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tAH E ) — AR BB BRI Cr-Cop I Hik A .45 C-Cy
BA. Cp-Co 4EME. CrCo k. Cy-Chfltth. Cs-Cyh ZeERht ik,
Ce-Cao F & Fr Cs-Coo e F A W20 2V — AN F B IR AR
Ce-Coo T2 Rk f 6045 C-Co Bk Cyp-Cop AEME. Cp-Cyo A,
Cy-Coo TR . C3-Coo Ze3RI . Co-Coo FHAr Cs-Coo F AN E
YA K E AR ORI E) Cs-Cp 25, UK

nfem&H 0~3 98, £M4H ntm>1.

A FE X 1 S F, A Rkt B &
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.35 C-Cyp I Cp-Cyy M. Cp-Coo I, C3-Coo FIEA . C3-Cyo
RIILH . Ce-Co F FhAr Cs-Cop 2 F A9 28 09 £ ) — AR H BRAX.
BAFEX 1 e HT, AP AFE, BRA, AARERL.
EARFE X 1 69t d, LR A A4, it A Q6B F R0,
4o A LK A Ao I A K (naphthalene); ik f €464 T 55 2K 6940,
4o T ok w2 & (pyridylene) . I B it o2 L (bipyridylene) . I of »k &

|

% e AR, B XATAEILR

(carbazolene). &3k A%# (thiophenylene). &%k (quinolylene)#r I
ok & (isoquinolylene).

EFEX 1 YT, ARtk B 63555586928, R, B
FA. RE. B, AATE A (perylenyl); ik B €LIERF R,
dortkr . Bhee k. vEe . RARA. Bk fe bk,

|

E%#ﬁl%wé%¢,2%ﬁﬁa@%%ﬁ%,M*Mmm&u
R, BREA. RE. BA. RARIEANFTRNE, RNiLh el
oo g, BEeHeE . cEel k. RALE. Bk A A Febek kg A
4.,

EAFEX b T, Ar' ERLE O TEEMXRTHLE
% (anthracenylene), 7 ELiX s K B TvAdit f @45 C-Cy Stk Cr-Cy
MR Cp-Coo A . C3-Coh FRMEE. Ci-Cp BINILI. Co-Cy F A Aw
Cs-Cyo 22 5 A 2004 200 — AR BB
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AL A 12 A BRI 4G & LA F

AREER 1~20 MERT. LEKRGFOIETL A, &
A FRA. TR RTHE. RA TAREL, ERETFR.

AL LA 2~20 MERT. LEKRFTFOIERTE. TH
H Fe &M% K (propylenyl), 12 RFRF b,

IRAMKERLA 3~20 NRERT, FFERTIAfzME, FLEARHP)F
FERA O RERA TR, [2RRTF i,

FhRagrheEFE, BR BA BREA. EAFIEA N
GRS K H, {2 RFRTF b,

RFROIEL f adenm i, Btk vrue . Eer k. ke
A MEed AR R K ook A a9 1 e AR K H), {2 RFRF b,

FHRBRERMRE A Ce-Cyp FAIAKG A, BATRFETAEF
i B (arylalkeny)BUAX,, {2 RFRF b,

F X 1 YT A d TELFX 2 RFTHed.

[ X 2]

R 1)n ——Afz—(nzjm

(R1')n —A2— (R21 m

#F, Ar's AP L. RLVRA nfem B 50FX 1 o S 6 A
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MmE, X 1 bW Tlhd FTEiFE X 3 R THEY.
M X 3]

®"n AR— (R

£, A, L. R'. R% n. mAF Z BA 50FX 1+ RLG48F

230,

~RYSE AR B RE), HAESkik ) QAR T BRARKAR
Kty Cp-Coo Bt BRI AIAAEY CrrCy HEM A, BRI AN
Cp-Coo B 25 BRAR B A BRARMG C3-Cap FRIEIE IR A IR C3-Cyo &
T AR R AT Co-Coo F 2 BRK AT Cs-Coo #2544
Fa B AR AR IAR G 7 K e A 6 4,

EFEX3F, R R~R. RPARRYAHERET, R4 R gt
FIRAR, H4bikis ik i SRR ARNREY C-Cyp ik, BRA
KA Cyp-Cyp 2 A IR AT Cp-Cyo A BRI AIK
Rth C-Cyp TIEH . RS ATAKA C3-Cyp HIA . ARSI ARN
49 Ce-Cao F 2. BRI AT Cs-Cyp 22 F A ABRK AN 5 2
Fe AR A 4.

#—FH, FX 1 GREHTAHE FTEAFX 4 LF090e
4.

[tbF X 4]
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g, A, L. RNV RE no mAmZ BA5FEX 1 X4 R

623,
~ROK AR RKRE, Eaibik h AR T. BRARARRK

Kty C-Coo Stk . BRARRAIAA Cr-Co #EMEA . BRARKAIRNARMN
Cp-Cop 2 2 B A B C3-Co IR IR AR C3-Cyp &
F . RARRAIRARE Co-ChpF i BARIARRNRE Cs-Cyp T A
Fo B AR R AIAR 0 5 A A AR 6 48,

fAEX 4%, R RN R~REARUAHART, R AR #bin
FISRE, Hhdkiksibit f GREBRRIABRKE C-Cy ti. BA
FATAKE) Cp-Co £EM . FRHATARMY Cp-Coo I, BRI ARIR
Rt C3-Cop TR BURR AR C3-Cop £ IR ARSI AT
8 Ce-Coo F A . BARRAIMAK Cs5-Cyp & F AA B R AT F A
Foe Bk 6 28,

ET@A1~6F7E THEX 1 96 ERGF, (2XRT
.

TEAk | 7 T LA R AR eies ey ksl T, LA
FX1¥, mFFO.
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AR E AR SR 5. A, RAAEKTFLRK, Bk
FREARM AL ZH AR ERERGFEM. Ad, S TRER
KRR | 1od, SR AL R KEA T RGEE,
BPARE R A, m AR L. MR, IIANERRXIHARRE
ZREUHA, RTRTHAGEAES, LT GEER
Wit XS AE, 5EREREHER L TR EMERNGENTREET
R@sEh, AMRET EBFAEARR T LEA AR GLEH, B
M, deRAE R AR E SRR LML EX 1 9EMIEAH LR
Yo R KA F 6 TARAedb AR, N AL B A HOLUAT K ZARE|
Rt B, RS ER S BHARE,

Bhme, BifFEX 1 9o 1 20686 FLE 1), 2,5-K
T 3)-1-FK K3 o Fe 9-2-AH) B vA K29 90 Bk skdnsgs, JFHE
MR MAC AL A, 2R e) e = AR K Hm, HAKKFRE
& th B RS LA 5 AR R AR . kRS, A, Hlde, 5
EAEAS BRI AE T, AT RAE T MFEHLSEHER,
w Bitst B E SRR 4R LA MR EEGEA. B,
AE A BB XA LEM QAR TANL L =BEF, KPR GHSE
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P64 B Fa {2 R AT

sl ARIEARL A FE X 1 691054+ Al i £ 4e [T R AL A o
(Bl dm, e LERAT 6 RABY AT, W4 b 35 3 b A BRAX 6978 R 3k
W B R IR AR B B R A B E B A A et BA, it FA-FA
Suzuki 1BEF L EVASI AR M4 &, #EHRBERLAGLFX 1
PB4 AR 77 ik A LA F AL

i, REXARBT HaEF Lk, F_eBlPETE -4
BEH _QBZENEY —BEAVMBEOANEAZRE, LTE
Y —ERNMAE @S FEX | 69189,

AR R LR WA REANEAZILE T, AT 2L F 4%
FRAERZ AT, LT AL E S XSRS AR IR, X
5iE B8 K TRE A RAEL RS IR,

BT A2 R ARSE AR O 4 LIRS T R MUK AR 69 AL
HE, HFRREKEZS, KEPHOHIEK K ZARE T LB T4 A 36
T @A 6 ) T8 B A K ARG 698 I ik Fe bt A4l

B AL ARG —AEHT XN, ANELLZMETAH mA LEF
—aik. H SR ETHR GV EGLEH, FERT K LR
RABERL PGS A TANR R BT FHE S —ERANMHEZ
gb, STRAMER A TR B MK AL 6 F T kAt FHiE. RIE
AZ PR MER—IRE QEMER 1 F74.

Bldm, RIEARLPGHINE X ARETABLA TSR 12
B 4o Ak R BT R AL R PVD(WIE AR SRR )& R AR it fne
B R0 RAH AT RO, AP IR EFEERENE. F
RAES B . AN EFOTREEGHEIMME, REEL @R
VARG AR, RH, T oA AR EARKITARAARA B A AL
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MAT B Ao A AT A R B A L R ZE (L PCT £H P iFAFF
W02003/012890).

R A MM ETAREATERENE. ERERE. X HEF
WA RS S ERM, (ERRT, ETUREELEM, @,
H A E T AR BAF RAMHBE TR FiRARE B %, Hlde
wikk. Bikik. BIARAE. LWEPRE. REPR R R L,
T B ARV 8 B2

FAARA AR 5 BA & 2 & ey ptH, B FHERY FTEANFMN
ER#. TR T ALK T 6 PR 6 AR F @454, 4. 4.
Srie ot B R A4, RS, BLA. BB ITO) - Alk4R
2 (1Z0) & B 8L, 4o ZnO:Al #= SnO,:Sb #) 4B F= R4 64 204~ ,
4o B (3-F HoEw). B[3.4-(TH-1,2-=8)yE%(PEDT). Ft& R EFK
Fet 3w R a4, [BRRTik,

B AR AT #HAR i ) B AR Zh B e AL, AR FEE T H FEAA M
A E. BAMATH 6 BARG) T s dmdd. 45, 48, 47, 4K, 4R, 4.
42, 4L, 4B, R, GBS ERLEE, Ju LIF/AL # LIOJAl ¥ %
EEMATH, [BRRT b,

FREANMAS G FAKEE FTRERAFEBEANGHH. EX
EAMFHG HOMO (& & & 4T Huill ) K-F kiR B £ PR A6 o
oy o H AR A AU E 69 HOMO 7K-B 0], & 5RGEANMAH 6 AR F
OIEL Bk, KRBy Fo s Rl 2 569 LA, SOBE S RARRGF
3E (hexanitrile hexaazatriphenylene)F="£vY "2 R & 51| 6947 AL, JEZ 7
QIR AL, BB, RRBRREES RIS RAY, ERR T,

BRI A BR S EREBFE G, LT AR
BRENECREA S, ARG F @355 5 & 5] 698 ALttt
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F U RO AR B BA L Ae Ao Ik LA o0 R E R, 2 RR
Fk,

R MA A BB T RSk A ERERENZE R KR
WA B BT A AT LA A, Rk AT T RAFELER
B2 TREGMA. L BEARET @5 8- A BB LS M(Alg); "Frd
RO b, —RAR THAASY; BAlg, 10-72 3K Eok-2 B4
At FIHEEeR . bR e2(benzthiazoleyh R iFoked £ 7 69 1bbodh; R
sHR PPV A 5 R AW, B eY, UBRRFGFAREEZT 6
o, AR RFRT b,

WA MAMAE R A B e FES R, LTl aFMR
RS ELLE. HBAR0)F 635 8- B bR 40 M(Alg). LiE
Alg; %45 . AIE RN E MR ELER-£BELY, 12RRT
B,

ARIEFT R 69 AL, RBARLAGHANE AR ETUANE. ¥
& RIE LK.

HRIEH R TFHIE R ARE 64 R IZARG B IE, HRIBEREL AL
ST AR F QAN ATIGE R AKX F IR Aoy PLARE 09
L F B4

%3645

T, ¥l id A FXIe K P B F M igid KL, 122K
KR T B SR T k.

KB 1 AW 1 EGE R
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Br Q/‘LH p (OB, O
900 ¥
o ~on 0
—— ———e

1a 1

1-A. fLa-41atya-m

AN, F, &ifid$459-8-10-2-A &) E (18 g, 46.1 mmol)&-FTHF
(150 mL) 13 3] 698 F Ae NGB 144 3- F B A KA B(8.4 g, 56.2 mmol)
7 FEtOH (50 mL){F 2| 69iak. #Hid1dEMK,CO; (26 g, 187.6 mmol)
FH,O (100 mL) ¥ £ 2] 44 5 e NiZ ¥, &JE A APd(PPh3), (1.1 g,
0.9 mmol), HEFATHIREMHITIH. RETKRE, FRbW
BAERR, FNREGREEERT S BAVAR, HiLIEAFE B,
¥EARBETTHRY, i Bsie. K5, FREGHATHFF= T
gk dh, ARmIFALAEM1a(18.6 g, 97%). MS [M] =408

1-B: 1L&-14946

¥R P ABEER — CLEE(1.2 mL, 5.8 mmol). £4L44(0.29 g, 7.2 mmol),
18-7% 8% -6(18-crown-6) (0.1 g, 0.48 mmol)#= A 2| THF (100 mL)¥, /&
0°C. N, FI¥1-At) 7 % F #1413 69486 1a (2 g, 4.8 mmol)m AN 2| RAHY
f, EERTHRERESMHI120HE. RETRE, @REREERT
MATHFAH,0. 4-BAMAD, EMgSO, LTI, RERE. REMHL
THF/EtOHE 4 &, A miFEMLaM1 (1.5 g, 65%). MS [M+H] =483

Tt 2: A 2 KA
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] [;])LH ‘;“[:rjﬂ%[‘i\!‘
CCO—C 0 —— O C
99 99 99

2a 2

2-A. Adh 2a 656 AR

AN, F, ®:Bidd59-:2-10-(1-F2K)E (S g, 13 mmol)i&FTHF (70
mL) ¥ 5 2] 69 150% F Ao A8 i A5 3- F BE A R MER (2.3 g, 15.6 mmol)iE T
EtOH (40 mLM/{F#| 6gisik. 3B B MK,CO; (7 g, 52 mmol) FH,0 (25
mL) ¥ 13 3| 49 18R e N i RAH » 3RJE An APdA(PPh;)4(0.23 g, 0.3 mmol),
FERATHBREMAHLIT I, RERRE, KHrRSHAEHETER,
FFNRA W R LB T 2 BAVAR, AR EAR, ¥ EKREE
FTHFY, il B, RE, WREWATHF LEEEL &
M AF B 1A HM2a (2.9 g, 55%). MS [M] =408

2-B. HLA-4h26946 M

¥R P A BB — LB (1.2 mL, 5.8 mmol). £4%44(0.29 g, 7.2 mmol),
18-5E8£-6 (0.1 g, 0.48 mmol)Am A 2| THF (100 mL)¥ , #£0C. N, T
2-AtF ik b S 1F 69105 M2a (2 g, 4.8 mmol) A B RAMP. EER
THHFRSHHI120 0. RETRE, € REREERT ImNTHF
H,0. 5 BHAA, EMgSO, LTI, REKRE. KRG M ATHF/EtOH
Tk dh, ARIFELEMH22.2 g, 96%). MS [M+H] =483

FEHAIZ: A3 AR
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3-A. a4 3a 94K

AN, F, @i#id459-1£-10-2-FK)E(S g, 13 mmol)E FTHF (70
mL) ¥ 2 6950 F An NGB 1R 2- F BRI BR(2.3 g, 15.6 mmol)ia-T
EtOH (40 mL){F %) ¢450%. il iLEMK,CO; (7 g, 52 mmol)FH,O (25
mL) 7 15 3| 698 B A NZ RAH , 3R JE I APA(PPh;)4(0.23 g, 0.3 mmol),
FECATHBREMHITIE. RETKRE, FREMNANETE,
FNRA ) BB T 5B A AR, FLEAFE BR, FEARFE
FTHF¥, Ftididtiz BEAfshtb. RE, BRGWATHF = LEF E 45 b,
M fF B AH3a (2.9 g, 55%). MS [M] = 408

3-B. {La-38946 %,

B P A BERR — Bk(1.2 mL, 5.8 mmol). £.4%44(0.29 g, 7.2 mmol),
18-7EB%-6 (0.1 g, 0.48 mmol)e A 2| THF (100 mL)¥, #Z0C. N, FH#
3-At 7 ik P #1F 0918 M3a (2 g, 4.8 mmol) AR RAYF. EEER
TRFREMAHI120E . RETRGE, 6 RAEABRLER T M NTHFF=
H,0. »&A VA, EMgSO,EFIE, REKRE%. 5584 vATHF/EtOH
Tk dh, AmFELEH3(2.2 g, 96%). MS [M+H] =483

ZHA) 4 A 5 AR
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B

>

q;
e
‘r e

4-A. a4 da 698 AR,
BB it 6-18-2-AFH (3 g, 11.95 mmol). AKX F it (Mel, 1.11

t!

l
l

mL)#= K,CO; (6.58 g, 47.61 mmol)ﬁ-fﬂ 4884 Am N\ 30 mL 49 DMF,
FEFTRTHRAAZREY S )i, #id TLC MR R ARG, LIk
B SR AR % KyCOs. FEBJE T ARIER F R4 20 mL 49 DMF, 3
BRG W FIEANAOLRIE B AR, SRMFB BN, REA TEREX
B4, FFIg, MTIFELE Y 4a(3.06 g, =& 97%). MS [M+H]" = 264

4-B. a4 4b #9454 R,

¥i@ it N LAH (844342 0.86 g, 22.7 mmol)F= 10 mL # KK
THF 33|69 R4 E OCHRE. W 4-A 8977 X F 4504910
4a(2.3 g, 8.67 mmol)i&T 30 mL #) /K THF ¥, FHIERERANE
BT, FETRERTRAA 1206, ¥ 1 mL#K, 1 mL & 15%
NaOH 7K & F= 3 mL 84 7KAR R A A B b VA KRB L, SR/6 B RE
TAERFHRE THE, 8 SRR EWKR, Fidik, ARiFasyw
4b(2.45 g, =% 91%). MS [M+H]" =238

4-C. o4 4c 896 R,
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¥ 4-B #97 ik F BT 4910564 4b(2.45 g, 10.3 mmol)i& T 50 mL =
AT, ¥ PCC(RAABALTIS, 3.34 g, 15.49 mmol)F= 1g Ak +
(Celite)lm NFliZR T, FWERETBTHRHE 2 I ot. RETRE,
¥R ki@t t, Fi, @ EAGNIER, AmiFEML
&4 4c(0.87 g, =& 37%). MS [M+H] =234

4-D. 1Lo-H 4d 4946,

¥ 10-2-FA2)E-9-#084(3.6 g, 10 mmol)Fe 4-C &9 75 ik F #1413 491k
44 4c (2 g, 8.5 mmol)iE-F THF (80 mL)¥ . @1 & F Am A 2 MK,CO5 &
#% (60 mL), % /&% Pd(PPhy), (0.23 g, 0.3 mmom &S ¥, H A
ATHARSWY 1210, REZRE, WREMEHNETR, HNK
RABMERF S BANA, FhE. BREGHET THF ¥, HFRT
BEE st dl, MRIFELEY 4d(2.4 g, 62%). MS [M] =458

4-E. A 56946 M,

BARF AR = U8 (1.2 mL, 5.8 mmol). & 148(0.35 g, 14.1
mmol). 18-5&8-6 (0.1 g, 0.47 mmol)#= A £ THF (80 mL)¥, +4£0C.
N, F¥54-Dé4 7 ik F #1769 5-%4d (2.2 g, 4.7 mmol) e N2 o4 F .
EZRTHIFRESMYGI120E. RETRE, @RERLERT MmN
THF#=H,0. 4 & FAA0, EMgSO, EFIR, REKRLGE. KRG M
THF/EtOHE 4 &, AAMiF2|4LE445(2.3 g, 90%). MS [M+H] = 533

R S A4 11 K
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Elr P(OEt), ﬁ/(OEt)z
0

Ba
i 9¢
e
Cr % ()
s

e 4

13 1

5-A. o 5a 694 &

3 2.8 T H)E(10 g, 45.2 mmol)Ae A\ E L HEE = LES(30 mL, 180
mmol) ¥, FEEATIIRAY 18 1. HREARELIERERZALA,
HAEBE TR 40 BAR = LERE, AmFRIRAY X s

5a (12 g, 96%). MS [M+H]" =279
5-B. 1454 11 494,

¥ £4L44(0.29 g, 12 mmol). 18-EE£-6 (0.1 g, 0.48mmol)Fr5-A k) 5
% ¥ 413691044 5a (2 g, 7.2 mmol)Am A F| THF (100 mL)¥, ##£0C.
No F ¥ 1-A8g 7 ik F 41136904 1a 2 g, 4.8 mmol) WA E|REMHF .
EFRTHRERSHAHANE., REZRE, GREREERT AN
THF#H,0. & &AMA, EMgSO, LT, REKRE. REH
THF/EtOHE 4 &4, M mF2| M 11(2.5 g, 98%). MS [M+H] = 533

TG AL 12658,
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8r

6-A. 1LE-H 6a #94A,

EN,F, @i id459-2-10-(2-2 %) E.(10 g, 26 mmol)& F THF (200
mL) ¥ 77 3| 69 5% P Ae NGB i 5 4-72 R EAMER (6.3 g, 31.2 mmol)iaT
EtOH (50 mLY/F 3| ¢9inik. i@ LB MK,COx(14 g, 104 mmol)FH,0
(100 mL) ¥ 13 3] #9158 N Z ReH, &G MAPA(PPh;),(0.58 g, 0.5
mmol), HEERTHELRASMAITIE., RETRE, FRASYA
EFE, FNRERBLERT S BAIA, HEIEAFIEKR, KE
WEEFTHF, @i EAEAL. RE, $REMWATHFRLEE
s 8, MmiFELE-46a (7 g, 58%). MS [M] =459

6-B. 1&-4h6bes A A,

AN, T, 618 i35 6-A6 5 & F 41456910 8406a (5 g, 11 mmol)iE T
THF (70 mL)4F 3| 6932 & ¥ An N8 18943- F BR AL KA BR (1.9 g, 13 mmol)
7T EtOH (40 mL)#F 2| 695k . ¥ IS #FK,CO5(6 g, 44 mmol)TH,0
(25 mL) P 132|698 R mNIZ RA4, KRG MAPI(PPh;),(0.25 g, 0.2
mmol), FEEATHILBEWHITIE, BREZRE, FiRbdid i
EFR, FANRESRELERT S BRI, HFLEUFE| KR, i
EARFIETTHF Y, JFi@idiz BEArsite. RE, ARG WATHR A= LEs
Tk dh, AmIFEMLE6b(3.2 g, 60%). MS [M] =484

6-C. a4 126946 MK,
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KR P AAERM — B (.2 mL, 5.8 mmol). &AL44(0.29 g, 7.2
mmol). 18-7F&£-6 (0.1 g, 0.48 mmol)#w A Z|THF (100 mL)¥, F/0C.
N, F346-Bth 7 ik F 4113 69 14-46b (2.3 g, 4.8 mmol)m AF|RAH P .
BEERTHFREAMLGI12DE. RETRE, 6RE B ERT MmN
THF#H,0. % BA AR, £EMgSO, LF1E, KEKRE. KRG 4
THF/EtOHE 4 &, MA@ iFE|1L6-%12(1.7 g, 65%). MS [M+H] = 559

BT A W15696 R

7-A. LAH Ta 8945 R,

BFRET, ¥AE 6-A 697 ikAB R 64 7 X 41 &- 49164 6a(10 g,
22 mmol). BLKEL(100 mL)FeBiK T R RAWSEINE-T8C. £30 5
ARG L B 2.5 M T R 4R/ TR (6 mL), FIFiE RS AE-T8C
BRL 2 B, B30 S 4AY M G L B AR = 3 AEE(10 mL). FHeE,
TR THELRSY 12 I8, £ 10CREKGEBE T EREYD T A
ON #8100 mL), RE@O L FAFTEEBOmL). RAEMWETIHHSE,
BB L TIR, FAEBETRSE. @R FIATIKEAMELE HILE,
FBiditE S BT AL . BAREWET THF (100 mL)¥, H &%
R AR BB (10 mL)Feig 4w T 24%(0.1 g), HHRA 12 ) AT,
FIRIRIE st dh, AmIFELEH Ta (6 g, 66%).

7-B. &4 Tb 694 A%,
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T R 7-A 67 ik F R 614 Ta KA 52 466) 4 69 4-D 6975 %
P44 10-2-R ) E-9-MNELZ 41, BB Y k] 4 49 4-D #7 KARF) 44
7 & H A4 Th(3 g, 60%). MS [M] = 534

7-C. 84 15 6961,

BT R 7-B 897 ik F 41AF 691054 T KRB L34 4 89 4-E 697 %
T et Sdh 4d 291, BB 5 ) 4 89 4-E 6975 AR R 69 F E AR
A4 15(1 g, 65%). MS [M+H] = 609

FB] 8: LA 25 494K

8-A. L84 8a 694,

FEARAIT, #H1,5-=8EE6 g, 75.9 mmol)ix-TF 7K (150 mL)F=R
B0 mL)¥ . & & L E A idE NaNO, (5.8 g, 167 mmol)ixT
K(50 mL) P AF 2| 09k, AREE OCHIZRASY 45 547, 25, i
JERALME, J& CuBr, (15 g, 52.3 mmol)m AR JER T, HERAM T
A 48% HBr (225 mL)#=7K(225 mL). &5, A& 0CHIHREY 1
DB, FIRBLH 2 DA, REE TOCHH 305047, RE, RAERELIE
BRARFEI, FERBALTIR RE, BEIEETAKKED, A
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w3314 8a (10 g). MS [M] =286

8-B. 1444 8b 894 AK,

P4 8-A #97 ik P #1143 6910E-40 8a (3.0 g, 10.5 mmol).4£(0.26 g, 10.7
mmol). =& ZH(0.1 mL)F= T 7K v9 £k (60 mL) &4 A4 £ 50°C T
700, RERFBAE0~5C. QERL RSN T iFHMMEE =T B(2.6
mL, 25.2 mmol), REETERTHHERLY 1218, FREDEREE
0~5C, REGOLFmAHAK. EERTHFREY 1 I, AT
BEREI, FEAKRBRELTR RERBHER. £THTHEMAY
A G EEIK, KmHFEa% 8b(1.47g, FFE 49%).

8-C. 1AW 8¢ b4 A%,

BT A 8-B #7r ik b 1T 69104 8b AR M) 6 69 6-A 6475 ik
i 4R REAMBRZ L, BB L EHEH) 6 69 6-A 895 HARF 8 F &
131044 8¢ (3 g, 60%). MS [M+H] = 509

8-D. a4 8d 8945,

BT A 8-C #47 ik T #l1F 691L b4 8c RH-FE 4] 6 89 6-B 8975 %
a1 a4 6a Z N, AR5 LS 6 69 6-B &975 ikARR] 69 7 H AL
A4 8d (2.9 g, 90%). MS [M+H] =535

8-E. 1540 25 #96-R%,

T A 8-D 84 75 ik  H1F 6914 8d KA 464 6 49 6-C 8975 i%
FeG4AH 6b Z 91, HBRL EHA) 6 69 6-C 6977 HARR) 49 7 ik IR
A-49 25 (2 g, 60%). MS [M+H] = 609

FHB9: AW 36 495 R
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SO — G0 SO0 —C
P >: > )

9-A. a4 9a #95,
AN, T, @B itd49-i8-10-(2-F#)& (10 g, 26 mmol)i& T THF (200
mL % 3| 6950& F Ao NGB i 2K B (4 g, 31 mmol)iEFEtOH (50

P '
o \ w=r
OH | RV ,(otl) — K“O
8.
o @/ \OH \ L ‘ / \:;s \/
8¢

mL)F 3] 69805, B iTEEK,CO5(14 g, 104 mmol)FH,0 (100 mL)
B3R MNZRAY, &S IAPI(PPh;).(0.58 g, 0.5 mmol), F &
EUA TR BRSHH1T 0. REZRE, FREMWANEETR, HF

MRS R ERT 5 BAHAA, FLEAFEEIKR, HiZERBET
THF ¥, i@ idiz BEArsht. R, BREGWATHFRLEEE4 &, A
13 2] 1E-49a (6 g, 60%). MS [M] =386

9-B. 1L&-49bah 4K,

AN, T, /£ 3054FA F-78°CT @i 9-A 475 i F #436410
A% 9a(6 g, 15.5 mmol)i&-F THF (100 mL){F 3| 6450 F i# e £ T 42
(7mL, 31 mmol, 2.5 M TIRIEIR), FHHZREWE-TECRAE 2 1A,
FE 30 AT A S AER = F 85 (3.5MI1, 31 mmol) EIERAAF|REMHTF.
Em)E, R THAARAY 12 06, £ 10CREIKGBE T QR
F Ae N 2N #H R (100 mL), A& HE T e\ F KRB0 mL). RbHEiLi8
SE, EREBMETIR, FEBRETRE. L FImATIRAELE
e, FBELESBIRIENE S, KRG %%ET THF (100 mL) ¥,
FEZ IR P AN RFER(10 mL), #EHRAM 12 D aF. FRIRIR 64
f, MIFELE4 9b (3.2 g, 50%). MS [M] =386
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9-C. 4L&-4h 9c t94-A%,

M T R 9-B #9757 ik P 4l1F 694064 ob R 52364 4 89 4-D 8977 ik
b8y 10-2-B R E-9-NBL X S), BB L 645 4 69 4-D #) 5 kAR 64
7 ik H R EH 9c (3 g, 60%). MS [M+H] = 490

9-D. 1L&-4 36 496K,

BT A 9-C 845 ik ¥ 5| #F 691064 9c KRBT 366) 4 #9 4-E 6975 %
T 4d Z 91, R L T 4 69 4-E 695 RAR R 6 7 ik R AR
44 36 (1 g, 65%). MS [M+H] = 565

F3H] 10: o4 45 694,

10-A. &84 10a 894,

F=Fe2(10 g, 60 mmol). N-3& T =Bt I M (5.4 g, 30 mmol)F= AL/ (60
AT ZRAFIQ00 mL)F . HiZERETETHIEI I, REKRE
IR, FEBRETARBRER. FREVWAZLATR/TKEL S, A
T iF 5144 10a (3.6 g, 50%). MS [M] = 246

10-B. 1L4-4h 10b #94-%,

AN, F, ®iBidd§10-A89 5 & F 41F69104410a (3g » 12
mmol)i& F THF(70mL)AF 2| ¢4 25 & F e\ i# i P
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10-(2-A 2 E-9-#NBL (5.0 g, 14.6 mmol)/& TEtOH (40 mL)F 3| 6915
. i8IS AREK,CO;(6.4¢ , 48mmol)FH,0
(25mL) ¥ 13 3| 64 78 m m N RAH, RJE A APA(PPh;)4(0.5g,0.47mol)
, FFECATIRRESMHITIE ., RETRGE, FREHENET
B, FARRARAERT S BAVA, FLEAFEER, iz B
BEFTHFY, HiBidiz EArsib. RE, $REGYWATHFF LEF €4
5, AMFIFELEM10b (4.2 g, 75%). MS [M] = 469

10-C. 4LAa-410cH) 4%,

AN, T, 4% 10-A 695 ik F 44364154 10b(4.2 g, 8.9 mmol). 1-
#-4-£ (1.2 mL, 10.7 mmol). KF-&/¢45(2.6 g, 17.8 mmol). 18-7E8-6
(0.24 g, 0.9 mmol)i&-F DMSO (75 mL) ¥, FF3iZE& A 150°CHHF 24
DB, TR TR AN, FRERZ23ESE. AKREFRGOA
MAR, REEFRBREETR, RREHUTEELR, T8, RET
B, MEFELAH 10c(3.3 g, 60%). MS [M] = 624

10-D. 1&4a-4710d6946- A%,

AN, F, ®BTH10-Co7 ik F HIF691L6410c3 g 4.8
mmol)i&-F THF (50 mL)#F 2 695 F An B i 45 3-F B A R AMER (1.1 g,
5.76 mmol)i& FEtOH (20 mL)#F 3| 498k . @ iLEMK,CO; (2g,
14mmol) FH,O0(25mL) P F 2| s ik m Nz iRAH, &E & H F
A APd(PPh;),(0.28g,0.24mmol), HAEEATHIHREMLHITIE. K
BERIE, FRAMANETR, FNRERLIERT N BH AR,
Fit AR R B4R, HiZ BARBETTHR Y, il idAz BArsdie. A
B, BEREWATHF A LB 4t &y, AmFRMLE410d (2.2 g, 70%).
MS [M] = 649

10-E. f4&-445694 %
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PR A BRER — TB£(0.8 mL, 3.7 mmol). &A41(0.2 g, 9 mmol)F=
18-72.8£-6 (0.08 g, 0.3 mmol)#e A %|THF (80 mL)¥, JF&0C. N, T
10-D&g 7 ik & 414369104 10d (2 g, 3 mmo)m A Z|RAEM T . AFER
THRIRAY 120 BT RE , 6 iRs B %R T A NTHFAH,0.
INRA B LR 5 BANA, EMgSO LTIk, RER%E. REY
VATHF/EtOHE 4 &, A 133104445 (1.8 g, 85%). MS [M+H] = 724

FBI1L: A HS069E K,

11-A. &% 11a 896,

¥ PA(PPh;),Cl, (372 mg, 0.53 mmol) #= Cul (67 mg, 0.35 mmol)#=
NBFEEREY, A FEBmA AT 1-£-3-8K (5 g 177
mmol)& F = TP R 2 iak, REKBITHEMRATRAS g, 177
mmol)F TEA 433|848k ALy, FiZRbMWAEZTRTIHF 1
VB, SRR NHLCl AR ek, ol LB TES FBA AR, ERK
FiBR4E LR KAy, BARBHAERETER, RERE. RE, At
FaERA, HFBEAEETANAREY, NRFEEY 1la (45 g,
99%), MS [M+H] =258

11-B. &4 50 6946 A%

¥ 11-A 855 3% F 4145691089 11a(1.23 g, 4.8 mmol)F= 10-(2-F )
B-9-#IBR (2 g, 5.76 mmol)&EF AR THF (30 mL)¥, @ Fhen
Pd(PPh;), (0.28 g, 0.24 mmol)F= K,CO; 7KiE#& (9.6 mL, 19.2 mmol), 7
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¥z ReMmER 3 hef. A EKRRZRAY, AR UEFRA
WA, ERKBRERAE R EARG, KREMWERETLIE, REKRE.
KRG, MEPHREEF, FBilkHEENENKREGY, KEvA THF £4
gh, MmiFEMLEH 50 (0.9 g, 33%). MS [M+H] = 481

FZH#H] 12: HFedh 65 8945 A%

(08, -0 |

X R
O— 00— Y
P 1
. » v
B
2 126

oz,

W‘B,OH

| = P N N
c@o A ¢ -0
:D\ NN

o

12-A. 1440 12a #94-A%,

¥ 2-38-2-—F K (2.7 g, 14.5 mmol)F= NBS (6.2 g, 34.8 mmol)=
AE| CCl, (70 mL)¥, FAERTHRIFZRASY 17 . HRER
EREZ AL, TR HARLE M, FIRGIRR., A 2-ABF T4 IR
B, AmiFE] BRLEH 12a (1.5 g, 30%). MS [M]" =340 (Brx3)

12-B. 44 12b 894,

¥ 12-A 8475 ik F 1369104 12a (16.1 g, 46.9 mmol) JmANZE T
BB = TEE(31.5 mL, 187.6 mmol) ¥, FHAEEA T HHREY 17 AT,
R R R BRI, W ARE TR 6 RAREE = LEERYE
I FF B RART K 694859 12b (20 g, 95%). MS [M+H]" =457

12-C. 44 12¢ #946-A%,

F12-Boy 7 ik # 45 69408-412b (11 g, 24.1 mmol). EAL48(5.9 g,
14.8 mmol)#= 18-7EE%-6 (1.3 g, 4.9 mmol)Ae A 2| THF (100 mL)¥ , 34
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0°C. N, F¥H X ¥FE(S mL, 49.2 mmo)mAF| AW T . £ EIR TR
AWML 12/ 0T 8 R R R P e NTHF FaH,0. AIRA R 5 R
b o B A A, EMgSO, LFIE, FiR%. KRG HATHF/EIOHE 4 &,
M 15 B4 eH12¢ (5.2 g, 60%). MS [M+H] = 362

12-D. 14416565465,

5 12-CHy 7 o F BT 6 fe ot 12¢(1g,2.7mmol)F=10-(2-2 L) & -9-
ANEE(2.8 g, 8.1 mmol)#Pd(PPhs); (0.3 g 0.3 mmol)izA %22 M
K,CO3 7K %% (200mL) A= THF(200mL) F , 4% Ro4 £ A T HHF
29240, BRETRE, FirbthhbiEER, FRRERELERT
AEANAR, FHiLEAFHEKR, Kz BARBETTHFY, flEds
Bk, RIE, Bk G WA THFF= LEE 45 5, AT 21044565 (1.1
g, 70%). MS [M+H] = 585

FA13: LA H6TH A AR

| D
Py SN
(0ENy .0 s x [L[/L| _\\vgj/\
# |
B - (PN ~
B~ P omy, = Br ) /5 S

13-A. 44 13a 6946 5%

¥ 5236451264 12-BoG 7 % F 145 69108-412b (11 g, 24.1 mmol).
£AL4h(5.9 g, 14.8 mmol)Fe 18-EEL-6 (1.3 g, 4.9 mmol)m A\ 2| THF
(100 mL)¥, F/£0C F &+ AmA1-RFE(S mL, 49.2 mmol). £ F &
THIBREMLA 120, ERA R LR T IANTHFF2H,0. ARE R
FAR T 5 BAAAR, EMgSO, LT, KR4, R84 ATHF/EtOH

95



200680005392. 4 o 1 3E59/82m

Tikah, MTIFEMLE13a (5.2 g, 60%). MS [M+] =460

13-B. {L&-4h67494 M,

¥ 13-A84 5 ik F 145 691044 13a(3g,19.5mmol)
10-2-2 ) E-9-#8(6.8 g, 19.5 mmol)#=Pd(PPh;); (0.23 g, 0.2
mmol)Ae N\ £2 M
K,CO3 K% (200mL) A= THF(200mL) F , F4§iZ RAM AR AT HHF
Y2400, R TG, FRAMEHNETIR, FNRERFELERT
S BAVAM, FiLEAFE AR, FZEARBETFTTHFY, @i
B Ak, KRG, R EMVATHF e LEE 4 dhy, M 21L& 4467 (4.7
g, 80%). MS [M+H] = 684

kA 14: AH694) 8K,

O~ OH

&

Ta

LA T T-AM 7 ik P HAF 691 7a (1 g, 2.7 mmol). &4
12649 12-C g 7 & F #1143 69404 12¢ (1.4 g, 3.3 mmol)F=Pd(PPhs),
(0.15g ; 0.14mmol)Am A\ £2M 49
K,CO3 K% % (100mL)ATHF(100mL) ¥ , FH44iZ RA M AT 84
2400, REZRSE, HRAMAIETR, HFNRERELERT
S BAIAR, FiLEAFR B, FZBARFETTHF Y, H@idi
B iAL., R, 7% B H A THF A= L8R E 4 ah, A AT E|ALE 4769 (1.2

g, 70%). MS [M+H] = 661
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FHA1S: P06 SRR,

2 \!
] i “ﬁﬂgkj
N
(j [I\ D H ll/«J/ p - (CED, 2
o : e 0 RPN
NP N U e \(J ————— \’4{\[/ e
Br p g \I
H\"‘J\\) g %,/K‘-
! g
158 a0

15-A. 144 15a 498~ A%,

AN, T, ®i#it449,10- =& & (5 g, 14.8 mmol)i&FTHF (50
mL)/F 3] 647 F B i 45 3- F B A K MBER (5.5 g, 37.0 mmol)ixT
EtOH (20 mL) % 3| & & & . @ LEMKCO8.1 g, 592
mmol) FH,O(50mL) ¥ 33| ez mNiZReH, e & H F
A APd(PPh3)4(0.3 g, 0.3 mmol), FEBRTFTRHHREDWLHITIE. R
BRRSE, HRAWEHNETR, FNREREERT S AT,

iR B, HiZERBETTHRY, il Eirsdte. A&
é,%ﬁ%%unm%c%ﬁ%%,Mﬁﬁﬂmé%wa6&9mw
MS [M] =386

15-B. tA-419089 4,

K P LB — E(3.2 mL, 15.3 mmol). &444(0.8 g, 20 mmol)
F218-588£-6 (0.1 g, 0.5 mmol)Am A F|THF (100 mL)¥, F#AE0C. N, T
¥ 15-A89 7 ik F #1436 b15a (2 g, 5.1 mmo) AR ReHhF . £
TR THIRAEML 240 0. RETRSG, © RGBSR T #e NTHF
FH,0. 5B A VA, EMgSO, LTI, KBRS, 5RG #vATHF/EtOH
Fikdh, AmIFEMLE490 (2.6 g, 95%). MS [M+H] =534

FAHA16: AH112696 A%,
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16-A. 1&4&-¥ 16a 69465,

BN, T, HEhABKFIRAE(50 mL)4ERK X i F£8E46) 12
49 12-C 7 ik F %143 691044 12¢ (5 g, 13.8 mmol)i&in £ EhnN4£(0.7 g,
27.6 mmol). AZEFFIE. KRB IABLKTRAEL(20 mL)A R EIER
T ¥ RAMAETE TR 2 NI, REAE 3054 A AL F A
BR = ¥ B5(2.3 mL, 20.7 mmol), K& BHH 12 /08, 3 2N 2 #2(100 mL)
E 10CKREKGBE FhARRAYF, REMEL T INTEK®O
mL), ¥Rz E, ERBMNLETE, FERETRE. A1
PN TIAIRIE S dh, ARG BRI ERI TR, AAF
F|4a-4h 16a (2 g, 44%).

16-B. 1La4h 112 694 m%,

$%9,10- =32 B.(1 g, 2.9 mmol). 16-A%) 7 ik F #|1F 69404 16a (2.1
g, 6.5 mmol)#=Pd(PPhs), (0.15g, 0.14mmol)i&FTHF (50 mL)¥ , &R /&+#
OB &R O AN 2 M KCO; K B & (50 mL) ¥
Fiz RO ECRRTRFELH24) . REZRE, BREMEHNEE
B, FANRA R AR T BANA, FLEAFEER, KL BK
BEFTHFY, jFilidiz EAT4bil. RE, BRGHATHF = LEF 4
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5, MmIFEMLEMH112 (1.5 g, 70%). MS [M+H] = 739
KAPIT: AH124698 R,

P ®
ﬁ\ M, i 7\/7/ H L
[, o~ R § »
SO OO0 — O e Y
° ° L r/’
w I ﬁ\l
170 \/|
17c
Oy
|
ooty —

17d

17-A. &4 17a 6946 A%,

¥ 38 AL4R(18 g, 80.0 mmol)F= T AHEAR T &5(12 mL, 101 mmol)/E
65°C FT4#F TAEQ50 mL)F, FHFHZH,HR, REE 5 4R
2-F A B EL(15 g, 67.2 mmol)E &N, AT E TG, ¥R LR
AIHETER, FHRFERINE 20% HBAER( LT, FUAZR
AR, [ R KRB 4R E A AR P R AR A e, FFAEBRET
FIEHRG Y. BidAE B KRG Y, MNiFEIRF EMASW 17a(14.5
g, 75%). MS [M] = 287

17-B. 1L&-4 17b 85454,

¥ 2-:£2(11.0 g, 53.1 mmol)&FF THF(100 mL)¥, ¥&RT &4
(46.8 mL, 1.7 M KITER)E-T8C. TRAATEEAMNEZZERT.
Wiz R AW AR R E THH L, REAL TN 17-A T %
B 1789004 17a (6.36 g, 22.0 mmol). A HAEBH L, FHRE
WETEB TR 3 DI, QREREY T AT KER, FHR
Ll R FIFIR, ERKFRBE ETRANA, FBRERERF. H
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FE W REMET YV ELRY, QR TALHE, HFHFREHEHF
JUN B AR B Bk ot . LR BRI S, AE T FRAEY,
M E4a4 17b (11.2 g, 93%).

17-C. 4La-4h 17c 894,

¥ 17-B 897 ik F R4 6940484 17b (11.2 g, 20.5 mmol)5- 3T T8
(200 mL) ¥ , # /& RASF 38104734 g, 210 mmol)F R BEEL 4h K A4
(37 g, 420 mmol)m AR B ¥ . AR TR REY 3 D IF, HFik
LA ETR, idik, AXETERE FEAZTTR, KAAF
3R E EALAW 17c (7.2 g, 64%). MS [M] = 509

17-D. 1445 17d 694 A&,

H17-C# 7 i F #7696 17c (7 g, 13.74 mmol)i&-T THF(150
mL)¥, FERALATEOL T mABiEHE3-FELARMEK(2.47 g, 16.48
mmol)i& FEtOH (50 mL)#F 2| 495k . B TEMK,CO5(5.7 g, 41.2
mmol) FH,O(100mL)F /F 5| sy mmNiZRbd, &S @ H
A2 APd(PPh3)4(0.48 g, 0.41 mmol), FAEERTHIFREHL12:]0,
B ZRSE, WRAWMENETR, FHFINRARAERY 5 BH VA,
FiLEAFE BAR., HZEKRBFETTHFY, FETRENENL, &
B, ¥BRGWIATHF A LEEE 48 &y, AmiFELE417d (6.3 g, 86%).
MS [M] = 534

17-E. 441246945,

¥R W A ARRR — Bk (1.2 mL, 5.8 mmol). £HAL44(0.29 g, 7.2 mmol)
F218-588%-6 (0.1 g, 0.48 mmol)= AF|THF (100 mL)¥, #£0C. RA
FA T H17-Dey 7 ik F #1415 694L-5-417d(2.57 g, 4.8 mmol)In N E| b4
f., ATRTHRIREMHAHI120E. REZRE, 6 REREERTY
A ANTHFAH,0. 4 &A A8, EMgSO, LTI, REKR%E. REH
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THF/EtOHE 4 5, AmiF314-49124 (2.4 g, 82%). MS [M+H] = 608
LIS A 125698 %,

-]
s PPNy TN P SN
&/CACJ/ —t— Eyj //’r : a,/@;r = arJI \;I‘-f" °

.

LTE‘: l@ ;
SO G5 N
L/ j '—"Q‘gyr —
&N

18-A. A4 18a 694,

¥ 30 mL DMF #mA %) 6-i2-2-AFE8 (3 g, 11.95 mmol). #F iz
(Mel, 1.11 mL)#= K,CO; (6.58 g, 47.61 mmol)#yRAH T, FEER
ARz RAY 5 et @i TLC MERB| R TG, LI B B R A
B % K,CO;. ERETMERRYHREL 20mL 69 DMF, R84+
ENKCAITE Bk, LIRFRGER, REA LEREAXREGY, T
B, MmiFEEH 182 (3.06 g, F & 97%). MS [M+H] =264

18-B. 1449 18b #4945 A%,

¥ LAH (5404842 0.86 g, 22.7 mmol)F= 7K THF(10 mL)#) %44
A EOCHRE. & 18-A #9757 ik F 4145 6945 18a(2.3 g, 8.67 mmol)
BT 30 mL ¥ RK THF ¥, ¥R g RmAD L ERMT, &
BB TR 1203 1 mL 49 7K1 mL & 15% NaOH 7Ki&#& F= 3 mL
b AR K A N B R VA T RRL , IR G AR T AR & F & THF,
HF A TR Bk, BidiE, AmiFEAY 18b(2.45 g, FF 91%).
MS [M+H]" = 238

18-C. 164 18c 894 Ak,
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¥ 18-B #47 i= ¥ 41434910640 18b(2.45 g, 10.3 mmol)iE&-F 50 mL
ZRA TR . ¥ PCC(RABL TS, 3.34 g, 15.49 mmol)F= 1g #23 £
(Celite)lm NB)iER T, FRHERETR TR 2 MF. REZRE,
¥R pmmEkBiTaR Y, Fidik, @il EMEER, AmFEML
A 18¢(0.87 g, /=& 37%). MS [M+H] =234

18-D. 1&-4 18d #94A&,

% 17-C 47 ik ¥ %13 691084 17¢ (5 g, 9.81 mmol). /K BL =4
(bis(pinacolato)diboron) (2.75 g, 10.9 mmol). ZEL47(2.89 g, 29.4 mmol).
( = X X B A = K % ) & & 4
(palladium(diphenylphosphinoferocene)chloride) (0.24 g, 3 mol%)An A\ %)
250-mL BeHAF , A RAAT @ L+ Ao N B8 (50 mL), R/5 7 80C
6 I, BREERANETR, HELFIANFEMBKGE mL).
RAMA R TR0 mL X 3)FER., ARETHREZAFTRAFEX
% & ER. A LB ik BRI TR, ARIFE|LEH 18d (5.46
g, 92%).

18-E. 1L&-4 18e 98- A%,

ERAAT, % 18-D #4975 ik F 413 69164-4h 18d (5.6 g, 10 mmol)
Fo 18-C #9753 F 4143694844 18¢ (2 g, 8.5 mmol)ixF THF (120 mL)
¥, @ HE A 2 MK,CO; &% (60 mL), & /& ¥ Pd(PPhs), (0.23 g, 0.3
mmol) N RAY T, FEERTHHERSHY 1200, RLETRE,
BRAMANETR, FRNBRERLERT S BEANA, HhE. ¥
KREGMET THF P, HACEETLE S, AMmiFILEY 18 (4.1 g,
82%). MS [M+H]+ = 583

18-F. &4 125 #4945,

PR TR = 8 (1.2 mL, 5.8 mmol). &A4L41(0.29 g, 7.2
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mmol). 18-7E8%-6 (0.1 g, 0.48 mmol)As A %|THF (100 mL)¥, F4£0C.
RAATIH18-Ed 7 ik F 4145691054 18e (2.8 g, 4.8 mmol)m A E|R
bt EERTHRBERAMHI2DE. RETRE, GRAARE
P I ATHFAH,0. & A A8, EMgSO, LT, ReERY%E. K8
HVATHF/EtOHE 4 i, AT 244125 (2.7 g, 85%). MS [M+H]
=659

FHH19: 1EH13369-6 A%

Q _@—.
30 -

o Q.3 OWa QL
o0 8o, Sa
G — oo — OO — o — o0

. “’VE()“‘I i
Qo e Y
e S oAy Saw

19-A. %44 192 494~ A%,

¥ = K B2(5.0 g, 20.4 mmol)E RAATETRH (25 mL)F , HFiRb
B ERAIE 0°C, F@ oA N2 T ZBEE3B.6 g, 204
mmol), Z/J&, HRARFRRELN, ¥ERGBEAZE 10C, H
ETRTHE 12D, REZARE, A FioAK, FoBHMM,
ERKGERMETIR. RE, ERETEBEAIER, REUTEE
T LAREY, ARIFELEY 19a (4.0 g, 60%). MS [M+H]+ =324

19-B. 1t&-4 19b #946%,

¥ 19-A #h7 kF41iF6A4h 19a (17.2 g, 53.1 mmol)aF-F
THF(100 mL)¥, & T £42(46.8 mL, 1.7 M RIIER)E-78C. TR
AATEBMAZZRRTY. WX RAWERAABE TIHF 1 ET,
RIEE E b AN 17-A 875 & F 511F 69104 17a (6.36 g, 22.0 mmol).
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BAHERBE, FHREYETETHRE 3 I, ARLRSWTF
WA RS R, FHERAOMAZATRER, ERLKFRBREE LT
BA AR, FrREER. $FNGRGMETVECRY, G Fin
ANFBhBE, R RADBI IV AT R BARLSd ., ikt BRML
L, AR TFRAEGY, AMFEMAEY 19b (15.9 g, 93%).

19-C. 1L&-4h 19¢ #94-m%,

% 19-B 6975 & F #1413 654044 19b (15.9 g, 20.5 mmol)5- 3k F T84
(200 mL) ¥ , & RAS T A 47(34 g, 210 mmol)Fe R BEBR4H/K A4
(37 g, 420 mmol)m A B| S BUR Y . AR THIFRSY 3 D, KR
S ERER, Wik, ARPTERRE FEAZT TR, AAiF
3% & ELEM 19¢ (9.9 g, 65%). MS [M+H]+ =743

19-D. 1b4a-45 19d #94-m%,

MR T 19-C 895 i F $11F 6940640 19c RAF#4] 17 69 17-D 84
Tk A 17c X9, BB L5 EHkHA 17 65 17-D 75 EAR 65
HH 131004 19d (11 g, 82%). MS [M+H]+ = 768

19-E. 4t4&-45 133 694 A%,

T A 19-D 8975 ik F 436910640 19d KA FE5E4) 17 69 17-E 69
Fik P egibdh 17d X9, BB L EHEH) 17 49 17-E 5 EARR 65
&R 1F10 A4 133 (3.4 g, 85%). MS [M+H]+ =842

4] 20: LA 136 494,
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5 , o
e oD — A0 — GO
s ; 3 / s“s‘ = f§ ‘f‘}-@
%gj"" O%j **cf Yy —— e
uaﬁ ﬁ&u Oy

o »

20-A. 4-4h) 20a 894K,

¥ 2K HBR(10 g, 78.1 mmol)F=i2 X (7.48 mL, 70.3 mmol)i& T L
7K THF (300 mL)¥, ¥ Pd(PPh;), (4.51 g, 3.91 mmol)#= K,CO; KiE#%k
(156 mL, 312.4 mmol)A NE|iER T, FWZREVWEA3 DT, LT
B L Bs R AAE, HAERBREE LIREKE. A VA0 A RE T LA,
RGEVAR AR, BTk B4, Pl THF fo LB E4 &, AmiF
3| & & E4R{LE-4h 20a (10 g, 80%). MS [M+H] = 161

20-B. 1ta-45 20b #4-mK,

4 20-A 897 ik F H11F 694044 20a (5 g, 31.3 mmol)iEF LKk THF
(200 mL)F, 42 E-10CeRE, #HETH42(15 mL, 37.5 mmol)
B ERRT. WRAMBIE 1D, REBALHE-TC. R,
G2 P 218 A MEE = F E5(10.5 mL, 93.75 mmol), FHIFHREMH 12
DB FRAMAIE 0C, RE G T ha N 10wt%4) BB (16 mL)
AFFE) G &I, AAARA THF IR, A#BE TR, REERE
FidiE, HiZBRREAREER, FRARGHET THF ¥. @ity
M FHKER, AR ZFRATHSBAVAD, B RKER
NE| o B R BEVA AR, L EE, AmiFELEa4 20b
(2.7 g, 42%).
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20-C. o84 20c #94-M%,

¥ 3-8 #K(3.5 g, 12.3 mmol)#= 20-B 4977 ik F 41 1F 6416544 20b
(2.5 g, 12.3 mmol)i&-F A sK THF (100 mL)¥, # Pd(PPhs), (0.71 g, 0.61
mmol)e N F)E& T, K& &£ mAB it K,CO; (3.4 g, 24.6 mmol)
BT H0 (50 mL)¥ #3695k, RE, WREMEDATHIE. 3
&, A BKEEIZRAY, HA LB TBERANAD, £ AKAK
B PR, $REHEBRETLE, RERE. RE, AETHR
FIEA), FBITEEAEINERG Y, AmFEILESH 20c (2.9 g, 75%).
MS [M+H]+=315

20-D. 1A% 20d #4

¥ 20-C 895 %& F 443691084 20c (16.7 g, 53.1 mmol)a T+
THF(100 mL)¥, ¥4 T £42(46.8 mL, 1.7 M RIEE)E-78C. T
AAATERBMAZZERY. WEZRAWERMANBRE FTHHE 1 )
i, RE®BE PN 17-A 695 % F HF694L84 17a (6.36 g, 22.0
mmol). ¥AHEZHE, FEREMEZTETHRHEI I, QRER
S mABMARKIER, FHEREA_ATRER, ELKAR
K EFRAIAR, FREEN. BEFANREYHET S ZLRT, @
L P A BB, RSB AR R BRI Ad, LRT
Bk idh, AR TTFIREGH, AmiFE4Ls4 20d (15 g, 90%).

20-E. 144 20e #9654,

F20-D8g 75 ik 4143 69 104-4420d(15.9g,20.5mmol )2~ F LB (20
OomL)¥, FF/& RAA T Hab47(34g,210mmol) A=K B B% 4h K A0 (37
,A420mol)An N B - BOR T . RS T RS W3 N, FiRE LI
EFE, S8, AKATERE FEAZTTR AAFHEEE
A-#120e (9.5 g, 64%). MS [M+H]+ =725
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20-F. 4b4&-4h 20f #)4-A%,

T A 20-E #95 k¥ T4 20e RAEFHEH) 17 49 17-D
095 T AL 17c Z9b, B EHFKHEH) 17 69 17-D 695 ZA0F 49
7 ik R A 20f (8 g, 81%). MS [M+H] += 750

20-G. 1L&-41 136 694 A%,

T A 20-F #95 i= b #1369 40 84 20f XA E564) 17 49 17-E &
Tk W e 17d 25, B Y5 LS 17 69 17-E 4975 RARR 4977
ik HAFIAEH 136 (3.0 g, 82%). MS [M+H] += 824

EH) 21: A 165 694K,

K,/(I:)OM (I:ﬁ'

S A R
ﬁ,
S O
%U__ c§:r"‘r A0
(:r © L:U

21-A. 84 21a #9E- A%

¥ 2,6-—F A B ERL(23.8 g, 100 mmol)5-#K T 48 % 4481 EIKIE &
d, E L AEER4A (14.1 g, 204 mmol) f£-20°C FE 12 An A Bz 5H0R P .
EMRFTE TRSGE, Pl it fRiE1L4R(29.5 g, 206 mmol)T 48 % &4k,
FUKIEHR (63 mL) FAFE|4yiEkA) & LER(50 mL)—~RmA | 53R
b, FRERRBRMAETR, DR 1D, BREERASNETE,
FE E P Al KAEARR, iR, ARkkk, AETR. &
S ENAIREN N EY, REAEGELH, ARFHETENSE
# 21a (10 g, 27%). MS[M+H]+ = 366

21-B. 1A% 21b #9865,
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¥ 19-A #8975 kP HIFAEH 192172 g, 53.1 mmol)iE T F
THF(100 mL)¥, ¥4 T 4 42(46.8 mL, 1.7 M RI0E&)E-78C. F &
AATFERANZZERT. FLREMERFFCRE THRIE 1 A,
KRB G H T AN 21-A 87 ik F H11F 691844 21a (8.05 g, 22.0 mmol).
Kb EBHL, FFREMAETRTHE 3 I H., AREZRSY T
N FACARK IR R, FHHREMYA—RFTILFER, ALKFREEEE LT
BA VA, FHREEN ., FRAGREMWETVECEY, G Fi
ANE BB, FFERAHIIF I EAF R B RS 4y, TR BRL
Sy, AT TTRAGY, KAAFIMH0EH 21b (177 g 94%).
MS[M-+H]+ = 856

21-C. 1La4h 21c 94,

3% 21-B #9755 3% F #4369 4044 21b (17.5 g, 20.5 mmol) 58 T L8
(200 mL) ¥ , FF & RAS T KA 47(34 g, 210 mmol)Fr R BEBR 4K A4
(37 g, 420 mmol)Am AN B| S HOR T . AT HHERESY 3 I, KR
YA ETR, LIk, AKFTERRE HEAZTTR, ARF
3% % 159 21¢ (10.8 g, 64%). MS [M+H]+ = 822

21-D. #4-4h 21d 6946 m%,

¥ 21-C 897 i+ #4569 084 21c (4 g, 4.86 mmol)iE-F THF(150
mL)F, FERALATEEFIA@ i 3-FEAFEMEN(.6 g 10.69
mmol)i&-F EtOH (50 mL){F 2| #9ixik. ¥i8i3iEm K,CO5(3.3 g, 24.3
mmol)-F H,O(100mL) ¥ 1% 2] ¢4 i@ e NiZ RA ¥, RIEE L FImA
Pd(PPh;),(0.28 g, 0.24 mmol), FFEEATHHREMWE 12 /. BE
FRIE, WKRAMAINEETER, FINRSRELERT BRI, FF
TR AIFE BR, iz BARBET THF ¥, FE A EFSML. RE,
¥R G A THF A= LEE T4 dh, AW iFE|1LEa4 21d (3.7 g, 88%). MS
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[M+H]+ = 872

21-E. 440 165 694,

K AR — LE%(1.8 mL, 8.8 mmol). £/t44(0.38 g, 16 mmol)
Fo 18-75E%-6 (0.1 g, 0.48 mmol)Ae A 2| THF (100 mL)¥, /& 0C. %
AT W 21-D #9757 0% F #1485 691064 21d(3.5 g, 4.0 mmol)Ae A F| R4
P, EEBTHRHERSNY 1208, RETRE, 6RERLER
¥ ju N\ THF F= H,O. 4~ & A P, £ MgSO, L, REKRs%E. K8
vk THF/EtOH E 4 dh, MmFE| A 165 (33 g 81%). MS
[M+H]+ = 1021

R 22: tbdh 174 894K,

;S o é\@

28

- =

@\ > E/P Y = ; e
@5‘3&@ T — Q, wg B U;f@ J0

22-A. oW 22a 96,

¥ NaH (3 g, 75 mmol) #= 18-7EAE-6 (1.43 g, 5.4 mmol)&T
THF(100 mL) ¥ , 3% 3K ¥ £ 8588 — Z.Hk(13.5 mL, 65 mmol)e A F 5%
b, EEFAIRSOC)HRE, HAXFEEMA 42 RFE
(4-bromobenzene aldehyde)(10 g, 54 mmol), FH I RAME TR THHF 4
DNBF . RN R IR, FARERRSY, ERRELTIE,
ERETHBE ., REWATEELH, ARFELAS 22a (10 g,
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75%). MS [M] =295

22-B. a4 22b #9A A%,

¥4 A4 21a (3.1 g, 8.5 mmol). = 8(6.02 g, 20.4 mmol). pd(dba),
(0.097 g, 0.17 mmol). P(t-Bu); (0.05 g, 0.255 mmol)F=ax T BF44(2.45 g,
25.5 mmol)Am A2 F R (100 mL)¥, FHEREYEARLY 2 . RER
RJE, BRAMSNETIR, FHREREEZRIMANE| THF F= H0 £
BRAMT. S EHVA, £ MgSO, ETIR, REKR%. @it Btk
KRG Y, ARIFEEH 22b(3.0 g, 65%). MS [M+H]+ = 542

22-C. &4 22¢ 896,

¥ 22-A #9F kb RF s 22a3.9 g, 13.2 mmol)E T
THE(100 mL)F, 4T A42(11.7 mL, 1.7 M RIZER)E-78C. THR
EATLBANEZERY., FiZRAOWERAEGRETHIE 1 o,
REEEFhmA 22-B 4975 ik F H#F6910E-4h 22b (3 g, 5.5 mmol). 4
HEBHL, FERSYETETHRHE 3 . AREREHF N
AAsE KRR, FHREMA_RTRER, ELKARELTRA
AR, HFrhEEA. FRAGREMETVELRY, LAt
ik, R RASWMHEEIU AT B A, g B S,
AETFREGY, MRIFEMLEY 22¢(4.2 g, 85%).

22-D. A4 174 6945,

¥ 22-C 0475 sk H4F 69105 22¢ (4.2 g, 5.6 mmol)# T L&
(50 mL) ¥, /£ RAS T Ha47(9.4 g, 57.4 mmol)F K BB sh K E-4
(10 g, 115 mmo)mAB| 9 #UR T . AHRE THFERESS 3 I of, Kk
L EER, SR, AKETERRE FEAZT TR, ARF
3% % 61054 174 (3.2 g, 65%). MS [M+H]+ = 868

FA) 23: b4k 59 646K
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Q
P(OCH), “p—(0C,H,)
- Ne 7N/ o
Br = Br—{’
Oy

g OCH N =
o S+ [ 1 (:,/\N_(\:/\_B — [\,JN/Q f\J:/\ll
N7 -
1] . 1
»
N
SR

059

23-A. A 23a 49A AR,

¥ 4-32 F ;& 4L (4-Bromobenzyl bromide) (20 g, 76 mmol)#E N, T
AN E BAEEE = LES(50 mL, 0.29 mmol) ¥, FFEEA T HAFREY 12
DB, BRI EER, KAERETERE, AMFERATY X
b4 23a (22 g, 98%).

23-B. 1L&-4 23b 494 A%,

¥ 544 (3 g, 75 mmol) #= 18-EEE-6 (1.43 g, 5.4 mmol)He A 2|
THF(100 mL)¥, 33K ¥ A8 — LH(13.5 mL, 64.8 mmol)#E N, F
AFRAHF. £OCT, ¥ 4-EXFE(0 g, 54 mmol)In N B A
M, WREMETRTRHES 1206, RETRE, ¥ THF = H,0
MAFRABFIERY ., SBANA, £ MgSO, LTI, REKYE.
KRB vl THE/EtOH €4 45, MmiFEL44 23b (10.5 g, 75%). MS
[M+H]+ =259

23-C. 1044 23c 4945 A%,

¥ 23-B ¢4 7 i% F 4143651044 23b (3.68 g, 14 mmol). F (1.5 ml,
16.8 mmol). pd(dba), (0.125 g, 0.13 mmol). P(t-Bu); (0.04 g, 0.2. mmol)

111



200680005392. 4 o 1 ET5/82m

Fad T BE41(1.80 g, 18.7 mmol) £ A T AeNE| F RS0 mL)¥, ¥
BAMERY 3 N, RETARE, ¥ReHEHNERTER, HHRE
B LA 3| THF = H,O 69RAMF . 4 BA VAL, ERERE LT
B, RERY. BTAREENBNERGY, AmFEREY 23c 22 g,
58%). MS [M+H]+ =271

23-D. 44 23d 494 A,

FE4h (0.78 g, 19.4 mmol) F= 18-7EEE-6 (0.26 g, 0.97 mmol)A=
AZ| THF(100 mL)¥, F-4 23-A #9755 % F #1413 49108-4% 23a (6 g, 19.4
mmol)E N, TmAZ|RAYHF. £ 0CT, ¥ 1-A 697 % FHF61L
A% la (4 g 9.7 mmol) e NB|RAM T, FREMETRTHMHSY 12
NN, REZRE, ¥ THE A= H,0 WmAZRAREERT. 2BH
AAg, £ MgSO, LTI, REKRSE. KEHA THF/EIOH £4 &, A
MiFE LA 23d (5.2 g, 96%). MS [M+H]+ = 561

23-E. A4 59 696 M%

Y% 23-D #4 F ik P #1413 69408-4 23 d (2 g, 3.5 mmol). 23-C &9 75 %
& %43 694054 23¢ (1.22 g, 4.5 mmol). pd(dba), (40.6 mg, 0.033 mmol).
P(t-Bu); (28.8 mg, 0.033 mmol)F=4X T #54/(0.84 g, 8.75 mmol)& R A5
FThARFR(120 mL)F, FEREMHEALY 12 0. RE KRG,
HRAWEIHEER, FHREREERIMAZ THF = H0 #iRb%
B, S BHENA, EABAELETIR, RERYEGE. @il EATHMAR
Fd, AmiFEE4 59 (2 g, 76%). MS [M+H]+ =751

FA] 24: A4 143 896 A%,
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9 ~ . -
i 5 & ')I\? »' 7 . © ]\(° .‘J,. .
o™ oo rr;rr‘w — "”*I;F L wkf“ﬁ* T
o %J) & . A

24-A. A4 24a B96- AR,

ERAST, ¥4 18-D 895 = ¥ H1F 491L4-4h 18d (4.7 g, 8.5 mmol)
Fo 2,6- =23 (2.4 g, 8.5 mmol)ixF THF (120 mL)¥ . # 2 MK,CO; &
& (60 mL)AnAF| &AM, JEHHEF A PAPPhsy), (0.23 g, 0.3
mmol), FEEATRERESMY 12 Mif. RETRGE, FRsSHE
HEFR, NRSRBERTSBANA, FRE, BTAEEMEL
KRG, MFiFELEH 24a (3.9 g, 45%). MS [M+H]+ =556

24-B. 44 24b 644K,

BT A 24-A 55 ik b #14F 69104 242 REEF4] 17 69 17-D &)
ik A 17c X595, HBE RS 17 64 17-D 475 kAR 67
% H1F10 A4 24b (8 g, 81%). MS [M+H]+ =635

24-C. tu4-4h 143 644 m%,

BT A 24-B #9753 P 513 691004 24b KRB % 34) 17 49 17-E 8
F ik P e 17d 291, B 5 EHH) 17 49 17-E 645 HARR 7
E B IF0 5 143 (3.0 g, 82%). MS [M+H]+ = 660

F34) 25: A4 195 t96 A%,
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I'\ ) R ‘l P /A
g " onf o
- e T R TN
%] EJIJI,J*EfL,\fJ'-ﬂ-&fok4i
o' i\ g
(- 9
A\ i u
D, -
W w

25a 25¢

25-A. AW 25a BG4 m%,
¥ 1-58

Bf(41.2 mmol, 10.0 g)T 4% F THF (200 mL)¥, jf@& i

¥ Ao N 2-Z AN B4R (45.3 mmol, 7.80 g). 2M KB 4FE R (50 mL)A w9 (=
AJ%)42(0) (1.24 mmol, 1.43 g), HHFRAEME A 19 DB, RAL T RS »

¥rbtbHEESR,
¥ 25a (13.2 g, 96 %). MS [M]
25-B. 1LA#) 25b 694 A%,
¥ 22-A 8975 % F H4

=334

Wik, FRAKRFLEREILR, ARIFELE

F 694054 22a (20.4 mmol, 4.23 g) T A% T F

THF(100 mL)¥, ¥ E T £42(82 mL, 2.5 M TIRIAR)E-78C T IFF

SRR HAN EIZERY . 1 DEE, K 25-A 8955 kT HIE

F 691054 25a

(8.17 mmol, 2.73 g)mAF| LiXRAMF. 30 54T 5, IR EHE,
FHRREMPEZRTRAE 3 D, REDKRE, @HEF A NHCI K
B, PR A A TEEFE IR, EMgSO4—l‘-+Jf;T‘é3‘?EXé‘J)iEL%, R

RYE, ) FLBANE|FROBEHT, BHREY.
B, RHRSW. 25, LERTRAEME, 53
(4.58g, 95%). MS [M] = 676(- H,O # X))

25-C. {840 195 696 A%,

BN T

— B e 250

FA o4 25b (4.7 g, 6.77 mmol). A4L4P(1.12 g, 6.77 mmol)Fe ik 5%
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BR4M (7.18 g, 67.7 mmol)Ae A 3] LEL(100 mL)F, FF3§ R4 A 3 )
iF. ¥ ERR gL EER, 3K, ARFCERESLA, RET
¥, MmIFEMLA4 195 (2.77 g, 62%). MS [M] = 660

4] 26: A 212 AR,

26a 212

26-A. 1Lo-4 26a 6946,

% 3,9-78 3K ¥ (3,9-bromo phenylene)(2 g, 4.86 mmol)&-F THF
(120 mL)¥, FERAATALPImABiTH 3-FERARME.6 g,
10.69 mmol)i& T EtOH (50 mL)#F 2] 69ixik. il dinff K,CO3(3.3 g,
24.3 mmol)F H,O (100 mL) ¥ 13 3| 64:5& An NiZ RAH, /G 6 3 ¥ Aw
A Pd(PPh3), (0.28 g, 0.24 mmol), FAEERTHFREWE 12 D ET.
B ZRSE, YRAMANETR, FNREREERT 5 BRI,
FitiEvAiF 5| BAR. ¥ ERFERT THF F, FE A2 s, RE,
¥R G A THF Ao LEEE 4 5, MmfF2)1La4h 26a (1.9 g, 85%). MS
[M-+H]+ = 460

26-B. 1La4h 212 694,

Y418 K BL B B2 — LB (Benzilphosphoric acid diethyl ether) (1.8 mL,
8.8 mmol). AAt4M(0.38 g, 16 mmol) F= 18-7E -6 (0.1 g, 0.48 mmol)7m
AZ| THF(100 mL)¥ , 33 26-A 847 i F 456946569 26a (1.8 g, 4.0
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mmol)& 0°C. RARTANEREH T, WREMEZTRTHIFL 12
DB, R TARE, ¥ THF F= H,0 WmABREREERTY. 4 BH
MAR, £ MgSO, LTI, RERE. KRG L THF/EtOH 4 dh, A
w152 eAH 212 (1.97 g, 81%). MS [M+H]+ = 608

R KA 1:

¥ F oA BA L 1000A B8 ITO(RALARAS)H L 64 3 3% A AR (R T
7059 3K I3E)Z N B EA kR R, AR E RF R, ik
F| A M Fischer 2-8) £ 2| 4) = o, FEHARMBRKEFRLAIEAM G
Millipore 28] #4id i B idyk. MAA B HF R ITO 30 447, KRBl
J BB E B XA FRFAR 10 547, RARRBRKKES, B3EAF
ABE, REAF FEAE A EA R AT F R F e, TIRED &

u
e,

FE4m b8 &-64 ITO B _EARKIE 3,6-3-2-F R A A -N-[4-(2-
BAEFRBEAFAEE (800 A). 4,43 [N-(1-2 £)-N-F A F B K
(NPB) (300 A). 4= F & 7 #2 8 ¥ #) ZARAHH(300 A). #= 9,10-50-2-3 4
2-[4-(N-FR A K Foke Z)FE A )E (300 A)#AFHA TR, AMRIRK
HRERENE. BEREBE. AR ERGTHEEE, BHARTHEE
AH(D1)Fk 1 F e940a-% 59 454 R T XK E T 6945 2k 69414t

Bl Tt B EARR A B IRAR B F4E 5 E 128
2000A #9 B, MmFARIAM., A, 3T ANE LS

ELr#EERE P, BHHMRAEERIZLE 04~07 A/FY, B
ARG BACAE Fo4S 04 IR AR1% B FIPRBFAE 0.3 A/AV F= 2 A/AY,

ARt AL o A B ARFA 2x107 ~ 5x10° &,
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N | a

A 4
@ (D1)

B¢ b A 0 B L R A6 Baka, R T RTA8F LXK,

[&7]
Wﬁ? Py %é*%‘f—@iﬁ BRRE | R | RAKE | AR &2 H(x, y)
.45 # (Wt%) %) (cd/A) (1m/W)
1-1 o D1 8 8.5 5.4 2.0 (0.140, 0.156)
12 A1 | AHs9 8 8.9 3.4 1.2 (0.148, 0.118)
1-3 el | ehs9 10 8.8 3.7 1.3 (0.148, 0.122)
1-4 a1 | e4s0 4 7.9 18.1 7.2 (0.309, 0.638)
1-5 AL a~42 D1 8 8.9 5.6 2.0 (0.139, 0.149)
1-6 A2 | es9 10 8.8 3.9 1.4 (0.147,0.118)
1-7 wAaHMSs | 59 8 7.8 2.8 1.1 (0.149, 0.120)
1-8 a1l | A59 8 7.9 3.1 1.3 (0.148, 0.124)
1-9 412 | 1La-4h59 8 7.8 3.5 1.5 (0.148, 0.120)
1-10 HA-465 D1 8 8.9 53 1.9 (0.149, 0.226)
1-11 A9 | 1LEAH59 10 8.5 3.8 1.4 (0.147, 0.119)
1-12 A450 | a4h59 8 7.8 3.2 1.3 (0.150, 0.132)
1-13 bb#;jfé\ 14A-4959 8 8.8 2.5 0.9 (0.150, 0.126)
[FbiALE-H1]

L@ E 7 A TRHAA S A 100 mA/om? ¢ 8IS BT RF.

117



200680005392. 4

i

o E81/82)

[% 8]
. 1% 7 SRR
. HR &, AR B,
K F | 244 | B2k ; 3 A a$ saiey |
SR 2R Ar AT X,
wB | M| A - ) 1 @s0
(Wt%) (cd/A) | (Im/W) ,
mA/cm
A | Abedh
1-14 4% 7.45 19.6 8.25 (0.316,0.639) 210h
124 174
fetoth | oty
1-15 4% 7.55 20.5 8.52 (0.322,0.636) 200h
125 174
et | At
1-16 4% 7.62 18.5 7.63 (0.311,0.643) 245h
136 174
1-17 AL | Aot 4% 7.66 18.3 7.51 (0.321,0.636) 95h
i o2 | 174 ’ ' ' ' Den

[Poi a4 2]

ir

(LD

O‘

TRIE L a5 2

g

BT AR S ST R R IEARA 3,6--2- A K KA R -N-[4-(2-
BAFRBRLERXAPFREAR TEREANEGMH, FAEATRI
T A A B T A A EARS AR RS, AT E R R
Bl1AARNTR., 4RXFTFTTELIT.

[%& 9]
. 1% A ARk
. 5 Ze AL LKL
Riog | 2o | sk | TER g | AR RA ] (To)
ot # L R V) * * S AR, ) @50
(Wt%) (cd/A) | (Im/W) e
A4 | bt
1-18 4% 6.76 18.2 8.45 (0.319,0.639) 520h
124 174
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1bdn | bdh

1-19 4% 6.77 18.3 8.48 | (0.320,0.637) 550h
125 174
b | febdh

1-20 4% 6.84 17.0 7.79 | (0.308,0.642) 450h
136 174

1-21 AL | e 4% 6.91 17.4 7.92 | (0.323,0.633) 190h

- 0 . . . . ,U.
a4 2 174
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