
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/280094272

Preparation	of	Information-Containing
Macromolecules	by	Ligation	of	Dyad-Encoded
Oligomers

Article		in		Chemistry	-	A	European	Journal	·	July	2015

DOI:	10.1002/chem.201502414

CITATIONS

21

READS

66

5	authors,	including:

Some	of	the	authors	of	this	publication	are	also	working	on	these	related	projects:

Mass	Spectrometry	of	Plasma	Polymers	View	project

Sequence-controlled	polymerization	View	project

Tam	Thanh	Trinh

University	of	Strasbourg

7	PUBLICATIONS			93	CITATIONS			

SEE	PROFILE

Delphine	Chan-Seng

French	National	Centre	for	Scientific	Research

30	PUBLICATIONS			619	CITATIONS			

SEE	PROFILE

Laurence	Charles

Aix-Marseille	Université

174	PUBLICATIONS			1,605	CITATIONS			

SEE	PROFILE

Jean-François	Lutz

French	National	Centre	for	Scientific	Research

200	PUBLICATIONS			11,323	CITATIONS			

SEE	PROFILE

All	content	following	this	page	was	uploaded	by	Tam	Thanh	Trinh	on	07	July	2016.

The	user	has	requested	enhancement	of	the	downloaded	file.

https://www.researchgate.net/publication/280094272_Preparation_of_Information-Containing_Macromolecules_by_Ligation_of_Dyad-Encoded_Oligomers?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/280094272_Preparation_of_Information-Containing_Macromolecules_by_Ligation_of_Dyad-Encoded_Oligomers?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Mass-Spectrometry-of-Plasma-Polymers?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Sequence-controlled-polymerization?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tam_Trinh?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tam_Trinh?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Strasbourg?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tam_Trinh?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Delphine_Chan-Seng?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Delphine_Chan-Seng?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/French_National_Centre_for_Scientific_Research?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Delphine_Chan-Seng?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Laurence_Charles2?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Laurence_Charles2?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Aix-Marseille_Universite?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Laurence_Charles2?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jean-Francois_Lutz2?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jean-Francois_Lutz2?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/French_National_Centre_for_Scientific_Research?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jean-Francois_Lutz2?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tam_Trinh?enrichId=rgreq-683bb13463d85d20a90fda4b10946383-XXX&enrichSource=Y292ZXJQYWdlOzI4MDA5NDI3MjtBUzozODExNzc3MzIwNTkxMzdAMTQ2Nzg5MTI2MTM0NA%3D%3D&el=1_x_10&_esc=publicationCoverPdf


&Convergent Synthesis

Preparation of Information-Containing Macromolecules by
Ligation of Dyad-Encoded Oligomers

Thanh Tam Trinh,[a] Laurence Oswald,[a] Delphine Chan-Seng,[a] Laurence Charles,[b] and Jean-
FranÅois Lutz*[a]

Abstract: A simplified strategy for preparing non-natural
information-containing polymers is reported. The concept

relies on the successive ligation of oligomers that contain
minimal sequence motifs. It was applied here to the syn-

thesis of digitally-encoded poly(triazole amide)s, in which
propyl and 2-methyl propyl motifs are used to code 0 and

1, respectively. A library of four oligo(triazole amide)s con-
taining the information dyads 00, 01, 10, and 11 was pre-
pared. These oligomers contain two reactive functions,

that is, an alkyne and a carboxylic acid. Thus, they can be
linked to another with the help of a reactive spacer con-

taining azide and amine functions. Using two successive
chemoselective steps, that is, azide-alkyne Huisgen cyclo-

addition and carboxylic acid-amine coupling, monodis-

perse polymers can be obtained. In particular, the library
of dyads permits the implementation of any desired se-

quence using a small number of steps. As a proof-of-con-
cept, the synthesis of molecular bytes 00000000 and
00000110 is described.

The development of information-containing macromolecules is
an exciting new trend in synthetic polymer science.[1] Similarly

to DNA, such polymers contain a message that is encoded in
their chains by a controlled comonomer sequence.[2–5] The mo-
nomer-coded message can be deciphered using sequencing

technologies, for example, analytical techniques developed for
genomics and proteomics.[2, 5–8] This property was unexplored

until very recently and opens up a brand new scope of appli-
cations for synthetic polymers, for example, in the fields of
data storage, molecular informatics, and molecular identifica-
tion.[9] In order to design such macromolecules, a readable co-
monomer code should be encrypted in the chains.[2] Although

many different types of codes could be potentially written in

polymers, the simplest possibility is certainly the design of
a monomer-based binary code. Such a code can be easily im-

plemented in a polymer chain using two comonomers defined
intentionally as 0-bit and 1-bit. It is, however, very important

to note that the macromolecular string of information should

be defect-free. That implies that classical polymerization pro-
cesses leading to polydisperse polymers, such as chain-growth

or step-growth polymerizations, are not suitable for preparing
information-containing macromolecules. On the other hand,

such polymers can be prepared using multistep-growth ap-
proaches, that is, iterative chemistry on a solid or soluble sup-

port.[10, 11] However, such methods are usually time-consuming

and limited to the synthesis of short sequences.[12, 13] In order
to simplify these syntheses, protecting-group-free iterative

strategies have been reported in recent years.[14–20] For in-
stance, our group has studied so-called “AB + CD” approaches,

in which two successive chemoselective reactions are used to
attach two building blocks containing four different reactive

functions A, B, C, and D.[16] For example, copper-catalyzed Huis-

gen cycloaddition and amidification steps can be used to link
a building block, AB, containing carboxylic acid (A) and termi-

nal alkyne (B) functions and a building block, CD, containing
primary amine (C) and azide (D) groups. It was found that this
approach allows the synthesis of monodisperse sequence-de-
fined polymers.[16] Moreover, this strategy can be used to syn-

thesize digitally-encoded macromolecules.[21] To do so, three
monomers have to be used: one CD spacer and two inter-
changeable AB building blocks defined as 0-bit and 1-bit. It
was demonstrated that any desired binary sequences can be
written in a polymer using this simple comonomer language.

However, despite its easiness, this iterative approach remains
time-consuming and might be difficult to apply for the synthe-

sis of long information sequences.

Here, a macromolecular coupling strategy is proposed to
simplify the synthesis of long sequence-encoded monodis-

perse polymers. The ligation of oligomers is a strategy that is
extensively used in biopolymer synthesis for achieving long se-

quence-defined polymers. For example, native chemical liga-
tion, introduced by Kent and co-workers, is a useful chemistry
for protein total synthesis.[22] In such approaches, monodis-

perse polymers are attained using oligomers with protected
end-groups that are linked to each other through convergent

strategies. Oligomer ligation has also been successfully utilized
for the synthesis of long oligonucleotide sequences.[23] Compa-

rable methodologies can be used to prepare monodisperse
non-natural macromolecules. For instance, Hawker and co-
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workers have described an elegant convergent approach for

synthesizing monodisperse aliphatic polyesters.[24] In the pres-
ent work, a stepwise ligation approach, based on “AB + CD”

chemistry, was studied for the synthesis of non-natural infor-
mation-containing macromolecules. In particular, the aim of

this study was to prepare a model macromolecule containing
a byte of information (i.e. , eight coded molecular bits).

Figure 1 compares three possible iterative routes that could be

used to prepare such a macromolecular byte. As described
above, a first option is a stepwise approach employing two

coded AB monomers, defined as 0 and 1, and a CD spacer (Fig-
ure 1 a). However, this approach requires 15 successive cou-

pling steps to reach the targeted structure.
The number of steps can be reduced by using libraries of AB

oligomers containing preformed information dyads or tetrads.
For instance, using a library of AB dyads (i.e. , four oligomers)
and a CD spacer, only seven steps are necessary to synthesize
a macromolecular byte (Figure 1 b). As shown in Figure 1 c,
only three steps would be needed using a library of tetrads.

However, this last strategy was not selected in the present
work for two main reasons. First of all, it requires a broad li-

brary of building blocks (i.e. , 16 oligomers). In addition, it is
well-known that the yields and kinetics of macromolecular liga-
tion may depend on the molecular weight of the used build-

ing blocks.[25] In this context, the approach shown in Figure 1 b
appears as an interesting compromise for the synthesis of in-

formation-containing macromolecules. This approach was
tested herein.

The investigation started with the synthesis of a library of

four dyad-encoded oligomers obtained from two AB coding
building blocks, that is, 5-hexynoic acid (0 in Figure 2 a) and 3-

methyl-5-hexynoic acid (1 in Figure 2 a), and 11-azido-3,6,9-tri-
oxaundecan-1-amine as CD spacing unit (* in Figure 2 a). It

should be remarked that the AB coding building blocks differs
from those used in our previous works, which were pentynoic-
[21] or heptynoic-acid[16] derivatives. The reasons for that choice

are related to the ease of monomer synthesis and to the effica-
cy of carboxylic acid-amine coupling. The oligomers were pre-
pared on a Wang polystyrene-based soluble support (Pw in Fig-
ure 2 a) whose synthesis was previously described by our

group.[26] Typically, a four-step procedure was used to synthe-
size the dyad-encoded oligomers, as shown in Figure 2 b. The

hydroxy terminal group of Pw was first reacted with the car-

boxylic acid group of an AB building block (either 0 or 1)
using N,N-dicyclohexylcarbodiimide (DCC) as coupling agent in

the presence of 4-(dimethylamino)pyridine (DMAP; step (i) in
Figure 2 b). The resulting alkyne-functional support was after-

wards reacted with a CD spacing unit by copper-assisted
alkyne-azide cycloaddition (CuAAC) using a combination of

CuBr and 4,4’-di-n-nonyl-2,2’-bipyridine (dNbipy) as catalyst

(step (ii) in Figure 2 b). Lastly, a second AB building block that
can be identical or different from the first one was linked to

the support by carboxylic acid-amine coupling. The oligomers
were then cleaved from the soluble support using a standard

TFA/DCM protocol (step (iv) in Figure 2 b). The four possible
dyads, that is, 00, 01, 10, and 11, were prepared following this

Figure 1. Possible “AB + CD” iterative strategies that could be used for the synthesis of a sequence-encoded macromolecule containing a byte of information.
a) Stepwise strategy relying on three monomers, that is, two interchangeable coded AB monomers and one CD spacer. b) Stepwise ligation strategy using a li-
brary of four coded AB dyads and a CD spacer. c) Stepwise ligation strategy using a library of sixteen coded AB tetrads and a CD spacer.
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procedure and characterized by 1H and 13C NMR as well as
mass spectrometry to confirm their chemical integrity. The dif-

ferent dyad sequences can be easily distinguished by 1H NMR
(Figures S1–S4 in the Supporting Information) through the

chemical shift and presence/absence of the methylene in the

b position to the carbonyl moiety (0) and of the methyl pro-
tons (1). Practically speaking, the methylene signal is observed

at 1.80 and 1.64 ppm when 0 is inserted as first and last build-
ing block respectively, whereas the methyl of 1 is identified at

0.9 ppm. Thus, the presence of characteristic peaks at 1.80 and
1.64 ppm accounts for dyad 00, at 1.80 and 0.9 ppm for

dyad 01, at 1.64 and 0.9 ppm for dyad 10, and solely at

0.90 ppm for dyad 11. Furthermore, mass spectrometry meas-
urements supported the successful synthesis of all the dyad-

encoded oligomers (Figures S5–S8 in the Supporting Informa-
tion).

The sequential coupling reactions of the dyad-encoded
oligomers were also performed on support Pw. As mentioned

in the introduction, any desired sequence can be potentially
created using the dyad library. As a proof-of-principle, two
model sequences, that is, 00000000 and 00000110, were pre-

pared and characterized. Both start with the dyad 00. Because
the dyads were also synthesized on Pw, as described above, it

is unnecessary to cleave them from the support and to couple
them back. In other words, the macromolecular bytes

00000000 and 00000110 were not prepared in seven iterative

steps, as shown in Figure 1 b, but using only six steps (Fig-
ure 2 c). Strictly-speaking, they are obtained in ten steps, that

is, three to construct the first dyad 00 on Pw (the first three
steps in Figure 2 b), one to add a spacer *, and six additional

steps to finalize the sequence. However, it should be remarked
that Pw-00* can be prepared in large scale and used in multi-

ple syntheses. As detailed in Figure 2 c, the macromolecular
bytes were prepared using an “AB + CD” strategy employing

successive carboxylic acid-amine (step (iii) in Figure 2 c) and
CuAAC (step (ii) in Figure 2 c) coupling steps. It is noteworthy

to mention that the four dyad-encoded oligomers all exhibit

AB-type molecular structure. Thus, their successive attachment
on a support requires intermediate coupling steps with a CD

spacer, namely 11-azido-3,6,9-trioxaundecan-1-amine. The syn-
thesis of the macromolecular bytes was monitored by MALDI-

TOF-MS. After each dyad ligation, a small portion of the
formed polymer was cleaved from Pw and analyzed by mass
spectrometry. The same reaction conditions as those employed

for the synthesis of the dyads, that is, CuBr/dNbipy for CuAAC
and DCC/DMAP for the amidification reaction, were first
tested. However, dyad-ligations on the support were found to
be incomplete when DCC/DMAP was used. Various experimen-

tal conditions were screened in order to increase the yields. It
was found that the use of benzotriazole-1-yl-oxy-tris-pyrrolidi-

no-phosphonium hexafluorophosphate (PyBOP) in the pres-

ence of N,N-diisopropylethylamine (DIPEA) for the carboxylic
acid-amine coupling steps (step (iii) in Figure 2 c) led overall to

better results. However, when reaching the third coupling reac-
tion of the dyad to the support, incompleteness of the reac-

tion was observed. Nevertheless, this problem was easily
solved by repeating the amidification step. Using these opti-

mized conditions, the macromolecular bytes were successfully

synthesized. Figure 3 and Figure S11 in the Supporting Infor-
mation show the MALDI-TOF-MS monitoring of the synthesis

of 00000000 and 00000110, respectively. In both cases, the
desired coded monodisperse polymer was obtained. The effec-

tiveness of the oligomer stepwise strategy was also confirmed
by ESI-HR-MS analysis of the formed polymers after each dyad

Figure 2. a) Molecular structures of the building blocks and of the soluble polymer support used in this work. b) General route followed for the synthesis of
dyad-encoded oligomers. c) Specific strategy used in this work for the synthesis of a byte-encoded polymer. The displayed example corresponds to the coded
polymer 00000110. Experimental conditions: (i) DCC, DMAP, DCM, RT, (ii) CuBr, dNbipy, THF, RT, (iii) PyBOP, DIPEA, NMP, 60 8C, (iv) TFA, DCM, RT. Full details, in-
cluding concentrations used, can be found in the Supporting Information.

Chem. Eur. J. 2015, 21, 11961 – 11965 www.chemeurj.org Ó 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim11963

Communication

http://www.chemeurj.org


ligation (Table 1). In all cases, the expected species were identi-
fied with a very high accuracy.

These results indicate that the use of a dyad-encoded oligo-

mer library is an interesting option for preparing sequence-
coded macromolecules. Indeed, using such a strategy, complex
sequences can be synthesized using a small number of cou-
pling steps as depicted in Figure 1 b. However, the experimen-
tal work and the synthesis steps that are used for creating the

initial oligomer library should, of course, also be taken into ac-
count to assess the usefulness of the concept. Altogether, the

strategy is undoubtedly advantageous when compared to
a classical monomer-by-monomer iterative approach (Fig-
ure 1 a). Indeed, the dyad-encoded oligomers can be synthe-

sized in large scales and used as essential building blocks in
numerous syntheses.

For instance, the two model polymers 00000000 and
00000110 prepared in this work share some common syn-

thons. Thus, the process possesses the classical advantages of

a convergent synthesis.[24, 27] Another important advantage of
this approach is indeed the fact that any desired sequence can

be built. For instance, in the case of a macromolecular byte

having different a and w termini, 28 = 256 sequence combina-
tions can be potentially synthesized using five building blocks,

that is, four AB dyad-oligomers and one CD spacer. It should
be remarked that this number of possibility is based on mono-

mer sequence only and does not take into account the stereo-
configuration of the 1 units in the chains. The fact that many

different sequences can potentially be prepared make these

polymers appealing for applications in the field of data storage
and product identification.[9] Indeed, such oligomers could be

used, for example, as molecular barcodes. It is nevertheless im-
portant to clarify that such applications do not require that all

combinations are synthesized. The crucial fact is that any
chosen sequence can be synthesized.

Altogether, the utilization of convergent concepts in chemo-
selective “AB + CD” iterative synthesis seems very useful for
preparing information-containing macromolecules. However,

there are still some drawbacks. For instance, the strategy
shown in this paper relies on polymer-oligomer end-group re-

actions in solution. Such chemistry can be influenced by the
molecular weight of the polymeric reactants. This is mostly

true in the case of diffusion-controlled reactions but it was

also suggested that it may play a role in activation-controlled
reactions. Morawetz and co-workers have extensively studied

the reactivity of polymeric reagents[28] and have proposed that
end-group reactivity is affected by a kinetic exclusion-volume

effect,[25] which is due to the shielding behavior of polymer
random coils. Although conflicting data exist on this topic,[29–31]

Figure 3. MALDI-TOF-MS monitoring of the stepwise synthesis of 00000000. MALDI-TOF-MS mass spectra obtained after each dyad ligation. All samples
shown in this Figure were cleaved from the support Pw prior to MALDI-TOF-MS analysis. The different peaks observed for n = 3 and n = 5 species are interpret-
ed in detail in Figures S9 and S10 in the Supporting Information.

Table 1. ESI-HR-MS monitoring of the stepwise synthesis of 00000000
and 00000110. Comparison of theoretical and experimental m/z values
for polymers isolated at different stages of the synthesis. All polymers
were cleaved from Pw prior to ESI-HR-MS analysis

m/zth m/zexp Error
[mDa]

Error
[ppm]

00* 643.3774 [M++H]+ 643.3783 + 0.9 + 1.4
0000 525.3031 [M++2H]2+ 525.2998 ¢3.3 ¢6.3
000000 558.6577 [M++3H]3+ 558.6574 ¢0.3 ¢0.6
00000000 575.3350 [M++4H]4+ 575.3346 ¢0.4 ¢0.7
000001 563.3296 [M++3H]3+ 563.3306 + 1.0 + 1.7
00000110 582.3428 [M++4H]4+ 582.3322 ¢0.6 ¢1.0
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it is a fact that the coupling of reactive polymer chain-ends in
solution is not trivial. This aspect is particularly crucial in itera-

tive syntheses, in which quantitative yields are required at
each step. It explains, for instance, the relatively long reaction

times used in the present work. However, this aspect could po-
tentially be optimized by varying the experimental conditions.

For instance, we studied here the carboxylic acid-amine cou-
pling reaction for performing macromolecular ligation. Howev-

er, the “AB + CD” concepts relies on two chemical successive

reactions and therefore CuAAC could also be considered for
macromolecular ligation.[32] In this case, microwave-assisted
chemistry could also be used to reduce coupling times.[33] It is
also important to state that the type of support may play an

important role. Soluble polystyrene supports were selected in
this work because it was previously found that they are much

more advantageous than resins for performing macromolecu-

lar ligation in solution.[34] However, low molecular weight sup-
ports such as fluorous tags may be even more practical.[19, 35]

Nevertheless, even though the concept can be certainly opti-
mized, the first proof-of-principle shown in this article clearly

indicates that the use of coded oligomer libraries is a very
promising option for preparing monodisperse sequence-con-

trolled polymers. These results further highlight the signifi-

cance of convergent strategies in synthetic polymer chemistry.
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