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/3-Nitrostyrenes and other nitrooleflns are known1"'2 

to be highly toxic to the snail, Australorbis glabratus, 
that serves as the intermediate host of Schistosoma 
mansoni, the human schistosomiasis of the Western 
Hemisphere. As part of a study of structure vs. 
molluscicidal activity of substituted /3-nitrostyrenes, 
some 4-(substituted phenoxy)-3,/3-dinitrostyrenes have 
been prepared and tested for their toxicity to A. 
glabratus. It was felt that inclusion of the highly 
molluscicidal phenolic moiety3 might possibly impart 
increased activity to the /3-nitro,styrene molecule. 

were prepared by modifications of known procedures for the 
synthesis of /3-nitrostyrenes. 

The biological testing procedure has been previously de­
scribed.la>8 

4-(p-Acetamidophenoxy)-3-nitrobenzaldehyde (General Pro­
cedure for III).—To 7.55 g (0.05 mole) of p-hydroxyacetanilide 
dissolved in 15 ml of redistilled C6HSX were added 1.0 g of XaOH 
and 3.6 g (0.018 mole) of 4-chloro-3-nitrobenzaldehyde (II) with 
stirring. The solution was refiuxed for 20 min, poured into ice-
cold H 20, and extracted (CHC13). The combined CHCI3 extracts 
were washed (H20, dilute HC1, and H 20) and dried (MgS04). 
The CHCI3 solution was filtered and evaporated to an oil under 
reduced pressure, and 20 ml of EtOH was added. A precipitate 
formed which was recrystallized three times from EtOH to yield 
3.5 g (65%) of the desired product, mp 164°. Anal. (Ci5Hi2X20s) 
C, H, O; N: calcd, 9.33; found, 9.95. 

4-(PentachIorophenoxy)-3,/3-dinitrostyrene (Method A).—To 
1.0 g (0.0028 mole) of 4-(pentachlorophenoxy)-3-nitrobenzalde-
hyde dissolved in 20 ml of CH3X02 , 5 drops of piperidine was 
added. The mixture was refiuxed with stirring for 2.5 hr and the 
excess solvent was removed by evaporation. A small amount of 
Me2CO was added, followed by H 2 0 dropwise until the solution 
turned cloudv. The precipitate which formed was recrystallized 
twice (EtOH-H 2 0) to yield 0.15 g (8%) of the desired product, 
mp 153-156°. Anal. (Ci4H5CloX205) X: calcd, 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-
hvde dissolved in 10 ml of MeOH and 15 ml of CH3XO0 was 

TABLE I 

PROPERTIES AND MOLLUSCICIDAL ACTIVITY OF 4-(SUBSTITUTED PHENOXY)-3,/3-DINITROSTYRENES 

_ _ y II'°2 

? £ ) ^ O ^ O - C = = C H 

H 
P-OCH3 
p-NHCOCH 
2,4-Cl2 

Cl5 

Br5 

/3-Nitrostyrene 

Yield, % 

11 
30 
45 

9 

10 

R 

Mp, °C 

98-99 
126-128 
105-106 
97-98 

153-156 
196-198 

N02 

Method 

B 
B 
B 
B 
A 
C 

Formula 

C H H , „ X 2 0 3 

C15H12X2Oo 
C16H13X306-2H20 
C„HsCl2X2Oo 
C»H5C16N203 

CnH5Br5X205 

Analyses 

C, H, X 
X 
H; C, N« 
C, H, X 
X& 
C, X 

ECM, 

8. 
22 

8. 
12 
37 
25 

ppm 

5 

5 

« C : calcd, 50.66; found, 51.08; X: calcd, 11.08; found, 11.62. »N: calcd, 6.11; found, 6.56. 
1.3 

all six of the new compounds are 
glabratus than is /3-nitrostyrene 

Such was not the case; 
less active against .4. 
itself (Table I). 

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

Experimental Section4 

The intermediate 4-(substituted phenoxy)-3-nitrobenzalde-
hydes (III) (Table I I ) were prepared by the method of Constantin 
and L'Ecuyer,5 which involves reaction of the appropriately 
substituted phenol (I) with 4-chloro-3-nitrobenzaldehyde (II) in 
the presence of XaOH plus pyridine. 

The 4-(substituted phenoxy)-3,/3-dinitrostyrenes (IV) (Table I) 

(1) (a) Paper V in this series: H. W. Bond, J. S. 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 Resources Research, Depart­
ment of Interior, under PL 88-379. 

(2) T. von Brand, B. Mehlman, and M. O. Nolan, J. Parasitol., 35, 475 
(1949). 

(3) M. O. Nolan, H. W. Bond, and E. R. Mann, Am. 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. 

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

TABLE II 

4-(SUBSTITUTED PHENOXY)-3-NITROBENZALDEHYDES 

R O - ° ^ ~ ^ C H O 

NO, 

Yield, Mp, 
R 

p-N0 2 

p-XHCOCHa 
2,4-Cl2 

CI5 
Br6 

% 
68 
65 
72 
48 
16 

°c 
128 
164 
120 
168 
198 

Formula 

Ci3H8X206 

C15Hi2N205 

C13H,C12N04 
Ci3H4Cl5N04 

Ci3H4Br5N04 

Analyses 

C, H, X 
C, H, O; X" 
X 
N 
C, H, X 

• N : calcd, 9.33; found, 9.95. 

added dropwise 0.5 g of KOH dissolved in 5 ml of H 2 0 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 H20, 
and slowly poured into 25 ml of 5 M HC1. A yellow precipitate 
formed which was recrystallized from EtOH to give 0.5 g (45%) 
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 (<rares-CH=CH-), and a broad peak at 3.0 M 
(hydroxyl). Anal. (CuHuNjO.^HaO) H; C: calcd, 50.66; 
found, 51.08; X; calcd, 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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xo 

J\ CHO 
NO 

NO 
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xo 
IV 

hyde dissolved in 10 ml of CH3X()2 and 10 ml of EtOH was 
added 1.5 g of XH4OAC and 2 ml of glacial HOAc. The mixture 
was healed with stirring for 45 min. Cooling gave a precipitate, 
which was recrystallized twice (MejCO-HjO) to yield 0.1 g 
(10':,':) of the desired product, mp H)o-l!)K0. Anal. fC,.iH5Br5NV 
().-,') C. X. 
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Making use of the activated fluorine atoms in 4,4'-

difluorodiphenyl sulfone, we have already1 prepared a 

number of substituted aminodiphenyl sulfones. Some 

of these compounds showed promising antimalarial 

activity. 

The reactions of 4,4'-difiuorodiphenyl sulfone with 

various amines showed a broad pattern of reactivity in 

the replacement of the F atoms. Weak amines, such as 

aniline, did not react while others like piperidine, mor-

pholine, and hydrazine reacted easily to replace both 

1'" atoms. NH ; t replaced only one F atom, even at 

140°. 

With a view to enhance the activity of the 1'' atoms, 

il was considered logical to introduce another electron-

withdrawing group at '.\.'.Y positions. Thus 4,4 '-

difluoro-3,3'-dinitrodiphenyl sulfone was selected as 

starting material for the preparation of many com­

pounds. It was found to be much more reactive than 

4,4'-difluorodiphonyl sulfone and presented no problem 

in reacting with aniline and other weak amines. The 

compounds and their constants are detailed in Table I 

on the following page. 

Pharmacology. The compounds were tested for 

(1) It . Bader , ,f. F . Hoops . J. l i . Biel, H. II . Koelling, H. G. Stein, and 
T. Singh, J. Med. Chem., 12, 709 (1969). 

the i r a n t i m a l a r i a l a c t i v i t y aga ins t I'lasitiot/iuw bcnjlK 1 

in mice by Dr . I.. R a n e , U n i v e r s i t y of M i a m i , M i a m i , 

Fla. , a c c o r d i n g to t he s c r e e n i n g p r o c e d u r e p rev ious ly 

desc r ibed . 0 None of t he c o m p o u n d s were found to be 

s ignif icant ly ac t i ve . T h e m a x i m u m increase in m e a n 

Mirvival t i m e of the t r e a t e d mice was l.ti d a y s for 1. 

1.4 d a y s for 3 , 1.0 d a y for 2 0 . a n d 0.S d a y for 13 . T h e 

last, one s h o w e d two toxic death,- . All o t h e r s were 

non tox i c . 

Experimental Section 

4,4'-Di(substituted amino)-3,3'-dinitrodiphenyl Sulfones (1 
16, 18, 19). -The stalling material for these compounds wa> 
4,4'-difiuoro-3,3'-dinitrodiphenyl sulfone and the desired amines. 
DMSO was u.-ed as a solvent and the mixture was heated at 
various temperatures and for various periods of time as shown 
in the table. Two variations of the genera] procedure were em­
ployed. In one, the reacting amine was used in 3-5 .1/ excess and 
this excess took care of the liberated 11F. Where only molar 
proportions of the reacting amines were available, K|3X was 
added as an acid acceptor. Two typical procedures are given 
below, 

4,4'-Dibenzylamino-3,3'-dinitrodiphenyl Sulfone (4). A mix­
ture of 4.4'-dirluoro-3,3'-dinitrodiphenyl sulfone (25.0 g, 0.073 
niol), benzylamine (32.0 g, 0.30 mol.). and 100 ml of DMSO wa> 
heated at 95° for 2 hr. The mixture was cooled to room tem­
perature and diluted with 1500 ml of H»(). The precipitated solid 
was removed by filtration and crystallized from Olf.Ob 10 give 
34.3 g (!)0.0r

(' ) of the product, mp 233 234D. 
4,4'-Diadamantylamino-3,3'-dinitrodiphenyl Sulfone i9). A 

mixture of 4,4'-difluoro-3,3'-diiiitrodiphenyl sulfone (5.3 g, 
0.026 mol), adamantylamine hydrochloride (10.0 g, 0.0532 mol), 
Kt3X (20.2 g, 0.2 mol), and 50 ml of DMSO was reriu.xed for 3 hr. 
The reaction mixture was cooled to room temperature, diluted 
with about 1 1. of IFj() and the precipitated solid was removed In­
filtration. Il was crystallized from toluene !o give 12.(i g (X8.0'; i 
of the product, mp 29S 301°, 

4,4'-Di(substituted amino)-3,3 -diaminodiphenyl Sulfones (20, 
22-25). The reduction of the corresponding 3,3'-dinitro deriva­
tives was carried out with Fe and H O in EtOH. Compounds 
20, 23-25 were isolated as free bases while 22 was characterized 
as an H O . The general procedure is exemplified by the following 
reduction experiment. 

A mixture of 1.4 '-dipipcridino-3,3'-dinili'odiplienyl sulfone 
1 10.0 g, 0.021 mol), Fe powder (30.0 g, 0.7 g-atom), and 2 1. of 
FtOII was heated on the steam bath and concentrated HC1 (NO 
ml) was added to it in small portions over n period of about 0.25 
hr. Heating was continued for another 2 hr. The hot mixture 
was filtered to remove excess Fe, made basic with 50';-( XaOH, and 
filtered and the filtrate was evaporated to dryness. The residue 
was crystallized from \IeOH to give 7.0 g (XO.t)''; ) of the product, 
in]) 1!)0-1()S°. 

4,4'-Di(N-isopropylidenehydrazinoi-3,3'-dinitrodiphenyl Sul­
fone (17 i. -To a reflttxing solution of 4,4'-dihydrazino-3,3'-
dinitrodiphenyl sulfone (3.5 g, 0.0005 mol) in 25 ml of 2 X H O 
and 300 ml of MeOll was added 100 ml of MeX'O. A yellow 
precipitate was immediately formed, which was removed by 
filtration and twice crystallized from Me2C< > to give 3.0 g ('70.5'',' 1 
of the product as yellow-orange needles, mp 250-252". 

4,4'-Di(4-methylpiperazino)-3,3'-diacetamidodiphenyI Sulfone 
(21). A solution of 4,4'-di(4-methylpiperazino)-3,3'-diaminodi-
phenyl sulfone (3.5 g; in 50 ml of AcjO was refluxed for I hr. 
Excess A('2<) was removed under vacuum, the residue was 
taken up in .Me-.CO and made basic with a saturated solution of 
NallOO;), and the precipitate was filtered. It was crystallized 
from a 06He-x\iene mixture to give 1.3 g (31 .0^) of the product, 
mp 228-231°. * 
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