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The preparation of eight of the ten possible isomeric carboxynitrophenylphosphonic acids is described. The compound9 
were prepared by oxidation of nitrotolylphosphonic acids, by nitration of carboxyphenylphosphonic acids, or from th r  
diazonium fluoborate. 

The in vitro antitreponemal activity of several 
substituted arylphosphonic and diarylphosphinic 
acids has been described.' In  the course of further 
screening, i t  was found that 2-carboxy-5-nitro- 
phenylphosphonic acid was considerably more 
active than any phosphonic acid previously tested. 
This result prompted us to investigate other car- 
boxynitro-substituted compounds. The present 
paper describes the preparation of eight of the ten 
possible isomeric carboxynitrophenylphosphonic 
acids as well as a number of related acids. The 
compounds prepared, together with their analyses, 
yields and melting points, are listed in Tables I and 
11. The chemotherapeutic results will be reported 
elsewhere. 

p-tolylphosphonic acids were readily oxidized when 
eight moles of potassium permanganate were used 
per mole of tolyl compound. Larger amounts of 
permanganate were needed, however, for the com- 
plete oxidation of the methyl group in the nitro-o- 
tolylphosphonic acids. Thus, one mole of 4-nitro- 
2-tolylphosphonic acid required about fourteen 
moles of permanganate, and 5-nitro-2-tolylphos- 
phonic acid required about eleven moles; if smaller 
amounts of oxidizing agent were used, i t  was 
possible to isolate starting material from the reac- 
tion mixture. In all the oxidations studied a side 
reaction occurred which resulted in the formation of 
significant amounts of inorganic phosphate. This 
was demonstrated by the precipitate of magnesium 

TABLE I 
NITROTOLYLPHOSPIIONIC A N D  PHOSPHINIC ACIDS 

Yield, P N Neut. Equiv. 
Compound % M.P. Calcd. Found Calcd. Found Found Calcd. 

44 
55 
42 

100 
100 

3 
7 
1 

70 

225-228 
222-225 
173-176 
128-146 
156- 158 
228-229 
243-245 
240-250 
235-237.5 

14.27 
14.27 
14.27 
14.27 
14.27 
0 .21  
9.21 
9 .21  
9.21 

14.19 
14.28 
14.00 
14.03 
14.11 
9 .41  
9 .17  
9.29 
0 .21  

6 .45  G.48 
6 .45  6 .32  
6 .45  6 .35  
G.45 6 .31  
6 .45  6 .34  
8 .33  8.27 
8 .33  8 .20  
8 .33  8 .05  
8.33 8.13 

108.6 
108.6 
108.6 
108.6 
108.0 
336.2 
336,2 
336.2 
33G. 2 

108.8 
109.2 
108. G 
108.0 
109.3 
339. G 
335.1 
331.6 
336 ,8  

a Previously prcparcd by A. Michaelis, ref. 6, by the nitration of o-tolylphosphonic acid; m.p. 174'. Previously prr- 
pared hy A. hiichaelis, ref. 6; m.p. 191O. c Prepared by nitration of di-p-tolylphosphinic acid with fuming nitric acid a t  
30-35'; recrystallized from aqueous alcohol. Previously reported by A. Michaelis, Ann., 315,43 (1901); m.p. 194". 

Five of the carboxynitrophenylphosphonic acids2 
wcrc prepared from the corresponding nitrotolyl- 
phosphonic acids by means of the convenient pyri- 
dinc-permanganate oxidation procedure described 
by Morgan and € I ~ r r . ~  The nitro-m-tolyl- and nitro- 

(1)  J .  D. Thaycr, 11. J. hlngnrison, niih M. 3. Cr:ivatt, 
ilnlzbiolzcs and Che?nolhemp?/, 3 ,  256 (1953); G. 0. Doak, 
L. D. Freedman, J. W. Clark, Jr., and E. L. Petit, Anhi- 
biolzcs and Chemotherapy, 8 ,  342 (1958). 

(2)  V L Z . ,  2-carbosy-4-nitro-, 2-carboxy-5-nitro-, 3-car- 
boxy-+nitro-, 5carboay-2-nitro-, and Pcarboxy-3-nitro- 
pheriylphosphonic acids. 

( 3 )  P. W. Morgan and B. C. Herr, J .  Am. Chem. Soc., 74, 
5264 (1952). 

__ 

ammonium phosphate obtained when magnesia 
mixture was added to an aliquot of the cold rcac- 
tion mixture after the mangancse dioxide had been 
rcmovcd. The magnesium ammonium phosphatc 
was rcprecipitnted and finally weighed as magnc- 
sium pyrophosphate. The results obtained in this 
manner indicated that the amount of inorganic 
phosphate formed depended on the starting ma- 
terial and the reaction conditions; as little as 2% 
to as much as 40% of the phosphorus was converted 
to phosphate during the course of the permanganate 
oxidation. No information was obtained concerning 
the mechanism of the conversion of the arylphos- 
phonic acid into inorganic phosphate. 
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TABLE 11 
CARBOXYNITROPHENYLPHOSPHONIC A N D  PHOSPHINIC ACIDS 

Yield, 
% 

24 
35 
55 
51 
79 
14 
16/ 
67 
37 

M.P. 
P 

Calcd. Found 
N 

Calcd. Found 

204-215 dec. 
19 2- 194 
192-194 

230.5-233 
190-206 dec. 

208-218 dec. 
228-238 dec. 
213-217.5 
292-206 

11.68 11.30 
12.54 12.35 
11.68 11.39 
12.54 12.17 
12.54 12.31 
12.54 12.35 
11.68 11.64 
12.54 12.42 
7.83 7.fY.j 

5.28  5 .25  
5 .67  5 .65  
5 . 2 8  5 .20  
5 .67  5 .58  

.5 .67 5.46 
5 .67  5.62 
5 . 2 8  5 .19  
5.ti7 5.60 
7 07 7 .!Yi 

Neut. Equiv. 
Calcd. Found 

88 .4  
82 .4  b 

88 4 
82 .4  82 .3  
8'3.4 82 2 
82 .4  82 .9  
88.4 88.0 
82 .4  8 3 . 5  

153.1 134 4 

b 

b 

a Calcd.: HZO, 6.80. Found: weight loss at loo", 6.27. * When the neutral equivalcrit wus cleteriiiined with thymolphthalein 
in the usual manner, the results were higher than theoretical and not closely reproducible. This fact suggests that  the third 
dissociation constant is abnormally low; cf. H. H. JaffB, L. D. Freedman, end  C : .  0. noak,  J .  Am. Chem. Soc., 76, 1548 
(1954). Calcd.: H20, 6.80. Found: wright loss at 100°, 6.73. *Calcd.: HzO, 6.80. 
Found: weight loss a t  looo, 6.69. 

Drkd  in uucuo a t  100' before analysis. 
Based on p-carboxyphenylphosphonic acid. 

Three of the nitrotolylphosphonic acids (viz.,  
4-nitro-2-tolyl-, 5-nitro-2-tolyl-, and 4-nitro-3-tolyl- 
phosphonic acids) required for the syntheses de- 
scribed above were prepared from the correspond- 
ing diazonium fluoborates. The other two nitro- 
tolylphosphonic acids were prepared by nitration 
of m-tolyl- and p-tolylphosphonic acids. The struc- 
ture of the nitro-m-tolylphosphonic acid obtained 
was not established unequivocally, but i t  is prob- 
ably 2-nitro-5-tolylphosphonic acid for the follow- 
ing reasons: (1) The compound does not form a 
water-insoluble magnesium salt either a t  room 
temperature or when heated. This behavior is 
characteristic of arylphosphonic acids containing 
bulky o-substituents such as the nitro group.4 
(2) The ultraviolet absorption spectrum (6. 
Table 111) resembles that of o-nitrophenylphos- 
phonic acid and is much less intense than that of 
m- or p-nitrophcnylphosphonic acid. Except for a 
slight bathochromic shift, a methyl group not 
adjacent tlo a. nitro group produces little change in 
the first primary absorption band5a of an aromatic 
nitro compc~~ii~id; a mct,hyl group ortho to a nitro 
group causcs a decrease in intensity and a hypso- 
chroniic s!iift.5b The spectra given in Table I11 
arc consi~tcr:f., \r ith these generalizations. (3) It 
has h e n  shc wn+ that  chlorination of m-tolylphos- 
phonic acid yk!& 2-chloro-5-tolylphosphonic acid 
and tha i '  hroniination yields the corresponding 
bromo coinpoii~d. I t  seems reasonable to assume 
that nitration, n-hich is also an  electrophilic sub- 
stitutioti Yi'aci h i ,  gives 2-nitro-5-tolylphosphonic 
acid. 

The i i i  trLl,ioti of p-tolylpliosphoiiic acid has been 
previously ~,nported.~ It has becn generally assumcd 
that thc product is 3-nit,ro-4-tolylphosphonic acid. 
This assumption is, of course, very reasonable sinac? 

(4)  L. 11. Frredman and G. 0. Doak, J .  Am. Chem. Soc., 
77, 6221 (1955). 

(5)  (a) L. Doub and J. M. Vandenbelt, J .  A m .  Chem. 
Soc., 69, 2714 (1947); (b )  W. G. Brown and H. Reagan, 
J. nm.  Chem. SOC., 69, 1032 (1947). 

(6) A. Michaelis, Ann., 293, 193 (1896). 

the phosphoiio group is meta-directing.' Our ob- 
servations are consistent with this formulation, 
for we have found that the nitrated material appears 
homogenous and, when heated with magnesia 
mixturc, gives a 93% yield of insoluble magnesium 
salt. 

TABLE 111 
ULTRAVIOLET ABSORPTION R/IAXIMAa 

First Second 
Primary Primary 

Band Band 
Amax, Amax, 

Compound mir (max I W  emax 

O - O Z N C ~ H ~ P O ~ H ~ ~  251 3,740 208 12,4(J(J 
5-CH3-2-02NCsHJ'OaH2 264 3,390 208 13 100 

2-CH3-5-OzNCsH3POoH2 278 9,700 210 16,300 
~ C H ~ - ~ - O ~ N C B H ~ P O ~ H ~  257 5,130 214 18,200 

2-CH3-402NCaHjPOSH2 271 IO, 900 207 13,880 

VL-OZNC~HIPOIH~~ 263 6,400 210 15,90( 

~ - O Z N C ~ H , P O ~ H ~ ~  270 10,400 213 5,9,50 

~ - C H ~ - ~ O ~ ; ~ ; C P , H ~ P O J &  261 6,980 207 12, !In0 

a All spectra were determined in 957, ethyl alcohoi 
The spectrum of this compound is described in ref. 4, 

but the band at 208 mp was not previously noted. Taken 
from H. H. Jaffk and L. D. Freedman, J .  A m .  Chena. Soc., 
74, 1069 (1952). The band a t  210 m p  for rn-nitrophenyl- 
phosphonic acid was not previously noted. 

Several attempts to prepare 2-nitro-4-tolylphos- 
phonic acid (which wc planned to oxidize to the 
carboxy compound) from the corresponding diazo- 
nium fluoboratc wcre unsuccessful. Although n 
small amount of a phosphonic acid was isolated in 
each case, this material was devoid of nitrogen 
The aiialytical data suggest that  thc unknown ~ 1 ) -  
starice may be a dichlorotolylphosphonic acid. I t  
appears that the behavior of 2 nitro-4-tolucn(b- 
diazonium fluoborate is siniilnr to  that  previous1:"- 
observed with the o-nitrobenzencdiazori~~r~i s a k S  

(7)  A. IC. Goddard iri  J. S. Friend, A Textbook o f  In- 
organic Chemistry, Vol. XI, Part  111, Charles Grifin and 
Co., Ltd., London, 1936, p. 100. 
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Si tratioii of m-carloxypheiiylphosphonic acid 
Lvith aiihydrous iiitrkilcid gave a satisiactory yield. 
ol" a moiioiiitrated compound. The structure of 
this material xis-i~ot proven, but it almost cer- 
tainly is :I.-carboxy-5-iiitrophenylphosphonic acid 
aiiice both the cwboxy and phosphono groups are 
meta-directing. S i t  ration of p-carboxyphenylphos- 
phonic acid uiider similar conditions yielded a mix- 
t ure of 4-carbosy-2-nitro- and 4-carboxy-3-nitro- 
phenylphosphonic acids. The mixture could not be 
:eparated into pure compounds by fractional 
recrystallization from DLV hydrochloric acid. hlore- 
over, the magnesium salt techniqueg could not be 
cmployed in the usual \Yay since neither isomer 
forms an iiisoluble magnesium salt. However, when 
the mixture was esterified to yield the carbethoxy- 
iiitropheiiylphosphoiiic acids, the 3,4- isomer could 
he precipitated by hcating in the presence of mag- 
iicsium ion. The 2,4- isomer left in solution \\.as 
then isolated by a prowdure similar to that used 
I'or o-nitrophenylphosphonic acid.4 

2-Carl)osy-3-iiitropheiiylphosphonic acid \vas 
prepared in moderate yield I"roni the corresponding 
diazonium fluoborate. So convenient syntheses of 
2-carbosy-6-iiit ro or :~-carboxy-2-iiitropheiiylphos- 
phonic acid could be devised. 

A-lll of the cnrboxynitrophenylphosphonic acids 
were exceedingly soluble in water, aiid in general 
were difficult to isolate arid purify. They were less 
soluble in hydrochloric acid, Lvhich was frequently 
used Tor recrystallization. The melting points were 
neither sharp nor calosely reproducible, and in some 
cases melting mas accompanied by obvious decom- 
position. Attempts to dephosphonate seiwal of the 
compounds by heating at  240' yielded only black, 
iiisoluble solids. This is ill sharp contrast to the 
hehavior or' marly arylphosphonic acids. Jvhich on 
heating are cleanly dephosphoiiated according to 
thc 

2109 
ltl'0313t + 1tH + H1'03 

B x i ) m i m s r r . i L 1 l  

4 - . ~ ' i t , , o - ~ - t o l y l p h J s p h o ~ ~ ~ c  ac id  arid his( 4-nitro-2-tolyl)phos- 
phinic acid. 2-~Icth~l-.2-ii i trobcnzeii~dia~onium fluoborate12 
was suspcnded iii cthyl xet t l tc  and treated Mith phosphorus 

(8) ( a )  G.  0. 1)o:ili and I,. I). Frccdman, J .  Am. Chetu. 
Sor.., 73, 5658 (1$)51); (11) I-, I). Frcedmari, H. Tautier, 
(:. 0. I h k ,  and H. J. Magiiusan, J .  :Im. Chern. SOL, 75, 
137!) (1!)53). 

( ! I )  Thjs procctiiire (dcscrihcd i n  ref. 1) drpc~ids (111 the 
fact that most ineia- a i d  para-sutistitritcd :ir~~lphoaphonic 
:icitls yield copious prrcipitates whcn heated with ,magriesia 
iiiixture but most ot,fho-sril)stitritcd acsids fail to  give in- 
~.olul)le magricsiuin aalta. However, a few carboxy-sulisti- 
t i i t c d  ~ihcii!.lphos~'hoiiic :rids do not form ins:ilrtble salts 
('veri i n  thc :ihscncc of orfho grorips, e . v . ,  ni-cxrtiox!.-, 3- 
c,:irl)osL-i-nitro-, 3-cxrboxy-5-nit ro-, 2nd .l-c:tr~ios!,-3-iiitro- 
I,hcri?.lphosphonic acids. 

(10) L. 11. Frrcdman, C;. 0. I h ~ l i ,  ; L i d  1.;. L. l'etit, 
J .  0,s. f ' h e / n . ,  2 5 ,  140 (lW.iO), 

( 1 1 )  Melting point dctermiriations aiid ana1ysc.s wcrc 
prfornicd as prcviously described: cf. ref. 8. 

- ~ 

trichloride a i d  cuprous bromide in the usual nianiier.8.L 
After steam distillation the residual liquid was cooled to 25' 
whereupon the phosphinic acid crystallized. It was washed 
several times with boiling water and purified by reprccipita- 
tion from sodium bicarbonate solution and subsequent rc- 
crystallization from 95y0 ethanol. 

4-Nitro-2-tolylphosphonic acid was isolated and purified 
by procedure A as previously described.88 

5-Nitro-2-tolylphosphonic acid and bis(5-nitro-Z-toly!)- 
phosphinic acid were prepared by the method described 
above. The phosphinic acid was isolated and purified by the 
procedure described for bis( p-bromopheny1)phosphinic acid.I3 

4-Nitro-3-tolylphosphonic acid and bis( 4-nitro-3-tolyl)- 
phosphinic acid were prepared from 3-methyl-4-nitrosniline1 
by the procedure described above. After the steam distilla- 
tion, the residual liquid was filtered hot. The crude phos- 
phinic acid, which remained on the filter paper, n'as purificxd 
by reprecipitation from sodium carbonate solution and S U I ) -  
sequent recrystallization from 95% ethanol. 

2-Nitro-5-tolylphosphonic and 3-nitro-4-tolylphosphonic 
acids. These compounds were prepared by nitrating the ap- 
propriate tolylphosphonic acid by the procedure prcvioiisly 
used for the nitration of phenylphosphonic acid.4 Both coni- 
1)ounds were extremely soluble in water, aqucous acids, SI- 
rokiol, ether, and dioxane. The wide melting point range of 
2-nitro-5-tolylphosphonic acid indicates that  it is slightly ini- 
pure, but  no suitable recrystallizing solvent could be forind. 
By contrast, 3-nitro-4-tolylphosphonic acid melted rathcr 
sharply. This compound could be recrystallized from ti." 
hydrochloric acid, but  this did not appreciably effect its 
melting point or ultraviolet absorption. 

2-Carboxy-4-nilrophenylphosphonic aczd. 4-Yitr0-2-tolyl- 
phosphonic acid (21.7 g.), dissolved in a mixture of 120 1111. of 
pyridine and 70 ml. of water, was oxidized with potassium 
permanganate. After steam distillation to  remove pyridine, 
thc reaction mixture was filtered, stirred for 30 min. with 1.2 
Iig. of Dowex-50 (hydrogen ion form), and finally ptsss'd 
through a Do\vcx-50 column. The resulting solution was cvap- 
orated to  dryness, and the residue recrystallized from 6." 
hydrochloric acid. 

2-Carboxy-5-nitrophenylphosphonic acid. 5-Nitro-2-tolyI- 
phosphonic acid (108.6 g.) \vas oxidized by the procedure de- 
scribed above. After the steam distillation, the rcaction mix- 
ture was filtered and adjusted to  pH 0.8 to  precipitntcl the 
hemi-potassium salt of 5-nitro-2-carbox~~phenylphosphor,ic 
acid. The salt was dissolved in about 7 1. of water, and the 
potassium ion removed by passing the solution through :I 
Dowex-50 column. The free acid was recovered by evaporat- 
ing the resulting solution to  dryness and was then recrystal- 
lized from 3N hydrochloric acid. 

S-Carboxy-4-nitrophenylphosphmic acid was prepared froin 
4-nitro-3-tolylphosphonic acid by a procedure similar to  that  
described above for 2-carboxy-4-nitrophenylphosphoiiic 
acid. Since less potassium permangarlate {vas used, only GOO 
g. of Dowex-50 were required per 0.1 mole of starting mate- 
rial. Purification was effected by recrystallization from con- 
centrated hydrochloric acid. 

5-Carboxy-2-nitrophenylphosphonic acid. This compound 
was prepared and isolated by the procedure used for 3-car- 
boxy-4-nitrophenylphosphonic acid. It was purified by rc- 
crystallization from 9N hydrochloric acid. 

4-Carboxy-3-nitrophenylphosphonic acid was obtaincd by 
the oxidation of 3-nitro-4-tolylphosphonic acid. The solution 
obtained after stirring with Dowex-50 was evaporated t o  
incipient crystallization. The crystals obtaincd on cooling 
were dissolved in water and passcd through a rlo~vex-50 
column. Evaporat,ion of thc resulting solution gave &car- 

(12) Prepared by method 11 A of .1. Roc, Oty. Zt'cudions, 

(13) G. 0. I h a k  and L. D. Freedman, J .  A t t L .  Cheft!. 

(14) A.  MeGookiii arid S. It. Swift, J .  SOC. Cheni. Int i . ,  

204 (1949). 

Soc., 75, G83 (1953). 

58, 152 (1939). 
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boxy-3-nitrophenylphosphonic acid, which was purified by 
dissolution in ether, treatment of this solution with charcoal, 
and evaporation of the clarified solution. 

3-Carboxy-6-nitrophenylphosphonic acid. A solution of 50 
g. of m-carboxyphenylphosphonic acid in 270 ml. of anhy- 
drous nitric acid (Baker and Adamson) was gectly heated for 
about 3 hr. until approximately two thirds of the nitric acid 
was distilled. On cooling the reaction mixture to  -25O, crys- 
tals were obtained which were washed with 8 ml. of cold 
water and then dried in oucuo a t  100". 

4-Carboxy-2-nilrophepz ylphosphmic acid. p-carboxyphenyl- 
phosphonic acid (40.4 g.) was nitrated with 200 ml. of anhy- 
drous nitric acid by the procedure described above for the 
meta isomer. On coo!ing the reaction mixture, 39.6 g. (80%) 
of nitrated material, m.p. 191-200°, was obtained. 

Anal .  Calcd. for C7H6N07P: Neut. equiv., 82.4. Found: 
Neut. equiv., 83.5. 

This material was dissolved in a mixture of 65 ml. of ab- 
solute ethanol and 65 ml. of carbon tetrachloride, and the 
solvents slowly removed by distillation. The residue, which 
consisted of crude isomeric carbethoxynitrophenylphos- 
phonic acids, was dissolved in 200 ml. of 10% aqueous am- 
monia and mixed with 640 ml. of 0.27M magnesium chloride 
solution. The resulting solution was boiled for at least 30 
min. in order to precipitate the magnesium salt of the 3,4 
isomer. The precipitate, after being washed with hot w d e r  
and dried in vacuo, weighed 10.7 g. The filtrate from the mag- 
nesium salt was made alkaline (pH > 10) with 30 ml. of 20% 
sodium hydroxide solution, filtered and then aerated to  re- 
move ammonia. The resulting solution was stirred for 30 
min. with 350 g. of Dowex-50 (which changed the pH of the 
solution to 0.6) and $hen passed through a Dowex-50 column. 
The residue obtained by evaporating this solution t,o dryness 
was recrystallized from 9N hydrochloric acid to yield pure 
4-carboxy-2-nitrophenylphosphonic acid. Obviously, the 
ester was cleaved to the free carboxy group during the course 
of the separation procedure. Mixed melting point of the pure 
acid with authentic 4-carboxy-3-nitrophen~.lphosphonic acid 
(the preparation of which is described above) was 191-198" 
with decomposition. 

2-Carbozy-3-nitrophenylphosphonic acid. 6-Nitroanthranilic 
acid15 (35 9.) was converted to  the corresponding diazonium 
fluoborate in 73% yield. The dried salt was suspended in 
ethyl acetate and treated with phosphorus trichloride and 
cuprous bromide in the usual manner.Ba After the steam dis- 
tillation, the residual liquid in the distilling flask was filtered 
from tarry material, all of which was alkali-insoluble, and 
the filt'rate was evaporated to 125 ml. The crystalline solid 
obtained on cooling was dissolved in aqueous potassium 
hydroxide (30%), and the pH adjusted to 7.6. The resulting 
solution was treated with charcoal and then acidified to  
Congo Red. The precipitate obtained was dried and extracted 
with ether in a Soxhlet apparatus in order to remove un- 
phosphonated organic acids. The ether insoluble residue was 
dissolved in warm water and passed through a Dowex-50 
column in the hydrogen ion form. The effluent was taken to 
dryness, and the solid recrystallized from 6N hydrochloric 
acid to yield pure 2-carboxy-3-nitrophenylphosphonic acid. 
A second crop was obtained by evaporating the original 
filtrate from 125 ml. to 15 ml. The solid thus obtained was 
purified in the same manner as the main crop. 

Bis( ~-carbozy-5-nitmphenyl)phosphinic acid. Bis( 5-nitro- 
2-toly1)phosphinic acid (16.8 g.), dissolved in a mixture of 
75 ml. of pyridine and 75 ml. of water, was oxidized with 125 
g. of potassium permanganate. After steam distillation, the 
reaction mixture was filtered, decolorized with charcoal, and 
then added slowly, with good stirring, to 150 ml. of 6N hy- 
drochloric acid. The phosphinic acid, which separated on 
cooling, was removed by filtration and recrystallized from 
90% aqueous. acetone. 

ilclcnowledgment. The authors wish to thank RIiss 
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CHAPEL HILL, S.  C. 

(15) R. Kahn, Bcr., 35, 3857 (1902); see also hi. T. 
Bogert and V. J. Chambers, J .  A n i .  C'hem. Soc., 27, G49 
(1905). 

[CONTRIBUTION FROM THE CHEMISTRY DCPARTMCST, UNIVERSITY OF COLORADO] 

Stepwise Chlorination of 1,1,2-Trifluoro-2-chloroethyl n-Propyl Ether' 

J.  I). PARK, L. H.  CU;LIRiISGS, G .  PAF'LOW, F. 11. HAMMOCK, A ~ D  J. R. LACHEIt 

Iieceived iVovember 19, 1959 

The stepwise photorliemical chloriiiatioii of 1,1,2-trifluoro-2-chlorocthyl n-propyl ether \\as carried out and the products 
wcrc isolated and identified. 

Previous described the methods for 
the preparation of several fluoroalkyl ethers arid of 
their chlorinated derivatives. 

( 1  ) This paper rcprcscnts parts of a thesis su1)iriittcd t ) y  
( i .  Psvlov to thc Graduatc School, Universit'y of Color:ttio, 
i n  1)artial fulfillment of thc rcquirernciits for thc P11.D. 
cl(agrrc, June 1958, and parts from the Mastcr's thesis of 
F. 51. Hammock, submitted to the Grnduatc School, Uni- 
vcmity of Colorado, August 1959, whose current address 
is IT. H. Air Force Academy, Colorado Springs, Colo. 

( 2 )  J. D. Park, 11. K.  Vail, K.  R. I,ra, and J. It. Larhcr, 
J .  A m .  Chem. Soc., 70, 1550-52 (1048). 

( 3 )  J. D. Park, D. 11. Griffiil, and J .  R. Lacher, J .  ,4m. 
Chem. Soc., 74,2292 (1952). 

( 4 )  J. D. Park, Buck Stricklin, and J. It. Lachcr, J .  .4m, 
C h e w  Soc., 76, 1387 (19.54). 

The present paper reports a study of the step- 
wise photochemical chlorination of 1,1,2-t rifluoro- 
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