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1. Introduction

OH I H R'
.. . . . ) HI gas ) ) R
Hydrogen iodide (HI) is commercially available as%-57 '1? _— ? + '1? +
Wt% aqueous solution for use as a synthetic reagentjs used R R R ~Ph
R

as an acid, a reducing agerit,a nucleophilé, and so of.
Recently, we explored the utilization of HI gas imcton with
acetophenones to formralkylated acetophenones under solvent-Scheme 1. Three types of reactions of benzyl alcohols with
free conditions. Related to that reaction mechanism, we wereH|.

interested in the reactivity of benzyl alcohols todvéll. In this

manuscript, we described the reaction of benzylhaitsowith HI 2. Resultsand discussion

gas; three types of reactions, i.e., iodinatioduogtion, and ring
formation, occurred at ambient temperature undérestfree
conditions (Scheme 1). The formation of indane sidge to the
reaction of styrene derivatives with Brgnsted adids been
reported, although oligomerization occured in sarases as a
side reactiofl. Selective formations of indanes have been
achieved with styrene by using Lewis acidsansition metal§,
and ionic liquids. Benzyl alcohols can produce indanes throug
dimerization™® Stavber and co-workers reported that the reactio
of 2-phenyl-2-propanol in the presence patl 70 °C gave indane
products under solvent-free conditions.Hence, we also
investigated the scope and limitations of indamg rfiormation
under ambient conditions.

iodination reduction ring formation

First, we examined the reactivities of primary,@atary, and
tertiary benzyl alcohols with HI gas; their substitteewere fixed
with methyl and phenyl groups (Table 1). Unique deliég was
observed. Compounds with less crowding around taez¥yl
position, such aga and1b gave iodination productga and2b
(entries 1-3). The use of more than one equivalémil led to
hthe efficient generation &a. Even with one equivalent of H2p
jyvas obtained in good yield (80%) from secondary ladtdb,
whose benzyl cation would be stabilized efficientWhen
tertiary alcohollc was treated with HI gas, a cyclized product,
indane4c, was obtained in 62% vyield (entry 4). With secogdar
alcohol 1d, which contains a second phenyl ring, a complex
mixture was obtained. However, we were able to findicgdn
product3d, which was produced in 14% yield (entry 5). In the
case of tertiary alcohdle, a mixture of reduction produ8t and
indane4e was obtained; iodination produ2e was not found
(entry 6). When this reaction was conducted with
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Table 1. Reaction of various benzyl alcohols with HI gas

R1
OH HI gas R?
Ve OV O
1 no solvent 1
R 25°C, 1d R R R Ph
1a-f 2a-f 3a-f 4b,c,e
R ] % yield?
entry compound R R equiv. of HI 2 [iodination] 3 [reduction] 4 [ring formationf
1 1a H H 1 42 0 -
2 1.5 77 0 -
3 1b Me H 1 80 0 0
4 1c Me Me 1 0 0 62
5 1d Ph H 1 0 14 2
6 le Ph Me 1 0 46 53
7 1f Ph Ph 1 0 24 -
8 2 0 64 -

2 Yield was/determined by integration’sf NMR [peaks using-chlorobenzaldehyde as an internal standard.

P Yield was estimated as the formation of one mdéeoii4 from two molecules of.

triphenylmethanol If), reduction producsf was obtained (entry
7). The yield of3f was increased when two equivalents of HI
were used (entry 8). The reduction of triphenylmetia
derivatives with aqueous HI has been reported initbraturé”
and required refluxing conditions. When HI gas iedjsthe
reaction can proceed at ambient temperatures.

Under those conditions, the formation of ethers @e s
products is plausible. However, the correspondingrsticould
not be found in crudéH NMR spectra. This may because the
products can be formed from the ethers under tlaetion
conditions. To test this hypothesis, we examinedréaetion of
the ethers under the same conditions (Scheme 2).r&$ults
showed that the corresponding products could bermatarom
the ethers. The reaction of dibenzyl ettza)(the ethereal form
of 1a, gave iodination produ@a in 91% vyield, along with the
leaving alcohol (80%). Ethesb gave iodination produc@b in
50% yield with 13% of the corresponding alcohol. diidinately,
we could not prepare the corresponding etherdcofind 1f.
Hence, we attempted to the reactions of their medthyérs 6a
and 6b, respectively). These reactions also produéednd 3f.
Therefore, the ethers are also possible reactienniediates.

According to those results, the preferred reacitan be
predicted based on the stabilization of the inteliate and the
crowding at the benzyl position. The proposed raact
mechanism is depicted in Scheme 3. First, alcahislprotonated
by HI to generate an oxonium ion. After eliminatioh H,O,
benzyl cationA is formed. Intermediaté& can produce etheé®
by reacting withl. However, etheB can generatéd under acidic
conditions. With less crowded benzyl cations sucthase ofla
and 1b, iodide counter ion can attach easily to the catmgive

iodination produc. When an additional substituent is attached

to the benzyl cation, there are two possible pddim& path is the
formation of reduction produ& The additional phenyl group at
the benzyl position ild, 1le, and1f weakens the C—I bond even
though the C—I bond was formed because of the staéicaction.
The C-I bond (2.285 A) of triphenylmethyl iodide GDC
Refcode: TEWWEX)® is longer than the typical C—I bond
distance (2.162 A)! Therefore, iodide can be removed by HI to
form a benzyl anion(Q). Furthermore, reduction produ8tis
obtained via the protonation . The formation of3 in greater
than 50% vyield in the presence of two equivaleritdbis
reasonable (Table 1, entry 8). The formation ofiotidn product
3 through homolytic cleavage of the C—I bond in ibédinated

HI gas (1 equiv.)

no solvent
25°C,1d

OO g
St

OMe

le . ©AOH

91%

O°/

80%

©A

13%

HI gas (1 equiv.)

no solvent
25°C,1d

HI gas (1 equiv.)
- - @
no solvent
25°C,1d
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Scheme 2. Reaction of ethers with HI gas.

4c
56%

SO

0%
*% Yields were determined by H NMR with internal standard.

HI gas (1 equiv.)

no solvent
25°C,1d

compound is also plausible. However, Kahr and co-wsrke
reported that triphenylmethyl iodide is stable undbese
conditions (reacted at 25 °C). The other path fication A is
taken when the temperature is below 80"*Consequently, the
radical path via homolytic cleavage can be excluftech our
reaction when there is an additional substituenhcesithe
cyclization reaction occurs. When there ig-aydrogen at the
cationic carbon as witlhc andle, an elimination reaction occurs
to give styrene derivativdd. Carbon—carbon bond formation
occurs between intermediaf® and cationA to give tertiary
cation E. Intramolecular nucleophilic attack by the pheripg
and elimination of HI produce cyclization proddct

We also investigated indane ring formation, whictoines
selective carbon—carbon bond formation. The resahs
presented in Table 2. According to the reaction maatsm in
Scheme 3, a catalytic amount of HI is sufficientattvance the
reaction. However, the use of one molar equivalentlofave
indane4c efficiently in 62% yield (entries 1-3). It is reamble
that HO generated as a side product would decrease tHityaci
of HI. This reaction could be conducted in CH@éntry 4).
However, the formation ofic was inhibited strongly when



OH R'=R2=H (1a) !
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Scheme 3. Plausible reaction mechanism and requiremengs &fand4 formation.

aqueous HI was used (entry 5). The results suggestitthis
important to conduct the reaction under anhydromsditions.
The use of other acids such as HCl and MgE@ave
unsatisfactory results (entries 6 and 7). Therefaficient
indane formation requires the HI. The presence ahethyl
group, which is an electron-donating substituent then phenyl
ring increased the yield (entries 8-10). In confrisver yields
were obtained with compounds with chloro- and trifaraethyl
groups, which are electron-withdrawing substituentgrigs 11
and 12), which destabilize benzyl cation intermediA in
Scheme 1. Substrates with naphthyl groups reacteieefly to
give the corresponding indanes (entries 13 and It4)aticular,
the 2-naphthyl substrate gave a single isodmerin 79% yield
(entry 14) although reactions also occurred at thend 3
positions of the naphthalene ring. The use of bat@matics
gave no indane product and led to either a complieture (Ar =
2-thienyl group) or no reaction (Ar = pyridyl grou@ubstrates
with longer alkyl groups gave undesirable results.dxample, a
complex mixture was obtained in the reaction of 8splpentan-
3-ol. Furthermore, an elimination reaction occurradd no
indane ring was formed when diisopropylphenylmethanab
treated with HI (eq. 1). We also examined the reacf a
styrene with HI because the styrene is formed inpiteposed
reaction mechanism. Whea-methylstyrene
was treated with HI gas, corresponding indane
4c was obtained. However, the yield was not
as high as that of the reaction with alcohol
(eq. 2). We were unable to explain the
differences between those reactions, but t
gradual production of styrene derivative
prevent polymerization.

4m

In conclusion, three types of reaction occurredvben benzyl
alcohols and HI. The product selectivity dependedhendegree
of crowding and the benzylic stabilization. Thesact®ns were
conducted under solvent-free conditions at ambiemiperature.
Furthermore, the indane ring formation, which inedva
reaction between two molecules, proceeded efficieethgn
under solvent-free conditions.

OH HI gas (1 equiv.)

no solvent
25°C,1d
7%
(determined by "H NMR
with internal standard)

HI gas (1 equiv.)

@

©)L

Table 2. Indane ring formation by reaction bfwith HI gag

no solvent

25°C,1d Ph
4c
38%

OH
HI gas
Ar ||
\ no solvent
25°C,1d
1c, 1g-m @
4c, 4g-m
entry compound Ar i?ﬂY % yield

1 1c Ph 1 62
2 2 44
3 0.5 33
4 1 64
5° 1 complex mixture
6 £ 0
7 = trace
8 19 4-MeGH,4 1 84
9 1h 3-MeGsH, 1 64
10 1i 2-MeGsH, 1 64
11 1 4-CICsH,4 1 49
12 1k 4-CRCeHy 1 complex mixture
13 1 1-naphthyl 1 78
14 1m 2-naphthyl 1 79

? Reaction conditions: substrate (1.0 mmol), 25 iCd. Yield was
determined by integration dH NMR peaks using-chlorobenzaldehyde
as an internal standard.

b Reacted in CHGI(3.3 M).

¢ 55 wt% aqueous HI was used instead of HI gas.

4 €BAE. HCI (1 equiv.) was used[a8 the acid.

¢MeSQH (1 equiv.) was used as the acid.

 Obtained as regioisomers (68 : 82)/determend HdMNMR analysis).

9 Obtained as a single isoménd).
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3. Experimental section

General: Melting points were determined with Yanaco MP-JS(O'254 9,

and values were uncorrectetd and °C NMR measurements

were performed on a Varian MURCURY plus (300 MHz)
spectrometer and a Bruker AVANCE III-400M (400 MHz)

spectrometer. Chemical shiftd) (of ‘H NMR were expressed in
parts per million downfield from tetramethylsilameCDCL (6 =

0) as an internal standard. Multiplicities are ocaded as s
(singlet), d (doublet), t (triplet), sept (septat),(multiplet), and

coupling constantsl) are reported in hertz units. Chemical shifts tolyl)propan-2-ol

2-(4-Chlor ophenyl)propan-2-ol (1j): The titled compound
was prepared in 65% yield (1.116 g, 6.54 mmol) atiogrto the
similar procedure mentioned in 2-(4-tolyl)propam2with Mg
10.5 atom), Mel (2.080 g, 14.7 mmol), afd
chloroacetophenone (1.557 g, 10.1 mmol) as comdesid: mp
43-45 °C [lit.!® 43.3 °C];'"H NMR (CDCk, 300 MHz)s 1.57 (s,
6H),191.74 (s, 1H), 7.30 (dl = 8.8 Hz, 2H), 7.42 (d] = 8.8 Hz,
2H).

2-(4-(Trifluoromethyl)phenyl)propan-2-ol (1k): The titled
compound was prepared in 41% vyield (1.04 g, 4.92 ihmo
according to the similar procedure mentioned in2-2-(
with Mg (0.291 ¢, 12.0 atom), 4-

() of °C NMR are expressed in parts per million downfield or(trifluoromethyl)bromobenzene (2.755 g, 12.2 mmobnd
upfield from CDC} (0 = 77.0) as an internal standard. Infraredacetone (1.0 mL, 13.6 mmol) as pale yellow solid:387°C

spectra (IR) spectra were recorded on a JASCO FT/(Rpls
spectrometer. Mass spectra were carried out on aRM{E
Scientific Exactive in Center for Analytical Instremiation,
Chiba University. Analytical thin-layer chromatograpfirLC)
was performed on glass plates that had been preetoaith
silica gel (0.25 mm layer thickness). Column chrtygeaphy
was performed on 70-230 mesh silica gel. Anhydrouf Wids
distilled from sodium benzophenone ketyl immediatetior to
use. Anhydrous CHgGlwas distilled from CaGlafter washing

[lit.:*° 40.5-41.5 °C]*H NMR (CDCk, 300 MHz)6 1.60 (s, 6H),
1.78 (s, 1H), 7.60 (s, 4H}*C NMR (CDCL, 75 MHz) 6 31.8,
72.5, 124.2 (qJor = 270.1 Hz), 124.8, 125.2 (de.c.cx = 3.9
Hz), 128.9 (qJc.c.r= 31.9 Hz), 153.6

2-(Naphthalen-1-yl)propan-2-ol (1l): The titled compound
was prepared in 39% yield (0.732 g, 3.93 mmol) atiogrto the
similar procedure mentioned in 2-(4-tolyl)propam2with Mg
(0.265 g, 10.9 atom), Mel (1.553 g, 10.9 mmol), ahd

with ag. NaOH, and was stored with MS 4A. Other chemicafcetyinaphthalene (1.730 g, 10.2 mmol) as colosesd: mp 78

materials were used as obtained commercially.
3.1 Preparation of the Reactant

2-(4-Tolyl)propan-2-ol (1g): To a suspension of Mg
(turnings) (0.293 g, 12.1 atom) in anhydrouglE¢17.5 mL) was
dropwise added Mel (1.90 g, 13.4 mmol) at 0 °C. Jimpension
was stirred for 1.5 h at room temperature until M@sw
disappeared. To
methylacetophenone (1.36 g, 10.1 mmol) at O °C tlaadnixture
was stirred for 12 h at room temperature. To theti@a mixture
was added D (25 mL) and saturated aqueous J8H(25 mL).
After being extracted with EtOAc (30 mL x 3), the argalayer

was dried with MgSQ After the concentration, 2-(4-tolyl)proan-

2-ol (1.44 g, 9.55 mmol) was obtained in 94% yieddcalorless

oil: 'H NMR (CDCk, 300 MHz)s 1.57 (s, 6H), 1.72 (s, 1H), 2.34

(s, 3H), 7.15 (dJ = 8.0 Hz, 2H), 7.38 (d] = 8.2 Hz, 2H)"®

2-(3-Tolyl)propan-2-ol (1h): The titled compound was
prepared in 80% yield (1.251 g, 8.32 mmol) accadia the
similar procedure mentioned in 2-(4-tolyl)propam2with Mg
(0.254 g, 10.4 atom), Mel (1.651 g, 11.6 mmol), add
methylacetophenone (1.451 g, 10.8 mmol) as yellowish'H

°C;"H NMR (CDCL, 300 MHz)s 1.85 (s, 6H), 1.99 (s, 1H), 7.39
(t, J=7.5 Hz, 1H), 7.45 (df] = 1.5 and 6.8 Hz, 1H), 7.50 (dt=
1.8 and 6.8 Hz, 1H), 7.57 (dd~= 1.1 and 7.3 Hz, 1H), 7.76 (d,
=8.1 Hz, 1H), 7.85 (dd] = 2.2 and 9.6 Hz, 1H), 8.81 (i~ 8.4
Hz, 1H)*

2-(Naphthalen-2-yl)propan-2-ol (1m): The titled compound
was prepared in 64% yield (1.227 g, 6.59 mmol) atiogrto the

the solution was dropwise added 4similar procedure mentioned in 2-(4-tolyl)propami2with Mg

(0.278 g, 11.4 atom), Mel (1.716 g, 12.1 mmol), akd
acetylnaphthalene (1.744 g, 10.3 mmol) as colorsesdil: mp
55-56 °C;'H NMR (CDCk, 300 MHz)¢ 1.68 (s, 6H), 1.87 (s,
1H), 7.42-7.49 (m, 2H), 7.60 (dd = 1.9 and 8.7 Hz, 1H), 7.81-
7.85 (m, 3H), 7.93 (d] = 1.8 Hz, 1H}®

Bis(1-phenylethyl) ether (5b):** To a solution of 1-
phenylethanol 1b) (0.362 g, 2.97 mmol) in MeNQ3 mL) was
added TfOH (14uL, 016 mmol) at room temperature, and the
mixture was stirred for 2 h at that temperature. Afeanoval of
MeNG, in vacuo, to the reaction mixture was added sadrat
aqueous NaHCE(5 mL). After being extracted with hexane (10
mL x 3), the organic layer was dried with MgS@fter the
concentration, the residue was subject to columarchtography

NMR (CDClk, 300 MHz)d 1.57 (s, 6H), 1.79 (s, 1H), 2.37 (s, on SiQ (hexane : EtOAc = 5 : 1) to give bis(1-phenylettether

3H), 7.06 (d,J = 7.0 Hz, 1H), 7.20-7.32 (m, 3H}’C NMR

(diastereomer ratio = 73 : 27) (0.2425 g, 1.07 mnmi@Pso) as

(CDCl, 75 MHz)§ 21.6, 31.7, 72.5, 121.4, 125.1, 127.4, 128.1colorless oil:'H NMR (CDCk, 300 MHz)4 1.38 (d,J = 6.6 Hz,

137.8, 149.0. HRMS (ESI): Calcd. for,@,;,NaO ([M+Na])
173.0937, found 173.0936.

2-(2-Tolyl)propan-2-ol (1i): To Mg (turnings) (0.271 g, 11.2
atom) was dropwise added a solution of 2-bromotoluy@nér3

4.38H), 1.47 (dJ = 6.4 Hz, 1.62H), 4.25 (¢}, = 6.5 Hz, 1.46H),
453 (q.J = 6.4 Hz, 0.54H), 7.26-7.39 (m, 10H).

2-Phenyl-2-methoxypropane (6a): To a solution of 2-
phenyl-2-propanol 1c) (1.413 g, 10.4 mmol) in THF (20 mL)

g, 104 mmol) in anhydrous THF (25 mL) at O °C. Thewas added NaH (60 wt% oil dispersion) (1.422 g, 35.60mm

suspension was stirred for 3 h at refluxing cond#ioTo the
solution was dropwise added acetone (2.0 mL, 27.3 linatd@®
°C, and the mixture was stirred for 12 h at 40 °Cthe reaction
mixture was added 4 (25 mL) and saturated aqueous JSH
(25 mL). After being extracted with EtOAc (30 mL x 3he
organic layer was dried with MgSQAfter the concentration, the
residue was subject to column chromatography on @i€xane :
CHCl; = 5 : 1) to give 2-(2-tolyl)propan-2-ol (0.826 §,50
mmol, 53%) as colorless cubic crystals: mp 36-3gIRC"® 38-
39 °CJ;*H NMR (CDCk, 300 MHz)6 1.66 (s, 6H), 1.70 (s, 1H),
2.60 (s, 3H), 7.13-7.16 (m, 3H), 7.45 (m, TH).

and Mel (4.755 g, 33.5 mmol) at room temperatured the
mixture was stirred for 15 h at that temperature tii@reaction
mixture was added @ (30 mL). After being extracted with
EtOAc (30 mL x 3), the organic layer was dried with NIgS
After the concentration, the residue was subject @tunon
chromatography on SiO(hexane : EtOAc = 9 : 1) to give 2-
phenyl-2-methoxypropane (0.850 g, 5.66 mmol, 54%) a
colorless oil:'H NMR (CDCk, 300 MHz)d 1.53 (s, 6H), 3.07 (s,
3H), 7.25 (tJ = 7.1 Hz, 1H), 7.35 (] = 7.8 Hz, 2H), 7.42 (d] =

8.2 Hz, 2HY®



Triphenylmethyl methyl ether (6b): The titled compound
was prepared in 71% yield (0.589 g, 2.15 mmol) atiogrto the
similar procedure mentioned in 2-phenyl-2-methoryane with
triphenylmethanol (0.786 g, 3.01 mmol), NaH (60 wt% o
dispersion) (0.147 g, 3.67 mmol) and Mel (0.28 #I50 mmol)
as colorless solid: mp = 78-79 °C [fit.82.6-82.9 °C]'H NMR
(CDCls, 400 MHz)6 3.06 (s, 3H), 7.23 (] = 7.3 Hz, 3H), 7.30
(t, J=7.7 Hz, 6H), 7.44 (d] = 7.1 Hz, 6HY”

2,4-Dimethyl-3-phenylpentan-3-ol:* To a suspension of Mg
(turnings) (0.4862 g, 0.02 atom) in THF (2.5 mL) veliepwise
added a solution of 2-bromopropane (2.540 g, 20a@oMn in
anhydrous THF (25 mL) at O °C. After being stirremt 8 h,
ZnCl, (0.147 g, 1.08 mmol) was added to the solution &€0
and the solution was stirred for 40 min at that terafure. To the
mixture was dropwise added a solution of isobutylopne
(1.487 g, 10.0 mmol) in THF (10 mL) at 0 °C, ané thixture
was stirred for 16 h at room temperature. To theti@a mixture
was added saturated aqueous ,8H(25 mL). After being
extracted with EtOAc (30 mL x 3), the organic layer wiaied
with MgSQ,. After the concentration, the residue was subject
to column chromatography on Si@h-hexane : EtOAc = 20 : 1)
to give 2,4-dimethyl-3-phenylpentan-3-ol (0.3301g72 mmol)
in 17% vield as colorless oflH NMR (CDCk, 300 MHz)s 0.77
(d,J = 6.8 Hz, 6H), 0.85 (d] = 6.8 Hz, 6H), 1.49 (s, 1H), 2.31
(sept,J = 6.8 Hz, 1H), 7.22 (1) = 2.5 and 7.0 Hz, 1H), 7.31
(diffused t,J = 7.9 Hz, 2H), 7.38 (diffused d,= 7.2 Hz, 2H).

3.2 Handling the apparatusfor HI collection

[Caution!: HI is corrosive in the case to contact with
moisture. The experiment should be conducted into fume

hood.] To pick up anhydrous HI, the stainless tube of th

apparatus for HI collection was dehydrated by heatwith
heating gun in vacuo with vacuum pump. The apparatas
filled with argon gas and was made depression. Tyite avas
repeated in several times. After filled with argos,ghe vacuum
pump was exchanged to the line for HI collection. Argas was
flowed through the apparatus for 10 min (the flow wastrolled
by the control valve for argon). And the followingesption was
done at the same time: closing the control valveargion and
opening the valve of HI cylinder. After 5 min to fldvl gas (the
flow was controlled by the control valve for HI ga#),was
picked up through rubber septum with a syringe h#ecwith
disposable needle. The apparatus was worked offllagvéo The
valve of HI cylinder was closed and the control eabf argon
was opened. After continuing argon flow until the maligation
of the evolved gas (checked by pH paper), the valvargon
cylinder was closed. The line for HI collection waskanged to
the vacuum pump, and the apparatus was made depréssit0
min. During the reduced pressure, the stainless wdse heated
with heating gun. The vacuum pump was stopped, aed
apparatus was filled with argon with an applicationpofssure
(4~5 MPa). The depression and the filling of argas repeated
in three times to completely exclude HI gas.

3.3 Procedure for the Reaction of Benzyl Alcohols with HI
gas

In a round bottom flask fitted with three-way cock twit
septum was placed benzyl alcohol analogue (1.0-nBljn The
flask was filled with nitrogen after reducing pressukfter slight
decompression to ease to the gas introduction, HI(§&-2.0
equiv.) was brought in the vessel with syringe thioube
septum (the weight of HI gas was calculated the chafighe
weight of the equipment before and after the intobidm of Hl
gas). And nitrogen gas was introduced into vessetetease
deference of pressure against atmosphere. The nmistood at

25 °C for 2 d. After reducing pressure to releasegéll, to the
reaction mixture was added saturated@; (20 mL) and brine
(15 mL). After being extracted with CHObr ELO (15 mL x 3),
the organic layer was dried with Mga@\fter the concentration,
ca. 10.0 mg of the residue was combined wiit
chlorobenzaldehydecg. 10.0 mg) as an internal standard. And
the mixture was measured witH NMR to determine the yield
by the integration of methyl, methylene or methpeak of the
product and formyl peak gb-chlorobenzaldehyde (9.98 ppm).
Furthermore, the reaction mixture included imp-
chlorobenzaldehyde was subject to column chromgbbgran
SiO, to give the product.

lodinated  products, (iodomethyl)benzene2a)(*®  (1-
iodoethyl)benzene 2p),*® and  reduction  products,
diphenylmethane  3¢),* 1,1-diphenylethane ~ 3¢),*

triphenylmethane 3f),** were assigned by the corresponding
proton peaks at benzylic positions compared with dhemical
shift reported in the literatures.

o 1,1,3-Trimethyl-3-phenyl-2,3-dihydro-1H-indene (4c):

%olorless oil’H NMR (CDCl;, 300 MHz)6 1.04 (s, 3H), 1.35 (s,
3H), 1.69 (s, 3H), 2.19 (d,= 13.0 Hz, 1H) 2.42 (d] = 13.0 Hz,
1H), 7.11-7.29 (m, 9H3!

1-Methyl-1,3,3-triphenyl-2,3-dihydr o-1H-indene (4e):
colorless solid'H NMR (CDCk, 300 MHz)d 1.54 (s, 3H), 3.09
(d, J = 13.5 Hz, 1H), 3.39 (d] = 13.5 Hz, 1H), 7.00-7.29 (m,
19H)*

1,1,3,5-Tetramethyl-3-(4-tolyl)-2,3-dihydr o-1H-indene
(4g): Colorless oil;'H NMR (CDCk, 300 MHz)d 1.04 (s, 3H),
1.32 (s, 3H), 1.66 (s, 3H), 2.16 (@7 13.0 Hz, 1H), 2.30 (s, 3H),
2.35 (s, 3H), 2.37 (d] = 13.0 Hz, 1H), 6.90 (s, 1H), 7.03-7.09

(m, 6H)3*

1,3,3,5-Tetramethyl-1-(3-tolyl)-2,3-dihydr o-1H-indene and
1,1,3,4-Tetramethyl-3-(3-tolyl)-2,3-dihydro-1H-indene  (4h):
Colorless oil*H NMR (CDCl;, 300 MHz)6 1.03 (s, 0.96H), 1.20
(s, 2.04H), 1.33 (s, 0.96H), 1.34 (s, 2.04H), 1.6®(@6H), 1.76
(s, 2.04H), 1.89 (s, 2.04H), 2.15 @+ 13.3 Hz, 0.68H), 2.16 (d,
J = 13.0 Hz, 0.32H), 2.28 (d] = 13.3 Hz, 0.68H), 2.30 (s,
2.04H+0.96H), 2.39 (s, 0.96H), 2.40 @,= 12.9 Hz, 0.32H),
6.91-7.22 (m, 7H);*C NMR (CDCL, 75 MHz) ¢ 19.2, 21.5,
21.7, 275, 29.7, 30.4, 30.6, 31.1, 31.2, 31.66,422.7, 50.3,
51.3,59.4, 61.3, 120.2, 123.1, 123.5, 123.8, 12128.1, 126.2,
127.0, 127.3, 127.4, 127.5, 127.8, 127.9, 129.41.7,3136.7,
137.4, 137.5, 146.0, 147.0, 150.7, 151.1, 152.2,715HRMS
(ESI): Calcd. for GoH,3 ([M-H]") 263.1794, found 263.1796.

1,3,3,4-Tetramethyl-1-(2-tolyl)-2,3-dihydr o-1H-indene (4i):
Colorless thin plate crystals; mp 64-65 ®8;NMR (CDCL, 300
tiMHz) ¢ 1.22 (s, 3H), 1.48 (s, 3H), 1.74 (s, 3H), 2.11J(¢,13.2
Hz, 1H) ,2.17 (s, 3H), 2.43 (s, 3H), 2.53 (= 13.2 Hz, 1H),
6.83 (d,J = 7.5 Hz, 1H), 7.00-7.11 (m, 6H).

5-Chlor o-3-(4-chlorophenyl)-1,1,3-trimethyl-2,3-dihydr o-
1H-indene (4)):** Colorless solid; mp 69-71 °C'H NMR
(CDCls, 300 MHz)5 1.03 (s, 3H), 1.32 (s, 3H), 1.65 (s, 3H), 2.19
(d,J =13.2 Hz, 1H), 2.36 (d] = 13.2 Hz, 1H), 7.03 (d] = 2.0
Hz, 1H), 7.07-7.13 (m, 3H), 7.19-7.27 (m, 3H).

1,1,3-Trimethyl-3-(naphthalen-2-yl)-2,3-dihydro-1H-
cyclopentala]naphthalene (41):* Colorless solid; mp 193-194
oC;'H NMR (CDCk, 300 MHZz)§ 1.50 (s, 3H), 1.62 (s, 3H), 1.94
(d, J = 14.8 Hz, 1H), 2.01 (s, 3H), 3.04 (@= 14.6 Hz, 1H),
6.80-6.89 (m, 2H), 7.13-7.26 (m, 3H), 7.52-7.88 (OH)L

1,3,3-Trimethyl-1-(naphthalen-2-yl)-2,3-dihydro-1H-
cyclopenta[alnaphthalene (4m): Colorless solid; mp 116-117
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(CDCl,, 300 MHz)5 1.40 (s, 3H), 1.45 (s, 3H), 2.08 (s, 3H), 2.36

Tetrahedron
°C [lit.:* 118-120 °C, 122-124 °C (after recyrst)3 NMR

(d, J = 13.5 Hz, 1H), 2.47 (d] = 13.5 Hz, 1H), 7.09 () = 7.0
Hz, 1H), 7.21 (dd) = 1.9 and 8.6 Hz, 1H), 7.29 &= 7.0 Hz,
1H), 7.35-7.48 (m, 4H), 7.65 (d,= 8.7 Hz, 1H), 7.75-7.85 (m,

5H).>

(2,4-Dimethylpent-2-en-3-yl)benzene: *H NMR (CDCl, 300

MHz) 5 0.87 (d.J = 6.9 Hz, 6H), 1.36 (s, 3H), 1.81 (s, 3H), 3.05

(sept,d = 6.9 Hz, 1H), 6.97 (diffused d,= 8.2 Hz, 2H), 7.21-
7.32 (m, 3H);**C NMR (CDCL, 75 MHz) 6 19.3, 21.6, 22.4,
29.9, 125.6, 125.9, 127.5, 130.0, 140.8, 141.4. HRMESI):
Calcd. for GgHpoN ([M+NH,]") 192.1747, found 192.1751.
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