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Abstract: Convenient procedures for the preparation of representative dialkylborane reagents, 
diisopinocarnpheylborane, [1S]-2-diisocaranylborane, 9-borabicyelo[3,3,1]nonane, dicyclobexyl- 
borane and disiamylborane, using the new, highly reactive N-ethyl-N-isopropylaniline-borane reagent 
(BACH-EI TM) in dioxane and tetrahydrofuran are described. © 1999 Elsevier Science Ltd. All rights reserved. 
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The importance of borane reagents in modern organic synthesis is reflected in an increasing number of 

large scale applications of borane and its derivatives. The well established borane-tetrahydrofuran (BH3:TI-IF) 

and borane-dimethyl sulfide (BMS) are excellent, widely used reagentsJ However, they are not free from 

certain inconveniences. Thus the commercial borane-tetrahydrofuran is in a tetrahydrofuran solution of 

relatively low concentration (1.00 M) and has limited stability. Borane-dimethyl sulfide is almost ideal, highly 

concentrated and stable indefinitely, but suffers from high volatility, flammability, and an unpleasant stench- 

like odor of dimethyl sulfide. Hence there is a need for the development of more convenient borane carriers. 

Amine-boranes offer a promising alternative, since they are less sensitive to moisture and air, readily soluble in 

various solvents and, more importantly, the amine carriers can be readily recovered and recycled. ~ 

Recently, we 3"5 and others 6 developed a number of new, highly reactive borane adducts with aromatic, 

aliphatic hindered tertiary amines and N-silylamines showing excellent reactivity for the hydroboration of 

olefins. The reactions can be carried out in a number of readily available solvents at room temperature. Similar 
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to the behavior of BH3:THF and BMS, the hydroborations of certain moderately hindered olefins with these 

amine-boranes proceed rapidly to the mono- or dialkylborane stage, with further reaction being slow. 4'~ Among 

these new amine-boranes, N-ethyl-N-isopropylaniline-borane (2) showed reactivities very similar to those of 

BH3:THF. In order to further establish the synthetic potential of this new reagent and to develop an 

environmentally benign alternative to the existing BH3:THF and BMS reagents, we undertook a study on the 

preparation of several valuable dialkylboranes, 7 such as the isomeric diisopinocampheylboranes (dIpc2BH or 

tIpe2BH), (1S)-2-diisocaranylborane (qcr~BH), 9-borabicyclo[3,3,1 ]nonane (9-BBN), dicyclohexylborane 

(Chx2BH) and disiamylborane (Sia2BH), using the new, highly reactive, environmentally benign amine-borane 

reagent, N-ethyl-N-isopropylaniline-borane (1), in dioxane and tetrahydrofuran. 

The borane adduct of N-ethyl-N-isopropylaniline (1) was prepared following the literature procedure, 3 

by passing a slight excess of diborane gas into the neat amine at 0-5 °C (eq 1). The concentration of the 

adsorbed borane was established to be 5.00 M by hydride analysis of an aliquot, using a 2.00 M HCl-glycerol- 

water mixture, and measuring the hydrogen evolved. In "B NMR the adduct showed a peak at 5 -14.4 (CC14, 

qJB-H 98.6 HZ). At room temperature, the adduct thus obtained, maintained under nitrogen, is stable indefinitely. 

+ 1/2B2H 6 0 - 5 ° C  

1 2 

(1) 

Preparation of Diisopinoeampheyiborane, qpc2BH. The reaction of borane with a-pinene, not 

optically pure, was originally studied in diglyme and THF. s Asymmetric hydroboration of cis-2-butene with 

dIpc2BH thus formed and not isolated, yielded 2-butanol in 87% and 78%, ee respectively. The lower ee in 

THF compared to that in diglyme was attributed to greater solubility of tetraisopinocamphyldiborane in THF 

and hence to more dissociation of the reagent to triisopinocampheyldiborane and a-pinene. (eq 2) 

/Ipo Ioo,...H. ,,H 

i 

Ipe..,B..H.. 
Ipc~ "H"B~'Ipo l~f'13"'H':B'Ipo + ~ (2) 

In recent years, it has been demonstrated that both dIpe2BH and tIpc2BH approaching almost 100% ee 

can be prepared by hydroboration of (+)- and (-)-a-pinene with borane-tetrahydrofuran or BMS. Several 

procedures 9''° have been developed, the most convenient one starting with (+)-a-pinene of 91% ee gives 

qpc2BH of >99% ee in 91% yield (based on the horane reagent)." The reagent hydroborates cis-2-butene to 

afford after oxidation, 2-butanol in 97.2% ee. Hence, it was interesting to use the new amine-borane for the 

preparation of this remarkable reagent. 
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A significant increase in the yield of dIpc2BH was observed when the hydroboration of (+)-ot-pinene 

with 2 was carried out in dioxane. Thus, when (+)-~t-pinene (87.3% ee) in 25% excess was added to 2 in 

dioxane (1.25M in borane) at 0 °C and the reaction mixture was left at room temperature for 15 h, a white 

crystalline alpc2BH was obtained in essentially quantitative yields (99%), based on the amount of amine-borane 

used. The supernatant solution did not show the presence of active hydride. The (+)4x-pinene was liberated 

from the product by the addition of benzaldehyde in the presence of catalytic amounts of boron trifluoride- 

etherate. H It was obtained in 86% yield and 99.5% ee, indicating effective upgradation during the crystallization 

of the Ipc2BH (eq 3). Further confirmation was obtained by recovering (+)-¢x-pinene of 78% ee from the 

supematant dioxane solution. The dIpc2BH thus obtained was free from amine. Methanolysis followed by the 

oxidation of ~Ipc2BH, provided (-)-isopinocampheol in 89% yield and >99% optically purity. 

Scheme I 

2 + 2 
d,oxane 

crystallization 1 

I 
1. PhCHO (3 eq.) 11, CH3OH 
2. BF3:OEt2 (cat.) ~ 2. NaOH/H202 

~,,,,OH 
86 % yield 89 % yield 
99.5% ee ~ v  >99% ee 

In tetrahydrofuran, the adduct 2 also gave dIPc2BH of >99% ee. However, the yield was lower (90%), 

similar to that reported for borane-tetrahydrofuran and BMS. Similarly, starting from (-)-(x-pinene, IIpc2BH was 

obtained in 99% and 91% yields in dioxane and THF respectively. 

Preparation of (1S)-2-Diisocaranylborane, 2.dlcr2BH. Recently, it was reported that 23Icr2BH 

hydroborates proehiral cis-disubst i tuted olefins, giving the corresponding alcohols in high enantiomeric 

excess. 12 Its B-allyl derivative proved to be a highly enantioselective allylhorating reagent for aldehydes. 13 

Accordingly, the synthesis of this important chiral auxiliary using the new amine-borane, 2 was examined. 

It was prepared by the addition of (+)-2-carene, 98% ee (10% excess) to a dioxane solution of 2 at 0 °C 

and keeping the mixture undisturbed at room temperature for 15 h. A white crystalline precipitate of 2-dIcr2BH 

started separating out from the dioxane solution even during the addition of the (+)-2-carene. The reaction 

mixture after 15h was centrifuged and the supematant solution was separated using a double ended needle. The 

precipitate was further washed with pentane and centrifuged to remove trace amounts of carrier amine. Thus, 

amine-free 2-dIcr2BH was obtained in excellent yields (99%). Enantiomeric purity of the product was checked 
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by oxidation, 

lower yields (86%). 

which gave (-)-2-isocaranol of >99% ee (eq 3). In tetrahydrofuran, 2dIcr2BH was obtained in 

2 + 

98 %ee  
10% excess 

dioxane ,,, HB('"'~ " I 
)2 

0-22 °C, 15h ~ + 1 
- I 99% yield 

1 THF/CH3OH 
i NaOH/H202 

'" 87% yield 
>99% ee 

(3) 

Preparation of 9-Borabicycio[3,3,1]nonane, 9-BBN. The hydroboration of 1,5-cyclooctadiene with 2 

in dioxane ~4 and tetrahydrofuran was carded out at room temperature. The reaction was complete in 1 h, as 

revealed by estimation of residual hydride. Oxidation of an aliquot with alkaline hydrogen peroxide gave 1,4- 

and 1,5-cyclooctanediol (29% and 71%), corresponding to the formation of both borabicyclo[4,2,1]- and - 

[3,3,1]-nonane, respectively (eq 4). Thermal isomerization of the mixture of organoboranes in refluxing 

dioxane was complete in 2 h. After cooling, 9-BBN was obtained as a pure crystalline solid, free from amine, 

in 87% yield. 

© + 2 dioxane + + 1 
or 

THF ~ reflux, 2h 

~ 87% yield 

(4) 

Preparation of Disiamylborane, Sia=BH. The reaction of 2-methyl-2-butene with 2 in dioxane and 

tetrahydrofuran was complete within 1 h at room temperature (eq 5). The formation of disiamylborane was 

confirmed by I~B NMR, from the disappearance of a peak at 8 -14.4 corresponding to 2 and the appearance of 

absorption at 8 +31.1. The reagent thus prepared can be utilized for hydroborations or can be converted by 

methanolysis to methyl disiamylborinate, valuable for the synthesis of unsymmetrical diynes.'S Oxidation of the 

reaction mixture gave 3-methyl-2-butanol in quantitative yields. 
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lh, rt 
2 + 2 dioxane )2BH + 1 (5) 

o r  

THF 

Application of Disiamylborane for Regiospecific Hydroboration of Styrene. The reagent prepared 

as described above was reacted with styrene at room temperature. The reaction was complete in 1 h both in 

dioxane and THF (eq 6). Oxidation of the product with alkaline hydrogen peroxide gave 2-phenylethanol 

(99%) and l-phenylethanol (1%). 

H2Oz/NaOH 

OH + [ ~  + 1 

99% 1% 

(6) 

Clearly, the amine present in the reaction medium does not interfere in the subsequent hydroborations. 

The amine can be readily separated from the product alcohol by simple acid-base manipulations. 

Preparation of Dicyclohexylborane. The hydroborations of cyclohexene with 2 in 2: I ratio were 

complete within I h at room temperature in both dioxane and tetrahydrofuran (eq 7). Dicyclohexylborane 

precipitated from the solution and was isolated in 89% yield. 

0.5h, rt 
2 + 2  " + 1 

/ 1 3 H  I 1. CH3OH 

~ 2. NaOH/H202 (7) 

+ 1 

99% yial  
89% isolated 

Oxidation of the methanolized solution in THF using alkaline hydrogen peroxide afforded cyclohexanol 

in quantitative yields ( 99% by GC), which was also isolated, free of amine by simple acid-base manipulations, 

in 89% yield. 
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Conclusion 

The present study demonstrates the usefulness of the new N-ethyl-N-isopropylaniline-borane(2) for the 

preparation of  well established dialkylborane reagents. In certain cases the adduct showed advantages over 

borane-tetrahydrofuran and BMS. For example tlpe2BH or dlpe2BH and 2-dIcr2BH were prepared in higher 

yields and excellent optical purity. Other partially substituted boranes, such as disiamylborane, 

dicyclohexylborane, 9-BBN can also be prepared conveniently. The dialkylboranes examined do not coordinate 

with the carder amine, so crystalline products are readily isolated free of amine. Soluble dialkylboranes can be 

used for further hydroborations in the presence of the amine. However, additional studies are needed to 

establish the scope of such applications. 

Experimental Section 

Methods. All manipulations and reactions with air-sensitive compounds were carried out in an 

atmosphere of dry nitrogen. The special techniques employed in handling air-sensitive materials are described 

elsewhere. Z° The glassware was oven-dried for several hours, assembled while hot, and cooled in a stream of 

dry nitrogen gas. IH, ~3C and "B NMR spectra were recorded on a 200 MHz multinuclear instrument. The taB 

NMR chemical shifts 5 are in ppm relative to BF3:OEt2. GC analyses were carried out on a chromatograph 

equipped with FID and a CI-100A integrator. The following columns were used, 6 ft x 0.125 in, 15 % 

Carbowax 20M on Chromosorb W, 9 ft x 0.125 in, 3% OV-17 on Chromosorb-G and 3 ft x 0.125 in, 10% SE 

30 on Chromosorb W. Optical rotations were measured on a polarimeter. The hydride analysis studies were 

carried out using the gasirneter. ~' 

Materials. N-Ethyl-N-isopropylaniline and its borane adduct was prepared following the reported 

procedure. 3 All solvents were purified according to literature procedures and stored under nitrogen. 

Tetrahydrofuran and dioxane were freshly distilled from benzophenone ketyl before use. All olefins were 

distilled from a small amount of lithium aluminum hydride and stored under nitrogen. (+)-a-Pinene, [a]22D 

+45.2* (87.3% ee) and (+)-2-carene, [a]z2o +92.0 ° (Camphor and Allied Products, India) were used. Aldrich 

Chemical Co. was the souee of materials not otherwise identified. 

Preparation of  Dflsopinocampheylborane, 'Ipc2BH. An oven-dried RB flask provided with a septum 

inlet was cooled to 0 °C under a stream of nitrogen gas. (+)-a-Pinene (8.52g, 62.5 retool, 87.3% ee) was added 

with stirring to a solution of 2 (5.0 mL, 25 mmol) in dioxane (5.0 mL) over 5 rain. at 0 °C. The ice-hath was 

removed and the solution was left undisturbed. After 30 rain. crystals started separating out. The mixture was 

left for 15 h at room temperature and the supernatant solution was removed from the crystals with a double- 
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ended needle. The crystalline mass was broken, washed with pentane, kept under reduced pressure to remove 

the remaining solvent and solid qpc2BH: 6.98g, 99% yield was obtained. 

Methanol (1.0 mL) was slowly added to a mixture of dIpc2BH (5.72g, 20.0 mmol) in tetrahydrofuran. 

The hydrogen evolved was vented out and 3.0M sodium hydroxide (6.8 mL, 20.0 mmol) was added followed 

slowly by hydrogen peroxide (4.0 mL, 30%, 40.0 retool) at 10-20 °C. The mixture was stirred at room 

temperature and 1 h at 45 °C. It was cooled to room temperature, saturated with potassium carbonate and 

extracted with ether. The combined organic extracts were dried over anhydrous magnesium sulfate. GC analysis 

did not show the presence of 1. Evaporation of the solvent afforded (-)-isopinocampheol, which was further 

purified by column chromatography on silica gel using hexane/ethyl acetate (8:2) as an eluant, 5.47g, 89% 

yield, [oq22v -34 ° (c 20, EtOH), >99% ee (lit. 9c [~]22 D .34o (c 20, EtOH)) 

Liberation of (+)-ot-Pinene from qpe.zBH. Benzaldehyde (7.6 mL, 75.0 retool) was cautiously added 

(caution! exothermic reaction) to qpc2BH (6.91g, 24 mmol) maintaining the reaction temperature at about 50 

°C. Once the initial reaction subsided, the mixture was slowly heated to 100 °C (bath temperature), boron 

trifluoride-etherate (0.06 mL, 0.5 retool) was added and the mixture was stirred for 1 h at 100 °C. The liberated 

¢x-pinene was distilled off at reduced pressure. Redistillation from lithium aluminum hydride gave (+)-¢x- 

pinene: 5.59g, 86% yield, bp 50-51oc/17 mmHg, [ct]22 D +51.34 ° (neat), 99.5% ee, lit) 6 [0t]22 v +51.4°(neat). 

Preparation of (1S)-Diisocaranylborane, 2-dIcr2BH. A 50 mL RB flask provided with a septum inlet 

and magnetic stirring bar was charged with 2 (3.0 mL, 15.0 retool) in dioxane (6.8 mL). To this, (+)-2-carene 

(5.2 mL, 33.0 retool) was added during 5 rnin. The ice-bath was removed and the reaction mixture was kept at 

room temperature undisturbed for 15 h. A white crystalline precipitate of dIcr2BH started separating out even 

during the addition of the (+)-2-carene. The reaction mixture was centrifuged and the supematant solution was 

separated using a double ended needle. The crystalline mass was broken, washed with n-pentane and kept 

under reduced pressure to remove solvent, yielding pure 2-dIcr2BH: 4.24 g, 99% yield. The solid thus obtained 

was suspended in 15 mL of THF and 0.8 mL (20.0 retool) of methanol was added slowly at 0 °C. After the 

evolution of hydrogen ceased, the liberated hydrogen was vented, the mixture was oxidized by using 5.0 mL of 

3.0M NaOH solution and 3.0 mL, 30% hydrogen peroxide at 30 °C for 3 h and at 50 °C for 1 h. The mixture 

was cooled to room temperature, saturated with potassium carbonate and extracted with ether. The combined 

organic extract was washed with brine and dried over anhydrous magnesium sulfate. (-)-2-Isocaranol was 

isolated by distillation: bp 60-62 °C/2 mmI-Ig, 3.93g (87%), [ct]22 D -31.2 ° (neat), [lit)2bp 50-52 °C/0.05 ram, 

[0~]22 D -3 1.5 ° (neat). 
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Preparation of  9-BBN. An oven-dried RB flask provided with a septum inlet was cooled to 0 °C under 

a stream of nitrogen gas. The flask was charged with 2 (2.0 mL, 10.0 rnmol) in 1.8 mL of dioxane at room 

temperature and 1,5-cyclooctadiene ( 1.08 g, 10.0 mmol) was added drop-wise to a well-stirred solution. The 

mixture was further stirred for 3 h. The reaction was complete as indicated by the estimation of residual active 

hydride. 

An aliquot was taken and oxidized with aqueous alkaline hydrogen peroxide in THF. A few drops (0.3 

mL) of this THF solution placed in a vial, dried with magnesium sulfate, and 0.3 mL of dry pyridine and 0.3 mL 

of N,O-bis(trimethylsilyl)acetamide (BSA) were added. The mixture was heated for 10-15 win. while shaking. 

The product was analyzed on GC using a SE-30 column. The isomeric distribution of 1,4- and 1,5- 

cyclooctanediols (29 : 71) was determined from the integration of peaks, assuming the same response factor 

for both diols. The dioxane solution was refluxed and the progress of isomerization was controlled by GC 

analysis of the oxidized product as described above. After 2 h, the isomerization was complete as indicated by 

the exclusive presence of 1,5-cyclooctanediol in the oxidation product. 

Isolation of 9oBBN. In a pre-weighted 50 mL flask equipped with a reflux condenser and a magnetic 

stirring bar was placed 2 (2.0 mL, 10.0 retool) in 1.8 mL of dioxane under nitrogen. The flask was placed in a 

water bath (20 °C) and 1,5-cyclooctadiene (1.08g, 10.0 mmol) was added slowly with stirring. The stirring was 

continued for another 3 h at room temperature, followed by 2 h under reflux. After cooling the reaction mixture 

to room temperature, the 9-BBN crystallized out. The supernatant liquid was separated using a double-ended 

needle, the crystals were washed with ice-cold n-pentane and left under reduced pressure: yield; 1.04g (87%), 

recrystallized from THF, mp 152 °C [ lit] 7 mp 153 °C]. 

Preparation of Disiamylborane. An oven-dried RB flask provided with a septum inlet was cooled to 0 

°C under a stream of nitrogen gas. The flask was charged with 2 (2.0 mL, 10.0 mmol) in dioxane (5.9 mL) at 0 

°C and 2-methyl-2-butene (2.1 mL, 20.0 retool) was slowly added to this solution. The reaction mixture was 

further stirred at room temperature. The reaction was complete within lh as indicated by active hydride 

analysis and the presence of only one peak at 5+31.1 in the "B NMR spectrum. The reaction mixture was 

oxidized using 3.0M NaOH (4.0 mL) and 30% hydrogen peroxide (4.0 mL). The GC analysis of the oxidation 

product, using an OV-17 column, revealed the quantitative formation of 3-methyl-2-butanol. 

Application of Disiamylborane in Regioselective Hydroboration of Styrene. To a solution of 

disiamylborane (10.0 mmol) in dioxane, prepared as described above, was added styrene (1.04 g, 10.0 mmol) 

at room temperature and stirring was continued at room temperature for 1 h, by which time the hydroboration 
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was complete. The mixture was oxidized by alkaline hydrogen peroxide and GC analysis of the oxidized 

product revealed the formation of 2-phenylethanol (99%) and l-phenylethanol (1%). 

Preparation of Dicyclohexylborane. An oven dried 50 mL RB flask provided with a septum inlet was 

cooled to 0 °C under a stream of nitrogen gas. The flask was charged with 2 (2.0 mL, 10.0 mmol) in dioxane 

(5.2 mL) and n-nonane (1.78 mL, GC standard). Cyclobexene (0.82 g, 20.0 mmol) was added slowly at 0 °C 

during 5 min. and the mixture was stirred at room temperature. The reaction was complete within 1 h, as 

indicated by the estimation of active hydride. The reaction mixture was oxidized using alkaline hydrogen 

peroxide. The aqueous layer was saturated with potassium carbonate and GC analysis of the organic layer 

using a Carbowax 20M column revealed a 99% yield of cyclohexanol. 

Isolation of Dicyclohexylborane. Hydroboration of cyclohexene was carried out with 2 in 10 mmol 

scale in dioxane as described above in a pre-weighed centrifuge flask. After the hydroboration was complete, 

the reaction mixture was centrifuged and the supernatant liquid was removed using a double-ended needle. The 

precipitate was washed with cold n-pentane and kept under reduced pressure to yield 1.59 g of 

dicyclohexylborane: 89% yield, free from amine, mp 102-3 °C (lit. 17 mp 103-4 °C, after sublimation). 
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