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[7]helicene pentacene

Scheme 1. helicene and acene
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R=H, AryI Alkenyl

— . BMFRETIE, 5 FRNICT UV —NVEEFFD gem- 7 VA a7V o 1 IZEETEEE &
ERSEDLET7 VRO a Ll ATFAUPAEL, HENWTZOITFH %20 THNOT U — 3
3 iHE U C Friedel-Crafts RUBR LA EIT L, 2 RE < 6 BEERMER TS5 L2 AH L TW
Do BT, ZO Friedel-Crafts BE(LTHRONTE Rt 2 ZliKFETDHI LT,
[4]-[6]~V &> 3 DERUTAKT L TV 5 (K 3),

CF, FSO4H-SbF5 (2.5 eq) 10% Pd/C (50 wt%) ‘I‘
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Li

MgBr 7 | N (1.0eq)
O~ oen 7
R

1)=78 °C — r.t./ Et,0 TMEDA (1.0 eq)

- CF
CF3C02Et CF3 R AN 2 (4)
2) Ph3P=CH; (1.1 eq) -78°C—=rt, 80min | |l
-78°C —r.t.,/ Et,0 /| THF Sy
4 61% 1 16-80%

R = H, 0-OMe, m-OMe, p-Me

AKFETHNLT V=N AFNIVF LT, FEERLOAFNVEZE T 7~ LT
END, (o T, AFNVEEETIANV BV EAERTEIL, TOMT 2 A LV G
THT V=NV ATV FULZHETHZ LN TE, EHITERONY B OHIEEZ &
T HZENTED, L, BRIZZOFIELHOTERILATEMAZ G L7722y, S22
BOS DU 12% & FEF IRV S O TH o 72 (Scheme 2.), AU~V &> OEFZHME

DEWTCD 1 EFBEDEZY, TJVANT =3B ECTHT v b 31T Lo Tz

T~ EEZLID,
Me Li CF3
Lithiation l CF, !
_— _—
Me Me Me
CF3

B — _ >
CF,

Me Li

- 12%

Scheme 2. Synthesis of precusor of [7]helicene
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PFTTUNT =V EKE LT p-EA(TaEATFI)RB U LD S 2 RISV, Hil
THERTD2- b I Ad v AF )L -T A AR DY F 7 LD S 2 IR %5 45
Z LT, M AREAEREITA D, Thbb, T IXRE T, KORBEMN RSN &

PR S7-, BEx REHILE RO gem-T 7 VA 0 T IV U DOERDAIRE S 72 D,

Il L
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Scheme 3. Synthesis of gem-difluoroalkene

—Ji, FITBEARTE2- MY T A AF 1T AT O SQMIGIE, gem-T 7 AR T
NT o DEREE LTHETH L0, VFULRAESL 7 ) = v — Ll & o O sRigaR
HAEHNANENSH 57~ Okazaki HliZZmanma MY 7)Ao A2 Ak W iEHibEn-7v
STHEMHETF, NI 7aduaFuaXr b _RUPURRETDHZEICED, 333-F) 74 n
TREANCEBUNELND ZEEARLTVD 9 £z, T h T A n A X TR
LIZT R T2 AW SE1id, SQARERDMEIR P OELND Z L b#E LT

H(H5), LU 5, ZORE TIHIEE —BAMEICRE 2 #d i3z < VIR IR IR,

. \ Al,O3-Additive . ] 5)
CF3 CF3 CF2

Additive = CF3Cl 25% 0%
= CF4 5% 4%
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AFNA-T N oD SQLBIENRT L—r DX D 2BV R T LT 2 2 L2 W
Lic, 3hbb, 5FRNICT V= VEEZHTD2-F) 7V Fa AFN-1-Tr s 8 b,
exo-Y 7 VvA B A F LN EZFORIKILEM I AT o EnTEREH6), Tz
BRI FRE RIS S A TE, a- h Y 7 F B AFILZF L 10 (201 Al LT
AIELCl 1 EH S B EZ A, M 810 & D SRS EIT L, 33- 74 r TV

AT L—r 1 BELATENT),

CFs CF,
AEL,C
B _— S (6)
S F =~

R R
8 9 24-85%
o AELCI on
\I/ __AH \nAAr 7)
CFq CF,
10 11 38-93%
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B gem- VI NAaT N U EHOWDMEESEAGTEFEHRILEM DA K

i Cilk 7280, (MY 7ZAFa 2T /N T UMY AF AT TIE, gem-V 7
VAT T N B Py PN SREEEAL & SRR AL & R RE D 4 IRFE = b OFEAM
EKTHLERBRTZENTEDLHS), T2DL, TIUNAT T TICAE v T At L
DOREFHEAREY T U LHER EORBAZEGE L CTRSSEDLZ LT, 2 SDOEH]
HABENLURDD gem-P 7 NAOT N7 ~hRILHFETE D LM SN D, AR T
TUIUNYT T EAWLER 7 vAa T VvV r CERIEOBRREEZITV., S5 T- gem-v

TAuT g s QOGS RAGERIEEW DGR Z BT LT,

/\ ---------
M935“<3>T’; e /”\ﬂ/’\ ® Y |
CF3 n CF2 ' CF2 '

F LoE '
7

R-(FUZFaAFINT VALY AF LT TIiE, ARRS M) 704 oo
F S STERBEERI DO FHEIC L 0 2 BEECAR LT 97, +742bb, MU 7 LA afikx
FZ 2 FENALBOEM( NI AT AV INATFAS TR AeEHSETT ra—
&L, feW TR R E ORATES TLEE L T Peterson G E1TH Z &2 L AR LT,

TMSCH,MgCI (2.0 eq) HO, CF;, conc. H,SO, (excess)

CF3CO,Et ™S O )
2 TMS\)Q/TMS r.t., 1.5 h, neat /W

rt, 14 h/Et,0
79% 7 92%

Sonr=7TI N T T EoaF AT VR EDORISEERARL T2, BAER U
E DG HERIAT-(Table 1), £3. 7 kA AR E LTT vl EHW, B

IWNZT INT T T B2ERSEEN, BIOET22- N I Fd 0 ATF)NN4-T = =)V-1-7



4 13BN o7 Entry 1), £ T, IEHLHZ 7 b T A~NEER L &
A, 8BUDEMNET 4 NMELN, SHIZELF 2T —Y—7 4A ZRINT D & SUSIEE
BTS2 Z L3 o7 (Bntries 2 and 3), ST, 77T b REDKGTIE, AU %
FMIMETH LTV ax RRT UL T o OIEMEIEHI E LTEIK 72D, filllit&o 7 >k
AF R EHCIVUERISIESERE T2 EnEmonTng 7, L, B In e
JETIE 7 vibEv U L Z 0REEALEETHO L& Z2A, IERIENBETHA L, b5
Eimm D vk U AR NE LT D 2 LD o 72 (Entry 4).

TMSDTCF3(1.1 eq)

Br CF3
Reagents (1.1 eq), Additive
60 °C, 7 h/ DMF
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Table 1

Entry Reagents Additive '9F NMR Yield (%)

1 AgF - 0

2 CsF - 88
3 CsF MS4A 100
42 CsF MS4A 32

% CsF (0.32 eq), 6 (1.0 eq), benzyl bromaide (1.1 eq)

RIELNEFHRAE L EICLT, HFRIC2 OORIGEEZATS o, a -7 aE-p-F
LT INTT T EORISERRIZ(Table 2), RAL UNOEE L0 RS OHETTH
EL, 7 vkt U A(FEF DMF H 70 °C T 21 REBINBURIE L7238, BHO L 3 246
5a 1% 15% L3S 72> 7=(Entry 1), £ Z CIRoM EZBIEL, HmNAIE LTT o
TNF R UBRea vk N v AEMA TN, BRERDITIE GO0 T
(Entries 2 and 3), —J7, KJSEEZ 90 °C £ T RIF7-L A, 55 CRISITER L BK
) 5a 23 10% DR T L2 (Entry 4), £72, 14-EA(T 2T ATy T7 X Lo & Y

BHELIESEAD 200ET, BET D 2-FU Zuda AF)L-1-T )L 5b MEH



72 (Entry 5),

TMS N (21 eq)
CF,

Br
7
R! CsF (2.1 eq), MS4A R! CF4
R2 / DMF R2 CF5
Br
5
Table 2
Entry R’ R2? Additive (eq)  Conditions Yield (%)
1 H H - 70°C,21h 15 (5a)
2 H H AgBF, (2.1) 60 °C,3h Complex mixture
3 H H Nal (2.1) 70°C,2h 0
4 H H - 90°C,5.5h 70 (5a)
5 —(CH)4— - 90°C, 14 h 52 (5b)

WIT, BN 2-RY ZAFA B AFI-1-TILry 8a EX_RUDNLY F I LEDRIEER
Fafzy Ball MLZ U PBIEL LN UL Y F o AR S L 25, S 2 B AN
ITLOTNIZ gem-T 7 VA0 T g i %a 2 D83 2661 6a INER K 55072
10), £72. 5b IZFRFRICN DNV FULBEHSELZ LT, gem-P7NVFT 2T )V
veb HHTHZ b TEE1),

PhCH,Li (2.1 eq)

CFs  TMEDA (2.1 eq) O O
CFs —78°C —>rt., 45h cF,

/ THF

CF

2
sl
6a 85%

5a
PhCH,Li (2.1 eq)
D0, e oy
-78°C —>r.t,3h
CF ' F @
? /| THF 2

5b 6b 50%

WIZ, 56Tz gem-¥ 7 )V A a7 )L/ 6a @ Friedel-Crafts BBl % 57 7= (Scheme 4),
1,1,1333-~F %7 /LA 1m-2-7 11,8 ) — L(HFIP) T 6a | FSO,HeSbF(~ > v 7 &) % /E

SH7-, LaaL., HAE 1% 4 [A]lD Friedel-Crafts HIBR LN EST L7T-ALEMITE ST, 3



FIDBALAEIT L TAEL D B =704 Y RRIKRGIES T b 12a L 2 BIOB{EAS
AT L7212 7 ALKFBOIMMBE Z 572 vV 74 v 2 FUbEW 13 &Lz, 2
i FREELTADE I YTV —=ABFAPERL TODT0, HEROREMEN
Bh, WTFTFH it TE R RoTVDHEBEALTWD, £/, Y7 F T L7 6b
MG E L EME L 4 HOBRLITETET, 3 BOBREAET L2 b2 12b 1315
572X 12),

O O O FSOzH-SbF; (5.0 eq)
CF, 0°C —r.t.

/ (CF4),CHOH

12a 62% 13 24%

LfoyR] -

OO CF2 @ magic acid (5.0 eq)
| o -
CFZ\ 0°C,1h—rt,2h

/ HFIP=CH,Cl, (12:1)

6b 12b 33%

Z 2T, 4BRULEW 13 OFIAEE M2 4 BIOBREBSEIT LI bEME S 572012, Bk
DE&MEFE2 BT 5 2 & & Liz(Table 3), 7 vibA 4> OffiteHl & LT =7 vk v
FErHNIB3ORIAEEZIMZ LD & LR 7 N ARDOIRIIL T3 A S 372 (Bntry 1), F72.
MBUER L7200~y VA2 105 ENLEE THO LD, 7vdm ZALRVRICE 5 AV
WAL Z o T ALE Y 14 315 DAL 4 BB LS ELT L TALEWI3AS 72 > > 7=, (Entries

2 and 3),



Table 3
Entry Reagents (eq) Conditions 12 (%) 13 (%) 14 (%)
0 FSO3H*SbF5(5.0) 0°C,1h —rt,1h 62 24 0
1 FSO3H*SbF5(5.0) 0°C,2h —rt.,2h 31 26 0
BF3Et,0 (5.0)
2 FSO3H+*SbF5 (5.0) r.t., 1h —reflux,4.5h 0 0 27
3 FSO3H+*SbF5(10.0) 0°C,2h —rt,2h 50 0 10

ZZTTRAEAEMIE. 7 b 12a KOV2b 27 V2 — LICEB LT-#%IC, BEDTFA
VERLEIT O TERTERWINEB R, BFl&1T 9 2 & & L7z(Scheme 5), 7 h 7 7L A4 1
FUBRNY) 7=V AF VT AEHANT o 12a OF R T Ral v A0 BKER
BTHALZEATO, S BIZT P ELZ KR AR T H#E T R U U ATEITL T b a—r 15 215
oo TOT7Na— 15 vV vy 7Rz {FHSE TN I TTF A Z2EL S,
Friedel-Crafts MER (LA R iz L 2 A, THILZ TBAULEMEFSL Z LR TE 2, vk
BiKEGFEHAT 22 LICX Y TREDOHAEZEASTERILEW 16 Z A T/, F-,
CAFNFTELVHREOT N 12b bRIERO FIETTINY B~ EFEL LS & LA,
NV NRTFFH R TORICO R CEEBOERMD AT, BROBRLA Y 2 HEE

HZEETE o720 13, 14),
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1) PhsCBF, (3.4 eq) ‘
reflux / CICH,CH,Cl; 47%

o]
1
1

2) NaBH, (1.5 eq) O
r.t. / EtOH; 49% ’O
12a

1) FSO3H+SbF5 (1.2 eq)
0°C — r.t. / (CF3),CHOH; 50%

2) PhyCBF, (5.1 eq) O ‘
reflux / CICH,CH,Cl; 64%

Scheme 5. Synthesis of polycyclic aromatic compound 16

5
6

PhsCBF, (3.4 eq) NaBH, (0.5 eq)

rt,4.5h
| EtOH-CH,Cl, (5:1)

reflux, 3 h / CICH,CH,CI

18 45%

magic acid (1.2 eq)

cm. (14)
0°C, 1h—r.t, 30 min

/ HFIP

UEDXEHZ, R( MYV TZAFaXAFWNT VAR AF AT T & DT830 78
gem-L I NF T )T CEIEEARFE L, StV TIRONTE gem- Y T NAA R T IOVT UnE T

RADOHEFEW 16 G T 252 LN T,
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W2 TV AREMEHAND 2- MU T AT LTIV D SRS

B 1 ETIESINIC2 2O7 UV —nVEKE2FD gem-¥ 7 /v F v 7 )V O Friedel-Crafts
BBRL AT D 2 & TRUBVREI LD AL ML THi G LT ZRAULEME G LT, — .
NUB VBRNEMRIIHES LT B OGRS K U TIBNER KB L 72 b, & 2T, gem-
TN A BT IV 20 O Friedel-Crafts BB, & BICHKA G FRILEZIT) Z LI X -

TT o721 265752 25172 15),

-------- Q00D .00
CF CF,

3
19 20 21

LxL, TIVFIVEIRO 2- K ZvAda XA F - 1-T )V AALONEMEL . 7 ==L
T LERERE LTea SN IHET L2V Z ERBEIZE STV AN 16)7, fiE-
T, K17 T IV F 7L I E W= SQBIRTIE, BRIGRIBKA L 725 20 AT 5

ZeEmncEnEtlT,
R R R = Ph 90%
- 16
©\Ll ¥ )\CF3 @CFZ R= (CH2)3Ph 0% ( )
s oas i
CF CF,

Li 3
20

ZITEHIL, 7 yREBMEOEOVA ABEE R WVIUE T v FOBEERERH L, P
FIEALEM DO X 5 25 WRERITH 2- Y ZvFdm AF)L-1-T )V D S 2 RIS DN AT

THOTIERWINEEZ, TOMFEITI Z & & LGENS),

_— [5
Yo —AIFX5™ —H*
CF3 c ) CF, CF

2

FPT2-N) TN A O RATFNA4-T 2=V 1-TT 4 % VIV A ABEDOKET 21T - 7=(Table
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4), WA AEE LT—RKICHWSEND, UETFZ . FUAFALT UL EY T0F R
B2 ANVRF— b =7 AR U R IXEMEE R S 722> 7 (BEntries 1-3), fix DT LI =T
LAREEZH DN THRE 21T 2 A, BT ZTFATAI =T LN RS BUWEEEZ R L,

SHIZO0SHEENEETHS LTHRICNHTEMT H Z &> 7 (Entries 4-8), Z Ui,
BALICE>THEL D 7 kA A TBNL L, 4 BNIREE S oo 7T VI — R =
FoFIELTER LT X U BEEL . ROV 3 BT VS =7 MEEW & o> TV A AR

PR RTTEDEEEZHNDHE19),

CF3 CF, CFCI
Reagents
+
/ CH.Cly

4 8 9
Table 4
Entry Reagents Conditions Yield (%) . (8:9)
1 TiCl, (1.0 eq) rt,3h o | -
2 TMSOTf (1.0 eq) rt,3h 0 -
3 BFOEt, (1.0 eq) rt,5h 0 -
4 AICI3 (1.0 eq) 0°C,2h—rt,5h 11 82:18
5  AECl,(1.0eq)  0°C,2h-—>rt,4h 74 77:23
6  AE4LCI(1.0eq) 0°C,05h—rt,45min 85 | 73:27
7 AE4LCI(05eq) 0°C,15h-—>rt,25h 65 88: 12
8  AMe;(1.0eq) 0°C,05h—rt,5h 12 100: 0
4 + AELCI 8 + AEtCIF + EtH (19)

BT, 7z =i BICEBRIEZ AT 2 EE VT RBR(IEO— & i Lz
(Table 5), 7 U —/VEE FIZATFNAVEZ AT 5 BTSN EIT L, BIIOERIKY
TNFA AT 2 - (Bntry 2), A PR UESCREZETER L-EEOLE. BERT
RRFBRAOIFIAEFRNZ L DTNV =0 LIEA~ORNLDE Z 5 72O )OSR IT &
<720 BT L7z (Entries 3 and 5), & Z C2{EENEDT LI =7 Ak E A7

&2 A, LN L L7 (Bntries 4 and 6), LLEDO XS I =F AT I =T A5

13



5H 2L THFN SQEIRISNEIT L, exo-Y 7V Am AF Lo A FHSBRIRMEEWZ B

THZENTEL,
CF, CF, CFCl
AIEt,Cl (X eq)
+
/ CHoCly
R R R
8 9
Table 5

Enty R X Conditions Yield (%) | (8:9)
1 H 1.0 0°C,05h-—>rt,45min 85 L7327
2 Me 1.0 0°C,1h 63 | 83:17
3  MeO 1.0 rt,34h 24 L 75:25
4 MeO 2.0 rt,34h 41 ©B1:39
5 Br 1.0 rt,13h 24 1 25:75
6

Br 20 0°C,1h—rt,15h 84 | 32:68

feWN T ARG E S RIS ~ERT 5 Z & & Lic(Table 6), FE/LED bV %R
L L CHWEEA, IR N SN TEIT L= (Entry 1), £ 2T, 20 [FE/LED k
NE WL Z A BINERTH O SR BBISAHEIT L, 10 & 11 2396 : 4 DIRAW
L THA LN (Entries2and 3), £7-, XoBL, FTIHL U 13- VAR BUAE

AWEGAIZ S, RIS SIS Z 5 Z 23 h o> 7=, (Entries 4-6),

AIEt,CI (1.0 eq)

Ph\}/ ArH Ph\n/\Ar . Ph\n/\Ar

CF3 0°C,1h—rt,4h CF; CFClI
10 1

Table 6
Entry ArH (eq) Solvent Yield (%) . (10: 11)

1 Toluene (1) CH,Cl, 21 38:62

2 Toluene (10) CH,Cl, 85 92: 8

3 Toluene (20) - 93 9: 4

4 Benzene (20) - 70 L 76:24

5 Naphthalene (20) - 38 ' 87:13

6 1,3-dimethoxybenzene (20) - 5 : 100: O

UboXoic, ko= FAT7AI =0 L2052 ET, 2 FRBIOGFRHIT2-F

UZNFaXRFN-1-T T D SBIEISN, VKRB THLT L—r 2 HWEGAaIC

14



bEITTH I EZHLMNT LT,

15



SEBR D

NMR spectra were recorded on JEOL AL 400, Bruker DRX 500, and Bruker
AVANCE 500 spectrometers at the indicated field strengths. Chemical shift values are
given in ppm relative to internal MesSi (for 'H NMR: § 0.00), CDCI; (for 3C NMR: §
77.0), and CeFs (for 19F NMR: §r 0.00). IR spectra were recorded on a Horiba FT 300-S
by ATR method. High-resolution mass spectra were obtained with a JEOL MS-700P
mass spectrometer. Elemental analyses were carried out at The Elemental Analysis
Laboratory, Department of Chemistry, Faculty of Science, the University of Tokyo.
Tetrahydrofuran, diethyl ether, dichloro methane, toluene and N,N-dimethyl
formamide were purchased from Kanto Chemical Co., Inc and used without
purification. 1,1,1,3,3,3-Hexafluoro-2-propanol was distilled from molecular sieves 4A,
and stored over molecular sieves 4A. Column chromatography and preparative
thin-layer chromatography (PTLC) were performed on silica gel (Kanto Chemical Co.
Inc., Silica Gel 60 and Wako Pure Chemical Industries, Ltd., B5-F), respectively.

TMSwTMS
1,3-Bis(trimethylsilyl)-2-trifluoromethyl-2-propanol

(Trimethylsilyl)methylmagnesium chloride was prepared from
(chloromethyl)trimethylsilane ( 51.6 ml, 0.37 mol) and magnesium (8.99 g, 0.37 mol) in
Et20. Ethyl trifluoroacetate (25 g, 0.18 mmol) was added dropwise to the solution of
Grinarg reagent at room temperature. After the reaction mixture was stirred at room
temperature for 14 h, the aqueous NH4Cl was added to quench the reaction. Organic
materials were extracted with Et2O three times. The combined extracts were washed
with water twice, brine and dried over MgSO4. After removal of the solvent under
reduced pressure, the residue was purified by distillation under reduced pressure to
give 1,3-Bis(trimethylsilyl)-2-trifluoromethyl-2-propanol (36.26 g, 75%) as a colorless
Liquad.

IR (neat): 3614, 2954, 2927, 1250, 1211, 1149, 955, 827 cm'L.

'H NMR (500 MHz, CDCly): 6 = 0.09 (18H, s), 1.10 (2H, d, J= 15 Hz), 1.22 2H, d, J= 15
Hz), 1.55 (1H, br s).

13C NMR (126 MHz, CDCly): 8 = 26.2, 78.6 (q, Jc, 7 = 29 Hz), 126.7 (q, Jc, r = 214 Hz).
19F NMR (470 MHz, CDCl3): 6 = 79.2 (3F, br s).

Anal. Caled for C10H23F30Siq: C, 44.08; H, 8.51. Found: C, 43.79; H, 8.45.

16



TMS\)L oFa

(2-(trifluoromethyl)allyltrimethylsilane (7)
1,3-Bis(trimethylsilyl)-2-trifluoromethyl-2-propanol (36.26 g, 0.133 mmol) was added

to concentrated sulfuric acid (100 ml) under evaporation, and the reaction mixture was

stirred for 1.5 h and product was gathered at —78 °C. Purification by atmospheric

distillation (109 °C) give 7 (21.34 g, 92%) as a colorless liquid.

IR (neat): 2958, 1435, 1342, 1254, 1165, 1119, 1092, 922, 841, 696, 644 cm'.

IH NMR (500 MHz, CDCls): = 0.01 (9H, s), 1.66 (2H, d, J= 1.5 Hz), 5.08 (1H, q, J=0.9

Hz), 5.49 (1H, q, J= 1.1 H2).

13C NMR (126 MHz, CDCly): 8 = 19.9, 115.4, 123.7 (q, Jc, r = 205 Hz), 136.5 (q, Jc, r = 22

Hz).

19F NMR (470 MHz, CDCls): § = 92.8 (3F, s).

Anal. Caled for C7H13FsSi: C, 46.13; H, 7.19. Found: C, 45.90; H, 7.26.

Br

Br

1,4-bis(bromomethyl)naphthalene

The mixture of N-Bromosuccinimide (1.869 g, 10.5 mmol) and benzoyl peroxide (12.1
mg, 0.05 mmol) was added doropwise to a solution of 1,4-dimethylnaphtalene (0.765 ml,
5 mmol), in tetrachloromethane (CCly 20 ml) at room temperature. After heated at
reflux for 3.5 h, the insoluble matter was removed by filteration through activated
AlyOs. Purification of the product by recrystallization (hexane-AcOEt) to give
1,4-bis(bromomethyl)naphthalene (306.6 mg, 44%) as a white solid.
IR (neat): 3043, 1749, 1647, 1558, 1520, 1444, 1252, 1201, 769 cm™..
IH NMR (500 MHz, CDCls): & = 4.94 (4H, s), 7.49 (2H, s), 7.67 (2H, dd, J= 6.5, J = 3.3),
8.21 (2H, dd, J= 6.5, J = 3.3).
13C NMR (126 MHz, CDCls): 6 = 31.2, 124.6, 126.9, 127.2, 131.6, 134.9.
Anal. Caled for C12H10Brs: C, 45.90; H, 3.21. Found: C, 45.73; H, 3.31.
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CF;

1,4-bis(3-(trifluoromethyl)but-3-enyl)benzene (5a)
(2-(Trifluoromethyl)allyDtrimethylsilane (7, 1.04 ml, 5.44 mmol) was added to a

solution of a,o’-dibromoxylene (580.8 mg, 2.2 mmol), cesium fluoride (835.6 mg, 5.44

mmol) and molecular sieves 4A (200 mg) at room temperature. After the mixture was

stirred for 5.5 h at 90 °C, phosphate buffer (pH 7) was added to quench the reaction.

The mixture was filtered, and organic materials were extracted with diethyl ether

(Et20) three times. The combined extracts were washed with water twice, brine and

dried over MgSQ4. After removal of the solvent under reduced pressure, the residue

was purified by column chromatography on silica gel (pentane) to give 5a (500.3 mg,

70%) as a colorless liquid.

IR (neat): 2937, 2870, 1419, 1333, 1161, 1109, 939, 818 cm'™.

IH NMR (500 MHz, CDCly): § = 2.50 (4H, t, J = 8.0 Hz), 2.81 (4H, t, J = 8.1 Hz), 5.28

(2H, q, Ju,r = 1.3 Hz), 5.67 (2H, s), 7.13 (4H, s).

13C NMR (126 MHz, CDCls): 8 = 31.2, 33.3, 118.1 (q, Jc,r = 5.8 Hz), 123.8 (q, Jc, r = 272

Hz), 128.5, 137.7 (q, Jc, v = 29 Hz), 138.5.

19F NMR (470 MHz, CDCls): 6 = 93.3 (6F, br s).

Anal. Caled for Ci¢H16F¢: C, 59.63; H, 5.00. Found: C, 59.64; H, 5.08.

0.0
CF,

1,4-bis(3-(difluoromethylene)-5-phenylpentyl)benzene 6a

Buthyllithium (0.84 ml, 2.63 M in hexane, 2.18 mmol) was added to a solution of N, N,
N’, N’-tetramethylethlenediamine (TMEDA, 0.33 ml, 2.18 mmol) in toluene (2.21 ml,
20.8 mmol), at room temperature under argon. The reaction mixture was stirred for 30
min at room temperature and cooled to —78 °C before addition of 5a (335.4 mg, 1.04
mmol) in THF (10 ml). After stirring for 1 h at the same temoerature, the mixture was
warmed to room temperature, and stirred for 1 h. The reaction mixture was quenched
with aq. NH4Cl. Organic materials were extracted with ethyl acetate (AcOEt) three

times. The combined extracts were washed with brine and dried over NasSQ4. After
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removal of the solvent under reduced pressure, the residue was purified by column
chromatography on silica gel (hexane-AcOEt 10 : 1) to give 6a (412 mg, 85%) as a
yellow liquid.

IR (neat): 2956, 2929, 1745, 1496, 1454, 1273, 1065, 748, 698 cm'!.

IH NMR (500 MHz, CDCly): § = 2.225-2.303 (8H, m), 2.639-2.721 (8H, m), 7.09 (4H, s),
7.169 (4H, d, J= 3.5Hz), 7.20 (2H, t, J = 7.4 Hz), 7.29 (4H, t, J = 7.5 Hz).

13C NMR (126 MHz, CDCly): & = 28.2, 28.2, 33.51 (t, Jc, v = 2.5 Hz), 33.9 (t, Jo, v = 2.6
Hz), 88.0 (t, Jo,r = 17 Hz), 126.1, 128.3, 128.3, 128.4, 138.9, 141.2, 153.8 (t, , Jc, r = 264
Hz).

19F NMR (470 MHz, CDCls): d = 66.8 (4F, br s).

Anal. Caled for CsoHsoF4: C, 77.23; H, 6.48. Found: C, 77.34; H, 6.67.

2-(2-(benzolcl-1,2,9,10-tetrahydrophenanthrenyl)ethyl)-3,4-dihydronapht
halen-1(2H)-one (12a)

1,4-bis(3-(difluoromethylene)-5-phenylpentyl)benzene (6a, 81.7 mg, 0.175 mmol) was
added to a solution of magic acid (FSOsH+SbFs 274.9 mg, 0.876 mmol) in
1,1,1,3,3,3-hexafluoro-2-propanol (3 ml) at 0 °C. After being stirred for 1 h at 0 °C, the
reaction mixture was warmed to room temperature and stirred additional 1 h.
Phosphate buffer (pH 7) was added to quench the reaction. Organic materials were ex-
tracted with CH2Cls three times. The combined extracts were washed with, brine and
dried over MgSQO,. . After removal of the solvent under reduced pressure, the residue
was purified by thin—layer chromatography on silica gel (hexane-AcOEt 10 : 1) to give
12a (43.5 mg, 62%) as a green solid.
'H NMR (500 MHz, CDCl3): & = 1.73-1.81 (1H, m), 1.89-1.98 (1H, m), 2.26-2.40 (6H,
m), 2.48-2.56 (1H, m), 2.64-2.80 (6H, m), 2.93-3.04 (2H, m), 7.06 (1H, dd, J = 7.6, 1.5),
7.15 (1H, d, J= 7.4 Hz), 7.18 (2H, td, J= 7.3, 1.6 Hz), 7.20-7.25 (2H, m), 7.29 (1H, t, J =
7.7 Hz), 7.38 (1H, br s), 7.45 (1H, td, J= 7.5, 1.4 Hz), 7.50 (1H, d, J = 7.5 Hz), 8.02 (1H,
d, J=17.8 Hz).
13C NMR (126 MHz, CDCly): § = 28.3, 28.4, 28.8, 29.1, 29.3, 31.4, 33.1, 46.8, 124.8,
125.0, 125.9, 126.0, 126.1, 126.6, 127.4, 127.6, 127.6, 127.6, 128.6, 130.0, 132.6, 133.1,
133.7, 133.8, 134.9, 137.4, 139.4, 139.4, 143.8, 200.2.
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2-(2-(benzolclphenanthrenyl)ethyl)-1,2,3,4-tetrahydronaphthalen-1-ol
(15)

12a (156 mg, 0.39 mmol) and triphenylmethylium tetrafluoroborate (432.8 mg, 1.31
mmol) were dissolved in 1,2-dichloroethane (3.0 ml) and heated to reflux for 3 h under
argon. The solvent was removed under reduced pressure, and the residue was not
further purified. The crude mixture was solved in EtOH (5 ml) and CH2Cl(1 ml), and
sodium borohydride (74.3 mg, 1.96 mmol) was added to the solution. After being stirred
at room temperature for 3 h, water was added to quench the reaction. Organic
materials were extracted with Et2O three times. The combined extracts were washed
with, brine and dried over MgSOs. . After removal of the solvent under reduced
pressure, the residue was purified by thin-layer chromatography on silica gel
(hexane—AcOEt 5: 1) to give 15 (44.8 mg, 29%, 2 steps) as a yellow solid.
diastereomixture
IH NMR (500 MHz, CDCls): 6 = 1.47 (0.4H, d, J = 3.3 Hz), 1.60 (0.6H, d, J = 7.6 Hz),
1.63-2.23 (5H, m), 2.76-3.16 (2H, m), 2.84 (2H, t, J = 6.3 Hz), 4.52 (0.6H, dd, J = 7.6,
7.4 Hz), 4.78 (0.4H, dd, J= 3, 1 Hz), 7.08-7.38 (3H, m), 7.47-7.70 (4H, m), 7.77 (1H, d, J
=8.1Hz), 7.81 (1H, d, J=8.1 Hz), 7.86 (1H, d, J= 8.1 Hz), 7.88 (1H, d, J= 8.1 Hz), 7.94
(0.6H, d, J = 8.1 Hz), 7.95 (0.4H, d, J = 8.1 Hz), 8.01 (0.4H, dd, J = 8.1, 1.6 Hz), 8.02
(0.6H, dd, J= 8.1, 1.6 Hz), 8.96 (0.6H, s), 8.97 (0.4H, s), 9.11 (0.4H, d, J= 8.1 Hz), 9.12
(0.6H, d, J= 8.1 Hz).

Dinaphthol1,2-a;1’,2'-h]lanthracene (16)

A solution of magic acid (44.3 mg 0.14 mmol) in HFIP (2 ml) was added to a solution of
2-(2-(benzolclphenanthrenyl)ethyl)-1,2,3,4-tetrahydronaphthalen-1-ol (15, 46.9 mg,
0.39 mmol) in HFIP (2 ml) at 0 °C. After being stirred at 0 °C for 1 h, the reaction
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mixture was warmed to room temperature and stirred for additional 1 h. Phosphate
buffer (pH 7) was added to quench the reaction. Organic materials were extracted with
CH:Cly three times. The combined extracts were washed with brine and dried over
MgS0O4. After removal of the solvent under reduced pressure, the crude mixture and
triphenylmethylium tetrafluoroborate (96.2 mg, 0.29 mmol) were dissolved in
1,2-dichloroethane (3.0 ml) and heated to reflux for 3 h under argon. After removal of
the solvent under reduced pressure, the residue was purified by thin-layer
chromatography on  silica gel (hexane-AcOEt 10 : 1) to give
Dinaphthol1,2-a;1’,2"-hlanthracene (14.2mg, 64%) as a yellow solid.

IR (neat): 3047, 1647, 1456, 903, 829 cm'L.

IH NMR (500 MHz, CDCls): = 7.70 (2H, t, J = 7.5Hz), 7.81 (2H, t, J= 7.0 Hz), 7.88 (2H,
d, J=4.3),7.91 2H, d, J = 4.2), 8.02 (2H, d, J = 4.2 Hz), 8.11 (4H, t, J = 7.4 Hz), 9.37
(2H, d, J= 8.4 Hz), 9.67 (2H, s).

13C NMR (126 MHz, CDCly): & = 125.9, 126.7, 126.8, 127.3, 127.3, 127.6, 127.7, 127.9,
128.2, 128.6, 128.7, 130.5, 131.0, 131.7.

HRMS (FAB) m/z ([M+H]*): Calcd. for CsoHis 378.1409, Found: 378.1401.

©/\)J\CF3

2-Trifluoromethyl-4-phenyl-1-butene (4)
(2-(Trifluoromethyl)allyDtrimethylsilane (0.106 ml, 0.55 mmol) was added to a
solution of benzyl bromide (0.071 ml, 0.6 mmol), cesium fluoride (91 mg, 0.6 mmol) and
molecular sieves 4A (15 mg) at room temperature. After the mixture was stirred for 7 h
at 60 °C, phosphate buffer (pH 7) was added to quench the reaction. The mixture was
filtered, and organic materials were extracted with diethyl ether (Et20) three times.
The combined extracts were washed with water twice, brine and dried over MgSOs.
After removal of the solvent under reduced pressure, the residue was purified by
column chromatography on silica gel (pentane) to give 4 (110 mg, quant) as a colorless
Liquad.
IR (neat): 3030, 2933, 1331, 1163, 1110, 941, 746, 696 cm'!.
IH NMR (500 MHz, CDCly): & = 2.52 (2H, t, J = 7.9 Hz), 2.84 (2H, t, J = 7.9 Hz), 5.29
(1H, q, Ju, r = 1.2H2), 5.67 (1H, q, Ju,r = 0.7Hz), 7.20 (2H, dd, J = 7.9 Hz, 0.9 Hz), 7.21
(1H, dddd, J=17.9, 7.9, 0.9, 0.9), 7.30 (2H, ddd, J= 7.9, 7.9, 0.9).
13C NMR (126 MHz, CDCls): § = 31.3, 33.8, 118.1 (q, Jo,r = 6 Hz), 123.7 (q, Jc,r = 273
Hz), 126.2, 128.3, 128.4, 137.7 (q, Jc, r = 29 Hz), 140.5.

21



19F NMR (470 MHz, CDCls): & = 93.3 (3F, ).
Anal. Caled for C11H1:Fs: C, 65.99; H, 5.54. Found: C, 66.19; H, 5.71.

/@/\)‘\CFS
Me

4-(4-Methyl)Phenyl-2-trifluoromethyl-1-butene
(2-(Trifluoromethyl)allyDtrimethylsilane (1.04 ml, 5.44 mmol) was added to a

solution of a-bromo-p-xylene (185.1 mg, 1.0 mmol), cesium fluoride (167.1 mg, 1.1

mmol) and molecular sieves 4A (100 mg) at room temperature. After the mixture was

stirred for 4 h at 60 °C, phosphate buffer (pH 7) was added to quench the reaction. The

mixture was filtered, and organic materials were extracted with diethyl ether (Et20)

three times. The combined extracts were washed with water twice, brine and dried over

MgSO4. After removal of the solvent under reduced pressure, the residue was purified

by  column  chromatography on  silica gel (pentane) to  give

4-(4-Methyl)Phenyl-2-trifluoromethyl-1-butene (143.3 mg, 61%) as a colorless liquid.

IR (neat): 2927, 2368, 1516, 1417, 1333, 1163, 1113, 939, 808 cm'1.

TH NMR (500 MHz, CDCls): 8 = 2.32 (3H, s), 2.49 (2H, t, J = 8.0), 2.79 (2H, t, J = 8.1),

5.29 (1H, q, Ju,r = 1.4 Hz), 5.67 (1H, br s), 7.10 (4H, d, J= 2.5 Hz).

13C NMR (126 MHz, CDCly): & = 21.0, 31.3, 33.3, 118.1 (q, Jc,r = 6 Hz), 123.8 (q, Jc,r =

274 Hz), 128.2, 129.1, 135.7, 137.9 (q, Jc,r = 29 Hz).

19F NMR (470 MHz, CDCls): § = 93.2 (3F, s).

Anal. Caled for C12H13Fs: C, 67.28; H, 6.12. Found: C, 67.06; H, 6.32.

/@/\)LCFS
MeO

4-(4-methoxy)Phenyl-2-trifluoromethyl-1-butene
4-(4-methoxy)Phenyl-2-trifluoromethyl-1-butene was prepared by the method
described for 4 using (2-(Trifluoromethyl)allyl)trimethylsilane (1.04 ml, 5.44 mmol),
4-methoxybenzyl chloride (0.14 ml, 1.0 mmol), cesium fluoride (167.1 mg, 1.1 mmol)
and molecular sieves 4A (100 mg). purification by column chromatography on silica
gel (pentane) to give 4-(4-Methoxy)Phenyl-2-trifluoromethyl-1-butene (146.4 mg, 64%)
as a colorless liquid.
IR (neat): 2956, 1614, 1514, 1246, 1165, 1117, 1038, 823 cm™.

22



H NMR (500 MHz, CDCly): § = 2.48 (2H, t, J = 8.0), 2.78 (2H, t, J = 8.0), 3.79 (3H, s),
5.28 (1H, q, Ju, 7 = 1.4 Hz), 5.67 (1H, q Ju,r = 0.7 Hz), 6.84 (2H, d, J= 4.3 Hz), 7.11 (2H,
d, J=4.4).

13C NMR (126 MHz, CDCly): § = 31.5, 32.9, 55.2, 113.9, 118.1 (q, Jc, 7 = 5.8 Hz), 123.8 (q,
Jo, v =274 Hz), 129.3, 132.6, 137.7 (q, Jo, r = 29 Hz), 158.0.

19F NMR (470 MHz, CDCls): 6 = 93.3 (3F, s).

Anal. Caled for C12H13F30: C, 62.6; H, 5.69. Found: C, 62.45; H, 5.87.

/@/\)LCFS
Br

4-(4-Bromo)Phenyl-2-trifluoromethyl-1-butene

4-(4-Bromo)Phenyl-2-trifluoromethyl-1-butene was prepared by the method described
for 4 wusing (2-(TrifluoromethylallyDtrimethylsilane (1.04 ml, 5.44 mmol),
4-bromobenzyl bromide (249.9 mg, 1.0 mmol), cesium fluoride (167.1 mg, 1.1 mmol)
and molecular sieves 4A (100 mg). Purification by column chromatography on silica
gel (pentane) to give 4-(4-Methoxy)Phenyl-2-trifluoromethyl-1-butene (196.4mg, 64%)

as a colorless liquid.

IR (neat): 2931, 1489, 1333, 1165, 1122, 1072, 1012, 808 cm'.

H NMR (500 MHz, CDCly): 6 = 2.49 2H, t, J=17.9), 2.79 (2H, t, J=8.0), 5.28 (1H, q,
Ju,r=1.4 Hz), 5.68 (1H, br s), 7.07 (2H, d, J= 4.2 Hz), 7.42 (2H, d, J = 4.2).

13C NMR (126 MHz, CDCly): § = 31.1, 33.2, 118.6 (q, Jc,r = 6 Hz), 120.0, 123.7 (q, Jo. r =
273 Hz), 130.1, 131.5, 137.3 (q, Jc, 7 = 30 Hz), 139.4.

19F NMR (376 MHz, CDCls): 6 = 93.3 (3F, s).

Anal. Caled for C11H10F3sBr: C, 47.34; H, 3.61. Found: C, 47.52; H, 3.79.

oW

2-(difluoromethylene)-1,2,3,4-tetrahydronaphthalene (9)
Diethylalminium chloride (0.2 ml, 1.0 M hexane solution, 0.2 mmol) was added to a
solution of 4 (40 mg, 0.2 mmol) in CH2Cl: (2 ml) at 0 °C. After being stirred for 1 h at 0

°C, the reaction mixture was warmed to room temperature and stirred additional 1 h.

2

Phosphate buffer (pH 7) was added to quench the reaction. Organic materials were ex-

tracted with CH2Cls three times. The combined extracts were washed with, brine and
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dried over MgSOs. . After removal of the solvent under reduced pressure, the residue
was purified by thin-layer chromatography on silica gel (hexane) to give 9 (22.3 mg,

62%) as a colorless liquid.

IR (neat): 2925, 1757, 1495, 1454, 1273, 1219, 1113, 1065, 964, 829, 735 cm'1.

1H NMR (500 MHz, CDCly): 6 = 2.41 (2H, tdd, J = 6.5 Hz, Ju,r = 2.4 Hz, Ju,r = 2.4 Hz),
2.81 (2H, t, J=6.4 Hz), 3.44 2H, t, Ju v = 1.4 Hz), 7.10-7.18 (4H, m).

13C NMR (126 MHz, CDCls): 8 = 21.5 (d, Jo.r = 2 Hz), 26.9 (d, Jc,r = 2 Hz), 29.1, 84.3,
126.0, 126.3, 128.3, 128.5, 134.4, 137.0, 151.5, (dd, Jc, r = 282, 282 Hz).

19F NMR (470 MHz, CDCls): & = 64.9 ( 1F, ddd, Jr.r = 59 Hz, Jru = 2.5, 2.5 Hz), 66.7
(1F, d, Jr v = 59 Hz).

Anal. Caled for C11H10F9: C, 73.32; H, 5.59. Found: C, 73.03; H, 5.86.

L,

2-(difluoromethylene)-7-methyl-1,2,3,4-tetrahydronaphthalene

2

Diethylalminium chloride (0.2 ml, 1.0 M hexane solution, 0.2 mmol) was added to a
solution of 2-(difluoromethylene)-7-methyl-1,2,3,4-tetrahydronaphthalene (42.8 mg, 0.2
mmol) in CH2Cls (2 ml) at 0 °C. After being stirred for 1 h at 0 °C, phosphate buffer (pH
7) was added to quench the reaction. Organic materials were extracted with CHzCl2
three times. The combined extracts were washed with, brine and dried over MgSOs.
After removal of the solvent under reduced pressure, the residue was purified by
thin—layer chromatography on silica gel (hexane) to give
2-(difluoromethylene)-7-methyl-1,2,3,4-tetrahydronaphthalene (20.2 mg, 52%) as a
colorless liquid.

IR (neat): 2922, 1757, 1680, 1506, 1315, 1271, 1219, 1122, 1099, 1065, 812 cm™L.

IH NMR (500 MHz, CDCls): § = 2.29 (3H, s), 2.37 (2H, tdd, J = 6.4 Hz, Ju v = 2.0, 2.0
Hz), 2.75 (2H, t, J= 6.4 Hz), 3.39 (2H, br s,), 6.90-7.01 (3H, m).

13C NMR (126 MHz, CDCls): & = 20.9, 21.7 (d, Jc, 7 = 2 Hz), 26.8 (d, Jc,r = 2 Hz), 28.7
85.0 (dd, Jo,r =21, 19 Hz), 126.8, 128.4, 128.9, 133.9, 134.2, 135.8, 151.4, (dd, Jc, r = 281,
281 Haz).

19F NMR (470 MHz, CDCls): § = 64.8 (1F, d, Jr r = 59 Hz), 66.6 (1F, d, Jr, r = 59 Hz).

Br- : : “CF

2
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7-bromo-2-(difluoromethylene)-1,2,3,4-tetrahydronaphthalene
Diethylalminium chloride (0.4 ml, 1.0 M hexane solution, 0.4 mmol) was added to a
solution of 4-(4-Bromo)Phenyl-2-trifluoromethyl-1-butene (55.8 mg, 0.2 mmol) in
CH3Cl: (2 ml) at 0 °C. After being stirred for 1 h at 0 °C, the reaction mixture was
warmed to room temperature and stirred additional 1.5 h. Phosphate buffer (pH 7) was
added to quench the reaction. Organic materials were extracted with CH2Clz three
times. The combined extracts were washed with, brine and dried over MgSO4. After
removal of the solvent under reduced pressure, the residue was purified by thin—layer
chromatography on silica gel (hexane) to give
7-bromo-2-(difluoromethylene)-1,2,3,4-tetrahydronaphthalene (13.9 mg, 27%) as a
colorless liquid.
IH NMR (500 MHz, CDCls): & = 2.38-2.41 (2H, m), 2.72-2.77 (2H, m), 3.40 (2H br s),
6.96-7.01 (1H, m), 7.23-7.31 (2H, m).
13C NMR (126 MHz, CDCly): 8 =21.3 (d, Jc, 7 = 2 Hz), 26.7 (d Jc,r = 2 Hz), 28.6 (d, Jo, 7 =
1 Hz), 84.1 (dd, Jc.r =22, 19 Hz), 119.7, 129.0, 130.1, 131.1, 136.6, 151.5 (dd, Jc, r = 283,
283 Hz), 153.9.
19F NMR (470 MHz, CDCl3): 8 = 65.7 (1F, d, Jr. v = 58 Hz), 67.3 (1F, d, Jr. ¥ = 58 Hz).

MeO : : “CF.

2-(difluoromethylene)-7-methoxy-1,2,3,4-tetrahydronaphthalene

2

Diethylalminium chloride (0.4 ml, 1.0 M hexane solution, 0.4 mmol) was added to a
solution of 4-(4-methoxy)Phenyl-2-trifluoromethyl-1-butene (46 mg, 0.2 mmol) in
CH3Cl: (2 ml) at 0 °C. After being stirred for 1 h at 0 °C, the reaction mixture was
warmed to room temperature and stirred additional 34 h. Phosphate buffer (pH 7) was
added to quench the reaction. Organic materials were extracted with CH2Clz three
times. The combined extracts were washed with, brine and dried over MgSOs4. After
removal of the solvent under reduced pressure, the residue was purified by thin—layer
chromatography on  silica gel (hexane-AcOEt 10 : 1) to give
2-(difluoromethylene)-7-methoxy-1,2,3,4-tetrahydronaphthalen (10.5 mg, 25%) as a
colorless liquid.

TH NMR (500 MHz, CDCly): § = 2.38 (2H, tdd, J= 6.7 Hz, Ju,r = 2.1 Hz, 2.1 Hz), 2.73
(2H, t, J= 6.7 Hz), 3.42 (2H, br s), 3.78 (3H, s), 6.66-6.73 (2H, m), 7.02 (1H, d, 7.6 Hz).

13C NMR (126 MHz, CDCly): 8 = 21.8 (d, Jc, 7 = 2 Hz), 27.2 (d, Jc, 7 = 2 Hz), 28.3 (d, Jc ¥
=1Hz), 55.3, 84.8 (dd, Jo,r = 22,19 Hz), 112.1, 113.2, 128.6, 129.4, 135.4 (d, Jc,r = 3 Ha),
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151.4 (dd, Jc, r = 282, 281 Hz), 158.0.
19F NMR (470 MHz, CDCl3): § =64.9 (1F, ddd, Jr.r =59 Hz, Jru =2, 2 Hz), 66.7 (1F, d,
Jrr =59 Hz).

QL r
CF.

1,1-difluoro-2,3-diphnyl-1-propene

2

Diethylalminium chloride (0.18 ml, 1.0 M hexane solution, 0.18 mmol) was added to a
solution of a-trifluoromethylstylene (0.03 ml, 5.27 M pentane—Et:O solution, 0.158
mmol) in benzene (0.36 ml) at 0 °C. After being stirred for 1 h at 0 °C, the reaction
mixture was warmed to room temperature and stirred additional 1 h. Phosphate buffer
(pH 7) was added to quench the reaction. Organic materials were extracted with
CH:Cl; three times. The combined extracts were washed with, brine and dried over
MgSO4. After removal of the solvent under reduced pressure, the residue was purified
by  thin-layer  chromatography on  silica gel (hexane) to  give
1,1-difluoro-2,3-diphnyl-1-propene (19.2 mg, 53%) as a colorless liquid.

IH NMR (500 MHz, CDCly): 8 = 3.74 (2H, br s), 7.11-7.32 (10H, m).

13C NMR (126 MHz, CDCls): § = 39.9, 91.7 (dd, Jo, v = 22, 14 Hz), 126.4, 127.3, 128.3,
128.3, 128.5, 128.7, 122.5 (dd, Jc, 7 = 4, 4 Hz), 138.5 (dd, Jo,r = 3, 2 Hz), 154.4 (dd, Jo,r =
292, 288 Hz).

19F NMR (470 MHz, CDCls): § = 70.7 (1F, d, Jr r = 40 Hz), 71.3 (1F, d, Jr r = 40 Hz).

O Ph
O CF,

1,1-difluoro-3-napfthyl-2-phnyl-1-propene

Diethylalminium chloride (0.18 ml, 1.0 M hexane solution, 0.18 mmol) was added to a
solution of a-trifluoromethylstylene (0.03 ml, 5.27 M pentane—Et:O solution, 0.158
mmol) and naphthalene (20.3 mg) at 0 °C. After being stirred for 1 h at 0 °C, the
reaction mixture was warmed to room temperature and stirred additional 1 h.
Phosphate buffer (pH 7) was added to quench the reaction. Organic materials were ex-
tracted with CH2Cls three times. The combined extracts were washed with, brine and
dried over MgSQ4. After removal of the solvent under reduced pressure, the residue
was purified by thin-layer chromatography on silica gel (hexane) to give

1,1-difluoro-3-naphthyl-2-phnyl-1-propene (14.6 mg, 33%) as a colorless liquid.
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1,1-difluoro-2-(4-methylphenyl)-2-phnyl-1-propene

Diethylalminium chloride (0.3 ml, 1.0 M hexane solution, 0.3 mmol) was added to a
solution of a-trifluoromethylstylene (0.05 ml, 5.27 M pentane—Et:O solution, 0.158
mmol) in toluene (0.63 ml) at 0 °C. After being stirred for 1 h at 0 °C, the reaction
mixture was warmed to room temperature and stirred additional 1 h. Phosphate buffer
(pH 7) was added to quench the reaction. Organic materials were extracted with
CH:Cl; three times. The combined extracts were washed with, brine and dried over
MgSO4. After removal of the solvent under reduced pressure, the residue was purified
by  thin-layer  chromatography on  silica gel (hexane) to  give
1,1-difluoro-2-(4-methylphenyl)-2-phnyl-1-propene (34.4 mg, 50%) as a colorless liquid.
1H NMR (500 MHz, CDCly): 8 = 2.25 (3H, br s), 3.67 (2H, br s), 6.88-7.27 (9H, m).

19F NMR (470 MHz, CDCl3): § = 71.4 (1F, d, Jr r = 40 Hz), 71.8 (1F, d, Jr r = 40 Hz).
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