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:5 
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6 
7 
8 
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10 
11 
12 

> 

1 :5 

14 
16 
16 
17 

18 

19 
20 

21 
25 

CHZCHgCl G 
CH2CHzOCsHj G 
CHyCHzOCfiHad 
CHZCH(CH~)OC~H, G 
CH2CHsI C 

Recrystn 
solvent" 

P, 
E + Pi 
31 
11 

E + Pi 
Et 
RI 

Ea  + P2 

C + B  

Et 
PZ 
E + Pi 
B + PA 

Et  

E + Pi 

-4 

Pn 

Yield, 
7 O b  

66 
50 
63 
0 0 
60 
45 
56 
63 
30 
99 

0 0 

71 
8 3 
64 
45 

53 

50 
80 

61 

hlp or hp (mm) ,  "C 

92-92.3 
57-38 
96.5-98 
127-129 
125-130 (0 .3)  
77.5-80 
130-1 31 
168.5-160 
146(0.1) 
10.5-106 

201-203 

261-264 
117-1 17, ,5 
62-63 
114-116 

242-243 

55-37, 142-143 (0 .4)  
173-179 (0.1.5-0.20) 
112-1 13 .3  
16.7-169 (0.15-0.17) 
81-82 

Znalyses 

C, H, ?;, S 
C, H, C1, lj, S 
C, H, N, S 
C, H, T, S 
C, H, N, S 
C, H, N, S 
C, H, N, S 
C, H, N, S 
C, H, N, S 
C, H, N, S 

C, H, iY, S 

C, H, C1, N, S 
c, H, N, s 
c, H, N, S 
C, H, X, I 

C, H, N, S 

C, H, C1, N, S 
C, H, 5, d 
C, H, X, S 
C, H, N, S 
C, H, I, S 

a A, Rle2CO; B, C6H6; C, CHC13; E, EtzO; Ea, EtOAc; Et, EtOH; RI, MeOH; PI, petroleum ether (30-60); P,, petroleum ether (60- 
Methyl tosylate (from 3,4-dihy- 80); Pn, pentane. 

dro-4-(phenoxyethyl)-2H-l,4-benzothiazine and methyl p-toluenesulfonate in boiling AIeOH) of 20. 
* Yields given are those of crude solids or once-distilled liquid. n Z 6 ~  1.6427. 

342 with P2Se, which yielded 35. The alternate pos- 
sibility (37) was eliminated by its synthesis from the 
N-benzylated &oxo derivative 362 and PzS;. This 

3 6 , X = O  
3 7 , 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 
XaOH in both cases. Alkylation of the anion (38 ++ 
40) then occurs at  the more nucleophilic negative carbon 

SCHEME I11 

0, 
C,H,CH,CI &. 5% - 

H H 
31 32 

\ 
\ 33 

34 35 

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

The sulfur atom is more nucleophilic than the 
H H 

38, Z - 0  40, Z = O  
39, z=s 41, Z=S (3) H. 0. House, "Modern Synthetic Reactions," Ti- .I, Benjamin, In? , ,  

S e w  York, N. T., 1S&5, p 163. 



42 

43 

There wa\ no formation of the  po-hible S-benzyl 
t1criv:itivc (45, X = S), n-hich v:i* prepired from 4- 
l ~ c ~ r i z ~ l - ~ ~ - o ~ o - ~ ~ , 4 - ~ l i h ~ d r ~ ~ - 2 € ~ - l , I - h c ~ i t z o t h i a z i r i e ~  (44, 
X = 0) : ~ i i d  I'zSi. Similar :ill;ylation of 1 (1% = T i i  = 
11) gar.(' only 105; of 44 :iftc>r :I 1-111. reaction period. 
1 ) r i t  t h i i  yield I'nilurc to rni+tl to .?Oc( after (j  liv. 

I 

CH.C,H 

44, x = 0 
45. x = s 

iwl:i tc :my N-benzylatioii product (36) during the 
allq~htion of 31, may he tliic to  f:r*tcr alkylation of the 
c:irhori >\tom :ind thc prcicriw of the sulfonyl function 
(to give 34). 

Pharmacology.--Llll thc compounds reported 1i:ir.c~ 
twcri teqted for thcir niitih!.pertensivc activity by the 
inclthod (le-crihed ticfor(. T h c  criterion for activity 
W:I< :I fall i n  i1lood pres5urc i i i  c : ib  of :it leart 20 mm 
for a t  1o : t~ t  15 min. Of d l  t lw cwmpound.j tested, only 
tlic S-chloroacctyl deriv:itivci 4 wid 26 and the thi- 
oureido derivative 3 w c w  found to exhibit activity. 
S(it11ci. of the. t n  o chloro:icc+yl derivatives altered the 
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Recrystn Yield, 
N O .  Ri R?  z solvent' Li;,h Mp, oc Formula .inalyses 

3'2 H H >SO, A + PI 66 184-186 Cr;HiSOnS.i C, H, S,  0, 8 
3 .i H CHgCeH: >SO, c + PI 69 188-190 C1,HjaNorS? C, H, S, 0, S 
37 C H G H 5  H >SOU c + PI 100 1 34-1 3-5 ClifI,aNOrR, C, H, K, 0, S 
42 H H S E t  39 126-128' CsHiKSr x, s 

C, H, S, S 45 CH2CsHh H S E S H  63 92-94 Ci >HI a h ' %  
(1 ,4, Ale,CO; C, CHC1,: E, Et2O; Et,  EtOH; H, hexane: PI, petroleum ether (30-60"); P,, petroleum ether (60-SO'). 'I Yieldq giveti 

are those of (wide solids. c mp 128". 

precipitate was filtered and washed thoroughly (H20) to give the 
product. 
44 p-AminobenzenesulfonyI)-3,4-dihydro-2H-l,4-benzothiazine 

(IO).-A mixture of 9 (33 .2  g, 0.1 mole) and Sn granules (23.7 g, 
0.2 g-atom) in 15% aqueous HCl (300 ml) was stirred at  90-95" 
for 2 hr. At the end of t,his 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-(Iodoacetyl)-3,4-dihydro-2H-1,4-benzothiazine 
(17).-A solution of NaI (6.0 g, 0.04 mole) in dry AIeOH (200 ml) 
was boiled gently with 4 (6.82 g, 0.03 mole) on the steam bath, 
iintil the voli:me was nearly halved. The concentrated solution 
was refliixed for 24 hr and filtered hot. The filtrate, on cooling, 
deposited 4.4 g (45Yc) of 17. 

4-( B-Iadaethyl)-3,4-dihydro-2H-1,4-benzothiazine (25) was 
similarly prepared by refluxing 19 and Ea1 in hle?CO for 40 hr. 

Method D. 4-(Azidoacetyl)-3,4-dihydro-2H-1,4-benzothia- 
zine (12).-A soliition of 4 (6.82 g, 0.03 mole) in hIeiCO 
(.io ml) was added to a well-stirred siispension of Wax3 (2.6 g, 
0.04 mole) in 1577 aqueous bIesCO (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 piire produrt. 

Method E. 3,4-Dihydro-4-(phthalimidoacetyl)-2H-1,4-benzo- 
thiazine (18).-A mixture of 4 (11.37 g, 0.05 mole), potassium 
phthalimide (9.3 g, 0.03 mole), and Et,N (1.5 ml) in DAIF 
(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 l.), with 
stirring, and the product Fas filtered. Two recrystallizations 
from EtOH (4 1.) gave the pure product. 
4-(Aminoacetyl)-3,4-dihydro-2H-1,4-benzothiazine hydrochlo- 

ride (14) was obtained by rediicing 18 in absolute EtOH (100 
ml) with 1 equiv of 95% (EH2)?.' 

Method F. 4-(o-Aminobenzenethioacetyl)-3,4-dihydro-2H- 
1,4-benzothiazine (15).-A solution of 4 (11.37 g, 0.05 mole) in 
EtOH (200 ml) was added dropwipe to a refluxing solution of o- 
amiriobetizenethiol (6.23 g, 0.05 mole) in ethanolic KOH (3.08 
g, 0.0,55 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 residiie, on  tritiiration with EtOH-EtsO, gave 
the product. 

Method G .  (i)  44 p-Chloroethyl)-3,4-dihydro-2H-1,4-benzo- 
thiazine (19) was obtained in yield by the rediiction of the 
rritde 4 (obtained from 0.2 mole of 2, R = H) in T H F  (100 ml) 
t)y dihorarie (0.446 mole) in THF,  as described before.* 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. 

( i i )  By Rearrangement of 23.--SOCl* (139 g, 1.16 moles) in 
CHC13 (300 ml) was added dropwise to a solution of N,?;-bis(2- 
hj-drnxyethy1)-o-methylthioanisidineg (22) (132.5 g, 0.583 mole) in 
CHCI, (800 nil), a t  -.io, over a 30-min period. The mixture was 
.<tirred at room temperatiire for 4 hr and allowed to stand a t  room 

Ci) L. I. Smith and 0. 11. Emerson, "Organic Syntheses," Coll. Vol. 111, 

(81 11. I:reileiIler ani1 0. R .  Ston?, . I .  OW. Ch?m.,  26,  1 4 i i  (1961) .  
.John IViley and :'oris. Inc., New York, N. Y.,  1955, p 153. 

temperature overnight. The solvent was then evaporated iinder 
reduced presstire in a bath at, 30-40". The residue was diluted 
with C6H6 and the mixture was poured onto cold H?O. The 
organic phase was separated and the aqueous layer was extracted 
(C&, three 50-ml portions). The combined organic layer was 
washed (H,O), dried, and filtered. The filtrate was evaporated 
(below 40') to give a viscous residue. The viscous residue wan 
extracted with n-hexane and the solution was evaporated under 
reduced pressure below 40" to give the product (31 g, 21%). 
Two crystallizations from Et90 containing some NeOH, gave 
X,S-bis(p-chloroethy1)-o-methylthioanisidine (23), mp 116-1 19 '. 

\Then 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-1,4-benzothia- 
zine 1,l-dioxide (Table 11,26) was prepared in 73% yield by the 
KhInOl oxidation of 4, as described before.* 

Similar oxidations of 12, 3,4-dihydro-4-(p-nitrobeti 
1,4-benxothiazine,* and 16 gave 27, 28, and 29, respective 

4-( p-Aminobenzoyl)-3,4-dihydro-2H-1,4-benzothiazine 1,l-Di- 
oxide (30).-SnCl* (33.18 g, 0.17 mole) in concentrated HCI 
(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 (14.3 g, 43Yc) was washed 
with concentrated HC1 and EtiO. This hydrochloride salt (mp 
280-285') was dissolved in HyO (400 ml) and basified with SaOH 
and the free base was extracted (CHCI,). The extract was 
washed (cold HzO), dried, and evaporated. The residue was 
crystallized once with ether-petroleum ether (30-60") and then 
with EtOAc to give pure 30. 
2H-1,4-Benzothiazine-3(4H)-thione 1,l-Dioxide (32).--8 mix- 

ture of 3(4H)-oxo-2H-1,4-benzothiazine 1,l-dioxide2 (9.83 
g, 0.06 mole) and P& (11.10 g, 0.05 mole) in pyridine (160 nil) 
was stirred and refluxed for 1 hr, and t,hen the reaction mixture 
was coricentrat,ed under reduced pressure. The residual liquid 
(ca. 30 ml) was stirred with a 10% XaOH solut,ion (160 ml) at  
10" for 30 min and filtered (?;orit). The filtrate, on acidifica- 
tion, gave the product. 
3-Benzylthio-4H-1,4-benzothiazine 1,l-Dioxide (33).-.4 mix- 

tiire of benzyl chloride ( 3 . 2  g, 0.025 mole) and 32 (.X g, 
0.025 mole) in 50yG EtOH (50 ml) containing NaOH (1.0 g, 
0.02.; mole) was refluxed for 1 hr and then allowed t,o stand at, 
room temperature for 4 days. The reaction mixture was then 
diluted (HzO, 100 ml) and extracted siiccessively with petroleum 
ether (30-60°, two 30-ml portions) and Et20 (30 ml). The aqiie- 
o i ls  layer was filtered, and the cream-colored residue (6.2 g, 81 ',;, 
mp 176-177') was recrystallized twice from dilute EtOH to give 
t,he pure product: mp 177-178"; nmr, 6.58 Hz (s> S H ) .  

2-Benzyl-2H-l,.i-benzothiazine-3( 4H)-thione 1,l-dioxide (35) 
was prepared in 69% yield from 2-benzy1-3(4H)-oxo-2H-1,4-benzo- 
thiaziite 1,l-dioxide2 (34) by a method similar to that, iised for t>he 
preparation of 32, except that the product was isolated by ex- 
traction with CHCIS; nmr, 382 (YH),  302 (q, CH), 200 Hi: (m, 
CH,). Addition of I),O exchanged the niethitie protor1 i t 1  35, 

Anal. (CIiH,,Cl&S) C, H, GI, N, S. 

Anal.  (Ci&Hi3NO&) C, H, K ,  S. 




