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Enantioselective addition of methyl group to aldehydes
catalyzed by titanium complex of fluorous ligand
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Abstract—Titanium complex of fluorous axially dissymmetric ligand ((Ra*)-2,2 0-bis[(R*)-perfluoro-1H-1-hydroxyoctyl]biphenyl,
((Ra*)-(R*)2-1)) having perfluoroheptyl carbinol moieties catalyzed enantioselective addition of a methyl group to aldehydes. Di-
methylzinc prepared in situ by mixing ZnCl2 and methyl magnesium bromide without removal of magnesium salt was more reactive
for addition of methyl group than dimethylzinc without magnesium salt, and gave up to 99% ee of the products. The high fluorine
content of 1 enables it to be recoverable by the selective extraction with perfluorohexane.
� 2007 Elsevier Ltd. All rights reserved.
The rapidly growing field of asymmetric synthesis has
provided new methodologies for easy access to chiral
compounds. Among them, a variety of asymmetric reac-
tions with a chiral ligand have been developed. In recent
years, development of recyclable ligands has received a
great deal of attention in this area from economical
and ecological points of view.1 We have synthesized a
new type of recyclable ligand, (Ra)-(R)2-1.2,3 (Ra indi-
cates the axial configuration and R is the configurations
of the side chains Fig. 1). Fluorine content of 60% by
weight in 1 affords its recoverability by fluorous tech-
nique.3b A high stability of the hydroxyl groups toward
oxidation and racemization given by the adjacent perflu-
oroheptyl groups also contributes to its recycled use.
The Ti-catalyst prepared by mixing 1 and Ti(OiPr)4 cat-
0040-4039/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2007.02.130

Keywords: Axial dissymmetric ligand; Fluorous; Chiral; Enantioselec-
tive; Methyl addition; Recyclable; Recycle; Fluorine; Perfluoroalkyl.
* Corresponding author. Tel.: +81 72 866 3140; fax: +81 72 850

7020; e-mail: aando@pharm.setsunan.ac.jp

C7F15

H OH
C7F15

HHO

(Ra)-(R)2-1

Figure 1. Structure of (Ra)-(R)2-1.
alyzed the asymmetric addition of R2Zn (R = CH3 and
C2H5) to aldehydes, and gave the products in high ee’s.
However, the addition of (C2H5)2Zn proceeded quanti-
tatively, but that of (CH3)2Zn resulted in a 49% yield be-
cause of inherent low reactivity of the latter zinc reagent.
Despite many efforts, the successful asymmetric addition
of a methyl group to aldehyde has not been attained eas-
ily, although there are many natural products with a chi-
ral methyl carbinol moiety.4,5 To solve this problem, we
concentrated on developing a useful method to synthe-
size a chiral methyl carbinol moiety.

This Letter describes a successful asymmetric methyl-
ation of aldehyde using (CH3)2Zn generated from ZnCl2
and CH3MgBr in situ catalyzed by 1.

Titanium complex of 1 catalyzed the reaction of alde-
hyde with (CH3)2Zn to give 1-phenylethanol in high ee
as well as the reaction with (C2H5)2Zn, but the chemical
yield was not satisfactory (Table 1, entries 1 and 2).

In order to increase a nucleophilicity of a methyl anion,
we used more reactive CH3MgBr instead of (CH3)2Zn.
However, the reaction of benzaldehyde with CH3MgBr
catalyzed by titanium complex of 1 gave the product
with lower yield and ee (Table 2, entries 1 and 2). Rais-
ing the temperature resulted in better chemical yield, but
decrease of ee (entry 3). For the asymmetric methyl-
ation, Seebach had already reported effective method
using (CH3)2Zn generated from ZnCl2 and CH3MgBr
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Table 1. A symmetric alkylation reaction with R2Zn

Ph R

H OH
PhCHO

Ti(Oi-Pr)4 (1.2 eq)
R2Zn+

(Ra)-(R)2-1 (5 mol%)

Entry R Yielda (%) ee (%)

1 C2H5 96 97
2 CH3 49 95

a Isolated yield.
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in situ.6 They removed magnesium salts by precipitation
of their complexes with dioxane followed by filtration.
Although they obtained the product of 94% ee, the
chemical yield was only 55%. According to this report,
we tried to add ZnCl2 for producing (CH3)2Zn in the
reaction mixture but to use it without separation of
magnesium salts for easy handling. The addition of
ZnCl2 improved the reaction considerably. The methyl-
ation was successful when ZnCl2 and CH3MgBr were
used in a ratio of 1:2 and gave the product of 92% ee
in 81% yield (entry 5). Interestingly, the yield exceeded
the reaction of commercially available (CH3)2Zn signifi-
cantly with slight decrease of the ee (Table 1, entry 2).
We thought that coexisting magnesium salts activated
the catalytic reactivity without any effect on the asym-
metric environment produced by 1. Equimolar mixture
Table 3. Asymmetric methylation of R–CHO (2b–l) catalyzed by 1 (20 mol

Entry R Substrate P

1 p-CH3–C6H4 2b 3

2 p-iPr–C6H4 2c 3

3 p-CH3O–C6H4 2d 3

4 nC7H15 2e 3

5 PhC2H4 2f 3

6 p-Cl–C6H4 2g 3

7 m-Cl–C6H4 2h 3

8 o-Cl–C6H4 2i 3

9 o-F–C6H4 2j 3

10 p-CH3OCO–C6H4 2k 3

11 p-CH3CO–C6H4 2l 3

a Isolated yield.
b Determined by GLC analysis.
c Estimated by the sign of the optical rotation.

Table 2. Asymmetric methylation of benzaldehyde catalyzed by 1

PhCHO
Ti(OiPr)4 (2.4

CH3MgBr
Zn

+

Entry ZnCl2 CH3MgBr Re

1 — 1.5 equiv �7
2 — 2.0 equiv �7
3 — 2.0 equiv �7
4 2.2 equiv 2.2 equiv �7
5 2.2 equiv 4.4 equiv �7
6c 2.2 equiv 4.4 equiv �7
7 2.2 equiv 6.6 equiv �7
8 2.2 equiv 4.4 equiv —

a Isolated yield.
b Determined by GLC analysis.
c Mg salt was precipitated by adding dioxane and the salt was filtered off be
of ZnCl2 and CH3MgBr did not afford the product at
all. On the other hand, excess of Grignard reagent
decreased both reactivity and enantioselectivity (entry 7),
though the ee was better than that obtained only by
Grignard reagent (entry 3). Removal of magnesium salts
by precipitation of their complex with dioxane followed
by filtration to give pure (CH3)2Zn resulted in a similar
result as entry 2 in Table 1. The best result was obtained
by keeping the reaction temperature at �30 �C, and
gave the product of 94% ee in 89% yield. Thus, high
enantioselective methylation was attained using
(CH3)2Zn formed from CH3MgBr and ZnCl2 in situ
without removal of magnesium salts. Magnesium might
activate the carbonyl group by coordination, methyl
group by ate complex formation, or both. Study on
the detailed mechanism is now on progress.

Based on this result, we investigated the applicability of
this asymmetric methylation. Results of the reaction of
several aldehydes with a variety of properties are shown
in Table 3. The reaction condition that gave the best
result in Table 2 was used as the standard. Namely,
the titanoate of 1 was prepared by mixing 1 (20 mol %
to the aldehyde) and Ti(OiPr)4 (2.4 equiv to the alde-
hyde) for 30 min in toluene at room temperature. The
titanoate was transferred to a solution of ZnCl2 and
%)

roduct Yielda (%) eeb (%) (configuration)c

b 95 90 (S)
c 86 92 (S)
d 18 12 (S)
e 64 99 (S)
f 51 99 (S)
g 82 91 (S)
h 99 91 (S)
i 95 58 (S)
j 45 88 (S)
k 77 90 (S)
l 82 81 (S)

Ph CH3

H OH

 eq), 1 (20 mol%)

Cl2

2a

action temperature Yielda (%) eeb (%)

8 to �30 �C 30 81
8 to �30 �C 46 80
8 to 0 �C 86 66
8 to �30 �C NR —
8 to �30 �C 81 92
8 to �30 �C 41 95
8 to �30 �C 70 77

30 �C 89 94

fore use.
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CH3MgBr (2.2 and 4.4 equiv to the aldehyde, respec-
tively) in toluene stirred for 30 min at room temperature
in advance. After stirring for 30 min at room tempera-
ture, the mixture was chilled to �78 �C and then a solu-
tion of the aldehyde in toluene was added slowly at
�78 �C. The reaction mixture was warmed up to
�30 �C over two hours. In most cases, the reaction com-
pleted within 12 h but every reaction was quenched after
stirring for 24 h. The enantioselectivity was highly af-
fected by the slight change of the reaction temperature
and reactivity of the aldehyde itself. For instance, in case
of aromatic aldehydes substituted with electron-with-
drawing groups, the initial temperature must be kept
at �78 �C to acquire the best enantioselectivity. In case
of alkylated aromatic aldehydes, the reaction gave the
products of more than 90% ee and in good yield (entries
1 and 2). Anisaldehyde gave 3d with 12% ee in 18%
yield. It is likely that this aldehyde was deactivated by
p-methoxy group, leading to the low yield. Further,
the oxygen atom of the methoxy group might concern
with low ee by its coordination. Extremely high enantio-
selective methylation was attained with aliphatic alde-
hydes. Chemical yields were fairly good, and 3e and 3f
were obtained in both 99% ee. The reaction of haloge-
nated benzaldehyde proceeded in good yields except
for ortho-fluorinated aldehyde 2j. ortho-Chlorinated
one 2i gave high chemical yield, but low ee probably
due to steric hindrance. Ester or ketone groups did not
disturb this reaction, and gave 3k and 3l in good yields
and ee’s.

For the recovery of 1, fluorous phase separation tech-
nique was applied to this reaction. After the reaction
using aldehyde (0.25 mmol) and l (0.05 mmol), the reac-
tion mixture was quenched with 10% HCl (more than
5 mL), then hexane (3 mL) and perfluorohexane
(5 mL) were added. The resulting mixture was shaken
vigorously for the efficient extraction. After collection
of bottom phase, further 5 mL of perfluorohexane was
added for the next extraction. For the complete recovery
of 1, three times extraction in total were necessary.
Evaporation of the collected perfluorohexane phase
under vacuum gave 1 in 93% recovery and 98% purity.
From the upper organic phase, the product was
obtained by usual work-up. The use of the recovered
ligand without purification gave 1 in 86% yield with
92% ee. We have reported similar seven times recycled
use of 1 on the reaction of diethylzinc,3b and believe 1
can be used for this methylation repeatedly without loss
of any activity.
In conclusion, titanoate complex of 1 prepared by
mixing 1 and Ti(OiPr)4 induced high enantioselective
methylation of aldehyde. In this reaction, (CH3)2Zn
prepared from ZnCl2 and CH3MgBr in a mixing ratio
of 1:2 was effective. This provided the same enantioselec-
tivity as pure (CH3)2Zn but in better chemical yield.
Namely, magnesium salts must have increased the reac-
tivity of 1 without disturbing the asymmetric inductivity.
This methylation was applicable to a variety of alde-
hydes. The detailed study of mechanism is now under
investigation.
References and notes

1. (a) Hope, E. G.; Stuart, A. M.; West, A. J. Green Chem.
2004, 6, 345–350; (b) Yin, Y.; Zhao, G.; Qian, Z.; Yin, W.
J. Fluorine Chem. 2003, 120, 117–120; (c) Cavazzini, M.;
Quici, S.; Pozzi, G. Tetrahedron 2002, 58, 3943–3949; (d)
Nakamura, Y.; Takeuchi, S.; Okumura, K.; Ohgo, Y.;
Curran, D. P. Tetrahedron 2002, 58, 3963–3969; (e) Tian,
Y.; Yang, Q. C.; Mak, T. C. W.; Chan, K. S. Tetrahedron
2002, 58, 3951–3961; (f) Tian, Y.; Chan, K. S. Tetrahedron
Lett. 2000, 41, 8813–8816; (g) Nakamura, Y.; Takeuchi, S.;
Ohgo, Y.; Curran, D. P. Tetrahedron Lett. 2000, 41, 57–
60.

2. (a) Zhu, D. W. Synthesis 1993, 953–954; (b) Meinert, H.;
Geister, U. J. Fluorine Chem. 1994, 68, 221–226; (c)
Chambers, R. D.; Sandford, G.; Shah, A. Synth. Commun.
1996, 26, 1861–1866; (d) Pozzi, G.; Montanari, F.; Rispens,
M. T. Synth. Commun. 1997, 27, 447–452; (e) Sandford, G.
Tetrahedron 2003, 59, 437–454.

3. (a) Omote, M.; Nishimura, Y.; Sato, K.; Ando, A.;
Kumadaki, I. Tetrahedron 2006, 62, 1886–1894; (b) Omote,
M.; Nishimura, Y.; Sato, K.; Ando, A.; Kumadaki, I. J.
Fluorine Chem. 2006, 127, 74–78; (c) Omote, M.; Nishi-
mura, Y.; Sato, K.; Ando, A.; Kumadaki, I. J. Fluorine
Chem. 2005, 126, 407–409; (d) Omote, M.; Nishimura, Y.;
Sato, K.; Ando, A.; Kumadaki, I. Tetrahedron Lett. 2005,
46, 319–322; (e) Omote, M.; Kominato, A.; Sugawara, M.;
Sato, K.; Ando, A.; Kumadaki, I. Tetrahedron Lett. 1999,
40, 5583–5585.

4. (a) Schmidt, B.; Seebach, D. Angew. Chem., Int. Ed. Engl.
1991, 30, 99–101; (b) Schmidt, B.; Seebach, D. Angew.
Chem., Int. Ed. Engl. 1991, 30, 1321–1323.

5. For example: (a) Granander, J.; Sott, R.; Hilmersson, G.
Tetrahedron: Asymmetry 2003, 14, 439–447; (b) Yus, M.;
Ramon, D. J.; Prieto, O. Tetrahedron: Asymmetry 2002, 13,
1573–1579; (c) Dangel, B. D.; Polt, R. Org. Lett. 2000, 2,
3003–3006; (d) Prieto, O.; Ramon, D.; Yus, M. Tetra-
hedron: Asymmetry 2000, 11, 1629–1644.

6. Bussche-Hünnefeld, J. L.; Seebach, D. Tetrahedron 1992,
48, 5719–5730.


	Enantioselective addition of methyl group to aldehydes catalyzed by titanium complex of fluorous ligand
	References and notes


