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Abstract of Thesis

1,2,3-Triazoles are five-membered aromatic compounds and are formed by cycloaddition
of azide and alkyne functionalities. 1,2,3-Triazole has a large dipole moment, and acts as a
hydrogen bonding acceptor and a ligand for metal ions. On the basis of these unique features
of 1,2,3-triazoles, polymers possessing dense 1,2,3-triazole units in their backbone are
promising as new functional polymers. In this thesis, new polymers possessing dense triazole
backbone have been successfully synthesized by copper(l)-catalyzed azide—alkyne
cycloaddition (CuUAAC). The structure and properties of new dense triazole polymers were
systematically investigated.

In Chapter 2, a new polyanion with a dense 1,2,3-triazole backbone, poly(AH), was
synthesized by CuAAC polymerization of

tBuAH followed by hydrolysis of the t-Bu 100

ester groups. Turbidimetric and :

potentiometric titration date indicated that R 80 :

poly(AH) was well soluble at pH > 7, the 3 g [

apparent pKa at which o = 0.5 was estimated 3 [

to be ca. 5.4, which is larger than that of £ 40l

PAA (pKa = 4.5), indicating that poly(AH) = i

is a weaker polyanion than PAA 20 -

presumably  because of the more ol | ! |
hydrophobic backbone and linker of Cu2* Pb2+ Li* Fe3+

poly(AH). On the basis of PGSE NMR data,

the hydrodynamic radii of poly(AH)Na  gjgyre 1. Removal ratio of poly(AH)Na for
were estimated to be ca. 3._4 and _3.7_nm at Cu(1),Pb (11),Li(1),and Fe(l11).

pH 9.0 and 12.0, respectively, indicating

that that poly(AH) takes a conformation TeoMS
independent of pH under basic conditions. \_\_«O \\_\_«0 {—Nv \E/}
Since 1,2,3-triazole and carboxylate w NN "
moieties may act as relatively soft and hard ”{ﬁo{_ <

ligands, respectively, adsorption tests were ¥

thus performed using poly(AH)Na. The b

removal ratio (removar) Were 75.10 + 0.02, |, i)
62.0 £ 0.2, 89.20 + 0.02, and 98.54 +0.03% e & " 2

for Cu*, Pb®*, Li*, and Fe®, respectively ., *  Fug. 7 om0 5 L
(Figure 1). These observations indicate that L TR AN T
poly(AH)Na can be used as an adsorbent for ' ‘ ‘
metal ions, especially Fe®* ion. The ratio of Figure 2. Polycyclic  polymer and
T1 values for the *H NMR signals in the DFT-optimized conformation for the
presence and absence of 0.6 mM Fe** polycyclic octamer.

15 Polycyclic Polymer




indicated that Fe* ions were adsorbed more preferably onto the 1,2,3-triazole residues.

In Chapter 3, a procedure for constructing of 12-membered cyclic structure 13 has been
developed by accidently. Cyclic dimer 15 was synthesized and a new polycyclic polymer
(Mw = 2.0 %< 10% possessing dense 1,2,3-triazole backbone was successfully synthesized by
CuAAC polymerization of 15 (Figure 2). The DFT calculation indicated that the polycyclic
octamer took a helical conformation presumably because of the bulky 12-membered
macrocycle units. An alternating copolymer of t-Bu ester and t-Bu amide side chains was
also successfully synthesized.

In  Chapter 4, the interaction of

polycyclic polymers with PdCl> was N l’ .
investigated by 'H NMR. In the presence I ﬁ?ﬁ/}
of PdCl;, 'H NMR spectra showed o ‘ 1L
broader signals as well as new signals A +

assignable to the complexed *—n " Y
1,2,3-triazole and methine protons at ] J
lower magnetic fields (Figure 3). When ¢~ /v
excess PPhs was added to the mixture of vl

polycyclic polymer and PdClz, the o« /0 0
signals due to complexed SPECIES iy

disappeared,  indicating  that the Figure 3. Interaction of the dense
coordination of PPhs to PdCl, caused 12 3-triazole polycyclic polymer  with
dissociation of the polymer complex. On  palladium dichloride.

the basis of the 2D DOSY data, the

coordination of polycyclic polymer to PdCl> made the polymer take a more compact
conformation. As the temperature was increased, the *H NMR signals due to the complexed
state became less significant. Assuming that the 1,2,3-triazole moiety in macrocycle and
PdClI> ion form a two-to-one complex for simplicity, the Kapp values were roughly estimated.
Based on the van’t Hoff plot, the difference in Gibbs energy between the free and complexed
states was estimated to be ca. 12 kJ mol .

In conclusion, a new polyanion and a new polycyclic polymer possessing dense
1,2,3-triazole backbone were successfully prepared by CuAAC polymerization, and the
interaction of the polyanion with metal ions and of polycyclic polymers with PdCl, were
investigated. Taking advantage of unique property of 1,2,3-triazole, these polymers exhibit
interesting properties. Hence, this work should provide access to new triazole-based
functional materials.
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123-F V7Y —=NE32DEEFFL2O00RBIFRF DO GEERLERIELEH TRE
RGBT/ T D, AFIETIE, YT Y — A EEOBEN/RBIZER L, Sz et rRy <
— L LT, BOFEHTICEBEEIC 123- NI T Y=V Z2HT5FHRAY ~—08OfEE 7 ¥
R 7% BIAGAI (CUAAC) ICL D ERERE LIz, 70, BONTHHA Y ~— O Kk
i b 17T > 72,

T, UWFRE CTREF - AR SN Ax ORI AEREEE NI 7Y — AR =w—Th b,
RV @G-T Y RS5AXV VR -7 TN O t-TFIVZATANRKEGIZIMAKSRTEDZ EICHH
L, ILWARY T =42 ThDHARU@B-T Y R-5-~F T ) (poly(AH)) Z & INE THEL L7z,
Poly(AH) D JEARMFFMEZFIAM T 2 72 O ICEM AR E L BEREZITo T2/, ZOoRY <w—>0
BT O pKa % 5.4 EIREL, FT-pHAU FTRETH DL Z E B0 E L7, Poly(AH) 134
BA~DOENREEZ T 123-F VTV =L ERNRUBESEAEL TWDT-H, poly(AH) D& &
WAEREZ A Lz, TORE, poly(AH) 1% Fe(ll) 4 4> & LiA A 2@ WaE+ 52 &N
broie,

B HIEE S T OAIL. EEOES FARICBIT A RKAEEREDO —>TH 5, CuAAC & A
Wb & BENRESTARRBAIEETHY . B DT/ ~—D0 b HEEE &S T2 KD ITA K
T&5, TZT, AMETIE, -7 FNLNTRATNE T FAT I FEATI~NTOLAA v —%8
L, ZDO~NT XA ~—% CuAAC EETHZ LK VKR HELEASKRDOERERLTZ, T D
FEC, Yo FPHICK L, BRAA~—2EEMNICHETL, BONERIRY A ~—D CuAAC EA
X0, R EEE AT ORVBEBRAN) v —2/BIETER Lz, IHI12, 20KV BERAK
Vv—lE, PAFALALKRFY RHETCHIEANTVULAEMAEERL, 2R A—2 a3 V&l
EEZIFTZELHLMMI L,

b, AR TIR, @BEN) 7Y — VAR EATOHBAR) ~—%2 8L, 20Xy 77 4
VE—va VeI OV TEEMICHE L., ZNOOH%EIR, SBENI 7Y =LK~
—DNHREBEER ) ~—L LTHALETHD L ERL, SBFL 2 0HE~OREBANESIRD,
XoT, Kamxtiatit (B%) oFffmXe LTHAoiEH LD LERD D,
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