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.4bm'Jg't :Tran~metallation of an o~-methy1-13--silyloxy ketone with TiCh in toluene affords 
a cyclic chelation complex which undergoes highly stereoselective alkylation from 
Grignard reagents at the less hindered side. © 1997 Published by Elsevier Science Ltd. 

The control on the attack direction of organometallie species to a carbonyl function exerted by a 

proximal hydroxyl group has been widely exploited in asymmetric organic synthesis ~. In particular, many efficient 

protocols have been reported for the synthesis of  the important 1,3-diol unit with syn or ant/1,3-relationship via 

diastereoselective reduction 2 or alkylation 3 of  a 13--chiral 13-hydroxyketone. On the contrary, at present no general 

solution to the problem of the 1,2-induction starting from 13-hydroxy earbonyl compounds having a stereoeenter 

in a position has been proposed. In fact as far as the alkylation process is concerned the reports are restricted to 

the stereoselective methylation or allylation of  a-methyl-13-alkoxy aldehydes with organocuprates 4 or 

allyltrimethylsilane s in the presence of  TiCh respectively. 

On the other hand, alkylation of  protected or unprotected ct-alkyl substituted 13-hydroxyketones like 1 

with common organometallie species, such as RLi and RMgX ~, gives the corresponding 1,3-diois with poor 

selectivity and in moderate to good yields (see Table 1, entries 1,2). Moreover we found that alkyl cerium 

reageras are able to alkylate 7 these compounds in almost quantitative yields (see Table 1, entries 3, 4). However 

in spite of  their claimed chelation ability s the diastereoselection doesn't exceed 50*,6 of  d.e.. Very likely this is 

due to some difficulties in organizing the formation of a stable and rigid chelation complex 9 associated with an 

efficient and simple alkylation procedure. For example the TiCh mediated reduction of protected or/and 

unprotected a-alkyl substituted 13-hydroxyketones like system 1 with metallic hydrides has been reported to 

proceed with high ant/-diastereoseleetivity only when the framework R bonded to the earbonyl function is a 

phenyl or a t-butyl group ~°. Moreover we found that the alkylation of  la, b with Grignard reagents in the 

presence of  TiCh gives the expected diols 2a,b in poor yields and with moderate to good diastereoselectivity. In 

addition an appreciable amount of starting material (20-60*,6) was recovered, even using a large excess of  

Grignard reagent and prolonged reaction times (see Table 1, entries 5-8). 
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Conversely a remarkable improvement was achieved when a dgid chelation complex n was formed 

through transmetallation of t-butyl dimethyi silyloxy derivatives l e e  with TiCI4 in toluene. In fact the addition of 

a Grignard reagent in TI-IF 12 to  this complex at -78°C affords the corresponding diols 2a,f in high yields and in 

excellent diastereomeric purity, independently from the nature of both the R group bonded to the carbonyl and 

the Grignard reagent alkyl framework. Moreover this procedure works well with both stabilized and not 

stabilized carbanions. 

Table I : Expnink-'mal conditions, yields and ¢te. in diastereoselective synthesis e~ Â,3-diols. 

RI T ~ ~ ~,~ 1) LewisAcid 

R 2) R2M, -78°C 
3) H3 O+ 

1 2 

entry starti.n~ R R1 LewisAeid R2M product a yield (%)b de (%)c mllteJ2m 

1 la Me H / EtMgBr 2a 34 50 

2 la Me H / EtLi 2a 50 2 

3 la Me H CeCI3 EtMgBr 2a 76 4 

4 la Me H / EtCeCI2 2a 98 44 

5 la Me H TiCI4 EtMgBr 2a 40 60 
6 la Me H TiCI4 PhMgBr 2b 64 90 

7 la Me H TiCI4 PhC~'MgBr 2e 60 40 

8 lb Et H TiCI4  MeMgBr 2d 48 86 

9 le Me tBuMe2Si TiCI4 EtMgBr 2a 70 82 

10 le Me tBuMe2Si T i C I 4  PhMgBr 2b 62 92 

11 le Me tBuMe2Si T iCI4  PhCv-CMgBr 2¢ 89 75 

12 1¢ Me tBuMe2Si T iCI4  PhCH2MgBr 2e 98 80 

13 ld Et tBuMe2Si T i C l 4  MeMgBr 2d 95 82 

14 le Ph tBuMe2Si T i C I 4  MeMgBr 2f 92 96 

a) 2a, 2b, 2d and 2f are imown lXCXlncts, configuration of 2¢ and 2¢ was as~gned by analo~ with 1H ~ 13C ~ ~ 

known [~odill~6; b) yio..k~ I 1 ~  to th~ ~ m ~ r i c  ~ ~ c.hl'on~lto[~hic p u ~ o n ~  c) C~f~'|M~d fromIH 

]qMR data ; d) Appreciable amotmt of slartin__g material was also recovered (20-60%). 

The present method shows high flexibility: it allows to prepare with high diastereoselective purity both 

diastereoisomers of a given diol simply exchanging the R 2 group in the Grignard reagent with the alkyl group R 

in the I~-silyloxy ketone. For example the (R*, S*)-2-methyl-3-phenyl-butan-l,3-diol ~3 2b is obtained from le 

and phenyl Grignard in 80% yield with d.e.--90%. The (11", R*)-diastereoisomer 2f is obtained from le and 
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methyl Grignard in 92% yield and with d.e.e/~---98. In an analogous manner (R*, S*)- and (R*, R*)-2,3-dimethyl- 

pentan- 1,3-diols 2a and 2d can be prepared from le with EtMgBr and ld with MeMgBr in 75% and 95% yields 

respectively, both with d.e.%=82. 

I°4.° r aOM  g ] /o 

Scheme 1 Selectivity of the mzleophilic attack 

It's well known that Ti(IV) Lewis acids show a strong preference for a six-coordinate octahedral 

arrangement 14. Very likely in our system the five-coordinated complex 3 is rapidly transformed in the six- 

coordinated 4 by action of  THF (Scheme 1). The attack of  R2Mf, X to the carbonyl function occurs from the less 

hindered side, i.e. opposite to the a-methyl group. We could assume that 4 is a very stable and rigid complex 

because it survives in the presence of  a strong coordinating agent such as THF. It's a relevant feature, from a 

practical point of  view, since it allows the use of  common and commercial metallorganic species as Grignard 

reagents in THF. The rate of transmetallation is strongly dependent on the nature of  the silyloxy ketone 1: for 

l¢,d the reaction goes to completion in few minutes at 0°C ; the same reaction for le requires longer reaction 

time and higher temperature (lh at 20°C) ~5. If  the reaction of le with CH3MgX is carried out adding TiCI4 at - 

78°C and, after 30 rain, the Grignard reagent at the same temperature, the corresponding diols are isolated as 

mono silyl derivatives with a very poor diastereomeric purity (d.e.=2%),(Seheme 2). 

i, ii, iii 
l e  ," 

OH OSiMe2tBu OH OSiMe2tBu 

• 

5 6 90% yield, 5/6--51/49 

Scheme 2 Reagents and cond,'tions: i, TiCi~ in toluene, -78°C ; ii, CH~MgX, THF, -78°C ; iii, H30 + 

In conclusion, a new approach to the synthesis of  1,3-diols with stereodelined 1,2-relationship is given. 

Studies are in progress to emend this protocol to more complex systems. 

A d t ~ ~  :Tiffs work has been carried out m the frame of the "Progetto di Finanziamento Triennale, Ateueo di Bologna". 
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