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Pyrroles as C-nucleophiles in reactions with acylacetylenes
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The reactions of substituted pyrroles with terminal acylacetyienes occur selectively to
form 2-(Z/E-2-acylvinyi)pyrroles. When the reactions are performed on the surface of sifica
gel, C-vinylation is noticeably accelerated to form predominantly E-isomers. ESR spectros-
copy with the use of a spin trap demonstrated the ion-radical character of the process. The
structures of the adducts synthesized, which exist as anti-s-cis- and syn-s-cis-rotamers, were

studied by IR, UV, and NMR spectroscopy.
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The reactions of pyrroles with activated acetylenes
(only alkyl propiolates and acetylenedicarboxylates have
been used to date in these reactions) can occur vig
different pathways, including Diels—Alder condensation
and N- and C-nucleophilic attacks on a triple bond.
depending on the structures of the initial reagents and
reaction conditions.!-2

Recently, we have demonstrated for the first time3
that pyrrole and 2-phenylpyrrole act exclusively as
C-nucleophiles with respect to benzoylacetylene, which
opens an unexpectedly simple and selective route to
2-acylvinylpyrroles.

The aim of the present work was to study this reac-
tion further, to examine its scope, limitations, and selec-
tivity, and to svnthesize new 2-acylvinylpyrroles.

The reactions of pyrroles (1—5) with acylacetylenes
(6 and 7) were performed under mild conditions {(room
temperature) in the absence of a solvent as well as in
protic (methanol or ethanol) and aprotic (ether, ben-
zene, hexane, or acetonitrile) solvents.

The reactions afforded predominantly Z-isomers of
2-(2-acylvinyl)pyrroles (8—15) in 52—87% yields. How-
ever, the Z-isomers were readily converted into the
E-isomers in the course of isolation and purification or
even upon storage in a solvent (compound Z-11 was
converted into the E-isomer upon melting). Hence, the
products were characterized primarily as mixtures of
E- and Z-isomers (Table 1).

Monitoring of the addition of pyrrole 1 to benzoyl-
acetylene 6 in methanol (an equimolar ratio of the
reagents, room temperature) by UV spectroscopy showed
that a long-wavelength band (396 nm) characteristic of
the Z-isomer was observed in the initial stage of the
reaction and then a band at » = 385 nm appeared. which
is indicative of isomerization of the Z-isomer to the
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E-isomer. Therefore, the Z-isomer is a kinetically con-
trolled product and the Z/F ratio is thermodynamically
controlled.

The ease of the Z/E transformation, the control over
the isomer ratio, and a decrease in the barrier to rotation
about the C=C bond in the resulting adducts are the
expected consequences of strong conjugation, weaken-
ing this bond:
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Table 1, Phvsicochemical properties of 2-(2-acylvinyDpyrroles

Com- Isomer M.p. Found (¢ Molecular IR, v/em™!
pound (Z/Ey /°C Calculaied formula vIN—H) v(C=0) §=C—H) v(C=C—)
C H N
8 E 131134 7902 597 7204  C,H,NO 3259w 16350 977 1547, 1565.
79.16 562 7.10 1586
Zz 98—99 79.00 566 113 34719 w 1644 755 1541, 1579,
7916 562 7.0 1574
9 Z/E 7274 80.30 791 563 C,:H;(NO 3279 1640 974, 1542, 1586,
(1:5) 80.60 7.56 5.53 758 1598
10 Z/E 136—138 81.85 7.09 335 C|7P117N0 3259 1636 980, 1542, 1583,
(1: 5 $1.24 682 557 780 1597
1 E 190—191 8401 5358 522 CWHISNO 3289 1640 970 1360, 1588.
8349 553 512 1600
z 68—69 8299 587 5.30 3286 w 1639 756 1558, 1382,
8349 553 3512 1598
12 £ 128—129 8390 801 365  CyH,NO 3293 1649 974 1559, 1585.
3406 7.87 377 1600
VA Viscous 83.97 827 376 3278 w 1638 755 1596, 1578,
oil 84.06 7.7 377 1532
136 Z/E(L -2y 134—140 6542 4234 701 C”ng\’OS 3231 1637 977, 1513, 1542,
Z/E(3 1)y 118--121 63.00 4.46 6.89 755 1568
147 Z/E 152.4 70.77 594 333 C”HISNOS 3281 1627 980, 1548
({:3) 70.00 588 544 754
15# E 199—20! 73.14 4.53 489 C,,H;NOS 3318 1626 964 1558
7309 469 5.0

2t CClL(C=t- 107% mol L™H).
? For compounds 13, 14, and 15: found, S(%) 15.26, 13.05,

Previously,3 we suggested that the initial stage of the
reaction under study involves one-electron transfer to
torm an ton-radical pair. To verify the mechanism of the
reactions of pyrroles with acylacetylenes, we studied this
process further by ESR spectroscopy. However, we failed
to detect the ion-radical pair under normal conditions
(room temperature, benzene as the solvent). Hence, we
attempted to study this reaction using the spin-capture
technique. It should be noted that a signal consisting of
three lines with equal intensities appeared with tme in
the ESR spectrum of a solution of benzoylacetylene and
a spin trap, viz., 2-methyl-2-nitrosopropane (MNP), in
benzene (C = 1 - 1072 mol L™"). This signal unambigu-
ously corresponds to a spin adduct, viz., to di-feri-butyl
nitroxide (ay = 1.380 mT). The latter is a product of
capture of a rerr-butyl radical, which is formed upon
decomposition of the trap as such, by the spin trap.
Three spin adducts were detected in the reaction of
pyrrole 1 with acetylene 6 in benzene in the presence of
MNP. Initially, a triplet of di-terr-butyl nitroxide
(Fig. I, curve [) appeared in the spectrum and then the
second signal, viz., a triplet of doublets, was observed,
which was attributed to interactions of the unpaired
electron with one N nucleus {(ay = 1.490 mT) and one
proton (g = 0.330 mT) with g = 2.0061 (Fig. |, curve
2: the lines of the second signal are marked with circles:
curve 4 represents its simulated spectrum). The intensi-
ties of the above-mentioncd signals increased in the
course of the reaction. After approximately 30 min. the

and 11.57; calculated, 15.77, 12.46, and 11.48. respectively.

third signal (ay = 1489 mT; Fig. {, curve 3 the lines
are marked with crosses) was observed. The ratio of the
intensities of the signals changed in the course of the
reaction. which made it possible to notice that the latter
signal was additionally split into six lines with equal
intensities tocated at distances of 0.090 mT. Conse-
quently, the unpaired electron of the nitroxide interacts
with one more N atom and one proton. lts simulated
spectrum is shawn in Fig. | (curve J). Unfortunately, it
is impossible to choose between the two sets of constants
of the hyperfine structure, which identically describe the
observed additional splitting into six components:
(1) ay = 0.180 and ay = 0.090 mT; (2) ay = 0.270 and
an = 0.090 mT.

Based on the analysis of the ESR spectra of the spin
adducts, it can be suggested that ion-radical pair A formed
in the reaction under study is not a stable intermediate
species in a nonpolar medium. Proton transfer from the
radical cation of pyrrole to the radical anion of benzoyl-
acetylene occurred directly in the solvent “cage” (Scheme
1). Free radicals formed in this caose were captured by
MNP. Therefore, a triplet of doublets (marked with cir-
cles in Fig. 1) may be assoctated with the presence of
nitroxide B formed as a resuft of successive addition of
two MNP molccules to the benzoylacetylene radical. This
is consistent with the published resuits of studies of spin
adducts, viz., vinyl nitroxides. by ESR spectroscopy. =%
The above-mentioned constants of the hyperfine struc-
ture, which are typical of the adducts of MNP with the
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Fig. 1. The ESR spectra of the pyrrole—benzovlacetylene
reaction mixture in benzene in the presence of MNP as the
spin trap recorded after different time intervals (/—35): 4and 5
are simulated components of spectrum 3 (the lines of di-rerr-
butyl nitroxide are marked with asterisks; the lines correspond-
ing to spin adduct B are marked with circles: and the lines
belonging to spin adduct E are marked with crosses). The
spectra were recorded under the following conditions; amplifi-
cation was 2- 104 (/) and |- 10° (2. 2. modulation amplitude
was 0.63- 107 (N and 0.125- 107t mT (2, 3).

ROC * HCOR" radicals studied previously,? correspond to
spin adduct B (see Scheme 1).

If C-radical C is captured, the ESR spectrum should
have a large doublet constant of splitting on the proton
of the CH group. Analysis of the constants allowed the
assignment of structure E to the spin adduct formed

-upon -capture of radical. D by the trap (see Scheme 1).

The experimental data obtained in the present work
confirm the presence of a one-electron route in the
reaction under study, though the question of whether
this process forms a part of the major direction or it
belongs to secondary processes remains open.

When monitoring the course of the reaction of pyr-
roles with acylacetylenes by TLC, we found that the
process was accelerated by almost an order of magnitude
in the presence of silica gel with retention of regioselec-
tivity. Thus conversion of pyrrote 1 in the reaction with
acetylene 6 without a solvent in the absence of a sorbent
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was completed in 4 h, the reaction time in the presence
of a solvent was increased to 24—48 h, while the reaction
on dry silica gel was completed in 0.5 h. 1t is well known
that Si0, has an activating action on the course of many
reactions.? However, examples of nucleophilic addition
at the triple bond of acylacetylenes are absent.

It should be nated that the reaction on the Si0,
surface afforded virtually pure £-isomers of compounds
8—15, apparently due to specific sorption of acetylenes
through polar and weakly basic carbonyl groups on the
SiO, surface.

This is consistent with the fact that isomerization with
the use of silica gel which has been pretreated with an
aqueous solution of sodium carbonate or potassium hy-
droxide and dried to a constant weight occurred more
slowly. Thus the reaction of pyrrole I with acetylene 6 on a
silica gel surface pretreated with a 10% aquéous solution of
Na,CO; afforded both isomers of compound 8, which
were isolated by elution with hexane. The reaction did not
take place on a wet sorbent. in which weakly acidic
coordination vacancies are occupied by water molecules.

In most cases, 2-(2-acvivinyl)pyrroles 8—15 are col-
ored crystaliine products readily soluble in organic sol-
vents. The melting points of the E-isomers are substan-
tially higher than those of the corresponding Z-isomers.

The structures of adducts 8—15 were established by a
combination of analytical and spectral methods (Tables
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1 and 2). Their IR spectra have intense absorption bands
of carbony! groups in the 1626—1630 cm™! region. The
shift of the absorption band of the carbony! group to the
short-wavelength region i1s due to conjugation with the
double bond, which agrees with the published data.%.19
For the F-isomers, the C=C vibrations of the double
bond and of the benzene and pyrrole rings!? are observed
as a triplet of bands with equal intensities in the 1540—
1600 cm™! region, while for the Z-isomers, the intensi-
ties of the triplet are redistributed, the lower-frequency
band (1541—1546 cm™!) being more intense. The spec-
tra of compounds 13-—15, containing the thiophene
ring, have only one intense band (1548—1558 cm™!) in
the above-mentioned region. It should be noted that the
intensity of the w(C=C) band in the spectrum of an
olefin is always higher than that of v(C=0), which is an
indication of the s-cis-arrangement of the corresponding

3230—3320 cm™! region corresponding to N—H stretching
vibrations. The spectra of solutions of the £-isomers of
compounds 8, 10, and I1 in CCl, have only one narrow
absorption band in the 3470—3480 cm™! region, which is
indicative of the presence of a free NH group.

A different situation is observed in the case of the
Z-isomers of compounds 8 and 11. The spectra of solu-
tions in CCl, at concentrations which completely ex-
clude intermolecular hydrogen bonding have a broad
band with two maxima at 3]50—3180 cm™}, which is
attributable to intramolecular hydrogen bonding in the
structures (F):

bonds.!! In the spectra of compounds 8—15, the out-of- =

plane =C—H deformation vibrations of the double bond

are obscrved in the 755—787 c¢m™! (for the Z-adducts)

and 964980 cm™! (for the E-adducts) regions.

The IR spectra of the £-isomers of compounds 8—15 £

recorded in the solid phase (KBr) have intense bands in the

Table 2. 'H NMR spectral data for the £- and Z-isomers of 2-{2-acylvinyl)pyrroles

Com-  Isomer & 3/(1",/Hz

pound N—H H(3) R! R: H-ortho® (CO—Ph)  H Hy

8 E 11.75 6.73 715 6.24 8.05 7.58 7.64 15.40
z 12.82 6.83 7.28 6.34 8.05 6.81 7.08 12.30

9 £ 8.90 6.54 1.20-2.80 2.30 7.95 7.02 7.66 15.53
Ve 13.00 6.30 1.20—2.80 2.30 7.93 6.47 6.79 12.18

10 E 8.27 6.43 1.70—1.90 250262 7.95 6.96 7.63 15.33
Z 12.85 6.40 1.70—1.90 2.54-2.72 7.95 6.48 6.80 12.18

11 E 11.78 6.95 7.25--7.80 6.93 §.15 7.53 7.68 15.30
V4 13.72 6.74 7.25—7.80 6.86 8.05 6.90 7.13 12.30

12 £ 9.36 6.69 7.28—7.95 1.25; 2.68 7.93 7.17 7.83 15.50
Z 13.44 6.60 7.28—7.95 1.60; 2.68 7.67 6.61 6.88 12.30

13¢ £ 8.85 6.69 6.97 6.31 7.00 7.74 15.53
Z 12.98 6.63 7.04 6.32 6.52 6.87 12.33

14% E 8.45 6.46 1.70—1.90 2.49; 2.63 6.87 7.70 15.23
zZ 12.72 6.37 1.70—1.90 2.52; 2.69 6.38 6.76 12.00

15h¢ E 11.76 6.85 7.28-7.80 6.68 7.313 7.71% 15.30

2 The signals for the mrera- and para-protons of the benzene rings form complex multiplets at § 7.40—7.50.

b The signals for the H(3. 4, 5) protons of the thiophene ring are observed at 6 7.60, 7.12, and 7.

77 (E-isomer of 13); 7.71, 7.14, and

7.94 (Z-isomer of 13), 7.75, 7.11, and 7.57 (£-isomer of 14);, 7.71, 7.11, and 7.57 (Z-isomer of 14): 7.85, 7.25, and 8.02 (£-isomer

of 15), respectively.
< In DMSO.

Table 3. Geometric parameters of the calculated forms of compound 8 and the difference in their total energies

Struc- Bond length/A Bp,/deg AE* /K mol™!
ture C=0 C=C N—H C(hH—C(2y C(3H—Cd) CH—C(5)

F 1.209 1.344 0.998 1.471 1.442 1.502 25.3 0.00

G 1.201 1.339 0.993 1.478 1.450 1.504 24t 32.79

H 1.202 1.331 0.994 1.484 1.451 1.302 201 11.72

| 1.201 1.333 4.992 1.483 1.447 1.502 222 9.11

* The values are given relative to the most stable form (F).



1346 Russ.Chem.Bull., Vol. 48, No. 8, August, 1999

Trofimov et al.

Structure F as well as other most probable structures
(G—1) were calculated by the ab initio quantum-chemi-
cal method with the 6-31G* basis set, polarization func-
tions, and full geometry optimization (Table 3).

The distance between the H atom of the NH group and
the O atom of the carbonyl group (1.896 A) and the changes
in the bond lengths in structure F (clongation of the C=0,
N—H, and C=C bonds and shortening of the C(1)—C(2)
and C(3)—C(4) bonds) compared to the bond lengths in
structures G—I (see Table 3) confirm the presence of a
strong intramolecular hydrogen bond in conformation F.

In all the structures calculated, the carbonyl group
lies virtually in the plane of the heterocycle and the
C=C bond. The phenyl ring is bent away from the plane
of the C=C bond (the angles of rotation are 20—26°),
which leads to weakening of the conjugation between the
phenyl fragment and the n-system of the double bonds.
This fact is confirmed by the data of UV spectroscopy.
Thus the following electron-transition bands are ob-
served in the spectrum of a solution of compound 8 in
MeCN (r/nm (loge)): 257 (3.94) and 382 (4.30) for the
Z-tsomer and 257 (3.94) and 367 (4.37) for the
E-isomer. The first electron transition is virtually com-
pletely localized on the pheny! fragment. The long-
wavelength intense band is indicative of transfer of the
electron density from the C=C-—x-system fragment of
the pyrrole ring to the O atom of the carbonyl group and
belongs to charge-transfer bands.

In the 'H NMR spectra of compounds 8—12 (see
Table 2), the signals for the orrho-protons of the benzene
ring are shifted downtield under the effect of the adja-
cent carbonyl group and are far removed from the signals
for the mera- and para-protons, which form complex
multiplets in the & 7.4—7.5 region. In compounds 13—
15, the signals for the protons of the thiophene fragment
are observed at § 7.1—7.7 and the spin-spin coupling
constants have standard values (- .IH(4 yHGH = 3-8 Hz

Uhamey = 49 Hz Yy gy = 11 H2).

The multiplicity of the signals for the protons of the
pyrrole rning is complicated by the effect of the proton of
the NH group, which is typical of all the compounds
8§—15. Thus the long-range spin-spin coupling constant
$INH.H3) for compounds 10 and 14 is 2.05 Hz.

From Table 2 it can be seen that the chemical
shifts of the olefinic protons of the Z-isomers are
always smaller than those of the E-isomers. Notewor-
thy also are the unusually high values of the 3JAB
constants for the Z-isomers (12.18—12.33 Hz), which
is untypical of the constants of vicinal interactions
through double bonds, though analogous values are
available in the literature.!2.13 I the case under con-
sideration, this value was confirmed by the double
resonance method. The signal for the proton of the
NH group (5 12.72—13.72) of the Z-isomers is shifted
downfield compared to that of the E-isomers (§ 8.45—
11.72), which is due to the formation of an intramo-
lecutar hydrogen bond between the proton of the NH
group and the O atom of the carbonyl group. The two-
dimensional "H NMR spectra recorded with the use of
the nuclear Overhauser effect unambiguously confirm
the assignment of the signals for the H_ and Hj
protons at the double bond of the £- and Z-isomers.
For adduct 8, it was demonstrated that both isomers
are in the s-cis-conformation with respect to the mu-
tual arrangement of the double bond and the carbonyl
group. Thus in the case of the £-isomer, the high-field
doublet corresponding to the H_ proton has a cross-
peak with the proton of the NH group and with the
ortho-protons of the benzene ring, while a low-field
doublet of the H, proton has a cross-peak only with
H(3). For the Z-isomer. the signal for the H_ proton is
characterized by cross-peaks with the signals for the
Hy proton and for the ortho-protons of the benzene
ring (the mixing period (0.9 s) was close to the relax-
ation time). Therefore, the £- and Z-isomers exist in
different rotameric forms. In the E-isomer, the carbon-
yl group is in the ansi-position with respect to the
N atom (anti-s-cis-rotamer, structure I), while in the
Z-isomer, these fragments are in close proximity (syn-
s-cis-rotamer, structure F), which confirms the pres-
ence of an intramolecular hydrogen bond in the latter.

Experimental

The IR spectra of the compounds synthesized were record-
ed on a Bruker 1FS-25 Fourier spectrometer in the 400—4000
cm™! region in KBr pcllcls and in CCl solutions (the concen-
tration was 1-1073—1+107% mol L~ ; the thickness of the
layer was 5+ 1072—~1- 0“‘ m). The 'H NMR spectra were
measured on a Bruker DPX 230 instrument (250.13 MHz) with
HMDS as the internal standard; CDCly was used as the
sotvent. The UV spectra were obtained on a Specord UV—VIS
instrument, The ESR spectra were recorded on an SE/X-2547
Radiopan specirometer (Poland).

The course of the reactions and the purities of the resulting
compounds were monitored by TLC on Silufol UV-234 plates
in 1 : 1 ether—hexane and 1 : | ether—light petroleum systems.
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Preparative separation of isomers and purification were carried
out by TLC and column chromatography on AlLO, using light
petroleum and diethyl ether as the eluents.

Pyrrole 1 was a commercial product. Pyrroles 2—5 were
prepared according to Trofimov's reaction. ™

2-(2-Acylvinyl)pyrroles 8—15. Method A. A mixture of
pyrrole 1 {0.134 g, 2 mmol) and benzoylacetviene 6 (0.260 g,
2 mmol) was kept at ~20 °C for 4 h. The reaction mixture that
turned crystalline was washed with EtOH and ether. A mixture
of 2-(Z/E-2-benzoylvinyl)pyrroles (8) (Z/E = | : 2) was ob-
tained in a yield of 0.284 g (72%) .

A mixture of 2-(Z/E-2-benzoylvinyl)-5-isopropyl-4-meth-
ylpyrroles (9) was prepared analogously from pyrrole 2
(0.123 g, 1 mmol) and benzoylacetylene 6 (0.130 g, | mmol)
(the reaction time was 4 h). A mixture of pyrroles 9 (Z/E =
1 : 5) was isolated by column chromatography in a yield of
0.149 g (59%).

A mixture of 2-(Z/E-2-benzoylvinyl)-4,5,6, 7-tetrahvdroin-
doles (10) (Z/E = 1 - 5) was prepared analogously from tetrahy-
droindole 3 (0.121 g, | mmol) and acetvlene 6 (0.130 g,
1 mmol) in a yield of 0.136 g (54%) (1he reaction time was | h).

Method B. A mixture of pyrrole 1(0.140 g, 2.1 mmol) and
acetylene 6 (0.260 g, 2 mmol) in anhydrous EtOH (2 mL) was
stirred for 30 min and kept at ~20 °C for 24 h. After removal of
the solvent, a mixture of isomers of compound 8 (Z/E =
I : 1.6) was isolated by column chromatography in a yield of
0.23 g (38%).

Two fractions of Z/E isomers of 2-(2-thenoylvinyl)pyrroles
(13) were obtained analogously from pvrrole 1 (0.067 g,
I mmol} and acetytene 7 (0.134 g, | mmol) in ether (2 mL) (the
reaction time was 24 h). The fractions were obtained in vields of
0.076 g (37%) (Z/E=1:2)and 0.03 g (24%) (Z/E=1.2:1).

2-(2Z/E-2-Thenoylvinyl)-4.5.6,7-tetrahydroindoles (14)
(Z/E = | : 5) were prepared analogously from tetrahydroindole
3(0.121 g, | mmol) and acetylene 7 (0.134 g, 1 mmol) in ether
(2 mL) (the reaction time was 24 h) in a yield 0of 0.225 ¢ (87%).

2-( E£-2-Thenoylvinyl)-5-phenylpyrrole ¢15) (the admixture
of the Z-isomer was 5%) was obtained analogously from pyr-
role 4 (0.143 g, | mmol) and acetylene 7 (0.134 g, | mmol) in
ether (2 mL) (the reaction time was 24 h) in a vield of 0.238 g
(85%).

Method C. Acetylene 6 (0.260 g. 2 mmol) was added to a
mixture of pyrrole 1 (0.134 g, 2 mmol) and SiO, (4 g) at
~20 °C. The reaction mixture turned bright-vellow and slightly
warmed up (30—31 °C). After 30 min, the reaction mixture
was extracted with hexane. Adducts 8 (Z/€ =1 : 9, 'H NMR)
were obtained in a vield of 0.290 g (74%). Compound £-8 was
isolated by column chromatography, m.p. 133-—-134 °C (ht
data!®: m.p. 134 °C).

2-( £-2-Benzoylvinyl)-5-phenyipyrrole (11) was prepared
analogously from pyrrole 4 (0.143 g, | mmol) and acetyvlene 6
(0.130 g, 1 mmol) (the reaction time was 30 min) in a yield of
0.180 g (66%).

Method D. Acetylene 6 (0.130 g, 1 mmol) was added to a
mixture of pyrrole 1 (0.067 g, I mmol) and dry Si0, (2 g)
pretreated with a 10% aqueous solution of Na,CO; The
reaction mixture turned vellow. After 30 min, lemon-veliow
crystals of adduct Z-8 were isolated by extraction with hexane
in a yield of 0.110 g (56%). Subsequent treatment of the
reaction mixture with a 1 © 1 mixture of dicthyl ether and

hexane afforded £-8 isomer as orange-yellow crystals in a yield
of 0.025 g (13%).

The Z- and E-isomers of 2-(2-benzoylvinyl)-4-heptyl-5-
phenylpyrrole (12) were prepared analogously from pyrrole 5
(0.241 g, 1 mmol) and acetylene 6 (0.130 g. | mmol) on silica
gel pretreated with a 10% aqueous solution of KOH (the
reaction time was 20 min) in vields of 0.250 g (68%) and
0.08 g (22%). respectively.

The Z-isomer (the admixture of the £-isomer was 6%) and
the E-isomer of adduct 11 were prepared analogously from
pyrrote 4 (0.143 g, | mmol) and acetylene 6 (0.130 g, | mmot)
(the reaction time was 30 min) in yields of 0.031 g (11%) and
0.112 ¢ (41%), respectively.

This work was financially supported by the Russian
Foundation for Basic Research (Project No. 96-
0333263a).
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