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The d e t e r m i n a t i o n  of the  i on i za t i on  c o n s t a n t s  and UV, IR,  and PMR s p e c t r o s c o p y  e s t a b l i s h e d  
tha t  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  can,  depending  on the c h a r a c t e r  of the 
a c y l  g roup ,  the  a g g r e g a t e  s t a t e ,  and  the n a t u r e  of the s o l v e n t s ,  e x i s t  in the  c h r o m o n e  f o r m  
wi th  an  i n t r a m o l e c u t a r  h y d r o g e n  bond o r  a s  a z w i t t e r i o n .  

The p o s s i b i l i t y  of the e x i s t e n c e  of Mannich  b a s e s  - 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  - 
a s  t a u t o m e r i c  f o r m s  A, B, and C was  d i s c u s s e d  in [1], but  t h i s  p r o b l e m  was  not  s o l v e d  de f i n i t i ve ly .  
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In th i s  p a p e r ,  we have m a d e  a m o r e  d e t a i l e d  i n v e s t i g a t i o n  of th i s  s o r t  of compound,  p a r t i c u l a r l y  in the 
c a s e  of  2 - c a r b e t h o x y a m i n o -  and 2 - t r i c h t o r o a c e t a m i d 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 s  (I and  II) by d e t e r m i n -  
in ing  t h e i r  i o n i z a t i o n  c o n s t a n t s  and by  m e a n s  of UV, IR,  and PMR s p e c t r o s c o p y .  (The s p e c t r a l  da ta  w e r e  
p a r t i a l l y  p r e s e n t e d  in a p r e v i o u s  c o m m u n i c a t i o n  [1].) We i m m e d i a t e l y  note  that  no s p e c i a l  d i f f i cu l t i e s  w e r e  
e n c o u n t e r e d  in s e t t i ng  up the l ine  of d e m a r c a t i o n  b e t w e e n  f o r m  A, on the one hand, and f o r m s  B and C on 
the o t h e r  [1]. I t  was  c o n s i d e r a b l y  m o r e  c o m p l e x  to a s s i g n  the  a c t u a l l y  e x i s t i n g  s e c o n d  f o r m  to f o r m  B o r  
C. N e v e r t h e l e s s ,  th is  could  be  done c o m p a r a t i v e l y  s i m p l y  fo r  Mannich  b a s e  II u s ing  i on i z a t i on  c o n s t a n t s .  
Two v a l u e s  -- pK~t 2.80 (addi t ion of a p ro ton)  and pK2a 10.65 (de tachmen t  of a proton)  - w e r e  ob ta ined  in a 
d e t e r m i n a t i o n  of the  i o n i z a t i o n  c o n s t a n t s  of II .  A m o d e l  c o m p o u n d -  2 - t r i c h l o r o a c e t a m i d o c h r o m o n e  (III) - 
which i s  a s i ng ly  c h a r g e d  ana log  of II with one a c i d  g roup ing ,  has  pK a 5.45. Th i s  va lue  i s  much  c l o s e r  in 
m a g n i t u d e  to the  va lue  of the  f i r s t  c o n s t a n t  of II than  to  the  va lue  of the second .  This  p r o v i d e s  a b a s i s  [2] 
fo r  a s s i g n i n g  pKla 2.8 to  the  d i s s o c i a t i o n  of the a c i d  g r o u p  and PK2a 10.65 to d i s s o c i a t i o n  of  the b a s i c  g roup  
and to a s s i g n  a z w i t t e r i o n  s t r u c t u r e  ( fo rm C) to compound  II i t s e l f .  An e x a m i n a t i o n  of the  IR  and UV s p e c t r a  
of  II  c o n f i r m s  th i s  c o n c l u s i o n .  In the  IR  s p e c t r a  of  II  (in m i n e r a l  oi l  [1] and in d ioxane  and a l coho l  so lu t ions ) ,  
the m a x i m u m  h i g h - f r e q u e n c y  band  in the  r e g i o n  of the  s t r e t c h i n g  v i b r a t i o n s  of the  double  bonds  is  found, 
r e s p e c t i v e l y ,  a t  1665, 1635, and 1648 c m  -1. However ,  in the  IR s p e c t r a  of I I I  (in m i n e r a l  oi l  and in a l coho l  
so lu t ion) ,  the  v i b r a t i o n s  of  the c a r b o n y l  g r o u p  of the acy l  g r o u p  a r e  c h a r a c t e r i z e d  by f r e q u e n c i e s  of 1743 
and 1742 c m  -1, r e s p e c t i v e l y .  T h e r e  i s  a l o n g - w a v e  m a x i m u m  at  328-330 nm in the  UV s p e c t r u m  of II (in 
a lcoho l ) ,  whi le  2 - a c y l a m i n o c h r o m o u e s  wi thout  s u b s t i t u e n t s  in the  3 pos i t i on ,  which  e x i s t  in  the  c h r o m o n e  
f o r m  [3], have a m a x i m u m  at 290-300 rim. 

On the o t h e r  hand,  in the c a s e  of I, one cannot  wi th  su f f i c i en t  conf idence  e s t a b l i s h  w h e t h e r  I e x i s t s  in 
the  B o r  C f o r m  u n d e r  the  g iven  cond i t ions  f r o m  only a d e t e r m i n a t i o n  of the i o n i z a t i o n  c o n s t a n t s  (PKla 5.49, 
pK2a 11.45). The m e a s u r e m e n t  of the  i o n i z a t i o n  c o n s t a n t s  (pK a 9.53) of a m o d e l  c o m p o u n d -  2 - c a r b e t h o x y -  
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Fig. 1. IR spect ra :  1) 
2 -carbe thoxyamino-3-  
p iper id inomethylchrom- 
one (i) in C2H5OD+D20 
(1: 1); 2) 2-carbethoxy-  
amino-  3-piperidinomethyl-  
chromone {I) in C2H5OD+ 
D20 (1 : 1) + 1 one mole of 
NaOH; 3) 2-carbethoxy-  
amino-  3-piperi  dinomethyl- 
chromone (i) in C2H5OD; 4) 
2 -carbe thoxyaminochrom-  
one (IV) in C2HsOD+D20 
(1 : 1) + 1 mole of NaOH. 

aminochromone (IV) - is of little help in this respect .*  The necessa ry  
information for the establishment of the s t ruc ture  of I is provided by a 
study of the UV, IR, and PMR spect ra  of I and several  related compounds. 
Thus, judging f rom the UV, IR, and PMR spectra,  I in the crystal l ine 
state and in chloroform, heptane [1], or dioxane solutions has chrom-  
one form A with an in t ramolecular  hydrogen bond (model compound IV 
was used for comparison) .  In addition to the ea r l i e r  data [1] we point 
out the following: in the IR spec t rum of IV (in chloroform),  the bands of 
two carbonyl groups at 1760 and 1635 cm -1 were identified (in the case of 
the s imi lar ly  constructed 2-carbobenzoxyaminochromone [4]) by means 
of O ~8 labeling, while the position (6 7.47 ppm) of the signal of the proton 
of the NH group in the PMR spect rum (in CDC13) is determined by deu- 
terat ion (by the action of CD3OD). The signal of the amide proton in the 
PMR spect rum of I (in CDC13) is found at weaker field (10.3 ppm [1]), 
which is explained by the participation of the NH group in the formation 
of an in t ramolecular  hydrogen bond. The addition of alkali to an alcohol 
solution of I has a substantial effect on the charac te r  of the curve of the 
UV spectrum, which has about the same shape as the curve of the spec-  
t rum of IV recorded  in alkaline solutions [1]. Acidification of an alcohol 
solution of I with hydrochloric  acid causes a hypsochromic shift of the 
long-wave absorption maximum f rom 336 nm to ~290 nm, i.e., to that 
value to which the absorption of I in a slightly polar  solvent or  of IV in 
alcohol corresponds  [1]. In this connection, it is pertinent to mention 
that the IR and UV spect ra  of I in slightly polar  solvents are  s imi lar  to 
the spec t ra  of the cyclic Mannich base - 1 -carbe thoxy-3-benzyl -5-oxo-  
1 ,2 ,3 ,4- te t rahydro-  5H-chromeno[2,3-d]pyrimidine (V) - which is a fixed 
model . t  The IR spec t rum (in CHC13) of V contains bands at 1730, 1625, 
and 1573 cm -1, while the UV spect rum (in alcohol) is charac te r ized  by 
~'max 298-300 nm (log e 4.19). 

We also compared the IR spect ra  of a solution of I in a mixture of C2HsOD and D20 (1 : 1 by volume) 
without alkali and when 1 mole of NaOH was present .  In both cases,  absorption of the urethane carbonyl 
group at ~1750 cm -1 is absent, and the maximum high-frequency (nonuniform) band in the region of an NaC1 
p r i sm is situated at ~1600 cm -1 (Fig. 1, curves  1 and 2). A band with two peaks at 1735 and 1756 cm -~ of 
comparat ively  low intensity (Fig. 1, curve 3) appears  in the spec t ra  of solution in anhydrous deuteroalcohol 
or 95% alcohol (c 0.02 M), which at tests  to the presence  of an appreciable amount of the A form in these so- 
lutions. The splitting of this band is probably caused by the presence  of rotational i somers  (with respect  
to the NHCOOC2H 5 grouping). An unsymmetr ic ,  comparat ively broad band of high intensity is observed in 
the spectra  of mineral  oil suspensions or  chloroform solutions of I. The IR spec t rum of an alcohol solu- 
tion of model compounds IV has an unsymmet r ic  intense band at 1750 cm -1, which vanishes completely (Fig. 
1, curve 4) when l mole of NaOH is added (a 1 : 1 solution in C2H5OD+D20 was used in the lat ter  case). An 
appreciable decrease  in the intensity of the band at 1745 cm -1 is observed in the IR spect rum of a solution 
of I in dimethyl sulfoxide (DMSO), and, as in the spec t rum of the alcohol solution, the band at 1575 cm -1, 
which is charac te r i s t i c  for  the spec t ra  of a minera l  oil suspension or  a chloroform solution of I and is ab- 
sent in the spect ra  obtained for aqueous alcohol solutions, does not completely vanish. 

In contras t  to the spec t rum of a solution of I in CDC13, the PMR spect rum of a DMSO solution of I 
does not display a signal for  the acidic proton. This is undoubtedly due to proton exchange, despite the fact 
that proton exchange in solvents such as DMSO is usually more  complicated than in chloroform.  

All of the facts enumerated above compel us to conclude that I exists in the A or  B forms as an 
equil ibrium mixture,  depending on the aggregate state of the substance and the nature of the solvent. The 

*We were unable to synthesize model compounds of the 2- (N-alkyl -N-acyl )amino-3-dia lkylaminomethyl -  
chromone type and a betaine-like salt  with a quaternary nitrogen atom in the 3 posit ion. 
tThe ionization constant (pK3 5.51) of V cannot be used for direct  comparison with the pK a of a Mannich 
base of the I type because of the considerable e lec t ron-accep tor  action of the urethane grouping on the pr in-  
ciple nitrogen atom through the methylene link. 

1354 



selection between the B and C forms  in strongly polar  media in favor of zwitterion C is also facilitated by 
a compar i son  of the ionization constants of I and II: if PKa= 10.65 for an amino group in the 3 pos i t ion  of 
II, it is hardly likely that a piperidine residue in I will have a lower basicity;  in fact, pK a = 5.49. 

A compar ison of the PMR spect ra  of Mannich base I, recorded in various solvents, is of definite in ter-  
est .  Thus, while the signals of the C - C H  3 protons of the ethyl group in the PMR spect rum of I in CDC13 
and CD3OD have about the same shifts (1.31 and 1.29 ppm, respectively,  everywhere),  6 CH20 amounts to 
4.30 and 4.20 ppm. On the other hand, the signals of the protons of a substituent in the 3 position have 
shifts at s t ronger  field in CDC13 than in CD3OD: 1.5 and 1.6 ppm (approximately determined from the center  
of the broaded but ra ther  symmet r i ca l  overall  signal of these six protons) for  fl ,fl ',7-(CH2)3 groups of the 
piperidine ring, 3.69 and 3.95 ppm for  C (3)-CH2 N, and 2.5 and 2.9 ppm (approximately determined f rom the 
center  of the upper point of the broadened signal o f  four protons) for  ~,a ' - (CH2) 2 groups.  To this it must  
be added that all of the indicated shifts have the same value in the PMR spect rum of solutions of I in ds- 
DMSO as for a solution in CD3OD. The shift in the signals to weak field for a solution of I in CD3OD there-  
fore should not be explained by the formation of in termolecular  hydrogen bonds between the principal n i t ro-  
gen atom and CD3OD or by the water  present  inthe DMSO (judging f rom the intensity of the signal at 4.8 ppm, 
the water  concentrat ion is no more  than 2 moles per  mole of substance). When t r i f luoroacet ic  acids is added 
to a solution of I in CD3OD , the signals in the PMR spect rum are shifted to weaker  field: CH 3 1.29, CH20 
4~ fi,fl ',T-(CH2) 3 1.7, C (3)-CH2N 4.15, and a,a , -(CH2) 2 3.2 ppm. The addition of a large excess of t r i -  
fltloroacetic acid causes a fur ther  shift in the indicated signals in the same direction, for example, 4.27 
ppm for  C(@--CH2N. Dilution of a solutiOn of I in CD3OD with an equal volume of D20 also promotes  a shift 
in the indicated signals to weaker  field, for example, 4.2 ppm for C(3)-CH2N. In this connection, it is im-  
portant  to point out that the shifts of the O - C H  2 group in CDC13 and CD3OD are pract ical ly  identical for  
model compound IV. The PMR spectra l  data presented are  in bet ter  agreement  with the concept that, in 
CD3OD (or CH3OH ) and DMSO solutions, I is p r imar i ly  in the zwitterion form.  Since II exists  only in the 
zwitterion form,  a labile proton is not displayed in the PMR spect rum (in DMSO) (up to 16 ppm). 

Like II, 2-d ichloroacetamido-3-piper id inomethylchromone (VI) and 2 - t r i eh lo roace tamido-3- (N ' -  
methylpiperazinomethyl)ehromone (VII) have the zwitterion form in the crystal l ine state. The maximum 
high-frequency band in the region of the s tretching vibrations of double bonds is found at 1620 and 1682 cm -1 
in the IR spec t ra  of VI and VII (in minera l  oil), respectively,  while the acyl group carbonyl is cha rac t e r -  
ized by bands at 1742 and 1743 cm -1, respectively,  in the s tar t ing 2-dichloroacetamidochromone (VIII) and 
2- t r icb loroace tamidoehromone (III). 

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

The UV spect ra  were recorded  with an SF-4 speet rophotometer  in quartz cuvettes.  The IR spectra  
were recorded  with a UR-10 spectrophotometer .  The PMR spect ra  were obtained with a spec t rometer  with 
an operating frequency of 60 MHz with hexamethyldisiloxane as the standard. The ionization constants were 
determined potentiometrical ly in 7070 (by volume) ethanol. The t i trat ion with 0.001 M solutions was ca r r i ed  
out at 25 ~ with an LPU-01 pH meter .  

2-Carbethoxyaminochromone (IV) [3]. IR spec t rum (in dioxane, c 0.2 M), cm- l :  1753, 1630, 1575. 

2-Tr ich loroaee tamidochromone (HI) [3]. IR spectrum, cm-l :  1743, 1625, 1540 (in mineral  oil); 1738, 
1633, 1624 (in C2H5OD ). 

2-Carbethoxyamino-3-piper id inomethylchromone {I) [1]. IR spec t rum (in dioxane, c 0.2 M), cm-l :  
1753, 1630, 1575. 

2-Tr ichloroacetamido-3-piper id inomethylchromone (II) [1]. IR spectrum, cm- l :  1648, 1605, 1538 
(in alcohol, c 0.1 M); 1635, 1612 (in dioxane, c 0.01 M). UV spect rum (in alcohol, c 1" 10-4-10 -3 M), kma x, 
nm (log r 242 (4.00), 328-330 (4.01). 

2-Dichloroacetamidochromone (VIII). This compound was obtained via the method in [3] and had mp 
249-250 ~ (dec., f rom dimethylformamide and then f rom alcohol). IR spect rum (in minera l  oil), cm-l :  1742, 
1635, 1604, 1576, 1542. Found: C 48.7; H 2.5; C1 26.0; N 5.370. CIiHTC12NO 3. Calculated: C 48.6; H 2.6; 
C1 26.1; N 5.2%. 

2-Dichloroacetamido-3-piper id inomethylchromone (VI). This compound was obtained via the method 
in [1] and had mp 142-144 ~ (dec., f rom alcohol). IR spec t rum (in mineral  oil), cm- l :  1620, 1588, 1532. 
Found: C 55.3; H 5.1; N 7.5; C1 19.070. CiTHlsC12N203. Calculated: C 55.3; H 4.9; N 7.6; C1 19.2%. 
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2-Trichloroacetamido~3-(N'-methylpiperazinomethyl)chromone (VII). This compound was similarly 
obtained and had mp 178-179 ~ (dec., from alcohol). IR spectrum (in mineral oil), cm-t: 1662, 1603, 1528. 
Found: C 49.2; H 4.5; N 9.9; C1 25.5%. CtTH18C13N303. Calculated: C 48.8; H 4.3; N 10.0; C1 25.4~. 
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