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WATER- SOLUBLE POLYMERS AND COVPOSI TI ONS THEREOF FI ELD OF THE | NVENTION 5
The present invention relates to water-soluble polymers and conpositions

t hereof , such water-sol ubl e pol yners and corrp05|t|ons t her eof useful, e. g ,
i n processes hphoGRUfCti ve separatlon of netal ions*from aquesmsusshHRes

and processes for the selective separation of netals fromsolid matri xes
This invention is the result of a contractlwith the United States
Department of Energy (Contract No. W 7405-ENG 36). 10

BACKGROUND OF THE | NVENTI ON Wat er - sol ubl e pol yners are well known for the
retention or recoverWMeBOIﬁHBLETPOEWER&ANDcE@MBOSfHI@NS THEREOEert ai n

conditions, e.g., certain pH conditions (see, e.g. Pure and Applied
Chem stry, Vol. 52, pp. 1883-1905 q 36, No. 8, pp.
861-863 (1989), and U. S. Pat. No %Ir'[‘ronal 'y, higher

mol ecul ar swei ghtTheqareseitmntiﬁz relates taa#ater—sshblcl;bb'mb& ang) conrpasitions thefeof, Such

pol yet hyl enei m ne een used as.coatin . _Silic for

separation arftFeEes E‘S’é 3? ?Q?ﬁ%"nsmgéﬁ’gﬂ F%%@P@?‘?W&?’%‘?‘%‘F"q he

pol yner for kagmnwwzmﬁ?&amms ,@fd rio6ss ea%mﬁasemauws g&hﬁ&{ & ing
0

ions within solutions can present uni que chal Is an object of the

present i nve@q@ﬁﬁ?@sghmeﬁaﬁﬁlmm@rwwwt@ ﬂé‘l’%@‘hﬁw Unyedasmst her
obj ect of th?%"-'?ﬂ*éﬁ%b?ﬂnéf?y@m. gﬁt cwglgmgt of wat er - sol ubl e pol yners

20 having de ecu ranges anot her object of the
present iMvention is to provi dBA MENTION)| ubl e pol yners

| udi ng at n s Sl yner s, the diff
hacertolubl e od vﬂeﬁ\g@'bgﬁﬁer%% TR 5ﬁ1§r'7‘$f§‘ IO ! AR e s o
or both. SUWYS%OI%&W%%%S, : %ece?tﬁmmoﬁﬂ" ﬁoﬂsﬁ@eef O Pk Eﬂd Apflied

other objects, and in accordance wth pur poses of the present

i nvention, a&hemisoni ¥el. %@PW&&@?@ (A2%D, Talangp, Melr 36, No. §,1pp. le&ﬁélﬂ%%\ﬂadu 8n

provi des a S H(?E] %Qg

Xerr], and Xi eisI 9:7%‘?{;633 l’?}? b y‘{lrr1l1:,\jljr"9ﬁ|1 ?g&]gefl%g% I'n epenidﬂe

sel ect ed 1r orpnlymﬁmbhaa;mmethybhanﬁmdmwhmnused@(s @)ﬁh@mt@l—ﬁlﬁlﬂgémdseparanon
and recovery of metal ions. However, the selectivity of the polymer for target metals due to -

competition from competing or interfering ions within solutions can present unique challenges.
Itisan oﬁject of the present invention to provide novel water-soluble polymers.
It is a further object of the invention to provide compositions of water-soluble polymers
20 having defined molecular weight ranges.

Still another object of the present invention is to provide compositions of water-soluble
polymers including at least two different water-soluble polymers, the different water-soluble
polymers differing in functionality, molecular weight range or both.

SUMMARY OF THE INVENTION |

25 To achieve the foregoing and other objects, and in accordance with the purposés of the
present invention, as embodied and broadly described herein, the present invention provides a
water soluble polymer of the formula |

(CH,-CH,-N-CH,-CHNX))y- (D
) |

30 CH,-CH,NX,X,
wherein X;, X,, and X, in each unit of the polymer is a group independently selected from a
substituent selected from H, C(O)CH,CH(SH)COOH.
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PCT/ US96/ 08188 2 -(CH err])[err]YZ[err] where when mis an integer selected
fromO, 2, 3, and 4, Y is selected fromC=0 P=0O C=S, 5 S(err],
C(O)CH[err]C(O) and S, Zis selected froman am ne, al kyl am ne, aryl am ne,

hydroxyl, oxyakkybenasesyary!, hydroxylam ne, al kyl hydroxyl am nge. S96/08188
aryl hydroxyl am ne, thiol, alkylthiol, alkyl, aryl, dlnethylpyraz one,
nmet hyl phenyl pyrazol one, di net hyl pyrazol -t heone, nethyl phenyl pyrazol -t hi one,
oxycrown ethers, azacrown ethers, thiocrown ethers, and H and when mis 1,
Yis selected fromC=0, C=S, S(err], C(OCHerr]CO, and S, Zis selected
froman 10 amne, alkyl am gen | am ne, oxyal kyl, oxyaryl, hydroxyl am ne,
al kyl hydr oxyl am ne, aryl hydroxylamne, thiol, alkylthiol, alkyl, aryl,
di met hyl pyrazol one, nethyl phenyl pyrazol one, di nethyl pyrazol -thi one,

(ol

met hyl pheny! pwn@awhemwaﬁmge%aeam&ﬁbez 3 mﬁaa%mibcfeh%hﬁc 0,

ethers, and H, Is an integer from1l 2, a nis an integer Lt; %vveeh

about 12 ahd S;_Q:,» @@)CI‘IQC(QBat{dES Z]lsabcm&omamamneadkythﬂrylﬁmm@dr&yﬁ Yis

sel ect ed frorra I n “1 and r are eI ect ed from an

anine, al kyl a W&l ﬂﬁ”"%d@ﬁ ﬁ?ﬁ Alkylhiche

al kyl hydroxylzﬂmmyl mﬂbw;wwﬁ@memylphédﬂﬁhzoﬁhk b ; Hr,g aryl and
et'ween

H pis aninteger froml to 2, and is an integer ou’t 12 and

12,000 with t™A lﬂpmww%ww agacewn eghers, thjosromin ethens and Byand i s
not hydr ogen; wileaim is wﬁsﬁl&mﬁ[ﬂﬂw@%@ rd(ojcg{zmugﬁrgtry tsze.gg %c%?fgo%'bgﬁﬁer

Is a groui) | ndependent |y sel ected from a
C(O) CH er Qx}(aF!UL}EdIZB}'lammE, alkylhydroxylamine,

arylhydroxylamine, thiol, alk);lthiol, alkyl, aryl, dimethylpyrazolone, methylphenylpyrazolone,

dimethylpyrazol-thione, methylphenylpyrazol-thione, oxycrown ethers, azacrown ethers,

thiocrown ethers, and H, p is an integer from 1 to 2, and nis an integer between about 12 and

12,000; or ‘
15

I
(CH,),,
I
R)),YCHY(R,),

20 -

where m is an integer from 0 t0 6, Y is selected from C=0, P=0, and C=§, R, and R, are selected

from an amine, alkylamine, arylamine, hydroxyl, oxyalkyl, oxyaryl, hydroxylamine,

alkylhydroxylamine, arylhydroxylamine, thiol, alkylthiol, alkyl, aryl, and H, p is an integer from

1 to 2, and n is an integer between about 12 and 12,000 with the proviso that at least one of X,
25 X, and X, is not hydrogen;

| -(CH;-CH),- (i)
I
(CHy),-NX, X,

wherein X, and X in each unit of the polymer is a group independently selected from a

30 substituent selected from H, C(O)CH,CH(SH)COOH,
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PCT/ US96/ 08188 3 where q is an integer fromO to 4, and where when mis an
integer selected fromO, 2, 3, and 4, Y is selected fromC=0 P=0O C=S,
SHerr], COCHerr]C(O, and S, Zis selected froman am ne, 5 al kyl am ne,
aryl am ne, hyavesssssepoxyal kyl , oxyaryl, hydroxyl am ne, al kyl hycrososhssss ne,
aryl hydroxyl am ne, thiol, al kyI thiol, aI kyl, aryl, dinethylpyrazol one, .

met hyl phenyl pyrazol one, di met hyl pyrazol -t h:l*one nmet hyl phenyl pyrazol -t hi one,
oxycrown ethers, azacrown et hers(C!_H’]I rown ethers, and H, and when mis 1,
Yis selectedfromC—O C=S, SJ'er OCHerr]C(O, and S, Zis selected
froman am ne, al kylam ne, arylam ne, oxyal kyl, oxyaryl hydr oxyl am ne 10

al kyl hydr oxyl m'ne aryl hydr oxyl am thi.ol . al kylthio I

ALKyl oxy ol s, e B 20085k i, Ayl lni o P8V, v
met hyl pheny! Ry selee@dd-fio 020, P=0X L5080, ew}e}gcx@zmars)m @ldefed Frond 4H RN
ether’s, and H IS an_integer from1l to 2, nis an integer bet ween

about 24 &nd alky. mﬂqmm @'P%.%alkﬂavxyawl,ﬂwé@w e Alkylpydroxylamite, X[ er r

a7 D o S S,

sel ect ed f r omlinG¥¢thylpytazol-thiGaid ﬁbﬂxﬂﬁﬂﬂylpyta@blﬁthxm},)o@:wm\}m/ﬁbﬁs,m]mwm ethersj s an

sqj orr] 25 ppuREER s, wd sl 5@?3@?%@’9%##%«5@?@%@

al kyl am ne, ahd sﬁmsrhelec:badmw hmuﬁ)wmkﬂne, a@Yling, oxy @WP@ xylamme,
al kyl hydr oxyl am ne, aryl hydroxyl am ne, thiol, al kyI t hi ol ary
di met hyl pifr a droxylaming) mﬁl@r@;v & il aliyittel; iyl Aryledin one

2?%2&‘)“325' ey uitiee, GHUES YR dIES WE%‘_%&@%‘%&% gpa
(O CHerr] C(em)ers, agackosn etheissthioetowo ethdrs angihl.apris aminteger fednk § kedyiand p iSh integer
Y1 Dyl oyl SHtsE sy 31 8keSo0 ith Sl of el oHHL A 012G ydren
met hyl phenyl pyrazol one, d| met hyI pyrazol -t h| one, WO 96/ 38493

PCT/ US96/ 08188 4 net hyl phen zol -, h| one, oxycrown ethers, azacrown
ethers, tHiocrown ethers, &Pl‘l{"ﬁp

OXs

wherein X, in each unit of the polymer is a group independently selected from a substituent
20  selected from C(O)CH,CH(SH)COOH,

where m is an integer selected from 0, 2, 3, and 4, Y is selected from C=0, P=0, C=8, SO,,

25 C(O)CH,C(0), and S, Z is selected from an amine, alkylamine, arylamine, hydroxyl, oxyalkyl,
oxyaryl, hydroxylamine, alkylhydroxylamine, arylhydroxylamine, thiol, alkylthiol. alkyl, aryl,
dimethylpyrazolone. methylphenylpyrazolone, dimethylpyrazol-thione, methylphenylpyrazol-
thione, oxycrown ethers, azacrown ethers, thiocrown ethers, and H, and whenm is 1, Y is
selected from C=0, C=S, S0,, C(O)CH,C(O), and S, Z is selected from an amine, alkylamine,

. 30  arylamine, oxyalkyl, oxyaryl, hydroxylamine, alkylhydroxylamine, arylhydroxylamine, thiol,
alkylthiol, alkyl, aryl, dimethylpyrazolone, methylphenylpyrazolone, dimethylpyrazol-thione,

SUBSTITUTE SHEET (RULE 26)



integer froml to 2, and n is an integer between about 24 and 24,000; [err]

5 wherein X err] and X[err], and X[ferr] in each unit of the polyner is a

gr-oup i ndependently selected froma substituent selected from

C(OCHerr]CH(SH COOH, -(CH err])[err]YZerr] 10 where mis an integer

sel ected from Wo#essdes and 4, Y is selected from CGO P=0, C=$criishéésiss

C(OCHerr]C(O, and S, Z is selected froman am ne, al kylam ne, aryl am ne,

hydroxyl, oxyal kyl, oxyaryl, hydroxyl am ne,™al kyl hydroxyl am ne,

ar yl hydr oxy| anéRylphdayRyrazelltihd, biyRtowntiterd, mafoWneﬂﬁfsnm L,.Fm is an
pyrazo Loy

met hyl phenyl pyr azol one dlnethylpyrazol-thlone met h henyl
t hi one, oxycr JNREE DR Lto 2, andn isap intagerhetween abert 26 apd ‘Fﬂ@ and H, and when

mis 1, Yis selected fromC=0O, C=S, SOerr], COCHCO, "and S, Zis
selected froman am ne, al kyl am ne, arylam ne, oxyal kyl, oxyaryl,

hydr oxyl ami ne, al kyl hydr oxy|-6CHXeCHay ¢ Ohly-@BXy)Leim)ne, thiol, alkylthiol,
al kyl , aryls, di met hyl pyrazol one, net hyl phenyl pyrazol one,

di met hyl pyrazol -t hi one, nethyl phenyl pyrazol -thi one, oxycrown ethers,

azacrown et her\ﬂxerdim}(pﬂrdmynandlx;eﬁ &ach afiitlofHhe Polinfierdfa gldup indbRAGMtI 5883t %}n
and n is an mél?fg bet\/\ﬁn about 12 and 12, 000, or [err] 25 ereln er

and X err] in ﬁ'PIH@( %)C@(H{,t hi ol actum or are a group

i ndependently selected froma subst [ tuent sel ected from C(O CH2CH( SH) COOH,
and -(CHerr])[err]YZerr] 30 WO 96/ 38493

PCT/ US96/ 08188 5 where mis an i f(CHggYZfrom O to 4, Y is selected from C=Q
P=0, C=S, gderr], OQCR2CO, and S; Zis selected froman am ne,

al kyl am ne, aryl am ne, hydroxyl, oxyal kyl, oxyaryl, hydroxylam ne,

al kyl hydr oxy| aizseen isain\ithged socydTons; 2, 3,an0k4, Y & iebibd ot C=0), K0, 024,40,
C(O)CH,C(0), and S, Z is selected from an amine, alkylamine, arylamine, hydroxyl, oxyalkyl,
oxyaryl, hydroxylamine, alkylhydroxylamine, arylhydroxylamine, thiol, alkylthiol, alkyl, aryl,
dimethylpyrazolone, methylphenylpyfazolone, dimethylpyrazol-thione, methylphenylpyrazol-

15 thione, oxycrown etﬁers, azacrown ethers, thiocrown ethers, and H, and when m is 1, Y is
selected from C=0, C=S, SO,, C(O)CH,C(0), and S, Z is selected from an amine, alkylamine,
arylamine, oxyalkyl, oxyaryl, hydroxylamine, alkythydroxylamine, arylhydroxylamine, thiol,
alkylthiol, alkyl, aryl, dimethylpyrazolone, methylphenylpyrazolone, dimethylpyrazol-thione,
methylphenylpyrazol-thione, oxycrown ethers, azacrown ethers, thiocrown ethers, and H, pisan

20  integer from 1t0 2, and nis an integer between about 12 and 12,000, or

-(CH,-CH),- (V)
l

NXo Xy,
25
wherein X,, and X, in each unit of the polymer are a thiolactum or are a group independently
selected from a substituent selected from C(O)CH,CH(SH)COOH, and
'(CHz)msz
30
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di:et hyl pyrazol one, nethyl phenyl pyrazol one, di nethyl pyrazol -t hi one,

nmet hyl phenyl pyrazol - 5 thione, oxycrown ethers, azacrown ethers, thiocrown
ethers, and H p is an integer froml1l to 2, and n is an integer between
about 24 and 24,000. The present invention also provides a water sol uble
pol ymer ofthe worogss@s[err] 10 wherein Xferr], Xerr], and X Jushb&osisch
unit of the polyner is a group |ndependently sel ected froma substituent
selected fromH, C(O CH err] CH SH) COOH, 155 -(CH err])[err]YZ[err] where m

GO G or 11 o o B o fer oy 810 K /s Plctad B0 €20, PO P70 ROEH (e
hydr oxyl, oxy® qusele@gci,&mman amine, ikyianaing; laryiamias, hytioxylhgxjatkyl brydryle,
20| o Wi e LI L oS Bod, wth TR0

t hi ong, oxycrdmﬂzgt;iymﬂpn@m;rmywmhne idihétbylpyRzo itiGHeS meth; w%hala, dg.n;z%%an

I nt eger fr"((/)\ﬁ , and s an |nt eger bet ween about 12 and

[err] 30 n?n%ﬂawn cthes. thjogowy cthersand &5 pdsiert intsgerdram 1 R-Z)
and G=S, R[erinhna@ﬂxﬁie@é{ﬂeniéeﬁaﬁﬁkf&&ﬂ%fdo@m an anine, al kyl ani ne,
aryl am ne, hydroxyl, oxyal kyl, oxyaryl, hydr oxyl am ne, WO 96/ 38493

PCT/ US96/ 08188 Mlmssmynﬂegmm:mn e yratey dolobly polyinerof thenforrhyla al ky| t hi ol |
al kyl, aryl, and H p is an integer froml to 2, and n is an integer
between about 12 and 12,000; [err] wherein X err] and X[err] in each unit

of the polyner is a gr(CH,-CHANCH)CHINX)se(iect ed from a substi tuent
sel ected i‘orom H, C(O)CH[err]CI—I(SI—DCOO—L -(CH err])[err]YZerr]

CHz'CHzNX2X3

wherein X, X,, and X; in each unit of the poiymer is a group independently selected from a
substituent selected from H, C(O)CH,CH(SH)COOH,
15

'(CHz)mYZP

where m is an integer from 0 to 4, Y is selected from C=0, P=0, C=S, S0,, C(O)CH,C(0), and
S, Z is selected from an amine, alkylamine, arylarhine, hydroxyl, oxyalkyl, oxyaryl,

20 hydroxylamine, alkylhydroxylamine, arylhydroxylamine, thiol, alkylthiol, alkyl, aryl,
dimethylpyrazolone. methylphenylpyrazolone, dimethylpyrazol-thione. methylphenylpyrazol-
thione, oxycrown ethers, azacrown ethers, thiocrown ethers, and H, p is an integer from 1 to 2,
and n is an integer between about 12 and 12,000;

5 l
(CHy,,

|
®.),YCHYR)),

30 where m is an integer from 0 t0 6, Y is selected from C=0, P=0, and C=S, R,and R, are selected
from an amine, alkylamine, arylamine, hydroxyl, oxyalkyl, oxyaryl, hydroxylamine,
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10 where q is an integer fromO to 4, mis an integer fromO to 4, Y is
selected fromC=0 P=0O, C=S, SOerr], C(OCHerr]CO, and S, Zis selected
-from an am ne, al kyl am ne, aryl am ne, hydroxyl. oxyal kyl, oxyaryl,

hydr oxyl am ne, al kyl hydroxyl am ne, aryl hydroxyl am ne, thiol, alkylthiol,

al kyl, aryl, dwtrécmsiagyrazol one, mnethyl phenyl pyrazol one, PCT/US96/08188

di nmet hyl pyrazol -t hi one, 15 net hyl phenyl pyrazol -t hi one, oxycrown et (1°ers,
azacrown ethers, thiocrown ethers, and H | is an integer from1 to 2, and

ach uni t of ey RgdBEAR Rl Wittt e Mo it it sl 3 H o i e Trom
substituent sbtoe2;tandin iy awint€geOpébnkerrabb@HR ahfi C2)B0; 25 .

-(CH err])[err]YZ[err] where ' an@nteger fromO to 4, Y is selected
from C=0 P=0 C=S, SQerr]j(cg%[ r]C(O), and S; Z is selected from an

am ne, al kyl am ne, aryl am ne, hydroxyl, oxyal kyl, oxyaryl, hydroxyl am ne,
al kyl hydr oxyl am ne, aryl hydroxylam ne, thiol, alkylthiol, alkyl, aryl, 30
di met hyl py? azol one. net hyl pherf§HyP&a3} one, di net hyl pyrazol - WD 96/ 38493

PCT/ US96/ 0818&hefeil LR R! Ea; - J Al o oXVer 0 hers,
azacrown et hers%eleﬁ%ggf&n@%ﬁers,%r@y, ggﬁé-mapnlg:&?%%ﬁyﬁer%ﬁﬁ M2 2, and
n i s an i nt egwbstituenhsalevtedfoont HAAOMCH,CH(SH)OOOHer r] 5 wherein Xferr],
X[err], and X err] in each unit of the polyner is a group independently

selected froma substituent selected from C(O) CH err] CH( SH) COOH,

-(CHerr])[err]YZ[err] 10 where .{OH yq? integer fromO to 4, Y is selected
fromC=0, P=0O C=S, S(err], C(O&UCIﬁF"er ]C(O, and S, Z is selected from an
am ne, al P&/I am ne, arylam ne, hydroxyl, oxyal kyl, oxyaryl,

where q is an integer from 0 to 4, misan integer from 0 to 4, Y is selected from C=0, P=0,
C=8, SO,, C(O)CH,C(0), and S, Z is selected from an amine, alkylamine, arylamine, hydroxyl,

oxyalkyl, oxyaryl, hydroxylamine, alkylhydroxylamine, arylhydroxylamine, thiol, alkylthiol,
alkyl, aryl, dimethylpyrazolone, methylphenylpyrazolone, dimethylpyrazol-thione,

15 methylphenylpyrazol-thione, oxycrown ethers, azacrown ethers, thiocrown ethers, and H,pisan
integer from 1 to 2, and n is an integer between about 24 and 24,000;

-(CH,-CH).- (iii)
I
20 OX,

wherein Xg in each unit of the polymer is a group independently selected from a substituent
selected from C(O)CH,CH(SH)COOH,

25 -(CH,),.YZ,
where m is an integer from O to 4, Y is selected from C=0, P=0, C=S, SO,, C(0)CH,C(0), and
8; Z is selected from an amine, alkylamine, arylamine, hydroxyl, oxyalkyl, oxyaryl,

hydroxylamine, alkylhydroxylamine, arylhydroxylamine, thiol, alkylthiol, alkyl, aryl,
- 30 dimethylpyrazolone. methylphenylpyrazolone, dimethylpyrazol-

SUBSTITUTE SHEET (RULE 26)



hydr oxyl am ne, al kyl hydroxyl am ne, aryl hydroxyl am ne, thiol, alkylthiol,

al kyl, aryl, dinethyl pyrazol one, nethyl phenyl pyrazol one,

di met hyl pyrazol -t hi one, net hyl phenyl pyrazol - 15 thione, oxycrown ethers,
azacrown ethers, thiocrown ethers, and H p is an integer froml to 2, and
n i s an integewodghgwen about 12 and 12, 000; or [err] 20 wher scryusdepsisy and
X[err] in each unit of the polymer are a thiolactumor are a group

i ndependent |y sel ected froma substituent el ected from

C(O CH err] thi ;

-(CHerr])] %@%m‘%ﬁﬁ?@'ﬁl fhslonaehmfyﬁ{ogéler F 5 Bwflgmﬁfs’@%o‘?e%’gﬁdm
from C=0, P=Q is@aSitegotirem jto 2, GpDn@-freintepéibeiweematbutil4 ahdi24,000) ect ed from an
am ne, al kyl am ne, aryl am ne, hydroxyl, oxyal kyl, oxyaryl, hydroxyl am ne,
al kyl hydr oxyl am ne, aryl hydroxylam ne, thiol, alkylthiol, alkyl, aryl, 30

di met hyl pyrazol one, nethyl peRxX}-oH)2 ACHPEX XY, L8hhy| pyrazol -t hi one

et hyl phe%l pyrazol - thione, oxycrown ethers. azacrown ethers, thiocrown
ethers, a H pis an integer froml to 2, WO 96/ 38493

PCT/ US96/ 081 ; ' ' ?&g@ ; qmgfel,, '

wat er - sol ubl %%‘@%’rﬂh@i)gg% gﬁm%éﬂtﬁg ?tg‘ﬁ?g*c? pg%fdgge{& er ﬁg%&g%g%g

10, 000 and f usmbstituentselected from CEOICECHEECOOHL [y free of nol ecul ar wei ghts

| ess than about 10,000. In one enbodi nent of the present invention, a

wat er - sol ubl e pol ynmer is provided having 5 nitrogen-, oxygen- or

sul fur-containing groups capabl &GH,)MZ)di ng sel ected netal ions, said
wat er - sol ubl e pol yner having a nol ecul ar wei ght of greater than about

30, 000 an¥ characterized as essential | y free of nolecular weights | ess than

about 30, 000.yHepe mpi'nhstreg@rqri@ﬂ@'«b1_Rsaﬂtyf i96elédi ftomy €80] BD, C=RSSHRROYGECH), fnd -

pol ymer includes functionalization fromthe group of ‘am no groups,

carboxyl i ¢ ad)& igsaksted froprancaning: alkylapiine, anylamineohiysoxybiesyalkdoxyamykt er

groups, acyl oxam . qr 0 t her

groups, oxy ¢ g’\%&ﬂg‘ﬁ'ﬁl g? éﬁgﬂioh;udﬁ‘ < gueéznus glly(rd;{ogi% glrng’utgls ,’%a]kr%ﬁ%‘él’ él;kgi.lim ﬁ ester
groups ] th n gﬁnetwlbmaﬂm, gethylphenylpgransiviny Hinteetyliyedzol-thiong ysthitiptengiprdisi-
permet hy %t € tln%nqg, %gy rv?nugﬁérs, azacrown ethers, thiocrown ethers, and H, p is an integer from 1 to 2,

and n is an integer between about 12 and 12,000; or

-(CH-CH),- (v)

I
20 NXmXu -

wherein X,, and X, in each unit of the polymer are a thiolactum or are a group independently
selected from a substituent selected from C(OYCH,CH(SH)COOQOH, and

25 (CH,),YZ,

where m is an integer from 0 to 4, Y is selected from C=0, P=0, C=8, SO,, C(O)CH,C(0O), and
S; Z is selected from an amine, alkylamine, arylamine, hydroxyl, oxyalkyl, oxyaryl,
hydroxylamine, alkylhydroxylamine, arylhydroxylamine, thiol. alkylthiol, alkyl, aryl,

30  dimethylpyrazolone. methylphenylpyrazolone, dimethylpyrazol-thione. methylphenylpyrazol-

thione, oxycrown ethers. azacrown ethers, thiocrown ethers, and H, p is an integer from 1t0 2,
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mer capt osucci nic acid groups, alkyl thiol groups, and N-al kylthi ourea
groups. DETAI LED DESCRI PTI ON 15 The present invention is concerned

Vi.t h wat er - sol ubl e pol ynmers, such water-sol uble polyners useful, e.g., in

t he separation of various netals, e.g., toxic netals and/or precious and/or
nui sance mnet al waé sgpwgagqueous streans. The water-sol ubl e pol ynmpegnssddsids | N
practicing the present invention are synthetic water- sol uble polyners,
i.e.. they are not naturally occurring wat & - sol ubl e pol yners such as

starch, 20 CEﬁdHisQﬁ%teg%Fgeltﬁ&ﬁab&ﬁ%WZﬂ@dﬂ%&}W&@oﬁﬁléR%&r i %hwo?%lél\ér

occurring water-sol ubl e pol ynmers. The wat er-sol ubl e pol yners use

present i nvenieight ofemeates thay aboyt 1 0,000 and finthercharecterized\ag essentially free of molecular

sul fur-contai gj FosE ry of the water-soluble polynmers used in
t he present inv@n??%sguglrlea pol yal'kyl enei mi nes such as pol yet hyl enei m ne and

modi fi ed pol yal kid eneembodimsnt of the presgmn linvehtion, £ weatensohebie psoliieras ovided having

pol yet hyl epei mi ne where the ter-sol ubl e pol r..includes 25Pr . .

functi onal 1 zaﬂ%ﬁ”@é"@%‘?’éﬁr Wﬁg“’&%‘ﬁ’sé’?ﬂé{‘r’g’f Pﬂg‘néfelm%ﬂ ipas, sid d
groups, est er witePsiMble polinH having! pﬁolebmﬁrwgifbfge&eﬁhﬁf%&%o,dabgﬁ@ag%ﬁ% d

groups, phosphoni c ester qgroups, acyltg{razol one groups. aza-crown r
e @q}g

groups, oxy- cassspengal Bojssulargveightsiiess than appet39H00.t hi ol act am gr oups,

cat echol groups, g‘ﬁé’%gﬁﬁi | . (ﬁiéﬁﬁll : thiol. ups, and N
al kyl t hi our ea grl(glt:%[s).&l n adadi tlrugglheﬁ(gjl%g%e y %r?lggilﬁ%‘nieﬁgﬂglgr{nﬁ@ﬁ?fgsi c
structure of fuactjonelizatibrefrGf the graubaf aminogpdups, Rarbyxetic acid gidups, phespRonie adigb! €
pol ymer structures w th nitrogen-containin r oups ,such as

Dol (v ny s S5 BRASTRPRIR PG, ehsy P67 PHRBF) P PP T A groups, aza crown
pol y(al | yl ami étBer groups] oR$ crown ¥¥kerd 8toB4 F8anidinium groups, amid ste :
PCT/ US96/ 08188 9 used.&%l so, water-soluble polgyrrgrs stergtiglt!pﬁ’reesrﬂotuﬂs’
oxygen- cont ai FriRedicarbaxylic grauns, pesmeshylgted polyinxipyiiding growns, rerypefbylated antine groups,
ni t rogen- cont ki ; Lol AlHORS: e used. The
am ne backbones cﬂg%ug{llggg‘%%ag@}h%% git’/%gﬁbt%’o&éﬂlgﬂl %%Lp Q

per net hyl pol yet hyl enei mi ne, per net BETAIIED DESCRIRTYONyr i di ne, per net hyl at ed

ol VALl LA . B RSS2
nunber of pensbdymergusefih.g. dnthe keparationbf vigibld rhetlsl .0 Mekidinstals RRYSPHEAbS
g:t ers and acl o.rm\lli\aséngéﬁlso . bllneaqﬂeolug/sr‘rgmsns.v\n th metal binding properties can
The water-soluble polymers useful in practicing the present invention are synthetic water-
soluble polymers, i.e., they are not naturally occurring water-soluble polymers such as starch,
20  cellulose, and the like and do not involve modified nétm’ally occurring water-soluble polymers.
The water-soluble polymers used in the present invention generally include a nitrogen-, oxygen-.
or sulfur-containing group. Exemplary of the water-soluble polymers used in the present
invention are polyalkyleneimines such as polyethyleneimine and modified polyalkyleneimines,
i.e., polyalkyleneimines such as polyethyleneimine where the water-soluble polymer includes
25  functionalization selected from the group consisting of carboxylic acid groups, ester groups,
amide groups, hydroxamic acid groups, phosphonic acid groups, phosphonic ester groups,
acylpyrazolone groups. aza-crown ether groups, oxy-crown ether groups, guanidinium groups,
thiolactam groups, catechol groups, mercaptosuccinic acid groups, alkyl thiol groups, and N-
alkylthiourea groups. In addition to polyethyleneimine as the basic structure of many of the
30  water-soluble polymers, other water-soluble polymer structures with nitrogen-containing groups

such as poly(vinylamine), polyvinylpyridine, poly(acrylamide), and poly(allylamine), can be
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obt ained fromring-opening reactions, e.g., the treatment of

pol ypyrrolidone with base or hydroxyl am ne. 10 Exenpl ary of suitable
functionali zed water-sol uble polyners are the reaction product of

pol yet hyl enei m ne and an aryl al kyl hal oacetyl pyrazol ones such as

phenyl met hyl chyy@ogag@3 ! pyr azol one or di met hyl chl or oacetyl pyr peplpSsisiss
yi el d- a phenyl net hyl acet yl pyrazol one-substituted or

di met hyl acet yl pyr azol one-substituted pol yePhyl enei mi ne, the reaction

Eglogg; bgiyloioc 'tc%%%@%ﬁ%%%e#@m or%eﬁl Oﬁ%%.%g e&pﬁé'?c&aggdy?el d
a(r;l a\rﬂ ROI- a(r:nar rgd%:)tmtdxtygﬁ?oduc 4qﬁ!ﬂ:)tlmmﬂg I enél\llmla,ﬁgﬂyﬁhﬁwﬁogﬁaﬁe)
gndyphogphor onlff)s“%‘ihﬁ‘ o d% 86?%%@%%%51%8%“&@’91?@%?% ed

pol yet hyl enei pérgigthyiael wyom& mﬁaperme&yrm%lmxmcﬁrspeﬁﬁm{m mne and a

m)nohydroxam c acid of "succinic acid to give hydroxam c acid 20

substit ut el mqlmmﬁemenﬁolublheolmeremW &omyvinyl aosomer wi t h

acryl am de or : mBi | .
pol yet hyl enei eﬂlljfgéggf} ﬁW o;ﬁ%\‘/]lﬂ) %?Fogﬁlgdﬁﬂﬁr ’g&g E;Hl agﬁs'%g‘ﬁ%? aqdobls'
gi ?/e an nycrphnsplmnin&lstetsuh?ﬂbulis r’lbléta#sbhblelpolsm’lms\pxth1|1|ela.hly1hdmgImpelrfiesI clanlbe .
pol yvi nyl pyri di ne e enei.nm ne or polyvin m ne.qr po, am ne
o uive the rumtelior AndPhrmitaration cei DREPhr EPRYREYger i e o

pol ypyrrol i doiydrosylabhimy hydr oxyl am ne to gi ve the hydroxamic acid pol yner,

the copol yneri zat | on of a beta- bisphosphonic acid or ester with acryl am de
to give altopol yﬁ?@m ary,ef uitehle fupetioanlized water-relntl e olyaners ats thewegetion pptduetsifoni ¢

acid or est erpd !é:ﬁhe@&b&y l.yet hyl enei mi ne, and
the reaction pro uct %‘Pﬁé yetaﬁ@%] ner m nelggtrrﬁﬁ Ea‘%ﬂaagetyl aza crown

mat eri al suc I‘ph&sylmethmmhioumcﬂlylwm:m mdmeﬁtyl&lommtyipﬂadolm tayizlda own

et her-substituted 3 l.vet hyl enej 349

PCT/ US96/ 08 18‘3“’&’@’“6&%%%#&6’6’?‘ 7 i’ﬁ“nh‘ﬁ% o ey S FRions -pubstiputed o o rrust

be taken to qmijetlentiifing, ﬁié&éacﬁi‘m ;‘:mdm‘:t b@bﬂeﬂ@ﬁxelﬁmﬁpo@ﬂlym:he pylyP
at certain pH val ues an eXIEth ndi ng .upqQn t ype ot functlona groups
@

and backbbhe d7dakalogs ’W&Fé‘i‘ § mﬂmﬁé‘?‘g Pl ampgrc os s
carboxylate-substituted polyethyleneimine (polyallylamine, polyvmylaxmne), the reaction

product of polyethyleneimine (polyvinylamine) and phosphorous acid and formaldehyde to give
a phosphonic acid substituted polyethyleneimine (polyvinylamine), the reaction of '
polyethyleneimine and a monohydroxamic acid of succinic acid to give a hydroxamic acid

20 substituted polyethyleneimine, the reaction of polyethyleneimine with acrylamide or
ethylacrylate to give an ester or amide substituted polyethyleneimine, the reaction of
vinylalcohol with a crown alcohol to give an oxycrown substituted vinylalcohol, the
permethylation of polyvinylpyridine or polyethyléneimine or polyvinylamine or polyallylamine
to give the respective permethylated polymers, the ring opening of polypyrrolidone with

25 hydroxylamine to give the hydroxamic acid polymer, the copolymerization of a beta-
bisphosphonic acid or ester with acrylamide to give a copolymer, the reaction of
polyethyleneimine with a bisphosphonic acid or ester to give bisphosphonic acid or ester
polyethyleneimine, and the reaction product of pblyethyleneimine and a haloacetylaza crown
material such as a chloroacetylaza crown ether to yield an aza crown ether-substituted

. 30 polyethyleneimine.
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preferably maintains their water solubility over the entire pH range of,
e.g., pH1 to 14. 5 Preferably, any pol yethyleneimne used in the present
imvention includes prinmary, secondary and tertiary am nes.
Bi'sfunctionalization can be realized for primary nnitrogens allow ng for
nul tidentate CRadgagdagys Of some of the chelating groups. The  pepmsosnsiss
pol yethyl eneimne is a branched polyner, giving it a globul ar nature and
hi gh charge density which partly accounts fl& its uniqueness in the

pol yam ne famly hi. s .hi.ghl. nche aracter al | |

for 10 better che altqigénygo@@éenl n eerlg%%gﬂ%ﬁgt%mré?%pe ﬁ%mﬁﬁ?ﬂiﬁ“ﬁﬁvé%?
pol ynmer. O herfumtibyadizativass sclubdlity probleynsiangeriain phbvahies cardxist idpehdify fgon thedypde
used as backbogwqgf are c %ed of %I v@rg%mi@é ni.trogens, hut they are
li near pol ynef Ergips an ng ysad: Abg sqlybsle;pqlymers uspd im fhe pregent process
different pH pARGESy mhibfhitéReiPhatey BRI ovafithe Shtfrd M xﬂ@em%rg.,'fp@; ifs
functionalization can be preferred in tthe 15 process. Use of pre-purified

pol yner, e3g. Prefemblriany pelyethyleneiming nsed imthe present inveptiontincludes prifoary ssecrmedatryiand

subsequent fuggct: ' i . 0! . .l ecul ar. i ght

ol yot nyl enci taraie) B MiefilythfAB 3G din 86 ool 2T orMmel RLcH WiSipe o
functi onal i zeditidestatercharadterrof bwme ofithe chielating groupsx Thepoipethyléneiiing %\ brdrichied hat
there will be ol yoer, | e during.the use of the polyners in any
ultrafiltrati 3&%@6 B ?é%ﬁg%ﬂaﬁ%ﬁgﬂgﬁ%nﬁgﬂ Y pesAunss for jts

wat er - sol ubl eufighanie®yif the OlyRfine TRl Fpolytrrs2 This bl BrandhBE Eirdefer NS allows for

detectabl e | eakage through an ultrafiltrati on menbrane during sone
subsequent!®pr BT 5@3.““8@‘8%@&%%%&@%@45 iWbintthepolymera Oghien goly#reings; esj zi ng
of the water- I ' t] h H ue, and
the ioni o ot r Bty Ry e RSt Bl She s B Bhich g B o ol ifgery
Because wat er nitrogens] tait they snedinear pelymeygne faver functiondlintd an lad to Molubikigans e

t he pol yners &?’IFA %{;@i‘nd or contract in size, conditions that effects these

t endenci es shoul o 88t ol 1 ed. For exanmple, it is known that

pol yet hyl enei m nThewss of prefigified (siRMBohaterin the filnytidaNlodioh v prefiadliif yRNJ .
acidic soluti onﬁ%lsaﬁ%taﬂr in the. acidic solution and smaller in basic). Thus,
pol yet hyl dhei PORESs f@"d@”'gf‘ém}}"i“?rr &8 Belygthydensimipg, basthe advantpgathatgeagents

smal [ est to fWeamub&aaaﬁﬁmkmbﬂaepsf&@mwaial%%&&qpy@&gﬁ{ om the

| arger fragnments (at a pH of about 10-11). 30 _ O her polyners because of

ei ther their PRIvRtdencinipe bt vwill belostintsnbnientparifiegtioniof the fanetonilisddeotynters,

OPL i mum pH Vafiifier ifivel ot Bltfalthatbifl 9 SAGRAY Haf Berd R od S pifndr 18kagl g 1 Sse

smal | est pol yneri
of the polymers in any ultrafiltration process.

20 Conditions in the preparation of the water-soluble polymers can be important to assure that
there is no detectable leakage through an ultrafiltration membrane during some subsequent
processes. Several factors are important in aiding the presizing of the water-soluble polymers;
the polymer concentration, the pH value, and the jonic strength at which the polymers are
presized are all important. Because water-soluble polymers can aggregate in solution and

25  because the polymers can expand or contract in size, conditions that effects these tendencies
should be controlled. For example, it is known that polyéthyleneimine can change it average size
by 60% between a basic and acidic solution (larger in the acidic solution and smaller in basic).
Thus, polyethyleneimine should be prepurified at the pH where its size is smallest to further
assure the smaller fragments are remover from the larger fragments (at a pH of about 10-11).

30  Other polymers because of either their neutral, anionic, or cationic nature will have different

optimum pH values for prepurifying depending upon the pH that gives the smallest polymeric
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PCT/ US96/ 08188 11 volunme in solution. The ionic strength of a solution can
al-so effect the polyneric volunme in solution simlarly to pH effects. If
pol ynmer concentration are too high in solution they will aggregate, again

ef fecting the wotsesgapm| ability of obtaining polyners t hat arﬁcﬁgggmsgg to
| eak through the nmenbranes during any ultrafiltration process. 5

prior art in the preparati-on of polyethyl efdi mine or other water-sol ubl e

pol yners for ySGmk d,srumaa ma&a%&gmgmmﬁffx&% o,qnheg.%w ié.gag

prepared and treate use 1n on technique
process to pusdhitionsishilacy ity pH effeats. (1Epolgmentongestrationtarentbo high wsumtfdnttmyl waill

schenme does n theultr anes. .In c trast, sone

ol yot hyl enei OB Rchet 2Fin e peatolo e S APGFIGE ol it e spis o lek

purifjcation thegh tiguenibtdnes tiring@ny tltrafiffalicirostss.ng Ul t rafl I 'tration wthout
' 0ggi ng the nephranes. Note that .one other main

severely and irrgversi bl ivm‘gl

use of pol3et hyl g‘??eﬂ'ﬁ‘f W%%wvwlwmspmﬁmhbh@omm
to bind to naﬁy@ﬁ%p&gﬁa ﬁ'e?’ﬂ

Pol yet hyl enei mi ne has eet}\&?g%?}et@% Mte%%d %?‘Z@t‘tﬁ% %P%fy%se%%}oa}glgw GPC
(si ze excl usiWtafiltrationdechniqueshy) , precipitation, and by exhaust Ive di al ysis. .
15 = Average nolfg wer e. per.f 0S try,
ul tracentrifugatl o% ??Aggrr‘l'él’tt? gﬁ‘ﬁﬁg‘wﬂ%’ e’é‘@ﬁﬁ%’?‘ﬁ’i’?@“&'@{r’ﬁﬁ t"ms eme
General ly, t hrh:es n@tetogtthendmﬂﬁafoa membdmeﬁrmmmt, "sdirﬁe polystigdeeiihe mbmicturers

wei ght |n§ot o{) DI 0 fractl s th?%n ass an absol ute
mol ecul ar wei Rt CCUtBIre Iop.a Ry ’scﬁtf‘ﬁ‘t} 196¢ g $e Rofyan %P@B&H’Fﬂﬁlﬂaﬂon

i nventi on canwisﬁmu&e&elwn&&&%ﬁblmggﬂfgltﬁé m&Qbm?éa”mﬁétﬁAt?r S oth@maf b v

separatlon of netal ions fromaqueous streans or netals
matri xes. Thetolyethiyleneiming is psryl adhgsbieynd polyetblensirnine fsiknadws td tind toumdny suifides,

only one et 1 nder th ndi tj ons
of the pr oce?gpéc%ﬂggédglg %h’kdlés}ﬁ%g‘{n eve% ggig%ﬁﬁ%' ﬂj’"%ﬁaas “HLTR %6?18?g3‘ﬁ‘?§ated
\Aﬁ er- f s IoIt u b![ éJy;wleylmng Gﬁﬁdsmémulm?n nlyomgmg![aﬂh)a,t praaipxtaﬁﬁdln ﬁh?luﬁe}ﬂltﬂ?ﬁvaallalyﬂs
ul trafi i e wat er and ot her ials fromthe pol ymer.
The pol yn{esf b‘% e”c&ﬁ% &fdm?qmweﬁ’&fmﬁwmw WE&“&%‘GM
netal can be visebmeﬁﬁdncf ngmdahmqééhﬁﬁﬁesbsﬁeaerw it IHeratureRERARS ASSmARing BV

|nthefoIIOW| euatlons [err_] [err] HP + Merr]
(eq. 1) 30 e qy}arqyel_ghtpgpﬂofmo ingfractions that do not pass an ghsolu)majecular
weight cutoff.

-

The water-soluble polymers of the present invention can be used in several potential
20 compositions for selective separation of metal jons from aqueous streams or metals from solid
matrixes. There can be a single polymer that will bind selectively with only one metal ion over
all other ions and materials under the conditions of the process. Separation is achieved by
binciing that metal ion to the water-soluble polymer and then using a separation technique such as
ultrafiltration to remove the water and other materials from the polymer. The polymer-bound
25 metal jon is thus concentrated. The polymer-bound metal can be released from the polymer by a

variety of processes as shown in the following equations:

+ +
MP)+H —-——>HP+M (eq- 1)

30 M) + L

or

> ML + (P) (eq.2)
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PCT/ US96/ 08188 12 MP) + e[err] [err] Merr] + (P) :

{eq. 3) where Mis the netal ion, (P) is the water-soluble polynmer, L is a
conpeting conplexant, Herr] is a proton, x is the valent state of the
metal , and e[ egpbghgioftn €l ectron for an oxidation change reacidmsssisiss
VYWere the netal is released by a proton (eq. 1) or by a conpeting nol ecul ar
ligand (eq. 2), the pol yner-free netal ionlq?s recovered by a diafiltration

process. In sone i gnges, __the et ion may hesyso tightly bound to the
im g-gesiragTde t?)h (Q >

pol ymer that it re eat process the concentrate to
destroy the polynmer (incineration, hot acid digestion, snelting, etc.) and

recover the taly,:Optional |y f t t. S it .
st 1 abi ot o VSRS Wi e afbat\on 2 et MR S MR L s B UG RBGER choglBRity. 15" s
cement mater ip?éwn,wﬁﬂlemaﬁt_siatedimﬁaal_t,ﬁﬁdé is@ﬁélbcﬁoﬁ%ﬂn(ol’_ﬂai?&n gh&ﬂgﬁr!éﬁﬁon.
potential conposition can jinclude a single polynmer that will bind wth a

combi nat i &n oVherpthgimetal isseloasedby 2 potan (et d) & By FAmpPFtgnolesulsy ligand (pg. 2 dhe
roLpatien ! Al \ wOrtth .
DSt ng. o SeparopERiied Sftabitn il b8 aRAERMIEb.RL 18 bor¥intundetiific ol on

i trat_lon to renove e water
and ot her natmeayibelse tighthrbouhdtorshs pokymer that itlis mongdesitebls to heatprpesiss the cotwentrate 105

netals can b ti . dy f.r . DO variety of

O ooease as deitioy it polfibek (hEhERRG i ebiT i bpielfl, ) S RlovEl e Bl 1o o

|”s] rel Fased Pptiﬁﬂﬂly?ﬁ?wéﬂé] maﬂagexgéntburpaseemmbﬁelﬂmd_ brpﬂi&iﬁ:tﬂega%ef.aamﬁ),
e polyner-free netal ion can be recovere a diafi ation_process.

Stri ppi ng'% s M- atﬁFﬂ‘?P’Wﬁ%er&gﬂbégﬂﬁéaﬁ‘%mﬁ’&\;@c%@étﬁ Bkt i vel y

recovered. Agai Mpothep _ﬁm@m asq@&n_cahlimﬁehaingle%gmwaﬁmlmd%mly- bound

to the polymer that 1t Is T desirable to heat 20 process the concentrate
to destroy t i¢empinhatjoncof metal jons under the peocessiconditionsySapanation and seloetiviiords walized by

roval e g, ! bRl e chp bR AER! oBPlEn b Excbitiloh dchfiaRO TR iigigionsg
tests (TCLP) rerfbvielthe wameatanéd othexanyteriald fram theypolynwr-pstal/conipldxes. nMThegiolymer{bbwwd or

I f | . I | gh bl ended i h ti, d
Wt SucBr el SRR e gl e oot e P EHEk e PR B P Shovih b
combi nati on efuatibhal, 2| A3, Wikked the Séléciddindtal ichielesed by protaki(eqr DR b§ a coMPeting

and/or ionic strength. Separation is_achieved by binding the nmetal ions to
t he wat er - soMgeular ligand (eq. 2), the polymer-free metal ion can’be recov y a diafiltration process.

Stripping is repeated until all the desired metals have been selectively recovered. Again in some
instances, the metal ions may be so tightly bound to the polymer that it is more desirable to heat
20 process the concentrate to destroy the polymer to recover the metals. Optionally, for waste
management purposes it may be desirable to solidify the polymer-bound metal, e.g., in a grout
or cement material, such that it passes toxic leach tests (TCLP).
Still another composition uses a polymer formulation (two or more polymers of same
molecular weight range) blended in such a ratio and with such functionality to have the desired
25  selectivity that binds a combination of metal ions under_oenain conditions of pH, counter ion,
and/or ionic strength, Separation is achieved by binding the metal ions to the water-soluble
polymers and then using a separation technique such as ultrafiltration to remove the water and
other materials from the polymer. The mixed polymer-bound metals are thus concentrated and
can be further purified by washing with a clean solution in a diafiltration process to remove any
30  final impurities. The polymer-bound metals can be selectively released from the polymers by a
variety of processes as shown in equations 1, 2, and/or 3. When the process uses equation 1
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pol ymers and then using a separation technique such as ultrafiltration to
renove the water and other materials fromthe polyner. The m xed

pol ymer - bound netals are thus concentrated and can be further purified by
washing with a clean solution in a diafiltration process to renove any 30

final inpuritivasee3ties pol yner-bound nmetal s can be sel ecti vel ypdmbsaosids f r om
the polyners by a variety of processes as shown in equations 1, 2, and/or

3. Wien the process uses equation 1 SUBSTI ¥TE SHEET (RULE 26) WO
108188

96/ 38493 . .

13 and/or 2, "PRer e watersolyhle polymers may be slectvely syipped of the respplale i of ol
respec;tNihve nmfaﬁctdsb?m@.;pppxﬁpmwsoﬂgylmgqmga@@rﬂ@o@nﬂﬂlwwﬁmo a
range wher eat_one, po LIS stri of .its.particul ar net e the
second wat er -Ré0t 8“’%@%&?“@9&4) Q’ioiubkﬂﬁ?ﬁlm %ﬁm“é‘g" E‘BWZP%? water-
sol ubl e pol yrselublpolindioahd mdthle The sseontl aiddubsefsentipityrherd CinbERtripped.of e

stripped of the 5 renmmining nmetal ions as desired for the separation

process and tR@ainEgapRialdens an desired o5 the STRRFANICR Progess AR the &sgenestiton of fheielymers
separation prg “’&*k’l'g???%?gﬁ‘{ sition uses a polynmer fornulation

(two or nore polynmers o nol ecul ar wei ght range) bl ended in such
a ratio and w t IStillenbthexcontposition wsesa palyenformuiation o arsncsepaiyrners of giffetent

bi nds a conbi i of t al, .k ons,.under certain.conditions,.of pH .counte
Con. 10 and/Boteelf ey o) plende B 25ch i 4nd i e hapoRosti in rvs sl o
ions to the visleetiviyGhailbinds podnibiRdtion bfimétabions ridetcentainepaditidris O pH SsokiMeflion,
such as ultrafijtration to renoye _théﬁwaeégr i?xa'd ot her materials fromthe
pol yner. ¥he anleeipnicstrenath. Beparation)is echicved by binding thejpetalionsae the wetra-selublehe

further puri fioRshd? ¥nd\sidiek ﬂebﬂa@on%&ﬁiﬁ_?@ﬂlcﬁta& ﬂ&aﬁﬂaﬁoﬁb%&kﬁﬁé%@ragd
process to renove any final inpurities. The polyner-bound netals can be
sel ectivel y rothesmategials from the polpery Fbe mixed polyn®r-bound; metsls are thus coenteatedand

shown in equaij . A S . ation_| and/ or
2 the wat or L2 P e RrigRE R oo st e SoBRE B H A RioR B W romeE e
nmetal ions orfinglimpurités. 'The polymenbouny memisgan begebectipely rdlensqitronothie polymiet iy 22
second watior "E0RT SR BobGr s thovayia e fapPE s Hhen B gfocss v cuion 1

wat er - sol ubl emi/et 318 wheishbE cmersisy BeseRBveldrisped De fhe 83bechIt YIB! nf

- be stripped of the 20 remaining netal ions as desired for the separation

process and tSRRMPEgetal ions bye.gxappIoptisieph} entpl into a range whereat one polymer is stripped
' of its particular metal while the second water-soluble polymer retains its particular metal as a

water-soluble polymer-bound metal. The second and subsequent polymers can be stripped of the

20 remaining metal ions as desired for the separation process and the regeneration of the polymers
for further reuse in the separation process. Alternatively, since the water-soluble polymers are of
different size ranges, it is possible to remove the metal from one polymer by the equations 1 to 3,
and to separate the smaller polymer containing one type of functionality from the larger polymer
with a different type of functionality. One of the functionalities is chosen to bind the metal ion

25  ofinterest so tightly that the polymer that contains that functionality and the bound metal ions
can be size separated from the other size polymer(s).

Another composition can include a single polymer or formulation of polymers that will bind
with a single metal ion or a combination of metal ions under the conditions of the method.
Separation and selectivity is realized by binding that combination of metal ions to the water-

30  soluble polymer or polymers, then using a single pass separation technique such as ultrafiltration

to remove the water and other materials from the polymer-bound metals. The polymer-bound
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faor further reuse in the separation process. Alternatively, since the
wat er -sol ubl e polyners are of different size ranges, it is possible to
renove the netal fromone polynmer by the equations | to 3, and to separate
the smal | er polymer containing one type of functionality fromthe |arger
pol ymer wth awildgsgfosnt type of functionality. One of the f“ﬁ@rfbﬁq&%i&i es
I's chosen to bind the netal ion 25 of interest so tightly t e

pol ymer that cont ai ns t hat functionality abktl t he bound netal ions can be

si ze separ at h sition can

i nclude a si ﬁlg poI ymer o‘{&a; orrru %%gg#&%%ér%“pegﬁsmgﬁﬁ‘ﬁ% m a
si ngl e net al Thnmmbmwﬁﬁkmhdof&gs&dlmamnmdmﬂtmlmmw of the
met hod. Separ ation and sa‘ él Vi t | S re ze ﬁqé bi ndi ng t hat conbi nati on
of metal ionsSHPIPPRAEacid I”iﬁf’i‘? rWese, P the pembrare nThesi ng a

singl e pass Wh&ﬂn&:ﬁﬂheumwc@am%%mé&aﬁwtb@%gﬁgﬂ? r%‘?‘@bound

wat er and other materials fromthe pol yner-bound netals
WO 96/ 38493 solution can then be analyzed using appropriate analytical instrument or wet chemistry

PCT/ US96/ 081 taI s are further concentrated to dryness or near
dryness onto at ‘ultrafiltration menbrane. The menbrane is either

di sz ol vefJ or d| tgtmﬂvdwlmpcampn cq:rmciitlcﬁ amﬂtuﬁniyn:erh btaﬁmhﬂdttou' df?ﬁmeﬁwmn bﬁ?_ﬁ '
acid or liga 0 a recover. e s tha n the menbrane e
recover ed sop& #ﬁiﬁtﬁn@tﬁy%ﬂ%ﬁ%°%g§8%@é?ﬂsﬁ’5 < °°§ P@&O@&em:os i ons
fromthe ori @epahtidn is achitved byobindingithe Bélébtddmetd] Jons 26 the U@teﬂgolﬁﬂpgtggﬁ :

SI |on can

anal ytical i nskrument or wet chem stry techniques. Another

i ncl ude al%i Mg eﬁcﬂ"?ﬂ@ﬂ“&ﬂgﬂmeﬂmq}?%Iathh&lqlimd-hﬂden\wt ha
singl e net al ert e con ditigns of the
process. Sepa?g‘tg{eg)?\he?gﬂa%{c{?l eve isgurfabmg%tlng the se‘f &g yﬁi?{'%ﬂ“t}"é}ngﬂ?ﬁ‘eﬂ?e
wat er - sol ubl Mwmdm ﬂxé)polpmbmélge mmtlnebfmnousswmdq:hﬁﬁ&@ds%bérﬂted remhipd que
such as bi ph l:c}qm?% %@l d ractl tho renove other nmaterials and
unbound met aI |ons it ?yﬁtéf‘ AP Rt UGSeE-gh QUXCTsettlens; o
unbound to trhqmpekyatﬁon ﬁaﬂbxgﬁest dsrtcenthmgalabgtamze éid. TRMMs D Badki&tracted
separ at edqu fFp Igler-cont ai nin uequs phase by standard phase

separati o to apqther pque 'Estﬂ "FWEWY(P“@;??‘?Sa@N pHymenehn bnes,
or centrlfugeégeﬁ@aédaﬁéxﬁn& @S&ss&mmk&c@mwﬁuﬁﬁﬁﬂ&aﬁaﬁm&&%ﬁ from

t he second pg e to another aqueous phase for recovery purposes. “The
pol yner can @% tration. This process can be reversed by back extracting the metal ion of interest from a

biphasic system using aqueous solutions of the water-soluble polymer.
Generally, the concentration of the water-soluble polymer in metals separation is from about
20 0.001 weight to volume percent to about 25 weight to volume percent of final mixed solution,
more preferably from about 0.001 weight to volume percent to about 5 weight to volume percent
of final solution. -1t is sufficient and in some cases desirable to have at least just enough polymer
in solution such that the molar ratio of polymer to metal ions in solution is one. Using high
concentrations of the water-soluble polymer can most often result in a lower flux or flow during
25  anultrafiltration stage. The use of high polymer concentration can also cause an aggregation
effect where no or little metal ion binding occurs to the polymer when the metal ion sees a high
initial concentration of polymer. During the diafiltration stage the polymer and metal bound
polymer concentration can often become quite high and in the case where the solution goes to
near dryness it can approach 90% of the weight of the concentrate.
30 After the solution containing the water-soluble polymer is contacted with the aqueous

solution for a sufficient period of time to form water-soluble polymer-metal complex, separation
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regenerated fromthe aqueous streamby first concentration ultrafiltration
followed by diafiltration. This process can be reversed by back extracting
the netal ion of interest froma biphasic system usi ng agueous sol utions of
t he wat er-sol ubl e polynmer. Generally, the concentration of the

wat er - sol ubl e mwadgsmeee3i N netal s separation is fromabout 20 gerAfkdetigigg Nt
to vol une percent to about 25 weight to volune percent of final m xed
solution, nore preferably from about 0.001Y®&ei ght to vol unme percent to

about 5 wei gh -%Hfﬂ SEF_ ' sl 48 ;sufticient and in
sone cases deéi;t{rlgg}‘% 0 l{:ﬁﬁ a %@&hpﬁgf%ougﬁqﬁcﬁf@mﬁw“iﬁm'such
that the nol aUltrafiltrationis appésyuredriven semaion ocowsring onsahelecubis séale. 0ACa preSsuRtd

hi gh concentrati.ons of ..t he water-sol ubl ol yre n.nost often result in a
| oner fl ux orglﬁh’ _‘ﬁ%ﬁl’i“ﬁ‘gﬁ"ﬁm&ﬁ 5‘?’%“‘5?%%\%‘%@%@ rage.diqyid inclyding

pol ymer concesmiliFdiésolved iitefibls fre EatbsiRthiblgit fete R the énitideAokile Mg ai &8IVl '
little netal ion binding occurs to_the polynmer when the netal "ion sees a

hi gh initi%l eeaadsamdihe ke a9 reined inthe progess sgeann Pressure gradientsicam be created, el e
pol yner and ngkald BOWH I ka?e%&t ' Ligl; ne quite high
and in the case hars t%%gggf%ﬁlgn goeé&t?%‘h néar?&%l’;ﬁ/;ﬁess clgfﬁiﬁcg’?‘f’ga Eﬁ%’ﬂ’q@@%
of the wei ghtaitdnd{ongassystems (ergs initrogéh). After the solution containing the
wat er - sol ubl e p r.ig.contacted with the aqueous_solutign for a .
Suf 11 ot ent per | QIR e of E PEREE ey Ml Rol e ot B SR s e gspgplby consis
separation  of\i6l&w/fiberiCtiridges or membrane material having a 1,000 MWCO to 1,000,000 MWC%
olynmer-nmetal conplex is preferably

PCT/ US96/ 08188 15 ff tf&(pa wat er - sol Ubllﬁﬁ) .

acconpl i sHed H5§f‘1”ifp ¥r 105000 MWECPO 3 100,000 MWGQ., Qthermembrane gurations guch.as spiral-
separati on OGHsndinHiuRE sAréld brat S L) xﬁ‘ﬁmﬁe Shihe Lent ks .
applied to a processustream é’gﬁ acting tﬁgeu trgfl tratl%%#fb'an,’,g"‘l%i d
i ncl udi ng s nepeparatedhylameinbranepanidshelikermayf alsodedised although hobloefibercathidges are

nmenbr ane whi | o di terials and the |jike are_retajned in
The process dEihfbrted e ol Eniuouinidon ol st eyl FircamabPean ( ne
use of yacgurgapljmﬁe:}msfpr Jredonten fratgmlpuf-pmésesﬁrrad_a&lmaai&?htrmgél Iiilhtfmlu-ﬁiféﬁfunitshare
pressurizgd air. and/or gas systenms.(e g., nitrogen). ln the use of the
present V\gt erPref IM‘@%‘@?’ %éﬁeﬁ g‘é‘? mwg%ﬁ’ ¢ARHRUQUS Rregensenttion for
consi st of hahhigical bfiftications. ! Ath&iiahe Bdefll B lafids aRdnl 0 MACO
to 1,000,000 MACO 10 preferably 1?)?’%00 Wgﬂ%’g% Trsomi °¢iahr‘89"

menbr ane confFgatecrolxsatons, and polyamsisie membranes such as polybenzamide, polybenzamidazole, and
polyurethane.

The use of ultrafiltration for separation is further described in Kirk Othmer: Encyclopedia
20  of Polymer Science and Engineering, 2nd Ed., vol. 17, pp. 75-104, 1989, such description
incorporated herein by reference.

Generally, the water-soluble polymers havé molecular weights of from greater than 1,000 to
about 1,000,000, and preferably from greater than 10,000 to 100,000. Above molecular weights
of 1,000,000 some polymers tend to lose solubility, while polymers below molecular weight of

25  about 1000, retention by suitable ultrafiltration membranes can present problems such as low
flux rates.

The water-soluble polymers of the present invention can be provided with distinct
preselected molecular weight ranges through purification or sizing. For example, by filtering
polyethyleneimine through the particular size ultrafiltration membrane (e.g., UFP-10-C-5

30  available from AG Technologies, Corp. with available MWCO’s of 10,000, 30,000 and
100,000), polyethyleneimine can be provided with: (1) a molecular weight range of greater than
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wound nodul es, stirred cells (separated by a nenbrane), thin-channel

devi ces, centrifuge units (separated by a nenbrane) and the |ike may al so
be used al though holl owfiber cartridges are generally preferred for the
conti nuous/ sem conti nuous process filtration units. For anal ytical

applications fwéogsgaspncentration purposes stirred cells and roardsosbsigse
ultrafiltration units are 15 preferred. Small hollowfiber cartri dges al so
can be used for continuous preconcentrati oh®for anal ytical applications.

‘Among the usefyy h db%aggssﬁa n%mm&aﬁ?wa@&tsbmwﬂ&dabealxb%@sm 2 fioledhiar

pol ysul f one, po yam ranes such as pol ybenzam

pol ybenzam dawwm@fMﬂMMWéO,mMMﬂlm molecular weights of less than

ol yror | Sci ertbei A, G R plcBife weipt nfe OF S u IBHE' OBRSY By Sepmully fop of
d els c :rle IrOts i g 2 y :a mcleTMrvaaign‘k dfdesethan hb(mt H)'Ogm)er\(gg? ?::ﬂmbdlghé adggteoﬂng lﬁﬂam h0jobe
D000, 000 e Shp AR sttty dos pERole e W hot) 15 e Boawt 0. DR v greater

mol ecul ar me'ﬂma?oom‘so]oo@ 08) Qﬂﬁzeaﬂarwgghmigésfﬁaﬂgb&ummﬂoawdabododwmdm' le

pol ymers bel ow nol ecul'ar " wei ght of out 1000, retention by suitable

ul trafiltrat iessential mmapwslﬁmﬂ?ﬂséhﬂn@hemsl&@ﬂoa@grﬁﬂwrthan)abmatl@@smﬂfhe
wat er - sol ubl o)

di stinct prese @5’5{0 @%c&%%t%ggw %@g? ?@r p(l),lolt’:q [ ca ‘mag)?&e“f
si zi ng. For andnmﬂarweﬁghts‘oflléseﬂmmgbopw(ymo JignanenﬂmeabohrmogbOtOﬂlepwaﬁet-me
size ultrafiltration UFP-10-C-5 30, avali fromAG
Technol ogi]%s,méﬁ? r@ﬁ‘zﬁ‘gﬁﬂs&ﬁ'}% Q&ﬁfp%leﬁﬁsmﬁff %B‘gég?ﬁ?mf@@ ailable)as
pol yet hyl enei i nehtiarwith GMEMAWO’S Bicokd kvallable) ecul ar wei ght range of
greater than SUBSTI TUTE SHEET ( RULE 26) WO 96/ 38493

PCT/ US96/ 08188 1¥heamsigsisoluble polymars ganheused inthe tecqvecof sretakisma Som:aquequs gieamsof

30 000 and- oonderrprby siniler s TBUPS:fafts dipicifon S Finiter BlaDRH1ch BEHBRRY
(3) a nol eculherewith; erititled &ng-sdlulgc Edmmfmdmamnfmea I@G(froanﬂqmue&téaais?,y
e of o eoyl gl gl OBk & Bl B85l 35l BAR5AA,y o Pl 6 e

wei ght range
application serial number.xxx,xxx, filed concurrently herewith, entitled “Water-Soluble

Polymers for Recovery of Metals from Solids”, and can be used for the displacement of cyanide

ions from metal-cyanide complexes as described by Smith et al., in U. S. patent application serial

number xxx,xxx, filed concurrently herewith, entitled “Process for the Diéplacemem of Cyanide
20  lons from Metal-Cyanide Complexes™, such descriptions incorporated herein by reference.

The present invention is described in more detail in the following examples which are
intended as illustrative only, since numerous modification and variations will be apparent to
those skilled in the art. Examples 1-31 show the preparation of PEI, PEI derivatives, and other
water-soluble polymers. Example 32 shows the use of such polymers in separafion of metal ions

25 from aqueous streams.

Example 1 (polymer A)
The polyethyleneimine (PEI) was prepared as follows. Crude polyethyleneimine (obtained
from BASF as Polymin Waterfree PEI and as PEI homopolymer P) was obtained in two
30  molecular weight rangeé. The Polymin Waterfree polymer was reported to have a molecular
weight in the range of 10,000 to 25,000, while the PEI homopolymer P was reported to have a
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5. to about 30,000 and essentially free of nolecular weights of |ess than
about 10,000 and greater than about 30,000; (5) a nol ecul ar wei ght range of
from about 10,000 to about 100,000 and essentially free of nol ecul ar

wei ghts of |ess than about 10,000 and greater than about 100, 000; and, (6)
a nol ecul ar wewglvssg@ange of from about 30 000 to about 100, 00®cwws96/08188
essentially free of nolecular wei ghts of 91$7 t han about 30, 000 and greater
t han about 100, 000. O her water-soluble 10~ "pol yners can be sized in a

sinilar fashi giplechlaéi Nﬁ\%orﬁ&%b??é 06b (756,000, a4RHbiflg RRHARPmRNBY bpﬁhﬁmﬁﬁw&

menbranes w th ot her becone avail abl e. The water-sol ubl e pol yne
can be used i measweement duaealitiobotef these polpmer had mbaepdaenl gcuhmmhtraw@dshedl bed

concurrent |y Rl petectiih Gt w RescRllrabd gl nal 101 Nl ad 3960

Metal |ons erWQ@umdul@OﬂmrMWGO mdiepnﬂmerbﬁ'ouMFweneMglﬂsem&haﬁnget al s
from'solid as .des r| bed ‘8%% application

serial nu 5??”“90 Hﬂquwtaghﬂ | ed "Wat er- Sol ubl e
Pol yner s for RECW ﬂéﬁoﬂ%ﬁatyﬂie%ctfdf pHloRPblyHher sized HwE6] %9 SolidicbrPelyndif

di spl acenent of cyanide ions from netal-cyani de_conpl exes as descri bed by
Smith et al., W aﬂm@dwthpgmoehasﬁ trsparcthe pH m%hmm&aml 10f The:sblutions

concurrently 20
| ons from Met g’lék@ éﬁd%{r"%’l exés sucﬁ %“é’%‘?‘f‘?t ns |n port%{egméﬁ%
by reference. mTanunyermermmnmmsmgihsmppérenbthaddemrIbedihﬂamnm t he

foll om ng .exa e i ntended, as i str ti.ve. onl € nuner ous
nodi fi cat i gn %W’h?ﬂ?? WF’P"’B éb %/"Inélaerf“rﬁyﬁﬁé%rt .
Exanpl es 1- 31(G:61a% 4ths nin)aRa thit mgfthBEghatRE}erﬁHrvhmai(O\OBS%a?mﬂnﬁﬁ)h%e
wat er - sol ubl e_pol yners. Exanpl e 32 shows the use of such _ polyners in

separation of lﬁ‘i@ﬁ"eﬂ‘ff% ogeyrred beiwreen it LR andS, with the sequential Il‘é"’@}.'me ebtbe ﬁﬁr‘eﬂd}ng

ggleyggwlete%! m ne (obtal negl %@“Q{:B%\%%@g vagll{t/dryh %H%?Cg% %%%“Fa’ °f4 as” Iplgf
honopol yner  Plo thisdragiatie chapge inrpolymer Si2e, polyethyleneimingmiag _tmnﬁed_r’ogdmﬁlﬁratﬁen Bod ymin
10, 000 t o '25, BB YRR BT AR RS IBT o b wae reported fo have & VO
96/ 38493 The polymer was purified using hollow-fiber membranes prepared byR{Fpet/A@irOAIBE
17 process, ultrafiltration membrane cartridges prepared from polysulfone material in a special
homogeneous fiber construction, where the microporous structure does not have macrovoids.
Membranes such as UFP-10-C-5 (currently manufactured by AG Technologies, Corp.) were the
20  only type of material found-to purify polyethyleneimine and allow for membrane washmg to
recover full flux rates after substantial use.
The polyethyleneimine was diluted in water to approximately 10-15% by weight. The pH
was about 10.5 upon dissolution of the polyethyleneimine. The solution was diafiltered using
10,000 MWCO, 30,000 MWCO, and 100,000 MWCO membranes (keeping the volume
25  constant) until 6-7 volume equivalents of water were passed through the system at less than or
equal to 25 PSI. Following the diafiltration step, the solution volume was reduced approximately
85% to concentrate the polymer. The remaining water was removed under vacuum and mild heat
to yield colorless, viscous purified polyethyleneimine. Thus, with Polymin Waterfree 25% by
weight PEI came through the 10,000 MWCO membrane, 10% by weight PEI came through the
30 30,000 MWCO and not the 10,000 MWCO membrane, and 65% by weight was retained by the

30,000 MWCO membrane (this fraction referred to hereinafter as polymer Aa). With the
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nmol ecul ar wei ght range of 70,000 to 750, 000, dependi ng upon the nethod of
nol ecul ar wei ght nmeasurenent. In reality both of these polyner had a broad
mol ecul ar wei ght range and had material that passed through ultrafiltration
nmenbr anes that have 10, 000 MACO and 30, 000 MACO and 100, 000 MACO. These

pol ymers fromyphokseyes € hi ghly branched having a 5 pri mary perreoenngs y
to tertiary nitrogen ratio of approxinmatel igl: 2:1. To denonstrate the

effect of pH on polymer size a 1 w/vol %s®%lution of Polymn Waterfree was

dj d wi | | ; i
adj usted wi t f‘p@ﬁ%fﬁ?}e}?%gs?,%?éﬁ%%t bidSedittitonSI0ine R0, mb?neﬁﬁgml,(hﬁggt@:gxght

sol utions were a 30, 000" MACO nenbrane with perne
sanpl es t akerwasdessdenc9l00) MWCQand greatertharh] Q0ROMWE, 64 by aweight was desgthane

e menbr ane. SEXROAFBE 48 galer SHTadiiho MRS 30870 b el B oS o (Y O
that passi ng MWCO ¢hisfiactionseferret-o hedeinafier(@ poigiie Ab). The miateyial rdsultingafidie e
gh: o | et EiBiesioR e ALGNUNCO Grsbrme AR Whra e o « 1 000 MO s,

| TTerence | ”gag% ﬁ?gﬁcﬁdeﬁdﬁsﬁe 6 thd Sbiymer'thiSudhh 10008 M@&nbﬁbﬁﬁ?‘&ﬂ% df%pper

pol yner size, erei nine was purified by diafiltration at

rel ativel y hitestdenelopst tredetestlessghed 1inpm offpolyethyleneipineypalymencSimilarly for santerisl ng
hol | fib ' ' .
Utrafi |t a i SRR SRl BAPGO0SXRCENGElyher BB AR TO MwcO,

speci al honogaarinuse rid deektable polymercwaswbservdicin thetpermestec Fopsomeapplidatioms! the ©
does not have Crovoi ds. nmbranes suyc as@ﬂ:ﬁélo- C- 5 qgcurre tly _
manuf act utled CoReETiFAl i netequss drying byt e copeentraled i 3 Yorkable volumesas o
riied i

found-to puridiscRinY finBidnBRAticH REteRswerk ikl ane” washing to recover

full flux rates after substantial use. The polyethyleneinne was diluted in
wat er to appr oxi¥hecepner testinwived plagiag §i5tmL vfikse fost sampleanse a0 md. wiumpesric flask,

di ssol ution [ JT] . | .1 haf il t '

10: 000 M, 8RR RIAED bR Bimichith:ed o bardlh bl Wi o BpGtt Uk O
const ant) untMHG),71.0 oiLiofpHecR buffet 66 ml of acetic ecid dinted tp 163 mil witlr deinmlizet] Inater
system at_J ess. .t . Or al .t 5 PSk..  Fol | ow he diafiltration step,
the sol ut Fon i BRlioRet T2 R eravdim Suiomabert alirhein Sirbion pocf orapete ol
pol ?/ger. | Thlewe_djas't@nw' 5m,taﬁademﬁzeﬂf ; emrl adc:]iluﬂdtel rmmacuﬂsrsomwh i nmakdlhimavltemo. |
yi e colorless, viscoys purifje ol yet enei m ne. Thus w th Polymin
Vaterfree ZSWG‘EWQH?WPEWC%F‘RPB PgtEwvasprapatsd MM%@O@A)&W
wei ght PEI cayig wiNoP4blutiia oBPEL 30reatint BMECya\Hed ita réfaRndelaRBi} a1 at 284
menbrane, and 65% by wei ght was retained by the 30,000 MACO nenbrane (this

fraction ref &ep@eter8. herei nafter as polyner Aa). Wth the
20 The specifications for the membrane included holiow-fibers of a material to which

polyethyleneimine does not adhere to any significant extent, i.e.. detrimental effect on flux. The
routine operational pH range of the cartridges fell between 2 and 12 with the ability to process
solutions down to a pH of 0 to 1 for limited periods of time (30 min) without damage to the
cartridges. Minimum flux rates were 0.01 gallons/min/sq.ft. at 25°C and at a transmembrane

25 pressure of 15 PSI with a solution of 5% by weight branched polyethyleneimine (Polymin
Waterfree 10,000-25,000 MW). Original flux rates of the cartridge were readily regenerated
after use by a simple cleaning process of a 10 minute flush with water followed by 30 min with
500 ppm hypochlorite and rinsing with water. The cartridge had at least a minimum operational
pressure of 50 PSI at 250C. The cartridges had the ability to be operated at temperatures up to

30 80°C.
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PCT/ US96/ 08188 18 Polym n P pol ynmer 16% by wei ght passed through the 10, 000
MACO nmenbr ane, 3% by wei ght was | ess than 30,000 MACO and greater than

10, 000 MACO, 5% by wei ght was | ess than 100, 000 MACO and greater than

30, 000 MACO, wisbeaBadsby wei ght was greater than 100, 000 MACOpCITiUs9é/és1ssct i on
referred to hereinafter as polynmer Ab). The material resulting fromthe 5
retentate fromthe 30,000 MACO (pol yrer Aaa‘9 when filtered on a 10, 000 MACO

menbrane, gave no detectabl e passage %ﬂgﬁ@ﬂ{ HEB)! hrough a 10, 000 MACO
menbrane using a copper test devel ope 0 detect less than I ppm of

pol yet hyl enei i n%n poinprraboxydicatid sentaining wateselnble polymiet af thesstirugtureyr eat er t han
100, 000 MACO (pol yner Ab) when tested on a 30,000 MACO nenbrane no

det ect abl e pol yner was observed rmE€HLH ateCHiChN}some appl i cations the
10 polyner concentrate did not require dryjng but cIouI d be concentrated to
a workabl e vol une as subsequent functionali HON I GMped,ANS were perforned
in water. The copper test involved placing 0.3 ihlL of the test sanple into a
10 m, volunetric flask, adding 0.5 nL of a copper acetate solution (1.99 g
of copper acetate diluted to 100 nL with 0.0 Ha), 1.0 mL of pH 5.8
buffer (0.6 nL of acetic acid diluted L \g¢ ei oni zed water 15
with addition of 11.2 g of anhydrous sodi'ufi acetate and sufficient sodium

acetate or a I I i 3 L&A : ilute
to mark. Thi ?ﬁ}g?‘ S g(r%n\i/\’glgédr#lxeg We|: lﬁ,l%l@gﬁ%%ﬂ%h%g??%ﬁ%ﬂ%%&%ﬂ{&
spect r ophdt onvsperifiedd)using epaolardationf ngrboxylic agid eroderyso sob-0ais of Y THADBwithinvled %
sol utions of I nt an . . 1 ' le a r ead
2t 284° nanondiL L abtol FRFL rleeRlh B 3F kb hBIR T PR WasE g )
hol | ow-f i ber avasfaddeddndpaviseadvet Dperibd 6f80MAInyERS kyd whriofiofpolgktigdenainine (U5:02) afid
any significant extent, j.e. 6 detri tal. .effect on flux., The_rf€utine

oper at i onal %PWWW@%48EPWT°H@§“§@I¢%%WPZ‘% 02”3?(?9' fifigr the
ability to pPragsswaotdiplas thekoifion Radstidted af refhnt for 3 hb@s, TheSofulitn MaS sl B
time (30 mn) without damage to the cartridges. Mninumflux rates were

0. 01 gal | ¥ns/ma9m teseperature thep dilwted tp @ Lisers with dgionized waten,{ihe pH of the spluien wae of
15 PSI wi th aRQlltd £8ulhe potasRbmtidRide Bf ARFOBHrRALM STHY byt Vel Pufsfid By 1
diafiltration collecting five volume equivalents of permeate using hollow fiber cartridges with a
30,000 MWCO. The retentate solution was then concentrated and the remaining water was
removed under reduced pressure. The residual material (referred to hereinafter as polymer B)
15  was dried in a vacuum oven at 60° C overnight to give 50.78g of a light tan brittle solid. IR
(ATR): 1630 cm'l (C=0). Elemental Analysis Found: C, 32.58%; H, 4.97%; N, 8.54%; O,

28.99%.
| Example 3 (polymer C)

20 A partially functionalized carboxylic acid containing water-soluble polymer of the following
structure:

—— (CH,CHy —— N— CH,CHNH—

CH.LCH,

|
N

Hcozcu-lz/ \cw
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Waterfree 10, 000-25,000 MN. Original flux rates of the cartridge were
readily regenerated after use by a sinple cleaning process of a 10 mnute
ffush with water followed by 30 mn with 500 ppm hypochlorite and rinsing
with water. The cartridge had at | east a m ni mum operational pressure of 50
PSI at 25[err] &odems4e3artri dges had the ability to be operat egpcaiusosnsiss
tenperatures up to 30 80[err]C WO 96/ 32§493
PCT/ US96/ 08188 19 Exanple 2 (polyner B) An“adm no-carboxylic acid containing
vat er - sol ubl e vae pipared 61 polysthyldneiniihe (BASH Péljhin WteHfe8 Jkigied &in A%E

pol yet hyl enei Polym n Waterfree used as received from B
5 unpurifi ed%’{’]ﬁ@q(wg}%f) Histig,2 molar ratiq,9f %P%%Wﬂ@%@%ﬂm@oﬁ@ﬂﬂMmﬂm

of CH2CH2N wi mmbmmﬁﬁism e burte mfllbmga veiRhigfoadl ikt f'or egee and

pot assi um hydr oxi de (260 I n wat er ropw se

period of 30 m@cmdalﬂvﬂmm 'Efemmem lay incraimplerB; waR Folldved kxcepifor the

S0 or 1] . °af Lifepied Sk B, Refftel atelvom ke (S5 20, Bt BB oI et

reflux for 3 bdgunensilafareaqd.mw olymdr@l to 10 roomtenperature then
dllutedt02I|t3 th delonlzed water The pH of the solution was
adj usted to 5.8 méi donalized carbeiic agid gentaiging weter-soluble polymier s prapeted e

i fied
berneat e usi ng Bl owé‘ﬁ“?é?%?f?’%"?ﬁgﬁ‘e*spm‘h“’“?g% M0 ¥R Hoecf s 5
sol uti on was mbhméenﬁ@rhmh@mdamdlewnesubamoflﬂibzﬂkmmﬂnnﬂmemaﬂuMQH

reduced prgss ref d to erei.nafter .as pol yner
B) 15 vvaslsdr ?féegso“;wgf%/ag%ugﬁ {t} gr :{F‘E)Wtoc Bregﬁs\%e’@@p{f’ BT a
Found: G 32, 530t oo §°7ﬂ'a/"“***“§“5°2%96"“% a0t Beamlc s {pavae O 20
Foun () (] ol ymer

A partially f’ﬁ‘ﬂ{?%ﬁ‘ﬁm&hiwfi P4 %‘c%f?ﬁfc?'eﬂﬁ?"iﬂf ; ymtb,anpi@l.qwﬂer

of the fol | owMVICE biitl6ss iaf:30J000 MWCO and a molecular weight fractxon greater than 30,000
MWCO but less than 100,000 MWCO (referred to hereinafter as polymer Ca) and a fraction
15 greater than 100,000 MWCO (referred to hereinafter as polymer Cb) were obtained.

_ Example 4 (polymer D)
A fully functionalized phosphonic acid containing water-solubie polymer of the structure:

c|=H2P<0)<0H)z

—(CHzCH; —— N——CH,CH,N) —
CH,CH,

N
(OH)2(0)PCH2/ \ CHoP(O)(OH),
20  was prepared on a polyethyleneimine (Polymin Waterfree from BASF, used as received, i.e.,
unpurified). Polyethyleneimine (2.50 g, about 0.058 mole monomer equivalent) was dissolved in
6 M hydrochloric acid (80 mL) followed by the addition of solid phosphorous acid (19.0 g, 0.29
mole) at room temperature. The homogeneous solution was brought to reflux followed by the
dropwise addition of formaldehyde (38 mL of a 37% solution, 0.47 mole) over a hour. After the
25  addition was complete, the solution was stirred at reflux for an additional hour. The heat was

removed and the flask allowed to sit overnight at room temperature. The sticky solid precipitate
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PCT/ US96/ 08188 20 was prepared on pol yet hyl enei m ne (BASF, Polymn
Vaterfree, purified as in Exanple A, >30,000 MACO using a nolar ratio of
carboxylic acid noiety to sub-units of CHerr]CHerr]Nwthin the PEl of

about 0.5 to lwoldsmsgaurce of carboxylic acid was chloroaceti g 'sgﬁ,“?”one
case and bronoacetic acid in another case. Ihe procedure, as in anple B,
was followed except for the 5 di fferences®hot ed here. El enental Anal ysi s

Found: C, 44. 7‘934;0011&“&%%@%03&@%@&&'%&%%&. i Mfiﬁ‘%&aﬁgﬁs&%‘i in yater and

herei nafter as pol yner \ partially functionalized carboxylic aci

cont ai ni ng wat¥Hustsd te;pH 6.8 yith sediumhydroxidep The splusion v putifid tyrdiafitiraton(tBA58h a
carboxyl 1 & ach 5SRO Rerlhd. % Ol pRRARHBRARIP, s ] Herosed. i sohagon
to 1., 10 The wasdhensondentatedinepproginmtelyl] S0anL.c Afarexaoving the Wated unddd Seduced

e materi . eSS fothellFeredp feiaati S oy s i vgre high opvumar
but | eoet ﬁﬁﬁmgggééﬁ%% 631 OFRiZH yelloR ShAG étpertil Sk foUAR C % Aoy WO

30, 000 MACO bk 8 %5 P 16ecB8%00 MACO (referred to hereinafter as polyner
Ca) and a fraction 15 greater than 100,000 MACO (referred to hereinafter
as polymer Cb) were obtained. Exanple 4 (polyner D) A fully functionalized
phosphoni ¢ aci d cont ai ni ng wat er - sol ubExangi¢ § (pelyneet E} he structure: [err] 20
was prepared on . yet .eneimne (Polynm.n Vterfree from BASF, used as
recei ved, li%. e., ?n%%%ﬁi%?%%%@ﬁéf%cwg Bygtersoluble pelymenefiherp| e
nononer equi vatrestarg: was di ssolved in 6 M hydrochloric acid (80 nL) foll owed
by the addition of solid phosphorous acid (19.0 g, 0.29 nole) at room
tenperature. The honbgeneous sol u+H—a0Hks —b+ ReghtHCRNHRLLUX fol | owed by the
dropwi se addition of formal dehyde (38 nlL of F 37% sol uti on, 0.47 nole) over
a hour. After the 25 addition was conpl ete,%sol ution was stirred at
reflux for an additional hour. The heat was ed and the flask all owed
to sit overnight at roomtenperature. The sticky solid precipitate

N

(Ol'Dz(O)PCF'z/ N CH,P(O)(OH),
was prepared on a polyethyleneimine. Polyethyleneimine (BASF Polymin -Waterfree, 10,000-
25,000 MW and pre-purified by diafiltration through a 30,000 MWCO cartridge prior to use as in
15 example A, 25.0 g, 0.58 mole monomer equivalent) was dissolved in 6 M hydrochloric acid (300
mL) followed by the addition of solid phosphorous acid (47.56 g, 0.58 mole) at room
temperature. The homogeneous solution was brought to reflux followed by the dropwise
addition of formaldehyde (23.53 mL of a 37% solution, 0.29 mole) over a hour. After the
addition was complete, the solution was stirred at reflux for an additional hour. The heat was
20 removed and the flask allowed to sit overnight at room temperature. The reaction mixture was
diluted with water to 2 liters and the pH adjusted to 6.8 using potassium hydroxide. The solution
was purified by diafiltration through a 30,000 MWCO. A total permeate volume of 6 liters was
collected. The solution was then concéntrated to approximately 200 mL. After removing the
 water under reduced pressure, the residue (referred to hereinafter as polymer E) was dried under
25 high vacuum at 60°C overnight to give 32 g of a light yellow solid. Elemental analysis: %C,
. 30.18; %H, 8.42; %N, 13.95; %P, 14.05; %K, 0.15.
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PCT/ US96/ 08188 21 was col | ected by decantation of the liquid fromthe

flask. The solid was dissolved in water and adjusted to pH 6.8 with sodi um
hydroxi de. The solution was purified by diafiltration through a 30,000 MACO

menbrane. A tGyghgpssreate volunme of 3.5 liters was col |l ect edecThindemmbsIt | ON
was then concentrated to approximately 150 _ni. After renoving the water

under reduced 5 pressure the resi due (r@?erred to herei nafter as pol ymer

D) was dried undg a}i{aﬂ*ﬂ EfitidiDed bhdiPlonft/Rid o érvs%mﬁ}e vs d
yel | ow solid. Elerpnta anaéxmsfound C, 22.46% H, %ON 8.70% P,

16. 88% Exanpimepolyetipdengimine Sf@PolyxmnPAupﬂmﬂeeﬂwopmmmogﬂWmebmmom c

on & pol yot hypaalfiib s Aisthi R} it oB CHC A miahd PEVRARR YT,
25, 000t MNandfhummdmhnﬁx@pwﬁabgvgmfomwbmgfnrdﬁﬁn@@mwﬁ@gf?ﬁ ;I Slvgg
i ssol ved § n TaRRAl S diIgr Eroueh sPopisbiseslarmt o) et B RbmacsEh Vet

sol i d phosphoggesuaGidott Mﬁoﬂ%reﬂm'ftﬁnn”l@@b mésﬁﬂﬁﬁjﬁdaﬁﬁwﬁi‘ﬁhda

honbgeneous sot ution was brought to reflux followed by the dropw se

addi tion of froelaeilararight faction gt they SG000 ML) butien e 10H0NBICG Geforrad t

For an adi 1 i Stk e el el TR diblep e B 100,000 MO bkl oHerig

sit over ni ghtpolgmerd@Ebywereobtinztd.ur e. The reaction mxture was diluted w.th
water to liters and the pH adjusted to 6.8 using potassium hydroxi de. The
sol ution s purified by diafiltration through a 30,000 MACO. A total

perneate volume of 6 liters was coll e@k&}etmlﬁﬁémi on was then
concentrated to approximately 200 nl.. After renoving the water under

r educed pressurWW@?@PM‘WFS?W%WPW%‘F@?P@W@P e sERBer E) was

dried under 25 high vacuum at 6°|_[|err C overn| ht to gl ve 32 g of a light
yel l ow solid. Elenental ana 'bﬁl,"‘gn %\I 13.95; 9%,

14.05; 9%, 0.15. SUBSTI TUTE SHEET (RU!ZI%C%? NHCHz—-—c/
CHa

N
Ho” N7

CH,

was prepared on a polyethyleneimine as follows: A precursor (4-chloroacetyl-1,3-dimethyl-

15  pyrazol-5-one) was first prepared as first. To a 500 mL three-neck round bottom flask fitted with
a reflux condenser, mechanic stirrer, and a pressure equalizing additional funnel, 1,3-
dimethylpyrazol-5-one (6.03 g, 53.84 mmole) and dioxane (55 mL, distilled from sodium metal)
were added. The mixture was heated to 40-509C to dissolve the suspended solids and give a

- light yellow solution. The reaction mixture was cooled to 30-35°C followed by the addition of

20 Ca(OH)2 ('i.98 g, 107.68 mmole). After 10 minutes of stitring, chioroacetyl chloride (6.82 g,
59.22 mmole) in dioxane (20 mL) was added over a period of 30 minutes. The reaction mixture
was heated at reflux for 24 hours. The reaction mixture was filtered while hot and the filter cake
washed with hot dioxane (2 x 20 mL) followed by methanol (2 x 20 mL). The solvent was
removed under reduced pressure yielding 14 g of the product as the calcium salt. The solid was

25  passed through a column of Dowex-50W strongly acid cation exchange resin. Water was

removed under reduced pressure leaving a white solid which was further dried under vacuum at

SUBSTITUTE SHEET (RULE 26)



WD 96/ 38493

PCT/ US96/ 08188 22 A partially functionalized phosphonic acid containing
Wat er - sol ubl e pol ymer was prepared on pol yet hyl enei mi ne (BASF, Polynin P,
unpurified, 70,000 to 700,000 MNrange) using a nolar ratio of phosphonic
acid noiety taveudasmwst s of CH err]CHerr]N within the PEl of miwws9s08188 t o
1. The procedure as in exanple E above vvas foll owed except- for ‘differences
noted here. The 5 material was diafiltered ?hrough several nol ecul ar vvell ght
cutof f menbr agpe I a white )

10, 000 MACO ho G mee hgﬁé“é%thoggm%%%bgm 1o Etr)gfgmeu PR O yRIL “H
greater than NMRIODOAGEMDHM. 38 63 3.60K (24D 6). 00@ m@@gmpnﬂd5160n7 45 7,
her ei naft er Hgﬁ ﬁ) g d a fraction greater than 100,000 MACO
(referred to tlg a1§ “golyrrer Eb) were obtained. 10 Exanple 6

(pol ymer F) An |p61?id&ywu:ambpmasd‘almsnmgpamar(mmguﬁeﬁltmdmghef t he

or ecur Sor X 4 2000 NENCB! ehitise =5 Srpimmiii A g Hissolyadi et (1R RLAR bropeieo
prepared as frfigl mIq-emoﬁ&eesc?i-l tJam 1615 0ke BRSSP fidnf SovE tézgﬁgz%kh a.

refl ux condenser, nechanic rrer, pressure equaI|Z|ng ad | onal

funnel , 1, 3- mmnbmmyhmemyﬁwdqzﬁ molgdlsséve@m &0 mlovese addad dropwise
m., distill t ed. t
40- 50'[;?]5?03"#530& SHHGE e soltio S wad i ac ol o 3 S H B B IBRI S i imed

sol uti on. Thefrone gellowtt offingd atfdeheuas redodlfedcdohn@ﬁrra&heemﬂeﬁtzﬁer themawriilywdshe

St 11 ng, R Budiopiy wrelo agofine f T 354 Bines iethed Pk gt ation )

was added oV &QhroagP£350,000 MW cdMridpd sllectind® 1iters of pedmedtd. XTHe veatdhwas Reidved at
reflux for 24 hours. The reaction mxture was filtered while hot and the

filter cake Méﬁé@%ﬁeﬁéﬂea&?@ﬁ&#@“ﬁ CMWMWWMWFMMUHQQ X

20 nlL). The S‘QLMEF t he
product as the cal cium a@@ﬁ@g@&ggﬁ‘”aﬁ g(gldqggg U-iﬁ/ é% a césﬁﬁ%ﬁ@f”r’
Dowex- 50W st rkﬁﬂg[@=®)@ﬂ .CEkmentaloAtalyzisgE, SWVQRW%’NV\E%STémmwsmder

reduced p[essure | eaving a white solid which was further dried under vacuum
at

_ Example 7 (polymer G)
An acylphenylpyrazolone containing water-soluble polymer of the structure:

- H
—{CH,CH,— ?—CHZCHZ —Ny—

. /
CH,CH;—NHCH;— % ot

was prepared on a polyethyleneimine as follows. PEI (1.00 g, Polymin Waterfree, unpurified)
20  and triethylamine (2.34 g, 23.1 mmol) were dissolved in chloroform (30 mL) and brought to
reflux. The I-phenyl—3-methyl-4_~chlordacetyl-pyrazole—5-one, prepared following the
procedures of Jensen in ACTA Chem. Scand., 1959, 13, 1668 and Okafor et al. in Synth. React.
Inorg, Met. Org. Chem., 1991. 21(5), 826, (3.18 g, 5.8 mmol), in chloroform (10 mL) was added
dropwise to the solution resulting in the precipitation of a tan solid. After stirring for 1.5 hours,
25 the mixture was cooled and the suspended solid collected by filtration. The solid was dissolved
in water (400 mL), adjusted to a pH of 3.0, and the solution diafiltered using a 30,000 MWCO
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23 60[err] C over night to give the product (61% mp.-161-165err] C as a
white solid in 61%vyield. [err]HNW (CDC[err], ppm [err]4.38 (s), 3.60
(s), 2.41 (s). CNW (CDO[err], ppm 15.6, 32.7,45.7, 101.0, 146.0,

159. 3, 188.2 Tweopsdsygrer was then prepared as foll ows: PEl paciveses/isistd0 g,
prefiltered through a 5 30, 000 MACO cart&hdge as in exanple A was

di ssolved in water (100 nL) and brought to“reflux. The

4- chl or oacet ytarthidge. dTHERHiRY waPehidred Gnder 1etced pressurend theresiduRiR @red 4o Hideiflafier
23.33 mol ) and triethylamine (4.68 g

] , 46.25 ) dissolved in water (20
n) were addeﬁmsamﬂéénmlavacwW&&@@Eéps%-s)mew%mﬁs% I&thd
at reflux f0r3éo§NL}@;lﬂ§306{b=@f]&ﬁ‘ﬂ.ti me it turned fromyellow to orange and
then to red. After cooling to roomtenperature, the material was 10
diluted with deionized water to a volune of 1 liter and the pol yner
purified by diafiltration through a 3 ridge collecting 5
liters of %ermeate. The wat er was ren%%“%g&%%%gced pressure and the
resi due (ref err eA hiyfrokmiic hdidédnGiining watet-solible polymerof the segtturerder vacuum at
60[err]C to give a reddish-orange, brittle solid (5.49 g, 73%. IR ( ATR:
3435 (N-H), 1626 (C=0O cnferr]. Elenental Analysis: G 53.85% H, 8.65% N,
24.59% O, 12.98% 15 Exanpl e 7 TfHomer— ’7:r9¥‘£!'§z|-pm)m pyrazol one
cont ai ni ng wat er-sol ubl e pol ymer of the s%ur e was prepared on a
pol yet hyl eneimne as follows. PEl (1.00 g, ym ?"r')ee, unpuri fied)
20 and triethylamne (2.34 g, 23.1 mmol) were di !sol ed in chloroform (30
m.) and brought to reflux. The 1 O O
- phenyl - 3- net hyl - 4- chl or oacet yl - pyrazol e-5-one, prepared follow ng the
procedur es of wasqmeparedion pAlgathyl&ieimine REN dHydra94niadsShydicgbBldride (2. 78kgn 89.97 aimal) .
in Synth. React...lnorg. t. . .. 1991. 8 3.18.9,, 5,8
ol S i chi Pl Eint S oE B aE 24 6. By i GotyRd g
in the preaci phéthdnod(1098L)AwisddeiQirbsivise o it hy@ioxykuiniig sblttion] . The hsiktufe wadBtirrbd1€
m xture was (S:fgol gd and the suspended, solid c II,Sct ed py filtratjon. The
solid was di 66l ba after WM"E’&EB‘%E“’&?}]"%’&@H & s coliggtedby filwationy, do thes
sol ution di affifrhiewas adtl Slid3uctihiOLhybhdc4.00 g, 39.90 mmol). The mixture was stirred at

room temperature for 3 hours. The solvent was removed under reduced pressure leaving a white

sticky solid. The solid was allowed to sit under anhydrous diethyl ether for one hour. The solid
15 was collected by filtration giving 4.80 g of the monohydroxamic acid of succinic acid as a white
solid with a melting point of from 72-82°, ‘
This solid (1.00 g, 7.51 mmol), dicyclohexylcarbodiimide (DCC) (1.54 g, 7.51 mmol) and a
catalytic amount of 4-(dimethylamino)pyridine were dissolved in tetrahydrofuran (THF) (10
mL). After stirring for 24 hours at room temperature, the solution was filtered to remove the
20  DCU (dicyclohexylurea) byproduct. This THF solution was added to a methanolic solution
containing polyethyleneimine (1.29 g, 29.95 mmol monomer eq., prepurified as in Example A,
>30,000 MWCO), a small amount of phenolphthalein, and enough sodium methoxide to make
the solution pink. The solution was stirred for 5 hours. The solvent was evaporated and the
product purified by dissolving in water and diafiltration through a 30,000 MWCO hollow-fiber
25 membrane. Evaporation of the water followed by drying under vacuum at 60°C gave 1.21 gofa
white polymer (referred to hereinafter as polymer H). Testing with the iron chloride test gave a

dark red color indicating a positive test for the presence of hydroxamic acid.
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24 cartridge. The water was renoved under reduced pressure and the residue
(referred to hereinafter as palyner G dried in a vacuumoven at 60 Cto
gi've 1.56 g as a red brittle solid. IR (ATR): 3430 (NH), 1630 (C=0O

crierr]. 5  wo96/38493 Exanpl e 8 (pol ynperidhoehisiss
hydr oxam ¢ aci d contai ni ng wat er-sol ubl e palyner of the structure: [err]
was prepared on pol yet hyl enei m ne (PEI). oxyl am ne hydrochl oride (2.78
g, 39.97 mmol) was dissolved in netha Bolymdr® @ssi um hydroxi de (2.24
g, 39.97 mol ), dissolved in 10 nethanol m_lsn,l was added dropw se to

t he hydroxyl am né Byéroxamisacid pontaining watez-soluble pelymerof thewtruttureyur  aft er whi ch
the precipitated potassiumchloride was collected by filtration. To the
filtrate was added solid succinic am@iCHie— 4.00 g, 39.90 nmmol ). The

m xture was stirred at roomtenperature for 3 hours. The solvent was
renoved under reduced pressure |eaving gyhite sticky solid. The solid was
allowed to sit under anhydrous diethyl ether f one hour. The solid 15
was collected by filtration giving 4. 8oe|g of t nonohydr oxam ¢ aci d of
succinic acid as a white solid with a neECHING—POHAHNIOHY rom 72-82. This
solid (1.00 g. 7.51 nmmol ), dicycl ohexyl carbodiimde (DCC) (1.54 g, 7.51

mmol ) and a cWasAsrared frosbihe ring ppesingdif pelywipyipmirelisons withi hydroxamiieadd regive/ed i n
t et rahydr rlﬁfp"“’ : . AN f ours at_.room

t enper _)altt u ;y;u e @%‘P%#?Pegm%émf ﬁ{rﬁ)?agﬁé %’cd&)lr(ggé\'/@&%ﬁ 3"’%"&3&8“““ (1.0g, MW

( d: cye | ohexy |t 40,008) Ahlyxplll)ostdiﬁir? hy'Bh@ﬁ(_iﬂHFgﬁﬁﬂ;tG M) éagag}é&&@@m@hﬁrm&m gic
sol ution cont gi ni ng. e ei njn : : ol nonomer eq.,
prepurified &8 M%&ﬂ&n&gﬁ?‘% %éo%,p@%mmaimmy wall additions of
phenol pht hal eofiumAiydroxitRitikessesty .Uﬂé%lﬁﬁﬁ%@h&%d'%ggﬁé@éé&aéﬁgﬁéﬁﬁ&- The

solution was stirred for 5 hours. The sol vent was eva
product pur i foYehs2¢,000MWGO membrapgt Waten was tmeved frana thepolyrier salgfionama&, 000

MACO hol | g fyaB&im i i-on.of the r_fol d.b

dryi ng unf:lber vacuu% ‘t'e%%{ggéﬁa% gavegﬁd:%'ggg'fmé’ %?t\tg@bgﬁe#ﬁﬁ‘%%(ﬁé‘f‘m to
her ei naf t er @olymer Prwhichipave Bgwsitingferic dhidride tdst fonhyindxamicieid @drogynaind dear K
red col or ingj in . i.tive.test. for the presence of hydroxam c acid.
SUBSTI TUTE S E@&f ﬁ%ﬁ%“%@?’“" chliGride 250,

Example 10 (polymer J)
15 A ester functionalized water-soluble polymer of the structure:

HyCH,COCH,CH,

—{CHCH; —— N——CH,CH, —N}—
CHyCH;——N——CH,CH,COCH,CH;

CH3CH,0 CCH,CH, !!

o'
was prepared as follows: Polyethyleneimine (1.00 g, purified as in Example A, >30,000
MWCO) was dissolved in ethyl acryiate (9.21 g, 92 mmol)) and the solution stirred at reflux for
3 hours. The excess ethyl acrylate was removed under vacuum keeping the temperature below

20 70°C to avoid its’ polymerization. The viscous polymeric material was used in the next step
without further purification (referred to hereinafter as potymer J). |
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PCT/ US96/ 08188 25 Exanple 9 (polyner 1) A hydroxam c acid contai ning
wat er - sol ubl e pol ynmer of the structure: [err] was prepared fromthe ring
openi ng of polyvinyl pyrrolidone with hydroxamc acid to give 5

pol yvi nyl am newblopsgabsinoi ¢ hydroxam c aci d) (PVA-PHA). Pol yviwyinmsssnsies done
(1.0 g, MNV 40,000, Aldrich), sodium hydroxide (40 nL of 1.0 M, and

hydr oxyl am ne hydrochl oride (2.71 g) were Fxed t oget her and heated to
90[err]C. A pH 12 was nmai ntai ned by small additions of sodi um hydroxide if
necessary. The solution was heated for twy days, coqQled and dial yzed

t hrough a 20, 000 MACO rrenbrane. V\atermmr@m t he pol yner sol ution

under 10 vacuumyl dm%g ddm*ia—lst bﬁ' £y siRdd? @2n oven at
60[err]C(referrec]8' erelnater as polyme v cﬁ gaveap03|t|ve

ferric chloride test for hydroxamc acid (hydroxyl am ne goes not give a
positive ferric chloride test). Exanple 10 (pol yner J) A ester
functionalized water-sol ubl e polynmer of the structubﬁéc was prepared
as follows: Polyethyleneinne (1.00 g, purified as in anple A, >30, 000

MACO) was di ssolved in.ethyl acrylate (9,21 ﬂ"l 343 )) and the solution

stirred at reflux for 3 hours.— X cesF fF crN a e was renoved under
vacuum keeping the tenperature bel ow 20 err C its'

pol ymeri zation. The viscous polyneric m \E/a éﬁc@fﬁhgﬁhe next step

Wi t hout further purification (referredto here| after pol ymer J) WO
96/ 38493 - HONHCCH,;CH, PCT/ U896/ 08188

26 Exanple 11 (polymer K)
' o]

5  was prepared as foliows. The polymer from Example I was treated with potassium hydroxide
(15.46 g, 0.28 moles) followed by a solution of hydroxylamine hyd_rochloride (12.79g,0.18
moles) in methanol (100 mL) maintaining a temperature below 20° C. The mixture was stirred
for 1 hour then filtered. The filtrate was added to the crude PEl/ethyl acrylate adduct and stirred
at room temperature for 14 hours. The methanol was removed under reduced pressure and the

10 residue dissolved in water (50 mL). The polymer was purified by diafiltration using a stirred cell
with a 30,000 MWCO polysulfone membrane. After the collection of 6 volume equivalents (300
mL) of permeate, the water was removed from the retentate under reduced pressure and the
material dried in a vactum oven at 60° C overnight to give 92.22 g of the polymer (referred to
hereinafter as polymer K) as a light tan brittle solid which was very hygroscopic. IR (ATR):

15 1732 (C=0)cm™\.

Example 12 (polymer L)
An aza crown ether containing water-soluble polymer of the structure:

—— (CH,CH — N— CHZCHzNH)'-‘——

CH,CHNHCH, — ¢ — N

_>
!C_>
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A.hydroxam c acid functionalized water-sol uble polynmer of the structure:
[err] 5 was prepared as follows. The polyner from Exanple | was treated
Wi th potassium hydroxide (15.46 g, 0.28 noles) followed by a solution of
hydr oxyl am ne hydrochloride (12.79 g, 0.18 noles) in nethanol (100 niL)

mai nt ai ni ng a we'skasds ure bel ow 20[err] C. The m xture was st pifpdodidsissl
hour then filtered. The filtrate was added to the crude PEl/ethyl actyﬁaate
adduct and stirred at roomtenperature for 4% hours. The methanol was
removed under reduced pressure and the 10 residue dissolved in water (50
mL). The polynmer was purified by diafiltration using a stirred cell with a

30, 000 MACO pmmareﬁmW&afoﬂm:mmwm-lscmmssg, 1.65
equi val ents ( erneate.  the waker was re fr e retentate
under r educed%%?oel&élly %Lyalﬁxaelgﬁ:gt(q%%lpfegpnﬁﬁaédn Pﬁ“ﬂ’%ﬁﬂﬁp@m ) apd petassium
overni ght to @rb@%&&c@nﬁﬁgdﬁ%ﬂi&lﬁm@ﬁﬁéﬁﬁﬁx?&l%%ﬁ%ﬁw&oﬁﬁ? room
polynmer K) _as a Ilght tan brittle solid which was very hygroscopic. E?

(ATR): 15 517 » the,gofvept was remoyed undep redyendypressure leaying 2 brovay ailyThetrésidue
cont aj ni Ny Waiyas digsdived i whteh ahie fofyntel furtiidd byl diditratiofi! Blapoianog b L SrasEE T

(RULE 26) WO 96/ 38493
PCT/ US96/ 0818fpliowed by, dryingrmder ranwmeat 607G gave 081 rifmitanssolid (réftredtteliereinafier as

N- Chl or oacet y). - - ]ggawlg-g 9 13 ), polyethyleneimne (0.29
g, prepurifi eicjidgégrllgﬁexarrp e Rgrﬁ{%%%fao and potassi um car bonate were
conbined in acetonitrile and stirred at reflux for 16 hours. After cooling

to room 5] tenperature, the solvent vgs rgm)ved under reduced pressure
| eavi ng a Hrown oil. The residue was @olymepMer and the pol ymer

purified by di afhhhllaic'géﬂcoﬁﬁﬁ&@%%gﬁwﬁgr-idﬂﬂolé"ﬁélﬁﬁerfoﬂh% gy drying
under vacuum at 60[err]|C gave 0.81 g of a tan solid (referred to
hereinafter as polymer L) characterizedfgHlR)-Lerr]H and [err]C NMR 10

Exanpl e 13 (polynmer ‘M An all oxygen cont aiq ctown et her water-sol uble
O

pol ymer of the structure:
o
T,
\\/0

composed of 15-crown-5 ether on polyvinylalcohol was prepared. 247 mg (4.94 mmole) of the

ﬁolyvinylalcohol (88% hydrolyzed) in 10 mL of dried DMF was warmed to 50-60 OC to
15 dissolve. The clear solution was than cooled down to room temperature and 341 mg (2.47

mmole) of K9CO3 was added. The mixture was stirred for 30 min. Then, 0.67 g (0.33 mmole)
of the 15-crown-5 in 2 mL of dried dimethylformamide was added to the reaction mixture. The
colorless mixture turned to green-blue in 45 minutes and became light yellow in 2 hours. The
yellow mixture was allowed to stir at 50-60 OC for overnight. The reaction was quenched in

20 water, the suspension was filtered and the polyvinylalcohol-crown ether was purified by
ultrafiltration with a 30,000 MWCO cartridge and yielded 150 mg of polymer (referred to
hereinafter as polymer M) and characterized by IR, 1H and 13C NMR.

Example 14 (polymer N)
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[err] composed of 15-crown-5 ether on pol yvinyl al cohol was prepared. 247 ng
(4.94 mmol e) of the polyvinylal cohol (88% hydrolyzed) in 10 nL of dried DWVF
was warmed to 50-60 [err]C to 15 dissolve. The clear solution was than
cool ed down to roomtenperature and 341 ng (2.47 nmole) of Klerr]CJerr]
was added. Thewgegbgsoe was stirred for 30 mn. Then, 0.67 g (¥cFdsesusbe) of
the 15-crown-5 in 2 nmL of dried di methylfo% m de was added to the reaction
m xture. The colorless mxture turned to gféen-blue in 45 mnutes and

became |ight yel AQémhethylatiiPpblyvinylaminéPivhtensolible polymehdsthelsirGot@e: t 0 stir at
50-60 [err] C for overnight. 1’§e reaction was quenched in 20 water, the
suspension was filtered and the pol yviay crown ether was purified

by ultrafiltration with a 30, 000 M/\COcartrL@g‘;é and yi el ded 150 ng of

polymer (referred to hereinafter as pol yner Cﬁm\/\gharact erized by IR
[err]H and [err]C NVR. Exanple 14 (pol yner SWO' 96/ 38493

the struct ar oy mpperes dotlomts Bofefycenting (N0 Y s biBe Gl R Bt S Bt A o
di ssol ved i n Qhsfekre@fo 4 Hoinmeak kovad Hottdnted Task doAthining h ddditiond) 30 lJ sTuithanol.

bottomed flask containjng an additjonal 50 .m0 t hanol . 5. .

Phenol pht hil ePW@bMﬁ@ﬂ%@%W%ﬂ#%@ aihﬁ;‘%{’r‘)ﬁﬁi? op; fipdium methogide

Sodi um net hoxg - I RRARARS anfl dihndth

di met hyl sul fa@gégg%%é‘é@ ghipeled. 5 i ;tgo_l RS end ikl (TGS 072 v
added sinulta in K9 mle pfmethanohwers added simpiltanqonsly, by separate nyessyre pqualizing t
such a rate a ' | . ght, R . COl. . | tJ SS_was
conduct ed undgdrdgt%nm rog{e%cg n“btgp %W?%%{ﬁﬁ%%glg?a lfrdg.aﬂf){i)&&/gegssﬁ%%essary
to add addi ti condhctddimdercdiitisgeainfusphiereat f@nOtemperatube) Inwasafeces®iny rudl hdditonal

mai ntain the pink color  throu ut. the dinethylsulfate additjon., The total .
addition tf rreg‘\ﬁ&‘é‘“&ﬂgﬁi‘d"l@&? E‘l‘ggﬁéﬂ' ‘{‘M?W‘éﬂ@&%ﬁ%ﬁ@@ e
sol ution was &hﬁﬁﬂﬁhfﬁ@a&dﬁi&yﬁ@fbﬁliﬁdiﬁdn%é%aﬁ&ﬁllts Houis, hours. After

cooling to roomtenperature, the solution was transferred to a single neck

flask and the soffjeriie somplstadcpddition the solntion wapbreughy rareflwpapd stirred fgpatiout b5 | ow
material. Thepdipd %ﬁc?l:o&fﬁé td Yoom temperature, the solution was transferred to a single neck flask and

the solvent removed under reduced pressure leaving a dark yellow material. The material was re-

15  dissolved in 450 mL of deionized water and the solution diafiltered using a 30,000 MWCO
hollow-fiber cartridge. Five volume equivalents or about 2.5 L of pen.neate was collected. For
anion exchange, 50 g of sodium chloride in 150 mL of water was added and the solution allowed
to stand overnight The solution was then diafiltered with 3 L of deionized water. The water
from the retentate was removed under reduced pressure and the residue (referred to hereinafter as

20  polymer N) dried under vacuum at 60° C overnight to yield 19.58 g (69%) of an orange-brown
crystallixle solid. IR (KBr): 3437 (N-H), 2928, 1629 (C=0), 1481 em™L. Elemental Analysis: C,
48.25%; H, 10.68%; N, 10.92%; Cl, 15.87%; S, <0.97%.

Example 15 (polymer O)
25 A permethylated polyallylamine of the structure:

— (CHCH)—

NCHy)s X
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15 dissolved in 450 nL of deionized water and the solution diafiltered
using a 30,000 MACO hol | owfi ber cartridge. Five volune equival ents or
about 2.5 L of perneate was coll ected. For anion exchange, 50 g of sodium
chloride in 150 m., of water was added and the solution allowed to stand

over ni ght The vw@bddghgan Was then diafiltered with 3 L of dei onpcggkokyadisy -
The water fromthe retentate was renoved under reduced pressure and the

residue (referred to herei nafter as 20 poI’)?mer N) dried under vacuum at

ol 10 IR ?KEP?* Shart RIfiiakos 1700 g R4 s Ae A A0D LS afclikibinY ' "
Anal ysis: C, 102 foue-nedorpund bottom Chntainidg 87 edditionak 50 ALYS miethangl| e
15 (pol ymer Oé’}légmﬂmﬂb(lﬁ%r n%twa;(la&“e%%ﬁg sol |'olny 's%ﬁiu’&x &Lon&'e t7f)uc(“ﬂ’£mole)

[err]
PCT/ US96/ 08 188us§59nded§h 400apk bfxiethariobimdadiinpthylsalface (42.0 200.93 mble) dissdWed 0 mL of

di ssol ved in 10 ano| and._t ansferred to a foqur-neck round
bot t oned fPas P"gﬁﬂnz?] %egﬂm&lﬂq‘? Wmﬁﬂ“ﬁéﬂéﬂ a‘P Kennelsatsichan

14. 0. wa I @Eéjdddiﬁoﬂﬁi'&& |l e
guspenggzj [ nséﬁ%gmn{dg%%tgﬁancﬁﬂmaﬁd di met hyl sul fﬁsgﬁ?ggﬁgﬁuﬂmgnﬁ#&? :

di ssol ved i n #anasphess at soony temparatie. vléwesmmmadmad@mwmdm;neﬁpme&%?
t t
D1 bk oot or - TRQ LS aleb) s HARGE ik el oot the Bl el el

pi nk col or der "a ni‘troge
at room terrpeto!alladdmoﬂmmmmasibbue‘ﬂhnmyteSO add addi ti onal sodi um net hoxi de
(3.0gin mai pt ai.n.the pink, co qut .t he

t h ), loy th
di met hyl sd?f ate anqqt)ﬁ%a‘ n; %mﬁaﬂqud’ﬁs %h%%&ﬂ‘ﬁ g&%grf?"rﬂ?f"é‘s] 510
After the co rrnb@& eﬂﬁﬁ@dbliﬂgqa roohi'Rmpératitd, 8 s¥iaSorDwa tEkiferrad to@lsingle xﬁaéﬂask and

stirred for about 1.5 hours. After coollnlg to roomtenperature, the
sol ution was thesalventromqyed ynder sduend Prosaus eP‘F%&@QBQﬂ“QMW@nﬂ?MHWHS

o- il ssol vea. TUBReAf AR, iR AT el oo o e NS Ep IS

using a 30, OOBolldM-Zﬁbdno#rl:ridgef Five volume equivhimnts driabant 24| Iuo@eaqmemémna:tadr For
codi um chitSr i 5% FREBEgE A opt SoRiE iR GO GRSk A A o el pfepllowed
to stand overnight The solution was then diafiltered with 2.6 L of deionized water. The water
from the retentate was removed under reduced pressure and the residue dried under vacuum at
60°C overnight to yield 10.18 g (70%) of a light yellow crystalline solid (referred to hereinafter
as polymer O). IR (KBr): 3437, 2929, 1686, 1485, 1251 cm "1, Elemental Analysis: C, 47.85%;

20 H, 10.62%; N, 10.62%; Cl, 11.78%; S, 1.13%.

_ Example 16 (polymer P)
A guanidinium-containing PEI polymer of the following structure:

— (CH,CHy — N ——CH,CHzN) —

CH,CH, C— NH,

N NHy X
N\
H Ic;—— NH,
NH' X
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taq stand overnight The solution was then diafiltered with 2.6 L of

dei oni zed water. The water fromthe retentate was renoved under reduced
pressure and the residue dried under vacuumat 60 C overnight to yield
10.18 g (70% of a light yellow crystalline solid (referred to hereinafter
as polyner O . wedriggss) : 3437, 2929, 1686, 1485, 1251 cnferr]. pehaiBéisiss
Anal ysis: C, 47.85% 20 H, 10.62% N, 10.62% d, 11.78% S, 1.13%
Exanpl e 16 (pol ymer P) A guani di ni um cont ai¥f ng PEl pol yner of the

T/ USo6/ 05108 38zt B lows: PHepieiRS (ex prpificd i cxamele 4, >30,000 MWCO, 5.0
gepg:}i”gguira,_ ] I;a:n;!:e)’aﬁlh nsen, 1 SOmi@inm 465@2 | aced in:lpl;wi
D5t ask. S o koo il 12 b ey Ry i sfion Bty fp and
al | owed to st & dags, and thaythen Fladd BRdialyiembing {Sedtrd Porfli 000NIWCO0ID TAE tubing

(Spectra Por, 18, 000 MACO,. The tubing 5. . wth the reaction m xture was
placed in & 1Wrthiths reachion miixirs was placsdiin a 4 Ljax containing dejonized awater, and the sratergeasl 5
tinmes. The coghmpts ! bl ' : | m
by rotary evaporat i_%ﬁ{ne;érr?gle??\en‘ d?iﬁ%%&fhgﬁgtug%?ﬁ gg‘%a%h%?ggga?@‘a{%f%eé@%ﬁ
t o her ei naf t eFvaporagion,ane themiiriadstol @ coloriesa glassytfon | i '

5.04 g. Elene VS ko, 9 09 M?OME’;OWH)
Bample 17 (papehebi g cvecir Viad s b Elehah apiyae, C3 ¥k ooy
was prepared. 2669%f $ 043%El (20.0 g as prepared as in exanple-A, >30, 000
MACO was 15 dissolved in 200 nL of nethanol and placed in a round bottom
flask outfPtted with a condenser under argon. Dimethyl sulfate (120 g, 0.95
mol es, Eastman) dissolved in 110 nL npihanol7 gfnpf@gd slowly froman
addition funnel. After addition (abou ours) ‘the rteaction was brought to
reflux while pot Adsrmethydated X polymesaf the gfruchrg)46 nol es, Janssen) was added.
slowy froma solids oHy

I+

—(CHCHy —— N——CH,CHN)—

CH,CH, (CHa),

N'CHs)s X

was prepared. Purified PEI (20.0 g as prepared as in example A, >30,000 MWCO) was

15 dissolved in 200 mL of methanol and placed in a round bottom flask outfitted with a condenser
under'argon. Dimethyl sulfate (120 g, 0.95 moles, Eastman) dissolved in 110 mL methanol was
added slowly from an addition funnel. After addition (about 3 houfs) the reaction was brought to
reflux while potassium carbonate (64.2 g, 0.046 moles, Janssen) was added slowly from a solids
addition funmel (care should be taken to do a slow addition to prevent excess foaming). The

20  solution was cooled. filtered, and the methanol removed under vacuum. The solid filter cake was
dissolved in 600 mL of water and combined with the residue from the filtrate. The combined
solution was purified by dialfiltration (30,000 MWCO) using water. The anion was exchanged
for chloride by adding 120 gm sodium chloride in 400 mL water and then stirring for 48 hours.
The solution was concentrated and further diafiltered (30,000 MWCO) with water to 5 L volume

25  changes. The final solution was concentrated by ultrafiltration to 500 mL and then further
concentrated and dried under vacuum to give a 21.6 g of an off-white glassy polymer (referred to
hereinafter as polymer Q). Elemental Anal&sis: C 34.15%, H 8.07%, N 8.96%, S 15.56%.
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addition funnel (care should be taken to do a slow addition to prevent
~excess foaming). The 20 solution was cooled, filtered, and the nethanol
renmoved under vacuum The solid filter cake was di ssolved in 600 niL of

wat er and conbined with the residue fromthe filtrate. The conbi ned

sol ution was %bgc?qgg by dialfiltration (30,000 MACO using VWi@isestsi8s

ani on was exchanged for.chloride by adding 120 gm sodi um chloride in 400 nL
water and then stirring for 48 hours. The sU ut|on was concentrated and

further diafi ,%ng MMG;Q h s. The
final soluti 0#1’ \/\/atg&?:égﬁ%e at %01%%‘0?£ at | o %IH%%R ?’ﬁrg%
further concenﬂtmmmmﬂﬂhmdemtedwere\mhulmd oIfghe enree @4ds. 16t shary, itawould indicate

off-white gla I r.ef er to hereinafter as polymer Q. Elenental
Anal ysi s: ﬁ‘a{’?g)?‘ %Y‘é’ﬂ W‘%’%gﬁ% S 15.56% WD 96/ 38493

PCT/ US96/ 08188 31 Potentionmetric titration of the polynmer gave a sharp
strong- aci d-base type titration curve |nd| catl that all the amne sites
were nethyfated. (If the curve was no @olymg®R)d i ndi cat e t hat -
met hyl ati on was | finin . Exanpl e 18
(polyner R) An am de co‘%%al ni-ng vvas?lglr)lfgo‘yngfgfﬂﬁ% rrer of t he structure:
[err] was prepared as follows: Polyethyleneim ne (2 00 g, m,gared as in
Exanpl e A, >30,000 MACO was di ssol ved in nethanol and brought to
reflux. Acrylanide (4.95 g, 7o{®RCHymoi ‘ﬂTﬂ'lzﬁt&-w—Mde hydroxytol uene ( BHT,
2

200 ppmin solution) was dissolved in nethanol 0 O@[ﬂg added dropw se
to the reaction flask over a 15 mnute%‘b@ﬂ*ﬂd“NNu 'én was stirred at

reflux for 24 hours. After cooling to roomtenp §0 ei oni zed wat er
(400 M) was added and the polymer purified by diafil i on using a 30,000

MACO cartri dggag S g%ugﬂ,i; S d,

pol ymer dried | vacugﬁlo%égagga%l err g’t og’%ﬁd% El g o ?Ieg@c I%@r‘ao

gI as s y sol i d MWEO) wesidissolvee inanethenbbR20 ad) pul b;tmght tB)refhmd Actytanzidé @952¢ A0 by

[err] r le 19 rrrethlate

p oI yVi nyI |_§/ W{?@ #%@%SNE%{( [(gfﬁpﬁé(dm utlgrs was d1s olved in methanol (20
ml) and added dropwise to the reacuon flask over a 15 minute period. The solution was stirred at
reflux for 24 hours. After cooling to room temperature, deionized water (400 ml) was added and
the polymer purified by diafiltration using a 30,000 MWCO cartridge. The water was removed
under reduced pressure and the polymer dried in a vacuum oven at 60°C to yield 4.5 g of a clear

15  glassy solid (referred to hereinafier as polymer R) and characterized by IR, 1H and 13C NMR.
Example 19 (polymer S)
A permethylated polyvinylpyridine of the structure: '

— (CHzCH)n—-

@)

N

CHs* X
- 20 was prepared as follows: To a solution of polyvinylpyridine (3 g as a 25% solution in methanol,
Reilly Industries) was added dropwise iodomethane (4.85 g, 0.03 mole) in 2 mL of methanol at
room temperature. After addition was compiete, the solution was stirred for about 2 hours giving
a light green color. An additional amount of iodomethane (2 g) was added and allowed to stir for
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20 was prepared as follows: To a solution of polyvinylpyridine (3 g as a
25% solution in nethanol, Reilly Industries) was added dropw se i odonet hane
(4.85 g, 0.03 nole) in 2 nL of nethanol at roomtenperature. After addition
was conplete, the solution was stirred for about 2 hours giving a |ight
green col or. Awe@dehsiszonal anmount of iodonethane (2-g) was adgegd/uaddosiss
allowed to stir for WO 96/ 38493

PCT/ US96/ 08188 32 about 2 hours. Deionized Hater (200 nL) was added to the

reaction m xt Ugboufl Roukd) Defchizéd watktr (H00 till) vk 88lieltd the teadtioRmiRGHd Blte sofuti
col l ected throygh a 30,000 MACO rre(r:rﬁb?r ang. The water fromthe retentsgtuéma/as

renoved under trecdgvith bk of pegmegteicallegted thequgh a 30,P00M WG memprang Fheiwater from

S0 17 ), G ol o ke 888 A
3028, 2930, 164mvemight to yicld 6.82 gi(68%)|of arelovish greenonystafiiniesolid {réferrad i hetdinhfidko

chi or 1 de s TSI G SN poBE 2 IEIReY R0, 3R Rt Eimppligpatysi:
(referred to hx7404)3 4.43%,266.02%)IB893%:) . El enental Analysis: C 52.65% H

7.07% N 8.27% 12, 74% 10 Exanple 20 (polymer T) A partiall
functional i zed cgr'bﬁ %fta%vwr%ﬁtwfwnm@éhemgp@pm&owm;

fol  ow ng str ysbmidh : ' sl ution
of sod U hydr et yih St hloride QR aleARpAe ot Aol o Pl 38l
period of 43 PRfited 1.67% N2, @I258%0l yal | yl anine (5.0 g, Al drich) and
chl oroacetj,c acid (2.53 g) in water (60 nL) keeping the tenperature bel ow
50[err]C. ,&fter the addition was conplete, the solution was stirred at
reflux for 3 hours. The solution was @Exampk 20¢pdl@RerThenperature. The

pol ymer was purifjed, diafiltration col]ectipg five volune equival ents 20
of permeate usind® mqgémq‘%h%@FQ%IWWQ‘EWF%@“MM@ thefollowing
t he wat er was stradgtréced fromthe retentate under reduced pressure. The
residual material was dried in a vacuumoven at 60[err] C overnight to give

4.29 of a light tan solid (referred to-|oppedRafdgsHas— pol yner T).
n

>

HNCH,COOH NH,
15 was prepared on polyallylamine. A solution of sodium hydroxide (2.139 g) in water (50 mL)

was added dropwise over a period of 43 minutes to a solution of polyallylamine (5.0 g, Aldrich)
and chloroacetic acid (2.53 g) in water (60 mL) keeping the temperature below 50°C. After the
addition was complete, the solution was stirred at reflux for 3 hours. The solution was cooled to
room temperature. The polymer was purified by diafiltration collecting five volume equivalents

20 of permeate using hollow-fiber cartridges with a 30,000 MWCO. The bulk of the water was
removed from the retentate under reduced pressure. The residual material was dried in a vacuum
oven at 60°C overnight to give 4.2g of a light tan solid (referred to hereinafter as polymer T).
UV/VIS: lambda max =296nm. IR(ATR): 1638 om’! (C=0).

25 | Example 21 (polymer U)
A partially functionalized carboxylic acid containing water-soluble polymer of the following
structure:
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W/ VIS: | anbda max=296nm | R(ATR): 1638 cnferr] (C=0). 25

Exanpl e 21 (polynmer U A partially functionalized carboxylic acid

tont ai ni ng wat er-sol ubl e pol ynmer of the follow ng structure: SUBSTI TUTE
SHEET ( RULE 26) WD 96/ 38493

PCT/ US96/ 08188w3868as3 | was prepared on pol yvinyl amine. A sol pt10sp60s18s
sodi um hydroxide (9.29 g) in water (160 n1_ vvas added dropvm se over a
period of 35 mnutes to a solution of pon nyI am ne (10.0 g) and

chl oroacetic acid (10.97 g) in water %%_L ng the tenperature bel ow
50[err]C. After the 5 addition was co ution was stirred at

reflux for 3 hours. The solution was coolfed to ro tenperature. The pH of
the solution was 11.8 and adj usted usi n§iNEHMO@QH hyNoxi de or hydrochloric
acid. The solution started to precipitate between pH 7 and 8.5. The pol yner

was purifi ed Wie Raeraredonpalyvinylamine. / sebionef sadivgh ﬁ&&(mwmm@é{}nﬂbed

t H11.3. E

ot Dow 11 ber "sadded HOPERNY Bhilarns 85 pREAdIRas ol ERn il BitdT 0 o gpa.
renoved unde rchlomhaemmhq& (@6.9% gpin wkiter (240smlchkebpingithe tentderanars below S0°C.NAfteMBE UUM
oven at 60 errgﬁgovern t] |v.e 12. ;1“:{93 of a kl t . ta brlttle solid
(referred PW&?F‘E&’E@ tﬁ% ux far yhqurs solutign ras cpgled to
(ATR): 1603 GoBorh enig erdt&eorhe%amkm&?on(mhymﬁdsﬁmé&m so&ﬂﬁ?ﬁ'&{?xﬁﬂloybl e

copol ymer containj ng bet adi sphoni ¢ ester and am de

fol | owi ng st riyéfoghleric aqid.r Th twe tlpnetmﬂdéelmylpwgbﬂyfmpﬂgﬂ%g Fog palymercieas

(162471 %| 2) 3"}mﬁ§9& ﬁimnl um pers)lﬁnfat e %A%&%ﬁ%&ﬁ%ﬁ?mﬁ\%%m%

initiator \Aereeu!dalemsbf/mlmeateﬁesculle@éd wimgdwlloe-diberadadridges lndth 391000 MWES. The

stirred vjgor sI at 65 70[ e or A48 ,hours d t h ol ut.i.on rengj ned

clear thr i)"ggﬁg'uﬁ r"{" &"‘66361}’%9‘8 5580 et’éﬂ%‘é’?ﬁ'ﬁ“ﬁ’r‘@ was grigd g o

wi th dei oni zadcutai &Fenta%(ﬂ’@bvﬁhughi'ﬁfglﬂoﬂzwzfgroﬂ&d@ht.tan brittle solid (referred to hereinafter
as polymer U). UV/VIS: lambda max = 294nm. IR (ATR): 1603 cm™ (C=0).

Example 22 (polymer V)
15 A water-soluble copolymer containing betadiphosphonic ester and amide groups of the
following structure:
P(O)Y(OCH,CHg)o
~— CHCH, ——CH,C)—

CONH, P(OXOCH,CHy)
was prepared by copolymerization. Acrylamide (664 mg, 9.35 mmole), tetraethyl-
ethenyldienebis(phosphonate) (500 mg, 1.67 mmole), and ammonium persulfate (21 mg, 1%) as
20 apolymerization initiator were dissolved in 20 mL of deionized water. The mixture was stirred
vigorously at 65-700C for 48 hours and the solution remained clear throughout. The reaction
was cooled to room temperature and diluted with deionized water to 250 mL. The polymer was
purified by diafiltration using a 30,000 MWCO cartridge and collected 5 volume equivalents of
permeate. The retentate was concentrated and dried in a vacuum oven at 600C. A colorless
25  polymer was obtained (250 mg) (referred to hereinafter as polymer V). Characterized by IR,
NMR, 31P NMR (PPM) 26.02, 27.42.
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purified by diafiltration using a 30,000 MACO cartridge and collected 5
vol-unme equival ents of perneate. The retentate was concentrated and dried in
a-vacuum oven at 60[err]C. A colorless 25 polyner was obtai ned (250 ng)
(referred to hereinafter as polynmer V). Characterized by IR NWVR [err]P

NMR (PPN 26. 0W@s%6néd3s SUBSTI TUTE SHEET (RULE 26) WO 96/ 3848Pusesiosiss
PCT/ US96108188 34 Exanple 23 (polynmer W A water-sol ubl e copol yner

cont ai ni ng bet adi phosphonic acid ester and 3 de groups of the follow ng
strucae: HO2( O OCLH2H3 - CH2 -CH2C) - |Example 23 kA A HOP( O) OCH2CH3
5 was prepared lz copol yrmeri zati on. Pol yrrer_\gpopl)}rdéggged as above (87 np)
was di ssol ved in ang-mvblamm@mbmwomm@mang)mimwdeﬂme
The cl ear sol YpiRlin l.rred at roomtenperature overnight. The reaction
was quenched by dilTUting with water to 200 nL, and purified by

diafiltration using a 30,000 MACO nenbrane. Thg, %ate was dried under
a vacuumat 60)C to give 80 ng of |ight brown s;fﬁ) ( erred to
herei nafter as polymer W. The 10 polymer was characterized by IR NWR 31P

NVR (PPM 27.2. Exanble 24 (pol yner—X)CHeHaate€HL¥} bl e copol ymer cont ai ni ng ,

bet adi phosphoni ¢ di acid and am de groups of thelfol | owi ng structure:
1 aCONF2

HOP(O OH - HCH2 CHvC) 15 CONH,

HOP( O OH was prepared by copol yneri zati on. Thé'lo\'/aﬂwmphosphonat e (5.07

g, 16,9 mul e ol ' L1 et hyl nmosi | an 7 g, 135.2 mmol e)

under  ar gon. _I)Bﬁgﬁ;_% ared Iﬁ%%&ﬁ%f})rg{eﬂ%égo% r'golﬁxerlv Breparer.{ as a%o&ez(% mg)gwas dissolved in 10
mL of deionized water. Excess NaOH (24 mg) was added. The clear solution was stirred at
room temperature overnight. The reaction was quenched by diluting with water to 200 mL, and
purified by diafiltration using a 30,000 MWCO membrane. The concentrate was dried under a
vacuum at 60)C to give 80 mg of light brown solid (referred to hereinafter as polymer W). The

10 polymer was characterized by IR, NMR, 31P NMR (PPM) 27.2.

Example 24 (polymer X )
A water-soluble copolymer containing betadiphosphonic diacid and amide groups of the
following structure:

HOP(O)OH

|

— CHCH,—CH,C)—

s CONH2  HoP©o)oH
~'was prepared by copolymerization. The viny! bisphosphonate (5.07 g, 16,9 mmole) was |
dissolved in trimethylbromosilane (20.7 g, 135.2 mmole) under argon. The reaction mixture was
stirred at room temperature overnight. Excess trimethylbromosilane and other volatiles were
removed under reduced pressure and the residual oil treated with 95% EtOH (15 mL). The
20  mixture was stirred overnight at room temperature. Volatile materials were remover again under
reduced pressure to give 3.0 g (90% yield) of pure vinyl bisphosphonic acid. Acrylamide (1.08g
mg, 15.22 mmole), vinylbisphosphonic acid (500 mg, 2.72 mmole), and ammonium persulfate
(34 mg, 1%) as a polymerization initiator were dissolved in 20 mL of dejonized water, The
mixture was stirred vigorously at 50-550C for 40 hours and the solution remained clear
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stirred at roomtenperature overnight. Excess trinethyl bronosilane and
other volatiles were renoved under reduced pressure and the residual oil
treated with 95% EtOH (15 nmL). The 20 m xture was stirred overni ght at
roomtenperature. Volatile nmaterials were renover. agai n under reduced
pressure to giweosasioy (90% vyield) of pure vinyl bisphosphoni pciosdsénsiss
Acryl am de (1.08g ng, 15.22 mmol e), vinvibisphosphonic acid (500 ng, 2.72
nmol e), and anmoni um persul fate (34 my, 1%°%as a pol ynerization initiator

wer e di ssol ved, ‘QLE&% 00| ] : irre

vi gorously at %%ég'c%r ﬁ%@%ﬂ%ﬁ%%ﬁo%@%m%%*oﬁgm% 50

gg/ 3ﬁ493 ] mL_.I_r']I‘he polymex: was purified by diaf(ijlh'aﬁon using a 30,000 MWCO mdéddm' | %n%ieas )
t hr oughout e reaction was cogled.to roomte rat ure. an iluted wit

dei oni zed wat X?lu?ge%m?ﬁ?.is#ﬂmy ?%g“tep WP‘@W&@?@HQ@B}W@% a

30, 000 MACO c609G. i Al gslortessipslpbrands@btamed ¢1001mz) @R fdred kekvisinatler 850MRAG ). The .

retentate %/as oncent& ted_and :HI’?I ed in lgl?vacuum oven at 60[err]C A

col orl ess ol MR, ‘eferred to hereinafter as pol yner

X). 5 Characterized by IR, NVR, [err]p NVR (PPM . Exanple 25 (polyner Y)

A partially functionalized mercaptosuccinic acid containing water-sol uble

pol ymer of the followi ng structure: [Exanpld®5 (relymer¥Dared on
pol yet hyl enei m ne. |ln.a.typical .synthesis..10..00 233 mlljequiyal en of
PEI . prepur i fi ed e Rl Sdimaled meccentofisinianpid etrsoluftngl s of e

wat er and t hefodlowitigistictiey ged with argon for twenty mnutes. Solid

S-acetyl nmercaptosucci ni ¢ anhydride, 10.00 g (57.5 mmle), was added with
stirring. After the solid di sappe@HgH,—6Ng—84,orp)e)- of sodium 15
carbonate was slowy added with care takeh to ensure®that the vigorous

evol ution of gas and resultant foam ng di cause an overflow. The
solution was stirred overnight and then acitgified to pH 4 with concentrated
nitric acid. After purging with argon for tvwenty mnutes, the solution was
brought to pH 7 with sodi um hydroxi de. The ightly cloudy m xture was

filtered through a fine, glass frit. The pfo LIl ed by
diafiltratgon with at |east five tines a Eb)&%éﬂéﬁfdom

was prepared on polyethyleneimine. In a typical synthesis, 10.00g (233 milliequivalents of PEI,

prepurified as in example A, >30,000 MWCO) was dissolved in 200 mL water and the solution
purged with argon for twenty minutes. Solid S-acetylmercaptosuccinic anhydride, 10.00 g (57.5
mmole), was added with stirring. After the solid disappeared, 10 g (94 mmole) of sodium
15 carbonate was slowly added with care taken to ensure that the vigorous evolution of gas and
resultant foaming did not cause an overflow. The solution was stirred overnight and then
acidified to pH 4 with concentrated nitric acid. After purging with argon for twenty minutes, the
solution was brought to pH 7 with sodium hydroxide. The slightly cloudy mixture was filtered
through a fine, glass frit. The product was puriﬁed by diafiltration with at least five times as
20  much millipore water as the final solution velume. Lyophilization of the retentate yielded the
product (referred to hereinafter as polymer Y). Characterization: IH and 13C NMR and IR.
Elemental analysis of 3 different batches
batch (1) C 42.57, H7.19,N 12.85, § 9.17, $* 10.5
batch (2) C42.78, H 7.09,N12.38, S 10.16, 5* 8.4
25 batch (3) C 41.72, H 7.68, N 12.03, § 9.35,S* 8.2
S* Thiol sulfur content when analyzed by iodometric titration.
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20 much mllipore water as the final solution volune. Lyophilization of
the retentate yielded the product (referred to hereinafter as polyner Y).
Characterization: [err]H and [err]C NWMR and IR El enental analysis of 3
different batches batch (1) C 42.57, H7.19, N 12.85, S 9.17, S* 10.5 batch
(2) C 42.78, Hwo 6§hssed¥12. 38, S 10.16, S* 8.4 25 bat ch (3)’(:‘90%36/&?88 H
7.68, N 12.03, S 9.35, S* 8.2 S Thiol sulfur content when analyzed by

i odonetric titration. WD 96/ 38493

PCT/ US96/ 08188 36 Exanpl e 26 (polyner ﬁg%ﬁ_eggr w%g, funct i onal i zed et hyl
thiol containing water-sol ubl e pol yner, (I%d ow ng structure: [err] 5

was prepared on potapiallyfuncHenalizedethy) thiel ¢ |Wa§ymluiégp@ymmf@mgfo(lmix«g
m | 1iequival egignph:. PEl prepared as in Exanple A 30,000 MACO) was
di ssolved in 200 m water and the pH was adjusted to 7 with concentrated

HNJ err]. The sol uti on was purged_m(bn [ 40Ny ]‘.L m nutes and 3.45 nL
(57.5 mmol e) of ethylene sulfide was 4 2d V\ith Stll’ The bi phasic
m xture was stirred overnight and the slightly cIoudy mxture was filtered

through a fine, glass frit. The 10 product Hpurified by diafiltration
with at least five times as nmuch mllipore wat¢r as the final solution
volume. Lyophilization of the retentate yieldeg 13.5 g of the product as a
white powder (referred to hereinafter as pol Z). Characterization:
[err]H and [err]C NMR and IR Exanple 27 (pHl ynechfMsH partial ly
functionalized N nethylthiourea containing water-soluble polyner of the 15

fol | owi ng §t r wes prepared e polyethlengiminea Iral typicalsyhthedis) ¥0.60p2303 mﬁlxedui\/aﬂienis)ﬁﬂ’ﬁiﬁ'
20, 000 ninc) PREES=3R Bt pr g WARRSD B lared B s em s
purged with asdjstedto” witheohdntded NG, he soition WabpREesaiiat SeiPr WahiEHinhRs
35[err]C and 4545 mL (57.5 mmole) of ethylene sulfide was added with stirring. The biphasic mixture
was stirred overnight and the slightly cloudy mixture was filtered through a fine, glass frit. The
10 product was purified by diafiltration with at least five times as much millipore water as the final
solution volume. Lyophilization of the retentate yielded 13.5 g of the product as a white powder
(referred to hereinafier as polymer Z). Characterization: 'H and !3C NMR and IR.
Example 27 (polymer AA)
A partially functionalized N-methylthiourea containing water-soluble polymer of the
15  following structure:

— (CHCH, —— N~—— CH,CHNH—

CHCH,

|
N
e \C(S)NHCHa
was prepared on polyethyleneimine. In a typical synthesis, 11.20 g (260 milliequivalents of PEI,
prepared as in Example A, >30,000 MWCO) was dissolved in 200 m! of ethanol and the solution
was purged with argon for twenty minutes. Methylisothiocyanate was warmed to 35°C and 4.75
20 | g (65.1 mmole) was mixed with 10 mL of ethanol. The isothiocyanate solution was added to the
PEI at 0°C and the solution was stirred one hour at which timg a gooey precipitate formed. The
solvent was removed via rotary evaporation and the product redissolved in 100 mL of water to
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20 g (65.1 mole) was mxed with 10 nL of ethanol. The isothiocyanate
solution was added to the PEI at O[err]C and the solution was stirred one
hour at which tine a gooey precipitate forned. The sol vent was renoved via
rotary evaporation and the product redissolved in 100 nL of water to WO
96/ 38493 WO 96/38493 PPé58/08184 88
37 which 5.86 nL of concentrated HNJ err] was added. After St?-él’l’l ng e
overni ght, the slightly cloudy m xture was 3 tered through a glass fit and

ﬁnhlel :o|K)8(rj(l;C\t/va\tlvg'r&c'ggrstw;lli(]alggilr f&ggilfeutlo vol um::t Yo prﬂ??zae%&%ﬁ%? ’]fgi,g °l°“y

retentate yi emixtere »@s Sltered through amlasxiﬁmanhhe prodit was porifiserby(difiiteation dvithQt Jeast

'R “Exanpl e o8 ot aioRiRors e AhE Bl BB vaiZht | LaPhyeionis %s%&ﬁﬂ
with the fol | gieldad)1%8 g o€ the peodubtes b Wwhit was(rafeﬁe@fmreuﬁfcsﬂis%lyﬁi&r

f or mal dehyde 42 S adpy-)d dropvm se during reflux over a peri gd of 22
ninutes to°a éﬁﬂ‘%‘i‘? ?ﬂ% Wﬁ}ﬁ ﬁék( 10 g) and phosphorus acid (19.04

g). in 3NHC. After the addltlon was conplete the solution was stirred at
reflux for an additional hour. The heat was renoved and cooled to room
tenperature. The sol ution was titrat diample@8 (Bolpmei BB) NaOH. The pol ynmer was

Ui ng. hol w11 EPRRBRAE g%é*ﬁﬁlxﬂﬁﬂ%bmﬁwﬂk@&%*‘%em SRHE it or v

renmoved under reduced pressure. The re;tfgz@ was dried in a vacuum
oven at 60[err]C overnight to give 18 f a hl e yell oworange solid
I

(referred to hereinafter as pol yner BB) /VI S: da max = 296nm

| RCATR): 1628 cnferr] (CO. 20 Exampl e 29
(Pol ymer CC) A thiolactam from pol yvi nyl Ayrrol I done with the structure:
[err] was prepared as follows. In an ovenCiP(@®HJ ask, nitrogen purged
flask was placed 1.03 g (9.26 nmol) of polyvinyl pyrrolldone (MW 40, 000,

Al drich, &edwvaspreparsdi weso)uuonﬁf foktmaldehytds/ (922 mIc)halrasraddcdrdmpﬁﬁb drifif refluk Ivél a

ol ) o Pl erg S RIS RPD SRS PRI Hhtaod 10 £ 25 S s 5 (PSR 8 3
HCl. Afier the addition was complete the solution was stirred at reflux for an additional hour,
The heat was removed and cooled to room temperature. The solution was titrated to pH 6.8 with
NaOH. The polymer was purified by diafiltration collecting five volume equivalents of permeate

15 using hollow-fiber cartridges with a 30,000 MWCO. The bulk of the water was removed under

reduced pressure. The residual material was dried in a vacuum oven at 600C overnight to give
18.21g of a brittle yellow-orange solid (referred to hereinafter as polymer BB). UV/VIS:
lambda max = 296nm. IR(ATR): 1628 cm-! (C=0).

20 Example 29 (Polymer CC)
A thiolactam from polyvinylpyrrolidone with the structure:

P

was prepared as follows. In an oven dried flask. nitrogen purged flask was placed 1.03 g (9.26
mmol) of polyvinyipyrrolidone (MW 40,000, Aldrich, used as received), 15 mL of dry
25  chioroform and 2.00 g (9.0 mmol) of Py3s, phosphorous pentasulfide. The vessel was sealed
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V\D 96/ 38493 PCT/ US96/ 08188
38 and placed in an ultrasonic bath for 3 hours. After reaction the

sol ution was centrifuged and the supernatant renoved and evaporat ed under
ni-trogen. The gooey solid was then dried at 60[err]C in a vacuum oven to
give a crystalywphgsgepduct (0.78 g). The same reaction was pepdRysseosigs t h
di fferent proportions of Plerr]S[err] froma 2 fold excess to 1:1 to 0.5:1
ratios to gi ve different levels of 5 conv&rsion of the Iactamto t he

t hi ol act am RRESredcti

pol ymer O- 2/1 d;ajl;l?é é‘c@‘&?&‘hggﬁﬁf"ggl‘%@ O 0.5/ ?ﬁﬁ{egﬁ%g& gave reegﬁdﬁg
different | evmmmmgnéwmmdvh@rmm TP-"FGWWSPMWP*DWGQB@GQPCm

peak vas rodub BP0 kAR AR §RE), The SHhuhitol viat perfdfaed k"
Exanpl e 30 A diffefenbgo mat‘n*sggﬂmhefoldek&kﬂtelﬂabvﬁﬂrraﬂéstbbﬁeﬂtffeiﬂni&velsof
[err] was ?repared by the fol ng

d b d
(7.6 g, 50° mBmasrsigaaf ths lactamdte ghefaig procﬁm‘l&mwﬂ&%&ép&%&ﬁgm ¢ aci

sol ution was %-@ihéf%’ f I O3y de
was renoved under reggaﬁdﬁlrd;%g re uéglcﬁgla D?agmg?ark Pfg‘g Jd[#ne resid tégéﬂ\}vas
subl i med undelevelsiofconveasioni witiCthe exapisa$s5 complgtelyrdinginating thewchrbony! stétetbetween '

Vo f1 0 2. S0dS ThSR,, ik GnRAThyE s e Rkt ORI AR B L T (RL T

chl oride (3. lifgatmert. S| oWl y added to the reaction flask resulting in the
formation of a precipitate. The solution was stirred for one hour and the
sol vent rdfoved under reduced pressure leaving a light brown solid. The
solid was dissolved in water and adj ust edgid #g(pf 10.5 with potassium

hydr oxi de fol | owed by gurlflcatlon by ultrariltration through a 30,000 MACO
cartridge to yi eb@atachobepmiainingwarex-soluble pelymesof the faspyla: of wat er under 25

vacuum
—— (CHyCHy — N——CH,CH,NH)—

CH,CH,
OH OH
N
W \c
g
was prepared by the following procedure. 2,3-Dihydroxybenzoic acid (7.6 g, S0 mmole) was
15  dissolved in thionyl chloride (25 mL). The solution was stirred at reflux for three hours. The
excess thionyl chloride was removed under reduced pressure using a Dean Stark trap. The
residue was sublimed under vacuum at 120°C to yield 7.5 g (70%) of a white solid (melting point
84°C).
In a reaction flask, polyethyleneimine (Polymin Waterfree, 2.50 g) was dissolved in
20 tetrahydrofuran (35 mL). The acid chloride (3.17) was slowly added to the reaction flask
resulting in the formation of a precipitate. The solution was stirred for one hour and the solvent
removed under reduced pressure leaving a light brown solid. The solid was dissolved in water
and adjusted to pH of 10.5 with potassium hydroxide followed by purification by ultrafiltration
through a 30,000 MWCO cartridge to yield a reddish-brown solid upon removal of water under

25 vacuum.
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39 Exanpl e 31 Copol ynerization of vinyl bisphosphoric acid and acrylic acid
was as follows. Vinyl bisphosphoric cycl ohexylamne salt (0.64 g,1.09

mmol ), acrylic acid (0.44 g, 6.12 mol) and ammoni um persul fate (20 ny)
wer e di ssol vedwowesiadponi zed water (15 nL) . The nixture was Spel/UsY6R6188
vigorously at 50-55[err] C for 48 hours. Tgs reaction was cooled to room
tenperature and diluted with deionized wat to 50 m. The pol ynmer was
purified by diafiltration using a 30,000 IE¥hhiegitridge by collecting 5

vol ume equi val ents of perneate (pH=6). The retentate (pH=5) was

concent r at ed andeqlwmfmﬁbmhesphegc ecid and acplig agid ovasps flldws) Visylt he

pol ymer as a | i . P | e
B A0, 1wt v b ot ook tarpine sale (0,64 £.1.09 mumpl) acrylic acid (44,2, 6,12 iR
was prepar ed shmesniuin pefsulfite(20irhg) alersedissdlved irndeibnized Fateh(1S L), iThe mifttreswask ed
with anmericiumand.filter ' 0,000 ultrafiltr,ati on menbrane.

N st o 3 ot iR gigomusbiaESasiid ¢ s e MRe mactins ias oottt o Hpmppis aad
but 99%r et enﬁlﬂéﬂ%d@&ﬁﬂﬂ“ﬁﬁrﬁtsdxﬂﬁm&gﬂﬁm&wﬁbﬂﬁﬁeﬂﬁldm&nl@n 230,000

hydroxam c acjd can bind an actinide such_ as anericium under conditions of

pH 8. The ot W¥WERsadridee by collsating yajwne equivalents of permeate (PH=H); Fhe retentats @EHS) e
separation Ofwﬁ'tﬁ%eéxitr% fkPiBed tumi the recovery of metals from

solids and for the |spFacerrent of cyani de ions from netal -cyani de
conpl exes andoSUtte yield 480 g (30176) dfshepdipner a5 awditpsolidt ed by reference from

t he above ntioned concurrently filed pagent ,applications. 20
Al t hough {‘ﬂg present invention has been dg%mf]%% with reference to

speci fic detail sA 0iltwirel Mxoluitibi 6ftHe Soliatic Bydedkaml 2id fFons Bauiplk 10Gas ﬁ:ﬁﬁéré’&&
as limtations upon the 500£e of the invention. except as and to the extent

that they ar ee2FheftheeH valyes 4 € and 3. Earhfoiution Wesspiked wihamerichapandfiltered jmal E
~ 26) WO 96/ @gdMWCO ultrafiltration membrane. Almost no retention of the americium was observed at

PCT/ US96/ 08188
the lower pH values, but 99% retention was observed at the pH of 8. Thus, polymeric
15  hydroxamic acid can bind an actinide such as americium under conditions of pH 8.

The other above described polymers also have utility in the selective separation of metal ion
from solution, in the recovery of metals from solids and for the displacement of cyanide ions
from metal-cyanide complexes and such descriptions have been incorporated by reference from
the above mentioned concurrently filed patent applications.

20 Although the present invention has been described with reference to specific details, it is not
intended that such details should be regarded as limitations upon the scope of the invention,

except as and to the extent that they are included in the accompanying claims.
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40 WHAT IS CLAIMED I'S: 1. A wat er=sotuble—pelymer—of the fornmula [err] 5

wherein X err], Xerr], and Xerr],,d ) it of the polymer is a group
i-ndependently selected froma subs”“ﬂﬂ%ﬂﬁ EJH I”mhf romH,
C{OCH e err]CH(SH COCH, 10 -(CH err]s *Where when m'is an integer

sel ected fromypoghseass and 4, Y is selected from C=O, P=0, CxeTnisebesiss .
C(OCHerr]C(O, and S, Zis selected froman am ne, al kylam ne, aryl am ne,
hydroxyl, 15 oxyal kyl, oxyaryl, hydroxyl agigne, al kyl hydroxyl am ne,

aryl hydroxyl am ne, thiol, alkylthiol, alkyl, aryl, dinmethyl pyrazol one,

met hyl phenyl pyrazol one, di nethyl pyrazol -t hi one, nethyl phenyl pyrazol -t hi one,
oxycrown et henpHATISCLAMMERIIRer s, thiocrown ethers, and H, and when mis 1,
Yis selected fromC=0Q, CS, S(Jerr], C(OCHerr]CO, and S, Z is selected

froman am ne, alkyl.an ne yl am ne,., oxval kyl , oxyaryl, hydroxyl am ne,

al kyl hydr oxyl ani hre, WmﬂWMP%ﬁé?“l?hi ol, alkylthiol, alkyl, aryl,

di net hyl pyrazol one, net OIENLCRY-CRAIX gpe (i) di met hyl pyrazol - t hi one,

met hyl phenyl pyrazol -t hi one, oxycrown ethers, azacrown ethers, thiocrown

ethers, and H p is an integerffrom1 to 2, and n is an integer between

about 12 and 12, 000; and 25 [err] where mis an integer
CH-CE?%%%%Z and C=

fromO to 6, Yis selected from &= S, Rerr] and Rlerr] are 30
sel ected froman am ne, al kylam ne, arylam ne, hydroxyl, oxyal kyl, oxyaryl,

nydr oxy! am ne el CTREK, T e RV s W Snac by Bleith 50
PCT/ US96/ 0818 gubdtituérit gélected fford H, €(OYCM,CH(SH)COOELger bet ween about 12 and

12,000 with the proviso that at |east one of Xerr], Xerr], and X err] is
not hydrod®n;

-(CH).YZ,

where when m is an integer selected from 0, 2, 3, and 4, Y is selected from C=0, P=0, C=S,
80,, C(O)CH,C(0), and S, Z is sclected from an amine, alkylamine, arylamine, hydroxyl,

15 oxyalkyl, oxyaryl, hydroxylamine, alkylhydroxylamine, arylhydroxylamine, thiol, alkylthiol,
alkyl, aryl, dimethylpyrazolone, methylphenylpyrazolone, dimethylpyrazol-thione,
methylphenylpyrazol-thione; oxycrown ethers, azacrown ethers, thiocrown ethers, and H, and
when m is 1, Y is selected from C=0, C=S, $O,, C(O)CH,C(0), and S, Z is selected from an
amine, alkylamine, arylamine, oxyalkyl, oxyaryl, hydroxylamine, alkylhydroxylamine,

20  arylhydroxylamine, thiol, alkylthiol, alkyl, aryl, dimethylpyrazolone, methylphenylpyrazolone,
dimethylpyrazol-thione, methylphenylpyrazol-thione, oxycrown ethers, azacrown ethers,
thiocrown ethers, and H, p is an integer from 1 to 2, and n is an integer between about 12 and
12,000; and

I

25 (CHY,,

I
®R,),YCHY(R,),

where m is an integer from 0 to 6, Y is selected from C=0, P=0, and C=S, R,and R, are

30 selected from an amine, alkylamine, arylamine, hydroxyl, oxyalkyl, oxyaryl, hydroxylamine,
alkylhydroxylamine, arylhydroxylamine, thiol, alkylthiol, alkyl, aryl, and H, p is an integer
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[err] 5 wherein X[ err] and X[errHWe polymer is a group
independently selected froma substituent selec rom H,

(O CH err] CH( SH) COOH, 10 (CH[errJ Imum{ @here gis an |nteger from
O'to 4, and where when mis an in omO, 2, 3, and 4, Y is
sel ected fromvareyss®sad, C=S, SJerr], ‘'O C!H[errg and S, PIUscHEIsECt ed
froman amne, 15 al kyl amine, aryl ami ne, hydroxyl, oxyal kyl, oxyaryl,

hydr oxyl am ne, al kyl hydroxyl am ne, aryl hydraayl am ne, thiol, alkylthiol,

al kyl, aryl, dinethyl pyrazol one, nethyl phenyl pyrazol one,

di et hyl pyrazol -t hi one, nethylphenylpyrazol-thlone oxycromn et hers
azacrown et herﬁmmthto@emﬁenm bezwren abott 12 angh 12,000 with the proviso thaptitdeastone

fromC0O GC=S, C(O, and S, Zis selected froman -
am ne, al kyl am Her é’r‘l“fiarﬁ ne%ﬂﬁ% oxyaryl, hydroxyl ami ne, 20

al kyl hydroxyl am ne. aryI hydr oxyl am ne, thi ol, alkylthiol, alkyl, aryl,
di met hyl pyr azol one, net hyl phe@ﬁé azgl.one, di met hyl pyrazol -t hi one,

met hyl phenyl pyrazol -t hi one, 0 '%’@In g)hers azacrown ethers, thiocrown

ethers, andsH, p is an integer frpm1l to 2, and n is an integer between
about 24 and 24,000 with the proviso_that at |east one of Xerr] and X err]

I s not hydrogen; 25 (CHz)q'NxXBerr] wherein X err], in each unit
of the polymer is a group independently selected froma substituent 30
sel ected from C( O CHCH( SH) COOH, WO 96/ 38493

PCT/ US96/ 08188whérein(Xidnd 3; |ih pachnhiv @] the pdlymbmeis e group sndepenientlygelectsd fromtac d

from0, 2,3, a 4 .S = C=S, Sgerr], 5
C(OCHerr]( &%s%tﬁa%geleczeé 'lgo ié‘?@@@%ﬁ@%&ﬁa i ne, al kyl am ne, aryl an ne,
hydroxyl, o&yal kyl, oxyaryl, hydroxyl am ne, aklyl hydroxyl am ne,

aryl hydroxyl am ne, thiol, alkylthiol,  alkyl, aryl, dinethylpyrazol one,

nmet hyl phenyl pyrazol one, di net hyl p{@%ﬂdz-pt hi one, net hyl phenyl pyrazol -

t hi one, oxycrown ethers, azacrown ethers, thiocrown ethers, and H, and when
mis 1, Yis

where q is an integer from 0 to 4, and where when m is an integer selected from 0,2,3,and 4,
Y is selected from C=0, P=0, C=8, SO,, C(O)CH,C(0O), and S, Z is selected from an amine,
15 alkylamine, arylamine, hydroxyl, oxyalkyl, oxyaryl, hydroxylamine, alkylhydroxylamine,
arylhydroxylamine, thiol, alkylthiol, alkyl, aryl, dimethylpyrazolone, methylphenylpyrazolone,
dimethylpyrazol-thione, methylphenylpyrazol-thione, oxycrown ethers, azacrown ethers,
thiocrown ethers, and H, and when m is 1, Y is selected from C=0, C=S8, SO,, C(0)CH,C(0),
and S, Z is selected from an amine, alkylamine, arylamine, oxyalkyl, oxyaryl, hydroxylamine,
20  alkylhydroxylamine. arylhydroxylamine, thiol, alkylthiol, alkyl, aryl, dimethylpyrazolone,
methylphenylpyrazolone, dimethylpyrazol-thione, methylphenylpyrazol-thione, oxycrown
ethers, azacrown ethers, thiocrown ethers, and H, p is an integer from 1 to 2, and n is an integer

between about 24 and 24,000 with the proviso that at least one of X, and X, is not hydrogen;
25 -(CH,-CH),- (iii)
|
OX,

wherein X, in each unit of the polymer is a group independently selected from a substituent
30 selected from C(O)CH,CH(SH)COOH,
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selected fromC=0 C=S, SJerr], CO€CH®err€c(O—=andS, Z is selected from
an am ne, alkylam ne, 10 arylam ne, , hydr oxyl am ne,

al kyl hydr oxyl am ne, aryl hydroxyl anmin ﬂ !ﬂﬂ t“ﬁﬂﬁ[ﬁﬁl ol, alkyl, aryl,

di'net hyl pyrazol one, net hyl phenyl pyra yr azol t hi one, .

met hyl phenyl pywargglssdofi one, oxycrown et hers azacrown et hers, ],&)Bgygfow
ethers, and H pis an integer from1l to 2, and n is an integer between

about 24 and 24, 000; 15 a@rr] wherein Xerr], Xerr],
and X[err] in each unit ofthe polyner is a group independently sel ected
froma substituent selected from C(O CH err] CH  SH) COOH, 20

-(CH err])[err]YZ[err] where mis an integer selected fromO0, 2, 3, and 4,

Y is selected from C=0Q, P=0, C=S, égé ], C(OCHerr]C(O, and S, Zis
selected froman am ne, al kyl am n'e, e'g?larri ne, hydroxyl, oxyal kyl, oxyaryl,
hydr oxyl am ne, al kyl hydr oxyl am ne, aryl hydroxyl am ne, thiol, alkylthiol,

al kyl, aryl, 25 di pet hyl pyrazol one, net hyl phenyﬂ&/razol one,

di met hyl pyr gzoIWhFﬁlnbﬁén integen selasted fpmA, 23, and 4. Viss ted)frqml(lm;Peohe#s SO,,
azacrown et her m | S S se ect
rom o0, oo, S CHEIOPMRS Rif ittt in e WGRnie, gy i diteciyl, el
ey s ) M dcplyjeminey dromflth R lthml’alk?'l > an,
al kyl hydr oxyl a r I 0

SO o o N B b B by

96/ 38493 thione, oxycrown ethers, azacrown e&e&%&@&ﬁéﬂ@éeﬁdﬁ and wh 1sl Y1s
net hyl phenyl pyr%zol ﬁ:t?;}]l one, oxgcrown et hers, azacrown ethers, mltlﬁl o¢rown

ethers, and H, S Op GHOXCHE(0), angS) Zris pelectad fram sTyeming alkyhedine,

about- 12 angl lgy n ea h uni f
the pol yner are ggltgﬁl g}fyaﬂ?ﬂm}‘y@?ﬂ’age %groub dyzdgéej‘ﬁgkgéﬁ @BmF’r%'}??
substituent seflkythiol, MW@W@YMMEWYW&% dlmethylpyrazol-thlone

(CH[err])[errJnéQ,;ﬁ n.int er from 0.4, Y is selected
from C=0, P=0 ﬁ@% rr ﬁh‘@%?@&[m Ra © ers, , thidorown ethers, and H, p i

an integer from 1 to 2, and n is an integer between about 24 and 24,000;

15 ~(CHX;-CH,), «( CH,;-CXX;),- (iv)

wherein X, X,, and X, in each unit of the polymer is a group independently selected from a
substituent selected from C(O)CH,CH(SH)COOH,

20 -(CH),YZ,

where m is an integer selected from 0, 2, 3, and 4, Y is selected from C=0, P=0, C=S, SO,
C(O)CH,C(0), and S, Z is selected from an amine, alkylamine, arylamine, hydroxyl, oxyalkyl,
oxyaryl, hydroxylamine, alkylhydroxylamine, arylhydroxylamine, thiol, alkylthiol, alkyl, ary],
25  dimethylpyrazolone, methylphenylpyfazolone, dimethylpyrazol-thioﬁe, methylphenylpyrazol-
thione, oxycrown ethers, azacrown ethers, thiocrown ethers, and H, and when m is LYis
selected from C=0, C=8, $0,, C(O)CH,C(0), and S, Z is selected from an amine, alkylamine,
arylamine, oxyalky), oxyaryl, hydroxylamine, alkylhydroxylamine, arylthydroxylamine, thiol,
alkylthiol, alkyl, aryl, dimethylpyrazolone, methylphenylpyrazolone, dimethylpyrazol-thione,
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S Z is selected froman anm ne, al kytam-ne-—arylanmne _ hydroxyl, oxyal kyl,

oxyaryl, 15 hydr oxyl am ne, al kyl hydroxyl am ne, aryl hydroxyl am ne, thiol,
atl kyl t hi ol , alkyl, aryl, dinethyl pyrH lw Imﬁ'lmuﬂ,\enyl pyr azol one,

di'met hyl pyrazol -t hi one, net hyl phenyl oxycrown et hers,
azacrown et her wodshe@gr own et hers, and H, p i $ ah int eger fropd ,,js?s,&

nis an integer between about 24 and 24,000. 2. A water sol uble polyner

the formula [err] wherein Xerr], Xerr], angg X[err] in each unit of the
polymer is a group independently selected froma substituent selected from
H C(OCHerr]CH(SH) COOH, -(CHerr])[err]YZ[err] where mis an integer from
0 to 4, Y is sarctylphénylpyrazobtiipn ePc:@pro@tt&theﬁ@nbmﬁne%ﬁ)ﬂd{cﬁMd de%

Zis selected f am al.k Iam ne dr oxyl , oxyal Ky
oxyaryl, SUBSTI %‘P@’éﬂ@ﬁr‘?m% %@%*Bgilf%ua% 000; or

PCT/U896/08188 44 hydr oxyl am ne, aIkthydroxyIan1ne arylhydroxylan1ne,
thiol, alkylthiol, alkyl, aryl,_ dinethylpyrazol one, nethyl phenyl pyrazol one,
dlnethylpyrazol-thione, met h éﬂikpiﬁhzol t hi one, oxycrown et hers,
azacrown ethers, thiocrown ethers; and H p is an integer from1l to 2, and
nis an integer between about 12 and 12,000; [err] where mis an integer
fromO to 6, Y is selected from CNX;eXrO, and C=S, Rerr] and R err] are
selected froman am ne, al kylam ne, arylam ne, hydroxyl, oxyal kyl, oxyaryl,
hydr oxyl am ne, al kyl hydroxyl am ne, aryl hydroxyl am ne, thiol, alkylthiol,

al kyl, "aryl, anﬂeﬁn}nomﬂ)e,nmeaﬂeﬂﬁfotftﬁﬁﬁlﬁmér@re%thﬁﬁgmﬂx d:%:?a]grb‘rﬁrﬁﬁ endentt
err ea

betvveen about 1 6{1 2,000; [err] wherein X errg nd [ iR
of the pol ymer ‘i %c}m"b Stitpens sslertadh from C4O Gﬁsﬁ)ﬁ ,eubst i t uent
sel ected fnom H, C(O)CH[err]CH(SH)COO—I, -(CHerr])[err]YZerr]

~(CH,),YZ,

where m is an integer from 0 to 4, Y is selected from C=0, P=0, C=8, SO,, C(O)CH,C(0), and
S; Z is selected from an amine, alkylamine, arylamine, hydroxyl, oxyalkyl, oxyaryl,

15 hydroxylamine, alkylhydroxylamine, arylhydroxylamine, thiol, alkylthiol, alkyl, aryl,
dimethylpyrazolone, methylphenylpyrazolone, dimethylpyrazol-thione, methylphenylpyrazol-
thione, oxycrown ethers, azacrown ethers, thiocrown ethers, and H, p is an integer from 1 to 2
and n is an integer between about 24 and 24,000.

2. A water soluble polymer of the formula
(CH,-CH,-N-CH,-CH.NX )~ (D
I
CH,-CH,NX,X,

]

wherein X,, X,, and X, in each unit of the polymer is a group independently selected from a
substituent selected from H, C(O)CH,CH(SH)COOH,

~CH,),YZ,

where m is an integer from 0 to 4, Y is selected from C=0, P=0, C=S, SO,, C(O)CH,C(0),
and 8, Z is selected from an amine, alkylamine, arylamine, hydroxyl, oxyalkyl, oxyaryl,
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where g is an integer fromO to 4, mis an i mO to 4, Yis
selected from C=0 P=0O, C=S, SO erW and S, Z is selected
from an am ne, al kyl am ne, aryl am n ““t“ | kyl, oxyaryl,

hydr oxyl am ne, al kyl hydr oxyl am ne, ‘mm““gl th| ol, alkylthiol,

al kyl, aryl, oOwonkBssbpyrazol one, nethyl phenyl yrazol one PCT/US96/08188

di met hyl pyrazol -t hi one, methyl phenyl pyrazol -thi one, oxycrown ethers,

azacrown ethers, thiocrown ethers, and H, pghs an integer from 1 to 2, and
nis an integer between about 24 and 24, 000; [err] WO 96/ 38493

PCT/ US96/ 08188 hyidroxyheming, alky{hydsokylamine seylhydsosylanding, tgolpallcyithig, dliyl,Zarfl! OUP

o B o) bl oot oo S e fnmme by
L0 4 dis e Sibuatnlytain ks Bnifomtreiiers, WoBbih oAl £1d blfoflher BB 857

is selected froman am ne, al kyl am ne, aryl am ne,

oxyaryl, hydro%}qmmtezatmml@b@)tﬂm }2000ar yI hydr oxyl ani ne, thiol,
aIkyIthioI, al kyl , aryl, dinmethyl pyrazol one, nethyl phenyl pyrazol one,

di met hyl pyrazol -t hi one, nethyfphenyl pyrazol - thione, oxycrown ethers,
azacrown ethers, thiocrown e{@RB),s, and H p is an integer from1 to 2, and
n is an integer between about, K 24 and 24,000; [err] wherein X err], Xerr],
and X[err] in each unit of thk polymer is a group independently sel ected
froma substituent .sel e\(,:\g@ O)CH[err]CH(SH)COO—I
-(CHerr])[err]YZerr] e mis an integer fromO to 4, Y is selected
fromC=0 P=0 C=S, S(err], (OCHerr]0O, and S, Zis selected froman

i | kyl |
oky  hydr oxyt aniege mls d @fd roxy?‘gf’rné)??“%'%@émb“ Ea Lk A
di [rﬁt Ihylhloyr ftz ofeteated fromtanpinidecaiiylpyine zoylamine, lﬂmymwsﬁu@ntaﬁ}arﬁ m;?ﬁﬁylannne
nme en I one X wn, e S Zacr e ers I OCr own
ethers and b ARk Bt o S Ring st Sy 3 B Caryh iz is e inson

about 12 -and 1o ®® 2,@hd n is an integer between about 12 and 12,000;

~(CH,-CH),- (ii)
I
(CH,)NX,X,
wherein X, and X, in each unit of the polymer is a group independently selected from a
substituent selected from H, C(O)CH,CH(SH)COOH,

"(CHZ)mYZP

where q is an integer from 0 to 4, m is an integer from 0 to 4, Y is selected from C=0, P=0,
C=8, SO, C(O)CH,C(0), and S, Z is selected from an amine, alkylamine, arylamine, hydroxyl,
oxyalkyl, oxyaryl, hydroxylamine, alkylhydroxylamine, arylhydroxylamine, thiol, alkylthiol,
alkyl, aryl, dimethylpyrazolone, methylphenylpyrazolone, dimethylpyrazol-thione,
methylphenylpyrazol-thione, oxycrown ethers, azacrown ethers, thiocrown ethers, and H, pis
an integer from 1 to 2, and n is an integer between about 24 and 24,000;
-(CH,-CH),- (iii)
|
OX,
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[err] WD 96/ 38493

PCT/ US96/ 08188 46 wherein X err] h unit of the polyner are
a thiolactumor are a group i ndgﬁﬂﬁlﬂﬁ@;‘w E from a substituent
sel ected from C(O) CH err] CH( SH) -mCHsert])[err]YZ[err] where mis
an integer frepaékdepsd. Y is selected from C=O, P=0 C=S, SO m#ygsecros1ss
C(OCHerr]C(O, and S; Z is selected froman am ne, al kyl am ne, aryl am ne,
hydr oxyl , oxyal kyl, oxyaryl, hydroxyl am ne, a&l kyl hydr oxyl am ne,

aryl hydroxyl am ne, thiol, alkylthiol, alkyl, aryl, dimethyl pyrazol one,

mﬁ_t hyl phenyl| pywhereih 35 én eadh it 6fthppolpmer is agioﬁpmdepmﬂmyﬁu&tgdﬁoﬁaaamsﬁmem

t hi one, oxycrown ethers,. C s, thiocrown ethers, an , pis an
i nt eger. from 1%?%%%%@6%%&’5 r between about 24 and 24, 000, said
wat er - sol ubl e pol ynmer having a nol ecul ar wei ght of greater than about
10,000 and further characterized as essentlally free of nolecular wei ghts
| ess ‘t han about 10, 000. 3. The ela:¥%o0| ubl e pol ymer of claim1 wherein

at |east one of Xerr], Xerr], and X err], at |east one of X err] and
Xerr], Xerr], and at | east one of X[err], Xerr], and Xerr] are

- (CH er][] 2:1[ er[\]vh&{emns}mmtugeﬁ&dmfﬁocﬂﬁssdrdeda[rmﬁo , B=0pC=8; 56y, C(0)OHIC(O), and
roup o i me 0. e, ne en az.o
gl me!tohyl pyrazo #1%’?#?’?% dﬁ%h@/m&% p 'i g‘ggf‘@ﬂu"’@%"wl’are H. 4.
The wat er - sol uigldeoxpabiiiee b3y idthih e,%&lﬁﬂkdkylabﬂm?ﬂhdl@ym cm?q 1f ormul a

\(/\/inZarea:n:gagt one of X er e@F]F’X[err]l and‘o;l(é’%[glrl]; 53'%0 g—l’ﬁ[e(raé] hw’YZ[err]

H 5. %%2?;? f -
?Lg formul a (|) a:&?east one o err P bﬁ%%?hﬁ?ﬁpﬁ{%ﬂ&b&%hi%?
-(CHerr])[er rqnﬂp[leaniptegtrebeevmab@%amﬁzﬁ,m&o Z[err] is oxyal kyl, and

other X's are H 6. The wat er-sol ubl e polynmer of claiml V\/nereln t he
polymer is of the forrmula (i), at least one of Xerr], Xerr], and Xerr],

is -(CHerr])[err]YZ[err] WhCHXyCHy), 2, CH-CXXEQiviZ[ err] is hydroxyl am ne,
and other X's are H 7. The wat er-sol ubl e polyner of claim11 wherein the
polymer is of the formula (i),

wherein X,, X;, and X, in each unit of the polymer is a group independently selected from a
substituent selected from C(O)CH,CH(SH)COOH,

-(CH,),YZ,

where m is an integer from 0 to 4,Y is selected from C=0, P=0, C=S§, SO,, C(O)CH,C(0), and
S, Z is selected from an amine, alkylamine, arylamine, hydroxyl, oxyalkyl, oxyaryl,
hydroxylamine, alkylhydroxylamine, arylhydroxylamine, thiol, alkylthiol, alkyl, aryl,
dimethylpyrazolone. methylphenylpyrazolone, dimethylpyrazol-thione, methylphenylpyrazol-
thione, oxycrown ethers, azacrown ethers, thiocrown ethers, and H, p is an integer from 1 to 2,

and n is an integer between about 12 and 12,000; or

-(CH;CH); (V)
‘ |
NXioXi1
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at. | east one of Xerr], Xerr], andXertri—s- 1-6errr])[err]YZ[err] wher e
mis 2, Yis C0O Z[err]lsamne ' The
vtater sol ubl e pol ymer of claim1 V\A"@ lmlﬂiﬂlﬂm |s of the forrmula (i),

| east one of Xferr], Xerr] d err])[err]YZ[err] wher e
mls 1, Yis O“@%gﬁ.@gr] S azacrown ether, and other X s arepfiyuSeensisghe
wat er - soI ubl e polymer of claim1 wherein the polymer is of the formula
(itii), and X6 is an oxycrown ether. 10. Thggwater-sol uble polynmer of claim
2 wherein at |east one of X err], Xerr], and X err], at |east one of

X[ err] and X| ewhdreinX,cand]X,, in sbhanit Ioﬁﬂ:etpobvnm at aiﬁialadu}m oﬁ({re & igroupdidépetidentlyl
are -(CHerr]) rr ere, Y i

PCT/ US96/ 08 1884"%#3%% ?&e@%&ﬁ@%@%ﬁgﬁ@@% apd
di met hyl pyrazol one, nethyl phenyl pyrazol one, di nethyl pyrazol -t hi one,

met hyl phenyl pyrazol -thi one, and other X s are H 11. The water-sol uble

pol ynmer of claim 2 wherein the poﬁ%Yst of the fornula (i), at |east one
of Xerr], Xerr], and Xerr], is -(CHerr])[err]YZ[err] where mis 0, Y is
C(OCHerr]C(O, Zerr] is hydroxylam ne, and other X's are H 12. The

vat er - sol ubl e vogdre/fiHE arPinteSérFof (Pto'd) &7 belectddTroRPCXTEP=0, .
e eﬁwﬁ” e, B L oy g T M

wat er - sol ubl e ¥ albﬂb{dmmlw @Wlhmylpminy,rtbml, alkylthiol, alkyX amylyul a (i),

t | t afim Saéth

mis 2 Yis %Q%%Egéz‘ﬁ% o yl”"ﬂ’m"r"ﬁ"ﬂtil and Sibhe, Sty palfl " ©
wat er - sol ubl e poPeY tﬁ ﬁ?ﬁ %%Fn » By ap iptegep fram 140 2; ) |

at |east one &hdRisayiptegexbeivesn abant?%agxéﬂﬂ,poonsadwtéublq polymeribe¥ingar | wher e
mis 2, Yis er@tammmmlmowdmmmas%uw free of

wat er - SO'“blen?&%ﬂE?(ﬁe&L 0nthe pol ynmer is of theforrmla( )
at | east one o S% and efr], is -(CHerr])[err]YZ[err]
where mis 1, Y is3C ble polviner of plaim hwherein gtleast e of X,sXamed Ki, at

least one of X4 and X, X,, and at least one of X,, X, and X, are -(CH,), YZ, where Y is C=0,
and Z, is selected from the group of dimethylpyrazolone, methylphenylpyrazolone,
dimethylpyrazol-thione, methylphenylpyrazol-thione, and other X’s are H.

4.  The water-soluble polymer of claim 1 wherein the polymer is of the formula @,
at least one of X, X, and X,, is -(CH,),YZ, where m is 0, Y is C(O)CH2C(0), Z,is
hydroxylamine, and other X’s are H.

5. The water-soluble polymer of claim 1 wherein the polymer is of the formula i),
at least one of X, X,, and X;, is (CH,), YZ, where mis 2, Y is C=0, Z, is oxyalkyl, and other
X’s are H.

6. The water-soluble polymer of claim 1 wherein the polymer is of the formula (i),
at least one of X, X, and X, is «(CH,),YZ, where mis 2, Y is C=0, Z, is hydroxylamine,
and other X’s are H.

7. The water-soluble polymer of claim 1 wherein the polymer is of the formula (i),
at least one of X;, X,, and X;, is -(CH,),,YZ, where mis 2, Y is C=0, Z, is amine, and other
X’sare H.

8. The water-soluble polymer of claim 1 wherein the polymer is of the formula (i),
at least one of X, X,, and X,, is -(CH,),YZ, where m is 1, Y is C=0, Z, is azacrown ether, and
other X*s are H.

9.  The water-soluble polymer of claim ] wherein the polymer is of the formula (jii),
and X is an oxycrown ether. '

10.  The water-soluble polymer of claim 2 wherein at least one of X, X,, and X,, at
least one of X, and X, X,, and at least one of X;, X, and X, are «(CH,), YZ, where Y is C=0,
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16. The vat er -sol ubl e pol ymer of claim2 wherein—the polymer is of the
formula (iii), and X[err] is an oxycrown ether.. ﬁﬁ The wat er - sol ubl e

pol ymer of claim1 wherein the pol M‘“L“u m romula (ii), gis 1 and
at- | east one of X err] and X[ err] ,( 8. The wat er-sol ubl e

pol yner of cl aw@eksgdesrei n the pol yrter i s “of the formla (V) , reitbsodoshgast
one of Xferr] and Xferr] is CHerr] COOH 19. The water-sol ubl e pol yner of
claim1l wherein the polymer is of the formula (iv), for X7 mis 0, Yis CO
and Z is amine and P |s 1, and for Xerr] an‘H7X[err] mis 0, Yis P=O, pis

2 and Z is oxyal kyl . A per net hyl ated water sol ubl e pol yner del ected
from the group @éﬂsissﬂeleﬁgd ﬁ'ﬂmmmofﬁﬁmﬂlﬂm)mmwahﬂphamlone,
pol yet hyl enei migidethgi léthibﬁé{ ﬁmibiélah%ﬁﬂrmlmrs t her eof ,

sai d wat er-sol ubl e y Vi ht reat er th n about
10, 000 and furt her @E gf’?efé?r}gg rﬁ%l%?ev\dgﬁé“@? %@T‘ﬁ\h@s
| ess t han aboutatkeﬂ@!mOf&:legAnd\Kﬁseﬁ mhb’zewpmmo, ﬁaA/C@CHQC(Q)gagis

oxygen- or sul ﬂydroﬁﬂmemﬂagwmmegapabl e of binding selected netal ions,

id t | ubl t, h t
igl Oogaaﬁgl g(r)\alrjacteerl ze agvg%g'g(gﬂflgﬁ? gcollfgg,%f%g,c@m 5’@%‘8%& ?n @ ‘&E)an
about 10, 000. 2bleast oppeicX;, XplandKe ipdf YZpwheram i 2t Y énfer0,, Zix pyyalicyl,amd other

sul fur-cont ai niXtgagHups capabl e of binding selected netal ions, said

wat er - sol ubl e poly h l,ec 96/,38493

PCT/ US96/ 08188 48 o §gr2§%uﬂwfﬂ° l%g@aﬁbgﬁﬁgggegmﬁgﬁggm,lﬁmgommam
essential |y fr&bleagst °ﬁ?)‘|’@6uXalﬂn¢\X,s Gat(CH)e¥Z, wherpmds 3,Y i) is Ip@roxlamine, and
wat er - sol ubl e ptheyKeyaréHYi Ng ni trogen-, oxygen- or sul fur- cont ai ni ng groups

ol ccul ar wel gt of 15 caPe g it iiner 36 efish? el o nits e ommnla 13, °
essential |y fr@tleast onpfdtuKaendi, dht(CHYR¥Z, wheremdda, X isa), 0Z)ds amine, and other
X’s are H.

15.  The water-soluble polymer of claim 2 wherein the polymer is of the formula (i),
at least one of X;, X, and X;, is -(CH,),,YZ, wherem is 1, Y is C=0, Z, is azacrown ether, and
other X’s are H.

16.  The water-soluble polymer of claim 2 wherein the polymer is of the formula (iii),
and X, is an oxycrown ether.

17.  The water-soluble polymer of claim 1 wherein the polymer is of the formula (i),
qis 1 and at least one of X,and X, is CH,COOH.

18.  The water-soluble polymer of claim 1 wherein the polymer is of the formula (v),
and at least one of X;,and X,, is CH,COOH.

19.  The water-soluble polymer of claim 1 wherein the polymer is of the formula (iv),
for X, mis0,Yis C=0 andZmammeandpls 1,and for X; and X, mis 0, Y is P=0, p is 2
and Z is oxyalkyl.

20. A permethylated water soluble polymer delected from the group consisting of
poly(vinylamine), poly(allylamine), polyethyleneimine and polyvinylpyridine or substituted
polymers thereof, said water-soluble polymer having a molecular weight of greater than about
10,000 and further characterized as essentially free of molecular weights less than about
10,000. :

21. A water-soluble polymer having nitrogen-, oxygen- or sulfur-containing groups

d capable of binding selected metal ions, said water-soluble polymer having a molecular weight
of greater than about 10,000 and characterized as essentially free of molecular weights less than
about 10,000.

22. A water-soluble polymer having nitrogen-, oxygen- or sulfm-contaming groups

capable of binding selected metal ions, said water-soluble polymer having a molecular weight
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2.4 A wat er - sol ubl e pol yner havi ng nitrogen-, oxygen'- or sul fur-containing
groups capabl e of binding selected netal 1ons, said water-sol uble pol yner

havi ng a nol ecul ar weight of froma ut 30, 000 and
characterized as essentlally free oﬁmmmmlimnmumrs | ess than 10, 000 and
nor e than- abou?v Q{) . A wat er- sol ybl & pbl y$rer* havi ng ni 8188
oxygen- or sultur- con alnlng groups capable of binding selected nmetal 1ons,
sai d wat er-sol ubl e pol yner having a nol ecul ar wei ght of from about 10, 000

to 100, 000 and characterized as essentially4Bree of nolecul ar weights |ess
t han about 10,000 and nore than about 100, 000. 26. A water-sol uble polyner

havi ng nit rogenfgremmbomrm@lo mmmmsgmeum&emfmmwm&mm

sel ect ed net al ghgap30.00021 d vvat er-sol ubl e pol yner having a nol ecul ar wei ght

of from about 30,0 toa nd. chg acterlzed as sentially free
of mol ecul ar wei ght 1@51’%@@ ‘3?‘? P =Ky B 9F sub 6‘5‘ CoRtNINg groups, o
wat er - sol ubl e Mﬂfbﬁmgkﬁcﬁﬁe@ﬁm&d%@hhb@owmmuwmwmm

i ncl udes gr oup&a&d:&%ﬁqbwqm D6UPand cRHRctGREF hsTstenbal ﬁ&%?g;%\e gﬁ@x ss
groups, phosphg’mc] roups, acyl pyrazol one groups, roxam c §
groups, aza cr ® oups guani di ni um groups, thi oI actum groups,

am de groups, per nedhy|Amwatér-palibie peliporliaving vitipgen:poxygere or sybfineantaining groaps d
groups, alkyl gdpablb ofli sel&'teﬁ'nkeiﬂlld%k%h‘iﬁ%e%&ﬁﬂépo@ﬁﬂr fiﬁ%e&faﬂmﬁm

B e et A s AN e S A g e
wherei n said sthans1$),000/and mote thasy abput30,08@.s groups sel ected fromthe- gr oup
con|Sl sti ngI of carbasyl i £ watek-SolG1Op6) ﬁnern{aﬁaebmgsn-aeﬁ@gengbpsﬁnﬁmn groups
quany o i um or SRS OCHRE R, C&’Efi’é‘s’ s ot a?lﬁﬁsg&w%‘ # @ufwamgm
pol vi nyl pyri di %h@p%lﬂ,mrt@&%@@@@ép asteriegdchs gasontially frep Ri/mommweggmps
N-al kyl t hi ourema&upm,oogmﬂdﬁ@e%h@bo@nmm 30. The wat er-sol ubl e pol yner

L 0 KSR e AR e
i ncl udes gr oup@ratle effnding jons, said &H@T‘féﬂ Inble pelymerhemiag ¢ molecnlar ‘delgh’t
groups, phosphefifiom asaucsomoou@abouamqog Wﬂhﬁﬁﬁnﬁd&ﬁ Bssentiallyl frox 68 hlecaf d

groups, aza cr {WW%P &%ghwps t hi ol act um groups,

am de groups, perne y ate Vi yri | ne 'gr oups, nercaptosuccinic acid

groups, al kyl thiol7 gwath;;sg{plklypg Mﬁnﬁ'iﬂfé@"@ bwp ?‘e‘néﬁ'é veaigrselble pejyeens .
includes groups selected from the group consisting of carboxyhc acid groups, phosphonic acid -
groups, acylpyrazolone groups, hydroxamic acid groups, aza crown ether groups, guanidinium
groups, thiolactum groups, amide groups, permethylated polvinylpyridine groups,
mercaptosuccinic acid groups, alkyl thiol groups, N-alkylthiourea groups, and catechol groups.

28. The water-soluble polymer of ciaim 21 wherein said water-soluble polymer is
polyethyleneimine.

29. The water-soluble polymer of claim 22 wherein said water-soluble polymer
includes groups selected from the group consisting of carboxylic acid groups, phosphonic acid
groups, acylpyrazolone groups, hydroxamic acid groups, aza crown ether groups, guanidinium
groups, thiolactum groups, amide groups, permethylated polvinylpyridine groups,
mercaptosuccinic acid groups, alkyl thiol groups, N-alkylthiourea groups, and catechol groups.

_ 30. The water-soluble polymer of claim 23 wherein said water-soluble polymer is
polyethyleneimine.

31.  The water-soluble polymer of claim 24 wherein said water-soluble polymer
includes groups selected from the group consisting of carboxylic acid groups, phosphonic acid
groups, acylpyrazolone groups, hydroxamic acid groups, aza crown ether groups, guanidinium
groups, thiolactum groups, amide groups, permethylated polvinylpyridine groups,
mercaptosuccinic acid groups, alkyl thiol groups, N-alkylthiourea groups, and catechol groups.
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VMD 96/ 38493 .
PCT/ US96/ 08188 49 32. The water- sol u rrer of claim 23 wherein said
wat er - sol ubl e pol ymer is polyethylen M ”m ter-sol ubl e pol yner
of- clai m 24 wherein said water-solubl ﬂ es groups sel ected
fromthe groupwgegssssi Ng of carboxylic aci d r otipst phosphonpermgseihsiss
groups, acyl pyrazol one groups, hydroxam c acid groups, aza crown ether
groups, guani di ni um groups, thiolactum groud®, am de groups, pernethyl ated
pol vi nyl pyri di ne groups, nercaptosuccinic acid groups, alkyl thiol groups,
N-al kyl t hi ourea gr o3gs, Thewhaterasobleqiolypen ofelain2B whdnein seid entes-sdlutile polppleyiger
of claim 24 mﬁfg‘*ﬂywt er-sol ubl e polymer is polyethyleneimne. 35.
The wat er-solu %c of clﬁ% whe ﬁlglprgf i d wat eél sol ubl e pol ymer

i ncl udes groups sel®tte ng'f‘ Iuble polyger
groups, p hosp hmnltﬂesagoubsgelenmlsﬁ'omﬂlp gpompaendisiing ogcanhquhc zto;ctigmumphnspho:ﬁh acid
groups, aza Cr gy Eﬁﬁf}rr% [N oIl

am de groups, rrre at e%ﬂp%.o Iﬁ@é&b‘&%&?m rc&% su (fl ni cdlglm d
groups, al kyl E‘H ‘bcjg m{%s%’a P@ﬁ&éﬁ?@p l‘ﬁﬁp PSgr oups.
36. The water- metcaptbmcpnicyué groups, alkyl ﬂnoiﬁmnp&ebbﬂkylﬁmmbm@ws,—asdbuwﬁl groups.
pol yner is pol yet hyi@netﬁe»@ﬁer.samblemwwmmew%ym gﬁmﬁé

wherein said vvate laol ubl e pol yner “i ncl udes groups sel ected rom gr(sbup
consi sting of SMpn&ci d groups, phosphonic acid groups,
acyl pyr azol one gr ou‘.’gﬁs 'ﬁbmaemniuble@olym%oﬁejqﬁmﬁaﬂmeﬁlmmmw@mjmgr

guani di ni um g_rﬁUﬂaesérbdﬁkélé‘&édM@H Rfoup m I@érpaﬂ xﬁgp

pol vi nyl pyri di ne _grou rca tof#‘f Cl n| C acd ﬂ, ou algﬁy sh ups,
N-al kyl t hi our &80 sﬂﬁ?@#ﬁ&’f‘ °E ZoHPY S“Wﬁw%'r
of claim 26 mhmpmmthgaammmonps, addabt@ppomﬂwlat@mmwmmmmne A

co {mos it : OB| of mBi{éﬁﬁt@s’uc:.xﬂi%'aé&d gﬂ,q & biky Rl glowss, Mﬂﬂmﬁﬁi{eﬁ@dﬁpp%d’@ﬁécﬁol 5@@2
e B R a2 ol I
havi ng a nol ecplysthylesieishine.of
37. The water-soluble polymer of claim 26 wherein said water-soluble polymer
includes groups selected from the group consisting of carboxylic acid groups, phosphonic acid
groups, acylpyrazolone groups, hydroxamic acid groups, aza crown ether groups, guanidinium
groups, thiolactum groups, amide groups, permethylated polvinylpyridine groups,
mercaptosuccinic acid groups, alkyl thiol groups, N-alkylthiourea groups, and catechol groups.
38. The water-soluble polymer of claim 26 wherein said water-soluble polymer is
polyethyleneimine.
39. A composition of matter including at least two water-soluble polymers, each
water-soluble polymer having nitrogen-, oxygen- or sulfur-containing groups capable of
‘binding selected metal ions, each said water-soluble polymer having a molecular weight of
greater than 30,000 and characterized as essentially free of molecular weights less than 30,000.
40. A composition of matter including at least two water-soluble polymers, each
water-soluble polymer having nitrogen-, oxygen- or sulfur-containing groups capable of
binding selected metal ions, each said water-soluble polymer having a molecular weight of
greater than 30,000 and characterized as essentially free of molecular weights less than 30,000.
41. The composition of matter of claim 39 wherein said water-soluble polymers each
have a different molecular weight range such that at least two of said water-soluble polymers
can be treated by a membrane separation means sufficient to separate one water-soluble
polymer from the other water-soluble polymer. : :
42.  The composition of matter of claim 41 wherein at least one of said water-soluble
polymers further includes functionalization selected from the group consisting of carboxylic
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gr,eat er than 30,000 and characterized as essentially fréemc_)_f nmol ecul ar

viei ghts | ess than 30,000. 40. A corrp05| tion of mat t er Hmmmmmnmw l“l
tmo water-sol ubl e polymers, each 9) er

oxygen- or sul fur-containing grou$ H@I ng sel &ct &d netal i ons,
each sai d wat exydagagithe pol yner i ng HM(&RJI ar_jei ght of egtemkegosiggan
30, 000 and characterized as essentially free of nolecular weights |ess than
30, 000. 41. The conposition of matter of claim39 wherein said

wat er - sol ubl e pol yners each have a differeng0nol ecul ar wei ght range such
that at |east two of said water-soluble polyners can be treated by a

][renbraﬂe seﬁar a¢id groups; phesphonid dchi gedips,la0ylpyiassledezraups, hydfoﬁiimﬁ@b'ﬂtghﬁxpﬁ,%rmr
romthe other ﬁl!gﬁtlx

claim41l wherern at eglj Fﬁy() e o0 saP‘g %t e?l SO pﬁhFde%go“g Pgﬁ%%‘(l@ J

i ncl udes f unct PejMisyipyrding groups, mercamospecinie agid s@ﬂ%ﬂktﬁh@ nsgNwikydthionesay | i ¢

WO 96/ 38493  groups, and catechol groups.

PCT/ US96/ 08188 50 aci d groups, phosphonic acid groups, acyl pyrazol one
groups, hydroxam c acid groups, aza crown ether groups, guanidi nium groups,
t hi ol act um groups, am de groups, pernethylated pol vinyl pyridi ne groups,

mer capt osucci ni ¢ acid groups, alkyl thiol groups, N-alkylthiourea groups,
and cat echol groups.
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