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Abstract: 2-Substituted-1,3-dithianes were subjected to lithiation by n-
BuLi at room temperature and the resulting anions reacted with 1,2-
disubstituted epoxides at room temperature, giving the coupling
products in satisfactory yield. In addition, a mixed organometallic
reagent, n-BuLi/Bu2Mg, was found to be an effective metallation
reagent for 2-substituted-1,3-dithianes. 

Since the introduction of 2-lithio-1,3-dithiane derivatives by Corey and
Seebach in 1965,1 synthetic organic chemists have been using them as
the excellent acyl anion equivalents for carbon-carbon bond formation.2

Representative examples are the coupling of 2-lithio-1,3-dithiane
derivatives with epoxides. In general, 2-lithio-1,3-dithiane itself and 2-
substituted-2-lithio-1,3-dithianes 1 (M = Li) react with monosubstituted
epoxides 2 to afford the coupling products 3 in satisfactory yield (eq 1).
Even in such a case, however, problems still remain; when anions are
short-lived and/or epoxides are relatively poor electrophiles, the
coupling reaction is capricious.3 Moreover, it has been considered that
1,2-disubstituted epoxides 4 can not react efficiently with 2-substituted-
2-lithio-1,3-dithianes 1 (M = Li, eq 2). Therefore, such coupling
reactions have scarcely been attracted attention4 and, to the best of our
knowledge, have not been used in natural product syntheses. We now
report in this letter the effective coupling reactions of 2-substituted-2-
metallo-1,3-dithianes 1 with 1,2-disubstituted epoxides 4 at room
temperature to afford the coupling products 5 in satisfactory yield.
Compared with 3, the compound 5 includes the additional substituent
R3 in its structure. Therefore, in the case of 5 having the partial structure
(R1 = Me-branched unit, R3 = Me: eq 2) such as A (eq 3), it would be
possible to obtain a sequential array of alternate Me and OH groups,
such as C, via de-dithioacetalization (A to B) and reduction (B to C).

Equation 1, 2, 3

We first selected 65,6 and 76,7 as a dithiane and a 1,2-disubstituted
epoxide component, respectively (eq 4). t-BuLi in pentane (1 equiv for
6) was added at -78 °C to a solution of 6 in 10% HMPA-THF (0.2 M for
6)8 and to this was added 7 (1 equiv for 6) in THF; the mixture was
stirred at -78 °C for 1 d. But only the starting materials were recovered.
n-BuLi/t-BuONa complex, which was used for metallation of 2-
substituted-1,3-dithianes by Lipshutz,9 was of no effect on this coupling

at -78 °C. It was decided to investigate the lithiation conditions (in THF)
by D2O quenching. Representative data are shown in Table 1. HMPA
was needed for the anion generation at -78 °C by using n-BuLi or t-BuLi
as a base (entries 1, 2, 6, and 7). Metallation with t-BuLi/HMPA and n-
BuLi/t-BuONa effectively occurred at -78 °C (entries 1 and 5). These
results suggested that the inertness of the reaction of eq 4 was due to the
poor electrophilicity of 7. We considered that it was necessary to raise
the reaction temperature to overcome this problem. The use of HMPA in
metallation at room temperature (rt: 20 - 25 °C) was less satisfactory
(entries 3, 4, 11, and 12). We found that the anion was best generated by
treatment of 6 with n-BuLi (1 equiv for 6) at rt for 5 min; D2O
quenching furnished 90% deuterium incorporation (entry 11). This
gratified result promoted us to re-examine the reaction of eq 4. Namely,
to the anion generated as above was added 7 (1 equiv for 6) in THF at rt.
After 3 h at rt, 86,10 was obtained in 61% isolated yield along with 6
(36%) and 7 (32%).11 When 1.2 equiv of n-BuLi and 1.3 equiv of 7
were used, the yield of 8 increased to 73%.

Encouraged by this success, we next examined the coupling reactions of
other 2-substituted-1,3-dithianes, 9,5,6 11,6,12 and 13,6,13 with 7 (eqs 5,
6, and 7). In the case of eqs 6 and 7, 2 equiv of dithiane components
were required to obtain satisfactory yield.6,10 
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Equation 5, 6, 7

Next, we turned our attention to make use of n-BuLi/Bu2Mg complex as
a metallating reagent. During the course of our synthetic studies on
biscembranoids,14 we found that n-BuLi/Bu2Mg complex (Bu2Mg: n-
Bu:s-Bu = 1:1, Aldrich) was an effective anion generator for the Ito-
Kodama cyclization and/or the Biellmann-type reaction,15 which are the
coupling reaction of phenylthio-stabilized allylic anions with epoxides.
We anticipated that this mixed reagent would stabilize the anions
generated from 1,3-dithiane derivatives.16 We investigated the
metallation conditions (using 6 in THF) at rt by D2O quenching.
Relevant data are shown in Table 2. An increase of the ratio of Bu2Mg/
n-BuLi decreases % D (entries 2, 3, 4, and 5). As we would expect, the
anion generated with n-BuLi/Bu2Mg is long-lived at rt and % D is
unchangeable after 3 h (entries 2 and 8). In contrast, % D decreases
from 86 (1 h) to 73 (3 h) in the case of the anion generated with only n-
BuLi (entries 1 and 7). To the anion generated at rt for 1 h from 6 (1
equiv) by treatment with a pre-mixed reagent of 1 equiv of n-BuLi and
0.25 equiv of Bu2Mg was added 7 (1 equiv) in THF; the mixture was
stirred at rt for 3 h, giving 8 in 71% yield. When 1.2 equiv of n-BuLi,
0.3 equiv of Bu2Mg, and 1.3 equiv of 7 were used, the yield of 8
increased to 85%. This result is superior to that of the aforementioned
coupling using only n-BuLi. It is not yet clear what the active species of
n-BuLi/Bu2Mg complex are.17,18

The results presented in this letter would broaden the synthetic
usefulness of 1,3-dithiane chemistry. Studies toward the application of
this methodology to natural product syntheses as well as efforts to
rationalize the role of the mixed reagents system (n-BuLi/Bu2Mg) are
now in progress. 
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