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Diastereoselectivity in the addition of Grignard
reagents (RMgX) to 1-O-benzoyl-3,4-O-isopropylidene-L-
glycero-2-tetrulose and 3,4-0O-isopropylidene-1-0O-
triphenylmethyl-L-glycero-2-tetrulose (2) depended
remarkably on X, R, and the reaction temperature.

The addition of EtMgBr, i-PrMgBr, and BuMgCl to 2 at 0
°C gave (2R,3S)-adducts with high diastereoselectivity
(2 94% de).

Chiral tertiary alcohols are quite frequent in nature and a number of
methods for their synthesis has been developed. In particular highly
diastereoselective chelation controlled nucleophilic addition of Grignard
reagents to a-chiral a-alkoxy ketones is an efficient method for the

1) The usefulness of this method

synthesis of chiral tertiary alcohols.
would be enhanced if diastereoselectivity could be controlled even in the
presence of an additional o'-oxygen containing function. To our knowledge,
however, very few investigations on the diastereoselectivity in the

nucleophilic addition to a-chiral a,a'-dialkoxy ketones have been

reported.z) We now wish to report the diastereoselectivity in the
nucleophilic addition of organometallics to 1-O-benzoyl-3,4-0O-
isopropylidene-L-glycero-2-tetrulose (1)3) and 3,4-O-isopropylidene-1-0-
triphenylmethyl-L-glycero-2-tetrulose (2),4) i.e., ketones having an a
asymmetric center and a-, B-, and a'-oxygen substituents.

Compound 1 was prepared from methyl 3,4-O-isopropylidene-L-threonate

[(i) LiAlH4 (77%), (ii) PhCOCl (58%), and (iii) Cr032pyr (90%) ] .
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The results of the nucleophilic addition of Grignard reagents and

alkyllithiums to ketones 1 and 2 are summarized in Table 1.

Table 1. Nucleophilic addition of RMgX and RLi to ketones 1 and 2

R
e;g:l\iss OR2 o H R—"OHORZ
e G o X"
O
4b - 11b
Entry Ketone RMgX Solvent Temp Product R2 Yielda) Diastereomer
RLi °C % ratio
(28): (2R)
1 1 MeMg I ether -78 4a, 4b COPh 89 62 : 38
2 1 EtMgl ether -78 5a, 5b COPh 61 77 : 23
3 1 EtMgBr ether -25 5a, 5b COPh 89 40 : 60
4 1 E-CnggMgBr ether -78 - 0 6a, 6b H 81 68 : 32
5 1 MeLi THF -100 7a,7b H 74 79 : 21
6 2 MeMgBr b) -78 8a, 8b CF’h3 92 16 : 84
7 2 MeMgBr b) 0 8a, 8b CPh3 93 28 : 72
8 2 EtMgl ether -78 9a, 9b CPh3 89 53 : 47
9 2 EtMgl ether 0 9a, 9b CPh3 100 12 : 88
10 2 EtMgBr ether -78 9a, 9b CPhB 86 11 : 89
11 2 EtMgBr ether 0 9a, 9b CPh3 94 3 : 97
12 2 i-PrMgl ether -78 10a, 10b CPh3 75 2 : 98
13 2 i-PrMgl ether 0 10a, 10b CPh3 82 2 : 98
14 2 i-PrMgBr ether 0 10a, 10b CPh3 74 1 : 99
15 2 BuMg I ether -78 11a,11b CPh3 84 10 : 90
16 2 BuMgBr ether -78 11a,11b CPh3 94 13 : 87
17 2 BuMgCl ether -78 11a,11b CPh3 82 5 : 95
18 2 BuMgCl ether 0 11a,11b CPh3 96 2 : 98
19 2 MeLi THF -78 8a, 8b CPh3 100 63 : 37
20 2 BuLi THF -78 11a,11b CPh3 100 45 : 55
a) Isolation yield. b) Ether-THF (82 : 18 v/v).
The stereochemistry of the tertiary alcohols 4 - 11 was determined as

follows. Nucleophilic addition of nonylmagnesium bromide to ketone 1 gave
diols 6a and 6b in 55% and 26% yields, respectively. These diols were then
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6) On the other hand

hydrolyzed separately to give tetraols 12a and 12b.
reduction of dimethyl (2R,3R)-2,3-O-isopropylidene-2-nonyltartrate (13)
(96% ee)7) with lithium aluminium hydride gave diol 14. The diol was then
hydrolyzed to give (2S,3S)-2-nonyl-1,2,3,4-butanetetraol, [a]D - 8.7°,
which was identical with the major tetraol 12a, [a]D - 8.9°. The stereo-
chemistry of the diastereomeric pairs 4, 5, and 7 - 11 was determined in
comparing their 13C—NVIR spectra with those of 6, 15, and 16.8) The
diastereomer ratios were deduced by the integrations of lsC—NwR spectra
(entries 1 - 3, 5, 15, 16, 19, and 20) and/or HPLC analysis (entries 6 -

18).
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While the addition of Grignard reagents to ketones 17 occurs

1,9) the diastereo-

stereoselectively via chelation of a-oxygen (A),
selectivity in the reaction of 1 and 2 where the oxygen functions compete
chelation depended remarkably on the halides (X), the bulk of alkyl (R)
groups, and the reaction temperature. In the addition of MeMgl and EtMgl
to ketone 1 (entries 1 and 2) and EtMgl to ketone 2 (entry 8) at - 78 °C
were yielded (2S,3S)-diastereomers as the major products although the
selectivity was low. These major alcohols may be yielded via chelate B (a
variant of Felkin-Ahn model) and/or chelate C where the a'-oxygen carrying
a benzoyl or a triphenylmethyl group participates in chelation. On the

contrary, the stereoselectivity was reversed in the Grignard reactions of 2
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shown in entries 6, 7, and 9 - 18. The a'-oxygen carrying a bulky
triphenylmethyl group may be prevented to participate in chelation (B and
C)2)
diastereomers. The proportion of (2R,3S)-diastereomers increased in the
order of RMgl, RMgBr, and RMgCl. Furthermore, it was revealed that the
reactions at 0 °C gave rise to higher selectivity than did the reactions at

and the reactions may proceed via chelate A to give (2R,3S)-

- 78 °C (entries 8 versus 9, 10 versus 11, and 17 versus 18). The
formation of chelate A in ether may be favored at 0 °C over at - 78 °C.
Addition MeLi to 1 and 2 (entries 5 and 19) and BuLi to 2 (entry 20)

did not show useful diastereoselectivity.
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