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Summary: Several rhodium(I) complexes containing chiral phosphine, (+) DIOP, (+> BINAP, (S,S) 

CHIRAPHOS, and (S)(R) BPPFA, have been found to be effective as catalyst for the asymmetric 

hydrobomtion of pm&h-al alkenes with catecholborane (1,3,2benzodioxaborole) to give optically active 

2-alkyl-1,3,2-benzodioxaboroles. Among the ligands e xarnind, DIOP has been recognized to be most 

effective to give high asymmetric induction. 

Recently, Ndth and Mannigz reported that alkenes and alkynes can be hydroborated with 

catecholborane (2) in the presence of Rh-catalyst under extremely mild conditions. Although catalytic 

hydrometalations such as hydrosilylation3 were widely examined, only a few reports were published on 

the catalytic hydroboration, because the reaction with most of hydroborating reagents proceeds readily 

without any catalysts. We wish to report here a catalytic hydroboration4 for the synthesis of optically 

active alkylboronates by using homochiral Rh-complexes. Upon oxidation, these all@oronates afford the 

corresponding alcohols with retention of configuration. Since halogenolysis, amination, and carbon 

homologations are also known as useful synthetic methodologies, these optically active alkylboronate 

derivatives may provide corresponding asymmetric compounds. 

Rhodium complexes with several chiral phosphine ligands such as (+) DIOP6, (+) BINM, (S,S) 

CHIRAPHOS6, and (S)(R) BPPFA6 have been examined with regard to the catalytic activity and 

enantioselectivity in the reaction of l,l-disubstituted or internal alkenes with catecholborane (2). The 

resultsaresumm&edinEqsl-3andTablel. 

Hydroboration of 2-phenylpropene with 2 in the presence of 1 mole% of [(+) DIOP]RhCl or [(+) 

BINAP]RhCl in toluene at -5 “C for 72 h, followed by oxidation with alkaline hydrogen peroxide gives 

(S)-2-phenyl-l-propanol in both 38% ee (entries 1 and 2). The same reaction with 2,3-dimethyl-1-butene 

in the presence of [(+) DIOP]RhCl provides (S)-2,3-dimethyl-1-butanol in 12% ee (entry 5). In both 

cases, catecohlbomne preferentially attacks from the bottom enantiotopic face of the 1.1~disubstituted 

alkenes (1) to afford product alcohols with the same absolute configuration (eq. 1). Internal alkenes such 

as (Z)-3-hexene and norbornene are also hydroborated with 2 in the presence of [(+) DIOP]RhCl, and the 

resulting alkylborates, followed by oxidation are converted into the corresponding (S)-alcohols in yields of 

231 



232 

71, and 81% with 10 and 59% ee respectively (entries 6 and 7). (Z)- and (E)-l-Phenyl-1-propene, 1,2- 

dihydronaphtalene, and indene also give the optically active alcohols in 47,41,14. and 73% ee (entries 

10-15). It should be noted that the reaction with l-phenyl-1-propenes gives the (S)-alcohol, whereas that 

with l&dihydronaphthalene and indene affords the (B)-alcohols formed by the opposite stereoselection 

(eqs. 3 and 2). 
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The following observation and interpretation may be noteworthy. (a) In the presence of l&complexes 

with chiral phosphine ligands, catecholborane undergoes hydroboration with internal and l,ldisubstituted 

alkenes to give, after oxidation, optical active alcohols. Although we have not optimized the conditions for 

the yields of alcohols, the rate of hydroboradon is shown to be bigbly dependent on the substituents on 

alkenes and ligsnds employed. Rhodium complex with DIOP gives 58-93 96 yields of alcohols from 

internal alkenes. while lower yields are given from 1,ldisubstituted alkenes. (b) All phosphine ligands 

examined have been found to be effective to asymmetric induction. Among them, DIOP has been 

recognixed to be most effective and to give the optically active alcohols in high eantioselectivity. These 

inductions are greater than other results for hydrosilylation and hydroformylation of these alkenes, 

mediated by DIOP-rhodium catalysts 3.. Ail of (+) DIOP, (+) BINAP, (S,S) CHIBAPHOS, and (S)(R) 

BPPFA complexes give alcohols having the same absolute configuration (S) in the reactions with 2- 

phenylpropene and norbomene, except the reaction in enny 4. (c) With regard to the mode of ensntioface 

selection, the alcohols obtained by hydroboration/oxidation sequence have the same absolute 

configurations with those of productss” derived from asymmetric hydrosilylation, hydroformylation, and 

hydrcesterification of these alkenes in the presence of DIOP-rhodium complexes. Thus, the asymmetric 

hydroboration proceeds virtually through the same mechanism of these chiral phosphine-rhodium 

catalyzed reactions which involves the &insertion of hydridorhodium species to the coordinated alkenes 

as a key step for asymmetric induction. (d) Both Q- and (Z)-1-phenyl-l-propene give the same (S) 

alcohol with the comparable optical yield, whereas a significantly lower yield was reported‘tb for (E)-1,2- 

diphenylethene. Addition of borane takes place on the Re-face of I-phenyl-1-propene which is opposite 

enantioface selection to other internal alkenes, and may be closely related to the results of asymmetric 
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Table 1. Asymmetric Hydroboration of Aikenes with Catechoiborane’. 

Entry Aikene Ligandb Product Yield (%)” %ee Config! 

1 t-phenyipropene (+) DIOP (-)-2-phenyi-1-propanoi 27 36’ S 

2 P-phenyipropene (t) BINAP (-)-2.phenyi-1-propanoi 73 36’ S 

3 2-phenyipropene (S,S)CHiRAPHOS (-)-2-phenyl-1-propanoi 31 16’ S 

4 P-phenyipropene (S)(R) BPPFA (t)-2-phenyl-1-propanol 23 7O R 

5 2,3-dimethyl-1-butene (t) DIOP (-)-2,3-dimethyl-1-butanol 29 12’ S 

6 (2).3-hexene (t) DIOP (t)3.hexanol 71 10’ 

7 norbornene (t) DIOP (-)-exo-norborneoi 61 59’ 

6 norbornene (t) BINAP exo-norborneol 62 0’ 

9 norbornene (S,S)CHiRAPHOS (-)-exo-norborneoi 76 10’ 

S 
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lS,2S,4R 
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(2).1-phenyi-1-propene (t) DIOP 

(E)-1-phenyi-l-propene (t) DIOP 

(E)-1-phenyi-1-propene (t) BINAP 

66 47e 

79 410 

42 36g 

1,2-dihydronaphtaiene (t) DIOP 

indene (t) DIOP 

indene (t) DIOP 

(-)-l-phenyl-1-propanol 

(-)-1-phenyi-l-propanoi 

(-)-1-phenyl-1-propanoi 

(-)-l-tetraioi 

(-)-1-indanoi 

(-)-1-indanol 

56 14’ 

93 56g 

91 74”a R 

aAll reacti’ons were carried out in toluene by using 1 mole% of Rh(i) complexes at -5 “C for 3 days (entries 1-14) 

or -30 “C for 5 days (entry 15). 

bThe catalysts were prepared in situ from [CIRh(ethene).& and diphosphine liiands (2 equivs), see the text. 

‘Isolated yields by column chromatography. 
dThe absolute configuration of alcohols were determined by the reported rotations. 
‘Determined by ‘H NMR (400MHz) analysis of Masher’s ester derivatives. 

‘Determined by ‘H NMR (1OOMHz) analysis of the alcohol acetates with Eu(hfc)s 
‘Determined by capillary GC ( fused silica, OV-101,20 m ) analysis of Masher’s ester derivatives. 
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hydroformylation7 with DIOP ligamL (e) Since the alkyl group on boron of boronic esters is most 

efficiently utilixed in transformations, much efforts have to be devoted to developing new methodologies* 

for preparing optically active boronic esters. Catalytic asymmetric hydroboration of prochiral alkenes 

presented here provides an alternative and straightforward method of forming chit-al alkyl groups on 

boron. 

The experimental procedure is as follows. A 25mLflask equipped with a magnetic stirring bar. and a 

septum inlet was charged with chlorobis(ethylene) dimer (3.9 mg, 0.01 mmol), DIOP (10 mg, 

0.22 mmol) and flushed with nitrogen. Anhydrous toluene (2 ml) was added and the mixture was stirred 

for 20 min at room temperature. The solution was cooled to -78 ‘C, and indene (2 mmol), and 

catecholborane (2) (0.25 ml. 2 mmol) were added. After stirring for 5 days at -30 “C, the mixture was 

warmed up to 25 “C, and stirred for additional 2 h. The solution was diluted with ether (10 ml), and treati 

with an aqueous 3M-NaOH (1 ml) and 30% H$& (0.2 ml) for 1 h at room temperature. The organic layer 

was separated, washed three times with lM-NaOH solution to remove catechol, and dried over 

magnesium sulfate. Column chromatography over silica gel with hexane/ether gave (-)-1-indauol; 0.244 g 

(91%). The enantiomeric purity of I-indanol was established by capillary GC (fused silica, SE-30,25 m) 

analysis of its Mosher ester.9 The ratio of diastemoisomer was 87 : 13 (73 Zee). 
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