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ABSTRACT

Reaction of hindered lithium amides with readily available (enantiopure) terminal epoxides gives 2-ene-1,4-diols via carbenoid dimerization of
the corresponding r-lithiated epoxides. D-Mannitol and D-iditol were synthesized using this method in three steps from ( S)-tritylglycidyl ether.

Methods for the construction of carbon-carbon double bonds
are of major importance.1 One such method is the dimer-
ization of carbenes/carbenoids, a process that has long been
known as a decomposition pathway of such species.2 The
most widely studied methodology to achieve this transforma-
tion is the metal-catalyzed decomposition of diazo com-
pounds,3 though dimerization ofR-halo anions is also
known.4 Despite these advances and the fact that it is
potentially a powerful method for the construction of double
bonds, carbene/carbenoid dimerization has been largely
overlooked as a synthetic tool.5 R-Lithiated epoxides (also
called oxiranyl anions) constitute an alternative to diazo
compounds as a carbene source,6 and there have been isolated
reports of their dimerization as an undesired side reaction
to give 2-ene-1,4-diols.7

During our recent studies on the synthesis of enamines
from terminal epoxides and hindered lithium amides,8 we

attempted to form an enamine from (racemic)tert-butylox-
irane. The isomerization of this epoxide to 3,3-dimethylbu-
tyraldehyde (60%) using lithium 2,2,6,6-tetramethylpiperi-
dide (LTMP) (2.5 equiv, THF, 25°C, 16 h) has been
reported,9 and we presumed it would proceed via the
hydrolysis of enamine1 (Scheme 1). Indeed, enamine1 was

observed by1H NMR monitoring of the reaction mixture [δ
5.78 (d,J ) 14, 1H), 5.30 (d,J ) 14, 1H)], although it was
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not possible to isolate it. However, whentert-butyloxirane
was added neat to LTMP (2.0 equiv, 0.05 M in THF) at
-15 °C and the reaction was allowed to warm to 25°C over
2 h, the major product was not the expected aldehyde but
rather a chromatographically inseparable mixture of enediols
2a and2b in 37% yield (2a:2b) 4:1)10 (Scheme 2). These
enediols were initially identified by NMR spectroscopy11 and
ultimately by X-ray crystallography.12

The major (chiral but racemic) enediol2a is the result of
homochiral dimerization oftrans-R-lithiated tert-butylox-
irane, whereas the minormeso-enediol2b results from
heterochiral dimerization. If one lithiated epoxide acts as a
nucleophile to another acting as an electrophile, as previously
suggested,7a,b then the olefin geometry of enediols2a and
2b can be rationalized in terms of exclusivesyn-elimination
(Scheme 2). These observations are similar to those of Pfaltz
and co-workers,7b who reported that the carbenoid dimer-
ization of (racemic)-trans-lithiated styrene oxide (generated
from the corresponding epoxystannane andn-BuLi in THF)
gave an (E)-chiral-enediol (∼30%) and a (Z)-meso-enediol
(∼36%) as the major products (Scheme 3).13

Given the utility of symmetrical 2-ene-1,4-diols14 and of
the corresponding saturated 1,4-diols,15 we sought to examine

the scope of this process. The yield of enediols2a and2b
could be improved to 57% by increasing the reaction
concentration (from 0.05 to 0.13 M in THF). A change of
solvent to hexane (0.25 M) led to a further improvement to
64% yield. LTMP precipitates from hexane when generated
at these concentrations and sot-BuOMe was added as a
solubilizing cosolvent to enable further concentration in-
creases. Within the scope of the present study, the best
reaction conditions16 were when neattert-butyloxirane was
slowly added to LTMP (1.3 equiv; 0.76 M in hexane/
t-BuOMe (∼1.6:1)) at-5 °C, resulting in a 75% yield of
enediols2a and2b (Table 1, entry 1).17

Under these reaction conditions cyclohexyloxirane, 1,2-
epoxyheptane, and 1,2-epoxybutane all underwent dimer-
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Scheme 3a

a See ref 7b.

Table 1. 2-Ene-1,4-diols by Dimerization of Racemic Terminal
Epoxides using LTMPa

a See ref 16.
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ization to give, in each case, a complex mixture of enediols
3-5 (entries 2-4). The yields decrease with diminishing
steric bulk at theγ-position of the epoxides, which may be
due to competitive enamine formation.8 Indeed, the dimer-
ization of 1,2-epoxydodecane gave a complex mixture of
enediols in 51% yield along with dodecanal, the product of
enamine hydrolysis, in 30% yield.

On the basis of our results withtert-butyloxirane and those
of Pfaltz and co-workers,7b it was considered that if our
dimerization process was carried out using an enantiopure
terminal epoxide, then a single (E)-enediol would be
obtained. For (R)-tert-butyloxirane18 this was indeed the case,
and under the typical reaction conditions16 dimerization gave
(S,S)-2ain 86% yield (Scheme 4).

Dimerization of (R)-cyclohexyloxirane was less stereose-
lective, giving a (separable) mixture of enediols3a19 and
3b in 77% combined yield. Lowering the temperature for
this reaction to-78 °C did not lead to any appreciable
improvement inE:Z selectivity. However, following dimer-
ization, the (unseparated) diols3a and 3b converged to a
single saturated 1,4-diol11 7 upon hydrogenation (5 mol %
Pt/C, H2 (50 atm), EtOH, 2 h, 76% from (R)-cyclohexylox-
irane) (Scheme 5). Thus, dimerization of a terminal epoxide
followed by hydrogenation constitutes a straightforward two-
step entry toC2-symmetric enantiopure 1,4-diols.15 Dimer-
ization of (R)-1,2-epoxyheptane20 gave a chromatographically
separable mixture of enediols4a and4b in 62% combined
yield (Scheme 4). The one-step synthesis of enediol4a is of

note since (ent)-4a has been used as a building block in the
synthesis of (-)-methylenolactocin.14b,d

The lower stereoselectivity observed in the dimerization
of epoxides that are not fully substituted in theγ-position
could be due toanti-elimination from the dianion intermedi-
ate (Scheme 6), this being less likely when the alkyl chain
of the epoxide is large as a result of the indicated steric clash.

To demonstrate the synthetic utility of this dimerization
process, we have examined the use of a glycidyl ether as a
common building block for the synthesis of various hexitols.
As (S)-tritylglycidyl ether is commercially available, we
turned our attention to this substrate (Scheme 4). Under the
typical reaction conditions, the epoxide (2 mmol), a solid,
was added as a solution in THF (1 cm3), but unfortunately
only enamine-derived products were obtained, probably as
a result of the presence of THF.8 However, lowering the
reaction temperature to-78 °C and allowing it to warm to
25 °C over 16 h gave enediol6, encouragingly as a single
geometric isomer21 (as judged by1H NMR spectroscopy),
in 39% yield. The yield for enediol6 could be improved to
51% by using lithium di-tert-amylamide22 (2 equiv) as base
(0.98 M in hexane/THF (∼3:2)) at-72 °C for 40 h.23 anti-
Directed dihydroxylation of enediol6 under Poli’s condi-
tions24 (anti:syn≈ 7:1, as judged by13C NMR spectroscopy)
and subsequent bis-trityl deprotection gaveD-mannitol25 in
84% yield following recrystalization (Scheme 7).26 Alterna-
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Scheme 4. 2-Ene-1,4-diols by Dimerization of Enantiopure
Terminal Epoxides using LTMPa

a See ref 16.
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tively, reaction of enediol6 with OsO4/TMEDA27 (1 equiv)
gave a separable mixture of osmate esters, the selectivity
being slightly in favor ofsyn-8 (syn:anti ) 53:47). Treatment
of syn-8with HCl/MeOH gaveD-iditol28 in 95% yield.

In summary, we have developed a convenient process for
the dimerization of (enantiopure) terminal epoxides to 2-ene-
1,4-diols with hindered lithium amides. Furthermore, we have
demonstrated this methodology in three-step syntheses of
D-mannitol andD-iditol from (S)-tritylglycidyl ether.
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