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(57) Abrégée/Abstract:

Process for the preparation of a condensation compound by reaction of at least one functional group of a first low-molecular weight
compound having at least two functional groups, with at least one functional group of at least one further, second low-molecular
welght compound having at least two functional groups, and which can be identical to the first or different from the first low-
molecular weight compound, with obtainment of a condensation compound, characterized in that at least one of the functional
groups Involved In this reaction has been activated before the reaction by reaction with a compound of the following structure (l)
(see formula |) where R' Is a halogen atom or a radical (I') (see formula I') and where R,, R,, R, and R, are identical or different

and are hydrogen, straight-chain or branched-chain alkyl, aryl, cycloalkyl, heterocyclic or aralkyl radicals having up to 30 C atoms,
or either R, and R, or R,"and R, or both R, and R, and R." and R, are linked to give a carbocycle or a heterocycle.
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Abstract

Process for the preparation of a condensation compound
by reaction of at least one functional group of a first
low-molecular weight compound having at least two
functional groups, with at least one functional group
of at least one further, second low-molecular weight
compound having at least two functional groups, and
which can be 1dentical to the first or different from
the first low-molecular welght compound, wlth
obtainment of a condensation compound, characterized in
that at least one of the functional groups involved in
this reaction has been activated before the reaction by

reaction with a compound of the following structure (I)

O
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) N—O_ R
T ;
e \ I
O O
where R’ 1s a halogen atom or a radical (I7)
O
Ry’
O—N (1)
R,'
O

!’

and where R;, R, R, eumifhf are 1dentical or different
and are hydrogen, straight-chain or branched-chain
alkyl, aryl, cycloalkyl, heterocvyclic or aralkyl
radicals having up to 30 C atoms, or either R; and R: or
R, and R; or both R, and R: and R:;’ and R;’ are linked

to give a carbocycle or a heterocycle.
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Process for the preparation of condensation compounds

The present 1invention relates to a process for the
preparation of condensation compounds, starting from
low-molecular weight compounds which have at least two
functional groups and which have been activated by
means ©of an activating reagent. Likewlise, the present
invention also relates to the use o©of such activating

reagents for the preparation of the condensation

compounds.

Condensation compounds such as polyamides, poly-
urethanes, polvesters, polycarbonates o©or polyureas have
gained enormous importance as bulk plastics. They are
employed here, 1lnter a.lia, as synthetic fibres, moulded

parts, packing materials or alternatively foams. These
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divalent monomerlic uvnits 1n each case.

The reaction conditions under which these compounds are
prepared are relatively drastic as a rule with respect
to the temperature and the pH. However, this 1s a
restricticon which  concerns the selection o©of the
monomers from which the compounds are synthesized.
Monomers which react sensitively to these drastic
reaction conditions Or monomers which carry
substituents which react sensitively to these drastic
reaction conditions can be emploved with difficulty or
not at all.

A further dlsadvantage of the drastic reaction
conditions can be seen 1n that as a rule the
condensations are unselective. Add:itional functional
groups of a monomer unit 1in this case 1nevitably lead

to undesired side reactions.

One object o©f the present invention was thereliore LO
make available a process which does not have the

disadvantages addressed.
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Accordingly, the present invention relates to a process
for the preparation of a condensation compound by
reaction of at least one functional group of a low-
molecular weilight compound  having at least two
functional groups, with at least one functional group
of at least one further low-molecular weight compound
having at least two functional groups, and which can be
1dentical to the first or different from the first low-
molecular weight  compound, with obtainment of a
condensation compound, which 1s characterized in that
at least one of the functional groups involved in this
reaction has been activated before the reaction by

reaction with a compound of the following structure (I)

R ()
Rz/\ﬁ Y
O O
where R’ 1s a halogen atom or a radical (I’)
O
Ry
O—N (I')
R,'
O

4

and where R;, R;, R;y and Rz' are l1dentical or different
and are hydrogen, straight-chain or Dbranched-chain
alkyl, arvl, cycloalkyl, heterocyclic or aralkyl
radicals having up to 30 C atoms, or either R; and R: or

Ry, and R» or both R; and R> and R;’ and R-’" are linked

to give a carbocycle or a heterocycle.

In a preferred embodiment of the present invention, a
compound of the general structure (I) is employed 1in
which the radical R’ 1s a halogen atom, particularly
preferably a chlorine atom. More preferably, 1n the
compound o©of the general structure (1) used, the

radicals R: and R. are bridged to give a carbocycle.
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Accordingly, the present 1invention relates to a
process, as described above, which 1s characterized in
that the compound of the structure (I) employed is a

compound of the following structure (II)

(1)

Re O O

where R3 to R;g are 1dentical or different and

a
hydrogen, straight-chain or branched-chain alkvl, arvyl

cycloalkyl, heterocyclic and aralkyl radicals having up

to 30 C atoms, or a number of R; to R;» are bridged Lo

give one cor more carbocycles or heterocycles.

Obviously, 1n the coatent o¢f the present invention
however, 1t 1s also possible that R:; and R, are selected

such that the bridgehead atom to which the radicals Ry

and Rg are bonded in the structure (II) 1s a hetero-
atom. Depending on the type of heterocatom, 1t 15
possible here that one, two or alternatively a number
of identical or different radicals R; anagd Rg are bonded
to the bridgehead atom. The bridgehead can obviously
also be formed from a number o©of heterocatoms or a

combination of heterocatoms and carbon atoms which, 1n

turn, can optionally be substituted by one or more
radicals of the type R; and Rg. In addition, structures
are also possible which have an optionally substituted
heteroatom 1instead of a carbon atom to which the

radicals R: or Rz are bonded 1n structure (II).
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In a particularly preferred embodiment, the compound of

the structure (II) employed is the following compound
of the structure (III):

O
N-—-OYCI (1)
O O

A compound of the general structure (I) which may be

mentioned, which has a radical R’ of the general

structure (I7), 1s 1in particular the symmetrical

carbonate of the following structure (IV):

0 0
] av)
N—O_ O0—N _
o O

O

With respect to the low-molecular weight compounds
having at least two functional groups, and which are
reacted 1n the process according to the invention, no

restrictions 1in general exist, as long as at least one

of the functional groups can be activated with at least

one compound of the abovementioned compounds of the
structures (I) to (1IV).

The term "“low-molecular weight compound”, as is used in
the context of the present invention, here includes
compounds having a molar mass Oz less than
1 000 daltons. Such compounds as a rule comprise up to

approximately 20 monomer units.

The term "“functional group”, as 1s used 1n the context
of the present invention, cComprises all chemical
structural elements which can rezct with one another or
which can be activated with respect to this reaction by

reaction with a compound ©f the structure (I) or (II).
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Preferred functional groups of the low-molecular welght
compounds having at least two functional groups which
may be mentioned are, inter alia, OH groups, cptionally
substituted amine groups, SH groups, OS03H groups,
SO3H groups, OPO3H; groups, OPO3;HR;; groups, PO3H, groups,
POsHR;1 groups or COOH groups, the group Rj; belng
selected such that the functional group can be
activated per se with a compound of the structure (I)
or (II), or can be reacted with a functional group

which 1s activated with a compound of the structure (I)
or (II).

Low-molecular weight compounds having at least two
functional groups which are possible are those which
nave ifunctionai groups of identical, preferably of the

abovementioned, type. Likewise, low-molecular weight
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are also possible.

Below, examples of low-molecular weight compounds
comprising at least two functional groups are listed in
which two functional groups are activated with a

compound of the structure (IITI):

O
\
N/\'\g) O &




CA 02375254 2001-11-22

EUFArOMP md g e gt i e e ----mmw--«.-.mwmmmmm4m-wumamamwmm, L L T e e B TRl .



CA 02375254 2001-11-22

e """*‘Wh"wmmmmm‘mmm '''''' R TR L R R LT P I P T TN lmqhn.-uwm“m“"mm.o“n..u.-.¢~..-u.«..----u--..-.-..n“-- e semes L g L T LR T A S S S i — - . 14% B8 e | BIG « B0 0BAS . . ave



CA 02375254 2001-11-22

- 8 -
0 N
W\ /
ey

H N~ No
AN /\/\/ \
//O /N H
C C

- "KN/\/
&

/ O

Cog

/Y /
C —~C
SN—O7 N
/ O
Cg

e -.--uumqnﬁn‘";\-mmummw”m”m.mmmmmumm“m",uu.\n.u Art A gaa i furans givyqt

tes .-..-.Hﬂ*.qwgpm;mmmwm,.w.“w,‘....-. ee o Beseee seem selel e .



10

CA 02375254 2001-11-22

O
O

O H

0 N O—N

l N

N—O—S~ 7

: hd
\ O O O
O

Further examples of low-molecular welght compounds are
1,3,5-benzenetricarboxylic acid, pentaerythritol,

1,3,5-triaminobenzene, melamine or cyclodextrin.

Further examples of low-molecular weight compounds
having at least two functional groups are, 1nter alia,
aminoalcohols, hydroxycarboxylic acids or amino acids
such as, for example, the compound of the following

structure (V)
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(V)

or the compound reacted with the compound of the
structure (III), of the following structure (VI):

(VD)

> or 2-aminoglycerol, gallic acid, l-amino-3, 5-dihydroxy-
benzene, aminodicarboxylic acids, diaminocarboxylic
acids, hydroxydicarboxylic acids, tri- or tetra-
carboxylic acids.

10 Accordingly, the present invention also relates to a
process, as described above, which is characterized in
that at least one of the compounds having at least two
functional groups has at least two different functional
groups.

15
By means of suitable choice of the reaction conditions

in the activation of the at least one functional group

of the at least one low-molecular weight compound
naving at least two functional groups, with a compound
20 of the structure (I) or (II), it is possible 1n the
context of the process according to the invention that
all functional groups of a low-molecular weight
compound are activated and reacted with non-activated
functional groups of at 1least one further compound

25 naving at least two functional groups. This is possible
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both for low-molecular weight compounds which only have

one type of functional group, and for those which

comprise two or more different types of functional
groups.

In the context of the process according to the
invention, it 1s 1n particular possible selectively to
activate one or more functional groups of a low-
molecular weight compound. Moreover, it 1is posSsible

that the low-molecular weight compound has only one

type of functional groups and, of these functional

groups, only a certain selection 1is selectively
activated.

Preferably, low-molecular weight compocunds are emploved
in; the process according to the invention which have
two or more different functional agrouvms. of which at
least one 1s activated in the reactiocn ¢of the cerx
with a compound of the structure (I) or (II). An
example which may be mentioned among many possible
compounds which result from the reaction of low-
molecular weight compounds having two or more different
functional groups, with one of the compounds (I) or

(II) 1s the compound of the following structure (VII):

O O H
~ N
@/\ N—O ~ ToH (VID)
/S

The present 1invention accordingly also relates to a
process, as described above, which 1is characterized in
that at least one of the at 1least two different
functional groups of the at least one compound having
at least two functional groups has been selectively

activated by a compound of the structure (I) or (II).

In the context o©of the process acccrding to the
invention, there are numerous possibilities here of

achieving the selective activaticon of the functional
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groups. Thus, for example, it is possible, by means of

the suitable choice of the solvent or of the solvents
1n which the activation 1is carried out, to achieve
selectivity. Likewise, it 1s possible, by means of the
specific choice o©of reaction temperature, reaction
pressure or pH at which the reaction is carried out, to
adjust the selectivity. A further possibility of
setting a desired selectivity 1is the suiltable choice of
the activating reagent of the structure (I) or (II).
Here, the differing reactivity and/or selectivity of
one or more different functional groups with respect to
one or more different activating reagents can be
utilized. Obviously, 1t 1s possible 1n the context of

the rocess according to the inventicon teo achieve a
=y

selective activaticon o:f functional groups bv suiltable
combination of the possibilities mentioned.
The two or more low-moclecular weilght compounds reacted

with one another 1n the process according to the
invention can be 1identical to or different from one

another.

In particular, 1t 1s possible, for example, to employ
only one type of low-molecular weight compounds which,
for example, have two different types of functional
groups, of which 1n turn one has been selectively
activated. In this case, for example, the activated
groups ©of the low-molecular weight compound react with
the non-activated functional groups of thilis compound 1n

the reaction.

It 1s further possible to employ two different Llow-
molecular weight compounds which 1n each case only have
one type of functional groups. In this case, 1t 1s
possible, for example, to activate the functional
groups of the one compound with a compound of the
structure (I) or (II) and to react them with the non-

activated functicnal groups of the other compound.
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Obviously, 1t is also possible in the process according
to the 1invention to employ more than two different low-
molecular welght compounds and to prepare an
essentially unrestricted multiplicity of condensation
compounds by suitably carrying out the process by means
of sultable, optionally selective activation of

functional groups of the various compounds.

In addition, condensation compounds having largely any
desired degrees of condensation can also be prepared in
the process according to the invention. Accordingly,
oligocondensation compounds and/or polycondensation
compounds can pe synthesized 1in the process according
to the 1invention. The term “condensation compound”, as
1s used 1in the present invention, therefore designates

condensation compounds which have been synthesized from

at least two low-molecular weight compounds.

The process according to the 1invention here 1s not
restricted to the exclusive use of low-molecular weight
compounds having at least two functional groups.
Obviously, 1t 1s also possible to employ in addition to

the at least two low-molecular weight compounds having

at least two functional groups and which are reacted
according to the invention, also at least one non-low-
molecular welght compound which has at least one
functional group, and/or at least one low-molecular
welght compound which has one functional group. The

term "non-low-molecular weight compound” here comprises

compounds having a molar mass of greater than or equal
to 1 000 daltons.

The process according to the 1nvention 1s furthermore
not restricted to the use of the activating reagents of
the structures (I) or (II). Thus 1t 1s possible, for
example, that 1irn at least one step according to the
invention two compounds 1n each case having at least
two functional groups are reacted with one ancther, and

1N one or more further steps the activation of
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functional groups for the synthesis of the condensation
compound by means of other activating reagents takes
place. Obviously, it is also possible that in one or
more steps 1n the synthesis of the condensation
compound two functional groups are reacted with one

another without use of an activating reagent.

The specific embodiment of carrying out the process in
the synthesis of the condensation compound 1S
essentially subject to no restrictions and 1is possible

1n principle according to all possible methods.

A particular embodiment o©f the present invention
relates to a process, as described above, which 1is
characterized 1n that the condensation compound 1is
prepared by simultaneous reaction of the low-molecular

weloht compounds having at least two functional aroups.

In the context of the process according to the
invention, it 1s also possible for one or more
condensation compounds prepared according to the
invention to be reacted 1in this one-pot process with at
least one further low-molecular welght and/or non-low-
molecular welight compound having at least one

functional group.

It 1s further possible, for example, for the low-
molecular welight and/or non-low-molecular weight
compounds used for the reaction already to be mixed
together 1n activated form. Likewise, 1t 1s also
possible to mix together the low-molecular weight or
non-low-molecular weight compounds 1n non-activated
form and directly to carry out the activation by means

of a compound of the structure (I) or (II) 1in the

reaction vessel.
In the case in which at least two different compounds

are reactred with one ancther, statistical condensation

compounds, for example, result.
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A further embodiment of the present invention relates
to a process, as described above, which 1is charac-
terized 1n that the condensation compound 1S
synthesized stepwise from the low-molecular weight

compounds having at least two functional groups.

The stepwlse synthesis can 1n principle be carried out
here by all possible processes according to the prior
art. Preferably, however, the stepwise synthesis 1is

carried out 1n solution or on a solid support.

In a further embodiment, the present 1nvention
therefore relates to a process which 1s characterized
1n that the stepwise preparation of the condensation
coppound is carried out 1n solution or on a solid

support.

If the condensation compound 1s synthesized on the
solid support, i1t 1s possible 1n the context of the
process according to the 1nvention, for example,
firstly to prepare according to the 1invention at least
one condensation compound by reaction of at least two
low-molecular weight compounds having at least two
functional groups, to attach the resulting at least one
condensation compound to the support by means of 1onic
and/or adsorptive and/or covalent bonding and further
to synthesize the at least one condensation compound
attached to the support via at least one free,
optionally activated functional group by further
reaction with at least one compound which has at least

one functional, optionally activated group.

Likewise, 1t 1s possible firstly to attach at least one
low-molecular welignt Or non-low-molecular welght
compound having at least two functional groups to the
support via 1lonic and/or adsorptive and/or covalent
bonding and then t O synthesize the condensation

compound bv further reactions ofe! at least one
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optionally activated functional group of the low-

molecular weight compound attached to the support,

condensation compound prepared according to the
1invention 1s employed.

In the context of the process according to the
invention, 1t 1s also possible to combine these two

reaction routes in any desired way.

Support materials which are suitable in principle are
all materials to which, as described above, the at
least one condensation compound and/or the low-
molecular weight compound can be attached by ionic
and/cr adsorptive and/or covalent bonding and from

which the condensation compound synthesized to the
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€ structure of the condensation compound.

In the context of the ©process according to the
invention, 1t 1s possible here, for example, for the
support  not to 1nfluence the synthesis of the
condensation compound. Likewlse, 1t 1s also possible
for the chemical nature and the topology of the support
to be used, as a result of, for example, electronic or
steric 1interactions, to influence the synthesis of the
condensation compound, for example, regio-, stereo- or

enantioselectively.

Examples which may be mentioned are porous and non-
porous resins, titanium dioxide, silica gel, cellulose,

glass beads, metal, plastic, ceramic or glass surfaces.

With respect to the solubility of the support in the
selected solvent or solvent mixture, it is possible for
the support material to be soluble or insoluble.
Accordingly, 1t 1s possible 1n the context of the
process according to the 1nvention for the stepwise

synthesis of the condensation compound on the support
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to take place in solution, in disperse phase or in
emulsion.

support the solubility of the support-condensation
compound complex changes in the chosen solvent or
solvent mixture. Accordingly, it is possible, for
example, 1n the course of the stepwise synthesis to
change the solvent composition in order to guarantee
the desired solubilities. Obviously, it is further
possible to employ two or more support materials which
are different from one another and which differ in
thelr solubility in the chosen solvent or solvent
mixture.

In a further possible embodiment of the pProcess
“-CSIdlng Lo The LnDWEnilon, Lhe support-condensation
compound complex can be i1solated after any desired
number of steps and subsequently reacted agailn 1in the
same Or 1n another solvent or solvent mixture in at

least one further step.

Likewlse, the stepwise synthesis of the condensation
compound can be carried out in solution without use of

a support.

Just as 1n the stepwise preparation of the condensation
compound on the support, it is possible to carry out

the preparation of the condensation compound 1n

solution without a support, depending on the compounds
to Dbe reacted and the chosen solvent or solvent
mixture, 1n homogeneous solution or in dispersion Or 1in

emulsion.

In the stepwise synthesis of the condensation compound
in solution without a support, it is possible 1n the
context of the process according to the invention, for

example, firstly toc prepare a condensation compound
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from two low-molecular weight compounds having at least
two functional groups and then to synthesize this
condensation compound successively by reaction with in
each case one further low-molecular weight or non-low-
molecular welght compound having at least two
functional groups. In each step, the condensation of at
least one low-molecular weight compound or non-low-
molecular weight compound takes ©place onto the
condensation compound from the preceding step, at least
one functional group of the condensation compound
reacting with a functional group of a low-molecular
welght compound in the condensation and, 1f
appropriate, one of the two functional groups reacting

with one another being activated before the reaction.

In particular, it 1s possible, for example, to employ
AN oligo- or polyvcondensaticn product orepared
according to the inventicn as the non-lcocw-molecular
weight compound. Likewise, 1t 1is also possible to
employ any desired oligomers or polymers which have a

sultable type and number of functional groups as the

non-low-molecular weight compound.

In principle, no restrictions exist with respect to the
solvents or solvent mixtures which can be employed. It
1s only to be taken into consideration that the process
according to the i1invention can be carried out in the
selected solvent or solvent mixture. In a preferred
embodiment of the process according to the invention,
solvent mlxtures are employed here, particularly
preferably solvent mixtures which have water as one

component.

Accordingly, the present invention also relates to a
process, as described above, which 1s characterized 1in
that 1t 1s carried out at temperatures in the range
from -10°C to +50°C in at least one agueous solvent

mlxture.
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In the context of the process according to the
invention, it is also possible to combine the methods

described above in a suitable manner for the synthesis
Of the condensation compound.

Preferably, low-molecular weight compounds which carry
functionally specific radicals or groups can be

condensed linearly or in planar fashion or three-

molecular weight blocks. Functionally specific radicals

Or groups which may be mentioned are, 1nter alia,
chromophores, fluorophores, Sensors, receptors or
indicators. Moreover, for example, optically active
radicals, groups which introduce a liguid-crysta

character, or groups having conouctor or semiconductor

properties can be introduced.

Corresponding to the possibilities described above or
synthesizing oligo- and/or polycondensation compounds,
1t 1s possible in the context of the process according
to the 1nvention to prepare homo-oligocondensates or
homo-polycondensates when using a single low-molecular
welight  compound. When using different compounds,
co-oligo~ or polycondensates, random co-oligo- or
polycondensates, block co-oligo- or polycondensates or
alternatively defined primary and secondary structures
can also be prepared. It is possible here, using the
differing reactivity and selectivity of the functional
groups 1involved in the activation or the reaction, to

control the sequence and the nature of the bonding
steps.

With appropriate use and combination of compounds which
have two or more than two functional groups, 1t 1S
possible to synthesize one-, Lwo- and/or three-

dimensional structures by means of suitable activation

and condensation steps.
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Accordingly, the present invention also relates to the

use of a ccmpound of the following structure (I)

O
R;
N—0O R (1)
R;
O O
where R’ 1s a halogen atom or a radical (I’)
O
Ry
O—N (I)
/ Ry
O

and where R;, Ry, R;, and R, are identical or different
and are hydrogen, straight-chain or Dbranched-chain
alkyl, arvyl, cycloalkyl, heterocyclic or aralkyl
raqlrcals naving up ¢ ou © alLols, or €1Ther ny] and ~; oOr
R, and R, or both R; and R and R;’ and R-»’ are linked
to give a carbocycle or a heterocycle, or of a compound

of the following structure (II)

Cl (1)

where Ry to Rjg are 1dentical or different and are
hydrogen, straight-chain or branched-chain alkyl, arvl,
cycloalkyl, heterocyclic and aralkyl radicals having up
to 30 C atoms, or a number of R; to R:p are bridged to
give one oOr more carbo- or heterocycles, for the

preparation of one-, two- and/or three-dimensional

condensation compounds.

In the synthesis of these compounds, 1nter alia, ester,
amlde, carbonate, hydrazide, urethane or urea bonds can
be linked to the abovementioned compounds o©0f the

structures (I) or (II) and the likewise abovementioned




10

25

30

CA 02375254 2001-11-22

_21.....

different functional groups by the process according to
the i1invention.

The present 1invention therefore also relates to the

use, as described above, which is characterized in that

the one-, two- and/or three-dimensional condensation
compounds are formed by linkage of ester, amide,
carbonate, hydrazide, wurethane or wurea bonds or by

linkage of thio-analogous or nitrogen-homologous bonds.

A particular advantage of the process according to the
invention 1s to be seen 1n that even low-molecular
weignt compounds which carry substituents which react
sensitively to drastic reaction conditions can Dbe
emploved for the synthesis of the oligo- or
condensation products, since the preparation conditions
fgr these condensation compounds are less drastic

compared wlth the processes according to the prior art.

Accordingly, the present 1nvention relates to a
process, as described above, which 1s characterized in
that the reactions ©of the low-molecular weight
compounds having at least two functional groups are

carried out at a pH 1n the range from 3 to 14 and a

temperature in the range from -30°C to +70°C.

In a particularly preferred embodiment, the reactions
are carried out at a pH in the range from 4 to 14 and

at a temperature in the range from -15°C to +50°C.

By using compounds which have two or more functional
groups, 1t 1s possible to prepare star polymers,
dendrons and dendrimers by the process according to the
invention. Inter alia, both divergent and convergent

synthesis strategies are possible here.

In the divergent synthesis, 1n a specific embodiment of
the process according to the invention a multi-

functional reagent such as a reagent of the structure
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(V), which, for example, is simply activated with a
compound of the structure (I) or (II), is reacted with,
for example, the hydroxy groups of a multifunctional
nucleus. In a next step, in one embodiment of the
process according to the invention the reaction product

1s activated on free functional groups with a compound

of the structure (I) or (II) and then reacted with one
or more sultable multifunctional reagents. In a
preferred embodiment of the process according to the
invention, in this next step the reaction product is
reacted with one or more suitable multifunctional

reagents which were activated with a compound of the

structure (I) or (II).

In a further specific embodiment of the process
according to the 1invention with respect to the
YynLhesls, the Nydroxvy SJYCUTS i

multifunctional nucleus, for example, of a polyvhydric
alcohol, for example glycerol, are activated by means
of a compound of the structure (I) or (II). In a next
step, the activated hydroxy groups are reacted
selectively with the amino groups, for example, of an
aminoalcohol, for example, of the structure (V) to give
the urethane. In further steps, the hydroxy groups of

the condensation compound are then activated in each

case and reacted with the amino groups of an amino
alcohol to give urethane. The degree of branching can
be controlled here via the number of the hydroxy groups

in the nucleus and of the reagents employed in these

further steps.
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the following steps of a route for the

a dendrimer may be shown by way of

N O
 )—on8
0\\‘:
/
BNO —\
O O
N OH OH

Accordingly,

HO

the present invention also relates O a

use, as described above, which 1s characterized in that

the condensation compounds are star polymers,

dendrimers or dendrons.
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In convergent synthesis, 1n a specilific embodiment of
the process according to the 1invention, for example, a
hydroxydicarboxylic acid  1s selectively activated
C-terminally with a compound of the structure (I) or
(I1), after which a condensation compound 1S
successively synthesized up to the desired degree of
derivatization wusing, for example, aminodicarboxylic
acids. The condensation compound obtained, a dendron,
can then be reacted, for example, wilith an activated

tri- or tetracarboxylic acid.

Exampies of nuclei whicn may be mentioned which are
suitable for the ©preparation of star polymers or
dendrimers are, inter alia, 1,3,5-benzenetricarboxylic
acid, pentaerythritol, phloroglucinol, 1,3,5-triamino-

benzene, melamine or alternatively cyclodextrins.

By means of the process according to the invention, all
the types of bonding described above can be realized 1in
the preparation of the star polymers, dendrons and

dendrimers by means of condensation reactions.

A further advantage of the process according to the
invention 1is to be seen, 1inter alia, 1n that the
compounds from which the oligo- or condensation
compounds are synthesized can additionally carry two
further functional groups, 1.e. can essentially be
arbitrarily substituted, 1in addition to the functional

groups which are used for the synthesis.

Here, 1t 1s possible 1inter alia that these further
functional groups are protected, 1f appropriate, by a
suitable protective group during the synthesis of the
condensation compound. Essentially all known protective

groups according to the prior art can be used here.

Following the 0li1go- or polycondensation, the

condensation compound prepared can be derivatized On
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these functional groups, where in the case in which the
functional groups were provided with protective groups,
these are first removed by means of a suitable process
according to the prior art. With respect to this
derivatization, it 1s possible, for example, to
activate the functional groups o©of the condensation
compound with an activating reagent, preferably with a
compound of the structure (I) or (II) and then to react
it with compounds which have at least one functional
group. Likewise, it 1s also possible to react activated
compounds having at 1least one functional group, with

the functional groups of the condensation compound.

In a further embodiment of the present invention, it 1s
possible to derivatize in a suitable manner 1dentical

oligomeric or ©polymeric condensation 1intermediates

which in each case have at least one functional group

compound and then to mix them together to give a
condensation compound. The condensation 1i1ntermediates
can in this case either be derivatized with a single or
alternatively different compounds. The compounds with
which derivatization 1s carried out can be supplied,
for example, as a mixture, which finally leads to a

randomly derivatized condensation product.

By means of the structure of substituents which are
introduced into the condensation compound via the
derivatization or which are present as radicals 1n the
compounds from which the condensation compounds are
synthesized, properties can be specifically introduced
into the condensation compound in the process according

to the 1nvention.

For example, the solubillity  oOr the thermal or
rheological behaviour of the condensation compound, Ior
example the plasticity, the deformability, the heat

stability or the glass temperature, can be influenced

by the chemical nature of these substiltuents. Llikewise,
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linear and non-linear optical properties such as
ligquid-crystalline character, <chirality, refraction,
scattering or transparency can be introduced into the
condensation compound. The specific influencing of the
conductivity of the condensation compound 1s also
possible. Likewise, combinations of these properties,
of course, are also specifically controllable. For
example, 1t 1s possible to prepare Dby the process
according to the invention polycondensation compounds
in which the conductivity and the mechanical and
thermal stability are specifically 1influenced Dby
suitable selection, reaction, if appropriate
derivatization and/or crosslinkage, as described bkelow,
of those compounds which are employed for the synthesis
of the polycondensation compound. The substituents oOr
radicals can likewise 1ntroduce 1ndicator or sensor

properties or alternatively colour, fluorescence Or

radioactivity into the condensation proauct.

In the context of the present invention, 1t 1s &also
possible to deform the optionally derivatized
condensation products in the presence of a template
compound. The template compound employed can 1n
principle be any compound which can be 1intercalated
reversibly into the structure to be synthesized, 1in the

preparation of the condensation compounds.

Accordingly, the present 1inventlon also relates to a
process, as described above, which 1s characterized 1n
that the condensation compound 1is deformed in the

presence of at least one template compound.

In the deformation, a procedure is used, for example,
in which a condensation compound is mixed together with
a template in a suitable solvent or solvent mixture and
the condensatior compound is given the possibility oI
taking up one or more favoured conformations. It 1s
also possible here to mlx togetner a condensation

compound with two or more different templates.
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Likewlse, it 1is possible to mix together two or more

different condensation compounds with one or more
different templates.

The 1nteractions between the at least one template
compound and the condensation compound can be of any
desired nature. Examples which may be mentioned are:

- hydrogen bonds;

- dipole~-dipole interactions;

- van der Waals interactions;

- hydrophobic interactions;

- charge-transfer interactions;

- 10nlc interacticns:

- combinations of these interactions.

Structural units of the compounds from which the

condensation compounds are synthesized, for example,

. -
2w s »"

i e LEBPUNS et LoX Llie LIiTEractions. inese
structural units can alsc have been introduced into the
condensation compound by derivatization, as described
above. Inter alia, there can be functional groups which
were not used for the synthesis of the condensation
compounds or which were subsequently introduced into
the condensation compound by derivatization, as

described above.

In a further embodiment of the process according to the
invention, the synthesis of the condensation compound
1s carried out in the presence of at least one chemical
compound which 1s not incorporated 1nto the
condensation compound. This at least one chemical

compound can here be, for example, a template.

Accordingly, the present 1nvention also relates to a
process, as described above, which 1s characterized 1in
that the <condensation compound 1is prepared in the

presence of at least cne template compound.
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It 1s possible here, inter alia, that the at least one
template compound 1is present during the entire
preparation of the condensation compound. It 1is
likewise possible to add the template compound only in

the course of the preparation process.

In the context of the present invention, it is also
possible to synthesize the condensation compound in the
presence of at least one template compound and to
deform the resulting conformation in a further step in

the presence of at least one template compound.

In a further embodiment of the process according to the
invention, the conformation of the condensation
compound, which has been formed by defeormation in the

presence o0of a template or by preparation of the

~ N FaAnm ~AammAittnAd 1N . -
congensgation ~ompound the presence of a template,

e .

1Q
i et

fixed. For fixing, 1n principle all the possible

processes can be employed.

Accordingly, the present invention also relates to a
process, as described above, which is characterized in
that the conformation resulting from the deformation is

fixed.

In particular, temperature change, solvent exchange and
crosslinkage may be mentioned here. The conformation is

preferably fixed by crosslinkage.

The crosslinkage can be achieved here, for example, by
directly reacting two or more strands of condensation
compounds with one another. This car be achieved by
constituting the functional groups of the compounds
from which the condensation compound was synthesized

and/or the functional groups introduced by derivatiza-

tion such that covalent and/or non-covalent bonds can
be connected between these groups. Very generally, it
1s possible that these covalent and/or non-covalent

ponds are formed between groups which are attached to a
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single condensation compound, and/or are formed between
groups which are attached to two or more condensation
compounds, so that two or more condensation compounds
can be linked to one another via one or more sites by

means of the crosslinkage.

Likewise, 1t 1s also possible to employ one or more
suitable crosslinking agent(s) for the crosslinkage,
with which, as described above, groups within a
condensation compound and/or groups which are attached
to a number of strands of condensation compounds which,

if appropriate, are different can be crosslinked 1in a

covalent and/or non-covalent manner.

Here, it is particularly possible in the context of the
present invention to design the chemical structure of
the condensation compound with respect to the later
crosslinkage as early as during the preparation oL Uhe
condensation compound and/or during the derivatization
of the condensation compound or the condensation
intermediates. In particular, for example, the
derivatizing reagents can have functional groups which
are selective for covalent and/or non-covalent

crosslinkage.

Possible crosslinking reagents are 1in principle all
sultable compounds known from the prior art.
Accordingly, the crosslinkage can be carried out, for
example, 1in a covalently reversible manner, 1n a
covalently irreversible manner or 1in a non-covalent
manner, where, 1in the case of crosslinxkxage 1n a non-
covalent manner, for example, crosslinkages via 1onic
interaction or wvia charge-transfer interaction may be

mentioned.

As crosslinking reagents which can lead tO covalently
lrreversible crosslinkage, inter alia, bi- or
polyfunctional compounds such as diols or diamines may

he mentioned. EHere, for example, bivalent crosslink<ers
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are reacted with the activated condensation compound,
or the at least bivalent activated crosslinking reagent
1S reacted with the non-activated condensation
compound. A covalently reversible crosslinkage can be
realized, for example, by formation of a sulphur-
sulphur bond to give a disulphide bridge between two
functional groups attached to one or two condensation
compounds. Crosslinkage via 1onic 1interaction can take
place, for example, via two radicals, of which one has
a quaternary ammonium ion as a structural unit and the

other has, for example

—C 00 or -S04

as a structural unit. Crosslinkage via hydrogen bridges
can be formed, for example, between two complementary

base pairs, for example via the following structure:

i
N—H-------0
/ N
N-------H—
N~—H-------0

Very generally, polymer derivatives to be crosslinked
non-covalently can be synthesized in complementary form
with respect to the crosslinking sites, structural
units complementary to one another being, for example,
acid/triamine or uracil/melamine. Likewilise, 1n the case
of a non-covalent crosslinkage, the crosslinking
reagent can be complementary to the crosslinking sites
on the condensation compound. An example of this which
may be mentioned would be an amine group OnN the
condensation compound and a dicarboxylic acid as &

crosslinking reagent.
By means of the crosslinkage, 1t 1S possible, for

example, to synthesize multilayers from sultable

condensation products. This 1s possible, for example,
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if firstly two-dimensional structures are synthesized
by the process according to the 1nvention and these are
connected by crosslinkage to give multilayers.
Likewise, it 1s ©possible firstly to prepare one-
dimensional structures from which two-dimensional
structures are prepared by crosslinkage and
subsequently three-dimensional structures are prepared
by crosslinkage. Likewise, three-dimensional structures
can be synthesized directly from suitable one-
dimensional structures by crosslinkage. A combination

of these preparation routes 1s likewise possible.

In a further embodiment, the present invention also
relates to the use of a condensation compound, which

-~ar. be prepared according to a process as described
O

above, r of a condensation compound, which can be
~vaonmavad ko +tho nza ~f a compound of the structure (I)
or (II), as described akbove, asz a cresslinking reagent.

Essentially, all suitable compounds can be crosslinked
by the use according to the 1nvention. Suitable
compounds here are those compounds which have at least
one structural unit, for example one functilional group,
which interacts with a structural unit, for example a
functional group, of the condensation compound prepared
according to the invention 1in such a way that a

crosslinkage takes place.

Inter alia, 1t 1is possible here to crosslink two Or
more oligomers and/or 'polymers with one another Dby

means of at least one condensation compound prepared

according to the invention. The oligomers or polymers
here can have a one-, two- or three-dimensional
structure. Obviously, it 1is possible that at least one
oligomer and/or ©polymer to be <crosslinked 1s a
condensation compound  prepared according to the

invention.
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Depending on the number of the structural units

sultable for crosslinkage of the at least one
condensation compound prepared according to the
invention and used as a crosslinking reagent, it is
possible to crosslink two or more compounds which are
identical to or different from one another, with one

another.

An example of a crosslinking reagent to be used
according to the 1invention and which may Dbe listed
below 1s a dimeric crosslinker which 1s prepared from
phenylalanine and leucine by the process according to

rhe invention:

NHg @)
, I I NH2 O
~ H OH | '—‘4—*1:
O —. H OH
u |
Phenyialanine Leucine
\
) §
o ]
NN
; O
o\r,o
NH o ) .

Dimer

Phe-l.eu-crosslinker
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The following reaction routes (A) and (B) may be listed
as examples of the synthesis of a condensation compound
by the process according to the invention, in which
reaction routes the radical BNO represents the

5 following structural unit (VIII):

O

N—O (VII)
O

Reaction route (A):

o

—N—~ N H

— ‘ i :

+2 1 (!
H e 'Q“Q/\\/ N/\\/\/\
% ’r \ N - 6 __,..--"NHz
\ 7 W\ J
BNO \‘_._"'—:_ ’ o

etc.

10

S M RAT S0 AT AR JONR I BRSO AN F 7 0§ -39 5173300011 AT O T ST TS NIRRT R TTH AV TR [NRERE (et e R e oM 13- e =1 -




rer Se Al oY L R gl i ad g AE I PRI s e 4es 1Y he b e .

— 34 —
Reaction route (B)
o Q
] —N TN
2 /f\\/\N,d ~ OH
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\ {
\
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Examples

Example 1: Polycondensation of terephthalic acid
bis (N-hydroxy-5-norbornene-2,3-dicarbox-

imide) ester with 1,6-diaminohexane

A solution of 0.58 g (5 mmol) of 1,6-diaminohexane 1in
100 ml of chloroform was added dropwlse at room
temperature in the course of 1 h to a solution of
2.44 g (5 mmol) of terephthalic acid bis(N-hydroxy-
5-norbornene-2, 3-dicarboximide) ester 1n 150 ml of
chloroform. After about 25% of the amount of
1,6~-diaminchexane had been added, the solution began to
become turbid, and a white precipitate was formed. The
reaction mixture was stirred at room temperature until
it was no longer possible to detect starting materials
us'ing TLC checking. The precipitate was filtered off
througn & leifion memprane ana dJdrieua .ii 4 [igh vacuum
for 48 h.

Example 2: Condensation of trimesic acid tris(N-
hydroxy-5-norbornene-2,3-dicarboximide)

ester with 1,6-aminohexanol.

A solution of 2.00 g (17.1 mmol) of 1,6-aminohexanol 1n
a mixture of 10 ml of THF and 3 ml of ethanol was added
dropwise at room temperature in the course of 10 min to
a solution of 3.95 g (5.7 mmol) of +trimesic acid
tris (N-hydroxy-5-norbornene-2,3-dicarboximide) ester 1n
100 ml of THF. After 2 hours, the activated traimesic
acid had reacted (TLC checking) and the solvent was
removed on a rotary evaporator. The Dbrown residue Wwas
chromatographed on silica gel (hexane/ethyl acetate)
for the purification and removal of the N-hydroxy-

S—-norbornene-2, 3-dicarboximide formed.
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Example 3: Preparation of C6-diol bis-ONB

6.03 g (25 mmol) of N-(chlorocarbonyloxy)-5-norbornene-
2,3-dicarboximide were dissolved in 250 ml of
tetrahydrofuran. A solution of 1.18 g (10 mmol) of
1l,6-hexanediol and 1.98 g (25 mmol) of pyridine in
80 ml of tetrahydrofuran was added dropwise at 10°C in
the course of 1 h. The mixture was stirred at 20°C for
1 h and at 35°C for 3 h. The precipitated pyridinium
hydrochloride was filtered off and the tetrahydrofuran
was removed on a rotary evaporator. The residue was
taken up in 100 ml of dichloromethane and shaken with
5% strength KHSO; solution, with 5% strencth NaHCO;
solution and with distilled water. The organic phase
was concentrated after drying over NaSO; and the

residual colourless crystals were dried 1n a high
vacuum. Yield: 3.57 g (71.4%).

Example 4: Preparation of C8-diamine bis-ONB
O
O H
O |
1 \_on
- O O
O
6.02 g (25 mmol) of N-(chlorocarbonyloxky)-5-norbornene-
2,3-dlcarboximide were dissolved in 250 ml of
dichloromethane. A solution of 1.47 g (10 mmol) of

1,8-diaminooctane and 3.03 g (30 mmol) of triethylamine
in 100 ml of dichloromethane was added dropwilise at
-15°C in the course of 1 h. The mixture was stirred at
-15°C for 4 h. Some of the product precipitated as a
white solid and was filtered off. The filtered reaction
solution was shaken with 5% strength K=SO; solution,

with 5% strength NaHCO; solution and with distilled
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water. The organic phase was concentrated after drying
over Na,SO, and the residual white crystals were dried

in a high vacuum. The total yileld of both fractions was
4.75 g (85.6%) .

5
Example 5: Preparation of adipic acid bis-ONB
P O
| O—
N—O
O
O

5.30 g (22 mmol) of N- (chlorocarbonyloxy)-S-norbornene-
2, 3-dicarboximide and 0.24 g (2 mmol) of 4-dimethyl-
10 aminopyridine were dissclved 1in <50 mi ©oOf dichloro-
methane. A solution of 1.46 g ({10 mmcl; of adipic acid
and 2.22 g (22 mmol) of triethylamine 1n 50 ml of

<i~hloromethane was added drorwise at N°C in the course

= = O
for 1 R, at 20°C

~f 1 h. The mixture was stirred at C°C
15 for 1 h and at 35°C for 2 h. The reaction solution was
shaken with 5% strength KHSO; solution, with 5%
strength NaHCO3 solution and with distilled water. The
organic phase was concentrated after drying over Na;5S0q4

and the residue was dried in a high vacuum.

20
Example 6: Preparation of terephthalic acid bis-ONB

26.51 g (110 mmol) of N- (chlorocarbonyloxy) -
s -norbornene-2, 3-dicarboximide and 1.22 g (11 mmol) of
25 4-dimethylaminopyridine were dissolved in 500 ml of
dichloromethane. A solution of 8.30 g (50 mmol) of
terephthalic acid and 11.1 g (110 mmol) B
triethylamine in 150 ml of dichloromethane was acdded

dropwise at 0°C in the course of 2 h. The MixLure wWas

e e el T L S R ot LA OO SO AU 04 2aE?. e ot o b dmemais Y 470 A AN § UL A A A NN R TG 1 RN W BRI it 07, > i+ -




o™

10

15

20

CA 02375254 2001-11-22

- 38 -

stirred at 0°C for 1 h, at 20°C for 1 h and at 35°C for
2 h. 400 ml of dichloromethane were added to the
resulting suspension and the now clear reaction
solution was shaken with 5% strength KHSO; solution,
with 5% strength NaHCO; solution and with distilled
water. The organic phase was concentrated after drying
over Na>S0O; and the white residue was dried 1n a high
vacuum. Yield: 17.15 g (70.2%).

Example 7: Preparation of l-amino-6-hexanol di-ONB

&

2.65 g (11 mmol) of N-(chlorocarbonyloxy)-5-norbornene-

2, 3-alcarpboXxiiliius we IS LLTDIT VD - PRL MM Sl
dichloromethane. A solution of 1.14 g (10 mmol) of
1, 6-aminohexanol and 1.31 g (13 mmol) of triethylamine
in 40 ml of dichloromethane and 30 ml of chloroform was
added dropwise at -15°C in the course of 30 min. The

mixture was stirred at -15°C for 3 h and excess

N- (chlorocarbonyloxy)-5-norbornene-2, 3-dicarboximide
was hydrolysed using 2 ml of water. The clear reaction
solution was shaken with 5% strength KHSO; solution,
with 5% strength NaHCO; solution and with distilled
water. The organic phase was concentrated after drying
over Na-S0O; and the colourless gelatinous residue was

dried in a high wvacuum.
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Example 8.: Preparation of l2-hydroxydodecanoic acid
di-ONB

O
O
O/\/\/\/\/\/)‘—O""N
N—0— 0
O O
0

1.08 g (5 mmol) of lZ2-hydroxydodecanoic acid and 1.52 g
(15 mmol) of triethylamine were dissolved 1n 400 ml of
dichloromethane, together with 0.12 g (1 mmol) of
4-dimethylaminopyridine. 2.89 g (12 mmol) of N-(chloro-
carbonyloxy)-5-norbornene-2, 3-dicarboximide were added
dropwise at 0°C 1in the course of 30 min. The mixture
was stirred at 0°C for 1 h and at 15°C for 1.5 h. The
reaction colution was shaken with ice-cold 5% strength
NaHCO3 solution and with ice-cold distilled water. The
oraanic phase was concentrated after drving over Na;S04
and the residue was taken up 1in methylene chlcride. The
product was precipitated again using hexane and dried

in a high vacuum. Yield: 2.8 g (96.1%).

Example 9: Preparation of trimesic acid tris-ONB
—
0/\ ‘ O
7 i .
O/\/\Ii)\o\ \
AN
O
O
38.56 g (160 mmol) of N-(chlorocarbonyloxy) -

S-norbornene-2, 3-dicarboximide were dissolved 1in 400 ml
of dichloromethane, together with 0.61 g (5 mmol) of

d-dimethylaminopyridine. A solution of 10.50 g
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(S0 mmol) of trimesic acid (1,3,5—benzenetricarboxylic
acid) and 16.16 g (160 mmol) of triethylamine in 150 ml
O0f dichloromethane was added dropwise at 0°C in the
course of 30 min. The mixture was stirred at 0°C for
1 h, at 20°C for 1 h and at 35°C for 2 h. Evolution of
CO, occurred 1in the course of this. The reaction
solution was shaken with 5% strength KHSO, solution,
with 5% strength NaHCO; solution and with distilled
water. The organic phase was concentrated after drying
over Na;>304 and the residual colourless crystals were
dried 1n a high vacuum. Yield: 26.8 g (77.3%).

Example 10: Selective mono-reaction of l-amino-

6-hexanol di-ONB with isobutylamine

Q
O "
i A ° P~ /
N N, J—O—=N_ | bt SN T
! 8 - Pt N TN . ; !; |
fﬁ N—O— ¢ ™7 7 70 N RN
cn .;o w O
O
\
© H O \

Ny ' ./ o
;./(.\’ \N—-O—\(’N\/Wo)\’ﬁ“

0.53 g (1.0 mmol) of 1-amino-6-hexanol di-ONB was
dissolved 1in 20 ml of dichloromethane. 0.07 g
(1.0 mmol) of isobutylamine was rapidly added dropwise
at room temperature. The milixture was stirred at room
temperature for 90 min. Without restriction to theory,
1t 1s presently assumed that the isobutylamine reacts
selectively here with the activated alcohol function.
The reaction solution was shaken with 5% strength KHSOq

solution, with 5% strength NaHCO; solution and with

distilled water. The organic phase was concentrated
after drying over MgSO; and the colourless gelatinous

residue was dried 1n a high wvacuum. Yield: 0.30 g
(71.2%) .
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6-{[ (Isobutylamino)carbonyl]amino}hexyl isocbutylcarbamate

.b H
\ O
H O e \)\\ ™
| ['-i l!\l\ NN N0 \%\'N-/ *  HO—N \]
RN N“ﬂ{/ H \/'\J
O )
Q
0.20 g (0.47 mmol) of the mono-reaction product

obtained as described above was dissolved in 15 ml of
dichloromethane and 0.04 g (0.57 mmol) of triethylamine
was added. In the presence of triethylamine, the
activated amine function reacts within 60 min. The
reaction solution was shaken with 5% strength KHSO.
sQlution, with 5% strength NaHCO; solution and with
distilled water. The organic vhase was concentrated
after drying over MgS50; and the colourless crystals

were dried in a high wvacuum. Yield: 0.10 g (67.5%).
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Patent Claims

Process for the preparation of a condensation
compound by reaction of at least one functional
group of a first low-molecular weilght compound
having at least two functional groups, with at
least one functional group of at least one
further, second low-molecular weight compound
having at least two functional groups, and which
can be identical to the first or different <from
the first low-molecular weight compound, with
obtainment of a condensation compound,
characterized in that at least one of the
functional groups involved in this reaction has
been activated before the reaction by reaction

with a compound of the following structure (I)

O
- /!
- -
N—O R (1)
R>
O O
where R’ is a halcgen atom or a radical (I7)
O
R;
O—N (I')
R,'
O

f

and where R;, Ry, R; and R; are identical or
different and are hydrogen, straight-chain or
branched-chain alkyl, aryl, cycloalkyl, hetero-
cyclic or aralkyl radicals having up to 30 C
atoms, or either R; and R; oOr Rf awmifhf or both R,
and R: and R, and R:’ are linksd to give a

carbocycle or a heterocycle.
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2. Process according to Claim 1, characterized in that

the compound of the structure (I) employed 1s a compound

of the following structure (II)

R
Ry R7 Ry 0 '
j N—0O Cl (II)
Rip ?f/
8¢ R Re 0 O

where R, and R, are hydrogen and R, to R,, are identical or
different and are hydrogen, straight-chain or branched-
chain alkyl, aryl, cycloalkyl, heterocyclic and aralkyl
radicals having up to 30 C atoms, or a number of R. to Ry,
are bridged to give one or more carbocycles or

heterocycles.

3. Process according to Claim 1 or 2, characterized 1in
that at least one of the compounds having at least two
functional groups has at least two different functional

groups.

4, Process according to Claim 3, characterized in that at
least one of the at least two different functional groups
of the at least one compound having at least two
functional groups was selectively activated by a compound
of the structure (I) or (II).

5. Process according to any one of Claims 1 to 4,
characterized in that the condensation compound 1is
prepared by simultaneous reaction of the compounds having

at least two functional groups.

6. Process according to any one of Claims 1 to ¢4,
characterized in that the condensation compound 1is
synthesized stepwise from the compounds having at least

two functional groups.
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7. Process according to Claim 6, characterized in that
the stepwise preparation of the condensation compound 1is

carried out in solution or on a solid support.

8. Process according to any one of Claims 1 to 7,
characterized 1in that the reactions of the compounds
having at least two functional groups are carried out at
a pH in the range from 3 to 14 and a temperature 1in the

range from -30°C to +50°C.

9. Process according to any one of Claims 1 to 8,
characterized in that it is carried out at temperatures
in the range from -10°C to +50°C in at least one aqueous

solvent mixture.

10. Process according to any one of Claims 1 to 9,
characterized in that the condensation compound 1s
prepared 1in the presence of at least one template

compound.

1ll1. Process according to any one of Claims 1 to 10,
characterized 1in that the condensation compound 18
deformed 1in the presence of at least one template

compound.

12. Process according to Claim 10 or 11, characterized 1in
that the conformation resulting from the preparation or

the deformation is fixed.

13. Use of a compound of the following structure (I)

-0, R (L)
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where R' 1s a halogen atom or a radical (I')

O
R,
R,'
O

and where R;,, R,, R,' and R,' are 1identilical or different
and are hydrogen, straight-chain or branched-chain alkyl,
aryl, cycloalkyl, heterocyclic or aralkyl radicals having
up to 30 C atoms, or either R, and R, or R,' and R,' or
both R, and R, and R,' and R,' are 1linked to give a
carbocycle or a heterocycle, or of a compound of the

following structure (II)

joi N—O (I1I1)
o Cl
Rio Y

R | Re 0 O

where R; to R,, are identical or different and are
hydrogen, straight-chain or branched-chain alkyl, aryl,
cycloalkyl, heterocyclic and aralkyl radicals having up
to 30 C atoms, or a number of R to R,, are bridged to

give one or more carbocycles or heterocycles, 1in a

process for the preparation of a condensation compound as

defined in claim 1.

l4. Use according to Claim 13, characterized in that the
condensation compound is formed by linkage of ester,
amide, carbonate, hydrazide, urethane or urea bonds and
the thio analogues or nitrogen homologues of these

compounds.

15. Use according to Claim 13 or 14, characterized in
that the condensation compound 1s a star polymer,

dendrimer or dendron.
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16. Use of a condensation compound, prepared by a process

according to any one of Claims 1 to 12 as a crosslinking

reagent.
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