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SYNTHESIS OF J-AMINOPROPYLPHOSPHOMOUS ACIDS
USING HYPOPHOSPHOROUS ACID SYNTHONS

J.G. Dinawall, J. Ehrenfreurnd, R.G. Hall*, J. Jack, Central
Research Laboratories, Cibha-Geioy PLC, Trafford Park,
Manchester M17 IWT, Fnalanmd

Abstract F-Aminopropylphosphonous acids have bheen
synthesised using hypophosphorous acid synthons

Work in these laboratoriesl has shown that phosphonous
analoques of A-amino acids are excellent bio-isosteres, and
act as false suhstrates that interfere with kev metabolic
pathways. We were therefore encouraned to examine further
the phosphonous for carboxvl bio-isosteric repl acement
principle in the ¥-amino carboxylic acid series; a series
where much effort has already been devoted to the synthesis
of GABA analogues, includina phosphonic and phosphinic
analoaoues, as vpossible therapeutic aaents for central
nervous system disorders.

At the outset of this work a patent describina the
radical addition of sodium hypophosphite to allylamine was
the only report of a phosphonous analoaue of GABAZ,
However, this method has severe limitations for the
synthesis of a ranae of substituted J-aminophosphonous
acids. The methods used for the synthesis of the phosphonic
and methyl phosphinic analogues of GABA3 were not directly
appl icable to the synthesis of the phosphonous analoaues due
to problems associated with the P-H bond. We have now
overcome these problems by the use of synthons with the P-H
bond protected.

The reaction of hypophosphorous acid with triethylortho-
formate to aive the phosphonite (EtO),CHP(O)(OEt)H (1) has
been reported by Gallagher et al.4 and used by his aroup in
the preparation of phospha—suaars5. Chanaes to the catalyst
and reaction conditions have aiven us (1) in improved yield
and aquality.

We have found that (1) can function as a hypophos-
phorous acid svnthon.

By refluxina (1) in HMDS, a aood vield of the PIII
silvl ester (2) is obtained. This new and reactive species
is also a valuabhle hvpophosphorous acid synthon.
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HMDS
(EtO)oCHP(O) (OEt)H —-———> (Et0)2CHP(0SiMe3)OEL

(1) (2)

An alternative synthon employina similar protection of
the P-H function has been prepared in quantitative yield
from the reaction of methyl dichlorophosphine and tri-
ethylorthoformate.

CH3PCly + 2(EtO)3CH ——>  (EtO)oCHP(O) (OEt)CH3
(3)

The methyl aroup in (3) can be selectively deprotonated
and alkylated enablina a ranae of substituted phosphonous
acids to be prepared.

These three reacents have been successfully used in the
synthesis of substituted phosphonous analoques of GABA.
Thus (1) adds tod,A-unsaturated nitriles to aive the
phosphinates (4). An appropriate choice of hydroaenation
conditions allowed selective reduction of the nitrile,
whilst preservino the protected phosphonous acid.
Deprotection was achieved by refluxina in mineral acid.

o) O Rl R2

" R2 NaOEt "
(EtO),CH-P-H + ] > (EtO) CH-P-CH-CH-CN

| RICH=C-CN EtOH |

OEt OEt

(1 (4)
o Rl R2
i) Hy/Ni/NH3/EtOH "
> H-P-CH-CH-CH5—-NHp
ii) HC1/ O |
LN OH

(4)

(5)
Rl = H, CH3, CgHs, 4-ClCgHs; P2 = H, CH3

Many ol-substituted acrvlonitriles are unstable and
polymerise readily and this method is unattractive for the
synthesis of 2-substituted analoaues.

The protected phosphonous acid function in (4) where Rl
= R2 = H facilitated the introduction of substituents into
the 2-position. This was demonstrated with benzylbromide, by
a reaioselective deprotonation and alkvlation.
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0 0 CHyPh
" i) ii) iii) " |
{EtO) oCH-P-CH7CH»CN —— H-P-CHHCHCHoNH
| |
OEt OH

1) LDA/THEF/-78°/PhCHaBr, ii) Hp/Ni/NH3/EtOH, iii) HC1/O

The introduction of aryl aroups into this position
is achieved hy a different method discussed below.

The introduction of substituents into the 3-position
has been achieved by initial reaction of the synthon (2)
with & f—unsaturated ketones. The keto phosphinates (6) are
then reductively aminated and deprotected to aive the
products (7).

0 0
0 i) 40° " ]
(2) + " - > (EtO) 9CH-P-CHoCH,C-R3
CHy=CH-C-R3 ii) Hp0 [
OEt

(6)
0 R3
iy ii) " |
—_— H-?—CHzCHzCH—NHz
OH

(6)

(7)
R3 = CH3, 4-Cl1CgHy
i) NaBH3CN/NH4OAc  ii) HCl/O::

The preparation of 2-aryl substituted analoaues was
achieved usina the protected methvlphosphonous acid svnthon
(3) . Gereration of the anion and Michael addition to a ranae
of A-nitrostyrenes aave the &nitrophosphinates (8).
Subsecuent reduction and acid hydrolysis aave the products
(9).

o)
1] i )

(Et0)oCH-P-CH3  —==———> 0
I L1}

OEt { Et0) oCH-P-CH-CH-CH,NO9
|
(3) OEt
(8)
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R
o)
i) iiid) "
(8) ——————> H-P—CHoCHCH7NH
|
OH

(9)
R =H, Cl, OCHy

i) 1.2 ea. LDA/THF/-78°/1 hr. then R—@CH=CH-M')2

ii) Hy/Ni/EtOH, iii) HC1/0\

Biological studies on these campounds within CIBA-GEIGY have
confirmed that phosphonous acids are excellent mimics for
carboxylic acids capable of more powerful bindino to a receptor
than the natural aaonist. Thus, the phosphonous analoque of GABA
has the highest select1ve bmqu to the GABA B receptor so far
reported [ICsq = 1 x 1079M]® and some 6000 times areater than the
phosphonic analoque. In addition, campounds bearina aryl aroups
in the 2-position possess a s@nilar biolooical profile to the
CIBA-GEIGY product LIORESAL and their analcesic, anti-
convulsant and muscle-relaxant properties are currently under
study.
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