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Abstract—4-Aryl-2-phenyl-1,2-dihydrophthal azi ne-1-thiones react with nitrile imides according to the [3+2]-
cycloaddition pattern to give phthalazinespirothiadiazoles. The reaction occurs regioselectively at the exocyclic

C=Sbond.

Compounds possessing a C=S bond are highly reac-
tive as dipolarophilesin 1,3-dipolar cycloadditions [2].
Reactions of various thiocarbonyl compounds with
nitrile imides are known to give subgtituted thiadi-
azoles [3]. There are only fragmentary published data
on reactions of cyclic thioxo derivatives with nitrile
imides. For example, pyrimidinethiones were reported
to react with nitrile imides to afford pyrimidinespiro-
thiadiazoles [4]. We previously showed that substituted
3H-2-benzothiophene-1-thiones exhibit a high reactiv-
ity as dipolarophiles toward C,N-disubstituted nitrile
imides [5, 6]. We aso reported on the behavior of
subgtituted phthalazinethiones in 1,3-dipolar cycload-
dition reactions[7].

The present work continues our studies on 1,3-di-
polar cycloaddition reactions of heterocyclic thiones.
Here, we report the results of our more detailed study
on the reaction of 2,4-disubstituted 1,2-dihydrophthal-
azines la—lc with C,N-disubstituted nitrile imides
which were generated in situ by the action of triethyl-
amine on the corresponding benzohydrazonoyl chlo-
rides. 1,3-Dipolar cycloaddition reactions were carried
out in boiling benzene with equimolar amounts of
dihydrophthal azinethione | a—l ¢ and benzohydrazonoy!
chloride Ila—l1g. The progress of the reactions was
monitored by TLC. The reactions occurred in a regio-
selective fashion at the exocyclic C=S bond and
resulted in formation of previously unknown 2,4,3',5'-
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tetrasubstituted 1,2,2',3'-tetrahydrophthal azine-1-spiro-
2'-[1,3,4]thiadiazoles Illa-ll1k (Scheme 1). Com-
pounds Il1a-l11k are crystalline substances which can
be stored in air for a long time. The IR spectra of
adducts Il1a—l 11k lack absorption bands in the region
1260-1270 cm™* (which is typical of C=S stretching
vibrations) but contain those at 1590-1595 and 1329—
1366 cm™ due to stretching vibrations of the C=N and
C—N bonds in the thiadiazole ring. Vibrations of the
carbonyl group in the 5'-substituent in compounds
[11d—I11g and I11i—111k appear at 1635-1708 cm ™,
and the aromatic nitro groupsin I11h and I11] giverise
to absorption at 1340-1342, 1549, and 1558 crm™.

Compounds Illa-l 11k displayed in the ultraviolet
region of the electron absorption spectra two maxima
with approximately equal intensities at A 220-230 and
240-250 nm, and a less intense band was present in the
visible region (Amax 339-389 nm; loge 4.04-4.29). The
position of the latter ailmost does not depend on the
nature of the substituent in position 4 of the phthaa-
zine ring and is determined mainly by the nature of
substituents in the thiadiazole fragment. Character-
istically, the red shift of the long-wave maximum
increases in the series [lla-llc = II1j < I11d1If <
[11g <IITh. Substituent in position 5 of the thiadiazole
ring exerts a stronger effect on the position of the long-
wave absorption maximum than does that attached
to N°. For example, the red shift of the long-wave
absorption maximum A\, induced by introduction of
a nitro group into the benzene ring at C° (compound
I11h), is equa to 84 nm (relative to Il1a), while the
effect of a nitro group introduced into the benzene ring
on N is almost twice as low (cf. compounds 111j and
I11i, AL = 49 nm). Electron-donor substituents (e.g.,
methoxy group) in the para position of the aromatic
ring in position 3' insignificantly affect the position
of the long-wave absorption maximum (cf. 111k and
[11i, AX =5 nm).
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The 'H NMR spectra of spiro heterocycles 111a,
I11d, I1lg, ITh, I11j, and 111k contained signals from
aromatic protons and those corresponding to substit-
uents in position 5 of the thiadiazole ring. Compound
I11d showed in the spectrum a singlet a & 1.57 ppm
due to protons of the acetyl group, and in the spectra of
I11j and I11k signals from the ethoxycarbonyl group
were present at & 1.31 (t) and 4.28 ppm (q) and 1.27 (t)
and 4.24 ppm (q), J = 7 Hz. In the *C NMR spectra of
[I1a, 111d, [11g, I1Th, I11j, and 111k, the spiro carbon
atom linked to three heteroatoms appeared at 6c 113—
119 ppm, and the C® signal was located at 5c 141—
144 ppm; the other *C NMR parameters were con-
sistent with the assumed structures.

The structure of the cycloaddition products was
also confirmed by mass spectrometry. Compounds
I11g-ll11k showed in the mass spectra low-intense
molecular ion peaks (M"). Only the molecular ion peak
of I11g had a relative intensity of 44% due to strong
stabilization via delocalization of the positive charge
over the benzoyl substituent. A specific feature of the
mass spectra of these compounds is the absence of
fragment ions resulting from elimination of any sub-
stituent from the spirobicyclic framework, which is
typical of other complex molecules. The mass spectra
of 111j and 111k contained an ion peak with m/z 395;
however, it was difficult to rationalize the origin of that
ion. The most abundant ion in the spectra of [11g-111j
(100%; 60% for I11k) was that with m/z 313. Its
formation may be illustrated by Scheme 2. Cleavage of
the five-membered ring gives ion F; with m/z 314, in
which the positive charge may be localized with a high
probability on the sulfur atom. The subsequent ring
closure with participation of the ortho-position of the
nearby phenyl group (Sgaom) leads to formation of
cation F, which is stabilized due to charge delocaiza-
tion over both benzene rings and heteroatoms.

The product structure was also proved by the X-ray
diffraction data obtained from a single crystal of

Scheme 2.

F,, m/z 314

F,, miz 313
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5'-acetyl-2,4,3-triphenyl-1,2,2',3'-tetrahydrophthal a-
Zine-1-spiro-2'-[1,3,4]thiadiazole (111d). The structure
of molecule Il11d is shown in figure, and the bond
lengths and bond angles therein (except for those in the
aromatic substituents) are given in table. The benzene
ring in the phthalazine fragment is aimost planar; the
average deviation of atoms from the mean-square
plane is 0.0065 A. However, the corresponding value
for the dihydropyridazine ring is 0.1388 A; here, the
N? atom deviates from the mean-square plane by
0.2395 A, and the C* atom, by —0.2514 A. As aresult,
the dihedral angle between the mean-square planes of
the benzene and pyridazine rings is 10.0° (hereinafter
the atom numbering corresponds to that shown in
figure). The C°-C** and C*®-C? benzene rings are
turned through dihedral angles of 54.6 and 45.4°,
respectively, relative the C'C*C°C*'N'N?plane; there-
fore, no conjugation exists between the heteroring and
aromatic substituents therein. The average deviation
of atoms in the five-membered thiadiazole ring
(SC*C?*N°N?) is 0.0059 A, while the sulfur atom de-
viates from the mean-square plane by 0.0072 A. This
means that conjugation within the thiadiazole ring is
possible. The SC*C*’N®N* plane is almost orthogonal
to the pyridazine ring plane: the corresponding di-
hedral angle is 87.4°. The dihedral angle between the
C#—C? benzene and thiadiazole ring planes is 26.8°,
which is likely to rule out the possibility for effective
conjugation between these fragments, but the acetyl
group is amost coplanar to the thiadiazole ring (the
dihedral angle is as small as 3.4°). The average devia-
tion of atoms from the OC*C*C* planeis 0.0037 A.

Thus we have found that 2,4-disubstituted 1,2-di-
hydrophthal azine-1-thiones regioselectively react with
C,N-disubstituted nitrile imides at the exocyclic C=S
bond to give phthal azi nespirothiadiazol es.

EXPERIMENTAL

The IR spectra of solutions of compounds |l1a—
11k in chloroform were recorded on a Specord 75IR
spectrometer (layer thickness 0.97 mm). The electron
absorption spectra of solutions in acetonitrile were
measured on a Specord UV-Vis spectrophotometer
using 1-cm cells. The *H and *C NMR spectra were
obtained on a Bruker AM-500 instrument at 500 and
125 MHz, respectively, from 20% solutions in chloro-
form-d using HMDS as internal reference. The mass
spectra (electron impact, 70 eV) were run on an MKh-
1321 mass spectrometer; direct inlet probe temperature
120°C, ion source temperature 200°C.
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Structure of the molecule of 5'-acetyl-2,4,3'-triphenyl-
1,2,2',3-tetrahydrophthal azine-1-spiro-2'-[ 1,3,4] thiadiazol e
(111d) according to the X-ray diffraction data (hydrogen
atoms are not shown).

X-Ray analysis of a single crystal of 5'-acetyl-
2,4,3-triphenyl-1,2,2' 3'-tetrahydrophthal azine-1-spiro-
2'-[1,3,4]-thiadiazole (I11d) was performed on a Syn-
tex P1 automatic diffractometer (MoK, irradiation, Nb
filter, 6/20-scanning, 26 < 45°). Monoclinic crystals,
CaoH22N4OS, with the following unit cell parameters:
a=8.787(1), b = 17.959(3), ¢ = 15.343(1) A; p =
99.39(1)°; V = 2388.8(1.1) A*; space group P2./c;
Z=4; dee=1.320 g/cm3. The structure was solved by
the direct method from 2434 reflections with | > 3o(1)
in the full-matrix anisotropic approximation for C, N,
O, and S atoms and isotropic approximation for hydro-
gen atoms; the final divergence factors were R = 0.030,
Ry = 0.035 (no correction for absorption was intro-
duced). All calculations were performed on a NOVA-3
minicomputer using SHELXTL program. The coor-
dinates of non-hydrogen and hydrogen atoms and their
equivalent temperature factors are available from the
authors.

Initial dihydrophthalazine-1-thiones la and | c were
synthesized by the procedure described in [7].

2-Phenyl-4-p-tolyl-1,2-dihydrophthalazine-1-
thione (Ib). A mixture of 3.1 g of 2-phenyl-4-p-tolyl-
1,2-dihydrophthalazine-1-one and 2.2 g of P,Ss in
20 ml of anhydrous o-xylene was heated for 30 min
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Bond lengths d (A) and bond angles w (deg) in the molecule
of 5'-acetyl-2,4,3'-triphenyl-1,2,2" 3'-tetrahydrophthal azine-
1-spiro-2'-[1,3,4]thiadiazole (111d)

Bond d Bond d
sct 1.889(2) sc* 1.740(2)
o-c® 1.216(3) N*-N? 1.396(2)
N'-C! 1.292(3) N2-C* 1.468(3)
N%ZC®™ 1.454(3) N3N* 1.358(2)
NC? 1.473(3) NEC* 1.428(3)
N*-—C? 1.291(2) clc? 1.463(3)
c¢® 1.490(3) c=¢® 1.384(3)
c>-C? 1.396(3) cct 1.508(3)
cc® 1.391(3) c>-C® 1.375(3)
c-C’ 1.385(3) c’'C? 1.379(3)
cr’-Cc*® 1.471(3) c®c® 1.485(3)

Angle ® Angle ®
ctsc 89.5(1) N2N*Ct 119.0(2)
N*NC* 117.0(2) N*N?C™ 110.2(2)
C'N’C® 118.2(15) | N*N°cC* 118.1(1)
N*N3c* 116.6(2) C'N3c* 123.9(2)
N3N“*C* 112.9(2) N'C'c? 122.6(2)
N*chc? 116.6(2) ccie? 120.8(2)
cicc? 117.6(2) cicc? 122.9(2)
ccc? 119.5(2) ccct 117.9(2)
ccic® 120.1(2) c'ce® 121.7(2)
SC'N? 111.1(1) SC*'N? 102.3(1)
NZC*N? 112.1(2) sc'c? 108.6(1)
N oxox 109.4(2) NeciC? 113.2(2)
c3c>ch 120.1(2) c>céc’ 120.2(2)
céc’c? 120.1(2) c*céc’ 120.1(2)
cicc 119.6(2) cicc™ 121.7(2)
NZcPcte 120.3(2) NZctec? 119.9(2)
N3c#c® 121.0(2) N3c#c® 119.1(2)
SCHN* 117.2(2) sc¥c® 120.9(1)
N*c?c® 121.8(2) oc®c* 118.7(2)
oc®c® 122.4(2) cr'c®c® 118.9(2)

under reflux. After cooling, the precipitate was filtered
off, the solvent was removed from the filtrate under
reduced pressure, and the residue was recrystallized
from glacial acetic acid. Yield 2.7 g (82%). Yellow
needles, mp 158-160°C. IR spectrum, v, cm™t: 1590

BUDARINA et al.

(C=N), 1348 (C—N), 1282 (C=S). UV spectrum, Amax,
nm (loge): 286 (3.98), 297 (4.02), 369 (4.06). Found,
%: C 76.55; H 5.03; S 9.48. C;;H16N,S. Calculated, %:
C76.79; H 4.92; S9.76.

Nitrile imides were generated in situ by the action
of triethylamine on benzohydrazonoyl chlorides |la—
I1g, following the procedure reported in [8].

Reactions of 1,2-dihydrophthalazine-1-thiones
la—lc with nitrile imides generated from com-
pounds Ila—l1g (general procedure). A solution of
1 mmol of triethylamine in 2 ml of anhydrous benzene
was added to a solution of 0.5 mmol of 1,2-dihydro-
phthalazine-1-thione la—Ic and 0.5 mmol of benzo-
hydrazonoyl chloride Ila—l1g in 7 ml of dry benzene.
The mixture was heated for 0.5 h under reflux, cooled,
and filtered, the precipitate was washed with benzene,
the filtrate was evaporated under reduced pressure, and
the residue was made crystalline by grinding with
pentane and was recrystallized from acetonitrile.

2,4,3' 5'-Tetraphenyl-1,2,2',3'-dihydrophthal a-
zine-1-spiro-2'-[1,34]thiadiazole (I11a). Yield 75%,
mp 184-186°C. IR spectrum, v, cm 1590 (C=N),
1329 (C-N). UV spectrum: Apax 339 nm (loge 4.27).
H NMR spectrum, 8, ppm: 6.91-7.72 m (24H, Haom).
3C NMR spectrum, 8¢, ppm: 117.91 (C'*®); 120.74,
124.76, 125.20, 126.23, 126.75, 127.35, 128.04,
128.41, 128.52, 128.70, 129.14, 129.22, 131.15,
132.89, 135.79 (Caom); 142.85 (C°); 144.83 (C%).
Found, %: C 77.53; H 4.88; S 6.01. Cs3H.4N,4S. Calcu-
lated, %: C 77.91; H 4.76; S 6.30.

2,3',5'-Triphenyl-4-p-tolyl-1,2,2',3'-tetrahydro-
phthalazine-1-spiro-2'-[1,3,4]thiadiazole (I11Db).
Yield 80%, mp 192-194°C. IR spectrum, v, cm ™t 1591
(C=N), 1329 (C-N). UV spectrum: Amax 340 nm
(loge 4.25). Found, %: C 77.83; H 5.43; S 5.98.
Ca4H26N,4S. Calculated, %: C 78.12; H 5.02; S6.13.

4-p-Chlorophenyl-2,3',5'-triphenyl-1,2,2",3'-
tetrahydrophthalazine-1-spiro-2'-[1,3,4]thiadiazole
(I1lc). Yield 89%, mp 197-199°C. IR spectrum, v,
cm™: 1595 (C=N), 1332 (C-N). UV spectrum:
Amax 339 nm (loge 4.27). Found, %: C 72.55; H 4.36;
Cl 6.32; S5.77. C33H23CIN,S. Calculated, %: C 72.97;
H 4.28; Cl 6.53; S5.90.

5'-Acetyl-2,4,3'-triphenyl-1,2,2',3'-tetr ahydro-
phthalazine-1-spiro-2'-[1,3,4]thiadiazole (I11d).
Yield 92%, mp 196-198°C. IR spectrum, v, cm ™t 1592
(C=N), 1345 (C-N), 1670 (C=0). UV spectrum:
Amax 367 nm (loge 4.12). '"H NMR spectrum, &, ppm:
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1.57 s (3H, CH3CO), 7.03-7.66 m (19H, Haom).
13C NMR spectrum, 8¢, ppm: 25.17 (CH3); 118.94
(C¥2)): 122.93, 124.40, 125.30, 127.06, 127.19,
127.84, 128.20, 128.42, 128.79, 129.06, 129.13, 131.14
(Caom); 135.46 (C°); 141.80 (C*; 178.50 (C=0).
Found, %: C 73.09; H 4.81; S 6.47. CxH»,N,OS. Cal-
culated, %: C 73.38; H 4.68; S 6.75.

5'-Acetyl-2,3' -diphenyl-4-p-tolyl-1,2,2',3'-tetr a-
hydrophthalazine-1-spiro-2'-[1,3,4]thiadiazole
(111e). Yield 75%, mp 224-226°C. IR spectrum, v,
cm™: 1591 (C=N), 1343 (C-N), 1670 (C=0). UV
spectrum: Amax 368 Nm (loge 4.09). Found, %: C 73.44;
H 5.11; S 6.39. C3H24N,OS. Calculated, %: C 73.73;
H 4.96; S 6.56.

5'-Acetyl-4-p-chlorophenyl-2,3'-diphenyl-1,2,-
2',3'-tetrahydrophthalazine-1-spiro-2'-[1,3,4]thiadi-
azole (1111). Yield 72%, mp 205-207°C. IR spectrum,
v, cm: 1592 (C=N), 1344 (C-N), 1670 (C=0). UV
spectrum: Amax 364 nm (loge 4.11). Found, %: C 68.26;
H 4.28; Cl 6.49; S 5.98. CxH,;CIN,OS. Calculated, %:
C 68.42; H 4.17; Cl 6.96; S6.30.

5'-Benzoyl-2,4,3'-triphenyl-1,2,2',3'-tetr ahydro-
phthalazine-1-spiro-2'-[1,3,4]thiadiazole (I11g).
Yield 74%, mp 205-207°C. IR spectrum, v, cm™: 1594
(C=N), 1348 (C-N), 1635 (C=0). UV spectrum:
Amax 380 nm (loge 4.01). *H NMR spectrum, §, ppm:
7.02-7.83 m (24H, Haom). *C NMR spectrum, dc,
ppm: 119.07 (C'®); 122.88, 125.31, 126.85, 127.19,
127.37, 127.95, 128.13, 128.26, 128.44, 128.66, 128.83,
129.03, 129.15, 129.58, 130.12, 131.16, 132.00, 132.73
(Caom); 141.94 (C°), 147.03 (C*), 182.73 (C=0). Mass
spectrum, mVz (l,g, %): 536 (44) [CxH4N,0S]", 314
(28) [C20H14N2S]", 313 (100) [CooH13N2S]", 222 (2)
[C14H10N20]", 91 (2) [CsHsN]™, 77 (73) [CeHs] ™
Found, %: C 75.78; H 4.66; S 5.77. C3H»4N,OS. Cal-
culated, %: C 79.06; H 4.59; S5.97.

5'-p-Nitrophenyl-2,4,3'-triphenyl-1,2,2',3'-tetra-
hydrophthalazine-1-spiro-2'-[1,3,4]thiadiazole
(I11h). Yield 88%, mp 206-208°C. IR spectrum, v,
cm™: 1593 (C=N), 1330 (C-N), 1549, 1342 (NO,).
UV spectrum: A 423 nm (loge 4.04). *H NMR spec-
trum, 3, ppm: 6.98-9.17 m (23H, Haom). °C NMR
spectrum, ¢, ppm: 118.38 (CY?)); 121.78, 123.78,
124.79, 125.46, 126.54, 126.85, 127.13, 127.60, 128.10,
128.47, 128.71, 128.88, 129.14, 129.24, 129.60, 131.27,
132.00, 132.85, 137.49 (Caom); 142.38 (C°); 144.62
(C*). Mass spectrum, m/z (l,g, %): 553 (5) [M]", 314
(33) [CzoHwN-S]", 313 (100) [CaoH1sN2S]", 239 (6)
[C13HgN30,] ", 91 (70) [CsHsN]™, 77 (85) [CeHs] ™.
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Found, %: C 71.34; H 4.36; S 5.68. C33H23N5028. Cal-
culated, %: C 71.58; H 4.20; S5.79.

Ethyl 2,4,3'-triphenyl-1,2,2',3'-tetrahydro-
phthalazine-1-spiro-2'-[1,3,4]thiadiazole-5'-car box-
ylate (I111i). Yield 90%, mp 193-195°C. IR spectrum,
v, cm 4 1594 (C=N); 1346 (C-N); 1704 (C=0); 1140,
1084 (C-0). UV spectrum: Ams 340 nm (loge 4.09).
Mass spectrum, mvz (1,4, %): 504 (5) [M]*, 314 (24)
[CooH14N2S] ¥, 313 (100) [CaoH13N2S]*, 190 (10)
[C10H10N202] ", 91 (19) [CeHsN]", 77 (86) [CeHs] ™
Found, %: C 71.25; H 4.88; S 6.11. C3H24N4O,S. Cal-
culated, %: C 71.40; H 4.80; S6.35.

Ethyl 3'-p-nitrophenyl-2,4-diphenyl-1,2,2',3'-
tetrahydrophthalazine-1-spiro-2'-[1,3,4]thiadiazole-
5'-carboxylate (111j). Yield 87%, mp 225-227°C. IR
spectrum, v, cm™: 1588 (C=N); 1332 (C-N); 1708
(C=0); 1139, 1087 (C-0); 1558, 1340 (NO,). UV
Spectrum: A 389 nm (loge 4.29). *H NMR spectrum,
8, ppm: 1.31t (3H, CH3CH,, J = 7 Hz), 4.28 q
(2H, CHsCH,, J = 7 Hz), 7.22-8.09 m (18H, Caom).
3C NMR spectrum, 8¢, ppm: 14.05 (CHj); 62.56
(CHy); 117.90 (C¥?)); 124.73, 125.86, 126.38, 127.13,
127.59, 128.55, 128.60, 129.10, 129.69, 131.78
(Caom); 142.24 (C%); 147.00 (C*%); 159.38 (C=0). Mass
spectrum, m/z (l,¢, %): 549 (4) [M]*, 314 (30)
[Ca0H14N2S]*, 313 (100) [CooH13N,S]*, 235 (5)
[C10H10N205] ", 91 (4) [CeHsN]", 77 (39) [CeHs] ™
Found, %: C 65.33; H 4.42; S5.64. C30H23N504S. Cal-
culated, %: C 65.55; H 4.23; S5.83.

Ethyl 3'-p-methoxyphenyl-2,4-diphenyl-1,2,2',3'-
tetrahydrophthalazine-1-spiro-2'-[1,3,4]thiadiazole-
5'-carboxylate (I11k). Yield 78%, mp 172-173°C. IR
spectrum, v, cm™: 1590 (C=N); 1347 (C-N); 1703
(C=0); 1142, 1087 (C-O); 2828 (OCH3). UV spec-
trum: Ama 345 nm (loge 4.07). *H NMR spectrum, 3,
ppm: 1.27 t (3H, CH3CH,, J = 7 Hz), 3.74 s (3H,
OCHyz), 4.24 q (2H, CHsCH,, J = 7 HZ), 6.74-7.64 m
(18H, Haom). C NMR spectrum, 8¢, ppm: 14.13
(CHs); 55.36 (OCHs); 61.90 (CH,); 113.99 (C*®);
120.42, 124.36, 125.10, 127.04, 127.32, 127.42,
128.32, 128.41, 128.76, 128.98, 129.11, 131.12 (Cyom);
144.66 (C°); 155.44 (C%: 160.09 (C=0). Mass
spectrum, m/z (1., %): 534 (10) [M]", 314 (15)
[CooH14N2S]™, 313 (100) [C2oH13N2S] ", 220 (5)
[C1H12N,03]", 91 (8) [CeHsN]™, 77 (78) [CeHs)™
Found, %: C 69.47; H 5.05; S 5.86. C3;H,6N4O3S. Cal-
culated, %: C 69.63; H 4.91; S 6.00.

This study was performed under financial support
by the Russian Foundation for Basic Research (project
no. 03-03-32919).

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 41 No. 3 2005



460

REFERENCES

. Firsova, O.V., Dolgushing, T.S., Polukeev, V.A., Zavod-
nik, V.E., Stash, A.l., Bel’skii, V.K., and Galishev, V.A.,
Russ. J. Org. Chem., 2004, vol. 40, p. 1175.

. Huisgen, R., Grashey, R., Seidel, M., Knupfer, H., and
Schmidt, R., Justus Liebigs Ann. Chem., 1962, vol. 658,
p. 169.

. 1,3-Dipolar Cycloaddition Chemistry, Padwa, A., Ed.,
New York: Wiley, 1984, vol. 1, p. 360.

4.

5.

BUDARINA et al.

Grubert, L., Patzel, M., Jugelt, W., Riemer, B., and
Liebscher, J., Justus Liebigs Ann. Chem., 1994, p. 1005.
Oparin, D.A., Motovilin, D.B., and Galishev, V.A,
Zh. Org. Khim., 1992, vol. 28, p. 1100.

. Labeish, N.N., Oparin, D.A., Bel'skii, V.K., and Gali-

shev, V.A., Russ. J. Org. Chem,, 1997, vol. 33, p. 381.

. Oparin, D.A., Yakovlev, S.V., Motovilin, D.B., and

Galishev, V.A., Zh. Org. Khim., 1992, vol. 28, p. 1317.

. Huisgen, R., Seidel, M., Wallbilich, G, and Knupfer, H.,

Tetrahedron, 1962, vol. 17, p. 3.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 41 No. 3 2005




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


