1228 oJ. Org. Chem., Vol. 39, No. 9, 1974

tracted with hot benzene. The ‘benzene extract was evaporated in
vacuo to leave crystals. Recrystallization from petroleum ether
(bp 60-75°) gave 0.34 g (52%) of 2,5-diphenyl-s-triazolo[3,4-b]-
1,3,4-oxadiazole (5a) as colorless prisms: mp 179-180° dec; ir
(KBr) 1600, 1550, 1460, 1380, 1150, 1050, 960, 768, 730, 700, 680,
cm~1; mass spectrum m/je 262 (M*), 245, 234 (M*+ - Nj), 206
(234t — N2 or CO), 192 (234+ — NCO), 145 (234+ — PhC), 117
(PhCNz*), 105 (PhCO™), 103 (PhCN+), 77 (Ph+).

Anal. Caled for C15H10N4O: C, 68.69; H, 3.84; N, 21.37. Found:
C, 68.84; H, 3.56; N, 21.59.

The glyme filtrate was concentrated in vacuo below 50° to leave
resinous materials, which were chromatographed on silica gel to
give trace amounts of 4 and 95 mg (13%) of 2,5-diphenyl-1,3,4-
oxadiazolo[2,3-¢]-1,2,4,6-pentazepine (6). The formation of benzo-
nitrile was confirmed by gas chromatography of the glyme fil-
trate.

6 had mp 124-125° dec [from petroleum ether (bp 60~70°)] and
was obtained as colorless plates: ir (KBr) 1600, 1550, 1500, 1460,
1350, 1300, 1170, 1080, 980, 790, 755, 730, 700 cm~1!; mass spec-
trum m/e 262 (M+ — Nz or CO), 145, 117, 105, 103, 77.

Anal. Caled for C15H10NgO: C, 62.06; H, 3.47; N, 28.95. Found:
C,62.18; H, 3.26; N, 28.71.

Hydrolysis of 5a. A solution of 0.5 g of 5a in 30 ml of ethanol
was refluxed with 20 ml of 1 N hydrochloric acid for 9 hr, and
then the mixture was neutralized with aqueous sodium carbon-
ate. The precipitate was filtered and recrystallized from acetone
to give 0.35 g (66%) of 4-benzoylamino-3-phenyl-A2-1,2 4-triazo-
lin-5-one (7a) as colorless prisms: mp 259.5-260° dec; ir (KBr)
3300-3000 (NH), 1745, 1670 cm~1 (C==0); nmr (DMSO-dg) ¢
7.4-8.05 (m, 10, aromatic protons), 11.64, 12.22 (each s, 1, NH);
mass spectrum m/e 280 (M+), 161 (M* ~ PhNCO), 119, 118
(161+ ~ HNCO), 105 (PhCO~*, base peak); uv max (EtOH) 267
nm (log € 4.0).22

Anal. Caled for CysH12N4Og: C, 64.27; H, 4.32; N, 19.99.
Found: C, 64.02; H, 4.14; N, 19.79.

Preparation of 5a. After a solution of 1.0 g of 1,5-dibenzoylcar-
bohydrazide (8)22 in 10 ml of phosphorus oxychloride was heated
at 80-90° for 2 hr, the reaction mixture was poured into ice-water.
The precipitate was filtered and recrystallized from benzene to
afford 0.29 g (29%) of 4-benzoylamino-5-chloro-3-phenyl-1,2,4-tri-
azole (9) as colorless needles: mp 152.5-153° dec; ir (KBr) 3400
(broad, NH), 1640 cm-? (C==0); mass spectrum m/e 300, 298
(M+).

Anal. Caled for CisH11N4OCL: C, 60.31; H, 3.71; N, 18.75.
Found: C, 60.54; H, 3.64; N, 18.63.

A solution of 0.17 g of 9 in 20 m! of acetone-water mixture (10:1
v/v) was stirred with 1.0 g of sodium carbonate at room tempera-
ture for 4 hr. The reaction mixture was neutralized with dilute
hydrochloric acid to precipitate a solid, which on recrystallization
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from petroleum ether (bp 60-75°) gave 0.11 g (74%) of colorless
prisms, mp 179-180° dec. This compound was identical with the
product 5.

Registry No.—1, 4547-71-1; 2, 33655-23-1; 4, 18039-42-4; 5a,
32550-72-4; 6a, 51003-52-2; 7, 3658-32-0; 8, 51003-53-3; thiobenzoyl
isocyanate, 3553-61-5.
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The reaction of N-(a-chlorobenzylidene)carbamoyl chloride (1) with active methylene compounds has been
investigated. In general, the imidoyl chlorine atom in 1 reacts faster with active methylene compounds in the
presence of NEts. An azetinone intermediate (7) is proposed as an initial product in the reaction with ethyl cy-
anoacetate (2) in the presence of 2 equiv of NEts. The reactions of 1 with acenaphthenone (13) and dimedone
(18) give oxazin-2-one (14a) and oxazin-4-one derivatives (19), respectively. On the other hand, 1 reacts with 13
in the presence of metallic sodium to yield a pyridine derivative (17).

In the preceding paper,! we have reported a convenient
synthesis of N-(a-chlorobenzylidene)carbamoyl chloride
(1), which is useful as a precursor for the synthesis of het-
erocycles.i-3 It could be expected that 1 might react with
active methylene compounds to form azetinones, and fur-
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N-(a-Chlorobenzylidene)carbamoyl Chloride, II

thermore, we were interested in studying which chlorine
in 1 is more reactive. These considerations prompted us to
investigate the reaction of 1 with active methylene com-
pounds.

Results and Discussion

Reaction with Ethyl Cyanoacetate (2). In order to de-
termine which chlorine in 1 reacts faster with 2, the reac-
tion of 1 with 1 equiv of 2 in the presence of equimolar tri-
ethylamine (NEt3) was carried out in ether at room tem-
perature; an unstable, oily product 3 whose ir spectrum
showed bands at 3280 (NH), 2200 (C==N), 1745, and 1710
cm~1 (C=0) was obtained and it could not be purified.
Treatment of 3 with ethanol or aniline afforded ethyl «-
cyano-B-(NN-ethoxycarbonylamino)acrylate (4) or -8-phe-
nyl-G-(3-phenylureido)acrylate (5).

In view of the formation of 4 and 5 from 3, it is evident
that the imidoyl chlorine is more reactive than the car-
bamoyl chlorine under the conditions, and the initial oily
product is 3, which would predominantly exist in the form
3b on the basis of its ir spectrum, but not 3’ (Scheme I).
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Shvo and Belsky* have investigated the thermal isomer-
ization of conjugated ketene mercaptoaminals involving
rotation about a C=C double bond. They clarified that
methyl B-anilino-3-methylmercapto-a-cyanaocacrylate ex-
ists in the following configuration on the basis of its nmr

MeS CN

PhN\ / COMe
H--0

and ir spectroscopic studies. The ir spectrum (CCly) of 4
exhibited the hydrogen-bonded NH and C=0 absorption
bands at 3240 and 1690 cm~1, besides the nonbonded
C=0 absorption band at 1775 cm~! (these absorption
bands were independent of concentration). Furthermore,
the nmr spectrum of 4 showed one signal ascribable to
NH even at —60°.5 These results can be reconciled only
with the configuration 4a depicted in Scheme I, since the
linear nitrile group in 4b is not in the appropriate geomet-
rical disposition for internal hydrogen bonding. Similarly,
it was deduced that 5 exists in the same configuration 5a
as 4 does.

It was thus reasoned that, if the imidoy! chlorine in 1 is
more reactive, the reaction of 1 with ethanol would yield
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the imidate, which should condense with 2 to give the iso-
meric compound 6. Thus, | was initially treated with 1
equiv of ethanol, followed by a mixture of 2 and NEt;.
However, contrary to expectation, it was found that 4 was
isolated rather than 6. This suggests that the carbamoyl
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chlorine in 1 reacts faster with ethanol in the absence of
NEt3. On the basis of these observations, the NEt3 might
initially react with the carbamoyl chlorine to form a kind
of salt which would be less reactive than the imidoyl chlo-
rine, if the NEt; is present from the start in the reaction
system.

If 2 equiv of NEtz is used as a dehydrochlorinating.
agent, it would be expected that azetinone 7 would be
formed from the reaction of 1 with 2. When 2 equiv of
NEt; was added to a mixture of equimolar amounts of 1
and 2, an unstable, oily product was obtained, together
with triethylammonium chloride in an almost quantita-
tive yield.

Scheme I1
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The oily product was deduced as the expected azetinone
7 on the basis of the following evidence. Its ir spectrum
showed C=0 absorption bands at 1800 and 1745 cm~-1.
Chromatography of the oily product on alumina afforded
ethyl a-cyano-G-amino-3-phenylacrylate (8) and «-cyano-
B-phenyl-3-(3-benzoylureido)acrylate (9). The compounds
8 and 9 were also formed by hydrolysis of the oily product
with hydrochloric acid in ethanol.? The formation of 8
from 7 can be easily understood in terms of the hydrolytic
cleavage of the azetinone ring with the subsequent decar-
boxylation, but the pathway for the formation of 9 is not
clear, since 1 did not react with 8 even in the presence of
NEts.
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The structures of 8 and 9 were confirmed on the basis of
their spectral data and of comparison with authentic sam-
ples prepared from the reaction of benzonitrile with 27
and of the reaction of 8 with benzoy! isocyanate, respec-
tively. Although Atkinson, et al.,7 reported that the prod-
uct from the reaction of benzonitrile with 2 was ethyl a-
cyano-B-imino-3-phenylpropionate (8’), its. ir and nmr
spectra supported strongly that the product is the en-
amine as depicted in Scheme II. The ir spectrum in CCly
showed absorption bands ascribable to nonbonded NH
(3520), bonded NH (3260), and C=0 (1680 cm~1) (These
bands were independent of concentration), and the nmr
spectrum exhibited signals due to single ethyl and two
NH groups even at ~60°.

On the other hand, when a mixture of equimolar
amounts of 1 and 2 was added to a solution of 2 equiv of
NEts in ether, a product 10 was obtained as yellow nee-
dles. The molecular formula of 10 agreed with that of the
compound derived from NEt; and 1:2 condensation prod-
uct of 1 and 2. In fact, the reaction of 1 with 2 equiv of 2
in the presence of 3 equiv of NEts afforded 10 in a good
vield. Treatment of 10 with hydrochloric acid gave 1:2
condensation product 11 as colorless needles, which was
converted into 10 on treatment with NEts. Structures of
10 and 11 as shown in Scheme III were confirmed on the
basis of their spectral data. The absence of methine pro-
ton and the appearance of NH and OH in the nmr spec-
trum of 11 in deuteriochloroform (CDClj) suggests that 11
exists exclusively in the enol form in the solvent.
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Similarly, 1 reacted with methyl cyanoacetate and
NEt; under the same conditions to form salt 12 of the
type 10.

Reaction with Acenaphthenone (13). In the reaction of
1 with 13, the formation of oxazinones 14a and 14b would
be expected, besides azetinone derivative 14¢c. When 1 was
treated with 1 equiv of 13 in the presence of 2 equiv of
NEts, a product 14 was formed whose molecular formula
agreed with that of the compound derived from a 1:1 ad-
duct of 1 and 13 by the elimination of 2 mol of hydrogen
chloride. Since the ir spectrum of 14 showed the single
carbonyl absorption band at 1735 cm~?1, azetinone 14e
could be excluded from possible structures for 14.

Although the spectral data of 14 did not permit a clear
assignment as to whether 14a or 14b would be more rea-
sonable for 14, the formation of 2-(1’-amincbenzylidene)-
acenaphthenone (15), which was converted into the diben-
zoyl derivative 16 by acidic hydrolysis, indicated that 14
is 10-phenylacenaphtho[1,2-e]-2H-1,3-0xazin-8-one (14a),
but not the 8-phenyl derivative 14b. The formation of 15
from 14a can be easily rationalized by an initial hydrolyt-
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ic cleavage of the C-O bond of the oxazinone ring, fol-
lowed by decarboxylation as shown in Scheme IV.

It is known that 13 is exclusively in the keto form.?
Consequently, the formation of 14a can be also under-
stood by an initial reaction of the imidoyl chlorine atom
in 1 with the active methylene group in 13, and then sub-
sequent ring closure to the cxazinone via the enol tautom-
er (Scheme IV).

On the other hand, the reaction of 1 with 13 in the pres-
ence of metallic sodium afforded 2-phenyldiacenaph-
tho[1,2-5:1”,2’-d]pyridine (17), besides tarry materials.
The structure of 17 was established by its spectral data as
well as by comparison with an authentic sample.®

When metallic sodium was added to a solution of 13 in
ether, the colorless solution changed to a violet color. It
has been reported that benzophenone gives a violet metal
ketyl intermediate with sodium amalgam.1® Although the
exact pathway of formation of 17 is not clear, it may be
viewed as proceeding via metal ketyl intermediate as
shown in Scheme V. '

Reaction with 5,5-Dimethylcyclohexane-1,3-dione
(18). It is well known that dimedone (18) exists predomi-
nantly in the enol form.!! Therefore, it was expected that,
in the presence of NEts, the imidoyl chlorine of 1 would
initially react with the enolic hydroxyl group of 18, lead-
ing to the formation of 4H-1,3-oxazinone derivative 19. In
fact, the reaction of 1 with 18 in the presence of NEts
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Scheme V

gave the expected 4H-1,3-oxazinone derivative 19, The
structure of 19 was confirmed by its spectral data as well
as by the result of hydrolysis. Hydrolysis of 19 with hydro-
chloric acid afforded 2-benzoylcarbamoyl-5,5-dimethylcy-
clohexane-1,3-dione (20) in a good yield. It was clarified
by the nmr spectrum that 20 exists in the enol form as 18
does (Scheme VI).

Scheme VI
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Experimental Section!?

Reaction with Ethyl Cyanoacetate (2). In the Presence of
Equimolar NEtg. A. A solution of NEts (0.5 g, 4.95 mmol) in di-
ethyl ether (15 ml) was added, drop by drop, to a solution of car-
bamoy! chloride 1* (1.0 g, 4.95 mmol) and 2 (0.56 g, 4.95 mmol) in
diethyl ether (15 mi). The reaction mixture was stirred at room
temperature for 1 hr and then filtered to give 0.67 g (98.5%) of tri-
ethylamine hydrochloride. To the filtrate was added ethanol (0.25
g, 5.4 mmol) and the resulting mixture was stirred at room tem-
perature for 2 hr to yield crystals. Filtration and recrystallization
from ethanol gave 0.63 g (44%) of ethyl «-cyano-3-(N-ethoxycar-
bonylamino)acrylate (4) as colorless needles: mp 151.5-153.5°; ir
(KBr) 3200 (NH), 2235 (C==N), 1780, 1760 (sh), 1680 cm~1
(C==0); nmr (CDCly) 6 1.20, 1.39 (each t, 3, CH:CHs, J = 7 Hz),
4.10, 4.35 (each q, 2, CHzMe, J = 7 Hz), 7.5 {m, 5, aromatic pro-
tons), 11.31 (broad, 1, NH, exchanged with Dz0); mass spectrum
m/je (rel intensity) 288 (M+*, 30), 242 (M+ — EtOH, 58), 216
(242+ — OEt, 100), 197 (242+ - CO, 40), 171 (197+ ~ CO, 58),
116 (38), 104 (60), 77 (38).

Anal. Caled for Ci5H16N204: C, 62.49; H, 5.59; N, 9.72. Found:
C,62.43; H, 5.46; N, 9.85.

B. Similarly, treatment of the filtrate obtained from the same
reaction as in A with aniline (0.5 g, 5.3 mmol) in place of ethanol
at room temperature for 30 min gave 0.43 g (26%) of ethyl «-
cyano-3-phenyl-3-(3-phenylureido)acrylate (5) as colorless nee-
dles: mp 173-173.5°%; ir (KBr) 3260, 3160 (NH), 2235 (C==N), 1720
(sh), 1700, 1680 cm~1 (sh) (C=0); nmr (CDCl3) § 1.40 (t, 3,
CH,CHj3, J = 7 Hz), 4.45 (q, 2, CHaMe, J = 7 Hz), 7.45-8.0 (m,
10, aromatic protons), 8.73, 13.3 (each broad, 1, NH, exchanged
with D;0).

Anal. Caled for Ci9H17N303:
Found: C, 67.93; H, 4.98; N, 12.34.

C, 68.05; H, 5.11; N, 12.53.
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C. Initially, 1 (1.0 g, 4.95 mmol) was treated with ethanol (0.25
g, 5.4 mmol) in diethyl ether (15 ml) at room temperature for 10
hr. A solution of 2 (0.56 g, 4.95 mmol} and NEts (0.5 g, 4.95
mmol) in diethyl ether (15 ml) was added, drop by drop, to the
above mixture and the resulting mixture was then stirred at room
temperature for 2 hr to precipitate crystals. Crystals were collect-
ed by filtration and washed with water. Recrystallization of insol-
uble crystals from ethanol afforded 0.52 g (36%) of 4.

In the Presence of 2 Equiv of NEts;. A. A solution of 2 (1.33 g,
11.8 mmol) and NEt; (2.4 g, 23.7 mmol) in diethyl ether (20 ml)
was added, drop by drop, to a solution of 1 (2.4 g, 11.8 mmol) in
diethyl ether (10 ml), and the reaction mixture was then stirred
at room temperature for 4 hr. Filtration gave 3.0 g of triethyl-
amine hydrochloride. The filtrate was concentrated in vacuo to
leave a brown, oily preduct 7, which was chromatographed on
alumina.

Crystals were obtained from the elution with benzene-chloro-
form (1:1 v/v) and recrystallized from diethyl ether to afford 0.84
g (33%) of ethyl a-cyano-B-amino-3-phenylacrylate (8) as color-
less needles: mp 1256-125.5° ir (KBr) 3320, 3180 (NH), 2210
(C=N), 1665 cm~1 (C=0); nmr (CDCl;3) 6 1.34 (t, 3, CH2CHs, J
= 7 Hz), 4.28 (q, 2, CHyMe, J = 7 Hz), 7.4-7.75 (m, 5, aromatic
protons), 5.85, 9.45 (each broad, 1, NH, exchanged with D0);
mass spectrum m/e (rel intensity) 216 (M*, 79), 187 (M*+ — Et,
65), 171 (M+ — OEt, 83), 143 (171+ — CO and/or 187+ — COq,
65), 127 (143+ - NHa, 71), 117 (143+ — CN, 74), 104 (100), 83
(76), 77 (65).

Anal. Caled for Cy2H;oNa2Oa:
Found: C, 66.72; H, 5.66; N, 12.96.

The compound 8 was identical with an authentic sample pre-
pared from the reaction of 2 with benzonitrile in the presence of
sodium ethoxide.?

On the other hand, crystals were obtained from the elution
with methanol and recrystallized from ethanol to.give 0.28 g
(6.5%) of ethyl a-cyano-8-phenyl-g-(8-benzoylureido)acrylate (9)
as colorless needles, which was identical with an authentic sam-
ple prepared from 8 and benzoyl isocyanate: mp 172.5-173.5° dec;
ir (KBr) 3220, 3150 (NH), 2220 (C=N), 1740 (sh), 1710, 1700,
1690 (sh), 1670 cm~1 (C=0); nmr (CDCl3) § 1.40 (t, 3, CH2CHs,
J = 7 Hz), 4.45 (q, 2, CHsMe, J = 7 Hz), 7.4-8.0 (m, 10, aromatic
protons), 8.73, 13.38 (each broad s, 1, NH, exchanged with D20);
mass spectrum m /e (rel intensity) 363 (M+, 54), 318 (M*+ — OEt,
25), 290 (318* — CO, 13), 247 (200 — HNCO, 57), 242 (M+ ~—
PhCONHS,, 43), 216 (242+ — CN, 80), 197 (242+ — QEt, 81), 188
(216+ — CO,-89), 171 (197+ -~ CO, 92), 144 (188t — MeCHO, 51),
116 (144+ — CO, 57), 105 (PhCO+, 100), 89 (40), 77 (60).

Anal. Caled for Co0Hi7N3O4: C, 66.11; H, 4.72; N, 11.57.
Found: C, 66.34; H, 4.65; N, 11.49,

B. A solution of 7 (obtained from the reaction under the same
conditions) in ethanol (10 ml) was stirred with concentrated hy-
drochloric acid (5 ml) at room temperature for 12 hr, during
which time crystals precipitated. Filtration and recrystallization
from ethanol afforded 0.36 g (8.3%) of 9, The filtrate was neutral-
ized with aqueous sodium hydroxide and then extracted with di-
ethyl ether. The ether extract was evaporated to leave crystals,
which on crystallization from diethy! ether gave 0.89 g (35%) of 8.

In the Presence of 3 Equiv of NEts. A solution of 1 (0.5 g, 2.47
mmol) and 2 (0.6 g, 5.3 mmol) in diethyl ether (30 ml) was
added, drop by drop, to a solution of NEtz (0.75 g, 7.4 mmol) in
diethyl ether (20 ml), and the reaction mixture was then stirred
at room temperature for 5 hr, during which time crystals ap-
peared. Crystals were collected by filtration and washed with
water to leave yellow crystals. Recrystallization from ethanol-di-
ethyl ether afforded 0.76 g (67%) of salt 10 as yellow needles: mp
127.5-128.5° dec; ir (KBr) 3200 (NH), 3000-2800 (NH+), 2250,
2225 (C==N), 1740 (sh), 1720 (sh), 1700, 1670, 1635 cm~1 (C=0);
nmr (CDClg)*3 § 1.01 (¢, 9, NCH2CHs), 1.28, 1.32 (each t, 3,
OCH;CHj), 2.5-3.0 (m, 6, NCHz:Me), 4.25, 4.36 (each q, 2,
OCH:Me), 7.41 (s, 5, aromatic protons), 9.60, 13.15 (each broad,
1, NH).

Anal. Caled for CgsH3aN4Os:
Found: C, 62.91; H, 6.87; N, 12.25.

Treatment of Salt 10 with Hydrochloric Acid. A suspension
of 10 (70 mg) in 1 N hydrochloric acid (20 ml) was stirred at room
temperature for 1 hr, and crystals were filtered and washed with
water. Recrystallization from diethyl ether gave 40 mg (73%) of
the enol 11 as colorless needles, which on treatment with NEtg
was converted into 10: mp 92-93° dec; ir (KBr) 3080 (NH), 2210,
2190 (C=N), 1730 (sh), 1710 (sh), 1690 (sh), 1640, 1630 cm~1
(C==0); nmr (CDClg) 6 1.35, 1.39 (each t, 3, CH,CH3), 4.31, 4.45

C, 66.65; H, 559; N, 12.96.

C, 63.14; H, 7.07; N, 12.21.
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(each q, 2, CHzMe), 7.52 (s, 5, aromatic protons), 10.0, 12.45
(each 1, OH or NH, exchanged with D;0).

Anal. Caled for C1sH;7N305: C, 60,84; H, 4.82; N, 11.83.
Found: C, 61.07; H, 4.92; N, 11.76.

Reaction with Methyl Cyanoacetate. The reaction of 1 (0.5 g,
2.47 mmol) with methyl cyanoacetate (0.6 g, 6 mmol) in the pres-
ence of NEtz (0.75 g, 7.4 mmol) in diethyl ether at room tempera-
ture for 5 hr afforded 0.7 g (66%) of salt 12 as yellow needles: mp
157-159° dec; ir (KBr) 3180 (NH), 3000-2800 (NH*), 2190, 2180
(C=N), 1700, 1650, 1620 cm~?* (C=0); nmr (CDCl3)1% § 1.02 (1,
9, NCH2CHag), 2.5-3.05 (m, 6, NCHyMe), 3.80, 3.91 (each s, 3,
OCHs), 7.43 (s, 5, aromatic protons), 9.60, 13.18 (each broad, 1,
NH).

Anal. Caled for 022H28N4052 C, 61.66; H, 659, N, 13.08.
Found: C, 61.49; H, 6.69; N, 12.78.

Reaction with Acenaphthenone (13) in the Presence of NEts.
A solution of 1 (0.5 g, 2.47 mmol) and 13 (0.4 g, 2.4 mmol) in di-
ethyl ether (30 ml) was stirred with NEts (0.5 g, 4.95 mmol) at
room temperature for 2 hr, during which time crystals precipitat-
ed. Crystals were collected by filtration and washed with water to
leave yellow crystals Recrystallization from benzene-petroleum
ether (bp 45-65°) gave 0.2 g (27%) of 10-phenylacenaphtho(1,2-
¢]-2H-1,3-0xazin-8-one (14a) as yellow needles: mp 180-180.5°
dec; ir (KBr) 1735 (C==0), 1710 ecm~* (C=N); nmr (CDCl;s) §
7.25-8.4 (m, aromatic protons); mass spectrum m/e (rel intensi-
ty) 297 (M+, 87), 296 (100), 269 (M~ - CO, 7), 265 (M*+ = NCO,
7), 240 (269+ — CO -~ H, 17), 226 (269 — HNCO, 17), 138 (241~
- PhCN, 25).

Anal. Caled for CogH1:NO2: C, 80.79; H, 3.73; N, 4.71. Found:
C, 80.97; H, 3.99; N, 4.58.

Hydrolysis of 14a. After a suspension of 14a (0.2 g) in 15% hy-
drochloric acid (20 ml) was stirred at room temperature for 4 hr,
filtration gave crystals, which were washed with water and chro-
matographed on alumina. From the elution with chloroform yel-
low crystals were obtained. Recrystallization from benzene-petro-
leum ether (bp 50-65°) afforded 0.18 g (98.7%) of 2-(1’-aminoben-
zylidene)acenaphthenone (15) as yellow needles: mp 143-144° dec;
ir (KBr) 3440, 3260 (NH), 1635 cm~* (C=0); nmr (CDCls) 6 5.0,
9.9 (each broad, 1, NH, exchanged with D20), 7.0-8.15 (m, 11,
aromatic protons); mass spectrum m/e (rel intensity) 271 (M+,
82), 270 (100), 254 (270+ -~ NHa, 30), 243 (271+ — CO, 15) 226
(154~ - CO, 12), 136 (20), 120 (20).

Anal. Caled for C19H313NO: C, 84.11; H, 4.83; N, 5.16. Found:
C,83.91; H,5.10; N, 5.25.

Benzoylation of 15. After a solution of 15 (0.2 g, 0.74 mmol}) in
pyridine (2 ml) was heated with benzoy! chloride (0.28 g, 2 mmol)
at 80° for 15 min, the reaction mixture was poured into water,
giving yellow crystals. Recrystallization from benzene-petroleum
ether (bp 45-60°) afforded 0.19 g (53.7%) of dibenzoyl compound
16 as yellow needles: mp 188° dec; ir (KBr) 1710, 1670 ¢m~2
(C==0); mass spectrum m /e 479 (M+).

Anal. Caled for C33H21NO3: C, 82.56; H, 4.41; N, 2.92. Found:
C, 82.39; H, 4.31; N, 3.04.

Reaction with 13 in the Presence of Metallic Sodium. When
metallic sodium (0.46 g, 0.02 g-atom) was added to a solution of
13 (1.4 g, 8.3 mmol) in diethyl ether (30 ml), the colorless solution
changed to a violet color. The violet solution was stirred with 1
(1.0 g, 4.95 mmol) at room temperature for 10 hr to yield a brown
solid, which was extracted with hot benzene. The extract was
concentrated in vacuo, and a residue was chromatographed on
alumina using benzene as an eluent to give yellow crystals. Re-
crystallization from benzene afforded 0.2 g (20%) of 2-phenyldi-
acenaphtho[1,2-5:1",2’-d]pyridine (17), mp 287°, as yellow needles,
which was identical with an authentic sample obtained from the
pyrolysis of acenaphthenone N-benzoylhydrazone? [Anal. Caled
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for Cs1Hy7N: C, 92.31; H, 4.22; N, 3.47. Found: C, 92.24; H, 3.97;
N, 3.25. Mass spectrum m /e 403 (M+)].

Reaction with 5,5-Dimethylcyclohexane-1,3-dione (18). A so-
lution of 1 (0.5 g, 2.47 mmol) and 18 (0.35 g, 2.5 mmol) in diethyl
ether (30 ml) was stirred with NEts (0.5 g, 4.95 mmol) at room
temperature for 2 hr, during which time crystals appeared. Crys-
tals were collected by filtration and washed with water. Recrys-
tallization from benzene-petroleum ether (bp 45-65°) afforded 0.2
g (30%) of 4H-1,3-0xazinone derivative 19 as yellow needles: mp
184-184.5°; ir (KBr) 1715, 1660, 1640 cm~! (C=0, C=N); nmr
(CDCl3) 6 1.20 (s, 6, CHg), 2.50, 2.85 (each s, 2, CHy), 7.5-7.7 (m,
3, aromatic protons), 8.15-8.35 (m, 2, aromatic protons); mass
spectrum m/e (rel intensity) 269 (M+, 100), 264 (M* — Me, 10),
166 (M+ — PhCN, 20), 165 (50), 151 (254 — PhCN, 65), 138
(166+ ~ CO, 74), 104 (40), 103 (70).

Anal. Caled for C1gH1sNO3: C, 71.36; H, 5.61; N, 5.20. Found:
C,71.62; H, 5.89; N, 5.29.

Hydrolysis of 19. After a suspension of 19 (0.2 g) in 15% hydro-
chloric acid (20 ml) was stirred at room temperature for 2 hr,
crystals were collected by filtration and washed with water. Re-
crystallization from diethyl ether afforded 0.18 g (84.5%) of 2-ben-
zoylcarbamoyl-5,5-diemethylcyclohexane-1,3-dione (20) as yellow
prisms: mp 149-150.5° dec; ir (KBr) 31756 (NH), 1720, 1650, 1625
ecm~1 (C=0); nmr (CDCl3) 4 1.13 (s, 6, CHa), 2.47, 2.62 (each s,
2, CH3), 7.5~7.72 (m, 3, aromatic protons) 8.0-8.2 (m, 2 aromatic
protons), 13.2 16.92 (each broad, 1, NH or OH, exchanged with
D30); mass spectrum m/e (rel intensity) 287 (M+, 95), 272 (M+
- Me, 10), 259 (M+ = CO, 15) 231 (259~ — CO, 38), 203 (231t -
CO0, 26), 167 (2727 - PhCO, 286), 105 (100).

Anal. Caled for C16H17NO4: C, 66.88; H, 5.96; N, 4.88. Found:
C,67.17; H, 5.84; N, 4.97.

Registry No.—1, 4547-71-1; 2, 105-56-6; 4, 51003-09-9; 5,
51003-10-2; 7, 51002-93-8; 8, 39491-78-6; 9, 51003-08-8; 10a, 51003-
04-4; 10b, 51003-06-6; 11, 51003-07-7; 12, 2235-15-6; 13a, 51003-25-
9; 14, 51003-26-0; 15, 51003-27-1; 16, 51003-28-2; 17, 23952-27-4; 18,
126-81-8; 19, 51003-29-3; 20, 51003-30-6.
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