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Letters
Asymmetric construction of quaternary carbon centers by titanium-
mediated stereospecific allylation of 2,3-epoxy alcohol derivatives
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Abstract—A general procedure for the asymmetric construction of a quaternary carbon center from readily available 2,3-epoxy
alcohol derivatives was developed. Ring-opening reaction of 2-substituted 2,3-epoxy alcohol derivatives with a reagent prepared
from allylmagnesium halide and chlorotitanium triphenoxide affords allylated 1,3-diols having a chiral quaternary carbon as a single
isomer by the anti pathway.
� 2003 Elsevier Ltd. All rights reserved.
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The asymmetric construction of quaternary carbon
stereocenters represents an attractive area of research in
organic synthesis.1 For the formation of chiral quater-
nary carbons, ring-opening reaction of chiral epoxides is
a promising methodology. However, such stereospecific
ring-opening reaction of epoxides to create chiral qua-
ternary carbons is relatively rare,2 except for intramo-
lecular reactions3 including rearrangement.4 Both
regioselective cleavage at the more hindered tertiary
carbon atom of epoxides and suppression of the SN1
reaction to form tertiary carbocation are essential for
such conversion.

We previously reported that an allyltitanium reagent
prepared from chlorotitanium triphenoxide and allyl-
magnesium chloride selectively cleaves the more substi-
tuted carbon atom of epoxides 1 to give an allylated
product 2 having a quaternary carbon center (Scheme
1).5 This allyltitanium reagent prevents the formation of
the undesired reduction product, which can be formed in
the reaction of epoxides with a titanium reagent derived
from chlorotitanium triisopropoxide6 by Meerwein–
Ponndorf–Verley reaction. In this communication, we
present an allyltitanium-mediated asymmetric con-
struction of quaternary carbons from readily available
chiral 2-substituted 2,3-epoxy alcohol derivatives utiliz-
ing this chemistry. To the best of our knowledge, this is
the first example to construct chiral quaternary carbons
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by stereospecific titanium-mediated ring-opening reac-
tion of acyclic epoxides,7 although some stereoselective
reactions forming tertiary carbons were already
reported.8;9

First, we prepared chiral protected 2,3-epoxy alcohols
3a and 3b through Sharpless asymmetric epoxidation10

and investigated the allyltitanium-mediated ring-open-
ing reaction (Scheme 2). Treatment of 3 with allylmag-
nesium chloride (3 equiv) in the presence of
chlorotitanium triphenoxide (3 equiv) afforded allylated
product 4 in good yields (70–79%) but without stereo-
selectivity (50:50–54:46). This is presumably due to the
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Table 1. Allyltitanium-mediated asymmetric construction of quater-

nary carbons from epoxides

Entry Epoxy alcohol Product (yield)

1 OMOM
O

9

HO
OMOM

16 (46%)

2 OBn
O

10
OBn
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HO
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Et

O

11

OH

Et OMOM
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4 OBn
O

OH

Et OBn
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Lewis acidity of the titanium reagent causing the unde-
sired SN1 reaction. The reaction with allylmagnesium
bromide and chlorotitanium triphenoxide gave almost
the same results.

It is well documented that ring-opening reaction of 2,3-
epoxy alcohol derivatives 5 with a nucleophilic metal
reagent such as titanium,8 aluminum,11 and other
nucleophiles12 regioselectively proceeds at the 3-position
to form 1,2-diols such as 6 (Eq. 1).13 If the substituents
at the highly reactive 3-position of 2,3-epoxy alcohol 3
might assist the SN1 ring-opening reaction to form the
tertiary carbocation, the low stereoselectivity of the re-
action is understandable. Accordingly, we then turned
our attention to the ring-opening reaction of 2,3-disub-
stituted 2,3-epoxy alcohol 7 (Eq. 2). Fortunately, the
reaction of 7 with the allyltitanium reagent yielded 1,3-
diol derivative 8 bearing a quaternary carbon center as a
single isomer. Although the yield was moderate (54%),14

the ring-opening reaction has proven to proceed
through a stereospecific anti pathway.15
Et
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We next investigated the ring-opening reaction of 2,3-
disubstituted 2,3-epoxy alcohol derivatives 9–15 with
allylmagnesium chloride in the presence of chlorotita-
nium triphenoxide for the asymmetric construction of
quaternary carbon centers.16 The results are summa-
rized in Table 1. Although the yields are moderate, the
anti products 16–22 were exclusively obtained in all
cases examined. 2,3-Epoxy alcohols 9 and 10 without a
substituent at C-3 also gave the allylated products 16
and 17, respectively, having a quaternary carbon (en-
tries 1 and 2). The reaction of epoxy alcohol 13 (entry
5) derived from (Z)-allylic alcohol afforded the
desired product 20 with (R)-configuration, which is op-
posite to that obtained with (E)-allylic alcohol deriva-
tives 11, 12, 14, and 15 (entries 3, 4, 6, and 7), both via
the anti pathway. We also investigated the allylation
reaction using allylmagnesium bromide in place of
allylmagnesium chloride and the similar results were
obtained.

It should be clearly noted that the reaction of epoxide 23
without the hydroxy functionality gave the allylated
product 24 as an almost 1:1 diastereomixture (Eq. 3)
presumably through the SN1 pathway. Therefore, it is
apparent that the protected hydroxy group of the 2-
substituted epoxy alcohols plays a significant role in the
stereospecific ring-opening reaction.
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One possible rationalization for the observed stereo-
selectivity is depicted in Scheme 3. Both the above-
mentioned high reactivity of the 3-position8;11;12 and the
substituent at C-3 of the 2,3-epoxy alcohols 25 would
assist the SN1-type ring-opening reaction by the allylti-
tanium reagent to form the tertiary carbocationic species
27 via the coordinated structure 26,8 that promotes the
formation of the allylated product 28 as a 1:1 diaste-
reomixture. In contrast, the corresponding coordinated
structure 30 derived from 2,3-disubstituted epoxy alco-
hol 29 would be relatively stable and suppress the un-
desired SN1 reaction, yielding the anti product 31. The
moderate yields of the stereospecific ring-opening reac-
tion would be attributed to the stability of 30.
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In conclusion, we have developed an asymmetric con-
struction of quaternary carbon centers by ring-opening
reaction of readily available chiral 2,3-epoxy alcohol
derivatives. Although the yields are moderate, this is the
first example of the asymmetric construction of quater-
nary carbon centers by a stereospecific ring-opening
reaction of readily available chiral acyclic epoxides using
a titanium reagent. Since the products obtained have
three distinguishable functional groups around the chi-
ral quaternary stereocenter, this reaction would serve as
an extremely useful method for the synthesis of complex
molecules having a chiral quaternary carbon.
Acknowledgements

This work was supported by Grant-in-Aid for Scientific
Research from the Ministry of Education, Sports, and
Culture of Japan.
References and Notes

1. For reviews, see: (a) Martin, S. F. Tetrahedron 1980, 36,
419–460; (b) Romo, D.; Meyers, A. I. Tetrahedron 1991,
47, 9503–9569; (c) Fuji, K. Chem. Rev. 1993, 93, 2037–
2066; (d) Corey, E. J.; Guzman-Perez, A. Angew. Chem.,
Int. Ed. 1998, 37, 389–401.

2. The only reaction reported to date is that using organo-
aluminum reagents, see: (a) Hamilton, R. J.; Mander, L.
N. Aust. J. Chem. 1991, 44, 927–938; (b) Neef, G.; Eckle,
E.; M€uuller-Fahrnow, A. Tetrahedron 1993, 49, 833–840;
(c) Balasubramaniam, R. P.; Moss, D. K.; Wyatt, J. K.;
Spence, J. D.; Gee, A.; Nantz, M. H. Tetrahedron 1997,
53, 7429–7444; (d) Ishibashi, N.; Miyazawa, M.; Miyash-
ita, M. Tetrahedron Lett. 1998, 39, 3775–3778; (e) Sasaki,
M.; Tanino, K.; Miyashita, M. J. Org. Chem. 2001, 66,
5388–5394.

3. (a) Corey, E. J.; Liu, K. J. Am. Chem. Soc. 1997, 119,
9929–9930; (b) Aggarwal, V. K.; Bethel, P. A.; Giles, R.
Chem. Commun. 1999, 325–326.

4. For recent examples, see: (a) Shimazaki, M.; Hara, H.;
Suzuki, K.; Tsuchihashi, G. Tetrahedron Lett. 1987, 28,
5891–5894; (b) Maruoka, K.; Ooi, T.; Nagahara, S.;
Yamamoto, H. Tetrahedron 1991, 47, 6983–6998; (c)
Nemoto, H.; Ishibashi, H.; Nagamochi, M.; Fukumoto,
K. J. Org. Chem. 1992, 57, 1707–1712; (d) Okada, K.;
Katsura, T.; Tanino, H.; Kakoi, H.; Inoue, S. Chem. Lett.
1994, 157–160; (e) Nagasawa, T.; Taya, K.; Kitamura,
M.; Suzuki, K. J. Am. Chem. Soc. 1996, 118, 8949–8950;
(f) Kita, Y.; Kitagaki, S.; Yoshida, Y.; Mihara, S.; Fang,
D. F.; Kondo, M.; Okamoto, S.; Imai, R.; Akai, S.;
Fujioka, H. J. Org. Chem. 1997, 62, 4991–4997; (g) Tu, Y.
Q.; Sun, L. D.; Wang, P. Z. J. Org. Chem. 1999, 64, 629–
633; (h) Kita, Y.; Furukawa, A.; Futamura, J.; Ueda, K.;
Sawama, Y.; Hamamoto, H.; Fujioka, H. J. Org. Chem.
2001, 66, 8779–8786.

5. Tanaka, T.; Inoue, T.; Kamei, K.; Murakami, K.;
Iwata, C. J. Chem. Soc., Chem. Commun. 1990, 906–
908.

6. For the epoxide cleavage at the allylic or benzylic position
by titanium reagents prepared by chlorotitanium triiso-
propoxide, see: (a) Reetz, M. T. Organotitanium Reagents
in Organic Synthesis; Springer: Berlin, 1986, pp. 218–219;
(b) Krause, N.; Seebach, D. Chem. Ber. 1988, 121, 1315–
1320.

7. Stereoselective reactions of cyclic epoxides such as
substituted cyclohexene oxides with a titanium reagent
were already reported, see Refs. 5. and 6b. See also, (a)
Blandy, C.; Choukroun, R.; Gervais, D. Tetrahedron Lett.
1983, 24, 4189–4192; (b) Alvarez, E.; Nu~nnez, M. T.;
Mart�ıın, V. S. J. Org. Chem. 1990, 55, 3429–3431; (c)
Hayashi, M.; Kohmura, K.; Oguni, N. Synlett 1991, 774–
776.

8. For titanium-mediated stereospecific ring-opening reac-
tions of 2,3-epoxy alcohol derivatives, see: (a) Caron, M.;
Sharpless, K. B. J. Org. Chem. 1985, 50, 1557–1560; (b)
Dai, L.-X.; Lou, B.-L.; Zhang, Y.-Z.; Guo, G.-Z. Tetra-
hedron Lett. 1986, 27, 4343–4346; (c) Caron, M.; Carlier,
P. R.; Sharpless, K. B. J. Org. Chem. 1988, 53, 5185–5187;
(d) Gao, L.-X.; Murai, A. Chem. Lett. 1989, 357–358; (e)
Canas, M.; Poch, M.; Verdaguer, X.; Moyano, A.;
Peric�aas, M. A.; Riera, A. Tetrahedron Lett. 1991, 32,
6931–6934; (f) Sutowardoyo, K. I.; Emziane, M.; Lhoste,
P.; Sinou, D. Tetrahedron 1991, 47, 1435–1446; (g) Urabe,
H.; Aoyama, Y.; Sato, F. Tetrahedron 1992, 48, 5639–
5646; (h) For the reaction with 3-unsubstituted 2,3-epoxy
alcohol derivatives, see: (h) Ko, S. Y.; Sharpless, K. B.
J. Org. Chem. 1986, 51, 5413–5415.

9. For titanium-mediated stereospecific ring-opening reac-
tions of other acyclic epoxides, see: (a) Sutowardoyo, K.;
Emziane, M.; Sinou, D. Tetrahedron Lett. 1989, 30, 4673–
4676; (b) Raifeld, Y. E.; Nikitenko, A. A.; Arshava, B. M.
Tetrahedron: Asymmetry 1991, 2, 1083–1084; (c) Iran-
poor, N.; Zeynizadeh, B. Synth. Commun. 1999, 29, 1017–
1024.

10. (a) Katsuki, T.; Sharpless, K. B. J. Am. Chem. Soc. 1980,
102, 5974–5976; (b) Gao, Y.; Hanson, R. M.; Klunder, J.
M.; Ko, S. Y.; Masamune, H.; Sharpless, K. B. J. Am.
Chem. Soc. 1987, 109, 5765–5780.

11. (a) Suzuki, T.; Saimoto, H.; Tomioka, H.; Oshima, K.;
Nozaki, H. Tetrahedron Lett. 1982, 23, 3597–3600; (b)



78 H. Ohno et al. / Tetrahedron Letters 45 (2004) 75–78
Roush, W. R.; Adam, M. A.; Peseckis, S. M. Tetrahedron
Lett. 1983, 24, 1377–1380; (c) Maruoka, K.; Sano, H.;
Yamamoto, H. Chem. Lett. 1985, 599–602; (d) Ahn, K.
H.; Kim, J. S.; Jin, C. S.; Kang, D. H.; Han, D. S.; Shin,
Y. S.; Kim, D. H. Synlett 1992, 306–308; (e) Benedetti, F.;
Berti, F.; Norbedo, S. Tetrahedron Lett. 1998, 39, 7971–
7974; (f) Diethylaluminum azide-mediated anti selective
ring-opening reaction of 3,3-disubstituted 2,3-epoxy alco-
hols to give azidohydrins was recently reported, see: (f)
Davis, C. E.; Bailey, J. L.; Lockner, J. W.; Coates, R. M.
J. Org. Chem. 2003, 68, 75–82.

12. (a) Bonini, C.; Righi, G.; Sotgiu, G. J. Org. Chem. 1991,
56, 6206–6209; (b) Mart�ıın, R.; Islas, G.; Moyano, A.;
Peric�aas, M. A.; Riera, A. Tetrahedron 2001, 57, 6367–
6374; (c) Sasaki, M.; Tanino, K.; Hirai, A.; Miyashita, M.
Org. Lett. 2003, 5, 1789–1791.

13. For a recent theoretical study, see: Infante, I.; Bonini,
C.; Lelj, F.; Righi, G. J. Org. Chem. 2003, 68, 3773–
3780.
14. Halohydrin is one of the representative side products
irrespective of the Grignard reagent used, the stereochem-
istry of which is not determined. No regioisomer of the
allylated product was detected in the reaction mixture.

15. The stereochemistry of 8 was determined by NOE analysis
of the corresponding lactone, which was obtained by
ozonolysis followed by oxidation.

16. Typical procedure is as follows: a solution of ClTi(OPh)3
(7 equiv) in THF was added dropwise to allylmagnesium
chloride (7 equiv) or bromide in THF at )78 �C. The
mixture was stirred for 30min at)50 �C, and a solution of a
protected epoxy alcohol in THF was added to the above
reagent at )78 �C. The mixture was stirred overnight, and
saturated aqueous KF was added to the mixture. After the
mixture was stirred for 30min, precipitates were removed
by filtration. The filtrate was washed with 2N NaOH,
water, and brine, and dried overMgSO4. After purification
by silica gel chromatography, 1,3-diol having a chiral
quaternary carbon center was obtained.


	Asymmetric construction of quaternary carbon centers by titanium-mediated stereospecific allylation of 2,3-epoxy alcohol derivatives
	Acknowledgements
	References


