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S.E.0dinokov, A.A,Mashkovsky, A.K.Dzizenko and V.P.Glazunov

Pacific Institute of Bio-organic Chemistry, Far Bast Science
Center, Academy of Sciences of the USSR, Vladivostok-22,USSR
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According to the donor-acceptor model of hydrogen bon-
ding, the intermolecular bonds R-AH...BR1 and R-A’...H*BRq
are, in the main, of the same natureq. In this case, the char-

ge transfer at acid-base interaction

R-AH + BR, <—e R-AH...BR, = R-A"...H'BR, €))
I I1I
causes the existence of H-complexes 1 and 1I and the majority

of their properties. For one thing, this determines the sig-
nificant changes in the intensity (A) stretching vibration

J (4H) in the 1R-spectra and in the proton chemical shift (SH)
in the PMR spectra. In view of this, the study of changes in
the magnitudes of A and Sﬁ, when the acid-base properties of
the molecules interacting in the reaction (1) vary widely,
presents significant interest, This allows not only to eluci-

date more fully the reasons causing changes in the values A
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and éh, but to establish their bonds with the structure of
forming H-complexes and the enthalpy of their formation (-aH),

which for (1) changes from ~1 to 40 kcal/molez.
Recently, we reportedi’4 that the linear dependency

-AH = 1.1 AS+ 0.49 (2)

is observed between the magnitude A.S = Sh-S;—SL, where é; and
é; are the monomer chemical shift and contribution due to the

magnetic anisotropy of the molecule of base BR1, respectively,
and the enthalpy of the H-complex R-AH...BRq.

In this case, the said dependency exists for different
H-complexes up to the symmetric structure R-A...H...BRq. In
continuing to examine the characteristics J% and A in strong
H-complexes, we this time report on changes in these values
for EtBN H-complexes with acids of different strength, which
allow the formation of structures I and 1I in a wide range of
- al changes, from ~2 to 30 kcal/mole. Rather characteristic
specificities in the behavior of Sﬁ, A and 0 were observed.
Thus, in the H-complexes 11, their behavior is diametrically
opposite to that in H-complexes 1. The use of only EtiN as
a base in (1) provides for the same Sg contribution in the
Sh value observed.

PMR spectra were recorded on ZKR-60 and Bruker HX-90RE
instruments. Chemical shifts were counted from TMS in the S
scale. In order to avoid the influence of H2O on Sﬁ, all acids
and EtBN were thoroughly dried, and all subsequent operation

were performed in a dry box. IR-spectra were recorded on UR-20
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(Karl Zeiss, Jena) instrument with a logarithmic self-recor-
der. The IR-band frequencies were measured as the center of
gravity ( Qo) by numerical integration, and their intensities
as the summary intensity of all components observed in the

complex structure Q (4H), the appearance of the said compo~-

nents in the range 3000~-1000 cm—1 for complexes 1 and 11 with
-AH>6 kcal/mole having been caused by the Fermi resonance4’5.
The measurement results for the magnitudes é;, A and QO of
the H-complexes studied are shown in Table 1.

Barlier it was shown'’’ that acids N21-8 (see Table 1)
with EtBN form H-complexes (1:1) with structure I. As is ap-
parent from Table 1, the values Sh and A in those complexes
grow regularly, while the value Qo decreases with increased
values of -AH, Further increase in acid strength -(N29-14)
leads to formation of H-complexes II (1:1)5, this, in turn,
causing an opposite tendency in the changes of the above va-
lues. Fig.1 and 2 show the general trend of - AH-dependent
changes in the said parameters for the complete reaction (1).
Fig.1 shows that the straight line drawn through the points
corresponding to H-complexes I does not correspond to the
dotted line drawn in accord with (2). The discrepancy is
ostensibly due to the unaccounted anisotropy of the Et5N mno-
lecule, and, as is apparent from the figure, SL=+1.3 ppm. As

is apparent from the figures, the maximum values for a

1/2
&4pnax.

to H-complexes with structures close to the symmetrical
2

max.’
(points of intersections of lines) shall correspond

(R-A...H...BRq), and would equal ~14 ppm and ~5.5-10

lq/zmole'1/2cm'1, respectively. In this case (for the symmet-
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Table 1. Characteristics for H-complexes 1 and Il
of various A-H acids with EtsN.

N2  Acids A:OJ; 02 &1 -an ")
lemole™ 'ecm™  cm™ ppn kcal/mole
1. CHC1, - - 8.5810 4,010
2. t-BuOH 7.0 3290  3.00 5,211
3. C,H,NH 9.2 3100 10.64 5,910
4, p-FPhOH 15.5 2855  9.737°  8,9°
5. PuoH in OCl, 17.5 2600 10.45  9.1°
6. p-NO,PnOH in CH,Cl, 21.0 2280 12,24 9.71%
7. CH,COOH 25.0 41800 12.90  10.4

3
CgHCUOH in CH,Ol, 36.0 1480  15.25 13,013

9+ CH,ICOOH in CH,Cl, 24.5 1770 414.90  16.9"°(20.2)
10. CH,C1CO0H in CH,Cl, 23.0 1830 14.50  18.2'5(20,6)
11. CHOL,CO0H in CH,CN 16.0 2235 12.10 21.713(23.3)
12. GC1;C00H in CH,CN 4.0 2390  10.80 25.6%2(24.7)
13. CF,COOH in CHCN 12.0 2400 10.45  26.017(25.1)

3

14, HCLO, in CDCl5 6.0 2975 7.40 - (27.0)

*) - AH in parenthesis calculated as 2o(-AHsym) - (1.1 Aé\-i-
+ 0.49).

rical H-complexes), the value of -4 Hs for one H-bond would

ym.,

be ~16 kcal/mole., Similar values (é\ ~13~14 ppm) for sym-

max.

metrical H-complexes (Hal...H.. .Hal)'BuleI\I+

in CH2(312 were Ob-
tained earlier6. For the symmetrical H-complex (CFBCOO...H...

...OUCCFB)‘Bu2N+, Sh was observed at 418.3 ppm’, which also
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gives AJ\ ~ 14 ppm, We also studied carboxylic acids with

max.
(CH5)5NO in CH,C1l, solutions which, at excess (CHB)BNO’ form
symmetrical H-bonds (NO...H...ON)*RCOZ °. According to the
data in Table 2, the value of AA1/2 is close to those of
AA?néi.. Unfortunately, the JLH values obtained (Table 2) do
not allow to calculate the values of AJ\, since 5\0 for
(CHB)BNO+H is unknown, However, judging from the constancy of

élH in the H-complexes of all carboxylic acids, the value of

&o’ compared with Aé\max.’ shall probably not exceed ~3 ppnm.,
1t is noteworthy that, in comparing Aé\ and -~-aH, one should
be very careful in his approach to H-complexes which allow
the formation of symmetrical structures of the type (AHA)™
and (BHB)+. In this case, Aélwould not be subject to signi-
ficant changes (see Table 2), whereas the heat of admixture
would be redistributed between the H-bond and the ionic bond
in the forming ions. Indeed, for fluorosulphonic acid that
protonizes oxygen bases, slight changes for 8;1 (~12-15 ppm)
were observed, while - AH changes within the range of 14—
~30 l{cal/moles.

According to Alexandrov and b‘okolovg, the following ef-
fects chiefly influence the proton screening magnitude at
H-bond formation: 1) change in the polarity degree of bond
A-H (J\,]); 2) stretching of bond A-H (t;\a); 3) formation of
donor-acceptor bond H...B, leading to a shift in the center
of gravity of the cloud of the unpaired B-atom electrons to-
ward the H atom (é;). Moreover, the contribution in é\H of

1) and 2) is negative, and that of 3) is positive. The cha-
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Table 2. Characteristics of symmetrical
hydrogen bond (kezNO...H.. .QNWIe5)+.

N&  Anion Ae10™H v &
o} H
1. CH3CH,COC™ 32,0 15.08
2. CH,C1CU0™ 33,0 . 15,76
_ 1150%50
3. CHCL,CuO 33,0 15.35
4. CF4000~ 32,0 15,59

racter of dependency of A3 on -=AH for the H-complexes stu-
died allows to evaluate the inputs in gﬁ at different stages
of proton movement from A to B in (1). As we can see from
Fig.1 at proton movement to A...H...B l§;+35|>|52|; at further
proton movement to AT...H'B |3'|>|S;+3él. For the structure
A...H...B, IJ:+§;|-|S;| attains the maximum value of ~ 14 ppm.
The above results show that a theoretical study of the scree-
ning character of the H-atom nucleus in strong H-complexes
should essentially account the inputs in S; of all three of
the above-mentioned effects.

ACKNOUWLEDGMENT, The translation of the paper from the
Russian by Joseph C. Shapiro is hereby acknowledged.

REFERENCES

1. N,D.Sckolov. Uspekhi Fizich.Nauk, 57, 205 (1955).

2. E.M.Arnett, BE,J.Mitchell, T,S.S.R.Murty, J.Amer,.Chem.Soc.,
6, 3875 (1974},

3., S.BE.O0dinokov, A.A.Mashkovsky, A.K.Dzizenko. Doklady Akad.
Nauk S8SR, in press.

163



04:28 30 January 2011

Downl oaded At:

ODINOKOV ET AL.

10.
11.

12.

13.

A.A Mashkovsky. Avtoreferat kandidatskoi dissert., Vladi-
vostok, 1974.

V.P.Glazunov, A.A.Mashkovsky, S.E.Odinokov. Zh.,Prikl.
Spektr., in press.

F.Y.Fujiwara, J.S.Martin. J.Chem.Phys., 56, 4091 (1972).
J.H.Clark, J.Emsley. J.Chem.Soc.Dalton Tr., 1125 (1974).
E.M.Arnett, R.P.Quirk, J.M.Larsen, J.,4mer.Chem,Soc.,
92, 3977 (1970).
A,V.Alexandrov
224, 115 (1959).
F.L.Slejko, R.S.Drago. J.Amer.Chem,Soc., 95, 6935 (1973).
R.S.Drago, N.OU'Bryan, G.C.Vogel. J.Amer,Chem,Soc.,

2, 3924 (1970).

S5.V.Vinogradova, V.A,Vasnev, V,V,Korshak, P,V.Petrovsky,
T,1,Mitaishvili. Izvestiya Akad.Nauk SSSR (Ser. Khim,),
a1, 2479 (1970).

I.P.Goldshtein, T.1.Perepelkova, E.N,Guryanova, K.A.Ko-
cheshkov. Doklady Akad.Nauk SSSR, 207, 636 (19Y2).

N.,D.Sokolov. Doklady Akad.Nauk SsSSR,

Received February 7, 1975
Accepted February 25, 1975

164



