected, washed with
water, and recrystallized from methanol-water to give 1.4 g
(94%) of 5-chloro-3-phenyloxindole, mp 190-192°,

5-Chloro-3-(2-fluorophenyl)oxindole (22d).—A mixture of
1.8 g (5 mmol) of ethyl 6-chloro-3,4-epoxy-4-(2-fluorophenyl)-
1,2,3,4-tetrahydroquinolin-2-one-3-carboxylate (20d), 1 g of
ammonium chloride, and 30 ml of dimethylformamide was re-
fluxed for 30 min. The product was crystallized by the addi-
tion of water to the cooled reaction mixture. It was collected,
washed with water, and recrystallized from methanol to yield
1.17 g (909%,) of 22d: mp 188-190°; uyv (2-PrOH) Anax 255-256
mu (e 14,020), 293 (1640); ir (CHCL) 3450, 3200, and 1720
em~; nmr (CDCl;) 4.9 (s, 1, CH), 6.8 (d,1,J = 9 Hs, C; H)
6.9-7.4 (m, 6, aromatic H), 9.3 (broad s, 1, NHCO).

Anal, Caled for CsHyCIFNO: C, 64.27; H, 3.47; N, 5.35.
Found: C,64.38; H,3.47; N, 5.34.
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