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(m, Wl,z = 8 Hz, H-4). 
Anal. Calcd for C20H32: C, 88.2; H, 11.8. Found: C, 88.3; H, 

11.7. 
Hydroboration of D-Homoandrost-4-ene and Subsequent 

Oxidation. Diborane was bubbled into a solution of 500 mg of 
alkene in 15 ml of tetrahydrofuran during 1.5 hr. After the excess 
reagent was destroyed with ice, oxidation (as of 7c) produced 480 
mg of oil separated by plc into D-homo-@3-androstan-4-one (29a, 
78 mg): mp 154-159" from methanol; urnax 1700 cm-l;  nmr T 9.18 
(CH3-18), 8.88 (CH3-19); a portion sublimed for analysis had mp 
166-167" (Anal. Calcd for C20Ha~0:  C, 83.3; H, 11.2. Found: 83.0; 
H, 11.2) and D-homo-&-androstan-4-one (29b, 105 mg), recrys- 
tallized from methanol: mp 122-124"; nmr 7 9.27 (CH3-19), 9.18 
(CH3-18); urnax 1710 cm- (Anal. Calcd for C20H320: C, 83.3; H, 
11.2. Found: C, 83.5; H,  11.2). 

Borohydride Reduction of the Title Ketones and Acetylation 
of the  Alcohols. Similar reduction conditions to those of the first 
experiment were employed. Except for the 1-ketone which yielded 
the la-alcohol 7a, all gave mixtures, separated by plc into the 
components shown in Table I. The acetates were formed under 
standard conditions, and their properties together with those of 
the alcohols are presented in Table 11. All were recrystallized from 
methanol. 

Registry No.-la, 29220-43-7; lb, 42548-29-8; IC, 481-29-8; Id, 
53-43-0; 4a isomer A, 51057-06-8; 4a isomer B, 51057-07-9; 4b iso- 
mer A, 51057-08-0; 4b isomer B, 51057-09-1; 4c isomer A, 51057- 
10-4; 4c isomer B, 4503-01-9; 4d isomer A, 847-74-5; 4d isomer 
B, 847-75-6; 6a 17--one, 51057-11-5; 6a 17A-one, 51057-12-6; 6b 
17-one, 51057-13-7; 6b 17A-one, 51057-14-8; 6c U-one, 51057-15-9; 
6c 17A-one, 26729-16-8; 6d 17-one, 3278-90-8; 6d 17A-one, 3278- 
99-7; 9, 10455-05-7; 10, 51153-08-3; 11, 7417-23-4; 12 isomer A, 
51057-16-0; 12 isomer B, 51057-17-1; 13,39851-65-5; 14, 51057-18-2; 
15, 51057-19-3; 16, 51057-20-6; 17, 51057-21-7; 18, 51057-22-8; 19, 
51057-23-9; 301-20, 51057-24-0; 3/3-20, 51057-25-1; 3cu-21, 51057-26- 
2; 3@-21,51057-27-3; 22,39851-67-7; 23,39851-68-8; 24,51057-28-4; 

29b, 51057-33-1. 
25, 51057-29-5; 26, 51057-30-8; 27, 51057-31-9; 29a, 51057-32-0; 
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Preparation of ethyl 4-hydroxy-2H-1,2-benzothiazine-3-carboxylate 1,l-dioxide (2c) is described. Treatment of 
2c with ammonia gave carboxamide 8, whose reactions with ethyl chloroformate could be directed to afford ei- 
ther 3-(ethoxy~arbonyl)carbamoyl-4-hydroxy-2H-l,2-benzothiazine 1,l-dioxide (22), ethyl 3-(ethoxycarbonyl)- 
carbamoyl-4-hydroxy-2~-1,2-benzothiazine-2-carboxylate 1,l-dioxide (25), or 2N,5H-1,3-oxazino[5,6-c][1,2]ben- 
zothiazine-2,4(3H)-dione 6,6-dioxide (24a). Alkylation reactions of 2c with methyl iodide and 1,2-dibromoethane 
are compared with those of 3-acetyl-4-hydroxy-2H-1,2-benzothiazine 1,l-dioxide (2b). Mass spectral evidence is 
presented for the assignment of structure 13 to the products of 2b with ammonia and primary amines. 

In 1956, Abe, Yamamoto, and Matsuil reported the 
base-induced rearrangement of N-phenacylsaccharin la 
to 3-benzoyl-4-hydroxy-2H-l,2-benzothiazine 1,l-dioxide 
(2a) (Scheme I). Since then, rearrangements of a wide va- 
riety of N-P-keto-substituted saccharins have been stud- 
ied.2asb 

Our interest in the chemistry of ring system 2 was stim- 
ulated by its apparent polydentate character, which of- 
fered potential versatility for preparation of a variety of 
novel derivatives €or pharmacological testing. 

We wish to  report here and in an accompanying paper3 
our findings with some alkylation and amination reactions 
carried out on the known 3-acetyl derivative 2b and the 
previously unreported ethyl 4-hydroxy-2H-1,2-benzothia- 
zine-karboxylate 1,l -dioxide (2c) .4 

Results and Discussion 

Synthesis of ester 2c was carried out analogously t o  that 
reported for ketones 2a1 and 2b;2a however, higher base 
concentration and longer reaction times were required to 
achieve satisfactory yields.$ 

Conventional alkylation reactions of 2a and 2b have 
been shown to occur preferentially a t  sulfonamide nitro- 
genza Ester 2c behaves similarly, providing alkylated prod- 
ucts 3c and 3dg upon treatment with methyl iodide and 
ethyl bromoacetate, respectively (Scheme I). 

Ketone 2b and ester 2c both undergo cycloalkylation 
when treated with 1,2-dibromoethane. However, the 
course of these reactions differs, as illustrated in Scheme 
11. Formation of oxazine 4 from 2b and azetidine 6 from 2c 
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Scheme I 

1 2 
4 2  R1 
a Ph 
b Me 
c OEt 

3 
3 R1 R2 
a Ph Me 
b Me Me 
c OEt Me 
d OEt CH2CO2Et 

reflects the enhanced nucleophilic character of the 3-keto 
oxygen atom as compared to that of the ester carbonyl. 
When 2c was allowed to react with 1,3-dibromopropane, 
pyrrolidine 7, analogous to 6, was obtained. Both products 
6 and 7 gave negative ferric chloride tests and their uv 
spectra, unlike that of 4 (Table 11), were virtually identi- 
cal with the published spectrum of 2H-l,2-benzothiazin- 
4(3H)-one 1,l-dioxide (5).' 

Scheme I1 

4 

A 
Br Br 

NaOMe 

2c -1 
I BrMBr 

5 

6 

7 

Reaction of ester 2c with aqueous ammonia gave 3-car- 
boxamide 8 in 90% yield (Scheme 111). Treatment of 8 
with methyl iodide gave in 56% yield 2-methyl derivative 
9, whose structure was confirmed by ammonolysis of 2- 
methyl-3-carboxylate 3c. Reaction of 3c with ammonia 
was largely incomplete after 5 months, indicating severe 
steric hindrance caused by the %methyl substituent, 
When allowed to stand in the presence of excess aqueous 
methylamine, ester 2c gave only ketone 5 7  in poor yield 
along with unchanged starting material. 

Employing the conditions of Zinnes2a for the conversion 
of 2b to isopropyl ether loa, amide 8 gave, in 35% yield, 
methoxyamide 10b (negative ferric chloride test). Treat- 
ment of 8 in 1,2-dimethoxyethane with 2 equiv of diazo- 

Scheme I11 
OH 0 

"3, HzO &HwHz 0 NaOMe:IDMF 

2c - 
1 MeNH2, H 2 0  

/ 
OR' 0 

I NH,, H,O t 5 months 

3c 

loa, R =Me; R' = i-Pr 11 
OH 0 

I II 
b, R =  NH,: R' =Me 

12 

methane gave amide 9 in 20% yield. No enol ether 10b 
was isolated. 

Alkylation of amide 8 with methyl bromoacetate afford- 
ed 2-acetate 11, whose cyclization to imide 12 was effected 
in warm sulfuric acid. 

Aqueous solutions of ammonia, methylamine, and ben- 
zylamine were found to react with 2b in excellent yields, 
affording vinylogous amides 13a-c. Aniline failed to react 
with 2b under aqueous conditions; however, 13d was ob- 
tained in 60% yield upon warming 2b neat with excess 
amine (Scheme IV).  Compounds 13a-d were intensely yel- 
low, generally retained solubility in dilute aqueous alkali, 
and gave negative ferric chloride tests. 

13 R 
a H  
b CH, 
c CH2Ph 
d Ph 
e NHPh* 

O e H h H  

14 

15 

Phenylhydrazone 13e has been reported8 but no struc- 
ture proof was given. Published uv data for 13e are com- 
pared with those of 13a-d and 2-methyl derivative 14 in 
Table I. 

Alternate structure 15, which could have conceivably 
arisen from the reaction of 2b with primary amines, was 
ruled out by mass spectroscopic examination of represen- 
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Scheme V 
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0 
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tative compounds 13b and 13d. The salient features of 
these results are shown in Scheme V and Table 11. 

Relatively abundant ions common to both 13b and 13d 
were observed at  mle 157 and 158, indicating structural 
similarity, In accordance with Spiteller's observations,g 
13b and 13d primarily undergo loss of SOZ. 

We, therefore, favor structure 13 over 15 because (1) 
ions assigned structures 17a and 17b are base and 89% of 
base peaks, respectively, and (2) no significant peak at  
mle 43, corresponding to loss of CH&O+, was observed in 
either spectrum. It is expected that such a fragment 
would be relatively abundant if 15 were the correct struc- 
ture.1° 

Ethoxycarbonylation of amide 8 was carried out in 
DMF containing 1 equiv of sodium methoxide in an at- 
tempt to  obtain 2-ethoxycarbonyl-3-carboxamide 21 
(Scheme VI). The only product isolated from this reaction 
in poor yield was the 3-N-ethoxycarbonylamide 22, The 
structure of 22 was confirmed by the transformations 9 - 
23 and 22 - 23. 

At temperatures near 200", 22 and 23 decomposed to 
give new compounds. These decomposition products were 
assigned oxazinedione structures 24a and 24b on the basis 
of negative ferric chloride tests, solubility in aqueous al- 
kali, uv spectra, and elemental analyses. Imide 26, which 
could have conceivably arisen from 23, was ruled out be- 
cause of the negative ferric chloride tes ts5  

Treatment of aqueous alkaline solutions of either 8 or 22 
with excess ethyl chloroformate gave the N,N'-diethoxy- 
carbonyl derivative 25 as a sodium salt which separated 
from the reaction medium at pH values of ca. 8-10. Simi- 
larly, 2-methylamide 9 afforded 23 as a sodium salt. Ex- 
cess chloroformate and concentrated sodium hydroxide ef- 
fected direct conversion of 8 to 24a in 70% yield. 

Although occurring in the presence of substituted sul- 
fonamide nitrogen (9  - 23), ethoxycarbonylation of 2-un- 
substituted amide 8 may, like alkylation, take place at  
the 2 position, affording intermediate 21. Under basic 
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Table 1 6  
Physical Data of Vinylogs 4, 13a-e, and 14 

Compd Mp, O c a  R Yield, % Y NH, cm-Lb Y C=O, cm-1 Amax (MeOH), nm ( e )  Formula 

4 157.5-158.5 35 1660 256 (8,450) Ci2HiiNOaS 

13a 259-261 dec H 91 3380, 3140 1615 249 (9,800) CIoHioNzOaS 

14 199-201 42 3475,3400 1610 245 (10,500) CiiHizNz03S 

13b 235-236 dec CH, 81 3300 1605 252 (9,800) CiiHizN20aS 

330 (6,100) 

(KBr) (KBr) 358 (11,300) 

351 (11,000) 

370 (13;700) 

372 (15.000) 
13c 196-199 CHzPh 73 3305,3220 1602 253 (11,100) Ci7Hi6Nz03S 

13d 163-165 Ph 63 3350 1608 256 (i3;6ooj CieHi4Nz03S 
382 (17,100) 

387 (13,500) 
13e 175-170' NHPh 239 (12, OOO)d 

Uncorrected.  Chloroform unless otherwise specified. c Data t aken  f rom ref 8. d E t O H  (95%). e Satisfactory analytical  
values (=t0.3% fo r  C, H, N, S) were repor ted  for  all compounds  in table: Ed. 

Table I1 
Fragmentation of 3- [ (1-Methylamino) - and - (l-anilino)ethylidene]-2H-1,2-benzothiazine-4(3H) -one 

1,l-Dioxides at 70 eV 

13b 13d 
Assignment m / e  (intensity)a m / e  (intensity)a 

m* 199.0b 
M f  252 (31) 1 314 (100) 

13 - CHzN 224 (2) 
16 (13 - SOz) 188 (13) 

16 - CHs and /o r  NH 173 (16) 
16 - NHa 171 (8) 
16 - RNH 158 (11) 
20 157 (26) 

250 (38) 

235 (12) 1 
233 (18) 
158 (11) 
157 (45) 

249 (24) m* 217.26 

13 - HCN 

16 - H 

20 - CHa 
17 
19 
18 + CTH~N 
18 - H + CvHeN + C?H,O 
PhNHz 

19 - CHZ f 18 
CH3CO 

Ph 
- H 

io5 (75j J 

77 (22) 

104 (8) 

42 (31) 
43 (1.4)c 

132 (<5) 
145 (89) 
118 (46) 
105 (51) 
104 (12) 
93 (33) 
77 (59) 
104 (12) 
43 (1.7)" 

a Expressed as per cent  of base peak. b Metas tab le  peaks were observed for  t h e  transit ions indicated. See discussion. 

conditions,  rear rangement  of the 2-ethoxycarbonyl group 
to t h e  3-carboxamide  nitrogen atom as a cont r ibu t ing  
pa thway  leading  to  the format ion  of 22 can be envisioned. 
Several unsuccessful exper iments  avoiding excess base 
were carried o u t  i n  an effort to obtain 21. Thin layer chro- 
ma tograms  of the reac t ion  mix tu res  ind ica ted  mater ia l s  
other than those attributable to 8, 22, and 25. The pres- 
ence of 21 i n  these mixtures r ema ins  speculative.  

Experimental Section 
Melting points were obtained on a Thomas-Hoover apparatus 

and are uncorrected. Infrared spectra were recorded on a Perkin- 
Elmer Model 521 grating instrument. Uv spectra were obtained 
from a Cary 14 spectrophotometer. Nmr spectra were recorded on 
a modified Varian A-60. Chemical shifts are recorded in parts per 
million (6 )  relative to tetramethylsilane as internal standard. 
Mass spectra were obtained a t  70 eV from Morgan-Shaffer Corp., 
Montreal, Canada, and from a Perkin-Elmer Hitachi RMU-GE. 
Elemental analyses were obtained from Scandinavian Microana- 
lytical Laboratories, Herlev, Denmark. Thin layer chromatograms 
were generally carried out on silica gel GF plates with benzene- 
acetone mixtures as developing solvents, 

S ta r t ing  Materials. lb. This compound was mepared accord- 
ing to the method of Eckenroth and Klein in 82% Geld, mp 142- 
144" (lit.11 mp 143"). 

IC. The preparation was carried out according to the method of 
Eckenroth and Koerppen12a in 82% yield, mp 104-106" (lit.12a mp 
104", lit.12b m p  107"). 

2b. Synthesis of 2b was carried out essentially as reported in 
92% yield, mp (155) 157-158.5" (lit.2a mp 158-159"). 

Ethyl 4-Hydroxy-2H-1,2-benzothiazine-3-carboxylate 1,l- 
Dioxide (2c). To a solution of 57.5 g (2.5 g-atoms) of sodium in 1 
1. of absolute EtOH was added 271 g (1.01 mol) of IC. The rapidly 
stirred mixture was warmed to 57-62" and maintained a t  these 
temperatures for 2 hr. The orange slurry was poured onto ice-con- 
centrated HC1 (260 ml).  Extraction with methylene chloride (5 x 
1 l.), drying (Na2S04), solvent removal in uucuo, and trituration 
of the residue with benzene gave 188 g (69%) of product (two 
crops). Recrystallization from acetone-benzene afforded the ana- 
lytical sample: mp 139.5-141"; ir (CHC13) 3350, 3240 (OH, NH), 
1660, 1608 cm-l  (HOC=CC=O); nmr (CDC13) 6 11.45 (s, enol, 
OH or NH), 6.67 (broad singlet, NH or OH), 4.40 (4, J = 7 Hz, 
-OCH2-), 1.38 (t ,  J = 7 Hz, CHzCH3); uv max (MeOH)l3 241 nm 
(e 4800), 284 (inflection, 3700), 301 (shoulder, 48001, 322 (6600). 

Anal. Calcd for C11HIlNOSS: C, 49.06; H, 4.12; N, 5.20; S, 
11.91.Found: C, 49.12; H, 4.18; N, 4.88; S, 11.89. 

Conventional alkylation procedures gave the following deriva- 
tives of 2c. 

Ethyl 4-Hydroxy-2-methyl-2H-r,2-benzothiazine-3-carboxyl~ 
ate 1,l-Dioxide (312). Reaction of 2c with methyl iodide in DMF 
containing NaOMe gave, after recrystallization from EtOH 
(95%)-H20, pure 3c in 71% yield, mp 136-138". 

Ethyl 3-Ethoxycarbonyl-4-hydroxy-2H-1,2-benzothiazine-2- 
acetate 1,l-Dioxide (3d).6 This compound was prepared in 72% 
yield by reaction of ethyl bromoacetate with 2c in ethanolic 
NaOEt. After recrystallization from EtOH (95%), the melting 
point was 97-98". 

Anal. Calcd for C15H17N07S: C, 50.70; H,  4.82; N, 3.94. Found: 
C, 50.50; H, 4.61; N, 4.09. 

3,4-Dihydro-  1 -methyl-1 lH-1,4-oxazino[4,3-b][1,2]benzothia- 
zin-11-one &&Dioxide (4). To a solution of 2.3 g (0.1 g-atom) of 
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sodium in MeOH (150 ml) was added 23.9 g (0.1 mol) of 2b and 
60 ml of DMF. Most of the MeOH was removed in uacuo. To the 
residue was,added 75.2 g (0.4 mol) of ethylene dibromide and the 
mixture was warmed on the steam bath for 2 hr. Addition of HzO 
threw down the crude product, which was treated with aqueous 
NaOH (1070) to remove base-soluble materials. Recrystallization 
of the base-insoluble residue from acetone-Me0H gave 9.36 g 
(3570) of pure 4, nmr (CDC13) AzBz pattern a t  6 4.38 (m, 2, 
-0CH2-) and 3.87 (m, 2, -CHzN) and 2.51 (s, 3, CH3). See Table 
11 for the other physical data. 

Since this reaction was run only once, it is assumed that use of 
2 equiv of base would substantially improve the yield. 

Ethyl 9,9a-Dihydro-9-oxoazetidino[l,2- b] [2H]- 1,2-benzothia- 
zine-9a-carboxylate 4,4-Dioxide (6). TO a solution of 5.75 g (0.25 
g-atom) of sodium in 100 ml of MeOH was added 100 ml of DMF. 
The mixture was concentrated in uucuo to ea. 75 ml. A solution of 
2c in 100 ml of DMF was then added and the orange solution was 
cooled to 10". 1,2-Dibromoethane (23.5 g, 0.125 mol) was added in 
one portion with swirling. After heating on the steam bath for 2 
hr, most of the solvent was removed in uacuo. After addition of 
500 ml of HzO, the brown oil was extracted into ether (4 x 250 
ml). The combined extracts were washed with aqueous Na2C03 
(lo%, 5 x 50 ml) and aqueous NaOH (1 N, 2 X 50 ml). Drying 
(MgS04) and solvent removal in uacuo gave 15.3 g (52%) of a 
syrup. Fresh ether (100 ml) was added to the residue. Cooling and 
scratching gave crystals contaminated with yellow oil. Several re- 
crystallizations from ether gave 7.6 g (26%) of pure 6: mp 86.5- 
88.5"; uv max (MeOH) 251 nm ( e  9660), 289 ( M O O ) ,  and 295 (in- 
flection. 1540); ir (CHC13) 1736 (ester C=O) and 1684 cm-I (aro- 
matic C=O); nmr (CDC13) 8 4.35 (q,  2, J = 7 Hz, -OCHz-), 4.0 
(m, 2,  NCHz), 3.4 (m, 1, Hb),14 2.28 (m, 1, Ha), and 1.30 (t ,  3, J 
= 7 Hz, -CHzCHs). 

Anal. Caicd for C ~ ~ H I ~ N O ~ S :  C, 52.87; H, 4.44; N, 4.74; S, 
10.86. Found: C, 53.07; H, 4.41; N, 4.89; S, 10.88. 

Ethyl 10,10a-Dihydro-lO-oxopyrrolidino[l,2-~][2~]-1,2-ben- 
zothiazine-loa-carboxylate 5,5-Dioxide (7).  The preparation 
was carried out on a 0.05-mol scale in a manner analogous to that 
described for 6. Several recrystallizations from ether gave 5.3 g 
(34%) of pure 7: mp 80.5-83"; uv max (MeOH) 246 nm ( e  92501, 
288 (1880), and 296 (shoulder, 1540); ir (CHC13) 1735 (ester C=O) 
and 1690 cm-l  (aromatic C=O); nmr (CDC13) 6 4.28 (9: 2, J = 7 
Hz, OCHz), 4.0-3.3 (m, 2, NCHZ), 2.72 (m, 2, Ha, Hb),l4 2.5-1.6 
(m, 2, CH2CH2CH2), 1.25 (t ,  3, J = 7 Hz, OCH2CH3). 

Anal. Calcd for C14H15N0&: C, 54.36; H: 4.89. Found: C: 
54.24; H ,  4.93. 
4-Hydroxy-2H-1,2-benzothiazine-3-carboxamide 1,l-Dioxide 

(8). A solution of 53.85 g (0.2 mol) of 2c in 2 pints of aqueous NH3 
(58%) was allowed to stand at  room temperature for 2 days. Re- 
moval of most of the excess NH3 in uacuo, pouring into ice-HC1. 
and recrystallization of the resulting solid from acetone-Me0H 
gave 43 g (9070) of 8: mp 244-247" dec; uv max (MeOH) 226 nm 
( e  SOOO), 297 (shoulder, 6100). 313 (7300), and 361 (shoulder, 
1450); ir (KBr) 3485 (NH), 1653 and 1645 em-I (HOC=C- 

Anal. Calcd for CsH&zO&: C, 45.00; H,  3.36; N, 11.66; S, 
13.35. Found: C, 45.10; H, 3.32; N, 11.64; S :  13.35. 

4-Hydroxy-2-methyl -2H-  1,2-benzothiazine-3-carboxamide 
1,l-Dioxide (9). Method A. The preparation was carried out by 
reaction of methyl iodide (7.8 g, 0.055 mol) with 12.0 g (0.055 mol) 
of amide 8 in the presence of NaOMe (0.055 mol) in DMF. Con- 
ventional work-up and recrystallization from acetone gave 7.1 g 
(56%) of pure product, mp 240-245" dec. 

Anal. Calcd for C10H10N204S: C, 47.24; H,  3.96. Found: C, 
47.22; H,  4.08. 

Method B. Ester 3c (2.82 g, 0.01 mol) was dissolved in 100 ml 
of aqueous NH3 (28%), tightly stoppered, and allowed to stand 
for 5 months. Acidic work-up and recrystallization from acetone 
gave 9 identical in all respects with that obtai2ed from method 
A. 
4-Methoxy-2-methyl-2H-l,2-benzothiazine-3-carboxamide 

1,1-Dioxide (10). A solution of 12.0 g (0.05 mol) of 8 and 71 g (0.5 
mol) of methyl iodide in 500 ml of acetone was allowed to reflux 
for 6 hr in the presence of 85 g of anhydrous KzC03. After stand- 
ing overnight, filtration and solvent removal in uucuo gave a semi- 
solid gum. Trituration with H2O followed by MeOH gave 6.2 g 
(46%) of crystals (two crops). Recrystallization from acetone gave 
4.7 g (35%) of pure 10: mp 208-218"; ir (KBr) 3445, 3335. 3260 
(NH), 1675-1670 (CONH2), and 1590 cm-l  (C=C); uv max 
(MeOH) 230 nm (inflection, e 8450), 281 (shoulder 9000), 287 
(9300), and 306 (8800); nmr (DMSO-ds) 6 3.75 (s, 3, OCH3) and 

CONHz). 

2.97 (s, 3, NCH3). 

Anal. Calcd for CllH12N204S: C, 49.24; H, 4.51; K, 10.44; S, 
11.95. Found: C, 49.31; H, 4.59; N, 10.20; S, 11.92. 

Methyl 3-Carbamoyl-4-hydroxy-2~-1,2-benzothiazine-2-ace- 
tate 1,l-Dioxide (11). A solution of 1.55 g (0.067 g-atom) of sodi- 
um in absolute MeOH was evaporated to near dryness in uacuo. 
To the residue was added 60 ml of dry DMF followed by 16.05 g 
(0.067 mol) of amide 8. To the resulting solution was added, with 
stirring, 10.4 g (0.067 mol) of methyl bromoacetate over 5 min. 
After stirring overnight a t  ambient temperature, the solvent was 
removed in uacuo and the residue was treated with HzO. Recrys- 
tallization of the resulting solid from acetone gave 15.5 g (74%) of 
pure 11 as colorless crystals: mp 223-225" dec; ir (KBr) 1750 
(CHZCOzMe), 1655 and 1607 cm-I (HOC=CCONHzj. 

Anal. Calcd for C1ZH12NzOsS: C, 46.12; H; 3.87; E, 8.97; S. 
10.27. Found: C, 46.30; H,  4.00; N, 8.88; S, 10.23. 
1,2,3,4-Tetrahydro-ll-hydroxypyrazino[ 1,2- b ] [  1,2] benzothia- 

zine-l,3-dione 6,6-Dioxide (12). A mixture of 13.08 g (0.042 mol) 
of 11 and ca. 8 ml of concentrated H2S04 (98%) was warmed on 
the steam bath with stirring until solution was complete. Heating 
was continued for 1 hr, during which time the mixture crystal- 
lized (sometimes scratching with a glass rod was necessary). The 
reaction was quenched by pouring into ice water. Recrystalliza- 
tion from acetone gave 6.6 g (56%) of pure product: mp 234-238" 
dec; uv max (MeOH) 242 nm ( e  7950), 254 (shoulder, 66001, and 
350 (10,800); ir (KBr) 3450 (broad), 3225, 1755 (shoulder), 1728, 
and 1650 cm-l;  nmr (DMSO-&) 6 12.3-11.6 (broad, ea. 1, OH 
and/or NH) and 4.47 ppm (s, 2,  NCHz). A dilute ethanolic solu- 
tion of 12 gave a deep green ferric chloride test. 

Anal. Calcd for CllHsN20&: C, 47.14; H,  2.88; N, 10.00. 
Found: C, 47.06; H,  3.00; N, 9.85. 

Preparation of 13a-d. The physical data for these compounds 
are shown in Table I. Reaction conditions, work-up, and the sol- 
vents used for recrystallization are described below. 

1 , l -  
Dioxide (13a). A solution of 10.7 g (0.045 mol) of 2b in 110 ml of 
concentrated aqueous NH3 was allowed to stand for 2 days a t  
room temperature. during which time amber crystals formed. Re- 
moval of most of the excess NH3 and HzO in uacuo gave the 
crude solid, which was collected, dried, and recrystallized from 
acetone. 

The 2-methyl derivative 14 was prepared by the action of di- 
methyl sulfate in aqueous NaOH (10%). The alkali-insoluble 
product was recrystallized from acetone-EtOH. 

3- [ ( 1 -Methy lamino)  e t  hylidenel-2H- 1,2-benzothiazin-4(3H)- 
one 1,l-Dioxide (13b). A solution of 2.39 g (0.01 mol) of 2b in 11 
ml of aqueous MeNHz (30%) was allowed to stand for 1 day at 
room temperature. The work-up was essentially the same as for 
13a except that  aqueous HC1 was employed to remove the re- 
maining MeNH2. The solid which was obtained after trituration 
with MeOH was recrystallized from acetone. 

3-[( l-Benzylamino)ethylidene]-2H-l,2-benzothiazin-4~3~)- 
one 1,l-Dioxide (13c). A mixture of 2.39 g (0.01 mol) of ketone 2b 
and 3.21 g (0.03 mol) of benzylamine in 10 ml of HzO was stirred 
until 2b dissolved. The resulting mixture was allowed to stand for 
1 day at room temperature. Work-up was identical with that de- 
scribed for 13b. Recrystallization from acetone-MeOH gave pure 
13c. 

3-[( l-Anilino)ethylidene]-2H- 1,2-benzothiazin-4(3H)-one 
1,l-Dioxide (13d). A mixture of 12.0 g (0.05 mol) of 2b and 14.0 g 
(0.15 mol) of aniline was heated on the steam bath overnight. Ex- 
cess aniline was removed in UQCUO. Trituration of the red oil with 
EtOH and recrystallization from acetone gave pure 13d. 

3 - (Ethoxycarbonyl)carbamoyl-4-hydroxy-2H-l,2-benzothia- 
zine 1,l-Dioxide (22). A solution of 2.76 g (0.12 g-atom) of sodium 
in 50 ml of absolute EtOH was evaporated to  near dryness in 
uacuo; then 75 ml of DMF was added followed by 24.0 g (0.1 mol) 
of amide 8. When solution had occurred, 12.96 g (0.12 mol) of 
ethyl chloroformate was added dropwise with stirring and cooling. 
The color of the solution changed to light yellow. After stirring at  
room temp for 1 hr, most of the DMF was removed in uacuo. The 
oily residue was treated with H20 and allowed to stand until 
crystallization occurred. Recrystallization from acetone-Hz0 gave 
the pure product: mp 192-193" dec (dependent on rate of heat- 
ing); ir (KBr) 3350, 3120, 1745, and 1640 cm-l;  uv (MeOH, fresh- 
ly prepared) 234 nm (shoulder, e 9150), 236 (92001, and 325 
(10,000): uv (MeOH, standing overnight) 251 nm ( e  5600), 252 
(shoulder. 5600). and 286 (shoulder 2000) (see footnote 13). This 

34 (1 -Amino)ethylidene] -2H-1,2-benzothiazin-4( 3Hbone 

preparation gave erratic yields of 22. 

10.27. Found: C, 46.00; H, 3.88; N,  8,57,9.11; S, 10.19. 
Anal Calcd for C12H12N20&: C, 46.15; H,  3.87; N, 8.97; S, 

3- (Ethoxycarbonyl)carbamoyl-5-hydroxy-2-methyl-2~-1,2- 



3-Acyl-4-hydroxy-2H-1,2-benzothiazine 1,l-Dioxides. I 

benzothiazine 1,l-Dioxide (23). A. To a vigorously stirred solu- 
tion of 7.62 g (0.03 mol) of amide 9 in 25 ml of aqueous NaOH 
(10%) was added 6 ml of ethyl chloroformate. Repeated additions 
of ethyl chloroformate and NaOH solution were carried out main- 
taining the pH a t  8-9 (pH paper) until solid no longer appeared 
to  be forming. Addition of brine (saturated), filtration, and wash- 
ing with brine gave the crude sodium salt,  which was taken up  in 
warm H2O and acidified with HCl. Recrystallization of the re- 
sulting solid from dioxane gave 5.0 g (39%) of pure product: mp 
(195) 196-197" dec (dependent on rate of heating); uv (MeOH, 
freshly prepared) 235 nm ( c  10,900) and 325 (10,900); ir (KBr) 
3330, 1770-1760, 1730 (shoulder), 1650 (shoulder), and 1644-1640 
cm-l .  

Anal. Calcd for C13H14N206S: C, 47.85; H, 4.32. Found: C, 
47.87; H, 4.49. 

B. Via 22. To a solution of 0.34 g (0.005 mol) of NaOEt in 10 ml 
of DMF was added 1.2 g (3.84 mmol) of 22. After solution was 
complete, 2 ml of methyl iodide was added and the reaction mix- 
ture was allowed to stir for 1 hr a t  room temperature. Addition of 
H20 threw down a solid which was recrystallized as above, mp 
201-202" dec (dependent on rate of heating). The ir and uv spec- 
tra of the product indicated identity with 23 prepared via proce- 
dure A. A mixture decomposition point of both products was un- 
depressed. 

2H,  5H- 1,3-Oxazino  [5,6-c] [ 1,2]benzothiazine-2,4(3H)-dione 
6,6-Dioxide (24a). A. A test tube containing 1 g (3.2 mmol) of 22 
was heated in an oil bath (preheated to ca. 200") until gas evolu- 
tion ceased. Trituration with acetone gave 0.4 g (47%) of crude 
product. Recrystallization from acetone gave the analytical sam- 
ple: mp 292-294" dec (dependent on rate of heating); uv (MeOH) 
255 nm (broad, c 6000) and 360 (7600); uv (MeOH + 1 drop of 0.1 
IC' HCl) 237 nm ( c  9000), 300 (shoulder, 8200), and 320 (11,200) 
(traces of acid sometimes present in MeOH gave uv spectra 
which appeared to be mixtures of both protonated and unproto- 
nated 24a); ir (KBr) 3410, 3240, 1740, 1710 (shoulder), 1700, and 
1630cm-l. 

Anal. Calcd for C&&;205S: C. 45.12; H; 2.27; S, 12.04. 
Found: C, 45.28; H,  2.50; S, 11.96. 

B. Via 8. A solution of 12.0 g (0.05 mol) of amide 8 in 100 ml of 
aqueous NaOH was treated with excess ethyl chloroformate (ea. 
2-3 ml added a t  5-10-min intervals over 1 hr). The solution be- 
came warm and some cooling was necessary (HzO bath).  Aqueous 
NaOH (50%) was added as needed [in order to maintain a pH 
>10 (pH paper)]. Two crops of sodium salt were removed by fil- 
tration. The mother liquors were poured into excess ice-HC1. The 
combined crops of sodium salt were dissolved in HzO and acidi- 
fied. The resulting solid was combined with that obtained by 
acidification of the alkaline filtrate. taken up in hot THF-dioxane 
( l : l ,  ca. 200 ml), filtered through a pad of Filter-aid, and concen- 
trated in. vacuo to ca. 100 ml. Addition of acetone (100 ml) fol- 
lowed by 500 ml of H2O gave 9.35 g (70%) of pure 24a which was 
identical with that prepared by procedure A by melting point, ir, 
and uv. 

5 - M e t h y l - Z H , 5 H -  1,3-oxazino[5,6-c][1,2]benzothiazine- 
2,4(3H)-dione 6,6-Dioxide (24b). Fusion of 8.4 g (0.026 mol) of 23 
a t  195-205" in the manner described for 24a (method A) gave 3.64 g 
(50.5%) of pure product (from acetone): mp (262) 264-267"; uv 
231 nm (shoulder, c 7700), 241 (shoulder, 7100) .284 (shoulder 
7000), 292 (79501, and 314 (9100) (the uv solutions of 24b did not 
undergo significant change in the 314-nm region upon either acid- 
ification or basification); ir (KBr) 3230, 3180, 1781 (shoulder), 
1779, 1744, 1705 (shoulder), 1700, 1692. and 1610 cm-l .  

Anal. Calcd for CllHsN205S: C, 47.14; H,  2.88; N,  10.00; S, 
11.44. Found: C, 47.15; H, 2.92; N, 9.82; S, 11.55. 

Ethyl 3-~Ethoxycarbonyl)carbamoyl-4-hydroxy-2H-l,2-ben- 
zothiazine-2-carboxylate 1,l-Dioxide (25). A solution of 4.8 g 
(0.02 mol) of amide 8 in 25 ml of aqueous Na2C03 (1070) was 
treated with excess ethyl chloroformate (ea. 2-ml portions added 
a t  intervals of 10-15 min over 1 hr). Aqueous NaOH (10%) was 
added in sufficient amounts to maintain a pH of ea. 8-10 (pH 
paper). Brine (saturated) was added and the resulting sodium 
salt was collected, washed with brine, and recrystallized from ace- 
tone-EtOH (95%): mp 182.5-184" dec; uv (MeOH) 240 nm 
(shoulder, c 9900), 266 (shoulder, 3600). and 350 (8900). 

Anal. Calcd for C I ~ H I S N ~ N ~ O & . H ~ O :  C, 42.45; H,  4.05; N, 
6.61; S, 7.55. Found: C, 42.43; H. 4.08; N. 6.45: S. 7.30. 

The above sodium salt was dissolved in warm water and acidi- 
fied with a slight excess of concentrated HC1. The resulting oil 
crystallized upon scratching and cooling. Recrystallization from 
acetone-MeOH gave 4.5 g (59%) of pure product: mp 159-160"; uv 
(MeOH) 232 nm (broad, c 11,500), 266 (shoulder, 4000), and 337 
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(9000); ir (CHC13) 3415, 1775-1770, 1750 (shoulder), 1660-1650, 
and 1606 cm-l .  The nmr spectra of the sodium salt (vide supra) 
and the conjugate acid 25 (DMSO-cl6) indicated the presence of 
two nonequivalent ethyl groups. 

Anal. Calcd for C15H1&20&: C, 46.87; H ,  4.20. Found: C ,  
46.72; H,  4.27. 
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Ethyl 4-hydroxy-2H-1,2-benzothiazine-3-carboxylate 1,l-dioxide (1) reacts with aziridines 2 to give 1,2,3,4- 
tetrahydro-ll-hydroxypyrazino[l,2- b][l,2]benzothiazin-1(2H)-one 6,6-dioxides (3) in 60-9570 yields. Reactions of 
2-ethyl methanesulfonate 3g with various sulfur and nitrogen nucleophiles have been shown to proceed uia the 
intermediate 2,3,5,6-tetrahydro-l3~~oxazolo[2’,3’:3,4]pyrazino[1,2-b][1,2]benzothiazin-13-one 8,8-dioxide (6) .  
The different reaction pathways taken by either 3g or 6 with primary and secondary amines are described in 
terms of a postulated mechanism. 

Aziridines (ethylenimines) are known to undergo auto- 
catalytic ring-opening reactions with a variety of acidic 
nucleophiles.2 The availability of carboxylate 1 in these 
laboratories prompted us to explore the apparently little- 
investigated reactions of acidic  sulfonamide^^,^ with ethy- 
lenimines 2. 
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Treatment of ester 1 in DMF solution with 2 gave novel 
piperazines 3 in 60-90% yields (Scheme I, Table I). These 
compounds were acidic and completely enolic (nmr). 
Reaction of 3-acetylbenzothiazine 45 with ethylenimine 
(2a) afforded piperazine 5 in only 8% yield. Treatment of 
4 with other aziridines was not attempted. 

Further work was centered on reactions of ethanol 3e 
and its sulfonate esters 3f6 and 3g. 

Treatment of 3g with either dimethylamine or sodium 
methyl mercaptide led to isolation of a bright yellow 
product which was assigned structure 6. The latter reac- 
tion also afforded the expected product 7f in 28% yield. 
Methanolic triethylamine, used preparatively, gave 6 in 
83% yield. The uv spectrum of 6 showed a reversible 
21-nm hypsochromic shift in acid, indicating oxazolinium 
ion formation (Scheme 11). Dilute aqueous hydrochloric 
acid converted 6 to alcohol 3e. 
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Formation of 7f in the reaction of 3g with methyl mer- 
captide led us to investigate the possibility that 6 might 


