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According to the analysis of NMR kinetic data, the proton transfer from the CH-acid
2-nitrohexafluoropropane to trioctylamine occurs in a hydrogen-bonded complex. The
value of the kH/kD ratio (Ct 6) and the linearity of the Ink vs. T* dependence indicate a
classical mechanism of the process.

Hccnenopana KUHETHKA IepeXofa NpOTOHA OT 2-HHMTporeKcadTopIpolaHa K aMAHaM.
JoxasaHo OXHOBPEMEHHOE HPHCYTCTBHE MOJEKYISipHOH ¥ HOHHOR $ODM B CHCTEME.
AHaJIN3 KAHETHYECKHUX JaHHLIX OKAa34J1, YT0 HepeXoll OCYLIECTBIIIETCS BHYTPH Mome-
KYJSApHOro KOMIUIEKCa. Bemiuuaa KUHeTHYeCKOro uaoronHoro abdexra ky/kp + 6
TOBOPMT B IIOIE3Y KAACCHYECKOTO MEXaHM3IMa Hiepexoa IIPoToHa.

As a rule, the rate of proton transfer from CH-acids to bases is much lower than
in the case of common OH-acids. It is assumed /1] that proton transfer always oc-
curs through the intermediate formation of a hydrogen-bonded complex. In the case
of OH-acids the intermediate complex can be identified spectroscopically [2/. CH-
acids are known as extremely weak proton donors in hydrogen bonding, therefore,
complex formation in the proton transfer reaction is not evident. As is shown in
Refs. 3, 4/, proton transfer from 1,1-dinitroethane (DNE) to amines occurs in a
complex with a very wesk CH ... N hydrogen bond. We have studied the kinetics
of proton transfer from a CH-acid with an- acidity close to that of DNE, but with
an enhanced ability to form a much stronger hydrogen bond. The pK, values of
DNE and 2-nitrohexafluoropropane (CF;), CHNO, (NHFP) are equal fo 5.2 and
5.0, respectively, whereas their hydrogen bond energies with (CD3),S0 in CCl, are
2.2 and 4.9 kcal/mol |3/, respectively. The *"H-NMR and '°F-NMR spectra of solu-
tions containing NHFP and trioctylamine (TOA) in CDCl; in the temperature range
from —60 to +60°C were recorded on a TESLA instrument (80 MHz). HMDS and
CF;COOH solutions were used as external standards.
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Fig. 1. *"H-NMR and ! ? F-NMR spectra of a solution containing 0.05 molfl NHFP and 0.03 molfl
TOA in CDCl,

Spectra of the solutions, containing 0.05 mol/i NHFP and 0.03 mol/l TOA, are
illustrated in Fig. 1. The *H spectrum exhibits a shift of the CH group septet to-

wards lower fields as compared with the free NHFP signal, whose value depends on
the reactant concentrations and the temperature (0.3—0.9 ppm). The spectrum also
exhibits a wide singlet belonging to the NH* proton of the ion pair [(CF;),CNO, |~

H [NOct3]*. In the '°F spectrum, besides a § = 9.66 doublet of the molecular
forms, a & = 18.78 singlet is observed, belonging to the CF; group of the ion pair
and coinciding with the signal of the tetrabutylammonium salt of NHFP. With in-

creasing temperature, the signal intensity of the ion pair decreases, whereas that -of
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the molecular forms increases. Simultaneously, the signals broaden and the coales-
cence of the CF; doublet and singlet are observed in the temperature range from
+10° to 20°C, depénding on the concentration. The shape of the signals is deter-
mined by the rate of proton transfer from NHFP to the amine. Thus, in the solu-
tion the free molecules of acid and base and the hydrogen-bonded complexes and
the ion pairs are in equilibrium. Strictly speaking, the presence of molecular com-
plexes cannot be regarded as proof of the proton transfer occurring through their
formation: Its mechanism can be clarified only on the basis of the kinetics. For a
two-step reaction:

_[AH...B] _ P .
[AH] [B] (1-P)[[B], —[AH], (P +R)/(1 +P)]

K,

[A...HB'] P
K2=————————=—-—
[AH...B] R

p__ [AH...B] 55,
[AH], —[A"...HB*] 5_-s,

where P is the concentration ratio of the complex and the total molecular forms,
determined from the chemical shifts of the CH-proton multiplet; R is the concen-
tration ratio of the ion pair and the molecular forms determined from the full line
shape analysis of the CF; signals together with the lifetimes of the mulecular forms
7, and the ion pair 7, Monomolecular rate constants of proton transfer inside the
complex are: k=77 p; k; =7,~ yp*. The lifetimes of the equilibrium states are
proportional to their relative concentrations, therefore, 7,y 5 = 7,,P. The independ-
ence of k= 'r"mP'l of the concentration may be considered as a criterion for the
validity of the mechanism suggested.

Quantitative characteristics of the process were obtained at temperatures from
—60 to —10 °C. According to Ref. /3/, the values K, and §_ at the above temper-
atures were varied by the computer till best coincidence between the experimental
and the theoretical dependences of 6 on [AH], and [B], was obtained. Afterwards
we determined the values of P and K, depending on the temperature and then the
values of AH; and AH, of processes I and II (6.1 £ 0.6 and 12.4 + 0.8 kcal/mol,
respectively and for DNE 3.0 and 12.0 kcal/mol). Lifetimes of the molecular forms
at several concentrations (—30 °C), chemical shifts of the CH-proton at the same
concentrations and the T'LIP"‘ values are listed in Table 1. It can be seen that des-
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Table 1

Lifetimes of the molecular forms and monomolecular rate constants of proton transfer
in the (CF,), CHNO, -TOA. complex in CDCl; (~30°C)

[AH], (mol/D) [B], (mol/h) Tm (560) 58, (ppm) k (sec™!)
0.2 0.05 0.0082 = 0.0005 0.07 (54 :05)-10°
0.1 0.04 0.0031 = 0.0005 0.20 (5.5+0.5)-10°
0.05 0.04 0.0012 + 0.0003 0.45 (5.9 £ 0.5)-10°
0.03 0.04 0.0007 = 0.0001 0.77 (6.1 £0.5)+10°

(8, =5.46 ppm, 5. = 8.7 ppm)

Table 2

Kinetic characteristics of proton and deuteron transfer in molecular complexes

E

: 283 -1 283 -1 (H)

Acid k(H) (sec™) k(D) (sec™) (kcai/mol) Emp) BAMm) | sAmD)
(CF,), CHNO, 21+0.5)-10* [(3.6+03)-10%} 4705 5505 7.9 7.7
CH,CHINO,), 8.2+0.8 27+04 79+06 |84+06 i 7.0 6.8

Y

i 5 1
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40 42
™ %107 (k)

44

Fig. 2. In k as a function of T™*
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pite the strong dependence of the observed rate on the concentrations, the mono-
molecular rate constant of proton transfer within the complex is practically un-
changed. This indicates that hydrogen bond formation is an intermediate step of
the process.

Lifetimes of the states of CD acid complexes were determined from the ' F-NMR
spectra. Kinetic parameters of proton and deuteron transfer in the NYFP-TOA com-
plex in comparison with similar values for the DNE-TOA complex are listed in Ta-
ble 2. Rate constants, extrapolated to the same temperaiure, in the case of a strong
hydrogen bond are considerably higher, whereas the activation energy is significantly
lower. Values of the kinetic isotope effect (ky/kp > 6) agree with the classical rath-
er than with the tunnel mechanism. This is also supported by the absence of con-
spicuous deviations of the function In k vs. T™! from linearity (Fig. 2).
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