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CYNANICS OF FORMATICN AXC EREAKIHG‘OF EYCROGEX ECKT TN SOLUTIONS
§.8.DENISOY, N.S.GOLUBEY
Institute of Physics, Leningrad State University, USSR

The life-~time of nydrogen-bondad complexes in geclutior may be
ietermined by two types.of processes: I) the molecular exchange
similer to that of ligandé in metal donor-accepior complexes, 2)
ihe process of reverse proton trensfer from the donor t0 the ac-
ceptor and backwsrds ("intrscomplex tautomerism"), occuring but o
irn Bome particular cases. The moleculer exchange

A=H...B' + E" = A-H...B" + BY
where B' and B" are either different or similar molecules, may
proceed via $wo different mechenism: the synchironous, with the
farmation of the dctiveted complex of = comﬁlictted composition
A-HeuoB' + B" st A-HilDe = A-H.. 8" 4 BT
snd tbe step-like, with the breaking or one bond. followed by the
Tormation of the second bond.

To establish the true mechanism of the process. the 1nvesti-
zation of the molecular exchaenge kinetice in. Cﬁfzel solutions wse
carried out at low temperature‘(-1009'+‘?170°c) by means of NMR.
“ithin this range of temperature, in proton magnetic resonance
rpgctra of systems, containing proton donors and proton eccoptors,
the signal of the proton, participating in hydrogen.bonding. can
eplit ints signsls, corresponding to couplexes of different kinds.
For example, in the epectrum of CFchOH+HCON(CH ?2+(GHB)20 solu- .

ions (Fig.1), two DH-proton’ signals of the acid in complexem with
cther 3=12 3 ppm, and amide. 3-18 2 ppmy “are observed. Qhere are
no dimers in detectable amcunis under these conditions. It is to
be noted that the two CHO-proton aignals belonging to the free
formamide molecule and %o the molecule ot tormamide bonded with
the gcid heve been detacted, ' '5

In the spectra of sjstems, containing carboxylic acid and only‘
one acceptor, at low cuncentrations two. aﬂwaisnals are observed:
the first corresponding to the I:1 acid-acceptor complcx, the Be~
cond to the eyclie dimer. With the incrtase of’ the concentration.-
there also appear the signals of cnmplexaa eontsining two ncid
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_ Fig.I. The spectra of the CF3000H+(CHB)2NCHO+(CH3)20 aolutions
S mCHRCl e ay -155°b -

.molcculos. It has beon ahown thnt. undor thaso conditions, the
" proton oxchnngo does not affect the lino-ahlpe. .

In systems, containing the proton donor with the intronolo
cular hydrOgen bond and the acoeptor. tho oOparato signals of the
proton donor.and the complex with the 1ntormo1aoullr donor-acoep~
_tor hydrogen bond sre ‘eeen. ce n

- By means of the rull line-ahapo unalyoia._tho lire-timeu of
dftraront forme wore found, and, . uoing the concentration oepon-'
dence of lifo-timos. wtrs dataznined the rate orders of reactions.
The process of the complex dissociation appoared to be nononolew
culur. ‘The activation parameters of molecular exchange ware cal
,culatod from ‘the temperature dependence of rate constante. The ac~
. tivatiom enorgies proved to be close to the hydrogen bond ener-
?Igtﬂo in such complexes. The values of activation ontropy Bra po-

. 51t1Ve and also olosq to the ontropy of hydrogen-bondod comple-

Z xoe. This suggosts ‘that the molecular exohnnge procossiis of &

" step-like characier, i.e., the new bond forms only after the _

- breaking of ‘the’ peaviou! one. In" 4he trensition’ state determi-

. ving the rete of the oxchnnge thcre 18 no 1nteraction between the
: donor atid the scceptor.

A poouliar case are the corboxylic ocid-amine complaxes. with
‘the po-aiblg equilibrium botwoon various noloculn: and 1onio forma,
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Fig.2.. The spectra of the CH,C1CO0H {0,05 ¥} + (CHB)BN (0 12
M) solutions in CHFQCI. o :

In the spectra of CH201COOH+(CH ) b ayatem (with excess of ami-
ne), the eplitting of the trimethylamine signal into signals,
belonging to the free amine and ‘its complex with the acid, is
- observed at low temparature. With further decrease . of - tempera- '
ture, the signal shifte to the low field and splita into & do=.:
ublet,. the. splittins increaaed with the. decrease. of - temperatu--
re up te -120% {the eff‘ective value of J rises from:2 to 5.5
5z). Below -120°C, there is no change: in’ the spectmm (Fis.z). 4
This meane that the: tautomeric conversion takee. place in the’
complex on account of .the’ reversible proton. ‘transfer, . The mo-- '
lecular exchange hetween the complexes end free moleculaa going
on elowly in NMR ti.me-acale (the signals o’blerVed separataly), ,
the proton. transfer is accomplished quicklx ‘even at temperaturc.
-170°C {(the observed ‘slzgnals of the complexes: seen coaltaeed).-f
With the decreaseé of ‘temperature,’ the equilibriun shifte to thef
ionic form, &nd below -I20°C there is: em &n fopic form’ m the ;
“solution. The shift of the equilibrium 1is: neem;:an:l.ed hy a
strong shift of the coaleseed OH snd. mi* s:l.gnll o the h.tgh
Tielcd. ’ . St L L R S

.
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Fig.3. The spectra of the CH3000H+(CH3)3R solutions at -165°C.

In the acetic acid-trimethylamine system (excess of amined,
“even at the lowest temperature -IT0°C, there is an equilibrium bet-
- ween the molecular end the ionic forme of the complex, &8 seen

= from the poaitioﬂ of the signal of the trimethylamine bonded in the
1 complex. The estimate of the lower limit of the prbton transfer
"frequency may be made, using the line width of the movable proton.
It is found to be V¥ > 10° sec™l at -I70°C. In case of excess of
‘the acid, a more complicated picture is observed (Fig.3). Besides
the mentioned above OH/NH' signal of the I:I complex, there appesr
“two more signals, having the seme integral intensity. The low-field:
fgignal belongs to the OH-proton, while the high~field one to the
FH'-proton in the smine complex with two molecules of the acid.

" With further increase of the amount of the acid, the cyclic éircer
‘gignal  ~1I3 ppm aleo aﬁpeara. The position of the 2:1 complex eig-"
nals doea not depend on temperature hence. no tautomeric proton '
" transfer occura in this cqmplex. This is in accordance with the re-
. sults of the infra-red sfudy of the scid-amine systems.
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' With the dacrease of pK of an acid. the ce.leulated chemical )
‘shift of the eignal, corresponding to the molecular form of ‘the
" I:1 complex, increases, which is related with the’ strengthaning
of the hydrogen bond. At the aame_ ‘time, the chemical shift of the
¥H'-eignal of the ionic form decreases, which corresponds to the -
increase of pKy of. the conjugated base (garbéxylatjgf-éniloﬁ)# L



