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By the reaction of 2-acylaminochromones with formaldehyde and sec-
ondary amines, we have synthesized 2-acylamino-3-dialkylamino-
methylchromones. On the basis of their chemical properties and their
UV, TR, and NMR spectra, a hypothesis concerning the fine structure of
these compounds has been put forward. When the reaction with formal-
dehyde is carried out in the presence of bases, 3, 3'-methylenebis-
(2-acylaminochromone)s can be obtained.

The 2-acylaminochromones (AC) that we have ob-
tained previously [1] have at least two fairly active
nucleophilic centers: in position 3 and on the nitrogen
atom. The hydrogen atom of the amide group possesses
fairly acidic properties: the AC are soluble in aqueous
sodium carbonate.

In order to study the capacity of the AC for electro-
philic substitution, we have performedthe condensation
of AC with formaldehyde in the presence of secondary
and tertiary amines. The reactions of the AC with for-
maldehyde and secondary amines in water or aqueous
ethanol gave Mannich bases (MB)—2-acylamino-3~di~
alkylaminomethylehromones (I-IX)-—in the form of
crystalline bases of hydrochlorides.
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These substances possess a mobile hydrogen atom
and are soluble in alkalies (but give no coloration with
stannic chloride). On acid hydrolysis in a solution of
acetic and hydrochloric acids, substance [is converted
into 3, 3'~methylenebis(4-hydroxycoumarin) in a man-
ner similar to the 3-dialkylaminomethyl-4~hydroxy~
coumarins [2]. By more careful hydrolysis it was
possible to obtain an intermediate—(2-amino-3-chro~
monyl){(4-hydroxy-3-coumarinyl)methane (XII).

The fine structure of the MB is an interesting ques-
tion. In addition to the chromone, i.e., amino ketone,
form without an intramolecular hydrogen bond or with
it (form A), they may have a form corresponding to a
4~hydroxycoumarin with an intramolecular bond form

*For part XXVI, see [3].

B) or without it and a betaine-like form with a meso-
meric anion of type C with an unsymmetrical charge

distribution.
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The IR spectrum of substance I (Fig. 1, curve 1) in
chloroform solution has the vibrations of the carbonyl
group of COOC,H; at 1753 em™! and of a chromone
carbonyl group with a frequency of 1626 em~!, which
corresponds to the vibrations of these groups in the
initial amino-2-ethoxycarbonylchromone (AC-~1): 1758
and 1635 cm'i, respectively [1]. However, in contrast
to the latter compound, the spectrum of I {(in chloro-
form, in oil, or in perfluorinated oil) does not exhibit
the vibrations of free and bound NH groups (there is
only a poorly identifiable band of low intensity in the
2500-2800 cm~! region) and of the second amide band
of the NHCO group. But in the NMR spectra (taken by
E. I. Fedin, to whom the authors express their deep
gratitude) in Fig. 2, curve 1 at 6 10,3 ppm, a broad
singlet signal appears with an area of one proton unit
which is undoubtedly due to an acidic proton forming
an intramolecular hydrogen bond, There is no signal
in this region in the spectrum of the initial AC-1 (Fig.
2, curve 2), Unfortunately, a comparison of the NMR
spectra of I and AC-1 proves somewhat difficult be-
cause of the fact that in the spectrum of the latter
compound it is difficult to determine the position of
the signal of the amide proton. It is possibly located in
the 7.4-7.8 ppm region. The results given are in agree-
ment with form A to a greater extent than with B or C,
while the structures without hydrogen bonds are com-
pletely excluded.

The UV spectra of I in chloroform and heptane are
similar to the spectrum of AC-1 in ethanol (Fig. 4,
curve 1; Table 1), However, the UV spectra of these
compounds in ethanol differ markedly; for I a bath-
ochromic shift of the long-wave maximum is found
(Fig. 3, curve 1), This shift may be caused by the
presence in ethanolic solution of a form of type B or
C. In the spectrum of the hydrochloride of the base I
(Fig. 3, curve 2), the long-wave absorption maximum
is already located in the same region as in the spec-
trum of substance AC-1. The inflection on the curve
of the spectrum of the hydrochloride in the long-wave
region (~330 nm) shows the partial dissociation of the
hydrochloride in ethanolic solution to give the free
base. The addition of hydrogen chloride to the solution
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Fig. 1. IR spectra (in CHCL): 1) 2-ethoxycarbonylamino-3-piperidino-
methylchromone (I) (c 0.020 M, d 0.4 mm); 2) 3, 3'-methylenebis(2-
ethoxycarbonylaminochromone) (X) (¢ 0.025 M, d 0.1 mm); 3) 3,3'-
methylenebis(2-piperidinocarbonylaminochromone (XI) (¢ 0.05 M,
d 0.15 mm).
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Fig. 2. NMR spectra (taken on a "Hitachi~

H-60" instrument with a working frequency

of 60 MHz in deuterochloroform on the 6-

scale relative to hexamethyldisiloxane):

1) 2-ethoxycarbonylamino-3-piperidino-

methylchromone (I); 2) 2-ethoxycarbonyl-
aminochromone (AC-1).
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Fig. 3. UV spectra of 2-ethoxycar- Fig. 4. UV spectra of 2-ethoxycar-
bonylamino-3-piperidinomethylchro- bonylaminochromone (AC-1); 1) in
mone (I), ¢ 1-10~%: 1) in ethanol; ethanol (¢ 1+ 107%); 2) in 0.01~0.1 N
2) hydrochloride of I in ethanol; ethanolic NaOH (¢ 1 - 10™%=1+ 1079),

3) hydrochloride of I in 0.1 N ethanolic
HCI; 4) Iin 0.1 N ethanolic NaOH,
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Table 1
UV Spectra
Com- .
pounds Solvent (concentration) l Ly DN Iz e
I Chloroform (2 -10~4—1:10-3) 237 4.38
290 4.18
11 Heptane (2-10-%) 231 4.19
290 4.23
AC-1 Chloroform (1 .10-%) \ 273 4,12
284--286 4.00
(shoulder)
AC-1 Ethanol + 1.5 mole of piperidine (! - 10-3—1-10-%) 231 4,32
) 284 4,10
AC-2 Ethanol (1 - 10—4) 228 4.35
293 4.26
336 3.52

Table 2

2~Acylamino-3-dialkylaminomethylchromones (I-IX)

Com- Mp, + C - Found, % Calculated, % Yield,
pound (solvent) Empirical formula c ’ H | N c . l N %
1 112—1125 CisHpN20,42 65.71| 6.81| 8.75/65.46| 6.71 | 8.48] 80
(ethanol) 65.67) 6.82 | 8.81
11 113—114 C17HgN;05° 61.73/ 6.01| 8.70| 61.44] 6.07 | 8.43|100
(ether) 61.67! 6.12 | 8.55
111 147—148 Ci7H2N,O, - HCIC 57.59! 6.70| 8.1i| 57.51] 6.53| 7.90| 71.8
(acetone) 57.72] 6.81 8.00
v 158—159 CisH26N,0, - HCIA 59.61/ 7.09| 7.51/59.60| 7.11| 7.32] 70
(ethanol) 59.93! 7.10| 7.35
\YJ 190—191 Cy7H7CI3N,O5 ¢ 50.73| 4.36| — |50.57| 424, — | 98
(pyridine) 50.75] 4.33
VI 173—174 CisHi5CI3N0, 4718 380 — [47.36| 3.73| — | 935
(dioxane) 47.46| 3.79
VII 121—123 CisH23N305 - H,O 62.41) 7.28| 12.54| 62.24| 7.25 | 12.10] 61
(decomp.) 62.45| 7.32] 12.52
VIII 90—91 Cg1H27N:O; - 2H,0 62.36| 7.92! 10.61| 62.19| 7.71 | 10.36] 84
(decomp.) 62.57! 7.91|10.51
1X 115—116 CyoH3sN30, - 0.75 H,O 62.22) 7.08|10.98| 62.41| 6.94 | 10.93| 80.6
(decomp.) 62.46| 6.87 | 11.19

aMobile hydrogen (determined in a mixture of dimethylformamide and ether by the action of
sodium hydride): found 0.37%; calculated: 0.3%. Hydrochloride, mp 179° C (decomp., from
ethanol). Found, %: C19.76, 9.75; N 7.71, 7.61. Calculated for C;gHp9 N304 HCI, %: C19.66;
N 7.64. b To isolate the II, the reaction mixture was evaporated in vacuum and the residue was
treated with ether. Hydrochloride, mp 175° C (decomp., from ethanol). Found, %: C1 9.38, 9.41;
N 7.64,7.89. Calculated for C{7H,oN205-HCI, %: C19.61; N 7.60. Obtained by evaporating
the reaction mixture in vacuum, dissolving the residue in ether, and adding an ethereal solution of
HCI. Found, %: Cl 9.99, 9,94, Calculated, %: C1 9.99. d Obtained similarly to III. Found, %:
C19.19, 9.21. Calculated, %: C1 9.26. €Found, %: Cl1 26.11, 26.18. Calculated, %: C126.35.
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leads to the disappearance of this long-wave part of

the curve (Fig. 3, curve 3). The general form of the
curve of the UV spectrum of substance I in an alkaline
medium (Fig. 3, curve 4) remains the same as when
alkali is absent, but there is some (~10 nm) bathochro-
mic shift and an increase in the intensity of the long-
wave maximum. The curve of the UV spectrum of
substance AC-1 taken in an alkaline solution (Fig. 4,
curve 2) has roughly the same nature,

It is still impossible to state whether all MB are
‘similar to MB I in respect to their fine structure. It
can only be stated that the IR spectrum of substance II
in the 1300-1800 cm™! region is similar to that of sub-
stance I, while the spectrum of substance V (in oil and
dioxane) differs markedly; the band at ~1750 em™! is
absent and (in oil) bands are present at 1665, 1608,
and 1530 em™~!, We may note that in the initial 2-tri-
chloroacetylaminochromone the frequency of the amide
carbonyl (in oil) is fairly high (1742 ecm™). It may be
assumed that substance V exists in form B or C. When
their solutions are heated in the presence of a base
(sodium carbonate, amides), the MB can be converted
with various degrees of ease into 3, 3'-methylenebis-
(2-acylaminochromone)s which, as has been shown
with X and XI as examples, can be obtained more con-
veniently directly from the AC by reaction with formal-
dehyde in the presence of tertiary amines. These com-
pounds probably have a structure of the aminovinyl
ketone type, i.e., analogous to the initial AC, which
is confirmed by their IR and UV spectra. For compar-
ison, the UV and IR spectra of 2-piperidinocarbonyl-
aminochromone (AC-2) (see Experimental and Table
1) were recorded. The study of the influence of struc-
tural and external factors on the fine structure of MB "
and compounds of type X and XI is proceeding.

EXPERIMENTAL*

2-Acylamino~3-dialkylaminomethylchromones (I—
IX), Method A. To a solution of 2.33 g (0.01 mole) of
2-ethoxycarbonylaminochromone {1] in 15 ml of abso-
lute ethanol were added 1,02 g (0,012 mole) of piperi-
dine and 1.2 ml (0.012 mole) of a 32% aqueous solution
of formaldehyde, and the mixture was heated to the
boil and cooled. The precipitate was filtered off (1.75g),
the filtrate was evaporated, and the residue was washed
with acetone to give another 0.9 g of substance. The
total yield of 2-ethoxycarbonylamino-3-piperidino-
methylchromone (I) was 2,65 g. Compounds II-1V were
obtained similarly.

Method B. To a solution of 0.43 g (1.58 mM) of
2-piperidoncarbonylaminochromone {1] in 1 ml of water
and 0.27 g (3,16 mM) of piperidine were added 0.32ml
(3.4 mM) of a 32% solution of formaldehyde, 0.27 g of
piperidine, and 1 ml of water, and the reaction mix-
ture was rapidly filtered and left to stand, After ~30
min, aprecipitate of VIIdeposited, and it was separated
off and washed with water and ethanol; yield 0.54 g
(after 48 hr). Compounds VIII and IX wereobtained sim-
ilarly. Data on substances I-IX are given in Table 2.

*[with the participation of L. A. Zhmurenko].
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Hydrolysis of 2-acylamino~3~dialkylaminochro~
mones, a) A mixture of 1.25 g of substance I, 1.4 ml
of concentrated HCl, and 30 ml of water was boiled
for 5 hr. The precipitate that deposited was filtered
off, washed with water, and dried in vacuum over Py0;.
This yielded 0.55 g (87%) of (2-amino-3-chromonyl)-
(4~hydroxy-3-coumarinyl)methane (XIII), mp 270.5—
971.5° C (from ethanol). Found, %: C 68.14, 68.28;

H 3.92, 3.88; N 4.18, 3.96, Calculated for CyyH3NOs,
%: C 68.94; H 3.91; N 4.18. IR spectrum (in oil):

3330 (bound NH, and OH groups), 1690, 1670, and

1635 em™! (carbonyl groups and conjugated cyclic sys-
tems). UV spectrum (ethanol, ¢ 1. 1074=1-1073 M):
Amax 230, 280, and 300 nm (log & 4.38, 4.22, and 4.19).

b) A mixture of 1.83 g of the hydrochloride of I,

15 ml of concentrated HCl, and 20 ml of glacial acetic
acid was boiled for 18 hr, The precipitate was sepa-
rated off to give 0.4 g (47.5%) of 3, 3'-methylenebis-
(4-hydroxycoumarin), mp 278~280° C (reprecipitated
from alkaline solution). A mixture with an authentic
sample showed no depression of the melting point.
3-3'=Methylenebis(2-ethoxycarbonylaminochromone)
(X). A solution of 1,17 g (0.005 mole) of substance
AC-1 [1] in 5 ml of ethanol was treated with 0,6 ml
(0.006 mole) of 32% formaldehyde solution and 0.52 g
{0,005 mole) of triethylamine, and the mixture was
boiled for 1 hr 30 min and left overnight. The precip~
itate that had deposited was filtered off and treated
with 10% NaOH, and the alkaline solution was acidified
with 10% HCl. The precipitate that deposited was fil-
tered off and washed with water, ethanol, and ether to
give 0.37 g (31%) of substance X mp 190-191° C (from
ethanol), Found, %: C 63.02, 62.78; H 4.92, 4.81;
N 6.07, 6.26. Calculated for Cy;HyyN;0g, %: C 62.76;
H 4.84; N 5.86.

3, 3'-Methylenebis(2~piperidinocarbonylaminochro-
mone) (XI), A mixture of 1.36 g (0.005 mole) of 2-piper-
idinocarbonylaminochromone [1], 1.01 g (0,01 mole) of
triethylamine, and 0.6 ml (0.006 mole) of 32% formal-
dehyde was heated to the boil and cooled to ~20° C,
After 2 hr it was evaporated in vacuum almost to dry-
ness and the residue was treated with ether to give
1.22 g (88%) of substance XI, mp 242,5-243,5° C (from
absolute ethanol). Found, %: C 66.66, 66.51; H 5.89,
5.77; N 10,02, 10.22. Calculated for CyHyN,Oq, %:

C 66.86; H 5.80; N 10.07. IR spectrum (in oil): 3100
3300, 1690, 1615, 1555 em~t, UV spectrum (ethanol,

¢ 11071+ 107 M), A : 239, 295 nm (log & 4.79,
4.65), The IR spectrum of 2-piperidinocarbonylamino-
chromone taken (in oil) for comparison has the frequen~
cies: 1688, 1615, 1570, 1535 cm™!,
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