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The development of efficient methods for constructing car- 
bocycles continues to be an important goal of synthetic organic 
chemistry.2 One extremely useful approach to the formation of 
unsaturated carbocycles is the intramolecular dicarbonyl coupling 
reaction (eq l).3 Oftentimes, the substrate employed in this 
process is generated by oxidation of a diene or of an olefinic 
k e t ~ n e . ~  In this communication, we report that transition-metal 
alkylidenes effect the direct synthesis of unsaturated carbocycles 
from either of these precursors (eqs 2 and 3). 

X = Y = 0 intramolecular dicarbonyl CouDling (1)  

X - C, Y = 0 (olefin metathesis)-(carbonyl olefination) (3) 
X = Y = C catalytic ring-closing olefin metathesis 

Our strategy for the synthesis of cycloalkenes from olefinic 
ketones (eq 3) exploits sequentially two distinct processes mediated 
by transition-metal alkylidenes, olefin metathesis (eq 4)5 and 
carbonyl olefination (eq 5) .6  We envisioned that treatment of an 

olefinic ketone with an alkylidene would afford a new alkylidene, 
via olefin metathesis, bearing a pendant carbonyl group (A, 
Scheme I). This intermediate would then undergo intramolecular 
carbonyl olefination, thereby producing the target c y c l ~ a l k e n e . ~ ~ ~  
Clearly, such a sequence requires an alkylidene which metathesizes 
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Scheme I 
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olefins more rapidly than it olefinates ketones. Molybdenum 
alkylidene 1 [Mo(CHCMe2Ph)(NAr)(OCMe(CF3)2)2, Ar = 2,6- 

1 

(i-Pr)2C6H319 displays the necessary reactivity profile, since it 
efficiently metathesizes acyclic mono- and disubstituted alkenes 
at  20 "C, whereas it olefinates ketones only at  elevated temper- 
atures. As illustrated in Table I, this olefin metathesis-carbonyl 
olefination strategy has proved to be an effective, general method 
for synthesizing unsaturated five-, six-, and seven-membered 

It is worth noting that a-oxygenation is not compatible 
with dicarbonyl coupling reactions involving low-valent titanium 
reagents . 

Although our initial attempts to extend this process to the 
generation of cyclic enol ethers from acyclic olefinic esters have 
been unsuccessful with molybdenum alkylidene 1,12 in preliminary 
work we have established that its more reactive tungsten analogue, 
[ W( CHCMe3) (NAr) (OCMe( CF3)2)2, Ar = 2,6-( i-Pr)2C6H3; 21 I 

(8) We are aware of only one report of alkylidene-mediated cyclization of 
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and purified by flash chromatography (0 --c 7% EtOAc/hexane), which yielded 
27 mg (84%) of the substituted cyclohexane, a colorless oil. 
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Table I. Olefin Metathesis-Carbonyl Olefination (1.0 equiv of 1, 
C6H6, 20 OC, 30 min) 

yield 
entrv substrate orcduct (5%) 

does effect the desired olefin metathesis-carbonyl olefination 
sequence with this class of substrates (eq 6 ) .  

R = CHZPh 

In a complementary study, we have documented the application 
of molybdenum alkylidene-catalyzed ring-closing diene meta- 
thesisI4 to the synthesis of functionalized cycloalkenes (eq 2). 
Other workers have reported the cyclization of unfunctionalized 
olefins; however, the metathesis catalysts employed were typically 
"classical" systems with a low tolerance for  heteroatom^.^ We 
have established that alkylidene 1 efficiently catalyzes the ring 
closure of functionalized dienes to afford cycloalkenes in good 
yield (2 mol % 1, 20 OC; Table II).I5 Groups commonly 
encountered in synthesis, such as silyl ethers (entry l), benzyl 

(14) (a) Fu, G .  C.; Grubbs, R. H. J .  Am. Chem. SOC. 1992, 114, 5426- 
5427. (b) FU,G. C.;Grubbs,R. H. J. Am. Chem.Soc. 1992,114,7324-7325. 

(15) Typical experimental procedure (Table 11, entry 2): the diene (122 
mg, 0.50 mmol) was added to a homogeneous yellow solution of 1 (8 mg, 0.01 
mmol) in 17 mL of dry CaH6 under argon. The resulting mixture was stirred 
at 20 OC for 15 min, at which time TLC showed the reaction to be complete. 
The reaction mixture was quenched by exposure to air, concentrated, and 
purified by flash chromatography (0 - 5% EtOAc/hexane), which yielded 
84mg (89%) of thesubstitutedcyclohexene, a colorlessoil. Note: Thereaction 
also proceeds smoothly in CH2C12. 

Table 11. Catalytic Ring-Closing Metathesis of Dienes (2 mol 5% 1, 
CAHA. 20 OC. 15-30 minl 

yield 
entry substrate DrodUCt (5%) 

2 89 

Et 

0 
Et 2 %  

84 Me OH 4" Me OH 

Me fiMe M g M e  

4 mol 5% catalyst was used. 

ethers (entry 2), and carboxylic esters (entry 3), are stable to the 
reaction conditions. The ring-closing olefin metathesis illustrated 
in entry 4 is particularly interesting in light of the sensitivity of 
1 to a l c o h o l ~ . ~ ~ J ~  

Further investigation of the scope of these and related 
cyclization processes is underway. 
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(16) A preliminary investigation suggests that this may be an example of 
a hydroxyl-directed olefin metathesis reaction. The range of hydroxyl- 
substituted dienes that will efficiently undergo cyclization will likely be limited 
to those in which the hydroxyl group is proximal to the olefins. 


