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SIMPLE SYNTHESIS OF

N-ALKOXYMETHYL DERIVATIVES

OF ANILIDES

Witold Danikiewicz* and Rafal, Szmigielski

Institute of Organic Chemistry,
Polish Academy of Sciences, ul. Kasprzaka 44/52,

01-224 Warszawa 42, P.O. Box 58, Poland

ABSTRACT

Facile, two-step synthesis of N-alkoxymethyl derivatives of
anilides consisting of the methoxymethylation of the appro-
priate anilides with chlomethyl methyl ether followed by heat-
ing with an alcohol in the presence of an acid is described.

N-Alkoxymethyl derivatives of anilides (1) are compounds of consi-
derable interest due to their herbicidal activity. An important group of
them are N-(alkoxymethyl)-2-chloroacetanilide derivatives, e.g. Alachlor�

(1, R1
¼CH2Cl, R2

¼CH3, R3
¼R4

¼C2H5), which are manufactured as com-
mercial herbicides on the large scale.1–4

There are a few methods of synthesis of this type of compounds.
Usually, they are prepared in several steps starting from the appropriate
anilines and aldehydes.5,6 This type of reactions involves N-acyliminium
salt intermediate, which is not easy for operating. Another competitive
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method for the synthesis of these compounds consists of the alkylation with
the corresponding alkoxymethyl chlorides.7 However, preparation of the
alkoxymethyl chlorides by the method described by Wedekind is difficult
and inconvenient.8

In the present paper we would like to report a simple, two step syn-
thesis of N-alkoxymethyl derivatives of acetanilide, formanilide and benza-
nilide. In the first step N-(methoxymethyl)anilides are prepared from the
corresponding anilides by the action of methoxymethyl chloride under Phase
Transfer Catalysis (PTC) conditions in the presence of the solid base and
catalytic amount of tetraalkylammonium salt. Alternatively, tert-BuOK-
THF system can be used for alkylation. The second step consists of the
heating up the N-(methoxymethyl)-anilides with an excess of the aliphatic
alcohols with catalytic amount of p-toluenesulfonic acid (Scheme 1).

Although the procedure of methoxymethylation of the amidic nitrogen
atom with methoxymethyl chloride in the presence of 50% NaOHaq and the
appropriate PTC catalyst has been applied many times7,9 there is no evidence
of carrying out such reaction in PTC system with the solid base. In the course
of the present work we have checked a few bases and solvents. It turned out

Scheme 1.
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that for N-methoxymethylation reaction of acetanilide and formanilide
powdered KOH in DMSO in the presence of catalytic amount of tetra-
butylammonium hydrogensulfate gave the best results. In the case of
benzanilide, however, tert-BuOK solution in THF appeared to give the
highest yield.

N-Methoxymethyl compounds (i.e. N,O-acetals) are known to pro-
duce iminium cations under acidic conditions.10 In the presence of the
nucleophile, generated iminium cation can be trapped to afford many inter-
esting organic compounds, as it was presented in the syntheses of tetra-
hydroquinolines and julolidines.11 There are no papers dealing with the
reaction of N-methoxymethylated amides with alcohols as nucleophiles in
acidic conditions. Only Villiger12 and Muzic13 during their investigations of
the properties of N-alkoxymethyl N,N-dialkylamines stated that the course
of discussed transformation is possible, although without any experimental
details. It prompted us to study carefully this type of useful reaction espe-
cially in relation to compounds 1. It’s clear that this reaction can be applied
to other similar compounds e.g. Alachlor� derivatives.

According to our method, N-(methoxymethyl)anilides are heated with
an excess of the aliphatic alcohol for 1–4 h in the presence of p-toluene-
sulfonic acid to give various N-(alkoxymethyl)anilides in good yields
(Table 1). It is obvious that the scope of this reaction is much broader
and gives an easy access to many interesting compounds.

Surprisingly, we have found that unlike other performed reactions,
N-(methoxymethyl)acetanilide reacts with cyclohexanol at 60�C in the pre-
sence of the catalytic amount of p-TsOH to give an equimolar mixture
of acetanilide and bis(cyclohexyloxy)methane instead of the expected

Table 1. Preparation of N-Alkoxymethylanilides from the Appropriate
N-Methoxymethylanilides

Product R1 R2 T (�C) t (h) Yield (%)

5b Me Et 78 1.5 92
5c Me n-Pr 60 1 90
5d Me Ipr 82 1.5 83
5e Me n-Bu 75 3 70

5f Me IBu 80 4 74
5g Me sec-Bu 85 3 90
5h Me tert-Bu 60 2 60

5i Me CH2CH¼CH2 r.t. 24 81
6b H Et 78 3 67
7b Ph Et 78 2.5 93
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N-(cyclohexyloxymethyl)acetanilide. This can be rationalized by the follow-
ing reaction scheme:

The reason for such behaviour of cyclohexanol is not clear.

EXPERIMENTAL

1H and 13C NMR spectra were recorded on a Varian Gemini
(200 MHz) instrument in CDCl3 solution with tetramethylsilane as the inter-
nal standard. Mass spectra (EI, 70 eV) were obtained on AMD 604 (AMD
Intectra GmbH, Germany) instrument. Purity of the prepared samples was
checked by GC/MS analysis (HP 5890/5972A from Hewlett-Packard).
Anilides 2–4 utilised in the synthesis are commercially available (Aldrich).

Methoxymethylation of Anilides in PTC System.

General Procedure

To the suspension of anilide (2–4) (30 mmol), powdered KOH (or tert-
BuOKfor4) (90 mmol) and tetrabutylammoniumhydrogensulfate (0.3 mmol)
in DMSO (or THF for 4) (50 mL) chloromethylmethyl ether (80 mmol) was
added dropwise. After 1 h agitation at room temperature the reaction mix-
ture was poured onto water and extracted with ethyl acetate (3� 15 mL).
The organic layer was dried over Na2SO4 and then the solvent was evapo-
rated under reduced pressure, yielding the crude product (5a–7a) to be
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purified by column chromatography on silica gel using hexane–ethyl acetate
mixture as an eluent.

N-(Methoxymethyl)acetanilide (5a). Yield: 85%. Oil. 1H NMR, d: 1.90
(s, 3H, COCH3); 3.42 (s, 3H, CH3); 5.04 (s, 2H, NCH2O); 7.18–7.48 (m, 5H,
Ph). 13C NMR, d: 22.7 (COCH3); 56.3 (OCH3); 78.6 (NCH2O); 128.0 (Ph);
129.5 (Ph); 142.1 (C-1 Ph); 171.5 (COCH3). MS m/z (%): 179 (Mþ.

, 48); 164
(50); 137 (15); 122 (19); 107 (11); 106 (100); 105 (58); 104 (23); 77 (35); 45
(44); 43 (32). HR MS calcd for C10H13NO2: 179.0946, found: 179.0952.

N-(Methoxymethyl)formanilide (6a). Yield: 90%. Oil. 1H NMR, d: 3.42
(s, 3H, OCH3); 5.13 (s, 2H, NCH2O); 7.23–7.50 (m, 5H, Ph); 8.56 (s, 1H,
CHO). 13CNMR, d: 57.2 (OCH3); 76.3 (NCH2O); 124.4 (Ph); 127.8 (Ph);
129.7 (Ph); 142.0 (C-1 Ph); 163.7 (CHO). MS m/z (%): 165 (Mþ.

, 29); 150
(24); 134 (10); 106 (46); 105 (30); 104 (29); 77 (42); 51 (13); 45 (100). HR MS
calcd for C9H11NO2: 165.0790, found: 165.0793.

N-(Methoxymethyl)benzanilide (7a). Yield: 73%. Oil. 1H NMR, d: 3.42
(s, 3H, OCH3); 5.19 (s, 2H, NCH2O); 7.02–7.34 (m, 10H, Ph). 13C NMR, d:
57.2 (OCH3); 80.7 (NCH2O); 127.4 (Ph); 127.8 (Ph); 128.3 (Ph); 129.3 (Ph);
129.6 (Ph); 130.6 (Ph); 135.6 (C-10 Ph); 143.5 (C-1 Ph); 171.9 (CHO). MS
m/z (%): 241 (Mþ.

, 31); 226 (30); 181 (10); 180 (12); 106 (16); 105 (100); 104
(17); 77 (71); 45 (30). HR MS calcd for C15H15NO2: 241.1102, found:
241.1099.

Transetherification of N-(Methoxymethyl)anilides.

General Procedure

Solution of N-(methoxymethyl)anilide (5a–7a) (20 mmol) and p-tolue-
nesulphonic acid (0.2 mmol) in the appropriate aliphatic alcohol (50 mL) was
heated during 1–4 h. (Only for compound 5i the mixture was allowed to stay
overnight at room temperature). The cooled reaction mixture was poured
into aqueous NaHCO3 solution and extracted with ethyl acetate
(3� 10 mL). The organic layer was dried over Na2SO4 and then the solvent
was removed under reduced pressure to produce oily product (5b–i, 6b, 7b) in
good yield which, when necessary, can be purified by column chromatogra-
phy on silica gel.

N-(Ethoxymethyl)acetanilide (5b). Oil. 1H NMR, d: 1.22 (t, 3H, J¼
7Hz, OCH2CH3); 1.88 (s, 3H, COCH3); 3.65 (q, 2H, J¼ 7Hz, OCH2CH3);
5.08 (s, 2H, NCH2O); 7.18–7.47 (5H, Ph). 13C NMR, d: 14.9 (CH3CH2O);
22.7 (COCH3); 64.0 (OCH2CH3); 76.9 (NCH2O); 127.9 (Ph); 129.5 (Ph); 142
(C-1 Ph); 171.3 (CO). MS m/z (%): 193 (Mþ.

, 3); 164 (73); 122 (40); 107 (13);
106 (100); 105 (57); 104 (31); 93 (51); 77 (52); 59 (25); 43 (35). HR MS calcd
for C11H15NO2: 193.1102, found: 193.1100.
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N-(n-Propoxymethyl)acetanilide (5c). Oil. 1H NMR, d: 0.93 (t, 3H,
J¼ 7.5 Hz, OCH2CH2CH3); 1.51–1.70 (m, 2H, OCH2CH2CH3); 1.89 (s,
3H, COCH3); 3.55 (t, 3H, J¼ 6.8 Hz, OCH2CH2CH3); 5.09 (s, 2H, NCH2O);
7.20–7.50 (m, 5H, Ph). 13C NMR, d: 11.3 (OCH2CH2CH3); 23.5 (COCH3);
25.9 (OCH2CH2CH3); 71.2 (OCH2CH2CH3); 77.8 (NCH2O);128.6 (Ph); 130.1
(Ph); 130.1 (Ph); 142.8 (C-1 Ph); 172.0 (CO). MS m/z (%): 207 (Mþ.

, 6); 164
(79); 149 (10); 122 (58); 107 (13); 106 (100); 105 (45); 104 (20); 94 (11); 93
(93); 77 (31); 43 (61). HR MS calcd for C12H17NO2: 207.1259, found:
207.1250.

N-(Isopropoxymethyl)acetanilide (5d). Oil. 1H NMR, d: 1.19 (d, 6H,
J¼ 6.5 Hz, OCH(CH3)2); 1.88 (s, 3H, COCH3); 3.80–3.94 (m, 1H,
OCH(CH3)2); 5.10 (s, 2H, NCH2O); 7.20–7.44 (m, 5H, Ph). 13C NMR, d:
22.3 (OCH(CH3)2); 22.9 (COCH3); 69.5 (OCH(CH3)2); 75.1 (NCH2O); 128.0
(Ph); 128.2 (Ph); 129.5 (Ph); 142.4 (C-1 Ph); 171.4 (CO). MS m/z (%): 207
(Mþ.

, 10); 164 (55); 135 (16); 122 (24); 106 (45); 105 (14); 104 (12); 93 (100);
77 (19); 43 (24). HR MS calcd for C12H17NO2: 207.1259, found: 207.1257.

N-(n-Butoxymethyl)acetanilide (5e). Oil. 1H NMR, d: 0.91 (t, 3H,
J¼ 7.3 Hz, OCH2CH2CH2CH3); 1.21–1.78 (m, 4H, OCH2CH2CH2CH3);
1.89 (s, 3H,COCH3); 3.58 (t, 2H, J¼ 6.6 Hz, OCH2CH2CH2CH3); 5.08 (s, 2H,
NCH2O); 7.12–7.60 (m, 5H, Ph). 13C NMR, d: 13.9 (OCH2CH2CH2CH3);
19.3 (OCH2CH2CH2CH3); 22.9 (COCH3); 31.7 (OCH2CH2CH2CH3); 68.7
(OCH2CH2CH2CH3); 77.3 (NCH2O); 128.1 (Ph); 128.9 (Ph); 129.5 (Ph);
142.2 (C-1 Ph); 171.5 (CO). MS m/z (%): 221 (Mþ.

, 8); 164 (100); 149
(16); 148 (17); 135 (16); 122 (65); 106 (75); 105 (30); 93 (82); 77 (15); 57
(20); 43 (14). HR MS calcd for C13H19NO2: 221.1416, found: 221.1414.

N-(Iso-butoxymethyl)acetanilide (5f ). Oil. 1H NMR, d: 0.90 (d, 6H,
J¼ 6.7 Hz, OCH2CH(CH3)2); 1.72–1.99 (m, 1H, OCH2CH(CH3)2); 1.89 (s,
3H, COCH3); 3.36 (d, 2H, J¼ 6.6 Hz, OCH2CH(CH3)2); 5.09 (s, 2H,
NCH2O); 7.15–7.59 (m, 5H, Ph). 13C NMR, d: 19.4 (OCH2CH(CH3)2); 22.9
(COCH3); 28.5 (OCH2CH(CH3)2); 75.7 (OCH2CH(CH3)2); 77.4 (NCH2O);
128.1 (Ph); 128.8 (Ph); 129.5 (Ph); 142.2 (C-1 Ph); 171.5 (CO). MS m/z (%):
221 (Mþ.

, 17); 164 (58); 149 (12); 148 (17); 135 (15); 122 (63); 106 (74); 105
(32); 93 (100); 77 (15); 57 (20); 43 (14). HR MS calcd for C13H19NO2:
221.1416, found: 221.1411.

N-(Sec-butoxymethyl)acetanilide (5g). Oil. 1H NMR, d: 0.89 (t, 3H,
J¼ 7.3 Hz), OCH(CH3)CH2CH3); 1.17 (d, 3H, J¼ 6.1 Hz, OCH(CH3)CH2C-
CH3); 1.32–1.70 (m, 2H, OCH(CH3)CH2CH3); 1.88 (s, 3H, COCH3); 3.51–
3.78 (m, 1H, OCH(CH3)CH2CH3); 5.09 (s, 2H, NCH2O); 7.17–7.58 (m, 5H,
Ph). 13C NMR, d: 9.8 (OCH(CH3)CH2CH3); 19.4 (OCH(CH3)CH2CH3);
22.9 (COCH3); 24.6 (OCH(CH3)CH2CH3); 74.9 (OCH(CH3)CH2CH3);
75.5 (NCH2O); 128.1 (Ph); 129.0 (Ph); 129.5 (Ph); 141.1 (C-Ph); 170.9
(CO). MS m/z (%): 221 (Mþ. , 1); 164 (45); 148 (12); 135 (23); 122 (20);
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106 (47); 93 (100); 77 (18); 57 (12); 43 (21). HR MS calcd for C13H19NO2:
221.1416, found: 221.1415.

N-(Tert-butoxymethyl)acetanilide (5h). Oil. 1H NMR, d: 1.20 (s, 9H,
OC(CH3)3); 1.85 (s, 3H, COCH3); 5.07 (s, 2H, NCH2O); 7.22–7.44 (m, 5H,
Ph). 13C NMR, d: 23.1 (COCH3); 27.9 (OC(CH3)3); 71.3 (OC(CH3)3); 73.4
(NCH2O); 127.9 (Ph); 128.5 (Ph); 129.2 (Ph); 142.5 (C-1 Ph); 170.6 (CO).
MS m/z (%): 221 (Mþ.

, 1); 164 (45); 148 (10); 135 (67); 122 (19); 106 (42);
105 (11); 104 (10); 93 (100); 77 (18); 57 (35); 43 (39); 41 (41). HR MS calcd
for C13H19NO2: 221.1416, found: 221.1420.

N-(n-Allyloxymethyl)acetanilide (5i). Oil. 1H NMR (CD3OD), d: 1.87
(s, 3H, COCH3); 4.08 (d, 2H, J¼ 5.4 Hz, OCH2CH¼CH2); 5.06 (s, 2H,
NCH2O); 5.10–5.40 (m, 2H, OCH2CH¼CH2); 5.78–6.02 (m, 1H,
OCH2CH¼CH2); 7.15–7.59 (m, 5H, Ph). 13C NMR (CD3OD), d: 22.9
(COCH3); 70.5 (OCH2CH¼CH2); 77.9 (NCH2O); 117.3 (OCH2CH¼CH2);
129.3 (Ph); 129.4 (Ph); 130.7 (Ph); 135.4 (OCH2CH¼CH2); 142.3 (C-1 Ph);
172.0 (CO). MS m/z (%): 205 (Mþ.

, 1); 164 (51); 149 (17); 148 (39); 135 (23);
133 (24); 132 (36); 127 (15); 122 (49); 106 (100); 105 (29); 104 (23); 93 (47); 77
(20), 43 (47); 41 (80). HR MS calcd for C12H15NO2: 205.1103, found:
205.1102.

N-(Ethoxymethyl)formanilide (6b). Oil. 1H NMR, d: 1.22 (t, 3H,
J¼ 7 Hz, OCH2CH3); 3.64 (q, 2H, J¼ 7Hz; OCH2CH3); 5.14 (s, 1H,
NCH2O); 6.82–7.60 (m, 5H, Ph); 8.56 (s, 1H, CHO). 13C NMR, d: 15.0
(OCH2CH3); 64.5 (OCH2CH3); 75.7 NCH2O); 125.4 (Ph); 127.1 (Ph);
129.2 (Ph); 144.2 (C-1 Ph); 163.2 (CHO). MS m/z (%): 179 (Mþ.

, 13); 150
(55); 135 (27); 122 (16); 106 (100); 105 (51); 104 (30); 93 (71); 77 (53); 66 (26);
65 (18); 59 (25); HR MS calcd for C10H13NO2: 179.0946, found: 179.0938.

N-(Ethoxymethyl)benzanilide (7b). Oil. 1H NMR, d: 1.24 (t, 3H, J¼
7.6 Hz, OCH2CH3); 3.70 (q, 2H, J¼ 6.9 Hz, OCH2CH3); 5.30 (s, 2H,
NCH2O); 7.05–7.40 (m, 10H, Ph). 13C NMR, d: 15.8 (OCH2CH3); 65.1
(OCH2CH3); 79.3 (NCH2O); 127.3 (Ph); 127.9 (Ph); 128.3 (Ph); 129.2
(Ph); 129.6 (Ph); 130.5 (Ph); 136.0 (C-10 Ph); 143.5 (C-1 Ph); 171.9 (CO).
MS m/z (%): 255 (Mþ.

, 6); 226 (27); 105 (100); 77 (36); 59 (6). HR MS calcd
for C16H17NO2: 255.1259, found: 255.1258.
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permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the 
limited right to display the Materials only on your personal computer or 
personal wireless device, and to copy and download single copies of such 
Materials provided that any copyright, trademark or other notice appearing 
on such Materials is also retained by, displayed, copied or downloaded as 
part of the Materials and is not removed or obscured, and provided you do 
not edit, modify, alter or enhance the Materials. Please refer to our Website 
User Agreement for more details. 
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