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The preparation of 7,8-dihydropyrido[1,2-b][1,2]benzothiazine-10,11(9H,10aH )-dione 5,5-dioxide (6a) and its
S8-methvl (6b) and 8-phenyl (6¢) derivatives is described. Base-catalyzed cyclization of 3-acetyl-4-isopropyloxy-
211-1,2-benzothiazine-2-acetaldehyde 1,1-dioxide (3a) gave 7,8-dihydro-8-hydroxy-11-isopropyloxypyrido-{1,2-b]~
[1,2]benzothiazin-10(911)-one 5,5-dioxide (4a). The corresponding 8-methyl (4b) and 8-phenyl (4¢) deriv-
atives were formed by spontaneous cyclization of the isopropyl enol ethers (3b and 3e¢) of 2-acetonyl- (2b)
ad 2-phenacyl-3-acetyvl-2H-1,2-benzothiazin-4(311)-one 1,1-dioxide (2¢), under the basic conditions of their
formation. Compounds 4a—c reacted with H,SO, to give pyrido(1,2-b][1,2]benzothiazine-10,11(9H,10aH )-dione
5,6-dioxide (5a) and its 8-methyl (5b) and 8-phenyl (5¢) derivatives, which were hydrogenated to form the target
compounds 6. Attempts to prepare 6a by cvclization of 2-(3-carbomethoxypropyl)-2H-1,2-benzothiazin-4(3H)-
one 1,1-dioxide (10a) were unsuccessful. Reaction of N-(3-chloro-2-oxopentyl)saccharin (14) with 2 equiv of
sodium ethoxide gave 2,3-dihydro-6H-oxepino{e][1,2]benzothiazin-3(4H )-one 7,7-dioxide (15) and the ethanoly-
sis product N-(5-chloro-2-oxupentyl)-o-carbethoxybenzenesulfonamide; reaction with 3 equiv of sodium ethoxide
gave 15 and 3-(1-cyclopropylearbonyl)-2H-1,2-benzothiazin-4(3H )-one 1,1-dioxide (17). Compounds 15 and 17
reacted with HBr-AcOH to give 3-(4-bromo-1-butyryl)-2H-1,2-benzothiazin-4(3H)-one 1,1-dioxide (19). At-
tempts to prepare 6a by cyclization of 19 resulted in O-alkylation to give 15 rather than the expected N-alkylation.
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Compounds 5 and 6 showed negligible antibacterial properties. Some antifungal activity was observed.

The antibacterial activity of the tetracyeclines has
been attributed to inthibition of protein synthesis
resulting from the ability of the antibiotics to form
metal chelates through their B-diketone moiety.??
Shemyakin and co-workers? have reported that the
relatively simple trieyclic g-diketones* la aud 1b are
/49 as potent as the tetracyclines with respect to in-

hibition of growth of Staphylococcus aureus. These
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results as well as the demonstrated antibacterial proper-
ties of 6-demethyl-6-dehydroxytetracycline® suggested
that the phenolic hydroxyl,? tertiary alecohol,® and
methyl® groups were not structural requirements for
antibiotic activity in this series. In view of the ease
of preparation® of 2d from saccharin, it became of in-
terest to elaborate it into tricyelic g-diketones of struc-
ture 6 to determine if these, too, were antibacterial
agents.

(1) Paper III of (his series: H. Zinnes, R. A. Comes, and J. Shavel, Jr.,
J.Org. Chem., 81, 162 (1966).

(2) (a) M. M. Shemyakin and M. N. Kolosov, Pure Appl. Chem., 6, 303
(1963): (b) M. N. Kolosov, 8. A. Popravko, and M. M. Shemyakin, Ann..
668, 86 (1963).

(3) W. A, Baker, Jr., and P. M. Brown, |J. 4m. Chem. Soc., 88, 1314
(1966)] have recenily presented evidence (hat chelation of metals by the
tetracyclines may take place through the enol—ketoamide system of ring A.

(4) While the structures of the g-diketones discussed in this paper are
illustrated in the diketone form, the infrared spectra indicate that they actu~
ally exist as one or a mixture of the two possible enols.

(%) J. R. D. McCormick, E. R. Jensen, P. A. Miller, and A. P. Doersehuk,
J. Am. Chem. Soc., 82, 3381 (1960).

(6) 11. Zinnes, R. A. Comes, I. R. Znleski, A. N. Caro, and J. Suavel, Jr.,
Jo (g Chem., 80, 2241 (10635),

Chemistry.—Reports by Hauser, et al.,” and Wood-
ward, et al.® of base-catalyzed condensations at the
v carbon of 3-diketones suggested that compounds of
structure 2a—c could be cyclized directly to give the
trieyelic  skeleton. Accordingly, both 2b and 2,
prepared® by alkylation of 2d, were treated with sod-
amide and lithium amide in liquid ammonia’ and with
sodium hydride in dimethylformamide.® However,
these conditions were ineffective in promoting the
desired cyclization, Attempts to use acid catalysis
in the cyclization (with concentrated sulfuric acid at
room temperature or hydrobromic acid at reflux) were
equally unsuccessful.

In order to prevent conversion of the diketone to
its anion under the conditions of base-catalyzed con-
densation, the g-diketone system was tied up by treat-
ment of 2b and 2¢ with isopropyl iodide and potassium
carbonate.? The resulting enol ethers, 3b and 3e,
were not isolated as such since they cyclized spontane-
ously under these conditions to give the crystalline
hydroxy compounds 4b and 4¢ (Chart I).%% When
4b and 4¢ were dissolved in concentrated sulfuric acid
at room temperature, dehydration aund ether cleavage
took place to give the corresponding unsaturated 8-
diketones 5b and 5¢.1°

Attempts to obtain 2a by alkylation of 2d were un-
successful. Reaction of the sodium salt of 2d with
chloroacetaldoxime!! afforded the oxime 2f, but this
could not be converted to the corresponding aldehyde
by hydrolysis, exchange with benzaldehyde!? or levu-

() C. R. Hauser and T. M. Harris, J. Am. Chem. Soc., 80, 6360 (1958)
R. B. Meyer, and C. R. Hauser, J. Org. Chem., 28, 158 (1960): R. J. Light
and C. R. Hauser, ibid., 26, 1716 (1961).

(8 L. H. Conover, K. Butler, J. D. Johnston, J. J. Korst, and R. B.
Woodward, J. Am. Chem. Soc., 84, 3222 (1962); R. B. Woodward, Pure
Appl. Chem.. 6, 561 (1963).

(9) This procedure has been used® to prepare the corresponding enol ether
of 2e which showed a ketone band at 1666 em ~1,

(10) Spectral data supporting the structural assignments of the com-
pounds described in this paper are given in the Experimental Section.

(11) R. W. L. Kimber and J. C. Parham, J. Org. Chem., 28, 3205 (1963).

(12) T. Reichstein, A. Grussner, and R. Oppenauer, Helv. Chim. Acta, 17,
410 (1034).
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Swart | line fortn.  Hydrogenation of 5a—e¢ proceeded sluggishly
8Q, S0, OH to give target coinpounds 6a-e¢, respectively. ™
NCH,COR K0, N R In the conrse of this work, we attempted ta prepare
2 NCOCH. 7 6a Ly cyelizat i.<>n of 10a. While we have !n'oviunsl.\‘
! repartedt onr mability to condense 10b with esters,
(CHy.CHO (CH).CHO O tt o was felt that an intramoelecular coudensation miglht
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linic acid,'® or by treatment with nitrous acid.'* How-
cver, the aldehyde-enol ether 3a, required for the syn-
thesis of 5a, was successfully prepared as outlined in
Cliart 11,
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Compound 2g% was converted to the enol ether 7.
fn this case, spontancous cyelization did not oceur so
that 7 was wolated in erystalline forni. % The erude
ketal 8, obtained by treatment of 7 with ethylene glycol
and p-toluenesulfonic acid, was reduced to the aleohol
9 which was then oxidized by the inethod of Pfitzner
and Moffatt¥ to the corresponding aldehyde. Cleav-
age of the ketal took place ou acid treatment duriug
the work-up procedure so that the product isolated
was the desired 3a.19

Cyclization of 3a was achieved by refluxing with
potassiumi carbonate in acetone. While the product
resisted attempts at purification, it was apparent from
the tnfrared spectrim that it was 4a. Treatment of
the c¢rude 4a with concentrated sulfuric acid resulted
m the forination of 5a which could be isolated in erystal-

(U3 UL DePay and Bo WL Ponder, J. dm. Chem. Soc., 81, 4629 (1930).

114y L. CL Weagle anit W. H. Harcang, (h1d., 68, 1608 (1946); A. C. Cope,
I L. Dryden, Jr., O GO Overberger, aml A, AL D' Adddiecn, (h07., T8, 3411
(51,

(15) K. W Phirzver wod Jo G Molfale, bid., 85, 3027 11463); 87, 3061
< 1h0D).

e more favorable sinee it would involve a eyclization

process,  Compound 10a was prepared by trentnrent
of 11 with wethyl y-iodobutyeate i vefluxing 1.2-
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diniethoxyethane followed Dby acid hydrolysis of the
ketal function.'® Atterupts to cyelize 10a by the usc
of sodium hydride in benzene or dinethylformaniide.
sodium ethoxide in ethanol, or lithium annde in ligd
ammonia met with the same lack of suceess encountered
i onr attempts! to condense 10b with alipliatic esters.
Another approach to the syuthesis of 6a was =ug-
gested by our earlier observation® that N-methylation
of 2d took place preferentially to O-methylation.  Thus
it appeared that 6a could be preparved by cyelization of
12.  Compound 14 was forined by alkylation of sodinm

Sy g
CO(CH,),Cl ANV
O
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CH;
13

saccharin with 1,5-dichloro-2-peutanone.’™  When 14
was treated with 2 equiv of sodiumn ethoxide (Chart
ITII), the expected 12 was not obtained. DPurification
of the crude product afforded erystalline 1512 in S§¢{
vield and the spectra of the reinalning amorphous resi-
due suggested that it consisted largely of the ethanoly-
sis produet 16, Considering our previously reported
obgervations concerning the mechanisin of the reuar-
rangeinent of N-acetonylsaccharm and assuning that
1 equiv of sodium ethoxide was coustmed by a com-
petilig process, the reaction was carried out using 3
equiv of sodium ethoxide. In addition to 15, isolated
in 89, yield, there was obtamed a second crystalline
material m 409 yield, which was shown to have the
structure 1701 Alkylation with chloroacetone gave
the 2-acetonyl derivative 18.

{16) Actempus to alkylate 11 (in agoueous aleoliol pr DIMT at robin (em-
perature or in refluxing 1,2-rlimethoxyechane) with ibe enpmiercially avail-
able ethyl v-bromobutyrate were unsuccessful.  Metliyl y-indobutyrate was
prepared by the method of F. F. Blicke, W. 3. Wrigh, Jr., and M. F. Zienly
{J. Am. Chem. Soe., 68, 2488 (1041} 1,

117) M. Hart and G. Leviwt, J. Org. Chem., 24, 1261 (1459).

(18) The six-meinbered ring compound 13 was ruled gut by (lie absence ol
('~ (CHj resonance in the pinr spectram.

119) The difference in altravioler specirum from chia¢ nhserverd wich 248
indicated conjugatinn of 1he S-dikecone system with an olefin nr a vyclopropyl
group. The choice of cyelopropyl pver olefin was based on tlie pmr speciraimn
which showed the absence of nlefinic protons as well as (lie presence of char-
acteristic absorption which was similar to chat given by methyl eyelopr-
panecarboxylate.*¢

{20) N. 8. Bhacea, L. ", .Inliuson, anit J. N, Shoolery, “*High Resolutinu
NMR Spectra Catalog,' Vol 1, Variny Associates, Palo Allo, Calif., 1062,
Spectrum No. 112,
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The cyclopropane ring of 17 was cleaved by HBr in
acetic acid to afford the erystalline bromo derivative 19.
Reaction of this substance with either sodium hydride
in 1,2-dimethoxyethane or aqueous NaOH resulted in
cyclization to give 15. The latter was recovered un-
changed after standing overnight at room temperature
in methanolie aqueous HCI solution but was couverted
to 19 on treatment with HBr in acetic acid.

Thus it appears that rearrangement of 14 gave rise
to 12 which underwent base-catalyzed cyeclization to
give 15 and 17. While 17 could have arisen from N-
cyclopropylearbonylmethylsaccharin, which could have
formed before the rearrangement, the isolation of 15
shows that at least some 12 was formed. The formation
of 15 rather than 6a from 12 or 19 was not expected since
our previous experience® had indicated that N-alkyla-
tionr would be favored over O-alkylation.

Microbiological Testing.—\Minimum inhibitory con-
centrations (MIC) of compounds 5a—¢ and 6a—c
agaiust bacteria (S. aureus, Escherichia coli, and Proteus
vulgaris) and fungi (Trichophyton mentagrophytes,
Candida albicans, AMicrosporum canis, and Sporotri-
chum schenkit) were determined using serial dilution
tests in broth; the concentrations ranged from 4 to
1000 ug/ml. Except for minimal activity (IC
300-1000 wg/ml) of 5a and 6a against S. aqureus, the
compounds showed no antibacterial properties. Against
T. mentagrophytes, 5a, 5b, 6a, and 6¢ showed MIC of
31, 31, 16, and 62 ug/ml, respectively, in the absence
of serum and 250, 250, 62, and 500 ug/ml, respectively,
in the presence of serum. Against C. albicans, 5a,
5b, and 6a showed activity at 500 ug/ml in the absence
of serum, but these were inactive at 1000 xg/ml in the
presence of seriim.  Compounds 5a and 6a were active
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against M. canis at 250 pg/ml in both the absence and
presence of serum. Compound 6a showed MIC of
62 ug/ml against S. schenki? which increased to 125 ug/
ml in the presence of serum,

Experimental Section?!

7,8-Dihydro-8-hydroxy-11-isopropyloxy-8-methylpyrido-
[1,2-b][1,2]benzothiazin-10(9H )-one 5,5-Dioxide (4b).—A mix-
ture of 86 g (0.28 mole) of 2b,* 215 g of anhydrous K.CO;, 170 g
(1.0 mole) of isopropyl iodide, and 2800 ml of acetone was re-
fluxed with stirring for 113 hr. The acetone was distilled and
the residite was partitioned between water and CIL,Cl.. The
dried organic solntion was evaporated to give a semisolid.
Tritnration with a warm mixtnre of 125 ml of ethyl ether and
125 ml of isopropyl ether and standing at room temperatnre
gave 63.5 g of a solid, mp 132-137°, This was extracted in a
Soxhlet apparatus for 18 hr using a mixture of 200 ml of ethyl
ether and 600 ml of isopropy! ether as the solvent. The solution,
from which crystals had already begun to separate, was allowed
to stand at room temperature to give 49.6 g of product, mp
147-149°, which gave a negative FeCl; test. Recrystallization
from ethyl ether—isopropyl ether (1:1) gave an analytical sample:
mp 147.5-148.5%; Amax 246 mu (e 7400) and 324 (9450); ymax 3380
(s, OH) and 1696 (s, C=0)? cm™'; pmr, § 4.43 and 1.29 (1 H
heptet and 6 H doublet, respectively, J = 6 cps, isopropyl),
3.74 (2 H broad singlet, NCH,),22 3.20 (1 H singlet, OH), 2.74

(2 H singlet, CH,CO), 141 (3 H singlet,—O\éCHa).

Anal. Caled for CsHsNO:S: C, 56.96; H, 5.68; N, 4.15:
S, 9.50. Fonnd: C, 57.15; H, 5.56; N, 4.23; S, 9.68.

7,8-Dihydro-8-hydroxy-11-isopropyloxy-8-phenylpyrido[1,2-D]-
[1,2]benzothiazin-10(9H )-one 5,5-Dioxide (4c¢).—The reaction
was carried as in the previous experiment using 50 g (0.14 mole)
of 2¢.* The CICl; solntion was washed successively with cold
1 N NaOH and with water, dried, and evaporated to give a gnmmy
residue. This was triturated with 40 nl of acetonitrile to give
14.4 g of product, mp 190-192°. Recrystallization from aceto-
nitrile gave material: mp 191-194°; Am.x 246 mp (e 7400) and
324 (9450); ymax 1686 (3, C=0)? and 3380 (s, OH) em~!; pmr,
8 7.40 (> H multiplet, CsH;), 4.42 and 1.25 (1 H heptet and 6 H
doublet, respectively, J = 6 cps, isopropyl), 3.92 (2 H broadened
singlet, NCHy,), 3.26, 2.83 (two doublets, 1 H each, J = 17 ¢ps,
CH,CO-); negative FeCl; test.

Anal. Caled for CqHuNO;S: C, 63.14; H, 5.30; N, 3.51: 3,
8.03. Found: C, 63.43; H, 5.30; N, 3.53; 8, 8.24,
8-Methylpyrido[1,2-b][1,2]benzothiazine-10,11(9H,10aH)-dione
5,5-Dioxide (5b).—A solution of 13.3 g of 4b in 240 ml of
concentrated H,S0, was stirred at room temperature for 30 min.
It was ponred into 2400 ml of ice-water. The resulting yellow
precipitate was collected Dy filtration, washed well with water,
and dissolved in CH,Cl,. The dried solntion was evaporated,
and the residue was triturated with petroleum ether which gave
5.1 g of product (5b), mp 164-166° dee. Recrystallization
from ethanol-CH.Cl, gave material: mp 167-168° dec; Amax
255 my (e 14,900) and 394 (9200); ymax 1644 (m1), 1610 (1), 1580
(m), 1550 {m)2* em~!; pmr, 6 13.2 (1 H broad singlet, enolic 1),
6.13 (1 H triplet, J = 2 e¢ps, C=CH), 4.40 (2 H broad singler,
NCH,), and 2.05 (3 H singlet, CIH3), absence of isopropyl signals;
positive FeCl; test.

Anal. Caled for CsH ) NOS: C, 56.31; H, 4.00; N, 5.05; 8,
11.56. Found: C, 56.43; H, 3.78; N, 4.84; S, 11.55.

8-Phenylpyrido[1,2-b]{1,2]benzothiazine-10,11(9H,10aH )-dione
5,5-Dioxide (5¢).—The reaction was carried out as in the previous
experiment using 12 g (0.03 mole) of 4e. Trituration of the
CH,Cl; extract with petrolenm ether gave 9.0 g of product, mp
172-175° dec. Recrvstallization from ethanol-CH,Cls gave 7.8 g
of material: mp 175-176° dec; Amax 265 mp (e 11,300), 306

(21) Meliing points were determined using the Thomas-Hoover capillary
melting point apparatus which was calibraed against known scandards.
The ultraviolet and infrared spectra were obtained, respectively, with a Beck-
man DKI spectrophotometer and a Baird Model 455 double-beam ins(ru~
ment. TUnless otherwise stated, the former were deiermined as solutions in
95% ethanol and the latter as Nujol mulls. The pmr spectra were deter~
mined with the Varian A-60 spectrometer using Me:Si as an in(ernal standard
and unless otherwise stated in CDCls. The drying agent used throughont
was Nas80s and the pecroleum ether had bp 30-60°.

(22) On exchanging with O (he signal at § 3.74 was resolvell into o=
blets at § 3.88 and 3.64 (J = 14 eps).

(23) This pattern of infrared absorption is characteriztie fur g-iliketeues in
thie 1,2-henzotliiazine series,t
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(12,500), and 411 (9700);  ymax 1024 (m), 1395 (m). 1385 (u1),
1570 (m), 1554 (m)* em=~¢ prr, § 13.3 (1 IT broad singlet,
enolic 11), 7.51 (6 TI mltiplet, CI1,), 6.66 (1 11 triplet, J = 2 ¢px,
> Ca=Cl, 4085 (2 1 donblet, J = 2 eps. NCIHLL sbeence of
mopropyl signals; positive FeCly test.
Anal. Caled for CsITNOWS: C, 63.70; 1, 3.80; N, 4.13: 8,
0.45. Fonnd: C, 63.04; H, 3.68; N, 4.13; 8, 0.55.
3-Acetyl-2H-1,2-benzothiazin-4(3H )-one-2-acetaldoxime 1,1~
Dioxide (2f).-—-To a solution of 36 g (0.15 mole) of 2d8 in a mixture
of 150 mlof 1 ¥ NaOH, 115 ml of water, und 375 ml of ethanol was
added 25.5 g (0.15 mole) of KI and 18.7 g (0.2 mole) of chloro-
acetaldoxime.!! It was allowed to sur at room temperature for
2.5 o and the resulting ery=tals were collected and washed with
SO0 agueous etlianol to give 27.4 g of produer, mp 158--159°.
Dilintion with water 1o 2000 ml gave 7.5 g of somewhat less pure
second crop, mp 154-135°.  Recrystallization of a portion of the
first crop from isopropyl ether gave an analytical sample: mp
161-162°;  Auex 242 mp (e 6400) and 322 (10,300);  suax 3300
(n1), 1625 (m), 1592 (im), 1545 (m)?® em Y,
Anal. Caled for ClIpNoO;8: C, 48.64; [, 4.08. N, 0.45;
N, 1085, Found: C, 48.71; H, 4.26; N, 9.29; S, 10.06.
3-Acetyl-2-.carbomethoxymethyl-4-isopropyloxy-2H-1,2-benzo-
thiazine 1,1-Dioxide (7).~—A mixture of 46.5 g (0.15 mole) of 2 g,»
127.5 g (0.75 mole) of isopropyl lodide, 115.5 g of anhydrons
KyCOQy and 1500 ml of acetone was refluxed with stirring for
4% hir.  The acetone was distilled and the residne was portioned
between water and CILCl..  The CH.Cl extract was triturated
with petrolenm ether to give 52.5 g of product, mp 118-120°,
Leerystullization from a mixture of izopropyl ether and ethyl
ether gave materinl: mp 121-123°%;  Auxe 258 mp 1e 0400), 207
nfl (0300, and 315 (11,000): s ETOD 1=, extert aud 1660
(%, ketone)® em~!; negative FeCl, test.
Anal. Caled for C-eHaNOS: C, 54.35; 11, 5427 N, 3.06: S,
0.07. Fonud: C, 54.17; 5.39: N, 4.23; &, 8.99.
4-Isopropyloxy-3-(1-methyl-1,3-dioxolan-1-yl)-2H-1,2-benzo-
thiazine-2-ethanol 1,1-Dioxide (9).—A mixiure of 90 g (0.25
mole) of 7, 89.1 g (1.25 mole) of ethyvlene glycol, 5.4 g of p-toluene-
sulfonic neid monohydrate, and 2000 ml of henzene was placed in
a flask equipped with a Dean-Sturk water separator and was
refluxed with vigorous stirring for 72 . The solvent was re-
moved, and the residie was stirred with 2000 ml of water and
extracted with =everal 1000-ml portions of ether. The ether
solution {containing 8) was washed with water, dried, and con-
centrated to 1000 ml. It was then added 1o 31.5 g (0.83 mole) of
TAAIM, in 3000 ml of erher, the lemperature being maintained at
0 to —~H°  The reaction mixture was stirred at this temperature
for 1.5 hr, hyvdrolyzed, and filtered. The filtrate was evaporated,
and the residite was tritarated witlt 150 ml of isopropyl ether 1o
give 47.9 g of crystalline prodiet, ng 146-151°. Recrystalliza-
tion of a portion from isopropyl ether gave an analytieal sample:
np 155-156°;  Npax 273 mpu (e 7055) and 300 (53405 vmax ut
S0 (3, O, 1608, 1540 (w, aromatic and olefin) em™; pmr,
5 b4 and 1.24 (1 I multiplet and 6 1T doublet, respectively,
J = 0 epx, isopropyl), 4.1 (4 11 broad multiplet, NCH.CH,0 ),
3.0l (4 11 singlet, ~OCH.CH.0~), 2.38 11 11 broad signal, Oy,
and 1.78 13 11 singlet, > CCHy).
Anal. Caled for CollaNOGS: €, 55.27: H,6.28; N, 3.70; =,
K68, Pound: ), 55.11; H, 6.32; N, 3.94; 3, 8.73.
3-Acetyl-4-isopropyloxy-2H-1,2-benzothlazine-2-acetaldehyde
I,1-Dioxide (3a).-A mixture of 9.3 g (0.025 mole) of 9, 15.7 g
1,075 mole) of dicyelohexylearbodiimide, 1.5 g (0.0125 mole) of
pyridine hydrochloride, and 130 wl of dimethyl sulfoxide (dis-
tilled from Cally) was stirred at room temperature for 18 hr and
filtered. The filtrate was ponred into 4000 ml of 0.02 N HC] ard
filtered, and the filtrale was exiracted with ether. The ether
solntion was washed with water, dried, nnd evaporated, and the
residue was dissolved e 2 minimim amonnt of CH,Cl.  Slow
addition of perrolemn ether and =seratching caused precipitation
of 5.4 g of prodnet, mp 140-1453°. A portion was dissolved in
CIH.Cly, and reprecipitated by the addition of petroleum ether
to give an analytical sample: mp 147-148°;  Apax 238 nip
Te SU80), 300 =h (7860), 320 (0640):  pipae 1742 (3, aldehyde) and
1680 (3, ketone) ein ™' par, 6.9.60, (1L H multiplet, J = 1 eps,
CI0O)Y, 4.6 and 1.40 (L 1 heptet and 6 H donblet, respectively,
Jo= 6 ¢py, izopropyl), 4.0 12 H doublet. J = 1 ¢ps, NCH.y,
2.6 (3 H singlet, CH3CO-); negative FeCly test,
Anal. Caled for CpllnyNOS: (U 55.72; 1T, 5.30; N, 4.33; S,
a2, Fonnd: 8564 H, 534 N, 4.27; 8, 10.07.
Pyrido|1,2-b]]1,2]benzothiazine-10,11{(9H,10aH )-dione 3,5-
Dioxide (5a)--A mixture af 20 g (0.062 1wole) of 3a, 40 g ol
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anhydrous KaCOz, aud 2000 ml of acetone was vefluxed with
vigorous stirring for 2.5 hr and then filtered.  Lvaporation of 1he
filtrate giove a diock gaw which was iriturated with penrolemn
cthier: s 34O (x, OTD) and 1645 (s, €0 -O% e L The g
14a) wa< dissolved in 340 ml of concentrated 1,50, wad the
solntion wre maintained at room temperature for 13 min ol
then poured into 4500 m1l of dce-water. The resnhing vellow
solitl wis collected, washed with water, and dissolved in C11LO1..
The dried =olution wax evaporated and the residue (6.9 g was
recrystallized fronn 30 ml of ethanal 1o give 6.0 g of ervaabie
produet:  mp 135-150° dee; Auwux 205 mp te SGOO0T il 24
(H050): e 1634 ), 1620 0 1as4 uyo ol 13S0 o
v e & BT o 1 broad signal, enolie S o T g
Ve

two triplets, /= 1D and 3 eps, NCOH =00, 556 08 Hoas b
triplets, J = 1 aud 2 eps, COCH=CY 457 2 1 quarter,
Jo= 2uand 3 eps, NClay; positive FeCly test,
Anal. Caled Tor CuITgNOS G 53477 11 5450 N Sl =,
1218 Fowmd: C, 54.62; T1, 3.49: N, 525 8, 12251,
7,8-Dihydropyride{1,2-)][1,2]benzothiazine-10,11(9H,10aH )~
dione 5,5-Dioxide (6a).--A shury of 2.0 g (0.0076 msled of ve-
ervstallized?! 5a in 200 ml of glacial acetie neid was hydrogenavelt
for € hr ai room femperainre and anmospherie pressnre nsing
200 wg of 1000 Pd- entalvst. The acetie acid was removed
from the filtered solntion at a maximun temperavnre of 557,
n=hing a rotary flazh evaparator. ‘Pritnration of the residne with
water gave 1.7 g of tanuish vellow solid which wax reerysiallizaad
from izopropyl alcoliol.  Removal or the first crop of brownish
nmrerial and coneentration of the mother liquor gave 0.7 ¢ ot
material, mp FIS-131 lee, which wie recrvatallized from nuali-
anol. Removal of 1he first crop and concentration ot the mothier
Lhquor gave .27 g ol vellow erystalline produer, wmp 141 142
dec. Recrystallization from methanol gave an analvtieal sample:
mp 141.5-142.0° deer Ao 258 g Ce TR0D) and 578 40001
peax 1020 (), 1385 (md, and 1555 1 cin ' pay, 81402
(11 hroad sigual, enolie 1), 3.88 (2 11 triplet, J = 6 eps, NCHLj,
2.68 12 H ariplet, J = 0 eps, COCHy), and 219 {2 T nlipler,
> CCILC <€), absence of alefinie signals.%
Anaf. Caled for CITyNOGS: 054533 H, 415 N oINS,
12,00, Found: C.54.16; 11, 4.24. N, 5.07; 8, 12.05.
7,8-Dihydro-8-methylpyrido[1,2-4][1,2]benzothiazine-10,11-
(9H,10aH)-dione 5,5-Dioxide (6b).- llvdrogenation of 1.9
(0.0069 mole) of 5b2* wus earried nut as deseribed above.  The
solid obtained on irituration of the residne with water was vol-
lected and dissolved in CI1.Cl.  The dried solntion was evape-
rated and the residue was tritnrated with petrolenm ether 10
give 1.4 g of prodnet, mp 135-136°: 1the pmr spectruim show il
the abrence ol olefinic hiwdrogen.  Reeryziallization from a simall
amonnt of cthianol gave material; mp 13813090 N 20N
nig (¢ N200) and 380 (10,0001 v, 1622 Tw), 1380 1), 15406
my®% e~ pmr, 8 145 11 1T hroad signal, enolic 11), 4,12 awl
344 ttawo wnltiplets, 1 1 each, NCIHa), 3.22-2.1 <3 H ocomplex
multiplet, MeCIT< and COCHy), and 1.Is (3 11 donblet, f
0 CPs, (7‘}13‘3.3:’
Anal. Caled for CaHpNOS: ¢, 50000 H, L60: N,
S,11480 Found: Ca6.09; H, 485, N, 4.95; %) 11,59,
7,8-Dihydro-8-phenylpyrido[l,2-#|[1,2]benzothiazine-10,11-
(9H,10aH)-dione 5,5-Dioxide (6¢).-~A slurry of ©.5 g 0,022
utole) af 5¢*! and 300 mg of 10¢7 Pd-Cr in 500 ml of ethanol was
hvdrogenared at atmospherie pressure for 6 I during which
reaction had ceased with only 407, of the reqnired hydrogen np-
take, Complete hydrogenation required the addition of twno
more 230-mg portions of eaialyst during a2 intal ol S additional
hir of reaction time,  The catalvst was filtered off and washed
well with ethanol and CHLCl.  The filtenie was covcentrated
and the mixture was allowed to stand at room 1emperature.
The resulting solid was collected nnd washed with cethanol io
give 5.6 g of produet, mp 155-160°.  BPecrystallization from
ethanol-CIT.CL gave material: mp 161-162°; A 2985 mp

001

1243 No Lydrogen uptake was observal whien e nureeery=tallizeld olefins
were serl.

(25) Of particntar interesc is e dilference bevween (he pair specelrnor of
6a anil (Liose of 6b and 6¢.  Will( 6a, the NCUl:protwonsapyear togetlieras a
clearly defined triplet, whereas willi 6b and 6¢ the signal giveu by the inilivid-
nal procons are separated by ca. 0.7 ppm and geminal coupling can lat ~eeu.
The apparent maygnecic eyuivalence of e NC U2 protous uf 6a conld Jw (he
resule of eonformadional interconversion whicli woull give rise 10 8 )
averagedl signal.  In ronerase, he presence of meiliyl vr plicuy! o1bslilnent=
in 6b e 8¢, respectively, might he experll L cwse 1hese eonpaatiineds G
assurne it preferresd vonforundnen, 1= perndllivg the pomopliviaient joalogs
Lo by phseeyed sepuraiely,
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(e 7300), 380 (9800); vmax 1641 (m), 1590 (m), and 1550 (m)??
em™!; pmr, § 14.3 (broad signal, enolic H), 7.29 (6 H multiplet,
CsHs), 4.37 (1 H quartet, J = 10 and 17 c¢ps, NCH<), 3.75-3.25
(2 T1 complex multiplet, C¢I;CIT and the other NCIT <), 3.0-2.76
(2 1T complex multiplet, COCH,), absence of olefinic signal.2

Anal.  Caled for CsllisNOSS: C, 63.33; H, 4.43; N, 4.10; S,
9.39. Found: C, 63.07; H, 4.43; N, 3.84; S, 9.35.

N-(5-Chloro-2-oxopentyl)saccharin (14).—A mixture of 15.1¢g
(0.097 mole) of 1,5-dichloro-2-pentanoue,!” 27.5 g (0.13 mole) of
sodium saccharin, and 100 ml of dimethylformamide was heated
at 100° for 30 min and was poured into 1500 ml of ice—water.
The resulting gum was solidified by trituration with several por-
tions of water. The solid was collected and dissolved it CH.Cls,
and the dried solution was evaporated. The residue was tri-
turated with petroleum ether and then crystallized from a mini-
mal amount of ethanol to give 12.0 g of product, mp 82-84°.
Recrystallization of a portion from ethanol gave an analytical
sample: mp 91-92°; pp.x 1736 (s) and 1726 (s) cm L.

Anal. Caled for C:Hi12CINOSS: C, 47.77; H, 4.01; Cl, 11.75;
N, 4.64; S, 10.63. Found: C, 48.00; H, 4.09; Cl, 11.38; N,
4.87; 8,10.45.

3-(1-Cyclopropylcarbonyl)-2H-1,2-benzothiazin-4(3H )-one 1,1-
Dioxide (17) and 2,3-Dihydro-6H-oxepino|c| [1,2]benzothiazin-5-
(4H)-one 7,7-Dioxide (15).—A solution of 0.36 mole of NaOC,Hs
in 180 ml of ethanol was heated to 45° and 36 g (0.12 mole) of 14
was added all at once as the powder. The mixture was quickly
heated to 50-55° and maintained at this temperature for 5 min.
It was then quickly cooled to 25° and 240 ml of 99; HCl was
added as rapidly as possible while maintaining the temperature
at 30-35°. The resulting solid was collected, washed with 50 ml
of 50¢; aqueous ethanol, and dried ¢n vacuo at 60° to give 12.7 g
of 17, mp 160-165°. Recrystallization from 235 ml of methanol-
water (2:1) gave 8.9 g of material: mp 171-172°; Apax 247 mu
(e 9200), 329 (13,760), and 341 (13,760); wrmax 3230 (s, NH),
1620 (m), 1604 (m), 1595 (m), 1559 (m)?* cm—!; pmr, § 15.11
(1 H, enolie H), 6.30 (1 H, NH), 2.62 and 1.20 (1 H multiplet
and 4 H multiplet, respectively, cyclopropyl);'¢:2® positive FeCls
test.

Anal. Caled for C:H1\NOS: C, 54.33; H, 4.18; N, 5.28;
§,12.09. Found: C, 54.38; H, 4.21; N, 5.45; S, 12.04.

The original acidic aqueous ethanol filtrate was diluted to
2000 ml with water and the gummy material which separated on
standing was collected and dissolved in CHiCl,. The dried
solution was evaporated and the residue was triturated with
ether to give 2.5 g of 15, mp 225-229° dec. Recrystallization
from 2-butanone gave 1.4 g of material: mp 248-250° dec;
Amax 253 mp (e 9275) and 316 (10,200);  vmax 3140 (s, NH),
1648 (s, C=0) em™!; pmr (in deuterated DMSO), & 4.46
(2 H triplet, J = 7 cps, —-OCH.), 3.28 (2 H triplet, J = 7 cps,
COCH.), 2.24 (2 H multiplet, > CCH,C <);!® negative FeCl; test.

Anal. Caled for C:H1,NOSS; C, 54.33; H, 4.18; N, 5.28; S,
12.09. Found: C, 54.58; H, 4.31; N, 5.04; S, 12.28.

Reaction of N-(5-Chloro-2-oxopentyl)saccharin (14) with 2
Equiv of Sodium Ethoxide.—The reaction was carried out as in
the previous experiment using 0.02 mole of NaOC:;H;, 3.0 g
(0.01 mole) of 14, and 20 ml of ethanol. The acidified (25 ml
of 9% HCl) reaction mixture was diluted with 100 ml of water
and extracted with CH.Cl,. The dried organic solution was
evaporated to a residue which was successively triturated with
petrolenm ether and methanol to give 0.2 g of crystalline 15, mp
232-240°, identified by its infrared spectrum. The residue ob-
tained on evaporation of the methanol filtrate had infrared and
ultraviolet spectra which were very similar to those of N-acetonyl-
o-carbethoxybenzenesnlfonamide.®

2-Acetonyl-3-(1-cyclopropylcarbonyl)-2H-1,2-benzothiazin-4-
(3H)-one 1,1-Dioxide (18).—To a solution of 3.5 g (0.0133 mole)
of 17, in a mixture of 133 ml of 0.1 ¥ NaOH, 42 m] of water, and
175 nu of ethanol was added 2.1 g (0.0133 mole) of KI and 4.9 g
(0.053 mole) of chloroacetone. It was allowed to stand over-
night at voom temperature and 200 ml of water was added. The
resulting precipitate was collected and dissolved in ether. The
dried solution was evaporated to give 3.4 g of product, mp 150-
151°. Reerystallization from ethanol gave an analytical sample:
mp 151-152%; Amex 245 mu (e 6750), 327 (11,250), 342 (10,700);
yoax 1733 (3, C=0), 1616 (m), 1394 (m), 1584 (m), 1546 (m)?
em~L

Anal. Caled for C:H:NOsS: C, 56.06; H, 4.71; N, 4.36;
S, 9.08. Found: C, 55.86; H, 4.78; N, 4.31; §, 9.93.

3-(4-Bromo-1-butyryl)-2H-1,2-benzothiazin-4(3H)-one 1,1-
Dioxide (19) A, From 17.—To 60 ml of glacial acetic acid, pre-
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viously saturated with HBr, was added 3.3 g (0.0125 mole) of
17. The mixture was stirred at room temperature for 6 hr and
poured into 400 ml of water. The resulting solid was collected,
washed well with water, and dissolved in ether. Kvaporation
of the dried ether solution gave 3.7 g of prodnct, mp 122-124°,
Recrystallization from a small amount of isopropyl ether gave
material, mp 127-128 which gave a positive FeCl; test; »max
3220 (s, NH) 1625 (m), 1585 (m), 1530 (m)?® em~!; pmr (deu-
terated DMSO), 6 14.1 (1 H very broad signal, enolic H), 8.89
(1 H singlet, NH), 3.60 (2 H triplet, J/ = 7 cps, BrCH,), 3.00
(2 H triplet, J = 7 e¢ps, COCH,), 222 (2 H multiplet,
> CCH.C <).

Anal.  Caled for C.H:BrNO,S: C, 41.63; H, 3.49; Br, 23.08;
N, 4.05; S, 9.26. Found: C, 42.02; H, 3.65; Br, 22.80; N,
3.95; §,9.21.

B. From 15—To 10 ml of glacial acetic acid, previously
saturated with HBr, was added 100 mg of 15. The mixture was
stirred overnight at room temperature and poured into 50 ml
of water. The resulting solid was collected, washed well with
water, and dissolved in CH,Cl,. Evaporation of the dried solu~
tion gave 50 mg of 19, mp 122-125°, identified by mixture melting
point and comparison of infrared spectra.

Reaction of 19 with Aqueous Alkali—A mixture of 2.08 g
(0.006 mole) of 19 and 120 ml of 0.05 N NaOH was stirred at
room temperature. A precipitate was seen to form even before
the starting material had completely dissolved. Stirring was
continued overnight at room temperature and the precipitate
was collected, washed well with water, and dissolved in CH.Cl..
Evaporation of the dried solution gave 1.4 g of 15, mp 232-237°,
identified by comparison of infrared spectra.

Reaction of 19 with Sedium Hydride in 1,2-Dimethoxyethane.
—A solution of 1.0 g (0.0029 mole) of 19 in 25 ml of 1,2-dime-
thoxyethane was added to asuspension of 0.0030 mole of NaH?# in
25 ml of 1,2-dimethoxyethane and the mixture was refluxed
with stirring for 4 hr. It was poured into 300 ml of ice-water
and the 1,2-dimethoxyethane was removed using a rotary flash
evaporator (maximum temperature was 35°). Extraction with
CH.Cl; and evaporation of the organic solution gave 0.4 g of
15, mp 230-235°.

2-(3-Carbomethoxypropyl)-2H-1,2-benzothiazin-4(3H )-one
1,1-Dioxide (10a).—To a slurry of 0.44 mole of NaH? in 120 ml
of 1,2-dimethoxyethane was added a solution of 9.6 g (0.04 mole)
of 2H-1,2-benzothiazin-4(3H)-one 1,1-dioxide ethylene ketal in
120 ml of 1,2-dimethoxyethane and the mixture was refluxed
with stirring for 1 hr. It was cooled to room temperature, a
solution of 9.2 g (0.04 mole) of methyl y-iodobutyrate in 40 ml
of 1,2-dimethoxyethane was added, and refluxing was continued
for 19 hr. The mixture was filtered and the filtrate was dis-
tilled #n vacuo to give an oil which was converted to a gummy
solid on trituration with petroleum ether; the infrared spectrum
showed the absence of NH absorption. It was refluxed for 15 min
with a mixture of 100 m] of methanol and 100 ml of 109 aqueous
HC], the methanol was distilled off, and the resulting mixture
was extracted with CH,Cl,. The CH,Cl; extract was triturated
with a small amount of isopropy! alcohol to give 3.9 g of product,
mp 81-83°. Recrystallization from isopropyl alcohol gave an
analytical sample: mp 83-86°; »rmax 1725 (3, ester), 1695 (s,
ketone) em !,

Anal. Caled for C3sHisNO:S: C, 52.52; H, 5.09; N, 4.71;
S, 10.78. Found: C, 52.61; H, 5.18; N, 4.71; S, 10.62.
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(26) Nal was employed as a 53'7 dispersion in mineral oil,



