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only in radicals like 9, where phosphate is a good ionic leaving
group, the C,O bond cleavage can compete with the hydrogen
abstraction from benzenethiol. In radical 12, with benzoate as
a less effective ionic leaving group, cleavage of the C,0 bond was
not observed. This is in accord with the suggestion by Schulte-
Frohlinde*'? that a phosphate group 8 to a radical center is cleaved
off via a heterolytic C,O bond dissociation. Radicals 5a and 9
should then lead to radical cation 14 that yields enoi ether 6a via
a single electron transfer!' from benzenethiol.!?
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Because alkaloids represent a significant subset of all biolog-

ically-active compounds,? the development of general new methods
for their construction remains an important goal of organic syn-
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thesis. We have recently described an approach to the generation
of unsaturated ethers based upon transition metal alkylidene-
catalyzed ring-closing olefin metathesis.>* In this communication,
we report the surprisingly successful application of this cyclization
process to the synthesis of a variety of nitrogen heterocycles.

The catalytic ring-closing olefin metathesis strategy is illustrated
in Scheme I for the synthesis of unsaturated nitrogen heterocycles
from acyclic diene~amines. To the best of our knowledge, there
is no precedent for this transformation, perhaps due in part to the
fact that the metathesis of olefinic amines has been problematic;
the few systems that are known to metathesize this class of
compounds are characterized by low yields (<60%), low turnovers
(<5), and limited scope.5 Attempts to metathesize olefinic amides
have been even less successful.” In contrast, we have found that
Mo(CHCMe,Ph)(NAr)(OCMe(CF;),), (Ar = 2,6-(i-Pr),C¢Hs,
1)%? efficiently catalyzes the cyclization of a range of dienes to
afford the desired nitrogen heterocycles.

FPr HPr
R = CMe(CF
N Ph (CFa)
RO_";‘(’Q)T_MO
RO Me
1

The generality of the catalytic ring-closing metathesis reaction
is illustrated in Table 1.'®!* Pyrrolines in which the olefin is either
di- or trisubstituted form readily upon treatment of diallylamines
with 4 mol % 1 at 20 °C (entries 1 and 2). Tetrahydropyridines
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Wiley-Interscience: New York, 1988. (c) Belen'kii, L. I. In Advances in
Heterocyclic Chemistry; Katritzky, A. R., Ed.; Academic: New York, 1988;
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Table I. Catalytic Ring-Closing Metathesis of Dienes (4 mol %
Catalyst, C¢Hq, 20 °C)
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9This reaction was run at 50 °C.

(entry 3) and tetrahydroazepines (entry 4) are also generated
efficiently. Amides, too, are compatible with these metathesis
conditions. Single and double cyclizations to form N-acyl-3-
pyrrolines proceed smoothly within minutes at room temperature
(entries S and 6). Finally, ring closure to form unsaturated

(10) Typical experimental procedure (Table I, entry 3): The diene-amine
(122 mg, 0.50 mmol) was added to a homogeneous yellow solution of 1 (15
mg, 0.020 mmol) in 17 mL of dry C¢H, under argon. The resulting mixture
was stirred at 20 °C for 60 min, at which time TLC showed the reaction to
be complete. The reaction mixture was quenched by exposure to air, con-
centrated, and purified by flash chromatography (0 — 25% EtOAc/hexane),
which yielded 81 mg (86%) of the tetrahydropyridine, a colorless oil. Note:
Impurities in the reaction mixture (e.g., water or acids) can result in significant
inhibition of the ring-closing metathesis process.

(11) The reaction also proceeds smoothly in CH,Cl,, whereas use of a
coordinating solvent such as THF results in a slower reaction. A preliminary
screening of other metathesis catalysts, both well-defined and “classical”,
indicated that 1 is the catalyst of choice for effecting cyclization.
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seven-membered lactams can be effected in good yield (entries
7 and 8).

Our initial attempts to synthesize unsaturated five- and six-
membered lactams were unsuccessful (eq 1). Earlier work has
shown that complexes such as 1 are not effective metathesis
catalysts for the dimerization of methyl acrylate and methyl
3-butenoate, apparently due to the formation of stable chelated
species such as 2 and 3.'> Generation of the corresponding amide
chelates might account for our failure to observe cyclization (eq
1). We reasoned that because metathesis of monosubstituted
olefins by 1 is known to be more rapid than that of disubstituted
olefins, addition of an alkyl substituent to the appropriate double
bond might disfavor formation of the undesired intermediates.
In practice, this strategy proved successful (eqs 2 and 3), affording
the desired lactams.

o) o)
1
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10 mol% 1
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50°C, 1.5 h
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4

Catalytic ring-closing metathesis of dienes provides an efficient
route to a range of unsaturated nitrogen heterocycles from readily
available precursors. The application of this reaction to the
synthesis of alkaloid natural products is currently under inves-
tigation,
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