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Abstract Catalytic benzylic C-H alkylation reactions of alkylarenes
with alkenes such as B-substituted styrenes and vinylsilanes have been
achieved by utilizing alkylpotassium as a catalyst. Various substituted
toluene derivatives can be alkylated under mild reaction conditions to
afford the desired functionalized hydrocarbons in moderate to high
yields.
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Catalytic benzylic C-H functionalization of alkylarenes,
such as toluene and xylene, toward C-C bond formation is
among the most simple and efficient methods for the intro-
duction of a benzyl moiety into complex organic molecules,
such as pharmaceuticals and natural products, because
alkylarenes are abundant, inexpensive, and easy-to-handle
starting materials.! In the past several decades, chemists
have developed these types of reactions, and one general
approach is benzylic C-H activation of alkylarenes to pro-
duce benzylic radical intermediates (Scheme 1a, top pan-
el).'? Although many types of transition-metal-catalyzed
reactions have been achieved, there are several disadvan-
tages, such as harsh reaction conditions and the use of ex-
cess amounts of oxidants (e.g., tert-butyl hydroperoxide).
Alternative reactions (carbene insertion,® photocatalysis,*
Ru-catalyzed condensation®) were also reported, but pre-
cious and toxic transition metals were required as catalysts.
Therefore, much milder, atom-economical, and efficient re-
actions are in high demand.® Brensted base catalyzed C-C
bond formation is one of the most ideal methods for the
construction of carbon frameworks because of the high ef-
ficiency and atom-economy of the approach.” Although
there are thousands of Brensted base-catalyzed C-C bond
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forming reactions reported, there is a severe limitation with
respect to the acidity of the hydrogen of pro-nucleophiles
(pK, <25). As for toluene (pK, value of benzylic hydrogen ca.
43),8 stoichiometric amounts of strong base species such as
Schlosser’s base? are required for the functionalization of
toluene via benzylic anionic species (Scheme 1a, bottom
panel).
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Scheme 1 Benzylic C-H functionalization of alkylarenes

Recently, our group has made an effort to break this lim-
itation by focusing on the basicity of reaction intermedi-
ates.!®! By using this strategy, we have reported the strong
Bronsted base-catalyzed addition reactions of esters,!12b
amides,!'¢ nitriles,''d alkylaza-arenes,''¢ and so on. Quite re-
cently, we have developed potassium tert-butoxide/lithium
tetramethylpiperidide (KOt-Bu/LiTMP) mixed base-catalyzed
addition reactions of alkylarenes with N-alkylimines
(Scheme 1b)."? In this reaction, a highly basic reaction inter-
mediate (N-dialkylamide) functions as a base to deprotonate
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a benzylic hydrogen of the alkylarene (or a conjugate acid of
KOt-Bu/LiTMP mixed base) to promote a catalytic turnover.
We next turned our attention to alkenes, especially styrene
derivatives as electrophiles,'® by which formal alkylation of
the benzylic positions of alkylarenes might be achieved.

As pioneering work, Pines et al. reported sodium or po-
tassium metal-catalyzed addition reactions of alkylarenes
with styrene derivatives.' These reactions required elevat-
ed temperature, and poor-to-moderate yields of the desired
mono-adducts were obtained due to production of poly-
meric by-products. Screttes et al. reported Li/K/Mg mixed
base-catalyzed alkylation of alkylarenes with ethylene un-
der high-pressure conditions.'> However, substrates were
limited to methylated benzenes such as toluene derivatives
and xylenes. Herein, we describe strong Brgnsted base cata-
lyzed addition reactions of alkylarenes with alkenes under
mild reaction conditions to afford the desired functional-
ized hydrocarbons (Scheme 1c).!
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Initially, in the presence of 30 mol% KOt-Bu/LiTMP, the
addition reaction of toluene (1a) with styrene (2'") was con-
ducted (Table 1, entry 1). It was found that only a trace
amount of the desired product was obtained, and oligomers
derived from styrenes were observed. To suppress the
oligomerization, trans-stilbene (2a) was used as an electro-
phile, and then the desired product (3aa) was obtained in
47% yield, while the by-product 3' was obtained in 12%
yield (entry 2). To increase the reactivity and the selectivity
between the product and the by-product, further optimiza-
tion was conducted. First, N,N,N',N'-tetramethylethylenedi-
amine (TMEDA) was added to the reaction as a ligand to ob-
tain the desired product in 86% yield (entry 3).!” The cata-
lyst loading could be reduced to 10 mol% without any
reduction in the yield (entry 4). N,N,N',N",N"-Pentameth-
yldiethylenetriamine (PMDTA) as a ligand gave a slightly in-
creased yield compared with TMEDA (entry 5). Next, sever-
al solvents were tested for the reaction; the reaction in cy-
clopentyl methyl ether (CPME) showed the best selectivity
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Table 1 Optimization of the Reaction Conditions?
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KOt-Bu (x mol%)

LiITMP (x mol%) X
iti 1%
@/ . R/\/F’h additive (x mol%) .
solvent, 0.2 M, r.t., 24 h Ph R
1a 2 R
(A equiv) 308
Entry R A (equiv) x (mol%) Additive Solvent Yield (%)° of 3aa Yield (%)° of 3’
1¢ H ~47 30 - toluene trace -
24 Ph ~47 30 - toluene 47 12
3d Ph ~47 30 TMEDA toluene 86 4
4 Ph ~47 10 TMEDA toluene 86 4
5 Ph ~47 10 PMDTA toluene 88 2
6 Ph 4.0 10 PMDTA heptane 70 10
7 Ph 4.0 10 PMDTA Et,O 44 6
8 Ph 4.0 10 PMDTA CPME 50 6
9e Ph 4.0 10 PMDTA CPME 98 2
2 The reaction of 1a with 2 (0.3 mmol) was conducted in the presence of KOt-Bu, LiTMP, and an additive at r.t. for 24 h, unless otherwise noted.
> NMR yield.
¢Time: 18 h.
4 Time: 13 h.

e Conditions: 20 mol% of PMDTA, 0.8 M, 0 °C.

toward the product (entry 8). Finally, a higher ligand load-
ing (20 mol%), higher concentration, and lower reaction
temperature gave the desired product in 98% yield (entry
9). To check the effect of substituents on the aromatic ring
of the nucleophile, the addition reaction of p-methoxy-sub-
stituted toluene, p-methylanisole (1b), as a nucleophile was
conducted under the optimal reaction conditions.!® Howev-
er, although the electrophile was completely consumed, the
desired product 3ba was obtained in only 32% yield and the
reaction system became complex (Table 2, entry 1). Analy-
sis of the by-products revealed that the aryl-exchanged
products 3ba’ and 3aa were produced.

For the mechanism of by-product formation, it was as-
sumed that the substituted stilbene and the benzyl anion of
toluene were produced through a deprotonation/elimina-
tion pathway of the product, and then the substituted stil-
bene was attacked by a second nucleophilic benzyl anion of
1b to form by-product 3ba’, and the benzyl anion of toluene
attacked another stilbene to form by-product 3aa (Scheme
2). Similar phenomena were also observed in the reactions
of other nucleophiles. To suppress this by-product forma-
tion, screening of strong base catalysts was conducted, and
it was found that, in the presence of catalytic amounts of
(trimethylsilyl)methylpotassium (KCH,TMS)' and PMDTA
as a strong base catalyst and a ligand, respectively, by-prod-
uct formation was suppressed, and the desired product was
obtained in 79% yield (Table 2, entry 2). Potassium amide
generated in situ as a catalyst gave almost the same result
(entry 3). On the other hand, in the presence of lithium cat-
ions, the yield of the desired product decreased, and by-

Table 2 Screening of Base Catalysts?

Ph
O v
OMe

1b 2a
(4.0 equiv)

( | OMe ( | OMe
Ph
X
X + +
Ph Ph Fh
Ph Ph
3ba 3ba’ OMe

3aa

catalyst

CPME, 0.8 M,0°C, 18 h

Entry Catalyst Yield (%) of 3ba

1 KOt-Bu (10 mol%) 32
LiITMP (10 mol%)
PMDTA (20 mol%)

2 KCH,TMS (10 mol%) 79
PMDTA (10 mol%)

3 KCH,TMS (10 mol%) 81
H-TMP (10 mol%)
PMDTA (10 mol%)

4 KCH,TMS (10 mol%) 26
LiITMP (10 mol%)
PMDTA (20 mol%)

5 KCH,TMS (10 mol%) 25
LiOt-Bu (10 mol%)
PMDTA (20 mol%)

6 KCH,TMS (2 mol%)
PMDTA (2 mol%)

2 The reaction of 1b (4.0 equiv) with 2 (0.3 mmol) in CPME (0.8 M) was
conducted in the presence of a catalyst at 0 °C for 18 h, unless otherwise
noted.

> NMR yield.

¢lsolated yield.

86 (78)°
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product formation was accelerated (entries 4 and 5). These
results implied that the presence of lithium cations facili-
tated by-product formation, probably because altering the
aggregation states of the reaction intermediates enhanced
their basicity and facilitated a deprotonation/elimination
pathway leading to by-product formation.?° Finally, the cat-
alyst loading could be reduced to 2 mol% KCH,TMS and
PMDTA to afford the desired product in 78% isolated yield
(entry 6).

OMe
( | —0 OMe
NS H Ph
) D ——— + ©_-
Ph Ph
> Ph
3ba
©
: OMe
! OMe

Ph

o P
2a

Ph
O ijh
Ph
3ba’ OMe 3aa

Scheme 2 Assumed pathway for by-product formation

The catalytic addition reactions of various substituted
alkylarenes with stilbenes were then investigated (Scheme
3). Under the neat Condition A, the product 3aa was ob-
tained in high yield with only 1 mol% catalyst. The reactions
of methoxy- or fluoro-substituted toluene derivatives were

KCH,TMS (x mol%)

conducted in CPME as solvent (Condition B). Both o- and m-
methoxy-substituted toluenes gave the desired products
3ba and 3ca, respectively, in high yields. Unfortunately, p-
methoxytoluene showed lower reactivity and selectivity to-
ward the desired product, and the desired product was ob-
tained in up to ca. 30% yield under several modified reac-
tion conditions, probably because of the low acidity of the
benzylic hydrogen. Disubstituted toluene was also subject-
ed to the reaction conditions. The reaction of 3,5-dimeth-
ylanisole was conducted to afford the product 3da in mod-
erate yield. The low nucleophilicity and low durability of
fluoro-substituted toluene under strongly basic reaction
conditions meant that higher catalyst loading and a slightly
lower reaction temperature were required for their reac-
tions to afford the desired products 3ea and 3fa in moder-
ate-to-good yields. For the reactions of xylenes, neat condi-
tions (Condition A) were adopted. The reaction of 0o- and m-
xylene proceeded smoothly to afford the desired com-
pounds 3ga and 3ha in high yields with 1 or 2 mol¥% cata-
lyst.

p-Xylene showed lower reactivity; in this case, elevated
temperature and prolonged reaction time gave the desired
compound 3ia in moderate yield. The reaction with p-iso-
propyltoluene was sluggish, and 5 mol% catalyst was re-
quired to obtain the desired compound 3ja in moderate
yield. The reaction of ethylbenzene in the presence of 10
mol% catalyst afforded almost quantitative amounts of the
product 3ka with moderate diastereoselectivity.

Reactions of toluene with di-substituted symmetrical
stilbene derivatives 2 were then conducted (Scheme 4). 4-
tert-Butyl- and 3-methoxy-substituted stilbenes were good
substrates and afforded the products 3ab and 3ac in high

PMDTA (x mol%)

O
- Ph
R U o Conditi Ph
P onditions Ph
1 2a  Condition A: neat, 0.4 M 3
Condition B: CPME, 1 = 4.0 equiv, 0.8 M
~o ~o F
O ~ | F
NS
Ph Ph Ph Ph Ph Ph
Ph Ph Ph Ph Ph Ph
Condition A Condition B Condition B Condition B Condition B Condition B
x=1,0°C,24h x=2,0°C,18h x=1,0°C, 18 h x=5,0°C,18h x=10,-10°C,24h x=10,-10°C, 24 h
3aa 87% 3ba 78% 3ca 86% 3da 66% 3ea 46% 3fa 76%
“ “
NS NS
Ph Ph Ph Ph Ph
Ph Ph Ph Ph Ph
Condition A Condition A Condition A Condition B Condition A
x=2,0°C,24h x=1,0°C,24h x=2,25°C,42h x=5,0°C,18 h x=10,0°C,24h

3ga 90% 3ha 84%

Scheme 3 Substrate scope of the reaction with respect to nucleophiles

3ia 64% 3ja 58% 3ka 99% dr 67:33
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A~U_Ar R—/ |
KCH,TMS (X mol%) R ~
PMDTA (X mol%) +
B
Conditions | R R g A
3

B-adduct

B
O A
R—I\ + R/\/ r
=
o
1 2 -
Condition A: neat, 0.4 M
Condition B: CPME, 1 = 4.0 equiv, 0.8 M

o~ Cﬂ |O
O tBu O O 2 o O
tBu o O

o-adduct

3ab 3ac 3ad 3ae
Condition A Condition A Condition A Condition A
X=10,0°C, 18 h X=10,0°C, 18 h X=10,60°C, 16 h X=10,0°C,48h
~100% 85% 55% 76%
Condition A

X=10,60°C,24h
~100%2

g 46 9 g
~o Ph
Ph Ph Ph O Ph

® ® ® i ®
~o ~o ~o | (|)
3af 3bf 3cf 3ba 3ag

Condition A Condition B Condition B Condition A
x=5,0°C,24h x=5,0°C, 18 h x=5,0°C, 18 h x=5,0°C,24h

96%, o:ff = 1:12

O Ph
‘ Ph Ph

3ah 3ai 3aj
Condition A Condition A Condition A
x=10,0°C,48h x=20,40°C,24 h x=10,40°C,24 h

87%, a:p =1:12 97%, a: = 1:10 89%, a:ff =2.1:1

7

86%, 0:p >20:1

33%, o:f = 1:>20

Condition A
x=20,40°C,18h

72%2, o:p=1:>20

6%, ouff = 1:>20

Condition A
x=20,40°C, 18 h

34%2, o:p = 1:>20

Scheme 4 Substrate scope of the reaction with respect to electrophiles. @ KOt-Bu/LiTMP was used as catalyst instead of KCH,TMS.

yields. For the reaction of 4-methoxy-substituted stilbene, a
higher reaction temperature was required because of the
low electrophilicity of the substrate; the use of KOt-Bu/LiT-
MP as catalyst also gave a higher yield compared with the
reactions with KCH,TMS, affording the product 3ad in ex-
cellent yield. The latter result probably stems from the
higher stability of the catalytic species derived from KOt-
Bu/LiTMP at high temperature. 1-Naphthyl-substituted
alkene exhibited lower reactivity; nevertheless, conducting
the reaction for longer time gave compound 3ae in good
yield. The addition reactions of alkylarenes with unsym-
metrical stilbenes were also examined. For the unsymmet-
rical stilbenes, two regioisomers, a- and -adducts, are pos-
sible.

The reactions of toluene with 4-methoxy-substituted
stilbene gave the B-adduct 3af in high yield and with high
regioselectivity. The selectivity could be attributed to the
lower stability of the a-adduct reaction intermediate com-
pared with that of the B-adduct because of the electron-do-
nating 4-methoxy group. Both o- and m-methoxytoluene
derivatives were good substrates, affording the desired hy-
drocarbons 3bf and 3cf, respectively, in high yields and
with high selectivities. On the other hand, the use of 2-me-
thoxy-substituted stilbene resulted in lower regioselectivi-
ty (ratio of a-adduct 3ba to B-adduct 3ag, 2.2:1), probably
because of steric hindrance and the coordination ability of
the 2-methoxy group.?! The reaction of B-naphthyl-substi-
tuted styrene was sluggish; in this case, prolonging the
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KCH,TMS (10 mol%)
) PMDTA (10 mol%)
+ \/&RS

=
R@\/\/ i
[ SiR3

4 5

Condition A: neat, 0.4 M, 0 °C, 24 h
Condition B: CPME, 1 = 4.0 equiv, 0.4 M, 0 °C, 24 h

<)\/\/sn>h3 ©\/\/SiMe2Ph \O/©\/\/SiMe2Ph

Conditions

)
- 4 /2

Scheme 5 The addition reactions of alkylarenes with vinylsilanes

reaction time gave adduct 3ah in high yield with excellent
regioselectivity for the a-adduct. In addition to stilbene de-
rivatives, the use of B-alkyl-substituted styrenes was also
examined. Due to the lower electrophilicity and the pres-
ence of allylic hydrogen atoms that can be deprotonated,
higher reaction temperature and KOt-Bu/LiTMP were ap-
plied to afford the B-adducts 3ai and 3aj in poor-to-good
yields with complete regioselectivities.

Vinylsilanes were also suitable electrophiles for the cat-
alytic addition reaction,?? because the a-silyl anion, which
is a reaction intermediate formed upon nucleophilic addi-
tion to vinylsilane, could deprotonate a benzylic hydrogen
of alkylarene to produce a nucleophilic benzylic anion. The
addition reaction of toluene with triphenyl- and phenyldi-
methylvinylsilanes proceeded smoothly in the presence of
10 mol% KCH,TMS and PMDTA to give alkylsilanes 5aa and
5ab, respectively, in high yields. The reaction of m-me-
thoxytoluene with phenyldimethylvinylsilane also proceed-
ed to afford the product 5cb in good yield (Scheme 5). To
gain insight into the mechanism of the reaction, the kinetic
isotope effect was measured with toluene and toluene-dg
(Scheme 6). The observed primary KIE value (5.3) indicated
that deprotonation of a benzylic hydrogen from toluene
was the rate-determining step.

The assumed reaction mechanism is shown in Scheme
7. First, KCH,TMS ligated with PMDTA deprotonates a ben-
zylic hydrogen of the alkylarene to form a potassiumbenzyl
species. Nucleophilic addition to the alkene occurs to pro-
duce an alkylpotassium species, which possess relatively
strong basicity. This reaction intermediate then deproton-
ates another benzylic hydrogen of a second alkylarene to af-
ford the products and the next nucleophilic species. There-
by, the addition reaction proceeds with only a catalytic
amount of KCH,TMS and the ligand.

In summary, we have achieved alkylpotassium-
catalyzed addition reactions of alkylarenes with several
alkenes. KCH,TMS with PMDTA as a catalytic species
showed suitable reactivity and selectivity for the reaction,
and allowed much milder reaction conditions and a broader
substrate scope. Further investigations of alkylpotassium-
catalyzed reactions are under way in our laboratory.

5aa 5ab 5cb
Condition A Condition A Condition B
78% 87% 85%
D
D CD3
X _-Ph
+ + Ph/\/
D D
D
(4.0 equiv) (4.0 equiv)

KCH,TMS (5 mol%)
PMDTA (5 mol%)

CPME, 0.8 M, 0 °C, 30 min.

D
D D
¥ 1e%D
D
b D
D Ph
Ph

58% yield
ku/kp=5.3

Scheme 6 KIE experiments

R R?

Nucleophilic
addition

3
R? R
[K]

Deprotonation of
benzilic hydrogen

= s H
RI— | RS

\ =

Scheme 7 Assumed reaction mechanism

'H and "3C NMR spectra were recorded with JEOL JNM-ECA500 and
JNM-ECX600 spectrometers in CDCl;, unless otherwise noted. TMS
served as internal standard (8 = 0) for 'H NMR, and CDCl; served as
internal standard (8 = 77.0) for 3C NMR. Benzotrifluoride (BTF)
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served as internal standard (8 = -63.72) for '°F NMR. IR spectra were
recorded on a JASCO FT/IR-4200 spectrometer. Preparative TLC (PTLC)
was carried out with Wakogel B-5F. KOt-Bu was purchased from
Wako Pure Chemical Industrials, Ltd. Lithium 2,2,6,6-tetramethylpip-
erizide (LiTMP) was purchased from Aldrich Co., Ltd. (Trimethylsi-
lyl)methylpotassium (KCH,TMS) was prepared according to a report-
ed procedure.!” TMEDA and PMDTA were purchased from Tokyo
Chemical Industry Co., Ltd. Heptane was purchased from Aldrich Co.,
Ltd. Et,0 and CPME were purchased from Tokyo Chemical Industry
Co., Ltd., and distilled just before use in the presence of benzophe-
none and Na. Alkylarenes were purchased from Tokyo Chemical In-
dustry Co., Ltd., and distilled with CaH. Electrophiles were prepared
according to reported methods. Detailed information is provided in
the Supporting Information.

Catalytic Addition Reaction of Alkylarenes 1 with Alkenes 2 (Con-
dition A); Propane-1,2,3-triyltribenzene (3aa); Typical Procedure
(Scheme 3)

KCH,TMS (3.8 mg, 3.0 x 102 mmol) and alkene 2a (540.4 mg, 3.0
mmol) were placed in a flame-dried 20 mL flask inside a glove box
filled with argon, and alkylarene 1a (7.5 mL) and PMDTA (6.3 L, 3.0 x
10-2 mmol) were subsequently added at -78 °C using a well-dried sy-
ringe, and the mixture was stirred for 24 h at 0 °C. The reaction was
quenched by adding H,0 (2 mL) and the aqueous phase was extracted
with CH,Cl, (3 x 20 mL). The combined organic layers were dried (an-
hyd Na,S0,). After filtration and concentration under reduced pres-
sure, the crude product obtained was purified by flash column chro-
matography on silica gel (hexane/CH,Cl, 20:1) to afford the desired
product 3aa; yield: 710.1 mg (2.61 mmol, 87%).

Catalytic Addition Reaction of Alkylarenes 1 with Alkenes 2 (Con-
dition B); [3-(2-Methoxyphenyl)propane-1,2-diyl]dibenzene
(3ba); Typical Procedure (Scheme 3)

KCH,TMS (3.8 mg, 3.0 x 102 mmol) and alkene 2a (271.0 mg, 1.5
mmol) were placed in a flame-dried 10 mL flask inside a glove box
filled with argon, and CPME (0.75 mL), alkylarene 1b (0.75 mL, 1.2 x
10 mmol, 4.0 equiv) and PMDTA (6.2 puL, 3.0 x 102 mmol) were subse-
quently added at -78 °C using a well-dried syringe, and the mixture
was stirred for 18 h at 0 °C. The reaction was quenched by adding H,0
(2 mL) and the aqueous phase was extracted with CH,Cl, (3 x 20 mL).
The combined organic layers were dried (anhyd Na,SO,). After filtra-
tion and concentration under reduced pressure, the crude product
obtained was purified by PTLC (hexane/CH,Cl, 8:1 x 3) to afford the
desired product 3ba; yield: 351.6 mg (1.16 mmol, 78%).

Propane-1,2,3-triyltribenzene (3aa)

Condition A; scale: 3.0 mmol; catalyst loading: 1 mol%; temperature:
0 °C; time: 24 h; colorless oil; yield: 710.1 mg (87%); Ry =0.2 (hex-
ane/CH,Cl, 20:1).

IR (neat): 3061, 3027, 2924, 2853, 1601, 1495, 1449, 1075, 1031 cm™".
H NMR (CDCl;, 600 MHz): § = 7.14-7.11 (6 H, m), 7.06-7.03 (3 H, m),
6.97 (2 H,d, ] =8.25Hz), 6.92 (4 H, d, ] = 8.25 Hz), 3.08-3.03 (1 H, m),
2.90(2H,dd,J=13.74,6.18 Hz), 2.83 (2 H, dd, ] = 13.75, 8.25 Hz).

13C NMR (CDCl;, 150 MHz): & = 144.22, 140.45, 129.11, 128.08,
128.03, 127.88,126.10, 125.79, 49.87, 42.44.

HRMS (Dart): mfz [M + NH,]* calcd for C,;H,,N: 290.19033; found:
290.19111.

[3-(2-Methoxyphenyl)propane-1,2-diyl]dibenzene (3ba)

Condition B; scale: 1.5 mmol; catalyst loading: 2 mol%; temperature:
0 °C; time: 18 h; colorless oil; yield: 351.6 mg (78%); Ry = 0.3 (hex-
ane/CH,Cl, 3:1).

IR (neat): 518, 601, 695, 749, 908, 1029, 1051, 1072, 1111, 1176,
1241, 1438, 1452, 1492, 1585, 1600 cm™.

H NMR (CDCls, 500 MHz): & = 7.14-7.09 (9 H, m), 6.99 (2 H, d, ] = 7.94
Hz), 6.89 (1 H, d, J = 7.37 Hz), 6.77-6.74 (2 H, m), 3.71 (3 H, s), 3.23-
320 (1 H, m), 3.02-2.99 (2 H, m), 2.93-2.84 (2 H, m).

13C NMR (CDCl;, 125 MHz): 8 = 157.57, 144.84, 140.82, 130.71,
129.09, 128.96, 127.89, 127.87, 127.03, 125.86, 125.85, 125.58,
120.04, 110.17, 55.14, 47.94, 42.33, 37.01.

HRMS (DART): m/z [M + HJ* calcd for C,,H»;0: 303.17489; found:
303.17516.

[3-(3-Methoxyphenyl)propane-1,2-diyl]dibenzene (3ca)

Condition A; scale: 3.0 mmol; catalyst loading: 1 mol%; temperature:
0 °C; time: 18 h; colorless oil; yield: 782.5 mg (86%); Ry =0.1 (hex-
ane/CH,Cl, 3:1).

IR (neat): 521, 546, 694, 739, 758, 772, 1042, 1072, 1152, 1260, 1436,
1452, 1465, 1488, 1583, 1600 cm™'.

H NMR (CDCl;, 500 MHz): § = 7.13-7.08 (4 H, m), 7.06-7.00 (3 H, m),
6.97 (2 H,d,J=7.56 Hz), 6.92 (2 H, d, ] = 7.56 Hz), 6.59-6.58 (1 H, m),
6.53 (1 H,d,J = 7.56 Hz), 6.43 (1 H, s), 3.59 (3 H, 5), 3.08-3.03 (1 H, m),
2.91-2.79 (4 H, m).

13C NMR (CDCl3, 125 MHz): & = 159.29, 144.23, 142.04, 14041,
129.11, 128.95, 128.09, 128.02, 127.88, 126.11, 125.79, 121.55,
114.74,111.27, 55.01, 49.72, 42.45, 42.42.

HRMS (DART): m/z [M + HJ* calcd for C,,H,350: 303.17489; found:
303.17370.

[3-(3-Methoxy-5-methylphenyl)propane-1,2-diyl]dibenzene (3da)
Condition B; scale: 0.6 mmol; catalyst loading: 5 mol%; temperature:
0 °C; time: 18 h; colorless oil; yield: 124.8 mg (66%); Ry = 0.2 (hex-
ane/CH,Cl, 4:1).

IR (neat): 494, 551, 612, 695, 739, 758, 781, 833, 925, 963, 1031, 1066,
1151, 1166, 1192, 1290, 1323, 1452, 1493, 1593 cm™".

H NMR (CDCls, 500 MHz): & = 7.14-7.01 (6 H, m), 6.98 (2 H, d, J = 7.94
Hz),6.91 (2 H, d,J = 7.94 Hz), 6.41 (1 H, s), 6.37 (1 H, s), 624 (1 H, s),
3.58 (3 H,s),3.07-3.01 (1 H, m), 2.90 (1 H, dd, J = 6.61, 3.31 Hz), 2.84-
2.75(3 H,m), 2.16 (3 H, 5).

13C NMR (CDCly, 125 MHz): & = 159.27, 144.34, 141.76, 140.44,
138.87, 129.10, 128.06, 127.99, 127.87, 126.06, 125.74, 122.49,
112.15, 111.69, 54.98, 49.62, 42.47, 42.31, 21.47.

HRMS (DART): m/z [M + HJ* calcd for C,3H,50: 317.19504; found:
317.19106.

[3-(2-Fluorophenyl)propane-1,2-diyl]dibenzene (3ea)

Condition B; scale: 0.3 mmol; catalyst loading: 10 mol%; temperature:
-10 °C; time: 24 h; colorless oil; yield: 40.4 mg (46%); Ry = 0.3 (hex-
ane/CH,Cl, 9:1).

IR (neat): 521, 601, 695, 752, 846, 1031, 1072, 1098, 1181, 1228,
1452, 1490, 1583, 1600 cm™".

'H NMR (CDCl3, 500 MHz): & = 7.12-7.10 (4 H, m), 7.06-6.98 (5 H, m),
6.93 (2 H, t,J =4.25 Hz), 6.88-6.83 (3 H, m), 3.14-3.11 (1 H, m), 2.99
(1H,dd,J=6.61,3.31 Hz), 2.92-2.89 (2 H, m), 2.85-2.80 (1 H, m).
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13C NMR (CDCl;, 125 MHz): & = 162.15 (Jo; = 245.35 Hz), 143.87,
140.26, 131.32 (Jz = 5.98 Hz), 129.04, 128.07, 128.02, 127.75, 127.58
(Uer = 7.18 Hz), 127.37 (Jox = 15.56 Hz), 126.17, 125.80, 123.59 (Jc; =
3.59 Hz), 115.11 (Jr = 22.73 Hz), 48.41, 42.47, 35.65.

19F NMR (CDCl;, 465 MHz): = -119.10.

HRMS (DART): m/z [M + NH,]* calcd for C,;H,;FN: 308.18145; found:
308.17991.

[3-(3-Fluorophenyl)propane-1,2-diyl]dibenzene (3fa)

Condition B; scale: 0.3 mmol; catalyst loading: 10 mol%; temperature:
-10 °C; time: 24 h; colorless oil; yield: 66.2 mg (76%); R;=0.3 (hex-
ane/CH,Cl, 9:1).

IR (neat): 521, 548, 601, 626, 696, 744, 758, 778, 881, 909, 936, 959,
1031, 1072, 1139, 1249, 1452, 1486, 1588, 1602, 1615 cm™".

1H NMR (CDCl;, 500 MHz): § = 7.21-7.09 (7 H, m), 7.04-7.00 (4 H, m),
6.80 (1 H, td, J = 8.50, 2.27 Hz), 6.74 (1 H, d, ] = 7.37 Hz), 6.67 (1 H, d, ]
=9.64 Hz), 3.13-3.10 (1 H, m), 2.95-2.90 (4 H, m).

13C NMR (CDCl;, 125 MHz): & = 163.60 (Jo; = 246.56 Hz), 143.74,
143.05 (Jo; = 7.18 Hz), 140.18, 129.38 (Jc; = 8.38 Hz), 129.07, 128.17,
128.11, 127.77, 12628, 12591, 124.76 (Jc; = 2.39 Hz), 115.90 (Jo; =
20.35 Hz), 112.75 (Jc = 20.35 Hz), 49.70, 42.56, 42.01.

19 NMR (CDCl;, 465 MHz): & = ~115.07.

HRMS (DART): m/z [M + NH,]* calcd for C,;H,3FN: 308.18145; found:
308.18183.

[3-(o-Tolyl)propane-1,2-diyl]dibenzene (3ga)

Condition A; scale: 1.0 mmol; catalyst loading: 2 mol%; temperature:
0 °C; time: 24 h; colorless oil; yield: 257.2 mg (90%); Ry = 0.3 (hex-
ane/CH,Cl, 9:1).

IR (neat): 454, 516, 541, 562, 601, 695, 738, 759, 1029, 1072, 1452,
1493, 1600 cm™.

H NMR (CDCl;, 500 MHz): § = 7.21-7.10 (6 H, m), 7.07-6.97 (7 H, m),
6.86 (1 H, d, J = 7.37 Hz), 3.08-2.94 (4 H, m), 2.84 (1 H, dd, J = 13.89,
822 Hz),2.09 (3 H,s).

13C NMR (CDCl;, 125 MHz): & = 144.50, 140.58, 138.65, 136.16,

130.06, 129.91, 129.11, 128.09, 128.04, 127.78, 126.11, 125.90,
125.80, 125.46, 48.88, 42.34, 39.83, 19.28.

HRMS (DART): m/z [M + NH,4]* calcd for C,,H,6N: 304.20652; found:
304.20853.

[3-(m-Tolyl)propane-1,2-diyl]dibenzene (3ha)

Condition A; scale: 2.0 mmol; catalyst loading: 1 mol%; temperature:
0 °C; time: 24 h; colorless oil; yield: 482.9 mg (84%); Ry = 0.3 (hex-
ane/CH,Cl, 19:1).

IR (neat): 445, 518, 551, 601, 695, 739, 758, 772, 1031, 1072, 1452,
1493, 1602 cm™.

H NMR (CDCl,, 500 MHz): & = 7.20-7.03 (9 H, m), 6.97 (2 H, d, ] = 7.94
Hz), 6.93 (1 H, d, J = 7.37 Hz), 6.81-6.80 (2 H, m), 3.15-3.09 (1 H, m),
2.99-2.85(4 H, m),2.24 (3 H, s).

13C NMR (CDCl;, 125 MHz): & = 144.36, 140.50, 140.36, 137.50,

129.95, 129.11, 128.05, 128.00, 127.90, 127.87, 126.54, 126.12,
126.06, 125.75,49.77, 42.43, 42.34, 21.35.

HRMS (DART): m/z [M + NH,4]* calcd for C,,H,6N: 304.20652; found:
304.20651.

[3-(p-Tolyl)propane-1,2-diyl]dibenzene (3ia)

Condition A; scale: 1.5 mmol; catalyst loading: 2 mol%; temperature:
25 °C; time: 42 h; colorless oil; yield: 275.3 mg (64%); Ry = 0.4 (hex-
ane/CH,Cl, 9:1).

IR (neat): 599, 696, 731, 746, 772, 908, 1076, 1029, 1452, 1495, 1509,
1596 cm™.

H NMR (CDCl;, 500 MHz): § = 7.12-7.02 (6 H, m), 6.97-6.96 (2 H, m),
6.91-6.89 (4 H, m), 6.81 (2 H, d, ] = 7.94 Hz), 3.06-3.00 (1 H, m), 2.91-
2.78 (4H,m), 2.18 (3 H, ).

13C NMR (CDCl;, 125 MHz): 8 = 144.35, 140.50, 137.31, 135.16,
129.11, 128.95, 128.74, 128.05, 127.99, 127.89, 126.03, 125.73, 49.87,
42.40, 41.97, 20.98.

HRMS (DART): m/z [M + NH,4]* calcd for C,,H,6N: 304.20652; found:
304.20738.

[3-(4-Isopropylphenyl)propane-1,2-diyl]dibenzene (3ja)

Condition B; scale: 0.6 mmol; catalyst loading: 5 mol%; temperature:
25 °C; time: 18 h; colorless oil; yield: 109.7 mg (58%); R;=0.2 (hex-
ane/CH,Cl, 16:1).

IR (neat): 522, 548, 582, 695, 732, 758, 816, 1019, 1031, 1055, 1072,
1362, 1382, 1418, 1452, 1495, 1512, 1602 cm™.

1H NMR (CDCls, 500 MHz): & = 7.13-6.97 (10 H, m), 6.89-6.87 (4 H,
m), 3.09-3.03 (1 H, m), 2.92-2.97 (5 H, m), 1.12 (6 H, d, ] = 6.80 Hz).

13C NMR (CDCl;, 125 MHz): 8 = 146.26, 144.48, 140.51, 137.72,
129.09, 128.97, 128.06, 127.96, 127.88, 126.10, 126.03, 125.70, 49.66,
42.33,42.00, 33.60, 24.01.

HRMS (DART): m/z [M + H]" calcd for C,4H,;: 315.21128; found:
315.21292.

(Butane-1,2,3-triyl)tribenzene (Major Diastereomer, 3ka-M)
Condition A; scale: 0.3 mmol; catalyst loading: 10 mol%; tempera-
ture: 0 °C; time: 24 h; white solid; yield: 55.5 mg (65%); mp 92-93 °C;
Ry=0.2 (hexane/CH,Cl, 9:1).

IR (neat): 564, 696, 739, 772, 789, 795, 1395, 1452, 1495, 1509 cm™".

H NMR (CDCl;, 500 MHz): § = 7.36 (2 H, t, ] = 7.65 Hz), 7.30-7.20 (5
H, m), 7.15-7.14 (1 H, m), 7.06-7.00 (5 H, m), 6.72 (2 H, d, ] = 7.37 Hz),
3.04-2.98 (1 H, m), 2.93 (1 H, dt, ] = 10.34, 5.17 Hz), 2.80 (1 H, dd, J =
13.32,3.68 Hz), 2.62 (1 H,dd, J = 13.32, 10.49 Hz), 1.02 (3 H, d, ] = 6.80
Hz).

13C NMR (CDCl;, 500 MHz): & = 146.55, 143.08, 140.88, 128.80,
128.57,128.51,127.99, 127.73, 127.61, 126.22, 126.08, 125.38, 55.64,
45.72,41.15, 20.80.

HRMS (DART): m/z [M + NH,4]* calcd for C,,H,6N: 304.20652; found:
304.20829.

(Butane-1,2,3-triyl)tribenzene (Minor Diastereomer, 3ka-m)
Condition A; scale: 0.3 mmol; catalyst loading: 10 mol%; tempera-
ture: 0 °C; time: 24 h; colorless oil; yield: 29.2 mg (34%); Ry= 0.1 (hex-
ane/CH,Cl, 9:1).

IR (neat): 498, 524, 542, 621, 694, 744, 761, 1031, 1069, 1375, 1450,
1493, 1602 cm™.

H NMR (CDCls, 500 MHz): & = 7.10 (9 H, m), 6.97 (4 H, t, J = 7.65 Hz),
6.87 (2 H, d, ] = 6.80 Hz), 3.16-3.11 (3 H, m), 2.91-2.86 (1 H, m), 1.38
(3H,d,J =624 Hz).

13C NMR (CDCl;, 500 MHz): & = 144.85, 142.23, 140.78, 129.05,

129.00, 128.21, 127.93, 127.69, 127.43, 125.81, 125.79, 125.55, 54.38,
44.74,38.71,19.31.
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HRMS (DART): m/z [M + NH,4]* calcd for C,,H,sN: 304.20652; found:
304.20517.

4,4'-(3-Phenylpropane-1,2-diyl)bis(tert-butylbenzene) (3ab)
Condition A; scale: 0.3 mmol; catalyst loading: 10 mol%; tempera-
ture: 0 °C; time: 18 h; white solid; yield: 115.7 mg (~100%); mp 82-
84 °C; Ry= 0.5 (hexane/CH,(l, 4:1).

IR (neat): 698, 729, 746, 774, 789, 1395, 1453, 1495, 1509, 1596 cm-'.

H NMR (CDCl;, 500 MHz): § = 7.15-7.12 (4 H, m), 7.08-7.06 (2 H, m),
7.03-7.00 (1 H, m), 6.94-6.88 (6 H, m), 3.08-3.03 (1 H, m), 2.87-2.75
(4H, m), 1.20 (9 H,s), 1.20 (9 H, 5).

13C NMR (CDCl3, 125 MHz): & = 148.72, 148.46, 141.62, 140.73,
137.61,129.14, 128.73, 127.92, 127.35, 125.62, 124.94, 124.92, 48.73,
42.10, 41.74, 34.31, 34.30, 31.39, 31.38.

HRMS (DART): m/z [M + H]" calcd for CyHj3;: 385.28953; found:
385.29087.

3,3'-(3-Phenylpropane-1,2-diyl)bis(methoxybenzene) (3ac)
Condition A; scale: 0.3 mmol; catalyst loading: 10 mol%; tempera-
ture: 0 °C; time: 18 h; colorless oil; yield: 84.8 mg (85%); R;= 0.1 (hex-
ane/CH,Cl, 3:2).

IR (neat): 474, 504, 571, 695, 741, 754, 776, 872, 1042, 1152, 1256,
1286, 1315, 1435, 1452, 1486, 1583, 1599 cm™".

H NMR (CDCl;, 500 MHz): § = 7.24-7.21 (2 H, m), 7.16-7.15 (3 H, m),
7.05(2H,d,J=7.94Hz), 6.72 (3H, d, ] = 7.94 Hz), 6.67 (1 H, d, = 7.37
Hz),6.63 (1 H,s),6.58 (1H,5s),3.74 (3 H,s),3.73(3H,s),3.19-3.13 (1
H, m), 2.99-2.93 (4 H, m).

13C NMR (CDCly, 125 MHz): 8 = 159.30, 159.27, 145.93, 141.99,
14036, 129.08, 129.00, 128.96, 128.02, 125.79, 121.53, 120.26,
114.73,113.72, 111.31, 111.22, 55.04, 55.00, 49.68, 42.32, 42.28.

HRMS (DART): m/z [M + H]" calcd for C,3H,50,: 333.18545; found:
333.18379.

4,4'-(3-Phenylpropane-1,2-diyl)bis(methoxybenzene) (3ad)
Condition A; scale: 0.4 mmol; catalyst loading: 10 mol%; KOt-Bu and
LiTMP were used instead of KCH,TMS; temperature: 60 °C; time: 24
h; colorless oil; yield: 137.2 mg (~100%); R;= 0.3 (hexane/CH,Cl, 2:1).
IR (neat): 3060, 3028, 3001, 2927, 2836, 1610, 1584, 1511, 1459,
1298,1178,1107, 1036 cm™.

H NMR (CDCl;, 500 MHz): & = 7.18-7.16 (2 H, m), 7.11-7.10 (1 H, m),
6.98(2H,d,J=6.80Hz),6.93 (2 H,d,J=8.50Hz),6.89 (2 H, d,]=8.50
Hz), 6.74-6.72 (4H,m), 3.73 (3 H, 5), 3.73 (3 H, 5), 3.06-3.01 (1 H, m),
2.96-2.78 (4 H, m).

13C NMR (CDCl3, 125 MHz): & = 157.75, 157.63, 140.64, 136.35,
132.60, 129.99, 129.10, 128.72, 127.98, 125.68, 113.40, 113.39, 55.09,
55.06, 49.15, 42.52, 41.72.

HRMS (DART): m/z [M + H]* calcd for C,3H,50,: 333.18491; found:
333.18418.

1,1’-(3-Phenylpropane-1,2-diyl)dinaphthalene (3ae)

Condition A; scale: 0.4 mmol; catalyst loading: 10 mol%; tempera-
ture: 0 °C; time: 48 h; colorless oil; yield: 113.2 mg (76%); Ry = 0.2
(hexane/CH,Cl, 9:1).

IR (neat): 698, 729, 772, 908, 1395, 1452, 1495, 1029, 1596 cm™'.

H NMR (CDCls, 500 MHz): § = 7.79-7.77 (3 H, m), 7.67 (2 H, d, ] = 8.50
Hz),7.58 (2 H, d,J =7.94 Hz), 7.40 (4 H, tt, ] = 24.37, 10.11 Hz), 7.20-
7.02 (8 H, m), 4.34-4.32 (1 H, m), 3.62-3.60 (1 H, m), 3.44-3.42 (1 H,
m), 3.16-3.14 (2 H, m).

13C NMR (CDCl;, 125 MHz): & = 141.28, 140.33, 136.19, 133.79,
132.04, 129.24, 128.75, 128.65, 128.63, 128.10, 126.96, 126.65,
126.59, 125.96, 125.70, 125.43, 125.40, 125.24, 125.13, 125.10,
125.07,123.57,123.52, 122.62, 42.61, 41.08, 38.78.

HRMS (DART): m/z [M + HJ" calcd for C,gH,s: 373.19563; found:
373.19747.

[2-(4-Methoxyphenyl)propane-1,3-diyl]dibenzene (3af)

Condition A; scale: 0.6 mmol; catalyst loading: 5 mol%; temperature:
0 °C; time: 24 h; colorless oil; yield: 174.9 mg (96%); a:p = 1:12; R;=
0.1 (hexane/CH,Cl, 4:1).

IR (neat): 598, 696, 746, 772, 821, 908, 1031, 1029, 1109, 1176, 1243,
1300, 1395, 1452, 1495, 1510 cm™.

H NMR (CDCl;, 500 MHz): § = 7.20-7.16 (4 H, m), 7.13-7.11 (2 H, m),
7.00-6.99 (4 H, m), 6.95-6.94 (2 H, m), 6.74-6.73 (2 H, m), 3.74 (3 H,
$),3.10-3.06 (1 H, m), 2.95 (2 H, dd, ] = 6.61, 3.31 Hz), 2.86 (2 H, dd, ] =
13.32, 8.22 Hz).

13C NMR (CDCl3, 125 MHz): & = 157.77, 140.56, 136.24, 129.11,
128.70, 128.01, 125.73, 113.42, 55.10, 48.99, 42.62.

HRMS (DART): m/z [M + HJ* calcd for C,,H,;0: 303.17489; found:
303.17435.

1-Methoxy-2-[2-(4-methoxyphenyl)-3-phenylpropyl]benzene
(3bf)

Condition B; scale: 0.6 mmol; catalyst loading: 5 mol%; temperature:
0 °C; time: 18 h; colorless oil; yield: 173.6 mg (87%); a:p = 1:12; Ry =
0.1 (hexane/CH,Cl, 4:1).

IR (neat): 546, 601, 698, 748, 824, 1031, 1105, 1176, 1239, 1438,
1492, 1510, 1585 cm !,

H NMR (CDCls, 500 MHz): § = 7.15-7.07 (4 H, m), 6.99-6.93 (4 H, m),
6.89 (1 H,d,J =737 Hz), 6.77-6.68 (4 H, m), 3.70 (3 H, 5), 3.70 (3 H, s),
3.20-3.14 (1 H, m), 3.00-2.96 (2 H, m), 2.87-2.83 (2 H, m).

13C NMR (CDCls, 125 MHz): & = 157.59, 157.51, 140.89, 136.87,
130.70, 129.09, 129.02, 128.66, 127.83, 126.96, 125.51, 120.02,
113.23,110.12, 55.11, 55.04, 47.04, 42.52, 37.13.

HRMS (DART): m/z [M + H]" calcd for C,3H,50,: 333.18545; found:
333.18666.

1-Methoxy-3-[2-(4-methoxyphenyl)-3-phenylpropyl|benzene
(3cf)

Condition B; scale: 0.6 mmol; catalyst loading: 5 mol%; temperature:
0 °C; time: 18 h; colorless oil; yield: 194.0 mg (97%); a:p = 1:10; R;=
0.1 (hexane/CH,Cl, 2:1).

IR (neat): 599, 696, 774, 826, 908, 1029, 1078, 1029, 1243, 1395,
1452, 1510, 1582, 1596 cm™".

H NMR (CDCl;, 500 MHz): § = 7.20-7.16 (2 H, m), 7.11-7.09 (2 H, m),
6.99-6.95 (4 H, m), 6.73 (2 H, d, ] = 7.37 Hz), 6.66 (1 H, d, ] = 7.94 Hz),
6.60 (1H,d,J=7.37 Hz), 652 (1 H, s),3.72 (3 H,5), 3.68 (3 H, 5), 3.09-
3.07 (1 H, m), 2.94-2.92 (2 H, m), 2.87-2.82 (2 H, m).

13C NMR (CDCl;, 125 MHz): & = 159.24, 157.77, 142.15, 140.49,

136.22, 129.10, 128.92, 128.68, 127.99, 125.72, 121.54, 114.75,
113.42,111.13, 55.07, 54.97, 48.79, 42.62, 42.60.
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HRMS (DART): m/z [M + H]" calcd for C,3H,50,: 333.18545; found:
333.18535.

[2-(2-Methoxyphenyl)propane-1,3-diyl]dibenzene (3ag)

Condition A; scale: 0.6 mmol; catalyst loading: 5 mol%; temperature:
0 °C; time: 24 h; colorless oil; yield: 174.9 mg (96%, mixture of both
regioisomers); a:f = 2.2:1; R¢= 0.3 (hexane/CH,(l, 2:1).

IR (neat): 508, 601, 695, 748, 1029, 1052, 1109, 1241, 1288, 1452,
1492, 1585, 1600 cm™".

TH NMR (CDCls, 500 MHz): § = 7.14-6.69 (14 H, m), 3.62 (3 H, 5), 3.23-
3.22 (1 H, m), 2.95-2.88 (4 H, m).

13C NMR (CDCl;, 500 MHz): 8 (detectable peaks) = 157.55, 140.90,
140.82, 130.71, 129.11, 129.09, 128.95, 127.89, 127.86, 127.03,
126.87, 125.86, 125.57, 120.32, 120.03, 110.66, 110.15, 55.34, 55.14,
47.93,42.31,40.72,37.01.

HRMS (DART): m/z [M + HJ* calcd for C,,H,350: 303.17489; found:
303.17493.

1-(2,3-Diphenylpropyl)naphthalene (3ah)

Condition A; scale: 0.4 mmol; catalyst loading: 10 mol%; tempera-
ture: 0 °C; time: 48 h; colorless oil; yield: 111.4 mg (86%); a:p =
>20:1; R;= 0.1 (hexane/CH,Cl, 9:1).

IR (neat): 432, 525, 562, 598, 695, 756, 776, 1029, 1072, 1395, 1452,
1493, 1509, 1598 cm!.

H NMR (CDCls, 500 MHz): & = 7.81 (1 H, d, J = 7.94 Hz), 7.70 (1 H, d,
J=8.50Hz),7.64 (1 H,d,J=7.94 Hz), 7.45-7.37 (2 H, m), 7.24-7.12 (7
H, m), 7.05-7.03 (4 H, m), 6.99 (1 H, d, J = 6.24 Hz), 3.49 (1 H, dd, J =
11.90, 3.97 Hz), 3.26-3.23 (2 H, m), 3.04-3.03 (2 H, m).

13C NMR (CDCl;, 125 MHz): & = 144.67, 140.49, 136.36, 133.83,
131.90, 129.26, 128.74, 128.13, 128.09, 127.73, 127.33, 126.66,
126.15,125.91, 125.65, 125.23, 125.13, 123.74, 48.97, 42.74, 39.66.

HRMS (DART): m/z [M + H]" calcd for CysHys: 323.17998; found:
323.18024.

(2-Propylpropane-1,3-diyl)dibenzene (3ai)

Condition A; scale: 0.3 mmol; catalyst loading: 20 mol%; KOt-Bu and
LiITMP were used instead of KCH,TMS; temperature: 40 °C; time: 18
h; colorless oil; yield: 52.8 mg (72%); a:p = 1:>20; Ry= 0.3 (hexane).
IR (neat): 3061, 3027, 2956, 2925, 2868, 1601, 1495, 1452, 1376, 1031
cm™,

'H NMR (CDCl;, 500 MHz): 8 = 7.27-7.25 (4 H, m), 7.18-7.16 (2 H, m),
7.13-7.12(4H, m), 2.54 (4 H,d,J=6.24 Hz), 2.01-1.93 (1 H, m), 1.38-
1.34(2H, m), 1.23-1.22 (2 H, m), 0.83 (3 H, t, J = 7.37 Hz).

13C NMR (CDCl5, 125 MHz): & = 141.39, 129.18, 128.12, 125.64, 41.65,
40.16, 35.06, 19.68, 14.27.

HRMS (Dart): m/z [M + NH,]* caled for C;gH,6N: 256.20598; found:
256.20853.

(2-Isopropylpropane-1,3-diyl)dibenzene (3aj)

Condition A; scale: 0.3 mmol; catalyst loading: 20 mol%; KOt-Bu and
LiITMP were used instead of KCH,TMS; temperature: 40 °C; time: 18
h; colorless oil; yield: 23.2 mg (34%); a:p = 1:>20; Ry= 0.3 (hexane).
IR (neat): 3061, 3026, 2956, 2930, 2872, 1602, 1494, 1456, 1365 cm~'.
H NMR (CDCl;, 600 MHz): & = 7.26-7.24 (4 H, m), 7.16-7.15 (2 H, m),
7.11-7.10 (4 H, m), 2.60 (2 H, dd, J = 13.74, 6.90 Hz), 2.43 (2 H, dd, ] =
13.74,7.56 Hz), 1.91-1.86 (1 H, m), 1.72-1.67 (1 H, m), 0.92 (6 H, d, ] =
7.56 Hz).

13C NMR (CDCls, 150 MHz): 6 = 141.88, 129.07, 128.16, 125.58, 48.26,
36.24, 27.49, 18.65.

HRMS (Dart): m/z [M + NH,]* calcd for C;gH,6N: 256.20598; found:
256.20344.

Triphenyl(3-phenylpropyl)silane (5aa)

Condition A; scale: 0.3 mmol; catalyst loading: 10 mol%; tempera-
ture: 0 °C; time: 24 h; colorless oil; yield: 88.8 mg (78%); Ry= 0.5 (hex-
ane/CH,Cl, 4:1).

IR (neat): 512, 576, 696, 728, 772, 858, 906, 1029, 1028, 1108, 1395,
1426, 1452, 1495, 1509 cm™'.

H NMR (CDCls, 500 MHz): & = 7.65 (6 H, d, J = 6.80 Hz), 7.55-7.51 (9
H, m), 7.42-7.41 (2H,m), 7.33 (1 H, t,J = 7.37 Hz), 7.28 (2 H,d, ] = 7.37
Hz),2.83 (2 H, t,J = 7.37 Hz), 2.02-1.95 (2 H, m), 1.59-1.56 (2 H, m).
13C NMR (CDCl;, 125 MHz): & = 142.13, 135.60, 135.10, 129.36,
128.56, 128.21, 127.83, 125.69, 39.71, 25.76, 12.81.

HRMS (DART): m/z [M + NH,4]* calcd for C,;H5oNSi: 396.21475; found:
396.21406.

Dimethyl(phenyl)(3-phenylpropyl)silane (5ab)

Condition A; scale: 0.3 mmol; catalyst loading: 10 mol%; tempera-
ture: 0 °C; time: 24 h; colorless oil; yield: 66.6 mg (87%); Ry= 0.4 (hex-
ane).

'H NMR (CDCl3, 500 MHz): & = 7.51-7.49 (2 H, m), 7.35-7.35 (3 H, m),
7.27-7.26 (2 H,m), 7.19-7.15 (3 H, m), 2.62 (2 H, t,J = 7.65 Hz), 1.67-
1.63 (2 H, m), 0.82-0.79 (2 H, m), 0.26 (6 H, ).

13C NMR (CDCl3, 125 MHz): & = 142.52, 139.37, 133.54, 128.79,
128.48, 128.19, 127.70, 125.61, 39.79, 25.98, 15.55, -3.08.

Data are in accordance with the literature.?

[3-(3-Methoxyphenyl)propyl]dimethyl(phenyl)silane (5cb)
Condition B; scale: 0.3 mmol; catalyst loading: 10 mol%; temperature:
0 °C; time: 24 h; colorless oil; yield: 72.3 mg (85%); Ry = 0.2 (hex-
ane/CH,Cl, 9:1).

IR (neat): 468, 695, 728, 772, 811, 826, 1045, 1112, 1151, 1248, 1259,
1426, 1455, 1488, 1583, 1600 cm™'.

H NMR (CDCl;, 500 MHz): & = 7.49-7.47 (2 H, m), 7.34-7.33 (3 H, m),
7.18 (1 H, t,J=7.94 Hz), 6.73-6.70 (3 H, m), 3.77 (3 H, s5),2.58 (2 H, t,
J=7.65Hz), 1.66-1.60 (2 H, m), 0.80-0.77 (2 H, m), 0.25 (6 H, s).

13C NMR (CDCl;, 125 MHz): 8 = 159.50, 144.18,139.34, 133.54, 129.13,
128.79, 127.70, 120.92, 114.23, 110.82, 55.07, 39.82, 25.85, 15.55,
-3.08.

HRMS (DART): m/z [M + HJ* calcd for C;gH,50Si: 285.16747; found:
285.16694.
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