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Abstract—The reactions of (aryl)(chloro)methyktolyl sulfoxides2 with tetrasulfur tetranitride ({B,) in p-dioxane at reflux gave 3,5-
diaryl-1,2,4,6-thiatriazine 1-oxides, 3,5-diaryl-1,2,4-thiadiazoles, and 1-amino-3,5-diaryl-1,2,4,6-thiatriazine 1-oxides. Fofithe, filgt
structures of 3,5-diaryl-1,2,4,6-thiatriazine 1-oxides were unequivocally characterized based on X-ray crystallography of 3,5-di(3,4-
dimethylphenyl)-1,2,4,6-thiatriazine 1-oxide. Treatment of the thiatriazine 1-oxidesmwiEPBA gave 2,6-diaryl-4-(3-chlorophenyl)-
1,3,5-triazines. Mechanisms are proposed for the formation of thiatriazine 1-oxides and 1,3,5-triazZ2@€) Elsevier Science Ltd. All

rights reserved.

Introduction Results and Discussion

Much attention has been focused on exploiting the potential The reactions of (aryl)(chloro)methyp-tolyl sulfoxides
synthetic utility of tetrasulfur tetranitride ¢8,) through with N4 (1 equiv.) in p-dioxane at reflux gave 3,5-
the reaction with a variety of organic compounds with a diaryl-1,2,4,6-thiatriazine 1-oxide3 3,5-diaryl-1,2,4-thia-
fundamental functional group.Although various sulfur diazoles4, 1-amino-3,5-diaryl-1,2,4,6-thiatriazines 1-oxides
and nitrogen-containing heterocyclic compounds could be 5, substituted benzaldehydé&sand dip-tolyl disulfide 7
prepared in a single step, reactions involvingNSoften (Scheme 1). Reaction time and yields of each product are
gave a diverse range of products in relatively low yields. summarized in Table 1.
Very recently we have achieved success in reactions with
a-halogeno ketoximes anga-dihalogeno ketoximes from  Of the product8-7, the isolation of compoundsis signifi-
which, respectively, 3,5-diaroyl-1,2,4-thiadiazdlesind cant in two ways: firstly, it represents the development of
3-aryl-4-halo-1,2,5-thiadiazoléswere obtained in good the first general synthetic method for 1,2,4,6-thiatriazine
yields. It was envisaged that the-halogen atom to the  1-oxides albeit in low yields, and secondly, it seems that
oxime functionality contributed to the increase in product the previously reported compound, assigned t@&emight
yields and caused the reactions to occur relatively be its tautomer in view of our data. A survey of the literature
cleanly, presumably by acting as a leaving group as shows that there are two reports describing the isolation of
suggested in the proposed mechanism. In order to under-3,5-disubstituted 1,2,4,6-thiatriazine 1-oxides. The first
stand further the significance of the leaving group at the reporf involved the reaction of imidoylamidine with sulfur
a-position to the functionality which may act as a nucleo- dichloride, yielding 1-chloro-1,2,4,6-thiatriazines which
philic center, the title compound® were treated with an  were converted into 1-oxo-1,2-dihydro-1,2,4,6-thiatriazines
equimolar amount of /8l in p-dioxane at reflux. The results  upon treatment with water. Only the melting points and
are described herein. elemental analyses of two compounds were reported. Subse-
quently, compound®a was reportedly isolated in 15—22%
and 32% yieldSboth in CHCI,, respectively, by treatment
of 3,7-diphenyl-1,5,2,4,6,8-dithiatetrazocine with. Ohe
structure of3a was characterized by spectroscopic and
elemental analyses in the reports. Interestingly, all the
—_— o ) S reported data such as melting poinﬂel NMR, IR, and
T%%Oerg'stri;eztirr?:glfur tetranitride; a-chloro sulfoxides; thiatriazine MS data are not in accord with our data. In addition, our
 Corresponding author. Tel.+82-2-880-6636; fax-+82-2-674-8858;  data show that théH NMR (CDCl;, 300 MHz) specira of
e-mail: kkim@plaza.snu.ac.kr 3a, 3C—d, and 3] exhibited a Slnglet of NH protons at
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Table 1. Reaction time and yields of compoun8s7 and10
Compound Ar Time (h) Yield (%)
2 3 4 5 6 7 10 Mp® (°C)
a Ph 17 a38 als trace 23 ab2 159-161
b 4-MeOGH, 10 b 23 b 47 70 b 53 ~180 (dec)
c 4-t-BuCgH, 13 cl2 c8 c18 SZZf 75 c48 174-176
d 3,4-MeCgH, 7 d 22 d 86 d 60 141-143
e 4-BrCgH, 7 el2 ell el3 el3 28 €
f 4-CICeH, 10 f 20 f33 f31 80 €
g 3-CICeH, 10 gl2 g22 g22 76 °
h 4-FGH4 16 h 29 h 19 h 16 52 h 68 182-184
i 4-O,NCgH, 7 i 50 i 28 41 i 66 ~230 (dec)
j 6-MeGH3N' 41 j 15 33

|solated yields.

b Melting points of10, which were recrystallized from a mixture of @&, andn-hexane except fat0a which was recrystallized from GEN.

°Number in parenthesis represents the yieldshmitylbenzonitrile.

4 A mixture of 3,4-dimethylbenzaldehyde and 3,4-dimethylbenzonitrile was obtained.

€ A small amount of complex mixture.
f 6-Methylpyridin-2-yl.

11.7-13.0 ppm, except f@b, which exhibited the corre-
sponding signal ab 7.75 ppm. TheH NMR spectra of
3e—g and 3h—i were measured in DMSOsdCDCk due

to the solubility problem, which showed no NH proton
signals. In the*C NMR spectrum of each compound,
except for compound8f and 3g, the number of signals
was equivalent to half of the total number of carbons of
the compound, which is indicative of symmetric structure.
IR (KBr) spectra exhibited a band at 1020-1161¢m
corresponding to SO stretching vibrations. The FAB
MS of each compound was in good agreement with its
molecular weight. However, compoun8e-g are unstable

in air. Attempts to obtain pure compounds for analysis and

spectroscopic data were unsuccessful. The X-ray crystal

structure of3d* supports our view of the structure 6f
(Fig. 1). Fig. 1 shows that the structure of the six-membered
1,2,4,6-thiatriazine ring is not planar as demonstrated by
torsional angles®f: N(2)—-S—N(1)-C(1),—37.7(2); N(1)-S—
N(2)—-C(2), 35.7(2); S—N(1)-C(1)—-N(3), 15.5(3); S-N(1)—
C(1)-C(11), —167.37(17); C(2)-N(3)-C(1)-N(1), 16.6(4);
C(2)-N(3)-C(1)-C(11), —160.7(2); S—N(2)-C(2)-N(3),

—11.4(3); S-N(2)-C(2)-C(21), 173.32(17); C(1)-
N(3)-C(2)-N(2), —18.9(4); C(1)-N(3)-C(2)-C(21),
156.5(2).

For further structural identification, we have prepared 3,5-
diaryl-1-chloro-1-o0x0-1,2,4,6-thiatriazind€’ by chlorina-
tion of 3 with SOCI, in CH;CN in 48 to 68% vyields
(Scheme 1). Yields and melting pointsidfare summarized

Cce7

Figure 1. orTEP drawing of3d. Selected bond distanceos][And anglesq

3d: S—0 1.4886(19), S-N1 1.690(2), S—-N2 1.992(2), N1-C1 1.301(3),
N2—C2 1.305(3), N3—C2 1.379(3), N3-C1 1.382(3), C1-C11 1.481(3),
C2-C21 1.486(3), O-S—-N1 105.98 (10), N1-S—-N2 102.78 (10),
C1-N1-S 117.00 (16), C2-N2-S 117.40 (16), C2-N3-C1 122.0 (2),
N1-C1-N3 123.0 (2) N1-C1-C11 120.2 (2), N3-C1-C11 116.7 (2),
N2-C2-N3 122.8 (2), N2-C2-C21 119.9 (2), N3—-C2-C21 117.1 (2),
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in Table 1. Treatment dfOhwith Et;NH in benzene at,
followed by raising the temperature to room temperature
gave 1-(diethylamino)-3,5-di(4-fluorophenyl)-1-oxo-1,2,4,6-
thiatriazine (1) in 82% vyield (Scheme 2).

Compoundll is analogous to 1-(alkylamino)-3-(trichloro-
methyl)-1-oxo-5-phenyl-1,2,4,6-thiatriazine, which was
prepared from 1-chloro-3-(trichloromethyl)-1-oxo-5-phenyl-
1,2,4,6-thiatriazine and alkylaminésApart from the
reported compounds, i.e., 1-(alkylamino)-1-oxo-1,2,4,6-
thiatriazines having different substituents at C-3 and C-5,
compoundl1 is characterized by having the same aryl
groups at C-3 and C-5.

In order to confirm the possible involvementd as inter-
mediates for the formation & compound3a was treated
with SChL, which might be formed as a side product (vide
infra, Scheme 4), inp-dioxane for 14 h at reflux. TLC
showed three spot&(=0, 0.9 (major), and 0.95, EtOAc—
n-hexane=1:3). However, none of the spots corresponded to
10a Chromatography of the reaction mixture gave a small
amount of solids, which were not convertedSaby treat-
ment with either NH or NaNH, in p-dioxane at reflux.

Unexpectedly, the reaction of compouBd together with
m-CPBA in CHCE at room temperature gave 2-(3-chloro-
phenyl)-4,6-diphenyl-1,3,5-triazine8¢) (Ar=Ph) and an
unknown compound9a (Scheme 3). No 3,5-diphenyl-
1,2,4,6-thiatriazine 1,1-dioxides 12a) (Ar=Ph) were
isolated. Similarly, the reactions of selected compouBds
gave compounds8 as well as unknown compounds

Table 2. Reaction time, yields and melting points of compouBds

Compd Time (h) Compd Yief{%) Mp®(°C) Compd (mg)
3a 3 8a 38 194-195  9a(21)
3c 3 8c 30 143-145  9c(12)
3d 3 8d 25 179-180  9d (16)
3g 5 8g 33 218-219 9g¢

3h 4° 8h 28 225-226  9h(38)

#|solated yields.
P Recrystallized frorm-hexane.
° Recrystallized from a mixture of EtOAc andhexane. Compound®
did not melt at 30€C.
4 Complex mixtures.
¢ A mixture of CHCk and MeOH (10:1) was used as a reaction solvent.

analogous to compoundda. Reaction time, yields and
melting points of8 are summarized in Table 2.

The structures o8 were determined based on the structure
of 8g, which was independently prepared by following the
procedure in the literatureThe physical and the spectro-
scopic data oBg were in good agreement with those of the
authentic sample obtained from 3-chlorobenzonitrile and
NaNH,. In spite of the existence of several methods for
the synthesis of 2,4,6-trialkyl (or triaryl)-1,3,5-triazines
bearing the same alkyl (or aryl) groups the best of our
knowledge, the oxidation 08 with m-CPBA is the first
method for 1,3,5-triazines having two identical aryl groups
together with one 3-chlorophenyl group. Interestingly, the
latter must originate fronm-CPBA.

In order to obtain mechanistic information, compozia
was treated with $\, in the presence of 4-bromobenzo-
nitrile for 12 h under the same conditions as for those with-
out 4-bromobenzonitrile. From the reaction mixture, only
3b was obtained in 21% vyield. Neither 3-(4-methoxy-
phenyl)-5-(4-bromophenyl)-1,2,4,6-thiatriazine 1-oxide nor
3e was detected. The result indicates that benzonitrile
derivatives may not be involved in the formation 8f
The fact that a significant amount (0—53%) ofNg was
recovered from 1:1 reactions afchloromethyl sulfoxides

2 and SN, suggests that two moles @fare needed for the
reaction with 1 mol ofl. Based on the observations, the
following mechanism is proposed for the formation of
compounds3, 4, and7 (Scheme 4).

Displacement of a chloride ion fror@ by a nucleophilic
attack of SN, to give an intermediaté&3, followed by the
formation of an S—O bond, concomitant with deprotonation,
would give an intermediat&4. This compound undergoes
bond reorganization, causing an oxygen transfer to fhi S
moiety to give an intermediaté5. At this stage, the inter-
mediate 15 would be expected to react with one more
a-chloromethyl sulfoxide molecule in a similar fashion to
the previous steps, i.e. displacement of the chloride ion,
deprotonation, cyclization, and bond reorganization, to
give two molecules of imido thioestet7. It would be
expected that the intermediald undergoes two types of
reactions: cleavage of the S—N bond to give thdl@-
nucleophile moiety, possibly assisted by nucleophiles such
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Scheme 4.

as CI' and NH;, and thep-tolylthiolate ion giving a new
imido thioesterl9 (path a). Intramolecular cyclization by
nucleophilic attack of N=S nitrogen on the carbon of
the imido thioester, concomitant with extrusion of the
p-tolylthiolate ion, would yield21 via the cyclic inter-
mediate20. Desulfurization of21, presumably by loss of
SCh would yield 3. Alternatively, one molecule of the
imido thioesterl7 may be activated by loss of OSNo

Ar'

give a sulfonium ion22 (path b), which may be attacked
by another molecule df7 to yield a new sulfonium io23.
Cleavage of the S—N bond by nucleophilic attack on either
sulfur atom of the &S=N=S moiety would give an inter-
mediate 24, which undergoes intramolecular cyclization,
concomitant with loss of thep-tolylthio group giving
compounds4. Compound? is expected to be formed by
the oxidation ofp-tolylthiolate in the presence of oxygen

5 o 0 D] [ oS ] e | oL
it A I e S B vl i I P
AN A H Ar/kN)YO A" N0 A" N A
H H Ar H Ar H
3 25 26 27
-0y, -so\‘ -Sol
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Scheme 5.



Figure 2. orTEP drawing of5a. Selected bond distanceos][And anglesq

5a S—0 1.438(5), S—N3 1.578(6), S—N4 1.578(9), S—N2 1.599(6), C7—N1
1.335(9), C8—N11.342(9), C7—N2 1.332(10), C8—N3 1.318(10), O—S—N4
106.1(4), O—S—N3 113.1(4), O—S—N2 110.3(4), N4—S—N3 106.9(4), N4—
S—N2 110.2(4), N3-S—N2 110.1(3), N2-C7-N1 126.8(7), N2-C7-C1
116.0(6), N1-C7-C1 117.2(7), N3-C8-N1 127.6(7), N3-C8-C9
116.0(6), N1-C8-C9 116.4(6), C7-N1-C8 118.6(7), C7-N2-S
118.3(5), C8—N3-S 118.5(5).

under basic conditions. Heating2a in wet p-dioxane for
12 h at reflux gave benzaldehyde aidn 77 and 58%
yields, respectively. However, the reaction 2f even in
dried p-dioxane under the same conditions affordécl

. C. Kong et al. / Tetrahedron 56 (2000) 7153—-7161
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Experimental
General

The 'H and **C NMR spectra were recorded at 300 and
75 MHz, respectively, in CDG] DMSO-d;, or CDCk—
DMSO-dg; solution containing MgSi as an internal stan-
dard. IR spectra were recorded in KBr or thin films on
KBr plates. FAB MS spectra and elemental analyses were
measured by the Inter-University Center for Natural Science
Research Facilities, SNU. Column chromatography was
performed using silica gel (70—230 mesh). Melting points
are uncorrected.

(Aryl)(chloro)methyl p-tolyl sulfoxides @) were prepared
by treatment of arylmethyp-tolyl sulfoxides withN-chloro-
succinimide according to the standard literature
procedure?® Tetrasulfur tetranitride 1) was prepared by
the documented proceduté.

General procedure for the reaction of (aryl)(chloro)-
methyl p-tolyl sulfoxides (2) with tetrasulfur tetranitride
1)

A mixture of 2 (0.72—-2.16 mmol) and 8, (0.72—
2.16 mmol) inp-dioxane (15—-20 mL) was heated for an

and7in 82 and 66% yields, respectively. The results suggest appropriate time at reflux by the time the spot corresponding

that6is unlikely to be formed by hydrolysis @& Hydrolysis

to 2 had disappeared on TL&RE0.6, EtOAc-h-hexane=

of various imido thioesters is also unlikely because they are 1:3). Removal of the solvent in vacuo gave a residue, which

known to resist hydrolysis under basic conditidfs.

The formation of 1,3,5-triazine8 may be understood by
assuming a nucleophilic attack aiCPBA on the imino
carbon of3 to give an intermediat25, which subsequently
undergoes intramolecular cyclization by nucleophilic attack
on the carbonyl carbon oft-CPBA moiety, yielding an
intermediate26 (Scheme 5). Subsequent elimination of
O,, followed by loss of SO would givél-3-chlorobenzoyl-
imine 28, which undergoes cyclization, followed by loss of
H,0O, giving 8. Alternatively, the intermediat@8 may be
formed by a stepwise mechanism via the formation of
intermediate27.

Of compoundsde, 4f, and 4h, only 4e is known and its
melting point is in accord with the value in the literatdfe.
The structure of compounds was determined based on
spectroscopic data along with X-ray crystallography of
5a'° (Fig. 2).

Conclusions

The reactions of (aryl)(chloro)methyp-tolyl sulfoxides
with tetrasulfur tetranitride inp-dioxane at reflux afforded

was chromatographed on a silica gel columxi2 cm).
Elution with n-hexane gave a trace amount of sulfur. Subse-
guent elution with a mixture of benzene améhexane (1:5)
gave dip-tolyl disulfide (7). Elution with the same solvent
mixture (1:3) gave unreactetl and 3,5-diaryl-1,2,4-thia-
diazoles 4). Elution with a mixture of EtOAc and-hexane
(1:8) gave substituted benzaldehyd@&s Elution next with

a mixture of EtOAc andr-hexane (1:3) gave 1-amino-3,5-
diaryl-1,2,4,6-thiatriazine 1-oxide$); In the case of the
reactions witfRa, 2b, 2d, 2f, and2i where ndb was isolated,
elution with a mixture of EtOAc and-hexane (1:3) gave
unknown mixtures. Subsequent elution with a mixture of
EtOAc and n-hexane (2:1) gave 3,5-diaryl-1,2,4,6-thia-
triazine 1l-oxides3a, 3e and 3j. However, compounds
3f—h and 3i were eluted with EtOAc and acetone, respec-
tively. Reaction time and yields &7 are summarized in
Table 1.

3,5-Diphenyl-1,2,4,6-thiatriazine 1-oxide (3a).lt was
prepared by the general procedure from (chloro)(phenyl)-
methyl p-tolyl sulfoxide Qa) and SN, mp 178-186C
(CH,Cl,—n-hexane) (lit 156—158C); '"H NMR (CDCly)

8 7.48 (t,J=7.4 Hz, 4H), 7.65 (d)=7.4 Hz, 2H), 7.74 (d,
J=7.4 Hz, 4H), 11.8 (s, 1H)*H NMR (DMSO-d) 6 7.60—
7.74 (m, 6H), 7.93-8.21 (m, 4H), 12.81 (s, 1H}C NMR
(CDClg) 6 128.5,128.7,131.1, 133.4, 154.8; IR (KBr) 3360,

3,5-diaryl-1,2,4,6-thiatriazine 1-oxides, whose structures 1606, 1558, 1065 cit; IR (Nujol mull) 1603, 1555,
were unequivocally characterized based on the spectro-1062cm*; FAB MS m/z) 270 ((M+1)", 100%), 222

scopic and analytical data including X-ray crystallographic
analysis of3d, which shows that the six-membered ring is

(M+1)*—=S0O, 6.9), 136 ((@HsCNS+1)", 26), 104
((CeHsCN+1)", 27). Anal. Calcd for GH;1;N;OS: C,

not planar. The previously reported compound which was 62.43; H, 4.12; N, 15.60; S, 11.91. Found: C, 62.28; H,

assigned to bea is conceived to be planar 1-hydroxy-
1,2,4,6-thiatriazine, a tautomer &a, by judging every
spectroscopic and analytical data reported.

4.09; N, 15.43; S, 11.69.

3,5-Di(4-methoxyphenyl)-1,2,4,6-thiatriazine 1-oxide (3b).
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It was prepared by the general procedure from (chloro)(4- IR (KBr) 3326, 1612, 1580, 1072 ciy, HRFAB MS (m/2)
methoxyphenyl)methyp-tolyl sulfoxide @b) and SN, mp 337.9933 (Mr1)" (C14H4Cl,N;OS requires 336.9843).
151-153C (CH,Cl,—n-hexane);"H NMR (CDCl;—DMSO-
de) & 3.8, (s, 6H), 6.92 (dI=8.7 Hz, 4H), 7.75 (s, 1H), 7.87 3 5-Di(4-fluorophenyl)-1,2,4,6-thiatriazine 1-oxide (3h).
(d, 3=8.7 Hz, 4H);“C NMR (CDCkL-DMSO-d) 6 55.8, It was prepared by the general procedure from (chloro)(4-
113.9, 126.0, 129.9, 161.8, 163.1; IR (KBr) 3328, 1628, fluorophenyl)methylp-tolyl sulfoxide @h) and SN, mp
1596, 1020 cm’; FAB MS (m/2) 330 (M+1)", 67%), 282 198-199C (CH,Cl,—n-hexane);'H NMR (DMSO-d;) &
(M+1)"=S0, 5.2), 166 ((CHDOGH,CNS+1)", 32), 134 7.19-7.25 (m, 4H), 8.21-8.27 (m, 4HYC NMR
((CH:OCeH,CN+1)", 13). Anal. Caled for GH1sNzOS: C, (DMSO-d) 6 116.6 (=22 Hz), 127.9, 132.2J9.3 Hz),
58.34; H, 4.59; N, 12.76; S, 9.74. Found: C, 58.18; H, 4.38; 165.7 (=251 Hz), 167.7; IR (KBr) 3189, 1610, 1585,
N, 12.59; S, 9.62. 1061 cm®; FAB MS (m2) 306 ((M+1)", 54%), 258

_ o _ (M+1)"—S0, 4.0), 154 ((FEH,CNS+1)", 100), 122
3,5-Di(4+-butylphenyl)-1,2,4,6-thiatriazine 1-oxide (3c). ((FCH,CN+1)*, 25). Anal. Calcd for GHoF,N5OS: C,
It was prepared by the general procedure from-diyl- 55.08; H, 2.97; N, 13.76; S, 10.50. Found: C, 54.76; H,

phenyl)(chloro)methyp-tolyl sulfoxide @c) and SN, mp 3.28: N, 13.59; S, 11.05.
185-187C (CH,Cl,—n-hexane)"H NMR (CDCly) 6 1.40

(s, 18H), 7.42 (dJ=8.3 Hz, 4H), 7.65 (dJ=8.3Hz, 4H), 3 5 pj(4-nitrophenyl)-1,2,4,6-thiatriazine 1-oxide (3i).t
11.7 (s, 1H);™C NMR (CPCE) 6 31.5, 356, 126.1, 54 prepared by the general procedure from (chloro)(4-
126.8, 1_218'5’ 130.1, 157.5; IR (KBr) 33’44’ 1600, 1580, nitrophenyl)methyl p-tolyl sulfoxide (2i) and gN4 mp
1062 cm= FAB MS (m/z) 382 (M+1), 100%), 334 (yec) 198-200C (acetonen-hexane);’H NMR (DMSO-
(M+1)"~S0, 5.7), 192 ((CHsCCH.CNSTL)", 24), 45 831 (d,J=8.6 Hz, 4H), 8.58 (dJ=8.6 Hz, 4H);“°C
160 ((CH)LCCHCNTL) L 55). Anal. Caled for — NyMR (DMSO-d) 5 124.0, 129.4, 146.9, 149.4, 159.5; IR
C, 69.34; H, 7.08; N, 11.12; S, 8.28. (M+1)", 65%) 312 (M1'~SO, 14) 181
55015 cametypren 12 s v oo, | SONAENS U, B9 (SN, 1,

t was prepared by the general procedure from (chloro)(3,4- . X : .
dimethylphenyDmethybtoly! sulfoxide @d) and SN mp S, 8.92. Found: C, 46.68; H, 2.30; N, 19.28; S, 8.68.
194—-195C (CH,Cl,—n-hexane);*H NMR (CDCl) 6 2.27

(s, 6H), 2.35 (s, 6H), 7.20 (d=7.9 Hz, 2H), 7.41 (s, 2H),
7.50 (d,J=7.9 Hz, 2H), 11.76 (s, 1H):*C NMR (DMSO-

ds) & 20.1, 20.3, 126.4, 130.0, 130.1, 130.8, 137.4, 142.5,
156.0; IR (KBr) 3200, 1584, 1555, 1062 ch FAB MS
(M/2) 326 ((M+1)*, 100%), 278 (M-1)"—SO, 6.8), 165
(((CH3)2C¢HsCNS+1)", 23), 132 (((CH),CeHsCN+1)",
40). Anal. Calcd for GgHigN3OS: C, 66.43; H, 5.88;
N, 12.91; S, 9.85. Found: C, 66.39; H, 5.82; N, 12.88; S,
9.68.

3,5-Di(6-methylpyridin-2-yl)-1,2,4,6-thiatriazine 1-oxide
(3j). It was prepared by the general procedure from (chlo-
ro)(6-methylpyridin-2-yl)methylp-tolyl sulfoxide @j) and
SINgs mp 218-220C (CH,Cl,—n-hexane); '*H NMR
(CDCly) 6 2.73 (s, 6H), 7.43 (dJ=7.80 Hz, 2H), 7.87
(dd, J=7.78, 7.80 Hz, 2H), 8.30 (dJ=7.78 Hz, 2H),
12.99 (s, 1H);**C NMR (CDCk) & 24.3, 119.5, 126.2,
137.4, 149.0, 157.4, 167.1; IR (KBr) 3250, 1642, 1587,
1551, 1113 cm'; FAB MS (m/2) 300 ((M+1)", 100%),
252 ((M+1)"—SO, 4.1), 151 ((gHeNCNS+1)*, 2.8),
119 ((GHeNCN+1)", 42). Anal. Calcd for GH1aNs0S:

C, 56.17; H, 4.38; N, 23.40; S, 10.71. Found: C, 55.98; H,
4.19; N, 23.28; S, 10.58.

3,5-Di(4-bromophenyl)-1,2,4,6-thiatriazine 1-oxide (3e).
It was prepared by the general procedure from (4-bromo-
phenyl)(chloro)methyp-tolyl sulfoxide 2€) and SN, mp
(dec) 203—20%C (acetonen-hexane):'H NMR (DMSO- i L
de) 6 7.79 (d,J=8.5 Hz, 4H), 8.13 (dJ=8.5 Hz, 4H);"*c  3,5-Di(4-bromophenyl)-1,2,4-thiadiazole (4e)Mp 167-
NMR (DMSO-d;) & 127.0, 131.3, 132.4, 133.0, 158.0; IR 169C (n-hexane)’H NMR (CDCl;) 6 7.64 (d,J=8.7 Hz,
(KBr) 3328, 1619, 1587, 1075 cn, FAB MS (m2) 426  2H), 7.42 (d,J=8.7 Hz, 2H), 7.92 (d)=8.7 Hz, 2H), 8.23
(M+1)", 1.9%), 428 (Mr1)"+2, 3.1), 430 (Mr1)"+4,  (d,I=8.7Hz, 2H); IR (KBr) 3056, 1577, 1452 cm MS
1.6), 378 (Mr1)"—S0, 0.3), 214 ((BrgH,CNS+1)*, 1.3),  (M/2) 394 (M", 21%), 215 (100), 181 (28), 134 (11). Anal.
182 ((Bl‘Q;H4CN+1)+, 2.0). Calcd for G4HgBIoNLS: C, 42.45; H, 2.04; N, 7.07; S, 8.10.

Found: C, 42.28; H, 2.01; N, 7.18; S, 8.30.
3,5-Di(4-chlorophenyl)-1,2,4,6-thiatriazine 1-oxide (3f).
It was prepared by the general procedure from (chloro)(4- 3,5-Di(4-chlorophenyl)-1,2,4-thiadiazole (4f).Mp 160—
chlorophenyl)methylp-tolyl sulfoxide @f) and SN, *H 161°C (CH,Cl-n-hexane) (lit 161-162C); 'H NMR
NMR (DMSO-d5) & 7.43 (d, J=8.0Hz, 4H), 7.75 (d, (CDCly) & 7.40 (d, J=8.4 Hz, 2H), 7.42 (d,J=8.4 Hz,
J=8.0 Hz, 4H); IR (KBr) 3326, 1605, 1581, 1065 cM 2H), 7.92 (d,J=8.4 Hz, 2H), 8.23 (dJ=8.4 Hz, 2H); IR
HRFAB MS (W2 337.9927 (Mr1)" (Ci4HgClN3OS (KBr) 3056, 1587, 1456 cit; MS (m/z) 306 (M', 26%),
requires 336.9843). 169 (100), 137 (28), 102 (11). Anal. Calcd for85CIN,S:

C, 54.74; H, 2.62; N, 9.12; S, 10.44. Found: C, 54.59; H,
3,5-Di(3-chlorophenyl)-1,2,4,6-thiatriazine 1-oxide (3g). 2.60; N, 9.05; S, 10.28.
It was prepared by the general procedure from (chloro)(3-
chlorophenyl)methylp-tolyl sulfoxide @g) and SN, *H 3,5-Di(4-fluorophenyl)-1,2,4-thiadiazole (4h).Mp 189-
NMR (DMSO-d;) 6 7.47 (dd,J=7.79, 7.87 Hz, 4H), 7.56  190°C (CH,Cl,—n-hexane);H NMR (CDCl) 6 7.17-7.28
(d, J=7.87 Hz, 4H), 8.12 (dJ=7.79 Hz, 4H), 8.21 (s, 4H);  (m, 4H), 8.04—8.08 (m, 2H), 8.37—8.42 (m, 2H); IR (KBr)
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3056, 1590, 1465 cit; MS (m/2) 274 (M", 54%), 153
(100), 121 (31). Anal. Calcd for HgFNLS: C, 61.30; H,
2.94:N, 10.21; S, 11.69. Found: C, 61.25; H, 2.93; N, 10.16;
S, 11.48.

1-Amino-3,5-diphenyl-1,2,4,6-thiatriazine 1-oxide (5a).
Mp 242-243C (CH,Cl,—n-hexane);'H NMR (CDCl;—
DMSO-d;) 6 7.47-7.58 (m, 6H), 7.62 (s, 2H), 8.51 (d,
J=7.8 Hz, 4H); *C NMR (CDCL-DMSO-d;) & 128.9,
129.2, 133.1, 136.7, 169.6; IR (KBr) 3328, 3232, 1491,
1417, 1251 cm; FAB MS (m/2) 285 ((M+1)", 76%),
136 ((GHsCNS+1)*, 67), 104 ((GHsCN+1)*, 18). Anal.
Calcd for GH1oN4OS: C, 59.14; H, 4.25; N, 19.70; S,
11.28. Found: C, 59.08; H, 4.19; N, 19.58; S, 11.009.

1-Amino-3,5-di(t-butylphenyl)-1,2,4,6-thiatriazine 1-oxide
(5¢). Mp 230—201C (CH,Cl,—n-hexane)H NMR (CDCly)

6 1.37 (s, 18H), 5.20 (s, 2H), 7.51 (@8.6 Hz, 4H), 8.42 (d,
J=8.6 Hz, 4H);*3C NMR (CDC}) 6 31.1, 35.0, 125.2, 128.7,
133.4, 156.1, 169.5; IR (KBr) 3392, 3280, 1475, 1417,
1257 cm’; FAB MS (m2) 397 ((M+1)", 100%), 192
(((CH3)sCCsHLCNS+1)", 0.3), 160 (((CH)sCCeHL.CN+1)*,
43). Anal. Calcd for G-H,gN4OS: C, 66.63; H, 7.12; N, 14.13;
S, 8.09. Found: C, 66.58; H, 7.01; N, 14.04; S, 7.98.

1-Amino-3,5-di(4-bromophenyl)-1,2,4,6-thiatriazine  1-
oxide (5e).Mp (dec) 224—228 (CH,Cl,—n-hexane);*H
NMR (DMSO-d;) 6 7.63 (Bd,J:8.6 Hz, 4H), 7.75 (s, 2H),
8.37 (d, J=8.6 Hz, 4H);*C NMR (DMSO-d) & 127.2,
130.3, 131.4, 135.0, 168.4; IR (KBr) 3360, 3216, 1577,
1478, 1417, 1248 cit; FAB MS (m2) 441 (M+1)*,
48%), 443 ((M+1)"+2, 100), 445 ((M-1)" +4, 58), 214
((BrCgH,CNS+1)", 0.6), 182 ((BrGH,CN+1)*, 36). Anal.
Calcd for G4H;0BroN4OS: C, 38.08; H, 2.28; N, 12.67; S,
7.25. Found: C, 38.14; H, 2.31; N, 12.59; S, 7.08.

1-Amino-3,5-di(3-chlorophenyl)-1,2,4,6-thiatriazine  1-
oxide (5g).Mp 200—201C (CH,Cl,—n-hexane);H NMR
(CDCly) 6 5.30 (s, 2H), 7.47 (dd}=8.0, 8.4 Hz, 2H), 7.59
(d, J=8.4 Hz, 2H), 8.40 (dJ=8.0 Hz, 2H), 8.48 (s, 2H):*C
NMR (CDCly) 8 127.4, 129.0, 130.0, 132.8, 134.6, 138.2,
168.8; IR (KBr) 3376, 3264, 1491, 1430, 1276 CFAB
MS (m/2) 353 ((M+1)", 100%), 355 ((M-1)*+2, 70), 357
(M+1)"+4, 15), 170 ((CIGH,CNS+1)", 0.9), 138
((CICH,CN+1)*, 34). Anal. Calcd for GH;ClLN,OS:

C, 47.60; H, 2.85; N, 15.86; S, 9.08. Found: C, 47.48; H,
2.78; N, 15.79; S, 8.96.

1-Amino-3,5-di(4-fluorophenyl)-1,2,4,6-thiatriazine  1-
oxide (5h). Mp 260-262C (CH,Cl,—n-hexane);*H NMR
(CDCl,—-DMSO-d;) 8 6.66 (s, 2H), 7.13-7.18 (m, 4H),
8.49-8.54 (m, 4H); *C NMR (CDCkL) & 115.6
(J=22 Hz), 131.7 J=9.2 Hz), 131.8, 166.2J255 Hz),
169.9; IR (KBr) 3363, 3236, 1601, 1501, 1434,
1267 cm®; FAB MS (m2) 321 ((M+1)", 88%), 154
((FCH,CNS+1)*, 100), 122 ((FGH,CN+1)*, 20). Anal.
Calcd for GH,oF.N,0OS: C, 52.50; H, 3.15; N, 17.49; S,
10.01. Found: C, 52.89; H, 3.74; N, 17.20; S, 10.34.

General procedure for the preparation of 2,6-diaryl-4-
(3-chlorophenyl)-1,3,5-triazines 8

To a solution of3 (0.074—0.22 mmol) in CHGI(6—10 mL)
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was addedm-CPBA (57-86%, 0.11-0.45 mmol). The
mixture was stirred for an appropriate time at room tempera-
ture. After removal of the solvent in vacuo, the residue was
chromatographed on a silica gel colummx@cm). Elution
with a mixture of benzene and-hexane (1:4) gaves.
Elution with a mixture of EtOAc and acetone gave an
unknown mixture9. Attempted purification 08 by recrys-
tallization from a mixture of acetone amehexane has been
unsatisfactory. A mixture of CHgland MeOH (10:1) was
used as a solvent for the reaction3if. Reaction time and
yields of8 and9, and melting points 08 are summarized in
Table 2.

2-(3-Chlorophenyl)-4,6-diphenyl-1,3,5-triazine (8a)Mp
194-195C (CH,Cl,—n-hexane);"H NMR (CDCly) 6 7.53
(dd, J=7.7, 7.8 Hz, 1H), 7.58-7.66 (m, 7H), 8.68 (d,
J=7.7 Hz, 1H), 8.76-8.82 (m, 5H); IR (KBr) 3056, 1584,
1516, 1440, 1360, 1020, 755, 684 ciMS (m/z) 343 (M",
60%), 137 (63), 103 (100). Anal. Calcd for{E;4CIN3: C,
73.36; H,4.10; N, 12.22. Found: C, 73.00; H, 4.09; N, 12.27.

2-(3-Chlorophenyl)-4,6-di(4t-butylphenyl)-1,3,5-triazine
(8c). Mp 143-145C (n-hexane)H NMR (CDCl) 6 1.43
(s, 18H), 7.53 (ddJ=7.7, 7.8 Hz, 1H), 7.59 (d)=7.7 Hz,
1H), 7.62 (d,J=8.5 Hz, 4H), 8.67 (dJ=7.8 Hz, 1H), 8.69
(d,J=8.5 Hz, 4H), 8.75 (s, 1H); IR (KBr) 3056, 2944, 1571,
1507, 1360, 1014, 819, 787 cm Anal. Calcd for
CoH30CINg: C, 76.38; H, 6.63; N, 9.21. Found: C, 76.19;
H, 6.55; N, 9.13.

2-(3-Chlorophenyl)-4,6-di(3,4-dimethylphenyl)-1,3,5-tri-
azine (8d).Mp 179-180C (n-hexane)*H NMR (CDCl;) &
2.40 (s, 6H), 2.45 (s, 6H), 7.34 (3=8.0 Hz, 2H), 7.52 (dd,
J=7.6, 7.9Hz, 1H), 7.59 (dJ=7.9Hz, 1H), 8.50 (d,
J=8.0 Hz, 2H), 8.51 (s, 2H), 8.66 (d=7.6 Hz, 1H), 8.74
(s, 1H); IR (KBr) 3040, 1510, 1344, 1020, 780 cmMS
(M/2) 399 (M", 18%), 207 (10), 139 (100), 111 (18). Anal.
Calcd for GsH»,CIN5: C, 75.08; H, 5.54; N, 10.51. Found:
C, 75.16; H, 5.51; N, 10.38.

2,4,6-Tri(3-chlorophenyl)-1,3,5-triazine (8g). Mp 218-
219C (CH,Cl,—n-hexane);'H NMR (CDCly) 8 7.55 (t,
J=7.7Hz, 3H), 7.63 (d,J=7.7Hz, 3H), 8.66 (d,
J=7.7 Hz, 3H), 8.72 (s, 3H); IR (KBr) 3056, 1619, 1516,
1440, 1350, 1065, 1024, 771, 710, 672 ¢mAnal. Calcd
for C,;H1,Cl3Ng: C, 61.12; H, 2.93; N, 10.18. Found: C,
60.04; H, 2.88; N, 10.06.

2-(3-Chlorophenyl)-4,6-di(4-fluorophenyl)-1,3,5-triazine
(8h). Mp 225-226C (n-hexane)H NMR (CDCl) 6 7.23—
7.29 (m, 4H), 7.52 (ddJ=7.8, 7.9 Hz, 1H), 7.60 (d,
J=7.8Hz, 1H), 8.62 (d,J=7.9 Hz, 1H), 8.69 (s, 1H),
8.74-8.79 (m, 4H); IR (KBr) 3088, 1593, 1516, 1408,
1356, 1011, 819, 784 cm; MS (mz) 379 (M', 47%),
137 (51), 121 (100). Anal. Calcd for ,gH;,CIF,N3:

C, 66.41; H, 3.18; N, 11.06. Found: C, 66.29; H, 3.15; N,
11.08.

Unknown compound 9a.’H NMR (DMSO-d;) 6 7.43—
7.52 (m, 6H), 8.27 (dJ=7.9 Hz, 4H);*C NMR (DMSO-
ds) & 1285, 128.8, 131.8, 137.3, 165.1; IR (KBr)
1500, 1446, 1401, 1132 ¢ty FAB MS (m/2) 329 (M',
100%).
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Unknown compound 9¢.*H NMR (DMSO-d) 6 1.36 (s,
18H), 7.49 (d,J=7.9 Hz, 4H), 8.15 (dJ=7.9 Hz, 4H); IR
(KBr) 1491, 1411, 1392, 1132 c¢m.

Unknown compound 9d.*H NMR (DMSO-d;) 6 2.25 (s,
6H), 2.28 (s, 6H), 7.21 (dJ=7.6 Hz, 2H), 8.05 (d,
J=7.6 Hz, 2H), 8.07 (s, 2H); IR (KBr) 1497, 1404, 1385,
1132 cm ™.

Unknown compound 9h.'H NMR (DMSO-d) & 7.24—
7.31 (m, 4H), 8.32—-8.37 (m, 4H); IR (KBr) 1494, 1417,
1392, 1136 cm’; FAB MS (m/2) 365 (M", 59%).

Preparation of 2,4,6-tri(3-chlorophenyl)-1,3,5-triazine
89

To a solution of 3-chlorobenzonitrile (848 mg, 6.16 mmol)
in diethyl ether (20 mL) was added NaNKb0% in toluene,
2.41 g, 30.8 mmol). The mixture was heated to reflux con-
dition through overnight. TLC R=0.75, CHCl,—n-
hexane=2:1) showed the spot with the sanke value as
that of 8g obtained from the reaction &g with m-CPBA.
Removal of the solvent, followed by work-up gadg
(87 mg, 10%).

General procedure for the preparation of 3,5-diaryl-1-
chloro-1-o0xo0-1,2,4,6-thiatriazines 10

To a solution of 3 (0.058-0.095 mmol) in C(CN
(5-10mL) was added sulfuryl chloride (0.058-—
0.095 mmol). The mixture was stirred for 0.5 h at room
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C,H.6CIN3OS: C, 63.52; H, 6.30; N, 10.10; S, 7.71.
Found: C, 63.48; H, 6.35; N, 10.02; S, 7.58.

1-Chloro-3,5-di(3,4-dimethylphenyl)-1-oxo-1,2,4,6-thia-
triazine (10d). Mp 141-143C (CH,Cl,—n-hexane);*H
NMR (CDCl;) & 2.41 (s, 12H), 7.33 (dJ=7.8 Hz, 2H),
8.29 (d, J=7.8 Hz, 2H), 8.30 (s, 2H); IR (KBr) 3056,
2960, 1600, 1452, 1401, 1372, 1302, 1100, 998,
758cm’; FAB MS (mz) 360 ((M+1)", 85%), 164
(((CH3)2C¢HsCNS+1)", 2.7), 132 (((CH),CeHsCN+1)",
46). Anal. Calcd for GgH1gCIN3OS: C, 60.07; H, 5.04; N,
11.68; S, 8.91. Found: C, 60.19; H, 5.00; N, 11.74; S, 8.80.

1-Chloro-3,5-di(4-fluorophenyl)-1-oxo-1,2,4,6-thiatria-
zine (10h).Mp 182—184C (CH,Cl,—n-hexane);H NMR
(CDCly) 6 7.25-7.28 (m, 4H), 8.57-8.62 (m, 4H); IR (KBr)
3056, 1590, 1504, 1449, 1420, 1395, 1369, 1305, 1228,
1139, 960, 848 cm; FAB MS (mz) 340 ((M+1),
6.8%), 154 ((FEH,CNS+1)", 42), 122 ((FGH,CN+1)",

16). Anal. Calcd for GHgCIF,N3OS: C, 49.49; H, 2.37; N,
12.37; S, 9.44. Found: C, 49.61; H, 2.31; N, 12.19; S, 9.25.

1-Chloro-3,5-di(4-nitrophenyl)-1-oxo-1,2,4,6-thiatriazine
(10i). Mp (dec) ~230°C (CH,Cl,—n-hexane);'H NMR
(CDCly) 6 8.39 (d, J=8.8Hz, 4H), 8.73 (d,J=8.8 Hz,
4H); IR (KBr) 3056, 1596, 1520, 1456, 1420, 1337, 1302,
1100, 1081, 1004, 966, 867 ¢y FAB MS (m/z) 394
(M+1)", 28%), 181 ((GNCgH,CNS+1)", 12), 149
((O,NCgH4CN+1)", 56). Anal. Calcd for GHgCIN5OsS:

C, 42.70; H, 2.05; N, 17.79; S, 8.14. Found: C, 42.56; H,
2.04; N, 17.64; S, 8.01.

temperature and worked up when no spot correspondingl-(Diethylamino)-3,5-di(4-fluorophenyl)-1-oxo-1,2,4,6-

to 3 had observed on TLAx=0.2, EtOAc-h-hexane=1:1).
Yields and melting points ol0a-d and 10h—-i are sum-
marized in Table 1.

1-Chloro-1-oxo-3,5-diphenyl-1,2,4,6-thiatriazine (10a).
Mp 159-162C (CHsCN); "H NMR (CDCls) & 7.58 (t,
J=7.4 Hz, 4H), 7.71 (t)=7.4 Hz, 2H), 8.57 (dJ=7.4 Hz,
4H); IR (KBr) 3056, 1587, 1468, 1414, 1302, 1174, 1139,
1084, 1017, 966, 838 cnl; FAB MS (m/z) 304 ((M+1)",
33%), 136 ((GHsCNS+1)*, 75), 104 ((GHsCN+1)", 6.6).
Anal. Calcd for G4H,oCIN3OS: C, 55.35; H, 3.32; N, 13.83;
S, 10.56. Found: C, 55.16; H, 3.30; N, 13.79; S, 10.34.

1-Chloro-3,5-di(4-methoxyphenyl)-1-oxo-1,2,4,6-thiatri-
azine (10b).Mp (dec)~180°C (CH,Cl,); *H NMR (CDCl)

8 3.93 (s, 6H), 7.23 (d}=8.98 Hz, 4H), 8.50 (d)=8.98 Hz,
4H); IR (KBr) 3056, 2928, 1433, 1401, 1376, 1302, 1254,
1164, 1126, 1020, 960, 841 ch FAB MS (m/z) 364
(M+1)", 24%), 166 ((CHOCH,CNS+1)*, 7.0), 134
((CH30CgH,CN+1)", 48). Anal. Calcd for GsH1,CIN;O5S:

C, 52.82; H, 3.88; N, 11.55; S, 8.81. Found: C, 52.74; H,
3.69; N, 11.38; S, 8.67.

3,5-Di(44-butylphenyl)-1-chloro-1-oxo-1,2,4,6-thiatria-
zine (10c).Mp 174-178C (CH,Cl,—n-hexane);'H NMR
(CDCl3) 6 1.40 (s, 18H), 7.60 (d)=8.3 Hz, 4H), 8.50 (d,
J=8.3 Hz, 4H); IR (KBr) 3056, 2944, 1596, 1433, 1376,
1305, 1260, 1100, 1011, 966, 838 ch FAB MS (m/2)
416 (M+1)*, 21%), 192 (((CH)sCgH4,CNS+1)*, 2.8),
160 (((CH)sCe¢H,CN+1)", 100). Anal. Calcd for

thiatriazine 11. To a solution of 1-chloro-3,5-di(4-fluoro-
phenyl)-1-oxo-1,2,4,6-thiatriazine 1Qh) (42 mg, 0.124
mmol) in benzene (5 mL) at an ice temperature was added
diethylamine (23 mg, 0.310 mmol). The mixture was
warmed to room temperature and then stirred for 3 h.
Water (10 mL) was added to the mixture and the reaction
mixture was extracted with etherX20 mL). The extracts
were dried over MgS® Removal of the solvent gave a
residue, which was chromatographed on a silica gel
(2x6 cm). Elution with EtOAc gave.l (38 mg, 82%): mp
159-160C (CH,Cl,—n-hexane);*H NMR (CDCl;) & 1.24

(t, I=7.1 Hz, 6H), 3.21 (g9,)=7.1 Hz, 4H), 7.14-7.21 (m,
4H), 8.50-8.55 (m, 4H); IR (KBr) 2944, 1593, 1484,
1420 cm; Anal. Calcd for GgHigFN,OS: C, 57.43;H,
4.82; N, 14.88; S, 8.52. Found: C, 57.35; H, 4.79; N,
14.78; S, 8.30.

Reaction of 2b with §N, in the presence of 4-bromo-
benzonitrile

A mixture of 2b (864 mg, 2.93 mmol),l (594 mg, 3.23
mmol), and 4-bromobenzonitrile (267 mg, 1.47 mmol) in
p-dioxane (20 mL) was refluxed for 12 h. TLC of the reac-
tion mixture showed a spot corresponding3io (R=0.7,
EtOAc). The mixture was worked up as described in the
general procedure f@. *H NMR spectrum of the fraction
containing the spot did not indicate the presenc® fwdving
p-bromophenyl moiety. From the reaction mixture was
isolated3b in 21% vyield.
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