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Abstract—The enantioselective reaction of racemic secondary alcohols with phthalimide has been carried out in the presence of
a chiral cyclic phosphoramidite (+)-1/DEAD under Mitsunobu reaction conditions. Phthalimide reacted preferentially with the
(−)-enantiomer of the alcohol to give a substituted imide (+)-2, while the unreacted enantiomeric alcohol, (+)-3 was obtained in
enantiomerically enriched form. Compound (+)-2 was further treated with hydrazine hydrate to form the product amine, (+)-4.
© 2002 Published by Elsevier Science Ltd.

1. Introduction

The Mitsunobu reaction is an intermolecular or
intramolecular substitution reaction between alcohols
and nucleophilic reagents mediated by diethyl azodicar-
boxylate (DEAD) and tri-coordinate phosphorus com-
pounds, such as Ph3P, (Me2N)3P etc. The substitution is
powered by a redox process in which phosphorus is
oxidized and the azo group is reduced. By the use of
this procedure, alcohols can be successfully converted
into their corresponding esters, halides, ethers and
amines (Scheme 1). Therefore, the Mitsunobu reaction
has been widely used in organic synthesis, especially in
the synthesis and transformations of various natural
products.1

To the best of our knowledge, chiral recognition and
enantioselectivity are almost unexplored aspects of the
Mitsunobu reaction. In 1995, the first and only descrip-

tion of chiral recognition of racemic secondary alcohols
using Mitsunobu reaction conditions was reported.
Hulst and co-workers2 found that enantioselectivity was
seen when a chiral cyclic phosphoramidite/diisopropyl
azodicarboxylate (DIAD) system was used instead of
Ph3P/DEAD in the reaction between a carboxylic acid
and alcohols. Under these conditions, the carboxylic
acid reacted preferentially with one enantiomer of the
racemic alcohol, while the other enantiomer was left.
Thus, kinetic resolution of the racemic alcohols
occurred.

2. Results and disussion

Recently, we have accomplished the enantioselective
reaction of racemic secondary alcohols with phthal-
imide using the chiral cyclic phosphoramidite 1 derived
from (+)-(R)-1,1�-binaphthalene-2,2�-diol and DEAD as
the activating reagent system under Mitsunobu reaction
conditions (Scheme 2). Phthalimide reacted preferen-
tially with the (−)-enantiomer of the racemic secondary
alcohols to form the product (+)-2 with inversion of
configuration, and the enantiomerically enriched enan-
tiomer, (+)-3 remained unreacted. According to the
mechanism of the Mitsunobu reaction, we believed the
reaction of the alcohol with the imide anion took place
on the �-carbon of the asymmetrically activated sec-
ondary alcohols via an SN2 process, therefore, the

Scheme 1.
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Scheme 2.

optically active products (+)-2 formed with inversion of
configuration. Compound (+)-2 reacted further with
hydrazine hydrate to form the products (+)-4 with
retention of configuration. This can be supported by
the following experimental fact, (−)-(R)-2-octylamine
was obtained when (+)-(S)-octan-2-ol was reacted with

phthalimide under Mitsunobu conditions and the
resulting phthalimide was cleaved with hydrazine
hydrate.3

All the experimental data of the prepared compounds
2, 3, 4 is summarized in Tables 1 and 2.

Table 1. Data of compounds 2, 3, 4 prepared

2 3 4No

Recoveryb Config.E.e.c (%)Mp (°C) [� ]D
20 Config.Yieldb [� ]D

20Config. [� ]D
20 E.e.c (%)Yieldb

(MeOH)a (%)(CH2Cl2)a (EtOH)a(%) (%)

+9.2R45 R9+16.0Oila 2659+8.0R43051
R5 +9.6 62 38 R9b Oil +14.5 43 R +10.5 52 28
R6 +9.1 55 32c 108 +11.2 Re46 R +9.9 40 23

36d 60+8.8R71345+4.5R40+7.8 R10107
+10.5ndd1746+5.6Ndd 5836+8.2155e 45 ndd

102 +9.3f R81939+7.0R38+8.9 R113165

a c=1.
b Isolated yield or recovery.
c Determined by HPLC with chiral column (chiralcel OD or OJ).
d Not determined.
e Determined according to the absolute configuration of 3c.

Table 2. 1H NMR and elemental analysis data of compounds 2 prepared

Compd. C (%)1H NMR (CDCl3, �) N (%)H (%)
(Calcd/found) (Calcd/found)(Calcd/found)

1.90 (d, 3JH–H=7.71 Hz, 3H), 5.50 (q, 3JH–H=7.71 Hz, 1H), 7.24–7.95 76.49/76.40 5.18/5.15 5.58/5.462a
(m, 9H)
0.95 (t, 3JH–H=7.76 Hz, 3H), 2.50 (m, 2H), 5.20 (t, 3JH–H=7.29 Hz, 1H),2b 5.28/4.9976.95/76.83 5.70/5.65
7.31–7.67 (m, 9H)
4.12 (dd, 3JH–H=9.52 Hz, 2JH–H=16.13 Hz, 1H), 4.80 (t, 3JH–H=9.52 Hz, 67.25/67.312c 4.24/4.31 4.90/4.69
1H), 5.50 (dd, 3JH–H=9.52 Hz, 2JH–H=16.13 Hz, 1H), 7.31–7.72 (m, 9H)

2d 1.80 (d, 3JH–H=7.17 Hz, 3H), 5.79 (q, 3JH–H=7.17 Hz, 1H), 7.24–7.76 3.46/3.454.38/4.2560.02/59.95
(m, 7H)

2e 1.80 (d, 3JH–H=7.23 Hz, 3H), 5.77 (q, 3JH–H=7.23 Hz, 1H), 7.26–7.88 2.85/2.65 3.95/3.7754.19/53.98
(m, 6H)

9.46/9.302f 64.85/64.601.94 (d, 3JH–H=7.15 Hz, 3H), 5.65 (q, 3JH–H=7.15 Hz, 1H), 7.70–8.14 4.09/4.00
(m, 8H)



Z. Li et al. / Tetrahedron: Asymmetry 13 (2002) 145–148 147

As shown in Table 1, when phthalimide was reacted
with one equivalent of secondary alcohol in the pres-
ence of (+)-1/DEAD, the corresponding product 2 and
remaining alcohol 3 can both be obtained in good
chemical yield, but the enantiomeric excess values of
the remaining alcohols were low. The enantioselectivity
was also influenced by the nature of the secondary
alcohols employed. The e.e. values seen for unsubsti-
tuted 1-phenylethanols (3a–c) were slightly higher than
those for compounds substituted with electron with-
drawing groups (3d–f). Compounds 2 reacted further
with hydrazine hydrate to afford optically active amines
4 in moderate chemical yield, and e.e. values varied
from low to moderate. Various solvent and temperature
conditions were investigated with the aim of increasing
the enantioselectivity. The most favorable conditions
were found on completing the reaction in refluxing
THF. Because of the low solubility of the reactants and
some of the products, nonpolar or less polar solvents
were unfavorable for these substitution reactions. When
the reaction temperature decreased to room tempera-
ture or below, the reaction was very slow or no reaction
occurred, and the yield of by-product increased
markedly.

Because of the inversion of configuration characteristic
of the substitution reaction and the known absolute
configuration of (+)-3 and (+)-4 (determined by com-
parison with literature values, except for 3e and 4e), we
could assign the absolute configuration of compounds
(+)-2 except for 2e (Table 1). We found that with
DEAD 1 underwent cycloaddition to form the pentava-
lent coordinated phosphorus compound 5 (31P NMR
(CDCl3), � −30.85 ppm) rather than formation of a
zwitterionic adduct, which was identical to Hulst’s
results. However, the mechanism of asymmetric induc-
tion in these kinetic resolutions is still unclear.

3. Conclusion

In conclusion, enantioselective reaction between a
racemic secondary alcohol and phthalimide can be real-
ized in the presence of a chiral tricoordinate phospho-
rus reagent under Mitsunobu conditions. Since this
method can transform a racemic secondary alcohol into
the corresponding optically active alcohol and amine, it
is very useful in organic synthesis. Although only mod-
erate enantioselectivity has been obtained at the present
time, we believe that the enantioselectivity can be
improved by screening chiral tricoordinate phosphorus
reagents.

4. Experimental

1H and 31P NMR were recorded in CDCl3 as solvent on
AC-P200 instruments using TMS as internal standard
and 85% H3PO4 as external standard, respectively. Ele-
mental analyses were conducted using an MF-3 auto-
matic analyzer. Melting points were determined using a
T-4 melting point apparatus. Optical rotation measure-
ments were obtained on a Perkin–Elmer 241MC polar-
imeter. All melting point temperatures are uncorrected.

4.1. Preparation of compound 1

A mixture of (+)-(R)-binaphthol (2.35 g, 8.2 mmol),
hexamethyl phosphorous triamide (3.08 g, 12.5 mmol)
and anhydrous toluene (50 mL) was heated under reflux
for 9 h under a nitrogen atmosphere. After cooling to
room temperature, the solvent was removed under
reduced pressure. The crude pale yellow product was
purified through flash column chromatography (silica
gel 200–300 �), gradient elution with petroleum ether/
ethyl acetate afforded product (+)-1 (2.80 g, 88%); mp
190–191°C; [� ]D20 −565 (c 0.5, CHCl3); 31P NMR: 148.7
ppm; 1H NMR (CDCl3, �): 2.53 (d, 4JP–H=9.32 Hz,
6H), 7.37–7.92 (m, 12H). Literature:12 mp 190–191°C,
31P NMR: 148.72 ppm, [� ]D −579 (c 0.06, CHCl3).

4.2. Typical procedure for the reaction of phthalimide
and secondary alcohols

To a stirred solution of (+)-1 (1.07 g, 3.0 mmol) and
phthalimide (0.44 g, 3.0 mmol) in THF (10 mL) was
added 1-phenylethanol (0.37 g, 3.0 mmol). DEAD (1.07
g, 3.0 mmol) was subsequently added dropwise under a
nitrogen atmosphere. The mixture was then heated
under reflux for 8 h. After removing the solvent under
reduced pressure, ether (50 mL) was added to the
residue with stirring. The precipitated solid was
removed by filtration and the filtrate was evaporated
under reduced pressure to yield a yellowish oil, which
was purified by means of column chromatography (sil-
ica gel 200–300 �), gradient elution with petroleum
ether/ethyl acetate afforded product 2a (0.34 g) and
remaining secondary alcohol 3a (0.19 g).

4.3. Typical procedure for the reaction of compound 2
with hydrazine hydrate

A mixture of compound 2 (0.4 g) 85% hydrazine
hydrate and ethanol (10 mL) was heated under reflux
for 2 h. Aqueous HCl (1N, 3 mL) was added and the
mixture was subsequently heated under reflux for 0.5 h.
After cooling to room temperature, the mixture was
filtered to remove the precipitated solid. The filtrate
was evaporated under reduced pressure. Aqueous
NaOH (1N, 5 mL) was added to the residue and the
mixture was then extracted with ether (3×25 mL). The
combined ether solution was dried with magnesium
sulfate, filtered and evaporated in vacuo, the crude
product was purified on column chromatography (silica
gel 200–300 �), gradient elution with petroleum ether/
ethyl acetate afforded compound 4a (0.09 g).



Z. Li et al. / Tetrahedron: Asymmetry 13 (2002) 145–148148

Acknowledgements

We are grateful to the National Natural Science Foun-
dation of China (No.29872016), the Major State Basic
Research Development Program (grant No.
G2000077506), the Ministry of Education of China for
generous financial support.

References

1. Mitsunobu, O. Synthesis 1981, 1–28.
2. Hulst, R.; Basten, A.; Fitzpatrick, K.; Kellog, R. M. J.

Chem. Soc., Perkin Trans. 1 1995, 2961–2963.
3. Mitsubobu, O.; Wada, M.; Sano, T. J. Am. Chem. Soc.

1972, 94, 679–681.
4. Hayashi, T.; Matsumoto, Y.; Ito, Y. J. Am. Chem. Soc.

1989, 111, 3426–3428.

5. Hirao, A.; Itsuno, S.; Owa, M.; Nagami, S. J. Chem.
Soc., Perkin Trans. 1 1981, 900–905.

6. Chen, G. H.; Hsu, J. L.; Yang, W. B.; Fang, J. M.; Lee,
G. H. J. Chin. Chem. Soc. 1999, 46, 797–810.

7. Nakamura, K.; Inoue, Y.; Matsuda, T.; Misawa, I. J.
Chem. Soc., Perkin Trans. 1 1999, 2397–2402.

8. Akakabe, Y.; Takahashi, M.; Kamezawa, M.; Kikuchi,
K.; Tachibana, H. J. Chem. Soc., Perkin Trans. 1 1995,
1295–1298.

9. Hose, D. R.; Mahon, M. F.; Molloy, K. C.; Raynham,
T.; Wills, M. J. Chem. Soc., Perkin Trans. 1 1996, 691–
703.

10. Masayuki, E.; Osamu, M.; Yoshima, Y. JP 02,306,942
(1996).

11. Li, Y. Z.; Guo, C. X.; Bu, W. M.; Huang, H. M. Sci.
China (Ser. B) 1998, 361–369.

12. Hulst, R.; Koen de, V. N.; Feringa, B. L. Tetrahedron:
Asymmetry 1994, 5, 699–708.


	Enantioselective reaction of secondary alcohols with phthalimide in the presence of a chiral tri-coordinate ph...
	Introduction
	Results and disussion
	Conclusion
	Experimental
	Preparation of compound 1
	Typical procedure for the reaction of phthalimide and secondary alcohols
	Typical procedure for the reaction of compound 2 with hydrazine hydrate

	Acknowledgements
	References


