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· {7i) . We, GAF CO&PORATION, a corpor­
atio~ organized and ·existing tinder the laws 
of. the State of Deiaware~ United St.ates of 
Am.erigi,, having itS main offi~ at 140 West 
51~t Str~~. City,, Q>unty and State of New 
York, United States of America, do hereby 
declare the invention for which· we pray 
that a patent may be granted to us, and the 
method by ·which it is to be performed, to be 
particularly .described in and by the followfog 
statement:"""""" . . . . . .· .. 

This invention ;relates to new and useful bis 
haloalkyl phosphonic acid an.hydrides par­
ticularly. to bis 2-haloalkyl ·phosphonic acid 
ailhydrides,: and·. especially· to. bis beta~ 
chloroethylphosphonic acid anhydride. 
· The• preparation .of phosphonie acids is 

kno:wn in . the art and. in general t1ie 
phosphoxµc acids· are produced·· by the 
hydrolysis of a corresponding ester in the 
pr~nce. of a minerfi.l acid. These processes, 
ho'rev'er,. are ·.not · ge~erally. sUjt.a~le for 
~mmetci~ . prodµction of such acids, ai:id 
fu . paftic~lat . to the. · pr?dµction of 

:a1riii1i!~r~~~~Y~~hop~g=ph~h~rJZ: 
R,e,aetions . '(Page ' · · 139). .J.ohil.. · . Wiley 
a,nd SoµS. (1950), discloses producing beta• 
cbloroethylpµospho.ni~ acid· by the· hydrolySis 
of ·bis . (2-chloro~thyl) .' peta~ ··chloroethyl~ 
ph?spho11a:te .. ·This .. Pro~s •. however, _re­
qmres ·~· ·J~ge 'excess of··· acid whfoh 
must be neu4a~ and in additi9n produces 
t9x}c e~yleri~ chlor<;>hyd.tm' a~ a by~product 
~~ch ·1s not~C9mpletely removed even. after 
~v,porati9119f- ~ter, an evaporation which 
ra~~s: the cost.'. of the process.·· Moreover. 
tI:i~ hydrolysis' reactl()ll proceeds· veiy 'sfowly' 
r~uirbig a~ mu<;:h, as three days to effect 
completion thereof. . . ' 

In the co-pending application · 15882/68 
(Serial No. 1187002) there is described an 
improved method for the production of 
aliphatic phosphonic acids in which the 
aliphatic group is an alkyl or bet.a-haloalkyl 
group containing up to six carbon atoms 

[Price 25p] 

by cont.acting an ester of the. aliphatic 
phosphonic ·acid_ which is st.able. at a 
temperature of :above about 140oC, ·e~g. one 
represented by the fQllowing general formula: 

O· OR2 

II/ .. 
R'-P 

.. "'"' 
OR3 

• 

wherein R 1 , R~· and R3 are -~elected· from 
alkyl and J:!-haloalkyl·groups containing up to 
6 car.hon atoms, with anhydrous hydrogen 
bromide or ·hydrogen chloride,. at a tem­
perature. above· about -1400C and below ·the 
decomposition temperature of the ester. 

We have now.discovered .that-the product 
of the said reaction cont.ams, .in addition to 
the· expected aliphatic phosphonic acid, ·a 
substantial amount of .· neW" .and·· useful bis 
aliphatic phosphonic an.hydrides,. .which· may 
be.recovered therefrom in '·high purity. These 
n~vel · bis·· aliphatic • phosphonic ··acid, anhy­
dndes may be hydrolyzed to. the aliphatic 
phosphonic a~id; and for· many applications 
the mixture of aliphatic phosphoilic acid and 
bis-alip~tic phosphonic .acid··anhydride may 
be used.as produced,:. , · ., .> • · . 
·: .· A~rding· to one aspect ·of this invention 
we provide a: · bis aliphatic phosphoniC: acid 
anhydride .. represented· ·by· the general .. for~ 
mula: ,. · · · 

. 0. 0' .•· . 

... 11 . II 
:.R-P-0-P-R 
. .... '!,:· ... L. .. 

. : . OH' . bH ·· . ., 
:; 

·.: . 

M•:'•. 

wherdn. each){ feprese.iit~ .a .ha.io~k)rl g~oup 
of 2 to 6 carbon atoms mclus1ve. 

According to another aspect of this inven­
tion we provide a composition comprising a 
mixture of: · 
1. an aliphatic phosphonic acid of the general 
formula: 
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II . .. water and rapidly hydrolyze to chloroethyL 
R-P-OH · ··.. phosphonic acid. Neutralized solutions of the· 

· I · · pyro acid are quite stable. 
··OH· and Although both beta-.chloroethyl .. · phos".' 

2. A bis aliphatjc<phosphonic acid anhydride phonic acid and pyro (beta~chloroethyl-
. of the generalformula: phosphonic acid) contain two · acid 

0 0 · functions; the potentiometric titratioP. 
II · n · curves of the two compounds differ greatly. 

R-P-0-P-R Two inflections between pH 4 and 5,8 and 
.. I · I between pH 8.6 and 10 oecur in the titration 
OH OH of an aqueous.· solution. of beta-chloroethyl 

wherein each R represents a haloalkyl group 
of. 2 to 6 carbon atoms inclusive the ratio of 
the acid to anhydride being in ·a ratio range 
of 1: 9 to 9: 1 by weight. 

The present invention will be described 
with: particular reference to bis~(beta­
chloroethyl phosphonic acid) anhydride and 
mixtures thereof with beta~chloroethyl phos­
phonic acid, since this. anhydride is of 
particular interest as exerting hormonal effect 
in plants. The oompound. bis-(beta­
chloroethyl phosphonic acid) · anhydride 
alternatively named bis-(beta-chloroethane­
phosphonic acid) anhydride (C-EPAA) or 
Pyro (beta-chloroethylphosphonic ··acid) has 
hitherto been unknown. The new com­
pound behaves in ·. similar fashion to 
chloroethane phosphonic acid on · plants, 
We are not certain of the mechanism of 
the anhydride's action in· plants, although 
presumably it acts as does· chloroethane 
phosphonic acid, by releasing ethylene itself 
or through promo~on of ethylene-formation 
by entjmatic action. · · · 

The properties ·of· pyro (chloroethyl­
phosphoitlc acid) and chloroethyl phos. 
phonic acid differ in a mariner similar to 
those of orthophosphoric acid· and· py· 
rophosphoric acid. insofar·as the two· systems 
can be compared. The pyro acid has a 
higher melting point, is a stronger acid and is 
hydrolyzed in aqueous solution. · 

The hydrolysis of · pyrochloroethyl · phos~ 
phonic acid requires conditions similar to 
those necessary for the hydrolysis of 
pyrophosphoric acid. In dilute ··aqueous 
solution at room temperature the rate of 
hydrolysis is very slow. The pyro acid can 
be titrated in aqueous solution without the 
occurrence of detectable hydrolysis. In dilute 
aqueous solution (0.1 % or less) co~plete 
hydrolysis requires 4 hours ~t steam bath 
temperature. Hydrolysis occurs more rapidly 
as the concentration is increased because of 
the increased._hydronium ion .concentration. 
Fii:ie crystals of pyro .(c~oroethylphosphoitlc 

phosphoitlc acid with •dilute · · sodiuin hy­
droxide. The titration curve of pyro (ch­
loroethylp4osphonic acid) obtained in the 
same manner shows only one inflection 

· between pH 4.5 and 9.5. The two acid 
functions on the pyro acid cannot be 
differentiated and . the base consumed at the 
endpoint of the titrationis equivalent to·~he 
total acid present. The . ionization constant . 
calculated froin the titration curve for the 
pyio acid is 7.6 lQ-3. The calculated 
constants for beta-chloroethyl . phospQ.onic 
acid are "3.2 X 100~3 and 8 .. Q X 10:-s. · .: .·· 

Another important. chemical differe~ 
between the two .compounds lies in . their 
action with warm excess base; The evolution 
of ethylene at 70oC in excess aqueous ·base 
from pure· • chloroethane · phosphonic · · acid 
is quantitative, while; under the · saine 
conditions, .. CEPAA · releases rio ethylene. 
The new compound is much less ·soluble 
in anhydrous ether than · is cl:tloroetharie 
phosphonic acid; Highly purified·. CEPAA, 
washed with anhydrous ether several· times, 
melts at 96.5-98.5!>C. It is a white hygroscopic 
solid;. 

While the novel ·bis allphati~ phQSplio.mc 
acid an.hydrides (or pyroaliphatic phospli0nic 
acid) of the present invention may "b.e 
produced by the use of $traight.dehydration 
techitlques on the corresponding a.J,iphatic 
phosphoitlc acid, . we prefer to employ: the 
process djsclosed in the above-mentioned 
co~pending applic8;tion ·· 15882/6~ (Seiia.J .No; 
1187002) viz. the passage of arihydrous.HO 
(or HBr) gas through a bis-aliphatic ester of 
the corresp_onding aliphatic phosphoitlc acid; 
Although there· are several. D:let:hod~ poSsl.ole 
for the formation of the ,anhydride~ the ID.9st 
reasonable ~me appears to be tlle,clea~ge.()f 
the bis. ester of · the··.· aliphatic phosphoriic 
acid with hot arihydrous· HQ. .tO .the aliphatic 
phosphonic acid and tlie . dehydratio~. o~ ·the 
acid to the anhydride in the·. presen¢e .o.~. tb.e 
hot HCl gas, as represented by .the follC;>wirig 
equatio~s · · · .· 
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0 OR2 0 OH. 

I 
111/ 

R-P HCl 
111/ 

+R2Cl+R3Cl R-P 
\.. 

"'-oR3 -- "' a ·OH 

0 OH 0 0 
1 11/ II II 

. II .R-P ·HCl R1-P:..0:-P-R 1 + H 0 

o~ ok 

2 

"' .--+ 
OH A 

wherein R1, R2 and R3 are as defined below. 
We do not, however, wish to.be held to any 
theory of operation. · 

Without HCl at elevated temperatures, a 
very impure anhydride occurs. In the case of 
bis (2-chloroethyl) · beta-chloroethyl · phos­
phonate~ the impurities introduced are· due to 
dehydrohalogenation of chloroethane· phos­
phonic acid or CEPAA itself to yield un­
saturated compounds. The use of HCl 
obviously represses the dehydrohalogenation 
reaction in the direction of the desired CEPAA. 

The esters which may be cleaved and dehy­
drated in our preferred process of producing 
the novel bis aliphatic phosphonic acids of 
this invention ate represented by the following 
general formula: 

0 OR2 

1 11/ 
R-P 

"'-oR3 

wherein ..R2 -arid R 3 are either art alkyl group 
or a haloalkyl group,'preferably a 2~haloalkyl 
group, not containing more than six caroon 
atoms wherein the halo group is either fluoro; 
chloro, bromo or iodo; and R 1 is a C2-C6 
haloalkyl group. 

The· hereinabove mentioned ·esters having 
identical R1, R2 and Ra groups may be 
produced, for example. by the isomerization 
of the corresponding phosphite. Thus, a 
tris (2•chloroalkyl) phosphite, such as tris 
(2-chloroethyl) phosphite may be heated 
in the absence of a diluent to effect 
isomerization thereof to bis (2-chloroethyl) 
beta-chloroethylphosphonate, as taught by 
Kabachnik, "Bull. acid sci. U.R.S.S. classe 
sci. chim." 1946, 403 [C.A. 42 7242· (1948)] 
also reported in .Organic Reactions Vol. 
VI, Pages 287-8, all hereby fucorporated by 
reference. This reaction, however, is violently 
exothermic (almost explosive) and very 
dangerous on a large scale. Consequently, it 
is preferred to effect the isomer:ization in the 
presence of an inert organic diluent, such as 
o-dichlorobenzene, cumene or xylene, at 
an elevated temperature, for. example about 
160oC. The organic diluent moderates . the 
isomerization sufficiently to enable large 
scale production of the phosphonate ester. 

The isomerization reaction in the presence 
of a diluent is· further described in German 
Patent Specification 964;046 of March 16. 
1957 and by Gefter C.A. 53 1120a) Zhur. 
Obschchei Khim281908 (1958); both hereby 
incorporated by· reference. . 

Anepi'esentative exani.ples of esters which 
may be cleaved in accordance with the 
process · of the ·invention. there· may be 
mentioned: bis (2-chloroethyl) . · beta­
chloroethylphosphonate and bis .· (2• 
chloropropyl) beta-2-chloroptopylphosphon­
ate. It is to be understood, however, that 
the hereinabove mentioned esters are only 
illustrative of the esters which may be 
cleaved in accordance with the process of the 
invention and the scope . of the invention is 
not to be limit~ thereby. 

The invention will be further described 
with reference to the following examples. 

Example I 
1938 . grams of crude bis (2-chloroethyl) 

beta-chloroethylphosphonate, prepared· by 
the rearrangement of tris (2-chloroethyl) 
phosphite in o-dichlorobenzene. . were in· 
ttoduced into a 3 litre· 3 neck flask. equipped . 
with stirrer; glass inlet tube and a "Y" tube. 
containing a thermometer which extended 
below the liquid surface; The ether 
arm of the ''Y" tube was attached 
to a down · dropping bulb· condenser 
attached to a one litre one neck dis­
tillation flask, containing. a side arm 
which was connected to a cascade water 
scrubbing tower for a removal of excess 
hydrogen • chloride. The crude .· ester was 
heated. with stirring, to a temperature of 
171 oe.. at which temperature hydrogen 
chloride fi'om a pressure cylinder was 
introduced beneath the surface of the 
liquid. resulting in vigorous evolution 
of 1,2-dichloroethane. The addition of 
hydrogen chloride was continued for 
6.5 hours while maintaining a temperature of 

. 175oC. The· evolution of l,2-dichloroethane 
was very rapid during the first four hours. 
After the addition of hydrogen chloride was 
terminated, nitrogen was bubbled throq.gh the 
reaction mixture at a temperature of· l 700C 
. to· remove· hydrogen chloride therefrom .. The 
resulting product weighed 1039 grams and 
had a melting point of 3S-S5oC. 
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consist of about 30-% (by weight) of bis II . _ II 
(chloroethane phosphonic acid) ailhydride;.: R-P-0-P-R · 
and 70% (by weight) of beta-cbloroethane I · I · 
phosphonic acid. The anhydride is separated · OH OH 
from the acid by stirring 1 part of the mixture 
in 20 ·parts cold anhydrous ethyl ether. 
The anhydride is essentially insoluble and is 
recovered by filtration. Several washings of. 
the filter cake with anhydrous ether raises its 
m.p. to 96.5-98.5°C. 

Example JJ -.. :i 
· 50 .. g.. beta"chloroethalie: :phOsphcutie acid 

are stirred. with 10.4: g . .:thio.nyl.~oride: a:t 
900C. After · 1 hour the . -copioµs ewolution 
qf so2 ·and Her ceases; The ;tesiduaLgas.:is 
removed under vacuum.· The;. clear .. viscous 
syrup· contains 40%· ·(by weight); bi,s .(-beta­
cbloroetbane phosphonic ·acid) anhydride on 
analysfis, The· remainder •. of ·the ·product is 
unchanged, , beta~chloroethalie phosphonic 
acid. · ·· ._· .. 
· Th~anqyfiride.was.separated fr9.µi$eacid 

in. the ·same -manner. as Example I, by stirring 
1 ~part• of.. the .mixture with ·20 .parts cold 
anhydrous: ·ethyl .ether. The insoluble.· anhy­
dride, which .precipitated,· was recovered by 
filtratii'on aJid dried. · -.. : . : · · .. 

Example Ill . . . 
Using the procedure described.in· Example 

I, 1,000 g. of bis (2-chloropropyl) beta-. · 
chloropropyl phosphonate were cleaved.with 
anhydrous. ·hydrogen chloride. ·to :-. produce 
525 g; .ot ::a·, mixture :of ·. be.ta,Chloropropyl~. 
phosphonic .. acid :a:nd bis (beta.,.chloropropyl· 
phosphonic :acid) _;anhydride. • 1.2~dichloro" 
prop.an~) WRS: recove'ted ·.as: .i~L.by-product. 
. The 'bis(beta~chloroethaliepho§phonic acid) 
anhydride . · of.- the ·present• invention': ·is 
particularly valuble·for use .as a plant growth 
regulator by-.-application · to plants, , either 
alone· or in admixture· with:. the,· beta-chloro­
ethylphosphol)ic acid, in. essentially, .any 
propor.tiOns. i.e .. in· relative pro.portions by 
weight of the anhydride to.acid of from 1: :' 99 
to· 99:1;' ·.although-·.as a- ·practical ;fmltter~ it 
is., preferred to .employ such'. minures:•!in .. ~tb.e 
·rati"o· of 1· ···9·to· 9· ·• 1 b,v '"eigh· t ~- · · · ... ·.• . . ,. .. • : J: '!!' ;. : .. ~·.: ., ~ -.. ; . 

'· · -'J!he; .effect: of ·the . bis { beta•cbloroetbaile­
phosphoniC' acid) airhydride on:.· Irving :plaD.ts 
and its· manner· of use thereen.' is .essentially 
the sa:me as that: :of the b,eta-chloroe1hane"' 
j>hosphoiiic acid•• . . .. : ... · · · .< . 

.. ·. · .. ; .. . ·~ . ~ 1.: ·.. : . '. .. ·. { •·; ·: . ··:' . 
WHAT:WB CLAIM IS.:---:-.: , - . : ! . 

·. ·~: L · A: bis• aliphatic.- phosphonic :acid. ·anhy;. 
dride•tepresented bythe<.geJieralformula·:: .,,_ 

· .. · ... :·)·i~.r,:- ~-: ... ·; .... ,~ := ~·:;,.-._,-_· .· ~ .~:-. 

wherein each R represents a haloalkyl group 
of 2 to 6 carbon atoms inclusive. 
-. '2. Bis .(2~chloroethanephosphonic acid) an­
hydride of the formula: 

0 0 
. ·;; ,.,,::. · It·· ·II ·. · .. ·-. . 
Cl-CHi'-CH2-'P--O;,-P,GH2-CH2Cl .. 

I I . · .- .. · 
,. .. ··i •. OH-.OH 

3 .. A co~o~ti~n:~oniprlsing'a Dii~ture of.~ 
.1. ·an 'aliphatic . phosphonic a.cid .. of the 
. · general fortn.ula: · 

; ...... .. 
0 

· . .- .. II . 
R-'P-Qll.: 
. .t··. ;··: '.' 
.OH_: .~d,: . . ~. 

. 2. a· bis: aliphatic. phosp~oni~ aqid anhy~ 
dride of the general formula: ·. . . · .. : .. ._ 

0 0 
II I! 

R-P-0-P-R 
I I 
OH OH 

.. ;- . 

wh~ein e~ph. ;R):epres~ts a haloall~yl_ gr~µp 
of~ J~ 6 :~rb~~ atOJ.J;l~)nc~usiv'!t. th~_.rati<?. of. 
the acid t'?.the anl;lx4fide.~"g1'1. ~ J."~tio r~ge 
9f1;9to9:J;by,weight.-:,j_: ~-:;«·, ... , .. ::·; ... 

4. The compqsi,tjon •of: 111'1-q:~r-.q~fin~~;t'.~ 
Claim 3, wherein the alipha:tiG· ph0sBh1::mic 
acid is kch.loi:oetba.neph9spb,9nic acid.. and 
the bis aliphatic pbosphonic acid anhydride 
is ·bis (2-chloroethanepnQsphonic a,~id) ~.@.il-
hydride; -_: ........ : ... · ... , · ; -'; ·,,_ 
.. ·S . .A bis .alip¥ti.<i phospbonic ,aci~.-anh:y­
dride:' a«e0rding: t(), Claim~ l .or ClaiJ1i_·2 
sub$tantially,: ~.s herein descri~ an<f e:x;-

e~[.~~~;, .. doinpositjon·. ~~e4: in .. c~ 3 
substaittjally as .herein described . ; ~nd. ex­
~pbified;· ... ·< . 

· ,.__ · :.-MEWBDRN-~LIS-.& Co., 
- , , : . Cha.$.red . Pate..-it -Agents, . 

. . .. ~ ,, · 10.72 Cha:n~ -La11e, _:..., 
. ..·;~ ,. ' . ';{Lo11dOJ.l; W.C.2, ,' 
. ·r ·;_; ,,; Age.r,i.w,_for tb.'e AJ>pUQallti;. 

. '-!.-.·?\, .· .·• . 

:"' :--i) 

: .. ;_, 

. " ··: r-i~.J :.:<:~:.~ ~. '.·:·>:};·.< "<·· .. · . ,___.,........_._ .. ,..,......,..,...,, ,...,. __ ,.,,, ... .,.... --_.-, -. · .. --: .,...: _ _ -,.,....--r.,,....---.- .· ~' ~ . : 

; ~ ' . 
.. '.(sq~o). · ·' :Ptinitd ,by Her··Ma.ieSt:y's ·$ta11one ·,·,otifi~!)):fes8~ EilmhuJih. l97t:. ' ; ·: 

. " ; · '' Yub1ished:by ·'fhe• Paten~ Office! 1:5 'So~th~pt~n"'BUil~s, Irolidoii, W~·;tAY,'. • ··. -·:.:_::· • ·.·: '·.·::~' · .. "_ ··.·_·-~~~:~~~~;copies ~y:~ -~~~'.;~~;";.'._,'l'.'X :-:;;:·:•: ... ·· · '._ "· _ >_:; 
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This product, on a sis. was found to O O 
consist of about 30% (by weight) of bis II II 
(chloroethane phosphonic acid) anhydride. · R-P-0-P-R 
and 70% (by weight) of beta-chloroethane I I 
phosphonic acid. The anhydride is separated OH OH 
from the acid by stirring 1 part of the mixture 
in 20 ·parts cold anhydrous ethyl etlier.--wherein each R represents a haloalkyl group 

The anhydride is essentially insoluble and is of 2 to 6 carbon atoms inclusive. 

recovered by filtration. Several washings of . . · 2. Bis .(2-chloroethanephosphonic acid) an- 60 

the filter cake with anhydrous ether raises its hydride of the formula: 
m.p. to 96.S-98.5°C. · 

Example II ; 
50 g. beta-chloroethane phosphonic acid 

are stirred with 10.4 g .. thionyl chloride at 
900C. After 1 hour the copious evolution 
of S02 and HCI" ceases. The residual gas. is 
removed under vacuum. The· clear viscous 
syrup contains 40% (by weight) bis (beta­
chloroethane phosphonic acid) anhydride on 
analysis. The· remainder of the product is 
unchanged . beta-chloroethane phosphonic 
acid. . 

The anhydride was separated from the acid 
in the same manner as Example I, by stirring 
1 . part of the mixture with 20 parts cold 
anhyd-rous ethyl ether. The insoluble anhy­
dride, which precipitated, was recovered by 
filtration and dried. 

Example Ill 
Using the procedure descnOed in· Example 

I. 1,000 g. of bis (2-chloropropyl) beta­
chloropropyl phosphonate were cleaved with 
anhydrous hydrogen chloride to produce 
525 g. of . a · mixture of beta-chloropropyl.;._ 
phosphonic acid and bis (beta-chloropropyl­
phosphonic .. acid) .. anhydride. 1,2-dichloro­
propane_: was ' recovered ·.as a by-product. 

The bis(beta-chloroethanephosphonic acid) 
anhydride · of the present invention· is 
particularly valuble for u5e as a plant growth 
regulator by -application to plants, either 
alone or in admixture with the beta-chloro­
ethyiphosphoijic acid, in essentially any 
proportions, i.e .. in relative proportions by 
weight of the anhydride to.acid of from 1 : 99 
to 99:1. although as a· practical matter. it 
is. preferred to employ such m.ixtures<in· .the 
·ratio of 1 : 9 to 9. : I bpyeight. ·. . 

The effect of the bis (beta-chloroethane­
phosphonic acid) anhydride on living. plants 
and its manner of use thereon. is essentially 
the same as that of the beta-chloroetliane­
phosphonic acid. 

WHAT WE CLAIM IS:- . _ 
. ;· l. A bis aliphatic phosphonic :acid anhy­
dride represented by the-general formula: 

0 0 
··: ; ......... II:· II · ·. 

Cl-CH2'-CH2-P-O.-P :-GH2-CH2Cl 
I I .. 

:. OH OH 

3. A composition comprising a mixture of: 
1. an aliphatic . phosphonic acid of the 
. · general formula: 

0 
II 

R-P-OH I· . 
.OH ·and,. 

2. a bis aliphatic phosphonic aGid anhy-
dride of the general formula: · . . · .... 

0 0 
II I! 

R-P-0-P-R 
I I 
OH OH 

wh~rein ea~h R .represents a haloalkyl group 
of ;z Jo 6 :Carbori atoms ,inclusivcr, the ratio o( 
the acid to the an~ydride ~¢i~g ~a J;'iitiO r,ange 
of J :9 to 9:1 by ;weight:.,, ... ' : ·.· . .... .- : . 

. 4. The compqsi~ion ·of mat~r. d~e9.: in 
Claim 3, wherein the alip~ti~. phasp~onic 
acid is 2-chloroethanepbasphpnic acid. and 
the bis ~liphatic phosphonic acid anhydride 
is bis (2-chloroetbanephosphonic a,cid) .. an-
hydride. . .. , . · , . 

·5. A bis aliphati<; phosphonic acid !lnhy­
dride · according tO. Claiim··. I or Claim 2 
substantially.: 1;1..s herein described and ex-
emplified. · .. · . 

·:6 .... lhe .. composition defi~ed, in . Claim 3 
substan$1ly as herein described .and ex­
enipMfiecL · · 
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