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P

R'-R' 9% %%k 230 3 -H. -8 % . -NO..—CN. - (C:—C10) 32 % . -0 (Ci=Cs0)
BE. N(C-C)BX):. -Si((Ci—-Cs) BX)s. —(Ci—Cxo) 212 X, -
FER-2FE FRERE-EAATARRRKYGKFH AKX S AR
ARARK; XAFIAMR-RTERAOBAKRREAR;

REAE-EK.-(C-C) B X .-0(C:—C:0) 2 X .-NO:.~CN.~Si ((Ci—Cs0)
BEA):, -N((C—-Cs) B E):. —(C—Co) HBR. - FER-BFX,;

TA-CRR"-, AP RAFR'HYEXE LR HEZXHAR;

EAX 16 %K,

MELAZ IR -F 10AAFFREALLENHLAE;

% M& RS,

XER, 2FRE-H, X¥ X433 ML,

Y REMUESEIM Lé b MBiidk; B

n% 0-5 &,

2. MAIZRKLGHEAR, X ME&, #3246,

3. A EEK 2 GMAN, KT XEHE. RBRNRH-(C-C) 2
2 X BMBAH-(C-C) B X,

4, RANZR IGHMAHN, X XAFE,

5. AMAIZK 2 MMM, K+ ELE-0-,

6. MARFZRK 1 9MAMNFERRNHEGHBROMAN R L.

7. RAZR 6 R RSMAN, APHREAMNLEH=ZTE
£, 2B 2RhTAR, 2 FAE. —fATFEE. —S4T
X, fA—FEE, AAL—EG. BERE. WEARI)AR
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B OEAXR)MR_FTEERG, WEAXR)AR=XTEN,
Z(ARAXE)M ZELXE)MBEARLSY.

8. WRRELFk, QENRBERAAZR THHRBROMLAM R
C Ry
9. MAIERSWFE, RPHERBRETH. AW, 1-TH. 2-
Bk, 1-TH. 1-FH, XH. 1,3-T=H. BRAHIARSY,
FI i 3 02 4 B °T vA R B ARG .

10. MAZRIGF &, AFPHENRBATHK 1-TH.

11 AR HFE, AP ES—AR-RFR-R"&AH-C(H
%) CH(HK)  F-CH. (FK).




200610151517. 6 iﬁ, HH :F!" H1/280C

1R AE AR EAE R K R AR Ao

AwikAwHTH 03819838.X. KALARN “RAEXMMEHK
R RFBREAMNES" &R PHGTRTHF.

APikER 2002 F8A 19 BT U.S. otk 60/404,452
R, RLMATFHRAEFIIRAEDRE,

90 A7 3,

AXATROLELBEAMAETEFANGELERELN R
G, FEAMARNEZRARRBRAOERBT A HEMR,

ZA¥ ¥

AN—LETREAFRGFRBDHBAN RERPERER, 22
R, CEARARTFELARNZERKEFAHHLYN, — KA
HA B RN 5 4E 4 EARN G4 TR K (aluninoxanes) —R4EF K
EFEEFHNER, AFFHERERRBAHNERF—ARSEARR=
WA ("Cp") WM Bkt L B2 HS WM. ERIWNAT, HitAe
BRKRE, EARRBBHELNMRET FEHMEAH FTRE GRS
Bl (Bl iR EM., O FRGHEAN R TLGEERTHRE. BT
DA AR B IREERINN) O FE, FLERRRERXRTR R,

ATFHRRABEEGERRBARN G L EELERHAHL
et PIRTRRXE, H—REANTREFERHHFTRAL
i RFBR/ATHRYGER, BETUFERELERNMARH A
M FikFe E R, B, FRAHEREKFLSHHRRY L
AT £ 8B F4 &, B BRMARRA EIFGRAHE.

RAEES—ABELANGESEARB BN £ AHEB ALK
Rty (LT Coleman, IIT HFAH U.S. $4] 4,452,914 =8 F
Canich & U.S. ¥ #]| 5,079, 205). #&F Katayama ¥ A& U.S. &4
5,840, 646 #3& F Shell International Research #§ EP 0 606125 Bl
AFTRATFRRBREBRY —HF—EXR LA mALN .

AR TFHLEAERRERBHEALNGREK, 3EARTFETFERA
AHEARCBIIRTAMNKEE, XFoHRa&k, wrRAEFEHK
FE Bk AIRE LI F Nagy FAM U.S. 4 5,637,660;
#F Reichle FAH U.S. ¥4 5,852,146; #F Liu ¢ U.S. £ 4|
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6,020,493; Bei ¥ A, Organometallics 17: 3282(1997); #=
Tsukahara ¥ A, Organometallics 16: 3303(1997)). &4 B-X (%
B)RAA (BMLERAFALEALA) YOI EA R FRAAKRKLM Kol
Goldschmidt #2 coworkers A F R BEAMNF (LR F Kol FAH
U.S. ¥ #)6,333,423; Tshuva ¥ A, Chemn. Commun. 379 (2000) # Chen.
Commun. 2120 (2001)).Shao ¥ A £ Organometallics 19: 509 (2000)
PRETHEARBBEAMN G HESB-X (BE) (MEIRKEL
AR RAAKGES LY, EEHREDGFEMWENIK. Bouwkanp F
A, Organometallics 17:3645(1998) HR TH AR BHELMNG L
AR EBR-R(O-FX) XA EFRAAKGEESYH, FRAAK
Bl W& AR F ¥

Bt, EXAMEFERHGOHRBRASMAHN, KL ALR-B
AN S HRARQGENLN., EAAREZTRAAPRLESF
SRR EFHRAAKRGELSAXESBHELN, BAHAXITURFH 1-H
Ba-%R) ik BERSCFFARAERRABEFNRLYRSZ. £
B R AEAOR , 4R R F Mde/ HAKA ARG A RN EA TEFR
WA E (LHide G. V. Coates, Chem. Rev. 100:1223 (2000),
Fodt o 7] Rl GG RH LRK) . X AL 4R JE R 45 PR AR R ) R
FH.

ERBHERNMEIR)RABN I KRERARERIRRERA X
Z., ERBHRSTRABHELMAEIR D) RBETR L BT RKE
ARREEA L.

A AL

AEXAT AR RBEAN A%, FRAMANARKCHESAR 3-10
RERBRTFIMASCEGKEZAB AN FETHELN. ARAZL
FEATEX I ATFRELHLMAN:
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R T

R‘ / \ N —_.’Mnme"

RS E
R‘

R'

R R?

(I)

X+

R'-R'9 3 3 53 %-H.— g K .-NO:.—CN. - (C:—Css) 32 2. .-0 (C:-Cs)
BEA. -N((Ci-Cu) BX):. -Si((C-C)BX):, —(Ci-Cx) . -
FEI-RFE, FRE—RXBATUARRKGRFH AR S A}
EARK; AFHAMR -R THRAHBAFRRER;

RPAE-g&F.-(Ci—C:) 13X .-0(Ci—Cs0) 2 X .-NO2.=CN.=-Si ((Ci=Cs0)
BE):. N(C-Co) X)), —(C-Co) X, -FRAK-ZFX;

TA-CRR"-, AR FRGEXE LR GEXAR;

EAF 16 %k,

MELAZ 3% -F 10RATFRAERATHLAE;

nE MRS,

X5 EX R HENX4AF, 2FXR-0, X+ X4L3MLE;

Y RRMASIM LG HRAEK;, B

n& 0-5 ey,

AEAEFRATEHX I FIFHREHBEAN
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.

R'-R" 8k 2ibbh-H, -FH&. -NO:. —CN. —(C—C) 2 X, -
0(C—C) 2 X, -N((C—Cso) 22 2) .. -Si((Ci—Cr) B A)5. —(Ci=Cao) 2
RE. -FE. -RFE, FRF—XATARZARRYAFH—AK
BA-RVEAHABRK; AERAR-RTHROUBAFRREAR;

H— R BmIAH-FE. -NO.. -CN. -(C:—C:) 2. =0 (Ci—Cs)

CRA. -NUC-Co) BAE) . -Si ((C=Cs0) BR) s, —(C—Co)) 2R -
FEE-LFX;

ERAE 16 k4Kk;

MREAFE IR -F10RAXFMEATHLES;

oA MRS,

XAR, 2FE-0, £+ X842 M L;

Y ARMESEM Ly P hdeiidk; A

nA&0-5 ek,

BA—ARKEFEY, X(DA/AXAD) HRL AN HEE
W EAM ST BN RASMAN .

E—AREFEF, K(DA/EAXADHRLAEEALNSET
MEUNBESHBRN T 1-HREGIHMABRRSGHELN.

BE—AREFEF, X(DFH R-RF T EAXAZRAX (D F4&
R-R"ABEBFHh SRS MMGH[HIERNMAIRS.

AEXPEFALIEX (1) Fo/E X (1) IR AN 6B R
o7k, ERGRSFTEQERRXBRTEAM. HERMD. A, &
R, BRAMZEFRABERE L@,

W B i

B 1B 7wH44HN 345 'H NMR 6% (400 MHZ, CDs, 300 K), Jtk
AT "F-kMME AR ERN MM AT AT o TR K 4G H k) (+=CDs, += &
U S

B 2EFHAMN3ISF (H®) A "F(H) (B@; HTHWHR
13 4% 69 K F 4% A) NMR %% (376 MHz, C:Ds, 300K)., %5 «[1” #&48
NMR St VA R4 49 5 Xi&E# (BF "F 5 'H/%4-¢ NMR), 5 “()” &
48 NMR %3 2h XAy 5 NiE &,
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A 3 EFMEAM 44 'H NMR 6% (400 MHz, 300 K), R#% "F
=B/ EMNMMETIESREFREENYAH (» =RAKEH, + =KHG T
X).

M4BT 18 X-HEREEH,

B S BrRMAN 26 X-HEREeEH,

B 6 RTMAH 38 X-MER[KREH,

BT RTHAH S X-MERUKREEH.

A8 EBTdisiM 35 B(CF:): R B MmATA 4D '-CH:.Ph fFE B F
4 'H (400 MHz) = “F (376 MHz, CF:; B3, % T k#Wimi#4 ppn
) NMR ti# (CD:.C1. + di-THF, 300 K), 4R AWT "F-F 'H-%/®
LGB h (« = RAREH).

A A#iE

AXLFFARE “-(C-C) BE” RREF 1-30ARRFHIRE,
—(Ci=Cro) BAGIEFRFI M X H @3- (C—C) JRIB. —(C—Cx) )2, -
(Ci=Cso) S J2.

AXLFFRARE “—(C-Cao) o X” ZHRAPF—ARSIANAEKRTFH
RABREGRF, P& KRFH = N.P.Si.Ce.0 Fo S ##8—(C.—Cx)
BX.

AXFTRARE “RFRX” RBAEFKFEH—ARTRRTF A
MRTFHFE, #FTEGEMRME LI CIEntes, wRF.

AXLFFMHEE “REBLSYH” ARAFAWEAAEBLEZI NS
AU s.

AXFTRAEE “BRELTA" TR —RELEBREFBH
w42, IARSHAFREHRD.

AXPTR4EE “ERAZIR” ERATHFXSIHFRRANRE
HBBINRA—RESWAB AR “R R GRS EiLA,

AR E “HREeBABAN" ERXHGLESH, XPH 3
-~ I0ALBIMEAXRSA 4- SN RTFHIRALK-2 B KR NG—
Hy, AP RLAh-2AKEZ 4L A-FKM-Clét. AXRAd FHLK
B, ekt sy o rabe R,

AXFrMiEiE “PHBRAEKR” ERTARBATFELAERTZN
BRARLEGEER B TFHRFLFIGLTF. PHRESKYER

8
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FlEEH QI N-Bh FRAAKM B, 9EE, wE. RERRE;
P-4k, F X H #4o M. tetrahydrophosphole. #= and phospole; 0-
HeFLACEF WA, G TR, LR, —AR. —TR. =&
B, ORI _ALROIR; RAHB _FRAP_FTAEIKR.

ALHAEE “EFRARTF” ARFANEGAETF RS, &
Frid 3 &9 A 3 F R 55 69 3% &) M k.

ALFRARE W RBEREY —ANB-B R RLTFHld
i, EHRTARARKIARKRY, FEEARRERLGANBHR

&

AXPTRERE “R 16 KAKX" RBR. K. Bfes,

ALAARE “qk” RER. & R,

AEAT ALK BLMAH Foil 5 FLN G RFEBHLRN,
AT ERRE I-F 10AEAIMEEA. [(REAHELNCLSEH
SHBERREAEH [X-M-CIRAR—FGHE&R-K[M-CI8, X+ X
TARRBLHEARSHEMAKILA, 1REHFELAND Ti, It
& Hf.

ALPEH AN 1 FTRE BRI :

R’ T
R? / \N——WXMY"
U €
R ”
R'

R; Rz

M

xP:

R' - R'4-%) %% 5 36 h -H.— g & .~NO:.~CN.—- (C:~Cs0) 32 % .—0 (C:—Cs)
BA. -N((C—C:) BE) 2. =Si((C-Co) BR):. ~(C-Co) B X, -
FER-ZFE, FRERSF-EBATURARRHRFH AKX S AR
EHARK; AFAHAMR -RTHAEBAKRREH;

R'Z-%.-(Ci—C:0) @A .0 (Ci—Cs0) 3@ % . ~N0:,—CN.-Si ((Ci—C1)
BA):;, N((C-Co) B X):, —(C-Coo) 12X . -F XK -2FX; |
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TA-CRR''-, AP RFRGEXE5 LR GZX4AF;

EAF® 16 %4k,

MEAABZEIAR-F10RAFMEALENLE;

o A& M EAE;

XHEXSEX R HEZXAR, 2FX2-H, X¥ X843 MLE;

Y ARSI M LA P bRk, H

B AEERE T &

E—AREFEY, REATAX T LM, X+ 0 ALK &
EX N

E—AEREFTEF, FELAFAEX T AN, X+ EE£-0-, ¥4
FZ=SHE-wR-EA B TFRAKE M .

E—AREFTEY, ALAFEX T MMM, X F X £2-CH. -
CH:CH:, FX. -fK. XK H-FEK-K.

E—ARKEFTEY, ARAFAX I HHELN, ¥ Y REE.

A-AX#EFEP, KEAFAX T HHAN, Xb Y2 N-4t%
FRRALAR ., P-4 F B4R As—Br s F B4R, O-4b8 F Bk S-
Al T BLALAK. b BT 4G JE PR 5 ) €46 N-4b b T BT 4Rk Hl e
B, w9, bt RERARE; P-HteFRAM AR, =
HEAFEM. REA—FEXMRP=ZFTER, AP —-AKIMNRETUAM
REXXFEALETRUM R RS, As-4tL-FEA, eEH=ZR
AWM. —REAFEN. RE—FENF=ZFTEMN, AF—AXEAMHK
ETUARREEAXFARXATRAY R ARNRE (arsite); 0-HLFR
Aol eit—Fe, L&, —A8. —T&. —X8. Wik,
ZHRBERTR; ARHH _FRA_FTRELK. E—ANARKNHEK
HFTEP, VEOERMATH., V ERELZWEH L.

E—AR#&FEY, KEAFTAKXN I HHAN, XPR-RFBTE
AAR G SROMAGBOERMAIRS., FRETERL, BFXH
WEAMBEIRALREZBLEENESRRRESEETA /XA KRR
HAMEHER., ST FALARGELERRIB ML, CLERT o
FRBGIERMB IR L.

AERAEFEX I FrrdE b Man:

10
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FF:

R' - R" &%) 2% 536 % -H. - % . -NO.. —-CN. -(C=C) 2 X, -
0(Ci—Cs) 2. -N((C=Cs)) BE) .. -Si((Ci=Cs) BR)s. —(Ci=Cso) &
X, -FE. -RFE, FRES—RATUARARREG KA B—A %
EARVEHABRN; ZAFHAAR -RTROUHBAFREH;

#— R B AH-gi k. -NO.. —-CN. - (C:—Cs0) 32 %, —0(Ci—Cs0)
BAE. -N(C-Ch) BX).. -Si((Ci-C) B XK);, -(C-C) 2 X, -
FRI-RFXE;

ERF 16 &k,

MEREHAFI%R-F 10RAFHMEAALTHLE;

mE M6 RS

XAR, FXE-H, £ X843 ML,

YARMESIM Lég P Kleiik; A

nA& 0-5 &8k,

BE—AREFTEY, FEXATAK 1T AN, P ME&, £
.
B—ANREFTEY, REXAFAKX IT 9HAN, A ¥ B £2-0-,
A= 8 -k -2 BT Riik S M KL,

BE—AEREFTEY, REXATEAK I GHEAN, X X 2-CH.
—CH:CHsy ~FRH-d¥. XRAXAFEXL.

E—AREFEY, FEARTFAXIT HHELN, XPYRAL.

11
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B—ARETEF, FEXAFTEX I GMAHN, Xd Vb i
FXIMEMAFEL, EREHREFTEY, Y Ao kw.

BE—AKEFTEY, FEXAFAKX I HAEHN, ¥ ML Zr; R
AR ZE-C(CH:)s; R°Aw R -R" &-H; ER-0-; m& 4; X A-CH (Cill5);
Hn & 0,

B—AREFTRY, FLAFTAX 1T MM, L+ ME Zr; R
#RRA-C(CH)»; R'F R -R"2-H; EA-0-; n & 4; X2-Cl; n A1
BYZ-9fskvh.

BE—AREFEP, REAFAKX 1T GH4LH, X+ M2 Zr; R
A2 R°&-C(CH))»; R°A= R"&Z-CF;; R', R'-R'F R 2-H; E £~0-; m
i“; X){"CH:(C&HS); .E.n;{O.

B—AKREFTEY, KAEXAFAKX I thHuH, A ¥ METi; R
ﬁﬂkli-C(Cﬂs)a; R’ #e R”)E-Cpa; R’ R'-R'#Fe R'O)&-H; EA-0-; m
A 4; XA-CHL(CHs); #Hnx0.

B—ARETEF, KEATAX T LM, X+ MR I |
o R’ £-C(CH:)s; R°A&-CF;; R, R*-R'#F R"-R"2-H; E £-0-; m
X 4; XA-CH.(CHs): #Hn% 0.

BE—AREFTRY, AXATEKX I HH4AH, S+ MEZr; R
#= R’ & -C(CHs)s; R’ A—-CFs; R" &£-F; R\ R'-R'#e R'2-H; E&-0-;
n&4; XA-Cl; nR1; HEYZWH%W.

BE—AREFTEFY, REARFEX 1] HHAN, XFX 11 +&
R-R'ERAAEERODUGBOERNMERS., RAHTH
e, BREHYERMBELRALEZBETNESRRRS AL it Fe/ &,
AHBRROMEHER. FFRALAHARGELBARKBHRLN, 2
RRTHTFABYHERNBER ) HiEdE.

E—AKREFTEY, FLATAX 11 RN (EREH 6 Tk
PR AHBARN 3), X MALZr; BE-0-; X Z-F&; R F R 2-CF;;
RARR-TE; R“U"R-H; HELYRALE, AKR¥EFTET,
E—AFE-CHL-KF5 R" L#y-CF R A MWK T 3.3 Hz 4 'H
J(H--F) /%4~ ('H NMR, JLW M 1)#= 5.9 Hz # *HJ (C---F) %4 (°C NMR) .
R/ 'HNMR e "F-5MEER T —184. £k, &K "F [1H]
NMR Ll o 61084 i B 3e 53, {225 FI0A R L9-CF A H#

12
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£-58.09 ppm #94&k3H &k, "F (IH) A#EHFXF. X LWEGHIE
ETAHAEZBOBNHERMAITIBIC-H-F-ClEAMBIEAYH LI TA
‘BHTE M. LREEFTEMNBRUS M HYR, HALKH
T4 RAECDACD:ClL. P& 3.3/ 1Hz8 'HT (H--F) 14k, ™ & d8-THF
v, BFRMASRATHY, 2R ARAEG (WE 1), SEAXTH
Ao 389 Zr dk Ti RAQX IT BN (EXREH T PAEHMALN 4 3
#), RETRAEAMANSTFAICH-FCIABEHAM, XABiT R
NMR REiE R (WE 3), I RS TR GMAEME —& (& CD: ¥
"Tww K& 2 Hz, "Jo=5.3 Hz), EWRBRRESA LT TR AR
ERFEMFPEEK, APEATHRARSEE RS WX R TRERS
FHBHMERD (Blde C-H-F-C). RAMEFHGERMMEIHR R
BEXEHECEARRRSHGNE, EARREIEAARAL, £
WRRAEAY, MAMRBEANMAEIFENRRIREE KT B KK
R ARREN, AXARERARAL. e, ERSGRAITAY,
HERVEGSTFHABERMBERIEDHE I-H B fodbst it fE,
HEETUAFERHIKEBERLRSY.

FrERAAARGH&LERM G, FELTRBEAH XK P R
FEMRMAHESERAEASD (L Silva ¥ A, Tetrahedron
53:11645(1997); #= Dietrich-Buchecker ¥ A, Tetrahedron 46 :
503(1990)).

SABRMEFHRAY 2-(XR) -6-F A URAWGL AL, T
Al it b sk i 2 B XM 4o F R4 (IV), Ti(CH:Ph).; WX K4
(IV), Zr(CH:Ph); —F X —$ 44 (IV), Zr (CH:Ph).Cl: fe ¥ X 6
(IV), Hf (CH:Ph) #ATR AR KR, HEAHMENRTESFFELAL
W, FELESFEAZINYREEA-FRYHTATRBT. HIRLSEAS
SHERAZEFFEF XA E-WR-EA X TFoioak. ¥+
MO FEMN Mo Bk R LM ERAARSHP, UIRiES
LW al, EXERATRAAENAHE XS H. ilid 'H NMR A4
¥HBAXEHATEL X-MNHEREKERAAZLY, AARNRFEHEIR
AR ZMAMY, XM THZELHAEREBHEL
P kHAFEF TR,

13
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AEXATROCAEREAGNKE RN FiEEN RN R
%, EFHEMENKRSBHBEANELHOETFEREY, EXH
EHR A RRBRTRioby, QELTRF=ZFEE(TM) ., =24 E
(TBA) . =/ TR (TIBA), ZEF4é, FE S, A -_f4
5, —FEARE, —LARtE,. BTUREAF. BUERAAEAKHGRE
K RARERRACS W, T T4 RA ) 3k 3) 5K 4814043 Hl o
ZFEETRAN. EEREASBH LN OIETEEBER M), &
Mg F X 4BER MMA0) . ZABERF—FTEEER. EALAY,
P 4B BN K e T X 4B (MAO) B4R M. EEAXL PR LMY, B
AAARAHRE “REBTRE” QETER -2, ¥ XY
10%FFE, pEARKHE S0 TFHMEH = REAEBHTREREET
Hk; Hlde, T4 MAO ¥ LSH K W% EEH=L X4 (TMN), &
W4 MMAO BE&F TMA X 44 TIBA. AL AFRAHRELERG T QI
EHG=RABER, A, RTEMIARELTREAN AR 4L
M (SAAW) A9, RXARAG=ZREEBHLS WG TFTHAND
3K AR B4,

HEWEANZECELSAEFHELABFHRAE, X EhoH
BEOENEBREMBB LY R KRIIKER., ETHELNGER
HMNEHCED(EARAEXX)MRE, W(AAXE) MR _FEXE
& WEAXE)MR=ELTEARF. ETHEFANECEZRER
EFEML P = (ARER)M, = (AL2EXRP)MF. Aty
HEARNBRETF PP T Turner & U.S. ¥ H) 5,064, 802 #o
5,599,761 %,

E—AERFTEP, FHANEH=FEE, Z2E8. =/FTAE
B, ZEFEB. —fTEE. —fHNTEE. TR E., £
HoCEAE, BTRE. w(ZAXR)MRE, W(ZRAXE) MR-
PEAXRG, 9 ARAXR)MR=XTEAN. = (ZAX2)M. = (&
BER)MBERARSY.

EWEALXARANGEIRT, FANGEATELITRARER
RAE., RAEREAHER LKL AL H 0.1-20,000, £k 1-
2000 BF R4a (M) .

14
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AEREHERFEP, HX I F/AX 11 GRBBHLN S —F
ZEIHLEREALNIARSYLSH}, ABRTTFHRRLSIBLRAEFE
X P i TR

AELPALTRRAFRERUBAN R ERRASN BT, K
HRSFROEEAFTR TR, HAERM. REM. K&, BErAAK
B RAEARLES, BHENGFTETUARARBTRBEGSHRA/ R £
x.

EEORRBOLIE—FHASHBRREARRRGTH. A%, TH,
B, TH. FH. KW, 1,3-T=H. MERANF, Ax4as.
ETHBRREABLERRXZGABBRASORRLE, EEHHRBRAE
HERFHEFICIE-RE, -FEXF- Si RE)..

E—ARKFTEF, WREAHATH. A, 1-TH. 2-K%. 1-
T, 1-FH. XTH. 1,3-T=H. MEARABALRSH.

E—ALEFTEF, WL HATZH. AKARARSHEHREL A
1-TH. 1-THf I-FHROHB RS,

WKk hH THR 1-TH.

E—AREFTRY, HEHGHRD.

BF—AERRFTEY, #& 1-THEGBHRY.

ALPHRLBULEAMNZGELTAOE —FESHARXECLIRELE
Ko, HlimERGFEHEAN. £ERKMAN. JUATERAELRN
K AMIE H B4k Lo 4bés (Blde Phillips—K W) H4LH .

X () FX (1) FL BN Fo/ ATLHLRLN RRELRS
AMBEIANRES DB AE—RERA, SRR ERLT. A8,
Fagd. —FAL4k. BL. HE, ROBKMRLH. KAHK. X
XL, THRARIZLHY. TARRARFARINLEFRLEAR K
RANGEERSEFRBRE. TARETHEF XNHFRE LA
. EANRKEBAEARNTREBARL, 4l TRHELHEM
EZEME, HERTHRKRSIH, HEER TR, &, TUARANKE
BEA. b, TARNEREBASRANSNIARLEA.

LR, REBUEALMNTAATFERRFRIGHBRESF
ik, IS, HERME, AXMA. A&k BRRALEFRARARAR
AaL. RAMFTECALATHIR: HHERELAERLALEALHNRE

15



200610151517. 6 oM P E13/28m

EERHRSGEMNFEB, RELAEREBALMLN REHLT A
BAEARAFEERRBURAARERAT, RAREARXKEL—ZWE, Ff
AEHEEHK 10 psi- K15 000 psi. RABANDHKXH-100C
- X% 300°C., EHRi&R, KOBEAHKLH-80C- K 200°C. Ktk
W, REBAEAHKH-60C- X% 100°C,

AEARSFTHRAGAETH, FARSUEA T AN IHHEALR
MEEF S, IHGHEERFTERSFRRY, AHLERSLGHRS
N RUENKARHGERQSEFRY, FAARRT ReHALMALH N
RoWmEhF oA mk.

BE—AREFTEY, RAVLIHRESFHEHERTRF1700g R
44 /omol ALK /Do / KAETH, XABHF 6. 1x10'/ )0/ KK &
T # M A6 ) 3 5 & (TOF) .

RZELEFRERTOEH THERELEREALBLN, Fh
W AR B BAN R, Hldo, AAKEMNARLEKREKT V4
ARXRAATHRATHELL.

BB THHEXRNEDTEMNLAELELA, RARERERMNEL
AAGEER. RARGERARRLSARINERKAN KA FoX A £
KEE AL,

% &4

A RBRARLUNTRAMAE Schlenk HAF/HEMH M
Braun (Garching,Germany) ¢)-F#RA Pit47é9. 'H H °C NMR ¥ &
# Bruker AVANCE™ 600, 500 DRX, 400 % 300 FT-NMR 4t (ppm)
Lk, "F NMR &% % %A Bruker AVANCE™ 400 Liz k). ¥ (I
#= FAB) &4 Finnigan MAT™ 95 /A4l LK Me9. A Perkin Elmer
DSCT™ MERA W E. WRALMNEREARS B LK/ EERH
AR/ pat /KA ERSE. BBET Turner 45 U.S. ¥ #) 4, 665, 208
EME FRAEER MA0, 10-15 wth A FE P ER) .

k&4 1

KM 1 PP RK 164K
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200610151517. 6 oM P FE14/28m

L LE

TEFEHETF Silva FA, Tetrahedron 53:11645 (1997)
P, EERFAAANT, #3,5-=RTA-2-FEERKZ®(2.000¢g,
7.62 mmol) S TH#47(1.700 g, 15.24 omol) &£ THF (30ml) ¥ &%
At 2 o, AR BEAEESFRF AN 1N, N-ZF A HE-3-
EE-3-FA-1-FH (1. 330g, 7.62mmol; HRZW#E) £ THF $ &
Bk, REWXFARSCHATESI 1200, ERXTREEER, ¥
M ZBEATRTHER G0l B EERY, BiLHEM2 I RR
% THF, REW A RLHMmE CH.CL. 100m]) ¥, KEAME, AKX
RAAREL LR, AlfEREMBERYTR, REMA LK.
HEAWERARARKE TR, AEREFELH. Ak E#iEsi
FRiSsr e iRy (G, ETR: TRLW (20: 1) %BLR), REARE
PHEMNER, ARTERAKL HREBRK, ¥: 1.96 g, 69%.

¥ a4k 1;
1H (500 MHz, CDCI): 5 137 (5, 9H, 5-tBu), 1.45 (s, 9H, 3-Bu), 3.38 (s,

3H, OMe), 7.40-7.44 (m, 2H, H* # H"), 7.49 (t, J = 7.8 Hz, 2H, H"), 7.64 (d, /= 2.6 Hz,
1H, HY), 7.69 # 7.74 (54 dd, J=12Hz, J=65Hz, 2H, H' # H"), 7.78(t, /=177 Hz,
1H, K°), 8.13 (d, J = 8.0 Hz, 2H, H). '

L&) 2
TP 2 RRT FR)K 2 4R

17



200610151517. 6 oM P ZE15/28m

4& M Dietrich-Buchecker ¥ A% Tetrahedron 46:503(1990)
PREEGFE, WEREMK 1 (1.670g, 4.48mmol) &5 kb é AL
% (10.347g, 89.54mmol) #9RAMA N LA TF 230CH P 12 )0,
WK S EAARRNSYERRRE, KAT LMK 2, HkEHK,
F¥: 1.08g, 67%.

¥ 4k 2:

'H NMR (500 MHz, CDC,): § 1.38 (s, 9H, 5-Bu), 1.52 (s, 9H, 3-'Bu), 7.43
(d, J= 2.4 Hz, 1H, HY), 748 (t, /= 7.3 Hz, 1H, H¥), 7.55 (t, /= 7.5 Hz, 2H, H"), 7.62 (44, J =
2.4 Hz,J =38 Hz, 1H, i), 7.71 (d, /= 2.4 Hz, 1H, HY), 7.87-7.91 (m, 2H, H' # H"), 7.97
(d, J=8.6 Hz, 2H, H"), 14.75 (5, 1H, OH). “C NMR (126 MHz, CDCL,): § 29.62 (3-CMe,),
31.64 (5-CMe,), 34,36 # 3535 (CMe;), 118.18 (C), 118.26 # 138.33 (C' # C"), 121.01
(€Y, 126.26 (C°), 126,94 (C"), 129.09 (C¥), 129.43 (C*); 4 & 118.03, 137.63, 138,27,
139,79, 154.41, 156.85, 159.03,
FAB-MS (+ve, nvz): 359 [M').

%34 3
KA 3 RET RN 1 6 AR

HALH) 1
Z-18°C i Pim4k 2 (0.400g, 1.11mmol) AKX/ A (5:1) ¥
RaE N AE Zr (CH:Ph). (0.507g, 1.1lmmol) £ X/ T8 (5:1)
MBI AN ERY. HAAFRSCHERETE B 12 00, Ak
MMHBARTEER. WiEBERiLE, RHEXY 10nl, REA-15C B
BL-3KR, ENTREE[BEK. AR PES M, KFTHLN I,
HRGEE &K1, *F: 0.53g, T6%.

18



200610151517. 6 oM P E16/28m

HACH 1. MK 1 & X-HE MR H (KB ) LAFRIHM
X.

'H NMR (400 MHz, C,Dy): & 1.37 (s, SH, 5-Bu), 1.60 (s, 9H, 3-'Bu),
2.40 (d, J=9.3 Hz, 2H, CH),), 2.55 (d, /= 9.3 Hz, 2H, CH)), 6.67 (m, 2H, p-Ph), 6.85 (m, 8H,
o-Ph # m-Ph), 6.90 (t, J = 8.0 Hz, 1H, "), 7.07 (4, /= 8.1 Hz, 1H, H"), 7.15 ( 5 C,D
¥4, 1H, HY), 7.18 (4, /=79 Hz, 1H H"), 7.23 (1, /= 7.0 Hz, 1H, H"), 7.37 (d,J=7.9 Hz,
1H, H¥), 7.39 (d, J= 2.3 Hz, 1H, H°), 7.63 (d, J = 2.3 Hz, 1H, H"), 7.96 (d, /= 7.0 Hz, 1H,
H'Y). “C NMR (126 MHz, CD,): § 30.71 (3-CMey), 32.19 (5-CMe;), 34.90 and 35.89
(CMe;), 66.36 (Jo = 135.0 Hz, CH,), 116.70 (C), 123.46 (C*), 123.75 (p-Ph), 123.82 (C¥),
125.67 (C%), 126.85 (C*), 128.90 (C"), 129.20 (C¥), 129.67 # 130.81 (o-Ph # m-Ph),

135.41 (C'), 139.27 (I-Ph), 140.10 (C°), 191.65 (C); 4°  #: 126.89, 136.95, 142.02,
143,99, 156.09, 159.18, 165.07. a4 #+# (%) CyH,NOZr (630.98)# #4i: C, 74.24; H,
6.55; N, 2.22. *®{i: C, 6537, H,6.10; N, 2.47.

£ 4
KA 4 RER T AN 2 ¥4 AK:

HE 4L H) 2

A-78°C, P4k 2 (0.270g, 0.75mmol) &£ FX/THF(5:1) ¥ #
B W 35 N 3 Jm B [Z1 (CH.Ph).C1. (0Bt:) (& F T ) os] (0. 3508,
0.75 mmol) AFXK/THF (5: 1) AW B A W ERT, HERERLY
BRETEHABE 1200, ABABART kERR, WiEkitR,
REBEKH 10ml, REA-18CREA2-3 K. WA NEEKANTE
vYaEhk, T4R, SENAETR, KATRLA 1 S FFTRHH
R 2, HEREHK, ¥ 0.36g, 70%,

ALK 2: HACH 2 ) X-M & ks (KB 5) XAREHZHM
K.

19



200610151517. 6 oM P FE17/28m

'H NMR (500 MHz, CDCL): § 1.36 (s, 9H, 5-Bu), 1.51 (s, 9H, 3-Bu),
1.66 (br, 4H, thf), 2.35 (s, 3H, PhMe), 3.75 (br, 4H, thf), 7.14-7.24 (m, SH, PhMe), 7.27-7.32
(m, 2H, H* & HY), 7.50 (4, /=23 Hz, 1H, H’), 7.54 (4, /= 2.3 Hz, IH, H'), 7.71 (4, J= 7.4
Hz, 1H, H'), 7.80-7.82 (%4-d, /=78 # 8.2 Hz, 2H, H' # H"), 7.96 (, /= 8.0 Hz, 1H,
H’), 8.25 (d, J=6.6 Hz, 1H, H®). “C NMR (126 MHz, CDCl,): § 21.48 (PhMe), 25.20 (th),
30.16 (3-CMe,), 31.62 (5-CMe;), 34.59 # 35.33 (CMe,), 73.76 (thf), 116,80 # 122.98 (C*
# C'), 123,06 (C¥), 124.42 (C), 125.32, 128.25, 129.06 # 137.92 (PhMe), 127.16 (C°),
128.85 (C'), 129.67 (C¥), 137.04 (C'), 140.73 (C°), 187.75 (C'); 4°  #: 124.48, 13744,
142.69, 142.88, 155.21, 158.01, 164.05. A&k 447 (%) CyH,CLNO,Zr (683.87) it ¥4k C,
63.23; H, 6.34; N, 2.05. &a4k: C, 63.31; H, 6.22; N, 2.08.

x&EM S
KPS RERT b4k 3 HERR:

¥ M4k 3

BRERHEPEK 1 95 %, # 3,5-=RTE-2-FTREXL
B (1. 687g, 6. 43mmol) L4 T 8%4¥ (1. 460g, 13. 00mmol) /& THF (30m1)
YHRSMAERIANTTFEERSHF 2 I, REMAI-N,N-ZFER
A-3-3,5-— (ZRAFEER))-I-AAR-1-7AM (2. 000g, 6.43mmol)
ATHR b8k, $ARRSMHATRIH, 12 0, AR RN
LEWER, WM URELATLRYGER (30nl) mBEERY, X186
2 B ARRE THE, RENFERAS HMmE CH.Cl. (100ml) P, IKRA
WE, MAXRALAREZLIELR, AHPEREAERY, RER
BLREK., WEANERALKARETHR, REAEREELD. I
L@ EAH AR, ENKATF230C FTHAFLERIRM (1. 211g)
5 4k 6 FALoez 4 (4. 125g, 35. 70mmol) BB 12 /hBF, AR THERK
CEA. REFFIMAEKASNHERKEE, KETFMEKI, HkE
Bk, E¥: 0.89g, 70%.

¥ i8) 4k 3:

20



200610151517. 6 oM P E18/28m

'H NMR (500 MHz, CDCl,): § 1.38 (s, 9H, 5-Bu), 1.50 (8, 9H, 3-Bu), 7.46
(d, J = 2.4 Hz, 1H, H%), 7.67-7.69 (m, 2H, H* # I), 7.95-8.00 (m, 3H, H', H' # HY),
8.39 (s, 2H, H®), 13.92 (s, 1H, OH). '"C NMR (126 MHz, CDC},): § 29.58 (3-CMe;), 31.61
(5-CMe;), 31,74 # 34.41 (CMe;), 118.49 (C), 120.17 # 138.89 (C' % C*), 121.26 (C'),
122.94 (m, C¥), 126.86 (C%), 127.06 (m, CV), 132.58 (q, J; = 33.6 Hz, CF,); 4° &
117.93, 137.94, 140.41, 140.52, 151.55, 156.38, 159,88, YF NMR (376 MHz, CDCL): §
~63.39. BI-MS (+ve, m/z); 495 (M'].

E#&H 6
R 6 R T MM 3 94 AR:

HALH 3

Z-T8CHPM4&K3 (0.200g, 0.40mmol) £RR/ LB (5:1) P&
Mk 48 N8 3, E] Zr (CH:Ph) 4 (0.184g, 0.40mmol) XM/ TE (S :1)
MR AGERY. HERARSMEREITER, B 12N, A
st R T EE, WiaEkitE, RWELXYH 10nl, RBA-15C
RAL-3K, BATOELEHBEK. AARFTESH, 2R THAN
3, ARV E Rk, ¥ 0.23g, T5%.

MALH) 3: PEAH 3 4 X-MHRDBELEH (WE ) KAFEIHIM
A.
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200610151517. 6 oM P E19/28m

'H NMR (400 MHz, CD): § 1.36 (s, 9H, 5-Bu), 1.72 (s, 9H, 3-Bu),

3,09 (dg, J= 9.6 Hz, ;5 » 3.3 Hz, 2H, H* # H*"),3.26 (d, /=9.4 Hz, 2H, H® # H¥),
6.18 (t, J = 7.3 Hz, 2H, p-Ph), 6.25 (t, J = 7.7 Hz, 4H, m-Ph), 6.54 (d, J = 7.4 Hz, 4H, o-Ph),
6.57 (4, J="7.9 Hz, 1H, H"), 6,77 (t, J= 8.0 Hz, 1H, H’), 7.25 (d, /= 8.0 Hz, 1H, H'), 7.40 (4,
J=23 Hz, 1H, H°), 7.60 (s, 1H, H"), 7.69 (4, /= 2.4 Hz, 1H, H"), 7.81 (5, 1H, HY). “C
NMR (126 MHz, CD,):  31.28 (3-CMe,), 32.12 (5-CMe,), 34.97 # 36,06 (CMe,), 70.50 (q,
2w = 5.9 Hz (Joy = 133.3 Hz), C* # C), 118.10 (C"), 127.64 (C*), 122.08 (br, C¥),
123,18 (br, C¥), 123,81 (p-Ph), 124.44 (C"), 125.35 (C%), 129.10 (o-Ph), 129.94 (m-Ph),
130.78 # 138.49 (9, Jor =31.1 Hz, C* # C), 136,92 (i-Ph), 139.25 (C"), 189.87 (C'"); 4°
®: 126,68, 138.08, 142.78, 145.09, 155.26, 159.33, 161.55. F NMR (376 MHz,

CD.): § -58.09 (), —62.56 (F*). ELMS (+ve, m/z): 765 [M'). k24 (%) CoHyBNOZr
(766.98) ¥  :C, 6421 H,5.13; N, 1.83. ®mik: T, 63.99; H, 5,57, N, 1.89.)

NMR #38 AT A-CF, XHA R") 5¥X X Méy C-H-F-C HEH
FA.NMR&EXAH, ARAGIEY, (RAAERSWHUINLELT
BHHSFAMERS Blde C-F-H-C). XHMBHIEXNBEERAT
AR FIA R BhEANGEE M, REAEBEW P T &Kl REeH
MR (Blde TR FMR), Fld, XZEXYSFTFHHGERMBEIRS
ARSI/ FHEBIPH I-F8fodbsdkibidf, FHETUARFH A
NGRS Y.

R#&EH 7

LA T R T AN 4 éﬁ?&:

HAH 4
FE-78°C, ¥ Figl4k 3 (0.214g, 0.43mmol) ERB/TE(5:1)
8938 W 48 1% 30 A0 B Ti (CH.Ph). (0. 178g, 0. 43mmol) £ KB/ T8 (5:1)
RMEBHANERY, WHARRSHBERETE, S8 12 00, KW
BARTER., WiXERTIR, AZREFELUIE. HHABAARLE

22



200610151517. 6 oM P ZE20/281

SR EAAEK T ES R, KT THRAMNS,AHREE MR, T 0. 188,
57%.
HALH 4:
'H NMR (500 MHz, CD,): § 1.34 (s, 9H, 5-Bu), 1.77 (s, 9H, 3-'Bu), ), 4.00 (dg,
J=84Hz, ™e=12Hz 2H H* # H"),4.04(d,/=83Hz, 2H H® # H"),6.25(,J=
7.2 Hz, 2H, p-Pb), 6.32 (1, J = 7.1 Hz, 4H, m-Ph), 6.42 (d, J = 8.3 Hz, 1H, H"), 6.44 (4, / =
7.3 Hz, 4H, 0-Pb), 6.66 (t, J = 8.0 Hz, 1H, H'), 7.21 (d, J = 8.0 Hz, 1H, H'), 740 (d, /= 2.1
Hz, 1H, HY), 7.60 (s, 1H, H"), 7.70 (4, /= 2.3 Hz, 1H, H'), 8.12 (s, 1H, H*). PCNMR (126
MHz, CD): 5 31.08 (3-CMe,), 31.73 (5-CMey), 34.70 # 3571 (CMe,), 9619 (, Ve = 5.3
Hz (Jg, = 138.9 Hz), C* # C¥), 116.58 (C*), 122.84 (br, C®), 123.19 (br, C*), 123. 40 (C),
124.07 (p-Ph), 124.38 (C*), 127.48 (C'), 127.57 (m-Ph), 131.13 # 137.23 (4, Jr =
325 #302Hz ,C" # C%), 130,51 (o-Ph), 137.57 (i-Ph), 139.28 (C°), 193.37 (C*); &'
8: 12729, 136.99, 143.08, 144.85, 156.83, 156.89, 161.35. “F NMR (376 MHz, C;D,):
§ ~56.45 (F), =62.60 (F''). ka4t (%) C,HyFNOTI (723.66) 3 #4i: C, 68.05; H, 5.43;
N, 1.93, %#i:C, 68.08; H, 5.58; N, 2.09. ]

NMR # 3 AT A-CH £H R'") 5¥ XX Ry C-F-H-C MEH
B. MREEAR, ARodEY, CRARLSRGHB/IMERLET
B FRMEIAS (Blde C-F-H-C). XHHBHHFXMMEEAT
AR AR R BABAMN AR, REEEK TR &FENRSH
B (Plde LhiEEMN), flde, ZRAVSTFAHHERXMREIRS
ARSEETESHH -4 fstsbidf, FRETUARAHIK
RERGRSY.

%34 8

TP 8 WRT FAK 4 QL R:
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200610151517. 6 oM P ZE21/28m

BRELFET PEGOm]) PR MBLH 2 I, REMA 1-
NN-—FEARE-I-G-ZRTFEAEE)-3-RA-1-8M% (2. 3158,
9.53mmol) /£ THF (30ml) ¢y &k, ARSI 12 b0, £
HMEOBRT REEER, & M LREATR T HER (30n1) B} iEE
P, BiTRM 2 R E THF, A R4S 4%/m3) CH.C1. (100ml)
b, KEFME, ARKEARETFZH, NibfeslR A HER P
o, REMBEREE., WEAWEAAKARETR, AERFEX
¥, REw L@ EHM1HE, ENLRATTF 230C, #A8asdR
3 (2.993g) S 6 RAL 4 (11, 760g, 102mmol) B A 12 VB,
HAAFAKEEARASNERREE, KFTFHK 4, HKERK,
¥ 2.35g, 81%.
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200610151517. 6 oM P ZE22/28W

¥ a4k 4:

'*H NMR (500 MHz, CDCl,): 5 1.38 (s, 9H, 5-'Bu), 1.50 (s, 9H, 3-Bu), 7.44
(d,J=2.4 Hz, 1H, H%), 7.64 (dd, J = 2.5 Hz, J = 3.7 Hz, 1H, i), 7.67-7.69 (m, 2H, H* #
H'), 7.73 (d, J= 7.8 Hz, 1H, H"), 7.91-7.95 (m, 2H, H' # H"),8.16-8.18 (s # d, 2H, H”
# H7), 1436 (s, 1H, OH). “C NMR (126 MHz, CDCl,): § 29.62 (3-CMe;), 31.62 (5-
CMe,), 3439 # 3537 (CMe,), 11832 (C%), 119.18 # 13861 (C' # C¥), 121.14 (C),
123,79 # 126.02 (m, C* # C"), 126,55 (C°), 129.76 # 13033 (C** # C"), 131.47 (g,
Jop =323 Hz, CFy); 4 #: 117.97,137.76, 139.15, 140.10, 153.01, 156.63, 159.42, "F

NMR (376 MHz, CDCl,): 8 -63.15. EI-MS (+ve, m/z): 427 [M'},

k3P 9
LA 9 RETHAN 5 €S AR
8

ALK S

A-78°C, Wik 4 (0.251g, 0.59mmol) £ KIE/T 8 (5:1) %
49 5 % 48 N 38 3) Zr (CH:Ph) « (0. 270g, 0. 59mmol) £ K5t/ T8 (5:1)
RO ENERT. FEAAROHBHRITE, BHF120W, £
LA AR, JeidERit®, REEXY 10nl, REE-15C B
A21-3R, ARBABREEERBAK. AARTESR, £RTHAN
5, ARWELaE ik, TR 0.235, 60%.

BALR) S MEALH S 60 X-MERRaEM (HE 7)) KAFEEZAHM
X

25



200610151517. 6 oM P ZE23/28W

'H NMR (500 MHz, C,D): § 1.36 (s, 9H, 5-'Bu), 1.58 (8, 9H, 3-'Bu),

2.27 (4, J = 9.3 Hz, 2H, CH,), 2.49 (d, J = 9.3 Hz, 2H, CH,), 6.64 (t, J = 7.3 Hz, 2H, p-Ph),
6.71 (d, J= 7.2, 4H, 0-Ph), 6.80 (m, SH, m-Ph # HY), 6.86 (t, /= 7.9 Hz, 1H, H'), 7.20 (d, J
=174 Hz, 1H, H'), 7.39 (d, /=23 Hz, 1H, HY), 7.41 (d, /= 7.3 Hz, 1H, H"), 7.63 (d, /= 2.4
Hz, 1H, H), 7.70 (s, 14, H®), 7.79 (d, /= 7.3 Hz, 1H, H"). "C NMR (126 MHz, CD,): §
30,64 (3-CMe,), 32,13 (5-CMe,), 3493 # 35.85 (CMe,), 66.33 (Jg = 135.0 Hz, CH),
117.22 (C"), 120.04 (m, C"), 124,10 (p-Ph # C°), 124.93 (m, C¥), 125.71 (C%), 127.12 (C"),
129.55 (o-Ph), 130.04 (g, J» = 31.7 Hz, CF,), 13113 (m-Ph), 136.11 (C*), 140.35 (C),
138.61 (i-Ph), 194.65 (CV); 4 #: 126,89, 137.01, 142,47, 144.42, 155.75, 159.25,
163.53. ®FNMR (376 MHz, CD): § =62.27. 4 4 #(%) CJH.F,NOZr (698.98) i+ ¥k :
C, 68.73; H,5.77; N, 2,00, % a{k:C, 68.21; H, 5.68; N, 2.02.

34 10
£ 10 FR TR S e R

¥ @4k 5

BRIAMETRAKLIGTE, EERTRAIUAT, #3,5-=R
TA-2-FEEXTH (2.99g, 11. 40nmol) H& T #E 47 (2. 568, 22. 80
omol) /& THE % #ymA stk 2 hod, REMA 1-N, N-=FEAX-
-3 -Z R TFTAER)-3-FA-1-F M (2. 94g, 11.30mmol) £ THF
Goml) P e9ER. AR, HAFRSWBLH 12 b0, KR K
TROEER. ¥ M LREATRFHER (30n]) B FERF, &
it %48 2 M RBE THF, REFFHFARLHmE CH.Cl. (100m1) ¥,
MEAWE, AREAARETECH, RAFRREAERT P,
REMLRER, HEANERNLKARKTR, AEREELD.
REWwEBRE&H 1 L, £ LIRATT 230°C, #AFSEHRY
(2. 635g) & At #4 AR (6. 63g, ST.40mmol) BLA 12 »0. H#
iSRG BARRASERREE ERATEMKS, HREBAK,
¥ 1.74g, 68%.
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¥ a4k 5:

'H NMR (500 MHz, CDCL,): § 1.37 (s, SH, 5-'Bu), 1.50 (s, 9H, 3-Bu), 7.43
(d, J=8.0 Hz, 1H, HY), 7.45 (d, J = 2.4 Hz, 1H, H), 7.63 (m, 1H, K), 7.68 (d, /= 2.4 Hz, 1H,
H'), 7.86 (d, J = 9.3 Hz, 1H, H"), 7.95 (m, 2H, H' # H"), 7.97 (s, 1H, HY), 14.06 (s, 1H,
OH). ®C NMR (126 MHz, CDCl,): § 29.76 (3-CMe,), 31.72 (5-CMe,), 34.55 # 35.53
(CMe;), 113,70 (dg, 2Jp = 24.8 Hz, *J5 =3.5 Hz, C¥), 117,52 (d, Ve = 22,7 Hz, C), 118.57
(€, 119.71 (m, *J = 3.7 Hz, C¥), 12005 # 138.89(C' # CY), 121.36 (C"), 126.90 (C"),
133.50 (m, CF,), 163.23 (d, Yo =250.0 Hz, C¥¥); 4°  #: 5 118,07, 138.03, 140.45, 141.90,
141.96, 151.97, 156.63, 159.83. “F NMR (376 MHz, CDCL,): § -63.29 (CF,), -109.75 (F").
FAB-MS (+ve, m/z): 445 [M").

%4 11
TG 11 62T HACH 6 8948

ALK 6

A-78°C, ¥4k 5 (0.200g, 0.45mmol) £ FX/THF(5:1) ¥ &
%k 48 N Ae B [Zr (CH:Ph):C1: (0Bt:) (= &R T H) o] (0.208g,
0.45mm0l) ZFX/THF (5: 1) AMERTY. WEEARSCWRHETR
B, B 120N, ARBABRTREER, HEERLE, REE
X# 10 nl, REA-18CRAF2-3 X, AR THAKXEGEK., ¥ikH
HoE, ANFEP TR, RATHELN G, HREMK. ¥F: 0. 25,
78%.
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HALH) 6:

H NMR (600 MHz, C,D,): 5 0.83 (br, 4H, thf), 1.32 (s, 9H, S5-'Bu), 1.68 (s, 9H,
3-'Bu), 3.46 (br, 4H, thf), 6.84 (4, J = 7.7 Hz, 1H, HY), 6.99 (t, J= 8.0 Hz, 1H, ), 7.19 (¢,
3,p 4.0 Hz, 1H, H*),7.34 (3, J= 8.0 Hz, 1H, H'), 7.48 (4, J = 2.3 Hz, 1H, H"), 7.56 (5, 1H,

HY), 7.68 (4, /= 2.3 Hz, IH, HY). “CNMR (151 MHz, C,Dy): § 25.33 (thf), 30.68 (3-CMe,),
32.02 (5-CMey), 35.06 # 36.05 (CMey), 73.87 (thf), 113.55 (dgq, %/ = 31.9 Hz, Yy = 3.6 Hz,
C¥), 117,15 (q, Ve = 3.3 Hz, C), 118.36 (C'), 124.22 (C"), 125.06 (C°), 127.98 (C"), 133.08
(m, CFy), 141.17 (C*), 147.68 (d, J& = 214 Hz, C'); 4° s, 138.7), 144,07, 155.45,
. 158,87, 162.52, 166.33, 167.89, 170.04, 170.46. “F NMR (376 MHz, C,D): -62.37 (CF), ~

84.01 (F'). ko4t (%) CyoH,FNO,ZCL, (679.126) it 34k : C, 53.17; H, 4.91; N, 2.07,
FM{i: C,49.43; H,4.89; N, 2.03.

%3649 12

KA 12 FRTHAN 3 H5FAN= (ERAEXE)MB(CF): R
K.

Z NMR F A, $MH4M 351 5 F B(CFs)s 4 CD:Cl: F= di-THF ¥
BR. B 8 iF, —AZFRERFHES KD 'H REF4RE CF
AAeKE FABSNE T "FR TRGEMERRSRERE. &
#99 ZrCH: X H1 49 ""C ('H) NMR 5% (400 MHz) £ 76.9 ppm ("Jer=4Hz)
RAAMERTIAGOEFE S, & NMR A#BFHAT -F L&
HF, B0 d-THF RAEKREZT -FEXPBAETF.

FEHH) 13

P 13 3R TARAEAN 1 4EH AR Fo MAO 4 S M T
WRAWER.

LERieA Bt de 100 oL ABKEABA, EFEFY T lata
WLHITETHAFLHRS., HH4M 1 (5. 8ng, 9.193 omol)F F
X Q) B EAARY, FHRIFUBRER, WAL BEEAN 23°C
RS T 30 247, AT EEER MA0) (9.19pmol, 1000 L ¥)
HF ¥Rk, BERIRAARKRE S PHRIIELARSEE, £23CH
BRBAEIAKRKLA atn.) Y TH AR THRHF 10 547, FLLIHFRK
#A, BitmA HC) B T (40nl) RAAERS AL, BitifRK
R EEELSW, ARLG FTEERE, £60CAETRI2IN, K
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57 0.013 g A%, B 128°C, 4N 1 &9t HEMA 11,7
gomol 'h”'atm™.

k#4414

o L ®EAF 13 AT, £ 23°CEAMMARN 3 (5. 3ng, 6.91umol)
F2 MAO (6.91mmol; 1000 L ¥)RITLHRARLE 10 o4, KAT
0.130 g K44, B&: 131°C, 4N 3 #it HEMH 113 gonol”
'h'atm',

K #&H 15

o L& FAH 13 Frid, E-3CEMMEAR 3 (7. 2og, 9. 39pmol)
F2 MAO (9. 39mmol; 1000 % ¥)RITTLHRESEE 10 424, KBT
0.403 g R4od. BE: 130°C. AN 3 #HitHEMHD 285 gomol”
'‘h'atm,

kB 16

do b kH 13 FFiR, £ 50°CiEAM4ALM 3 (5. 5mg, 7. 17pmol)
Fo MAO (7.17mmol; 1000 3 ¥)#HAFTHRSAA 10 04, BRT
0.130 g 4%, B.E: 132°C. 4R 3 &3t HEHH 109 gomol”
‘h'atm™,

F&H 17

o L KA 13 BTk, £ 23°CRMMEAN 3 (5. 3mg, 6.91pmol)
Fa MAO (13.8mmol; 2000 S ¥)RFTHEELSAE 10 54, KRBT
0.914 g K49, B&: 131°C, H4H 3 &t EHA 793 gomol”
'h'atm”,

K4 18

4o L& KR 13 AFiR, £ 23°CEMMMAR 5 (4. Tng, 6. T2pmol)
2 MAO (6. 72mmol; 1000 S ¥)#AFLHRLSEA 10 04, KHFT
0.006 g A, ALK 569+ HEMY 4 gomol'h'atn™,

k&4 19

4o L& R&W 13 FFik, &£ 23°CRAMARH 6 (7. 1ng, 10. 31pmol)
F2 MAO (10. 31mmol; 1000 3 ¥) HAFTLHRESRE 10 94, K/T
1.022 g 4%, B.&: 125°C. MM 7 #htHERD 595 gomol”
‘hatm™,

534 20
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4o L@ XM 13 R, £ 24°CRAERMN 3 (5. 2ng, 7. 18umol)
#2MAO (7.18mmol; 1000 H¥)HATTHRAE L 2047, KB T 0. 396
g RAM. WE: 134°C, BILH 4 & HEMH 1654 gomol 'h'atm™.

xkEH 21

o Ed K& 13 7R, &£ 0°CEMHMIAM 4 (5. 4ng, 7. 46pmol)
#2MAO (7. 46mmol; 1000 L5 ¥)HATTHRARE 2047, KF T 0.434
g R4, K& 136°C. MM 4 44t iEM A 1744 gomol 'h'atm™'.

%34 22

o b EkEH 13 TR, £ SOCEMMEAM 4 (5. Omg, 6.91pmol)
#2MAO (6.91mmol; 1000 5 ¥) AT HEARE 2 447, AT 0.209
g XA, WE: 133°C, MM 4 3t HEMH 907 gomol'h'atn”’,

F&EH 23

RAEH 2INR TR BN 1 o MAO # & MR BT 1-T 0%
Kewss X,

AEBAAMIEEENY 100 oL KBEAABA, EFEFYF lato
B TFHATI-THGRSKE. MR 1 (5 0og, 7.92pmol) F F
Q) mBERAHEEF, HBHFABRER. & TFER4EBER MA0)
(7.92mmol; 1000 HH) W FRERMI) XA LB P HBH. HEARS
BN 23CHRARBF 10 9047, HL46 1-TH Gol) mA KR EF,
#HAFSINES, REFitA HC1 B F&¥ (400l) kAR LRSS A
B, WA RAWA CHL.CL XK, AFHRTR, REAEZTHR12 )W,
RAFT 0.246 g KA. HAN 16+ HEMH 6.2 gomol™'h™,

%34 24

o L@ Kk 23 BTk, RAMAHN 3 (5. 5mg, 7.17pmol) F= MAO
(7.92mmol; 1000 H¥) /& 23°CH 1-THAT S INHRESRE, K
%7 0.387 g RA%., MALH 3 HEMA10.8 gomol™ b,

k#kH 25

o Lk 23 Frik, RAMARH 3 (6. Tmg, 8. 74 pmol) F= MAO
(8. 74mmol; 1000 Z¥) & 0°C 4 1-T AT S W RSORE, KA
T 0.119 g A%, ML 365 HEMHD 2.7 gomol™ h™',
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EA LR — BB REPEARETRETARFINGTH, AF
AEAHHBX RN AFRE, REARFERLXARB KRG
BT, T ZHFEHEHFHER, Bk, FEXAFELTRT R,

ALNATHERS AFLK, R2HATAELTIAKAIRE.

31



200610151517. 6 w B B M

CAVAR

) l l“ k“ JUL"‘

”MM ppm

W T8 T4 T2 10 68 & 44 6ipm

N\ H co.Cl,
V‘T p W 29 28 ppm
lZf]\

[ l h T3 02 Mopm 0 a9 :.3 31 ppm
+ 'l JL‘.JL.

T T T LU 1) S L)
W60 a8 40 A 30 25 20 48 pgm

wada B B m 48
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) ARAS ) T T 1) ' J

&7 4 & & ) 42 ) 4 pm
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*
¥
d-THF
3 L

Raatd iadashindd Madadied Mdessesd

T 74 72 70 88 68 64 pm w W ppm
” ﬁ coCl,
rr T —re———y

38 37 86 ppm

JJ\AJ\ - JJ\A\ i
L4
| I il 4.;0 l.lu 4.;0 ;pm ‘ l.:ll ds C.aﬁ p;pm

) L) T L] )
36 30 26 20 15  ppm

4 4B

T T Y T T
16 0 65 60 48

BAA N
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Fro UF(H) LL A
J
& SE[H)
/ R S 40 &1 w2 43 &
. H
[Zrl>' '\\\\“H M M

¥ l ¥ 1
'0 7! 70 0.5 0.0 3‘ ‘0 Cl 4.0 3.‘ 3.0 2.0 1.‘ 10 ppm

E(afs\if!ﬁ el sl el A
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