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Abstract: The lithium anion of 2-chloro-1,3-dithiane-1,3-dioxide reacts with aromatic aldehydes with 82:18 to 94:6
diastereoselectivity at the $-position.

Chiral acid anions are potentially useful synthons for the preparation of homochiral a-substituted
carbonyl compounds. Chiral nucleophilic acid anions have been reported; recent examples include a lactic
acid derived vinyl lithium! and 1-chloroalkyl p-tolyl sulfoxide.Z The former reagent requires very low
temperatures to obtain good selectivity in addition reactions with aldehydes and the lauer shows high
o-selectivity but essentially no ﬂ-selectivity.3 As the stereochemistry at the e-centre is usually destroyed
upon removal of the sulfoxide and that at the B-centre retained, separation of the diastereoisomers or further
transformations are required to obtain enantiomerically pure proclucts.4 We have studied the anion chemistry
of 1,3-dithiane-1,3-dioxide 1 and found high B-diastereoselectivity in reactions with aromatic a.ldehydes.5 We
asked whether the 2-chloro analogue would show similar diastereoselectivity, or whether it would give low
selectivity as in the case of Yamakawa's a-chlorosulfoxides.

In this communication we report that 2-chloro-1,3-dithiane-1,3-dioxide 2 is indeed highly B-
diastereoselective in reactions with aromatic aldehydes. The presence of the Cl- substituent allows further
transformations not possible with dithiane dioxide, and greatly extends the potential of this chemistry in
asymmetric synthesis.
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Chilorination at the 2-position of rrans-1,3-dithiane-1,3-dioxide was achieved, without isomerisation
of the sulfoxides, using N-chlorosuccinimide in CH2C12.6'8 Deprotonation using LIHMDS and addition to
benzaldehyde at -78°C led to the formation of adducts in a 73:27 ratio (3:4), and the reaction was found to be
under kinetic control. When the reaction was carried out at 0°C, equilibration occurred and a 8:92 ratio (3:4)
was obtained within 2 hours.
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A variety of aldehydes were tried under these conditions. and the results are summarised in table I. It
was found that in general, reactions with aromatic aldehydes proceed in good yield with high
diastereoselectivity at the B-position. The o-position is not a chiral centre due to the C2 symmetric nature of
dithiane dioxide. In reactions with aromatic aldehydes having electron withdrawing substituents (entry 2) the
diastereoselectivity is lower than with electron donating substituents (entries 3, 4); however the proportion of
addition products to recovered starting materials is higher (88% conversion of starting material for entry 2,

entry 1 69%, entry 3 62%).
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Table 1: Summary of Results from Anion Reactions
Entry Aldehyde Ratio 3:4a Isolated yield of
isomer 4
1 CsHsCHO 8:92 62% (90%Y)
2 p-NO2CsH4CHO 18:82 50% (55%b)
3 p-MeOCgH4CHO 6:94 49% (71%b)
4 3.4-(Me0)2CcH3CHO 7:93 38% (62%Y)
n-C4H9CHO 51:49 [71% (81%b))c
6 i-C3H7CHO 43:57 8% (13%b)

a Ratios determined by | H NMR integration of crude reaction mixture

b Yields based on recovered starting material
¢ Combined yield of 3 and 4; diastereoisomers were inseparable by column chromatography

Figure 1: ORTEP diagram of isomer 4

The stereochemistry of isomer 4 was determined for entry 1 by X-ray crystallography.9
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Reactions with aliphatic aldehydes under the same conditions were not as impressive; very poor
selectivities were obtained with unhindered aldehydes, and poor yields with hindered ones. Similarly low
diastereoselectivities with aliphatic aldehydes were observed in the anion chemistry of 1,3-dithiane-1,3-
dioxide.3

In proposing a rationale for the stereochemical outcome of the reactions, only the two lithium
alkoxides 3a and 4a need to be considered, as the reactions are under thermodynamic control. These
alkoxides can each adopt two possible conformations (3aa, Jag, 4a4, 4ag) depending on whether chelation
of the lithium counterion occurs with the axial or equatorial sulfoxide. The X-ray crystal structure of 1,3-
dithiane-1,3-dioxide itself shows that the axial S-O bond is bent towards the equatorial sulfoxide, the O1-52
distance being shorter than expected and the S2-S1-O1 angle being 81°.10 This suggests the possibility of
favourable dipole-dipole interactions from the axial sulfoxide to the equatorial sulfoxide. In our adducts, we
suggest that chelation of the lithium counterion to the axial sulfoxide (3aa, 4a5) allows two such dipole-
stabilising interactions 10 occur and that this conformation is therefore favoured over chelation to the
equatorial sulfoxide (3ag. 4ag) where only one is possible. Of the two diastereomeric alkoxides 3a and 4a,
isomer 4a would then be preferred, as electronic repulsion between lone pairs of the equatorial sulfinyl
oxygen and = electrons of the aryl group destabilises isomer 3a. The destabilisation would be expected w be
greater for electron rich Ar groups, which may help to explain the increased diastereoselectivity obtained in
these cases (entries 3 & 4). The low selectivities observed with aliphatic aldehydes are also consistent with
this hypothesis.
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In conclusion, 2-chloro-1,3-dithiane-1,3-dioxide is readily prepared from dithiane and shows high
selectivity at the B-position in reactions with aromatic aldehydes under equilibrating conditions.

We are currently investigating the further transformations of our addition products in order to determine the
scope of this chemistry in asymmetric synthesis.
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