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The stereoselective synthesis of conjugated trienes has been achieved from allylic alcohols and 1-iodo-1,3-dienes using Pd(OAc),/AgOAc.

Conjugated trienes are present in a great variety of bio-
logically active polyenic natural products such as macro-
lides with antitumor, antifungal, or antibiotic properties.'
For example, trienic units are present in ansatrienine
A? (antitumor), manumycin A® (antifungal, antibacterial,
and antitumor agent against leukemia stem cells), and
rapamycin® (antibacterial and immunosuppressive agent).
Furthermore, trienes are present in retinoids,’ in eicosa-
noids such as leukotriene B,.° an antitumor agent, and in
s-conjugated materials’ (Figure 1).

Due to the importance of trienic units, new synthetic
methods toward these building blocks are of importance.
The existing approaches toward functionalized substituted
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Figure 1. Examples of biologically active natural products con-
taining conjugated trienol moieties.

trienes, such as the Wittig® and the Horner—Wadsworth—
Emmons’ olefinations, are not step and/or atom econom-
ical processes, as the reagents have to be used in stoichio-
metric amounts. In addition, the conditions are not mild
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enough to be functional group tolerant. Pericyclic or
biomimetic approaches to trienes can be used as well.'%!!
In addition, syntheses of s-conjugated systems through
C—Cbond formation, catalyzed by a transition metal such
as palladium,12 gold,13 or nickel,'"* have been realized
(Scheme 1).

Scheme 1. Synthesis of Trienic Units
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Herein, we would like to report a chemo-, regio-, and
stereoselective method for the construction of conjugated
trienols from 1-iodo-1,3-dienes 1 and nonprotected allylic
alcohols 2 under Heck conditions'® (Scheme 2).

Scheme 2. General Scheme
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We initiated our investigation with (E,E)-1-iodo-1,3-
dienes 1 and (E,E)-1-bromo-1,3-diene 8 in the presence
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of but-2-en-3-o0l (2a). The synthesis of 1-halogeno-1,3-dienes
was realized in three steps from acetylenic derivatives 4.
After hydrozirconation—iodation (Cp,ZrCl,, DIBAL-H,
NIS, THF),'® the corresponding (E)-vinyl iodides 5 were
obtained and coupled with vinylboronate 6 under Heck
conditions [Pd(OAc),, P(0-Tol);, AgOAc, DMF, 50 °C] to
produce 7.'7 The obtained conjugated dienyl boronates 7
were then treated with NIS or NBS under basic conditions
(NaOMe, THF) to furnish the desired (E,E)-1-iodo-1,3-
dienes 1 and (E,E)-1-bromo-1,3-dienes 8 respectively in
good to excellent yields (47—92%) (Scheme 3).'®

Scheme 3. Preparation of 1-Halogeno-1,3-dienes
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At first, 1-iodo-1,3-diene 1a was examined. When this
diene was treated under Heck conditions [Pd(OAc),
(10 mol %), AgOAc (1.1 equiv)] in DMF at 45 °C for 15 h
in the presence of but-3-en-2-ol (2a) (3 equiv), the coupling
product 3a was obtained in 72% yield (Table 1, entry 1).
The use of 2 equiv of alcohol 2a gave a similar result
(Table 1, entry 2). It is worth pointing out that it was also
possible to reduce the quantity of palladium acetate to
5 mol % to produce 3a with an identical yield (Table 1,
entry 3). However, when the quantity of alcohol 2a was
reduced to 1.2 equiv, only traces of the coupling product 3a
were observed (Table 1, entry 4). The best conditions
appeared to be the use of 2 equiv of the allylic alcohol,
5 mol % of Pd(OAc),, and 1.1 equiv of AgOAc (Table 1,
entry 3).

Benzyl-, p-methoxybenzyl-, and tert-butyldiphenylsilyl
ethers were tolerated as well as protected amines, as 1-iodo-
1,3-dienes 1a—1d were transformed to conjugated (E,E,E)-
trienols 3a—3d in good yields (54%—72%) (Table 2).

It is worth noting that the reaction of but-3-en-2-ol (2a)
with 1-bromo-1,3-diene 8 under the previously developed
conditions [2 equiv of 2a, 5 mol % of Pd(OAc),, and 1.1
equiv of AgOAcin DMF at 45 °C] did not lead to triene 3b
and that 1-bromo-1,3-diene 8 was recovered (Scheme 4)
indicating that the conditions used were chemoselective.
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Table 1. Optimization of Allylic Alcohol and Palladium Quantity”

OH
A 2
Pd(OAC),/AgOAC OH
e e Y Yo i T Bno/\/\/\/\/\)\
1a 45°C,15h 3a
Pd(OAc), yield in
entry 2a (equiv) (mol %) 3a (%)°
1 3 10 72
2 2 10 69
3 2 5 69
4 1.2 5 traces

“All experiments were performed with 1.1 equiv of AgOAc.
bIsolated yield.

Table 2. Protecting Group Tolerance”

XN

1a+-d Pd(OAc),/AgOAC OH
OH “ow A~
SA X
2a 45°C,15h 3a-d

yield
entry 1 X 3 in 8°
1 la BnO 3a 69%
2 1b TBDPSO 3b 54%
3 1c PMBO 3c 59%
4 1d Boc(Ts)N 3d 58%

“All reaction were performed with 2 equiv of 2a, 5 mol % of
Pd(OAc),, and 1.1 equiv of AgOAc. bIsolated yield.
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A diversity of allylic alcohols of type 2 were involved in
the coupling reaction with 1-iodo-1,3-dienes 1a and 1b.
The results are reported in Table 3. Prop-2-en-1-ol (2b)
(Table 3, entry 1) as well as secondary alcohols such as
2¢—2d (Table 3, entries 2 and 3), 1-phenylprop-2-en-1-ol 2e
(Table 3, entry 4), sterically hindered alcohols such as
2f—2h (Table 3, entries 5 to 7), and tertiary alcohol 2i
(Table 3, entry 8) led to the corresponding trienols 3e—3lin
good yields. When monoprotected diol 2j was involved in
the coupling reaction with 1b, trienol 3m was formed in 46%
yield (Table 3, entry 9). In addition, optically active trienols

(19) Enantiomeric excess was determined by "H NMR spectroscopy
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can be synthesized using optically active allylic alcohols.
Thus, 3n was formed in 65% yield with an enantiomeric
excess superior to 92%"'? when (S)-2d (ee = 99%) was
involved in the coupling reaction with 1a (Table 3, entry 10).

With alcohol 2k, in which a disubstituted double bond is
present, two trienols 30 and 30’ were formed, in a 55/45
ratio in favor of the conjugated triene 30, with a moderate
yield of 38% (Table 3, entry 11). It is worth noting that all
the coupling products 3e—30 were obtained as pure
(E,E,E)-trienols.

In addition, the coupling reaction between 1-iodo-1,3-
dienes and allylic alcohols is stercoselective. Thus, when
1-iodo-1,3-diene 12 [(Z,E)/(E,E) = 93/7], prepared in two
steps from olefin 9 (Scheme 5), was reacted with allylic
alcohols 2a and 2g, under the previous conditions, 13a and
13b were obtained in 66% and 51% yield respectively in an
(E,Z,E)/(E,E,E) ratio of 90/10 (Scheme 5).

In considering the retention of configuration in trienol
3n, we can suppose that the Hy, S-hydrogen elimination is

Scheme 5. Coupling with (E,Z)-Trienols
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Scheme 6. Proposed Mechanism
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Table 3. Comparison of Different Allylic Alcohols
Pd(OAc),

OH OH
AgOAc
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not proceeding. Intermediate A is probably formed in alcohols in good yields by using the Pd(OAc),/AgOAc

which a coordination of palladium with the hydroxy system.
group is occurring, preventing the S-hydrogen elimina-
tion .Of Hp, as a syn-relatlor.lshlp.be.twe.en Pd and H is Supporting Information Available. Experimental pro-
required for palladium hydride elimination. In contrast, cedures and 'H and '>C NMR data for all compounds.
the palladium hydride elimination can occur with H, This material is available free of charge via the Internet at
(Scheme 6). , http://pubs.acs.org.

In conclusion, we have demonstrated that (E,E,E)-
trienols and (E,Z,E)-trienols can be obtained from allylic The authors declare no competing financial interest.
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