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Abstra~ Dechlorinafions of 4-ddorobiphenyl with NaBI~ in high boiling inert solveats from 120-310 ~C were studied. 
Complete dechlorinafion occurred in NaBI-L/tetraglyme at 310 °C in one hour. Adding LiCI to NaBI-L promoted dechlorination 
in di-, h'i, and tetraglyme mspecti~;ely at 120-135 °C. The rate was significantly eahaaced when NaBH o LiCI, and glyme were 
prestirred at room tempentmm for 20 minutes before heating to 120-135 °C. At equivalent conditions, deddorinatioa rates 
followed the ~ tetraglyme > triglyme > diglyme. 4-Chiorobipbenyl decldorination failed using NaBI-I4/diphenyl etlmr. 
In pentamethyldiethyleaetriamine 3- and 4-N,N-,timo~ylnminobipheayl was produced through a benzyne intermediate. 
© 1997 Elsevier Science Ltd. 

Chlorinated organic molecules, especially PCBs, represent a major environmental problem) Chemical 

methods known for remediating chlorinated aromatic compounds include incineration, 2~ wet air oxidation, 4 catalytic 

dehydrochlorination, s sodium-hased reduction, ~,7 reaction with superoxide/photolysis in the presence of hydrogen 

donors, 9 transition metal-promoted borohydride or alkoxyborohydride reductive dechlorination, ~°,u electrolytic 

reduction, n nickel catalyzed hydrogenolysis, ~3 silylhydride dechlorination, u amine-promoted titanium complex- 

catalyzed sodium borohydride dechlorination, ~ iron-promoted dechlorination, ~6 and thermolysis over solid bases 

like CR)/Ca(OH)2) 7 Sodium borohydride does not achieve aromatic dechlorinations, n except when using 

transition metal catalysts, t3,~s NaBI-I4 is quite thermally stable. However, its use at high temperatures (120-350 

°C) has largely been neglected. Instead, more expensive and reactive hydrides (e.g., LiAI-I~, NaBHEt3, 

NaBH2(OCH2CH2OCHj)2, LiB(NR2)H3, and etc) have been used in more difficult organic reductions. Therefore, 

we investigated NaBI-I, at high temperatures for the dechlorination of 4-chlorobiphenyl. Di-, tri- and tetraglyme 

were used as high boiling solvents (162, 216, 275 °C, bps. respectively) due to their moderately high polarity, lack 

of acidic hydrogens, and ability to multiply chelate (solvate) Na +. 

4-Chlorobiphenyl was slowly dechlorinated by NaBHddiglyme at 162 °C (reflux) (Table 1, Entry 1). 

Complete dechlorination had not occurred after 28 h. Faster rates were achieved using triglyme or tetraglyme at 

their boiling temperatures (Entries 2 and 3). Complete dechlorination of 4-chlorobiphenyl was achieved at 310 

°(2 in 1 h using NaBH4 in tetraglyme (Entry 4). Adding LiCI to NaBI-~/diglyme enhanced the dechlorination rate 

(Entry 5 vs 1). Formation of lithium borohydride tg~/n  s/tu might increase borohydride solubility due to more 

effective solvation of Li + versus Na +. The dechlorination rate was greatly increased when the 

NaBI~/LiCl/diglyme reaction mixture was stirred at room temperature before heating (Entry 6 vs 5). Even greater 

rate enhancements resulted when the temperature was lowered to 130 °(2 from 162 °C (Entry 7 vs 6). Complete 

4-chlorobiphenyi dechiorination was achieved within 10 minutes (Entry 7). Replacing LiCI with LiBr lowered 
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Table 1. Dechlorination of 4-Chlorobiphenyl with NaBI-I4 in Di-, Tri- and Tetraglyme 

Entry Reagents Temp. Time Disappearance Biphenyl 
(Mol Ratios) a (°C) (h) (Mol%) a (Mol%) a 

1 NaBHddiglyme 162 20 78 76 
(201168) 28 96 95 

2 Na.BI-Idtriglyme 216 16 77 74 
(20/133) 22 100 97 

3 NaBI-h/tetraglyme 275 1 97 96 
(201109) 10 97 96 

4 b NaBHdtetmglyme 310 0.5 88 80 
(5/27.2) 1 100 92 

5 NaBI~/LiCl/diglyme 162 6 96 92 
(20/20/168) 7 100 98 

6 e NaBHdLiCl/diglyme 162 1/6 74 71 
(20/20/168) 0.5 100 98 

7 c NaBI-L/LiCl/diglyme 130 1/6 100 99 
(201201168) 

8 c NaBI-ldLiCl/diglyme 100 2 22 20 
(20/20/168) 

9 d NaBIL/LiC1/diglyme 130 3 58 56 
(20/20/168) 12 99 98 

10 c NaBHdLiCl/diglyme 160 50 82 76 
(515142) 

11 e NaBHdLiCl/diglyme 130 5 86 85 
(5/5/42) 8 100 98 

a All ratios are relative to one mole of 4-chlorobiphenyl. Biphenyl was the only 
dechlorination product, b The reaction was conducted in a sealed tube. c The reaction 
mixture was stirred at room temperature for 30 minutes before heating, d The reagents 
were added at 130 °C (no premixed process at room temperature). 

the rate (100%, 2.5 h). Complete dechlorinations were also obtained in 10 min. using LiCI-promoted NaBI~ at 

130 °C in both tri- and tetraglyme (not listed). However, lowering the reaction temperature to 100 *(2 decreased 

the deehlorination rate (Entry 8). Reaction temperatures ranging from 120 to 135 °C were optimum. Adding LiCl 
or NaBI-I4 to preheated (especially boiling) diglyme solutions greatly lowered dechlorination rates (Entry 9 vs 7) 
no matter which reagent was added first. The rate was not effected by increasing the time (e.g., 20 rain, 40 rain, 

I h) used to prestir reagents and glyme at ambient temperature. LiBH4 should be generated in glym¢ solvents in 

situ at lower temperatures. Bipbenyl was the only product detected in all of these reactions (Eq. 1). 
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NaBH4 or NaBH 4/L iCI 

GIymes, 125-310 °C 
(i) 

Attempts to reduce the high borohydride to substrate ratios required for high dechlorination yields were only 

successful after it was discovered that great rate enhancements occurred by first prestirring NaBH4/LiCI in glymes at 

room temperature and then heating to 120 to 135 °C (Entry 11 vs 10). 
Dechlorinefioos of 4-chlorebiophenyl in tri- and tetraglyme exhibited similar trends to those observed in diglyme 

except that even faster rates were obtained. A few examples of this solvent effect appear in Table 2. The rate in 

NaBI-L (only)/tetraglyme at 162 °C (Entry 2, Table 2) was faster than that in triglyme (Entry 1, Table 2) at the same 

NaBI-I4/substrate ratio. The rates were faster in both tetraglyme and triglyme than in diglyme (see Entry 1, Table 1) 

at the same conditions (same volumes of solvent was used accounting for the difference in moles of solvent). The same 

dependence of rate on solvent was observed in LiCI/NaBH 4 systems (compare Entry 11, Table 1 with Entries 3 and 

4, Table 2). This interesting observation probably occurs because tetraglyme solvates lithium and sodium cations more 

favorably (less increase in entropy for six oxygens to coordinate Li + or Na+; chelate effect) than triglyme and diglyme, 

respectively. This effect may increase NaBIL solubility or more effectively solvent-separate the ion pairs enhancing 

BH," reactivity. A complex temperature dependence of NaBH4 solubility in diglyme is known. 2° 

4-Chlorobiphenyl was not dechlorinated using NaBIL in diphenyl ether (DPE) at temperatures from 100-300°C 

after long reaction times under nitrogen. At 300 ~C the solubility of NaBH4 was negligible in DPE. When LiCI was 

added at 259 °C, 4-chlorobiphenyi was slowly converted (88 ~ ,  49 h) to a mixture of high boiling biphenyl arylethers 

produced by DPE cleavage followed by nucleophilic aromatic substitution of phenoxide for chlorine or, more likely, 

by benzyne formation reaction with phenoxide. In pentamethyldiethylenetriamine (PMDETA), NaBH4 did not 

dechlorinate 4-chiorobiphenyl at temperatures from 150-250 °C although NaBH+ was consumed in reactions with 

solvent. At 275 ~C, substrate slowly disappeared. No biphenyl was formed. Instead the 4- and 3-isomers of N,N- 

dimethylaminobiphenyl were formed in a 1 to 1 ratio. Without NaBH( this reaction did not occur. Nncleophilic attack 

by PMDETA on a benzyne intermediate accounts for this result. 

NMo2 

NaBH 4 ~ 

PMDET~ + 
~ ~ ~  '--NMe2 

I~le NMo2 )Me .NMe2 

Finally, these systems can quantitatively dechlorinate PCBs. For example, Aroclor 1016, a commercial PCB 
mixture, was 99% dechlorinated in 4 h at 130 ~ using a substrate/NaBH,/LiCl/tetraglyme mole ratio of 1/4/4/18. 
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Table 2. Dechlorination of 4-Chlorobiphenyl with NaBI-I4 in Di-, Tri- and Tetraglyme 

Entry Reagents Temp. Time Disappearance Biphenyl 
(Mol Ratios) a (*C) 0a) (Mol%) a (Mol %) a 

1 NaBHJtriglyme 162 2 94 
(201133) 2.5 100 98 

2 NaBHJtetraglyme 162 1 85 
(201109) 1.5 100 98 

3 b NaBI-I4/LiCl/triglyme 130 1.5 89 
(515133) 2.5 100 98 

4 b NaBI-h/LiCl/tetraglyme 130 1 93 91 
(5/5/27) 1.5 100 97 

a All ratios are relative to one mole of 4-chlorobiphenyl. Biphenyl was the only 
dechlorination product, b The reaction mixture was stirred at room temperature 
for 30 minutes before heating. 
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