INTRAMOLECULAR C-H...O HYDROGEN BONDING
IN 2-(N-PYRIDINIA)INDANE-1,3-DIONE BETAINES
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The existence of an inframolecular C—H...O hydrogen bond between the a protons of the
pyridinium ring and the oxygen atoms of the phthaloyl part of the molecule in 2-(N-pyridinia)-
indane-1,3-dione betaines and their aza analogs was proved by their PMR spectra. This sort
of intramolecular hydrogen bond is absent in pyridinium betaines of cyclohexane~1,3-dione and
acetoacetic and malonic esters.

2 - (N-Pyridinia) indane-1,3-dione betaines (I) and their analogs (II, III) are generating interest as elec-
tron-donor components of charge-transfer complexes (CTC) [1-3]. An x-ray diffraction analysis [4] of the
monoclinic modification of crystals of 2- (N-pyridinia)indane-1,3-dione betaine (ia) unexpectedly showed that -
its molecule is almost coplanar (the dihedral angle between the planes of the phthaloyl and pyridinium rings does
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TABLE 1. Chemical Shifts of the Protons of Substituted N-Methyl-
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Com= 6. ppm
and X Solvent ,
po TERN TR s Y Remaining signals
Ia — CDCly 9,07 8,08 | 860 {451 (CHsN+): 3,53 (CHs0)
dg-DMSO | 9,02 814 | 862 4,44 (CHsN+); 3,44 (CH:0O)
1b |3-CH; CDCl; 897 (H-2); | 7,91 | 825 | 4,48 (CHaN+); 3,62 (CH:0);
9,01 (H-6) , 2,58 (CH,)
dg~DMSO | 8383 (H-2):| 7,97 | 838 {428 (CHsN+); 339 (CH:0);
8,77 (H-6) 2,47 (CHa)
Ic |4-CH, CDCl, 8,95 7,82 | — |444 (CH3N+); 3,63 (CH:0);
2,62 (CHa)
dg=-DMSO | 8,83 794 | — |4.27 (CHgN+); 3,39 (CH:0);
2,29 (CH,)
Id }3-NH, dg=DMSO | 7,99 7,57 | 7,57 | 4,15 (CH3N+); 3,40 (CHy0);
6,50 (NHy)
le |4-NH, CDCly 790 - 692 | — 391 (CH,N+); 365 (CH;0)
dg-DMSO | 8,12 6,83 | — |384 (CH;N+); 340 (CH;0)
If |4-CN CDCl, 9,42 842 | — 465 (CHy;N*); 367 (CHs0)
dg~DMSO | 9,31 871 | — |4,48 (CH;N+); 343 (CH30)
I'g |3-COOH | CDCl, 9,58 (H-2); | 8,24 | 898 {457 (CHsN+); 356 (CH,0)
9,31 (H-6)
d-DMSO |950 (H-2); | 822 | 895 {341 (CHs;N+); 837 (CH;0)
9,17 (H-6)
Ih {4-COOH | CDCl, 9,26 843 | — [459 (CHsN+); 362 (CH,;0)
dg=DMSO | 9,17 846 | — 14,49 (CHyN+); 3,40 (CH;0)
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TABLE 2. PMR Spectra of 2-(N-Pyridinia)indane-1,3-dione Betaines Ta~h and Some of Their Analogs (I1-V1)
and Additive Contributions (AH;) of the Anionic Part of the Molecule to Shielding of the Pyridinium Protons

=44 (betaine) —
8, ppm
6 ~methylpyridinium!
Compound Solvent i yTpyridinium)
H-2, HE l H-¥, H-5 I H-¢ Remaining protons H-2', H-6' ’ H%, H5 | Ha
Ia CDCl, 10,22 7.80 7,80 7,53 (CeHy) 1,15 -028 |—080
d;=DMSO | 9,84 8,10 8,10 7,48 (CgHy) 0,82 —0,04 |-0,52
b CDCl, 997 7,45—7,60 | 7,45—7,60 | 7,48 (CsHi); 2,50 (CHs) 1,0 (H-2 — _
1,06 (H- 6) :
dg~-DMSO | 9,60 7,96 796 745 (CeHy); 2,48 (CH,) 0,77 (H-2'); — -
: 0,83 (H-6")
Ic CDCl, 9,94 775 — 2,57 (CHs 0,99 -0,19 —
dg=DMSO | 9,57 7,82 — 7,46, 739 (csH.) 2,51 (CHj) 0,74 —0,12 —
d CDCl, 9,71 (H-2); 7,24 7,66, 7,58 (CeHy); 4,99 (NHyp) — — -
' 9,54 (H-6")
dg~DMSO | 9,10 (H-2); 7,68 7,33 7,50, 7,47 (CsHy); 6,50 (NHz) | 1,11 (H-2'); 011 |—024
8,92 (H-6") 0,93 (H-6)
Ie CDCl, 8,84 691 — 744 (CeHy) 0,94 —0,01 —
dg«DMSO | 848 6,84 7,36 (CsH.) 0,36 0,01 -
If CDCl, 10,68 7,86 — 7,70, 7,67 (CgHy) 1,26 —0,56 —
dg-DMSO  |10,13 8,35 — 7,53 (CgHs) 0,82 —0,36 ~
Ig CDCly 10,84 (H-2); 7,90 8,45 7,62, 7,54 (CsHy) 1,26 (H-2');] —0,34 |—053
10,43 (H-6") ' 1,06 (H-6")
de=DMSO 10,52 (H-29); 8,17 8,56 7,56 (CeHy) 1,02 (H-2');] -005 |—039
10,16 (H-6") 0,96 (H-6"
Ih CDCl; 10,43 8,52 — 7,63, 7,53 (CeHy) 1,17 0,09 —_
dg=DMSO  [10,11 8,34 — 7,53 (CsHy) 0,94 —0,12 —
0 CDCl; 10,23 8,10—7,80 | 8,10—7,80 | 872 (CsH:N, H-5) 1,16 — —
1 _ 8,10—7.80 (CsH3N, H-6, H-7)
z | +~/: \> dg-DMSO | 9,73 8,16 8,36 8,71, 7,87, 7,01 (CsHzN) 0,71 002 |-026
N —
N
0
1l
0 CDCly 10,22 7,86 805 | 889, 884, 7,52 (CsHaN) 1,15 -0,03 |—055
Z o7 '\ d;=DMSO | 9,73 8,18 8,40 892, 8,70, 7,52 (CsH3N) 0,71 0,04 |-044
Na. ‘ N__
0
in
0 CDCl, 8,62 7,72 8,18 2,39 (CHy); 1,11 (CHy) —0,45 ~036 |—0,42
G‘*;‘ 7\ d;~DMSO | 8,62 797 8,40 2,21 (CHy); 1,04 (CHy) —0,40 ~0,17 |-0,22
0
v
CDCly 8,49 7,75 8,16 4,13 (CH,0); 2,46 (CHj); 1,23| —058 ~0,33 1044
(CH;CHz)
d=DMSO 8,67 797 8,47 395 (CH,0); 2,24 (CHy); 1 -0,35 -0,17  |~0,15
(CH;CHy)
v
CDCla 8,55 7.80 8,11 3,74 (GCHs) —~0,52 —0,38 [~049
. °}©
CH, (¢]
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Fig. 1. PMR spectrum of 2-(4'~N-
cyanopyridinia)indane-1,3~-dione
2 betaine (If): a) tofal spectrum; b)
dovble~-resonance-irradiated pyri~
dinium 2~H protons.
,______L
5 S, ppm

not exceed 37}, while the a~hydrogen atoms (2'-H and 6'-H) of the pyridine ring are in direct proximity to the
oxygen atoms (the O...2'-H distance is 2.1, and the O...2'~C distance is 2.87 A [4]). One may evidently
speak of an unusual intramolecular hydrogen bond (IHB) between the 2'-H and 6'-H atoms and the oxygen
atom of the anionic system. We therefore studied the PMR spectra of 1, their analogs II and ITI, and deriva-
tives of cyclohexane-1,3-dione (IV), acetoacetic ester (V), and malonic ester (VI) ('Table 2). For comparison,
we recorded the PMR spectra of a number of N-methylpyridinium methylsulfates (VI1) (Table 1),

A congiderable paramagnetic shift of the signals is observed for the 2'-H and 6'-H protons of I-I1I as
compared with the corresponding N-methylpyridinium methylsulfate (AH; = 0.94-1.26 ppm in CDCl; and
0.36-0.94 ppm in dg-DMSO), but this is not the case for IV~VI. The signals of the other protons of the pyri-
dine ring, on the other hand, experience a certain shift to strong field. This sort of behavior of the 2!-H and
6'-H signals of I-III can be explained by the formation of O...2'-H and O...6'-H THB; this is due to the
sterically favorable orientation of the oxygen atoms of the five-membered indanedione grouping and the 2'-H
and 6'-H atoms of the pyridine ring. In the case of a six-membered ring (IV) the large valence angle of 120°
of the C!C’C?® bonds draws together the oxygen and 2'-H and 6'-H atoms so strongly that the forces of repul-
sion are operative, and the pyridine ring is turned away from the 0C!c?c30 plane, as a consequence of which
an IHB is not formed. I may be supposed that similar reasons are responsible for the pronounced noncoplan~
arity of the molecules of V and VI, in which an IHB is not observed.

Electron-acceptor substituents in I lead to an increase in the AH; values, whereas eleciron-donor sub-
stituents, on the other hand, lead to a decrease in these values; this is apparently expalined by a change in the
polarity of the C~2*-H bond and consequently to an increase (or decrease) in the energy of the IHB. A corre-
lation between the gy values of the substituents and the AH; values for the 2'-H and 6'-}1 atoms is observed
here:

AH:=0.260,+1.10 {r=0.95, s=0.04).

The observed weak~field shifts of the 2'-H and 6'-H protons of I-IIT are smaller in dg=-DMSO than in
CDCl; (Table 2); this may be associated with specific solvation leading to a decrease in the energy of the THB.

A long-range constant (*Fjy_c_c.g1'* = 3 Hz) of coupling with the 3'-H and 5'-H protons is observed for
If (Fig. 1). However, the electron-density distribution about the nitrogen atom in pyridinium salts [5] is
usually the reason for the strong guadrupole relaxation, as a consequence of which it is impossible to observe
the constants of spin~spin coupling of the ring protons with the nitrogen atom at room temperature,

EXPERIMENTAL

The PMR spectra of 1+107! mole/liter solutions of thécompounds were recorded with a Perkin—Ehner
R-12A specirometer (60 MHz) with tetramethylsilane as the internal standard.

LITERATURE CITED

1. V. E Kampar and O. Ya. Neiland, Izv Akad. Nauk Latv. SSR, Ser. Khim., No. 6, 727 (1975).

2. Q. Ya. Neiland, 1. K. Raiskuma, V. E. Kampar, S. V. Kalnin', A, A, Krauze, G. G Pukitis, A. 1. Plate,
and L. B. Andreeva, Summaries of Papers Presented at the 4th All~Union Conference on the Chemistry

of Dicarbonyl Compounds [in Russian], (1976), p. 105.

3. G. Q. Pukitis, 1. K. Raiskuma, and O, ¥a. Neiland, Summaries of Papers Presented at the 3rd All-Union
Conference on Charge~Transfer Complexes and Ion~Radical Layers [in Russian], Zinatne, Riga (1976),
p. 79,

4. V. G. Kaminskii, R. P. Shibaeva, and O. Ya. Neiland, Zh, Struk. Khim., 17, No. 5, 898 (1976).

5. M. Witanowski and G, A, Webb, Nitrogen NMR, Plenum, New York (1973}, p. 145.

315



