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SOME ASPECTS OF 14-DIAZAPHENOTHIAZINE CHEMISTRY
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Department of Chemistry. Queen Elizabeth Coliege. Campden Hill. London WE 7AH. England

(Recetved 1n the UK ¢ August 1976, Accepted for publication 21 September 1976)

Abstract—Quinoxalinof 2. 3-8 1 4Jbenzothiazine 1 and its pyrazino-analogue 6 both give paws of 1somenc v methyl
derinatines The A-methyl compounds 2 and 7 on oudabion with wdobenzene dichlonde and other reagents give
sulphoxides and sulphones taccompansed by some ring substitution) but treatment of 6 with wdobenzene dichlonde
gives henzothuzoke 2 carboxamide 17 The action of sodium mitnite 1n acetic acd upon the thiazine 6 g1 e the 3 mitro
demvatine 25 substitution having oveurred in the pyrazine ning. other mitrations are descnhed

Quinoxahino(2.3-b][1.4]benzothiazine 1 has been alk
ylated' but the posiion of substitution has not been
established  Treatment of the performed anion of this
compound with methyl 1odide gave two 1someric N
methyl derivatives 1n a 21 ratio. The major product was
wentical with an unambiguously syathesized (from
Y dichloroquinoxaline  and N mecthytl-o-aminoben-
rencthiol) sample of the 12-methyl compound 2. the minor
product, therefore, 1s the 11-methyl denvative 12.

Methylation of pyrazano[2.3-b][1.4]benzothiazine 6
likewise gave two products; the major isomer was shownto
be the 10-methyl derivative 7 by comparison with an
authentic specimen (from 2.3-dichloropyrazine and V-
methyl-o-aminobenzencthiol). The minor, more highly
coloured. momer was 1solated by preparative TLC
(column chromatography on silica or alumina resulted 1in
extensive decomposition) and its spectral data are
consonant with the 1-methy| formulation 14.

The quinoxalino[2.3-b)[1.4]benszothiazine ring system
has been known for many vears’ and in the literature has
been arbitranly assigned the 12H 1 or 11H 11 structure.
Companisons of spectra (PMR, IR, UV) of the parent
compound with those of its two N-mcthy! denvatives 2
and 12 show that it exists in the 12H form 1. particularly
telling are the ultraviolet spectra (Table 1) The spectra of
the parent hase and its 12-methyl derivative 2 arc very
similar, the major difference being a hypsochromic shift
of the long wavelength absorption, the magmitude of
which v comparable with that observed upon N-
methylation of phenothiazine * Other spectral data (sce
experimental also support the 12H structure

Similarly (Table 1) the UV spectra of the pyrazinoben:
¢othiazine 6 and 1its 10.methyl denvative 7 are alike, thus
showing, not unexpectedly. that the parent thiazine exists
in the 10H form 6. That azaphenothiazines may exist with
the proton on the a£ine ning has been demonstrated 1n the
case of the cinnolino compound 18 which. in ethanol. s &
mixture of the 7H and 12H tautomers*

Acetylation of the quinoxahno thiazine 1 gave a
chromatographically homogeneous matenal in excellent
yield Clearly. as with methylation, acetylation could have
occurred both at position 11 and 12 and the IR spectrum
of the product has a double carbonyl absorption. The
absence of any long wavelength absorption in the UV
spectrum. however, makes it unhkely that any of the
11.acety] derivative 13 has been formed and the doublet
carbonylis probably due to two different rotameric forms
with the carbonyl oxygen in cisold and  transold
relationships with the lone pair at position 11 Similar

doublet carbonyls have been reported. inter aha. for the
methyl and ethyl esters of S-quinoxaline carboxylic acid.’
The alternative possibility of the existence of the acetyl!
group in “extra” and “intra” posiuons (phenothiazine 13
not planar)® 1s less hkely . vanous acylphenothiazines have
been reported as exhibiting & single sbsorption n the
carbonyl region

Treatment of the N.mcthyl pyrazinothiazine 7 with
potassium permanganate’ gave a good yicld of the
sulphone  10. similar treatment of the quinoxalino
compound 2 gave a mixture of the sulphoxide 3 and the
sulphone 4 Whercas the sulphoxide 3 was formed cleanly
by the action of i1odobenzene dichlonde® upon the
sulphide 2, similar treatment of the pyrazino compound 7
was accompamied by a small amount of chlornination in the
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Table 1. UV data (spectra taken in 96% cthanol)

Compound Awae M (€)

1 252 (73,000), 275-287 (8400), 425 (11.100)
2 250 (53,500), 285 (7300), 410 (10,900)
12 255 sh (75.000), 260 (101,000), 430 sh (18,000),
446 (19,500), 470 sh (12,100)
6 244.5 (25,300), 319 (3500), 386 (4200)
7 243 (25,400), 313 (3100), 377 (4900)

pyrazinc ring giving 16 in addition to the desired
sulphoxide 9. PMR spectra are a useful diagnostic aid to
the oxidation state of the sulphur bridge in the N-methyl
compounds; the methy! protons undergo a downfield shift
of ca 0.5 ppm upon oxidation at sulphur (littie change is
observed in going from sulphoxide to sulphone) and, with
the pyrazines, the proton ortho to the sulphur bridge
resonates at lower ficld (ca 0.3 ppm) in the sulphone 10
than in the sulphoxides 9 and 16.

An attempt to form the sulphoxide 9 using ammonium
hexanitratocerate(IV)'® was similarty complicated by the
formation of by-products; in this case a mixture of
di-nitrated compounds (inseparable by chromatography),
unoxidised at sulphur, was obtained in addition to the
sulphoxide 9. The use of ammonium hexanitrato-
cerate(IV) as an oxidising agent is not normally com-
plicated by concurrent nitration,”*"" aithough nitrations of
acridine and acridone by this reagent have recently been

*Since the completion of this work we have succeeded in
preparing the S-oxide 8. The S-oxide is stable in both aqueous acid
and base and is not considered to be an intermediate in the
ring-contraction sequence.
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reported.”” It is likely that the formation of nitro
derivatives entails successive electrophilic attack by a
nitratocerate anion upon the dication 30 (see Schemes 2
and 3): a mixture of products would be expected were this
the case.

Upon treatment with iodobenzene dichloride in
aqueous acetonitrile, the pyrazinothiazine 6 did not give
the expected sulphoxide (8).t The product of reaction was
found to be benzothiazole 2-carboxamide 17 and this may
well arise from the reaction sequence shown in Scheme 1.
A number of benzo|[1.4]thiazines'* are known to undergo
ring contraction, of particular relevance is the ready
conversion of the indolobenzothiazine 18 to the spiroin-
dole 19." Also of interest is the formation of a Pummerer
product from the pyrimidobenzothiazine 20 which gives a
chlorinated material 21 upon treatment with thionyl
chloride.

The action of sodium nitrite in acetic acid upon
phenothiazine gives the dinitro derivative 22; in marked
contrast  N-alkylphenothiazines yield sulphoxides.’
Treatment of the quinoxalino- and pyrazino-N-H com-
pounds 1 and 6 with sodium nitrite in acetic acid gave, in
cach case, a mononitro derivative. These nitrated
materials were identified, by spectroscopic means, as the
3-nitro derivatives 23 and 25. In both cases PMR
spectroscopy demonstrated that substitution had either
occurred at position 2 or position 3 and the pronounced
bathochromic and hyperchromic shifts attendant upon
anion formation showed the presence of para nitroaniline
type chromophores' thus excluding nitration at position
2. Of some interest is the nitration of the pyrazine ring,
normally a most difficult accomplishment.

Treatment of the two N-methyl compounds 2 and 7
under similar conditions also gave nitrated derivatives but
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in a far slower and less selective manner. Both the 2- and
3-nitro materials (27 and 26 were obtained from the
pyrazinothiazine 7, these resisted chromatographic sc-
paration but recrystallisation of the mixture yielded two
different types of crystals, manual separation of which
gave impurc samples of the two products. The major
isomer was identified as the 3-nitro derivative 26 on the
basis of the similarity of its UV spectrum with that of its
N-H analogue 25 and as PMR spectroscopy had shown
that both products were substituted in the pyrazine ring
the minor isomer could only be the 2-nitro compound 27.
Only the 3-nitro denvative 24 was isolated from the
quinoxalinothiazine 2, again identified by UV and PMR
spectroscopy.

A probable route for the formation of these nitrated
materials lies in the two electron oxidation of the
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substrate (probably in two discrete steps)” by nitrous acid,
giving orthoquinonoid cations 28-31. followed by con-
jugate addition of nitrite ion (and/or nitrous acid) to the
cationic centres thus generated. In the case of the cations
derived from the two N-H compounds (1 and 6) (the
dication formally derived from two electron oxidation of
phenothiazine is known to be deprotonated in all but the
most acidic media)® there is only one cationic centre; a
selective reaction thus ensues (Scheme 2). In contrast, the
N-methyl compounds 2 and 7 afford dications 30 and 31
upon two clectron oxidation and can therefore undergo
conjugate addition not only to the sulphur but also
(Scheme 3) to the nitrogen.

That this type of mechanism also occurs with pheno-
thiazine has been shown by treating it with ferric chloride
in the presence of nucleophiles (including nitrite); this



830 8. D. Carrer and G. W. H. CHEESEMAN

D

N 7
SO LN
2 , ~ NN
6 -
b s - -
N N

% H
NO, S N NO.
¢ S = ?
~ <
N N
-
®

H

Scherne 2

SN
7 -2._’ @ \I \] |
20, . )
A »
NN NG,
| N

Me

\S\ N
- ke

27

Scherne 3

procedure gives 3-substituted derivatives.'” Consideration
of the probable relative oxidation potentials of these
various azaphenothiazines (a large number of oxidation
potentials are known for phenothiazines)* makes it scem
likely that all observed features of these reactions with
nitrous acid are explicable on the basis of the proposed
mechanism, as indeed is the formation of dinitro
compounds from the strong oxidizing agent ammonium
hexanitratocerate(IV), and further work is in hand upon
this topic.

EXPERIMENTAL

M.ps are uncorrected and were determined using a Gallenkamp
apparatus or (where stated) a Kofler hotstage. IR spectra were
taken on a Unicam SP-200 spectrometer in Nujol or HCBD mulls.
UV spectra were taken on a Unicam SP-800A machine in 9%6%
cthanol. NMR spectra were taken using a Perkin-Elmer R12B
spectrometer using TMS as an internal standard. Mass spectra
were obtained using an AF1 MS9 or MS 30 spectrometer at 70¢V
and peak abundances are quoted as a percentage of the base peak.
Column chromatography was carried out using Merck 7734 silica
or Laporte alumina type H.

12H-Quinoxalino[2,3-b){1 d)benzothiazine 1! 2.3-Dichloro-
quinoxaline (13.2g. 66 mmol), o-aminobenzenethiol (8.5g, 66
mmol), and sodium carbonate (20g. 189 mmol) were heated in
refluxing'® o-dichlorobenzene (120 mi) for 30 min. After cooling,
the semi-solid reaction mixture was shaken with water {20 ml) and
filtered. The resultant bright yellow solid was washed with water
and dried giving the product (159g. 91%): m.p. 282-283°
(1, 4-dioxan), lit.”” 2B4-285°; v... (Nujol and HCBD) 3260 (NH),
1550, 1485, 1415 and 1370 cm *; 6 (DMSO d,) 6.9-7.3 (4H, m,
1.23,4-H) and 7.45-7.8 (4H. m, 789.10-H). mie 252 (21%), 251
(100%, M), 250 (18%), 219 (195, M-S), and 125.5 (13%, M**); m®
191 (251-+219). (Found: C, 67.4; H, 3.9; N, 16.3. Calc. for
Ci.H.N,S: €, 67.0; H, 36, N, 16.7%).

10H-Pyrazino]2.3-b]{1.4]benzothiazine 6. 2.3-Dichloropyrazine
(6 8. 40 mmol), o-aminobenzenethiol (5.2 g, 41 mmol), and sodium
carbonate (8.5g. 80 mmol) were heated in refluxing”™ o-
dichlorobenzenc (35 mi) for 30 min. Work up as above followed by
vacuum sublimation (160°; 0.1 mm) gave the bright yellow product

(S g, 62%); m.p. 190-192° (toluene-petrol 100-120°); v.... (Nujol)
3220cm ' (NH). 5 (DMSO d,) 6.7-7.2(4H. m, 5,6,7.8-H), 7.7 2H,
s, 2,3-H), and 9.6 br (JH, NH): m/e 202 (6%), 201 (100%. M), 200
(49%), 174 (2%, M-HCN), 169 (14%, M-S), 157 (6%, M~CS), and
100.5 (4%, M77); m* 151 (201~ 174), 142 (201 169), and 123
(201 = 157). (Found: C, 60.2; H, 3.8, N, 21.0. C.oH-N,S requires:
C. 598, H, 315 N, 209%).
12-Methylguinoxalino|2,3-b){1.4)benzothiazine 2. 23-Dich-
loroquinoxaline (2.74g, 13.8 mmol), N-methyl-o-aminoben-
zenethiol™ (1.9, 13.8 mmol) and sodium carbonate (4 g, 38 mmol)
were heated™ at 160° in o-dichlorobenzene (15mi) for 30 min.
Work-up as above gave the crude product, m.p. 170-180° {1.4g,
459%); a further 1.8 g of crude material was obtained by separating
the organic layer of the filtrate and reducing it to dryness.
Recrystallisation of the crude matenal from petrol 80-100° gave
fine yellow needles; m.p. 182-184°; v.... (Nujol. HCBD and CCL)
1530, 1475, 1435, 1405 and 1370 ¢cm '; 8 (CDC14) 3.55 BH. s, Me)
and 6.9-8.0 (8H. m. ArH); m/e 266 (18%). 265 (100%. M), 264 (31%),
250 (24%. M-Me), 233 (7%, M-8), 232 (12%). 151 (9%) and 132.5
(8%, M?*"): m* 231(233 —232) and 205 (265 ~ 233). (Found: C.67.6:
H. 4.4 N, 159, C,,H,, NS requires: C, 679, H, 42, N, 15.8%).

10- Methyipyrazino{2,3-bl{1 4}bencothiazine 7. 2.3-Dichioro-
pyrazine (7.1g, 48 mmol), N-methyl-o-aminobenzenethiol™
(6.6 g, 48 mmol}, and sodium carbonate (6 g, 57 mmol) were heated
in refluxing™ o dichlorobenzene (35 mi) for 1 h. After cooling. the
reaction mixture was partitioned between water and chloroform
and the organic phase evaporated to dryness, giving a dark brown
solid. Recrystallisation from petrol 60-80° gave the pure product
as dull yellow crystals (6.6g. 635%); m.p. 102-103°; § (CCL) 3.34
(3H, s, Me), 6.75-7.45 (4H, m, 6,7,89-H) and 7.89 (2H, s, 2,3-H);
mie 216 (11%), 215 (1005%, M), 214 (8%), 200 (38%, M-Mc). 182
(7%, M-SH), 146 (5%) and 107.5 (3%, M’"); m® 186 (215~ 200).
(Found: C, 61.2; H, 4.3, N, 19.7. C,,H.N\S requires: C, 61.4; H,
4.2; N, 19.5%).

Methylation of 12H-quinosxaling|2,3-b][ 1 4)bencothiazine 1. The
sodium salt of 1 was prepared by adding the thiazine (200 mg, 0.8
mmol} to sodium hydnde (I mmol) in dry DMF (100ml) and
stirring for 1h at ca. 100° under dry nitrogen. The bright red
solution thus obtained was cooled and methyl iodide (200 mg, 1.4
mmol} in dry DMF (50 ml) added dropwise, the colour gradually
going yellow. Examination of the product (TLC) revealed the
presence of two products of similar mobility as well as traces of
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the less mobile starting matcrial. These were separated by column
chromatography on alumina (cthyl acetate-petrol 60-80°, 1:9, as
cluent) giving the 12-methyl denivative 2, m.p. 177-178°, (84 mg,
42%) first and subsequently 11-methylquinoxalino{2.3-b)
[1.4)benzothiazine 12 (49mg. 25%). The identity of the
12-methyl compound was established by companson with an
authentic specimen (spectra and mixed m.p. 176-178°). Recry-
stallisation of the 11-methyl isomer 12 from petrol 80-100° gave
orange roscties: m.p. 199-200° (Kofler); ve... (CCL) 1545, 1475 and
1365 ¢cm *; 6 (CDCH) 3.5 (3H., 5. Mc) and 6.85-7.5 (8H, m, ArH):
mle 267 (16%), 266 (0F7), 265 (100%. M), 264 (217%), 251 (19%),
250 (30%, M-Mc). 233 (11%, M-S), 232 (11%) and 132.5 (37%,
M7 ) m® 263 (265 -2264), 236 (265 +250) and 208 (265 -233).
(Found: (, 67.7. H. 4.5. N, 15.8. C..H\\N.S requires: C, 61.7; H,
4.2. N, 15.8%).

Methviation of 10H-pyrazino|2.3-b](1.4]benzothiazine 6 (with
G. Rishman). Treatment of 6 (450 mg, 2.24 mmol) with sodium
hydride (3.7 mmol) and methy! iodide (3.5 mmol) as descnbed in
the preceding cxperiment afforded two products. Column
chromatography on alumina (chloroform-petrol 40-60°, 1:1 as
eluent) gave 10-methvipyrazino(2,3-b)(1 41benzothiazine 7, m.p.
100-101° (346 mg. 759%), identified by companson with an
authentic specimen (spectra and mixed m.p. 102-103°). The less
mobile, red. product was not isolated as it decomposed in the
column. A small (1.29%) amount has been obtained by the use of
preparative T1.C and has been identified as 1-methyipyrazino(2,3-
bl[1.4)benzothiazine 14 from the following data: § (CDC1L) 3.1
(3H.s. Mc). 6.3 (2H AB. q. J,, SHz, 2-H and 3-H) and 6.7-70
(4H, m, 6,7.8, and 9-H). mle 216 (165%). 218 (1007, M), 200 (36%.
M-Me) and 107.5 (23%, M"). (Found: M~ 2150817, C..H.N.S
requires: 215.0515).

Acetylation of 12H-quinoxalino(2,3-b)(1 4)benzothiazine 1. The
thiazine 1 (2.5g. 10 mmol) and sodium acetate (14 g, 200 mmol)
were hecated in refluxing acetic anhydnde (150 ml) for Sh and,
whilst hot, poured onto crushed ice (300g) with stirmng. The
resultant yellow solid was filtered off, washed with water, and
dried giving a product (2.8 g, 967%) of m.p. 195-200° with a doublet
in the carbonyl region of the IR spectrum. Recrystallisation from
THF-EIOH raised the mp. to 199-201°; further punification
[vacuum sublimation (170°; 0.1 mm) and recrystallisation (THF-
petrol < 40°)] gave a matenal of m.p. 219-221°. The finally-
obtained material showed no significant differences inits 1R to the
material of m.p. 199-201°; A.... 228 (¢ 33,300), 248 (e 33.600) and
368 nm (¢ 9000); v... (Nujol) 1700 and 1690 cm ' (C=0); &
(CDC1.) 2.37 (3H. 5. Mc) and 7.3-8.8 (8H, m, ArH); m/e 293 (1%,
M), 252 (26%), 281 (1005, M-CH,CO0). 250 (10%). 219 (13%,
M-CH.CO-S) and 207 (3%, M-CH,CO-CS), m® 219-215 br
(293 251), 191 (281 =219) and 171 (251 -+ 207). (Found: C, 65.3:
H, 4.2: N, 14.7. C..H, . N,OS requires: C, 65.5; H, 3.8: N, 14.3%).

Identical matenal was also obtained by the action of acetyl
chioride upon the thiazine 1in pyndine; the yield in this case being
poorer and the reaction proceeding less cleanly.

Oxidation of 12-methylquinoxalino(2,3-b)(1,4)bencothiazine 2
with potassium permanganate. A solution of KMnQ, (1.2g, 7.6
mmol) in water (28 ml) was added, over 100 min, to a stirred
suspension of 2 (1 g, 3.8 mmol) in acetic acid (50 ml). The resultant
dark brown suspension, after decolounsing with sodium pyrosul-
phite, was diluted with water (25 ml) and the bright yellow product
filtered off. washed with water, and dned. TLLC showed the
presence of two products; column chromatography on silica
(CH,Cl: as cluent) gave 12-methylquinoxalino{2,3-b][1.4]ben-
zothiazine-S.S-dioxide 4 (493 mg. 445 ); m.p. 292-293° (benzene):
Ames 255 sh (e 24.000), 273.5 (¢ 47,500) and 407 nm (¢ 7100); v.....
1300 and 1154 cm ' (-80.-); 5 (CDCL) 4.0 3H, s, Me)and 7.4-8.6
(8H. m, ArH); mie 298 (10%), 297 (65%, M), 233, (57%, M-S0).),
232 (100%, M-SO.H). 205 (12%), 136 (21%). 129 (16%) and 100
(27%). m® 231 (233 +232) and 182 br (297 - 232). (Found: C, 60.3;
H.3.9:N.13.9: M 297.0587. C,.H,,N,O.S requires: . 60.6: H, 3.7
N 14.1%; M 297.0572). The less mobike product (240 mg, 23%) was
dentified as the sulphoxide 3 by comparison with a specimen
prepared as described later.

Oxidation of 10-methyipyrazine(2.3-b)(1 4]benzothiazine 2 with
polassium permanganate. A solution of KMnQ, (1.7 g, 10.8 mmol)
in water (25 ml) was added, over 40 min, to a solution of 7 (1.1g,

5.1 mmol) in acetic acid (12.5 ml). After stirring for a further 1S
min the dark brown suspension was decolounised with excess
sodium pyrosulphite and the pale vellow product filtered off,
washed with water, and dned giving the sulphone 10 in a high
degree of purnity (1.25g. 9%). Recrystallisation from ethanol-
acetone gave pale yellow crystals (0.9 g, 71%); m.p. 202-204°; An.
252 (€ 19.500), 279 (e 15.700) and 358 nm (e 4900); »..., 1293 and
1140 cm ' (-SO+): 8 (CDC),) 3.9 (3H, s, Me), 7.35-79 3H. m,
7.8.9-H). 837 (1H.brd. J.-9 Hz,6H), and 8.6 and 8.78 (each 1H. d.
J; 22 Hz, 2 and 3H): m/e 248 (11%), 247 (100%, M), 215 (11%), 200
(89%), 183 (16%. M-S0;). 182 (42%). 165 (11%), 136 (129%), 129
(1192) and 128 (11%); m® 181 (183 —182) and 135 br (247 - 183).
(Found: C.53.7: H, 3.9; N, 16.5. (', H.N,O,S requires: C, 53.4; H,
3.8 N, 17.0%).

Reactions of iodobenzene dichloride. (a) With 12-me-
thyvlquinoxalino(2,3-b)[1.4]benzothiazine 2. A  solution of
iodobenzene dichloride (1.1g, 4 mmol) in pyridine (10 ml) was
added, over S min, to a stirred solution of 2 (1g, 3.8 mmol) in
pyridine (60 ml) and water (10 ml). Stirring was continued, with the
addition of small amounts of iodobenzene dichlonde until no
starting material was left (TLC: 2 h). The red reaction mixture was
neutralised with sodium carbonate solution and, after evaporation
to dryness, partitioned between water and dichloromethane. The
extracts were dried (MgSQ,) in the presence of charcoal and the
solid obtained after evaporation was recrystallised from benzene-
petrol 60-80° giving 12-methylquinoxalino{2,3-b](1.4]benzothiaz-
ine-S-oxide 3 as a dull yellow solid; m.p. 207-210°; A... 276.5 (¢
5400 and 418 nm (¢ 8400); v.... 1039 and/or 1036 cm * (-SO-); &
(CDCIL) 4.0 (3H, s, Mc) and 7.3-8.5 (BH, m, ArH); m/e 281 (4%,
M), 266 (115%), 265 (1009, M-0), 264 (16%), 28] ($%), 250 (19%,
M-(-Mc), 233 (16%, M-SO) and 232 (16%), m® 250 (281 —265),
236 (265—+250). 231 (233-—232) and 203-205 br (265-+233).
(Found: C.64.0: H, 4.0; N, 147, C..H,.N,0S requires: C.64.0. H,
3.9: N, 14.99%).

(b)  With  10-methylpyrazino|2,3-b){1 4)benzothiazine 7.
lodobenzene dichloride (2 g, 7.3 mmol) was added to a solution of
7 (1.3g, 6.1 mmol) in acetonitnile (300 mi) and water (100 ml) and
stirred for L h. Work up as in (a) gave a mixture (TLC) of two
products; dry column chromatography™' on silica (ethyl acetate as
cluent) gave 2 (or 3)<chloro-10-methylpyrazino[2.3-b]{1.4]ben-
zothiazine-S-oxide 16 (24 mg, 1.5%) as a pale yellow solid and
10-methyipyvrazino{2,3-b]{1.4]benzothiazine-S-oxide 9 (797 mg,
$7%). m.p. (benzene) 186-187¢; A ... 258 (¢ 22,800), 282 (¢ 13,500)
and 364nm (¢ 4900); ... 1042 and/or 1030 cm ' (-SO-); &
(CDCL) 3.95 (3H, s, Me), 7.25-7.7(2H. m, 7.9-H). 7 8 (1H, m, 8-H),
8.05(1H. dd. J.-. 8 Hz, Ju» 2 Hz. 6-H), and 8.5 and 8.45 (each 1H,
d.): 2 Hz,2and 3H): mie 232 (65%), 231 (45%, M). 216 (13%), 215
(100%, M-0), 214 (15%), 200 (40%, M-O-Me). 183 (429, M-0-5),
182 (60%), 149 (40%), 8S (23%) and B3 (35%); m® 200 (231 —~215),
186.5 (215 -+ 200), 181 (183 —182) and 158 (215 193). (Found: C,
$6.9; H, 4.1: N, 17.8. C,,H.N.OS requires: C, 7.1, H, 3.9: N,
18.29%). Structure assignment of the chlorinated material 16 was
made on the basis of the following spectral data: A... 270 and
1S am; & (CDCL,) 3.95 (3H, s. Me). 7.2-79 (3H, m, 7.89-H), 8.1
(1H,brd, J.. 6 Hz. 6H)and B.61 (1H, s, 201 3H): mle 267 (M, C1™),
265 (M. C1™), 251 (M-0, CI") and 249 (M-0, CI").

(c) With 10H-pvrazino(2.3-b)(1 41bencothiazine 6. fodobenzene
dichloride (1.2g, 4.4 mmol) was added to a stirred solution of 6
(750 mg. 3.7 mmol) in acetonitrile (200 ml) and water (30 ml) over
SO min. After sturing for a further 1S min the reaction was worked
up as in (a) giving fairly pure (PMR) benzothiazole-2-carboxamide
17. Recrystallisation from benzene gave 232mg (35%) of
analytical matenal, identified by comparison with an authentic
specimen.

Ben:othiazole-2-carboxamide 17

A solution of 2-cthoxycarbonylbenzothiazole™ (460 mg) in ether
(15 ml) was stirred with aqueous ammonia (0.880; S0 ml) at room
temp. The amide started to precipitate out almost immediately, the
reaction being complete (TLC) after 3 h. The product was filtered
off, washed with water and cther, and dnied, giving the pure amide
18 310 mg. 77%); m.p. 229-231° (It 228-229°).

Reaction of 10-methylpyrazino[2.3-b)(1.4)benzothiazine 7 with
ammonium hexanitratocerate(I1V). The cerium salt (S g, 9.1 mmol)
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was added 1o a stirred solution of 7 (500 mg, 2.3 mmol) in aqueous
acetonitnle (75%; 60 ml). An immediate black red colour resulted,
passing 10 a lighter red in ca. 0.5 min. After stirring for 15 min,
water (25 ml) was added, the products were extracted into ether,
dricd (Na;S0.). and the extracts were evaporated to dryness. The
crude product was largely the desired sulphoxide 9 but T1.C
indicated the presence of a more mobike red compound. Isolation
of this latter matenial by column chromatography on silica
(cther-acetone, 4:1 as cluent) gave a red solid (91.4 mg, 13%),
spectral data on which corresponded to a mixture of dinitro
derivatives (unoxidised at sulphur); m.p. 246° (Kofler; from
toluenc-petrol 100-120°); A... (CHCI,) 288, 318, 362 and 442 nm;
Voo 1510 and 1325 cm ' (-NO.); mie 305 (100%, M), 259 (8%,
M-NO,); 232 (20%, M-NO~HCN), 213 (4%, M-2NO;), 186 (8%,
M-2NQO., -HCN), 159 (8%) and 135 (8%); m® 220 (305 - 259), 208
(259 +232), 184 (305 —+247), 176 (259 —-213) and 149 (232 186).
(Found: C, 43.8; H, 2.7, N, 23.0. M. 305.0221. C, H-N.O.8
requires: C, 43.3; H. 2.3: N, 22.9%. M, 305.0219). That this
material was a mixture was evident from its PMR spectrum which
also confirmed the lack of oxidation at sulphur (sce Discussion).

Nitration of 12H-quinoxalino(2,3-b)(1.4)benzothiazine 1.
Sodium nitrite (200 mg, excess) was added to a suspension of 1
(500 mg) in acetic acid (120ml) and stirred for S0 min, the
suspension gradually becoming heavier. A further 200mg of
sodium nitrite was added and, after stirring for 30 min, the whole
made ncutral with 0.880 ammonia. The orange solid was filtered
off. washed with water, and dned giving the crude product
(570 mg, 96%); m.p. 325-33F (dec). Recrystallisation from ethyl
acetate gave 3-nitro-12H-quinoxalino[2,3-b ][ 1.4]benzothiazine 23
as fine golden needies (350 mg, 60%); m.p. 326-328° (Kofler), A...
(EtOH) 238 (€ 41,000), 276 (¢ 19,800), 289 (¢ 19,000), 305 (¢ 19.500)
and 424 nm (e 23,300); A.... (0.0S M KOH in EtOH) 247 (¢ 49.000),
292 (¢ 14,700) and $46 nm (¢ 37.000); v... 1523 and 1337 cm '
(NO:); 6 (TFA) 74 (1H, d, J,;: 9Hz. 1-H). 7.7-8.0 (4H, m,
789.10-H), 823 (1H, 4&-H)and 8.3 (1H,dd.), ;9 H2.J,,2 H2. 2-H);
mie 297 (15%%). 296 (100%. M), 280 (4% ), 266 (24%). 251 (11%), 250
(47% . M-NQ),), 238 (5%), 223 (8% ), 206 (129%). 178 (8% ), 160 (12%)
and 135 (15%), m® 211 (296 - 250). (Found: C. 56.9. H.2.9:N. 18.8.
CHNLO,S requires: €, 86.8: H, 2.7, N, 189%).

Nitration of 10H-pyrazino[2,3-b][1.4)benzothiazine 6. Sodium
nitrite (500 mg, excess) was added to a solution of 6 (S00 mg) in
chloroform (35 ml) and acetic acid (1 ml) and stirred for 30 min. A
further portion of acetic acid (0.8 ml) was then added and the
reaction mixture stirred for another 30 min; this procedure was
repeated once more, and the precipitated solid was filtered off,
washed with acetic acid, cthanol and water, and dried. The dull red
product (250 mg. 419 ) was recrystallized from ethyl acetate giving
black-red ncedles of 3-nitro-10H-pyrazino(2,3-b]( 1 4]benzothiaz-
ine 28 m.p. 274°;, A.... (EtOH) 259 (¢ 21,200) and 445 (br) nm (e
10,400); A ... (0.05M KOH in EtOH) 238 (¢ 19,300), 302 (¢ 15.900)
and 544 (br) nm (¢ 24,400); voe. 3230 (NH), 1510 and 1320 cm °
INQO,); 8 (DMSO d.) 6.9-7.25 (4H, m, 6,7.89-H) and 8.78 (1H, s,
JH): mie 247 (79%), 246 (847, M), 200 (5%, M-NO), 174 (7%). 173
(1007, M-NO:-HCN), 160 (6%) and 146 (24%, M-NO,-2HCN):
m*® 163 (246—-200), 149.7 (200—173) and 123.2 (173 -+146).
(Found: C,49.1: H, 2.7: N, 22.7. C,.HN.O;S requires: C, 48.9; H,
2.5, N, 228%). The same material was also obtained by
performing the reaction in acctic acid (as for 1).

Nitration of 12-methylquinoxalino(2,3-b)(1 4)benzothiazine 2. A
suspension of 2 (900 mg) in acetic acid (100 ml) was stirred with
the periodic addion of sodium nitrite (excess) until TLC
indicated the absence of starting material (64 h). The suspension
was cvaporated to dryness and the orange residue tnturated with
aqueous sodium carbonate; filtration and drying gave the crude
product (1080 mg). Recrystallisation from toluene-petrol 100-120°
gave 3-nitro-12-methylquinoxalino[2.3-b](1 4]benzothiazine 24
(410mg, 39%). m.p. 234-237; A... 226 (e 34.800), 234 sh (e
33.400), 275 (¢ 20,200), 286 sh (e 17.900), 298 sh e 16.800) and 406
nm (¢ 18,300); v.... 1520(d) and 1340 (d) cm “(NO»); 6 (TFA)3.93
(3H. s. Me), 7.58 (1H, d. J.. 9Hz, 1-H), 783823 (4H. m.
789.10:H), 843 (1H, d. J.. 2Hz. 4-H) and 8.53 (IH. dd. J.: 9 Hz,

J:42Hz, 2-H): mle 311 (16%), 310 (100%, M), 280 (9% ), 265 (19%).
264 (695, M-NO;), 252 (13%%), 249 (9%, M-NO.-Me), 237 (10¢%),
232 (10%) and 220 (17%, M-NO;-CS). m* 235 (264 - 249), 225
(310—264), 205 (310 —+252) and 183.5 (264 —220). (Found: C, §7.9;
H. 3.5; N, 17.9; M, 310.05834. C,.H\cN.O;S requires: C, 58.1. H,
3.3, N, 18.1%; M, 310.0525).

Nitration of 10-methyipyrazino(2.3-b](1,4)benzothiazine 7. A
solution of 7 (750 mg) in acetic acid (20 ml) was treated with
sodium nitrite (excess) as described for 2. When the reaction was
complete (68 h) the mixture was poured into water and basified
with aqueous ammonia; the crude product was filtered off and.
after drying, recrystallised from ethyl acetate. The recrystallised
matenal (240 mg, 26%) was in two forms, largely fine dark red
needles with a smaller quantity of lighter red ferns; v, 1505 and
1320(d)cm ' (NO); § (DMSO d.) 3.46 (3H, s, Me), 7.25-7.55 (4H,
m, 6,7.8.9-H) and 9.0 br (1H, s, pyrazinyl-H). (Found: C, 51.0; H.
3.3 N, 21.3. C HuNLOsS requires: C, 50.8; H, 3.1; N, 21.5%).
Manual separation of the two types of crystal gave an impure
sample of 3-nitro-10-methylpyrazino[2.3-b](1.4]benzothiazine 26,
m.p. (Kofler) 213-224°; A.... 258 and 432 nm: m/e 260 (100%, M),
214 (6%, M-NO,), 187 (80%, M-NO;-HCN), 160 (7%, N-NOx
2HCN) and 116 (50%), m*® 176 (260 —+214), 163.5 (214 +187) and
137 (187 +160); and an impure sample of 2-nitro-10-methyl-
pyrazino{2.3-b]{1.4]benzothiazine 27, m.p. (Kofler) 238-244°; A....
271, 360 and 380 (sh) nm; mje 260 (100%, M), 214 (40%) and 187
(5%). No trace of sulphoxide (9) was observed in this reaction
(TLC).
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