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Abstract: The titled cyclization induced by Sn-Li tr llation of the is Shown
to proceedwith complete retention of configuration at the Li-bearing sp’-carbon to aﬁond the enantio-enriched
o, f-disubstituted tetrahydrofurans. © 1997 Elsevier Science Ltd.

Enantiomerically defined o-(alkoxy)alkyllithiums constitite a unique and useful class of the
organolithium species, since they can be generated stereospecifically (retention of configuration) from easily
obtainable enantio-enriched stannanes and they are configurationally stable below -30 «." Thus, these
characteristics have been exploited as a key clue to elucidate the steric course of several organolithium
reactions.> For instance, we have revealed that the [2,3]-Wittig rearrangement of a-(allyloxy)atkyllithium 2
generated from stannane 1 proceeds with complete inversion of configuration at the Li-bearing terminus (eq
1).> Taking advantage of this clue, we investigated the steric course of the cyclization of a-
(homoallyloxy)alkyllithium 5 (eq 2), an oxa analogue of the well-established cyclization of the 5-hexen-1-
yllithium system (eq 3).4’s While the steric course of the 5-hexenyllithium cyclization remains unproved, the
ab initio calculation study6 has suggested that the lithium might effectively interact with the olefinic 7t bond,
thereby directing the reaction to the retentive course at the Li-bearing carbon. Disclosed herein is the
experimental evidence that the titled carbanion cyclization proceeds with complete retention of configuration at
the Li-bearing sp’-carbon.”
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At the outset, we examined the carbanion cyclization using the racemic stannanes as the organolithium
precursors.®  Treatment of 4a° with 1.5 equiv of n-BuLi in THF (-78 <C — rt) followed by hydrolysis gave
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no cyclization product, instead producing the protiodestannylation product (ca. 20%).  After several attempts,
the use of a large excess (5.0 equiv) of n-BuLi (-78 — 0 °C) was found to give the cyclization product 6a in
45% yield as a diastereomeric mixture (trans/cis=7:1) along with 21% of 7 (i, p’-eliminaion product) (eq 4).'°
More interestingly, treatment of the w~methoxymethyl-substituted stannane 4b with 1.5 equiv of n-BuLi gave
rise to the cyclization/B-elimination product 6b in a higher yield together with enhanced diastereoselectivity (eq
5).>""  These results suggest that the cyclization step would be reversible in nature and might be effectively
driven by the subsequent B-elimination of lithium methanolate.

Ph SnBu . .
n-BuLi (5 equiv) H3z0* Ph
\/\( = ( 30" . \/\ @)
o THF, -78 »0°C OH
4a 6a (trans/cis=7/1) 7
(45%) (21%)
Li OMe
SnBU3 n-BuLl (1 .5 equiv) \_/ ;=
R\( ,\‘ ———> (5)
THF, 7850°C o -LioMe g
R = PhCHaCHa- 6b (>99% trans)
(E)-4b (>99% E) (67%)
(2-4b (97% 2) (66%)

With these results in hand, our attention was focused on the steric course of the present cyclization using
enantio-enriched substrates. The enantio-defined stannane (R)-4a was prepared from the (S)-stannyl alcohol
(90% ee)? via mesylation and sequential Sy2 reaction with potassium homoallyl alcoholate following our
previously reported procedure. % Treatment of (R)-4a with n-BuLi (5 equiv) in THF at -78 <C followed by
hydrolysis was found to afford a 7:1 mixture of the two retention products, (25,3R)-trans-6a and (25,385)-
cis-6a (eq 6). The absolute configurations were assigned based on chiral HPLC comparisons with authentic
samples.””  Their enantiomeric purities were determined to be both 90% ee by chiral HPLC analysis. This
stereochemical outcome provides conclusive proof that the present cyclization proceeds with complete
retention of configuration at the Li-bearing carbanion center, since the Sn — Li transmetalation proceeds with

complete retention of configuration.

H R ti :‘ R ':'

R4S -SnBug n-Buli (5 equiv) H3O* —\ ;
Y 2 d + d 6)
o THF, -78 > 0°C
Q,
R = PhCHoCHp-  (15%) (25, 3R)-trans6a (28, 35)-cis-6a
(R)-4a (90% ee) (90% ee) (90% ee)
88:12

Furthermore, the retention stereochemistry was confirmed by the cyclization of stannane (R)-4b (eq 7).
Thus, treatment of (R)-4b (95% ee) with 1.5 equiv of n-BuLi was found to afford the retention product (2S5,
3R)-trans-6b as a single diastereomer with 95% ee in a much higher yield. The absolute configuration and
enantiomeric purity of 6b were determined after its conversion to (25, 3R)-6a.



8941

OMe
';' SnBua =
R\( Z Y 2D 25 3R-tansea ()
o THF, -7850°C O (95% oo, >99% trans)

R = PhCH2CHy- (67%)
(R)-4b (95% ee, >99% E) (28, 3R)-6b
(a) (i) O3, MeOH; (i) NaBH4 (77%); (b) (i) Ts20, EtgN; (ii) LIBEtsH, THF (88%).

In summary, we have demonstrated that the carbanion cyclization of a-(homoallyloxy)alkyllithium
proceeds with complete retention of configuration at the Li-bearing carbanion center. This means that the
lithium might coordinate with the olefinic bond in the transition state and hence the cyclization proceeds in a
carbolithiative fashion, as predicted by the theoretical calculation.® Thus, the 5-hexenyllithium cyclization (eq
3) is likely to proceed with retention of configuration at the Li-bearing carbon as well.  Of particular interest
from a mechanistic point of view is that the retention stereochemistry of the present cyclization is opposite to
the inversion stereochemistry of the structurally related [2,3]-Wittig rearrangement (eq 1) and the [1,2]-Wittig
rearrangement. 3 Further work is underway to elucidate which factors govern the steric course of

organolithium reactions in general.
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én 2. |-|202 NaOH 5 DMAP CH,Cl, O
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