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A simple and efficient synthesis of a-aminophosphonates has been developed via the one-pot
three-component reactions of aldehydes, amines and trialkyl phosphites. The reactions occurred
rapidly at room temperature in the presence of one equivalent of propylphosphonic anhydride
(T3P®) as the condensing agent, and the a-aminophosphonate products were obtained in high

2013 Elsevier Ltd. All rights reserved.

a-Aminophosphonic acids and their derivatives are considered
to be structural analogues of a-amino acids." Compounds bearing
an o-aminophosphonate moiety - play an important role in
biochemical and medicinal chemistry as enzyme inhibitors,’
peptide mimics,® antibiotics,’ herbicides,” plant growth
regulators,® and haptens of catalytic antibodies.” Various
methodologies have been reported in the literature for the
preparation of o-aminophosphonates.® Among these, the three-
component Kabachnik—Fields condensation of an aldehyde, an
amine, and a-dialkyl or trialkyl phosphite is one of the most
important methods for the synthesis of a-aminophosphonates.® In
general, this reaction is catalyzed by Brgnsted or Lewis acids,
such as trifluoroacetic acid,” lanthanum(IIl) triflate,* tin(1l)
triflate,"® “samarium(ll) iodide,”® indium(l11) chloride** and
tantalum(V) chloride on silica gel™ using dialkyl phosphites, or
by copper(ll) triflate® and scandium tris(dodecyl sulfate),”
where triethyl phosphite is the reagent. However, some of these
species are expensive and moisture sensitive, or the methods
applying them require long reaction times, heating, or special
apparatus, etc. When using other Lewis acids such as SnCl,,
SnCly, ZnCl,, MgBr, or BF;-Et,0, the reaction does not take
place in one step, because the water formed from condensation of
the amine and the carbonyl compound can decompose or
deactivate the catalysts."® It is worth mentioning that a few green
protocols have been developed based on microwave (MW)
irradiation,*® ultrasound,” and the use of ionic liquids.”* We have
suggested that under MW conditions there is no need to use any
catalyst.”> Moreover, this procedure was solvent-free.

In continuation of our efforts to develop efficient synthetic
methods in the field of a-hydroxyphosphonates and a-
aminophosphonates,”® we now describe a simple and highly
efficient procedure for the preparation of a-aminophosphonates
via a one-pot, three-component, T3P®-catalyzed reaction of
aromatic aldehydes, aromatic primary amines and triethyl
phosphite.

T3P® is a well known green coupling reagent and a powerful
water scavenger with several advantages including low toxicity
and low allergic potential, broad functional group tolerance, the
generation of products in high yields and purity, and easy work-
up procedures due to the formation of water-soluble by-
products.?* A number of applications have been developed using
this reagent, such as the one-pot conversion of carboxylic acids
into carbamates,” Beckmann rearrangement of aldoximes and
ketoximes,”® synthesis of N“protected amino thioamides,”’
acetylation and thioacetylation of aldehydes,?® reduction of
carboxylic acids to alcohols,® and syntheses of Weinreb amide
derivatives.*  Furthermore, T3P® has been investigated
extensively in the preparation of various heterocyclic
compounds.®

Initially, a mixture of benzaldehyde (1) and aniline (2a) was
treated with triethyl phosphite in the presence of equimolar T3P®
in ethyl acetate at 26 °C. The reaction took place smoothly and
resulted in the formation of the corresponding a-
aminophosphonate 3a in a yield of 92% within a very short time
of 5 minutes (Table 1, entry 1). The reaction proved capricious
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without or with a small amount of T3P®. Chandrasekhar at al.
have accomplished the solvent and catalyst-free reaction of
carbonyl compounds, amines and triethyl phosphite at room
temperature in variable reaction times (15 min-12 h). The
products were obtained in yields of 80-95%.% However,
according to our observations, the three-component reaction of
benzaldehyde, aniline and triethyl phosphite under solvent-free
conditions without any catalyst gave the corresponding product
in a conversion of only 80% at 26 °C after 24 hours. When this
reaction was carried out under similar conditions, but using ethyl
acetate as the solvent, the conversion was only 50% after 24
hours. In contrast, our results with T3P®, indicate the clear
advantage of using this reagent.

As a possible extension, a series of aromatic aldehydes and
aromatic amines were used in the three-component synthesis of
a-aminophosphonates applying T3P® (Schemes 1 and 2). The
results are summarized in Table 1% and Table 2.** Independent of
the nature of the aromatic aldehyde or amine, products 3a-p and
5a-i were obtained in good to excellent yields (between 80% and
96%). On the other hand, this protocol was used successfully in
the presence of different functional groups, such as ester (3h),
methylsulfanyl (3k), keto (3I), benzyloxy (5g) and cyano (5h). In
all cases (except 5f), the reaction time was five minutes.

All the a-aminophosphonates prepared (3a-p and 5a-i) were
characterized by *P, *C and "H NMR spectroscopy and mass
spectrometry. Products 3a,b,d-i,n and 5a-d,f have been described
and characterized previously,®** while compounds 3c,j-m,o,p
and 5e,g-i have not been characterized, or are new.

26 °C, 5 min

T3P HNArl
Ph—CHO + Arl—NH, + P(OEt); ————
EtOAc Ph P(O)(OEY),

1 2a-p 3ap

Scheme 1. The condensation of benzaldehyde, aromatic amines and
triethyl phosphite.

26 °C, 5 min

T3p HNPh
Ar’—CHO + Ph—NH, + P(OEt); ————>
EtOAC Ar? P(O)(OEY),

la-i 2a .
5a-i

Scheme 2. The condensation of substituted benzaldehydes, aniline
and triethyl phosphite.

Table 1

Results of the condensation of benzaldehyde, aromatic amines and triethyl phosphite
Entry Art Product Yield (%) 3p (CDCl5) Sp-" m.p. (°C) m.p."* (°C)
1 Ph 3a 92 23.2 23.3% 90-91 89-90%
2 4-MeCgH, 3b 86 23.3 - 119-120 118-120%
3 4-PhCeH, 3c 81 23.0 - 105-106 -
4 4-FCeH,4 3d 94 23.0 23.2% 109-111 111-112%
5 4-CICgH,4 3e 89 22.8 - 120-121 119%
6 4-BrCeH, 3f 82 22.8 23.2° 118-120 122%
7 4-0,NCgHq4 3g 90 21.7 - 144-145 145-147%
8 4-EtO,CCeH, 3h 92 22.4 - 178-180 179-180*
9 4-MeOCgH, 3i 91 23.3 23.1% 76-77 70-73%
10 3,4-(Me0),C¢Hs 3j 89 23.3 - - -
11 2-MeSCgH, 3k 94 22.6 - 49-51 -
12 2-Ph(OC)CsH,4 3l 91 21.2 - - -
13 3-PhOCsH, 3m 88 23.0 - 121-122 -
14 3-FsCCgH,4 3n 87 22.6 22.8% 103-104 104-105%
15 3-FsCOCeH, 30 96 22.6 - 69-70 -
16 1-naphthyl 3p 80 23.1 - 104-105 -

Table 2

Results of the condensation of substituted benzaldehydes, aniline and triethyl phosphite
Entry Ar? Product Yield (%) 3p (CDCl3) 5" m.p. (°C) m.p."" (°C)
1 4-MeCeH, 5a 90 23.4 23.5% 65-66 66-68%
2 4-FCsHy4 5b 89 22.8 23.0% 84-85 85-86%
3 4-CICgH, 5¢c 90 225 - 84.5-86 83-84%
4 4-O;NCeH, 5d 94 21.3 21.4% 151-153 153-154%
5 4-F,CCH, e 89 22.1 - 122-123 -
6 4-MeOCgH, 5f 95 23.4 23.5% 99-100 102-103%
7 4-BnOCgH, 59 87 23.4 - 92-93 -
8 3-NCCgH,4 5h 94 215 - 114-116 -
9 1-naphthyl 5i 84 23.4 - 124-125 -
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Scheme 3. Mechanism for the T3P®-catalyzed condensation reacion of benzaldehyde and aniline.

Three a-aminophosphonates 3a, 3d and 3g were also prepared
using diethyl phosphite instead of triethyl phosphite.* The
reaction time was twice as long (10 min) as that with triethyl
phosphite. The products 3a, 3d and 3g were obtained in yields of
92%, 94%, and 98%, respectively.

A possible mechanism for the T3P®-promoted Kabachnik—
Fields reaction is suggested in Scheme 3. In the first stage of this
reaction an imine 7 is formed from the benzaldehyde and the
aniline via adduct 6. This condensation reaction may be
promoted by T3P® to afford imine 7 along with P,P',P"-tripropyl
triphosphonic acid (“T3P-H,0”) (9) as the by-product. The
dehydration may take place via adduct 8. In the next step, the
imine 7 reacts with triethyl phosphite in a nucleophilic addition,
and after protonation by T3P-H,O (9), the phosphonium salt 11
formed is stabilized by an Arbuzov fission to furnish -
aminophosphonate 3a and T3P-EtOH (12) as the by-product.

In summary, a convenient and efficient method has been
developed for the synthesis of a-aminophosphonates via the
T3P®-promoted  Kabachnik—Fields  reaction using triethyl
phosphite as the P-containing reagent. The advantages of this
method comprise mild reaction conditions, short reaction times,
and high yields.
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