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swtioii for l,O-diamino-l-amyl-l,2-dihydro-2-(p-fluoro- 
phciiy1)-s-triazine hydrochloride. Table I summarizes 
some representative compouiids while Table I1 lists i i i -  

frarcd aud ultraviolet data. 
Yields in reactions with aliphatic aldehydes w r c  

ycry Ion- (c.s., 5 2 )  while certain other carboiiyl com- 
poiiiicls (;.e.% pyridiiic.-~-carbo~aldeliyde, p-dimetltyl- 
:~miiiobenzaldcliyde and cycloheptanone) gave uiipiiri- 
fiablta mixture.. . Xi1 cxami~iation of Table TI reveal- 
that all infrartd spectra of Ib exhibit strong peaks near 
6 4  arid 6.6 p ,  hupporting the assignment of DegrawI2 of 
at)sorption, duci to the triaxiiir ritig iiear 6.40 aiitf 

6.60 Ll 

OF' It3 

" Strong intensity hnntis in a11 c"s. 

Compouiids of type 111 were administered subcutaiie- 
oiisly to guinea pigs at  20, 40, or 50 mg./'kg. aiid blood 
glucose levels mcasured. Blood glucose TT as determinc>d 
oi l  diluted whole Mood samples using a micro-adapta- 
t i o i i  of' the method of Hoffman1? 011 an Auto-dnalyzer. 
LIo-t dwivatives of Ib  had little effect on blood glucose. 
kwls .  ho\rever, Table I11 summarizes those com- 
poiiiids having a mild effert. Tricreasing doses did iiot 
inereas(. this cffrct. For comparisoIi, data on pheii- 
c>tliylbiguanidc hydrochloride arc iricliided in Table 
111. Tlley slioiv that compounds of type I b  do not 
approach thc. potency of phcnethylbiguanide as hypo- 
glycemic agciitr .lpparriitly, any similarities in struc- 
turr t o  thc  cyclic form of 11 arc either too subtle or arc 
otT5c.t hy the possible change iii pharmacodynamic prop- 
c1rtic.s ilw to the differciice in basic, strength of diamirio 
diliydlotriazitic~j" :is compared to biguariides ( P . Y . ,  
pR, of !) 10 zw. pKsl m. 12 for the latter). 

T 'o \ \ i l i l e  antitumor activity i q  presently iinder stiidy 
t i l l  .I i i ~ ~ t : ~ \ + ,  r o R(,,., r, (711,1  111, ani1 H H Hihr. t ,  .I 0 11 

1 1  1) I\ - r r  I I ~ ~ ~ ~ ~ ~  I ii,,,i ( ~ i p I r l  120, .-,I i ' l r 7 )  

f ' l v m  , 2 6 ,  1 4 1 :  1 1 0 0 1 ~  

Experimental 

4,6-Diamino-l-amyl-1,2-dihydro-2- ( p-fluoropheny1)-s-triazine 
Hydrochloride (Ib-6).--Tn :L 250 ml., 3-ne~ked flasli under :I 
Yoxhlet extractor containing calcium sulfate was p lacd  2.08 K. 
(0.010 mole) of N1-(n-amyl)-higuanide hydrochloride, 1 .36 g .  
(0.011 mole) of p-fluorohenzaldeliyde, 0.10 nil. (0.0012 rnold 12 
.\- hydrochloric acid and 78 nil. of ethanol. The  solution W:IS 

placed under a nitrogen atmosphere and refluxed for 21  hr. Tests 
on  reaction samples with copper ammonium sulfate" ~ o l ~ i t i o n  
showed all higuanide to be gone after approximately 20 hr. of' 
reflus. Conrentration to 25 nil. under vacuum and cooling 
yielded 0.620 g. ('roc;) of u-hite solid in two crops, m.p. 201L20:1". 
Certain derivat,ives of Ib required the addition of et,her and c~ool- 
ing in order to  induce c:ryst:illixation. - in  sndytical sample \vi.* 
prepared 1) ) .  recrystdlizing froin ethanol--ethrr. 'L':ihlc 1 siiiri- 

rixtrizes physical prcil)ertiex of 11). 
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Synthesis of Substituted 2-Phenyl - 1,4 -benzothiazin - 
3(4H)-ones and their Activity as Inhibitors 

of 1,4-Dipyrrolidino-2-butyne 



I\'OTES 21 5 

R'  

H 
Yields, Kitropen analysis. 9/0 

R R' R 1' N.p. ,  0C.G (7 Formula Calrtl. Found 

A e1 H H 2 17-2 I9 8 6 C1,HioClXOS 5 .0s  5.31 
B CF, H H 2 18-21 7 6 5 CijH,oFaSOS 3 53 4 . 6 2  
C H e1 H 190-200 89 CiaHioClXOS 5.0s 5.38 
n H H C1 197-199 71 C1,HioClXOS 5 08 5.18 
I? H H OCH, 192-193 55 CisHiaSO?S 5.10 5.04 

a All compounds were purified by crystallization from acetonitrile. 
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n B ALP., 0C.U Formula 

2 N(C,Hs)2 173-175b C~HP,C~N;?OS 
3 r\;(CH:j)? 2 10-212* C1 sH?3ClSrOS 

2 

2 

2 

2 
2 
2 
2 
2 
2 
2 

225-2 2 ih 

238-240 
237-2.3gb 

269-270 

208-210 
166- 16s 
170-172 
220-222 
165-15'7 
144-146 

~ - - - - - A n a l y s e s ,  %---- 
Chlorine h-itrogen 

Calcd. Found Calcd. Found 

9.41 9 .68  i.33 7.72 
9.ii 9.75 7.72 '7.46 

9.11 9.22 i.20 7.00 

S . 7 5  8.67 6.92 7.01 

9.07 8.96 7 17 i.22 

16 I1 15 94 9 54 9.60 

Ii 13 1'7 32 6 81 6 51 
7 97 8 13 6 30 6 22 

I 7  13 10 97 6 81 6 66 
18 50 18 38 7 31 T 01 
8 62e S i4 6 81 6 i4 
8 71 8 i3 6 89 6 60 

a These salts were crystallized from ethanol, except I and I1 (acetonitrile), I S  (isopropyl alcohol) and X (methanol). 8. Funke, G.  
Funke and B. ?*fillet, Bull. SOC. Chim. France, 28, 1524 (1961), prepared these compounds mine different experimental conditions and 
reported these melting points: I ,  158-160"; 11, 175"; 111, 202-204": and I., 198-ZC0". Dihydrochloride salt. This material 
and compound A of Table I were prepared by E. Spitxndler. e Ionic chloride. 

phenyl-I ,-l-benzothiazin-3(4H)-one hydrochloride (com- 
pound I, Table 11) was found to be active in inhibiting 
the tremors produced by 1 ,l-dipyrrolidin0-2-butyne.~ 
The ability of a compound to antagonize the effects of 
1,4-dipyrrolidino-2-butyne has been made the basis of 
a method for the selection of compounds for evaluation 
in Parkinsonism.2 In order to establish a structure- 
activity relationship for this class of compounds, the 
modified structures listed in Table I1 were prepared. 
These products were obtained, usually in BO-Gg", 
yields, by heating a suspension of 2-phenyl-1,4-benzo- 
thiazin-3(4H)-one3 (or a substituted analog listed in 
Table I) with one equivalent of sodamide in toluene, 
followed by the appropriate basically-substituted alkyl 

(1) Tremorin&. 
( 2 )  hl E. Farquharson and R. G. Johnston, Rrzt J Pharmarol 14, 559 

(3) 0 Unger and G Graff Ber 30 ,  2189 (1897). 4n improied  procediire 
119591, and references cited therein. 

for the prpparation of t h i q  material IS given In the  Experimental part  

halide and then refluxing the mixture for three hours. 
The infrared data were in agreement with the assigned 
structures. 9em benzothiazin-3-ones (Table I) were 
obtained from the corresponding derivat'ives of 2-amino- 
benzenethiol and a-haloarylacetic acids and e~ters .4 .~  

The compounds were administered subcutaneously or orally 
to mice 50 min. before intraperitoneal injection of 20 mg./kg. 
of l,+dipyrrolidino-2-butyne dihydrochloride. The ED,, of I 
required to inhibit all tremors after a 2 hr. period was 32 mg./kg. 
by the subcutaneous route. The estimated LDj0 of I was 626 
mg./kg. (s.c.). With the exception of 11, which had the same 
activity as I, modifications of the basic side-chain (111-VI) gave 
compounds which were less than one-third as active as I. Of the 
compounds containing substituents in either the nucleus or the 
phenyl ring in the 2-position, only the 4-chlorophenyl analog, 
XI, was more potent than I. The EDjo of XI was 21 mg./kg. 
(s.c.) and 53 mg./kg. (oral) and the LD,, was estimated a t  705 
mg./kg. (s.c.). The EDso of benxtropine (3-diphenylmethosy- 

(4) J. hl. Bruce and F. K. Sutcliffe, J .  Chem. S o r . .  4793 (1957). 
(8) 1:. Q. Barlriar, J .  .4m. C h ~ m .  .Tor. . ,  76, 1161 f l C l X ) ,  



tropane methanesulfonate) in the same test nar  4 3 nig./kg. 
(s.r.). The reported LD,o of benztropine is 55 mg./kg. i s  (4 I 

Compound XI, although less potent than benztropine, ki<i\ t 

hetter therapeutic ratio in this test. 

Experimental 

2-Phenyl-1,4-benzothiazin-3(4H)-one.-A well-stirred solution 
of 325 g. (2.6 moles) of 2-aniinohenzenethiol in 600 nil. of xylene 
\V:E treated in one portion n i th  a sciliitiun of 281 g. (1.3 moles) 
of a-bromophenylacetic arid4 in 600 nil. of q-lene. Cooling in :I 

wuter bath was necessary t.o maintain the reaction temperature 
below 80". After the exotherniic reaction subsided, the mixture 
wits heated to (and maintained :It) 100" for 30 min. while 21 1171. OF 
water dist8illed azeotropically from the reaction mixture. The 
latt,er was then heated a t  1:3?-14"" for 1 hr. (during which tinie 
an  additional 2 ml. of water was collected), cooled to room teni- 
perature and the precipitate filtered and washed with xylene. 
'The air-dried solid (551 g.) was triturated with 1 1. of water to 
remove 2-aminobenzenethioi hydrobromide. It was suspended in 
1 1. of 5%, sodium bicarbonate and filtered to give 200 g. of prod- 
uct, 11i.p. 198-204". After trituration with 1 1. of cold acetoni- 
trile, the colorless product weighed 285 g. (91cz) and melted :it, 
202-204". Crystallization from ethanol raised the m.p. t,o 205 - 
20(j0 (reported3 m.p. is 204'), A:::;' 3.15, 5.95 p. 
4-(2-Diethylaminoethyl)-2-phenyl-1,4-benzothiazin-3(4H)-one 

Hydrochloride (I).-A slurry of 50.0 g. (1.28 moles) of sodamid(. 
in 3 1. of toluene was treated wit,h 300 g. (1.24 moles) of the 
above material (m.p.  202-204") in one portion; the mixture  is 

stirred and refluxed for 3 hr., cooled and treated with 200 g. (1.4s 
moles) of 2-diethylaniinoethyl chloride [b.p. 50-58" (30 nim.)]. 
The resulting solution was stirred a t  room temperature for 30 niin., 
refluxed for 3 hr., cooled and treated with 300 inl. of water. The 
layers were separated and the organic phase washed with 100 nil. 
of water; the aqueous layer was discarded and the organic phase 
then extracted with 900 nil. of 2 N hydrochloric acid. The acidic 
:tqiieous phase w:is cooled and treated with 400 ml. of 20:)i) 
S:LOH solution to liberate the txise. The mixture was extracted 
3 t,inics with 600 ml. portions of ether and the combined ether 
pli:ise dried over magnesium sulfat,e. After evaporation of the 
solvent,, the residue was distilled t,o give 371 g. of a yellow-orange 
liquid; b.p. 200-210" ( 0 . 5  mni. j, .2 solution of this niat,eri:tl in 
200 nil. of ethanol was treated with t,lie equivalent quantity of 
Iiydrogen chloride in 200 nil. of ethanol and the resulting solution 
diluted to 2 1. wit,h ether to give a crj.stalline product weighing 
:%W g., m.p. 158-1i5". This material was triturated with 800 nil. 
of acetonitrile and filtered to give 380 g. (81";) of a colorless prod- 
uct; m.p. 173-175", X ::;' 3.78, 5.95 /I. Recrystallization of 
this material from acetonitrile did not change the melting point,. 

Acknowledgment.--The authors are indebted to Ilr. 
T3erilard Rubiri and l l r .  ,Jack High for the pharmaco- 
logical data, to Miss Barbara Keeler for interpretation of 
the infrared spectra, and to XIr. Joseph Aliciiio and his 
associates for t'he analyses reported hereill. 
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Hamre and her associates2 first reported the antivac- 
ciiiial activity of 4'-formylacetanilide thiosemicarba- 

(1) Division of Physical Chemistry, National Bureau of Standards, Wasli- 
ington 25 ,  1). C. 

(1) 1). Hamre, J. Bernstein, and K.  llonoviclt, Proc.  Sur.  Ezpf l .  Biol. 
.\fed., 7 3 ,  375 (1950); K. A .  Brownlee and I). Hanire. J .  Bacteriol., 61, 127 
(1951); I ) .  Iianire, K .  A.  Brownlee, and R.  Donovick, J .  Immzcnol., 67,  305 
(1  9,il 1. 

Experimental 

p-Aminobenzaldehyde (IV).--To a refluxing solution of 81.6 g. 
(0.5 mole) of I11 in 100 ml. of alxmlute ethanol and 200 nil. ill' 
water was added slonly a solution of 22 g. (0.55 mole) of sodiiini 
hydroxide in 55 nil. of wat,er, and t,he solution was boiled for " 0  
niin. Nuchar (0.5 g.) was added and the suspension  as boiletl 
in an open flask and fluted-filtered, giving a pale-orange fi1tr:zte 
which deposited some red-orange oil. ( a )  The supernatant liquor 
W B Y  decanted, boiled until the odor of ethanol had disappeared. 
fluted-filtered, cooled in ice, :ind nucleated, t o  give crop 1 (12 g.) 
of IT'. ( b )  The oil was kept overnight in the refrigerator, giviiig 
ii mass of orange crystals which wa~y extracted with three 200-1111. 
portions of boiling water; the extracts were combined and treatril 
as before, t o  give crop 2 (24 g.) of I\-. Crops 1 and 2 were roin- 
hined (36 g.) and recrystallized from 400 ml. of boiling water. 
giving 23.5 g. of IT' as yellow platelets. The mother liquor W:LS 

cwnbined with those of c r o p  1 and 2; this solution \ V ~ E  extractrtl 
with neutral 1,2-dichlor~)eth:iiie' and the extract W:LS dried (:in- 
hydrous sodium sulfate) arid evaporated to give crop 3 (22 g.) ui' 
yellow crystals; total yield, 45.5 g. (757;); n1.p. 71 O ;  lit. 11i.p.: 

; l o .  Solutions uf I V  in neutral 1,2-dichloroethane may lie kq)t 
in the refrigerator for several days without formation of the 1) l J l J ' -  
nxr6 (which is insoluble in this solvent j. 

2,2-Dichloro-4'-formylacetanilide (V).-To a solution of 22 g. 
of IV in 100 nil. of anhydrous, neutral 1,2-dichloroethane4 :it 0" 
ivas added 17.5 ml. of dry pyridine. With exclusion of moisture. :I 
solution of 22 nil. of dichloroacetyl chloride in 25 ml. of l,?-iIi- ,  
chloroethane4 was added dropwise, with magnetic stirring, during 
1.75 hr. a t  0'. Water (1 + 1 t 3 nil.) now was added at 5-1iiiii. 
intervals, n-ith stirring a t  0'; 100 nil. of QTater was added :md tlw 
product was isolated in the usiial way, t o  give 26.4 g .  of a 3-ellow- 
omiige, crystalline mass. .i portion (20 g.) was recryst:tllizctl 
from 9sG% ethyl alcohol ( 3  vols.) and the crystals were w:~slitd 
with 20 mi. of this solvent: to give 12.3 g. of very pnIc-jdlo\v 
crystals; m.p. 128-129O". Its  infrared absorption spectrim 
showed bands that  were absent from the spectrum of conipouriti 
11: at  1701, 1513, 1422, 131'5, 1255, 1220, 1020, 778, ancl T I 5  
rni. - I .  

L4n(d. Calcd. for Cskl;Cl2SOn: (:, 46.58; H, 3.04; C1, :K).5(\: 
S,  6.04. Found: C, 46.50; 13, 3.16; C1, 30.58; h7, 6.26. 

2,2-Dichloro-4'-formylacetanilide Thiosemicarbazone (II).---. 
To a refluxing sol.ition of 5.8 g. 10.025 mole) of V in 75 ml. ot 
absolute ethanol plus 100 ml. of wzter was added a hot solution of 
. ~ 

( 3 )  K. L. Thompson, A l .  1,. I ' r ier~,  a i d  S. A. Minton, J r . ,  Proc. SOC. E.c~~l l .  
R id .  .%fed., 7 8 ,  1 1  il9.51): P. 1. i l i n t i i n .  .Ir., ,I. E. Officer, and R. I.. TII~IIIIII- 
son. , I .  Immunol., 70, 1 2 2  (19.53); 12. I,. Thompson, S. A .  AMinton. ,Jr.,  .I. i_. 

Officer, and C. H. Hitchinas, i b i d . ,  70, 229 (1953); R. 1,. Tliompson. . I .  
Ilavis, P. B. Russrll, arid (;. 11, l ~ i t ~ ~ h i n ~ s ,  l ' r o c .  S O C .  E z p t l .  Biol. .Ifad.. 84, 
496 (1953). 
(1) Coniinercial l .?- i i icI i loror t~ia~ir .  i a  avidir; it was 1Jrenasiir.cl u i t ' ,  

aqueous sodium bicarbonate solution and water.  
( 5 )  I.. C. Janse, Rec. t r a l ' .  r h i m . ,  40, 285 (1921) .  
(6) Polymer may be dissolvcil froiii glnssuare by lneans o f  eonrentmt.e<l 

n i t r ic  arid. 


