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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). 



wit 11 relalively low 1iiaiiiiiialiaIi toxicity. Represeiii a- 
t ive of this type of active coinpound is O,O-diniethyl 0- 
p-(diniet hylsulfainoy1)pheriyl phosphorothioat P? (Tabk 
I, 14), for which considerable data h a w  becii 

icidal drug is eff e r t  i w  agaiiisl t hc put)- 
Nypoclerttia linedun, arid H .  h o z s ,  iiiiportaiit interiial 
parasites of cattle, when adiiiiriistered orally. deriiially. 
or parenterally. This paper reports the y i t l i c a i s  aiid 
atiiiiial systemic ntsectic4dal test data for a writ. ( i t  
phosphates, phosphorot hioat es, phobpliol.odilliioat (3-  

pl-iosphoi.aiiiidothioatcs, arid othw (voiiipoiiiid\ of lypo 
1. 1;or ( m e  of iiiaiiipulatioii. t1ic wries has lweii hi ih-  
diviticd iiito four structural typ(>s atid pre;.ciitccl i i r  tlic> 
cmwsporidirig Tables I IT'. In  soiii(1 (*ab('> previously 
uiireporttd interiiiediates n ere prepared : tliese ( Y I I I I -  

poiirjdF arc tabulated iii Table T'. Soiiic iiiciiibei*~ of 
t l i t>  series of phosphorylated ~eiizeiiesulfoiiaiiit(i(~~ haves 
hcwi reported in  thc pateiit literatuw. 

1 he phosphorylai ions ue1.e cwricd out by six geiieral 
iiict hods, ab out lined iii t h r  followiiig diagrani. (Two 
syntheses riot coiiformiiig to these general ixet hods arc 
iiidicbated in 1 he tables and reported iii the Experiiiient a1 
scvtioli.) \Iethod n-as u s ~ l  to prepare iiiost of the 
phosphoi.othioatcs I (X = 8, Y = 0). In thosc cases 
n-hcrc~ i he sodiuiii salts of the pheiiolsulfoiiaiiiide~ 11- 
ww available, iiiet hod 13 \vas ciiiployed and gavc coiii- 
parable yiclds of produrth. 111 t h ( >  i i i i t  ial ~0 t .1 ;  uhiilg 

r 7  

I1 

,Ii" 1 NaoH 

I \' 
NazCO!. organic solvent 

* I method C I1 t I11 

R" ' organic solvent 
X 

P-SK - BrCHz 

v ,R" 

R\ I /  

R" 
G S O r N \ R J f '  method D ' I - 

Cu, H10 
I 

SOA', 
i r  7 c T . N z + e  R ' , (  method E - 

R" 
S / excess amine, 

organic solvent 

method F 
. i ,  > I  

v I 
iitethod A, the pheriolsulfoiiaiiiide I1 was dissolved i i i  

aqueous base and the phosphorochloridothioate 111 was 
added rapidly. Generally an excess of base was then 
added, either in one port'ioii or over a relatively short 

( 3 )  This compound has  been given the generic imine fampliur. I t  W B R  

previously referred to  as C L  38,023 and fa!rioplios. 
(4) For example: (a) R. 0. Druinmond, J .  Euoii. Entomol.. 66 ,  632  

(1963); (b) A. Hill, Jr., F. N-. Knapp, and H. Knutson, ibid., 66, 390 
(1963): ( c )  TV. T. Keel ,  C'. I,. I3luunt. and \V. \T. Kilby, i h i d . ,  6 6 ,  101 
(196R): (d)  J. €I. Driidge and .I. Szanto, Am.  .I. 1.d. R e g . ,  24, 337 ( l R f i 3 1 :  
.I. Parasitol., 48, 28 (1962); (el E. C. Turner.  Jr., 1). 5'. Katson .  and  F. S .  
lIcClauyherty,  J .  A m .  T-ef. M e d .  Assoc., 141,  360 (1962): ( f )  I. 13. \Yooil. 
J .  E. Ilmro. and E. !Valetsky. .I. Parasitol.. 47, 36 (1961). 

( 5 )  (a) G. Berkelliatniuer, U. 8. Patents  5,00;7,002 and  3,0O.i,004 (1!1811; 
(b) E. Scheck and G. Schrader, Gerinan Patent  1,03!1,070 (19.58). 

R" R"  K' 

R"' R " 
ZHCI.HN C6H5CON, HO - e S O , N <  - 

R " 
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illation of an intermediate 4-beneoyloxybenzenesulfon- 
amide (not isolated) arid subsequent hydrolysis of the 
benzoate linkage. Since some cleavage of the benzoate 
linkage by the amine was usually observed using this 
method, later work emphasized the use of excess amine 
to affect the cleavage quantitatively, thereby eliminat- 
ing the hydrolysis step; yields, in general, were higher 
by this method. Data in Table V are for the two-step 
procedure, except for 49. 

During the course of one large-scale preparation of 
51 by the two-step procedure, a small amount of p -  
(isopropylsulfanioy1)phenyl 1-phenol-4-sulfonate (55 )  
was isolated. Phosphorylation of this material gave 
the sulfonate ester (Table I, 22). 

The procedures for determining systemic insecticidal 
activity (ED,,) and niouse toxicity (LD,,) by means of 
the mouse-mosquito test have been reported.6 I n  
general, the phosphates I (X and Y = 0; R a n d  R '  = 
alkoxy) and phosphorothioates I (X = S;  Y = 0; R 
and R' = alkoxy) are the insecticidally most active 
members of the series, the phosphates in most cases 
being more active but exhibiting decidedly higher niam- 
malian toxicity. The 0,O-dimet hyl esters are inore ac- 
tive and have more attractive (higher) LDSO/ED6,, 
ratios than the corresponding 0,O-diethyl homologs. 
Placement of the sulfaiiioyl group odho or nzeta to the 
phenolic oxygen results in a marked loss of insecticidal 
activity with respect to para substitution. Lower alkyl 
substituents on the sulfonamide group nitrogen atom 
decrease systemic insecticidal activity somewhat with 
respect to the unsubstituted compounds, but toxicity 
decreases markedly. Substitution with acyl groups 
gives a high degree of activity, but aryl, higher alkyl, 
or heterocyclic substituents on the nitrogen result in 
loss of activity. 

Experimental' 
Phosphorylated Benzenesulfonamides. Method A. 0 , O -  

Dimethyl 0-p-(Dimethylsulfamoyl)phenyl Phosphorothioate (14). 
-0,O-Dimethyl phosphorochloridothioate (4.01 g., 0.025 mole) 
was added dropwise to a solution of N,N-dimethyl-l-phenol-4- 
wlfonamide (5.03 g., 0.028 mole) in 50 ml. of 0.5 N aqueous 
NaOH. During the chloridothioate addition, 25 ml. of 1.0 S 
aqueous KaOH solution was added dropwise to  the reaction 
mixture. After stirring 3 hr., the mixture was extracted with 
ether, the ethereal extracts were dried ( hIgSOa), and the solvent 
was evaporated to  give 3.8 g. (4770) of white solids, m.p. 52.8- 
53.0". Two recrystallizations from toluene-hexane gave 2.2 g. 
( 2 7 7 , )  of white crystals, m.p. 52.5-53.5'. Acidification of the 
reaction mixture aqueous layer gave 2.5 g. (50W recovery) of 
N,N-dimethyl-l-phenol-4-sulfonamide, m.p. 95-96'. A similar 
preparation, on a 0.44 M scale, gave a 41y0 yield of product with 
m.p. 52.0-53.0" (toluene-hexane) and a 38y0 recovery of starting 
phenolsulfonamide, m.p. 94-95'. 

0,O-Dimethyl 0-p-(Methylsulfamoy1)phenyl Phosphorothio- 
ate (4  ).-A mixture of N-methyl-1-phenol-4-sulfonamide (21.3 
g., 0.114 mole), 0,O-dimethyl phosphorochloridothioate (18.3 g., 
0.114 mole), and 230 ml. of 0.5 .V KaOH solution (0.115 mole) 
was heated to 40' and the p H  was adjusted to 8-10 by addition 
of 1.0 1\T NaOH solution. Base consumption ceased after ca. 1 

(6) R. Hewitt. A.  Brebbia. and E.  Waletzky, J .  Econ. Enfomol., 61, 126 
( 1958). 

(7) Melting points were taken on a Fisher-Johns block or in a Thomas- 
Hoover capillary apparatus and are uncorrected. Boiling points refer to 
molecular distillation and indicate the temperature of the heating jacket of 
the apparatus. Infrared absorption spectra were taken on all compounds 
prepared, using a Perkin-Elmer Infracord (Model 137) spectrophotometer; 
all spectra were consistent with the postulated structures. The assistance 
of RIr. N.  B. Colthup and Mr. R. S. Wayne in interpreting these spectra ia 
acknowledged. 
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158.0'. The chloroform recrystallizations gave poor recovery 
and did not appreciably improve the melt'ing point. 

1-Phenol-4-sulfonamides. General Method. N-Ethyl-1- 
phenol-4-sulfonamide (50).-To 29.7 g. (0.1 mole) of the benzo- 
ate of l-phenol-4-sulfonyl chloride14 in 100 ml. of 3 S XaOH 
cooled in an ice bath \vas added dropwise 4.5 g. (0.1 mole) of 
ethylamine. The mixture was stirred in the ice bath for 1.25 
hr., heated on the st,eani bath for 1.25 hr., cooled t,o 25", and 
acidified with vonrentrated HC1. The mixture was extracted 
with a total of 80 nil. of ether, the organic solution was washed 
with three 20-ml. portions of 20% K,COS, then 20 ml. of water, 
and dried (AIgS04), and the solvent was removed under reduced 
pressure to give 18.8 g. of viscous, brown liquid. Recovered 
benzoic acid from the aqueous wash liquids amounted to only a 
71yo yield, indicat,ing some aminolysis of the ester linkage. The 
crude product was dissolved in 25 ml. of 3 N SaOH, and t'he 
solut,ion was extracted with ether, yielding 2.2 g. of S-ethylbenz- 
amide in the et,her layer. The aqueous layer was acidified and 
extracted wit,h ether. Evaporation of the solvent gave 14.5 g. 
of light brown liquid which slowly crystallized, m.p. 98'. Re- 
crystallization from toluene-ethyl acetate gave 9.7 g. (48Yo) of 
white crystals with m.p. 105.0-106.5'. 

Use of Excess Amine. N-Methyl-1-phenol-4-sulfonamide 
(&).-To approximately 75 ml. of methylamine a t  -75' was 
added slowly and in small portions the benzoate of l-phenol-4- 
sulfonyl chloride14 (29.7 g., 0.1 mole), followed by 100 ml. of 
ether. Skirring was continued a t  -75' for 0.5 hr., then a t  -1" 
(reflux) for 2.5 hr. Solvent and excess amine were distilled on 
the steam bath, 100 ml. of water was added to the residue, 
and the mixture was acidified with concentrated HC1 and ex- 
tracted with ether. The ethereal solution was washed with two 

(14) (a) S. Magnusson. J. E. Christian, and  G. L. Jenkins, J .  Am. Pharm. 
Assoc.. Sci. Ed.,  36, 257 (1947); (b) &I. Schreinernakers, Rec. trau. chim.. 
16,422 (1897). 

15-ml. portions of water and dried (MgS04), and the solvent was 
evaporated to give 27.9 g. of viscous, brown liquid. Addition of 
3 S NaOH to the liquid precipitated crystals of N-methylbenz- 
amide, m.p. 78.5-79.5" (8.8 g., 65%). Reacidification of the 
basic filtrate gave a paste, which was dried on a clay plate to give 
5.2 g. of white crystals with n1.p. 80-81.5". Recrystallization 
from benzene-ethyl acetate gave 4.3 g. (237,) of product with 
m.p. 91.5-92.0'. This material is reported15 to have m.p. 81-82'. 

p-(1sopropylsulfamoyI)phenyl 1-Phenol-4-sulfonate (55).- 
Isopropylamine (82.9 g., 1.4 moles) was added over a 5-min. 
period to a stirred slurry of the benzoate of 1-phenol-4sulfonyl 
~h lo r ide '~  (416 g., 1.4 moles) in 1.4 1. of 3 N XaOH at 17". The 
temperature was allowed to  rise to 40' during 30 min. and main- 
tained a t  35-40' during an additional 30 min. The mixture 
was heated on the steam bath for 45 min., treated twice with 
activated carbon, and concentrated to two-thirds volume. The 
mixture was heated to 40°, sufficient water was added to effect 
homogeneous solution, and the solution was cooled to 10'. 
The crude sodium derivative of N-isopropyl-1-phenol-4sulfon- 
amide was filtered off, and the filtrate was acidified with concen- 
trated HC1. The resulting precipitate was taken up in 300 ml. 
of ether, the ethereal solution was washed with 800 ml. of 207, 
KHC03, then with two 100-ml. portions of bicarbonate solution 
and 100 ml. of water, and the solvent was removed under reduced 
pressure. The solids were reprecipitated from lOyo XaOH with 
HC1 and recrystallized once from aqueous ethanol and three 
times from 6 N acetic acid to give 9.7 g. (3.77,) of white crystals 
with m.p. 164-165.5'. 

Acknowledgment.-We wish to  thank Dr. G. Rohr- 
bacher, of these laboratories, and Dr. R .  Hewitt, of 
Lederle Laboratories, for the determination of the 
biological data. 

(15) W. Steinkopf, J. prakt. Chem., [Z] 117, 58 (1927). 

Notes 
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The publicat'ion of ITolff, Ho, and Kwokl describing 
the spiro-3p-oxiranyl formation from steroid 3-ket'ones 
of the allo series with diniethylsulfoxoniuni methylide 
prompts us to record our own results in this area. 

Aft,er the introduction of the inethylenation method 
by Corey and Chaykovsky* we have methylenated 3,- 
androstan-17~-01-3-one (I) and in agreement mit'h Wolff 
and co-workersl a spiro-3-oxiranyl-5a-androstan-l7~- 

CHC13), was obtained. These authors assume that the 
3p-oxiranyl compound (11) with an equatorial epoxy 
oxygen is formed by attack of the reagent from the 
back side of the molecule. However, according to our 
results, the 3a-oxiran (111) is formed with sulfoxoniuiii 
methylide froin I. Our assignment is based on the 
lithium aluniinum hydride reduction of I11 resulting in  
the forination of the X@-iiiethy1-5a-androstane-3a 1T@- 
diol (IT:).3 On the other hand, we have obtained the 
3@-oxiran (11), m.p. 190.5-191' (uncor.), [ c ~ ] ? ~ D  

01, n1.p. 171-173" (UllCOl".), [a]D t 1 . 9 3 "  (C 0.94, 

(1) R I .  E. Wolff, K. Ho, and R .  K a o k ,  J .  .Wed. Chem., 7, 577 (1964). 
(2) E. J. Corey and M. Chaykovsky, J. A m .  Chem. Soc., 84, 867 (1962). 
(?,)(a) J. Kathol, Schering AG, German Patent  881,945 (April 7, 1951); 

Chem. Zenti , . ,  10329 (1955); (b) B. Pelc, CoUection Czech. Chem. Commun., 
26, 1621 (1960). 

+ 28.8' (c 0.90, CHCI,), from the 3-cyanohydrin uia 
triniethyl(3/3, 170-dihydroxy-5 a-androstan-3a-ylmethyl) 
ammonium iodide (V) by pyrolysis of the free base. 
The lithium aluminum hydride reduction of I1 afforded 
3a-methyl-5a-androstane-3p,l7P-diol (VI).3 Oxidation 
of the diols IV and VI led to the 17-ketones VI1 and 
V I I P  which on acetylation gave the corresponding 
3-acetates (IX and X). 

As expected, all 30-oxygenated compounds possessed 
higher dipole moments4 than their 3a-epimers (see 
Table I). The fact that  the 3a-acetate IX showed 

TABLE I 
Compd. p calcd. p found 

2.50 2.61 dioxane I1 
I11 2.33 2.24 dioxane 
TI1 3.32 3.55benzene 

3.73 dioxane 
TI11 2.26 2.75 dioxane 

complex acetoxy bands in the 8-p region of t'he infrared 
whereas the 3P-acetrate X had a single band5 confirms 
our assignment of the configuration at' C-3. Seither 
epimeric spiro-3-oxirane showed anabolic or androgenic 
activity after subcutaneous application in rats in the 
Hershberg assay. 

(4) For a description of the calculation and measurement of dipole 
moments, see W. Neudert and H. Ropke, "Steroid Atlas," Springer-Verlap, 
Berlin, 1965. 

( 5 )  R .  N.  Jones, P. Humphries, F. Herling, and K. Dobriner, J .  Am. 
Chem. Soc., 73, 3215 (1951); H. Rosmkrantz  and P. Skogstrom, ibid. 77, 
2237 (1955). 


