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compounds in preference to general catalysts like A1Cl13 and BF3, where hydrosilanes would play an important role both as a hydride

donor and as a co-catalyst. Chemoselective utilization of ketone moieties as alkylating reagents took place even in the presence of
halogen ester or ether moieties which are very susceptible under traditional Friedel-Crafts conditions. Discussion on a plausible
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reductive Friedel-Crafts reaction
alkylating reagents. One reaction
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mol% of InCl 3 is sufficient. Recently, much attention has been paid for indium compounds with respect to their
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In the course of extending this work, we found and report here that Friedel-Crafts alkylation selectively
occurred on the carbonyl group of functional ketones such as an alkoxy ketone, a keto ester, and halo ketones
without any side reactions. In the ordinary Friedel-Crafts alkylation, the formation of carbocation occurred at the
above mentioned halide, ester, and ether moieties. This discovery is a unique advantage of InCls-Me;SiCIH system
because these tolerant functional groups are representative alkylating ones in general Friedel-Crafts reactions. A
plausible reaction path via hydrosilylation is proposed by some controlled experiments using benzaldehyde and
benzene.

In the first place, we searched for effective catalysts for the reductive Friedel-Crafts alkylation in a
representative use of toluene and acetophenone in the presence of chlorodimethylsilane 1a as the hydride source
under the conditions noted in Table 1. All indium compounds (5 mol%) such as InX3 (X=Cl, Br, I), In,03, or
In(OTf)3 furnished good yields of 1-tolyl-1-phenylethane 3b (Table 1, entries 1 to S). In contrast, typical Lewis
acids known as the catalysts for Friedel-Crafts reactions, such as ZnClj, TiCly, SnCl4, BF3+OEt,, and AICl; gave
no alkylation product at all (entries 6 to 10). In the case of Brgsted acid, CF3S0OsH, the alkylation also did not
proceed at all (entry 11). It is a little surprising that reactions catalyzed by AICl3, TiCly, or CF3SO3H afforded
only moderate amounts of sec-phenethyl chloride and no adduct 3b, because these should have been effective
Friedel-Crafts catalysts promoting the alkylation with this resulting chloride. This observation might indicate that
silyl compounds suppressed the catalytic action of AlCly, TiCly, and CF3803H,

Tabie 1. Effeci of Catalyst for Reductive Friedel-Crafls Alkylation®

P MLX,, (5 mol%%) |
HSMeCl  + h\(l)l/ + @-— il AN
1a 2c oxc

Entry MtX, Yield /% (o:m:p)° Entry MIX, Yield /%®
1 InCl; 99 (15:4:81) 6 ZnCl, 0
2 In;0; 95 (13:4:83) 7 TiCly 0°
3 In(0Tf)3 98 (13:7:80) 8 SnCl, 0
4 InBr, 84 (18:6:76) 9d BF;#0E(; 0
5 Inl; 93 (15:2:83) 104 AICly 4

14 CF3S0O3H of

2 Reaction conditions: MtX,,, 0.1 mmol; chlorodimethylsilane, 2.4 mmol; acetophenone,
- a " . - ay < hep: g2 - - . s.8 = - = =

2 mmol; solvent, 10 mL; N, atmosphere. ¥ Yields and selectivities were determined by
GI " and NMR € 118 nf esr.nhanathul nhlnrida was Obm;nprl d 10 ;n.r\'m of r‘n!‘l’l‘!ysi‘
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was used. © 45% of sec-phenethyl chloride was obtained. f 33% of sec-phenethyl
chloride was obtained.

Table 2 exemplifies the result of the reductive Friedel-Crafts alkylation of aromatics using aldehvdes and

Table 2 exemplifies the result of the reductive Friedel-Crafts alk f aromatics using aldehydes and

various types of ketones. The alkylation of benzene with benzaldehyde proceeded even at ambient temperature to
give a high yield of diphenylmethane 3a (entry 1). The good yields furnished by the other aromatic aldehydes



were already reported.S On the other hand, an aliphatic aldehyde like hexanal gave no alkylation product, resulting
in the quantitative formation of a dialkyl ether (entry 2). Both aromatic and aliphatic ketones offered the
corresponding alkylated aromatics in moderate to good yields (entries 3 to 12), where aromatic ones were more
applicable under mild conditions. The effective alkylations using ketones have not been reported so far. It is an
advantage of this indium catalyst system that such substituents on phenyi groups as Ci, CN, and NO; toleraied the
reductive conditions.

Table 2. InCl3-Catalyzed Reductive Friedel-Crafts Alkylation of Various Carbonyls.

beoaans . RNRE ICls (5mol%)  RL_R?
mMezoiin + " + AN (exou:a) ]
1a o Ar
2a-k 3a-k
Entry Rlin 2 R%in 2 ArH Time /h Temp /°C Yield of 3/% oumip?
1 2a: Ph H PhH 14 25 3a: 79
2b 2b: n-CsHyy H PhH 1 25 3b: O
3 2¢:Ph Me PhMe i & 3¢c: 99 15:4:81
4 24d: p-CICgH, Me PhMe 5 60 3d: 91 16:3:81
5 2e: p-CNCgH,y Me PhMe 14 60 3e: 97 32:10:58
6 2f: p-NO,CgHy Me PhMe 5 60 3f: 87 29:10:61
7 2g: 1-naphthyl Me p-xylene 14 100 3g: 21
8 2 h: 2-naphthyi Me p-xyiene id 160 3h: 62
9 2i: - (CHp)s - p-xylene 3 110 3i: 9
10 2j: - (CHp)s - PhMe 3 110 3j: 92 38:1:61
11 2k: Me Me PhMe 4 110 3k: 42

s Yields and sclectivities were determined by 1H, 13C NMR or GLC, b Di-n-hexyl ether was obtained quantitatively.

Next, we examined the carbonyl selective Friedel-Crafts alkylation with functional ketones (Table 3). In
these cases, the first step of alkylation would be impeded by the functional groups such as halogen, ester, and
ether. In addition, even if the desired alkylation took place, successive alkylation of products by such groups
should be taken into consideration, because the resulting alkylated aromatic rings are more reactive than non-
alkylated ones. Fortunately, the combination of InCl3 with Me;SiCIH could promote the selective alkylation using
the carbony! group, and no further alkylation was detected in all the runs. Phenylglyoxylic acid methyl ester 21
reacted with toluene to give 31 in 72% yield (entry 1). The reaction of 3-benzoylpropionic acid methyl ester Zm
with toluene gave 3m in 99% (cntry 2) An ether compound 2n gave 3n as the sole product in 92% (entry 3). Th

PO P . . TP, I, IR SN, D N | T, DL S ama disa tm th o e T 2

iolerance of esier and eiher groups w hich are Irequcnuy Uusea aiKyianng reagenis is pcrmtpa due to the weak Lewis

M £ Teuf M1 slha
ty of In(ls. In the Tepor rted ge“e“‘ sysiems, the a.u\"'ylaﬁﬁ" involving esters and
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acpcnamg on the acncuty of the cau:uysz 8 Some of the earliest known examplcs of Friedel-Crafts alkylauons used
alky! halide,8 and 4-chlorobutyrophenone 2r has been reported to undergo cycloalkylation reactions in the

presence of an AlCl;-NaCl catalyst.? By contrast, the InClz-catalyst gave 3t in 99% yield with no cyclization
product (entry 9). Even in the case of a bromide substituent, the carbonyl group was predominantly used (entries 4
and 5). In addition, the general alkylation using oxygenated compounds needs an excess amount ‘Gf Lewis acid

atea Compouidas neeas an € ut’:S
8

catalyst because of the strong interaction with the oxygen functions.

:
to use carbony! compounds as alkylating reagents with 5 mo;
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Table 3. InClx-Catalyzed Reductive Friedel-Crafts Reaction of Aromatics with Functional Ketoens.

» Ph, _FG InCla (5 mol%) Ph. _FG
MezSiCIH + hig + ArH (excess) - -

1a o ’

2kr &
Entry FGin2 ArH Temp/°C Time/Mm  Yield %% (o:m.p)®

1

i Zi W “OMe toiuene 100 6 3 72 (39:-61)
2 2m w”""0OMe toluene 60 8 3m g9 (16:-81)

w
»
3
®]
=
®
<3
€
[«
2
o
©
=4
o

92 (17:3:80)
4 "o K/\/ar benzene 25 15 30 65
5 ) toluene 25 14 3p 99 (22:6:72)
6P benzene 6
2y P 0 15  3q 55
7 toluene 40 6 3r 99 (12:3:85)
g 2q & C toluene 25 15 38 55(28-71)
o 2 W0 foluene 25 19 3t 99 (30:9:61)

wr: 11 I TPt PR . PR .t taraarn han Y - Ve ] * An
s Y ICIdS ana seiecuvities were actcrmined by ULA and N .~ 1U moOi*7 Of InCUly was used. € 20
n}% of In(CL. wac nead

AU UL DA AR WAD UDAAL.

Reaction mechanism

We observed that the reaction of benzaldehyde with benzene and chlorodimethylsilane 1a in benzene which
afforded diphenylmethane in 79% yield (Table 2, entry 1; eq. 2). Quenching the reaction with water after 10 min,
the formation of benzyi chioride (41% yieid) reveaied.

HSiMe,Cl e Gmo%) T orcngc] )
PhCHO + HSiMe - 2 2
benzene l I L\;’zJ (ea.2)

1.0 mmol 1.2 mmol
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Next, the reaction of benzene with (benzyloxy)chlorodimethylsilane was examined at 25 °C for 14 h to give
diphenylmethane in 93% yield (eq. 3). In this case, 50% yield of benzyl chloride was also produced within 10
minutes.

— o 4O

inCig (5 mol%;) P <
P 0SiMeCl [ PhcHCl | —— = 1 ) (eq. 3)
benzene L 1 SN e
25°C, i4h 83%

These results may suggest the following hypothesis that the reaction involves hydrosilylation followed by
chlorination giving an alkyl chloride which is an actual electrophile, although the formation of a silyl ether could
not be confirmed yet. The InCl3 catalyzed-benzylation using benzyl chloride, however, did not proceed without
silyl compounds, whereas the addition of silyl compounds 1a-c interestingly promoted the benzylation as shown

in Table 4.

Table 4. The Effect of Silyl Compounds

PhCH,C! + PhH (axcess) InCl3 (5 mol%), Sicat. (10 mol%) Pt Ph
25°C,14h
Si catalyst Yield /%
none - 0
Me,SiHCI 1a 79
MezSiCl 1b 58
MesSiOTf 1c 80

These facts obviously suggest that silyl compounds act as not only a hydrosilylation
in the alkylation sten

We also found that Et3SiH was applicable to the benzylation of anisole, furnishing
(methoxyphenyl)phenylmethane, although the yield was moderate (eq. 4).

. B InCl3 (20 mol%) PN
EtsSH + PhCHO + Q—OM
’ o (X009 —goc.2n LM (ea.4)

This result suggests the following possibility: The reaction of benzaldehyde with chlorodimethylsilane in
benzene proceeds by way of the direct generation of carbocation from the silyl ether without the chlorination step,
because the reaction using Et3SiH could promote the alkylation in the absence of a chlorine atom.

A plausible mechanism is proposed as shown in Scheme 1, which involves three steps: hydrosilylation of
the carbonyl group, generation of carbocation by direct desiloxylation or via an alkyl chloride intermediate, and
alkylation of an aromatic. Both the hydrosilylation and alkylation steps proved to proceed only in the presence of
InCls, and this is the reason why the reductive Friedel-Crafts alkylation was effectively achieved in our system.
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While many reductions of carbonyl compounds with silyl hydrides in the presence of Lewis- or Brgnsted acids
such as BF3,10 Me,Sil,! CF3S0;H,12 and CF;COOH!3 have been reported, there is no application of these
system to Friedel-Crafts alkylation. If the resulting silyl ether reacted with the starting carbonyls, the formation of

138

ethers would be a serious pmmem In fact, aucyl alaenyaes are prone fo react with the resumng SUYI cthers even in
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Of course, the formation of free carbocation is tentatively illustrated.

Me,SiCIH  + R\;O(RZ R\/RZ
) Ar
T
l

l!.".C-!s
Rl Rr? l
lnC|3 2
'\l__,. }:11 #ﬁﬁ?“ﬁﬁu“: R‘\rR InCls __ AL_A
R2 R2 Me,SICIH O?Mez +
Cl I\
I!n@la (R _R?]
Y —
Scheme 1

In conciusion, we have developed a novel type of reductive Friedei-Crafts alkylation of arenes with ketones
as alkylating reagenis by the combination of InClj catalyst with silyl hydride.

1H and 13C NMR spectra were recorded on a JEOL INM-GSX270 (270 MHz 1H, 67.9 MHz 13C)

67
spectrometer in CDCl3 solutlon. Mass spectra were recorded on a JEOL JMS-DS303. IR spectra were recorded
on a HORIBA FT-720.

InCl;-Catalyzed Reaction of Ketones with Aromatics Using Chlorodimethylsilane as a Hydride
Donor. A 20-mL flask was charged with InCl3 (0.022 g, 0.1 mmol). The flask was heated (150 °C) in vacuo.
After 1 h, the flask was charged with aromatic compounds (10 mL) and successively charged with
chirodimethylsilane 1a (0.23 g, 2.4 mmol) and ketones (2.0 mmol) at ambient temperature, then the mixture was
heated if required. After the treatment, the reaction mixture was solved in ether (50 mL) washed with water. The
ether solution was dried over MgSOy. Volatiles were removed under reduced pressure. Then the desired products
were purified by column chromatography (hexane) and distilled by Kugelrohr.

InClj3;-Catalyzed Benzylation of Benzene by benzyl chloride in the Presence of Silicon
Compound as a Co-catalyst. A 20-mL flask charged with InCl3 (0.022 g, 0.1 mmol) was heated (150 °C) in
vacuo for 1 h, and then, benzene (10 mL), benzyl chloride (0.25 g, 2.0 mmol) and silyl compound 1a-c (2.0 mmol)
were successively added at ambient temperature. After being stirred for 14 h, the mixture was solved in ether (50
mL) and washed with water. The ether solution was dried over anhydrous MgSQy, filtered, and concentrated in
vacuo. The resulting oil was purified by column chromatography (hexane) and distilled by Kugelrohr to afford
diphenyimethane.
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sec-Phenethyl chloride, diphenylmethane 3a, n-hexyl ether, and cymene 3k are commercially available and
were characterized by a comparison of their spectral data with those authentic samples.

1-Tolyl-1-phenylethane (3b) bp: 70 °C/ 1 mmHg; 'H NMR: (270 MHz, CDCl;) 1.61 (d, J=7. 3 Hz,
3H), 2.22 (8, o-isomer, 3H), 2.29 (s, p-isomer, 3H), 4.10 (q, p-isomer, J=7.3 Hz, 1H), 4.30 (q, o-isomer, J=7.3 Hz,
1H), 7.09-7.29 (m, o, m, and p-isomer, 9H) 13C NMR: (67.9 MHz, CDCl,) 19.72 (o-isomer), 20.95 (p-isomer),
21.90 (p-isomer), 22.08 (o-isomer), 40.99 (o-isomer), 44.35 (p-isomer), 44.70 (m-isomer), 125.79-146.59
(additional several peaks) IR: (neat) 2927, 2965, 2873, 1450, 1373, 1600, 821, 767, 721, 698; HRMS: (EI, 70 eV)

Caicd for (CsH;6): 196.1252. Found: 196.1231; Anai: C;5H;¢ (196.29) Caicd for: C, 91.78; H, 8.22. Found: C,
91.04; H, 8.33
EVaYa -V a¥l 1ry nra a7 ey A BY

1-(6 -Chiorophenyi )-1~t0|y|emane (3d) bp: 160 °C/ 1 mmng IH NMR: (270 Mriz, CD(ly) 1.57 (4,
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N
U
py
, 2
9
§
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bxd

(p -isomer), 22.01 (o-isomer), 40 .45

21 1N ¢ Arar el ool b Y T i nd) 18T 1A TANE 7 A w MN LIDAAC.
W 10=140.1U \aucu‘ﬁu 1dl YCvCidl pcmm) \ucut) 1214, 1%7 170 \1‘\1'\.]}, O,‘J, TINVIY, \L4,

30.0862. Found: 230.0857; Anal: C;5H5Cl (230.74) Calcd for: C, 78.08; H,
5.53: C 4

1H NMR: (27 61(d, o
1

5@.p-
NMR- (K7 Q

kTal
ll], TN ANAVRANG \WUF T . F
-isom

er), 44 48

RINAL S

2 OO
-
-
N

MHz CDCI iso (
(p-isomer), 119.02-152.16 (additional several peaks); IR:(nea 6 J 4 RMS: (EI, 70 eV)
Calcd for (C16H sN): 221.1204 Found: 221.1222; Anal: C;¢HsN (221.30) Calcd for: C, 86.84; H, 6.83; N,
6.33. Found: C, 86.10; H, 6.97; N, 6.54.

1-(4’-Nitrophenyl)-1-tolylethane (3f) bp: 160 °C/ 1 mmHg; !H NMR: (270 MHz, CDCl;) 1.64 (d, o-
isomer, J=7.3 Hz, 3H), 1.65 (d, p-isomer, J=7.3 Hz, 3H), 2.20 (s, o-isomer, 3H), 2.32 (s, p-isomer, 3H), 4.21 (q, p-
isomer, J=1.3 Hz, 1H), 4.41 (g, o-isomer, J=7.3 Hz, 1H), 7.00-7.37 (m, o, m, and p-isomer, 6H), 8.11 (d, o-isomer,
J=8.9 Hz, 2H), 8.12 (d, p-isomer, J=8.9 Hz, 2H); 13C NMR: (67.9 MHz, CDCl;) 19.69 (o-isomer), 20.95 (o-
isomer), 21.52 (p-isomer), 21.75 (p-isomer), 41.08 (o-isomer), 44.35 (p-isomer), 123.65-154.32 (additional
several peaks); IR:(neat) 1520 (NO3;), 1350 (NO,), 856; HRMS: (EI, 70 eV) Calcd for (C;5H15NO2): 241.1103.
Found: 241.1114; Anal: CsH;sNO; (241.29) Calcd for: C, 74.67; H, 6.27; N, 5.80; O, 13.26. Found: C, 74.51;
H, 6.27; N, 5.87.

1-(2°,5’-Dimethylphenyl)-1-(1’-naphthyl)ethane (3g) bp: 130 °C/ 1 mmHg; 1H NMR: (270 MHz,
CDCl;) 1.68 (d, /=7.3 Hz, 3H), 2.22 (s, 3H), 2.25 (s, 3H), 4.99 (q, /=7.3Hz, 1H), 6.92-8.03 (m, 10H); 13C NMR:
(67.9 MHz, CDCl3) 19.07, 21.23, 21.34, 36.77, 123.42, 124.20, 125.28, 125.53, 125.96, 126.68, 126.74, 127.49,
128.85, 130.33, 131.63, 132.51, 133.92, 135.37, 142.21, 144.16; IR:(neat) 1597, 1496, 863, 779, HRMS: (EI, 70
eV) Calcd for (Cy0Hz0): 260.1564. Found: 260.1542.

1-(2’,5’-Dimethylphenyl)-1-(2’-naphthyl)ethane (3h) bp: 145 °C/ 1 mmHg; 'H NMR: (270 MHz,
CDCly) 1.67 d, J=7.3 Hz, 3H), 2.23 (s, 3H), 2.31 (s, 3H), 4.44 (q, J/=7.3Hz, 1H), 6.93-7.78 (m, 10H); 13C NMR:
(67.9 MHz, CDCl3) 19.30, 21.23, 21.86, 41.00, 125.22, 125.36, 125.80, 126.81, 126.98, 127.53, 127.68, 127.84,
130.31, 131.98, 132.94, 133.51, 135.37, 143.62, 143.77; IR:(neat) 1604, 1504, 853, 748; HRMS: (EI, 70 eV)
Caled for (CogHog): 260.1564. Found: 260.1557; Anal: CygHyg (260.38) Calcd for: C, 92.26; H, 7.74. Found: C,
91.98; H, 7.86.

1-Cyclopentyl-2,5-dimethylbenzene (3i) bp: 65 °C/ 1 mmHg; !H NMR: (270 MHz, CDCl;) 1.50-1.82
(m, 6H), 2.00 (m, 2H), 2.30 (s, 6H), 3.14 (tt, J=8.3 Hz, 1H), 6.88-7.05 (m, 3H); !3C NMR: (67.9 MHz, CDCl;)
19.33, 21.20, 25.58, 33.61, 41.61, 125.99, 126.11, 129.98, 132.71, 135.29, 144.25; IR:(neat) 1496, 1450, 1065,
810; HRMS: (EI, 70 V) Calcd for (C13Hjg): 174.1408. Found: 174.1419.
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Tolylcyclohexane (3j) bp: 60 °C/ 1 mmHg; !H NMR: (270 MHz, CDCl,) 1.31-1.39 (m, o, m, and p-
isomer, 5H), 1.84 (m, o, m, and p-isomer, 5H), 2.31 (s, o-isomer, 3H), 2.33 (s, p-isomer, 3H), 2.46 (m, p-isomer,
1H), 2.70 (m, o-isomer, 1H), 7.20-7.25 (m, o, m, and p-isomer, 4H) 13C NMR: (67.9 MHz, CDCl;) 19.32-44.58
(additional several peaks), 123.82-145.15 (additional several peaks); IR: (neat) 2923 (Me), 810 (p-isomer), 748 (o-
isomer); HRMS: (EI, 70 eV) Calcd for (C3H;g): 174.1408. Found: 174.1402; Anal: C3H;g (174.28) Calcd for:

C, 89.59; H, 10.41. Found: C, 87.16; H, 10.25
2-Phenyl-2-tolylacetic acid methyl ester (31) bp: 115 °C/ 1 mmHg; 'H NMR: (270 MHz, CDCl;) 2.28
(s, o-isomer, 3H), 2.31 (s, p-isomer, 3H), 3.73 (s, o and p-isomer, 3H), 5.00 (s, p-isomer, 1H), 5.22 (s, o-isomer,

e L 4

1H), 7.11-7.34 (m, 9H); 13C NMR: (67.9 MHz, LDL13) 19.75 (o-isomer), 21.00 (p-isomer), 52.23 (p-isomer),

2

53.68 (o-isomer), 56.62 (p-isomer), 56.94 (o-isomer), 125.56-138.79 (additional several peaks), 173.08 (o and p-
11

7i.

isomer); IR:(neat) 1735 (C=0), 1604, 1496, HRMS: (EI, 70 eV) Calcd for (C1¢H1602): 240.1150. Found:
6 1

A A .oy T A A~ T nnnnn

240.1131; Anai: L16H15l)2 {(240.30) Calcd for: C, 79.97; H, 6.71; O, 13.32. Found: C, 79.77; H,

1ww = — vy

4-Phenyi-4-tolyibutyric acid methyl ester (3m) bp: 150 °C/ 1 mmHg; H NMR: (270 MHz, CDCl3)

2.16-2.38 (m, o and p-isomer, 4H), 2.27 (s, o-isomer, 3H), 2.29 (s, p-isomer, 3H), 3.62 (s, p-isomer, 3H), 3.67 (s,
o-isomer, 3H), 3.88 (t, p-isomer, J=7.3 Hz, 1H), 4.13 (t, o-isomer, J=7.3 Hz, 1H), 7.06-7.27 (m, 9H); 13C NMR:
67.9 MHz, CDCl3) 19.83 (o-isomer), 20.94 (p-isomer), 30.58 (p-isomer), 30.9

N AL g, §

3 (o-isomer), 32.46 {o-isomer),

3
32.55 (p-isomer), 50.14, 51.44, 126.23-144.34 (additional several peaks), 173.83 (o and p-isomer); IR:(neat) 1736
(C_nw), 1597, 1512; HRMS: (EI, 70e ') Calcd for (ngnzooz) 268.1463. Found: 268.1449; Aanal C]QHQ{)GQ

(268.36) Calcd for: C, 80.56; H, 7.51

1-Methoxy-4-phenyl-4-toly biitaiie (3ii) bp: 130 °C/ 1 mmH“; 'H NMR: (270 MHz, CDCl,) 1.53 (i,
o, m, and p-isomer, J=6.4, 7.8, 2H), 2.08 (dt, o-isomer, J=7.8, 2H), 2.0¢ {dt, p-isomer, J=7.8, 2H), 2.26 (s, o-
isomer, 3H), 2.29 (s, p-isomer, 3H), 3.29 (s, p-isomer, 3H), 3.30 (s, o-isomer, 3H), 3.37 {t, p-isomer, J=64, 2H),
3.56 (t, o-isomer, J=6.4, 2H), 3.87 (t, p-isomer, J=7.8 Hz, 1H), 4.10 (t, o-isomer, J=7.8 Hz, 1H), 7.07-7.26 (m, o,
m, and p-isomer, 9H); 13C NMR: (67.9 MHz, CDCl;) 19.87 (o-isomer), 20.92 (p-isomer), 28.18 (o, m, and p-
iecnmer) 22 22 (n.icomer) 2 70 ( n-icomer) 46 87 ( n-icomer) 78 (n-icomer) SR 47 (n. m_ and n-icomer). 72 65
isomer), 32.23 (p-isomer), 32.70 (o-isomer), 46.67 (o-isomer), 50.75 (p-isomer), 58.47 (o, m, and p-isomer), 72.65
(o, m, and p-isomer), 125.88-145.24 (additional several peaks); IR:(neat) 1512, 1119 (Ar-OMe), 818, 756; HRMS:

; 1

(EI 70 eV) Calcd for (C1gH;70): 254.1671. Found: 254.1696; Anal: C1gH3,0 (254.38) Caled for: C, 84.99; H,
8.72; O, 6.29. Found: C, 84.44; H, 8.75.

1-Bromo-3,3-diphenylpropane (30); bp: 125 °C/ 1 mmHg; !H NMR: (270 MHz, CDCl;) 2.56 (dt,
J=6.8, 7.8 Hz, 2H), 3.30 (t, J=6.8 Hz, 2H), 4.19 (t, J=7.8 Hz, 1H), 7.18-7.31 (m, 10H);13C NMR: (67.9 MHz,
CDCl3) 31.99, 38.25, 49.07, 126.51, 127.82, 128.60, 143.38; IR:(neat) 1496, 1257 (CH»-Br), 755; HRMS: (EI, 70
eV) Calcd for (CysH;5Br): 274.0358. Found: 274.0353.; Anal: C;sH;sBr (275.19) Calcd for: C, 65.47; H, 5.49;
Br, 29.04. Found: C, 66.24; H, 5.48.

1-Bromo-3-phenyl-3-tolylpropane (3p); bp: 120 °C/ 1 mmHg; 'H NMR: (270 MHz, CDCl,) 2.29 s,
o, m, and p-isomer, 3H), 2.54 (dt, o, m, and p-isomer, J=6.8, 7.8 Hz, 2H), 3.30 (t, 0, m, and p-isomer, J=6.8 Hz,
2H), 4.15 (t, p-isomer, J=17.8 Hz, 1H), 4.40 (t, o-isomer, J=7.8 Hz, 1H), 7.07-7.30 (m, o, m, and p-isomer, 9H); 13C
NMR: (67.9 MHz, CDCl3) 19.88 (o-isomer), 20.95 (p-isomer), 32.01 (p-isomer), 32.14 (o-isomer), 38.31 (p-
isomer), 38.64 (o-isomer), 44.70 (o-isomer), 48.70 (p-isomer), 126.13-143.67 (additional several peaks); IR:(neat)
1496, 1257 (CH;-Br), 809, 756; HRMS: (El, 70 eV); Calcd for (C,¢H;7Br): 289.2179. Found: 288.0533; Anal:
Ci6H17Br (289.22) Calcd for: C, 66.45; H, 5.92; Br, 27.63. Found: C, 66.60; H, 5.97; Br, 27.62.

1-Chloro-3,3-diphenylpropane (3q) bp: 100 °C/ 1 mmHg; 'H NMR: (270 MHz, CDCl;) 2.50 (dt,
J=6.8, 7.8 Hz, 2H), 3.45 (t, J/=6.8 Hz, 2H), 4.21 (t, J=7.8 Hz, 1H), 7.17-7.32 (m, 10H) 13C NMR: (67.9 MHz,
CDCl;) 38.12, 43.19, 47.85, 126.49, 127.83, 128.31, 128.41, 128.46, 128.60, 143.51; IR:1597, 1496, 1450, 1288,
1080, 702.

1-Chloro-3-phenyl-3-tolylpropane (3r) bp: 100 °C/ 1 mmHg; 'H NMR: (270 MHz, CDCl3) 2.29 (s, o,
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m, and p-isomer, 3H), 2.46 (dt, o, m, and p-isomer, J=6.8, 7.8 Hz, 2H), 3.43 (t, p-isomer, J=6.8 Hz, 2H), 3.48 (t, o-
isomer, J=6.8Hz, 2H), 4.16 (t, p-isomer, J=7.8 Hz, 1H), 4.42 (t, o-isomer, J=7.8Hz, 1H), 7.07-7.30 (m, o0, m, and p-
isomer, 9H) 13C NMR: (67.9 MHz, CDCl;) 19.84 (o-isomer), 20.96 (p-isomer), 38.19 (p-isomer), 38.50 (o-
isomer), 43.23 (p-isomer), 43.43 (o-isomer), 47.48 (o, m, and p-isomer), 126.12-143.79 (additional several peaks);
IR:1511, 1288; H'RM'S‘ (EI, 70 eV) Calcd for (C16H17Cl): 244.1019. Found: 244.1006; Anai: Cy¢H7Ci (244.76)

—— - rw mm oam

Caicd for: C, 78.51; H, 7.00; Ci, 14.48. Found: C, 78.48; H, 7.10; Ci, 14.45.
1-Chioro-2-tolyl-2-phenylethane (3s) bp: 110 °C/ 1 mmHg; !H NMR: (270 MHz, CDCl3) 2.27 (5, o-

isomer, 3H), 2.31 (s, p-isomer, 3H), 4.04 (d, o and p-isomer, J=7.8 Hz, 2ZH), 4.29 (t, p-isomer, J=7.8 Hz, 1H), 4.52
(t, o-isomer, J=7.8 Hz, 1H), 7.11-7.33 (m, o and p-isomer, 9H) 13C NMR: (67.9 Mz, CDCl;) 19.73 (o-isomer),

— =~ o~ ~r nn A4 A0

21.01 (p-isomer), 47.14 (o-isomer), 47.28 (p-isomer), 49.56 (o-isomer), 53.24 (p-isomer), 126.09-141.48

(additional several peaks); IR:(neat) 2958, 2865, 2919; HRMS: (EI, 70 eV); Calcd for (C;5H,5Cl): 230.0862.
Found: 230.0875; Anai: C5H,5Ci (230.73) Caicd for: C, 78.08; H, 6.55; Ci, 15.37. Found: C, 78.25; H, 6.55; Cl,
15.47.

i-Chioro-4-phenyi-4-tolyibutane (3t) bp: 130 °C/ 1 mmHg; 'H NMR: (270 MHz, CDCl,) 1.72 (it, o,
m, p-isomer, J=6.4, 7.8 Hz, 2H), 2.17 (dt, o, m, and p-isomer, J=7.8 Hz, 2H), 2.26 (s, o-isomer, 3H), 2.28 (s, p-
isomer, 3H), 3.51 (&, o, m, and p-isomer,/=6.4 Hz, 2H), 3.86 (&, p-isomer, J=7.8 Hz, 1H), 4.10 (&, o-isomer, /=7.8
Hz, 1H), 7.06-7.29 (m, o, m, and p-isomer, 9H) 13C NMR: (67.9 MHz, CDCl;) 19.87 (p-isomer), 20.94 (o-
isomer), 31.04 (o, m, a isomer) 7 {p-isomer), 33.33 {o-isomer), 45.02 (p-isomer), 46.24 {o-isoimer), 50.26

Caled for (Ci7H;15Ch): 1175, Found: 258.1182; Anal: C{7H;sCl (258.79) Calcd for: C, 78.90; H, 7.40; Cl,
13.70. Found: C, 78.71 7.35: C1. 13.71
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