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Monosubstituted[2.2]paracyclophanes 3a—c with planar chirality were found to act as chiral initiators in an enantioselective addition of
diisopropylzinc to 2-alkynylpyrimidine-5-carbaldehyde 1 to afford 2-alkynylpyrimidyl alkanol 2 with up to 97% ee.

Over the past several years, [2.2]paracyclophanes with planamwith a N-hydroxy-4-carboxylic amide moiety affords epoxy
chirality have received growing interest as chiral ligands in alkanols with up to 71% e®,and cyclopropanation of olefins
enantioselective reactions. A planar chiral bisphosphine using chiral monosubstituted Schiff-base derived from
ligand derived from [2.2]paracyclophane has been success{2.2]paracyclophane shows up to 68% enantioselectiity.
fully used in enantioselective hydrogenafidhand kinetic The use of bipyridine-type [2.2]paracyclophane as a chiral
resolutiont¢ Chiral Schiff-bases of salicylic aldehydes with ligand in enantioselective reduction gives an enantioselec-
a [2.2]paracyclophane skeleton have been used in enantiodivity of 31%,24 while a chiral porphyrin ligand derived from

selective cyanatidfand oxidatiorie A chiral sulfide deriva- [2.2]paracyclophane-4-carbaldehyde shows an enantioselec-
tive of [2.2]paracyclophane with an oxazoline ring has been tivity of 31% in enantioselective epoxidatiéf.
used in enantioselective allylic alkylati®hOn the other On the other hand, in the course of our continuing study

hand, compared with these disubstituted [2.2]paracyclo- gn asymmetric autocataly3issing pyridyf2—< and pyrimidy!
phanes, chiral monosubstituted [2.2]paracyclophanes exhibitalkanolste! 2-alkynylpyrimidyl alkanol was found to be a
moderate enantioselectivities as chiral ligands. Enantio- very efficient asymmetric autocatalysRecently, we re-
selective epoxidation of allylic alcohols using vanadium ported that chiral inorganic crystégand a chiral compound
complexes of chiral monosubstituted [2.2]paracyclophane with very low ee possessing an asymmetric carbon &tom
induce the enantioselective addition of diisopropylziitc (
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1998,39, 4441—4444. (c) Rossen, K.; Pye, P. J.; Miliakal, A.; Volante, R. (2) (a) Bolm, C.; Kihn, T. Synlett000, 899—901. (b) Masterson, D.
P.J. Org. Chem1997,62, 6462—6463. (d) Belokon, Y.; Moscalenko, M.;  S.; Hobbs, T. L.; Glatzhofer, D. T. Mol. Catal. A1999,145, 75-81. (c)
lkonnikov, N.; Yashkina, L.; Antonov, D.; Vorontsov, E.; Rozenberg, V. Masterson, D. S.; Glatzhofer, D. J. Mol. Catal. A2000,161, 65-68. (d)
Tetrahedron: Asymmet}997,8, 3245-3250. (e) Vetter, A. H.; Berkessel, Worsdorfer, U.; Vogtle, F.; Nieger, M.; Waletzke, M.; Grimme, S.; Glorius,
A. Tetrahedron Lett1998,39, 1741—-1744. (f) Hou, X. L.; Wu, X. W.; F.; Pfaltz, A. Synthesis1999, 597—-602. (e) Banfi, S.; Manfredi, A.;
Dai, L. X.; Cao, B. X.; Sun, JChem. Commur2000, 1195—1196. Montanari, F.; Pozzi, G.; Quici, S.. Mol. Catal. A1996,113, 77-86.

10.1021/0l006921w CCC: $20.00  © 2001 American Chemical Society
Published on Web 01/05/2001



Scheme 1

S
“OH
3a; R = COOH
3b; R=Ac t-Bu
3¢c; R=COOMe
Asymmetric
autocatalysis
N CHO
l P
z N
tBu
1
<>
+ iPryZn H
<2
R R R
S)-3a-c
© N OZn—< H* N7y oH
- L
=z N =z N
t-Bu t-Bu
(R)y-2
High ee

Asymmetric
autocatalysis

pyrimidyl alkanol with high ee. We report here an asym-

(S)-(+)-3awith 99% ee (4.8 mol %) were added 2-alkynyl-

metric autocatalytic reaction initiated by monosubstituted pyrimidine-5-carbaldehyd#& andi-Pr,Zn in three portions,
[2.2]paracyclophane derivatives with planar chirality (Scheme (R)-pyrimidyl alkanol2 was obtained in 91% yield with a

1).

First, we examined the enantioselective additiorri®kZn
to 2-(tert-butylethynylpyrimidine)-5-carbaldehyd#)(in the
presence of%)- or R)-4-carboxy[2.2]paracyclophanda)’

very high ee of 95% (entry 1). On the other hand, in the
presence ofR)-(—)-3awith 93% ee, enantioselective addi-

as a chiral initiator. The results are shown in Table 1. When Table 1. Enantioselective Synthesis of Chiral Pyrimidyl

(3) Reviews: (a) Soai, K.; Shibata, Yuki Gosei Kagaku Kyokaisf.
Synth. Org. Chem. Jpn1)997,54, 994—1005. (b) Bolm, C.; Bienewald,
F.; Seger, AAngew. Chem., Int. Ed. Endl996,35, 1657—1659. (c) Soai,
K. Enantiomer1999,4, 591-598. (d) Soai, K.; Shibata, T. [@atalytic
Asymmetric Synthesi&nd ed.; Ojima, I., Ed.; Wiley: New York, 2000;
Chapter 9. (e) Soai, K.; Shibata, T. Advances in Biochirality; Agi, G.,
Zucchi, C., Caglioti, L., Eds.; Elsevier: Amsterdam, 1999; Chapter 11. (f)
Soai, K.; Shibata, T.; Sato, Acc. Chem. Re<2000, 33, 382—390. (g)
Avalos, M.; Babiano, R.; Cintas, P.; Jiménez, J. L.; Palacios, Cheém.
Commun2000, 887—892. See also, (h) Girard, C.; Kagan, HABgew.
Chem., Int. Ed1998,110, 3088—3127. (i) Feringa, B. L.; van Delden, R.
A. Angew. Chem., Int. EA999,38, 3418—3438. (j) Mikami, K.; Terada,
M.; Korenaga, T.; Matsumoto, Y.; Ueki, M.; Angelaud, Rngew. Chem.,
Int. Ed.2000,39, 3532—3556.

(4) (a) Soai, K.; Niwa, S.; Hori, HJ. Chem. Soc., Chem. Commf90,
982-983. (b) Shibata, T.; Morioka, H.; Tanji, S.; Hayase, T.; Kodaka, Y.;
Soai, K.Tetrahedron Lett1996,37, 8783—8786. (c) Tanji, S.; Nakao, T.;
Sato, I.; Soai, KHeterocycle000,53, 2183-2189. (d) Tanji, S.; Kodaka,
Y.; Ohno, A.; Sato, |.; Soai, KTetrahedron: Asymmet3000,11, 4249—
4253. (e) Soai, K.; Shibata, T.; Morioka, H.; Choji, Kature1995,378,
767—768. (f) Shibata, T.; Hayase, T.; Yamamoto, J.; SoaiT&trahe-
dron: Asymmetny1997,8, 1717—1719.

(5) Shibata, T.; Yonekubo, S.; Soai, Kngew. Chem., Int. EAL999,
38, 659—661.
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Alkanol 2 in the Presence ofS)- or
(R)-4-Carboxy[2.2]paracyclopharda

4-carboxy[2.2]-

paracyclophane 3a: pyrimidyl alkanol 2

entry2 ee (%)° yield (%) ee (%)°
1 99 (S) 91 95 (R)
2d 99 (S) 94 95 (R)
3 99 (S) 94 94 (R)
4 93 (R) 94 92 (S)
5d 93 (R) 96 97 (S)
6¢ 93 (R) 90 91 (S)
7 29 (S) 90 95 (R)
8 27 (R) 91 91 (S)
9 25 (R) 95 89 (S)

2 Unless otherwise noted, molar ratio is as follows: 4-Carboxy[2.2]para-
cyclophane3a:1:i-PpZn = 0.048:1.0:2.1PDetermined by HPLC analyses
using a chiral stationary phase (Chiralcel O@etermined by HPLC
analyses using a chiral stationary phase (Chiralcel G@jlar ratio. 3a:
1:i-Pr,Zn = 0.0095:1.0:2.1%Molar ratio. 3a:1:i-PpZn = 0.0024:1.0:2.1.
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tion of i-Pr,Zn to aldehydel gave the opposite enantiomer

idyl alkanol2 with 94% ee was obtained (entry 2). Moreover,

(S)-2with 92% ee (entry 4). Thus, it was elucidated that the in the presence of §j-(+)-4-methoxycarbonyl[2.2]para-
[2.2]paracyclophane derivative induces chirality in the enan- cyclophane3c)? pyrimidyl alkanol2 with 93% ee inR-form

tioselective addition of-Pr,Zn to aldehydel. Even when
very small amounts (0.24—0.95 mol % against aldehi/de
of chiral 3a were used, chiral pyrimidyl alkand with

was obtained, and the reaction using (R)-(—)8sulted in
the formation of (S)-2vith 92% ee (entries 3 and 4).
A typical experimental procedure is as follows (Table 2,

significantly high (91—97%) ee was obtained (entries 2, 3, entry 1): After a mixture of a toluene solution (2.0 mL) of

5, and 6).
Moreover, it became clear that the chiral initia8arwith

(S)-(+)-4-acetyl[2.2]paracyclophan&h) [6.3 mg (0.025
mmol), >99.5% ee] and-Pr,Zn [0.25 mmol (0.25 mL of 1

only low to moderate ee was sufficient to induce the M toluene solution)] was stirred for 30 min afQ, a toluene

formation of alkanoR with high ee. Thus, the reaction using
(S)- and R)-[2.2]paracyclophanga of 29 and 27% ee gave
the highly enantiomerically enriche®)- and (S)-pyrimidyl

solution (1.0 mL) of aldehydé (9.4 mg, 0.05 mmol) was
added. After the mixture was stirred for 14 h &@ toluene
(4.75 mL) andi-Pr,Zn [0.4 mmol (0.40 mL of 1 M toluene

alkanol 2 with 95 and 91% ee, respectively (entries 7 and solution)] were added to the reaction mixture, and the mixture

8). Paracyclophane (R)-3aith only a slight enantiomeric

was stirred for 15 min. A toluene solution (1.5 mL) of

imbalance of 2.5% ee induced enantioselective addition andaldehydel (37.6 mg, 0.20 mmol) was added, and the reaction

gave chiral pyrimidyl alkanol (S)-@ith 89% ee (entry 9).

mixture was stirred for an additioh@ h at 0°C. Again,

Next, chiral monosubstituted [2.2]paracyclophanes, pos- toluene (14.4 mL)i-Pr.Zn [1.6 mmol (1.6 mL of 1 M toluene
sessing acetyl or methoxycarbonyl groups instead of a solution)], and a toluene solution (4.0 mL) of aldehyte
carboxylic acid functionality, were examined as chiral (150.6 mg, 0.80 mmol) were added and stirred for 4 h. The

initiators in the asymmetric autocatalysis of chiral pyrimidyl

reaction mixture was quenched by adding 1 M hydrochloric

alkanol 2. The results are summarized in Table 2. An acid (5 mL). Saturated aq sodium bicarbonate (15 mL) was

Table 2. Asymmetric Autocatalytic Reaction Initiated by
Chiral [2.2]Paracyclophanegb—c

[2.2]paracyclophane 3 pyrimidyl alkanol 2

entry R ee (%) yield(%) ee (%)
1° (S)-3b Ac >99.5 95 95 (R)
2 (R)-3b Ac 88 95 94 (S)
3d (S)-3c COOMe 93 9 93 (R)
4d (R)-3c COOMe 96 88 92 (S)

added, and the mixture was filtered through Celite. The
filtrate was extracted with ethyl acetate. The extract was dried
over anhydrous sodium sulfate and evaporated under reduced
pressure. Purification of the residue on silica gel TLC gave
pyrimidyl alkanol2 (232.7 mg, 95%). HPLC analysis of the
obtained alkanoP using a chiral column (Daicel Chiralcel
OD) showed that alkand of with an R-configuration had
an enantiomeric excess of 95%. Chiral initiat8)-8bwas
recovered (6.2 mg) in 98% without any racemization.

In summary, monosubstituted [2.2]paracyclophadeesc
with planar chirality induced the enantioselective addition

a Determined by HPLC analyses using a chiral stationary phase (Chiralcel Of i-PrZn to 2-alkynylpyrimidine-5-carbaldehydeto afford

OD). PEes of the recovered paracyclophagésc were the same as those
of the initial paracyclophanesMolar ratio. [2.2]Paracyclophangb:1:i-
Pr,Zn = 0.024:1.0:2.19Molar ratio. [2.2]Paracyclophar@c:1:i-PpZn =
0.048:1.0:2.1.

asymmetric autocatalytic reaction initiated b$){(+)-4-
acetyl[2.2]paracyclophane3if)® (2.4 mol %) gave R)-
pyrimidyl alkanol2 with 95% ee (entry 1). Conversely, in
the presence oR)-(—)-[2.2]paracyclophan8b, (9-pyrim-

highly enantiomerically enriched pyrimidyl alkan®! Fur-
thermore, even slightly enantiomerically enriched 4-carboxy-
[2.2]paracyclophan8a also worked as a chiral initiator.
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(8) Racemic 4-acetyl[2.2]paracyclophatewas synthesized as described
in the literature. Enantiomerically enricheb was obtained by the
resolution of racemate on HPLC using a chiral stationary phase (Chiralcel
OoD).

(9) Racemic 4-methoxycarbonyl[2.2]paracycloph8n&as synthesized
by the reaction of MeOH with the acid chloride, which was derived from
carboxylic acid3a. Enantiomerically enriche8c was obtained by HPLC
separation using a chiral stationary phase (Chiralcel OD).
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