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Abstract

The asymmetric addition of a Reformatsky-type reagent, prepared in situ from diethylzinc and iodoacetic
acid ester, to a carbon–nitrogen double bond in 3,4-dihydroisoquinolineN-oxides was achieved by utilizing
diisopropyl (R,R)-tartrate as a chiral auxiliary to afford the corresponding (S)-1-substituted 2-hydroxy-1,2,3,4-
tetrahydroisoquinolines with enantioselectivities up to 86% ee. © 2000 Elsevier Science Ltd. All rights reserved.

Chiral 1-alkyl tetrahydroisoquinolines possess important physiological properties and also serve as
key intermediates for the synthesis of a variety of isoquinoline alkaloids.1 Although diastereoselective
methods for the synthesis of optically active 1-substituted tetrahydroisoquinolines have been reported,2

enantioselective methods were still limited. For example, enantioselective reduction of 1-substituted 3,4-
dihydroisoquinolines3 and enantioselective nucleophilic addition to 3,4-dihydroisoquinoline skeletons4,5

have been reported. We recently developed the enantioselective nucleophilic addition of dialkylzinc to
3,4-dihydroisoquinolineN-oxides utilizing tartaric acid ester as a chiral auxiliary.6 If other functionalized
metallic reagents in addition to dialkylzinc can be applied, this method will be more useful for the
synthesis of various kinds of isoquinoline alkaloids. Among functionalized metallic reagents, enolates or
their equivalents are attractive candidates. The Reformatsky-type reagent is well known as a zinc enolate
equivalent.7 Herein, we wish to describe an enantioselective addition of the Reformatsky-type reagent,
prepared from diethylzinc and iodoacetic acid ester in situ,8 to 3,4-dihydroisoquinolineN-oxides utilizing
tartaric acid ester as an external chiral auxiliary.9

First, the addition reaction of the Reformatsky-type reagent derived from diethylzinc andt-butyl
iodoacetate to 6,7-dimethoxy-3,4-dihydroisoquinolineN-oxide 1A was examined (Scheme 1). That is,
the nitrone1A was treated with a mixture of diethylzinc andt-butyl iodoacetate in the presence of a
molar equivalent of 2-bromomagnesium 3-ethylzinc salt of tartrate, prepared in situ from diisopropyl
(R,R)-tartrate ((R,R)-DIPT) and equimolar amounts of butylmagnesium bromide and diethylzinc,6 and
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the mixture was stirred for 13 h at 25°C. As shown in Table 1, the addition reaction did not proceed
using a molar equivalent of the Reformatsky-type reagent (Entry 1), but using 2 molar equivalents of the
reagent, the corresponding hydroxylamine2a was obtained in 55% yield.10 The enantiomeric excess of
the product2awas determined to be 31% by HPLC analysis (Entry 2). The use of 3 molar equivalents of
the Reformatsky-type reagent decreased the enantioselectivity (Entry 3). When the reaction was carried
out at 0°C,2a was obtained with an enantioselectivity of 43% ee (Entry 4). However, the enantiofacial
selection was not observed in the case of the reaction carried out at�50°C (Entry 5).

Scheme 1.

Table 1
Asymmetric addition of the Reformatsky-type reagent to nitrones1

In order to improve the enantioselectivity, the slow addition of the nitrone was found to be crucial.
When nitrone1A was slowly added to a mixture of 2-bromomagnesium 3-ethylzinc salt of (R,R)-
DIPT and 2 molar equivalents of the Reformatsky-type reagent, enantioselectivity of the product2a
was dramatically enhanced up to 82% ee (Entry 7). The slow addition method, using 1.5 and 3.0 molar
equivalents of the Reformatsky-type reagent, did not improve the enantioselection (Entries 6 and 8).
Finally, a higher enantioselectivity of 86% ee was realized when 1,1-diethylpropyl iodoacetate was used
instead oft-butyl iodoacetate (Entry 9).10

The asymmetric nucleophilic addition to 3,4-dihydroisoquinolineN-oxide1B was also examined and
similar enantioselections were observed (Entries 10 and 11).10
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The stereochemistry of the newly formed stereogenic center in2a was determined to beS.11 Thus,
the stereochemical course of the present nucleophilic reaction was found to be the same as that for
the addition of dialkylzinc to nitrone1 utilizing (R,R)-tartaric acid ester as a chiral auxiliary reported
previously.6 Although the mechanism of the present reaction is not yet clear, 2-magnesium 3-zinc salt
of DIPT seems to be present in equilibrium between a catalytically inactive highly aggregated form
and a small amount of catalytically active monomer (or a lower aggregated form), probably together
with a part of the Reformatsky-type reagent. Addition of the nitrone might shift the equilibrium towards
dissociation of the highly aggregated form by its coordination to the catalytically active monomer. When
nitrone was added all at once, only a part of the nitrone could coordinate to Lewis acidic magnesium in
the monomeric salt of (R,R)-DIPT produced by dissociation. Therefore, the Reformatsky-type reagent,
which was more nucleophilic than dialkylzinc, attacked not only the nitrone coordinating to the salt but
also the still uncoordinated free nitrone, to afford the hydroxylamine in a less stereoselective manner.
When the reaction was carried out at�50°C, the rate of dissociation was very slow and the Reformatsky-
type reagent almost exclusively attacked the free nitrone without enantioselection. However, the nitrone
effectively coordinated to the dissociated salt of (R,R)-DIPT by the slow addition method to produce the
hydroxylamine enantioselectively through a transition state such as T1 or T2, shown below.6,12

As described above, the Reformatsky-type reagent, generated in situ from diethylzinc and iodo-
acetic acid ester, was found to be an attractive nucleophile in the enantioselective addition to 3,4-
dihydroisoquinolineN-oxides. Because of easy availability of (R,R)- and (S,S)-DIPT, this method
provides a useful way to prepare both enantiomers of 1-substituted tetrahydroisoquinolines, which are
the versatile intermediates for the synthesis of chiral isoquinoline alkaloids.

Acknowledgements

The present work was partially supported by the Mitsubishi Chemical Corporation Fund and Grant-in-
Aid for Scientific Research from the Ministry of Education, Science, Sports and Culture.

References

1. Isoquinolines; Grethe, G., Ed.; John Wiley & Sons: New York, 1981.
2. Rozwadowska, M. D.Heterocycles1994, 39, 903.
3. Morimoto, T.; Suzuki, N.; Achiwa, K.Tetrahedron: Asymmetry1998, 9, 183; Willoughby, C. A.; Buchwald, S. L.J. Am.

Chem. Soc. 1994, 116, 8952; Murahashi, S.-I.; Watanabe, S.; Shiota, T.J. Chem. Soc., Chem. Commun. 1994, 725; Noyori,
R.; Ohta, M.; Hsiao, Y.; Kitamura, M.; Ohta, T.; Takaya, H.J. Am. Chem. Soc. 1986, 108, 7117; Yamada, K.; Takeda, M.;
Iwakuma, T.J. Chem. Soc., Perkin Trans. 11983, 265.

4. (a) Nakamura, M.; Hirai, A.; Nakamura, E.J. Am. Chem. Soc. 1996, 118, 8489; (b) Murahashi, S.-I.; Imada, Y.; Harada,
K.; Yonemushi, Y.; Tomita, N. 76th National Meeting of the Chemical Society of Japan, Yokohama, March 1999, Abstract,
1C130.



736 Y. Ukaji et al. / Tetrahedron:Asymmetry11 (2000) 733–736

5. Asymmetric synthesis of chiral�-substituted benzylamines followed by the cyclization was also reported: Taniyama, D.;
Hasegawa, M.; Tomioka, K.Tetrahedron: Asymmetry1999, 10, 221; Ponzo, V. L.; Kaufman, T. S.Tetrahedron Lett.1995,
36, 9105.

6. Ukaji, Y.; Shimizu, Y.; Kenmoku, Y.; Ahmed, A.; Inomata, K.Chem. Lett.1997, 59; Ukaji, Y.; Shimizu, Y.; Kenmoku, Y.;
Ahmed, A.; Inomata, K.Bull. Chem. Soc. Jpn., in press.

7. Rathke, M. W.Org. React. 1975, 22, 423: see also Ref. 12.
8. Reaction of dialkylzinc with�-halo carbonyl compounds was reported to generate zinc enolate equivalents: Palmer, M. H.;

Reid, J. A.J. Chem. Soc. 1962, 1762; Hansen, M. M.; Bartlett, P. A.; Heathcock, C. H.Organometallics1987, 6, 2069;
Aoki, Y.; Oshima, K.; Utimoto, K.Chem. Lett. 1995, 463.

9. Asymmetric additions of enolate or its equivalent to a carbon–nitrogen double bond in the presence of external chiral
auxiliary were reported: Fujii, A.; Hagiwara, E.; Sodeoka, M.J. Am. Chem. Soc. 1999, 121, 5450; Tomioka, K.; Fujieda,
H.; Hayashi, S.; Hussein, M. A.; Kambara, T.; Nomura, Y.; Kanai, M.; Koga, K.J. Chem. Soc., Chem. Commun. 1999,
715; Ferraris, D.; Young, B.; Cox, C.; Drury III, W. J.; Dudding, T.; Lectka, T.J. Org. Chem. 1998, 63, 6090; Kobayashi,
S.; Hasegawa, Y.; Ishitani, H.Chem. Lett. 1998, 1131; Ishitani, H.; Ueno, M.; Kobayashi, S.J. Am. Chem. Soc. 1997, 119,
7153; Fujieda, H.; Kanai, M.; Kambara, T.; Iida, A.; Tomioka, K.J. Am. Chem. Soc. 1997, 119, 2060; Ishihara, K.; Miyata,
M.; Hattori, K.; Tada, T.; Yamamoto, H.J. Am. Chem. Soc. 1994, 116, 10 520; Corey, E. J.; Decicco, C. P.; Newbold, R. C.
Tetrahedron Lett.1991, 32, 5287, and Ref. 4b.

10. All new hydroxylamines2 were characterized by1H NMR spectra, IR spectra, and elemental analyses or MS spectra.
11. According to the following scheme, the product2a (60% ee) was transformed to the known compound (S)-3 whose absolute

configuration is unambiguous.6,13 (S)-3: [�]D
25 �31 (c 0.06, MeOH); lit.13 (R)-3 (65% ee): [�]D

25 +33 (c 1.00, MeOH).

12. It was reported that the Reformatsky reagent possesses a C–Zn character and/or O–Zn character: Vaughan, W. R.; Bernstein,
S. C.; Lorber, M. E.J. Org. Chem. 1965, 30, 1790; Dekker, J.; Boersma, J.; van der Kerk, G. J. M.J. Chem. Soc., Chem.
Commun. 1983, 553; Dekker, J.; Budzelaar, P. H. M.; Boersma, J.; van der Kerk, G. J. M.; Spek, A. L.Organometallics
1984, 3, 1403, and references cited therein.

13. Ukaji, Y.; Kenmoku, Y.; Inomata, K.Tetrahedron: Asymmetry1996, 7, 53;Stereochemistry AbstractsA18.


