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In the reductive lithiation of 2-phenylthiooxolane system,
the coexistence of the substituents at C2 and C3 with cis-
configuration was found to increase the ratio of 2,5-trans-2-
lithiooxolane to 2,5-cis derivative.

Since oxolane is very common structure seen in natural
products,’ 2-lithiooxolanes have been thought to be useful
building blocks. However, their applications for actual synthesis
are few”" though structurally similar 2-lithiooxane has been used
as important segment.’ One of the reasons for the less applicability
is the difficulty of stereosclective generation of carbanionic center
in 2-lithiooxolane system. Stereospecific generation via tin-
lithium transmetalation has been achieved,’ but the difficulty of
the stereo-controlled synthesis of 2-stannyloxolane still remain.
The generation of 2-lithiooxolanes by reductive lithiation has
also been reported by Cohen,’ but the stereochemistry in the
reaction was unclear. In this context, we have been interested
in stereo-controlled synthesis of 2-lithiooxolanes and its
application for the synthesis of natural products.

Recently, we have found that 2,5-trans-2-lithiooxolane (2)
could be generated stereoselectively (2,5-trans : 2,5-cis = 4.2:1)
by the reductive lithiation of 4,5-cis-disubstituted 2-phenylthio-
oxolane (Ia or 1b) in the course of our synthetic study on
pectenotoxins (Scheme 1) To the best of our knowledge, this
result seems to be the first example of stereoselective reductive
lithiation in the oxolane series. In order to clarify the influence
of the MPMO-group at C3 of the 2-phenylthiooxolane to the
selectivity of the reaction, we examined the reductive lithiation
of 5-substituted (4) and 4,5-trans-disubstituted 2-phenylthio-
oxolane (5) as well as 1.
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The preparation of 4 is shown in Scheme 2. TBDPS ether
(7), derived from 6,° was subjected to one-pot process (i. DIBAH,
ii. BF,-OEt,)* to give the 2-phenylthiooxolanes (4a and 4b) in
30% and 63% yields, respectively. The synthesis of 5 was
started from 8” (Scheme 2). After the selective debenzylation’
of 8, the primary hydroxyl group of 9 was oxidized selectively
with IBX® to produce an inseparable 1:1 mixture of lactols (10).
Acetylation and the following treatment with PhSH and BF;-
OEt,” of 10 afforded Sa and 5b in 23% and 47% yields,
respectively.

The result on the reductive lithiation of 1, 4, and 5 is shown
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in Scheme 3. The respective substrates were treated with 3 eq.
of lithium 4,4’-di-rerz-butylbiphenylide (LiDBB)™ for 10 minutes
at -78 °C in THF, and the resulting anions were coupled with 3
eq. of acetone to give alcohols. The diastereomeric ratios of
alcohols were responsible to those of the corresponding 2-
lithiooxolanes. Each of 4a and 4b showed slight trans-selectivity
(11a:11b=2:1)."" On the other hand, 5a and 5b afforded the
common 1:1 mixture of the adducts (12)."" In the case of 1a
and 1Ib, the ratio of 2,5-trans : 2,5-cis increased to 6:1 regardless
of the stereochemistry at C2 of the starting material."*?

These results reveal some tendency as follows: 1) the
substituent at C5 itself preferred 2,5-rrans-stereoselectivity; 2)
the substituent at C4 raised or downed the selectivity depending
on its direction; 3) the direction of 2-phenylthio group has no
relation with the stereochemistry of the anion. We could realize
that coexistence of both the substituents at C4 and C5 with
cis-configuration is essentially required for high 2,5-trans-
selectivity in reductive lithiation of 2-phenylthicoxolan system.

Next, we examined whether the equilibrium between two
anions could be exist or not under the reaction conditions in our
oxolane system (Scheme 4). Still has reported that the trans-
metalation reaction of an a-alkoxyalkylstannane with BuLi
proceeded with retention of configuration.* We applied the
method for independent generation of two anions (15a and 15b).
Starting tributylstannyl compounds (14a and 14b) were prepared
by the reaction of anions generated from 4b with Bu,SnCl in
49% and 24% yields, respectively. When 2,5-trans-compound
(25:1 mixture of 14a and 14b)"* was reacted with BuLi at -78
°C for 20 min, the resulting anion gave 2,5-trans-adduct (26:1
mixture of 11a and 11b)" after the reaction with acetone. The
same treatment of the requisite 2,5-cis-compound (48:1 mixture
of 14b and 14a)"® led to cis-adduct (50:1 mixture of 11b and
11a).”% It was found that the epimerization did not occur in both
the cases during the reaction courses at -78 °C.

We can draw the mode of reductive lithiation in our oxolane
system (Scheme 5) based on the hypothesis proposed by Screttas'®
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and Cohen.*® This mechanism is thought to involve two single-
electron-transfer (SET) steps: the first is the radical (A and B)
generating step, the second is the anion (C and D) forming step.
Independency of the stereochemistry of the anionic carbon (C2)
of 2-lithiooxolanes from that of C2 of the substrates and the
absence of the equilibrium between 15a and 15b apparently
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support the existence of the equilibrium between the radical
intermediates (A and B)" though our result could not provide
the direct proof. Thus, the stereochemistry of the OMPM
substituent at C3 might influence the equilibrium between A
and B and/or the reaction rates of second SET steps (A — C
and B —» D).

Eventually, the coexistence of both the substituents at C4
and C5 with cis-configuration in 2-phenylthiooxolane system is
indispensable for stereoselective generation of 2,5-trans-2-
lithiooxolane by reductive lithiation. This new strategy would
provide an efficient mean for the straightforward synthesis of
the 2,5-trans-dialkylated oxolane system.
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