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REACTION OF ISOPROPYLIDENE MALONATE WITH
N-ARYLIDENE-2-NAPHTHYLAMINES

Ya. A, Strods, R. B. Kampare, UDC 542,954 :547,836.3
I. E. Lielbriedis, and O. Ya. Neiland

It is shown that 4~aryl-2-oxo-1,2,3,4~tetrahydro-5,6-benzogquinolines are formed in the reac~
tion of N-arylidene-2-naphthylamines with isopropylidene malonate. The reaction takes place
with cleavage of the isopropylidene malonate ring and the production of carbon dioxide and
acetone, The structure of the benzotetrahydroquinolines obtained were confirmed by identifi~
cation of the compound obtained by sulfur dehydrogenation of the product of the reaction of
isopropylidene malonate with arylidenenaphthylamine (aryl=phenyl) with an authentic sample
of 1,2-dihydro-2-oxo-4-phenyl-5,6-benzoquinoline and of the reaction product (in which the
aryl group was absent) with an authentic sample of 2~0x0-1,2,3,4-tetrahydro-5,6-benzoquino-
line. The IR and PMR spectra data are presented.

It is known that cyclohexane-1,3-diones, indane-1,3~diones, and 4~hydroxycoumarin react with N-
arylidene~2-naphthylamines to give the corresponding benzoquinoline derivatives {1, 2], We selected iso~
propylidene malonate (I) as the 1,3~dicarbonyl component to continue the study of the reaction of cyclic 1,3-
dicarbonyl compounds with Schiff bases.

Isopropylidene malonate reacts readily with N-arylidene-2-naphthylamines (M), but we were unable to
isolate the expected benzoquinoline derivatives (IV). It was observed that carbon dioxide is evolved during
the reaction (which was proved by means of barium hydroxide solution); this constituted evidence for cleav-
age of the isopropylidene malonate ring. Another product of cleavage of the isopropylidene malonate ring —
acetone — was also isolated from the reaction mixture and was identified in the form of the 2,4-dinitro-
phenylhydrazone, We assumed that the isopropylidene malonate ring in IV is cleaved during the reaction
and that 2-aryl-4-oxo-1,2,3,4~tetrahydro-5,6-benzoquinolines (V) or 2-aryl-4-oxo-1,4-dihydro-5,6-benzo-
quinolines (VI) can be formed in this way., However, if it is assumed that cleavage of the isopropylidene
malonate ring occurs prior to the formation of the cyclic condensation products, the formation of 4-aryl-2-
oxo0-1,2,3,4~tetrahydro-5,6-benzoquinolines (M), 4-aryl-2-oxo-1,2~dihydro-5,6-benzoquinolines (VII), and
2-naphthylamides of cinnamic (VII) or hydrocinnamic (IX) acid is possible. It should be noted that the re-
sults of elementary analysis do not contradict any of structures III-IX, whereas absorption bands charac~
teristic for secondary amides are observed in the IR spectra (Table 1), .

Signals of aromatic protons in the form of a multiplet and of aliphatic protons in the form of a doublet
(two protons) and a triplet (one proton) are observed in the PMR spectrum of a CF3;COOH solution of the
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TABLE 1. IR Spectra of 4-Aryi-2-oxo-1,2,3,4~tetrahydro-5,6-
benzoquinolines (TIa~n)

Com- ‘ . IR spectra, cm™
Pcfﬁnds Substituent Ar 001300 25002500
a H 1705 (55)2, 1664 (sh), 1624 (22), 3320, 3199, 3164, 3112,
b 1600 (18) 3074
b CsHs 1681 (84), 1624 (65), 1610 (61) | 3345, 3199, 3128, 3106
c 4-CH;0CsH, 1685 (84), 1622 (68), 1601 ( shy | 3332, 3207, 3185, 3115
d 2,4-(CH30)2C5H30 1680 (80), 1626 (62), 1607 (65) | 3342, 3200, 3100, 3075
e 3,4-(CH;z0).CsHs 1681 (53), 1624 (42), 1587 (41) | 3345, 3219, 3203, 3170
f 3,4-CH,0,CH3 1684 (39), 1629 (23) 3341, 3203, 3176, 3072
3,4,5-(CH;30):CsH, 1681 (80), - 1630 (57), 1587 (60) | 3343, 3223, 3205, 3105
ﬁ 4-(CH;)sNCsH, 1677 (86), 1611 (69), 1560 (40).| 3333, 3200, 3186, 3073
i 4-(C,Hs)NCsH, 1677 (82), 1622 (sh), 1612 (59) | 3332, 3216, 3198, 3162
j 4-CICeH, 1685 (87), 1621 (68), 1601 (14} | 3341, 3203, 3186, 3090
k 2.4-CloCeH3 1681 (78), 1626 (66), 1580 (53) | 3335, 3228, 3200, 3164
1 2-0,NCsH, 1680 (57), 1625 (43) 3335, 3193, 3061
m 3-0,NCgH, 1689 (59}, 1660 (sh), 1625 (49) | 3317, 3196, 3127, 3100
n 4-0,NCgH, 1679 (80), 1625 (59), 1601 (54) | 3205, 3109, 3083

aThe absorption in percent is given in parentheses. P1n the

spectrum of a solution in dioxane, these bands are observed
at 1699 and 1628 cm™!. CIn the spectrum of a solution in di-
oxane, these bands are observed at 1695 and 1630 em™t,

TABLE 2, Characteristics of 4~Aryl-2-oxo-1,2,3,4~tetrahy-
dro-5,6~benzoquinolines (H1a-n)

. Reac. Found, % . Cale,, % B
& | substituent Ar  |time. | mp,°C Emplrical | —_ ~ g
G h c | u | n |formula clu |~
O & -
a H 2 237239 178,7| 5.6 6,9 |C;3H,;;NO 792156171171
b CeHs 1 263—264 |82,9] 551 4,9 {CosHsNO 83,51 551 5,1 185
< 4-CH30CH, 3 238—239| — | — | 4.8 {CoH;yNOy 79,3} 5,7 | 4,6 143
d 2,4-(CH;30),CeHs 7 211—-212175,7) 56| 3,9 CoH\sNOs |757] 6,7 { 42138
€ 3,4- (CH;0)2:CeH;3 7 214—215| — | — | 4.5 |CaHNOs 75,7( 5,7 | 423l
f 3.4-CHy0,CeHjs 7 249—250175.0] 4,61 4.2 [CoHsNOs 75,7| 4.8 4,4 44
g 3,4,5-(CH30)3CsHe 8 226—297171,3| 5,4 | 3.8 |CooHaNOy 72,7] 5,8 3,933
h 4-(CH,) o NCeH, 10 285—286 | — | — | 8.7 |CaiH2oN.O 179,7) 6,4 89 {40
i 4-(CoH5)oaNCeH, 10 237238 — | — | 8,3 |CoaHpuN,O |80,3] 7,01 8,135
j 4-CICgH,2 05 |233—234| — | — § 481CHCINO | — | — | 4667
k 2,4-Cl,CsH, 3 2672681 — | — | 4,31CigH1sCIbLNOj — | — | 4,182
1 2-0,NCsH, 05 |257—258 ) — | — | 8,5 |CigHisN:Os | — | — | 8,870
m S-OQNCGH.. i 263—264 | — | — 9,0 ClgH“Nan 71,81 44 8,8 62
n 4-0,NCsH, 05 |265—266] — | — | 9,1 {CioH1sN20s {7181 4,41 8,8(78

aFound: Cl11.4%. Calculated: Cl11.5%. bFound: Cl20.5%.
Calculated: Cl20,8%.
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compound obtained from.I and Ib (Fig. 1). -This indicates the presence of a CH,CH fragment in the molecule
and excludes the formation of VI-IX, It is difficult to distinguish H1 and V only on the basis of the IR and PMR
spectral data,

It is known that 4—oxo—1,2,3,4;tetrahydroquinoline [3] and 4-ox0-1,2,3;4-tetrahydro-6,7- (or 7,8-)benzo-
guinolines [4-6] react with aldehydes at the methylene group and with phenylhydrazine at the carbonyl group,
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Fig. 1. PMR spectrum of the com-
pound obtained from isopropylidene
malonate (I) and N-benzylidene-2-
naphthylamine (fIb).

The compounds that we obtained did not react either with aldehydes or phenylhydrazine. This constitutes evi-
dence for the formation of substances with the II structure.

The structures of the compounds that we obtained were established unambiguously by means of two al-
ternative syntheses. Thus 1,2-dihydro-2-oxo~4-phenyl-5,6-benzoquinoline (X) {7] was found to be identical to
the compound obtained by sulfur dehydrogenation of the product of the reaction of I with ITb, and 2-0x0-1,2,3,4-
tetrahydro-5,6-benzoquinoline (XI) [8] was found to be identical to the product of the reaction of I and Ia.

Thus there is no doubt that precisely I are formed in the reaction of I and II.

o

H l‘
NH,HSO
L T O — 14l
t; P N X0

Xt

Compounds IIl-are strongly associated in the solid state by intermolecular hydrogen bonds, as indicated
by the shift of the ¥_ (amide I) absorption band of the stretching vibrations of the carbonyl group to higher
frequencies in dioxane solution (Table 1),

EXPERIMENTAL

The IR spectra of mineral oil suspensions of the compounds at 1500-1800 em™! were recorded with an

IK-14A spectrometer with an NaCl prism; the IR spectra of hexachlorobutadiene suspensions of the compounds
at 2900-3600 cm™! were recorded with an IK-14A spectrometer with an LiF prism. The PMR spectra were re~
corded with a Perkin— Elmer R-12A spectrometer (60 MHz); the chemical shifts of the protons are presented
relative to the cyclohexane internal standard on the § scale,

4~ Aryl-2-ox0-1,2,3,4-tetrahydro-5,6-benzoquinolines (IIla-n) (see Table 2), The N-arylidene-2-naph-
thylamines (II) were not isolated in pure form but were obtained directly during the reaction from 2-naphthyl-
amine and the appropriate aldehyde, A mixture of 0,01 mole of 2~naphthylamine, 0.01 mole of the appropriate
aldehyde, and 5 ml of ethanol was refluxed for 10-15 min, after which 0.01 mole of I was added to the hot solu-
tion of naphthylamine II, and the mixture was refluxed (see Table 2), The benzoquinolines (III) that precipitated
during the reaction or after the mixture was cooled were removed by filtration, washed with ethanol, and crys-
tallized: IIa from dioxane, Ih~d, h-k from dioxane and water, Ille-g from ethanol and dioxane, and INMl-n from
acetic acid and water, The products were white or light-yellow crystalline substances that were only slightly
soluble in ethanol, benzene, and chloroform but more soluble in dioxane and DMF.

4-Phenyl-2-ox0-1,2-dihydro-5,6-benzoquinoline (X). A mixture of 0.005 mole of IIIa and 0.0025 mole of
sulfur was heated at 270° for 2-3 h (the end of hydrogen sulfide evolution was monitored with lead tetraacetate),
after which it was worked up to give 1.2 g (89%) of X with mp 305-307° (from acetic acid and water). IR spec-
trum: 1665 (84), 1635 (sh), 1601 (31), 3048, and 2674 cm™!, Found: C 84.5; H 4.9; N 5.3%. Cy9Hy3NO. Calcu-
lated: C 84.2; H 4.8; N 5.2%,
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REACTION OF ISOPROPYLIDENE MALONATE WITH
N-ARYLIDENE-1-NAPHTHYLAMINES

Ya. A, Strods, I. E Lielbriedis, UDC 542,954 : 547.836.3
and O. Ya. Neiland

4-Aryl-2-oxo-1,2,3,4-tetrahydro-7,8~benzoquinolines were obtained by reaction of iso-
propylidene malonate with N-arylidene-1-naphthylamines, It is shown that the products
are associated in the solid state by intermolecular hydrogen bonds. The IR and PMR
spectral data are presented.

We have shown [1] that 4-aryl-2-oxo0-1,2,3,4~tetrahydro-5,6-benzoquinolines are formed in the reac-
tion of isopropylidene malonate () with N-arylidene-2-naphthylamines,

The reaction of I with N-arylidene~1-naphthylamines (II) proceeds similarly. 4-Aryl-2-oxo-1,2,3,4~
tetrahydro-7,8-benzoquinolines (TI) are formed in this case, and carbon dioxide evolution (which was proved
by means of barium hydroxide solution) the production of acetone (which was isolated from the reaction
mixture and identified in the form of the 2 ,4-dinitrophenylhydrazone) are also observed.

Ar

N=CH=—Ar O
N-NO
* _— H + €0, + (CHy),CO
1

Ta-m Hi a-m

The formation of 1T is confirmed by the close chemical shifts of the protons in the PMR spectra for
4-phenyl-2-ox0~1,2,3,4~tetrahydroquinoline {2] and Illa (Fig. 1).

Compounds TT are strongly associated by intermolecular hydrogen bonds in the solid state. A shift
of the absorption band of the stretching vibrations of the carbonyl group (Vo=@ to higher frequencies is
observed in the spectrum of a carbon tetrachloride solution of Ola (Table 1), The ratio of the molar ex-
tinction coefficients for the bands of the stretching vibrations of the associated N— H group (at 3230 em~1)
(€ 4¢) and the nonassociated N-—H group (at 3439 cm™h €free) changes as a function of the concentration of
Ila in solution (Fig. 2).
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