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cavity and to change the ability of these molecules to form

complexes. Heterocyclic substituents located at the upper rim
allow the receptor to interact with both polar or ionic groups

and nonpolar fragments of substrates due to their inclusion into
the molecular cavity of calixarene. A few examples of func-

tionalization of calixarene rings with heterocyclic fragments

have been reported in the literature; however, all of them exploit
a multistep strategy to build heterocycles on the calixarene
platform?

In this paper, we wish to describe a new approach for
heterylation at the upper rim which enables one to incorporate
a heterocyclic fragment into unsubstituted calixarenes through
a one-step procedure. This approach is based on dire@ C
coupling of the phenol moiety of calixarene with electron-
deficient 1,2,4-triazines, and it appears to be the first example
of successful application of the/$ methodology in calixarene
chemistry?

We have recently elaborated a convenient method for
functionalization of 1,2,4-triazin-52)-ones with fragments of
m-excessive carbo- and heterocycles. It has been shown that,
being activated with acylating agents, 2-acyl-1,2,4-triazir=H{2
ones are capable of reacting with phenols to give a nevCC
bond between unsubstituted carbon atoms of two aromatic
rings? This work exploits the same methodology to perform
heterylation of calixarene rings with 1,2,4-triazin-Bi{2ones.

It has been established that the-C coupling of calixarene
1 with 1,2,4-triazinones3 can be carried out in TFA in the
presence of acylating agents, such as acetic or trifluoroacetic
anhydrides. Without an organic anhydride, the reaction does
not occur, as indicated byH NMR of the reaction mixture.
Indeed, an electrophilic character of protonated 1,2,4-triazin-
5(2H)-one appears to be not sufficient to cause the reaction with
calixarenes. Treatment of 1,2,4-triazin-5-or@with acetic
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(trifluoroacetic) anhydride in TFA affords a protonated form

of 2-acyl-1,2,4-triazinon&.Nucleophilic addition of calix[4]- Fo
arenel takes place at C-6 @3 to give the corresponding™- F H
adducts. The feature of the reaction is that it is accompanied Het = N . NN

. . . et = | Het' = |
by the rearrangement of the N(2)-acyl derivatives into more - )\N o Ph)\N o
stable adductd and5, bearing the acyl group at the N(1) atom, H

adjacent to the reaction center (Scheme 1).

Although the parent calix[4]arend exists in the cone rather stable adduetc. However, in the presence of trifluoro-
conformation, chemical modifications may give four possible acetic anhydride, the reaction affords thg?$roduct6. We
conformers:cone, partial cone, 1,2and1,3-alternatesOrganic believe that thex-pyridyl substituent promotes elimination of
anhydrides acylate the hydroxy groups of calixarene and changethe trifluoroacetyl groups, thus facilitating aromatization of the
their conformation from the cone into the 1,3-alternate to give ¢"-adduct5c into calixarenes (Scheme 2).
calixarene<, which can be isolated in 40 min after beginning  |ndeed, the reaction of 5,11,17,23-tetra[1-trifluoroacetyl-3-
of the reaction. The NH salts of 2-acyl-1,2,4-triazin-5-ones, phenyl-1,4,5,6-dihydro-5-oxo-1,2,4-triazin-6-yl]calix[4]areBe)(
which are formed in situ by dissolving triazinones in a mixture ith 4 equiv of pyridine is accompanied by deacylation of
of trifluoroacetic acid and a (trifluoro)acetic anhydride, react triazinone rings and affords calixarefe(Scheme 3). It can,
with calixarene<2a,b to afford the relatively stable adducts  therefore, be concluded that pyridine facilitates elimination of
and 5 in gOOd erIdS The mechanism of this reaction is the triﬂuoroacety| groups.
somewhat similar to that observed for the interaction of |y symmary, a convenient one-step procedure to functionalize
triazinones with benzoannelated crown etfeed involves  cjjixjjarenes by using a nucleophilic attack at unsubstituted
nucleophilic addition at the unsubstituted carbon atom of the carhon C-6 of 3-substituted-1,2,4-triazin-5-ones has been ad-

triazine ring followed by the 1,2-acylotropic rearrangement, yanced. Also, conformational features and their dependence on
which results in the formation of a more stable N(1)-acyl isomer. ihe reaction conditions have been established.

The stereochemistry of the reactionl-oWith 1,2,4-triazinones
depends on the nature of an acylating agent and reaction
conditions. Indeed, in the presence of acetic anhydride, the
reaction results in calix[4]arends,c existing in the 1,3-alternate
conformation, while trifluoroacetic anhydride facilitates deacyl-
ation of all O-trifluoroacetyl groups, and recrystallization from
methanol proved to give theoneisomers of the modified
calixarenesbab (Scheme 1).

Behavior of 3-(2-pyridyl)-1,2,4-triazin-5-on8c has some
differences. Like other 3R)-1,2,4-triazin-5-ones, compourdd
reacts with calixareng in the presence of acetic anhydride into

Structural elucidation of the compounds obtained has been
performed by means ofH and C NMR spectroscopy,
including the NOESY and heteronuclear correlation experiments.

In the IH NMR spectra of4 resulting from a nucleophilic
addition of calix[4]arend. at the unsubstituted C(6) carbon atom
of the triazine ring, the resonance signal of the proton attached
at the sp-hybridized carbon is observed at 5.:6.0 ppm. In
the 13C NMR spectra of4, the resonance signal of methylene
groups is observed at 37.2 ppm, and according to the Mendoza
rule, it indicates that the adduet adopts the 1,3-alternate
conformation. In thé3C NMR spectra o#, the signals of C(3)

(5) Chupakhin, O. N.; Rusinov, G. L.; Itsikson, N. A.; Beresnev, D. G.; of the cahxarene fragment and C(_9),. C(l_O), and C(lji) of the
Nikolaeva, I. L.; Burilov, A. R.; Konovalov, A. IHeterocycl. Commun.  3-Phenyl substituent of the 1,2,4-triazine ring were assigned by
2004 10, 15. using the'H—13C HETCOR experiments. Assignment of other
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signals in the'3C NMR of 4a was made on the basis of long-
range'H—12C coupling constants. Thus, thR&—H long-range
COSY spectrum reveals correlation of C(1), C(6), C(7), C(8),
and C(11) atoms with C(3)H, C(5)—H, C(9—H, C(10)-H,
and C(9)>-H protons, respectively (Figure 1 in the Supporting
Information). No cross-peaks were observed in the COIS¥

13C spectra for the C(2) carbon resonance. The quaternary C(4)

carbon was identified due to spispin interaction with C(5yH
and absence of any geminal couplings.

TABLE 1. Transport of La(NO3)3 and Ga(NOs); at 0.1 M of
Carrier of 4a and 5a

J (10’ mol m—2s71)

salt da 5a without carrier
La(NOs)3 6.09+ 0.18 20.9+-0.1 1.33+£ 0.02
Ga(NG)s3 0.693+ 0.03 1.36+ 0.03 0.626+ 0.03

than that of Ga(N@); due to the increased ionic radius of the

The assignment of the C(10) carbon resonance was based of@nthanum cation compared to that of the gallium cation.

the13C—H HETCOR and'H—13C HMBC spectra. In théH—
13C HMBC spectrum of#ta, the correlation of &0 carbon with

In conclusion, a convenient one-step procedure for th€C
coupling of 1,2,4-triazinones with calixarene based on a

protons of the acety| group has been observed; however, thenUCIeOph”iC attack of the phenol moiety at the unsubstituted

absence of cross-peaks between H(5) areOCcarbons does
not allow one to differentiate ©Ac and N-Ac signals. The
unequivocal assignments @F andN-acetyl signals have been

C-6 carbon atom of the triazine ring has been elaborated.
Conditions for the formation of the cone or 1,3-alternate
conformers have been found. It has been shown that modified

obtained by means of NOE experiments. Also, the NOE data Calixarenes are effective compounds for transport ofLa
provide an argument in favor of the 1,3-alternate conformation cations.

since, in this case, the correlation@f andN-acetyl protons is
possible. The cross-peaks of Oglgroups with protons of

bridging methylene units enable one to distinguish the signals

of O-acetyl and\-acetyl groups in théH NMR spectra of4a.

Conformational analysis dfa was based on the data ¥,
19, and'3C NMR spectra. In thé°F NMR spectrum oba, the
only signal of the NCOC{group was observed. In théC
NMR spectra oba, the signal of bridged methylene units was
registered at-32.1-32.7 ppm, while no signals at 3838 ppm

were observed. These data correspond to the cone conformatio

of 5a. However, double sets for aromatic proton and carbon
resonances of calixarene, as well as for thecgbon resonance
of the triazine ring observed i and3C NMR of 53, indicate
that the compound exists in solution in bo®, and C,4
symmetrical cone conformatiofi®Another explanation of high
multiplicity of signals in thelH NMR spectra is an unsym-

Experimental Section

3-Aryl-1,2,4-triazin-5(2H)-ones 3a-c were prepared according
to references.

25,26,27,28-Tetraacetoxycalix[4]arene (2ap suspension of
calix[4]arene (0.12 mmol) in a mixture of TFA (1 mL) and acetic
anhydride (0.5 mL) was stirred at 2@ for 40 min until calix[4]-
arenel was completely dissolved. The solvent was removed in
vacuo. The residue was triturated with diethyl ether, and the solid

btained was filtered off. Yield 83%, mp 24245 °C. 'H NMR,

, ppm (DMSOsdg): 7.37—-7.38 (1H, m, Ar), 7.09-7.12 (2H, m,
Ar), 3.62 (2H, br s, CH), 2.33 (3H, br s, G-Ac). Anal. Calcd for
CseH320s: C 72.96; H 5.44. Found: C, 72.77; H, 5.67.

25,26,27,28-Tetratrifluoroacetoxycalix[4]arene (2b)A suspen-
sion of calix[4]arene (0.12 mmol) in a mixture of TFA (1 mL) and
trifluoroacetic anhydride (0.5 mL) was stirred at 20 for 40 min.
The precipitate was filtered off. Yield 67%, mp230°C. H NMR,

metrical arrangement of the 1,2,4-triazine rings caused by ad, ppm (DMSO€): 7.18-7.23 (1H, m, Ar), 7.0%7.09 (2H, m,

hindered rotation around the C(6¢(4') bond.
To examine conformation changes, the dynamic NMR

experiments have been carried out (see Supporting Information).

It has been shown that gradual heating of compo&adn
DMSO-g results in merging of signals of both aromatic protons
and C(6)-H.

Ar), 3.75 (2H, br s, CH). F NMR, 6, ppm (DMSOs): 87.99
(br s). Anal. Calcd for GgH»00gF12: C, 53.48; H, 2.49. Found: C,
53.12; H, 2.58.
5,11,17,23-Tetra[1-trifluoroacetyl(acetyl)-3-R)-1,4,5,6-dihy-
dro-5-0x0-1,2,4-triazin-6-yl]-25,26,27,28-tetraoxy(acetoxy)calix-
[4]arene (4 and 5) (General Procedure)A suspension of 3R)-
1,2,4-triazin-5(#)-one (1.9 mmol) and calix[4]arene (0.5 mmol)

Transport measurements were carried out in a permeation celljn @ mixture of TFA (2 mL) and trifluoroacetic (acetic) anhydride

as described earlie(effective membrane area is 4.909 9ym

The membrane was positioned between two cylindrical com-
partments both containing aqueous phases (source phase was

mL of 0.1 M solution of salt, receiving phase consisted of 400
mL of water). The support consisted of thin porous poly-
(tetrafluoroethylene) membrane filters (PALL, 25 mm diameter,
0.2 um pore size) immobilizing a carrier in the membrane
solvent andb-nitrophenyln-octyl ether to afford a x 1073 M

solution. To dissolve the carrier, a small amount of dichlo-

(1 mL) was stirred at 20°C for 7 days until reagents were
completely dissolved. The reaction mixture was evaporated to
nessThe residue was treated with diethyl ether. The precipitate
as filtered off, recrystallized from methanol, and dried ovgd{?
5,11,17,23-Tetra[1l-acetyl-3-phenyl-1,4,5,6-dihydro-5-oxo-1,2,4-
triazin-6-yl]-25,26,27,28-tetraacetoxycalix[4]arene (4a).Yield
78%, mp> 230°C.H NMR, ¢, ppm (DMSO¢): 11.68-11.75
(4H, set of singlets, NH), 7.877.96 (8H, m, Ph), 7.4#7.53 (12H,
m, Ph), 6.88-7.03 (8H, set of singlets, Ar), 5.98.01 (4H, set of
singlets, C(6)-H), 3.46-3.52 (8H, br s, CH), 2.32-2.43 (12H,

romethane was added, which was then evaporated under &€t of singlets, ©Ac), 1.18-1.27 (12H, set of singlets, Ac}*C

reduced pressure. The measurements were performed’&t 25

at least in duplicate. Values of transport constants for various
cations with triazine-modified calixarene are presented in Table

1. Transport of the nitrates of Baand G&" in the absence of
the carrier is low. The transport of La(NJ@ is much higher

(6) Nomura, Ei.; Takagaki, M.; Nakaoka, Ch.; Taniguchi, H.Org.
Chem.200Q 65, 5932.

(7) Antipin, I. S.; Stoikov, I. I.; Khrustalev, A. A.; Konovalov, A. I.
Russ. Chem. Bulk001, 50, 2134.
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NMR, 6, ppm (DMSO¢k): 20.13-2.16 (OCOCH), 21.82-21.84
(NCOCH), 37.76-37.78 (CH), 56.26-56.33 (C(6}-Hyinp), 127.29-
127.47 (C(Ary-H, 0-Ph), 129.48-129.54 (n+Ph), 131.13-131.14
(C—C(3)), 131.19-131.20 p-Ph), 133.27133.136 (C-C(6)),
133.77-133.95 (G-CH,), 141.16-141.19 (C(3)), 148.64148.67
(C—OAc), 166.18-166.19 (C(5)), 168.03168.24 (OCOCH),
171.53-171.57 (NCOCH) Anal. Calcd for GoHgsN12016 C,

(8) (a) Takahashi, M.; Shirahashi, S.; Sugawara\lidpon Kagaki Kaishi
1973 1519. (b) Uchytilova, V.; Fiedler, P.; Prystas, M.; Gut,Cbllect.
Czech. Chem. Commut971, 36, 1955.
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66.11; H, 4.72; N, 11.56. Found: C, 65.76; H, 4.84; N, 11.26. Mass one (164 mg, 0.96 mmol) and calix[4]arene (100 mg, 0.24 mmol)

spectrumm/z. 1492.382 (1453.44 [M] + 38.942 [K+]); 1476.438
(1453.44 [MH] + 22.998 [Nat+]).
5,11,17,23-Tetra[1-acetyl-3-(2-pyridyl)-1,4,5,6-dihydro-5-oxo-
1,2,4-triazin-6-yl]-25,26,27,28-tetraacetoxycalix[4]arene (4cyield
52%, mp> 230°C. H NMR, 6, ppm (DMSO¢): 10.96 (4H, br
s, NH), 8.66-8.72 (4H, m, Py), 8.148.16 (4H, m, Py), 7.93
7.95 (4H, m, Py), 7.537.55 (4H, m, Py), 6.937.02 (8H, m, Ar),
5.94-6.01 (4H, set of singlets, C(6H), 3.57 (8H, br s, CH),
2.32-2.38 (12H, set of singlets, ©Ac), 1.17-1.39 (12H, set of
singlets, Ac). Anal. Calcd for €HesN16016: C, 62.63; H, 4.42;
N, 15.38. Found: C, 63.01; H, 4.78; N, 14.99.
5,11,17,23-Tetra[1-trifluoroacetyl-3-phenyl-1,4,5,6-dihydro-
5-0x0-1,2,4-triazin-6-yl]calix[4]arene (5a).Yield 56%, mp> 225
°C.H NMR, 6, ppm (DMSO¢): 11.74 (4H, br s, NH), 7.89
7.97 (8H, m, Ph), 7.4%7.52 (12H, m, Ph), 6.846.89 (8H, set of
singlets, Ar), 5.645.69 (4H, set of singlets, C(6H), 3.74 (8H,
brs, CH). 1F NMR, 6, ppm (DMSOe¢): 93.10 (br s)13C NMR,
0, ppm (DMSOsdg): 32.1, 32.2 (CH), 56.7, 56.8, 56.87, 56.9 (C(6)
triazine), 115.32 (Ck q, J = 287 Hz), 11 signals of aromatic
carbons: 143.9, 144.0 (CPiOH), 152.07, 152.09, 152.18 &
CPh-N), 155.3 (g, CECO, J = 32 Hz), 163.2, 163.29, 163.33,
163.38, 163.41 (€0 triazine). Anal. Calcd for @HgN1,01F12:

C, 57.60; H, 3.22; N, 11.19. Found: C, 58.00; H, 3.21; N, 10.92.

Mass spectrummvz. 1540.156 (1501.218 [M] + 38.942 [K+]);
1524.118 (1501.218 [Mt] + 22.99 [Nat]).
5,11,17,23-Tetra[1-trifluoroacetyl-3-(4-methylphenyl)-1,4,5,6-
dihydro-5-ox0-1,2,4-triazin-6-yl]calix[4]arene (5b).Yield 72%,
mp 226-230°C.H NMR, 6, ppm (DMSO¢): 11.64-11.74 (4H,
set of singlets, NH), 7.767.82 (8H, set of doublets, Tol), 7.30
7.34 (8H, set of doublets, Tol), 6.8.84 (8H, set of singlets,
Ar), 5.69-5.74 (4H, set of singlets, C(6H), 3.68 (8H, br s,
CH,), 2.36 (12H, s, Ch). 1%F NMR, 6, ppm (DMSOds) 93.81
(br s).13C NMR, ¢, ppm (DMSO¢g): 20.69 (CH), 32.78 (CH),
56.63 (C(6)), 114.61 (GJ, 154.65 (COCHR), 163.31 (C(5)),

117.49, 121.79, 122.03, 122.30, 124.48, 124.62, 124.90, 126.43
127.32, 129.09, 130.03, 141.19, 143.82 (CAr). Anal. Calcd

for C7eHseN1201F12: C, 58.62; H, 3.63; N, 10.80. Found: C, 58.75;

H, 4.02; N, 10.72.
5,11,17,23-Tetra(3-(2-pyridyl)-5-oxy-1,2,4-triazin-6-yl)calix-

[4]arene (6). A suspension of 3-(2-pyridyl)-1,2,4-triazin-342-

in a mixture of TFA (1.5 mL) and trifluoroacetic anhydride (1.5
mL) was stirred at 20C for 8 days until reagents were completely
dissolved. The reaction mixture was evaporated to dryrEss
residue was treated with diethyl ether. The precipitate was filtered
off, and the product was separated by using flash chromatography
with CH,Cl,—CHzCOOEt (20:1) as eluent. Yield 24% NMR,
J, ppm (DMSOég): 14.01 (4H, br s, N(2)H), 7.34-8.76 (16H,
m, Py), 7.00-7.07 (8H, set of singlets, Ar), 3.874.40 (8H, br s,
CH,), 3.44 (2H, q,J = 7.2 Hz, CHCOOCH,CH), 1.88 (3H, m,
CH3;COOCHCHj), 1.08 (3H, t,J = 7.2 Hz, CHCOOCHCH3).
Anal. Calcd for GoHaoN160gC4HgO2: C, 63.99; H, 4.03; N, 18.66.
Found: C, 63.57; H, 4.48; N, 18.26.
5,11,17,23-Tetra[3-phenyl-1,4,5,6-tetrahydro-5-ox0-1,2,4-tri-
azin-6-yl]calix[4]arene (7).Pyridine (0.32 mmol) was added to a
suspension oba (0.067 mmol) in methanol (3 mL). The reaction
mixture was refluxed for 4 h. The precipitate was filtered off. Yield
75%, mp 326-322°C. H NMR, 9, ppm (DMSOs): 10.79 (1H,
br s, NH), 10.80 (1H, br s, NH), 10.82 (1H, br s, NH), 10.86 (1H,
brs, NH), 7.777.79 (8H, m, Ph), 7.377.42 (12H, m, Ph), 6.79
7.02 (8H, set of singlets, Ar), 6.82 (1H, br s, N{1), 6.85 (1H,
brs, N(1)-H), 6.86 (1H, br s, N(1)}H), 6.89 (1H, br s, N(1)H),
4.09 (1H, br s, C(6yH), 4.11 (1H, br s, C(6yH), 4.12 (1H, br s,
C(6)—H), 4.13 (1H, br s, C(6yH), 3.57 (8H, br s, CH. Anal.
Calcd for G4HsoN1,O0g: C, 68.82; H, 4.67; N, 15.05. Found: C,
68.43; H, 5.01; N, 14.72.
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