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Starting from the readily available 4-methylbenzoic acid, an efficient protocol for the preparation of ethyl 4- 
(aminomethyl) benzyl (methyl) phosphinate (1), a novel aminomethylmonoalkylphosphinate was reported in this 
communication. The important step involves the selective monochlorination of phosphonic ester by POCl3 and 
forming the phosphonochloridate, and followed by nucleophilic addition of CH3MgBr to the acid chloride interme-
diate. 
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Introduction 
Phosphinate esters are of paramount importance in a 

variety of fields, especially as intermediates for the syn-
thesis of phosphine ligands, and in the preparation of 
biologically active compounds.[1] Functionalized, dif-
ferentially substituted phosphinate esters R1R2P(O)(OR) 
are also important organophosphorus intermediates par-
ticularly in the synthesis of medicinally relevant prote-
ase inhibitors.[2] Specifically, numerous amino phos-
phinate derivatives are developed as the biologically 
active compounds for example serine protease inhibitors, 
LAP inhibitors and NMDA antagonists.[3] Some of these 
compounds have been identified as natural products.[4] 
In this content, novel aminomethylmonoalkylphosphi-
nate derivatives, which contain the aminomethyl group 
connecting the aromatic ring were proposed (Scheme 1). 
Owing to their unique structures, and furthermore, these 
compounds offered the opportunities for their potential 
as starting points for new pharmaceuticals or the build-
ing blocks for biologically active compounds. We thus 
became interested in developing a general and efficient 
approach to these novel amino phosphinate derivatives. 
To our knowledge, there is no literature concerning the 
synthesis of this type compounds.  

Results and Discussion 
In this paper, we wish to describe an effective strat-

egy for the preparation of ethyl 4-(aminomethyl) benzyl 
(methyl) phosphinate (1), which was selected as the 
representative compound (Scheme 1). Its structure 

Scheme 1  Structure of aminomethylarylphosphinate analogues 
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features the monomethyl connecting the phosphorous 
atom directly and the aminomethyl group binding to the 
phenyl ring. The key step to the overall plan involves 
the P-chlorination of phosphonic ester with phosphorus 
oxychloride, then followed by nucleophilic addition 
reaction with methylmagnesium bromide and the mono-
phosphate chloride and afforded the monomethylphos-
phinate. After that, the Mitsunobu reaction was applied 
to introduce the amino group. It should be mentioned 
that, there are several common methods to introduce the 
amino group into the phosphinate analogs. For example, 
nitrile group was introduced and then was reduced into 
amino group by Raney-Ni under hydrogen;[5] azide 
group is another amino resource;[6] also, the phosphinate 
intermediate was added to the imines and then removed 
the protective group to provide the amino group.[7] All 
of these methods had more or less shortcomings under 
the reaction conditions during the course of this meth-
odology described in this report. However, the Mitsu-
nobu reaction can smoothly provide the amino group 
under these mild conditions. 
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Scheme 2  Synthetic route to compound 1 
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Scheme 3  The effect of temperature towards chlorination 
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As depicted in Scheme 2, the bromide 3[8] was ob-
tained through bromination of the ester 2[9] under reflux 
in the presence of NBS and benzoyl peroxide. The sub-
sequent Arbuzov reaction of triethylphosphite with the 
bromide 3 afforded the corresponding ethyl phospho-
nate 4[10] in high yield. With the access to 4, we were 

poised to study the chlorination step. Compound 4 was 
then treated with POCl3 followed by alkylation reaction 
and provided the key intermediate 6.[11] It should be 
pointed out that this step is crucial to the synthetic 
strategy. Phosphorus oxychloride was used to chlorinate 
the phosphate 4 at 60 ℃ followed by the nucleophilic 
addition with CH3MgBr and the major product, mono-
methyl phosphinate 6, was generated in good yield. 
However, when the reaction was carried out at higher 
temperature (80 ℃), the phosphonate 4 was promi-
nently turned into the phosphonic dichloride and the 
major product was dimethylphosphinate (63%, deter-
mined by GC-MS, Scheme 3). In addition, to effect the 
monochlorination , different ratios (1∶1.05, 1∶1.25 
and 1∶1.5) of phosphinate to POCl3 were also screened 
and the results indicated there was not much difference 
among them although a slightly better result was ob-
served for the ratio of 1∶1.05. These results indicated 
that the reaction temperature played a key role in the 
selectivity of chlorination.  

With the desired 6 in hand, we turned our attention 
to the conversion of 6 into alcohol 7. At first, compound 
6 was treated with NaBH4 in THF, several products 
were detected through TLC analysis, making it difficult 
to obtain the pure alcohol 7. However, excess DIBAl-H 
performed very well under －78 ℃ furnishing alcohol 
7 in quantitative yield. Of note, if the DIBAL-H was not 
used in excess and the reaction time was not enough 
(less than 3 h), it would produce a mixture of alcohol 
and aldehyde, rendering purification difficult. Subse-
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quently, alcohol 7 was transformed via the Mitsunobu 
reaction[12] at 0 ℃ to room temperature into phthali-
mide derivative 8. Finally, removal of the phthalimide 
protecting group was achieved via treatment with 40% 
aqueous methylamine to afford the desired compound 1 
with good yield. 

Conclusions 
In conclusion, this is the first time that the synthetic 

sequence to new aminomethylmonoalkylphosphinate 
analogs with the total yield 31.3% has been reported, 
which was developed from a simple starting material. 
At the same time, the key factor concerning the problem 
of possible competitive side reactions was discussed. 
The reported synthetic strategy in this communication is 
explored for a general access to those analogs. 
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