
     

Pd-catalysed arylation of propan-1-ol and derivatives: oxidative role of the
arylating agent

Laurence Bagnell, Ulf Kreher and Christopher R. Strauss*

CSIRO Molecular Science, Private Bag 10, Clayton South, Victoria 3169, Australia.
E-mail: chris.strauss@molsci.csiro.au

Received (in Cambridge, UK) 3rd July 2000, Accepted 15th November 2000
First published as an Advance Article on the web

With excess PhI under Pd catalysis, 1-PrOH was converted
to a mixture of 3,3-diphenylpropenal and trans-2,3-di-
phenylpropenal by a concerted, oxidative sequence that
involved two arylative couplings and an olefinic aldehyde
that was generated in situ.

Recently in our laboratory, Pd on porous glass was developed as
a heterogeneous catalyst1 for promoting Glaser-type and Heck
arylative couplings2 without the need for solubilising or
activating ligands. Significantly, with excess allyl alcohol and
with PhI in air, Pd on porous glass gave trans-cinnamaldehyde
(1) along with 3-phenylpropanal (2; see entry 2, Table 1).1
Consistent with literature reports,3,4 in the absence of air, and
without the addition of Ag+ salts, 2 predominated and 1 was not
obtained (entry 1, Table 1).

With PhI in excess, the diarylated compounds 3 and 4
appeared as major products from allyl alcohol, along with 1 and
2 (entry 3, Table 1). This diarylation appeared to contrast with
a wealth of literature data on the Pd catalysed arylation of that
alcohol.3 Without Ag+ salts,4 one might expect that the first
arylation of allyl alcohol would be accompanied by rapid
migration of the olefinic bond to afford mainly 3-phenyl-
propanal (2), thereby removing the opportunity for a second
Heck arylation to occur.

Although air facilitated the dehydrogenation for the reaction
in entry 2 of Table 1,5 the results in entry 3 and co-formation of
biphenyl suggested that the arylating agent may have had an
additional role. To support this contention, we now report that
1-PrOH with excess PhI can afford a mixture of 3,3-di-
phenylpropenal (4) and trans-2,3-diphenylpropenal (5), even
under an inert gas atmosphere (see entry 9). This remarkable
transformation has been performed with either Pd(OAc)2 or Pd
on porous glass as catalyst6,7 (which was used for all entries in
Table 1) includes microwave heating8 in a reactor of our
design.9

A comparable stepwise process would require oxidation of
the hydroxy function of 1-PrOH, dehydrogenation of the
hydrocarbon chain and two Heck-like arylative couplings of the
resultant olefin. However, for the one reaction, successive
intermolecular Heck arylative couplings onto the same olefin
are rare.10 Intramolecular examples usually have involved
mono-arylations of more than one carbon–carbon double
bond.11

Mono-arylated products were not observed in the reaction of
1-PrOH, rendering as unlikely, a multi-step sequence involving
successive intermolecular Heck arylative couplings with an
olefin formed by dehydrogenation in situ.12 The absence of
detectable intermediates implies that the process was concerted
and may constitute a new reaction.

Formation of biphenyl and benzene as by-products indicates
that PhI served as both an oxidant and a reactant. Buchwald and
Palucki observed similar behaviour of their arylating agent in
the ‘Pd’ catalysed reaction of cyclohexanol with 4-tert-
butylbromobenzene to produce the corresponding a-arylated
cyclohexanone and tert-butylbenzene.13 They surmised that
some of the haloarene was simultaneously reduced during
oxidation of the alcohol to cyclohexanone.

Although variations in the order of transformations and
alternative routes are possible for the present reaction, the
pathway in Scheme 1 appears to account for the products, by-
products and their relative proportions.

Preliminary investigations (see Table 1) into the process
utilised cinnamaldehyde (1),14 cinnamyl alcohol (6), 3-phenyl-
propanol (7) and 3-phenylpropanal (2). Cinnamyl alcohol (6)
afforded diarylenal 4 as a major product (along with 3 and the
2,3-diphenylpropenol isomer 8), irrespective of whether or not
the atmosphere contained air (entries 5 and 6). Under argon,
3-phenylpropanal (2) gave 2,3-diphenylpropanal (9) and prod-
ucts of higher oxidation state, including 1, 4 and 5 (entry 7).
3-Phenylpropanol (7) afforded 4 and 5 as major products, along
with traces of 1 and 2 (entry 8). The product distributions
obtained from Pd catalysed reactions of excess PhI with 6, 7 and
2 suggest that several competing processes were operating,
including a-arylation,13 Heck-like arylative coupling of olefinic
bonds2 as well as the new process described herein and
illustrated by Scheme 1.

These outcomes may have depended on whether or not
coordination of the olefin to Pd occurred in conjunction with the
establishment of a strong Pd–O bond, leading to a chelation
controlled reaction. Such bonds have been suggested for
palladium catalysed oxidation of alcohols.15 Scheme 1, pro-
posed for the reaction of 1-PrOH commences with Pd–O
chelation and proceeds preferably through metallaoxetane
intermediates,16 which account for the observed products and
their relative distribution. In the case of allyl alcohol (entry 3),
it appears that the double bond and the hydroxy group of the

Table 1 Example reactions and conditions

Entry Starting material (mmol) PhI/mmol Ar or Air
Major products
(percentage of total detected) Turnover Number

1 CH2NCH–CH2OH (13) 6 Ar 2 (59), CH3CH(Ph)CHO (23) 170
2 CH2NCH–CH2OH (13) 6 Air 1 (60), 2 (40) 120
3 CH2NCH–CH2OH (14) 34 Air 1 (16), 2 (7), 3 (24), 4 (26) 450
4 PhCHNCH–CHO, 1 (13) 34 Ar or Air 4 (99) 245 (Ar), 170 (Air)
5 PhCHNCHCH2OH, 6 (13) 34 Ar 3 (36), 4 (18), 8 (15), 9 (10) 700
6 PhCHNCHCH2OH, 6 (13) 34 Air 3 (6), 4 (62), 8 (13) 560
7 PhCH2CH2CHO, 2 (6) 34 Ar 1 (5), 3 (16), 4 (39), 5 (6), 9 (18) 270
8 PhCH2CH2CH2OH, 7 (10) 34 Ar 4 (60), 5 (18) 50
9 CH3CH2CH2OH (20) 34 Ar 4 (80), 5 (18) 30
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alcohol compete for the Pd and products from both Heck-type
arylative coupling (2 and 3) as well as the sequence in Scheme
1 (diarylenal 4) result.
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