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B-Nitrostyrenes and other nitroolefins are known!e:2
to be highly toxic to the snail, Australorbis glabratus,
that serves as the intermediate host of Schistosoma
mansont, the human schistosomiasis of the Western
Hemisphere, As part of a study of structure uvs.
molluscicidal activity of substituted B-nitrostyrenes,
some 4-(substituted phenoxy)-3,8-dinitrostyrenes have
been prepared and tested for their toxicity to A.
glabratus. It was felt that inclusion of the highly
molluscicidal phenolic moiety® might possibly impart
inereased activity to the B-nitrostyrene molecule.
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were prepared by modifications of known procedures for the
synthesis of g-nitrostyrenes.

The biological testing procedure has been previously de-
scribed. a3

4-(p-Acetamidophenoxy)-3-nitrobenzaldehyde (General Pro-
cedure for III).—To 7.55 g (0.05 mole) of p-hydroxyacetanilide
dissolved in 15 m! of redistilled C;H;N were added 1.0 g of NaOH
and 3.6 g (0.018 mole) of 4-chloro-3-nitrobenzaldehyde (II) with
stirring. The solution was refluxed for 20 min, poured into ice-
cold H,0, and extracted (CHCl;). The combined CHCl; extracts
were washed (H:O, dilute HCl, and H;0) and dried (MgSO,).
The CHCl; solution was filtered and evaporated to an oil under
reduced pressure, and 20 m! of EtOH was added. A precipitate
formed which was recrystallized three times from EtOH to yield
3.5 g (659,) of the desired product, mp 164°. Anal. (CisH12N:0;)
C, H, O; N: caled, 9.33; found, 9.95.

4-(Pentachlorophenoxy)-3,8-dinitrostyrene (Method A).—To
1.0 g (0.0028 mole) of 4-(pentachlorophenoxy )-3-nitrobenzalde-
hyde dissolved in 20 m! of CH;NO,, 5 drops of piperidine was
added. The mixture was refluxed with stirring for 2.5 hr and the
excess solvent was removed by evaporation. A small amount of
Me,CO was added, followed by H;O dropwise until the solution
turned cloudy. The precipitate which formed was recrystallized
twice (EtOH-H,0) to vield 0.15 g (8%) of the desired product,
mp 153-156°. Anal. (CiaH:CI:N,0s) N: caled, 6.11; found,
6.56.

4-(p-Acetamidophenoxy )-3,3-dinitrostyrene (Method B).—To
1.0 g (0.0033 mole) of 4-(p-acetamidophenoxy )-3-nitrobenzalde-
hyde dissolved in 10 mi of MeOH and 15 ml of CH;NO, was
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No,
R Yield, % Mp, °C Method
H 11 98-99 B
p-OCH; 30 126-128 B
p-NHCOCH; 45 105-106 B
2,4-Cl, 9 97-98 B
Cls 8 153-156 A
Br; 10 196-198 C

B-Nitrostyrene

e C: caled, 50.66; found, 51.08; N: caled, 11.08; found, 11.62.

Such was not the case; all six of the new compounds are
less active against A. glabratus than is B-nitrostyrene
itself (Table I).

The 4-(substituted phenoxy)-3,8-dinitrostyrenes (IV)
were prepared according to Scheme I.

Experimental Section*

The intermediate 4-(substituted phenoxy)-3-nitrobenzalde-
hydes (III) (Table II) were prepared by the method of Constantin
and L’Ecuyer, which involves reaction of the appropriately
substituted phenol (I) with 4-chloro-3-nitrobenzaldehyde (II) in
the presence of NaOH plus pyridine.

The 4-(substituted phenoxy)-3,8-dinitrostyrenes (IV) (TableI)

(1) (a) Paper V in this series: H. W, Bond, J. 8. O'Grodnick, and B. H.
Pringle, Am. J. Trop. Med. Hyg., accepted for publication. (b) This work
was supported in part by the Office of Water Resotrces Research, Depart-
ment of Interior, under PL 88-379.
©(2) T. von Brand, B. Mehlman, and M. O. Nolan, J. Parasitol., 38, 475
(1949).

(3) M. O. Nolan, H. W. Bond, and E. R. Mann, 4m. J. Trop. Med. Hyg..
2, 716 (1953).

(4) Melting points were determined on a Thomas-Hoover melting point
apparatus and are uncorrected. Where analyses are indicated only by sym-
bols of the elements or functions, analytical results obtained for those ele-
ments or functions were within =0.4%, of the theoretical values.

(5) R. Constantin and P. L'Ecuyer, Can. J. Chem., 36, 1627 (1958).

Formula Analyses ECx, ppm
C1H1oN,05 C,H, N 8.5
C1:H1N0; N 22
C1eHisN304 - 2H,0 H; C, Ne 8.5
C14H;sCLN,O; C, H, N 12
C1H;CEN,0;5 Ne 37
CuH;Br;N;0; C, N 25

1.3
®N: caled, 6.11; found, 6.56.
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Yield, Mp.

R % °C Formula Analyses
p-NO, 68 128 C13HsN,O¢ C,H,N
p-NHCOCH; 65 164  Ci:HoN0; C, H, O; Ne
2,4-Cly 72 120 Ci3H,CLNO, N
Cls 48 168 Ci;H.CENOy N
BI‘5 16 198 C;aH4BI‘5NO4 C, H, N

e N: caled, 9.33; found, 9.95.

added dropwise 0.5 g of KOH dissolved in 5 ml of H;O while the
temperature was maintained at 0° by an ice-salt bath. The mix-
ture was stirred for 25 min, diluted to twice its volume with H,0,
and slowly poured into 25 m!l of 5 M HCL. A yellow precipitate
formed which was recrystallized from EtOH to give 0.5 g (459,)
of the product, mp 105-106°. The ir spectrum (KBr) included
bands at 6.00 (amide carbonyl), 6.52, 6.95, 7.50, and 7.56 (two
nitro’s), 10.35 (trans-CH=CH-), and a broad peak at 3.0 u
(hydroxyl). Anal. (CisHisN3Os:2H0) H; C: caled, 50.66;
found, 51.08; N: caled, 11.08; found, 11.62.
4-(Pentabromophenoxy )-3,3-dinitrostyrene (Method C).—To
1.0 g (0.0016 mole) of 4-(pentabromophenoxy)-3-nitrobenzalde-
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hyde dissolved i1 10 ml of CHaNO¢ and 10 ml of EtOH was
added 1.5 g of NHOAe and 2 ml of glacial HOAe. ‘The mixture
wis heated wich =tirring for 45 min.  Cooling gave a precipitate,
which was recrystallized twice (MexCO-H.O) 1o yvield 0.1 g
(1003 of the desired product, mp 196-198° Anead. (CyH5BrsN;-
1 CON.
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Making use of the activated fluorine atoms in 4,4’-
diffuorodiphenyl =ulfone, we have already! prepaved a
number of =ubstituited aminodiphenyl sulfortex.  Some
of these compouuds showed promising antimalart:d
activity.

The reactions of 4.4'-difluorodiphenyl sulfone with
vartous amines showed a broad pattern of reactivity in
the reptacement of the I"atoms. Weak amines, such as
anthne, did not react while others like piperidine, mor-
pholine, and hydrazine reacted ensily to replace both
I* atoms.  NHj rveplaced only one W atom, even i
140°.

With a view to enthance the activity of the I¥ atonis,
it wax considered logical to introduce auother clectron-
withdrawing group at 3,37 positions,  Thus 4.47-
difluoro-3.3'-dinitrodipheny! sulfone was selected ax
<tarting materinl for the preparation of many com-
pounds. It was found to be mach more reactive than
4 4'-difliorodiphenyl sulfone and presented no problem
in reacting with aniline and other weak amines. The
compounds and their constants are detailed in Table 1
on the following page.

Pharmacology. - The compounds were tested for

(1) tt. Bader, J. F. Hoops. J. H, Biel, H. 1. Koelling, R. G. Stein, anl
T. Singli, J. Med. Chem., 18, 708 (1969).
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their antimalarial activity agaiust Plasmod ivine bevgled
i mice by Dro Lo Ruaune, University of Miami, Mis,
Fla, aceording to the sereening procedure previonsly
deseribed.?  Noue of the eomponnds were fonnd to he
sAignifieantly setive. The wmaximnm inerense i mean
survival time of the treated nuee was 1.6 davs Tor 1.
LA davstor 3. 1.0 day for 20, and 0.8 day for 13, The
kst one <showed two toxie denths,
nontoxic,

Al others were

Experimental Section

4,4’-Di(substituted amino)-3,3’-dinitrodipheny! Sulfones (1
16, 18, 19).--The starting maiterinl for these componuds wis
4,4’-difluoro-3,3’-dinitrodiphenyt snlfone and the desired amines,
DMSO was nsed ax a solvent and the mixture was heated at
varions temperatures aud for varions periods of dme as shown
in the table. Two varianons of the general procedure were em-
ployed. Inoue, the reacting amine was nsed in 3-3 3 excess aud
this excess took care of the liberated 1. Where ouly molar
proportions of the reacting amines were available, NN was
added as av acid acceptor. Two typical procedires are given
helow.

4,4’-Dibenzylamino-3,3’-dinitrodipheny! Sulfone ¢4). - A mix-
tire of 44°-diflnoro-3,3-dinitrodiphenyl =ulfone (23.0 g, 0.073
mol), benzyviamine ¢32.0 g, 0.30 mob, and 100 ml of DARO was
heated at 93° for 2 hr. The mixture was cooled to room 1en-
perature and dihmed with 1500 ml of a0, The precipitated solid
was removed by filtration and ervstatlized Trom CHLCLo o give
343 g (90.0C0 ) of the produer, mp 233 234°,

4,4’-Diadamantylamino-3,3’-dinitrodipheny! Sulfone 19, - A
niixtire  of  4,4%-diflnoro-3,3’-dinitrodiphenyl  snlfone (5.3 g,
0.026 molt, adamantylamine hydrochloride (10.0 g, 0.0532 mol),
INGN (20,2 g, 0.2 molt, and 50 ml of DASO was refluxed for 3 hir,
The reaction mixture wis cooled 10 room temperature, dihnted
with aboit 1 L of Ha and the precipitated solid was removed hy
filtration. 1o was cryvstallized from tolnene 1o give 12.6 g (88.0¢,
of the product, mp 208-3501°,

4,4’-Di(substituted amino)-3,3'-diaminodipheny! Sulfones (20,
22-25), - The reduction of the corresponding 3,3’-dinitro deriva-
tives was camried ont with Fe and HCEin EtOH.  Compounds
20, 23-25 were ixolated as {ree bases while 22 was chavacterized
asan HCL  The general procedire is excmplified by the following
reduction experiient.,

A ixture of A A -dipiperidine-s03dinirrodiplienyt  sulfone
0.0 g, 0,021 moly, Fe powder ¢39.0 g, €07 g-atom), and 2 L of
IOIT was heated ob the stean bath and concentrated HCL (80
mly was added o 1Cin stall portions over a period of about 0.23
I Headng was continned for another 2 hir. The hot mixure
was filtered 10 remove exeess Fe, made basie with 500 NaQH, and
filtered and the filtrate was evaporated to dryviess. The residie
was eryvstallized (rom MeOF to give 7.0 g 180,05 of the prodner,
mp 196 -198°.

4,4’-Di(N-isopropylidenehydrazino)-3,3’-dinitrodipheny! Sul-
fone (171 ‘L'o s reflaxing =ohution of 4.4’-dihydrazine-3.3"-
dinitrodipheny] =nlfone (3.5 g, 0.0005 mol1in 25 b of 2 N H(
and 300 mb of MeOIl was added 100 mlb of Mex(CO. A vellow
precipitate was inunediately formed, which was removed by
filtration aud twice eryvstallized from Me,CO ro give 3.0 g (70.57
of the produet ax yellow-orange necdles, mp 250--252°,

4,4’-Di(4-methylpiperazino )-3,3’-diacetamidodipheny! Sulfone
(21).- A solition of 4,4t'-di(4-methylpiperazino)-3,3’-diaminodi-
phenyl sulfone 3.5 g3 in 50 1al of AcD was refluxed for 1 hr.
Fixcess Ac) was removed nnder vacanm, the residie was
taken np in MeC'O and made basie with a sanurated solution of
NallCOy, and the precipicate was filcered, It was crystallized
from n Celg-xvlene mixture to give 1.3 g (31670 of the preduet,
mp 228--231°.
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