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Abstract—Cycloheptatrienes were obtained by the reaction of 2-substituted allylic alcohols with alkynes in the presence of catalytic

amounts of palladium complexes and p-toluenesulfonic acid.
© 2007 Elsevier Ltd. All rights reserved.

Transition-metal-catalyzed cocyclizations have proved
to be very useful and versatile in organic syntheses.!
Various types of reactions have been reported to prepare
cyclic compounds from simple starting materials.
Whereas a large number of reactions for the synthesis
of four- to six-membered rings have been reported, the
preparation of seven-membered rings by cocyclization
is rather limited.'®® Especially, there have been few
examples for catalytic [3+2+2] cocyclizations.”> Re-
cently, the nickel-catalyzed reactions using cyclopropyl-
idene compounds as three-carbon fragments were
reported by Saito and co-workers?> and de Meijere and
Zhao.? Alkenylated Fisher carbene complexes were also
used as three-carbon fragments in the rhodium-cata-
lyzed cocyclization with allenes.*

During the course of our study on the palladium-cata-
lyzed arene formation by [2+2+2] cocyclization of
alkynes and allyl tosylate, we found the reaction of
2-substituted allylic compounds with alkynes gave cyclo-
heptatrienes instead of arenes. In this Letter we report a
novel palladium-catalyzed [3+2+2] cocyclization of
allylic alcohols and alkynes.’

We previously reported that the reaction of allyl tosylate
with 3-hexyne gave 1,2,3,4-tetracthyl-5-methylbenzene
in the presence of Pd,(dba);CHCI; and PPh;.° Under
the same reaction conditions, the reaction of methallyl
tosylate 1a with 3-hexyne 2a afforded [3+2+2] cocycliza-
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tion products, tetraethylmethylcycloheptatrienes 3 in
13% yield, Eq. 1. Methallyl alcohol 1b could be also uti-
lized as a three-carbon fragment by addition of p-tolu-
enesulfonic acid or anhydride.” Since the direct use of
allylic alcohols in catalytic processes is more desirable,®
especially from the viewpoint of atom economy,” we
focused on the reaction of allylic alcohols with alkynes.
The results are summarized in Table 1.1° In the presence
of 5 mol % of Pd,(dba);CHCIl;, 10 mol % of PPh; and
20 mol % of p-toluenesulfonic acid, the reaction of 1b
with 2a gave 3 in 9% vyield (entry 1). The use of
P(OPh); and PCyj; as ligands did not improve the yield
of 3 (entries 3 and 4). Whereas 1 equiv of P(o-Tol); was
not effective, the reaction with 2 equiv of P(0-Tol); affor-
ded 3 in a better yield (entries 2 and 6). This result is in
contrast with the above-mentioned [2+2+2] cocycliza-
tion, which was inhibited by more than 2 equiv of mono-
phosphine ligands.® Finally, cycloheptatrienes 3 were
obtained in 58% yield after the optimization of several
reaction conditions such as the amounts of 2a, 1,2-
dichloroethane and the catalyst (entry 7). The ratio of
3a and 3b was moderate in most reactions and not sig-
nificantly affected by reaction conditions. Other 2-
substituted allylic alcohols such as 2-aryl-2-propen-1-
ols 1c—e and methyl 2-hydroxymethylacrylate 1f could
be used as three-carbon fragments for the [3+2+2]
cocyclization, giving the corresponding cycloheptatri-
enes 4-7, respectively (entries 8-11). However, no prod-
ucts were obtained in the reaction of 2-chloro2-propen-
1-ol. The reaction of methallyl alcohol 1b with 2-butyne
2b gave pentamethylcycloheptatrienes 8 in 39% yield
(entry 12). The reactions with diphenylacetylene, di-
benzoylacetylene, dimethyl acetylenedicarboxylate, 1,4-
dimethoxy-2-butyne and several terminal alkynes gave
no cocyclization products.
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Table 1. Palladium-catalyzed [3+2+2] cocyclization between 2-substituted allyl alcohols and alkynes®

Entry  Alcohol  Alkyne (mmol)  Pds(dba);CHCl; (mol %)  Ligand (P/Pd) CICH,CH,CI (ml)  Product, yield® (%) Ratio® (a/b)
1 1b 2a (1.0) 5 PPh; (1) 3 3,9 46:54
2 1b 2a (1.0) 5 PPh; (2) 3 3,8 69:31
3 1b 2a (1.0) 5 P(OPh); (1) 3 3,2 nd
4 1b 2a (1.0) 5 PCy; (1) 3 3,7 44:56
5 1b 2a (1.0) 5 P(o-Tol)s (1) 3 3,8 6:94
6 1b 2a (1.0) 5 P(o-Tol); (2) 3 3,17 46:54
7 1b 2a (5.0 10 P(o-Tol); (4) 1 3,58 65:35
8 1c 2a (5.0) 10 P(o-Tol); (4) 1 4, 52¢ 30:70
9 1d 2a (5.0) 10 P(o-Tol); (4) 1 5, 31¢ 15:85
10 le 2a (5.0) 10 P(o-Tol); (4) 1 6, 56¢ 21:79
11 1f 2a (5.0) 10 P(o-Tol); (4) 1 7,314 50:50
12 1b 2b (5.0) 10 P(o-Tol); (4) 1 8, 39¢ 81:19
# A reaction mixture of an alcohol (0.5 mmol), an alkyne, Pd,(dba);*CHCl;, TsOH (20 mol %), and ligand in 1,2-dichloroethane was heated at 80 °C
for 17 h.
®GC yields.

¢ Determined by "H NMR spectra.
d1solated yields.

To gain an insight into mechanism of the cocyclization,
the reaction of (n*-methallyl)palladium complex 9 with
2a was conducted. Treatment of 9 with excess amounts
of 2a under similar reaction conditions resulted in the
formation of 3 in 62% yield, Eq. 3. This result indicates
that the [3+2+2] cocyclization proceeds via a (n’-
allyl)palladium intermediate!' as well as the previous
[2-+2+2] cocyclization.® A plausible catalytic cycle is
shown in Scheme 1. The reaction of alcohols 1 with a
palladium hydride complex generated from Pd(0) and
TsOH would afford (n’-RCs;Hy)palladium complex
9’.12 Only one molecule of P(o-Tol); probably ligates
to palladium because of its bulkiness. Excess P(o-Tol);
might be effective for stability of Pd(0) species or B-hy-
dride elimination of 11. Successive insertion of two
molecules of 2 into the C-Pd bond of 9’ gives
alkenylpalladium complex 10. Seven-membered ring
intermediate 11 is selectively generated by 7-endo-trig

cyclization.!® The substituents R of inserting alkenes
could affect the selectivity between the 7-endo-trig cycli-
zaion and the 6-exo-trig cyclization giving intermediate
12,'# which is an intermediate in the [2+2+2] cocycliza-
tion® of allyl tosylate and alkynes. Cycloheptatrienes 3-8
are obtained by B-hydride elimination of 11.

OTs
—<(—de + 2a
PPhy

9 20 eq

3a+3b 3
1,2-dichloroethane ( )

80°C,17h 62%

In summary, we found a novel palladium-catalyzed
[3+2+2] cocyclization, in which tetrasubstituted cyclo-
heptatrienes were obtained from one molecule of 2-
substituted allylic alcohol and two molecule of alkyne.
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Scheme 1.

The direct use of allylic alcohols instead of other allylic
compounds has important advantages such as atom
economy and easy availability.
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Although moderate yields of cycloheptatrienes could be
attributed to the formation of intermediate 12, no prod-
ucts including six-membered rings were detected.
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