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Transition Metal-Catalyzed Intramolecular C-H/Olefin Coupling
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The ruthenium- and rhodium-catalyzed intramolecular C-
H/olefin coupling reactions of 1-(2-pyridyl)-1,5- and 1,6-dienes
proceeded regio- and stereoselecively to give 5- or 6-membered
ring products.

The development of general approaches to carbocycles with
carbon-carbon bond formation represents an important ongoing
challenge for synthetic organic chemists.'  Metal-catalyzed
cyclization of a I,n-diene is one of important strategies for ring
construction and has been the subject of a number of studies.??
Recentry we have found the transition metal-catalyzed C-H/olefin
coupling reactions.*® It seemed important to examine the
capability of the new C-H/olefin coupling method in undergoing
intramolecular reactions. This is the case. In this
communication, we report a selective intramolecular cyclization
reaction of 1-(2-pyridyl)-1,5- and 1,6-dienes catalyzed by
transition metal catalysts.

On the basis of the knowledge of successful
Ru(H),(CO)(PPh,),-catalyzed addition of C-H bonds in aromatic
ketones” and conjugated enones’ to olefins, we have found that 1-
(2-pyridyl)-1,5-diene undergoes desired cyclization in the
presence of ruthenium or rhodium catalyst (Eq. 1) after various
attempts.  Kim and co-workers' reported rhodium-catalyzed
intermolecular C-H/olefin coupling reactions of 2-vinyl pyridines
and olefins.® It is found that RhCI(PPh,), has high catalytic
activity towards the intramolecular C-H/olefin coupling reactions
although some ruthenium complexes are also effective (Eq. 1).
When 1 was treated with 10 mol% of RhCI(PPh,), in THF at 120
°C for 3 h under nitrogen, cyclization proceeded smoothly and 5-
membered ring product 2 was obtained as a sole product. The
(E)-stereochemistry of 2 was confirmed by 'H NMR. Irradiation
of the vinyl proton in 2 led to a 3% enhancement of the singlet
methylene proton at the 2-position.

catalyst
= | x 10 mol% = | A
N = N (1)
THF,120 °C
1 2
catalyst time/h yield/% (isolated)
Ru(H)2(CO)(PPhg)3 15 62
Ru(CO)2(PPhg)s 15 86
Ru(CO)3(PPhg)2 38 88
RhCI(PPhg3)3 3 89
1/2 [RhCl(coe)3]2/3PCy3 1 64

The reactions of various pyridyl dienes were carried out.
Selected results are shown in Table 1. Although terminal olefins
tend to isomerize to internal ones in the presence of transition
metal complexes, such isomerization did not occur under the
present reaction conditions (entries 1 and 4). Isomerization of
exo double bond of products to endo one did not occur also.

Table 1. RhCI(PPh3y)3-catalyzed cyclization of 1-(2-pyridyl)-
1,5- and 1,6-dienes

. Products
S T h
Entry Substrate ime/| Yield/%P
AN ZNS
|
1 A f|\| = 4 N
3 4 93
AN 7S
2 ~_N P 3 N
5 6 84
AN 7S
3 N — 38 N
; 6 86
/1 N = I RN = ) X
4 SN 48 N >N
8 9 33 10 47
2 X Z | S
5 S N 70 N
11 12 60

2Reactions conditions ; 10 mol% RhCI(PPhs)3, THF, substrare (0.2 M),
120 °C (oil bath temp.) under nitrogen. P Isolated yicld by silica gel
column chromatography.

Internal olefins could cyclize. Z-Olefin § reacted faster than E-
olefin 7 probably according to the well known tendency'' (entries
2 and 3). Both of 5- and 6-membered rings were produced from
1,6-diene (entry 4), but the steric crowdness on allyl carbon
strongly supresses the S-membered ring formation (entry 5).

A proposed mechanism is shown in Scheme 1. The
reaction appears to be initiated via the formation of a metal
hydride complex C by cleavage of a vinylic C-H bond assisted by
coordination'? of nitrogen atom of the pyridine ring. The
intramolecular insertion of the olefin into a metal-hydrogen bond
in C would give an intermediate D, which then would afford the
product E. An alternative mechanism involving initial
hydrometalation of the terminal unsaturated bond followed by
carbometalation and dehydrometalation seems less likely since the
stereochemistry of the double bond in the product is only E.

Another observation favoring the C-H bond cleavage
mechanism (Scheme 1) is that 13 reacts under the present
reaction conditions to give only one regioisomer 14 (Eq. 2).
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Scheme 1. A proposed mechanism.
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In conclusion, RhCI(PPh,), catalyzed the cyclization of 1-
(2-pyridyl)-1,5- and 1,6-dienes. The reaction is likely to involve

regioselective cleavage of a C-H bond on sp® carbon and’

insertion of olefinic moiety. Internal olefins also can react and Z-
olefins react faster than E-olefins. 5-Membered ring was formed
faster than 6-membered ring, but actual selectivity was also
influenced by steric factor. Further investigation of this study are
now in progress.

Supplementary Material (10 pages) including synthetic
procedures and spectral data of new compounds are available on
request to the author by telefax (+81-6-879-7396).
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