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The preparation of 7,8-dihydropyrido[1,2-6] [l,2]benzothiazine-10,ll(9H,10aH)-dione 5,5-dioxide (6a) and its 
8-methvl (6b) and 8-phenyl (6c) derivatives is described. Base-catalyzed cyclization of 3-acetyl-4-isopropyloxy-
211-l,2-benzothiazine-2-acet aldehyde 1,1-dioxide (3a) gave 7,8-dihydro-8-hydroxy-ll-isopropyloxypyrido-[1,2-6]-
[l,2]benzothiazin-10(9H)-one 5,5-dioxide (4a). The corresponding 8-methyl (4b) and 8-phenyl (4c) deriv
atives were formed by spontaneous cyclization of the isopropyl enol ethers (3b and 3c) of 2-acetonyl- (2b) 
and 2-phenacyl-3-acetyl-2H-l,2-benzothiazin-4(3H)-one 1,1-dioxide (2c), under the basic conditions of their 
formation. Compounds 4a-c reacted with H2S04 to give pyrido[1,2-6] [l,2]benzotbiazine-10,ll(9H,10aH)-dione 
5,5-dioxide (5a) and its 8-methyl (5b) and 8-phenyl (5c) derivatives, which were hydrogenated to form the target 
compounds 6. Attempts to prepare 6a by cyclization of 2-(3-carbomethoxypropyl)-2H-l,2-benzotbiazin-4(3H)-
one 1,1-dioxide (10a) were unsuccessful. Reaction of N-(5-chloro-2-oxopentyl)saccharin (14) with 2 equiv of 
sodium ethoxide gave 2,3-dihydro-6H-oxepino[c] [l,2]benzothiazin-5(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-(l-cyclopropylcarbonyl)-2H-l,2-benzothiazin-4(3H)-one 1,1-dioxide (17). Compounds 15 and 17 
reacted with HBr-AcOH to give 3-(4-bromo-l-butyryl)-2H-l,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. 
Compounds 5 and 6 showed negligible antibacterial properties. Some antifungal activity was observed. 

The antibacterial activity of the tetracyclines has 
been attributed to inhibition of protein synthesis 
resulting from the ability of the antibiotics to form 
metal chelates through their /3-diketone moiety.2'3 

Shemyakin and co-workers2 have reported that the 
relatively simple tricyclic /3-diketones4 la and lb are 
V20 as potent as the tetracyclines with respect to in
hibition of growth of Staphylococcus aureus. These 

HO CH, 

OR 0 0 0 
la, R= H 2a, R = CH2CHO e, R = CH3 
b, R = CH2C6H5 b, R =CH2COCH3 f, R = CH,CH=NOH 

c, R = CH2COC6H5 g, R = CH2C02CH3 
d,R = H 

results as well as the demonstrated antibacterial proper
ties of 6-demethyl-6-dehydroxytetracycline6 suggested 
that the phenolic hydroxyl,2 tertiary alcohol,5 and 
methyl5 groups were not structural requirements for 
antibiotic activity in this series. In view of the ease 
of preparation6 of 2d from saccharin, it became of in
terest to elaborate it into tricyclic /3-diketones of struc
ture 6 to determine if these, too, were antibacterial 
agents. 

(1) Paper III of this series: H. Zinnes, R. A. Comes, and J. Shavel, Jr., 
./. Org. Chew,., 31, 162 (1966). 

(2) (a) M. M. Shemyakin and M. N. Kolosov, Pure Appl. Chem., 6, 305 
(1963); (b) M. N. Kolosov, S. A. Popravko, and M. M. Shemyakin, Ann.. 
668, 86 (1963). 

(3) W. A. Baker, Jr., and P. M. Brown, [J. Am. Chem. Soc, 88, 1314 
(1966)] have recently presented evidence that chelation of metals by the 
tetracyclines may take place through the enol-ketoamide system of ring A. 

(4) While the structures of the /3-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. 

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

(6) II. Zinnes, R. A. Comes, F. R. Zuleski, A. N. Caro, and J. Shavel, Jr., 
./. Org. Chem.. 30, 2241 (1965). 

Chemistry.—Reports by Hauser, et al.,7 and Wood
ward, et al.,s of base-catalyzed condensations at the 
7 carbon of /3-diketones suggested that compounds of 
structure 2a-c could be cyclized directly to give the 
tricyclic skeleton. Accordingly, both 2b and 2c, 
prepared6 by alkylation of 2d, were treated with sod-
amide and lithium amide in liquid ammonia7 and with 
sodium hydride in dimethylformamide.8 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 /3-diketone system was tied up by treat
ment of 2b and 2c with isopropyl iodide and potassium 
carbonate.9 The resulting enol ethers, 3b and 3c, 
were not isolated as such since they cyclized spontane
ously under these conditions to give the crystalline 
hydroxy compounds 4b and 4c (Chart I).9'10 When 
4b and 4c were dissolved in concentrated sulfuric acid 
at room temperature, dehydration and ether cleavage 
took place to give the corresponding unsaturated /3-
diketones 5b and 5c.10 

Attempts to obtain 2a by alkylation of 2d were un
successful. Reaction of the sodium salt of 2d with 
chloroacetaldoxime11 afforded the oxime 2f, but this 
could not be converted to the corresponding aldehyde 
by hydrolysis, exchange with benzaldehyde12 or levu-

(7) C. R. Hauser and T. M. Harris, J. Am. Chem. Soc, 80, 6360 (1958); 
R. B. Meyer, and C. R. Hauser, J. Org. Chem., 25, 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 used6 to prepare the corresponding enol ether 
of 2e which showed a ketone band at 1666 cm - 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, 

510(1934). 
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CHART 1 
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a,R-H 
b,R = CH, 
c,R = C,H-

linic acid,13 or by treatment with nitrous acid.14 How
ever, the aldehyde—enol ether 3a, required for the syn
thesis of 5a, was successfully prepared as outlined in 
Char t IT. 

SO., 

2g 
iso-Prl , 

Tco~ 

CHART II 

'NCrLCOXH,, HOCH2CH/DH, 

•COCH 
/>-M('C,:H,SO.|H 

NCH,CO,CH, 

TCH, 

(CHICHI) ? ° 

LiAlH, 

. DMSO, pyridine HC1. 
dicyclohexylcarbodiimide 

(CHJXHO 

('(impound 2gf' was converted to the enol ether 7. 
hi this case, spontaneous cyclization did not occur so 
tha t 7 was isolated in crystalline form.910 The crude 
ketal 8, obtained by t reatment of 7 with ethylene glycol 
and p-toluenesulfonic acid, was reduced to the alcohol 
9 which was then oxidized by the method of Pfitzner 
and Moffatt,16 to the corresponding aldehyde. Cleav
age of the ketal took place on acid t rea tment during 
the work-up procedure so that the product isolated 
was the desired 3a. l n 

Cyclization of 3a was achieved by refluxing with 
potassium carbonate in acetone. While the product 
resisted a t t empts at purification, it was apparent from 
the infrared spectrum tha t it was 4a. Trea tment of 
the crude 4a with concentrated sulfuric acid resulted 
in the formation of 5a which could be isolated in crystal-

UHl <'. 11. D e P u y and Ii. \V. Ponder . ./. Am. Cham. S o c , 8 1 , 4629 (1959) . 
( 14) L. C. Keagle and W. H. H a r t u n g . ibid., 68, 1808 (1946); A. C. Cope , 

11. I.. I J ryden , J r . , ( ' . O. Overberger , and A. A. D 'Add ieco , ihiil., 73 , 3410 
( I 9 M ) . 

(]fl) K. K. 1'filzner a n d J. (1. Moffa t l , ibid., 85 , 3027 1.1 SHl.'ij; 87, .jlitil 
( KM',")) 

line form. Hydrogenation of 5a-C proceeded, sluggishly 
to give target compounds 6a~c, respectively.1" 

In the course1 of this work, we at tempted to prepare 
6a by cyclization of 10a. While we have previously 
reported1 our inability to condense 10b with esters, 
it was felt that an intramolecular condensation might 
lie more favorable since it would involve a cyclization 
process. Compound 10a was prepared by treatment 

h methyl y-iodobutyrate in refluxing 1.2-»f I I 1 wit I 

S02 
NR 

SO, 
• V 3 

10a, R=H(CH2)3C02CH3 
b, R=CH3 

o-^o 

11 

dimethoxyethane followed by acid hydrolysis of the 
ketal function.16 At tempts to cyclize 10a by the use 
of sodium hydride in benzene or dimethylformamide. 
sodium ethoxide in ethanol, or lithium amide in liquid 
ammonia met with the same lack of success encountered 
in our a t tempts 1 to condense 10b with aliphatic esters. 

Another approach to the synthesis of 6a was sug
gested by our earlier observation6 t h a t X-methylation 
of 2d took place' preferentially to O-methylation. Thus 
it appeared that 6a could be prepared by cyclization of 
12. Compound 14 was formed by alkylation of sodium 

C0(CH2)3C1 

13 

saccharin with l,5-dichloro-2-pentanone.17 When 14 
was treated with 2 equiv of sodium ethoxide (Chart 
I I I ) , the expected 12 was not obtained. Purification 
of the crude product afforded crystalline 15 1 M 8 in S r , 
yield and the spectra of the remaining amorphous resi
due suggested tha t it consisted largely of the ethanoly-
sis product 16. Considering our previously reported11 

observations concerning the mechanism of the rear
rangement of X-acetonylsaccharin and assuming that 
1 equiv of sodium ethoxide was consumed by a com
peting process, the reaction was carried out using \\ 
equiv of sodium ethoxide. In addition to 15, isolated 
in 8% yield, there was obtained a second crystalline 
material in 4 0 % yield, which was shown to have the 
structure 17."'•19 Alkylation with chloroacetone gave 
th etonvl derivative 18. e j -ac1 

( lb ) A t t e m p t s to a lky la te 11 (in a q u e o u s alcohol or D M F a t room t em
pera tu re or in refluxing 1 ,2-d imethoxyethane) with t he commercia l ly avail
able e thyl 7 - b r o m o b u t y r a t e were unsuccessful . M e t h y l ^ - i o d o b u t y r a t e was 
p repa red by t he m e t h o d of F . F . Hlicke, W. B. Wr igh t , Jr . . and M . F . Zienty 
[./. Am. Chem. Soc, 63 , 2488 (1941)] . 

(17) 11. H a r t a n d G. Lev i t t , ./. Org. Chem., 24 , 1261 (19.">9). 
(18) T h e s ix-membered ring compound 13 was ruled out by t he absence of 

C-OH3 resonance in t he p m r s p e c t r u m . 
(19) T h e difference in ul t raviolet spec t rum from tha t observed with 2d 6 

ind ica ted con juga t ion of the /3-diketone sys tem with an olefin or a cyclopropyl 
g roup . T h e choice of cyclopropyd over olefin was based on the p m r spec t rum 
which showed t h e absence of olefinic p r o t o n s as well as t he presence of char
acter is t ic a b s o r p t i o n which was s imilar to t ha t given by methyd cyclopro-
paneearboxydate . - u 

(20) N . S. Bhacca , L. F. Johnson , and J . N . Shoolery, " H i g h Resolu t ion 
N ' M R Spec t r a C a t a l o g , " Vol. 1, Vnriun Associates, Palo Alto, Calif., 1(11)2, 
S p e c t r u m N o , 112. 
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CHART III 
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HBr, 

HOAc 

CO(CH,);,Br 

19 

The cyclopropane ring of 17 was cleaved by HBr in 
acetic acid to afford the crystalline 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 methanolic aqueous HC1 solution but was converted 
to 19 on treatment with HBr in acetic acid. 

Thus it appears that rearrangement of 14 gave rise 
to 12 which underwent base-catalyzed cyclization to 
give 15 and 17. While 17 could have arisen from X-
cyclopropylcarbonylmethylsaccharin, 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 experience6 had indicated that X-alkyla-
tion would be favored over O-alkylation. 

Microbiological Testing.—Minimum inhibitory con
centrations (MIC) of compounds 5a-c and 6a-c 
against bacteria (<S. aureus, Escherichia coli, and Proteus 
vulgaris) and fungi (Trichophyton mentagrophytes, 
Candida albicans, Microsporum canis, and Sporotri-
chum schenkii) were determined using serial dilution 
tests in broth; the concentrations ranged from 4 to 
1000 /ug/ml. Except for minimal activity (MIC 
500-1000 ^g/ml) of 5a and 6a against S. aureus, the 
compounds showed no antibacterial properties. Against 
T. mentagrophytes, 5a, 5b, 6a, and 6c showed MIC of 
31, 31, 16, and 62 jug/ml, respectively, in the absence 
of serum and 250, 250, 62, and 500 /xg/ml, respectively, 
in the presence of serum. Against C. albicans, 5a, 
5b, and 6a showed activity at 500 /ig/ml in the absence 
of serum, but these were inactive at 1000 jug/ml in the 
presence of serum. Compounds 5a and 6a were active 

against M. canis at 250 fj.g/ml in both the absence and 
presence of serum. Compound 6a showed MIC of 
62 /xg/ml against S. schenkii which increased to 125 /ig/ 
ml in the presence of serum. 

Experimental Section21 

7,8-Dihydro-8-hydroxy-ll-isopropyIoxy-8-methyIpyrido-
[l,2-b][l,2]benzothiazin-10(9H)-one 5,5-Dioxide (4b).—A mix
ture of 86 g (0.28 mole) of 2b,6 215 g of anhydrous K>C03, 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 residue was partitioned between water and CII2CI2. The 
dried organic solution was evaporated 1o give a semisolid. 
Trituration with a warm mixture of 125 ml of ethyl ether and 
125 ml of isopropyl ether and standing at room temperature 
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 isopropyl 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 FeCl3 test. Recrystallization 
from ethvl ether-isopropyl ether (1:1) gave an analytical sample: 
mp 147.5-148.5°; Xraax246mM (e7400)and 324 (9450); y m a l 3380 
(s, OH) and 1696 (s, C = 0 ) 9 cm"1; pmr, 5 4.43 and 1.29 (1 H 
heptet and 6 H doublet, respectively, J = 6 cps, isopropyl), 
3.74 (2 H broad singlet, XCH2),22 3.20 (1 H singlet, OH), 2.74 

(2 H singlet, CH,CO), 1.41 (3 Hsinglet,-OCCH3). 
Anal. Calcd for Ci6Hi9N06S: C, 56.96; H, 5.68; X, 4.15; 

S, 9.50. Found: C, 57.15; H, 5.56; N, 4.23; S, 9.68. 
7,8-Dihydro-8-hydroxy-ll-isopropyloxy-8-phenylpyrido[l,2-fi]-

[l,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 2c.6 The CH2CI2 solution was washed successively with cold 
1 N NaOH and with water, dried, and evaporated to give a gummy 
residue. This was triturated with 40 ml of acetonitrile to give 
14.4 g of product, mp 190-192°. Recrystallization from aceto
nitrile gave material: mp 191-194°: Xmax 246 m/u (« 7400) and 
324 (9450); j / m a x 1686 (s, C = 0 ) 9 and 33S0 (s, OH) cm"1; pmr, 
5 7.40 (5 II multiplet, C6H3), 4.42 and 1.25 (1 H heptet and 6 H 
doublet, respectively, J = 6 cps, isopropyl), 3.92 (2 H broadened 
singlet, NCH2), 3.26, 2.83 (two doublets', 1 H each, J = 17 cps, 
CH2CO-); negative FeCL test. 

Anal. Calcd for CsiHaNOsS: C, 63.14: H, 5.30; X, 3.51; S, 
8.03. Found: C, 63.43; H, 5.30; N, 3.53; S, 8.24. 

8-Methylpyrido[l,2-fc][l,2]benzothiazine-10,ll(9H,10aH)-dione 
5,5-Dioxide (5b).—A solution of 13.3 g of 4b in 240 ml of 
concentrated H0SO4 was stirred at room temperature for 30 min. 
I t was poured into 2400 ml of ice-water. The resulting yellow 
precipitate was collected by filtration, washed well with water, 
and dissolved in CH2CI2. The dried solution was evaporated, 
and the residue was triturated with petroleum ether which gave 
5.1 g of product (5b), mp 164-166° dec. Recrystallization 
from ethanol-CHoCL gave material: mp 167-168° d 6C I A max 
255 m/x (t 14,900) and 394 (9200); > w 1644 (m), 1610 (m), 1580 
(m), 1550 (m)23 cm - 1 ; pmr, 6 13.2 (1 H broad singlet, enolic H), 
6.13 (1 II triplet, .1 = 2 cps, C = C H ) , 4.40 (2 II broad singlet, 
XCH2), and 2.05 (3 H singlet, CH3), absence of isopropyl signals; 
positive FeCl3 test. 

Anal. Calcd for Ci3HnX04S: C, 56.31; H, 4.00; X, 5.05; S, 
11.56. Found: C, 56.43; H, 3.78; X, 4.84; S, 11.55. 

8-Phenylpyrido[l,2-b][l,2]benzothiazine-10,ll(9H,10aH)-dione 
5,5-Dioxide (5c).—The reaction was carried out as in the previous 
experiment using 12 g (0.03 mole) of 4c. Trituration of the 
CH2CI2 extract with petroleum ether gave 9.0 g of product, mp 
172-175° dec. Recrystallization from ethanol-CH2Cl2 gave 7.8 g 
of material: mp 175-176° dec; Xmax 265 m^ (e 11,300), 306 

(21) Me l t i ng po in t s were d e t e r m i n e d using the T h o m a s - H o o v e r capil lary 
mel t ing po in t a p p a r a t u s which was ca l ib ra ted aga ins t k n o w n s t a n d a r d s . 
T h e u l t rav io le t and infrared spec t ra were ob ta ined , respect ively , with a Beck-
m a n D K I s p e c t r o p h o t o m e t e r and a Ba i rd Mode l 455 doub le -beam ins t ru
m e n t . Unless o therwise s t a t ed , t he former were de t e rmined as solut ions in 
9 5 % e thanol and the l a t t e r as Nujol mulls . T h e p m r spec t ra were de te r 
mined wi th t he Var i an A-60 s p e c t r o m e t e r using Me4Si as an in te rna l s t a n d a r d 
and unless o therwise s t a t ed in C D C h . T h e d ry ing agent used t h r o u g h o u t 
was Na?S04 and the p e t r o l e u m e the r had b p 3 0 - 6 0 ° . 

(22) On exchanging wi th D>0 the signal a t 5 3.74 was resolved in to dou
b le t s a t S 3.88 and 3.64 ( J = 14 cps) . 

(23) Th is p a t t e r n of infrared absorp t ion is charac te r i s t i c for / i -diketones in 
t he 1,2-benzothiazine series.0 



220 II. ZTXXES, R. A. COMES, AM> J. SIIAVKT,, .IK. Vol. 10 

(I2,S00), and 411 (9700); „ lna l 1524 (m), 1595 (m), 15S5 (m), 
1570 (m), 1554 (m)23 c m - 1 ; pmr, S 13.3 (1 II broad singlet, 
enolic II), 7.51 (5 II multiplet, CJf.O, (i.66 (1 il triplet,./ = 2 eps, 
> C -OH), 4.85 (2 11 doublet, ./ = 2 eps, X01F), absence of 
isopropyl signals: positive F e d s test. 

Anal. Calcd for C18II,3X0.,S: 0 ,63 .70: II, 3.86; N. 4.13; S, 
9.45. Found: C, 63.94; H, 3.68; N, 4.13; 8,9.55. 

3-Acetyl-2H-l,2-benzothiazin-4(3H)-one-2-acetaIdoxime 1,1-
Dioxide (2f).—To a solution of 36 g (0.15 mole) of 2d6 in a mixture 
of 150 ml of 1 A" XaOH, 115 ml of wal er, and 375 ml of ethanol was 
added 25.5 g (0.15 mole) of K I and 18.7 g (0.2 mole) of chloro-
acetaldo.xime.11 It was allowed to stir at room temperature for 
2.5 hr and the resulting crystals were collected and washed with 
50'), aqueous ethanol to give 27.4 g of product, mp 158-159". 
Dilution with water to 2000 ml gave 7.5 g of somewhat less pure 
second crop, mp 154-155°. Recrystallization of a portion of the 
first crop from isopropyl ether gave an analytical sample: mp 
101.-162°; XmaI 242 mM (e 6400) and 322 (10,300); »,„„x 3300 
(in), 1625 (in), 1592 (m), 1545 ( m ) " cm"1 . 

Anal. Calcd for C12H12X205S: C, 48.64: If, 4.08; X, 9.45; 
8,10.85. Found: 0 ,48 .71 ; 11,4.26; N, 9.29; 8,10.1)6. 

3-Acetyl-2-carbomethoxymethyl-4-isopropyloxy-2H-l,2-benzo-
thiazine 1,1-Dioxide (7).—A mixture of 46.5 g (0.15 mole) of 2 g,l! 

127.5 g (0.75 mole) of isopropyl iodide, 115.5 g of anhydrous 
K2CO3, and 1500 ml of acetone was refluxed with stirring for 
48 hi'. The acetone was distilled and the residue was portioned 
between water and CTFCk The OH2012 extract, was triturated 
with petroleum ether 10 give 32.5 g of product, mp 118-120°. 
Iteorystallizatioii from a mixture of isopropyl ether and ethyl 
ether gave material: mp 121-123°; X,„:1X 238 m/i if 6400), 297 
infl (9500), and 315 (11,000); Vm:.x 1760 (s, ester) and 1066 
(s, ketone)9 cm"1 ; negative FeCl3 lest. 

Anal. Oalcd for C ; 6rii . ,NO^: 0 .54.38; 11,5.42: N, 3.96: 8, 
9.07. Found: 0 ,54 .17; 5.39; N, 4.23; 8,8.99. 

4-Isopropy Ioxy-3-( 1 -methy 1-1,3-dioxolan-l -yl)-2H-l ,2-benzo-
thiazine-2-ethanol 1,1-Dioxide (9).—A mixture of 90 g (0.25 
mole) of 7, 89.1 g (1.25 mole) of ethylene glycol, 5.4 g of p-toluene-
sulfonic acid monohydrate, and 2000 ml of benzene was placed in 
a flask equipped with a Dean-Stark water separator and was 
refluxed with vigorous stirring for 72 hr. The solvent was re
moved, and the residue was stirred with 2000 ml of water and 
extracted with several 1000-ml portions of ether. The ether 
solution (containing 8) was washed with water, dried, and con
centrated to 1000 ml. I t wa> then added to 31.5 g (0.83 mole) of 
UAIH4 in 3000 ml of ether, the temperature being maintained at 
0 to —5°. The reaction mixture was stirred at this temperature 
for 1.5 hr, hydrolyzed, and filtered. The filtrate was evaporated, 
and the residue was triturated with 150 ml of isopropyl ether to 
give 47.9 g of crystalline product, mp 146-151°. Recrystalliza-
lion of a portion from isopropyl ether gave an analytical sample: 
mp 155-156°; Xma* 273 rru* (e 7055) and 300 (5840); Km„ at. 
3540 (s, Oil), 160S, 1540 (w, aromatic and olefin) cm""1; pmr, 
.5 4.4 and 1.24 (.1 II multiplet and 6 If doublet, respectively, 
./ = 6 ops, isopropyl), 4.1 (4 II broad multiplet, NCH2CI120 •), 
3.51 (4 II singlet, -OCH 2CH 20-) , 2.38 (1 H broad signal, OH), 
and 1.78 (3 II singlet, >CCH 3 ) . 

Anal. Calcd for CnH23X06S: 0 ,55 .27: 11,6.28; X, 3.79; 8, 
X.0S. Found: 0 ,55 .11 ; H, 6.32; X, 3.94; 8,8.73. 

3-Acetyl-4-isopropyloxy-2H-l,2-benzothiazine-2-acetaldehyde 
1,1-Dioxide (3a).- -A mixture of 9.3 g (0.025 mole) of 9, 15.7 g 
(0.075 mole) of dicyclohexylcarbodiimide, 1.5 g (0.0125 mole) of 
pyridine hydrochloride, and 130 ml of dimethyl sulfoxide (dis
tilled from CaII2) was stirred at room temperature for 18 hr and 
filtered. The filtrate was poured into 4000 ml of 0.02 .V ITC1 and 
filtered, and the filtrate was extracted with ether. The ether 
solution was washed with water, dried, and evaporated, and the 
residue was dissolved in a minimum amount of CIT2CI2. Slow 
addition of petroleum ether and scratching caused precipitation 
of 5.4 g of product, mp 140-145°. A portion was dissolved in 
OH2CI2 and reprecipitated by the addition of petroleum ether 
to give an analytical sample: mp 147-148°; Xmax 238 m/x 
(e 5980), 300 sh (7860), 320 (9640): »<„,„* 1742 (s, aldehyde) and 
1680 (s, ketone) em"1 ; pmr, 6.9.60, (I II multiplet, ./ = 1 ops, 
0110), 4.6 and 1.40 (1 II heptet and 6 II doublet, respectively, 
./ = 6 ops, isopropyl), 4.0 (2 II doublet, ./ = 1 ops, XCH;), 
2.6 (3 II singlet, CII3GO-); negative FeCl3 test. 

Anal. Calcd for OioIInXOsS; 0,55.72; 11,5.30; X, 4.33; S, 
9.92. Found: 0 ,55.64: 11,5.34; X, 4.27; S, 10.07. 

Pyrido[l,2-e\]|l,2Jbenzothiazine-10,ll(9H,10aH)-dione 5,5-
Dioxide (5a).- A mixture of 20 g (0.002 mole) of 3a, 40 g of 

anhydrous K2COs, and 2000 ml of acetone was refluxed with 
vigorous stirring for 2.5 hr and then filtered. Kvaporation of the 
filtrate gave a dark gum which was I rit united with petroleum 
ether; ,.,„„* 3400 (.-,,(Ml) and 1695 (s, O -Diem '. The unit, 
(4a) was dissolved in 340 ml of concentrated IFSOi, and the 
solution was maintained at room temperature for 15 mill and 
then poured into 4500 ml of ice-water. The resulting yellou 
solid was collected, washed with witter, and dissolved in CIFOf,. 
The dried solution was evaporated and the residue 16.9 B was 
recrystallized from 30 ml of ethanol to give 6.0 g of crystalline 
product: mp 155 156° dec; X,r.„x 255 m/i << 8600 i and 391 
(5050); c,„:,, 1634 (nil, 1620 (mi, 15X4 On:, and 1550 ' m iv:1 

m i 1 : pmr. & 13.1 I II broad signal, enolic IF . 7.00 -I II a-

two triplets, ./ •-•• II and 3 ops, XOOII----0). 6.36 (I II ;i- two 
triplets, ./ = II and 2 ops, OOOII—0), 4.57 (2 II quartet. 
./ = 2 and 3 eps, XCII2): positive FeCl3 lest. 

Anal. Calcd for 0,2119X048: 0 ,54 .77: 11,3.45: X, 5.32; S, 
12.18. Found: 0 ,54.62; 11,3.49; X, 5.25; 8,12.31. 

7,8-Dihydropyrido[l,2-&][l,2]benzothiazine-10,ll(9H,10aHj-
dione 5,5-Dioxide (6a). A slurry of 2.0 g (0.0076 mole) of re-
crystallized2'1 5a in 200 ml of glacial acetic acid was hydrogenated 
for 6 hr at room temperature and atmospheric, pressure using 
200 nig of 10 r , Pd-C catalyst,. The acetic acid was removed 
from the filtered solution at a maximum temperature of 35'". 
using a rotary flash evaporator. Trituration of the residue with 
water gave 1.7 g of tannish yellow solid which was recrystallized 
from isopropyl alcohol. Removal of the first crop of browiiMi 
material and concentration of the mother liquor gave 0.7 g of 
material, mp I1S--131" dec, which was recrystallized from meth
anol. Removal of the first crop and concentration of the mother 
liquor gave 0.27 g of yellow crystalline product, mp 141 142 
dec. Recrystallization from methanol gave an analytical sample: 
mj) 141.5-442.5° dec; \„ ia l [ 258 m,u U 7800) and 378 ;<I300>: 
J'riNix 1620 (in). 1585 I'm), and 1555 (m)23 cm"1 : pmr, <5 14.2 
(1 II broad signal, enolic il), 3.88 (2 II triplet, ./ •=• 6 ops, XOIf,,, 
2.68 (2 II triplet, J -= 6 ops, OOOIF), and 2.19 (2 II multiplei, 
> O C H 2 C < ) , absence of olefinic signals.2'' 

Anal. Calcd for Ci2lTnXO.,S: C.~ 54.33: 11,4.18; N.5.2S; S. 
12.09. Found: C, 54.16; 11,4.24: N, 5.07; 8,12.05. 

7,8-Dihydro-8-methylpyrido[l,2-6][l,2Jbenzothiazine-10,ll-
(9H,10aH)-dione 5,5-Dioxide (6b).- Ilydrogenation of 1,9 g 
(0.0069 mole) of 5b5 ' was carried out as described above. The 
solid obtained on trituration of the residue with water was col
lected and dissolved in OlFCb. The dried solution was evapo
rated and the residue was triturated with petroleum ether to 
give 1.4 g of product, mp 135-136°; the pmr spectrum showed 
the absence of olefinic hydrogen. Recrystallization from a small 
amount of ethanol gave material; nip 138-139°: X„,„, 25S 
ni/u U 8200) and 380 (10,000): i>„,,s 1622 1 w), 1580 im). 1546 
(in;23 cm" '; pmr, S 14.3 (1 II broad signal, enolic II), 4.12 and 
3.44 (two mtiltiplels, 1 II each, XOIF). 3/2-2.1 (3 II complex 
multiplet, M e O I K and COOIF), and L i s (3 II doublet. ./ 
6 eps, OH.,).-'5 

Anal. Calcd for 013H13X04S; 0, 55.90; II, 4.69: X, 5.01; 
8,11.48. Found: C, 56.09; 11,4.85; X, 4.95; 8,11.59. 

7,8-Dihydro-8-phenylpyrido [1,2-61| 1,2] benzothiazine-10,11-
(9H,10aH)-dione 5,5-Dioxide (6c). -A slurry of 7.5 g (0.022 
mole) of 5c2 ' and 300 nig of 10'') I'd -C in 500 ml of ethanol was 
hydrogenated at atmospheric pressure for 0 hr during which 
reaction had ceased with only 40' , . of the required hydrogen up
take. Complete hydrogenation required the addition of two 
more 250-mg portions of catalyst during a total of 8 additional 
hr of reaction lime, The catalyst was filtered off and washed 
well with ethanol and CJI2012. The filtrate was concentrated 
and the mixture was allowed to stand at room temperature. 
The resulting solid was collected and washed with ethanol to 
give 5.6 g of product, mp 155-160°. Recrystallization from 
ethanol-CIFCl, gave material: mp 161-102°; X,„,1X 258 niu 

(24,1 , \ o hyd rogen u p t a k e was observed when ttie unrecr \ s t a l l e d olefins 
were used. 

(25) Of pa r t i cu l a r in te res t is the difference be tween the p m r spec l rum of 
6 a and those of 6b and 6c. Wit h 6a, the N C H -z p rot ons a p p e a r toge ther as :t 
clearly defined tr iplet , whereas with 6b and 6c the signal given by the individ-
uai p ro t ons are s epa ra t ed by ca. 0.7 p p m and geminat coupl ing can lie seen. 
The. a p p a r e n t magnet ic equiva lence of the XCH2 p ro tons of 6a could hi, the 
resul t of conformat iona l in te rconvers iou which wouid give rise 10 a i ime-
averaged signal . In con t r a s t , the presence of methy] or phenyl subsl i l uen ls 
in 6b or 6c, respect ively, might, he expected 10 cause I hese c o m p o u n d s o> 
assume a preferred conformat ion , t hus permil 1 iiui I he noiieipiivnlcui p i o i . u ^ 
lo be observed s e p a r a l e U . 
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(.= 7300), 380 (9800); xma* 1641 (m), 1590 (m), and 1550 (m)23 

cm - 1 ; pmr, 5 14.3 (broad signal, enolic H), 7.29 (5 H multiplet, 
C6H6), 4.37 (1 H quartet, J = 10 and 17 cps, X C H < ) , 3.75-3.25 
(2 Tl complex multiplet, C6H5CII and the other N C I K ) , 3.0-2.76 
(2 11 complex multiplet, COCH2), absence of olefinic signal.26 

Anal Calcd for C18H15X04S: C, 63.33; H, 4.43; N, 4.10; S, 
9.39. Found: C, 63.07; H, 4.43; X, 3.84; S, 9.35. 

N-(5-Chloro-2-oxopentyl)saccharin (14).—A mixture of 15.1 g 
(0.097 mole) of l,5-dichloro-2-pentanone,17 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 in CH2C12, 
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°; vmBX 1736 (s) and 1726 (s) cm - 1 . 

Anal Calcd for C I 2 H I 2 C 1 X 0 4 S : C, 47.77; H, 4.01; Cl,11.75; 
N, 4.64; S, 10.63. Found: C, 48.00; H, 4.09; CI, 11.58; N, 
4.87; S, 10.45. 

3-(l-Cyclopropylcarbonyl)-2H-l,2-benzothiazin-4(3H)-one 1,1-
Dioxide (17) and 2,3-Dihydro-6H-oxepino[c] [l,2]benzothiazin-5-
(4H)-one 7,7-Dioxide (15).—A solution of 0.36 mole of XaOC2H5 

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. 
I t was then quickly cooled to 25° and 240 ml of 9% HC1 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 in 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°; Xmax 247 m,u 
U 9200), 329 (13,760), and 341 (13,760); xmas 3230 (s, NH), 
1620 (m), 1604 (m), 1595 (m), 1559 (m)23 c m ' 1 ; pmr, 5 15.11 
(1 H, enolic H), 6.30 (1 H, NH), 2.62 and 1.20 (1 H multiplet 
and 4 H multiplet, respectively, cyclopropyl);19'20 positiveFeCU 
test. 

Anal Calcd for Ci2H„N04S: C, 54.33; H, 4.18; X, 5.28; 
S, 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 CH2C12. 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; 
Xma, 253 mM (e 9275) and 316 (10,200); > w 3140 (s, NH), 
1648 (s, C = 0 ) cm- 1 ; pmr (in deuterated DMSO), 6 4.46 
(2 H triplet, J = 1 cps, -OCHo), 3.28 (2 H triplet, J = 7 cps, 
COCH2), 2.24 (2H multiplet, > C C H 2 C < ) ; 1 8 negativeFeCL test. 

Anal Calcd for C1 2HnX04S; 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 NaOC2H5, 3.0 g 
(0.01 mole) of 14, and 20 ml of ethanol. The acidified (25 ml 
of 9% HC1) reaction mixture was diluted with 100 ml of water 
and extracted with CH2C12. The dried organic solution was 
evaporated to a residue which was successively triturated with 
petroleum 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-carbethoxybenzenesulfonamide.6 

2-Acetonyl-3-( 1 -cyclopropylcarbonyl)-2H-l,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 A" NaOH, 42 ml of water, and 
175 ml 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 room 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 °. Recrystallization from ethanol gave an analytical sample: 
mp 151-152°; Xm,x 245 mM (e 6750), 327 (11,250), 342 (10,700); 
»„„ 1733 (s, C = 0 ) , 1616 (m), 1594 (m), 1584 (m), 1546 (m)23 

cm - 1 . 
Anal Calcd for C,sH15XOsS: C, 56.06; H, 4.71; X, 4.36; 

S, 9.98. Found: C, 55.86; H, 4.78; X, 4.31; S, 9.93. 
3-(4-Bromo-l-butyryl)-2H-l,2-benzothiazin-4(3H)-one 1,1-

Dioxide (19) A. From 17.—To 60 ml of glacial acetic acid, pre

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. Evaporation 
of the dried ether solution gave 3.7 g of product, mp 122-124°. 
Recrystallization from a small amount of isopropyl ether gave 
material, mp 127-128, which gave a positive FeCl3 test; !/mal[ 

3220 (s, NH) 1625 (m), 1585 (m), 1550 (m)23 cm"1 ; pmr (deu
terated DMSO), 5 14.1 (1 H very broad signal, enolic H), 8.89 
(1 H singlet, NH), 3.60 (2 H triplet, J = 7 cps, BrCH2), 3.00 
(2 H triplet, J = 7 cps, COCH2), 2.22 (2 H multiplet, 
> C C H 2 C < ) . 

Anal Calcd for Ci2H12BrX04S: C, 41.63: H, 3.49; Br, 23.08; 
X, 4.05; S, 9.26. Found: C, 42.02: H, 3.65; Br, 22.80: X, 
3.95; S, 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 CH2C1>. 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 XaOH 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 CH2C12. 
Evaporation of the dried solution gave 1.4 g of 15, mp 232-237°, 
identified by comparison of infrared spectra. 

Reaction of 19 with Sodium 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 a suspension of 0.0030 mole of NaH26 in 
25 ml of 1,2-dimethoxyethane and the mixture was refluxed 
with stirring for 4 hr. I t 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 
CH2C12 and evaporation of the organic solution gave 0.4 g of 
15, mp 230-235°. 

2-(3-Carbomethoxypropyl)-2H-l,2-benzothiazin-4(3H)-one 
1,1-Dioxide (10a).—To a slurry of 0.44 mole of NaH26 in 120 ml 
of 1,2-dimethoxyethane was added a solution of 9.6 g (0.04 mole) 
of 2H-l,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. I t was cooled to room temperature, a 
solution of 9.2 g (0.04 mole) of methyl 7-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 in 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 ml of methanol and 100 ml of 10% aqueous 
HC1, the methanol was distilled off, and the resulting mixture 
was extracted with CH2C12. The CH2C12 extract was triturated 
with a small amount of isopropyl alcohol to give 3.9 g of product, 
mp 81-83°. Recrystallization from isopropyl alcohol gave an 
analytical sample: mp 85-86°; zwx 1725 (s, ester), 1695 (s, 
ketone) cm - 1 . 

Anal Calcd for Ci3H15NOoS: C, 52.52; H, 5.09; X, 4.71; 
S, 10.78. Found: C, 52.61; H, 5.18; X, 4.71; S, 10.62. 
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(2fi) NaH was employed as a 53% dispersion in mineral oil. 


