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Synthesis of alkyl N-( -amidomethyl)glycinates from glyeine 
esters, aroylamides, and formaldehyde 
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A one-step synthesis of alkyl N-(c~-amidomethyl)glycinates from glycine esters or their 
salts, formaldehyde, and aroylamides was developed. The effect of the structure of the amide 
component and the reaction conditions on the yields of the products was investigated. 
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Compounds  conta ining the N - - C - - N  structural moi-  
ety, in which one or both ni trogen atoms are incorpo-  
rated in a C O - - N H  pept ide  bond between a - a m i n o  acid 
residues, are convenient  models  for the study of  the 
mechan i sm of  the  biological  ac t ion o f  p e p t i d e s )  - 5  
Moreover ,  they seem to be promising carriers of  thera-  
peut ical ly  useful compounds  into microbial  cells. 6-8 It 
can be assumed that  compounds  that  conta in  a N - - C - -  
N moie ty  incorpora ted  in the amino  group of  functional  
derivatives of  a - a m i n o  acids and in the terminal  amino 
group of  pept ides  should possess useful biological  prop-  
erties. 

It has been repor ted  previously 9 that  a - a m i n o  acids 
react with formaldehyde  and amides to give N - ( a - a m i -  
domethyl )  derivatives of  a - a m i n o  acids, which have 
high antibacterial  activity. 10 Nei ther  a - a m i n o  acids modi-  
fied at the carboxyl group nor pept ides  have been used 
in this react ion before. 

It the present  work we demonst ra ted  for the first 
t ime that  the react ion of  glycine esters or salts with 
formaldehyde  and amides  of  aromat ic  acids makes it 

possible to introduce an amidomethy l  subst i tuent  at the 
amino group of  an a - a m i n o  acid derivative containing a 
protected carboxyl group. 

Hydrochlor ides  of  methyl  or ethyl glycinates were 
used as alkyl glycinates; benzamide  as well as p-  and m- 
substituted benzamides  were used as amides.  It was 
shown that  the above compounds  undergo a three-  
component  react ion in an organic solvent at 20--100 ~ 
to give the salts of  (N-amidomethyl )g lyc ina tes  ( l a - - f ) .  
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The yields of  compounds  1 depend on the structure 
of the amide and on the react ion condi t ions  (Table 1). 

Table 1. Effect of reaction conditions on the yields of alkyl N-amidomethylglycynate hydrochlorides l a - - f  

Compound R l R 2 Solvent T/~ Time Method Yield (%) 
of synthesis 

la  Me H i-PrOH 82 15 min A 89 
la  Me H i-PrOH 20--25 24 h B 61 
lb Et H i-PrOH 82 15 rain A 80 
le  Me p-NO 2 i-PrOH 82 15 rain A 40 
le  Me p-NO 2 i-PrOH 82 30 min A 52* (83) 
ld  Et p-NO 2 i-PrOH 82 10--15 min A 17 
ld Et p-NO 2 i-PrOH 82 40--50 rain A 34* 
ld  Et p-NO 2 Dioxane 20--25 24 h A 81 
le  Me m-NO 2 i-PrOH 82 40--45 rain A 0* 
le  Me m-NO 2 Dioxane 101 3--5 rain A 90 
le  Me m-NO 2 i-PrOH 20--25 24 h B 52 
If  Et m-NO 2 Dioxane t01 3--5 rain A 85 

* The reactions were carried out with continuous removal of water by azeotropic distillation. 
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Hydrochlorides l a - - f  were obtained in preparative yields 
by heating all three reagents together in a suitable 
solvent at 80--100 ~ The reactions involving nitro- 
substituted benzamides take longer than similar reac- 
tions with benzamide. The yields of  compounds l a - - f  
can be increased significantly if the reaction is carried 
out either in a hydroxyl-containing solvent (such as 
i -P rOH)  with s imul taneous  removal  o f  water  by 
azeotropic distillation, or in an aprotic solvent. For 
example, the use of  dioxane permits one to obtain 
adducts le,f ,  which practically do not form under other 
conditions studied, in nearly quantitative yield. 

Not  only hydrochlorides of  alkyl glycinates but also 
free bases can undergo condensation with amides and 
formaldehyde. 

The reactions involving the flee alkyl glycinates oc- 
cur under milder conditions than the condensation of  
the respective salts (Table 1). For example, methyl 
glycinate, obtained in situ from the respective hydro- 
chloride by t reatment  with an equimolar amount  of  
ethanolic N a O H ,  reacts with C H 2 0  and amides even at 
room temperature. The Mannich bases thus formed 
(2a,e) can be isolated (although in low yields) in the 

chemically pure state (e.g., compound 2e) or trans- 
formed, without isolation and purification, to the corre- 
sponding hydrochlorides ( la ,e)  by treatment with an 
ethanolic solution of  HCI. 
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Compounds l a - - f  and 2e are stable crystalline sub- 
stances that can undergo further transformations involv- 
ing the amino and alkoxycarbonyl groups. The struc- 
tures of these compounds follow from their IR, IH N M R  
(Table 2), and 13C N M R  spectral data and are con-  
firmed by the data of  their elemental analyses. 

Table 2. Melting points and IR and IH NMR spectroscopic data for alkyl N-(c~-amidomethyl)glycinate hydrochlorides 

O o m 

a b oll /-=~ 
R 102CCH2NHCH2NHC ~--~_.~ p I a--f 

HC1 o' I 
R2 

Com- R 1 R 2 M.P./~ 
pound 

la Me H 150--155 

lb Et H 128--132 

lc Me p-NO 2 201--204 

ld Et p-NO 2 193--195 

le  Me m-NO2 180--185 

If  Et m-NO 2 178--184 

IR, v/cm -I 1H NMR, 6, J/Hz 

1752 (vC=O, ester) 
1660 (vC=O, amide) 
2640--3336 (vNH) 

1744 (vC=O, ester) 
1660 (vC=O, amide) 
2631--3312 (vNH) 

t750 (vC=O, ester) 
1670 (vC=O, amide) 
1520 (vNO 2) 
2590--3360 (vNH) 
1750 (vC=O, ester) 
1670 (vC=O, amide) 
1520 (vNO 2) 
2590--3370 (vNH) 
1745 (vC=O, ester) 
1660 (vC=O, amide) 
1530 (vNO2) 
2590--3350 (vNH) 
1745 (vC=O, ester) 
1660 (vC=O, amide) 
1530 (vNO2) 
2600--3350 (vNH) 

3.71 (s, 3 H, Me); 4.03 (s, 2 H, CCH2N); 
4.64 (d, 2 H, NCH2N, J = 6.3); 7.50 (t, 2 H, m-H, J = 7.4); 
7.59 (t, 1 H, p-H, J = 7.4); 7.99 (d, 2 H, o-H, J = 7.4); 
9.8l (t, 1 H, C(O)NH, J =  6.3) 
1.22 (t, 3 H, Me, a r=  7.0); 4.01 (s, 2 H, CCH2N); 
4.16 (q, 2 H, CH2Me, a r = 7.8); 
4.64 (d, 2 H, NCH2N, J = 6.3); 7.51 (t, 2 H, m-H, J = 7.3); 
7.60 (t, 1 H, p-H, o r = 7.3); 8.00 (d, 2 H, o-H, J = 7.3); 
9.80 (t, 1 H, C(O)NH, J = 6.3) 
3.72 (s, 3 H, Me); 4.02 (s, 2 H, CCH2N); 
4.62 (br.s, 2 H, NCH2N); 8.12 (d, 2 H, o-H, J = 10.5); 
8.33 (d, 2 H, m-H, d--- 105); 
9.84 (t, 1 H, C(O)NH, J = 7.5) 
1.20 (t, 3 H, Me, J =  8.5); 4.00 (s, 2 H, CCH2N); 
4.18 (q, 2 H, CH2Me, J = 8.5); 4.62 (m, 2 H, NCH2N); 
8.12 (d, 2 H, o-H, J =  10.5); 8.33 (d, 2 H, m-H, J = 10.5); 
9.66 (t, I H, C(O)NH, J = 7.5) 
3.74 (s, 3 H, Me); 4.05 (s, 2 H, CCH2N); 
4.64 (d, 2 H, NCH2N, J =  7.7); 7.83 (t, 1 H, m-H, J = 9.0); 
8.39 (d, l H, o-H, J = 9.0); 8.43 (d, 2 H, p-H, J =  9.0); 
8.73 (s, 1 H, o'-H); 10.04 (t, 1 H, C(O)NH, J =  7.7) 
1.21 (t, 3 H, Me, J = 8.5); 4.03 (s, 2 H, CCH2N); 
4.17 (q, 2 H, CH2Me, J = 8.5); 
4.64 (d, 2 H, NCH2N, J =  7.7); 7.81 (t, 1 H, m-H, J =  9.0); 
8.35 (d, 1 H, o-H, J = 9.0); 8.44 (d, I H, p-H, J = 9.0); 
8.73 (s, 1 H, o'-H); 9.95 (t, 1 H, C(O)NH, J = 7.7) 
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Experimental 

The 1R spectra of solid compounds were recorded in KBr 
pellets on a Specord-75 IR spectrometer. 1H and 13C NMR 
spectra were obtained in DMSO-d 6 on a Bruker AM-300 
spectrometer at frequencies of 300.13 MHz (IH) and 75.5 MHz 
(13C). The chemical shifts of IH and 13C signals were meas- 
ured relative to DMSO-d 6 (6 39.57). 

Hydroehlorides of N-amidomethyl glyeinates (la--f). 
Method A. A 31% solution of formaldehyde (0.09 mL, 
0.93 retool) was added to a boiling solution of a glycinate 
hydrochloride (0.93 retool) and a benzamide (0.93 retool) in 
an appropriate solvent. The reaction was performed under the 
conditions indicated in Table 1. The reaction mixture was kept 
for 24 h at ~20 ~ The precipitated hydrochloride was col- 
lected by filtration, washed with the same solvent (1--2 mL), 
and dried in a stream of air. Salts la,h were purified by 
reprecipitation with ether from a methanolic solution. Com- 
pounds lc- - f  required no additional purification. The yields of 
compounds la--f are presented in Table 1. The melting points 
along with the IR and IH NMR spectroscopic data are pre- 
sented in Table 2. The results of the elemental analyses of 
compounds l a - - f  were satisfactory. 

13C NMR, 6, for compound la: 44.8 (N--CH2(C)); 51.6 
(N--CH2--N); 52.6 (OCH3); 127.8, 128.6 (o-, m-C, Ar); 
132.3 (p-C, Ar); 167.0, 167.5 (C=O); for lb: 13.9 (CH3); 44.8 
(N--CH2(C)); 51.6 (N--CH2--N). 61.6 (OCH?). 127.7, 127.8 
(o-, m-C, Ar); 132.2 (p-C, Ar); 166.5, 167.4 (C=O). 

Method B. A solution of NaOH (0.037 g, 0.93 mmol) in 
i-PrOH (1--2 mL) and a 31% solution of formaldehyde 
(0.09 mL, 0.93 mmol) were successively added at ~20 ~ with 
stirring to a solution of methylglycine hydrochloride (0.12 g, 
0.93 mmol) and a benzamide (0.93 mmol) in i-PrOH (5 mL). 
The reaction mixture was kept for 24 h at -20 ~ then the 
precipitate of NaCI was filtered off. Concentrated HCI 
(0.08 mL, 0.95 mmol) was added to the filtrate (to pH ~3), 
and the solvent was removed in vacuo. The residue was 
crystallized by addition of ether (for compound la) or acetone 
(for compound le) to give hydrochlorides la,e. The melting 
points and spectral data of the products coincided with those 

of the compounds obtained according to method A. The yields 
of compounds la,e are given in Table 1. 

Methyl N-(m-nitrobenzamidomethyl)glyeinate (2e). The 
reaction was carried out by analogy with method B (for the 
synthesis of compounds 1) starting from methyl glycinate 
hydrochloride, m-nitrobenzamide, NaOH in i-PrOH, and 31% 
formaldehyde. The precipitate of NaCI was filtered off, and 
the solvent was removed from the filtrate by distillation. The 
residue was solidifed by treatment with acetone to give 0.07 g 
(27 %) of compound 2e, m.p. 160--t65 ~ IR, v/cm-l: 1760 
(C=O), 1665 (C=O), 1530 (NO2) , 2850--3030 (NH). 
IH NMR, 8:3.71 (s, 3 H, CH3); 4.04 (s, 2 H, C--CH2--N); 
4.64 (d, 2 H, N--CH2--N , J = 7.0 Hz); 7.81 (t, 1 H, NH, 
J = 7.0 Hz); 8.34--8.40 (m, 3 H, Ph); 8.73 (s, 1 H, Ph); 
9.98 (br.s, 1 H, NH). 
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