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Abstract—The enantioselective [2,3]-Wittig rearrangement of benzyl prenyl ether has been studied. Treatment of this ether with
butyl lithium bearing diamines or bis(oxazoline)s as external chiral ligands (ECL) gave the expected alcohol in up to 66% ee, the
highest reported for this transformation. The optimum ECL is based on the bis(oxazoline) system and the C5 substituent on the
bis(oxazoline) is crucial to determining both the degree and sense of asymmetric induction.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

The [2,3]-Wittig rearrangement has been widely used in
asymmetric synthesis,1 however the vast majority of
these syntheses have used enantioenriched substrates,
with the chirality transferred to the product. However,
with the ever increasing range of asymmetric deprotona-
tion procedures available,2 the development of a general
enantioselective variant is highly desirable.
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There are a number of examples of an enantioselective
version of this important transformation.3 Nakai re-
ported the asymmetric [2,3]-Wittig rearrangement of
(E)-crotyl propargylic ethers mediated by (�)-sparteine
and bis(oxazoline)s with the products being formed in
ees of between 2% and 89%, however the benzyl (Z)-cro-
tyl ethers gave the corresponding alcohols in ees of
24–40%.4a Manabe studied the asymmetric Wittig rear-
rangement of diprop-2-ynyl ethers and achieved moder-
ate ees with a pseudoephedrine derived external chiral
ligand (ECL);5 also included in this paper was the rear-
rangement of benzyl prenyl ether 1 giving the benzyl
alcohol 2 in 68% yield and 40% ee. However, in our
hands the synthesis and purification of the pseudoephe-
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drine-derived ligand has proved problematic, although
the product 2 was formed in 79% yield but with only
34% ee using an impure form of the ligand.6 Gibson also
reported the highly enantioselective [2,3]-Wittig rear-
rangement of benzyl ethers when complexed to chro-
mium carbonyls (ees up to 96%).7 Herein we report a
systematic study of the asymmetric [2,3]-Wittig rear-
rangement of benzyl prenyl ether 1, mediated by butyl
lithium/external chiral ligand (ECL) complexes.8
2. Results and discussion

The first ECL studied were those based on the (S)-Pro-
line and (R)-(+)-a-methylbenzylamine framework 3 and
4. The complex between diamine 3 and n-BuLi in either
THF or toluene gave no rearrangement; with diamine 4
in THF the product could be isolated in 40% yield, with
an ee of 14% (Table 1, entry 1).
As seen in Table 1 a switch to toluene as solvent with
BuLi/4 gave 10% yield under standard conditions (entry
2) whereas 23% was isolated if the reaction was kept at
�78 �C for 5h (entry 3). The ees for these reactions were
18% and 20%, respectively. We then looked at the effect
of source and equivalents of BuLi (entries 4–9) and it
was found that optimum conditions of 2equiv of n-BuLi
in the presence of diamine 4 at �78 to 0 �C for 3h gave
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Table 1. Diamine ECL/BuLi mediated [2,3]-Wittig rearrangement

Entry ECLa Conditionsb BuLi (equiv) Solvent Yield % Ee % (configuration)

1 4 �78�C for 15min warming to 0 �C for 8.5h n-BuLi (1) THF 40 14 (S)

2 4 �78�C for 15min warming to 0 �C for 3h n-BuLi (1) Toluene 10 18 (S)

3 4 �78�C for 5h n-BuLi (1) Toluene 23 20 (S)

4 4 �78�C for 5h n-BuLi (2) Toluene 56 19 (S)

5 4 �78�C for 15min warming to 0 �C for 3h n-BuLi (2) Toluene 78 20 (S)

6 4 �78�C for 15min warming to 0 �C for 3h s-BuLi (1) Toluene 11 12 (S)

7 4 �78�C for 5h s-BuLi (1) Toluene 0 —

8 4 �78�C for 15min warming to 0 �C for 3h s-BuLi (2) Toluene 30 12 (S)

9 4 �78�C for 5h s-BuLi (2) Toluene 25 15 (S)

a The ECL was always used in a 1:1 ratio with the ether.
b The effect of additives HMPA, TMEDA and lithium chloride on these reactions was detrimental in terms of ee, and in most cases yield also.
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the expected product in 78% yield with an ee of 20% (en-
try 5).

Nakai�s report4 of an asymmetric deprotonation proto-
col based on butyl lithium with a bis(oxazoline) acting
as an ECL prompted us to explore this possibility.

A six-membered chelate is formed between the ECL
used by Nakai 7 and the lithium ion of butyl lithium
and it was initially reasoned that formation of a five-
membered ring chelate may be tighter and thus enhance
the efficient transfer of chirality from the ligand to the
substrate and thus increase enantioselectivity. To this
end the bis(oxazoline) 5 and pyridyl-oxazoline 6 were
prepared.
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Under the standard conditions (addition of BuLi at
�78 �C), in ether, THF, hexane or toluene, no expected
product was isolated in the presence of 5 or 6. It was rea-
soned that there was a reaction between the ligand and
butyl lithium: this was reinforced by the observation
that no ligand could be isolated after work-up.9 Reduc-
tion of the reaction temperature to �110 �C resulted in
formation of the expected product in the presence of 5
Table 2. Bis(oxazoline) ECL/t-BuLi mediated [2,3]-Wittig rearrangement

Entry ECLa Conditions

1 5 �78�C for 5h

2 5 �110�C for 5h and warming to rt for 16h

3 5 �110�C for 5h and warming to rt for 16h

4 5 �110�C for 5h and warming to rt for 16h

5 5 �110�C for 5h and warming to rt for 16h

6 5 �110�C for 5h and warming to rt for 16h

7 5 �110�C for 6h

8 7 �78�C for 5h and warming to rt for 16h

9 8 �78�C for 5h and warming to rt for 16h

10 9 �78�C for 5h and warming to rt for 16h

11 10 �78�C for 5h and warming to rt for 16h

12 10 �78�C for 5h and warming to rt for 16h

a 1.45equiv of ECL and 1.5equiv of t-BuLi (to ether) were used.
b The ether and external chiral ligand were pre-mixed.
c 2equiv of t-BuLi with respect to ECL were used in this reaction.
(Table 2). To date we have been unable to find condi-
tions that allow the rearrangement to be effected in the
presence of ligand 6.

n-Butyl lithium complexed to ligand 5 in THF, toluene
or hexane was unable to mediate the reaction, with start-
ing material being recovered. Changing to tert-butyl
lithium proved more fruitful (Table 2). However, THF
was an ineffective solvent as the alcohol could only be
isolated in a yield of 2% (entries 1 and 2), and ether as
solvent gave no expected product (entry 3). Toluene as
solvent resulted in the formation of alcohol in 17% yield
and 19% ee (entry 4). No expected product was formed
in hexane under these conditions, however under more
dilute conditions the alcohol was isolated in 11% yield
with an ee of 27% (entry 5). Pre-mixing benzyl prenyl
ether with ligand prior to addition of tert-butyl lithium
increased both yield and ee (13% and 33%, respectively,
entry 6). As expected keeping the reaction at �110 �C
for 6h increased enantioselectivity to 36% and the yield
further increased to 35% (entry 7).

Under our preferred conditions (entry 8, Table 2) the
bis(oxazoline) utilised by Nakai 7, provided the expected
alcohol in 74% yield with an ee of 33%. However, we
were also interested in investigating the importance of
the C5 substituent on enantioselectivity as there is the
possibility of a buttressing effect where the configuration
of C4 is more efficiently transferred to the substrate by
being forced towards the chelated lithium ion by steric
Solvent Yield % Ee % (configuration)

THF 0 —

THFb 2 5 (S)

Ether 0 —

Toluene 17 19 (S)

Hexane 11 27 (S)

Hexaneb 13 33 (S)

Hexaneb 35 36 (S)

Hexane 74 33 (S)

Hexane 31 62 (S)

Hexane 11 25 (R)

Hexane 39 66 (R)

Hexanec 47 62 (R)
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repulsion due to the presence of bulky substituents. It
was practically simpler to target the ligands with a
gem dimethyl linkage rather than the gem diethyl as
used by Nakai and thus ligands 8, 9 and 10 were
prepared.
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R = H 8; R = CH3 9; R = Ph 107
Much to our surprise the gem di-methyl equivalent of
Nakai�s ligand 8 gave the expected product in a much
higher ee of 62% in favour of the (S)-enantiomer, albeit
in an lower yield of 31% (Table 2, entry 9). Encouraged
by this result we went on to look at the ligand 9 with
methyl groups on C5 (Table 2, entry 10), however this
resulted in the product being isolated in a lower yield
of 11% and with a disappointing ee of 25%, although
the sense of asymmetric induction has now reversed with
the (R)-enantiomer being favoured. This trend contin-
ued when the highly sterically encumbered tetraphenyl
substituted ligand 10 was used under these conditions,
with the isolated yield increasing to 39%. The ee was
much improved to 66%, but once again in favour of
the (R)-enantiomer (Table 2, entry 11). The yield of this
reaction can be increased to 47% by using 2equiv of t-
BuLi with respect to the ECL without significant detri-
ment to the enantioselection (Table 2, entry 12).
3. Conclusion

In summary we have developed an asymmetric deproto-
nation protocol using butyl lithium/bis(oxazoline) com-
plexes effective for mediating the [2,3]-Wittig
rearrangement of benzyl prenyl ether in ees of up to
66%. The enantioselectivity of the reaction is highly sen-
sitive to the structure of the bis(oxazoline). Changing
from a gem diethyl bridge on the bis(oxazoline) to a
gem dimethyl results in an improvement in enantioselec-
tion from 33% to 62%. Furthermore the C5 substituent
of the bis(oxazoline) also plays a pivotal role in enantio-
control of this reaction. Changing from hydrogen at C5
through methyl to phenyl results in the reversal of enan-
tioselection from 62% S to 66% R.

This is the first time that a simple modification of an
ECL, derived from the same chiral source (LL-valine)
has produced (R)- or (S)-2 via [2,3]-Wittig rearrange-
ment. Furthermore this is a significant increase on the
highest reported ee for this transformation.

Acknowledgements

The authors would like to thank Enterprise Ireland, the
Millennium Fund of NUI, Galway and Galway County
Council for funding. The authors are indebted to Dr.
Peter O�Brien for helpful discussions, particularly during
the preparation of this manuscript.

References

1. (a) Marshall, J. A. In Selective Comprehensive Organic
Synthesis; Trost, B. M., Fleming, I., Eds.; Pergamon: New
York, 1991, pp 975–1014; (b) Nakai, T.; Mikami, K. Org.
React. 1994, 46, 105–209; (c) Nakai, T.; Tomooka, K. Pure
Appl. Chem. 1997, 696, 595–600; (d) Nakai, T.; Mikami, K.
Chem. Rev. 1986, 86, 885–902; (e) Nakai, T. Tetrahedron
Lett. 1995, 36, 2789–2792; (f) Tsai, D.; Midland, M. J. Org.
Chem. 1984, 49, 1842–1843; (g) Tsai, D.; Midland, M. J.
Am. Chem. Soc. 1985, 107, 3915–3918.

2. (a) O�Brien, P. J. Chem. Soc., Perkin 1 1998, 1439–1457; (b)
Hoppe, D.; Hense, T. Angew. Chem., Int. Ed. 1997, 36,
2283–2316.

3. For the first example of a HCLA mediating the [2,3]-Wittig
rearrangement see: Marshall, J. A.; Lebreton, J. J. Am.
Chem. Soc. 1997, 110, 2925–2931; For BuLi/(�)sparteine
mediated rearrangements see: (a) Kawasaki, T.; Kimachi,
T. Synlett 1998, 1429–1431; (b) Manabe, S. Chem. Pharm.
Bull. 1998, 46, 335–336.

4. (a) Tomooka, K.; Komine, N.; Nakai, T. Tetrahedron Lett.
1998, 39, 5513–5516; (b) Komine, N.; Wang, L.-F.;
Tomooka, K.; Nakai, T. Tetrahedron Lett. 1999, 40,
6809; (c) Tomooka, K.; Wang, L.-F.; Komine, N.; Nakai,
T. Tetrahedron Lett. 1999, 40, 6813; (d) Tomooka, K.;
Wang, L.-F.; Okazaki, F.; Nakai, T. Tetrahedron Lett.
2000, 41, 6121.

5. Manabe, S. J. Chem. Soc., Chem. Commun. 1997, 737–
738.

6. The discrepancy in ee of this reaction is accounted for by
Manabe�s ee being determined by conversion in four steps
to a known compound and comparison of optical rotation
whereas in our hands the ee was determined by direct chiral
GC of the alcohol produced.

7. Gibson, S. E.; Ham, P.; Jefferson, G. R. J. Chem. Soc.,
Chem. Commun. 1998, 123–124.

8. All ECL, as well as benzyl prenyl ether and 2,2-dimethyl-1-
phenyl-but-3-en-1-ol gave analytical data in agreement with
the literature.

9. For example of organolithium reagents adding to similar
systems see: (a) Rawson, D. J.; Meyers, A. I. J. Org. Chem.
1991, 56, 2292–2294; (b) Hulme, A. N.; Meyers, A. I. J.
Org. Chem. 1994, 59, 952–953; (c) Shimano, S.; Matsuo, A.
Tetrahedron 1998, 54, 4787–4810.


	Enantiocontrol in the [2,3]-Wittig-rearrangement
	Introduction
	Results and discussion
	Acknowledgements
	References


