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K@f_l~ a& (DtiQDJzPHAL and I.2 cquivalenrs af N-melhylnu~r/~hc)/i~,r N-mide icl aqueous arerone a1 2O’c 
(hybrid AD-mix-~) for 2 h Raw the (-)_enantiomer. l~nl (cr 95%) ire 30% yirld. The same rearlion. but wilh 
(DHQ)flHAL, (hybrid AD-m&a) florded rhc (+)-etwnrlorwr. I (et YS%J i!c -15% yield @Ier 2.7 h reaiVion. Simllor. 
&ienr #t&c resolwion of the raremir di-p-fluoro analopres (2 md 2-cat) WVIS ah achieved with the same 

reagents. 

The synthetic, racemic c&fused cyclopenteno-1,2.4-trioxanes I and 2 display high anti-malarial activi- 

ties which ate commensurate with those of artemisinin (3) and its derivative 4.* Evidently, the synthetic and 

natural trioxanes share a common mode of action.3 However, in order to define the structure-activity relation- 

ship, it was necessary to test both enantiomers. Although chromatognphic separation is feasible, we wished to 

explore the possibility of kinetic resolution. It appears that 1 and 2 are ideal candidates. The styrene portion is 

encompassed within a concave framework and should exhibit diastereoselectivity towards a chit-al elec- 

trophile. The obvious reaction to try is osmylation. 
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We now describe the osmium-catalyzed dihydroxylation of I and 2 in the presence of cinchona al- 

kaloid-phthalazine ligands. Preliminary experiments were carried out with the AD-mix-p formulation.4 The 

racemic olefin, 1 and Lent, was treated with catalytic amounts of potassium osmate and 1 &bis(dihydroquini- 

dine)phthalaxine ((DHQD)#f-iAL) together with potassium ferricyanide as co-oxidant in aqueous f-butanol as 

solvent. Surprisiugly, dihydroxylation was exceedingly slow (Table 1). Several days were requited for 62% 

compldion (entries 1, 2). Enrichment in the (->enantiomer of the residual olefir? was erratic (entries 2.3). 

but increased on progressive dihydroxylation. without reaching full resolution (entries 4-6). The main prod- 

ucts were the e,w- 1,2diols. 5 and Sent (Scheme I). Their absolute configurations wcrc established by esteti- 

fication to the dicamphanates 7 and 8, crystals of which were analyzed by x-my6 (Scheme 2). Small amounts 

(2-696) of the en&1.2-dials 6 and 6ent. were also isolated.‘l 
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Table 1. Asymmetric dihydmxylation of 1 and l-ent by using AD-mix-P 

Entry AD Reaction 
mix" kmp.(OC) 

Reaction 
time 00 

Completion of 
reaction (Rp) 

Oltfin b 
ee (%) 

1 A 1 20 26 5 
2 A 1 142 62 0 
3 A 20 5 71 41 

4 B 20 96 23 11 
5 B 20 71 49 43 

6 B 20 168 78 82 

a)K20~04*2H20 (0.2 and 0.02 mol % for A and B respectively); (DHQD)ZPHAL (13 and 1 

mol % for A and B respectively. The co-oxidant is KJFe(CN)6. plus K$OJ (each 3 mmol). and 

MeSO@I-I~ (1 mmol); olefin (1 mmol) in r-BuOH:H,O (1: 1. 10 ml). b)Enriched in I-ent. 

Thus it is seen that the chiral reagent discriminates between the exe and et& faces of the cyclopentene 

ring, but elicits little diastetwselectivity. However, a dramatic improvement was achieved by changing the 

co-oxidant and the solvent Submission of I and l-ent to catalytic amounts of potassium osmate and 

@HQD)-LPHAL as before, but with N-methylmorpholine N-oxide (NMO) in aqueous acctom. resulted in 

rapid and total kinetic reso1utiona.Y (Table 2). At partial completion, the enantiomeric excess was low (entries 

l-3). whereas at more than 70% completion the remaining olefin was essentially the pure (-)-enantiomcr 

(entries 4-6). The configuration of the latter was established as l-ent by its non-asymmetric dihydroxylation 

(NAD) to the (-)-enantiomer, Sent, which was identical to the saponification product1o obtained from 8 

(Scheme 2). In other words, hybrid AD-mix-P brings about asymmetric dihydroxylation (AD) according to 

path fl (Scheme 1). No endo diols (6 or dent) were detected under these conditions. Moreover. the eu, diol5 

was always contaminated with minor amounts of 5-ent.l’ 

l-ant (-1 Is-ant (-1 B 

The converse, namely AD by path a, was readily accomplished by employing bis-(dihydmquinine)- 

phthakine (@HQ)2PHAL) and NMO. namely hybrid AD-mix-a. By running the reaction for 1.5-2.0 hours 

under optimal conditions (c$ entries 4-6, Table 2) to 70-75% completion. the (+)-enantiomcr. 1. was fully re- 

solved. This time the exe diol, 5-ent. was the major product together with some 5.1 t No en& diols @Lent or 

6) were observed. In complementary fashion, the configuration of I was confirmed by its NAD to the (+)- 

enantiomer 5, also obtained from 7 by saponification (Scheme 2). 
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Table 2. Asymmetric dihydroxylation of 1 and lent by using hybrid AD-mix-0 

Entry 

1 
2 

3 

4 

5 

6 

0.27 
0.54 

0.65 

0.92 

0.70 

3.6 

Ligandb RcactionC Completion Okfind 
[mol%l tim OI) of reaction (%) ee (%) 

1 4 40 28 
5 4 53 44 

3 7 62 72 

5 2 71 95 

5 3.5 75 98 

10 1.5 80 >98 

a)olefin (1 mmol) in acetone:HgO (5: 1.2 ml); NM0 (1.2 nunol) is the co-oxidant). Whe ligand is 

(DHQDbPHAL. c&mpemmm of tuaction is uw3. @Enriched in lent. 

-2 

The hybrid AD-mixes-f3 and a were equally effective in resolving 2 and 2-ent. Pure (cc 95%) Zent (-) 

and 2 (+) were obtained in 38 and 34% yields after 45 and 90 min. respectively. 

In summary, dihydroxylations with the hybrid mixes proceeded efficiently with high double diastereo- 

selectivity and are the first examples of the kinetic resolution of cyclic olcfins. I2 They can be rationalized by 

the predictive model devised for Pisubstituted. acyclic olefins. lR The (DHQD)zPHAL-ligated reagent matches 

the si,si faces of the C!S,C6 atoms of the double bond in 1 and lent, but this p approach is only kinetically 

significant in 1 since its e.w side is more accessible than the rnui~~ in bent (Fig. 1). Contrariwise, the 

(DHQJgPHAL-ligated reagent selects the re,re faces. but. again for steric reasons. such a-attack succeals with 

l-ent rather than 1. 
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Fig. 1. Altxk modes for AD of 1 and l-cot controlled by the. chid ligands. (DHQD)$HAL and (DHQ)$HAL 
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The application of the hybrid mixes for resolving other complex bicyclic olefins should be practicable. 

The utility of the dials, 5 and 5-tnt, as new choral ligands for catalysts. will be sported elsewhere. 
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