
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=lsyc20

Download by: [Washington University in St Louis] Date: 11 June 2016, At: 14:58

Synthetic Communications

ISSN: 0039-7911 (Print) 1532-2432 (Online) Journal homepage: http://www.tandfonline.com/loi/lsyc20

Dechlorination of Pentachlorophenol and 1,2,4-
Trichlorobenzene Using NaBH4 and NaBH4/LiCl AT
125–315°C in Glyme Solvents

Cangming Yang & Charles U. Pittman Jr.

To cite this article: Cangming Yang & Charles U. Pittman Jr. (1998) Dechlorination of
Pentachlorophenol and 1,2,4-Trichlorobenzene Using NaBH4 and NaBH4/LiCl AT 125–315°C in
Glyme Solvents, Synthetic Communications, 28:3, 517-525, DOI: 10.1080/00397919808005107

To link to this article:  http://dx.doi.org/10.1080/00397919808005107

Published online: 15 Aug 2006.

Submit your article to this journal 

Article views: 24

View related articles 

Citing articles: 7 View citing articles 

http://www.tandfonline.com/action/journalInformation?journalCode=lsyc20
http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919808005107
http://dx.doi.org/10.1080/00397919808005107
http://www.tandfonline.com/action/authorSubmission?journalCode=lsyc20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=lsyc20&page=instructions
http://www.tandfonline.com/doi/mlt/10.1080/00397919808005107
http://www.tandfonline.com/doi/mlt/10.1080/00397919808005107
http://www.tandfonline.com/doi/citedby/10.1080/00397919808005107#tabModule
http://www.tandfonline.com/doi/citedby/10.1080/00397919808005107#tabModule


SYNTHETIC COMMUNICATIONS, 28(3), 517-525 (1998) 

DECHLORINATION OF PENTACHLOROPHENOL AND 
1,2,CTRICHLOROBENZENE USING NaBHl 

AND NaBH&iCl AT 125-315 "C IN GLYME SOLVENTS 

Cangming Yang and Charles U. Pittman, Jr.' 

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

Abstract Dechlorinations of pentachlorophenol and 1,2,4-uichlorobenzene 
were achieved using NaBH, in tetraglyme at 290-315 "C and by NaBHJLiCl at 
125-135 "C in diglyme, triglyme or tetraglyme after premixing at room 
temperature. 

Chlorinated aromatic compounds represent a major environmental 

problem.' Many are converted into less dangerous organic products and 

eventually degraded by different microorganisms.' However, some chlorinated 

aromatic compounds are extremely persistent due to their slow degradation by 

reductive or oxidative enzymatic pathways.' Thus, it is desirable to develop 

rapid and efficient ways to dehalogenate these recalcitrant compounds. Known 

chemical methods for the remediation chlorinated aromatic compounds include 

incineration,4 wet air oxidation: catalytic dehydrochlorination,6 sodium-based 

~ ~~ ~~ 
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518 YANG AND PITTMAN 

red~ction,~ reaction with superoxide,8 photolysis in the presence of hydrogen 

donors,' transition metal-promoted borohydride or alkoxyborohydride reductive 

dechlorination,lOs" electrolytic reduction," nickel-catalyzed hydrogenolysis,13 

silyhydride de~hlorination,'~ amine-promoted titanium complex-catalyzed 

borohydride dechlorinati~n,'~ iron-promoted dechlorination,16 and thermolysis 

over solid bases like CaO/Ca(OH),.I7 Sodium borohydride, typically, has not 

dechlorinated chloroaromatic compounds,'* except when transition metal 

catalysts are u ~ e d . ~ ~ * ' ~  Despite the fact NaBH, is very thermally stable, its use 

at high temperatures (120-350 "C) has largely been neglected by organic 

chemists. Instead, a large variety of more expensive and reactive hydrides 

(e.g., LiAH,, NaBHEt,, NaBH,(OCH,CH,OCH,),, LiB(NR,)H,, etc) have 

been extensively investigated and applied in functional group reductions. '' 
Recently, we have conducted a study of the dechlorination of both 4- 

chlorobiphenyl and PCBs using NaBH, in various high boiling inert solvents at 

elevated temperatures.20*21 4-Chlorobipheny12' and PCBs2' were successfully 

dechlorinated using NaBH, at 290-310 "C or NaBH,/LiCl at 120-162 "C in 

glyme solvents. We now report that pentachlorophenol and 1,2,4- 

trichlorobenzene are readily dechlorinated under these same conditions. 

Dechlorination of pentachlorophenol (PCP) 

Pentachlorophenol (PCP) was dechlorinated using several different 

sodium borohydride dehalogenating systems. Example results are summarized 

in Table 1. PCP dechlorination was very slow (34 % substrate disappeared in 
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DECHLORINATION OF PENTACHLOROPHENOL 519 

128 h) when a 5.5-fold molar excess of NaBH, was used alone in diglyme at 

162 "C (reflux) (Entry 1, Table 1). The dechlorination rate increased (but was 

still very slow ) when lithium chloride was added (Entry 2). Only 79% of the 

PCP had disappeared within 96 h. Complete disappearance of PCP occurred 

before 32 h upon increasing the NaBH,, to PCP ratio to 20 from 5.5 at 162 "C 

in diglyme (Entry 3). However, only 6% phenol was produced in this period. 

Dechlorination proceeded much more rapidly when NaBH,, LiCl and PCP 

were prestirred at room temperature for 20 minutes in glyme solvents before 

heating to a reaction temperature of 130 "C (Entry 4). Pentachlorophenol had 

completely disappeared within 4 h but only 8% phenol had formed. The 

major product obtained after 36 h in this dechlorination was phenol (85%).  

Addition of a three-fold excess of LiCl (vs NaBH,) and replacement of 

diglyme by tetraglyme enhanced the dechlorination rate (Entry 5) at 130 "C. 

PCP disappeared within 2 h producing a 12% yield of phenol. An 88% 

phenol yield was observed in 16 h. 

Dechlorination was achieved at 315 "C in a sealed tube without added 

LiCl (Entry 6). Pentachlorophenol had completely disappeared within 2 h at 

315 "C in tetraglyme. Phenol (72%) was the major product. Minor products 

present at this time were mono- and dichlorophenol (one monochlorophenol 

and two dichlorophenols were observed based on GUMS). 

Dechlorination of 1.2.4-Trichlorobenzene 

The dechlorination of 1,2,4-trichlorobenzene was also examined in 

several different sodium borohydride/glyme systems. Example results are 
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520 YANG AND PITTMAN 

+ 
NaE3H4 or NaBH4 / L i a  

G M ,  125-315 OC c* c1 c1 c1 

Table 1. Dechlorination of pentachlorophenol (PCP) with 
NaBH, or NaBH,/LiCl in glymes 

Entry Reagents 
(Mol Ratios) 

Temp. Time Disappearance 
("C) (h) 

1 substrate/NaBH,/diglyme 162 
(16 342) 

(1/1.1/8,4) 

(1/5.5/5 342) 

(l/l. 1/1. U8.4) 

(1/20/20/84) 
CI/NaBH,/LiCl/digl y me 

(1/4/4/16.8) 

(1/20/20/84) 

(1/4/4/ 16.8) 

(1/20/60/54) 

( 1/4/ 12/ 1 1) 

(1120b4.4) 

(1/4/10.9) 

CI/NaBH,/digly me 

2 substrate/NaBH4/LiC1/diglyme 162 

Cl/NaBH,/LiCl/digl y me 

3 substrate/NaBH,/LiCl/diglyme 62 

qb substrate/NaBH,/LiCl/diglyrne 130 

Cl/NaBH,/LiCl/digly me 

gb substrate/NaBH,/LiCl/Tetraglyme 130 

Cl/NaBH,/LiCl/tetragl y me 

6' substrate/NaBH,/Tetraglyme 315 

Cl/NaBH,/Tetragly me 

128 

1 
16 
48 
96 

1 
16 
32 

1 
3 
4 
36 
1 
2 

16 

2 

34 

26.7 
33.7 
51.1 
79.1 
29.5 
88.5 

lOOd 

58 
94 

100e 
lOOf 
89 
100g 
1 ooh 

100' 

* These values refer to the percent disappearance of the pentachlorophenol. 

130 "C. 
produced. 
yield). g, An 12% yield of phenol was produced. 
yield). ' Phenol was the major product (72%). 

The reaction mixture was stirred at room temperature for 20 min before being heated to 
A 6% yield of phenol was 

Phenol was the major product (85% 
This reaction was conducted in a sealed tube. 
An 8% yield of phenol was produced. 

Phenol was the major product (88% 
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DECHLORINATION OF PENTACHLOROPHENOL 52 1 

%Yield = 93 5 

Table 2. Dechlorination of 1,2,4-Trichlorobenzene with 
NaBH, or NaBH,/LiCl in glymes 

Entry Reagents 
(Mol Ratios) 

Temp. Time Disappearance 
("C) (h) ( M o ~ % ) ~  

~~~ 

1 substrate/NaBH,/digl yme 162 
(1/12/42) 

(1/4/14) 

(1/ 12/ 12/42) 

(1/4/4/ 14) 

Cl/NaBH,/digly me 

2 substrate/NaBH,/LiCl/diglyme 162 

Cl/NaBH,/LiCl/digly me 

3b substrate/NaBH,/LiCl/diglyrne 130 
(1/ 12/ 12/42) 

Cl/NaBH,/LiCl/digl y me 
(1 /4/4/ 14) 

(1/12/36/42) 

( 1/4/ 12/ 14) 

qb substrate/NaBH,/LiCl/tetraglyrne 130 

Cl/NaBH,/LiCl/digl yme 

5' substrate/NaBH,/tetraglyme 300 
(1/12/27.2) 

Cl/NaBH,/tetragl yme 
(1/4/9.1) 

~~ 

48 
72 

14.5 
16.9 

2 
10 
15 
20 
27 
40 
0.5 
2 

15 

0.5 
1 
8 

2 

8.5 
48.6 
67.1 
81.6 
92.6 

100 
66.8 
99.5 

100d 
90 
100 
100e 

lOOf 

a These values refer to the mole percent disappearance of 1,2,4-trichlorobenzene. The 
reaction mixture was stirred at room temperature for 20 minutes before being heated to 
130 "C. The reaction was conducted in a sealed tube. Benzene (91 %) and 
chlorobenzene (6%) were detected. 
detected. fBenzene (93%) and chlorobenzene (5%) were the products detected. 

Benzene (92%) and chlorobenzene (4%) were 
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522 YANG AND PITTMAN 

summarized in Table 2. Dechlorination was very slow (only 16.9% of the 

substrate had disappeared after 72 h)  using NaBH, alone in diglyme at 162 "C 

(reflux) (Entry 1, Table 2). Addition of LiCl (NaBH,/LiCl=l) enhanced 

dechlorination but the reaction progress was still slow (Entry 2, 93% 

disappearance of 1,2,4-trichlorobenzene in 27 h). Only 6.4% of the substrate 

was reduced completely to benzene after 40 h at these conditions when all of 

the substrate had disappeared. The other products observed at this time were 

1,4-, 1,3-, 1,2-dichlorobenzenes and chlorobenzene in yields of 29%, 8.5 %, 

5.3 %, 39 %, respectively. Prestirring NaBH,, LiCl, diglyme and substrate at 

room temperature for 20 minutes and then heating to a reaction temperature 

of 130 "C significantly enhanced the dechlorination rate (Entry 3). 1,2,4- 

Tnchlorobenzene was 99.5% removed within 2 hours and 91% yield of 

benzene was obtained after 15 hours (along with 6% of chlorobenzene). 

Addition of a three-fold excess of LiCl (vs NaJ3H4) and the replacement of 

diglyme with tetraglyme resulted in complete disappearance of 1,2,3- 

trichlorobenzene within 1 h at 130 "C (Entry 4). A 92% yield of benzene and 

4 % chlorobenzene were obtained after 8 hours. 1,2,4-Trichlorobenzene 

completely disappeared within 2 h at 300 "C in a sealed tube (Entry 5 ,  Eq. 2). 

Benzene (93 %) and chlorobenzene (5 %) were the only products detected. 
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