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mp 140-142° dec. Recrystallization from EtOH gave an anu-
Iytical sample, mp 142-144° dec. Anal. (CzHisN:2OsS:) C, H, N.

3-Piperonylrhodanine (VIII).—A solution of 4.7 g (0.05 mole)
of CICH:CO:H in 5 ml of H,O was treated with 1 g (0.025 mole) of
NuOH and sufficient Na,COs to bring the pH to 7.5. To this
stirred solution was added, during 30 min, 12.2 g (0.05 mole) of
VII. During the addition, 15 ml of H;O and 40 ml of DMF were
ndded to facilitate the solution of the carbamate salt. The mix-
ture was stirred for 36 hr and the resulting solid, mp 144-145°
dee, was collected by filtration and washed (H.0, EtOH). It was
shurried in 50 ml of H:O and acidified with 6 .V HCI to pH 2.
The mixture was heated at 80° for 15 min and cooled. The yel-
fow zolid was collected by filtration, washed (H.0), and dried
in vacuo to give 6.5 g (520 vield) of product, mp 117-118°.
lecryvstallization from ag EtOH gave anulyticully puae VI,
mp 117-118°, Anal. (CullNOyS.) C, H, N,

3-(3,4-Methylenedioxyphenyljalanine (IX;.--A mixture of 7 g
(0.03 mole) of ITa and 66 g (0.21 mole) of Ba(OH), 80 11 350
il of HyO was refluxed wirh stivring for 3 days nutil evolution of
N3 had ceased. The reaction mixture was cooled ta 20° and
acidified with coned HaS04 to pl1 1. The pptd BaSO; was filtered
and washed with 200 ml of H:0O.  The filtrate and washings were
combined and evaporated to one-third of the original volume.
1t wax then neutralized with NH,OH. The resulting precipitate
was collected by filtration and recrystallized from H.O to give
b g (229) of 1X, mp 253-254° dec (L8 mp 250-255°).  Anal,
(CoHuNOy) C, H, N,

3-(3,4-Methylenedioxyphenylj-2-thiopyruvic Acid (X).—A mix-
ture of 12 g (0.045 mole) of IIId and 100 ml of 4 N NaOH was
refluxed with stirring for 30 min. The clear solution was cooled
rapidly to 10° and acidified with 100 ml of cold 4 .V HCL.  After
t5 min the pale yellow precipitate was collected by filtratiou,
washed with H.0, and dried, mp 198-200° dec. Two recrystal-
lizationg from MeOH gave 4 g (40¢,) of X, mp 201-203° (lit.1®
inp 208-210° dec.).  Anal. (Ci o048 C, I, 8.

Acknowledgment.-—The authors wish to thank Dr.
Howard W. Bond and Dr. Leo Rane for their interest,
and Mrs. Margaret L. Rounds und Mr. John R, Gravatt
for the analytical and instrumental measurements.

(19} R. Andreasch. Monutsh, Chem., 3%, 419 (1018),

Studies on the in Vivo Antiviral Effects of
Benzothiazole Derivatives against Various

Influenza A2 Strains

o
ST1G AKERFELDT

Virology Department, Research Department of the KABI Group,
8-104 25 Stockholm 30, Sweden

Recewed April 28, 1970

During an investigation of the effect of various
heterocyelic ring systems on mice infected with various
influenza virus strains, it was found that 2-amino-
benzothiazole, when administered mtraperitoneally to
mice, gave a protection to the animals quite compuarable
to that of aminoadamantane. A structure-activity
<tudy was then undertaken to investigate whether
certain strinctural changes could improve the antiviral
effeet of the compound. A remarkable sensitivity to
variations in structure was found. Indeed, out of 17
benzothiazoles only the 2-amino- and 2-amino-4-chloro
derivatives showed significant protective effect at the
dose levels tested.

All 17 compounds were also tested in in vitro systems
using human amnionic cells infected with rhino virus
33342, adeno virus 3, and herpes simplex virus,  No
protective effects could be demoustrated with any
compound in the concentration range of 1-50 ug, mk

\l Pl

Hungarian workers:* have reported the effectivencss
of some 2-(pyridvl)benzothiazole compounds against
certain strains of influenza virus when tested i chick
embryo choroallantoic membrane cultures.  However,
the mvestigated substances weve completely neffective
‘oovieo in mice.® Recently Paget, ef al.,” have demon-
strated the fo vivo effeet of certain benzothiazolenreas
against Coxsackie A 21 virus in mice.

Table 1 deseribes the results of the o vive tests.

Tanne 1
Irruer or Bruszorntazonr Drmivarives iny Mrer Invroren
wity INFLUENzA A2 Srockuona, 6

.
sarvivors VIV Dy
Duse, treatedl coltlrol
Subsittaenty g aninel grougs rRant
None .51p 10 a5
L.01ip 10 20
2-NTl. 1.4 inranasal 10 7
0.5 po 20 20
O0.1-1.51p See Table 11
2-NHo-4-C1- H Br nobos see Table T1
2-NH.-6-Cl D.50p i 27
0.5 1ip 20 20
2-NHy-4,6-Cle .5 0p Toxie dose
h.1ip Toxic dose
2.NH,-5,6-Cl, 0.5 1p Toxie dose
o lip 1) 20
2-NH,-6-Br 0.5 ip 30 i
2-NH,-6-Me .5 1ip ¢ 27
2-NH,-5,6-Mea 0.5 ip 1o 20
2-NHo-6-EtO 0.5 1p B 20
2-NH.-6-Me .5 0y 40 2
2-NH,-6-S0,H .5 0p 0 n
2-NHa-5-Me-7-80, 1 0.51p 10 i
5-NH,-2-Me b0 ip U 20
2-(4-HuNCeHy)-6-Me .5 0p 10 55
6-QH-2-80,NH. t.0dp 10 7
B-EtO-Q-S()g.\'H; t Ry lp (vl 7

The substances were administered either intraperiton-
eally (ip) or intranasally to male mice (10-12 g. 23
weeks old, NMRI-strain) 15 min before intranasal in-
feetion with virus of the Et,O-anesthetized animals.
L'or each experiment 10 mice were used. The number
of surviving animals was recorded daily for 15 days.

Benzothiazole dertvatives are often rather toxie
compounds, producing tremors in the animals at near-
toxic dose levels.  The acute LDjg values for 2-amino-
benzothiazole and for 2-amino-4-chlorobenzothiazole
were estimated at 180 mg kg in the mouse strain 1sed.
The toxie properties of the compounds studicd may
explain the lower number of surviving animals
certain treated groups as compared to the corvesponding
control groups.

Table 1I shows experiments where 2-aminobenzo-
thiazole, 2-amino-4-chlorobenzothizaole, and aminoadn-
mantanc- HCL were tested  against vartons mouse-
adapted influenza strains. .\ single dose of substance
was administered ip 15 min before intranasal infection
of Et.O-anesthetized animals. From the results with
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TanLe 1T
LEFeCT oF Two BuxzotaiiazoLt: Derrvarives o Mick INFRCTED wWITH VARIOUS INFLULNZA STRAINS
2-Amino-4-~
—~—-—2-Aminobenzotliazole——-—-~ .~ eliorobenzothiazole: HBr——— —~——Aminoadamantane- 11Cl~——
o sur- T Jo sur- To % sur- %
Dose vivors survivors Dose vivors survivors Dose vivors survivora
nig/animal  treated control mg/animal treated control mg/animal treated control
Iifienza strain (ip) group group (ip) group group (ip) group group
A2 Riockholm /1063 0.1 30 7 0.1 20 20 1.0 70 8
A2 Rtockholm /10,63 0.3 0 7 0.3 50 20
A2 /stockholm /10,63 0.5 70 7 0.5 90 20 1.0 30 20
A2 Stockholm/10/63 0.3 60 7 0.5 100 20
A2 ‘Stockholmy'10/6:3 0.5 50 20
A2 Stockholm 10,63 1.5 60 7 0.5 60 8
A2 Stockholm/ 10,63 1.5 R0 47 0.5 25 20
A2 Japan/H7 0.5 10 13 0.5 30 13 1.0 50 13
A2 England 64 0.5 60 87 0.5 100 87 1.0 90 87
A2 Singapore,/57 0.5 40 60 0.5 60 60 1.0 60 60
A2,/ Taiwan/64 0.5 10 33 0.5 0 33 1.0 70 33
A2, Tongkong,'1/68 0.5 90 17 0.5 90 17 1.0 70 8
2-aminobenzothiazole it would appear that the antivi- ScueME 1
ral effect is not improved by increasing the dose level o N==CHR" NHCH.R”
above 0.5 mg per animal. la S0, /_& = /_i
O~N-S0 Osx0
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The known? biological activity of p-cycloserine (1a), a
broad spectrum antibiotic, led use to examine de-
rivatives of this compound for antimalarial activity.

NHR
O/\—IT—-XO
R/

1
a, R=R'=
b, R =aral \l R'=H
¢ R=H R —aralk\l
d, R=R’=aralkyl

We have previously* reported the synthesis of several
derivatives of cycloserine having general structures
1b (R =2-hydroxy-5-chlorobenzyl) and le (R’ = Ph;C).
The pathway by which this was done is shown in
Scheme I. In this report, several new Schiff bases (2)
are described which can be rediiced with NaBH, to
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type 1b or alkylated giving 3 which is further hydrolyzed
or reduced to le or 1d.

Of greatest chemical interest is the considerable varia-
tion in the ease of racemization of Schiff bases 2 as a
function of the aldehyde used. Earlier work+*® showed
that when 5-chlorosalicylaldehyde was employed, the
Schiff base was optically quite stable® in solution
but was completely racemized during conversion into
its 2-trityl derivative 3, R’ = Ph;C, or its 2-Me de-
rivative? 3, R’ = Me., These 2-alkylations were carried
out in the presence of K,CO; which apparently cata-
lyzed the racemization of the products by abstraction
of a proton from the asymmetric center.4® Polarimetrie
measurements on a solution of the Schiff base Na
salt in dimethoxyethane showed that the rate of race-
mization more than doubled after the addition of
the alkyl halide. Hydrolysis of both of these Schiff
bases gave the racemic 2-alkylated cyeloserines in good
yield. NaBH, reduction of 35-chlorosalicylidene-p-
cycloserine, however, gave® an optically active de-
rivative 1b, R 5-chloro-2-hydroxybenzyl. The 35-
nitrosalicylidene Schiff base 2, R S-nitrosalieyl,
had the same optical propertieg, i.e., alkylation gave
an optically inactive 2-derivative while reduction gave
an active N-5-nitro-2-hydroxybenzyl-n-cycloserine.

In an attempt to synthesize an optically uactive
2-trityleycloserine, the Schiff base 2, R’ = 2-hydroxy-

(3) PL.D. Thesis of James D, MecKinney, University of Georgia, Athens,
Georgia, 1968.



