
crystallizatiori from 25 ml. of methanol gave fine yellow crystals 
with m.p. 182.5-184'; ~ ~ 7 ~ ~ ' '  3.03 p (N-H stretching), 5.76 p 
(ester C=O). 

Anal. Calcd. for C23H2aX4011: C, 51.88; H, 4.54; S, 10.52. 
Foiind: C, 51.86: H, 4.79; N, 10.21. 

2,4-O-p-Dimethylaminobenzylidene-~-ribose Di-n-propyl Di- 
thioacetal (X).-D-Ribose di-n-propyl dithioacetal (1.1 36 g., 4 
mmoles) was added to  a solution of p-diniethylaniinobenzalde- 
fiyde (0.672 g., 4.5 ninioles) in 3 nil. of dioxane, and the solution 
was cooled to 5-10'. To this was added a mixture of 2 nil. of 
c~incentrated HC1 (sp. gr. 1.16) and 5 nil. of water, previously 
cooled to 5-10', and the resulting mixture was shitken vigorously 
with intermittant cooling for 20 min. A yellow soliition was 
obtained which was poured into a separating fiinnel containing 
100 ml. of ethyl acetate as well as 120 ml. of satiirated aqiieoiis 
NaHC03 sohition. The ethyl acetate solrition was then washed 
twice with 50 ml. of cold water and dried (Na2S04). Evaporation 
of the solvent iinder reduced pressure yielded 1.4 g. of a yellow oil. 
Crystallization was accomplished with the aid of a mixtiire of 2 
ml. of ethyl aretate and 8 nil. of petroleiim ether ( b , ~ ,  60-80"). 
yieldiiig 0.73 g. ( 4 . 4 5 )  of a crystalline material with m.p. 125- 
127': YC?:,"'~ 2.82, 2.94 p (OH). 

.Inal. Calrd. for C?oH33N04S2: C, 57.84; H, 7 . ! ) 5 ;  X, 3.37. 
Foiind: C, 37.41. H, 7.88; N, 3.07. 
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111 earlier papers1,* we have reported that some arylphosphonic 
( ArP03H2) and diarylphosphinic (4 r2P02H)  acids have appreci- 
able in vitro activity against Treponema pallidurn, the causative 
agent of syphilis. The preparation of eleven of the acids tested2 
has not yet been described. Nine of these were new compounds 
while two were known compounds which we prepared by methods 
different from those used previoiisly. The present note describes 
the preparation and chemical properties of these eleven com- 
pounds. Their analyses, yields, and melting points are listed in 
Table I. Ultraviolet absorption data for some of the compounds 
are given in Table 11. 

Experimental Section 

p-Iodophenylphosphonic Acid.-Dry p-ic)dobenee~iediazo- 
nium fluoroborate was suspended in isopropyl acetate and t'reated 
with PCl3 and CuRr in the usual manner.3 After the reaction 
mixtiire was hydrolyzed and steam distilled, the residual liquid 
in the distilling flask was filtered while hot in order to remove a 
brown oil. The filtrate was evaporated on the steam bath to 
incipient crystallization and then cooled. The crude phosphonic 
acid thus obtained was recrystallized from water. 

p-Acetylphenylphosphonic Acid. A. From the Diazonium 
Fluoroborate and PC13.-p-Nitroacetophenone (Eastman) in 
ethyl acetate was reduced with Raney nickel and hydrogen a t  
3.5 kg./cni.l (50 Ib.). After the catalyst was removed, the 
amine was isolated by evaporating the solvent in uucuo and 
piirified by recrystallization from 95yo ethanol. The yield of 
piire p-aminoacetophenone was 82%, m.p. 105-107" (lit.4 m.p. 
I O6-1Ui0). 

(1) G. 0. Doak, L. D. Freedman. .I. !I-. Clark. J r . ,  and E. L. Peti t ,  A n t i -  

(2) L. D. Freedman, G. 0. Doak. and J. TV. Clark, J r . ,  Clin.  .Wed.. 71, 

( 3 )  G .  0. Doak and L. I). Freedman, . I .  A m .  Chem. Sot.., 73, 5658 (1Y5l). 
(-1) J .  1'. .J. IXppy an(1.J. €I. M'oo<I, J .  Cliem. Soc . ,  271Y (lY4Y). 

biot.  Chemotherapy .  8, 342 11958). 

351 (1964). 

p-  Acet ylbenzenediazoniiim fluoroborate was prepared from the 
above amine and allowed to react with PCla and CuBr in ethyl 
acetate. The phosphonic acid was isolated in the usual manner 
and was piirified by procedure A as previously de~c r ibed .~  Before 
analysis, it was dried in DUCUO at 100". 

B. From p-Aminophenylphosphonic Acid and Acetaldoxime. 
-p-Aminophenylphosphonic (phosphanilic) acid6 (43.3 g.) in 
200 ml. of 3.4 AY H?SO4 was diazotized at  0-5". The resulting sohi- 
tioii was iie.itralized to cwngo red and then allowed to react with 
acetaldoxime iuider c-onditions similar to those described for the 
coilversion of p-chloroaniline to p-c,hloroacetopherione.6 After 
the reaction mixture was acidified to congo red and made eveii 
more strongly acidic by the addition of 230 ml. of roilcentrated 
HC1, the soliltion was evaporated on the steam bath to 100 ml. 
and cooled, whereupon critde p-acetylphenylphosphonic acid 
crystallized. It was piirified by extraction with absolute alcohol 
i n  a Soxhlet apparatiis, evaporation of the resulting solution to 
dryness, and recrystallization of the residue from 6 .\- HCI. The 
iiifrared spectra of samples of p-acetylphenylphosphonic acid 
made by both methods were identical. 

m-Phenoxyphenylphosphonic Acid. vi-Bromophenylphos- 
phonic acid' (5.0 g.) was allowed to react with phenol, K2C03, 
and copper powder under conditions similar to those described 
for conversion of o-hromophenylphosphonic acid to the corre- 
sponding phenoxy compoiind.* When the reaction mixture 
was steam distilled (to remove excess phenol) and then acidified, 
the hemipotassiil.m salt of m-phenoxyphenylphosphonic acid 
crystallized from soliitioii. This salt was added to 100 ml. of 
boiling 6 -V HCI, and siifficieiit 957; ethanol was added to dis- 
solve the siispended solid. The solution was cooled and extracted 
with three 30-ml. portions of benzene. The benzene layers were 
combined and evaporated to dryness. Recrystallization of the 
residue from a mixtiire of heptane-toluene ( 1  : 2 )  yielded pure 
material. 

p-Phenoxyphenylphosphonic Acid.-The method used to pre- 
pare and isolate the hemipotassium salt of p-phenoxyphenylphos- 
phonic acid was similar t o  that described for the ortho and meta 
isomers. The free acid was obtained by recrystallization of the 
salt from a mixture of 1 vol. of 
HC1. 

2-( p-Tolyloxy )phenylphosphonic Acid and 2 4  p-Tolyloxy )- 
p-tolylphosphonic Acid.-o-Bromophenylphosphonic acids and 
2-bromo-p-tolylphosphonic acidg were allowed to  react with 
redistilled p-cresol under conditions similar to those used in the 
preparation of the phenoxy derivatives. The hemipotassium 
salts obtained were converted to the free acids by recrystallization 
from a mixtiire of 1 vol. of 95% ethanol to 2 vol. of 6 .Y HC1. 

Bis(p-phenoxypheny1)phosphinic Acid.-An intimate mixture 
of 8.0 g. of bis(p-bron1ophenyl)phosphinic acid,' 20 nil. of re- 
distilled phenol, 10.0 g. of anhydrous K2C03, and 0.2 g. of copper 
powder was heated iinder reflux for 16 hr. ilfter the excess 
phenol was removed by steam distillation, the reaction mixture 
was filtered arid then acidified to congo red. The crltde phos- 
phiriic acid thus obtained was plirified by recrystallization from 
acetoiie-absolute alcohol ( 1  : 2 ) .  
2-Nitro-5-bromophenylphosphonic Acid.-A solution of T I L -  

broniophenylphosphonic acid' (10.0 g.) in 50 ml. of fuming H N 0 3  
( d  1.5) was evaporated to dryness, and the residue was recrystal- 
lized from 3 *Y HCI. The structure of this phosphonic acid was 
not established uneqiiivocally, biit it is probably 2-nitro-5-bromo- 
phenylphosphonic acid for the following reasons. (1) The com- 
pound does not form a water-insoluble magnesium salt either at, 
room temperatiire or when heated. This behavior is characteris- 
tic of arylphosphonic acids containing bulky ortho substituents 
siich as the nitro groiip.lO ( 2 )  The nitration of m-bromoben- 
zenearsoiiic arid :\.ields 2-nitro-5-bromobenzenearsonic acid," 
and the nitration of ni-bromobenzoic acid yields mainly 2-nitro-5- 
bromobenzoic3 acid.12 Since the electronic structure of the phos- 

ethanol to 3 vol. of 6 

( 5 )  G .  0. Iloak and L. D. Freedman, J .  A m .  Chem. Sor., 74, 753 (1952). 
(6) rV. F. 13eecl1, J .  C h e m .  Sor. ,  1297 (1934). 
( 7 )  G .  0. Doak and L. I). Freedman, J .  Am. Cliem. Soc., 75, 683 (1953). 
18) L. I). Freedman and G. 0. Doak. J .  O i g .  C h e m . ,  23, i69  (1858). 
(9) The preparation of 2-liromo-p-tols.lphosp11onic acid and bis(2-bromo- 

p-tolg.l)pliosphinic acid hare  been previously descrilied [L. D. Freedman, 
H. Tauber,  G .  0. Doak, and H.  J. illasnuson. J .  Am. Chem. Sor. ,  76, 1379 
(1953) 1 hut  were erroneously called "2-I3r-5-CH3CsH3POaHI" and "(2-Br-5- 
CHGHi)rPO?H,"  respectively. 

(10) L. D. Freedman and G. 0. ])oak, ih id . ,  77, 6221 (1955). 
(11) H. .J, Harlier, J .  Chem. Soc.,  2353 119'29). 
(12)  .I. 1;. Hullernan, Ret.. t r m .  chim., 20, 206 (1901). 
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Yield, 
Cornxid. v i  

p-Iodophenylphosphonic acidd :30 
p-Acetylphenylphosphonic acid' 4,' IO" 
tn-Phenoxyphenylphosphonic acid 45 

2-Sitro-5-bromophenylphosphonic acid' SO 

2-( p-Tolyloxy )pheiiylphosphonic acid 
2-( p-Tolyloxy)-p-tolylpho~phoiiic arid 66 
Bia(p-iodopheny1)phosphiiiic arid K3 

4,4'-Phosphinicobis( 3-bromohenzoic acid pL 16 

p-Phenoxyphenylphosphonic acidh 78 

Azoxydi-p-pheiiylenediphosphonic. acidk 7 9 _- a I 

Bis( p-phenoxypheny1)phosphinir acid 76 

Melting uoints were taken as ureviouslv described: c f .  

11 r, " (  ' 

221-223 
163-167 
92 3 93 .5 
173 .5-174 3 
214-21idec I 

270-27.5 de(.. 
'03-204 
191-190 
20Y-210 
203-206 
27s-282 

l'hosgllor 
Calrd. 

10.91 
1 .5 .4x 
12.  ;3x 
12.38 
I O .  9s 
1 7 . 2 9  
I 1  . i 2  
1 1  , 1;s 
6 ,50  
7 . 7 0  
6.6s 

ref. 3 ,  Phosuhorus \vas determined h\  the niethod of €3. C. Staiiley. S. H. 
Yannier, 1,; i). Freedman, and (;: 0. Doai ,  .-L-nal. Chem:, 27, 474 (1955).- The indicator used fijr the phosphoiii(~ ac,itis was ;h>.inol- 
phthalein; 1 he indicator used for the phosphinic- acids was phenolphthalein. Previously prepared by ( i .  11. Kosolapoff [ J .  . I r n .  Chcrti. 
Sor., 70, 346j  (1948)1 uia the Pandnieyer reartioil. Anal. C d i d . :  C. 4R.01: H .  4. Fouiid: C, 47.!)0: H, 4.34. 1 Froni p-  
:tc.e~ylheiixeiiediazoilirnrl fluorohorate. " Previously prepared as :i ~i i~~nohydra t  e t)), i\. ('. 
1):ivies and C. J. 0. R. JIorris [ J .  C'hetn. Soc.. 2880 (1932)] via the Frietlel--('rafts renrtiori. . I  nal. C a l d . :  Br, 2S.34: S .  4.:)7. 
Found: Br,  2S.38: N. 4.96. 1 This decwniposition point was observed when :i saniplr was placed on  the melting point t)loi.k preheat rtl 
l o  205' atid the temperature of the block x i s  slowly raised. . lnal .  C d i d . :  (', 40.24; H. :3.:38; X, 7 .N .  Found: (', :39.!)4; F I ,  
:3,20; ?;, 7.60. 1)eterniinatioii of this neutral equivalent was i i o t  c~oiiveiiipnt lieixiise of the yelli~w roliir of dilute solilt ions ( i f  t I I P  
c~oiiip~~uurl. .I nal. Calcd.: Br, :34.44. Found: Br, :3:3.<lS. 

0 From P-ariiiiiopheIiylpliosphoiic arid. 

TABLE I1 
uL1.RAVIOLE.T z~BSORPTION ~ ~ A X I ! d A "  

Cornpd. A,,,,, l l l i i  

p.4cel ylpheiiSlphosphonic acid 240 

m-Phenoxypheiiylphosplioiiic acid 208 
284 

2 7 2 . 5  
278.5  

p-Phenoxypheiiylphospho~ii~~ acid 236 
,>-- - 
- 1  I . J 

Bis(p-phetioxypheny1)phosphiriic acid 246.5 
2-Nitro-.i-bromopheii3.Iphosphonir acid 264.5 
(Azoxydi-p-phenylerie)diphosphoiiic. acid 231 . 3  

268,5 
:3si ) 

'",a\ 

15, 700 
1 , 600 

2<5,xoo 
1 ,960 
2,220 

1.5, i 0 0  
1,190 

29,500 
.i,800 
h ,800 
!4 ,880 

1'3,000 

' j  All qlectra were determined iii 95(,1; ethyl ttlrohol b y  the 
procsedure previously described by H.  H. Jaffi. aiid L. I ) .  Freed- 
man, J .  A m .  Cheni. SOC., 74, 1069 (1052). 

phoiio groitp is very similar to  that of the arsono group and also 
resembles that of the carboxy group, it seems reasonable to as- 
slime that the nitration of rn-bromophenylphosphonic acid gives 
2-nitro-5-hromophenylphosphonir acid. 

Azoxydi-p-phenylenediphosphonic Acid.--A solution of p -  
nitrophenylphosphonic acid3 (4.87 g.) in 25 ml. of water was added 
to a solution of 4.32 g. of arsenic oxide and 7.2  g. of NaOH in 25 
ml. of water. The resulting mixture was refluxed for 8 hr. and 
then cooled. Acidification yielded a red precipitate which was re- 
crystallized from a mixtiire of eqiial volumes of 9557, ethanol and 
6 S HCI. The iiltraviolet absorption spectrum of this (*om- 
poiind is similar to that of azoxyben~ene, '~  which has maxima at 
231 niw ( E X300), 260 (7000), and 323 (14,NO). 
Bis(piodopheny1)phosphinic Acid.-Bis(p-anii~iophenyl)phus- 

phiiiiv arid5 (5 .7 g.) in 25 ml. of water and 4.0 nil. of concentrated 
H2S04 was diazotized a t  0-5" with 3.5 g. of NaXO? in 6 ml. of 
water. The resiilting soliition was filtered from a trace of undis- 
solved material and then added dropwise to a soliition of 17.5 g. 
of KI and 17.5 g. of iodine in 25 ml. of water. The reaction mix- 
tiire was stirred for 1S hr. at room temperatiire, and the precipi- 
tate of critde product u-as removed by filtration. I t  was purified 
by srispension in 100 ml. of 107; aqueous sodium bisulfite and 
siibsequent recrystallization from 50% aqueous ethanol. 

4,4'-Phosphinicobis( 3-bromobenzoic Acid).-Bis( 2-hromo-p- 
toly1)phosphinic acid9 (5 .0  g,), dissolved in a mixture of 25 nil. of 
pyridine arid 15 ml. of water, u-as oxidized with 25 g. of K l I n 0 4  
by the method of  JIorgan arid Herr." After the excess pyridine 

(131 1'. H. Gore and 0. H. Wheeler, J .  dm. Chem. Soc. .  78, 2160 (19%). 
( 1 4 )  1'. IT.  hiorean and 1%. C. Herr,  hid.. 74, 5264 (1952). 

was renioved by steam distillation. t,lie reaction niixt,urc was 
filtered, decolorized with charcoal, and evaporated to 100 1111. ~ I I  

the steam bath. The resiilting solutioii n-as added slowly willi 
good stirring to 100 ml. of 10yc HC1, whereupon the cariid(J 
carboxy compound separated from soliition. I t  was piirified hy 
recrystallization from aqiieoiis acetone. 
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Substituted 1,4-Diazepin-2-ones 

In view of crirrent iiitere-t in  1,4-benzodiazepiii-2-~iiie~ it. 

otherapeiitic agents,' a program to prepare novel andog> 
screened for pharmacological activity was initiated. Since 

the procedures iised to prepare these analogs were essentiallv 
those described in the literat\ire,2 no experimental details :ire 
herein presented. 

Compounds I and I1 (Table I )  were prepared by Friedel- 
Crafts reacti0ns.l Compounds 111, IV, and Jv (Table I )  xeri' 
prepared from 6-chloro-2-met~hyl-4H-3,I-henzoxazin-4-o1~ 
Grignard syntheseslh,* in yields of 20 (including hydro 
38, and 397& respectively. The preparation of the (;rignard 
reagents from the appropriately rithstituted bromohenzene-; 
failed in ethyl et her but proreeded satisfactorily in reflnxing tetra- 
hydrofi1rari.j The acetamides oht ained as Grignard products 

[ I )  B, .I. Cliildress and 11. I. Gluckrnan, , I .  ['harm. S c i . ,  53, 5;; [ lY64),  
and references cited therein. 

(2) (a) L. H. Rternbacli, b:. Keeder, 0. Keller. and W. l\Ietles~cs, J .  Ora. 
Chem., 26, 4488 (1961); ( I , )  I.. I f .  Sternl~acli. R. 1. Fryer, R. lfetlesics, G .  
Sach, and .i. Stempel, ib7d.. 27, :<is1 (1962). 

(3) h. J .  Tomivek anti 13. E. Christensen, J. A m .  C h e m .  Su<c. 70 ,  242.3 
11948). 

(4)  \V, c'. Lotlirop arid P. .\. Goodwin,  iGid. ,  66 ,  36X ( 1 Y M ) .  
(.i) W. .J. Gender and .J. E. Btauffer 1.1. f J r y .  Chein., 23, 908 (1958j1 re- 

ported their failure to prepare :I,-L-methylenediosyphen~lma~nesi~~n~ liromidr 
and cited the difficulty of others  in preparine or~anoma~nes i l l rn  oompi,unrla 
from t h e  related 4-bromo- ani1 -L-iodl,v~ratrolefi. 


