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Lithium w-butylborohydride was prepared from borane-dimcthylsulfide (BMS) and 打-butyllithium, and the approximate 
rates and stoichiometries of its reactions with selected organic compounds containing representative functional groups were 
studied in THF at room temperature. Phenol and benzenetiol liberated hydrogen quickly and quantitatively, and the 
reactions of primary alcohols, 2,6-di-Zfr-butylphenol and 1-hexanethiol liberated hydrogen quantitatively within 3 hrs, 
whereas the reactions of secondary and tertiary alcohols were very slow. Aldehydes and ketones were reduced rapidly 
and quantitatively to the corresponding alcohols. Cinnamaldehyde utilized 1 equiv. of hydride rapidly, suggesting the 
reduction to cinnamyl alcohol. Carboxylic acids evolved 1 equiv. of hydrogen rapidly and further reduction was not 
observed. Anhydrides utilized 2 equiv. of hydride rapidly but further hydride uptake was very slow, showing a half 
reduction. Acid chlorides were reduced to the alcohol stage very rapidly. All the esters examined were reduced to the 
corresponding alcohol rapidly. Lactones were also reduced rapidly. Expoxides took up 1 equiv. of hydride at a moderate 
rate to be reduced to the corresponding alcohols. Nitriles and primary amides were inert to this hydride system, whereas 
tertiary amide underwent slow reduction. Nitroethane and nitrobenzene were reduced slowly, however azobenzene and 
azoxybenzene were quite inert. Cyclohexanone oxime evolved 1 e다uiv. of hydrogen rapidly, but no further reduction was 
observed. Phenyl isocyanate and pyridine N-oxide were proceeded slowly, showing 1.74 and 1.53 hydride uptake, 
respectively in 24 hours. Diphenyl disulfide was reduced rapidly, whereas di-w-butyl disulfide, sulfone and sulfonic acids 
were inert or shig흥ish. n-Hexyl iodide and benzyl bromide reacted rapidly, but w-octyl bromide, n-octy! chloride, and 
benzyl chloride reacted very slowly.

Introduction

Since the first utilization of diborane1 on the reduction of 
carbonyl compounds in 1930's and the discovery of sodium 
borohydride2 and lithium aluminum hydride3 in 1940‘s, 
numerous hydride reagents have been prepared and studied 
for their red니cing characteristics in the reactions with repre­
sentative orgainc functional groups.4-10 In recent years a 
number of alkali metal trialkylborohydrides have emerged 
as highly attractive reducing agents in organic synthesis.11-14 
And the preparation methods of various trialkylborohydrides 
have already been reported.15 And also the reactions of li­
thium, sodium, and potassium hydrides with representative 
mono- and dialkylboranes(9-BBN, dicyclohexylborane, 
disiamylborane, diisopinocampheylborane, thexylborane, 
monoisopinocampheylborane) in THF were examined in 
detail with respect to rate, stoichiometry, and products.16 
Among these trialkylborohydrides, lithium triethylborohy- 
dride(super hydride) is known to be an exceptionally powerful 
and selective reducing agents in organic synthesis and its 

reactions with selected organic compounds containing 
representative functional groups have been explored th­
oroughly.17 In contrast with lithium tricthylborohydride, it 
was found that lithium borohydride has relatively mild redu­
cing characteristics.18 Thus it seemed reasonable to assume 
that a monoalkylborohydride would show in-between reduc­
ing abilities. Since monoalkylborohydride system has not 
yet been studied systematically, we planned to investigate 
the reducing characteristics of lithium /?-butylborohydride, 
lithium r-butylborohydride as well as lithium phenylborohy- 
dride In the first place we undertook a study of approxi­
mate rate and stoichiometry of 나］e reaction of Lin-BuBH( 
with representative functional groups. Tlie remits are 
presented in this paper.
Results and Discussion
Preparation of Lithium n-Butylborohydride j.

Lithium w-butylborohydride (Lin-BuB点J was prepared 

by addition of BMS (Borane-dimethyl stil^de complex) to 
equimolar amounts of w-butyllithium in w-hexane at —15°C. 
White precipitate was formed.
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After decanting the sovent by filtration through a sintered 
glass filter under a slightly positive pressure of nitrogen, the 
residual white precipitate was dissolved in THF. The concen­
tration was determined by hydrolyzing a known aliquot of the 
solution with THF-water-methanoI-glycerine (1 : 1 : 1 : 1) 
at room temperature. Yield of Lin-BuBH3 based on the hy­
dride concentration and total volume was 83-85 %. 
Lin—B11BH3 thus prepared was quite stable under nitrogen at 
0 °C and the hydride concentration remained constant at 
room temperature at least over the period of a week.

The THF solution of this reagent exhibited B-H abosrp- 
tion band at 2, 170 cm-1 in IR spectrum, which is characteri­
stic of monoalkylborohydride.16 And in the reaction with 
excess Mel (10 minuses), 5.40 mmols of methane gas was 
evolved from 15.5 mmoles of "hydride" (5.16 mmoles of 
Lin-BuBH3 or 3.62 mmoles of LiBH4), suggesting 사lat 
following disproportionation did not occur.

4Lin-BuBH3 一> 3LiBH4+Lin-Bu4B

Above experimental data and different reducting charac- 
teri아ics of the reagent from LiBH4 indicate the borohydride 
is “Lin-BuBHf'"

Procedure fw Rate and Stoichiometry Study
The general procedure adopted was to add 5 mmol of the 

organic compound under investigation to 6.67 mmol of Lin- 
BuBH3 (그。mmol in hydride) in appropriate amount of tetra- 
hydrofuran to give 20 m/ of solution. The mixture were ma­
intained at room temperature. This made the reaction mixture 
mixture 1.0 M in hydride and 0.25 A/in compound. Any hy­
drogen evolved was noted. Aliquots (4 m/ or 2 ml) were then 
removed at appropriate intervals of time and analyzed for 
residual hydride by injecting them into a hydrolyzing mix­
ture of THF-water-methanol-glycerine (1 : 1 : 1 : 1). Simul­
taneously, a blank was run, in which THF was added, in 
place of the THF solution of the compound, all other condi- 
tions being the same. When hydrogen evolution was continu­
ous, individual experiments were conducted to measure the 
hydrogen evolution and to determine the residual hydride 
at 터伟erent time interv시s. In this way, it was possible to 
estimate both the approximate rate at which reduction procee­
ds and the stoichiometry of the reaction (number of hydride 
utilized per mol of the compound).

Product Analysis by GLC
Having established the approximate rate and stoichio­

metry of the reaction, it was desirable to establish the nature 
of the products wherever it is interesting and offers possibi­
lity for selective reduction. Accordingly, separate reactions 
on a 5 mmol or 2.5 mmol scale were carried out by using 
either a stoichiometric amount of the reagent or an excess 
amount, depending upon the nature of the reaction. The 
prod니cts were identified by GLC comparison with authentic 
samples, and the yields were determined by GLC utilizing 
internal standards and standard synthetic mixture.

Alcohols, Phenols, Amines, and Thiols. Among 나】e alcohols 
examined, only primary alcohols liberated hydrogen quanti­
tatively. Secondary alcohol, 3-hexanol, liberated hydrogen 
very slowly and tertiary alcohol, 3-ethyl~3-pentano1, was

TABLE 1: Reaction of I.in BuBHa with Representative Alcohols, 
비，烦(临 Amine and Thi이s in THF at Room Temperature

(onipuund"
lime

li
1 lydrogcu 
evolved"

Hynlidc 
used"

Uydridc used 
for redn/,

l—Hexan 이 0.5 0.25 0.25 0.00
1.0 0.46 0.46 0.00
3.0 L 이 1,01 0.00

Rcnzyl alcohol 0.5 ().33 0.33 0.00
1.0 0.58 0.53 0 0()
3 0 1.02 L02 0.00

3- Hexanol 1.0 0.08 0.08 0.00
3.0 0.09 0.09 0.00
6.0 0.11 0.11 0.00

24.0 0.23 0.23 0.0()
3-Ethy~3-pentanol 1.0 0.00 0.00 0.00

3.0 0.02 0.02 0.00
6.0 0.03 0.03 0.00

24.0 0.07 0.07 0.00
Phenol 0.25 1.06 1.06 0.00

0.5 1.06 0.16 0.00
2,6—DJtcrt—buty1phciM>l 0.5 0.56 0.56 0.00

1.0 0.83 0.83 0.00
3.0 1.01 1.이 0.00

//-Hexylamine 1.0 0.01 0.01 0.00
3.0 0.03 0.03 0.00
6.0 0.03 0.03 0.00

24.0 0.05 0.05 0.00
1-Hcxancthiol 0.5 0.45 0.45 0.00

1.0 0.68 0.68 0.00
3.0 1.06 1.06 0.00

Benzenethiol 0.25 1.09 1.09 0.00
0.5 1.09 1.09 0.00

a Five mmoles of compound added to 6.67 mmoles of Lin-BuBH.i 
in 20 ml of solution (0.25 M in compound and I.OAf in hydride). 
b In mmolc/mmole of compound.

almost inert to the reagent under the experimental conditions. 
The rate of hydrogen evolution for alcohols decreases in the 
order of primary》secondary > tertiary. Phenol, 2, 6-di- 
tert-butylphenol and thi이s evolved hydrogen quantitatively. 
77-Hexylamine proved to be inert to the reagent under the 
experimental conditions. The rates of hydrogen evolution in 
in the reaction of 1-hexanol, benzyl alcohol, and 1-hcxanc- 
thiol with LiBH410 were solwer than those with Lin-BuBHa, 
showing that the monoalkylborohydride is a stronger hydride 
donor to these alcohols and the thiol than LiBH4. The results 
are summarized in Table 1.

Aldehydes and Ketones. The aldehydes and ketones exa­
mined rapidly took up 1 cquiv. of hydride to be reduced to 
the alcohol stage, similar to LiBH418 and LiEt3BH.17 
A representative a, ^-unsaturated carbonyl compound, cin- 
namaldehyde, utilized 1 equiv, of hydride rapidly without 
conspicuous uptake of the second hydride. This corresponds 
to a rapid reduction to the cinnamyl alcohol stage. In fact, 
GLC analysis showed 95 % of cinnamyl alcohol was yielded 
from 나｝e reaction of 나le aldehyde with Lin-BuBH3.

R TPhCH=CHCHO+Lin-BuBH3，爲? PhCH=CHCH2OH

2.5 mmol 3.3 mm이 95 %
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TABLE 그A: ReaNhxgf Lin-BuBHG 初th Repre驟阮 시dehyden 
자어 Ketones in TIH7 at Room Temperature

a'h 比。corresponding footnotes in Tabic 1.cImmediately 1*e?amc 
turbid.

Onnpoi.Mup 7in)e
1)

Hydrogen 
evolved*

시 r 시c 
used^

Hydri h u ;cd 
for redi?

Ca proaldehyde 0.5 0.10 1.17 1.07
1.0 0.10 1.17 1.07

Bcn7：ildchydcr 0.5 0.05 1.07 L0?
1.0 0.05 1.07 1.0?

? Octanonc 0.5 0.13 1.17 1.04
1.0 0.13 1.17 1.04

Actcophcnone 05 0.06 1.06 1.00
1.0 0.06 1.06 1.00

Benzophenone 0.5 0.09 1.07 0.98
1,0 0.09 1.07 0.98

Norcamphor 0.5 0.14 1.16 1.02
1.0 0.14 1.16 1.02

Camphor 0.5 0.06 1.14 1.08
1.0 0.06 1.09 1.03

Cinnam 이 dehyde 0.5 0.00 0.13 1.03
10 0.00 1.03 1.03
3.0 0.00 1.03 1.03
6.0 0.00 1.03 1.03

24.0 0.00 1.03 1.03

TABLE 2B: Sterochemistry of Reduction of Representative Cyclic 
mid Bicyclic Ketones with Lin-BuBH3 in THF at 0°C

Compound H-/cpd Ti^c Alcohol Product
Less 어가>1。 

isomer Percentage"

2-Methylcyclohexanone 3,0 1.0 cis 3X31)
4-/-Butylcyclohcxanone 3.0 1.0 cis 907.0)
Norcamphor 3.0 1.0 endo 92(88)
Camphor 3.0 1.0 exo 80(77)
* Numbers in 사ic parenthesis are % of the isomers obtained with
LiBF* (ref. W. S. Park, M. S. thesis, Sogang University, Seoul, 
Korea, 1979).

TABLE 3: Reaction of Lin-BuBH3 with Representative Quinones 
袖 THF at Room Temperature

Compound4 Time 
h

Hydrogen 
evolved4

Hydride 
used4

Hydride 1 
for redn5

/^-Benzoquinone^ 4 1.0 0.54 2.00 T.46
3.0 0.54 1.98 1.44

Anthra 아 uineg，/ 1.0 0.34 2.09 1.75
3.0 0.34 2.13 1.79

m See the corresponding footnotes in Table 1. e Each measurement 
was done separately and hydrolyzing the rea아ion mixture in a 
rmacticn flask. “ Immediately blue precipitate was formed, then its 
color was changed to pale green. * Reverse addition (solution of 
reagent added to suspension of anthra다uinone).『Red precipitate 
마a initial green precipitate

Similar observations was reported with LiBH418, 9-BBN,20 
lithium tH・tert・butoxyah】minohydridel and with LiEt3BH,17 
The res니ts are summarized in Table 2A. The stereochemistry 
of cyclic and 버cyclic ketones such as 2-methylcyclohexan- 
이*, 4~/er?-butylcyclohexanone, norcamphor, and camphor 
was examined. 까le experimental data with 더n-BuBH? were n

TABl.E 4: Reaction of Lin-BuBFl3 vilh Represents tivo Acids 
Aryl l>er»vntives in THF at Room Tc^npcraturc

Time
h

1 h(li(\!?en Hydride 
cvclwl" mud"

Hydihle used 
Rir icdn1

Caproic aci(lr 1.0 1.08 1.09 0.01
3.0 LOS 1.13 0.05
60 1.08 1.13 005

?.4.0 1 os 1.11 001
Benzoic acid-* 1.0 1 01 1 Ot ()0。

3.0 1 04 ) 07 0.03
60 1.01 1.07 0.03

21.0 1.04 Ul 0.07
Acetic "hydride， 1.0 0.08 1.99 19

3.0 0.0g 2 10 2.0?
6.() 0.08 2.20 2.12

24.0 0.08 2.29 2.21
Succinic mihydride， 1.0 0.29 2.10 1.81

3.0 0.29 2.20 1.91
6.0 0.29 2.30 2■이

24.0 0.29 2.39 2.10
Phthalic anhydridef 1.0 0.32 2.20 1.88

3.0 0.32 2.40 2."
6.0 0.32 2.40 2.08

?4.0 0.32 2.39 2.07
Caproyl chloride 0.5 0.02 2.07 2.05

1.0 0.02 2.07 2.05
Bmzo이 chloride 0.5 0.00 2.02 2.02

1.0 0.00 2.02 2.02
the corresponding footnotes in Table 1. f Immediate white 

prccipit지e. rf White precipitate after 40 min. e ImmccKatcly became 
turbid, f Color changes to pale yellow.

very similar to those with L1BH4.21 The results are summariz­
ed and compared with 사)e results with LiBH421 in Ta비e 2B.

Quinones. The reduction of a quinone to hydroquinone 
sho니d utilize 2 equiv. of hydride, one for reduction and one 
fbr hydrogen evolution. On the other hand, reduction to the 
1,4-dihydroxycyclohexadiene stage should utilize 2 equiv. 
of hydride without hydrogen evolution. ^-Benzoquinone 
rapi이y consumed 그.0 equiv of hydride, of which 0.54 equiv. 
was used for hydrogen evolution. An immediate formation 
of precipitate was observed. This changed its color from an 
initial blue to pale green within 30 min. The value observed 
for 나此 hydride uptake does not correspond to clean reduction 
to either stage. Anthraquinone rapidly consumed about 2.0 
equiv of hydride, of which 0.34 equiv. was utilized for hy・ 
drogen evolution. These results indicate that 사龙 major pro- 
duct would be 9,10-dihydro-9,10-dihydroxyanthracene. The 
results are summarized in Table 3.

Carboxylic Acids and Acyl Derivatives. Carboxylic acids 
imtantly liberated 1 equiv. of hydrogen to form white precipi­
tate. But no further hydride uptake was observed with both 
caproic acid and benzoic acid. Similar observations for 
boxylic acids were reported with sodium borohydridc,23 
lithium tri-rer/-butoxya1uminohydride,6 and lithium 
triethylborohydride.17 Acid anhydrides utilized 2 equiv. of 
hydride rapi히y. This corresponds to a half reduction. The 
results are summarized in Ta미e 4.

car-

Esters and Lactones. Eth이 canrnate And pfhvl hsEca”、 
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consumed 2 equiv. of hydride within 1.0 and 2.0 hrs, respec­
tively. I lydrolysis of the reaction mixtures provided I-hexanol 
and benzyl alcohol, respectively, in quantitative yields. Idhyl 
caproate was demonstrated to be selectively reduced in (he 
presence of benzoic acid.

D T
*。5%】。02日+마iCO2H+Lin・BuBH3 —> 

1.0 hr
2.5 mmol 2,5 mm이 5.0 mm이

w-C6HnOH FPhCH2OH
2.5 mmol not 
(100 %) d미ected

LiBH4 has been utilized for the selective reduction of e아cr 
in the presence of cargoxylic group. For example, the half 
ester of ^-hydroxy-^-methylglutaric acid was reported to be 
reduced to 흥ive mevalonolactone by using LiBH4.2:1 However, 
Lin-BuBH3 seems to be more advantageous for such selec­
tive reductions, because the reduction with LiBH4 is known 
to be very slow.18

Phenyl acetate rapidly utilized 2 equiv. of hydride and 
isopropenyl acetate consumed about 3 equiv. of hydride. 
Lactones examined were also reduced very rapidly. These 
results indicate that Lin-BuBH3 is much more powerful than 
LiBH418 in the reduction of esters and lactones. The results 
are summarized in Table 5.

Epoxides. The rates of reduction of epoxides with Lin- 
BuBH3 are much faster 사those with LiBH4,18 however 
much slower than those with LiEt3BH.17 For example, com- 
complete reduction of 1,2-butylene oxide with LiBH4 at 
room temperature required more than 24 hrs, whereas the 
epoxide was completely reduced by Lin-BuBH3 within 2 hrs. 
LiEtBH17 was reported to reduce the same expoxide within 
5 min even at 0°C. The results of our study are summarized 
in Table 6.

Amides and Nitriles. Caproamide and benzamide were 
inert to Lin-BuBH3. Aliphatic and aromatic nitriles were 
also proved to be inert to this borohydride. Tertiary amides, 
N,N-dimethylacetamide and N,N—dimethylbenzamide, were 
reduced slowly. This suggests the possibility of the 
selective reduction of esters, lactones, and epoxides in the 
presence of these inert functional groups. In fact, ethyl ca­
proate was selectively reduced to 1-hexanol in quantitative 
yield in the presence of w-octyl cyanide.

R T
w-CsHj iCC&Et+步 CgHi 7CN + Lin-BuBH3 — 一—

1.5 hr
2.5 mmol 2.5 mmol 3.3 mmol

w-C6Hl3OH+»-c8h17cn
2.5 mmol 2.5 mm이 

(100%) (100%)

Selective reduction of ester in the presence of cyano group 
can be also achieved by utilizing LiBH4 in THF. A cyano 
ester, methyl 9-cyano-2-methoxynon-2-enoate, was reduced 
to the corresponding cyano alcohol in 91 % yi어d at 25 °C 
in 52 hrs.24 As the selective reducing agent, equimolar mix­
ture ofNaBH4 and LiBr was used. The actual reducing species 
is presumably LiBH4.24 Compared with LiBH4, Lin-BuBH3 
seems to be more attractive reagent for such selective reduc­
tion, because the reaction time can be reduced to less than 2

TABLE 5: Reaction of Lin-BuBHn with R리)rRentative Esters and 
I.actones in THF at Room Temperature

Compound"
lime 

h
Myikogeii 
cvolvcir

HvUfide 
used"

Hydride used 
lor rctln7.

Ethyl caproate 0.5 0.05 1.77 1.72
1.0 0.05 2.12 2.07
3.0 0.05 2.12 2.07

Fthyl benzoate 0.5 0.04 III 1.06
LO 0.04 1.81 1.77
2.0 0.04 2.02 1.9S
3.0 0.04 2.02 1.98

Phenyl acteatc 1.0 0.00 2.05 2.05
3.0 0.00 2.05 2.05

7 Butyrolactone1 0.5 0.05 1.이 1.86
1.0 0.05 2.02 197
3.0 0.05 2.02 1.97

Phth 시 idM 1.0 0.04 2.08 2.04
3.0 0.04 2.08 2.04

Isopropenyl acetate 1.0 0.04 2.54 2.50
3.0 0.04 2.88 2.84
6.0 0.04 2.88 2.84

fl,ftSee the corresponding footnotes in Table 1. r Immediate white 
precipitate. rf Immediate color change to yellow.

TABLE 6: Reaction of Lin-BuRH3 with R이｝s허偽tlve Epoxides 
in THF at Room Temperature

Compound0 Time 
h

Hydrogen 
evolved5

Hydride 
used*

Hydride i 
for redn*

1,2-Butylene oxide 1.0 0.03 0.76 0.73
2.0 0.03 1.08 1.05
3.0 0.03 1.08 1.05

Styrene oxeid 1.0 0.05 0.38 0.33
3.0 0.05 0.88 0.83
6.0 0.05 1.09 1.05

Cyclohexene oxide 1.0 0.06 0.17 0.11
3.0 0.06 0.35 0.29
6.0 0.06 0.40 0.34

24.0 0.06 1.이 0.95
1 -Mcthy-1,2-cylohexenc 1.0 0.11 0.23 0.12

oxide 3.0 0.11 0.33 0.22
6.0 0.11 0.39 0.28

24.0 0.11 0.43 0.32
f, See the corresponding footnotes in Table 1.

hrs from more than 2 days.
Tt is interesting to note that N, N-dimethylbenzamide was 

reduced by Lin-BuBH3 to benzyl ak아！이 in 88 % yield by 
GLC analysis.

마)CONMe2+Lin・BuBH。———> PhCH?OH 
24 hr

2.5 mmol 3.3 mmol (88 %)

However, L19-BBNH25 reduced the tertiary anHde to benzyl- 
dimethylamine, whereas benzyl alcohol was formed from the 
reaction of the amide with LiEqBH.” The resets are sum­
marized in Table 7.

Nitro Compounds and Th^ir Derivatives;. Nitroethane evolv­
ed 1 equiv. of hydrogen, forming white precipitate. However 
the reduction was very sluggish, showing only 0.39 hydride
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,,(ASee the corresponding footnotes in Table 1.

TABLE 7: Reaction of Lin~BuBH3 with Representative Amides 
and Nitriles in THF at Room Temperature

Compound® Time 
h

Hydrogen 
evolved*

Hydride 
used*

Hydride used 
for rednA

Caproamide 1.0 0.06 0.14 0.08
3.0 0.06 ' 0.14 0.08
6.0 0.06 0.14 0.08

24.0 0.06 0.10 0.04
Benzamide 1.0 0.C8 0.14 0.06

3.0 0.08 0.15 0.07
6.0 0.08 0.15 0.07

24.0 0.08 0.10 0.02
N,N-Dimcthyl 1.0 0.04 0.13 0.09

acetarrHde 3.0 0.04 0.13 0.09
6.0 0.04 0.16 0.12
9.0 0.04 0.43 039

24.0 0.04 1.17 1.13
N.N-Dimethyl 1.0 0.08 0.33 0.25

benzamide 3.0 0.08 0.68 0,60
6.0 0.08 1.26 LI8
9.0 0.08 1.18 1.73

24.0 0.08 2.18 2.09
Capronilrilc 1.0 0.03 0.09 0.06

3.0 0.03 0.11 0.08
6.0 0.03 0.09 0.06

24.0 0.03 0.09 0.06
Benzonitrile 1.0 0.00 0.00 0.00

3.0 0.00 0.00 0.00
6.0 0.00 0.00 0.00

고 4.0 0.00 0.00 0.00

TABLE 8: Reaction of Lin-BuBHs with Representative Nitro 
Compounds and Their Deriveativs in THF at Room Temperature

Compound3 Time 
h

Hydrogen 
evolved*

Hydride 
use 비

Hydride used 
for redn*

Nitroethane*7 1.0 0.33 0.33 0.00
3.0 0.53 0.53 0.00
6.0 0.82 1.04 0.22

24,0 1.14 1.53 0.39
Nitrobenzene^ 1.0 0.10 0.24 0.14

3.0 0.22 0.55 0.33
6.0 0.35 0.80 0.45

24.0 0.94 1.92 0.98
Azolxinzcnc 1.0 0.00 0.00 0.00

3.0 0.00 0.07 0.07
6.0 0.00 0.07 0.07

24.0 0.00 0.05 0.05
Azoxybenzene 1.0 0.04 0.07 0.03

3.0 0.04 0.07 0.03
6.0 0.04 0.07 0.03

24.0 0.04 0.09 0.05
5 See the corresponding footnotes in Table 1.c Immediately became 
turbid and white precipitate with time. 4 Color change to orange.

TABLE 9: Reaction of Lin-BuBH3 with Representative Other 
Nitrogen Compounds in THF at Room Temperature

Compound^ Time 
h

Hydrogen Hydride 
evolved* used"

Hydride used 
for red渺

Cyclohexanone L0 1.12 1.20 0.08
oximef 3.0 1.12 1.20 0.08

6.0 f.12 1.21 0.09
24.0 1.12 M9 0.07

Phenyl isocyanate 1.0 0.06 1.46 1.40
3.0 0.06 1.61 1.55
6.0 0.06 1.66 1.60

24.0 0.06 1.80 1.74
Pyridine 1.0 0.08 0.10 0.02

3.0 0.08 0.10 0.02
6.0 0.08 0.08 0.00

24.0 0.08 0.11 0.03
Py디dine N-oxide 10 0.14 1.13 0.99

3.0 0.14 1.55 1.4!
6.0 0.14 1.65 1.51

24.0 0.14 1.67 1.53
“•"See the corcsponding footnotes in Table 1.cImmediately became 
turbid,

TABLE 10: Reaction of Lin BullH3 with Representative Sulfur
Compounds in THF at Room Temperature

Compound17 Time 
h

Hydrogen 
evolved4

Hydride
used 方

Hydride u 
for redn6

Di-w-butyl 1.0 0.02 0.10 0.08
disulfide 3.0 0.03 0.12 0.09

6.0 0.05 0.23 0.18
24.0 0.5 그 1.11 0.59

Diphenyl disulfide 0.25 1.10 2.15 1.05
0.5 IJ0 2.15 1.05

Methyl phenyl sulfide 1.0 0.03 0.06 0.03
3.0 0,03 0.04 0.01
6.0 0.03 0.04 0.01

24.0 0.03 0.10 0.07
Dimethyl sulfoxide 1.0 0.05 0.10 0.05

3.0 0.05 0.07 0.02
6.0 0.05 0.07 0.02

24.0 0.05 0.11 0.06
Diphenyl sulfone 1.0 0.00 0.00 0.00

3.0 0.00 0.00 0.00
6.0 0.00 0.01 0.이

24.0 0.00 0.00 0.00
Methanes니fomc acid 1.0 1.10 1.10 0.00

3.0 LIO M0 0.00
6.0 1.10 MO 0.00

p-Toluencsulfonic acid 1.0 3.09 3.19 0.10
monohydrate 3.0 3.09 3.19 0.10

6.0 3.09 3.19 0.10
Cy이ohexyl tosylate 1.0 0.01 0.03 0.02

3.0 0.이 0.09 0.08
6.0 。.이 0.11 0J0

24.0 0.01 0.19 0.18
Sec the corresponding footnotes in Table I.

uptake in 24 hrs. And nitrobenzene utilized slowly 2 equiv. 
of hydride, one for hydrogen evolution and one for reduction. 
Azobenzene and azoxybenzene were inert to this reagent 
under the experimental conditions. The results are summariz­
ed in Ta비e 8.

Other Nitrogen Compounds. Cyclohexanone oxime rapidly 
liberated 1 equiv, of hydrogen without consumption of the 
next hydride. The reaction of the oxime with LiBH| consum­
ed 1.03 hydride for reduction 24 hrs. suggesting the reduc-
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TABLE 11: Reaction of Lin-BuBHs with Representative Alkyl 
Halides in THF at Room Temperature

Conipoundrt Time 
h

Hydrogen 
evolved^

Hydride 
iised;>

Hydride used 
for rcdnA

Hexyl iodide 1.0 0.06 1.05 0.99
3.0 0.06 1.05 0.99

/J-Octyl bromide 1.(( 0.04 0.20 0.16
30 O.W 0.30 0.26
6.0 0.04 0.35 0.31

24.0 0.04 0.58 0.54
〃。이yl chloride 1.0 0.08 0.12 0.04

3.0 0.08 0J4 0.08
6.0 0.08 0.21 0.13

24.0 0.08 0.32 0.24
Benzyl bromide 1.0 0.04 1.04 1.00

3.0 0.04 1,04 1.00
Benzyl chlordc 1.0 0.07 0.10 0.03

3.0 0.07 0.21 0.i4
6.0 0.07 0.2 흐 0.15

그 4.0 0.07 0.24 0.17
l, See the coresponding footnotes in Table 1.

tion to the hydroxyamine stage.13" Consequently, the forma­
tion of oximes would provide a means for protecting carbonyl 
groups toward Lin-BuBH3. Phenyl isocyanate utilized 1 
equiv. of hydride rapidly, but further reduction was very 
slow. Pyridine was inert to the reagent, but pyridine N-oxide 
consumed 1.5 equiv. of hydride within 24 hrs. The results are 
summarized in Table 9.

Sulfur Coumpounds. Dipheny! disulfide utilized 2 equiv. 
of hydride within 15 min, one for hydrogen evolution and one 
for reduction. Thus, diphenyl disulfide undergoes reduction 
to benzenethiol rapidly and quantitatively. The corres- 
卩。ndin흥 reaction with LiBH4 required 24 hrs.18fl However, 
di-M-butyl disulfide was reduced very slowly. Cyclohcxyl 
tosylate was also reduced sluggishly. Sulfoxide, sulfone, 
and sulfide examined were all inert to the reagent. Sulfonic 
acids rapidly evolved theoretical amount of hydrogen, but 
vere not reduced. The results are summarized in Table 10.

Alkyl Halides. Among the alkyl halides examined, hexyl 
iodide and benzyl bromide were reduced rapidly. However, 
h-octyl bromide, w-octyl chloride, and benzyl chloride react­
ed with the reagent very slowly. The results are summarized 
in Table 11.

Conclusions

Reducing characteristic of "Lin—BuBH： in its reaction 
with representative functional groups were systematically 
explored in THF at room temperature. The experimental 
results indicate that this reagent is more powerful than LiBHh 
but weaker than LiEt3BH in the reduction of esters, epoxides, 
tertiary amides, phenyl isocyanate, pyridine N~oxide, and 
alkyl halides. And it has been demon아rated in this 이니dy that 
"Lin-BuBH」' is a useful selective red니cing agent for reducing 
ester in the presence of carboxylic or cyano group.

Thus "Lin—BuBH；广 occupies a uniq나c position among 
the wide spectrum of various borohydride reductions.

Experimental

Materials. Tchahyd「ofuran was distilled over liihiiirn aki- 
niinuni hydride under nitrogen and stored over 4A molecular 
sieves. Most of the compounds utilized in this study were 
commercial produefs of the highest available purity. They 
were used 아，ithout further purification. Some compounds 
were synthesized by using standard procedures. li> all of the 
cases, physical constants agreed satisfactorily with constants 
in the literature. All glassware was dried thoroughly in a dry­
ing oven and cooled under a dry stream of nitrogen. All re­
duction experiments w아e carried o니t under a dry nitrogen 
atmosphere. Hypodermic syringes were used to transfer 
the soldtions and liquid materials.

Standard Solution of Lin-BuBH A 500 m/ hot, dry flask, 
equipped with a inlet tube and reflux cond나iser connected to 
a mercury bubbler, was placed in an ice-salt bath (—15 °C) 
and cooled under a stream of dry nitrogen. In this flask, 
125 mZ of n-hexane and 125 ml (200 mmol) of 1.6 M n- 
butyllithium in /z-hexane were introduced and cooled down 
by stirring for 15 min. Then 20 ml (200 mmol in BH3, 600 m 
mol in hydride) of 10M BMS was added dropwise with vigrous 
stirring, and the stirring was continued for further 0.5 h 
(addition time; 40 min). White precipitate was formed on 
the addition of BMS. After allowing to stand at —15 °C for 
0.5 hr to settle down the white precipate, the solvent was 
decanted by filtration through a Gas Dispersion, Fritted 
Cylinder (Cat. No. 39533—12C, Corning) under a slight 
positive pressure of nitrogen. Then the white precipitate was 
dissolvedin 150 m/of dry THF at —15 °C. The resulting clear 
solution was standardized by removing an aliquot, hydroly­
zing it with a THF—water—methan(기-흠lycerinc (1 : 1 : 1 : 1) 
mixture, and measuring the hydrogen evolved. With a series 
of preparations, the concentrations were determined to be 
in the range of 2.26-2.44 M in hydride and the total volumes 
were 220- 210 m/. Therefore the approximate yields of Lin- 
BuBH3 based on the hydride concentration and total volume 
were 83-85 %, This hydride solution did not consume the 
hydride in the attempted reaction with 1-hexene, showing 
that the hydride elution was not contaminated with BMS. 
The THF solution of Lin-B니BH：； showed a strong, broad 
absorption in the IR around 2, 170 cm-"1 And Lin- 
RtB버3 thus prepared was quite stable under nitrog이】 at 
0 °C and the hydride concentration remained practically 
uncharged at least over the period of a week at room 
temperature. And 15.5 mmoles of ^hydride" (5.16 mmoles of 

"Lin-BuBH」' or 3.62 mmoles of LiBHd) was allowed to 
react with 10 mmoles of Mel and collected 5.40 mmoles 
of methane gas. The amount methane evolved corresponds 
to 105 or 149% yields, based on 나、e assumption that 
"the borohydride” is Lin -BuBH • or LiBHb respectively. 
This result suggests that the hydride reagent did not dispro­
portionate into Lin-BiijB and LiBHb

Procedure for Study of the R^tc and Stoichiometiy. The 
icduction of ethyl benzoate is Kprcscntmivc. The Lin-BnBI-I ： 
solution (8.8 rn/ of 2.26 M solution, 20 mmol), and 6.2 ml 
of THF were introduced into a dried 100 m/ flask fitted with a 



Reaction of Lm-B니BH：： with Functional Groups

rubber syringe cap on an inlet port, a magnetic stirring bar, 
and a rcfhix condenser connected to a gas buret. The flask 
was maintained al tooni temperature, and 5 ml of a I M 
solution of ethyl benzoate in THF was injected rapidly. 
Hydrogen evolution was monitored. In this way, a solution 
was obtained which was 0.33 M in Lin-BuBH3 and 0.25 M 
in ethyl benzoate. Upon addition of the compound, 5.0 mZ 
of hydrogen was evolved, corresponding to 0.04 mm이/mmol 

of compound. No more hydrogen evolution was observed 
ihro니ghout the reaction. After 0.5 h, a 4.0 m/ aliquot of the 
reaction mixture was removed and injected into a hydrolyz­
ing mixture of THF-vvater-methanol-glycerine (1 : 1 : 1 : 1), 
The hydrogen evolved was 2.86 mmol, indicating that 1.01 
mmol of hydride had used per mmol of the ester, 우，hen com­
pared to 3.96 mmol for blank experiment (in which 5 ml 
of THF had been substituted for 5 ml of ethyl benzoate solu­
tion). Therefore, 1.06 mmol of hydride was used for reduc­
tion per mm이 of the ester, or 1.10 - 0.04—1.06. Aliquots 
were also removed and hydrolyzed after 1.0, 2.0, and 3.0 h 
of reaction time. The amounts of hydrogen evolved in these 
experiments were 2.15, 1.94, 194 mmol, indicating 1.77, 
1.98, and 1.98 to be the numbers of milimoles of hydride used 
for reduction per milimole of compound in 1.0, 2.0, and 3.0 h, 
respectively. Therefore the reaction was completed within 
2.0 h.

Procedure for Product Analysis by GLC. The reduction of 
ethyl caproate is representative. In a 50 m/ flask, fitted with 
a rubber syringe cap on an inlet port, a magnetic stirring bar, 
and a reflux condenser connected to a mercury bubbler, 
were placed 4.2 m/ (3.4 mmol) of a 0.81 M solution of Lin- 
BuBH3 and 5.4 m/ of THF. Then 0.41 mZ (2.5 mm이) of ethyl 
caproate was introduced while the reaction mixture was 
vigrously stirred at room temperature. After 1.0 h, the excess 
hydride was destroyed with 0.8 mZ of water. Then the reac­
tion mixture was cooled to 0 °C in an ice bath, and oxidized 
by the addition of 0.8 m/ of 6N aqueous NaOH, followed by 
1.0 mZ of of 30 % H2O2 and heating at 40-50 °C for 1.0 h. 
After addition of 1-octanol (2.5 mmol; 0.39 m/) as an in­
terna! standard, the aqueous layer was sat냐rated with 5 g of 
anhydrous potassium carbonate and the dry THF layer was 
subjected to GLC analysis on a 10 % Carbowax 20M c이umn, 
8 ftxO.125 in., indicating 나le presence of 100% 1-hexanoL 
And other compounds discussed were also examined in this 
manner by 니sing appropriate in ternal standard.

Procedure for Competition Reaction. The reaction of ethyl 
caproate in the presence of benzoic acid is representative. 
6.2 mZof0.81 Af Lin-BuBH? solution (15.1 mmol in hydride), 
and 11.0 ml of THF were introduced into a dried, 50 m/ flask 
fitted with a rubber syringe cap on an inlet port, a magnetic 
stirring bar, and a reflux condenser connected to a mercury 
bubbler. The flask was maintained at room temperature with 
birring、and 2.5 m/ of T디F solution containing 2.5 mm이 

of ethyl caproate and 2.5 mmol of benzoic acid was injected 
slowly. After 1.0 h, the remaining hydride was destroyed with 
water. Then the reaction mixture was oxidized with NaOH- 
H2O3, followed by addition of 2.5 mmol (0,39 ml) of 1-oc­
tanol as an internal standard. GLC analysis of the reac­
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tion mixture revealed that 나ic presence of 2.5 mm이 of 
1 hum이 and the absence of benzyl 시mh이.

」以〃⑴〃心〃. The authors wo니d like to thank 
Korean Trade Sch이"「h!p I oundation for the financial 
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