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Chloride, PdCly), Wlz=(tjMdg dlolAE)Z2t+(Bis(dibenzylideneacetone)palladium, Pdy(dba);) 2 ZEhw
(ExfEF o ZobA o] E)(Palladium(11) trifluoroacetate, PA(TFA),) = o]Foizl oAl AEle 21& 540
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A7] old B Ewlol= = FHRolE HEnlo]l=i 4-H 2 Wolu <L (4-bromoanisole), 2-H 2 Fol <L (2-

bromoanisole), 4-B 2 2 E 7 (4-bromotoluene), 2-H 2 R EFdl(2-bromotoluene) B2
(bromobenzene), 1-H 2R -4-UEZHA(1-bromo-4-nitrobenzene), 4-H ZRWIZ1 EZ (4-bromobenzonitrile),
4-1 2 F o} A & ¥ +=(4-bromoacet ophenone) , 2-8 2 73] 2] (2-bromopyridine), 3-E 2RI (3-

bromopyridine), 2-H ZXE]Q A (2-bromothiophene) ©.2 o] Fo]x ToA HEIEE ol )¢l RS EHo=w

T3, A7) A2 KL0s Ex= KPP0, Tolld AEH= As 540 &, 7] &= C1-04 &= F84% A&

A7) We FE ~ 100CAA 158 ~ 2442 Bt F7] B917] FelA A AL SO s ool
KeN

(biaryl) SaHEel AzWHe AT o
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lob& (biaryD) SHEHES 37] B18h4 22 EAHE AL 5HOR 3= nolold (biaryl) AR

(7] Aol A, A= o}Y<%(anisole), &F(toluene), WAl(benzene), YEZWAl(nitrobenzene), MFZUEZH
(benzonitrile), oF*E|=(acetophenone), I #] Y (pyridine) ¥ E] 2 (thiophene) &2 o] FoA oA A
gy = o= 3hfeltt.)

olsl, NS Fafo] E WHS B% s AaaA AT oF ANe: emA B wdg ng 744
oz HAYHy] 9% Aom, ¥ owwel axd mel B owwel ezt o AAldel o ATEA vk
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1,4-3d @ t}o]o]sAA]ohf|o] E(1,4-Phenylene diisocyanate), &} (melamine), thol®d “Z A =(dimethyl
sulfoxide(DMSO)), Zehg olAlHlo]E(palladium acetate), ZFZZ3E(chloroform)< AlZzv} L=2]X](Sigma
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Aldrich)Abel Al Fulstgich, BE SetRaEe F7b49 44 glo] Abgakalrh,

2. $elloh A ;A g

Lo} th3A aEx}(Urea Porous Organic Polymer, UPOP)E 100mLe] T ZEt2doA o} &S E3)
AAEAY. Ar 27 kel A DMSOl 2mmole] A&l (melam1ne)° Lolar, 7)o 1,4-¥ D@ t}o]o] A Aloly]o]
E( 4—

,4-phenylene diisocyanate)E H7}eIQth. 1 & 24X 7F59r 150Co| A mukelHA HHSA| T, H-S &
ANES ARG gallA AHA71a, dEE2 dtEHoR gAY, o]F, 85TolA 24A 5 HAZRA|

= 29 o] 94 Pue A,

a2

3. UPOPOl Zehi(Pd) 8] aLAlst

S22 % (chloroform)(40mL)oll A= ZEhE olAHlo]E(palladium acetate)(0.75mg) &<o UPOP(292.5mg)<
A7k e. AV TE8ES 229427 (ultrasonicator)E o] &3Fo] 3E-E< Ao Fol, 70TCoA 547
oF WHIAIZTE, 1 Fof AAES oJHA|7]aL, der-2 AW, o]F, 80TolA 24A7HE<SH AFXAA w=abM

<AAd 2> 2Z7]-0]ok9-B}(Suzuki-Miyaura) I3} HEF ¥H$

4-B 2 Hol1<(4-bromoanisole), 2-H 2R o}l <L (2-bromoanisole), 4-H 2R EF<l(4-bromotoluene), 2-H =2
FEZA(2-bromotoluene), BEF WA (bromobenzene), 4-H E X o} EH+=(4-bromoacetophenone)-& A]1m} <&
=X (Sigma Aldrich)AtellAl  Fujdtgien, 2-B 2Ryl (2-Bromopyridine) 3-B 2Ry gd(3-

bromopyridine)< X3 AV A(Toyko Chemical)AFollA  FuidtRa, 1-H2E-4-1E Z A (1-Bromo—4-
nitrobenzene), 4-BH 2ZRXWIZUEZ (4-bromobenzonitrile), 2-B.ZXE]Q A (2-bromothiophene)2 &3} o o] A}
(Alfa Aesar)ol A Ftuisle] A}&38lSitt. BE sEEAELS F710 AA §lo] AL&slt).

2. 227]-1] ok} (Suzuki-Mivaura) wx} AZE 8-S

Sl 4mLol] o} BZulo]=(aryl bromide)(0.2mmol), ¥ dH E2F(phenylboronic acid)(0.24mmol), 7]
(0.2mmo)E T3] EFES A3, 7)o 7] ZekEPd)o]l HAE $Hol a4 LA (PAeUPOP) &
0.1mol% H7Fste] F71FlA 80TCoAl 1AHESE vES A1 Y. dbE Fof, fo e8| 2 (diethyl ether)%} &7
A EC] F2 HJoH, o]F F4 MgS0,2 AxA713L, fZgstollA SZAZ . o]%, AES A9 a=n)
Ea# 9 (column chromatography)Z ©|&3] AA|sta, GC T

<AAd 3> Enjg AAE

v EtOH 1 mL, H,0 3 mLoll Pd@UPOP (0.1 mol%), 4-EH 2 Xo}<(4-bromoanisole)(37.4 mg, 0.2 mmol), ¥
H 22 (phenylboronic acid) (29.4 mg, 0.24 mmol) % K3P0, (0.4 mmol)E 80TCNA 1A17HE<E HE-SAI A AL

A ‘4% FFATE. BB Fo, ofste] Bbg EFERHE FuE EE o, $d o] FulE V] ®Hg
g2 2 ARSI

<A Ao 4> FT-IR, NMR, TGA, SEM, TEM, BET, XPS¢ =3

UPOP=} Pd@UPOP2] FT-IR spectrai= VERTEX 80V FT-IR vacuum spectrometerE AR&3to] EAFHAct. B4
400-4000cm 9] FTHE WMol A AT, PP C -MR spectrune SUlE ODCLE o]-atar, DIGITAL
AVANCE III 400 MHz Bruker NMR spectrometerZ ARg-3fo] At 48 128scans 93 400MHzol A =38
k. A (solid) MRE 7S xAstolA F3J%tt. Thermogravimetric analysis (TGA)& Q50 (TA
Instruments, USA)S ©]8-3}e] 40-900°C(10°C/min), HA7F2= EH7] StollA ==t e (Morphology) &
scanning electron microscope (SEM, S-4300, Hitachi)®} transmission electron microscope (TEM, JEM2100F,
JEOL)E o] g3le] BAET}. WAL BELSROP-MAX (MicrotracBEL USA)Z o]£-3}led Brunauer-Emmett-Teller
(BET) W& Alg3sto] 4= 9td. 718 27|+ non-local density functional theory (NL-DFT) Wlyo® =4
F 2}, X-ray photoelectron spectroscopy (XPS) spectrai= K-Alpha model of XPS spectrometer (Thermo
Scientific, USA)E o] &3slo] dojxom, wh, di, A4k 9 Fgtg 4SS 8. §Xd e+
(Pd)o] =k =4S 98 inductively coupled plasma optical emission spectrometer (ICP-OES, Optima
7300DV) A4S FIST. wA AZSYH WHEe] 488 gas chromatography (Agilent 7980A, Agilent
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oin

Technologies) & o]&3te] BAFH AT, BALEE 150CTHoH, o522 o] 54E bnl/sec F712] oEd
B Z(ethyl ether)”} AFE-E AT,

<ddd 1> 7254

Selol thea TEAWPOP)S FARHE = 1] HET. POPE = 30049t o] FI-IRE ALggozH
S4A M. 3332 e 9 1640 em oA BAF 9 A(peak) = 7 $ellokurea) TEE] NH IFW =0 2E
@4 (stretching)olth, 8bg Fol, 2270 cm of N=C=0 ¥Z(peak) AretgiEdl, olRe ozAlohlo|E
(isocymate) o] Fel $aopolyurea)7k 971 130 WSHoA BoP} AR Svlah HeHErDe)
G2 $-elol thEd EAH(PAOUPOP) 9] FT-1R spectral®e & 3o WERNRATE. PA@UPOPS] ] = (peak)= UPOP<}
#okom, o]z UPOPel Zehw(Pd)o] FA® Folik= UPOPS s}shx7F =2 HoldlaS ovdtt. = 4%
UPOPS] C'-NWR spectrun® HolFi R0z, ol7le] 4/§e] 2 9 (peak) 7t #2= ATt 120,49 134.4 ppn
el C4, €5 JA(peak)= #ldite](phenyl ring)el ®haxell W& Zlelal, 153.7 ppme] C6 ¥ (peak)s= --#llof

(urea) 1;01] gk Aolm, 163.8 ppmell 9] C7 ¥ A (peak)= @AZF(melamine) B-Aoll #3F Holt}, o]k
UPOP2] BE I (peak) & ol9} B3t #+25 73l aixle} A ),

<Agd 2> BUE

5= 5ol A oF gho] TTKOIA Noo FE-EAel o7k W AS Flsty] flste] 03} 1 Ake]e] P/Peell tidk BET 24

S s, 2 Ay, PP W AS 12528 m/go2 SAHACE. ol#A UPOP/} %2 FWH S 7HA & o]
o

& UPOP7} 3-7FA(tri-branch) T+&E 7FA 7] wli-o]t}. X3, Non-local density functional theory
(NL-DFT) & o]-&3te] AlAtel UPOPY] 713371 sy =ry A77H4] §HS HelY 7|2 £XH AdSE

AT

SEM¥} TEMS &3 ¥z UPOPS} PA@IPOPL] ¥ El(morphology)E = 63 = 7o HolFdut. SEMI} TEMoM
POP= ZdolE-EF (plate-type) TFE 7FE &3t Tk, 94 w3 (mapping) oAl 4719 YA E(C,
0, N, Pd)-2 Pd@UPOPo| wA3tA EEF o] A BAFoH, oz Fujr} JFHo= %HlHM%% o

9.
<49 3> 9954

TGAS o] 83l EA15 UPOPS} PAEUPOPe] €7 <AL = 8o HojFdtt. dE|E 18] (Heterocyclic) Al
2ZoA g S QY] "o =2 XA A gL T8 TAelth. 5%9 T+

24 a7l dojue AS FIlHoEA AASIGl e, & 8oLk o] UPOP9} PAeUPOPS] & F3l&x+w 7}
7z} 2633 266 C= YEMSTE. oA SR UPOPo| PAdE HEAslAA® G329 #Eo]Ho] glo] ®3l>=7F UPOPLt A<

XpPS #4& Fdsion, & 99 = 100149k o] PdeUPOP] ZetEd thE 949 A4S

POPell that spectrumC. ZH-E EAE A2} HAE(atomic percent)s 9]
Aol Hdsgdnr. e 1094 UPOP$} Pd@UPOPe] N 1s A3 oA (binding energy)E
399.6eVel™, 0 1s¥& 531.05eVHS HoFATH ojzo=m F+x wdiel IFetE(Pd)e s zhg dZel UPOPSt
PA@UPOPel sl 0% oFzhe] 3] A(peak) ©l%e] A& SQISIATE. PEUPOPAIA Pd 3ds»9h Pd 3ds,® 12

(peak) Z+7} 337.81eV, 343.01eVR o™, PA@UPOPS] peak: +2 AF3}tef(oxidation state)E 2SS Felst
. Alth7l, PA(0Ac),(338.40eV) 9} H]lw3te] PA@UPOPE 0.59eVe] o]%(shift)o] AT, olelst A4S a1

Aol ERe] Feb(Pd)e] wAHo] Q7 Wl delib: Aotk Bv] AY ARz, BAFECDES 1A

o o=

i=]

o 9/¢tEd AeHeR uAGHANSS A5t gddl FehE(Pd e AEs dFE L] 9k, ICP-0ES
S S, 1 Ay, UPOPlA ZEtE(Pd)eol ko] 0.96wthdS elstaictt. o)2sk ZA3t= Pd@UPOP
TFxo= FtE(Pd)e] Ags ¢ dE 2R3 ko] AAAA7E i, FEE(Pd)o] 71 Eo R Eojd 4
o] = )- =

A -

i 33re] Q7] wiiEel o @& 4ol Fetu(Pd)o] x3HE Flojgt didd 4 .
<AYPd 5> AR7|-v|ok9-F(Suzuki-Miyaura) nx} AZH v v

4-B 2 H ol < (4-bromoanisole) ¥} #HdH EA(phenylboronic acid)® Z2Z7]-v]ok9-2H(Suzuki-Miyaura)= =

_10_
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g #g=

v BkS S=3o] FHAH3lE ZHpow MY, & 110 PAeUPP FHvie] A3 =& A= E 3.
0.1mo1%<] PdEUPOPS} <719} &7 4-B 2R oY% (4-bromoanisole)d} iﬂ‘éi%’*(phenylboronlc acid) 9] Wk
2 80C, F7IStlA 1A EQE ATt H A Wk 2HS Y] Y, e A7 SMER eS¢
19tk 1 A3, PdOUPOPE H.0/EtOH(3:1 v/v)ollA 71 £& ATE RHoFul. ®3d, NEt;, KOH, K.COs,
K;POsoF 22 7] FolA wFE i FE & 27 vehd AL K05, KPO, (= 11, entries 1-4) 4
7190, KL0; 719k g &ulE Aesty] ¢ste] o 28 AdS 339, 233 &= 1,0, EtOH, DMF
ol&9] E3guiltt. 1 A, PAeUPOPE £ ol&h&S 3:1(v/v)9 H2 33 SulE AMSPS o 713
2 FEE HAFJT(E 11, entry 3, 4). 53], KL0; ©719F &4 PAOUPOP= 95%°] &S HAFTATHE
11, entry 3). dutd oz wEA](Methoxy) L& 71X+ 4-H ZFoluZ(4-bromoanisole) S HA}7} ZH3E17]
o] wk&o] w7 o @A, PAOUPOPE 0.1lmol%%t ZTIANAE 7] F9 1A ¥vks 27 sl % gt
FPDE 95%9 F&S 9 5 Art. o8k A= PAeUPOPY 7Y £& 48 %7lo] Adxgon o]e 7
2 o} ]

Howe

2 Z73 A B Rulo]=(aryl bromide)®} FE|Zol2 HZulo]=(heteroaryl bromide)& ©]&3}o]
F7H41 AES G353

T 120 A ¢} o] ol H=EmlolE9} FHEHEoLH HEwlo|EE o]&gt ~=7|-w|ok9-2H(Suzuki-Miyaura) nxb
Wk Al PA@UPOPO] Zwf WH&-S 3 71akGith. PA@UPOPS] FviRh-g-& ZALeh7] 91a 37H4 AER &RF3atsict. A
HAl 25 (% 12, entries 1-4)2 AAE # F+= ol HZwulo]l=(aryl bromide) L& (electron donating
group(EDG)), FWA I (entries 5-8)2 HAE Z HoJgr]= ofd H=IZulo]l=(aryl bromide) I

(electron withdrawing group (EWG)), AWHA 152 SIAZ o}d B=Znlo]=(heteroaryl bromide)(9-11)Z &
Fakk. EDGe] o} B ZEnulo]l=(aryl bromide)® HZEWAl(bromobenzene) XU} AZF]|-wjok$-H(Suzuki-
Miyaura) nzb #AE® Whgo] ©o offE o= dex] vk, ol WAl Fo3les #8717 dAxE Al
ag Ho7 dojx WAy [AA7F FH-g AEir Hol whg Edo] bA st wito|tt.

e, Pd@UPOPE EDG o} HZvulo]=(aryl bromide)ol] &&3 Zvf 288 38 3. dAaxsE =
AVal7] $18te], @2 (ortho) @t e} (para) Xl 9= -OCH;(entries 1-2)9F 22 (ortho) ¢t ek (para) $1A] 9
A= —CHs(entries 3-4)F HwslTh., QA wa] wjio] ©2-(ortho-) X3¥ o} B =Zwlo]=(aryl bromid
e)ol Fgo] ¢ E:S ek, =3, -CHse -0CH; Bl ] <F3l EDGol7] W&ol -CHy X3kg o} BH=
wlo]=(aryl bromide)”} -OCH; X|3+¥ o} H =Zwlo|=(aryl bromide) HT} F&o] ¥ ZSht}. o] WAl
of  HAZ} %-tu'j’a”l:% o wrEsrl A#HedE ongn. mgh, 1-HER-4-YEZWA(1-bromo—4-
nitrobenzene), 4-H ZEHIZUYEZ (4-bromobenzonitrile), 4-HZXo}A|EFi=(4-bromoacetophenone)d} &
EWGS] o} EEH]—OIE(aryl bromide) WH$-& A9l &0 100%7} BS 213}t (entries 6-8). EWGE wAl
IR HAAE oI AA dAngE EQgetA whEel ofd H=Ewlo]=(aryl bromide)”t HAl WHE-3H7]
o #of 4=g-o] EDG Bt} o EAHT.

x| e dke 758 ¥ @Y (pyridinic) ZE(entries 9-10)3 E] 2 F(thiophene) (entry 11)< 7}z e ]Eo}
B 2ulo]=(heteroaryl bromide) ZFo|t}. 3-BH 2R3 2] (3-bromopyridine)?] Whe A ELS 97%2] <
et o (entry 10), 2-B 2232 W (2-bromopyridine)?d F&L& 71% At (entry 9). o]# 3+ ﬁ:}i Br
B 77 ol dAtE whEE U oA whms Stk AT, N Bt S AV|SAETE B stol WAl oy

A2 AE7E o grobx] 7] uwfjiol 2-H 2 X ¥ Q #(2-bromothiophene) o] &2 100% o =9 HASS =<lst
Att(entry 11). dukom WAlng] e o|Fdate= aglo] AAELEE ¢ Fo|7] wite] W WS © o
A wredk. a8y, ofd B=Eulel=(aryl bromide)d EE W2 1AIZE Ul &0 90%0]d =i on,
el 2ol H=Zwlo|=(heteroaryl bromide) WFE2 3A|ZF ol =&0o] Hox 70%0]4 =&3slict. o8 sk A
= PA@UPOPo] ~Z=7]-w|ok-%-2h(Suzuki-Miyaura) Wzt AEZH Whgol &&°] & FuidES vepdrt.

o L qp p®

olo

o3t & Fuf FA4S F A o]F uFEo|t}. iwﬂi UPOP+= B2 4o N& 7FA7](31%) witel] F+x23 o=
st FEbE GAE SXE £ Q7] "WEoln, E OE olf& PP Y RuAdL ZHEFS Y2 W4
HA A sl e WS YR (site)E AFES 75 1) HH%O]E}.

<A3d 6> Zujo] A8

Y Zujo] AEEALE T3 FEAlolty. PA@UPOP Zujjeo] A|&8-A -2 4-H 2 Holy<:(4-bromoanisole) 3} o
B EZ2H(phenylboronic acid) AFole] wHg& E3)] H7lstgch. A7) ke & 129 entry 19 ZZAs A

i
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H11
Pd@UPOP
H3CO_OEF * 'HG’:H_@smem, Base, 80°C HECDW
Catalyst
Entry Ease Solvent {ml ) Tield (%)
[0.1 mmol®e]
1 NEt, H.OEDH 3:1) 2
2 EDOH H.OECH 3:1) 33
3 E:CO4 H:0E0H (3:1) o3
4 E:PO, H,OE0H 3:1) a3
5 E.CO4 H.Q 33
] K. CO, E0OH 13
T KD, H,OE0H 2:3) 66
UROR
] E:CO4 H;O/DMF (2:2) &
o E,CO, HO/DMEF (3:1) a2
10 EPO, H.O 16
11 E.PO, EDH 13
12 E;PO, H.OE0H 2:2) 31
13 EsPOs HODME (2:2 35
I4 EPO, H;ODMF (3:1) 35

_16_
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EHI2
— Pa@UPOP
= Solvent, K00, BI°C
24
Ayl bromide
Entry Product Time (h}  Yield (*a)
Name Stucture

1 4 romoanisole H;co—@—a: H-,co—@—@ 1 95
Br = o
2-Bromoanrole E:E ! 1 a1

OCH; OCH;

b

3 4-Bromotoiene H;C—@—Br
Er

4 2-Bromotonene @: 1 97
CHy CH;

e

Bromobenzens

in

6 1-Bromeo-4-mirobenzens U;N—Q—EV O:H@—@ 1 100
7 4-Bromohenzonitrile Nc@—_ﬁr NC@—@ i 106
s} 0
g 4 Bromozcatophenone }—@ar }—@—@ 1 100
9 2-Bromopynidine {}—Br C}—@ il 71
N N
10 3-Bromopyridme @BF @—G 3 a7
b W
8o s
1 ¥ Arnitiabene e [}—@ 3 100

(2) Reachons were camed out by nsmg arv] bromede () 2 mmol), phenylboronie aeid (024 mmel), E:POs (0.2 mmol),
and [Pd] (0.1 mmol%:) in solvent 4 ml. (H+0: E+OH 1:3 (viv))

{b) Reactions were camed out m awr

EHI3
1o F
[ |95 95 @l |9 o0

Ko =

::_'_ Bl =
:

-"..:" 4ii =
9

i

(4]

I 2 3 i

Recyle Times
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