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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, IR, 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 
nueleophilie 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 Mannieh bases (MB)--2-acylamino-3-di- 
alkylaminomethylchromones (I-IX)--in the form of 
crystalline bases of hydrochlorides. 
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I R=OC2Hs, NR'2= piperidino Vll R=piperidino R'=CHa 
II R=OC2Hs, NR'2:morpholino Vll l  R=pipeddino 

NR'2 = piperidino 
I l l  R=OC2H~, R'=C2H5 iX R=piperidino 
IV R=OC2Hs, R'=n-CsH7 NR'~= morpholino 
V R=CCia, NR'2=piperidino X R=OC2H5 

Vl R=CCIs, NR'2=morpholino X[ R=piperidino 

T h e s e  s u b s t a n c e s  p o s s e s s  a mob i l e  hyd rogen  a t o m  
and a r e  so lub le  in a l k a l i e s  (but g ive  no c o l o r a t i o n  with 
s t a nn i c  c h l o r i d e ) .  On a c i d  h y d r o l y s i s  in a so lu t ion  of 
a c e t i c  and h y d r o c h l o r i c  a c i d s ,  s u b s t a n c e  I i s  c o n v e r t e d  
into 3 , 3 ' - m e t h y l e n e b i s ( 4 - h y d r o x y c o u m a r i n )  in a m a n -  
n e r  s i m i l a r  to the  3 - d i a l k y l a m i n o m e t h y l - 4 - h y d r o x y -  
c o u m a r i n s  [2]. By m o r e  c a r e f u l  h y d r o l y s i s  i t  was 
p o s s i b l e  to obta in  an i n t e r m e d i a t e - - ( 2 - a m i n o - 3 - e h r o -  
monyl)  ( 4 -hyd r  o x y - 3 - c o u m a r i n y l ) m e t h a n e  (XII). 

The f ine s t r u c t u r e  of the  MB is an i n t e r e s t i n g  q u e s -  
t ion .  In add i t ion  to the c h r o m o n e ,  i . e . ,  amino  ke tone ,  
f o r m  without  an i n t r a m o i e e u l a r  hydrogen  bond o r  with 
i t  ( fo rm A), t hey  m a y  have a f o r m  c o r r e s p o n d i n g  to a 
4 - h y d r o x y c o u m a r i n  with an i n t r a m o l e c u l a r  bond ( fo rm 

*For part XXVI, see [3]. 

B) or  without  it  and a b e t a i n e - l i k e  fo rm with a m e s o -  
m e r i c  anion of type  C with an u n s y m m e t r i c a l  cha rge  
d i s t r i b u t i o n .  

\CO~ 0 
A B C -5 

The IR spectrum of substance I (Fig. i, curve i) in 
chloroform solution has the vibrations of the carbonyl 
group of COOC2H ~ at 1753 cm -I and of a chromone 

carbonyl group with a frequency of 1626 cm -~, which 
corresponds to the vibrations of these groups in the 
initial amino-2-ethoxycarbonylchromone (AC- I): 1758 
and 1635 em -i, respectively [i]. 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 -I 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-I (Fig. 
2, curve 2). Unfortunately, a comparison of the NMR 
spectra of I and AC-I 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 exc luded .  

The UV s p e c t r a  of I in c h l o r o f o r m  and heptane a r e  
s i m i l a r  to the s p e c t r u m  of AC-1  in e thanol  (F ig .  4, 
cu rve  1; Tab le  1). Howeve r ,  the  UV s p e c t r a  of these  
compounds  in e thanol  d i f fe r  m a r k e d l y ;  for  I a b a t h -  
o c h r o m i c  shi f t  of the  l ong -wave  m a x i m u m  is found 
(F ig .  3, cu rve  1). This  shif t  m a y  be c a u s e d  by the 
p r e s e n c e  in e thano l i c  so lu t ion  of a f o rm  of type  B or  
C. In the s p e c t r u m  of the h y d r o c h l o r i d e  of the ba se  I 
(F ig .  3, cu rve  2), the  l ong -wave  a b s o r p t i o n  m a x i m u m  
is  a l r e a d y  l oc a t e d  in the  s a m e  reg ion  as  in the s p e c -  
t r u m  of subs t ance  A C - 1 .  The in f l ec t ion  on the cu rve  
of the s p e c t r u m  of the h y d r o c h l o r i d e  in the l ong -wave  
r e g i o n  (~330 nm) shows the p a r t i a l  d i s s o c i a t i o n  of the  
h y d r o c h l o r i d e  in e thano l i c  so lu t ion  to g ive  the  f r e e  
b a s e .  The add i t ion  of hydrogen  c h l o r i d e  to the so lu t ion  
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F ig .  1. IR spect ra  ( in CHC[3): 1) 2-ethoxycarbonylamino-3-piperidino- 
methy lchromone (I) (c 0.020 M,  d 0.4 ram); 2 ) 3 , 3 ' - m e t h y l e n e b i s ( 2  - 
e thoxycarbony laminochromone)  (X) (c 0.025 M, d 0.1 ram); 3) 3,3 t" 
methylenebis(2-piperidinocarbonylaminochromone (XI) (c 0.05 M, 

d 0.15 ram). 
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F i g .  2. NMR s p e c t r a  ( taken on a "Hi t ach i -  
H-60" i n s t r u m e n t  with a work ing  f r equency  
of 60 MHz in d e u t e r o c h l o r o f o r m  on the 6 -  
s c a l e  r e l a t i v e  to h e x a m e t h y l d i s i l o x a n e ) :  
1) 2 - e t h o x y c a r b o n y l a m i n o - 3 - p i p e  r i d i n o -  
m e t h y l c h r o m o n e  (I); 2) 2 - e t h o x y c a r b o n y l -  

a m i n o c h r o m o n e  (AC-1) 
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Fig. 3. UV spectra  of 2-ethoxycar-  
bonylamino-3 -piper  idinomethylchro- 
mone (1), c i .  10-~: 1) in ethanol; 
2) hydroehloride of I in ethanol; 
3) hydroehloride of I in 0.1 N ethanolic 

HCI; 4) I in 0.1 N ethanolic NaOH. 
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Fig. 4. UV spectra  of 2-ethoxycar-  
bonylaminoehromone (AC-I); 1) in 
ethanol (c i �9 10-~); 2) in 0.01-0.1 N 
ethanolic NaOH (c 1 �9 10,4-1 �9 I 0 - 3 ) .  
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T a b l e  1 

UV S p e c t r a  

Com- 
pounds Solvent (concentration) t.,~ ~, x. nm lff e 

I 

II 

AC-I 

AC-I 

AC-2 

Chloroform (2.10-4--I  .10 -3) 

Heptane (2. 10 -4) 

Chloroform (1 .10 -4) 

Ethanol + 1.5 mole of piperidine (1 . 10-3__1 . 10-4) 

Ethanol ( l .10  -4) 

237 
290 

231 
290 

273 
284--286 
(shoulder) 

231 
284 

228 
293 
336 

4.38 
4.18 

4.19 
4.23 

4.12 
4.00 

4.32 
4.10 

4.35 
4.26 
3.52 

T a b l e  2 

2 - A c y l a m i n o - 3 - d i a l k y l a m i n o m e t h y l c h r o m o n e s  ( I - IX)  

Com- I 
pound I 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

M p , ' C  
(solvent) 

112--112.5 
(ethanol) 

113--114 
(ether) 

I47--148 
(acetone) 

158--159 
(ethanol) 

190--191 
(pyridine) 

173--174 
(dioxane) 

121--123 
(decomp.) 

90--91 
(decomp.) 

115--116 
(decomp.) 

Empirical formula 

CjsH22N204 a 

CITH20N205 b 

C17H22N204" HC1 c 

C19H26N204 �9 HC1 d 

C17HITCI3N2Os e 

C16H]sCI3N204 

CIsH2sN308 �9 H20 

C21H2zN303 " 2H20 

C/0HesN~O4 �9 0.75 H20 

Found, % 

c l H l  r4 r [ 

8.75 65.46 
8.81 

8.70 61.44 
8.55 

8.11 57.51 
8.00 

7.51 59.6@ 

7.35_ 50.57 

47.~6 

2.54 62.24 
2.52 

0.61 62.19 
0.51 

0.98 62.41 
1.19 

65.71 
65.67 

61.73 
61.67 

57.59 
57.72 

59.61 
59.93 

50.73 
50.75 

47.18 
47.46 

62.41 
62.t5 

62.36 
62.57 

62.22 
62.46 

Calculated % Yield, 

H N -  % 

6.71 8.48 80 

6.07 8.43 I00 

6.52 7.90 71.8 

7.11 7.32 70 

4.24 - -  98 

3.73 93.5 

7.25 12.10 61 

7.71 10.36 84 

6.94 10.93 80.6 

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, %: CI 9.76, 9.75; N 7.71,7.61. Calculated for ClsH22N204'HCI, %: CI 9.66; 
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 ~ (decomp., from ethanol). Found, %: C1 9.38, 9.41; 
N 7.64, 7.89. Calculated for CI7H20N20 5.HCI, %: CI 9.61; N 7.60. CObtained by evaporating 
the reaction mixture in vacuum, dissolving the residue in ether, and adding an ethereal solution of 
HCI. Found, %: CI 9.99, 9.94. Calculated, %: CI 9.99. dObtained similarly to III. Found, %: 
CI 9.19, 9.21. Calculated, %: CI 9.26. eFound, %: CI 26.11, 26.18. Calculated, %: CI 26.35. 
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l e a d s  to  the d i s a p p e a r a n c e  of th i s  l ong-wave  p a r t  of 
the cu rve  (F ig .  3, cu rve  3). The g e n e r a l  f o r m  of the 
cu rve  of the UV s p e c t r u m  of subs t ance  I in an a lka l ine  
m e d i u m  (F ig .  3, cu rve  4) r e m a i n s  the  s a m e  as  when 
a l k a l i  i s  absen t ,  but  t h e r e  is  some  (~10 nm) b a t h o c h r o -  
m i c  sh i f t  and an i n c r e a s e  in the  in t ens i ty  of the l ong -  
wave m a x i m u m .  The curve  of the  UV s p e c t r u m  of 
subs t ance  AC-1 t aken  in an a lka l ine  so lu t ion  (F ig .  4, 
cu rve  2) has  roughly  the  s a m e  n a t u r e .  

It is  s t i l l  i m p o s s i b l e  to  s t a t e  whe the r  a l l  MB a r e  
s i m i l a r  to MB I in r e s p e c t  to t h e i r  f ine s t r u c t u r e .  It 
can only be  s t a t e d  tha t  the  IR s p e c t r u m  of subs t ance  II 
in the 1300-1800 cm - i  r eg ion  is s i m i l a r  to that  of s u b -  
s t ance  I, while  the  s p e c t r u m  of subs tance  V (in oi l  and 
dioxane)  d i f f e r s  m a r k e d l y ;  the band at  N1750 cm -1 is  
a b s e n t  and (in oil) bands  a r e  p r e s e n t  a t  1665, 1608, 
and 1530 c m  -1. We m a y  note tha t  in the  in i t i a l  2 - t r i -  
c h l o r o a c e t y l a m i n o c h r o m o n e  the f r e q u e n c y  of the  a m i d e  
c a r b o n y l  (in oil) is  f a i r l y  high (1742 cm-1) .  It m a y  be 
a s s u m e d  that  subs t ance  V e x i s t s  in f o r m  B o r  C. When 
t h e i r  so lu t ions  a r e  hea t ed  in the p r e s e n c e  of a ba se  
( sodium c a r b o n a t e ,  a m i d e s ) ,  the  MB can be  c o n v e r t e d  
with v a r i o u s  d e g r e e s  of e a s e  into 3, 3 ' - m e t h y l e n e b i s -  
( 2 - a c y l a m i n o c h r o m o n e ) s  which,  a s  has  been shown 
with X and XI as  e x a m p l e s ,  can be ob ta ined  m o r e  con-  
ven i en t l y  d i r e c t l y  f r o m  the AC by r e a c t i o n  with f o r m a l -  
dehyde  in the  p r e s e n c e  of t e r t i a r y  a m i n e s .  These  c o m -  
pounds p r o b a b l y  have a s t r u c t u r e  of the  aminov iny l  
ke tone  type ,  i . e . ,  ana logous  to the in i t i a l  AC, which 
is c o n f i r m e d  by t h e i r  IR and UV s p e c t r a .  F o r  c o m p a r -  
i son ,  the  UV and IR s p e c t r a  of 2 - p i p e r i d i n o c a r b o n y l -  
a m i n o c h r o m o n e  (AC-2) ( see  E x p e r i m e n t a l  and Table  
1) w e r e  r e c o r d e d .  The s tudy of the in f luence  of s t r u c -  
t u r a l  and e x t e r n a l  f a c t o r s  on the f ine s t r u c t u r e  of MB 
and compounds  of type X and XI i s  p r o c e e d i n g .  

E X P E R I M E N T A L *  

2-Acylamino-3-dialkylaminomethyl chromones (I- 
IX). Method A. To a solution of 2.33 g (0.01 mole) of 
2-ethoxyearbonylaminoehromone [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 (1.75 g), 
the filtrate was evaporated, and the residue was washed 
with ace tone  to give ano the r  0.9 g of s u b s t a n c e .  The 
to ta l  y i e l d  of 2 - e t h o x y c a r b o n y l a m i n o - 3 - p i p e r i d i n o -  
m e t h y l c h r o m o n e  (I) was  2.65 g. Compounds  I I - I V  w e r e  
ob ta ined  s i m i l a r l y .  

Method  B.  To a so lu t ion  of 0.43 g (1.58 raM) of 
2 - p i p e r i d o n c a r b o n y l a m i n o c h r o m o n e  [1] in 1 m l  of w a t e r  
and 0.27 g (3.16 raM) of p i p e r i d i n e  w e r e  added  0 . 3 2 m l  
(3.4 mM) of a 32% so lu t ion  of f o r m a l d e h y d e ,  0.27 g of 
p i p e r i d i n e ,  and I m l  of w a t e r ,  and the r e a c t i o n  m i x -  
t u r e  was  r a p i d l y  f i l t e r e d  and le f t  to  s t and .  A f t e r  ~30  
min ,  a p r e c i p i t a t e  of VII d e p o s i t e d ,  and i t  was  s e p a r a t e d  
off and w a s h e d  wi th  w a t e r  and e thanol ;  y i e ld  0.54 g 
(a f t e r  48 h r ) .  Compounds  VIII and IX w e r e  ob ta ined  s i m -  
i l a r l y .  Da ta  on s u b s t a n c e s  I - I X  a r e  g iven  in Tab le  2. 

*[with the p a r t i c i p a t i o n  of L.  A. Z h m u r e n k o ] .  

Hydrolysis of 2-acylamino-3-dialkylaminochro- 
rnones, a) A m i x t u r e  of 1.25 g of subs t ance  I, 1,4 ml  
of c o n c e n t r a t e d  HCI, and 30 ml  of w a t e r  was b o i l e d  
fo r  5 h r .  The p r e c i p i t a t e  tha t  d e p o s i t e d  was f i l t e r e d  
off, washed  with w a t e r ,  and d r i e d  in vacuum over  P205. 
This  y i e lded  0.55 g (87%) of ( 2 - a m i n o - 3 - e h r o m o n y l ) -  
( 4 - h y d r o x y - 3 - c o u m a r i n y l ) m e t h a n e  (XIII), mp  270 .5 -  
271.5 ~ C ( f rom ethanol) .  Found,  %: C 68.14, 68,28; 
H 3.92, 3.88; N 4.18, 3.96. Ca lcu la t ed  fo r  CI~H13NO~, 
%: C 68.94; H 3.91; N 4.18. IR s p e c t r u m  (in oil):  
3330 (bound NH 2 and OH groups ) ,  1690, 1670, and 
1635 c m  - I  (carbony[  g roups  and conjuga ted  cyc l i c  s y s -  
t e m s ) .  UV s p e c t r u m  (ethanol,  c 1 �9 10-4-1  �9 10 -~ M): 
Xma x 230, 280, and 300 n m ( l o g  e 4.38, 4.22, and 4.19). 

b) A m i x t u r e  of 1.83 g of the h y d r o c h l o r i d e  of I,  
15 m l  of c o n c e n t r a t e d  HC1, and 20 m l  of g l a c i a l  a c e t i c  
a c id  was bo i l ed  for  18 h r .  The p r e c i p i t a t e  was s e p a -  
r a t e d  off to give  0.4 g (47.5%) of 3 , 3 ' - m e t h y l e n e b i s -  
( 4 - h y d r o x y c o u m a r i n ) ,  mp  278-280  ~ C ( r e p r e c i p i t a t e d  
f rom a lka l ine  so lu t ion) .  A m i x t u r e  with an authent ic  
s a m p l e  showed no d e p r e s s i o n  of the  me l t i ng  point .  

3 - 3 ' - M e t h y l e n e b t s ( 2 - e t h o x y c a r b o n y l a m t n o c h r o m o n e )  
(X). A solution of 1.17 g (0.005 mole) of substance 
AC-1 [i] in 5 ml of ethanol was treated with 0.6 mi 
(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 rain 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% HCI. 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 C25H22N2Os, %: C 62.76; 
H 4.64; N 5.86. 

3 , 3 ' - M e t h y l e n e b i s ( 2 - p i p e r t d i n o c a r b o n y l a r n t n o c h r o -  
rnone) (XI), A m i x t u r e  of 1.36 g (0.005 mole)  of 2 - p i p e r -  
i d i n o c a r b o n y l a m i n o c h r o m o n e  [1], 1.01 g (0.01 mole)  of 
t r i e t h y l a m i n e ,  and 0.6 m l  (0.006 mole)  of 32% f o r m a l -  
dehyde was hea ted  to the  bo i l  and coo led  to ~20 ~ C, 
A f t e r  2 h r  i t  was  e v a p o r a t e d  in vacuum a l m o s t  to d r y -  
n e s s  and the  r e s i d u e  was  t r e a t e d  with e t h e r  to give 
1.22 g (88%) of subs t ance  XI, mp  242 .5-243 .5  ~ C ( f rom 
abso lu t e  e thanol ) .  Found ,  %: C 66.66, 66.51; H 5.89, 
5.77; N 10.02, 10.22. C a l c u l a t e d  fo r  C31H32N40 ~, %: 
C 66.86; H 5.80; N 10.07. IR s p e c t r u m  (in oil):  3 1 0 0 -  
3300, 1690, 1615, 1555 em -~. UV s p e c t r u m  (ethanol ,  
c 1 �9 10-4--1 . i0 -~ M), kmax: 239, 295 nm (log e 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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