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Sodium borohydride in polar aprotic solvents (HMPA, MeZSO, sulfolane) furnishes a convenient and effective 
source of nucleophilic hydride which may be utilized for the reductive displacement of primary and secondary alkyl 
halides, sulfonate esters, tertiary amines, and disulfonimides. This latter procedure provides a method for reduc- 
tive deamination of amines. The mildness of borohydride allows a number of chemoselective transformations with- 
out damage to groups normally affected by harsher reagents such as LiAlH4 (Le., COOR, COOH, CN, NO*). Sodium 
trimethoxyborohydride is also an effective hydride source and is particularly valuable with substrates sensitive to 
borane (Le., alkenes). A procedure for the two-steps-in-one conversion of alcohols to hydrocarbons is described, 
along with a convenient synthesis of unsymmetrical tertiary amines. The synthetic utility, scope, and limitations 
of the reagent system are presented. 

Introduction 
The eminence of borohydride in the arsenal of reductive 

weapons available to organic chemists is well established, 
primarily because of the relative chemoselectiveness, stability, 
convenience, and inexpense of the reagent in effecting certain 
important reductive transformations.l However, the mildness 
of the reagent also limits the application of borohydride to a 
relatively few, easily reduced functional groups such as acid 
chlorides, aldehydes, and ketones; others, including carboxylic 
acids, esters, cyano, amido, nitro, most alkenes, halides and 
sulfonate esters remain untouched under usual conditions.2 

Some time ago, we envisioned that the utility of borohydride 
might be augmented by deployment in polar aprotic solvents, 
such as dimethyl sulfoxide (MeZSO), sulfolane, and hexa- 
methylphosphoramide (HMPA), which markedly accelerate 
nucleophilic substitution reactions ( S N ~ )  without greatly 
enhancing other types of attack such as carbonyl additions.3 
Thus, types of reductions which involve displacement of a 
c-bonded functional group by nucleophilic hydride should be 
enhanced in such solvents. In fact, preliminary investigations 
by us4a and  other^^^,^,^ suggested that indeed the reductive 
removal of halides and sulfonate esters in Me2S0, sulfolane, 
HMPA, or DMF were quite effective while other normally 
resistant groups remained intact. Since the preliminary re- 
ports, the reagent system, especially using Me2S0, has been 
successfully utilized for a number of mild and selective 
transformations.5 This article incorporates a systematic and 
exploratory investigation of the scope and synthetic utility 
of such reductions with regard to the chemoselectivity and 
range of useful leaving groups which may be effectively re- 
moved by displacement with borohydride and, to a lesser ex- 
tent, sodium trimethoxyborohydride. Summarily, the inves- 
tigations reported here encompass: (a) the selective reduction 
of alkyl and aryl halides and sulfonate e s t e r ~ ; ~ ~ , 5 ~  (b) the direct 
conversion of alcohols to hydrocarbons;jv (c) the reduction of 
quaternary ammonium salts to tertiary amines including a 
convenient synthesis of unsymmetrical examples;5v and (d) 
the reductive deaminations of amines via reductive dis- 
placement of disulfonimides.jW 

For convenience, the results are tabulated systematically 
in Tables I-V and considered separately below according to 
leaving groups. 

Results and Discussion 
Reductions of Alkyl and Benzyl Halides and Sulfonate 

Esters.6 Borohydride anion behaves as an effective source of 
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nucleophilic hydride anion in a variety of polar aprotic sol- 
vents including Me#0,4a.b s ~ l f o l a n e , ~ ~  HMPA,4d DMF? or 
diglyme4b and may be utilized for the reductive displacement 
of halides4 (except fluoride), sulfonate  ester^,^ and methyl 
sulfate anion.4b A wide variety of successful conversions are 
presented in Table I representing the culmination of our ef- 
forts during the past several years along with selected exam- 
ples from the literature. The results illustrate that  a variety 
of experimental conditions are adequate for effective dis- 
placements. Thus, primary and secondary iodides, bromides, 
chlorides, sulfonate esters, and primary benzylic halides are 
smoothly converted to hydrocarbons at temperatures between 
25 and 100 "C using a zero to  twofold molar excess of bor- 
ohydride (entries 1-27,4043). Reductions in HMPA are often 
quite rapid as evidenced by production of dodecane in 87% 
yield from 1-iodododecane in 90 s at  25 "C (entry 2). Reduc- 
tions in sulfolane occur less rapidly (entries 2,6, and 12 vs. 3, 
8, and ll), especially with chlorides. If the substrate is devoid 
of other reducible functional groups, temperatures of 70-100 
"C appear to offer maximum yield in minimum reaction time; 
thus, for example, decane is produced from 1-iododecane in 
93% yield in 15 min at  80 "C (Me2S0, entry 1) while l-chlo- 
ropropylbenzene affords propylbenzene in 90% yield in 2 h at  
70 "C (HMPA, entry 12). Although secondary examples re- 
quire longer reaction times, the yields of hydrocarbon prod- 
ucts are still good to excellent (entries 18-27). 

The reductions of benzhydryl chloride and bromide in 
MezSO afforded substantial quantities of benzhydrol along 
with the expected diphenylmethane (entries 48 and 52). The 
corresponding reductions in sulfolane or HMPA gave only the 
hydrocarbon (entries 49, 52, and 53). The divergent path 
leading to the alcohol conceivably may arise via either: (a) an 
initial displacement of halide by MezSO to give a sulfonium 
salt, which is subsequently attacked at  oxygen by borohy- 
dride' to generate benzhydrol (path a, Scheme I); or (b) bor- 
ohydride induced a elimination of HCl to afford diphenyl- 
carbene which attacks MezSO to provide benzophenones 
followed by borohydride reduction (path b). This latter path 
was rejected since dimer formation from the carbene (tetra- 

Scheme 1 

path b /BH,- (CBHj)2CHOH 
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Table I. Reduction of Halides and Sulfonate Esters in Polar AproticrSolvents 

Reducing 
Registry Agent Time, Temp, % yield" 

Entrv Comvd no. (mol ratio)d Solvent h "C Product (isolated) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 

18 
19 
20 
21 
22 

23 
24 
25 
26 

27 

28 

29 
30 
31 
32 
33 
34 
35 
36 
37 

38 

39 

40 
41 

42 

43 

44 
45 
46 
47 
48 

49 
50 

51 

Primary Halides and Sulfonate Esters 
1-Iododecane 2050-77-3 NaBHde (2) MezSO 0.25 85 Decane 
1 -1odododecane 4292-19-7 NaBH4 (1) HMPA 0.025 25 Dodecane 
1-Iododecane NaBH4 (2) Sulfolane 0.25 100 Decane 
1-Iodooctane 629-27-6 NaBH4 (5.3) Diglyme 1.0 45 Octane 
1-Bromodecane 112-29-8 NaBH4 (2) Me2SO 1.5 85 Dodecane 
1-Bromododecane 143-15-7 NaBH4 (1) HMPA 0.022 25 Dodecane 
1-Bromododecane N a H 4  (2) MeZSO 1.5 85 Dodecane 
1-Bromododecane NaBH4 (2) Sulfolane 1.5 100 Dodecane 
w-Bromoundecanoic acid 2834-05-1 NaBH4 (2) MezSO 2.5 25 Undecanoic acid 
1-Chlorododecane 112-52-7 NaBH4 (2) MezSO 4 85 Dodecane 
1-Chlorododecane NaBH4 (2) Sulfolane 6 100 Dodecane 
1-Chloropropylbenzene 934-11-2 NaBH4 (4) HMPA 2 70 Propylbenzene 
C hloromethyl 7205-98-3 NaBH4 (3) HMPA 13 110 Methylphenyl 

phenyl sulfone sulfone 
n -Dodecyl tosylate 10157-76-3 NaBH4 (2) Me2SO 2 85 Dodecane 
n -Dodecyl tosylate NaBH4 (2) Sulfolane 2 100 Dodecane 
Ethyl tosylate 80-40-0 NaBH4 (5.3) Diglyme 1.0 45 Ethane 
2-Phenyl-1,3-propanediol 1570-96-3 NaBH4 (2.2) MezSO 2.75 70 2-Phenylpropane 

ditosylate 
Secondary Halides and Sulfonate Esters 

2-Iodooctane 557-36-8 NaBH4 (3) MezSO 1 85 Octane 
2-Iodooctane NaBH4 (3) Sulfolane 1 100 Octane 
2-Bromododecane 13187-99-0 NaBH4 (3) MezSO 18 85 Dodecane 
2-Bromododecane NaBH4 (3) Sulfolane 18 100 Dodecane 
2-Chlorooctane (sealed 628-61-5 NaBH4 (6) MezSO 48 85 Octane 

2-Chlorodecane 1002-56-8 NaBH4 (3) MezSO 18 85 Decane 
Ethyl 2-bromohexanoate 615-96-3 NaBH4 (2) MezSO 0.75 15 Ethyl hexanoate 
Ethyl 5-bromovalerate 14660-52-7 NaBH4 (4) HMPA 0.5 25 Ethyl valerate 
a-Bromo-4-phenylaceto- 135-73-9 NaBH4 (4) HMPA 1 25 4-(a-Hydroxy- 

Cyclododecyl tosylate 27092-44-0 NaBH4 (3) Me2SO 24 85 Cyclododecane 

Cinnamyl bromide 4392-24-9 NaBH4 (4) HMPA 0.5 25 (3-Methylstyrene 
2 25 (3-Methylstyrene 

Cinnamyl bromide NaBH4 (8) 80% HMPAg 0.5 25 P-Methylstyrene 
Cinnamyl bromide NaBH(OCH&f (3) HMPA 1 50 (3-Methylstyrene 
Cinnamyl chloride 2687-12-9 NaBH4 (4) HMPA 0.5 70 (3-Methylstyrene 
Cinnamyl chloride NaBH4 (8) 80% HMPAg 0.5 70 @-Methylstyrene 
Cinnamyl chloride NaBH(OCH& (4) HMPA 1 50 (3-Methylstyrene 
l-Chloro-2-ethyl-2-hexene 65588-46-7 NaBH4 (4) HMPA 1 70 3-Methyl-3-heptene 
l-Chloro-2-ethyl-2-hexene NaBH4 (8) 80% HMPAg 0.5 70 3-Methyl-3-heptene 
1 -Chloro-2-ethyl-2- hexene NaBH(OCH& (4) HMPA 1.75 70 3-Methyl-3-heptene 
3-Chloro-2-phenyl-l- 3360-52-9 NaBH4 (8) 80% HMPAg 0.5 70 a-Methylstyrene 

3-Chloro-2-phenyl-l- NaBH(OCH& (4) HMPA 2 70 a-Methylstyrene 

Phenylpropargyl chloride 3355-31-5 NaBH4 (8) 80% HMPAg 0.5 70 1-Phenyl-1-propyne 

p-Nitrobenzyl bromide 100-11-8 NaBH4 (2) MezSO 1.5 25 p-Nitrotoluene 
oc,2,6-Trichlorotoluene 2014-83-7 NaBH4 (2) Me2SO 2.5 25 2,6-Dichlorotoluene 

a,2,6-Trichlorotoluene NaBH4 (6) Sulfolane 2 100 2,6-Dichlorotoluene 

tube reaction) 

phenone ethy1)biphenyl 

Allylic Halides 

prop en e 

propene 

Benzylic Halides 

a-Phenylethyl bromide 

a-Phenylethyl bromide 
a-Phenylethyl bromide 
a-Phenylethyl chloride 
Benzhydryl bromide 
Benzhydryl bromide 

Benzhydryl bromide 
Benzhydryl chloride 

Benzhydryl chloride 

585-71-7 NaBH4 (7) 

NaBH4 (3) 
NaBH4 (3) 

672-65-1 NaBH4 (4) 
776-74-9 NaBH4 

NaBH4 (3) 

NaBH4 (3) 
90-99-3 NaBH4 

NaBH4 (6) 

65% Diglyme 

MezSO 
Sulfolane 
HMPA 
80% Diglyme 
MeZSO 

Sulfolane 
65% Diglyme 

1 M NaOH 
Me2SO 

45 Ethylbenzene 
Styrene 
a-Phenylethanol 

1 85 Ethylbenzene 
1 100 Ethylbenzene 

10 70 Ethylbenzene 
Diphenylmethane 

24 25 Diphenylmethane 
Benzhydrol 

1 100 Diphenylmethane 
Diphenylmethane 

24 35 Diphenylmethane 
Benzhydrol 

93 
87 
93 
91b 
94 
73 
95 
96 

(98) 
91 (80) 
85 
90 
91 

87 (85) 
88 
356 

(54-69) 

82 
81 
86 
69 
67 

(68) 
86 
85 
79 

(54) 

47 
39 
82 
78 
0 

81 
60 
0 

71 
82 
90 

86 

64 

80 
1 

14 
79 
82 
98 
87 
62 
33 
93 
99c 

61 
32 
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Table I (continued) 

Reducing 
Registry Agent Time, Temp, % yield" 

Entry Compd no. (mol ratio)d Solvent h "C Product (isolated) 

52 

53 
54 
55 

56 

57 

58 
59 
60 

61 
62 

Benzhydryl chloride 

Benzhqdryl chloride 

Trityl chloride 
Trityl chloride 76-83-5 

(3-Bronmtyrene 103-64-0 

Styrene dibromide 6607-46-1 
Styrene dibromide 
Styrene dibromide 

1,2-Dibromooctane 6269-92-7 
1,2-Dikrromooctane 

NaBD4 (3) HMPA 

NaBH4 (3) Sulfolane 
NaBH4 (4) HMPA 
NaBH4 (6) MezSO 

NaBH4 (8) 80% HMPAg 
Vinylic Halides 

N ~ B H ( O C H S ) ~  (4) HMPA 

Dihalides 
NaBH4 (4) MezSO 
NaBH4 (4) Sulfolane 
NaBH(OCH3)s (4) HMPA 

NaBH4 (4) HMPA 
NaBH(OCH& (8) HMPA 

11 

1 
1 
1.5 

24 

3.5 

1.5 
1.5 
1 

2 
2 

50 

100 
70 
85 

70 

70 

85 
100 

70 

70 
70 

Diphenylmethane- 

Diphenylmethane 
Triphenylmethane 
Triphenylmethane 

di 

Ethylbenzene 
Phenylacetylene 
(3-Bromostyrene 
Styrene 
Phenylacetylene 
Styrene 

Ethylbenzene 
Ethylbenzene 
Ethylbenzene 
Phenylacetylene 
Styrene 
Octane 
Octane 
1-Octene 
2-Bromooctane 

100 

94 
85 

(90) 

2 
8 

52 
26 
84 
8 

65 
64 

2 
62 
24 
84 
66 
12 
11 

Yields were determined by GLC using internal standards and predetermined detector response factors unless specified otherwise. 
Molaritv of reducing ag.ent/molarity of compound. e Registry no.: 16940-66-2. f Registry no.: 16940-17-3. Reference 4b. Reference 4d. 

g 20% H20. 

phenylethene) was not observed and from the absence of 
deuterium incorporation a t  the methine position of the alcohol 
upon reaction with NaBD4 in Me2SO as required by path b. 
Similar alcohol side products were not observed for less acti- 
vated benzyl halides (aryl, alkylaryl, entries 40-46). The highly 
activated, but hindered, tertiary benzyl halides trityl chloride 
and bromide also afforded no alcohol product (entries 54 and 
55), presumably because of facile ionization of any generated 
sulfonium ion to give a trityl carbonium ion which is trapped 
by hydride.9 Other tertiary halides which contain a hydrogens 
undergo rapid elimination to alkenes which are subsequently 
hydroborated; in fact, coupled with treatment with a car- 
boxylic acid, t he procedure provides a convenient reductive 
method for converting tertiary halides to h y d r o c a r b o n ~ . ~ ~ , ~ ~  
Vicinal dihalides are smoothly converted to the corresponding 
hydrocarbons (entries 58,59, and 611, in contrast to LiA1H4 
reductions which predominately afford olefinsldJ1 or 
NaBH3CN which gives mixtures of hydrocarbons and alk- 
enes.6kJ Thus, borohydride may be utilized to hydrogenate 
double bonds in sensitive compounds by way of bromination 
and reduction The related derivative NaBH(OCH3)3 was less 
successful in that products resulting from incomplete reduc- 
tion and/or elimination were concomitantly produced (entries 
60 and 62). This latter behavior may be due to the presence 
of methoxy anion formed by disproportionation of the re- 
agent.12 Likewise, reduction of the vinylic halide (3-brom- 
ostyrene was not successful with either NaBH4 or Na- 
BH(OCH3)3, the latter giving elimination to phenylacetylene 
(entry 57) while the former reluctantly afforded a mixture of 
reduction and elimination products (entry 56). 

The reduction of allylic halides with BH4- is complicated 
by the production of borane, which may further react with 
alkene products via hydroboration.l0 Thus, attempts to de- 
halogenate cinnamyl derivatives or l-chloro-2-ethyl-2-hexene 
in HMPA gave only a meager amount of the desired alkene 
product a t  ambient temperature (entry 28) and virtually none 
a t  70 "C (entries 31 and 34). This problem could be alleviated 
by conducting the reductions in 4:l HMPA/HzO mixture 

(entries 29, 32,35, and 27). Apparently, the initially formed 
borane is hydrolyzed rapidly enough to prevent attack on the 
product. A propargyl chloride was also successfully reduced 
in this solvent system (entry 39). Interestingly, a small amount 
(13%) of propylbenzene was produced with cinnamyl chloride 
in aqueous HMPA (entry 32), indicating some double bond 
reduction.13 Nevertheless, the reagent system appears to offer 
an attractive method for allylic and propargylic halide re- 
moval. Alternatively, NaBH(OCH& provides good yields of 
alkenes, since this reagent cannot provide a hydroborating 
species (entries 30, 33, and 36). 

The reductive removal of functional groups is extended by 
a convenient two-steps-in-one method for conversion of al- 
cohols to hydrocarbons.14a*b The process involves the in situ 
conversion of the alcohol to the iodide with methyltriphe- 
noxyphosphonium iodide14c in sulfolane or HMPA and sub- 
sequent reduction with BH4-. Results for a variety of repre- 
sentative examples along with general reaction conditions are 
presented in Table 11. Thus, primary, secondary, and benzyl 
alcohols are effectively reduced without concomitant attack 
of other functional groups such as cyano and nitro. Sodium 
trimethoxyborohydride is also effective for the reduction and 
prevents any offending hydroboration of alkene-containing 
substrates such as cinnamyl alcohol (entry 6). 

For synthetic applications, borohydride offers several ap- 
parent advantages. First the chemoselectivity available allows 
the reductive removal of halides and sulfonate esters selec- 
tively without affecting a number of other sensitive groups. 
Thus, esters (entries 24 and 25),5a,g,h,s carboxylic acids (entry 
9), nitro (entry 40),jf cyano (entry 5, Table II),5hri sulfone 
(entry 13), and, under special conditions as discussed, alkenes 
(entries 29,30,32,33, 35,36,37, and 38);5b,k,i,r,s a-halo ketones 
afford concomitant carbonyl reduction (entry 26). In addition, 
the products are uncontaminated with alkene side products 
from elimination, a result which is probably at least partly 
attributable to the aforementioned hydroboration of any 
unwanted alkene. When other reducible groups are present, 
it is usually advisable to conduct the reductions a t  moderate 



2262 J .  Org. Chem., Vol. 43, No. 11, 1978 Hutchins et  al. 

Table 11. Conversion of Alcohols to Hydrocarbons with Methyltriphenoxyphosphonium Iodide in Sulfolane or  
Hexamethylphosphoramide 

Oh yield Ratioa of Time, h 
Registry hydride/ (Time, hydro- 

Entry Compd no. alcohol Solvent T ,  "C reduction) carbon 

1 1-Decanol 112-30-1 6 Sulfolane 85 0.5 (0.5) 90 
2 1-Decanol 6 HMPA 85 0.5 (0.5) 78 
3 2-Decanol 11 20-06-5 6 Sulfolane 85 0.5 (0.5) 62 
4 rn -Nitrobenzyl 619-25-0 6 Sulfolane 30 1.0 (2.0) 71 

5 7-Hydroxyheptane 17976-80-6 6 Sulfolane 85 0.5 (1.0,40 "C) 70 
alcohol 

nitrile 
6 Cinnamyl alcohol 104-54-1 9C Sulfolane 40 0.5 (2.5) 73 

a Solutions were 1.0 in the alcohol and a 0.5 mol excess of methyltriphenoxyphosphonium iodide was employed. Determined by 
GLC using internal standards and appropriate detector response factors. Sodium trimethoxyborohydride used. 

Table 111. Dealkylation of Quaternary Ammonium Salts with Hydrides in Polar Aprotic Solvents 

Hydride 
(ratio of 

Registry hydride/ Temp, Time, % yield products 
Entry Compd no. compd) Solvent "C h (Ratio) 

1 Phenyltrimethylammonium iodide 98-04-4 NaBH4 (3)a MezSO 85 7.0 89 
2 NaBH4 (3)a MezSO 120 1.0 96 

4 NaH (6)b HMPA 100 2.75 96 
5 NaBH4 (3) HMPA 85 5.0 96 
6 Phenyldimethylethylammonium iodide 1006-07-1 NaBH4 (3)a Me2SO 120 1.0 7" 82d 
7 NaBH4(3)b HMPA 100 1.0 6" 85 
8 Phenyldimethylisopropylammonium iodide 35616-26-3 NaBH4 (3)a MezSO 120 1.5 13c (6.4) 84e 
9 NaBH4(3)b HMPA 100 1.0 16c (4.9) 7ge 

10 Tripropylmethyl ammonium iodide 3531-14-4 NaBH4 (6)b HMPA 175 9.0 541 18g 
11 Trimethyldodecylammonium bromide 1119-94-4 NaBH4 (6)b HMPA 175 9.0 65 
12 N,N-Dimethylaniline + ethyl iodide (1:2 ratio) 121-69-7 NaBH4 (3) MezSO 120 2.0 8c (9.9) 7 g d  

3 NaBH4 (3)" Sulfolane 120 1.0 95 

Solution 0.267 M in compound. Solution 0.40 M in compound. N,N-Dimethylaniline. N-Methyl-N-ethylaniline. e N- 
Amine and iodide heated Methyl-N-isopropylaniline. f Tripropylamine. g Dipropylmethylanine. h N,N- Dimethyldodecylamine. 

in MezSO at 50 "C for 16 h followed by addition of borohydride. 

A co 

1 

NaBH, 

Me,SO. 
room 
t e m p  

-- 

AcO 

75% 
2 

OBz NaBH, 

Me,SO 85 'C 

0 A c  OAc 
3 65% 

4 

temperatures (Le., 15-25 "C) to prevent undesirable overre- 
ductions. For instance, while nitro groups are inert a t  25 "C 
(entry 40), higher temperatures afford azoxy, azo, and amine 
derivatives.2a Recent examples extracted from the literature 
of the usefulness and selectivity possible with the reducing 
system are illustrated by the conversion of 1 to 2 in MezSO a t  
room temperature5h and the reductive removal of iodo from 
the carbohydrate derivative 3 (to 4).5g Finally, with sensitive 

alkene-containing substrates, NaBH(OCH3)3 provides an 
acceptable alternative (vide infra). 

Reduction of Quaternary Ammonium Salts. Synthesis 
of Ter t ia ry  Amines. The reductive removal of alkyl groups 
from quaternary ammonium salts is an often sought and 
substantially investigated synthetic technique. Conceptually, 
the process may often be regarded as an expulsion of a tertiary 
amine and the most successful techniques have generally 
employed some nucleophilic reagent usually in combination 
with s N 2  enhancing solvents.16 This section describes the 
utility of NaBH4 in polar aprotic solvents for this transfor- 
mation coupled with a convenient synthesis of tertiary amines, 
including unsymmetrical varieties. 

Phenyltrimethylammonium iodide was chosen for explor- 
atory investigation and the displacement rate with borohy- 
dride in HMPA, Me2S0, and sulfolane a t  7 5  "C was monitored 
by GLC as presented in Figure 1. As qualitatively observed 
for halide displacements and with other systems, HMPA 
provided the fastest reduction rate, requiring -5 h for com- 
plete conversion. At higher temperatures, (Le., 100 "C for 
HMPA, 120 "C for MeZSO and sulfolane), effective reduction 
in all three solvents was usually obtained within 1 h (entries 
2-3, 6-12).17 Thus, in the absence of sensitive groups, the 
higher temperatures are recommended for convenience. The 
results for a variety of dealkylations are presented in Table 
111, from which several noteworthy points are evident. First, 
in cases where a choice is available, a methyl is attacked 
preferentially to a primary group as expected for a bimolecular 
substitution reaction (entries 6-9). Thus, the procedure can 
be used to prepare unsymmetrical amines via alkylation of a 
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Table IV. Conversion of Primary and Secondary Amines to Tertiary Amines by Alkylation-Demethylation in MezSO 
CH I NaBH, 

KlYHK - RN(CH3)J- - RNCH, 

\ DI I MeBO 
2,6-lutidine 

R n 

Amine Registry C H ~ I , ~ . ~  NaBH4, 
(0.01 mol) no. mol mol % yields 

Aniline 62-53-3 0.05 0.07 7 5  
N-Methylaniline 100-61-8 0.04 0.06 78 
N-Ethylaniline 103-69-5 0.04 0.06 5' 71d 
N-Methyl- N-ethyl- 613-97-8 0.02 0.03 8' 79d 

a Amine, methyl iodide, and 0.01 mol of 2,6-lutidine heated at 50 "C for 16 h, followed by addition of NaBH4 and heating at 120 
Yields determined by GLC using internal standards and corrected for detector response. N,N-Dimethylaniline. d N- 

aniline 

"C for 2 h. 
Methyl-N-ethylaniline. 

D t: f I 
Time, min. 

Figure 1. Sodium borohydride reduction of phenyltrimethylammo- 
nium iodide at 7 5  "C: solutions 0.40 M in phenyltrimethylammonium 
iodide, 1.20 M in NaBH4. The percent reductions were determined 
by GLC using internal standards and are corrected for detector re- 
sponse. 

tertiary amine containing an N-methyl group followed by 
demethylation. The higher percentage of isopropyl removal 
over ethyl (compare entries 6 and 8) suggests that at least part 
of the dealkylation proceeds by Hofmann elimination in which 
borohydride or the halide counterion serves as the base. As 
seen from the table, the reduction of tetraalkyl salts proceeds 
much less readily than anilinium examples (compare entries 
1-9 with 10 and ll), reflecting the increased base strength and, 
hence, the decreased leaving ability of trialkylamines over aryl 
derivatives. The relatively strenuous conditions required (Le., 
175 O C ,  9 h) tempers the selectivity of the reaction somewhat 
since several other functional groups (i.e., NOz, COZR, halide) 
probably could not survive these conditions. An interesting 
result is shown by entry 4 in which sodium hydride in HMPA 
functions as an effective nucleophile toward the methyl salt, 
affording a 96% yield of the tertiary amine. This represents 
one of the few cases where an alkali metal hydride apparently 
functions as a displacing nucleophile.6s Since NaH is a poor 
reducing agent toward most functional groups, this suggests 
that very selective displacements may be attainable with alkali 
metal hydrides under the proper conditions, a topic which is 
being explored. 

Noting that both alkylation of amines to produce quater- 
nary salts (Menschutkin reaction) and subsequent reductive 
dealkylation both involve SNZ type processes, a convenient 

two-steps-in-one synthetic procedure was suggested for direct 
alkylation-demethylation to generate tertiary amines as 
demonstrated in Table IV. The method involves treatment 
of a primary, secondary, or tertiary amine with excess methyl 
iodide in MezSO using 2,6-lutidine to remove HIl8 followed 
by reduction with BH4- without prior isolation of the inter- 
mediate quaternary salt. The results in Table IV indicate the 
procedure to be effective for producing tertiary amines in good 
yields (considering that two steps are involved) with a high 
predominance of the demethylated product. 

Reductive Deamination of P r imary  Amines via N,N'- 
Disulfonamides. The activation of hydroxyl groups for dis- 
placement or elimination via conversion to suitable leaving 
groups (i.e., sulfonate esters, halides) has enjoyed considerable 
success and has led, a t  least partially, to the great importance 
of alcohols as synthetic intermediates. Unfortunately, the 
analogous functionalization and utilization of amines is 
primitive in comparison, primarily because most nitrogen 
derivatives are relatively strong bases, and, consequently, poor 
leaving groups. Apparently, the incorporation of even a strong 
electron-withdrawing group on a nitrogen is not normally 
sufficient to stabilize the departing amine derivative anion. 

One successful recent approach to this problem has involved 
stabilization of the developing leaving anion by the incorpo- 
ration of two powerful withdrawing groups, principally sul- 
fonylIg or carbonyl moieties.20 In fact, use of the former (as 
disulfonimides) has generated several synthetic applications 
for substitution and elimination reactions;lg evidently, the 
disulfonimide anion is sufficiently stable and nonbasic to allow 
facile ejection. 

Along the above lines, we envisioned that BH4- in S N ~  en- 
hancing solvents should provide sufficiently potent nucleo- 
philic hydride to displace disulfonamides (Le., eq 1) and thus 

introduce a convenient approach to the reductive deamination 
of primary amines. This section describes our successful ef- 
forts in this area along with the scope and limitations en- 
countered. A preliminary account of this investigation has 
previously appeared.5w 

Any general and useful synthetic approach requires that 
essential intermediates, in this case disulfonimides, be con- 
veniently available via reliable and high yielding methods. 
Fortunately, Baumgarten and DeChristopher have described 
a generally excellent procedure to disulfonimides by way of 
readily obtainable sulfonamides.1sc In our hands, this method 
was quite sufficient for unhindered amines located on primary 
carbons, but less successful when the amino group is flanked 
by alkyl groups. Thus, while the disulfonimides of 2-amino- 
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Table V. Reduction of Disulfonimides with Borohydride in HMPA 

Ratio of 
Registry MBHI-/M 

Entry Compda no. compd 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 
17 
18 
19 
20 
21 
22 
23 

24 
25 
26 

27 

C H 

CH ,Q, 

56079-36-8 

56079-37-9 
56079-38-0 

65588-47-8 

56079-40-4 

65588-48-9 

65588-49-0 

65588-50-3 

65588-51-4 
65588-52-5 

65588-53-6 

65588-54-7 

56079-41-5 
65588-55-8 
65588-56-9 

65588-57-0 

2 
2 
2 
2 
2 
4 
4 (NaBH3CN) 
3 (LiBHEt3) 
2 
2 

2 

2 

2 

2 

2 

2 
2 
2 
2 (18-crown-6) 
2 
2 
2 (18-crown-6) 
4 

4 
4 
2 

3 

% yield 
of hydro- 

Temp, Time, carbonb 
"C h (Isolated) 

25 
110 
150 
175 
175 
175 
175 

reflux 
150 
175 

150 

175 

175 

175 

150 

175 
25 

100 
100 
175 
150 

Reflux 
175 

175 
175 
175 

175 

48 
46 
4.0 
4.0 
8.0 
8.0 

26.5 
8.0 
4.0 
4.0 

4.0 

4.0 

4.0 

12 

6.0 

4.0 

5.0 
5.0 
4.0 
4.0 

22.0 
8.0 

19.0 
20 
18 

120 

4.0 

4.0 

30 
43 
80 
84 
88 
91 
23 

73 
68 

(78) 

Od 

(78) 

(32) 

221 

(64) 

88 
36 
33 
33 
36 
0 
0 

66 
73 

Tracee 
23 
54 

77 

a Solutions were 0.2 hl. Yields were determined by GLC using internal standards and corrected for detector response. Solvent 
A 96% yield of n-decyl-p-toluenesulfonamide was isolated. e A 71% yield of cyclododecyl- was a 1:l mixture of THF and HMPA. 

p -toluenesulfonamide was isolated. f A 51% yield of N-(2,4-dichlorobenzyl)-p-toluenesulfonamide was also isolated. 

nonane, cyclooctylamine and cyclododecylamine were pro- 
cured the yields were modest, while all attempts to prepare 
sulfonimides of other, more severely hindered amines (Le., 
1-adamantyl, exo- 2-aminonorborane, aminodiphenylmeth- 
ane) were singularly unsuccessful although the intermediate 
sulfonamides were readily obtained. Since these results po- 
tentially restrict the utilization of disulfonamides, we explored 
a variety of approaches in hopes of finding a viable synthetic 
alternative. Since the problem involved the introduction of 
the second sulfonyl group, the general sulfonation procedure 
(DMF, NaH as base)lYI; was modified in several minor ways 
(solvents, times, and temperatures), but unfortunately with 
no success. Likewise, the use of the thallium salt of the sul- 
fonamide, reported to improve displacement of the second 
sulfonyl halide,** also led to no improvement in our hands. As 
a last resort, the very potent electrophilic reagent p-tolu- 
enesulfonyl perchlorate was e r n p l ~ y e d , ~ ~  but again to no avail. 
Evidently, sulfonamide anions severely resist addition of a 
second sulfonyl moiety in even moderately hindered envi- 
ronments, which suggests an unusually inflated steric re- 

quirement for sulfonimides. Indeed, Bartsch and co-work- 
erslgk have recently noted an extreme regioselectivity in the 
elimination of disulfonimides to afford almost exclusively the 
Hofmann alkene, a result attributed to  an abnormally great 
bulkiness of the disulfonimide leaving g r o ~ p . ~ ~ ~ , ~ ~  Apparently 
the steric requirement of the -N(S02)2 portion equals or even 
surpasses that  of the trimethylammonium ion! In any case, 
with this final synthetic frustration, our efforts to find an 
acceptable procedure for hindered sulfonimides were aban- 
doned. 

Initial reductive investigations with N-(n-decy1)-N,N- 
di(p -toluene)sulfonimide established that replacement of the 
disulfonimide anion by hydride (to give decane) was obtain- 
able in reasonable reaction times (4-8 h) a t  150-175 "C in 
HMPA using a twofold molar excess of BH4-. The progress 
of the reductions was conveniently monitored by GLC and the 
products were readily obtained by dilution with water and 
extraction with an organic solvent (Le., cyclohexane). In this 
fashion, a number of successful conversions to hydrocarbons 
were accomplished as presented in Table V. 
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Table VI. Sulfonamides and Disulfonimides 

Sulfonamide" Disul- 
Registry MP, Registry fonimide" 

Amine no. "C no. mp, "C 

CH3(CHz)g"z 75-77" 65588-58-1 75-77 
CH3(CHz)g"z 2016-57-1 62-63 1228-64-4 51-53 

CH3(CHz)s"z 86-87 65588-59-2 122-123 
CH3(CHz)ii"z 124-22-1 172-174b 1635-09-2 36-37 
CsHdCHz)4"z 13214-66-9 50-53 5435-06-3 71-73 

120-20-7 129-131 14165-67-4 119-121 

CH d 
CH O G - C H J H .  2393-23-9 122-124 54879-64-0 148-150 

cnQ9cnxH 
CH 0' 

C"." 

5763-61-1 

94-98-4 

95-00-1 

13205-58-5 
543-82-8 
98-84-0 

1502-03-0 
5452-37-9 

127-12gb 

88-89b 

111-113 

liqcje 
50-52 b,e  
77-80 

152.5-154b 
64-66 

65588-60-5 

54879-65-1 

65588-61-6 

65588-62-7 
65588-63-8 

4809-56-7 
65588-64-9 
16801-74-4 

156-158 

146-147.5 

187-188 

79-80 
72-74 

153-155 
202-204 dec 

197-198 

a Satisfactory combustion analytical data for C and H (*0.3%) were reported for these compounds. p-Toluenesulfonyl derivative. 
p-Nitrobenzenesulfonyl derivative. e Product obtained as a mixture of the sulfonamide and p -  Bromobenzenesulfonyl derivative. 

disulfonimide. 

Several alternatives were pursued in attempts to  discover 
less vigorous experimental conditions, but with only limited 
success. In hopes of further enhancing the leaving ability of 
the disulfonimide anion, the strongly electron-withdrawing 
trifluoromethylsulfonyllgi and p -nitrophenylsulfonyl groups 
were incorporated into the disulfonimide derivatives. How- 
ever, with the former, the yield of hydrocarbon product was 
consistently low under a variety of conditions (including the 
use of the phase transfer reagent 1 8 - c r o ~ n - 6 , ~ ~  entries 19 and 
22), although room temperature (25 "C) could be employed. 
The invariance of yield conceivably reflects a competition 
between displacement and elimination to give an alkene; the 
absence of the latter in the product mixture probably stems 
from the aforementioned hydroboration by generated borane 
(vide infra). Utilization of the p-nitrobenzene derivative re- 
sulted in no detectable yield of hydrocarbon (entries 21 and 
22). Furthermore, an attempt at improvement by employing 
the more potent hydride delivering reagent LiBH(CZH& 
("Super Hydride")6g,h,i,16q,26 was surprisingly unsuccessful, 
affording only N-decyl-p-toluenesulfonamide (entry 8) re- 
sulting either hy attack a t  nitrogen (or sulfur) or initial halide 
induced elimination of p -toluenesulfinic acid and subsequent 
reduction of the resulting N-tosylimine 5. This latter path was 
discarded, since the corresponding reduction with 
LiBD(CZH& gave the sulfonamide without concomitant in- 
corporation of deuterium a t  the carbon adjacent to  nitrogen. 
Apparently, the coupled steric requirements of the bulky 
triethylborohydride and sulfonimide groups preclude ap- 
proach even to an adjacent primary carbon.27 Predictably, 
BH3CN- was considerably less successful than BH4- as a 
hydride source, affording only a mediocre yield of hydrocarbon 
product under strenuous conditions (entry 7) .  

At  this stage our attempts to temper the reaction conditions 
were abandoned. Nevertheless, the general procedure is ef- 
fective for deamination of unhindered primary, benzylic, and 
certain secondary disulfonimides in good to excellent yields 
(entries 1-6, 9-13, 15, 16, 23, 24, 26, and 27). The relatively 
congested cyclododecyldisulfonimide gave exclusive S-N bond 
cleavage (entry 24), again reflecting the steric requirement of 
the leaving group coupled with the reluctance of the system 
to undergo S N 2  disp1acements.z8 The corresponding cyclooctyl 
derivative (entry 25) afforded cyclooctane, albeit in low yield 
(23%). 

Summary  
Sodium borohydride in polar aprotic solvents (Me2S0, 

HMPA, and sulfolane) provides a convenient and effective 
source of nucleophilic hydride which may be utilized for the 
reductive displacement of a number of functional leaving 
groups. Successful, selective conversions to hydrocarbons are 
accomplished for primary, secondary, and triaryl tertiary 
halides and sulfonates esters, quaternary ammonium salts, 
and unhindered primary and secondary disulfonimides.29 
Alcohols are conveniently transformed to hydrocarbons via 
initial in situ conversion to iodides followed by reduction. 
Likewise, unsymmetrical tertiary amines result from ex- 
haustive alkylation of amines to quaternary salts and subse- 
quent demethylation with BH4-. With substrates susceptible 
to  hydroboration (i.e., allylic and other alkene containing 
molecules), aqueous HMPA or use of NaBH(OCH3I3 provides 
viable alternatives. 

Experimental  Section 
All melting points and boiling points are uncorrected. Infrared 

spectra were taken on a Perkin-Elmer Model 457 spectrometer either 
as films or in potassium bromide disks. Proton nuclear magnetic 
resonance spectra were obtained on a Varian A-60 spectrometer using 
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tetramethylsi lane as an in ternal  standard. Microanalyses were per- 
formed by Chemanalytics Inc., Tempe, Ariz. Gas chromatography 
(GLC)  was performed on a Hewlett-Packard M o d e l  5250B ins t ru-  
ment. Yields o f  products were determined by GLC using in ternal  
standards and were corrected for detector response. 

Mater ia ls .  Sodium borohydride f rom Al fa  Inorganics was used as 
obtained. Hexamethylphosphoramide, (HMPA) ,  d imethy l  sulfoxide 
(Me*SO), and sulfolane were dist i l led f r o m  B a O  ( H M P A )  or  CaHz 
and stored over molecular sieves. Alkyl halides, alcohols, amines, and 
other reagents were obtained commercially and usually dist i l led or 
recrystallized before use. Sulfonate esters and quaternary salts were 
prepared by standard procedures. Disulfonimides were prepared via 
the sulfonamides f rom the corresponding amines. In al l  cases, IR and 
NMR data were consistent w i t h  assigned structures. 

Reduct ions  with S o d i u m  Borohydr ide :  G e n e r a l  Procedure.  
T h e  reductive methods used for halides, sulfonate esters, quaternary 
ammonium salts, and disulfonimides are similar and straightforward. 
The appropriate quantities of reagents, as provided in the tables, were 
reacted a t  the indicated temperatures for the required times as de- 
termined by GLC. Workup involved s imply  d i lu t ion w i t h  water and 
extraction w i t h  an organic solvent, usual ly cyclohexane, CHC13, or 
ether. For  reductions in HMPA, CHC13 should be avoided since this 
solvent preferential ly cotnplexes w i t h  HMPA. An in ternal  standard 
was then added t o  the organic solut ion for analysis by GLC. For 
preparative isolations, the organic phase was washed w i t h  water or 
hr ine t o  remove residual reduction solvent, dried (MgS04), and 
concentrated a t  reduced pressure. 

T h e  reductions o f  alcohols to  alkanes l isted in Table I1 were con- 
ducted in a similar manner. A solut ion of  the alcohol and methy l t r i -  
phenoxyphosphonium iodide14c in the proper solvent was reacted 
under the conditions presented in Table 11. The NaBH4 was then 
cautiously added 1 the reaction is in i t ia l ly  very vigorous) and s t i r r ing 
continued for the appropriate time. Water was then slowly added, 
followed b y  cyclohexane and an in ternal  standard. T h e  cyclohexane 
solution was analyzed by GLC. For preparative isolations, the organic 
solut ion was washed w i t h  d i lu te  aqueous N a O H  ( to  remove small  
amounts of  phenol) and twice w i t h  water, dr ied (MgS04), and con- 
centrated a t  reduced preijsure. 

The fol lowing reduction i s  presented as a representative example 
o f  the general procedure used for a l l  leaving groups. A solution of 
~"\r-(2,~-dimethylbenzyl)-N,N-di(p-toluene)sulfonimide (3.55 g, 8 
mmol)  and N a B H i  (605 nig, 16 mmol) in 40 mL of  HMPA was heated 
for  4 h a t  150 "C, d i lu ted w i t h  water, and extracted three times w i t h  
cyclohexane. The cyclohexane solut ion was washed three times w i t h  
water, dried, and Concentrated on a rotary evaporator to  give 852 m g  
o f  colorless oi l .  F lash d is t i l la t ion a t  reduced pressure (Kugelrohr 
apparatus) afforded 747 mg (78%) of 1,2,5-trimethylbenzene product, 
ident i f ied by comDarison w i t h  an authentic sample. 
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