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Double and triple asymmetric induction in phosphaaldol reactions
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Abstract—A multiple asymmetric induction synthesis was applied to increase the stereoselectivity of the phosphaaldol reaction. The
double stereoselectivity was achieved in the reaction of chiral di(1R,2S,5R)-menthyl phosphite 3 with chiral 2,3-DD-isopropyliden-(R)-
glyceraldehyde 2. The reaction of aldehyde 2 with phosphite 1 in the presence of chiral (R)-ALB catalyst proceeding under ste-
reochemical control of three chiral auxiliaries was the most stereoselective to support the conception of multiplicativity of facial
selectivities of chiral reactants involved into the reaction. The stereochemistry of the phosphaaldol reaction was in agreement with
Cram’s rule. The absolute configuration of the new chiral compounds was established on the basis of NMR and X-ray analysis.
� 2004 Elsevier Ltd. All rights reserved.
Stereoselectivity and stereoselective methods in organic
synthesis are a problem of fundamental importance.1

One of the more effective methods for increasing the
stereoselectivity of reactions is multiple stereoselectivity,
when the stereochemical process proceeds under the
control of more than one chiral auxiliary.2 Proceeding
with these studies, we have applied multiple asymmetric
induction to increase the stereoselectivity of a phos-
phaaldol reaction.3 Initially we were interested in the
additivity of several chiral inductors participating in the
asymmetric synthesis. With this in mind we studied
the stereoselectivity of the reaction of 2,3-DD-isopropyl-
idene-(R)-glyceraldehyde 2 with dialkyl phosphites. It
has previously been reported, that the reaction of
dimethyl phosphite with aldehyde 2 in the presence
of sodium hydroxide as catalyst, proceeded with low
stereoselectivity (�5–10% de), to give an inseparable
mixture of (2R)-glycerol diastereomers.4–6

We studied the reaction of achiral diethyl- and diiso-
propyl phosphites 1a and b with the chiral 2,3-DD-iso-
propylidene-(R)-glyceraldehyde 2 in the presence of
diazabicycloundecene (DBU) and found that this reac-
tion proceeded with very low stereoselectivity to furnish
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an inseparable mixture of diastereomers (1R,2R)-3a,b/
(1S,2R)-3a,b in a 45:55 ratio (Table 1). As a result we
introduced additional asymmetric centres into the
reacting system to increase the stereoselectivity of the
reaction. The chiral di(1R,2S,5R)-menthyl phosphite 1c
reacted with the chiral aldehyde 2 in the presence of
DBU with the double asymmetric induction increasing
the stereoselectivity of reaction up to de 60%. The dia-
stereomers (R,R)-3c/(S,R)-3c were easily separated by
crystallisation or column chromatography with silica
gel; a mixture of hexane–ethyl acetate in a 3:1 ratio
served as eluent. The stereoselectivity of the reaction
depended on the solvent, nature of the base and tem-
perature (Table 1).

The reaction of chiral phosphite 1c with chiral aldehyde
2 in the presence of the chiral (S)-ALB catalyst [alu-
minium–lithium bis(binaphthoxide)]7 involving three
chiral auxiliaries proceeded with high stereoselectivity
(85% de). At the same time the (R)-ALB catalyst did not
increase the stereoselectivity (55% de). Hence the highest
stereoselectivity in the phosphaaldol reaction was
achieved in the reaction involving three chiral auxilia-
ries, which reinforced one another in matched asym-
metric induction as in the case of (R)-glyceraldehyde/
(1R,2S,5R)-menthyl/(S)-binol. The stereoselectivity did
not increase, if the absolute configurations of chiral
auxiliaries were mismatched as in the case of (R)-glyc-
eraldehyde/(1R,2S,5R)-menthyl/(R)-binol.
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Table 1. Single, double and triple asymmetric induction in the phosphaaldol reaction
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1a-c 2 (1R,2R)-3a-c (1S,2R)-3a-c

(a) R = Et,    (b) i-Pr,     (c) Mnt = (1R,2S,5R)-Menthyl 

Entry R Cat Solvent T (�C) (1R,2R)-3/(1S,2R)-3

1 Et DBUb a 20 45:55

2 i-Pr DBU a 20 45:55

3 Mnt DBU a 20 20:80

4 Mnt DBU Toluene 20 25:75

5 Mnt DBU Toluene )10 20:80

6 Mnt DBU Benzene 20 26:74

7 Mnt DBU THF 20 28:72

8 Mnt DBU CH2Cl2 20 35:65

9 Mnt NaOH THF 20 30:70

10 Mnt (S)-ALBc THF 20 5:95

11 Mnt (R)-ALB THF 20 22:78

aWithout solvent.
bDBU¼ diazabicycloundecene.
c ALB¼Al–Li-bis(binaphthoxide).
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The hydrolysis of compound 3c with dilute hydrochloric
acid at room temperature followed by deacetonisation
produced triol 4, whereas subsequent hydrolysis of 4
with concentrated hydrochloric acid in dioxane with
heating resulted in the formation of the phosphorus
Figure 1. (a) MOPAC-8 modelling of aldehyde 2; (b) Cram modelling of th

independent molecule a of compound 3c; (d) a perspective view and labellin
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Scheme 1. Synthesis of phosphorus analogue of threonic acid.
analogue of threonic acid 5, representing an important
metabolite of ascorbic acid (Scheme 1).8

The absolute configurations of compounds 3–5 were
established on the basis of NMR and X-ray analysis.9–12
e reacting system; (c) a perspective view and labelling scheme for the

g scheme for the independent molecule b of the compound 3c.
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The MOPAC-8 modelling of the reaction between the
initial compounds 1 and 2 showed, that the Re-side is
strongly shielded and the Si-side is open (Fig. 1a).
Therefore the phosphaaldol reaction should lead pref-
erentially to the formation of the (S)-diastereomer,
corresponding to the anti-aldol product. Consideration
of the models of the formed products showed, that the
stereochemistry of the phosphaaldol reaction is in the
agreement with Cram’s rule (Fig. 1b).13

X-ray analysis confirmed the (1S,2R)-configuration of
product 3c. It was found also that in its solid state there
are two symmetrically independent molecules a and b
connected in the chains by the O(4)–H� � �O(7) and
O(10)–H� � �O(1) hydrogen bonds (Fig. 1c and d).
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