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A series of a-[3-alkyl-3,4-dihydro-2-0x0-2H-1,3-benzoxazin-4-yl}-8-keto ester derivatives 1 (Table
I) were synthesized by the condensation of 3-alkyl-3,4-dihydro-4-hydroxy-2H-1,3-benzoxazine-2-

ones 3

(2) with B-keto esters 4 in the presence of traces of mineral acids under azeotropic

conditions. Condensation of 1 with hydrazines 5 gave pyrazolone derivatives 2 (Table II). Conden-
sation of 8-diketone derivatives 6 with hydrazines 3 and with 1,2-benzenediamine (8) resulted in
the formation of pyrazoles (7a-c) and diazepine derivatives 12 (Table III) and 13, respectively.

J. Heterocyclic Chem., 17, 519 (1980).

In the previous paper (2) of this series we had described
the condensation of 3-alkyl-3,4-dihydro-4-hydroxy-2H-1,3-
benzoxazin-2-ones 3 with compounds having active
hydrogen, giving 4-substituted derivatives of type 2.

Rg 0.0 o Ra o\‘//o
\f + RZ—H —_
N-R, —H,0 N-R,
R3 OoH R:

3 R,

2 (2) (Ry= carbamate, aryl,
ketone, heterocycle, ureo,
B-keto ester}

This paper describes the utilization of straight-chained
or cyclic B-keto esters 4 as the nucleophile. The condensa-
tions were generally accomplished by the method used
previously (2), i.e., in benzene or toluene under azeotropic
conditions in the presence of traces of mineral acids as
catalysts. The [-keto esters 4 condensed practically
exclusively at their more reactive a-position with 3 to give
derivatives 1 (Table I) whose enolic content was invariably
much greater than that of the starting esters.

0

-CCCOCH

! {enol) (5)

| (keto)

The infrared spectra showed qualitatively the extent of
enolization by displaying a strong band of conjugative
chelated ester at about 1640 c¢m-!, the benzoxazinone
band at ca. 1725 cm™* usually remaining unchanged. The
proton magnetic resonance (pmr) spectroscopy, however,
proved to be an excellent tool in measuring the enol con-
tent quantitatively up to about 95% accuracy (as far as the
sensitivity of the instrument permitted it). Separate
resonance signals were nearly always observed for the pro-
tons of the various groups in the keto and enol tautomers.
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Identification of these peaks was possible from chemical
shifts and spin-spin splittings. The relative intensities of
keto and enol resonances were then obtained by integra-
tion.

The strong enolization of the §-keto esters 1 of Table I
(except those lacking a-hydrogen) contrasts sharply with
the weak enolization of the diketones 6 (2). This difference
obviously stems from the effect of the a-benzoxazinyl
group on the normal enolization of 3-diketones and 3-keto
esters.

In the case of (3-diketones, it is known (6) that neat
2,4-pentanedione is 85% enolic, while 3-methyl-2,4-pen-
tanedione (7) is 30% enolic. The 2,4-pentanedione
derivative 6a (2), with the still bulkier a-benzoxazinyl

substituent, turns out to be essentially non-enolic.
o] [o]
N-CH

[} [o} 3
CHsg—CH—g—CHs
6a

In the case of B-keto esters, the situation is quite dif-
ferent. Burdette and Rogers (8) have shown that smaller
electron-withdrawing groups such as fluoro, chloro, or
cyano in the a-position of B-keto esters enhance enoliza-
tion, while bulkier ones such as bromo, decrease enoliza-
tion. We now find that the bulky, electron-withdrawing,
a-benzoxazinyl group, strongly enhances enolization in
compounds 1, rather than suppressing it as predicted from
Burdette and Rogers (8) and from B3-diketones 6. All 8-keto
ester derivatives in Table I which possess free a-hydrogen
are enolized from 40 to about 100%. Some of the isolated
products represent a mixture of both forms; others are
obtained as enol tautomers only. In one instance it was
possible to separate both tautomers (compounds 1b and
1c) into pure forms by fractional crystallization. They dif-
fer considerably in their melting points, infrared and pmr
spectra, and retain their uniqueness as separate entities
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both in solid form and in solution.

In analogy to the unsubstituted starting B-keto esters,
compounds 1 exhibit similar patterns in the chemical
shifts of the methyl protons. Thus, the methyl protons
nearest to a carbonyl group in the keto form resonate by 0
to 13 Hz downfield as compared to that in the enol form.
Another characteristic common to most (3-keto esters in
Table I (excepting the naphthyl homologues 1f) is the up-
field shift of the N-methyl resonances in the enol
tautormers by 4 to 10 Hz and the downfield shift in their
benzylic singlets in the range of 10 to 20 Hz. For example,
when pure tautomers 1b and 1c are mixed in a 1:1 ratio,
there are two distinctive N-methyl singlet resonances at
2.96 (enol) and 3.12 (keto); their respective benzylic pro-
tons resonate at 5.22 (d, ] = 6.5 Hz, keto) and 5.44 Hz (s,
enol) ppm.

Another feature of enol tautormers is their relative
stability. For example, when pure 11 in benzene solution
containing traces of 4-methylbenzenesulfonic acid (similar
conditions as during its preparation) was refluxed for 10
hours, the starting enol (11) was recovered unchanged in
85% yield, the mother liquor still containing some 11 and
a small amount of non-isolable material. No corresponding
keto tautomer was obtained.

The enolized [B-keto ester derivatives are easily
transformed into enol esters or enol carbamates as
exemplified by the formation of an acetate 1g and car-
bamate 1k, respectively.

", 0__0
— N-CH,
oc
CHya 2 s
R-0 O
0

1d, R=6-CI

I
ig, R'= CHy—C-
0

[l
te, Ry =B—-OCH3 Ih, R'= CH3NHC-

All pmr spectra were determined in deuteriochloroform,
a solvent which does not modify the percentage of enol (9).

The last two columns in Table I show percentage of enol
tautomers and the resonance positions of enolic protons.
More detailed assignments are made in the experimental
examples.

We were interested in synthesizing pyrazolone
derivatives of benzoxazines in the hope of improving their
anti-inflammatory activity. The B-keto ester derivatives 1
reacted with hydrazines 5 at room temperature, or on brief
heating, in the presence of glacial acetic acid, giving
satisfactory yields of pyrazolones 2 (Table II).

Ry .

¥

———p -
-R'OH Wl

R3
0
HN ——N-R"
[ 5 2

Vol. 17

Mixture of keto and enol tautomers gave always the same

. product 2. Although two tautomers (i and ii) are possible,
~in all cases only the vinylogous amide type tautomer (i)

was present as evidenced by a sharp benzylic proton
singlet at about 5.5 ppm and an exchangeable N-H proton
at about 11.0 ppm.

Ar
H H[H
R = 0 R 0
HN —NR' ;
i il
The B-diketone derivative 6a (2) on heating with one
molar equivalent of phenylhydrazine under azeotropic
conditions gave only bishydrazone 9, one half of 6a
remaining intact. However, in the presence of excess
glacial acetic acid (other conditions being equal), the ex-
pected pyrazole derivative 7¢ was obtained in 66% yield.

[o] 0 o] o]
-2H,0
N=CHy + HyN=NHCgHg N-CHz + 1/2 60
benzene
CHyl-CH-C—c s CH,C C-CH
3 s 3 no3
v
rlw NHCg Hy
CeHs
6o S 9
-2H,0
60 + HN-NHCcH, —_—»
6 benzene /CHCO,H
80°

5

The 8-methoxy analogue of 6a (6b) (2) and hydazine
hydrate in the presence of glacial acetic acid gave the
pyrazole derivative 7a.

The benzolylacetone derivative 6¢ (2) condensed with
anhydrous hydrazine in ethanol at room temperature giv-
ing the corresponding pyrazole 7b.

Attempts to condense cyclic B-keto ester analogues with
hydrazine to obtain bicyclic pyrazolone derivatives 11
were unsuccessful. The reaction stopped at the hydrazone
stage as exemplified by the formation of 10.

i 100, R=6-Cl,n=1 "

The condensation of 2,4-pentanedione derivative 6a
with 1,2-benzenediamine (8) under azeotropic conditions
required prolonged reaction time to give the desired
diazepine 12 in 49% yield. A second product resulting
from that reaction in 12% yield was a fully conjugated,
yellow phenolic diazepine derivatives 13. The formation of
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Table I

o{3-Alky}-3,4-dihydro-2 2H-1,3-b in-4-yl)-8-keto Ester Derivatives 1

Analysis
Empirical Caled. Found % & (ppm)
Compound R, R R, Re M.p.°C % Yield Formula [ H N C H N Enol(®) OH, (9
cn3\//\'(oc2rc5
1a (s) CH, " H H 140141 88 C,H,,NO, 6185 588 481 6185 602 500 75 13.03
OH
o
1b " CH3-C —éHC -0C,Hg H 8.0CH, 100-101 33.5(d) C,H,NO, 59.80 5.96 4.36 59.79 6.04 4.48 2(e) &)
o CH OCH
1c SW 25 H 8-0CH, 147-148 16.5 (d) C,H,NO, 59.80 5.96 4.36 59.73 5.91 4.19 98 (f) 13.00
OoH 0
d " " 6-Cl H 149.5-151 72 C,H,,NO, 55.31 4.95 4.30 55.42 5.1t 4.34 98 (f) 13.02
le < > " 6-Cl H 161-162 26 (g) C,.H,;CINO, 60.99 6.14 3.57 61.27 6.14 3.51 98 (f) 13.33
0 AN
oo ) Ry R4 25,6 .
1f CH,  CHyC-CH—C-0C,Hg (i) 3 "] 142480 51 C,,H,,NO, 6685 561 410 6707 576 413  S0() 1455
. CHy OCHg
1g = 601 H 160161 73 C,.H,CINO, 5552 493 381 5579 496 371 - -
Q
It
CH3C-0 o
CH3
1h CH,  CyH0¢ ﬁ H 8OCH, 160-161 74 C,H,N,0, 5713 586 740 5743 599 721 - -
o] [¢] -NHCH3
o}
i
C-0C,Hy
L 0 0 H H 142143 41 C,H,,NO, 6527 639 424 6510 622 430 - =
1j " 0 " G4) 6-Cl H 186-187(h) 39 C,,H,,CINO, 59.10 5.51 3.83 58.88 5.31 4.10 - —
It
C—0C2H5
1k g EF o ) 6Cl H 144145 60 C,,H,,CINO, 5804 516 398 5799 511 392 — -
1 " CHy OCH, H 8-0CH, 148149  29() C,;H,,NO, 58.63 5.58 4.56 58.33 5.61 4.45 98 13.04
OH o]
(a) This compound was prevnously reported (2). Contains an approximate content of enol as indicated. (b) All measurements are at 25° + 2°.(c) The values of enolic protons are considered as those
due to intr 1 ion (chlelati %\( ). (d) The tota! yield of the keto and enol tautomers (compounds b and 1¢) could be considerably higher than indicated here (50%) if all
o0
e

contents would be isolated from the mother liquor which contains both tautomers. (¢) Contains minimum 98% keto tautomer. (f) As could be determined, it is 98% enol. (g) Due to great solubility, no
more product could be lsolned by direct crystallization. (h) Melts with decomposition. (i) Contains about 50/50 mixture of both tautomers. (j) There is no evidence of any enolization, neither by
chemicai (ferric chloride) nor physical (pmr) methods. (k} Enol not d d by pmr; its presence in very small amounts is assumed only by very slow positive reaction with ferric chloride.
(1) The low yield of isolated enol tautomer is due to its great solubility in most organic solvents. However, the mother liquor contained about equal mixture of both tautomers as determined by
pmr spectroscopy.

13 could have resulted from the cleavage of cyclic car- occurred first and the intermediate 14 could then have
bamate, followed by a S8-elimination of carbon dioxide and condensed with 8 to give 13.
methanamine. Conversely, the elimination might have

OH
~(CHNH,,€O0,) NH,
H 6 ———————
H NHp
+CO, + CHSNHZ

OH

Hp0
= = CH. CH
COpr-CRgNF, cHy 3 3 = 13
N N o] [o]
14
An attempt to condense la with 8 to obtain diazepinone

derivative 15 was unsuccessful. The condensation took
12 & place only at the ketone carbonyl (or its enolized form),
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Compound

(a) Determined in DMSO-d,. (b) Melts with decomposition. {c) Both NH protons resonate at the same field.

G. Bobowski and J. Shavel, Jr.

Table II

4{2,5-Dihydro-1,3-substituted-5-oxo-1 H-pyrazol-4-yl}-3,4-dihydro-3-alkyl-2H-1,3-benzoxazin-2-ones (2)

RI
CH,

R,

J CH,

O

CH, H

R, R,

H H

H 8-OCH,

6-Cl H
R.,R,=5 6\
3Re™ %08

H H

H 8-0CH,

6-Cl H

H 8-0CH,

M.p. °C % Yield
209-210 (b) 52
228-229 (b) 63
255-256 (b} 81
237-238 (b) 52
104-105 56
212213 (b) 67
167-168 (b} 60
255256 (b) 86

Table 111

Empirical
Formula
Cy,H,;N,0,

CNHI‘NIOA
C,.H,,CIN,0,

C,,H,,N,0,
C,H,N,0,
C;H,,.N,0,
C;H,,CIN,0,

C..H,,N,0,

65.74
61.71

71.67

69.40

59.40

65.83

Calcd.

H N
5.11 12.53
5.24 11.50
4.36 11.36
4.97 10.90
5.83 11.56
5.65 13.85
3.52 9.60
5.23 14.53

Analysis

C

68.25

65.94
61.77

71.60

§9.56

65.92

$7.94

5.34

5.32
4.49

5.09

5.99

5.7

5.40

5.36

Found

12.74

11.36
1117

10.89

11.31

14.02

9.87

14.33

Condensation Products of 4{8-Diketo)}3,4-dihydro-3-methyl-2H-1,3-benzoxazin-2-ones (6) with Hydrazines and 1,2-Benzenediamine

Compound

7a

7b

7c

R, R.
CH3 CH3
LR 8-0CH,
CH.
3 | \I H
N——NH

M.p.°C

214-215 (a)

147-148

144-145 (a)

216-217 (a)

196197 (a)

Empirical
% Yield Formula

55 C,sH,.N;0,
58 C,HiN,0,
66 C,H,,N;0,
85(d) C,H,N;0,
49 C,H;N,0,

62.70

71.46

72.05

70.72

72.05

Caled.

5.96

5.37

5.74

6.16

Analysis
N C
14.63 62.63
13.16 71.17
12.61 72.34
15.86 70.92
12.61 72.28

Found

5.94

5.31

5.84

6.38

5.77

Vol. 17

4 (ppm)
N-H (a)

11.27

1135
11.45

11.09
10.68
10.75
11.15

10.12(c)

14.63

12.93

12.76

15.96

12.31

(a) Melts with decomposition. (b) The yield is based on the amount of phenyl hydrazine consumed; one half of starting 6a remained unused in the
process. (¢) For the other phenolic diazepine derivative 13, see Experimental.
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but no condensation of the second amino group with an
ester function (in analogy to the formation of pyrazolone
derivatives) could be effected. Two isomers, resulting from
the mono-condensation, were isolated whose melting
points and spectra differ considerably. The conjugated
enamino ester derivative 16 (30% yield) represents the
major product and the amino derivative 17 constitutes
only about 5%.

020 o\fo 0\‘//0
N-CH N-CH N~-CH
-#H,0 3 3¢ Hg0H S
la+8 Goe” o * o 0
CHs doem, s €-oc My
= 2Ms 7 2''s
HN M, NN, HN MM
16 17 15

Since other conditions of reaction were about similar or
even more stringent than during the preparation of
pyrazolone derivatives 2, those results show clearly great
difference in the ease of formation of the five versus the

Scheme |
R 00 o RO
: T elbdioom, o2
R NR “C-CHC-0CaHs 575
3 | 2
OH
3 4

! (keto) I {enol) {(a)
—H20
RZNMNH2 (5)
-HZO
—CZH5OH

(a) Enolizotion possible only when R’ =H,
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seven-membered ring, the former being many-fold more
favorable.

In this brief study we have described the somewhat uni-
que properties of a-(benzoxazinyl}-B-keto esters, their
keto-enol equilibria, and their reactions with diamino
derivatives. The sequence of reactions is presented in
Schemes I and II.

Scheme I
N N-NHR
NHR'
9
R o 0 benzene, 80 °
& +  H,N—NHR -2Hy0
R3 N-CHy 2 ! 2
° benzene/CH3COoH , 80°
i) i
CHy—C-CH-C-R"™ ~2H,0
[ 5
©:NH2
NH2
S 2H20

EXPERIMENTAL

Physical constants, yields, and analytical values for the compounds
below are reported in Tables I-I11. Melting points were determined using
a Thomas-Hoover capillary melting point apparatus which was calibrated
against known standards. The ultraviolet and infrared spectra were
obtained, respectively, with a Beckman DK-1 spectrophotometer and a
Baird Model 455 double-beam spectrograph. Unless otherwise stated, the
former was determined as solution in 95% ethanol and the latter as
Nujol mulls. The pmr spectra were recorded on a Varian A-60 spectro-
meter with tetramethylsilane as an internal reference. Thin layer
chromatography was carried out on silica gel G (Stahl) using benzene,
acetone, heptane in varying proportions, as the eluent. The
chromatograms were developed in an iodine chamber.

The formation of 8-keto ester derivatives 1 (Table I) were essentially
quantitative and generally free from side reactions. Whenever the isola-
tions of products by direct crystallization gave poor yields, no attempts
were made to use more involved operational techniques like column
chromatography, since the starting materials are rather inexpensive. It is
conceivable that the mother liquors might still contain additional quan-
tities of the major (isolated) tautomer or the other one which was not
isolated at all (or as a minor component of the isolated mixture), due to
its greater solubility in the particular media. Consequently, the deter-
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mination of the enol content was performed only on the analytically pure
compounds. When a mixture of both tautomers was isolated, only one
name corresponding to the keto tautomer is used. However, when the
enol content exceeded 70%, the compound is presented as enol tautomer
in the structural formula with the percentage indicated in Table I as well
as in the individual experimental procedures.

The pmr resonances for the aromatic protons were usually not includ-
ed. Occasionally, the peaks of lone protons were not specified if they
were buried under an envelope of other aliphatic protons.

Ethyl o-Acetyl-3,4-dihydro-8-methoxy-3-methyl-2-ox0-2H-1,3-benzoxazine-
4-acetate (1b).

A solution of 16.7 g. (0.08 mole) of 3,4-dihydro-4-hydroxy-8-methoxy-3-
methyl-2H.-1,3-benzoxazin-2-one (3a) (2), 11.5 g. (0.089 mole) of ethyl
acetoacetate and 0.01 g. of 4-methylbenzenesulfonic acid monohydrate
in 300 ml. of dry benzene was refluxed for 90 minutes, while 1.4 ml. of
water separated in a Dean-Stark trap. After the solvent was evaporated,
the semi-solid colorless residue was taken up with 100 ml. of diethyl
ether, refluxed for 30 minutes, and allowed to stand overnight at room
temperature. The resulting white crystals (13.5 g., m.p. 98-103°) contain-
ed about 93% of the keto tautomer. Recrystallization from acetonitrile
gave 9.1 g. (35.5% yield) of pure ethyl a-acetyl-3,4-dihydro-8-methoxy-3-
methyl-2-0x0-2H-1,3-benzoxazine-4-acetate (1b) as white crystals, m.p.
100-101°; uv (ethanol): X\ max nm (¢) 225 (11,500), 251 (7500), 281 (3200);
ir (nujol): 1724 (C=0, benzoxazinone, keto, and ester functions);
(chloroform): 1735 (ester C=0), 1723 (benzoxazinone and keto functions)
cm™'; pmr (deuteriochloroform): 6 1.13 (3H, t,J = 7.0 Hz, CH,CH,), 2.30
(3H, CH,CO0), 3.12 (3H, NCH,), 3.88 (3H, CH,0), 4.04[3H, m, ] = 7.0 Hz,
CH,CH,, and 1H (-CO-CH-CO-), 5.22 (1H, d, ] = 6.5 Hz, ArCH) ppm.

Anal. Caled. for C,(H,,NO,: C, 59.80; H, 5.96; N, 4.36. Found: C,
59.79; H, 6.04; N, 4.48.

Ethyl 3,4-Dihydro-a<1-hydroxyethylidene)-8-methoxy-3-methyl-2-oxo-2H-
1,3-benzoxazine-4-acetate (1c).

The original filtrate and the mother liquor of analytical ethyl
a-acetyl-3,4-dihydro-8-methoxy-3-methyl-2-0x0-2H-1,3-benzoxazine-4-
acetate (1b), containing predominantly the enol tautomer, were combin-
ed, evaporated to dryness and triturated with hot ethyl acetate. After
staying overnight at 5°, 6.2 g. (24 % yield) of enol tautomer was obtained,
m.p. 143-145°. Recrystallization from ethyl acetate gave 4.4 g. (16.5%
yield) of analytically and tautomerically pure ethyl 3,4-dihydro-o-
(1-hydroxyethylidene)-8-methoxy-3-methyl-2-0x0-2H-1,3-benzoxazine-4-
acetate (lc) as white crystals, m.p. 147-148°; uv (ethanol): A max nm (¢)
225 sh (11,500), 252 (7350), 280 sh (3500); ir (nujol): 1716 (C=0, benzox-
azinone), 1626 (C=C.CO,C,H,); (chloroform): 1721, 1711 (C=0, benzox-
azinone), 1638-1611 (C=C-CO,C,H,) cm-*; pmr (deuteriochloroform): &
1.12(3H,1,] = 7.5 Hz, CH,CH,), 2.26 (3H, CH,-C=C), 2.96 (3H, N-CH,),
3.86 (3H, OCH,), 4.00 (2H, q, ] = 7.5 Hz, CH,CH;); 5.44 (1H, ArCH),
13.00 (1H, enolic) ppm.

Anal. Caled. for C H,,)NO,: C, 59.80; H, 5.96; N, 4.36. Found: C,
59.73; H, 5.91; N, 4.19.

Ethyl 6-Chloro-3,4-dihydro-a<1-hydroxyethylidene)-3-methyl-2-0xo0-2H-
1,3-benzoxazine-4-acetate (1d).

A solution of 6-chloro-3,4-dihydro-4-hydroxy-3-methyl-2H-1,3-benzoxa-
zin-2-one [3b, 16.4 g., 0.077 mole, (2)], 11.0 g. (0.087 mole) of ethyl
acetoacetate and 0.01 g. of 4-methylbenzenesulfonic acid monohydrate
in 300 ml. of benzene was refluxed for one hour, while 1.4 ml. of water
separated in a Dean-Stark trap. The thin layer chromatography showed
one spot (Rf = 0.5) of faster mobility than that of the starting material
(Rf = 0.3). After the solvent was removed in vacuo, the residue was
crystallized from 2-propanol giving 18.1 g. (72% yield) of pure enol ester
derivative 1d, m.p. 149.5-151°; uv (ethanol: A max nm (¢) 225 sh
(10,300), 246 (8150), 286 sh (1000); ir (nujol): 1724 (C=0,
benzoxazinone), 1629, 1611 (C=C-CO,C,H,); (chloroform): 1718-1708
(benzoxazinone), 1633, 1608 (C=C-CO,C,H,) cm"'; ppm (deuterio-
chloroform): 6 1.14 (3H, t, J = 7.5 Hz, CH,CH,), 2.28 (3H, CH,-C=C),
2,97 (3H, N-CH,), 4.02 (2H, q, ] = 7.5 Hz, CH,CH,), 5.46 (1H, ArCH),
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13.02 (1H, enolic) ppm.
Anal. Caled. for C,;H,,NO;: C, 55.31; H, 4.95; N, 4.30; Cl, 10.88.
Found: C, 55.42; H, 5.11; N, 4.34; Cl, 10.99.

Ethyl 6-Chloro-3-cyclohexyl-3,4-dihydro-a<{1-hydroxyethylidene)-2-oxo-
2H-1,3-benzoxazine-4-acetate (le).

A solution of 14.1 g. (0.05 mole) of 6-chloro-3-cyclohexyl-3,4-dihydro-
4-hydroxy-2H-1,3-benzoxazin-2-one (3c) (2), 1.8 g. (0.06 mole) of ethyl
acetoacetate and 0.02 g. of 4-methylbenzenesulfonic acid monohydrate
in 250 ml. of benzene was refluxed for 4 hours, while 0.9 ml. of water
separated in a Dean-Stark trap. After the solvent was evaporated, the
honey-like residue was crystallized from 2-propanol giving 5.1 g. (26%
yield) of pure ethyl 6-chloro-3-cyclohexyl-3,4-dihydro-a<{1-hydroxyethyl-
idene)-2-0x0-2H-1,3-benzoxazine-4-acetate (le) as white crystals, m.p.
161-162°; uv (ethanol): A max nm (¢) 228 infl. (11,000), 252 sh (7500), 290
(2350); ir (nujol}: 1720, 1711 (C=0, benzoxazinone), 1640, 1610
(C=C-CO,C,H;) cm"'; pmr (deuteriochloroform): 6 1.17 3H, t ] = 7.0
Hz, CH,CH,), 1.20 to 2.10 (10H, cyclohexane moiety), 2.33 (3H,
CH,C=C), 3.28 (1H, broad, m, N AL_ H), 4.15(2H, q,] = 7.0, CH,CH,),
5.44 (1H, s, ArCH), 13.33 (1H, enolic) ppm.

Anal. Caled. for C, )H,,CINO,: C, 60.99; H, 6.14; N, 3.57. Found: C,
61.27; H, 6.14; N, 3.51.

Ethyl a-Acetyl-2,3-dihydro-2-methyl-3-0xo0-1H-naphth[1,2-¢][1,3]oxazine-
1-acetate (1f).

A solution of 18.3 g. (0.08 mole) of 1 hydroxy-2-methyl-1H-naphth-
[1,2-€][1,3]oxazin-3(2H)one (3d) (2), 11.5 g. (0.0885 mole) of ethyl aceto-
acetate and 0.005 g. of 4-methylbenzenesulfonic acid monohydrate was
refluxed for 2 hours, while 1.2 ml. of water separated in a Dean-Stark
trap. After the solvent was removed, the semi-solid residue was crystalliz-
ed from ether giving 19.0 g. of white crystals, m.p. 144-145° dec.
Recrystallization from 2-propancl gave 14.0 g. (51 % yield) of analytically
pure product 1f containing approximately 1:1 mixture of keto and enol
tautomers, m.p. 147-148° dec; uv (ethanol): A max nm (¢) 229 (61,000),
248-261 plateau (8500), 264 (8600), 274 sh (7700), 289 (5000), 310 (1600),
324 (1700); ir (nujol): 1718 (C=0, cyclic carbamate and ester functions),

1630 (C=é-CO,C,H5), 1598 (C=C) cm™*; pmr (deuteriochloroform): &
1.17 @H, m, J = 7.0 Hz, CH,CH,; of keto and enol tautomers overlapp-
ing), 2.23 (ca. 1.5 H, CH,CO, enol fraction), 2.41 (ca. 1.5 H, keto fraction),
3.75(ca. 0.5 H, d, J = 3.0 Hz, COCHCOOC,H,), 4.14 (2H, m,] = 7.0 Hz,
CH,CH; of both forms overlapping), 5.81 (0.5 H, s, ArCH, enol), 5.98 (0.5
H,d,] = 3.0 Hz, ArCH, keto tautomer), 14.55 (0.5 H, enolic proton) ppm.

Anal. Caled. for C,,H,,NO;: C, 66.85; H, 5.61; N, 4.10. Found: C,
67.07; H, 5.76; N, 4.13.

Ethyl o{1{Acetyloxy)ethylidene}6-chloro-3,4-dihydro-3-methyl-2-0x0-2H-
1,3-benzoxazine-4-acetate (1g).

A solution of 7.0 g. (0.0215 mole) of ethyl 6-chloro-3,4-dihydro-a-
(1-hydroxyethylidene)-3-methyl-2-0x0-2H-1,3-benzoxazine-4-acetate (1d),
10 ml. of acetic anhydride and 10 drops of triethylamine in 50 ml. of
ethyl acetate was allowed to stand at 25° for 2 days. The solution was stir-
red with cold water, made neutral with aqueous sodium bicarbonate and
separated. The organic phase was washed with water, dried over sodium
sulfate and evaporated to dryness in vacuo. Crystallization of the residue
from methanol gave 4.8 g. of analytically pure enol acetate (1g), m.p.
160-161°. Concentration of the mother liquor to a low volume gave 1.3 g.
of additional product (total yield 73%), m.p. 159-160°; uv (ethanol): \
max nm (e) 224 (20,050), 277 (1250), 286 (1200); ir (nujol): 1755 (C=0,
C=C(CH,}0,CCH,), 1730, 1719 (benzoxazinone and -C0Q,C,H,), 1658

(-C-C=C) em™% (chloroform): 1768 (C=0, C=C-0,CCH,), 1720, 1711
(benzoxazinone and -CO,C,H,), 1640 (C=C-0,C-CH,)) cm''; pmr
(deuteriochloroform): § 1.19 (3H, t, J = 7.0 Hz, CH,CH,), 2.28 (3H,
CH,-C=C), 2.39 (3H, CH,CO,-), 2.96 (3H, N-CH,), 4.15 (2H, q,] = 7.0 Hz,
CH,CH>), 5.56 (1H, s, ArCH) ppm.

Anal. Caled. for C;H,,CINO,: C, 55.52; H, 4.93; N, 3.81. Found:C,
55.79; H, 4.96; N, 3.71.
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Ethyl a{1{[Methylaminocarbonyljoxylethylidene}-3,4-dihydro-8-methoxy-
3-methyl-2-0x0-2H-1,3-benzoxazine-4-acetate (1h).

A solution of 9.6 g. (0.03 mole) of ethyl 3,4-dihydro-c{1-hydroxyethyl-
idene}-8-methoxy-3-methyl-2-0x0-2H-1,3-benzoxazine-4-acetate (le), 11.4
g. (0.2 mole) of methyl isocyanate and 0.5 ml. of triethylamine in 300 ml.
of benzene was refluxed for 7 hours. The tle (benzene:acetone:heptane,
2:2:1) showed complete reaction, the new product having slower mobility
(Rf = 0.3) than the starting 1¢ (Rf = 0.4). The solvent and excess iso-
cyanate were removed in vacuo and the residue was crystallized from
ethyl ether-isopropyl ether, giving 8.4 g. (74% yield) of enol carbamate
(1h) as white crystals, m.p. 160-161°; uv (ethanol): A max nm (¢) 246 sh
(5800), 285 (1950); ir (chloroform): 3450 (NH), 1754 (C=C-0,C-NHCH,),
1740, 1728 (benzoxazinone and -CO,C,H;,), 1670 (C=C-CO,C,H,); (nujol):
3400 (NH), 1747 (C=C-0,CNHCH,), 1730 (benzoxazinone), 1712
(CO,C,Hy), 1669 (C=C-CO,C,H,) cm"*; ppm (deuteriochloroform): § 1.17
(3H, t,J = 7.0 Hz, CH,CH,), 2.35 (3H, CH,C=C), 2.82 (3H, N-CH,), 2.91
(d,J = 6.0 Hz, NHCH,), 3.81 (3H, OCH,), 4.10, (2H, q,]J = 7.0, CH,CH,),
5.26 (1H, ArCH), 535 (1H, d, ] = 6.0 Hz, NHCH; ppm.

Anal. Caled. for C,,H,,N,0,: C, 57.13; H, 5.86; N, 7.40. Found: C,
57.43; H, 5.99; N, 7.21.

Ethyl 143,4-Dihydro-3-methyl-2-0x0-2H-1,3-benzoxazin-4-yl)}-2-oxocyclo-
hexanecarboxylate (1i).

A solution of 9.0 g. (0.05 mole) of 3,4-dihydro-4-hydroxy-3-methyl-2H-
1,3-benzoxazin-2-one (3e) (2), 11.0 g. (0.064 mole) of ethyl 2-oxocyclo-
hexanecarboxylate and 0.01 g. of 4-methylbenzenesulfonic acid mono-
hydrate in 250 ml. of benzene was refluxed for 3 hours, while 0.9 ml. of
water separated in a Dean-Stark trap. The solution was evaporated to
dryness in vacuo, and the residue was crystallized from 2-propanol, giv-
ing 6.7 g. (41% yield) of product 1i as white crystals, m.p. 142-143°, uv
(ethanol): N max nm (¢) 265 (1000), 272 (1000); ir (nujol): 1738, 1721
(C=0, benzoxazinone and saturated COOC,H; (chloroform): 1726-1710
(C=0, benzoxazinone and saturated ester) cm"!; pmr (deuteriochloro-
form): 4 1.10 to 1.90 [9H, t,J = 7.0 Hz (CH,CH;) and 6H of cyclohexane
moiety overlapping], 2.42 (2H, t, 4.0 Hz, CH,-C=0) 3.04 (3H, N-CH,),
4.36 (2H, q, CH,CH,), 5.44 (1H, s, ArCH) ppm.

Anal. Caled. for C,;H,;NO,: C, 65.24; H, 6.39; N, 4.24. Found: C,
65.10; H, 6.22; N, 4.30.

Ethyl 1-(6-Chloro-3,4-dihydro-3-methyl-2-0x0-2H-1,3-benzoxazin-4-yl)-2-
oxocyclohexanecarboxylate (1j).

A solution of 10.7 g. (0.05 mole) of 6-chloro-3,4-dihydro-4-hydroxy-3-
methyl-2H-1,3-benzoxazin-2-one (3b) (2), 8.6 g (0.06 mole) of ethyl
2-oxocyclohexanecarboxylate and 0.01 g. of 4-methylbenzenesulfonic
acid monohydrate in 300 ml. of benzene was refluxed for 3 hours until
the theoretical volume of water had separated. The solvent was removed
in vacuo, and the gummy residue was crystallized from ether giving 7.1
g (39% yield) of 1j as white crystals, m.p. 185-186° dec. An analytical
sample was obtained by recrystallization from acetonitrile, m.p. 186-187°
dec; uv (ethanol): X max nm (¢) 264 (1000), 272 (950); ir (nujol): 1735,
1701 (C=0, benzoxazinone, ester, ketone) cm-'; pmr (deuteriochloro-
form): 6 1.00 to 2.00 [envelope of 6 protons of cyclohexane moiety and
1.24 (3H, t, ] = 7.0 Hz, CH,CH,)}, 2.33 (2H, m, CH,-C=0), 2.93 (3H,
NCH,), 4.18 (2H, q, ] = 7.0 Hz, CH,CH,), 5.25 (1H, ArCH) ppm.

Anal. Caled. for C H,,CINO;: C, 59.10; H, 5.51; N, 3.83. Found: C,
58.88; H, 5.31; N, 4.10.

Ethyl 1(6-Chloro-3,4-dihydro-3-methyl-2-0x0-2H-1,3-benzoxazin-4-yl)-2-
oxocyclopentanecarboxylate (1k).

A solution of 7.1 g. (0.03 mole) of 6-chloro-3,4-dihydro-4-hydroxy-3-
methyl-2H-1,3-benzoxazin-2-one (3b), 5.2 g. (0.033 mole) of ethyl 2-oxo-
cyclopentanecarboxylate and 0.01 g. of 4-methylbenzenesulfonic acid
monohydrate in 200 ml. of benzene was refluxed for 3 hours, while 0.54
ml. of water had separated. After the solvent was removed in vacuo, the
residue was crystallized from isopropyl ether giving 6.4 g. (60% yield) of
product 1k, m.p. 144-145°. An analytical sample, m.p. 145-146°, was
obtained by recrystallization from acetonitrile; uv (ethanol): A max nm

4-Substituted-3-alkyl-3,4-dihydro-2H-1,3-benzoxazin-2-ones 525

(€) 223 (6900), 276 (1100), 283 (1050); ir (nujol): 1740 (ester C=0), 1735
(ketone, benzoxazinone C=0) cm™'; pmr (deuteriochloroform): 8 1.32
(BH, t,J = 7.0 Hz, CH,CH,), 3.06 (3H, N-CH,), 4.27 (2H, q, ] = 7.0 Hz,
CH,CHs), 5.33 (1H, s, ArCH) ppm.

Anal. Caled. for C,H,,CINO,: C, 58.04; H, 5.16; N, 3.98. Found: C,
57.99; H, 5.11; N, 3.92.

Methyl 3,4-Dihydro-a<(1-hydroxyethylidene)-8-methoxy-3-methyl-2-oxo-
2H-1,3-benzoxazine-4-acetate (11).

A solution of 4.2 g. (0.02 mole) of 3a (2), 3.5 g. (0.03 mole) of methyl
acetoacetate and 0.01 g. of 4-methylbenzenesulfonic acid monohydrate
in 150 ml. of benzene was refluxed for 2 hours, while 0.36 ml. of water
separated in a Dean-Stark trap. After the solution was evaporated in
vacuo, the colorless semi-solid was crystallized from ether-cyclohexane to
give 2.1 g. of white, crystalline solid, m.p. 144-146°. This product, having
about 95% of enol content, was recrystallized from cyclohexane-ethyl
acetate giving 1.7 g. (29% yield) of pure enol tautomer 11, m.p. 148-149°;
uv (ethanol): A max nm (¢) 225 sh (11,900), 251 (7350), 280 sh (3500); ir
(chloroform): 1721, 1711 (C=0, benzoxazinone), 1638-1610
(C=C-CO,CH,) cm"; pmr (deuteriochloroform): § 2.22 (3H, CH,-C=C),
2.90 (3H, N-CH,), 3.38 (3H, CH,0,C-), 3.82 (3H, CH,0-Ar), 5.36 (1H,
ArCH), 13.04 (1H, enolic) ppm.

Anal. Caled. for C;H,,NO,: C, 58.63; H, 5.58; N, 4.56. Found: C,
58.33; H, 5.61; N, 4.45.

The original mother liquor, containing about equal amounts of keto
and enol tautomers (by pmr) did not yield any more product by attempt-
ed direct crystallization.

Attempted Tautomerization of Methyl 3,4-Dihydro-a{1-hydroxyethyl-
idene)-8-methoxy-3-methyl-2-0x0-2H-1,3-benzoxazine-4-acetate  (11).

A solution of 1.0 g. of pure enol 11 and 25 mg. of 4-methylbenzene-
sulfonic acid monohydrate (similar conditions as during the preparation
of 11) was refluxed for 10 hours. After the solvent was removed, the near-
ly colorless residue was crystallized from ethyl acetate-ethyl ether giving
0.85 g. of 11, m.p. 148-149°. A mixture m.p. with an analytical product
was not depressed and the spectra were identical. The mother liquor still
contained a small amount of 11 and some apparent decomposition pro-
ducts but no more solid could be isolated.

Condensation of 8-Keto Esters 1 with Hydrazines 5.

4-(2,5-Dihydro-3-methyl-5-oxo-1-phenyl-1 H-pyrazol-4-yl)-3,4-dihydro-3-
methyl-2H-1,3-benzoxazin-2-one (2a) (Table II).

A solution of 12.0 g. (0.0414 mole) of ethyl a-acetyl-3,4-dihydro-3-
methyl-2-0x0-2H-1,3-benzoxazine-4-acetate (1a) (2), 5.5 g. (0.051 mole) of
phenylhydrazine and 10 drops of gldcial acetic acid in 100 ml. of absolute
ethanol was allowed to stand 2 days at 25°. The resulting nearly white,
analytically pure crystals (5.3 g.) were collected, m.p. 210-211° dec. Con-
centration of the mother liquor to a low volume gave 1.9 g. (total yield
52%) of additional crop of 2a, m.p. 209-210° dec; uv (ethanol): X max nm
(€) 247 (14,000), 260-268 plateau (11,200); ir (nujol): 3050 (NH), 1717
(C=0, benzoxazinone), 1621, 1588 (C=C-CO-); (acetonitrile): 3520 (NH),
1718 (benzoxazinone), 1653, 1590 (C=C-CO-) cm"!; pmr (DMSO-d,): &
1.88 (3H, CH,C=C), 3.00 (3H, N-CH,), 5.65 (1H, s, ArCH), 11.27 (1H,
deuterium oxide-exchangeable, NH) ppm.

Anal. Caled. for C;;H;;N,0,: C, 68.05; H, 5.11; N, 12.53. Found: C,
68.25; H, 5.34; N, 12.74.

4-2,5-Dihydro-3-methyl-5-0xo0-1-phenyl-1 H-pyrazol-4-yl)-3,4-dihydro-8-
methoxy-3-methyl-2H-1,3-benzoxazin-2-one (2b).

A solution of 10.0 g. (0.0312 mole) of ethyl 3,4-dihydro-a{1-hydrooxy-
ethylidene)-8-methoxy-3-methyl-2-0x0-2H-1,3-benzoxazine-4-acetate (le),
4.2 g. (0.044 mole) of phenylhydrazine and 5 drops of glacial acetic acid
in 150 ml. of absolute ethanol was allowed to stand at room temperature
for 4 days and subsequently heated at 50° for 3 hours. The solution was
concentrated to a low volume and gave, after cooling, 7.1 g. (63%) yield
of 2b, m.p. 228-229° dec. An analytical sample, m.p. 229-230° dec, was
obtained by recrystallization from ethyl acetate; uv (ethanol): X max nm
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(€) 246 (14,000), 271 (11,900); ir (nujol): 3100 (NH), 1720 (C=0, benzox-
azinone), 1640-1594 (C=C-CO-) cm}; pmr (DMSO-de): 6 2.12 (3H,
CH,-C=C), 2.88 (3H, N-CH,), 3.85 (OCH5), 5.66 (1H, Ar-CH), 11.35 (NH)
ppm.

Anal. Caled. for C,.H,)N,0,: C, 65.74; H, 5.24; N, 11.50. Found: C,
65.94; H, 5.32; N, 11.36.

6-Chloro-4-(2,5-dihydro-3-methyl-5-oxo-1-phenyl-1H-pyrazol-4-yl)-3,4-
dihydro-3-methyl-2H-1,3-benzoxazin-2-one (2c).

A solution of ethyl 6-chlore-3,4-dihydro-a{1-hydroxyethylidene)-3-
methyl-2-0x0-2H-1,3-benzoxazine-4-acetate (1d, 8.0 g., 0.0246 mole), 3.6
g. (0.033 mole) of phenylhydrazine and 0.2 ml. of glacial acetic acid in
110 ml. of absolute ethanol was allowed to stand at room temperature for
12 days. The resulting product 2¢ as off-white crystals was collected by
filtration (7.4 g., 81% yield), m.p. 254-255° dec. An analytical sample,
m.p. 255-256° dec, was obtained by recrystallization from ethanol; uv
(ethanol): X\ max nm (¢) 226 (18,450), 272 (10,550); ir (nujol): 3400, 3130
(NH), 1712 (C=0, benzoxazinone), 1622, 1593 (C=C-CO-) (CH,CN): 3540
(NH), 1724 (benzoxazinone), 1625 (C=C-CO) cm™'; pmr (DMSO-d): 6
2.16 (3H, CH,C=C), 2.83 (3H, N-CH,), 5.63 (1H, s, ArCH), 11.45 (1H, ex-
changeable with deuterium oxide, NH) ppm.

Anal. Caled. for C,H,,CIN,O;: C, 61.71; H, 4.36; N, 11.36; Cl, 9.59.
Found: C, 61.77; H, 4.49; N, 11.17; Cl, 9.47.

1-(2,5-Dihydro-3-methyl-5-0xo-1-phenyl-1 H-pyrazol-4-yl)-1,2-dihydro-2-
methyl-3H-naphth[1,2-e]1,3Joxazin-3-one (2d).

A solution of 10.24 g. (0.03 mole) of ethyl a-acetyl-2,3-dihydro-2-
methyl-3-oxo-1H-naphth[1,2-ef1,3]Joxazine-1-acetate (1f, about 50:50 mix-
ture of keto and enol tautomers), 4.2 g. (0.039 mole) of phenylhydrazine
and 10 drops of glacial acetic acid in 120 ml. of absolute ethanol was
allowed to stay at room temperature for 3 days. There separated 4.9 g. of
off-white crystals of analytical purity, m.p. 237-238° dec. Concentration
of the filtrate to a low volume gave 1.2 g. (total yield 52%) of additional
product 2d, m.p. 236-237° dec; uv (ethanol): X max nm (¢) 228 (68,200),
272-278 plateau (14,000), 323 (2000); ir (nujol): 3140 (NH), 1709 (C=0,
benzoxazinone), 1618, 1578 (C=C-CO-) cm*; pmr (DMSO-d,): 4 2.04 (3H,
CH,-C=C), 3.07 (3H, N-CH,), 6.18 (1H, s, Ar-CH) ppm.

Anal. Caled. for C,,H,,N,0;: C, 71.67; H, 4.97; N, 10.90. Found: C,
71.60; H, 5.09; N, 10.89.

4{2,5-Dihydro-3-methyl-5-ox0-1-(2-phenylethyl)-1 H-pyrazol-4-yl]-3,4-
dihydro-3-methyl-2H-1,3-benzoxazin-2-one (2e).

A solution of 8.0 g. (0.0275 mole) of ethyl a-acetyl-3,4-dihydro-3-methyl-
2-0x0-2H-1,3-benzoxazine-4-acetate (1a) (2), 3.75 g. (0.0275 mole) of
N42-phenylethy)hydrazine and 1 ml. of glacial acetic acid in 100 ml. of
absolute ethanol was refluxed for 2 hours until the reaction was com-
plete. After the solvent was evaporated in vacuo, the residue was
crystallized from acetonitrile giving 7.5 g. of product 2e, m.p. 101-102°.
Recrystallization from acetonitrile gave 5.7 g. (56% yield) of pure 2e as

white crystals, m.p. 104-105°; uv (ethanol): N max nm (e} 253 (7350); ir
(nujol): 3370 (NH), 1718 (C=0, benzoxazinone), 1593 (C=C-CO-);
(chloroform): 3620, 3300 (NH), 1705 (benzoxazinone), 1594 (C=C-CO-)
cm™,

Anal. Caled. for C;,H,,N,0,: C, 69.40; H, 5.83; N, 11.56. Found: C,
69.43; H, 5.99; N, 11.31.

442,5-Dihydro-1,3-dimethyl-5-0xo0-1H-pyrazol-4-yl}-3,4-dihydro-8-methoxy-
3-methyl-2H-1,3-benzoxazin-2-one (2f).

A solution of 6.0 g. (0.0187 mole) of ethyl 3,4-dihydro-a{1-hydroxy-
ethylidene)-8-methoxy-3-methyl-2-0x0-2H-1,3-benzoxazine-4-acetate (lc),
4.0 g. (0.037 mole) of methyl hydrazine and 5 drops of glacial acetic acid
in 100 ml. of ethanol was allowed to stand for 2 days at 25° and then
refluxed for 5 hours. The solvent and excess methylhydrazine were
removed in vacuo and the residue was crystallized from acetonitrile giv-
ing 3.8 g. (67% yield) of pure product 2f as white crystals, m.p. 212-213°
dec; uv (ethanol): A\ max nm (¢) 225 sh (12,800), 254 (6800), 280 sh (2000);
ir (DMSO): 3230 (NH), 1707 (C=0, benzoxazinone), 1618 (C=C-CO-)
cm’!; pmr (DMSO-d,): § 1.85 (3H, CH,-C=C), 2.87 (3H, N-CHj, benzoxa-

Vol. 17

zinone), 3.34 (3H, NCH;, pyrazolone), 3.84 (3H, OCH,), 5.52 (1H, ArCH),
10.75 (1H, NH) ppm.

Anal. Calcd. for C,;H,N,0,: C, 59.40; H, 5.65; N, 13.85. Found: C,
59.56; H, 5.71; N, 14.02.

6-Chloro-3-cyclohexyl-442,5-dihydro-3-methyl-5-0xo-1-phenyl-1 H-pyrazol-
4-y}}3,4-dihydro-2H-1,3-benzoxazin-2-one (2g).

A solution of 4.6 g. (0.0117 mole) of ethyl 6-chloro-3-cyclohexyl-3,4-
dihydro-o{1-hydroxyethylidene)-2-0x0-2H-1,3-benzoxazine-4-acetate (le),
1.5 g. (0.014 mole) of phenylhydrazine and 0.5 ml. of glacial acetic acid in
50 ml. of absolute methanol was allowed to stand for 20 hours at 25°. The
resulting product (2g) as off white crystals of analytical purity, was col-
lected (2.6 g.), m.p. 167-168° dec. Concentration of the filtrate to a low
volume gave 0.5 g. of additional material (total yield 60%), m.p. 166-167°
dec; uv (ethanol): A max nm (¢) 224 (19,650), 245 sh (13,700), 263-276
plateau (10,500); ir (nujol), 3400, 3050 (NH), 1721 (C=0, benzoxazinone),
1627, 1591 (C=C-CO-) cm™; pmr (DMSO-de): & 1.10 to 2.00 (10H,
cyclohexane moiety), 3.50 (1H, m, N M H), 5.76 (1H, s, ArCH), 11.15
(1H, NH) ppm.

Anal. Caled. for C,,H,,CIN,0,: C, 65.83; H, 5.52; N, 9.60. Found: C,
65.92; H, 5.40; N, 9.87.

442,3-Dihydro-5-methyl-3-oxo-1H-pyrazol-4-yl)-3,4-dihydro-8-methoxy-3-
methyl-2H-benzoxazin-2-one (Zh).

A solution of 3.13 g. (0.01 mole) of ethyl c-acetyl-3,4-dihydro-8-
methoxy-3-methyl-2-0x0-2H-1,3-benzoxazine-4-acetate (db), 1.0 g. of
hydrazine hydrate (85% solution) and 2.0 ml. of glacial acetic acid in 25
ml. of absolute ethanol was allowed to stand at room temperature for 20
hours. The resulting white, shiny crystals (1.9 g.) of 2h of analytical
purity were obtained by filtration, m.p. 255-256° dec. The filtrate was
evaporated to dryness under reduced pressure, the residue was taken up
with cold water and the resulting crude crystals collected on filter, m.p.
249-251 dec. Recrystallization from ethyl acetate gave 0.6 g. (total yield
86%) of white 2h, m.p. 255-256° dec; uv (ethanol): X max nm () 226 sh
(12,750), 260 sh (2300), 281 (2000), 290 (1950); ir (nujol): 3230 (NH), 1690
(C=0, benzoxazinone), 1630 (C=C-CO-) cm'; pmr (DMSO-d¢): 6 2.02
(3H, C=C-CHS,), 2.80 3H, N-CH.), 3.80 (3H, OCH}), 5.49 (1H, s, ArCH),
10.54 [2H, exchangeable with deuterium oxide, (NH),] ppm.

Anal. Caled. for C,,H;;N,0,: C, 58.12; H, 5.23; N, 14.53. Found: C,
57.94; H, 5.36; N, 14.33.

443,5-Dimethyl-1 H-pyrazol-4-yl)-3,4-dihydro-8-methoxy-3-methyl-2H-1,3-
benzoxazin-2-one (7a) (Table III).

A solution of 2.8 g. (0.01 mole) of 3{3,4-dihydro-8-methoxy-3-methyl-2-
ox0-2H-1,3-benzoxazin-4-yl}2,4-pentanedione (6b) (2), 1.0 g. of hydrazine
hydrate (85%) and 2.0 ml. of glacial acetic acid in 25 ml. of absolute
ethanol was allowed to stand at 25° for 20 hours. The resulting sugar-
like, white crystals (0.9 g.) were collected, m.p. 208-209° dec. After the
filtrate was evaporated to dryness in vacuo, the residue was taken up with
cold water and the white precipitate was collected by filtration (1.1 g.),
m.p. 203-205° dec. The combined crops were recrystallized from ethyl
acetate to give 1.6 g. (55% yield) of an analytically pure product 7a, m.p.
214-215° dec; uv (ethanol):: N max nm (¢) 273 (1850), 280 (1860): ir
(nujol): 3420 (NH), 1723 (C=0, benzoxazinone) cm™*; pmr (deuterio-
chloroform): & 2.20 [6H, s, C-CH,),], 2.89 (3H, N-CH,), 3.86 (3H, OCH,),
5.49 (1H, s, ArCH), 10.23 (1H, exchangeable with deuterium oxide, NH)
ppm.

Anal. Caled. for C;;H,,N,0,: C, 62.70; H, 5.96; N, 14.63. Found: C,
62.63; H, 5.94; N, 14.63.

3,4-Dihydro-3-methyl-4{3-methyl-5-phenyl-1H-pyrazol-4-yl}2H-1,3-benz-
oxazin-2-one (7b).

A solution of 8.5 g. (0.0345 mole) of 243,4-dihydro-3-methyl-2-oxo-2H-
1,3-benzoxazin-4-yl}-1-phenyl-1,3-butanedione (6¢) (2) and 2.0 g. of
anhydrous hydrazine in 75 ml. of absolute ethanol was allowed to stand
for 2 days at 25°. The solution was evaporated in vacuo and the residue
was crystallized from acetonitrile giving 5.2 g. of pure 7b as white
crystals, m.p. 148-149°. Concentration of the filtrate to a low volume
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gave 1.2 g. (total yield 58%) of additional product, m.p. 147-148°; uv
(ethanol): N\ max nm (¢) 240 sh (9000), 276 (1600); ir (nujol): 3200 (NH),
1692 (C=0, benzoxazinone); (chloroform): 3470, 3200 (NH), 1720, 1709
(C=0, benzoxazinone) cm™'; pmr (deuteriochloroform): & 1.95 (3H,
CH,-C=C), 2.80 (3H, N-CH,), 5.63 (1H, s, ArCH), 6.80 to 7.30 (4H, m,
aromatic protons), 7.45 (5H, s, phenyl), 10.05 (1H, very broad,
exchangeable with deuterium oxide NH) ppm.

Anal. Caled. for C,,H,,N,0,: C, 71.46; H, 5.37; N, 13.16. Found: C,
71.17; H, 5.31; N, 12.93.

4+(3,5-Dimethyl-1-phenyl-1H-pyrazol-4-yl)-3,4-dihydro-3-methyl-2H-1,3-
benzoxazin-2-one (7c).

A solution of 7.0 g. (0.027 mole) of 3{3,4-dihydro-3-methyl-2-oxo0-2H-
1,3-benzoxazin-4-yl)}-2,4-pentanedione (6a) (2), 2.9 g. (0.027 mole) of
phenylhydrazine and 8 ml. of glacial acetic acid in 120 ml. of benzene
was refluxed for 4 hours, while the theoretical volume of water separated
in a Dean Stark trap. The solution was cooled to 0°, made neutral with
ammonium hydroxide and separated. The benzene layer was washed with
water, dried over sodium sulfate and evaporated to dryness in vacuo. The
amber-like semi-solid was crystallized from diethyl ether-isopropyl ether
giving 6.0 g. (66% yield) of product 7c as off-white crystals, m.p.
143-144° dec. An analytical sample, m.p. 144-145° dec, was obtained by
recrystallization from cyclohexane and then from ether; uv (ethanol): \
max nm (g) 245 (13,750); ir (nujol): 1715 (C=0, benzoxazinone) cm™"; pmr
deuteriochloroform): & 2.16, 2.21 [6H, (CH,-C=C),), 2.99 (3H, N-CH;),
5.65 (1H, s, ArCH) ppm.

Anal. Caled. for C,0H,(N,0,: C, 72.05; H, 5.74; N, 12.61. Found: C,
72.34; H, 5.84; N, 12.76.

3,4-Dihydro-3-methyl-4-[2{phenylhydrazono}1{1-(phenylhydrazono)ethyl}
propyl}-2H-1,3-benzoxazin-2-one (9) (Table III).

A solution of 5.2 g. (0.02 mole) of 343,4-dihydro-3-methyl-2-0x0-2H-1,3-
benzoxazin-4-yl}-2,4-pentanedione (6a) (2) and 2.2 g. (0.02 mole) of
phenylhydrazine in 125 ml. of benzene was refluxed for 3 hours, while 0.3
ml. of water separated in a Dean-Stark trap. The tlc (acetone:benzene:
heptane, 2:2:1) showed the new product to migrate slightly faster (Rf =
0.46) than the starting diketone (Rf = 0.4), which was still present. Con-
centration of the solution to about 50 ml. and cooling gave 2.3 g. (85%
yield, based on phenylhydrazine used for the reaction) of analytically
pure bis-hydrazone 9 as white crystals, m.p. 216-217° dec; uv (ethanol): A
max nm (¢) 283 (36,500), 300 sh (26,000); ir (nujol): 3300 (NH), 1718
(C=0, benzoxazinone), 1598 (C=N); (chloroform): 3630, 3370 (NH), 1719
(benzoxazinone), 1599 (C=N-) cm'; pmr (DMSO-d): 6 1.48 (3H,
CH,-C=N), 1.96 (3H, CH,-C=N), 3.03 (3H, N-CH,), 3.56 (1H, d, J = 6.5
Hz, -CH-), 540 (1H, d, ] = 6.5, ArCH), 8.82 (NH) ppm.

Anal. Caled. for C, H,,N,0,: C, 70.72; H, 6.16; N, 15.86. Found: C,
70.92; H, 6.38; N, 15.96.

4-(2,4-Dimethyl-3H-1,5-benzodiazepin-3-yl}-3,4-dihydro-3-methyl-2H-1,3-
benzoxazin-2-one (12) (Table III).

A solution of 18.3 g. (0.07 mole) of 33,4-dihydro-3-methyl-2-ox0-2H-
1,3-benzoxazin-4-yl}-2,4-pentanedione (6a), 7.6 g. (0.07 mole) of
1,2-benzenediamine and 5 ml. of glacial acetic acid was refluxed under
nitrogen for 5 hours while the theoretical volume of water had separated.
The tlc (benzene:acetone:heptane, 2:2:1) showed absence of starting
diketone derivative (Rf = 0.4) and presence of two spots at Rf = 0.30
(ca. 65%) and Rf = 0.35 (ca. 25%), respectively. The solution was
evaporated to dryness in vacuo. Trituration of the residue with hot
2-propanol and cooling gave 11.3 g. (49% yield) of diazepine derivative
12 as yellow crystals, m.p. 195-196° dec (Rf = 0.3). An analytical sample,

m.p. 196-197° dec, was obtained by recrystallization from 2-propancl-

isopropanol ether; uv (ethanol): A max nm (¢) 213 (26,600), 236 sh
(15,000), 273 (6600), 310 sh (3000); ir (nujol): 1740, 1720 (C=0, benzox-
azinone), 1638 (C=N); (chloroform): 1725 (benzoxazinone), 1638 (C=N)
cm™; pmr (deuteriochloroform): 6 1.83 (3H, CH,C=N), 2.46 (3H,
CH;C=N), 2.86 (3H, N-CH,), 3.94 (2H, AB-quartet, ] = 11.0 Hz,
ArCH-CH) ppm.
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Anal. Caled. for C,0H,,N,0,: C, 72.05; H, 5.74; N, 12.61. Found: C,
72.28; H, 5.77; N, 12.31.

2(2,4-Dimethyl-3H-1,5-benzodiazepin-3-ylidene)methyl]phenol (13).

The mother liquor of the original crop (11.3 g.) was evaporated, taken
up with ether and passed over 40 g. of Florisil, ether being used as an
eluent. Fractions 1-4 (50 ml. each) contained the faster moving product,
Rf = 0.35. After the solvent was removed, the combined residue was
crystallized from isopropyl ether giving 2.9 g. (12% yield) of the elimina-
tion product, 2{(2,4-dimethyl-3H-1,5-benzodiazepin-3-ylidine)methyl}
phenol 13, as bright yellow crystals, m.p. 204-205° dec. (Rf = 0.35). An
analytical product was obtained by recrystallization from ethyl acetate-
isopropyl ether; uv (ethanol}: A max nm (¢) 212 sh (36,500), 234 sh
(24,000), 273 (9400), 326 (4650); ir (nujol): 3390 (OH), 1638, 1615
(N=C-C=C); (chloroform): 3400 (OH), 1639, 1620 (N=C-C=C); cm*; pmr
(deuteriochloroform): 6 1.58 (3H, CH,C=N), 2.56 (3H, CH,C-N), 4.21
(1H, OH), 6.43 (1H, CH=C) ppm.

Anal. Calcd. for CH,N,0: C, 78.23; H, 5.84; N, 10.14. Found: C,
78.36; H, 5.92; N, 9.95.

Ethyl 1(6-Chloro-3,4-dihydro-3-methyl-2-ox0-2H-1,3-benzoxazin-4-yl)-2-
hydrazonocyclopentanecarboxylate (10).

A solution of 5.0 g. (0.0164 mole) of ethyl 1{6-chloro-3,4-dihydro-3-
methyl-2-0x0-2H-1,3-benzoxazin-4-yl}2-oxocyclopentanecarboxylate (1k)
and 3.0 g. of anhydrous hydrazine in 75 ml. of absolute ethanol was
refluxed for 3 hours. The tlc (acetone:benzene:heptane, 2:2:1) showed
absence of the starting 1k and presence of two new spots at Rf = 0.3 (ca.
65%) and Rf = 0.18 (ca. 30%), respectively. The solution was evaporated
to dryness in vacuo, and the residue was crystallized from acetonitrile
giving 2.7 g. of ester hydrazone 10, m.p. 177-179°. Recrystallization from
acetonitrile gave 2.3 g. (44% yield) of analytically pure 10 as white
crystals (Rf = 0.3), m.p. 180-181°. The product having slower migration
(Rf = 0.18) could not be isolated by crystallization; uv (ethanol): N max
nm () 232 sh (6200), 285 (2000), 294 (1800); ir (nujol): 3380 (NH), 1732
(C=0, benzoxazinone and unconjugated ester), 1639 (C=N) cm"*; pmr
(deuteriochloroform): 8 1.32 (3H, t, J = 7.5 Hz CH,CH,), 1.50 to 2.10
(6H, cyclopentane moiety), 2.94 (3H, NCH,), 4.12 (2H, NH,), 4.24 (2H, q,]
= 7.5 Hz, CH,CH,), 4.50 (1H, s, ArCH) ppm.

Anal. Caled. for C;;H,,CIN,O,: C, 55.82; H, 5.51; N, 11.49; Cl, 9.69.
Found: C, 56.01; H, 5.50; N, 11.26; Cl, 9.67.

Ethyl a[14{(2-Aminophenyl)aminolethylidene}3,4-dihydro-3-methyl-2-0xo-
2H-1,3-benzoxazine-4-acetate (16).

A solution of 8.0 g. (0.0275 mole) of a 1:1 mixture of tautomers la and
1b and 3.0 g. (0.0275 mole) of 1,2-benzenediamine in 200 ml. of benzene
was refluxed for 5 hours, while 0.4 ml. of water separated in a Dean-Stark
trap. The solution was evaporated to dryness. The tlc (acetone:benzene:
heptane, 3:2:1, in ammonia atmosphere) showed two new spots, Rf = 0.4
(ca. 60%) and Rf = 0.3 (ca. 20%). The solvent was removed, and the
residue was triturated with ether-ethyl acetate giving 3.1 g. (30% yield)
of ethyl o{1{(2-aminophenyl)aminc]ethylidene]-3,4-dihydro-3-methyl-2-
oxo-2H-1,3-benzoxazine-4-acetate (16), m.p. 156-157°. An analytical sam-
ple, m.p. 158-159°, was obtained by recrystallization from ethanol; uv
(ethanol): A max nm (¢) 222 sh (24,800), 290 (13,300); ir (nujol): 3410,
3330, 3170 (NH), 1694 (C=O0, benzoxazinone), 1645, 1622, 1575
(C=C-CO,C,H;); (chloroform): 3460, 3370 (NH), 1709 (benzoxazinone),
1641, 1620, 1578 (C=C-CO,C,H,) cm"*; pmr (deuteriochloroform): 6 1.07
(3H, ¢, ] = 7.5 Hz, CH,CH,), 2.13 (3H, CH,C=C), 3.00 (3H, N-CH,), 3.92
(2H, NH,), 4.02 (2H, q,] = 7.5 Hz, CH,CH,), 5.54 (1H, ArCH), 10.45 (1H,
HN-C=C), ppm.

Anal. Calcd. for C,H,,N,O,: C, 66.13; H, 6.08; N, 11.02. Found: C,
66.02; H, 6.23; N, 11.14.

Ethyl a{1{(2-Aminophenyl)iminojethyl}3,4-dihydro-3-methyl-2-0x0-2H-
1,3-benzoxazine-4-acetate (17).

The orginal mother liquor from 16 was passed over 30 g. of Florisil,
ether-ethyl acetate being used as eluents. The first 5 fractions (50 ml.
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each), containing predominantly the slower moving isomer (Rf = 0.3),
were crystallized from ethyl acetate giving 0.4 g. of the imino derivative,
ethy! a-1-{(2-aminophenyl)iminolethyl}-3,4-dihydro-3-methyl-2-0x0-2H-
1,3-benzoxazine-4-acetate (17), m.p. 195-196°; uv (ethanol): N\ max nm (¢)
220 sh (24,500), 289 (13,500); ir (nujol): 3500, 3400, 3200 (NH), 1707
(C=0, benzoxazinone), 1635, 1637, 1611 (N=C-CH-CO,C.H;);
(chloroform): 3460, 3370, 2220 (NH), 1702, 1610, 1675, 1660, 1650, 1640,
(benzoxazinone and amino-imino ester) cm-!; pmr (deuteriochloroform):
6 1.20 (3H, t,J = 7.5 Hz, CH,CH,), 2.04 (3H, N-CH,), 2.84 (3H, N-CH,),
4.10 (3H, m, CH,CH; and N=C-CH), 5.63 (1H, d, ] = 6.0 Hz, ArCH) ppm.

Anal. Caled. for C,,H,,N,0,: C, 66.13; H, 6.08; N, 11.02. Found: C,
66.17; H, 6.00; N, 10.94.
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