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Abstract To evaluate the relative stability of different intramolecular N—H:-*OMe hydrogen bonds of aromatic am-
ide-based foldamers, 3-, 5-, and 7-mer aromatic amide foldamers F-3, F-5 and F-7, which possess one, two, and three differ-
ent amide units, have been constructed from benzene-1,3-diamine and isophthalic acid derivatives. '"H NMR experiments in
CDCL,CDCI, and DMSO-ds showed that the hydrogen bonds formed in the central area of the foldamer backbones are least
stable, whereas the hydrogen bonds formed at the two ends are most stable. '"H NMR hydrogen-deuterium exchange experi-
ments for F-3, F-5 and F-7 in CDCL,CDCI,-CD;0D (19 : 1, ¥V/¥) and DMSO-ds-CD;0D (19 : 1, V/V) were performed. In
the former less polar solvent mixture, the half-life values of the process, corresponding to amides from the central area to the
end areas, were determined to be 140 h for F-3, 71.8 and 405 h for F-5, and 36.3, 216 and 314 h for F-7, respectively. In the
latter more polar solvent mixture, the related values were evaluated to be 97.1 h for F-3, 69.0 and 300 h for F-5, and 13.5,
38.3 and 57.5 h for F-7, respectively. These quantitative results are consistent with the above 'H NMR observation. To further
assess the strength of the intramolecular hydrogen bonds, the three folded aromatic amide segments have also been incorpo-
rated into the main chains of dodecane-1,12-diamine-derived amide polymers to afford macromolecules P-3, P-5 and P-7.
The degree of polymerization of the macromolecules was determined by GPC to be 22, 14 and 13, respectively.
Force-extension curves obtained from single molecular force spectroscopy (SMES) revealed that, in tetrachloroethane, all the
three macromolecules exhibited saw-tooth force peaks, which had been attributed to the step-by-step breaking of the in-
tramolecular hydrogen bonds of the foldamer segments. P-3 exhibited 4 peaks at ca. 83, 121, 181 and 236 pN, P-5 displayed
7 peaks at ca. 20, 44, 73, 101, 130, 171 and 278 pN, and P-7 generated 8 peaks at ca. 31, 43, 50, 60, 90, 152, 173 and 221
pN. The increasing number of the force peaks observed from P-3 to P-5 and P-7 was ascribed to the increasing number of the
intramolecular hydrogen bonds. It was proposed that the peaks at lower forces corresponded to the less stable hydrogen
bonds, whereas those observed at higher forces were produced by the breaking of the more stable ones. The fact that the first
peaks of P-3 was higher than that of P-5 and P-7 indicated that the intramolecular hydrogen bonds of P-3 were pronouncedly
more stable than some of the intramolecular hydrogen bonds of P-5 and P-7, which is consistent with the above 'H NMR and
hydrogen-deuterium exchange observations. Similar results were also observed for P-5 and P-7 in hexadecane, whereas P-3

* E-mail: ztli@mail.sioc.ac.cn; zhangwk@jlu.edu.cn; xzhao@mail.sioc.ac.cn; Tel.: +0086-021-54925122 ; Fax: +0086-021-64166128
Received December 8, 2012; published December 20, 2012.
Project supported by the National Natural Science Foundation of China (No. 20944118).
T H 52 2K 3 R FLE R 42 (No. 20944118) % ).

Acta Chim. Sinica 2013, 71, 51—61 © 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 51



AR

did not generate measurable force peaks possibly due to the strong absorption of its short, but more planar foldamer segments
to the surface of the slide. Simulated stretching curves of the three macromolecules were also consistent with the SMFS re-
sults.

Keywords hydrogen bonding; aromatic amide; foldamer; macromolecule; single-molecule force spectroscopy
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Table 1 Hydrogen-deuterium exchange rate (h ') and related half-life
(h, in parenthesis) of the amide units of foldamers®

CICD,CD,CI/CD;0D  DMSO-ds/CD;0D
19 : 1, V) 19: 1, ¥v)

F-3 H-a 4.9X107% (140) 7.1X107°(97.1)
H-a 9.6X107°(71.8) 1.0X 1072 (69.0)

F-5 H-b 1.7%10°3 (405) 23%10°3 (300)
H-a 1.9X107%(36.3) 5.1X107%(13.5)

F-7 H-b 3.2X107° (216) 1.8X107%(38.3)
H-c 2.2X107°(314) 1.2X107%(57.5)

“ Process was assumed to be of first order.
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Table 2 Molecular weight data of foldamer-incorporated polymers

M, (X10%/D PDI DP
F-3 1.81 1.09 22
F-5 1.59 1.06 14
F-7 1.84 1.10 13

WATE W E T P-7 46 3 Flrambg s, W
H,O-AcOH (19 : 1, ¥ : V), DMSO 1 H,0 111 )73 45 5.
£ HO-HOAc ¥, DOMLN 2447 K 1 27 & 1A
5, P& MELZH 100 pN, Z P& KL 100 nm, 5
REWEE A AT RS B B AR T, Ui AR I
FUR xR G L EHRT R, 07 W e 4l b S 1
R4 FL R . 7F DMSO , P-7 5o Hi B L)

Acta Chim. Sinica 2013, 71, 51—61

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

BUEAE . AR IEIRES R 9 FBE 0 147 2 2 A%
R AR PR, AR R IR AR TR ) 3 2 )00 AR
BB ATHE P-7 Sy RAT N REAT T A s e
(free jointed chain, FICH R &, 45 0 BonER A
DX AL 1 £ 55 S 1h 2 A B A 25, 1T v g (DX A
L5 W A HEA — 3, RILE S ) X 51 AR S AR
DTk iR 5g, W H AT R oTERIR D, o FRE )5
ATh F B2 RN B . B A sl el
KON T R RN 25T R, P-T AMEHIE S 1F
5, JMEZATE 100 pN, WL T — & BRI BRI (5 5
P-5 7£ DMSO F 017 45 P-7 ML, & I EX 5
PEEZ S, RS AR — 2 R E X IR
AN 30 pN IR BT & . 7E DMSO H, P-3 & I {E X
Ry (R RE 2 B R o, AER (B X B Bk B 2
I, JMEZ1R 70 pN. HSE, P-7 3F5A R
KA1 & . X eegs i), DMSO Ho5 Bkie v B
TN EBERME BRI PR KR, VRS, 1Mk 1) 5 Wi
A BOP TR, 53R A1 g th B iR,

BATE—LME T 3NREW N TAAMANER Y
Aoy 1 ik, VUG Sk s b AR ok
R A7, AR B E R . P-7 EDUE L%
s s R (B 2, ), SN 31, 43, 50, 60,
90, 152, 173 fi1 221 pN Abfg— RYES A, LT
TEMGH R o 05 W o3 W SRR R, 43 F8E2 4 )
P AH T T AR R R AR KT 100 pN- X3
TR LA RBE R, 1R I BB ) A7 70 2 1R 5
M5y WA, FTEARECRIIN T A GeR iR, FIC
TR 5 Al B S0 25 S 22 AR, U BH 05 I el ke
W27 N S SRS 0 e me ek, By 1
BERARREIR T X 651 N SR, T 5 A2 L D) 2% i O
B G A S o PRI SR EAT . T O R Ay A
AU R D, RSz MO AE AR IR T AT I, AR
1431 N—H---O=C S8 Fm-nHERUE HI #0117 55
B AL

K2 e i TR A S he A4 P-5 A P-3 [yt
R dhe. 0 7R 3 N EREWI I F v
BORZES. P-3 SRAFHISERAE AT FIC BLAul B IR {E AR X 42
I, ANAE s TR X (83, 121, 181 F1236 pN)A 4 N5
PR RUE . IX S 5 n] R D ) B T 05 I e Al B
P AL BT 2> T N AV BE IR IR. P-5 Rz s ot 2 i
HESHRIAT P-3 F1P-7 200, AT TANNET S
(20, 44, 73, 102, 130, 171 F1278 pN). H&A sy 48 3L
B, D5 BRSO, LA N S IR 5 DR IR AR R
AHN IR AR BROK. P-5 FITP-7 F7i £k L T S 211
JIESEA, T H P-7 (8 A S SR A, oz e T3
Kt B 2 (170 1 P ZURRE R N 55 215 12 0 it 3 (R 2
P-7 J7ili i 54 30 pN PR S {E 8 4, P-5 IR I (E B A
HELAEZ 70 pN, 11 P-3 (P ) {E 4 U5 B i, AT aX S8u

http://sioc-journal.cn 55



MR

600 A

400 1

Force/pN

N

o

o
L

Extension/nm

—FJC
400 - — poly-5mer-TCE

Force/pN

0 20 40 60 80 100
Extension/nm
800 | (C) /
600 — FJC
— poly-7mer-TCE
400 -

200 ~

Force/pN

o
L

-200 +

-400 -

0 20 40 60 80
Extension/nm
B2 P-3(A), P-5(B)F P-7 (C)7E MU L+ ity s 8 lh 2 LUK AR (¥
FIC B4 R (i £k)
Figure 2 Typical force-extension curves obtained on P-3 (A), P-5 (B)
and P-7 (C)
The yellow curves represent the FJC fits

SRS AT 'H NMR M GAC s i il —20, [t
T 3 AT R Be 21 A B KA 5L

P-5 Hl P-7 fE+/NBehMGE I 0% fhZ LI 3 (B).
A AL BB 7R, RV X W R AR L DY S 2 e W
&, P-7 S ) th 8 5 FIC #4545 R B 45020, R AE
X R 5 W AR B A 23 P9 B I D R A DU
LHEh. X REE T N B TR, A
A T8 3R W v O WL e 34 R P I A R AT A,
T A 95 508 5 0 01 A G5 UK 285 A 1 ol ) o 22 S PR R
R, TS BRI EEB NI PR R A 8, IS B RO
3 MATRERE, T ONBEIREEROR, BOKIT B AR R

56  http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

W EARAMmsE, Nimgsi T H P Es. /518
Fer, P-7 1 30 pN i A (PR I AE Y6 1 YA AR K 1T
BI%, WUt AA R 2 R 59 AU, AT
NN AETAL N

P-5 76t NBEhRHLHAT P-7 AHZRLAAT A (E 3,
A). Hpr g B m 2 FIC Biflihsk, ROy hiE S
P2k o1 WA BB R TS I Dok B oK. ZEAIG
FEFEH(30~50 pN)K, P-5 77— AN b KAE 1l
FHA B T &, 3X 0T g2 0 BERAR T B 5 Ak 1301
RS, M3 N 7 45 55 R W B VR F 2 301, T B
R T A F SR e . nTREE T P-3 H
JE R B HL B 48 7 05, fe N kerh ek
P A 1) SR R S

(A)
1500 -
— FJC
— poly-5mer-hexadecane
1000 -
z
o
8
5 500 -
[T
0 -
0 20 40 60 80
Extension/nm
(B)
300 1 — FJC
— poly7 mer-hexadecane
= 200 -
(=%
Eo)
o
S 100
0 -
20 40 60 80 100

Extension/nm

B3 P-5 (A)HIP-7 (B)E7NE A 10 70 2 LA AH IS 1) FIC AL &5
REE L)

Figure 3 Typical force-extension curves obtained on P-5 (A) and P-7
(B) in hexadecane

The yellow curves represent the FIC theoretical results

TEHE KA R — BSOS, b (N,
BT 7 7 WA B AR (S B REAR OC), FRATTIE
— DI RERL T 7 B AR A I IR ) R T AR Ak
(B S P-7 fufh ik Eaf LIERI(E 4, ©), HARE
DI DRI I S 2L R IR 05 5, XNV A IS 7B
P75 Wt A i) G R L (R a5 . RN I E T
Bl —E RS I —A TR R, XN &
FATIF R, B e AR R T R BR R I RE R T

Acta Chim. Sinica 2013, 71, 51—61



W F F R

RN S 2 SN R E SIS (S
SCPfT, A ITAE BE AT P BEAR, o S (L AT T . 1%
4 AL (¥ ) 2 B RIFEAT A REL, BAE R fd
FEAFAT— R F A4 ACIR K ) - BE B A2 4. IXLe g A e
THE S FE RS, BB T 05 IR RN 7 T AR
SIS — A th s SR B ISR 1 IR, X 5 T
S Lt IEAT — B0, AR EE RAE P-5 A1 P-3 &5k
A RIL(E 4, B, A), HEEHE & T R4, K
oAl et L ESUN P o R NI TS

(A)

Force (kcal/A) x 10°
N
1

T T T T T T

6 9 12 15
Extension/nm

204

15

10

Force (kcal/A) x 10°

. . . .
10 15 20 25 30
Extension/nm

Extension/nm

B4 BEHAHI F-3 (A), F-5 (BRI F-7 (C)Mhu i ) 2 i 2k
Figure 4 Simulated stretching curves of F-3 (A), F-5 (B), and F-7 (C)

Acta Chim. Sinica 2013, 71, 51—61

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

3 it

FEASC, AR TH NMR A RS- ias #e
S, GERVPAN T AR RN E] -4 R T R O It
HEATT BRI AN ] DA 1 705 P SR AR BEsE o8, A
BT I3 RORIE 1IN B 231 8 P R ) Dy
LG B AR B 2N 20 5 W S BERA T it 210 0. i
AT, BATIE7R T 957 WL E AN A D31
SBAGETERI 2250, PRI T AR IR G5 A4 FIER T 5% 0 DA
. BABEEE VR T 05 B BN TN AR
AR I BB — > NS (R BT 4R 10 23 20 (Kt R, i
JEZ AU R I R (R I R, JRATTTIUN, A S sz i
By IS A AT DN 2L e R N T A B 4k
IR GAF S

4 HWERS

'H, "CNMR ## /1] Bruker Avance 400 %Y ki AR
W5E, K4 ¥E50E ] HPS973, Saturn2000 5X Voyager-DE
STR B il se, 4 #E il FTMS-7 5 TonSpec
4.7 RFRELC e, X Sk KT N 285 A Bruker
AvanceD8 ¥y K i1 S A R %, 7 1 BB R A
NanoWizard 11 BioAFM 5, S5 H BT FH (AR5 K5 77
B 2 e AR R PR R R A, BT R R Y
H, RAESE— DA, Wb e i A FE R 2li4h, A
T IRERE H B8 300~400 H A ZHTREAR.

SN eS8 5k LU CDCl; Bl & SR S
mmol/L ¥, A 5% (V/V) MeOD 1E iGik i 15
MERET "H NMR, W) (A& H 5 min 2510 h N2 B
3 RAT R M S0 %o 5 3 S A0l — G 3 %y R AT P
SRAGAT P JE B,

By T RS2 T BL5.0 mg BEAYIE T 10 mL
ST, FF R BRI K TV 0 e R, 12
h JEEUH 4 A (P-3 AR 10 min), BLGUTELSE 3 LA
BRI AW, UAARUEE SR B B 1R 43 15k
4 HLE B S236 Ll NanoWizard 11 BioAFM (JPK in-
strument AG, Berlin, Germany)/E & Ik 7 & . &KEF
(Si3N4, Bruker Corp.) 5 1 % %5 H #4448 2)) 1) 77 =Ll
i[ss,ss].

WA 2: 16250 mL BHE P IMALEY)1 (14.0 g,
0.10 mol), FEE(100 mL)FIIRALER(S mL). JHFAMIGE 8 h,
VA E AN R S K i R A 2, AR S e
RS, FREYIA L1 L5250 mL)ZEIL. A HLAH
FIESK (100 mL X 2) A £h /K150 mL)PEE,
T PR T S Wl R AR 4, 1345 2 I TE iR (14.1
g, 93%). '"H NMR (400 MHz, CDCly) : 3.67 (s, 3H), 3.40
(t, J=8.4 Hz, 2H), 2.33 (t, J=7.2 Hz, 2H), 1.90~1.85 (m,
2H), 1.68~1.60 (m, 2H), 1.90~1.85 (m, 2H), 1.50~1.43
(m, 2H); MS (ESI) m/z: 210.0 [M+H"].

&Y 4: 18 500 mL =HUFH NN 200 mL ZJiF,
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RIG AL S 2 (9.12 g, 60.0 mmol), 3 (10.5 g, 50.0
mmol) & FRIZEA(11.0 g, 80.0 mmol). JIHAHIVE &Y 10 h
JEVR AL FTAFIRH 28 AR 2595500 5 H 4R SR (250
mL)AHL. A LS /K (100 mL X 3) A A1 2 R /K
(150 mL)BEVR, BB TR 5 bR 22000, Prfs k=4
EHT (LR /A K, 123,V Vs, ka4l
Ok YI(14.3 g, 85%). 'H NMR (400 MHz, CDCl5) o:
8.05 (br s, 1H), 7.03 (s, 1H), 6.93~6.91 (m, 2H), 4.01 (t,
J=6.4 Hz, 2H), 3.67 (s, 3H), 2.36 (t, J=7.2 Hz, 2H),
1.87~1.82 (m, 2H), 1.74~1.64 (m, 2H), 1.53~1.46 (m,
11H); *C NMR (100 MHz, CDCl3) 6: 174.0, 152.8, 146.8,
128.2, 122.3, 121.0, 118.2, 111.0, 80.3, 68.3, 51.5, 33.9,
28.9, 28.4, 25.6, 24.6; MS (ESI) m/z: 338.0 [M+H]";
HRMS (MALDI-FT) m/z: caled for CgH;;NOsNa [M—+
Na]": 360.1787, found 360.1781.

&Y S 76 50 mL BEHVE P IMALED 4 (3.37 g,
10.0 mmol) G ALE N 418 LR #(3 mol/L, 40 mL).
FEWSHE 8 h JE S IRIRE AN B FI(40 mL X 3),
/K40 mL)FIHIFIEr £h7K (40 mL)PE. BFREN T4 5 e
AR R, 1B 5 N EaeiRY(2.20 g, 93%). 'H
NMR (400 MHz, CDCl;) d: 6.78~6.70 (m, 4H), 4.01 (t,
J=8.4 Hz, 2H), 3.67 (s, 3H), 3.17 (br s, 2H), 2.35 (t, J=
9.6 Hz, 2H), 1.90~1.75 (m, 2H), 1.74~1.64 (m, 2H),
1.55~1.46 (m, 2H); *C NMR (100 MHz, CDCly) o:
174.1, 146.7, 136.2, 121.0, 118.5, 115.2, 111.5, 67.9, 51.5,
34.0, 29.1, 25.8, 24.7; MS (ESI) m/z: 238.1 [M+H]";
HRMS (MALDI-FT) m/z: caled for C;3H,)NO; [M] "
238.1443, found 238.1437.

&Y F-3: 465 5 (2.37 g, 10.0 mmol)Fl 6
(0.98 g, 5.00 mmol)%fi##) 50 mL 5 Ferh, SRISMA
EDCI (2.24 g, 11.6 mmol). =i HE 8 h 5 i iE S
M B K50 mLX2), 7K(50 mL X 2)HIFi€r
JK(50 mL)BEg. BRI T8 5 bR 257, F- etz
(21 /A, 2 2 1, VD B, S F-3 4
ORI (2.61 g, 82%). 'H NMR (400 MHz, CDCly) o:
10.07 (s, 2H), 8.20 (d, J=7.6 Hz, 2H), 8.01 (d, J=8.0 Hz,
2H), 7.44 (t, J=6.3 Hz, 1H), 7.13~7.08 (m, 4H), 6.96 (t,
J=4.0 Hz, 2H), 4.08 (t, J=6.4 Hz, 2H), 4.01 (s, 3H), 3.50
(s, 6H), 2.23 (t, J=6.8 Hz, 4H), 1.81~1.74 (m, 4H),
1.74~1.64 (m, 4H), 1.55~1.46 (m, 4H); *C NMR (100
MHz, CDCl;) 6: 173.7, 162.8, 156.0, 147.9, 134.7, 128.7,
127.9, 125.3, 124.3, 121.2, 120.9, 111.3, 68.6, 64.4, 51.5,
33.7,29.0, 25.5, 24.5; MS (MALDI-TOF) m/z: 657.0 [M~+
Na]'; HRMS (MALDI-FT) m/z: caled for C3sH;N,O0Na
[M+Na]" 657.2788, found 657.2783.

& 7 AEPUERIRI(25 mL)/K(25 mL)HinAtl
=7 (0.63 g, 1.00 mmol)MIZ ALK AH(0.17 g,
4.00 mmol). WL HE 5 h G BEZE R 22 . ki
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PN 1 mol/L [ #h1R B 2 ol AT . i sE T,
KVEG T AW 7 N AERE£0.59 g 97%). 'H
NMR (400 MHz, CDCl5) d: 9.53 (s, 2H), 8.52 (d, J=10.8
Hz, 2H), 8.10 (d, J=10.4 Hz, 2H), 7.37 (t, J=6.3 Hz, 1H),
7.12~7.01 (m, 4H), 6.93 (d, J=10.8 Hz, 2H), 4.09 (t, J=
7.6 Hz, 4H), 4.05 (s, 3H), 2.28 (t, J=8.0 Hz, 4H), 1.88~
1.80 (m, 4H), 1.67~1.60 (m, 4H), 1.55~1.50 (m, 4H); "*C
NMR (100 MHz, MeOD-CDCl; V/V'=1: 4) J: 1744,
162.9, 155.5, 149.0, 133.3, 128.6, 127.2, 124.9, 124.5,
121.6, 120.4, 112.0, 68.2, 63.6, 33.5, 28.4, 24.9, 24.2; MS
(MALDI-TOF) m/z: 629.1 [M+Na]"; HRMS (MALDI-
FT) m/z: caled for Cy3H3N,OsNa [M+Na]™ 629.2475,
found 629.2470.

WA 9: 1500 mL —=HUH A L5200 mL. 4R )5
WML &4 8 (11.6 g, 50.0 mmol), 2 (9.12 g, 60.0
mmol)RITREZEN(11.0 g, 80.0 mmol). HIFEIAL & 10 h
JE Ve B, L uERR 2 mAA, SRR 4 5 £ LBE(150
mL)A . A HAK KA 1 mol/L B (100 mL X 2),
JK(100 mL X 2) A7 A6 K % (100 mL)PEE, AR
TG YE. RN (LR LB/ A, 103, Vi)
SIEEEY 9 AL EMIRYI(19.4 g, 91%). 'H NMR
(400 MHz, CDCly) 8: 7.81 (d, J=7.6 Hz, 1H), 7.45~7.32
(m, 6H), 6.95~6.93 (m, 2H), 5.34 (s, 2H), 4.00 (t, J=6.0
Hz, 2H), 3.66 (s, 3H), 2.28 (t, J=7.2 Hz, 2H), 1.81~1.75
(m, 2H), 1.67~1.60 (m, 2H), 1.48~1.40 (m, 2H); “*C
NMR (100 MHz, CDCly) 0: 174.1, 166.4, 158.7, 136.3,
133.5, 131.8, 128.5, 128.2, 128.1, 120.3, 120.1, 113.1,
68.6, 66.6, 51.5, 34.0, 28.9, 25.6, 24.6; MS (ESI) m/z:
379.0 [M+Na']; HRMS (MALDI-FT) m/z: caled for
C»H,4,0sNa [M+Na] ™ 379.1521, found 379.1516.

&Y 10: 7150 mL HEOH T IMALEY) 9 (0.36 g,
1.00 mmol)f] & HE(50 mLYEWE. VKIBAHIZE 0 C,
SRJE FET TN = 3 SR 0.42 mL (5.00 mmol). ¢
FRRJEHHE 2 h, SR U0 ik 19 S0 T 7K R (30
mL X 2), 7K(30 mL X 2)FI1EFI /K30 mL)PEE, &
PR R BT R B 230850 Jo A 2 (L 1R SR/
fik, 113, Vi e, B4EY 10 5 L aiERY0.23 ¢,
88%). "H NMR (400 MHz, CDCl5) 6: 10.9 (br s, 1H), 8.18
(dd, J;=7.6 Hz, J,=1.6 Hz, 1H), 7.55 (td, J;=7.2 Hz,
J,=1.6 Hz, 1H), 7.14 (t, J=7.6 Hz, 1H), 7.03 (d, J=8.4
Hz, 1H), 4.26 (t, J=6.4 Hz, 2H), 3.68 (s, 3H), 2.37 (t, J=
7.2 Hz, 2H), 1.98~1.92 (m, 2H), 1.77~1.69 (m, 2H),
1.58~1.50 (m, 2H); “C NMR (100 MHz, CDCl;) ¢:
173.8, 165.6, 157.6, 135.0, 133.6, 122.1, 117.7, 112.7,
69.8, 51.6, 33.7, 28.6, 25.4, 24.4; MS (ESI) m/z: 267.1
[M+H]+; HRMS (MALDI-FT) m/z: caled for C;4H;30sNa
[M+Na]" 289.1052, found 289.1047.

&Y F-5: LAY 10 (1.20 g, 4.40 mmol) A F|
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— ZJ#(0.76 mL, 5.30 mmol)[¥) 30 mL {5 . ik
ARG R T HE(0.57 mL, 4.40 mmol), Zk&idEl
NI, BRJE ML A 11 (0.91 g, 2.00 mmol). JiF#E]
60 CHiHE MY 48 h. JEZEFR Z5H 5, FREEY) 50 mL L&
LRI ATHAKIE 1 mol/L #h/R(50 mL X 2), /K
(50 mL)FIIFIEr £67K (50 mL)BEiss, i Be 4k 115 i g 7%
B 257, ARSI SR/ g, 102, VI
LAY F-5 2y A 14(0.15 g, 78%). 'H NMR (400
MHz, CDCl3) 6: 10.24 (s, 2H), 9.61 (s, 2H), 8.32 (dd, J, =
6.0 Hz, J»=1.6 Hz, 2H), 8.22 (d, J=7.6 Hz, 2H), 8.15 (s,
2H), 8.08 (s, 2H), 7.49 (td, J;=8.8 Hz, J,=1.6 Hz, 2H),
7.44 (t, J=8.0 Hz, 1H), 7.15 (t, J=6.8 Hz, 2H), 7.02 (d,
J=8.4 Hz, 2H), 4.22 (t, J=6.8 Hz, 2H), 4.13 (s, 3H), 3.82
(s, 6H), 3.49 (s, 6H), 2.42 (s, 6H), 2.19 (t, J=7.2 Hz, 2H),
1.95~1.88 (m, 4H), 1.64~1.55 (m, 4H), 1.48~1.40 (m, 4
H); *C NMR (100 MHz, CDCl;) d: 173.6, 163.4, 163.1,
156.8, 155.9, 137.4, 135.4, 134.6, 133.5, 132.7, 131.2,
130.9, 128.7, 125.4, 121.8, 121.7, 118.6, 117.2, 112.8,
69.4, 61.0, 51.4 (d), 33.6, 28.7, 25.5, 24.5, 21.9, 21.8 (d);
MS (MALDI-TOF) m/z: 9615 [M + H] *; HRMS
(MALDI-FT) m/z: caled for Cs3HgN4O;3Na [M+Na]*
983.4055, found 983.4049.

b5 14: £E4LE9 13 (0.96 g, 1.00 mmol)[¥] THF
(10 mL)FAZK (10 mL) [ &TFH N 0.17 g S EK
A 4(4.00 mmol). EIBEFE 10 h, BEZERR L KB
JEWIN 1 mol/L FRhIR A GmRME. A HA iy [ 441k 38 i FH /K
Yok, BTG EML AW 14 A 1A0.90 g, 95%).
'H NMR (400 MHz, CDCl3) §: 10.19 (s, 2H), 9.32 (s, 2H),
8.25 (d, J=7.2 Hz, 2H), 8.03~7.99 (m, 6H), 7.42 (t, J=
8.8 Hz, 2H), 7.29 (t, J=7.6 Hz, 1H), 7.08 (t, J=7.2 Hz,
2H), 6.96 (d, J=8.4 Hz, 2H), 4.15 (t, J=6.0 Hz, 2H), 4.10
(s, 3H), 3.74 (s, 6H), 2.35 (s, 6H), 2.15 (t, J=7.2 Hz, 2H),
1.88~1.83 (m, 4H), 1.60~1.53 (m, 4H), 1.49~1.46 (m,
4H); *C NMR (100 MHz, CD;0OD-CDCl;, 1 : 4, V : V) §:
177.2, 165.6, 158.4, 135.7, 135.2, 133.5, 132.3 132.0,
129.8, 122.9, 122.6, 120.5, 119.5, 114.3, 70.8, 65.4, 62.4,
35.0, 30.0, 26.8, 25.8, 22.8; MS (MALDI-TOF) m/z: 955.4
[M + Na] " ; HRMS (MALDI-FT) m/: caled for
Cs,HseN4O3Na [M+Na]" 955.3742, found 955.3736.

tAEM16: 15250 mL —HU LAY 15 (5.74 ¢,
20.0 mmol)FR R4 (4.18 g, 30.0 mmol) 1A ] 100 mL
PIEA A AR R N 3.80 mL i R — F 15 (40.0
mmol), [PV 5 h G HIMYE. 5B H 100 mL &
1R 2. AT 1 mol/L h#2(100 mL X 2),
K(100 mL X 2)FIHE AL £ /K (100 mL)PEE e i FR 4
T, WRARR LA W) S1R SR ko
ghih, LAY 16 N AEEA(5.12 g 85%). '"H NMR
(400 MHz, CDCL3) d: 7.84 (d, J=2.0 Hz, 1H), 7.69 (d, J=
2.0 Hz, 1H), 7.46~7.35 (m, 5H), 5.37 (s, 2H), 3.86 (s,
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3H), 2.37 (s, 3H); *C NMR (100 MHz, CDCl;) J: 164.5,
151.1, 145.1, 137.3, 136.1, 135.3, 134.3, 128.8, 128.6 (d),
127.1, 67.6, 64.3, 20.5; MS (ESI) m/z: 324.1 [M+Na]";
HRMS (ESI) m/z: caled for C;¢H;sNOsNa [M+Na]®
324.0848, found 324.0842.

AP 17: 15250 mL = HUHE A A 100 mL ZFEEF!
10 mL 7K, BRJGHUIMAERH(0.17 g, 3.0 mmol), F k%
(0.32 g, 6.0 mmol)F1{b 54 16 (0.30 g, 1.0 mmol). i
ML 2 h JEv&H I pERR 2 [ k. B4 5 H 100 mL
LI ORI AN 1 mol/L BRIERBNH (100
mL), 7K(100 mL)FIEF & K150 mL)YES, RN
TR JEIRGE, TR YA 5 mL & T be s e i
FILAW 11 (027 g, 1.00 mmol)F1 EDCI (0.23 g, 1.20
mmol)f¥) 20 mL & eyl b, =i pidt 12 h J5 W
T e B 3 W b, AU R S K (20
mL X2), /K20 mL)FEAIE /K50 mL)PEk. W
TSGR ZNT (IR CBRAIEE, 121, VI V) Esfsik
G 1T NEERIRY(0.26 g, 82%). 'TH NMR (400 MHz,
CDCly) d: 10.54 (s, 1H), 8.62 (d, J=1.6 Hz, 1H), 8.31 (dd,
Ji=17.6 Hz, J,=2.4 Hz, 1H), 7.50~7.34 (m, 7H), 7.12 (t,
J=7.2 Hz, 1H), 7.02 (d, J=8.0 Hz, 1H), 5.37 (s, 2H), 4.25
(t, J=6.8 Hz, 2H), 3.78 (s, 3H), 3.62 (s, 3H), 2.37 (s, 3H),
2.28 (t, J=7.6 Hz, 2H), 2.00~1.92 (m, 2H), 1.72~1.65
(m, 2H), 1.55~1.47 (m, 2H); “C NMR (100 MHz,
CDCly) 8: 173.9, 165.5, 163.6, 156.9, 147.8, 135.9, 134.1,
133.4, 133.1, 132.6, 128.6, 128.4, 128.3, 126.3, 126.2,
1232, 121.8, 121.5, 112.7, 69.5, 66.8, 62.2, 51.5, 33.8,
28.6, 25.6, 24.5, 21.3; MS (ESI) m/z: 520.1 [M+H"];
HRMS (ESI) m/z: caled for C3;H;sNO;Na [M+Na]*
542.2155; found 542.2149. Anal calcd for C;0H3;3NO5: C
69.35, H 6.40, N 2.70, found C 69.14, H 6.49, N 2.56.

& 18 LAY 17 (0.52 g, 1.00 mmol) Al
Pd-C (0.10 g, 10 %) A F] 20 mL THF . 7£ 101325 Pa
S N EREE 8 ho I ERR LA, JEBKRSE G
B aY 18 I {affE14(0.40 g, 93%). '"H NMR (400
MHz, CDCls) 6: 10.4 (s, 1H), 8.56 (s, 1H), 8.33 (dd, J,=
8.0 Hz, J,=1.6 Hz, 1H), 7.63 (s, 1H), 7.52 (td, J,=8.8 Hz,
J>=1.6 Hz, 1H), 7.16 (t, J=8.0 Hz, 1H), 7.05 (d, J=8.0
Hz, 1H), 4.28 (t, J=6.8 Hz, 2H), 3.91 (s, 3H), 3.60 (s, 3H),
2.40 (s, 3H), 2.30 (t, J=7.2 Hz, 2H), 2.00~1.90 (m, 2H),
1.72~1.65 (m, 2H), 1.55~1.50 (m, 2H); >C NMR (100
MHz, CDCL3) 0: 174.1, 169.1, 163.7, 156.9, 148.1, 134.6,
133.6, 132.8, 132.7, 128.8, 127.4, 127.2, 122.1, 121.6,
112.7, 69.5, 62.4, 51.5, 33.6, 28.6, 25.6, 24.5, 21.2; MS
(MALDI-TOF) m/z: 428.1; HRMS (MALDI-FT) m/z:
caled for C,3H,7;NO-;Na [M—|—Na]+ 452.1685, found
452.1680.

&Y 19: ZAEY 13 A ROT5HI%, AR
&, 7%% 71%. '"H NMR (400 MHz, CDCl;) d: 10.31 (s,
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2H), 9.83 (s, 2H), 9.52 (s, 2H), 8.49 (s, 2H), 8.30 (dd, J,=
7.6 Hz, J,=1.6 Hz, 1H), 8.19 (d, J=7.6 Hz, 2H), 8.12 (d,
J=12.8 Hz, 2H), 7.49 (td, J,=8.0 Hz, J,=1.6 Hz, 2H),
7.43 (t, J=8.0 Hz, 1H), 7.14 (t, J=8.0 Hz, 2H), 7.05 (d,
J=8.4 Hz, 2H), 4.21 (t, J=6.8 Hz, 2H), 4.12 (s, 3H), 3.87
(s, 6H), 3.85 (s, 6H), 3.40 (s, 6H), 2.43 (s, 6H), 2.40 (s,
6H), 2.17 (t, J=7.2 Hz, 4H), 1.96~1.92 (m, 4H), 1.64~
1.58 (m, 4H), 1.48~1.40 (m, 4H); >C NMR (100 MHz,
CDCly) d: 173.6, 163.6, 163.4, 163.3, 156.7, 156.0, 145.9,
137.3, 135.6, 135.5, 134.4, 133.7, 132.7, 131.9, 131.2,
130.9, 128.7, 126.8, 126.6, 125.8, 125.3, 121.8, 121.6,
118.2, 117.6, 112.8, 69.4. 62.5, 61.3, 51.4, 33.6, 33.5, 28.7,
25.5, 24.4, 21.9 (d), 21.4, 21.3; MS (MALDI-TOF) m/z:
1309.8 [M+Na]"; HRMS (MALDI-FT) m/z: calced for
C71H7sNgO-Na [M+Na]” 1309.5321, found 1309.5316.

&9 20: 1E 25 mL B30 H I 10 mL THF 1
10 mL 7K, SRJGIMALAY) 19 (0.13 g, 0.10 mmol)FIE
ALK A Y(16.8 mg, 0.4 mmol). FEimHEFE 12 h 50
A 1 molV/L #h1R % pH=1. 7 B4 985 KPEE,
HATEAHGEY 20 4 AEREA92 mg, 93%). 'H
NMR (400 MHz, DMSO-dy) 6: 11.90 (s, 2H), 10.41 (s,
2H), 10.22 (s, 2H), 10.10 (s, 2H), 8.36 (s, 2H), 8.06 (d, J=
8.0 Hz, 2H), 7.98 (d, J=7.6 Hz, 2H), 7.85 (d, J=6.4 Hz,
4H), 7.55 (t, J=6.0 Hz, 2H), 7.44 (t, J=6.0 Hz, 1H), 7.41
(s, 2H), 7.25 (d, J=8.4 Hz, 2H), 7.85 (t, J=7.8 Hz, 2H),
4.23 (t, J=6.0 Hz, 4H), 4.04 (s, 3H), 3.87 (s, 6H), 3.85 (s,
6H), 2.35 (s, 12H), 2.10 (t, J=7.2 Hz, 4H), 1.92~1.85 (m,
4H), 1.55~1.47 (m, 4H), 1.42~1.35 (m, 4H); *C NMR
(100 MHz, CDCl;) §: 182.9, 179.6, 168.2, 168.1, 167.9,
160.9, 160.0, 150.2, 142.7, 139.0, 138.8, 137.9, 137.8,
135.9, 135.5, 134.9, 134.6, 132.4, 132.2, 130.7, 130.3,
130.0, 128.7, 125.3, 124.9, 122.7, 116.9, 73.3, 67.8, 66.3,
65.3,37.4,32.5,29.3, 28.3, 25.1, 24.6; MS (MALDI-TOF)
m/z: 1281.7 [M+Na]'; HRMS (MALDI-FT) m/z: calcd
for CeHuuNgO;;Na [M + Na] ©  1281.5008, found
1281.5003.

P-3, P-5 Al P-7: & & FH e ol wi 44k — A0 DY
oo FURNEQ2 equiv) RN EAL N AP, SR I 1
equiv. [+ ¢ M 3 equiv. DIEA. 60 C R4 24 h
JEVeH A T, N GEARRR R, P e ks T

[= VA
IRAFRGY).

A 2 AL DL =K SR 61, e
200 AMI (Gaussian09) 71k, X4 SAAIET RE 5/
1k(Optimization) v 5., THHEHEE S, W& HIT S
S AN AR EE B R 5.17766 AL R 5 A% FH 35
fit 1 414 iy 2 (opt=modredundant), ¥ 52 #1145 #1254 1
PEAGBE S, RN R b, P 0.1 A, ok
90 S5 (MI M TP AN R TR 2 M 5.17766 A B 5181 9 A
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F14.1776 A), BE5E—5 T AM1 45 7040 4546 3
A E, RS RS BRI R i BE
k. X T IORARA-ERAPT BAA R, AE T4,
T 3ok 32 25 P T B AR A ity P S AU S AUR IR B,
S e ok R PR BE T A3 BT B AT T I RE 1 BE il
41,
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