
New Benzothiazines Journal of Medicinal Chemistry, 1973, Vol. 16, No. 10 1133 

New Benzothiazines. 4.1 lif-2,3-Benzothiazin-4(3H)-one 2,2-Dioxide and 2if-l,2-
Benzothiazin-3(4#)-one 1,1-Dioxide Nitrogen Derivatives with Central Nervous 
System Activity 
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The title compounds, bearing an alkyl, aminoalkyl, or aryl substituent on the nitrogen atom, were synthesized and 
tested for CNS activity; some N-alkyl derivatives showed appreciable hypnotic and anticonvulsant properties in mice. 

This laboratory has been concerned with the prepara
tion and pharmacological s tudy of a n u m b e r of 1,2-, 2,3-, 
and 2,1-benzothiazine S,S-dioxide derivat ives. T h e sul-
famyl group as a par t of heterocyclic, par t icular ly six-
membered , rings has long been recognized of great value, 
as, for example , in the 1,2,4-benzothiadiazine 1,1-dioxide 
series where, besides the well-known diuret ic derivat ives, 
others with an t ihyper tens ive 2 a n d / o r hyperglycemic 3 ac
tivities are found; iV-aryl-substi tuted 1 ,4-butanesul tams 
also exhibi t an t iconvulsan t proper t ies . 4 

Physicochemical analogies exist to some extent between 
su l t am and l ac t am functions, and compounds containing 
these s t ruc tures show also pharmacological analogies t h a t 
were discovered in a few cases between such analogous 
heterocycles;5 bioisosteric relat ions between the carbonyl 
and sulfonyl groups are known. 6 T h e amide group is un
doubtedly of great impor tance in cyclic s t ruc tures act ing 
on the C N S and , also, s imple l ac t ams have recently been 
found to have significant central act ivi ty . 7 We therefore 
considered it of interest to explore the significance of the 
analogous s u l t a m group in benzothiaz ine- type rings, such 
as those ment ioned above, for this k ind of act ivi ty. 

This paper describes t he p repara t ion and pharmacologi
cal evaluat ion of a first series of N- subs t i t u t ed lH-2,3-
benzothiazin-4(3.£f)-one 2,2-dioxides (1) and 2H- l ,2 -ben-
zothiazin-3(4.f/)-one 1,1-dioxides (2); it is to be noted t h a t 
in these molecules a carbonyl group associated with the 
s u l t a m group s imula tes cyclic mixed imide function, 
which could appear , a t least formally, in terest ing in our 
s t ruc tura l compar isons . 

Chemistry . T h e benzothiaz inones l b - r (Table I)f and 
2b-o (Table II)J were obta ined ei ther by cyclization of the 
appropr ia te carboxysulfonamides 5 or 8 (Scheme I) or by 
alkylat ion of l#-2,3-benzothiazin-4(3.H)-one 2,2-dioxide 
( l a ) and 2H-l ,2-benzothiaz in-3(4t f ) -one 1,1-dioxide (2a), 
as out l ined in a preceding paper . 1 0 In the la t te r case the 
anions of l a a n d 2a are suscept ible to an electrophilic at
t ack either on the ni trogen or on the oxygen a tom, de
pending on the react ion condit ions and the na tu re of the 
reagents used; generally the N-subs t i tu t ion produc t was 
largely p reponderan t and in most cases could be isolated 
and purified readily. For 2d (R = n-Pr ) , when 2a was 
a lkyla ted with rc-PrBr in D M F a n d in the presence of 
N a H C O s , the 0 derivat ive 9 was also isolated and charac
terized. In ano ther case, by the react ion of the po tass ium 
sal t of l a with i-PrBr in D M F , 10 was ob ta ined as the 
major react ion p roduc t and l e (R = j'-Pr) is more con
venient ly p repared by cyclizing 5b (R = I'-Pr). T h e 
s t ruc ture of 10 was also further es tabl ished th rough syn
thesis from the chloro derivat ive 11 (obta ined from l a 
with PC1S) and i '-PrOH. 

T h e N-subs t i t u t ed benzothiazinones l s , t , l x , y , 2p, and 
2s , with a subs t i t uen t in t he a romat i c r ing, were prepared 
by t e rmina l a lkylat ion of t he corresponding N H com-

t lb (R = Me), If (R = rc-Bu), and lo (R = CH2CH2NEt2) were recently 
described.8 

t 2b (R = Me) and 2i (R = CH2Ph) were recently described.9 

Scheme I 

CH2S02C1 

CN 

3 

CH2S02NHR 

CN 

4 

^ \ ^ C H 2 S 0 2 N H R 

Uk 
COOH 

5 
a? so, 

i 
N R 

oc - a S02NHR 

NR 

CH2CN 

6 7 

S02NHR 

CH2COOH 
8 2 

pounds . These N H compounds were obta ined ei ther as de
scr ibed 1 0 previously [the 6-ni t ro- l / / -2 ,3-benzothiazin-
4(3H)-one 2,2-dioxide and 7-ni t ro-2/f- l ,2-benzothiazin-
3(4H)-one 1,1-dioxide] or by conventional me thods : l w 
(R = H, 6-C1) by the Sandmeyer react ion on 6-amino-
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l t f -2,3-benzothiazin-4(3/7)-one 2,2-dioxide1 0 and 2r (R = 
H, 7 - N H C O O E t ) from 7-amino-2/f - l ,2-benzothiazin-
3(4/f)-one 1,1-dioxide10 with ethyl chloroformate. Reduc
tion of the ni tro groups in l s , t and 2p gave the corre
sponding ar -aminobenzoth iaz inones l u , l v , and 2q. 

Pharmaco logy . All compounds were tes ted for toxicity 
and for hypnot ic and an t iconvulsan t activit ies on N M R I 
albino mice (18-20 g) and were adminis te red as suspen
sion in 10% gum-arab ic solution. LD50 values were deter
mined in mice int raper i toneal ly and the mor ta l i ty over 48 
hr was recorded; the an imals (30 an ima l s /d rug ) were also 
observed for behavior symptoms according to the Irwin 
scheme , 1 1 par t icu la r a t t en t ion being payed to hypnot ic 
effects. For the an t iconvulsan t act ivi ty tes t , 1 2 compounds 
were given orally and int raper i toneal ly to groups of ten 
mice, 60 and 30 min , respectively, before t he an imals were 
subjected to electroshock. Me thaqua lone a n d pen tobarb i 
ta l sodium were reference s t anda rd compounds . In Tables 
III and IV only t he d a t a of the more in teres t ing com
pounds are reported.§ 

§ See paragraph at end of paper regarding supplementary material. 
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T a b l e I. lH-2,3-Benzothiazin-4(3R)-one 2,2-Dioxides 1 

No." 

l b 1 

I d 
l e 
If6 

l g 
l h 
l i 
I k 
11 
l m 
I n 
lo» 
I P 
l q 
l r 
I s 
I t 
l u 
l v 
l w 
l x 
l y 

R 

C H 3 

«-C3H7 

;-C3H, 
n-C4H ; ) 

C H 2 C H = C H 2 

C H 2 C = C H 
CH2C6H5 
o-C6H4Cl 
m-CeHiCl 
p-C6H„Cl 
p-CeHiSOjNHj 
CH 2 CH 2 N(C 2 H 3 ) 2 

C H , C H , N ( i - C , H , ) s 
CH 2 C H2 (piperidino) 
C H2C H2 (morpholino) 
C2H5 , 6 - N 0 2 

C H 2 C H = C H 2 , 
C2H5 , 6 - N H , 
C H 2 C H = C H 2 , 
H , 6-Cl 
C2H,-„ 6-Cl 
C H 2 C H = C I l 2 , 

6 - N 0 2 

6 - N H . 

6-Cl 

Me thod 

A, F<= 
D<* 
B* 
D f 

D» 
D 
A,*B 
B> 
B ' 
B* 
C 
F< 
F 
F 
P„i 

D» 
D» 
H 

E" 
E* 

M p or b p 
(mm), °C 

143-145--
130-132 

91-92 
138-140 (0 .3) , 

80-82* 
99-101 

180-182 
141-143 
192-194 
141-143 
178-179 
231-233 
219-223 ' 
180-184 
131-133 
200-204 
167-169 

79-81 
194-196 
131-133 
205-207 
147-149 

74-76 

Yield, 

% 
85 , 64 
70 
86 
69 

54 
78 
58, 63 
89 
85 
89 
71 
30 
51 
28 
32 
55 
65 
79 
58 
39 
75 
56 

Recrys tn 
solvent 

E t O H (95°) 
Hexane-CsH 6 

Hexane-CsHs 
Hexane-C 6 H 6 

2-PrOH 
E t O H (95°) 
E t O H (95°) 
E t O H (95°) 
E t O H (95°) 
E t O H (95°) 
H 2 0 - E t O H 
E t O H 
E t O A c - E t O H 
E t O A c - E t O H 
E t O H 
Cf,H6 

E t O H (95°) 
E t O H 
2-PrOH 
H , 0 
E t O H (95°) 
H . O - E t O H 

Formula 

C, ,H,N0 3 S 
CuHnNOsS 
C „ H 1 3 N 0 3 S 
C,oH,:,N03S 

C „ H „ N 0 3 S 
C,,H:,N03S 
C,.-,H13NOaS 
C H H , 0 C 1 N O 3 S 

C U H 1 0 C 1 N O 3 S 

CuH 1 0ClNO 3S 
CuH,.>N..O;So 
C u H . 0 N , O 3 S - H C l 
C e H ^ N . O s S ' H C l - C . H i O H 
C, : ,H,oN,0 3 S'HCl-C.H 5 OH 
C,H I S N,0 . ,S -HC1 
C,„H10N2O;,S 
CnH1 0N,O5S 
CoH.oNoOaS 
CnH1 2N.:03S 
C.H6C1N03S 
C,„HU,C1N03S 
C H . u C l N O . S 

Analyses 

C, H, N, S 
C, H, N , S 
C, H, N , S 
C, H, N , S 

C, H, N . S 
C, H, S 
C, H, S 
C, H, N 
C, H, N , S 
C, H, N 
C, H, N 
C, H, CI, N 
CI, N , E t O 
CI, N , E t O 
C, H, CI, N 
C, H, S 
C, H, N 
C, H, N 
C, H, N 
C, H, CI, S 
C, H, N , S 
C, H, N . S 

« For l a (R = H) , l c (R = C2H5) , and l j (R = C6Hr,), see ref 10. ' 'See ref 8. ' M e l as alkylat ing agent. d At 90 100° 
for 24 hr wi th 1-bromopropane and K I . e At 60-70° for 1 hr. / At 120° for 24 hr wi th 1-bromobutane and K I ; purified by 
distillation. « At room tempera tu re for 24 hr wi th allyl bromide; the product was purified first by 45 min of boiling in 
concent ra ted HCl -d ioxane (1:2.5 v / v ) a n d then, after evaporat ion and separat ion from the acid materials , by crystalliza
t ion. h At 90° for 3 hr wi th 1.5 mol equiv of SOCl2 . ' At 85° for 1.5 hr. ' At 80-90° for 3 hr. * At 100° for 1 hr. ' T h e 
base was first distilled a t 185-195° (air b a t h t empera tu re ) , 1 m m . '" Twice crystallized. " At 50-60° for 6 hr wi th E t I . 
0 At 65-70° for 3 hr wi th allyl bromide. " W i t h K 2 C 0 3 and E t I ; twice crystallized. " W i t h K>C03 and allyl bromide; 
twice crystallized. ' Repor ted 8 145°. » Reported 8 85-86° . ' Repor ted 8 218°. 

Resul t s 

After injection of iV-aryl derivat ives l j -n and 2 j -n of 
AZ-aminoalkyl ( l o - r and 2o) and of the N-alkyl derivat ives 
l s - v , x , y and 2p,q,s , the an imals did not show s y m p t o m s 
of C N S act ivi t ies . After t r e a t m e n t with the iV-alkyl deriv
atives l b - g , the an imals showed symptoms of C N S de
pression, which began to appear at approximate ly one-
fourth the LD50, and went on unt i l the doses became 
toxic; several an ima l s died in their sleep not la ter t h a n 24 
hr after the admin i s t r a t ion of products . After admin is t ra 
tion of the N-alkyl derivat ives 2b-g , the an imals showed 
first s y m p t o m s of exc i tement and then symptoms of C N S 
depression after approximate ly one-fourth the LD50. The 
an imal s fell asleep and dropped from the inclined screen; 
while sleeping the an imals died within 10 hr after the ad
minis t ra t ion of the tes t compounds . No s y m p t o m s of C N S 
activity were observed for propargyl ( l h , 2h) a n d benzyl 
( l i , 2i) derivat ives a n d for unsubs t i t u t ed ( l a , 2a) com
pounds . 

Only a few jV-alkyl derivat ives of s t ruc tures 1 and 2 
showed significant an t iconvulsan t and hypnot ic activit ies 
which d isappeared almost completely when the N subst i t -
uent was propargyl or benzyl . The in t roduct ion into the 
a romat ic ring of subs t i tuen t s ( l s - y , and 2p-s ) resul ted in 
inact ive products or less active t h a n the corresponding 
unsubs t i t u t ed compounds . 

It is in terest ing to note t h a t there was l i t t le biological 
difference be tween analogous derivatives of the s t ruc tures 
1 and 2, in which the only s t ruc tura l difference is the ex
change of the CO and SO2 groups; thus , the two struc
tures appear to act as bioisosteres. 

Experimenta l Sect ions 

2-Chloro-2-cyano-a-toluenesulfonanilide (4d). A solution of 

r Melting points were taken in capillaries and are uncorrected; boiling 
points are uncorrected. Analytical results are represented by the symbols 
of the elements and the values obtained were within ±0.4% of the calculat
ed values. 

19.4 g (0.09 mol) of 2-cyano-«-toluenesuifonyl chloride13 and 23 g 
(0.18 mol) of 2-chloroaniline in 250 ml of CHCI3 was refluxed for 
10 hr. The mixture was filtered, washed (dilute HC1 and H20), 
and evaporated, and the residue was crystallized to yield 16.1 g of 
4d. 

The other sulfonamides in Tables V and VI were similarly pre
pared (solvent, temperature, and reaction time given): la, 
CHCI3. room temperature, 5 hr (MeNH2 used as 35% aqueous so
lution); 4b, the same, 10 hr; ic, C6H6, 60°, 0.5 hr; 4e, boiling 
CHCI3, 1.5 hr; 4f, the same, 3 hr; 4g, boiling Me2CO, 2.5 hr (pyr
idine was substituted for the second equivalent of amine); 7a, 
CHCI3, 0°, 3 hr (MeNH2 as 35% aqueous solution); 7b, CHC13, 
room temperature, 10 hr: 7c, C6H6, 45°, 0.5 hr; 7d, without sol
vent, 100°, 2 hr; 7e, boiling C6H6, 9 hr; 7f, the same, 7 hr; 7g, 
boiling Me2CO, 3 hr. 4a,b and 7a,b were preliminarily purified by 
dissolution in cold diluted NaOH, clarification, and reprecipita-
tion with HC1. 

2-Carboxy-A-methyl-«-toluenesulfonamide (oa). A solution 
of 2.1 g (0.01 mol) of 2-cyano-Ar-methyl-a-toluenesulfonamide 
(4a! in 10 ml of 2.5 A' NaOH was boiled for 120 hr, then cooled, 
filtered, acidified, and refrigerated overnight to complete precipi
tation; after being collected and purified by dissolution in 5% 
aqueous NaHCC>3, filtration, and reprecipitation (HC1>, the solid 
(1.57 g, mp 150°) was recrystallized: yield 1.28 g. 

Carboxy derivatives in Tables VII and VIII were analogously ob
tained by boiling the corresponding nitriles in excess alkali until 
the NH3 evolution had practically ceased: 5b (1 N NaOH, for 30 
hr), 5c and 8c (0.5 N. 16 hr), 5d (1 N, 10 hr), 5e (6 N. 4 hr), af and 
8g (1 N, 12 hr), 5g (1 .V, 20 hr). 8a (1 N, 9 hr), 8b (1 A'. 13 hr), 8d 
(1 N, 8 hr), 8e (0.5 N, 24 hr), and 8f (1 N, 6 hr). 

3-Methyl-lH-2„3-benzothiazin-4(3#)-one 2,2-Dioxide ( lb) 8 

(Method A). A suspension of 2.29 g (0.01 mol) of 2-carboxy-Ar-
methyl-a-toluenesulfonamide (5a) in 25 ml of SOCl2 was boiled 
for 3 hr. Excess SOCl2 was evaporated, the residue treated with 
ice and aqueous Na 2C0 3 , and the solid extracted with CHC13; 
the extract was washed (H20), dried, and evaporated to give 2.0 
g of crude lb, 1.8 g after recrystallization. 

3-Benzyl-lH-2,3-benzothiazin-4(3H)-one (li) (Method B). A 
mixture of 0.61 g (2 mmol) of N-benzyl-2-carboxy-a-toluenesulfon-
amide (5c) with 0.42 g (2 mmol) of PC15 was heated at 70-80° for 
2 hr, then cooled, triturated with ice-water, and treated with an 
excess of Na 2C0 3 ; the solid was collected, washed, dried, and 
crystallized: yield 0.37 g. 

2-(4-Sulfamoylphenyl)-2H-l,2-benzothiazin-,)(4tf)-one 1,1-
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T a b l e I I . 2R-l ,2-Benzothiazin-3(4H)-one 1,1-Dioxides 2 

N o . ' 

2b6 

2d 
2e 
2f 

2g 
2 h 
2i» 
2k 
21 
2 m 
2 n 
2o 
2p 
2q 
2r 
2s 

R 

C H 3 

n-C 3H, 
i-C3H, 
n-Ciii^ 

C H 2 C H = C r i 2 
C H 2 C = C H 
CH 2 C 6 H 3 

O-C6H4CI 
m-C6H4Cl 
p-C 6H 4Cl 
p -C 6 H 4 S0 2 NH 2 

CHoCH2 (morpholino) 
C2H5 , 7 -N0 2 

CoH5, 7 -NH. 
H, 7 - N H C 0 2 E t 
C-H3( 7 - N H C 0 2 E t 

M e t h o d 

B,» Dd 

E 
B« 
E ' 

D» 
D" 
B> 
B 
B 
B 
C 
G 
D ' 
H 

E* 

M p or b p 
(mm), °C 

91-93 ' 
137-138 (0.3) 
90-91 

158-159 (0 .9) , 
43-44 

148-150 (0.2) 
165-167 
150-153" 
125-127 
208-211 
151-153 
202-205 
235-238 
144-147 
152-155 
185-186 
160-162 

Yield, 
% 

77, 38 
38 
73 
43 

64 
45 
70 
77 
89 
82 
48 
24 
31 
69 
62 
30 

Recrys tn 
solvent 

Ligroine 

Hexane 
H e x a n e - P h H 

E t O H (95°) 
2-PrOH 
2-PrOH 
E t O H (95°) 
E t O H (95°) 
E t O H 
E t O H 
Ligroine 
E t O H (95°) 
2-PrOH 
2-PrOH 

Formula 

C 3 H 9 N 0 3 S 
C n H I 3 N 0 3 S 
C u H , 3 N 0 3 S 
C 1 2Hi 5N0 3S 

C n H „ N 0 3 S 
C „ H 9 N 0 3 S 
C1 5H1 3N03S 
C14HioClN03S 
C H H I » C 1 N 0 3 S 
C I 4 H 1 0 C 1 N O 3 S 
C14H12N2O5S2 
Ci 4 Hi 8 N 2 0 4 S-HCl 
C,„H10N2O5S 
C1O-H12N2O3S 
CiiH12N206S 
C13H16N205S 

Analyses 

C, H, S 
C, H, N , S 
C, H, N , S 
C, H, S 

C, H, S 
C, H, N 
C, H, S 
C, H, N 
C, H, N 
C, H, N 
C, H , N 
C, H, CI, N 
C, H, N 
C, H, N 
C, H, S 
C, H, N 

« For 2a (R = H) , 2c (R = C2H5) , and 2j (R = C6H5), see ref 10. b See ref 9. c At room tempera ture for 20 hr. d M e l 
as a lkylat ing agent; three t imes crystallized. " At room tempera ture for 3 hr. ! Purified by distillation. « Wi th allyl 
bromide a t 65-70° for 6 hr and a t 100° for 0.5 br. '' K I was also added; twice crystallized. ; At 80-90° for 3 hr. > F rom 
the sodium salt of 7 - N 0 2 2a and E t I a t 0° for 8 days; two crystallizations. * At 50° wi th E t I ; three crystallizations. ' Re
ported9 92-95° . " Repor ted 9 152-155°. 

Dioxide (2n) (Method C). A mixture of 7.4 g (0.02 mol) of 2-
carboxymethyl-4'-sulfamoylbenzenesulfonanilide (8g), 9 g of an
hydrous NaOAc, 80 ml of glacial AcOH, and 8 ml of AC2O was re-
fluxed for 6 hr. The solution was concentrated to about half-vol
ume and then poured into ice; the solid was separated, triturated 
with aqueous Na2C03, filtered off, washed, and crystallized: yield 
3.4 g. 

;S-Propargyl-l#-2,3-benzothiazin-4(3tf)-one 2,2-Dioxide (lh) 
(Method D). To 4.7 g (0.02 mol) of dry ltf-2,3-benzothiazin-
4(3H)-one 2,2-dioxide ( la) 1 0 potassium salt (obtained by concen
trating a MeOH solution of equimolar amounts of la and KOH) 
in 20 ml of DMF, 2.2 g (0.03 mol) of propargyl chloride was added 
and the mixture was kept at 65-70° for 6 hr. After concentration 
the residue was triturated with 5% aqueous Na2C03; the solid 
was collected, washed, and crystallized: yield 3.7 g. 

2-(rc-Propyl)-2H-l,2-benzothiazin-3(4#)-one 1,1-Dioxide (2d) 
(Method E). To 9.86 g (0.05 mol) of 2#-l,2-benzothiazin-3(4#)-
one 1,1-dioxide (2a)10 in 120 ml of DMF was added 4.2 g (0.05 mol) 
of NaHCOs and 6.85 g (0.05 mol) of 1-bromopropane and the mix
ture was kept at 70° for 8 hr and then evaporated; the residue was 
partitioned between 5% aqueous NaHCOs and CHCI3 and the or
ganic phase was washed, dried, and evaporated; the oily residue 
was three times distilled: yield 4.1 g. 

3-(2-Diisopropylaminoethyl)-l/7-2,3-benzothiazin-4(3ff)-one 
2,2-Dioxide Hydrochloride (lp) (Method F). To a stirred solu
tion of NaOEt (0.02 mol; from 0.46 g of Na) in 50 ml of absolute 
EtOH was added 1.97 g (0.01 mol) of la and, after 15 min, a solu
tion of 2.0 g (0.01 mol) of 2-diisopropylaminoethyl chloride hydro
chloride in 30 ml of absolute EtOH. After 5 hr of refluxing, the 
solution was filtered and evaporated, the residue was treated with 
40 ml of 5% NaOH, and the oily product was taken up in ether; 
from the organic solution, washed with brine and dried, the prod
uct was precipitated with dry HC1 and recrystallized: yield 2.1 g. 

2-(2-Morpholinoethyl)-2H-l,2-benzothiazin-3(4tf)-one 1,1-Di
oxide Hydrochloride (2o) (Method G). To a suspension of 11.83 
g (0.06 mol) of 2a in 350 ml of dry toluene, 11.8 g (0.085 mol) of 
dry K2CO3 pulver, 11.2 g (0.06 mol) of 2-morpholinoethyl chlo
ride, and a catalytic amount of Cu pulver were added, and the 
mixture was boiled and stirred for 12 hr; after cooling and filter
ing the solution was extracted with 2 N HC1 (2 X 100 ml), the 
aqueous phase was saturated with Na2C03 and extracted with 
ether, and the organic solution was washed (brine), dried, and 
evaporated. The oily residue, taken up in EtOH (50 ml) and 
treated with dry HC1 at 0°, gave 9 g of the crude salt, pure (5.0 g) 
after two crystallizations. 

6-Amino-3-ethyl-lH-2,3-benzothiazin-4(3H)-one 2,2-Dioxide 
(lu) (Method H). The nitro compound Is (5.4 g, 20 mmol) in 
MeOH (450 ml) was shaken under H2 over 10% Pd/C (0.5 g) until 
absorption ceased; after filtration and evaporation, the residue 
was crystallized: yield 3.8 g. 

3-Allyl-6-amino-l//-2,3-benzothiazin-4(3#)-one 2,2-Dioxide 
(lv). To a solution of 9.6 g (0.034 mol) of the nitro derivative It in 
45 ml of AcOH was added 18 g of granular Sn and dropwise, while 

T a b l e I I I . Hypnot ic and Anticonvulsant Effects in 
Mice of lH-2,3-Benzothiazin-4(3R)-one 2,2-Dioxides 1 

Anticonvulsant6 

LD5 0 , HD5o,» act ivi ty, 
m g / k g m g / k g . m g / k g 

No . 

l a 
l b 
l c 
I d 
l e 
I f 
18 
l h 
l i 

R 

H 
C H 3 

C2H5 

ra-C3H, 
i-C3H, 
n-Ciblc> 
C H 2 C H = C H 2 

C H 2 C = C H 
CH2CflHj 

ip 

750 
1150 
2800 

>3000 
2400 

870 
500 

2400 
>3000 

ip 

c 
575 
500 
c 
400 
750 
250 
c 
c 

ip 

> 1 5 0 
230 
300 

> 5 2 0 
75 

> 1 7 4 
100 
300 

> 3 0 0 

Orally 

> 1 5 0 
> 2 3 0 
> 3 0 0 
> 5 2 0 

150 
> 1 7 4 
> 1 0 0 

300 
> 3 0 0 

" Dose suppressing the r ighting reflex when the mice are 
placed on their backs. b Dose protect ing 70% of the ani
mals. c Inact ive up to toxic doses. 

cooling and stirring, 70 ml of concentrated HC1; the mixture was 
further stirred at room temperature for 18 hr, the unreacted Sn 
was separated, and the solution was made strongly alkaline with 
20% NaOH and allowed to stand at 0° for 2 hr; the precipitated 
solid was washed, dried, and crystallized: yield 5.0 g. 

6-Chloro-l/f-2,3-benzothiazin-4(3tf)-one 2,2-Dioxide ( lw). A 
suspension of powdered 6-amino-l/f-2,3-benzothiazin-4(3//)-one 
2,2-dioxide10 (11.7 g, 55 mmol) in 110 ml of H 2 0 and 66 ml of 
concentrated HC1 was stirred for 0.5 hr, then was treated drop-
wise at 0° with a solution of NaN02 (3.9 g, 55 mmol) in H2O (11 
ml), and additionally stirred at this temperature for 0.5 hr; then 
it was portionwise poured into a stirred solution of CuCl (5.6 g, 
56.5 mmol) in concentrated HC1 (56 ml) and after 1 hr of addi
tional stirring was kept in the cold overnight. The separated solid 
was washed and twice crystallized: yield 5.0 g. 

7-Carbethoxyamino-2H-1,2-benzothiazin-3(4//)-one 1,1 -Diox
ide (2r). Into a solution of 6.58 g (31 mmol) of 7-amino-2H-
l,2-benzothiazin-3(4tf)-one 1,1-dioxide10 in 390 ml of H 2 0 and 22 
ml of concentrated HC1, 16.9 g (155 mmol) of ethyl chloroformate 
was added dropwise at 5°; after further stirring at room tempera
ture for 3.5 hr, the suspension was filtered, and the solid was 
washed, dried (6.6 g), and crystallized: yield 5.5 g. 

3-n-Propyloxy-4H-l,2-benzothiazine 1,1-Dioxide (9). The 
thick brown residue left in the still after the first distillation of 2d 
(see method E) gradually solidified; it was ground in a mortar 
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T a b l e IV. Hypno t i c and Ant iconvulsant Effects in Mice of 2R-l,2-Benzothiazin-3(4.H")-one 1,1-Dioxides 2 

: No. 

2a 
2b 
2c 
2d 
2e 
2f 
2g 
2h 
2i 

R 

H 
C H 3 

C 2 H; 
rc-C3H7 

J-C3H7 

fi-C4Ho 
C H 2 C H = =CH2 

C H 2 C = C H 
CH 2CeH 3 

Pen tobarb i t a l sodium' 
Me thaqua lone d 

"• 'See Tab le I I I . ' I n 0 .9% 
toxic doses. 

T a b l e 

N o . 

4a 
4b 
4c 
4d 
4e 
4f 
4g 

L D . 0, m g / k g ip 

750 
1000 

650 
3000 
2850 

> 3 0 0 0 
800 

3000 
3000 

117 
455 

N a C l aqueous solution. d As 

V. 2-Cyano-a-toluenesulfonamides 4 

T a b l e VI . 

No. 

7a 
7b 
7c 
7d 
7e 
7f 
7g 

T a b l e VII 

N o . 

5a 
5b 
5c 
5d 
5e 
5f 
5g 

R 

C H , 
i-C3H7 

CH2C6H4 

o-C6H4Cl 
m-C6H4Cl 
P-C6H6C1 
p - C 6 H 4 S 0 2 N H 2 

M p , °C 

120-123 
93-95 

116-118 
125-127 
147-149 
173-175 
210-212 

2-Cyanomethylbenzenesulfonamides 7 

R 

C H 3 

i-C3H, 
CHUCeHri 
o-C6H4Cl 
TO-C6H4C1 
p-C 6 H 4 Cl 
p - C 6 H 4 S 0 2 N H 2 

M p or b p 
(mm), °C 

83 
155-158 (0. 
84-86 
96-98 

136-138 
125-127 
166-168 

. 2-Carboxy-a-toluenesulfonamides 5 

R 

C H 3 

i-C3H7 

C H 2 C 6 H 5 

o-C6H4Cl 
m-C6H4Cl 
p-C 6 H 4 Cl 
P -C 8 H 4 S0 2 NH 2 

M p , °C 

151 
168-170 
181-184 
161-162 
177-179 
178-180 
219-221 

Yield, 
% 
52 
45 
67 
58 
70 
60 
52 

Yield, 
% 
84 

1) 43 
82 
69 
73 
81 
68 

Yield, 
% 
56 
51 
83 
86 
82 
73 
93 

HD-,0," m g / k g ip 

e 
240 
180 

1800 
400 
c 

150 
e 
e 
40 
44 

suspension in 10% 

Recrys tn 
solvent 

E t O A c 
Hexane-CeHf, 
C 6 H 6 

C6H6-l igroine 
HjO-MeoCO 
CeHe 
H 2 0 - E t O H 

Recrys tn 
solvent 

2 -PrOH 

C6H6- l igrome 
C6H6-l igroine 
CeHa-ligroine 
C6H6-ligroine 
H 2 0 

Recrys tn 
solvent 

H 2 0 
H , 0 
H 2 0 
E t O H - H 2 0 
E t O H - H 2 0 
E t O H - H 2 0 
E t O H - H 2 0 

ip 

> 1 5 0 
100 
130 
200 

> 3 0 0 
300 
160 

> 3 0 0 
> 3 0 0 

> 2 3 
34 .5 

gum-arabic solution. 

Fo rmula 

C!,H10N2O2S 
C„H 1 4 N 2 0 2 S 
C I , - , H H N 2 0 2 S 
C , 4 H H C 1 N 2 0 , S 
C H H „ C 1 N 2 0 2 S 
C, 4 HnClN 2 0 ,S 
C,4H13N30.,S2 

Formula 

C 9H,oN 20 2S 
C n H 1 4 N 2 0 2 S 
Ci5H1 4N202S 
CuHnClNoOoS 
C , 4 HnClN 2 0 2 S 
C 1 4H„C1N 20 2S 
C l 4H 1 3N 30 4S 2 

Foi'mula 

C , ,H„N0 4 S 
C n H u N O i S 
C1 5H1 3N04S 
C14H12C1N04S 
C I 4H1 2C1N04S 
C,4H I 2C1N04S 
C „ H H N 2 O S S 2 

'"'""' Orally 

> 1 5 0 
200 

> 1 3 0 
200 

> 3 0 0 
300 

> 1 6 0 
> 3 0 0 
> 3 0 0 

> 2 3 
138 

' Inac t ive u p to 

Analyses 

C, H, N , S 
C. H , N 
C, H, S 
C, H, N 
C, H, N 
C, H, N 
C, H, N 

Analyses 

C, H, N , S 
C, H, N , S 
C, H, S 
C, H, N 
C, H, N 
C, H, N 
C, H, N , S 

Analyses 

C, H, N , S 
C, H, N , S 
C, H, S 
C, H, N 
C, H, CI, N 
C, H, N 
C, H, N 

under i-P^O and crystallized from CeH6-hexane (charcoal) to 
afford 2.0 g (9.4%) of yellow crystals: mp 95-97°; ir (Nujol) C = 0 
band absent (1700 c m - 1 in the isomer 2d), enlarged band at 1640 
c m - 1 (C=N) . Anal. (C11H13NO3S) C, H, N, S. Acid hydrolysis 
(dioxane-concentrated HC1 10:4 v/v, 6 days at room tempera
ture) and alkaline hydrolysis (5% Na2CC>3 at 70° for 1 hr) gave 
respectively as principal products o-sulfamoylphenylacetic acid10 

and the benzothiazinone 2a10 (isolated and identified by tic, mix
ture melting point, analysis and ir).** 

**For 2H-l,2-benzothiazin-3(4H)-one 1,1-dioxide ir (KBr) data were pre
viously10 wrongly reported and are actually 3100, 3010 (NH), 1696 (CO), 
1335 cm-1 (SO). 

4-Isopropyloxy-lH-2,3-benzothiazine 2,2-Dioxide (10). (a) la 
potassium salt (9.4 g, 0.04 mol) in DMF (40 ml) was treated with 
2-bromopropane (4.15 ml, 0.044 mol) and a catalytic amount of 
KI, and the mixture was heated at 90-100° for 24 hr under stir
ring. The solvent was then removed in vacuo, and the residue was 
partitioned between 2% NaOH and CHC13; the organic solution, 
washed, dried, and evaporated, left a solid that was recrystallized 
from C6H6-hexane: yield 3.0 g (31%); mp 182-183°; ir (Nujol) 
C = 0 band absent (1675 c m - 1 in the isomer le) and the three 
bands in the field of 1500-1700 c m - 1 (1615, 1590, 1560) are to be 
attributed to the benzene ring and C = N . 

When the mother crystallization liquor was evaporated and the 
residue was boiled in dioxane (7 ml) and 5 N HC1 (3 ml) for 10 
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T a b l e VIII . 2-Carboxymethylbenzenesulfonamides 8 

No. 

8a« 
8b 
8c" 
8d 
8e 
8f 
8g 

R 

CH3 
i-C3H7 
CH2C6H5 
o-C6H4Cl 
m-C6H4Cl 
p-C6H4Cl 
p-C6H4S02NH2 

Mp, °C 

1746 

115-117 
124' 
146-148 
159-163 
128-130 
202-204 

Yield, 
% 
78 
45 
86 
95 
86 
94 
84 

Recrystn 
solvent 

H20 
H20 
H20 
EtOH-H 20 
H20 
EtOH-H 20 
H20 

Formula 

C9H„N04S 
Ci,H16N04S 
C15H15N04S 
C14H12C1N04S 
C I 4 H I 2 C 1 N 0 4 S 
C I 4 H I 2 C 1 N 0 4 S 
CHH14N2O6S2 

Analyses 

C, H, N, S 
C, H, N, S 
C, H, N 
C, H, N 
CI, N, S 
CI, N, S 
C, H, S 

« See ref 9. 6 Lit .9 158-164°, uncrystall ized. " Lit .9 107-109°. 

hr, evaporation of this solution and treatment of the residue as 
above gave finally 0.27 g (2.8%) of the crystalline isomer le (mix
ture melting point, tic, and ir). 

(b) la (5.91 g, 0.03 mol) and PC15 (6.25 g, 0.03 mol) were mixed 
and heated at 160° for 30 min, then POCI3 was removed in vacuo, 
and the residue was triturated with a little CHCI3, collected, and 
crystallized (C6H6-CC14) to give 4.55 g (70%) of 4-chloro-lrY-
2,3-benzothiazine 2,2-dioxide (11), mp 172-174°. Anal. 
(C8H6C1N02S)C,H, CI, N, S. 

A suspension of 11 (3.23 g, 0.015 mol) in 2-PrOH (20 ml) was 
refluxed for 4 hr and the obtained solution let stand in the cold to 
complete separation of the product, that was collected, washed, 
dried, and recrystallized (2-PrOH) to afford 2.6 g (72%) of 10, mp 
182-183°, identical (analysis, tic, mixture melting point, and ir) 
with the product described under (a). 

Supplementary Mater ia l Avai lable . A listing of the 
pharmacological da t a for weakly active or inact ive com
pounds will appea r following these pages in the microfilm 
edit ion of th is volume of t he journal . Photocopies of t he 
supp lemen ta ry mater ia l from this pape r only or micro
fiche (105 X 148 m m , 20 X reduct ion, negatives) contain
ing all of the supp lemen ta ry mate r ia l for t he papers in 
this issue may be obta ined from the Jou rna l s D e p a r t m e n t , 
Amer ican Chemical Society, 1155 16th St . , N .W. , Wash
ington, D. C. 20036. Remi t check or money order for $3.00 
for photocopy or $2.00 for microfiche, referring to code 
n u m b e r JMED-73-1133 . 

References 

(1) E. Sianesi, G. Bonola, R. Pozzi, and P. Da Re, Chem. Ber., 
104, 1880 (1971) (paper 3). 

(2) A. A. Rubin, F. E. Roth, and M. M. Winbury, Nature (Lon
don), 192, 176(1961). 

(3) J. K. Wales, S. V. Krees, A. M. Grant, J. K. Viktora, and F. 
W. Wolff, J. Pharmacol. Exp. Ther., 164, 421 (1968). 

(4) W. Kunz, Fortschr. Arzneimittelforsch., 3, 383 (1961), and 
references cited therein. 

(5) (a) M. Bauer, Arzneim.-Forsch., 15, 806 (1965); (b) S. 
Hayao, W. G. Strieker, B. M. Phillips, and H. Fujimori, J. 
Med. Chem., 11,1246(1968). 

(6) A. Burger in "Medicinal Chemistry," 3rd ed, A. Burger, Ed., 
Wiley, New York, N. Y., 1970, p 77. 

(7) C. Elison, E. J. Lien, A. P. Zinger, M. Hussain, G. L. Tong, 
and M. Golden, J. Pharm. Sci., 60, 1058(1971). 

(8) G. Satzinger, U. S. Patent 3,408,346 (1968); Chem. Abstr., 
70,87826(1969). 

(9) J. G. Lombardino and E. H. Wiseman, J. Med. Chem., 14, 
973(1971). 

(10) E. Sianesi, R. Redaelli, M. Bertani, and P. Da Re, Chem. 
Ber., 103,1992(1970). 

(11) S. Irwin in "Animal and Clinical Pharamcologic Technique 
in Drug Evaluation," J. H. Nodine and P. E. Siegler, Ed., 
Year Book Publishing, Chicago, 111., 1964, p 46. 

(12) J. E. P. Toman, E. A. Swinyard, and L. S. Goodman, J. 
Neurophysiol., 9, 231 (1946). 

(13) P. Ruggli, Helv. Chim. Acta, 14, 544 (1931). 

Synthesis of the Thyrotropin-Releasing Hormone Enantiomer and Some 
Diastereoisomers and in Vitro Studies of Their Biological Activity 

G. Floure t ,* . t R. Morgan , R. Gendrich, 

Organic Chemistry and Biochemistry Departments, Research Division, Abbott Laboratories, North Chicago, Illinois 60064 

J . W i l b e r , a n d M . S e i b e l 

Northwestern University, School of Medicine, Chicago, Illinois 60611. Received March 15, 1973 

The isomers of TRH with DDD, DLL, LDL, and LLD configurations were prepared unequivocally by coupling penta-
chlorophenyl pyroglutamate of the required configuration with the appropriate histidylprolinamide diastereoisom-
er. The dipeptide amide was made by condensation of terf-butyloxycarbonylhistidine with prolinamide mediated 
by dicyclohexylcarbodiimide, removal of the blocking group in trifluoroacetic acid, and treatment of the peptide 
amide hydrochloride with a basic ion exchanger. Protected peptide intermediates and the final isomers were puri
fied by chromatography on silica gel. Formation of diastereoisomers of the protected dipeptide was detected by 
nmr and tic techniques. The LDL isomer was approximately 2-3% as active as TRH for TSH release in rat hemip-
ituitaries in vitro, the DLL and LLD isomers were about 0.1% active, and the DDD isomer was inactive. None of these 
analogs inhibited TSH release in vitro. 

T h e recent avai labi l i ty of synthet ic thyrotropin-re leas-
ing hormone (TRH) a n d analogs has m a d e possible for t he 
first t ime s tudies of T R H s t ruc tu re -ac t iv i ty re la t ionships . 
Burgus and col laborators 1 have d e m o n s t r a t e d the critical 

fAddress correspondence to this author at Northwestern University, The 
Medical School, Department of Physiology, Chicago, 111. 60611. 

impor tance of the N- t e rmina l pyrrolidone group and the 
C-terminal amide for full biological expression of T R H , 
and Bowers and associates2 have shown t h a t of several C-
te rmina l analogs only those containing proline were inac
t iva ted by serum. Expe r imen t s wi th labeled T R H suggest
ed t h a t t he C- te rminal ca rboxamide group hydrolysis by 
serum is a first metabol ic s t e p 2 ' 3 in the inact ivat ion 


