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Annulation of Alkenyl-Substituted Heterocycles via with 10 mol % (PRP)RICI (Wilkinson’s catalyst) at 160C.
Rhodium-Catalyzed Intramolecular C—H Activated Monitoring the reaction byH NMR spectroscopy demonstrated
Coupling Reactions that 1 undergoes double bond positional isomerization rapidly
under the reaction conditions, leading to an initial mixture of
K. L. Tan, R. G. Bergman,* and J. A. Ellman* alkenes with the disubstituted ison&predominating (eq 1). Over

time the mixture was converted to tricyclic produdtand
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Transition metal catalyzed €H bond activation has been N
developing rapidly as a method for the formation of carbon 1
carbon bond$.0One of the most useful transformations of this l T
type is directed €H bond activation exemplified by the
regioselectiveortho alkylation of aromatic carbonyl compounds H

with ruthenium catalysts by MuraiSubsequently, several groups / =
have expanded the scope of intermolecular alkylation of arenes Nﬁ\/ NK\E/ N
by incorporating a variety of directing groups such as imines, @ » * @: » H * @[ ?
pyridines, and estefsAlthough broadly applicable, this inter- N N N
molecular coupling occurs predominantly at the terminus of the
alkenyl chain, and thus gives only linear products. We report here
an intramoleculdrvariant of this methodology that couples a vinyl
carbon in a tethered alkene to imidazole rings via a novel and a
selective C-H bond activation at the positiom to the
heteroatont: 8 This reaction is successful with a wide range of
substrates, allowing for the synthesis of a variety of annulated
heterocycles in good yield. In a significant departure from earlier
work, disubstituted and even trisubstituted alkenes have been
cyclized in a regioselective manner, yielding complex fused
heterocyclic/carbocyclic skeletons with stereogenic centers.

In an effort to expand the scope of catalytie-B activation
and direct coupling to alkenes, we began by investigating the
cyclization of N-homoallyl benzimidazold. Although attempts
to cyclize 1 with RuH,CO(PPh)s, Cp*Rh(GH,SiMe3),, [Rh-
(Diphos)}2ClO,, and [RhCI(coe), proved unsuccessful, benz-
imidazolel was converted to carbocyclen 60%'H NMR vyield

1 2 3

To optimize the reaction conditions, a range of phosphine
additives with varying steric and electronic properties were
surveyed (Table 1). With [RhCl(cog) as the catalyst precursor,
the use of Rf-tolyl); resulted in 56%4H NMR yield at 160°C
after 40 h. Although the addition of PBu); did not improve the
yield, the addition of the electron-rich but less sterically encum-
bering PCy effected the cyclization of alkereto carbocyclet
in 86% vyield in 3.5 h at 160C as determined byH NMR
spectroscopy. Isomerization to an intermediate mixture of alkenes
1 and 2 was observed, witl2 predominating, and again both
isomers were cleanly converted to product with further heating
(eq 1). Upon optimization of the conditions, it was found that
cyclized to4 in 79% isolated yield, with a reduction of catalyst
loading to 5 mol % [RhCl(cog), and 7.5 mol % PCy(Table 2,
entry 1).
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Table 2. Rhodium-Catalyzed Cyclizatién f%/
Entry Alkene Product Isolated NG5 — Nd? HD) 5y @
Yield (%) E:[ >—D Ko
1 I Ta i
@[ s 1 @[N/ 7-d, 14-d
compound7-d; with 5 mol % catalyst and 7.5 mol % Pgwat
135 °C afforded14-d with deuterium incorporated at the two

2 N : \’;D 12 75Gd . . . . . . . . .
h) 5 7 positions indicated in eq 2. This result is consistent with rapid
. .

alkene insertion angd-hydride elimination before the formation
) of the final product® Analysis of 14-d by electrospray mass
@[“/9\4 13 11,597 spectrometry revealed that deuterium was exchanged between
molecules during the course of its formation, since in the mass
spectrum of the product, mass ions fbf-d,, -d;, -dp, and €3
were observed. Notably, reaction of alkeeunder catalytic
4 @[“) 7 @[N 14 89 conditions indg-toluene showed no deuterium incorporation into
7 or 14, ruling out exchange of deuterium with the solvent. The
proposed intermolecular deuterium exchange was confirmed by

1.39H

N

5 J = I\'>/:>— b the following crossover experiment (Figure 1). Carrying out the
©:V/> 8 @( 15 n catalytic reaction with a 50:50 mixture 8fand1-d; gave products
16-d and 4-d, which were both shown to have deuterium
& incorporated byH NMR and mass spectrometry. The crossover
6 N 0 @[N/ 16 82 could be occurri.ng thrpugh an intermplecular alkene.insertion
@f> N followed by rapid s-elimination, allowing for scrambling of

deuterium between molecules. In light of the rapid intermolecular

N NQ deuterium exchange observed here, it is interesting that no
! @[“) 10 Q/ 17 25000 intermolecular coupling was observed. Furthermore, attempts to
N ) coupleN-methylbenzimidazole to neo-hexene proved unsuccess-
/_< ful.
N (7
8 /\[) 11 IN/ 18 71 N\ Losy  278H 2.00H
. B cnyo) H II_I'(SDB)H
@ Reactions were run with 5% [RhCl(cek)and 7.5% PCyat 160 N N>>:LLH(D) Ni:L
°C for 20 h in THF unless otherwise notétReactions were run with @[N/FH * ©:N/>—D —>®[N/ HD) / — @[ y C:g 0.924
10% [RhCl(coe)]; and 15% PCy at 180 °C for 20 h in toluene. N N 283H
¢ Reaction was run with 10% [RhCl(ce) and 15% PCyat 180°C 9 14, 16 4d
r\(l)’(/l?édays.d 75% yield of cis; diastereoselectivity of 15:1 based'dn Figure 1. Deutrium crossover experiment.

In summary, we have developed a general method for carbon
exclusive formation of the larger rings. Geminal substitution may carbon bond formation without necessitating pre-functionalization
favor the six-membered ring due to the difficulty of cyclizing to  of the reaction partners. The new carbocyclization can be used
form a quaternary center. to form both five- and six-membered rings via catalytie-l&

In addition to modulating the regioselectivity, the level of bond activation. A range of substrates including mono-, di-, and
substitution at the alkenyl position also has a dramatic impact on trisubstituted alkenes has allowed the formation of complex
the rate of the reaction. Both 1,2-disubstituted alkénand structures with stereogenic centers. Mechanistic studies and
trisubstituted alkené require more vigorous conditions than application to other heterocyclic classes are under way.
alkenesl and 9 to effect complete cyclization. Interestingly,
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In an effort to obtain preliminary information about the

. L B JA0058738
mechanism of these cyclizations, deuterium tracer (eq 2) and
crossover experiments (Figure 1) were undertaken. Treatment of  (10) Similar results were observed by Murai in ref 4.




