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Swnmmy: A variety of educing agents was explored to &act stereoselective nduction of acyclic Shydroxy 
ketone 3a; R-Alpine-Hydride pmvided high aM sterwaelectivity (unci:syn = 7: 1). Reduction of 3b in cl-&cl2 
with R-Alpine-Hydri& or Zn(BH& affo&d impressive anti smleetivity: 1O:l and 13:1, respectively. 
The swrxxhemical outcome is attributed to a bicyclic metal-chelatc species (viz, 10). 

Stereochemical mntml in nactions of acyclic molecules has attmcted a great &al of attention. Enormous 

advances have been made in the genen@n of new proximal (12 and 1,3) stemqeuic centers with a high level 
of ~~~~~ indution;t3 however, remote (>1,3) s tezocontml still poses a challenging problem.3 As a 

~n~~~~~~t~s tcrwcontrol with nonrigid systemsPs we *port herein an example of high 1,5 

diastexwselectivity in the nduction of acyclic 8-h-y ketones. 

In a medicinal chemistry project, we had occasiou to conduct the synthesis of uebivolol (lp analogue 2. 

The key step for the synthesis of 2 is the steteoselective nduction of racemic &-hydroxy ketone 3a7 to racemic 

u&diol4a (eq 1). Examples of high asymmetric induction by a singular, mmote s-genie center bearing a 
hydroxyl group in nucleophilic addition to hydmxy ketones are rare.8 h&ier et al.9 mported that the reduction 

of &hydroxy ketone 6 with LiAm in Et&) provided the cornsponding 1,5 diols with a unti:syn ratio of just 
55:45. At the outset, we hoped that the diastereosclectivity might be improved for the reduction of 3a with 
Lii because of the amine niaogen,to which could coopmtc with the hydroxyi to dimct hydride &livery. 

Unruly, no induction (&~a = 1: 1) was obsess& when 3a was educed with LiAlH_+, and the bulkier 
~(~f-Bu)3 also showed no selectivity (Table I). *t In an attempt to achieve an excess of anti (4a) over 
syn (a) dials, we studied 14 additional zducing agents (Table 0. ~~~n~y, only R-Alpine-Hydride@ (7, 

yN1,” - c vN-R + ‘lrN_” (1) 

OH z 0 OH hl AH OH &I OH 

3aor3b a: R = 2-benzofMany1 <*t) tmerra) 
b: R = phenyl 4a or4b SaorSb 
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entry 16)1* was able to tiurd a useful level of diastemoselectivity (4a5a = 7:l; 43% yield of purified C, mp 

103-104 Oc. CXWJ analysis), although no enantioselectivity was found,lf 

Table I. Reduction of 8-Hydroxy Ketone 3a to Dials 4a and Sas 

enay 
lb 

2= 

3e 
4 
5 

6 
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8 

WCWz. Hz 

Nati 

NaBH4/C&l3 

NaBH(OAc)j 
Red-Al 

K-Selectri& 

W 
~~~~-~U)3 

&!!a entry nagglt solwxtt 4a:Sa 

l:lC 9 

1:ld lo 

l:ld 11 

1:ld 12 
1:lf 13 
1:lf 14 
l:ld 15 
1:lf 16 

DIBAL 

BH3.THF 

BH~vW 
BHs*Me$ 

8 
9 

W=W* 
78 

1:ld 

1:lf 

1:lf 

1:lf 
1:lf 
2:l“ 
2s:td 
7:ld 

As shown in Table I, Zn(BH& (entry 15) and lithium thexyl-(R)-limonylborohydri& (9; entry 14). 

exhibit modest 1.S asymmetric induction. None of the reducing agents produced mom syn dials 5a than uteri 

dials 4a NB-EnatUr&m (Sh which is stnx%&ly similar to S-Alpine-Hydri&# and qmrted to be much 

mote et%ctive for the asymmetric red~tion of ketones,14 is ineffkctive in out case (entry 13). These results 

suggest the ikermediacy of a metal-&elate with external hydride delivery, as discussed by Baker et at for the 

LiEtsBH reduction of a S-hydroxy ketone (actually a 1.3 asymmetric induction).~ Thus, we reasot& that the 

stereoseiectivity might be enhanced by changing comiitions to favor a rigid &elate species, for example, by 

using a less coordinating solvent and by lowering the FcBction tempemturc. 

In follow-up studies we used 3b,’ a simpler, more readily available Shydtoxy ketone, as the reaction 

substrate (Table nr).ll.l6 Thus, the following observations were realized with Alpine-Hydtide. (1) When 3b 

was reduced with 7 under the conditions used for 3a, a similar diastemoselectivity was achieved (entry 1). (2) 

The l$ asymmetric induction is independent of Alpine-Hydride chirality, as the R and S fotms furnished the 

same ratio of 4b:sb (entries 1 and 2). (3) The anrisyn selectivity increases as temperatme &creases (entries 

3-S). (4) The hydride anion structure plays an important role: cf. R-Alpine-Hydride (7) and LiBa (entries 7 

and 11; also see dam in Table I). (5) Replacement of THF by bung mfi signikantiy enhances 

1,5 diastezwselectivity (entries 6 and 7). Similar tmnds weft seen with Zn(BH& (entries 8-l@, particularly 
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1 R-Alpine-Hydride -98 -,O 16 6:l 57 
2 S-Alpine-Hydride -98 -+O 16 6:l 62 
3 R-Alpine-Hydride -78 5.5 6:l 17 
4 R-Alpine-Hydtide -40 5 4:l 37 
5 R-Al*-Hydride 0 2 3:l 62 
6 R-Alpine-Hyt.lridc -40 5 cHg!l~ &l 40 
7c R-Alpine-Hydride -78 26 Qizclz 1&l 40 
8 ~@H&z 0 2 21 
9 zn(BI+J&E -40 5 &l 
10 a(BHbh -7% 26 ~2ck2 13:l 47 
11 mH4 -78 26 CH2Q 5:l 

(a)Demnimdby lHNMR. (b)IsohtedyicldofmixttuefrcenprepmaiveTLC. (c)Li3@BHgrrvcrm8:1rath(55%). 

To rationalize the msults, we ptopose a 5.5 bicyclic sauctme such as 10, in which the lithium of ziuc ion 

is complexed with the hydrrnryl, amine, and ketone groups in 3a of 3b. In the txmfknmtionally rigid array, 

endo attack by the hydride species is sterically unfavond attack is prcfti from the less hindered exo side, 

k&ing to the oltli diols. Thus, when the naction is perfozmed in THF, this good donor solvent competes 

withthe~~in3for~p~~~of~metalcenSersnddiminishesor~~~chelatefonnation. Onthe 

other hand, the relatively n-g CEI2Cl2 enhamxs chclale involvement, The lack of Sorwselectivity 

with NBcnantride (8) may be attributed to the presence of a comdinating ether group in the reagent itself, 

which could inhibit forma&m of the chelation complex (10). 

To determine the influence of the amine niwn, b-hydroxy ketone 1117 was reduced at -78 “C in TIFF 

with R-Alpine-Hydri& or Zn(BH4)2, and the ad:syn ratio fm 1.5-dials 12 was estimated by t3C NMR 

(relative intensities of the mcthylcne carbons). The ntaily 1: 1 ratio obtained far cither reduction here under- 

~stheimpartanceoftheamine~~~nin3sand3bfaracideving~igh1,5~~cinductiigl. 

We have pn?sented an in&resting example ofbigb 15 asymmetic indd~ in an acyclic system, which 

involves hydride reduction of a pmchhal ketone (z$ center) five atoms moved from an existing m$ez 

bearing a hydroxyl gmup. ‘I~Ic hydroxyl and intrachain nitrogen coqemte via a metal &elate to dimct hydride 

addition. Such “bicyclic chelation control” is unusual and intriguing,** and one cuuld explore for high 1.6 and 
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1.7 acyclic diastereoselection in the reduction of homologous hydroxy ketones, via 5,666, and 57 bicyclic 

complexes. Further studies on this novel type of remote acyclic stemoconaol am in pIogress. 
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