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oF wzl Uavt AsE dewie HFE AN 4% oA §7)
e &2 2 o]9] X {Organic semiconductor polymers based on bi-halogen
atoms—substituted heterocyclic compounds for high performance energy

conversion And synthetic method of the same}
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[0014) =3t AAF2 A (Regioregularity), HWA (Planarity), AF3}erA

=

EN

oAk

A (Oxidation stability) % o] X% (Charge carriers mobility)”7} 53+

A=

©] @ #(BDT, benzodithiophene)S EdI= thFst dzp 71 5A4E 71
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Communications, 2018, 9, 743).
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[0027]

A
i

D;=BDT, BDTT, NDT, TT, BiT etc. (Regioregular electron donating derivati ves)
Ay = ZZ-heterocycling derivatives (Z = CI/'Br) (Bi-halogentated heterocycling derivatives)

[0028] x4 1ol UM, ne THEEA, ne 1 ~ 10,0009 H4=olt}.
D1& <% (Horizontal)/4=% (Vertical) %9 wl Z t) A} o] © 3 (BDT,
benzodithiophene), WIZT]E] o =A}o] @ #(BDTT, benzodithienothiophene), WX E
C]AFo] @ AI(NDT, naphthodithiophene), EJol|x=AFo] . #A(TT, thienothiophene), ¥}
o] Alo] @ #I(BiT, bithiophene) & AthH oz A} F/ 9IS = @A od =]

(Regioregular) -F=Aolt}. Al o] =24 UA(Z = Cl/Br)7} =94
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D, =BDT, BDTT, NDT, TT, BiT etc. (Re
A4 = 2Z-Thiophene
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[0032]
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n

gioregular electron donating derivatives)
(ZZ = CICIICIBriBrBr)

Z
Z
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X

D;=BDT, BDTT,NDT,TT, BiT etc. (Regioregular electron donating derivatives)
Ay = ZZ-Furan/Selnophene/Pyrrole/Tellurophene etc. (Z= CI/Br,X = O, Se, N-Rq, Te etc.)
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[0035] B2 AASAE F324 4914 DI ¥ (Horizontal)/53
(Vertical) %9 wlxt]jAto] 2. AI(BDT, benzodithiophene), ®IZT]E] o] w=Alo] Qo
(BDTT, benzodithienothiophene), WX ET]AFO] 2 #(NDT, naphthodithiophene), E]
o] ;=A}o] @ FN(TT, thienothiophene), ®}o]ALo] S #(BiT, bithiophene) & 2AthZ o
=2 A2 FA 94 sk dAFHAE (Regioregularity) fr=Alolth. X M2 &

At ALY Aolstar, ztzE H=YAH o= N-R1, 0, S, Se, Te 5 o|t}. Y= AR Y
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M A g 2] S e wAEE A=Y RN, 0, S, Se, Te 9 T 1
N oelds et AE Ee wAEE ddzangr]z ool oA e
U AAE 279 AR SHuE 4T A

[0036] = AAAlStAI= 224 SellAlell 7] Alat DI-AL &5 8785

GRS 542 7b D2 Ei 28 AW W& EYste] 7] T2 52 EAH

[0037] [+%4] 5]

KD/A1 \D/At ) ) \D/A‘ D/A2 .
1 2 n 1 1 n
I m 1 m
D;=BDT,BDTT,.NDT,TT, BiT etc. (Regioregular electron donating derivatives)
A4 = ZZ-heterocycling derivatives (Z = CIBr) (Bi-halogentated heterocycling derivatives)

D.= Benzene, NT,BDT,BDTT.NDT, TT, BiT etc. (R egioregular electron donating derivatives)
A.= BDD,TPD,PT,DPP,ID,NDI,PDI.BT.BTz,Qu,Pz,BTI, BB Tz, NB Tz (Noncovalent interaction derivatives)

rlo
rlo

[0039] T+%2] 1] dojA], 1& EEEEZA, 0 < 1 < 12 AF0olal, n

ETEEA, 0<m = 191 AFolm, l+m=1°]il, n 1 ~ 10,0009 Foltt. D13}

=
)—A
rlo

oko] &3 =AUslar, D2& wA(B, benzene), YWEZEA(NT, naphthalene),
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Hl Z ] A}o] © 3 (BDT, benzodithiophene), Wl 2 T ¥] of] .= A}o] 3 (BDTT,

benzodithienothiophene), WX ET]JA}o]Q 3 (NDT, naphthodithiophene), H}o]A}O]

ok

9 #(BiT, bithiophene) % AAoz AT/ dadE = A o#HF
(Regioregular) FXEAo|t}. A2+ HWlAN(B, benzene), YW ErA(NT, naphthalene),
il Z ] Abo] 9.5 T] 2 (BDD, benzodi thiophene-dione), Ef ol i3} 2] T 2 (TPD,
thienopyrroledione), X &@]o]u]=(PT, phthalimide), UAETE=E3Z=(DPP,
diketopyrrolopyrrole), olt] a1 (1D, Indigo), L EALo] @ Alt] o] w] = (NDI,
naphthothiophene dimide), #HZ@c]oju]=(PDI, perylene dimide), W ZFA}o]o}r]
o}= (BT, benzothiadiazole), WIZE=#o}Z(BTz, benzotriazole), =544 (Qu,
quinoxaline), H 2 (Pz, phenazine), ] ZA}ololr] o} ] (BT,

benzothiadiazole-dicarboxylic imide), W ZH] A~ E 2] o} (BBTz,

benzobistriazole), WXEHWMZEZ]o}Z(NBTz, naphthobenzobistriazole) & Ztti
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p

Rz = AdedEEE 2 FEAT dgsts sl T4 uEAe AnA o
e Axstsy] Mol e Fastth vhb olfE 2% Qs Aol o
(thiophene) 3t M1 F-% AE480] 7bsd FEAE Ashs Zo] Fasith,
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Hl x| gkel 7ukE7]; %[ 3

e
rr
=

g 457 A e HESE

Aol @ d 7] A8k = MRS

i,

A7) AS e vASE ST XS s

H X8k o ~E7]; 2 N, 0, S, Se, Te 92} & 17/] o|AS ¥3dtsl= X3 =

=2 -

Al ghE ElE=are] 7] = o] Foxl el AEEAY A 2709 A= F5

35 S =
neE YT + 9

[0044] [+=x4] 7]

[0045]

-fD|-._s_ %D‘_Az‘:ﬂ ffD‘-._‘_.-r"Dr‘Aim-’|"
Wi . |
P Z X

Oy = BDT. BOTT, NOT, TT. BiT etc. (Regioregular electron donating derivatives)

#tc. (Z = CUBF, X = O, S8, N-R,, Te #tc.)

A= 2T v
A;=B NT, BDD, TPD, PT. DPP, 1D, NDI, PDI. BT, 87z, Qu, P2. BT, BEBTE, NBTE (Noncovalent interaction denvatives|

R Ry R
| " B e
AR LR 4 —Ry oM _o L o
o
Y a =0 o - s
' . s s s s "
LI Ry Ry ’ s s Rs
&
R o by L
W8 [ R, © w0 R o
N W "
s
s * = s
R [
N
o N Ry 0 R R oF W 4
R o L8 o
Ry
Ry
CI i Ry RyRy Wy R R, R
N s -
x J R’ R "
| NN L = .
5
s R Ra R R
s 4 . (] - U
Ry R Ry R \ ¥
s s
o N D R R, R
R
)
NN y -
NN
‘ N
s ny NN s
4 s
; &l \ 1
/ s
0=y 0 s
L N._-N N. .M N_N
Ry H
Ay

[0046] 72 7o) QojA], 1& BREZA, 0 < | < 18 AFolx, n

rlo

EEEEA, 0<m = 190 Aolm, l+m=1°]al, n> 1 WA 10,0009 AGFoltt. X

sl

Mz FsdsAY Aolstar, 44 syH o= N, 0, S, Se, Teolth. R 2-9d
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|3HE Alo] &=
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AW ol

°

dojtt. R1 WA Ré= M= 54
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|
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NEEE
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1871

=
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271 ¢

T

L

= A}

A9t DI-A1 &=

T

L

3}

F7] 22 1 WA 4=

o

1

°©
=

A

hyA
s ol

Al (End-capping agent )

1)

N3

[e)

T

i
=-7

N, 0, S, Se, Te 9=
e}

7}

=]
T

=i
=

=
=

A 4) <l

%)
9

T

ol ~E]7];

%
=1
=

Al 7]

é}

gl

==
3

=
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H] %) 2

H] ]

D1-A1-D1-A2 JL&-Ae] A 2=H
=

o

B
o

o

3
;OH

Ho
o
To
0

&

=
=

(Soxhlet) F%7]

?ﬂ

a&A; 5) &£&

TAT=
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=

o
[¢)

=

@Al; 6) SPE(Solid phase extraction)
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[0048] 7] &A D9 gvl= EF4, WA, odgwal, 7z trex
ool =(1:10 vol%), F=Z=2ZWlAl, tZ=2A FollA Agd 15 o dd &+
A

[0049] 371 @A 2)¢ #3}&= =vl= Pd(PPhs)s, Pd(dba)z % Pdz2(dba)s
ZolA AElE 15 o] 4 Qlt}. Z=u+= P(o-tolyl)s, pph3, % PcysHBF: =9l
A e 1F o dd 5 2

[0050] A7) @A 3)9 719 &%= 80 WA 180T &%dA F3= 4

[0051] A7) @A 4)¢] MEAGA = 2-H 2 RALo] o H 2 2-(Eg HE 2

)l ol FolA AEuE 15 o & ek,
(00521 7] 97 5)9] £&3 FEE @, obAE, B, oHobAH o]

E fEEadve, gIFEsxay FEIYE 9 Fzadd SAZR F3E F

A,

[0053] 471 &4 6)¢ SPE AAl= &axo weld S#35A &S 5
A,

[0054] T3, &2 wgo] 7] nEAE f7] A=A, A5 B9 A a3
EdA~H 9 dzH2vtolE BEdA ] dat 55, 7] 2 tolex=, Wy
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Axp FARA, ol £

l

)

7l nEAE 5

/2,)1—

[0055])

3t

[0056] A

HAll A=A

3T
=

of we} Alxd AL H]

—_
fite)

1

Wi

)

lez]
=

S O
—

J%(Conventional structure)

ot

&l

TZ(Inverted structure) 25 7}

il

T—
- 2

7] FZ2A 1 YA 472 BA Y

)

»AO

Zkel IDIC(CAS: 1883441-92-6), ITIC-4F(CAS: 2097998-59-7), Y6(CAS: 2304444-49-

J o} H 33 e =4 A (Bulkheterojunction) &2 AT

(2] &3]

AANZHE AF PAEAA FE3he

T
T

[0059] ¥ Wl o] w13-=}

sto] o

o] 95

W

37

N

b A7k 4 vk

fite)
A
e

4 SATY

?;:-‘:]1-

3

& wpAsol vl

2 ZA ZpA
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+ DI-A19] A
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sl
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213l f7TE S
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=

[0061] =3k, P(CI-CIC1)(BDD=0.2)¢] A% H]

ol

)
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—_—

[0062] =

7] & i-ok
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=
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[0064] = A W&S Bt FE3] olsfatr] flate] =] hekdk A

ol Al Hrt.
18 2w A AN 1, 2, 3, 424 22 1 U 49 HAE oF

ALE A2 Atol oAl =9] A wAYF(1-x: 1, 1-1, 1-2, 1-3)°] digt
To2v B ool A AAd 524 F22A 1 WA 49k #AEHE P(CICH e F
T3S ool o AAd 624 T4 1 WA 49 #EE P(CIBr) o ¥

Eode 2 e A e 7=A 24 1 WA 49 ddE P(BrBr) el §

#HHE ol TR dAE A3 AlojedlEe] FA WAYSF(C-x: 2, 2-1, 3,
4, 2-2, 2-3)°] g 1ot}

T 62 E o] A Ao 1424 D-29] A wlAYUS e 2ol

72 odwe A AAld 1624 x4 5 WA 73w E P(SBO-CICIH)-
C8o] &4 mAY G gk 1Holtt.

T 82 el A AAld 1624 x4 5 WA 73w ¥ P(SBO-CIBr)-

C8e] 3 AU dist 1oy,
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T 92 E o] o AAo 1724 x4 5 WA 73 #F=HE P(SBO-CICI)-

C8e] 4 mAUFN e L7ielnt.

CIC1)(BDD=0.2)°] T4 wWAHUYF gt 18 o]},

d

= 118 E odo] A AAdo 1924 FF2 5 WA 73 #EF P(Cl-

CIBr)(BDD=0.2)°] g4 wWAHUF gt 18 o]t},

d

= 128 HE "o A AAo 2024 FF2 5 WA 73 #EFE P(Cl-

BrBr)(BDD=0.2)2] &4

a3

YFol gt 1eolt}.
T 132 ¥ wo A AAl 2124 A-29] 3P WAUF dist 1Rlelt),
o148 7 el A Arjd 2284 x4 5 WA 73 #EE P(Cl-
CIBr)(BHD=0.2)°] &4 wlAUF gk 1xlolrt.
1S Bowge] A AAe] 238A P4 5 uA 79 @

P(CIC1)(BHD=0.2)¢] 3t WAYZF tfst 1 olr).

H
&
e

gl A AAle 24, 2524 5, D-49] A HAYF I L
Holtt,

=oO17e Bowge] A AAe] 2624 FEA 5 uA 79 @
P(CIBr)(BH=0.5)¢] &4 WA YTl theh 2ol

%182 i o] o AAld 124 19 1H NVRell ek o]t}

Eoulbmdo]l o AAd 124 19 GC-MSe] gk 18 o]},

rlo

=19
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T 202 B oubgo] o AA]e 2824 1-1¢ (a) 1H NMR¥} (b) 13C NMRol| i3t
A==

T 218 B owbol o A 284 1-12] GC-MSel thdk 1ot}

=228 ¥ 2o <

o
A Ao 32A] 1-29] GC-MSell W 1o},
T 238 E oo o AAo| 424 1-3¢9 GC-MSo| o3k 1ot}

o242 & EHe ol dEAle]l Agd Atoledsel AW AlEdelAd

I

T 252 B oubwo] o AA]o 524 P(CICI)E 1H NMRe gt 13 o]t}.

T 262 B Wy o] o Ao 624 P(CIBr)e] 1H NMRe ojsh 18 o]},

kT
DO
ﬂ
lo
re
T
ol
Lo
©

A A A]e] 724 P(BrBr)9] 1H NMRo thgk 19 ojt},

Eo28 2 2o 3Fe AAd aEZAEEAC 5, 6, 7)o W

T 292 2 o] 3F9] AHAAd mEAE(AAA 5, 6, 7)) CV (Cyclic
voltammetry) 232 & P(Cl) aL&Ake} Hluste] el Aolt),
T 30> o 359 AAd AFAE(AEAIA 5, 6, 7)9 GIVAXS Z1Ej=

£ P(C1) TEAe} Hlste] e Aol

T 318 K oubmgo] o 2A)o 884 29 1H NMRo| w3t 18l ojt},
T 328 E owigo] o AAd 924 2-19] 1H NMRel| o)t a2 o)},
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o 1024 39 1H NMRo| w3t 13 oju},
of 1124 42] 1H NMRell th3t 1&g ot}
o 1224 2-22] 1H NVRell e+ 1do]u},
of 1324 2-32] 1H NMRol| tha+ Z1go|t},
o 1424 D-22] 1H NVRell g+ 1do]u},

Jol 1524 P(SBO-C1C1)-C89] 1H NMRo| wjgh —1

Jdl 1624 P(SBO-CIBr)-C8¢] 1H NMRe| w3t 1

Jol 1724 P(SBO-C1C1)-C89] 1H NMRo| ojgh —1&

359 AAd TEAS(HAS 15, 16, 17)9] UV

EUS el Zolth: () ZERZIE 89 A

o] AN BEAES(AA G 15, 16, 17)¢] CV (Cyclic

ehdl ot}
AN 15 aEALe] GIWAXS 1l =5 vpebdl Aolot,
o e 1822 P(CI-CIC1)(BDD=0.2)¢] 1H NMRell th3h
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T 452 B e A AAld 1924 P(C1-CIBr)(BDD=0.2)2] 1H NMRel ot
1 olth

T o462 e A AAld 2024 P(C1-BrBr)(BDD=0.2)2] 1H NMRel ot
1otk

o472 B g 3% AAd aEAEEAG 18, 19, 2009 WV
(Ultraviolet)-Vis &4 2FEHE yeld AHolt}: (a) FEEXEE £ A,

(b) 5 FH.

rlo

T 488 E ubg o] 3%F9] AA o nEAE(AAY 18, 19, 2009 CV (Cyclic

voltammetry) L E YELH Ho|t}.

rlo

T 498 B owio] 3F9] Ao nEXE(AAY 18, 19, 20)2] GIWAXS L

K
B
il
-
o
2
N
o,
o

kit
a1
(@)
rlo
re
it
ol
lo

©

A AR 2124 A-29] 1H NMRel ot 1 o] T},

=
Q1
—
flo
e
1
z
of,
o,
©,
>
S~

Joll 2224 P(C1-CIBr)(BHD=0.2)¢] 1H NMRel tjjsk

To52e ool g AAd 2224 P(CI-CIBr)(BHD=0.2)¢] UV
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T 542 B ol o AAldl 232 4] P(CIC1)(BHD=0.2)2] UV (Ultraviolet)-
Vis 55 2~¥9EHS Ueid Zojt: S22 xF &9 JH; IdF .
T 552 2 o 2% AAd aRBASE(AAY 22, 23)¢] CV (Cyclic
voltammetry) ZI#ZE YR Ao|tk:  (a)  P(CI-CIBr)(BHD=0.2);  (b)
P(CIC1)(BHD=0.2).
% 562> B WO 3% AAld AEAES(AAG 22, 23)] GIWAXS L=
& YEd Bolt.

T o578 Boubmo] A AAd 24, 2524 (a) 5, (b) D-42] 1H NMRell o3t

ot

T 582 & o] o AAjo 2624 P(CIBr)(BH=0.5)2] 1H NVRo| st 1

ojt},

T 592 E wwel A AAe 2624 P(CIBr)(BH=0.5)¢] UV (Ultraviolet)-

Vis & =HEHS Uehd Aol 2223 E &9 A 45 4.

=602 ¥ el A g 2624 P(CIBr)(BH=0.5)2] CV (Cyclic

voltammetry) 1 ZE YERA FHo|t),

= 6l B owrge] A AAd 182 A P(CI-CICI)(BDD=0.2)¢] & +% 71

O
N

A

el Folt). (a) AFEE=-HFUT-V) 2832,

(b)

-

IPCE(Incident photon to current efficiency) “L@}3Z;

FAA pATREA F FR(EES HAFHQ

?_
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rlr
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lo
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o
9
rot
=
re
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o
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hass
2
X
[ <
(e
it}
ofl
)
N
)
=2
)
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®
-

[0066] ¥ W ~° A= (Stille coupling)S £ olF =4
2 ¥38t= A19F DI-Al ¥E DI-A1-D2-Al1 %3+ DI1-A1-DI-A2 %9 1&A % 12
25 e THE 2 WA 4, £ 7 WA 12, © 14 WA 15, = 17 Fa). RE
B2 AL B8] stelA FAEAY. FEYSE vEYA AR wARA IT-
4F(CAS: 2097998-59-7)= Z=-2] Sunatech Inc.ZHE U= Aal glo] AFEF
Ak, oo Gy AFHA &= 3, BE FESEAES AldrichZ2H-E FYE o

A fhol ARE-E AT

[0068] <A A4 1> B2 19 34

[0069] - 1: 3.4-yE=2ZAto]ode] Alx [= 1 331
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[0070] 10-20mL w}o]S =H|3Fc}. 3.0 g (12.40 mmol)o] 3,4-t]H 2R A}
ole#l, 3.68 g (37.2 mmol)®] @st++2](1), 183l 9.3 mLe] ¥ fHeZEoln}
o= (DMF)E YL, F74S 798 (Capping)dttt. W E= (Bubbling)o] A71A] &S o

7FA] ok 158 =oF MFL v, F4A X8 F Vial-assisted "o AZ Yol H&E

2

165 ColA 117 W@t EFES AeolE(Celite)® F3A1A HE(filter)
@b 9o BAL 2 o wEse] Ak, guE AAT F AL AgAA

A7 A A4 a2etEyE AASck, 1.08 ¢ (7.06 mmol, Y: 57.0%)¢ F+A 9

3

oS 453kl 1H NMR (400 MHz, CDCI3): & /ppm 7.22-7.21 (s, 2H) [&= 18 %

3], GC-MS (m/z): C4H2C12S calc. 153.02, found 152.0 [= 19 1],

[0072] <2 A ¢ 2> 2 1-19] A

[0073] B 1-1: 2,5-fyHB2H-3 4-tJF22Alo]ode] Ax [& 1

[0074] 50mL 27+ Z2}A=AE EH[FT. EFeks=el 0.55 g (3.60 mmol) 2
T 1, 10 mLe] SFE2Z¥XE(CF), 10 mLe] oA"Y A= (Acetic acid)E Wil nL
ghatth, 1.28 g (7.19 mmol)e] N-BZRA AW =(NBS)S ¥ o]F¢ 297] 3
L5AIZE &t reflux  ®Egeth. B IZ2rEIHI(TLOE  EUHY
(Monitoring) ¥ ®WF&S A FEwHIO]ZFH Yo E(Sodium bicarbonate) ¥3} Fgdow

FAWY. (Fo2 35, §9 AA F A4S AgHA st A AY A2vHEY
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2 AAs}. 1.08 g (3.50 mmol, Y: 97.2%)¢] T oL =3k, 1H NMR (400

MHz, CDC13): & /ppm 12 [% 20-(a) #Far]. 13C NMR (100 MHz, CDC13): & /ppm
126.01, 107.50 [%= 20-(b) Frar]. GC-MS (m/z): C4Br2Cl2S calc. 310.81, found

310.0 [&= 21 #ar].

[0076] <A A)d) 3> R 2-19] 3A

[0077] Ex=m 2-1: 2 3 5-EgJHER-A4-F22A}ojede Ax [ 1

2311

[0078] 250mL 2 Ee}A=E EHIRT. Eek2=0 5.10 g (43.00 mmol) 2]
3-ZEZEAtoledl, 45 nLe] tholAk(Dioxane)S ¥il wRkekth. 8.7 ml (168.0
mmol)¢] B Z% (Bromine)S 3 WHol Wil o]F& H97] & 2477 Bk 7022 7}
AJ3lt}. Ice bathE A A8le] AF vlo]7bH Ul E(Sodium bicarbonate) ¥3 &
NG Yol vhaS T4, (Fez F=, & AA 5 ks A& A7t

A AH F2utEyR AAS, 12.98 g (36.55 mmol, Y: 85.0%)° FA w53

i
ot

S FE3T. GC-MS (m/z): C4Br3Cl11S calc. 355.27, found 354.0 [% 22

e

al.

[0080] <A A]d 4> 2xv 3-19 A

[0081] Fx=m 3-1: 2.3, 4, 5-HEgtHE2H-Alo]o o] AX [ 1

o
k!
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[0082] 250mL 27 &}~ AE FH|sH, Z82Fol 3.62 g (43.00 mmol) 2]
Alol @3, 45 mLe tho]2AF(Dioxane)S ¥ wykstth, 11.1 mL (215.0 mmol)2]

B 29 (Bromine)< 3+ W

2

] 1:(_;1 01_1%_% %51347] 5‘]_ 24/\]2_]’ %(ﬂ' NEe= 7]'02:]:_]_“4

[0

[ce baths A Adte] AF vlo]7FRU|o]E(Sodium bicarbonate) ¥3 F8&HS ¢
HHs-S F43t). (Foz F&, 8v AA & dis ALEsiA Agar 4 A4
azutEy 2 AA s, 16.80 g (42.05 mmol, Y: 97.8%)¢ M nisd AAHS

E3ch, GC-MS (m/z): C4Br34S calc. 399.72, found 400.0 [% 23 Za1].

[0084] <2 A4 5> EA}F P(CIC1)Y A

[0085] a1+-#F P(CICDH): P(CICHS w39 [= 2 FHar]

[0086] 10-20mL H}o]S =H|stt}. 31.1 mg (0.10 mmol)e] R =™ 1-1,
90.4 mg (0.10 mmol)e] ®Wxm D-1S Z}z} ¥+=t}. ©o]ojA 8.0 mg (0.006925 mmol,
6.925 =%)°] Pd(PPh3)4E Wil F74= AP (Capping) b, g/dHolM 1A
Hkskt), A4 %3 o] 3.0 LY 5 EFM(Toluene)= Y3l WE7 (Bubbling)

of A71A &5 W7HA o 10% st Aee FHevh. A4 A F 1107 ColA 34

AR 30 &9t A=A RITE. o]oj A 0.20Le) 2-(EFEard)Aol oS ¥
IAIZE 307 o =gt ALow As|a WeLd ™ At ZFF
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oLAlEH| 01 E,

g

’

s

S A
’ 1

o} A =

ofy

) &t

=

Tio

BAE

=

(Thimble)®ll

29 g 22

v

gEz2ue fgE=E=2

B

M

o

il

o A 50

-
53t

2=
T

t}. 47.5 mg (Y: 65.0%)2 B3 AA(powder)E

!

N
T

o7

o

o

T CE 24A%F

§/ppm [%= 25 Far],

h. 1H NMR (400 MHz, CDCI13):

[0088] <A A4 6> 3182 P(CIBr)e A

P(CIBr)¢] =3 [+ 3

[0089] 31+#F P(CIBr):

t}. 35.53 mg (0.10 mmol)e] HEx=w 2-1,

Els

[0090] 10-20mL. H}o]e+S ZFn]

o]oj A 8.0 mg (0.006925 mmol,

90.4 mg (0.10 mmol)<]

g2 eol A 1A17F L

(Capping) gHt}.

Y

78

TC [e]
9y F4E

=
=

6.925 =%)2] Pd(PPh3)4

of 3.0 mLY ¥4 EFA(Toluene)S Yl ¥ L% (Bubbling)

A
T
ol
=

Al 0.1mLe] 2-H 2 HA}o] Q.

=
=

)

Pl
o]

B!

T

B~
i

ofAE| o] E,

g

’

<

S A
’ 1

oA =

T

B!

23 1y

hyA

gEz2ue ==
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oA 50

s

=t
T =

o1 Z}H(powder ) =

© A
LU |

T}, 54.5 mg (Y: 70.4%) 9 &

ol

N

e
o7

o

o

T CE 24A%F

th. 1H NMR (400 MHz, CDCI13):

[0092] <A A& 7> 3182 P(BrBr)9 A

P(BrBr)2] =3 [&= 4 Zha1]

[0093] 31+AF P(BrBr):

t}. 40.0 mg (0.10 mmol)9] REx=m 3-1,

@,

[0094] 10-20ml. H}o]tE ZFH]

o]oj A 8.0 mg (0.006925 mmol,

=

T

90.4 mg (0.10 mmol)<]

&7 el 1413 2

(Capping) gHt}.

Y

[e}

T o
Hai F4s A

=
=

6.925 =%)2] Pd(PPh3)4

of 3.0 mLY ¥4 EFA(Toluene)S Yl ¥ L% (Bubbling)

A
T
ol
=

Al 0.1mLe] 2-H 2 HA}o] Q.

=
=

Pl
o]

B
i

ofAE| o] E,

g

’

<

B

X

’

oA =

’

ofy
m

o]

=

T

BAE

=

(Thimble)®ll

B!

23 1y

v

gz e, gEas

o A 50
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°CR2 24AZF &9 AX3T. 39.9 mg (Vi 48.8%)9] =54 AAH(powder)E 53

t}. 1H NMR (400 MHz, CDC13): & /ppm [%= 27 Frai].

[0096] <A A]d] 8> Hx=r 29¢] 34

[0097] B 2: 2-H 2 H-3-26] Alo]o#e] A X [& 5 Zal]

[0098] 500mL 27 Zet=as A& B Ao Aed. dag97] sholA
10.0 g (50.96 mmol)9] 3-=¢ Atojed, 9.06 g (50.96 mmol)2] NBS, 18]al 270
mLe] ¥4 FRRIEE-OPNEAv/v, 1:1)E Yeth ALolA 12417 ankekrh(o]
T AH f5A). TLCE wks-o] 7F= A4S monitoring b, AF Hpo]7lH Y| o]

a3, 23 222

ke
ul(f
ftlo

E(Sodium bicarbonate) ¥3} Fg8MNS Ho] nk-SS

of\

do] 3 oA FEHFAL [f7]5S vlavlg A o]E (Magnesium sulfate)@® &
AAG. &ulE AAT F AES AMRA Aelrt A A9 A2vtES R GAT
T}, 13.53 g (49.15 mmol, Y: 96.4%)°] A%t =2 oilS f=vk. 1H NMR (400
MHz, CDC13): & /ppm 7.19-7.17 (s, 1H), 6.80-6.78 (s, 1H), 2.58-2.54 (m, 2H),

1.54 (m, 2H), 1.32-1.27 (m, 10H), 0.90-0.86 (m, 3H) [%= 31 Frar].

[0100] <A A 9> Exm 2-1¢] A

[0101] 2™ 2-1: 5,6''-fjHBW-3' 4'-tFZ2 24 4" -] FE-

91-35



2020-02-20

[0102] 10-20mL H}o]2-& F=H|3kc}. 153.0 mg (1.0 mmol)e] X x=w 1, 1.1
g (4.0 mmol)e] Ex=w 2, 11.0 mg (0.05 mmol)2] Pd(0Ac)2, 495.0 mg (4.0 mmol)

o] Ag20, Z2e]lal 5.0 mLe YuEMdFALEDMSO)E Yar, 5745 713 (Capping)

v}

ghth. W EZ% (Bubbling)o] A71A &S wi7hA] o 15E F

2

e3e Fdeg. da
A8 5 85 CollAl 10A1%F wkg-gtth, £3kES Ao E(Celite)E EHAA HH
(filter) &, &wiE AAT F Azt @A o] Agto=w AEsr A A7 3
2rlEy 2 AAETE. 384.7 mg (0.55 mmol, Y: 55.0%)¢ F3A uAZS A=r)

1H NMR (400 MHz, CDC13): & /ppm 7.14 (s, 2H), 2.58 (t, 4H), 1.63-1.61 (m,

4H), 1.34-1.28 (m, 20H), 0.90-0.87 (m, 6H) [%= 32 Far].

[0104] <2 A ¢ 10> 2= 39 A

[0105] - 3: 2-EgWEyE4-LEAlo]od X [E 5 Fa1]

[0106] 250mL 27~ Ee}=3E g B Ah A, AAE97] Shel A
5.0 g (25.5 mmol)2] 3-&E Ale]edl, 100.0 mLe] F4= HEZ}slo] =25 2H(THF)
S ¥ wdkelEA] 78 2 WYJzbsith. 307 &% A %o 10.2 mL (25.5 mmo
DY n-FEaE (2.5M A2 gM)S =251 HYll(dropping funnel)o] 23 ¢F 10
S HHB] Ap. Aol 3AIZE Wtk AF vlo] 7R Y| o] E(Sodium
bicarbonate) X3} F&HE Yol WS FAFTE. £ A EHoAHCOIE(E.A)S

do] 3 o] FEot Frlss vhdle A¥lo]E(Magnesium sulfate) & 3

91-36



2020-02-20
AA 5 &ulE AATS. 7.05 g (19.635 mmol, Y: 77.0%)¢ ==t oilE

Y=}, 1H NMR (400 MHz, CDC13): & /ppm 7.26-7.21 (s, 1H), 7.10-7.00 (s, 1H),
2.66-2.64 (t, 2H), 1.66-1.63 (m, 2H), 1.36-1.28 (m, 10H), 0.93-0.86 (m, 3H),

0.42-0.36 (m, 9H) [%= 33 Frar].

[0108] <A Ald] 11> RxH 49 A

[0109] -1 4: 3'-BHR W A4'-F232-4 4'"'-t]2E-2 2':5' 2''-F EA}o]

ol Az [& 5

e

F31 ]

[0110] 10-20mL wv}o]ehS FH| STl 355.27 mg (1.0 mmol)9] Ri=w 1-2,
1.44 g (4.0 mmol)e] Ex=m 3, o]ojA 40.0 mg (0.034625 mmol)2] Pd(PPh3)4E ¥
o, Z2Ea 15.0 nLe] ¥4 EFA(Toluene)E ¥, 742 74 (Capping)dct.
HE% (Bubbling)o] 4714 &5 wWi7bA of 158 ¢k IS #Fev. dA 2§
% Vial-assisted wlo]aAZgo]B 2 120° ColA 1AIZF ¥H-g3it}, Z3E2S Aol
E(Celite)s SHAIA FE(filter)stty. &wlE AAT 5 Hglgtel] ©A shof
gxoz Ayt A AW F2ulEa R AASh, 363.4 mg (0.62 mmol, Y: 62.0
P)o] =gk uAE A=k, 1H NMR (400 MHz, CDC13): & /ppm 7.30 (s, 1H), 7.24
(s, 1H), 7.00-6.98 (s, 2H), 2.63-2.54 (t, 4H), 1.64-1.60 (m, 4H), 1.32-1.27

(m, 20H), 0.90-0.84 (m, 6H) [%= 34 Fa1].
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[0112] <AA]d] 12> B 2-29] 34

[0113] =% 2-2: 3' 5.5'"'-Eg|HERA'-FEZA4 4'"'-T]SE-

[0114] 10-20mL wlo]&+S =H|Skt}. 363.4 mg (0.62 mmol)e] X=m 4,
0.33 g (1.86 mmol)®] NBS, Z¥]il 10 mLe] Y EREXE-MEA(v/v, 1:DS
Yk Aol A 1241%F wkgth(ol e A f§A4). TLCE ¥hEo] Tk RE S
monitoring 3%+tF. AF HFo]ZFHU]o| E(Sodium bicarbonate) X3} =8NS o

H

) 7 FEREIEL Yol 3H o)X F=stu F7]=L nladls

TAT.

i

S
=

olo
ofN

A o] E(Magnesium sulfate)Z - A ASH. &ulE AASE & A4S ALl A
A7t A A9 FEvtE R AA S, 409.17 mg (0.55 mmol, Y: 88.7%)2] %%k

=gk uAE derk. 1H NMR (400 MHz, CDCI3): & /ppm 7.18-7.12 (s, 2H),

I

2.71-2.56 (t, 4H), 1.60 (m, 4H), 1.33-1.29 (m, 20H), 0.90-0.87 (m, 6H) [%= 35

o

arj.

[0116] <A Ao 13> Exw 2-3¢] A4

[0117] == 2-3: 3'.,4' 5,5""-HEZHERA 4''-T]LE-

[0118] 10-20mL nv}o]e+S FH|3h}l. 241.93 mg (1.0 mmol)e] 3,4-TjH 2R

Atolodl, 1.1 g (4.0 mmol)9] Ex=m™ 2, 11.0 mg (0.05 mmol)2] Pd(0Ac)2, 495.0
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mg (4.0 mmol)®] Ag20, 1¥]al 5.0 mLo] YHEHZAI]E(DNSO)S Y, 4%

©

-
A&

ftlo

743 (Capping) ¢th. ¥WE7 (Bubbling)o]l 714 & wWi7hA] °F 158 &

L2)
rlr

o A Agk F 857 CollAd 10413t Rbg@y. EdtEs Aol E(Celite) &
THAA FE(filter)@rh. &WE AAZ F ATl @A st fitow Ay
7t A A7 A2vtEgR GAgrh. 533.7 mg (0.677 mol, Y: 67.7%)9] =4 1
AE dETh. 1H MR (400 MHz, CDC13): &/ppm 7.17-7.15 (s, 2H), 2.60-2.56 (t,

4H), 1.60 (m, 4H), 1.33-1.26 (m, 20H), 0.90-0.87 (m, 6H) [= 36 FaL].

[0120] <A A o] 14> B 2-39] A

[0121] ®xm D-2: 2.6-H|A~(EgWEE)-4 8-1](5-(2-F-E2E)Alo] @ 3i-

2-U)- WZ[1,2-b:4.5-b' Aol o] AX [= 6 Fral]

[0122] 100mL 37 Ze=3E A 2L A 233, AALEH7] oA

3.89 g (5.6 mmol)9] 4,8-T](5-(2-5 €28 )A}o

to
i

ftlo
ol
=l
=l
rE
Q‘L
(g
X
o
(@]
tt

yzbsit}h, 308 &% $% Zo 5.0 mL (12.5 mmol)e n-HdEE (2.5M @Ak

op

o) g

Iy

&3 ¥ (dropping funnel)ol] ¥ i oF 5% =t 3] Hrisit}. A

AN A 3AIZE Wb ohA] 00 CE WY7ztbekal

w
S
M
rfo
o
Ho
N
o
w
I3
—
=

&
[
)
=2
i)

B Zzeols (1.0M 8t go)

ftlo
r
[
=2
Ll
k]
w
S
M
rlo
oy
Jo
N
o
o
rfo
=2
2
oo
>
R

wRket, =3 itk Yol 3W ol FEstal wUlTE vhadle AioER

B A A, 5.96 g (4.47 mmol, Y: 79.8%)¢ E#<% oil

ff
1o
e
)
)—A
jmmi
=,
=
=)
i~
(e}
()
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MHz, CDC13): & /ppm 7.70-7.63 (s, 2H), 7.38-7.37 (s, 2H), 7.24-7.20 (s, 2H),

3.0-2.94 (t, 4H), 1.74-1.72 (m, 2H), 1.74-1.70 (m, 8H), 1.62-1.17 (m, 60H),

0.90-0.87 (m, 30H) [%= 37 #a1].

[0124] <A ¢] 15> &2} P(SBO-CIC1)-C8] &4

[0125] a1 &%} P(SBO-CIC1)-C8: P(SBO-CIC1)-C8¢] =3t [&= 7 Zha1]

[0126] 10-20mL H}o]&+S& FH|3t}h, 69.95 mg (0.10 mmol)e] Xxm 2-1,
133.3 mg (0.10 mmol)9] =™ D28 ZHz} d=t}. o]ojx 8.0 mg (0.006925
mmol, 6.925 &%) Pd(PPh3)4E ¥ il 574 73 (Capping)dttl. ZFArejolA 1

AZE adEth, "4 Z3 Fo] 3.0 mLe ¥4 EFA(Toluene)S Y ®EH

oS Wi IARE 30 st A=A RY. A2ow As|al wEgsd Hd A

o}, ZF 5 (Thimble)o] AEAE YWil HES olAME ik od ol olE, T

Z2ueh, OFEaxag T FRERIAXE Fo8 £E5Y FE5 T AT

o

L 7o BHAA S ofstele st sol M FEH T, 55 TRl g
g SPE gAskel Aske MEer ARAdc. By F AFeBAA 500 C2

24X 7F B AxFch. 99.2 mg (V: 78.8%) 9] Wk ARt (powder)E F53HCh. 1H
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NMR (400 MHz, CDC13): & /ppm [&= 38 Fai].

[0128] <2 A4 16> &2} P(SBO-C1Br)-C8¢] $HA]

[0129] 1A P(SBO-C1Br)-C8: P(SBO-CIBr)-C82] =3 [%= 8 Zhir]

[0130] 10-20mL H}o]&S FHIgTE. 74.4 mg (0.10 mmol)9] H=w 2-2,

133.3 mg (0.10 mmol)9] XEx=w

)

28 z}zb di=t}. o]ojx 8.0 mg (0.006925
mmol, 6.925 &%) Pd(PPh3)4E ¥ il 5742 73 (Capping)dttl. ZFArejolA 1

Al

~
=1
r]I
ol
i)
i,
b
ﬁ
riet
ol
w
(e}
=
o
0
.

ZFad(Toluene)S Y11 HEH

Z2ueh, OFRaxag T FRERIAXE Fo8 £EY FE5 T AT

e
£

Zyo] o] oyl 7l Slo| A FEHE I, 53 SRZEF SIH
B2 SPE AGA|sto] A7k wlebE=Z AF A, 9y &, JAFo oA 50° C=
A7 EoF AxsTF, 100.5 mg (Y: 75.2%)¢ FaM A2 (powder)S FE3H},

IH NMR (400 MHz, CDC13): & /ppm [%= 39 Frai].
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[0132] <& Al 17> &2} P(SBO-BrBr)-C8<] A4

[0133] 31+AF P(SBO-BrBr)-C8: P(SBO-BrBr)-C8¢] 3% [&= 9 %]

[0134] 10-20mL w}o]eS F=nH]E}. 78.84 mg (0.10 mmol)9] = 2-3,
133.3 mg (0.10 mmol)®] Rx:=m D-2& z}z} Q@i=th. o]ojx 8.0 mg (0.006925
mmol, 6.925 =%)° Pd(PPh3)4E Y1 F74-5 713 (Capping) Ttt. - FeH A 1
AZE agkgkth, "4 X3 SO 3.0 mle] ¥ =F<A(Toluene)S Yl HETY
(Bubbling)e] A71A] &S w74 oF 108 <t &S Fevh. A4 A3 F 110

T ColA BARE WMEHTH WS EF mebelA B mem HEsh Fohq: 3

o). 2F(Thinble)o] nEAE Pa g, ofdlE, 94, old olalele]=, ©)2

ZEdg, 22z O3 FEIIE £

+
3

Zkol g Ao of 3l 2het 5f
E4E& SPE AASte] Ap7be derg2 A st dE $ 1F3 B4 507 C=2
24X 7y Bt AxFTE. 71.5 mg (Y: 51.6%)9] HSM dA(powder)S F53v). 1H

NMR (400 MHz, CDC13): & /ppm [%= 40 ZFaL].
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[0136] <A Al 18> :E=}F P(C1-CIC1)(BDD=0.2)¢] &A

[0137] a1+#F P(CI-CIC1)(BDD=0.2): P(CI-CIC1)(BDD=0.2)¢ T [%= 10

[0138] 10-20mL w}o]dS +=H|3t}. 49.73 mg (0.16 mmol)e] Ex=w 1-1,
30.67 mg (0.04 mmol)®] Fx=w A-1, 194.7 mg (0.20 mmol)®] ®x=m D-3& Z+z+
Y=}, o]ojA 16.0 mg (0.01385 mmol)e] Pd(PPh3)4E ¥ i F74S 743 (Cappin
gttt FAEfel A 1A wdkskth, A X3 $o] 3.0 mLe] FF =574
(Toluene)& ¥al HE% (Bubbling)o] 717 &< wW7b+] of 10% ¢t dee &

o g A F 1100 ClA A7 S @Y g £F ey e o

22 FAA AADT. Aze] BN Bl 729 Sol A BEHH L, 53

AFQE A 50° CE 24A17F o AX3ch. 171.5 mg (Y: 77.6%) 2] Kz} 1z}

(powder)E 53tth. 1H NMR (400 MHz, CDC13): & /ppm [&= 41 Fral].
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[0140] <2 Ao 19> ¥} P(C1-C1Br)(BDD=0.2) 2] A

[0141] 3132} P(CI-CIBr)(BDD=0.2): P(CI-CIBr)(BDD=0.2)°] F3% [% 11

[0142] 10-20mL w}o]&S F=H|ST. 56.84 mg (0.16 mmol)e] H:=m 1-2,
30.67 mg (0.04 mmol)®] Fx=w A-1, 194.7 mg (0.20 mmol)®] ®x=m D-3& Z+z+
Y=}, o]ojA 16.0 mg (0.01385 mmol)e] Pd(PPh3)4E ¥ i F74S 743 (Cappin
g)tt}. FFAE A 1AZE wpkeit, A4 X g Fo] 3.0 mLe] F¢ B4
(Toluene)= L HET(Bubbling)o]l A71A && wW7kAl oF 10% &+ W&s 3

o g A F 1100 ClA A7 S @Y g £F ey e o

22 FAA AADT. Aze] BN Bl 729 Sol A BEHH L, 53

AFQE A 50° CE 24A17F 5o AX3ch. 183.3 mg (Y: 81.9%) 9 Kz} <z}

(powder)E 53tth. 1H NMR (400 MHz, CDC13): & /ppm [&= 42 Fral].
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[0144] <2 Ao 20> 32E¥A} P(C1-BrBr)(BDD=0.2)¢] A

[0145] 3142} P(CI1-BrBr)(BDD=0.2): P(C1-BrBr)(BDD=0.2)°] F3% [% 12

[0146] 10-20mL w}o]2S F=nH]E}. 63.96 mg (0.16 mmol)9] F:=w 1-3,
30.67 mg (0.04 mmol)®] ®%=m A-1, 194.7 mg (0.20 mmol)e] Exw D-3& z}z+
Y=tk o]ojx 16.0 mg (0.01385 mmol)®] Pd(PPh3)4E Yil F74<5 773 (Cappin
g) el WAFAAE oA 1A maketh, A4 A3 Fo 3.0 mLe F4 Bl
(Toluene)& Wil BE% (Bubbling)o] A71A] & wW7b4] of 10% &< & 3

o g A F 1100 ClA A7 S @Y g £F ey e o

22 FAA AADT. Aze] BN Bl 729 Sol A BEHH L, 53

QB A 50° CE 24A17F ZoF Ax3ch, 109.0 mg (Y: 45.4%)¢] HopA Azt

(powder)E 53tth. 1H NMR (400 MHz, CDC13): & /ppm [&= 43 Fral].
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[0148] <A A o] 21> B A-29] FA]

[0149] =] A-2: 1.4-TlH 2w -9 sulA((2-aa g2 A uAle] A%

b

[= 13 a1

[0150] 100mL 27 Ze}x~38 AF 9 A x3ksi), A2AE9 7] &loA
1.75 g (6.53 mmol)e] 2,5-ty]B.2FHlA3} 500 g (16.375 mmol)2] 2-AHA H
Fulol=, 5.44g (39.36 mmol)®] T4k ZHF (Potassium carbonate), 22 mLe] F=

U H g L2 olulo] = (Dimethyl formamide, DMF)E Y1 wwhshHAl BE2 (Bubblin

ul(f
o
il
w0
L
o
0%
A
il
ol
k]
:{o
~
of\
ftlo
=)
I
=
)
1
5
o
[t
=
)
0q
=
3
=
=)
w
=
&
e
il
S
M

Th. 2.95 g (4.12 mmol, 63.1%)9] FA 2<AU(oil)S F53Fct. 1H NMR (400 MHz,
CDC13): & /ppm 7.07 (s, 2H), 3.82-3.80(d, 4H), 1.79 (m, 2H), 1.56-1.28 (m,

48H), 0.89-0.86 (m, 12H). [% 50 Zrar].

[0152] <A A4 22> 31¥2} P(C1-CIBr)(BHD=0.2)<] ¥4

[0153] 3142+ P(CI-CIBr)(BHD=0.2): P(CI-CIBr)(BHD=0.2)% =& [%= 14
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[0154] 10-20mL H}o]&S F=H]ET). 28.42 mg (0.08 mmol)e] Wi=w 1-2,
14.31 mg (0.02 mmol)9] Ex=™ A-2, 97.3 mg (0.10 mmol)®] 2 x=w D-3& Z}7z} ¢
=t o]oAl 2.0 mg (0.00173125 mmol)©] Pd(PPh3)4E Y1 F74< 74°F(Cappin
g)%th. FFAE A 1Az mRksit, A4 X3 Fo] 3.0 mLe] F Bl
(Toluene)S ¥il HE9 (Bubbling)o] A71A &< wi7bA] ¢F 101 &<t & &

=0, "dA A3 5 1100 ColAd 3AIZF whe-sith, WS =5 g Alo A HeA 1

TS SalA GAST. e oA of S 3t StollA wFELL, 53
FEEXF &3fd =4 SPE AAlst] Ak WEgeEE ARdEH. Y $,
2T B A 500 C&E 24A7F B9t A=t 49.0 mg (Y: 65.0%) ¢ B3 ¢z}

(powder)E F~53tt}l. 1H NMR (400 MHz, CDC13): & /ppm [%= 51 Zar].

[0156] <@ Al¢] 23> a¥-2} P(CIC1)(BHD=0.2)¢] A

[0157] 21 Ex} P(CIC1)(BHD=0.2): P(CIC1)(BHD=0.2)2] =3} [&= 15 1]
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[0158] 10-20mL H}o]&S F=H]ET). 24.87 mg (0.08 mmol)e] Wi=w 1-1,
14.31 mg (0.02 mmol)9] Ex=™ A-2, 90.4 mg (0.10 mmol)®] 2xw D-1& Z+7F ¢
=t o]oAl 2.0 mg (0.00173125 mmol)©] Pd(PPh3)4E Y1 F74< 74°F(Cappin
g)%th. FFAE A 1Az mRksit, A4 X3 Fo] 3.0 mLe] F Bl
(Toluene)S ¥il HE9 (Bubbling)o] A71A &< wi7bA] ¢F 101 &<t & &

=0, "dA A3 5 1100 ColAd 3AIZF whe-sith, WS =5 g Alo A HeA 1

TS SalA GAST. e oA of S 3t StollA wFELL, 53
FEEXF &3fd =4 SPE AAlst] Ak WEgeEE ARdEH. Y $,
2T B A 500 C&E 24X 7F B9t A=x3ch, 40.7 mg (Y: 60.8%)°] He ¢zt

(powder)E F~53tt}l. 1H NMR (400 MHz, CDC13): & /ppm [%= 53 Zar].

[0160] <& Al¢] 24> 2w 59] FA

[0161] 2™ 5: 1.4-TB 2% -2 S|~ 2-AN A AR Ax [= 16

[0162] 100nL 27 Fe}»=a8 A% ¥ Ak AFAch ARRA7] s
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1.75 g (6.53 mmol)®] 2,5-H{B 2R} 2.70 g (16.375 mmol) 9] 2-34 H=n}

o]= 5.44g (39.36 mmol)e] ¥rXF Z-HE (Potassium carbonate), 22 mLe F<= U]
g ¥ Solulo] = (Dimethylformamide, DMF)E Wil XHFsPHA B E3 (Bubbling)©]
A7 A el 74 oF 108 &< XS Fevh. A4 X8 5 1207 CollA 48A]%F
gt SRS SREEES WAl WS TATY. SR FREEFOR
3H ol FE3ta F7]5S vtavlg Auo]E(Magnesium sulfate)@ 3 A A3k

o e AAR F s ARSSiA Aegt A AR ARvEg R YA,

J

2.28 g (5.23 mmol, 80.1%)2] FA I AE 453t} 1H NMR (400 MHz, CDCI3): &
/ppm 7.08 (s, 2H), 3.96-3.93 (d, 4H), 1.82-1.76 (m, 4H), 1.48-1.46 (m, 4H),

1.37-1.32 (m, 8H) 0.93-0.89 (m, 6H) [= 57-(a) L],

[0164] <A A o 25> Rx=1 D-49] A

[0165] 2™ D-4: (2,5-H]A(ANA KA1 4-Hdd)H]| A~ (E e ~HY)

oo Az [&= 16 Far]

[0166] 4153 S35 AF L AL X3sry. AAEL 7] slellA 0.5
g (1.15 mmol)9 ®xw 53} 4 mlLe 4 HEZSIO|=EE2FH(THF)S Y1 unks)
WAl 78" C=2 WZFstt}, 308 =% 4 Fol 1.0 mL (2.52 mmol)¥] n-H-¥il&F

(2.5M AF &N)g 5 &F A3 Ak, 908 2% FA4 F 2.87 Lo Eg

HEE Z2go]= (1.0 M HEZSo|=2FF £94)S 105 5o HIH3] H7ista
At A RS &v 158 B wwetl. &WE A AT F ik fajA)A X
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S FAysta dere®E AQAASC. 0.48 g (0.79 mmol, 69%)¢] MM AXHS 4=

A&

[‘UO

53kth. 1H NMR (400 MHz, CDC13): & /ppm 6.90-6.77 (m, 2H), 3.95-3.85 (m, 4H),
1.78-1.70 (m, 4H), 1.50-1.42 (m, 4H), 1.39-1.30 (m, 8H), 0.96-0.86 (m, 6H),

0.33-0.19 (m, 18H). [%= 57-(b) FraL].

[0168] <A Al 26> 3172 P(C1Br)(BH=0.5)9] 343

[0169] 1=+ P(CIBr)(BH=0.5): P(CIBr)(BH=0.5)¢] <3¢ [%= 17 Fal]

[0170] 10-20mL #H}o]dS FH|stt}. 35.53 mg (0.10 mmol)e] E v 1-2,
30.20 mg (0.05 mmol)®] =X A-2, 45.2 mg (0.05 mmol)e] Exm™ D-12 Z+z 4

=1}, o]oJA] 2.0 mg (0.00173125 mmol)9] Pd(PPh3)4E 4

E
-
oY
ftlo
i)
ot
)
&
(]
=
=

)3}, JFgAeol A 1AZF muret). HA A3k $o] 3.0 mLe FF EF4
(Toluene) S Y3l WEF (Bubbling)o] A71A] &S wj7bA] oF 108 &< IS F

o Aa AR 1007 ClA A7 ST WS £F wehdo]n Hed
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W=7

t}. 33.7 mg (Y: 48.7%)<]
§/ppm [& 58 Fa1],

T

T

oA 50° C& 24X7F Eot Ax

[0174]

T

37 \=]
X

]

(powder)E FE3kc}. 1H NMR (400 MHz, CDC13):

24 zka1]
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i=]
RN
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9|2 Stal, F 3T Eav
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T

Adol mig- 7] wiEol

T

o I R <

°©

DFT(Density functional theory) A4t

=i
=

bo] Tz 243}

[}
HHE=2Y . HOMO, LUMO

H| 1l

2o S L0 =917

Th-FFe} Bv]aus)x Th-CICI

5

]

T O
i

F7}

]
K

ol

0

il

ol

shs} 2

=N

A=2F A7) E3F 2.1167 DA 9F 0.24 o)A
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of Hobd AL el ZE|e] 4 nRAS VE & glrke o A,

[0176] o]%F =4 P& &3} A LEAES] 54 £4

[0177] 2 E8A =] B E4

(o3

[0178] 7] §AE nEAES Tz Wl W 5% 54 B4 59
o}, FH T 222 (Number average molecular weight, Mn), S%HH S22 (Weight
average moelcular weight, Mw) % ©&#2FX]4=(Polydispersity index, PDI)¢} %

A 2

SEE

rlo
ke

5 A8 GPC(Gel permeation chromatography) 57 ° %

M

a

= At

[0179] [3% 1]

T Mn(Da) Mw(Da) PDI
P(CICI) 20,555 45,426 2.21
P(CIBr) 22,205 54,624 2.46
P(BrBr) 16,112 46,564 2.89

P(SBO-CIC1)-C8 19,350 75,659 3.91
P(SBO-C1Br)-C8 18,905 60,496 3.20
P(SBO-BrBr)-C8 15,120 52,920 3.50
P(C1-CIC1)(BDD=0.2) 27,890 54,386 1.95
P(C1-C1Br)(BDD=0.2) 25,390 54,081 2.13
P(C1-BrBr)(BDD=0.2) 21,433 56,369 2.63
P(C1-C1Br)(BHD=0.2) 27,009 65,092 2.41
P(CIC1)(BHD=0.2) 23,500 58,760 2.50
P(CI1Br)(BH=0.5) 25,600 76,544 2.99

[0180] s1At=e] ~gote - d7]sters] 54 [&= 28-(a.b). 29, 41, 42,

43, 47-(a,b), 48, 52, 54, 55, 59, 60 Fil]
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[0181] 47| e ALZA=e] +x4 Wt ma Fshy - dr|gted =
A BAS Egdrt. HOMO(Highest occupied molecular orbital), LUMO(Lowest
occupied molecular orbital) 2 HI=724(Eg»t)¥} & EAEL UV(HP Agilent 8453
UV-Vis spectrophotometer )@} CV(Znahner IM6eX electrochemical workstation) =
oz St A7 FAHE LEAEY MERL 1239/ honset S F3 Al4HS)

ol

N, =A Ao H=ZA waFE9(E1/2, ferrocene)= A aiEate] 24 wl

)
AN

A 0.48 eVoz SAHHJY. olE v H7|&SHA[EHOMO = -4.8-(Eonset

-E1/2, ferrocene)lo] =A% A3} onset oA (Eonset)dty A =915

kl
a

A= 9] HOMO i Al =95 44 T8k, (& 2 #Fa1)
[0182] [%& 2]
T HOMO(eV) LUMO(eV) Egopt

P(CICI) -5.62 =-3.72 1.90

P(CIBr) -5.64 -3.66 1.98

P(BrBr) -5.65 -3.63 2.02
P(SBO-CIC1)-C8 -5.57 -3.70 1.87
P(SBO-C1Br)-C8 -5.59 -3.69 1.90
P(SBO-BrBr)-C8 -5.62 -3.52 2.10
P(C1-C1C1)(BDD=0.2) -5.71 -3.85 1.83
P(C1-C1Br)(BDD=0.2) -5.67 -3.83 1.81
P(C1-BrBr)(BDD=0.2) -5.73 -3.86 1.86
P(C1-C1Br)(BHD=0.2) -5.70 -3.64 2.06
P(CIC1)(BHD=0.2) -5.66 -3.75 1.91
P(CI1Br)(BH=0.5) -5.75 -3.79 1.96

[0184] ©]% =7 A& &3 A7 DRSS W B4

[0185) nFA=2] A4 2 ujgk EA [%= 30, 43, 49, 56]
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[0186] A7) dAE EAES %% wWslo wel two-dimensional

grazing-incidence wide—angle X-ray scattering (2D-GIWAXS)Z ZAA 9 nwjsF EA
S BASAY. 2 D-1S T §Yo =z ¥3eE ol A U4AUF XEE

Atoledl 7lgke]l nRAEL Tl Rz Clo] X|ghd Afe]l o] Hjs] ZAZA o

e
ojrt
ol
o
ox
i
rlr
S,
lo
H
=
Au)
by
au)
i
o,
o
o,
o
flo
sl
e
0
=

~
@
@

g a
P(BrBr) o= Zsixct. &k, 1.4A HF9 ®¥HdolM & 4 Ql=o] YAF2HY
TZ27F P(CH Hl3] Ad3] o= AL At 4 AdY. A 18R 25

Face-on 1%+ AR Z4si3lal, Edge-on T327F S718he wMldE AAIA L

P(SBO-CIC1)-C8%F wjek HAS 3t ty. 1 A3, Edge-on +3F7F AwjA o= e}

<9 4% P(CI-CIC1)(BDD=0.2), P(C1-C1Br)(BDD=0.2), ag]ar P(Cl-

BrBr)(BDD=0.2) <08 ZAAA o] oFefA i face-on T%7F AhH o g F7lete A

o= yewng., 53, Adsd AAHAHIH faceon FEE Al 7HA= P(Cl-

CICI)(BDD=0.2)2] “Jtf NFA JAEl e} 43 X EAS 712 Aoz 7|E A
o BExer A25 Al e xoshs & e dHe e el 2%, PCl-
CIBr)(BHD=0.2)¢} P(CICI)(BDD=0.2)2] %% HA3st AAHAF} face-on 725 &

Aol e Aewm vegd, olzx olF w2l 947t AT Aol o 7wl

aRAe) A% FEEA AU THEE A WG 54 WA felge BT
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T AU
[0188] o]F &=7 ¥4 &3: P(C1-CICL)(BDD=0.2)9) F7ElFAX] A=x
[0189] At7] A w &=k, P(CI-CIC1)(BDD=0.2)¢] &7 9 #H3t# - A7)
ety EA BAS 3. o2 Bz 9 72 fUHFAA 242 AF sl
A5S FHrlslgo, 9 32 71 dA A= 1T0/Zn0/polymer : IT-4F=1:1/Mo0s/Ag <}

2ol AAEHAG = 62 FHa]. 4 FdstE 110 72 713S Al F A (Alconox) ,
ol &, ofo] AT RFIL(Isopropanol, IPA), Z&F SAEZ AAZL. dx F|
W-2& g2 ¥Wg sto]=23 8 (Hydrophilic) 542 /ME3t. 1 bv4S =
-2 WMo g 7n0 ATA NS AR oF 30-40 mme] FAE ZteE Zn0 vHES ¥
AT A7) whE 7] FollA 2000 CE 1AIRE EF 7HEET. o] & AAHELS
=Bt ) dA F97] etelA Fad. FEA45S 90-100 nm FAR A9
% % 100° C= 10&7F dA2] Pdok. HFA 22 5 nn®l Mo0s/100 nm Ag =he] =
= AR7F a2 215100 Torr mIRE) spellA dAow FHEJT. Axd 22e 3
g MAL 0.04 cm? o|t}F. &8 AlEHOIE (Newport Oriel, 1000 W)= tijr] &k

(Air mass: AM) 1.5G ZE|2 SA43tEAv. &ob AlFdolg e M7= AIST-54

off
rlo

AelZ 7lE &AE o]&ste] 100 mW - em?o®2 ST, AF-AY A
Keithley 2400 SMUE o]&3lo] S EAT. EQE(External quantum efficiency) 7

52 Polaronix K3100 IPCE 54 A]2~® (McScience Inc.)E& ©o|&3te] SAHEAT.
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[0191]
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[= 1]

Mew synthesis of bihalogenated thiophene derivatives with low synthetic complexity for organic electronics (1-x)

5 B § Br, g B
w _“: E{I—Er Vi \Ef»—ﬂl I{_Er
€
{+ ] ]
wWin 11
Monochlorinated thiophans
[Raf. 8ol RAL. 2013, 3, 1900034, Br
KR 10-2015-0060343) L3 ;
Bihalogenatad fhlophans Br
[XX-TY I
% €1, Br. 6t} 12
B g
T
s
T
15
|$ tH Br. s 5 Br s
- e I r | r
e Sl e
1 i i |
1 11 12
5 Br. s Br. s
5
ot | U I r
Br : Br Br
L]

PlCici)
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o1 LT
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<l w7 Hix
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Br
3 e nHir
1 CpHyz
21
CoHyr CaHiy
— s ar, @
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[= 6]

[= 8]
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P SE0-BIBN-GE

P[CI-CICH{BOD=0.2} {x=0.8) R: 2-Ethylhexyl

91-62
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= 11)

P{CI-CIBr{BOO=0.2) (x=0.8) B: 2-Ethylhexyl

[= 12]

PICI-BrEr)(BOD=0.2) (x=0.8) R: 2-Ethylhaxyl
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[= 13]
OH 0=-R,
&—Q—Er — - EI—Q—EH
HO R,=0
A-2
R, 2-Hexydecyl
[= 14]

P(CI-CIBR(BHD=0.2) (x=0.2}
R,: 2-Ethyhexyl, R;: 2-Hexydecyl

91-64
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[= 15]

P{CICI){BHD=0.2) (x=0.2)
Ry 2-Ethyhexyl, Ry 2-Hexydecyl

[= 16]
OH O-Ry o-R,
! i
Br Br —»= Br Br — = =5n Sy —
! b}
HO Ry~ R0
& -4
Rq: Hexyl Ry: Hexyl
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[= 17]

ci
Br
| e
Br s
1-2
n
1-x
P{CIBr){BH=0.5) (x=0.5)
Ri: 2-Ethyhexyl, Rs: 2-Hexyl
= 18]
ﬂg 2 4
C
B . '.r o .u 5 4 3 2 1 o pRm
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| ™me | mEE | ™Ml ThGICH| ThCIBr

LUMO 0198 0459 -0:656 .

HOMO 6443 6527 6880
E, 624 B80T 82
D 05326 11610 18770
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= 28a]
403 —=— P(Cl)_Solu(CF)
—e— P(BrBr)_Solu(CF)
—a&— P(CIBr)_Solu(CF)
0.8 —v— P(CICI)_Solu(CF)
=
2 06
€L
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N g4
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£
o
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0.0 4
300 400 500 800 700 800 200
Wavelength (nm)
= 28b]
.0~
X —a— P(CI)_Film(CF)
—a— P(BrBr)_Film(CF)
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2 054
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M opgd
w
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[= 29]
bk —a— P(Cl)
’ |—=—P(CIC])
—a— P(CIBr)
000204 _o  p(BIBN)
0.0015 -
< 00010
=
2 00005
=
a
0.0000 4
-0.0005
-0.0010
T T 1 I L]
2 1 0 1 2
Potential (V)
[= 30]
Tendancy of crystallinity: B n = .I.'.' : < B
£ s 11-

=+ Axisymmetric moomer (Cl-Th}
Regio-random part | = Crystallinity * = Selubility |
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