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Abstract : Zinc-modified cyanoborohydride in diethyl ether reduces tertiary, allyl, and 

benzyl halides to the corresponding hydrocarbons but the reagent is inert toward 

primary alkyl, secondary alkyl, vinyl, and aryl halides. 

Sodium cyanoborohydride is well-known as being useful for imine reduction, carbonyl 

amination, deoxygenation of aldehydes and ketones, and reductive displacement of halides and 

tosylates.* Although in the past decade considerable efforts have been devoted to modify 

the usual reduction ability of sodium borohydride by the combination of sodium borohydride 

and metal salts,3 there is only one report in the literature on the use of sodium 

cyanoborohydride and metal salts.4 

We wish to report an efficient method for the selective reduction of tertiary, allyl, 

and benzyl halides to the corresponding hydrocarbons without attacking primary alkyl, 

secondary alkyl, vinyl, and aryl halides by using zinc-modified cyanoborohydride in ether 

(eq. 2). Zinc-modified cyanoborohydride was prepared by mixing sodium cyanoborohydride and 

zinc chloride in a 2:l molar ratio in various solvents such as ether, tetrahydrofuran, 

dimethoxyethane, and methanol (eq. 11. When the reagent was prepared in ether, a white 

precipitate appeared. However, the precipitate was a mixture of sodium chloride and the 

hydroborate species and contained approximately 85% of the reducing power,5 indicating that 

the reagent is partially soluble in ether.6 Unlike rapid decomposition of zinc borohydride 

in water or alcoholic solvents, the decomposition of the reagent in water was less than 2 

mol % at room temperature after 24 h.7 Thus, the utility of the reagent may be greatly 

enhanced by its stability in aqueous media. 

2 NaBH3CN + ZnC12 _ Zn-modified Cyanoborohydride (1) 

Reagent I 

RX + Reagent I B RH 
Et20 

(21 

R = tertiary, allyl, benzyl X = I, Br, Cl 
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Table I. Solvent Effect on the Reduction of Tertiary Alkyl Bromide 

at Room Temperature in 2 h 

C 

Solvent Product Ratio, %a 
A B C 

Diethyl Ether 99 <1 

Tetrahydrofuran 47 53 

Dimethoxyethane 15 85 

Methanol 10 35 55 

a The ratio was determined by GLC analysis. 

The nature of solvent was found to be an important factor for the reduction of organic 

halides as being illustrated in Table I. Among the solvents employed, ether gave the best 

results and is generally recommended. For instance, 3-bromo-3-ethylheptane was cleanly 

reduced to the 3-ethylheptane in ether in 2 h, whereas the reduction proceeded rather slowly 

either in tetrahydrofuran or in dimethoxyethane. Furthermore, the reaction in methanol 

afforded the solvolysis product as a major product along with a mixture of the reduction 

product and the unreacted halide. Solvolytic displacement of tertiary halides by zinc oxide 

has been reported recently.8 Thus, remaining reductions were carried out in ether by using 

a 2:2:1 mixture of organic halides, sodium cyanoborohydride, and zinc chloride at room 

temperature. 

The following procedure is representative for the reduction of organic halides. To a 

stirred solution of freshly dried zinc chloride (137 mg, 1 mmol) in ether (10 ml) at room 

temperature was added sodium cyanoborohydride (125 mg, 2 mmol). After the reaction mixture 

was stirred for 20 min, triphenylmethyl bromide (645 mg, 2 mmol) was added. The resulting 

mixture was stirred for 30 min at room temperature and quenched with saturated NaHC03. 

After addition of ether the reaction mixture was washed with water and saturated NaCl, and 

dried over MgS04. Triphenylmethane was obtained in 95% yield on solvent removal in vacua. 

Table II summarizes the results obtained in the reduction of various organic halides 

with zinc-modified cyanoborohydride in ether. Tertiary alkyl (entries 1 and 2) and tertiary 

aryl (entry 3) halides were cleanly reduced to the corresponding hydrocarbons in excellent 

yields without elimination products. Ally1 halides (entries 4 and 5) were rapidly reduced 

to the desired alkenes. Secondary benzyl halides (entries 6 and 7) were reduced to the 

corresponding hydrocarbons within 3 h, while primary benzyl halides (entries 8 and 9) were 

rather slowly reduced. Zinc-modified cyanoborohydride in ether was inert toward primary 

alkyl (entries 10 and 111, secondary alkyl (entry 121, vinyl (entry 131, and aryl halides 

(entry 14). 
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Table II. Reduction of Halides with Zinc-modified Cyanoborohydride 

in Diethyl Ether at Room Temperature 

Entry Substrate Time, h Product Yield, %a 

5 l-Bromo-2-cyclohexene 0.5 

6 Benzhydryl bromide 0.5 

7 a-Methylbenzyl bromide 3 

B Benzyl bromide 24 

9 Benzyl chloride 24 

10 n-Nonyl bromide 24 

11 n-Nonyl iodide 24 

12 Cyclohexyl bromide 24 

13 B-Bromostyrene 24 

14 P-Bromotoluene 24 

3-Bromo-3-ethylheptane 2.5 

3-Chloro-3-ethylheptane 2.5 

Triphenylmethyl bromide 0.5 

Cinnamyl bromide 0.5 

3-Ethylheptane 

3-Ethylheptane 

Triphenylmethane 

&Methylstyrene 

Allylbenzene 

Cyclohexene 

Diphenylmethane 

Ethylbenzene 

Toluene 

Toluene 

n-Nonane 

n-Nonane 

Cyclohexane 

Styrene 

Toluene 

(92) 

96 

(95) 

60 

30 

90 

(99) 

(91) 

74, 17b 

47, 40b 

0c 

0c 

0c 

0c 

0c 

aThe yields were determined by GLC. The isolated yields are indicated in the 

parentheses. bThe unreacted halides were detected. 'The halides were 

quantitatively recovered. 

The results obtained here are in marked contrast with earlier findings that sodium 

cyanoborohydride in hexamethylphosphoramide reduces effectively primary alkyl and secondary 

alkyl halides via a SN2 process, whereas it does not readily reduce tertiary alkyl 

halides.g Furthermore, it seems that the affinity of zinc to the halogen atom and the 

coordinating ability of etheral solvents for zinc play important roles in the selective 

reduction of organic halides. 

In conclusion, zinc-modified cyanoborohydride in ether should be valuable for selective 

reduction of tertiary, allyl, and benzyl halides without simultaneous attack of primary 

alkyl, secondary alkyl, vinyl, and aryl halides in the system and offers advantages of the 

simplicity, the excellent selectivity, the mildness of the reaction condition, the readily 

available reagent, and high yields over other hydride reducing agents.l' 
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