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were determined a t  25' in chloroform solution a t  0.2-l.070 con- 
centrations. Ultraviolet spectra were measured in methanol 
solution on a Cary recording spectrophotometer, and infrared 
spectra were determined in pressed KBr disks on a Perkin- 
Elmer spectrophotometer (Model 21). Solutions were dried with 
Na2S04 and evaporations were carried out a t  reduced pressure. 
The petroleum ether used was that fraction boiling a t  30-60". 

17or-Acetoxy-21-fluoropregna-4,6-diene-3,20-dione.-Hy- 
drogen chloride was bubbled vigorously over a 3-4 niiri. period 
(to saturation) into a well-stirred solution of 2.227 g. (5.71 m- 
moles) of 17-acetoxy-21-flu~roprogesterone~ and 1.480 g. (6.52 
mmoles) of recrystallized 2,3-dichloro-5,6-dicyanobenzoquinone4 
in 75 ml. of dioxane (purified according to Fieser*). Precipita- 
tion of hydroquinone began in about 1 min. (exothermic). The 
mixt,ure was stirred 30 ruin. and filtered. The precipitate of 
hydroquinone was washed well with benzene, the entire filtrate 
was further diluted mith benzene (200 ml. total), and the resulting 
solution was washed with two 50-ml. portions of water, two 
75-ml. portions of 1%; aqueous NaOH, and two 50-ml. portions of 
saturated aqueous SaC1. The solution was dried, the solvent 
was evaporated, and the residue crystallized on trituration in 
ether. Recrystallization from acetone-petroleum ether afforded 
1.684 g. (76%) of product. The analytical sample (from acetone- 
hexane) had m.p. 205.5-206.5'; [a]D -10"; A,,, 5.78, 6.02, 
6.19,6.31,7.93,9.52p; Xm,,282mp(e25,200). 

i lnal.  Calcd. for C23H29F04: C, 71.10; H, 7.53: F, 4.89. 
Found: C, 70.85; H, 7.45; F, 5.22. 

17~Acetoxy-6a,7~-epoxy-21 -fluoropregn-4-ene-3,20- 
diene.-To a solution of 776 mg. ( 2  mmoles) of 17or-acetoxy-21- 
fluoropregna-4,6-diene-3,20-dione in 190 ml. of methylene chlo- 
ride was added 53 ml. of an  ethereal solution of monoper- 
phthalic acid5 in ether( containing 48 mg./ml., 14 mmoles of per- 
phthalic acid), and the solution was stirred well and allowed to 
stand a t  room temperature for 68 hr. protected from atmospheric 
moisture. The solution was decanted from precipitated phthalic 
acid, washed with two 50-ml. portions of saturated aqueous 
Na2CO8, two 50-ml. portions of water, and two 50-ml. portions 
of saturated aqueous NaC1, and dried. The solvent was evapo- 
rated and the oily residue (711 mg.) crystallized on trituration 
with ether. The precipitate was washed several times with cold 
ether to afford477 mg. of product, m.p. 228-232" dec. Recrystal- 
lization from methylene chloride-ether afforded 227 mg. of prod- 
uct, m.p. 240-243" dec. containing approximately 1% of 4,6- 
diene starting material (as estimated from the ultraviolet spec- 
trum). The analytical sample (from ethyl acetate-petroleum 
ether) had m.p. 242-245" dec.; [ a ] ~  + 3 " ;  Amax 5.80, 6.03, 7.92, 
8.08, 11.56 p;  A,,, 240 mp ( e  14,900). 

Anal. Calcd. for C23H23F05: C, 68.29; H ,  7.24; F, 4.70. 
Found: C, 68.48; H, 7.50; F, 5.21. 

17or-Acetoxy-6-chloro-2l-fluoropregna-4,6-diene-3,2O-dione 
(I).-Hydrogen chloride was bubbled into a stirred solution of 
195 mg. of 17or-acetoxy-6~,7~-epoxy-2l-fluoropregn-4-ene-3~20- 
dione in 10 ml. of glacial acetic acid over a IO-niin. period 
and the orange solution was allowed to stand 2 hr. loosely capped 
a t  room t,emperature. After resaturation with HC1, the solution 
was allowed to stand an additional 2 hr., and then was poured 
s10n;ly with stirring into 100 ml. of ice-water. The aqueous 
mixture was extracted with CH2C12 and the extracts were com- 
bined, washed with saturated aqueous SaHC03 ,  water, and 
saturated aqueous XaC1, and dried. The solvent was evapo- 
rated and the residue crystallized on trituration with methanol. 
Chromatography on silica gel using 5% ether-benzene as eluent 
afforded the product (150 mg., m.p. 210-214'). Recrystalli- 
zation from methaiiol gave the analytical sample: m.p. 217- 
219"; [ a ] D  -8" ;  A,,, 5.76, 6.00, 6.23, 6.30, 7.94, 8.11, 11.42 
p ;  A,,, 254 mw ( E  21,200). 

Anal .  Calcd. for Cn3H&1FO4: C, 65.36; H, 6.69; C1, 8.31; 
F, 4.49. Found: C, 65.56; H, 6.95; C1,8.95; F, 4.32. 
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The widespread interest in Cytoxan, which may be 
considered as a nitrogen mustard derivative of 2H- 
1,3,2-oxazaphosphorine (I) ,2  led us to  prepare other 
derivatives of I, with a stilbene or benzylideneindene 
group. One compound showed marked antitumor ac- 
tivity against the Walker 256 tumor in rats (Table I). 

TABLE I 
BIOL~GICAL ACTIVITY 

KB cell testa 
EDaa, -Tumor wLb--- 

Compd. mg./kg. T/C @ mg./kg. Killed @ mg./kg. 

I1 0 . 9  12 1 / 3  25 
I11 33 0.13 250 3 / 3  500 

0 . 8  100 0 /3  250 
v 29 0 . 8  320 3 / 3  640 

a Results of the standard in vitro K B  tumor cell inhibition tests 
carried out under sponsorship of the Cancer Chemotherapy 
National Service Center at  the University of 3liami Cell Culture 
Laboratory and Southern Research Institute. K e  are grateful 
to Professor Slexander Haddoxv, 3Ir. J. E. Everett, and Mr. 
B. C. V. Xtchley  of the Chester Beatty Research Institute for 
data on  toxicity and activity against the Walker 256 tumor in 
rats weighing 200-250 g. Each compound was administered 
as a single i.p. injection in Arachis oil on the day following 
tumor implantation or on the first day of the toxicity observa- 
tion. Tumor bearing animals xs-ere sacrificed approximat,ely 8 
days later and the average weights of tumors in t,reated and 
untreated hosts are reported as the ratio TIC.  

Experimental 

p-Styrylphenylmethylphosphoramidic Dichloride (II).-A mix- 
ture of 13.6 g. of 4-N-methylamin~stilbene~ and 120 ml. of POCl, 
was refluxed 16 hr., then most of the POC13 was removed by 
distillation. Recrystallization of the solid product produced 
almost colorless crystals, m.p. 126-127" (cor.), yield 717& 

Ana l4  Calcd. for CljHIIC12?TOP: C, 55.24; H, 4.38. Found: 
C, 55.05; H, 4.39. 

H 
CH3 N-CHz 

e E = z e k - P = O  / \  CHz 

\ I  
O-CH2 H 

N-CHZ 

\ I  
0-CHz 

@@ N-P=O ' / CHz 

V 
2 4  Styryl-N-methylanilino)tetrahydro-2H-1,3,2-oxazaphos- 

phorine 2-Oxide Monohydrate (III).-A mixture of 9.06 g. of 11, 
2.06 g. of 3-amino-1-propanol, 5.61 g. of triethylamine, and 300 
ml. of anhydrous dioxane was allowed to stand for 12 hr. a t  
room temperature then filtered to remove the triethylamine 
hydrochloride formed. (The 967, yield of triethylamine hydro- 

(1) This investigation w-as supported by  Public Health Service Research 
Grants No. C.4 03717-05-7 from the National Cancer Institute. 

(2) H. Arnold, F. Bourseaux. and N. Brock, Solure. 181, 131 (1958); 
0. hf. Friedman, E. Boger, V. Grubliauskas, and H. Sommer, J .  Med.  
Chem., 6 ,50  (1963). 

(3) A. Haddow, R. J. C. Harris, T. A. R. Kon, and E. M. F. Roe, Phil. 
Trans. Roy.Soc.  London, A241, 147 (1948). 

(4) Analyses by Weiler and Strauss, Oxford, England. 
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rhloride indicated that reaction vas practically coinplete. J 
T11e filt,r:ite w w  evnl)oratcd t o  dryncss :it 20 rnni. prc'-siirc. T11e 
solid was dissolved i i i  'rwiizene, and t lie solution ryas shakeii m-it.h 
a(~i ieo i is  XaC1, then dried (JlgSO,). The product v a s  preoipi- 
t:tted by addition of isohexane. 
melted a t  160-161 O.  

dna l .  Calcd. for C18H23T203: C', 62.41: 11, 6.6$); N, 8.0!). 
I;ound: C, 62.38: H,  6.23; 1, 7.96." 

i u-Inden-1-ylidene-p-to1yl)methylphosphoramidic Dichloride 
ill ') .  - ~A iriisture of 5.0 g. of 1-(4-S-nietliylaniinc,hen~ylide11~,)- 
iiideilPa :ind 50 1111. of POC13 was refluxed for 1.25 hr. under :ill- 

tiytlrous conditions then poured into 1300 nil. of boiling isi~hexant~ 
wit11 stirring. The precipitate which formed after cwoling t o  
- 10' was recrystallized from isohexarict; !-ield 5.0 g. (63";  j: 

Am!.6 Calod. for CliH14C12SOI': C, 58.30; H, 4.03. E ' o ~ u ~ c l :  

Tetrahydro-2-( u-inden-l-ylidene-N-methyl-p-toluidino)-2H- 
1,3,2-oxazaphosphorine 2-Oxide ( V ) . - - ~ A  soliition of  5 .0  g. of I V 
i i l  50 inl. of  nitrobenzene and a solutioii of 1.0; g. o f  : h i i i i i i i o - l -  

~ I Y I ~ L I I I ~ I  i l l  30 1111. of riitriibenzerie wei'e added siriiult:iiieourI~ 
tirough eelxmtte dropping frinnels, dropwise during 36 min., 

to ii stirred soliition of 2 . N  g. o f  triethl-lamine in 100 nil. 
of  nitrobenzene. After 2 .5  hr. mire ,stirring, the  arnirie 
Iiydroc*liloride was removed b\r filtrat ion, and the nit,robenzeiie 
was removed by distillation at 1--2 ni111. The oil>- residue wa> 
wished with one 7 00-ml. portion of boiling iio1ies:rne and foiir 
%O-ml. portions of boiling iwoctane, t her1 recrystallized b)- dis- 
solving in hot benzene and adding isohesane and cooling; yield 
3.2  g. (64r0) ( i f  yellow crystals, m.p. 1:38-110". 

Anal.'' C:tlcd. for CyoH21NnOZP: (1, 68.18: H, 6.01; S, i . 95 .  
Found: C, ii8.10; H, 6.04; 4, 7.89. 

After drying, the white cr. 

(6)  C. T. 13airner. €1. Kinder. D. I3rotherton, J .  Hpiggle, and I,. Gutinan. 
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The  antiiiiitotic' arid a111 iiieoplastic eflec 
urally oc~i i r~%ig t roporioid. cwlchicairie. ar 
arid ext)ensive work has 11eci11 dolie o i l  both t h e  c~heiiii;.;- 

try and the  biologiral ac.tivity of col(*liiciiie.? few 
I i~opolo11c~s also arc l;iio\vri to exhibit thc saiiie cffrc 
111 addit i o i i ,  ilopolories ai'(' I<iimv~i to  po 
agaiiist l)ac*tc~'ia.~ fungi.; aiid viiyi 

( 1 )  l'liis paper u a s  taken i n  part  froill t h?  tilpsis aiit~niitteii h y  R. . I .  
Cornell in partial f i i lf i l ln~ent of the r e q i i i r ~ m e n t ~  {Tic tlle drgrer of 1Iaster < I f  
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TTIien such reactio~is weiv c*amed out. as iridic~at c y 1  

above, t 1 i c ~  roiwsponding 2-iiietha(*ryloxyt ropoiies \ W I Y ~  

obtained iri good yields (50-6.j~c). Of the potential 
niononiers prepared (Ia-Ic), only Ia n-as found to poly- 
~iierize easily. '411 polymerization procedures tried t o  
date on Ib aiid I r  have failed. C o r i i p o u i i d s  Ia -I(- 
showed act ivil y against raiicer in tissue culture t (1st s. J 

l'hc honiopolynrci~ prepared froin Ia'O n-as 1iiorc act ive 
rhan the iito~ioii~cr. lo Coiiipounds Ia arid Ib   mi^ also 
scwcned for, antibariei~ial activity." These Yesults 
m S ~ O W ~ I  111 'I'abl~ I. *IS V:U~ bc SWII f1'0111 Tabk 1. 

Zone of inhil~ition, 
. . uiilth i n  min. 

I:1 1 1 1  

Is  sho\wd a good broad spectrum of ant,ihacierial a(*- 
tivity, but It) shon-rd almost 110 activity a t  all. Thr~ 
honiopolyiiier of 1a also showed a broad spec~triirn of 
aril ibacterial activity. lo 

pared eiiiployiiig i i i ~ b t  hods siniilar to those used to  pre- 
pare Ia-I(.. The structures of these compouuds arc 
shoiw tielow. Of the acylosyt,i-opones (II-VI) s h o w  

1iuinl-~c1~ of 01 her  t ropolonc est ers also 
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Madison, V-is.: agar plate test, U.S.D.A. Circular No. 198, 1931. Earh 
sample was teated a t  100% concentration for acti\.ity against five reprr- 
rrntative bacl.eria species. Kesiilts are expressed as width of zone (in mni.) 
uf y r u n t h  inhibition of t h e  organism. Those compounds showing wide 
zones Tiere worthy of further testing by serial dilution technique over a 
larger number of species. This procedure provides good leads for the 
screening of rtinmicals for more specific activity by other techniques. 
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