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Regulation of Photophysical Properties for Naphthyl Decorated PAMAM
Dendrimers by Pseudorotaxane Formation at Periphery

Li,Jing  Zeng, Yi*  Zhang, Xiaohui  Yu, Tianjun  Chen, Jinping  Li, Yi*

(Key Laboratory of Photochemical Conversion and Optoelectronic Materials, Technical Institute of Physics and Chemistry,
Chinese Academy of Sciences, Beijing 100190)

Abstract Dendrimers are regularly and hierarchically branched synthetic macromolecules with monodispersity, globular
shape, interior pockets, and numerous peripherial functionality, which endow them with great potential in miscellaneous ap-
plications such as host-guest chemistry, chemosensor, catalysis, drug delivery, microreactor and light-harvesting systems. In
the present work, a series of naphthyl terminal-decorated polyamidoamine (PAMAM) dendrimers Gn-NA (n=1~3) and
model compound were synthesized. The water-soluble PAMAM backbone was constructed by the classic divergent method
and the terminal modification of dendrimers by naphthyl groups was accomplished through a reaction of peripheral amino
units with naphthyl succinimidyl ester efficiently. The average functionalization extents of the peripheral groups were 100%,
97% and 93% for G1~G3, respectively. The structures of Gn-NA (n=1~3) were characterized by 'H NMR, *C NMR,
MALDI-TOF mass spectra and IR. Steady state and time-resolved photophysical studies reveal that strong interactions among
peripheral naphthyls occur within Gn-NA, resulting in the excimer formation and the naphthyl fluorescence quenching. The
quenching efficiency of naphthyl fluorescence increases with increasing generations. The assembly of the peripheral naphthyl
group with cucurbit[7]uril (CB[7]) forms a pseudorotaxane with ratio of 1 . 1 and association constants (an application of
B-H equation) of 768, 887 and 823 mol'sL from generation 1 to generation 3, respectively. The lifetime of the pseudorotax-
ane of NA-Model with CBJ[7] is slightly longer than that of NA-Model, indicating that the formation of pseudorotaxane can
reduce the nonradiative decay at a certain degree. The lifetimes of naphthyl group and its pseudorotaxane with CB[7] of
Gn-NA were resolved to be 2.5~2.7 and 11.4~11.7 ns, respectively, and the lifetimes of the intramolecular naphthyl exci-
mer of Gn-NA were analyzed to be ca. 17 ns. Combining the results of the remarkably increased lifetime of the naphthyl
group in its pseudorotaxane form and those of the NA-Model system, we conclude that the peripheral pseudorotaxane forma-
tion depresses both the formation of intramolecular naphthyl excimer and the excited state quenching by solvent, thus en-
hancing the fluorescence emission of naphthyl dramatically. This study provides a potential strategy for developing controlla-
ble light-emitting dendritic system with efficient synthesis and improvable photophysical properties.

Keywords PAMAM dendrimer; cucurbit[7]uril; pseudorotaxane; photophysical property

1 315 KRSHM. R S A AN B, A R B OB T
R T8 A 3K 1 B B4 5 ) RedE BV ASEELM RO SR GV et MEIEER &)
d DOR T VIRET R = HZX 5

. - . RYRPIVA I ol S N T o2 1 S VA ST 7
iﬁﬁ‘]i'f’tj(ﬁ%?, ﬁﬁ*ﬁﬁﬁé%%éﬁm, BT KNG ’%Eﬁ[s], Eﬂﬁﬁﬁm, ﬁgﬁj‘j*flm, ﬁ&m%[éﬂu&jﬁ?ﬂ%

* E-mail: yili@mail.ipc.ac.cn; zengyi@mail.ipc.ac.cn
Received October 9, 2014; published October 22, 2014.
Project supported by the 973 Program (Grant Nos. 2013CB834703, 2013CB834505) and the National Natural Science Foundation of China (Grant Nos.
21273258, 21173245, 21233011, 21073215).
T S k5 48 ) 2K T R AT 50 R e v Rl (Nos. 2013CB834703, 2013CB834505) Al [E 5K H AR} K4 (Nos. 21273258, 21173245, 21233011, 21073215)

Acta Chim. Sinica 2014, 72, 1157—1163 © 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 1157



W F F R

MR

i SRAR R VR 5 Atk

TERS BT 56 -G W (1 A0 D #2 7 e B O 2
TEPEM R BE R T DU S RERA TE R A, MR TE SR
G W) 2% R R R A L SO — 2B RN TSROl 3R
PR R VORI A (5 5 O Sh B i AR gk = U ZEXeh
BRI BB R AW rh I, BEOE R & WIR I 7
TEE KBRS T W8 Wl YR AR AL, R RRAEO
TR A T 58 4 0 A 1) A7 B T 2 ) R 22 M 2R
BB 5 U By B LA 1) AR B4R T3, A1 R R i 2] 1)
TE GBI 25 A el R A R R E K, B T RO e A
FHERUA I Ji fai sbe i (10 7 1R 3R R WA T R B ik &
Fili 2K A8 12 10 R 2 e T RE A T 2R A W 1) B B0 5
}j\] T?’[ISL

Miillen B 5741 ) F W R0 4% A T 265 00 B K0k
/DGRy B AT I PR AR ELAE FE Y, Fréchet B 5T 4108 1T ik 4%
R BRI A € P TR S 5 P T 11y | KT, gl AR
HAREFS K (Aggregation Induced Emission)
PRI R AR A il eSS R BT T 8 B % Dh e A
BEWR RIS A5 8T T 5 DB 1) 5 0k A 41
R A i) PR AR B A e ? A e A B A i 7 i AR S
A7 VL LA ATk, e B T R AT I s A A,
AT 3k AR LA G i 1) T 925 6] W0 A T B8 W o BB kA T
B, NORNHLHE & T AT 58 & W0 1k & (9 4 6 R
RO 27 B TAER SRR b B 14k SRR ST AR S B i
ST RER BB B A e B R s e . A TR
o WA T 13 AR AN ZE I B 1) 2R W e A
HIEBEM(Gn-NA, n=1~3), W5 T A2 ] 5
FTIR(CB[7]) B 42t 72, DL R AL 230 W T 2R &
Yk 0 BEME U PREAE H. ARAS R [R] 73 Fo'n ) B
WG, ARSI B 1 T LRk T SR K R 1)
YIRS 2SR A S T . AR TAE
h AT R I AR SR A I R R AL T — R R 3R
[

2 FRE5WE
2.1 NA-Model #1 Gn-NA(n=1~3)B9& K

ISR AY A1) NA-Model LLHA R ELE fig 11
ZRATHEY S =450 & ARG IS, PAMAM. BEE TSR
H Y RIL Ty T BRI A 7K A T 1 B L e P e Ay
HErMERITEEE, 1~3 18 PAMAM W R S5 H
A8, 16, 32 ANE KR, A TTAET Sk A
RIRE RERIMZERTEY S PAMAM B 28 K ot G ok B B2
A 4 AN L ZE I (1) PAMAM B RS T S8 &0, A 5
U RSN IZE T RE A ARG, DRI FRAT 1o 23 I 7
A Ak 2 A b R P TR % I P S 5 R 1 e R
W7 PAMAM A S 5 W I AN RME 1 25 BT RE A, 1%

1158  http://sioc-journal.cn

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

SN ZARAN, R AL R BET 100%. R4 Gn-NA 11
B LR E ST AR 3] 1~3 MRAMEZE Re A R
I3 510 100%, 97%F1 93%. Fifatb &4 fy st 17 'H
NMR, C NMR, MALDI-TOF Al IR fJ%E. B 1 K
G3-NA AL REICIREE. 1 &Y Gn-NA (n=1~3) &% 2%
I A AL A9 NA-Model [4 s £ &8 1 fios
2.2 Gn-NA(n=1~3)ia7st 43R4 R

K 2 & NA-Model 1 Gn-NA (n=1~3)7E H %/
DMSO (99.5/0.5, V/V)H W W o 1% . NA-Model F
Gn-NA W HOGTE 5 5 IR Z5 Wi, 7 276 1 330
nm A B 5 B . Gr-NA F1 NA-Model (W I I I
RAATE, 5 276 AT 315 nm AL ZR Y 6 R BN 590 T
FPZE L AN H(G2-NA FIT G3-NA B4 1 255 AN 3
DA B3 97%H 93%H SR, 1431 RIFIZIERFR
(FEANEFT7R). Gn-NA WSO DX 3805 A7 H EHT
I, BEIHSES BRI 2R A 2 ), 285
V5B 28 2 ()3 R ARG 380 A s A EAE

L 276 nm KGEA NA-Model F Gn-NA, 155K
3a 96 RS ERE, NA-Model Fil Gn-NA ¥ 5 9] &
KRGPELE 354 nm ALZEHFAE KRGS, BRZSI SRR ST
4F, Gn-NA £ 400~480 nm Kbt L — o 45 # 11) BE 06, 1%
TG &5 Ke) R S Ve VA S 28 R T 1) T s (P08 4 5 W T
S 1 3b 45 H T G3-NA A5 F ] Peakfit (v4.12)8U 4
SER T ETE . AN FWRE T 1988 RO 7R W,
SN PO A AT Gn-NA 2 TN ZESEH A
B, Gn-NA 5 NA-Model )76 & GG BRI 25 53
Ah, FFIZEERERIRIE N Gn-NA [R5 K 5 i 1%
T NA-Model, {4k Gn-NA 531 W 284S T R
PER T ZR BRI K6, Bl AR B 0 28 B4 R e p K3
S, XA DR A A A T SR 0 B AR R g i
K, BIEERA VAN ARG, AR TR 25 5
VI AH EAE B B 4 5 1), A28 SR N KRR S
.

Qv ).

ESZ8 .| PAMAMSS fit

Solvent

8.0 7.2 6.4 5.6 4.8 4.0 3.2 24
)

Bl 1 G3-NA /) "H NMR i¥ (400 MHz, DMSO-ds)
Figure 1 '"H NMR spectrum of G3-NA (400 MHz, DMSO-d)

Acta Chim. Sinica 2014, 72, 1157—1163



% F F R
BrCH H, NaOH/H,0
O NaBH, OH rCH,COOC,Hs O/YOV El 2
~, O
"o cHoH  © THF © C2HOH

NA-CH,0H NA-COOC,H;

HO/\/O\/\O/\/O\/\OH

NA-COOH

o/ﬁ(o\ﬁo/\/o\ﬁo/\/o"'
~o (o]
Triphenylphosphine, DEAD

NA-Model

HoN NH,

o |/
\\\ O /\}\N |7 ‘\<\/ n
HN a o NH,
H N

o
OﬁgN{—"J aNg/\O OQ Gn
' L _ — — n+1 ‘ ,rt.
\o n+1 n o CH,CI,/DMF, r.t.
Gn-NA
A q » \
‘ ) ) O O O -
| o
N cRR IS >
j o 2 P ° LO OO ’
0. o 07) %O HNO ’ ¢ —
\OO HON; '\{:H SNH HN\NHHE ° 5 /Na O>j O
o o L e i\ o o N{ ;N:NIN /\(O O
QQ ;>\NH AN-_H KN § | HNINJ«O moo ] P
0
wenge T VRt
N /Nﬁo OO
HN OyNH
SO D N SR DS SN HNEO o™ HNfN&g“”anNNmo O\
o “AN—U_ o

S
N O
e e e

G3-NA

B 1 NA-Model il Gn-NA (n=1~3)% %4k & G3-NA 1 CB[7]45 #niz Bl
Scheme 1 Synthetic route of NA-Model and Gn-NA (n=1~~3) and structures of G3-NA and CB[7]

Acta Chim. Sinica 2014, 72, 1157—1163 © 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Qo

EDCITHF, rt. HO*N;>

(0]

o (o]
ISOARS'S
~, o
o o

NA-ester

http://sioc-journal.cn 1159



& F ¥ &k AR
31 G3-NA 400 @ NA-Model
G2-NA G1-NA
G1-NA G2-NA
NA-MOde|><53 300 - G3-NA
24 r -
€ =276 nm . X
i 5 ~315nm 2 < 200
= g 2004 5
e >
= 1 £ Z 100
= 14 =
® 5
0 10 20 30 400 450 500
Number of naphthyl groups g Wavelength/nm
0 300 00 500 350 400 450 500 550
Wavelength/nm Wavelength/nm

Bl 2 NA-Model fll Gn-NA (n=1~3)7EH EZ/DMSO (99.5/0.5, V/V)h
(R FRA R A& 276 A1 315 nm bR IS E R BB AL A4
FRZRIE RO H 2k

Figure 2 Absorption spectra of NA-Model and Gn-NA in Methanol/
DMSO (99.5/0.5, V/V). Inset: Plots of molar extinction coefficients as a
function of the number of naphthyl groups
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Figure 3 (a) Fluorescence spectra of NA-Model and Gn-NA in Metha-
nol/DMSO (99.5/0.5, V/V). Inset: 5 times of fluorescence intensity from
400 to 500 nm. (b) Fluorescence spectrum for G3-NA in Metha-
nol/DMSO (99.5/0.5, V/V) with fitting bands, dot: experiment data; solid
line: sum of fitting bands; triangle and square: fitting bands. Ax=276 nm,
[NA]=1.2X10"° molsL "
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# 1 JnA CB[7]#i+ J§ Model-NA 1 Gn-NA (n=1~3)#t H,O/DMSO
(99.5/0.5, VIV)h H19¢ e 75 i

Table 1 Lifetimes of Model-NA and Gn-NA (n=1~3) in H,O/DMSO
in the absence and presence of CB[7] (x=270 nm, [NA]=1.2X10"
moleL "', [CB[7]]=1.0X 10 * mol-L "', H,0/DMS0O=99.5/0.5)

2

a 71/ns as 72/ns X Aver/ns

Aem=—2354 nm

NA-Model 9.9 1.110 9.9
NA-Model+CB[7] 0.69 99 031 119 1.114
GI-NA 0.89 1.7 0.11 10.6 1.107 2.7
G1-NA+CBJ[7] 0.25 2.7 075 11.7  1.144
G2-NA 0.92 1.9 0.08 112 1.187 2.6
G2-NA+CBJ[7] 024 26 076 11.6 1.149
G3-NA 094 2.0 0.06 9.6 0.841 2.5
G3-NA+CBJ[7] 0.25 2.5 075 114 1.154
Aem=430 nm

GI-NA 074 2.7 026 172 1.113
G1-NA+CBJ[7] 0.78 2.7 022 17.0 0.899
G2-NA 0.57 2.6 043 172 1.048
G2-NA+CBJ[7] 066 26 034 169 1.036
G3-NA 056 25 044 164 1.169
G3-NA+CB[7] 0.66 25 034 169 1.084

3 %t

GRT 1~3 ARAME 23 A1) PAMAM BT 2R
“W Gn-NA, W50 T EA14E H i /DMSO(7 DMSO:
0.5%) ISR 58 6 R e, s T 7K/ DMSO (%
DMSO: 0.3%~0.5%, V/V)FAFEAREL Gn-NA 253 [
5 CB[7PERHERC S Mg & 4, Y T CB[7]15
Z5 I HIME R e 5 K 1O T Bt JL AR ZS B 6 M 28 1 o
IS, WFFEat BRI, FE24 Gn-NA AMEIZEE 1 2 1) LA
J 255 PAMAM H 42 2 [R50 %A st A0 EAEFH, A1 R 25
ROMCHOR JG S5 HAZE R R s 4 61, SRR
ZERARDEIEIREK. A T BEAREE i 5. AR R
IO CB[71)G, CB[7]55 Gn-NA w84y 2555 A1 B v
ERRC R, (E— B FEIE B Gn-NA PSS
(A A ) 53 O OR AR TR K, A 25 11 B Dl 4
5, AT SEEIL T R b 58 G 0k R RO PR R IR T 4%
IS T AR 6T BEW K T 285 WA B (R ¥ oF A5 2L
S ERE J5 1) ACEA EEE

4 FWES

41 LE5RF
Bruker Avance I1-400 1% 3t3#{%; Bruker Microflex
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RNV A35] 0 X PAMAM, &8 X A5 i WA 5] 1~3
X PAMAM TSR A 0(Gn).

&Y Gn-NA(m=1~3) L ZE B4k &)
NA-Model & st ean &0 1 P, JARS o B
.

TEPY FDRRCP NN 6- FF AU hE -2- 2% F I R Y,
PEAEIPIR R b N & NaBH,, NaBH, f1 6-F4
B2 ZEWEEY AR 1 0 15, Lh ek Oy, ROV
WOE T P AU b i, A sh kv 3 Wk, L
FHF TE /KR B T4, IR0 B 25 1015 21 1 Tl Ak oK
(NA-CH,0H), 7=#% 100%.

¥ NA-CH,OH %5 I8 /K U UG -1 R,
1 i ANt NaH (1.5 equiv.), fF 5N IR0A 32215 1
IR IR LWE(1.5 equiv.) P DYSURIEIR M, Bk 2 O
N EAYS LY R A e S W AU U 1 i = R W /) VA
12 h, WCHEIEMIEHE T, — & e IO E R £ £k 7k
VR 3 IR, AHUARFH TG /K B IR B T 4 13 2R ),
FE= W F R AT S22 AT 23 B (BE N 71 24 CHLCL/CH;OH =
15/1, VIv), 132K A AFEANA-COOC,Hs), 7=# 80%.
'H NMR (400 MHz, CDCl;) §: 0.92 (s, 3H), 3.25 (dd, J=
13.7, 6.6 Hz, 2H), 3.93 (s, 3H), 4.02 (s, 2H), 4.69 (s, 2H),
7.15~7.19 (m, 2H), 7.40 (d, J=8.4 Hz, 1H), 7.69~7.77
(m, 3H). NA-COOC,H;s "&4k#3 %] NA-COOH, 7= 85%.
'H NMR (400 MHz, CDCls) 6: 3.93 (s, 3H), 4.16 (s, 2H),
478 (s, 2H), 7.14~7.18 (m, 2H), 7.44 (d, J=8.4 Hz, 1H),
7.69~7.79 (m, 3H).
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NA-Model 14 3%: % NA-COOH ¥ /K PY&IE
WE T EORH, UKKE T IR =R (1.5 equiv.)F
—H (1.2 equiv.), BARYT R BRI N
DEAD i5f(1.5 equiv.)IJC/K VUM, N o¢ )
RN 12 h, OV BE TR R P REAS, MR
EhAKPESE 3 R, APV JCKBRIRE: T IR 413 20 (&
WOR . M) AR A JE AT A B (R B R
CH,CL/CH;0H = 15/1, V/V), 13 £ [ 4 5 IR [ 44
(NA-Model), /*% 80%. '"H NMR (400 MHz, DMSO-d;)
8: 3.39 (t, J=5.3 Hz, 2H), 3.45~3.53 (m, 10H), 3.58~
3.67 (m, 2H), 3.87 (s, 3H), 4.20~4.24 (m, 4H), 4.55 (t,
J=5.3 Hz, 1H), 4.67 (s, 2H), 7.12~7.21 (m, 1H), 7.32 (s,
1H), 7.44 (d, J=8.4 Hz, 1H), 7.78~7.83 (m, 3H). °C
NMR (100 MHz, DMSO-dq) d: 55.1, 60.2, 63.4, 66.9, 68.2,
69.7,72.3, 105.9, 118.7, 126.6, 128.1, 129.3, 132.7, 133.8,
157.3, 170.1. IR (KBr pellet) v: 3442.8, 3344.8, 2909.2,
2875.6, 1748.3, 1609.0, 1507.6, 1485.8, 1458.2, 1267.8,
1229.6, 1175.9, 1116.9, 1030.5, 942.1, 890.6, 856.7, 817.2
cm . MALDI-TOF MS: calcd m/z 422.19, found [M+
Na']: 445.95.

Gn-NA (n=1~-3)1& % ¥ NA-COOH ¥ T /K
VUSRI & TP O, N N-FRFEBEETEE W (1.5
equiv.)Ml EDC #hRh(1.2 equiv.), ZARY R =il FE
24 h. B HCIE R B 2R G &R e AR, 1
MR K PERR 3 Ik, ANUAHHC/KIR R DTk 4i 43 21
(] AR 7= 4, R P A A BT 43 (R B A R
CH,Cl,/CH;0H=20/1, V/V), 38| (A (NA-ester),
F2# 70%. '"H NMR (400 MHz, CDCl;) d: 2.85 (s, 4H),
3.92 (s, 3H), 4.45 (s, 2H), 4.81 (s, 2H), 7.15 (dd, J=11.4,
2.1 Hz, 2H), 7.47 (d, J=8.5 Hz, 1H), 7.74 (d, J=6.0 Hz,
3H). K NA-ester 255 1~3 /8 PAMAM (Z5iG MR S
PAMAM AMHIZFEERERILL 1.1 @ DT & H kA
DMF RAWHAHIFE T RN, BASRY R =il
F 24 he WURER SOV AR, DA S B R S
LEFN LS55 mIDTHE 3 %, FHAEHREFIENT 48 h, 193
R (Gr-NA), P24 80%. 1h&W4s kM HAKRAE
iR

G1-NA 'H NMR (400 MHz, DMSO-dg) d: 2.17 (br,
24H), 2.39 (br, 12H), 2.61 (br, 24H), 3.05~3.16 (m, 40H),
3.84 (s, 24H), 3.89 (s, 16H), 4.62 (s, 16H), 7.14 (dd, J=
9.0, 2.5 Hz, 8H), 7.28 (d, J=2.4 Hz, 8H), 7.43 (d, J=8.5
Hz, 8H), 7.76 (dd, J=7.8, 4.3 Hz, 28H), 7.87~7.92 (m,
8H), 7.93~7.98 (m, 8H). *C NMR (100 MHz, DMSO-d;)
J: 332, 36.9, 38.3, 49.5, 522, 55.1, 69.2, 72.5, 105.9,
118.7, 126.5, 126.8, 128.1, 129.2, 132.7, 133.8, 157.3,
169.2, 171.2, 171.7. IR (KBr pellet) v: 3444.8, 3288.2,
2940.2, 2838.1, 1655.7, 1607.0, 1541.4, 1507.6, 1485.8,
1458.2, 1263.0, 1229.6, 1171.1, 1096.2, 1030.5, 962.9,
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890.6, 856.7, 817.2 cm . MALDI-TOF MS: calcd m/z
3253.65, found [M+Na']: 3275.6.

G2-NA 'H NMR (400 MHz, DMSO-dq) J: 2.17 (br,
56H), 2.39 (br, 28H), 2.63 (br, 56H), 3.07~3.16 (m, 88H),
3.83 (s, 48H), 3.89 (s, 32H), 4.61 (s, 32H), 7.12 (d, J=8.5
Hz, 16H), 7.27 (s, 16H), 7.43 (d, J=8.0 Hz, 16H), 7.77
(br, 60H), 7.90 (br, 16H), 7.95 (br, 16H). *C NMR (100
MHz, DMSO-d;) d: 33.2, 36.9, 38.3, 49.5, 52.1, 55.1, 69.2,
72.5, 105.8, 118.7, 126.4, 126.7, 128.1, 129.2, 132.7,
133.8, 157.3, 169.2, 171.2, 171.7. IR (KBr pellet) v:
3447.0, 3288.2, 2940.2, 2838.1, 1655.7, 1607.0, 1542.0,
1507.6, 1485.8, 1458.2, 1263.0, 1229.6, 1171.1, 1096.2,
1030.5, 962.9, 890.6, 856.7, 817.2 cm '. MALDI-TOF
MS: caled m/z 6903.55, found [M+Na']: 6926.3.

G3-NA 'H NMR (400 MHz, DMSO-dq) J: 2.17 (br,
120H), 2.39 (br, 60H), 2.63 (br, 120H), 3.06~3.15 (m,
184H), 3.82 (s, 96H), 3.89 (s, 64H), 4.60 (br, 64H), 7.11
(d, J=6.7 Hz, 32H), 7.26 (br, 32H), 7.43 (d, J=8.0 Hz,
32H), 7.76 (br, 124H), 7.90 (br, 32H), 7.95 (br, 32H). "*C
NMR (100 MHz, DMSO-d;) d: 33.2, 36.9, 38.3, 49.5, 52.1,
55.1, 69.2, 72.4, 105.8, 118.6, 126.3, 126.7, 128.1, 129.2,
132.7, 133.8, 157.3, 169.2, 171.2, 171.7. IR (KBr pellet) v:
3443.3, 3302.8, 2940.2, 2838.1, 1655.7, 1607.6, 1544.8,
1507.6, 1485.8, 1458.2, 1263.0, 1229.6, 1171.1, 1096.2,
1030.5, 962.9, 890.6, 856.7, 817.2 cm '. MALDI-TOF
MS: caled m/z 14203.34, found [M+Na']: 14226.3.

43 Gn-NA(n=1~3)MEHEHAS CB[7TIMESEL
E

1T 78661 )5 112 ] Benesi-Hildebrand 24 215
FRMARE G HHI, ASCRH CB[T14 451, 254
BRI T, MERARG A 0t 1IN LU R

1 1 L] m

I—1, (I.—1)K[CBT]" I.—I,

Ho 1 Lo, Loy WA E AR AL ZE G, RINA
CB 710 I U 5 e i J8 N 45 65 > 1 s (1 AR BR e ' it
K NSEEE. MEREEEIN 101 MRO)F
=1, LSRR 1—1o (EIEON CBL71H B 1) {515
YEEI T LS B — 4 B4 (DUEH T F 4460 A T %44
S PRI E L), v LN LR S R E 2 T
A3 K 1H.
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