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Summary 

Primary and secondary benzylic carbocations, stabilized by a tricarbonyl- 
chromium group, gave coupling products with several aromatics or ,&dicarbonyl 
compounds in good yield and this reaction presents a new synthetic method for 
carbon-carbon bond formation. The chromium complexes of tertiary benzyl al- 
cohols gave dehydrated products without carbon-carbon coupling products under 
similar conditions. 

The enhanced stability of carbocations adjacent to organotransition metal moie- 
ties has been demonstrated for a number of systems [l], and the origin and the 
magnitude of this stabilization receive continuous interest in organometallic chem- 
istry. Attempts [2] to isolate a tricarbonylchromium-stabilized benzylic carbocation 
species [3] gave only decomposition products in acidic media, where carbon mono- 
xide was liberated. However, stabilized benzylic carbocations have been easily 
trapped, in situ, with ROH, H,O. RCN and RSH [4]. We have been interested in the 
synthetic potential of the stabilized carbocations particularly with respect to their 
function as benzyl electrophiles in carbon-carbon bond forming reactions. We, as 
did Reetz et al.. reported the stereoselective alkylations of ($-arene)tricarbonyl- 
chromium complexes of benzylic acetates with silyl enol ethers [5], trial- 
kylaluminums [6] and allyltrimethylsilanes [7] with high yields. To explore the scope 
and further use in synthesis of these electrophilic benzyl synthons, we have studied 
the reactions of these stabilized carbocations with other carbon nucleophiles such as 
aromatic and P-dicarbonyl compounds. 

Results and discussion 

Patin’s and Jaouen’s groups previously reported that the reactions of the tri- 
carbonylchromium complexed tertiary benzyl alcohols with electron-richer arenes 
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TABLE 1 

ADDITION OF (ARENE)TRICARBONYLCHROMIUM COMPLEXES WITH 1.2.DIMETHOXY- 
BENZENE (A) AND 1,2,3-TRIMETHOXYBENZENE (B) 

Entry Complex Nucleophile Product Yield 
(T) 
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give chromium complexes substituted at the benzylic position in a similar way (Table 
2). However, diethyl malonate afforded no coupling product. 

We further examined the reaction of tricarbonylchromium complexes of 1 -arylal- 
lyl alcohol, such as 16 and 19, with the same nucleophiles. These types of chromium 
complexes are interesting. since they have two reactive sites, the benzylic position 
and the terminal position by double bond migration. The reaction of complex 16 
and the corresponding acetoxy complex 19 gave as expected, products substituted at 
the terminal position with 1,2.3-trimethoxybenzene or acetylacetone in the presence 
of HBF, . OMe,. The geometry of the internal double bond resulting from isomeriza- 
tion is truns (J 16 Hz). The free hydroxy complex 16 afforded no coupling product 
with trialkylaluminum. However, the corresponding acetoxy complex 19 gave a 
regioisomeric mixture of products that reacted at the internal and external positions 
(entries 5 and 6). No evidence was observed for the tricarhonylchromium transfer to 
an electron-richer aromatic nucleus in this series of reactions. 

In conclusion, (arene)tricarbonylchromium complexes possessing a hydroxyl group 
at the benzylic position could easily react with aromatics or /3-dicarbonyl com- 
pounds to give coupling products via the tricarbonylchromium stabilized-benzylic 
carbocations. generated by the action of HBF, OMe,. Applications of these reac- 
tions to natural product synthesis is in progress. 

Experimental 

All melting points are uncorrected and were determined on a Yanagimoto Model 
MPJ-2 micro melting apparatus. IR spectra were recorded in CHCI? solution by a 
JASCO Model A-102 spectrometer. and ‘H NMR spectra were measured on JEOL 
Model PS and FX at 100 MHz in CDCl i solution. NMR chemical shifts are given in 
ppm downfield from Me,Si, and coupling constants are given in Hertz. 

The tetrafluoroboric acid dimethyl ether complex was purchased from Aldrich 
Chemical Company. Tricarbonyl(l-endo-tetralol)chromium (1) and tricarbonyl(l- 
exe-methyl-l-en&-tetralol)chromium (12) were prepared from tricarbonyl( 1 -tetra- 
1one)chromium by treatment with LiAIH, or MeLi, respectively [ll]. The chromium 
complexes 5 and 8 were obtained by direct complexation from hexa- 
carbonylchromium and the parent arenes. The complexes 10 and 16 were synthe- 
sized by the reaction of tricarbonyl(acetophenone)chromium and MeLi. or tri- 
carbonyl( orrho-methoxybenzaldehyde)chromium and vinylmagnesium bromide. 

Reuction of tricarbonyi(I -endo-tetrulol)chromium (I) Mlith anisole 
HBF, . OMez (0.05 ml, 0.30 mmol) was added to a solution of the chromium 

complex 1 (85 mg. 0.30 mmol) and anisole (40 ~1, 0.36 mmol) in dry methylene 
chloride (5 ml) at 0°C under argon. The reaction mixture was stirred at 0°C for 3 h 
and quenched with saturated aqueous KaHCO,. The mixture was extracted with 
methylene chloride, and the extract was washed with brine and dried over MgSO,. 
and evaporated under reduced pressure. The residue was purified by silica gel 
chromatography with ether/petroleum ether to give complex 2 (59 mg, 52%) as a 
yellow liquid. The ratio of ortho- and pavu-isomers were determined by the area of 
aromatic H in ‘H NMR (ortho/puru l/5). v,,,, 1960. 1880 cm-‘: G(ppm) 1.44-1.86 
(4H, m), 2.58-2.76 (2H, m), 3.78 (3H. s), 3.80-3.90 (1H. br). 4.99-5.26 (4H. m. 
Cr-At-H), 6.79 (d, .I = 8) and 7.00 (d, .I = 8) (ArH of parer-isomer). 6.81--6.8X (m. 
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yellow unseparable regioisomeric mixture 20 (54 mg). v,,,,, 1960. 1880 cm--‘: G(ppm) 
1.05 (t, J = 7), 1.25 (d, J = 7), 1.33 (d, J = 7), 3.69 and 3.79 (3H, s). 4.73-5.44 (m). 

21: v,,,, 1960, 1880 cm-‘; G(ppm) 0.92 (t, J = 7). 1.03 (d, J = 7), 3.67 (s, OCH,) 
and 3.73 (s, OCH,), 4.73-5.57 (m); m/e 312 (AZ’. 5). 229(100), 201(50), 147(70). 
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