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Reactions of hydrochlondes ofglycine, alanine, phenylalanine, L-isoleucine, and L-valinc 
este~ with aromatic and heteroaromatic carboxamides afforded hydrochlorides of the 
corresponding N-(amidomethyl)-ct-amino acid esters. N-(Phthalimidomethyl)-a-amino acid 
esters were obtained by reactions of a-amino acid esters containing free amino groups with 
formaldehyde and phthalimide. The IH N M R studies demonstrated that the chiral centers of 
a-amino acids may be retained in the coupe of condensation Reactions of the Mannich 
bases obtained and their hydrochlondes with acetic anhydride and [osyl chloride afforded the 
corresponding N-acyl and N-sulfonyl derivatives. 
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Prev ious ly ,  we have repor ted  the  syn thes i s  of  
N- (amidomethy l ) -  and N-( imidomethyl )g lyc ine  esters 
starting from glycine esters, amides or imides of  d i c a r -  
boxylic acids, and formaldehyde.  ! -3  The compounds  ob- 
tained are derivatives of  N- (amidome thy l ) - a - amino  acids, 
whose representatives exhibit antibacterial activity. 4 

However,  our  a t tempts  to synthesize the products  of  
the condensa t ion  of  glycine esters or their  hydrochlo-  
rides with formaldehyde and ortho-substituted benzamides 
or he tarylamides  have not met with success. We failed 
also to prepare the Mannich adducts  by reactions of  
alanine and phenyla lan ine  esters with benzamide  or 
para-substituted benzamides .  

With the aim of  finding the condi t ions  that make 
possible react ions of  esters of  different ~ - a m i n o  acids 
with ar3'lamides, we studied the reactions of  glycine 
ester  hydroch lo r ides  (1 - -3 )  with fo rmaldehyde  and 
o- f luorobenzamide  (Table 1). Dioxane,  pr iOH,  toluene,  
D M F ,  and D M S O  were used as solvents. A 29% aque- 
ous solut ion of  formaldehyde and anhydrous  paraform-  
a ldehyde were used as sources of  formaldehyde.  Reac- 
tions were carried out in the presence of  acids and bases 
or without  catalysts.  Reactions proceeded over 12 h (a 
further increase in the reaction t ime did not lead to any 
change in the ratio of  the products).  The composi t ions  
of  the crystal l ine condensa t ion  products  isolated from 
the react ion mixtures were de termined b y t H  N M R a n d  
TLC methods.  

Appa ren t l y ,  the reac t ion  is in equ i l ib r ium (see 
Scheme I). In most cases, the condensate  is a mixture 
of  the initial glycine ester ( I - - 3 ) ,  N-hydroxymethy l -  
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o-fluorobenzamide (4), and N-(amidomethyl)glycine es- 
ter hydrochloride (5--7). Compounds 1--3 and 5--7 
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Table I. Composition of the reaction mixture and the yields of the products of the reaction of glycine ester 
hydrochlorides (I--3) with o-fluorobenzamide and formaldehyde under different conditions 

Glycine Solvent Source Catalyst Composition of the Yield of 5--7 (go) 
est~ CH20 a reaction mixture (%) 

I - -3  4 5--7  

I priOH A -- 50 t' 0 5, 0 0 
I priOH A AcONa 51 0 5, 49 14 c 
2 priOH A AcONa 83 0 6, 17 3 e 
2 Dioxane A -- 57 0 6, 43 8 
I DMSO A -- 22 8 5, 70 37 
2 DMSO A -- 10 17 6, 71 17 
2 DMF A .... 31 14 6, 55 29 
I DMSO B TsOH 23 6 5, 71 38 
I DMF B TsOH 0 0 5, 100 88 
3 DMF B TsOH 7 0 7, 93 66 

a A is a 29% aqueous solution and B is (CH20),,~ b The initial o-fluorobenzamide was the second component of 
the reaction mixture, c The crystalline product was obtained by treating the reaction mixture with HCI 

were isolated as individual compounds by fractional 
crystallization and TLC and were identified by IR 
and N M R  spectroscopy (compounds 1--3 were identi- 
r "d  also from the abseqce of depression of melting 
points of mixtures containing known samples). 

Amide 4 w ~  obtained as a mixture with o-f luoroben- 
zamide formed from 4 under  the condit ions of TLC on 
Silica gel. The structure of 4 was confirmed by-conver--  
sion of this compound  to N,N'-bis(o-fluorobenzami- 
do)methane  (8) under  the action of acetic anhydride; 
compound  8 is a typical product of the reactions of 
aromat ic  N-hydroxymethylcarboxamides  with acetic 
anhydride in the absence of a solvent. 5 

We succeeded "in shifting the equil ibrium toward the 
formation of N-(amidomethyl)glycine ester hydrochlo- 
rides 5- -7  by using anhydrous paraformaldehyde and 
performing the reaction in dipolar aprotic solvents in the 
presence of catalytic amounts  of TsOH. Apparently, the 
function of the catalyst is to protonate and then to 
dehydrate N-hydroxymethyl-o-f luorobenzamide 4 to the 
i m m o n i u m  cation, which reacts with glycine ester hydro- 
chloride. The fact that compound 8 was isolated when 
the reaction was carried out in boiling toluene in the 
presettce of sulfuric acid supports this suggestion. 

The results of the reaction are scarcely affected by 
the nature of the alkoxycarbonyl group R of the glycine 
ester. The reactions with the hydrochlorides of methyl, 
ethyl, and benzyl es te~ of glycine gave comparable 
yields of adducts 5 - -7  under  the condit ions studied. 

The regularities found were used for the synthesis of 
the analogous products of condensat ion with esters of a 
series of cL-arnipo acids, including enant iomerical ly pure 
acids, attd aromatic and heterocyclic carboxamides. 

The react ions were carried out with anhydrous  
paraformaldehyde in dimethylformamide in the pres- 
ence of TsOH. Reactions attbrded hydrochlorides of 
esters of N-(amidomethyl)glycine,  N-(amidomethyl)a la-  
nine, N-(amidomethyl)phenylalanine,  N-(amidomethyl)-  
L-valine, and N-(amidomethyl)-L- isoleucine (9--13,  15, 

and 16) in 21--65 % yields (see Scheme 2, Table 2). 
Compound  14 was converted without isolation to the 
corresponding acetyl derivative (see Scheme 5 below). 
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9 - -12 :  Ar = p-NO2C6H4, R 1 = Me (9), CH2Ph (10), 
L-CH(Me)2 (11), L-CH(Me)Et (12) 

13: Ar = p-BrC6H 4, R 1 = Me 
14: Ar = o-OHC6H 4, R 1 = H 
1 5 :  Ar = 3,5-dichloroisothiazolyl-4, R 1 = H 
16: Ar -- 3-pyridyl 

Table 2. Composition of the reaction mixture and the yields of 
the prc, ducts (9--16) of the reaction of ~-amino acid ester 
hydrochlorides with aryl(hetary'l)amides and paraformaldehyde 
in dimethyl|i.~rmamide at 20 °C in the presence of TsOH 

Corn- Composition of the reaction mixture (%) Yield 

pound u-Amino acid Compound 9--16 (%) 
ester hydrochloride (9--16) 

9 0 100 65 
I0 7 93 45 
II 12 88 21 
12 3 97 52 
13 2 98 33 
14 41 59 41 
15 7 93 46 
16 5 95 26 
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Reactions of or-amino acid esters containing a free 
amino group with formaldehyde and aromatic (hetero- 
aromatic) carboxamides proceed in different ways, ap- 
parently due to the fact that conversions involving a 
second H atom of the amino group may occur. In 
specific cases, we succeeded in shifting the equilibrium 
toward the formation of compounds containing two 
amidomethyl substituents at the N atom of amino acid 
as the major products. Thus, the reaction of a molar 
equivalent of glycine methyl ester with two equivalents 
of formaldehyde and p-bromobenzamide afforded co's- 
talline N,N-bis(p-bromobenzamidomethyl)glycine me- 
thyl ester (17). The analogous product (18) was unex- 
pectedly obtained along with N-(p-nitrobenzamido- 
methyl)-L-isoleucine methyl ester (31) when hydro- 
chloride 12 was treated with tosyl chloride in pyridine. 
Apparently, the formation of 18 is indicative of the 
dissociation of 12 with the cleavage of the C--N bond 
under the reaction conditions, 

Scheme 3 
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17: R = H; Ar = p-BrC6H4; 
18: R = CH(Me)Et; Ar = p-NO2C6H 4 

Other types of compounds containing an NH group 
call also undergo these transformations, as was demon- 
strated by the synthesis of N,N-bis(benzotriazolyl- 
methyl)glycine methyl ester (19) from glycine methyl 
ester, benzotriazole, and formaldehyde. 

. OMe 
N + CH20 + H2N ,, 

"-.7. . /  -NH O 

19 

Whereas the synthesis of N-(amidomethyl)-f~-amino 
acid esters called for a search for special reaction c o n d i -  

tions (dimethylformamide, paraformaldehyde, or TsOH), 
the conditions that we used previously for the prepara- 
tion of N-(imidomethyl)glycine esters z appeared to be 
suitable for the synthesis of N-(imidomethyl)-ot-amino 
acid esters. Thus, imides of succinic and o-phthalic 
acids enter into three-conlponel~t reactions with ala- 
nine, phenylalanine, L-valine, and L-isoleucine esters 
and formaldehyde in priOH (see Scheme 4) to yield 
N-(imidomethyl)-(i-ammo acid esters 21--26 (Table 3) 
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21 : Et CH2Ph (CH2) 2 
22: Me Me C6H4-o 
23: Et Me 06H4-o 
24: Et CH2Ph C6H4-o 
25: Me CHMe 2 06H4-o 
2 6 :  Me CH(Me)Et 66H4-o 

Compounds 21 and 24 were isolated from the reac- 
tion mixture as individual compounds. The oily conden- 
sation products 22, 25, and 26 were transformed into 
cwstalline hydrochlorides by careful treatment with HCI 
ill CHCI3; compound 23 was transR)rmed into tile corre- 
sponding N-acyl derivative 

The synthesis of 21--26 involves, apparently, tile 
stage of formation of N-hydroxymethylinlides. Actually, 
tile reaction of N-hydroxymethylphthalimide 20 with 
phellylalanine ethyl ester afforded ester 24 in a yield of 
43 %. 

The structures of N-(lmidomethyl)- and N-(imidoo 
methyl)-ct-amino acid esters and their hydrochlorides 
were established by I R and N M R spectroscopy (Tables 
3 and 4). Most of these adducts are unstable in solu- 
tions, which made it impossible to isolate them in an 
analytically pure form 

With the aim of identifying hydrochlorides 9--12 and 
27 {the last mentioned compound has been synthesized 
previouslyt), these compounds were transformed into the 
more stable free bases (28--32) (Tables 5 and 6). 
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TIhle  3. Yields, melting points, and the IR and iH NMR data of N-(imidomethyl)<l-amino acid esters (21--26) 

Corn- Yield M p  IR, iH NMR, 8 (J /Hz) 
pound (%) /°C v/c m-  i 

/'~ C=O NH R i R 2 R NCH2N N C H C  

21 55 8 1 i 8 4  1700, 3344 282 (dd, I H, CH 2, Z57 120 (t, 443 (dd, 
1716, JI = 128, J2 = 801, (s, 4 H, 3 H, Me), Ji = 205, 
1728, 297 (dd, I H, CH?, 2 CH 21 408 (q, 2 H, J2 = 13~51 
1768 JI = 12.8, J? = 50),  OClt2) 

715 (d, 2 i t ,  Ph, 
J = 701, 

771 - -782  (m, 3 H, Ph) 

2 2 - I t C I  54 133--137 1730, 2400--- 153 (d, 3 It. M e  7 8 5 - - 8 0 5  3.72 (s, 487 (dd, 
1750, 2800, J = 65) (m, 4 11, Ar) 3 1t, Me) JI = 170, 
1790 2980 J2 = 130) 

24 50 83--86 1710, 3345-- 286 (dd, I II, CH?, 7 8 0 - - 7 8 8  103 (t, 465 (dd, 
1730, 3350 Jl = 1 3 0  J2 = 72) ,  (m, 2 tt, Ar), 3 11, Me), JI = 197, 
1775 297 (dd, I 1t, CH> 7 6 7 - 7  75 385 (q, 2 H, J2 = 130) 

JI = 130, J2 = 59), (m. 2 H, At) OCH?) 
7 0 9 - - 7 2 5  (m, 5 H, Ph) 

1720, 2620-- 090 (d, 3 H, Me, 7 8 3 - 8 0 5  3~65 (s, 4.77 (dd, 
1755, 2900, J = 67).  (m, 4 H, Ar) 3 t4, Me) JI = 18,0. 
1785 2980-- 100 (d, 3 H, Me, J2 - 13.01 

3060 J = 6.7), 
2 2 5 - - 2 4 0  (in, I H, CH) 

1730, 2400-- 0.76--100 (m, 6 H, Me) ,7 ,80- -800  365 (s, 4 7 9 ( d d ,  
1750, 3000 1.25(m, 1 H~ CH2), (m, 4 H, Ar) 3 H, Me) Ji = 19.0, 
1790 1.47 (m, 1 H, CH2), J2 = 12.0) 

200- -218  (m, I H, CH) 

25-HCI 41 126--130 

2 6 H C I  58 125--129 

362 
(t, 7.3) 

423 
(q, 65)  

3 68 
(t, 7.3) 

3 96 
(d, 2~5) 

4.01 
(d, 20)  

5--7, 9, 10, 14--16 

Scheme 5 
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The  s t ructures  of  c o m p o u n d s  5 - 7 ,  9, 10, 14 - -16 ,  
23, and 2.4 were addi t ional ly  con f i rmed  by conve r s ions  
o f  these c o m p o u n d s  to the co r r e spond ing  N-ace ty l  and 
N-tosyl  der ivat ives  ( 3 3 - - 4 3 )  by reac t ions  with ace t ic  
anhydr ide  in the presence  o f  A c O N a  or  with tosyl 
ch lor ide  in pyr idine ( S c h e m e  5, "Fables 7 and 8),* U n -  

* When N-0J-salicylamidomethyl)glycine methyl ester hydro- 
chloride (14) reacts with acetic anhydride, acylation of the 
hydroxyl group at the aromatic nucleus occurs along with 
acylation of  the amino group. 
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Table 4. Melting points and the data of  the IR and )H NMR spectra of N-(amidomethyl)-c~-amino acid ester hydrochlorides 
(5--7 and 9--16) 

Corn- M.p. IR, v/cm -I IH NMR, 8 ( J /Hz)  
pound /°C 

C=O NH NO 2 Ar R I NCH2N NCHC R NH 
(o-FC6tt4)" (NCH2C) ° (Me) '* 

5 135--139 1615, 2620-- --  725--7.39 -- 463 (d, 400 372 (s, 9.28 (t, 
665, 2800, (m, 2 H), J = 76) (s, 2 H) 3 It, Me) J = 76) 
750 2880-- 760 (q, I tt, 

2960, J = 6.5), 
3300 7.75 (t, I II, 

J = 75) 

6 I17--121 620, 2620, -- 729- -7 ,45 
1670, 3020, (m, 2 H), 
1750 3240 741 (q, I H, 

J = 62 ) ,  
7,78 (t, I H, 
J = 75) 

7 131-.134 1620 ,  2620 . . . .  7.31--752 -- 468 (d, 410 526 (s, 932 (t, 
1680, 3010, (m, 7 H), Y = 90) (s, 2 II) 2 H, OCl12), d = 90) 
1750 3240 Z59 (q, I H, 7 31--752 

Y = 6.2), (m, 7 H, At) 
7.80 (t, I H, 
J = 62) 

9 153--157 1680, 2670-- 1520 821 (d, 2 H, 1.55 (d, 467 (d, 429 (q, 371 (s, IOI0 (t, 
1750 3000, 1 5 4 0  J =  85),  3 H, Me, J =  9.0) J =  7.0) 3 H, Me) J =  90) 

3280-- 8,38 (d, 2 H, J ~ 70) 
3285 J = 8.5) 

10 160--165 1670-- 2600-- 1550 K20 (d, 2 H, 3.12 (dd, 2 H, CH2, 461- -  4A3 (dd, 3.56 (s, IO10 (t, 
1695, 3060, J =  80),  Jl = 135, -/2 = 83),  4.75 m J) = 55, 3H, Me) J =  9.0) 

1750 3280 835 (d, 2 H, ZI9--7.40 J2 = 37) 
J = 8.0) (m, 5 H, Ph) 

Ii  95--98 1680, 2680-- 1535 8.20 (d, 2 H, 093 (d, 3 H, Me, 455- -  410 (d, 3.75 (s, 10.00 (t, 
1750 2980, J = 80),  J := 70), 470 m J = 30) 3 H, Me) J = 9.0) 

3260 830 (d, 2 H, 105 (d, 3 H, Me, 
J =  80) J =  70), 

Z45 (m, I H, CH) 

12 149-154 1680, 2690-- 1535 8.10 (d, 2 H, 081---101 4.51-- 418 (d, 3.68 (s, 995 (t, 
1750 2970 d = 80),  (m, 6 It, Me), 467 m d = 3.0) 3 It, Me) d = 90)  

3255 828 (d, 2 H, 1 .17-139  
J =  80) (m, i t l ,  CH2), 

1 3 9 - 1 6 9  
(m, I H CH2), 

208--227 
(m, I H, CH) 

13 142~-147 1670, 2980. -- 7.72 (d, 2 H, 152 (d, 3 H, Me, 451- -  412 (q, 372 Is, 982 (t, 
17~0 3280 J = 85),  J 70) 4~72 m J = 70) 3 tt, Me) J = 90) 

790 (d, 2 H, 
d = 85) 

15 144--149 1680, 2600-- --  
1750 2950, 

3280 

16 97--101 1680, 2720-- --  
1740 2980, 

3260 

8.10 
(s, I H), 

8 6 5 - - 9 1 0  
(m, 2 H), 

9 2 0 - -  965  
(m, I H)  

--o 461 (d, 3.98 I 25 (t, 9 26 (t, 
J = 82) (s, 2 H) 3 tt, Me), J = 82) 

420 (q, 
2 11, OCH 2) 

-- 463 (d, 395 375 (s, 9.95 (t, 
J = 8.0) (s, 2 H) 3 H, Me) Y ::: 90) 

-- 462 s 4.10 3.70 (s, 1055 m 
(s, 2 H) 3 I1, Me) 

* For compounds 5- -7 .  ** For  compounds 9- -16.  
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Table 5. Yields, melting points, and the results of elemental 
analysis of N-(p-nitrobenzamidomethyl)-<~-amino acid methyl 
esters (28--32) 

Corn- Molecular ~ ~,%) Yield Mp.  
pound fommla Calculated " (%) /°C 

C H N 

28 CI2HIsN305 58,/.3_ ~ 1_~_.,~5 41 108--1095 
57.82 607 16.86 

29 CIsHIoN305 ~ ~ 1.1.4_8 16 845--86 
60.50 536 II .76 

30 CI4H 19N30 s 524-54_ 6,00 1~.2_7 12 99--102 
5436 619 1358 

31 CI51-121N305 5§=23 6~76  122.1_ 19 76--81 
55.72 655 13,00 

32 CIIt 'tl3N305 49.5~ 482 ~ 56 111--113 
4944 490 15.72 

like the reac t ion  o f  es ter  12 with TsC1, these react ions  
were  not  a c c o m p a n i e d  by the  d e s t r u c t i o n  o f  the  
N - - C H 2 - - N  f ragment ,  C o m p o u n d s  2 8 - - 4 3  were  char -  
ac ter ized  by the IR and N M R  spectra and e l e m e n t a l  
analysis.  

T h e  tH N M R spectra  o f  c o m p o u n d s  9 - - 1 3 ,  2 1 - - 2 6 ,  
2 8 - - 3 1 ,  36,  and 37,  which  con ta in  subs t i tuents  at the  t~ 
posi t ion with  respect  to the  e thoxyca rbony l  group ,  are, 
genera l ly ,  c o m p l i c a t e d ,  which  is caused  by the  d tas te reo- -  
top i sm o f  the  p ro tons  o f  the  m e t h y l e n e  g roup  o f  the  
N - - C H ? - - N  f r agmen t  and by the  h indered  rota t ion 

about  the C - - N  bonds o f  the amide  groups.  6 T h e  signals 
o f  the a - m e t h i n e  protons  o f  c o m p o u n d s  18 and 31 
obta ined  f rom e n a n t i o m e r i c a l l y  pure L - i so l euc ine  are 
double ts  with coupl ing  cons tan t s  o f  10.0 and 6.0 Hz ,  
respect ively.  W h e n  the sp in-sp in  in te rac t ion  with  the  
me th ine  pro tons  of  the isobutyl group is suppressed,  the 
a b o v e - m e n t i o n e d  signals degene ra t e  into singlets,  which  
is indicat ive o f  the d i a s t e reomer i c  and,  hence ,  e n a n t i o -  
mer ic  puri ty o f  c o m p o u n d s  18 and 31, and provides  
ev idence  that  the chiral  c e n t e ~  are re ta ined in the 
course  of  the reactions.  

Experimental 

The IR spectra of solid compounds were recorded on a 
Specord-75-1R instrument using KBr pellets~ Tile IH and 
13C NMR spectra were obtained on a Broker AM-300 spec- 
trometer in DMSO-d~, acetone-d 6, and CDCI 3 at frequencies 
of 30013 (IH) and 75 5 ([3C) M H z  Chemical shifts of the IH 
and 13C signals were measured relative to DMSO-d~ (8, L50 
and 39~5), acetone-d 6 (8, 207 ,and 30 00), and CDCI 3 (& 727 
and 7 6 9 )  TLC was carried out on Silpearl UV-250 Silica ge l  

N-(Amidomethyl)-~-amino acid ester hydrochlorides (5--7 
and 9--16). A mixture of amide (12  mmolL c~-amino acid 
ester hydrochloride (I.2 retool), paraformaldehyde (I 4 mmolL 
p-toluenesulfonic acid monohydrate (O01 g), and dimethylfor- 
mamide (5 mL) was carefully heated until a homogeneous 
solution formed (10--15 r a i n ) T h e n  the reaction mixture was 
cooled and kept at ~20 °C for 12 h The precipitates of  
products 5--7, 9--10, 12--13, and 15 were filtered off, thor- 
oughly washed with ether (2--5 mL), and dried under an air 

Table 6. IH NM~. data of N-(p-nitrobenzamidomethyl)-{x-amino acid methyl esters (28--32) 

Corn- IH NMR, 8 (J /Hz)  
pound 

C6H 4 R I NCH2N N C H C  OMe NH 
(NCH2C) 

28 8 1 0 ( d ,  2 H, J = 85), 123 (d, 3 H, Me. 433 (dd, I H, 355 (q, 357 s 847 
830 (d, 2 It, J = 855 J = 60) JI = 125, J2 = 5.55, J 6.05 brs 

442 (dd, I H, 
JI = 12.5, J? = 5.5) 

29 423 (d, J = 5.0) 345 s 7.96 {d, 2 It, J = 80), 
820 (d, 2 H, J := 8.05 

2082 (dd, I H, C[I 2, 
J~ :- 105, J2 =: 70), 

2.90 (dd  I H, CH 2, 
Ji = 105, J2 = 50), 

702- -722  (m, 5 H, Ph) 

3.67 it, 8075 (t, 
J = 55) J = 50) 

30 797 (d, 2 H, J = 855, 0~85 (d, 6 It, Me, 416(dd ,  I H~ 310 (d, 347 s 
8 18 (d, 2 | l ,  J = 85) J = 50) d~ = 12.5, J? = 5.5), J = 6.0) 

172--190 (m, I H, CI t )  4.22 (dd, 1 H, 
JI = 12.5, J2 = 55) 

31 810 (d, 2 | t ,  J = 8.5), 079 - -092  (m, 6 H, Me) 428 (dd, I H, 342 (d, 3 5 0 s  
8 3 0 ( d ,  2 H, J = 85) 1~07--123 (m, I H, CH 2) JI = 130, J2 = 60), J = 60)  

142--1.57 (m, I H, CH?) 4.44(dd, I H, 
1 5 7 - - 1 7 2 ( m ,  1 H, CH) J) = 130, J2 = 60) 

32 762 (d, 2 H, J = 90),  --  3.87 ( d , J  = 60)  300 3.12s 
7.79 (d, 2 H, J = 90)  (s, 2 H) 

8A9 (t, 
J = 55) 

835 (t, 
J = 60)  

835 (t, 
J = 6.0) 
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Table 7. Yields, melting points, and the results of elemental 
analysis of N-substituted esters of N+(amidomethyl)- and 
N-(imidornethyl)-c,-amino acids (33 - -43 )  

Corn- Molecular ~ . . . . .  (%) Yield M p  
pound formula Calculated (%) /~C 

C It N 

33 CI3HIsN?O4F 55_Q7 5~54 60 86-,88 
5532 536 992 

34 CI41117N2()4F 5(;,98 ~ . 1  9.[7 46 Oil 
5675 5 78 945 

35 CI,JtI~N?OaF 04o!)3 7.67 66 Oil 
6368 5 34 728 

36 CI41t IyN ~()~ 5 5~3P [2~:74 84 90 95 
520I 530 1300 

37 C20H iN~()~, (~0_,§0 5 3 /  10.67 88 143-148 
6014 530 1052 

38 ( '~d l l~N, ( )  ~, 5641 582 ~2rt" 53 0il 
5590 563 8 69 

39 CI2HI N~() 4 § 4_ (L3 5~5§ _[~04 14 Oil 
5433 570 1584 

~ 0 2  ~_00 (z~89 70 118~--119 40 CIslt  p~N2OsSF 5 ' _~ 
5481 486 710 

41 CIsH~sNrOsS2CI ? 4007 3:~1 8_,~ 55 160--.162 
39 83 334 9.29 

42 CI61118N20 s ~0A_0 ~ 5 0  ~ 19 87--89 
6037 5,70 880 

43 C22H22N205 67_=~7 6.8~ 78 124--I 27 
6699 562 7~10 

s t ream Compounds II and 16 crystallized when the reaction 
mass was treated with an ether--acetone mixture Addtlct 14 
was isolated as an uil  The yields and physicochemical and 
spectral characteristics of the compounds obtained are given in 
Tables I, 2, and 4 

N,N-Bis(o-f luorobenzamido)methane (8). a. One drop of 
concentrated H2SO 4 was added with intense stirring to a 
mixture of o-fluorobenzamide (02 g, I 4 retool), 29% aque- 
otis formalin (016 mL.), and tohlene (5 mL), and then the 
mixture was rapidly heated to boiling. The solvent was e v a p o  
rated to half the initial volume, and the mixtthc was kept at 
-20 °C for 12 h The plecipitate that formed was filtered off, 
washed with acetone, and dried under an air stream. Com- 
pound 8 was obtained in a yield of 0 10 g (48 %). m p  191-  
193 ':C Ill NMR (I)MSO-d~) 8 : 4 9 0  (s, 2 It~ CH2); 729 .......... 
735 (m, 4 tt, C~,1t4): 748-.~762 (m, 2 t1  C~,1t4): 769 -780 
(m, 2 H, C~1t4), IR (~/cm I): 1670; 1750 (CO); 3320 ( N i t )  
Found (%): C, 6 6 7 4  II, 419; N, 1015  CIsHI2N202F? 
Calculated (%)  C. 6642; | 1  446; N, 1033  

b. A mixture of o-fluorobenzamide (02 g, 14 retool), 
palah)rnmldehyde (005 g I 66 retool) ,  glycine ester h y d r o  
chloride (I 4 mlnol),p-t,fluenesullkmic acid nronohydrate(O0l 
g)~ and anhydrous DMSO (05 mL) was heated 'at 60~-80 %; 
until a homogeneous solution formed (10--20 rain) Thcn the 
mixture was kept at -20 '~C for 24 h, treated with water (2--- 
4 mL ) , an d  extracted with ether (5×5 mE) The ether extracts 
wv,c combined, washed with water, and dried over MgSO4 
The solvent was distilled off. A mixture of N-hydroxymethyl- 
o-fluorobenzamide and o-fluorobenzamide 4 was obtained from 
the residue by TLC on Silica gel (ethyl acetate was used as the 
eluent) in a yield of O07 g, m p .  92--96 °C. Acetic anhydride 
(028 mL) and one drop of concentrated H2SO 4 were added to 
the mixture obtained, and the mixture was kept at ~20 °C for 
48 h. Then water (2--5 mL) was added to the mixture, and 
the precipitate that formed was filtered off and dried under an 
air stream. Compom3d 8 was obtained in a yield of 002  g; the 

Table 8. I H N M R data of  N-substituted ester~ of  N-(amidomethyl)-  and N-( imidomethyl ) -u-amino acids ( 3 3 - 4 3 )  

Corn- Ill NMR, 8 (J/Hz)  
pound 

Ar R I R X NCH2N N C H C  N H 
(phthalmudo)* (OEt)* (Ac)* (N( t l2()* 

33 7 12 (dr, I 11, -- 371 is, 3 tt Me) 2 15 (s, I g H )  ,190 (d, 1 2 1 t  4 27 (s, 765 (brs,  
120 J~ = 751 227 (s, I 2 11) J - :  67), 08 t1), 06 tt), 

725(q~ I It J =  73) 510(d ,  08 H, 4 3 5 ( s ,  7 7 9 ( b r s ,  
741 ~-7 54 (m, I I |), J 6 7) I 2 t1) 04 It) 
795-~-808 ( m  I tt) 

34 7 12 (dr  I tt, ....... 125 (t, 18 I1, Me), 423 (s, 
J~ =: 12.0. J2 - 7 5), 1.27 ( t  I 2 | t ,  MeL 08 It). 

724 (q, I It, J = 7 5), 418 (q, 2 t t  OCH 2) 4 32 ( s  
7 4 1 - 7 ~ 3  (m, I I l L  I 2 1t) 
797 (d, 0 6  H, J = 7 5), 
805 (d, 04 t1. J = 7 5) 

35 7 1 2  (q, I H. J = 9 0 ) ,  ~- 431 (s. 
725  (q. I t t ,  J = 85),  06  I l L  
748 (q, 1 t1  J = 75), 443 (s, 
7.93--810 (m. 1 H) 12 t t )  

203 (s, 18 H). 4 9~ (d, / 2  tt, 7 65 (bTs, 
227 (s, 12 H) J := 67), 06  IlL 

5 10 (d. 08 | l  7 82 (brs.  
J ~-: 67) 04  H) 

5.18 (s, I 2 H, CIt2), 202 (s, 1.8 H). 5 0 0 (d ,  12 |t~ 
520 ( s .  08 Ft, CIt2), 230 ( s ,  12 H) . / -  60), 
735 (brs. 5 t t  Ph) 5 12 (d, 08 H, 

J = 60) 

768 (brs.  
06 H), 

778 (brs, 
04  It) 

(to be continued) 
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Table  8 (continued) 

Corn-  IH N M R ,  8 ( J /Hz)  
pound  

e a r  R I R X NCH2N N C H C  NH 
(phthal imido)* (OEt)* (Ac) ° (NCH2C)*  

36 7.93 (d, 0 8  H, J = 8 0 ) ,  150  (d, 18 It,  3 7 0  (s, 18 H+ M e )  2 1 2  (s, 18 H), 507  (dd, 1>2 It ,  4 5 4  (% 751 (t, 
8 0 0  (d, 102 It ,  d = 8,0), Me, J = 7 0 )  3.80 (s, 1.2 H Me) 2~22 (s, 1~2 t l )  Jl = 135,  0.4 H, 0 4  H, 
8.27 (d, 12 H, J = 8 0 ) ,  170  (d, 1.2 t t ,  J2 = 60 ) ,  J = 7 0 )  J = 6 0 L  
8.32 (d. 0 8  It .  d = 8 0 )  M e  J = 7 0 )  547  (dd. 0 8  H 4 9 5  (% 8 21 (I. 

37 7 9 7  (d, 2 H, J = 75) ,  3 .17--3.32 3.75 (% 1 2 H. Me), 
8 . 3 0 (d .  2 H. J =  7.5) (m. 0.8 I t ,C I t  9 ,  383  (s. 18 It.  Me) 

3.39--3.59 
(m, 1,2 t t .CI t? ) .  
7~ I I - -7  39 
(m. 5 H.Ph)  

38 2.13 (s. I 5 t t ,  Me).  3 6 0  (s. 3 t t .  Me) 
2 1 5  (s, 15 H, Me),  
6 9 5  (dd, I t t ,  Ar, 
di = 7 ,0 ,  ,7 2 = 1 5 ) ,  

7.15 (t, I H, Ar, 
Ji = 7.5, d 2 = I 5), 

7.52 (dd, I H, Ar, 
dl = 7 ,5 ,  J2 = 1 .5) ,  

7 6 7  (dd, I H, Ar, 
Ji  = 7 . 5 ,  ,/2 = 15)  

3 9  7 . 3 5 - - 7 4 8  (m. I H).  - -  3 7 2  (s. 3 H. Me) 
805- -8 .21  (m. 1 H). 
8<70--880  (m, I H),  
9 .00--9.15 (m, I H) 

40 7 2 2  (I, I H, J, = 8.0), --  3 6 4  (s, 3 t l ,  Me) 
7 2 8  (q, I H, d = 8.0), 
7.58 ( q d .  I H, 
J) = 7 9 .  J? = 1.5). 

7.76 (dd. I I t .  
Ji = 7 5 ,  J2 = 15)  

Jl = 135.  0.6 H. 0 6  H ,  
J~ = 50 )  J = 7 0 )  J = 6 0 )  

189  (s. 1~2 H). 4 9 2 - 5 1 5  4 6 5  4 7 6  7 5 2  (t. 
215  (s. 18 14) ( i l l  2 [I) (m. I [,tl. 0 4  I I  

J = 6 0 ) ,  
7 6 5  (t, 
0 6  H, 
J = 6 0 )  

4 10 (s, :{34 (t, 
1 I l L  J ..... 6 5 )  

421  ( s  
I H )  

41  - -  - -  3 C7 (% 3 }1, M e )  

42 7 7 7 - - 7 8 0  (m. 2 H). 147 (d. 3 H. 
7 8 4  -791 (m. 2 H) Me. J = 6 9 )  

43 7 7 4  (brs ,  4 I I )  

0 9 5  (t, 3 14, Me), 
391 (% 2 )I, OCt1?) 

327  (d, 1 It,  105 (t, 3 H, Me), 
C H >  J = 1 2 0 )  4 0 8  (% 2 H, OCH 2) 

3 4 2  (dd, I H, 
C H ? , J ~  = 120,  

J 2 = 105)  
6 ,79--7,13 

(m, 5 H, Ph) 

1 8 9 ( s ,  15 I lL 47~  (d, I H 
221 (s, 15 H) J = ~,5), 

4S2 (d, I I t ,  
7 = 6 5 )  

2.05 (s, 18 H), 4.95 (d, 12  H, 
2.27 (s, 12 H) 

2 4 0  (s. 3 
H. Me).  

7.36 (d. 
2 H. Ar. 
J = 75 ) .  

7 8  (d. 
2 H. Ar. 
J = 7 5 )  

243 (s, 
3 H, M e )  

7 4 1 ( d  
2 I t ,  At ,  
J = 8 3), 

781  (d. 
2 H, Ar, 

J = 8 3 )  

2 5 0  (s. 3 t4) 

4.28 (s, 7 9 5  (t, 
J =  72 ) ,  0 8  H), 0 6  H), 

5 11 (d, 0 8  H, 4 4 0 ( s ,  8 0 4 - - 8 2 1  
d = 72 )  1.2 H) (m. 04 H) 

505  (d. 2 H. 4 3 0  (s. 7 9 9  (t. 
J = 6,(i)) 2 H) J = 6,0) 

508 (d, 2 H, 427 (~,, 848 (L 
d =~ 60)  2 t t )  J =  60 )  

528  ( .  2 It)  

250 (s, 3 H) 4 7 3  (d. 
I H .  
d = 140).  

4 9 6  (d. 
I I t ,  
J = 140)  

421  (q, 
l H ,  
Y -  6 9 )  

4 10--4 25 
( m ,  I H )  

* For compounds  42 and 43 
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compound obtained was identical to the product prepared by 
the method described above. 

N,N-Bis(p-hromobenzamidomethyl)glycine methyl ester 
(17). NaOH (002  g, 005  mmol) and 29% aqueous formalin 
(009  mL, 0,96 retool) were added succe~ively with stirring to 
a boiling solution ofglycine methyl ester hydrochloride (0,06 g, 
0 4 8  retool) and p-bromobenzamide  (019  g, 0,96 retool) in 
Pr'OH (5 mL). The reaction mixture was cooled and kept at 
-20 °C for 24 h The NaCI precipitate was filtered off, and the 
solvent was removed from the filtrate in vacuo The residue 
crystallized when treated with ether. Compot, nd 17 was obo 
t a i n e d i n a y i e l d o f 0 1 6  g(67 %), m.p  118--122 ° C  IH NMR 
(acetone-d 6) 8, J /Hz:  364  (s, 3 H, OMe);  3,72 (s, 2 H, 
N C H 2 C ) ; 4 5 9 ( d , 4  H, N C I I ? N , J  = 6 0 ) ; 7 . 6 4 ( d , 4  H~ C~,H4, 
J = 85) ;  7.85 ( d  4 H, CoH 4 J = 8.5); 871 (brs ,  2 H, N i t )  
IR (v/cm l )  1645; 1670 :1745  (CO); 3280; 3300 (Ni l )  
Found  ( % )  C, 4 3 8 0 ;  H, 3 9 0 ;  Br, 31 70; N, 8 .00  
CIgH~Br?N30  a Calculated (%) :C ,  4440;  H, 3.70; Br, 3120; 
N, 820,  

N,N-Bis(p-nitrobenzamidomethyl)-L-isoleucine (18) me- 
thyl ester and N-(p-nitrobenzamidomethyl)-L-isoleucine me- 
thyl ester (31).  A mixture of hydrochlor ide  12 (0 2 g,~ 
055  mmol ) , t o sy lch lo r ide  (021 g, I 10 mmolL and dry 'pyn-  
dine (I mL) was stirred a t - 1 0  '~C fo~ t h The rcaction mass 
was kept at 20 *C for 48 h, diluted with col(] water (4-- 
5 mL), and carefully acidified with 1tCI (diluted) to pit  - 2 
The aqueous solution was extracted with ch lo ro tb rm The 
organic phase was washed with water and dried over MgSO 4 
Compound  18 was isolated by TLC on Silica gel (a I : I 
benzene- -e the r  mixture was used as the eluent) in a yield of 
0~02 g ( 2 1 % ) ,  m p  127--135 °C, Rf = 0 3 4 .  lt-I N M R -  
(CDCI 3) 8, J /Hz:  0,82--1,00 (m, 6 H, Me); 1 .12--132 (rn, 
I H, CI:t~); 1.62--1.86 (m, 1 H, CH2); 1 .92 - -210  (m, 
1 11, CH);  337  (d, I H, N C I t C ,  J = IO0) ;  3.61 is, 
3 H, OMe);  4 5 0  (dd ,  2 H, NCH2N,  J1=135;  J2 = 6 0 )  
4.69 (dd ,  2 H, NCH2N, J~ = 13.5; J2 = 7~5); 790  it, 2 It~ 
J = 7.00); 803  (d, 4 H, C6H 4, J = 8.5); 842  (d, 4 H, C6H,~, 
J = 85) .  IgC NMR  (DMSO-d~,) 8 : 1 0 . 2  (Me); 156 (Me); 
250  (CH?); 338  (Ct t ) ;  51.6, (NGHC);  55~2 (NCH2N);  687  
COMet; 1237; I 282  (Ar, CH); 1393 (~CO);  1498 (CNO2); 
165.8 (CONH);  176.5 (COL Found (%): C, 56.11; H, 567;  
N, 13.62 C?3H27NsO s Calculated (%): C, 5509;  H, 5.43; 
N, 1396. Compound  31 was isolated by TLC on Silica gel (a 
I I benzene.~-ether mixture was used as the eluent) in a yield 
of 003  g (19 %), m p  76--81 °C, Rf = 0 2 5  13C NMR 
(DMSO-d  6) g I 1 0  (Mc): 160 (Me); 260  (C71-12)~ 396  ( C H )  
51 8 (N(£|1C); 559  (NCH?N);  647  (O); 124.5; 1295 (At, 
CH):  1414 ((~'CO); 1506 (CNO?);  1662 (CONII) ;  1764 
( C O )  Found ( % )  C, 5623;  H, 676 ;  N, 1 2 7 1  CIsH?IN30~  
Calculated (%): C, 55.72: H, 6.55; N~ i 3 0 0  

N,N-Bis(benzotriazolylmethyl)glycine methyl ester (19). 
Sodium aceta te t r ihydra te  (0 13 g, 0 9 5  mmol) and 29% aque- 
ous to rma l in  (018  ml~, 19 retool) were added successively to 
a boiling solution of glycine methyl ester hydrochloride ( 0  12 g, 
0.95 retool) and 1,2,3-benzotriazole (022  g, I 9 retool) in 
Pr'OH (5 m L ) . T h e  re tc t ion mixture was boiled for 2 m i n a n d  
then was poured into ice water (7 niL). The mixture was 
extracted with chloroform (3×7 mL). The extract was washed 
with water and dried over MgSO 4, The solvent was removed 
in vacuo The residue crrystallized upon treatment  with cold 
ether. Compound  19 was obtained in a yield of 007  g 
( 1 1 % ) ,  rap ,  116--119 ~'C IH N M R  (acetone-d 6) 8 : 3 4 9  ( s  
3 H, OMe);  3,95 is, 2 H, NCH2C);  595  (s, 4 | t ,  NCH2N);  
7 3 9 - - 7 5 8  (m, 4 H, C6H4); 7 .83- -807  (m, 4 H, C611,1) 
IR (v / cm- I ) :  1735 (CO); 3200 (NH).  

N-(Imidomethyt)<~-amino acid esters (21--26). Sodium 
acetate trihydrate (1 39 mmol) (in the case of hydrochlorlde) 
and 29% aqueous Iormalin (0,19 mL, 179 mmol) were added 
with stirring to a boiling solution of ct-amino acid ester or its 
hydrochloride (139 mmol) and imide (I.39 retool) in Pr iOH 
The reaction mass was kept at -20 °C for 12 h Then NaCI 
was filtered off, and the solvent was removed in vacuo Com- 
pounds 21 and 24 crystallized when treated with ether~ Com- 
pounds 22, 25, and 26 are oily compounds;  they did not 
crystallize upon storage With the aim of identifying these 
compounds,  they were transformed to hydrochlorides by treat- 
ment with concentrated t lC1(0.14 mL) in CHCI 3 The yields, 
melting points, and data of the IR and I | t  NMR spectra of 
compounds 21--26 are given in Table 3~ 

N-(Phthalimidomethyl)phenylalanine ethyl ester (24). A so- 
lution of phenylalanine ethyl ester (0 21 g, I 13 retool) m T H F  
(05  mr.) was added to a boiling solution of N-hydroxy- 
me thy lph tha l imide20(02  g 1.13 mmol) in Pr'OH (5 mL) The 
reaction mixture was kept at -20 °C for 12 h The solvent was 
removed m vacuo The residue crystallized when treated with 
e ther  Con/potnld 24 w~s obtained in r yield of 17 g (43 % )  

N-lp-Nitrohenzamidomethyl)-~-amino acid methyl esters 
(28--30 and 32). A 45% aqueous Na() l t  ,,olution (026  mL, 
044  mmol) was added dropwise to a suspension of 9--11 or 
27 ( 04  mmol) in water (5 ink), and the mixture was stirred 
until the base was completely neutralized (12--24 h )  The 
Decip,, ,{c *,'as filtered off, washed with water and ether,  and 
dried under an air s t ream The yields and the spectral charac- 
teristics of compounds 28--30 and 32 are given in Table 5. 
I?C NMR of compound 30 (DMSO-d  6) 8 : 1 7 . 9  (Me);  187 
(Me); 31.2 (CH);  50.9 (N~HC) ;  54.5 iNCH?N) ;  64.1 (OMe);  
12Z9; 128.3; 139.5 (Ar, CH); 164.9 (CONH);  175.0 ( C O )  

N-SulfonyI-N-(amidomethyl)glycine esters (40 and 41). A 
mixture of  hydrochlor ide  5 or 15 ( 0 1 9 3  retool) ,  TsCI 
(0.38 mmol),  and dry pyridine (0.4 mL) was stirred at - 1 0  °C 
[or t h and kept at -20 '~C for 48 h Then the mixture was 
diluted with cold water ( I - -2  mL), carefully acidified with 
HCI (diluted) to pH - 2 The precipitate was filtered off, 
washed with water, and dried under an air stream. Compounds  
40 and 41 were isolated by TLC" on Silica gel (a I : I 
benzene- -e the r  mixture was used as the eluent).  The melting 
points, yields, and spectral characteristics are given in Tables 7 
and 8 |3C N M R  of compound 41 (acetone-d~,) 8 :21 .4  (Me); 
485  ( N ~ H C ) ;  524  (OMe); 534  (NCH2N);  1281; 1306; 
1447 (At, CH);  1316 ( ( ]CONH);  1385 (CMe) ;  1478 
(N~CCI) ;  1547 (SCCI)  1615 (CONH);  1699 ( C O )  

N-AcelyI-N-(amidomethyl)- and N-acetyI-N-(imidomethyl)- 
~L-amino acid esters (33--39 and 42--43) .  A mixture of con> 
pound 5 - - 7  9, 10, 14, 16, 23, or 24 (2.5 retool), acetic 
anhydride (0 l retool), and NalICO3 (7 5 retool) was stirred 
for 1 h and then kept at -20 "C lot 3 da~s  Then water (5-~ 
7 mE) was added~ and the aqueous solution was extracted with 
chloroform (5~'~5 m L )  The combined organic extracts were 
washed with watel and dried over MgSO 4 Compounds  37 and 
43 crystallized when treated with ether (3--4  m E )  Con>  
pounds 33--36,  38, 39, and 42 were isolated by TLC on Silica 
gel (for compounds 3 3 - 3 6 ,  38, and 39, ethyl acetate was used 
as the eluent,  for 42, a 1 : I benzene- -e ther  mixture was used 
as the e luen t )  The IH NMR data, the yields, and the melting 
points of compounds 33--39 and 42--43  are given in "Fables 7 
and 8 13C NMR of compound 37 (CDCI 3) 8 : 2 1 7  (MgC): 
35.0 and 358 (fZH?Ph); 495  and 539  (NCt t2N) ;  530  (Me); 
59.8 and 628  (Ct l ) ;  1239: 1289: 1388; 1395 (Ar, CH);  
1499 (CNO?);  127.2; 128.3; 1287; 1368 (Ph); 164.6; 1706; 
1721; 1735 ( C = O )  
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