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TABLE I1 
PROPERTIES OF COMPOUNDS PREPARED 

S 

0 N-R.1 
H O O C - C H ~ ~  )=N-N=cR,R~ 

Yield, -. Calcd, ?&-- --- round ,  ' %- 
Compd Ri Rz Rd % M p ,  O C  Formula C H N S  C H N  

la CsHs CHa I I  80 248-249 CiaHlaNaOas 53.61  4 . 5 0  14.43 10 .98  5 3 . 8 2  4 . 7 6  14.16 

3' CsHs CHs p-CHsCsHa 88 219-220 CzoHisNaOaS 62.98  5 . 0 2  11 .02  8.38 62.96  5 . 2 4  10.73 
4 CeHs CHa p-CHaOCsHa 86 216-218 C?oHlsNsOaS 6 0 . 4 5  4 . 8 2  1 0 . 5 8  8 . 0 5  6 0 . 2 0  4 . 8 6  10.68 

CBHS CzHs H 81 228-229 CMHISNSOIS 5 5 . 0 8  4 . 4 5  1 3 . i 7  10 .48  55 .30  4 . 7 7  13.92 
6 CsH6 CzHs p-CHaCsH4 82 179 CmHnNaOaS 62.65  5 . 5 2  10 .96  8 . 4 3  62 8 i  5 . 4 9  10 .45  
7 ~ - ( C H ~ ) ? N C ~ H I  H H 78 263-264 Ci~Hish-~Oas 5 2 . 4 2  5 . 0 4  17 .49  9 99 52 .45  5 . 1 4  17.32 
8 2-Fury1 H H 85 250 C I O H O N ~ O ~ ?  4 4 . 9 5  3 . 4 0  1 6 . i 3  11 .98  44 .76  3 . 4 8  15 .50  
9 %Fury1 H P-CHICGHL 76 230 Ci1HisKa0iS 5 7 . 1 4  4 . 2 3  11.76 8 . 9 6  5 7 . 3 1  4 . 5 6  12 .17  

a X E ~ O H  mi,jl 294 mp ( e  19,400). 

2* C6HS CHs C6Ha 76 188-189 CisHi1Na0sS 62.11  4 . 6 6  11 .44  8 . 7 0  61.85 4 . 6 2  11 .26  

A",:"," 295 mp (E 19,300). A",h"," 296 mp ( e  18,350). A::" 295 mp ( e  18,350). 

A n a l .  Calcd for C1,HlSN3S: C, 68.66; H, 6.44; PI', 14.13. 
Found: 

Derivatives of 5-Carboxymethylthiazolidine-2,4-dione. General 
Procedure.-Equimolecular amounts of the corresponding 
thiosemicarbaxones and maleic anhydride (usually 0.01 mole) 
were suspended in 40 ml of benzene (or toluene), and the mixture 
was refluxed for 2 hr. Cpon cooling to room temperature, the 
product was filtered off, washed with the solvent employed in the 
reaction, dried, and crystallized from ethanol. The compounds 
with the rorresponding analytical data are presented in Table 
11. 

C, 68.45; H, 6.38; N, 14.20. 

3-Aryl-5-halomethylisoxazoles. A New Class 
of Anthelmintics 

H. G. SEN, D. SETH, U. N. JOSHI, 

Parasitology Department 

AND P.  RAJAGOPALAS 

Pharmaceutical Chemistry Diuision 
CIBA Research Centre, Goregaon, Bombay 62, India 

Received December 8, 1966 

Isoxazoles have been reported to possess diverse 
biological activities' but to date there is no reference, in 
the literature, to any isoxazole having anthelmintic 
activity. I n  our continuing efforts to find suitable 
drugs for tapeworm, pinworm, and hookworm infec- 
tions, we had occasion to synthesize 4-bromomethyl-3- 
(4-chlorophenyl)isoxazole (1, Table I) and subject it to  
anthelmintic screening. While i t  was devoid of any 
activity against oxyurids and Nenzatospiroides infections 
in mice, i t  exhibited pronounced activity against 
Hymenolepis nana infection when administered orally. 
Accordingly, 14 analogs of this compound (see Table I) 
were prepared and examined for anthelmintic activity. 

Chemistry.-The 3-aryl-5-bromomethylisoxazoles 
(IIIc) were prepared by the dipolar cycloaddition of 
various benzonitrile oxides (I) to propargyl bromide 
(11, X = Br) essentially according to the procedure 
of D'Alcontres and Lo Vecchio.2 These could be 
converted smoothly into the corresponding 5-iodo- 
methyl derivatives (IIId) by treatment with potassium 
iodide in anhydrous dimethylformamide. The 5- 

(1) (a) A. Quilico In "The Chemistry of Heterocychc Compounds," Vol. 
15, R. H. Wiley, E d ,  Interscience Publishers, Inc , New York, N. Y., 1962. 
p 233; (b) N. D. Kochetkol and S. D Sokolov, A d u a n .  Heterocyclzc Chem , 
2, 365 (1963). 

(2) G. S. D'Alcontres and G. Lo Vecchio, Gam. Chzm. Ita2 , 90, 1239 
(1960). 
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chloromethyl analogj (IIIb) were obtained by the 
action of thionyl chloride on the respective 5-hydroxy- 
methyl derivatives (IIIa) which were in turn prepared 
by treating benzonitrile oxides (I) with propargyl 
alcohol (11, X = OH).3 Compounds of the type I I Ib  
can also be prepared directly by the cycloaddition of 
benzonitrile oxides (I) to propargyl chloride (11, X = 
Cl)4 (see Scheme I) .  

SCHEME I 

OH c1 

b""b NO, 
61 

IV 

IIIa, X = OH 
b, X = C1 
c, X = Br 
d , X  = I  

Biology.-Swiss albino mice of either sex weighing 
approximately 20 g each were used in all the experi- 
ments. Each aninial was experimentally induced to 
H .  nana and N .  dubius infections. Oxyurid infections 
due to  Syphacia obvelata and ilspicuiaris tetrapfera 
occurred naturally. 

Viable H .  nana eggs were obtained from the gravid 
segments of wornis harbored by the untreated mice 
and counted in three 0.1-ml samples following the 
technique of S t a n d e ~ ~ . ~  Infective N .  dubius larvae 
were obtained according to the method of Sheffield, 
et a1.6 A suspension of these larvae was mixed with one 
of H .  nana eggs in such proportions as to furnish a final 
mixture with concentrations of 250-300 larvae/ml and 
3000-6000 eggs/ml. Each mouse was administered 
0.2 ml of this suspension by gavage. 

The infected mice were randomly divided into 
treated and control groups. On the 19th or 20th day 
postinfection, the mice in the test groups were treated 

(3)  E Llugnani and P Grunanger, A t t z  A c c a d .  Narl Lzncez ,  R e n d . ,  

(4) G S D'Aloontres and G. Cuzzocrea, Attz Soc. P e l o r z t a n a  Set. F z s  

( 5 )  0 D Standen, Ezptl Chemotherapy, 1, 701 (1963). 
(6) H G Sheffield, J. E. Meisenhelder, and P E. Thompson, J .  Parasztol , 

Classe Scz Fzs , Mat Xat , 14, 95 (1953), Chem A b s t r  , 48, 2685 (1954) 

Mat Xat , 3, 179 (1956), Chem A b s t r  , 62, 1994 (1958). 

45, 653 (1959). 
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orally with the t e i t  compound\ at varying doses 111 

10 iiil/kg of sterile physiological saline c~xitainiiiq 
O.Otjc{ Tneeii 80 as a veliirlc~ X-(2-Chloro-4-Iiit i'o- 

~)~i(~ii~l)-T,-chlorosalicylaniide (IV)i  n as used as t l i ( 8  

reference. drug and adn i~n i s t~~rc~ l  111 :t similar faqhioii 
The  :ininialb in the rontrol group rweived the vrhivl(~ 
011ly. 

1111 :~nimals in both tho trcatcd and control g r o u ] ~  
v r w  fasted on  the second (lay and sacrificed on tlic, 
t liirtl day following :L single-dov treatment T\ hile 1li(, 
:uiiniuli treated with three closes were starved on t h c s  
ihird day :tnd iacarificed on thv fourth day. The entii,(i 
s n d l  inteqtine, cecun .  and cdon of each niouw \vert' 
col ldct l  separately in Pcti i dishes rontaining tal i  
I\ a t u ,  iiwised lerigthn ise, arid examined under thv 
iiiic~ros(5ope (10 X ) cnrrfully for n orin> including tl ic 
ic~)lic.cs of I$. nuna. Results ~ e r c  deterniined on ail  

c*lc~araiicr of H .  n u m  at 300 iiig/lrg n 
i i i  niiw uiing :L pure infection TT itli t h r  sanic dost. of 
i tiomluiii 122 iiic1ic:tted cmlic~. 

Of the  14 analogs testrtl :igaiii-t Y, rizibius, H .  naiiu, 
m d  oxyurid ~voriii5 in niiw, the first teii showed 
nio&~r:ite to sti'oiig ;icativity agaiiibt H. iiaiza n hen u 
in a daily dose of 400 iiig/kg 011 three succeszive (1 - 
but ihe rest of the coinpounds had poor or 110 activity 
(wc Table I) .  5-Bromomethyl-3- (4-(*hlorophenyl) 
isoxazole (1, Table I) was the most active. The coni- 
1)arative activity on an all 01' none b 
nlultiplr. c b c 5  of this cwnipound an 
chug i\ suniniarized in Table 11. The results of this 
te5t group indicate that 1 \vas active at 300 ing/kg/day 
for three sucaressive days against H .  nana since neither 
x i  ormb nor their volices nere present at autop-y. 
I11 \ingle doses an absolutc u r e  was obtained ut 
800 nig/kg. 111 biniilai twth, IT' caused a 100c/c 
c1euranc.e of H .  iiana in a daily close of 1.50 mg/kg on 

cesivc clays or in a single dose of 400 mg/kg. 
coiiipouiids n w e ,  liowevcr, inactive against 

S. dubzus and oxyurid noriiis i r i  n i iw  at  300 mg/kg oi 
higher (1oicc.  

. The c~oni~iouiitl 'howlrig :I 100c/c 

( 7 )  I I q i h e t e d  I,\ I a r lwnf  ilirihen l{a\er  i C T  (\\ rst C . ~ r r r ~ n \ )  ,i- \ ( I i n c  . 111 ' 

I'rom the reiults it appeari that mii(1 oi t l ic  ( * o i i ~ -  

poundi of the isoxnzolc seriei liitrtl in Table 1 I m v ~ ~  
niarl.;cd cestocid:il proimties. Of theie, 1 is I 1 1 ~  niost 
active but it is only half :is Iiotent a i  IT :it siriii1:u 
(lows. It is not clear h o v  1 exerts its nlltit:i])e~vf~rxii 
activity in cwo bui our qtudieb in mt/ o indic:ite that the 
:iction is direc*t on the parasite since a eoric~entration 01 
10-4 g/ml IS poncrful enough to kill the norins iii I(-- 
than 3 hr at  37". The activity of 1 :Igairiqt f1. ~ i m  
indicates that t hi5 :tiid related c'oriipoiiiidi ilia57 I I P  i i s ~ f i i l  

cbestocidal agcnl s 1:rirther xo rk  in this cliiwtioii is I I I  

progress. 

Experimental Section? 

A wlr i l  io11 

of the appropriate beni.hydroxanioi 1 chloride (0 05 niole) 111 ether 
(200-250 nil) nLt. extrarted thoroughly with a cold ~ ( ~ I W C J L I ~  
d i i t i o n  of 453 XaOH (50 g)  atid the ether laver rorrtaiiiiiig the 
nitrile oxide was rrnioved, washed mith :I s.m:tll qunntitj of ire 
w:tter, dried (CaCL), mid used iinniediatelj . 

Propargyl bromide ( 11 0 g, 0 1 mole) was added i n  one lot, 'it 
iooni temperatutti. 11) a solution of 4-chloroben7onitrile oxide 
I 0.1 mole) in c2tht.i i .IO0 n i l )  \ l i t11 ,igit:ition. ilfter the \igoroiib 

Preparation of Ethereal Solutions of Nitrile Oxides. 

5-Bromomethyl-3-(4-chlorophenyl)isoxazole (1 ,  Table I) .  

~~~ _ _  
181 AIrltinn poin t '  a t i t  ~ l ( i e r m i n t r l  111 u l m i  c:ipillcir\ t t i l i r -  i r i i i  1 1 1 7  1111- 

, < ri C ,  trd 
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exothermic reaction that, developed initially had subsided, the 
mixture was refluxed for 2 hr, treated with Norit, and filtered hot. 
The filtrate on evaporation to dryness under reduced pressure 
furiiiahed a colorless solid (9.5 g )  1vhic.h was recarystallized from a 
mixture of benzene and hexane; yield 6.2 g (607,). 

ill1 of the 5-bromomethyl compounds listed in Table I were 
prepared by essentially a similar procedure. 

5-Chloromethyl-3-( 3,4-dichlorophenyl)isoxazole (9, Table I). 
-Propargyl alcohol (2.8 g, 0.05 mole) was added in one lot, a t  
room temperature, to a solution of 3,4-dichlorobenzonitrile oxide 
(0.05 mole) in ether (200 ml) with agitation. A vigorous exo- 
thermic reaction set in almost immediately at  the termination of 
which the clear reaction mixture was refluxed for 2 hr, treated 
with Norit, and filtered hot. The filtrate was evaporated to 
dryness under diminished pressure and the 3-(3,4-dichlorophenyl j- 
5-hydroxymethylisoxazole thus obtained (7.9 g j  was re- 
crystallized from a mixture of ethyl acetate and hexane; 
colorless crystals, mp 105-106", yield 6.5 g (62y0). 

-4nal. Calcd for CloH7C12N02: C, 49.19; H, 2.87. Found: 
C, 49.51; H, 2.95. 

Thionyl chloride (15 ml) was added carefully to the well-dried 
and powdered 5-hydroxymethyl compound (5.0 g) contained in a 
flask fitted with a reflux condenser and CaC12 tube. A vigorous 
exothermic reaction resulted immediately and, after it had sub- 
sided, the mixture was warmed on the water bath for 30 min and 
cooled. Removal of the excess SOClz in Z~UCUO furnished an oily 
product which was dissolved in the required quantity of boiling 
hexane, treated with Norit, filtered hot, and cooled. The color- 
less 9 that separated was collected and recrystallized from the 
same solvent; yield 3.9 g (727,). 
5-Chloromethyl-3-(4-chlorophenyl)isoxazole (13, Table I)  

was prepared by a similar method. 
3-(3,4-Dichlorophenyl)-5-iodomethylisoxazole (2, Table I).- 

5-Bromomethyl-3-( 3,4-dichlorophenyl)isoxazole (5, Table I; 
2.6 g) was added to a warm solution of KI (5.0 g) in anhydrous 
dimethylformamide (50 ml), and the resulting mixture was 
heated on the water bath for 15 min and set aside for 3 hr a t  
room temperature. It was then treated with crushed ice and 
water and the solid that separated was filtered, washed with 
water, air dried, and recrystallized from a mixture of benzene 
and hexane; colorless crystals, yield 2.5 g (717,). 

The other two 5-iodomethyl derivatives listed in Table I (4 
and 7) were obtained through a similar procedure. 
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Silicon ethers are often highly lipid soluble, but, 
tend to  undergo slow hydrolytic cleavage to regenerate 
the free alcohols.2 Introduction of a silicon ether link- 
age into a st'eroid alcohol may result in beneficial modi- 

(1) (a) This study was aided in part  b y  Grant No. P-381 from the American 
Cancer Society to E. Chang. (b) The  systematic name for testosterone is 
17p-hydroxyandrost-4-en-3-one. T h e  designation testosteroxysilane is used 
in the  present paper as  a general name for compounds containing testosterone 
nuclei and silicon connected by ether linkage. (c) The  literature has re- 
corded several trimethylsilyl derivatives of steroids used in facilitating the 
separation of steroid mixture b y  gas chromatography. Since these deriva- 
t ires were prepared by a different method and were used without further 
characterization, they are not discussed in this paper. 

(2) (a) E. G. Rochow, ".kn Introduction t o  the Chemistry of t h e  Sili- 
cones," John miley and Sons, Inc. ,  New York, S. Y., 1951; (b) R. H. 
Krieble and  E. A .  Burkhard, J .  A m .  Chem. Soc., 69, 2689 (194i ) .  
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Figure 1.-Structural formulah of testosteroxysilane~ 

fications in solubility as well as other properties of 
physiological interest. 

This paper describes the preparation and properties 
of six novel testosteroxysilanes. Structural formulas 
are summarized in Figure 1. 

Experimental Section3 

Testosteroxysilanes were prepared by treating testosterone 
with appropriate methylchloro- or phenylchlorosilanes in anhy- 
drous benzene in the presence of anhydrous pyridine. The 
preparation of ditestosteroxydimethylsilane is described in detail 
as a model, and the preparations of the remaining five compounds 
are summarized in Table I. 

Ditestosteroxydimethylsilane (II).-Testosterone (5.0 g, 0.018 
mole) was dissolved in 75 ml of benzene containing pyridine (1.39 
g, 0.018 mole). A solution of dimethyldichlorosilane (1.16 g, 
0,009 mole) in 10 ml of benzene was added dropwise to the stirred 
testosterone solution. A white precipitate of pyridine hydro- 
chloride Iormed at  once. On completion of the addition, the 
funnel used in the process was rinsed with 10 ml of benzene. 
After the mixture was allowed to  react a t  room temperature for 
1 hr, it was gradually heated to reflux temperature and was 
maintained there for 5 hr. Then the mixture was cooled to 
room temperature, and the pyridine hydrochloride was removed 
by filtration. The clear filtrate was evaporated to dryness in a 
flash evaporator under reduced pressure and yielded a light 
yellow syrup ( 7 . 2  g). Upon adding anhydrous acetone (50 ml) 
to the syrup, a white precipitate was formed. Finally, 100 ml of 
acetone was added, and the precipitate dissolved after refluxing 
for 30 min. Standing overnight in the cold yielded 4.6 g (86%) 
of white needles. A second crop was harvested after reducing 
the volume of acetone. 

Results 

In  all t'estosteroxysilanes, infrared absorption spectra 
showed elimination of t'he stretching frequency 
at 3500 em-' as a result of substitution of the C-17 
@-OH group, and the simultaneous appearance of a 
strong absorption band a t  1080-1065 cm-l. The 
band at 1080-1065 cm-l has been assigned to alkoxy- 

(3) Infrared spectra were measured in KBr with a Perkin-Elmer Model 
421 grating spectrophotometer. Melting points were determined with a 
Fisher-Adam hot stage apparatus and were corrected. Microanalyses were 
performed b y  the Galbraith Laboratories, Knoxville, Tenn. Bioassays were 
performed by Dr. E. G. Shipley. Endocrine Research Laboratory, Madison, 
Wis. 


