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Abstract—New o-aminophosphonates of the type (OCH,CMe,CH,O)P(O)CH(NHCO,R)(R') [6a-i, 7a—e, and 8a—c] have been
synthesized in high yields by a three-component reaction using (OCH,CMe,CH,0)PCl (3), benzamide (or urethane or benzyl
carbamate), and an aldehyde without using any catalyst under solvent-free conditions. This route can be readily adapted for bis-
aminophosphonates as well as optically active binaphthoxy a-aminophosphonates; it also tolerates the phenolic -OH group as
shown by the synthesis of hydroxy functionalized aminophosphonates. Partial hydrolysis of compounds 7a-d leads to products
in which the phosphorinane ring is cleaved first. Compounds (OCH,CMe,CH,0)P(O)CH[NHC(O)Ph](9-anthryl) (6f) and optically

pure (R,S)-(—)-(Cy0H,0,)P(O)CH(NHCO,Et)(Ph) (14a) were characterized by X-ray crystallography.

© 2005 Published by Elsevier Ltd.

o-Aminophosphonates (RO),P(O)CR’'NHR” are very
often used as precursors to a-aminophosphonic acids
(e.g., 1), which are the phosphorus analogs of a-amino
acids (e.g., 2). As expected from this analogy, amino-
phosphonic acids have a variety of biological activities
that include antibacterial, antiviral, antifungal, pesti-
cidal, enzyme inhibition, and glycine antagonism.! As
a result and despite the large number of known methods
for their preparation, modification of older routes or
exploration of new methodologies are still being inten-
sively investigated.'®? In this context, the use of sol-
vent-free conditions is also an aspect worth-studying.
Furthermore, although methods utilizing amidoalkyl-
ation of P(IIT)-Cl compounds are well-documented, !2-3-4
their potential is far less exploited relative to the
Kabachnik—Fields reaction. Here we present the utility
of (OCH,CMe,CH,0)PClI (3)° and the analogous cyclic
chlorophosphites  (R)-(+)-(C20H;20,)PCl (4),° and
C[(CH,0),PCl], (5)7 for the synthesis of a-amino-
phosphonates by amidoalkylation in one-pot under
solvent-free conditions as a viable alternative to other
approaches. While precursor 4 provides an opportunity
to isolate pure diastereomers, precursor 5 can, in princi-

Keywords: Aminophosphonates; Solvent-free conditions; Chloro-
phosphites; Chiral phosphonates; X-ray structures.

* Corresponding author. Tel.: +91 40 23134856; fax: +91 40
23012460; e-mail: kckssc@uohyd.ernet.in

0040-4039/$ - see front matter © 2005 Published by Elsevier Ltd.
doi:10.1016/j.tetlet.2005.03.080

ple, lead to polymeric aminophosphonates on reaction
with a dialdehyde.
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We report that the reaction of an equimolar mixture
of 3 and urethane, benzamide, or benzyl carbamate
with an aldehyde under solvent-free conditions in one-
pot smoothly gives the aminophosphonates 6a—i, 7a—e,
and 8a—c (Scheme 1) in high yields;® this procedure gives
far better yields than the one using the analytically pure
phosphite (OCH,CMe,CH,O)P(NHCO-Et) (10). The
bis-aminophosphonates 9a—c were obtained analogously
in good yields. An X-ray crystal structure has been
obtained for 6f (Fig. 1).° The conversion to the
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O (i) 60 - 120°C, 15-20 min o_ 0
3 o+ ><: >pZ
H,N” "R (i) RCHO, 5-10 min 0" CH-R
HN—C(O)R
Isolated yields: 80-85%
5(P)11.1-19.1
R = Ph; R' = Ph (6a), 4-Me-C¢H, (6b), CHMe, (6c), 3-Me-C¢H, (6d),
CH=CHPh (6e), 9-anthryl (6f), 4-CI-C4H, (6g),
4-MeO-CgH, (6h), 1-naphthyl (6i)
R = OEt; R' = Ph (7a), 4-Me-C4H, (7b), CHMe, (7c), 4-MeO-C¢H, (7d),
9-anthryl (7e)
R = OCH,Ph; R' = Ph (8a), 4-Me-C4H, (8b), 4-MeO-C¢H, (8c)

Scheme 1.

Figure 1. Molecular structure of compound 6f with selected atoms
labeled. Selected bond parameters (A, °): P-O(1) 1.572(3), P-0O(2)
1.573(3), P-O(3) 1.459(4), P-C(6) 1.820(5), N-C(6) 1.470(6), N-C(7)
1.348(6), O(1)-P-0O(2) 105.45(19). The molecule is a hydrogen bonded
dimer through P=0 and NH [N-H(N)---O(3'): 0.90(5) A, 2.26(5) A,
3.141(6) A, 165(4)°).

o-aminophosphonates starting from 3 was complete
within 30 min. Other features of interest in our synthesis
include the following.

(i) The aminophosphonates 6-8 are also formed
directly by sequential addition of the diol, ure-
thane/benzamide/benzyl carbamate, and an alde-
hyde to PCl; (*'P NMR; >80% yield).

(i) The reaction tolerates the phenolic -OH as shown
by the preparation of compounds 11-12 (the P(III)
intermediate does not react with the phenolic -OH).!°

(i) Extension of this route using the bis-chlorophos-
phite 5 affords the bisaminophosphonates 13 and
possibly polymeric I (insoluble).

X B2
ROCHN NHCOR
9 [R = Ph (a), OEt (b), OCH,Ph (c)]

Yields 80-85%; 5(P) 13.3-13.5
o\
P—NHC(O)R
X SPNHO)
10
Compounds 14a—c were synthesized in one-pot by the

treatment of (R)-(+)-(Cy0H,0,)PCI (4) with urethane
and an aldehyde (Scheme 2). Here a mixture of 4 and

HO
> )
o~ \?H
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g !
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Re_P{ PR
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urethane was heated at 80 °C for 10 min followed by
cooling to afford a white solid [0(P) same as that of 4];
addition of aldehyde to this solid followed by heating
at 80 °C for 15 min yielded the a-aminophosphonates
14a—c. The *'P NMR spectra of the reaction mixtures
showed two peaks at 6 ~30.0 and ~29.0 (ratio 3:2) indi-
cating the formation of two diastereomers in each case.
The diastereomer corresponding to §(P) ~29.0 was iso-
lated in a pure state in all cases by column chromato-
graphy. The pure diastereomer of 14a was characterized
by X-ray crystallography (Fig. 2). The configuration of
the isolated o-aminophosphonate 14a is (R,S). The
chiral center at the alpha carbon C(21) attached to
the phosphorus atom has the S configuration whereas
the configuration of the 1,1’-binaphthoxy ring is R; the
configurations of 14b—c are also likely to be the same.
The specific rotations of 14a—c are given in Table 1.

The sparingly water-soluble a-aminophosphonic acids
15a—e were readily obtained from aminophosphonates
by treating 6a—e with concd HCI followed by passing
ethylene oxide into the mixture (Scheme 3); similarly
compounds 7a—c were hydrolyzed to 15a—c. The 'H
NMR spectra (D,O/KOH) of these compounds showed
a characteristic doublet at ¢ ~3.0 (J(P-H) = 15.5 Hz)
for the P-CH proton. The *'P NMR spectra showed a
single peak at 6 ~18.0 as expected for aminophosphonic
acids.!!

Partial hydrolysis is an aspect on which not much infor-
mation is available in the literature. Under base cata-
lyzed conditions we were able to isolate compounds
16a— and 17a—c in which the dioxaphosphorinane ring
was partly cleaved; while in 16a—c the urethane residue

DO P
80°C, 10 min N 7

4 + H,NCO,Et > ARAT

/
ArCHO, A, 80°C, 15 min o Y
NHCO,Et

Ar = Ph (14a)
4-MeO-Cg4H, (14b)
9-anthryl (14c)

Scheme 2.
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Figure 2. Molecular structure of (R,S)-(—)-14a; only selected atoms
are labeled. Selected bond parameters (A, °): P-O(1) 1.591(2), P-O(2)
1.595(2), P-O(3) 1.448(4), P-C(21) 1.813(2), N(1)-C(21) 1.449(3),
N(1)-C(22) 1.353(3), O(1)-P-O(2) 103.90(9). The molecule is a
hydrogen bonded chain through C—O and NH (cf structure 6f):
N(1)-H(N1)- --O(4") 0.87(3) A, 2.03(3) A, 2.893(3) A, 173(2)°.

Table 1. Data on optically pure a-aminophosphonates 14a—c

Compd  Mixture Total yield Pure diastereomer
o(P) (0) 5(P) [x]p (CHCls, 25 °C)

14a 29.5,30.1 70 29.5 —=285(c0.4)

14b 299,304 90 299 =307 (c 0.4)

14c 31.5,329 90 31.5 =260 (¢ 0.4)

was retained, in 17a—c it was also cleaved. These two
products could be readily separated in a spectroscopi-
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cally pure state (>95%) by utilizing the difference in their
solubilities. Thus a new category of aminophosphonic
monoesters has been prepared.

The aminophosphite 10 does not appear to be formed
when 3 is heated with urethane or benzamide; the *'P
NMR spectra in the absence of the aldehyde showed a
resonance at the position expected for 3 [0(P) 145.8].
Upon addition of p-tolualdehyde to [3+urethane] in
CeDg, there was no evidence for the formation of the
amidophosphite (OCH,CMe,CH,O)PNHCO,Et [10];
instead the product 7b was formed quantitatively within
5 min. In a blank reaction of urethane with an aldehyde
under these conditions, there was no evidence for
the formation of the imine (TLC). For this reason, we
prepared 10 [6(P) 106.2; supporting information and
X-ray structure are available] and reacted it with p-tolu-
aldehyde under the same conditions; the reaction was
sluggish under these conditions and only ~15% of the
product 7b was formed [the rest was mostly starting
material (62%), a-hydroxy phosphonate and (OCH,C-
Me,CH,O)P(O)H (II)]. These observations suggest that
this reaction does not occur through the intermediacy of
10. However, the a-aminophosphonates 18a—c could be
readily prepared in reasonable yields from the reaction
of the crude a-methylbenzylamino compound (OCH,C-
Me,CH,O)P[NHCH(Me)(Ph)] [IIL; 6(P) 130.6; from the
1:1:1 reaction of the amine (racemic or chiral) with 3 and
Et;N in toluene followed by filtration and removal of
solvent] with aromatic aldehydes (Scheme 4).!2

6a-e or 7a-c o R'
Acid hydrolysis ~ HO_ji Ph [15a;5(P) 19.7]
o /P—$H—R' 4-Me-C¢H, [15b; § (P) 18.3]
conc. HCl L\ HO Ny CHMe,  [15¢;5(P) 21.2]
o 3-Me-CgH, [15d; 3 (P) 19.7]
><: ~ // _ CH=CH-Ph [15e; 5(P) 19.5]
/ AN
o CHR'
Ta-c

A R;(O():EH Base hydrolysis ><O\P//O + O\P//O
= Ph, t > , ~ ,
10% KOH in H,0 /| “CHR | “CHR

HO HO | HO HO |
HNCO,Et NH,

R'=Ph

4-Me-CgH,

CHMe,

Scheme 3.

Me

><:O\P—CI + HN—C
o/ 2 H\
3

Ph

ArCHO 0 /O
PEE— - >p/ Ar
neat, 4 d (0] * Me
*/
NH-CH
N
Ph

Scheme 4.

[16a; 3(P) 16.7]
[16b; 5(P) 16.9]
[16c; 5(P) 19.7]

[17a; 8(P) 10.7]
[17b; 8(P) 10.6]
[17¢; 8(P) 23.1]

Toluene

N
“P—NH-CH
Et,N, 0°C ><: R

m [5(P): 130.6]
Ar= Ph [18a: 3(P) 18.6]
4-Me-CH, [18b: 3(P) 19.2]

4-MeO-CgH, [18c: §(P) 18.9]
(for isolated diastereomers)
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For the formation of 6a-i, 7a—e, and 8a—c, one possible
pathway is the in situ generation of the imine
EtO,CN=CHAr, with 3 acting as a dehydrating
agent;*" the resulting phosphite II could then react with
the imine. However, since the reaction of phosphites
with imines is generally sluggish, there is a possibility
that the HCI present may act as an activating agent.
Also, since direct formation of a-substituted phospho-
nates (RO),P(O)CH(X)Ar from the corresponding
phosphites (RO),PX and ArCHO is possible,*>'3 mech-
anistic aspects of the formation of compounds 6-8 and
14 need to be probed further, in particular with respect
to the role of acid (HCI) or amine hydrochloride.
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