
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 mis 
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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Thiosemicarbazone 

R. STU.ART n P s O x 1  

Parkc. Dauis & Co.'s Multaple Fel lowship  $71 Med%cinal Chemistry ,  
.Wellon Instatute, Pittsburgh 13, Po. 

Received Februaru 27,  1966 

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 
was 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 usual way, to  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-cull. 
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. 
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2.3 g. (0.025 mole) of thiosemicarbazide in 35 ml. of water; the 
mixture was boiled for 5 min. and filtered hot, to give 7.7 g. of 
very pale yellow cryst,als which were recrystallized from boiling, 
glacial acetic acid (25 vols.); m.p. above 245' (slight browning a t  
190', dark brown a t  220'). I t s  infrared spectrum differed from 
those of the two parent compounds. The spectrum of compound 
I1 showed bands that  were absent from the spectrum of thio, 
semicarbazide: a t  3356, 1664, 1245, 1179, 973, 953, 877, 834, 824, 
and i32 cni.-]. Compound I1 showed bands that were absent 
from the spectra of both compound V and thiosemicarbazide: 
a t  1600, 1555, 1497, 1412, 1346, 1087, 926, 860, and 759 cm.-l. 
The spectrum of thiosemicarbazide showed bands at  1311, 1156, 
and 995 em.-' that  were absent from the spectrum of compound 
11. 

Anal. Calcd. for CIOH,OCI~S,OS: C, 39.35; H, 3.30; C1, 
23.24; S, 18.36; S, 10.50. Found: C, 39.44; H, 3.20; C1, 
23.21; S, 18.41; S, 10.54. 

Antiviral Activity.'-In tests for antivaccinial activity, Swiss 
mice (neighing approximately 15 g. each) were inoculated in- 
tranasally wirn o ~ i e  LD,O of a mouse lung-Lidapted strain of In- 
ternational Health Division neutroiropic vacciria virus.8 Groups 
of treated and control mice were compared as to life span, survi- 
val rate, and infectivity score ( a  weighted score on lung consolida- 

(7) These testa aere  kindly performed by Dr. Frank M. Schabel, J r . .  Head 
of the Chemotherapy Division, Southern Research Institute, Birmingham, 
Alabama. 

F. AI. Schabel, Jr . ,  \V, R. 
Laster, J r . ,  R. IT. Brockman, and H. E. Skipper, Proc. Soc. Ezpt l .  Biol. M e d . ,  
83 ,  1 (19.53); F. 111. Schabel, Jr., and  H. E. Skipper, Cancer Research, Suppl. 
No. 3 ,  52 (1955). 

(8) The  procedures used have been described: 

tion). For each drug, half of the daily dose (one third of the 
single-dose intraperitoneal LDjo) was given intraperitoneally to 
each mouse ( a )  in the morning and ( b )  in the late afternoon, for 5 
days, beginning 30 to  60 min. after virus inoculation; the daily 
dose of each drug was 167 mg./kg. The results are given in 
Table I. 

Both compounds were inactive in mice infected intranasally 
with (a) feline pneumonitis virus or (b)  influenza A (PR 8) virus; 
and in mice infected by intracerebral inoculation of (a) Type I1 
(Lansing) poliomyelitis virus or (b)  Western equine encephalo- 
myelitis virus. 

T.4BLE 1 
EFFECTS O F  THIOSEMICARBAZOXE TREBTXEXT O N  VACCISIAL 

INFECTION IN MICE 
Survi- Infectivity Survival 

Compound Dead/Total  vor8, % 8corea indexb 

I 2/20 90 1 . 6  >1 96 
I1 1/19 95 0 5  > 2  06 

-(Control) 16/20 20 4 3  
Infectivity score. Averages of all mice scored as follows: 

death with complete lung consolidation, 5 ;  alive a t  10-14 days 
with 4/4, 3/4, 1/2, and 1/4 lung consolidation, 4, 3, 2,  and 1, 
respectively. Survival index = (average survival time, in days, 
of treated mice)/(average survival time, in days, of control 
mice). Treated mice were sacrificed on the 14th post-infection, 
9th post-treatment day for infectivity scoring, and, for purposes of 
calculating the survival index, were considered to  have died on 
the sacrifice day. 

/w . .. C'ommunzcatzons to the Editor 

[4-(Aminoalkylamino) -1 -naphthylazo]heterocyclic 
Compounds, a Novel Class of Schistosomicides 
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We wish to report the synthesis and biological 
evaluation of a novel class of schistosomicides, namely, 
[4 - (aminoalkylamino) - 1 - naphthylazo] he te rocycl ic  
compounds of structure 11, where R1 and Rz rep- 
resent alkyl groups, Y an  alkylene radical, X a hy- 
drogen or halogen atom or a lower alkoxy or alkyl 
group, and Het a heterocyclic radical. 

A majority of the compounds was synthesized by 
coupliiig a diazotized heterocyclic amine with the ap- 
propriate 1-(aminoalky1)naphthylamine (I) (route A). 
These naphthylamine intermediates were prepared by : 
(1) alkylation of a 1-naphthylamine1 or an alkaline 
metal salt thereof with a dialkylaminoalkyl halide; (2) 
hydrogenation of a Schiff base resulting from the con- 
dasat ion of 1-naphthylamine with a dialkylamino 
aldehyde or ketone; (3) condensation of 1-naphthol 
with an alkylaminoalkylamine in the presence of sodium 
bisulfite or sodium hydrosulfite; (4) amination of an  
u-haloalkyl-1-naphthylamine with an  aliphatic amine. 

Alternatively, compounds of structure I1 were pre- 
pared by allowing a X-(w-haloalkyl)-4-(heterocyclicazo)- 

(1) 11. .4. Stahmann and A C. Coge, J .  A m  Chem. Soc., 68, 2494 (19i6). 

Ri 
/ 

NH-Y-N, 
Ri 
/ 

NH-Y-N: 

I N= N- Het 

R1 

R2 

CF3C0, / 

/ 
NH-Y-Hal N-Y-N 

I 
N=N-Het 

I11 

I 
N=N-Het 
IV 

1-naphthylamine (111) to react with the appropriate 
amine (route B) or by alkaline hydrolysis of the corre- 
sponding N-(amiiioalkyl)-2,2,2-trifluoro-S-[4-(hetero- 
cyclicazo)-l-naphthy1]acetamides IT' (route C). hnaly- 
ses for all intermediates and products were satisfac- 
tory. 

The [4-(dialkylaminoalkylamino)-l-naphthylazo]- 
heterocycles (11) were evaluated in albino mice infected 
with a Puerto Rican strain of Schistosoma mansoni.2 
Antischistosome activity is widespread within this 
series. Compounds I1 a through o (Table I), which are 
representative of the more promising members of the 
series, effected a 97-100% reduction of live worms a t  

12) For a description of test methods, see P. E. Thompson, J. E. Rleisen- 
helder, and H. Najarian, Am.  J .  Trop. X e d .  Hug.,  11, 31  (1962). 


