
PREPARATION OF POLYMER CONJUGATES OF THERAPEUTIC,
AGRICULTURAL, AND FOOD ADDITIVE COMPOUNDS BACKGROUND
OF THE INVENTION This application claims priority o f
U.S. application serial no. 60/802349, filed May 22,
2006, the disclosure o f which is incorporated herein
in its entirety. Field o f the Invention This
invention relates to processes for making polymer
conjugates of therapeutic, agricultural, and food
additive compounds. More specifically, the invention
relates to processes employing "Mitsunobu" reaction
conditions to prepare conjugates for use in treating
various mammalian, particularly human, diseases and
disorders a s well as in agriculture and as food
additives. In certain aspects, the invention relates
to using "Mitsunobu" conditions with an alcohol,
particularly a primary or seconday alcohol-containing
active compound, and a polymeric nucleophile to form
the desired conjugates. Description o f the Related
Art Attachment o f biologically active compounds to
polymers has received significant attention and has
become a common method to control various
characteristics, e.g., biodistribution,
pharmacokinetics, and toxicity, o f such compounds. A
frequent choice o f polymer for use in making polymer
conjugates o f biologically active compounds is
polyethylene glycol (PEG) . It is widely used as a
covalent modifier o f both small and large
biologically active molecules. For discussions o f
such conjugates, see, Eur. Polym. J . _19, No. 12,
pages. 1177-1183 (Zaplinsky et al., 1983) et al.,
Journal o f Controlled Release 10 (1989) 145-154
(Veronese et al., 1989), and Advanced Drug Delivery
Reviews, 1J5, 157-182 (Zaplinsky, 1995) . It has
recently been discovered that polymer conjugatesof,
for example, 4p i (VLA- 4 ) antagonists have greatly
improved serum half-life. These polymer compounds can
be prepared using various synthetic methods, including
carboxamide formation by reaction of an ester of the
active molecule with a polymer amine, carbamate
formation between an amine of the active molecule and
a polymer chloroformate, or carbamate formation
between an isocyanate of the active molecule and a
polymer alcohol . The overall yields from these
methods are typically less than desirable, often
involving multiple steps and purification means. It is
therefore necessary to design a process which isolates
a conjugate of a VLA-4 inhibitor in quantitative or
near quantitative yields. The importance of such
polymer conjugates indicates that there is a need for
convenient and efficient syntheses of such
materials.SUMMARY OF THE INVENTION This invention
provides an improved synthesis of polymer conjugates
of agricultural, therapeutic, and food additive
compounds. The process of this invention produces the
final conjugate products in good, often excellent,
yields. In a preferred aspect, the invention provides
a process for the preparation of conjugates by
treating primary or secondary alcohol substituents of
active compounds with polymeric nucleophiles using
"Mitsunobu" or related reaction conditions. In one
aspect, the invention provides a process for the
preparation of conjugates of active compounds,
comprising the steps of: (a) treating a primary or
secondary alcohol substituent of at least one active
compound under "Mitsunobu" or related conditions; and
(b) treating the product of (a) with a polymer
containing nucleophilic substituents active under
"Mitsunobu" or related conditions.DETAILED DESCRIPTION
OF THE INVENTION In another aspect, the invention
provides a process for the preparation of conjugates
of active compounds, comprising the steps of: (a)
treating a primary or secondary alcohol substituent of
at least one active compound with a
trivalentphosphine, an azodicarbonyl compound, and an
optional tertiary amine additive, in at least one
solvent; and (b) treating the product of (a) with a
polymer containing nucleophilic substituents active
under "Mitsunobu" conditions. In another aspect, the
invention provides a process for the preparation of
conjugates of VLA-4 anatagonists, comprising the steps
of: (a) treating a primary or secondary alcohol
substituent of at least one VLA-4 anatagonist with a
trivalentphosphine, an azodicarbonyl compound, and an
optional tertiary amine additive, in at least one
solvent; and (b) treating the product of (a) with a
polymer containing nucleophilic substituents active
under "Mitsunobu" conditions. In a preferred aspect,
the invention provides a process for the preparation
of conjugates of VLA-4 anatagonists, comprising the
steps of: (a) treating a primary alcohol substituent
of at least one VLA-4 anatagonist with a
trivalentphosphine, an azodicarbonyl compound, and an
optional tertiary amine additive, in at least one
solvent; and (b) treating the product of (a) with a
polymer containing nucleophilic substituents active
under "Mitsunobu" conditions .In a preferred aspect,
the invention provides a process for the preparation
of conjugates of VLA-4 anatagonists, comprising the
steps of: (a) treating a primary alcohol substituent
of at least one VLA-4 anatagonist with a
trivalentphosphine, an azodicarbonyl compound, and an
optional tertiary amine additive, in at least one
solvent; and (b) treating the product of (a) with a
polymer containing nucleophilic substituents with a
pKa of less than 13. In a preferred aspect, the
invention provides a process for the preparation of
conjugates of VLA-4 anatagonists, comprising the steps
of: (a) treating a primary alcohol substituent of at
least one VLA-4 anatagonist with a trivalentphosphine,
an azodicarbonyl compound, and an optional tertiary
amine additive, in at least one solvent; and (b)
treating the product of (a) with a polymer containing
nucleophilic substituents with a pKa of less than 11.
In another aspect, the invention provides a process
for the preparation of conjugates of formula (I), (I)
wherein q is from 1 to 100; A , at each occurrence, is
independently an active compound of formula (II) ,(II)
or a pharmaceutically acceptable salt thereof, wherein
Ar1 is aryl or heteroaryl, wherein the aryl or
heteroaryl is optionally substituted with one or more
groups which are each independently -NO 2, -CN, -halo,
- (Z 1)aMb ((Z 2)CRZ), or DdEeF-, wherein, M is
-C(O)-, -C(S)-, -S(O)-, or -S(O) 2- , provided when M
is -S(O) or -S(O) , either a or c is zero; Z1 is -0-,
-S-, or -N(R N )-, wherein RN is -H, - (Ci-C6)alkyl, -
(Ci-C6)alkenyl, - (C 1-C6)alkynyl, - (C 1-C
)haloalkyl, -(C 1- C6)alkanoyl, - (C3-C8) cycloalkyl,
heterocycle, -aryl, -heteroaryl, -(C3- 



Ce) cycloalkanoyl, -heterocycloyl, -aroyl, -
heteroaroyl, - (C 1-C6)alkoxycarbonyl, or aryl (C
1-C6)alkoxycarbonyl, wherein the aryl or heteroaryl is
optionally substituted with one or more groups which
are independently -halo, -NO 2, - CN, -(C 1-C6)alkyl,
- (Ci-C6)haloalkyl, - (C 1-C6)alkanoyl, or -aroyl; Z2
is -0-, -S-, or -N(R N )-; a , b and c are
independently 0 or 1 , provided when b is zero, a is
zero, and when b is one, a is 0 or 1 ; Rz is -H, -(C
1-C6)alkyl, - (Ci-C6)alkenyl,- (Ci-C6)alkynyl, -
(Ci-C6)haloalkyl, -(C 3- Ce) cycloalkyl, -
(Ci-C6)alkylaryl, -heterocycle, -aryl, or -heteroaryl;
D is -CH 2- , -OCH 2- , -CH2O-, -C(O)-, -C(O) 2- ,
-C(O) (NRN )~, -S(O) 2- , -C(S)-, or -C(S) 2- ; E is
-CH(R e )-, -CH(R )CH2- , - (C 3-Ci 6)alkyl-, -
(Ci-C6)alkoxy-, - (Ci-C6)alkenyl-, -(Ci- C6)alkynyl, -
(Ci-C6)haloalkyl-, -(C 3- Ca) cycloalkyl-,
-heterocycle-, -aryl-, or -heteroaryl-, wherein Re is
-H or -N(R") (R N ); and R '' is -H or together with
Rf form a heterocycloalkyl; F is a bond, -CH(R f)-, or
-CH 2CH(R f)-, provided that F is covalently bonded to
B , wherein Rf is -H, -(Ci-C6)alkyl, -
(Ci-C6)haloalkyl, -aryl, - (Ci-C6)alkylaryl, -(C3- Cs)
cycloalkyl, -heterocycloalkyl, heteroaryl, or together
with R" form a heterocycloalkyl, wherein each aryl or
heteroaryl is optionally substituted with one or more
groups which are each independently -NO2, CN, -halo,
or - (Z 1)aMb ((Z 2)CRZ); d is 0 or 1 ; and e is 0 or
1 , provided when E is - (Ci-C )alkoxy-, e is 1 to
250; J is : a ) a group of formula (a) ,(a) wherein RA
is -(Z 1)a b {(Z 2)CRZ); and RB is -H, -NO2, -
(Ci-C6)alkyl, - (C 3-C8)cycloalkyl, -aryl,
-heteroaryl, - (Ci-C6)haloalkyl, or (N(RA 1))Mb ((Z
2)CRZ), provided that when b is zero, c is also zero,
wherein each aryl or heteroaryl is optionally
substituted with one or more groups which are each
independently -CN, -NO2, -halo, or -(Z1)aMb ((Z
2)CRZ); or b ) a group of formula (b) , wherein Ar2 is
Ar1; m is 0 , 1 , or 2 ; n is 0 , 1 , or 2 ; each R is
independently - (Z 1)aMb ((Z 2)CRZ) or -DdEeF-; and X
is -N(R N )-, -O-, -S-, -S(O)-, -S(O) 2- , or -C(R) 2-
; T is : a ) a group of formula (c) ,(C) wherein Y is
-O- o r -N(RN )-; and W is -Li-L2- , wherein L i is
NR2R3, wherein R2 and R3 are independently -H or -
(Ci-C )alkyl, or together with the nitrogen atom bound
thereto, form a heterocycle containing 0 to 4
additional heteroatoms independently selected from
-O-, -S-, and -N(RN ) ; and L2 is absent, RN, or
-DdEeF-; or b ) a group of formula (d) wherein G is
aryl or a monocyclic heteroaryl containing 1 to 3
nitrogens; and R6 is RN or -DdEeF-; and R55 is -M(Z 2R
); and B is a group of formula (Ia) (Ia) whereinP is a
polymer; q ' is greater than or equal to q , as
defined in formula (D ; L is DdE F 'f - , wherein F '
is F or -C(O)-; and f is 0 or 1 ; and Nu is -N(SO
2R4)-, ~[S(0) 2]N(RN )-, -aryl-O-, -aryl-S-, -N(C(O)CF
3)-, -(NC)C(H)C(O)-, -(NC)C(H)S(O) 2- , - [R 4S(O)
2]C(H)[S(O) 2]-, -[R 4S(O) 2]C(H)C(O)-, or C(O)O-,
wherein the aryl is optionally substituted with one or
more groups that are each independently -NO 2, - CN,
-S(O) 2R5, -C(O)OR 5, or -C(O)R 5, wherein R5 is each
independently -H, - (Ci-C6)alkyl, - (Ci-C6)alkenyl, -
(Ci-C6)alkynyl, -(Ci- C6)haloalkyl, - (C3-C8)
cycloalkyl, heterocycle, -aryl, -heteroaryl, wherein
the aryl or heteroaryl is optionally substituted with
- (Z 1)aMb ((Z 2)CRZ); and R4 is - (Ci-C6)alkyl, -
(Ci-C6)alkenyl, -(Ci- C6)alkynyl, - (Ci-C6)haloalkyl,
-(C 3- Cs) cycloalkyl, -heterocycle, -heteroaryl, or -
aryl, wherein the aryl or heteroaryl is optionally
substituted with 1 to 4 groups which are independently
-NO 2, -CN, -halo, or - (Z 1 aM (Z 2)CRZ ) ; provided
that when X is -0- or -N(R N )-, then m is two; and
provided that when R is covalently bonded to B , n is
one and X is not -0-, -S-, -S(O)-, or -S(O) 2- ; where
the process comprises the steps of: a ) treating, in
at least one solvent, at least one active compound of
formula (Ib) ,wherein A is as defined in formula (I);
and -OH is covalently bonded to F ; with a
trivalentphosphine, an azodicarbonyl compound, and an
optional tertiary amine additive; and b ) adding a
polymeric nucleophile of formula (Ic), (Ic) . In
another embodiment, the invention provides a process
for preparing the conjugate of formula (I), wherein Nu
is -N(SO 2R4)-, -phenyl-O-, -N(C(O)CF 3)-,
-(NC)C(H)C(O)-, or -C(O)O-, wherein R4 is - (Ci-C
)alkyl, - (Ci-C )haloalkyl, or -aryl, wherein the aryl
is optionally substituted with 1 to 4 groups which are
independently -NO , -CN, -halo, or -(Z )aMb ((Z 2)CRZ)
; and A , D , E , F , F', G , J , L1, L2, L4, M , P ,
R , RA, RB, RN, Rz, Re, Rf, R2, R3, R6, R55 , R", T ,
W , X , Y , Z1, Z2 , a , b , c , d , e , f', m , n , q
, q ' , A r1, and A r2 are as defined in formula (I).
In embodiments of the invention, the Nu-H group of
formula (Ic) has nucleophilic character. 



In another embodiment, the invention provides a
process for preparing the conjugate of formula (I),
wherein Nu is -N(SO 2R4)-, -phenyl-O-, -N(C(O)CF 3)-,
-(NC)C(H)C(O)-, or -C(O)O-, wherein R4 is - (Ci-C
)alkyl, - (Ci-Ce) haloalkyl, or -aryl, wherein the
aryl is optionally substituted with 1 to 4 groups
which are independently -NO 2, -CN, -halo, or L4 is
-D' dE 'e'F ' 'f '- , whereinD ' is -CH 2- or -C(O)-;
E ' is -CH(R e )- - (C3-C16) alkyl-, or -aryl-,
wherein Re ' is -H or -NH (RN ); F'' is a bond or
-CH(R f )- provided that F'' is covalently bonded to B
, wherein Rf is -H, - (Ci-C6)alkyl, -
(Ci-C6)haloalkyl, -aryl, or -heteroaryl, wherein each
aryl or heteroaryl is optionally substituted with one
or more groups which are each independently -NO 2,
-CN, -halo, or D )aivJb {\ )ck , d ' is 0 or 1 ; e '
is 0 or 1 ; and f'' is 0 or 1 ; and A , D , E , F , G
, J , L1, L2, M , P , R , RA , RB, RN , Rz, Re, Rf,
R2, R3, R6, R55 , R'', T , W , X , Y , Z1, Z2, a , b ,
c , d , e , m , n , q , q ' , Ar1, and A r2 are as
defined in formula (I) . In another embodiment, the
invention provides a process for preparing the
conjugate of formula (I) , wherein A at each occurance
is independently a compound of formula (III), (IV),
(V), or (VI), ( I I I ) , ( IV)(V) , or (VI) ; Nu is
-N(SO 2R4)-, -phenyl-O-, -N(C(O)CF 3)-,
-(NC)C(H)C(O)-, or -C(O)O-, wherein R4 is - (Ci-C
)alkyl, - (Ci-C )haloalkyl, or -aryl, wherein the aryl
is optionally substituted with 1 to 4 groups which are
independently -NO2, -CN, -halo, or - L4 is -D' d 'E 'e
F ''" - , wherein D ' is -CH 2- or -C(O)-; E ' is
-CH(R ' )- - (C3-C16 ) alkyl-, or -aryl-, wherein R e
is -H or -NH (R N); F'' is a bond or -CH (R f.)-,
provided that F'' is covalently bonded to B , wherein
Rf is -H, - (Ci-C6)alkyl, - (Ci-C6)haloalkyl, -aryl,
or -heteroaryl, wherein each aryl or heteroaryl is
optionally substituted with one or more groups which
are each independently -NO 2, -CN, -halo, or I\7 \ Ic
z I r d ' is 0 or 1 ; e ' is 0 or 1 ; and f" is 0 or 1
; and D , E , F , G , L1, L2, M , P , R , RA , RB, RN,
Rz, Re, Rf, R2, R3, R6, R'', W , X , Y , Z1, Z2, a , b
, c , d , e , m , n , q , q ' , A r1, andAr2 are as
defined in formula (I) . In preferred aspects, only W
or R6 is covalently bonded to B , and each contains
only one bond to B . In another embodiment, the
invention provides a process for preparing the
conjugate of formula (I), wherein A at each occurance
is independently a compound of formula (III), (IV),
(V), or (VI); Ar1 is phenyl; Nu is -N(SO 2R4)-,
-phenyl-O~, -N(C(O)CF 3)-, -(NC)C(H)C(O)-, or -C(O)O-,
wherein R4 is - (Ci-C )alkyl, - (Ci-C5)haloalkyl, or
-aryl, wherein the aryl is optionally substituted with
1 to 4 groups which are independently -Nq2 -CN, -halo,
or - { ) alib ( I C I i L4 is -D' d 'E e'F' 'f"-,
wherein D ' is -CH 2- or -C(O)-; E ' is -CH(R .)-, -
(C3-C16) alkyl-, or -aryl-, wherein Re' is -H or -NH
(RN ); F'' is a bond or -CH(R f )- provided that F ' '
is covalently bonded to B , wherein Rf is -H, -(C
-C6)alkyl, - (Ci-C 6)haloalkyl, -aryl, or -heteroaryl,
wherein each aryl or heteroaryl is optionally
substituted with one or more groups which are each
independently -NO 2, -CN, -halo, or - (Z 1)bMb( (Z
2)CRZ); d is 0 or 1 ; e ' is 0 or 1 ; and f " is 0 or
1 ; and D , E , F , G , L1, L2, M , P , R , RA , RB,
RN , Rz, Re, Rf, R2, R3, R6, R", W , X , Y , Z1, Z2, a
, b , c , d , e , m , n , q , q ' , and A r2 are as
defined in formula (I). In preferred aspects, only W
or R6 is covalently bonded to B , and each contains
only one bond to B .In another embodiment, the
invention provides a process for preparing the
conjugate of formula (I), wherein A at each occurance
is independently a compound of formula (III), (IV),
(V), or (VI); X is -S- or -CH 2- ; m is 1; Ar1 is
phenyl; Nu is -N(SO 2R4)-, -phenyl-O-, -N(C(O)CF 3)-,
-(NC)C(H)C(O)-, or -C(O)O-, wherein R4 is -
(Ci-C6)alkyl, - (Ci-C6)haloalkyl, or -aryl, wherein
the aryl is optionally substituted with 1 to 4 groups
which are independently -NO2, -CN, -halo, or - (Z
1)aMb ((Z 2)CRZ); L4 is -D' d 'E 'e.F" f -, wherein D
' is -CH 2- or -C(O)-; E ' is -CH(Re')- / - (C3-C16 )
alkyl-, or -aryl-, wherein R e' is -H or -NH (RN); F''
is a bond or -CH(Rf)- provided that F'' is covalently
bonded to B , wherein Rf is -H, -(Ci-C6)alkyl, -
(Ci-C6)haloalkyl, -aryl, or -heteroaryl, wherein each
aryl or heteroaryl is optionally substituted with one
or more groups which are each independently -NO , -CN,
-halo, or (Z 1)aMb ((Z 2)CRZ) ; d ' is 0 or 1 ; e ' is
0 or 1 ; and f'' is 0 or 1 ; and D , E , F , G , L1,
L2, M , P , R , RA, RB, RN, Rz, Re, Rf, R2, R3, R6,
R'', W , Y , Z1, Z2, a , b , c , d , e , n , q , q ' ,
and Ar2 are as defined in formula (I) . In preferred
aspects, only W or R6 is covalently bonded to B , and
each contains only one bond to B . In another
embodiment, the invention provides a process for
preparing the conjugate of formula (I), whereinA at
each occurance is a compound of formula (VII] (VII) ;
X is -S- or -CH 2- ; Y is -O- ; W is -Li-L2- , wherein
L is NR2R3, wherein R2 and R3 together with the
nitrogen atom bound thereto, form a heterocycle
containing 0 to 4 additional heteroatoms independently
selected from - 0-, -S-, and -N(R N ) ; and L2 is
-DdEeF~; Nu is -N(SO 2R4)-, -phenyl-0-, -N(C(O)CF 3)-,
-(NC)C(H)C(O)-, or -C(O)O-, wherein 



R4 is - (Ci-C6)alkyl, - (Ci-C6)haloalkyl, or -aryl,
wherein the aryl is optionally substituted with 1 to 4
groups which are independently -NO 2, -CN, -halo, or -
(Z 1)aMb ((Z 2)CRZ); L is -D' d 'E 'e'F ' ' - ,
wherein D ' is -CH 2- or -C(O)-; E ' is -CH(Re-)-, -
(C 3-Ci 6)alkyl-, or -aryl-, wherein R ' is -H or -NH
(RN ); F'' is a bond or -CH(R f )- provided that F ' '
is covalently bonded to B , wherein Rf is -H, -
(Ci-C6)alkyl, - (Ci-C6)haloalkyl, -aryl, or
-heteroaryl, wherein each aryl or heteroaryl is
optionally substituted with one or more groups which
are each independently -NO 2, -CN, -halo, or -\
Ja(tm)b I I /C I ' d ' is 0 or 1 ; e ' is 0 or 1 ; and
f" is 0 or 1 ; and D , E , F , M , P , R , RN, Rz, Re,
R, R'', Z1, Z2, a , b , c , d , e , n , q , q ' , and
Ar2 are as defined in formula (I) . In preferred
aspects, only W is covalently bonded to B , and each W
contains only one bond to B . In another embodiment,
the invention provides a process for preparing the
conjugate of formula (I), wherein A at each occurance
is a compound of formula (VIII), (VIII) ; X is -S- or
-CH 2- ; L2 is -DdEeF-, wherein D is -CH 2- or -C(O)-;
E is -CH(R e)-, - (C 3-Ci 6)alkyl-, - (Ci-oxy-, -(C 1-
C6)haloalkyl-, - (C 3 C8)cycloalkyl-, or -aryl-,
wherein R e is -H or -NH (RN ) ; F is a bond,
-CH(Rf)-, or -CH 2CH(R f)-, provided that F is
covalently bonded to B , wherein R f is -H, -
(Ci-C6)alkyl, - (Ci-C6)haloalkyl, -aryl, -
(Ci-C6)alkylaryl, - (C 3-C8)cycloalkyl,
heterocycloalkyl, or -heteroaryl; d is 0 or 1 ; and e
is 0 or 1 ; Nu is -N(SO 2R4)-, -phenyl-0-, -N(C(O)CF
3)-, -(NC)C(H)C(O)-, or -C(O)O-, whereinR4 is -
(Ci-C6)alkyl, - (Ci-C6)haloalkyl, or -aryl, wherein
the aryl is optionally substituted with 1 to 4 groups
which are independently -NO2, -CN, -halo, or - L4 is
-D' E 'e'F ' 'f - , wherein D ' is -CH 2- or -C(O)-; E
' is -CH (Re ')- , - (C3-C16 ) alkyl-, or -aryl-,
wherein Re- is -H or -NH (RN ); F'' is a bond or -CH(R
f )- provided that F'' is covalently bonded to B ,
wherein Rf is -H, -(Ci-C6)alkyl, - (Ci-C6)haloalkyl,
-aryl, or -heteroaryl , wherein each aryl or
heteroaryl is optionally substituted with one or more
groups which are each independently -NO2, -CN, -halo,
or - (Z 1)aMb ((Z 2)cRz); d ' is 0 or 1 ; e ' is 0 or
1 ; and f" is 0 or 1 ; and M , P , R , RN , Rz, Z1,
Z2, a , b , c , n , q , q ' , and Ar2 are as defined
in formula (I) . In preferred aspects, only L2 is
covalently bonded to B , and each L2 contains only one
bond to B . In another embodiment, the invention
provides a process for preparing the conjugate of
formula (I), wherein A at each occurance is a compound
of formula (IX), (IX) ;X X S -~S- O ~~ (Zn.2~ r Rf is
-H, - (Ci-C 6)alkyl, - (Ci-C6)haloalkyl, -aryl, -(Ci-
C6)alkylaryl, - (C 3-C8)cycloalkyl, -heterocycloalkyl,
or heteroaryl; 5 Nu is -N(SO 2R4)-, -phenyl-0-,
-N(C(O)CF 3)-, -(NC)C(H)C(O)-, or -C(O)O-, wherein R4
is -(Ci-C6)alkyl, - (Ci-C6)haloalkyl, or -aryl,
wherein the aryl is optionally substituted with 1 to 4
groups which are independently -NO 2, -CN, -halo, or
iInU -- !( 7 -\ja MM 1( 1[ 7 )c  \) , L is -D' d 'E
'e'F ' 'f" - , wherein D ' is -CH 2- or -C(O) - ; E '
is -CH(R e ' )- - (C 3-Ci6)alkyl-, or -aryl-, wherein
R e' is -H or -NH (RN ); 15 F'' is a bond or -CH(Rf)-
provided that F'' is covalently bonded to B , wherein
Rf is -H, - (Ci-C6)alkyl, - (C]-C6)haloalkyl, -aryl,
or -heteroaryl, wherein each aryl or heteroaryl is
optionally 20 substituted with one or more groups
which are each independently -NO , -CN, -halo, or ( >
I a b \ \ ) c / 1 d is 0 or 1 ; e ' is 0 or 1 ; and 25
f" is 0 or 1 ; and M , P , R , RN , Rz, Z1, Z2, a , b
, c , n , q , q ' , and Ar2 are as defined in formula
(I) . In another embodiment, the invention provides a
process for preparing the conjugate of formula (I),
wherein 30 A at each occurance is a compound of
formula (IX); Rz is -H or -(C 1-C6)alkyl; X is -S- or
-CH2- ;Rf is -H, - (Ci-C6)alkyl, - (Ci-C6)haloalkyl,
-aryl, -(Ci- C6)alkylaryl, - (C 3-C8)cycloalkyl,
-heterocycloalkyl, or heteroaryl; Nu is -N(SO 2R4)-,
-phenyl-O-, -N(C(O)CF 3)-, -(NC)C(H)C(O)-, or -C(O)O-,
wherein R4 is - (Ci-C6)alkyl, - (Ci-C6)haloalkyl, or
-aryl, wherein the aryl is optionally substituted with
1 to 4 groups which are independently -NO , -CN,
-halo, or ; L is -D' d E 'e ' ' 'f" - , wherein D ' is
-CH 2- or -C(O)-; E ' is -CH(R ' )-, (C 3-Ci 6)alkyl-,
or -aryl-, wherein Re- is -H or -NH (RN); F'' is a
bond or -CH(R f )- provided that F'' is covalently
bonded to B , wherein Rf is -H, - (Ci-C6)alkyl, -
(Ci-C6)haloalkyl, -aryl, or -heteroaryl , wherein each
aryl or heteroaryl is optionally substituted with one
or more groups which are each independently -NO 2,
-CN, -halo, or (-J I a(tm)b \ { I C 1 r d ' is 0 or 1
; e ' is 0 or 1 ; and f" is 0 or 1 ; and M , P , R ,
RN , Z1, Z2, a , b , c , n , q , q ' , and Ar2 are as
defined in formula (I) . In another embodiment, the
invention provides a process for preparing the
conjugate of formula (I), wheresin A at each occurance
is a compound of formula (IX), Rz is -H; X is -S- or
-CH 2- ; Rf is -H, -(Ci-C 6)alkyl, - (Ci-C
6)haloalkyl, -aryl, -(Ci- C6)alkylaryl, - (C 3-Ce)
cycloalkyl, -heterocycloalkyl, or 



heteroaryl;Nu is -N(SO 2R4)-, -phenyl-O-, -N(C(O)CF
3)-, -(NC)C(H)C(O)-, or -C(O)O-, wherein R4 is -
(Ci-C6)alkyl, - (Ci-C6)haloalkyl, or -aryl, wherein
the aryl is optionally substituted with 1 to 4 groups
which are independently -NO2, -CN, -halo, or - (z aMb
(Z 2)cRz); L is -D' d 'E 'e'F ' 'f" - , wherein D ' is
-CH 2- or -C(O) - ; E ' is -CH(Re')-, (C 3-Ci
6)alkyl-, or -aryl-, wherein Re ' is -H or -NH (RN );
F'' is a bond or -CH(R f )- provided that F'' is
covalently bonded to B , wherein Rf is -H,
-(Ci-C6)alkyl, - (Ci-C6)haloalkyl, -aryl, or
-heteroaryl , wherein each aryl or heteroaryl is
optionally substituted with one or more groups which
are each independently -NO2, -CN, -halo, or - (Z 1)aMb
((Z 2)CRZ); d ' is 0 or 1 ; e ' is 0 or 1 ; and f" is
0 or 1 ; and M , P , R , RN , Z1, Z2, a , b , c , n ,
q , q ' , and Ar2 are as defined in formula (I) . In
another embodiment, the invention provides a process
for preparing the conjugate of formula (I), wherein A
at each occurance is a compound of formula (IX); Rz is
-H; X is -CH - ; m is 1; n is 0 ; Rf is -H, - (C
1-C6)alkyl, - (Ci-C6)haloalkyl, -aryl, -(Ci-
C6)alkylaryl, - (C 3-C8) cycloalkyl,
-heterocycloalkyl, or heteroaryl ;Nu is -N(SO 2R4)-,
-phenyl-O-, -N(C(O)CF 3)-, -(NC)C(H)C(O)-, or -C(O)O-,
wherein R4 is -(C1-C6JaIkYl, - (Ci-C6)haloalkyl, or
-aryl, wherein the aryl is optionally substituted with
1 to 4 groups which are independently -NO 2, -CN,
-halo, or -(Z x)aMb ((Z 2)CRZ); L4 is -D' d 'E 'e-F"
f"-, wherein D ' is -CH2- or -C(O) - ; E ' is
-CH(Re')- - (C 3-Ci 6)alkyl-, or -aryl-, wherein Re.
is -H or -NH (RN ) ; F'' is a bond or -CH(Rf)-
provided that F'' is covalently bonded to B , wherein
Rf is -H, - (Ci-C )alkyl, - (Ci-C6)haloalkyl, -aryl,
or -heteroaryl, wherein each aryl or heteroaryl is
optionally substituted with one or more groups which
are each independently -NO2, -CN, -halo, or - (Z )aMb
((Z 2)CRZ); d ' is 0 or 1 ; e ' is 0 or 1 ; f" is 0 or
1 ; and M , P , RN , Z1, Z2, a , b , c , q , q ' , and
Ar2 are as defined in formula (I ). In another
embodiment, the invention provides a process for
preparing the conjugate of formula (I), wherein A at
each occurance is a compound of formula (X) , (X) ; R
f is -H, -(C1-C6)alkyl, - (C 1-C6)haloalkyl, -aryl,
-(C1-C6)alkylaryl, - (C 3 C8)cycloalkyl,
-heterocycloalkyl, or heteroaryl; Nu is -N(SO 2R4)-,
-phenyl-0-, -N(C(O)CF 3)-, -(NC)C(H)C(O)-, or -C(O)O-,
wherein R4 is - (Ci-C6)alkyl, - (Ci-C6)haloalkyl, or
-aryl, wherein the aryl is optionally substituted with
1 to 4 groups which are independently -NO2, -CN,
-halo, or -{Z1)a b {(Z 2)CRZ) ; L is -D' d-E' e ' F '
'f - , wherein D ' is -CH 2- or -C(O)-; E ' is -CH(R e
' )-, - (C 3-Ci6)alkyl-, or -aryl-, wherein Re is -H
or -NH (RN); F'' is a bond or -CH(Rf)- provided that
F'' is covalently bonded to B , wherein Rf is -H, -
(Ci-C6)alkyl, - (Ci-C6)haloalkyl, -aryl, or
-heteroaryl, wherein each aryl or heteroaryl is
optionally substituted with one or more groups which
are each independently -NO2, -CN, -halo, or ; d ' is 0
or 1 ; e ' is 0 or 1 ; and f" is 0 or 1 ; and M , P ,
RN , Z1, Z2, a , b , c , q , q ' , and Ar2 are as
defined in formula (I) . In another embodiment, the
invention provides a process for preparing the
conjugate of formula (I), wherein A at each occurance
is a compound of formula (XI),(XI) ; X is -S- or -CH
2- ; m is 1; Nu is -N(SO 2R4)-, -phenyl-O-, -N(C(O)CF
3)-, -(NC)C(H)C(O)-, or -C(O)O-, wherein R4 is -
(Ci-C6)alkyl, - (Ci-C6)haloalkyl, or -aryl, wherein
the aryl is optionally substituted with 1 to 4 groups
which are independently -NO 2, -CN, -halo, or -(Z
1)aMb ((Z 2)cRZ) ; L 4 is -D' d'E 'e'F ' ' '- ,
wherein D ' is -CH 2- or -C(O)-; E ' is -CH(Re ')-, -
(C 3-Ci6)alkyl-, or -aryl-, wherein Re is -H or -NH
(RN ); F'' is a bond or -CH(R f )- provided that F''
is covalently bonded to B , wherein Rf is -H, -
(Ci-C6)alkyl, - (Ci-C6)haloalkyl, -aryl, or
-heteroaryl, wherein each aryl or heteroaryl is
optionally substituted with one or more groups which
are each independently -NO 2, -CN, -halo, or - (Z
1)aMb ((Z 2)CRZ); d ' is 0 or 1 ; e ' is 0 or 1 ; and
f" is 0 or 1 ; R6 is -DdEeF-, wherein D is -CH 2- or
-C(O)-; E is -CH(R e )-, -(C 3-Ci6)alkyl-, -
(Ci-C6)alkoxy-, -(C 1- C6)haloalkyl-, - (C 3-C B
)cycloalkyl-, or -aryl-, wherein -2.4-Re i s H o r -NH
(RN) ; F is a bond, -CH(R f)-, or -CH 2CH(Rf)-,
provided that F is covalently bonded to B , wherein Rf
is -H, - (Ci-C6)alkyl, - (Ci-C6)haloalkyl, -aryl, -
(Ci-C6)alkylaryl, - (C 3-C8)cycloalkyl,
heterocycloalkyl, or -heteroaryl; d is 0 or 1 ; and e
is 0 or 1 ; and G , M , P , R , RN, Rz, Z1 a , b , c ,
n , q , q ' , and A r are as defined in formula (I).
In preferred aspects, only ~DdEeFis covalently bonded
to B , and each -DdEeF- contains only one bond to B .
In another embodiment, the invention provides a
process for preparing the conjugate of formula (I),
wherein A at each occurance is a compound of formula
(XII), (XII) ; X is -S- or -CH 2- ; Nu is -N(SO 2R4)-,
-phenyl-O-, -N(C(O)CF 3)-, -(NC)C(H)C(O)-, or -C(O)O-,
wherein R4 is - (Ci-C )alkyl, - (Ci-C6)haloalkyl, or
-aryl, wherein the aryl is optionally substituted with
1 to 



4 groups which are independently -NO 2, -CN, -halo, or
L is -D'd'E'e-F" f" - , wherein D ' is -CH 2- or
-C(O)-; E ' is -CH(Re-)-, - (C 3-Ci6)alkyl-, or
-aryl-, wherein R e' is -H or -NH (RN);F'' is a bond
or -CH(R f )- provided that F'' is covalently bonded
to B , wherein Rf is -H, - (Ci-C6)alkyl, - (C
1-C6)haloalkyl, -aryl, or -heteroaryl, wherein each
aryl or heteroaryl is optionally substituted with one
or more groups which are each independently -NO 2,
-CN, -halo, or (Z )aMb ((Z 2)CRZ ) ; d ' is 0 or 1 ; e
' is O or l ; and f'' is 0 or 1 ; R6 is -DdEeF-,
wherein D is -CH 2- or -C(O)-; E is -CH(Re)-, -(C 3-Ci
6)alkyl-, - (C x-C6)alkoxy-, -(C 1- C6)haloalkyl-, -
(C3-C8) cycloalkyl-, or -aryl-, wherein R e is -H or
-NH (RN ); F is a bond, -CH(R f)-, or -CH 2CH(R f)-,
provided that F is covalently bonded to B , wherein Rf
is -H, - (Ci-C6)alkyl, - (C 1-C6)haloalkyl, -aryl, -
(C 1-C6)alkylaryl, - (C 3-C8)cycloalkyl,
heterocycloalkyl, or -heteroaryl; d is 0 or 1 ; and e
is 0 or 1 ; and M , P , R , RN , Rz, Z1, Z2, a , b , c
, n , q , q ' , and A r2 are as defined in formula (I)
. In preferred aspects, only -D EeF- is covalently
bonded to B , and each -DdEeF- contains only one bond
to B . In another embodiment, the invention provides a
process for preparing the conjugate of formula (I),
wherein A at each occurance is a compound of formula
(XIII),(XIII) ; X is -S- or -CH 2- ; Rf is H , -
(Ci-C6)alkyl, - (Ci-C6)haloalkyl, -aryl, -(C1-
C6)alkylaryl, - (C 3-C8) cycloalkyl,
-heterocycloalkyl, or heteroaryl; Nu is -N(SO 2R4)-,
-phenyl-O-, -N(C(O)CF 3)-, -(NC)C(H)C(O)-, or -C(O)O-,
wherein R4 is - (Ci-C6)alkyl, - (Ci-C6)haloalkyl, or
-aryl, wherein the aryl is optionally substituted with
1 to 4 groups which are independently -NO 2, -CN,
-halo, or ~ ( 1a b (( Ic ) L4 is -D' d 'E 'e F ' 'fw -
, wherein D ' is -CH 2- or -C(O)-; E ' is -CH(R O-,
-(C 3-Ci 6)alkyl-, or -aryl-, wherein R e' is -H or
-NH (R N); F'' is a bond or -CH(Rf)- provided that F''
is covalently bonded to B , wherein R is -H, -
(Ci-C6)alkyl, - (Ci-C )haloalkyl, -aryl, or
heteroaryl, wherein each aryl or heteroaryl is
optionally substituted with one or more groups which
are each independently -NO2, -CN, -halo, or ; d ' is 0
or 1 ; e ' is 0 or 1 ; and f" is 0 or 1 ; and M , P ,
R , RN , Rz, Z1, Z2, a , b , c , n , q , q ' , and Ar2
are as defined in formula (I) . -2.7-In another
embodiment, the invention provides a process for
preparing the conjugate of formula (I), wherein A at
each occurance is a compound of formula (XIII); Rz is
-H or - (C 1-C6)alkyl; X is S- or -CH 2- ; Rf is -H,
-(Ci-C 5)alkyl, - (C 1-C6)haloalkyl, -aryl, -(C1- Cg)
alkylaryl, - (C 3-Cs) cycloalkyl, -heterocycloalkyl,
or heteroaryl; Nu is -N(SO 2R4)-, -phenyl-O-,
-N(C(O)CF 3)-, -(NC)C(H)C(O)-, or -C(O)O-, wherein R4
is (Ci-C )alkyl, - (Ci-C6)haloalkyl, or -aryl, wherein
the aryl is optionally substituted with 1 to 4 groups
which are independently -NO , -CN, -halo, or - (Z
1)aMb ((Z 2)cRz) ; L is -D' d 'E 'e'F' ' - , wherein D
' is -CH 2- or -C(O)-; E ' is -CH(R e )-, - (C
3-Ci6)alkyl-, or -aryl-, wherein Re ' is -H or -NH
(RN); F'' is a bond or -CH(R f )- provided that F'' is
covalently bonded to B , wherein Rf is -H,
-(Ci-C5)alkyl, - (Ci-C6)haloalkyl, -aryl, or
-heteroaryl, wherein each aryl or heteroaryl is
optionally substituted with one or more groups which
are each independently -NO , -CN, -halo, or - (Z )aMb
((Z 2)CRZ); d ' is 0 or 1 ; e ' is 0 or 1 ; and f" is
0 or 1 ; and M , P , R , RN , Z1, Z2, a , b , c , n ,
q , q ' , and Ar2 are as defined in formula (I) . In
another embodiment, the invention provides a process
for preparing the conjugate of formula (I), wherein A
at each occurance is a compound of formula (XIII),Rz i
s -H; X i s -S- or -CH2- ; Rf is -H, - (Ci-C6)alkyl, -
(Ci-C6)haloalkyl, -aryl, -(Ci- C6)alkylaryl, - (C
3-C8)cycloalkyl, -heterocycloalkyl, or heteroaryl; Nu
is -N(SO 2R4)-, -phenyl-O-, -N(C(O)CF 3)-,
-(NC)C(H)C(O)-, or -C(O)O-, wherein R4 is -
(Ci-C6)alkyl, - (Ci-C6)haloalkyl, or -aryl, wherein
the aryl is optionally substituted with 1 to 4 groups
which are independently -NO 2, -CN, -halo, or - (L )al
\ Jc ) L4 is -D' d 'E 'e F ' 'f '- r wherein D ' is
-CH 2- or -C(O)-; E ' is -CH(R O-, - (C 3-Ci 6)alkyl-,
o -aryl-, wherein R ' is -H or -NH (RN ); F'' is a
bond or -CH(R f )- provided that F'' is covalently
bonded to B , wherein Rf is -H, - (C -C6)alkyl, -
(Ci-C6)haloalkyl, -aryl, or -heteroaryl, wherein each
aryl or heteroaryl is optionally substituted with one
or more groups which are each independently -NO2, -CN,
-halo, or - d ' is 0 or 1 ; e ' is 0 or 1 ; and f" is
0 or 1 ; and M , P , R , RN , Z1, Z2, a , b , c , n ,
q , q ' , and Ar2 are as defined in formula (I). In
another embodiment, the invention provides a process
for preparing the conjugate of formula (I), wherein A
at each occurance is a compound of formula (XIII); Rz
is -H; X is -CH 2- ; n is 0;Rf is -H, - (Ci-C 6)alkyl,
- (Ci-C 6)haloalkyl, -aryl, -(Ci- C6)alkylaryl, - (C
3-C8)cycloalkyl, -heterocycloalkyl, or heteroaryl; Nu
is -N(SO 2R4)-, -phenyl-O-, -N(C(O)CF 3)-,
-(NC)C(H)C(O)-, or -C(O)O-, wherein R4 is -(C
1-C6)alkyl, - (Ci-C6)haloalkyl, or -aryl, wherein the
aryl is optionally substituted with 1 to 4 groups
which are independently -NO 2, -CN, -halo, or -(Z
1)aMb ((Z 2)CRZ); 



L4 is -D' d-E'e F" f - , wherein D ' is -CH 2- or
-C(O)-; E ' is -CH(R e )-, - (C 3-Ci 6)alkyl-, o r
-aryl-, wherein Re- is -H or -NH (RN ); F'' is a bond
or -CH(R f )- provided that F'' is covalently bonded
to B , wherein Rf is -H, - (Ci-C6)alkyl, -
(Ci-C6)haloalkyl, -aryl, or -heteroaryl, wherein each
aryl or heteroaryl is optionally substituted with one
or more groups which are each independently -NO 2,
-CN, -halo, or { L ) a lvi b { ( I ) C I r d ' i s 0 o
r 1 ; e ' i s 0 o r 1 ; and f ' ' i s 0 o r 1 ; and M
, P , RN , Z1, Z2, a , b , c , q , q ' , and Ar2 are
as defined in formula (I). In another embodiment, the
invention provides a process for preparing the
conjugate of formula (I), wherein A at each occurance
is a compound of formula (XIV) ,(XIV) ; R is -H; Rf is
-H, - (Ci-C6)alkyl, - (Ci-C 6)haloalkyl, -aryl, -(C 1-
Cg) alkylaryl , - (C 3-C8)cycloalkyl,
-heterocycloalkyl, or - heteroaryl; Nu is -N(SO 2R4)-,
~phenyl-0-, -N(C(O)CF 3)-, -(NC)C(H)C(O)-, or -C(O)O-,
wherein R4 is - (C 1-C6)alkyl, - (C 1-C6)haloalkyl, or
-aryl, wherein the aryl is optionally substituted with
1 to 4 groups which are independently -NO 2, -CN,
-halo, or - (Z 1 aM b (Z 2)cRz ) ; L4 is -D' d-E' e'F'
'f - , wherein D ' is -CH 2- or -C(O)-; E ' is -CH(R
e')-, - (C 3-Ci 6)alkyl-, or -aryl-, wherein Re is -H
or -NH (RN); F'' is a bond or -CH(R f )- provided that
F'' is covalently bonded to B , wherein Rf is -II, -
(Ci-C6)alkyl, - (Ci-C6)haloalkyl, -aryl, or
-heteroaryl, wherein each aryl or heteroaryl is
optionally substituted with one or more groups which
are each independently -NO 2, -CN, -halo, or (Z )aMb
((Z 2)CRZ); d ' is 0 or 1 ; e ' is 0 or 1 ; and f" is
0 or 1 ; and M , P , RN , Z1, Z2, a , b , c , q , q '
, and A r2 are as defined in formula (I). -0 1-In
another embodiment, the invention provides a process
for preparing the conjugate of formula (I), wherein A
at each occurance is a compound of formula (XV) ,
(XV), wherein only R6 is bonded to B and each R6
contains onlyone bond to B ; Nu is -N(SO 2R4)-,
-phenyl-O-, -N(C(O)CF 3)-, -(NC)C(H)C(O)-, or -C(O)O-,
wherein R4 is - (C 1-C6)alkyl, - (Ci-C6)haloalkyl, or
-aryl, wherein the aryl is optionally substituted with
1 to 4 groups which are independently -NO2, -CN,
-halo, or -(Z 1)aMb ((Z 2)cRz); L4 is -D' d E 'e ' F '
'f" - , wherein D ' is -CH 2- or -C(O)-; E ' is -CH(R
e )-, - (C3-C16) alkyl-, or -aryl-, wherein R e' is -H
or -NH (RN ); F'' is a bond or -CH(R f )- provided
that F'' is covalently bonded to B , wherein Rf is -H,
- (C 1-C6)alkyl, (Ci-C6)haloalkyl, -aryl, or
-heteroaryl, wherein each aryl or heteroaryl is
optionally substituted with one or more groups which
are each independently -NO 2, -CN, -halo, or ; d ' is
0 or 1 ; e ' is 0 or 1 ; and f'' is 0 or 1 ; R6 is
-DdEeF- ; wherein D is -CH 2- or -C(O)-;E is -CH(R )-,
- (C 3-Ci 6)alkyl-, - (C 1-C6)alkoxy-, -(Ci- Ce)
haloalkyl-, - (C 3-C8)cycloalkyl-, or -aryl-, wherein
Re is -H or -NH (RN ); F is a bond, -CH(R f)-, or -CH
2CH(R f)-, provided that F is covalently bonded to B ,
wherein Rf is -H, - (Ci-C6)alkyl, - (Ci-C6)haloalkyl,
-aryl, - (Ci-C6)alkylaryl, - (C 3-C8)cycloalkyl,
heterocycloalkyl, or -heteroaryl; d is 0 or 1 ; and e
is 0 or 1 ; and G , M , P , RA , RB, RN , Rz, Z1, Z2,
a , b , c , q , and q ' are as defined in formula (I)
. In another embodiment, the invention provides a
process for preparing the conjugate of formula (I),
wherein A at each occurance is a compound of formula
(XVI), (XVI) ; Nu is -N(SO 2R4)-, -phenyl-O-,
-N(C(O)CF 3)-, -(NC)C(H)C(O)-, or -C(O)O-, wherein R4
is -(Ci-C6)alkyl, - (C -C6)haloalkyl, or -aryl,
wherein the aryl is optionally substituted with 1 to 4
groups which are independently -NO , -CN, -halo, or -
; L is -D'd'E'e'F'' f- , wherein D ' is -CH 2- or
-C(O)-; E ' is -CH(ReO-, - (C 3-Ci6)alkyl-, or -aryl-,
wherein Re- is -H or -NH (RN );F'' is a bond or -CH(R
f )- provided that F'' is covalently bonded to B ,
wherein Rf is -H, - (Ci-C6)alkyl, - (C 1-C6)haloalkyl,
-aryl, or -heteroaryl, wherein each aryl or heteroaryl
is optionally substituted with one or more groups
which are each independently -NO2, -CN, -halo, or ; d
' i s 0 o r 1 e ' i s 0 o r 1 and f ' i s 0 o r 1 r R6
is -DdEeF-, wherein D is -CH 2 or -C(O)-; E is -CH(R
e)-, -(C3-C16)alkyl-, -(C1-C6JaIkOXy-, -(C1-
C6)haloalkyl-, - (C 3-C8)cycloalkyl-, or -aryl-,
wherein Re is -H or -NH (RN ); F is a bond, -CH (R
f)-, or -CH2CH(R f)-, provided that F is covalently
bonded to B , wherein Rf is -H, - (Ci-C6)alkyl, - (C
1-C6)haloalkyl, -aryl, - (C 1-C6)alkylaryl, - (C
3-C8)cycloalkyl, heterocycloalkyl, or -heteroaryl; d
is 0 or 1 ; and e is 0 or 1 ; and M , P , RA , RB, RN
, Rz, Z1, Z2, a , b , c , q , and q ' are as defined
in formula (I). In preferred aspects, only -DdEeF- is
covalently bonded to B , and each -DdEeF- contains
only one bond to B . In another embodiment, the
invention provides a process for preparing the
conjugate of formula (I), wherein A at each occurance
is a compound of formula (XVII),(XVII) ; Rf is H , -
(C 1-C6)alkyl, - (Ci-C6)haloalkyl, -aryl, -(C 1-
C5)alkylaryl, - (C -Ce) cycloalkyl, -heterocycloalkyl,
or heteroaryl; Nu is -N(SO 2R4)-, -phenyl-O-,
-N(C(O)CF 3)-, -(NC)C(H)C(O)-, or 



-C(O)O-, wherein R4 is - (Ci-C )alkyl , - (Ci-C
)haloalkyl, or -aryl, wherein the aryl is optionally
substituted with 1 to 4 groups which are independently
-NO , -CN, -halo, or - I7 -\ M I I7 \ \ L4 is -D' d 'E
'e ' ' 'f" - , wherein D ' is -CH 2- or -C(O)-; E ' is
-CH(R e ' ) , - (C3-C16) alkyl-, or -aryl-, wherein
Re- is -H or -NH (RN ); F'' is a bond or -CH(R f )-
provided that F'' is covalently bonded to B , wherein
Rf is -H, - (C]-C6)alkyl, - (Ci-C6)haloalkyl, -aryl,
or heteroaryl, wherein each aryl or heteroaryl is
optionally substituted with one or more groups which
are each independently -NO 2, -CN, -halo, or (Z 1)aMb
((Z2)CRZ); d ' is 0 or 1 ; e ' is 0 or 1 ; and f" is 0
or 1 ; and M , P , RA , RB, RN , Rz, Z1, Z2, a , b , c
, q , and q ' are as defined in formula (I) . In
another embodiment, the invention provides a process
forpreparing the conjugate of formula (I), wherein A
at each occurance is a compound of formula (XVII); Rz
is -H or - (Ci-C6)alkyl; Rf is -H, -(Ci-C 6)alkyl, -
(Ci-C6)haloalkyl, -aryl, -(Ci- C6)alkylaryl, - (C
3-C8) cycloalkyl, -heterocycloalkyl, or heteroaryl ;
Nu is -N(SO 2R4)-, -phenyl-0-, -N(C(O)CF 3)-,
-(NC)C(H)C(O)-, or -C(O)O-, wherein R4 is -
(Ci-C6)alkyl, - (Ci-C6)haloalkyl, or -aryl, wherein
the aryl is optionally substituted with 1 to 4 groups
which are independently -NO 2, -CN, -halo, or - (Z
1)aMb ((Z 2)CRZ); L4 is -D' d 'E 'e ' F ' ' - ,
wherein D ' is -CH 2- or -C(O)-; E ' is -CH(Re ') -
(C3-C16) alkyl-, or -aryl-, wherein Re is -H or -NH (R
); F'' is a bond or -CH(R f )- provided that F'' is
covalently bonded to B , wherein Rf is -H, -
(Ci-C6)alkyl, - (Ci-C6)haloalkyl, -aryl, or
heteroaryl, wherein each aryl or heteroaryl is
optionally substituted with one or more groups which
are each independently -NO 2, -CN, -halo, or (Z 1)aMb(
(Z 2)CRZ); d ' is 0 or 1 ; e ' is 0 or 1 ; and f" is 0
or 1 ; and M , P , RA , RB, RN, Z1, Z2, a , b , c , q
, and q ' are as defined in formula (I ). In another
embodiment, the invention provides a process for
preparing the conjugate of formula (I), wherein A at
each occurance is a compound of formula (XVII); Rz is
-H; Rf is -H, - (Ci-C 6)alkyl, - (Ci-C6)haloalkyl,
-aryl, -(CiC6)alkylaryl, - (C 3-C8)cycloalkyl,
-heterocycloalkyl, or heteroaryl ; Nu is -N(SO 2R4)-,
-phenyl-O-, -N(C(O)CF 3)-, -(NC)C(H)C(O)-, or -C(O)O-,
wherein R4 is - (Ci-C6)alkyl, - (Ci-C6)haloalkyl, or
-aryl, wherein the aryl is optionally substituted with
1 to 4 groups which are independently -NO 2, -CN,
-halo, or - L4 is -D' d'E' e F ' 'f"-, wherein D ' is
-CH 2- or -C(O) - ; E ' is -CH(Re ')- (C 3-C16)
alkyl-, or -aryl-, wherein Re' is -H or -NH (RN ); F''
is a bond or -CH(R f )- provided that F'' is
covalently bonded to B , wherein Rf is -H, -(Ci-C
6)alkyl, (Ci-C6)haloalkyl , -aryl, or -heteroaryl ,
wherein each aryl or heteroaryl is optionally
substituted with one or more groups which are each
independently -NO 2, -CN, -halo, or (Z aM (Z 2)CRZ) ;
d ' is 0 or 1 ; e ' is 0 or 1 ; and f'' is 0 or 1 ;
and M , P , RA , RB, RN, Z1, Z2, a , b , c , q , and q
' are as defined in formula (I ). In another
embodiment, the invention provides a process for
preparing the conjugate of formula (I), wherein A at
each occurance is a compound of formula
(XVIII),(XVIII) ; Y is -O- ; W is -L1-L2- wherein L i
is NR2R3, wherein R2 and R3 together with the nitrogen
atom bound thereto, form a heterocycle containing 0 to
4 additional heteroatoms independently selected from -
0-, -S-, and -N(R N ) ; and L2 is -DdEeF-; Nu is -N(SO
2R4)-, -phenyl-O-, -N(C(O)CF 3)-, -(NC)C(H)C(O)-, or
-C(O)O-, wherein R4 is - (Ci-C6)alkyl, -
(Ci-C6)haloalkyl, or -aryl, wherein the aryl is
optionally substituted with 1 to 4 groups which are
independently -NO , -CN, -halo, or - (Z 1)aMb ((Z
2)cRZ); L is -D'dE 'e'F ' 'f - , wherein D ' is -CH 2-
or -C(O)-; E ' is -CH(R -)-, - (C3-C16) alkyl-, or
-aryl-, wherein Re is -H or -NH (R );  ' ' is a bond
or -CH(R f )- provided that F'' is covalently bonded
to B , wherein R is -H, -(C -C6)alkyl, - (C
-C6)haloalkyl, -aryl, or -heteroaryl , wherein each
aryl or heteroaryl is optionally substituted with one
or more groups which are each independently -NO 2,
-CN, -halo, or - (Z 1)aMb ((Z 2)CRZ); d ' is 0 or 1 ;
e ' is 0 or 1 ; and f" is 0 or 1 ; and D , E , F , M ,
P , RA , RB, RN , Rz, Re, Rf, R'', Z1, Z2, a , b , c ,
d , e , q and q ' are as defined in formula (I) . In
preferred aspects, only W is covalently bonded to B ,
and each W contains only one bond to B .In another
embodiment, the invention provides a process for
preparing the conjugate of formula (I), wherein A at
each occurance is a compound of formula (XIX) , Y is
-0-; W is -Li-L2- , wherein L i is NR2R3, wherein R2
and R3 together with the nitrogen atom bound thereto,
form a heterocycle containing 0 to 4 additional
heteroatoms independently selected from - O-, -S-, and
-N(R N ) ; and L is -DdE F-, wherein D is -CH 2- or
-C(O)-; E is -CH(R e)-, - (C 3-C16 )alkyl-, -
(Ci-C6)alkoxy-, -(Ci- Ce) haloalkyl-, - (C
3-C8)cycloalkyl-, or -aryl-, wherein Re is -H or -NH
(RN ); F is a bond, -CH (R f)-, or -CH 2CH(R f)-,
provided that F is covalently bonded to B , wherein Rf
is -H, -(Ci-C 6)alkyl, - (C 1-C6)haloalkyl, - aryl, -
(C 1-C6)alkylaryl, - (C 3-C )cycloalkyl, 



heterocycloalkyl, or -heteroaryl; d is 0 or 1 ; and e
is O or l ; Nu is -N(SO 2R4)-, -phenyl-O-, -N(C(O)CF
3)-, -(NC)C(H)C(O)-, or -C(O)O-, wherein R4 is -
(Ci-C6)alkyl, - (Ci-C6)haloalkyl, or -aryl, wherein
the aryl is optionally substituted with 1 to 4 - Q ZJ
-groups which are independently -NO 2, -CN, -halo, or
- ; L4 is -D' d-E' e ' F ' 'f- , wherein D ' is -CH 2-
or -C(O)-; E ' is -CH(Re ') - (C3-C16 ) alkyl-, or
-aryl-, wherein Re- is -H or -NH (RN ); F'' is a bond
or -CH(R f )- provided that F'' is covalently bonded
to B , wherein R is -H, -(C -C6)alkyl, - (C
1-C6)haloalkyl, -aryl, or -heteroaryl, wherein each
aryl or heteroaryl is optionally substituted with one
or more groups which are each independently -NO 2,
-CN, -halo, or (Z 1)aMb ((Z 2)CRZ); d ' is 0 or 1 ; e
' is 0 or 1 ; and f" is 0 or 1 ; and M , P , RA , RB,
RN , Rz, Z1, Z2, a , b , c , q , and q ' are as
defined in formula (I) . In preferred aspects, only L2
is covalently bonded to B , and each L2 contains only
one bond to B . In another embodiment, the invention
provides a process for preparing the conjugate of
formula (I), wherein A at each occurance is a compound
of formula (XX) , (XX); R f is -H, - (Ci-C6)alkyl, -
(Ci-C6)haloalkyl, -aryl, -(C 1- C6)alkylaryl, -
(C3-C8) cycloalkyl, -heterocycloalkyl, or heteroaryl;
Nu is -N(SO 2R4)-, -phenyl-O-, -N(C(O)CF 3)-,
-(NC)C(H)C(O)-, or -C(O)O-, wherein R4 is - (C
1-C6)alkyl, - (C 1-C )haloalkyl, or -aryl, wherein the
aryl is optionally substituted with 1 to 4 groups
which are independently -NO 2, -CN, -halo, or - ; L4
is -D'd'E 'e'F' 'f" - , wherein D ' is -CH 2- or
-C(O)-; E ' is -CH(R O-, - (C 3-C16)alkyl-, or -aryl-,
wherein ; F'' is a bond or -CH(R f )- provided that
F'' is covalently bonded to B , wherein Rf is -H, -
(Ci-C6)alkyl, - (C -C6)haloalkyl, -aryl, or
-heteroaryl, wherein each aryl or heteroaryl is
optionally substituted with one or more groups which
are each independently -NO 2, -CN, -halo, or ; d ' is
0 or 1 ; e ' is 0 or 1 ; and f" is 0 or 1 ; and M , P
, RL, RB, RN , Rz, Z1, Z2, a , b , c , q , and q ' are
as defined in formula (I) . In another embodiment, the
invention provides a process for preparing the
conjugate of formula (I), wherein A at each occurance
is a compound of formula (XX) ; Rz is -H or -(Ci-C
6)alkyl; Rf is -H, - (Ci-C6)alkyl, - (C -C6)haloalkyl,
-aryl, -(Ci- C6)alkylaryl, - (C 3-C8)cycloalkyl,
-heterocycloalkyl, or heteroaryl; Nu is -N(SO 2R4 )-,
-phenyl-O-, -N(C(O)CF 3)-, -(NC)C(H)C(O)-, or -C(O)O-,
wherein R4 is - (Ci-C6)alkyl, - (Ci-C6)haloalkyl, or
-aryl, whereinthe aryl is optionally substituted with
1 to 4 groups which are independently -NO 2, -CN,
-halo, or - (Z )aMb ((Z 2)cRz); L4 is -D' d 'E 'e F
'f" - , wherein D ' is -CH 2- or -C(O)-; E ' is -CH(Re
')- - (C3-C16 ) alkyl-, or -aryl-, wherein Re- is -H
or -NH (RN ); F'' is a bond or -CH(R f )- provided
that F'' is covalently bonded to B , wherein Rf is -H,
- (Ci-C6)alkyl, - (Ci-C6)haloalkyl, -aryl, or
-heteroaryl, wherein each aryl or heteroaryl is
optionally substituted with one or more groups which
are each independently -NO 2, -CN, -halo, or - (Z
1)aMb ((Z 2)CRZ) ; d ' is 0 or 1 ; e ' is 0 or 1 ; and
f" is 0 or 1 ; and M , P , RA , RB, RN , Z1, Z2, a , b
, c , q , and q ' are as defined in formula (I) . In
another embodiment, the invention provides a process
for preparing the conjugate of formula (I), wherein A
at each occurance is a compound of formula (XX) ; Rz
is -H; Rf is -H, -(Ci-C 6)alkyl, - (C 1-C6)haloalkyl,
-aryl, -(Ci- C )alkylaryl, - (C 3-Cg) cycloalkyl,
-heterocycloalkyl, or heteroaryl; Nu is -N(SO 2R4)-,
-phenyl-O-, -N(C(O)CF 3)-, -(NC)C(H)C(O)-, or -C(O)O-,
wherein R4 is -(Ci-C 6)alkyl, - (Ci-C6)haloalkyl , or
-aryl, wherein the aryl is optionally substituted with
1 to 4 groups which are independently -NO2, -CN,
-halo, or - (Z 1 aM b (Z 2)CRZ ) ;L4 is -D' d'E 'e F '
' - , wherein D ' is -CH 2- or -C(O)-; E ' is -CH(R e
' )- - (C3-C16) alkyl-, or -aryl-, wherein Re- is -H
or -NH (RN ); F ' ' is a bond or -CH(R f )- provided
that F'' is covalently bonded to B , wherein Rf is -H,
- (Ci-C6)alkyl, - (Ci-C )haloalkyl, -aryl, or
-heteroaryl, wherein each aryl or heteroaryl is
optionally substituted with one or more groups which
are each independently -NO 2, -CN, -halo, or (Z 1)aMb
((Z 2)CRZ); d ' is 0 or 1 ; e ' is 0 or 1 ; and f" is
0 or 1 ; and M , P , RA , RB , RN , Z1, Z2, a , b , c
, q , and q ' are as defined in formula (I ) . In
preferred embodiments, only J , A r1, and T are
covalently bonded to B , and each contains one bond to
B . In preferred processes of the invention, the
azodicarbonyl compound is diethyl azocarboxylate,
diisopropyl azodicarboxylate, di-tert-butyl
azodicarboxylate, 4-methyl- 3ff-l,2,4-triazole-3,5
(4ff)-dione, N ,N ,N ',N '-tetramethyl
azodicarboxamide , or 1 , 1 '- (azodicarbonyl)bis
(piperidine) . In preferred processes of the
invention, the solvent is an aromatic solvent, a
chlorinated solvent, or an ether solvent. In
particularly preferred processes of the invention, the
solvent is a dichloromethane or tetrahydrof uran . In
preferred processes of the invention, the
azodicarbonyl compound is dimethyl azodicarboxylate,
diethyl azocarboxylate, diisopropyl azodicarboxylate,
di-tert-butyl 



azodicarboxylate, dibenzyl azodicarboxylate, bis
(2,2,2-trichloroethyl ) azodicarboxylate , diphenyl
azodicarboxylate, 4-methyl- 3H-1, 2 ,4-triazole-3, 5
(4H) -dione, N ,N ,N', N'- tetramethyl
azodicarboxamide , 4 ,7-dimethyl-3, 5 , 7-hexahydro-
1,2,4, 7-tetrazocin-3, 8-dione, 1,1'- (azodicarbonyl)
bis (piperidine) , 1 , 1'- (azodicarbonyl) bis (4-
methylpiperazine) , 4 ,4 '- (azodicarbonyl) bis
(morpholine) , or N ,N '-bis (2- (t-butoxy)
-2-oxoethyl) azodicarboxamide. In particularly
preferred processes of the invention, the
azodicarbonyl compound is diethyl azocarboxylate,
diisopropyl azodicarboxylate, di-tert-butyl
azodicarboxylate, 1,1'- (azodicarbonyl)bis
(piperidine) , 4-methyl- 3H-1, 2 ,4-triazole- 3 ,5
(4H) -dione, or N ,N ,N ',N '-tetramethyl
azodicarboxamide. In preferred processes of the
invention, the optional tertiary amine additive is
triethylamine, Nethyldiisopropylamine, or
4-dimethylaminopyridine . In preferred processes of
the invention, the the trivalentphosphine is
triphenylphosphine or tri(nbutyl )phosphine . In
preferred processes of the invention, q is from 1 to
64. In other preferred processes of the invention, q
is 1 to 32. In still other preferred processes of the
invention, q is from 1 to 16. In yet other preferred
processes of the invention, q is from 1 to 8 . The
value of "q" can be an integer or any non-zero number
falling within the above ranges. Thus, in the
processes of the invention, the amounts of the active
compound carrying a hydroxyl group and the polymer
containing nucleophilic substituents will be adjusted
to achieve reaction stoichiometery appropriate to
producing a product with the desired number, on
average, of active druggroups per polymer molecule. In
another embodiment, the invention provides a process
for preparing the conjugates o f formula (I), wherein
the azodicarbonyl compound is dimethyl
azodicarboxylate, diethyl azocarboxylate, diisopropyl
azodicarboxylate, di-tert-butyl azodicarboxylate,
dibenzyl azodicarboxylate, bis (2,2,2- trichloroethyl)
azodicarboxylate , diphenyl azodicarboxylate,
4-methyl- 3H-1, 2 ,4-triazole-3, 5 (4ff) -dione,
N,N,N',N'~ tetramethyl azodicarboxamide , 4
,7-dimethyl-3, 5 ,7-hexahydro- 1,2, 4 ,7~tetrazocin-3,
8-dione, 1,1'- (azodicarbonyl) bis (piperidine) ,
1,1'- (azodicarbonyl) bis (4- methylpiperazine) , 4 ,
4 '- (azodicarbonyl) bis (morpholine) , N,N'~ bis (2-
(t-butoxy) -2-oxoethyl) azodicarboxamide, bis (5-
norbornen-2-ylmethyl) azodicarboxylate, bis (IH, IH,
2H, 2Hperf luorodecyl) azodicarboxylate, bis (IH, IH,
2H, 2Hperf luorooctyl) azodicarboxylate, bis (IH, IH,
2H, 2H, 3H, 3Hperf luorononyl) azodicarboxylate, or a
polymer supported azodicarbonyl compound. In another
embodiment, the invention provides a process for
preparing the conjugate o f formula (I), wherein the
azodicarbonyl compound is diethyl azocarboxylate,
diisopropyl azodicarboxylate, di-tert-butyl
azodicarboxylate, 4-methyl- 3H- 1 , 2 ,4-triazole-3, 5
(4Jf) -dione, N ,N ,N ',N '-tetramethyl
azodicarboxamide, o r 1 , 1 '- (azodicarbonyl) bis
(piperidine) . In another embodiment, the invention
provides a process for preparing the conjugate of
formula (I), wherein related conditions are
cyanornethylenetrimethylphosphorane,
cyanomethylenetributylphosphorane, bis
(triphenylphosphonio) oxide bis
(trifluoromethanesulfonate) , 3 ,3-dimethyl-5-
(triphenylphosphonio) -1, 2 , 5-thiadiazolidin-2- ide
1,1-dioxide, dimethyl
tributylphosporanylidenemalonate, or any of the
previously listed on a polymer support.In another
embodiment, the invention provides a process for
preparing the conjugate of formula (I), wherein the
optional tertiary amine additive is trimethylamine,
triethylamine, tri (n-propyl) amine,
triisopropylamine, Nethyldiisopropylamine,
triphenylamine, tri (p-tolyl) amine,
tetramethylethylenediamine, N-methylmorpholine,
Nmethylpiperidine, N ,N-dimethylpiperazine, 4-
dimethylaminopyridine, N ,N-dimethylaniline, N
,Ndiethylaniline, N ,N-diisopropylaniline,
N-methylpyrrolidine, pyridine, pyrazine, pyrimidine,
1-methylimidazole, 1,8- diazabicyclo [5 .4 .0
]undec~7-ene , 1 ,5-diazabicyclo [4 .3 .0 ]non-5- ene,
1 ,4-diazabicyclo [2 .2 . .2 ]octane, or 6-
(dibutylamino) - 1,8- diazabicyclo [5.4.0] undec-7-ene
. In another embodiment, the invention provides a
process for preparing the conjugate of formula (I),
wherein the trivalentphosphine is triphenylphosphine,
trimethylphosphine, triethylphosphine, tri (n-propyl)
phosphine, triisopropylphosphine, tri (n-butyl)
phosphine, methyl (diphenyl) phosphine, dimethyl
(phenyl) phosphine, 1,2-bis- (diphenylphosphino)
ethane, 1,3-bis- (diphenylphosphino) propane, 1
,4-bis- (diphenylphosphino) butane, 1 ,5-bis-
(diphenylphosphino) pentane, 1 , 6-bis-
(diphenylphosphino) hexane, (p-dimethylaminophenyl
)diphenylphosphine, diphenyl (2- pyridyl) phosphine,
tris (p-dimethylaminophenyl) phosphine, tbutyl 3-
(diphenylphosphino) propanoate, 2- (trimethylsilyl)
ethyl 4- (diphenylphosphino) benzoate, 1-
(diphenylphosphino) -4- (IH, IH, 2H,
2H-perfluorodecyl)benzene, di (4- (IH, IH, 2H, 2Hperf
luorooctyl) phenyl )phosphinobenzene, or any of the
previously listed on a polymer support. In another
embodiment, the invention provides a process for
preparing the conjugate of formula (I), wherein the
solvent is an aromatic solvent, chlorinated solvent,
or an ether solvent. In another embodiment, the
invention provides a process for preparing the
conjugate of formula (I), wherein the solvent
isbenzene, toluene, chlorobenzene, 1 ,
2-dichlorobenzene, dichloroinethane, 1
,2-dichloroethane, 1,1,2,2,- tetrachloroethane,
diethyl ether, bis (2~methoxyethyl) ether, bis
(2-ethoxyethyl) ether, 1 ,2-dimethoxyethane,
l,2-bis(2- methoxyethoxy) ethane, dioxane,
tetrahydropyran, or tetrahydrof uran . In another
embodiment, the invention provides a process for
preparing the conjugate of formula (I), wherein the
solvent is benzene, toluene, dichloromethane, diethyl
ether, or tetrahydrof uran. In a preferred embodiment,
the invention provides a process for preparing the
conjugate of formula (I), wherein the solvent is
dichloromethane or tetrahydrof uran. In another
embodiment, the invention provides a process for
preparing the conjugate of formula (I), wherein
wherein the azodicarbonyl compound is dimethyl
azodicarboxylate, diethyl azocarboxylate, diisopropyl
azodicarboxylate, di-tert-butyl azodicarboxylate,
dibenzyl azodicarboxylate, bis (2,2,2- trichloroethyl)
azodicarboxylate , diphenyl azodicarboxylate,
4-methyl- 3H-1, 2 ,4-triazole-3, 5 (4H) -dione, N ,N
,N', N'- tetramethyl azodicarboxamide ,
4,7-dimethyl-3, 5 ,7-hexahydro- 1,2,4, 7-tetrazocin-3
,8-dione, 1,1'- (azodicarbonyl) bis (piper idine) ,
1,1'- (azodicarbonyl) bis (4- methylpiperazine) , 4 ,
4 '- (azodicarbonyl) bis (morpholine) , or N ,N '-bis
(2~ (t-butoxy) -2-oxoethyl) azodicarboxamide. In
another embodiment, the invention provides a process
for preparing the conjugate of formula (I) f wherein
the azodicarbonyl compound is diethyl azocarboxylate,
diisopropyl azodicarboxylate, di-tert-butyl
azodicarboxylate, 1,1'- (azodicarbonyl)bis
(piperidine) , 4-methyl- 3H-1, 2 ,4-triazole- 3 ,5
(4H) -dione, or N ,N ,N ',N '-tetramethyl
azodicarboxamide. In preferred embodiment, the
invention provides a process for preparing the
conjugate of formula (I), wherein theoptional tertiary
amine additive triethylamine, Nethyldiisopropylamine,
or 4-dimethylaminopyridine . In another embodiment,
the invention comprises the process for preparing the
conjugate of formula (I), wherein the
trivalentphosphine is triphenylphosphine or tri
(nbutyl )phosphine . In another embodiment, the
invention provides a process for 



preparing the conjugate of formula (I), wherein q is 1
to 64. In another embodiment, the invention provides a
process for preparing the conjugate of formula (I),
wherein q is 1 to 32. In another embodiment, the
invention provides a process for preparing the
conjugate of formula (I), wherein q is 1 to 16. In
another embodiment, the invention provides a process
for preparing the conjugate of formula (I), wherein q
is 1 to 8 . In another embodiment, the invention
provides a process for preparing the conjugate of
formula (I), wherein q is 1 to 4 . As noted above,
this invention provides processes for the preparation
of conjugates of agricultural, therapeutic, and food
additive compounds. The conjugates comprise one or
more active compounds covalently attached to a polymer
at one or multiple sites, where the resulting
conjugates have the same type of activity as the
active compound. For example, if the attached active
compound itself is a VLA-4 antagonist, then the
conjugate is also a VLA-4 antagonist. In one aspect,
the active compounds and resulting conjugates are
compounds that inhibit leukocyte adhesion and, in
particular, leukocyte adhesion mediated, at least in
part, by a.4 integrins. The process of the instant
invention employs the "Mitsunobu" reaction, a
condensation reaction of alcohols with a nucleophile
in the presence of a trivalentphosphine, an
appropriate azodicarboxylate, and an optional tertiary
amine additive .In preferred reactions, a primary or
secondary alcohol substituent of at least one active
compound reacts with polymeric nucleophiles in the
presence of a trivalentphosphine, azodicarbonyl
reagent, and an optional tertiary amine additive, in
at least one solvent, to afford the conjugates. The
type of bond that may be formed by reacting a primary
or secondary alcohol substituent of an active compound
with a polymeric nucleophile are diverse; for example,
carbon-oxygen bonds, carbon-nitrogen bonds,
carbonsulfur bonds, and carbon-carbon bonds all may be
formed by reaction with the appropriate nucleophile as
recognized by one skilled in the art. Nucleophilic
functional groups that react with primary or secondary
alcohol substituents of active compounds include, for
example, carboxylic acids, phenols, b-ketoesters,
sulfonamides, trif luoroacetamides, arylthiols, a-
cyanoacetates, and the like. Other examples of
nucleophiles that can be utilized in the process of
the invention can be found in Organic Reactions, 1992,
42, 335-656, which is incorporated herein by reference
in its entirety. Examples of trivalentphosphines
include, but are not limited to, triphenylphosphine,
trimethylphosphine, triethylphosphine, tri (n-propyl)
phosphine, triisopropylphosphine, tri (n-butyl)
phosphine, methyl (diphenyl) phosphine, dimethyl
(phenyl) phosphine, 1,2-bis- (diphenylphosphino)
ethane, 1 ,3-bis- (diphenylphosphino) propane,
1,4-bis- (diphenylphosphino) butane, 1,5-bis-
(diphenylphosphino) pentane, 1 , 6-bis-
(diphenylphosphino) hexane, (p-dimethylaminophenyl)
diphenylphosphine, diphenyl (2- pyridyl )phosphine,
tris (p-dimethylaminophenyl) phosphine, tbutyl 3-
(diphenylphosphino) propanoate, 2- (trimethylsilyl)
ethyl 4- (diphenylphosphino) benzoate, 1-
(diphenylphosphino) -4- (IH, IH, 2H,
2H-perfluorodecyl) benzene, di (4- (IH, IH, 2H, 2Hperf
luorooctyl) phenyl) phosphinobenzene, and any of
thepreviously listed phosphines covalently bonded to a
polymer support. A preferred trivalentphosphines are
triphenylphosphine and tri (n-butyl) phosphine . The
azodicarbonyl reagents are generally esters or amides
of azodicarboxylic acids, and include, but are not
limited to, dimethyl azodicarboxylate, diethyl
azocarboxylate, diisopropyl azodicarboxylate,
di-tert-butyl azodicarboxylate, dibenzyl
azodicarboxylate, bis (2, 2 ,2-trichloroethyl)
azodicarboxylate , diphenyl azodicarboxylate,
4-methyl- 3H-1, 2 ,4-triazole- 3 ,5 (4F) -dione, N ,N
,N ',N '-tetramethyl azodicarboxamide , 4,7-
dimethyl-3, 5 ,7-hexahydro-l ,2 , 4 ,7-tetrazocin-3,
8-dione, 1,1'- (azodicarbonyl) bis (piper idine) ,
1,1'- (azodicarbonyl) bis (4- methylpiperazine) , 4,4
'- (azodicarbonyl) bis (morpholine) , N ,N'- bis (2-
(t-butoxy) -2-oxoethyl) azodicarboxamide, bis (5-
norbornen-2-ylmethyl) azodicarboxylate, bis (IH, IH,
2H, 2Hperf luorodecyl) azodicarboxylate, bis (IH, IH,
2H, 2Hperfluorooctyl) azodicarboxylate, bis (IH, IH,
2H, 2H, 3H, 3Hperf luorononyl ) azodicarboxylate, and
any of the previously listed azodicarbonyl compounds
covalently bonded to a polymer support. Preparation of
conjugates of the invention utilizing related reaction
conditions include use of reagents which activate
primary and secondary alcohols toward reaction with
nucleophiles through the proposed formation of an
alkoxyphosphonium intermediate which is common to all
of these methods. Such reagents include
cyanomethylenetrimethylphosphorane and
cyanomethylenetributylphosphorane (Tsunoda et al.,
Tetrahedron Lett., 1994, 35, 5081-2; Tsunoda et al .,
Tetrahedron Lett., 1996, 37, 2459-62; Sakamoto et al.,
Chem. Pharm. Bull., 2003, 51, 474-6), bis
(triphenylphosphonio) oxide bis
(trifluoromethanesulfonate) (Elson et al., Org.
Biomol. Chem., 2003, 1 , 2958-65), 3 ,
3-dimethyl-5-(triphenylphosphonio) -1, 2
,5-thiadiazolidin-2-ide 1 , 1-dioxide (Castro et al.,
J . Org. Chem. , 1994, 59, 2289-91), dimethyl
tributylphosporanylidenemalonate (McNulty et al., J .
Org. Chem., 2003, 68, 1597-600), and any of the
previously listed on a polymer support. Definitions
The term "active compound" as used herein, means any
therapeutic, agricultural, or food additive compound
that exhibits a beneficial pharmacodynamic effect when
administered to a human or animal . Examples of active
compounds include VLA-4 antagonists as defined herein.
The term "aliphatic" as used herein, means any group
containing an alkyl, alkenyl, or alkynyl group as
defined herein . The term "alkanoyl" as used herein,
means an alkyl group, as defined herein, appended to
the parent molecular moiety through a carbonyl group,
as defined herein. Representative examples of alkanoyl
include, but are not limited to, acetyl, 1-oxopropyl,
2 ,2-dimethyl-l-oxopropyl, 1-oxobutyl, and 1-
oxopentyl . The term "alkenyl" as used herein, means a
straight or branched chain hydrocarbon containing at
least one carboncarbon double bond. Representative
examples of alkenyl include, but are not limited to,
ethenyl, 2-propenyl, 2- methyl-2-propenyl, 3-butenyl,
4-pentenyl, and 5-hexenyl. The term "alkoxy" as used
herein, means an alkyl grot p , as defined herein,
appended to the parent molecular moiety through an
oxygen atom. Representative examples of alkoxy
include, but are not limited to, methoxy, ethoxy,
n-propoxy, 2-propoxy, n-butoxy, tert-butoxy,
n-pentyloxy, and n-hexyloxy. The term "alkoxycarbonyl"
as used herein, means an alkoxy group, as defined
herein, appended to the parent molecularmoiety through
a carbonyl group, as defined herein. Representative
examples of alkoxycarbonyl include, but are not
limited to, methoxycarbonyl, ethoxycarbonyl, and
tertbutoxycarbonyl . The term "alkyl" as used herein,
means a straight or branched chain hydrocarbon.
Representative examples of alkyl include, but are not
limited to, methyl, ethyl, n-propyl, isopropyl,
n-butyl, sec-butyl, iso-butyl, tert-butyl, n-pentyl,
isopentyl, and neopentyl. The term "alkylaryl" as used
herein, means an alkyl group, as defined here,
covalently bonded to the parent molecular moiety
through an aryl group, as defined herein. The term
"alkylene oxide" as used herein, means a heterocycle,
as defined herein, wherein only one oxygen is 



present. The heterocycle may be saturated or
unsaturated, but not aromatic. Examples of alkylene
oxides include, but are not limited to, ethylene
oxide, propylene oxide, 2- butyloxirane, 2
,3-diethyloxirane, oxetane, 2-methyloxetane,
tetrahydrofuran, 2 ,3-dihydropyran, and
tetrahydropyran. The term "alkylene glycol" as used
herein, means an alkyl diol. Examples of alkylene
glycols include, but are not limited to, ethylene
glycol, propylene glycol, 1 , 4-butanediol, 1
,5-pentanediol, 1 , 6-hexanediol, and 1 ,2-hexanediol
. The term "alkynyl" as used herein, means a straight
or branched chain hydrocarbon group containing at
least one carbon-carbon triple bond. Representative
examples of alkynyl include, but are not limited, to
acetylenyl, 1-propynyl, 2- propynyl, 3-butynyl,
2-pentynyl, and 1-butynyl. The term "antagonist" as
used here in, means a compound capable of eliciting a
pharmacodynamic effect, in vivo or in vitro, through
inhibition of the normal physiological function of a
biological receptor in a competitive or
non-competitive fashion.The term "aroyl" as used
herein, means an aryl group, as defined herein,
appended to the parent molecular moiety through a
carbonyl group, as defined herein. Representative
examples of aroyl include, but are not limited to,
benzoyl and naphthoyl. The term "aryl," as used
herein, means phenyl or a "bicyclic aryl" or a
"tricyclic aryl". The "bicyclic aryl" is naphthyl, or
a phenyl fused to a cycloalkyl, or a phenyl fused to a
cycloalkenyl . The bicyclic aryl is attached to the
parent molecular moiety through any carbon atom
contained within the bicyclic aryl. Representative
examples of the bicyclic aryl include, but are not
limited to, dihydroindenyl, indenyl, naphthyl,
dihydronaphthalenyl , and tetrahydronaphthalenyl . The
"tricyclic aryl" is anthracene or phenanthrene, or a
bicyclic aryl fused to a cycloalkyl, or a bicyclic
aryl fused to a cycloalkenyl, or a bicyclic aryl fused
to a phenyl. The tricyclic aryl is attached to the
parent molecular moiety through any carbon atom
contained within the tricyclic aryl. Representative
examples of tricyclic aryl ring include, but are not
limited to, dihydroanthracenyl, fluorenyl, and
tetrahydrophenanthrenyl . The term "arylalkoxy" as
used herein, means an aryl group, as defined herein,
appended to the parent molecular moiety through an
alkoxy group, as defined herein. The aryl group is
bonded to the alkoxy group through any carbon in the
alkyoxy group and the parent molecule is bonded to the
substituent through the oxygen terminus. Examples of
arylalkoxy groups include, but are not limited to,
benzyloxy, naphth-2-ylmethoxy, and 9-Fluorenylmethoxy
. The term "arylalkoxycarbonyl" as used herein, means
an arylalkoxy group, as defined herein, appended to
the parent moleci lar moiety through a carbonyl group,
as defined herein. Representative examples of
arylalkoxycarbonyl include, but arenot limited to,
benzyloxycarbonyl, naphth-2-ylmethoxycarbonyl and
9-fluorenylmethoxycarbonyl . The term "carbonyl" as
used herein, means a -C(O)- group. The term "cyclic"
as used herein, means any aryl, heteroaryl,
cycloalkyl, and heterocycle as defined herein. The
term "cycloalkanoyl" as used herein, means cycloalkyl
group, as defined herein, appended to the parent
molecular moiety through a carbonyl group, as defined
herein. Representative examples of cycloalkanoyl
include, but are not limited to, cyclopropylcarbonyl,
2-cyclobutylcarbonyl, and cyclohexylcarbonyl . The
term "cycloalkyl," as used herein, refers to a
saturated monocyclic, bicyclic, or tricyclic
hydrocarbon ring system having three to fourteen
carbon atoms and zero heteroatoms. Representative
examples of cycloalkyl groups include, but are not
limited to, cyclopropyl, cyclopentyl, bicyclo [3 .1 .1
]heptyl, and adamantyl. The term "end group" as used
herein, means the entity covalently bonded at the
termini of a polymer, as defined herein. The term
"halo" or "halogen" as used herein, means -Cl, - Br,
-I or -F. The term "haloalkyl" as used herein, means
at least one halogen, as defined herein, appended to
the parent molecular moiety through an alkyl group, as
defined herein. Representative examples of haloalkyl
include, but are not limited to, chloromethyl,
2-fluoroethyl, trif luoromethyl, 2 ,2 ,2-trif
luoroethyl, pentaf luoroethyl, and 2-chloro-3-
fluoropentyl . The term "heteroaroyl" as used herein,
means a heteroaryl group, as defined herein, appended
to the parent molecular moiety through a carbonyl
group, as defined herein. Representative examples of
heteroaroyl include, but are not limited to,
fur-3-ylcarbonyl, lH-imidazol-2-ylcarbonyl,
IHimidazol-4-ylcarbonyl, pyridin-3-ylcarbonyl,
pyridin-4- ylcarbonyl, pyrimidin-5-ylcarbonyl,
pyrimidin-2-ylcarbonyl, thien-2-ylcarbonyl, and
thien-3-ylcarbonyl . The term "heteroaryl, " as used
herein, means a "monocyclic heteroaryl" or a "bicyclic
heteroaryl." The "monocyclic heteroaryl" is a 5 or 6
membered ring. The 5 membered ring consists of two
double bonds and one, two, three or four nitrogen
atoms and optionally one oxygen or sulfur atom. The 6
membered ring consists of three double bonds and one,
two, three or four nitrogen atoms. The 5 or 6 membered
heteroaryl is connected to the parent molecular moiety
through any carbon atom or any nitrogen atom contained
within the heteroaryl. Representative examples of
monocyclic heteroaryl include, but are not limited to,
furyl, imidazolyl, isoxazolyl, isothiazolyl,
oxadiazolyl, oxazolyl, pyridinyl, pyridazinyl,
pyrimidinyl, pyrazinyl, pyrazolyl, pyrrolyl,
tetrazolyl, thiadiazolyl, thiazolyl, thienyl,
triazolyl, and triazinyl. The "bicyclic heteroaryl"
consists of a monocyclic heteroaryl fused to a phenyl,
or a monocyclic heteroaryl fused to a cycloalkyl, or a
monocyclic heteroaryl fused to a cycloalkenyl, or a
monocyclic heteroaryl fused to a monocyclic
heteroaryl. The bicyclic heteroaryl is connected to
the parent molecular moiety through any carbon atom or
any nitrogen atom contained within the bicyclic
heteroaryl. Representative examples of bicyclic
heteroaryl include, but are not limited to,
benzimidazolyl, benzofuranyl, benzothienyl,
benzoxadiazolyl, cinnolinyl, dihydroquinolinyl,
dihydroisoquinolinyl, furopyridinyl, indazolyl,
indolyl, isoquinolinyl, naphthyridinyl, quinolinyl,
tetrahydroquinolinyl, and thienopyridinyl . The term
"heterocycle" or "heterocyclic" as used herein, means
a "monocyclic heterocycle" or a "bicyclic heterocycle"
or a "tricyclic heterocycle." The "monocyclic
heterocycle" is a 3 , 4 , 5 , 6 or 7 membered ring
containing at least oneheteroatom independently
selected from the group consisting of 0 , N , and S .
The 3 or 4 membered ring contains 1 heteroatom
selected from the group consisting of 0 , N and S .
The 5 membered ring contains zero or one double bond
and one, two or three heteroatoms selected from the
group consisting of 0 , N and S . The 6 or 7 membered
ring contains zero, one or two double bonds and one,
two or three heteroatoms selected from the group
consisting of 0 , N and S . The monocyclic heterocycle
is connected to the parent molecular moiety through
any carbon atom or any nitrogen atom contained within
the monocyclic heterocycle. Representative examples of
monocyclic heterocycle include, but are not limited
to, azetidinyl, azepanyl, aziridinyl, diazepanyl, 1
,3-dioxanyl, 1 ,3-dioxolanyl, 1 ,3-dithiolanyl, 1
,3-dithianyl, imidazolinyl, imidazolidinyl,
isothiazolinyl, isothiazolidinyl, isoxazolinyl,
isoxazolidinyl, raorpholinyl, oxadiazolinyl,
oxadiazolidinyl, oxazolinyl, oxazolidinyl,
piperazinyl, piperidinyl, pyranyl, pyrazolinyl,
pyrazolidinyl, pyrrolinyl, pyrrolidinyl,
tetrahydrofuranyl, tetrahydrothienyl, 



thiadiazolinyl, thiadiazolidinyl, thiazolinyl,
thiazolidinyl, thiomorpholinyl, 1 ,
1-dioxidothiomorpholinyl (thiomorpholine sulfone) ,
thiopyranyl, and trithianyl. The "bicyclic
heterocycle" is a monocyclic heterocycle fused to a
phenyl group, or a monocyclic heterocycle fused to a
cycloalkyl, or a monocyclic heterocycle fused to a
cycloalkenyl, or a monocyclic heterocycle fused to a
monocyclic heterocycle, or a monocyclic heterocycle
fused to a monocyclic heteroaryl. The bicyclic
heterocycle is connected to the parent molecular
moiety through any carbon atom or any nitrogen atom
contained within the bicyclic heterocycle.
Representative examples of bicyclic heterocycle
include, but are not limited to, 1,3-benzodioxolyl, 1
, 3-benzodithiolyl, 2,3-dihydro-l, 4- benzodioxinyl, 2
,3-dihydro-l-benzofuranyl, 2 ,3-dihydro-lbenzothienyl,
2 ,3-dihydro-lH-indolyl, and1,2,3
,4-tetrahydroquinolinyl . The tricyclic heterocycle is
a bicyclic heterocycle fused to a phenyl, or a
bicyclic heterocycle fused to a cycloalkyl, or a
bicyclic heterocycle fused to a cycloalkenyl, or a
bicyclic heterocycle fused to a monocyclic
heterocycle, or a bicyclic heterocycle fused to a
monocyclic heteroaryl. The "tricyclic heterocycle" is
connected to the parent molecular moiety through any
carbon atom or any nitrogen atom contained within the
tricyclic heterocycle. Representative examples of
tricyclic heterocycle include, but are not limited to,
2 , 3 ,4,4a, 9 , 9a-hexahydro-lHcarbazolyl, 5a, 6 , 7
, 8 , 9 , 9a-hexahydrodibenzo [b, d ]furanyl, and 5a,
6 ,7,8,9 , 9a-hexahydrodibenzo [b, d ]thienyl . The
term "heterocycloyl" as used herein, means a
heterocycle, as defined herein, appended to the parent
molecular moiety through a carbonyl group, as defined
herein. The heterocycle may be bonded to the carbonyl
at any carbon or heteratom contained in the
heterocycle. The term "hub molecule" used herein,
means a molecule that covalently bonds two polymer,
oligomer, and/or monomer portions to them.
Non-limiting examples of such hub molecules are
ethylene glycol, propylene glycol, a,w-alkyl diols,
phthalic acid, isophthalic acid, terphthalic acid,
succinic acid, malonic acid, maleic acid, adipic acid,
a,w-alkyl dioic acids, acetylene dicarboxylic acid.
Further encompassed are "branched-arm hub molecules"
wherein included are molecules that covalently bond
three or more polymer, oligomer, and/or monomer
portions to them. Example of branched-arm hubs
molecules include, but are not limited to, glycerol
(1,2,3- propanetriol) , pentaerythitol, 1 , 2
,4-benzenetriol, glucose (in its pyranose form) ,
ethylenediamine tetraacetic acid, amino acids, 3- or
4-aminosalicylic acid, 1 , 3 ,5-benzene tricarboxylic
acid, 1 ,3-diamino-2-hydroxypropane, glucosamine,
sialic acid, and dendrimers, as defined herein. _ J
IThe term "monomer" as used herein, means any
individual molecule that may be used in the
preparation of a polymer that becomes part of the
polymer repeating unit. Examples of monomers include,
but are not limited to, methyl methacrylate, methyl
acrylate, acrylonitrile, acrylic acid, N ,N,-
dimethylacrylamide, styrene, maleic anhydride,
epichlorohydrin, vinyl chloride, vinyl acetate,
caprolactone, caprolactam, ethylene glycol, ethylene
oxide, propylene glycol, propylene oxide,
tetrahydrofuran, 1 , 6-diaminohexane, 1,6-hexanedioic
acid, 1,6-hexanedioyl chloride, 2-ethyl-l,3- oxazole,
ethylenediamine, hydroquinone, 1 , 4-diacetoxybenzene,
1,4-diiodobenzene, 1 ,4-diethynylbenzene, phthalic
anhydride, terephthalic acid, isophthalic acid,
terephthaloyl chloride, perf luorobiphenyl, and
norbornene. The term "nucleophile" as used herein,
means a reagent which brings a pair of electrons to a
substrate. The term "nucleophilic" as used herein,
means either a reaction wherein a reagent brings a
pair of electrons to a s bstrate or a reagent or
functional group capable as reacting as a nucleophile,
as defined herein. The term "PEG" as used herein,
refers to poly (ethylene glycol) . The term "mPEG" or
"m-PEG" as used herein, refers to poly (ethylene
glycol) mono methyl ether. The term "oligomer" as used
herein, means a macromolecule composed of monomers, as
defined herein, wherein fewer than 10 monomers
comprise the macromolecule. The term "polymer" as used
herein, refers to biocompatible, water-soluble,
substantially non-immunogenic macromolecules formed
from multiple monomers, typically, greater than 10
monomers, as defined herein. Preferably, the polymer
is non-ionic and biocompatible as measured by lack of
toxicity at the molecular weights and dosages used.
Examples of suitable polymers include, but are not
limited to,poly (ethylene glycol), poly(vinyl
alcohol), poly(allyl amine), poly (4-hydroxystyrene) ,
dextran, cellulose, poly (L-aspartic acid), poly
(L-lysine) , poly (L-glutamic acid), and poly (N- (2-
hydroxypropyl) methacrylamide) . Further encompassed
in the term "polymer" are "co-polymers," "graft-" or
"comb-polymers," "star polymers," "hyperbranched
polymers," and "dendritic polymers" or "dendrimers ."
A polymer may be composed from only one type of
monomer or a combination of two or more monomers. In
the former case, the polymer may be atactic,
syndiotactic, or isotactic. In the latter case, a
"co-polymer" is formed, which may be a random,
alternating, "block", or "multi-block co-polymer". A
"block co-polymer" consists of one terminus of each of
two individual polymers covalently bonded to one
another; the two polymers may alternatively be joined
by covalent bonding through a hub molecule, as defined
herein. A "multi-block co-polymer" consists of
individual polymers connected at their termini in
series directly to one another, or through a hub
molecule, so as to form a linear macromolecule; each
individual polymer may be the same or different. In
the case of block- and multi-block co-polymers, each
individual polymer therein may be atactic,
syndiotactic, or atactic. Examples of co-polymers and
block co-polymer include the commercially available
poly (styrene-co-maleic anhydride), poly
(divinylether-co-maleic anhydride), bis [poly
(ethylene glycol)] adipate diol, bis [poly (ethylene
glycol) lphthalate diol, and the like. Another class
of polymer encompassed herein are "graft-" or
"comb-polymers," wherein one or more polymer is
covalently bonded to a second polymer at one or more
locations along the first polymer chain, as are
familiar to those skilled in the art. For example,
poly (poly (ethylene glycol mono methyl ether)
methacrylate) is a graft- or comb- polymer, wherein
poly (ethylene glycol mono methyl ether) polymers are
covalently bonded to a poly (methacrylic acid)
polymer. Theterm also encompasses "star polymers,"
wherein 3 or more polymers are connected to a
branched-arm hub molecule, as defined herein; each
polymer of the star polymer may be the same or
different. Example of star polymers include, but are
not limited to, glycerol tris [poly (ethylene glycol)]
ether, pentaerythriol tetrakis [poly (ethylene
glycol)] ether, and hexaglycerol hexakis [poly
(ethylene glycol)] ether. The term also encompasses
"dendritic polymers" or "dendrimers" which are
polymers prepared through iterative chemical reactions
starting from a branched-arm hub or hub molecule as
defined herein. Alternatively, dendrimers may be
moieties prepared though covalent bonding of
individual dendrimers to a branched-arm hub or hub
molecule; in this case, the same or one or more
different dendrimers may be used. Examples of
appropriate dendrimers include, but are not limited
to, PAMAM (polyamido amine) and poly (propyleneimine)
dendrimers. Further included are "hyperbranched
polymers," wherein multiple, random branch points
exist in a polymer, due to 3 or more reactive sites
present in one or more monomer used in their
preparation. For example, addition of 1,3,5-
benzenetricarboxylic acid in the preparation of a poly
(ester) will result in formation of a hyperbranched
poly(ester). 



The term "poly (oxyalkylene) s " as used herein, means
polymers, as defined herein, composed from alkylene
oxide or alkylene glycol monomers, as defined herein.
Examples of poly (oxyalkylene) s include, but are not
limited to poly (ethylene glycol), poly (propylene
glycol), poly (isopropylene glycol), poly
(tetrahydrofuran) , poly (ethylene oxide), poly
(propylene oxide), and the like. The term "polymeric
nucleophile" as used herein, means a polymer, as
defined herein, containing nucleophiles, as defined
herein, as either part of the polymer backbone, part
of a side group, end group, or any combination of the
preceding, as defined herein. Examples of
polymericnucleophiles include PEG bis-N- (p-tolyl)
sulfonamide, PEG bis (succinamic acid), poly
(4-hydroxystyrene) , and poly (acrylic acid) . The
term "PPG" as used herein, means poly (propylene
glycol) . The term "primary alcohol" as used herein,
means any compound containing an -OH functional group,
wherein the carbon atom, to which the oxygen is
bonded, itself is singly bonded to only one other
substituent that is not hydrogen. Examples of primary
alcohols include, but are not limited to, methanol,
ethanol, n-propanol, benzyl alcohol,
tetrahydrofurfuryl alcohol, cyclopropylmethanol, 2-
thiopheneraethanol, 2-methyl-l-propanol, and 2
,2-dimethyl-lpropanol . The term "primary amine" as
used herein, means any compound containing an -NH2
functional group. Examples of primary amines include,
but are not limited to, methylamine, n-propylamine,
cyclohexylamine, aniline, isopropylamine, and
2-aminopyridine . The term "secondary alcohol" as used
herein, means any compound containing an -OH
functional group, wherein the carbon atom, to which
the oxygen is bonded, itself is singly bonded to only
two other substituents that are not hydrogen. The
carbon to which the oxygen is bonded may be part of a
cycloalkyl or heterocycloalkyl, as defined herein.
Examples of secondary alcohols include isopropanol,
2-butanol, 2- pentanol, 3-pentanol, cyclopropanol,
cyclohexanol, 4-hydroxy- 1-methylpiperidine,
1-phenylethanol, and l-(2- naphthyl) ethanol . The
term "side group" as used herein, refers to any
chemical entity covalently bonded via a single bond to
a polymer chain. The term "tertiary amine" as used
herein, means any compound containing nitrogen,
wherein the nitrogen itselfmakes only three single
bonds to substituents that are not hydrogen. The
nitrogen may endo- or exocyclic, but not part of an
amide, imide, sulfonamide, or sulfinamide. Examples of
tertiary amines include triethylamine,
Nethyldiisopropylamine, tricyclohexylamine,
N-methylmorpholine, N-methylpiperidine, pyridine,
pyrazine, pyrimidine, triethanolamine, and N ,
N-dimethylaniline . Conjugate Preparation For clarity,
the following schemes for preparation of polymeric
nucleophiles and active compound conjugates are
illustrated using m-PEG and m-PEG-NH 2 as starting
materials. Those skilled in the art will recognize
that any -OH or -NH2 containing polymer may be
utilized in place of m-PEG-OH or m- PEG-NH 2. In
addition, those skilled in the art will recognize that
multiple functional groups may be present in any
polymer which may be used according to the methods of
the invention.Scheme 1 In Schemes 1-5, n is dependent
on the molecular weight of the polymer, P is a
protecting group, and R is any functional group which
does not interfere with the required reactivity, as
recognized by one skilled in the art. Examples of
polymeric nucleophiles of the invention may be
prepared according to methods outlined in Scheme 1.
Starting with a polymer with a primary amine
functional group, as part of an end group or side
group, reaction with a functionalized sulfonyl
chloride gives a sulfonamide of structure Nu-I. Any
functionality may be present on the sulfonyl chloride
which does not interfere with the reaction as stated.
Examples of appropriate sulfonyl chlorides include
alkyl-, cycloalkyl-, aryl, and heteraryl sulfonyl
chlorides, each of which may be furtherfunctionalized
in s ch a way that does not interfere with the
required reactivity. Examples of alkylsulf onyl
chlorides which may be used according to the invention
include 1-butanesulf onyl chloride, 5 1-hexanesulf
onyl chloride, 1-Propanesulfonyl chloride, 2,2,2- trif
luoroethanesulf onyl chloride, isobutanesulf onyl
chloride, 2-propanesulf onyl chloride, 3- [2, 5-bis
(bromomethyl )-4- methoxyphenoxy] -1-propanesulf onyl
chloride , 3- (4- methoxyphenoxy) -1-propanesulfonyl
chloride, - phenylmethanesulf onyl chloride ,
ethanesulfonyl chloride, methanesulfonyl chloride,
nonaf luoro-1-butanesulfonyl chloride,
trichloromethanesulf onyl chloride, and trif
luoromethanesulf onyl chloride . Examples of
cycloalkylsulfonyl chlorides which may be used
according to the invention include
cyclopropanesulfonyl chloride, and 10-camphorsulf onyl
chloride. Examples of arylsulfonyl chlorides suitable
for use in this invention include, but are not limited
to, benzenesulf onyl chloride, 1-naphthalenesulf onyl
chloride, 2- 20 naphthalenesulfonyl chloride,
p-toluenesulfonyl chloride, otoluenesulf onyl
chloride, 4-acetamidobenzenesulfonyl chloride,
4-tert-butylbenzenesulfonyl chloride,
4-bromobenzenesulfonyl chloride,
2-carboxybenzenesulfonyl chloride, 4- cyanobenzenesulf
onyl chloride, 3 ,4-dichlorobenzenesulfonyl 25
chloride, 3 ,5-dichlorobenzenesulfonyl chloride, 3,4-
dimethoxybenzenesulfonyl chloride, 3,5- di
(trifluoromethyl) benzenesulfonyl chloride, 4-
fluorobenzenesulf onyl chloride,
4-methoxybenzenesulfonyl chloride,
2-methoxycarbonylbenzenesulf onyl chloride, 4- 30
methylamidobenzenesulf onyl chloride,
4-nitrobenzenesulfonyl chloride, 4-trif
luoromethyl-benzenesulfonyl chloride, 4- trif
luoromethoxybenzenesulfonyl chloride, 2,4,6-
trimethylbenzenesulfonyl chloride,Examples of
heteroaryl sulfonyl chlorides which may be used
according to the invention include 2-thiophenesulfonyl
chloride, 5-chloro-2~thiophenesulfonyl chloride, 2
,5-dichloro- 4-thiophenesx lfonyl chloride,
2-thiazolesulfonyl chloride, 2-
methyl-4-thiazolesulfonyl chloride, l-methyl-4-
imidazolesulfonyl chloride,
l-methyl-4-pyrazolesulfonyl chloride, 5-chloro-l
,3-dimethyl-4-pyrazolesulf onyl chloride,
3-pyridinesulfonyl chloride, 2-pyrimidinesulfonyl
chloride and the like. If desired, a sulfonyl
fluoride, sulfonyl bromide, or sulfonic acid anhydride
may be used in place of the sulfonyl chloride in the
above reaction. Scheme 2 The number of nucleophiles
attached to a polymer can be amplified by reaction of
a primary amine end group or side group with a
N-sulfonyl aziridine, as illustrated in Scheme 2 . The
amine can react with two equivalents of the N-sulfonyl
aziridine to yield up to a two-fold increase in
available Nsulfonamide nucleophiles for reaction with
active compounds. Examples of appropriate N-sulfonyl
aziridines include, but are not limited to, 1-
(benzylsulf onyl) aziridine, 1- (ptosyl) aziridine, 1-
(phenylsi lfonyl) aziridine, methylsulf onylaziridine,
1- (n-butylsulf onyl) aziridine, and the like.
Polymeric nucleophiles containing N-trif luoroacetyl
groups, such as Nu-2 in Scheme 1 , may be prepared by
treating an amine functionalized polymer with trif
luoroacetic anhydride or trif luoroacetyl chloride.
Polymeric nucleophiles containing phenol groups, such
as Nu-3 in Scheme 1 may be prepared by a coupling an
amine functionalized polymer with a protected
hydroxybenzoic acidunder dehydrating conditions using
coupling agents such as dicyclohexylcarbodiimide (DCC)
, diisopropylcarbodiimide (DIC) , 



N- (3-dimethylaminopropyl )-N' -ethylcarbodiimide
(EDC), Ncyclohexyl- N' - (2-morpholinoethyl)
carbodiimide metho-ptoluenesulfonate (CMC) ,
diethylazodicarboxylate (DEAD) and triphenylphosphine,
benzotriazol-1- yloxy) tris (dimethylamino)
phosphonium hexaf luorophosphate (BOP) , O-
(benzotriazol-1-yl) -N, N ,N ',W-tetramethyluronium
hexafluorophosphate (HBTU), O- (benzotriazol-1-yl)
-IV, ZV, W ,ZV' - tetramethyluronium tetraf
luoroborate (TBTU), O- (7- azabenzotriazol-1-yl) -N, N
,N ',ZV '-tetramethyluronium hexafluorophosphate
(HATU), O- (benzotriazol-1-yl) -ZV, N ,N ',W - bis
(tetramethylene) ronium hexafluorophosphate (HBPyU),
(benzotriazol-1-yloxy) dipiperidinocarbenium
hexafluorophosphate (HBPipU) ,
bromotripyrrolidinophosphonium hexafluorophosphate
(PyBroP) , O- (3, 4-dihydro-4-oxo-l, 2 ,3-
benzotriazin-3-yl )-N, N ,N ',N '-tetramethyluronium
tetrafluoroborate (TDBTU), O- (2-oxo-l (2H) pyridyl)
-N, N ,N ',N '- tetramethyluronium tetrafluoroborate
(TPTU), 0- (1, 2-dihydro-2- oxo-1 -pyridyl )-N, N ,N
',N '-bis (tetramethylene) uronium hexafluorophosphate
(HPPyU) , 0- [(ethoxycarbonyl) cyanomethylenamino] -N,
N N ',Wtetramethyluronium tetrafluoroborate (TOTU) ,
bromotris (dimethylamino) phosphonium
hexafluorophosphate (BroP),
chlorotripyrrolidinophosphonium hexafluorophosphate
(PyCIoP), chlorodipyrrolidinocarbenium
hexafluorophosphate (PyClU),
chloro-dipiperidinocarbenium hexafluorophosphate
(PipCIU) , chloro-N, N ,N ' ,N' -bis (tetramethylene)
formamidinium tetrafluoroborate, 2-chloro-l
,3-dimethylimidazolidinium hexafluorophosphate,
2-chloro-l ,3-imidazolidinium tetrafluoroborate, S-
(l~oxido-2 -pyridyl) -N, N ,N 'N '-
tetramethylthiuronium tetrafluoroborate (TOTT), 1-
hydroxybenzotriazole (HOBt) ,
l-hydroxy-7-azabenzotriazole (HOAt) , and the like, in
the presence of a tertiary amine, toform the amide.
Useful tertiary amines include, but are not limited
to, triethylamine, ethyldiisopropylamine, and N
,Ndimethylaminopyridine . Appropriate protecting
groups include, but are not limited to, t-butyl and
benzyl. Removal of the alcohol protecting group under
conditions familiar to those skilled in the art,
yields the nucleophilic polymer containing phenol
groups, as illustrated by Nu-3 in Scheme 1 .
Analogously, polymeric nucleophiles containing
thiophenol groups, such as Nu-4 in Scheme 1 , may be
prepared by a coupling an amine functionalized polymer
with a protected mercaptobenzoic acid under
dehydrating conditions to form the amide. A s shown in
Scheme 1 , 4 , 4 '-dithiodibenzoic acid may be used,
wherein the dithio linkage acts as a protecting group
for the thiophenol. Alternatively, a protected
mercaptobenzoic acid may be used, for example, 4-
(tert-butylthio) benzoic acid. Removal of the thiol
protecting group, under conditions familiar to those
skilled in the art, or reduction of the dithio
intermediate with dithiothreitol (DTT) ,
dithioerythreitol (DET), 2-metcaptoethanol, reduced
glutathione (GSH), tris (2-carboxyethyl) phosphine,
tributylphosphine, 2 ,3-dihydrolipoic acid, 2,3-
dimercaptopropanol (British anti-Lewisite, BAL), 2,3-
dimercapto-1-propanesulfonate, sodium borohydride, or
the like, yields the nucleophilic polymer containing
thiophenol groups, as illustrated by Nu-4 in Scheme 1
. Polymeric nucleophiles containing N- (alpha-cyano
acetyl) groups, such as Nu-5 in Scheme 1 , may be
prepared by a coupling an amine functionalized polymer
with cyanoacetic acid under dehydrating conditions to
form the amide. Polymeric nucleophiles containing
carboxylic acid groups, such as Nu-6 in Scheme 1 , may
be prepared by reaction of a cyclic anhydride with an
amine functionalized polymer, to yield carboxamic acid
groups. Appropriate cyclic anydrides include, but are
not limited to, succinic anhydride, 3-oxabicyclo
[3.1.0] hexane-2, 4-dione, 3 ,3-tetramethyleneglutaric
anhydride, 1 ,2-cyclohexanedicarboxylic anhydride,
diglycolic anhydride, () -camphoric acid anhydride,
1-cyclopentene-l, 2- dicarboxylic anhydride, 2
,2-dimethylglutaric anhydride, 2,2- dimethylsuccinic
anhydride, 2 ,3-dichloromaleic anhydride, 2,3-
diethylmaleic anhydride , 2 ,3-diphenylmaleic
anhydride, maleic anhydride, bicyclo [2.2.1]
hept-5-ene-2 ,3-dicarboxylic anhydride, 1
,2-cyclohexanedicarboxylic anhydride, glutaric
anhydride, and hexaf luoroglutaric anhydride. Scheme 3
As illustrated in Scheme 3 , polymeric nucleophiles of
the invention may also be prepared starting with an
alcohol functionalized polymer, such as mPEG or poly
(vinyl alcohol). According to conditions similar to
those described in Scheme 1 for the preparation of
Nu-3 through Nu- 6 , analogous polymeric nucleophiles
Nu-7 through Nu-IO may be prepared, to yield ester
linkages to the polymer rather than amides. Nu-Il, in
Scheme 3 , may be prepared with an alcohol and
N-sulfonylaziridine t o introduce a N-sulf onamide
nucleophile . Unlike the example of Nu-Ia i n Scheme
2, the alcohol can only react with one eq i val ent of
N-sulfonyl aziridine, therefore, no nucleophile
amplification i s possible . Scheme 4 Conjugation of
primary or secondary alcohol of active compounds of
formula (Ib) with polymeric nucleophiles of formula
(Ic) is ultimately accomplished through the
utilization of "Mitsunobu" or related conditions, as
are familiar those who are skilled in the art, as
illustrated in Scheme 4 . "Mitsunobu" reaction
conditions comprise a trivalentphosphine,
azodicarbonyl compound, and optionally, a tertiary
amine, to accomplish a dehydrative bond forming
reaction. The nucleophile, such as (Ic), used in a
"Mitsunobu" reaction must contain a hydrogen whose pKa
is less than 13 to be active under the reaction
conditions. Preferably, the pKa of the hydrogen is
less than 11. Through use of "Mitsunobu" conditions,
conjugates of formula (I) are prepared.Scheme 5 As
illustrated in Scheme 5 , any of a variety of bond may
be formed using the "Mitsunobu" reaction a polymeric
nucleophile, and an alcohol subsituent of an active
compound, A . Using the polymeric nucleophile Nu-I and
Nu-3 through Nu-6 the conjugates C-I through C-5 are
prepared. In the example of conjugate C-I, the
N-sulfonyl amide nucleophile, Nu-I, reacts to form a
C-N bond. In the example of C-2, a C-O bond is formed
between the phenol nucleophile, Nu-3, and the active
compound, in this case, producing an ether-linked
conjugate. Analogously, a C-S bond is formed between
the thiophenol nucleophile, Nu-4, and the active
compound to yield conjugate C-3 . A C-C bond is formed
by the alpha-cyano acetamide nucleophile, Nu-5, to
yield C-4. Finally, an ester linkage between the
polymer nucleophile Nu-6 and the active compound is
formed on reaction of the carboxylic acid nucleophile
with the active compound, to produce conjugate C-5.o
RS 2CI Nu-12 Scheme 6 Optionally, a heterofunctional
polymer may be used in conjugate preparation which
contains two or more distinctly different end or side
groups, at least one of which is suitably protected.
An example would be as illustrated in Scheme 6 , a PEG
with one amino end group and one t-butyl ester
protected carboxylic acid end group. By protecting one
end of the polymer chain, two different active
compounds may be attached. For example, reacting the
amino end group with a sulfonyl chloride, yields the
nucleophile, Nu-12. Further reaction with an active
compound, Ai-OH, under conditions as previously
discussed, yields the conjugate C-6. Next,
deprotection of the remaining end group, under
conditions familiar to those skilled in the art,
yields the carboxylic acid nucleophile, Nu-13, which
may be coupled with a second active compound, A2-OH,
to ultimately yield the conjugate, C-7, where the
active compounds attached at either end are different.
Appropriate protected end groups include, but are 



not limited to, t-butyl esters, t-butoxycarbonyl (BOC)
, benzyloxycarbonyl (CBZ), and
9-fluorenylmethoxycarbonyl (Fmoc) .A s discussed
previously, preferred active compounds of the
invention are. Appropriate VLA-4 antagonists for use
in the processes of this invention can b e prepared
from readily available starting materials using known
procedures and readily available starting materials
or, where the starting material is not known or
commercially available, such materials can readily b e
prepared using literature procedures. Detailed
processes for preparation of the VLA-4 antagonists
have been previously described in U.S. Pat. Appln. No.
11/177748, filed July 8 , 2005, and is incorporated
herein by reference . However, it may b e necessary to
append a short linking group to one of the previous
VLA-4 antagonists to introduce an alcohol substituent
appropriate for reaction under "Mitsunobu" conditions.
Scheme 7 A s illustrated in Scheme 7 , VLA-4
antagonists prepared according to the methods of the
previous reference, represented b y A-3 and A-4, which
contain 1 , 3-dihydro-2Jfimidazo [4, 5 -
]pyridin-2-one and piper azine groups respectively,
may b e coupled to an appropriate linker, terminating
in a primary or secondary alcohol for use in the
methods o f the invention. A s an example, an
optionally substituted hydroxy acid is reacted with
either A-3 or A-4under dehydrative bond forming
conditions, such as treatment with DCC, as discussed
previously, to yield the esters A-3-OH and A-4-0H
respectively. Appropriate optionally substituted
hydroxy acids, include, but are not limited to,
glycolic acid, 3-phenyllactic acid, mandelic acid,
lactic acid, 2- hydroxyhexanoic acid,
2-hydroxyisocaprolic acid, 2-hydroxy-3- methylbutyric
acid, (4-trifluoromethyl) mandelic acid, (4- methoxy)
mandelic acid, hexahydromandelic acid, 2-hydroxy-3, 3-
dimethylbutryic acid, 2-hydroxy-4-phenylbutyric acid,
trif luorolactic acid, 4-bromomandelic acid,
2-hydroxyoctanoic acid, 4-fluoromandelic acid,
2-chloromandelic acid, 4- chloromandelic acid,
2-hydroxytetradecanoic acid, 16- hydxoxyhexadecanoic
acid, 15-hydroxypentadecanoic acid, 12-
hydroxydodecanoic acid, 11-hydroxyundecanoic acid, 10-
hydroxydecanoic acid, N-BOC-L-serine,
N-BOC-L-threonine, NBOC- L-homoserine,
N-BOC-L-homothreonine, trans-4-hydroxy-Lproline,
tropic acid, 3-hydroxybutyric acid, and 4-
(hydroxymethyl )benzoic acid. A s a final, optional,
preparative step, after formation of the conjugate,
any protecting groups necessary for the "Mitsunobu"
step, or carried along from earlier in the synthesis,
may be removed according to methods familiar to those
skilled in the art. For example, any carboxylic acids
present in the active compound must be protected as,
for example, the t-butyl ester, for the "Mitsunobu"
coupling to avoid unwanted side products. In a final
step, after formation of the polymer conjugate via a
"Mitsunobu" reaction, deprotection of t-butyl esters
with trif luoroacetic acid or 96% formic acid, yields
the free carboxylic acids as part of the conjugate.
Representative conjugates that may be prepared by the
process of the instant invention, including
pharmaceutically acceptable salts thereof, are set
forth in the following table, where m is 0 or 1 , q is
as defined in formula (I), ndepends on the number of
groups that H may covalently bond, and n 'and n/ '
depend on the molecular weight of the polymer:The
"Mitsunobu" reaction is preferably carried out in at
least one suitable solvent. Examples include
halogenated solvents such as dichloromethane, 1
,2-dichloroethane, or 1 , 1 , 2 ,2,-tetrachloroethane,
aromatic solvents such as benzene or toluene, or ether
solvents such as diethyl ether, bis (2- methoxyethyl)
ether, bis (2-ethoxyethyl) ether, 1,2-
dimethoxyethane, 1 ,2-bis (2-methoxyethoxy) ethane,
dioxane, tetrahydropyran, or tetrahydrofuran . Most
preferably, a chlorinated solvent or an ether solvent
is employed. In a most preferred embodiment, the
solvent is dichloromethane or tetrahydrofuran .
Reaction temperature is typically in the range of
about - 100 to 100 0C , preferably in the range of
about -20 to 50C. In a more preferred embodiment,
reaction temperatures are from between about -10 to 10
0C . The reaction time is in the range of about 5
minutes to about 100 hours, preferably in the range of
from between about 30 minutes to about 50 hours. More
preferably, the reaction proceeds to completion of
from between about 45 minutes to about 10 hours. As
mentioned above, examples of trivalentphosphines
include triphenylphosphine, trimethylphosphine,
triethylphosphine, tri (n-propyl) phosphine,
triisopropylphosphine, tri (n-butyl) phosphine, methyl
(diphenyl)phosphine, dimethyl (phenyl) phosphine,
1,2-bis- (diphenylphosphino) ethane, 1,3-bis-
(diphenylphosphino) propane, 1 ,4-bis-
(diphenylphosphino) butane, 1,5-bis-
(diphenylphosphino) pentane, 1 , 6-bis-
(diphenylphosphino) hexane, (p-dimethylaminophenyl)
diphenylphosphine, diphenyl (2- pyridyl) phosphine,
tris (p-dimethylaminophenyl) phosphine, tbutyl 3-
(diphenylphosphino) propanoate, 2- (trimethylsilyl
)ethyl 4- (diphenylphosphino) benzoate, 1-
(diphenylphosphino) -4- (IH, IH, 2H,2H-perfluorodecyl)
benzene, di(4- (IH, 1H,2H,2Hperf luorooctyl) phenyl)
phosphinobenzene, a polymer boundphosphines, and water
soluble phosphines. A preferred trivalentphosphine is
triphenylphosphine . Examples of azo compounds are
dimethyl azodicarboxylate, diethyl azocarboxylate,
diisopropyl azodicarboxylate, di-tertbutyl
azodicarboxylate, dibenzyl azodicarboxylate, bis
(2,2,2- trichloroethyl) azodicarboxylate , diphenyl
azodicarboxylate, 4-methyl- 3H-1, 2 ,4-triazole-3, 5
(4H) -dione, N ,N ,N', N'- tetramethyl
azodicarboxamide , 4,7-dimethyl-3, 5 ,7~-hexahydro-
1,2,4, 7-tetrazocin~3, 8-dione, 1,1'-
(azodicarbonyl)bis (piperidine) , 1 ,1 '-
(azodicarbonyl) bis (4- methylpiperazine) , 4,4 '-
(azodicarbonyl) bis (morpholine) , N ,N'- bis (2-
(t-butoxy) -2-oxoethyl ) azodicarboxamide, bis (5-
norbornen-2-ylmethyl) azodicarboxylate, bis (IH, IH,
2H, 2Hperf luorodecyl) azodicarboxylate, bis (IH, IH,
2H, 2Hperfluorooctyl) azodicarboxylate, bis (IH, IH,
2H, 2H, 3H, 3Hperf luorononyl) azodicarboxylate, and
any of the previously listed azodicarbonyl compounds
on a polymer support. Polymers suitable for
conjugation to a compound of formula (II) include, but
are not limited to, linear, branched, brush (or comb)
polymers prepared from monomers including,
N-vinylpyrrolidone, acrylamide, N
,Ndimethylacrylamide, vinyl acetate, dextran,
L-glutamic acid, L-aspartic acid, L-lysine,
L-threonine, L-tyrosine, D-glutamic acid, D-aspartic
acid, D-lysine, D-threonine, D-tyrosine, styrene,
maleic anhydride, N- (2-hydroxypropyl) methacrylamide,
N- (2-hydroxyethyl) methacryate, N- (2- hydroxyethyl)
methacryamide, ethylene glycol, ethylene oxide,
propylene glycol, propylene oxide, tetrahydrofuran,
butylene glycol, tetrahydropyran, ethyl vinyl ether,
and copolymers of the previous, including random,
alternating, block, multiblock linear copolymers, and
star polymers. The polymers may be isotactic,
syndiotactic, or atactic as appropriate. Methods for
synthesis of biopolymers and for conjugating them
tobiological materials are well known in the art (see,
for example, published U.S. Patent Application
20040043030; U.S. Patent 5,177,059; U.S. Patent
6,716,821; U.S. Patent 5,824,701; U.S. Patent
6,664,331; U.S. Patent 5,880,131; Kameda, Y . et al.,
Biomaterials 25: 3259-3266, 2004; Thanou, M . et al,
Current Opinion in Investigational Drugs 4(6) : 701-
709, 2003; Veronese, F .M., et al ., Il Farmaco 54:
497-516, 1999, all of which are incorporated herein in
their entireties ). In addition, dendritic polymers
may be used for preparation of conjugates of the
invention. Appropriate 



dendrimers include, but are not limited to, polyamido
amine (PAMAM) (Gunatillake et al ., Macromolecules,
1988, 21, 1556; U.S. Pat. No. 4,507,466),
polyethyleneimine (U.S. Pat. No. 4,631,337),
polypropyleneimine (U.S. Pat. No. 5,530,092), and
Frechet-type dendrimers (U.S. Pat. No. 5,041,516;
Hawker et al., J . Am. Chem. Soc, 1991, 113, 4583)
terminated with amines, alcohols, or carboxylic acid
surface groups . A recent review on dendrimer
synthesis is Tomalia et al ., J . Polym. Sci., Part A
: Polym. Chem., 2002, 40, 2719. A recent review on
biomedical applications of dendrimers, including
biocompatibilty and toxicity, is Boas et al ., Chem.
Soc. Rev., 2004, 33, 43-63. Specific examples are
included in the following table of commercially
available polymers. Commercially available polymers
suitable for use in the invention include, but are not
limited to: Nektar Therapeutics (San Carlos, CA) Cat.
No. Polymer 2M2U0H01 InPEG-NH2, Mw ~ 5 kDa 2M2U0L01
InPEG-NH2, Mw ~ 10 kDa 2M2U0P01 mPEG-NH 2, Mw ~ 20 kDa
2M000B01 mPEG-OH, Mw ~ 1 kDa 2M000D01 mPEG-OH, M w ~ 2
kDaNOF Corporation (Tokyo, Japan) Product Polymer Name
(SUNBRIGHT)MEH-20H mPEG-OH, Mw 2 kDa MEH-50H mPEG-OH,
Mw ~ 5 kDa MEH-12T mPEG-OH, Mw 12 kDa MEH-20T mPEG-OH,
Mw ~ 20 kDa DKT-34H PEG-diol, Mw ~ 3 . 4 kDa DKT-IOT
PEG-diol, Mw 10 kDa DKT-20T PEG-diol , Mw ~ 20 kDa
PTE-10000 4-arm PEG-tetrol , Mw 10 kDa,
pentaerythritol core PTE-20000 4-arm PEG-tetrol, w 20
kDa, pentaerythritol core HGEO-10000 8-arm PEG-octol,
Mw 10 kDa, hexaglycerine core HGEO-20000 8-arm
PEG-octol , Mw 20 kDa, hexaglycerine core HGEO-40000
8-arm PEG-octol, Mw 40 kDa, hexaglycerine core
MEPA-20H InPEG-NH2 , Mw ~ 2 kDa MEPA-50H mPEG-NH2, Mw
5 kDa MEPA-12T mPEG-NH2, Mw ~ 12 kDa MEPA-20T mPEG-NH2
, Mw ~ 20 kDa MEPA-30T mPEG-NH2 , Mw ~ 30 kDa DE-O
34PA PEG-di (CH2CH2NH2) , Mw ~ 3 . 4 kDa DE-O 5OPA
PEG-di (CH2CH2NH2) , Mw ~ 5 kDa DE-100PA PEG-di
(CH2CH2NH2 ) , Mw ~ 10 kDa DE-2 00PA PEG-di
(CH2CH2NH2) , Mw ~ 20 kDa DE-300PA PEG-di (CH2CH2NH2)
, Mw ~ 30 kDa PTE-100PA 4-arm PEG-tetra (CH2CH2NH2 ) ,
Mw ~ 10 kDa, pentaerythritol core PTE-200PA 4-arm
PEG-tetra (CH2CH2NH2 ) , Mw ~ 20 kDa, pentaerythritol
coreSunBio (S. Korea) Cat. No. Polymer PlAM-2 InPEG-NH
2 , Mw ~ 2 kDa PIAM- 5 HiPEG-NH 2 , Mw - 5 kDa PlAM-IO
mPEG-NH 2, Mw ~ 10 kDa PlAM-I 2 ITiPEG-NH 2 , M w 1 2
kDa P1AM-20 mPEG-NH 2, Mw ~ 20 kDa P1AM-30 InPEG-NH2,
Mw ~ 30 kDa P2AM-2 PEG-diamine, Mw -- 2 kDa P2AM-3
PEG-diamine, Mw - 3.4 kDa P2AM-6 PEG-diamine, Mw -- 6
kDa P2AM-8 PEG-diamine, Mw 8 kDa P2AM-10 PEG-diamine,
Mw -- 10 kDa P4OH-10 4-arm PEG-tetrol , Mw 10 kDa,
pentaerythritol core P4OH-13 4-arm PEG-tetrol , Mw ~
13 kDa, pentaerythritol core P4OH-15 4-arm PEG-tetrol
, Mw ~ 15 kDa, pentaerythritol core P4OH-17 4-arm
PEG-tetrol , Mw ~ 17 kDa, pentaerythritol core P4OH-20
4-arm PEG-tetrol , Mw - 20 kDa, pentaerythritol core
P4AM-10 4-arm PEG-tetraamine Mw 10 kDa,
pentaerythritol core P4AM-13 4-arm PEG-tetraamine Mw
13 kDa, pentaerythritol core P4AM-15 4-arm
PEG-tetraamine , Mw 15 kDa, pentaerythritol core
P4AM-17 4-arm PEG-tetraamine I Mw 17 kDa,
pentaerythritol core P4AM-20 4-arm PEG-tetraamine I Mw
20 kDa, pentaerythritol corePlOH-I mPEG-OH, Mw ~ 1 kDa
P1OH-2 mPEG-OH, Mw ~ 2 kDa PlOH-5 mPEG-OH, Mw ~ 5 kDa
PlOH-IO mPEG-OH, Mw 10 kDa P1OH-20 mPEG-OH, Mw ~ 20
kDa P6OH-10 6-arm PEG-hexol, Mw ~ 10 kDa, sorbitol
core P6OH-15 6-arm PEG-hexol, Mw 15 kDa, sorbitol core
P6OH-20 6-arm PEG-hexol, Mw ~ 20 kDa, sorbitol core
P6AM-10 6-arm PEG-hexaamine, Mw ~ 10 kDa, sorbitol
core P6AM- 15 6-arm PEG-hexaamine, Mw ~ 15 kDa,
sorbitol core P6AM-20 6-arm PEG-hexaamine, M w ~ 20
kDa, sorbitol core Sigma-Aldrich (Milwaukee, WI ) ,
includes Dendritech products (Midland, MI ) Cat .
PolymerBIS EPOXY POLYESTERS AND FOOD CANS COATED WITH
A COMPOSITION COMPRISING SAME FIELD OF THE INVENTION
[0001] The present invention relates to polyesters
comprising the reaction product of a polyol and a
bis-epoxy reacted with a mono- and/or di-phenolic
carboxylic acid and/or ester. The present invention
further relates to food cans coated with a composition
comprising such polyesters. The present invention
further relates to food cans coated with a composition
comprising a polyester that has a loss in molecular
weight of less than 50% in an acidic medium.
BACKGROUND OF THE INVENTION [0002] The application of
various treatment and pretreatment solutions to metals
to retard or inhibit corrosion is well established.
This is particularly true in the area of metal food
and beverage cans. Coatings are applied to the
interior of such containers to prevent the contents
from contacting the metal of the container. Contact
between the metal and the food or beverage can lead to
corrosion of the metal container, which can then
contaminate the food or beverage. This is particularly
true when the contents of the can are acidic in
nature, such as tomato-based products and soft drinks.
The coatings applied to the interior of food and
beverage cans also helps prevent corrosion in the head
space of the cans, which is the area between the fill
line of the food product and the can lid; corrosion in
the head space is particularly problematic with food
products having a high salt content. [0003] In
addition to corrosion protection, coatings for food
and beverage cans should be non-toxic, and should not
adversely affect the taste of the food or beverage in
the can. Resistance to "popping", "blushing" and/or
"blistering" is also desired. [0004] Certain coatings
are particularly applicable for application onto
coiled metal stock, such as the coiled metal stock
from which the ends of cans are TP 05 3891 & 05
3936made, "can end stock". Since coatings designed for
use on can end stock are applied prior to the ends
being cut and stamped out of the coiled meta! stock,
they are also typically flexible and/or extensible.
For example, can end stock is typically coated on both
sides. Thereafter, the coated metal stock is punched,
scored for the "pop-top" opening and the pop-top ring
is then attached with a pin 



that is separately fabricated. The end is then
attached to the can body by an edge rolling process.
Accordingly, the coating applied to the can end stock
typically has a certain degree of toughness and
flexibility, such that it can withstand extensive
fabrication processes, in addition to some or all of
the other desirable features discussed above. [0005]
Various epoxy-based coatings and polyvinyl
chloride-based coatings have been used in the past to
coat the interior of metal cans to prevent corrosion.
The recycling of materials containing polyvinyl
chloride or related halidecontaining vinyl polymers
can generate toxic by-products, however; moreover,
these polymers are typically formulated with
epoxy-functional plasticizers. In addition,
epoxy-based coatings are prepared from monomers such
as bisphenol A ("BPA"), bisphenol F ("BPF") and
diglycidyl ethers of these (i.e. bisphenol A
diglycidylether ("BADGE") and bisphenol F diglycidyl
ether ("BFDGE"); certain of these compounds have been
reported as having negative health effects. While
attempts have been made to scavenge the residual
unreacted epoxy with, for example, acid functional
polymers, this does not adequately address the
problem; some free BADGE/BFDGE or their by-products
will still remain. Government authorities,
particularly in Europe, are restrictive on the amount
of free BPA, BPF, BADGE, BFDGE and/or their
by-products that are acceptable. Many compositions
that meet these requirements, however, can have poor
stability, such as polyesters that readily degrade in
the presence of acid catalysts. Thus, there is a need
for food and beverage can liners that are
substantially free from BPA, BPF, BADGE, BFDGE and/or
halogenated vinyl TP 05 3891 &05 3936products; such
can liners having resistance to degradation in acidic
media are particularly desired. SUMMARY OF THE
INVENTION [0006] The present invention is directed to
a polyester comprising the reaction product of a) a
polyol; and b) a bis-epoxy reacted with a mono- and/or
di-phenolic carboxylic acid and/or ester. [0007] The
present invention is further directed to food cans
coated at least in part on the interior with a
composition comprising a polyester comprising the
reaction product of a) a polyol; and b) a bis-epoxy
reacted with a mono- and/or di-phenolic carboxylic
acid and/or ester, wherein the composition is
substantially free of BPA and BPF and substantially
free of BADGE and BFDGE. [0008] The present invention
is further directed to food cans coated at least in
part on the interior with a composition comprising a
polyester that has a loss in molecular weight of less
than 50% in an acidic medium. DETAILED DESCRIPTION OF
THE INVENTION [0009] The present invention is directed
to a polyester comprising the reaction product of a) a
polyol; and b) a bis-epoxy reacted with a mono- and/or
di-phenolic carboxylic acid and/or ester. The term
"polyol" is used herein to refer to any compound
having two or more hydroxyl groups. Suitable polyols
include but are not limited to alkylene glycols, such
as ethylene glycol, propylene glycol, diethylene
glycol, TP 05 3891 05 3936dipropylene glycol,
triethylene glycol, tripropylene glycol, hexylene
glycol, polyethylene glycol, polypropylene glycol and
neopentyl glycol; hydrogenated Bisphenol A;
cyclohexanediol; 1,3-propane diol; glycol; 1,4-butane
diol; 1,3- butane diol; butyl ethyl propane diol;
trimethyl pentane diol; cyclohexanedimethanol;
caprolactonediol, for example, the reaction product of
epsilon-caprolactone and ethylene glycol;
hydroxy-alkylated bisphenols; polyether glycols, for
example, poly(oxytetramethylene) glycol and the like.
Polyols of higher functionality may also be used in
limited quantity, provided they have no adverse
effects on flexibility. Examples include
trimethylolpropane, trimethylolethane,
pentaerythritol, and the like. [0010] The polyol is
reacted with the reaction product of a bis-epoxy and a
mono- and/or di-phenolic carboxylic acid and/or ester.
The term "bis-epoxy" refers to any compound that has
two epoxy groups, such as terminal epoxy groups.
Suitable bis-epoxy compounds include diglycidyl esters
and/or ethers. Particularly suitable are diglycidyl
esters having two phenolic rings that have been
hydrogenated, such as Eponex 1510, which is the
diglycidyl ether of hydrogenated bisphenol A,
commercially available from Hexion, and diglycidyl
ethers having one phenolic ring, such as resorcinoi
diglycidyl ether. Certain bisepoxy compounds can have
the general formula (I): wherein R is an alkyl,
cycloalkyl or aryl moiety and each X is the same or
different and is either O, CRi or NRi, wherein R1 is H
or alkyl. [001 1] it will be appreciated that the
epoxy groups of the bis-epoxy react with the hydroxy
groups of the phenolic carboxylic acids and/or esters
to form a biscarboxylic acid or a bis-ester. The
bis-carboxylic acid or bis-ester is then reacted TP 05
3891 &05 3936with a polyol to form a polyester. The
bis-epoxy is typically reacted with the phenolic
carboxylic acids and/or esters in a ratio of 1. 1 : 2
, such as 1.5 : 2 , or 1 : 1.5, or 1 : > 1 to 2, or 1
; 2. Mono-phenolic carboxylic acid/esters are
particularly suitable, and include the esters of
parahydroxybenzoic acid or "parabens", such as methyl
paraben, ethyl paraben, propyl paraben, butyl paraben,
isobutyl paraben, isopropyl paraben and/or benzyl
paraben. Suitable di-phenolic carboxylic acids/esters
include diphenolic acid. It will be appreciated that
when using a phenolic carboxylic acid and/or ester
with more than one OH group, conditions should be
maintained so as to avoid gelling of the product. [001
2] Typically, the weight average molecular weight
("Mw") of the polyester will be 4,000 or greater, such
as 11,000 or greater such as 14,000 to 15,000 or even
greater. It has been discovered that certain
polyesters of the present invention have particularly
good resistance to degradation in acidic media, More
specifically, these polyesters have a loss in
molecular weight of less than 50%, such as less than
40%, less than 30%, or less than 20%, in an acidic
medium. As demonstrated in the examples, certain
polyesters of the present invention, and the coatings
into which they are placed, are much more resistant to
degradation or loss of molecular weight in acidic
media as compared with other polyesters and coatings
containing the same. This is a significant discovery,
as such degradation can limit the performance of
polyester coatings. "Acidic media" and like terms as
used herein refer to media in which an acid or acids
having a pKa (or average pKa if more than one acid is
used) of less than 5 , such as less than 3, are
present in a concentration of about 0.02 equivalents
per gram of polyester solids. It will be appreciated
that an acidic medium can result when using any number
of the acid catalysts typically used for curing
polyester based compositions. Resistance to
degradation (measured, for example, as loss of
molecular weight) in such environments is therefore
significant. Whether a polyester or polyester coating
has a loss in molecular weight of less than 50%, 40%,
30%, or 20% can be determined by one skilled in the
art by placing the TP 05 3891 &05 3936polyester or
polyester coating into an acidic medium, treating the
sample as described in the examples, and measuring
molecular weight loss, [0013] In certain embodiments,
the polyester incorporates a moiety to which an
acrylic can be grafted. For example, such a moiety can
be introduced by reacting maleic anhydride with the
bis-carboxylic acid/-ester. Other monomers that will
graft with acrylic can also be used such as maleic
acid, fumaric acid/anhydride, itaconic acid/anhydride,
and crotonic acid/anhydride. A graft copolymer can be
formed using techniques standard in the art, such as
by adding an acrylic monomer to the polyester and
polymerizing the acrylic using a free radical
initiator. [0014] The present invention is further
directed to food cans coated at least in part on the
interior with a composition comprising one or more of
the polyesters described above. The term "food can(s)"
is used herein to refer to cans, containers or any
type of metal receptacle or portion thereof used to
hold any type of food or beverage. For example, the
term "food can(s)" specifically includes "can ends",
which are typically stamped from can end stock and
used in conjunction with the packaging of beverages.
[0015] The compositions are substantially free of BPA
and BPF. It will be understood that trace or minor
amounts of one or more of these components can be
present, such as 10 wt % or less, 5 wt % or less, 2 or
even 1 wt % or less, with wt % based on total solids
weight, and still be "substantially free of BPA and
BPF". The compositions are also substantially free of
BADGE and BFDGE. Again, it will be understood that
trace or minor amounts of BADGE can be present, such
as 10 wt % or less, 5 wt % or less, 2 or even 1 wt %
or less, with wt % based on total solids weight, and
still be "substantially free of BADGE and BFDGE".
[0016] Certain embodiments of the present invention
are directed to food cans coated at least in part on
the interior with a composition consisting essentially
of a polyester that comprises a polyester comprising
the reaction product of TP 05 3891 & 05 3936a) a
polyol; and b) a bis epoxy reacted with a mono- and/or
di-phenolic carboxylic acid and/or ester. These
compositions can be substantially free of BPA and BPF 



and/or substantially free of BADGE and BFDGE. [0017]
The compositions used according to the present
invention can further comprise a cross nker. A
suitable crosslinker can be determined based upon the
needs and desires of the user, and can include, for
example, aminoplast crosslinkers, phenolic
crosslinkers, blocked isocyanates and 1,3,5-triazine
carbamate. Aminoplast crosslinkers can be melamine
based, urea based, or benzoguanamine based. Melamine
crosslinkers are widely commercially available, such
as from Cytec Industries, Inc. as CYMEL 303, 1130,
325, 327, and 370 Phenolic crosslinkers include, for
example, novolacs, and resoles; Bisphenol A can also
be used as a crosslinker, provided the final product
is still "substantially free of BPA". For use on food
cans, phenolic resoles that are not derived from
bisphenol A are particularly suitable. [0018] The
compositions used according to the present invention
typically comprise greater than 70 wt % of the
polyester described herein, wherein wt % is based on
the total solids weight of the composition. Typically,
the polyester will be present in a range of 70 to 99
wt%, such as 80 to 99 wt %. The crosslinker is
typically present in an amount of 1 to 30 wt %, such
as 2 to 5 wt %, again with wt % being based on the
total solids weight. In certain embodiments, the wt %
of crosslinker in the composition is 10 wt % or less,
based on total solids weight, such as 5 wt. % or less.
[0019] The compositions used according to the present
invention may also comprise a solvent. Suitable
solvents include water, esters, glycol ethers,
glycols, ketones, aromatic and aliphatic hydrocarbons,
alcohols and the like. Particularly suitable are
xylenes, propyleneglycol monomethyl acetates, and
dibasic ester such as dimethyl esters of adipic,
glutaric and succinic acids. Typically, the
compositions are prepared so as to be between about 30
and 60 TP 05 3891 & 05 3936weight percent solids.
Alternatively, the compositions can be aqueous. As
used herein, "aqueous" means 50% or greater of the
non-solid component of the coating is water. Thus it
will be understood that the non-solid component of the
compositions can comprise up to 50% solvent and still
be "aqueous". [0020] The compositions of the present
invention can also contain any other conventional
additives such as pigments, colorants, waxes,
lubricants, defoamers, wetting agents, plasticizers,
fortifiers and catalysts. Any mineral or sulfonic acid
catalyst can be used. Particularly suitable for food
can applications are phosphoric acid and dodecyl
benzene sulfonic acid. [0021] The coating compositions
described above can be applied to a food can by any
means known in the art such as hot melt extrusion,
roll coating, spraying, and/or electrocoating. It will
be appreciated that for two-piece food cans, the
coating will typically be sprayed after the can is
made. For three-piece food cans, on the other hand, a
coil or sheet will typically be roll coated with one
or more of the present compositions first and then the
can will be formed. The coating is applied to at least
part of the interior of the can, but can also be
applied to at least part of the exterior of the can.
For can end stock, a coil or sheet will typically be
roll coated with one of the present compositions; the
coating is then cured and the ends are stamped out and
fabricated into the finished product. [0022] After
application, the coating is then cured. Cure is
affected by methods standard in the art. For coil
coating, this is typically a short dwell time (i.e. 9
seconds to 2 minutes) at high heat (i.e. 4850F peak
metal temperature); for coated metal sheets cure is
typically longer (i.e. 10 minutes) but at lower
temperatures (i.e. 4000F peak metal temperature).
[0023] Any materials used for the formation of food
cans can be treated according to the present methods.
Particularly suitable substrates include chrome
treated aluminum, zirconium treated aluminum,
tin-plated steel, tin-free steel, and black-plated
steel. TP 05 3891 & 05 3936[0024] In certain
embodiments, the coatings of the present invention can
be applied directly to the metal, without any
pretreatment or adhesive aid being added to the metal
first in certain other embodiments, such as when
making can ends, pretreated aluminum may be desirable.
In addition, no coatings need to be applied over top
of the coatings used in the present methods in certain
embodiments, the coatings described herein are the
last coating applied to the food can. [0025] The
compositions used according to the present invention
perform as desired both in the areas of flexibility
and acid resistance. Significantly, these results can
be achieved with a substantially free of BPA and BPF
and substantially free of BADGE and BFDGE composition.
Thus, the present invention provides particularly
desirable coated food cans that avoid performance and
health issued raised by other can coatings. [0026] The
present invention is further directed to food cans
coated at least in part on the interior with a
composition comprising a polyester that has a loss in
molecular weight of less than 50% in acidic media,
such as less than 40%, less than 30%, or less than
20%. [0027] As used herein, unless otherwise expressly
specified, all numbers such as those expressing
values, ranges, amounts or percentages may be read as
if prefaced by the word "about", even if the term does
not expressly appear. Also, any numerical range
recited herein is intended to include all sub-ranges
subsumed therein. Singular encompasses plural and vice
versa. For example, although reference is made herein
to "a" polyol, "a" bis-epoxy, "a" phenolic acid and/or
ester, "a" crosslinker and "a" solvent, one or more of
each of these and any other components can be used. As
used herein, the term "polymer" refers to oligomers
and both homopolymers and copolymers, and the prefix
"poly" refers to two or more. TP 05 3891 & 05
3936EXAMPLES [0028] The following examples are
intended to illustrate the invention and should not be
construed as limiting the invention in any way.
Example 1 [0029] The reaction product of a bis-epoxy
and methyl paraben, "A", was prepared as follows:
Table 1 EPONEX 1510 epoxy resin from Resolution
Performance Products. [0030] Charge # 1 was added to a
1-liter, 4-necked flask equipped with a motor driven
stainless steel stir blade, water-cooled condenser and
a heating mantle with a thermometer connected through
a temperature feedback control device. The contents of
the flask were heated to 11O0C and held at that
temperature for 30 minutes. The temperature was then
increased to 16O0C and the batch was allowed to
exotherm to 1690C. The batch was then held at 17O0C
for 4 hours and 35 minutes, during which time the
epoxy equivalent weight increased to >50,000g/eq. TP
05 3891 & 05 3936Example 2 Polyester "B" was made as
follows: Table 2 Propylene glycol monomethyl ether
used as a solvent, from Dow Chemical. [0031] Charge #
1 was added to a 1-liter, 4-necked flask equipped with
a motor driven stainless steel stir blade, a packed
column, water-cooled condenser, a receiving flask, and
a heating mantle with a thermometer connected through
a temperature feedback control device. All of the
joints were wrapped with Teflon tape to minimize the
loss of the methanol by-product from the apparatus.
The contents of the flask were heated to reflux
(18O0C), and the methanol by-product was distilled off
through the column into the receiving flask. During
the 5-hour reaction time, the temperature was
gradually increased to 2150C to keep the distillation
going. When there was no longer any methanol being
collected, the reaction mixture was cooled to100C and
Charge #2 was added. The mixture was stirred for 25
minutes, and then thinned with Charge #3. TP 05 3891 &
05 3936Example 3 Polyester "C" was made as follows:
Table 3 1 Propylene glycol monomethyl ether used as a
solvent, from Dow Chemical. [0032] Charge # 1 was
added to a 1-liter, necked flask equipped with a motor
driven stainless steel stir blade, a packed column,
water-cooled condenser, a receiving flask, and a
heating mantle with a thermometer connected through a
temperature feedback control device. All of the joints
were wrapped with Teflon tape to minimize the loss of
the methanol by-product from the apparatus. The
contents of the flask were heated to reflux (17O0C),
and the methanol by-product was distilled off through
the column into the receiving flask. During the 5-hour
reaction time, the temperature was gradually increased
to 1950C to keep the distillation going. When there
was no longer any methanol being collected, the
reaction mixture was cooled to121C and Charge #2 was
added. The reaction mixture was held for 50 minutes
during which time it exothermed to 13 10C. The mixture
was thinned with Charge #3, cooled to 8O0C, and
stirred for 1 hour. TP 05 3891 & 05 3936Example 4
Polyester "C" was dispersed as follows: Table 4 [0033]
Charge # 1 was added to a 1-liter, 4-necked flask
equipped with a motor driven stainless steel stir
blade, a water-cooled condenser, and a heating mantle
with a thermometer connected through a temperature
feedback control device. The contents of the flask
were heated to 6O0C and held at that temperature for
30 



minutes. Charge #2 was added over 4 hours. Example 5
[0034] Two different samples were prepared by charging
polyester B, prepared as described in Example 2 , into
a container and mixing in the following ingredients in
the order shown in Table 5 under ambient conditions
until homogeneous. TP 05 3891 05 3936Table 5 1
METHYLON 75108 solution from Durez Corporation 2 Ortho
phosphoric acid solution diluted to 10% by weight with
isopropanol 3 Solvent is 1/1/1 ethyl acetate/DOWANOL
PM/dibasic ester [0035] Coatings were prepared by
drawing Samples 1-2 over Cr-treated aluminum sheets
with a # 18 wire-wound rod. The coatings were baked
for 10 seconds at 45O0F. The coated sheets were
evaluated for flexibility by bending and stamping
wedges (2.0 inch by 4.5 inches). For wedge bends, the
percent of coating that cracked or crazed along the
bend was determined (100 = crazed/no cure). The
average flexibility was calculated from the results of
three wedges. To measure surface cure, the coating was
rubbed with methyl ethyl ketone (MEK = number of
double rubs before the coating breaks through to the
substrate). The resistance properties of the coated
sheets were measured by processing (retorting) them in
two food simulants for 30 minutes at 1270C. The two
simulants were a 2% by weight solution of citric acid
in deionized water and a 3% by weight solution of
acetic acid in deionized water. Immediately upon
removal from the retort solution, the coatings were
evaluated on their ability to resist blushing using a
visual scale of 0-4 with 0 being the best. For the
adhesion test, the coatings were scored in a
Crosshatch pattern and covered with adhesive tape; the
tape was pulled off and the percent of coating that
remained intact was recorded (100 = no pick-off). The
tensile strength was measured by an lnstron Mini 44
Unit with a 5ON load cell at a crosshead speed of 10
mm/min using free films of approximately 25.4 mm in
length, 12.7 mm in width, 0.3 mm in thickness, TP 05
3891 &05 3936and a 1 inch gauge length. The Tg was
measured by differential scanning calorimetry (DSC).
All of the results are presented in Table 6 . Table 6
Comparative Example 1 Polyester "D" was made as
follows: Table 7 [0036] Charge # 1 was added to a
12-liter, 4-necked flask equipped with a motor driven
stainless steel stir blade, a packed column,
water-cooled condenser, a receiving flask, and a
heating mantle with a thermometer connected through a
TP 05 3891 & 05 3936temperature feedback control
device. The contents of the flask were heated to 1250C
and Charge #2 was added to the flask. The reaction
mixture was heated to 1480C, and the water by-product
was distilled off through the column into the
receiving flask. During the 16-hour reaction time, the
temperature was gradually increased to 2000C to keep
the distillation going. When there was no longer any
water being collected, the reaction mixture was pooled
to189C, the packed column was replaced with a
Dean-Stark apparatus filled with xylene, and Charge #3
was added. The mixture was heated at reflux (
188-2000C) for an additional 8h, and then thinned with
Charge #4. Example 6 [0037] Four different samples
were prepared by charging polyester B or D, prepared
as described in Example 2 or Comparative Example 1,
respectively, into glass jars and mixing in the
following ingredients in the order shown in Table 8
under ambient conditions until homogeneous. Table 8
Ortho phosphoric acid solution diluted to 10% by
weight with isopropanol [0038]The samples were tested
for resistance to degradation by placing them in a
120F hot room. Polymer degradation was quantified by
reduction in weight average molecular weight (Mw) as
measured by gel permeation chromatography TP 05 3891
&05 3936(GPC). Samples for GPC were taken weekly up
through five weeks of aging in the hot room. The
results are summarized in Table 9 . Table 9 [0039]
Whereas particular embodiments of this invention have
been described above for purposes of illustration, it
will be evident to those skilled in the art that
numerous variations of the details of the present
invention may be made without departing from the
mention as defined in the appended claims. TP 05 3891
& 05 3936THEREFORE WE CLAIM: 1. A food can coated at
least in part on the interior with a composition
comprising a polyester comprising the reaction product
of a) a polyol; and b) a bis-epoxy reacted with a
mono- and/or di-phenolic carboxylic acid and/or ester,
wherein the composition is substantially free of BPA
and BPF and substantially free of BADGE and BFDGE. 2 .
The food can of Claim 1, wherein the weight average
molecular weight of the polyester is 14,000 to 15,000.
3 . The food can of Claim 1, wherein the wt % of
polyester in the composition is 70 to 99 wt %, based
on total solids weight. 4 . The food can of Claim 1,
wherein the polyol is ethylene glycol. 5 . The food
can of Claim 1, wherein the bis-epoxy comprises
hydrogenated bisphenol A moieties. 6 . The food can of
Claim 1, wherein the composition, when cured, is the
last coating applied to the can. 7 . The food can of
Claim 1, wherein the carboxylic acid comprises
diphenoiic acid. 8 . The food can of Claim 1, wherein
the carboxylic ester comprises a paraben. 9 . The food
can of Claim 1, wherein the paraben comprises methyl
paraben 10. The food can of Claim 1, wherein the
coating further comprises an acrylic grafted to the
polyester. 11. The food can of Claim 1, wherein the
composition further comprises a solvent. 12. The food
can of Claim 1, wherein the coated portion of the food
can comprises a can end. TP 05 3891 &05 393613. A food
can coated at least in part on the interior with a
composition consisting essentially of a polyester
comprising the reaction product of a) a polyol; and b)
a bis-epoxy reacted with a mono- and/or di-phenolic
carboxylic acid and/or ester. 14. The composition of
Claim 13, wherein the composition is substantially
free of BPA and BPF and substantially free of BADGE
and BFDGE. 15. A food can coated at least in part on
the interior with a composition comprising a polyester
that has a loss in molecular weight of less than 50%
in an acidic medium. 16. The food can of Claim 15,
coated at least in part on the interior with a
composition comprising a polyester that has a loss in
molecular weight of less than 40% in an acidic medium.
17. THe food can of Claim 15, coated at least in part
on the interior with a composition comprising a
polyester that has a loss in molecular weight of less
than 30% in an acidic medium. 18. The food can of
Claim 15, coated at least in part on the interior with
a composition comprising a polyester that has a loss
in molecular weight of less than 20% in an acidic
medium. 19. A polyester comprising the reaction
product of a) a polyol; and b) a bis-epoxy reacted
with a mono-and/or di-phenolic carboxylic acid and/or
ester. 20. The polyester of Claim 19, wherein the
polyol is ethylene glycol. 2 1. The polyester of Claim
19, wherein the bis-epoxy comprises hydrogenated
bisphenol A moieties 22. The polyester of Claim 19 ,
wherein the carboxylic acid comprises diphenolic acid.
TP 05 3891 & 05 393623. The polyester of Claim 19,
wherein the carboxylic ester comprises a paraben. 24.
The polyester of Claim 23, wherein the paraben
comprises methyl paraben. TP 05 3891 05 3936 


