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Abstract—Palladium-catalyzed amination of 1,3-dibromobenzene, 2,6-dibromopyridine, 3,3'-dibromobi-
phenyl, 2,7-dibromonaphthalene, and 1,8-dichloroanthracene with an equimolar amount of 2,2’-(adamantane-
1,3-diyl)diethanamine resulted in the formation of macrocyclic compounds containing one or several
adamantane and one or several aromatic fragments. The reactions of 2,2'-(adamantane-1,3-diyl)diethanamine
with excess 1,3-dibromobenzene, 2,6-dibromopyridine, 1,8-dichloroanthracene, and 1,8-dichloroanthraquinone
gave the corresponding N,N'-diaryl derivatives. Polyaza macrocycles incorporating adamantane, aromatic, and
4,7,10-trioxatridecane-1,13-diamine fragments, were obtained by palladium-catalyzed amination of the N,N'-di-

aryl derivatives with 4,7,10-trioxatridecane-1,13-diamine.

DOI: 10.1134/S1070428009100236

Thirty years ago Novikov et al. [1] proposed a con-
venient and reliable procedure for the preparation of
1,3-bis(2-aminoethyl)adamantane (I), and this com-
pound was widely used in practice since that time.
Diamine I, 1,3-bis(aminomethyl)adamantane, and the
corresponding hydrochlorides were tested for antiviral
activity [2], and the first of these turned out to be ac-
tive against avian influenza [3], while the second was
patented as antiviral drug for the treatment of domestic
animals [4, 5]. Diamine I is used as a component in the
preparation of epoxide polymers [6] with a view to
improve their optical parameters and endurance [7],
as well as for modification of aromatic polyimides
[8—10]. Polyamides with enhanced hydrolytic and ther-
mal stability were synthesized on the basis of com-
pound I [11]. Chemical derivatives of diamine I have
also found versatile applications; for example, the
corresponding diisocyanates were introduced into poly-
meric chains of polyurethanes to improve their chem-
ical stability and light resistance; addition of 1,3-bis(2-
m-fluorobenzylideneaminoethyl)adamantane and
1,3-bis(2-m-methoxybenzylideneaminoethyl)adaman-

tane improves mechanical properties of rubber [12].
Diamine I was also used to modify rubber [13, 14].
Cyclic Schiff base were synthesized from diamine I,
and their biological activity was studied [15].

Our interest in diamine I, as well as in other ada-
mantane-containing diamines, is related to the possi-
bility of their catalytic N-arylation to obtain new
potential pharmacologically active compounds. We re-
cently synthesized N,N'-dipyridyl derivative of 1,3-bis-
(aminomethyl)adamantane, which showed nootropic
effect in mice [16]. We believed that introduction of an
adamantane fragment into polyaza macrocycles should
enhance their lipophilicity and hence permeability
through cell membranes. Therefore, we made an at-
tempt to synthesize such macrocycles whose cavity be
capable of transporting small organic molecules. Com-
bination of adamantane and diaminoaryl fragments in
a single molecule seems to be promising from the
viewpoint of further biological studies. For example,
diaminonaphthalenes exhibit versatile biological
activity [17-21], diaminoanthraquinone derivatives
were studied as anticarcinogenic agents [22], and di-
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aminobiphenyls were tested for carcinogenic activity
[23, 24].

We previously synthesized various macrocyclic
compounds via palladium-catalyzed amination [25—
28]. In the present work we tried to apply the potential
of palladium-catalyzed amination to the synthesis of
new macrocycles having an adamantane fragment. For
this purpose, 1,3-bis(2-aminoethyl)adamantane (I) was
brought into reactions with equimolar amounts of vari-
ous dihaloarenes in the presence of the catalytic system
Pd(dba),/BINAP (8/9 mol %) and sodium tert-butox-
ide in dioxane. The results are shown in Scheme 1.

The reactions of diamine I with 1,3-dibromoben-
zene, 2,6-dibromopyridine, and 2,7-dibromonaphtha-
lene gave macrocyclic compounds having two ada-
mantane and two aromatic fragments, cyclic dimers
VII, IX, and XIII, respectively, in 6—10% yield.
Higher cyclic oligomers VII (r > 2), IX (n = 3-5), and
XIII (n = 2, 3) were isolated as mixtures in 14—40%
yield, and compound IX was isolated as a mixture with
acyclic 2,6-diaminopyridine derivatives X (n = 1-3).
Their formation was confirmed by the MALDI mass
spectra. The structure of the initial compounds in these
reactions cannot ensure formation of 1:1 adducts con-
taining one adamantane and one aromatic fragment. In
the reaction with 1,3-dibromobenzene both BINAP and
N,N-dimethyl-2'-(dicyclohexyl-A*-phosphanyl)biphen-
yl-2-amine (DavePHOS) showed approximately simi-
lar catalytic activity, whereas only the latter ligand was
effective in the reaction with 2,6-dibromopyridine.
Furthermore, the reaction with 1,3-dibromobenzene
was accompanied by its partial reduction with forma-
tion of a small amount of N,N'-diphenyl-2,2'-(adaman-
tane-1,3-diyl)diethanamine (VIII). By contrast, 3,3'-di-
bromobiphenyl (IV) and 1,8-dichloroanthracene (VI)
reacted with 2,2'-(adamantane-1,3-diyl)diethanamine

XIV, 8% XV, n=2-6, 36%

PCyz

(D) to give the corresponding 1:1 macrocyclic adducts
XI and XIV which were isolated in 17 and 8% yield,
respectively. Cyclic dimers and higher cyclic oligo-
mers XII (n = 1-3) and XV (n = 2-6) were isolated as
mixtures (yield 27 and 36%, respectively).

In the reactions of diamine I with 1,8- and 1,5-di-
chloroanthraquinones XVI and XVII and 1,5-dichloro-
anthracene (XVIII) cyclic dimers and oligomers were
formed in very small amounts, and we failed to sepa-
rate them from the major products, the corresponding
linear oligomers. In the reaction mixture obtained from
diamine I and 1,8-dichloroanthraquinone (XVI) we
detected by MALDI-TOF mass spectrometry cyclic
dimer XIX (n = 2) together with linear oligomers XX
(n = 0-2) and XXI (n = 0, 1) (overall yield ~30%),
while the reaction of I with isomeric 1,5-dichloroan-
thraquinone produced cyclic dimer XXII (n = 2),
trimer XXII (n = 3), and oligomers XXIII (n = 1-3)
and XXIV (n = 0-3) in an overall yield of ~30%
(Scheme 2). Cesium carbonate was used instead of
sodium tert-butoxide in the reactions of diamine I with
dichloroanthraquinones. The reaction of I with 1,5-di-
chloroanthracene was accompanied by hydrodehalo-
genation to a considerable extent, and 18% of N,N'-bis-
(anthracen-1-yl)-2,2'-(adamantane-1,3-diyl)diethan-
amine (XXV) was obtained in a mixture with anthra-
cene (XXVI), the latter being in fact the major product
(Scheme 3).

Different results of the reactions of diamine I with
different dihaloarenes are largely determined by their
structure, specifically by the position of halogen
atoms, as well as by the structure of acyclic amino-
substituted intermediate, rather than by the reactant
concentration. In fact, the reaction of diamine I with
1,3-dibromobenzene in a 0.1 M solution gave cyclic
dimer VII (n = 2) with the same yield (6%) as in
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Scheme 3.
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a 0.02 M solution; only the ratio of by-products, cyclic
oligomers VII (n > 2) and hydrodebromination product
VIII, changed in this case.

Surprisingly, cyclic dimer XIII (n = 1) turned out to
be very poorly soluble in chloroform, so that it can be
readily separated from higher cyclic oligomers. The

XXVI

NMR spectra of macrocycles XI and XIV with one
adamantane and one aromatic fragment differ consid-
erably from the spectra typical of cyclic dimers XII
(n=1) and XV (n = 2) due to close mutual location
of the aromatic and aliphatic fragments in molecules
XI and XIV.
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In the next step, we tried to find optimal conditions
for the synthesis of N,N'-bis(haloaryl) derivatives of
diamine I with a view to effect their further cyclization
with linear diamines (Scheme 4). The reaction of di-
amine I with 2.2 equiv of 1,3-dibromobenzene in the
presence of 2 mol % (per halogen atom) of the cata-
lytic system Pd(dba),/BINAP afforded compound
XXVII in 27% yield. Triaryl derivative XXVIII and
oligomer XXIX were isolated in 40 and 18% yield,
respectively. Variation of the reactant ratio or raising
the amount of the catalyst to 4 mol % almost did not
change the yield of XXVII, but either other by-prod-
ucts were formed or their ratio changed. When the
reaction was carried out in the presence of DavePHOS
as ligand instead of BINAP, the yield of compound
XXVII decreased due to formation of benzene-1,3-di-
amine derivatives. However, the former ligand turned
out to be more effective in the synthesis of N,N'-bis(6-
bromopyridin-2-yl)-2,2'-(adamantane-1,3-diyl)diethan-
amine (XXX), whereas BINAP gave rise to a complex
mixture of products which we failed to identify. In the
reaction of diamine I with 3 equiv of 1,8-dichloroan-
thracene, compound XXXI was isolated in 46% yield.
1,8-Dichloroanthraquinone (VI) reacted with 1,3-bis-
(2-aminoethyl)adamantane (I) at a ratio of 3:1 to pro-
duce 50% of N,N'-diaryl derivative XXXII together
with acyclic oligomers XXXIII and XXXIV (19 and
18%, respectively).

N,N'-Bis(haloaryl) derivatives XXVII-XXXII
were brought into reaction with 4,7,10-trioxatridecane-
1,13-diamine (XXXYV) (Scheme 5). The reactions were
carried out with equimolar amounts of the reactants in
dioxane solution with a concentration of 0.02 M, and
the reaction mixtures were heated for 24-30 h under
reflux. Macrocyclic compound XXXVII with two
anthracene fragments was isolated in 23% yield. How-
ever, the reaction of XXVII with diamine XXXV
followed a more complex pattern. In the presence of
4 mol % of the catalyst we obtained a difficultly
separable mixture of monomer, cyclic dimer, and
cyclic trimer XXXVI (n = 1-3) with an overall yield
of 26%, whereas the use of 8 mol % of the catalyst
ensured formation of 12% of monomer XXXVI (n = 1)
and unexpectedly large amount of cyclic dimer
XXXVI (n =2, 22%). In the reaction of diamine XXV
with compound XXXII no analogous macrocycle with
two anthraquinone fragments was detected in the
reaction mixture, and only cyclic dimer and trimer
XXXVII (n =2, 3) were isolated in poor yields (6%).
We believe that in this case the structure of the corre-
sponding acyclic intermediate is not favorable for its
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cyclization, probably due to formation of intramolec-
ular hydrogen bonds N—H:--O which make the mole-
cule conformationally rigid. Cesium carbonate was
used as a base in this reaction instead of sodium tert-
butoxide.

EXPERIMENTAL

The 'H and >C NMR spectra were recorded on
a Bruker Avance-400 spectrometer at 400 and
100.6 MHz, respectively, from solutions in CDCl;
(unless otherwise stated) using the solvent signals as
reference (CHCI;, & 7.25; CDCl;, 6¢ 77.00 ppm). The
mass spectra (MALDI-TOF, positive ion detection)
were obtained on a Bruker Daltonics Ultrafex instru-
ment using 1,8,9-trihydroxyanthracene as matrix. The
UV spectra were measured on a Perkin—Elmer Lambda
40 spectrophotometer. Preparative column chromatog-
raphy was performed on silica gel (40—60 um, Merck).
Commercially available 1,3-bromobenzene (II), 2,6-di-
bromopyridine (I1I), 1,8-dichloroanthraquinone (XVI),
1,5-dichloroanthraquinone (XVII), sodium tert-butox-
ide, BINAP, and DavePHOS were used without addi-
tional purification. 2,2'-(Adamantane-1,3-diyl)diethan-
amine (I) [1], 3,3'-dibromobiphenyl (IV) [29], and
2,7-dibromonaphthalene (V) [30] were synthesized
according to known methods; 1,8-dichloroanthracene
(VI) and 1,5-dichloroanthracene (XVIII) were synthe-
sized by reduction of 1,8-dichloroanthraquinone and
1,5-dichloroantraquinone, respectively [31]; Pd(dba),
was prepared as described in [32] and was not recrys-
tallized. Dioxane was distilled first over alkali and then
over metallic sodium; methylene chloride and metha-
nol were distilled.

Macrocyclic compounds VII, IX, and XI-XIV
(general procedure). Anhydrous dioxane, 5-25 ml,
2,2'-(adamantane-1,3-diyl)diethanamine (I), 0.5-
2 mmol, and potassium tert-butoxide, 1.5-6 mmol,
were added under argon to a mixture of 0.5-2 mmol of
the corresponding dihaloarene, 2—8 mol % of Pd(dba),,
and 2.5-9 mol % of BINAP or 2'-(dicyclohexyl-A’-
phosphanyl)-N,N-dimethylbiphenyl-2-amine. The mix-
ture was heated for 7-30 h under reflux and cooled, the
precipitate was filtered off, the filtrate was evaporated
under reduced pressure, and the solid residue was
subjected to chromatographic separation on silica gel
using (in succession) methylene chloride and methyl-
ene chloride—methanol (500:1 to 3:1) as eluent.

4,10,22,28-Tetraazanonacyclo[29.5.1.1"%.1%” -
1317 1131 11519 12327 13135 tetratetraconta-5(44),6,-
8,23(40),24,26-hexaene (VII) was synthesized from
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0.5 mmol (118 mg) of 1,3-dibromobenzene and
0.5 mmol (111 mg) of diamine I in the presence of
8 mol % (23 mg) of Pd(dba),, 9 mol % (28 mg) of
BINAP, and 1.5 mmol (150 mg) of sodium tert-butox-
ide in dioxane (reactant concentration 0.02 M); eluent
CH,C1,-MeOH (500:1). Yield 9 mg (6%), light yellow
oily substance. '"H NMR spectrum, &, ppm: 1.30—
1.64 m (24H), 1.45 t (8H, >J = 7.8 Hz), 2.06 s (4H),
3.11 t (8H, °J = 7.8 Hz), 3.41 br.s (4H), 5.86 s (2H),
5.93 d (4H, °J = 7.8 Hz), 6.87 t (2H, *J = 7.8 Hz).
BC NMR spectrum, 8¢, ppm: 28.9 (4C), 32.7 (4C),
36.5 (2C), 38.5 (4C), 42.3 (8C), 43.9 (40), 46.7 (2C),
94.1 (2C), 103.8 (4C), 129.5 (2C), 149.9 (4C). Mass
spectrum: m/z 592.58 [M]".

Compounds VII (n = 4) and VIII were isolated as
by-products in the reaction of 2 mmol (472 mg) of
1,3-dibromobenzene with 2 mmol (444 mg) of diamine
I in the presence of 2 mol % (23 mg) of Pd(dba),,
2.5 mol % (20 mg) of DavePHOS, and 6 mmol
(580 mg) of sodium fert-butoxide in dioxane (reactant
concentration 0.1 M). Eluent CH,Cl,-MeOH (500:1).

Cyclic tetramer VII (n = 4). Yield 12 mg (2%),
yellow oily substance. '"H NMR spectrum, , ppm:
1.33 s (8H), 1.38-1.58 m (48H), 1.62 s (8H), 2.06 s
(8H), 3.05-3.15 m (16H), 3.47 br.s (8H), 5.85 s (4H),
5.99 d (8H, °J = 7.9 Hz), 6.98 t (4H, *J = 7.8 Hz).
BC NMR spectrum, ¢, ppm: 28.9 (8C), 32.7 (8C),
36.4 (4C), 38.6 (8C), 41.9 (16C), 43.7 (8C), 46.7 (4C),
97.2 (4C), 102.7 (8C), 129.9 (4C), 149.5 (8C). Mass
spectrum: m/z 1184.70 [M]".

N,N'-|[Adamantane-1,3-diylbis(ethane-2,1-diyl)]-
dianiline (VIII). Yield 46 mg (6%), light yellow oily
substance. '"H NMR spectrum, 8, ppm: 1.32 s (2H),
1.38-1.58 m (12H), 1.61 s (2H), 2.11 s (2H), 3.02-
3.12 m (4H), 6.59 d (4H, °J =7.9 Hz), 6.68 t (2H, *J =
7.2 Hz), 7.17 t (4H, °J = 7.5 Hz); signals from NH
protons were not assigned unambiguously. *C NMR
spectrum, 3¢, ppm: 28.6 (2C), 31.9 (2C), 35.7 (10),
38.6 (2C), 41.2 (4C), 43.7 (2C), 47.8 (1C), 112.7 (4C),
117.1 (2C), 129.2 (4C), 149.6 (2C).

4,10,22,28,40,44-Hexaazanonacyclo[29.5.1.1" -
1321317 1130 1151 12327 13135 tetratetraconta-5(44),-
6,8,23(40),24,26-hexaene (IX) was synthesized from
0.5 mmol (118.5 mg) of 2,6-dibromopyridine and
0.5 mmol (111 mg) of diamine I in the presence of
8 mol % (23 mg) of Pd(dba),, 9 mol % (18 mg) of
DavePHOS, and 1.5 mmol (150 mg) of sodium tert-
butoxide in dioxane at a reactant concentration of
0.02 M. Eluent CH,Cl,-MeOH, 25:1. Yield 16 mg
(10%), yellow oily substance. "H NMR spectrum, &,

RANYUK et al.

ppm: 1.36-1.60 m (24H), 1.39 t (8H, °J = 7.7 Hz),
2.01 br.s (4H), 3.28 t (8H, °J = 7.7 Hz), 4.14 br.s (4H),
5.62 d (4H, °J = 7.8 Hz), 7.12 t (2H, *J = 7.8 Hz).
BC NMR spectrum, 8¢, ppm: 29.1 (4C), 32.8 (4C),
36.6 (2C), 36.7 (4C), 42.2 (8C), 44.0 (4C), 47.2 (2C),
94.9 (4C), 138.4 (2C), 158.8 (4C). Mass spectrum:
milz 594.25 [M]".

N,N'-Bis{2-[3-(2-aminoethyl)adamantan-1-yl]-
ethyl}pyridine-2,6-diamine (X, » = 1) was isolated as
by-product in the synthesis of cyclic dimer IX. Eluent
CH,Cl,—MeOH-aq. NH3;, 100:20:3. Yield 26 mg
(10%), yellow oily substance. '"H NMR spectrum, ,
ppm: 1.24 s (4H), 1.32-1.54 m (24H), 1.57 s (4H),
1.99 s (4H), 2.05 br.s (4H), 2.68 t (4H, J = 8.1 Hz),
3.15 br.s (4H), 4.16 br.s (2H), 5.66 d (2H, J = 7.9 Hz),
7.22 t (1H, J = 7.9 Hz). >C NMR spectrum, 3¢, ppm:
29.0 (4C), 32.7 (4C), 36.5 (4C), 37.1 (2C), 42.0
(4C), 42.1 (40C), 43.7 (2C), 47.8 (2C), 48.2 (20),
94.1 (2C), 139.1 (1C), 158.2 (2C). Mass spectrum:
m/z 519.16 [M]".

4,15-Diazahexacyclo[16.5.1.1"2°,13°,11%14 118:22].
octacosa-5(28),6,8,10(27),11,13-hexaene (XI) was
synthesized from 0.5 mmol (156 mg) of 3,3'-dibromo-
biphenyl and 0.5 mmol (111 mg) of diamine I in the
presence of 8 mol % (23 mg) of Pd(dba),, 9 mol %
(28 mg) of BINAP, and 1.5 mmol (150 mg) of sodium
tert-butoxide in dioxane at a reactant concentration of
0.02 M. Eluent CH,CIl,-MeOH, 500:1. Yield 32 mg
(17%), light brown crystalline substance. '"H NMR
spectrum, o, ppm: 1.35-1.70 m (16H), 2.03 s (2H),
3.15 br.s (2H), 3.41 br.s (2H), 3.93 br.s (2H), 6.54 d
(2H, *J = 7.9 Hz), 6.99 br.s (2H), 7.18 t (2H, *J =
7.8 Hz), 7.22 br.s (2H). >C NMR spectrum, 3¢, ppm:
29.0 (2C), 33.2 (20), 36.8 (1C), 37.3 (20), 38.7 (20),
43.4(2C), 44.4 (2C), 48.4 (1C), 109.2 (20), 114.3 (20),
115.1 (2C), 129.4 (2C), 147.8 (2C); signals from two
quaternary aromatic carbon atoms were not assigned
unambiguously. Mass spectrum: m/z 372.38 [M]".

6,18,28,40-Tetraazaundecacyclo[39.2.2.2%°.2"22 -
1013 1015 1115 12327 13135 13137 43337 p o v anentaconta-
1(43),2,4,19,21,23(49),24,26,41,44,50,55-dodecaene
(XIIL, » = 1) was isolated as by-product in the synthesis
of compound XI. Eluent CH,Cl,-MeOH, 200:1. Yield
16 mg (9%), light yellow oily substance. '"H NMR
spectrum, §, ppm: 1.25 s (4H), 1.40 s (4H), 1.48 t (8H,
J=17.8 Hz), 1.51 br.s (12H), 1.63 s (4H), 2.05 s (4H),
3.15 t (8H, *J = 7.8 Hz), 3.56 br.s (4H), 6.55 d (4H,
J = 8.2 Hz), 6.78 s (4H), 6.89 d (4H, °J = 7.7 Hz),
7.18 t (4H, 3J=7.8 Hz). BC NMR spectrum, d¢c, ppm:
29.0 (4C), 32.8 (4C), 36.6 (2C), 38.7 (4C), 42.2 (8C),
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43.7 (4C), 47.0 (2C), 111.5 (4C), 111.9 (4C), 116.5
(4C), 129.4 (4C), 143.2 (4C), 148.6 (4C). Mass spec-
trum: m/z 744.44 [M]".

Cyeclic dimer XIII was synthesized from 0.5 mmol
(143 mg) of 2,7-dibromonaphthalene and 0.5 mmol
(111 mg) of diamine I in the presence of 8 mol %
(23 mg) of Pd(dba),, 9 mol % (28 mg) of BINAP, and
1.5 mmol (150 mg) of sodium tert-butoxide in dioxane
at a reactant concentration of 0.02 M. Eluent CH,Cl,—
MeOH, 200:1. Yield 17 mg (9%), light brown crystal-
line substance. '"H NMR spectrum (DMSO-d), 5, ppm:
1.42-1.68 m (24H), 1.49 t (8H, *J = 8.0 Hz), 2.04 s
(4H), 3.01 t (8H, °J = 8.0 Hz), 6.48 d (4H, *J =
1.8 Hz), 6.53 d.d (4H, °J = 8.6, *J = 1.8 Hz), 7.23 d
(4H, °J = 8.6 Hz); signals from NH protons were
not assigned unambiguously. *C NMR spectrum
(DMSO-dy), 8¢, ppm: 28.7 (4C), 32.3 (4C), 36.5 (2C),
37.7 (4C), 42.4 (8C), 43.2 (4C), 44.7 (2C), 100.9 (4C),
113.9 (4C), 119.9 (20), 127.8 (4C), 137.4 (2C), 147.2
(4C). Mass spectrum: m/z 692.49 [M]".

Macrocycle XIV was synthesized from 0.5 mmol
(123.5 mg) of 1,8-dichloroanthracene and 0.5 mmol
(111 mg) of diamine I in the presence of 8 mol %
(23 mg) of Pd(dba),, 9 mol % (28 mg) of BINAP, and
1.5 mmol (150 mg) of sodium fert-butoxide in dioxane
at a reactant concentration of 0.02 M. Eluent CH,Cl,—
MeOH, 500:1. Yield 16 mg (8%), yellow—brown oily
substance. '"H NMR spectrum, 8, ppm: 1.26 s (2H),
1.34 d (4H, °J = 11.8 Hz), 1.49 d (4H, *J = 12.3 Hz),
1.61 s (2H), 1.64 t (4H, °J = 5.4 Hz), 2.01 br.s (2H),
3.30 t (4H, °J = 5.4 Hz), 4.20 br.s (2H), 6.77 d (2H,
°J=7.1Hz),7.32d.d (2H, °J = 8.4, 7.1 Hz), 7.53 d
(2H, °J = 8.4 Hz), 8.32 s (1H), 8.97 s (1H). °C NMR
spectrum, d¢, ppm: 29.0 (2C), 33.7 (2C), 36.8 (1C),
42.1 (4C), 43.4 (2C), 43.6 (20), 46.7 (1C), 110.1
(20), 116.8 (1C), 120.2 (2C), 125.0 (2C), 126.1 (2C),
126.3 (1C), 132.9 (2C), 145.5 (2C). Mass spectrum:
m/z 396.33 [M]".

N,N'-|Adamantane-1,3-diylbis(ethane-2,1-diyl)]-
dianthracen-1-amine (XXV) was obtained in the re-
action of 0.5 mmol (123.5 mg) of 1,5-dichloroanthra-
cene with 0.5 mmol (111 mg) of diamine I in the pres-
ence of 8 mol % (23 mg) of Pd(dba),, 9 mol % (28 mg)
of BINAP, and 1.5 mmol (150 mg) of sodium tert-
butoxide in dioxane at a reactant concentration of
0.02 M. Compound XXV was isolated as a mixture
with anthracene (eluent CH,Cl,). Yield 26 mg (18%).
'"H NMR spectrum, &, ppm: 1.51-1.72 m (16H),
2.14 br.s (2H), 3.37 t (4H, °J = 7.9 Hz), 4.40 br.s
(2H), 6.52 d (2H, *J = 6.8 Hz), 7.31-7.45 m (8H),
7.93-7.97 m (4H), 8.32 s (2H), 8.33 s (2H). °C NMR
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spectrum, dc, ppm: 29.0 (2C), 33.0 (2C), 36.5 (10),
39.0 (2C), 42.1 (4C), 43.7 (2C), 48.0 (1C), 101.9 (20),
117.3 (20C), 118.4 (2C), 125.0 (2C), 125.4 (2C), 126.3
(2C), 126.6 (2C), 127.8 (2C), 128.4 (2C), 143.4
(2C); signals from 8 aromatic quaternary carbon atoms
were not assigned unambiguously. Mass spectrum:
m/z 574.43 [M]".
N,N'-Diaryl-2,2'-(adamantan-1,3-diyl)diethan-
amines XXVII and XXX-XXXII (general proce-
dure). To a mixture of 2.2-3 equiv of the correspond-
ing dihaloarene, 2—8 mol % of Pd(dba),, and 2.5—
9 mol % of BINAP (or 4.5 mol % of DavePHOS in the
reaction with 2,6-dibromopyridine) we added under
argon anhydrous dioxane (to a reactant concentration
of 0.1 M), 1 equiv of 1,3-bis(2-aminoethyl)adamantane
(I), and 3 equiv of sodium fert-butoxide (or cesium
carbonate in the reaction with 1,8-dichloroanthra-
quinone). The mixture was heated for 4-12 h under
reflux and cooled, the precipitate was filtered off, the
filtrate was evaporated under reduced pressure, and the
solid residue was subjected to chromatographic separa-
tion on silica gel using the following solvent systems
as eluents (in succession): petroleum ether—methylene
chloride (4:1 to 1:4), methylene chloride, methylene
chloride—methanol (500:1 to 3:1).
N,N'-[Adamantane-1,3-diylbis(ethane-2,1-diyl)]-
bis(3-bromoaniline) (XXVII) was synthesized from
0.5 mmol (111 mg) of diamine I and 1.1 mmol
(260 mg) of 1,3-dibromobenzene. Eluent petroleum
ether—CH,Cl,, 1:1. Yield 73 mg (27%), light yellow
oily substance. '"H NMR spectrum, &, ppm: 1.32 s
(2H), 1.41 t (4H, °J = 8.0 Hz), 1.44—1.56 m (8H),
1.62 br.s (2H), 2.06 br.s (2H), 3.07 t (4H, *J = 8.0 Hz),
3.55 br.s (2H), 6.48 d.d.d (2H, °J = 8.2, *J =2.2,
0.9 Hz), 6.71 t (2H, *J=2.0 Hz), 6.78 d.d.d (2H, *J =
7.8, %7 =1.8, 0.9 Hz), 6.99 t (2H, *J = 8.0 Hz).
BC NMR spectrum, 8¢, ppm: 28.9 (2C), 32.7 (2C),
36.4 (1C), 38.5 (2C), 41.9 (4C), 43.5 (20), 47.7 (1C),
111.5 (2C), 115.0 (2C), 119.8 (2C), 123.3 (2C), 130.4
(2C), 149.7 (2C). Mass spectrum: m/z 530.08 [M]".
N-[2-(3-{2-[Bis(3-bromophenyl)amino]ethyl}-
adamantan-1-yl)ethyl]-3-bromoaniline (XXVIII)
was isolated as the major product in the synthesis of
compound XXVII. Eluent petroleum ether—CH,Cl,,
2:1. Yield 92 mg (40%), light yellow oily substance.
'"H NMR spectrum, 8, ppm: 1.31 s (2H), 1.38-1.52 m
(12H), 1.62 s (2H), 2.06 br.s (2H), 3.07 t (2H, *J =
7.9 Hz), 3.54 br.s (1H), 3.68 t (2H, °J = 8.2 Hz), 6.48 d
(1H, °J = 7.6 Hz), 6.71 s (1H), 6.78 d (1H, *J =
7.7 Hz), 6.88 d (2H, °J = 7.4 Hz), 6.99 t (1H, *J =
7.9 Hz), 7.06-7.14 m (6H). *C NMR spectrum, 3¢,

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 45 No. 10 2009



1564

ppm: 28.8 (2C), 32.6 (2C), 36.4 (1C), 38.5 (1C), 40.2
(10), 41.5 (2C), 41.9 (2C), 43.4 (1C), 47.2 (1C), 47.4
(10), 111.5 (1C), 115.0 (1C), 119.5 (2C), 119.8 (1C),
123.1 (2C), 123.3 (1C), 123.7 (2C), 124.5 (2C), 130.4
(1C), 130.6 (2C), 148.6 (2C), 149.7 (1C). Mass spec-
trum: m/z 684.23 [M]".

N,N'-Bis|2-(3-{2-[(3-bromophenyl)amino]ethyl}-
adamantan-1-yl)ethyl]benzene-1,3-diamine (XXIX)
was isolated as by-product in the synthesis of com-
pound XXVII. Eluent CH,Cl,. Yield 38 mg (18%),
light yellow oily substance. "H NMR spectrum, &,
ppm: 1.31 s (4H), 1.38-1.57 m (24H), 1.61 br.s (4H),
2.05 br.s (4H), 3.02-3.12 m (8H), 3.48 br.s (2H),
3.65 br.s (2H), 5.85 br.s (1H), 5.99 d.d (2H, *J = 8.1,
“J=2.1Hz), 6.48 d.d 2H,J=8.2,"7=2.1 Hz), 6.70 t
(2H, *J=1.8 Hz), 6.77 d (2H, *J = 7.9 Hz), 6.97 t (1H,
3J=8.2 Hz), 6.99 t (2H, *J = 8.1 Hz). Mass spectrum:
m/z 826.45 [M]".

N,N'-[Adamantane-1,3-diylbis(ethane-2,1-diyl)]-
bis(6-bromopyridin-2-amine) (XXX) was synthe-
sized from 0.5 mmol (111 mg) of diamine I and
1.1 mmol (261 mg) of 2,6-dibromopyridine. Eluent
CH,CI,-MeOH, 5:1. Yield 40 mg (15%), yellow oily
substance. 'H NMR spectrum, 3, ppm: 1.32-1.60 m
(16H), 2.00 br.s (2H), 4.12 t (4H, *J = 8.2 Hz),
4.82 br.s (2H), 7.00 d (2H, *J = 7.5 Hz), 7.08 d (2H,
’J=8.1 Hz), 7.35 t (2H, °J = 7.9 Hz). °C NMR spec-
trum, dc, ppm: 28.8 (2C), 32.6 (2C), 36.0 (1C), 36.3
(2C), 41.7 (4C), 43.8 (2C), 46.8 (1C), 112.5 (2C),
120.7 (2C), 139.3 (2C), 139.8 (2C), 150.1 (2C). Mass
spectrum: m/z 532.19 [M]".

N,N'-[Adamantane-1,3-diylbis(ethane-2,1-diyl)]-
bis(8-chloroanthracen-1-amine) (XXXI) was synthe-
sized from 1 mmol (222 mg) of diamine I and 3 mmol
(741 mg) of 1,8-dichloroanthracene. Eluent CH,ClL,.
Yield 300 mg (46%), yellow oily substance. 'H NMR
spectrum, , ppm: 1.52—-1.75 m (16H), 2.14 br.s (2H),
3.38 t (4H, *J = 7.9 Hz), 4.51 br.s (2H), 6.53-6.58 m
(2H), 7.31 t (2H, *J = 7.8 Hz), 7.35-7.39 m (4H),
7.51d (2H, °J = 7.2 Hz), 7.86 d (2H, °J = 8.4 Hz),
8.35 s (2H), 8.73 s (2H). *C NMR spectrum, 8¢, ppm:
29.1 (2C), 33.0 (2C), 36.6 (1C), 39.0 (2C), 42.2 (40C),
43.5 (2C), 48.0 (1C), 102.4 (20), 115.6 (20), 116.7
(20), 124.1 (2C), 124.9 (2C), 125.0 (2C), 127.3 (60),
127.9 (2C), 132.1 (2C), 132.2 (2C), 133.0 (20), 143.7
(2C). Mass spectrum: m/z 642.37 [M]".

1,1'-[Adamantane-1,3-diylbis(ethane-2,1-diyl-
imino)|bis(8-chloroanthra-9,10-quinone) (XXXII)
was synthesized from 1 mmol (222 mg) of diamine I
and 3 mmol (831 mg) of 1,8-dichloroanthra-9,10-qui-
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none. Eluent CH,Cl,. Yield 355 mg (50%), dark red
crystalline substance, mp 198-200°C (decomp.). UV
spectrum (CH,Cly), Ana, nm (loge): 248 (5.39), 280
(4.72), 322 (4.60), 520 (4.55). '"H NMR spectrum, §,
ppm: 1.42 s (2H), 1.48-1.69 m (14H), 2.09 br.s (2H),
3.25-3.32 m (4H), 6.96-7.01 m (2H), 7.41-7.45 m
(4H), 7.51 t (2H, *J = 7.8 Hz), 7.67 d.d (2H, *J = 8.0,
“J=1.2 Hz), 8.16 d.d (2H, °J = 7.7, 1.2 Hz), 9.47 t
(2H, °J = 4.7 Hz). °C NMR spectrum, 3¢, ppm: 28.8
(20), 32.7 (2C), 36.4 (1C), 37.8 (2C), 41.8 (4C),
42.9 (2C), 47.4 (1C), 113.5 (2C), 114.8 (20), 118.1
(2C), 126.3 (2C), 128.9 (2C), 132.5 (2C), 133.5
(20), 134.3 (2C), 134.8 (2C), 135.4 (20), 137.8 (20),
151.3 (2C), 182.8 (2C), 183.8 (2C). Mass spectrum:
m/z 702.32 [M]".

Compounds XXXIII and XXXIV were isolated as
by-products in the synthesis of XXXII (eluent meth-
ylene chloride).

8-Chloro-1-{[2-(3-{2-[(8-{[2-(3-{2-[(8-chloro-
9,10-diox0-9,10-dihydroanthracen-1-yl)amino]-
ethyl}adamantan-1-yl)ethyl]amino}-9,10-dioxo-
9,10-dihydroanthracen-1-yl)amino]ethyl}adaman-
tan-1-yl)ethyl]amino}anthra-9,10-quinone (XXXIII).
Yield 110 mg (19%), dark red crystalline substance,
mp 158-160°C (decomp.). UV spectrum (CH,Cl,),
Amax, NM (loge): 246 (5.47), 282 (4.95), 320 (4.70), 538
4.72). 'H NMR spectrum, o, ppm: 1.40 s (4H), 1.46—
1.58 m (24H), 1.62 s (4H), 2.05 s (4H), 3.15-3.27 m
(8H), 6.85 d (2H, °J = 8.6 Hz), 6.89 d (2H, *J =
8.5 Hz), 7.32 t (2H, *°J = 7.6 Hz), 7.34 t (2H, *J =
8.5 Hz), 7.37 t (2H, °J = 7.3 Hz), 7.44 d (2H, *J =
7.3 Hz), 7.48 d (2H, °J = 8.0 Hz), 7.64 d (2H, *J =
8.0 Hz), 8.13 d (2H, °J = 7.7 Hz), 9.39 t (2H, *J =
4.4 Hz), 9.43 t (2H, °J = 4.5 Hz). °C NMR spectrum,
d¢, ppm: 28.8 (4C), 32.7 (4C), 36.4 (2C), 37.7 (40C),
41.8 (8C), 42.9 (4C), 47.4 (2C), 113.4 (20C), 114.1
(20), 114.6 (2C), 114.8 (2C), 117.5 (2C), 118.1 (2C),
126.2 (2C), 130.5 (2C), 132.4 (20), 133.4 (2C), 133.9
(2C), 134.1 (2C), 134.3 (2C), 134.7 (2C), 135.4
(20), 137.8 (20), 150.9 (2C), 151.3 (2C), 182.7 (2C),
183.6 (2C), 184.4 (1C), 188.6 (1C). Mass spectrum:
m/z 1128.59 [M]".

Oligomer XXXIV. Yield 95 mg (18%), dark red
crystalline substance, mp 188—190°C (decomp.). UV
spectrum (CH,Cl,), Amax, nm (loge): 248 (5.38), 286
(4.87), 320 (4.68), 538 (4.74). 'H NMR spectrum, ,
ppm: 1.39 s (6H), 1.44—1.58 m (36H), 1.61 s (6H),
2.04 s (6H), 3.12-3.25 m (12H), 6.80—-6.90 m (6H),
7.26-7.49 m (14H), 7.62 d.d (2H, *J = 8.0, *J =
0.8 Hz), 8.11 d.d (2H, *J = 7.6, “*J = 0.9 Hz), 9.38 t
(4H, °J = 4.5 Hz), 9.42 t (2H, °J = 4.8 Hz). °C NMR
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spectrum, dc, ppm: 28.8 (6C), 32.7 (6C), 36.3 (3C),
37.7 (6C), 41.8 (12C), 42.9 (6C), 47.4 (3C), 113.4
(20), 114.1 (4C), 114.6 (4C), 114.8 (4C), 126.2 (2C),
130.5 (2C), 132.4 (2C), 133.4 (2C), 133.9 (4C), 134.1
(40), 134.3 (20), 134.7 (2C), 135.4 (2C), 150.9 (4C),
151.2 (2C), 182.7 (2C), 183.6 (2C), 184.3 (2C), 188.6
(2C). Mass spectrum: m/z 1554.46 [M]".

Macrocycles XXXVI-XXXVIII (general proce-
dure). To a mixture of 1 equiv of N,N'-diaryl-2,2'-(ada-
mantane-1,3-diyl)diethanamine XXVII, XXXI, or
XXXII, 8 mol % of Pd(dba),, and 9 mol % of BINAP
we added under argon anhydrous dioxane (to a reactant
concentration of 0.02 M), 1 equiv of 4,7,10-trioxatri-
decane-1,13-diamine (XXXYV), and 3 equiv of sodium
tert-butoxide (or cesium carbonate in the reaction with
XXXII). The mixture was heated for 24-30 h under
reflux and cooled, the precipitate was filtered off, the
filtrate was evaporated under reduced pressure, and the
solid residue was subjected to chromatography on
silica gel using (in succession) methylene chloride and
methylene chloride—methanol (500:1 to 3:1) as eluents.

14,17,20-Trioxa-4,10,24,30-tetraazahexacyclo-
[31.5.1.1"%.1°°.125% 1% |tritetraconta-5(43),6,8,-
25(42),26,28-hexaene (XXXVI, n = 1) was synthe-
sized from 0.26 mmol (140 mg) of compound XXVII
and 0.26 mmol (58 mg) of diamine XXXV. Eluent
CH,CIl,-MeOH, 5:1. Yield 28 mg (12%), light yellow
oily substance. '"H NMR spectrum, &, ppm: 1.30 s
(2H), 1.36-1.56 m (12H), 1.60 s (2H), 1.85 quint (4H,
3J=5.9 Hz), 2.03 s (2H), 3.06 t (4H, °J = 7.4 Hz),
3.18 t (4H, °J = 6.5 Hz), 3.52-3.60 m (8H), 3.60-
3.66 m (4H), 4.05 br.s (4H), 5.84 s (2H), 5.97 br.s
(4H), 6.94 t (2H, *J = 7.4 Hz). *C NMR spectrum, 8,
ppm: 28.9 (2C), 29.3 (2C), 32.7 (2C), 36.5 (1C), 38.6
(20), 41.6 (2C), 42.0 (4C), 43.8 (2C), 47.8 (1C), 69.6
(20), 70.2 (2C), 70.6 (2C), 97.1 (2C), 102.4 (2C),
102.7 (2C), 129.9 (2C), 149.7 (4C). Mass spectrum:
m/z 590.25 [M]".

14,17,20,52,55,58-Hexaoxa-4,10,24,30,42,48,62,68-
octaazaundecacyclo[69.5.1.1"7.1%°,125% 1337 1339 _
13539,143:47 193:67 171.75| hexaoctaconta-5(86),6,8,-
25(85),26,28,43(81),44,46,63(80),64,66-dodecaene
(XXXVI, n = 2) was isolated as the second product in
the reaction of XXVII with XXXV. Eluent CH,Cl,—
MeOH, 10:1. Yield 49 mg (22%), light yellow oily
substance. '"H NMR spectrum, 8, ppm: 1.30-1.61 m
(32H), 1.85 quint (8H, *°J = 5.9 Hz), 2.03 s (4H),
3.05 br.s (8H), 3.18 t (8H, °J = 6.0 Hz), 3.52-3.60 m
(16H), 3.60-3.66 m (8H), 5.84 s (4H), 5.97 br.s (8H),
6.94 t (4H, °J = 7.9 Hz); signals from NH protons
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were not assigned unambiguously. Mass spectrum:
m/z 1180.95 [M]".

Macrocycle XXXVII was synthesized from
0.21 mmol (135 mg) of compound XXXI and
0.21 mmol (46 mg) of diamine XXXYV. Eluent CH,Cl,—
MeOH, 100:1. Yield 38 mg (23%), yellow—brown oily
substance. '"H NMR spectrum, 3, ppm: 1.53-1.74 m
(16H), 2.00-2.06 m (6H), 3.32-3.41 m (8H), 3.55—
3.60 m (4H), 3.66-3.75 m (8H), 5.20 br.s (2H), 5.71 br.s
(2H), 6.45-6.50 m (4H), 7.29-7.34 m (6H), 8.26 s
(2H), 8.49 s (2H). Mass spectrum: m/z 790.67 [M]".

Macrocycle XXXVIII (n = 2) was synthesized
from 0.23 mmol (163 mg) of compound XXXII and
0.23 mmol (51 mg) of diamine XXXV. Eluent CH,Cl,—
MeOH, 50:1. Yield 12 mg (6%), dark red oily sub-
stance. '"H NMR spectrum, 8, ppm: 1.42 s (4H), 1.48—
1.65 m (28H), 1.95 quint (8H, *J = 6.3 Hz), 2.07 s
(4H), 3.19-3.25 m (8H), 3.29 q (8H, °J = 6.0 Hz),
3.59 t (8H, *J = 6.0 Hz), 3.60-3.63 m (8H), 3.65—
3.68 m (8H), 6.86 d (4H, *J = 8.4 Hz), 6.90 d (4H, *J =
8.5 Hz), 7.32-7.38 m (8H), 7.44 d (8H, *J = 7.3 Hz),
9.40 t (4H, °J = 4.7 Hz), 9.54 t (4H, °J = 5.1 Hz).
BC NMR spectrum, 8¢, ppm: 28.9 (4C), 29.4 (4C),
32.8 (4C), 36.4 (2C), 37.8 (4C), 40.0 (4C), 41.9
(8C), 43.1 (4C), 48.1 (20), 68.8 (4C), 70.4 (4C), 70.8
(4C), 114.3 (8C), 114.7 (4C), 114.8 (4C), 117.4
(40), 117.5 (4C), 134.0 (8C), 134.3 (4C), 135.2 (40),
151.0 (8C), 184.4 (4C), 188.8 (4C). Mass spectrum:
m/z 1700.24 [M]".

Macrocycle XXXVIII (n = 3) was isolated as the
second product. Yield 12 mg (6%), dark red oily sub-
stance. '"H NMR spectrum, 8, ppm: 1.40 s (6H), 1.48—
1.61 m (36H), 1.62 s (6H), 1.86-1.96 m (12H), 2.06 s
(6H), 3.19 br.s (12H), 3.25-3.34 m (12H), 3.52-3.60 m
(24H), 3.60-3.64 m (12H), 6.84 d (6H, °J = 8.9 Hz),
6.88 d (6H, °J = 9.0 Hz), 7.30-7.37 m (12H), 7.42 d
(12H, °J = 8.4 Hz), 9.34 t (6H, °J = 4.2 Hz), 9.49 t (6H,
J = 5.0 Hz). °C NMR spectrum, 3¢, ppm: 28.9 (6C),
29.5 (6C), 32.8 (6C), 36.4 (3C), 37.8 (6C), 40.0 (6C),
41.9 (12C), 43.1 (6C), 47.6 (3C), 68.7 (6C), 70.4 (6C),
70.7 (6C), 114.2 (6C), 114.3 (6C), 114.7 (6C), 114.8
(6C), 117.4 (6C), 117.5 (6C), 133.9 (12C), 134.2
(12C), 151.0 (6C), 151.1 (6C), 184.4 (6C), 188.7 (6C).
Mass spectrum: m/z 2550.83 [M]".

This study was performed under financial support
by the Russian Academy of Sciences (program P-8,
“Development of Methodology of Organic Synthesis
and Design of Compounds with Practically Important
Properties”) and by the Russian Foundation for Basic
Research (project no. 06-03-32376).

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 45 No. 10 2009



1566

10.

I1.

12.

13.

REFERENCES

. Novikov, S.S., Khardin, A.P., Radchenko, S.S., Orlin-

son, B.S., Blinov, V.F., Gorelov, V.I., and Zamakh, V.P,,
USSR Inventor’s Certificate no. 682507, 1979; Chem.
Abstr., 1979, vol. 91, no. 193 887.

. Aigami, K., Inamoto, Y., Takatsuki, N., Hattori, K.,

Takatsuki, A., and Tamura, G., J. Med. Chem., 1975,
vol. 18, p. 713.

. Novakov, I.A., Kulev, I.A., Radchenko, S.S., Birzni-

eks, K.A., Boreko, E.I., Vladyko, G.V., and Korobchen-
ko, L.V., Pharm. Chem. J., 1987, vol. 21, p. 454.

. Inamoto, Y., Aigami, K., and Kadono, T., JPN Patent

Appl. no. 50-108252, 1975; Chem. Abstr., 1976,

vol. 84, no. 58 783.

. Inamoto, Y., Aigami, K., Hattori, K., and Kakuno, T.,

JPN Patent Appl. no. 50-111218, 1975; Chem. Abstr.,
1975, vol. 83, no. 188517.

. Stroganov, V.F., Mikhal’chuk, V.M., Zaitsev, Yu.S., and

Sidorenko, E.V., Dokl. Akad. Nauk USSR, Ser. B: Geol.,
Khim. Biol. Nauki, 1987, p. 47.

. Sidorenko, E.V., Stroganov, V.F., Mikhal’chuk, V.M.,

Bondar’, V.G, Kocherovskaya, E.S., Kretsul, LI,
Dorfman, GA., and Kulagin, E.F., Russian Patent
no. 1735329, 1992; Chem. Abstr., 1993, vol. 119,
no. 118741.

. Novakov, I.A., Orlinson, B.S., Zaikov, GE., and Zai-

kov, V.G, Polymer Aging at the Cutting Edge, Zai-
kov, GE., Bouchachenko, A.L., and Ivanov, V.B., Eds.,
New York: Nova Science, 2002, p. 19.

. Novikov, S.S., Khardin, A.P., Radchenko, S.S., Nova-

kov, I.A., Orlinson, B.S., Blinov, V.F., Gerashchen-
ko, Z.V., Zimin, Yu.B., Voishchev, V.S., and Krupe-
nin, N.V., Russian Patent no. 681865, 1995; Chem.
Abstr., 1996, vol. 125, no. 115535.

Korshak, V.V., Novikov, S.S., Vinogradova, S.V., Khar-
din, A.P., Vygodskii, Ya.S., Novakov, I.A., Orlin-
son, B.S., and Radchenko, S.S., Vysokomol. Soedin.,
Ser. B, 1979, vol. 21, p. 248.

Khardin, A.P., Novakov, I.A, Radchenko, S.S.,
Brel’, N.A., Kuznechikov, O.A., and Vygodskii, Ya.S.,
Vysokomol. Soedin., Ser. B, 1983, vol. 25, p. 433.

Popov, Yu.V., Korchagina, T.K., Chicherina, GV., and
Ermakova, T.A., Russ. J. Org. Chem., 2000, vol. 36,
p. 601.

Novakov, L.A., Popov, Yu.V., Korchagina, T.K., Erma-
kova, T.A., Novopol’tseva, O.M., and Tankov, D.Yu.,
Russian Patent no. 2233295, 2004; Chem. Abstr., 2004,
vol. 141, no. 278 875.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

RANYUK et al.

Novakov, I.A., Popov, Yu.V., Korchagina, T.K., Erma-
kova, T.A., Novopol’tseva, O.M., and Tankov, D.Yu.,
Russian Patent no. 2232782, 2004; Chem. Abstr., 2004,
vol. 141, no. 278 874.

Popov, Yu.V., Korchagina, T.K., Chicherina, G.V., and
Ermakova, T.A., Russ. J. Org. Chem., 2002, vol. 38,
p. 350.

Averin, A.D., Ranyuk, E.R., Golub, S.L., Buryak, A.K.,
Savelyev, E.N., Orlinson, B.S., Novakov, I.A., and
Beletskaya, I.P., Synthesis, 2007, p. 2215.

Cheung, Y.-L., Lewis, D.F.V., Ridd, T.I., Gray, T.J.B.,
and loannides, C., Toxicology, 1997, vol. 118, p. 115.
Sotriffer, C.A., Liedl, K.R., Winger, R.H., Gamper, A.M.,
Kroemer, R.T., Linthicum, D.S., Rode, B.-M., and
Varga, .M., Mol. Immunol., 1996, vol. 33, p. 129.
Raturi, A. and Mutus, B., Anal. Biochem., 2004,
vol. 326, p. 281.

Fernandez-Cancio, M., Fernandez-Vitos, E.M., Centel-
les, J.J., and Imperial, S., Clin. Chim. Acta, 2001,
vol. 312, p. 205.

Hoopes, J.T. and Dean, J.ED., Anal. Biochem., 2001,
vol. 293, p. 96.

Agbandje, M., Jenkins, T.C., McKenna, R., Resz-
ka, A.P.,, and Niedle, S., J. Med. Chem., 1992, vol. 35,
p. 1418.

Bhat, K.L., Hayik, S., Sztandera, L., and Bock, C.W.,
OSAR Comb. Sci., 2005, vol. 24, p. 831.

Fang, Y., Feng, Y., and Li, M., OQSAR Comb. Sci., 2008,
vol. 27, p. 543.

Beletskaya, I.P., Bessmertnykh, A.G., Averin, A.D.,
Denat, F., and Guilard, R., Eur. J. Org. Chem., 2005,
p. 281.

Averin, A.D., Ulanovskaya, O.A., Fedotenko, I.A., Bori-
senko, A.A., Serebryakova, M.V., and Beletskaya, L.P,,
Helv. Chim. Acta, 2005, vol. 88, p. 1983.

Averin, A.D., Ulanovskaya, O.A., Pleshkova, N.A.,
Borisenko, A.A., and Beletskaya, I.P., Collect. Czech.
Chem. Commun., 2007, vol. 72, p. 785.

Averin, A.D., Shukhaev, A.V., Golub, S.L., Buryak, A.K.,
and Beletskaya, I.P., Synthesis, 2007, p. 2995.

Snyder, H.R., Weaver, C., and Marshall, C.D., J. Am.
Chem. Soc., 1949, vol. 71, p. 289.

Neenan, T.X. and Whitesides, GM., J. Org. Chem.,
1988, vol. 53, p. 2489.

Golden, R. and Stock, LM., J. Am. Chem. Soc., 1972,
vol. 94, p. 3080.

Ukai, T., Kawazura, H., Ishii, Y., Bonnet, J.J., and
Ibers, J.A., J. Organomet. Chem., 1974, vol. 65, p. 253.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 45 No. 10 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


