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A series of N-acyl derivatives of :!,4-dihydro-'2H-l,4-beiizothiaziiie has been prepaied. The carbunvl groups in 
some of these have been reduced by diborane. Oxidation of a few of the acvl derivatives with KM11O4 gave the 
corresponding sulfones. Benzylation of 2H-l,4-benzothiazine-3(4HHhione (42) resulted in dethiation to 1 
(H = i;i = H). The latter, on further benzylation. gave the X-benzyl derivative (44). Benzylation of 211-1,4-
l>enzothiazine-3(4H)-thione 1,1-dioxide (32) gave the corresponding S-benzyl derivative (33). In animal screen
ing compounds 3, 4, 12, 26, and 27 had antihypertensive activity. 

Pharmacological screening in our laboratories showed 
that2H-l,4-benzothiazin-3(4H)-onc (1, R = H1 = H). 
its 4-allvl (1, R = CH,CH=CH,; R1 = H), 4-allyl-6-
trifluoromethvl (1, R = CH2CH=CH2 ; R1 = CF3), 
4-allvl-6-chloro (1, R = CH,CH=CH2 ; R1 = CI), 
and <i-chloro-4-propargyl (1, R = CH;>C==CH; IV = 
CI) derivatives,2 and 4-ethyl-3,4-dihydro-2H-l,4-benzo-
thiazine2 (2, R = C2H.O had blood pressure reducing 
properties of short duration in experimental animals. 

SCHEME II 

, ) 

In view of this suggestive antihypertensive activity, 
it seemed advisable to explore the hypotensive prop
erties of 3,4-dihydro-2H-l,4-benzothiazine derivatives 
somewhat further. 

Chemistry. --This paper describes the synthesis and 
pharmacological properties of a number of new X-
substituted 3,4-dihydro-2H-l,4-benzothiazines (3-21, 
26, 27) :ts well as a few other new derivatives (32, 33, 
35, 37) of 3(4H)-oxo-2H-l,4-benzothiazine 1.1-dioxide 
(31). 

S=CNHCH2C„H, 
3 

SCHEME I 

C.H-C'H.NC'S 
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The synthetic steps leading to the formation of 
compounds 3-21 (Table I) are outlined in Scheme 1, 
(where OCR1, CH,R>, and OCCH2R'2 = R. of Table I), 
and are described in the Experimental Section. A 
different route for the preparation of 4-(/3-cliloroethyl)-
dihydrobenzothiazine (19) is shown in Scheme 11. 

The attempted distillation of 23 led to its cyclization 
to 19 with the elimination of methyl chloride, probably 
through the sulfonium ion intermediate 24. This 
reaction is similar to the one reported previously- for 
the formation of 2H-1,4-benzothiazin-3(4H)-ono from 
2-(a-ch]oroacetamido)phenylalkyl (and-aralkyl) sulfide. 
KMnOi oxidation of X-chloroacetyl (4) and X-
azidoacetyl (12) derivatives of 2 (R = H) gave the 
corresponding sulfones (26. 27). Preparative details 

! ) 

COCH.X 

4, X = CI 
12. X - N , 

OCCHoX 

26, X = CI 
27, X = N, 

of the sulfones 26-30 (Table II) tire described in the 
Experimental Section. 

The preparation of S-benzyl (33) and C-benzyl (35) 
(Table III) derivatives of 3-thiosulfones tire outlined in 
Scheme III. The proof that the benzylation of 32 
gave the S-benzylated derivative (33) and not the C-
benzvlated thione (35) was found in the reaction of 
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TABLE I 

3,4-DlHYDRO-4-STJBSTITUTED 2H-l,4-BENZOTHIAZINES 

<) 

R 

3 CSNHCH2C6Hi, 
4 C0CH2C1 
5 COCH2OC«Hi 
6 COCH(CH3)OC6H5 
7 COCH=CH2<

: 

8 COCH=CHC6Ho 
9 S02C6H4X02-p 

10 S02C6H,XH2-p 
11 COOC2H5 

12 COCH2X3 

Method 

A 
B 
B 
B 
B 

D 

Recrystn 
solvent11 

P2 

E + Pl 
M 
M 

E + P! 
Et 
M 

Ea + P2 

Yield, 
%6 

66 
50 
63 
90 
60 
45 
56 
53 
30 
99 

Mp or bp (mm), °0 

92-92.5 
57-58 
96.5-98 
127-129 
125-130(0.3) 
77.5-80 
130-131 
158.5-160 
146(0.1) 
105-106 

Formula 

C18H16N2S2 

C10H10CINOS 
CI6HI5N02S 
C1-H„N02S 
CnHuNOS 
C„Hi5NOS 
CHH1 2N204S2 

CHH1 4N202S2 

C H H „ N 0 2 S 
C]0H10N(OS 

Analyses 

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

13 
COCH2- ;N. 

N 

N—Me 
C + B 90 201-203 Ci-H,7N,03S C, H, X, S 

14 
15 
16 
17 

18 

Me 

COCHaNHs 
COCH2SC«H4NH2-o 
COCH2SC6H5 

COCH2I 

COCH.N. 
• CO 
sCO-

F 
F 
C 

E 

Et 
P2 

E + Pj 
B + P2 

Et, 

71 
85 
64 
45 

53 

261-264 
117-117.5 
62-63 
114-116 

242-243 

C10Hi2N2O8-HCl 
Ci6Hi6N2OS2 

C16H15NOS2 

CioH,0INOS 

C18H14X203S 

C, H, CI, X, S 
C, H, X, S 
C, H, X, S 
C, H, X, I 

C, H, X, S 

E + Pi 50 55-57,142-143(0.4) 
80 175-179(0.15-0.20) 

A 112-113.5 
165-169(0.15-0.17) 

Pn 61 81-82 
« A, Me2CO; B, C6H6; C, CHC13; E, Et20; Ea, EtOAc; Et, EtOH; M, MeOH; Pi 

80); Pn, pentane. b Yields given are those of crude solids or once-distilled liquid. c n16D 1.6427. 
dro-4-(phenoxyethyl)-2H-l,4-benzothiazine and methyl p-toluenesulfonate in boiling MeOH) of 20, 

19 
20 

21 
25 

CH2CH2C1 
CH2CH2OC6H5 

CH2CH2OC6H5'
i 

CH2CH(CH3)0C6H5 

CH2CH2I 

G 
G 

G 
C 

CioH,2NS 
Ci6Hi-NOS 
C24H27N04S2 

Ci,Hi9NOS 
C10H12INS 

petroleum ether (30-60); 

C, H, CI, N, S 
C, H, X, S 
C, H, N, S 
C, H, N, S 
C, H, I, X 

P2, petroleum ether (60-
d Methyl tosylate (from 3,4-dihy-

342 with P2Ss, which yielded 35. The alternate pos
sibility (37) was eliminated by its synthesis from the 
N-benzylated 3-oxo derivative 362 and P2S5. This 

1* 
CH2C6H5 

36,X = 0 
37, X = S 

difference in benzylation of 32 (which gives the S-
benzyl derivative 33) compared to the benzylation of 
31 (which gives the C-benzyl derivative 34) is note
worthy. The presence of the sulfonyl function in 31 
and 32 clearly renders the CH2 group sufficiently acidic 
to give a stabilized anion in the presence of alcoholic 
N a O H in both cases. Alkylation of the anion (38 «-> 
40) then occurs at the more nucleophilic negative carbon 

O, 
S V ^ H 

H 
38, Z = 0 
39, Z = S 

1 
H 

40, Z = 0 
41, Z - S 

SCHEME III 

a = ~N C6HSCH,C1 

SCHoCgH.T 

a N x c f t c A 

atom to give the C-benzyl derivative 34, in analogy to 
the usual course of enolate ion alkylations.3 In con
trast, a negatively charged sulfur atom is known to be 
strongly nucleophilic and therefore alkylation of the 
anion (39 <-> 41) leads to the S-benzyl derivative 33. 

The sulfur atom is more nucleophilic than the 

(3) H. O. House, "Modern Synthetic Reactions," W 
New York, N. Y., 1965, p 163. 

A. Benjamin, Inc., 
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" A, 
lids 

Mc 

u 
COCH,('l 
(X)CH2N3 

C:()C9H4X(),-ju 
C()CH,S(),C,;IT,-, 
CX)C6H4NII2-p 

,C(): B, Cl io ; Ea, 
>r once-distilled liquid. 

CtOAi 

M e t i u 

11 
\), 1 
H 
11 

; P„ 

Kecrys tn 
•I so lvent" 

H + P« 
Ea + P, 
A + R 
B 
1'.!) 

t e t ro leum etl ier ( 

Vteld, 

/ 3 

54 

S4 

11)0 

3 0 

30-00° i; I\> pet r 

M l ' , '<• 

!IS -lit) 

1 1 1 1 1 2 

206 -207 

Mil -102 

21 0 217 

>leiim etliei ' O i l 

1 u r u t u l a 

(',0lI,UC-lX();{S 
CY,II„,X40;;S 

(•1 5H ! 2X2() ,S 
C I 6 I I , ; , N C S 2 

C : , H U X 2 0 : ) S 

S0° i . '• Yields given 

Analyse* 

(.', II, CI, N 

(', H, N , S 

C, 11, N, S 

(', 11. X, S 

c, n, \, s 
lire those oi 

nitrogen atom (viz. in thiourea). This may account 
for the fact that attempted benzylation of 2H-1.4-
beuzothiazine-3-thiol4 (42) resulted in isolation of only 
.'K4H)-oxo-2H-l,4-benzothiazine (1, R = R1 = H) in 
over 80% yield, since the S-alkylated product 43, 
which may have formed first, would very easily be 
cleaved. 

pressor response to carotid occlusion, but 26 was found 
to reduce the pressor action of epinephrine. The 
azides 12 and 27 showed moderate hypotensive prop
erties, 27 having a more sustained effect than 12. The 
rest of the compounds showed either very weak hypo
tensive properties or were inactive. 

kANJ-SH 
•IX 

42 

SCHoCH, 
1. R = R, = H 

43 

There was no formation of the possible XT-benzyl 
derivative (45, X = S), which was prepared from 4-
benzyl-3-oxo-3,4-dihydro-2H-l,4-benzothiazine2 (44, 
X = O) and P2S,. Similar aikylation of 1 (R = R1 = 
II) gave only 10% of 44 after a 1-hr reaction period, 
but this yield was raised to ~)Q% after 0 hr. Failure to 

% 

CH,C,;H-, 

44, X = 0 
45. X - S 

isolate any X-benzylation product (36) during the 
aikylation of 31, may be due to faster aikylation of the 
carbon atom and the presence of the sulfonyl function 
(to give 34). 

Pharmacology.—All the compounds reported have 
been tested for their antihypertensive activity by the 
method described before/' The criterion for activity 
was a fall in blood pressure in cats of at least 20 mm 
for tit least In min. Of all the compounds tested, only 
the X-chloroacetyl derivatives 4 and 26 and the thi-
oureido derivative 3 were found to exhibit activity. 
Xeither of the two chloroacetvl derivatives altered the 

Mi A. [. Kipr ianov and T . M . Verbos 
'1IH12); Chtm. Ahstr.. 58 , 12707 (MCWh 

15) I'. Fried, R. X. Prasad , and A. I' 
(I t l l 'o) . 

kaya . Zh. Obxhrh. Khrm.. 32, :v.i 

. Gat tnce , ,/. M,-.l. Ch-rn.. 10, 2 

Experimental Section" 

4-tN-Benzylthiocarbamoyl)-3,4-dihydro-2H-l,4-benzothiazine 
(31.-—A mixture of 3,4-dihydro-2FI-l,4-benzothiazine (7.6 g, 
0.0.") mole) and benzyl isothiocyanate (7.4.5 g, 0.05 mole) in 
absolute EtOII (80 ml) was left overnight at room temperature. 
The mixture was then heated slowly on the steam bath until 
most of the EtOH had evaporated (4 hr). The oily residue, on 
trituration with P^t-iO-petroleum ether (30-60°), solidified. Two 
recrystallizations gave the pure product as white shining crystals. 

Method A. 4-(ChIoroacety])-3,4-dihydro-2H,l,4-benzothia-
zine (Table 1, 4).—A solution of chloroacetvl chloride (22.6 g, 
0.2 mole) in EtaO (100 ml) was added dropwise (1 hr) to a solution 
of 3,4-dihydro-2II-l,4-benzothiazine (2, R = II) (30.2 g, 0.2 
mole) in dry Et-.O (500 ml) containing Et5N (21.2 g, 0.21 mole), 
at 10-1.5°. After completion of the addition, the mixture was 
refluxed for 1 hr and filtered. The filtrate was washed (dilute 
HOI, cold HjO), dried, and evaporated (35-40°) and the viscous 
residue was triturated with EtjO--petroleum ether (30-60°) to 
give the desired product. 

Method B was the same as method A, except that pyridine was 
used as the acid acceptor and the reaction mixture was allowed 
to stand overnight at room temperature. 

4-Carbethoxy-3,4-dihydro-2H-l,4-benzothiazine (11).—A mix
ture of 2 (R = II) (15.1 g, 0.1 mole) and ethyl chloroforniatc 
( 10.8 g, 0.1 mole) was heated over a steam bath for 4 hr. At t he 
end of this period, the mixture was distilled under reduced 
pressure, and the fraction (19.2 g, 86' ' ,) boiling at 1.50-100° 
! 1.3 mm) was collected ami redistilled. 

3,4-Dihydro-4-(p-nitrobenzenesulfonyI)-2H-l,4-benzothiazine 
(9). A solution of p-nitrobenzenesulfonyl chloride (22.2 g, 0.1 
mole) in pyridine (30 ml) was added dropwise to a solution of 2 
i I! = II) (1.5.1 g, 0.1 mole) in pyridine (30 ml) at 10-20°. The 
mixture was then heated and a temperature of 8.5° was maintained 
for .5 min. The mixture was poured onto ice-water and the 

(tVt Mel t ing po in t s were de t e rmined with a T h o m a s - T l o o y e r eapillatw 
meltinsi poin t a p p a r a t u s . B o t h mel t ing po in ts and boiling points a re uncor
rec ted . Ir spect ra were oh ta ined with a B e c k m a n IR-S s p e c t r o p h o t o m e t e r . 
Analyses were carried out by t he Ahhot t Mieroana ly t i ea l Labo ra to ry , Nor th 
f 'hicaslo. 111. T h e n m r spect ra , k indly provided by Dr . M . I. Levenber^ and 
K. Kitan oi the Chemica l Physical L a b o r a t o r y . Abbot t Labora tor ies , Nor th 
Cddcatio. 111., were recorded on a Var ian A-60 spec t rome te r at 60 M H z T h e 
spec t ra were measu red on a p p r o x i m a t e l y 10CJ ( w ' v ) solut ions in DMSO-W, 
with MetSi its an in te rna l s t a n d a r d . Genera l syn the t i c p rocedures aiveti 
refer to t he c o m p o u n d s listed in Tab le s J and I I . Phys ica l p roper t i e s of 
ana ly t ica l samples tire also recorded in the tab les . W h e r e ana lyses a re indi
ca ted ei ther in t h e exper iments described here in or in t he tattles only b,\ 
symbols of t he e lements , ana ly t i ca l resul ts ob ta ined for these e lements were 
within HI.-!'-;, of t he theore t ica l value?.. 

file:///zim-
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TABLE III 

3-THIO-3,4-DIHYDRO-2H-1,4-BI<:NZOTHIAZINI:S 

£ 
Ri 

No. 

32 
35 
37 
42 
45 

Ri 

H 
H 
CH2C6Hr, 
H 
CH2CgHo 

R j 

H 
CH-2C6H5 

H 
H 
H 

z 

>so. 
>so2 
>so2 
s 
s 

Recrystn 
solvent" 

A + P2 

C + P, 
C + P, 
Et 
E + H 

Yield, 

'• A, Me2CO; C, CHC13; E, E t 2 0 ; Et, EtOH; H, hexane; Pi, 
are those of crude solids. ' Lit.3 mp 128°. 

%b Mp, °C 

66 184-186 
69 188-190 

100 134-135 
39 126-128" 
63 92-94 

ether (30-60°); P2, 

Formula 

C sH,N02S2 

C1,H,3NO,S2 

Ci5H )3X0,S2 

C8H-NS2 

C,.-,H,3NS, 

petroleum ether (60-

Analyses 

C, H, X, O, S 
C, H, X, O, S 
C, H, X, O, S 
N, S 
C, H, X, S 

-80°). '" Yields given 

precipitate was filtered and washed thoroughly (H20) to give the 
product. 

4-(p-AminobenzenesulfonyI)-3,4-dihydro-2H-l,4-benzothiazine 
(10).—A mixture of 9 (33.2 g, 0.1 mole) and Sn granules (23.7 g, 
0.2 g-atom) in 15% aqueous HC1 (300 ml) was stirred at 90-95° 
for 2 hr. At the end of this period, the reaction mixture was 
cooled and basified with 20% aqueous NaOH solution. The 
gummy residue, so obtained, was thoroughly washed (H20) to 
give the product. 

Method C. 4-(IodoacetyI)«3,4-dihydro-2H-l,4-benzothiazine 
(17).—A solution of Xa l (6.0 g, 0.04 mole) in dry MeOH (200 ml) 
was boiled gently with 4 (6.82 g, 0.03 mole) on the steam bath, 
until the volume was nearly halved. The concentrated solution 
was refluxed for 24 hr and filtered hot. The filtrate, on cooling, 
deposited 4.4 g (45%) of 17. 

4-(/3-Iodcethyl)-3,4-dihydro-2H-l,4-benzothiazine (25) was 
similarly prepared by refluxing 19 and Nal in Me2CO for 40 hr. 

Method D. 4-(Azidoacetyl)-3,4-dihydro-2H-l,4-benzothia-
zine (12).—A solution of 4 (6.82 g, 0.03 mole) in Me2CO 
(50 ml) was added to a well-stirred suspension of XaX3 (2.6 g, 
0.04 mole) in 15% aqueous Me2CO (180 ml). The mixture was 
refluxed for 5 hr and filtered hot. The filtrate on evaporation 
gave a quantitative yield of 12. Three recrystallizations gave 
the pure product. 

Method E. 3,4-Dihydro-4-(phthaIimidoacetyl)-2H-l,4-benzo-
thiazine (18).—A mixture of 4 (11.37 g, 0.05 mole), potassium 
phthalimide (9.3 g, 0.05 mole), and Et3N (15 ml) in D M F 
(100 ml) was stirred on the steam bath for 24 hr. At the end of 
this period, the mixture was poured into cold H 2 0 (1 1.), with 
stirring, and the product was filtered. Two recrystallizations 
from EtOH (41.) gave the pure product. 

4-(Aminoacetyl)-3,4-dihydro-2H-l,4-benzothiazine hydrochlo
ride (14) was obtained bv reducing 18 in absolute EtOH (100 
ml) with 1 equiv of 95% (X;H2)2.7 

Method F. 4-(o-AminobenzenethioacetyI)-3,4-dihydro-2H-
1,4-benzothiazine (15).—A solution of 4 (11.37 g, 0.05 mole) in 
EtOH (200 ml) was added dropwise to a refluxing solution of o-
aminobenzenethiol (6.25 g, 0.05 mole) in ethanolic KOH (3.08 
g, 0.055 mole in 100 ml EtOH) in 15 min. After a 4-hr reflux 
period, the mixture was filtered hot and the filtrate was 
evaporated. The residue, on trituration with E tOH-Et 2 0 , gave 
the product. 

Method G. (i) 4-(/3-ChIoroethyl)-3,4-dihydro-2H-l,4-benzo-
thiazine (19) was obtained in 50% yield by the reduction of the 
crude 4 (obtained from 0.2 mole of 2, R =" H) in T H F (100 ml) 
by diborane (0.446 mole) in THF, as described before.2 The 
product was isolated from the final basic solution by filtration. 

Compounds 20 and 21 were obtained similarly by the reduction 
of 5 and 6, respectively. 

(ii) By Rearrangement of 23.—SOCl2 (139 g, 1.16 moles) in 
CHC13 (300 ml) was added dropwise to a solution of X~,X~-bis(2-
hydroxyethyl)-o-rnethylthioanisidine8 (22) (132.5 g, 0.583 mole) in 
CHClj (300 ml), at —5°, over a 30-min period. The mixture was 
stirred at room temperature for 4 hr and allowed to stand at room 

(7) L. I. Smith and O. M. Emerson, "Organic Syntheses," Coll. Vol. I l l , 
John Wiley and Sons. Inc., New York, N. Y., 1955, p 153. 

(8) M. Freifedler and G. R. Stone, ./. Org. Chem.. 26, 1477 (1961). 

temperature overnight. The solvent was then evaporated under 
reduced pressure in a bath at 30-40°. The residue was diluted 
with CeH6 and the mixture was poured onto cold HoO. The 
organic phase was separated and the aqueous layer was extracted 
(CeH6, three 50-ml portions). The combined organic layer was 
washed (H20), dried, and filtered. The filtrate was evaporated 
(below 40°) to give a viscous residue. The viscous residue was 
extracted with n-hexane and the solution was evaporated under 
reduced pressure below 40° to give the product (31 g, 21%). 
Two crystallizations from E t 2 0 containing some MeOH, gave 
X*,X-bis(/3-chloroethyl)-o-methylthioanisidine (23), mp 116-119°. 
Anal. (CiiH«Cl2NS) C, H, Gl, X, S. 

When an attempt was made to distil the viscous residue (23), 
the only product isolated was 19, which solidified on standing, 
melting at 56-59°. This did not depress the melting point of 19 
obtained by the first method (i). 

Method H. 4-(Chloroacetyl)-3,4-dihydro-2H-l,4-benzothia-
zine 1,1-dioxide (Table II, 26) was prepared in 73% yield by the 
K M n 0 4 oxidation of 4, as described before.2 

Similar oxidations of 12, 3,4-dihydro-4-(p-nitrobenzoyl)-2H-
1,4-benzothiazine,2 and 16 gave 27, 28, and 29, respectively. 

4-( jo-Aminobenzoyl )-3,4-dihydro-2H-l ,4-benzothiazine 1,1 -Di
oxide (30).—SnCl2 (33.18 g, 0.17 mole) in concentrated HC1 
(100 ml) was added dropwise to a stirred solution of 28 (16.6 g, 
0.05 mole) in concentrated HC1 (200 ml) at 60°. After the 
initial tendency to frothing was over, the mixture was refluxed 
for 5 hr and then filtered. The residue (14.5 g, 43%) was washed 
with concentrated HC1 and Et 2 0. This hydrochloride salt (mp 
280-285°) was dissolved in H 2 0 (400 ml) and basified with XaOH 
and the free base was extracted (CHCL). The extract was 
washed (cold H20), dried, and evaporated. The residue was 
crystallized once with ether-petroleum ether (30-60°) and then 
with EtOAc to give pure 30. 

2H-l,4-Benzothiazine-3(4H)-thione 1,1-Dioxide (32).—A mix
ture of 3(4H)-oxo-2H-l,4-benzothiazine 1,1-dioxide2 (9.85 
g, 0.05 mole) and P2S5 (11.10 g, 0.05 mole) in pyridine (160 ml) 
was stirred and refluxed for 1 hr, and then the reaction mixture 
was concentrated under reduced pressure. The residual liquid 
(ca. 30 ml) was stirred with a 10% XaOH solution (160 ml) at 
10° for 30 min and filtered (X'orit). The filtrate, on acidifica
tion, gave the product. 

3-Benzylthio-4H-l,4-benzothiazine 1,1-Dioxide (33).—A mix
ture of benzyl chloride (3.2 g, 0.025 mole) and 32 (5.3 g, 
0.025 mole) in 50% EtOH (50 ml) containing NaOH (1.0 g, 
0.025 mole) was refluxed for 1 hr and then allowed to stand at 
room temperature for 4 days. The reaction mixture was then 
diluted (H20, 100 ml) and extracted successively with petroleum 
ether (30-60°, two 50-ml portions) and Et 2 0 (30 ml). The aque
ous layer was filtered, and the cream-colored residue (6.2 g, 81 %, 
mp 176-177°) was recrystallized twice from dilute EtOH to give 
the pure product: mp 177-178°; nmr, 658 Hz (s, XH). 
Anal. (C,5H13N02S,) C, H, X, S. 

2-Benzyl-2H-l,4-benzothiazine-3(4H)-thione 1,1-dioxide (35) 
was prepared in 69% yield from 2-benzyl-3(4H)-oxo-2H-l,4-benzo-
thiazine 1,1-dioxide2 (34) by a method similar to that, used for the 
preparation of 32, except that the product was isolated by ex
traction with CHC13; nmr, 582 (XH), 302 (q, CH), 200 Hz (m, 
CH2). Addition of D 2 0 exchanged the methine proton in 35, 



2<M T. X. TOZEK, L. 1). TUCK, AMI J. ('. CRAK; Vol. 1_> 

and, as (lie CJI coupling was removed, the ABX pattern simpli
fied to a AB quartet centered at 198 Hz. 

Similarly, thiation of 4-benzyl-l:>-oxo-3,4-dihYdro-2II-1,4-ben>',o-
thiazine l',l-dioxide- (36) (2.87 g, 0.01 mole) by P,S5 (2.22 g, 
0.01 mole) in refluxing dioxane (50 ml) gave 4-benzyl-2H-l,4-
bcnzothiazine-):l(4H)-thione 1,1-dioxide (37). 

2H-l,4-Benzothiazine-3(4H)-thione> (42J 
yellowish green crystals in (>9';f yield from 
and PoS6 using dioxane as a solvent instead of 
by Kipriauov, el «/.,»mp 126-128° (EtOH ). 

4-Benzyl-3,4-dihydro-2H-l,4-benzothiazine-3-thione (45) was 
prepared from 4-benzyl-3-oxo-3,4-dihydro-2H-l,4-benzothi-
n/.ine-'" (44) (.">.l g, 0.02 mole) by the method used for the prep-

b.l) C o m p o t m d 44 \vas ob t a ined in 5 o % yield by rerluxing 1 (R = H l = II) 
for li lir with 1 0 % excess benzyl chlor ide a n d N'aOH in 60' / , E t O I l . Re 
por ted" met l iod requ i red t h e use of N a H in D M F . 

was obtained as 
1 (1! = li1 = II) 

iluene as reported 

aration of 32, except that the product was isolated bv extraction 
with Kt,(). 
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Substitutions of various groups on the phenothiazine nucleus have been studied with respect to their effects 
on standard electrode potential, semiquinone free-radical stability, and anthelmintic activity. The electrode 
potentials of the two oxidation steps are correlated on Hammett plots. An expression is derived for the relative 
semiquinone concentration occurring in a biological system having a definite oxidation potential and pH. The 
anthelmintic activity is shown to be related to the semiquinone concentration. 

Craig, and coworkers,1 studied a series of substi
tuted phenothiazines with regard to potentiometric 
titration, electrode potentials, and their correlation 
with anthelmintic activity as measured in the biological 
assay using mixed infestations of Syphacia obvelata and 
Aspiculuris tetraptera in mice. From these studies it 
appeared that two factors were necessary for activity, 
namely, the ability to form a high proportion of a stable 
semiquinone radical (as measured by the index poten
tial in aqueous AcOH), and the presence of a free 3 or 7 
position. 

In addition to the two factors above, Craig, d 
at.,1 also noted that only those compounds with elec
trode potentials in the range of 550-850 mV in 
aqueous AcOH had significant activity. If the toxic or 
paralyzing effect of the phenothiazines is due to an in
hibition by the semiquinone of an oxidation-reduction 
system in the parasite, it would seem reasonable that 
the active phenothiazines would have reduction poten
tials corresponding to those of the oxidation-reduction 
enzyme system or systems which they inhibit. At the 
similar potentials the semiquinone concentration would 
be maximal and thus facilitate or compete with the 
electron transfers in the enzyme system involved. For 
example, it has been suggested that the semiquinone of 
chlorpromazine is responsible for the inhibition of cer
tain oxidoreductases in vitro'2-4 and that some of the 

\ 1) (a) J . C y m e r m a n - C r a i g , M . E. T a t e . C P . Warwick , and \Y. P. Rogers , 
./. Me,I. I'hitrm. Chem., 2, 659 (1960); lb) .). C y m e r m a n - C r a i g , M. E. T a t e . 
F. W. Donovan , a n d W. P . Rogers , ibiil., 2, 669 (1960): (c) .1. C y m e r m a n -
Cra ig a n d M. E. T a t e l'rogr. Drug He.-,., 3, 76 (1961); (d) W. P. Rogers , 
.1. C y m e r m a n - C r a i g , and O. P. Warwick , Brit. •/. Pharmacol.. 10, 340 (1955) 

!•_') M . W o l l e m a n and P . Elodi , Biorhem. Pharmacol., 6, 228 (1961). 
011 M. Wol leman and T . Kelet i , ArzneimMel-Forxrh., 12, 360 (1962). 
(4) I.. Levy and T. \ . Bt trbr idge, Biorhem, I'lairmaeol., 16, 1249 (1967). 

biological activities of phenothiazines correlate with the 
formation of their semiquinones in vivo/'-1' 

In this report the substituted phenothiazines studied 
by Craig, et a/.,1 are examined to discover a pos
sible relationship between the calculated relative con
centration of their semiquinones in vivo and their 
anthelmintic activities. It is first established that the 
electrode potentials for the two one-electron oxidation 
steps leading to the phenazothionium ion are linear 
functions of the Hammett substituent constants. The 
semiquinone concentration then becomes a function of 
the Hammett constant and the prevailing electromo
tive force and pH at the site of action. The results are 
shown to be not. inconsistent with the supposition that 
the biological action is a result of the interference of the 
semiquinone with an essential oxidation-reduction 
system in the parasite. 

Reduction Potentials.7—Let E represent the local 

("en Bull. to) H. I .aborit , t \ S, Ps.\ chopha rmaco logy S 
2. 1962-1963, p 34. 

ili! I. S. Forrest a n d ]•'. M. Forres t . Kip. Med. .Surf/., 2 1 , 231 ;1963). 
(7) T h e following t r e a t m e n t of t h e e lec t rode po ten t i a l s makes use of the 

convent ions and definitions a d o p t e d a t t he X V I I t h Conference of t he I n t e r 
na t iona l Union of Pure and Applied Chemis t ry , S tockholm, 1953; see ,1. A. 
Chr i s t iansen , ./. Amur. Chem. Sac. 82, 5517 (1960). I n add i t ion , all po ten
tials are referred to t he s t a n d a r d H electrode, and the e lec t rode pot ent ia ls for 
t he two univalent ox ida t ion s teps a re defined as follows: E: is the normal 
e lect rode po ten t ia l unde r t he condi t ion t ha t p h e n o t h i a z i n e ami its semi
qu inone are of equal a c t i v i t y ; E? is t he no rma l electrode po t en t i a l at a speci
fied p l l unde r t he condi t ion tha t t he semiqu inone a n d t h e phenazo th ion ium 
ions a re of equal ac t iv i ty . As considered in g rea te r detai l in eq 5 and 6, t he 
p o t e m i a l s t'Ji and A'- a re re la ted to t he s t a n d a r d e lec t rode po ten t i a l s /fi° a n d 
K-° a n d the bivalent midpoin t e lect rode po ten t ia l Km (called t h e " m e a n 
no rma l p o t e n t i a l " by L. Michael is and M, P. Schube r t . Chem. / fee , 22, 437 
(1938)) as follows. 

A', A',' E, < A T F> In [II ~\ A'„, T ' I E, 

In the factor /i'7T /•', H is the gas cons t an t , 7" the al 
/•' is t he value ot the fa radav , all expressed in consis 


