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Development of a functional fluorine-containing compound utilizing the reactivity
of polyfluorocyclopentene

1. Introduction

Fluorine has the highest electronegativity among all elements, and its atomic radius is small.
In addition, since the C - F bond is short and the binding energy is large, it has a strong and
stable bond. Fluorine-containing organic compounds having many C-F bonds show excellent
chemical stability and heat resistance, high water, oil repellency, high electron acceptability
and low refractive index, which are not seen in non-fluorine organic compounds. For example,
polytetrafluoroethylene (PTFE) developed by DuPont has a structure in which all hydrogen
of polyethylene (PE) is substituted with fluorine. Thus, PTFE is insoluble and infusible
resistant polymer with the melting point of 327 °C, whereas the melting point of high density
PE is in the range from 120 to 140 °C. Further, the fluoropolymer has high transparency in a
wide region from visible to ultraviolet and is also used as a transparent material. In particular,
Cytop® (AGC) and Teflon AF® (DuPont) are known as amorphous perfluoropolymers having
a cyclic structure with little light scattering. In addition to extremely high light transmittance,
they have the lowest refractive index as a polymer, and therefore they are applied in
information fields such as antireflection coating of flat panel displays (FPD) such as optical
fibers and plasma displays.

We discovered that fluorine-containing phenanthrenes can be efficiently obtained by
combination of nucleophilic addition-defluoride reaction” of octafluorocyclopentene (OFCP)
and aryl lithium and the following Mallory reaction?. We also reported the intermolecular Tr-
1T interaction between phenanthrene units and the control of molecular arrangement in crystal
by interaction between fluorine substituents in the phenanthrene molecule®. In order to
develop these fluorinated phenanthrenes as functional materials, it is considered that
introduction of functional group into aromatic rings is effective. For example, nucleophilic
addition and defluorination between OFCP and a lithium reagent bearing hydroxy groups
proceeds to give a fluorine-containing diarylethene with hydroxy groups on aromatic rings,
and the following intramolecular photocyclization of the obtained compound can be the
monomer for polyestefication.

In this study, synthesis of fluorinated phenanthrene with hydroxy groups on aromatic ring
and its polyestefication was described (Chapter 2). In addition, reactivity and application of
heptafluorocyclopentene (HFCP), of which the structure is similar to that of OFCP, and

application of was also described (Chapter 3).



2. Synthesis and polymerization of fluorinated phenanthrene with hydroxy groups

First of all, 4-bromophenol (1) in which the hydrogen group was protected with a
methoxyethoxymethyl (MEM) group were converted to its lithium salt (2). Next, nucleophilic
addition-defluorination of PFCP with 2 in 1:2 molar ratio afforded the diarylethene 3. Finally,
the Mallory reaction of 4, obtained by deprotection of the MEM group in 3, proceeded to give
fluorinated phenanthrene having a hydroxy group at the 2 and 9 position (5) in high yield.
Polyesterfication of 4 and 5 with various carboxylic acid dichlorides was carried out. Among
the diarylethene-type polymers (Poly-1-Poly-6), Poly-2 and Poly-6 show good solubility in
organic solvents such as chloroform, while other diarylethene-type or phenanthrene-type
polyesters are insoluble because the polymer chains are more rigid than those of Poly-2 and
Poly-6. It was confirmed that the obtained polymer showed high heat resistance by TGA

measurement.

3. Reactivity of heptafluorocyclopentene (HFCP) as an electrophile

The sp? carbon bonded hydrogen in heptafluorocyclopentene (HFCP) is known to be
reactive so that replacement of the hydrogen with lithium cation easily proceed. In this study,
reactivity of the cation species of HFCP with various electrophiles such as aldehyde and
ketone were carried out to give the corresponding secondary alcohol in high or moderate
yield. Many of the obtained products reacted with nucleophiles on another sp? carbon with
elimination of fluoride ion, affording disubstituted hexafluorocyclopentene. On the other hand,
mono-substituted hexafluorocyclopentene, which was synthesized by reaction of HFCP with

nucleophiles (e.g., phenyllithium), were not converted to the corresponding lithium salt.

4. Summary

In this study, we have investigated the synthesis of novel fluorinated compounds using
OFCP or HFCP and the development of heat resistant polymers starting from fluorinated
phenanthrene derivatives obtained. In addition, we have found that HFCP reacts both
nucleophiles and electrophiles to give mono- and disubstituted perfluoroalkenes. Through
this study, the author has proved that polyfluorocyclopentene has possibility as an excellent

building block of fluorine-containing compounds.
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MR ICB W TERH I N2 LAY CcH 5, BiRplIE L <, DuPont th3FAFE L 724 ) 7
Fo7rFruzF Ly (PTFE) BE¥Fo6N%, PTFEIZFRY) =51 v (PE) O 3FXToDK
FB7 v RICEMINTHETH 2208, ®EE PE OflRi2 120~140°C TH 5 DITKF L,
PTFE Ofliiix 327°C IC#E T 2 MAARIAMMEMER ) ~—CThH b, £z, 7 vHFY <
— XA D LI E COIR VI CIEBESE 2o EBIHMEE LTOHVW O D, Fr
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Ji. REEEINCW2E7 vy FARLEY ZERLE L CHWOILEY 2[5 6K 71 v
7T BRER T — A ToE7 vy FHEILEMOGRICEY 2 FiETH L, LirL. AF
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ARFECT AR T AF ARG DT v REHEOE AL, B 2T TRl 7
yEOEVWESRBHEIC X 20 T0BETZAEEDR L, HOMO #EMLO(K N IC X 2 KA%
EMWDE ISR EH 2 LEZEZONE, ZOFIE LT, 2000 £ Facchetti 238 L T
WEF Y IFFT 2 v OKE T AF BT AF AR (CiFanr) ERi L 72{LAY V2. 2004
FICBICO BE LT3 A7 AFu_y X2y 2, 1998 4EiC Bao L S HE L Tw3 &
T7yHR72urT =IO XS nYE: n BEEKRE LB (Fig. 1-2), L2a2L, %8
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v % Scholl Kt Tid, 6F—~F ¥ Xy awmx v (HBC) #fF 545 (Scheme 1-1 (a)
9, 72, 2009 FIT Zhai HICL>TMEINLTWERY Z7ru Y YT ) p—_RV /¥ v

(DDQ) /7' v+ v (TAh v And vigE) ZHv5%TH, HPB 2>5 HBC 3fFb i3

(Scheme 1-1 (b)) 9, X 51, 1964 ££IC Mallory 5 133 7 B F TONIESHIC X - TH
LA T T Scholl )& (Wb w5 Mallory JG) 2358173 2 Z & iy LT 5 8, Bkf L
LTAFARVICOWTIRRS, BER N TV RA—-ZAFARVITHBEF NG &> 2RI
AL T3, PREBICEMEL L ZRFAR VI 2 DD 7 = = A HEDZERIICE 729, B
BRIGHAHETL, Ye Fr 72V bLUYPERT 5, CORBTEIALETH S0, K
HH %2 LD LTLDRAFARVICRDS, 2L &, LR L AR ICHLriEE 2 &, e F
07 xF Y L VYRRERT = F VL Y~ERAEICEELE NS, DR, BE{LAIE L
TIAVREMR S Z &I XY ISHINENICHETT 5 (Scheme 1-1(c), b DFik%
v, 7y FtFloa z b, s, GRECL BB GREREzHEL 3, &7 vH
IR AL AYM D AR ARETH B, Lo L, HElbgk/=tux 2 v ZHw35E, £y
ko TlE, 7y F-ERZA R STA[REE2H Y, DDQ/ 7w P vEEE w355, A
BICEFHGESEI L Ty e KIS TEISOC B S 2 AlREtE 235 5, — 75, Mallory
FOGIREISOGHE C v ic < <, BB HENAS TH %,
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Scheme 1-1. Scholl & (a, b) & Mallory KIG (c)
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4V TIE—RICKEFRIGEZTCTVDICH L, 7Aah—K v R CTERKREELZ
F2, 7rdutL 74 voffle LT, MMICRTdonEFons (Fig.1-3), 7+ 77
niwvxFLy (TFE) X, 770 VvAROERELRE /) ~—Ths, LoL., L CE
RIWNCELGT 2 -ofEErE < EEREL AL TORI B FEHEL W, T2, 744
a4y 77y (PFIB) RIEHICEVWELE oo, EFRLLOERE L CoRMIZEEL «»,
—Jj. Az x7rFusrsuxv v (OFCP) MMEHFL» DHENLETH 5720, Eit
DIZNMFBRALT 4 VIOV IBCRESGTH DL, T2, FERIEHO N 74y Fv 7
HALLTCTEAEINTHEZOATORSTH 5,
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2005 FiClH 513 OFCP 28RN — i 7 Ao U FROG % B L 72 © = A frE s
LT, KERELoOMGIC L Y “EHEACERESEAINZERYBSH LN
22 LmEL T2 (Scheme 1-2) 7, $7bb, OFCP & KX & o KA AF I — i
TINF) FRIGEFHAT T, BNEE7vREEALT 4 v Tay 7L LCOIERHD
Wiffcx 3,

Scheme 1-2. OFCP & k%t & o KA -7 A4V F G

OFCP DkEATIN—ME 7 v 4 ) FERICZEFIFH L 726l & L <, 2001 4iC Chambers H O v
7 nFafbEYE HRYE & LA 7ZRIGCH (Scheme 1-3(a)) 8-+ 2000 412 AJL
bo7x Fru Ly 7MEOR¥ (Scheme 1-3(b)) 923 E T3
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22 RML. o —x MAMFHE 7 v REGEROMAIFERIC X 25+ o FEA
HEICOWTHRE L T35 (Scheme1-4) 0, i bo&7vE7F v L vid, o
BTN LORK[LEN %2 b o 2SR BHACAYORER 7wy 7 LTEHEI NS,
a7 vFE7 SV LY EHCERIEMEIOREICH L b, R OIRCE S FIC
FIHTZ 282300 & 72 2 RICHERREOEABLETH 5,
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TV T YV VI T IRFy 2 iEECINEE (>100°C) & BRI A b o EtEEER )
~—MEl LTHISNTEY, KYTIF (PA) KV H—F42—F (PC), FY 7FL v
7L 727—1F (PBT) REMBET LN, EFEHRCKE. BB, BHEMAR & oSS
LI N TV S, X HICHWIEYE (>150°C), M3tk % b DEtERER ) ~—
MBI R =X =TV T I7RFy 7N, RV T —T LT —T LT b+ YV

(PEEK) &V A4 IF (P, 7 vHEBilik &% o513 (Fig. 1-4),

OO 0 IO~
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(Kapton®)

F F H H H H R F R F
M M n n m
F F F F H F F F F OCF;

PTFE PVDF PVF PFA
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Fig.1-4. A—X—2 v V=TV V I TITRFv 7

7 v EgIR. a7 v HUBRch R T I 7rtuvF Ly (PTFE) i 7
vy FUBECTH 2R 7 vfbke =Y F v (PVDF), &V 7 vfbe =1 (PVF) & & HBEIT 5
. ERA 7 v A et L 7 s vEHWEEATHAEKIN TV, LarL, 7 v EEEDICH
AT ABA. B/ v —ThET I 7AA T F LY RLIIHFECTRIATH Y, FEiax
LRV COEAERIIREECH S, 205, Bk rtutL 7 4 v Chb OFCP I3k
27°C &R w23 < BERMHECTRICARED 720, EBREL VL TOEADAIRETH
%, ERRIC, OFCP W& 7 v RMMEMER Y ~—ofl& LT, Smith b3 A7 =/ —
L AF L OEMESZ#E L T3 (Scheme 1-5) "), Z D KGHlIZ, OFCP & KiZil3 & o
FOG7ZA, e Fua ¥ o Bo X5 skikthE#fifi %z OFCP I B AT X, KETHZ DD
L&Y & DRIGIT X Y SRR MEVER > F OGBS IRF TR 5,

FOF
R or, . .
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Scheme 1-5.OFCP ¢ v X7 = / — )L AF & OEHiS



14 ~4 Fuzrtuh—FY (HFC)

HFC X, # Y VEBSEREA Y v, HEKERCREAMR W &b sua Tt m i —
Fv (CFC) 4 Fuzuuzituh—+Ry (HCFC) OfREYIE & L T 1991 fELH A
SR -WETH 5, 72, HFC 1AL E Mo veE#H & L CEMNI AL
FIHE N T3, F7/4& HFC & L T HFC-134a *° HFC-365mfc, HFC-4310 7x & 2331 b
% (Fig. 1-5), LA L. 2016 DALY v XD x4 ) CHfEIN=H 28 M= + VA —n
E E A E A I X D HIEON R & 72 b SEEEIC B TIE 2036 FE TIC 85%77 & EXFE
WICHIR T 2758t L Ieote, T2 eh b, HAERICKE[MH I T2 HFC % gL
T20TIEHRL, BT 220 0FBAEREORAEIEET N TS, L L, HFC 3%
FEMED EGZ L2 oL N e T, &7 v RILAEVMOERIEE & L ColsHflZ
B,

E F HH H R FHF
F F F
Fy—(H FNH FMF
FH F FF F HF E
1,1,1,2-Tetrafluoroethane 1,1,1,3,3-Pentafluorobutane 1,1,1,2,2,3,4,5,5,5-Decafluoropentane
(HFC-134a) (HFC-365mfc) (HFC-4310)

Fig. 1-5. HFC %

HFC Z A L 726l & LT, 2017 FEICH#IA & 13 HFC-134a # W 7= & 7 v E4 B HIRIL
EY &R (Scheme 1-6(a)) 2%, Ehm & 13 HFC-365mfc # 272 1,1,- 7t u 7 %
PV zvD& (Scheme 1-6(b) W LT3,

@) 1) LDA
TMEDA
R F 2) ZnCl, R F
F H )=
F H 65% F ZnCI-TMEDA
R F PdCl,
>=< AgOTf
F ZnCMTMEDA  BF,OFt,
| Pd(dba)s Total Yield 46%
PPhg FF

®©) HH H H CH H H
H Base 3 R H
_ ) > _
FNH HF T e
FL & F.C  H FsC  CHs F H

Scheme 1-6. HFC @ K51



EH OFT @ 2 v — 7 T, Fig. 1-5 IZ/8 L7z HFC-4310 (DuPont o Bt
Vertrel™XF) Ot HF KGIC X W 7atu T s vz &KL, &7 v EAEMEO &K 7 v
v 7 & LCOIBHBETHICOWTHRE L T3 (Scheme 1-7) 14,

H F -HF
CoFs

H F
C,F C,oF

784 2 5\‘/\CF3 + 2 5\‘/\CF3

HF F H

Scheme 1-7. HFC4310 W= &7 v E L AT 4 v 770y 7 OHK

OFCP tHfllofiEx b o>~ 27 vt a5y

(HFCP, Fig. 1-6) 134+ v A &tkic X - C HFC RiEAl L LT F>Q<F
BRE N0, TIRICERZES T ZoRICHEERHAL =& 7 v RILH

FH
VoEHENXIZE A ER G, BIFEETICHREIN TV SHIE LT,  Heptafluorocyclopentene
HFCP
1979 4 Gshwend 5 iC X - T, HFCP ®/kF% A F 11 F 7 LTt ; 1;
1g. 1-0.
Za b L. TR P T AT FEDRIEEEE L T2 (Scheme ’

1-8(a)) %), 2008 Ficlk, HAXA v Sttodie, BRLICK s T¥—7 0t a(= %
VAFLvyrzuaT ATy EEYIO LK (Scheme 1-8(b)) 19728, 2013 i i [AtE DA
ICX > T HFCP & 7 a — LD RJEHHE X T 5 (Scheme 1-8(c)) ), & Z T, HFCP
I3 OFCP & (357 b, KLl e L CRIHTE 27217 T | sp RBICHEA L 7 KEE M
7u b vAfbT A CeREBFREL LCHFIHTESE, 2D & H 5, OFCP HKETIZAK
HEEftacd, XVAEZGICARTE 20D H 5 LHifFTZ 2,
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42%
F OH
¢ FF
Br Br F
F
(b) MeLi _ .
0,
26% F E
F
ROH FF
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> F F R = CHj (87%)
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Scheme 1-8. HFCP @ )il
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KE11~1-3 TEE7 v BLRGEBACEY. 7rdvtLr 74 v, &7 v Ritdtks
DDV THBRT, &7 v REGEGSBEEAMIIIET v BLRAEEBREY L5 &
ST DOBETZEMEL HOMO HERL DK TFIC X 2 KAKEED A L T3 28, S5 HEL
A7 v BEBEZEATZICH2Y, 7y HBEMFLTALA T A X ATEAGKEKD o
A b, GRS B O A RREE S NEEIC 7 5 2 L MBS TH B, EFH O
— 7 TIiE.OFCP & 7Y =Y F 9 LLDKREMNM—BL7 A4 Y FIRIGE Mallory )G 7% #H
BEDEBLILET, 7 vE T2 F VL YBRETIEI OB AL T BN L%
WELCTWS, INLE7vEZ7 2+ v L v OBEEMR~0 BRI, HER EF~0F
RERENT G0N RINTHh D L EZ LD, OFCP ¢ e bmr¥viEE b0 F v AilEK e ok
B —Bi7 A4 ) FRIGET L7286, FEeR e b 2 d o087 v#H# 7 =
FYPLYDBERTE, BB Z D ORI ZZATARLRY T —F A7 & ~DEH
Hex 2, AWFECR,. FERECe FoF e b 087 vHE7x2F Vv LY DOAEB X
ORY v —~DEHZHET L7z (Scheme 1-9),

Li

2 FF
F F OH F F
F F— =
S Q)

HO OH

Mallory reaction _ Polyester

" Polyether

Y

Scheme19. b Fu X v EZ L OET7 v R 72TV FLVYOERBLUIRY ~—~DERH
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AREE 1-4 TlZ HFC IO W TRy, 4 vk Sttic X - THF S 117z HFCP 12 HFC
BEIE LCHiRT 2228 TEF, ZoRICEERFIM L2612z e A L%, Scheme 1-8
IR L 72185 D RJGHI 2> & Kizaddk & L TR TE 27217 T | sp?[RFBICHEA L 72/KHR
ZVFANT L CRETHREL L CHFIHTE S, 2D EH» 6, OFCP kTl &Rk
WL LG Td, LOVARGICELTE 2[R H 5 L FFC% 5, AWF%ETld. HFCP
O RIGHEDTERE L 0% 0IGH Z#ET L 72 (Scheme 1-10),

1) deprotonation F_ F

2) Electrophile F>Q<F Nucleophile
> F F

F E
F. F F. F
F F F F
F F — > F F
F H Nu E
F. F 1) deprotonation
Nucleophile F F 2) Electrophile
> F F
Nu H

Scheme 1-10. HFCP & )it
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K II 4 EOHEREINTEY, SEOEHKIIULTO@EY TH %,

FA1E [aml Tl &7 v BERTEFEILEYOEZE L OFCP % H w7z ISHlic o0
Tk, 7. HFC OFR L SHBOERS~T 2 704y 7 a2y o HEFICDWT
b k7,

Fowm e FuF o i o8a7vE7=2F VL VOAKEFY ~—1{b] TlX. &7
7x2FV PLYOERBLUOR) 22T, K Z—FAARICOVTBERZ, £,
NIz ) = —oPtEiconT b~ 3

v 3
55

Li
2 F. F
F F OMEM F F
F F >
F F O Q MEM = CH,OCH,CH,OCH,4
MEMO OMEM
Deprotection F Q F Mallory reaction

HO

FIHE[~TE2TI0FvL 70V T VD sp2 [REICHEALIZKED L WIET7 v EDONIG
HEDOWEH | Tid, HFCP & KRB 1 72 13 ka3 & o )G Ic oW Tk~ 3,

1) deprotonation F_ F

2) Electrophile F F Nucleophile
>~ F F
F. F F E F. F
F F F F
F F ] T F F
F H F. F 1) deprotonation Nu E
Nucleophile F F 2) Electrophile
>~ F F
Nu H

FAE TRIE] T3, ATRORRZRIET 5,
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21 FFh

IR AR KSE (PAHS) 1AL ER~DICHZfF SN Tw 22, b ofbd
VIO ET - SRt iR O 5 FEINTHKE S 2 7= o [T T 0 5B o il fH
FEERFECH 5, RoLOWRTlE, 27O x — s HAFRICI X T, PAHs ICE AL
7 vFEHLLRFE7 v ET IS, FHEENOETIRED 4745 o & 00 Fid
HIFIENIC 83 2 Z e A I T2 Y, Ll PAHs ~DIEE Y v #Lix 7 v HR1L
Al 7 vAa 7 VEEARIAEITH Y HEELRDH S Z L, EiREE T CTORIETH 5

DHFEHBEFENT S,

EEOMBWR NV —7TlE, A 2747 0Fvsr7uxvy5v (OFCP) &7 ) —n Y F
7L EDRIEAI—Wi7 A ) FRIG 2E Mallory G (Scheme 2-1) 3% flA&&bE 5 C
ETCET7vRT7=2F VL YIMERRIBONZ L ZRBL, o — 2o HAEMEHE 7 v
E R O AER IC X 2455 oo EAIHIENIC O Wl L T3 (Scheme 2-2)
N &7 vFR7 = F v b Ly OREMEI~DERTIE, J7ER E~DEREN G2 HAY
ThorrEZ2OLND, OFCP L FuFx izt d oV Fv LS e oREMAIM -7 LA
U FRICHHET L2856, FHEBELECe FeXx v e 067 vF 727 v PL Y BEK
TE, BOMEMEZEZ D OFR Y AT ALRY) T—T L E~DEHPHRECE S, T2, p
frice Fexo A EATZ LI, Y ~—#Hp Ml L, BE~ORME DR E D HA
T3, AFETIZ, HERLCe FeF K2 087 vF 72 F Vv LY DAEEB X
UK Y v —~DEH %G L 72,

Ay (e
P— 4>
XS LD owam™ (O~
H
Scheme 2-1. 2 F A~ v @ Mallory )it

Li

Br

F. F
F. F F. F
F F F Q F Mallory reaction
F F —_—
$ w5 O

Scheme 2-2. Mallory K6 W87 vHFE7 2 F v L Vv OHK

OFCP
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22 E7vEI7FVIFLVOEK

GT7vHERT 2TV L YOEERKE Scheme 2-3 ISR T, WI®IC, CRICHE W 4-7' 1
72/ =N (21) DeFuFo iz 22 F b Fv A5 0 27vY F (MEMCI) %A
WCERE#E L. MEM £REEMR 2-2 2 E &S 72 9, RIC, 2-2 % "BuLi TY FA{LL, #7274
Jrduarrsuaxyvsy (OFCP) LIGEHY T Y — LT v 2-3 ¥ 86% CTf57-, 1t
& 2-3 % 12M g IC X Y BiAGE L, L&Y 2-4 2 EBINICE 72, LAY 2-4 © Mallory K
IGTIFIVEL 12488, 12-2 K F > 72 v R BEHEMA, BBy v 200 LEE
JEAKERAT ¢ 3 REREHEST L 72, SOCIXERMICHETTL, 7xF Vv L v 25% 527,

F. F
B Br F F
' 1) NaH (1.5 eq.) 1) n-BuLi (1.2 eq.) E Q E
2) MEMCI (1.2 eq.) 2) OFCP (0.40 eq.)
THF - THF 3
0°C,1htort, 20 h -78°C,1htort, 24 h
OH quant. OMEM 86%
MEMO OMEM
241 2.2 2-3
F. F
F Q F 1)1, (1.2 eq.)
conc. HCI F F 2) 1,2-epoxybutane (excess)
rt, 3h Benzene, hv, 3 h
quant. quant.
HO OH
24 2-5

Scheme 2-3. 57 vE7 F v L v O

L&) 2-4 £ 2-5 D 'THNMR 272 b L% Fig.2-1 IC” T, LAY 2-4 IClE~R 3% & 25D
B — 7T _RCEESE S 7 P LT3, Zhidr R0 IEIC X v EAIEERL 2 n
TW37-0TH5, 72, {LEY 2-4 & 2-5 ORGE I HAEG X SR c L 2 Iic L
7= (Fig. 2-2),
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2 58 A88%
\YARRY, N\
L

d 3
HEH PR e F
TR N 1

HO OH
2-4

T T T T T T T T T T T T T T 1
3.8 86 a4 8.2 8.0 78 7.6 74 7.2 7.0 6.8 [:1:) 64 62 ppm

o[

Fig. 2-1. {t&¥2-4 (F) ¢ 25 (E) D 'THNMR 2<72 kv

Fig. 2-2. {t&¥2-4 (f5) & 2-5 (£7) Dok
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¥ 72, MEM {##(K 2-3 ® Mallory &I & 0 Bj{Lik 2-6 #57-Dbic, Bifgi#Eic Ly 7
F VvV FL V25 %583 REKICOWT RS L 72 (Scheme 2-4) , MEM 1 x'f2|§2'3@ Mallory
FGIZERINCHEIT L 7245, Jofe & FIRRIC 12M /e % F v € b RE o T I3 S huik
Drote, X HIT, TP & Off 4 OIEMEIE % v 72 28 S8 FIREHEIN & 72 5 72, &
iz, FH 2-6 OBUKED E S MERE O MHIEIC AR TH 2720, £z, ~FF 704w
vruxy T VB OB T RIIMEAE T 5720, MEM {R#ERTAL 0N 4 R E A2 PEE
AR T LIWEETIIICLIC Wiz® k%x%h% ZZTC.HRECHB Y Tt R
RV ANKVEBEERG2E A, ERNICHIREDETAMER I N,

F Q F 1)1, (1.2 eq.)
F F 2) 1,2-epoxybutane (excess)
Benzene, hv, 3 h
quant.
MEMO OMEM
2-3

2-5

Scheme 2-4. 2-3 ® Mallory G IC X % 2-6 DGR & Bifraé % #%7-
7RI 2TV FLVYDOERK
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2-3 bYW 2-4 BLU2-5 DR <=—1{L

T EoNEE/ = AVER VB o) FRRIFICKIGT 2 MRS 572010, €5
MEEVI DGR %G L7- (Scheme 2-5), XIGIZRIFICHETT L, (LAY 2-7 23K 94%
THEOLNZ, T, LAY 2-7 ORLE T EE S X ENT D iR L 72 (Fig. 2-3),

F.F
F F
F.F F Q F
F F 1) NEt (2.0 eq.)
F F

2) Benzoyl chloride (1.0 eq.) O O
THF
rt, 24 h

94% o o
HO OH

2-7

Scheme 2-5. & 7 V{LEWY) 2-T DERK

Fig. 2-3. (L&Y 2-7 O Fhiid

ETMUEVIRRIFRINECH LN T ALEY 2-4 L 25 % AV RVEY 7a ) F&
KIGEHRY TZATFLDEK%TT>7- (Scheme 2-6,2-7), {55 72K ) <=—D IR (vc=0)
& TGA (Tas%) % Table 2-1 IZ/”d, b7+ ) ~—iZ Poly-2, Poly-6 LIMIAREM: T
HY ., RIGERFPCTBEICH ) v~ — DR S iz (LEW2-4 L T L7 2 Ay 70 )
FEHWZEAIEEMIGETL, HERRTE L7 (Poly-1), 1557 Poly-1 (2iAfi#
PR, THE 27 v a kv a0 X5 ISR T Rw/zo, IR A7 P vic X v o
S22 LTz, A K= AAEEIREN2S 1720 cm IS5 HFRD C-H #5& O fEIRE) 23
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2900 cm ! P IcBUl T 41, & N om ¥ o B o MiiEiRE) (3364 cm™) AHAKAL TV T D
R = —{L2ET LT3 LRI L 72, Poly-2 IZiAMRMEDE S, THF 27 vkl LD X
D IRIBBEIC IR TH o7, THIE, 72 =L VG mALICHT A L T 5729 Poly-1 &
bARY v —fEREIRE o7 2 e OEMESM EL 728 F X Tw5, LA L, ofiiTHb
# LT\ 2% Poly-3 IZAMEDEK L IR Z VW THEEIE L 72,

FenC, b 2-4 LIEMEAALR VEY 70 ) FERAWTE) T2 TF VDA% BET
L7z, Poly-4 5 XU Poly-5 [ZAMEDMEWFEF L 72 o 7223, Poly-6 13iEfMEH & < IR
6% TEHEBED A A ADBELNTZ, £/, FOoNZF) ~v—% GPC ZH T TEZHIEL
7o ZAEBFETFE 5800 BEDOKRY v —nE LT,

[FRRIC, LAY 25 IOV TH K I TR T VDA Z1T - 7223, Poly-7 7> 5 Poly-10
IR bRAAEERRE LTEONZ, THE, VT ) =L v e T 5 LRV VB
AL DOFNEDR 7 = F v PLVIBRICK VKT L2720 e EX b5, BEEIMRND T,

CX Ve FoF oMk (3317 cm™) ks X A v R = A HE o MiEIRE) (1744,
1761 cm™) 2Bl 7= 2 & b RGERE L 72,

Fig. 2-4 I KR Y ~—D TGA i 2 "d, Y7V —r 57 vHMoKrY ~— (Poly-1—5)
I Poly-4 % [\ C#Y 300°C 2 b RIS N2 DI L, 7= F v PL v BIDFY
~— (Poly-7—10) (1#) 250°C 25 EHEJHDABM TN T2, Ziid, wInd AEk
THL1-0HETHTHMTHLEH, 72+ v PL Vv ROKRY < —IHED & CHREICHR
WERVHEEMENSHEZNZZLICNLT, YTV —rzFvHloR)~— 137 =F Vv
FL VR ERTERESE DO T L AWV E FEADET L 2R, 2 TED KEL
moltEzbhb,

FCF
F F
CICO-R-COCI (0.5 eq.) . Q .
F Q F NEt3 20eq)
O O —
reflux, 24 h ,éo o

o O
Poly-1 - Poly-6
o Ay §4 e o oo
Poly-1 Poly-2 Poly-3 Poly-4 Poly-5 Poly-6

Scheme 2-6. L&YW 2-4 # 7= R ) T 2T LERK
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F Q F CICO-R-COCI (0.5 eq.)
F F NEt; (2.0 eq.)
$ )
reflux, 24 h
HO OH
o)
2-5 Poly-7 - Poly-10
R )t ><©>< Q T
Poly-7 Poly-8 Poly-9 Poly-10

Scheme 2-7. L&Y 2-5 72K ) = 2T VERK

Table 2-1. hIA KR vy 7vn ) VAW LEY 2-4 5L 1025 DK Y ~—1t

Polymer Yield (%) v(C=0) (cm™) Ta (°C)?
Poly-1 99 1748 340
Poly-2 75 1748 270
Poly-3 96 1742 300
Poly-4 48 1759 160
Poly-5 85 1761 320
Poly-6 96 1721 -
Poly-7 99 1744 240
Poly-8 50 1742 260
Poly-9 96 1738 280

Poly-10 21 1761 280

a) 5% weigth-loss temperature measured by TGA under Ar at a heating rate of 10°C
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110

——poly-1
100 A poly-2
poly-3
< 90 \\
~ poly-4
-+
S 80 1 —poly-5
(]
= 70 —poly-7
—poly-
60 | poly-8
——poly-9
50 T T T T T T T T T 1 poly-lo

0 50 100 150 200 250 300 350 400 450 500

Temperature / °C
Fig. 2-4. %+ ) ~—oD TGA ihfit

Poly-1 12L& 2-4 L TL 7 ZABY TF L L DT AT AT X B EMAICL > TD
AT % % (Scheme 2-8), Z D F-i#ETA L 7= Poly-1 I2[E{& NMR % Fv» THIE L 7= (Fig.
2-5), FElcH 7L 720l F 4 (Fig. 2-5(a)) &{t&a4) 2-4 (Fig. 2-5(b)) @[k
NMR & Poly-1 (Fig. 2-5(c)) DE{k NMR Z i3 &, 71 7 2 A T F L ic Ry
LLELIZFADPBHESNTHE D, Wit/ ~—HKROFEFRKESL 7o —Fhr—2
LTHNTW 2 DRBERTE 3,

F. F
F F
FF o) OEt
OO =
HO OH

2-4

NEt; (2.0 eq.)

Y

THF
reflux, 24 h

99% »8 02 < > io
o)

Scheme 2-8. K T X T L DHEKK
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173.6503

131:9%84
64.0503
39.9117
13.2966
0.6641

0] : OEt
EtO O

156.2856

T T T
150 100 50 o [ppm]

FF
F F

F F

HO OH

T
150 100 50 0 Ippm]
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<174:85%9
-154.9969
-130.6239
124.2518
1358
184:8188

60.9124
<44:3881
-13.4437

FF

T T v T T T T T v T T T v T T
150 100 50 0 [ppm]

Fig. 2-5. 7L 7 X V[ =5 v (a). 2-4(b). Poly-1(c)D &k 13C NMR

1-3ETHii~72 X 51, Smith 51F OFCP £ ¥ 27 =/ — ) AF & OHEMEE THML 72
G7 v FERY) = —E, WRERE L FFFICEVIEEZ R > T3 8, ZovR7 =/ —
MeEPI e LTty 2-4 £7213 2-8 VT, AN E 72 0, Smith DR Y ~— & |35
BAMERLOE7 vHEFR)—DBEMTE 3 LW LMETL 72 (Scheme 2-9), 155N 7=
RY v —ZEBEORY) T X TV EFERRICAEIETH b SOSER T TR AR T

=o &KL 72 Poly-11, Poly-12 (3% #1Z 4L Tes%=315°C. 217°C & Smith & 23k L T\
2RV T —F LI VECHERTH -7 (Fig.2-6), Z#1iE. Smith DKV~ — i a[iEMED [
RTH DI L, Poly-11, Poly-12 3K/ T RO B CARIGEEICAE L 2 b, BEHE
BEBRO oz EZLNS,
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Weight / %

F_ F
F F
i SO

F F
Q OFCP (0.5 eq.)
R 0
X

t, 24 h o o)
M

72%

OFCP (0.5 eq.)
NEt; (2.0 eq.)

THF
rt, 24 h
68%
F
2-5
Poly-12
Scheme 2-9. KV T —F L DHERK
110
100 —
90 A
80 A
70 A
60 -
50 T T T T T T T 1
0 50 100 150 200 250 300 350 400

Temperature / °C

Fig. 2-6. KV T —7 LD TGA JlIJE #5 5
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2-4 %

ARECTIE, AERLCKEEERE O e Fuxs i b o0& 7vE 7V LY
DERBLUVFRY ZRATA K T =T A~DRERICOVTIRR/Z,4-TBET =2 ) — )L (2-
1) OebuFoEZAbFrz b x50 (MEM) (RELCTE TV FAMBIICERL,
OFCP & OREAM—BL7 AV FEIG & Z ki < Bifrigic X v BRILaiifd e = (e ¥
DXL 7o) ~FHTAFunysuxy Ty (2-4) #EKL T, XiC, Mallory KIS IC
XV 29fiice Fe*r e b o7 vER 7S v LYy (2-5) OAMEEIGETERL
720 %72, MEM £k (2-2) @ Mallory Kt ic X 0 Bé{bik (2-6) #H7-Dbic, Bifri#Eic
Xh7zFvibLry (2-5) bEBNICHONG Z L EIHERL 72,

L&Y 2-4, 25 12O COICHERE LT, LAY 2-4, 25 L KFEALVRVEEY 71 )
F¥713 OFCP L DRIGIC L VRV Z AT, KV Z—TNVDEKEZEK Lz, TV —
NIET VHRIORY ~v—DHTDH Poly-2, Poly-6 137 1 1 )L L 7n & ORI IR IR %
RTDOIERL, Zofioy 7Y —Arxz7 v lEE7 v PLYRIOKRY ZZXT7VIER
BHETH o7z, L, Poly-2, Poly-6 LT 2L R ~—#HA L VMIETH %7204
BT R 572 FEZ TS, oA Y ~—I3 TGAHIED b & Wit Bt %R 3 2 & AT
HaEhiz, 7, (LAY 2-4, 2-5 L OFCP & ORKEMIM—i7 A4+ FRIGICK 3 HR) =
—FNLDEKIC DT HIER L 7=,
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2-5 EEBIH

Al
723088, SRS & A L 72,
HIE 2E1E
(1) NMR Z~<7 b v
Bruker AVANCE 400 B % L 7=, HIERIEICIE CDCls % 7213 CDsCN v, Zh %
NWCHCIICHKT 2> v 7Ly b (7.26 ppm). CHCN ICHkT 2274 v 7 v b (1.94
ppm) ZEH#ELY— 7 L L/,
13C CP-MAS I iE X Bruker AVANCE 600 ! (431 RIHAWFFEAT  PaRTES &2 WP 1K iE)
ZERL 72,
(2) IRARXRZ b
HAZ 8 D FTIR-420 BRI EE R 2 R L 72, RS v 7 D56 KBr SEfl
FICX Y WEY v I roEE. NaCl BaiEis ic X v ElE L 7z,
(3)  EAEENT
Rigaku # o Thermo Plus EVO % Ar 25 N T L 72,
(4)  JeHAsEE
USHIO & o Optical Modulex % & L 7=,
(5)  HARGAL X KRS bT
Rigaku %o XtaLabMini % 7= 12 Varimax+Pilatus P200 % fiif L 7z, #IE1CiZ. MoKofi
(A=0.71073A) Zfl 7=,
(6)  JTHRIMT
J-Science Lab JM10 (ZIRKEREER T & v X —ITfifl) 2R L 72,
(7)  HEEHH
JEOL UMS-700 (HFER T RZICHLAEM LRI HBME SHEER TR
) 2 AL 72,
(8) GPC ill5E
8o LC-20AD U — X &l L 72 EBABELX CHCls 2 v, BRHEME & L OF
YRFL v EHORERZIERL, 2 TEZREL 72,

29



4-2-A PF LI FFTUAFA)-THERVE Y (2-2)0

Br Ar FHA T, KFELF MY v L (1.62g, 30 mmol)& dry THF (80 mL)% A7z
200mL D=7 5 23 % 0°C IChHI L7z, Kic. dry THF (10 mL)iC ¥4 L 7= 4-
7HuE7 /) —) (2-1)(3.44g, 20 mmol) % i M TWw o K D Z ., HimT 1K
[ L 720 %2 D%, 0°CICHEIL, dry THF (10mL)Ici& L7z 2-4 k¥ o= b
FyAFAr7mYF (282 g, 24 mmol) % Pl Tcw o < WX, HimT 20 kK
MR L 720 ZE8IK (B0mL) 2 A RIS FIE S 2, YT F LT — T % FvC = [alfh i #
VExRAT > 72, BHE % KRB~ 74 > 7 L CHZlgk, BRIEIEZ T ARL -4 -1tk »> T
WEREE L=, Bon-REWE 7 L27u~ 2777 4 — (silicagel, n-~F % v : fEfiE T
Fu =8:2)iC X Y HE L MEEIRE LT 2-2 2757, I 5209, UK quant, 'HNMR
(400 MHz, CDCls, 5): 3.39 (s, 3H), 3.57 (m, 2H), 3.83 (m, 2H), 5.25 (m, 2H), 6.96 (d, 2H, J =
8.9 Hz) 7.39 (d, 2H, J = 8.9 Hz).

OMEM

2-2

1,2-LA[4-2-A FPF LT P F I AF )T 22N - ~FHFTAF B 70TV (2-3)
FF Ar ZEFH AT, 2-2 (5.20 g, 20 mmol) & dry THF (50 mL)% A#L72
E Q E 100 mML D7 7 Aa%-78 °C ITHHIL 7z, XIZ, 1.6 M-n-Buli
~F P VIEH (125 mL, 20 mmol) % 47 A8l ) v T, -
Q Q 78°C T 1 IRffEIHH#E L 72 #%21c. OFCP (1.70 g, 8.0 mmol)Z fil 2.,
MEVO s OMPM BichEL T 24 WEEIBEE L 72, FERIK (30 mL)E AN A R L X
., VIFLT—T AR CE R EREEZ T o 72, GHE %
KW~ 74 & 0 L TR, BRI Z T AR L — 2 —c X o QERBE L 72, o /-
BEWM%E 7L 2u~ b 257 4 — (silicagel, n-~* % : BB F v = 7:3)ic X b Hijf
L. Bk e LC2-3 %57, IN&E 3479, IE 86%. 'HNMR (400 MHz, CD3sCN,
0): 3.25 (s, 6H), 3.46-3.48 (m, 4H), 3.73-3.75 (m, 4H), 5.26 (s, 4H), 7.02 (d, 4H, J = 8.9 Hz),
7.31 (d, 4H, J = 8.9 Hz). "F NMR (376 Hz, CD3sCN, 0): -126.90 (quint, 2F, J = 5.1 Hz), -
105.64 (t, 4F, J = 5.1 Hz). HRMS (FAB positive) m/z: calcd. For C2sH2sFsO6: 536.1634;

Found: 536.1670 [M]*.

12-tX(4-e P F 7 2=0)-~FH 7 rturrsay 7y (2-4)
N Ar FEBHAT. 2-3(3.22 g, 6.0 mmol)Z A7z 50mL DF R 7 7 X aic
F Q F FIERE B.0mL)ZHFIR Tl A, Wi T 3Rt L 2. 2Dtk 7 mm
O O s (30 mL)ZM A, B LzFERZlsEEic X v EEEL, Z7eo
” - FALTHETZZECHAGEERE LT 24 21572, INE 216 g, I
2.4 #  quant, '"HNMR (400 MHz, CDsCN, 5): 6.81 (d, 4H, J = 8.8 Hz), 7.22
(d, 4H, J = 8.8 Hz), 7.42 (s, 2H). "®F NMR (376 Hz, CDsCN, 6): -132.31
(quint, 2F, J = 5.1 Hz), -110.89 (t, 4F, J = 5.1 Hz). IR (KBr, cm™): 3364 (vo.n). HRMS (FAB
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positive) m/z: calcd. for C17H10FsO2: 360.0585; Found: 361.0689 [M+H]*.

6,9-t A(4-t FuF 7)) ~FH 7t udrsuRvR[|7F VLV (2-5)

Ar FFHA T, 2-4 (0.072 g, 0.20 mmol) & = 7 3% (0.052 g, 0.20 mmol)
EANTZE50mMLOY 2Ly 7EICH T AR ) vITRYE Y (40 mL)
ZHEITMA, FIRT 30 L 72, R 1,2-7F L v A F 2 F (0.50
mL)% 777 28 ) v ooa, S & 2 WEAT o 72, BaM T A BRER
7+ U T LIKEH (20 mL), Z&FUK (20 mL), BRBELT B Y v LK
W (20 mL)yTZNZN—REIFT O L ., AREZRES Y v AT
Bte, ARAEZ I AR -2 —IC X VEEREL, HEMRE LT 26 2157, IN&E
0.072 g, IXZ#E quant. 'H NMR (400 MHz, CDsCN, 68): 7.28 (dd, 2H, J = 8.9 Hz, 2.4 Hz),
7.88 (d, 2H, J = 2.6 Hz), 8.09 (d, 2H, J = 8.9 Hz). "F NMR (376 Hz, CD3sCN, 5): -129.09
(quint, 2F, J = 4.5 Hz), -105.39 (t, 4F, J = 4.6 Hz). IR (KBr, cm™): 3317 (vo-1). HRMS (FAB
positive) m/z: calcd. for C17HgFsO2: 358.0428; Found: 359.0515 [M+H]*. Elemental analysis:
calcd. for C17HgFsO2°H20: C, 54.27; H, 2.68; Found: C, 54.19; H, 3.09.

6,9-L A[4-(2-A P F LT FF U AFA)T 2] -~F T AFu v I a VX[ T =SV
FL v (2-6)

Ar FFHA T, 2-3 (0.107 g, 0.20 mmol)& = 7% (0.052 g, 0.20

E e E mmol)Z A7z 50 mL Oy 2L v ZEICH 7 A8 ) v TRy

F Q F £V (40mL)ZHFIR T2, Hi%T 30 ik L 72, Xic, 1,2-7F

0.0 Ly AFLF (0.50mL)%E 77 28y ) v olx, elE % 2 F

MEMG . AT o 72, BUMIFAWREETF Y 7 ZOKEW (20 mL), 2K (20

2-6 mL). fORIE LT+ U 7 ZOKER (20 mL)TZ NZ iv—[m1 3 D%k

L7z, AE 2R F U v A CHZlR, ARIEEZ A NFL — X —ICX W EEREL., &

ik L LT 26 372, IN&E 0.1079g, X% quant, 'HNMR (400 MHz, CDCl3, §): 3.38

(s, 6H), 3.59 (m, 4H), 3.91 (m, 4H), 5.49 (s, 4H), 7.51 (dd, 2H, J = 8.9, 2.4 Hz), 8.24 (d, 2H,

J=2.4Hz), 8.27 (d, 2H, J = 8.9 Hz). "®F NMR (376 Hz, CDCls, 6): -128.57 (quint, 2F, J=4.5
Hz), -105.10 (t, 4F, J = 4.6 Hz).

1,2-E Z(4-_V /T b)~FFTAdnT 70T V(2-T)

Ar ST, 2-4 (0.18 g, 0.50 mmol)® F Y =F A7 I v (0.20 g, 2.0 mmol), dry THF
(10mL)Z Ad7z 30mL o+ 27 7 2 aicdfifb~v V' 4 v (0.14 g, 1.0 mmol) % ¥ Chl 2.,
Fim T 24 IR L 72 ZKBK (10mL)ZmARIGZEIEE ¢, Y2Frz—F Az v
TR IRIE 21T o 72, BHE 2 MUKW~ 7 4 > U L Clolitk, AWEEEZ =KL —
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o Z—IC X o TIHIERE L7, BONERAMEN T LI/ O~ 2T
F Q F 7 4 — (silicagel, n-~* ¥ v : BffE= v =82)Ic X Y HEEL, H
F F @RS LT 27 %187, IUR 0279, K 94%, HNMR (400
O O MHz, CDCls, 5): 7.18 (d, 2H, J = 8.8 Hz), 7.36 (d, 2H, J = 8.8 Hz),
d o 7.43(t 2H,J=7.5Hz),7.56 (1H,t,J=7.5 Hz), 8.10 (2H, d, J = 8.6
0323 C;ZO Hz). '°F NMR (376 Hz, CDCls, 8): -131.62 (quint, 2F, J = 5.1 Hz), -
110.36 (t, 4F, J = 5.1 Hz). IR (KBr, cm™): 1732 (vc-0). Elemental
2-7 analysis: calcd. for C31H1gFeO4: C, 65.50; H, 3.19; Found: C, 65.35;

H, 3.39.

Poly-1 D&/

- F_F - Ar FBHSA T, 4 (0.18 g, 0.50 mmol)& PV = F LT I v
e (0.20 g, 2.0 mmol). dry THF (10 mL)% A#L7= 30 mL ®F =
O 77RIWLTLIZXEAEZ Y F (0.10g, 0.50 mmol) % ¥ ik
Q Q m/©)\% THIZ. 70°C T 24 R L 72, 2 D&, RICIER % A £
9 © gz, FRCEHE L. BAGRIC X Y HEER e L
T Poly-1 #1587, IN& 0.25g, X% quant, IR (KBr,cm

1): 1748 (vo-o).

o
Poly-1

Z DD R Y = —(Poly-2—Poly-10)IZ 2\ T ¥ [A kD J5 ik T2,

Poly-2

V& 0.19¢g, IFE 75%, 'H NMR (400 MHz, CDCls, 6): 7.27—7.33 (4H), 7.39—7.44
(4H), 7.60—7.75 (1H), 8.40—8.50 (2H), 8.88—8.92 (1H). 'F NMR (376 Hz, CDCls, d): -
131.42—-130.62 (2F), -110.64 —-110.12 (4F). IR (KBr, cm™"): 1748 (vc-0).

Poly-3
IV 0.24g, IFE 96%. IR (KBr,cm™): 1742 (vc=o).

Poly-4
I 0119, UUE  48%. IR (KBr, cm™): 1759 (vo=o).

Poly-5
V& 0.19g, INFE 85%. IR (KBr,cm™): 1761 (vc=0).
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Poly-6

IVE 0.23 g, IFE 96%. 'H NMR (400 MHz, CDCls, 6): 1.60—2.05 (4H), 2.37—2.78
(4H), 7.09 (4H), 7.33 (4H). "°F NMR (376 Hz, CDCls, 8): -131.65 (2F), -110.42 (4F). IR (neat,
cm™): 1721 (vc=o).

Poly-7
INE 0.24g, IFE 99%., IR (KBr,cm™"): 1744 (vc=o).

Poly-8
INE 0.12g, IFE 50%. IR (KBr,cm™): 1742 (vc=o).

Poly-9
INE 0.23g, IFE 96%. IR (KBr,cm™"): 1738 (vc=o).

Poly-10
INE 0.05g, IFE 21%. IR (KBr,cm™"): 1761 (vc=o).
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Fox F
FF

(O~
A9 OYQYK

o} o} o}
Poly-8 ’ Poly-10
Poly-11 O &K
. FF - Ar ZHS T, 4(0.18g9,0.50 mmol)& F Y =F 17 I v (0209,
F Q F 2.0 mmol), dry THF (10 mL)Z A#L7z 30 mL O F R 7 7 23 iC
OFCP (0.11 g, 0.50 mmol)% 0°C T/l Z., % C 24 REfHE L 72,
Q Q 2D, JIGHR % A £ ) — Vil z2, SiRclE L, W51
£ (0]

o LY HEEAL LT Poly-11 237, INE 0.19 g, I 72%,
F " IR (KB, cm): 11241200 (ve.occ).

Poly-11

Poly-12 iC DT b [Afk D J57k T 7z,
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I 0.18g, UK 68%, IR (KBr, cm): 1126 — 1202 (vc.oc).

Hifitin X BAEE T

L&Y 2-4, 2-5. 2-7 D HfGE X #EEMTIZ. Rigaku XtaLabMini diffractometer % 7z
I%. Rigaku Varimax+Pilatus P200 diffractometer (Mo Ko radiation (A =0.71 073A )% FvT
172 7co MEEMIEILICIZ SHELXT-2014/5 Z M L 72 1, HIESM 5 X ORI © 7 — £
DFEll % Table 2-2. 2-3. 2-4 IT/RT,
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Table 2-2. L&Y 2-4 DL SfENT T — X

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

C17 H10 F6 02

360.25

173(2) K

0.71073 A

Orthorhombic

P212124

a=4.8898(2) A o=90°.
b=16.4413(7) A B=190°.
c=17.6501(8) A y=90°.
1418.97(11) A3

4

1.686 Mg/m3

0.162 mm’!

728

0.180 x 0.170 x 0.160 mm3

2.478 to 25.497°.

-5<=h<=5, -19<=k<=19, -21<=]<=21
12646

2617 [R(int) = 0.0209]

98.8 %

Semi-empirical from equivalents
1.00000 and 0.98221

Full-matrix least-squares on F?
2617/0/229

1.085

R1=0.0248, wR2 =0.0618
R1=0.0267, wR2 = 0.0631

n/a
0.189 and -0.143 e.A-3
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Table 2-3. L&Y 2-5 DL ELfENT T — X

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

C17 H8 F6 O3

374.23

173(2) K

0.71073 A

Orthorhombic

Pca2;

a=50.7102(9) A o=90°.
b=15.9702(3) A B=190°.
c=14.5313(3) A y=90°.
11768.2(4) A3

32

1.690 Mg/m3

0.165 mm’!

6016

0.200 x 0.150 x 0.130 mm3

2.058 to 25.499°.

-59<=h<=61, -19<=k<=19, -16<=I<=17
86285

21159 [R(int) = 0.0351]

99.4 %

Full-matrix least-squares on F?
21159/1/1889

1.043

R1=0.0828, wR2 =0.2132
R1=0.1065, wR2 =0.2312

0.5(2)

n/a

1.177 and -0.387 e.A3
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Table 2-4. {L&Y) 2-7 DL SfENT T — X
Empirical formula

Formula weight

Temperature

Wavelength

Crystal system

Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

C31 H18 F6 O4
568.45

173(2) K

0.71073 A
Monoclinic

P2i/c
a=18.6619(10) A
b=8.4779(6) A

¢ =16.3525(10) A
2532.1(3) A3

4

1.491 Mg/m3
0.127 mm’!

1160

0.210x 0.180 x 0.100 mm3
2.649 to 25.498°.

a=90°.
B=101.850(5)°.
v =90°.

-22<=h<=22, -9<=k<=10, -19<=I<=19
20647

4714 [R(int) = 0.0551]

99.8 %

Semi-empirical from equivalents
1.00000 and 0.79894
Full-matrix least-squares on F?
4714/0/370

1.025

R1=0.0533, wR2 =0.1211
R1=0.0879, wR2 =0.1421

n/a

0.452 and -0.368 e. A3
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40



31 il

OFCP tHiflloigEz b o~F &2 7rdns su~<v5 v (HFCP) l3~4 Fu7zitn
=RV REAE LTHAREA VR ESHIC X VBRI Tw 3, il T unhnizd
Z DRI FIH L = ABALZRIGRIZIE & A b N Twinvy, Bk oS ol % %
FTHBE, 1979 4F Gshwend HIC X > T, HFCP &7 F TA Tk F L DRIGEHE L
Tw3 (Scheme3-1) ", 2008 Ficik, HAXA vHRAAtoHEZ, EALICK > Tov—
IAFa(ZF Y AFLYrzuaTAr v LAYDOER (Scheme 3-2) 273, 2013 i
RO FFICE 5T, HFCP & 7 A2 — L DRIGHME XN TS (Scheme 3-3) 3,

E F MeLi L
F F  Acetaldehyde F F
> F F
> > < F
42%
Y ° F OH

Scheme 31. (~727rFdus r7axRvyFvaA-4 1) A& ) —LDEKK

F><F
FF Br Br FF F
F F MeLi F
—_— - F
F F 6% F
F F

Scheme 3-2. X—7A4u (ZFVXFL VL ZuT7Ary) OHK
ROH

NaOH
R = CH;3 (87%)

CF3CH, (68%)

Scheme 3-3. HFCP . 72— & DRIG

FFiC. HFCP 0 sp? JRFBICHES L 72 /KF R LR V) Fv At cE X, OFCP & i
RIGTERWKBEBTHIE IGXEZ 2 itk b, BHEOBIRY7 v H AW TR ERNEEC
Hb57vRCEMHPEBICERTELLEZONS, $72, HFCP @ sp? [RFEICHEA L 727
v RICREA 2 KEE 85 LT, OFCP Lo et L IkIkTE 2 ¢ FE 2 b b, KRETH
EREROMAZIEX 2 e TENE, B2 BREOEALAEELEE XL LNEL, KR
e ik, HFCP @ RIGHEDiEZE B X % DICH ZRET L 72,

41



3-2 HFCP O sp?[RBICHEA L 7-kE DRI

-1 ETHIBRR7# Y . HFCP @ sp? (RFICHE G L /KR O FUCHEZ A L 72plikiz & A
Y\, 20 spRIREBICKE LKER Y F 7 LIBT3 2 L O 7 sRIGH & D K6 A
AlECTH b e EZ LN, FORIGE LT, WHLEMHEROSE, ILHO 1T Y =2
Fv v L7mIFE OFCP L DORIGEZHE L TWw 3 BT AEBY DI ME 720, —H
OFCP b=l 704 usy 7uay F1-Zo VAR Y FVICEEE L -0, &fEkETH]
EDRIGERETL T3 (Scheme 3-4) 4,

F. F CuCN (0.33 eq.) F. F
F F n-BusSnLi (2.2 eq.) F F
F F > F F
THF
F F -78°C,1h F Sn
52%") Sn = n-BuzSn

a) Determined by '°F NMR

Scheme 3-4. 71t /7uRy FA-ZZ VAR YFVOER

AHFFETld, HFCP % LDA (Lithium diisopropylamide) TS 3 Z &ickh, ~7 % 7
NAuT a7 ) FyLASNDEEEZITW, BILT I DROGEAA T L T A5 R
BT 3T IARvETIAFu 70Ty (341) BFNMR K 9% & b0 Tlid b
B, RoNns LR L% (Scheme3-5), §7abb, HIEDORNAXMLAMZH 2 Z
ERKTIMUBDERZZERTE/ZZ &h b, HFCP OV FA{KRIEI_ Vv 74 ry 7 nm
RV PA-ZZ N R R F VAR RIGHEZ RS 720 BHEKE A & O RSEZ R L
7= (Scheme 3-6),

F F 1) LDA (1.1 eq.) F F
F F 2) allyl Bromide (1.0 eq.) F F
F F > F F
Et,0
FH -78°C, 1 h F
9% \

a) Determined by '°F NMR 3-1

Scheme 3-5. 7V ARV EZIALFOL 70XV T VDOERK
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F F LDA F F Electrophile F F
F F | F F ~ F F

Scheme 3-6. K&ET-#l L O KIH

HHERE A & ORIGHE% Table 3-1 ISR d, FEET VT e F (Entry 1—7) U &1
7 b v (Entry 11— 14) 3 EIE (>80%) THEfTL., fEWiE7 v 7 F (Entry8—10) I+
FEE (40~50%) DINE TRISHHET L 72, (L&Y 3-2a (R'=H, R2=Ph) ® 'H, "*FNMR
A7 b % Fig.3-1 I8 3, 'HNMR Tld, e FefvEfko7u—Fhve—27225
ppm. ¥ 7 VIRFBEMEDOKFZEHKD Y v 7Ly b3 55ppm, 7 = = AFDKFEDO L — 7
7.4 ppm FHEICZF NZNBIIE Wz, F NMR Tld. D FRICF TAUREER D=0 7D
D7y FRPN LB E NIz, T2, LAY 3-2d (Entry4) DREE LB T X BREE IS ARAT
THHSHIC L7 (Fig.3-2), L2>L. DMF (Entry18) ®°=x7 v (Entry20), h LKV
27 va) F (Entry21) 72 &E~DRIGDOET IIER S T HWEBRM IS O hadr o7z, T
Nix. HFCP @V F AR KISt EE DY 77 L5 3 X 0 b JIGHEMEW 720 TH
3 &%xfuxé T, IERFIEFRRYIATE I FD XS RRE A& DRI iAAT-

. SIGOMET IR S N o T,
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Table 3-1. #HEKE T & 0K
1) LDA (1.1 eq.)
O F_ F
F i 2) R1JJ\R2 (1.0 eq.) E =
>S Z<F > F F
Et,0 oH
H -78°C,1.5h R1 R2
3-2
Entry R’ R? 3-2 Yield (%)
1 H Ph (a) 93
2 H 4-MeCeHs (b) 99
3 H 4-MeOCsgHs (c) 83
4 H 4-PhCeHs (d) 99
5 H 4-FCeHs (e) 99
6 H 4-ClICgHs (f) 90
7 H 4-BrCeHs (9) 99
8 H CsH7 (h) 48
9 H CH(CHz3). (i) 50
10 H CH2CH(CHs3): () 40
1 Me Ph (k) 83
12 Me 4-MeCegHs () 94
13 Me 4-MeOCgHs (m) 99
14 Me 4-BrCeHs (n) 99
15 Me CH=CH: (0) 83
16 Me CH2CH2CH=CH_> (p) 79
17 Ph Ph (Q) 99
18 H NMe; (r) No Reaction
19 Cl OEt (s) No Reaction
20 CF3 OEt (t) No Reaction
21 Cl Ph (u) N.D.
22 OMe OMe (v) No Reaction
23 OPh OPh (w) No Reaction
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Fig. 3-1. L& 3-2a @ H( L), "F(F)NMR 2~<2 } v

3-2d

Fig. 3-2. LAY 3-2d D&
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HFonbt? 32 ke FeFvikz oo, TR v—{LTE 2 L& MGt
L7- (Scheme 3-7)., 3-2a ZJiikl & L ChEA b oR Y =~ —{LoEt % L7225, RIGAH
T LR WERIZEMLLCLE IR L o/, 2T A a—ATHEDICIAT, 7=
SAKDVREEIC X ) RIGHEIT LR EE 2, THhREED NI WIS oA eET 3
{t&9) 3-2h (Entry 8) KA Z [FAMDOEBRZIT - 7225, HOEEYIIELNRD - 7=,

FF
F F
U
F o)

3-2a

Scheme 3-7. {t&%) 3-2a DK Y ~—A1t

NN

b Fef a2l s b itz

F.F
F F
S
> o)

H /7

Iz

NT VY L f G 72 BRAL R BRGT L 7

(Scheme 3-8), t Fnr ¥ v HOMITRHEHERE S P ) v 2 KA L 2,26,6-7 F 7 A
FAre_Y Ty 1-FF v (TEMPO) % HWIGE 86% T HMERKY) 3-3 1572, #il> T,
L&Y 3-3 DoXF 27 Al % v 72 BL OB % 1T o 7223, RGO ETIZHER X 4178 A
STe TNUL. SPPIRFBICHA L7 v R Mo a7 v X bPELICd Wi e EZT

Wb,

3-2a

NaOCI*5H,0 (2.4 eq.)
TEMPO (1.0 mol%)
KHSO, (5.0 mol%)

F.F
F F
S
> F o

DCM
0°C,1htort,24 h
86%
3-3
F.F
PdCI (10 mol%) F Q F
F F
NEt; (1.0 eq.) /o
DMF ” ' 0

140°C, 24 h

Scheme 3-8. L&) 3-2a Db L O 3-3 DB L DG
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AR L7ALEY) 321X spPPIRBICKA L= 7 v ERD BT Lh b, B b KR & D RIG
BHIFRECE 3, FRLCHETLZZEAG XV FNoe Fad o i HELFALIC WD e
DORGITKEF L OCT b eEZONS, (LAY 32b I L, FFT Va3 —1 & DRIG
ZHET L7 (Table3-2), X%/ — (Entry1) & ORIGIZRIFICHETT L7223, EEICK-
TAHTva—nTH FREDOIEK T 72 1RGO EHI LR Iz, 7=/ — (Entry
6) & DIIGTIE 1F NMR 3L L CTWwW3 2 & h b, KM 7 v 4 ) FRIGZE T T
. SO RIETR ERHEITL T BEeEZLND, £z, 2T ra—ilB W T,
FOGDMETIFER I N 272, 2D LD 6, HFCP IXRETHI % KH & ¥ 7-141C, K%
Az KOG X2 2 LHARETH 5 Z L oA L 7=,

Table 3-2. L&) 3-2b & &HHKLA & @ K6

F.F Fo F
F F F F
F Q F ROH (1.5 eq.) F Q F
F o) RO o)

y _ KOH(15eq) _ ’
O rt, 24 h O
Me Me
3-2b 3-4
Entry ROH 3-4 Yield (%)
1 MeOH (a) 92
2 CF3CH,OH (b) 64
3 PhCH>OH (c) 46
4 PhOH (d) Complex mixture
5 CH>=CHCH,0OH (e) 51
6 CH2=CHC(=0)OCH>CH,0OH () Complex mixture
7 (CH3).CHOH (9) No Reaction
8 (CF3).CHOH (h) No Reaction
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3-3 HFCP D sp? [REBICHEA L 7= 7 v BoRIGHE

3-3-1 HFCP & KEH & o Kt

HFCP @ sp? [RZBZICHEA L 727 v BICNT 2 KIGIEDT 2 TIED 28 WME I LTV, K
ERZRIGEEE LIk h, OFCP ¢ oIbHDlATcE 3 EE2Z NS, RIFFET
. HFCP & &fiski% & o ot %2 #ET L 72 (Scheme 3-9).

Scheme 3-9. KAl L O G

FRRIHA & o KB % Table 3-3 1CRT . 18, 2T va—1 & o RIGITHRED S
EINE TG ET L 72 (Entry 1—12), LAY 3-6a @ 'H, "FNMR A< 72 } v % Fig.3-
3ITRT, FFIC, Entry 10 D~FF 7 rdu Ay 7 a8/ —ix OFCP & DRIGTIXIZ L
Ao EHETBER S N v D ITx L, IR 65% & FREEE TG DEIT A & L7z (Scheme
3-10(a)), L22L., 37 ra—n (Entry13) ° OFCP & KIGT B2 ALVRT =4 v Th b
ZrxzAwr Ay a7a Il (Entry15), 7= =AY F v L (Entry16) TIIMIGDEST
IR X N o7 (Scheme3-10(b), 7 = =LY F 7 ZicH Tl KEEAN L b ok
FDYF U LA~DEMRBPELT 2 720 KGO ETHHER S N - T,

48



Table 3-3. #HEKE 17 & D KIG

FC F Nu (1.0 eq.)

F KOH (1.0 eq.)
F 0°C,1hto

F

A%

F H rt, 24 h Nu
3-5
Entry Nu 3-5 Yield (%)
1 MeOH (a) 99
2 EtOH (b) 99
3 CF3CH20H (c) 78
4 PhCH20H (d) 64
5 PhOH (e) 85
6 CH2=CHCH20H (f) 99
7 CHsC(=CH2)CH20H (9) 86
8 CH2=CHCH2CH>0OH (h) 99
9 CH2=CHC(=0)OCH>CH20H (i) 99
10 (CH3).CHOH () 53
1 (CF3).CHOH (k) 65
12 CH>=CHCH(CH3)OH 0] 54
13 (CH3)30H (m) No Reaction
14 CH>=CHC(CH3).0OH (n) No Reaction
15 PhMgBr (0) No Reaction
16 PhLi (p) No Reaction
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Fig. 3-3. 1L&¥ 3-5a ® H( L), ""F(F)NMR 2<% hou



a) F3C
»—OH (1.0 eq.)

FOF FaC F F
F>Q<F KOH (1.0 eq.) F F
F

. >
rt, 24 h O F
F F trace F3C‘<
CF,
FsC
»—OH (1.0 eq.) -
F. F FsC F F
F F KOH (1.0 eq.) F F
F F >
rt, 24 h O H
F H 65% F304<
CFs
3-5k
b
) F.F F.F
FOF F F F F
F F PhLi (1.0 eq.) . Q . . Q E
> +
F F THF F
A e ks
5% 22%
F.F

F. F F F
F F PhLi (1.0 eq.) /> F Q F
F F THF H

F H -78°C, 2 h O

Not obtained

Scheme 3-10. OFCP 7t & (NI HFCP & RKETHl & O Kt

B 72L& 3-5 13 sp? IR FBICHED L7z /KEHH 5 2 & 55 Table 3-2 & [FIfkic, Hix
ZRETHIE ORI IARFCE 2, LAY 3-5a & p-bATAT e FEDRIEEBEL 7=

(Scheme 3-11), L 2> L., KIGCOMETIIFER S N o7z, 2L, LAY 3-5a DV 74
{EEIT Lozl eEZLNS, 2D L6, HFCP % LDA TUUWEL, 7oA Tk
Fo 7P vEOEAN, K 1T ra—LeDRIGIXRETH 245, 1/ 2T ra—n
ERIGE 2ol 7a b VLR cH 5 L BHL A L 7 o7z (Scheme 3-12),
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F. F
F F
F. F LDA (1.1 eq.) F Q F
F F p-Tolualdehyde (1.0 eq.)

[
F F E50 Af—» MeO OH
med ™ -78°C, 1.5 h O
3-5a
Me
3-4

Scheme 3-11. {L&Y) 3-5a & KETHI & OIS

EF o) EF 1R7ILI—)L
ROH
LDA F. F R1LLR2 F F KOH
> F F F—
FooL FXOH
FOF R'R
F F .
F F— | =
F H 1%, 28k 7)La—)L
FCF F_F
ROH
KOH F. F LDA F. F| Electrophile
N F A —F Fl—————
RO H RO Li

Scheme 3-12. HFCP & K& 1#l& X OREH & o K6
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332 YAz —FAERIIT 2 v LA ftiifEoRY) =—1b

Bon-ta 3-5f—i X 3-5k I TORIFIC HEHHEAZHELTWE -0, 797
/»éé.\ CX2FRY~v—L3[EETH B, FFiC. (LAY 3-5h IZEHOFEMIE 7 NV — 7O
KRiCkoTHEINTWDS 3-TTForFFo~Tr27rtunsrzaxy 5y EHEL T
5Zlb, ZVANVBHICLYFHICAYE -y o0 2 FHEONERMEE Y b oy

v FLEHR Y ~—DEHEAFRKICTE 2L E 255 (Scheme 3-13) 9,

F. F
F F
F F o
Polymerization
F O >

Scheme 3-13. JEAX K Y v —DEHK

BonR)<=—DIlEL /1 E% Table 3-4 IR, 73 A ABAIEH & L CEfgL~ v
VAN (BPO) %Mt L7z, 3-5g. 3-51 3K Y ~—{LLad o725 hoE /) ~— I35
INKTRY = — LRI Nz, T/, 3-5i DF Y ~— 1 ERED & EREETH 72, T
N, 7V HNVEEPZEEATMOARR LS, 7 uy T VERO CEEASTAIC D KG
L. BMICBIE L 72720 b Z 2 b5, THF 2B L7254, DEERDE T IR & iz 23,
OO B WIE S E L N7z, 3-6h OFR Y = — 13 EELITR LZBERAFR Y = —ici3
b EMEATN O AEA DR S Nz ALEY 3-5f 00 515 %ﬂiPdwﬂBNﬂOmwm
X MLEY) 3-5i > 515 5 L7 Poly-3 (BPO1mol%) @ TGA ## % Fig.3-4 IC"d, %
NZN, Tes%=180. 129°C TH 57z, Poly-1 37T #HHF\ 729 Poly-3 iZFE&MED 728
MEMER W EE 2 HND,
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Table 3-4. U=AT—FLE7XT 2 Y 04 AMMEDOFEY < —{L
Monomer  BPO (mol%)  Yield (%) M2 My, @ My | M, 2
5 N N N N
3-5f 10 95 690 1,040 1.50
20 97 1,280 1,420 1.1
3-5 10 B B B B
g 20 — — — —
10 97 1,360 1,620 1.19
3-5h
20 92 1,620 1,860 1.15
1 99°) — — —
5 99°) — — —
3-5i
10 99°) — — —
20 99°) — — —
10 — — — —
3-51
20 — — — —

a) Determined by GPC vs. polystyrene standards using CHCI3 as an eluent.

b) Insoluble polymer

Weight / %

110
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90
80
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Fig. 3-4. Poly-1 5 X UF Poly-3 ® TGA i

54

——Poly-1
Poly-3



333 &7vH£22-V2-7uR=A13-v7uvER VI VOEK

BHL 727 VAT 2 — Ak 3-5F 13 OFCP © 7 U A 7 v 2 — AfHIIK & [ERE IRz
BRI LE2H5N5 (Scheme 3-14,15), 3-5f % 160°C T 6 FFEMEAL /- & & A, Kim
O_EEER LR D= AIRFE L KIG L T, BB L 720 B Ol HF L 72/t &) 3-6 2315
bz, F72, 36 IIspPIRRIKEAG L7 v RBHLIDT, ELIKTIATAI—LER
JG X, BRI IOSERE 3 2 e 3 FHETE % (Scheme3-16), 7V AT L a—
N EDRIGIZINER 60% & 3-5e DEHKRE &t~ 2 LR DMK T 234 b 7z 53, Bafir 13 E &1

I i\%f—f‘ L f:o
E F . F F .
F F rearrangement F F
> F
§ @)

Scheme 314. 2-T I AT ZTIAFuasr7uxv ) VOERK

FF FCF
F F F F F F
F F rearrangement | ¢ F -HF _F
Q H 160°C, 6 h o H g
quant.
< R \
3-5 3-6
Scheme 3-15. ({4 3-6 D AKX
FOF F F
F F Allyl alcohol (1.0 eq.)
F KOH (1.0 eq.) \/\ rearrangement OF FO
0] 0°C, 1 htort, 24h 160°C, 6 h
60% quant.
\ 7 N\
3-6 3-8

Scheme 3-16. &7 v 3% 2,2-V-2-70_=n-13-2 70y R VI T VDOERK
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L&) 3-8 12 Thaharn HS2RE L TR E7 v R P FF U~ BfTE % &H 2B
L7 (Scheme 3-17,18) 9, L# L. ¥ 748 X F At DHETHMED X 3 FURHEN &
molz, ZhiE, FHEOEVWRYE VRSO 7 v RICRD Y 5 BEEBEALZORIGL
ol EZ TS,

? PhSCF,TMs | 1oT2C, OH o
——R TBAF (cat) —R
(0] (0]
BU3SnH
AIBN (cat) >
Scheme 3-17. &7 vHE IV FF VDA
F F F F
PhSCF,TMS (2.0 eq.)
F F . F F
TBAF (10 mol%) L, . \CF,SPh
o) o) > O
THF OH
0°C,1htort,24 h
7\ 7 N\
3-8

Scheme 3-18. L&Y 3-8 DY 74w 2 F ufl

72 LAY 3-8 DR Y v —{LIC DT HIRETL 72 (Scheme 3-19), 7 & /1 VEIRHI &
LT BPO ZH\WTHEF L 7225, 5, 20mol%®D & ¥ (X SEH5HEFT L 722> 7225, 10 mol% D
EERICOEITHER SN, GPCHIEZ L7ZL A, M,=680, My, =800 & 3~4 &{f
CIEFICFE DL o T,

F F F F
F F BPO(10mol%) F
(0] (0] » O (@]
80°C, 24 h
78%
7 N\ >
3-8 Poly-4

Scheme 3-19. L&Y3-8 D7 U W LEA
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L&Y 3-8 130 FHIC “Hiia %z 2 20b D70 PHER A X v ¥ ARG % BET L 72 (Scheme
3-20), Grubbs % 1 AR T ICOMETIZMHER S Nl d o 7283, 5 2 HATIIHREDIX
TS DHEATOERR X 7=,

R F F
F F Grubbs 2nd (5 mol%
o o rubbs 2nd (5 mo o)= F F
DCM 0 0
50°C, 24 h
Z N\ 53%
3-8 3-9

Scheme 3-20. L&) 3-8 DEABR A 2 & v &
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3-3-4 EIVERERVIIIVBIVNRVYYIVTIIVOERK

HFCP & 2-7 72/ =L DRIGICLVET v RV V7 7 Vhilkk (310) 24
L, N7 AR CZBRLic X V&7 v EXVY 7T (3-11) DA ERETL 72
(Scheme 3-21), HFCP & 2-7u®7 =/ — L ¢ ORIGITERIICHET L, L&Y 3-10
BFONTz, e T, b7 Oy AR TR AR AL L ZAE T v RV YT T
v 3-1 BNEK 67% TE LNz, (LAY 310 5 XU 3-11 © 'TH NMR Z~<7Z kL% Fig.3-5
T, (LAY 3-11 13 310 THIH & 7z sp2 RSB ICHE A L 727Kk3E (5.1 ppm fH3D) 2355k
L. RVEVERD 4 DDOKENFNLZ Bl N, 72, (LEW3- 1M DUV 2T L%
Fig.3-6 /"3, RV V7 T v ORIBRAES 282 nm Bl Dl L, AL 72
311 F Amax=284Nm RV V7 IV EDL LR GHER L o 72,

R F FF
FF NaH (1.0 eq.) F F pdcl, (10 mol%) F F
F F  2-Bromophenol (1.0eq.) F F NEt; (1.0 eq.) F F
F F THF o O H Br DMF 0
F H rt, 24 h 140°C, 6 h
quant. 67%
3-10 3-1

Scheme 3-21. &7 vEXR VY 77V DEK
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Fig. 3-5. (L& 310 (F) & 3-11 (L) ® 'HNMR <2 b v

2.5 3-11 (CHCls)

1.5

Abs.

0.5 284

O T T T T T T I I
230 250 270 290 310 330 350 370 390

Wavelength / nm

Fig. 3-6. {t&%) 3-11 D UV 2= 7 v
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¥/ 2-7uEe7 2 —DfbVic25Y 7R Fuax ) vyEHGNE, Wiy 7
ORYTFVEBRELORY VT T UREKTE B L E2BE L7 (Scheme 3-22), HFCP
£ 25y 7mEk Fux)/ veoNIERMICGETL, LAY 31235617, 72,
L&Y 3-12 OREE T HAES X SRS fRT c b S 2212 L7z (Fig. 3-7), i\ T, et L A
HOBYLEMCRIGERET L 20BN & 7 v BV VY75 viiBond, F—HDk
DEAL L 7L DT, RIGSEIE DG 21T o 72 #5H, W7 2 v 4 30mol%. &
B NMP FW 140°C € 6 BESINEh4 2 2 L CHIOE 7 vEXVY VY75 (3413) H
INEK 58% CfF bz, LAY 3-12 53X 18313 © 'H NMR 2~ 7 } L % Fig.3-8 Ic/”"d,
L&Y 313 12 312 CTRIHI X L7z sp2 (RFBICKEA L 727Kk (5.2ppm 1) 28k L., R~V
X VBROKEMERS Y 7 F LT 8 14ppmicy v /Ly P LBl N, £/, LA
Y313 D UV A7 b L% Fig.3-9 IC/R"T, RV VY7 7 VORI KIEEREAS, 295nm i<
BTN DI L, B L7 3413 [ Amax =306 N L DT HTlEH 2 BRIES 7 + 43
ERI NIz . (LAY 311 LHET 2 L, HERBINREI N T2 0 RER IR
TR A3 < 7z,

F F NaH (0.6 eq.) RF & RF
F F 2,5-Dibromohydroquinone (0.5eq.) ¢ H 0 E
F F THF COF o H F
FH , 24 h FF Br FF
quant.

PdCl, (30 mol%)

NMP
140°C, 6 h
58%

Scheme 3-22. &7 vEXRV YTV T T VDERK
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Fig. 3-7. L&) 3-12 Doy &

Fig.3-8. {tA# 312 (F) & 3413 (L) ® 'THNMR 27 h v
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Abs.

2.5

2

1.5

1

0.5

0

- 3-13 (CHCls)

l 306

T T T T I o I I

230 250 270 290 310 330 350 370 390

Wavelength / nm

Fig. 3-9. (L&Y 3-13 D UV <7 b
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34 &

2&%6 . HFCP @ sp?2 [IRFBICHEA L 72/KkEDH 2 i3 7 v FDeHEIC oW TiRET L 72,
SP2IRFBICHEG L72KBORIGTIE, KFEZ D F 7 LK L SHKREH & G %TT -
7o ﬁéﬁs&?’ﬂxrk NSRS b v idEIEE T T L IBIET v T e R itijffﬂﬁ@ﬂl
TRIGDSET L7z, LA L. DMF LT AT v, 27 v Y Fig & ~DRIGOETIZMERE X
THAEBYNIRONAD o7, THid, HFCP © Y F AR Kt E oG Y 77 4
REL UGB NTDTHBEEEZ TS, £2, TEF PPy IATH I FD
X KRB TFHNE DRIGH AT, RICOETIIMER S N 272, A L7 3213 F
XL HEDOLD, HATE 3 LEZLND D, KISHEDME L KIGDMEST IZFERR X L7 >
o7, L2L, 2Ok Fud P EREREMERLICC W 2o, HICKEA L RIGE ¢ 25
T ENARETH B EHBHL 72,

SPPIRRICHE A LT 7 v BL BEREHN L OIS ZEIT o720 1# 2T Lva—n D
JEIZHRREL 2 & SR CRICET L 720 FRIC~FH 74404y 78 —vid OFCP
EDRIGTIRIZE A EEFTAHERINR DI L, PR 65% & HHFEE C G DT A0
xRN, Lol 37 ra— A7 ol 2y A7l R, 7220 ) F Y ALT
G DETIIER SN o7z, 7= ) F 7 AICEWTIE, KEMIMX Y bkFEDY
F I L~DEMEIME T 5 72O RICOET BRI NI o7, £72, AL Tz 3-5 L K&
FH & DRIGEERT L7203, RICOET IR I N o7z, 2D & H b, HFCP ITx L
Zk ST B MOG X & 7= BICKIGHE 2 MG X &5 2 L IRAHETH B 25, RiGH & G X 2 7=

WWRETHIZ RIS 2 L IIRECH 2 2 EBHL 2L o7, (LAY 3-5f. h. i P
LbiRbNRY) v —EnFELHA ) Iv—F 723 R EOR ) ~v—Tho7zn3, 7Y
ANVEADOETEHERIIMER I N, £77.2,2--2- 70 R=2)LA13-v 70V EA VYT Vid
RIS B TE 72, HADET LI K BERR OGN, 7 v FEXV Y T7I7vBLT
Ry VT I VOEKTIE, BEMEZEBNICERTE, N7 Vv Ll %2 w72 B b igh
FEEE DICR THEIT L 72,
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3-5 SEEH

e S
725803, I TIR S 2 R L 72,
HIE 2
(1) NMR Z~<7Z b
Bruker AVANCE 400 B4 % (i L 7z, HIERLEIC I CDCls Z >, CHClz IcH2k3 5 > v
7Ly b (7.26 ppm) ZHEAEE—7 L Lz,
(2) IRAXRZ L
HA LD FTIR-420 BRI SR 2 L 72, BERY v 706 KBr SEA
TS XY RS Y I DE, NaCl Bafiikic & v #HlE L 72,
(3)  EAEENT
Rigaku %o Thermo Plus EVO % Ar ZPA T Cffi L 7z,
(4)  HifEE X SRS T
Rigak o XtaLabMini % ] L 72, HIEiCiZ. MoKafit (1=0.71073A) %7z,
(5) GPC H#ll;E
B LC-20AD » Y — X Z i L 72, ERAELIE CHCl 2 v, BEHEME L L TR Y
AFL v ERHGRERZEKL T, 2 FEZ2HEL 7,
(6)  UV-vis A~=7 bv

Bl UV-3101PC BRIt 2 i L 72, HIEREEIC I3 CHCl 2 v 72,
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1-TIN~NTRZTZLAus 7axvT v (31)

- FF . ArFEHA T, Y4V 77 v (1.4mL, 10 mmol) & dry Et,O (30 mL)%

F F AN7Z50mL D07 523 %-78°C Ic%HIL7-, K. 1.6 M-n-BuLi ~F %
F VW (3.5 mL, 5.5 mmol)& A4 5 REl ) v Thlx, -78°C T 1 R L
\

Ffic, ~T AT AAT L 7 a<vF Y (0.97g,5.0mmol)Z il % -78°C C 30
SELZ, 7O A7 e I (042 mL, 5.0 mmol)E 477 AL ) v Tl A,
-78°C T 1 WA HR L 7242, W T 24 IR L 72, LT v == v LR TG %2 15
1L, FY ZuAalE#Er v (0.36 mL, 5.0 mmol)% 47 A& ) v ThllZ, F NMR
U L7z, ®FNMRIGE 9%, 19F NMR (376 Hz, CDCl, 5): -111.33 (m, 2F), -119.38 (m,
2F), -130.65 (m, 2F), -134.23 (m, 1F).

3-1

(NTxIrFarraRyTyvA-4L) 7=V AR —)L (3-2a)
e N ArFEHRA T, Y4y 7aer7 v (1.4mL, 10 mmol) & dry EtO (30 mL)
F Q F o 2ANZ50mL D07 723 %-78°CICHHAIL 72, KiT, 1.6 M-n-BuLi ~
F O ¥ vk (3.5 mL, 5.5 mmol)% /77 fils V) v Y Gl x. -78°C T 1 Hff
O IR L7221, HFCP (0.97 g, 5.0 mmol)Z il 2, -78°C T 30 /iR L 7=, ~
3-2a YAXTnA7 e F (056 mL, 5.0 mmol)%z 7 A& ) v Tz, -78°C T 1
RERHER L 7288, IMBERRCIRIG2EIE S €72, Y2 Frz—F A% fvC = EiliHEEL
1T, FHE % IKIREE~ 7 4 > ¥ L TR ARRIEIEZ TR L — 2 — 1 X o CTRUER
LKLz, BonRBEWEH 7L a~ 757 4 — (silicagel, n-~F ¥ v  {ffiE= F L =
Q)T X VL, EEHAL LT 32a 2572, INE 1409, K 93%, HNMR (400
MHz, CDCl3, 8): 2.55 (s, 1H), 5.71 (s, 1H), 7.41-7.43 (m, 5H). '°F NMR (376 Hz, CDCl3, 8): -
131.07 (d, 1F, J = 239.2 Hz), -130.04 (d, 1F, J = 239.2 Hz), -128.34 (m, 1F), -120.38 (d, 1F,
J =259.3 Hz), -118.19 (d, 1F, J = 259.3 Hz), -109.98 (d, 1F, J = 256.2 Hz), -107.42 (d, 1F, J

= 256.2 Hz).

[FkkDTi ik ciLEaY) 3-2b—q Z AL 72,

(NTxTNFr 7 uRYTVAAN) A AFNVT 2=V XX —)\ (3-2b)
e NG Ve 1.57g, IE 99%., 'HNMR (400 MHz, CDCls, 8): 2.37 (s, 3H), 2.50
F Q F (s, 1H),5.68 (s, 1H), 7.22 (d, 2H, J = 8.1 Hz), 7.30 (d, 2H, J = 8.1 Hz). "9F NMR
F OH (376 Hz, CDCl3, 8): -131.05 (d, 1F, J = 239.1 Hz), -130.00 (d, 1F, J = 239.1
Hz), -128.67 (m, 1F), -120.33 (d, 1F, J = 260.0 Hz), -118.09 (d, 1F, J = 260.0

M Hz), -110.01 (d, 1F, J = 256.1 Hz), -107.12 (d, 1F, J = 256.1 Hz).
3-2b
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(NTx7rFurraXyTVA-4) 4-AbFTT 2=V ARX ) —)b (3-2¢)

c N e 1.37 g, K 83%, 'H NMR (400 MHz, CDCls, 8): 2.40 (s, 1H),
F Q F 3.18 (s, 3H), 5.66 (s, 1H), 6.93 (d, 2H, J = 8.8 Hz), 7.33 (d, 2H, J = 8.8 Hz).

F OH  19F NMR (376 Hz, CDCl3, ): -131.02 (d, 1F, J = 239.8 Hz), -129.96 (d, 1F, J
MeO
3-2¢c

=239.8 Hz), -128.81 (m, 1F), -120.30 (d, 1F, J = 260.0 Hz), -118.01 (d, 1F, J
= 260.0 Hz), -110.04 (d, 1F, J = 257.4 Hz), -107.17 (d, 1F, J = 257.4 Hz).

(~NT27rFuvraXyTvA-4) - €7 2= AR — )L (3-2d)

F N INE 1.88g, IN%E 99%. 'H NMR (400 MHz, CDCl3, 6): 2.47 (s, 1H),
F Q F  5.78(s, 1H), 7.37 (t, 1H, J=T7.4 Hz), 7.43—7.50 (m, 4H), 7.59 (d, 2H, J= 7.8
F OH  Hz), 7.64 (d, 2H, J = 8.5 Hz). "°F NMR (376 Hz, CDCl3, 5): -130.93 (d, 1F, J
O = 238.9 Hz), -129.88 (d, 1F, J = 238.9 Hz), -128.06 (m, 1F), -120.05 (d, 1F, J
3-2d

= 260.6 Hz), -118.00 (d, 1F, J = 260.6 Hz), -109.87 (d, 1F, J = 256.7 Hz), -
106.88 (d, 1F, J = 256.7 Hz).

(~NTxTrFusrsuaRYT VA4 N) 4-TAF BT 2=V AR ) =)L (3-2e)

- NG Ve 1.59g, ILE 99%, 'HNMR (400 MHz, CDCl3, 5): 2.54 (s, 1H), 5.72
F Q F (s, 1H), 7.10 (t, 2H, J = 8.6 Hz), 7.41 (dd, 2H, J = 5.2, 8.7 Hz). '°F NMR (376
OH Hz, CDCls, 6): -131.05 (d, 1F, J = 239.1 Hz), -130.02 (d, 1F, J = 239.1 Hz), -
.
3-2e

128.13 (m, 1F), -120.36 (d, 1F, J = 260.6 Hz), -118.20 (d, 1F, J = 260.6 Hz), -
111.93 (m, 1F), -109.95 (d, 1F, J = 256.5 Hz), -107.06 (d, 1F, J = 256.5 Hz).

(NTE2TNFr 7 uRYT VA4 N) 4-rmaa T VR R =)L (3-2f)
e NG Ve 1.51g, ILE 90%, 'HNMR (400 MHz, CDCl3, 5): 2.57 (s, 1H), 5.72
F Q F (s, 1H), 7.36 (d, 2H, J = 8.7 Hz), 7.39 (d, 2H, J = 8.7 Hz). %F NMR (376 Hz,
F OH  CDCl3, 6): -131.01 (d, 1F, J = 239.9 Hz), -129.99 (d, 1F, J = 239.9 Hz), -127.78
)
“ 3-2f (

m, 1F), -120.35 (d, 1F, J = 260.8 Hz), -118.19 (d, 1F, J = 260.8 Hz), -109.92
d, 1F, J = 257.7 Hz), -106.93 (d, 1F, J = 257.7 Hz).
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F
F

F
F

F
F

F
F

F
F

(NT2T7AFuvraXy T V-4 )) 4-TaET 2=V AR ) —)L (3-29)

F

Br

TR

3-2¢g

FF
F
I

OH

IV 1.89g, IE  99%, 'HNMR (400 MHz, CDCls, 8): 2.57 (s, 1H), 5.70
(s, 1H), 7.30 (d, 2H, J = 8.4 Hz), 7.55 (d, 2H, J = 8.4 Hz). '°F NMR (376 Hz,
CDCls, &): -131.01 (d, 1F, J = 238.9 Hz), -129.96 (d, 1F, J = 238.9 Hz), -127.69
(m, 1F), -120.35 (d, 1F, J = 262.1 Hz), -118.18 (d, 1F, J = 262.1 Hz), -109.90
(d, 1F, J = 257.2 Hz), -106.91 (d, 1F, J = 257.2 Hz).

(~NTx7rFuvraXvyFvA-4 L) T2 —) (3-2h)

F

F

m
m m

3-2h

OH

IV 0.64g, % 48%, 'HNMR (400 MHz, CDCls, 5): 0.98 (t, 3H, J =
7.4 Hz), 1.46 (m, 2H), 1.80 (m, 2H), 2.28 (s, 1H), 4.69 (s, 1H). '°F NMR (376
Hz, CDCls, &): -131.04 (d, 1F, J = 240.0 Hz), -130.08 (d, 1F, J = 240.0 Hz), -
129.88 (m, 1F), -120.25 (d, 1F, J = 260.0 Hz), -118.40 (d, 1F, J = 260.0 Hz), -
110.04 (d, 1F, J = 257.8 Hz), -107.47 (d, 1F, J = 257.8 Hz).

(NTExorFarraRy T A4 L) 2-XAF T aoN ) — ) (3-20)

F

F

)\ﬂjﬁ%
m m

3-2i

OH

INE 0679, IE 50%, 'HNMR (400 MHz, CDCls, 5): 1.21 (d, 6H, J =
2.9 Hz), 2.06 (m, 1H), 3.09 (s, 1H), 4.34 (s, 1H). '°F NMR (376 Hz, CDCls, 5):
-131.43 (d, 1F, J = 240.3 Hz), -129.95 (d, 1F, J = 240.3 Hz), -129.33 (m, 1F), -
120.84 (d, 1F, J = 258.2 Hz), -117.83 (d, 1F, J = 258.2 Hz), -110.87 (d, 1F, J =
257.5 Hz), -106.21 (d, 1F, J = 257.5 Hz).

(NTExIAFarIaRYT VA4 N) B AFNT R = (3-2))

F

F

F

3-2j

m M

OH

INE 0679, £ 50%., 'HNMR (400 MHz, CDCls, 5): 0.98 (d, 6H, J =
6.1 Hz), 1.54 (m, 1H), 1.82 (m, 1H), 2.06 (s, 1H), 4.75 (s, 1H). '°F NMR (376
Hz, CDCls, &): -130.69 (d, 1F, J = 240.0 Hz), -130.18 (d, 1F, J = 240.0 Hz), -
129.88 (m, 1F), -120.15 (d, 1F, J = 260.2 Hz), -118.52 (d, 1F, J = 260.2 Hz), -
109.74 (d, 1F, J = 257.4 Hz), -107.53 (d, 1F, J = 257.4 Hz).

(NTx7rFuvraXvTFvA-4) Tz LT X ) —) (3-2K)

FF

F
I
F o

s

3-2k

I 1.37g, IR 83%. 'HNMR (400 MHz, CDCls, 8): 1.95 (s, 3H), 2.51
(s, 1H), 7.42 (m, 5H). '°F NMR (376 Hz, CDCls, &): -131.36 (d, 1F, J = 238.4
Hz), -130.42 (d, 1F, J = 238.4 Hz), -125.85 (m, 1F), -120.29 (d, 1F, J = 260.2
Hz), -118.64 (d, 1F, J = 260.2 Hz), -108.23 (d, 1F, J = 259.7 Hz), -105.75 (d,
1F, J = 259.7 Hz).
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(NTx7rFuvraXyTFvA-A)N) 4-AFLT 2= VTR ) =)L (3-2)
- NG V& 1549, ILE 94%, HNMR (400 MHz, CDCls, 5): 1.93 (s, 3H), 2.36
F Q F (s, 4H), 7.21 (d, 2H, J = 8.3 Hz), 7.33 (d, 2H, J = 8.3 Hz). °F NMR (376 Hz,
F OH  CDCls, 6): -131.32 (d, 1F, J = 240.5 Hz), -130.43 (d, 1F, J = 240.5 Hz), -126.11
(m, 1F), -120.17 (d, 1F, J = 260.6 Hz), -118.74 (d, 1F, J = 260.6 Hz), -108.07
Ve (d, 1F, J=258.6 Hz), -106.00 (d, 1F, J = 258.6 Hz).

(~NTx7rFuvraXyTVA-4) 4-XAbFTT7 2= LT X)) —)L (3-2m)
- N e 1.72g, K 99%, 'H NMR (400 MHz, CDCls, 8): 1.93 (s, 3H),
F Q F 2.36 (s, 4H), 7.21 (d, 2H, J = 8.3 Hz), 7.33 (d, 2H, J = 8.3 Hz). "°F NMR (376
Fre\ " Hz, CDCls, 8): -131.32 (d, 1F, J = 240.5 Hz), -130.43 (d, 1F, J = 240.5 Hz), -
126.11 (m, 1F), -120.17 (d, 1F, J = 260.6 Hz), -118.74 (d, 1F, J = 260.6 Hz), -
108.07 (d, 1F, J = 258.6 Hz), -106.00 (d, 1F, J = 258.6 Hz).

Jacs

OMe
3-2m

(NT27rFuvraXyTVA-4)) 4-TuET 2=V T X ) —)L (3-2n)
- NE L e 1.96g, IGE 99%, 'HNMR (400 MHz, CDCls, 8): 1.93 (s, 3H), 2.50
F Q F (s, 1H), 7.34 (d, 2H, J = 8.6 Hz), 7.53 (d, 2H, J = 8.6 Hz). "°F NMR (376 Hz,
Fue\ O"  CDCls, 6): -131.45 (d, 1F, J = 238.7 Hz), -130.39 (d, 1F, J = 238.7 Hz), -125.33
(m, 1F), -120.47 (d, 1F, J = 259.6 Hz), -118.57 (d, 1F, J = 259.6 Hz), -108.42
(d, 1F, J = 260.4 Hz), -105.47 (d, 1F, J = 260.4 Hz).

3-2n

(NT27rFuvraXyTvA-4 ) A-AFL-2-T rv-1-F— )L (3-20)

L IE 1109, IV 83%, 'HNMR (400 MHz, CDCls, 5): 1.67 (s, 3H), 1.69
F F (s, 1H), 5.27 (d, 1H, J = 10.6 Hz), 5.40 (d, 1H, J = 17.2 Hz), 6.07 (dd, 1H, J =
Fue 10N 17.2,10.6 Hz). 'F NMR (376 Hz, CDCls, 5): -130.76 (m, 2F), -126.44 (m, 1F),
3-20 -119.89 (d, 1F, J = 258.2 Hz), -119.11 (d, 1F, J = 258.2 Hz), -107.56 (d, 1F, J =

259.7 Hz), -106.67 (d, 1F, J = 259.7 Hz).
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(~NTx7rFuvraXyTvA-4 V) A-XAFN-4-T T V-1-F =)L (3-2p)

L IR 1159, IUE  79%. 'H NMR (400 MHz, CDCls, 5): 1.58 (s, 3H),
F F 1.92 (m, 2H), 2.17 (m, 2H), 5.07 (m, 2H), 5.83 (m, 1H). '°F NMR (376 Hz,

Fue\ OH  CDCls, 6): -131.13 (d, 1F, J = 239.7 Hz), -130.23 (d, 1F, J = 239.7 Hz), -
«  127.62 (m, 1F), -120.06 (d, 1F, J = 260.2 Hz), -118.64 (d, 1F, J = 260.2 Hz),
3-2p -108.44 (d, 1F, J = 260.2 Hz), -106.16 (d, 1F, J = 260.2 Hz).

(NTx7rFuvraXvTvA-40) A41-Y T 2= AR =)L (3-29)

- REF L IVE 1.88g, IUE 99%, 'H NMR (400 MHz, CDCls, 8): 2.07 (s, 1H),

R 7.31 (m, 4H), 7.40 (m, 6H). '°F NMR (376 Hz, CDCls, &): -131.02 (m, 2F), -
F O 12226 (m, 1F), -119.42 (m, 2F), -106.95 (m, 2F).

920

3-2q

RYJANNTRZINLAR Y I YT v (3-3)
. NP . Ar FFH%T.3-2a(1.509,5.0mmol) & ¥ 7 v v X % »(20mL)% A7z 50mL
F Q F FRA77R23%0°CICHHAIL 7z, Ric, WlE/KFEH Y v £(0.034 g, 5 mol%).
F O TEMPO(7.8 mg, 1 mol%). XHiGREEF b U v 2 FKAIYI(1.97 g, 12 mmol) %
Q) AL BT 24 BERHER L 2 5, WRARES 1 ) ¥ LOKHSCRUG & PR X
3-3 7o Y7 mBERXZYEHOCTEEBHEEL TV, GHE %2 BOKRE~ 7 4 >
v L CHA . BRI T AR L — 2 —1C X o CIHIER E L7, BOoNRAWE H 7 4
ryua~< 777 4— (silicagel, -~F ¥ v 1 BfET S =91)IC X D HEEL . BEWRAKL L
T 33 %87, & 1289, UK 86%. 'HNMR (400 MHz, CDCls, 8): 7.59 (dd, 2H, J =
7.8,7.5Hz),7.75 (t, 1H, J= 7.5 Hz), 8.02 (d, 2H, J = 7.8 Hz). "°F NMR (376 Hz, CDCl3, J): -
174.78 (d, 1F, J=17.7), -135.81 (d, 1F, J = 245.6 Hz), -135.31 (d, 1F, J = 256.3 Hz), -126.82
(d, 1F, J = 259.3 Hz), -120.07 (dd, 1F, J = 256.3, 17.7 Hz), -118.60 (d, 1F, J = 245.6 Hz), -
112.06 (d, 1F, J = 259.3 Hz).

(~NFHTALFB L 7RV T VAR FY) 4-XAFLT 2=V R K ) —)L (3-4a)

- N Ar ST KEE{L 77 Y ¥ 24(0.17 g, 3.0mmol) & * % 7 —nA(0.12mL, 5.0
F Q F o mmol)& A7z 4 ¥ LR % 0°C Il L 72, KIC, 3-2b(0.63 g, 2.0 mmol)
MeO OH %o 2xBls ) v Chiz, 0°C T 1 KR L 2%, HiT 24 Kf##

Q) Uro BRKCHIS R I S, R L HE A LS 9 2K L 2.
e 2 SOKREEF ) v LG ¢, Sk LT 34a RitE, I
3-4a

B 060g, % 92%, 'HNMR (400 MHz, CDCls, 5): 2.26 (s, 3H), 2.50 (s,
1H), 3.91 (s, 3H), 5.56 (s, 1H), 7.09 (d, 2H, J = 8.0 Hz), 7.19 (d, 2H, J = 8.0 Hz). 'F NMR
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(376 Hz, CDCls, 5): -130.31 (d, 1F, J = 238.0 Hz), -128.85 (d, 1F, J = 238.0 Hz), -113.31 (d,
1F, J = 262.6 Hz), -110.22 (d, 1F, J = 262.6 Hz), -108.27 (d, 1F, J = 254.9 Hz), -103.55 (d, 1F,
J = 254.9 Hz).

Ffc D HET{LEY) 3-4b, c. e &KL 72,

(NFHTAFBEL 78RV T VAP TAFEBI R FY) 4-AFLT 2L AR ) —)
(3-4b)
- NP IVE 0509, IN%E 64%. 'HNMR (400 MHz, CDCls, &): 2.36 (s, 3H),
F Q F 241 (s, 1H), 4.49 (m, 2H), 5.71 (s, 1H), 7.20 (d, 2H, J = 8.1 Hz), 7.28 (d,
(0] (0]

e H  2H,J=8.1Hz). F NMR (376 Hz, CDCls, &): -130.54 (d, 1F, J = 238.7 Hz),
3
O -129.20 (d, 1F, J = 238.7 Hz), -113.79 (d, 1F, J = 260.2 Hz), -110.91 (d, 1F,
Mé J=260.2 Hz), -109.04 (d, 1F, J = 257.1 Hz), -104.78 (d, 1F, J = 257.1 Hz).
3-4b

(NFHTINLFA B IRV TF VARV IALTALIAFY) 4-AFALT 2=V AR ) — )L
(3-4c)

e N V& 0.37g, INE 46%., 'HNMR (400 MHz, CDCls, 8): 2.35 (s, 3H),

F Q F 243 (s, 1H), 5.22 (s, 2H), 5.65 (s, 1H), 7.38 (m, 9H). '°F NMR (376 Hz,

WA OH  CDCls, 8): -130.22 (d, 1F, J = 238.3 Hz), -128.98 (d, 1F, J = 238.3 Hz), -
112.76 (d, 1F, J = 260.4 Hz), -110.03 (d, 1F, J = 260.4 Hz), -108.15 (d, 1F,
ve J = 255.8 Hz), -104.05 (d, 1F, J = 255.8 Hz).
-4c

(NFHTAFARL 70T VA-TIATAIXRY) 4-RXAFNVT 22V AR ) =) (3-
4e)
F " F INE 0.36g, % 51%., 'HNMR (400 MHz, CDCls, 6): 2.36 (s, 3H),
F Q F o 2.43(s, 1H), 4.71 (s, 1H), 5.34 (m, 2H), 5.68 (s, 1H), 5.90 (m, 2H), 7.18 (d,
0 0

/" " 2H, J=8.0 Hz), 7.29 (d, 2H, J = 8.0 Hz). "°F NMR (376 Hz, CDCls, 5): -
O 130.54 (d, 1F, J = 238.7 Hz), -129.20 (d, 1F, J = 238.7 Hz), -113.79 (d, 1F,
e J =260.2 Hz), -110.91 (d, 1F, J = 260.2 Hz), -109.04 (d, 1F, J = 257.1 Hz),

-104.78 (d, 1F, J = 257.1 Hz).
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1-X FFo~FHTrtns7uxy7 /(3-5a)
c N ArERSR. KEELs Y v 4(0.28 g, 5.0 mmol)& £ %/ —(0.2 mL, 5.0
F F mmol)& A7z 4 Y HRERE % 0°C I A1 L 72, KIC HFCP (0.97 g, 5.0 mmol)
Me°3_5a Ho % h 728y ) v Tolilz, 0°C T 1 KRR L 7215, HiRT 24 RERIHEHEL
720 ZREIKCRISZAFIL X &, ZREDK S A v o ORI TR L=, B
PRIE & KB ) v A TRz g, AR L LT 3-5a 2157z, INE 1.03 g, K
99%. M NMR (400 MHz, CDCls, 6): 3.91 (s, 3H), 5.37 (m, 1H). '°F NMR (376 Hz, CDCl3,
5): -130.35 (s, 2F), -119.11 (s, 2F), -102.89 (s, 2F).

[FIEk DTy 3-56b—1 Z A L 72,

1-Th ¥ ~F P70t uy sy T v (3-50)
. FifF . IR 1.10g, IR 99%. 'HNMR (400 MHz, CDCls, 8): 1.48 (t, 3H, J = 7.1
F

F Hz), 4.10 (q, 2H, J = 7.1 Hz), 5.31 (m, 1H). '°F NMR (376 Hz, CDCls, 8): -130.50

B0 W (5, 2F), 119.09 (s, 2F), -102.73 (s, 2F).

1-rV7atn b FonFH Tt o7 /(3-5¢)
. FEfF . & 1079, IE  78%, 'HNMR (400 MHz, CDCls, 5): 4.37 (4, 2H,J=7.5
F

F Hz), 5.48 (m, 1H). F NMR (376 Hz, CDCls, &): -130.37 (s, 2F), -118.81 (s, 2F),

0> H ' .104.01 (s, 2F), -73.49 (t, 3F, J = 7.5 Hz).

3-5¢

1-RVYIA~FH T ATy 7aXy T v/ (3-5d)
. FF . INE 1419, IFE 99%. 'HNMR (400 MHz, CDCls, 8): 5.08 (s, 2H), 5.41
F F(m, 1H), 7.42 (m, 5H). '9F NMR (376 Hz, CDCls, 5): -130.37 (s, 2F), -118.81 (s,
O H  2F) -102.80 (s, 2F).

o

3-5d
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1- 72/ Fv~FH It 7axy 7 v/(3-5e)
F VB 1149, K 85%, HNMR (400 MHz, CDCls, 5): 5.20 (m, 1H), 7.17
>Q< (d, 2H, J = 8.7 Hz), 7.35 (t, 1H, J = 7.7 Hz), 7.48 (dd, 2H, J = 8.7, 7.7 Hz). "°F
O%;g NMR (376 Hz, CDCls, 6): -129.87 (s, 2F), -118.86 (s, 2F), -103.56 (s, 2F).

3-5e

1-TINMFFo~FH T4 v v rayT v (3-5f)
- NF o IR 1169, IR 99%. 'HNMR (400 MHz, CDCls, 5): 4.55 (d, 2H, J = 5.6
F>Q<F Hz), 5.33 (m, 1H), 5.46 (m, 2H), 5.96 (m, 1H). '9F NMR (376 Hz, CDCls, d): -
0% H  130.44 (s, 2F), -118.97 (s, 2F), -102.81 (s, 2F).
\

3-5f
1] 2-AFN-2-Ta_=)L) FAFV|~FH 7 0rA4uy a7/ (3-5g)
"F o IR 1.06g, IR 86%. 'HNMR (400 MHz, CDCls, 0): 1.83 (s, 3H), 4.49
ﬁﬂ (s, 2H), 5.12 (m, 2H), 5.36 (m, 1H). '°F NMR (376 Hz, CDCl3, 5): -129.79 (s, 2F),
:0{ H  _118.76 (s, 2F), -103.86 (s, 2F).

|

3-5g

14 B-TFV-1-A L) FFL|~FH 7 AF 0L 72T (3-5h)

e NF o IR 1239, IWE 99%. 'HNMR (400 MHz, CDCls, 5): 2.57 (q, 2H, J=6.7
F>Q<F Hz), 4.03 (t, 2H, J = 6.7 Hz), 5.18 (m, 2H), 5.31 (m, 1H), 5.81 (m, 1H). "°F NMR
o M (376 Hz, CDCl3, 8): -130.41 (s, 2F), -119.00 (s, 2F), -102.75 (s, 2F).

/g

3-5h

1- (T2 INE2AF L T FN-1-4 V) ~FFTFaysuyT v (3-5i)

e N L IR 1459, I 99%. 'HNMR (400 MHz, CDCls, 6): 3.80 (m, 2H), 4.25
ﬁF (m, 2H), 5.44 (m, 1H), 5.89 (m, 1H), 6.14 (m, 1H), 6.46 (m, 1H). "°F NMR (376
02 H  Hz, CDCls, 6): -130.40 (m, 2F), -118.89 (m, 2F), -103.17 (m, 2F). IR (neat, cm

(6]

1): 1730 (ve=o).
o=<=

3-5i
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14V 7aEF o ~EFTAF L 2 0=y T (35))
CRGF L IR 0629, IUE 53%. HNMR (400 MHz, CDCls, 6): 1.39 (d, 6H, J =
FﬁF 6.1 Hz), 4.43 (sep, 1H, J = 6.1 Hz), 5.24 (m, 1H). '°F NMR (376 Hz, CDCls, 8):
_<> H  .130.64 (m, 2F), -119.30 (m, 2F), -102.45 (m, 2F).

3-5

1- (NFHT7ALFBL YV TRRFY) ~FHTAFv v 7Y T/ (3-5K)
c RGP ME 1119, WGE 65%. 'HNMR (400 MHz, CDCls, 8): 4.76 (m, 1H),
FﬁF 5.70 (m, 1H). "%F NMR (376 Hz, CDCls, 5): -130.29 (s, 2F), -118.53 (s, 2F), -
o H -

Fo— 104.97 (s, 2F), -73.15 (s, 3F).

CF3
3-5k

1- (1-77v3-FFY) ~FHFI7r4nrraxy7 v/ (3-5)

CRGF . I 0669, IUE 54%. 'HNMR (400 MHz, CDCs, 8): 1.51 (s, 3H), 4.70 (m,

F F1H), 5.30 (m, 1H), 5.34 (m, 2H), 5.84 (m, 1H). '°F NMR (376 Hz, CDCls, &): -
O H  130.62 (m, 2F), -119.10 (m, 2F), -102.60 (m, 2F).

)

3-51

Poly-1 O &k
- NF o ArEBIRT. LAY 3-56(0.70 g, 3.0 mmol) & gL~ > ' 4 L (0.073g, 10
ﬁﬂ mol%)% A7z 2 ¥ HEERE % 80°C T 24 WFIMBEHE L 72, = Dk, KILEA
QO M HERA~FFVICMA, ERCER L. WEHEEICX Y AR E LT Poly-1 %
%—ﬁ 572, INE 0669, IE 95%., 'HNMR (400 MHz, CDCls, 5): 0.85—0.95
S (1H), 1.22—1.36 (1H), 3.82—4.14 (2H), 5.27 —5.47 (1H). "°F NMR (376 Hz,
CDCls, 8): -130.32 (2F), -118.86 (2F), -102.91 (2F).

Ak D /5T Poly-2 & &Rk L 72,
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Poly-2
,: e E INE 0729, IFE 97%. 'H NMR (400 MHz, CDCls, 6): 1.47 —1.67 (4H),
F 3.92—4.19 (2H), 5.26 —5.43 (1H). "F NMR (376 Hz, CDCls, 8): -130.35 (2F), -

g 118.93 (2F), -102.78 (2F).

Poly-2

Poly-3
A T, (L&) 3-5i (0.87 g, 3.0 mmol) L gL~ /' 4 A (0.0073 g,
ﬁ 1 mol%) %)\fntz Y IAERE % 80°C T 24 IRFRIMMBE 1R U 72, IGIEI A7
H afbl, SEt e ko202 FEINL 72, INE 087 g, K 99%,

IR (KBr, cm™): 1734 (vc=0).

Poly- 3

2-TI Ny RZINFRL 7R ) V/(3-6)

e N - Ar FEFS T, (LAY 3-6 (1.16 g, 5.0 mmol)Z A=+ ¥ HEE % 160°C
F T 6 FRENEEIE L, EOHAE LT 36 2157, INE 1.06g, ICE 99%.,
% 'H NMR (400 MHz, CDCls, 5): 3.15 (d, 2H, J = 5.9 Hz), 5.20 (t, 2H, J = 9.0 Hz),

5.81 (m, 1H). '°F NMR (376 Hz, CDCls, 5): -126.82 (s, 2F), -123.29 (d, 2F, J =
15.0 Hz), -102.81 (t, 1F, J = 15.0 Hz). IR (neat, cm™): 1726 (vc-o).

2-7 VN3 B3-TTV-1-ANFFy) T 770t uvruaxvx) v (3-7)

Ar FBAT. KEgE(LAH Y v 4 (028 g, 5.0 mmol)& 7 U AT La—)b
N (0.29 g, 5.0 mmol)® A7z 4 Y HEERE 2 0°C ICHHIL 72, KiC, 3-6
(1.06 g, 5.0 mmol)& # 7 Z# s ) v Thl 2, 0°C T 1 BREHEHE L 7214,
HAm T 24 WEREIHRR L 72, ZRROK ORISR IEIR T &, Z&RIK LA v~
7 LK T L 72, ARE 2 BOKIRE S ~ Y U A Clok X 4, EE
fhe LT 3T 2572, IL&E 0759, IE 60%, 'HNMR (400 MHz, CDCls, 5): 3.08 (d, 2H,
J = 6.3 Hz), 4.20 (d, 1H, J = 5.4 Hz), 5.00 (d, 1H, J = 5.4 Hz), 5.08 (m, 2H), 5.45 (m, 2H),
5.79 (m, 1H), 6.01 (m, 1H). "F NMR (376 Hz, CDCls, 8): -126.30 (s, 2F), -116.38 (s, 2F). IR
(neat, cm™): 1728 (vc=o0).
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TEI77AE22-2-7 0 R=)1-13-v 7 aRY XY TV (3-8)
R F Ar FEFHAT, L&Y 3-7 (1.25 g, 5.0 mmol)% AL7- ¥ HERERE % 160°C
T AL c o WA L S Y LT 3-8 27, Il 1250, IGK 9%,
H NMR (400 MHz, CDCls, 6): 2.60 (d, 2H, J = 7.4 Hz), 5.17 (m, 2H), 5.55 (m

/ 3_8\ 1H). 19F NMR (376 Hz, CDCls, 8): -130.54 (s, 4F). IR (neat, cm™): 1763 (vc=0).

Poly-4 @&
R T Ar FEFEISE. L& 3-8 (0.25 g, 1.0 mmol) & gk~ > ' 4 v (0.024 g, 10
F F
oAy mol%)E A7 MR & 80°C T 24 BIINEMHE L 72, 2 DI, KB

W ~FF iz, iR oL, WE1EEIC X Y BERE L LT Poly-4 %
X 37, IR 0.20g, WK 78%. 'HNMR (400 MHz, CDCls, 8): 1.20 (2H), 1.57
Polv-4 (1H). "°F NMR (376 Hz, CDCls, 8): -127.85 (4F). IR (neat, cm™): 1726 (vc-o).
Th77ArFuREU44]) v-T-TV-1,4-2 T (39)
ROF Ar FBA T (L &%) 3-8 (0.13 g, 0.50 mmol) & Grubbs 2nd (0.021 g, 5 mol%).
1\ dry DCM (2 mL)w\m:zx TR 2 50°C © 24 WEINAMEE L 7o, fik
B A T AR —Z— Lo THEREL, BonBAaWME A7 L2707 b
3-9 75 74— (silicagel, n-~F % v 1 YrzuouAxy =11)ic kY HEEL, M
WikE LT 39 %57, IN& 0.059¢g, ILE 53%, 'HNMR (400 MHz, CDCls, 6): 1.31 (m,
2H), 5.19 (m, 1H). 9F NMR (376 Hz, CDCls, 5): -124.97 (s, 4F).

1- 2-7uvE72/FY) ~FH 70t us 7 a0y T (3-10)

(0.12 g, 5.0 mmol) & dry THF (30 mL)% A7 50 mL ® =117 5 2 2 % 0°C I
O Mg WHIL7, Xic. HFCP (0.97 g, 5.0 mmol)% #' 7 28ls V) v Y Chl 2. 0°C T
@ 1 IR L 728, W< 24 WEEME IR L 72, AR CRIS%RIFIEE S, v F

NI —TFT V%W T :IEITHﬂHﬁST%f’F%ﬁbR BHEE % MoK~ 7 4 & 7 LTl

B, ARIEEZ T AR — X -tk o TRERE L, fonBEMEh 762707 b

77 7 4 — (silicagel, n-~% % v T FL = 91)ic X b HEEL . SEAERIAKE LT 3410
7. IR 1739, UK 99%. 'H NMR (400 MHz, CDCls, 5): 5.10 (m, 1H), 7.25 (m
H), 7.43 (t, 1H, J=7.7 Hz), 7.70 (d, 1H, J = 8.6 Hz). "°F NMR (376 Hz, CDCls, 8): -129.79

(m, 2F), -118.76 (m, 2F), -103.86 (m, 2F).

. Fi fF - Ar FFEST, 278%E7 2/ - (0.86 g, 5.0 mmol) & KFELF FY T4
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~NFHTAA RV X[BIRY YT TV (311)

" AEIIST. LA 3410 (0.35 g, 1.0 mmol)  Hifl <7 ¥ 4 (0.018 g, 10
F F mol%). FYxTFAT v (0.10g,1.0mmol), dry DMF (5 mL)% A#7z4 2 [
o AR % 140°C T 6 FEfEMEEE L 72, AR CTRICZIFIE X2, Bl 5 v
ZH TR 2T AE 2 OKEE~ 7' 4 > v L CRzigtk, A
3-11 BEEZ T AR =2 —IC Lo THERE L2, BonBEYMEZ AT L7 0<
k27 7 4 — (silicagel, n-~F% ¥ v g FL = 9:1)iIc X b HEEL . ARk LT 3-
11 %872, & 018g, INE 67%. 'HNMR (400 MHz, CDCls, 6): 7.50 (t, 1H, J=7.7
Hz), 7.61 (t, 1H, J = 8.6 Hz), 7.71 (d, 1H, J = 8.6 Hz), 7.81 (d, 1H, J = 7.7 Hz). "°F NMR (376

Hz, CDCls, &): -121.39 (m, 2F), -110.08 (m, 2F), -105.66 (m, 2F).

25-Y70%14- (EA~NFH T LFBY 70y TV-1-FAFY) VLV (312)

e ATEBST, 25-Y7uEe Fu¥® /v (067 g, 2.5 mmol) & kE{LF Y
F F v . (0.15g, 6.0 mmol)& dry THF (30 mL)Z A7z 50 mL O [ 7 7 X a%
O Her 0°CIcHHEIL7, KIc, HFCP (0.97 g, 5.0 mmol)%& /7 7 2l U v Tl 2.,

0°C C 1 WEREIHEFE L 7212, T 24 WFEHFR L 72, ZRRUKCRICZIFIR S €,
BH o YxFaz—FaArMeTERHERER TV, BEE KRR~ 2 oY
F FLCERG, ARAEZ T AR — 2 — Itk > TRIER E L 72, BonRA
FF WMihorrzua~<br 77 4— (silicagel, n-~F ¥ v : fEffE=F L = 9:1)ic X
DHEEL ., BEEAE LT312 2574, B 1549, K 99%. 'HNMR
(400 MHz, CDCls, d): 5.26 (m, 2H), 7.64 (s, 2H). '°F NMR (376 Hz, CDCls, 8): -129.77 (m,
2F), -118.50 (m, 2F), -104.21 (m, 2F).

RYVERNFF T LAV Z[B]Y 7 T/ (3-13)

Ar BFS T, LAY 3-12 (0.61 g, 1.0 mmol) & Hift S5 2w 4 (0.054 g, 30
mol%).dry NMP (5 mL)% A L7z % & LT3R & 140°C T 6 ISRTANEEEE L 72,
KK CRIGEEIE S ¢, BEE 5L % CE B ERIEZ T, GHE%
WK~ 74 & v LTS, AL VKL — 2 — 1 X o TRIER A
L7z, BoNiREWME T L7 a~ 27T 74— (silicagel, n-~F % v 1 ¥
yamAxy =73)c k) EEEL EEEKE LT 343 21372008 0264,
IL%  58%, 'H NMR (400 MHz, CDCls, 5): 8.14 (s, 2H). °F NMR (376 Hz, CDCls,
5): -121.42 (s, 2F), -110.61 (s, 2F), -105.83 (s, 2F).
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HARE i X AR AT

L&Y 3-2d. 3-12 @ Hif el X AREGAENT (X, Rigaku XtaLabMini diffractometer (Mo Ko
radiation (A = 0.71073A)) % > THT - 72, HEEHIZHL I 13 SHELXT-2014/5 % iFl L 7= 9,
HITE S&F 3 & USRS #T © 7 — % DFF#ll % Table 3-3, 3-4 IR T,
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Table 3-3. {L&4) 3-2d D5 S RN 7 — &

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient
Largest diff. peak and hole

C18 H11 F7 02
392.27

1732) K
0.71073 A
Triclinic

Pl
a=11.9575(4) A
b=15.0488(4) A
c=18.7014(5) A
3263.36(17) A3
8

1.597 Mg/m3
0.157 mm’!

1584

0.530 x 0.430 x 0.200 mm3

o= 93.189(2)°.
B=103.047(3)°.
v =93.622(3)°.

1.698 to 25.499°.

-14<=h<=14, -18<=k<=18, -22<=I<=22
8658

12109 [R(int) = 0.0417]

99.5 %

Full-matrix least-squares on F?
12109/0/974

1.978

R1=0.1551, wR2 = 0.4491
R1=0.1817, wR2 = 0.4808

n/a
2.062 and -0.850 e.A-3
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Table 3-4. (L&) 3-12 DS ENT 7 — X

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

C16 H4 Br2 F12 02
616.01

173(2) K

0.71073 A

Monoclinic

C2/c

a=11.455(7) A
b=16.1592) A
c=11.005(13) A

1915(3) A3

4

2.137 Mg/m3

4.359 mm’!

1176

0.340 x 0.260 x 0.250 mm3
2.273 to 25.499°.
-13<=h<=13, -19<=k<=19, -13<=I<=13
8484

1776 [R(int) = 0.0269]

100.0 %

a=90°.
B=109.93(14)°.
v =90°.

Full-matrix least-squares on F?
1776 /0/ 145

1.052

R1=0.0532, wR2 =0.1541
R1=0.0730, wR2 =0.1725
n/a

0.845 and -0.434 e A3
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KL ORIFECclRe FreF ki 2057 vHK 72 F v L vl R) ~v—fico
WT, BTl HFCP @ sp2 IREICHEA L72KED 30 IE 7 v B KISHEDTEH I WT
PUISNy /el

92 moik, AR EICkREEERECH L e VX e b o087 v R TI TV ML

VOERBLUOFRI)ZRT A, K T =T A~DREHICOVTHRRT, 4-70rET7 2/ — L

(211) oerueF EEAFF b X 250 (MEM) BECREL 28, V) FARICE
fal 7=, KIT, OFCP & KA —Bi 7 v+ U RS & # ki < Bifra#ic X v B iiEx
AKezx (e FeFL7220) ~FF 70t raxy sy (2-4) 2&8HL 7, Mallory
FIGICE Y 29fiice bexvirxdo87 vHR 72+ v Ly (2-5) OAEEEIE
FERK L 72 (Scheme 4-1),

FF
Br F F
Br 1) NaH (1.5 eq.) 1) n-BuLi (1.2 eq.) . Q .
2) MEMCI (1.2 eq.) 2) OFCP (0.40 eq.)
THF - THF -
0°C,1htort,20h -78°C,1htort,24 h
OH quant. OMEM 86%
MEMO OMEM
241 2-2 2-3
F_ F
F Q F 1)1, (1.2 eq.)
conc HCI F F 2) 1,2-epoxybutane (excess)
rt, 3 h Benzene, hv, 3 h
quant. quant.
2-4 2-5

Schemed41. &7 vE7x2F VL VvOERK

{t&EY 244, 25 oW CToICHERE LT, (L&Y 2-4, 2-6 L ZEALVF VB 70 )
FE721X OFCP L DRIGICE WV KY Z ATV, F) T —TVDEKEER LT, T Y —
NIET VRIORY ~v—DHTDH Poly-2, Poly-6 137 1 1L L s & OE IR IR fGIE %
AT L, Z2ofthoy 7 ) =Lz 7 v BELE 727V LV BIOKRY 2R 70 K
I—TNVEARBETH 57z, Thid, Poly-2, Poly-6 & ItiKd 2 &K ) ~—§HA L b HIE
THLTONRYEIC R 2722 FEZTw5, BoNzRY = —Ii TGA HIE 2 & & it BviE %
AT E DRI NS, T2, LAY 2-4, 2-5 &£ OFCP L ORI -7 v 4V PG
WWEEZRVZT—FTADERITONTHIERL 72,

% 3FTlE, HFCP O sp2 [XFBICHEA L72KFED 20 Ix 7 v BOKIGHEIC D W Tl <7z,
SP?RFBIHAEG L2 AKFRDORIGTIE, KFEER Y F v LI L EFERETFHIE ORISZIT >
Teo HEGET VT & FRHFEBET b v IZEIETHET L, IBET v 7 & F IR oI
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TRIGDHET Lz L2L, DMF S X7V, 7 vl P & ~OR)IGOETITHERR X
N HERYNIE S D 572, 2, HFCP @ U F AR KIG 258 o G Y 7 v

LA XY b O EMER 0 8 E 2 T D

SPLIRFBICHES L7727 v B L BHREA L DR)IGEIToT20 1 2T ra—1 DK
JEIXHRREE D & SINE CROCHET L7z FRIC~F V74w 4y 7 a8 — vt OFCP
EDORIGTIHIZE A EHETAHERINZ DI L, K 65% & IR C UG D ST A%
AN, LBL.3TAI NPT 2o~ L7 IF, 7220 ) FTLT
RIS DET IR I N0 o7, 72 =V Y F U LICE TR, RKEMAIME Y dKFEDY
F I L~DEMEAIMEL T 5 72O G OET R I NI o7, £72, AL Tz 3-5 L K&
Al & DRIGZIRET L 7228, RIGOETIZMER I Nz o7z, 2D L H 6 HFCP % LDA
THEEL, 7ATe b, 7 b vEOBA, Hid 1T ra— L DRIGIIATRETD 523, 1
W 2 BT ra—AERIGXE-HOM 7o b VLR ETHZZ ERHL L o7
(Scheme 4-2), L&Y 3-5F, h, i »ofEonzR) ~v—RE o FEIE L) IT~v—% 7
EABEDO R 2 —ThH o127V HNVEEDEITHHERI N, 7 v RV T TV
BIXORYY YT 7 vOHEKTIE, IR Z EEBNICAKTE, X7 V7 Lfill % v 7287
LI HFREE D UERE CHETT L 72,

o FOF WRF7ILI—IL
FF
ROH
LDA F F R1LR2 i i KOH
> |F F F F
. F OH
F oL
FOF ' R'R? FoX F
F F N F
F F
RO OH
F H 6%, 2% 7)La—)L R'R?
ROH N Ao F
KOH F F LDA F. F| Electrophile
= F F——/¢ F
RO H RO L

Scheme 4-2. HFCP & KETHlE X OREH & O &G

AWIZETIE. OFCP ¥7z1% HFCP ZH W= Hi#l& 7 v BILAYOEK 2 b IcFEo il
GET7vFERTF VML VBEEERIOMANR) ~—DER~EHT 2L 2EH L, &
51Z, HFCP 3k AI7Z: & ICKETHIOMGICKIET 5 2 &2 A L7z, U EofERE X
W, Ky 7rtaerunXvFuvngE7 vy RICAYOEANT 4 v 7 7ay 2ICkbl %
HH S 202 L7z,
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KRR T 5ICH2 0, 6 EMIChE ) TEAIHE, JIREEB Y £ LZmAFAY
BEELTAERIIER AR KA IO B L TS, ARICS < o Ciills LU
BYETHE % L7 ST RO LA OFR, I A B U1 FFA R e R 1
CIEEH L BT E T,

—HDFEHC OV TR NMR % HIE L CIHE £ L TRIFIISRRAT POt 2 iR
CRHT L BT E T, TR EIT > CHE X L 2 FMKFREE T2 v 2 — DIz
AR A L B . E 70 HRAT 2T > CHE ¥ L 72 SO TR L7
LI O SO BT AR L B T

AW ORI CTH 3 HFCP 2L CIHE ¥ L4 VBl At AR TR I B
LEFEd,
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