
+-\jitrostyreiieu, as well as cornpounds obtained froni thein hy addititiii of thiols, :ire knon-ii IIJ be :ititifmigal 
:gents and iiiterest arode in  preparing some Fater-soluble stgent:: of this type.  This wn; dolie hy addiiig 2- 
:irnitioethaiiet2iiol hydrochloride to p-iiitrost,yrene (eq. I '). Strong electroii-tliiiiatitig groups I J l i  the :try1 ring 
prevented the additioii. biit, a ring nitro groiip overcame this hiiidrnitc,e. Other  stibstitiients wen1 tri have 
little effect. Addition is also more difficult when the aniiiio group is rep1:ri:etl by dialkylamitto. -1- nritifiii 
:Lgents the compoundi inhibited the growth of Trichophylon incnicigi.oph!/tes, Cniidirln albicans, niid Crmtoc?/ 
cilnii in iiitro. Tliix 
c~ompoiiiidi also showed activity in vitro against the harteri:i Kacilliis si thli l is ,  Ewher ich iu  coli, 1)i'plocorcit.s 

and Erwinz'a carotocora; the alga Chlorrlla riilgari'.~.: mid t h e  protozoaii I'etrahymenrr gc le i i .  Tlicx 
/(/vu', the  orgaiiism respoii4blr. 

Several of the compounds csitsed iiihihitii~ii IJf the gron i l i  of the fiiiipiis i r t  trws, :&rid 

In in L ' I ' Z ~ I  testing in mice, hoxvever, there wti- coiisitlerahle tcixic,ity :it fitiiyicidnl levels. 

ing activity shown by thwe compoiiiids litis been sgaiiiht C'r.rcxtoc 
for I>uti*h elm disease. 
t i~ ld  testiiig i q  c,iirrently iii progress. 

In rcc~r i t  years, a riuiiiher of reports have been pub- 
lished oil the antibacterial and antifungal activity of $- 
nitrostyrencs2 and 2-nitro-l-phenyl-l-phenylthio(or 
all;~-lthio)all;ai~es3 obtained hy the addition of thiols to 
@-nitrostyre~ies.~ While inany of these coinpourids 
have shoivii good ailtibiotic activity 2'72 ~ i t r o ,  Evaiis. 
et ~ 1 , ; ~  have shown that at least some of the nitrosty- 

49, l259Og (lsJ.74); f c l  F'. ScliAnhdfer and 1f. Sclioog. .li,z,,rimitrpi-Porah., 8, 
Hi4 (I958); (11) 11. lioremura. T a k a m i i ! ~  k ' e n k y u s h o  S e n i p o ,  13, 205, 212  
t l!j61): ( e~ . \ l .  Koremura. 11. Okli, 11 .  Nakao, T. Sliono. and Y. AIorisaMa, 
8/ , td . ,  13, 216 (1961): if) AI. I<oremora and Z. IIattori, ihid.. 13, 2 2 %  (10611: 
( x )  \ I .  Kiorernura and I<. Tomita,  .Vippon .X*ogeikagaku Kaishi ,  36, 479 
(1962);  (11) 11. Koremura, + id , ,  86, $ 5 2 ,  557 (1962);  ( i )  .\I. Koremura and 
31, N a r a a a .  i h i d . .  36, 829 (10621;  ref. 2d-1 appear in CkPni. . lhsir. .  57, 
Ili4ROe (196%). 

(,'I) ( n )  E;. H. I3odt.e. L'. S. Patent 3,095,456 (June 25 ,  l Y B 8 ) ;  ( h )  N. (,, 

( ' l a rk ,  , \ .  1.'. Hams, and R.  E. Leggetter, Sa ture .  200, 171 (1963). 
(4) (a) R. I,. Heath and .A. Lambert, J .  Cliem. SOC., 14ii (194 i ) :  (b) 

( ' ,  I,. \ r i . i i n  and P. A .  Hallgarten, ih id . .  .'&I7 (19R7); ( c i  I,. F. Cason and 
( ' ,  ( ' ,  \\.ansPr. .I.  .Ini. Chcrn. S o c . ,  73, 142 (19.51); (11) .\, .\Iusiafa. .\. I r .  C.  
l l a r l~as l i ,  and .\I. lianiel, ih id . .  7 7 ,  3860 11055). 

(,;r I:. I:. I;\-ans, R. F. b i n e s ,  .I. C .  Curtis, 7'. C', 1 3 w o I w  \ \  , I J .  I i I w L .  
rtnri l? 1 % .  Ilnrrrll ,  . I .  fnwnt. Drrrnntol.. 28, 43 (l05i: .  

rcnes arc iliacat ive in  the inousc, pobsibly due to i iwv~r>i-  
blr bjridiiig 1 o wlfhydryl or aiiijrio groups present i n  
hl0Od. 
IT(, felt that t hc \rater-soluble rompourids obtairiod 

by addition of 2-aiiiinoethaiict hi01 hydrochloride to 3- 
iiitrostyreii(~~ iiiight have advantages ovcr t he n-at ~ r -  
irisoluble nitrostyr.eiies.fi AYccordi~igly, a series of t he,(, 
cvinpouiitlh ivas prepared arid tested qualitat iwly for 
antibiotic a c t i x  ity against t h c  follon ing mic~roorgaii- 
isiiis: h . t i . r i : t ,  I~aciilzis , s z ~ l ) f z l i ~ .  I2schrlwhia c d i .  
Diplococciis pnmciiiowine, aiid I:'iwiizza cai ototoi a: fuiigi. 
Candida alhicans,  Trichophyton itienfayi.ophyteh, arid 
f 'r.mfocys~as / ~ / i / i i .  alga. ('hlordla r d g a ~ i s ;  arid prot o- 
zoan, Tetraliyiiiena geleiz. 

All of I he c~)inpound* displayed boiiie degree of aril i- 
biotic actioii against most of the test organisms. ('mi- 

M a  albicaiz.5 n as t hc iiiost resistant orgaiiisni, bciiig 
affected by only 1:3 of the 34 conipounds whilc 7' 
wzentagrophytex and 7'. geleii m r e  universally suscepl I -  

ble. 
1 IIart ini  and S Bersi [Roll C h l m  i t ~ i ~ i i  

103, 187 (196.1) 61, 42471~  (1964)l 1iax.e r e w r l e i 1  tliat t O I I I  

~ , o i i n d a  olitaineil l,\ t i  on of carboxi rnethanethiol and 2 - i a r lm\ \  
+ t l ~ : i n ~ ~ t i , i o l  1 0  &liiiro.t\ rrnes arc> Irieffw t i r e  as Fiacterioitat, 
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KO attempt was made to rate the compounds on the 
basis of the qualitative tests even though differences in 
degree of inhibition were apparent. Quantitative tests 
were run against the three fungi and the results are 
shown in Tables I and 11. The general resistance of C. 
albicans to this type of compound was re-emphasized in 
the quantitative tests. T .  nientagrophytes and C. ulnzi, 
on the other hand, showed varying degrees of suscepti- 
bility to the different members of the series. 

Unfortunately, when the most active conipounds 
froni the in vitro tests against C. albicans were tested in 
vico in mice, considerable toxicity was evident a t  fungi- 
cidal levels. The activity against C. u h n i ,  however, 
has been apparent for several of the coiiipounds in 
testing in elm trees ( U h m s  aineiicana) and field tests of 
14 are currently in progress. 

Dimond' has discussed the use of fungicides against 
Dutch elni disease and has suggested that the best effect 
should be obtaiiied with a fungicide which would be dis- 
tributed through the tree and adsorbed onto the wood. 
Possibly our compounds. which decompose slowly in 
aqueous solution to their precursors, are distributed 
through the tree in solution, with the insoluble p-nitro- 
styrenes being deposited on the wood. 

Chemistry.-The compounds were prepared as 
shown in eq. 1, using pyrrolidine as a catalyst, where R 
and R' are hydrogens or alkyl groups and Ar is a ben- 

R' 
1 

R,NCH2CH2SH.HC1 + hrCH=CN02 + 
R' 

ArCHdHSOr (1) 

Sc H , c H , m 2 .  H a  

zene, furan, or thiophene ring with or without substit- 
uents. The structures were assigned by analogy to the 
addition of aromatic thiols which Cason and W a n ~ e r ~ ~  
have shown to add to the carbon atom 0 to the nitro 
group. The possible substitution on the aromatic ring 
was limited by the fact that nitrostyrenes bearing a 
strong electron-donating group such as diniethyl- 
amino, niethoxyl, or hydroxyl did not give a crystalline 
adduct in our hands, although Cason and Wanser" 
report the successful reaction of benzylmercaptan with 
1- (4-met hoxyphenyl)-2-nitroet hene. 

The p-dimethylamino-0-nitrostyrene (I) definitely 
did not react, as the characteristic deep red color of a 
methanol solution was unchanged on standing in the 
presence of 2-aininoethanethiol hydrochloride (11) and 
pyrrolidine. Since an adduct forms readily from 1-(3,4- 
niethylenedioxypheny1)-2-nitroethene and since the p-  
niethoxy coinpound which failed to react contained a 
methyl group on C-2 of the side chain, some m- or p-  
methoxy-P-nitrostyrenes may combine x i th  11. Addi- 
tion of a nitro group on the alkoxylated aryl rings pro- 
duced conipounds which formed adducts readily. 
Other groups such as halogen, alkyl, or cyano do not 
hinder the addition. Thus, these aininoalkylthiols can 
add readily to all 0-nitrostyrenes, except those contain- 
ing only the strongest electron-donating groups on the 
ring and appear to be niore active in adding to nitro- 
styrenes than the aromatic amines whose addition has 
been studied by ~170rrall.8~9 
A n  interesting comparison with our studiesand thoseof 

( 7 )  1. I; Illmonii, I ' ront iers  Plant Sci , 14, No 2 ,  4 (1962) 

Worrall,8 is the work of Kanilet and Glover,'O who found 
that barbituric acid, a relatively strong organic acid, 
added to b-nitrostyrenes in the absence of a catalyst 
and even formed an adduct with the p-dimethylamino 
compound I. They reported that I gave the slowest 
rate of reaction of the conzpounds examined while the 
4-nitro compound had a rate 20 times as great. Thus 
the substituents which increase the rate of addition also 
shift the position of the equilibriuni toward addition as 
well as producing a hypsochromic shift in the ultraviolet 
niaxiniuni. 

We, too, see evidence of a mobile equilibrium when 
the ultraviolet spectra of our products are determined 
i n  methanol solution. The presence of up to 257, of 
1-(2-chloropheny1)-2-nitroethane (111) in a 1 mg./lOO 
nil. solution of 14 is indicated by the peak at  300 nip, 
characteristic of 111. At higher concentrations the 
dissociation is somewhat reduced, suggesting a concen- 
tration-dependent equilibrium. We are investigating 
this phenomenon further. Steric factors in the thiol 
iiioiety seemed to have a strong influence on the reac- 
tion also, as a number of attempts to add the diniethyl- 
or diethylaniinoethanethiols to various nitrostyrenes 
usually resulted in isolation of the disulfide derivative 
of the mercaptan and only two reactions gave the de- 
sired product in crystalline form. 

The few heterocyclic-substituted nitroalkenes 
studied also combined readily with 11. The one failure 
was with 1-(5-nitro-2-furyl)-2-nitroethene which de- 
coniposed when I1 was added. 

Experimental 
The melting points and analyses of the addition compounds are 

listed in Tables I and 11. Many of the compounds were analyt- 
ically pure without recrystallization; others were recrystallized 
from methanol or acetonitrile-ether. Yields were usually in the 
60-907, range. The method used to prepare them is illustrated 
by t,he preparation described below. 

2- [( ~~-Nitromethyl)-3,4-dichlorobenzylthio] ethylamine Hy- 
drochloride.-1-( 3,4-Dichlorophenyl)-2-nitroethene (4.4 g., 0.02 
mole) was mixed with 2.3 g. (0.02 mole) of 2-aminoethanethiol 
hydrochloride and 30 ml. of methanol. A few drops of pyrollidine 
was added, the temperature rose, and the solids dissolved. The 
solution was filtered through diatomaceous earth and when ether 
was added to the filtrate a solid formed R-hich was separated by 
filtration to yield 5.0 g. of the title compound, m.p. 174-177" dec. 

The nitrostyrenes were prepared by the method of Gairaud 
nnd Lappin.ll 1Iost of the coniporinds are known and references 
to  their preparation are listed in Tables I and 11. The new ones 
are listed in Table 111, and the preparation described below is 
typical. 

1 -( 2,6-Dichloro-3-nitrophenyl)-2-nitrobutene.-2,6-Dichloro- 
benzaldehyde (25 g., 0.14 mole), 25 ml. (0.28 mole) of l-nitro- 
propane, 75 ml. of acetic acid, and 5 g. of ammonium carbonate 
were mixed, and the solution was refluxed for 6 hr. The next 
day the solution was poured onto ice and the aqueous layer was 
decanted from a heavy oil which was dissolved in ether and 
washed with water, NaHSO: solution, and water. The solution 
was dried and evaporated under nitrogen and, on cooling, the 
residue solidified to give 33 g. of I-( 2,6-dichlorophenyl)-2-nitro- 

(8 )  (a) D. E. Worrall, J .  Am.  Chem. Soc., 49, I598 (1927); (b) ibid., 60, 
2841, 2845 (1938); (c) D. E. Worrall and F. Benington, ibid., 60, 2844 
(1938); (d) ibid., 62, 493 (1940); (e) D. E. Korrall  and J. Finkel, ibid., 61, 
2969 (1939); ( f )  D. E. Worralland H. T. Wolosinski, ibid., 62, 2449 (1940). 

(9) M. Friedman, J. F. Carins,  and J .  8. Wall (Abstracts. 148th National 
Meeting of the  American Chemical Society, Chicago, Ill., Sept. 1964, p. 
419) have shown tha t  a t  comparable basicities, thiols are about 300 times as 
reactive as amines in adding to  a$-unsaturated compounds. 

(IO) (a) RI. J. Kamlet,  J .  A m .  Chem. SOC., 77,  4896 (1955); (b) RI .  J. 
Kamlet and D. J. Glorer, ibid., 77,  5696 (1955); (c) ibid., 78, 4556 (1956). 

(11) C. B. Gairaud and G. R. Lappin, J .  Org. Chem., 18, 1 (1953). 
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TABLE I1 
P H Y S I C l L  CONST.4STS, ANALYTICAL DATA, AND ANTIFUS 0 .1~  .4CTIVIl'IES O F  HETEROCYCLIC DERIT'BTIVES 

R 
I 

CHCHNO, 

Kef. t u  Loirest lei el 
nitro- of inhibitiun, y 'i111. 

Calcd. Found rene alb icans  g r o p h g f t s  i~lmz 

Q L ~ C H ~ N H ~ . H C ~  
Side 
chain 
Po& --Substituents----- --- Clilurine, YL--- sty- C .  T. menta- C. 

X p . ,  "C. Formula t ion X Ring R 

2 S 5-CzHb H 131-132 CI~HIBN~OZSZ.HCI 11.95 12.47,12.38 a 1000 40 250 
C,Hl,Nz02Sz~HCl 12, 5qb 12, 7 ih  u >lo00 10 1000 2 S ?;one CH3 125-128 

2 s 5-c1 H 157-161 dec. C~Hl~C1N20zSz~HC1 23.38 23.49 a >lo00 40 50 
3 S None H 141-142 CsHizXzOzSz.HC1 13.19 13.48 c >loo0 1000 100 
2 0 None H 139-1 40 CsHizNz03S .HC1 a d e 1000 40 10(X 
0 W. J. King and F. F. Xord, J .  Org. Chem.,  14, 405 (1949). E. E. Campaigne and X. C. Mecarthy, J .  A j t ~ .  C h c , / ~ .  SOC., b Ioiiic C1. 

76, 4466 (1954). d Sulfur: calcd., 12.69; found, 12.54. e J. Thiele and H. Landers, Ann., 369, 300 (1909). 

TABLE I11 
NEW NITROSTYRENES 

R 
I 

CaH8CH=CNOz 
-Substituents---- --Nitrogen. %-- 

Ring R 3I.p..  o c .  Calod. Found 

2-c1, 5-NOz CH, 64-67 14.62 14 58 
2 4 1 ,  5-NOz CZH5 40-52 10.92 10.72 

2,6-c1z, 3-NOz Ci" 102-106 9 .63  9.76 
2,6-C1z CZH5 Oil 5.69 5 39 

2,4-(CH3)2 H 119-126" 7 .91  7 62 
a Boiling point (0.2 mm.). 

butene which was added to 100 ml. of fuming HSOa with stirring. 
The temperature of the reaction rose to 4045'. Stirring was 
continued for 3 hr. and then the solution was poured onto ice. 
The mixture was extracted with CHzCIP and the extracts were 
dried and concentrated. When methanol was added to the resi- 
due, a solid formed which was separated by filtration to yield 15.9 
g. of the title compound, m.p. 102-106°. 

Testing.-Qualitative tests with the bacteria, the fungi, and 
the alga were run by placing about 5 mg. of each compound 
directly on the surface-inoculated agar in 100 X 20 mm. Petri 
dishes. These were incubated at room temperature or 37', 

depending on the requirements of the test organism, until grcixth 
was satisfactory. Antibiotic activity was indicated by the 
presence of a clear zone surrounding a compound due to failure 
of the organism to grow in this area. Xutrient agar wa3 used 
for B. subtil is  and E.  coli, blood agar base containing sc; defibri- 
nated rabbit blood for D. pneumoniae,  and beef extract agar for 
E.  carotovara. The fiingi were ciiltivated on Sabouraiid des- 
troae agar and C. vulgaris on modified Bristol agar. The latter 
organism was grown iinder continuous fluorescent il11iminati;in. 
Tetrahymena geleii was cultured in proteose peptone-.;iirro;e 
broth for 24 hr. a t  room temperature and then transferred aaep- 
tically in 0.5-ml, quantities to sterile 13 X 100 mm. test tiibe- to  
which about 5 mg. of the individual compounds had been added. 
Incubation was continiied for 24 hr., and the degree of groat11 
was determined by microscopic examination of the ciilt \ires. 

The quantitative tests with C. albicans, 2'. menfag~oph i ; f r s ,  mid 
('. idmi were run in Sabouraud dextrose agar. The t e d  c~c~ni- 
poiinds were dissolved in the hot agar and then diluted .eriallv in 
test t'ubes. These were permitted to  cool in a vertical position 
and the test organisms were inoculated onto the sirfare of the 
agar. Following a siiitable incubation period, the presenre or 
absence of growth was determined by visual inspection. 

Acknowledgment.-The authors t'hank -4. I?. Zign?an, 
Richard Salzmann, and Russell Reuter, and csycially 
Ivar Laos for the preparation of initial or larger amounts 
of a number of these compounds. 
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A number of phosphorylated benzenesulfonamides (I)  are active as anthelmintic? and animal systemic in- 
secticides, as well as plant insecticides. Animal systemic activity (mouse-mosquito test) and mouse toxicity data 
are presented and structure-activity relationships are discussed. The most active compounds are phosphate5 
and phosphorothionates with para-positioned sulfamoyl groups, the sulfamoyl group being substituted by hy- 
drogen, lower alkyl, or acyl groups. 

A number of phosphorylated benzenesulfonarnides 
have been prepared of general structure I, where R arid 

arid T is 0, S, S H ,  or SCH,. 3fenihers of this series 
exhibit activity as plant insecticides2 and ariiiiial sya- 
temic insecticides and ant helinintics. X number of these 

X ,R" conipounds have part,icular utility in the animal svs- 
teniic area since they combine high insecticidal activity R, S02N\ R"' 

R" - 
(1) Presented in part a t  the 140th National Meeting of the .(merican 

Clieinical Society, Chicago, Ill., Sept. 1461 : .ihstracts of Papers. P ,  2 7 - 0 .  
(2) R. G. Dent and L. P. Ditman, J .  Econ. Entomol.. 87, 177 (1084): 

G .  Guyer and A. Wells, Proceedings of tlle Entornuloglcal Societ\, of .inier:ra 
h-orth Central Branch, 18, 49 (1963); 1%. Redfern, 31. Cleveland, and U.  

R' are alkoxy, alkyl, alkylamine, methylthio, phenyl, 
chloro, or p-sulfanloylphenoxy; R!/ arid R!! I are hy- 
drogen, alkyl, aryl, heterocyclic, or acyl; x is 0 or s; tIsrnilton, ibid., IS, 88 (lYG3). 


