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Synthesis and Biological Activity of Heterocyclic
Aminophosphonates

BOGDAN BODUSZEK

Institute of Organic Chemistry, Biochemistry and Biotechnology,
Wroclaw University of Technology, 50-370 Wroclaw, Poland

A variety of synthetic methods for preparation of heterocyclic aminophosphonates is pre-
sented; which are concerning furyl, thienyl, pyrryl and pyridyl derivatives of aminometh-
anephosphonic acid and also phosphonic analogues of proline and homoproline. The
obtained heterocyclic aminophosphonates were used as starting materials for synthesis of
some peptidyl phosphonates. The compounds were evaluated as inhibitors of serine pro-
teases. Most of the obtained heterocyclic aminophosphonates were preliminary tested as
potential herbicides against selected plants, and some of them showed the herbicidal activity.

INTRODUCTION
ct-Aminoalkanephosphonic acids (named briefly aminophosphonic acids)
are important compounds, with a broad application in many areas of
agriculture and medicine. The best example is "glyphosate", the herbicide
widely applied in agriculture [1]. At present, a literature concerning
synthesis and application of aminophosphonates is very extensive,
comprising more than five thousand publications [2].
In the contrary, aminophosphonic acids bearing heterocyclic moiety are
considerably little known. However, the heterocyclic aminophosphonates
are becoming a subject of a growing interest. A number of papers
concerning synthesis of various heterocyclic aminophosphonic acids have
been published, lately [3-6,11-13]. Some of the obtained heterocyclic
ammophosphonates showed an interesting biological activity [7,8,21-23].

RESULTS AND DISCUSSION
According to last findings, the best method of synthesis of the furan,
thiophene, pyrrole (and other five-membered heterocycles) derivatives of
a-aminomethanephosphonic acid is a thermal addition of dialkyl (diaryl)
phosphonates to the aldimines, formed in situ from the corresponding
aldehydes and amines [3,4,10,11]. The method, which is depicted below,
allowed to obtain a large number of heterocyclic derivatives of a-
aminomethanephosphonic acid [3,4,11].
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toluene

" X = O.S, NH
R1= Bu, PhCHj
R*= Et, Ph. PhCHj

The majority of pyridine derivatives of a-aminomethanephosphonic acid
have been also synthesized, by this way [4-6,19]:

CH=O

toluene

R1=Bu.
R̂ = Et. Ph

The above reaction can be also carried out in the absence of solvent [20].
Some of 2-pyridyl derivatives were obtained in 1969, by an addition of
diethyl phosphite to Schiff bases, formed from aniline and pyridine-2-
carboxaldehyde [17,18].
In the case of thienyl, pyrazoryl, imidazolyl and 3-pyridyl aldehydes, the
N-blocked aminophosphonic derivatives can be obtained in the course of
amidoalkylation reaction [3,4]. Additionally, the free phosphonic acids can
be achieved in a one-pot synthesis, using a mixture of the aldehyde,
benzhydrylamine and diethyl phosphite [3-5].
The phosphonic analogues of proline and homoproline were synthesized in
the reaction of dialkyl phosphites [14,16] or diaryl phosphites [7] with
cyclic trimers, formed in situ from the cyclic imines. Another way to
obtain the phosphonic analogue of proline was the cyclization of y-chloro-
a-aminobutanephosphonate in a basic condition [IS].
Some of diphenyl esters of heterocyclic aminophosphonic acids were used
for synthesis of peptidyl derivatives, containing terminal diphenyl
phosphonate moiety. The peptides were synthesized easily by the coupling
of diphenyl phosphonate whh N-blocked amino acid, using the DCC
method. For example, diphenyl esters of phosphonic analogue of proline
and homoproline were coupled with the selected N-protected amino acids
(Ala, Phe, Lys) to give peptidyl phosphonates, which resulted to be
specific, moderate inhibitors of the Dipeptidyl Peptidase IV[7,8]. Other
serine proteases were not inhibited by the above dipeptides [7,8].
Coupling of other heterocyclic diphenyl phosphonates with N-protected
dipeptide (Z-Ala-Ala), h allowed to obtain a series of new heterocyclic
peptidyl phosphonates [9], according to the scheme:
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Z(Boc)-AJa-AJa
PCC

CHA
2(Boc)-AJa-A)a-NH>f-PQ)Prfe

[Hi]

[Tiet] : 2-furyl, 2,3-thienyl, 2,3-pyridyi

The obtained heterocyclic peptidyl phosphonates have been tested as
irreversible inhibitors of chymotiypsin (ChT), human neutrophil elastase
(HNE), porcine pancreatic elastase (PPE) and others. The compounds,
which showed inhibitory potency are reported in Table 1.

Table 1. Rate constants OW[1]) of inhibition of chymotrypsin, PPE and HNE by
phosphono-peptides [9]

Inhibitor

Z-Ala-Ala-2-FurylGl/(OPh)2

Boc-Ala-Ala-2-FurylGl/(OPh)2

Z-Ala-Ala-2-ThienylGlyl>(OPh)2

Boc-Ala-Ala-2-ThienylGl/(OPh)2

Z-Ala-Ala-3-ThienyIGl/(OPh)2

Boc-Ala-Ala-3-ThienylGl/(OPh)2

Z-Ala-AIa-2-PirydylGI/(OPh)2

Z-Ala-AIa-3-PirydylGl/(OPh)2

ChT

28

NI

152

17

26

5

8

26

PPE

159

600

253

856

25

124

NI

4

HNE

370

135

140

41

13

13

NI

NI

Most of the obtained heterocyclic a-aminophosphonic acids and esters
were tested as potential herbicides against selected plants (Lepidium
sativum L, Cucumis sativus) [22,23]. Examples of the compounds
showing herbicidal activity are given in Table 2.

Table 2. Effect of selected heterocyclic aminophosphonates on the growth of test plant
Lepidium sativum, measured as percentage change in root and shoot weight, compared
with that of control [23]

NHBenzyl

NHBenzyl

R

S

R

S

-59

-28

N

-11

-66

-30

N

-22

-50

-37

N

-46

-85

-65

-90

- 8 6
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NHjBr8

NH2

R

S

R

S

N

N

N

N

-79

-60

-49

N

-87

-45

-69

N

-100

-100

-82

-24
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