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N-[l-(Benzotriazol-l-yl)alkyl]amides 2, easily prepared from benzotriazole 1, an aldehyde, and an amide, react 
readily with a variety of primary and secondary alcohols under mild conditions to give N-(a-alkoxyalky1)amides 
3 in good yield. 

N-(a-Alkoxyalky1)amides are of importance both in 
natural product chemistry and in industrial synthesis. 
Pederin, a toxic principle isolated from Paedelus fuscipes 
curt, contains an N-(a-methoxyalky1)amide structural 
feature,2 and N-(a-alkoxyalky1)amide functionalities also 
occur in a number of synthetic  herbicide^.^ N-(a-Alk- 
oxyalky1)amides are useful synthetic intermediates and 
have participated in the amidoalkylations of aromatics and 
of active methylene c~mpounds.~ They react with enol 
ethers, isonitriles, and phosphorus compounds to give 
useful productsa5 N-(a-Methoxyalky1)amides are impor- 
tant starting materials for the preparation of hemithio- 
aminals6 and N-(haloalkyl)amides.' a-Methoxylated am- 
ides are easily transformed to unsaturated carbamates 
(enecarbamates) through elimination of methanol.* 

Several synthetic routes to N-(a-alkoxyalky1)amides 3 
are known, but none is both general and convenient. 
Perhaps the most important method for their preparation 
is electro~hemical:~~~ anodic oxidation of N-alkylamides 
gave N-(a-alkoxyalky1)amides when carried out in an al- 
coholic solution;1o such oxidation in solutions of carboxylic 
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acids gives N-(a-acy1oxyalkyl)amides." However, the 
anodic method is inconvenient in many laboratories and 
most of the results apply to methanol solution and hence 
to the N-(a-methoxyalky1)amides (3: R3 = CH3).12-14 
Although some N-(a-alkoxyalky1)-, and especially a- 
methoxylated, amides can be synthesized by conventional 
chemical methods, the types of a-alkoxylated amides ob- 
tainable are severely limited. Nucleophilic additions of 
alcohols to N-benzoylbenzaldimines, prepared by the py- 
rolysis of benzylidenebisbenzamides, afforded N-(a-alk- 
0xybenzy1)benzamides;'~ however, the required N-acyl- 
imines are unstab1e;"j furthermore, the bis-amides can be 
prepared only from aromatic aldehydes (without a-hy- 
drogen), and finally 2-molar equiv of the amide must be 
used, so the utility of this route is restricted. Reactions 
of strongly electron-deficient aldehydes such as chloral or 
glyoxylic acid with amides form stable carbinol amides, 
which can be converted to N-(a-methoxyalkyl)amides.6b 

Recently, Lokensgard and co-workers" claimed two 
general routes to N-(a-methoqdkyl)amides from imidates: 
the first involves N-acylation of the imidate with an acyl 
chloride followed by reduction with sodium borohydride. 
In the second, an aldehyde is converted, via its methyl 
acetal, to an a-chloromethyl ether, which is used to alkylate 
the imidate, and further treatment with pyridinium 
chloride in dry DMSO gives the N-(a-methoxyalky1)amide 
(yield of last step: 20433%). However, both routes have 
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Table I. Preparation of N-(u-Alkoxyalky1)amides 3 
molecular calcd found 

H N  no. R' RZ R3 yield (%) mp ("C) lit.15 mp formula C H N  C 
3a Ph Ph Me 91 98-100 102-104 CisHisNOi 74.66 6.22 5.81 74.25 6.14 5.85 
3b Ph 
3c Ph 
3d Ph 
3e Ph 
3f Ph 
3g Ph 
3h Me 
3i Me 
3j Me 
3k Ph  
31 Ph 

E t  94 
i-Pr 69 
Me 88 
E t  86 
Me 86 
Et 92 
i-Pr 78 
i-Bu 75 
i-Pr 56 
i-Pr 64 
Et 67 

90-91 87-88 
117-119 117-118 
114-115 115-116 
95-96 
131-132 
122-123 
121-123 
83-85 
100-102 
liquid 
41-43 

obvious disadvantages: imidates and their acylated de- 
rivatives are neither very stable nor particularly readily 
available; three or four steps are needed from aldehydes, 
and the yields in each case are moderate (e.g., the reported 
yields for the sodium borohydride reduction in the first 
method ranged from 24 to 85%). Finally, for both routes 
only a-methoxylated amides (3: R3 = Me) are reported. 

A few further methods are available for N-(alkoxy- 
methy1)amides (3: R2 = H). The alkylation of secondary 
amides with halomethyl ethers under phase-transfer con- 
ditionsl8 gave N-alkoxylated amides, but for the less acidic 
saturated aliphatic amides strongly basic amide alkylation 
conditions (e.g., in the presence of NaH, Na, or K) are 
often required.lg N-Hydroxymethylamides condense with 
primary alcohols in acidic conditions to form N-alkoxy- 
methyl amides.20 

Recent work in this laboratory has shown the versatility 
of N-[a-(benzotriazolyl)~l]amides 2 in organic synthesis 
as a continuation of our exploitation of the synthetic 
auxiliary benzotriazole.21 N-[a-(Benzotriazolyl)alkyl]- 
amides or thioamides have been advantageously employed 
in the preparation of alkylated and thio- 
amides.24 Similar alkylation is also applicable for ureas 
and t h i ~ u r e a s . ~ ~  We have recently reported that N-[cr- 
(benzotriazolyl)alkyl]amides 2, in analogy to other fre- 
quently used amidoalkylation reagents: are good precur- 
sors of the corresponding acyliminium cation because the 
benzotriazolate anion is a good leaving group. They have 
been successfully used in the amidoalkylation of alkyl- 
malonates and other C-H acids,26 active aromatic com- 
p o u n d ~ , ~ ~  and in the preparation of tri- and tetrasubsti- 
tuted 4&1,3-oxazines.' We also found that N - [  l-(benzo- 
triazol-l-y1)alkyllamides react readily with a variety of 
thiols and sodium sulfide under mild conditions to give 
N-acylhemithioaminals in good yields.28 
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75.81 
70.83 
71.57 
75.27 
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59.63 
61.06 
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194.1181 
180.1024 

6.71 5.49 75.31 6.66 5.53 
7.11 5.20 75.74 7.12 5.00 
6.32 5.16 70.66 6.39 5.13 
6.71 4.91 71.99 6.82 4.96 
6.71 5.49 75.37 6.61 5.59 
7.11 5.20 76.19 6.95 5.35 
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OKey: R1 = Ph, CH3; R2 = Ph, 4-CH30C&, 4-ClCsH4, PhCHz, 
H; R3 = Me, Et, i-Pr, i-Bu. 

The present paper reports a general and convenient 
route to N-(a-alkoxyalky1)amides by the reaction of N- 
[a-(benzotriazol-l-yl)alkyl]amides with alcohols under mild 
conditions. 

Results and Discussion 
The amidoalkylation reagents, N-[a-(benzotriazol-l- 

yl)alkyl]amides 2, were easily prepared by the previously 
described method from benzotriazole, an aldehyde, and an 
amide in toluene.22i26 A variety of aldehydes and amides 
(both aliphatic and aromatic) were used, and all gave the 
expected stable products 2 (2a: R1 = Ph, R2 = Ply 2b: R1 

= CH3, R2 = 4-C1CsH4; 28: R1 = CH3, R2 = 4-CH30C6H4; 
2f: R' = Ph, R2 = H) in good yields. 

The N-[a-(benzotriazol-l-yl)~l]amides 2 react readily 
with sodium alkoxides to give the expected products. 
Thus, the benzotriazole derivative 2 was added to a slight 
excess of sodium metal in an appropriate alcohol and the 
solution was stirred at room temperature overnight. The 
essentially pure solid products, the N-(a-alkoxyalky1)- 
amides 3a-31, were obtained simply by pouring the mixture 
into water followed by filtration. The byproduct, benzo- 
triazole, remains as its soluble sodium salt in aqueous 
solution. The yields of the N-(a-alkoxyalky1)amides 
formed are good to excellent (57-94%). Generally, 
methanol and ethanol gave the highest yields (all about 
W%), and the secondary alcohols, such as 2-propanol and 
2-butanol, afforded slightly lower yields of products. 
However, tert-butyl alcohol gave a complex mixture in- 
cluding only a very low yield of the desired product, pre- 
sumably due to the steric hindrance and the high basicity 
of tert-butoxide. The reaction and the results are shown 
in Scheme I and Table I, respectively. Although highly 
successful for aliphatic alcohols, this method could not be 
extended to phenols. When a benzotriazole derivative 2 
was similarly treated with sodium phenoxide in ethanol, 
the N-(a-ethoxyalky1)amide was produced and a small 
amount of the starting material 2 remained even when 1 
equiv of sodium metal was used. Evidently, the equilib- 
rium between phenoxide and ethoxide allowed the more 
reactive ethoxide to attack 2. Tetrahydrofuran was then 
used as the solvent instead of ethanol; however, the re- 

= Ph, R2 CH3OC6H4; 2 ~ :  R' = Ph, R2 = PhCH2; 2d: R' 




