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SUMMARY - Temporary complexation of an arene ring by the Cr(C013 unit bringing 

about both a considerably enhanced stabiZization of adjacent carbenium ions 

and a total control of nucZeophiZic attack in an “exe” fashion allows important 

applications in organic synthesis. 

The remarkable stabilisation of carbenium ions contiguous to organic 

entities complexed by a transition metal is a well-known characteristic in 

organometallic chemistry. A great deal of controversial study has been devoted 

to the intrinsic reasons for this stabilisation’. However, the synthetic appli- 

cations in organic chemistry of this typical property, curiously, are still 
2-3 very rare . Particularly, while the temporary complexation of an organic 

substrate creates a third dimension in the coordinated molecule and may be used 
4 

to induce new stereospecific reactions on the ligands , no example of such an 

approach taking advantage of the amplified stabilization of the a-carbenium 

ions in complexes has so far been reported. We show here, in several examples 

selected from the (arene)Cr (CO) 3 series, that the total control of the stereo- 

chemistry of nucleophilic attack (SN, type reaction) may be obtained in this 

way. 

It is well documented that, among the two possible diastereoisomers 

“endo” and “exe”, only the “cis” l-(indanol)- or (l-tetralol)Cr(C0)3 (“endo”) 

is easily accessible in the pure state, either by direct condensation of 

1-indanol or 1 -tetralol with Cr(C0)6 or by reduction with metal hydrides of 

(1-indanone)- or (l-tetralone)Cr(C0)35. A similar behavior has been recognized 

in the case of (1-methoxy indane)Cr(C0)3 ; condensation of the free ligand 

with Cr (CO) 6 is kinetically controlled and favours the preparation of the 

“endo” isomer 6. Now, the “exe” diastereoisomer is easily attainable with a 

high purity by total inversion of the stereochemistry of the carbon atom cx to 

the (arene)Cr(CO)3 entity. The procedure is as follows. 
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The carbenium ion derived from the “endo” (I-indanol)Cr(CO)3 1 (race- 

mic : m.p. 105’) was generated by addition at -3O’C under nitrogen of a degas- 

sed solution of the alcohol 1 in CH2C12 to a mixture (1 : 1 vol.) of concentrated - 
II2SO4 and CH2Cl2. The deep blue solution was rapidly poured into an ice-water 

mixture leading to the “exe” (I-indanol-Cr(CO)3 2 (racemic : m.p. 89” ; nmr 

(CDCl3) : CH, 6 : 5.22 (m) ; OH, 6 : 2.24 (m)) without any trace of the star- 

ting alcohol 1 and with an overall yield of 55 % (isolated product). ;:e struc- - 
ture of 2 has been ascertained by comparison with an authentic sample . The _ 
same reaction has been carried out in the optically active series. Starting 

from the optically pure IR indanol 1 (m.p. 110’ ; 101i2 = + 60’9, CHC13 7, the 

“exe” isomer 2 (m.p. 94’ ; \a\:’ = + 81’3) was obtained. The oxidative decom- 

plexation of 2 gave rise to the free ligand 4 (1 a 1 i2 = + 31’ ; m.p. 72’) of IS 

absolute configuration with an optical purity superior to 90 % 8 (scheme 1). 

Concerning the preparation of the “exe” ethers, a slight modification 

of the procedure, avoiding the separate preparation of the carbenium ion, im- 

proved the yields (75 9”). For example, “exe” (I-methoxy indane)Cr(C0)3 2 (ra- 

cemic : m.p. 96” ; nmr (CDC13) : CH, 6 : 4.62 (m) ; CH30, 6 : 3.47 (s)) was 

easily prepared by adding H2SO4 dropwise into a methanolic solution of alcohol 

1 at -ISaC. In this case, the carbenium ion reacts very rapidly with methanol - 
prior to decomposition. The preparation of “exe” (1 -N-dimethylamino-indane) 

Cr(C0)3 (racemic : m.p. 82’ ; nmr (CDC13) . Cti, 6 : 4,21 (m) ; N(CH3)2, & : 

2.33 (s)) has also been possible starting from the “endo” alcohol 1. However 

the yields were then in the region of 25 9, owing to the experimental conditions 

In the following table are listed the characteristic properties of a 

series of optically active alicyclic alcohols and ethers prepared according to 

the above methods from optically pure IR 1. and 1R 11 (m.p. 140’ ; InliZ = 

-20”)8. The absolute configuration of the compounds given in the table are un- 

ambiguously established because nucleophilic attack on the carbenium ion com- 

plexes is stereoselective in an exo fashion ; they are those shown in scheme 1. 

-- 

Products 2 3 4 5 12 13 15 16 

______________________-_-_______-_______----_-____---__________---__________--- 

lal;2(“) +81 .3 +86 31 (a) +19.1 +I23 +I 10 +27.9(b) -3.5 

m.p. (“) 94 77 72 oil 69 84 oil 011 

Yield (%) 55 79 75 89 49 51 67 68 

(a) lit : +34’ 8 ; (b) lit : + 26’8 8. 
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It is remarkable that the inversions of configuration take place with 

a very high stereoselectivity. Thus, for example, the 1s tetralol 15 obtained 

by decomplexation of 12 can be considered to be optically pure ([a<' = +27O9, 

lit8 : Iajg2 = + 26O8), In the tetralol series, the olefin complex 14 (m.p. 

106', I@ = - 1180') has been isolated as a side product (yield :15 %). 

This dehydration reaction is amplified (yield : 46 %) in the course of the 

preparation of the ether 13. - 

The presence of an "exe" alkyl substituent on the alicyclic ring does 

not affect the selectivity of the reaction. Scheme 2 shows how a "trans" struc- 

ture in an organic ligand 6 may be converted to "cis" configuration 9 and 10. - - 

The indanol 6 (racemic : m.p. 84') afforded 7 (m.p. 110' ; nmr (CDC13 : 

CH, 6 : 4.92 (m) ; OH, 6 : 1.97 (m) ; 
- 

CH3, 6 : 11.24 (d)) and 2 (m.p. 46O) 

with respective yields of 85 % and 82 %, while the ethers 8 (m.p. 135", nmr 

(CDC13) : CH, 6 : 4.36 (d) ; CH30, 6 : 3.76 (s) ; CH3, 6 :-1.27 (d)) and 10 

(oil, nmr (CDC13) : CH, 6 : 4.59 (d) ; CH30, 6 : 3.58 (s) ; CH3, 6 : 1.18--(d)) 

were obtained in 80 % and 86 % yields. 

We are currently undertaking further studies in this area. 
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