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c pseudopeptides are the structural isosteres of natural 
Figure 1), in the molecules of which two amino acid 
ts are linked by Zn-chelating CH2P(O)(OH) fragment 
s the peptide C(O)NH bond in the transition state of 
ydrolysis with tetra-coordinated carbon atom.1-3 

, phosphinic peptides are potent inhibitors of matrix 
teinases, which are a family of Zn-containing 

ases involved in diverse biological processes.4-6

urrently prevailing strategy for the synthesis of 
c pseudodipeptides is based on the studies of the 
y company7,8 devoted to methods for the synthesis 
rotected building blocks being the phosphonous 
f natural amino acids. The Michael–Pudovik addition 

tter to the corresponding N,P-substituted acrylates 
pproach) leads to the target phosphinic pseudo-
-4 However, the construction of an aminoalkyl-
us N,P-diprotected block for the subsequent synthesis 
tide is at least a four-step process, which is caused 

essity of protection and deprotection at the phosphorus 
Et)2} and nitrogen atoms.7,8

sis of the phosphinic pseudopeptides containing 
ructural isostere is additionally complicated by the 
of using formaldehyde, existing in polymer form or in 
f an aqueous solution, which is usually incompatible 

mployed synthetic procedure. Its synthetic equivalent, 
pecial formaldehyde Schiff base, 1,3,5-tris(diphenyl- 
xahydro-s-triazine, was proposed as a key building 
 the synthesis of the phosphonous NP-component 
 glycine isostere.9 However, this approach also leads 
ase in the staging of the proposed synthetic scheme.
present report, to solve this problem, we propose 
synthesis of difficult-to-access phosphinic pseudo-

peptides incorporating glycine isostere by reversing the order for 
the construction of desired molecule.10-12 The development of 
the N + PC methodology for the synthesis of pseudopeptides 1 by 
the reaction between phosphonous carboxylic diacids 2 and 
dialkyl methylenebiscarbamates 3 is described here (Scheme 1). 
Diacids 2 represent PC-component of the synthetic scheme, 
while compounds 3 being formaldehyde aminals would serve as 
a source of N-protected glycine ‘tail’.

The reactivity of phosphonous carboxylic diacids is noticeably 
higher than that of analogous esters, which is explained by 
the formation of highly reactive mixed phospho-carboxylic 
anhydrides (phospholactones).12 Herein, isosteres of glycine 
(2a, R = H), alanine (2b, R = Me), leucine (2c, R = Bui), aspartic 
(2d, R = CH2COOH) and glutamic [2e, R = (CH2)2COOH] acids 
were used in the form of the free carboxylic acids (see Scheme 1).

In this study, we also propose the convenient synthesis of 
dialkyl methylenebiscarbamates 3 by transacetalization of 
diethyl formal with two equivalents of the corresponding alkyl 
carbamate in acetic anhydride (Scheme 2). We have found that 
a  near-optimal reaction requires at least two equivalents of 
trifluoroacetic acid (TFA) in solution. The obtained bis-
carbamates 3 are not acid stable, therefore the reaction should be 
carried out: (a) with slow addition of TFA to a stirred mixture of 
alkyl carbamate and formal, and (b) with a relatively short time 
(no more than 3-5 h).

It should be noted that we previously published a single 
example of the reaction between biscarbamate 3c and ester 
of phosphonous acid 2c, the obtained N-protected peptide (ethyl 
ester) was not isolated but was converted into free amino 
phosphinic acid by hydrolysis.13 Nevertheless, a general 
approach to the synthesis of difficult-to-access N-protected 
phosphinic pseudopeptides incorporating glycine isostere is 
urgently needed for the development of subsequent peptide 
synthesis of phosphinic tripeptides, powerful inhibitors of Zn-
metalloproteinases.1-4

An initial attempt to perform mild amidoalkylation of 
phosphonous carboxylic acids 2a-e using dialkyl methylene-
biscarbamates 3a-c and one equivalent of trifluoroacetic 
anhydride (TFAA) in dichloromethane in accordance with 
the previously proposed procedure11 was ineffective. Methylene-
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biscarbamates 3 were surprisingly less reactive than substituted 
alkane-1,1-diylbiscarbamates used earlier.11 We have found that 
replacing dichloromethane with ethyl acetate improves the 
efficiency of this approach (procedure A) and provides yields of 
29-58% (see Scheme 1). However, the use of stronger 
dehydration and acylation conditions created by the AcCl /Ac2O 
mixture (procedure B) makes it possible to achieve noticeably 
better results. In addition, this procedure is experimentally 
simpler and more convenient.

Obtained pseudopeptides, N-protected α-amino phosphinic 
acids 1a-h, are the mixtures of conformers which may be 
associated with the presence of a chiral carbon atom and amide 
nitrogen in the molecule. 

In summary, we proposed a convenient general strategy for 
the synthesis of previously unknown N-protected phosphinic 
pseudopeptides 1 incorporating glycine isostere.
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(1935–2017).
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1a−h (yields, %, A/B)3a−c2a−e

2a  R = H
2b  R = Me
2c  R = Bui 
2d R = CH2COOH
2e  R = (CH2)2COOH

1a  Alk = Bn, R = H (43/76)
1b  Alk = Et, R = Me (n.d./63) 
1c  Alk = Bn, R = Me (29/67)
1d  Alk = Me, R = Bui (46/71)
1e  Alk = Et, R = Bui (58/68) 
1f  Alk = Me, R = CH2COOH (n.d./51)
1g  Alk = Bn, R = CH2COOH (42/n.d.) 
1h  Alk = Et, R = (CH2)2COOH (n.d./55)

i (procedure A)

3a  Alk = Me
3b Alk = Et
3c  Alk = Bn

+

Scheme  1  Reagents and conditions: i, EtOAc, (CF3CO)2O (2-4 equiv.), room temperature (procedure A); ii, AcCl Ac2O (2 : 1), ~5 → 20 °C (procedure B).
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Scheme  2  Reagents and conditions: i, Ac2O, CF3CO2H (2-2.2 equiv.), 
room temperature.




