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Communication

THE FACILE SYNTHESIS OF
1-AMINOPHOSPHONATES FROM
1-NITROPHOSPHONATE PRECURSORS

DONOVAN GREEN,* SAID ELGENDY, GEETA PATEL, JEHAN A. BABAN,
EMMANUEL SKORDALAKES, WAHID HUSMAN, VIJAY V. KAKKAR, and
JOHN DEADMAN

Thrombosis Research Institute, Emmanuel Kaye Building, Manresa Road, Chelsea,
London SW3 6LR, United Kingdom

(Received October 23, 1995; in final form January 14, 1996)

1-Aminophosphonates may be generated in high yield and spectroscopic purity by the treatment of
1-nitrophosphonates with LiBH/Me;SiCl in THF at room temperature.

Key words: 1-nitrophosphonates, 1-aminophosphonates, thrombin, thrombin inhibition.

INTRODUCTION

We have reported earlier that O,0-dialkyl !-hydroxyiminoalkanephosphonates may
be conveniently converted to their corresponding l-amino derivatives by treatment
of the precursor with LiBH,/Me;SiCl in THF at room temperature.' Biologically
active, O,0-dialkyl 1-nitroalkanephosphonates 1, prepared by the method of Zon,?
may be similarly treated with nascent borane at ambient temperature to afford
l-amino analogues 2, in comparable yields. In this current study when the nitro
derivatives (entries 3, S, 6 and 10 of Table I) were subjected to facile reduction, the
yields of the amino products (Table II) were quantitative. As was the case in our
earlier study, no further purification of the products were necessary, and led us to
believe that the nitrophosphonates were also a useful alternative substrate for pro-
duction of a-aminophosphonates, in good yield and on a large scale.

| LiBH¢Me3SiCl . ﬁ
(R'O):P—CH-R » (R'O)P—CH—R
i
NO2 NH,
1 2

RESULTS AND DISCUSSION

The nitrophosphonates 1 shown in Table I display distinct spectroscopic differences
to their amino analogues 2 (Table II), in the a-CH region of the molecule. The
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TABLE 1

1-Nitrophosphonate Precursors 1, of 1-aminophosphonates 2
(R’0),P(O)CH(NO,)R

Entry R’ R 8aCH"C(CDCly) a'p
(Irc) (CDCly)

1 CH,CH, CH; 79.45(144.23) 14.15

2 (CH,),CH (CH.),CH, 85.87(143.36) 11.63

3 CICH,CH,  (CH,)CH; 85.46(146.15) 14.42

4 CH;CH;, CeHs 88.04(148.95) 11.02

5 CICH,CH,  (CH);):CH, 85.09(146.50) 14.36

6 CICH,CH,  C¢Hs 87.53(153.20) 11.82

7 CH;CH, (CH,);CH; 85.24(142.44) 13.53

8 (CH;;,CH  (CHy):CH; 85.84(143.44) 11.59

9 CH; (CH;),CH, 84.43(143.44) 16.04

10 CICH,CH,  CH(CH3), 91.65(147.13) 14.29

TABLE II

1-Aminophosphonates 2, from 1-nitrophosphonates 1 (R'O),P(O)CH(NH,)R
Entry R’ R 8aCH PC(CDCL) 5P Yield(%)

(Jec) (CDCly)

1 CH;CH;, CH; 44.02(150.14) 2930 95
2 (CH;),CH (CH,),CH; 48.97(148.85) 2822 97
3 CICH,CH, (CH,)/CH; 47.90(148.63) 3070 96
4 CH;CH;, CqHs 53.96(149.49) 2554 98
5¢ CICH,CH, (CH,):CH; 48.83(148.63) 3073 97
6 CICH,CH, CeH;s 54.22(151.06) 2640 98
7 CH;CH, (CH,);CH, 48.66(148.71) 29.80 98
8 (CH;),CH (CH,);CH; 49.19(148.88) 28.10 96
9 CH; (CH,),CH; 47.99(149.34) 3221 93
10 CICH,CH, CH(CH;), 54.86(146.36) 3025 97

substrate is characterised by a very sharp and clearly resolved ABX type multiplet
(overlapping ddd) with a chemical shift of around 5.00 ppm for the a-methine proton
(except for entries 4 and 6, where the a-CH is a doublet). This area becomes a less
well resolved multiplet (also overlapping ddd), moving upfield upon its conversion
to the amino analogue to resonate at 2.50—3.00 ppm. This has proved to be a very
useful preliminary marker for determining conversion. Such monitoring is useful,
while difficult for routes via hydroxyimino substrates, due to exchange broadening
of the low field hydroxyl.

Concomitant changes are also observed in the '’C N.M.R. spectra of the a-C region
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of the molecules’ where the intense doublet in the nitro compound 1 (8 80-90),
moves appreciably upfield in the amino product 2 (8 45-55). 'Joc is of the same
order in both compounds. The *'P N.M.R. chemical shifts move 14—15 ppm down-
field in going from the nitro substrate (Table I) to the amino analogue (Table II); the
products being formed in quantitative yield as further evidenced by the observance
of only one *'P N.M.R. signal.

It was thought possible that the appropriately tethered CICH,CH, moiety (as in
entries 3, 5, 6 and 10 of Tables I and II) could interact with the catalytic triad of
thrombin in a similar fashion to that of substrate derived chloromethylketones such
as PPACK (D-phenylalanyl-prolyl-arginylchloromethane), which is a very potent in-
hibitor of the enzyme (PPACK, a monovalent inhibitor, alkylates the reactive centre
histidine of the catalytic triad of thrombin to inactivate it.)’ Earlier results had shown
that CICH,CH, derived hydroxyiminophosphonates gave moderate yields when con-
verted to their amino analogues with nascent borane (55%—-60%). Indeed the ‘sub-
strate-like’ phosphonotripeptide Z-D-Dpa-Pro-NHPgl"(OCH,CH,Cl), derived from
the mixed anhydride coupling of Z-D-Dpa-Pro-OH and O,0,-(2,chloroethyl) a-ami-
nohexanephosphonate (isolated in 96% yield from the corresponding nitro substrate)
displayed competitive inhibition of thrombin, with an initial K; in the micromolar
range.‘ This was in contrast to the two stage slow-tight binding inhibition of thrombin
exhibited by a series of O,0-diphenylpeptidylaminophosphonates that had been pre-
pared earlier in our laboratory.’

Although it is well known that very electronegative (leaving) groups on the phos-
phorus will amplify its reactivity toward serine proteases,” so that the catalytic site
serine is more rapidly phosphorylated, this is paralleled by an increased rate of
hydrolysis. Also dialkoxy groups whilst considerably improving the chemical sta-
bility of the inhibitor, can attenuate its effect upon this class of enzymes, and can
make them less viable as clinically applicable reagents. The CICH,CH, moiety may
represent a useful compromise between the lability of, for example, phenyl protected
phosphorus, and the stability of an alkoxy protected phosphorus nucleus, in its reac-
tivity towards the active site of thrombin.
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