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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 ts  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: 
at  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. 
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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). 
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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). 
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concerning the chemical and biological aspects of these 
studies will be forthcoming. 
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(VI) yielded compounds having activity comparable to 
BAS. Substitution of a diethylamino (YII) for the 
dimethylamino group in I scarcely altered activity. 
Oxidation of I to the sulfone (VIII) led to a compound 
of considerably lower activity. The para isomer of I, 
4'-(3-dimethylaminopropylthio) cinnamanilide (IX), 
which no longer possesses the ortho relationship of the 
non-basic nitrogen and the basic substituent, exhibited 
little or no antiserotonin activity at 2 mcg./ml. 

2'- (3-Dimethylaminopropylthio)cinnamanilide and 
Related Compounds: A New Class of Potent and 

Relatively Specific Serotonin Inhibitors 
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IVe wish to report the discovery of a new class of 
serotonin inhibitors show ng activity of a high order. 
Characteristic of these compounds is I 

~)J ' J (CH~)Z,HCI  

NHCOCH=CHCGH5 
I 

which in vitro at concentrations ranging from 0.0005 
to  0.03 mcg./ml. inhibited the spasmogenic effect of 
0.2 mcg./ml. of serotonin on the excised rat uterus. 
This corresponds to 157 times the antiserotonin activity 
of BAS' with a potency range of 60 to 407 times BAS 
a t  p = 0.05. The specificity of action of I was evident 
from the findings that concentrations as high as 2 mcg./ 
nil. failed to inhibit the contractile response to  acetyl- 
choline (0.4 mcg./ml.) of the rat  uterus and that  con- 
centrations of 0.5 to 8 mcg./ml. were necessary to 
inhibit histamine ( 2  mcg./ml.)-induced contractions of 
excised guinea pig ileum. 

I n  uzvo antiserotonin activity of I has been demon- 
strated in dogs and mice. Intravenous doses of about 
1.50 mcg. ikg. of I in pentobarbitalized-flaxedilized dogs 
produced SOTo inhibition of the bronchoconstrictor 
effect of i.v. serotonin (20 mcg./kg.). About 4 mg./kg. 
i.v. of BAS was required for a similar degree of inhibi- 
tion. Pretreatment of mice with oral doses of 32-128 
mg./kg. of I partially to completely inhibited spon- 
taneous head-twitch caused by 500 mg./kg. i.p. of 
dl-5-hydroxytryptophan. In  contrast, BAS failed to  
inhibit this type of head-twitch after oral doses as high 
as 310 mg. /kg. 

Coinpounds related to I have been synthesized 
(Table I) and studied on the excised rat uterus in order 
to define the structure-activity relationships in this 
series. The introduction of a chlorine atom into the 
ortho (11) or p a m  (111) position of the cinnamoyl group 
gave compounds having essentially the same activity as 
I ;  replacement of the cinnamoyl moiety, however, by 
dihydrocinnamoyl (IV), benzoyl (V), and propionyl 

CYCH 

(1) B.18 is I-ben~yl-2-metl1yl-3-(2-aininoetiiyl~-~-1nnett~ox~in~oIe hydro- 
rliloilde. The antiserotonin activity of th i s  compound uas reported by 
L. N. Slian and D. W. Woulles ,  J .  Pharm. Cspll. Therap., 116, 164 (1U56). 

TABLE I 
X p . ,  O C .  (cor.) X p . ,  O C .  (cor.) 

salt 
hydrochloride oxalate 

Compound Coinpound s d t  

I 146-145 I 1- 124-126 
I1 144-145 V 152-153 
111 148-150 V I  131-133 
T'II 179-181 VI11 159-191 
I X  238-240 

Other structural variants of I (Table 11) are repre- 
sented by the general formula 11. 

TABLE I1 

~ ) ~ N ( C H S ) Z  HCI 'a:2'L= c H c B H B  
I1 

Cpd. R X n L1.p.. O C  (cor.) 

X H 0 4 165-167 
X I  H 0 3 179-181 
XI1 CH,O 0 3 223-225 
XI11 H 0 2 212-214 
XIV H CHz 1 189-131 

The oxygen analog of I (XI) had antiserotonin activity 
comparable to that exhibited by I. It is of interest that  
the introduction of a methoxyl group into this compound 
(XII) led to considerable deactivation. Decreasing 
the length of the side chain by one carbon atom (XIII)  
resulted in minor reduction of activity, whereas an 
increase by one carbon atom (X) yielded a considerably 
less active compound. Moderate activity was shown 
by a compound (XIV) which contained oiily methylene 
groups in the side chain. The meta isomer of IP, 3'- 
(3-dimethylaminopropoxy ) cinnaniaiiilide maleate (XT7, 
m.p. 136-138' corr., showed little or no antiserotonin 
activity a t  2 mcg./ml. 

The following examples are illustrative of the syn- 
thetic procedures used. Reaction of 2-aminobenzene- 
thiol with 3-dimethylaminopropyl chloride in the 
presence of sodium methoxide or sodamide gave 2-(3- 
dimethylaminopropy1thio)aniliiie. This intermediate 
exhibited no significant antiserotonin activity. Acyla- 
tion with cimiamoyl chloride gave I. The alkylation 
of o-nitrophenol with 3-dimethylaniinopropyl chlo- 
ride yielded 2-(3-dimethylaminopropoxy)nitrobeiizene. 
Catalytic reduction of this compound followed by 
reaction of the resulting amine with cinnamoyl chloride 
gave XI .  I n  a similar manner, 2-(2-dimethylamino- 
ethy1)nitrobenzene (from o-nitrophenethyl bromide 
and dimethylamine) was converted to XIY, 

Further laboratory investigatioiis of I and related 
compounds are in progress. Papers describing chemi- 
cal and biological aspects in more detail will be forth- 
coming. 


