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confirmed that all guest salts were rarely transported in the
absence of carrier (transport rate <0.3 X 1078 mol/h).

Acknowledgment. The authors are grateful to Pro-
fessor K. Konishi of Aichi University of Education and
Professors K. Hirotsu and T. Higuchi of Osaka City
University for valuable discussion about structure of Ag*
complex. This research was supported in part by

Grants-In-Aid for Scientific Research on Priority Areas
(“Multiplex Organic System”) and for Developmental
Scientific Research (No. 61840017) from the Ministry of
Education, Science and Culture, Japan.

Supplementary Material Available: 'H and/or 3C NMR
spectra for compounds 2¢, 7a, 9a, and 9d (8 pages). Ordering
information is given on any current masthead page.

N-[1-(Benzotriazol-1-yl)alkyl]lamides, Versatile Amidoalkylation Reagents.
5. A General and Convenient Route to N-(a-Alkoxyalkyl)amides!

Alan R. Katritzky,* Wei-Qiang Fan, Michael Black, and Juliusz Pernak

Department of Chemistry, University of Florida, Gainesville, Florida 32611-2046

Received August 8, 1991

N-[1-(Benzotriazol-1-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-alkoxyalkyl)amides

3 in good yield.

N-(a-Alkoxyalkyl)amides are of importance both in
natural product chemistry and in industrial synthesis.
Pederin, a toxic principle isolated from Paederus fuscipes
curt, contains an N-(a-methoxyalkyl)amide structural
feature,? and N-(a-alkoxyalkyl)amide functionalities also
occur in a number of synthetic herbicides.® N-(a-Alk-
oxyalkyl)amides are useful synthetic intermediates and
have participated in the amidoalkylations of aromatics and
of active methylene compounds.* They react with enol
ethers, isonitriles, and phosphorus compounds to give
useful products.® N-(a-Methoxyalkyl)amides are impor-
tant starting materials for the preparation of hemithio-
aminals® 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-alkoxyalkyl)amides 3
are known, but none is both general and convenient.
Perhaps the most important method for their preparation
is electrochemical:*® anodic oxidation of N-alkylamides
gave N-(a-alkoxyalkyl)amides when carried out in an al-
coholic solution;!® such oxidation in solutions of carboxylic

(1) For Part 4, see: Katritzky, A. R.; Pernak, J.; Fan, W. Q. J. Prakt.
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acids gives N-(a-acyloxyalkyl)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-methoxyalkyl)amides (3: R® = CH,).1214
Although some N-(a-alkoxyalkyl)-, and especially -
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-(«-alk-
oxybenzyl)benzamides;'5 however, the required N-acyl-
imines are unstable;!® 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.6?

Recently, Lokensgard and co-workers!? claimed two
general routes to N-(a-methoxyalkyl)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-methoxyalkyl)amide
(vield of last step: 20-63%). However, both routes have
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Table 1. Preparation of N-(a-Alkoxyalkyl)amides 3

molecular caled found
no. R! R? R®  yield (%) mp (°C) lit.®mp formula C H N C H N
32 Ph Ph Me 91 98-100  102-104 C ;H;NO, 7466 622 581 7425 614 585
3b Ph Ph Et 94 90-91 87-88 16H17NO, 75.27 6.71 549 75.31 6.66 5,53
3¢ Ph Ph i-Pr 69 117-119  117-118 C;H;,(NO, 75.81 711 5.20 75.74 712  5.00
3d Ph 4-CH;,O0C¢H, Me 88 114-115 115116 C,H;NO, 70.83 6.32 5.16 70.66 6.39 5.13
3¢ Ph 4-CH;OCH, Et 86 95-96 CsH;gNO, 71.57 6.71 491 71.99 6.82 4.96
3f Ph PhCH, Me 86 131-132 C.eH,:NO, 7527 671 549 7537 661 5.59
3g Ph PhCH, Et 92 122-123 Cy7H,;sNO, 75.81 711 520 7619 695 535
3h Me 4-CICeH, i-Pr 78 121-123 CHCINO, 5963 663 579 5923 646 5.51
3i Me 4-CICzH, i-Bu 75 83-85 C,3H5CINO, 61.06 7.056 546 60.79 7.02 527
3j Me 4-CH;0CH, i-Pr 56 100-102 C3HgNO; 65.82 8.02 591 65.47 8.16 6.06
3k Ph H i-Pr 64 liquid C,;H;;NO, 194.1181 194.1180
31 Ph H Et 67 41-43 CicHi:NO;,  180.1024 180.1026
obvious disadvantages: imidates and their acylated de- Scheme I°
rivatives are neither very stable nor particularly readily y 2
available; three or four steps are needed from aldehydes, N oo g @: > RONa RiconoR?
and the yields in each case are moderate (e.g., the reported A fl'/ o
yields for the sodium borohydride reduction in the first A RCHNHCOR ,
method ranged from 24 to 85%). Finally, for both routes ! 2
only a-methoxylated amides (3: R® = Me) are reported. ¢Key: R! = Ph, CHy; R? = Ph, 4-CH,0C¢H,, 4-CIC¢H,, PhCH,,

A few further methods are available for N-(alkoxy-
methyl)amides (3: R? = H). The alkylation of secondary
amides with halomethyl ethers under phase-transfer con-
ditions!® 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.!® N-Hydroxymethylamides condense with
primary alcohols in acidic conditions to form N-alkoxy-
methyl amides.?

Recent work in this laboratory has shown the versatility
of N-[a-(benzotriazolyl)alkyl]amides 2 in organic synthesis
as a continuation of our exploitation of the synthetic
auxiliary benzotriazole.2! N-[a-(Benzotriazolyl)alkyl]-
amides or thioamides have been advantageously employed
in the preparation of alkylated amides?# and thio-
amides.”* Similar alkylation is also applicable for ureas
and thioureas.?> We have recently reported that N-[a-
(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,” active aromatic com-
pounds,?” and in the preparation of tri- and tetrasubsti-
tuted 4H-1,3-oxazines.! We also found that N-[1-(benzo-
triazol-1-yl)alkyl]amides react readily with a variety of
thiols and sodium sulfide under mild conditions to give
N-acylhemithioaminals in good yields.?

(18) (a) Brehme, R. Synthesis 1976, 113. (b) Monsanto Co. US Patent
4,258,196, 1981.

(19) Schollkopf U.; Beckhaus, H. Angew. Chem., Int. Ed. Engl. 1976,
15, 293

(20) Haworth R. D,; Peacock, D. H.; Smith, W. R.; MacGillivray, R.
J. Chem. Soc. 1952, 2972.

(21) Katritzky, A. R.; Rachwal, S.; Hitchings, G. J. Tetrahedron 1991,
47, 2683.

(22) Katritzky, A. R.; Drewniak, M. J. Chem. Soc., Perkin Trans. 1
1988, 2339.

(23) Katritzky, A. R.; Drewniak, M.; Lue, P. J. Org. Chem. 1988, 53,

854.

(24) Katritzky, A. R.; Drewniak, M. Tetrahedron Lett. 1988, 29, 1755.

(25) Katritzky, A. R.; Gordeev, M. J. Chem. Soc., Perkin Trans. 1
1991, 2199,

(26) Katritzky, A. R.; Pernak, J.; Fan, W. Q.; Saczewski, F. J. Org.
Chem. 1991, 56, 4439.

(27) Katritzky, A. R.; Pernak, J.; Fan, W. Q. Synthesis 1991, 868.

(28) Katritzky, A. R.; Takahashi, I; Fan, W. Q.; Pernak, J. Synthesis,
in press.

(29) Harding, K. E; Liu, L. T.; Farrar, D. G.; Coleman, M. T.; Tansey,
S. K. Synth. Commun. 1991, 21, 1409.

H; Ra-Me,EttPr,zBu

The present paper reports a general and convenient
route to N-(a-alkoxyalkyl)amides by the reaction of N-
[a-(benzotriazol-1-yl)alkylJamides with alcohols under mild
conditions.

Results and Discussion

The amidoalkylation reagents, N-[a-(benzotriazol-1-
yDalkyl]amides 2, were easily prepared by the previously
described method from benzotriazole, an aldehyde, and an
amide in toluene.?226 A variety of aldehydes and amides
(both aliphatic and aromatic) were used, and all gave the
expected stable products 2 (2a: R! = Ph, R? = Ph; 2b: R!
= Ph, R? = CH,0C¢H,; 2c: R! = Ph,R?= PhCHZ, 2d: R!
= CHa, R2 = 4'CleH4, 2e: Rl = CH3, RZ= 4'CH3OCGH4,
2f: R! = Ph, R? = H) in good yields.

The N- [a-(benzotnazol- -ylalkyl]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-alkoxyalkyl)-
amides 3a-3l, 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-alkoxyalkyl)amides
formed are good to excellent (57-94%). Generally,
methanol and ethanol gave the highest yields (all about
90%), 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-ethoxyalkyl)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-
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Table II. '"H NMR Spectral Data (5, J in Hz) of N-(a-Alkoxyalkyl)amides 3

no. NH CH R! R? R?

3a 6.63 (br) 6.38(d,J = 9.3) 7.80 (d, J = 8.4, 2 H), 7.53-7.45 7.41-7.32 (m, 5 H) 3.55 (s, OCHj)
(m, 3 H)

3b 6.73 (br) 6.46 (d, J = 9.6) 7.79 (d, J = 8.4, 2 H), 7.54-7.45 7.40-7.30 (m, 5 H) 3.83 (m, 1 H), 3.69 (m, 1 H),
(m, 3 H) 1.29 (t,3 H)

3¢ 6.83(d) 6.56(d,J =9.0) 779 (d,J =82,2H),749 (m,3 7.40-7.29 (m, 5 H) 4.02 (hept, 1 H), 1.26 (d, 6
H) H, Me,)

3d 665(d) 6.31(d,J =9.3) 780, J =172 2 H), 7.52-745 740(d,2H),690(d,J=872 3.51 (s, 6CH3)
(m, 3 H) : H), 3.80 (s, 3 H)

3e 6.71(d) 6.41(d,J =9.3) 780 (d,J =7.0,2H), 7.55 (m,3 7.41(d,2H),6.89(d,J =872 3.82-3.74 (m, 2 H), 1.28 (t,
H) H), 3.79 (s, 3 H) CH,;)

3f 634 (D) 562(dt,J=96,6) 7.70(d,J=822H),748(T,1 7.32-7.23 (m,5 H),3.04(d,2H, 3.39 (s, OCHj;)

3g 6.42(d)

5.69 (Dt, J = 9.6, 6)

H), 7.40 (t, 2 H)
7.69(d,J=83,2H),748 (¢, 1
H), 7.39 (t, 2 H)

CHy)
CH,)

(s, 3 H, OCHy)

3h 6.00 (br) 6.30 (d, J =9.3) 2.05 (s, 3 H, CH;CO)
3i 6.00 (br) 6.31(d) 2.04 (s, 3 H, CH,CO)
3j 6.08 (br) 6.23 (d) 2.02 (s, 3 H, CH,CO)
3k 7.63 (br) 4.96 (d,2H,J=86.6) 7.82(d,J = 8.1, 2 H), 7.50-7.36

7.30-7.20 (m, 5 H), 3.04 (d, 2 H,
7.38 (d, 2 H), 7.31 (d, 2 H)
7.39 (d, 2 H), 7.32 (d, 2 H)
7.38 (d, 2 H), 6.88 (d, 2 H), 3.80

3.69 (m, 1 H), 3.55 (m, 1 H),
1.15 (t, 3 H)

3.93 (hept, 1 H), 1.27 (d, 3
H), 1.22 (d, 3 H)

3.70 (m, 1 H), 1.22 (d, 3 H),
0.96 (t, 3 H)

3.95 (hept, 1 H), 1.25 (4, 3
H), 1.21 (d, 3 H)

3.96 (hept, 1 H), 1.17 (d, 3
H)

(m, 3 H)
31 7.26(br) 495(d,2H,J=69) 7.83(d, 2 H,J = 84), 7.58-7.47 3.63 (q, 2 H), 1.21 (t, 3 H)
(m, 3 H)
Table III. *C NMR Spectral Data (5) of N-(a-Alkoxyalkyl)amides 3
no. Cco CH R! R? R®
3a 167.3 81.8 133.7, 132.0, 128.7, 127.0 139.2, 128.9, 128.6, 125.8 56.2 (OCHj,)
3b 167.1 80.2 133.7, 131.9, 128.6, 127.1 139.7, 128.5, 128.4, 125.9 64.1 (OCH,), 15.1 (CHjy)
3c 166.9 78.2 133.7, 131.7, 128.5, 127.0 140.1, 128.5, 128.4, 125.9 69.6 (OCH), 23.0 (CHj), 21.8 (CH,)
3d 167.2 81.6 133.7, 131.9, 128.6, 127.0 159.7, 131.5, 127.1, 113.9, 55.3 (OCHj;) 56.1 (OCH,)
3e 167.1 80.3 133.8, 131.8, 128.6, 127.0 159.6, 131.8, 127.1, 113.9, 55.2 (OCHj3) 64.0 (OCH,), 15.1 (CHy)
3f 167.3 814 133.9, 131.8, 128.6, 126.9 135.8, 129.7, 128.4, 126.8, 41.6 (CH,) 56.1 (OCH,)
3g 167.1 80.0 133.0, 131.7, 128.6, 126.9 136.1, 129.7, 128.3, 126.7, 41.8 (CH,) 66.0 (OCH,), 15.0 (CHy)
3h 167.2 774 23.5 (CH,) 139.5, 134.1, 128.6, 127.4 69.7 (OCH), 23.0 (CHy), 21.8 (CH;)
3i 169.5 74.6 22.7 (CHy) 139.0, 133.0, 127.6, 127.4 72.9 (OCH), 29.3, 19.1, 9.6
3j 169.8 7.6 23.5 (CH;) 159.5, 132.4, 127.1, 113.8, 55.3 (OCH,) 69.3 (OCH), 22.9 (CH,), 21.9 (CHy)

3k 167.9 683
31 167.9 704

133.8, 131.9, 128.5, 127.2
133.9, 131.9, 128.6, 127.1

action led to the decomposition of the starting material.

The N-(a-alkoxyalkyl)amides 3a-31 prepared in this
work, mostly new compounds, were characterized by their
H and 3C NMR spectra, by elemental analyses, and where
appropriate, by comparison with literature data. The 'H
and 3C NMR chemical shifts of compounds 3a-31 and
their detailed assignments are summarized in Tables IT and
III. The 'H NMR spectra of some N-(a-alkoxyalkyl)-
amides, especially N-(a-methoxyalkyl)amides, have pre-
viously been reported.®®!” In the 'H NMR spectra, NH
signals of the amide group appeared at 6.34—6.83 ppm
either as broad singlets or as doublets coupled with the
adjacent CH protons which resonated at 5.62-6.56 ppm.
Because the alkoxy group is attached to a chiral carbon
(except where R? = H), the two protons of ethoxy meth-
ylene group are magnetically nonidentical (i.e., there is an
ABX; system for OCH,CHj;), and the two methyl groups
in the isopropoxy derivatives 3¢, 3h, 3j, and 3k are also
nonidentical in both the 'H and 3C NMR spectra. In the
13C NMR spectra, the carbonyl carbons appeared over a
narrow range of 166.9-167.3 ppm and the methine carbons
at from 78.2-81.6 ppm depending on the structure of the
alkoxy functions.

In conclusion, an alternative procedure has been de-
veloped for the preparation of N-(a-alkoxyalkyl)amides.
It is apparent that the present method is one of the sim-
plest preparations for the target molecules. The reaction
conditions are mild and nonacidic. N-[a-(Benzotriazol-
1-yl)alkyl]amides are easily prepared from aldehydes and
amides, and the advantages are evident if our method is
compared with that of Lokensgard?® from imidate and

68.6 (OCH), 22.3
64.1 (OCH,), 15.1 (CHy)

a-chloromethyl ether and with Breuer’s route from ben-
zylidenebisbenzamides.!®* The workup procedure is very
simple, the products are easily purified, and the yields are
mostly high.

Experimental Section

1H NMR spectra were obtained at 300 MHz, and 3C NMR
spectra were determined at 75 MHz. N-[a-(Benzotriazol-1-yl)-
alkyllamides were prepared as previously reported.2»2

Preparation of N-(a-Alkoxyalkyl)amides 3, General
Procedure. The N-[a-(benzotriazolyl)alkyl}amide 2 (10 mmol)
was added in one portion to a solution of sodium (12 mmol) in
the appropriate alcohol (30 mL) at room temperature. The
mixture was stirred at room temperature overnight and poured
into water (100 mL). The resulting precipitate was collected by
filtration and dried (25 °C under vacuo) to give the pure product
in most cases. 3c was recrystallized from aqueous ethanol and
3j from hexane. For products 3k and 31 no precipitate was formed
when the reaction mixture was poured into water, so the aqueous
solution was extracted with CHC); (3 X 30 mL). The purification
was by column chromatography (silica gel, CHCl;). Compound
31 solidified on standing. For data of compounds 3a-3], see Tables
I-II1.

Note Added in Proof. Some of the above compounds have
recently been prepared by oxidation of N-acyl-a-amino acids.?®

Registry No. 2a, 117067-48-8; 2b, 134004-79-8; 2¢, 134004-81-2;
2d, 137570-70-8; 2e, 134004-84-5; 2f, 111184-75-9; 3a, 10387-93-6;
3b, 15663-54-9; 3¢, 10374-30-8; 3d, 10374-25-1; 3e, 137570-64-0;
3f, 99355-57-4; 3g, 137570-65-1; 3h, 137570-66-2; 3i, 137570-67-3;
3j, 137570-68-4; 3k, 137570-69-5; 31, 126317-94-0; methanol, 67-
56-1; ethanol, 64-17-5; isopropyl alcohol, 67-63-0; isobutyl alcohol,
78-83-1.



