
This article was downloaded by: [Illinois State University Milner Library]
On: 27 November 2012, At: 08:34
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

Reductions of Organic
Functional Groups Using NaBH4

OR NaBH4/LiCl in Diglyme at
125 TO 162 °C
Cangming Yang a & Charles U. Pittman Jr. a
a Department of Chemistry, University/Industry
Chemical Research Center Mississippi State
University, Mississippi, 39762
Version of record first published: 20 Aug 2006.

To cite this article: Cangming Yang & Charles U. Pittman Jr. (1998): Reductions of
Organic Functional Groups Using NaBH4 OR NaBH4/LiCl in Diglyme at 125 TO 162 °C,
Synthetic Communications: An International Journal for Rapid Communication of
Synthetic Organic Chemistry, 28:11, 2027-2041

To link to this article:  http://dx.doi.org/10.1080/00397919808007178

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

http://www.tandfonline.com/loi/lsyc20
http://dx.doi.org/10.1080/00397919808007178
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

Il
lin

oi
s 

St
at

e 
U

ni
ve

rs
ity

 M
iln

er
 L

ib
ra

ry
] 

at
 0

8:
34

 2
7 

N
ov

em
be

r 
20

12
 



SYNTHETIC COMMUNICATIONS, 28( 1 l) ,  2027-2041 (1998) 

REDUCTIONS OF ORGANIC FUNCTIONAL GROUPS 
USING NaBH, OR NaBI&/LiCl IN DIGLYME 

AT 125 TO 162 "C 

* 
Cangming Yang and Charles U. Pittman, Jr. 

Department of Chemistry 
University/Industry Chemical Research Center 
Mississippi State University, Mississippi 39762 

Abstract: Reduction of nitro, amide, carboxylate, ester and nitrile functional 
groups to -NH2, -CH,NH,, -CH,OH, -CI-&OH and -C@NCHPh, respectively were 
achieved using NaBH, or NaEiHJLiCl in diglyme at 125-162 "C. This greatly 
extends the range of functional group types which can be considered generally 
reducible by borohydride . 

Sodium borohydride is considered a very mild reducing agent.' It only 

readily reduces aldehydes, ketones and acid chlorides (see Table 1). Since 

sodium borohydride is safe to use and rather inexpensive it would desirable to 

extend the range of functions which could be reduced by sodium borohydride. 

Methods used previously to modify NaBH, reactivity include (1) use of solvent 

effects (e.g., chelate effect in dipolar aprotic solvents such as dimethyl 

sulfoxide, sulfolane, and hexamethylphosph~triamide);~-~ (2) exchange of 

sodium for another metal cation in the complex hydride (e.g. formation of 

*To whom correspondence should be addressed 
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2028 YANG AND PITTMAN 

lithium borohydride in szru upon adding LiCl or LiBr to NaBHJdiglyme 

~olution);~.~ (3) replacing hydride with alkoxy, or alkyl groups in the 

borohydride anion (e.g., formation of alkoxyborohydrides6 or 

alkylb~rohydrides~). Other approaches include the development of acidic 

reducing agents such as borane' and alane' and the introduction of substituent 

groups into such acidic reducing 

reducing agents such as LiAlH, have been widely employed despite their lower 

stability and higher cost. However, despite sodium borohydride's high thermal 

stability, the simple expedient of extending its use to higher temperatures has 

largely been neglected. Therefore, in this paper the simultaneous use of 

elevated temperatures, added LiCl and glyme solvents were explored to 

attempt the reduction of aryl -NO,, -CONH,, -COOH, -CN and -COOR 

functional groups. Concurrent studies in our laboratory showed these media 

were also effective for both dechlorination" and deflu~rination'~ of aryl 

Finally, other strong hydride 

compounds. Heretofore, none of these functional groups have been generally 

considered reducible in BH4- reductions. 

NaBI-L. NaB&/J iC1. or NaB&/LiCl/NH,Cl 
inAL&mc 

Nitrobenzene was reduced by 5 equivalents of sodium borohydride in 

diglyme at 162 "C. (see Table 2). Nitrobenzene totally disappeared within 5 

min producing aniline (30%), azobenzene (8%), and azoxybenzene (38%) 

(Table 2, Entry 1 & Eq. 1). The products were analyzed by GC and GUMS. 
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ORGANIC FUNCTIONAL GROUPS 2029 

Table 1. Comparison of the reactivity of sodium 
borohydride with and without LiC114 

Substrate Product upon Product upon 
treatment with treatment with 
NaBH4/alcohol NaBH,/LiCl/digly me 

aldehyde 
ketone 
acid chloride 

lactone 
epoxide 
ester 
carboxylic acid 

carboxylic acid salt 
tert-amide 
nitrile 
nitro 
Aryl chloride 
Aryl fluoride 

alcohol 
alcohol 
reaction with 
solvent 
slow reaction 
slow reaction 
slow reaction 
carboxylate anion, 
no reduction 
no reaction 
no reaction 
no reaction 
no reaction 

no reaction 
no reaction 

alcohol 
alcohol 
alcohol 

glycol 
alcohol 
alcohol 
carboxylate anion, 
no reduction 
no reaction 
no reaction 
no reaction 
very slow reaction 

no reaction 
no reaction 

0 N : X a  

3 

The amount of aniline steadily increased with time (Table 2, Entries 1, 2, 3, 

and 4) while the amount of azoxybenzene decreased. The amount of 

azobenzene increased early during the reaction due to reduction of 

azoxybenzene and then decreased. The reaction proceeded no further after 

12 h. Aniline was the major product (65% yield based on internal standard 

techniques) and azobenzene as the minor incomplete reduction product (12%). 
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2030 YANG AND PITTMAN 

Table 2. Reduction of nitrobenzene (1 mmol) using 
NaBH,/diglyme (5 mmo1/42 mmol) at 162 "C 

Entry Time Substrate Products 
(h) Consumption Identified 

(Mole%) (Mole%)" 

1 0.08 100 Aniline 30% 
Azobenzene 8% 
Azoxybenzene 38% 

2 0.5 100 Aniline 35 % 
Azobenzene 13 % 
Azoxybenzene 30% 

3 1.5 100 Aniline 38% 
Azobenzene 26 72 
Azoxybenzene 13 % 

4 12 1 0 0  Aniline 65 % 
Azobenzene 12% 
Azoxybenzene 0% 

5 48 100 No further 
reaction 

a The yields were determined by internal standard method. 

Addition of an equimolar amount LiCl to NaBH, in diglyme at 162 "C 

had little effect on the amount of nitrobenzene reduced or on the product 

distributions. The yield of aniline after 12 h was 67 %. Increasing both the 

NaBH,/nitrobenzene and the LiCl/nitrobenzene mole ratios to 10 from 5 slightly 

increased the reduction rate giving a 70% yield of aniline in 10 h (azobenzene 

was present as a minor product). Dropwise addition of 

nitrobenzene (1  mmol) to the premixed NaBHJLiCl (5 mmol/5 mmol) in 

diglyme (42 mmol) at 162 "C gave a 68 % yield of aniline after 11 h 

(azobenzene was again present as a minor product). 
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ORGANIC FUNCTIONAL GROUPS 203 1 

Table 3. Reduction of nitrobenzene (1 mmol) using 
NaBH,/LiCl/NH,Cl/diglyrne (10/10/20/42) at 162 "C 

Entry Time Substrate 

(Mole % ) 
(h) Consumption 

Products 
Identified 
(Mole %). 

1 1 /3 100 Aniline 
Azobenzene 
Azoxybenzene 

Azobenzene 
Azoxybenzene 

Azobenzene 
Azoxybenzene 

2 2 100 Aniline 

3 5 100 Aniline 

a The yields were determined by internal standard method. 

58% 
7% 

18% 

71 % 
15% 
0% 

97 % 
0% 
0% 

In solvated electron reductions, nitro groups are more completely 

reduced and lower yields of reductive dimers are formed when a good proton 

source is available. lS Therefore attempts were made to decrease the amount of 

reductive dimers (azobenzene, 2, and azoxybenzene, 3) formed by adding 

NH4Cl as a proton source in a 20 mole excess over nitrobenzene. Adding 

NH,Cl/nitrobenzene/diglyme portion-wise to premixed 10 mole excess of 

Na13H4/LiCl(1 : 1) diglyme solution gave smaller amounts of reductive dimers 2 

and 3 which were quickly reduced to aniline (Table 3). The yield of aniline 

(bp 183-184°C) was 97% in 2.5 h. Decreasing the NaBH,/LiCl/NH,CI to 

substrate ratio from 10/10/20 to 5/5/10 resulted in slower reduction rates and 

the more azobenzene production (not listed). 
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2032 YANG AND PITTMAN 

Table 4. Reduction of benzamide (1 mmol) using 
NaBH,/diglyme (4142) at 162 "C 

Entry Time Benzamide Benzylamine 
(h) Consumption Formation 

(Mole % )" (Mole % ) 

1 0.33 51 50 

2 1 68 68 

3 1.5 100 99 
a Benzylamine was the only reduction product detected. The yields were 
determined by the internal standard method. 

Benzamide was readily reduced to benzylamine using NaBH, alone in 

diglyme at 162 "C (reflux). Example results are shown in Table 4. Benzamide 

was 51 %.consumed in 20 min (Entry 1, Table 4), 68% reacted in 1 h (Entry 2) 

and benzamide was completely gone within 1.5 h. Benzylamine was the only 

observed product. The product was characterized by GC and GC/MS versus 

authentic benzylamine and isolation by distillation (bp 183-184°C). 

The yield of benzylamine was 99% (IS technique). 

Reduct- or NaBWJ .iC1 in dlelvme . . .  . . .  

Benzoic acid was reduced to benzyl alcohol using either NaBH,/diglyme 

or NaBH,/LiCl/diglyme at 162 "C. The results are shown in Tables 5 and 6. 

Benzoic acid was 58%, 86% and 100% consumed in 4 h (Entry 1, Table 5) ,  10 

h (Entry 2) and 15 h (Entry 3), respectively using NaBH,/diglyme. Benzyl 

alcohol was the sole product. Benzyl alcohol was characterized by GC, GC/MS 

D
ow

nl
oa

de
d 

by
 [

Il
lin

oi
s 

St
at

e 
U

ni
ve

rs
ity

 M
iln

er
 L

ib
ra

ry
] 

at
 0

8:
34

 2
7 

N
ov

em
be

r 
20

12
 



ORGANIC FUNCTIONAL GROUPS 2033 

Table 5 .  Reduction of benzoic acid (1 mmol) using NaBH,/ 
diglyme (7.5 mmo1/42 mmol) at 162 "C 

Entry Time Benzoic acid Benzyl alcohol 
(h) Consumption Formation 

(Mole%) (Mole%)" 

1 4 54 52 

2 9 86 85 

3 15 100 98 
a Benzyl alcohol was the only reduction product detected. The yields were 
determined by the internal standard method. 

Table 6. Reduction of benzoic acid (1 mmol) using 
NaBH,/LiCl/diglyme (7.5/7.5/42) at 162 "C 

Entry Time Benzoic acid Benzyl alcohol 
(h) Consumption Formation 

(Mole%) (Mole %)" 

1 4 27 26 

2 9 75 73 

3 15 1 0 0  97 
a Benzyl alcohol was the only reduction product detected. The yields were 
determined by the internal standard method. 

versus authentic samples, and distillation (bp 204-205°C). Addition of an 

equimolar amount LiCl to NaBHJdiglyme lowered the reduction rates 

somewhat. Thus, a 73% yield (Entry 2, Table 6) of benzyl alcohol was 

obtained in 9 h and 97% yield (Entry 3, Table 6) in 15 h. 

The carboxyl group is present as its carboxylate anion in the presence of 

borohydride, demonstrating the strong reducing potential of these media at 

elevated temperatures. 
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2034 YANG AND PITTMAN 

Table 7.  Reduction of benzyl benzoate (1 mmol) in NaBH,/ 
diglyme (4/42) at 162 "C 

Entry Time Benzyl benzoate Benzyl alcohol 
(h) Consumption Produced 

(Mole %)a (Mole % )" 

1 1 /6 47.3 46 
2 1 /2 71.8 71 
3 1 87.3 87 
4 2 99.5 99 

a Benzyl alcohol was the only reduction product detected. The yields were 
determined by internal standard method. 

. .  of B e 1  

Benzyl benzoate was readily reduced to benzyl alcohol using NaBH, 

alone in diglyme at 162 "C (reflux). Example results are summarized in Table 

7. Benzyl benzoate was 47% consumed within 10 min (Entry 1 ,  Table 7), 

71.8% in 0.5 h (Entry 2), 87.3% in 1 h (Entry 3) and 99.5% within 2 h. A 

99% yield of benzyl alcohol was achieved in 2 h (IS technique). Benzyl alcohol 

was characterized by GC and GUMS versus authentic samples. 

Benzonitrile reductions were attempted using several conditions 

summarized in Table 8. Benzonitrile slowly disappeared when NaJ3HJdiglyme 

was used at 162 "C. Only 35 % of the benzonitrile was consumed after 24 h 

(Entry 1 ,  Table 8). Benzyl amine, however was not produced. The dimeric 

product, N-benzylidenebenzylamine, was produced and characterized by 
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ORGANlC FUNCTIONAL GROUPS 2035 

Table 8. Reduction of benzonitrile using NaBH, or NaBHJLiCI in diglyme 

Entry Reagents Temp Time Benzonitrile N-benzylidene 
(Mol Ratios)” (“C) (h) Consumption benzylamine 

(Mole % )” (Mole %) 

1 NaBH,/diglyme 162 24 35 31 

2 NaBH,/LiCl/diglyme 162 2 26 
5/5/42 10 86 

5/42 

14 100 90 
3b NaBH,/LiCl/diglyme 125 1 57 

5/5/42 2 89 
3 100 91 

a All the ratios are relative to one mole of benzonitrile. The yields were 
determined by internal standard method. 
20 minutes before heating at 125 “C. 

The reaction mixture was stirred for 

GUMS vs an authentic sample (Eq. 2). Saturated dimeric product (dibenzyl 

amine) was excluded by spiking authentic samples. 

NaBH, or NaBH, LCl 

diglyme, 162 “c 

Benzonitrile was consumed faster when LiCl was added to 

NaBH,/diglyme at 162 “C, completely disappearing to give a 90% yield of 

N-benzylidenebenzylamine (Entry 2). Benzonitrile disappeared much more 

rapidly (within 3 h) when the NaBH,/LiCl/diglyme reaction mixture was stirred 

first at room temperature and then heated to only 125 “C (a 91 % yield of N- 

benzylidenebenzylamine was produced)(Entry 3). 
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2036 YANG AND PITTMAN 

In conclusion, aryl functions including nitro, amide, carboxyl, ester and 

nitrile were readily reduced by NaBH, or NaBHJLiCl in diglyme at 125-162'C. 

Ex jterirnental 

General Procedure Reduction of nitrobenzene (Table 2). Diglyme (6 mL, 42 

mmol), nitrobenzene (0.1244 g, 1 mmol) and tetradecane (IS, 100 ul) were 

added into an oven-dried, 50 mL three-necked flask equipped with stirring bar, 

thermometer, septa and reflux condenser. After stirring and preheating the 

mixture to 162 "C (reflux), NaBH, (0.192 g, 5 mmol) was added. Aliquotes 

(0.1 mL) of the reaction mixture was withdrawn by a syringe at appropriate 

time intervals, quenched with dilute H,SO,, made basic with 20% aq. NaOH 

solution to pH=9 (alternatively, quenched in aq. ammonium chloride solution 

@H=8.5)), extracted with CH,Cl, and analyzed by GC. The GC temperature 

program and conditions employed in the analyses were: 30 m, DB-5 capillary 

column, FID detector; 80 "C, 2 min, with subsequent heating at 20 "C/min to 

300 "C where it was held for 5 min. Aniline (MS, m/z = 93 molecular ion; the 

fragmentation pattern identical to that of authentic aniline) was produced in 65 % 

yield after 12 h along with azobenzene as a minor product. 

Reduction of nitrobenzene (Table 3). A mixture of nitrobenzene (0.1244 

g, 1 mmol), NH4Cl (1.08 g, 20 mmol) and diglyme (2 mL, 14 mmol) was 

added portion-wise into a solution of LiCl(0.424 g, 10 mmol), NaBH, (0.384 

g, 10 mmol), diglyme (4 mL, 28 mmol) and tetradecane (IS, 100 ul) at 162 "C. 

The sampling procedures and analysis were the same as described for Table 2. 
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ORGANIC FUNCTIONAL GROUPS 2037 

Aniline was produced (97%) as the only detected reduction product after 2.5 h. 

Scaling up this reaction to 12g of nitrobenzene in 70 ml of diglyme 

(substrate/NH,C1/LiC1/NaBH4 = 1/20/ 101 10 mole equivalents) followed by 

etherlwater partitioning, drying of the ether layer and distillation gave 8.1 g of 

aniline (bp 183-184°C). 

Reduction of Benzamide (Table 4, entry 3). NaBH, (0.154 g, 4.0 

mmol), diglyme (6 mL, 42 mmol), benzamide (0.121g, 1 mmol) and octadecane 

(IS, 100 pl) were reacted at 162°C. After 1.5 h GC analysis indicated a 99% 

yield of benzylamine (only product detected) and the benzamide was totally 

consumed. The reaction mixture was quenched in aqueous NH4CI (pH = 8.5) 

and extracted into methylene chloride. Benzylamine was isolated by removing 

solvent and its structure confirmed by GC spiking studies (with an authentic 

commerical sample at three different temperature programs) and its mass 

spectrum was identical with that of a commercial sample (molecular ion at m/z 

= 107). A 15-fold scale up procedure was carried out and the resulting benzyl 

amine was isolated by distillation (bp 183-184°C). 

Reduction of Benzoic Acid (Table 5 ,  entry 3). NaBH, (0.2888, 7.5 

mmol) was added to a stirred solution of diglyme (6 mL, 42 mmol), benzoic 

acid (0.123g, 1 mmol) and tetradecane (IS, 100 pl) at 162°C. After 15 h an 

aliquote was analyzed by GC. No benzoic acid was detected. The only product 

observed was benzyl alcohol (98% yield based on internal standard method). 

The benzyl alcohol was then worked up by quenching into dilute sulfuric acid 
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2038 YANG AND PITTMAN 

and extraction into methylene chloride. Its structure was confirmed by a GC 

spiking experiment versus authentic benzyl alcohol (3 conditions) and its mass 

spectrum was identical to that of an authentic sample (molecular ion at m/z = 

106; parent ion was the C,H,' ion at d z  = 89). A 12-fold scale up reaction 

provided an isolated benzyl alcohol (distilled bp 204-205°C) yield of 71 %. 

Reduction of Benzyl Benzoate (Table 7, entry 4). NaBH, (0.154 g, 4 

mmol) was added into a stirred solution of diglyme (3 mL, 21 mmol), benzyl 

benzoate (0.0186 g, 1 mmol), tetradecane (IS, 100 pl) at 162°C. After 2h, GC 

analysis showed 99.5% of the ester had been consumed and a 99% yield of 

benzyl alcohol formed. No other product was observed. The reaction mixture 

was quenched into dilute aqueous sulfuric acid ( - 5 % wt) and then extracted 

with methylene chloride. Benzyl alcohol was confirmed as the product by GC 

spiking and by mass spectrometry as is described in the preceeding example. 

Reduction of Benzonitrile (Entry 3, Table 8). LiCl(O.212 g, 5 mmol), 

and NaBH, (0.192 g, 5 mmol) were added to a solution of benzonitrile (0.103 

g, 1 mmol) and tetradecane (IS, 100 ul), diglyme (6 mL, 42 mmol). The 

reaction mixture was prestirred at room temperature for 20 min before heating 

at 130 "C. The sampling procedures and analyses were the same as described 

for Table 2. Total consumption (100%) of benzonitrile occurred within 3 h, 

producing a 91 % yield of N-benzylidenebenzylamine. Two workup procedures 

were used: (a) quench in 5% H,SO, and then raise pH to 10 with aqueous 

NaOH and extract into methylene chloride; (b) quench into aqueous NH&l at 
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ORGANIC FUNCTIONAL GROUPS 2039 

pH = 8.5 and extract with methylene chloride. The identity of the product was 

confirmed by several GC spiking experiments (different temperature programs) 

with authentic commercial N-benzylidene benzylamine. Furthermore, 

dibenzylamine was excluded by GC spiking experiments. MS of the product 

exhibited a molecular ion at m/z = 195 and the MS fragmentation pattern was 

identical to that of a commercial sample of N-benzylidene benzylamine. 
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