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The reactions of 3-aryl-1,2,4-triazines with aromatic thioamides and 4-arylthiosemi-
carbazides in acetic anhydride at room temperature afforded cyclic products of the tandem
nucleophilic addition reactions, viz., tetrahydrothiazolo[4,5-e]-annelated 1,2,4-triazines, in
good yields. The latter underwent aromatization in the presence of potassium permanganate.
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Tandem nucleophilic addition (Ay—Ay) of bifunc-
tional reagents to azines, tandem substitutions
(SyH—S\H), and their various combinations (An—Sx?*)
find increasing use as convenient procedures for the syn-
thesis of fused heterocyclic systems.1—7

Earlier,1=8 we have reported that the reactions
of 1,2,4-triazines and their quaternary salts with
1,3-C,0- and C, N-bifunctional reagents (acetoacetamides,
ketene N,N-aminals, B-aminovinyl ketones, and ethyl
B-aminocrotonate) proceed as nucleophilic diaddition
(AN—Ay) and provide an efficient approach to the syn-
thesis of fused 1,2,4-triazines in which the tetrahydro-
1,2,4-triazine ring is fused to the furan and pyrrole
rings. 1:2:8—12

Recently, we have described the first successful ex-
ample of tandem Ay—Ay reactions of 1,2,4-triazines with
a 1,3-85,N-dinucleophile (thiobenzamide) involving the
successive formation of two carbon—heteroatom bonds
(for the preliminary communication, see Ref. 13).

The aim of the present study was to examine the possi-
bility of performing SyH—S\H disubstitution of two
ortho-arranged hydrogen atoms in 1,2,4-triazines under
the action of aromatic thioamides and thiosemicarbazides,
establish the three-dimensional structures of the cyclo-
adducts, determine their stability, and reveal their further
transformation pathways.

Results and Discussion

It was found that cyclizations of 3-aryl-1,2,4-tri-
azines (1) with thioamides 2 in acetic anhydride occur
smoothly and regioselectively at room temperature
resulting in annelation of the thiazole ring to form
1,4,4a,7a-tetrahydrothiazolo[4,5-¢][1,2,4]triazines 3a—I
(Scheme 1).

Scheme 1
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The structures of compounds 3a—I were established
by elemental analysis, mass spectrometry, and 'H and
13C NMR spectroscopy, including HETCOR and HMBC
experiments. The presence of molecular ion peaks [M]"

in the mass spectra of compounds 3a—I and the results of
elemental analysis of these compounds confirm the for-
mation of the 1: 1 cyclic adducts of 1,2,4-triazines with
thioamides (Table 1).

Table 1. Reaction conditions, yields, melting points, elemental analysis data, and mass spectra of 1,4,4a,7a-tetrahydrothiazo-

lo[4,5-¢][1,2,4]triazines 3a—I

Com- R! Reaction Yield M.p. Found %) Molecular Mass spectrum,
pound (R2?) conditions (%) /°C Calculated formula m/z (I (%))
Ac,0 1 C H N (I\fv‘;lé;lgar
/mL /h
3a Ph 06 8 58 206—207 64.27 493 16.87 C;gH(N4OS 337 [M + 111 (19), 336 [M]* (83),
(Ph) 64.27 479 16.65 (336.42) 173 (33), 158 (22), 157 (43), 121
(34), 104 (100), 103 (23), 77 (28)
3b p-MeOC¢H, 0.7 6 51 172—173  62.56 4.88 15.16 C;gH;gN,O,S 366 [M]* (100), 221 (25), 220 (28),
(Ph) 62.28 495 15.29 (366.44) 203 (32), 188 (25), 187 (36),
134 (80), 133 (34), 121 (37)
3¢ p-NO,C¢H, 11 3* 15 236—238  56.72 3.87 18.23 C;gHsNsO;S 382 [M + 1]* (23), 381 [M]* (100),
(Ph) 56.68 3.96 18.36 (381.42) 339 (27), 236 (45), 218 (32),
203 (22), 202 (50), 149 (42),
121 (55), 104 (34), 103 (54)
3d p-CICgH, 29 4 44 213-214 5821 4.12 15.13 C;gH;sCIN,OS 372 [M + 1]* (39), 371 [M]* (23),
(Ph) 58.30 4.08 15.11 (370.86) 370 (100), 225 (39), 207 (39),
193 (34), 192 (26), 191 (55),
140 (30), 138 (91), 137 (39),
121 (51), 104 (28)
3e p-MeC¢H, 18 6 44 191—192  65.19 5.36 16.08 C;oH3N,OS 351 [M + 1]7 (23), 350 [M]* (100),
(Ph) 65.12 5.18 15.99 (350.45) 205 (35), 204 (29), 187 (38),
172 (26), 171 (48), 121 (38), 118 (93),
117 (25), 91 (20)
3f Ph 1.5 2% 54 245247 5827 4.19 15.15 CigH;sCIN,OS 372 [M + 117 (26), 371 [M]" (15),
(»-CIC¢Hy) 58.30 4.08 15.11 (370.86) 370 (68), 191 (28), 173 (48), 158 (27),
157 (59), 155 (25), 104 (100),
103 (26), 77 (24)
3g p-MeCH, 15 9 64 248—249 59.33 4.49 14.61 CgH;CIN,OS 386 [M + 1]* (24), 385 [M]" (14),
(p-CIC¢Hy) 59.29 445 14.56 (384.89) 384 (60), 205 (28), 204 (23), 187 (41),
172 (26), 171 (50), 155 (25),
118 (100), 117 (27)
3h p-CICcH, 28 8 47 >250 53.42 3.58 13.80 C;gH{4CLLN,OS 406 [M + 1]* (60), 405 [M]* (18),
(p-CIC¢Hy) 53.34 348 13.82 (405.31) 404 (84), 362 (22), 207 (48), 193 (35),
192 (27), 191 (54), 157 (14), 155 (37),
140 (33), 138 (100), 137 (33),
111 (17), 58 (27)
3i Ph 1.7 2% 17 171—172 60.57 4.65 20.79 C;H;5N50S 338 [M + 1] (18), 337 [M]* (82),
(2-CsH4N) 60.52 4.48 20.76 (337.41) 264 (42), 177 (34), 173 (100),
159 (20), 158 (21), 123 (31), 122 (20),
105 (30), 104 (79), 77 (25)
3j p-MeCH, 1.8 6 48 207—208 61.52 5.03 1994 C;gH;N50S 352 [M + 11% (21), 351 [M]* (93),
(2-CsHyN) 61.52 4.88 19.93 (351.43) 278 (49), 205 (23), 187 (100),
177 (32), 172 (23), 123 (26), 118 (78),
105 (20)
3k p-MeC¢H, 4.6 4* 28 192—193  61.70 4.94 19.88 C;gH;;Ns0S 352 [M + 117 (22), 351 [M]* (100),
(4-CsH4N) 61.52 4.88 19.93 (351.43) 309 (28), 187 (30), 172 (20), 171 (41),
118 (76), 117 (21), 91 (17)
31 Ph 17.5 5% 35 182—184  60.74 4.44 20.58  C;;H;5N5O0S 338 [M + 111 (17), 337 [M]* (83),
(4-CsHyN) 60.52 4.48 20.76 (337.41) 295 (26), 173 (28), 158 (20), 157 (44),

105 (24), 104 (100), 103 (23), 77 (26)

* Days.
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In the 'H NMR spectra of compounds 3, the signals
for the bridgehead hydrogen atoms are easy to identify.
The signal for the bridgehead H(4a) proton is observed at
8 6.07—6.18 as a doublet of doublets with the vicinal
constants 3y Hzay = 7-4—7.9 and Vg NnayH =
2.3—2.7 Hz, whereas the signal for the bridgehead H(7a)
proton is observed as a doublet at § 6.25—6.46 with the
constant 3JH(7a),H(4a) =7.4—7.9 Hz (Table 2). The vicinal
constants 3JH(7a)’H(4a) = 7.4—7.9 Hz correspond to the
cis orientation of the bridgehead protons and are indica-
tive of annelation of the five-membered heterocycle to
1,2,4-triazine.14

This skeleton of the bicyclic system is confirmed by
the fact that the HMBC spectra of compound 3b (Fig. 1)
show cross-peaks between the ortho-protons of the
methoxyphenyl fragment and the C(3) atom, which, in
turn, has a cross-peak with the bridgehead H(4a) atom.
This allowed us to identify the bridgehead protons and the
NH group. The long-range couplings in the HMBC spec-
tra of compound 3b are shown in Fig. 1.

The character of fusion of the thiazole and 1,2,4-tri-
azine rings in compounds 3a—I can be judged from the
13C NMR spectra (Table 3). Earlier, 4 it has been demon-
strated that in the 13C NMR spectra of related systems,

Table 2. 'H NMR spectroscopic data (DMSO-dy) for 1,4,4a,7a-tetrahydrothiazolo[4,5-¢][1,2,4]triazines 3a—I1

Com- 8 (J/Hz)
pound "o nie H(da) H(7a) Ar N(#H Other
(s) (dd) (d) (d) signals
3a 2.28 6.18 6.46 7.44—7.57 (m, 6 H, Ph); 7.73—7.77, 7.84—7.87 (both m, 8.47 -
(J=77, (J=77) 2Heach, Ph) J=25)
J=12.5)
3b 2.26 6.16 6.45 7.01 (d, 2 H, p-MeOC¢H,, J = 8.8); 8.38 3.80
(J=179, (J=79) 7.45—7.56 (m, 3 H, Ph); 7.72—7.82 (m, 2 H, Ph); (J=26)  (s,3H,
J=12.6) 7.80 (d, 2 H, p-MeOC(H,, J = 8.8) p-MeOC(H,)
3¢ 231 6.12 6.36 7.40—7.51 (m, 3 H, Ph); 7.73—7.76 (m, 2 H, Ph); 8.64 (s) —
(J=74, (J=74) 8.11,8.26 (both d, 2 H each, p-NO,C4H,, J = 9.2)
J=1223)
3d 2.28 6.08 6.38 7.39—7.53 (m, 5 H, Ph); 7.746 7.85 (both d, 2 H each, 8.32 —
(J=75 (J=75) p-CICH,, J=8.6) J=23)
J=123)
3e 2.27 6.07 6.38 7.19 (d, 2 H, p-MeCH,, J = 7.9); 7.38—7.52 (m, 3 H, Ph);  8.15 2.36
(J=78, (J=7.8) 7.70—7.76 (m, 4 H, Ph, p-MeCH,) (J=24)  (s,3H,
J=24) p-MeCeH,)
3f 2.28 6.08 6.39 7.38—7.46 (m, 5 H, Ph, p-CIC4H,); 8.25 _
J=77, (J=77) 7.73-7.85(m,4H, Ph, p-CIC;H,) J=25)
J=12.5)
3 2.27 6.08 6.38 7.19 (d, 2 H, p-MeC¢H,, J = 7.9); 8.18 2.36
(J=76, (J=7.6) 7.44(d,2H,p-CIC(H,, J=8.6); J=27)  (s,3H,
J=27) 7.69—7.75 (m, 4 H, p-CIC4H,, p-MeC¢H,) p-MeC¢H,)
3h 2.27 6.10 6.40 7.43—7.49 (m, 4 H, p-CIC4H,); 8.39 _
(J=77, (J=77) 7.74,7.85 (bothd, 2 H each, p-CIC4H,, J = 8.6); J=23)
J=123)
3i 2.27 6.14 6.26 7.38—7.43 (m, 3 H, Ph); 7.50 (ddd, 1 H, CsH,N, H(5"), 8.32 —
(J=179, (J=79) J=7.6,J=49,J=12);7.82—7.86 (m,2 H, Ph); (J=2.4)
J=2.4) 7.89 (dd, 1 H, CsH,N, H(4"), J = 7.6, J = 1.5);
8.02 (ddd, 1 H, C;H,N, H(3), /= 7.6, J = 1.2, J = 0.9);
8.60 (ddd, 1 H, C;H,N, H(6), /= 4.9, J= 1.5, J = 0.9)
3 2.25 6.13 6.25 7.20 (d, 2 H, p-MeCgH,, J = 7.9); 7.49 (ddd, 1 H, CsH,N, 8.24 2.60
(J=79, (J=79) HG),J=76,J=49,J=12);772(d,2H, p-MeCH,, (J=2.7)  (s,3 H,
J=27) J=17.9);7.87 (dd, 1 H, CsH,N, H(4"), J= 7.6, J = 1.5); p-MeCeH,)
8.01 (ddd, 1 H, CsH,N, H(3"), /= 7.6, J = 1.2, J = 0.9);
8.60 (ddd, 1 H, C;H,N, H(6"), /= 4.9, J= 1.5, J = 0.9)
3k 2.27 6.13 6.40 7.20 (d, 2 H, p-MeCgH,, J = 7.9); 7.62 (d, 2 H, CsH,N, 8.28 2.37
(J=79, (J=79) J=46);7.71(d,2H, p-MeC4H,, J=7.9); J=27) (s, 3H,
J=27) 8.65 (d, 2 H, CsH,N, J = 4.6) p-MeCH,)
3l 2.28 6.15 6.40 7.38—7.44 (m, 3 H, Ph); 7.62 (d, 2 H, CsH,N, J = 4.6); 8.36 _
(J=76, (J=7.6) 7.81—7.85(m,?2 H, Ph); 8.66 (d, 2 H, C;H,N, J = 4.6) J=27)

J=27)
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Fig. 1. Long-range couplings "J yy in the 2D HMBC spectra of
compound 3b.

viz., 3a,4,9,9a-tetrahydrothiazolo[4,5-b]quinoxalines, the
bridgehead carbon atom located between the nitrogen
and sulfur atoms resonates at higher field (& = 67—70)
and has the larger direct C—H coupling constant (IJC’H =
164—167 Hz) compared to the tetrahydropyrazine car-
bon atom, which is bound to the C=N fragment of
thioamide and resonates at lower field (6 = 93—97) with
the smaller direct coupling constant /¢ iy = 154—157 Hz.

The bridgehead C(4a) and C(7a) atoms were reli-
ably identified based on the HETCOR spectra of com-

pounds 3a—c. In complete agreement with the data pub-
lished in the literature, the signals at & 80.71—81.00
with the direct coupling constants 1JC(4a),H(4a)
160.8—162.1 Hz were assigned to the bridgehead C(4a)
atom and the signals at 8 61.29—62.06 with the constants
Ye(7a).H(zay = 166.8—168.9 Hz were assigned to the
C(7a) atom.

When studying cyclization of 1,2,4-triazines with
4-arylthiosemicarbazides, we took into account that the
latter can exist in different tautomeric forms and exhibit
properties of both 1,3- and 1,4-dinucleophilic reagents.
Cyclization with 4-arylthiosemicarbazides can lead to
annelation of both the imidazole (triazine) and thiazole
(thiadiazine) rings. Earlier,3 it has been demonstrated that
cyclization of unsubstituted thiosemicarbazides with
N(1)-alkyl-5-methoxy-1,2,4-triazines occurs as tandem
addition—substitution (Ay—Sn*°) and gives rise to the
imidazole ring.

We found that the reactions of 3-aryl-1,2,4-triazines
(1) with 4-phenyl- and 4-(p-fluorophenyl)thiosemi-
carbazides (4a,b) in acetic anhydride at room tempera-
ture afford cyclic Ay—Ay-type products 5a,b (Scheme 2).

The structures of cycloadducts 5 were established by
one- and two-dimensional 'H and !3C NMR spectros-
copy, including the nuclear Overhauser effect experiments
(2D NOESY).

In the 'H NMR spectra of compounds 5a,b, the sig-
nals for the bridgehead H(7a) and H(4a) protons are ob-
served at & 6.12—6.22 as a doublet with the constant
3JH(7a) H(4a) = 6.4—6.8 Hz and at § 5.50—5.60 as a dou-
blet of doublets with the spin-spin coupling constants

Table 3. 13C NMR spectroscopic data (DMSO-dg) for 1,4,4a,7a-tetrahydrothiazolo[4,5-¢][1,2,4]triazines 3a—c

C atom 3 (Je.u/Hz)

3a 3b* 3c
COMe 21.37 (q, /= 129.2) 21.22 (q, J=129.6) 21.60 (q, /= 129.2)
COMe 170.48 (q, J = 6.4) 171.62 (qd, J=6.4,J=10.9) 170.97 (d, J = 6.4)
C(3) 146.14 (m) 145.89 (dt, J =3.7) 143.71 (m)
C(4a) 81.00 (d, /= 160.8) 80.71 (dd, J=162.1,7=10.9) 80.79 (d, /= 162.1)
C(6) 167.31 (dt, J4 = J, = 4.9) 171.38 (dt, J; = J, = 5.2) 167.25 (td, J=5.4,/=4.9)
C(7a) 62.06 (dd, J=168.2, /= 4.0) 61.29 (ddd, J=166.8, J=4.4,J=1.4) 61.95 (ddd, J=168.9, /=4.0,J=1.0)
C(1") 132.79 (t, J=17.9) 132.55(t, J=17.8) 132.75 (t, J=1.8)
C(17) 133.08 (t, J=6.9) 125.12 (t, J=17.5) 139.09 (t, J=17.7)
C2) ok 128.03 (ddd, /= 160.6, J=7.4,J=6.4) 128.29 (ddd, J=159.8, /=17.2)
C@3) *k 128.49 (dd, J=162.1,J=1.9) 129.49 (dd, /= 161.6, J=17.2)
C4) ok 132.01 (dt, J=164.5,J=17.2) 132.78 (dt, J=162.9, /= 7.4)
C(27) *k 127.20 (dd, J =159.9, J =17.0) 127.81 (dd, J=168.4, J=17.5)
C(3”) ok 113.88 (dd, J=160.4,J=5.1) 124.20 (dd, J=172.4,J=4.4)
C4”) ok 161.35 (dqt, /J=4.8,/=6.8,J=2.4) 148.62 (tt, J=9.5,J=3.3)
OMe — 55.27 (q, OMe, J = 144.2) —
* In CDCls.

**126.41 (dt, J=160.8,J=16.7); 128.00 (dt, J=161.2,J=6.7); 128.45 (dd, /= 161.3,J=17.5); 128.84 (dd, J=161.8,J=6.7); 130.30
(dt, J=161.0, J = 8.3); 132.08 (dt, J = 161.5, J = 8.4) (signals for six aromatic CH carbon atoms of two phenyl groups).
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3JH(4a)’H(7a) =6.4—6.8 Hzand 3JH(4a)’N(4)H =2.4—3.4Hz,
respectively (Table 4). The vicinal constants 3JH(7a), H(da) =
6.4—6.8 Hz correspond to the cis orientation of the bridge-
head protons and are indicative, as mentioned above, of
the annelation of the five-membered heterocycle.!4 The
low-field region of the 13C NMR spectrum of 5 show-
ing C=0 signals of two acetyl fragments (at & 169.25
and 170.19) (Table 5) is also informative. It should be
noted that the 13C NMR spectra have no signals for the
carbon atom at 8 179—182 characteristic of the C=S frag-
ments, which is evidence that the thiazole rather than
imidazole ring is fused to the 1,2,4-triazine moiety. The

Fig. 2. Correlations in the 'H—!'H NOESY spectra of com-
pound 5b.

2D HSQC spectrum of compound 5b shows a signal for
the C(4a) atom at § 65.87 with 'Jc (4 gaa) = 166.7 Hz
and a signal for the C(7a) atom at & 52.39 with
IJC(7a)’H(7a) = 172.8 Hz. Therefore, in agreement with the
earlier observations,! the bridgehead carbon atom lo-
cated between the nitrogen and sulfur atoms also reso-
nates at higher field and has the larger direct C—H cou-
pling constant compared to the carbon atom bound to the
C=N fragment of thioamide, which resonates at lower
field and has the smaller direct coupling constant. The
HMBC spectra of compound 5b show cross-peaks be-
tween the labile proton of the NH group (at 6 10.22 in the
'H NMR spectrum) and the carbon atom of the acetyl
group, which makes it possible to distinguish the aceta-
mide fragment. The mutual spatial orientation of the thia-
zole and 1,2,4-triazine rings is also evident from the 2D
NOESY spectra of compound 5b (Fig. 2). The presence
of cross-peaks, which are associated with the nuclear
Overhauser effect, between the H(2") protons of the p-
fluorophenyl substituent and the bridgehead H(7a) pro-
ton confirms the spatial orientation of the thiazole ring
shown in Fig. 2.

Table 4. '"H NMR spectroscopic data (DMSO-dg) for compounds 5a—d

Com- 8 (J/Hz)
pound -onMe  H(4a) H(7a) Ar N(4HH Other
(s) (dd) (d) (d) signals
5a 201,  5.50 6.22 6.75—6.83 (m, 2 H, Ph); 6.96 (t, 1 H, Ph, J=7.3); 8.11 10.13 (s,
227 (J=64, (J=64) 7.20(t, 2H,Ph,J=7.6);7.41—7.45 (m, 3 H, (J=24) 1H, NH)
J=2.4) Ph); 7.82—7.86 (m, 2 H, Ph)
5b 199,  5.60 6.12 6.75 (dd, 2 H, p-FC4H,, J = 8.9, J = 5.0); 7.08 (dd, 2 H, 8.40 10.22 s,
226 (J=68, (J=68) p-FCH, J=8.9,J=8.8);7.48—7.52 (m, 3 H, Ph); (J=3.4) 1H,NH)
J=13.4) 7.87 (dd, 2 H, Ph, J=7.7,J=2.1)
5¢ 204,  5.76 5.91 6.70 (ddd, 1 H, m-CIC{H,, J = 7.9, J = 2.0, J = 2.0); 8.51 -
232, (J=70, (J=70) 6.76(dd, | H, m-CIC¢H,, J=2.0,J=2.0); 7.01 (ddd, (J = 4.6)
256 J=4.6) 1 H, m-CIC¢H,, J= 7.9, J = 2.0, J = 2.0); 7.23 (dd, 1 H,
m-CIC¢H,, J = 7.9, J = 7.9); 7.42—7.47 (m, 3 H, Ph);
7.75—7.79 (m, 2 H, Ph)
5d 204,  5.74 5.86 6.64 (d, 2 H, p-MeCgH,, J = 7.9); 7.02 (d, 2 H, 8.46 231
227, (J=67, (J=67) p-MeCH,, J=7.9);7.43—7.47 (m, 3 H, Ph); (J=43)  (c,3H,
256 J=43) 7.75—7.79 (m, 2 H, Ph) p-MeC¢H,)
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Table 5. 3C NMR spectroscopic data (DMSO-dg) for coom-
pounds 5b and 5¢

C atom 8 (Jeu/Hz, Jc p/Hz)
5b 5¢
N(1)COMe 170.19 (q, /= 6.4) 172.90
N(1)COMe 20.99 (q, /=129.2) 22.40
COMe 169.25 (dq, J =9.2, 169.70
J=16.2)
COMe 20.87 (q, J = 128.6) 20.38
C(3) 144.19 (s) 141.86
C(4a) 65.87 (dd, J = 166.7, 64.43
J=1.0) (d, J=167.2)
C(6) 154.37 (m, Jo g = 1.3) 153.16
C(7a) 52.39 (dd, J=172.8, 52.12
J=2.7) (d, J=174.7)
C(17) 146.02 (tt, J = 8.7, 132.70
J=15,Jcp=2.0)
C(2) 122.61 (dd, J = 161.2, 120.52
J=74,Jcp=28.1)
C@3) 115.57 (dd, J = 163.3, 149.48
J=45,Jcp=222)
C@4) 158.58 (tt, J = 10.5, 123.09
J=55,JcF=239.8)
C(5) — 130.12
C(6") — 119.32
C(17) 132.26 (t, /= 6.9) 130.21
C(2”) 126.50 (ddd, J = 160.9, 125.24
J=1738,J=16.5)
C(3”) 128.41 (ddd, J = 160.8, 128.18
J=169,/=138)
C4”) 130.44 (dt, J = 161.7, 130.95
J=19)
COMe — 26.03 (COMe);

168.69 (COMe)

Interestingly, cyclization of 3-phenyl-1,2,4-triazine
(1a) with 4-(m-chlorophenyl)- and 4-(p-tolyl)thiosemi-
carbazides (4c,d) afforded cyclic adducts 5¢,d containing
the N,N-diacetylated hydrazone fragment (Scheme 3).
The mass spectra of cycloadducts 5¢,d have molecular ion
peaks [M]* (Table 6). The 'H NMR spectra show signals
of three acetyl fragments.

Scheme 3
R1
N 2
N R Ac,0
a ) oeos =
Ph N NH
1a HN\
NH2
4c,d
R1
Me (0]
e R?
N/N s
_ | I):N
Ph” N7: N\ 0
I H N—<
H
o= Me

5c,d
R'=H, R2=Cl (c); R' = Me, R2=H (d).

The 'H NMR spectra of compounds 5c¢,d have char-
acteristic signals for the bridgehead H(7a) (a doublet at

Table 6. Reactions times (t), yields, melting points, elemental analysis data, and mass spectra of compounds 5a—d, 6a,b, and 7

Com- RI! T Yield M.p. Found (%) Molecular formula MS,
pound (R?) /days (%) /°C Calculated (Molecular m/z (I (%))
C u N weight)
S5a H 1 47 194—195  58.49 4.99 20.88 C,yH,)N¢O,S 408 [M]* (10), 201 (11), 175 (10), 158 (100),
(H) 58.81 4.94 20.57 (408.49) 135 (11), 104 (35), 103 (23), 77 (18)
5b F 1 30 222223 56.42 4.61 19.48 C,y0HgFN¢O,S 426 [M]* (7), 201 (10), 159 (54), 158 (100),
(H) 56.33 449 19.71 (426.49) 111 (9), 103 (20), 74 (14)
5¢ H 1 18  142—143  54.68 4.67 17.58 CyH, CIN,O;S 486 [M + 1] (40), 485 [M]* (28), 484 (100),
(@) 54.49 436 17.33 (484.97) 444 (6), 442 (14), 358 (5)
5d Me 1 51 203—205  59.23 5.29 18.54 CyHpuN¢O5S 466 [M + 117 (1), 465 [M]* (4), 464 (14),
(H) 59.47 521 18.09 (464.55) 206 (14), 205 (13), 201 (16), 190 (11),
159 (58), 158 (100), 149 (25), 107 (10), 104 (38)
6a Ph 5 7 216—217  66.12 3.37 18.59 Ci6HoN4S 290 [M]™ (5), 262 (12), 159 (100), 77 (34)
(Ph) 66.19 3.47 19.30 (290.35)
6b Ph 7 47 225227  59.25 290 17.25 C;sHgN,SCl 326 [M + 111 (2), 324 (4), 296 (12), 195 (15),
(p-CIC¢Hy) 59.17 2.79 17.25 (324.79) 193 (42), 159 (100), 111 (9), 77 (31)
7 — 14 6 202—203  59.84 4.12 23.02 C;gH;4NsOS 363 [M + 1] (23), 362 [M]* (100), 320 (41),
(decomp.) 59.66 3.89 23.19 (362.42) 217 (98), 160 (12), 159 (37), 104 (57),

103 (24), 86 (34), 77 (81), 70 (50)
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8 5.86—5.91 with the spin-spin coupling constant
3JH(7a),H(4a) = 6.7—7.0 Hz) and H(4a) (a doublet of dou-
blets at § 5.74—5.76 with the spin-spin coupling constants
3JH(4a),H(7a) =6.7—7.0 Hz and 3JH(4a)’N(4)H =4.3—4.6 Hz)
protons. The vicinal constants between the protons at the
bridgehead atoms (3JH(7a),H(4a) =6.7—7.0 Hz) are indica-
tive of annelation the five-membered ring to 1,2,4-tri-
azine (see Table 4).14 The structures of cycloadducts 5¢,d
were established based on the 3C NMR spectra (HSQC,
HMBC, NOESY), which show the same characteristic
features as those observed in the spectra of hydrogenated
thiazolotriazines 5a,b (see Table 5).

Cyclic adducts produced in tandem addition Ay—Ay
reactions of bifunctional nucleophilic reagents to 1,2,4-tri-
azines are, as a rule, susceptible to dissociation. With the
aim of retaining the bicyclic core and preparing aromatic
fused systems, we studied oxidation of partially hydroge-
nated thiazole-annelated 1,2,4-triazines. Potassium per-
manganate proved to be highly efficient in dehydrogena-
tion of dihydro- and tetrahydroazines.15—17

Actually, oxidation of 1,4,4a,7a-tetrahydrothiazo-
lo[4,5-¢][1,2,4]triazines (3a,e) with potassium perman-
ganate in acetone at room temperature resulted in double
dehydrogenation accompanied by elimination of the
N-acetyl group to give compounds 6a,b (Scheme 4).

Scheme 4
Me (0]
L] - S
N~ KMnO, N7

| I />_ 2 T T4 | I />—R2

R‘)\ll\l N Me,CO R1)\N/ N

H 6a,b

3a,f

R'=R?2=Ph (3a, 6a); R' = Ph, R? = p-CI-C¢H, (3f, 6b).

The structures of oxidation products 6a,b, which can
be considered as products of the tandem SyH—S\H reac-
tions (nucleophilic substitution of two hydrogen atoms in

Table 7. Selected bond lengths (d) in the structure of 6b

Bond d/A Bond d/A

CI—C(17)  1.722(6) C(21)—C(217)  1.732(6)
S(7)—C(6) 1.765(5) S(27)—C(26) 1.763(5)
S(7)—C(7a) 1.717(6) S(27)—C(27a) 1.747(6)
N(1)—N(2) 1.357(7) N@21)—N(22) 1.357(7)
N(1)—C(7a) 1.347(8) NQ1)—C(27a)  1.314(7)
N(2)—C(3) 1.334(7) N(22)—C(23) 1.330(6)
N(4)—C(3) 1.364(8) N(24)—C(23) 1.365(7)
N(4)—C(4a) 1.342(8) N(Q24)—C(24a)  1.323(7)
N(5)—C(4a) 1.366(8) N(25)—C(24a)  1.381(7)
N(5)—C(6) 1.292(7) N(25)—C(26) 1.300(7)
C(3)—C(8) 1.468(8) C(23)—C(28) 1.478(8)
C(4a)—C(7a)  1.384(7) C(24a)—C(27a)  1.397(7)
C(6)—C(14) 1.487(8) C(26)—C(214)  1.491(8)

the triazine ring), are consistent with the results of el-
emental analysis, 'H NMR spectroscopy, and mass spec-
trometry (see Table 6). The fact that the 'H NMR spectra
have neither signals at 8 5—7, where the methine protons
at the bridgehead atoms of their hydrogenated precursors
3a,f resonate, nor signals of the acetyl and NH groups is
indicative of aromatization of the 1,2,4-triazine ring (see
the Experimental section).

The structure of compound 6b in the crystal was
established by X-ray diffraction analysis (Fig. 3,
Tables 7 and 8).

In molecule 6b, the deviations of the atoms from the
mean plane passing through all nonhydrogen atoms are
no larger than 0.14(1) A. The bicyclic system is planar
within 0.017(8) A. The benzene ring at the C(6) atom lies
virtually in the plane of the bicyclic fragment (the
N(5)C(6)C(14)C(19) torsion angles are no larger than
—1.6(9)°). The twist of the phenyl substituent at the C(3)
atom is somewhat larger (the N(2)C(3)C(8)C(13) torsion
angles in molecules 1 and 2 are —7.3(9) and 4.7(8)°, re-
spectively). Therefore, the aromatic substituents in mol-
ecules 6b are conjugated with the heteroaromatic bicyclic
7 system, which is consistent with the distribution of the
bond lengths in the molecules.

Fig. 3. Geometry of one of two independent molecules of compound 6b in the crystal.
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Table 8. Selected bond angles (o) in the structure of 6b

Angle w/deg Angle w/deg

C(6)—S(7)—C(7a)  86.6(3) C(26)—S(27)—C(27a) 87.5(3)
N(2)—N(1)—C(7a) 116.2(4) N(22)—N(21)—C(27a) 114.1(4)
N(1)—N(2)—C(3) 119.2(5) N21)—N(22)—C(23) 120.0(5)
C(3)—N(4)—C(4a) 114.2(4) C(23)—N(24)—C(24a) 112.7(4)
C(4a)—N(5)—C(6) 108.3(4) C(24a)—N(25)—C(26) 109.0(4)
N(2)—C(3)—N(@4) 126.4(5) N(22)—C(23)—N(24) 127.1(5)
N(2)—C(3)—C(8) 117.3(5) N(22)—C(23)—C(28) 117.1(5)
N(4)—C(3)—C(8) 116.3(5) N(24)—C(23)—C(28) 115.8(4)
N(4)—C(4a)—N(5) 123.0(5) N(24)—C(24a)—N(25) 123.1(4)
N(4)—C(4a)—C(7a) 120.5(5) N(24)—C(24a)—C(27a) 120.5(5)
N(5)—C(4a)—C(7a) 116.5(5) N(25)—C(24a)—C(27a) 116.5(5)
S(7)—C(6)—N(5)  117.8(4) S(27)—C(26)—N(25)  117.4(4)
S(7)—C(6)—C(14) 119.0(4) S(27)—C(26)—C(214) 119.7(4)
N(5)—C(6)—C(14) 123.1(5) N(25)—C(26)—C(214) 122.8(5)
S(7)—C(7a)—N(1) 125.7(4) S(27)—C(27a)—N(21) 124.8(4)
S(7)—C(7a)—C(4a) 110.8(4) S(27)—C(27a)—C(24a) 109.5(4)
N(1)—C(7a)—C(4a) 123.5(5) N(21)—C(27a)—C(24a) 125.6(5)

The planar conformation of the molecules is favorable
for their stacking in crystal structures. Actually, molecules
6b in the crystal are parallel to each other and there are
numerous contacts corresponding to stacking interactions
between the aromatic systems (Fig. 4).

Oxidation of N-(1-acetyl-3-phenyl-6-phenylimino-
1,4a,7,7a-tetrahydrothiazolo[4,5-¢][1,2,4]triazin-5-
yl)acetamide (5a) occurs analogously and affords prod-
uct 7 (Scheme 5).

The structure of compound 7, in particular, the char-
acter of annelation of the thiazole and 1,2,4-triazine rings,
was established by X-ray diffraction analysis (Fig. 5,
Tables 9 and 10). The results of X-ray diffraction

Fig. 4. Molecular packing in the crystal of 6b projected along the
0Y axis.

Scheme 5
Me (0]
Tt' Ph N Ph
NT NS/ Kwno, NS
P W lv-d G W
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Ph” ON7: N\ Ph” N N\
N NH
o= o=
Me Me
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studydemonstrate that the tandem addition of 4-arylthio-
semicarbazides to 3-aryl-1,2,4-triazine (1a) occurs regio-
selectively to give thiazolo[4,5-e]-anneclated tetra-
hydrol,2,4-triazines 5, which are subjected to aroma-
tization under oxidative conditions to give thiazo-
lo[4,5-¢][1,2,4]triazines 7.

In molecule 7, the thiazolotriazine fragment is planar
(the average deviation from the plane is 0.033 A). The
NHC(=0)Me group bound to this fragment is rotated
about the N(1)—N(6) bond by 84.3°. The planar phenyl
group C(5)—C(10) (0.003 A) is almost coplanar to the
thiazolotriazine system (the angle of rotation about the
C(4)—C(5) bond is 6.5°). In the crystal structure, the
second phenyl group is disordered over two positions with
occupancies of ~0.65 and ~0.35, respectively, which dif-
fer in the angle of rotation about the N(5)—C(11) bond
by 37.5°. The dihedral angles between the disordered
phenyl group in two positions and the central thiazolo-
triazine core are 62.9° (C(11)—C(16)) and 79.9°
(C(11)C(12a)C(13a)C(14)C(15a)C(16a)).

Fig. 5. Geometry of molecule 7 in the crystal.
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Table 9. Selected bond lengths (d) in the structure of 7

Bond d/A Bond d/A

S(1)—C(1) 1.771(4) N(5)—C(1la)  1.388(4)
S(1)—C(3) 1.743(4) N(5)—C(11) 1.437(4)
o(1)—C(17) 1.198(4) N(6)—C(17) 1.371(5)
N(1)—C(1) 1.409(4) C(2)—C(3) 1.420(5)
N(1)—C(2) 1.365(5) C(4)—C(5) 1.481(5)
N(1)—N(6) 1.389(4) C(5)—C(6) 1.361(7)
N(2)—C(3) 1.284(5) C(5)—C(10) 1.358(7)
N(2)—N(3) 1.366(4) C(6)—C(7) 1.386(7)
N(3)—C(4) 1.326(5) C(7)—C(8) 1.369(8)
N(4)—C(2) 1.297(4) C(8)—C(9) 1.333(8)
N(4)—C(4) 1.363(5) C(9)—C(10) 1.380(7)
N(5)—C(1) 1.260(5) C(17)—C(18)  1.502(6)

Table 10. Selected bond angles (w) in the structure of 7

Angle w/deg Angle w/deg
C(3)—S(1)—C(1) 89.65(17) N(@2)—C(3)—S(1) 125.1(3)
C(2)—N(1)—N(6) 122.0(3) C(2)—C(3)—S(1) 113.0(3)
C(2Q)—N(1)—C(1) 115.03) N(@3)—C(4)—N4) 126.2(3)
N(®6)—N(1)—C(1) 118.6(3) N(3)—C4)—C(5) 116.5(3)
C(3)—N(@2)—N(@3) 117.6(3) N@#)—C4)—C(5) 117.3(3)
C(4)—N(3)—N(2) 118.6(3) C(10)—C(5)—C(6) 117.9(4)
C(2)—N@#4)—C4) 113.4(3) C(10)—C(5)—C4) 121.8(4)

C(1)—N(5)—C(11a) 115.5(3) C(6)—C(5)—C(4) 120.3(4)
C(1)—N(5)—C(11) 116.7(3) C(5)—C(6)—C(7)  120.5(5)
C(17)—N(6)—N(1) 116.0(3) C(8)—C(7)—C(6) 120.7(5)
N(5)—C()—N(1) 122.13) C(9)—C(8)—C(7) 118.5(5)
N(5)—C(1)—S(1)  127.6(3) C(8)—C(9)—C(10) 121.1(6)
N()—C(1)—S(1)  110.4(2) C(5)—C(10)—C(9) 121.4(5)
N(@4)—C(2)—N(1) 126.53) O(1)—C(17)—N(6) 122.0(3)
N@#)—C(2)—C(3) 122.2(3) O(1)—C(17)—C(18) 124.9(3)
N(1)—C(2)—C(3) 111.3(3) N(6)—C(17)—C(18)113.0(3)
N(@2)—C(3)—C(2) 121.9(3)

The molecule contains one active proton at the N(6)
atom, which can be involved in hydrogen bonding. Actu-
ally, molecules 1 in the crystal are linked in chains
extended along the b axis by the intermolecular
N(6)—H...O(1) hydrogen bond (x, y + 1, ) (H...O,
2.035 A; N...0, 2.775 A; N—H...0, 141.02°).

To summarize, the tandem Ay—Ay reactions of
3-aryl-1,2,4-triazines with aromatic thioamides and
thiosemicarbazides in acetic anhydride at room tempera-
ture provide a convenient approach to the synthesis of
thiazolo[4,5-¢]-annelated tetrahydrotriazines, which un-
dergo aromatization under the action of potassium per-
manganate to give thiazolo[4,5-¢][1,2,4]triazines, thus
completing the tandem SyH—S\H reactions.

Experimental

The 'H and '*C NMR spectra in DMSO-dg and CDCl;
were recorded on Bruker DRX-400 and Bruker WP-250 spec-

trometers (operating at 400.13 and 250.13 for 'H and at
100.61 MHz for 3C) with Me,Si as the internal standard. The
mass spectra were obtained on a Varian MAT-311A spectrom-
eter with direct inlet of the sample into the ion source; the
accelerating voltage was 3 kV; the energy of ionizing electrons
was 70 eV. The course of the reactions and purity of the products
were monitored by TLC on Silufol UV-254 plates.

The reaction conditions, yields, melting points, elemental
analysis data, and spectroscopic characteristics of the compounds
synthesized are given in Tables 1—6.

3-Aryl-1,2,4-triazines 1,18 aromatic thioamides 2, and
4-arylthiosemicarbazides 4 were synthesized according to known
procedures.19:20

Synthesis of 1-acetyl-3,6-diaryl-1,4,4a,7a-tetrahydro-
thiazolo[4,5-¢][1,2,4]triazines (3a—I) (general procedure).
Thioamide (1 mmol) was added to a solution of 3-aryl-1,2,4-
triazine 1 (1 mmol) in acetic anhydride (see Table 1). The reac-
tion mixture was stirred at room temperature. The precipitate
that formed was filtered off, washed successively with a small
amount of acetic anhydride and diethyl ether (in the case of
compounds 3a,b, with hexane; in the case of 3¢, with propan-
2-0l), and dried in air. To isolate compound 3l, the reaction
mixture was kept at ~20 °C for 5 days and then concentrated on
a rotary evaporator to 1/5 of the initial volume. The precipitate
that formed was filtered off and washed successively with a small
amount of acetic anhydride and diethyl ether.

N-(1-Acetyl-3-phenyl-6-phenylimino-1,4a,7,7a-tetrahydro-
thiazolo[4,5-¢][1,2,4]-triazin-5-yl)acetamide (5a). 4-Phenyl-
thiosemicarbazide (4a) (406 mg, 2.43 mmol) was added to a
solution of 3-phenyl-1,2,4-triazine (1a) (382 mg, 2.43 mmol) in
acetic anhydride (4.8 mL). The reaction mixture was stirred at
~20 °C for one day. The precipitate that formed was filtered off
and washed successively with a small amount of acetic anhydride
and diethyl ether.

N-{(1-Acetyl-6-(4"-fluorophenylimino)-3-phenyl-1,4a,7,7a-
tetrahydrothiazolo[4,5-¢][1,2,4]triazin-5-yl)}acetamide (5b).
4-(4-Fluorophenyl)thiosemicarbazide (4b) (373 mg, 2.37 mmol)
was added to a solution of 3-phenyl-1,2,4-triazine (1a) (439 mg,
2.37 mmol) in acetic anhydride (4 mL). The reaction mixture
was stirred at ~20 °C for one day. The precipitate that formed
was filtered off and washed successively with a small amount of
acetic anhydride and diethyl ether. The colorless finely crystal-
line precipitate was recrystallized from acetic anhydride.

N-Acetyl- N-{1-acetyl-6-(3"-chlorophenylimino)-3-phenyl-
1,4a,7,7a-tetrahydrothiazolo[4,5-¢][1,2,4]triazin-5-yl}acet-
amide (5c¢). 4-(3-Chlorophenyl)thiosemicarbazide (4¢) (475 mg,
3.02 mmol) was added to a solution of 3-phenyl-1,2,4-triazine
(1a) (610 mg, 3.02 mmol) in acetic anhydride (5 mL). The
reaction mixture was stirred at ~20 °C for one day. Then the
solution was concentrated on a rotary evaporator. The residue
was suspended in propan-2-ol. The precipitate that formed was
filtered off and washed with a small amount of diethyl ether.

N-Acetyl-N-{1-acetyl-6-(4"-methylphenylimino)-3-phenyl-
1,4a,7,7a-tetrahydrothiazolo[4,5-¢][1,2,4]triazin-5-yl}acet-
amide (5d). 3-Phenyl-1,2,4-triazine (1a) (324 mg, 2.06 mmol)
was dissolved in acetic anhydride (4 mL) and 4-(4-methyl-
phenyl)thiosemicarbazide (4d) (374 mg, 2.06 mmol) was
added. The reaction mixture was stirred at ~20 °C for one day.
The precipitate that formed was filtered off and washed suc-
cessively with a small amount of acetic anhydride and diethyl
ether.
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3,6-Diphenylthiazolo[4,5-¢][1,2,4]triazine (6a). 1-Acetyl-
3,6-diphenyl-1,4,4a,7a-tetrahydrothiazolo[4,5-¢][1,2,4]triazine
(3a) (1.3 g, 3.86 mmol) was added to a solution of potassium
permanganate (1.8 g, 11.6 mmol) in acetone (430 mL). The
reaction mixture was stirred at ~20 °C for 5 days and filtered off
from MnO, through a paper filter with a thin layer of silica gel.
The filtrate was concentrated on a rotary evaporator. The prod-
uct was purified by gravitational column chromatography (silica
gel, CHCI,). Yellow crystalline product 6a (R; 0.63) and a mix-
ture of the product and the starting compound (R; 0.10) were
obtained in yields of 75 mg (7%) and 230 mg, respectively.
'H NMR (DMSO-dy), 8: 7.57—7.78 (m, 6 H, Ph); 8.27—38.30
(m, 2 H, Ph); 8.55—8.59 (m, 2 H, Ph).

6-(4"-Chlorophenyl)-3-phenylthiazolo[4,5-¢][1,2,4]triazine
(6b). 1-Acetyl-6-(4"-chlorophenyl)-3-phenyl-1,4,4a,7a-tetra-
hydrothiazolo[4,5-¢][1,2,4]triazine (3f) (1 g, 2.7 mmol)
was added to a solution of potassium permanganate (1.3 g,
8.09 mmol) in acetone (400 mL). The reaction mixture was
stirred at ~20 °C for one day. Then an additional amount of
potassium permanganate (1.3 g, 8.09 mmol) was added. The
reaction mixture was kept under the same conditions for 6 days
and filtered off from MnO, through a paper filter with a thin
layer of silica gel. The filtrate was concentrated to dryness on a
rotary evaporator. The precipitate was crystallized from aceto-
nitrile. The yield was 410 mg (47%). 'H NMR (DMSO-dy), 8:
7.64—7.67 (m, 3 H, Ph); 7.79 (d, 2 H, p-CIC¢H,, J = 6.7 Hz);
8.37 (d, 2 H, p-CIC¢H,, J = 6.7 Hz); 8.55—8.59 (m, 2 H, Ph).

X-ray diffraction analysis. Crystals of 6b, C;H¢N,SCI,
m.p. 225—227 °C, are monoclinic, at 20 °C a = 7.724(2),
b=132.959(9), c = 11.138(2) A, B = 95.93(2)°, V'=2820(1) A3,
Z =38, d, = 1.53 gcm™3, space group P2,/n (two independent
molecules in the unit cell).

The unit cell parameters and intensities of 6303 reflections,
of which 3205 reflections were with /> 30, were measured on an
automated four-circle Enraf—Nonius CAD-4 diffractometer
(MCuKa), graphite monochromator, ® scanning technique,
0 < 76°). The intensities of three check reflections showed no
decrease in the course of X-ray data collection. The empirical
absorption correction was applied (u(Cu) 37.93 cm™!).

The structure was solved by direct methods using the SIR
program?! and refined first isotropically and then anisotropi-
cally. All hydrogen atoms were revealed from difference elec-
tron density syntheses and included in the refinement with
fixed positional and isotropic thermal parameter in the final
stage. The final reliability factors were as follows: R = 0.068,
R, = 0.076 based on 2613 reflections with F2 > 3c. All calcula-
tions were carried out using the MOLEN program package?? on
an AlphaStation 200 computer. The hydrogen bonds and the
conformation of molecule 6b were analyzed with the use of the
PLATON program.23

The atomic coordinates of the structure of 6b were deposited
with the Cambridge Structural Database. The geometry of the
molecule is shown in Fig. 3. The geometric parameters are given
in Tables 7 and 8.

The X-ray diffraction study was carried out at the Depart-
ment of X-ray Diffraction Studies of the Spectral and Analytical
Center of the Collaborative Use of the Russian Foundation for
Basic Research based on the A. E. Arbuzov Institute of Organic
and Physical Chemistry of the Kazan Research Center of the
Russian Academy of Sciences.

N-{3-Phenyl-6-(phenylimino)thiazolo[4,5-¢][1,2,4]triazin-5-
yl}acetamide (7). 2-(1-Acetyl-3,5-diphenyl-4,4a,7,7a-tetra-
hydro-1H-thiazolo[4,5-¢][1,2,4]triazin-6-ylidene)hydrazide of
acetic acid (5a) (400 mg, 0.979 mmol) was added to a solution
of potassium permanganate (1.39 g, 8.81 mmol) in acetone
(450 mL). The reaction mixture was stirred at ~20 °C for 14 days
and filtered off from MnO, through a paper filter with a thin
layer of silica gel. The filtrate was concentrated on a rotary
evaporator. The product was purified by gravitational column
chromatography (silica gel, ethyl acetate—hexane, 2 : 1). Yel-
low crystalline product 7 (R 0.44) was obtained in a yield of
20 mg (6%). '"H NMR (DMSO-dy), &: 2.20 (s, 3 H, NHCOMe);
7.04—7.07 (m, 2 H, Ph); 7.23—7.27 (m, 1 H, Ph); 7.45—7.62
(m, 5 H, Ph); 8.34—8.37 (m, 2 H, Ph); 11.49 (s, 1 H,
NHCOMe).

X-ray diffraction analysis. Crystals of 7, C;gH4NOS, m.p.
202—203 °C (decomp.), at 120(2) K are monoclinic,
a=14.847(5), b=4.7230(10), c = 23.795(7) A, p = 91.600(10)°,
V'=1667.9(8) A3, crystal dimensions 0.56x0.32x0.13 mm, space
group P2,/n, Z=4, d, = 1442 g cm™3, F(000) = 752, u =
0.215 mm~1,

X-ray diffraction data were collected on a Bruker AXS
SMART 1000 diffractometer equipped with a CCD detector
(M(Mo), graphite monochromator, 120 K, o scanning technique,
the scan step was 0.3°, frames were exposed for 15 s, 26,,,,, = 60°)
using a standard procedure.24 A total of 7808 reflections were
collected, of which 3164 reflections were independent. The
semiempirical absorption correction was applied.2> The struc-
ture was solved by direct methods using the SHELXS97 program
package?® and refined by the full-matrix least-squares method
using the SHELXL97 program package?” (the positions of the
H atoms were kept fixed with Uy = 0.08 A2) to R, = 0.0826,
WwR, = 0.1116 based on 2386 reflections with F2 > 26(/).

The atomic coordinates and thermal parameters for the struc-
ture of 7 and complete tables of the bond lengths and bond
angles were deposited with the Cambridge Structural Database.
Selected bond lengths and bond angles are given in Tables 9
and 10, respectively.
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96090), the US Civilian Research and Development
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and Y1-C-05-13), and the Ministry of Industry, Science,
and Technology of the Russian Federation (Project No.
1766.2003.03).
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