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The reaction of tin enolates with nitroalkenes was effec-
tively catalyzed by tetrabutylammonium bromide (Bu,NBr) to
give y-nitroketones. When the substituted tin enolates at the [3-
carbon in the olefinic moiety were used, the diastereoselective
addition proceeded through the acyclic transition state.
Tetrabutylammonium chloride (Bu,NCl) strongly accelerated
the reaction with the cyanoalkene to give the y-cyanoketone.

Organotin compounds have been used as versatile reagents
for organic syntheses.! They usually require an activator to
accomplish the reactions because of their moderate reactivity.
Therefore, the activation methodology of the reaction using tin
reagents is significantly important and could lead to selective
reaction courses. The organotin(IV) has ability to accept lig-
ands to form a highly coordinated species owing to their vacant
d-orbitals.? Our recent research disclosed that some appropriate
ligands form five-coordinated organotin(IV) enolates, which
have totally different reactivity from that of noncoordinated
enolates.> In particular, we have previously reported the
Michael addition of organotin(IV) enolates to o,B-unsaturated
esters, ketones, and amides in the presence of a catalytic
amount of tetrabutylammonium bromide which donates the bro-
mide anion to the tin center.* In this reaction course, five-coor-
dinated tin enolate, which is catalytically generated, is a key
species. We, then have been interested in other Michael accep-
tors for the reaction using tin enolates. In this paper, the dra-
matic enhancement of nucleophilicity of tin enolate by tetra-
butylammonium halides toward nitro- and cyanoalkenes to
afford y-nitro- and cyanoketones, respectively, is reported.

Table 1. Michael addition of tin enolate to nitroalkene®

R2
Ph R? Catalyst pn N
+ R1 NO
Bussno)\ R \/\N02 THF O R! 2
1 2 3
Entry 2 Catalyst T/°C t/h  Yield/%
1 2a none rt 12 66 (3a)
2 2a none -45 4 0 (3a)
3 2a BuyNBr -45 4 94 (3a)
4 2a BuyNBr rt 12 60 (3a)
5 2a BuyNBr -50 4 82 (3a)
6 2b BuNBr -40 4  71(3b)P

2All reactions were carried out in THF using tin enolate 1 (3 equiv),
2 (1 equiv), and catalyst (0.1 equiv). Yeis : trans = 83:17.
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The reaction of tin enolate 1 with B-nitrostylene 2a at room
temperature gave the y-nitroketone 3a in 66% yield although
accompanied with unidentified complicated products (Table 1,
entry 1).> To avoid the formation of side products, the reaction
was performed at low temperature (—45 °C), but gave no prod-
ucts at all (entry 2). The loading of a catalytic amount of
Bu,NBr significantly accelerated the Michael addition to give
3a in 94% yield even at —45 °C (entry 3).° Lower yield was
observed in the reaction with catalytic Bu,NBr at room temper-
ature owing to the complicated side products which probably
came from the over-reactions (entry 4). The conditions at low
temperature with a catalytic amount of Bu,NBr was also
applied to the cyclic nitroalkene 2b to afford 71% yield of 3b
(entry 6).

A plausible reaction mechanism is shown in Scheme 1.
The high coordination by the bromide anion causes increase of
nucleophilicity in the tin enolate.>* The generated active
species A attacks the B-carbon of nitro-substituted olefin to
form B. The tautomeric isomerization to the stable species C
takes place with releasing the ligand L as already reported in
the reaction with unsaturated esters.* In this step, the ligand L
is readily dissociated from C and coordinates to the tin enolate
because the tendency of coordination clearly depends on the
Lewis acidity of the tin center; oxo-substituted stannane A has
higher Lewis acidity than tetra C-substituted stannane C.3*¢

The substituted tin enolates at the B-carbon in the olefinic
moiety could provide the diastereoselective reaction course
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Scheme 1. Plausible reaction mechanism.
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with the substituted nitroalkene. In fact, the reaction of 4 with
2a gave the product 5 quantitatively with 86/14 diastereomeric
ratio in the presence of Bu,NBr (eq 1).” On the contrary, non-
catalyzed reaction gave lower yield and selectivity.?

cat./THF
+ 2a NO, (1)
BusSnO -45°C, 4 h
4 O pPh 5
BusNBr  >99% syn : anti=86:14
none 22% syn : anti = 63:37

The high selectivity using Bu,NBr can be explained by
Scheme 2, although the exact mechanism is unclear at this
stage.® Since the highly coordinated trialkyltin is not likely to
accept another ligand,3® the acyclic transition states are reason-
ably assumed for the reaction between 4 and 2a in the presence
of Bu,NBr. The transition state TS1, which leads to syn-prod-
uct, is preferred to TS2 because of the steric hindrance between
phenyl and the bulky highly coordinated tin in TS2.
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Scheme 2. Transition states in the reaction of 4 with 2a.

The acyclic tin enolate 6 showed high yield and selectivity
in the presence of Bu,NBr-catalyst (eq 2).!° This result proba-
bly means that the geometry of 6 in the transition state is E-
form in this reaction.

Ph Me
Ph
Bu Sno)\r’Me t 2a cat THE NGz (2
3 6 -40°C,4h O Ph 8
BuyNBr  >99% syn : anti= 84:16
none 39% syn : anti=74:26

Finally, we examined cyanoalkene as the Michael acceptor.
The non-catalyzed reaction of 1 with 9 at room temperature or
higher temperature (63 °C) gave no product, and the starting
materials were recovered (eq 3). The addition of a catalytic
amount of Bu,NBr gave only 27% of the product 10 even at 63
°C. The yield was improved by use of Bu,NCI instead of
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Bu,NBr to give 10 in 44%. We have reported that the coordi-
nation ability of chloride to tin enolates is too high to be uti-
lized for the reaction probably because of their decomposi-
tion.>® However, the result in eq 3 suggests the potential of the
chloride anion as an accelerator of tin enolates in the case of
catalytic use.

Ph
cat/THF Ph
BuSSnO)\ + Me\/\CN WCN (3)
1 9 63°C,4h O Me 49
none 0%
BuyNBr 27%
BuyNCI 44%

We are currently developing this methodology for other
substrates and reagents.
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