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Double Diastereoselection in Asymmetric Dihydroxylation
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Abstract: New ligands give improved double diastereoselection in asymmetric dihydroxylation (AD)
of chiral olefins.

Since the discovery of asymmetric dihydroxylation (AD),2 there have been a number
of reports of "matching and mismatching"3 experiments with substrates bearing a
stereogenic center in the vicinity of reacting olefinic group.4 The diastereoselection
achieved in some of these cases was in the useful range, but in general the results were
disappointing, especially when compared to the more reliable diastereoselectivities one has
come to expect from the titanium-catalyzed asymmetric epoxidation (AE).5

We recently introduced two new and highly effective ligand classes, the phthalazine
(PHAL)6 and the pyrimidine (PYR)? (Scheme I).
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These new ligands are evaluated here for their ability to achieve matching and
mismatching in the context of the carbohydrate precursor, unsaturated ester 1 (Scheme II).
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Scheme I
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All reactions in the Table were run in the presence of 3 equiv K3Fe(CN)g, 3 equiv
K2CO3, 1 mole % (or 0.2 mole % for entries 4, 5, 7) of OsO4, 5 mole % (or 10 mole % for
entries 1-3 or 1 mole % for entries 4, 5, 7) of ligand and 1 equiv CH3SO2NH3 at 0°C for 24 h.89

L]

Table
entry ligand mole % of ligand  ratio of 2:3* yield®
1 quinuclidine 10 26:1 85%
2 DHQD-CLB® 10 10:1 87 %
3 DHQ-CLBY 10 1:1.0 85 %
4 (DHQD),-PHAL 1 39:1 84 %
5 (DHQ),-PHAL 1 1:13 52 %°
6 5 1:23 95 %
7 (DHQD),-PYR 1 6.2:1 84 %
8 5 69:1 90 %
9 (DHQ)-PYR 5 1:4.1 86 %
10 (DHQD),-PYR(OMe); 5 12:1 89 %
11 (DHQ)-PYR(OMe); 5 1:7.0 80 %

a) Determined by GLC of diols."® b) Isolated yield. c) Dihydroquinidine 4-chlorobenzoate.
d) Dihydroquinine 4-chlorobenzoate. e) 36 % of starting material was recovered.

In the matched case,!! the phthalazine ligand (DHQD);-PHAL gave the best result
(entry 4) and showed progress compared to the earlier AD ligand DHQ-CLB (entry 2). In the
mismatched case however, the phthalazine ligand gave only 1:2.3 ratio (entry 6) and the old

DHOQ-CLB ligand gave an extremely poor result (entry 3). On the other hand, the pyrimidine
analogs, (DHQ)2-PYR and (DHQ)2-PYR(OMe)3, were able to substantially override the

resident asymmetric induction in the mismatched case (entries 9 and 11), despite their



modest performance in the matched case (entries 8 and 10) when compared to the
phthalazine analog (entry 4).

The combination of these new ligands [for example, (DHQD)2-PHAL for the matched
case and (DHQ)2-PYR(OMe)3 for the mismatched case] is expected to give improved results
in future applications of the AD for achieving useful levels of double diastereoselectivity.

Acknowledgment: This work was supported by the National Institutes of Health (GM-
28384). We thank Ryu Oi for making a,B-unsaturated ester 1 and Min Kang for preparing

pyrimidine ligands.

References and notes:

1. On leave from Showa Denko K. K.

2. Hentges, S. G.; Sharpless. K. B. J. Am. Chem. Soc., 1980, 102, 4263.

3. Masamune, S.; Choy, W.; Petersen, J. S.; Sita, L. A. Angew. Chem., Int. Ed. Engl., 1985, 24, 1.

4. a) Annuziata, R; Cinquini, M.; Cozzi, F.; Raimondi, L.; Stefanelli, S. Tetrahedron Lett.,
1987, 28, 3139. b) Brimacombe, J. S.; McDonaldo, G.; Rahman, M. A. Carbohydr. Res., 1990,
205, 422. ¢) Sun, L.-Q.; Zhou, W.-S.; Pan, X.-F. Tetrahedron : Asymmetry, 1991, 2, 973.

d) Zhou, W.-S;; Huang, L.-F.; Sun, L.-Q.; Pan, X.-F. Tetrahedron Lett., 1991, 32, 6745.

e) Ireland, R. E.; Wipf, P.; Roper, T. D. J. Org. Chem., 1990, 55, 2284. f) DeCamp, A. E.;
Mills, S. G.; Kawaguchi, A. T.; Desmond, R,; Reamer, R. A.; DiMichele, L.;Volante, R. P.

J. Org. Chem., 1991, 56, 3564. g) Cooper, A.].; Salomon, R. G. Tetrahedron Lett., 1990, 31,
3813. h) Ikemoto, N.; Schreiber, S. L. J. Am. Chem. Soc., 1990, 112, 9657.

5. Ko, S. Y.; Lee, A. W. M.; Masamune, S.; Reed, L. A.; Sharpless, K. B.;Walker, F. J.
Tetrahedron, 1990, 46, 245.

6. Sharpless, K. B.; Amberg, W.; Bennani, Y. L.; Crispino, G. A.; Hartung, J.; Jeong, K.-5.;
Kwong, H.-L.; Morikawa, K.; Wang, Z.-M.; Xu, D.; Zhang, X.-L. ] Org Chem., 1992, 57, 2768.

7. Sharpless, K. B.; Crispino, G. A.; Jeong, K.-S.; Kolb, H. C.; Wang, Z.-M.; Xu, D. Submitted

8. In all the reactions, the molar ratio of dihydroquinidine (or dihydroquinine) moiety and
Os0O4 were held constant at 10: 1.

9. A typical procedure: To a well stirred mixture of (DHQD)2-PYR(OMe)3 (49 mg, 0.05
mmol, 5 mole %), Kz3Fe(CN)g (0.99 g, 3 mmol, 3 equiv), K2CO3 (0.42 g, 3 mmol, 3 equiv),
and CH3SO2NH3 (0.095 g, 1 mmol, lequiv) in a ¢-BuOH-H20 mixture (5 mL/5 mL) was
added an OsOy4 toluene solution (0.026 mL of a 0.393 M solution, 0.01 mmol, 1 mole %).
The solution was cooled to 0°C, and a,B-unsaturated ester 1 (0.214 g, 1 mmol) was then
added. The reaction mixture was stirred for 24 h at 0°C. Solid sodium sulfite (1 g) was
added and the mixture was stirred for 30 min at 0°C and then warmed to room
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10.

11

temperature. Ethyl acetate (10 mL) was added to the reaction mixture and after
separation of the layers, the aqueous phase (lower layer) was further extracted with ethyl
acetate (3 x 5 mL). The combined organic extracts were dried over anhydrous MgSO4 and
concentrated [GLC analysis10 to determine the ratio of 2 : 3 (1:7.0 in this case) was
performed prior to concentration] to give an oil, which was purified by flash
chromatography (silica gel) using hexane-ethyl acetate (1 : 1) to afford a mixture of the
pure diols as a colorless oil (0.223 g, 90 %). THNMR (5, CDCl3) diol 2 (minor product) :

1.31{dd, J=1.7 and 6.3Hz, 6H), 1.37 (d, J=0.4Hz, 3H), 1.45 (d, ]=0.4Hz, 3H), 2.32 (d, }=9.6Hz,
1H), 3.21 (d, J=4.8Hz, 1H), 3.83~3.88 (m, 1H), 4.03~4.14 (m, 3H), 4.37~4.39 (m, 1H),

5.10~5.30 (m, TH); diol 3 (major product) : 1.31 (d, J=6.3Hz, 6H), 1,39 (d, J=0.4Hz, 3H), 1.46
(d, ]=0.4Hz, 3H), 2.71 (d, J=7.5Hz, 1H), 3.26 (d, j=5.7Hz, 1H), 3.83~3.88 (m, 2H), 4.09~4.12
(m, 2H), 4.30~4.35 (m, 1H), 5.10~5.30 (m, 1H).

] & W, DB-1 (100 % methy! silicon, 30 m capillary column).

Conditions: initial temperature 100°C, program rate 3°C/min.

Retention time: diol (2) 15.3 min, diol (3) 15.9 min.

The dihydroquinidine (DHQD) ligands direct dihydroxylation to the B-face of 1,6 which
is defined as the matched case if one accepts that entry 1 in the Table with the achiral
ligand, quinuclidine, is a fair point of reference for the substrates inherent diastereofacial
preference in these reactions.
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