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In the rapidly expanding field of transition-metal-promoted 
reactions,1"3 we are not aware of any regiospecific and stereo-
specific functionalization of extra arenic sites in a natural product 
mediated by an organometallic temporary activation technique. 
We show here how a very selective a-carbanion generation in 
substituted (arenetricarbonylchromium) model molecules may be 
extended to new syntheses in the estrogen series. 

With the aim of studying the selectivity of proton abstraction 
from Cr(CO)3 benzylic sites4 a homogeneous series of model 
molecules was prepared in high yields from hexacarbonylchromium 
and arene ligands using the method of Pauson5 (Table I). Owing 
to the interest of functionalization in chemistry, the behavior of 
stabilized benzylic anions, generated by f-BuOK, in the presence 
of formaldehyde has been particularly analyzed.6 A selection 
of results obtained for 2 equiv of HCHO are listed in Table I. 

The table shows a striking difference in the behavior of the 
complexes depending on the position of the substituents. It is clear 
that the meta alkyl substrates (la-c) were much more reactive 
than the para alkyl compounds (ld-f). While, in the first ex
amples, the yields in isolated products were superior to 63%, the 
second series appears to be inert (le,f) or very slightly reactive 
(Id, yield 10%). Moreover, on alkyl substituents that are meta 
to a methoxy group, a double attack may take place leading to 
the diol (3b) or the corresponding ethylene complex (3a) as major 
products. 

Interestingly, when the two potential sites of attack (namely 
the meta and para positions with respect to the methoxy sub-
stituent) are present in the same molecule (lg,h) only products 
bearing the hydroxymethyl group on the meta a carbon atom were 
produced. The last instance is particularly demonstrative of the 
stereochemical scope of this reaction since the alicyclic complex 
2h, obtained in good yields (95%), results from both a regiospecific 
and stereospecific addition of the carbonyl compound in exo 
position.7 
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At this stage of the work, conformational effects of the tripod8'9 

and differences in the kinetic acidity of the para and meta alkyl 
substituents seem important factors to be taken into account to 
explain the encountered regioselectivity.10 

However, the original stereochemical features of the above 
reaction (specially with Ih) are sufficiently promising to try to 
extend its scope to natural products for which subtle and specific 
modifications are, very often, of interest. Obvious substrates to 
begin with, for such an examination, may be selected among the 
estrogen derivatives. 

The suitably protected {3-0-benzy\-n 0-O-(tert-
butyldimethylsilyl)estradiol)tricarbonylchromium a (4) and (3 (5) 
derivatives were prepared as follows. Estradiol was complexed 
by heating with Cr(CO)6 in dibutyl ether. The mixture of the 
two Cr(CO)3 estradiol a and /3 diastereomers was rapidly treated 
with NaH and C6H5CH2Br.11 The two (3-O-benzylestradiol)-
tricarbonylchromium complexes were separated on a silica gel 
column (eluent, ether/petroleum ether 2/1). Each diastereomer 
was then treated with NaH and 7-BuMe2SiCl12 to give the products 
4 and 5 in 45% yield (ratio, 4/5 = 56/44 based on isolated 
complexes). The identification of the diastereomers 4 and 5 has 
been ascertained by chemical correlation with 
(3-0-(rer?-butyldimethylsilyl)estradiol)dicarbonyl(thio-
carbonyl)chromium "a" for which a X-ray structural analysis has 
been carried out.13 

The functionalization reaction has been studied on both 4 and 
5. For this purpose it was necessary to replace the base f-BuOK 
by (Me3Si)2NNa,14 to avoid removal of the protecting groups in 
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Table I. Reaction of (Methoxyarene)tricarbonylchromium Complexes with formaldehyde 

+ 2HCH0 
M e 2 S O 

produc ts 

2,3 

substrate products 

la 

lb 

Ic 

Id 

Ie 
If 

Ig 

IhQ 

CH, 

CH(CH3), 

CH, 

-(CHJ3 

CH, CH3O-

CH(CH3), 

Ch3O 

3b, 52% 

2d, 10% 

H 
H 

CH, 

no reaction 
no reaction 

2g, 8% 

C C 3 CH2On 

3g, 53% 

a The reactions were carried out at room temperature. The products were purified by column chromatography (silica gel), crystallized, and 
fully characterized by 1H and 13C NMR, mass spectroscopy, elemental analysis, and unequivocal synthesis (2h). b The stereochemical results 
were unchanged when using 1 equiv of HCHO. c No products resulting from ring proton abstraction were detected. d 2h was the only 
observed isomer and the yield was calculated by taking into account the recovered starting material (^10%). 

the 3- and 17-positions.15 Compound 4 led to complex 6 (56% 
yield in isolated product) (mp 170 0 C ) with the C H 2 O H group 
exclusively in the 6-position on the hormone skeleton and anti with 
respect to the Cr (CO) 3 moiety. A similar regio- and stereo-
specificity resulted from the reaction of the /3 diastereomer 5 giving 
rise to 7 (mp 188 "C) in 62% yield. It is interesting to note that, 
for this /3 location of the tripod, the 6 and 9-benzylic sites of the 
complexed hormones are available for proton abstraction (compare 
with the meta and para positions in complexes of Table I), but 
only the product corresponding to a meta attack with respect to 

(14) Interestingly, this base also promotes proton abstraction from Cr(C-
O)3 modified benzylic positions as does r-buOK (Wannagat, U.; Niedergrum, 
H. Chem. Ber. 1961, 94, 1540).12b 

(15) (3-0-Benzyl-170-0-((err-butyldimethylsilyl)estradiol)-a-
tricarbonylchromium (4), 0.612 g (1 mmol), and 0.370 g (2 mmol) of 
(Me3Si)2NNa were stirred in 10 mL of Me2SO under argon at 40 0C for 5 
min. The solution was cooled to room temperature, and 0.300 g of powder 
of paraformaldehyde was added. After 2 h, the solution was hydrolyzed with 
HCl 1/10. The product was extracted with ether and purified by TLC (silica 
gel; eluent, ether/petroleum ether 1/1). A yellow solid 6, 0.360 g (56%), was 
isolated and recrystallized in ether/petroleum ether (m/e 506 (M - Cr(CO)3), 
449 (M - Cr(CO)3-I-Bu); mp 170 °C; (a)20

D +5° (c 0.02, CH2Cl2);
 13C NMR 

(C-6) 34.65, (C-9) 44.28, (S, CD3COCD3); compare with 4 (C-6) 25.94, (C-9) 
43.24 (S, CDCl3). Starting from (3-0-benzyl-170-O-(re«-butyldimethyl-
silyl)estradiol)-#-tricarbonylchromium (5), the compound 7 was prepared in 
62% yield according to the same procedure: (mp 188 0C; m/e 642 (M), 558 
(M - 3CO), 506 (M - Cr(CO)3), 449 (M - Cr(CO)3 - r-Bu); (a)20

D +54° 
(c 0.025, CH2Cl2);

 13C-NMR (C-6) 39.01, (C-9) 42.47 (S, CD3COCD3); 
compare with 5: (C-6) 26.63, (C-9) 42.86 (S, CDCl3). 

the OCH 2 Ph protecting group has been observed. Products such 
as 6 and 7, for which the Cr(CO) 3 group can be removed without 
detriment to the organic molecule,16 might be valuable precursors 
in current endocrinology problems such as designed fixation of 
cytotoxic groups, 7-emitting estrogen and affinity markers.17 
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