
Enantioselective Reduction of Ketones Cstalysed by 
1,3,20xazaborolidines Prepared from Phenylglycine 

Rammt Berenguer, Jordi Car&i,* and Jaume Vilnrma 

DeparMenl of Ch’@c Chonii. Faculty of Chemisny. Univtity of Brmdens (m) 
tvisrtt i Frsn& l-1 1. tXW BaaIces, Cstakmis, &sin 

Abalract: (R)-R-mthyl-4~,5-triphenyl-I ,3,2-oxaaabomlidinc (1) and (R)-B-allyl-4.5.5 
triphenyl-1,3,2-oxazidine (2), prepared from (R)-phenylglycinc, catatyse the reduction 
of pmehiral ketones with borsne, to afford the corresponding secondary alcohols in good 
chemical yields and with moderate to high (61%96%) enantiomeric excesses. These 
compounds gave the best results reported so far regarding the reduction of linear alkyl methyl 
ketones catalysed by oxsraboroliies. 

The development of efticient stereos&ctivereactions is a challenging endeavour in organic chemistry. In 
this context, the ettantioseleetlve oxaxabnmlidine-catalysed reduction of pmchirat ketones with bornne leading 
to the formation of chiral secondary alcohols, is a topic of current intexcst. After the pioneering work of Itsuno 
et al.,’ Corey’s group and others have developed several chiil 1,3&oxazatmmliiines which can act as 

efftcient catslysts in this reaetkx~~ 

In the present paper we desoribe the synthesis of two alternative oxazabomlidines, (R)-B-methyl-4,5,5- 
triphenyl-1,3,2_oxa~~lidine (1) and (R)-R-a11yl-4,5,5-triphcnyl-l,3,2-oxazaborolidine (Z), in good 

yield, as well as the nse of 1 and 2 in tJtc reduction of some. representative ketones. 
Compound 1 can be readily synthesised in three steps from (R)-phenylglycine -irs enantiomer is also 

available at a relatively low price- and trimethylbomxin~ in 70% overall yield in muMgram scale. Ixlrlng the 

acklition of the Grignard reagent to the amino ester hydrochloride no racemisation was de&ted.” Compound 1 
has been indent&d as the only product in the reaction of the (R)-2-amino-I,l,Zaiphenylethanol with the 

homxinc and has been fully characterbed by ‘H, ‘“C and 1lB NMR. OxaxaboroWine 1 has been used , 
without fnrther pnrifiiation. 
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Reductions were accomplished in up to 90% chemical yields in c5 min in THF at 0 Oc when an equivalent 
amount of 1 and 1.2 equiv. of BH,:Me$ were employed.5 The reductions are so fast that a slow addition of 

the ketone (1 mm01 in 90 min) to a milthue of 0.1 equiv. of catalyst sod 1.2 mm01 of B&Me+3 seems IO 

mimic the stoichiometric conditions and the enantioselectivity is similar or only slightly lower than in the 
smichiometic cssc,s as shown in Table I. 

Table I. 

E.e. of the alcohols arising fmm the reduction of the con-espooding ketones by BH@Jc$ in the prtsencc of 1s 

I 96% (%%) 96% (94%) 95% 93% (92%) 

d 04 ‘IoH -2 

As shown in Table I, enantioselectivity is excellent for aromatic ketones as well as for hindered methyl 

ketones (r-butyl methyl ketone) but the most significant fact is the good sekctivity obtained for a liacar methyl 
ketone (2-octaaone). In fact, 72% e.e. is the higher value ~+~rted until now regarding the reduction of Z 

octanone (or similar ketones) with this kind of catalysts.’ It is wonh noting that in many IX&S the. results 

obtained are similar or only slighly lower thaa those report& for similar prolinedefived catalyst! 
Cai et al. have very recently reported9 that in some reductions using oxazabo~MW.~, two H atoms can 

arise from each BH3. being the second usnsfer less stercosclcctive. Looking for a more constricted transition 

state system with ao intramolecular donation of only one hytide ion, we synthesised B-allyloxazaka’olidiaes 

2 and 3 from hiallylborane and the corresponding aminoalcohol acceding to the geneml pmc&u’c reported 
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by Reetz et aI.‘OAddition of I e&v. of buane to a solution of 2 in THF at 0 *C gave, after 1 h, a clean 

solution wh&h was used in the nduetion of some ketones. The tentative involvement of 4t1 as the reducing 
agent is supported by the following facts: (i) the addition of an excess of HCVMeOH to the THF solution 
releases 2 tntnok of hydrogen (eotrespondhtg to the two B-H bonds present in 4)~ (ii) the solution r&tees 
only 1 mmd of ketone per each mmol of 2 (probably the psrudoaxial B-H is involved); if mm ketone is 
added the mzdcm is stop@ when 1-l is consumul, while the addition of an excess ofHCUMe0H at this 

moment rrleases only 1 tmnol of hidtogen; (iii) dipinaoolyl cst~ derived from 1,3-pqsnedibottmie acid esn 

bc isolated as the major product from the trcotment of tht VIF solution with pinaml. ‘Ihis fa* demonstrate8 
that hyd&uatica is regiosel~tive, the boron atom Mng bound at the terminal okfinic carbon. 

When the temperature wilg raised up to r.t a release of 1 equiv. of hydrogen was obsorvad (probably due 
to a B-N covalent bond formation from 4) and the reducing ability was lost. If the B-allyl-1.3.2- 
oxazabtwoliine 3 -in which the N-H group is not present- was used in place of 2, the solution arising 

Tim the hydroboration can be. maaipulated at ct. or boiling THF without evolvement of gas. Reductions of 

ketones with 2 or3 and BH$Me$ are also fast and show a slightly lower selectivity to than observed with I9 

(fca instance, for the 2-octanone reduction the e.e. values were 64% and 59% e.e. for 2 and 3, respectively, 
while for the ae&ophenone teduetioa the corresponding e.e. values were 79% and 77%). 

In summaq-, the ready accessibility of 1 from cheap phenylglycine and its pe&mzutce make this magent 
an attractive choir for the reduction of prcchiral ketones. Furthermore, B-allyloxaxaborolidine-brane 

reagents derived from 2 and 3 are the first examples of reagents in which the redactor is eovalendy bound to 
an oxszabarolidine. The search for more efficient reducing agents based on phenylglycine is in course. 
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