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I\BSTR~\CT 

T h e  products obtained wher a-(0-~~i trophen~l th io)  acids are reduced b y  means o f  sodi~~lll  
borohydride and palladi~lm-charcoal depend on (a )  the reaction temperature, ( b )  the solvent, 
( G )  the length o f  time in which the a-(0-nitrophenylthio) acid is in contact with the  reducing 
agent, and (d)  the nature o f  the substituents on the a-(0-nitrophenylthio) acid. B y  varying these 
conditions, benzothiazine hydroxamic acids (i.e. s~~bst i tu ted  3,4-dihydro-4-hydroxy-3-0x0-Z- 
1,4-benzothiazines), the corresponding lactallls (3,4-dihydr0-3-ox0-2H-1,4-benzothiazines, 
and derivatives of  2-carboxymethyIthioazobenze~:e can be prepared. 

In t\vo cases, additional products were obtained. W h e n  (o-r~itrophe~~ylthio)acetic acid was 
catalytically reduced for 30 min in dioxane, 3,4-dihydro-3-0x0-2H-1,4-benzothiazine-l,1- 
dioxide (VIG) was an ~~ilexpected product, and when a-(4-trifl~1oromethyl-2-nitrophe11ylthio)- 
i sob~~tyr ic  acid was le f t  for a prolonged time in contact with sodi~lirl borohydride and palladi~im- 
charcoal, a derivative o f  hydrazobenzene, namely, 2-carboxy(a,a-dimethyl)methylthio-5- 
trifl~~orornethylhydrazobe~ize~~e (V), was one o f  the three identified products. 

When reduced by means of sodium borohydride and palladiu~n-charcoal, certain aro- 
matic nitro compounds which possess an ester group in a position suitably orientated 
with respect to the o-nitrophenyl group are converted into cyclic hydroxamic acids (1-3) ; 
the nitro group is reduced to a hydroxylanlino group which then cyclizes with the ester 
function. When t\vo nitro acids were reduced by siiuilar means, hoxvever, complete reduc- 
tion to the corresponding amines occurred, and in both cases, lactamisation resulted on 
acidification (1). 

We have recently reported (3) that 2H-1,4-benzothiazine liydroxamic acids ( I )  are 
readily obtained by reducing suitably substituted (0-nitropl~enylt1~io)acetates bjr means 
of sodium borohydride and palladium-cliarcoal. On the suppositioil that reductioil of the 
corresponding acids would yield the related lactains (111), n-hich could be expected to 
possess anthelinintic properties (4, 5), substituted (0-nitropheny1thio)acetic acids were 
reduced sodiuin borohydride and palladium-charcoal. The resulting products 
depended on (a) time, (b) solvent, (c) nature of the substituents, and (d) temperature. 

When a-(4-trifluoroi~~etl~yl-2-nitrophenylthio)propionic acid (IIJ) was reduced in 
dioxane or illethanol over a period of 30 min n-ith excess sodium borohydride in the pres- 
ence of palladium-charcoal, the corresponding anlino compound n-as not formed (6). 
The isolatioil of 6-trifluorometl~yl-3,4-dihydro-4-11ydroxy-2-~11et11yl-3-oxo-2H-l,4-benzo- 
thiazine (If) in good yield, on acidification of the filtrate, indicated that reductioil had 
proceeded only as far as the hydroxylamino stage. This reaction is a general one. --I total 

lFo, pad I in thzs scrics, scc ref. 3. 

C.~nadlan J o u r ~ ~ a l  of Clie1111str~. Volume 41 (106G) 

1733 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

SO
U

T
H

E
R

N
 I

L
L

IN
O

IS
 U

N
IV

E
R

SI
T

Y
 o

n 
12

/0
5/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



C.4K.4DIAN JOURS.41, O F  CI-IEMISTRY. VOL. 44, 10GG 

a Br I-I 1-1 g Cb.3 CIIaCOOII It 
tI CI 1-1 I I  I! nilc M~ 1-1 
c CI Me 1% t I-I CI32COOI-I I-I 
d Br Me 1-1 i I-I Me 13 

f CF; AIe I-I 1 Iir Me AIe 
7 i z  CF3 Me AIe 

of 13 acids having the general formula I1 (i.e. IIa-II,nz) \\ere reduced by this method. In 
every case, the corresponding hydroxalnic acid (Ia-Inz) was obtained, usually in good yield, 
regardless of whether methanol or dioxane was used as solvent (Table I).  

A different result \\:as obtained, however, when silnple derivatives of (o-nitrophenyl- 
thio)acetic acid were left in contact with sodiuiu borohydride and palladium-charcoal for 
extended periods of tiii~e. Reduction of (4-trifluoromethyl-2-nitropheny1thio)acetic acid 
(IIe) in aqueous dioxaile by this method gave initially an almost colorless solution \vhich 
slo\\rly darlcened \\-hen left to stand a t  room temperature. After an interval of 72 h the 
solution \\-as orange-red in color; a t  this stage the catalyst \\:as reinoved and the filtrate 
acidified. S o  hydroxamic acid was obtained. Chromatographic analysis of the product 
showed that it was a mixture containing 6-trifluoromethyl-3,4-dihydro-3-oxo-2H-I,4- 
benzothjazine (IIIa),  2-carbox~~inethylthio-5-trifluoromethylazobenzene (IT.'a), and other 
unidentified inaterial. In the saine way, prolonged reductions of a-(4-bromo-2-i~itrophen~l- 
thio)propionic acid (IId), a-(4-trifluoroinethyl-2-nitrop1~ei~~~ltlio)propionic acid (IIf), 
a-(4-methyl-2-nitropheny1thio)propionic acid (IIlz), a-(0-nitrophenylthio)propioi~ic acid 
(IIj),  and a-(4-broino-2-nitropheny1thio)isobutyric acid (IIZ) n~ith sodiuill borohydride 
and palladium-charcoal gave derivatives of 3,4-dihydro-3-0~0-2H-1,4-benzothiazine 
(IIIb-IIIf, respectively), and azo colnpounds (IVb-IVf, respectively). Yields nrere gener- 
ally poor, and other unidentified products n.ere also obtained. A similar prolonged reduc- 
tion of cr-(4-trifluoroiiiethyl-2-nitrophenylthio)isobutric acid (IIm) again failed to give 
hydroxamic acid. In this case, the solution had darlcened appreciably after the reagents 
had been in contact for only 24 h. At this stage, the solution uras filtered and acidified. 
Three identifiable products were isolated, two of which were the expected 2-carboxy- 
(a,cr-dimetliyl)metl~ylthio-.5-trifl~1oromethylazobenzene (IVg) and 6-trifluoroniethyl-3,4- 
dihydro-2,2-dimethyl-3-oxo-2II-l,4-benzotliiazine (IIIg). The third product has been 
deduced to be the hydrazo coinpound (V). Such a structure is compatible with eleiuental 
analysis and wit11 equivalent and molecular weight determinations. Evidence from 
infrared studies also suggests this inolecular structure. The infrared spectra of IVg and T' 
are similar, except for absorption pealcs attributable to the NI-I group, which occur onlj. 
in coinpound V. The infrared spectra of azobenzene and hydrazobenzene were recorded 
for comparison purposes. As expected, they also showed many similarities, with differences 
mainly in the regions where NH absorption occurs. 
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-. 

S- c -COOH S - c ( M ~ ) ~  COOH 

R 

R HOOC-q- S F5C IIOOC-C(M~)~-S 
El" 

In addition to the expected hydroxyl and carbonyl absorption, it n as noticeablc that 
the infrared spectra of all the azo conlpounds (IVn-IVg) in potassium bromide had a11 
absorption band of wealr to medium intensity in the range 1418 - 1444 cm-l. Such a 
band may be ascribed to the azo group (7). The mechanislri involved in the formation of the 
azo and hydrazo compounds from the hydroxj~lamino intermediates is being investigated a t  
present. 

The products obtained from tlie reduction of (0-nitropheny1thio)acetic acid II ere also 
dependent on the rate of reductioii and on the nature of the solvent used. A fast reduction 
(30 min) in dioxaiie gave 3,4-dihydro-4-hydroxy-3-0xo-2H-1,4-benzothiazine (VIa) as 
the ii~ajor product, though some of the corresponding lactain 3,4-dihydro-3-0xo-2H-l,~- 
benzothiazine (VIb) was also foriiied. In addition to these products, an unexpected third 
product, namely, 3,4-dihydro-3-oxo-2H-1,4-benzothiazine-l,l-dioxide (VIc), \\-as isolated 
froill the reaction mixture. One explanation for the formation of VIc is a concurrei~t oxida- 
tion and reduction of the intermediate VIIa to yield VIIb and VIIc, ~vhich cyclize 011 

acidification. A prolonged reduction of (o-nitrophen~~Ithio)acetic acid in dioxane gave the 
lactain in very good yield, and rather surprisingly, no azo compound \vas obtained. The 
lactan1 (VIb) was also tlie only product isolated 11 hen the same acid \\-as reduced over a 
15 min period in ii~ethanol. A similar result was obtained when o-chloro-a-(0-niti-ophenyl- 
thio)cinnamic acid (VIII) \\-as reduced with an excess of sodiun~ borohjdride and 
palladiui~~-charcoal. A fast reduction in dioxane yielded the hydroxainic acid (IXa) as the 
liiajor product; some lactam (IXb) 11 as also isolated. The lactain nras the only product 
obtained when the fast reduction \\-as repeated with methanol as solvent or \\hen tile 
reduction in dioxane was prolonged. 
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OH 

COOH 
C1 

I I 

VIII 

This is not the first instance of solvent influencing the nature of the product obtained 
when sodium borohydride and palladium-charcoal are employed to reduce nitro com- 
pounds. We have previousl>. reported ( I )  tha t  the reduction of methyl (0-nitrobenzoy1)- 
cyanoacetate in sodium hydroxide solution gave 3-cyano-1,2-dihydro-1,4-dihydroxy-2- 
oxoquinoline (Xu) in excellent yield. We have since found2 that ,  when the solvent is 
changed to methanol, the hydroxaillic acid does not form. T h e  product is then the lactam 
(X b) . 

\Vhen a-(4-trifluorometl~yl-2-nitrophenylthio)propionic acid (IIf) was reduced in 
dioxane with sodium borohydride and pal ladiuin~harcoal  over a period of 15 min a t  
roo111 temperature and left a t  0' for 72 h before filtering and acidifying, the reaction 
mixture did not darlcen appreciably. On acidification, the h~,droxainic acid (If) ufas 
obtained as the major product, even though an  excess of sodium borohydride was 
enlployed in the reaction. T h e  corresponding lactam (IIIc) \\.as the minor product of this 
reaction. 

The results of this study should be coinpared with those of Neilson et al. (G) ,  who sho~ved 
tha t  aromatic nitro compounds were smoothly reduced to amines with sodium boro- 
hydride and palladium-charcoal. These authors were unable to isolate any intermediate 
compounds in the reduction and they presented evidence tha t  by-products of the azo- 
benzene, azoxybenzene, or hydrazobenzene type were not formed and subsecluently 
reduced to the amine. 

EXPERIMENTAL 

Melting points are uncorrected. Infrared spectra were recorded on a Unicam SP200 spectrophotonleter. 
Palladium-charcoal refers to 10% palladi~ium on charcoal. 

Preparation of a-(0-Nitropltenyltltio) Acids (IIa-IInz) 
With the exception of compounds Ilb and IIc, the preparations of the acids used in this study were reported 

in part I (3). 
(/t-Chloro-2-?tilropIrenylthia)acetic acid (IIb) was obtained ill 96y0 yield by the previously described (3) 

general method for preparing 2-(0-nitrophenylthio) acids. I t  was a yellow solid, m.p. 209", when recrystallized 
from methanol (lit. (8) m.p. 209-210"). 

a-(/t-C/t1~1uo-2-?titr0p/1e~zyltltio)pr0pi01tic acid (116) was prepared by the method described for IIb. The title 
colnpound was obtained a s  a yellow solid (95% yield), m.p. 13&135", when recrystallized from methanol. 
Infrared spectrum (ICPJr disk): broad absorption 2 400 - 3 300 (111) (OH) ; 1 700 (s) (C=O) ; 1 525 (s), 
1 340 (s), and 832 (m) (NO?) cln-l. 

;ln;ll. Calcd. for CBH~CINO.&: C, 41.30; 11,3.07. Found: C, 41.63; H,  3.05. 

Fast Iicd~lctions of a-(0-Nituophenylthio) Acids (IIa-IIm) 
The method of reduction was similar to the one previously used for the reduction of the corresponding 

esters (3) .  Palladium-charcoal (0.2 g), suspended in water (10 ml), was added carefully to a solution of sodi~inl 
borohydride ( I  g) in water or 2% sodium hydroxide solution (10 ml) (see Table I). The suspension was diluted 
with dioxane or ~nethanol (20 ml), and nitrogen was passed through the mixture while a solution of the acid 
(1 g) in dioxane or inethanol (20-40 inl) was added dropwise over a period of 15 min. The reaction was 

?R. T. Cozitts and S. J. Storey, rinptrblished ~eszilts. 
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allowed to co~, t i~lue  for a further 15 inin in an  atmosphere of nitrogen; then the catalyst was removed by 
lilt ratio^^ r111d Lhe hydroxa~nic acid was isolated from the liltrate by the methods reported earlier (3). 

'I'hc yields of hydroxa~nic acids are recorded ill 'Table I. Four hydroxamic acids (Ib, Ic, 12, and li) have not 
bee11 reported previously. Apart from these four con~pounds, all the hydroxamic acids listed in Table 1 had 
properties identical with those already reported (3) for these compounds. 

6-Cl~loio-3,/t-dzltydro-~-lzydro~y-S-oxo-2H-l,-bet~zo~/~iazine (Ib) was a colorless compound, 11n.p. 179-1SO0, 
wheu recrystallized froin ethanol. Infrared spectrum (I<Br disk): 3 180 (m) (OH); 1675  (s) and 1628  (m) 
(free and hydrogen-bonded C=O) cm-'. 

Anal. Calcd. for CsHGC1X02S: C, 44.55; H,  2.S0; N, 6.50. Found: C, 44.15; 11, 2.7s; N, 0.67. 
6-Chloro-Y,~-dilzydro-4-ltydro.vy-2-me~hyl-3-oxo-2EI-l,~-be~zzotl~~azine (Ic) was a pale, tan-colored solid, 

m.p. 160-1Gl0, when recrystallized from ethanol. Infrared spectrum (I<Br disk): 3 120 (m) (OH);  1675  (s) 
and 1 635 (s) (free and hydrogen-bonded C=O) crn-'. 

Anal. Calcd. for CsHsClN02S: C, 47.00; H, 3.51; N, 6.10. Found: C, 47.27; M, 3.27; N, 6.43. 
2-Carboxynzetlzyl-6-tri$~~oro~11ethyl-S,-dl~ydro--lzydroxy-S-oxo-2H-l,4-benzotlziazine (Ig) was a pale-yellow 

solid, 1n.p. 17s-lSOo, when recrystallized from aqueous ethanol. Infrared spectrunn (I<Br disk): broad 
absorption 2 SO0 - 3 GOO (m) with lnaximum a t  3 300 (OH) ; 1 700 (s) (acid C=O); 1 642 (s) (hydroxamate 
C=O) cm-1. 

Anal. Calcd. for C I I H S F ~ N O ~ S :  C, 43.00; H ,  2.63; X, 4.56. Found: C, 43.13; H, 2.70; N, 4.47. 
2-C~~rboxyt~zetlzyl-S,4-di11.ydro-4-hydr0xy-S-0x0-2H-1,4-benz01/1iaine (Ii) was a very pale yellow solid, m.p. 

186-lSSo, when recrystallized from aqueous ethanol. Infrared spectrum (I<Br disk): broad absorption 
2 400 - 3 400 with maximum a t  3 300 (s) (OH) ; 1 698 (s) (acid C=O) ; 1 645 (s) (hpdroxamate C=O) cm-1. 

Anal. Calcd. for C 1 ~ H ~ N 0 4 S :  C, 50.20; H, 3.79; N, 5.86. Found: C, 50.56; H, 3.70; N, 5.48. 

TABLE I 

2H-1,4-13enzothiazine hydroxainic acids (1) obtained by reducing (0-~litrophe~~ylthio) 
acids (11) with sodium borohydride and palladium-charcoal 

Compo~und Solvent* Yield (%) 1 1  Compound Solvent* Yield (%) 

1 ,  

"'d = cliosane; d + s = diosarlc + 2% sorlium Irydroxide; m = methanol. 

Pieparatiot~ oj'o-Clzloro-a-(0-?titrophetzyltkio)ci~z?~anzic Acid ( V I I I )  
The title compound \\-as prepared by the reported (9) method. I t  was a yellow solid, m.p. 213-215", when 

recrystallized from methanol (lit. (9) n1.p. 215-217"). 

Redzictio?~ of o-Clzloro-a-(0-~~itroplze?tylth.io)cinnan~ic Acid - - .  
11fetlzod e 
A fast reduction of the title c o m ~ o u n d  (1.007 rr) was carried out in dioxa~le bv the ~reviouslv described -. 

general method for the reduction of a-(0-nitrophenylthio) acids. The filtrate was acidified with concentrated 
hydrochloric acid, and 2 - ( o - c h l o r o b e n z y l i d e n e ) - 3 , 4 - d i h y d r o - 4 - h y d e 1 1 z 0 t h i a z i 1 e  (IXa) was 
precipitated as  a yellow solid (0.506 g), m.p. 140-143", which gave a violet color when treated with ethanolic 
ferric chloride solution. Two recrystallizations froin methanol raised the melting point t o  143-144'. Infrared 
spectrum (I<Br disk): broad absorptioii 2 500 - 3 400 with maximum a t  3 220 (m) (OH); 1 665 (m) and 
1 624 (s) (free and hydrogen-bonded hydroxamate C=O) cin-'. 

Anal. Calcd. for C~&IIOCINO~S:  C, 59.30; H, 3.32; N, 4.67. Found: C, 59.40; H ,  3.29; N, 4.76. 
'I'he aqueolls acidic filtrate remaining after removal of the above hydroxamic acid was con~pletely extracted 

with ether, and then the combined ether extracts were re-extracted with 10% sodium carbonate solution. 
Evaporation of the ether solution gave 2-(o-chlorobenzylidene)-3,4-dihydro-3-oxo-2H-l,4-be~~zothiazine 
(IXb) (0.27 g) as a yellow solid, 1n.p. 229-230°, after recrystallization from methanol (lit. (9) m.p. 225-227"). 

Anal. Calcd. for C15HloClNOS: C, 62.60 ; H, 3.50; N, 4.S7. Found: C, 62.99 ; H ,  3.58 ; N, 4.89. 
Thc s o d i l ~ ~ n  carbonate extract was acidified with concentrated hydrochloric acid and extracted with ether. 

Removal of the ether gave a brown oil (0.12S2 g) which was rejected. 
Il!lethod b 
The title compound (1.003 g) was reduced as  described in method a ,  except that methanol was used as  

solvent. The  filtrate was acidified with concentrated hydrochloric acid, a ~ i d  when the solutioll was cooled, 
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2-(o-chlorobenzylidene)-3,4-dihydro-3-oxo-2H-1,4-benzothiazi1ie ( ISb)  (0.346 g) separated a s  a pale-);ello\\- 
solid, m.p. 239-230' after recrystallization from methanol. 4 further yield of IXb (0.360 g) was obtained by 
meansof ether extraction of the aqueous acidic filtrate as  described in method a. 

dtetltod c 
The title co~npound ('3.04 g) in dioxane (150 ml) was added in small portions over a period of 3 11 to a 

suspension of palladium-charcoal (0.5 g) in 50% aqueous dioxane (50 ml), in whicli was dissolved sodium 
borohydride (2.5 g). Nitrogen was passed through the mixture during the addition of the solution of the title 
compound. 'The mixture \vas left for $2 h ;  then the solution nras filtered and the filtrate acidified with con- 
centrated hydrochloric acid. 2-(o-Chlorobenz~~lider1e)-3,4-dihydro-3-oso-2fI-l,4-benzothiazine (0.928 g) 
precipitated as  a yellow solid, m.p. 21421 i0 ,  raised to 228-230' when recrystallized from methanol. 'The 
infrared spectrum was identical with that  of an  authentic sample. :\ further yield of ISb  (0.896 g) was 
obtained from an ether extraction of the aqueous acidic filtrate a s  described ill method a. 

Reduction of (0-Nitropheny1thio)acetic Acid 
This compound was reduced by methods which were esse~itiallp the same a s  those described irnder the 

reduction of o-chloro-a-(0-nitropheny1thio)cinnamic acid. 
(0-Nitropheny1thio)acetic acid (1.06 g) in dioxane (50 rnl) was reduced a s  described ill ~netliod a, the solu- 

tion filtered, and the filtrate acidified. A white solid (0.157 g), m.p. 187-189", separated. Two recrystnl- 
lizations from methanol gave 3,4-dihpdro-3-oxo-2fI-1,4-benzothiazi1e-1,1-dioxide as  a colorless solid, 1n.p. 
208-209" (lit. (10) m.p. 307-208"). Infrared spectrum (ICBr disk): broad absorption 2 800 - 3 400 \\.it11 
maxima a t  3 090 (m) a ~ ~ d  3 210 (m) (lactam NH) ; 1 682 (s) (C=O) cm-1. 

Anal. Calcd. for CsI-I?N03S: C, 48.72; M, 3.58; N, 7.10; S, 16.26. Found: C, 49.0'2; 13, 3.28; K, 6.93; 
S, 16.00. 

The acidic filtrate remaining after removal of the above product was extracted with ether; the11 the ether 
solution was re-extracted with 10% sodium carbonate solution. Evaporation of the ether solution gave 
3,4-dihydro-4-hydrox)~-3-oxo-211-1,4-benzothiazi1ie (0.483 g), lll.p. 179-18O0, when recrystallized from 
methanol (lit. (11) m.p. 179"). The sodium carbollate solution wasacidified arid extracted with ether. Iiclnoval 
of the ether gave 3,4-dihydro-4-hydrosy-S-oxo-2fI-1,4-be1izothizi11e (0.482 g) a s  colorless crystals. m.p. 
149-150°, when recrystallized from methanol (lit. (1) 1i1.p. 151-152"). The infrared spectra of both compou~~ds  
were identical lvith those of authentic samples, and only the latter compound, m.p. 149-15O0, gave a violet 
color when alcoholic ferric chloride solution \\-as added. 

This reduction by method a has been repented a number of times. On two occasions, no product separated 
when the initial filtrate was acidified. The acidic solution was the11 extracted with ether and the ether-soluble 
material separated into r~eutral and acidic products. The neutral material was shown to contain 3,4-dihydro- 
3-oxo-2H-1,4-benzothiazilic (VIb) and thecorresponding dioxide (Vlc) by subjecting the mixture to chrouia- 
tography 011 Whatinan No. 1 paper with methanol-water (1:4) a s  solvent and locating the spots by lneans 
of ~~ltraviolet  light. The Rr values for Vlb and VIc are 0.61 and 0.45, respectively. 

\Vhen the title compound (1.0'2 g) was reduced by method b, a total yield of 0.581 g of 3,4-dihydro-3-oso- 
211-1,4-benzothiazi11e \vas obtained and no hyclrosamic acid \\-as isolated. 

When the titlecompound (3.032g) was reduced 11)-  neth hod c, a total yield of 1.990 g of 3,4-dihydro-3-oso- 
211-1,4-benzothiazine was isolated. 

Prolo?tged Redr~ctioirs of a-(0-Nitroplte~tyltltio) Acids 
General Atetltod 
The a-(0-nitrophenylthio) acid (3 g) mas dissolved in dioxane (minimum volume) and the resulting solution 

was added in small portions over a period of 15 ~ n i n  to an aqueous dioxane so lu t io~~  of sodi~um borohydride 
(3 g) in which was susper~ded palladium-charco:~l (0.6 g). Nitrogen was passed through the mixture while 
the solution of the a-(0-nitroplienylthio) acid \\.as added and for a further 15 min. The reaction nlisture was 
then left exposed to the atmosphere a t  room temperature for $2 h, during \vhich time the almost colorless 
solution turned dark red in color. The sol~rtiorl was then filtered a l ~ d  the filtrate ~vns  acidified with concen- 
trated hydrochloric acid. This gave a darlc-colored solid. The solid and the filtrate \\:hich remained after its 
removal were treated as  described in individual ex;uuples. 

Prolo~zged Redztction of (~-TI.t~~~o~on~etltyl-,2-nitro~1lze~tyltl~~o)ucctic Acid (IIe) 
The title compound ('2.906 g) was reduced by the general method, and a pale-brolvli precipitate (2.118 g), 

m.p. 211-21S0, was obtained. A portion (0.522 g) \vas recrystallized from ethanol and gave 2-carbosy- 
methylthio-5-triRuoro1nethy1azobe11ze11e (Ilia) (0.155 g) as  a n  orange solid, m.p. 252-253". Infrared spectrum 
(ICBr disk): broad absorption 2 400 - 3 300 with maxinla a t  3 OFjO (m) a ~ i d  2 1100 (m) (OH) ; 1 '700 (s) (C=O) ; 
1 426 (m) (azo) cm-I. 

Anal. Calcd. for C l~ IH12F~S~0 , rS2 :  C, 43.37; 13, 2.43; X, 5.65; 5, 12.87. Found: C, 43.68; I-I, 2.64; X, 5.57; 
S, 12.83. 

A second portion (0.404g) of the product, m.p. 211-21S0, was chromatographed on alumina (8 cm X 1 cm). 
Elution with benzer~e gave 6-trifl~1oro1nethy1-3,4-dihydro-3-oso-2H-1,4-bezothzi1e (IIIa) (0.077 g) as a 
white solid, 1n.p. 186-187'. Infrared spectrum (ICBr disk): broad absorption 2 '700 - 3 350 with maxima a t  
3 190 (m) and 3 093 (m) (lactam NH) ; 1 672 (s) (C=O) cm-I. 

Anal. Calcd. for CBHGF3NOS: C, 46.35; I-I,2.59; N, 6.01. Found: C, 4G.76; I-I,2.71; N, 5.57. 
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'Ihe solvent was then changed to methanol, which eluted unidentified illaterial (0.105 g, m.p. 265-285"). 
1:inally a mixtt~re of methanol - 5% sodillin h1,droxide solution (19:l) was used a s  eluarlt. darli-red 
solution was obtained which was concentrated to a small volume, diluted with water, acidified with 
hydrochloric acid, and extracted with ether. Evaporation of the ether solution gave a further cluantity of 
2-carboxy1nethylthio-5-trilluoro1nethylazobe1zeiie (I\in) (0.134 g), m.p. 243-25l0, raised to 251-253' when 
recrystallized from methanol-benzene. 'Ihe infrared spectrum \\-as superimposable on that of the earlier 
fraction of 1Vn obtained as described above. 

Prolonged Redzrction of a-(4-i\detlryl-R-~~~itrophenyllliio)propiot~ic Acid (1111) 
'Ihc title cornpou~~d ('2.995 g) was reduced bj. the general method, and a n  ora~tge-bro\v~~ solid (1.092 g), 

m.p. 170-18Oo, \\,as obtained. 'Iliree recrystallizations from illethanol gave 2-carboxy(a-methyl)methylthio- 
5-methylazobenzene (1Vd) a s  a pale-orange solid, m.p. 205-208". Infrared spectrum (ICBr disk): broad 
absorption 2 400 - 3 300 with inaxi~num a t  2 940 ( ~ n )  (01-1) ; 1 608 (s) (C=O) ; 1 44'2 (w) (azo) cnl-l. 

Anal. Calcd. for C?O~-II?PXPOBSB: C, 57.39; I-1, 5.30; N, 6.69. 1;ound: C, 57.63; H, 5.20; S, 6.63. 
'l'he lilirate remaining after removal of the above solid, m.p. 170-1SOo, was extracted with ether. The 

product obtained 011 evaporation of the ether \\,as dissolved in methanol and chroinatographed on alumina 
(8 cm X 1 cm). Eluate (100 ml) was collected and evaporated. The resulting product was dissolved in ether 
(ca. 100 ml) and extrncted with 1070 sodiu~n bicarbonate solution (3 X 50 1111). Evaporation of the washed 
and dried ether s o l ~ ~ t i o ~ i  gave 3,4-dihydro-2,6-diinethyl-3-oso-2H-l,4-bezothi~zitie ( l l ld)  a s  a pale-brown 
solid (0.541 g) ,  1n.p. 146-152', raised to 158-159' when recrystallized from aqueous me tha~~o l .  Infrared 
spectrum (Iil3r disl;): broad absorption 2 SO0 - 3 400 nith maxima a t  3 225 (w) and 3 110 (w) (lactam NH) ; 
1 660 (s) (C=O) cin-I. 

;\rial. Calcd. for CIUI-ILISOS: C, 62.14; H ,  5.75; S, 7.25; S, 16.59. Found: C, 62.09; 1-1, 6.28; N, 6.90; 
S, 16.06. 

.\cidilication of the aqueous sodiu~n bicarbonate extract gave an  ether-soluble brown oil (0.277 g) which 
was rejected. '-1 siinilar oil (0.179 g) was obtained when the eluant for the colun~n was changed to methanol - 
.i'li; sodill~n hydroxide (10:l). I t  wasalso rejected. 

IJrolonged liedliction of a-(4- T r i f l z r o r o t ) ~ e l h y l - 2 - n ~ i t r o p l ~ e n y l ~ i o 1 i c  Acid (IIfl 
.IIetl~od c~.-After the title compound (3.018 g) was reduced by the general method, acidificatioii of the 

liltrate gave no precipitate, and so the solution was concentrated and extracted with ether. The product 
reinaining after removal of the ether was chrolnatographed on alumina (8 cm X 1 cm) with methanol a s  
eluant. Eluate (100 ~ n l )  was collected and evaporated to give product A, which was treated a s  described 
belo\\-. The e l ~ ~ a n t  n-as then changed to methanol - 5yo aqueous sodium hydroxide solution (19:1), and 100 ml 
was collected. 'l'he solvent was removed and the resulting product (product B) was treated a s  described 
belou-. 

l'roduct A was dissolved in ether (100 ml) and the ether solution was estracted with 10yi; sodiun~ bicarbo- 
nate sol~~t ion.  Evaporation of the washed and dried ether solutioi~ gave 6-trifluoronlethyl-3,4-dihydro-2- 
inetl1yI-3-oso-2II-l,4-be11zothiazile (1 llc) (0.502 g),  1n.p. 166-16io, as a pale-brown solid after two recrystal- 
l iza t io~~s fro111 aqueous ~nethanol. Infrared spectrum (ICBr dislc): broad absorption 2 800 - 3 400 with maxima 
a t  3 1SO (w) and 3 080 (w) (lactain S H )  ; 1 660 (s) (C=O) cm-l. 

i\nal. Calcd. for CloI-lsI;3SOS: C, 48.58; I-I, 3.26; N, 5.67. Found: C, 48.20; H ,  3.2'3; AT, 5.15. 
,\ : ' - . ~ i d ~ l ~ c a t i o n  of the aqueous sodiuln bicarbonate extract with concentrated hydrochloric acid gave 

2-carbosy(a-111ethyl)mcthylthio-5-trifluoroi~1et11ylazobei1zene (IVc) (0.980 g) a s  an  orange solid, 1n.p. 
243-245", after t\vo recrystallizations fro111 inethanol. Infrared spectrum (ICBr dislc): broad absorptio~i 
2 400 - 3 700 with ~naximurn a t  2 950 (rn) (01-I) ; 1 704 ( s )  (C=O) ; 1 432 ( ~ n )  (azo) cm-l. 

~ \ n a l .  Calccl. for C?~HIGFGS?O.~S?:  C, 45.62; H,  3.06; S, 5.32; S, 12.18. Found: C, 45.38; I-I, 3.31; N, 6.65; 
s, 12.19. 

r\ solution of product B in water Xvas acidified with concentrated hydrochloric acid, and a further 0.355 g 
of 1Vr \\-as obtained, 1n.p. 227-230°, raised to 242-244' whe~i recrystallized from methanol. The infrared 
spectra ol this and the previous product were identical. 

.\Ir!hod b.-The title co~npound (3.012 g) ill dioxane (100 1111) was reduced by the general method, except 
that the reaction mixture was left a t  0 OC for the 72 h period. The yellow filtrate was acidified and extracted 
nith ether;  the cther solution was re-extracted with 10% sodium carbonate solution. Evaporation of the 
rcsl~lting cther solution left an  orange-brown oil which, on trituration with methanol, gave 6-trifluoro- 
metl~yl-~3,4-dihydro-2-methyl-3-oxo-2H-l,4-be1izothiazi11e (0.156 g), m.p. 158-16lo, raised to 165-167' 
when recrystallized [I-0111 methanol. 

'l'he sodi~iin carbonate solution was acidified with concentrated hydrochloric acid, and then extracted with 
ether. The ether solution, on evaporation, gave 6-trifll1oromethyl-3,4-dihydro-4-hydroxy-2-methyl-3-oxo- 
2fI-l,.l-benzothiazi1le (If) (1.438 g) as a pale-yellow solid, m.p. 105-109'. Recrystallization from methanol 
raised the melting point to 124126" (lit. (3) lll.p. 126-128"). The infrared spectrum was ide11tic:ll with that  
of an authentic sample of the hydroxamic acid. 

Prolonged Redzrction of a-(o-Nitropheny1thio)propio~~ic Acid ( I I j )  
'I'he method used to reduce the title compound (3.034 g) was similar to that described for the reduction of 

cu-(4-trifluoromethyl-"-nitrophenylthio)propio1ic acid (method a). n'ith methanol as eluant, acidic and 
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neutral products were isolated. The acidic material, 2-carboxy(a-methyl)methylthioazobe11ze11e (1Ve) 
(0.902 g), was obtained initially as a red oil which solidilied (m.p. 195-142") when triturated with ~nethallol. 
Recrystallization frorn aqueous methanol gave a n  orange solid, m.p. 151-152". Infrared spectrum (KBr 
dislc): broad absorption 2 400 - 3 300 with maximum a t  2 920 (m) (OH) ; 1 700 (shoulder) (s) and 1 OSS (s) 
(C=O) ; 1 422 (w) (azo) cm-I. 

Anal. Calcd. for C~SH~SN%O.~S? :  C, 55.36; EI, 4.65; I\, 7.17. l ;o~~nd:  C, 55.72; I-I,4.37; AT, 7.58. 
The neutral material, 3 ,4 -d ihydro-2 -methyI -3 -0~0-2H-1 ,4 -beo i i e  (IIIe) (0.503 g), \\as obtained 

as  an  orange solid, m.p. 117-120". Recrystallization frorn aqueous methanol gave a pale-brown solid, m.p. 
126-128". Infrared spectrunl (ICBr disk): broad absorption 2 700 - B 400 with maxima a t  3 215 (\\-) and 
3 080 (w) (lactam NI-I) ; 1 662 (s) (C=O) cm-I. 

Anal. Calcd. for COHONOS: N, 7.82. Iiotrnd: N, 7.79. 
With methanol - 5% s o d i ~ ~ m  hydroxide (19:l) as  eluant, a red acidic oil (0.205 g) was obtained \\.liich was 

not investigated further. 

ProlongedRed~~ctio~t of a-(~-Br0~~0-2-ni~r0pheny1tIzio)pr0pioni~ Acid (IId) 
This compound (3.052 g) was reduced by the general method, and the subsecluent treatlnerlt was similar 

to that described for the prolonged r educ t io~~  of a-(4-methyl-2-11itropheny1thio)propionic acid, 5-Bromo-?- 
carboxy(a-methyl)n~ethylthioazobenze~~e (1Vb) (1.707 g) was obtained initially as  a red-brown solid, m.p. 
167-170". Two recrystallizations gave an orange solid, m.p. 235-236". Infrared spectrum (ICBr disk): 
broad absorption 2 400 - 3 700 with maxima a t  2 990 (m) and 3 OSO (m) (OH) ; 1 702 (s) (C=O) ; 1 -124 (w) 
(azo) cm-I. 

Anal. Calcd. for C18111GBr?NaO4Sa: C, 39.43; I-I, 2.94; N ,  5.11; S ,  11.70. Found: C, 39.21; 13, 2.8G; N, 
5.10; S, 11.90. 

The neutral product was initially obtained a s  an  orange oily solid which mas t r i t ~ ~ r a t e d  with methanol. 
In this way, 6-bromo-3,4-dihydro-2-methyl-3-oxo-~enzothiazine  (1116) (0.696 g) \\,as obtained as  a 
colorless solid, m.p. 158-19O0, raised to 192-193" when recrystallized from methanol. Infrared spectrum 
(ICBr dislc): broad absorption 2 500 - 3 400 \\,it11 maxirna a t  2 980 (m), 3 110 (m), and 3 210 (m) (lactam XlI)  ; 
1 674 (s) (C=O) cm-l. 

Anal. Calcd. for CoHaBrNOS: C, 41.87; I-I, 3.12; N, 5.43. Fou~id:  C, 42.18; H, 3.20; N, 5.17. 

Prolonged Reduction of a-(4-Bronzo-2-nitrophelzylt1~io)isobr~tyric Acid (IIl) 
The title compound (2.89 g) was reduced by the general method. The acidihed filtrate was extracted \\lit11 

ether, and the combined ether extracts were re-extracted with 27, sodium hydroxide solution. The dried 
ether solution, 011 evaporation, gave 6-bro1no-3,4-dihydro-3,2-di~~~et1~yl-3-oxo-2H-l,4-beiizotiazie (IIIf) 
(0.564 g) a s  a cream-colored solid, m.p. 178-181". Recrystallization from benzene gave a colorless solid, m.p. 
168-189". Infrared spectrum (ICBr disk): broad absorption 2 700 - 3 350 with maxima a t  3 000 (m), 3 130 
(m), and 3 230 (m) (lactam NH) ; 1 670 (s) (C=O) ern-I. 

Anal. Calcd. for CloHloBrNOS: C, 44.13; H, 3.70; S,  5.15. Found: C, 44.34; 13, 3.66; N, 5.20. 
The aqueous allcaline extract was acidilied and extracted with ether. 'l'he dark-red ether extract was dried 

and evaporated to  give a purple solid (1.740 g) which was triturated n:ith methanol, in which a portion 
(0.820 g) was insoluble. This insoluble portion was recrystallized from methanol to give 5-bromo-2-carboxy- 
(a,a-dimethy1)methylthioazobenzene (IVf) a s  purple prisms, 111.p. 220-222". Infrared spectrum (IiT3r dislc): 
broad absorption 2 400 - 3 300 with maxima a t  2 970 ( ~ n )  and 3 075 (111) (OH) ; 1 68s (s) (C=O) ; 1 418 (\v) 
(azo) cm-I. 

Anal. Calcd. for C~OI-I~OB~~N,O.IS?:  C, 41.68; 11, 3.50: N, 4.86; 5, 11.13. Found: C, 41.32; I-I, 3.52; S, 4.82; 
S, 11.43. 

The portion of the purple solid which dissolved when triturated with methanol was not investigated 
further. 

Prolonged Redz~ction of ~-(4-T~ifEz~oronzetl~yl-2-nitrop7~e~~~~ltIzio)i~obz1~ty~ic Acid (IIwz) 
The title compound (3.026 g) was reduced by the general method, except that  the reaction mas allowed to  

continue for only 24 h, a t  which time the solution was dark orange in color. The filtrate was acidified with 
concentrated hydrochloric acid and extracted with ether. The combined ether extracts were dried and 
evaporated to  give a dark-red solid (2.457 g), m.p. 110-121°. A portion (1.40 g) of this solid was chromato- 
graphed on alumina (8 cm X 1 cm) with methanol as  solvent. Suitable volumes of eluate were collected and 
evaporated, and the following fractions were collected. 

Fraction No. Weight Color Melting point 

1 0.089 P Colorless 139-142" 
2 0.364 Colorless 13.5-139" -..~.- 

3 0.3?6 g Pink 158-163" 
4 0.077 g Pink 157-160" 
5 0.009 g Cream 136-139" 
6 0.065 g Pink 135-149" 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

SO
U

T
H

E
R

N
 I

L
L

IN
O

IS
 U

N
IV

E
R

SI
T

Y
 o

n 
12

/0
5/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



COUTTS ET .\I,.: 0RG.iSIC SULFUR COBIPOUNDS. I1 1741 
, . l h e  eluant was chaiiged to ~ncthailol- 5yo sodium hydroxide (19:l), and the followilig fractions were 

isolated after evaporation and acidilication. 

Fraction S o .  Weight Color Melti~ig point 

7 0.252 g Pinlc 151-160" 
8 0.061 g Pinlc 179-200" 

Fractio~la 1 and 2 were combined and recrystallized from aqueous ethanol to give 6-trifluoromethyl- 
3,4-dihydro-2,2-dimethyl-3-oxo-2H-1,4-be1zothiazi1e (IIIg) as  a crea~n-colored solid, m.p. 144-145". Infrared 
spectrum (ICRr disk): broad absorption 2 800 - 3 400 with maxima a t  3 095 (nl) and 3 200 (m) (lactam Nf-I) ; 
1 665 (s) (C=O) cm-l. 

Anal. Calcd. for C111-IIoF~SOS: C, 50.57; H, 3.86; N, 5.36. Found: C, 50.80; I-I, 3.79; N, 5.29. 
Fractions 3, 4, and 6 were mixtures and not investigated further a t  this time. Fraction 7 was recrystallized 

from aqueous ethanol to give 2-carboxy(or,or-din1ethyl)metl1ylthio-5-trifluoromethylhydrazobenzene (V) a s  
a pale-pinl; solid, 1n.p. 166-168". To enable direct comparison with the infrared spectrum of IVg (see later), 
the infrared spectruin of V (ICRr disk) is given in detail (main pealts only): broad absorption 2 350 - 3 500 
with maxima a t  3 340 (w), 2 980 (m), 1 686 (shoulder) (s), 1 678 (s) 1 610 (m), 1 585 (m), 1 520 (m), 1 452 
(s), 1 424 (s), 1 376 (w), 1 336 (s), 1 276 (A), 1 172 (s), 1 138 (s), 1 128 (s), 1 090 (s), 936 (m), 904 (m), 892 (m), 
836 (m), 830 (m), 724 (w), and 678 (w) cm-l. 

Anal. Calcd. for Cs?H??FGN?O.+S?: C, 47.48; H, 3.98; N, 5.03; S, 11.52; mol. \vt. 556.5; equiv. wt. 278.3. 
Found: C, 47.55; 1-1, 3.9'7; N, 4.92; S, 11.66; mol. nrt. (vapor pressure) 552; equiv. wt. (direct titration with 
bariunl hydroxide in aqueous methanol) 282 f 12. 

Fraction S recrystallized froin aqueous methanol as a red solid, m.p. 211-213'. I t  was 2-carboxy(or,or- 
dimethyl)methylthio-5-trifl~1oroi~1ethylazobe1zcie (1Vg). Infrared spectrum (ICRr disk): broad absorption 
2 300 - 3 500 with maxima a t  2 950 (m), 1 692 (s), 1 600 (w), 1 470 (m), 1 444 (w), 1 416 (m), 1 406 (m), 
1 376 (w), 1 332 (s), 1 294 (s), 1 186 (s), 1 136 (shoulder) (s), 1 126 (s), 1 088 (s), 954 (in), 924 (shoulder) (s), 
918 (s), 850 (s), 826 (w), 736 (w), and 682 (I+-) cin-l. 

Anal. Calcd. for C??H?oFGN?O.IS?: C, 47.65; H ,  3.64; N, 5.05; S, 11.56; mol. ivt. 554.5. Found: C, 47.96; 
1-1, 3.67; N, 4.91; S, 11.98; inol. wt. (vapor pressure) 548. 

The fillailcia1 ass is ta i lce  of t h e  N a t i o n a l  Research  Counc i l  of C a n a d a  is g r e a t l y  apprec i -  

ated. 
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