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1 FSOgH+SbF5 (1.0) CCIoFCCIFo —25°C, 30 min 13
2 FSOgH+SbF5 (1.0) HFIP 0°C, 10 min 34
3 FSO3H-SbFj5 (2.0) HFIP 0 °C, 10 min 72
4 CF3SO3H (10) HFIP rt,15h 22
5 SbFg (2.0) HFIP 0°C, 10 min 79
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Table 4
Entry Acid (eq) NuH (eq) Conditions Yield/ %
1 FSO3H+SbF5 (2.0) PhSH (2.0) 0°C, 10 min 71
2 SbFs (2.0) PhSH (2.0) 0°C, 10 min 69

FSOgH+SbF5 (2.0)  m-Dimethoxybenzene (10) 0 °C~reflux, 3 h 21
FSOgH-SbF5 (2.0) PhH (10) 0°C~r.t, 10 h 13
FSO3H+SbF5 (2.0) mesitylene (20) 0°C~rt.,25h 22
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Table & Scheme 32
Entry Acid (eq.) Solvent Conditions Yield of 24 / %
1 CF3SO3H (2.0) HFIP 0°C, 10 min 14
2 FSO3H+SbFg (2.0) - HFIP 0°C, 10 min 32
3 TsOH (2.0) HFIP 0°C,3.5h 47
4 TsOH (2.0) HFIP rt,3h 48
5 TSOH (5.0) HFIP rt,3h 55
6 TsOH (5.0) HFIP reflux, 2 h 59
7 PhSOgH (5.0) HFIP rt,3h 54
8 TMSOTf(1.1)  CHoClp ~ —25°C,1h 42
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"By CF, / HFIP nBu” ;CF,
99 0°C,7h
H-0
| By F " "Bu” F
HO P 0
25 70%
Scheme 33
L0 = T
"By CF, / Solvent "By
29 Conditions og 6
Table 7 Scheme 34
Entry Acid (eq.) Solvent Conditions Yield of 26 / %
1 TsOH (2.0) HFIP 0 °C, 10 min 39
2 TsOH (5.0) HFIP 0 °C~reflux, 2 h 39
3 FSOgH+SbFg (2.0) HFIP 0°C, 10 min Trace
4 TMSOTf (2.0) CHoClp -78~0°C,25h 21

COREGTF 7 M —IVEEEIELNLDIE, 21054 L FIREICBIL L TERT %

LTI =W L) EFEL L 727289 T3 A (Scheme 35),

O OH
22

26
Scheme 35




F 72, SOBSITLRERIC L A EREEOEAIT L 22 L E 2 TSOHR VR 84 77

#%ICPhSHZRINL 72 & & A, PhSHD —BHkHE 5 1.7~ (Scheme 36)
1) TsOH (2 eq)

By / HFIP O
-
CF, 2) PhSH (2 eq)

37% Scheme 36

4—2 ¥UTFARERNC L ANEILEWOERK

ORI, FUMICAFLUYERETLVIVATFL 74 VIZOWT, 3— 2 Tif
N7y VT LRI EME L7ze T3, BB L 252007 ) —)VELfE 2 7227,28
% Scheme 371 RTRERICE DAL 72,

1)"BuLi BR,| cat.Pd, Cul n o  TIRETD
CF3CHoOTs T CF2=< - e CF, 27: n=f 24 % (70/&)
JBRs R : JLanh O O 28; -2 13% (772)
R=CHoCH(CHs)Ph rt o
rt, 27,28
Scheme 37

Bon/vonvtarL 74 28125 L, BIEIORILTREWERE G272 M VIVER
TRAWCTY VTFLAREEAM, LD, COBEHDORILIEETTS2d0D, 20
BT EVREL TEOND o -/ INFUHIVEDFF VA S 2 BE OBRLIEST
T, BT IV ONKGRICL o THRLNE T b 29% 5 2 72(Scheme 38), |

2TSOH ‘/ o ‘/
CF / HFIP F o
Oy )

28 - - 29 59%
Scheme 38

Z X, 2 [0 E DFriedel-Crafts b %2 TS A DI D VVERTITERE L TET &/
DTREZVREEZ, PUIVERE DIRWCESOHY W TRIBE T o720 TDFER, F
HL72 &9 I0—ZI2 2 B D5 FWFriedel-Crafts S BhSH 2 A ¥ 7 AL ELT L.

HBW Cd ANERILEW30~325515 5 1172 (Scheme 39), & DA, FHELERY



3001, ZDORKE LAFEILE VIR LY BKEEBDI & RFCERY

32% [AIRFIC 52 7,

2CF3S03H = _ H
el Q‘ g @‘g

28 . L .
o0 C l 0 o
30 21% 31 16% 32 27%

T, AT TS v FARIBUEEATo 728 2H, FHIL7ZEBMIBIES
PRI A F L YR KA L 72 38 L . 2 b Bk L7 a5 e
5 5 172 (Scheme40), = 534,350 A 1L —H33434E U 721412 % O ik E R K EL
WKEBLDD, HHWIE, 2HEEOBRRICELET/ 74 Ok S HFO BHBERTIC
TEEAOBRBAIEI oD EEZLNS,

O 2CF3SOgH “
CF, /HFIP Q
O rt.,1h L F

27

- O‘"

- 33
- O - O
34 20% 35 9%
Total 29%

Scheme 40
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2-Butyl-1-indanone (Ex. 655) cleck- U 1P Cret Y
37 5./75
2-Butyl-1,1-difluoro-3- phenyl 1-propene (3@9 mg, @.:128 mmol) Nv/é added to a solution of

FSO3H+SbF5 (117 mg, 0. 7mmol) in HFIP (2 ml) at 0 °C under a nitrogen atmosphere. After the

mixture had been stirred for 10 min at 0 °C hosphate buffer (pH 7) was added to quench the

-

over NapSOy4. After evapeoration-of the solvent @ punﬁe&ttoﬂ by thm layer chromatography on

Pt

silica gel (hexane—ethyl acetate £20: l»g&ve 2-butyl-1-indanone as a colorless hquld (24 mg, @=b:é
7‘1’ ‘Q/ng Y o /
mmol, 72%).

IR (neat 7 NaCl):-2925, 1710, 1470, 750 cm-1.
IH NMR (500 MHz (CDC13) 6=0.91 (3H, t, J=7.2 Hz), 1.30¢1.49 (5H, m), 1.92¢2.00 (1H, m),

2.6052.66 (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 (lH dd, J=7.6, 0.8 Hz) 7.56 (1H, d@J—76 1.1 Hz), & /t:‘:’774 (1H, 4, J=7.6
Hz).

13C NMR (26 MHz {CDCl3) 0=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 C13H;60 188.1201 (M™); found 188.1213.

Anal. Calcd for C13H160: C, 82.9%; H,8.57. Found C, 82.64; H, 8.53.

v
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23 %Bihydrd'l(‘zlﬁnaphthaler}gée— (Ex. 871) . y= /pg/ ,w,/ P

1,1- dlﬂuoro 4-phenyl-1-butene 66*:11—-7’ mg, 0.37 mmol)// was added to a solution of FSO3HSbF35

23
6:23221 mg, 0.75 mmol) in HFIP (2 ml) at O °C under a nitrogen atmosphere. After the mixture had
p°¢
been stirred for 10 minyat same-temperature; phosphate buffer (pH 7) was added to quench the
et es . Tha. Crve Aot et Lot Yh T NS L/"G\—{; -
reaction. Organic materials were extracted with dichloromethane, @d‘\'ﬂashed with brine, and dried
Ry { wmelon mg&:q,ua{jf@wm Fhe prepivina W

over NapSOy. After wapora%ren of the solventﬁumﬁ%&x@r—r by thin Jayer chromatography on silica

gel (hexane—ethyl acetate- @ 13) gave /; -tetralone as a colorless liquid (444 mg, 0.30 mmol, 82%).
L S el \__:,.,

W P D8
1 /5 %8
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20 naphthalelre@& (Bx. 825) -

B S Ay

1,1-Difluoro-4-phenyl-1-propene (55:1:6 mg, 0.28 mmol) fwas added to a solut1on of FSO3H+SbFj4
755
é’ﬁ'@ﬂmg, 0.57 mmol) in HFIP (2 ml) at 0 °C under a nitrogen atmosphere. After the mixture had
0°C
been stirred for 10 min« at-same=temperatire, phosphate buffer (pH 7) was added to quench the
z"”rée 7t | The cond tnd sefiadTE bt
reaction. Organic materials were extracted with dichloromethane-and ‘washed with brmegand ‘dried
(e Lo e ,mwuwe,, e e Frltl prand
over NapSOy4. After eyapjomrz;l;:ron of the solvent*punﬁegg@n by thin layer- chromatography on silica’
] 30“
gel (hexane—ethyl acetate- (‘Z@ 1) gave4 4"‘ jene as a colorless liquid 3%8 mg, 0.24
i“”‘ 7o St

mmol, 83%).
v IR (neat#=Na€b 2970, 1690, 1600, 1460, 1335, 1290, 1195, 1010, 770 em-l,
 MS (70 eV) m/z (rel intensity) 160 (M+, 100), 145 (69), 132 (74), 118 (62), 104 (64).

SR HR (TOMHe  cndy) £ AE0 (34 € TE 20 M DLy g

L _ c B
200 2.3 8((m ) | 209 (M A T2, 80 BN ) Ly gt ddd, 300k, 8 E e et )

a0t — 3,7/3(/# w;)/ 7,50( /@,é,ﬁ;,fm;)/ J.32(17 4. 7= JRHL)

7.}9(/#(,.\‘—»{/7:?’,? ﬂf‘/%l)/ Pl (H, dd, jgz{;’/\,,ﬁ/f/},)

v e MR (126¢ ol cpchy ) c‘:: 20,9 o, % 32,9) '3{.3/ /14.S 222, trp K, /3/.:5:’/ /33, e//.
fER T 1984
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3,4 Gihydro@=phenyEEZnaphthalensso (Ex. §89) Erpernd)
1, 1 Difluoro-2,4-diphenyl-1-butene (40.6° mg, 0. 16\/n/1mol) was added to a solution of
FSO3H-SbF5 (138¢ mg, 0.44 mmol) in HFIP (2 ml) at 0 °C under a nitrogen atmosphere. After

the mixture had been stirred for 10 mingat same*teTnp‘e“rame phosphate buffer (pH 7) was added

to quench the reaction. Organic materials were extracted with dlchloromethane\ﬁd washed with

Vv

bringygiand dried over NapSOy4. Afterrervap.o.lcat—i-en of the solvent purifieation by thin layer
to

chromatography on silica gel(as a colorless solid(hexane—ethyl acetate £29:13) gave\Z phenyl l-

R 7o po-e
tet@lgg@\(%:lémg, 0.14mmol, 87%}. L2

lS\’L
v IR @WNE@I)‘S‘@%’*?)OSO 29’7@*2;9@;@ 1680, 1600, 1460, 1230, 73 5 740, @; 700 cm-1,

“ 1H NMR (500 MHz, CDCl3) 8=2.4052.49'(2H, m), 3.05 (1H, o@f—lé@h 7\?@, 3.12 (1H,
9]—16@ 7. ;\Z&z), 3.80 (1H, dd, Jgf; 6gHz) 7.19 (2H, d, J=7.0 Hz), 7.26¢7.30 (2H, m),
7.34 GH, t, J~7@Hz) 7.50 (1H, (@) J=7.5, IQHZ) 8.10 (1H, dd, J—7Q I@Hz)
7 13C NMR (126 MHz, CDCl3) 8=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 V) miz (rel intensity) 222 (MY, 57), 131 (37), 118 (100),G@nd 90 (48).
7 Anal. Caled for C16H140: C, 86.45; H, 6.35.Found C, 86.39; H, 6.30.
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@naphthalen@ (Ex. 850)

n , P .'

1,1-Difluoro-2,4-diphenyl-1-pentene (%525 mg, 0.2: mmol) was added to a solution of
FSO3H«SbF5 (1674 mg, 0.53 mmol) in HFIP (2 ml) at 0 °C under a nitrogen atmosphere. After
the mixture had been stirred for 10 mingat s&%n}éﬂ:gmpéﬁfuie, phosphate buffer (pH 7) was added
to quench the reaction. Organic materials were extracted with dichloromethane{ &FIEY washed with

bringy and dried over NapSO4. After e}v\a'p/oration of the solvent purification by thin layer

chromatography on silica gel as a colorless solid (hexane—ethyl acetate- )) gave 4methyL2-
, rﬁ, ;4 f o ? 9{

—_— T ‘\w .
phenyl-1-tetralone’ (514 mg, 0.22 mmol, 85%)
7 IR (neat 7’«N;a“Gl) W“@@}f@ 2980, 2940/ 289@; 1690, 1600, ﬁi@@, *1;48‘—5 1460, 1300, 124@«3

1225, 760, 700 cm-1.
v 1H NMR (500 MHz, CDCI%))

(, V(ACT-‘J«P&" 2, ;nw(ml,e 79 2*‘}

) ~
-FDA 2.2 Alastevrortr prndnnt. /)

A-major ~ ‘

r Gt Dam ol

4 0=1.46 H dJ—73HZ) 222 YH, dt@—l3 4.6 Hz), 262 H ddd(Jf'134 11.3, 4.6 Hz),
rC o @ 3/ é@)

! 3.18-3.30 (1H, m), 402(\1”H dd,(#=11.3, 4.6 Hz), 7.17-7.38 Hm) O7811(1H m).

\

/@
o (onn 4, Ton ).

0. 6f
dol A7 H, d, J=6.7 Hz), 3 1@2 26 Qf{ m), % 36 (QH di(J=13.1, 4.3 Hz), 3:1:8:?3-@:"(*1~u
-m), 3 80 ( ﬁ dd,(J=14.0, 4.3 Hz), =17-7-58-(8H;m); 8:07-8-F1-(1Hm). -

v 13C NMR (126 MHz, CDCl3) ?; Z f/:f . 7err s .
73 2, . ; "1;,

“—minor

major

6=21.3, 31.5, 37.9, 49.7, 126.7, 126.9, 127.8, 128.1, 128.5, 128.5, 131.9, 133.7, 139.9,
148.7, 198.3.

minor :
8=20.1, 33.4, 40.6, 55.2, 126.3, 126.6, 126.9, 127.9, 128.5, 128.6, 132.6, 133.6, 139.9,
147.9, 198.2.

¥ MS (70 ev) m/z (rel intensity) 236 (M, 78), 221 (25), 145 (53), 132 (100), 104 (74).
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C 6 7,8,9-tetrahydro-5-benzocycloheptenen (Ex 868)
S HEIPC/ m/)

l,l—gliﬂuoro—S-phenyl-lfgeg(\) ene (78.4mg, 0.43 mmol)“was added to a solution of FSO3H+SbFj4

(274 #'mg, 0.87 mmol) in HFIP (2 ml) at 0 °C under a nitrogen atmosphere. After the mixture had
p°C
been stirred for 10 min,cat same=ten'=rpel=am1¢e phosphate buffer (pH 7) was added to quench the
Nrnes . 742
reaction. Organic materials were extracted with d1chloromethz;1§:;m ‘washed w1th bringgand dried

over NapSOy4. After éu/ poration of the solvent puriﬁcation by thin layer chromatography on silica

gel (hexane—ethyl acetate:@% 1),_ga5¢e~(l,be_nz_0_s_u ero@as a colorless liquid (164 mg, 0.1Q;mmol,
70 G
23%). 7 Lze

i



% . e L (10
3-Phenylthiofixl{2-butylgindene (Ex. 674 ) (werF-\»

2-Butyl-1,1-difluoro-3-phenyl-1-propene (43@ mg, 0. 21 mmolj> was added to a solution of
FSOgH-SbFs (I@mg, 0.42 mmol) in HFIP (2 ml) at O} C under a nitrogen atmosphere TAfter

\‘@v‘/"‘a ) M /
e phenylthiol (43 ml, @‘—‘2:1 mmol)gwa@

HRES=E

- +he. ;m%e.ww Frzotfed 4*‘;"?"
-added-to=the=mixture-and gﬁ:tmred for 10 rmrb@%me temperature /Q“HF (2 ml) was adde}wt\he
A

L refu LT:,%,?«*

mixture apd was stirred for 30 mingat room temperature. he mixture was % aqueous
Pm [

sodium hydrogencarbonate to quench the reaction. YOrgamc materials were extracted with

dlchloromethane m&m@n@aﬂdﬂnw ver NapSOy4 /k&fter /Wapmtren of the solvent:
(pfﬂo: vedn u,r(

. redddie e, /7%/‘% Frimes , The combinad suTiaclt el
- . purificatien by thin layer chromatography on silica gel (hexane) 2#9, »Dhenvlthm@z butylg”

vgxﬁd_ege]as a colorless liquid é@iﬁmg, 0. 'mol 71 %). = ‘?9
v IR (neat / NaCl) 2930, 1585, 1480, 1465, 1390, 760 , 140, 720 cm I
/ 1§ NMR (270 MHz, CDCl3) 6=0.90 (3H t, J—7g*Hz) 1.34 (2H, tq, J=7.4, 7.4 Hz), 1.56

(

(2H, tt, J=7.§,’ 7&%’Hz), 2.72 (2H, t, J=7.6"Hz), 3.56 (2H, s), 7.0/()517\.20 (8H, m), 7.3:597“\.41

S

(1H, m).
v 13¢ NMR (68 MHz, CDCIl3) 6=13.9, 22.6, 29.4, 31.8, 41.0, 120.1, 123.4, 124.6, 125.1,.

126.5, 127.0, 128.7, 136.4, 141.5, 144.9 157.4.
¥ MS (70 eV) m/ z (zel intensity) 280 (M1, 96), 237 (61), 171 (58), 129 (100), 115 (49), 91 (42).

v HRMS calcd for Cj9HyS 280.128@/(M+); found 280.1276.
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2-Butyl-1,1-difluoro-3-phenyl-1-propene (56.3 mg, 0.27 mmol) was added to a solution of

3-Phenyl-2-butyl-indene (Ex. 674)

FSO3H+SbF5 (175.4 mg, 0.55 mmol) and benzene (1 ml, 10.0 mmol) in HFIP (2 ml) at 0 °C
under a nitrogen atmosphere. After the mixture had been stirred for 6.5 h. at room temperature,
phosphate buffer (pH 7) was added to quench the reaction. Organic materials were extracted with
dichloromethane, and washed with brine, and dried over NapSOy4. After evaporation of the solvent
purification by thin layer chromatography on silica gel (hexane—ethyl acetate (50:1)) gave 1-phenyl-
2-butyl-indene as a colorless liquid (17.7 mg, 0.071 mmol, 27 %).

IR (neat / NaCl) 2940, 1500, 1465, 1395, 770, 720, 700 cm-1.

1H NMR (500 MHz, CDCl3) 6=0.86 (3H, t, J=7.3 Hz), 1.31 (2H, tq, J=7.4, 7.4 Hz), 1.54
(2H, tt, J=7.7, 7.7 Hz), 2.49 (2H, t, J=7.8 Hz) , 3.46 (2H, s), 7.13-7.23 (3H, m), 7.32-7.46
(6H, m).

13C NMR (126 MHz, CDCl3) 6=13.9, 22.7, 28.7, 32.2, 40.5, 119.4, 123.5,-124.0, 126.2,
127.0, 128.4, 129.2, 135.7, 138.7, 142.5, 145.4, 146.5.

MS (70 eV) m / z (rel intensity) 248 (M, 41), 205 (100).

HRMS calcd for C1gHp() 248.1566 (M+); found 248.1582.
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3-Mesythyl-2-butyl-indene (Ex. 686)

2-Butyl-1,1-difluoro-3-phenyl-1-propene (40.8 mg, 0.19 mmol) was added to a solution of
FSO3H+SbF5 (123.1 mg, 0.39 mmol) and mesythylene (0.6 ml, 4.3 mmol) in HFIP (2 ml) at 0°C
under a nitrogen atmosphere. After the mixture had been stirred for 2.5 h. at room temperature,
phosphate buffer (pH 7) was added to quench the reaction. Organic materials were was extracted
with dichloromethane, and washed with brine, and dried over NapSOy4. After evaporation of the
solvent purification by thin layer chromatography on silica gel (hexane) gave 1-mesythyl-2-butyl-
indene as a colorless liquid (12.3 mg, 0.042 mmol, 22 %).

IR (neat / NaCl) 2930, 1610, 1665, 1400, 1380, 850, 770, 725 cm™1.

1H NMR (500 MHz, CDCl3) 8=0.84 (3H, t, J=7.7 Hz), 1.22-1.30 (2H, m), 1.45-1.52 (2H,
m), 2.02 (6H, s) , 2.19-2.25 (2H, m), 2.34 (3H, s), 3.48 (2H, s), 6.72-6.76 (1H, m), 6.94 (2H,
s), 7.08-7.16 (2H, m), 7.38-7.44 (1H, m).

13C NMR (126 MHz, CDCl3) 8=14.0, 20.0, 21.1, 22.8, 29.0, 31.4, 40.0, 119.3, 123.3,
123.7, 126.2, 128.0, 131.5, 136.4, 137.0, 137.7, 142.7, 145.1, 146.4.

MS (70 eV) m/z (rel intensity) 290 ( M*, 73 ), 247 (100), 232 (25), 91 (14).

HRMS calcd for CyoHog 290.2003 (M+); found 290.1994.
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3-(2,4-Dimetoxybenzyl)-2-butyl-indene (Ex. 692)
2-Butyl-1,1-difluoro-3-phenyl-1-propene (27.6 mg, 0.13 mmol) was added to a solution of
FSO3H«SbF5 (85.2 mg, 0.27 mmol) in HFIP (2 ml) at 0°C under a nitrogen atmosphere. After the
mixture had been stirred for 10min at same temperature, 1,3-dimethoxybenzene (186.0 mg, 1.35
mmol) was added to the mixture. After the mixture was stirred for 3 h. at reflux, phosphate buffer
(pH 7) was added to quench the reaction. Organic materials were extracted with dichloromethane,
and washed with brine, and dried over NapSO4. After evaporation of the solvent purification by
thin layer chromatography on silica gel (hexane—ethyl acetate (20:1)) gave 1-(2,4-dimetoxybenzyl)-
2-butyl-indene as a colorless liquid (8.7 ﬁlg, 0.028 mmol, 21 %).
IR (neat / NaCl) 2950, 1605, 1580, 1505, 1465, 1350, 1210, 1160, 1130, 1040 cm-1,
IH NMR (500 MHz, CDCl3) 6=0.85 (3H, t, J=7.5 Hz), 1.29 (2H, tq, J=7.3, 7.3 Hz), 1.45-
1.58 (2H, m), 2.33-2.43 (2H, m), 3.42 (1H, d, J=22.6 Hz), 3.48 (1H, d, J=22.6 Hz), 3.72 (3H,
s), 3.86 (3H, s), 6.55-6.59 (2H, m), 6.97 (1H, d, J=7.3 Hz), 7.08-7.20 (3H, m), and 7.40 (1H,
d, /=7.3 Hz).
13C NMR (126 MHz, CDCl3) 6=14.0, 22.7, 29.1, 31.8, 40.3, 55.3, 55.4, 98.9, 104.3, 117.1,
119.7, 123.2, 123.5, 125.9, 131.6, 135.3, 142.3, 146.2, 147.0, 158.5, 160.3.

MS (70 eV) m / z 308 (M, base peak), 265.
HRMS calcd for C21Hp407 308.1776.(M™); found 308.1771.



(CF3),CHO
3-(1,1,1,3,3,3-Hexafluoro-iso-propoxy)-2-butyl-indene (Ex. 738)
2-Butyl-1,1-difluoro-3-phenyl-1-propene (47.4 mg, 0.23 mmol) was added to a solution of
FSO3H+SbF5 (145.3 mg, 0.46 mmol) iﬁ HFIP (2 ml) at 0°C under a nitrogen atmosphere. The
mixture had been stirred for 10 min. at same temperature. After THF (2 ml) was added to the
mixture, phosphate buffer (pH 7) was added to quench the reaction. Organic materials were
extracted with dichloromethane, and washed with brine, and dried over NapSOy4. After evaporation
of the solvent purification by thin layer chromatography on silica gel (hexane—ethyl acetate (50:1))
gave 1-hexafluoro-iso-propoxy-2-butyl-indene as a colorless liquid (39.2 mg, 0.12 mmol, 51%).
1H NMR (500 MHz, CDCl3) 6=0.94 (3H, t, J=7.3 Hz), 1.38 (2H, tq, J=7.4, 7.4 Hz), 1.52
(2H, tt, J=7.6, 7.6 Hz), 2.49 (2H, t, J=7.9 Hz), 3.26 (2H, s), 4.88 (1H, sept, JoF=5.6 Hz),
7.18-7.21 (1H, m), 7.24-7.31 (2H, m), 7.38 (1H, d, J=7.3 Hz).

19F NMR (470 MHz, CDCl3 / C6F6) 0=88.8 (6F, d, JF=6 Hz).

13C NMR (126 MHz,CDCl3) 6=13.8, 22.7, 26.0, 31.1, 36.5, 74.8 (sept, JcF=32 Hz), 116.8,
121.3 (q, JcF=285 Hz), 124.4, 125.0, 126.6, 132.1, 138.2, 140.8, 148.7.

MS (70 eV) m / z 338 (M), 295, 132, 105, 91.



7,8-dihydro-7 -methyl-benzo[g]fluorene (Ex. 843)

2-Benzyl-1,1-difluoro-4-phenyl-1-pentene (90.7 mg, 0.33 mmol) was added to a solution of

FSO3H+SbF5 (216.9 mg, 0.68 mmol) in HFIP (2 ml) at O °C for 30 min under a nitrogen

atmosphere. After the mixture had been stirred for 10 min. at same temperature, phosphate buffer

(pH 7) was added to quench the reaction. Organic materials were extracted with dichloromethane,

and washed with brine, and dried over Na2804. After evaporation of the solvent purification by

column chromatography on silica gel (hexane) gave 8-hydro-7-methyl-benzo[g]fluorene as a

colorless solid (56.9 mg, 0.24 mmol, 74%).

IR (Disc / KBr) 3050, 2980, 2920, 1605, 1495, 1460, 1390, 775, 750, 720 cm-1,

IH NMR (500 MHz, CDCl3) 6=1.23 (3H, d, J=6.9 Hz), 2.39 (1H, dd, J=17.0, 6.8 Hz), 2.76

(1H, dd, J=16.7, 6.6 Hz), 3.07 (1H, tq, /=6.8, 6.8 Hz), 3.37 (1H, d, /=23.4 Hz), 3.43 (1H, d,
=23.4 Hz), 7.13-7.46 (6H, m), 7.84-7.92 (2H, m).

13C NMR (126 MHz, CDCl3) 8=20.3, 32.3, 33.3, 40.7, 120.0, 123.0, 123.8, 123.8, 126.2,
126.3, 126.6, 126.7, 131.8, 134.2, 141.’2, 142.8, 143.5, 144.3.

MS (70 eV) m / z (rel intensity) 232 (M, 90), 217 (100), 202 (35), 105 (72).

HRMS calcd for C1gH ¢ 232.1251 (M+); found 232.1238.

Anal. Calcd for CigH16: C, 93.06; H, 6.94. Found C, 92.93; H, 6.93.



5,6,7,8-Tetrahydro-5,8-dimethyl-benzo[c]phenanthrene (Ex. 844)
1,1-Difluoro-4-phenyl-2-(2-phenylpropyl)-1-pentene (94.3 mg, 0.31 mmol) was added to a
solution of FSO3HSbF5 (200.1 mg, 0.63 mmol) in HFIP (2 ml) at 0 °C5(:§1hundef a nitrogen
atmosphere. The mixture had been stirred for 10 min. at same temperature. After THF (2 ml) was
added to the mixture, phosphate buffer (pH 7) was added to quench the reaction. Organic materials
were extracted with dichloromethane, and washed with brine, and dried over NapSOy4. After
evaporation of the solvent purification by column chromatography on silica gel (hexane) gave 6,7-
dihydro-5,8-dimethyl-benzo[c]phenanthrene as a colorless solid (69.8 mg, 0.27 mmol, 85 %).

IR (Disk / KBr) 2950, 2910, 2870, 2800, 1480, 1455, 1380, 770, 750 cmL.

IH NMR (500 MHz, CDCl3)

major (R,Ror S, S)

6=1.25 (6H, d, /=7.0 Hz), 2.15 (2H, dd, J=17.9, 7.8 Hz), 2.46 (2H, dd, J=17.2, 5.7 Hz), 2.89
(2H, tq, J=6.8, 6.8 Hz) , 7.19-7.22 (4H, m), 7.24-7.28 (2H, m), a7.53-7.57 (2H, m).

minor (R, S or S, R)

8=1.26 (6H, d, J=6.4 Hz), 2.10 (2H, dd, J=18.0, 8.5 Hz), 2.50 (2H, dd, J=17.0, 5.2 Hz), 2.89
(2H, tq, J/=6.8, 6.8 Hz), 7.19-7.22 (4H, m), 7.24-7.28 (2H, m), 7.53-7.57 (2H, m).

13C NMR (126 MHz CDCl3)

major

0=19.1, 32.5, 37.6, 125.1, 125.7, 125.9, 126.3, 128.7, 133.0, 136.0, 142.1.

minor

d=19.0, 32.5, 37.6, 125.1, 125.7, 125.9, 126.3, 128.9, 133.1, 136.4, 142.0.

MS (70 eV) m / z (rel intensity) 260 (M+,100), 245 (79), 215 (51), 131 (23), 115 (26).

Anal. (mixtur) Calcd for CogHpg: C, 92.26; H, 7.74. Found C, 91.99; H, 7.59.
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5,6,7,8-Tetrahydrobenzo[c]phenanthrene (Ex. 878)
1,1-Difluoro-4-phenyl-2-(2-phenylethyl)-1-butene (106.6 mg, 0.39 mmol) was added to a solutionl
of FSO3H+SbF5 (263.5 mg, 0.83 mmol) in HFIP (2 ml) at 0 °C for 30 min under a nitrogen
atmosphere. After the mixture had been stirred for 10 min. at same temperature, phosphate buffer
(pH 7) was added to quench the reaction. Organic materials were extracted with dichloromethane,
and washed with brine, and dried over NapSOy4. After evaporation of the solvent purification by
column chromatography on silica gel (hexane) gave 5,6,7,8- tetrahydro benzo[c]phenanthrene asa
colorless solid (79.2 mg, 0.34 mmol/ % DY pord% —» v PRE

1H NMR (500 MHz, CDCl3) 8=2.36 (4H, t, J=7.6 Hz), 2.74 (4H, t, J=7.6 Hz), 7.14-7.24
(6H, m), 7.52 (2H, dd, J=7.3, 1.2 Hz). .

13C NMR (126 MHz, CDCl3) 6=28.8, 29.2, 124.8, 125.8, 126.0, 127.6, 129.9, 133.8, 137.4,
139.3.

MS (70 eV) m / z (rel intensity) 232 (M™; 100), 217 (43), 202 (22), 117 (30), 91(39).
HRMS calcd for C1gH1g 232.1252 (M+); found 232.1228.
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2-Butyl-3-methylindenone (Ex. 980) check

2-Butyl-1,1-difluoro-3-phenyl-1,3-butadiene ( 52.4 mg, 0.24 mmol) was added to a solution of p-
toluenesulfonic acid ( 209.4 mg, 1.22 mmol) in HFIP (2 ml) at O °C under a nitrogen atmosphere.
After the mixture had been heated at reflux for 2 h, phosphate buffer (pH 7) was added to quench
the reaction. Organic materials were extracted with dichloromethane, washed with brine, and dried
over NapSO4 After evaporation of the solvent purification by thin layer chromatography on silica
gel (hexane—ethyl acetate (10:1)) gave 2-butyl-3-methylindenone as a yellow liquid (28.0 mg, 0.14
mmol, 59%).

IR (neat / NaCl) 2960, 2940, 1710, 1610, 1460, 1390, 760, 715, 670 cm-1, '
IH NMR (500 MHz, CDCl3) =091 (3H, t, J=7.3 Hz), 1.29-1.38 (2H, m), 1.40-1.48 (2H,
m), 2.11 (3H, s), 2.27 (2H, t J=7.5 Hz), 7.01 (1H, d, J=7.3 Hz), 7.16 (1H, td, J=7.3, 0.9 Hz),
7.32 (1H, td, J=7.5, 0.8 Hz), 7.36 (1H, d,.J=7.3 Hz)

13C NMR (126 MHz, CDCl3) 6=11.5, 13.9, 22.5, 22.7, 31.2, 118.5, 121.5, 128.0, 130.9,
133.2, 135.2, 146.4, 153.8, 198.2.

MS (70 eV) m / z (rel intensity) 200 (M*+, 59), 158 (100), and 128 (46).
HRMS calcd for Cy4Hj 60 200.1201 (M+); found 200.1219.

Anal. Calcd for C14H160: C, 83.96; H, 8.05. Found C, 83.71; H, 7.86.
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OH
2-Butyl-3-methyl-1-naphthol (Ex. 984)
2-Butyl-1,1-difluoro-3-(2-phenylmethyl)-1,3-butadiene (60.4 mg, 0.26 mmol) was added to a
solution of p-toluenesulfonic acid (89.8 mg, 0.52 mmol) in HFIP (2 ml) at O °C under a nitrogen
atmosphere. After the mixture had been heated at reflux for 2 h, phosphate buffer (pH 7) was
added to quench the reaction. Organic materials were extracted with dichloromethane, and washed
with brine, and dried over NapSOy4. After evaporation of the solvent purification by thin layer
chromatography on silica gel (hexane—ethyl acetate (10:1)) gave 2-Butyl-3-methyl-1-naphthol as a
colorless liquid (21.6 mg, 0.10 mmol, 39%).
IR (neat / NaCl) 3340, 2950, 1465, 1365, 1280, 1110, 865, 745 cm-1.
IH NMR (500 MHz, CDCl3) 8=0.97 (3H, t, J=7.3 Hz), 1.47 (2H, tq, J=7.3, 7.3 Hz), 1.57
(2H, tt, J=7.7, 7.7 Hz), 2.46 (3H, d, J=0.9 Hz) , 2.76 (2H, t J=7.9 Hz), 5.16 (1H, s), 7.24 (1H,
s), 7.37-7.41 (2H, m), 7.68-7.70 (1H, m), 8.00-8.04 (1H, m).
13¢ NMR (CDCl3 / TMS) d=14.0, 20.4, 23.1, 26.4, 31.6, 120.7, 120.8, 121.7, 123.1, 124.5,
125.5, 127.0, 132.8, 135.4, 148.2
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