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Scheme 1. Cross-coupling of tertiary alcoh
A novel RhCl(PPh3)3/BF3�OEt2 co-promoted direct C–C cross-coupling of primary and secondary alcohols
at b-position with aldehyde was developed. This reaction could provide an efficient synthesis of a series
of a,b-unsaturated aldehydes and diarylidene ketones, just from simple and easily available alcohols and
aldehydes.
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C–C bond formation via C–H bond functionalization is impor-
tant and fundamental to all of organic chemistry, in which the di-
rect C–C cross-coupling of alcohols with unsaturated substrates
(olefins, aldehydes, or ketones)1 has recently become one of the
most attractive methodologies since it not only constructs new
C–C bond and introduces a oxygenating functional, but also dis-
plays atom economy and environmentally benign characters.2 In
connection with our research interest in this subject,3 our previous
effort had led to a discovery that the combination of transition me-
tal catalyst/Lewis acid system could accomplish the direct C–C
cross-coupling of C@C of olefins with primary alcohols at a-posi-
tion via sp3 C–H activation, and most recently we reported that a
novel C–C cross-coupling of tertiary alcohols at b-position with
the C@O of aldehydes could be realized through the co-promotion
of RhCl(PPh3)3/BF3�OEt2 system (Scheme 1).4 It was noteworthy
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ols with aldehydes.
that this reaction could be selectively achieved, by tuning the sub-
strate structure of alcohols, and afforded either the structurally di-
verse 1,3-diols or polysubstituted tetrahydropyranes (THPs). This
achievement encouraged us to make a more extensive study to-
ward the primary and secondary alcohols. Gratifyingly, under the
co-promotion of RhCl(PPh3)3/BF3�OEt2 without additive, a novel
C–C cross-coupling of primary and secondary alcohols at b-posi-
tion with the C@O of aldehyde could be realized (Scheme 2).
Depending on the property starting alcohols, this reaction could
selectively provide a series of structurally diverse a,b-unsaturated
aldehydes (Type A) and diarylidene ketones (Type B). This trans-
formation paves a way to develop a new synthetic method for
the cinnamaldehyde-type compounds, commencing with simple,
cheap, and easily available material. These products (e.g., cinna-
maldehyde and its derivatives, DBA) are important starting materi-
als and/or key intermediates for chemical, perfume, agrochemical,
liquid crystal as well as for pharmaceutical industries. To the best
of our knowledge, this kind of Rh-catalyzed/Lewis acid-mediated
C–C cross-coupling reaction between primary and secondary
H
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Scheme 2. Cross-coupling of 1� and 2� alcohols with aldehydes.



Table 1
Optimization of reaction conditionsa

O

Ph

OH

H H
Ph2PhCHO

catalyst (2 mmol %)

3a (DBA)

+

H H
acid, solvent

1a 2a

Entry Complex Solvent Lewis acid Yieldb (%)

1 RhCl(PPh3)3 THF BF3�OEt2 —
2 RhCl(PPh3)3 (CH2Cl)2 BF3�OEt2 52
3 RhCl(PPh3)3 Toluene BF3�OEt2 88
4 RhCl(PPh3)3 CH3CN BF3�OEt2 —
5 Rh(CO)(PPh3)2 Toluene BF3�OEt2 72
6 IrCl3 Toluene BF3�OEt2 —
7 RuCl3 Toluene BF3�OEt2 —
8 RuCl2(PPh3)2 Toluene BF3�OEt2 62
9 AuCl3 Toluene BF3�OEt2 —

10 PtCl2 Toluene BF3�OEt2 —
11 Pd(OAC)2 Toluene BF3�OEt2 45
12 RhCl(PPh3)3 Toluene HgCl2 —

a Reaction condition: Aldehyde (1 mmol) was reacted with alcohol (2.5 mmol) in
the presence of metal catalyst (0.02 mmol) and Lewis acid (1.2 mmol) at 60–80 �C
for 8–12 h.

b Isolated yield based on aldehyde used.

Table 2
Cross-coupling of 1� and 2� alcohols with aldehydesa
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alcohols with aldehydes has not been reported before. Herein, we
present our preliminary experiment results.

Our initial investigation focused on a wide search for the cou-
pling conditions (Table 1). Thus i-PrOH was subjected to the model
reaction with PhCHO using the combination of transition metal
catalyst and Lewis acid in appropriate solvent. Among the condi-
tions tested, gratifyingly, the combination of RhCl(PPh3)3

(2 mmol %) and BF3�OEt2 in toluene (entry 3) proved to be the best
result for this coupling reaction, which provided the desired prod-
uct 3a in 88% yield.

Following the above optimized condition, a series of primary
and secondary alcohols and aldehydes were further investigated.
As shown in Table 2, the C–C coupling of various alcohols at b-po-
sition with aldehydes proceeded smoothly, and a range of structur-
ally diverse and important a,b-unsaturated carbonyl compounds,
such as cinnamaldehyde 3k, dibenzalacetone 3a (DBA), could be
straightforward and rapidly prepared. In particular for secondary
alcohols (entries 1–9), reactions (Type B) gave the dibenzalacetone
and its analogues 3b–j via a double cross-coupling assembly in
good yields. Notably, if the reaction was intermitted after 8 h, a
much higher yield could be obtained. For example, in entry 1, a
98% brsm yield with 63% conversion could be received. For primary
alcohols (entries 10–12), the products 3k–m were exclusively
Products Yieldb (%)
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Table 2 (continued)

Entry Substrates Products Yieldb (%)

7

OH

1c

2a

O
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8
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O
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9
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10
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11 1f 2c
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12

OH
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2a
O

3m

36 (90)c

a All products were characterized by NMR and mass spectrometry.
b Isolated yield based on the aldehyde 2 used.
c Yield based on recovered starting material.
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obtained after 18 h in 78–90% yield based on the smooth recovery
of starting aldehydes.9

The reaction mechanism could be explained on the basis of our
previous reports (Path A)3 or the reported ‘Hydrogen Autotransfer
Process’ under base (Path B)1c,5,6 in the following two sequences
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Scheme 3. Possible passways for cross-couplin
(Scheme 3). In path A, Lewis acid-mediated/Rh-catalyzed a-C–H
bond activation of alcohol may be firstly involved in this coupling,
yielding the radical species I-a. Compared with our previous re-
port,3 the presence of aldehyde instead of olefin in current system
allowed the generation of enol I-b and rhodium dihydride complex
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H–[Rh]–H followed by b-H elimination in I-a,7 since aldehyde is
much less reactive toward the radical addition of I-a than olefin.
Then aldol condensation gave the product of Type A (R1 = H), or
double aldol processes of I-b accomplished Type B reaction
(R1 = alkyl). In path B, the [Rh] oxidation of the alcohols gave the
corresponding aldehyde II-b and metal dihydride intermeditate,8

and followed by an aldol condensation to give the a,b-unsaturated
aldehydes, or a double aldol condensation to yield the diarylidene
ketone compounds. No reduction products could be received in our
experimental. Further synthetic application of these reactions is
currently continued in our group.
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