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Abstract A series of acid cleavable linkers based on tetrahydropyran/tetrahydrofuran (THP/THF) ether were synthesized, in
which both of the two terminals are active group which is easy to react with other compounds. The structures for these linkers
1a and 1b were confirmed by '"H NMR, '*C NMR, HRMS, and IR. Model compound containing THP linkage was synthesized.
Furthermore a pH-responsive amphiphilic diblock copolymer containing tetrahydrofuran (THF) linkage in which hydrophilic
segment was poly(ethylene glycol) (PEG) and hydrophobic segment was hydrophobic polylactic acid (PLA) was synthesized
and characterized by 'H NMR, IR and gel permeation chromatography (GPC). The size, stability and critical micelle concen-
tration (CMC) of diblock copolymer micelle were also evaluated. The preliminary experimental results show that the acid
sensitive amphiphilic diblock copolymer micelle is a potential alternative for future drug delivery.
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JEH: ¥t (cleavable linker)f 5 A2 7 [l AH & Bl 2
HER ), SEFRERE AN S B AR AW Z (R 45k
B, G S RE I BAEIE M4 T BE S Rk
A gtk 2N, BAAE. B5E5Y DNA
T PV A 2 A g 2 AR AT B ) I FH i35t

1R 2 ZIAFAE KPR 22 . LEAR N 0 AT JCIE PRI DL S
YRS Ty RS, R T BRI S ) R 1R PR
P AR AT A 1O, R AW 9T RS Ok B e Ak 2 1A
R, FEMRBURE AR R IR T2 0. R
WA, 7EIEHRUREAE A N pH (A AERR FEAR AR 12
i IR 0 98 R 2L 23 e il v R I R A S m IR PE. BeAh, R
0 0 () A AR AR T 2R PR pH 7.4 TF4R, EAE AR A
o pH 4 5.5~6.0 ML AR+ pH FEAKE] 4.5~5.0 B
WARAE A AR, DRI R Uk 24 Wi S 8 M4 SR S L e
SE 29I R Rk, SRR IR M IR BT, IR MUK
SERIRRIR, 51 R 352 1 R 60 fifk DT R T8+ S 1R 245 4.
H AT AT 2 I IR USR5 40 12 2 i F R TR 28 L 4
KL gl E L WRESS . =R AR, a7 sk
T 2T DY Nt e Pk (THP) A1 DY S0 s ik (THF) 465 K ] T
P SR i B AL R W 38 24 4k R I WF ST AR 2D, Takahashi
ISV AR SRR, ] THP VR AR, 7E M AR
PSRN, Zetrd i 13 584 7= 4. Thayumanavan 2%
i FH THP {4 2-5258E £ H L N I FR s (HEMA) [ F2 JE
FEHE T S ERUR IR BILERY), o THP 534842
YE A {33, Fréchet 220 THF R IBUBGERE %G, &
% T podophyllotoxin-PEO JL2E4).

ALV B A T DU SN IR 1K L D S0 e ik 22 5. G,
HAETHT THP FREBUR LS BRSPS T
THF ({1t BOLER Y, (EMILmt B T iR BUL R A 4l
BE A1 FEA MR
1 KEEH
1.1 KT 5ES

2-FE -3 4- A . SN = AR
o} AR« 0P AR RS 10% Pd-C 2-(7-f %
ARIF = A ME)-NN,N N DY FF LR N U R I DU T A5 96
AT 2R 1. A e, L. PUSVen.
N,N- PRI ERG . SUAbAR . BRIRET. &ALEN. JCKER
PR RN S5 20 I 1 T R s BT DA R v [l e 2
SRR A #).

BT FH IR A 286055 AVANCE 11T 400 ZY % i 463
WAL, EQUINOXSS R L -2 AMGIE 34112, Q-Tof
Premier 7R i 50BAH €6 3% — DU BT 6 AT IR 0 5 3 156
1 22448 1260 B GPC 43 #7 fii; JEOL JEM-100CX-11
% 5B T B A4S ; Malvern Zetasizer Nano S OB K kL
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FEAS; FOT 9653 6B E T
12 EHEBET 1a ARSRIE
1.2.1 2-3R Y AJL-3,4-2H-stvd (3) 496 AR

VKK, No /T, 4% 0.6 g EAB4(15 mmol)
(60%3H FP)#Ef#AE 10 mL DMF H, #1.71 g (15 mmol) 2-
FRFIE-3,4- AL (2) 22184 N DMF H, 0 C R4
FE 1 h, K5 2.64 g RALAES mmol )i nF SNV, Hil
FUKKHE, QRELBEFE 8 h. I 10 mL R0 &AL B K s vt
¥, CBEAEIN(50 mL X 2), A LA 50 7K R £ Rk
Vb, JCOKGREREN T, WO e 2SI, A ST [VCH
k) @ V(LR ZT)=60 @ 111377 b EpiRigA 2.54
g, 7% 83%. '"H NMR (400 MHz, CDCl;) J: 7.40~7.26
(m, 5H), 6.43 (d, J=8.4 Hz, 1H), 4.73~4.68 (m, 1H),
4.62~4.60 (m, 2H), 4.08~4.01 (m, 1H), 3.61 (dd, J=
13.6, 8.0 Hz, 1H), 3.54 (dd, J=13.6, 5.6 Hz, 1H), 2.18~
2.05 (m, 1H), 2.04~1.93 (m, 1H), 1.90~1.83 (m, 1H),
1.78~1.64 (m, 1H).
122 [6-(2-1R L5 FE) VU -2 H-ML g -2-36 - BE () I &
i

0.625 g 2-IR (5 mmol)# T 5 mL 5 e,
N 0.25 g WXt KA IR 251 mmol), #i#E S min 5,
BN 1.02 g t6&%0 3 (5 mmol), =i FHEFE 6 h. el iE
ZHA, ARG IMNIE K, H OB CBEAH, A LA
SRS ORI oKk, JoKBRERE T, MBIV
M) @ (LR CER)=60 & 114377 fh oG e iRsiiA 1.5
g, PR 91%. AZMEILYRE B R OR ) o R S AT E R Ay
B0 W R AR SR A2 Major Tsomer (trans-4): 'H
NMR (400 MHz, CDCl3) d: 7.35~7.26 (m, 5H), 4.93 (d,
J=2.3 Hz, 1H), 4.61~4.54 (m, 2H), 4.05~3.96 (m, 2H),
3.87~3.76 (m, 1H), 3.58~3.41 (m, 4H), 1.91~1.79 (m,
1H), 1.75~1.67 (m, 1H), 1.67~1.54 (m, 3H), 1.51~1.37
(m, 1H). Minor Isomer (cis-4): 'H NMR (400 MHz,
CDCls, distinctive peaks) o: 4.48 (dd, /=9.2, 2.0 Hz, 1H),
4.14 (ddd, J=12.8, 8.8, 5.6 Hz, 1H), 3.70~3.63 (m, 1H).
123 [6-(2-3& TR R -2H-7tk v -2- 2 - F B2 (5)
898 AR,

0.11 g b5 4 (0.34 mmol) T 4 mL FIEE, A
15 mg 10%40/6k, WAES, = FRMN 1 h T3, sk
JEJE 255, 3 78 mg TLEIHPIRIALK, 7% 97%. 1%
YR 1% 1] Wl s 7 W A A S AT TG VA G T A R o e S
Fyt£*2). Major Isomer (trans-5): 'H NMR (400 MHz,
CD;0D) d: 4.89 (d, J=2.0 Hz, 1H), 4.01~3.95 (m, 1H),
3.89~3.79 (m, 1H), 3.79~3.73 (m, 1H), 3.60~3.45 (m,
4H), 1.93~1.82 (m, 1H), 1.79~1.66 (m, 1H), 1.66~1.51
(m, 3H), 1.38~1.27 (m, 1H); “C NMR (100 MHz,
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CD;0D) d: 97.31, 69.80, 67.02, 65.16, 30.47, 29.27, 26.72,
17.24. Minor Isomer (cis-5): '"H NMR (400 MHz, CD;OD,
distinctive peaks) J: 4.51 (dd, J/=9.6, 2.0 Hz, 1H), 4.16~
4.09 (m, 1H), 3.60~3.45 (m, 1H); *C NMR (100 MHz,
CD;OD) J: 102.38, 76.87, 68.54, 64.76, 30.73, 30.20,
26.44, 21.26; IR (KBr) v: 3427, 2943, 1719, 1640, 1451,
1361, 1276, 1198, 1125, 1084, 1033, 977, 890, 856, 787,
662, 570, 471 cm”'. HRMS (ESI) caled for CsH;s0;BrNa
(M+Na)" 261.0102, found 261.0093.

124 [6-Q-R L TAI)W R -2H-7rh-2- K- F B3
(1) 894 1%,

70 mg tAY) 5 (0.29 mmol)iE T 3 mL &K, Eilit
TR 3R G E R, R R, 450 ik
WK 49 mg 1a, 773 96%. ILREIEHR IS I B9l b
J2 M TC 15 35 0 7 Al R X e K 4422 Major Tsomer
(trans-1a): "H NMR (400 MHz, CD;0D) ¢: 4.88 (d, J=2.0
Hz, 1H), 3.96~3.90 (m, 1H), 3.84~3.78 (m, 1H), 3.69~
3.64 (m, 1H), 3.54~3.47 (m, 2H), 3.18 (t, J=4.8 Hz, 2H),
1.96~1.73 (m, 2H), 1.69~1.49 (m, 2H), 1.43~1.28 (m,
2H); *C NMR (100 MHz, CD;OD) §: 97.66, 70.02, 65.07,
63.03, 39.46, 28.98, 26.49, 17.14. Minor Isomer (cis-1a):
'H NMR (400 MHz, CD;0OD, distinctive peaks) o: 4.51
(dd, J=9.2, 2.0 Hz, 1H), 4.01~3.97 (m, 1H), 3.62~3.60
(m, 1H); “C NMR (100 MHz, CD;0D) &: 102.52, 77.04,
65.08, 64.59, 39.89, 30.55, 26.08, 21.17; IR (KBr) v: 3391,
2942, 1614, 1452, 1398, 1125, 1077, 1026 cm '. HRMS
(ESI) caled for CgH;gNO; (M+H)" 176.1287, found
176.1288.

1.3 EEZBRT 1b MERSRE
1.3.1  (S)-5-8AK 19 Ak i-2-FR BR(T) 496~ A%,

I 15.00 g L-43& 6 (102 mmol), HIA 21 mL 3k
TR 42 mL /K (RIS R, 0 CR#HE. H 45 mL
KA 10.50 g WASEREN (150 mmol), K5 H-22 18 3 In %)
RS, A5 0 CHRSER N 3 h, FEI T 12h. RjFHEIE
BN, FEHHER], BN 100 mL 282 ZBeifi, g, 6
IKERIREN T, U8, TERRVA, 15K 1428 g, A
PR EPIRIBAR. %Ak A WA L Sl L ),

1.3.2  (9)-5-( ¥ &)= Ak 7#8)-2(3H)-BR 694 A%,

¥ 14.28 g AW 7 (110 mmol) & T 250 mL J NI
b B AUTUE R 3 IR, NN 100 mL TG 7K DY SR
DEREAE 2 Wi fl. B I N A 2= —20 CIEHEEE 30 min,
Tk 13 mL 10 moleL ™ e/ i Pk v 0k 2 i o 1)
SNV, hnseEe ), dkEEBiRE 4 h, M 75 mL
PRI 43 AN, TR T8 g, e
A, MF 1245 g R AMRBAPL 'H NMR
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(CDCls, 300 MHz) J: 4.58~4.66 (m, 1H), 3.89 (dd, J=
12.6, 3.0 Hz, 1H), 3.63 (dd, J=12.6, 4.5 Hz, 1H), 2.46~
2.68 (m, 2H), 2.11~2.29 (m, 2H).

133 (8)-5-[(RTA=FAEAL) T A= 2kwH-
2(3H)-BR(9) 495

#1245 g LAY 8 (107 mmol) & T 250 mL J V)i
o NN 8.90 g BEME (129 mmol), SRJGHIA 50 mL 4
e, PR 50 mL — S0 bt 17.85 g —HIERC T 2
SUERE(118 mmol), KL 2w m 2 R SO,
Insese)a, i NS 15 h SRR, 2 2
moleL ™" H Eh IR « /K A AT NaHCO, SR VET:, To/K B
BT, I, e BRAREAE 200~300 HfER
FEEAT VAT @ R LR =15 1 1], 193] 6.48 g
IR 9P, WLEY 7 BML AW 9 RCE K 28%.
'H NMR (CDCl;, 400 MHz) J: 4.54~4.59 (m, 1H), 3.84
(dd, J=11.2, 3.2 Hz, 1H), 3.67 (dd, J=11.2, 3.2 Hz, 1H),
2.40~2.61 (m, 2H), 2.14~2.26 (m, 2H), 0.87 (s, 9H),
0.05 (d, J=4.0 Hz, 6H).

1.3.4  (2R5S)-5-[(RT A= WA ZUL) F W Ak
"#-2-B8 42(28,58)-5-[(R T AR = F A AR ) F R W &
"X 7 -2-B%(10) 49 5 A%,

I 6.48 g th54) 9 (28 mmol) A 60 mL 5 4k,
—78 C F#Hi#E 15 min, K 35 mL 57 T A4
moleL™" in hexanes, 35 mmol) ZEIEHIIA KNV, —78
CRAkeHE 2 he FERMNSERSE, ARSI 100
mL 0.1 moleL ™" Fi #h M2 v K, I & W ke 2K BL (125
mL X 3), FHUAFHF NaHCO, /KSR VER:, To/KRE
BT, Lk, e, 19 EIC B (2R,58)-5-[(HX
R LA A ) P R T DY SR R - 2- B A (2S,5.8)-5-[ (L
TR T SRR A AR ) R ] DY PR - 2- T P A S5 S A
B 4516 g, 7% 78%. 'H NMR £ WiZAL &4 LA
AoiiEh F, HIRD B Ak, fEaERR Eooik
/3 E5. "H NMR (CDCls, 400 MHz) J: 5.38~5.56 (m, 1H),
4.25~4.29 (m, 1H), 3.80 (dd, J=10.4, 2.8 Hz, 1H), 3.57
(dd, J=10.8, 2.8 Hz, 1H), 2.16 (s, 2H), 1.92~1.98 (m,
2H), 0.92 (s, 9H), 0.11 (s, 6H).

1.3.5 A& 11 8946

B 232 mg 464 10 (1 mmol), JIA 15 mL & F
eV, TN 250 mg 2-¥R ZEE (2 mmol)Fl 50
mg Amberlyst A-15, 50 CIHlJi 2 h. Fp N 5EEEE, 38
2% A-15, WRIEZE LA, 13309 8 R ARy, k2
FEAr 8, [Lh VORI @ (28 28 =100 : 11 #kvE
), AERERAR L B X S A A a] A4 5, A58 e X
SRR 85 mg 11a, MUK 66 mg 11b, PF {4
B 151 mg, SR 45%.
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(2R,58)-{[5-(2-¥R L5855 ) VY SR IR -2- ] AL 3 L
TR A SRR (11a): "H NMR (CDCls, 400 MHz) 6:
5.18 (d, J=4.8 Hz, 1H), 4.16~4.19 (m, 1H), 3.92~3.96
(m, 1H), 3.73~3.76 (m, 1H), 3.61 (d, J=4.4 Hz, 2H),
3.46~3.50 (m, 2H), 1.89~2.08 (m, 3H), 1.69~1.73 (m,
1H), 0.89 (s, 9H), 0.06 (d, J=2.0 Hz, 6H); *C NMR
(CDCls, 100 MHz) 6: 104.67, 79.02, 67.29, 65.41, 32.08,
31.10, 25.93, 25.31, 18.36, —5.26, —5.31; IR (KBr) v:
2954, 2929, 2858, 1465, 1254, 1102, 839, 777 cm ..
HRMS caled for Ci3H,;0;SiBrNa [M+Na]® 361.0811,
found 361.0835.

(28,58)-{[5-(2- 1 £ 48 Ak ) DU W6 IR - 2- ] PR A0 0 ) AL
T T AL EBE(11b): 'H NMR (CDCls, 400 MHz) o:
5.13 (d, J=4.0 Hz, 1H), 4.11~4.14 (m, 1H), 3.92~3.97
(m, 1H), 3.68~3.75 (m, 2H), 3.57~3.61 (m, 1H), 3.44~
3.50 (m, 2H), 1.93~2.01 (m, 3H), 1.78~1.80 (m, 1H),
0.90 (s, 9H), 0.07 (s, 6H); °C NMR (CDCl;, 100 MHz) ¢:
104.36, 81.26, 67.21, 67.19, 32.82, 30.97, 26.24, 25.93,
18.36, —5.25, —5.28; IR (KBr) v: 2928, 2858, 1465,
1254, 1098, 840, 777 cm '. HRMS calcd for C;3H,;0;Si-
BrNa [M+Na]" 361.0811, found 361.0836.

1.3.6 L& 12 696

B 220 mg L&) 11a (trans) (0.64 mmol), HIA 10
mL PYERIE, i 1.3 mL PY T E4b 8w (1.3
mmol, 1 molsL™" in THF). 4+ SN 60 min. JHEZ:
W, FRARPILL 200~300 HEERAEENT 0 B aith[ViH
W) @ (LR AHE)=S5 © 1], 15 120 mg otk
(2R,58)-[5-(2- 1R L5 55 ) Y WP -2- 5 FH I (12a). 7= %6
83%. 'H NMR (CDCls, 400 MHz) d: 5.19 (d, J=4.8 Hz,
1H), 4.20~4.26 (m, 1H), 3.93~3.96 (m, 1H), 3.69~3.76
(m, 2H), 3.44~3.52 (m, 3H), 1.95~2.06 (m, 3H), 1.64~
1.68 (m, 1H); *C NMR (CDCl;, 100 MHz) 6: 104.59,
78.62, 67.34, 64.78, 32.41, 30.94, 24.87; IR (KBr) v: 3449,
2924, 1189, 1104, 1028 cm ~'. HRMS caled for
C,H,3BrOsNa [M+Na]* 246.9946, found 246.9929; [i]
FH ] A5 2 5 R A4 (28, 5.8)-[ 5-(2- 1R £ 48 5 ) DU & 1k i -2-
FE)HEE(12D).

1.3.7 #3EH¥ T 1b 896K

0% 80 mg th &%) 12b (cis) (0.36 mmol), JIA 3 mL
20K, R 3 d. e R, £33 56 mg JLEHPIR
WAL H1(28,58)-[5-(2- 1R £ 583 ) DY Sk R - 2- 3 ) HH g
(1b), & 97%. '"H NMR (CDCls;, 400 MHz) : 5.15 (d,
J=4.4 Hz, 1H), 4.26~4.32 (m, 1H), 3.99~4.02 (m, 1H),
3.74~3.81 (m, 2H), 3.55 (dd, J=12.0, 5.2 Hz, 1H), 3.49
(t, J=6.0 Hz, 2H), 1.92~2.07 (m, 4H); *C NMR (CDCl,
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100 MHz) §: 104.74, 81.55, 67.93, 65.61, 33.25, 30.79,
24.33; IR (KBr) v: 3448, 2930, 1197, 1058, 1028 cm .
HRMS caled for C,H;3:BrO;Na [M+ Na]® 246.9946,
found 246.9938. [F]EL W15 A S MA(2R,58)-[5-(2-IR &
S ) DY SR IR -2- 5 ] F .

1.4 ET THP 8= E L 5489 & B (block cooligomer)
141 2-(FAFH)-6-{2-[2-Q-F AL CAL)-TA
)T A v RA-2H-wrd (13) 896 A%,

VKK #4715 mg (4.35 mmol)= 2 Lk,
153 mg (0.80 mmol)*f FHIL LA iR (TsOH )% T~ 15 mL —
AW EEh, BiEE 1 h. ¥ 466 mg (2.28 mmol)fb &4 3 W
T3mL EFE, SRR INE] SN, Y1 h
JEA VKoK H, Sl RSOV 20 h. E L, £33
KR, FEEHTVCR M) @ (IR LTR)=6 11,2 :
111321 680 mg [ (A [ 14, 7% 80.9%. "H NMR it [ % 1]
P A P PP ALE A AR TE V0 5 1 A T Bt S A
Major Isomer (trans-13a): '"H NMR (400 MHz, CDCl;) d:
7.35~7.30 (m, 5H), 4.89 (s, 1H), 4.56 (s, 2H), 3.99~3.92
(m, 1H), 3.86~3.80 (m, 1H), 3.71~3.40 (m, 13H), 3.36
(s, 3H), 1.95~1.81 (m, 2H), 1.75~1.55 (m, 4H). Minor
Isomer (cis-13b): "H NMR (400 MHz, CDCl;, distinctive
peaks) o: 3.95 (dd, J;=5.6, J,=4.0Hz, 1H).

142 {6-{2-[2-Q-FA A TCAK|TAIKL WA
-2 H-wtwi-2-3K ) F BF(14) 896~ %,

4 680 mg LA 13 % 20 mL HEEH, I 137
mg 10%4/%, WA, RNV 40 C Rk 6 h j5
oy, BEZIEFIEE] 423 mg W EOWAE, PR 77%. 'H
NMR 1% B B =05 A PRI E R oA BTGV B 1 AE
XS R 4K, Major Isomer (trans-14a): 'H NMR (400
MHz, CDCly) &: 4.88 (s, 1H), 4.04~3.95 (m, 1H), 3.72~
3.50 (m, 14H), 3.37 (s, 3H), 1.91~1.82 (m, 1H), 1.81~
1.74 (m, 1H), 1.73~1.53 (m, 3H), 1.53~1.49 (m, 1H).
Minor Isomer (cis-14b): 'H NMR (400 MHz, CDCl;, dis-
tinctive peaks) o: 4.49 (dd, J=1.6, 1.6 Hz, 1H).

143 {6-{2-[2-2-FA AL TR TR T A
A -2 H-vtbrd-2- 25 F 2 -4- A EOK F BR B5 (15) 496 A%,

4 278 mg (0.62 mmol)fb &4 14 % 15 mL 4K
e, 20Kk, BN 0.1 mL = 2%, 760 C FHiH:
20 min. J0A 288 mg (1.55 mmol) X i FE2K A,
1 h G20k, dRERAE R R HERE 8 h, N v AN
WRIR SR UE, SR, A WA AIK . 1
R EKTE KBREREN T, BE LR, HEN &
V(A iE) @ (IR TR =1 & 11531 200 mg 74 51 4[]
1K, F2Z 75%. "H NMR i B3R W =084 PR
B BTGk 4 B 1 AR X B S K 4K Major Isomer (trans-
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15a): '"H NMR (400 MHz, CDCl;) 6: 8.30~8.19 (m, 4H),
4.89 (s, 1H), 4.54~4.48 (m, 1H), 4.37~4.28 (m, 1H),
4.18~4.10 (m, 1H), 3.87~3.50 (m, 12H), 3.35 (s, 3H),
1.99~1.84 (m, 1H), 1.81~1.70 (m, 1H), 1.70~1.50 (m,
3H), 1.50~1.40 (m, 1H). Minor Isomer (cis-15-b): 'H
NMR (400 MHz, CDCls, distinctive peaks) J: 4.50 (dd,
J=2.4,2.0 Hz, 1H).
144 {6-{2-[2-2-FACTCAI)TERA| TR} WA
-2 H-wtri-2- 3k ) 1k -4- B OK T BA B (16) 89 6%,

¥ 400 mg (LAY 15 T 15 mL FEEH, A 55
mg 10%8 /b7, WA, 75 35 CHiH: 6 h,
RS E, BEREFFE] 250 mg BB, A
66%. 'H NMR ¥ B R W71 & A7 IR LE R b A0 i%
I B I AR M S K 4K Major Isomer (trans-16a): 'H
NMR (400 MHz, CDCls) 6: 7.82 (d, J=8.4 Hz, 2H), 6.60
(d, J=8.8 Hz, 2H), 4.88 (s, 1H), 423~4.18 (m, 2H),
4.11~4.03 (m, 1H), 3.84~3.78 (m, 1H), 3.71~3.49 (m,
11H), 3.35 (s, 3H), 1.95~1.81 (m, 1H), 1.75~1.69 (m,
1H), 1.69~1.57 (m, 3H), 1.48~1.37 (m, 1H). Minor Iso-
mer (cis-16b): '"H NMR (400 MHz, CDCl,, distinctive
peaks) o: 4.44 (dd, J/=2.0, 1.6 Hz, 1H).
145 {6-{2-[2-2-FRZAK) TR TEA WA
-2 H-vho-2- 35 ) F AR -4-(2-(2-(R T A = F A A 8%
) A BLERR) A B ) R T BR BS (17) 696 A%,

¥ 121 mg 2-2-(BU T HE - F AR U ) A AR 0 )
R (2¢) (0.44 mmol)F1 330 mg HATU (0.87 mmol)¥% T
2 mL N,N- R EFEIZDMF)F, N, /3R, 7E0KKT
ZAEF, N 0.1 mL N-FEEMNE, 75 0 CR#HHE 1 h
¥ 397.5 mg L &4 16 (0.35 mmol) ¥ 1.5 mL DMF H
IR N, FEVKIE, 5 NHiHE 40 ho ROV
AL EhRR, SRR, A PRI K, 1
I EhoKTE . To/KBRIRAN T, e 259 15 B0 0
& 130 mg. HEZTVCAMMER) @ MCR LR =1 :
1.5143 31 160 mg ¥ # A, 77 70%. 'H NMR i K%
BH P2 40 A P P A ek FR I L T ¥ 0 8 4D A o Pl S A 4.
Major Isomer (trans-17-a): '"H NMR (400 MHz, CDCl;) o:
7.98~7.93 (m, 2H), 7.60~7.55 (m, 2H), 5.32~5.22 (m,
1H), 4.84 (s, 1H), 4.48~4.36 (m, 2H), 4.22~4.19 (m,
1H), 4.10~4.02 (m, 1H), 3.78~3.73 (m, 1H), 3.68~3.46
(m, 11H), 3.30 (s, 3H), 1.95~1.74 (m, 1H), 1.73~1.67
(m, 1H), 1.67~1.55 (m, 3H), 1.52 (d, J=6.8 Hz, 3H),
1.42 (d, J=6.8 Hz, 3H), 1.46~1.35 (m, 1H), 0.87~0.84
(m, 9H), 0.08~0.04 (m, 6H). Minor Isomer (cis-17b): 'H
NMR (400 MHz, CDCl;, distinctive peaks) J: 4.47 (dd,
J=2.0, 2.0 Hz, 1H).
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146 {6-{2-[2-2-F R ZEI)TELIT AL} - WA
A2 H-vti-2- 2} T H-4-(2-(2-%2 2 A BLEIL) A B
K F B BS(18) 49 5

ERSRY T, 4 80 mg A4 17 (0.12 mmol)iF
T 5 mL JE/KPUSRRRE I I 0.05 mL NEt;, JiIA 0.18
mL TBAF (1 molsL™' solution in THF, 0.18 mmol), X5
FEFWAAT NHEHE 1.5 h o b RN, 28R 220570, o
JRAIZ AT @ MR LHR)=1 : 11193 46.6 mg
W OME, 775 70.6%. "H NMR 3 K £ W] 7= 4 &4 W5
e RE AR b TJE2 7 B (P AEXT R S #44K. Major Isomer
(trans-18a): 'H NMR (400 MHz, CDCls) d: 7.97~7.90
(m, 2H), 7.96 (s, 2H), 7.66~7.56 (m, 2H), 4.84 (s, 1H),
4.42~437 (m, 1H), 4.34~4.26 (m, 1H), 4.24~4.19 (m,
2H), 4.10~4.02 (m, 1H), 3.80~3.73 (m, 2H), 3.70~3.45
(m, 12H), 3.30 (s, 3H), 1.92~1.80 (m, 2H), 1.79~1.44
(m, 8H), 1.41~1.20 (m, 2H). Minor Isomer (cis-18b): 'H
NMR (400 MHz, CDClI;, distinctive peaks) J: 4.45 (dd,
J=2.4, 2.0 Hz, 1H); *C NMR (100 MHz, CDCl;) §:
173.3, 166.1, 141.9, 130.9, 125.7, 119.0, 102.5, 73.9, 71.9,
70.6, 70.5, 68.9, 67.9, 67.1, 59.0, 30.9, 27.1, 21.6, 21.1.
1.5 EF THF BIF E MR E LB E K
1.5.1 5-(&FA)=Arkh-23H)-FA(19)4) 6 &

# 20 mL 88%[1) RV 7.7 mL 30%[H XU /K
AN, THEZE 50 C, SRJEF 5.0096 g 4-7800
F2(50 mmol) ¥ T 10 mL 88%[1 IR, FHZE 12 nE] %
NHEH (15 min i 5¢), 4RZE7E 50 C FHEFE10h )G, AV
WHET /SN 035 mL ¥ ERFR A 17 mL HIRE, 7= T
PFE 4 h, BERREEFIAFAL N N 2 14 5.8 g, 7% 100%.
'H NMR (CDCls, 400 MHz) 6: 4.65~4.56 (m, 1H),
3.89~3.81 (m, 1H), 3.65~3.57 (m, 1H), 2.65~2.45 (m,
2H), 2.30~2.18 (m, 1H), 2.18~2.06 (m, 1H).

1.5.2  (5-BARw Srkrd-2-28) F Ak -4-xF T R 5% B4 B
(20) 8945,

# 6.6 g LA 19 (56.9 mmol)i T 80 mL 5 FHide
H, I 10 mL = ZJi%. 560 mg DMAP (4.6 mmol)#l
10.86 g TsCl (56.9 mmol), ik FHi+E 4 h, AHIAHH
K AR ERKYE. TOKBRIREN T, e 259 A1 2kR
s R, AR S VCE ) V(R ) =2
1, 1:2], B34/ 13.5 g, 7% 87.7%. 'H NMR
(CDCls, 400 MHz) §: 7.78 (d, J=8.4 Hz, 2H), 7.36 (d, J=
8.4 Hz, 2H), 4.72~4.65 (m, 1H), 421~4.11 (m, 2H),
2.64~2.48 (m, 2H), 2.45 (s, 3H), 2.40~2.30 (m, 1H),
2.17~2.07 (m, 1H); "C NMR (100 MHz, CDCl;) §:
176.1, 145.5, 132.3, 130.2, 128.1, 76.5, 70.1, 28.0, 23.6,
21.8; IR (KBr) v: 3437, 2924, 1779, 1598, 1495, 1458,
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1358, 1266, 1190, 1176, 1095, 1003, 957, 860, 812, 740,
665, 569, 554 cm .

1.5.3  5-[(4-#H KRB ) F 2R ] = A vk " -2(3H)- BF)
(21) 894,

% 9.057 g 4451 20 (33.5 mmol)Al 5.09 g K,CO;
(36.8 mmol) II A H, FREL 6.65 g 4-Hifi 5L A1) (47.8
mmol)% T 60 mL DMF J& I B, Ny R4,
80 C/V 5 h, SR, AR, A
T ERKTEPIIR, JE/K NaSO, T4, Iié 25 70 15 3 (4 [ 1,
FEa > 2979 7.67 g 4lifh, 77%.95.8%. '"H NMR (CDCl,,
400 MHz) 6: 8.13 (d, J=9.2 Hz, 2H), 6.94 (d, J=9.2 Hz,
2H), 4.94~4.86 (m, 1H), 4.31~4.26 (m, 1H), 4.19~4.13
(m, 1H), 2.73~2.54 (m, 2H), 2.49~2.39 (m, 1H), 2.29~
2.19 (m, 1H); “C NMR (100 MHz, CDCly) §: 176.9,
163.1, 142.0, 125.9, 114.6, 69.9, 28.3, 23.8; IR (KBr) v:
3446, 2924, 1771, 1647, 1607, 1593, 1557, 1542, 1509,
1497, 1456, 1384, 1340, 1298, 1261, 1160, 1111, 1073,
983, 944, 919, 846, 751, 689, 668 cm .

1.5.4  S5-[4-#H AR A F K] = Ak -23H)- B3
(22)896- A%,

FREL 6 g tb&) 21 (25.3 mmol) IIA KRNI, N,
RYF, TN 40 mL —5FHe, BEIR—78 C, &1
TN 20 mL 5% ] A LAS(DIBAL-H) (1.5 moleL ™' in
Toluene, 30 mmol), M 4 h J5. A HAKIKH K. HOA
TR KVE JooKBRER T, e 250 7015 B A% 3 10 ] 44
4.1 g, %N 67%. '"HNMR (CDCls, 400 MHz) §: 8.21~
8.16 (m, 2H), 7.01~6.95 (m, 2H), 5.65~5.55 (m, 1H),
4.67~4.60 (m, 1H), 4.16~4.13 (m, 1H), 4.10~4.00 (m,
1H), 2.32~2.03 (m, 2H), 2.02~1.76 (m, 2H); *C NMR
(100 MHz, CDCly) 6: 163.7, 141.9, 126.1, 114.7, 72.9,
69.9, 62.9, 30.6, 28.9; IR (KBr) v: 3411, 3115, 3084, 2929,
1607, 1593, 1510, 1453, 1342, 1299, 1264, 1174, 1112,
1070, 1025, 967, 890, 847, 752, 691, 650, 500 cm ..

1.5.5 4t&-4 23 (modified PEG1900)#% -8~ 5%,

FREL 686 mg 1h 474 22 (2.87 mmol). 3.23 g PEG 0
(1.7 mmol)F! 600 mg Amberlyst A-15 ¥+ 60 mL F 2,
71100 C R 10 h JEfs b SO, SRt et gk
BR2s A-15, e TR Slp (affifk. FEmar@aaieg
B4, 77 44%. "TH NMR (CDCls, 400 MHz) 0: 8.18~
8.13 (m, 2H), 6.99~6.92 (m, 2H), 5.22~5.12 (m, 1H),
4.49~4.40 (m, 1H), 4.14~3.97 (m, 2H), 3.87~3.39 (m,
195H), 3.34 (s, 4H), 2.22~1.70 (m, 4H); IR (KBr) v:
3446, 2920, 2867, 1647, 1592, 1509, 1456, 1384, 1341,
1260, 1108, 950, 850, 669 cm .
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1.5.6 1t&-# 24 (modified PEG o) 498

¥ 1.8 g (L&Y 23 F1 360 mg 10% Pd/C %51 80 mL
T, 7635 CH RSN HifE 12 h EfE bRy, &
Mg, BE TR AR 1.64 g, PR 80%. 'H
NMR (CDCls, 400 MHz) 6: 6.88~6.70 (m, 4H), 5.22~
5.10 (m, 1H), 4.45~4.36 (m, 1H), 3.97~3.85 (m, 2H),
3.89~3.40 (m, 403H), 3.35 (s, 3H), 2.17~1.91 (m, 4H);
IR (KBr) v: 3446, 2954, 2859, 1647, 1509, 1456, 1384,
1348, 1246, 1100, 947, 669 cm ™"

1.5.7 &= L4 25 [PLA-THF-PEG (m=
42, n=43])894 %,

300 mg — iR | FRIFF ) PLA3000 (0.1 mmol)
F1 77 mg HATU (0.2 mmol)# T~ 15 mL DMF 1, &SR
PR, VKKBH A 0.017 mL DIPEA (0.1 mmol), 0 C
FHEHE0.5 he K 106 mg 4k 5424 (0.05 mmol)#E T2 mL
DMF, #RJG IO R 20K ity, 7ol S akalhi
P 24 h JEEF IR RN, RSEEKIK KSR fr oKk,
TOKBR RN T, T 28 bR 250 A9 B s (i A4, K2 M
[V E& ) V(FFED) =50 : 1,40 : 1,20 : 111555
K, 7% 50%. '"H NMR (CDCls, 400 MHz) d: 7.55~
7.36 (m, 2H), 6.86~6.66 (m, 2H), 5.35~5.26 (m, 1H),
5.22~5.05 (m, 30H), 4.45~4.38 (m, 1H), 3.99~3.86 (m,
2H), 3.84~3.40 (m, 168H), 3.35 (s, 3H), 2.77~2.50 (m,
6H), 2.21~1.80 (m, 4H), 1.61~1.40 (m, 90H); IR (KBr)
v: 3446, 2932, 2870, 1756, 1696, 1511, 1455, 1351, 1187,
1097, 952, 862 cm ™.

1.6 #WEHXBEWNSFEHNE

K GPC W& ik BLILHE Y PLA-THF-PEG (m=42,
n=43)[{)5> T 1088 Agilent 1260 FUBEIRISIE (A5 AL,
GPC #E: 7.5 mm X 300 mm. 10 um AR GG FE, %7
VUSSP, Jid: 1.0 mL/min, F: 35 C, bafe: B
L.

1.7 BORBIHI & RFAE
1.7.1 =R R H &

HERIFRI 10 mg & EWIR B RY), %1 1 mL
DMSO(t 1] &) DMF B THF)$R J5 22 153 A 8 mL it #F11)
oK PBS 2 s v sl A2 B ER 7K) H (10 min/
mL), $iHE 60 min J5#E NiENTESH, 25 KIET 48 h,
4h K 1K, BT DMSO, RIS H 43R,

1.7.2 IR RALAR A 6 M52

JLERW IR AR AE KA T () B AR KN B o3 A R 4l
KSR EEALPCS)E, B 1 mL BRH, EANBEOER
el ERiAE, M 0.22 um FAALIEMRE 8. el 25
C, “PHTEECRY 3 min, WOLGYE: He-Ne O, HK N

http://sioc-journal.cn/ 1811
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MRIEX

633 nm. SEEFEABCNT 3, P kiR & 1y R ]
SFEIH.
1.7.3 = AIRRGFE TR

2 I AR R S M S R SR 4 KR R O R A
(PCS)illsE, B 2 mL HI%& L 17 FRHR T 5 mL (1250
B, B B TR A AR AR, R AR R AR
WAk, UL R AR . W e 25 °C, Pl
BFA] A 3 min, B0 6YE: He-Ne 0%, #Kh 633 nm.
1.7.4 AR L IRE R E FAR R IKRE CMC #9m) %

PLEE R 965 FBREF R UM 9O RSB S
AN, 43 WILE 373, 379, 384, 394, 480 nm i) 5
CMC {8, B 10 % 10 mL ¥ EP 4%, #3248 A 100 pL
6.4X10° mmoleL ™" L/ ERVEW, F5NEIE K T )5,
RS2 A3 IS [R)R B (MR BEYE L 0.5, 0.25 mg/mL,
0.1, 0.05, 0.025, 5X107°, 1X107°, 0.25X107°, 0.05X
107, 0X 10 mg/mL) A 2 mL, 3 R HHE 12
h 3 e P GaREE . PRI BN 334 nm,
WORIREEREE N 5.0 nm, RIFPREEEE H 2.0 nm, FI4
HJEN 300 nm/min. DUBEHCA I R R AR AR, 505
L/ (I R RER 26 R ST 4y 2R 373 nm; I 5 R (1) 5856
RS 25 4 384 nm)ff LR AR bR Hh 26 P, Jm it
PG 1/13 1) LUARL I 38 (1) TR TR 2 o AR SR AR TR E
CMC.

2 #R5WHE
21 FEHES

PR U THP R 500 1a A R DL 1, K 1
ALAN, TSNS (3,4- A -2 HAM I -2 ) R (2) F 2 ik adk
ITIRY, 2-IRCWHAEIRTE AT N 5 2 R B VY, 1% 2-2K
4 -6-(2-T LA ) DU S -2 H-NE i (4), M 'H NMR 7]
HIZACE W) N S he A, o Je X S i 4k hy 32 487
), IF HIXPIAS SR AR AR B C i 22, A&
4 LR RN G, IREUKIERN, Sl PR
FER AL L, 19 B POV I ot [6-Q-E S &
S DU S -2 H-NE IR -2- - F i (1)

TEAXE R, WAL AY) 4 R IRE R
T, WEEEN - BRI S 3 N, Bn
WA RN R R, S ANRAMAE R AR MESEAT,
VLA 2ITUW =) 1a.

PR BBUBGZE B2 B0 b [ i 26 LR 2, 3B L- B3
I oAk s sk, &0t 4 D SCERIGE TR R E D)
10, RIS 5 2- IR AWERN, 13 E 11, Zb &SI
PR A 0T B S AL A e ek e b b mT A 43 3 AT £ 380 4 1)
DAFF 3 (X AN R e fg i 11 S8Br FAE ANk
IR ek, Bk 5 AR B L4 B - s R, P
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Ho > ° ) _Bner 80 © | Ho B
NaH PPTS
2 3
BnO OO M Ho OO g
PdiC

4 5
NH3*HZ0 HO/\C)J/O\/\NHZ
1a

Bl 1 ERAIT 1a [
Figure 1 The synthetic route of linker 1a
S RN D-BREAIR R, WA LA 2 55 S A T
SRR, FERZIERL T T e A & Y R o U,
I FLi 7% 8N W SR R AR R R I, 3t W LR L ARl g
2, WURIAS AL T AR B fR 05 e 5 g 4

o)
HOOC._~ COOH NaNO, Ho)‘\(ifo BHy-MeS
HoN H HCl (aq.)

6 7
o o
HO/\(fO TBSCI TBSO/\(fo DIBAI-H
Imidazole
8 9
o) ~_-Br (o)
OH HO
TBSO/\(j“ - - . TBSO/\(\]”O\/\Br
Amberlyst A-15
10 1
O NH5-*H,0
TBAF HO/\(_\/‘NO\/\Br 3* M2
12
O ~0
Ho/\(_\/“” " NH,
1b

B2 ST b M5
Figure 2 The synthetic route of linker 1b

X PIA IR BUBGE 2 T, AT K L
M TARBOLRWHI G, 5 GMGS THP S5k R
k&%) (model compound), HA Bk LK 3, 7RI
PR =R RS WEY 3 RN, ARG 2RI ORI,
N T S PR B N R HEAT, G IRE T ORIR G b, K
I ERREIEIE O B Jn, BRI, f3/0
S IHBOLER Y 18, 4E 'H NMR % B M ELE4 13
THG, B 2043 2R P W) AR L o2 73 15 F It
PSRRI &Y, IF HRUR O £

Ve 25y aitk, P I BOLRY 7 78 A
REARAD, 17T B AR AR &, A TRATTE 1 T 5
TEEKMET THF ZiMRREURIKBIRY), e
A LB 4. TRt B A RO, FRATTAN 4-1%
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O OCH 0. (ONgo)
Ho/\Loj BnBr Bno/\loj H3CO/\/ \/\O/\/ 3 H3CO/\/ \/\0/\/ \Ej/\OBn Pd/C, H,
—_—
NaH, DMF TSOH, DCM CH,OH

2 3 13

(0]
OZN@COCI
H3CO/\/O\/\O/\/O o) OH H3CO/\/O\/\O/\/O o) O@Noz
. NEts, DCM
%Si\
)Y %OH
(0]
H3CO/\/O\/\0/\/O 0] O)K©*NH2
HATU, DMF
16

Pd/C, H,, CH30H

&
(0]
HsCO_~( O/\%o\lojﬂ )@ )K( % TTB:FF Hscowo/woji)fo)&@”fkroﬁ
18

B3 RSP R
Figure 3 The synthetic route of model compound
Wl A, et ol S A B T 0 IR B P 26 1 o B ek, GPC M5E 19T 1507 LU L 7 1470 A (PDL Al
SERY. W EJE, MEEY 23 THBEHE LN S X ® 1 PR, R EEIKRBIUEY PLA-THF-PEG
SR, AHRAE 'H NMR 35 b iy T o A S R 2 (m=42,n=43) XN J5UE}F PLA3o00 LS P4 24, ]

e AL, B BN 5 S P . 5.3 1A, AR BRI TR JEURL
22 HRABUSTFENERARY HRIAIR 73 i S K LD B, Ly R oy A
T M T A M B, Ay PDUBUD. RS AL DR B

A G TIE, [ 5 AR apey BT IO, 0 B T e

O,N OH
HCOOH, H,0, - /%@40 TsCl o_o 2 O

HOOC > Tso/m(_/v
NEts, DMAP
19 20
HO o
/“’(f DIBAI-H /WU/ \4/\05;3\/
< > < > A-15, DCM

CH30H

o
p@—o\(\/\ o O PdCH, /‘WQ’O\Q/\ Oa/\/o
O,N (e} 43 [
-O-C (e

0 0
Hooc/\)J\oA\y( OH)J\OH o
HATU, DMF HO)H/( 420)1\/\(
o) o)
25

Bl 4 PERTEIRBIUEY) PLA-THF-PEG 16
Figure 4 Synthesis of amphiphilic block copolymer PLA-THF-PEG
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&, MRS S, TR, B
TWIAEF A DA R B TARGF s i, 510
THF, DMF #1 DMSO 4. 54k, PRtk B ALy 1
SO SRR ] AR KW B RSB AR, B A A3 ik
.

Elution time/min
Bl5 PLA-THF-PEG (m=42, n=43)If] GPC &l
Figure 5 GPC curves of PLA-THF-PEG (m=42, n=43)

1 IRBILRYIN G T8 K5 T8 e
Table 1 Molecular weight and PDI of block copolymers

Polymer” Mawr® M,? M} PDI?
PLAs000 1000 1200 3400 1.28
Intermediate 24 1900 2000 2000 1.03
Terminal 25 3600 4300 4800 1.12

“ Molecular weights determined by 'H NMR spectroscopy; ® Molecular
weights and polydispersity determined by GPC and SM (starting material).

2.3 BRHIHIE SR
23.1  IRRALFR S F GG T

H AR R kLA A 6 Bk, WL 6 ml4mn,
FIT 45 (R e o S B B IR, PDTASE/DN, A3 Az . 2
JEHR RN R — AN E 240, 8 nm <42 <200 nm [
I SR SK fi R 4 2045 — b gl B0 B 1) 4 T (EPR effect)®),
BEGUE LD LLG, BEA A IR TR K2 R
Hi R £ T IR A

20+
dimeter 19 nm

* 197 PDI 0.181
=
‘@ 107
Q
£ 5l

0 t 1 T t t

1 10 100 1000 10000
Size/nm

B 6 ikEILEY PLA-THF-PEG (m=42, n=43)X W [{kiiz
4]

Figure 6 Measurement of the hydrodynamic diameter of
PLA-THF-PEG (m=42, n=43) micelles
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232 EAKRRAIEE IR

BN SCHUR (DLS) S5 45 54K 7y LR H, A
R ARAE H M LRcAs e, HEISE 10 d Wi/ A A4 Hh i
AR RSO, U B I R L R AR AR AR, S K A B
A, ML B P T T ORLAR K I I
WL R Ak S A K S N TR), K sk 4R SR A
%[27].

20

15 _-3d

10 6d

5 10d

0 ; : - —_——
0.1 1 10 100 1000 10000

Diameter/nm

Intensity/%

B 7 HkERILEY) PLA-THF-PEG (m=42, n=43) R T8
P
Figure 7 The stability of PLA-THF-PEG (m=42, n=43) mi-
celles
233 mAKEKRERE CMC 492

AR R IE(CMO) ORI B IS5 —, N
Kl 8 n itk BLILER Y PLA-THF-PEG (m=42, n=43){]
BRI N 0.0295 mg/mL, W IR TR 75 AE B ER 85
T RERS LU AR HAE A, SR B R EE B2
WS g R S kiR AR e MRS g g 5k

CMC = 0.0295 mg/mL

111,

1E-05 0.0001 0.001  0.01 0.1 1
Concentration/(mg- mL™")
B 8 {kBILE Y PLA-THF-PEG (m=42, n=43)IK K ) CMC

Figure 8 The CMC of PLA-THF-PEG (m=42, n=43) block
copolymer micelle

3 4ig

BT — 2T DY ARG / DY & WC I ik (THP/THF)
SR Ho W i 340 i T B e T 1 IR R SR E R A e,
'H NMR, C NMR, HRMS 1 IR X} HH 4T T £ 4E. 34

BT 3T THP [ TLAE A% (model compound)/THF (1]
P R Y S5 1P ik B S 2R P (block copolymer), H 4548
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'H NMR F1 GPC RAE, HHR T B A B3R H
(R EAPE T, SIS 45 vl %0, BT & i ) R ek i B 4L
By FREDARA, GPC ME KT 5 5 R
EMEE R —8, AHERRKNEIE. TAEE,

P T EEARE .

DRT s 25 T DY S nbt e / Y 20 i ik 45

Fa (iR BOIE IR ) A 2R I AL AT B K4 D 253 i
AR T,
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