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UTAER B T R e B W R AT &
P 7E 20 {40 90 4E %), Harada'' ) 1 Wenz'
R - MIHG (a-CD) SLAIR £ — B (PEG)
Sy FRERETE K h B R IE UL 45 25 5 W) (inclusion
complex ,1C) YIYE , i iof i — 20 4 v Al ol 85— Fh i
BOpy g 7B Y—3 OB K R Rk
( polyrotaxane , PR) (1, HAT, X2 PR B & ZH#
PR A BV 2B DI REATRL, o T8 1 2Y
R NS R S 55 N B 112 4 | a1 <2 oy S
TEA W)U, Ooya “5 45 1 PR 2492044, ] 3 i
e 50 0 7K R s ) S AR 2 W O B AT
B T e M ) PR B 5 DNA & 5195
%m.

THAEERNREYC ) M TAYE
2540 I R IR T RE AL Y PR OKEAT AR KA
WAEN A E. AP AR % #:8] PR |, B H
HioA Ik, R Araki 55 4208 3o 20 5L 2 T AE AL 1)
PRVl 1738 i N, N HE ke (N, N
Carbonyldiimidazole , CDT) Fi§ 44, 5z i 5 4 T 48 5k &
(tert-Butyloxycarbonyl , Boc ) 13- 47 i) 22, & i 1% 422 3|
PR b (H 2 H S 0 I (R G, F2 3 3 A eIk (&Y
25% ).

BEXFk—[A]R, AT+ 17 Cu( 1) ALY
BRI S RO (click reaction) /24
IR S 12 L HAT B TR R 8 R R
iR 7/ W= RER=Z- K7/ F 1Py Y I O o N
T e A RO g LR, Boe {4

Riths, KT, 20EM, rilifer, hef

i H 2R ( Boc-Gly-OH ) | #8i 24 % ( Boc-Lys ( Boc) -
OH) AN ZMR (Boc-Phe-OH ) a3 5 N R B2 45 &
M5 A B, P i i )b 5 & & Ak PR (PR-
N, ) K. FTIR 0% B L 4R 18 ('H-NMR ) 1 2%
AR, BR T 7 FHALK /Y Boc-Phe-OH, H: Al
PP LIRS PR-N, N AR AES 5 L-F 100% 1)
Sk T HLRONE R s TR AR 4, L 434 B RT 58 B
FHR Y 7= ¥, 2 5L W2 Dy se L 1% PR, PR-Gly, PR-
Lys PR-Phe B8 4% 1% T I Wk o (9 PO . £ 1 55 %
7,5 PROHABEH i T DMSO S5 A M ¥ 5 ) Al
Lo, W A EAS B . BR T SRR LA, FR AT A
FE T HAB LR & JEE ) /N> 5 PR-Ny 1 RN,
B S e A2zl 7 fE b T PR AT REAL.
1 SEIgH RN &
L1 5w SIS ERE o-FRRIRG PR
YEHNHI PEG )4t Ky 4600 ; 38 5 PR (' H-
NMR %8 H-1 1 PEG 45 AE 6 4 743 T AR L 7]
M, BR PEG £ F &4 K%y 33 4 o-CD 43 . PR
RS S A (U E 1 T
) R FE77 ) PR-N, (9 H-NMR 3% 8], 55 3%
RRIEWE LT 58 40 2%, B FRATT T LA Oy #2358
1E AL SO 4 R AL Ry S AR . AR YlE GPC, PR-
N, BBy T R4 R 1.35 x10° (M /M, =
1 12) . BEAH Y G il FERIRAERE 55 A R 3.
Boc-Gly-OH | Boc-Lys ( Boc ) -OH | Boc-Phe-OH
WA F1 3 R A AL 1A BR A W)L AL 4 ( CuBr, 46
Ji 4 98% , fifi FI T e 4tk ) P B (4 1
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Boc-Lys-Alk

Boc-Gly-Alk
H
0.
T T ae—on 1
O\ 2 */ONOH
*
Boc-Phe-Alk

Fig. 1  Synthetic protocol of functionalized polyrotaxanes( PRs)

via click chemistry

98% ) Wy H Sigma-Aldrich /\ &]. P9 B (46 FE h
9% ). 1,1,4,7,7-H H 3 =¥ & 3 = %
(PMDETA, 2l 98% ) . — ¥h CL 2 ik 9t W0 %
(DCC) . 4-N, N-— /! & it g ( DMAP) M\ Alfa
Aesar 23 ] E. BRI (1= 1 s ) &
BT S SCHR [ 14 ] 4038 19— 30 BRAEFE S,
Heg R A 0 K b 2 R A ALt
/AN

1.2 MR FEAE "H-NMR 7£ Varian Mercury
400 MHz #Z @ 4R FARA , 7557 y DMSO-d, 5%
CDCl,. FTIR 43 =% F PE 1000 {57 725 21 4
TG (TRIEEC KBr A7) . 557 1 S i R A
(AFM ) & A Digital instruments Inc. = y= [
NanoScope lla B A4S (R =) . BEI B 5 (0
% ( GPC) % ] Perkin Elmer HP 1100 (3¢ )&} 0. 01
mol/L [ LiBr/DMF Jy 3K #h#H, RI-WAT 150CV +
RIS , R LA ARRE , IR EE S 70°C) .

1.3 F R Boe LAY R IR 11 A AL P
B PR Boe LR 1Y 461 22 ( Boc-Lys-Alk) Sy 3],
AARB)A M7 20 . ¥ DCC (9.16 ¢,43.6
mmol ) T HEE (2.47 g, 43.6 mmol ) 5 50 mL

CH,CL REG M ER 2 0C LA fEASR
-3 T, A Boc-Lys (Boc)-OH (7.66 g, 21.8
mmol ) il DMAP (355 mg, 2.9 mmol) ,7/E =R T
JIE 24 he 3 PEER B TLVE, B 5 x 50 mL (1) 2%
BT IKIKBE, Tk MgSO, M Jm 7 1E & ot Hh L TE
2 W, UUVE R CH,CL, ¥ il e at ik RO, W B b ok
W, DB e 28 R 20 R e A B B 40 ) 2. 51 g,
R 30% .

'H-NMR (CDCL,, 8): 1.42 (s, 18H, CH,),
1.61 ~1.92 (m, 6H, —CONHCH, ( CH, );—),
2.50 (t, IH, CH=C—),3.11 (m, 2H,
—CONHC H,—), 4.30 (s, 1H, —CONHCH,—),
4.54 ~ 4.85 (m, 3H, CH=CCH,0COCH—),
5.10 (—CHN HCO—).

1.4 DhiagfbRELeny &l ) Boc-Lys-Alk 5
PR-N; # J52 JW 9 491, 7= ) PR-Lys B il % J7 3% 40
T.7E 25 mL 9 Schlenk Jz 1 il 5 0 A PR-N,
(50.0 mg, 2 0.22 mmol N; J[H) | Boc-Lys-Alk
(97.7 mg, 0.25 mmol) 4 mL DMF, I H:i5f#. 18
AR, A CuBr (10.7 mg, 0.07 mmol)
I PMDETA (15.9 L, 0.07 mmol) , fE % T 2
I 3 h(H% 45 7€ W I ) IORE 23 A ) . = W AE Z Bk rh
UUVE ST , STk 52 52 k. FH PR ot I - D OE
i PRI R BR 25 CuBr, WACAE IR R 3, el i
PR ZEHE A2 24. 1 mg, 773 19%.

2 itig

Sl 5 N B ) DCC/DMAP 45 5 F2
il % 7 &R Boc [R5 2 FEMR Boc-Gly-Alk | Boc-
Lys-Alk F1 Boc-Phe-Alk. P=#j /' H-NMR #£47 T %
fiF. ZE3X 3 B4 T 19 H-NMR 3% P |- (181 2),8 =
2.5 (CH=C—) Ff}iz#BAE VL2 2 B 2 i) R Y
FRIEUE, T HL 6 =4. 7 Fff iz ) CH=CCH, O— Jii ¥
WA AR W X . 3X — S5 SRR BB 5] A S T Boc
PRIP R L.

FIRIE 1 BTS2, & A SRR Boc [
R f T ROV E R F) PR OBE BRI FTIR
Xf il ROV R AT TR ER. A&l 3 R, PR-
N, 5 Boc-Gly-Alk . Boc-Lys-Alk (15 4 & R =45
R ,2110 em ™ b Y B AAFAEIETE 3 min Y584
THR. ZIERN S FETEL MG 0 = REUFE,
AL AL R E 3T 100% . 11 X T % A #3%
1 Boc-Phe-Alk, (R FAL B ALK, P kg RIS KE B2 )
FRIEA 28 3 b, sl S W AR XE IR 3] 100% 1 %%
163, FRIR 3% & EA3 A /05 S A IE5% . 78 PR-
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Fig. 2 '"H-NMR spectra of (A) Boc-Gly-Alk, (B) Boc-Lys-
Alk and (C) Boc-Phe-Alk in CDCl4

Gly .PR-Lys il PR-Phe [ty FTIR §%[&l -, T 1730
em ~ b B TR (AR ARG, 72 1700 em ™" BRI FT LA
WL 8 POt Y i 14 R 0, 1 — 2B U T 28 B PR

I RER] PR 701 |
d

Transmittance (a.u.)

3000 1500 1000 500

Wavenumber (cm ™)

3000 2300
Fig. 3 FTIR spectra of (a) PR-N;, (b) PR-OH, (c)
PR-NH,, (d) PR-COOH, (e) PR-Gly ( the coupling
reaction time was 3 min), (f) PR-Lys ( the coupling
reaction time was 3 min) , and the samples taken from click
coupling reaction of PR-N; with Boc-Phe-Alk at given time :
(g) 3 min, (h) 10 min and (i) 3 h after the addition of

alkyne reagent

BRI BEAL Y PR 1k 2% 45 ' H-NMR
AT T FRAE. K 4 Fros, 78 PR-Gly, PR-Lys [9#%
WIS L, nT AT 2 A 3] 6 =8. 1 BT /Y — k2R
RTINS =7. 2 BT i—CONH—) Jit +

W, LIRS = 1.3 BHE R IHJE T Boe JEIH Y T+
W, Ak, 72 PR-Phe HYTEIE FBR T Fik 3 ASigL)
Hh,8 =7. 18 Jb iR A7 B S 1 28 FRBRAE 0. ' H-NMR
FU AW AT LR & A B e AR L
PR-Lys #f5i, 7£ 8 =3. 77 ~ 5. 32 [X Il N 114 Ji - Ui&
558 =8.18 4b =W IR - i 7 e () BLA3 T L EE
9. 06, X} Ny 1) & R AR 24 R 97% , 5 FTIR 45
FEAR—F "H-NMR FIZT S & (1) 43 Hr 435 SR 41 2
A, s s 0 A — s % o & D RE AL PR
k.

H

triazole ring
H NH

HNH,benzene
C

Fig. 4 'H-NMR spectra of (a) PR-Gly, (b) PR-Lys,
and (c¢) PR-Phe in DMSO-d,

%7 FTIR F1'H-NMR 4b, Je A 10 05 T 724
PR-Lys ( s i (X S 0 #4717 3 min) {53 ¥ &,
HBI T R4 N 1.66 x10° (M /M, = 1.57),
W1 KT PR-N, #9450+ (M, = 135 kg/mol) ,
LR A T et B g fH X — 25 8 /N PR-Lys
AERIE 4Tt (3. 60 x 107) 1% 22 7] A RE 2 A4
KGR, (1) =25 IRefk PR A S5 R4
(5345 AR IBE SN 1T 5 AR ) # AR FR AR AR AN
K (2) PR-Lys 4325 Re5k , HiAR 7 24 B ]
AE5 4> TRV 1 GPC FrkE (OK L0 ) MK 11
R RR2E 7. Gk 15],[16], [ 17 ] 4l
RGBS R E i GPC SRR L PR
ARG W RTE 3 F ISR AE — 2 1Y IR
HE.

FATEWEFE T PR-N; 5B /NorF U sk
P AR B 1) i RN B AR A R
HE R FERR B, N 1 - ) R FR ok PR-OH, PR-
NH,, PR-COOH. Z5 5 & 1l PR-N, 5 BB | bk iR
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(1) SN AR RERS IR £ T (FRIR 5" H-NMR 3% ]
SrBIAE R 3 RIELS H) it PR-Ny 5 PR R FY
s it B A BT AN T DMF 505, W] REJE: fh
THIES 15 7= W) B e B SR T 45 W Y i
B AT XX —DE R R AR TSI AEBEA T . L
OSSR R, Al R A A £ D e f PR
771 H A — 5 1

H,0
Hpeg ¥
\
Htriazole ring HCD
—— a
DMF
s
D/MF
N b
3 5 ] 3
5

Fig. 5 '"H-NMR spectra of (a) PR-OH and (b) PR-
COOH in DMSO-dg

PR-Lys BAKEEF FIR B S AFM 47
T Z. = W% 8 B 5% (scanning tunneling
microscopy, STM) VISR R — R W PR
TR B, H STM A7 H A Ja /N 1
2 A AL, PRI ATT 250k T B LAY AFM O
WA PR-Lys IES , iX—F-Be LA DB B
FMTE . AFM [l e, AT LA BV 22 i
RS BATGE LA (K 6) B R 2N
0.6 nm AYfE. 33X — = B 4K LU U0 B AR PR (1Y
R (RZY 1.4 nm) ZAIL, X2 il T PEG BE A
B -CD 58471 o, PREH TG il 2 19 5 /2 o-CD
AN PEG HlA9FH 85 . T CD 405 4l

1.5 nm

0.7 nm

0.0 nm

1.0 nm

0.5 nm

0.0 nm

Fig. 6 Height AFM images of PR-Lys on a mica
wafer (4 x10 ™ mg/mL)

F1 U BT ELAE P AN AL A8 AR B 3 3 1) FR A, AR
i AFM UL 2] SR fY) PR-Lys, 105 i AJ5 5 2
— BRI TR LR
3 #Hit

WIS 1l sl A R REAL PRAY
W7, & B AR PR 5 & HRAERY Boc R4
SR I A5 Tl I B A T 2 R D) RE L Y
PR. %756 BA R R AR ARS8, 9 PR 7R
ST ISASE N N =S SROR S i M X L Rl
it % Boc fRIFEEN S, AR IIAEILHY PR A
B RS DNA S5 Y0 125 AT 5T
TEHATZ .
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FACILE FUNCTIONALIZATION OF POLYROTAXANES
VIA CLICK CHEMISTRY

WU Jiayan'?, GAO Chao’
(" College of Chemistry and Chemical Engineering , Shanghai Jiao Tong University, Shanghai 200240)
(* Key Laboratory of Macromolecular Synthesis and Functionalization ( Minisiry of Education) ,

Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 310027)

Abstract The Cu (I)-catalyzed “click” reaction of azides and alkynes was selected as the coupling reaction
to prepare a novel biocompatible polyrotaxane ( PR) conjugate ,which was composed of azido-functionalized PR
backbone (M, =1.35 x10°) based on a-cyclodextrins ( a-CDs)/poly ( ethylene glycol) (PEG) inclusion
complex and amino acids protected by teri-butyloxycarbonyl ( Boc) groups, that is, Boc-Gly-OH , Boc-Lys
(Boc)-OH, and Boc-Phe-OH. The alkynyl groups were introduced into the aforementioned amino acids via N,
N-dicyclohexylcarbodiimide ( DCC) /4-( dimethylamino ) pyridine ( DMAP ) condensation with propargyl
alcohol. The click coupling reaction was demonstrated to be extremely efficient, and high conversion of azido
groups , approximate 100% ,was achieved in a short reaction time (within several minutes) in the cases of Boc-
Gly-OH and Boc-Lys(Boc)-OH. As to the bulky Boc-Phe-OH , only part of the azido groups of the backbone
was converted though the coupling reaction time was prolonged (3 h). The corresponding amino acids-PR
conjugates were soluble in a wide variety of organic solvents,such as N, N-dimethylformamide , acetone , ethanol
and so forth. GPC was utilized to measure the molecular weight of Boc-Lys( Boc)-PR conjugates ( PR-Lys) ,
and the result was M, = 1.66 x10° (M /M, = 1.57) ,much smaller than the theoretical ones. This might be
resulted from the compactly packed conformation of PR-Lys. The warm-like morphology of PR-Lys was
observed via AFM. Other alkyne-functionalized compounds involving 4-( 2-azidoethoxy ) 4-oxobutanoic acid
and propargyl alcohol were also attached to the PR backbone successfully. This click strategy would be a
promising general method for the functionalization of PRs.

Keywords Polyrotaxane, Cyclodextrin, Amino acids, Click chemistry, Functionalization





