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ABSTRACT 

2H-1,4-Benzothiazine hydrosaniic acids of type V (see Table I) are readily prepared by  
reducing suitably substituted (0-nitropheny1thio)acetates (11, R" = Me or E t )  by means of 
sodium borohydride and palladium-charcoal. The ester precursors can be prepared by the 
interaction of o-nitrothiophenols and or-bromoesters, but such a method is limited in scope. 
Diethyl bromomalonate, for example, reacts atypically with o-nitrothiophenol. The  ester 
precursors are better prepared by Fischer-Speier esterification of the corresponding acids 
(11, R" = H)  which, in turn, are the products of nucleophilic attack by or-mercaptoacids on 
suitable o-chloro- (or bromo-) nitrobenzenes. This general preparative method failed in two 
instances. When o-chloronitrobenzelle or 4-chloro-3-nitrotoluene was reacted with a-mercapto- 
isobutyric acid, the only acidic product obtained was a,al-dithiodiisobutyric acid. 

Reduction of methyl 2-(0-nitropheny1thio)benzoate (VI) with sodium borohydride and 
palladium-charcoal gave a n  azoxy compound, namely 2,2'-bis((o-methoxycarbonyl)phenyl- 
thio)azoxybenzene (VI I ) .  

When suitably substituted aromatic o-nitroesters are reduced with sodium borohydride 
and palladium-charcoal, the nitro group is converted into a hydroxylamino group which 
then cyclizes with the ester group, and cyclic hydroxamic acids are the result. Using this 
method of reduction, we have prepared a variety of such compounds (1, 2) including 
3,4-dihydro-4-hydroxy-3-oxo-2H-1,4-benzothiazine (Ia), the related sulfone (Ib) and the 
corresponding benzoxazine (16). AiIany cyclic hydroxamic acids possess antibacterial 
properties (2, 3 , 4 )  ; Dimboa (3,4-dihydro-2,4-dihydroxy-7-methoxy-3-oxo-2H-l,4-benzox- 
azine) exhibits antimetabolic activity ( 5 )  and benzothiazines related to  I have been shown 
to possess anthelmintic properties (6, 7). For these reasons, i t  was of interest to  prepare 
simple derivatives of Ia and test them initially for antibacterial activity and for their 

(a) X = S 
(b) X = SO* 
(6) X = 0 

action on selected enzymes. This investigation also offered an  opportunity to study further 
the reducing properties of sodium borohydride in the presence of palladium-charcoal. 

For the preparation of the precursors (11) required for reduction to  2-substituted 
3,4-dihydro-4-hydroxy-3-oxo-2H-l,4-benzothiazines, the initial method chosen was to  
condense the appropriate sodium a-nitrothiophenolate with suitable a-bromoesters 
(Scheme I) .  This reaction, however, proved to  be unsatisfactory. In the first place, the 
yields of pure o-nitrothiophenol obtained by mild reduction of bis(o-nitrophenyl) disulfide 
(IIIa) according to the methods of Claass (8,9) and Mills and Whitworth (10) were poor, 
as were the yields of products; in addition, the scope of the reaction was limited by the 
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nature of the substituent R on the a-carbon of the bromoester. Using this method, 2-(0- 
nitropheny1thio)propionic acid, its ethyl ester (IIa),  ethyl 2-(0-nitropheny1thio)butyrate 
(IIb), and methyl (2,4-dinitropheny1thio)acetate (IIc) were prepared from either the 
disulfides (IIIa  or IIIb) or from sodium o-nitrothio~henolate. An unsuccessful attempt to  
extend this reaction to the preparation of the compound in which R was an  ethoxycarbonyl 
group (IId) is described in detail later in this paper. 

Nuinerous attempts were made to prepare (4-trifluoromethyl-2-nitropheny1thio)acetic 
acid (IIe) from bis(4-trifluoromethyl-2-nitrophenyl) disulfide (IIIc). Using Claass' method 
of converting disulfides to thiophenols, the disulfide (IIIc) was reduced to 4-trifluoro- 
methyl-2-nitrothiophenol, which was not isolated before being reacted with chloroacetic 
acid. By this method, very poor yields of IIe were obtained. The  presence of the trifluoro- 
methyl group and its effect on the solubility in water of the product contributed to  the 
poor yield (11). An attempt to  isolate 4-trifluoromethyl-2-nitrothiophenol in pure form, 
prior to condensing with chloroacetic acid, was unsuccessful. 

o-Chloronitrobenzene is an  alternative starting material for the preparation of com- 
pounds of type 11. This substance and its simple derivatives are known to react with 
thioglycollic acid and give (0-nitropheny1thio)acetic acids in good yields (12, 13, 14). 
Using this nlethod, (4-trifluoromethyl-2-nitrop11enylthio)acetic acid (IIe) was prepared 
from 4-chloro-a,a,a-trifluoro-3-nitrotoluene and was isolated in a yield vastly superior to  
that  obtained as described above. The  related 4-broino and 4-methyl derivatives of 
(0-nitropheny1thio)acetic acid (IIf and IIg) were also obtained by this method from 2,5- 
dibromonitrobenzene and 4-chloro-3-nitrotoluene respectively. This approach to the 
syntheses of precursors of benzothiazine hydroxamic acids is capable of extension to  give 
the starting materials necessary for the preparation of products substituted in the 2-posi- 
tion of the benzothiazine ring. These starting materials were readily obtained by reacting 
various o-chloro- (or bromo-) nitrobenzenes with a-mercapto acids in the presence of 
sodium bicarbonate (Scheme 2). Generally, longer reaction times were necessary than when 
thioglycollic acid was employed in the reaction. Thus, when a-mercaptosuccinic acid and 
a-mercaptopropionic acid were each condensed with o-chloronitrobenzene, 4-chloro-a,a,a- 
trifluoro-3-nitrotoluene, 2,5-dibromonitrobenzene, and 4-chloro-3-nitrotoluene, a further 
selection of compounds of type I1 (IIh-110) were obtained, usually in good yield. The  
deactivating effect of the methyl group on the reactivity of 4-chloro-3-nitrotoluene to 
nucleophilic substitution was clearly illustrated by the fact that  the yields of products 
obtained using this compound were appreciably lower than when the other o-nitrochloro 
(or bromo) compounds were employed in the reactions with a-mercapto acids. The  major 
limitation, however, to this preparative method would seem to  be the availability of 
a-mercapto acids, although the nature of the other substituents on the a-carbon of the 
mercapto acid and their effect on the reactivity of the thiol group also limits its scope. 
When, for example, a-mercaptoisobutyric acid is condensed with 4-chloro-a,a,a-trifluoro- 
3-nitrotoluene or with 2,s-dibromonitrobenzene, the nucleophilic reaction is typical and 
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Co~npou~ld R R' R" R Compound Rl RlT Rll, 
- --- 

R -- 
a Me I-I 1-1 E t I Me I-I I-I H 
b E t  H H E t  wz Me CFa H H 
c H NO2 H Me 11 Me Br H H 
d COOEt H H E t  o Me Me H H 

- -  

f H Br H H 4 Me ~r " Me H 
g I-I Me H H 7 Me H Me I3 
h CHzCOOIl H H H s Me Me Me H 
i CH%COOI-I CFa H H t* Me H H Me 
1 CHzCOOH Br H H u Me H H Me 

*SO2 replaces S in 11. 

COOEt 
I 
I 

S 

COOEt 

n a:::nR ' D  O 2 N  

NaHC03 

COOH 
R' R' 

~-(4-trifluoromethyl-2-nitropl~enylthio)isobutyric acid (119) and a-(4-bromo-%nitro- 
p11enylthio)isobutyric acid (IIq) are readily obtained in good yield. No a-(0-nitrophenyl- 
thio)isobutyric acids were obtained, however, when o-chloronitrobenzene and 4-chloro-3- 
nitrotoluene mere reacted ~vi th  a-mercaptoisobutyric acid. Under the conditions used, 
neither the thiol group of the a-mercapto acid nor the ortho-chlorine atom of the nitro- 
benzene elllployed in the reaction were sufficiently activated to promote a nucleophilic 
substitution reaction, and, in both cases, the same product, a,al-dithiodiisobutyric acid, 
was the only acidic material isolable. 

The acids IIe-IIq were readily esterified using Fischer-Speier conditions, before being 
reduced. Reductive cyclization of the esters of type I1 by means of sodium borohydride 
and palladium-charcoal produced good yields of cyclic hydroxamic acids (Table I) in 
most cases. Two attempts to reduce methyl (4-methyl-2-nitrophenylthio)acetate, however, 
resulted in poor yields of the expected hydroxamic acid (Vg) ; the main product of this 
atypical reaction was the acid (IIg) of the starting material. Reduction of methyl (2,4- 
dinitropheny1thio)acetate (116) was also unsatisfactory. A dark brown amphoteric oil was 
obtained in an amount insufficient for characterization. I t  gave the color tests expected of 
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both a primary aromatic amine and a hydroxamic acid which suggested that the isolated 
nitro group (R' in formula 11) had, as expected, reduced beyond the hydroxylamino stage 
(15). 

Condensation of methyl o-mercaptobenzoate with o-chloronitrobenzene produced 
methyl 2-(0-nitropheny1thio)benzoate (VI). This con~pound was reduced with sodium 
borohydride and palladium-charcoal in an attempt to prepare a cyclic hydroxamic acid 
with a seven-membered ring system. Hitherto, reduction of nitro groups with this reagent 
has produced either primary amines (15) or, as a result of cyclization a t  the hydroxylaillino 
stage of reduction, cyclic N-oxy or N-hydroxy compounds (1, 2). In the present case, 
reduction did occur but the product was neither a primary amine nor a cyclic hydroxamic 
acid. Instead, an azoxy compound (VII) was obtained. In a different series of reactions, 11-e 
have found that the yield and the nature of the product obtained in sodium borohydride/ 
palladium-charcoal reductions is greatly influenced by the choice of solveilt and the rate 
of addition of the nitro compound to the reducing medium (16). This is also true in the 
reduction of VI. When dioxane was en~ployed as solvent and the rate of addition of the 

COOMe 

nitro compound was extended to 1 h,  a good yield of azoxy compound resulted. A inore 
rapid reduction of VI using ethanol as  solvent gave the same product (VII) in much 
poorer yield. Reduction of the ester (VI) with zinc and ammonium chloride also gave the 
same azoxy compound, again in poor yield. The structure of the azoxy coinpouild was 
inferred from its elemental analysis, its color, and the fact that  such compounds can be 
prepared by reducing nitro compounds with zinc and ammonium chloride. Corroboratioil 
was obtained from infrared studies. The infrared spectrum of the starting material (VI) 
showed typical strong absorption in the nitro group regions which was absent in the 
reduced compound (VII), having been replaced by a strong absorption peak a t  1 474 cm-1. 
This absorption may be attributed to the azoxy group for the reasons which follow. The 
infrared spectra of 4,4'-dichloroazobenzene, 4,4'-diphenylazobenzene, and 4-chloro-4'- 
phenylazobenzene were compared with 4,4'-dichloroazoxybenzene, 4,4'-diphenylazoxy- 
benzene, and 4-chloro-4'-phenylazoxybenzene (mixture of isomers) respectively, in the 
1 450 - 1 500 cm-I region (17). In the case of each pair of azo and azoxy compounds, the 
azoxy compound possessed a strong additional absorption peak a t  1 473 cm-1 (4,4'- 
dichloroazoxybenzene), 1469 cm-I (4,4'-diphenylazoxybenzene), and 1 475 cm-1 (4- 
chloro-4'-phenylazoxybenzene mixture). One of the two strong peaks a t  1 255 and 1270 
cm-1 in the infrared spectrum of compound VII may also be attributed to N-0 stretching 
of an azoxy group (18). 
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TABLE I 
3,4-Dihydr0-4-hydroxy-3-0~0-2H-l,4-benzothiazine hydroxa~llic acids (V) 

> r 
Calcd. Found 

0 

R' R" C N C 
F 

Cocnpound R M.p. Yield (%) H S H N ? 

\jg H Me H 105-107 21 55.37 4.65 7.17 16.42 55.36 4.61 7.18 16.35 2 
Vh CH2COOMe H H 122-124 5 1 52.16 4.40 5.53 12.61 52.08 4.57 5.42 12.72 
V i  CH2COOMe CF3 I3 123-125 30 44.86 3.14 4.36 9.9s 45.07 3.30 4.47 9.96g 
Vj CHzCOOMe Br Fl 165-167 83 39.77 3.0'3 4.22 9.65 39.43 2.92 4.36 9.66g 
Vk CHzCOOMe Me H 96-97 40 53.92 4.90 5.24 12.00 54.05 4.95 5.53 12.21 
Vnz Me CF3 H 126-128 83 45.63 3.06 5.32 12.18 45.77 3.22 5.11 12.45 c 
V n  Me Br H 157-158 41 39.43 2.94 5.11 11.70 39.44 2.96 4.72 11.50 2 

*SO2 replaces S in structure V. 
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One exainple of a substituted benzothiazine-1,l-dioxide was also prepared during this 
study. 3,~-Dihydro-4-hydroxy-2-methyl-3-oxo-2H-l,4-benzothiazine-l,l-dioxide (Vt) u7as 
readily obtained by sodium borohydride/palladium-charcoal reduction of methyl 2-(0- 
nitropl~enylsulfonyl)propionate (IIt) which nras, in turn, the product of oxidizing the 
related sulfide (IIu) with potassium permanganate. Presumably the sulfones of the benzo- 
thiazines listed in Table I could be prepared in a similar manner. 

Reduction by means of hydrazine hydrate and palladium-charcoal is also a suitable 
method of preparing cyclic hydroxamic acids (19) but when this method was applied to 
methyl (0-nitrophenylthio)acetate, no reduction occurred and the only product isolated 
was the hydrazide of the starting material. This preparative method was therefore not 
investigated further. 

All the hydroxainic acids listed in Table I gave the expected violet color when ethanolic 
ferric chloride solution was added to an ethanolic solution of the acid. Addition of water to 
this solution usually resulted in the precipitation of a brown colored ferric chelate. 

As previously mentioned, condensation of sodium o-nitrothiophenolate with diethyl 
bromoillalonate gave no diethyl (0-nitropheny1thio)inalonate (IId). Instead, a very good 
yield of bis(o-nitrophenyl) disulfide (IIIa) immediately resulted 011 the addition of the 
broinomalonate to an aqueous ethanolic solution of sodium o-nitrothiophenolate. The 
filtrate from this reaction, on concentratioil and standing, deposited a sinall ainount of 
diethyl bis(o-nitrophenp1thio)malonate (IV). Such a structure is suggested by elemental 
analysis, infrared spectrum, and the fact that the same coinpound is obtained when diethyl 
dibromomalonate is reacted with sodium o-nitrothiophenolate. The isolation of IV, how- 
ever, is not due to the presence of diethyl dibromomalonate as an impurity in the mono- 
broinomalonate. When the dibromomalonate was condensed with sodiuin o-nitrothio- 
phenolate in aqueous ethanol, a yield in excess of 80% of bis(o-nitrophenyl) disulfide was 
irninediately formed and only a sinall quantity of IV was isolated. This reaction requires 
further investigation and will be the subject of a later comn~unication. The formation of 
IV is reminiscent of the findings of I-Ionltanen and Virtanen (20) \\rho interacted sodium 
o-nitrophenolate and diethyl broinomalonate and obtained as a minor product of the 
reaction, a substance \vhich was apparently diethyl bis(o-nitrophenoxy)malonate (117, 0 
replacing S) . 

A selection of the compounds of types I and I1 are a t  present being tested for antibac- 
terial activity and for their action on selected enzymes. Preliminary results in the latter 
case are encouraging and will be reported elsewhere. 

EXPERIMESTAL 

Melting points and boiling points are uncorrected. Equivalent weights were determined in aqueous ethanol 
by direct titration with standard alkali. Infrared spectra were recorded 011 a Becltmann I.R. 8 spectro- 
photometer except where stated otherwise, and microanalyses were carried out by Dr. F. Pascher and E. 
Pascher, Bonn, who determined the ~nolecular weight values by measurement of vapor pressure. Palladium- 
charcoal refers to  10% palladium-on-charcoal. Ether solutions were dried over Na2S04. 

o-iVitrotkiop1zenol 
Using Claass' method (8) escept that aqueous acetic acid was einployed instead of mineral acid to finally 

liberate the phenol, apparently good yields of o-nitrothiophenol (20-24 g) are obtained from bis(o-nitro- 
phenyl) disulfide (30 g). The green precipitate, m.p. 48-52', is impure, however, only approximately half of i t  
being soluble in light petroleum froill which the thiophenol is obtained as  yellow crystals, m.p. 59-60', 
lit. (10) n1.p. 61'. 

Ethyl 2-(0- Nztiophe~zylt1v~o)p~opionate ( I a )  
Bis(o-nitrophenyl) disuliide (10 g) was converted to sodium o-nitrothiophenolate using Claass' method (9), 

and to  the aqueous solutioil of the salt was added ethyl 2-bromopropionate (8.8 1111). The mixture was stirred 
until the red solution becaine much lighter in color, and the oil which separated was estracted into ether. 
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The dried ether solution was distilled, and the fraction boiling a t  184-188" a t  10-15 IIIIII Hg (4.41 g) was 
collected. The oil solidified when triturated with a little methanol and gave ethyl 2-(0-nitrophenylthio)pro- 
pionate (3.71 g) as yellow crystals, m.p. 47-48'. 

Anal. Calcd. for CllH13NOeS: C, 51.71; H ,  5.13; N, 5.52; S, 12.55. Found: C, 51.52; H ,  4%; 5, 5.67; 
S, 12.38. 

iMethyl (2,Q-Dinitropke?tylt7tio)acetate (IIc) 
This was prepared by the method used for IIa,  fro111 the disulfide (20 g) and inethyl broinoacetate (10 1111). 

The compound was a yellow solid (11.2 g),  n1.p. 92-93", lit. (12) m.p. 93-94". 

Ethyl 2-(0-NitropJzeny1thio)htyrate (IIb) 
o-Nitrothiophenol (3.88 g) was dissolved in a solution of sodium hydroxide (1 g) ill water, (4 n ~ l )  and ethanol 

(80 ml). T o  the red solution was added ethyl 2-bromobutyrate (5.09 g). A precipitate of crude disullide 
(IIIa,  0.71 g) was removed and the filtrate was evaporated to 20 n ~ l ,  flooded with water, and extracted with 
ether. The washed and dried ether layer was distilled. The yellow oil, b.p. 200-205" a t  23 mm Hg, (2.49 g) 
was ethyl 2-(0-nitropheny1thio)butyrate. 

Anal. Calcd. for C12HlsNOeS: C, 53.51; 11, 5.61; N, 5.20; S, 11.91. Found: C, 53.21; H ,  5.89; N, 4.9G; 
S, 12.07. 

(4-TrZ$~~or01nethyl-2-nitrop11enylthio)acetic Acid (IIe) 
ARethod (a) 
Bis(4-trifluoromethyl-hitrophenyl) disulfide (25 g) was heated under reflux with ethanol (200 ml). T o  the 

refluxing solution was added successive sillall portions of a concentrated aqueous solution of sodium sulfide 
~lonahydrate (11.7 g) and sodium hydroxide (G.7 g). The dark red solution of the mercaptide was diluted with 
water (500 ml), cooled, and filtered. T o  the filtrate was added a solution of chloracetic acid (16.7 g) and 
anhydrous sodium carbonate (10 g) in water (100 ml) and the whole was heated gently for 2 h. The cooled 
solution was then extracted with ether, and the aqueous layer was acidified with dilute hydrochloric acid and 
yielded an almost blaclr solid (10.3 g), m.p. 90-95'. The crude product was purified by repeated dissolution in 
sodium bicarbonate solution, follo\ved by reprecipitation with acetic acid and crystallization from benzene. 
This gave 3.22 g of yellow acid (IIe), m.p. 15S0, lit. (14) m.p. 154-155'. 

Method (b) 
The acid (IIe) was obtained ill 68% yield froill 4-chloro-a,a,a-trifluoro-3-nitrotolue1e and thioglycollic 

acid using the general method of preparing 2-(0-nitrophenylthio) acids, which is described below. Reflux time 
time was 5 h. Crystallization from benzene gave yellow crystals, n1.p. 158'. 

Anal. Calcd. for C9I-16F3NOeS: C, 38.44; 11, 2.15; N, 4.95; S, 11.40. Found: C, 38.45; 11, 2.04; N,  5.17; 
S ,  11.57. 

General 11Rethod of Preparing 2-(0-Nitropl~enylthio) Acids and Esters of Type 11 
The substituted o-nitrochloro or o-nitrobromobenzene (0.05 mole) and the a-mercaptoacid (0.05 mole) 

were refluxed for the stated time in 50y0 aqueous ethanol (100 ml), in which was suspended a slight excess of 
sodium bicarbonate (0.11 or 0.16 mole, for monobasic or dibasic acids respectively). The solution was then 
concentrated to approximately 50 ml, diluted with water, and extracted with ether. The ether layer was 
rejected. The o-nitrophenylthio acid was obtained in the stated yield fro111 the aqueous solution by acidifying 
with dilute hydrochloric acid. 

The acids listed in Table I1 were obtained by this nlethod. All were yellow solids, except I I i  and I Ip  
which were pale brown ill color, and all had characteristic infrared spectra (ICBr discs) which showed the 
expected carbonyl, hydroxyl, and nitro group absorption peaks. The corresponding methyl esters were pre- 
pared in excellent yield by refluxing the acid (5 g) in inethanol (50 n ~ l )  containing concentrated sulfuric acid 
(5 ml) for 18-24 h, and the products were isolated in the normal way. The esters were not analyzed before 
reduction but were characterized by infrared spectrum and m.p. only (see Table 11). 

Attenzpted Preparation of a-(2-Nitrop1tenylthio)isobzityric Acid ( I I r )  
o-Chloronitrobenzene (3.15 g),  a-mercaptoisobutyric acid (2.48 g) and sodium bicarbonate (7.51 g) were 

refluxed in 50Yo aqueous ethanol (50 n ~ l )  for 48 h. The resulting pale yellow solution was diluted with water 
and extracted with ether. The ether layer was rejected. The aqueous solution was acidified and extracted with 
ether which was washed, dried, and evaporated to give an oily solid. Trituration with benzene gave a nitrogen- 
free cream solid (0.857 g),  n1.p. 195-197". Lit. (21) m.p. of a,al-dithiodiisobutyric acid is 196". 

Attempted Preparation of a-(4-ARethyl-2-nitrophenylt1tio)isobutyric acid (IIs) 
By a similar method to that  reported immediately above, the interaction of 4-chloro-3-nitrotoluene (3.456 g) 

and a-mercaptoisobutyric acid (2.425 g) yielded a,a'-dithiodiisobutyric acid (0.905 g),  the infrared spectrum 
and m.p. of which were identical to those of the co~npound reported above. 

General Method of Preparing Cyclic Hydroxamic Acids by Redz~cing Esters of Type 11 with Sodizlin Borohydride 
and Palladizim-Charcoal 

Sodium borohydride (0.8 g) was dissolved in water (5 ml) or in some cases 2% aqueous sodium hydroxide 
(5 ml), and palladium-charcoal (0.1 g) suspended in water (3 ml) was carefully added. The suspension was 
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TABLE I1 
Substituted (o-nitropheny1thio)acetic acids (11) 

Calcd. Found 
Yield lt - 

Acid (%) M.p. S* (11) C H Eq. wt. C H Eq. wt. Yield, form, and m.p. of methyl ester 
n 

(4-Bromo-2-nitrop11enylthio)- 63 216-2185 ae 4 - - - - - - 91%, yellow solid, 109-110' ;i. z 
acetic (Ilf)$ P 

(4-Met11>~1-2-nitrophenylthio)- 51 185-1861] m 8 - - 227.2 - - 225 83%, yellow solid, 105-107' = 
acetic (IIg) 5 

a-(o-NitrophenyIthio)succii~- 64 187-189 w 24 44.28 3.34 - 44.21 3.39 - 89%- orange oil Q 

ic (1IA)B 0 
a-(4-Trifluoromethyl-2-nitro- GO 196-198 ae 24 38.04 2.38 169.6 39.23 2.38 172 92%, brown oil 

c 
w 

p11enyltliio)succinic (110 Z 
a-(4-Bromo-2-nitropl1enyl- 69 218-220 e 24 34.30 2.30 175.1 34.62 2.47 176 80%, yellow solicl. 70-72"* > r 

thio)succinic (IIj) 0 
a-(4-Metl1>~l-2-nitropl1enyl- 35 215-218 e 24 46.31 3.86 142.6 46.32 3.86 144.5 7070, orange oil W 

thio)succinic (IIk) 0 
a-(o-Nitropheny1thio)propi- 70 107-109 ae 18 47.56 3.00 227.3 47.71 4.12 224 83%. yellow solid. 54' z 

onic (111) 
a-(4-Trifluoromethyl-2-nitro- 78 151-152 e 18 40.G8 2.73 295.3 40.82 2.93 202 9374, yellow solid, 79-80' 

E 
t; 

phenylt11io)propionic (11711) ri 
?-' 

a-(4-Bromo-2-nitropI1enyl- 65 140-150 ae 18 35.31 2.35 305.0 35.56 2.53 310 05%, yellow solid, 62-64' j 
t11io)propionic (IItl) C 

a-(4-MethyI-2-nitrophenyl- 47 141-142 ae 18 40.78 4 .60  241.3 49.71 4.78 244 000/,, yellow solid. 43-43' 0 r 
t1~io)propionic (110) 

u-(4-Trifluorometl1yI-2-nitro- 86 125-126 w 20 42.72 3.26 300.3 42.88 3.34 308 847,, yellow solid. 58-GO0 + W 

phenylt1~io)isobutyric (119) ,- 
u-(4-Bromo-2-nitropl1eny I- 71 137-139 w 18 37.52 3.15 320.2 37.55 3.04 320 62YO, yellow solid, 44-46" C. 

0 

Cil 
thio)isobutyric (IIg) 

"S = Solvent of crystallization, where w = water, e = ethanol, ae = aqueous ethanol, and m = methanol. 
1 = Reflux time. 
Sodlum salt precipitated during the reaction. I .  
Lit. (7) m.p. 216-217'. 

~ t .  (7) m.p. 182-183'. b 
?[Anal. Calcd.: N, 5.16; S. 11.82. Found: N. 5.27; S, 11.GG. 
wCalcd.for ClzHlzNOsSBr: S, 8.48; Br, 21.13. Found: S, 8.35; Br, 20.07. 
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diluted with dioxane (10 ml) and nitrogen was passed through the mixture while the ester (2 g) in dioxane 
(10-20 ml) was added dropwise over a period of 30 inin. The passage of nitrogen was continued for 15 min 
after the ester had been added. The mixture was then filtered, acidified with dilute hydrochloric acid, and 
diluted with water. In  some cases the hydroxamic acid precipitated and was filtered off. In other cases, the 
solution was concentrated and extracted with ether. Extraction of the ether solution with sodium carbonate 
solution or sodium hydroxide solution, acidification of the aqueous layer with dilute hydrochloric acid, 
reextractioii with ether, and evaporation of the ether gave the hydroxamic acid. 

Using this general method of reduction, compounds I I a  and IIb, the methylestersof compounds IIe to  IIk, 
and the inethyl esters of compounds IInt to  IIq gave rise respectively to  3,4-dihydro-4-hydroxy-2-methyl- 
3-0x0-2H-1,4-benzothiazine (Va), the corresponding 2-ethyl derivative (Vb); 6-trifluoromethyl-3,4-dihydro- 
4-hydroxy-3-oxo-2H-l,4-benzothiazine (Ve), the corresponding 6-bromo derivative (Vf), the corresponding 
6-methyl derivative (Vg); methyl 2-(3,4-dihydro-4-hydroxy-3-oxo-2H-1,4-benzothiazinyl)acetate (Vh); 
inethyl 2-(6-trifluoromethyl-3,4-dihydro-4-hydroxy-3-oxo-2H-l,4-benzothiazinyl)acetate (Vi), the corre- 
sponding 6-broino derivative (Vj), the corresponding 6-methyl derivative (Vk); 6-trifluoromethyl-3,4- 
dihydro-4-hydroxy-2-methyl-3-oxo-2H-l,4-benzothiazine (Vm), the corresponding 6-bromo derivative (Vn); 
3,4-dihydro-4-hydroxy-2,6-dimethyI-3-oxo-2H-1,4-benzothiazine (Vo); 6-trifluoromethyl-3,4-dihydro-4-hy- 
droxy-2,2-dimethyI-3-oxo-21~-1,4-benzothiazine (Vp) and the  corresponding 6-bromo derivative (Vq), in the 
yields stated (see Table I) .  

All the hydroxamic acids listed in Table I were white solids and, with the exception of compound Vt for 
which ethyl acetate was employed, all were crystallized from ethanol or aqueous ethanol. A solution of each 
hydroxarnic acid in ethanol turned deep violet on the addition of ethanolic ferric chloride solution. The  
infrared spectrum of each compound in I iBr  showed typical broad hydroxyl absorption in the 3 000 - 3 400 
C I I I - ~  region, the position of the peak varying from 3 090 to  3 280 cm-l. Carbonyl absorption within the range 
1 635 to 1 655 cm-I was observed in all cases except compounds Vlz, Vi, Vj, and Vk which had two carbonyl 
peaks, one in the 1 640 to  1 665 cm-l region (hydroxamate carbonyl) and a second within the range 1 720 to  
1730  ~111-1 (ester carbonyl). 

Redz~ction of JIethyl (Q-1Methyl-2-nitropltenylt1tio)acetate 
This ester (2.408 g) was reduced by the general method. An ether extraction of the acidified filtrate 

yielded a yellow solid (1.562 g) which was dissolved in sodium carbonate solution (5%) and extracted with 
ether. The ether extract was rejected. The aqueous layer was again acidified (dilute hydrochloric acid) and 
(4-nlethyl-2-nitrophenylthio)acetic acid (IIg) (0.948 g) was obtained (m.p. and infrared spectrum were 
identical to  those of an authentic sample). The filtrate was extracted with ether which, on drying and 
evaporation, yielded 3,4-dihydro-4-hydroxy-6-methyl-3-oxo-2H-l,4-benzothiazine (Vg) (0.229 g),  m.p. 
98-102", raised to  105-107° on recrystallizing from ethanol. 

In a repeat reduction, the ester (1.641 g) yielded IIg (0.766 g) and Vg (0.282 g). 

Redtrclion of lllelhyl (2,Q-Dinitrop1zenylthio)acelate 
This acetate (2 g) was reduced by the general method except that  methanol was used as  solvent, and 2 g 

of sodiutn borohydride and 0.2 g of catalyst were employed in the reaction. The acidified filtrate was made 
slightly basic with ammonia solution, the excess ammonia was boiled off, and the resulting solution was 
diluted with water and extracted with ether. From the ether solution, a brown oil (0.25 g) was obtained on 
evaporation. I t  gave a violet color with alcoholic ferric chloride solution; it could also be diazotized and 
coupled with p-naphthol and thus gave an orange-red dye. 

illethyl o-iVIercaptobenzoate 
o-Mercaptobenzoic acid (18.4 g) was refluxed for 15 h in methanol (150 ml) containing concentrated 

sulfuric acid (15 mI) and the ester was isolated a s  a n  oil in the usual way. The oil was distilled and the 
fraction boiling a t  154' a t  24 mm Hg (15.8 g) was collected and used in the following reaction. Lit. (22) 
b.p. 252'. 

illethyl 2-(Nitrophenylthio)benzoate ( VI) 
Methyl o-inercaptobenzoate (4.21 g) was dissolved in a solution of sodium hydroxide (1 g) in water (2 mi) 

and methanol (50 mi). T o  the resulting red solution was added 0-chloronitrobenzene (4.75 g) dissolved in 
methanol (20 1111). The mixture was allowed to  stand for 4 days a t  room temperature then it was concen- 
trated to  half volume and flooded with water. A yellow precipitate (5.1 g, m.p. 89-93") was obtained. After 
crystallizing from ethanol, the m.p. was 93', lit. (23) m.p. 92-93'. Infrared spectrum (IiBr disc): 1725  (s) 
(C=O); 1 560 (s), 1330  (s), 850 (m) (NO*) cm-I. 

Redzlction of lllethyl 2-(0-Nitrophenylthio)benzoate 
ilIetlzod (a) 
Methyl 2-(0-nitropheny1thio)benzoate (1.1 g) in dioxane (15 ml) was reduced by the general method 

described for the preparation of cyclic hydroxamic acids, except that  the solution of the benzoate was added 
over a longer period (1 h) to  the sodium borohydride (0.4 g) and palladium-charcoal (0.05 g) in aqueous 
diosane. The filtrate was acidified with dilute hydrochloric acid, concentrated, flooded with water, and finally 
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extracted with ether. The  ether extract was shaken with 5% sodium hydroxide solution, shaken \\it11 water, 
dried, and then evaporated to give a yellow neutral oil (1.01 g).  This oil solidified when triturated with 
methanol and yielded, after recrystallization from ethanol, yellow crystals (0.71 g),  m.p. 148-149' of 2,"- 
bis((o-rnethoxycarbonyl)phenylthio)azoxybenze~e (VII). Infrared spectrum (1CBr disc): 1 710 (s) (C=O), 
1474  (s), 1 2 7 0  (s) or 1255 (s) (azoxy) c~n-I (determined on a I'erkin-Elmer model 21 spectropl~otometer). 

Anal. Calcd. for C?8EI?zF!?0~Sa: C, 63.38; H,  4.18; hT, 5.28; S ,  12.09; mol. wt. 530.6. 1;ound: C, 63.12; I-I, 
4.24; N, 5.23; S, 12.16; mol. wt. 511. 

i'tlethod (b) 
The ester (2 g) dissolved in a mixture of ethano1:methanol (3:l) (40 ml) was reduced as  described in the 

general method for the preparation of cyclic hydroxamic acids, except that  dioxane \\.as replaced with the 
mixed solvent. The acidified filtrate yielded a viscous orange neutral oil (1.3 g) when treated as described in 
the experiment immediately above. On standing, followed by trituration with ethanol, the azosybenzene 
(VII) was isolated from this oil as  orange crystals (0.19 g), m.p. 145-149'. 

Method (c) 
A solution of ammonium chloride (2 g) in water (20 ml) was added to a solution of methyl 2-(0-nitro- 

pheny1thio)benzoate (2 g) in ethanol (50 ml). The  mixture was stirred, zinc dust (2 g) was added in small 
portions over 15 min, and stirring was continued for a further 2 h a t  room temperature. The colorless filtrate 
was acidified with dilute hydrochloric acid and extracted with ether. The ether extract was shaken succes- 
sively with 5y0 sodium carbonate solution and water, dried, and evaporated to give a neutral viscous red oil 
(1.62 g) which, on standing, gave a yellow solid (0.15 g),  m.p. 145-148"; the infrared spectrum of this solid 
was superimposable on that of the product obtained by methods (a) and (b). 

Anal. Found: C, 63.79; H ,  3.87; N, 4.90; S, 11.60. 

Methyl a-(0-ivitroplaenyltkio)propionate (IIzL) 
Bis(o-nitrophenyl) disulfide (30 g) was converted to  sodium o-nitrothiophenolate using Claasu' method (9). 

The resulting red solution was filtered, and to the filtrate was added a solution of a-chloropropionic acid 
(18.8 ml) and anhydrous sodium carbonate (12 g) in water (100 ml). The solution was heated for 2 h, cooled, 
acidified, and extracted with ether. Re-extraction of the ether layer with sodium carbonate solution, followed 
by acidification (dilute hydrochloric acid) of the aqueous layer gave a-(0-nitrophenylthio)propio~~ic acid 
(111) (22.2 g) as a brown solid; m.p. 76-81", raised to 106-108' on crystallization from aqueous ethanol. 
(Compare yield of I11 by alternative method of preparation-see Table 11). Fischer-Speier esterilication of 
the acid gave an almost quantitative yield of the ester (1121) as a n  orange oil which quickly solidified. On 
crystallization from methanol, a yellow solid, m.p. 54O, was obtained which was not analyzed before oxidation. 

ikletlzyl a-(0-Nitropl~enylsz~lfonyl)propionate (IIt) 
The sulfide (111~) (3.25 g) was dissolved in glacial acetic acid (50 ml). T o  this solution, a 5% aqueous 

solution of potassium permanganate (90 ml) was added in small quantities, with stirring, over 1 h;  stirring 
was then continued for an  additional hour. Hydrogen peroxide solution was added dropwise to decolorize 
the solution and the pale brown sulfone crystals which had separated during the reaction (3.09 g, m.p. 77-81") 
were filtered off. Crystallization from ethanol gave white rods, m.p. 87-88". 

Anal. Calcd. for CloH11NO~S: C, 43.95; H, 4.06; N, 5.13; S, 11.73. Found; C, 43.79; I-I, 3.88; N, 5.09; 
S, 11.68. 

3,4-Dihyd~o-4-laydroxy-2-methyl-3-oro-2H-l,4-beneotlaiaeine-l,l-dioxide (Vt) 
This hydroxamic acid was prepared by reducing methyl a-(0-nitrophenylsulfonyl)propionate xi th  sodium 

borohydride and palladium-charcoal, using the general method previously described. The yield, m.p., and 
analytical data are recorded in Table I. 

Attemnpted Reduction of Methyl (0- Nitrophemay1tkio)acetate with Hydra~ine  Hydrate a d  Palladiu~la-Charcoal 
The  ester (prepared in excellent yield by Fischer-Speier esterification of the  corresponding acid, ref. 8) 

(1.923 g) was dissolved in methanol (25 ml), and palladium-charcoal (0.1 g) was added followed by hydrazine 
hydrate (2 ml). The  mixture was refluxed for + h, a further 2 ml of hydrazine hydrate were added, and 
refluxing was continued for another + h. The  solution was filtered and the filtrate was evaporated to  dryness 
giving a brown oil which was dissolved in hot methanol. On cooling, yellow crystals of (0-nitrophenylthio)- 
acetic acid hydrazide separated (0.625 g),  m.p. 164". Infrared spectrum (ICBr disc): 1 646 (s) (C=O); 
1536  (s), 1 342 (s), 856 (m) (NO?) cm-I when determined on a Perkin-Elmer model 21 spectrophotometer. 

Anal. Calcd. for C B H ~ N ~ O ~ S :  C, 42.28; H,  3.99. Found: C, 42.08; H ,  3.97. 

Treatment of o-Nitrothiophenol with Diethyl Bro~~iomalonate 
A solution of o-nitrothiophenol (3.89 g) was prepared as before (see IIb). On the addition of diethyl 

bromomalonate (4.3 ml) with stirring, an  immediate precipitate of bis(o-nitrophenyl) disulfide (2.703 g, 
m.p. 196") resulted. The  infrared spectrum was identical with that  of an  authentic sample. The red colored 
filtrate was cooled overnight and a second product, diethyl bis(o-nitrophenylthio)malonate (I\;), separated 
(0.591 g, m.p. 98-101'). Crystallization from methanol gave yellow needles, 1n.p. 101-102"; the infrared 
spectrum displayed the expected bands a t  1 7 7 5  (C=O); 1555, 1355,  855 (NO?) cm-I. 
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Anal. Calcd. for C I ( I H ~ ~ N ~ O ~ S ~ :  C, 48.92; H ,  3.86; N, 6.01; S, 13.73; mol. wt. 466.5. Found: C, 48.72; H, 
4.05; N, 5.84; S, 13.69; mol. wt. 464. 

Treatwtent of o-iVitrothioplzeno1 with Diethyl Dibromomalonate 
Using the method described in the preparation immediately above, o-nitrothiophenol (3.88 g) and diethyl 

dibromomalonate (3.975 g) gave the disulfide (IIIa, 3.526 g, m.p. 192-196O), and from the concentrated and 
cooled filtrate, diethyl bis(o-nitrophenylthio)malonate (0.165 g) precipitated, m.p. 94-97', raised to 101-102° 
on crystallizing from methanol. 
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