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1. Introduction However, these are multi-step reaction-involved s@&)esnd
) ] ] . the total yields are also extremely low. In additittney are the

The indenol skeletot (Fig. 1) is frequently found not only in - 41y reports on the synthesis of 3-fluoroalkyl indks. To the
the structure of naturally occurring substances dlgb in the  past of our knowledge, no publication has been nsadedenols

framework of various biologically active materialsuch as having a fluoroalkyl group at the 2 position atsalfar®
analgesics, insecticides or muscle relaxaftsTherefore,

enormous attention has been paid to fluorine-coirtgiindenol

derivatives these days, since biological activitise often 7steps OTs

dramatically improved by introducing a small numbéfluorine @ “ Solvoly5|s (Eq. 1)
atoms into organic substances.

However, there have been quite limited

studies on the synthesis of O‘ (S= CFscO CH4CO, H)

fluoroalkylated indenols, despite such OH
great pharmaceutical as well as 1
agrochemical advantages imparted byFig. 1. Indenol skeleton.

fluorine atom(s}. COLEt % PhSCH;, n-BuLi
Tidwell et al. have reported that the indenol ddiiea 3 @[ _TMSCF,, cat. CsF o __DABcO

having a trifluoromethyl (C§f group at the same carbon with a coet CVErHen THF, ~80°C, 2h

tosyloxy group, which could be prepared in 7 stegsnfthe ¢}

corresponding indanor underwent acid solvolysis to yield 3- 5 6

CF; indenol derivatives4 (Scheme 1. Eq. T).According to

Yamazaki et al., on the other hand, the phthabdeeadily HOS‘CFs 1) PTSOHH,0

prepared from the reaction of diethyl phthald&ewith the Sph __DOE.reflix 241 gCE reflux, 24 h O 2 sph (Eq.2)

Ruppert-Prakash reagent (TMS{LH the presence of a catalytic 2>m%HH4 gfg'% N

amount of cesium fluoride, reacts smoothly with o)

phenylthiomethyllithium at-80 °C to give the corresponding 7 a

CFs-indanone 7. Then, a dehydration reaction af and the

Susbsequent Carbonyl'redUCtion provide the 3'mﬂen0|8 (EQ- Scheme 1. Precedent works for the preparation of CF3-containing indenols.
2).
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Herein we report a facile and practical synthetidgol for  coordinated by 1,2-bis(diphenylphosphino)ethanepéjip 1,4-
2- and 3-fluoroalkylated indenolsia cobalt-catalyzed [2+3] bis(diphenylphosphino)butane (dppb), or 9-2,2-
carbocyclization reaction which was developed by Qhetral. bis(diphenylphosphino)-1,1’-binaphthylSi¢BINAP) resulted in
as a pioneering workpsing fluorine-containing internal alkynes a significant improvement of the yield of the desdirindenol

with various 2-iodoaryl ketones in detail. derivatives (Entries 2-4). When 1,1-
. . bis(diphenylphosphino)ferrocene (dppf) was used bgaad, in
2. Results and discussion particular, desired cycloadductslaA/12aA were obtained in

95% combined yields, together with very small amowft
trimerization adduct 13a (Entry 5). The use of 1,10-
e phenanthroline (phen) as a ligand was also fourtuktefficient,
though the yield of fluorine-containing indenol wetives was
slightly decreased (Entry 6). Even when the ligand switched
from a bidentate to a monodentate ligand, like ;P®te yield or
isomeric ratio of the reaction products did notrdedrastically

An initial screening of the reaction conditions toe cobalt-
catalyzed [2+3] carbocyclization reaction was pernied using
trifluoromethylated internal alkynea® and 2-iodoacetophenon
10A. The results are summarized in Table 1.

Table 1. Screening for the reaction conditions of [2+3] carbocyclization.

' CoCly(Ligand) (5 mol%) (Entry 7). _
F.C—=_R' + @['(Me Zn (275 equiv) It should be noted that cobalt catalyst substitutgdother
&= CHgCN, 80°C, 3 h halogens (X = Br, 1) also did not affect the yieldsd
9a: R' = p-CICeH, o} regioselectivity (Entries 8 and 9). Lower temperatdeterred the
10A (1.5 equiv) reaction proceeding (Entry 10). Yields were somewhatled

with decreasing the amount of zinc powder (1.0 egaintry 11)

CF
CF; R 3
R! CF, or catalyst loading (3 mol%, Entry 12). AdditionallylaA and
O R'" + O CF; + 12aA were not obtained at all in the absence of colmthlyst,
Ny R' R and the starting alkyne was completely recoveredryEh3).

Ho Me o Me CF, Finally, the desired cyclization products were aidi in an
11aA 12aA 13a excellent yield even when only 1.1 equiv of 2-iodetaphenone
. was used (Entry 14). However, the use of 1.1 equiv2-of
. Yield® /% L S
Entry Ligand bromoacetophenone caused a significant decreadieeiryield,
11aA+122A [11aA/122A]° 13a leading to trimerization produdi3ain 31% vyield (Entry 15). In
1 None 15 [72/28] 53 all cases, almost the same regioselectivity wastite
2 dppe 73 [66/34] 14 With the optimal reaction conditions (Table 1, Bni#), we
5 dopb 83 [73127] 1 carried out cobalt-catalyzed [2+3] carbocyclizatieaction using
various fluoroalkylated internal alkynes9 and 2-
4 (S)-BINAP 84 [73/27] 13 iodoacetophenont0A. The results are summarized in Table 2.
5 dppf 95 [72/28] trace As shown in Entries 1-3, the position of the substiton the
6 ohen 81 [80/20] 9 benzene .r_ing in.the fluorinated alkyneg, ligara-, meta-, or
ortho-position, did not affect the reaction at all, gigi the
7 PPhs 81 [80/20] 2 corresponding products1A/12A in excellent yields. Substrates
8° dppf 89 [71/29] trace having various substituents on the benzene ring thod
o dppf 99 [71/29] rrdes fluoroalkylated alkynes, such as electron-donat{iMeO) or
. electron-withdrawing (CgEt) group, were found to be applicable
10 dppf 84 [72/28] 8 in the present [2+3] cyclization to afford the fioalkylated
1! dppf 75 [70/30] trace indenol derivatives (Entries 4 and 5), though ghtldecrease in
129 dppf 54 [73/27] 6 the yield was observed in the case of the fluorthatkynes
13 _ 0 0 havin_g a 4-biphenyl or a dimethylphenylsilyl groas an F]Q
_ (Entries 6 and 7). It should be noted that fludkglalted aliphatic
14 dppf 98 [70/30] trace alkyne 9h could also be applied, giving the corresponding
15 dppf 32[67/33] 31 products 11hA/12aH in moderate yield with the reverse of
. . 0 regioselectivity (22:77) (Entry 8). Besides, flualkylated
b\?;ferg]iqui?;(:);(etz glr“éli.omeric ratios of 11aA and 12aA. propargyl alcohols with a bulky substituent as dnwRre found
- With CoBry(dppf). to be unsuitable for the cobalt-catalyzed [2+3]boayclization
o pin Sola(dppD). | reaction (Entries 9 and 10). Difluoromethylated akcould be
"with 1.0 equiv of zn. successfully applied to the present reaction (Efiry; whilen-
gw::203u?1;nl%c%fb<;ﬁ<é§t(glpz?- perfluorobutyl (-C4Fg)-containing alkyne was not suitable for
"With 1.1 eqﬁiv of z_iodo;’ceiophenone_ the reaction, resulting in complex mixtures (Eritgy.
TWith 1.1 equiv of 2-bromoacetophenone. Subsequently, we examined the cobalt-catalyzed [2+3]

carbocyclization reaction using alky®a (R' = 4-CIGH,) and
To a solution of 5 mol% of Cogland 2.75 equiv of zinC alkyl or variously substituted aryl 2-iodoaryl ke@s. The 2-
pOWder in acetonitrile was added 1.0 equi\gahnd 1.5 eqUiV of iodoary| ketonel0B bearing a Cyc|ohexy| group as aﬁ &so
2'i0d0acet0phen0nﬁ0A, and the mixture was heated at 80 °C provided the Corresponding Cyc]oaddu]:mB andl2aBin h|gh
for 3 h. As a result, [2+3] carbocyclization toolage to give the  yield (Entry 13), whereas the reaction using 2-icefetmphenone
desired cyclized productislaA and12aA in only 15% yield as a 10C (R* = Ph) became somewhat sluggish, resulting in 57%
regioisomeric mixture (72:28), together with an wiE  combined yieldsof 11aC and12aC, along with a formation of
formation of alkyne trimerization produd3a in 53% yield  the trimerization product3ain 26% yield (Entry 14). As shown
(Entry 1). As shown in Entries 2-6, we carried o thaction  in Entries 1517, electron-rich acetophenont8D—F possessing
using cobalt catalysts containing various bidentat®sphine an electron-donating group on the aromatic ring egakie
ligands. Carbocyclizations in the presence of dobatalysts corresponding fluoroalkylated indenols in accepalyields,



while a significant retard of the reaction was obsdrin the case
of electron-deficient substrates, e.40G and 10H, with an
electron-withdrawing group on the aromatic ring, legdo the
correspondind.laand12aonly in around 28% combined yields
(Entries 18 and 19). It was noteworthy that regioismi1 and
12 were easily separated from each other in many chges
simple silica gel column chromatography, which beesna
strong point for the practical applications.

Stereochemical assignment of the indenblsand 12 was
carried out by double elucidation using X-ray cajlsigraphic
analysis and NMR technique. Thus, the major reginesd 1aA
obtained through the reaction 8& (Rf = CR, R' = 4-CIGH,)
with 10A (R* = Me, R = H) formed single crystal suitable for X-
ray crystallographic analysis by recrystallizatiofrom
hexane/CHCl,. As shown in Fig. 2, the major regioisonidraA
was found to possess a{ffoup at the 3-position. Additionally,
NOESY analysis of the major regioisonidraF obtainedvia the

3
carbocyclization reaction &a (Rf = CR, R' = 4-CIGH,) and
10F (R° = Me, R = 4,5-OCHO) was carried out (For the detail,
see Supporting Information), and as shown in Figw®, strong
correlations between Hand H, and H and H were detected,
whereas no cross-peak was observed betwgamdHH, strongly
indicating that the major compourddaF possessed a GGroup
at the 3-position. The stereochemical assignmeritsotber
products were performed on the basis of the chersftés in'°F
NMR. Thus, comparing the chemical shifts iff NMR for
11aA/12aA or 1laFH12aF, the signals of the major isomers,
11aA, 1laF appear at higher magnetic field than those of the
minor regioisomers]2aA, 12aF, respectivel)‘i The difference of
the chemical shifts was found to be qualitativelglagous to the
situation in other regioisomerdl/12. Therefore, the major
isomersll or the minor one&2 were safely assigned as 3- or 2-
fluoroalkylated products, respectively.

Table 2. Cobalt-catalyzed [2+3] carbocyclization reaction of various fluorinated alkynes with various 2-iodoaryl ketones.

s, - Rf
O s N AL
Af R 55 R “chonsoccan // ' |// ZA 1
9a-| RS o o A2 RS R R R
HO Rf
10A-H (1.1 equiv) 12 13
Entry R R! R? R® Product C"[zs;gfed dyy'iﬁ:’g/;’ flf ’111;112 Ratio® 0f 11/12  Yield% of 13
1 CF; 4-CICgH4 Me H 11aA/12aA 98 [52, 25] 70/30 trace
2 CF; 3-CICgH4 Me H 11bA/12bA 93 [57, 25] 68/32 trace
3 CR 2-CICeHs Me H 11cA/12¢cA 90 [77]°* 78122 0
4 CFRs 4-MeOCH, Me H 11dA/12dA 01 [73F 75/25 8
5  CR 4-Et0,CCeHa Me H 11eA/12eA 82 [73° 72128 8
6 CFRs 4-PhCeH, Me H 11FA/L2(A 66 [40, 14] 71/29 20
7 CR PhMe;,Si Me H 11gA/12gA 61 [49]° 64/36 5
8 CF; n-CeHi3 Me H 11hA/12hA 48° 22/77 39
9 CR O(EH Me H 11iA/12iA 23 82/18 0
10 CR <:>(:;‘TMS Me H 11jA/12iA 14 71/29 0
11 CHF,  4-CICeHs Me H 11KA/12KA 78 [61, 10] 88/12 0
12 n-Chs  4-CICeH, Me H 111A/12IA 16 75/25 0
13 CFs 4-CICeH, cy H 11aB/12aB 84 [57, 23] 71/29 0
14 CF; 4-CICgH4 Ph H 11aC/12aC 57[37, 12] 73/27 26
15 CF; 4-CICgH4 Me 4-Me 11aD/12aD 88 [41, 24] 70/30 10
16 CF; 4-CICgH4 Me 4-MeO 11aE/12aE 62 [23, 16] 63/37 20
17 CRs 4-CICeHa Me 45-0CH,0  1laF/12aF 63 [31, 20] 50/41 33
18 CFs 4-CICeH, Me 4l 11aG/12aG 27 64/36 59
19 CFs 4-CICeH, Me 4-CF, 11aH/12aH 28 67/33 64

a " Determined by F NMR.
® Atropisomers of 11cA and 12cA were detected.

¢ Combined isolated yield.

 performed using 2.0 equiv of 10A and 10 mol% of cobalt catalyst.
€ Unable to be purified because of undesired byproducts.

The above results allow us to propose the followieagction
mechanism which is similar to the previously repbrome’’ as
shown in Scheme 2. Thus, the reaction presumablgepds as
follows: (1) reduction of cobalt(ll) catalyst by zinmetal
generates the cobalt(l) species, (2) oxidativetaddbf Co(l) to
C—I bond of 2-iodoaryl ketone gives the correspogdirylcobalt
complexInt-1, (3) insertion of alkyne® into the Co-G, bond

(Int-2),"* (4) intramolecular nucleophilic addition of carbon
attached with Co metal to the carbonyl moiety tooswffthe
corresponding cobalt alkoxidet-3, (5) reduction of cobalt(ll)
complex by zinc metal brings about a cobalt(l) alde Int-4,
(6) transmetalation with ZnX(X = ClI or 1) forms zinc alkoxide
Int-5, together with regeneration of Co(l) species, am)l (
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hydrolysis of Int-5 gives rise to the desired fluoroalkylated residual proton signal of the NMR solvetit NMR (376 MHz)
indenol derivatived 1 or 12. spectra were obtained using AVANCE Il 400 NMR

The formation of tris(trifluoromethyl)benzene detive 13as  spectrometer in CDglwith CFCkL (6 = 0 ppm) as an internal
a side product can be explained by cobalt-catalyj2®+2]  standard (Bruker, Germany). The Bruker AVANCE Il 400 RM
cyclotrimerization of fluorinated alkynes 6f as described in the spectrometer was used for determining the yielchefgroducts
previous literaturé? Thus, the generated Co(l) interacts with two with trifluoromethylbenzene (GE¢Hs) or hexafluorobenzene
molecules of fluorinated alkyr@to form cobaltacyclopentadiene (CgFs) as internal references. IR spectra were recordad)uhe
complexInt-1'. Subsequent [4+2] cycloaddition @ft-1’ with KBr method with FT/IR-4100 typeA spectrometer (JASCO,
another molecule of the alkyne furnishes cobaltamradiene Japan); all spectra are reported in wavenumbers')(chligh-
Int-2’, followed by the reductive elimination, affordindiet resolution mass spectra were recorded on a JMS-700MS
corresponding trimerization produt3. spectrometer (JEOL, Japan) using the fast- atombhaiment
(FAB) method.

CF; Intramolecular
Nucleophilic

poion

11aA
Int-3
Co(iino Me
Zn
Fig. 2. X-ray crystallographic analysis of 11aA. Rf Alkyne Reduction
| | Insertion Zn2+
Cross peak C R Co(lll) R (R)
9 2
C[(O F“ (R
¥ Int-1 Co(yo Me M4
1/22[12"'/‘/ zan
Int-5

10 Me

Oxidative Reductive
9 Coupling Elimination
Cross peak B
11aF R! R
Rf
Rf Co(lll)
Cross peak A R! Rf 13
— Rf R1
Co(lll) '
~ Int-2" /7))
R Int-1' R! Rf
Fig. 3. NOE correlations of 11aF observed by NOESY measurement. Rf R!
[4+2]-
Cycloaddition
3. Conclusion
9

In conclusion, we accomplished the convenient syishef 2-
and 3-fluoroalkylated indenolsvia cobalt-catalyzed [2+3]
carbocyclization reaction of fluorine-containingkyles with 2- Rf (R")

iodoaryl ketones. Although the reaction did not pext
regioselectively, 2- and 3-fluoroalkylated indendérivatives R (Rf) Hydroly5|s R1 (Rf) + ZnX(OH)
could be successfully separated in many casesdimple silica Me Me
gel column chromatography. The present cobaltyzedl Xzno HO

.. . . Int-5 11 0or (12)
carbocyclization was also applicable for variousofioated
alkynes and 2-iodoaryl ketones, giving rise to aasi fluorine-
containing indenols in good to high yields. Thi®gess would
become useful synthetic protocol for fluorine-camizg
carbocycles of biological interest.

Scheme 2. Proposed reaction mechanism.

4. Experimental section All reactions were carried out using dried glasswarth \ai
_ _ magnetic stirrer bar and routinely monitored B¥ NMR
4.1. General information spectroscopy or thin-layer chromatography (TLC). ¢gkikemicals

were of reagent grade and, if necessary, purifiedhe usual
manner prior to use. Cobalt catalysts used in résgarch were
prepared according to the literatdfeColumn chromatography
was carried out on silica gel (Wako §eBON, 38-100 um) and

'H and**C NMR spectra were obtained using an AVANCE I
400 NMR spectrometerl: 400 MHz and™C: 100 MHz) in
chloroformd (CDCL) (Bruker, Germany), and the chemical
shifts are reported in parts per million (ppm) lhsen the



TLC analysis was performed on silica gel TLC plafiterck,
Silica gel 60ks,).

X-ray Crystallography: A colorless prismic crystal bfaA
having approximate dimensions of 0.13x0.12x0.10 mnvas
mounted on a glass fiber. All measurementslftaA were made
on a diffractometer with filtered Madradiation §= 0.71073 A)

5
24.4 CH,), 82.3 C-OH), 122.2 (Ar), 122.7 (Ar), 123.5 (d,=
272.3 Hz,CF,), 128.90 (Ar), 129.2 (Ar), 129.4 (Ar), 129.8 (=
1.3 Hz, Ar), 130.6 (Ar), 135.07 (Ar), 135.09 (4,= 32.9 Hz,
CF-C), 139.7 (Ar), 146.7 (qJ = 4.9 Hz, CE-C=C), 149.0 (Ar);
192 NMR (CDCk, CFC): d -55.94 (s, 3F); IR (neat) 3371, 3073,
2982, 2934, 1632, 1491, 1353, 1253, 1195, 114721897, 762,

and a rotating anode generator using a VariMax with727 cm'; HRMS (FAB): calcd for [M] C,7H,CIF;0: 324.0529,

PILATUS/DW (Rigaku); CompoundllaA. tetragonal,a
23.8638(15) Ab = 23.8638(15) A¢c = 10.6175(12) Ag = 90°,8
=90°,y = 90°,V = 6046.5(10) A T = 173(2) K, space group
4,/a (no. 88),Z = 16 reflection measured, 3726 unique which
were used in all calculations. The firRl andwR, were 0.1645
and 0.19091(> 2s(1)). All calculations were performed using the
CrystalStructure crystallographic software packdgme structure
was solved by direct methods and expanded usingidfour
techniques. The structural model was refined by Ianfatrix
least-squares method using SHELXL-2014/&\ll calculations
were performed using the SHELXL program. Crystallpia
data for this compound has been deposited with #maktidge
Crystallographic Data Centre as supplementary dataC&DC
1817768. Copy of the data can be obtained freehafge by
applying to The Cambridge Crystallographic Data @&sni2
Union Road, Cambridge CB2 1EZ, UK
(https://summary.ccdc.cam.ac.uk/structure-summainyxy.

4.2, Typical procedure for the [2+3] carbocyclization of
fluoroalkylated alkynes and 2-iodophenyl ketones

In a 30 mL two-necked round bottomed-flask, equippéd a
magnetic stirring bar, were placed fluoroalkylatdidlyme 9a
(0.123 g, 0.60 mmol), 2-iodoacetophend®d (0.089 mL, 0.66
mmol), zinc powder (0.108 g, 1.65 mmol), and G¢dppf) (21
mg, 31umol) in acetonitrile (3.0 mL), and the resultingxtoire
was stirred at 80 °C with an oil bath. After 3 h, tleaction
mixture was cooled to r.t., diluted with GEl, and then stirred in
the air for 15 min. Subsequently, the reaction orixtwas
subjected to flash column chromatography usingasilgel as
stationary phase and GEl, as mobile phase. After removal of
the solvent from the eluent under reduced presshesresidue
was purified by silica gel column chromatography
(Hexane/AcOEt 5:1) to give the -corresponding 2-(4-
chlorophenyl)-1-methyl-3-trifluoromethyl-1H-inderdl  11aA
(0.102 g, 0.314 mmol) and 3-(4-chlorophenyl)-1-myby
trifluoromethyl-1H-inden-1-oll2aA (0.049 g, 0.15 mmol).

4.2.1. 2-(4-Chlorophenyl)-1-methyl-3-trifluoromethyl-1H-inden-
1-ol (11a8A).

Yield: 52%; white solid, M.p. 105-1105.3 °C, eluent of the
column chromatography: Hexane/EtOAc 5/ NMR
(CDCly): 6 1.41 (s, 3H, €3), 2.21 (s, 1H, @), 7.29-7.43 (m,
6H, ArH), 7.45-7.50 (m, 2H, AH); *°C NMR (CDCL): ¢ 23.6
(CHj), 83.4 C-OH), 121.3 (Ar), 122.56 (Ar), 122.63 (d, =
272.5 Hz,CF,), 127.88 (Ar), 127.93 (¢ = 32.6 Hz, CE-C),
128.6 (Ar), 129.4 (Ar), 130.0 (Ar), 131.0 (Ar), 135Ar), 136.2
(Ar), 147.8 (Ar), 154.0 (gJ = 4.1 Hz, CEC=C); F NMR
(CDCl,, CFCh): 6 -60.16 (s, 3F); IR (KBr) 3347, 3070, 2973,
2926, 1493, 1474, 1375, 1335, 1200, 1128, 1092, 763, 725,
697 cm®; HRMS (FABY): calcd for [M] C;7H1,CIF;0: 324.0529,
Found: 324.0533.

4.2.2. 3-(4-Chlorophenyl)-1-methyl-2-trifluoromethyl-1H-inden-
1-ol (12aA).

Yield: 25%; yellow oil, eluent of the column chromgtaphy:
Hexane/EtOAc = 5/1*H NMR (CDCL): 6 1.82 (s, 3H, @),
2.16 (s, 1H, ®), 7.04 (d,J = 7.5 Hz, 1H, AH), 7.29-7.34 (m,
3H, ArH), 7.40 (tm,J = 7.5 Hz, 1H, AH), 7.46 (d,J = 8.6 Hz,
2H, ArH), 7.54 (d,J = 7.5 Hz, 1H, AH); *C NMR (CDCL): &

Found: 324.0529.

4.2.3. 2-(3-Chlorophenyl)-1-methyl-3-trifluoromethyl-1H-inden-
1-ol (11bA).

Yield: 57%; white solid, M.p. 89:80.1 °C, eluent of the
column chromatography: Hexane/EtOAc 5/ NMR
(CDCly): 5 1.46 (s, 3H, €3), 2.00 (s, 1H, @), 7.26 (dtJ = 7.3,
2.1 Hz, 1H, AH), 7.32-7.43 (m, 5H, AH), 7.447.55 (m, 2H,
ArH); ®C NMR (CDCE): § 23.6 CHs), 83.5 C-OH), 121.8 (d,J
= 1.3 Hz, Ar), 122.55 (g = 272.6 HzCF), 122.64 (Ar), 127.0
(d, J = 1.4 Hz, Ar), 128.0 (Ar), 128.2 (d, = 32.8 Hz, CEC),
128.6 (d,J = 1.2 Hz, Ar), 129.0 (Ar), 129.4 (Ar), 129.6 (Ar),
134.3 (Ar), 134.4 (Ar), 136.1 (Ar), 147.8 (Ar), 1544, (0 = 4.1
Hz, CR-C=C); "F NMR (CDCk, CFCE): 6 -60.23 (s, 3F); IR
(KBr) 3360, 3073, 2968, 1564, 1471, 1373, 1334,8119.71,
1156, 1088, 760, 735, 716 ¢mHRMS (FAB): calcd for [M]
C,7H1,CIF0: 324.0529, Found: 324.0520.

4.2.4. 3-(3-Chlorophenyl)-1-methyl-2-trifluoromethyl-1H-inden-
1-ol (12bA).

Yield: 25%; white solid, M.p. 70:81.2 °C, eluent of the
column chromatography: Hexane/EtOAc 5/ NMR
(CDCly): 6 1.82 (s, 3H, €l3), 2.24 (s, 1H, ®), 7.05 (d,J=7.5
Hz, 1H), 7.247.30 (m, 1H, AH), 7.31 (td,J = 7.5, 1.0 Hz, 1H,
ArH), 7.36-7.47 (m, 4H, AH), 7.54 (d,J = 7.4 Hz, 1H, AH);
¥C NMR (CDCL): 6 24.4 CH), 82.3 C-OH), 122.2 (Ar), 122.8
(Ar), 123.5 (q,J = 272.2 Hz,CF3), 126.7 (dJ = 1.4 Hz, Ar) ,
128.4 (d,J = 1.7 Hz, Ar), 129.15 (Ar), 129.23 (Ar), 129.4 (Ar),
129.9 (Ar), 134.0 (Ar), 134.6 (Ar), 135.3 (@= 29.9 Hz, CEC),
139.6 (Ar), 146.3 (¢J = 5.0 Hz, CE-C=C), 148.9 (Ar);"*F NMR
(CDCls, CFCL): 6 -56.03 (s, 3F); IR (neat) 3377, 3072, 2983,
2935, 1636, 1588, 1566, 1475, 1461, 1419, 13520,12598,
1119, 1055, 1021, 790, 502 ¢nHRMS (FAB): calcd for [M]
C,/H,CIF;0: 324.0529, Found: 324.0524.

4.2.5. 2-(2-Chlorophenyl)-1-methyl-3-trifluoromethyl-1H-inden-
1-ol (11cA) and 3-(2-chlorophenyl)-1-methyl-2-trifluoromethyl-
1H-inden-1-ol (12cA).

Combined yield: 77%; Isometric ratid{cA:12cA) = 78:22
(inseparable), yellow oil, eluent of the column chetography:
Hexane/EtOAc/Benzene 5/1/2t1cA: (atropisomer 1):*H
NMR (CDCL): 6 1.52 (s, 3H, €El3), 1.96-2.40 (m, 1H, ®),
7.20-7.60 (m, 8H, AH); "F NMR (CDCE): & —63.48 (s, 3F);
(atropisomer 2):'H NMR (CDCL): & 1.56 (s, 3H, ),
2.17-2.23 (m, 1H, ®), 7.20-7.60 (m, 8H, AH); “F NMR
(CDCly): 6 —62.51 (s, 3F);12cA: (atropisomer 1):'H NMR
(CDCly): 6 1.86 (s, 3H, €l3), 2.17#2.23 (m, 1H, ®), 7.16-7.60
(m, 8H, AH); >F NMR (CDCE): 6 -57.95 (s, 3F); (atropisomer
2): '"H NMR (CDCL): & 1.83 (s, 3H, @), 2.44-2.47 (m, 1H,
OH), 7.16-7.60 (m, 8H, AH); "F NMR (CDCL): 5 -57.83 (s,
3F); IR (neat) 3402, 3390, 3056, 2981, 1378, 12003, 1147,
1131, 1118, 1093, 1064, 1052, 752, 752'cHRMS (FAB):
caled for [M] C;7H,.CIF;0: 324.0529, Found: 324.0519.

4.2.6. 2-(4-Methoxyphenyl)-1-methyl-3-trifluoromethyl-1H-
inden-1-ol (11dA) and 3-(4-methoxyphenyl)-1-methyl-2-
trifluoromethyl-1H-inden-1-ol (12dA).
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Combined yield: 73%; Isometric ratia¥dA:12dA) = 75:25
(inseparable), yellow oil, eluent of the column chetography:
Hexane/EtOAc = 5/111dA: 'H NMR (CDCL): ¢ 1.45 (s, 3H,
HO-C-CH5), 2.00 (s, 1H, ®), 3.85 (s, 3H, O8;), 6.96 (d,J =
8.8 Hz, 2H, AH), 7.26-7.41 (m, 4H, AH), 7.45 (d,J = 7.2 Hz,
1H, ArH), 7.50 (d,J = 7.3 Hz, 1H, AH); *C NMR (CDC}): &
23.7 (HO-CCH,), 55.2 (GCH3), 83.3 C-OH), 113.7 (Ar), 121.4
(d,J=1.17, Ar), 122.5 (Ar), 123.8 (d,= 272.0 HzCF;), 124.8
(Ar), 126.6 (q.J = 32.3 Hz, CEC), 127.4 (Ar), 129.1 (Ar), 136.5
(Ar), 140.1 (Ar), 147.9 (Ar), 155.2 (d] = 3.5 Hz, CEC=C),
159.9 (Ar);'**F NMR (CDCk, CFCL): 6 -60.07 (s, 3F)12dA: 'H
NMR (CDChL): 6 1.82 (s, 3H, HO-C-8,), 2.18 (s, 1H, @), 3.87
(s, 3H, O®43), 7.00 (d,J = 8.8 Hz, 2H, AH), 7.12 (d,J = 7.4 Hz,
1H, ArH), 7.26-7.40 (m, 4H, AH), 7.53 (d,J = 7.3 Hz, 1H,
ArH); °C NMR (CDCL): 6 24.1 (HO-CCH,), 55.2 (CCH3), 82.1
(C-OH), 113.9 (Ar), 122.0 (Ar), 122.8 (Ar), 123.3 @= 272.6
Hz, CF3), 124.3 (dJ = 2.7 Hz, Ar), 128.9 (Ar), 129.0 (Ar), 129.8
(d, J = 1.0 Hz, Ar), 133.9 (¢ = 29.2 Hz, CEC), 140.1 (Ar),
147.4 (dJ = 4.8 Hz, CE-C=C), 149.2 (Ar), 159.9 (An)*F NMR

759, 733, 705 cilt HRMS (FAB): calcd for [M] CygHi7F0:
366.1232, Found: 366.1238.

4.2.9. 3-(4-Biphenyl)-1-methyl-2-trifluoromethyl-1H-inden-1-ol
(12fA).

Yield: 14%; yellow solid, M.p. 142:7143.0 °C, eluent of the
column chromatography: Hexane/EtOAc = 17/4 NMR
(CDCly): 6 1.86 (s, 3H, ©5), 2.21 (s, 1H, @), 7.15 (d,J = 7.4
Hz, 1H, AH), 7.32 (td,J = 7.5, 1.1 Hz, 1H, Ad), 7.34-7.44 (m,
2H, ArH), 7.45-7.52 (m, 4H, AH), 7.56 (d,J = 7.3 Hz, 1H,
ArH), 7.647.69 (m, 2H, AH), 7.71 (d,J = 8.5 Hz, 2H, AH);
*C NMR (CDCL): 6 24.5 CH,), 82.3 C-OH), 122.2 (Ar), 122.4
(9,d=272.16 HzCF;), 123.0 (Ar), 127.2 (Ar), 127.3 (Ar), 127.8
(Ar), 128.9 (dJ = 1.7 Hz, Ar), 129.0 (Ar), 129.1 (Ar) 129.2 (Ar),
131.1 (Ar), 134.6 (@) = 29.6 Hz, CEC), 140.1 (Ar), 140.6 (Ar),
141.8 (Ar), 147.6 (@) = 4.8 Hz, CE-C=C), 149.1 (Ar);"*F NMR
(CDCls, CFCL): 6 -55.79 (s, 3F); IR (KBr) 3549, 3933, 2990,
2942, 1489, 1357, 1319, 1253, 1209, 1195, 11499,11027,
1014, 765, 732 crit; HRMS (FAB): calcd for [M] CygH;/F0:

(CDCls, CFCL): ¢ —55.76 (s, 3F); IR (neat) 3377, 3074, 2976,366.1232, Found: 366.1231.

2934, 2840, 1606, 1511, 1461, 1377, 1356, 13350,12952,
1199, 1174, 1146, 1121, 1035, 762, 733;'ciHRMS (FAB):
calcd for [M] CygH15F:0,: 320.1024, Found: 320.1033.

4.2.7. Ethyl 4-(1-hydroxy-1-methyl-3-trifluoromethyl-1H-inden-
2-yl)benzoate (11eA) and ethyl 4-(1-hydroxy-1-methyl-2-
trifluoromethyl-1H-inden-3-yl)benzoate (12€A).

Combined yield: 73%; Isometric ratid{eAl2eA) = 72:28
(inseparable), yellow solid, eluent of the
chromatography: Hexane/EtOAc/benzene = 5/112pA 'H
NMR (CDCL): § 1.38-1.43 (m, 3H, CHCH,), 1.45 (s, 3H, C-
CHz), 2.23 (s, 1H, @), 4.35-4.42 (m, 2H, ®,CH,), 7.277.55
(m, 6H, AH), 8.08 (d,J = 6.7 Hz, 2H, AH); **C NMR (CDCL):

0 14.3 (CHCHg), 23.6 (CCH3), 61.4 CH,CH;), 83.5 C-OH),
121.7 (Ar), 122.576 (Ar), 122.582 (4,= 272.6 HzCF,), 127.9
(Ar), 128.0 (g,J = 30.7 Hz, CEC), 128.7 (d,J = 1.1 Hz, Ar),
129.3 (Ar), 129.7 (Ar), 130.5 (Ar), 136.0 (Ar), 137 A&r), 148.1
(Ar), 154.4 (g, = 4.0 Hz, CE-C=C), 166.4 C=0); F NMR
(CDCl;, CFCE): 6 -60.23 (s, 3F)12eA 'H NMR (CDCk): &
1.38-1.43 (m, 3H, CHCH3), 1.83 (s, 3H, C-8;), 2.33 (s, 1H,
OH), 4.35-4.42 (m, 2H, ®,CH;), 6.99 (dJ = 7.5 Hz, 1H, AH),
7.25-7.60 (m, 5H, AH), 8.13 (d,J = 6.7 Hz, 2H, AH); °C
NMR (CDCL): 6 14.3 (CHCH,), 24.3 (CCH,), 61.3 CH,CHy),
82.3 C-OH), 122.2 (Ar), 122.6 (Ar), 123.4 (g} = 272.4 Hz,
CFy), 128.4 (dJ = 1.2, Ar), 129.1 (Ar). 129.2 (Ar), 129.3 (Ar),
130.8 (Ar), 135.4 (¢ = 29.8 Hz, CE-C), 136.9 (Ar), 139.5 (Ar),
146.7 (9,J = 4.7 Hz, CEC=C), 149.1 (Ar), 166.5C=0); °F
NMR (CDCk, CFCL): 6 -56.03 (s, 3F); IR (KBr) 3461, 3074,
2980, 2931, 1698, 1606, 1310, 1297, 1201, 1173511058,
1023, 762, 717 cih HRMS (FAB): calcd for [M] CyoH;77:05:
362.1130, Found: 362.1118.

4.2.8. 2-(4-Biphenyl)-1-methyl-3-trifluoromethyl-1H-inden-1-ol
(12fA).

Yield: 40%; yellow solid, M.p. 117:5118.2 °C, eluent of the
column chromatography: Hexane/EtOAc = 17/4 NMR
(CDCly): 6 1.51 (s, 3H, €l3), 2.06 (s, 1H, @), 7.3+7.43 (m,
3H, ArH), 7.44-7.56 (m, 6H, AH), 7.62-7.72 (4H, ArH); C
NMR (CDCL): 6 23.8 CH,), 83.6 C-OH), 121.7 (d,J = 1.3 Hz,
Ar), 122.6 (Ar), 122.8 (q) = 272.7 HzCF;), 127.0 (Ar), 127.2
(Ar), 127.68 (q,J = 32.0 Hz, CEC), 127.71 (Ar), 129.0 (Ar),
129.1 (d,J = 1.2 Hz, Ar), 129.3 (Ar), 131.6 (Ar), 136.5 (Ar),
140.6 (Ar), 141.6 (Ar), 147.9 (Ar), 155.1 (4,= 4.0 Hz, CE

4.2.10. 2-(Dimethylphenylsilyl)-1-methyl-3-trifluoromethyl-1H-
inden-1-ol  (11gA) and 3-(dimethylphenylsilyl)-1-methyl-2-
trifluoromethyl-1H-inden-1-ol (12gA).

Combined yield: 49%; Isometric ratid{gA:12gA) = 64:36
(inseparable), yellow oil, eluent of the column chetography:
Hexane/EtOAc = 9/111gA: 'H NMR (CDCkL): 6 0.66 (s, Si-
CHa, 6H), 1.63 (s, 3H, C-8,), 1.93 (s, 1H, @), 7.28-7.48 (m,

column 7H, ArH), 7.57-7.65 (m, 2H, AH); **F NMR (CDCh, CFCk): &

-60.01 (s, 3F)12gA: 'H NMR (CDCk): 6 0.66 (s, 6H, Si-6l),
1.75 (s, 3H, C-Bl3), 2.14 (s, 1H, @), 7.01 (dJ = 7.68 Hz, 1H,
ArH), 7.09 (tdJ = 7.57, 1.03 Hz, 1H, At), 7.25 (t, 7.08 Hz, 1H,
ArH) 7.28-7.48 (m, 4H, AH), 7.53-7.65 (m, 2H, AH); °F
NMR (CDCl, CFCE): 6 -54.43 (s, 3F);11gA+12gA): °C NMR
(CDCly): ¢ -0.87 (q,J = 8.8 Hz, SicH3), —0.53 (q,J = 9.0 Hz,
Si-CHj), —0.40 (m, 2C, SiEH3), 24.8 (CCHs), 25.3 (CCHy),
83.6 (C-OH), 87.5 C-OH), 121.2 (d,J = 1.9 Hz, Ar), 121.89
(Ar), 121.94 (Ar), 123.1 (gJ) = 272.8 Hz,CF3), 124.0 (q,J =
273.0 Hz,CFy), 125, 5 (Ar), 128.0 (Ar), 128.1 (Ar), 128.3 (Ar),
128.6 (Ar), 129.0 (Ar), 129.5 (Ar), 129.7 (Ar), 134Ar), 134.1
(Ar), 136.6 (Ar), 137.5 (Ar), 138.0 (Ar), 140.6 (d,= 29.8 Hz,
CFR-C, Ar), 142.0 (Ar), 146.9 (qJ = 14.3 Hz, CRC=C), 149.3
(Ar), 149.8 (q,J = 30.2 Hz, CEC), 151.9 (Ar), 157.1 (¢ = 3.5
Hz, CR-C=C), the signal of one carbon was overlapped with
other signals. ; IR (neat) 3348, 3071, 2980, 142343, 1336,
1311, 1254, 1196, 1168, 1156, 1119, 826, 785, 159 EIRMS
(FAB): calcd for [M+Na] C,oH;oF;NaOSi: 371.1055, Found:
371.1057.

4.2.11. 2-Hexyl-3-trifluoromethyl-1H-inden-1-ol (11hA) and 3-
Hexyl-2-trifluoromethyl-1H-inden-1-ol (12hA).

Combined yield: 48%; Isometric ratidXhA:12hA) = 77:23
(inseparable), yellow oil, eluent of the column chetography:
Hexane/EtOAc = 9/111hA: *H NMR (CDCL): 6 0.82-0.98 (m,
3H, CH-CHs, 6H), 1.21-1.77 (m, 9H, C#C,Hg-CH,, OH) 1.54
(s, 3H, C(OH)-®;), 2.39-2.61 (m, 2H, C=C-Ch), 7.2+7.56
(m, 4H, AH), 7.7+7.84 (m, 1H, AH); F NMR (CDC},
CFCL): 6 -61.55 (s, 3F)12hA: *H NMR (CDCk): 6 0.82-0.98
(m, 3H, CH-CH,, 6H), 1.2+1.77 (m, 8H, CHC,Hg-CHs) 1.73
(s, 3H, C(OH)-G1,), 2.01 (s, 1H, ®), 2.61-2.70 (m, 2H, C=C-
CH,), 7.217.56 (m, 3H, AH), 7.7:7.84 (m, 1H, AH); F
NMR (CDCl, CFCh): § -57.03 (s, 3F); HRMS (FAB): calcd for
[M™] Cy7H,,F50: 298.1544, Found: 298.1545.

C=C), the signal of one carbon was overlapped with other

signals.;'®f NMR (CDCk, CFCL): § —60.09 (s, 3F); IR (KBr)
3278, 3032, 2981, 2928, 1376, 1200, 1158, 11131,1988, 828,

4.2.12. 2-(4-Chlorophenyl)-3-difluoromethyl - 1-methyl-1H-inden-
1-ol (11kA).



Yield: 61%; yellow solid, M.p. 52:63.0 °C, eluent of the
column chromatography: Hexane/EtOAc = 7/3 NMR
(CDCly): 6 1.47 (s, 3H, €l), 1.95 (s, 1H, @), 6.46 (t,J = 54.1
Hz, 1H, CRH), 7.32 (td,J = 7.4, 1.4 Hz, 1H Ad), 7.36 (td,J =
7.4, 1.4 Hz, 1H, Ad), 7.44 (dJ = 8.6 Hz, 2H, AH), 7.49 (d,J =
8.6 Hz, 2H, AH), 7.50 (d,J = 7.4 Hz, 1H AH), 7.60 (d,J= 7.4
Hz, 1H, AH); °C NMR (CDCL): § 23.6 CHs), 83.4 C-OH),
112.6 (q,J = 233.2 HzCF,H), 122.3 (Ar), 122.4 (d = 2.17 Hz,
Ar), 127.6 (Ar), 129.1 (Ar), 129.2 (Ar), 130.3 (Ar), 130(Ar),
131.6 (dd,J = 25.0, 23.0 Hz, CIH-C), 135.3 (Ar), 136.7 (Ar),
148.4 (Ar), 153.2 () = 10.2 Hz, CEH-C=C); **F NMR (CDC},
CFCL): 6 -116.99 (dd,) = 321.2, 54.1 Hz, 2F)114.45 (dd,J =
321.2, 54.1 Hz, 2F); IR (KBr) 3351, 3068, 2974, 292890,
1379, 1119, 1092, 1073, 1027, 823, 759, 73I%ciRMS
(FAB): calcd for [M] Cy7H,:CIF,0: 306.0623, Found: 306.0625.

4.2.13. 3-(4-Chlorophenyl)-2-drifluoromethyl-1-methyl-1H-
inden-1-ol (12kA).

Yield: 10%; yellow oil, eluent of the column chromgtaphy:
Hexane/EtOAc = 7/3'H NMR (CDCL): 6 1.84 (s, 3H, Ey),
2.30 (s, 1H, ®), 6.47 (t,J = 54.0 Hz, 1H, C§H), 7.14 (d,J =
7.4 Hz, 1H, AH), 7.31 (td, J = 7.4, 1.1 Hz, 1H, B, 7.34-7.41
(m, 3H, AH), 7.49 (d,J = 8.5 Hz, 2H AH), 7.54 (d,J = 7.4 Hz,
1H, ArH); *C NMR (CDCL): 6 24.8 CH,), 82.3 C-OH), 113.7
(dd, J = 234.1, 231. 1 HZCF,H), 122.1 (Ar), 122.3 (Ar), 127.6
(t, J=77.2 Hz, CBH-C), 128.8 (tJ = 34.4 Hz, Ar), 128.9 (d] =
2.5 Hz, Ar), 129.2 (Ar), 130.2 (Ar), 135.3 (Ar), 138.8d(J =
21.7, 20.0 Hz, Ar), 139.7 (Ar), 145.6 (= 10.3 Hz, Ar), 149.5
(Ar); *F NMR (CDCk, CFCL): 6 -115.94 (ddJ = 316.6, 54.0
Hz, 1F),-109. 55 (dd,J = 316.6, 54.0 Hz, 1F); IR (neat) 3584,
3385, 3070, 2978, 2930, 2866, 1491, 1403, 13777,13478,
1129, 1088, 1017, 806, 761, 733, 427'ctHRMS (FAB): calcd
for [M"] C;7H,3CIF,0: 306.0623, Found: 306.0614.

4.2.14. 2-(4-Chlorophenyl)-1-cyclohexyl-3-trifluoromethyl-1H-
inden-1-ol (11aB).

Yield: 57%; yellow oil, eluent of the column chromgtaphy:
Hexane/EtOAc = 9/1'H NMR (CDCE): 6 0.30-0.43 (m, 1H,
Cy), 0.85-1.18 (m, 3H, Cy), 1.251.66 (m, 5H, Cy), 1.761.80
(m, 1H, Cy), 1.97 (s, 1H, @), 2.01-2.11 (m, 1H, Cy), 7.30 (td,
= 7.4, 1.2 Hz, 1H, Ad), 7.347.47 (m, 6H, AH), 7.50 (d,J =
7.2 Hz, 1H, AH); ®C NMR (CDCL): § 26.1 (Cy), 26.2 (Cy),
26.4 (Cy), 26.5 (Cy), 26.7 (Cy), 44.2 (Cy), 88F-QH), 121.6
(d, J = 1.7 Hz, Ar), 122.6 (gJ) = 272.8 Hz,CF;), 123.8 (Ar),
127.2 (Ar), 128.6 (Ar), 129.2 (Ar), 129.4 (@= 32.1 Hz, CEC),
130.0 (d,J = 1.1 Hz, Ar), 131.6 (Ar), 134.9 (Ar), 137.6 (Ar),
145.9 (Ar), 153.4 (gJ = 4.0 Hz, CE-C=C); *F NMR (CDCE,
CFCL): 9 -60.29 (s, 3F); IR (neat) 3443, 3073, 2932, 2859014
1471, 1378, 1203, 1169, 1126, 1094, 1021, 945, 363, 732
cm’; HRMS (FAB): calcd for [M] CpH,CIFO: 392.1155,
Found: 392.1144.

4.2.15. 3-(4-Chlorophenyl)-1-cyclohexyl-2-trifluoromethyl-1H-
inden-1-ol (12aB).

Yield: 23%; yellow oil, eluent of the column chromgtaphy:
Hexane/EtOAc = 9/1'H NMR (CDCE): 6 0.43-0.58 (m, 1H,
Cy), 0.83-1.45 (m, 4H, Cy), 1.561.72 (m, 3H, Cy), 1.861.90
(m, 1H, Cy), 2.152.34 (m, 2H, Cy), 2.19 (s, 1H,H), 6.99 (d,J
= 7.3 Hz, 1H, AH), 7.25-7.37 (m, 4H, AH), 7.45 (d,J = 8.5 Hz,
2H, ArH), 7.52 (d,J = 7.1 Hz, 1H, AH); °C NMR (CDCL): ¢
26.4 (Cy), 26.5 (Cy), 26.8 (Cy), 27.1 (Cy), 27.4(CA5.0 (Cy),
88.3 C-OH), 122.5 (Ar), 123.6 (qJ = 272.5 Hz,CFy), 124.1
(Ar), 128.6 (Ar), 128.88 (Ar), 128.94 (Ar), 129.8 @= 1.3 Hz,
Ar), 130.9 (Ar), 134.6 (g) = 29.4 Hz, CE-C), 135.0 (Ar), 141.2

7
(Ar), 146.7 (Ar), 148.2 (qJ) = 4.9 Hz, CE-C=0C); ¥ NMR
(CDCls, CFCE): 0 -55.97 (s, 3F); IR (neat) 3459, 3071, 2932,
2855, 1633, 1491, 1454, 1399, 1349, 1251, 12000,11504,
1091, 826, 789, 764 chm HRMS (FAB): calcd for [M]
C,,H,CIF;0: 392.1155, Found: 392.1154.

4.2.16. 2-(4-Chlorophenyl)-1-phenyl-3-trifluoromethyl - 1H-inden-
1-ol (11aC).

Yield: 37%; yellow oil, eluent of the column chromgtaphy:
Hexane/EtOAc = 9/T*H NMR (CDCk): 6 2.38 (s, 1H, ®), 6.93
(d,J = 8.9 Hz, 2H, AH), 7.18-7.32 (m, 9H, AH), 7.39 (td,J =
7.5, 1.4 Hz, 1H, Ad), 7.527.54 (m, 1H, AH); °C NMR
(CDCly): 6 87.6 C-OH), 121.9 (dJ = 1.4 Hz, Ar), 122.6 (¢J =
272.8 Hz,CF3), 124.0 (Ar), 125.5 (Ar), 128.1 (Ar), 128.3 (Ar),
128.4 (Ar), 128.6 (Ar), 129.0 (d,= 32.7 Hz, CEC), 129.6 (Ar),
130.1 (d,J = 1.3 Hz, Ar), 130.6 (Ar), 135.0 (Ar), 137.3 (Ar),
138.5 (Ar), 149.2 (Ar), 155.1 (d,= 3.9 Hz, CE-C=C); F NMR
(CDCls, CFCL): 6 —60.13 (s, 3F); IR (neat) 3541, 3454, 3067,
3030, 1597, 1491, 1375, 1329, 1202, 1170, 11245,1029, 699
cm’; HRMS (FAB): calcd for [M] C,H;,CIF;O: 386.0685,
Found: 386.0676.

4.2.17. 3-(4-Chlorophenyl)-1-phenyl-2-trifluoromethyl - 1H-inden-
1-ol (12aC).

Yield: 12%; yellow oil, eluent of the column chromgtaphy:
Hexane/EtOAc = 9/1'H NMR (CDCk): ¢ 2.68 (s, 1H, @),
7.08-7.14 (m, 1H, AH), 7.22-7.39 (m, 6H, AH), 7.4%7.47 (m,
2H, ArH), 7.477.55 (m, 4H, AH): **C NMR (CDCL): § 86.0
(C-OH), 122.9 (Ar), 123.1 (q) = 272.4 Hz,CF;), 123.6 (Ar),
124.5 (Ar), 128.0 (Ar), 128.8 (Ar), 129.1 (Ar), 1298r), 129.9
(Ar), 130.3 (Ar), 135.4 (Ar), 136.1 (d,= 29.6 Hz, CEk-C), 139.3
(Ar), 140.1 (Ar), 148.6 (qJ) = 4.6 Hz, CE-C=C), 150.2 (Ar), the
signal of one carbon was overlapped with other signal’F
NMR (CDCl, CFCL): 6 -55.11 (s, 3F); IR (neat) 3550, 3457,
3069, 3030, 3452, 1722, 1631, 1589, 1491, 14580,13381,
1250, 1190, 1149, 1121, 1090, 1043, 1016, 857, 888, 761
cm’; HRMS (FAB): calcd for [M] CpHyCIF;O: 386.0685,
Found: 386.0687.

4.2.18. 2-(4-Chlorophenyl)-1,5-dimethyl-3-trifluoromethyl-1H-
inden-1-ol (11aD).

Yield: 41%; white solid, M.p. 129-6.30.4 °C, eluent of the
column chromatography: Hexane/EtOAc = 9/ NMR
(CDCly): 6 1.42 (s, 3H, HO-C-83), 1.91 (s, 1H, @), 2.42 (s,
3H, Ar-CHg), 7.15 (d,J = 7.5 Hz, 1H, AH), 7.27 (s, 1H, AH),
7.34 (d,J = 8.6 Hz, 2H, AH), 7.38 (d,J = 7.5 Hz, 1H, AH),
7.40 (d,J = 8.6 Hz, 2H, AH); *C NMR (CDCW): 6 21.7 (HO-C-
CHg), 23.7 (ArCHj), 83.2 C-OH), 122.3 (Ar), 122.5 (dJ = 1.2
Hz, Ar), 122.7 (qJ = 272.7 HzCF;), 127.9 (qJ = 32.6 Hz, Ck
C), 128.4 (Ar), 128.6 (Ar), 130.1 (d,= 1.2 Hz, Ar), 131.2 (Ar),
134.9 (Ar), 136.4 (Ar), 139.5 (Ar), 145.0 (Ar), 154@, 0 = 3.9
Hz, CR-C=C); ®F NMR (CDC}k, CFCL): 6 -60.11 (s, 3F); IR
(KBr) 3333, 3034, 2976, 2927, 1483, 1369, 1224,6]117129,
1063, 940, 823, 728 c¢m HRMS (FAB): calcd for [M]
C1gH14CIF;0: 338.0685, Found: 338.0690.

4.2.19. 3-(4-Chlorophenyl)-1,5-dimethyl-2-trifluoromethyl-1H-
inden-1-ol (12aD).

Yield: 24%; yellow oil, eluent of the column chromgtaphy:
Hexane/EtOAc = 9/1*H NMR (CDCL): ¢ 1.80 (s, 3H, HO-C-
CHa), 2.15 (s, 1H, @), 2.32 (s, 3H, ArEls), 6.83 (s, 1H, AH),
7.20 (d,J = 7.5 Hz, 1H, AH), 7.32 (d,J = 8.5 Hz, 2H, AH),
7.42 (d,J = 7.5 Hz, 1H, AH), 7.47 (dJ = 8.5 Hz, 2H, AH); “C
NMR (CDCL): 6 21.6 (HO-CEHy), 24.4 (ArCH5), 82.0 (HO-
C), 122.0 (Ar), 123.4 (Ar), 123.6 (d), = 272.3 Hz,CF;), 128.9
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(Ar), 129.8 (d,J = 1.5 Hz, Ar), 130.0 (Ar), 130.7 (Ar), 135.0

(Ar), 135.3 (q,J = 29.7 Hz, CEC), 139.3 (Ar), 139.9 (Ar), 146.2

(Ar), 146.7 (q,J = 5.0 Hz, CE-C=C); "F NMR (CDCk, CFCA):

5 -55.93 (s, 3F); IR (neat) 3384, 2980, 2927, 1495413254,

1223, 1186, 1153, 1116, 1090, 1022, 837, 822, W34;HRMS

(FAB): calcd for [M] C4gH;4CIF;0: 338.0685, Found: 338.0688.

4.2.20. 2-(4-Chlorophenyl)-5-methoxy-1-methyl-3-
trifluoromethyl-1H-inden-1-ol (11aE).

Yield: 23%; white solid, M.p. 141:241.8 °C, eluent of the
column chromatography: Hexane/EtOAc = 5/1H NMR
(CDCly): 6 1.42 (s, 3H, HO-C-85), 1.85 (s, 1H, @), 3.85 (s,
3H, OH,), 6.84 (dd,J = 8.2, 2.3 Hz, 1H, Ad), 7.00 (m, 1H,
ArH), 7.35 (d,J = 8.6 Hz, 2H, AH), 7.40-7.42 (m, 3H, AH);
¥C NMR (CDCE): 6 23.8 (HO-CCH,), 55.8 (QCH,), 82.9 (HO-
C), 108.2 (dJ = 1.4 Hz, Ar), 112.7 (Ar), 122.6 (d,= 272.7 Hz,
CFs), 123.3 (Ar), 127.6 (qJ) = 31.9 Hz, CEC), 128.6 (Ar),
130.0 (d,J = 1.4 Hz, Ar), 131.1 (Ar), 135.0 (Ar), 137.7 (Ar),
139.8 (Ar), 155.3 (qJ = 3.8 Hz, CR-C=C), 160.9 (Ar);"F NMR
(CDCls, CFCE): 6 —60.05 (s, 3F); IR (KBr) 3461, 2983, 2948,
1478, 1434, 1374, 1334, 1226, 1197, 1174, 11496,11092,
1058, 1024, 1016, 815 ¢m HRMS (FAB): calcd for [M]
C1gH14CIF;0,: 354.0634, Found: 354.0637.

4.2.21. 3-(4-Chlorophenyl)-5-methoxy-1-methyl-2-
trifluoromethyl-1H-inden-1-ol (12aE).

Yield: 16%; yellow oil, eluent of the column chromgtaphy:
hexane/EtOAc = 5/1*H NMR (CDCL): ¢ 1.80 (s, 3H, HO-C-
CHz), 2.04 (s, 1H, ®), 3.75 (s, 3H, Of,), 6.54 (d,J = 2.3 Hz,
1H, ArH), 6.89 (dd,J = 8.2, 2.3 Hz, 1H, Ad), 7.31 (d,J = 8.5
Hz, 2H, AH), 7.43 (dJ = 8.2 Hz, 1H, AH), 7.46 (d,J = 8.5 Hz,
2H, ArH); ®C NMR (CDCE): 6 24.5 (HO-CCH,), 55.8 (QCH,),
81.8 (HOC), 109.1 (Ar), 114.1 (Ar), 123.0 (Ar), 123.5 (@,=
271.6 Hz,CF3), 128.9 (Ar), 129.8 (dJ = 1.5 Hz, Ar), 130.1 (Ar),
135.1 (Ar), 136.6 (qJ = 29.7 Hz, CE-C), 141.0 (Ar), 141.3 (Ar),
146.3 (g,J = 4.9 Hz, CE-C=C), 160.9 (Ar);"*F NMR (CDCE,
CFCL): 9 -56.09 (s, 3F); IR (neat) 3412, 2978, 2938, 2839716
1594, 1490, 1465, 1353, 1256, 1221, 1192, 11547,11090,
1019, 835, 811, 750 c¢hm HRMS (FAB): calcd for [M]
CygH14CIF;0,: 354.0634, Found: 354.0639.

4.2.22. 6-(4-Chlorophenyl)-5-methyl - 7-trifluor omethyl-5H-
indeno[ 5,6-d] -1,3-dioxol-5-ol (11aF).

Yield: 31%; brown solid, M.p. 174-:274.9 °C, eluent of the
column chromatography: Hexane/EtOAc = 9/i4 NMR
(CDCly): ¢ 1.38 (s, 3H, @), 2.00 (s, 1H, @), 6.00 (d,J = 1.3
Hz, 1H, GH,), 6.03 (d,J = 1.3 Hz, 1H, @), 6.93 (d,J = 1.3 Hz,
1H, ArH), 6.98 (s, 1H, A), 7.32 (d,J = 8.6 Hz, 2H, AH), 7.39
(d, J = 8.6 Hz, 2H, AH); °C NMR (CDCE): 6 23.9 CHs), 82.9
(C-OH), 101.8 (Ar), 103.7 (dJ = 1.2 Hz, Ar), 104.3 (Ar), 122.6
(0, = 272.6 HzCF,), 127.7 (qJ = 32.6 Hz, CEC), 128.6 (Ar),
129.6 (Ar), 130.1 (dJ = 1.4 Hz, Ar), 131.2 (Ar), 134.9 (Ar),
142.3 (Ar), 147.8 (Ar), 148.6 (Ar), 153.0 (4,= 4.0 Hz, Ck
C=C); F NMR (CDCk, CFCL): 6 -60.25 (s, 3F); IR (KBr)
3321, 3014, 2974, 2900, 1505, 1382, 1299, 1240711808,
1093, 1017, 940, 830 ¢hm HRMS (FAB): calcd for [M]
C1H1,CIF;05: 368.0427, Found: 368.0439.

4.2.23. 7-(4-Chlorophenyl)-5-methyl -6-trifluor omethyl-5H-
indeno[ 5,6-d] -1,3-dioxol-5-0l (12aF).

Yield: 20%; brown solid, M.p. 107-208.0 °C, eluent of the
column chromatography: Hexane/EtOAc = 9/iH NMR
(CDCly): 6 1.76 (s, 3H, El3), 2.18 (s, 1H, ®), 5.98 (d,J = 1.6
Hz, 1H, H,), 5.97 (d,J = 1.6 Hz, 1H, El,), 6.47 (s, 1H, AH),
7.01 (s, 1H, AH), 7.29 (dJ = 8.5 Hz, 2H, AH), 7.44 (dJ= 8.5
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Hz, 2H, AH); °C NMR (CDCE): § 24.6 CHs), 81.7 C-OH),
101.9 (Ar), 103.6 (Ar), 103.9 (Ar), 123.4 (= 271.6 HzCFy),
128.9 (Ar), 129.7 (dJ = 1.4 Hz, Ar), 130.7 (Ar), 133.3 (Ar),
133.9 (q,J = 29.8 Hz, CEC), 135.1 (Ar), 143.9 (dJ = 1.7 Hz,
Ar), 146.4 (q,J = 4.9 Hz, CE-C=C ), 148.5 (Ar), 149.1 (Ar)'°F
NMR (CDClk, CFCE): 6 -55.82 (s, 3F); IR (neat) 3395, 3070,
2979, 2898, 1614, 1592, 1502, 1398, 1371, 1330]1,13263,
1232, 1176, 1107, 1230, 1014, 1003'cm
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