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Abstract: In this study, we synthesized a series of dendritic polystyrene—5A—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 (14,=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 t—butyl acrylate where benzyl 2—bromopropanoate and Cu(I) 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 Hy 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).
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A2l S A5 T IS B ope}, AR AlRS] el
1 73S ERIE & = Sk tlegg -4y 3 &4
2] 32 FA 7 7 ATPEE AR 2 5 sivk AR 3
¥ AEES Ad] ARRIE ARESte] dRAE SRk WPHela, &
A ofn] FAE Wee 53} MYEES a82 AEH ¢
< &3 degE-Ad8 3EEAIE shs Aol A WA A
el AREEE T oE, vldA] IRAEY el AR EE ARt
olFEit]Z T3, UolESALIEE o]8-8 SEPH (nitroxide me—
diated polymerization, NMP), 12|11 Z2]7}=Z 2= (polycap—
rolactone) @ ZZ|E}0| = (polylactide) 2 22 Zajol~HE A1¥
=29 e5e Bl Eeks W So) Slek ! gk, A A
ZS Boh WSS Y odatel| 28|l el vl Sl ok W
Hol| ujal] Hkg- 27do] golsl e, G849 AL WiHo] &g+t
e 88 HbHole) & o Qlrk Y= Fréchet 158 €5
o] vErRlow X3k Wi o= d=gy Vs wdkow 7t
+ poly (ethylene oxide) I Z=|~Eldl A& 3U¥}] Williamson #
Z2) V18-S 53 ABA 2 AB Hej0) E2353HIE 3sIgik
2 AT SlelM Medt 7 7 AN T A R
AL W& o WS FIlo] dugE-AF IEEAE
Asiglt B 5 35l ZRI2ERS oY AR 2
oz uh] (aliphatic) Z2]ollEll 2 (polyether) 24It] W=} ¢zjo]
Sz SIS Bl B vlwd] AR B} 2R A8 poly
(¢=butyl acrylate) & F3taL itk 2EHEgol AR AEE W
HL tlololol A 2T to|o]n| = (N N—diisopropylcarbodi—
imide, DIPC) £} to|wdo | =-3]2]H (4 — (dimethylamino) pyridine,
DMAP) & &3l F3sigion, o5 Fal dlesd AP ESS o=

(amide) 152 A8k 2= Tk

4

Aok Jhg-oll ARE-SE AlekE FollA] benzyl alcohol (=99%),
2—bromopropionyl bromide (97%), CuBr(99.999%), NN,
N’ N"-pentamethyldiethylene triamine (PMDETA, 99%),
palladium (10 wt% on activated carbon), 4— (dimethylamino)
pyridine (DMAP, 99%), N, N~—diisopropylcarbodiimide (DIPC,
99%), sodium azide NaN3, >99.5%)+ Aldricheld #1811
2, lithium aluminum hydride (LiAlHs, 92%) < Kanto 3}&-3]A}
oA 94319t} Tetrahydrofuran (THF) ¥ pyridines UEH
&3} wlzd=o)A, triethylamine (TEA) ¥} dichloromethane
(DCM) & CaHy/Z A7 15 3ol 1% 5 S/3lo] ARg3tsilct 2]
ZF Q8o AREEl = N N—-dimethyl formamide (DMF), fert— butyl
acrylate (98%)+ CaHo/A 4715 stlld 4z 9 /3 &
freeze—pump—thaw g2 Al ¥ Fasle] 1AE AlAste] 22
B apx Qo] Basigit) U (ALOs, 299.99%, 0.3 pm) =
A AL 0= ARGERITE YA ARGSE BE Aloke) Sl )
Aroz A 7 Qs RS ARSsIsion, 5HHE A 14
o] glo] atiE ARE-3kick

2M, 248 TLC 2 Merck $JAF] silica gel 60Fas4 (2D,
2] column chromatography+ Merck 32X silica gel 60 (70—

230 mesh)-& AR3199TE NMR AFEHL- Varjan 200 MHz Spec—
trometerE S3I313L, TMSE 71502 8jo] g8H4] ola-& §(ppm)
2 YehHgIth Gel permeation chromatography (GPC) Ello|E]i=
stragel HR 2,3 9 4 Zrglo] %215l Waters R401E ARSI,
THF -8+ 3lel] 1.0 mL/min 5= 25044 S73isich A% &
HEH-2 matrix—assisted laser desorption ionization time—of—
flight mass spectrometry MALDI-TOF MS) ¥ o2 743131
©om 2 5—dihydroxy benzoic acid(DHB) S mjlE&IAT ARE3ISIT)

M. SIS Scheme 19 YFERASITEE

[G-2]-OH2| &Y. dRelx By sdst Wil o3| 3
3holaL, A W] o 9l Al MALDI-TOF MS ¥
& B3l stk Figure 1).7

[G-2]-0Ts(1)2] 4. 100 mL &< up Fepael [G-2]—
OH(5 g, 1.26 mmol), tosyl chloride (2.56 g, 12.6 mmol, 10 eq.),
pyridine (2 mL, 20 eq.) ¥ &5 AASE theolE2=mg 20 mL
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Scheme 1. Synthetic routes of (a) [G—2] —NH,; (b) PtBA—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.
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£ 7% F oHAE JFsle] 3 W SilE Ak Ae
717 A (hexane/ether=7 : 3) ©& Y= [G-2]-OTsE &&ls
Ack 719 A Azsle] AMe) uA(4.25 g 82%) 5 ATk 'H-
NMR (200 MHz, CDCls, ppm): 8=1.30—0.58 (—=CH (phenyl)
2.53—1.90(CH of the PS backbone; TsOCHyCH (CHOCH.CH
(CH:OCH:CH2—PS)2)2), 3.19—2.81 (TsOCH.CH (CHOCH,CH
(CH2OCH2CH2—PS)2)2), 3.93(—=CH.CH.0Ts), 7.38—6.36
(aromatic); TLC (eluent; hexane : ether =7:3) /-0.36.
[G-2]-N3(2)2] B, 100 mL = vpe Zekge] [G-2]—Ots
(4.2 g, 1.04 mmol), NaN3(0.7 g, 10.4 mmol, 10 eq.) 2 7ZH
DMF (15 mL) & ¥l 100 C el 30A1kE F<t miksisict. 3
A FW)2 s AL 100 mL telEE2e] 52l 5 F
Fr(200 mLX 1D 2 AIFsith 1§, Bz f7155 &
g3lo] T4 MgSO4E 1A% § oA 2 ofFfsle] 3| SH7|= &
= AASAE A7k AY (hexane/ether=7 : 3) 0 & Ysh=
[G—2]-Ns& Z23l8lt 71 2% dxste] 2] 141(4.0 g,
97%) % Atk 'H-NMR (200 MHz, CDCls, ppm): §=1.30—

PS backbone), 2.53—1.90(CH of the PS backbone; NsCH2CH
(CH20CH2CH (CH2OCH2CH2—PS) 2)2), 3.28—2.81 (NsCHzCH
(CHsOCH:CH (CH,OCH,CH,—PS)») ), 7.38—6.36 (aromatic);
TLC (eluent; hexane : ether =7 : 3) £,0.43.

[G-2]-NHx(3)2] &M, 100 mL & wie Z=k~=e) [G-2]-
N3(3.8 g, 0.96 mmol), LiAIH4(0.6 g, 14.4 mmol, 15 eq.) ¥ A
Z¥ THF (23 mL) & 9L A2l 40413t 59t AP wyts)
itk RES E3ECN BS et & FEE Bl T IES A
ok oS FdzZr|2 7158 Elete] - MgSO.= 7%
$ oA Z o3l A TR GulE Al 2E xSt
o] M9 TA(37 g 99%)E AUk 'H-NMR(200 MHz,

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

20|, A33¢ #l2%, 20094
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backbone; HoNCH2CH (CH,OCH2CH (CH2OCHsCH2—PS)2)2),
3.28—2.81 (H:2NCH2CH (CH:OCH2CH (CH2OCH2CH—PS) 2) 2),
7.38—6.36 (aromatic); TLC (eluent; DCM : ether=7 : 3) £0.6.

Benzyl 2-bromopropanoate(4)2| M. 250 mL s+ Hie &
2} benzyl alcohol(4.76 g, 44 mmol), TEA (8.9 g, 88 mmol,
2 eq) ¥ 72¥ THF(60 mL)& ¥ 0 Cold F+API= 2—
bromopropionyl bromide (8.8 g, 4.3 mL)E 3] WolFa 4
24 10AIRF g3t AdsH] wREsISIL 3 S3712 S8 Al
Astal telFEzmEke] 591§ F57(100 mLX 1) = AIHE
o} FNzur|E {715 welele] i MgSO.& 13 5 o=
oAsle] 3l FW|E SHiE AASKSIE ez A7 (hexane/
DCM=7 : 3) © & 931= benzyl 2—bromopropanoate #-2|&}
ek 712 X 7Axsle] o] g AAI(5.5 g, 56.7%) 5 29
o} "H-NMR (200 MHz, CDCls, ppm): =1.84 (~COCH(CHs) Br),
4.41(—COCH (CH3)Br), 5.20 (phenyl—CH,0—-), 7.37 (aromatic);
TLC (eluent; hexane/DCM =7 : 3) R-0.37.

Poly(#butyl acrylate)-~COOCH.CeHs(PtBA-COOCH,C¢Hs, 5)2|
&M, Poly (¢—butyl acrylate) & HEAA H1E FARE 5P
S Eal FABIICE? whSol WA FEE 2.0 ME A510]
Pk HES AIRES 43 108, 20802 310 A 7)9] AleE
Adoirh 8 vkA QoA 60 mL Schlenk Z#kA=¢] 4(80 mg,
0.33 mmol), DMF (12.26 mL), ¢—butyl acrylate ©(4.3 g,
34.6 mmol) ¥ PMDETA (57 mg, 0.33 mmol), CuBr(47.2 mg,
0.33 mmoD & Y11 freeze—pump—thaw4S Al H AR & A+
2ol 30 Bt wHIITE 1 % 9kE-S 38 ol ZH2e] wkg-
AR REeEigiT W5 §, RS-SRS THE 8= 84
shal FHLHALOy) AFell SHAIA copper FE AASKIT
34 FW= e AASkE £ 81 (methanol/water=6 : 4,
X 3) 7 FAF F 71 1Y Axslo] @] 142 ek 'H-
NMR (200 MHz, CDCls, ppm): 6=2.00—1.06 (CH» of PtBA
backbone), 2.39—2.10(CH of PtBA backbone), 4.11(~COCH
(CHs) —PtBA), 5.09 (phenyl-CH.O—-), 7.33(aromatic); TLC
(eluent; hexane/ether =1:1) £,0.43.

Poly(#butyl acrylate)-COOH(PtBA-COOH, 6)2| &M. 50 mL
o v ZEkae)] ARG (2 @), HxE THFA0 mL),
4 ethanol 5 mL 2 Pd 0.5 g& Y1 54 3ol 48217k F<t A
A mkeIgich AR & oA R ofTfsto] tifte] Enf
= AAS L o AT = SuiE A7e & Ay A
(hexane/ether=1:1 to DCM/ether=1:1) 22 ¢3l= E2& &
stk 71 Xg Axslo] e wAE Itk 'TH-NMR (200
MHz, CDCls, ppm): 6=2.00—1.06 (CHy of PtBA backbone),
2.39—2.10(CH of PtBA backbone), 4.11 (HOOCCH (CHj) —
PtBA); TLC (eluent; hexane/ether=1 : 1) £,0.43.

Copolymer 1-3(7)2| &4, 50 mL F< vle} Zekadol dl=E
E25(3)(1.1 eq), A8 £246)(1.0 eq.), DIPC(3 eq.), DMAP (3.0
eq) % 178 DCME Wil A2ollA] 4041KF &<t AdshAl wik
selth SIAFE7Z s AAst e, Ae7ba 27 (hexane/
ether=1:1) 0% ¥z E4S wElaiqlth 71 X3 1Axsle] 1
Apdene] AFES A9ik 'H-NMR (200 MHz, CDCls, ppm): 5=
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of the PS backbone), 2.00—1.06 (CHz of PtBA backbone),
2.39—2.10 (CH of PtBA backbone), 2.53—1.90(CH of the PS
backbone; HoNCH2CH (CH,OCH2CH (CH:OCHoCHo—PS) %)),
3.28—2.81 (—COHNCH:CH (CH20CH-CH (CH20CHzCH2—PS) 2)2),
7.38—6.36 (aromatic) ,; TLC (eluent; hexane/ether=2 : 3) £/0.6.

Zn g EE

PP Scheme 101 VERE el o), ZA] A F-EC= e
ol ¢ Qith AR, ZTAEEEE SR oR ZHe dEEl
ook b E olZ|E A$ksle] [G-2]-NHpx= 3Hdsh= 3
(Scheme 1(a)) 3}, BA%E 7F25ARY Weks: Zh= 419 PBA-
COOH?®] #/37°d (Scheme 1(b)), 1811, 2 #HE B3l 34
H HEE E5 AFESS o= AZHel o8 25 d=ge -
A8 BE=3=94|9] e (Scheme 1(0)) 8R= GAZ 7238k 4= Qi)

[G-2]-NH2| . & ArolM AREEE dI=ge WS 53l
oln] <tefxl WS Fall &SI’ Scheme 1@< & 5= 9
5o, diEEe Sol& W oz 3w 4709 ZelAelR (M=
1000 g/mol)& £]8 A= (peripheral chain) 2 &-§3k= 24t 3}
FEZA, de)ubE ofje|2 vl=2|8] Fo](aliphatic ether dendritic
core) & Rt ok & U= Eo B gl ExE BX e
MALDI-TOF MS 57425 §8ll AR = Skt - 8ud2At
(A4)°] 4000 g/mol P RIS = QU oM, FAREREE(M/ M)
7F1.030% £& s eItk Figure 1), FEEAE ARSE
=22 F0]9] E(focal point) F-oll F471E Eskal =,
& 28715 3WAY) W& A o ® et} ol aFo® A
38k 5= Qe 9z oz w2l slellA tosyl chloride®} WS-
310 tosyl T80 % X|881691, 1 F sodium azide8} WES-3o] of
A= TJEo® Akt oA vhgell QlotAl, polar aprotic &
ol ofAEvto]| EE (acetonitrile) 2} DMFE 242t ARE-6133=],
DMF &4 3lelA] B} & 5558 9= 7 A3tk of|E A=
B ATAZ AR ol 7]57]E e HERS o E S
LIAIH; EABIA SHAIA 2 F Udth 222 A4
Ao M7 o 27|15 Zh= =20 455 Figure 29 &
A1E TH-NMR 2ol Holi= nlel 7o), dl=g]e] 0] Ehio]

o J

[G-2]-OH ”/\\A/ J

cDCly 16210 /\.\ JJ
A ,

1G-2]-N3 /’\u,./

sl

4 3 3 /
3 oS L)

7 6 5 4 3 2 1 ppm
Figure 2. 'H-NMR (200 MHz) spectra of [G—2]—OH; [G—
2]1-0Ts; [G—2] —Ns; [G—-2] —NHos.

et 715717F WMEstel] whet viE el X5 Wg# 440 3}
7] o5 Ao =M ERISE 4= QIqltt [G—2]-OH2] 7%, =
gl 5247} 3.57 ppmellA] FHAESY, tosyl 1E-C = Agkge]| up
2} 3.93 ppmOE o= ZE & 47 Qi) R, oXER X3k A
%, w22 Hupfield) 02 o)F5E7] ujiol, ZE]AE
o] FARE Aldd) HAA wE e 5 I, ol IF S
2 28k [G-2]1-NH.9] 7% 2.57 ppm Ao oA B2ES
Ik

A8 PIBA-COOHS| &Y. 18 552 TRl +—butyl acrylate
= dAeolseit)d FERE o83t AT UATHScheme
1(). 4 T2 $13] 7§AA 2—bromopropanoate(d)E 2—
bromopropionyl bromide$} benzyl alcohol@}2] ¥H-8 =3) &+
etk @AE AL DS ARtolsetcd Sl AR
= Sl Cu(Br/PMDETAY} @7 w8710l WL, Abas Al
At &, T3 TSIt AR Z ol s Sl Alagle|
A] Cu(DBr/PMDETAS®] Hl&-& HEg4E 1l F3kA o] AR
oz Wi FQ 3 kS al= A 0% 2 Al ekl B ol
Az 718l Harel A3 Folld 7P #H49] wlEx1] Cu(DBr:
PMDETA=1:1°14 Rkg-& S=3ai3ieh RESAIRE 245 5510,
tjoksl Bxj2kS- Zh= poly (~—butyl acrylate) = 9= 4+ Ak ¢
3% poly (+—butyl acrylate) THAFS2] B2pS 'H-NMR 23
< B3 A 4= A=, 7.32 ppmelld vehs Wl 45T
2.23 ppmelAl T2== poly (7~butyl acrylate) ARzl $1]gk
CH- 40 AoER] WS v|wsle], 132412 S8 (degree of
polymerization, DP) & AXFE 4= Qth(Figure 3(a)). ©1& &3l
Al N8 IRARA FE A7 s EARREe] 3700, 4700, 5400
g/mol& A= tHTable 1). GPC A3-g F3ll Ao 4y} =&
AFE20 BAFRREEAGT M/ Mo 7} 1.22 03] gk vERd], 1)
WA AAF Zole] MY At PAHATE G 5 ATt
(Table 1). /3% poly (¢=butyl acrylate) 2] 7HAIA] Wtolli=
A1 HZ 715715 Fshal ], 94 % ol 1ES $r

b f.le
@ O g

matic

g

Copolymer-1

Dendritic cores

Figure 3. 'H-NMR (200 MHz) spectra of (a) PtBA—COOCH;—
Ce¢Hs—1; (b) PtBA—COOH—-1; (c) Copolymer—1.
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Table 1. Characterization of Precursors and Copolymers
Polymer GPC? NMR
My(g/mol)  My/M,  M,(g/mol)
[G—-2]-0OH 3600 1.03
PtBA—COOCH:CgHs—1 3800 1.22 3700
PtBA—COOCH:CgHs—2 5100 1.18 4700
PtBA—COOCH:CsH5—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.

PtBA-COOCH2CgHs-2 PtBA-COOCH2CgHs-1

LN

\ PtBA-COOH-1

20 2 24 2 28 30

Elution volume(mL)
Figure 4. GPC traces of PtBA—COOCH>CsH5—1,2,3 and PtBA—
COOH-1.

ske "ty AL vhE-S sk SsiMe, FlEHARE 258
FZ AdglE|ojof st} & 757 A 47 1A SlllA] PdFE o]
235 ehldshks-S B8 =3 5= 99l TH-NMR 238 53
Hldef] F-2kg o=} 21$.(7.32 ppm) 7F AR A Bl AdEE
o= Hhgo] ZPEE RIS = QISIrHFigure 3(b)). E3h Figure
el ske- 5] di=E9] GPC HloJEeE
Al Mgkl 35S & 4 ATk
Dendritic-linear SS&MI2| &Y. dl=eEl-A8 FZA=
SAE ol T1ES FAehs Yi=E ([G-2] —NHy) ¥ 7125414k
kS Zzh= poly (+—butyl acrylate) —COOHS] ojn|& AZZ |}
HE B3l 9T 4= AT (Scheme 1(0)). £ olv= ASHY
W& AREER] FEjol= o) AREE & Tlo ol A7LH T}
o]o]u] = (dicyclohexylcarbodiimide, DCC) 2} fAFSH AJekel T}
o]olo] A3 7 F7HR thoo|u| = (N, N—diisopropylcarbodiimide,
DIPC) & o] 83t Hhg-o 2 Ful|2 tjolweoln vzt (4— (di-
methylamino) pyridine, DMAP) & Yolth ¥ A2
A Zggo] ¥7] wiiel, FHEgo] dojub] gethe Aol sled,
we R F3EE] S-88l)E SgitE uks 4 F
folgt Ae BElE Slstod, AAVE AR H=E E5S AYEF
Hjsl| 2w A ARESISITE E] - FEES AR A3 HaEo
2 70% 55 vERle] %A1 o] 7Fse & o ST
S Eo]d BEEFETAIS-S GPCE ZANSE Ay AgE-=of 18
ARFe] Tk Ao ERIFG O (Figure 5), BE 532

(o}

piL
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20|, A33¢ #l2%, 20094
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Copolymer-2

Copolymer-3 1 Copolymer-1

20 22 24 26 28
Elution volume(mL)

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

shAo] BAREEXGTE 1.06 oJskE W ke ERSIth
(Table 1). B235A159) F478EAF A 'H-NMR A&
£ &3 AT 4= Uik 2.99 ppmelr] e Ak el 3]st
wE@leae] A5} 2.23 ppmolld UER = PIBA FAKE 9
218t CH— 4290 2124k v|nE 33l 22K A2HFigure 3(0), &
Z23EAES] s EEEARRe] Z42E 7600, 8400, 9300 g/mole]
e eSS & 4 98l B AE2 RS B3 449
degE] B20] 24000 g/mob) ¥ 'TH-NMRE E3 2435
APEFS] A 3 & AA)gkS & 4= Itk (Tablel).

4 =2

—_

1
1
%

Aol i Adoldt Al TES Zhe WI=E BE3) AEES

T AT kS-S Bk, dsgg -4y EE9EY
A IITE HE ASHE vk flek, W= wUnks oyl
712, dxlelEetZnke-g B3l SEE A¥EEe] s vfEs
ARE TR0 27 Agkelg Z3 Wk3-S DIPCY DMAP A
ORS ARgEte] Aol HEEglom, dsaE-AE E5ES3A
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