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Abstract: Reactions of (R)-2,3-O-isopropylideneglyceraldehyde with 2-me-
thylfuran under high pressure and with lithium derivative of Z2-methylfu-
ran under atmospheric pressure are studied and the stereochemical models
involving coordinating interactions between the metal cation and oxygen

atoms of the aldehyde are discussed.

(R)-2,3-0-Isopropylideneglyceraldehyde (l)l has attracted attention of many synthetic che-

mists during the past years, Its wide utility in stereocontrolled synthesis of various natural

polyhydroxylated compounds has recently been thoroughly surveyed.2 Most of its applications in-

volve nucleophilic addition to the carbonyl group, affording a mixture of diastereoisomeric al-

cohols anti-2 and syn-2, the former generally being the predominant product (Scheme 1).

Me

Me Me
0—\Me o Me o—\Me
O S <

Nu + H\\n/)i\// —> Nu 0 .+NU\\¥//\\v/O
0 OH OH
1 anti-2 syn-2

Scheme 1
The degree of selectivity of these reactions is usually limited, and thus very high asym-
metric inductions (>9:1) are not frequently reported. Distribution of products is usually ex-—
plained in terms of Felkins model,3 while chelating interactions are taken into account less
often.A’5 However, the results obtained by Still and al.6 for addition of Grignard reagent to
a-alkoxyketones emphasizes the significance of the complexing processes which seem to play an
important part also in the reactions of 1. In case of 1, chelation may involve oxygen atoms

. - 7 . . . . .
either at the a- or B-position, this leading to predominant formation of the syn- or anti-iso-

mer, respectively. From the Felkins model, the anti-isomer can be predicted as the major pro-

duct. Thus it is difficult to distinguish the reaction-controlling mechanism, particularly be-

cause the organometallic reagent addition is associated with the presence of a metal cation.
In the light of the above considerations it was important to develop reaction conditions

preventing complexation, because the product composition ought to inform about the reaction
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course resulting from the "pure" Felkins model. We felt that the reactions carried out under
high pressure, with no metal salt added, can help in solving of this problem. Consequently, we
compared the stereochemical course of both - the high-pressure reaction between 2-methylfuran
(3) and 1, and nucleophilic addition of lithium derivative of 3 to l.s

High-pressure reactions were carried out in an earlier described9 piston-cylinder type
apparatus, in CH2012 as a solvent, at room temperature under 10 kbar for 12 h10 (Scheme 2). It
can be seen that the high-pressure reaction exhibited relatively high anti-selectivity. We
think that this result approximately illustrates the efficiency of differentiation between both
faces of the C=0 double bond of 1 in a process described by the Felkins model.11 A similar re-
ction involving an addition of ZnCl2 improved the anti-selectivity from 527 to 647 d.e., this

pointing to interactions preferring the formation of anti-4.
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Scheme 2
Organometallic additions were carried out using the lithium derivative of 3, with two dif-
ferent modes of ZnCl2 addition., In mode A, ZnCl2 was first stirred with 1 in tetrahydrofuran
at room temperature, followed by addition of the lithium derivative of 3; in mode B, ZnCl2 was

10 The results

mixed with the lithium derivative of 3 and the resulting solution was added to 1.
of these experiments are presented in Table 1.

Table 1. Stereochemical Results of Nucleophilic Addition of Lithium Derivative of 3 to 1

Mode of ZnCl Temperature anti-4:syn-4

addition ? °c
- 47 : 53
A 79 : 21
B 80 : 20
- -78 46 1 54
A -78 57 1 43
B -78 91 : 9

The reactions carried out without ZnCl2 either at 0°C or at -78°C showed a similar degree
of stereoselectivity and product syn-4 slightly predominated. The reactions performed at 0°¢
with an addition of ZnClz, in both, mode A and B, exhibited a reversed direction of asymmetric

induction, and afforded anti-4 with 8:2 selectivity. These results were in great contrast to
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those obtained at —780C; namely, in case of mode B, the anti-selectivity was considerably en-
hanced, while mode A resulted in an only limited predominance of anti-4. In our opinion, the
differences between these reactions in the behaviour of 1 can be rationalized upon the assump-
tion that chelation plays an important part, controlling the conformation of 1. Various possi-
bilities of coordinating interactions between the metal cation and oxygen atoms of the aldehyde
are presented in Figure 1; -they involve coordination of Mt o oxygen at the o-position (I), to
oxygen at the B-position (II or V) and to both oxygens (I). For projections II and W, other

views (IIA and IVA) are shown to emphasize their difference.
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Figure 1. Coordinating interactions between the metal cation and oxygen atoms of 2,3-0O-iso-

propylideneglyceraldehyde (1)

There is an evident possibility of continuous transition of the chelating cation from in-
teraction with d-oxygen to that with B-oxygen; considerable changes in conformation of 1 fol-
low this shift, Moreover, the conformational changes seem to be reflected in the stereochemi-
cal course of the reaction, since the transition from I to N should result in predominance of
the syn- and anti-isomer, respectively. In turn, the most favoured conformation depends on the
kind of metal. Thus, for the small lithium cation, conformations I and Il seem to be predominant,
this explaining the very low syn-selectivity, if any. In case of more bulky metals (e.g. Zn),
conformations I and IVcould be expected to be energetically preferred, this well explaining
the anti-selectivity.

The basic assumption of these considerations requires the occurence of sufficiently strong
chelating interactions between the metal cation and oxygen atoms of 1. It seems that the acti-
ve organometallic reagent, as compared with the metal salt alone, has a much stronger coordi-
nation ability, as shown by the results of the reaction carried out at -78°C in mode A; the
very low anti-selectivity indicates that the organolithium reagent interacts with 1 much stron-
ger than ZnClz. The greater predominance of the anti-isomer is probably due to the action of
the organozinc species formed in situ., The latter process proves to be much more rapid at 0°¢

o . . . .
than at -78°C, since there is virtually no difference between the results of this reaction and
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that run in mode B at the same temperature.

This interpretation seems to rationalize the major part of the experimental results ob-
2

tained not only for 1 but also for its imine derivatives.1 The results of nucleophilic addi-

tions to 1, recently published by Mead and Macdonald,7 are also consistent with our explanati-

on, although the authors rationalized their experiments in term of non-chelating approach, We

feel that chelating interactions in case of 1 are modified by some additional factors (e.g.

steric repulsion between the methyl groups of the dioxolane ring and ligands of metal). Thus,

much more work is necessary to gain insight into all factors responsible for the stereochemis-

try of various reactions of 2,3-O-isopropylideneglyceraldehyde.
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