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Abstract—By means of IR, H, *C, and *K NMR spectroscopy the potassium carbonate was demonstrated to
form complexes with phenols and thiophenols in aprotic dipolar solvents of the composition (2ArXH)-K,CO,.

A wide range of nucleophilic substitution reactions
is carried out generating in situ a charged nucleophile
by treatment of proton-donor compounds with a base
[1]. The anhydrous potassium carbonate is known
to be often applied as efficient base free of nucleo-
philic properties under conditions of systems liquid
phase-solid phase [1-4]. A common procedure of
charged nucleophile formation in situ involves three
successive stages: (1) chemisorption of the nucleo-
phile precursor on the deprotonating agent, (2) proton
transfer from the former to the latter resulting in
generation of a nucleophile salt adsorbed on the solid
surface, and (3) the desorption of the salt into the
solution [2]. It should be noted that with substrates
capable to be sorbed on the surface of the potassium
carbonate the nucleophilic substitution may occur
on the phase boarder. Therewith the potassium
carbonate surface governs the relative position of the
nucleophilic and electrophilic centers of reagents
providing an adsorption complex [4]. Thus interaction
between proton-donor compounds with the potassium
carbonate in a two-phase system results in formation
either in solution or on the solid base surface of the
corresponding salts which act as reagents in the
nucleophilic substitution.

We studied formerly the substitution by phenoxy
group of a nitro group in the 3,5-dinitrobenzotri-
fluoride and of a fluorine atom in the 5-nitro-3-
fluorobenzotrifluoride in their reaction with phenols
in the presence of K,CO; in DMF [5]. It was
established that in the two-phase system the nucleo-
philic substitution occurred in solution. It was also
shown that the rate and selectivity of the nitro group
and fluorine substitution were different at the use of
the previously performed potassium phenolates or in
the system K,CO3; ArOH. Therefore it was concluded
that in these cases different types of nucleophiles

were operating. It was also demonstrated by IR and
1 NMR spectroscopy that the spectra of phenols
solutions prepared in the presence of K,CO; are
unlike spectra of authentic potassium phenolates in
DMF [5]. Taking into account the results of concur-
rent reactions for 3-X-5-nitrobenzotrifluorides (X =
NO,, F) a scheme was suggested of diaryl ethers
preparation involving a stage of phenol complex
formation with potassum carbonate, ArOH-K,CO;,
in DMF solution [5]. A common character of results
of the concurrent substitution reactions of nitro group
and fluorine in the 3-X-5-nitrobenzotrifluoride (X =
NO,, F) by treating it with phenol and thiophenols in
the presence of K,CO5; in DMF suggested that the
nucleophiles had a similar character [6].

The target of the present study is establishment of
the nucleophiles state when they are generated in situ
in a two-phase system by means of investigation of
interaction between proton-donor compounds ArXH
(X = 0O, S with K,COg3 in aprotic dipolar solvent.
We selected for the study a set of phenols (4-cresol,
4-cyano-, 5-bromo-3-nitro, 4-nitrophenols la-d) and
thiophenols (2-thionaphthol, 4-nitrothiophenol 1e, f)
of awide acidity range (ApK, 13.4) [7], therewith for
all compounds la-f the authentic potassum salts
ArXK* lla-f were prepared (see EXPERI-
MENTAL).

It was shown for each one among the above
mentioned compounds that its interaction in DMF
with potassium carbonate at the molar ratio K,CO5-
ArXH of 1.5 at 70°C within 3 h led to decrease in
the weight of the solid phase by about 1/3 (see
EXPERIMENTAL). Note that performing the reac-
tion with thiophenols under argon flow diminished
the yield of the corresponding diphenyl disulfides
thus reducing the effect of oxidation on the reagents
ratio (see EXPERIMENTAL) [8].
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In solutions I11a, ¢ prepared by keeping the cor-
responding phenols la, ¢ and K,CO5in DMF at 70°C
followed by filtration we detected potassium cation
by means of 3K NMR spectroscopy (Table 2). At
increasing symmetry in the potassium surrounding
the gradient of the electric field should decrease and
consequently the mechanism of the quadrupole relaxa-
tion of *°K nuclei should be suppressed [9]. In keep-
ing with this rule the diminishing of the signal half
width in the 3*K NMR spectra in going from solution
of compound Il to solution 111 for both substances
indicates the increasing symmetry at least in the close
neighborhood of the potassium cation [9]. Also in
going from solution of Il to solution Il the potas-
sium signal shifts upfield evidencing its greater
shielding. The sum of results obtained suggests that
in solutions Il1a, c the potassum atom is linked to
more than one oxygen, and this is a sign of a co-
ordination compound formation. It should be noted
that the signal appearing in the K NMR spectrum
of the potassum solution in dimethyl ether in the
presence of 15-crown-5 located at -9.9 ppm and with
a haf width of 50 Hz was attributed to potassium
cation complex with the crown ether [10]. In going
from solution Il1a to I11¢c the gradient of the electric
field in the place where the potassum nucleus is
located that governs the degree of quadrupole line
broadening is increased, and the shielding of the
potassium nucleus decreases. Thus at growing acidity
of phenol the symmetry of potassium surrounding
diminished.

The comparison of 'H NMR spectra (Table 1)
revealed that the chemica shifts of proton signals
from the aromatic system in solution Ill1'a almost
coincide with those in the solution of compound Ia,
in solutions I11'c, e, f are intermediate between those
of solutions of compounds Ic, e, f and of compounds
Ilc, e, f, and in solution of compound I11'd are close
to those in solution of compound IId (Table 1).
These data indicate the presence of a negative charge
on the aromatic system in solutions 111", and its value
grows with the acidity of the proton-donor reagent.
A similar conclusion follows from the comparison of
the 3C NMR spectra, for the chemical shifts of the
aromatic system of solutions Ill'c, d are close to
those of solutions of compounds ¢, d, and in solu-
tion Il1'a the chemical shifts take an intermediate
values between those of solutions of compounds la
and |1a (the *C NMR spectra of solutions I11e, f and
of solutions of compounds le, f, Ile, f are complicat-
ed due to the presence of the corresponding diphenyl
disulfides) (Table 1).

1105

As seen from Table 1 in the 'H NMR spectra of
al the 111" solutions alongside the protons of the
aromatic system appears a proton signal with a
chemical shift 3.4 ppmin solutions I11'd-f, 11.2 ppm
in solution I1'a, and 6.2 ppm in solution Ill'c. In
al cases the intensity ratio of all signals shows that
to one ArO group corresponds one such proton
(Table 1). Note that in the *H NMR spectra taken in
DMSO-d; from solutions (I1a, d)* prepared from
compounds Ila, d and water at the molar ratio 2:1
the chemical shift of the hydroxy group proton is
equal to 3.5 ppm (Table 1).

In Table 2 are compiled the IR spectra of solutions
Il1'a, d and solutions of compounds la, d and
(Ila, d)” in DMSO-dg. The comparison of vibration
frequencies characteristic of the benzene ring, p-sub-
stituents, and the C-O bond shows that in every case
the state of the ArO group in I11" solution is unlike
that in the solutions of compounds | and I1” in
agreement with the results of the study of these solu-
tions by means of 'H and *C NMR spectroscopy.
The comparison of the IR spectra of solution Ill'a
and solution of compound I1a" revealed that in the
former solution water was present as indicated its
characteristic absorption bands at 3450 (br.s) (stretch-
ing vibrations), 1663 (m) (bending vibrations), and
928 (w) cm™t (pendulum vibrations) (Table 2) [11].
However a considerable downfield shift of the cor-
responding signal in the *H NMR spectrum in going
from the solution of compound I1a" to solution I11'a
evidences the coordination bonding of water in the
latter, and weak shielding of its protons is due to the
influence of the partial positive charge generated on
the oxygen as a result of the donor-acceptor interac-
tion (the chemical shift of the hydroxonium ion in the
diluted acid solutions is ~15 ppm [12]) (Table 1).

According to the general pattern of K,CO; and
proton-donor reagent interaction the presence of
water in the solution should be accompanied with
carbon dioxide formation. The latter has a character-
istic absorption band in the IR spectrum at 2342 cm™
belonging to the asymmetric stretching vibrations (the
band of symmetrical stretching vibrations at
1337 cm ! is not observed because of the linear struc-
ture of the carbon dioxide). It should be noted that in
the IR spectrum of solution Ill'a aongside the
absorption bands at 1663 and 928 cm™* appear three
additional bands at 3152 (m), 1490 (mO, and 1270 (m)
cm! that are lacking in the spectra of solutions of
compounds la and I1a" (Table 2). Assignment of the
absorption bands at 3151 and 1490 cm™~ to perturbed
stretching vibrations (asymmetric and symmetrical) of
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Table 3. Effects of temperature and concentration on chemical shifts of signals, 3, ppm (J, Hz), of protons from hydroxy
group and aromatic ring in the "H NMR spectrum of solution 111'a in DMSO-d

25°C*? 40°C 70°C
Run
no. OHb H2,6 H3,5 OHb H2,6 H3,5 OHb H2,6 H3,5
1° 11.23 brs | 6.64 d | 6.84 d |11.13 br.s | 6.63 d 6.84 d 10.87 br.s |6.62d.m | 6.84 d
(8.29) | (8.29) (8.32) (8.32) (8.35) | (8.35)
2%¢ 110.78 br.s | 6.60 d | 6.84 d [10.67 br.s |6.60 d.m 6.84 d.m 10.41 br.s |6.59 d.d'| 6.84 d
(8.31) | (8.31) (8.35) (8.35) (8.39) | (8.39)

& The temperature changes reversibly.

® The signal width diminishes with growing temperature and decreasing concentration.

¢ Prepared from the 10% solution of compound | a.
4 Prepared from 7%-solution of compound | a.

® 'H NMR spectra of solution I11'a from runs nos. (1 and (2) after removing excess solvent coincide at 25°C.
' Chemical shifts of proton signals from aromatic ring of solution 111'a coincide with those in the spectra of solution of compound | a.

the O=C=0 structure, and of the band at 1270 cm™*
to the stretching vibration of a C-O bond permits
identification in the Ill'a solution of a =-complex
arising due to donor-acceptor interaction between
p-orbital of the water oxygen and antibonding
w-orbital of carbon dioxide acting as acceptor. As
a result appears a moiety [H,0-CO,]. The partial
negative charge on the carbon originating from the
donor-acceptor interaction reduces the C=0O bond
polarity thus increasing the vibration frequencies of
the CO, group [14].

Similarly to the moiety [H,O-CO,] may be assign-
ed additional absorption bands in the IR spectrum of
solution I11'd (lacking in the spectra of solutions of
compounds Id and I11d") at 1386 (m), 1414(m), and
2980 (M) cm™L. However in the spectrum of solution
1'd lacked the absorption band of stretching vibra-
ions in the coordinated water molecule, and this was
apparently due to the significant effect of hydrogen
bond on the state of the H,O group (the frequency of
bending vibration was equal to 1619 cm™) (Table 2).
In this case the positive charge on the oxygen atom
of the H,O group and consequently the polarity of the
donor-acceptor C-O bond in the moiety [H,0-CO,]
would be smaller in solution I11'd than in Il1'a. This
fact probably caused the reduced frequency of the
stretching vibrations of the CO, group and increased
frequency of the stretching vibrations of the donor-
acceptor C-O bond in the corresponding moiety in
going from solution Ill'a to II1'd (Table 2). The
considerably stronger shielding of protons in the
moiety [H,O-CO,] in solution I11'd compared to
I11'a means that the corresponding protons form a
hydrogen bond with a group capable to remote shield-

ing since with growing strength of these bonds its
influence increases [15]. In the IR spectrum of solu-
tion I11' d is also observed an absorption band at
759 cm™ that can be regarded as belonging to out-of-
plane bending vibrations of bound groups OH [16].

In the 23C NMR spectrum of solution I11'd besides
the signals of benzene ring carbons appears at
119.4 ppm an additional signal of a carbon atom not
linked to a hydrogen. This signal is in good agree-
ment with the sp-hybridized state of the carbon in the
moiety [H,0-CO,] (Table 1, Flg 1) [17]. Since the
carbon chemical shift in the 3C NMR spectrum of
carbon dioxide is 124.0 ppm [17], the stronger shield-
ing of the carbon in the CO, group of [H,O- COZ] is
apparently caused by a partial negative charge arising
from the donor-acceptor interaction. In the °C NMR
spectrum of solution Il1'a the respective carbon
signal is lacking (Table 1).

As follows from the data of Table 3 and Fig. 2 in
the 'H NMR spectrum of solution I11'a the chemical
shift and signal width of protons belonging to the
moiety [H,0-CO,] depend on the concentration and
temperature. Thus at heating the solution from 25 to
40 and further to 70°C the half width of the cor-
responding signal decreased, and its position shifted
upfield by 0.10 and 0.25 ppm respectively, and at
cooling the solution from 70 to 25°C the initial
pattern of the spectrum was recovered. On decreasing
the concentration of solution 111'a by about one third
the signal reversibly shifted upfield by 0.45 ppm with
simultaneous broadening; in the diluted solution was
also observed areversible upfield shift of the signal at
increasing the temperature (Table 3, Fig. 2). The

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 39 No. 8 2003
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Fig. 1. 'H and *C (IMOD) NMR spectra of solution I11'a registered after different time of storage ((1) 3 h, (2) 7 days, (3)

14 days.

chemical shift of signals from the ortho-protons in
the 'H NMR spectrum of solution I11'a also reversib-
ly depends on temperature and concentration; there-
with at growing temperature and decreasing concentr-

Table 4. Enthalpy of formation (AH,°) of compounds
la, d, K,CO,, and complexes [2-(4-CH,C;H,OH)]-K,CO,
and [2-(4-NO,C;H,OH)]-K,CO, (A and B structures)
calculated by PM3 method, and heats of complexing (AH,°)

AR, iy
Compound kJ mol™ | kJ mol™®
4-CH,C.H,OH 129.3 -
4-NO,C.H,OH 132.6 -
K,CO, 1204.5 -
A 1600.9 137.8
[2-(4-CH,C.H,OH)]-K,CO,
B 1598.1 135.0
A 1661.2 191.5
[2-(4-NO,C,H,0H)]-K,CO,
B 1726.2 256.5

& AHZ= AH{[(2ArOH)-K,CO,] -
[AHL(K,COg) + (H)2- AHY(ArOH)].

ation the shielding of these protons increases and in
the limit attains the value of that in the solution of
compound la, and the pattern of the corresponding
signal starts to remind a doubled doublet (Table 3). It
should be noted that the observed dependence of the
proton chemical shifts on temperature and concentra-
tion is characteristic of intermolecular association
[18]. The dependence of the coupling constants of the
benzene ring protons in solution | 11'a on the tempera-
ture and concentration also points to this process
(Table 3) [19].

Since in solution of compound Ila the position
and pattern of signals from aromatic protons do not
depend on the temperature and concentration
(Table 1), it is presumable that in solution I11'a the
ArO group and the [H,O0-CO,] moiety are included
into a common complex capable of intermolecular
association. It should be noted that the presence of
[H,O-CO,] moiety in the structure of the complex
shows that its formation involves the ratio ArOH :
K,CO; equal to 2 as confirmed by the above results.
With the use of PM 3 method we calculated the forma-
tion enthalpy (AH{) of complexes (2ArOH)-K,CO,
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(Ar = 4-CH;CgH,, 4-NO,CgH,) possessing A and B
structures (Table 4). The comparison of heats of
complexing AH? shows that for the complex [2-(4-
CH3CgH,OH)]-K,CO; the structure A is the most
stable wheresas for the complex [2-(4-NO,CgH,OH)]-
K,CO, it is structure B (Table 4).

It should be emphasized that the fundamental
characteristic of the assumed structure A is its
amphiphilic nature (aryl group is lipophilic, and the
inorganic part is hydrophilic). This character provides
a possibility to form intermolecular associates in
aprotic dipolar solvent due to polar interactions of
hydrophilic ends (reversed micelles) [20]. Since the
inorganic part of the A structure is virtually planar
(carbonate group), the aggregation mechanism
possible therewith may be based on stacking [21]. In
this case the accumulation in the course of interaction
between 4-cresol (la) and K,CO5 of a complex with
the A structure till a concentration greater than the
critical one for micelle formation would result in
transition from a true (molecular) solution to a
micellar solution that is characterized by equilibrium
(1) [20].

nA==A, (D)

The study of dependence of protons chemical shifts
in the 'H NMR spectrum of solution I11'a on temper-
ature and concentration permits a conclusion that this
solution is micellar. Since at heating or dilution the
difference in the shielding of the corresponding
protons in solution 111'a and in solution of compound
la decreases, the structure of the monomeric form is
in keeping with structure A, including a perturbed

A

1111
NA__ 5
M 5
4
|- .
AN 5
. o ]
12.0 11.0 10.0 &, ppm

Fig. 2. "H NMR spectra of solution Il1'a at 25 °C (1),
40°C (2), 70°C ()3), and of diluted solution I11'a at 25°C
(4), 40°C (5), 70°C (6) in DMSO-)d,.

form of the 4-cresol molecule. Although the character
of the micelle structural unit as awhole is determined
by the structure of the monomeric form the difference
between these structures can be foreseen for the
additional interactions in the core of micelle affect
the state of the coordination and hydrogen bonds.
From this viewpoint the results obtained by investig-
ation of solution I11'a with IR spectroscopy suggest
that the structural units of the micelle include the
moiety [H,O-CO,] and two ArO groups, and the
equilibrium concentration of the micellar form A,
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is significantly larger than that of the monomeric
form A. The latter is apparently caused by greater
stability of the micelle compared to monomer.

It should be noted that the prevalence in the solu-
tion Ill'a of the complex of A structure in the
micellar form may be the reason why the signal of
carbon atom from the [H,0-CO,] moiety does not
appear in its 3C NMR spectrum: The regular struc-
ture of the micelle core may result in an unfavorable
relation between spin-spin and spin-lattice relaxation
(T,< < T,) existing in solid substances [22].

The B structure is well consistent with the results
of studies of solution I11'd by means of IR, *H and

3¢ NMR spectroscopy Since the position of proton
signals in the 'H NMR spectra of solution I11'd is
virtualy msensrtrve to the temperature and concentr-
ation, and in the *C NMR spectrum appears the
carbon signal from the [H,O-CO,] moiety, it is
presumable that solution I11'd is a molecular one.
The absence of micelles in solution I11'd is apparent-
ly caused by the nonplanar hydrophilic part of the
complex with the B structure and therefore the
micelle formation by stacking process is hampered.

Evidently with the other proton-donor reagents
from the set of phenols and thiophenols under study
may presumably arise al three types of structures
(A, A,, and B) of the complex (2ArXH)-K,CO,. It
should be noted that a very broad signal from the
hydroxy proton at 6.2 ppm in the *H NMR spectrum
of solution Il1'c is probably due to the transitions
between these structures [equation (2)].

=—=A=—B 2

A similar state of the ArO group in solution I11'c
and in solution of compound Ilc suggests that the
equilibrium concentration of A structure is negligible
(Table 1). The lack of the carbon signal belonging to
the [H,O- COZ] moiety in the 3C NMR spectrum of
solution Il11'c indicates that in solution Ill'c the
equilibrium concentration of A, structure is greater
than that of B (Table 1). The identical position of
proton signal from the [H,0-CO,] moiety in the
spectra of solutions |111'd-f means that for thio-
phenols the equilibrium concentration of B structure
is considerably higher than for 5-bromo-3-nitrophenol
(Table 1). Thus in solutions I11'c, e, f two types of
structures of the complex (2ArXH)-K,CO; are
present, A, and B, and their equilibrium concentra-
tion depend on the acidity of ArxXH.

It was shown formerly that in the IR spectrum of
solution |11b obtained by keeping 4-cyanophenol (Ib)

KHALFINA et al.

and potassium carbonate in DMF at 70°C followed
by filtration appeared two bands of similar intensity at
2206 and 2189 cm™t which were assrgned to the
stretching vibration of the C=N bond in the complex
ArOH-K,CO; [5]. It should be noted that in this
spectrum are observed additional absorption bands
(lacking, in the spectra of solutions of compounds Ib
and I1b") that may be attributed to the [H,O- COZ]
moiety (3500, 2948, 1690, 1440, 1294, and 1012cmY),
and the state of ArO group is unlike that in solutions
of compounds Ib and I1b". These spectral features are
characteristic of the structure A, (Table 2). But
therewith in the IR spectrum of solution Ill1b are
present also additional weak absorption bands that
may be assgned to the vibrations of C-O bond
(1255 cm™Y) and of [HZO CO,] moiety (2914, 1453,
1337 and 770 cm™) in a complex with B structure
(Table 2). Thus the IR spectrum shows that in solu-
tion I11b structures A, and B are present, the former
prevailing. If it is assumed that the high symmetry of
the nearest surrounding of potassium atom is due to
the regular structure of a micelle core then in going
from solution Il1a to I11c the equilibrium concentra-
tion of A, structure decreases (see above) It should
be noted that in the region 3500-2500 cm™? of the IR
spectrum of solution Ille obtained by keeping
2-thionaphthol le and potassium carbonate in DMF
at 70°C followed by filtration are observed the bands
of stretching vibrations of C-H bonds of the aromatrc
system and two bands in the range 2923-2845 cm !
that may be attributed to the antisymmetric stretching
vibrations of CO, in structures A, and B, and in
DMF (as in DMSO-dg) the equilibrium concentration
of B is higher than that of A,.

The agreement of results obtained by IR spectro-
scopy (2% solutions) and by 'H, 3C, and **K NMR
spectroscopy (10% solutions) shows that the equilib-
rium concentrations of structures A, A, and B
stronger depend on the acidity of ArXH than on the
concentration of solutions. Comparison of results
obtained in the studies of solutions of complexes
between potassium carbonate and phenols prepared
in DMF and DM SO-dg showed that state of nucleo-
philes generated in situ under conditions of a two-
phase system is common for different aprotic dipolar
solvents.

We formerly suggested a scheme of the complex
ArOH-K,CO, formation involving a stage of the cor-
responding phenol chemisorption on the potassium
carbonate surface followed by irreversible desorption
of the phenol bearing a K,CO; molecule [5]. Within
the framework of these scheme the complex of
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Scheme 1.
ArXH_ vion [ArXH - ArXH_ ion [QALXH) -
s (ot K,CO5] onay K,COs] oy
Armsulution sulution
KZC 3 (solution) [AI‘){H . [(2Ar>(H) .
6 KZCOS] (solution) 7 KZCOS] (solution)

(2ArXH)-K,CO4 type having A and B structures may
form in several ways.

For instance, the path (2—>3—5) includes two
consecutive chemisorption stages of ArXH on the
interphase surface of the solid phase followed by a
stage of irreversible desorption, and the path (2—
4—7) consists of chemisorption of ArXH on the
potassium carbonate surface, desorption of the inter-
mediate complex, and of coordination of the latter
with an additional phenol molecule in solution.

It is known that potassium carbonate is amost
insoluble in aprotic dipolar solvents [23] as confirms
the lack of a carbonate group signal in the *C NMR
spectrum of DMSO-dy after keeping therein potas-
sium carbonate followed by filtration (Table 1).
Therefore the formation of the corresponding
complex avoiding the stage of phenol chemisorption
on the surface of the solid phase is improbable. How-
ever the °C NMR spectrum of a solution prepared
by keeping potassium carbonate in a moist DM SO-dg
with subsequent filtration appears a signa at
174.1 ppm (Table 1). Thus the presence of water in
DMSO-dg increases the solubility of K,CO3, and in
moist aprotic dipolar solvent may occur also a path
(1 > 6 > 7). It should be noted that in the *C NMR
spectrum of solution prepared by keeping 4-nitro-
phenol (Id) and potassum carbonate in moist
DMSO-dg for 3 h at 70°C appeared the signals of
carbon atoms from the corresponding complex and
from compound Ilg (Table 1).

It is pertinent to note that the complex of B struc-
ture is less stable than that of A, structure for at
keeping solutions I11'a, d at room temperature for
14 days the changes were observed only in solution
I11'd (Table 1, Fig. 1). The comparison of two first
'H NMR spectra (Fig. 1) reveals that in 7 days after
preparation in solution 111'd only decomposition
products of the corresponding complex are present
(one among them is potassium 4-nitrophenolate). This
is seen from the disappearance of signals from the
[H,O-CO,] moiety; a proton signal is observed at
8.9 ppm, and the chemical shifts of the benzene ring

protons acquire the values common to those in the
spectrum of solution of compound Ild (Table 1,
Fig. 1). The same conclusion foIIows from the
comparison of the corresponding *C NMR spectra:
The carbon signa of the [H,0-CO,] moiety at
119 4 ppm disappears, new signals are observed from
sp’-hybridized carbons attached and not attached to
proton at 173.9 and 173.7 ppm respectively, and the
chemical shifts of the benzene ring carbons acquire
the values common to those in the spectrum of solu-
tion of compound I1d (Table 1, Fig. 1). The proton
signal at 8.9 ppm and the siqnal of acarbon linked to
proton at 173.9 ppm in the *H and 3C NMR spectra
r&spectiveljy can be assigned to a formyl group [24].
Since the *H and *C NMR spectra of solution I11'd
after storage for 14 days and of solution of compound
l1d" are identical, it is clear that some products of
complex decomposition revealed by *H and *C NMR
spectrain solution |11'd stored for 7 days are unstable,
and their decomposition furnishes water and probably
carbon dioxide (Table 1, Fig. 1). Evidently at de-
composition of the complex of B structure its in-
organic part built with a p-r bond between H,O and
CO, may rearrange prowdlng carbonic acid to which
belongs the protonless sp? hybrldlzed carbon atom
W|th a signa at 173.7 ppm in the corresponding
1BC NMR spectrum). However the decomposition
of the inorganic part of the complex may proceed
through a 1,2-anionic rearrangement for the “com-
patibility rule” permits an attack of the rear part of
the oxygen atom orbital from the H,O group on one
of the oxygens of the CO, group providing another
w-complex by a synchronous mechanism [25]. This
process is apparently favored by the reduced contribu-
tion of the p-orbital of the carbon into the =-orbital
because of diminished polarity of C=0O bonds at the
donor-acceptor interaction [25]. In this case further
rearrangement results in performlc acid (ssgnals of
aformyl group in the corresponding 'H and °*C NMR
spectra). Obviously the carbonic and performic acids
decompose further into water and carbon dioxide.

It might be well to point out that the complex
decomposition processes observed in solution I11'd
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Scheme 2.

. 2.ArO K' + HCOOOH

>—> C02 + Hzo

L 2. AfO K" +H,CO;

indirectly support formation of complexes (2ArXH)-
K,CO, at the interaction of potassium carbonate with
phenols and thiophenols in aprotic dipolar solvents.

The authors are deeply grateful to M. M. Shakirov,
G.E.Sa'nikov, and G. G.Balakina for discussion of
the results of the spectral investigations.

EXPERIMENTAL

'H NMR spectra of solutions in DMSO-d; were
registered on spectrometers Bruker WP-200 SY and
Bruker AM-400; *C NMR spectra were recorded on
spectrometers Bruker WP-200 SY, Bruker AM-400,
and Bruker DRX-500. **K NMR spectra were
measured on spectrometer Bruker DRX-500 with a
water solution of KBr as external reference. IR
spectra were taken on Specord M-80 instrument from
solutions in DMF and DMSO-dj.

Table 5. Conditions of preparation of solvents (Il1l1a-c,)
and (Ill1'a, c-f)

Solution ArXH, K,CO;, Solvent,
mmol mmol mi
Il'a 4-CH,C,H,OH 0.9 DM SO-d;
(0.6) (0.6)
4-CH,C,H,OH 0.3 DM SO-d;
(0.2) (0.5)
Ila 4-CH,C,H,OH 0.9 DMF
(0.6) (0.6)
I11b 4-CNCH,OH 0.7 DMF
(0.5) (0.3)
['c | 3-Br-5-NO,C,H,0OH 0.4 DM SO-d;
(0.3) (0.5)
[lc | 3-Br-5-NO,C,H,OH 35 DMF
(2.4) (4.5)
In'd 4-NO,C,H,OH 0.9 DM SO-d;
(0.5) (0.6)
4-NO,C,H,OH 0.9 DM SO-d;
(0.2) (0.7)
Il'e 2-C,,H,SH 0.7 DM SO-d;
(0.5) (0.7)
e 2-C,,H,SH 0.9 DMF
(0.6) 4.7
s 4-NO,CH,SH 0.6 DM SO-d;
(0.9 (0.5)

KHALFINA et al.

A commercid DMF was dried with molecular
sieves 4 A and distilled in a vacuum over CaH,. A
commerciall DMSO-d; was dried with molecular
sieves 4 A.

Commercial  4-cresol, 4-nitrophenol, 2-thio-
naphthol, and 4-nitrothionaphthol were purified by
standard procedures. Before use a commercial K,CO4
of “pure for analysis” grade was calcined in a muffle
furnace at 400°C for 3 h, then finely ground and
additionally dried in a vacuum of an oil pump
(~5 mm Hg) at 150°C for 2 h. 5-Bromo-3-nitrophenol
was prepared from 3-bromo-3-nitroanisole by proce-
dure from [5], mp 145°C [5]. The potassium pheno-
lates and thiophenolates were synthesized as in [26].

Quantum-chemical calculations of the complexes
(2-ArOH)-K,CO5 were carried out by semiempirical
procedure PM3 with the use of software package
MOPAC 6.0 [27]. Experimental conditions are given
in Table 5.

Reaction of compounds la-f with K,CO; in
DMF. To a 19% solution of 0.02 mol of phenol or
thiophenol in DMF was added 4.1 g (0.03 mol) of
K,COjz, and the suspension was stirred for 3 h at
70°C (with thiophenols the reaction was carried out in
a flow of dry argon). The solid K,CO; was filtered
off from the hot reaction mixture, washed on the filter
with DMF, and dried for 3 h at 70°C in a vacuum of
an oil pump (~5 mm Hg). The weight of the dry
residue of K,CO; was 2.8 g (0.02 mol) for phenols
and 2.9 g (0.021 mol) for thiophenols.

Reaction of compounds la-d with K,COj in
DMSO-d; and DMF. To a solution of phenol in
DMSO-dg or DMF was added K,CO3, and the mix-
ture was stirred for 3 h at 70°C; then the hot reaction
mixture was filtered, and the filtrate was studied by
spectral methods.

Reaction of compounds le, f with K,CO5 in
DM SO-d; and DMF. To a solution of thiophenol in
DMSO-dg or DMF was added K,CO3, and the mix-
ture was stirred for 3 h at 70°C in a flow of dry
argon; then the hot reaction mixture was filtered, and
the filtrate was studied by spectral methods.

The study was carried out under financial support
of the Russian Foundation for Basic Research (grants
nos. 96-15-97562 and 01-03-32909).
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