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An Example of a Chiral Non-Racemic Carbanion as Versatile
Synthon in the Asymmetric Synthesis of Polysubstituted y-Lactones
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Abstract: The application of a chiral non-racemic carbanion generated from enantiomerically enriched o-~sulfonyl-y-
Iactones to the asymmetric synthesis of highly substituted and fused y-lactones is described.

The synthesis of butenolides and saturated y-lactones as optically active fragments is currently receiving
considerable attention considering their utility as useful synthons for the synthesis of biologically active natural
products.? Very recently we have described a new approach to the stereocontrolled synthesis of such units in
enantiomerically enriched form by an intramolecular Michael addition involving chiral non-racemic
thiophenylacetates of y-hydroxy-o,B-unsaturated esters.2 This thermodynamically controlled process provided
access 10 the all trans substituted y-lactones with excellent stereocontrol.2
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In order to increase the control in the synthesis of such a valuable synthon we focussed our attention on
the o-carbonyl substituent considering the treatment with a suitable electrophile of the carbanion generated via
1, as a possible synthetic alternative to molecules of type 2. Such a carbanion should be conveniently generated

from the B-sulfone carbonyl system, some degree of stereoselectivity control being expected by us because of
the proximally located stereogenic centres.3

To our surprise, when lactone 3 was treated with sodium hydride and methyl iodide, in DMF at 0 °C,
the alkylated product 4 was obtained as the sole isolated stereoisomer (Scheme I). The obtained product 4 is
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the diastereoisomer of the sulfone of 2,4 produced by direct cyclization (the more thermodynamically stable
stereoisomer) following the intramolecular Michael methodology.2
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Scheme I
The result is consistent with a carbanion 6 generated from 3 with retention of configuration.5

In order to investigate the scope and limitations of the method various electrophiles were used (Table
I). With all the alkylating reagents tried the carbon-carbon bonds were formed in excellent yields, as a single
detectable stereoisomer (!H NMR 400 MHz) (Entries 1, 2 and 3, Table I), by simply mixing the original
lactone, the alkylating agent and NaH, in DMF, at 0 °C. These reaction conditions were not effective when
intermolecular Michael addition was tried with methyl acrylate and methyl propiolate. Fortunately smooth
reactions were produced when the sulfone 3 was treated with lithium hexamethyldisilylamide, at -78 °C and the
unsaturated carbonyl compounds were added, letting the system reach room temperature. In the methyl
propiolate case a 5 : 1 mixture of the E : Z products was obtained (Entry 4, Table I). The addition of methyl
acrylate at -78 °C, keeping the reaction at this temperature for 4 h, yielded the Michael addition product 7.
However, when the reaction was allowed to reach room temperature the cyclic enol 8 was the only observed
product (Scheme II). Surprisingly any attempt to attain an addition reaction with a carbonyl compound proved
fruitless (Entry 6, Table I). The high nucleophilicity towards alkyl halides was clearly illustrated when the
hydroxyl protection of 9 as benzylic ether was attempted, in which case the product 10 resulting from the
carbon-carbon bond was the isolated product, when 1 equiv of alkylating agent was used.
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a) [(CHy),Sil,N-Li*, THF;HMPA, ~78 °C
b) CH,=CHCO,Me, -78 °C, 4h

a) [(CHy),Sil,N"Li*, THE:HMPA, —78 °C
b) CH,=CHCO,Me, 78 °C - 1t

Scheme 11



Table L. Substitution of hydrogen by electrophiles with retention of stereochemistry

Reaction
Entry  Substrate Conditions?) Product Yield
1. AN Bra Rl = p-Pr; 97
R2 = CH,=CHCH,
2. Rl=n-Pr PhCHzB!', A Rl= n-Pr; g4
RZ = PhCH,
3. Rl = pn-Pr n-BuBr, A Rl = n-Pr; 83
R2 = n-Bu
4, Rl =n-Pr ==—CO,Me, B Rl =n-Pr; 78
R? = CH=CHCO,Me
(E+Z mixture)
) OM
SO,Ph
5 Rl = n-Pr CH,=CHCO;Me, C Oj:I/ <8
oy N O"
n-pr HH
.
6. Rl =n-Pr PhCHO, A — —
PhCHO, B — —
7. PhCH,Br, A 92

mixture reach room temperature

) Electrophile, § °C— rt;
Method B: i) [(CH3)3Sil,N"Li* (1.1 equiv), THF : HMPA (1:1) (0.1M), -78 °C, 15
min, ii) Electrophile, —78 °C; Method C: Similar to Method B but letting the reaction
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The presence of the sulfone group is essential to achieve such a high degree of stereoselectivity. Thus
when the carbanion generation was performed over the sulfide compound 1, a 45 : 55 mixture of 11 and 12 was

obtained.
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In order to rationalize the obtained results, semiempirical calculations® were carried out on the structure
of the carbanion 6 considering the presence of the chelating metal. The minimum energy reached was for the
structure 13 (Figure I). When such calculations were performed for the anion generated from the sulfide 1,
both structures 14 and 1§ showed similar levels of stability (Figure I). Thus the role of the sulfone is
interpreted by the chelating action of one of the oxygen atoms of this functional group. The retention of
configuration in the alkylated products is conjectured by a steric hindrance with the aromatic ring in the phenyl
sulfone group. The obtained proportion in the alkylated products over the sulfide 1 should be the result of the
closer levels of energy between the anions 14 and 15.

AH(AM1): -342.472 Keal/mol
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Figure I
The overall process can be considered as the electrophilic substitution of the c-proton in the B-sulfonyl-
carbonyl system with retention of configuration at the asymmetric carbon atom. Studies of the use of the
described procedure for the synthesis of other valuable synthons are underway and will be reported in due
course.
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