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A 07 M) Sol SIS Fal 99 EAER(4=1000 g/mol)-& YBRECZ FH{3h= vi=E
9] 7] ZEE EAlsHtosylation), oFX|=3H(azidation), - (reduction) WH-S- E4) olwl7|2 Ags)Ig).
H, A3 poly (+—butyl acrylate) = DMF £"jollA benzyl 2—bromopropanoate/Cu(l)Br, PMDETA/¢—butyl
acrylateS ZHzb A A/Eu] A A8/ AR 2 ALLEte], gRjo)EFelt] 234 (atom transfer radical poly—
merization, ATRP) & &8 A8 4 U3, TS 7F2EA 250 A ) 4714 733t Pd/C
& AMEste] 2ulldsk(debenzylation) W& 5T vixjElo 2, e s ol AY BEES deolvde}t
v =92 d (4— (dimethylamino) pyridine, DMAP) 3% tjolo}o] 43 28 7)1 tlo]o|m) = (NN~ diisopropylcarbo~
diimide, DIPC) & ©]&%} olu|= AZY WHE T3 #F di=elg-Age] B2F53AE Al 849 &
EFSHAE TAEASTEY 2 ARTAErtE 1Y WS 9 AR Ay 2 god B W e B}

% BT B 5 9ok

Abstract: In this study, we synthesized a series of dendritic polystyrene— b—linear poly (¢—butyl acrylate)
copolymers with well—defined molecular architectures. The hydroxyl group located at the focal point of
the second generation dendron bearing polystyrene (34,=1000 g/mol) peripheries was converted into
amine group via the following stepwise reactions: 1) tosylatoin, 2) azidation, and 3) reduction. On the other
hand, the linear poly (¢—butyl acrylate)s were prepared by an atom transfer radical polymerization (ATRP)
of #—butyl acrylate where benzyl 2—bromopropanocate and Cu(l) Br/PMDETA were used as initiator and

catalyst, respectively. To convert the end group of prepared poly (#—butyl acrylate) s into carboxylic acid,
a debenzylation was performed using Pd/C catalyst under Hs atmosphere. In the final step, dendritic—
linear block copolymers were obtained through a simple amide coupling reaction mediated by 4—
(dimethylamino) pyridine (OMAP) and N,N"—diisopropylcarbodiimide (DIPC). The resulting diblock copoly—
mers were shown to have well—defined molecular weights and narrow molecular weight distributions

as supported by 'H-NMR spectroscopy and gel permeation chromatography (GPC).

Keywords: dendritic—linear diblock copolymer, amide coupling, atom transfer radical polymerization (ATRP).

M B

E5ITTAY A2 Alote 3RS vkt B2, A

54 B4l & 932 vl wigel, Mz tE FelE 2

L BZo
T =212

tTo whom correspondence should be addressed.
E-mail: chobk@dankook.ac.kr

158

shbe) BEAC) Sehs e Frlze Ao} T 4 9ok
53], 49 A0} ek PepE 2t dealy miAel A%,
7 ARETES oM Usle] BHE W AINSE ¥ (hy-
drodynamic volume) $ & B4 B9 2 Hols 1
QI o] e ME T UY BHE Shie) A 9%
2, 71Ee) AYEA U WeE A THE 5 999 B

AL
ror



oln|= AEZEHE %3 d=d¢ Polystyrene—block—Linear Poly (7—butyl acrylate) Z=%Hd|2] 3HA 159

A A4S A5 4= S W o) AR AR el
FAERA 7hs/dE BRlel] & ¢ ok d=elE-AY 79 &4 n¥
22 AL FA F 7] APie s 2 5 ok AR, 84
B A=Ee A AR ARSIl deAlE Fitels whielT, &
AT ofu] PAE diels BEy MA3E=S F824Q AZY ¥4
e B A= -y S5sE dAdshe HaHolch A W g
ol AR ERE T o udA Ao AR EE gt
olFEilZ FI, Uo|ESAI=E o]43h S8 (nitroxide me—
diated polymerization, NMP), 12|11 Eu}7} 222 (polycap—
rolactone) X EZ=E}O]= (polylactide) 8} 2+ ZajAHZ 418
E5S MEEES B3 mglohs i Sol Ak e, Tuin A
82 T RSS9 avle) g raE vl gl ok W
Hell ulaf) kg 7o) folslug, T&49) 7158 ubilo] Agxit
- -89 A olet 3 4= Qlok QelE Fréchet 158 Y-
o] Henlog X3k wild of2 d=gs) S uhos 7t
+= poly{ethylene oxide) 2 Ze]AE) M3 7Yl Williamson 7]
27132 530 ABA 9 AB o] BE3ERAIE ssIst

& Arelie Ao MEst F 7R Ay E 5 wA) wEg)
715 WSS 5 TS Folo] visgg-AY FEEHE 3
Adsigth 98 £5 F5AE 2 AHAS 9B AR 2
223 (aliphatic) E&jelZ (polyether) 241t) H=27) o)
FTEZ S Sl A vlwa) Balsk Byt 22 A3 poly
(#=butyl acrylate) & atar itk el A9 7122 v
e tolelol Az 271 thoo|n] = (N N—diisopropylcarbodi—
imide, DIPC) 9} tjo]s|&o ) v-w1)2) el (4— (dimethylamino) pyridine,
DMAP)-& B3l F3sl5lom, o]5 53l d=fa) HFE=-S ol
(amide) 1§02 A& = ik

4

A2} whgoll ARESE AJeFE Fol A benzyl alcohol(>99%),
Z2—bromopropionyl bromide (97%), CuBr(99.999%), N.N.N,
N N"-pentamethyldiethylene triamine (PMDETA, 99%),
palladium (10 wt% on activated carbon), 4— (dimethylamino)
pyridine OMAP, 99%), N, N—diisopropylcarbodiimide (DIPC,
99%), sodium azide(NaNa, >99.5%)% AldrichlX <18k
32, lithium aluminum hydride (LiAIH,, 92%) & Kanto 3F8H8AL
oA A3 Tetrahydrofuran (THF) ¥ pyridine2 VES
&3 WFHEN, triethylamine (TEA) 3} dichloromethane
(DCM) = CaHy/ A 157 skl A% §- FFslo] ARgsigict #h
Zh kgl ARSEl = NN-dimethyl formamide (DMF), tert— butyl
acrylate(98%) & CaHp/ZW 47|57 ol Az @ =53 &
freeze—pump—thaw & Al H F8lsle] AbaE A0 2
Bk Qholl Basigich (AL, =99.99%, 0.3 £m) =
FAA GO E ARSI UA] ARESE BE Aok} gl A}
oz M 78 F Sl AT ARgslon, 588 A 74
o] glo] & ARE-3ich

M, 48 TLC ¥ Merck 341 silica gel 60F 4 (58],
28 column chromatography= Merck 34} silica gel 60(70—

230 mesh) & ARESISITE NMR AHE—-S Varian 200 MHz Spec—
trometer® 73153, TMSE 71202 8] 3)8H] o152 5(ppm)
2 YJeERJISITE Gel permeation chromatography (GPC) djo]g]i=
stragel HR 2,3 2 4 Zglo] #2E Waters R401E ARSI
THF 84 5lflA] 1.0 mL/min 452 Z21570A Sgsiolc) ek ~
AEHL matrix—assisted laser desorption ionization time—of—
flight mass spectrometry MALDI-TOF MS) ¥ o g =459
°1, 2,5—dihydroxy benzoic acid(DHB) & "EZIAT AM35Ic}

3. 3742 Scheme 10 YRS

[G-2]-OH2| &Y. HHelA Rud SUs Whdel oa) 94
a3, I HMEEY] &5 9 wARRE MALDI-TOF MS %4
& B3 S8tk (Figure 1.

[G-2]-0Ts(1)2] &M, 100 mL F vIE 2223 [G-2] -
OH(5 g, 1.26 mmol), tosyl chloride (2.56 g, 12.6 mmol, 10 eq.),
pyridine(2 mL, 20 eq) % F3-& AAT tolEE2 27 20 mL
& Y1 30AKRT B el AakA wksiolct 3 T2 &
W AASER 30 mL2) telEZ2mgll] 321 H F530 mL ¥ 2)
2 AEsigicy 1 & 2R 7158 2Rl T MgSOy

Q0 c

(839\ o
COdy 3$AKC
9 QQ%O ©

TCl NaN;
X=0H -~ X=OTs
1
(a)
105 eq. tBA
1.0 eq. CuBr
O G -
W oy g, M POER O fde necie R e
oy Ol o o - e
TEA, THF DMF, 38 °C 9. MeOH/THE 2
4 5 6

Scheme 1. Synthetic routes of (a) [G—2] —NHy; (b) PEBA—~COOH;
(c) copolymer.
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Figure 1. MALDI-TOF MS spectrum of [G—2]-0H; M,=
4000 g/mol, M,/M,=1.03. The mass gap between adjacent
peaks in the inset corresponds to the molecular weight of
a styrene unit.

2z F AR ofHsie] 3d TR SE AlASsI A
1 9 (hexane/ether=7 : 3) 22 Ydh= [G—-2]-OTsE FJ3
ek 71 RF Azl PAe] 1A|(4.25 g, 82%)F ATk 'H-
NMR (200 MHz, CDCls, ppm): 6=1.30—0.58 (—CH (phenyl)
2.53—1.90(CH of the PS backbone; TsOCHoCH (CHOCH.CH
(CH20CH:CH2—PS)2)2), 3.19—2.81(TsOCHCH (CH:OCH:CH
(CH20CH2CH2—PS) 2)2), 3.93(—=CH.CH20Ts), 7.38—6.36
(aromatic); TLC (eluent; hexane : ether =7:3) £-0.36.
[G-2]-Ns(2)2] &Y. 100 mL 52 v E2k~30) [G-2]-0ts
(4.2 g, 1.04 mmoD, NaN3(0.7 g 10.4 mmol, 10 eq) 2 AZH
DMF(15 mL) & ¥ 100 T &=l 304} F<t wrksisid) 3
A FWI= E AASKL, 100 mL elER gl 391 H &
Fr200 mLX 1) Z AF39c 1 F Fagup)2 47158 8
ZJate] 7 MgSO4E 2 § o2 ojisle] 3 )z &
s AAsKITE Hel7bd Z¥ (hexane/ether=7 : 3) 2F Y=
[G—2]-N3z& #ejal3lth. 71 13 AZF3te] gAe] 7A41(4.0 g,
97%)Z AArk "H-NMR(200 MHz, CDCl3, ppm): $=1.30—

PS backbone), 2.53—1.90(CH of the PS backbone; NaCH2CH
(CHyOCH.CH (CHOCH2CH2—PS) 2)2), 3.28—2.81 (N3CH.CH
(CH:0CH>CH (CH20CH-CH—PS)2)2), 7.38—6.36 (aromatic);
TLC(eluent; hexane : ether =7 : 3) R0.43.

[G-2]-NHx(3)2] &M, 100 mL F2 vt Zgk~3e] [G-2]-
N3(3.8 g, 0.96 mmol), LiAIH4(0.6 g, 14.4 mmol, 15 eq) @ A
%% THF (23 mL) 2 931 2420l 40217 B2t AHspA wylet
Rk 13- EHElN & A7k & FEE B8 1S AAE
o ol FZ7|2 f7)15-8 Eelste] F4 MgSO.2 A%
F AR sl A SR gAllE ARSI AF Axst
o] 39 wAB7 g 99%)E A3k 'H-NMR(200 MHz,

1.90-1.31(CH of the PS backbone), 2.53—1.90(CH of the PS

=M, #3379 A2z, 20094

- 27

backbone; H:NCH2CH (CH:OCH2CH(CHOCH2CHo—PS)2)2),
3.28—2.81 (H:NCHCH(CHOCH-CH (CH,OCHCH2-PS) 2) 2),
7.38—6.36 (aromatic); TLC(eluent; DCM : ether=7 : 3) R:0.6.

Benzyl 2-bromopropancate(4)2| &M, 250 mL 5 vl &
Ao benzyl alcohol (4.76 g, 44 mmol), TEA (8.9 g, 88 mmol,
2 eq) ¥ 7Ax¥ THF(60 mL)E 92 § 0 Col FAPIZ 2-
bromopropiony! bromide (8.8 g, 4.3 mL)Z %3] Wolg1L A+
204 10A17F B4t AdsiAl wnkslgth 34 TWIR £ A
Astal tolgzZuglel] =21 7 FHF(100 mLX 1D E A3
o} AR 7158 FElsle] £ MegSOE 1A% - ofFA=2
isie] A T2 g AlAsISich Hel7H AH (hexane/
DCM=7 : 3) 2% ¥8H= benzyl 2—bromopropanoate® %5}
Ak 71 7F xsie] F9) B GA(G5 g 56.7%)F A3
. 'H-NMR (200 MHz, CDCls, ppm): $=1.84(—~COCH(CHs) Br),
441 (—COCH(CHz)Br), 5.20 (phenyl—CH0-), 7.37 (aromatic);
TLC (eluent; hexane/DCM =7 : 3) R;0.37.

Poly(#-butyl acrylate)-COOCHCeHs(PtBA—COOCH,C¢Hs, 5)2l
2. Poly (¢-butyl acrylate) & RN Hud FARRE S
S B8 I Wsol dEkAle] FEE 2.0 ME sl
YAk wkE AIZRE 4%, 104, 2012 310 A 719 AEE
Aojct. 2|8 vk~ Qo] 60 mL Schlenk FekA el 4(80 mg,
0.33 mmol), DMF (12.26 mL), #~butyl acrylate ©=24/(4.3 g,
34.6 mmol) ¥ PMDETA (57 mg, 0.33 mmol), CuBr({47.2 mg,
0.33 mmol) & ¥ freeze—pump—thaw33& Al ¥ AX & 4}
2ol 304 B wHEGIch 1 F, WS 38 Telr] A4 wkg
APk AegEelct wksEA §F, WheERES THF & 34
3k GFEH(ALO) ZHHell F3HA1A copper FHE A
3 FWINE SoE AAS L E7 &9l (methanol/water=6 : 4,
X3) 2 HA F 71d 2F Axslo] 23N S 3l 'H-
NMR (200 MHz, CDCls, ppm): 6=2.00—1.06 (CH2 of PtBA
backbone), 2.39—2.10(CH of PtBA backbone), 4.11 (—COCH
(CH3) —PtBA), 5.09 (phenyl—CH»0-), 7.33 (aromatic); TLC
(eluent; hexane/ether =1:1) Rr0.43.

Poly(#butyl acrylate)-COOH(PtBA-COOH, 6)2] &4. 50 mL
T vl Zepaged aEAG) (2 g, AFY THF(0 mL), ¥
< ethanol 5 mL % Pd 0.5 g& ¥I 54 3telx] 4847k 53t A
dalA wrkelolt REEA §, AR oHste] diFEe] Fuf
L AASIL o HL FHAF|E LS A & AeF A
(hexane/ether=1:1 to DCM/ether=1:1) 2.2 ¥3h= E4& &
Sk 719 A Axsle] A9 wAE Agick H-NMR(200
MHz, CDCls, ppm): §=2.00—1.06 (CHz of PtBA backbone),
2.39—2.10(CH of PtBA backbone), 4.11 (HOOCCH (CHs) —
PtBA); TLC(eluent; hexane/ether=1 : 1) £0.43.

Copolymer 1-3(7)2] M. 50 mL T vl Zepido] di=g
EE3)(1.1 eq), 48 E56)(1.0 eq.), DIPC(3 eq.), DMAP(3.0
eq) ¥ 1Z¥ DCME Wi Aolx] 4043t 5t AH3A it
sttt ASLV|2 §uE AASHL, He7H A E (hexane/
ether=1:1) 22 sz & FElsiolct 71 38 Axsi 1
Apdene] E-S A9k 'H-NMR (200 MHz, CDCls, ppm): 8=
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of the PS backbone), 2.00—1.06(CH; of PtBA backbone),
2.39-2.10 (CH of PtBA backbone), 2.53~1.90(CH of the PS
backbone; HoNCH2CH (CHyOCHCH(CHoOCHCHy—PS)2) o),
3.28—2.81 (—COHNCH,CH (CH:0CH CH (CHOCHACHo - PS) 2) 2,
7.38—6.36 (aromatic) s TLC(eluent; hexane/ether=2 : 3) 7,0.6.

2 % EE

o

/3 Scheme 19 VRS vk} Zo), A4 A FR o2 Wb
ojE th AR E, FEAElAE YRR R Zhe Wi
U FNE oRIZIE X#eto] [G-2]-NHx2 d4shs 24
(Scheme 1(a) ¥}, ERZ 7lE25A1F BE Zhe AE PBA-
COOHS 57 (Scheme 1(b)), 1213, of4l 948 B8] §A
e E29 HPEEES ot AZYof o8 HF dseg-
g BEF2514)9] 24 (Scheme 1(0)) 8hs BAIR 783 5= 9lth

[G-2]-NHz2] &Y. £ dAofr] At d=@e MR E 53
on] 7l WL Eal Bt Scheme 1) & 4 91
%o, EES Sol& wog FHY 4719 ZeAE (M=
1000 g/mol) & )& A& (peripheral chain) 2 -8k 24 3}
FrER A, dejuE oElE W=e)E 530 (aliphatic ether dendritic
core) & -8t QUtk ¥ d=ge] Bape gl Bale 2y
MALDI-TOF MS &4-& Fal| 218t 5= 9loi=d|, 9 7-RAl
(Mp)°] 4000 g/mol F& EAT F A Om, FALE M/ M)
710382 & £ Ve Figure 1), S8 ARSH
HEEE 7012 E(focal point) FEo| FAVIE -G8l =g,
£ 28718 39S -2 TR0 R sl ofl IFo® A
32 5 99’ 802, I aelA tosyl chloridest W&
81od tosyl Z1EC B X881 71 % sodium azide St Wh2sio] of
A 2For AEg. o= 9kge] 9lelA, polar aprotic £
el ol Evfel E™ (acetonitrile) 3 DMFE ZH2F AR =d),
DMF &4f 3lolA] Br} & 588 98 5 Aot o= AE
H HTAE AME ol VeV1E Z WEEE o RS
LIAIL EAstelld SHaAA A& 4= Sisicth 2he] deAlola
IL Az O Zgrs 7 deEe] B8 Figure 29 3
A¥ 'H-NMR Zslold Bolie ulsl o), l=ele] s0] o]
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Figure 2. "H-NMR(200 MHz) spectra of {G—2]-0H; (G-
2]-0Ts; [G-2] —Na; [G-2] —NH..

A28k 715717 Wskdel] wek vk Jof] A3 dEl 740 3}
813 o5 AR ZH BRI 4= Mtk [G—2]-0OH2| A-¢, v
elgll 4271 3.57 ppmelr] BEEI, tosyl J1F-LE A8Hge] up
2} 3.93 ppmOZ o5 2A& o 47 Qlvk gk, opxEE x|k A
< W SaE S Aupfield) 07 olFH7) Wil ZuliE
A2 FAE Alrgd HAA wE AR ¢ glglan ollaEe
7 A8 [G-2]-NHx2] 74 257 ppm TAofx] oAl aeS

ME PtBA-COCH2| M. 43 E5& WAl /~butyl acrylate
& gAlelsEild SRS ol 8ol AT & ASUTH(Scheme
1)), $4 255 98 WAA 2—bromopropanoate(d)E 2~
bromopropionyl bromide$} benzyl alcohol¥¢] HF-S E3) &
Asgick B9 A dAE AxlelsEitid SRl ARS-
gl Eviel CuDBr/PMDETAR 7 vbg-871 Y, Akag A
Agt &, T3S FEieln Axpd olew el Sl AlAgle
A Cu(DBr/PMDETAS] Hl&2 WHeE5T 9 23042 AR
ol w9 Zedt d8g sh= 0w A oeid ok 2 dTe]
M 71 Rag g Fola 7 #22] vlgzdl CuDBre
PMDETA=1:1¢14 Rb5-& F3I3ch wharlh 228 59
tjokst Bxeks- Zh= poly (+-butyl acrylate)& 4& 4~ ATk
2% poly (#~butyl acrylate) EAFES) A2k 'TH-NMR 43
& B3 AgE 4= g, 7.32 ppmolM Ve WE 44E
2.23 ppmel B2 E poly (+—butyl acrylate) ARzl S8
CH- FA2] ~HER] WAlg vlwsle], 1Akl T35 (degree of
polymerization, DP)& AXFE 5+ At Figure 3()). o1F F3l
Al Ao AR EES 47 g EAREe] 3700, 4700, 5400
g/molE A THTable 1). GPC A38& F4) AvwE 23} 7 &
ANEES) BAFREAF M/ M) 7Y 1.22 ©13He] 2 vepdie], w)
WA gt doje] My uEAt §EHASE ENE 5 A%t
(Table 1). @4 poly (+—butyl acrylate) &} 74AJA| detel= |l

AAHZ 715715 sk e, o A ollTES &

e ) E

Ol

a a. o Ini
R Ack il g |
(a) o U T g | H
. 4 oo ot f i §
PtBA-COOCH CgHis-1 P
i ﬁ W\ﬁw x;\ \\ k'Ai
L W A iy IR A .
4 A fh
(b) Jcocy, e |
d o owé"’\o g f
PIBACOOH-1 A /% o/ \e
h C K\J”{ é’\.wm o

|
fir})maiic

{

F s { i et

—
o
~—
=
LN %
————

| \u{ﬂ\\ Copolymer-1 Dendritc cores | RJ/’ i@ f”k
w“‘”} N /‘/\w/'; ’ A i‘_«.«
! e s 43 2 1 ppm

Figure 3. 'H-NMR (200 MHz) spectra of (a) PIBA—COOCH,—
CsHs—1; (b) PtBA—COOH-1; (¢} Copolymer—1.
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Table 1. Characterization of Precursors and Copolymers
Polymer GPC? NMR
M,(g/mol)  Mu/M,  M,(g/mol)

[G-2]-OH 3600 1.03
PtBA—COQOCHCgHs—1 3800 1.22 3700
PtBA—-COOCH:CsHs—2 5100 1.18 4700
PtBA—COOCH2CsHs—3 6000 1.12 5400
Copolymer—1 6600 1.06 7600
Copolymer—2 8200 1.06 8400
Copolymer—3 10400 1.05 9300

“Calculated by polystyrene standards. Copolymer—1~3 have
PtBA—COOCH:CgHs—1 ~ 3, respectively.

PIBA-COOCH;CsHs-2  PtBA-COOCHCg Hs-1

Elution volume(mL)

Figure 4. GPC traces of PtBA—-COOCHC¢H5—1,2,3 and PtBA—
COOH-1.

sk =g ALY WS T YaME FEEAN JF2
2 HA¥=ofol ot £ 7)5Y] AEE £471A 3ol PAFTE o]
43 el sks-S B3 3% 5 9%l 'TH-NMR 282 23
Hido] F-2k oRE AS(7.32 ppm) 7t AR Ag B3l A4
o7 Wkgo] FPEe AT 5= UHFigure 3(b)). T3k Figure
4oM E = gi%ol, 2uldskg o] d=ge] GPC HolHE
AL A3, BApo] A HEEiH] 458 & 5 Sl
Dendritic-linear B&HI2| &Y. d=zg-4y FFTA=
A ohtl IF-S $she W=E ([G-2] -NHy) 3 71282 A1t

2k ZE= poly (+—butyl acrylate) ~COOH2] o}n|E #AZ4 =}
e Za] AT & UM Scheme 1(0)). & oln|T AZH W

HE- AnbARl Felol= T o] AR EE tlo|rlolEE e Tl
olo|n]=(dicyclohexylcarbodiimide, DCC) &} ARt Alekl o
olo}o] A X 2 J 711 tlo)o)u] & (N N—diisopropylcarbodiimide,
DIPC) & o] 83t Hkg-02, Sulg tolEolu]wsa]d (4 (di—
methylamino) pyridine, DMAP) & 'go}&r) vhe-2AL- 420
Al o] H7| witel], Frlkgo] dofur] gathe Ao] 9lo],
22 IFME FRFEH 81T SIAnk wks 4 3§
gold A HEE s, A AR W £5E AFES
vjsl 25 = ARSISiT 28 ¥ $EES ARl A, FEe
2 70% HEE Jvehlo] g4l o] 7Fsds & 4 3otk
PR BEEEAEL GPCE 2AK A3l A B-=0f ulg)
EApgo)] Z71 A0 g EAH O (Figure 5), & 523%F

£, A33¥ A2FE, 20099

PN
ok
)

Copolymer-2

Copolymer-3 l Copolymer-1

¥ A 1 L) L)
20 22 24 26 28
Elution volume(mL)

Figure 5. GPC traces of copolymer—1~3.

Ao BARREIAST) 1.06 olslE W e JERISH
(Table 1). EE2FZIASY +87EAF 94 'H-NMR A3
= 23 2AT 5 Yk 2.99 ppmel ek Ak Gel] 21x|3
Hgalls=Ae] ARk 2.23 ppmeld] LERR= PIBA FAKE] ¢
23k CH- 949) 2Egk vlwE B3l AR oK Figure 3()), &
232859 s EAEe] 2442 7600, 8400, 9300 g/mole]
T vEREE o 5 0T, B e AHEEAHE B8 A%d
WTaE B2 2124000 g/mol) 3 'H-NMRE E3 A3s
NPBEQ G712k g} & YA|gkS: ¢ = JitH(Tablel).

2 B

2 A7 Aoldt AT 2E 2 W=E EE ARESE
FEEAQ o= AZH WS B3, A=Y -AF E5EEY
AE PAACE #F AZE WS s, W=EY euE ol
712, dajolgEitizibe2 B3 $3E UFES eus =S
AW 2E0 7 A7 Ageisick AEY wke2 DIPCH DMAP A
okS AMgBlo] A2oA HEglon, dEeE-NY E53F3A
g AR oE 9 & ok $HE B 2 AR £
A 9 FE BAREEE VERES SRIF 5 330 & Gl
AXE degEl-Ny EYEAtsE IF rlEelE Sl FEE
& AAT S, BF0 Aoldo] I ZoF oPdH, °lE F
3 S 2 godelln 71E AF-AE ES3FEAI T
B AR vherze TE Fuje] 224 2EEE 2Y A=
71ehck.
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