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periodate (75 ml.) and the volume was adjusted to  500 ml. per average repeating unit which consume 14 moles of pu-  
bv addition of water. Periodate consumption and formic iodate and liberate 1 mole of formic acid. 
acid production determined as before were: periodate con- 
sumption: 82y0 (21 hr.), 91% (41 hr.), 96% (64 hr.), 97% 
(112 hr.), 99% (7 days), 103% (18 days), 104% (22 days, 
constant for further 4 days); formic acid production: 67% 
121 hr.)pS'3, (41 hr.1, 89.5% (64 hr.),96% (88 hr.1, 100% 
112 hr.. constant for further 10 davs). The theoretical 
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A New Synthesis of Some 2-Substituted-3,4-dihydro-3-oxo-l,4,2-benzothiazine 
Derivatives 

BY FRED. IC. KIRCHNER' AND E. JOHN ALEXANDER~ 
RECEIVED JULY 29, 1958 

It  has been fntrnd that @-benzoylacrylic acids, maleamic acids, maleanilic acids and maleic acid monophenylhydrazides 
condense with 2-nminobenzenethiol to form six- rather than seven-membered heterocyclic rings in a manner analogous to 
maleic acid. 

Mills and Whitworth' reported that 2-aminoben- 
zenethiol reacted with simple a,@-unsaturated acids 
(Ia) to  produce 4-0~0-2,3,4,5-tetrahydro- 1,5-benzo- 
thiazepines (11). However, treatment of 2-amino- 
benzenethiol with maleic acid resulted in the forma- 
tion of 3,4-dihydro-3-oxo-l,4,2-benzothiazine-2-ace- 
tic acid (IIIa).* 

11 or + 
FII=CHY 

COOH 
Ia, Y = H, alkyl or aryl 
Ib, Y =COAr IIIa, Y=COOH 

IIIb. Y = COAr IC, Y = CONRR' 
Id, Y = CONRAr 
le, Y = CONHNHAr 

IIIc, Y = CONHCeHs 

The present investigation was undertaken to de- 
termine the structure of the products formed when 
2-aminobenzenethiol reacted with more complex 
+unsaturated acids, e.g., 8-benzoylacrylic acids 
(Ib),4-e maleamic acids (IC),' maleanilic acids 
(Id)8 and maleic acid monophenylhydrazides (Ie) .* 

We have found, that when 2-aminobenzenethiol 
reacted with a 8-benzoylacrylic acid (Ib), 3,4-dihy- 

(1) Adjunct Professor, Rensselaer Polytechnic Institute. 
(2) This paper is based on a thesin submitted by E. John Alexander 

to the Graduate School of Rensselaer Polytechnic Institute in partial 
fulfillment 01 the requirements lor the degree of Doctor of Philosophy. 
May, 1956. 

(3) W. 11. Mills and J. B. Whitworth, J .  Chem. Soc., 180, 2738 
(1927). 

(4) D. Papa, E. Schwenk, F. Villani and E. Klingsberg, TRIB 
JOURNAL, 70, 3350 (1948). 
(6) B. J. Cramer. W. Schroeder, W. J.  Moran, C. H. Nield, M. Ed- 

wards, C. I. Jarowski nnd B. Puetzer, J .  Am.  Phorm. Assoc., 87, 439 
(1948). 

( 8 )  F. K. Kirchner, 1. H. Bniley and C. J.  Cnvnllito. T R I ~  JOURNAL, 
71, 1210 (1949). 

(7) C. A. Sears nnd D. J. Wilson. U. 6. Pntent 2,723,091 (1955); 
C. A. ,  60, 33992s (1956). 

(8) C. D. Hurd, A. S Roe and J. W. Willinrns, J .  Or i .  Chcm., 4, 314 
(I. 938). 

(9) J. Dritcy, A. HBnl, K. Meier, B. H. Ringier and A. Stahelin, 
H d v .  Chim. Ada,  87, 610 (1964). 

dro-3-oxo-2-phenacy1-1,4,2-benzothiazine deriva- 
tives (IIIb, Table I) could be isolated in good yield. 
With the exception of compounds 7, 9, 10, 12 and 
13, all of the compounds in Table I were prepared 
by a general technique (see Experimental part). 

The 2-(4'-aminophenacyl) derivative (no. 71, 
which was prepared from the acetamido compound 
(no. 8) ,  was acylated with butyric (no, 9) and hexa- 
noic anhydride (no. 10). Compounds 12 and 13 
were prepared by the reduction of the adducts 
formed from 4-chloro-2-nitrobenzenethiol~o and the 
corresponding 8-benzoylacrylic acid derivative. 

The oxime was the only ketone derivative of 3,4- 
dihydro-3-oxo-2-phenacyl-1,4,2-benzothiazine that 
could be prepared. This was converted by a Beck- 
mann rearrangement to 3,4-dihydro-3-oxo-l,4,2- 
benzothiazine-2-acetanilide (IIIc, no. 42) which 
was also formed directly from the acid IIIa and by 
the condensation of maleanilic acid (no. 25) and 2- 
aminobenzenethiol. This fact, coupled with the ob- 
servations that the phenacyl derivative (no. 1) 
could be prepared alternatively from a-chloro-8- 
benzoylpropionic acid" and that compound 1 failed 
to acetylate when boiled with acetic anhydride,I2 
substantiated the inference that 3,4-dihydro-3-oxo- 
2-phenacyl-1,4,2-benzothiazines were formed from 
the condensation of 8-benzoylacrylic acids and 2- 
aminobenzenethiol. 

When maleamic acids' (IC, Table IT), maleanilic 
acidss (Id, Table 11) , or maleic acid monophenylhy- 
drazides9 (le, Table IV) were treated with 2-amino- 
benzenethiol the condensation productsI8 were 
easily isolated. This synthesis was also camed out 
by mixing an amine, aniline or phenylhydrazine 
derivative with maleic anhydride in pyridine and 
then adding 2-aminobenzenethiol. The fact that 
the condensation products were amides (Table 111), 
anilides (Table 111) and phenylhydrazides (Table 

(10) K. Brand and A. Wirsing, Etr,, 46, 820 (1913). 
(11) J. Bougault and P. Charbrier, Compl.  rend., 414, A56 (1947). 
(12) Mills and Whitworth have shown (ref. 3) that 4-oxo-2,3,4,5- 

tetrahydro- 1.5-benzothiazepines readily acetylated in the 5-position 
under these conditions. 

(13) The nature of by-products produced during these condensa- 
tiona is still undergoing investigation, the results 01 wbich will be re- 
ported at a Inter date. 
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TABLE I 
3,4-DIHYDRO-3-OXO-2-PHENACYL-1,4,2-BENZOTHIAZINE DERIVATIVES 

S ' p C W O Q  

R C J & X O  R' 
Yield," M.p.,b Recrystn. Nitrogen, To Sulfur, 

No. R R' % o c .  solvent! Formula Calcd. Found Calcd. 8 u n d  
1 H H  80 173-175 T CIEHIBNOZS 4.94 4.94 11.32 10.95 
2 H 4-CH3 78 205-206 AA-W C I ~ H I ~ N O Z S  4.71 4.78 10.78 11.20 
3 H 4-iso-CIH7 39 157-160 M-W CI gHi oNO2S 4.30 4.35 9.85 9.80 
4 H 4-n-C4H9 60 131-132 A CzoHziNOzS 4.13 4.20 9.44 9.08 
5 H 4-n-CsH17 83 117-119 A CzrHzsNOzS 3.54 3.57 8.11 7.99 
6 H 4-72-CrzHz6 85 118-120 A CzsHnNOzS 3.10 3.14 7.10 6.79 

8 H 4-CNaCONH 64 236--238 Acd C I E H I ~ N ~ ~ J S  8.23 8.33 9.42 9.54 
9 H 4-CHj(CHz)zCONH 83 218-220 Ac-W CzoH2oNzOaS 7.61 7.51 8.70 8.86 

10 H 4-CH3(CHz)rCONH 82 175-185 AeAl-C CzzHz~Nz03S 7.07 7.31 8.08 8.12 

7 H 4-HzN 46 194-196 AI-W ClsH1rNz0zS 9.39 9.tV 10.74 11.15 

11 H 4-F 62 171-173 T CIEHI~FNODS 4 .65  4.57 10.64 11.07 
12 C1 H 28 21,5219 T CiaHizCINOzS 4.41 4.31 10.09 10.22 
13 C1 4-F 54 243-245 AA-W ci6H1iClFNozS 4.17 3.97 9.55 9.37 
14 H 4-C1 77 193-195 D-W CIJ-IIZCINO~S 11. 16e 10.85 10.09 10.29 
15 H 3,4-diC1 56 192-194 D-W CI~HIICIZNOL~ 3.98 4.14 20.13# 20.05 
16 H 2,4-diC1 70 18&-190 T CieHiiClzNOzS 3.98 3.90 20.13" 20.25 
17 H 2,4-diHO 39 253" Ac-W ci~Hi3NOtS 4.44 4.37 10.17 10.14 
18 H 4-CHaO 71 194-196 D Ci7HisNOaS 4.47 4.55 10.23 10.01 

20 H 3-02N 57 191-194 D-W Ci~HizN204S 4.26" 4.26 9.76 9.64 
19 H 4-CHsS 73 191-195 X CirHisNOzSz 4.25 4.16 19.46 19.89 

All yields are based on the analytically pure sample. * All melting points are corrected. 
0 Chlorine analysis. 

Skellysolve C; D = dioxane; M = methanol; T = toluene; W = water; and X = xylene. 
group was determined by reduction with titanium dichloride. 

a Melts with decomposition. 
A = abs. ethanol; AA = acetic acid; Ac = acetone; AI = 95% ethanol; C - 

0 The nitrogen in the nitro 
As a suspension. 

TABLE I1 
CHCONRR' 

CHCOOH 
Yield,O M.p.,b Recrystn. Nitrogen % Neut. equiv.l 

MALEAMIC AND MALEANILIC ACIDS I/ 

No. R R' % O C .  solventm Formula Calcd. dound Calcd. Found 
. .  . . . . .  CiHsNOt . .  . .  . . . .  .... 

22 CZHK C2Hsd . .  . . . . .  . . . .  CsHiaNOs . .  . .  . . . .  . . . .  
2 3 H  CHa(CHz)r 96 80-82 B-C CizHvNOa 6.16 6.05 ' .. . .  
24 H CdIIl 60 150-153 Ch-E ci&lsN08 7.10 6.93 ' . . . .  
25 H CsHbJ . .  . . . .  CioHsNOa 
26 CH, CdI6 78 88-92 E" CiiHiiNOa 6.83 6.77 205 212 
27 H 4-FCsH4 95 204-206 A" CioHgFNOz 6.70 6.58 209 213 
28 H 2-CICsH4' . .  . . . .  CioH&lNOa . .  .. . . . .  . . . .  
29 H 3-cIcktE4' . .  . . .  CioHgClNOa 
30 H 4-CICsHf . .  . . . . .  . . . .  CioHsClNOa . .  . .  . . . .  . . . .  
31 H 2,3-ClsCsHa 54 138-139 M-B CioHiClzNOa 5.39 5.34 260 262 
32 H 3,4-C1zCsH3 81 211-212 M-A CioH7ClzNOa 5.39 5.28 27.26' 27.38 
33 H 2,4-ClzCsHs 95 175-177 Ch-M CloHTCI~NOI 5.39 5.39 27.26' 27.48 
34 H 2,5-ClicsHa 92 144-146 Ch" CioH7ClrNOs 5.39 5.32 27. 26k 27.05 
35 H 3-CI-4-CH3CaHs 100 196-197' E" CliHloClNOs 5.84 5.83 14.7gk 14.74 

21 H He'' 

. .  . .  . . . .  .... 

. . . .  . .  . .  . . . .  . . . .  

36 H 4-BrCgH4 75 197-199 E" C10H8BrNOI 5.19 5.23 270 271 
.. . . . .  37 H 4-CzHsOCsH: . .  . . . . .  . . . .  CiiHlaNOi . .  

38 H 4-CHaSCsHi 98 175-178 E" CiiH1iNOsS 5.90 5.80 237 231 
39 H 4-CzHsOCOCeH4 50 191-192' E" CiaHiaN06 5.32 5.36 263 263 

M. Frankel, Y. Liwschitz and 
Y. Amiel, THIS JOURNAL, 75,330 (1953). M. L. Stein and G. Giacomello, Ricerca sci. ,  22, 1007 (1952) ; C. A. ,  47,6872d 
(1953). 8 Calcd.: C, 63.40; H, 9.31. Found: C, 63.42; H, 9.27. 1 D. Pressman, J. H. Bryden and L. Paullng, THIS 
JOURNAL, 70, 1352 (1948). Melts 
with decomposition, i Neutralization equivalent. Chlorine analysis. Sample generously supplied by the Cyanamid 
Co. A = abs. ethanol; B = benzene; C = Skellysolve C ;  Ch = chloroform; E = ether; and M = methanol. AS a 
suspension, 

V) of 3,4-dihydr0-3-0~0-1,4,2-benzothiazine-2-ace- Since the structural proof of the compounds we 
tic acid ( m a )  was proved when it  was found that have prepared has-been based mainly on 3,4-dihy- 
identical compounds could be prepared from IIIa by dro-3-oxo-l,4,2-benzothiazine-2-acetic acid (IIIa), 
anhydride procedures.14t16 the structural characterization of this compound 

All yields are based on the analytical by pure sample. All melting points are corrected. 

e W. Herz, ibid., 67, 1854 (1945). G. LaParola, Gaze. chim. i t d ,  64, 919 (1934). 

Calcd.: C, 60.89; H, 7.67. Found: C, 61.10; H, 7.57. 

(14) J. R. Vaughan, J r . ,  THIS J O I I R N A I . ,  73, 35.17 (1951). (15) J .  H. Rrea5tPr  and C.  J.  Ciolti, Jr', i b i d . ,  77, 0214 (1855). 
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TABLE I11 
AMIDES AND ANILIDES OF ~,~-~IHYDRO-~-OXO-~,~,~-BEN~OTHlAZlNE-~-ACETlC ACID 

~J-;;~CH,CONRR 

Yield,* M.p.,b Recrystn. -Nitrogen, %- d u l f u r ,  %- 
OC. solventl Formula Calcd. Found Calcd. Found No. R R' % 

4 0 H  H 30d 223-225 A CIOHION~OZS 12.61 12.38 14.42 14.62 
41 CZHI CzHs 35d 156-158 M CirHisNiOzS 10.07 10.11 11.52 11.33 
42 H CeHs 37,d 62' 265-270 P-W C.sHi4NzOzS 9.39 9.39 10.75 10.48 
43 CH: Ca" 40' 172-173 A-B-C C I ~ H I ~ N ~ O Z S  8.97 8.86 10.26 10.20 
44 H CHs(CHz)r 26' 188-191 M CiaHzaN20zS 8.38 8.18 9.58 9.51 
45 H C6Hii 250-252 M-D C I ~ H ~ O N ~ O Z S  9.20 9.17 10.53 10.33 
46 H 4-FCsH4 25' 267-270 P-13-C ClsHlaFN2OzS 8.86 8.75 10.13 10.47 
47 H 2-ClCsH4 13.6 232-237 P-A-W CisHiaCINzOzS 8.42 8.31 9.63 9.80 
48 H 3-ClCsH4 24' 229-230 A CisH1aClNz0zS 8.42 8.46 9.63 9.43 
48 H 4-CICeH4 36,d 12" 276-282 P C I ~ H I ~ C I N ~ O ~ S  8.42 8.60 9.63 9.57 
50 H 2,B-ClnCsHa 45d 270-272 P-W CisE&zClzN2OzS 7.63 7.56 19. 31A 19.44 
51 H 3,4-ClzCsHa 34d 242-244 P-W CI~HIICI~NZOZS 7.63 7.59 19.31h 19.56 
52 H 2.4-CInCcHs 23' 241-242 P-R-C CI~HIZCIZN~OZS 7.63 7.50 19.31A 19.75 

54 H 3-CI-4-CHaCeHs 40d 240-242 P-W Ci7HisClNzOzS 8.08 8.00 10.22A 10.19 
53 H 2,5-CliCeHa 41. 5' 261-165 P-B-C C I E H I Z C I ~ N ~ ~ ~ S  7.63 7.55 . . .  

55 H 4-BrCaHd 42d 284' P-W CIEHIJB~NZO~S 7.43 7.50 8.50 8.31 
56 H 4-CzH10CeH4 23.C29' 267-269 P-B CI~HI~NZOJS 8.18 8.12 9.36 9.65 
57 H 4-CHaSCsH4 42d 263-265 M" C~rHieN~oz& 8.13 8.01 18.62 19.00 

59 H 4-HzNNHCOCeH4 55' 261-263 P" CnHlsNiOaS 15.72 15.50 8.99 8.77 
60 H 4-C~HsSCIH4 58' 236237 P-W CiaHigNzOzSz 7.82 7.88 17.89 17.90 
61 H ~-CH~SO:COHI 52' 234-236 P-W Ci.rHieNzO& 7.44 7.40 17.03 16.99 
62 H 4-NHzSOnCsH4 69' 280-283 P-W CisHisNa04S2 11.13 10.98 16.99 17.22 

58 H 4-CzHrOCOCeH4 22' 205-206 M CioHiaN204S 7.56 7.42 j ... 

In all cases yields are based on the analytically pure sample 

Prepared by method D (see Experimental part). 

All melting points are corrected. Prepared by method 
A (see Experimental part). Prepared by method C (see Experimental 
part). A Chlo- 
rine analysis. Found: C, 61.84; 
H, 4.90. * Melts with decomposition. A = abs. ethanol; B = benzene; C = Skellysolve C; D = dioxane; M = 
methanol; P pyridine; and W = water. As a suspension. 

Prepared by method B (see Experimental part). 
0 Preparative procedure given in Experimental part. 

Calcd.: C, 52.32; H,  3.29. Found: C, 52.50; H, 3.07. f Calcd.: C, 61.60; H, 4.90. 

TABLE I V  
MALEIC ACID MONOPHENYLHYDRAZIDES 

Y H C O N H N H ~  
CHCOOH 

R 
Yield,' v ' .p . .b  Recrystn. -Nitrogen. %- -Halogen, %- 

No. R % C. solventl Formula Calcd. Found Calcd. Found 

63 He .. . . . . .  . . . CioH10Nz03 . . .  . . .  . . . .  . . . .  
64 4-F 42d 155-156 A-B CiaHsFN20s 12.50 12.79 224' 220 
65 4-CI 55' 162-165 M-B CioH&INzOs 11.64 11.51 14.73 14.54 
66 2,3-diC1 7gh 189-190 M-B CioHaCIzNzOa 10.18 9.91 25.78 25.72 
67 3,4-diC1 75* 175-177 M-B CioHsClzNzOs 10.18 10.07 25.78 25.59 
68 2,4-diC1 54' 166-167' M-B CioHsClzN20s 10.18 10.47 25.78 25.65 
69 2,5-diC1 s$ 1*%-156' A-B C10Hd212N20a 10.18 10.57 25.78 25.91 
70 2,4,6-triCl 65* 159-161 M CioH7ClsNzOa 9.05 9.10 34.36 34.12 
71 4-Br 65* 165k E' CIOH~B~NZOS 9.83 9.94 28.03 27.50 
72 2,4,6-triBr 82A 169-171 M CloH7BraNzOa 6.32 6.28 54.12 54.03 

o All yields are based on the analytically pure sample. All melting points are corrected. Reference 9. 

* Yield is based on corresponding pure phenylhydrazine. 

Yield is 
Yield is based on 2,4-dichloroaniline. 0 Yield 

As a sus- 
1 A = abs. ethanol; R = benzene; M = methanol: 

based on 4-fluoroaniline. 
is based on 4-bromophenylhydrazine hydrochloride. 
pension. i Neutralization equivalent. ' Melts with decomposition. 
and E = ether. 

was essential. Mills and Whitwortha concluded 
from the fact that I I Ia  was formed by the reaction 
of either chlorosuccinic acid or maleic acid and 2- 
aminobenzenethiol that this compound contairied a 

dence points to this structure, but the structural 

' Yield is based on 4-chloroaniline hydrochloride. 

intermediate (IV) from which either a six- or a 
seven-membered heterocyclic ring might form. 

COOH 
six-membered heterocyclic ring. Chemical evi- I 

react with 2-aminobenzenethiol to give the same 2 IV 

a:;CHCHzCOOH 
proof is inconclusive since both of these acids can 
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TABLE V 
3,4-DIHYDRO-3-OXO-1,4,2-BENZOTHIAZIN&-2-ACRTOPHENYLHYDRAZIDES 

R 
-Nitrogen, %-- -.Sillfur, %- 
Calcd. Pound Cnlcd. Found 

73 H 24,' l C h  223-226 P-W CIOHISN~O~S 13.41 13.35 10.23 9.84 

75 4-Cl 43" 235-237 P-W C I B H I ~ C I N ~ O ~ S  lO.2Od 10.28 9.22 8.90 

~ N ~ ~ ; ~ ~ ~ z ~ ~ ~ ~ ~ ~ ~  Q 
Yirld," M.p..b Recryrtn. 

No. R % * C .  solvent Formula 

74 4-F 39' 225-227 P-W C I ~ H I ~ F N I O ~ S  12.68 12.73 9.67 10 02 

76 2,3-diCI 58* 264-266 P-W CI~.€IIICIZNIO~S 10.99 10.64 18.55d 18.42 
77 3,4-diC1 46' 260-262' P-W CisHiiClzNaOzS 10.99 10.96 18.55d 18.73 
78 2.4-diC1 2 7' 262-263 P-B CieHisClzNpOpS 10.99 11.17 18.Fj5d 18.81 
79 2,5-diC1 2Sr 266-267 D-W CisHijClcN,OzS 10.99 10.84 18.5gd 18.76 
80 2,4,6-triCI 24' 248-251 P-A-W CI~HIZCIIN~O~S 25. 53d 2-5.10 7.69 7.59 
81 4-Br 42' 230.2" P-W C I ~ H I ~ B ~ N ~ O ~ S  10.71 10.76 8.17 7.98 

7.49 43.58' 44.15 82 2,4,6-triBr 38@ 253-255 P-W CisHlzBrrN3OZS 7.64 
In all cases the yield is based on the analytically pure sample. * AI1 melting points are corrected. Melts with decom- 

position. Chlorine analysis. Bromine analysis ' Prepared by method A (see Experimental part). 0 Prepared by 
method B (see Experimental part). Prepared by Method D (see Experimental part). A = ethanol; B = benzene: 
D = dioxane; P = pyridine; and W = water. 

An unsymmetrical reagent, of such a nature that 
the formation of a seven-membered ring would be 
impossible, was needed to obtain an unambiguous 
proof of the structure of IIIa. The substance 
chosen was a-bromo-y-butyrolactone (V) 18 whose 
reaction with 2-aminobenzenethiol, and subsequent 
reactions, are indicated in the accompanying 
scheme. We believe that this sequence of reac- 
tions constitutes a conclusive proof of the structure 
of IIIa. 

,CHBr-CO 
CH2 
'CHZ-0 NH, H 

D~>--;CII;COOC~H. 1,LiAlH ~ ' X ~ H C H C H ~ O H  /CHz 

2, HCI NH .HCl 
VI1 

IIIa 
To substantiate the structure of the reduction 

product VII, 3,4-dihydro-3-oxo-l,4,2-benzothia- 
zinc" was treated with lithium aluminum hydride 
to yield 3,4-dihydr0-1,4,2-benzothiazine~~ in good 
yield. This base, previously prepared by another 
rnethod,Ig was characterized by analysis and by its 
4-phenylthiocarbamyl derivative.lg 

In view of the anthelmintic activity reported by 
Mackie and co-workersm for some 6-substituted-3,4- 

(16) H. Plieninper. Chem. Bcr,, 88, 265 (1950). 
(17) 0. Unper. Be*., 80, 607 (1897). 
(18) At the time of this wotk the authors were not aware that this 

reaction had been canied out; J. Cymerman-Craige, W. P. Ropers 
end G. P. Wnrwick, Australian J .  Chem., 8, 252 (1955): C. A , ,  60, 

(19) N. A. Langlet, Bihang till K. Soenska Vet.  akad. Handlingnr, 
44, afd. XI, 3 (1890); Beilstein, "Handbuch der Organischen Chemie," 
fourth edition, Springer, Berlin, 1937, Vol. 27. p.  34. 

(20) A. Mackie and J.  Raehiirn, J .  Chem. Soc., 787 (1952); A. 
Msckir end A.  A. Cutler, Rec. Imv. chim., 71, 1198 (1962). 

34498 (1956). 

dihydr0-3-0~0-1,4,2-benzothiazine derivatives, a 
number of the compounds reported in this paper 
have been submitted for biological screening. 

Experimental 
Preparation of 3,4-Dihydro-3-oxo-2-phenacylbenzothia- 

zine Derivatives ( Table I).-The 8-benzoylacrylic acid de- 
rivatives that were used as intermediates in the present in- 
vestigation are described in the literature4* with the excep- 
tion of the 4-flUOrO derivative. This compound was pre- 
pared in 59% yield and melted at  132-138" (uncor.) after 
recrystallization from benzene. 

Anal. Calcd. for C10H7P03: neut. equiv., 194. Found: 
neut. equiv,, 195. 

The 3,4-dihydro-3-oxo-2-phenacyl-l,4,2-benzothiazine de- 
rivatives (IIIb) listed in Table I ,  with the exception of com- 
pounds 7, 9, 10, 12 and 13, were prepared from 2-amino- 
benzenethiol by the following general procedure: To a soh- 
tion of a 8-benzoylacrylic acid derivative in boiling toluene 
in a flask equipped with a water-separator of the Dean- 
Stark type was added a toluene solution of an equivalent 
amount of 2-aminobenzenethiol. The rate of addition was 
regulated by the vigor of the resulting exothermic reaction. 
The separation of water, which started a t  once, ended soon 
after the addition was conipleted. The ieaction mixture 
was heated for an additional hour and the crystals which 
separated during the reaction (or upon cooling or concentrat- 
ing) were collected and washed with cold toluene. Recrys- 
tallization from the appropriate solvent (see Table I )  pro- 
duced a pure product. 

Compound 1 was also prepared from S-aminobenzene- 
thiol and 8-benzoylacrylic acid in ether solution containing a 
drop of piperidine at room temperature; and by the inter- 
action of crchloro-p-benzoylpropionic acid" and 2-amino- 
benzenethiol in absolute ethanol when kept a t  room tem- 
perature under an atmosphere of nitrogen for a week. 

After compound 1 was refluxed for 30 minutes with acetic 
anhydride it was isolated unchanged.1' 
3,4-Dihydro-3-oxo-2-phenacy1-1,4,2-benzothiazine Oxime. 

-A suspension of 14 g. (0.05 mole) of compound 1, 5.0 g. 
(0.07 mole) of hydroxylamine hydrochloride and 11.0 g. 
(0.08 mole) of sodium acetate trihydrate in 400 ml. of ab- 
solute ethanol was boiled gently on a steam-bath for 1 hour. 
A t  the end of this time the reaction mixture which had con- 
centrated somewhat, was filtered from insoluble material and 
100 ml. of water was added to the hot filtrate. The solid 
that was produced by cooling the solution was collected, 
washed with water and dried p 70". The pure product ( 11 
g., 74%) melted at  196-201 . 

Anal. Calcd. for CI~HMNZO&~: N, 9.39; S, 10.74. 
Found: N, 9.04; S, 10.51. 

(21) Melting points are corrected unless otherwise indicated. Ana- 
lytical data are givcn in the appropriate table. 
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The oxime underwent a Beckmann rearrangement when 
treated with benzenesulfonyl chloride according to the pro- 
cedure of Roberts and Chambers,** and the product, which 
was isolated in poor yield, melted a t  267-261)' (uncor.) and 
showed no melting point depression when mixed with 3,4- 
dihydro3-oxo-1,4,2-benzothiazine-2-acetanilide (IIIc, no. 
42). 

244 '-Aminophenacyl)-J ,rl-dihydro-l-oxo- 1,4,2-benzothia- 
zine, No. 7.-A suspension of 16.5 g. (0.05 mole) of the 2- 
(4-acetamidophenacyl) derivative (no. 8) in 500 ml. of ab- 
solute ethanol and 100 ml. of concentrated hydrochloric 
acid was refluxed on a steam-bath. After a short time a 
clear solution developed and then solid again began to sepa- 
rate. The suspension was heated for 2 hours and allowed 
to stand overnight. The solid was then collected, washed 
with ethanol and recrystallized from dilute ethanol. The 
pure product (6.7 g., 46%) melted a t  194196'. 

The above amino compound was acylated in hot pyridine 
solution with butyric and hexanoic anhydride to form com- 
pounds 9 and 10, respectively. 

6-Chloro-3,4-dihydro-3-oxo-2-phenacyl-1,4,2-benzothia- 
zine, No. lZ.-A suspension of 13 g. (0.068 mole) of crude 
4-chlor~Z-ti i trobenz~nethiol~~ and 12 g. (0.068 mole) of 0- 
benzoylacrylic acid in 100 ml. of glacial acetic acid containing 
1 ml. of piperidine was heated on a steam-bath for about 15 
minutes. Zinc dust (30 g . )  was then added in portions to 
the hot reaction mixture! a vigorous reaction following each 
addition. After an additional 15 minutcs the supernatant 
liquid became lighter and finally a pale-green in color a t  
which time the reduction was considered complete. Glacial 
acetic acid (200 ml.) was added and the hot slurry filtered by 
suction. When the filtrate was cooled a solid was produced 
which was collected and washed with water and dry ether. 
After i t  was recrystallized from toluene the pure product (6 
g., 28%) melted at 215219'. 

The 2-(4'-fluorophenacyl) analog (no. 13) was prepared 
similarly in 54% yield, m.p. 243-245'. 

Amides (Table 111), Anilides (Table 111) and Phenylhy- 
drazides (Table V )  of 3,4-Dihydr0-3-0~0-1,4,2-benzothia- 
zine-2-acetic Acid (IIIa).-The preparation of the amides, 
anilides and phenylhydrazides of IIIa was accomplished with 
or without the isolation of an intermediate maleamic acid 
(IC),' maleanilic acid (Id)* or maleic acid monophenylhy- 
drazide (Ie).s When these intermediate (Tables I1 and IV) 
were new, they were prepared separately using known pro- 
cedures.8.0 

The amides, anilides and phenylhydrazides of IIIa were 
prepared from 2-aminobenzenethiol by two methods. As a 
means of structure proof several were prepared directly from 
IIIa by anhydride proced~res.~'J~ Typical examples of the 
methods used follow: 

Method A. Preparation Directly from M Amine, Aniline or 
Phenylhydrazine Derivative; 3,4-Dihydro-d-oxo-l,4,2-ben- 
zothiazine-2-(3'-chloroacetanilide), No. 48.-To a cooled 
solution of 13 g. (0.1 mole) of 3-chloroaniline in 50 ml. of 
pyridine was added 10 g. (0.1 mole) of powdered maleic an- 
hydride. A yellow solution formed that slowly darkened as 
it warmed to room temperature. After 5 minutes 12.5 g. 
(0.1 mole) of 2-aminobenzcnethiol was added and the solu- 
tion was heated on a steam-bath for 1 hour. The addition 
of 150 nil. of benzene caused the separation of a solid. The 
suspension was then boiled to eliminate the water that was 
formed in the reaction. After a further dilution with bcn- 
zene the solid was collected, washed with benzene and re- 
crystallized from absolute ethanol. The pure product (8 g., 
25%) melted a t  229-230'. 

Method B. Preparation from a Maleamic Acid, Male- 
anilic Acid or Maleic Acid Monophenylhydrazide Derivative; 
3,4-Dihydro- %oxo - 1,4,2 - benzothiazine- 2 - aceto-( 3',4'- di- 
chloropheny1)-hydrazide, No. 77.-A suspension of 18.5 g. 
(0.067 mole) of maleic acid mono-(3,4dichlorophenyl)-hy- 
drazide (no. 67) in 15 ml. of pyridine was trcated with 8.4 g. 
(0.067 mole) of 2-amino-benzenethiol. A slight exothermic 
reaction was accompanied by the formation of a light-yellow 
solution. After warming a short time on a steam-bath the 
whole set to  a solid. Dry benzene (200 ml.)  was added, the 
solid broken up arid the suspension bailcd to remove the 
water formed in the reaction. After the suspension was 
cooled the solid was collected and washed with benzene. 
The pure product (12 g., 46%,) melted at  260-262' after it 
was recrystallized from a pyridine-water mixture. 

(22) J.  D. Roberts and V. C. Chambers, THIS JOURNAL, TS, 3176 
(1961). 

Method C. Mixed Anhydride Procedurel4; 3,4-Dihy- 
dro-3-oxo-l,4,2-benzothiazine-2-(4'-chloroacetanilide ), No. 
49.-A solution of 22.3 g. (0.1 mole) of IIIa and 10 g. (0.1 
mole) of triethylamine in 800 ml. of dry acetone was treated 
with an acetone solution of 13.6 g. (0.1 mole) of isobutyl 
chloroformate followed in the usual fashion by an acetone 
solution of 12.7 g. (0.1 mole) of 4-chloroaniline. After the 
product was isolated and recrystallized twice from a pyri- 
dine-water mixture it weighed 4 g. (12%), melted at  275- 
278' (uncor.) and showed no melting-point depression when 
mixed with a sample prepared from 4-chlorornaleanilic acid 
(no. 30) according to method B 

Method D. Anhydride Method of Brewster and Ciotti'b; 
3,4-Dihydro-3-oxo-l,4,2 -benzothiazine-2-acetophenylhy- 
drazide, No. 73.-A solution of 4.4 g. (0.02 mole) of IIIa in 
15 nil. of pyridine was treated with 1.7 g. (0.1 mole) of 
benzenesulfonyl chloride and allowed to stand a t  room tem- 
perature for several minutes. Phenylhydrazine (1 g., 0.1 
mole) was then added to the amber solution producing a 
slight exothermic reaction. After several minutes the solu- 
tion was warmed briefly on a steam-bath, cooled again and 
diluted with 50 ml. of 57, sodium hydroxide solution con- 
taining a small amount of sodium bisulfite. The separation 
of the solid product was completed by further dilution with 
water. The brownish solid was collected, washed well with 
water, ethanol and ether and recrystallized from a pyridine- 
water mixture. The pure product (1.3 g., 42Tot8) melted a t  
224-225' (uncor.) and showed no melting point depression 
when mixed with a sample prepared by method B. 

3 ,4-Dihydr0-3-0~0-1,4,2-benzothiazine-2-( 4'4arbohydra- 
zidoacetanilide), No. 59.-To a filtered solution of 15 g. 
(0.04 mole) of 3,4dihydro-3-oxo-l,4,2-benzothiazine-2-(4'- 
carbethoxyacetanilide) (no. 58) in 350 ml. of hot absolute 
ethanol was added a solution of 30 ml. of 85% hydrazine 
hydrate in 20 ml. absolute ethanol. After reffuxing gently 
for 5 hours the solution was allowed to evaporate slowly while 
standing a t  room temperature. After about 1 month the 
pasty mass was suspended in 300 ml. of hot absolute ethanol 
and filtered. The filter cake was suspended in hot pyridine 
and again collected and washed with water, ethanol and ab- 
solute ether. The pure product (7.5 g., 55%) melted at  

Structure Proof of 3,4-Dihydro-3-0~0-1,4,2-benzothiazine- 
2-acetic Acid (IIIa).-This compound was prepared by a 
modification of the method of Mills and Whitworth.' When 
ethanol solutions of equivalent amounts of 2-aminobenzene- 
thiol and maleic acid were mixed an exothermic reaction 
took place and the crude product separated in good yield. 
An analytical sample, recrystallized from aqueous ethanol, 
melted at  196-199' (lit.8 m.p. 195-196'). 

Anal. Calcd. for CloHpNOaS: N, 6.27; neut. equiv., 223. 
Found: N ,  6.34; neut. equiv., 227. 

Ethyl Ester of 3,4-Dihydr0-3-0~0-1,4,2-benzothiazine-2- 
acetic Acid (VIII).-This compound was prepared in two 
ways: (a) Diethyl maleate (51 g., 0.3 mole) a t  190' was 
treated dropwise with 37.5 g. (0.3 mole) of 2-aminobenzene- 
thiol in an atmosphere of nitrogen. Nearly an equivalent 
amount of ethanol separated as the temperature slowly rose 
to 215'. The solid mass that formed on cooling was dis- 
solved in a minimum amount of hot absolute ethanol. The 
addition of two volumes of Skellysolve C followed by cooling 
produced the product (64 g., 85%) which melted a t  127- 
128'. 

Anal. Calcd. for CIPHI~NO~S: N, 5.57; S, 12.76. 
Found: N, 5.48; S, 12.51. 

(b) A suspension of 4 .5  g. (0.02 mole) of IIIa in 50 ml. of 
absolute ethanol, that had been saturated with hydrogen 
chloride at  O', was warmed on a steam-bath until solution 
was completed. After 1 hour the solution was cooled and 
white necdles separated. These weighed 5.0 g. (100%) and 
showed no melting-point depression when mixed with a sam- 
ple of ester prepared from diethyl maleate and 2-aminoben- 
zenethiol. 

2-( 2 '-Hydroxyethyl)-3,4-dihydro-3-oxo-l,4,2-benzothi- 
azine(VI).-Whetiasol~ition of 16.5 g. (0.1 mole) of a-bromo- 
y-butyrolactone" in 25 rr i l .  of absolute ethanol was treated 
with 12.5 g. (0.1 mole) of 2-aminobenzenethiol an exothermic 
reaction took place. The solution was heated on a steam- 
bath for 15 minutes, then neutralized with sodium bicarbon- 
ate and diluted with water. The oil that separated solidi- 

261-263'. 

(23) The yield is based on the theoretical recovery of one-half of 
IIIa from the postulated intermediary anhydride (ref. 15). 
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fied after standing for several days at room temperature. 
The solid when recrystallized from an absolute ethanol- 
Skellysolve C mixture weighed 9.0 g. (43'%) arid melted at 
105-107'. 

Anal. Calcd. for C I O I I ~ ~ N O ~ S :  N, 6.69; S, 15.32. Found 
N, 6.63; S, 15.21. 

2-( 2 '-Hydroxyethyl)-3,4-dihydro- 1,4,2-benzothiazine Hy- 
drochloride (VII).-This compound was prepared in two 
ways: (a) A suspension of 6.5 g. (0.17 mole) of lithium alu- 
minum hydride in 600 ml. of dry ether was stirred in a flask 
containing a condenser and drying tube while 25 g. (0.1 mole) 
of solid VI11 was added in portions. After the addition the 
suspension was stirred and refluxed for 3 hours, the excess re- 
ductant and the complex salts decomposed with 20 ml. of 
ethanol, 20 nil. of water and 2 i d .  of glacial acetic acid and 
the suspension filtered. After the filtrate was washed twice 
with water it was dried over anhydrous magnesium sulfate. 
The addition of an ethereal solution of hydrogen chloride 
precipitated an oil that solidified. The product (12 g., 52%) 
which was light-pink after it was recrystallized from an ab- 
solute ethanol-ether mixture melted at  145-148". 

Anal. Calcd. for Cl&I&INOS: N, 6.04; S, 13.83. 
Found: N, 6.02; S, 13.a. 

(b)  A slurry of 4 g. (0.02 mole) of VI in 200 nil. of dry 
ether was added to a suspension of 1 g. (0.026 mole) of lith- 
ium aluminum hydride and the reduction conducted the same 
as in method (a)  (above). The precipitated pink hydro- 
chloride salt (1.25 g., 28y0) after it was recrystallized from 
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an absolute ethanol-ether mixture showed no [netting-point 
depression when mixed with a sample prepared by a similar 
reduction of VIII. These two samples also were shown to 
be identical by their ultraviolet and infrared absorption 
specti-a. 
3,4-Dihydro-l,4,2-benzothiazine~*~~~~*4~*~ was prepared 

from 3,4-dihydro-3-oxo-l ,4,2-benzothiazineI7 in nearly quan- 
titative yicld by reduction with lithium aluminum hydride in 
ether; m.p. 36-37" (lit.18rn.p. 35'). 

Anal. Calcd. for C&IH,NS: N ,  9.26. Found: N, 9.19. 
The 4-plicnylthiocarbamyl derivative melted at  128-129' 

(lit.18~2~ m.p. 129"). 
Anal. Calcd. for CI~FII,N&: N, 9.78. Found: N, 

9.82. 
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@-Hydroxy-8-methylaspartic acid was prepared in 60% yield by allowing a mixture of pyruvic acid and copper glycinate 
in N NaOH to stand a t  5' for 12-18 hours. The eonipound gives a bright yellow initial color with ninhydrin on paper chro- 
matograms. Proof of the structure of the isolated compound was obtained by means of elemental analyses, reduction 
to P-methylaspartic acid, reaction with ninhydrin which yielded 2 moles of carbon dioxide per mole of compound, and 
reaction with periodate to yield ammonia. The synthetic amino acid was composed of nearly equal amounts of the two 
theoretically possible diastereomers as shown by the ready separation of the latter on columns of Dowex 1-acetate eluted 
with acetic acid. 

Earlier studies on the properties of N-pyruvoyl- 
glycine revealed that the characteristic absorption 
in the ultraviolet of aqueous solutions of this com- 
pound, as well as its ability to form a crystalline 
dinitrophenylhydrazone, were irreversibly lost when 
the compound was exposed to PH levels higher than 
10. lv2 A reinvestigation of this phenomenon with 
the aid of paper chromatography has since revealed 
that when a solution of pyruvoylglycine in N NaOH 
was allowed to stand a t  room temperature glycine 
began to appear after 1 hour and gradually in- 
creased to a maximum after 6 days. At this time 
alanine made its appearance while glycine de- 
creased, the ratio of glycine to alanine reaching an 
apparently constant value of approximately 2 :1 
by the 18th day of standing as determined by the 
intensity of the ninhydrin spots. At the same time 
that glycine appeared, a hitherto unrecognized 
ninhydrin spot also made its appearance, which 
was initially bright yellow in color, gradually 
darkening through grayish-brown to the usual 
amino acid purple after 24 hours. The Rf values 

(1) M. Brrera and J. P. Greenstein. A r r h .  BiocheiiI. B i o p h y s . ,  14 ,  

(2) S-C. J.  Fu, V. E. Price arid J .  1'. Grcetistein, ibid.. 31, 83 (19.51). 
477 (1947): 16, 448 (1947). 

of this new conipound in several solvents were very 
close to those of y-hydroxyglutamic acid under the 
same 

Substantially the same results were obtained 
with mixtures of glycine and pyruvic acid. Thus, 
when an equimolar mixture of glycine and pyruvic 
acid was allowed to stand in N NaOH solution 
a t  room temperature, alanine and the unknown 
compound began to appear within a few hours. 
With further standing, the concentration of 
alanine increased, that of glycine decreased, whilst 
that of the unknown compound remained ap- 
parently c o n ~ t a n t . ~  

(3) L. Benoiton and L. P. Bouthillier, Can. J. Chem.,  99, 1473 

(4) L. Benoiton. M. Winitz, S. M. Birnbaum and J .  P. Greenstein, 
THIS JOURNAL, 79, G192 (1957). 

(5) The formation of alanine under these conditions clarifies the 
earlier observation on the isolatiun of this amino acid from the acid 
hydrolysate of previously alkalinized pyruvoylglycine.' I t  is evident 
that pyruvoylglycine is readily hydrolyzed on standing in alkali even 
at room temperature. the alanine formed by secondary reaction in- 
creasing with time. Hydrolysis of  pyruvoylglycine, of previously 
alkalinizcd pyruvoylglycine, or of equimolar amounts of glycine and 
pyruvic acid in refluxinv iV N n O I i  for 2 hours, leads to still greater 
a i n ~ m n t s  of alanine. O n  t l i ?  otlier hand, pJruvoyl&!lycine exposed to 
alkali fcbr ooly a relatively lirief lime and then acid-hydrolyzed, leads 

(1955). 


