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Scheme 5
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12 o
. -
2 (k© CR=H @ 82
3 NCF, R’ = Me 83
13 0
4 m P/Q@ 87
Ch
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. OO o -
=CF,
2 15 0
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CF sCHons————‘—> <P< (R=CH ZCHZPh)
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83%

a) °F-NMR yield
Scheme 6
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IOV TIRFENTEL T, 2OVMMEFICOVTOHR I EL BV, T TEHERE
COFIEOBRFE L LELFI OV TORMARE 21T o 20 ThbB, RILIEBIT 5
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F28 RLICBT 2B UERORE

FTPBRIICE 5 TF P IOV D2LICPh 2, 4fLICMeEX*BATE SV 7 v ud L7
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1) "Buli (2.1 eq) cat. Pd® Cul (1 eq) R
CF3CH,OTs » | CFr= ’ > CF2=<
2) BRg(1.1eq) BR» Phi (0.9 eq) Ph
/THF r.t.,1 h 800/0
16 / THF=HMPA (4 : 1) 17a
R = —CH,CHCHgPh cat. Pd °: Pd,(dba) sCHCI3—PPh;
Scheme 7
6 I\g{le Me
Acid (2 eq)
- +
p CF» / Solv. Ph H¢ Ph“‘l'_'l"
O trans O c¢is
17a 18a
Scheme 8
Table 2
Entry Acid Solv. Conditions Yield /% trans /cis a)
1 FSO 3H -SbFs (CF3),CHOH 0°C, 10 min 85 65/ 35
2 CF3S0 H+SbF 5 0°C,1h-rt,2h 57 65/35
3 SbFs 0 °C, 10 min 62 73127
4 TiClg 0°C,1th—=rt,3h -
— reflux, 3 h
5 BF 3*OFEt 0°C,1h —=rt,3h -
— reflux, 3 h
6 FSOgH +SbF 5 CF3CH OH 0°C,2h —rt,3h 6 57 /43
— reflux, 10 h
7 FSO3H *SbF5 PHCF 3 LLOH 0°C, 10 min 38 60/ 40
8 SbF5 PhCF 9 LCOH 0°C,1h—-rt,10h 25 7517125
9 FSO3H +SbF s (CF3)3COH 0°C,1h —rt,3h 3 54/ 46
— reflux, 2 h

a) Determined by HPLC .

F M0 IC, HEIPHEE S TOBOME 2170 72 BROMH L LTk, 70 b YEREV
£ AFED1 1 BEYWTH 2 BHER(Entries 1, 2)%° )V A AB(Entries 3-5) % F V720 BEICAER
fLEUE IZ R S N TV AFSOH-SOE, 2 By L THWZE T A, 85% & PERICEE L Tldfk b
BB S 5 2 72 (Bntry 1), MOFEIEEL TH 5 CESOH-SHF,d A\ 72%%, FSOH-SbEIZ I
AT L. SRR E LT b IR b s o ToEntry o —F WA ABTH B
SbE AR Y L CHWBAITIE, VAR L THRd B\ trans/ cislt TH HT73/ 27%



5.2 72(Entry 3)e Z DDV A A E LTTIiCl,. BE-OELx AWV id & ET L2
"o 1z,

¥ 7-. Entries 6, 7, 9 CI3EE % FSO,H-SHF,IZ[EE L TIT » 2 BIEOMETHE R %R T, HFIP
CELCRERATLT7IVI—NE LTCRCHOHY Wizl 2A, PERAE CERED
M1 d R 5 N7% %o 72(Entry 6)o AKREI I E BV Ph(CF;).COHR (CFs);COH%Z FiWVT b |
CE:CH,OHD B4 & FRE IR b B R D LA R S i 225 72(Entries 7, 9)o ¥ 72
B O S CERMEICR D BV R % 5 2 72SbFs% Ph(CF),COHB B TER 3 ¥ Thz &
A, PERIIE,- 72D @@iagvf)i“l‘ééb:l%a LTEbTHidrs 8 5IICmEL, tans/cis=75
/25% 7 o 72(Bniry 8)o SHNODFER,L, WEETERECRFLRERET AL
FSO,H'SbE, 2B & LT, (CF,),CHOH%. it & L THW, LLTORE 21T 272,

Z = C. Entries 6, 9 CIZRILDET L e Do 72 72D MBI EHE TR z2iT-oTH
D, 1BHNIEREY O trans [ cis HIZIFIZ11IC R o T b, ThiE, BEE L THWL
HFIPIZ & N AMEDKIT L o T, E%b:f%th'ébi*f N 18adtEAE L. BVESH T CRKE
LA 57 BRTHLLEEZOND, T, EEPOT + Ik L, BRIESRAT T

DOEMEALEEE T o f:(Scheme 9, Table 3)

‘ Me Me Me
=| Q0| =
Py Ph Phw¢
H H
O OH O
trans cis
Conditions :  FSO 3H+*SbF 5 (1 eq)
/HFIP Scheme 9
Table 3
Temp. Time/h trans / cis®
0 70 /30
r. t. 0.25 70/30
r.t. 3 70/30
reflux 1 49 /51
reflux 2 49 /51

a) Determined by HPLC .



FORR, BRTITEELIEITL ot DD, BHREMET TEEMIL L., trans/
cis Wi lTIT1:1 & B o /2y T OFERIX, Table 2. Entries 6, 9D e 112 BELAEST U2
72, 18aliB N FHREMWIE o Iotrans [ cis L THEOLNI-Z L2 RBT L, T2 Ih

(X3 |2 Entries 13 TCILEERHOZERE D T -EROERLETHLLEEZ LN S,

Z 2T, RiT18aDtranstk & cish D BN F W LZ B ITEDE L W L 2 HER T 57290, 18

LMo RELEE D 1T o 72(Scheme 10, Tables 4, 5)o Tables 4, 5IZ7RT & 9 12, trans
D major B3 D trans / cis {RAH 5> b O FEAL K Feisth DS major iy DR A 5> b O EMAL
EW ST, WTNOBE D trans [ cistbiZ1TIZ 1L ot 2O L FBRESRHBT
DR EERRFERE, transth, cishMREAROBNZEHNLZERESRIIVELVWEN) T &

PR LTW5S,
Me Me Me
Ph™s =~ len ~ ph™y
H
0] O~ O
trans cis
Conditions : NaOMe (1 eq)
r.t. / MeOH Scheme 10
Table 4 Table 5
Time / h trans / cis® Time / h trans / cis®
0 65 /35 0 ' 20/80
1 55/45 1 48 / 51
2 56 /46 4 53/47
3 51/49 a) Determined by HPLC .

a) Determined by HPLC .
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— trans—

J=4.6Hz

PH

J=11.9Hz

18a-cis 18a-cis
AL D7z R Y ¥ Y ROELG®
TEEATERLTYS,
fig. 2 ‘

% 18a-trans TlL, Hq&H £ DA v 7)) Y FEEF U3 H2E REWZ L O THFE &
bllaxialffD 7O v THBE L, Ho LHpk O v 7)) ¥V T EBH46 He L /hS N L
2> 5 Hplequatorialfil 71 F ¥ TH B L RE L7z TDZ &id, Phlidequatorial(il, Mek
Daxialff12H 5T & RRLTBY ., transfh & g TE 72,

—%18a-cis Ti¥, Hy b Hey" & DA v 7V ¥ P EHUS transtk £ FIFRIC14.0 Hz & K& »
TEMG, axialfid T bV THBERELID, Hey b Hy & DAy 7)) ¥ 7B
fransfR L AZ B ), 119 Hzk KE WO IWCHY Zaxialu D7 b ¥ Th L ERELZ, &
D LiE, Phik, Mek b ilequatorialfi 2 O TWH I L ZRLTHEY IR TH B LR
ETE, $72. Hgb AV idHg L BEETA 70N Y EOBONOEZEHIL 2L A,
transE TIlEMeED 710 b ¥ L ORNZ, F72cish TidHy D 7’0 b ¥ & ORICERI S L7z,

DT ENS, By ) v TERICE o THE L mEEEOEEISFEND L L7,



F 72, UFICiE31bAY(18b,18¢,18e) DT EMAR D FFEO N v 7 V VB E R LT
By, Z_ne@@ﬁ%map:ﬁéo TIAMAEZREL T2,

E4E BHREOBRMEICKITTRE

RICHEADBBRERRYFEALZY 7404 L7 14 (A7a-17e)iZxF L THFIPE IR
2% B OFSOH SOFEZ 1R &, € DR K ORI BT ¥ 5% & 3 ~<72(Scheme 12,
Table 7)o BRI E 2BV 7040+ L 7 4 ¥ DABIEScheme 7 & A IC SR E CTHE
MENTFEEFVTIT o 72(Scheme 1'1)‘”0 Table 612/RT & 92, T = WVEDTIV M
CCRENERET B EH v ) ¥ 7 IETE T (Entry 3). FRICPIED L) ZERHVEDR
FETAHEETEN, FORL =Y a VLB M) TVFVET VORARVEETS -
7272 (Entry 6). BRIERBIIHB LN 572,

1) "Buli (2.1 eq) R cat. Pd® Cul (1 e R
CRLH LTS 2) BR4(1.1 eq) = | cr=c Arl (6.9 e;) T CFF(‘(
/ THF rt.,1h
/ THF-HMPA (4 : 1)
cat. Pd %: Pd»(dba) ;CHCl3—PPh;
Scheme 11
Table 6
Entry R Ar Product Yield / %

1 - CHoCHMePh 1-Naphthyl 17b 57
2 - CH>CHMePh 0-CH3CgH4 17¢ y04a)
3 - CH>CHMe Ph 0-CF3CgH4 0
4 - CH,CHMePh 0-NO oCgH4 17d 29
5 - CH2CH(Et)Ph Ph 17e 45
6 - CHCH ('Pr)Ph Ph 0

a) Heated at 50 °C.

Bo n-17a=-17el2xT LEAL G % 4T o 72(Scheme 12, Table 7)o £ D i A+

>
—

JILT
HADBHREZZEALLY 7VAO0F LT 4 VTHORFEIEHVIOT b ¥



(18a,18b,18c,18e) %15 % Z & AT & /> (Entries 1-3,5)0 T 72, & Z CEMEICL Y AR
RECKRELELEL S T EH DD o 7z (Entries 1-3,5) ThHE, R=Ph,R'=MeDBFA
trans / cist 1365 / 35 Ttransth % 855 L TH 2 722%Entry 1), R'ZMeED 5 EE VEZEIZH
Z % & trans /cistbidm b B V75 /258 %2 ) . BIREATLE L7z (Botry 2)o —4. REPhEH,
5 o-Tolyl#:(Entry 3), & U’NaphthlyZ(Entry 5)D & 9 1IZ&E { LTWL &, transfMEL D 5
CistRBERNEBAT B L Wb ol U LEOMKERE R Entries 1-3, 55 . RATER <
B2, XRDEWP/NEL R BITDNtrans /cislb A LT 2 W) HEBR O
5o CORBNPL, RSO FERRERF OB OVTOERE LT 72,

H H
FSO3H*SbF 5 (2 eq)
- +
RXCF, / (CF3)>CHOH RH"‘ R:--
trans cis
Scheme 12
Table 7
Entry R R’ acid solv. Conditions Product Yield /% trans/cis?®

1 Ph Me FSOzHSbFs (CF3),CHOH 0°C, 10 min 18a 85 65/35
2 Ph Et 0°C,10 min 18e 83 75125
3 0-CH3CgH, Me 0°C,1h-rt,1h 18¢ 65 51/49
4 o-NOCgHy; Me 0 °C,20 min 18d -
5  1-Naphhyl Me 0°C,05h—rt,3h 18b 58 35/65

—45°C,2h
6  1-Naphhyl Me FSOzHSbF5 Ph(CF;),COH 0°C,05h—rt,3h 18b trace -

’ —45°C,2h

—reflux, 3 h
7 1-Naphhyl Me SbFg (CF3),CHOH 0°C,05h—rt,3h 18b 11 45/55

—45°C,2h
8  1-Naphhyl Me TfOH,*B(OTf);~ (CF3),CHOH 0°C,1h—rt,36h 18b < 49 54/ 46

a) Determined by HPLC. b) Determined by'H-NMR.

ST AWML= MO EDL ) BB L2 ERRELZEA L717dO A ICIEBRIL

KISAHEATE 3, HFIPAS I L7z & b 2 BIEEW % 5 2 72 (Entry 4).



¥ 7ocisth % {855 L C5- 2 7217b(Entry 5)(2 B L TI3%& 4 445 %47 o 72 (Entries

6-8)o §abbL., B M b &R L THEEICER VWPh(CF),COHT AW/275, BEY
TH A7 b ITERELMES s h o 72(Entry 6)o Table 2T:EINMEICER D BWHER L 5
2 7:SbEs® TfOH,'B(OT), V72547 . IR ERIREC B ERR O e b o7
(Entries 7,8)0 F 72, T ZTHH2HTHRAMIC, 18bOMEMEEDOMANFHLEN 2R
RB7ZHIC, HEESEHET (NaOMe /MeOH) TORUAEREYIT o7z, ZORKER, ER
1 B¢l Ctrans /cistb 138 /922550 /508 2 ) . ZORENMI hholze SO ENL,
18b DM REAEDES) FHIZ B DFE L W LD h o7z,

558 ABRREORIREOESE

transff, cisEDONVAEEZPRELTWLDIZ, FNFNOEZEAT7a,17b,17e)DF L 7 1 ¥~
I L CHOIICRIA T NA—Ya vOFETHY), L7 4V FEOEAPSED
L, HECETEILRIIPPEL LD, ZNEFNOEEZICE, COTT MR-V s
VR ARIOMEINEE & LT, allylic strain (K A#) 2EREL/I200KERZD VT
FA=TavhPEILNLHg 3o TDEHIBRIAVI A AT arpPbOTO AV

VR AREORAP S BREL RIS LIk 5,

17e 17a 17b
Fa Ph Fa Np ) N Fa
H Et Me Me
H H H H
Ph A Ph A Ph B
v' \ l ‘v
trans trans / cis trans cis
75: 25 65: 35 35: 65

fig. 3



fig. 3ICR L7230 DFEE T, transth 2 | BE L TH 2 17e b cish 2 BEL TH 2. 72
17RO E T VAL EW1TaTH 5, ETIVALEW1Tar TRALIC X o Tlransth 2B L T5
1Bz RREBEICEZDLE, ROLHICHEBRTE DL, bbb, 17eDBHECEE L Bt
EDNHRFEDNCREEMeE EDIAERFEL DO RELL Lo TAD IV T4+ A~ 5 VIS
BT B, TNIZXTLTI7bTiL, PhEMSNpED L) ICERELABH T LITL D, NpFEL
MeZk & DVAERFENCRELMe B DVAERELD O KEL D, BOI Y T4 X —
Vs VBB Be S0 L3 ICADDVIEB R bBILKIG AT 5 = £ T, 17 b it
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1,1-difluoro-4-phenyl-1-butene (14). (TK086)

Butyllithium (7.00 mL, 1.50 M in hexane, 10.5 mmol) was added to a solution of 2,2,2-
trifluoroethyl p-toluenesulfonate (CF,CH,OTs, 127 g, 5.00 mmol) in tetrahydrofuran (THF, 25 mL)
at —78 °C over 10 min under a nitrogen atmosphere. The reaction mixture was stirred for 30 min at
—78 °C, and then trialkylborane was added at —78 °C over 15 min. After being stirred for 1 h, the
reaction mixture was warmed up to room temperature and stirred for an additional 3 h
(Trialkylborane was prepared as below: Borone-THF complex (6.10 mL, 0.98 M in THF, 6.00
mmol) was added to a solution of styrene (1.89 mL, 16.5 mmol) in THF (3.2 mL) at 0 °C, and the
mixture was stirred for 2.5 h at room temperature.). The vinylborane solution thus obtained was
cooled to 0 °C and treated with hexamethyl-phosphoric triamide (HMPA, 8.5 mL) and cuprous
iodide (1.90 g, 10.0 mmol). After the mixture had been stirred for 0.5 h at room temperature, the
reaction was quenched with phosphate buffer (pH 7). The mixture was filtered, and then organic
materials were extracted with diethyl ether (Et,O) three times. The combined extracts were washed
with brine and dried over Na,SO,. After removal of the solvent under reduced pressure, the residue
was purified by column chromatography on silica gel (pentane) to give 14 (315 mg, 1.88 mmol,

38%) as a colorless liquid.

IR (neat) 3026, 2926, 1736, 1603, 1493, 1450, 1375, 1028, 760, 700 cm-L.

1H NMR (500 MHz, CDCI3) § 2.29 (2H, dtdd, J = 7.6, 7.6, 1.5, 1.5 Hz), 2.68 (2H, t, J = 7.6 Hz),
4.15 (1H, dtd, J = 25.3, 7.6, 2.4 Hz), 7.16-7.22 (3H, m), 7.29 (2H, t,J = 7.6 Hz).

13C NMR (126 MHz, CDC13) § 24.1 (d, J, = 4 Hz), 35.7 (d,J_, = 2 Hz), 77.3 (dd, J_, = 22, 22

Hz), 126.1, 128.4, 128.4, 141.0, 156.3 (dd, J = 287, 287 Hz).

19F NMR (470 MHz, CDCJ, / C¢F,) 70.7 (1F, ddd, Ji = 47 Hz, Jo = 23, 2 Hz), 72.7 (AF, d, Joz =
46 Hz) ppm.

MS (70 eV) m / z (rel intensity) 168 (Mt ; 22), 91 (100).

HRMS calcd for C1gH10F2 168.0751 (M*); found 168.0747.



1,1-difluoro-5-phenyl-1-pentene (15). (HJ864)

Butyllithium (6.40 mL, 1.69 M in hexane, 10.8 mmol) was added to a solution of 2,2,2-
trifluoroethyl p-toluenesulfonate (CF,CH,OTs, 1.31 g, 5.15 mmol) in tetrahydrofuran (THF, 24 mL)
at —78 °C over 10 min under a nitrogen atmosphere. The reaction mixture was stirred for 30 min at
-78 °C, and then trialkylborane was added at —78 °C over 15 min. After being stirred for 1 h, the
reaction mixture was warmed up to room temperature and stirred for an additional 3 h
(Trialkylborane was prepared as below: Borone-THF complex (5.70 mL, 1.00 M in THF, 5.70
mmol) was added to a solution of allylbenzene (2.01 g, 17.0 mmol) in THF (5.0 mL) at 0 °C, and
the mixture was stirred for 2 h at room temperature.). The vinylborane solution thus obtained was
cooled to 0 °C and treated with hexamethyl-phosphoric triamide (HMPA, 6 mL) and cuprous iodide
(1.96 mg, 10.3 mmol). After the mixture had been stirred for 12 h at room temperature, the reaction
was quenched with phosphate buffer (pH 7). The mixture was filtered, and then organic materials
were extracted with diethyl ether (Et,O) three times. The combined extracts were washed with brine
and dried over Na,SO,. After removal of the solvent under reduced pressure, the residue was
purified by column chromatography on silica gel (pentane) to give 15 (777 mg, 4.29 mmol, 83%) as

a colorless liquid.

IR (neat) 3030, 2939, 1747, 1603, 1497, 1454, 1308, 1228, 1030, 899, 698 cm-1,
1H NMR (500 MHz, CDCl3) & 1.70 (2H, tt, J = 7.6, 7.6 Hz), 2.01 (2H, dtdd, J = 7.6, 7.6, 1.5, 1.5

Hz),2.62 2H, t,J = 7.6 Hz), 4.15 (1H, dtd, J = 25.6, 7.6, 2.4 Hz), 7.15-7.21 (3H, m), 7.28 2H, t, J
=17.6 Hz).

13C NMR (126 MHz, CDCI3) § 21.8 (d, J_, = 4 Hz), 31.2 (dd, J_, = 3, 3 Hz), 35.2, 77.7 (dd, J

22,22 Hz), 125.9, 128.4, 128.4, 141.9, 156.4 (dd, J= = 287, 287 Hz).

19 NMR (476 MHz, CDCl, / CFs) 70.3 (1F, ddt, J& = 48 Hz, Jm = 26, 2 Hz), 72.6 (1F, dd, Jiz =
48 Hz, Je; = 2 Hz) ppm.

MS (70 eV) m / z (rel intensity) 182 (Mt ; 83), 117 (41), 105 (36), 91 (100).

HRMS calcd for C11H12F2 182.0907 (M); found 182.0917.
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1,1-difluoro-2,4-diphenyl-1-butene (13). (TK209)

Butyllithium (1.40 mL, 1.51 M in hexane, 2.10 mmol) was added to a solution of 2,2,2-
trifluoroethyl p-toluenesulfonate (CF,CH,OTs, 254 mg, 1.00 mmol) in tetrahydrofuran (THF, 5 mL)
at —78 °C over 10 min under a nitrogen atmosphere. The reaction mixture was stirred for 30 min at
—78 °C, and then trialkylborane was added at —78 °C over 15 min. After being stirred for 1 h, the
reaction mixture was warmed up to room temperature and stirred for an additional 3 h
(Trialkylborane was prepared as below: Borone-THF complex (1.20 mL, 0.92 M in THF, 1.1
mmol) was added to a solution of styrene (0.38 mL, 3.3 mmol) in THF (1.2 mL) at 0 °C, and the
mixture was stirred for 2 h at room temperature.). The vinylborane solution thus obtained was
cooled to 0 °C and treated with hexamethyl-phosphoric triamide (HMPA, 1.3 mL),
triphenylphosphine (21 mg, 0.08 mmol), and tris(dibenzylideneacetonyl)bispalladiﬁm-chlorofonn
(1/1) (sz(dba)3-CHC13, 21 mg, 0.02 mmol) and stirred for 10 min. To the resulting solution was
added iodobenzene (0.10 mL, 0.90 mmol) and cuprous iodide (190 mg, 1.0 mmol). After the
mixture had been stirred for 1 h at room temperature, the reaction was quenched with phosphate
buffer (pH 7). The mixture was filtered, and then organic materials were extracted with ethyl
acetate (AcOE?t) three times. The combined extracts were washed with brine and dried over Na,SO,.
After removal of the solvent under reduced pressure, the residue was purified by thin layer
chromatography on silica gel (hexane—ethyl acetate 10:1) to give 13 (96 mg, 0.39 mmol, 43%) as a

colorless liquid.

IR (neat) 3062, 2927, 1736, 1497, 1458, 1232, 1120, 1018, 764, 696 cm-L.

1H NMR (500 MHz, CDCI3) § 2.62-2.73 (4H, m), 7.13 2H, d, J = 7.3 Hz), 7.19 (2H, t, J = 7.3
Hz), 7.24-7.34 (4H, m), 7.37 (2H, t, J = 7.3 Ha).

13C NMR (126 MHz, CDCI3) 8 29.7, 34.0 (dd, J_, = 3, 3 Hz), 91.8 (dd, J_, = 22, 3 Hz), 126.1,

127.3, 128.3 (dd, Joz = 3, 3 Hz), 128.4, 128.4, 128.7, 133.5 (t, Jz = 4 Hz), 141.0, 153.7 (dd, Jr =
291, 291 Hz).



I9F NMR (470 MHz, CDCl, / CF,) 70.2 (1F, d, Js = 42 Hz), 70.6 (1F, dd, Jiz = 42 Hz, Jsy = 3 Hz)

ppm.
MS (70 eV) m / z (rel intensity) 244 (Mt ; 68), 166 (16), 91 (100).

HRMS calcd for C1gH14F2 244.1063 (M*); found 244.1063.

1,1-difluoro-2,4-diphenyl-1-pentene (17a). (TK037)

Butyllithium (6.50 mL, 1.61 M in hexane, 10.5 mmol) was added to a solution of 2,2,2-
trifluoroethyl p-toluenesulfonate (CF,CH,OTs, 1.27 g, 5.00 mmol) in tetrahydrofuran (THF, 25 mL)
at —78 °C over 10 min under a nitrogen atmosphere. The reaction mixture was stirred for 30 min at
—78 °C, and then trialkylborane was added at —78 °C over 15 min. After being stirred for 1 h, the
reaction mixture was warmed up to room temperature and stirred for an additional 3 h
(Trialkylborane was prepared as below: Borone-THF complex (6.12 mL, 0.98 M in THF, 6.0
mmol) was added to a solution of a-methylstyrene (2.15 mL, 16.5 mmol) in THF (6.6 mL) at 0 °C,
and the mixture was stirred for 3 h at room temperature.). The vinylborane solution thus obtained
was cooled to 0 °C and treated with hexamethyl-phosphoric triamide (HMPA, 6.3 mL),
triphenylphosphine (106 mg, 0.40 mmol), and tris(dibenzylideneacetonyl)bispalladium-chloroform
(1/1) (Pd(dba),*CHCl;, 104 mg, 0.10 mmol) and stirred for 10 min. To the resulting solution was
added iodobenzene (0.50 mL, 4.5 mmol) and cuprous iodide (955 mg, 5.0 mmol). After the mixture
had been stirred for 1 h at room temperature, the reaction was quenched with phosphate buffer (pH
7). The mixture was filtered, and then organic materials were extracted with ethyl acetate (AcOEt)
three times. The combined extracts were washed with brine and dried over Na,SO,. After removal
of the solvent under reduced pressure, the residue was purified by column chromatography on silica

gel (hexane) to give 15a (925 mg, 3.58 mmol, 80%) as a colorless liquid.

IR (neat) 2960, 1735, 1490, 1450, 1240, 1125, 960, 760, 700 cm-1.
IH NMR (500 MHz, CDCI3) § 1.23 (3H, d, J = 6.4 Hz), 2.58-2.72 (3H, m), 7.12 (2H, d, J = 7.1

Hz), 7.18 (1H, tt, J = 7.3, 1.2 Hz), 7.22-7.29 (5H, m), 7.35 2H, t, J/ = 7.5 Hz).



13C NMR (126 MHz, CDCl3) 8 21.1, 36.3, 37.7 (dd, J_, = 3 Hz), 91.3 (dd, J_, = 22, 14 Hz), 126.2,

126.9, 127.3, 128.3, 128.4, 128.4, 133.5 (dd, Jor = 4 Hz), 146.2, 154.1 (dd, Jox = 290, 287 Hz).
19F NMR (470 MHz, CDCl, / CsFy) 70.0 (1F, d, Ji = 43 Hz), 70.5 (1F, d, Ja = 43 Hz) ppm.

MS (70 eV) m / z (rel intensity) 258 (M* ; 51), 180 (42), 107 (100), 81 (42).

HRMS calcd for C17H16F2 258.1220 (M1); found 258.1190.

S
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1, 1-difluoroe-2, 4-diphenyl-1-hexene (17e). (TK112)
Butyllithium (4.30 mL, 1.39 M in hexane, 5.96 mmol) was added to a solution of 2,2,2-

trifluoroethyl p-toluenesulfonate (CF,CH,OTs, 722mg, 2.84 mmol) in tetrahydrofuran (THF, 14

mL) at —78 °C over 10 min under a nitrogen atmosphere. The reaction mixture was stirred for 30

min at —78 °C, and then trialkylborane was added at —78 °C over 15 min. After being stirred for 1 h,

the reaction mixture was warmed up to room temperature and stirred for an additional 3 h

(Trialkylborane' was prepared as below: Borone-THF complex (3.5 mL, 0.98 M in THF, 3.4
mmol) was added to a solution of 2-phenyl-1-butene (1.24g, 9.4 mmol) in THF (3.4 mL) at 0 °C,
and the mixture was stirred for 5 h at room temperature.). The vinylborane solution thus obtained
was cooled to 0 °C and treated with hexamethyl-phosphoric triamide (HMPA, 4.4 mL),
triphenylphosphine (60.0 mg, 0.23 mmol), and tris(dibenzylideneacetonyl)bispalladium-chioroform
(1/1) (Pd,(dba),*CHCl,, 59.0 mg, 0.057 mmol) and stirred for 10 min. To the resulting solution was
added iodobenzene (0.29 mL, 2.56 mmol) and cuprous iodide (541 mg, 2.84 mmol). After the
mixture had been stirred for 1 h at room temperature, the reaction was quenched with phosphate
buffer (pH 7). The mixture was filtered, and then organic materials were extracted with ethyl
acetate (AcOEt) three times. The combined extracts were washed with brine and dried over Na,SO.,.
After removal of the solvent under reduced pressure, the residue was purified by thin layer
chromatography on silica gel (hexane—ethyl acetate 10:1) to give 17e (310 mg, 1.14 mmol, 45%) as

a colorless liquid.

IR (neat) 3062, 2962, 1736, 1495, 1452, 1236, 1124, 1072, 758, 698 cm-1.



1H NMR (500 MHz, CDCI3) & 0.70 (3H, t, J = 7.3 Hz), 1.58 (1H, ddq, J = 16.8, 9.5, 7.3 Hz), 1.70

(1H, dqd, J = 16.8, 7.3, 5.2 Hz), 2.40 (1H, dddd, J = 9.5, 8.2, 7.0, 5.2 Hz), 2.65 (1H, dddd, J = 14 4,
8.2Hz, Jiz =24, 1.2 Hz), 2.71 (1H, dddd, J = 14.4, 7.0 Hz, Jz = 2.7, 2.7 Hz), 7.03 (2H, d, J = 7.0
Hz), 7.18 (3H, dd, J = 7.0, 1.5 Hz), 7.21-7.28 (3H, m), 7.33 (2H, t, J = 7.3 Hz).

13C NMR (126 MHz, CDCl3) § 12.0, 28.6, 34.7, 45.4 (d, J, = 2 Hz), 91.2 (dd, J, = 22, 13 Ha),

126.2, 127.2, 127.3, 128.2, 128.4, 128.4 (dd, Jor = 3, 3 Hz), 133.6 (dd, Jor = 4, 4 Hz), 144.1, 153.9
(dd, Jee = 290, 290 Hz).

19F NMR (470 MHz, CDCL, / C;F,) 69.7 (IF, d, Je = 43 Hz), 70.4 (IF, d, Ji = 43 Hz) ppm.
MS (70 eV) m/ z (rel intensity) 272 (M+ ; 42), 119 (91), 91 (100).

HRMS calcd for C1gH18F2 272.1376 (M™); found 272.1361.

N
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1, 1-difluoro-4-phenyl-2-o-tolyl-1-pentene (17¢). (TK116)

Butyllithium (4.20 mL, 1.50 M in hexane, 6.30 mmol) was added to a solution of 2,2,2-
trifluoroethyl p-toluenesulfonate (CF,CH,OTs, 763 g, 3.00 mmol) in tetrahydrofuran (THF, 15 mL)
at —78 °C over 10 min under a nitrogen atmosphere. The reaction mixture was stirred for 30 min at
—78 °C, and then trialkylborane was added at —78 °C over 15 min. After being stirred for 1 h, the
reaction mixture was warmed up to room temperature and stirred for an additional 3 h
(Trialkylborane was prepared as below: Borone-THF complex (3.70 mL, 0.98 M in THF, 3.6
mmol) was added to a solution of a-methylstyrene (1.29 mL, 9.9 mmol) in THF (3.6 mL) at 0 °C,
and the mixture was stirred for 3 h at room temperature.). The vinylborane solution thus obtained
was cooled to 0 °C and treated with hexamethyl-phosphoric triamide (HMPA, 4.7 mL),
triphenylphosphine (63 mg, 0.24 mmol), and tris(dibenzylideneacetonyl)bispalladium-chloroform
(1/1) (Pd,(dba);»CHCl,, 62 mg, 0.06 mmol) and stirred for 10 min. To the resulting solution was
added o-iodotoluene (0.34 mL, 2.7 mmol) and cuprous iodide (571 mg, 3.0 minol). After the
mixture had been stirred for 1 h at 50 °C, the reaction was quenched with phosphate buffer (pH 7).

The mixture was filtered, and then organic materials were extracted with ethyl acetate (AcOEt)



three times. The combined extracts were washed with brine and dried over Na,SO,. After removal
of the solvent under reduced pressure, the residue was purified by column chromatography on silica

gel (hexane) to give 17¢ (198 mg, 0.73 mmol, 27%) as a colorless liquid.

IR (neat) 3062, 2962, 1738, 1495, 1452, 1238, 1119, 950, 760, 700 cm-1.

1H NMR (500 MHz, CDC13) § 1.25 (3H, d, J = 6.7 Hz), 2.12 (3H, s), 2.53-2.71 (3H, m), 7.03 (1H,
d,/=7.6Hz),7.11 (2H, dd, J = 7.0, 1.2 Hz), 7.13-7.23 (4H, m), 7.23-7.29 (2H, m).

13C NMR (126 MHz, CDCI3) & 19.4, 22.3, 36.9, 37.6 (dd, J..=4,4Hz),90.0 (dd,J_ =22, 18

Hz), 125.6, 126.2, 127.0, 127.7, 128.4, 129.6, 130.4, 132.9 (dd, J= =5, 5 Hz), 136.9, 146.4, 153.1
(dd, J = 287, 289 Hz).

19F NMR (470 MHz, CDCl, / CiFy) 68.2 (1F, d, Jo = 43 Hz), 72.7 (1F, d, Jo = 43 Hz) ppm.
MS (70 eV) m / z (rel intensity) 272 (M*; 8), 105 (100), 57 (14).

HRMS calcd for C1gH18F2 272.1377 (M*); found 272.1370.

1, 1-difluoro-2-Naphthyl-4-phenyl-1-pentene (17a). (TK097)

Butyllithium (7.60 mL, 1.39 M in hexane, 10.5 mmol) was added to a solution of 2,2,2-

trifluoroethyl p-toluenesulfonate (CF,CH,OTs, 1.27 g, 5.00 mmol) in tetrahydrofuran (THF, 25 mL)
at —78 °C over 10 min under a nitrogen atmosphere. The reaction mixture was stirred for 30 min at
—78 °C, and then trialkylborane was added at —78 °C over 15 min. After being stirred for 1 h, the
reaction mixture was warmed up to room temperature and stirred for an additional 3 h
(Trialkylborane was prepared as below: Borone-THF complex (6.12 mL, 0.98 M in THF, 6.0
mmol) was added to a solution of o-methylstyrene (2.15 mL, 16.5 mmol) in THF (6.6 mL) at 0 °C,
and the mixture was stirred for 3 h at room temperature.). The vinylborane solution thus obtained
was cooled to 0 °C and treated with hexamethyl-phosphoric triamide (HMPA, 6.3 mL),
triphenylphosphine (106 mg, 0.40 mmol), and tris(dibenzylideneacetonyl)bispalladium-chloroform



(1/1) (Pd(dba),»CHCl;, 104 mg, 0.10 mmol) and stirred for 10 min. To the resulting solution was
added 1-iodonaphthalene (0.66 mL, 4.5 mmol) and cuprous iodide (955 mg, 5.0 mmol). After the
mixture had been stirred for 1 h at room temperature, the reaction was quenched with phosphate
buffer (pH 7). The mixture was filtered, and then organic materials were extracted with ethyl
acetate (AcOEt) three times. The combined extracts were washed with brine and dried over Na,SO,.
After removal of the solvent under reduced pressure, the residue was purified by column

chromatography on silica gel (hexane) to give 17b (791 mg, 2.57 mmol, 57%) as a colorless liquid.

IR (neat) 3061, 2962, 1738, 1495, 1452, 1240, 802, 777, 700 cm-1.
1H NMR (500 MHz, CDCI3) § 1.26 (3H, br. d, J = 7.0 Hz), 2.58-2.95 (3H, m), 7.01-7.32 (7H, m),

7.38-7.52 2H, m), 7.43 (1H, dd, J = 8.2, 7.0 Hz), 7.81 (1H, d, /=82 Hz ), 7.86 (1H, d, J = 7.9
Hz).

13C NMR (126 MHz, CDCI3) § 21.2, 37.6, 38.0, 89.2 (dd, J_, = 22, 18 Hz), 125.1, 125.2, 125.9,

126.2, 127.1, 127.3, 128.3, 128.3, 128.5, 131.2, 131.2, 131.5, 133.8, 146.2, 153.8 (dd, J = 289,
287 Hz).

19F NMR (470 MHz, CDCL, / C:F,) 69.6 (1F, d, Jsx = 38 Hz), 73.7 (1F, d, Jux = 41 Hz) ppm.
MS (70 eV) m / z (rel intensity) 308 (MT ; 28), 105 (100).

HRMS calcd for Cp1H18F2 308.1376 (MT); found 308.1359.

1-Fluoro-2,4-diphenyl-1-pentene (23). (TK169)
Red-Al (0.80 mL, 3.40 M in toluene, 2.69 mmol) was added to a solution of 1,1-difluoro-2,4-

diphenyl-1-pentene (424 mg, 1.64 mmol) in toluene (6.5 mL) at room temperature over 10 min
under a nitrogen atmosphere. After the mixture had been stirred for 5 h at room temperature, the
reaction mixture was poured into ice-water and acidified with conc. hydrochloric acid. The mixture -
was filtered, and then organic materials were extracted with hexane three times. The combined

extracts were washed with brine and dried over Na,SO,. After removal of the solvent under reduced



pressure, the residue was purified by thin layer chromatography on silica gel (hexane) to give E-1-
fluoro-2,4-diphenyl-1-pentene as a colorless liquid (290 mg, 1.21 mmol, 74%) and Z-1-fluoro-2,4-
diphenyl-1-pentene as a colorless liquid (70 mg, 0.29 mmol, 18%).

E-1-Fluoro-2,4-diphenyl-1-pentene
IR (neat) 3061, 2962, 1664, 1601, 1493, 1452, 1122, 982, 758, 698 cm-1.
1H NMR (500 MHz, CDCI3) & 1.22 (3H, d, J = 6.7 Hz), 2.70-2.87 (3H, m), 6.73 (1H,d,J =858

Hz), 7.15 2H, d, J = 7.0 Hz), 7.18 (1H, dt, J = 7.3, 1.8 Hz), 7.22 (2H, dt, J = 7.9, 1.8 Hz), 7.25
(2H, d,J =7.6 Hz), 7.27-7.35 (3H, m).

13C NMR (126 MHz, CDCl3) § 21.1, 35.1, 37.6 (d, J_, = 2 Hz), 123.8 (d, J_, = 9 Hz), 126.0,

126.9, 126.9 (d, Jor = 3 Hz), 127.4, 128.2, 128.6, 136.3 (d, Joz = 9 Hz), 146.4 (d, Jo= = 261 Hz),
146.6.

19F NMR (470 MHz, CDCL, / C4Fq) 32.1 (IF, d, Je = 85 Hz) ppm.
MS (70 eV) m / z (rel intensity) 240 (M* ; 100), 220 (46), 105 (57).

HRMS calcd for C17H17F1 240.1314 (M™); found 240.1332.

Z-1-Fluoro-2,4-diphenyl-1-pentene
IR (neat) 3059, 2960, 1662, 1603, 1495, 1452, 1119, 1074, 762, 698 cm-1.
IH NMR (500 MHz, CDCI3) & 1.19 (3H, d, J = 7.0 Hz), 2.40 (1H, dddd, J = 14.1, 7.9, 0.6, Jow =

0.6 Hz), 2.56-2.61 (1H, m), 2.68 (1H, ddq, J = 7.0, 7.0, 7.0 Hz), 6.36 (1H, d, J = 84.5 Hz), 7.08
(H, d,J =7.0 Hz), 7.18 (1H, tt, J = 7.3, 1.2 Hz), 7.24-7.29 (3H, m), 7.36 (4H, d, J = 4.3 Hz).

13C NMR (126 MHz, CDCI3) 8 21.0, 37.3 (d, J_, = 3 Hz), 39.3 (d, J_, = 5 Hz), 1208, 126.1,

126.9, 127.4, 128.3, 128.3, 128.3, 134.5, 144.7 (d, Joz = 264 Hz), 146.5.
19F NMR (470 MHz, CDCL, / C¢Fy) 31.1 (1F, dt, Ju = 84, 3 Hz) ppm.

MS (70 eV) m / z (rel intensity) 240 (M ; 100), 220 (19), 105 (58).

HRMS calcd for C17H17F1 240.1314 (M); found 240.1302.



O

2,4-Diphenyl-1-pentene (24). (TK182, 183)

Metyllithium (18.2 mL, 1.10 M in hexane, 20.0 mmol) was added to a suspension of cuprous
iodide ( 1.90 g, 10.0 mmol) in diethylether (Et,O, 20 mL) at —15 °C over 10 min under a nitrogen
atmosphere. The reaction mixture was stirred for 30 min at —15 °C, and then chalcone in
diethylether (2mL) was added at —15 °C over 10 min. After being stirred for 10 min, the reaction
mixture was quenched with phosphate buffer (pH 7). The mixture was filtered, and then organic
materials were extracted with ethyl acetate (AcOEt) three times. The combined extracts were
washed with brine and dried over Na,SO,. After removal of the solvent under reduced pressure, the
residue was purified by recrystallization from ethanol to give 1,3-diphenylbutane-1-one (1.15 g,
5.10 mmol, 50%) as a white solid.

Next, Butyllithium (1.20 mL, 1.49 M in hexane, 1.83 mmol) was added to a suspension of
Methyltriphenylphosphonium iodide (PPh,"-CH,I', 738 m g, 1.83 mmol) in tetrahydrofuran (THF,
9.2 mL) at 0 °C over 10 min under a nitrogen atmosphere. The reaction mixture was stirred for 1 h
at 0 °C, and then 1,3-diphenylbutane-1-one (1.15 g, 5.10 mmol) in tetrahydrofuran (THF, 1.0 mL)
was added at O °C over 15 min. After being stirred for 10 h at room temperature, the reaction was
quenched with phosphate buffer (pH 7). The mixture was filtered, and then organic materials were
extracted with ethyl acetate (AcOEt) three times. The combined extracts were washed with brine
and dried over Na,SO,. After removal of the solvent under reduced pressure, the remaining solid
was washed with hexanes and the new solution was evapolated again to have oil. This oil was

purified by column chromatography on silica gel (hexane) to give 24 (208 mg, 0.94 mmol, 64%) as

a colorless liquid.

IR (neat) 3026, 2960, 1628, 1601, 1493, 1452, 899, 777, 698 cm-1,
1H NMR (500 MHz, CDCI3) 8 1.21 (3H, d,J = 7.0 Hz), 2.66 (1H, dd, J = 13.4, 7.9 Hz), 2.80 (1H,

ddq,J=7.0,7.0, 7.0 Hz), 2.87 (1H, dd, J = 13.4, 6.4 Hz), 4.96 (1H, s), 5.21 (1H, s), 7.12-7.19 (3H,
m), 7.27 (2H, t, J = 7.6 Hz), 7.27 (1H, t,J = 7.6 Hz), 7.33 2H, t,J = 7.6 Hz), 7.37 2H, d, J = 7.6
Hz).

13C NMR (126 MHz, CDCI3) § 21.2, 37.8, 44.6, 114.3, 125.9, 126.4, 126.9, 127.3, 128.3, 128.3,



141.4, 147.0, 147.2.
MS (70 eV) m / z (rel intensity) 222 (M*; 16), 115 (56), 105 (100), 91 (83), 77(83).

HRMS calcd for C17H1g8 222.1408 (M); found 222.1388.



"B

2-Butyl-1-indanone (HJ655)

2-Butyl-1,1-difluoro-3-phenyl-1-propene (37 mg, 0.175 mmol) in 1,1,1,3,3,3-hexaﬂuoro-2-
propanol (HFIP, 1 ml) was added to a solution of fluorosulfuric acid-antimony pentafluoride(1/1)
(117 mg, 0.37 mmol) in HFIP (2 ml) at 0 °C under a nitrogen atmosphere. After the mixture had
been stirred for 10 min at 0 °C, phosphate buffer (pH 7) was added to quench the reaction. Organic
materials were extracted with dichloromethane three times. The combined extracts were washed

with brine and dried over NapS0O4. After removal of the solvent under reduced pressure, the

residue was purified by thin layer chromatography on silica gel (hexane—ethyl acetate 20:1) to give

2-butyl-1-indanone (24 mg, 0.126 mmol, 72%) as a colorless liquid.
IR (neat) 2925, 1710, 1470, 750 cm-1.

1H NMR (500 MHz, CDCI3) & 0.91 (3H, t, J = 7.2 Hz), 1.30-1.49 (5H, m), 1.92-2.00 (1H, m),

2.60-2.66 (1H, m), 2.80 (1H,dd J = 17.1, 3.7 Hz), 3.31 (1H, dd, J = 17.1, 7.9 Hz), 7.34 (1H, t, J =
7.6 Hz), 7.44 (1H, dd, J = 7.6, 0.8 Hz), 7.56 (1H, td, J = 7.6, 1.1 Hz), 7.74 (1H, d, J = 7.6 Hz).

13C NMR (126 MHz, CDCl3) 8 14.0, 22.7, 29.6, 31.2, 32.9, 47.5, 123.8, 126.6, 127.3, 134.6,

136.9, 153.8, 209.1.
MS (70 eV) m / z 188 (M), 145, 132 (base peak), 115, 103, 91, 77.
HRMS calcd for C13H160 188.1201 (MT); found 188.1213.

Anal. calcd for C13H160: C, 82.94; H,8.57. found: C, 82.64; H, 8.53.




3,4-Dihydro-1(2H)-naphthalenone (c-tetralone) (HJ871)

1,1-Difluoro-4-phenyl-1-butene (62 mg, 0.37 mmol) in 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP, 1
ml) was added to a solution of fluorosulfuric acid-antimony pentafluoride(1/1) (237 mg, 0.75
mmol) in HFIP (2 ml) at O °C under a nitrogen atmosphere. After the mixture had been stirred for
10 min at 0 °C, phosphate buffer (pH 7) was added to quench the reaction. Organic materials were
extracted with dichloromethane three times. The combined extracts were washed with brine and
dried over NapSO4. After removal of the solvent under reduced pressure, the residue was purified
by thin layer chromatography on silica gel (hexane—ethyl acetate 5:1) to give 3,4-Dihydro-1(2H)-
naphthalenone (44 mg, 0.30 mmol, 82%) as a colorless liquid.

IR (neat) 3066, 2945, 1686, 1601, 1454, 1325, 1286, 1227, 1026, 764 cm-1,
1H NMR (500 MHz, CDCI3) § 2.15 (2H, tt, J = 6.4, 6.4 Hz), 2.66 (2H, tJ = 6.1 Hz), 2.97 (2H, t,

J=6.1Hz),7.25(1H,d,J =79 Hz), 7.31 (1H, dd, J = 7.9,7.3Hz),7.47 (1H,ddd,J=7.3,7.3,1.2
Hz),8.04 (1H, dd,J =7.9, 0.9 Hz).

13C NMR (126 MHz, CDCI3) & 23.3, 29.7, 39.2, 126.6, 127.2, 128.8, 132.6, 133.4, 144.5, 198 4.

MS (70 eV) m/ z (rel intensity) 146 (Mt ; 97), 118 (100), 90 (96).

3,4-Dihydro-4-methyl-1(2H)-naphthalenone (HJ 825)

1,1-Difluoro-4-phenyl-1-pentene (52 mg, 0.28 mmol) in 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP,
1 ml) was added to a solution of fluorosulfuric acid-antimony pentaﬂuoride(l/l) (180 mg, 0.57
mmol) in HFIP (2 ml) at O °C under a nitrogen atmosphere. After the mixture had been stirred for
10 min at 0 °C, phosphate buffer (pH 7) was added to quench the reaction. Organic materials were
extracted with dichloromethane three times. The combined extracts were washed with brine and

dried over NapSQO4. After removal of the solvent under reduced pressure, the residue was purified

by tthin layer chromatography on silica gel (hexane—ethyl acetate 5:1) to give 3,4-Dihydro-4-



methyl-1(2H)-naphthalenone (38 mg, 0.24 mmol, 83%) as a colorless liquid.
IR (neat) 2970, 1690, 1600, 1460, 1335, 1290, 1195, 1010, 770 cm-1.
1H NMR (500 MHz, CDCI3) & 1.40 (3H, t, J = 7.0 Hz), 1.85-1.95 (1H, m), 2.20-2.28 (1H, m),

2.59 (1H, ddd, J = 17.4, 8.6, 4.5 Hz), 2.79 (1H, ddd, J = 17.4, 8.5, 4.4 Hz), 3.05-3.13 (1H, m), 7.30
(1H,t,J=7.9 Hz), 7.32 (1H, d, J = 7.9 Hz), 7.50 (1H, td, J = 7.9, 1.5 Hz), 8.03 (1H, dd, / = 7.9,
1.5 Hz).

13C NMR (126 MHz, CDCI3) & 20.7, 30.5, 32.8, 36.3, 126.5, 127.2, 127.4, 131.8, 133.6, 148.9,

198.4.
MS (70 eV) m/z (rel intensity) 160 (M¥*; 100), 145 (69), 132 (74), 118 (62), 104 (64).

3,4-Dihydro-2-phenyl-1(2H)-naphthalenone (HJ889)

1,1-Difluoro-2,4-diphenyl-1-butene (40 mg, 0.164 mmol) in 1,1,1,3,3,3-hexafluoro-2-propanol
(HFIP, 1 ml) was added to a solution of fluorosulfuric acid-antimony pentafluoride(1/1) (138 mg,
0.44 mmol) in HFIP (2 ml) at 0 °C under a nitrogen atmosphere. After the mixture had been stirred
for 10 min at O °C, phosphate buffer (pH 7) was added to quench the reaction. Organic materials
were extracted with dichloromethane three times. The combined extracts were washed with brine

and dried over NapSO4. After removal of the solvent under reduced pressure, the residue was

purified by thin layer chromatography on silica gel (hexane—ethyl acetate 10:1) to give 3,4-
Dihydro-2-phenyl-1(2H)-naphthalenone (32 mg, 0.142 mmol, 87%) as a colorless solid.

IR (KBr Disk) 3050, 1680, 1600, 1460, 1230, 765, 740, 700 cm-1,
IH NMR (500 MHz, CDCI3) § 2.40-2.47 (2H, m), 3.05 (1H, ddd, J = 16.7, 4.7, 4.7 Hz), 3.12 (1H,

ddd, J = 16.7, 7.9, 7.9 Hz), 3.80 (1H, dd, J = 8.9, 6.7 Hz), 7.19 (2H, d, J = 7.0 Hz), 7.26-7.30 (2H,
m), 7.34 (3H, t, J = 7.5 Hz), 7.50 (1H, td, J = 7.5, 1.2 Hz), 8.10 (1H, dd, J = 7.5, 1.2 Hz).



13¢ NMR (126 MHz, CDCl3) & 28.7, 31.2, 54.4, 126.7, 126.9, 127.8, 128.4, 128.5, 128.8, 132.8,
133.4,139.7, 144.0, 198.2

MS (70 eV) m/z (rel intensity) 222 (Mt; 57), 131 (37), 118 (100), 90 (48).

Anal. calcd for C1gH140: C, 86.45; H, 6.35. found: C, 86.39; H, 6.30.

6,7,8,9-Tetrahydro-5-benzocycloheptenone (1-benzosuberone) (HJ868)
1,1-Difluoro-5-phenyl-1-pentene (78 mg, 0.43 mmol) in in 1,1,1,3,3,3-hexaﬂ1ioro-2—propanol
(HFIP, 1 ml) was added to a solution of fluorosulfuric acid-antimony pentafluoride(1/1) (274 mg,
0.87 mmol) in HFIP (2 ml) at O °C under a nitrogen atmosphere. After the mixture had been stirred
for 10 min at 0 °C, phosphate buffer (pH 7) was added to quench the reaction. Organic materials
were extracted with dichloromethane three times. The combined extracts were washed with brine
and dried over NapSQ4. After removal of the solvent under reduced pressure, the residue was
purified by thin layer chromatography on silica gel (hexane—ethyl acetate 10:1) to give 6,7,8,9-
Tetrahydro-5-benzocycloheptenone (16 mg, 0.100 mmol, 23%) as a colorless liquid.

IR (neat) 3064, 2939, 1676, 1599, 1454, 1261, 1201, 1109, 964, 769 cm-1.
1H NMR (500 MHz, CDCI3) & 2.81 (2H, ttd, J = 6.4, 6.4, 1.8 Hz), 1.88 (2H, tt J = 6.4, 6.4 Hz),

2.71-2.75 (2H, m), 2.93 (2H, t, J = 6.4 Hz), 7.20 (1H, d, J = 7.6 Hz), 7.30 (1H, t, J = 7.6 Hz), 7.42
(1H, td, J = 7.6, 1.2 Hz), 7.72 (1H, dd, J =7.6, 1.2 Hz). |

13C NMR (126 MHz, CDCI3) § 20.9, 25.3, 32.5, 40.9, 126.6, 128.6, 129.7, 132.2, 138.9, 141.3,
206.2.

MS (70 eV) m / z (rel intensity) 160 (M+ ; 100), 131 (69), 104 (76).



4-Ethyl-2-phenyl-3,4-dihydro-1(2H)-naphthalenone (18c). (TK103)

1,1-Difluoro-2,4-diphenyl-1-hexene (50 mg, 0.18 mmol) in 1,1,1,3,3,3-hexafluoro-2-propanol
(HFIP, 1mL) was added to a solution of fluorosulfuric acid-antimony pentafluoride(1/1) (118 mg,
0.37 mmol) in HFIP (2 ml) at 0 °C under a nitrogen atmosphere. After the mixture had been stirred
for 10 min at 0 °C, phosphate buffer (pH 7) was added to quench the reaction. Organic materials
were extracted with dichloromethane three times. The combined extracts were washed with brine
and dried over NapSO4. After removal of the solvent under reduced pressure, the residue was
purified by thin layer chromatography on silica gel (hexane—ethyl acetate 10:1) to give trans-and
cis-4-ethyl-2-phenyl-3,4-dihydro-1(2H)-naphthalenone as a colorless liquid (38 mg, 0.15 mmol,
83%, trans [ cis =75/ 25).

The trans [ cis mixture was separated by thin layer chromatography on silica gel (hexane-butyl

acetate-benzene 50:1:6).
trans-4-Ethyl-2-phenyl-3,4-dihydro-1(2H)-naphthalenone
IR (neat) 3062, 2960, 1684, 1599, 1497, 1456, 1309, 1232, 750, 698 cm-1.

1H NMR (500 MHz, CDCI3) & 1.07 (3H, t, J = 7.3 Hz), 1.82 (1H, ddq, J = 14.0, 7.3, 7.3 Hz), 1.85

(1H, ddq, J = 14.0, 7.3, 7.3 Hz), 2.37 (1H, ddd, J = 13.4, 4.6, 3.7 Hz), 2.58 (1H, ddd, J = 13.4, 4.6,
4.6 Hz), 2.94 (1H, dddd, J = 7.3, 7.3, 4.6, 3.7 Hz), 3.97 (1H, dd, J/ = 13.4, 4.6 Hz), 7.20 (2H, dd, J
=17.0, 1.5 Hz), 7.24-7.36 (5H, m), 7.51 (1H, td, J = 7.6, 1.2 Hz), 8.07 (1H, dd, J = 7.6, 1.2 Hz).

13C NMR (126 MHz, CDCI3) & 12.6, 28.1, 34.5, 39.3, 49.4, 126.8, 126.9, 127.9, 128.5, 128.6,
128.7, 131.9, 133.3, 140.3, 148.1, 198.3.
MS (70 eV) m / z (rel intensity) 250 (M+ ; 100), 221 (50), 159 (27).

HRMS calcd for C1gH180 250.1358 (M™); found 250.1339.

cis-4-Ethyl-2-phenyl-3,4-dihydro-1(2H)-naphthalenone
IR (neat) 3062, 2962, 1684, 1599, 1558, 1497, 1456, 1221, 746, 698 cm-1.



IH NMR (500 MHz, CDCI3) 6 1.00 (3H, t, J = 7.3 Hz), 1.79 (1H, ddq, J = 14.0, 7.6, 7.6 Hz), 2.17

(1H, dqd, J = 14.0, 7.6, 4.0 Hz), 2.19 (1H, ddd, J = 14.0, 13.1, 11.9 Hz), 2.43 (1H, ddd, J = 13.1,
4.3, 4.0 Hz), 3.19 (1H, dddd,J = 11.9, 7.6, 4.0, 4.0 Hz), 3.79 (1H, dd, J = 14.0, 4.3 Hz), 7.20-7.24
(2H, m), 7.29 (1H, tt,J = 7.9, 1.5 Hz), 7.33-7.39 (3H, m), 7.49 (1H, d, J = 7.9 Hz) 7.57 (1H, td, J =
7.9, 1.5 Hz), 8.10 (1H, dd, J = 7.9, 1.5 Hz).

13C NMR (126 MHz, CDCI3) & 10.2, 26.1, 36.3, 39.2, 54.9, 126.3, 126.5, 127.0, 128.0, 128.5,

128.6, 133.2, 133.4, 140.0, 146.5, 198.3.
MS (70 eV) m / z (rel intensity) 250 (M ; 100), 221 (28), 159 (15).

HRMS calcd for C1gH180 250.1358 (Mt); found 250.1352.

4-Methyl-2-phenyl-3,4-dihydro-1(2H)-naphthalenone (18a). (TK040)

1,1-Difluoro-2,4-diphenyl-1-pentene (66 mg, 0.26 mmol) in 1,1,1,3,3,3-hexafluoro-2-propanol
(HFIP, ImL) was added to a solution of fluorosulfuric acid-antimony pentafluoride(1/1) (167 mg,
0.53 mmol) in HFIP (2 ml) at 0 °C under a nitrogen atmosphere. After the mixture had been stirred
for 10 min at 0 °C, phosphate buffer (pH 7) was added to quench the reaction. Organic materials
were extracted with dichloromethane three times. The combined extracts were washed with brine

and dried over NapSO4. After removal of the solvent under reduced pressure, the residue was

purified by thin layer chromatography on silica gel (hexane—ethyl acetate 10:1) to give trans-and
cis-4-methyl-2-phenyl-3,4-dihydro-1(2H)-naphthalenone as a colorless liquid (51 mg, 0.22 mmol,
85%, trans /[ cis = 65 / 35).

The trans [ cis mixture was separated by thin layer chromatography on silica gel (hexane-butyl
acetate-benzene 50:1:6).

trans-4-Methyl-2-phenyl-3,4-dihydro-1(2H)-naphthalenone

IR (neat) 3064, 2927, 1686, 1601, 1452, 1298, 1238, 995, 762, 698 cm-1.
1H NMR (500 MHz, CDC13) 8 1.46 (3H, d, J = 7.0 Hz), 2.21 (1H, ddd, J = 13.4, 4.9, 4.9 Hz), 2.62

(1H, ddd, J = 13.4, 11.3, 4.6 Hz), 3.22 (1H, qdd, J = 7.0, 4.6, 4.6 Hz), 4.02 (1H, dd, J = 11.3, 4.9



Hz) 7.18 (2H, dd, J = 7.6, 1.5 Hz), 7.25 (1H, tt, J = 7.6, 1.5 Hz), 7.30-7.35 (4H, m), 7.52 (1H, td, J
=7.6, 1.5 Hz), 8.08 (1H, dd, J = 7.6, 1.5 Hz).

13C NMR (126 MHz, CDCI3) § 21.3, 31.5, 37.9, 49.7, 126.7, 126.9, 127.8, 128.1, 128.5, 128.5,

131.8, 133.7, 139.9, 148.7, 198.3.
MS (70 eV) m / z (rel intensity) 236 (Mt ; 100), 221 (29), 145 (75), 132 (80), 104 (50).
Anal. calcd for C17H160: C, 86.41; H, 6.82. found: C, 86.30; H, 6.91.

cis-4-Methyl-2-phenyl-3,4-dihydro-1(2H)-naphthalenone
IR (disk) 3064, 2964, 1676, 1601, 1452, 1331, 1223, 1005, 748, 698 cm-1.

1H NMR (500 MHz, CDCI3) & 1.48 (3H, d, J = 6.7 Hz), 2.21 (1H, ddd, J = 14.0, 13.1, 11.9 Hz),

2.37 (1H, ddd, J = 13.1, 4.3, 4.3 Hz), 3.27 (1H, qdd, J = 11.9, 6.7, 4.3 Hz), 3.81 (1H, dd, J = 14.0,
4.3 Hz) 7.20-7.22 (2H, m), 7.29 (1H, tt, J = 7.3, 1.2 Hz), 7.34-7.38 (3H, m), 7.46 (1H, d, /=79
Hz), 7.57 (1H, td, J = 7.3, 1.2 Hz), 8.10 (1H, dd, J = 7.6, 1.2 Hz).

13C NMR (126 MHz, CDCI3) § 20.1, 33.4, 40.6, 55.2, 126.4, 126.6, 127.0, 128.9, 128.5, 128.6,
132.6, 133.6, 139.9, 147.9, 198.3.
MS (70 eV) m / z (rel intensity) 236 (M ; 100), 221 (28), 145 (47), 132 (80), 104 (48).

HRMS calcd for C17H160 250.1201 (M); found 236.1194.

S8 ot

4-Methyl-2-o-tolyl-3,4-dihydro-1(2H)-naphthalenone (18c). (TK137)

1,1-Difluoro-4-diphenyl-2-o-tolyl-1-pentene (71 mg, 0.26 mmol) in 1,1,1,3,3,3-hexafluoro-2-
propanol (HFIP, 1mL) was added to a solution of fluorosulfuric acid-antimony pentafluoride(1/1)
(165 mg, 0.52 mmol) in HFIP (2 ml) at O °C under a nitrogen atmosphere. After being stirred for 1
h at 0 °C, the reaction mixture was warmed up to room temperature and stirred for an additional 1

h. The reaction mixture was quenched with phosphate buffer (pH 7). Organic materials were



extracted with dichloromethane three times. The combined extracts were washed with brine and

dried over NapS0O4. After removal of the solvent under reduced pressure, the residue was purified

by thin layer chromatography on silica gel (hexane—ethyl acetate 10:1) to give trans-and cis-4-
methyl-2-o-tolyl-3,4-dihydro-1(2H)-naphthalenone as a colorless liquid (42 mg, 0.17 mmol, 65%,
trans [ cis = 51/ 49).

The trans / cis mixture was separated by thin layer chromatography on silica gel (hexane-butyl
acetate-benzene 50:1:6).

trans-4-Methyl-o-tolyl-3,4-dihydro-1(2H)-naphthalenone

IR (neat) 2926, 2856, 1686, 1601, 1458, 1383, 1219, 1159, 1051, 756 cm-1.

1H NMR (500 MHz, CDCI3) & 1.49 (3H, d, J = 7.3 Hz), 2.15 (1H, ddd, J = 13.4, 4.6, 4.6 Hz), 2.34

(3H, s), 2.61 (1H, ddd, J = 13.4, 12.2, 4.6 Hz), 3.27 (1H, qdd, J = 7.3, 4.6, 4.6 Hz), 4.26 (1H, dd, J
=12.2, 4.6 Hz) 7.02-7.06 (1H, m), 7.12-7.24 (3H, m), 7.31-7.37 (2H, m), 7.54 (1H, ddd, J = 7.6,
7.6, 1.5 Hz), 8.08 (1H, dd, J = 7.9, 1.5 Hz).

13C NMR (126 MHz, CDCI3) § 19.8, 21.3, 32.1, 37.0, 46.1, 126.2, 126.7, 126.9, 127.8, 127.8,
128.3, 130.6, 132.0, 133.7, 136.5, 138.8, 148.7, 198.3.
MS (70 eV) m / z (rel intensity) 250 (M ; 100), 145 (68), 132 (60), 104 (39).

HRMS calcd for C1gH180 250.1358 (M); found 250.1373.

cis-4-Methyl-o-tolyl-3,4-dihydro-1(2H)-naphthalenone
IR (neat) 2926, 2854, 1686, 1601, 1458, 1383, 1219, 1119, 748 cm-1.

IH NMR (500 MHz, CDCI3) & 1.50 (3H, d, J = 6.7 Hz), 2.16-2.36 (2H, m), 2.30 (3H, s), 3.28 (1H,

dqd, J = 11.3, 6.7, 5.2 Hz), 4.03 (1H, dd, J = 13.4, 4.6 Hz) 7.10-7.14 (1H, m), 7.16-7.24 (3H, m),
7.36 (1H, t,J = 7.6 Hz), 7.47 (1H, d, J = 7.6 Hz), 7.58 (1H, ddd, J =7.9, 7.9, 1.5 Hz), 8.18 (1H, d,
J=17.9 Hz).

13C NMR (126 MHz, CDCI3) & 20.0, 20.1, 29.7, 33.7, 39.7, 126.2, 126.3, 126.6, 126.9, 127.6,

127.9, 130.4, 132.7, 133.6, 136.5, 138.5, 147.9, 198.0.
MS (70 eV) m / z (rel intensity) 250 (M* ; 100), 145 (54), 132 (43), 104 (25).

HRMS calcd for C1gH180 250.1358 (M); found 250.1349.



4-Methyl-2-naphthyl-3,4-dihydro-1(2H)-naphthalenone (18b). (TK138)

1,1-Difluoro-2-naphthyl-4-phenyl-1-hexene (78 mg, 0.25 mmol) in 1,1,1,3,3,3-hexafluoro-2-
propanol (HFIP, 1mL) was added to a solution of fluorosulfuric acid-antimony pentafluoride(1/1)
(161 mg, 0.51 mmol) in HFIP (1.7 ml) at O °C under a nitrogen atmosphere. After being stirred for
0.5 h at 0 °C, the reaction mixture was warmed up to room temperature and stirred for an additional
3 h and then 45 °C for an additional 2 h. The reaction mixture was quenched with phosphate buffer
(pH 7). Organic materials were extracted with dichloromethane three times. The combined extracts

were washed with brine and dried over NapSO4. After removal of the solvent under reduced

pressure, the residue was purified by thin layer chromatography on silica gel (hexane-ethyl acetate
10:1) to give trans-and cis-4-methyl-2-naphthyl-3,4-dihydro-1(2H)-naphthalenone as a colorless
liquid (42 mg, 0.15 mmol, 58%, trans / cis = 35 / 65).

The trans / cis mixture was separated by thin layer chromatography on silica gel (hexane-butyl
acetate-benzene 50:1:6).

trans-4-Methyl-2-naphthyl-3,4-dihydro-1(2H)-naphthalenone

IR (neat) 3055, 2960, 1682, 1601, 1452, 1238, 1007, 806, 750 cm-1.

1H NMR (500 MHz, CDCI3) 8 1.50 (3H, d, J = 7.3 Hz), 2.29 (1H, ddd, J = 13.4, 4.6, 4.6 Hz), 2.75

(1H, ddd, J = 13.4, 11.3, 4.6 Hz), 3.26 (1H, qdd, J = 7.3, 4.6, 4.6 Hz), 421 (1H, dd, J = 11.3, 4.6
Hz), 7.31-7.38 (3H, m), 7.42-7.47 (2H, m), 7.55 (1H, td, J = 7.6, 1.5 Hz), 7.64 (1H, s) 7.75-7.79
(1H, m), 7.79-7.85 (2H, m), 8.12 (1H, dd, J = 7.6, 1.2 Hz).

13C NMR (126 MHz, CDCI3) § 21.4, 31.6, 37.9, 49.8, 125.7, 126.0, 126.7, 126.7, 127.1, 127.6,

127.7, 1279, 128.1, 128.2, 131.8, 132.5, 133.5, 133.8, 137.4, 148.8, 198.3.
MS (70 eV) m / z (rel intensity) 286 (M*; 100), 149 (43), 132 (45), 88 (56), 61 (60).

HRMS calcd for C21H180 286.1358 (M1); found 286.1338.

cis-4-Methyl-2-naphthyl-3,4-dihydro-1(2H)-naphthalenone
IR (neat) 3059, 2927, 1686, 1601, 1508, 1458, 1001, 1217, 856, 746 cm-1.



1H NMR (500 MHz, CDCI3) § 1.51 (3H, d, J = 6.7 Hz), 2.32 (1H, ddd, J = 14.0, 13.1, 11.9 Hz),

2.43 (1H, ddd, J = 13.1, 4.6, 4.3 Hz), 3.32 (1H, ddd, J = 11.9, 6.7, 4.3 Hz), 4.00 (1H, dd, J = 14.0,
4.6 Hz), 7.33 (1H, dd, J = 8.2, 1.5 Hz), 7.37 (1H, t, J = 7.6 Hz), 7.42-7.50 (3H, m), 7.59 (1H, td, J
=17.6, 1.5 Hz), 7.68 (1H, s), 7.78-7.86 (3H, m), 8.12 (1H, dd, J =7.9, 1.5 Hz).

13C NMR (126 MHz, CDCI3) § 20.1, 33.5, 40.6, 55.3, 125.6, 126.0, 126.4, 126.7, 126.9, 127.3,

127.7, 127.8, 127.9, 128.1, 132.6, 132.6, 133.6, 133.7, 137.5, 148.0, 198.3.
MS (70 eV) m / z (rel intensity) 286 (M* ; 100), 271 (34), 145 (63), 132 (58), 104 (32).

HRMS calcd for C21H7180 286.1358 (M™); found 286.1337.
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