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Sodium Cyanoborohydride in Hexamethylphosphoramide. An Exceptionally 
Selective Reagent System for the Reduction of Alkyl Iodides, Bromides, 

and Tosylates 

By ROBERT 0. HUTCHINS,* BRUCE E. MARYANOFF, and CYNTHIA A, MILEWSKI 
(Department of Chemistry, Drexel University, Philadelphia, Pennsylvania 19104) 

Summary Sodium cyanoborohydride in hexamethylphos- accommodated by an S,2 process involving direct attack 
phoramide provides a rapid, convenient and exceedingly by hydride or cyanoborohydride anion. The following 
selective system for the reductive removal of iodo- 
bromo-, tosyloxy- and, indirectly, hydroxy-groups. 

IN the important area of selective reductions,l we report the 
use of sodium cyanoborohydride in hexamethylphosphor- 
amide (HMPA) as a high-yield, convenient, and remarkably 
selective system for the reductive removal of primary and 
secondary iodo- and bromo-groups and of primary tosylates 
in the presence of practically all other functional groups 
including such sensitive moieties as epoxides, ketones, and 
aldehydes. 

In the course of another studyJa we investigated the fate 
of I-iodododecane in a sulpholane-dimethylformamide 
mixture containing NaBH,CN. Surprisingly, a fair amount 
(60-SO?;) of n-dodecane was produced, which suggested 
that cyanoborohydride anion, normally a very mild reducing 
agentJ3 could serve as a source of nucleophilic hydride for 
displacements in polar aprotic solvents. Indeed, by 
merely switching to HMPA as solvent4 and employing a 
four-fold molar excess of NaBHXN. an excellent vield of 

1 3 5  10 
Time (h) 

in 3 h) while primary bromides, tosylates, and secondary 
iodides require a higher temperature (70') to obtain adequate 
yields in reasonably short times.7 These results are best 

general experimental procedure was developed, and the 
results are presented in Table 1. The substrate (I mmol) 

t Primary chlorides were sluggish even at 100' (see Table 1) allowing iodo-, bromo- and tosyloxy-groups to be removed in their 
presence. 
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TABLE 1 

Selectsve reductzon of alkyl halades and tosylates to hydrocavbons 
w f h  sodaum cyanobovohydrtde zn hexanaethylphosphoramade 

% 
Reductionb 

Time (recovered 
Entry Compounds Temp (h) compd) 

25" 3 5  91 
SO" 1 0  96 2 

3 CHa [CHal iiBr 70" 1 1  97 
4 CH,[CH,],,OTs 70" 6 5 78 
5 CHs [CHal iiC1 
6 
7 CH,[CH,],CHBr CH, 70" 24 97 
8 CH,[CH,],CHI CH, 70" 2 0  91 
9 CH,[CH,],CHBr-C0,Et 70" 3 0  90 

10 Cinnamyl bromide 70' 0 5  76 
11 9-Nitrobenzyl bromide 70" 1 5 59C, 85c d 
12 3-Brom0-1,S-epoxy- 

1 -phenyl-propane 70" 12e 636 
13 Br [CH,],CN 100" 3 0  85d 
1.1; 3~-(3-lodopropionoxy) - 
13 Benzophenone 70" 5 0  (92)d 
16 Undecan-6-one 70" 5 0 (99)d 

1 CHsECHP11,I 

25" 92 <2(>98) 
100 27 72 (12) 

pregn-5-en-20-one 70" 1 0  89crd 

17 CHs[CH,]loCON(C,H,), 70" 24 (95)d 
18 CH,[CH,],CHO 70" 1 0  (91)d 
19 70" 2 0  (8l)d 

a Reaction solutions were 0 2 M in compound, 0.8 M in NaBH,- 
CN b Unless specified otherwise, yields were determined by 
g 1 c c Isolated yield (purified) Punfied NaBH,CN used 
e Reduction slowed by inductive and steric effects, product was 
2 % reduced in 4 h when subjected to the reaction conditions, 
cyclohexene oxide was 19 % reduced in 4 h a t  70" 

11 as dissolved in HMPA (5 ml), NaBH3CN5 was added, and 
the solution stirred at  the appropriate temperature (Table 1) 
\I hen reaction was complete, $ the mixtures were worked-up 
by diluting with water or saturated brine, extracting with 
cyclohexane or ether, and washing the extract with water 
or brine 

Yields of reduction products are generally high (63-97 yo) 
in reasonable durations In most cases the reactions are 
clean with no major side products detected by g l c  or 
ii m r § The superior selectivity possible with the reagent 
system 1s demonstrated by its inertness toward almost all 
other functional groups including ester (entry 9), amide 

(entry 17), nitro (entry ll), chloro (entries 5 and 6), cyano 
(entry 13), alkene (entries 10 and 14), and even such 
normally sensitive groups as epoxides (entry 12), ketones 
(entries 1&16), and, to a lesser extent, aldehydes (entnes 
18 and 19) 

We observed that pnmary alcohols may be converted 
directly by a simple two-step-in-one process into the corres- 
ponding hydrocarbons The procedure involves con- 
version of the alcohol (1 mmol) into the iodide with methyl- 
triphenoxyphosphonium iodide* (2 mmol) in HMPA (5  ml) 
a t  ambient temperature followed by addition of NaBH3CN 
(4minol), and stirring a t  70" for the durations listed in 
Table 2 Alternatively, the inertness of NaBH,CN to- 
ward methyltriphenoxyphosphonium iodide enables both 
steps to be combined with no loss in yield (entry 2, Table 2) 
Noteworthy is the conversion of a neopentyl alcohol into the 
hydrocarbon in respectable yield (entry 5 )  considering that 
the reaction involves two steps 7 

TABLE 2 

Dzrect conversaon of alcohols znto hydvocarbons wath methyltrz- 
pheaoxyphosphonzum zodsde and sodazam cyanoborohydde 

Time" Timeb % 

1 CH, [CH,],OH 0 5d 1 o= 100 

4 HO[CH,],CN . 0 5d 1 oe 66 

methiodide reduction YieldC 
Entry Alcohol react (h) (h) 

2 1 51 99 
3 Cinnamyl alcohol 0.5d 2.0e 68 

5 4-Hydroxymethyl- 
4-methylcyclohexene 3 Oe 8-08 58 

Solutions 0 2 M in alcohol, 0 4 M in methiodide b Final 
solutions 0 8 M in NaBHaCN. C Yields determined by g 1 c 
d At 25" e At 70" f Solution 0 2 M in alcohol, 0 4 M in the 
iodide, and 0 8 M in NaBH,CN a t  70" g A t  loo", sealed tube, 
1 2 M in NaBH,CN 
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$ The reductions were conveniently monitored by g 1 c using internal standards and detector response factors 

$ Exceptions noted were the reduction of styrene dibromide to give 13 % styrene in addition to  an 80 % yield of ethylbenzene a t  50" 
Also, a-bromo-ketones give substantial amounts of alcohols (20-30 % and aldehydes which are slowly reduced to alcohols a t  70" 

by n m r ) even a t  25" 
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