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Abstract: 2-Metallo-2-sulfonyl propanes and 2-metall o-2-nitropro-
panes react with the dimethy! alkylidenemalonate derived from the
acetonide of D-glyceral dehyde to produce the Michael adduct or the
corresponding dimethyl cyclopropane-1,1-dicarboxylate. The na-
ture of the product formed and the relative configuration of the cy-
clopropane derivative depends upon the nature of the leaving group
and the conditions used (solvent and counter ion).
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2-Metallo-nitroalkanes and 2-metallo-alkylsulfones add
to a,B-unsaturated esters and akylidenemalonates in a
Michael mode, under a large variety of conditions and
produce y-nitro and y-sulfonyl esters.t? The adducts de-
rived from alkylidenemal onates further react under forced
conditions, in polar solvents, and lead to cyclopropane-
1,1-dicarboxylates in reasonably good yields.? The latter
transformation offers, over the one involving phosphorus
and sulfur ylides and the same electrophiles, the advan-
tage to transfer the same isopropylidene moiety from re-
agents of lower molecular weight.

We recently reported® that isopropylidene diphenylsul-
furane 35 and isopropylidene triphenylphosphorane 3, re-
act on the (Re)-face of the dimethyl alkylidenemalonate
D-2 derived from D-glyceraldehyde acetonide D-1 and
produce the corresponding dimethyl cyclopropane-1,1-di-
carboxylate 4z, dmost as a single diasterecisomer
(Scheme 1).
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Extension of this reaction to 2-metallo-2-nitropropanes*
5y and 2-metallo-2-sulfonylpropanes 55 should provide
interesting informations on the intimate mechanism of
these specific reactions aswell as on that of organometal-
licswith y-heterosubstituted-o, B-unsaturated esterswhich
still remains unclear.®®

We were rather surprised to find that 2-lithio-2-sulfonyl-
propane 5¢ ; and 2-lithio-2-nitropropane 5y, ; behave dif-
ferently with the dimethyl alkylidenemal onate D-2. Thus,
2-lithio-2-sulfonylpropane 5q ; reacted in THF almost ex-
clusively on the (S)-face and lead to the y-sulfonyl
malonate® 7¢ (THF, 20 °C, 0.5 h) whereas 2-lithio-2-ni-
tropropane 5, ; reacted, under similar conditions, exclu-
sively on the (Re)-face, providing after hydrolysis the y-
nitro malonate® 7y (Scheme 2).
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The same starting materials afforded, as expected,
dimethyl cyclopropane-1,1-dicarboxylates 4 when the re-
actions were instead carried out in DMSO at 80 °C
(Scheme 3).%° Both reactions provided the same stereoiso-
mer resulting from the cyclopropanation of dimethyl alky-
lidenemalonate D-2 by its (S)-face but their
diastereoselectivity are very different: 45 was produced
with very high stereocontrol from 2-lithio-2-sulfonylpro-
pane 5¢; (DM SO, 80 °C, 66h)®7 and as a mixture of ste-
recisomers from 2-lithio-2-nitropropane 5,,; (DMSO,
80 °C, 24h).3%7 Thus whereas the open chain derivative
and the cyclopropane arose from the attack of the same
face of D-2 from 54 ; they resulted from a different face of
attack from 5, ;.

In order to understand these conflicting results, we under-
took a more detailed study aimed to determine which of
the reactions takes place under kinetic or thermodynamic
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control. We found that addition of 2-lithio-2-sulfonylpro-
pane 54 ; to D-2 is slightly dependent upon the conditions
used. Compl ete diastereosel ection was observed when the
reaction was performed in THF-HMPA (D-2/HMPA:1/4;
-78 °C, 0.5 h, yield in 75:76%, 7sg/7sre: 100/0)8instead of
THF aloneand slightly lower selectivity was found when
the reaction was performed in ether (-78 °C, 0.5 h, 72%,
Tssil Tsre :92/8).

We have proven that these reactions occur under kinetic
control since the same 74g/ 74z ratio of sterecisomers is
obtained whether the reaction is quenched at -78 °C or at
room temperature, after short or long reaction time. We
have also secured that no epimerization is taking place
when each stereoisomer 74z, 0r 744 is treated with a base
at room temperature (K,CO5; in DMSO, 20 °C, 10 h) or
even at 80 °C. Under the latter conditions however, ring
closure was readily achieved and lead with complete ste-
reocontrol (Scheme 4) to the dimethyl cyclopropane-1,1-
dicarboxylates 44 from 755 (K,CO3;, DMSO, 80 °C, 3 h,
84%, 100% de) and to its sterecisomer 4z, from 7gze
(K,COg3, DMSO, 80 °C, 0.7 h, 77%, 100% de)
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We have also found that the rate of this reaction depends
not only upon the nature of the counter-ion (it is much
faster with cesium than with lithium, Scheme 4, Table 1)
but also upon the nature of the sterecisomer used (7. re-
acts faster than 755, Scheme 4, Table 1).°

The reaction of 2-metallo-2-nitropropane 5, with alky-
lidenemalonate D-2 is more complex. The 7yg/7\gre rétio
of sterecisomersis highly dependent upon the solvent and
the conditions used (temperature and time). Although a
single stereoisomer (7yre) Was formed in THF (Scheme
2), substantial amounts of the other stereoisomer (7yg)
was produced when the reaction was performed in DMSO

Table 1 Rate of the reaction of 7, and 7, with metal carbonates

Entry Me,CM(NO,) Time/half Time/half

DMSO, 80°C  reaction 7, [h] reaction 7 [h]
1 Li 55 >140
2 Na 1.4 28
3 K 0.35 0.9
4 Cs 0.25 04

at room temperature. Under these conditions the dia
sterecisomeric ratio changed with the reaction time to
give 7yge Slowly from 2-lithio-2-nitropropane (Table 2,
entry 1) and more rapidly when the reaction was instead
performed with its potassium analogue (Table 2, entry 3).
This suggests that this reaction is under thermodynamic
control.

Table 2 Stereochemistry of the y-nitro malonates 7, according to
reaction time

Entry Me,CM(NO,)  Yield of 7,(7,,/7,) Reaction time

Nii-

DMSO, 20°C  after 1 hreaction [%]  [h] (7,./7,.)

1 Li 96 (77/23) 24 (86/14)
48 (98/2)

2 Na 94 (80/20)

3 K 77 (90/10) 3.5(98/2)

4 Cs 99 (97/3)

We have independently proven the presence of an equilib-
rium by reacting a 45/55 mixture of 7z 7yg artificially
enriched in 7, with K,CO; in DMSO 20 °C and found
(Scheme 5) that it provides, after 18 h, almost exclusively
the 7\re adduct (98% de).
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The cyclization of 7yg. to 4, carried out in DM SO under
different conditions implying alkali metal carbonates at
80 °C and potassium carbonate at 40 °C, lead every time
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to amixture of the two diastereoisomers 4x/45 (45/55 to
35/65, Scheme 6, Table 3). Careful monitoring by H
NMR of the reaction described in Table 3, entry 5 shows
that D-2 is formed as an intermediate.
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Scheme 6

Table 3 Stereochemistry of the cyclopropane 4 obtained from
¥-nitro malonates 7, depending upon the base used.

Entry M (in M,CO,) Yield in 4
DMSO, [T °C] (4,/4)

1 Li [80] 72 (45/55)

2 Na [80] 81 (45/55)

3 K [80] 88 (40/60)

4 Cs [80] 90 (40/60)

5 K [40] 76 (35/65)

In conclusion, we have shown that 2-lithio-2-sulfonylpro-
pane reacts under kinetic control with alkylidenemal onate
D-2 in DMSO to provide dimethyl cyclopropane-1,1-di-
carboxylate 44 almost as asingle diasterecisomer. Thisis
diastereoisomeric to the one (4g.) formed when isopropy-
lidene diphenylsulfurane-LiBF, 35 or isopropylidene
triphenylphosphorane-Lil 3; are used instead.®

Dimethyl cyclopropane-1,1-dicarboxylate 44 was aso
formed from 2-lithio-2-nitropropane but with much lower
diastereoselection. Thisresult iseven more puzzling since
the open chain 1,4-adduct 7,g. which isisolated if the re-
action is performed under milder conditions, has the op-
posite stereochemistry (it is derived from the (Re)-face
attack) and is formed under thermodynamic control.

Apparently, the formation of the 4 adduct from 7. re-
quires the formation of 7,y as an intermediate which is
the least stable of both diastereoisomers and which must
cyclizeto 44 faster than 7k, do to produce4.. Wewould
have expected that 7, behaves as 7 : thisis apparently not
the case. Results are opposite to the one observed with the
sulfone derivatives! What are the reasons for such dis-
crepancies? We are working towards thisend in trying to
understand the intimate mechanism of each of these reac-
tions.
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