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In the field of stereoselective epoxide opening a number of Scheme 1. Regiodivergent Epoxide Opening of 1 and 2.

impressive reactions largely dominated 28ype transformations OH CO,fBu
have been reportédThe reductive epoxide opening via electron 0  COtBu "

transfer from titanocend&has emerged as an attractive alternative - 10 mol% 3 or ent-3 4

to these classical strategies. It combines the traditional advantages 4" SR Mr11, fgII:'CI OH

of radical chemistry with a regioselectivity of ring opening opposite 543,5,?)_; or = 90:10 e 2 5

to the nucleophilic substitutions and the possibility to control the
course of ring opening by the catalystVe have demonstrated the
relevance of the last point in our enantioselective openingese
epoxides

Here, the first example of a regiodivergent opening of sterically
and electronically unbiased epoxides is described. We employ this Table 1. Regiodivergent Epoxide Opening of 1 and 2 (See
terminology because nonracemic substrates were used, too. WithSupporting Information for Details)
racemic substrates such reactions have also been termed “parallel entry sub cat 41% erd 5/% erd
resolutions” or “divergent reactions of racemic mixturésA

- 1 1 3 51 88.5:11.5 44 5:95
mathematical treatment of these processes has been pré¥idesl. 2 1 ent3 45 9.5:90.5 42 96.5:3.5
mechanistically complementary reaction of vinyloxiranes with 3 2 3 13 46:54 71 99.5:0.5

4 2 ent3 76 97:3 10 2575

dialkylzinc reagents has been reporfeth our case the regio-
selectivity of ring opening is decisive. This concept could not be
realized even with Jacobsen’s exceptional system.

We chose epoxided and 2 as substrates for our initial ~ Scheme 2. Mechanism of the Regiodivergent Epoxide Opening.
investigation with Kagan's compleX® (Scheme 1, Table 1). Both [Cp,TiC™™! [Cp,TiCI <"
3 andent3 gave higher yields of readily separatdnd5 (84%— ; :

95%) than CETICl, (77%, 4/5 = 63:37). RN R PAG

Our results amply demonstrate that b8tAndent3 constitute

a3 (R)/(S by comparison to authentic samples and from substrates.

suitable catalysts for the desired regiodivergent opening arfid l A 8

2. In the case ofl, the minor isomers are obtained in high chiral ) iral
enantiomeric ratios (5:95 and 96.5:3.5). As expected, the major [CICPTil . o [TCpLIr
isomers are formed with slightly reduced selectivity. Our reaction R R

proceeds under reagent control. ThBgndent3 provide4 and5 R/\-)\/ \/l\o/\R

with reversed enantioselectivity. {minor}
The use of enantiomerically enriched substrates in regiodivergent R
epoxide openings can result in an extremely attractive double
asymmetric process not possible witteseepoxides. The major R\)\/\R, /\)\,R
product should be produced in much higher enantiomeric purity _ p———— .
than the substrate in a yield higher than the theoretical 50% for
racemic substrates. Gratifyingly, this was indeed observed when
employing2 as substrate. With catalysnht3, 4 was obtained in Accordingly, the diastereomeric epoxide titanocene compléxes
76% yield and an er of 97:3. The minor prod&otvas obtained in andB constitute the first intermediates of ring opening. In the case
only 10% yield and with low enantioselectivity. Wi the opposite of electronically and sterically similar substituents R aricaRin
regioisomer of epoxide openirigwas obtained as the major product 1 and2, A and B are formed and opened with similar efficacy.
in 71% yield and, as above, with exceptionally high enantiomeric Otherwise a classical kinetic resolution would have been observed.
purity (99.5:0.5). Again, the minor product was formed in low yield The stereodifferentiating event of the overall process is constituted
and low enantioselectivity. by epoxide opening i andB. We have demonstrated this step
Scheme 2 provides a mechanistic rationale for the outcome of to be highly enantioselective in the reactionsnoéseepoxides.
the reaction ofl and2. In the case of identical substituents R and For a regiodivergent opening circumstances are more complicated.
R’ our analysis is reduced to only one complex. Therefore, the Each of the two products is formed through the dominant pathway
extremely popular opening ofieseepoxides (R= R’) constitutes of ring opening of one complex and the minor pathway of the other
a subclass of the more general regiodivergent ring-opening presenteccomplex. The minor product will be obtained in higher enantio-
here. selectivity, as indeed observed fbr
The regioselectivity of radical generation is explained by our  With enantiomerically enriched substrates the major product is
recently established model of steric control of epoxide opehing. obtained through the dominant pathway of the prevalent complex
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Table 2. Regiodivergent Epoxide Opening of Unbiased Substrates
(See Supporting Information for Details)

A 10 mol% 3 or ent-3 Ho R R OH
R\/A\/RI —_— R\/k) + K/'\/R'
Mn, CollI*HCI
(R,S)-6 THF, 1,4-CeHg 7 8

6a: R = nC4Hg, R' = CH,CO,Bu, (5R.4S):(5S,4R) = 94:6
6b: R = nCgHy3, R' = CH,CO,tBu, (5R 45):(5S 4R) = 94:6
6c: R = nC4Hg, R' = CH3, (4R,35):(4S,3R) = 94:6
6d: R = nCsHyq, R' = CHy, (4R,3S):(4S,3R) = 87:13

entry  substrate  catalyst  product  yield/% 7182 Tlerb 8ler?
1 6a 3 7al8a 77 86:14 99:1 66:34
2 6a ent3 7al/8a 88 18:82 35:65 99:1
3 6b 3 7b/8b 73 82:18 99:1 53:47
4 6b ent3 7b/8b 76 12:88 45:55 99:1
5 6¢C 3 7cl8¢ 82 84:16 0.5:99.5 34:66
6 6¢c ent3 7c/8¢ 86 4:96 40:60 0.5:99.5
7 6d 3 7d/8c° 89 83:17 0.5:99.5 70:30
8 6d ent3 7d/8d 88 12:88 50:50 0.5:99.5

apetermined by!H NMR analysis of the crude mixturez/8 with
Cp.TiCl, was about 40:60 in all cases (see Supporting Information).
b (R)/(S) from configuration of substrate$Zn used instead of Mn7 and
8 not separated.

Scheme 3. Regiodivergent Epoxide Opening for the Synthesis of
Derivatives of 1,2- and 1,3-Diols

10 mol% 3 .
0 or ent-3, Mn HO ROR OH
RO._A\_R' o RO._A _J+ (AR
{o]
(R*,S*-9 THF, 1,4-CgHg 10 1

9a:R= HC4H9, R'= CHQCOQTBU} 9b:R = CH2C02tBU, R'= C2H5

and the minor pathway of the minor complex. This double

asymmetric process results in major products with much higher

enantiomeric purity than the substrate, exactly as foun@.féable
2 summarizes further examples of the reaction.

Our reaction is general and ester substitution is not necessary

(entries 5-8). The hydroxyesters (entries—4) are important
intermediates for the synthesisefandd-lactones® By treatment
of 8b with TsOH, [R)-4-dodecanolidé! a defensive secretion of

beetles, was obtained (92%) with the highest enantiomeric purity

reported. From7b (R)-5-dodecanolide, a component of the odor
of chedda#? was obtained (96%). Reactions with glycidol ethers
were also carried out (Scheme 3).

In these substrates chelation of titanium constitutes an additional

potential control element for the regioselectivity of ring opening.

This has been demonstrated to be very important in the reactions

of the “Sharpless” epoxide8. The products of ring opening,
derivatives of 1,2- and 1,3-diols are important intermediates for

the synthesis of complex molecules. Our results are summarized

in Table 3.
For simple alkylethers (entries-R), the possible chelation does

not affect the reagent controlled course of the reaction. Thus (g

derivatives of both 1,2- and 1,3-diols become available in high
enantiomeric purity from racemic substrates similar to the reaction
of 1. However, with two chelating groups in one substituent a

partially substrate controlled reaction results, displaying matched

and mismatched cases of selectivity of ring opening (entrie$) 3

Table 3. Regiodivergent Epoxide Opening for the Synthesis of
Derivatives of 1,2- and 1,3-Diols (See Supporting Information)

entry  substrate  catalyst product yield/%  10/112 10/erb 11/erb
1 9a 3 10a/11a 85 54:46 10:90 96:4
2 9a ent3 10a/lla 81 52:48 919 3:97
3 9b 3 10b/11b 77 66:34 19:81 99:1
4 9b ent3  10b/11lb 74 80:20 65:35 10:90

apetermined byH NMR analysis of the purified products. For
Cp:TiCly: 9a, 72:28;9b, 90:10.P Absolute configuration not determined.
Measured from products and separated lactones.

In summary, we have devised the first regiodivergent opening
of unbiased epoxides that provides the ring-opened products in high
enantiomeric excess from racemic and exceptionally high enantio-
meric purity from enantioenriched substrates in a double asymmetric
process. It constitutes a more general case of the very important
enantioselective openings ofeseepoxides.
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