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ABSTRACT

Suzuki-Miyaura coupling of diarylmethyl carbonates with arylboronic acids proceeded in the presence of [Pd( 11%-C3Hs)Cl],-DPPPent (1,5-

bis(diphenylphosphino)pentane) catalyst, yielding a variety of triarylmethanes.

The triarylmethane framework is often found in various
attractive molecules, for example, leuco dyasnd some
candidates for molecular magnétshe framework appears
in a flavonoid isolated from a cajeput tree, melanefvin.

diarylmethyl halides, however, have been utilized as elec-
trophilic substrates for the cross-coupling, which will provide
a straightforward approach to triarylmethanes. Recently,
Molander attempted the cross-coupling of bromodiphenyl-

Recently, it was reported that triarylmethanes containing a methane with an aryltrifluoroborate but failed to obtain the

thiophenyl group exhibit antitubercular activityTriaryl-
methanes are typically synthesized by Friedetafts aryl-
ation of diarylmethanols or by reduction of triarylmethanols,
which are prepared by nucleophilic addition of aryl metal
compounds to carbony®

Meanwhile, the Suzuki-Miyaura reaction is widely utilized
for selective C—C bond formation in organic synthédin
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desired triarylmethane in pure forhilhis paper discloses
that the cross-coupling of diarylmethyl carbonates with
arylboronic acids proceeded with success in the presence of
a palladium catalyst.

Recently, we and others reported the cross-coupling of
benzylic carbonatés!! and phosphatéswith organometallic
compounds. The reports stimulated us to develop the cross-
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coupling of arylboronic acids with diarylmethyl carbonates,
which are a type of benzylic carbonates. Thus, the reaction

- ; - Table 2. Reactions of Diarylmethyl Carbonatéswith 2a
of diphenylmethyl methyl carbonaté&d) with phenylboronic

acid (2a) was attempted under the conditions optimized in =R’ . . =R
the previous work, that is, using [P@¢CsHs)Cl],— / 05% [PGrCaHaCll;
’ ' 1.1% DPPPent
DPPPeri catalyst in DMF at 80°C, but resulted in no OCOMe + (HO),BPh -Ph
formation of triphenylmethan&a. Elevating the reaction = o 23 tert-a};z(ioaféohm —
temperature led to the production 8& but in low yield \_*Re 10}(; c \_ R
(Table 11 entry 1). Solvent strongly affected the reaction 1bj 30
entry R! R2 1 time, h product (3) yield, %?
Ph
Table 1. Effect of Ligand and Solvent on the Cross-Coupling X
of Diphenylmethyl Carbonatelé) with Phenylboronic Acid 1 4CFg H b 49 64
(2ap CF, 3b
Ph
o 2.5% [Pd(;ﬁ-csHs)Cl]Q o vir
0° c |
\—0coMe + (HopPh 5.5% ligand San 2 4-MeO H 1c 72 . 72
Ph 0 2a KoCOs Ph MeO
1a solvent, 100 °C, 3 h 3a Ph
e — BEgEe(:t =(n2)= 5) Me_ Me 3 4-MeO 4-CF, 1d 72 3d 77
‘ O MeO CF,
<= PPh; o Ph
Fe 0 RoP PR, 4 4Me H e 24 87
&SPy pp PPh,  Xantphos (R = Ph) Mo 3e
DPPF DPEphos Cy-Xantphos (R = c-Hex) Me Ph
entry ligand solvent yield, %b¢ 5 2Me H 1t 49 O O af 88
1 DPPPent DMF 15
2 DPPPent Toluene 35 Me Ph Me
3 DPPPent 1,4-dioxane 36 6 2Me 2Me 1g 72 ‘/\‘ s
4 DPPPent tert-amyl alcohol 76 (87)¢ O O 3g
5 PPhs¢ tert-amyl alcohol 14
6 DPPE tert-amyl alcohol 1 Me Ph
7 DPPF tert-amyl alcohol 87 (90)2 7 2,6-Mez H 1ih 72 11
8 DPEphos tert-amyl alcohol 16 3h
9 Xantphos tert-amyl alcohol 1 Me
10 Cy-Xantphos tert-amyl alcohol 1 Me Eh Me
11/ DPPPent tert-amyl alcohol 1 8 2,6-Me, 2-Me 1i 72 30

@

a Reactions were conducted on a 0.2 mmol scale in 1.0 mL of solvent at
100°C for 3 h. The ratio ofla:2a:KCOz:[Pd(7-C3Hs)Cl]2:ligand was 20:
30:60:0.5:1.1P GC yield (average of two runs).The yields in parentheses
were isolated yields in a 1 mmol scale with 1.0 mol % palladidihe
reaction was conducted for 48 ©iThe reaction was conducted for 27 h.

f Diphenylmethyl acetate was used in placelaf

Me
Me Ph Me

2,6-Me, 2,6-Me, 1j 24 11

g

Me Me

a8 Reactions were conducted on a 1.0 mmol scaleeitramyl alcohol
(1.0 mL) at 100°C. The ratio ofl:2a:K,COs:[Pd(7*-C3Hs)Cl]:DPPPent
was 100:110:220:0.5:1.2Isolated yield.c The reaction was conducted with
5 mol % palladium.

rate (entries 24). The desired cross-coupling produ8a
was obtained in high yield whetert-amyl alcohol was used
as a solvent. As with other palladium-catalyzed reactions
involved with benzylic C—O bond cleavage, the choice of
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mentioned in ref 9.
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Table 3. Cross-Couplings ofa with Arylboronic Acids 22
0.5% [Pd(1%-C3Hs)Cl]»

Ph 1.1% DPPPent Ph
>—OCOMe + (HO),BAr >—E-Ar
PH o KoCO3, tert-amyl alcohol  py
1a 100 °C 3
entry Ar (2) time, h product (3) yield, %?
Ph
1 4@70% 24 }a@ca 93
2b Ph 3b
Ph
2 OOMe 48 }a—@—owle 97
2¢c Ph 3c
Me Me
Ph
3 48 }2 86
2d Ph 3f
Ph Ph
Ph
4 48 > 77
2e Ph 3k
Ph
5 @CI 72 }z@m 60
2f Ph 3l
Ph
6 @CHO 72 }z@cm 61
NH(Boc) NH(Boc)
< .
7 72 $ 97
2h Ph>_ 3n

aReactions were conducted on a 1.0 mmol scaleeitamyl alcohol
(1.0 mL) at 100°C for 24 h. The ratio ofla:2:K;COsz:[Pd(172-C3Hs)Cl] 2:
DPPPent was 100:110:220:0.5:1%1solated yield.

ligand, which was the most effective for the palladium-
catalyzed nucleophilic substitution dfa with malonate

Subsequently, the Suzuki-Miyaura coupling was applied to
a series of ortho-substituted diarylmethyl carbondtes.

The reactivity of mono-methylated substrdtewas com-
parable to that of the para-isomke (entry 5). However, a
second ortho-methyl substituent caused significant obstruc-
tion of the cross-coupling witRa. As a matter of fact, the
reactions of diarylmethyl carbonategandlh failed to react
with 2a in good yields (entries 6 and 7). The additional
methyl may sterically obstruct the attack of DPPPent
palladium on the diarylmethyl substrates. More congested
triarylmethanes3i and 3j could be obtained by means of
DPPPentpalladium catalysis but in low yield (entries 8 and
9). The low yields of3g—j were hardly improved when the
catalyst loading increased to 5%.

A range of arylboronic acids worked as coupling partners
of diphenylmethyl carbonatéa as shown in Table 3. The
catalytic cross-coupling was scarcely affected by the elec-
tronic property of the para-substituent of the arylboronic acid
(entries 1, 2). An interesting discrepancy has been ob-
served: triarylmethan8c was obtained in high yield from
the reaction oc, whereas the cross-couplinglafwith 2a
was shown to be less effective. Whereas the ortho-substit-
uents of2d and 2e slightly hindered the catalytic reaction,
coupling product3f and 3k were obtained in good yields
(entries 3, 4). The Suzuki-Miyaura coupling of diphenyl-
methyl carbonate was compatible with chloro, aldehyde, and
Boc-protected amino groups (entries B. However, nitro
and hydroxyl groups obstructed the conversion of the starting
materials. The DPPPenpalladium did not work well for
the reaction of 2-phenylethenylboronic acid, giving the cross-
coupling product in only 15% yield.

The Suzuki-Miyaura reaction of diarylmethyl carbonates
1 would proceed like that of benzylic carbonates (Scheme
1).° DPPPent-palladium(0) cleaves the benzylic<© bond

carbaniong#d The reaction using acetate in place of carbonate _

resulted in a trace yield da (entry 11)'¢ The loading of
the DPPPent-or DPPF—palladium catalyst was reduced to
1% without a significant loss of yield da (entries 4 and
7). DPPF was slightly superior to DPPPent for the reaction
of 1a with 2a.

The effect of the substituent on the aromatic ring of the
diarylmethyl carbonate was investigated for the cross-
coupling with phenylboronic acid (Table 2). The reaction
of electron-deficienfLb gave the desired produdb in good
yield (entry 1). In contrast, the electron-donating methoxy
group of 1c caused significant deterioration of the yield of
triarylmethane3c (13%) due to formation ofi-methoxy-a-
(p-methoxylphenyl)toluene through palladium-catalyzed de-
carboxylative etherification. Efficient production @&c

required an increase of the catalyst loading (entry 2). In the
above two reactions, DPPPent ligand was preferable to

DPPF. Electrophilic substrated bearing both electron-rich
and -poor aryl groups was converted ir8d in 77% yield
(entry 3). The electron-withdrawing trifluoromethyl group
might cancel the undesirable effect of methoxy group.

(16) Kuwano, R.; Yokogi, MChem. Commur005, 5899—5901.
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Scheme 1. Probable Pathway of the Suzuki-Miyaura Coupling
of Diphenylmethyl Carbonatek

1
3% e’ \<)2
Ph

Ph
LPd—( LPd—(
Ph Ph OMe Ph
5 4
MeOB(OH), 2

of 1 to form (diarylmethyl)palladium intermedia#® The
alkoxo ligand on4 undergoes transmetalation with an
arylboronic acid. Reductive elimination of the resulting
(aryl)(diarylmethyl)palladium(11)5 yields the desired tri-
arylmethane3 and regenerates palladium(0).

We developed the Suzuki-Miyaura coupling of diaryl-
methyl carbonates. The reaction proceeds well by using
[Pd(i-C3Hs)Cl],—DPPPent or—DPPF as catalyst. The
former catalyst was applied to the synthesis of a wide range
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of triarylmethanes. The method disclosed here will be useful MEXT. This paper is dedicated to the memory of Professor
for constructing various triarylmethane frameworks in or- Yoshihiro Matsumura.
ganic synthesis.

. ing Inf ion Available: E i | pro-
Acknowledgment. This work was supported by Supporting normathn wval able xperimental pro
. : : . cedures and characterization data for all new compounds.
Tokuyama Science Foundation, lketani Science and This material is available free of charge via the Internet at
Technology Foundation, KAKENHI (No. 16685011 and htto//pub 9
19020051), and a Grant-in-Aid for the Global COE \P-//PUbS.acs.org.
Program, “Science for Future Molecular Systems” from 0OL800078J

976 Org. Lett, Vol. 10, No. 5, 2008



