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AXEMFFUEYRKEHXRAFOEM L, GRTHFUEYHERL
REMESNTEONARR. 23N TEMRE, RFLECLERIES T
. ATFRGE, GIELTOERY, 2 TFESROERGAYE., TBMLE.
RREFHHAEMNERUEZETRNEELARB L. AXEFE—SERT AL
REVUGHTE, EHEMERTFERT —RIIFHUREFEAFRFTLED.

HFBEAERMNITEHERENEENE, URZKREAESR LR FKERE
B, ACEETAREZER 2,27-BAR-LU-BREEAESRERRAHERST.

ERXME-F, EFETRTAE - REMBETHAFTHFHRRITEE
o MB—FHI(RBERGELEIN 2,2-BR-LI-BESHERER, BdBERF
B F A, Sonogashira K. BENUEYEMMHERNBE FRIKLEY 37
144, BET Cu fEILEY4F N Eglinton BABRBERKEY 2T M 28. EERE
BRI RRF, BITRAEHEHRREHNRNYEANEE, NIBGEKREER
HE&HT, UBIELEARNYKRESHTERNEZ S FRINKEBRERES
Y. BT E KARBETHTFHABERFRMK=E.

ERXME=F, EFTETLTEE ZRETHIURES FHEITS5E K.
fEH R TESBENRLHRY, £IA—SWEEN, BAPRELEY 57 F
65. MG HiE T4 F A Eglinton B4 82 BiRLE Y 29 #1 30.

XHFE B &Y R P RGN 4H925E 'H NMR, PC NMR A DEPT
HEWE UK IR BEHIA. AT ERLEY ST HE— PR,
EAWE T & BRLEYWH UV-Vis HIE Z & (CD)ik.

X FHLEY, BKFEER. FEME: VERLED: &R
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Abstract

The synthesis of cyclophynes and their applications in various fields are
reviewed in this paper based on a large number of references. After several decades’
development, the chemistry of cyclophynes has become a major component of
supramolecular chemistry, of molecular recognition, of the building blocks for organic
catalysts, receptor models, crown ethers, cryptands and of carbon-rich chemistry. The
previous work of our lab was described, and a series of new type of cyclophynes and
their derivatives were designed and synthesized.

Because of the stability of binaphthalene’s configuration in the reactions and the
fine directional function of ethynyl in the space, enantiopure 2,2°- positions
-1,1’-binaphthyl was used as synthetic template for the synthesis of target molecules
in this paper.

In the second chapter of this paper, the design and synthesis of cyclophane with
unit of two ethynyls were described. Intermediates compounds 37 and 44 were
synthesied from enantiopure [(R)-or(S)-form] 2-and 2'-positions of a 1,1'-
binaphthalene template by introduction of protecting nitrine group, removal of
protecting group, Sonogashira coupling, tube sealing and so on. In the last step,we got
the target compounds 27 and 28 throught intermolecular Eglinton coupling reaction.
In the intermolecular Eglinton reaction, a syringe pump that can control the dropping
rate of reactant solution was used in order to avoid the high concentration of reactant.
The high concentration of reactant will produce intermolecular reaction. By using the
syringe pump, the yields of the last step of intermolecular Eglinton coupling reaction
were greatly improved.

In the third chapter, compounds of double helical structure with unit of two
ethynyls were designed and synthesized. First, important intermediate compounds §7
and 65 were synthesized from binaphthyl by the introduction of protecting group and
the conneting of linking bridges , then target compounds 29 and 30 were got throught
intermolecular Eglinton coupling reaction

The structures of the new intermediates and target molecules were identified by
'H NMR, ®C NMR, DEPT, IR. To further study of their properties, the UV-Vis and

circular dichroism (CD) spectra of the target compounds were measured.
Key Words: Cyclophane; Binaphthyl template; Double helicate; Synthesis

m



M E K F
FALiE 3R 61 P 7 AR

AANREFEY: TEXKNRIRAAESTIMAE ST L3176 7 5T B 1
FABR. BRTXFRHFHMURESIRHARTS, ZRIAEFEMEMAAAR
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B2 X

F1E & it

BREZE 1899 &, Pellegrin MK RIHARKATHE I HFULED 1
[2.2]metacyclophane!. BHE 1949 %, L&Y 4 (di-p-xylylene, EXRERZH
[2.2]paracyclophane)® /X # Brown 1 Farthing & &, {REERFLEHHRE
EFET. EXRFUEORBYE, F-ANAEEHPHE Cram 1 Steiberg it
Wurtz BB R N 28 — IR H M4 R T 44 4 [2.2]paracyclophane®!,

3
(P Ot O =[]

1
CH,Br
{cm&

EZ+EH, FAUFHHFRBAARKENAARELH, BIIRALNRSE
ERPIVNANE. AT, EETEEMLEMEHEEERANRRE, FTHE
TN KAWL S SR EY. ERLEY. FERALEYSRE—&
EEFAMBIR. MH, EEXRFUEYEAERGET CVD ARG &EFH
REEONHENSEM, FAUEVEMBRETHNNABRREL. RXREHK
HEEARIEMNFEEOER —HERAEREEFREMNREY. FFHLE
ELMABSTHE. FHNE, FIELAOERE. 2 T7EIBNRRA
¥, BB ENTREEMAREZSTENEZARES. FHULERMLETIE

EEENFREAE: 2T7HORANER. SHEMT. WEZFENOMR. LF
R RLE TR FALE

1.1 HC=C AEETHNATRFULSYNHARIERK

BIC=CHEBEHFKFF LAY (Cyclophyne) ITFREL R ARMRKEFEP
— M EEEEAARAE. HFLFPENC=CHFLE, NTERENFF K
FTELEIMSEM, RBERMLZHEX, JCH>18, RRLEGYXERTERHM
B2 aast, BAC=CEEHFAARET A -BRN—HER S —HK
Be 1, BTUAMEMEYHE MM TN, HEXBEMRSEE T KK NA
R NHEAC=CEEFMNELR E R, BIC=CHRERE, EMNSEATLUENE



FET TR IR IR S THI B AR

REETH _EH=ZLEORIUEY. EMNESTHE, FFH. HERMEME
BME S TEMEENRAE ZHR. EFK, FHNERTEE, FHELIRSE
BEAHC-CREIRR NI KRR, AT THRSUERHENERE. 24 Kl
¥XWETILENTE N, RFEUEFRBTERNEL, KENGFRAUEXERR

[10-19]

1.2 BBIES FRIAR K

EHEBOEESTFEREEIARENS FEE, EFANNARNIEST
GHMRERNESR L EEORGYE, FTEEMRE TR 0% KT (g
TS BURE X RS W R R T B M R A

BRESTFASNREBEST. BRI FRLRESFILRERL. 5440
SEF B RMDNARE —F REXURES F. 4, KEXMNEIARAKSE
BERT —BEAFEEEHNLTF, EEXNHRMETELEER.

12,1 RERBREMN I THERER

XTHEBEST, BESHF - LRE. KazZ KW HERT KT ZEH
R AR IE S T6. SlavenBPUBKEMATEY H 815, URBHKET, AT
BEESTT. XE, BRERBBEEMEYROCEETRE TTHRERETE. X8
VIREFREREAFZESHE. 2 FRINEFURSIHRELT O FHES
75 T A # 1 i N R E

Vollhardt R &5 ZEPHRE T E— N B HBEFHEMPUL S Y8 (phenylene)

.2.



A2 18

#1& %, [n]phenylenesB ERX B MM KK Gn- 1 NMNKT ZEHEM . 4n> 58, 2
FEMBERLERN 4B, BMAEBRFE. Zn=70, SEANMNERE
B, XD LB INOELE B RIE . sksb, MA1ERIE T [8]-, [9]-phenylenefy & 124,

122 EEWNBREMN S THENHR

XBES FHERBMHRAMENEE. AR RESHE—FBRAE RN
FEREMARAFERENERSY FEERBETHITES B A% (self-assemble).
EAHEES0EMRK, LehnBEP IR H AR T AH=A Bt BT #ES 79, I
AESCuDEFADHEERNBE T —FRREHESW0, FRABIE
JERC & Y (helicates). FEEMMLEH T, AARNBRNPNERERESRA T
AR, NTEAERTARNAGRM=BNEREST. EHE2THONERES

TFHSRERNSHK B AEHERAEBREN.
¢ - ! :
S ety
N ;ﬁ%}'—“* p* U j* 4
\ N : .
_N R %§> 2&9
< o

10 (M)-form 10 (P)-form

WETRIRE, LSRED2-MHFMKNSTHRAEBREHN, KA FRET
BETEM SR L BB NERY, FRAMYE, EEREAHSFEHBTENTTA
PIBENEWHEZE T Z2XE. BREVELREAREIMEHARRN I T
BB, E—SUE2XOARCHBTREEEEHRE. UTRIAANMHRIIBE K
Bl F. WFujitaZCOR MM ERTUZRBANEL FHF TFTARBRY R
11, BREARXMNFRFRASBEEK, HFARBR T -AWBREGEK. FIE
BE—#H RNFERERE3%. MarsellafIFF AP RE T WS F12, 13094
R, WEAFHEMNAFERLEYES THETFAAEZMETERATREXNA
AR




HFFHBRERIRAERES TR S 4K

1 13
ZEPIECIR H B —FEERIR)-F(S)-2,2°-Z 2R EBBERER, LIEHE
Te] 4 A 1) 3 O M B AR, R TH A AR R A ROIRIE F M 89 2 T U SUR BEAL & )
14, XE, (RP)-14F(SM)-142 — X iE PRI X A 16 BEL B A0 [E — 3
BT LA R X-5T 4k ARG IR B T 2 FHODURIES # . IX R & B LAXBR 7 4
BREK ST RSB EW. o, IR E— P FIAME BT, RIitE R
T I 5 F PSR e 0 & 1158,

(RP)r14a: X =H (SM)-142: X =H
(R P)-14b: X = NO, (S, M)-14b: X = NO,

(RP)15

ATHEREBREME— ST &, PREAHRRERE—NTFHERL, £&R
B HVER T RSB G 1 R — AN g, Oterafll &4 ZU & P42 (R)-F1(S5)-1,17 B
ER2R2 ALFIAT SHEMIE R T FRER SR T AR BRI AR . FHF) XL fE
KA SAgDHACu(DMBERNIEKRB T HHREEF MK S YRP)-161
(R.P)-16. TE164HF, RERMBENFHABHASELRE F-4ARA, NTA
40 3 A A TE(P: plus) 1 ZE BE(M: minus)#) Y ) X% XUIR fiE 45 44

-4-



Bl X

(S M)-16: M = Ag(D); (S, M)-16: M = Cu(l)

ERER, FETEAgPF6MIY S0k FE & B0 (R)-B(S)-BL 1 i U0 200k i %
W, BEEAT AEMAUE. B 5 16748 N A & K BE HL 8 7T LLR B Ha, He
MESHERMHH B, HomKHHE). X2t THa, Hekb TEEZE H 5 &k
X, MHbEA R A — 4B LM EENERFRIEATEKSBE. XEHIENTER
PR L BHEHHWAEBEEICTEEARS T H5ETHERCEKHERL
DK B — o ol R ] — 6 3 e X AR R B T XU UR e S M O AP E

1.3 HRHRRL

BE % i 5 K 8 2 F b % (superamolecular chemistry) I ESRERE, FHH
2. THE. AV SRR X E B E Y. AR b B 5
FEUH—NMBEHANIE, BATI ZNHAANE. E4FNEYZTRY
REMESRBEF-EAENSEES. S80EA. BAKERH. rr HELERAZTANE
WEBTUAANERNN. EREANEFEANSREREEE, E6RES
THRMOEFEFEERNIER. ~LHEEFHZRAKEARLNAFTRIEHN S
F, & Z(catenane). 57 (rotaxane). 2K 5 (pseudorotaxane). 4+ F & (molecular
knot). EiE(helix)ZF B FUHEAVCLEBRAERTERIUR. BEES T
¥ —PRE, WERMNEFERBELA R, BEAREFEERAES
FHR. S TREMNBENHENES T, FELER ERITXEAFHRHE
F 4 S5 B S R LA o

R B, LR T8, BRSEITUEDRERETHRSLEY,
AR XERFRHIEENNT LAY, AMNESLHTTHEIA AT L. B
EN+TEENREAARZESFFHER, ERFERE. I LMLENTE
R AR R R BEAR & AR B A R KM R AL T X LY R & B



BT FHBERROEES TR EOR

1.3.1 EBBE FIERMMN

ERATHTREMEBEN/LARRFESHERENEAZ LB
“BRBN", AMERRE. BEURD FERRITESERTATZEEL. B 1.1
RATHRASERBETERERBMARBHBRS. IMHEEHERMKRY: B
AHRMMROTEHSTELIERETHERBANETELE(FEAERENE
&), RETEDITFTAEHERESY, BRESRZENTLURBIELE.

<o )— &,
Np
>
I
Lo ) D

LIERBTFERENERTER

BA Cu(D) A 84K R $1 & [2]- B 2 8 B 8 T1E £ i Sauvage ZPIF A1, MA1R
B, &£ CAOF=SHERUNT, BA 2,9- 2B FH-1,10-FERMACUEHER
MERESREM . ERBINERANESESEEFBENNREALTLHRE,
NMR 75 58 34 4 55 2k (K 90 b 22 45 M RR AL - AR ATTIA B i 4% & ) IE R AR AR &
REH—ANEETENE. ERBE ABNIRINEIB TSRS TFHERE 1.
HPE—HHKRERN 100%, F K 27%. RG7E KCN FIERA THREB Cud),
BN AT /8 BIAR N M R 42




B -2

Cs,CO;

1.3.2 KIFE BEE R

- E-ZHRERUAKRERAER, EdERSKYEKEBTFEBER,
FENEER AR — N EREEY THR, BHE—SXHB[IHERRE. IHHE
HESRREFAGHTI EMNE. RECEGUANFEELATHNABEREBETF
MEEGRANHEEERARXLXBRN N EERE, BEREEL—RIMHR, &
ZEMNAAXNMEFLHRBTEARME/EM. 7 1989 £, Stoddart ZFCHRE
T—NEE - E-ZHEER 2-[RRINLE . ZFBEEFER T HBERARES
&YXt & Z#%-34-7E-10(BPP34CI0)HIR &Y, REMAT ER 1,4-Z(RFE)
R 48 pet, BEEENELBE UL 70%8 B R EBEEIRF=Y 18. I
RPBREFA G, K HE T4 H E1E B (charge-transfer interaction) i) £ 7F . {8 2Bk
MEEHNTEFRE FMNE5RE ENEE T2 KSR 1 0] g7 YR K e A
FTETEENER.

1994 4E Stoddart PAB XRET A EA LN BRI RHANIAREZ19H
Ek. ERLRAMEABARMNAFATEREESR, EFHFAAMRTEELH K
i1, BEAMESFAEZ O EZAAEEERAKLEY.



ET FHBREMRNERES THRT 508

M4, 7E BPP34C10 HETiLmEN> FHRUDEBHME S FREKELR
[, Stoddart FFF/PAPMB SR F L ERERIE. 'H NMR BiEFETESH
miaBE, RUFEEREN - ZAMHEEA.

1.3.3 BiRR SRR

1992 4E, Hunter™$RE T —F A ABKEA RV EMN —XHE 2-[REINE
M. —HUHEMERE_FBAEREKRET RN, BT L S1%EEE B BUH
BRI F= 4, L 4% ERE —MERZARRIVE. 24HWEEGIE
HE—FMEH 2-[RE]. EXMLEYHEHP, FEM 6 MERK nn HEE
FHfETXNRENBYFEH. UEBABMORBEGRIE, HERME, Bl
X5 E R iEK.

1995 4, Leigh £ RE TR X A S HBE LM BB LK 2-[RBINAE K.
MATHRE X B E 50 — F R ERERIERE T RN, DL 20%HAWREF 2-[&

#]20.
cnﬁ(©ﬁ(cu HN' = "NH
) 0 {0 o 012/_©_\” o
+ ——
Q H H ;3
H NH, o k_<>_/“o
r\©) HN ° ozlrvH
—~—
20

LeighZ ANCEAEBVGRANEM AR TREABNER. FEXMFED
Yy BEITREAMSFEHEHRL. Wvegile* 4R T4 4921 (Trefoil knot)
K e dl & hiE. XBRE —NF ABKRER S M Trefoil knotf) i+ .



iSRS

CHCly
Et3N

“’

1.3.4 FRHEIBER

FWEAE NN REKES, FRARKER, BEES, SRELAE
B, ®EBTUEA - PMEFRNEREEEITRRES TEHN. RELERE
“HEFEEHRERT URBHE AR RE W SR, BRI FREHE
2-[HAR1FE 1997 EA BR B AR B R, BEEKBETRKENEREAERT —
AMEREREBEK AN TFER. FRBL Aoa- B, BRBIABEE
BT, AAMFRAREMNEBREESOARE. EAFENET, FIRERDEE
BMMLEREMBE, BEFHAEERMRANN. RERRAFEES TEE
IVRIE B Atk E 18 BN A 1Y,

1.3.5 BREERMN

BERMEYTUES —MMEFOER, XFERETXEFFEFHEBE
LEAFEEREN. RESVEAASRTEEHAEMNFEEEEALEYNER
BB AR, TR B B R X R A 0 B B AR D B AT 1, Rl — B B IRINE
ThEEAL St gk A R R, WDrozZ PR AN 2 B E A RRERT A
VR RE LR, XESFHTES, AMNMCRE-EBHBREHR —PHR
B, TTLLRBI LKA EY. DiederichZEP I FHBRENFHEREGRT
B—FHEMBERRRR-TIBESEERLEY23.




FET FHBREGUR MRS TR 50K

Et;P. PEts
Pt

RO OO | OO OR
oo QU

ud 24 b: R=Ac
Et;P PEty 24 ¢: R=H

Lin FPIUHZ /UM A EBRTART BAALEEENERAF 24a-c,
VILHR T HAR R EE .

FREARET —ML22-ZZR-LU-BE AR, AFRISEHHHTIERSE
ERHF S TFS0ER. BERMXMET —FHAF “RE” SHERREX
N EEKERFEFE ST ER, XA EREREENLEERRS T
MNTFHRE-Fhr-nFHEERNEEWEYI THEREROEX,

(RR,RR)-25

(RRRRRRRR)26

-10-



1A 3

1.4 B#R4 TR

EAMULESOERMBZFRBEXH ETHEREREMAEITRE, AT
DNAMISUBEL M, ZFRUREDHEFERBHRKERNARZ —. AW
MEGFEHEELRE “HlE” HEHRRENIRRSY FRARREIEBILE
MM ETE ) — N EE KD

62 iE I 2R F5 (cyclophane) s> F, WEWIREILAWR —XIEESIATFER S
T, ZAMINREAESFEHRERNESA LERHGEYE, EEENRE
RS S MR E (Ut IR MR e M 5 TR X R U S WE A TR R
MAES. BAMNEAMELI0ERLUK, HH5) FRINZERS TRELEES
JINEZHHERZRBENBOARBEF, BERERENZREFENAST ST
—BHENNBREY . THEAAER ST FHITEMARESCHEEAE. NS#&F
FE, BHELERESRNIEREN T FURFAXREEAANIELEEATR,
ETERZITEHARCER T FRAGHAREAMED AERE. MERR
fifrsm, BRTAFRBHAXURERS FARR S BIVERERIENREHENRED.
ELPHM “HBR” NBERLEWEAEREY), THEZEAE B —FHHAIRELE
YIEEE DR,

AREAY N HFAE—FHORMES)-BREMTEDAER, SR T —25Ek
R A PO, RERABTEBHMAT “4r” JURRLEDEAEREY)
MRE. BRITAA, #—SXEAHA T > FRERATEERARRAFEDEE
EHEMERREMNONATTRERBRELEN.,. EREEARLREMHT TEME
L, S#EFKTuMETERAETEMRHEMRESSENREERN T FARAN
BRAFFFHAARIELG ML ST RAOBLER, RO RMNIESN
X3 R, AXUUSEE T ZEAEARRNNBEERNERES, Rt
AT HiRLE Y27, 28, 29F130. '

(RP»29

-11-



HEF TSR TR 50M

F2EF REREMBITMATHTHRITESN

2.1 BHLAMMA BBE Rt

2.1.1 BfRUL SRS MR

RESHFEULEDHHAR, REBRNKEXRNZE T ERENHIEZE.
BINTEASTHARERERERLEY, HEERGTHENMERLEDRER
ek, WA 2.1 M 22,

BiRLEY 27 MERBRIBRLEVHENR. BELEYERHHER
[%. Sonogashira RN . RFEREZUKR S FHBEAAZANPRNE 2.1). R
BT SEMERELERAMERNAREREEAS _Z2KERN, DEERERE
AL hBEEY 32. 7 PA(PPh;),-Cul 4L TF, 32 5 & TMSA(Z R X Z )
K% Sonogashira R, LJLFEEEMKRRALWEY 33. # I3 BEEMFPLF,
130°C M@ EHE TR 40h, BEBEEHALAM, UREN=EBILE 34.
Ei&Y 34 5X%4 1 35 ) Sonogashira BB R N A BRI E B HLEY
36. ENNEAR/FEARTRATIEMKRELE 36, LT EBMBEKEE TMS
MAL&Y 37,

37 fE(AcO),Cu LT H FEEBERHF, I TREBRAFLEDHEE, BE
BARNFEEHERBERPHET, Ak, RINRATERREZEFHEMN 37 KFK
kEHIX -, &R UREKED B ST REE BRI E Y5 R 51 5
waEY27. BEIEMMWEZITAEM HPLC K4, Mo RARAENTY 27.

_-IMS
©:1N NaNO,, HCI (;lv\; Pd(Ph3P),Cl,, Cul, TMSA =
H2 HNEtz, K2C03; H20 32 3Et2 i—PI'zNH, toluene, 50°C

33: X =N3Et,
34: X =1

31

Q0=
SCK

Pd(Ph:;P)zClz, Cul
i-Pr)NH, toluene, 75°C

CH;I 130°C [

Cu(OAc),
pyridine, 65°C

36 : X =TMS
K2CO3, MeOH L. 37.°x = 14 (92%)

2.1 BREUESH 2T A RNRE
Bt A 28 AR REI B HERWUR N, HBERN, Sonogashira K MY .

-12-



R L0A's

FRHEEFEZURSFRBEAFZATRE22). BAIEWT: £EHETIR
7 BPO HIEALT, 39 5 NBS KA B HERRREURANKREFELEY 40,
40 5hZEaif 41 UK A THF BAT L TFEENERTHEY 42. 42
#1t 5 TMSA # Sonogashira K N 18 B|4L &) 43,43 ZEN S/ F A RP A
BRNBREAGHTURENKERIRHRELEY 4. 5 37 HUK RN %K
T, 44 BB AT HFRBERKIRA =Y 28.

% (Il NBS,BPO (I,\Br
ccl
5 4
38 39 40

AN

r
e & CO nmponcann COH
i-Pr,NH, toluene, 50°C OO Q O
/

/

43: X=T™MS
K,C03, MeOHL. 44 X = 1 (92%)

Cu(OAc),
pyridine, 65°C

2.2 BIRILAY 28 MARBE
22 AEEERMMSAMR

221 B R RIPEMERRM

HTHEY 31 HEHTESHEEE, WEEFH AT H £#4T Sonogashira X
NEERKHEW, FUEKLEY I EHFHEERYT. BEER—MREN
FPEEMER, B AZ® Sonogashira RN, F o] UL A E b8 84 5 EMALE
Y, NTIERTFF—HRN. B, RIOISET Jones WHED, ¥iaY 31
EREMBERFRALRLE, EERARETRMEMERAER, BoSERN 30
S5, HIBERL, XNMIERFESSEELE 0-5°C, BAEEBL 5°C ERL
BENE. HERERLRMAKRE., —ZEAKNEBEEERY, AGEERNAE
1 /BT BERT A L& 4 32

-13-



BT THBEERRMERES FRRIT S &R

222 HERM

BERSEBAUEVHELMANFTERLEY, BENMERESEEBENLEY
5B EAE1200CUL LRBE T RN . AT P RO S HHF43.5°C, BRFER
NAERBERGHEPHEITRN, BEHEBREEISCESLA, RNM20/MFLLE, FFE
— R TTIE2190% U k. 2L &M X308, B. KimballZ AN T & B L& 145
EMPREISCTHEEREARIRERUEDIH LR HE,

< \>—=—————- —ms M. ¢ \? == TMS
!
46

45

2.2.3 Sonogashira &

ERMNBUAPERBET, EHEEFNEABRI M EEEENEBER
[Z: Sonogashirax .. 7EPA(0)-Cu(DEIEA T, MARF BRI REE S i E 2 R
BRERN, FAEHBETY, SRHLZERERN—AMREEN TS, K23
RXF RN PR . BN ERCulFR RN A SRF, R4 5Pd(PPhs),Cl k%
EREBUR N, BT E RS EPd(PPhs),, REZTH L ERX K &AWL M
B, EE55-4EBHNRFARESCBEBURE, BEBRELCERFER, £RE
K=Y, RANBESEME, NTTEREMEAER. EEXRNFTEEFOEHN
R R (dimmer)E . KERNTEEFFEENMEM, B UHEB KA
BIF=4E, kAT DAIR KR R o P AR Y AL L

PPhs, d"CI
PPhy’ PPhs, g X
CuC= C HX-& RX i PPhy" R R'C=CCu HX-B&
o X e N
Cux R'C=CH
PPh. 41 C=CR PAO(PPhs) o P CR
Ppha/ CcR \ 3)2 PPh3 R
R'C=CC=CR' i
i) & emak
—nr i) &R B
RC=CR iif) i KR

@ 2.3 Sonogashira/z i 4} 12
H#i, Sonogashira KM ZEEAMRE U R KILFRENERFBE T Z MM
B, NTTEREZRAUEY. RAEH. FIXMHURAXKL> FRENERFTERE

-14-



B B X

EXBRUEM. #ltn, #ilSonogashira BHERNBIMEEMNTEERE T ZHAE
(Oligo(phenylene ethynylene)s, OPE), XU &YH E8H ARG Z R EZFHEK
FEBREY KT EENEFRIUT, ERBTERANREETHE A
FHAFRMEEER CESTFRE. 2 TERSR, HRER. RA-RENRERL
BB SERRB NS, EFMARRNART EFEHEETBHLAEY.
Haley% *IF| F{Sonogashira RN & T # 5 KV Ffd7~49. EEXEH T, XHHM
LHRBHET — MR AER.

47 48 49

ERMBEUAHERBLED, BHEEHOSIAREFAT Sonogashira & K
N, HTHRENER, FHATRFEN _RRKNEBERESEN, SRNYESER
FHIBAE. EESRP THATRM, @5 PAOEALFIBEEASENMTRE. &
HAENE RS, (PPhy)PdCL 5 Cul £/ 1122 WAEK. BUFMAHEANERK
0.leqifi. RMBEETSCER. MTREMELE, RITELEBREAEY,
FRHMERRES THIT. mOUTELEANEER T EFI.

2.2.4 fEBIEERRIZES RE

ARERYPTFRABO—PRBRELUBERI. REVBEFEHTE, E
RRABREMNRBBENARREINLERNEIELESE. REARCLNNELENE
& %4 Glaser. HayMEglintonS T B 2 b A BGE, BRXERNMHLETIA
FARBREEC,

HARHAANRNNEREKRETRANELR, BNERRRMHAE %
MAGRZ EHTHETTEE. BERBO—MRBAOIESY, BIOREH
ERNBIH_EFY. LORHNN N EHRLERRUERENRFEETFEA
BHEEWLHN, WEglintonR M &S T, Cu(OAc),NAERMLENEN, EELE.
ZalkindfFundyleri@ i T R R M BB FHB R A REMN A HETRAERHE.H
REEBELRLERTRFACUOALMHENBLENELGT, RN BAIREFHN
AT, BEXAMRNEVLELRFEE.
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R—=—H ——- R—= 4+ H'
R=" + Cu¥*@ —— R—=. + Cu'
2 R=-. _ R———==-R

GlaserfB Bk R N & 1% T, CuCIHO 1 AL EALA, F B AT E L ECuCIEl
Al . Bohimanni¥ BB AFMRMBENELRNEFHTEIERE BESTY, Bl
FERNFEHETRGMELE. N _BREXNHRERRACHERGT, B
HEEMR _RERSER. BHRAERNPCuDELIE=REEGF/ELT RE,
HRBRBERERT

R———H R,=6+H
Cu* Cu*

ERXTHEFE=BHXEHNHULRNRAIRERELE. FLTHEHEER
LW, LIRNSTHERAESHNBLELS? EEFEERAFEEN-ZEY
F? FIBAALRXRRNEREH TR NKER.

Bohlmamn7E JL+ERI R E AN ERAEERELREEN. EMVNECHR
REAATIE R EBR KR ERBE =Y. 2+ TEMCUDENRB RMEZHT
a7 U g SEE AL E B = A4 E BE4L BT Cu(Il).

B\ ,f 2+ K f 2+
Cu Cu
R—==® | X X — |~ x
Cu* Cu R ‘cu’
/' \ /\
B B B B
R—=,e
cu*
VA
2 /CLL_ R
R—emm—as—R + 2Cy%* .
R "Cu/
/\
B B

B = N Ligand (pyridine); X= Cl, AcO.

B XERERE, BRIMKAIFHEEglition BB A GHELEA TEHBEH S HRE
A& Y. mFallis%“® 45 #E (9 Eglinton ) F (8] {B Bk LA 21% K W 2 8 550, Tobe!®!
£ & 23 575 K4k & Y)51 (cyclophane)t, KA i) ZEglintons FNBEK RN, &
J& — & B W R 1T LLIE £150%.
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2RI

Cu(OAc), (6.0 eq)
pyridine: Et;O (3:1)

Cu(OAc),
D o]
pyridine, benzene, rt

51

XHEY27, 28, 291300 & R R R 2 F WEglinton R N« KA H BATT
AT Cu(OAc, B, UMthEAELRE. AEXRAAMEMFHHREERENRE
BEARARNBFATHRBEEBRESE. SRATHIEERKERDHEZGTER
— R, BERRNAOZE. ATEERBEBRORNEE, RIOTWEKTE
£: BAEHCu(OAc), MEETRMEF, ZBABE0°C, B R EIEHN
WREABRETEHREEMARNE S, BRETULKITFRERIEHRLED.

2.3 LWES

2.3.1 {EFIKF

XT-4 B H BHE SR EN BEFRKIE: WQF-410 B B 5K
# 4%, KBr JEH; Varian INOVA-400 & 2 # i HE LR, TMS A A $R, CDCl A
M EHF; LCQ-Advantage LC/MS" £ (L ; Perkin Elmer PE 2400 %! T & 4+ #7
{%; Beckman DUS00 %% 47T Y6 i%{X; JASCO P-1010 B gt # € {X; JASCO
1-720 B E — 6% £ X . PA(PPh3),Cly A Merck 2 & ¥ éir=fh; KU=HE
EE(TMSCHF B 4L T4 % Aldrich 24 F M4~ & HEAFRAFMBERNH BT E
SHraER. NEKWMMAEBHRN _EXFHEER, X, ZREKAMEMDA
CaH, [Blifi, FHAIEAMLHE.

a1 53 B XBMT01 7 iEHI %, (R)-53: [afp” =+114.2° (¢ 0.1, CHC).

232 XBHP R
2.3.2.1 EY3HE K
BUEY R MBS 35429 mg, 1.42 mmol), 34 (1.1 g, 3.60 mmol),
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(Ph3P),PdCl, (20 mg, 0.03 mmol), Cul (10 mg, 0.05 mmol)E F &S {FH 1 R N i
o HEHBMAREIOmML, ZRAK 6mL. MBMHE 75°C THHE 12 h,
FIiERN, AZERETEREZAEYR, BEBEMABHTILEERS, 28
ZEEROmLx3)EH, LAFRMETHR, SEEHEERERNRERN. BR{WE
REBREEN 2 EAL[ V(R mE)  (ZRF L) =10:1] B3 880 mg (R)- 36, =
# 96%.

(R)-36: EEBIKIR, m.p:55.5-56.5 °C.

MS (APCI): 647.2 (M'+1, 100), 648.1 (M*+2, 47), 649.1 (M'+3, 22), 679.0
(M"+1+MeOH, 41), 680.0 (M"+2+MeOH, 23).

'H NMR (CDCl3, 400 MHz) & (ppm): —0.28 (s, TMS), 6.20 (d, J = 7.2Hz, 2H), 6.95
(t, J = 7.6Hz, 2H), 7.05 (t, J = 8.4Hz, 2H), 7.29~7.33 (m, 4H), 7.38 (d, J = 8.4Hz, 2H),
7.48(t, J = 7.2Hz, 2H), 7.81(d, J = 8.4Hz, 2H), 7.94 (d, J = 8.4Hz, 2H), 7.98(d, J =
8.4Hz, 2H).

3C NMR (CDCl3, 100 MHz) & (ppm): —0.08 (TMS), 92.42 (C=), 93.33 (C=), 98.27
(C=), 103.55 (C=), 121.90 (C), 124.68 (C), 126.10 (C), 126.54 (CH), 126.77 (CH),
126.80 (CH), 127.36 (CH), 127.79 (CH), 127.89 (CH), 127.93 (CH), 128.47 (CH),
131.84 (CH), 131.98 (CH), 132.69 (C), 133.03 (C), 140.17 (C).

IR (KBr): 3057 (Aro.C-H), 2156 (C=C), 1591 (Aro.C—C), 1502, 1284, 866, 756.

2322 HEMITHERK

R % R ¥R 36 (880 mg, 1.30 mmol). K,COs3(1.87 g, 13 mmol). J4ERE
(15 mL)FMFE (15 mL) MARNHES, EFETHRES h. RNEEGHHEEAN
Kb FHHZBZEEFEE (30 mLx3). & HLAHF MM NaCl KBFB LK, /K MgS0,
FH. SEEREEZEBRN, REVEIHEREENTSE[V (B H#E): V (CHCl)
=7:11%8 620 mg (R)- 37, =% 90%.

(R)-37: HEBHAR, m.p: 67.0-68.0 °C.

MS (APCI): 503.2 (M*+1, 77), 535.0 (M*+1+MeOH, 100), 536.0(M*+2+MeOH, 37).
'H NMR (CDCl3, 400 MHz) & (ppm): 2.76 (s, 2H), 6.76~6.78 (m, 2H), 7.07~7.09 (m,
4H), 7.24~7.31 (m, 6H), 7.47 (t, J = 8.4Hz, 2H), 7.81 (d, J = 8.4Hz, 2H), 7.93(d, J =
8.4Hz, 2H), 7.96(d, J = 8.4Hz, 2H).

BC NMR (CDCls, 100 MHz) & (ppm): 80.83 (C=), 80.88 (C=), 91.55 (C=), 93.23
(C=), 121.81 (C), 123.87 (C), 126.37 (C), 126.51 (CH), 126.76 (CH), 127.51 (CH),
127.90 (CH), 127.93 (CH), 128.10 (CH), 128.97 (CH), 132.00 (CH), 132.10 (CH),
132.86 (C), 133.06 (C), 139.88 (C).

IR (KBr): 3284 (C=C-H), 3055 (Aro.C-H), 2106 (C=C), 1589 (Aro.C—C), 818, 752.
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2323 BREESYIIHERK

# Cu(AcO); (6.5 mg, 0.028 mol)FIHERE(65 mL)E TES AP FHRNIEF,
RETE60 CCHIMBE S A MELE 4 h 18125 0 R ¥ B K 37 (182 mg, 0.36 mmol)
MR BE (10 mL). WMFTEHEFEZEFEEH TRERN 2h. FIERM, EE
WREEN, RAYA_EFHRER, AVMEALK MgS0, T, dBEREEE
BA, BUEEKEEHSEV (GHEE): V(CHCL)=3:1]% 108 mg Bt &
(R)-27, =% 60%.

(R)-27: HRHEEAREME, mp:>165.5°C.

MS (APCI): 501.2 (M"+1, 17), 533.0 (M*+1+MeOH, 100), 534.0 (M"+2+MeOH, 33).
'H NMR (CDCl3, 400 MHz) & (ppm): 7.09~7.13 (m, 6H), 7.25~7.28 (m, 4H), 7.32 (t,
J =7.8Hz, 2H), 7.45 (t, J = 8.0Hz, 2H), 7.77 (d, J = 8.4Hz, 2H), 7.83~7.87 (m, 4H).
BC NMR (CDCl3, 100 MHz) 8¢ (ppm): 79.32 (C=), 83.07 (C=), 90.26 (C=), 93.58
(C=), 121.38 (CH), 124.88 (CH), 126.37 (C), 126.42 (C), 126.61 (C), 127.58 (CH),
127.87 (CH), 127.97 (CH), 128.39 (CH), 129.30 (2CH), 129.72 (CH), 130.92 (CH),
132.32 (C), 133.07 (C), 139.12 (C).

IR (KBr): 3057 (Aro.C—H), 2198 (C=C), 1591 (Aro.C-C), 1469, 820, 752.

UV-Vis (CH;Cl3, 5.1x10° mol-L™): Amax (€max) = 356 (2.2x10%), 243 (2.1x10°).
(R)-isomer: [a]p'® +560.4 (¢ 5.1, CHCl3)

(S) -isomer: [a]p! —562.4 (¢ 5.8, CHCI;)

2324 LEPR2ZME K

WIRBALEY R B HL&Y 41(450 mg, 1.60 mmol). Cs;CO3 (2.05 g, 6
mmol). PYZBEAE (15 mL)F! 402 g, 6.70 mmol)IA 100 mL R M+, 50°C TR
M 12h. RNBEYAZERE, MIAKFHHZEZEEFE A HUAHHEM NaCl
EWVLHER, LK MgSO, T, TIEEFRERZEN, BRYEIHER S ELAL
[V (FHE) : V(CH,ClL)=5: 1183 1.10 g W EHI(R)- 42, B E 97%.

(R)-42: B &, m.p:102.0-103.0 °C.

MS (APCI): 718.5 (M*, 100), 719.5 (M*+1, 34).

'H NMR (CDCl3, 400 MHz) 84 (ppm): 4.98 (s, 4H), 6.79 (d, J = 7.6Hz, 2H), 6.82 (d, J
= 7.6Hz, 2H), 6.90 (d, J = 7.60Hz, 2H), 7.23~7.40 (m, 8H), 7.67 (d, J = 7.6Hz, 2H),
7.88 (d, J = 8.0Hz, 2H), 7.96 (d, J = 9.2Hz, 2H).

B3C NMR (CDCl3;, 100 MHz) & (ppm): 75.03 (CHy), 95.85 (C), 115.52 (CH), 120.42
(C), 123.84 (CH), 125.51 (CH), 126.47 (CH), 127.91 (CH), 128.02 (CH), 128.80 (CH),
129.51 (CH), 129.51 (C), 134.19 (C), 138.61 (CH), 138.61 (C), 139.42 (C), 153.70

©.
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IR (KBr): 3053 (Aro.C-H), 1589 (Aro.C-C), 1506, 1219, 804, 744.
2325 WEMIHE K

K R R 42 (1.10 g, 1.50 mmol). (PhsP);PdCl; (20 mg, 0.03 mmol),
Cul (10 mg, 0.06 mmo)E FASKEPHWRNMP . FAEHBMARE25mL, —
S K 5mL. 50 °C HHR A T %50 TMSA (0.35ml, 0.34 mmol)/5 £ % B & T H #
3h. RMBAVPEMABRAN NHCl KEBRPHAZBRZEER. FHHERERM
NaCl KB BLER, K MgSO, T1. SEEREZEZBR, B{|YETREHE
B4 B V(R MmE) : V(CH,Cly) =5: 1118 1.04 g (L &HWI(R)- 43, 7 FK 95%.
(R)- 43: EfaEk, m.p: 45.0-46.0 °C.
MS (APCI): 658.8 (M*, 100), 659.9 (M*+1, 60), 661.0 (M*+2, 32).
'H NMR (CDCl3, 400 MHz) & (ppm): —0.27 (s, TMS), 5.26 (d, J = 14.4Hz, 2H), 5.30
(d, J = 14.4Hz, 2H), 6.82 (d, J = 7.2Hz, 2H), 6.88 (t, J = 7.2Hz, 2H), 7.05 (t, J =
7.6Hz, 2H), 7.21~7.23 (m, 4H), 7.30~7.36 (m, 4H), 7.41 (d, J = 9.2Hz, 2H), 7.87 (d, J
= 7.6Hz, 2H), 7.94 (d, J = 8.8Hz, 2H).
BC NMR (CDCl3, 100 MHz) & (ppm): —0.03 (TMS), 68.55 (CH), 99.91 (C=),
102.22 (C=), 115.02 (CH), 120.16 (C), 120.22 (C), 123.60 (CH), 125.49 (CH), 126.31
(CH), 126.38 (CH), 126.38 (CH), 126.28 (C), 127.88 (CH), 128.60 (CH), 129.32 (CH),
131.75 (CH), 134.22 (C), 139.75 (C), 153.84 (C).
IR (KBr): 3059 (Aro.C-H), 2154 (C=C), 1591 (Aro.C—C), 1508, 1248, 868, 841, 758.

2.3.2.6 ka4 E X

WK% R HIRI AL &Y 43(1.04 g, 1.60 mmol). K,CO;3(2.18 g, 16 mmol). I
SRM(15 mL)A F (1S mL) MARNES, EZEBTHAES h. BRNEEY
EANKFHHAZBZEEZEKN . B HLAHHABRM NaCl KEBREHR, LK MgSOs T4
TEERERZEN, RRUELERKRERENSE[VRME): V(ICHCl)=5:1]
18 780 mg L& HI(R)- 44, 7= % 96%.

(R)- 44: KEBIMIE, m.p: 47.5-48.5 °C.

MS (APCI): 514.9 (M*+1, 100), 516.0 (M™+2, 45), 517.1 (M™+3, 12).

'H NMR (CDCls, 400 MHz) &4 (ppm): 3.24 (s, 2H), 5.23 (d, J = 14.4Hz, 2H), 5.27 (d,
J = 14.4Hz, 2H), 6.85 (d, J = 7.6Hz, 2H) 6.92 (t, J = 7.2Hz, 2H), 7.06 (t, J = 7.2Hz,
2H), 7.22~7.23 (m, 4H), 7.30~7.34 (m, 2H), 7.37 (d, J = 7.6Hz, 2H), 7.42 d, J =
9.2Hz, 2H), 7.86 (d, J = 8.0Hz, 2H), 7.93 (d, J = 9.2Hz, 2H).

13C NMR (CDCl3, 100 MHz) & (ppm): 68.85 (CH,), 80.78 (C=), 82.33 (C=), 115.48
(CH), 119.18 (C), 120.39 (C), 123.72 (CH), 125.54 (CH), 126.37 (CH), 126.48 (CH),
126.82 (CH), 127.92 (CH), 128.90 (CH), 129.39 (CH), 129.42 (C), 132.21 (CH),
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134.22 (C), 140.02 (C), 153.92 (C).
IR (KBr): 3276 (C=C-H), 3057 (Aro.C-H), 1589 (Aro.C~C), 1506, 1217, 806, 758.

2.3.2.7 BRRESH8MERK

# Cu(AcO); (500 mg, 2.8mmol) FIALIE(6S mL)E FRASRIP TH RN K+, &
FE60CHmBT . ABMEE 4hFIEEBHE M R HWEH 44 (150 mg, 0.29 mmol)
R RE WK (10 mL). WTHEEEZBELGTHERN 2h. FIERN, B2
ZRELEREZFRBEYIEA_—ERRER, 6HERRERZEN, R{YEL
BT 2 B V(R i B%) : V(CH,Cly) =3 : 1]78 107.7 mg (R)- 28, £& 72%.
(R)-28: HfaE{&, m.p: 147.0-148.0 °C.

MS (APCI): 512.9 (M*+1, 100), 514.0 (M*+2, 32).

'H NMR (CDCl3, 400 MHz) & (ppm): 4.92(d, J = 10.4Hz, 2H), 5.15 (d, J = 10.4Hz,
2H), 7.09~7.20 (m, 14H), 7.44 (d, J = 9.2Hz, 2H), 7.72 (d, J = 7.6Hz, 2H), 7.85 (d, J =
8.8Hz, 2H).

13C NMR (CDCls, 100 MHz) & (ppm): 70.88 (CHa), 79.22 (C=), 82.74 (C=), 114.33
(CH), 119.23 (C), 122.36 (C), 123.12 (CH), 125.66 (CH), 125.69 (CH), 127.59 (4CH),
127.99 (CH), 128.82 (CH), 129.12 (C), 129.20 (CH), 129.30 (CH), 131.18 (CH),
133.97 (C), 141.28 (C), 154.41 (C).

IR (KBr): 3057 (Aro.C-H), 2218 (C=C), 1591 (Aro.C—C), 1506, 1232, 1039, 752.
UV-Vis (CHyCls, 8.0 x 10° mol-L™): Amax (€max) = 341 (4.0x10%), 298 (5.0x10%),
270(1.0x10%), 243(2.3x10%).

(R)-isomer: [a]p'® —950.7 (¢ 6.2, CHCl3)

(S) -isomer: [a]p'® +951.8 (¢ 6.6, CHCl3)

24 FR5E

241 S AZE

AESFUFHBERAG D M(S)-2,2" -ZZHRE-1,1 -BFEE. DN
(9-2,2" -Z—8BH-1,1" -BEZEHNMIK, Sonogashira BELR L, RIEEN 2785
HAEEMRT AL EY 3T f1 44, BEITEIIMNSFR Eglinton BEKHFER
MERTHANEREEY 27, 28.

SCHR LA M2 TRI28H) A R T Eglinton R N 3. RMEPRITEDT
Cu(OAc)L,MH &, i EAELRE. MAERXRNTAEHREZER MR NAE T K
REHX LR, URPERMERPRGROZREOREYHER. REE
R, RBEASTFRBEKS~Y, BRARNB S FEER=DH0E K.
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2.4.2 GHIFRIE

HjE] & 36. 37. 43 F1 44 R EFR{LE Y 27 128 @i MS. IR, UV-Vis, 'H
F BCNMR URTTESMTHIT T RIE. LAY MS BiEgHH T RHKS
TETE. IR BiEd, ATURMBEERFH C=C MERNFFMERY, +E &
37 il 44 4» HIZEZE 3284 cm™ A1 3276 cm™ L HIRMUR H 4 T+ C=C-H M. ik
&4 36 F1 43 [ NMR F [ WMl 8] TMS £$RE 5, [36: 34 —0.08 (18H, s, TMS),
8c —0.08 (TMS); 43: &y —-0.27 (18H, s, TMS), &¢c —0.03 (TMS)], 37 1 44 H L
KIEEH SRR ERFES[37: 64 2.76 (2H, s, C=CH), 8¢ 80.83 (C=CH); 44:
8u 3.24 2H, s, C=CH), 5 80.87 (C=CH)].

H¥rik &9 27 B9 MS (APCIZE 501.2 (M*+1, 17), 533.0 (M*+1+MeOH, 100)4t
HIATHEAMNS TETE (AKX C), 'HNMR XEFSHHUAERFERE, &
FHE—AXHE, T 'HNMR &2 6 4i&, 3£ 20 MEF (E 2.4). PCNMR
A DEPT A &MiE (B 2.5) RHA, EW27TF 4 WREKC=MIELG 79.31,
83.07, 90.26 1 93.58), ZEFHXHA 6 ML (C)F 10 R =FK B (CH) HELk,
HFEHEENSH.

8.00 7.50 700

T
140 130 120 110 100 20 80

B 2.5 B A% 27 8 PC NMR # DEPT
KU, &Y 28 5 MS (APCIZE 512.9 (M*+1, 100) 4 E TR 4 F & T &
(HLHZFE C), "HNMR BT 4.92,5.15 B4 T F & 1 XU 5b, 20 & I 354 15 5 39
BEFEXR, A TFHE—/XKE, B0 'H NMR &L 2T 7 Hig, 3244
KT (E2.6). °C NMR f1 DEPT A& E(E 2.7)KH, WEW28F 1 REF
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R (CH,) HY 3 28 (5c 70.88), 2 HRRBK(C=)RIE L& (8¢ 79.22 F1 82.74), HEFH FX K
6 WMIYLBRC)M 10 =LK (CH) %%k, HEHEHEW.

L s LI e T T
150 140 130 120 110 100 20 80 70

B 2.7 B2 28 8 '°C NMR # DEPT

243 B —@iEMLLLERLE ST

2.8 B2 HARMLEYIR)F(S)-27 f128 ME —f(CD)IEE, HZERLUEH
FANBELZUAEYRAS)MWE K5 AX R, B M AT b et B H3#E ((alo):
[ (R)- 27: [a]p'® 560.4 °, (S)- 27: [a]p'® -562.4 °; (R)- 28: [a]p'® -950.7 °, (S)- 28:
[a]p™ 951.8 °]o AT LAIESE (R)FI(S)- 27,28 BN REUL AWK FF A 5 5 B xF
MBEHXER.

— R-27

400

200

AU

-400 -

200 30 ) W'U
Wavelength [nm]

B 28 BRELEM®RM(S)-27,28 A& (CD) iEE
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2.5 IhNG

EEMNRF(S)-2,27-Z R E-1L,U-BZE . RFI(S)-2,2°-ZHRE-1,1"-BKEHIR
Wk, BEAFEEENBSAN, U KEglintonfB & A ERNART H M B IR
427, 28. X F &G —FHEglintonfB & B RN, RITKHAENEHNRERESH R
NYEAKEE, NTRBEHIRNOKENBEN, ERNEFRENEZEGT,
BERNARBATHFRABEN™Y, FRERNI S FRBKNRE K. @
R, KX AKEHT 4 F ANEglintonfd & B RN R, X & & T 5me
RNEERE, AFTF2FEBERRNEET, SR> FRBERME ZPXH
BEER IR B W] fE 4> F Rl B B BRI Sk I R KE M. BN AR FR=EF
BT HFHARKBEY.
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H3E BERBEIMSFAVIEES FHEHTES
59
3.1 BRRLEYRARAR

HEFE B, EHITLT Cu LM Eglinton BERMN, £RER: FEKRER
BHRMEGHT, MR FARKTYEEH LA Re T, KREBFUSTAH
BEFYAESEY. ik, FFEEFRER T TESRENRLRP, £IA
—WEREN, REREALS FABBREIAMRITEE, HREXBREB/E T R
BB F—EBEENREHN 2 FASEELEY .

B 3.1 B B EYI(RR)-29 & B . (L&Y 34 7 Eglinton R Y &4 T JL
TEEMAERT WIFHEEN 52. @il 52 5RGRIE 2,2-Z 2R E-1L,1I-BKE
f Sonogashira RN, UBFHWREBITHEY 54, ENEE/FEERTH
HEABBRHLES4, LFEERBAGEZ TMS MATELEY S55. B 5558
4y F i 34 i#1T Sonogashira fBEk, K FHKERBLEY 56. 56 Fi % TMS
B BIL T EERBIRKBRRILEY 57,57 & — K Eglinton R & H T2 FW
BERHE, UPBFRERBTRITHEFLEY 29,

t Cu(OAc), _
T™MS—= pyridine, 65°C N O
95% 52

Vi

34

ms—z—b
34

Pd(Ph;P),Cl,, Cul
i-Pr,NH, toluene, 75°C

= Pd(PhyP),Cl,, Cul
i-Pr,NH, toluene, 75°C

54: X = TMS(86%
K;C03, MeOHL 55: % — (9 1(%) )

Cu(OAc),

pyridine, 65°C
69%

56: X = TMS(82%)
57: X = H (92%)

E31 BESFINAMKE

K,CO;, MeOH[ .

K32 RBERUEYWZ—RR)-30 FIARBL. 2,2°-BE-1,-BKEEETF
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OB TEURFE, 5HEY 40 ERELAFT/LEEEME, BELEY
59. 59 7£ Sonogashira R & F, LMEEHIKRERINMIIAT # TMS RF M Z
e E BB B A Y 60, 7ELIALRE K ¥ I Eglinton RN &4 F, 60 JLF & &b 4
TRMBERER TR ELEY 61, 61 75 HCL R DY ZRRM/ F R & R P ER KR,
EEMBINEBEEMLEY 62, £5 59 HEMEZHT, TJUREHNFEEBILE
Y163, LT WERJLEEEMTI AN TMSA I Sonogashira & N flfiit = TMS ) & %
JG. BIhBE T B L EMH AT HAE, EBMKBRMLEY 65. 5 29 %4
] Eglinton R &M T, B3 T RH# HwLEY 30,

B
H ‘\_4@ OO OMOM  Pd(Ph;P),Cl,, Cul, TMSA
®

X Cs,CO3,THF,50°C Q i-Pr;NH, toluene, 75°C 97%
¢ s L)

K2C03 C X =0H
CH;3;0CH,Cl —58: X =OMOM (72%)

CU(OAC)2

pyridine, 65°C
97%

— 61: Y = OMOM(94%)

HCL MeOHL 5. v = OH(95%)

Pd(Ph3P),Cl,, Cul, TMSA
i-PryNH, toluene, 75°C 90%

K,CO;

MeOH-THF
r.t. 93%

Cu(OAc),

pyridine, 65°C
68%

M3.2 BRSTFIOHSHMEE

-26-



e A7

32 LT E
3.2.1 LEYS2BIE MK

% Cu(AcO); (1.8 g, 10 mmol). 34(400 mg, 1.30 mmol)FMtEE(25 mL)E TEX
GPETHRNES, REFE60°CHMBPTRMI2h. RNTE, ANZEZERR
TEREABEYRA—ETRGEER, SHEHRERZEZER, RAYELIERE
B B [V(R mE) : V(CH,Cl) =5: 1178 287 mg HA&Y 52, P& 95%.

52: HEE A m.p: 138.0~139.0 °C.

MS (APCI): 454.7 (M*+1, 100), 455.8 (M*+2, 12).

'H NMR (CDCls, 400 MHz) & (ppm): 7.07 (t, J = 8.0Hz, 2H), 7.34 (t, J = 8.0Hz, 2H),
7.56 (d, J = 7.6Hz, 2H), 7.86 (d, J = 8.0Hz, 2H).

3¢ NMR (CDCl;, 100 MHz) & (ppm): 77.09 (C=), 84.29 (C=), 100.88 (C), 127.85
(CH), 128.43 (C), 130.33 (CH), 133.96 (CH), 138.83 (CH).

322 EYSIIERK

IR ¥ R #RLHY 53 (415 mg, 1.10 mmol).52 (229 mg, 0.5 mmol). (Ph3;P),PdCl,
(20 mg, 0.03 mmol), Cul (10 mg, 0.05 mmo)E FERSMEIFHIRNIES . HiES
BMANFE30mL, —FHEK6mL. 75 CHARETRM 12 h. RNBEYH
BN NH,Cl KBEBPHHZMZBERER. UMMM NaCl KB BRYEE,
FK MgSO, T1&. TIERMEEZEN, RR{/UELEREBHSBE[V(A HE):
V(CH,Cl) =5: 118 1.04 g B W(R)-54, 7= 86%.
(R)-54: HfEHK, m.p: 108.0-109.0 °C.
MS (APCI): 947.0 (M*+1, 100), 947.9 (M*+2, 68), 948.9 (M"+3, 37), 949.9 (M'+4,
14).
'H NMR (CDCl3, 400 MHz) & (ppm): —0.29 (s, TMS), 6.37 (d, J = 7.6Hz, 2H), 7.07
(t, J = 7.6Hz, 2H), 7.15(t, J = 7.6Hz, 2H), 7.29-7.33 (m, 6H), 7.38 (d, J = 8.4Hz, 2H),
7.44~7.48(m, 6H), 7.71(d, J = 8.8Hz, 2H), 7.84~7.95 (m, 10H).
13C NMR (CDCls, 100 MHz) & (ppm): —0.66 (TMS), 77.85 (C=), 81.22 (C=), 91.65
(C=), 94.20 (C=), 98.91 (C=), 104.73 (C=), 121.35 (C), 121.59 (C), 123.64 (C),
126.40 (CH), 126.51 (CH), 126.54 (CH), 126.64 (CH), 126.72 (CH), 126.75 (CH),
126.92 (C), 127.50 (CH), 127.85 (CH), 127.88 (CH), 127.92 (2CH), 128.06 (CH),
128.46 (CH), 128.84 (CH), 132.13 (CH), 132.51 (2C), 132.68 (CH), 132.94 (C),
133.15 (C), 140.16 (C), 141.04 (C).
IR (KBr): 3055 (Aro.C—H), 2146 (C=C), 1590 (Aro.C—C), 1502, 1248, 842, 774, 746.
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3.23 EWMSSHERK

¥ R ¥R 54(350 mg, 0.37 mmol), K,CO3(510 mg, 3.70 mmol), THF (15
mL), FEE (15mD) MABBERERSY, BERTHAESh. REZERREDTMA
BEEK, AZBMZEFER, FHARMAN NaCl EHBEsk, LK MgSO, T4
HEREHEEEZEN, RRYELERERNV(AME): V(CH,CL)=5: 1148,
83 270 mg (R)-55, 7<% 93 %.

(R)-55: ALK, m.p: 96.5-97.5 °C.

MS (APCI): 803.1 (M*+1, 100), 804.1 (M*+2, 64).

'"H NMR (CDCl3, 400 MHz) & (ppm): 2.75 (s, 2H), 6.49 (d, J = 8.0Hz, 2H), 7.09 (t, J
= 8.0Hz, 2H), 7.16 (t, J = 8.0Hz, 2H), 7.20~7.32 (m, 8H), 7.43~7.47 (m, 6H),
7.77~7.82 (m, 6H), 7.86 (d, J = 8.8Hz, 2H), 7.92 (d, J = 8.4Hz, 2H), 7.96 (d, J =
8.8Hz, 2H).

3C NMR (CDCls, 100 MHz) & (ppm): 77.91 (C=), 80.86 (C=), 81.24 (C=), 82.83
(C=), 91.70 (C=), 93.84 (C=), 120.61 (C), 121.39 (C), 123.73 (C), 126.34 (CH),
126.50 (CH), 126.59 (CH), 126.69 (CH), 126.85 (CH), 127.63 (CH), 127.94 (CH),
128.01 (CH), 128.08 (CH), 128.52 (CH), 128.92 (CH), 128.95 (CH), 132.14 (CH),
132.34 (C), 132.46 (C), 132.66 (CH), 133.03 (C), 133.06 (C), 139.73 (C), 140.60 (C),
126.85 (C).

IR (KBr): 3287 (C=C-H), 3056 (Aro.C-H), 2146 (C=C), 1591 (Aro.C—-C), 1507, 775,
748.

3.24 L EIS6HIB A

IR ¥ R HIELEY 55 (260 mg, 0.30 mmol).34(214 mg, 0.7 mmol). (Ph3P),PdCl,
(15 mg, 0.02 mmol), Cul (6 mg, 0.03 mmol)EFRSFRIF W RMNMS . F4 2%
MAF% 30 mL, ~HAK6mL. 75 °C BARS TR 12h. REESWHEH
ARLA NHCl KEBFHFAZBZEER. AHMEAMBM NaCl KBEBRER, X
7K MgSOs F1&. SEEREREEEN, RAVELEHKEZENSEVCR M) :
V(CH,Cly) = 3 : 1118 304 mg L& YI(R)- 56, 7= 82%.
(R)-56: %3 IR m.p: 98.0-99.0 °C.
MS (APCI): 1147.0 (M*+1, 100), 1148.0 (M*+2, 87), 1149.0 (M*+3, 55).
'H NMR (CDCl3, 400 MHz) & (ppm): 0.28 (s, TMS), 6.29 (d, J = 7.2Hz, 2H), 6.39 (d,
J = 6.8Hz, 2H), 6.87 (t, J = 8.0Hz, 2H), 6.98(t, J = 7.2Hz, 2H), 7.06 (t, J = 8.0Hz, 2H),
7.13 (t, J = 8.0Hz, 2H), 7.23~7.48 (m, 16H), 7.78 (d, J = 8.4Hz, 4H), 7.83 (d, J =
8.8Hz, 2H), 7.86 (d, J = 8.4Hz, 2H), 7.94 (d, J = 8.0Hz, 2H), 8.00 (d, J = 8.8Hz, 2H).
3C NMR (CDCl;, 100 MHz) & (ppm): —0.08 (TMS), 77.84 (C=), 81.32 (C=), 91.90
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(C=), 92.36 (C=), 93.27 (C=), 94.23 (C=), 98.12 (C=), 103.56 (C=), 121.58 (C),
121.89 (C), 123.70 (C), 124.53 (C), 125.99 (C), 126.49 (CH), 126.57 (CH), 126.66
(CH), 126.73 (CH), 126.96 (C), 127.39 (CH), 127.53 (CH), 127.92 (CH), 128.00 (CH),
128.13 (CH), 128.48 (CH), 128.88 (CH), 131.75 (CH), 132.00 (CH), 132.12 (CH),
132.51 (C), 132.59 (CH), 132.68 (C), 132.97 (C), 133.05 (C), 140.05 (C), 140.10 (C).
IR (KBr): 3055 (Aro.C-H), 2202 (C=C), 1591 (Aro.C—C), 1502, 819, 748.

3.2.5 LEMSTHE K

& % R #IELHY 56 (300 mg, 0.26 mmol), K,CO;3 (363 mg, 2.60 mmol), THF
(15 mL), & (15mD) ETFEKEVFHAORNET, ZHETHHE She RETERE
BEVYFTMAERK, HZBRIBEZFER, FHAHABEM NaCl BH¥%E, HAX
K MgSOs F#. STEEREREZERN, RAVELRKERT (VR HE) .
V(CH,CL) =3: 1143, B2 240 mg HEWI(R)- 57, F=F 92 %.
(R)- 57: #EBHIK, m.p: 112.0-113.0 °C.
MS (APCI): 1003.0 (M*+1, 100), 1004.0 (M*+2, 84), 1034.9 (M"+MeOH, 40), 1035.9
(M*+1+MeOH, 32).
'"H NMR (CDCl3, 400 MHz) & (ppm): 2.78 (s, 2H), 6.49 (d, J = 7.6Hz, 2H),
6.79~6.81 (m, 2H), 6.98~7.02 (m, 4H), 7.08 (t, J = 7.6Hz, 2H), 7.14 (t, J = 7.6Hz, 2H),
7.22~7.47 (m, 16H), 7.80 (d, J = 7.2Hz, 2H), 7.81(d, J = 8.0Hz, 2H), 7.86(d, J =
8.8Hz, 2H), 7.87(d, J = 8.8Hz, 2H), 7.92(d, J = 8.4Hz, 2H), 7.99(d, J = 8.4Hz, 2H).
13C NMR (CDCls, 100 MHz) & (ppm): 77.88 (C=), 80.92 (C=), 81.36 (C=), 81.57
(C=), 91.60 (C=), 91.82 (C=), 93.18 (C=), 94.22 (C=), 121.76 (C), 121.77 (C), 123.68
(C), 123.90 (C), 126.32 (C), 126.44 (CH), 126.56 (CH), 126.65 (CH), 126.80 (CH),
126.96 (C), 127.45 (CH), 127.55 (CH), 127.97 (CH), 128.00 (CH), 128.09 (CH),
128.51 (CH), 128.88 (CH), 129.05 (CH), 132.02 (CH), 132.21 (CH), 132.67 (C),
132.71 (CH), 132.76 (C), 133.02 (C), 133.12 (C), 139.83 (C), 140.10 (C).
IR (KBr): 3289 (C=C~H), 3056 (Aro.C-H), 2204 (C=C), 1592 (Aro.C-C), 1504, 819.

3.2.6 Bir{LEW29E K

& ¥ Cu(AcO); (160 mg, 1.60 mol), MLEE (60ml) B FERSMARYHIRNIE
F, £60CTHEREHBRMES R #IA K 57(163 mg, 0.16 mmol) AL BE
(20ml) %, PiBf 20h. EMEEE, HEHH 2h. RNER/E, REAK X
e, BAYHA R KPRER. FHUAERBEM NaCl BBt E, FHEK MgS0, T
B, TEEREREZEN, REVHEIEREERN[VCRE#ME): V(CH,CL)=3:1]
A%, B3 108 mg HIRLEP(R)-29, ™ E 69%.
(R)-29: BEBEE, m.p:>196.0 °C decomp.
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MS (APCI): 1000.9 (M*+1, 100), 1002.0 (M*+2, 76), 1032.8 (M*+MeOH, 38), 1033.9
(M*+1+MeOH, 23).

'H NMR (CDCl3, 400 MHz) &; (ppm): 7.06~7.14 (m, 16H), 7.24~7.28 (m, 8H), 7.40
(t, J = 8.0Hz, 4H), 7.84(d, J = 8.4Hz, 8H), 8.11 (d, J = 8.8Hz, 4H).

3C NMR (CDCls, 100 MHz) & (ppm): 78.08 (C=), 81.21 (C=), 91.74 (C=), 94.27
(C=), 121.92 (C), 123.78 (C), 126.27 (CH), 126.41 (CH), 126.58 (C), 126.83 (CH),
127.39 (CH), 128.08 (CH), 128.14 (CH), 128.27 (CH), 129.21 (CH), 132.45 (C),
132.69 (CH), 133.00 (C), 133.49 (CH), 139.52 (C).

IR (KBr): 3055 (Aro.C-H), 2202 (C=C), 1591 (Aro.C-C), 1439, 1024, 818, 751.
UV-Vis (CH,Cls, 2.0x10° mol-L™"): Amax(€max) = 314 (4.7x10%), 245 (8.4x10%).
(R)-isomer: [a]p?®® = -318.499 (¢ 0.1, CHCl5)

(8)- isomer: [a]p?®*® = +316.932 (¢ 0.1, CHCl,)

3.2.7 LEMSIHE K

W IR¥E R F146&%) 58 (500 mg, 1.50 mmol),40 (450 mg, 1.50 mmol) , CsCO;
(1.90 g, 6 mmol), THF (40 mL) HIA % 100 ml BB EEEEIEH, SOC T B R 12
he RNBEWREZRRE, EAEEKSP, FHAZKMIEER. EFUHABH
NaCl sk, K MgSO, T4, TEEREREZREH, R{|VEIHERER
[V(EMEE) : V(CHCl) =7 : 1] %, 13 785 mg (R)-59, F=% 95%.

(R)-59: BEWHFKIKE 4, m.p: 30.0-31.0 °C.

MS (APCI): 546.0 (M", 100), 547.0 (M*+1, 33).

'H NMR (CDCl3, 400 MHz) &4 (ppm): 3.11 (s, 3H), 4.97~5.07 (m, 4H), 6.80 (d, J =
6.4Hz, 1H), 6.83 (d, J = 7.6Hz, 1H), 7.00 (t, J = 7.6Hz, 1H), 7.15~7.41 (m, 7H), 7.58
(d, J=9.2Hz, 1H), 7.68 (d, J= 8.0Hz, 1H), 7.85 (d, /= 8.4Hz, 1H), 7.87 (d, /= 8.0Hz,
1H), 7.93 (d, J=9.2Hz, 1H), 7.95 (d, J = 9.6Hz, 1H).

13C NMR (CDCls, 100 MHz) & (ppm): 55.79 (CHs), 74.97 (CHy), 95.04 (CH,), 95.86
(C), 115.53 (CH), 117.01 (CH), 120.46 (C), 120.93 (C), 123.83 (CH), 123.96 (CH),
125.45 (CH), 125.50 (CH), 126.30 (CH), 126.39 (CH), 127.86 (CH), 127.99 (CH),
128.82 (CH), 129.38 (CH), 129.40 (C), 129.46 (CH), 129.84 (C), 134.02 (C), 134.06
(C), 138.57 (CH), 139.37 (C), 152.71 (C), 153.36 (C).

IR (KBr): 3055 (Aro.C-H), 1590 (Aro.C—C), 1506, 1240, 1012, 920, 774, 746.

3.2.8 LEY60R9 A X

HWIK¥ R K 58 (770mg, 1.40 mmol), (Ph3P);PdCl; (30mg, 0.04 mmol),
Cul (15 mg, 0.08 mmol), —H K (6ml) ,FE (30ml) B TFTHRSBRF RN
&, 50C T MA TMSA (0.3ml, 2.1 mmol), BMEEEHEHHESh. RN
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BEVAZTZERELEREZABYR, BREANHLCIEBR T, FAZRIEE
B, HHUHAMBAM NaCl IR, TK MgSOs TH. SEERERZEN, &
LB IEBREEF VA RE) : V(ICHCL) =7: 1128, 83 706 mg (L& YI(R)-
60, =% 97 %.

(R)-60: HEWEHKREE, m.p:32.5-34.0 °C

MS (APCI): 516.0 (M*, 56), 517.0 (M*+1, 100).

'H NMR (CDCls, 400 MHz) & (ppm): —0.28 (s, TMS), 3.12 (s, 3H), 4.99 d, J =
7.2Hz, 1H), 5.08(d, J = 7.2Hz, 1H), 5.28 (s, 2H), 6.84 (d, J= 7.6Hz, 1H), 6.99 (t, J =
7.6Hz, 1H), 7.10 (t, J = 7.6Hz, 1H), 7.15~7.43 (m, 8H), 7.60 (d, J = 9.2Hz, 1H), 7.84
(d, J=7.6Hz, 1H), 7.89 (d, J = 8.0Hz, 1H), 7.92(d, J = 8.8Hz, 1H), 7.96 (d, J = 9.2Hz,
1H).

BC NMR (CDCls, 100 MHz) & (ppm): 0.02 (TMS), 55.87 (CH3), 68.54 (CHy), 95.09
(CHy), 99.89 (C=), 102.16 (C=), 115.03 (CH), 117.13 (CH), 120.03 (C), 120.20 (C),
121.16 (C), 123.64 (CH), 123.96 (CH), 125.37 (CH), 125.59 (CH), 126.23 (CH),
126.32 (CH), 126.76 (CH), 127.83 (CH), 127.87 (CH), 128.59 (CH), 129.19 (C),
129.31 (CH), 129.36 (CH), 129.86 (C), 131.75 (CH), 134.01 (C), 134.08 (C), 139.67
(C), 152.70 (C), 153.72 (C).

IR (KBr): 3057 (Aro.C-H), 2154 (C=C), 1591 (Aro.C-C), 1104, 921, 807, 750.

3.2.9 EM6IE K

K IK# R AR 60 (600 mg, 1.20 mmol), Cu(AcO); (2.10 g, 12 mmol), MELHE
(25 mL) ETRESKRPHORNMEY. REZER, REEZHE, RRYHA-K
KR, LA F R NaCl e, K MgSO, T#. SERIEREE
7, RAYELEREEN V(R HE) : V(CHClL)=5: 1125, B3 484mg &
YI(R)- 61, *F 94%.
(R)-61: HEMHFERE A, m.p: 77.5-79.0 °C
MS (APCI): 886.8 (M*+1, 100), 887.8 (M"+2, 45).
'H NMR (CDCl3, 400 MHz) & (ppm): 3.12 (s, 6H), 4.98 (d, J = 6.4Hz, 2H), 4.98 (d, J
= 6.8Hz, 2H), 5.27 (d, J = 13.6Hz, 2H), 5.31 (d, J = 13.6Hz, 2H), 6.87 (d, J = 8.0Hz,
2H), 7.06 (t, J = 7.2Hz, 2H), 7.12~7.47 (m, 18H), 7.59(d, J = 8.8Hz, 2H), 7.82 (d, J =
8.4Hz, 2H), 7.88 (d, J = 7.6Hz, 2H), 7.92 (d, J = 9.2Hz, 2H), 7.96 (d, J = 9.2Hz, 2H).
3C NMR (CDCl;, 100 MHz) & (ppm): 55.81 (CH3), 68.88 (CH;) 95.08 (CHy), 78.49
(C=), 79.98 (C=), 115.60 (CH), 117.07 (CH), 118.75 (C), 120.46 (C), 121.04 (C),
123.79 (CH), 123.98 (CH), 125.44 (CH), 125.54 (CH), 126.30 (CH), 126.30 (C),
126.37 (CH), 126.62 (CH), 127.08 (CH), 127.88 (CH), 129.37 (CH), 129.39 (CH),

€
-
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129.46 (CH), 129.85 (C), 132.75 (CH), 134.03 (C), 134.08 (C), 140.93 (C), 152.72
(C), 153.72 (C).
IR (KBr): 3057 (Aro.C-H), 1591 (Aro.C-C), 1506, 1104, 921, 807, 750.

3.2.10 & M62H9 & B

K% R HIELE) 61 (480 mg, 0.50 mmol), 4N HCL (10mI)fi A %] 100ml &
JEREHH, FMA THFQOm)F B EQOmDERF . A ORERSHKE, & 50C
THHERN 12h. REBEVAZZERE, A NayCO;FH, FHZBKIEEZE.
A I 5 R H LA R A NaCl ¥ W UE %, K Na,SOs T8, SIB R mEZ& LB,
BRADEL —HEREEN VA BE) : V(EtOAc)=3:110%, B3 411 mgtbé&
YI(R)- 62, 7=E 95%.

(R)- 62: HEL[E 44, m.p: 100.0-101.0 °C

MS (APCI): 798.9 (M*+1, 100), 799.9 (M*+2, 54).

'H NMR (CDCl3, 400 MHz) &4 (ppm): 4.99 (s, 2H), 5.28 (d, J = 14.0Hz, 2H), 5.35 (d,
J =14.0Hz, 2H), 6.92 (d, J = 7.6Hz, 2H), 7.12~7.39 (m, 18H), 7.45 (d, J = 7.6Hz, 2H),
7.50 (d, J = 9.2Hz, 2H), 7.85 (d, J = 7.2Hz, 2H), 7.87 (d, J = 7.2Hz, 2H), 7.92 (d, J =
9.2Hz, 2H), 7.98 (d, J = 8.8Hz, 2H).

3C NMR (CDCl3, 100 MHz) & (ppm): 68.75 (CH,), 78.50 (C=), 80.02 (C=), 114.98
(C), 115.50 (CH), 116.46 (C), 117.48 (CH), 119.07 (C), 123.24 (CH), 124.44 (CH),
124.89 (CH), 124.96 (CH), 126.43 (CH), 126.82 (CH), 127.34 (CH), 127.37 (CH),
128.08 (CH), 128.16 (CH), 129.11 (C), 129.59 (CH), 129.66 (C), 129.84 (CH), 131.01
(CH), 132.90 (CH), 133.78 (C), 134.01 (C), 140.31 (C), 151.30 (C), 154.70 (C).

IR (KBr): 3057 (Aro.C—H), 1619 (Aro.C—C), 1589 (Aro.C—C), 1145, 1076, 748.

3.2.11 LEY6IRIA K

X ¥ R ¥R 62 (500 mg, 0.61 mmol), 40 (450 mg, 1.50 mmol) , CsCO; (0.9
g, 3 mmol), THF (40 mL)AA %] 100ml B EELLEI T, SOCTFH A 12h,. RN
FREYTIMERK, REAZBRZEZFEN. HYAHRMEM NaCl B#tEk, X
K MgSO, F4&, BEEREAEEZER, RRAYELERTEN V(A HEE) :
V(EtOAc) =7 : 1]+ B, B %] 785 mg th & HI(R)- 63, F=# 95%.
(R)- 63: HEKHFKREA, m.p:70.5-71.5 °C
MS (APCI): 1230.6 (M*+1, 100), 1231.7 (M*+2, 57).
'H NMR (CDCl3, 400 MHz) & (ppm): 4.98 (s, 4H), 5.27 (s, 4H), 6.76~6.80 (m, 4H),
6.85 (d, J = 7.6Hz, 2H), 6.89 (t, J = 7.6Hz, 2H), 6.95 (t, J = 7.6Hz, 2H), 7.10 (t, J =
7.6Hz, 2H), 7.22~7.44 (m, 18H), 7.64 (d, J = 7.2Hz, 2H), 7.84 (d, J = 8.4Hz, 2H),
7.87 (d, J = 8.4Hz, 2H), 7.91 (d, J = 9.2Hz, 2H), 7.95 (d, J = 9.2Hz, 2H).
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13C NMR (CDCls, 100 MHz) & (ppm): 68.81 (CH,), 74.99 (CH,), 78.58 (C=), 79.98
(C=), 95.86 (C), 115.42 (CH), 115.51 (CH), 118.76 (C), 120.26 (C), 120.45 (C),
123.74 (C), 123.74 (CH), 123.82 (CH), 125.44 (CH), 125.50 (CH), 126.43 (CH),
126.45 (CH), 126.60 (CH), 127.02 (CH), 127.90 (CH), 127.92 (CH), 128.01 (CH),
128.79 (CH), 129.38 (CH), 129.43 (C), 129.46 (CH), 129.50 (CH), 129.50 (C), 132.74
(CH), 134.16 (C), 138.58 (CH), 139.39 (C), 140.94 (C), 153.67 (C), 153.78 (C).

IR (KBr): 3054 (Aro.C-H), 1621 (Aro.C—C), 1589 (Aro.C-C), 1506, 1219, 804.

3.2.12 L E&64H9 5 B

# % R HIELHY 63 (450 mg, 0.40 mmol), (PhsP);PdCl, (15mg, 0.02 mmol), Cul
(10 mg, 0.05 mmol), ZH F & (6ml) ,FE (30ml) MAZ 100ml B R K KN
W, 50CTFEBEMA TMSA (0.2ml, 1 mmol), FINFCHE/GALERE Sh. KN
BAVYAZZEEIEREANBEYR, BHREANNHCIBERF, HFALRLEXE
B, HHLAEF A NaCl BBk, KK MgSOs T, SEEMEREZER, B
KB TR ER[VE M) : V(EtOAc)=5: 1195, B3 385 mg LAPI(R)-
64, =& 90%.
(R)-64: HEHEFKRE A, m.p: 84.0-85.0 °C
MS (APCI): 1170.9 (M*, 100), 1171.9 (M™+1, 98), 1172.9 (M*+2, 53).
'H NMR (CDCl;, 400 MHz) 84 (ppm): 0.27 (s, TMS), 5.5.25~5.35 (m, 8H), 6.82~6.88
(m, 6H), 6.94 (t, J = 8.0Hz, 2H), 7.03 (t, J = 7.6Hz, 2H), 7.10 (t, J = 7.6Hz, 2H),
7.22~7.45 (m, 20H), 7.85 (d, J = 7.2Hz, 2H), 7.87 (d, J = 8.0Hz, 2H), 7.93 (d, J =
8.8Hz, 2H), 7.94 (d, J = 8.8Hz, 2H).
13C NMR (CDCls, 100 MHz) & (ppm): 0.02 (TMS), 68.48 (CH,), 68.71 (CH,), 78.59
(C=), 79.98 (C=), 99.91 (C=), 102.21 (C=), 114.92 (CH), 115.40 (CH), 118.71 (C),
119.99 (C), 120.19 (C), 120.38 (C), 123.61 (CH), 123.71 (CH), 125.42 (CH), 125.49
(CH), 126.34 (CH), 126.35 (CH), 126.62 (CH), 126.71 (CH), 126.96 (CH), 127.87
(CH), 127.92 (CH), 127.92 (C), 128.61 (CH), 129.26 (C), 129.36 (CH), 129.41 (C),
129.41 (CH), 131.74 (CH), 132.71(CH), 134.17(C), 139.69(C), 140.98(C), 153.73(C),
153.79(C).
IR (KBr): 3058 (Aro.C—H), 2153 (C=C), 1591 (Aro.C-C), 1248, 1059, 866, 758.

3.2.13 LEWM6SHIA R

KX ¥ R #IRIH 64(380 mg, 0.30 mmol), K,CO; (440 mg, 3 mmol), THF (15
mL), F B (15ml) MABEEER Y, TR THHE Sh. REZERBEDTMA
EEK, HZBZER, & HUHFMR NaCl BB Ebs, 7B XK MgSO, T4 .
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HEERERLZER, RLVEBLEREERN V(A ME) : V(EtOAc)=5: 1175,

8% 310 mg & HI(R)- 65, 7= 93%.

(R)-65: ZHEBWHKIKEE, m.p: 78.0-79.0°C.

MS (APCI): 1027.0 (M*+1, 100), 1028.0 (M*+2, 62), 1029.0 (M*+3, 27).

'"H NMR (CDCls, 400 MHz) & (ppm): 3.23 (s, 2H), 5.21~5.33 (m, 8H), 6.85 (d, J =
7.6Hz, 4H), 6.92 (t, J = 6.8Hz, 2H), 6.94 (t, J = 6.8Hz, 2H), 7.06 (t, J = 7.2Hz, 2H),
7.10 (t, J = 7.2Hz, 2H), 7.22~7.45 (m, 20H), 7.84 (d, J = 9.2Hz, 2H), 7.87 (d, J =
8.8Hz, 2H), 7.92(d, J = 9.2Hz, 2H), 7.94 (d, J = 8.8Hz, 2H).

13¢ NMR (CDCl3, 100 MHz) & (ppm): 68.73 (CH,), 68.77 (CH,), 78.56 (C=), 79.98
(C=), 80.78 (C=), 82.39 (C=), 115.38 (CH), 115.41 (CH), 118.73 (C), 119.17 (C),
120.28 (C), 120.38 (C), 123.68 (CH), 123.70 (CH), 125.46 (CH), 125.50 (CH), 126.35
(CH), 126.37 (CH), 126.43 (CH), 126.62 (CH), 126.82 (C), 126.82 (CH), 126.98 (CH),
127.89 (CH), 127.92 (CH), 128.88 (CH), 128.88 (C), 129.37 (CH), 129.43 (CH),
132.18 (C), 132.18 (CH), 132.72 (CH), 134.18 (C), 139.96 (C), 140.98 (C), 153.76
(C), 153.88 (C).

IR (KBr): 3289 (C=C-H), 3057 (Aro.C-H), 2159 (C=C), 1589 (Aro.C—C), 1021, 868,
754.

3.2.14 B EW30ERK

K # Cu(AcO); (424 mg, 2.30 mol), MERE (60ml1) ANAZF| 100ml ESREP
FIRMNIEF, £ 60C TRHENEHNFZR/MER R HELH 65 (240 mg, 0.23mmol )
mtsE (20ml) ¥, iR 20h. WTE)E, SEHH 2. RNEGRE, BEZE
ZMenE, FALYA ZF BRI . FHUEHE RN NaCl BBk, 3 A XK NaySO,
T JEERERZBR, RRKYELEREENV(REHE): V(CH,Ch)=3:1]
&, 3% 165 mg kEW(R)- 30, F=E 68%.

(R)-30: B, m.p: 156.0-157.0°C.

MS (APCI): 1025.1 (M*+1, 100), 1026.0 (M™+2, 63), 1027.0 (M*+3, 21).

'H NMR (CDCl3, 400 MHz) &4 (ppm): 5.24 (d, J = 14.4Hz, 4H), 5.30 (d, J = 14.8Hz,
4H), 6.89 (d, J = 7.6Hz, 4H), 7.02 (t, J = 7.6Hz, 4H), 7.07 (t, J = 7.6 Hz, 4H),
7.24~7.37 (m, 20H), 7.84 (d, J = 8.0Hz, 4H), 7.87 (d, J = 9.2Hz, 4H).

13C NMR (CDCl3, 100 MHz) &¢ (ppm): 69.83 (CHy), 78.53 (C=), 79.74 (C=), 116.61
(CH), 118.35 (C), 120.85 (C), 123.81 (CH), 125.47 (CH), 125.97 (CH), 126.31 (CH),
126.74 (CH), 127.89 (CH), 129.19 (CH), 129.40 (CH), 129.56 (C), 132.56 (CH),
134.05 (C), 141.24 (C), 154.18 (C).

IR (KBr): 3056 (Aro.C-H), 2210 (C=C), 1591 (Aro.C-C), 1507, 1017, 804, 753.
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UV-Vis (CHyCls, 4.1x10° mol'L'): Amax(Emax) = 341(7.4x10%), 319(7.4x10%),

298(9.0x10%), 270(1.6x10%), 243(3.6x10°).

(R)-isomer: [a]p?®® = +196.223 (¢ 0.1, CHCl3)
(S)-isomer: [a]p?"? = -197.350 (¢ 0.1, CHCl3)

3.3 £R514ig

33.1 ERAZE

HE_ELRERWE R, ERMK%HT Eglinton RN, EL4THM
BEPREESY. BERMBEA T -AMEFEZRGHELEY 56 f1 65, HE
Wit 56 M 65 M FAMAEBIERLEY, AFEIREE: HxEIR)A(S)-2,2-
TEA-LU-BEHRBESP, KRS Sonogashira BEER M ETIANHTE RS
HHERN, BSIAR —mOBER, BEEBREZRPE, BEUKRS T AR Eglinton
BERARNEERT AR B RS9 29 1 30,

3.3.2 SRR

o (] 44 52~65 & B FR6&4 29 1 30 # @it MS. IR, UV-Vis. 'H fl ®C NMR
BT T RIE. XEAEWH MS BB THRMNS FEFE. IR BiES, 7
AR 0 255 BE 4L 55 ) C=C M4 BN R 1E R, P [B] 44 55. 57 F1 65 43 B 7 3287
cm’'s 3289 cm™ 1 3288 cm™ HIRIKIR T C=C-H HHFE. WEY 54,
56. 60 F 64 f NMR & o] Sl ] TMS IR (S S[54: 84 -0.29 (18H, s, TMS),
8¢ —0.66 (TMS); 56: 8y 0.28 (18H, s, TMS), 8¢ —0.08 (TMS); 60: 3y ~0.28 (9H,
s, TMS), 8¢ 0.02 (TMS): 64: 8y 0.27 (18H, s, TMS), &c0.02 (TMS)], 55. 57
1 65 Hi B K #H S M1 15 5 ([55: 84 2.75 (2H, s, C=CH), 8¢ 77.91 (C=CH);
57: 84 2.78 (1H, s, C=CH), 8¢ 77.88 (C=CH); 65: 8y 3.23 (2H, s, C=CH), §¢ 78.56
(C=CH)].

H R4 & % 29 i MS (APCDZE 1000.9 (M™+1, 100), 1032.8 (M"+MeOH, 38)4t
HET RSN SFEFE (LHFEC), 'HNMR REESHHAAENERE, &
FHAE R AFRE, T 'HNMR #3256 404, 3 40 MEF(E 3.3).°CNMR
A DEPTHAME (B 3.4) RYE, HEY29F 4 IBRKC=)MIELG: 79.31,
83.07, 90.26 1 93.58), AFFXHE 6 HIUKKC)M 10 B =4 K (CH) X,
FEwEGEH.
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— ~+ T ¥ L A ~r I - Y r T T
.00 7.50 7.00

3.3 BHRAESY 29 8 '"HNMR

T T —T T T T T — T T T T T
140 130 120 110 100 90 80

B 3.4 BiRLAH 29 & °C NMR #1 DEPT @
HiriL &9 30 B MS (APCI)ZE 1025.1 (M*+1, 100)&HIL T MMM 2 F & F
%, 'H NMR #REESHHAEFEXE, dTHAFIMMRKRE, ©K 'H NMR
WP 7 Ak, 348 NFEF (& 3.5). PCNMR A DEPT A& #IE (H 3.6)
R, LEY3I0FH 1 IREFEKCH) L (Sc 69.83), 2 MIRK(C=)K LK (S
78.53 1 79.74), EFFXIHEF 6 VUK K(C)M 10 M=EZHK(CH) EL, FE#H
MG

T T LANLA B S SR A SR R T T T T T T
750 700 650 8.00 550

35 BHEM308 'HNMR B

. _ A i

LERN LML O N A Rt St B A AN Y L A NN B B (NLAL AL B B I AL D SN B R L

150 140 130 120 110 100 90 80 70

3.6 BFRLE% 30 &5 °C NMR #1 DEPT
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3.7 BREEHRF(GS)-29.30 =& (CD)iEH
B 3.7 2 B & PR)FI(S) -29,30 HIE —f(CD) &, X E 7 LLEH B
B &AL A (R (S)H Bl ja] ) 58 4 Xof L, 75 EL e A AT 9 L B 06 BE 4048 ([adp): [ (R)-29:
[a]p?®® = —318.499, (S) — 29: [a]p?®® = +316.932; (R)- 30: [a]p”®® = + 196.223, (S)
-30: [a]p”’® = - 197.350]. A BAES (R)FI(S) -29,30 MM BREULESWHIRFHEE
SRENBEHRR.

3.4 INES

EF_BLRLERMOBER, FERMNBAFEXNT —RAFIRETH S
FRIUEREAY 29 71 30, EERATANKERE, SELBRENLLRY,
B RSN RGBSR AR, BAHIRLEY 56 f1 65, &
HE A& WIS F A Eglinton BRI B 2 T &7k 89 B #7466 9 29 F 30,
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FRXERBMNXREFAMALRES EHAEROER L, BIFFRINE

BT A 2,2-BUR-1L1-BR B AR, DLAR RN E M FEE RS . XF
BERSF SRS TR RS e e, BRaReENA LA 2
HIAT . AIFFREE AT R

1.

WHRITT Eglinton 4+ FABAERE RN KM, BT HERBBBG &M
T, ZATAKKERFPTERN T E. BAFER: H5EH Cu(AcO),, MR
ETRNES, BREMRT RIMEY QW ERETENEEBHMARN
i
fEHEMNE—FHIRWB RS MBI 2,2-BUR-1,1-BREMRE &, &itFR
WBIATHAEEMHELEY 37 Al 44, HEIXEMEYHI TR
Eglinton & BT HHEUEAY—HEBEREW LT IRF 5 F 27 7 28,
T B AE B T 7E R B A B 1 R B2 45 14 F , Eglinton B & ¥ L2 T RBE =W A
&Y.
EERITTESBHZEMNRIBRY, £FIAN—WEENR, EBITEENHRK
WEY 57 H 65, REHELEN ST W Eglinton BEEALIR, B2 TRWTHAE
BUEY— BRAEIREH B TR S FRASIRIELEY 29 # 30.
AGHRFBIANFEFFRABHERLEYHENTLTHIH MS. 'H
NMR. “C NMR. DEPT # %M e MT RSB AR, HFURTERLED
B E ik,
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