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Exceptional Effect of Nitro Substituent on the 

Phosphonation of Imines: The First Report on 

Phosphonation of Imines to α-Iminophosphonates and 

α-(N-phosphorylamino)phosphonates 

Somayeh Motevalli*, Nasser Iranpoor*, Elham Etemadi-Davan, and Khashayar Rajabi 

Moghadam 

       A novel and chemoselective method is reported for the simple phosphonation of imines. By 

change of the electronic effects of the substituents, this method offers the selective synthesis of 

either α-iminophosphonates or α-(N-phosphorylamino)phosphonates. The mild reaction condition 

makes this protocol very attractive for synthesis of these two classes of phosphorous compounds.

Introduction 

 Organic phosphorus compounds, particularly phosphonates 

and their derivatives are considered as an important class of 

organophosphorus compounds with widespread applications in 

medicinal1 and agricultural chemistry.2 In biological chemistry, 

phosphonate compounds play an important role as 

pharmaceuticals due to their unique structure and charge 

distribution.3 In addition, there are reports for their uses in 

organic synthetic blocks4 and as phophorous-containing ligands 

for metal-catalyzed C-C bond formation.5 Therefore, 

development of more convenient and efficient methods to form 

the C-P bond is a current topic and challengeable to researchers 

in organic chemistry. The Michaelis-Arbuzov reaction is a 

well-known and classical method for C−P bond formation 

discovered by August Michaelis in 1898.6 During the last few 

years significant advances have been achieved in the 

development of cross-coupling methodologies for the synthesis 

of different classes of aromatic phosphonate compounds. For 

example, the first cross-coupling arylboronic acids and H-

phosphonate diesters using catalytic amounts of copper(II) 

oxide and phenanthroline catalyst in order to yield aryl 

phosphonates have been reported by Zhuang and co-workers.7 

Recently, metal-catalyzed direct C-H bond functionalization 

has offered one of the most effective and efficient pathways for 

C-P bond construction.8-11 There are some examples in the 

literature in the development of C-P bond forming reactions via 

direct C-H bond cleavage. A pyridine-directed C-H 

phosphonation reaction with H-phosphonates by palladium 

catalyst is an example for the preparation of aryl phosphonates 

by C-H bond activation.11 The palladium-catalyzed C-3 

dehydrogenative phosphonation of coumarin derivatives is a 

typical example for the regioselective sp2C-H bond 

functionalization.10 Since α-aminophosphoric acids are the most 

widely studied classes of biologically active compounds12 as 

well as important surrogates for carboxylic amino acids,13 

chemists have been encouraged in the progress of methods for 

their synthesis. The phosphonation of sp3 C-H bonds of 

adjacent to tertiary amines is an operative oxidative protocol to 

afford α-aminophosphonates.9, 14-15 In this regard, metal 

catalysts such as Cu,9, 15a,b,c Fe,15d,e,f Ru,15g, h V,15i,k and Mo15l in 

the presence of an oxidant have been applied. α-

Iminophosphonates are direct precursors of α-

aminophosphonates through the conversion of the imine moiety 

into amine. In order to serve this purpose, simple reduction of 

the C-N double bond or addition of nucleophiles to the imine 

carbon has been applied.16 Hence, direct approach to α-

aminophosphonates based on the rhodium-, palladium- and 

ruthenium-catalyzed hydrogenation of the corresponding 

olefinic precursors are developing remarkably in recent years.12, 

17 Beletskaya and co-workers have achieved success for the 

hydrogenation of α-iminophosphonatesto optically active α-

aminophosphonates with enantiomeric excesses up to 94% by 

[Rh(COD)2]
+SbF6-/(R)-BINAP complex.12 In continuation of 

our work on the Pd catalyzed coupling reactions and 

phosphonation of aryl halides,18 we were interested in oxidative 

phosphorylation of C-H bond of ortho position of benzylidene 

moiety of Schiff bases, mainly due to the importance of 

oxidative cross-coupling reactions from the atom- and step-

economical points of view and environmentally friendly 

synthetic approach.19 In addition, Schiff bases as an important 

class of organic compounds possess a wide variety of 

applications in many fields including analytical, biological, and 

inorganic chemistry.20 However, to our surprise, the separated 

products from this protocol showed that instead of C-H 

activation, C=N bond of imine underwent phosphorylation, and 
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produced α-iminophosphonatesand α-(N-

phosphorylamino)phosphonates. Since α-iminophosphonates 

are precursors of α-aminophosphonic acids, their simple and 

easy synthesis is of importance. According to the literature 

review, various methods for the synthesis of α-

iminophosphonates have been reported.12, 16, 21 For example, α-

iminophosphonates were synthesized at 120-170°C via the 

Arbuzov reaction of triethylphosphite with imidoyl chlorides 

prepared by reacting thionyl chloride and amides.12 Addition of 

sodium salt of dialkylphosphites to the triple bond of nitriles 

represents another route to form such compounds as reaction 

intermediates to produce phosphoryl aminophosphonates; 

however, in the reactions of nitriles with H-phosphonate dialkyl 

esters, the iminophosphonates were never isolated as the 

reaction intermediates.21 Also, α-iminophosphonates were 

prepared by aza-Wittig reaction of phosphazenes derived from 

the addition of trimethylphosphineto azides with α-

ketophosphonates.16 In this article, we disclose a novel metal 

free reaction for direct oxidative phosphonation of imines to α-

iminophosphonates (Scheme 1a) or oxidative phosphonation 

followed by addition process to offer α-(N-

phosphorylamino)phosphonates (Scheme 1b). To the best of 

our knowledge, direct α-phosphonation of imines leading to α-

iminophosphonates and also α-(N-

phosphorylamino)phosphonates has not been reported before. 

In this work, we report for the first time on the effect of 

substituents on the aromatic ring for phosphonation of imines to 

offer either α-iminophosphonates or α-(N-

phosphorylamino)phosphonates. 

a.  

 

 

 

 

b. 

 

 

 

 

Scheme 1 

 

Results and discussion 

Our initial study for Pd catalyzed C-H activation was on the 

reaction of (4-nitro-benzylidene)-(4-methoxy-phenyl)-imine 

(1a), with H-phosphonate diethylester in the presence of 4.0 

equiv. of DBU (1,8-diazabicyclo[5.4.0]undec-7-ene), Pd(OAc)2 

(10 mol%), and AgOAc (1.5 equiv.) as an oxidant in CH3CN at 

80 °C (Table 1, entry 1). When the reaction was worked up, the 

obtained product was found to be diethyl [α-(N-phosphoryl)-(4-

methoxy-phenyl)-amino]4-nitro-benzyl phosphonate (2a) in 

moderate yield. We decided to eliminate both the Pd catalyst 

and the oxidant from the reaction mixture. The obtained result 

showed that again the product 2a is obtained in the same yield 

(Table 1, entry 2). Further optimization of the reaction 

conditions was focused on producing the product 2a in higher 

yield. Therefore, the effects of different parameters were 

studied. The reaction underwent with various solvent 

screenings and the best result was acquired in toluene (Table 1, 

entry 5). According to the results of Table 1, entry 6; the 

reaction did not work well under solvent-free condition. In our 

optimization, several bases were also studied for this reaction 

such as DABCO (1,4-diazabicyclo[2.2.2]octane), Et3N, K2CO3, 

NaOAc, and LiNH2. The reaction did not proceed by using 

DABCO, Et3N, K2CO3 and LiNH2 (Table 1, entries 7, 8, 9, 10) 

and using NaOAc as a base, the product was obtained in low 

yield (Table 1, entry 11). According to these results, we 

selected DBU as the most suitable base. Furthermore, by 

replacing the H-phosphonate diethyl ester with 

triethylphosphite, the reaction failed under our optimized 

conditions (Table 1, entry 12). Decreasing the amount of H-

phosphonate diethyl ester and DBU from four equimolar to two 

resulted in very low yield (Table 1, entries 13, 14). Performing 

the reaction at 60 °C led to very good yield of the phosphonated 

product 2a (Table 1, entry 15), while lowering the temperature 

to 35°C and room temperature, the reaction either was very 

slow or did not occur at all (Table 1, entries 16, 17). One pot 

reaction of 4-nitrobenzaldehyde, 4-methoxyaniline with H-

phosphonate diethyl ester and DBU in toluene at 60 °C gives a 

complex mixture. 

 

Table 1. Effect of different reaction parameters on 

phosphonation of (4-nitro-benzylidene)-(4-methoxy-phenyl)-

amine.a 

 

 

 

 

Yieldb(%) Tem. (oC) Solvent Base Entry  

58  80 CH3CN DBU 1c 

60 80 CH3CN DBU 2 

0 80 PEG200 DBU 3 

0 80 EtOH DBU 4 

77 80 Toluene DBU 5 

22 80 Solvent free DBU 6 

0 80 Toluene DABCO 7 

0 80 Toluene Et3N 8 

0 80 Toluene K2CO3 9 

0 80 Toluene LiNH2 10 

25 80 Toluene NaOAc 11 

80 80 Toluene DBU 12d 

10 80 Toluene DBU 13e 

15  80 Toluene DBU 14f 

75 60 Toluene DBU 15 

trace 35 Toluene DBU 16 

0 RT Toluene DBU 17 

N
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aReaction conditions: (4-nitro-benzylidene)-(4-methoxy-

phenyl)-amine (1a) (1mmol), H-phosphonate diethyl ester 

(4mmol), base (4mmol), solvent (4ml). bIsolated yield. 
cPd(OAc)2 (10 mol%, 10 mg) as a catalyst, AgOAc as an 

oxidant (1.5 equiv., 0.25g) were added to the reaction mixture. 
dTriethylphosphite was added to the mixture in place of H-

phosphonate diethyl ester. eThe amount of H-phosphonate 

diethyl ester is 2mmol. .fThe amount of used DBU is 2mmol. 

All of the reactions were monitored by TLC after 24h. 

 

With optimized reaction conditions in hand; imine (1mmol), H-

phosphonate diethyl ester (4mmol), DBU (4mmol), and toluene 

(4ml) at 60 °C, we examined various imines so as to gauge the scope 

of the reaction (Table 2). Initially, various N-aryl groups of (4-nitro-

benzylidene)amines (1a-d) were investigated. When the substituent 

groups were placed on the para-position of the imino unit, we 

obtained higher yields of the diphosphonates, especially for those 

imines having electron-withdrawing substituents (Table 2, 2a, 2b). 

(4-Nitro-benzylidene) amine bearing an electron-donating group at 

the ortho-position such as -OCH3 has some steric effect and 

therefore, slightly decreases the yield of the product (Table 2, 2c). 

The phosphonation reaction proceeded smoothly for 4-

nitrobenzylidene amine (1d) and the product was obtained in 71% 

yield (Table 2, 2d). We extended the phosphonation reaction to (2-

nitro-benzylidene) amines in order to study the orientation effect on 

the yield and the scope of the reaction. When the -NO2 group was 

placed in the ortho position of the ring, a very distinct steric effect 

was observed which changed the scope of the reaction. The 

characterization of the isolated products showed that in these cases, 

instead of diphosphonates, the corresponding α-iminophosphonates 

have been obtained (Table 2, 2e, 2f, 2g). In this study, imines of (2-

nitro-benzylidene)-(4-methoxy-phenyl)-amine (1e) and (2-nitro-

benzylidene)-phenylamine (1g) produced their corresponding α-

iminophosphonates in 73% and 70%, respectively (Table 2, 2e, 2g). 

We also evaluated imines bearing electron withdrawing groups other 

than -NO2 linked on the para-position of benzylidene unit such as -

Cl, and -F. First, the phosphonation reaction of (4-chloro-

benzylidene)-(4-methoxy-phenyl)-amine (1l) was carried out under 

the same reaction conditions as with 1a. Formation of α-

aminophosphonate (Table 2, 2l) from 1l directed us toward studying 

the electronic effect of the substitutions. Since -NO2 as a strong 

withdrawing group has electronically impact on the phosphorylated 

products 2a-2g, we did the phosphonation of (4-chloro-benzylidene)-

(4-nitro-phenyl)-amine (1m) with H-phosphonate diethyl ester and 

DBU as a base in toluene at 60 °C. The product was the 

corresponding α-aminophosphonate (Table 2, 2m). (4-Fluoro-

benzylidene)-(4-methoxy-phenyl)-amine (1n) as an imine possessing 

more electron-withdrawing halogen than 1l was also applied in this 

cross-coupling reaction and the only obtained product was found to 

be diethyl α-(4-methoxyphenylamino)-(4-flurorobenzyl)phosphonate 

in slightly higher yield than 2l (Table 2, 2n). According to the 

observed results, the attachment of -NO2 group on benzylidene unit 

of imine shows distinguishing electronic effect to product α-

iminophosphonates and α-(N-phosphorylamino)phosphonates (2a-

2g). Encouraged by these results, (3-nitro-benzylidene)-(4-methoxy-

phenyl)-amine (1k) was chosen as another example to study the 

orientation and electronic effects of phosphonation reaction. It was 

converted into the corresponding α-aminophosphonate with 

excellent yield (Table 2, 2k). As a result, the reaction is applicable to 

substrates bearing -NO2 group in ortho and para position of imines 

in order to generate α-iminophosphonate and α-(N-

phosphorylamino)phosphonates, and becauseof subtle steric and 

electronic effects, it is highly chemoselective. 

  

Table 2. Phosphonation of imines in toluene using 

HP(O)(OEt)2 and DBUa. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

All of the reactions have been monitored by TLC after 24h. 

 

Although the mechanism for this reaction is unclear, we 

proposed the following probable mechanism. In the first step, 

diethyl phosphonate anion and salt A is formed from the 

reaction of H-phosphonate diethyl ester and DBU as a base. 

Then, the attack of diethyl phosphonate anion to imine in 

toluene at 60 °C produces adduct I which may be a key 

intermediate in the reaction. The next step includes oxidation of 

adduct I by salt A as shown in Scheme 2 and α-

iminophosphonate forms in this stage. In the case of para-nitro 

derivatives, subsequently, the obtained α-iminophosphonate 

reacts with another equimolar of H-phosphonate diethyl ester to 

produce α-(N-phosphorylamino)phosphonates. DBU is a 

chemical compound used in organic synthesis as a catalyst, a 

N

R

R'

HP(O)(OEt)2, (4.0 mmol)

DBU (4.0 mmol)

Toluene, 60 oC

1a- 1n

R: H, o-, p- NO2, p-F,  p-Cl

R': H, o, p-OCH3,  p-NO2

If
 R

: p
-N

O 2 2a-2d

If R
: o

-N
O

2

2e-2g

2h-2n
If R: m-NO2, H, p-Cl, p-F

O2N

N

OCH3
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P

O

OEt

OEt

O

OEt
OEt

2a: 78%

yellow oil

O2N

N

NO2

P

P

O

OEt

OEt

O

OEt
OEt

2b: 85%

pale yellow solid

O2N

N

P

P

O

OEt

OEt

O

EtO

EtO

OCH3

2c: 62%

pale yellow solid

O2N

N

P

P

O

OEt

OEt

O

EtO

EtO

2d: 71%

yellow oil

N

P

O

OEt

OEt

NO2

OCH3

2e: 73%

pale yellow solid

N

P

O

OEt

OEt

NO2

OCH3

2f: 58%

pale yellow solid

N

P

O

OEt

OEt

NO2

2g: 70%

yellow oil

N
H

P

O

OEt

OEt

OCH3

2h: 75%12

pale yellow solid

N
H

P

O

OEt

OEt

OCH3

NO2 2k: 88%23

pale yellow solid

N
H

P

O

OEt

OEt

OCH3

F

N
H

P

O

OEt

OEt

OCH3

Cl

N
H

P

O

OEt

OEt

NO2

Cl

2l: 84%24

yellow solid

2m: 85%25

pale yellow solid

2n: 88%12

white solid
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complexing ligand, and a well-known non-nucleophilic base. 

Herein, we introduce dual possible role of DBU both as base 

and as oxidant. To prove the possible role of DBU as an 

oxidant in the reaction, we carried out four control experiments. 

According to the results of these transformations, we conducted 

the first control experiment involving phosphonation of (4-

nitro-benzylidene)-(4-methoxy-phenyl)-amine 1a in the 

absence of DBU in EtOH as a solvent at 60 oC. The reaction 

monitoring showed that 1a was converted almost completely 

into the corresponding α-aminophosphonate within 24h. Then, 

DBU was added to the reaction mixture and the desired product 

2a was produced. In the second control experiment, the reaction 

1a with H-phosphonate diethyl ester proceeded in toluene and 

in the absence of DBU at 60 oC. TLC analysis represented that 

the reaction did not occur. We expanded the control 

experiments using 1e as a starting material in both EtOH and 

toluene in the absence of DBU at 60 oC. The corresponding α-

aminophosphonate was obtained in EtOH and then the addition 

of DBU produced α-iminophosphonate 2e. However, the 

reaction failed in toluene in the absence of DBU. Therefore, the 

presence of DBU plays a synergic role to produce the desired 

products. In order to get more insight into the proposed 

mechanism, the reaction of 1g with H-phosphonate diethyl ester 

and DBU in toluene at 60 oC was done. The analysis of the 

reaction mixture supports the hypothesis that DBU acts as an 

oxidant through recognizing the reduced form of DBU in the 

reaction mixture. According to the 1H- and 13C-NMR (see the 

supporting information), the presence of N-H and C-H signals 

at 4.9 and 3.18 ppm, respectively and the absence of the signal 

for the carbon of C=N and the presence of C-H signal at 77.2 

ppm in the reduced form of DBU are strong evidences for the 

reduction of DBU in this processes. Additionally, to prove the 

second phosphorylation in the proposed manner, we prepared 

the α-iminophosphonate of imine 1a by described procedure in 

the literature.12 Then, the purified α-iminophosphonate was 

allowed to react with H-phosphonate diethyl ester and DBU in 

toluene at 60 oC. After 24h, bisphosphonate 2a was obtained as 

the main product (Scheme 3).    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 2. Proposed mechanism. 

 

 

 

 

 

 

Scheme 3 

Experimental Section 

Melting points were determined and recorded in open 

capillaries with Buchi B-545 melting point instrument and were 

not corrected. 1H and 13C NMR spectra were recorded on a 

Brucker Avance DPX-250 spectrometers using CDCl3 and 

tetramethylsilane (TMS) as internal standard in pure deuterated 

solvents. 31P NMR spectra were recorded on a Brucker Avance 

DPX-400 Ultra sheild. FTIR spectra were run on a Shimadzu 

FTIR-8300 spectrophotometer. Mass spectra were acquired on 

a Shimadzu GCMS-QP 1000 EX instrument at 70 eV. CHN 

analyses were performed with a Vario EL, ElementarAnalyser 

system GmbH (Hanau). The reaction monitoring was carried 

out on silica gel analytical sheets. Purification of products was 

carried out by column chromatography on the column of silica 

gel 60 Merck (230-240 mesh) in glass columns (2 or 3 cm 

diameter). 

General procedure for the preparation of imines22 

Aldehyde (5.0 mmol) and 5.0 mmol of amine in ethanol (10.0 

mL) were placed in a flask equipped with a magnetic stirrer, 

andrefluxcondenser. The reaction mixture was refluxed with 

stirring for 24 h. After completion, the reaction mixture was 

cooled to room temperature, and then mixture was left for 

crystallization. After recrystallization from ethanol, the pure 

products were obtained with excellent yield (1a-n). 

General procedure for phosphorylation of imines  

A mixture of imine (1.0 mmol), H-phosphonate diethyl ester (0.5 

mL, 4.0 mmol), and DBU (0.48 mL, 4.0 mmol), in toluene (4 mL) 

was heated at 60 °C for 24h. After completion, the reaction mixture 

was cooled to room temperature and the solvent was evaporated 

under vacuum. Then, the crude organic mixture was purified by 

silica gel column chromatography (petroleumether/ethyl acetate 4:1) 

to obtain the desired products in moderate to excellent yield. 

Typical procedure for the preparation of N-(4-

methoxyphenyl)-4-nitrobenzamide26 

HP(O)(OEt)2

N

N
P(O)(OEt)2

N

N
H

N

R

R'

P(O)(OEt)2
Toluene, 60 oC

R: o-, p- NO2 

R': H, o-, p-OCH3, p-NO2
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P(OEt)2O

H
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N
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If R: p-NO2 H-P(O)(OEt)2

N

R
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P(OEt)2O

P(OEt)2
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A

I
A

O2N

O

N
H

SOCl2 , 80 oC

O2N
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N
P(OEt)3

140 oC, Ar
O2N

P

N
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O2N

P
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P

HP(O)(OEt)2
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EtO

OCH3 OCH3
OCH3

OCH3
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To a refluxing solution of Ph2PCl (0.27 mL, 1.5 mmol) and 

imidazole (0.30 g, 4.5 mmol) in 5 mL dichloromethane, iodine 

(0.37 g, 1.5 mmol) and 4-nitrobenzoic acid (0.33 g, 2.0 mmol) 

were added consecutively. After few minutes, p-anisidine (0.24 

g, 2.0 mmol) was added to the reaction mixture and was left 

stirring at reflux for 20 min. Then, the organic layer was 

washed with saturated aqueous sodium carbonate (3 × 5 mL) 

and aqueous sodium thiosulfate (2 × 5 mL), and driedover 

Na2SO4. The desired product was obtained by column 

chromatography over silica gel with n-hexane / ethyl acetate 

(5:1) as eluent (yield: 88%). 

 

Typical procedure for the preparation of N-(p-anisyl)-4-

nitrobenzenecarboxyimidoyl chloride12 

A mixture of N-(4-methoxyphenyl)-4-nitrobenzamide (0.27 g, 

1.0 mmol) and thionylchloride (0.38 mL, 5.3 mmol) were 

stirred at 80 oC for 8h. Excess SOCl2 was removed under 

reduced pressure, and the residue was purified by column 

chromatography over silica gel using n-hexane / ethyl acetate as 

eluent (7:1) affording the product as pale yellow crystals; yield: 

0.24 g (75%). 

 

 

Typical procedure for the preparation of Diethyl α-(p-

anisylimino)-4-nitrobenzylphosphonate12 

 

To a 3-necked round flask equipped with a magnetic stirrer, N-

(p-anisyl)-4-nitrobenzenecarboxyimidoyl chloride (0.32 g, 1.0 

mmol) and triethylphosphite (0.25mL, 1.5 mmol) was added 

under Ar. The reaction mixture was stirred at 140 oC for 8h and 

then purified by column chromatography over silica gel with n-

hexane / ethyl acetate as eluent (4:1) giving iminophosphonate 

as a yellow oil; yield: 0.3 g (70%).  

 

 

Typical procedure for the preparation of Diethyl [α-(N-

phosphoryl)-(4-methoxy-phenyl)-amino]4-nitro-benzyl 

phosphonate (2a)  

To a 25-ml round flask containing α-iminophosphonate (0.21 g, 

0.5 mmol) prepared from previous reaction was added H-

phosphonate diethyl ester (0.125 mL, 1.0 mmol), and DBU 

(0.145 mL, 1.0 mmol), in toluene (2 mL) and heated at 60 °C 

for 24h. The solvent was removed in vacuo. Then, the crude 

organic mixture was purified by silica gel column 

chromatography (petroleumether/ethyl acetate 4:1) to obtain the 

bisphosphonate product. 
 

Diethyl [α-(N-phosphoryl)-(4-methoxy-phenyl)-amino]4-nitro-

benzyl phosphonate (2a) was obtained as yellow oil; yield: 

0.414 g, 78%; 1H-NMR (CDCl3, 250 MHz) δ (ppm): 8.06 (d, 

2H, J= 9Hz), 7.49 (d, 2H, J= 9Hz), 6.82 (d, 2H, J= 9Hz), 6.66 

(d, 2H, J= 9Hz), 5.63 (dd, 1H, 2J (H-P)= 23.1Hz, 3J (H-P)= 

11Hz), 4.23-3.78 (m, 8H), 3.70 (d, 3H, J= 1Hz), 1.30 (t, 3H, J= 

7Hz), 1.20 (mt, 3H, ), 1.10 (mt, 3H), 1.02 (t, 3H, J= 7Hz); 13C-

NMR (CDCl3, 62.9 MHz) δ (ppm): 13C-NMR (CDCl3, 62.9 

MHz) δ (ppm): 159.0, 147.7 , 142.1 (d, 2J(C-P)= 6.0Hz), 132.9, 

131.9 (d, 2J(C-P)= 8.4Hz), 129.4, 123.2, 113.4, 62.6- 63.0 (m, 

4C, -CH2-,), 58.5 (dd, -CH-, 2J (C-P)= 8.3Hz, 1J (C-P)= 

162.1Hz), 55.2 (1C, -OCH3), 15.9-16.4 (m, 4C, -CH3);
 31P-

NMR (CDCl3, 162 MHz) δ (ppm): 19.94 (d, 3J(P-P)= 21.8 Hz), 

5.71(d,  3J (P-P)= 21.8 Hz); IR (KBr): ѵ [cm-1] 2985.6, 2931.6, 

2869.9, 1604.7, 1519.8, 1350.1, 1249.8, 1026.1, 964.3, 864.1; 

Anal. Calcd for C22H32N2O9P2: C, 49.81; H, 6.08; N, 5.28. 

Found: C, 49.42; H, 5.83; N, 4.98. 

Diethyl [α-(N-phosphoryl)-(4-nitro-phenyl)-amino] 4-nitro-

benzyl phosphonate (2b): Pale yellow solid (mp: 87-88 ºC); 1H- 
NMR (CDCl3, 250 MHz) δ (ppm): 8.16 (d, 2H, J= 9Hz), 8.08 

(d, 2H, J= 9Hz), 7.63 (d, 2H, J= 9Hz), 7.21 (d, 2H, J= 9Hz), 

5.83 (dd, 1H, 2J(H-P)= 24.6Hz, 3J(H-P)=11.8Hz), 4.31-3.85 (m, 

8H), 1.35 (t, 3H, J= 7Hz), 1.29 (mt, 3H), 1.20 (t, 3H), 1.12 (t, 

3H, J= 7Hz); 13C-NMR (CDCl3, 62.9 MHz) δ (ppm): 147.8, 

146.2, 144.5, 141.5 (d, 3J(C-P)= 3.5Hz), 131.1 (d, 2J(C-

P)=7.9Hz), 130.4, 123.6 (d, 2J(C-P)= 7.9Hz), 63.0-63.7 (m, 4C, 

-CH2-), 58.4 (dd, -CH-, 2J (C-P)= 5.5Hz, 1J (C-P)= 161.0Hz), 

15.9-16.4 (m, 4C, -CH3);
 31P-NMR (CDCl3, 162 MHz)δ (ppm): 

19.28 (d, 3J(P-P)= 20.5 Hz), 4.51 (d, 3J(P-P)= 20.5 Hz); IR 

(KBr): ѵ [cm-1] 2977.9, 2916.2, 1595.9, 1519.8, 1350.1, 

1249.8, 1026.1, 972.1; MS (70 eV, EI): m/z (%): 545, M+ (0.4), 

408 (100.0); Anal. Calcd for C21H29N3O10P2: C, 46.24; H, 5.36; 

N, 7.70. Found: C, 46.25; H, 5.75; N, 8.00. 

Diethyl [α-(N-phosphoryl)-(2-methoxy-phenyl)-amino]4-nitro-

benzyl phosphonate (2c): Pale yellow solid (mp: 115-115.5 ºC); 
1H-NMR (CDCl3, 250 MHz) δ (ppm): 8.12-8.09 (m, 2H), 7.91-

7.88 (m, 2H), 6.76-6.60 (m, 2H), 6.49- 6.41 (m, 1H), 6.10 (d, 

1H, J= 7.5Hz), 5.68-5.64 (m, 1H), 4.21-3.96 (m, 11H), 1.23-

1.09 (m, 12H); 13C-NMR (CDCl3, 62.9 MHz) δ (ppm): 13C-

NMR (CDCl3, 62.9 MHz) δ (ppm): 158.2, 143.2, 136.3, 130.2 

(d, 2J(C-P)= 4.1Hz), 129.6, 122.5, 119.6, 118.6, 116.6, 64.1-

64.4 (m, 4C, -CH2-), 57.8 (broad s, 1C, -CH-), 55.7 (1C, -

OCH3), 16.2 (broad s, 4C, -CH3);
 31P-NMR (CDCl3, 162 

MHz)δ (ppm): 20.76, 17.51; IR (KBr): ѵ [cm-1] 2985.6, 2931.6, 

1596.9, 1519.8, 1458.1, 1342.4, 1249.8, 1164.9, 1118.6, 

1026.1, 972.1, 856.3, 740.6; MS (70 eV, EI): m/z (%): 530, M+ 

(5.7), 255 (100.0); Anal. Calcd for C22H33N2O9P2: C, 49.81; H, 

6.08; N, 5.28. Found: C, 49.50; H, 5.78; N, 5.08. 

Diethyl [α-(N-phosphoryl)-(phenyl)-amino]4-nitro-benzyl 

phosphonate (2d): Yellow oil; 1H-NMR (CDCl3, 250 MHz) δ 

(ppm): 8.06 (d, 2H, J= 8.2Hz), 7.51 (d, 2H, J= 8.7Hz), 7.20- 

7.14 (m, 3H), 6.95-6.90 (m, 2H), 5.66 (dd, 1H, 2J (H-P)= 

23.5Hz, 3J (H-P)= 11.5Hz), 4.25-3.74 (m, 8H), 1.28 (t, 3H, J= 

7Hz), 1.21 (mt, 3H), 1.09 (mt, 3H), 1.02 (t, 3H, J= 7Hz); 13C-

NMR (CDCl3, 62.9 MHz) δ (ppm): 147.9, 131.8 (d, 2J(C-P)= 

8.4Hz, two peaks), 131.6, 128.3, 128.0, 123.2, 123.0, 62.6-63.1 

(m, 4C, -CH2-), 59.6-59.7 (m, 1C, -CH-), 54.3 (broad s, 1C, -

CH-), 15.9-16.4 (m, 4C, -CH3); 
31P-NMR (CDCl3, 162 MHz)δ 

(ppm): 19.60, 3.08; IR (KBr): ѵ [cm-1] 2985.6, 2931.6, 1596.9, 

1527.5, 1490.1, 1442.7, 1350.1, 1257.5, 1164.9, 1026.1, 972.1, 

864.1, 794.6; MS (70 eV, EI): m/z (%): 500, M+ (1.0), 363 

(100.0); Anal. Calcd for C21H31N2O8P2: C, 50.40; H, 6.04; N, 

5.60. Found: C, 50.12; H, 5.72; N, 5.30. 

Diethyl α-(p-anisylimino)-2-nitrobenzylphosphonate (2e): Pale 

yellow solid (mp: 77-78 ºC); 1H-NMR (CDCl3, 250 MHz) δ 
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(ppm): 8.09-8.07 (m, 1H), 7.75-7.73 (m, 1H), 7.43-7.24 (m, 

4H), 7.07-7.03 (m, 2H), 4.01-3.87 (m, 7H), 1.21-1.18 (m, 6H); 
13C-NMR (CDCl3, 62.9 MHz) δ (ppm): 161.4, 159.3, 149.7, 

132.5, 130.0, 126.8 (d, 4J(C-P)= 4.0Hz), 122.8, 121.2, 120.0, 

114.2, 113.6, 62.7 (d, 2CH2, 
2J(C-P)= 5.3Hz), 55.6 (OCH3), 

16.0 (d, 2CH3, 
3J(C-P)= 6.4Hz); 31P-NMR (CDCl3, 162 MHz)δ 

(ppm): 2.76; IR (KBr): ѵ [cm-1] 2985.6, 2931.6, 2839.0, 

1643.2, 1604.7, 1512.1, 1450.4, 1388.7, 1296.1, 1249.8, 

1172.6, 1026.1, 972.1, 833.2, 756.0; Anal. Calcd for 

C18H21N2O6P: C, 55.10; H, 5.39; N, 7.14. Found: C, 54.85; H, 

5.04; N, 6.84. 

Diethyl α-(ortho-anisylimino)-2-nitrobenzylphosphonate (2f): 

Pale yellow solid (mp: 147-148 ºC); 1H-NMR (CDCl3, 250 

MHz) δ (ppm): 8.13-8.08 (m, 1H), 7.79-7.75 (m, 1H), 7.62-7.54 

(m, 1H), 7.40-7.25 (m, 4H), 7.12-7.11 (m, 1H), 7.10-7.08 (m, 

1H), 4.08-3.81 (m, 4H), 3.78 (d, 3H, J= 1.8 Hz), 1.22 (mt, 3H), 

1.13 (mt, 3H); 13C-NMR (CDCl3, 62.9 MHz) δ (ppm): 157.6, 

156.2, 147.9, 133.0, 132.3, 130.6, 128.6, 126.6, 126.4, 121.3, 

120.4, 113.8, 111.9, 62.6 (d, 2CH2, 
2J(C-P)= 4.8Hz), 55.8 

(OCH3), 15.9-16.1 (m, 2CH3);
 31P-NMR (CDCl3, 162 MHz) δ 

(ppm): 2.50; IR (KBr): ѵ [cm-1] 2977.9, 2893.0, 1604.7, 

1504.4, 1473.3, 1300.1, 1280.6, 1249.8, 1164.9, 1010.6, 979.8, 

840.9, 763.8; MS (70 eV, EI): m/z (%): 392, M+ (1.1), 223 

(100.0); Anal. Calcd for C18H21N2O6P: C, 55.10; H, 5.39; N, 

7.14. Found: C, 55.38; H, 5.74; N, 7.46. 

Diethyl α-(phenylimino)-2-nitrobenzylphosphonate (2g): 

Yellow oil, 1H-NMR (CDCl3, 250 MHz) δ (ppm): 8.12-8.09 

(m, 1H), 7.78-7.74 (m, 1H), 7.60-7.50 (m, 5H), 7.33-7.30 (m, 

2H), 4.03-3.91(m, 4H), 1.16 (t, 6H, J= 7Hz); 13C-NMR (CDCl3, 

62.9 MHz) δ (ppm): 157.9, 156.8, 151.8, 141.3, 132.9, 131.0, 

129.0, 128.7, 126.9 (d, 3J(C-P)= 6.3Hz), 121.3, 113.7, 62.8 (d, 

2CH2, 
2J(C-P)= 5.6Hz), 16.0 (d, 2CH3, 

3J(C-P)= 6.7Hz); 31P-

NMR (CDCl3, 162 MHz) δ (ppm): 4.49; IR (KBr): ѵ [cm-1] 

2985.6, 2931.6, 1658.7, 1596.9, 1504.4, 1473.5, 1388.7, 

1257.5, 1164.9, 1110.9, 1049.2, 1010.6, 979.8, 840.9, 748.3; 

MS (70 eV, EI): m/z (%): 362, M+ (0.4), 179 (100.0); Anal. 

Calcd for C17H19N2O5P: C, 56.35; H, 5.29; N, 7.73. Found: C, 

56.05; H, 5.01; N, 7.50. 

Diethyl α-(p-anisylimino)-4-nitrobenzylphosphonate: Yellow oil; 
1H-NMR (CDCl3, 250 MHz) δ (ppm): 8.17 (d, 2H, J= 16.7Hz), 7.77 

(d, 2H, J= 16.7Hz), 7.19-6.90 (m, 4H), 4.73-4.23 (m, 4H), 3.91 (s, 

3H), 1.39-1.14 (m, 6H); 13C-NMR (CDCl3, 62.9 MHz) δ (ppm): 

198.7, 160.5, 151.5, 145.0 , 137.5 (d, 2J(C-P)= 4.9Hz), 129.3 (d, 
2J(C-P)= 4.5Hz), 122.7, 122.6, 115.5, 60.2 (d, -CH2-,

2J (C-P)= 

5.7Hz), 53.0 (1C, -OCH3), 16.6 (d, -CH3,
 3J (C-P)= 4.7Hz); 31P-NMR 

(CDCl3, 162 MHz)δ (ppm): 4.85. 

Conclusions 

In summary, we have developed a novel and efficient method 

of oxidative phosphonation of imines with H-phosphonate 

diethyl ester using DBU both as base and as oxidant with high 

chemoselectivity.Also, we studied the electronic and orientation 

effects of substituents on the phosphonation of imines. 

 

Acknowledgements 

We acknowledge the support of this work by Shiraz university 

research council and the grant from National Elite Foundation 

of Iran. 

 

Notes and references 

1 (a) N. Zhang, J. E. Casida, Bioorg. Med. Chem. 2002, 10, 1281; (b) 

The reagents of the University of California, Patent: WO2007/22059 

A2, 2007; (c) D. Wu, J.- Q. Niu, Y. -H. Ding, X. -Y. Wu, B.- H. 

Zhong, X.-W. Feng, Med. Chem. Res. 2012, 21, 1179; (d) V. D. 

Romanenko, V. P. Kukhar, Beilstein J.Org. Chem. 2013, 9, 991. 

2 (a) V. K. Nandula, Glyphosate Resistance in Crops and Weeds: 

History, Development, and Management; John Wiley & Sons, Inc.: 

2010; (b) E. R. Jackson, C. S. Dowd, Curr. Top. Med.Chem. 2012, 

12, 706; (c) S. Montel, C. Midrier, J.-N. Volle, R. Braun, K. Haaf, L. 

Willms, J.-L. Pirat, D. Virieux, Eur. J. Org. Chem. 2012, 17, 3237. 

3 (a) E. De Clercq, Nat. Rev. Drug Discovery 2002, 1, 13; (b) E. De 

Clercq, A. Holy, Nat. Rev. Drug Discovery 2005, 4, 928; (c) W. W. 

Metcalf, W. A. van der Donk, Annu. Rev. Biochem. 2009, 78, 65; (d) 

M. Okuhara, Y. Kuroda, T. Goto, M. Okamoto, H. Terano, M. 

Kohsaka, H.  Aoki, H. Imanaka, J. Antibiot. 1980, 33, 13; (e) A. K. 

White, W. W. Metcalf,  Annu. Rev.Microbiol. 2007, 61, 379. 

4 (a) D. Yang, D. Zhao, L. Mao, L. Wang, R. Wang, J. Org. Chem. 

2011, 76, 6426; (b) X. Li, F. Yang, Y. Wu, Y. Wu, Org. Lett. 2014, 

16, 992. 

 5 (a) R. Jana, T. P. Pathak, M. S. Sigman, Chem. Rev. 2011, 111, 1417; 

(b) P. W. N. M. van Leeuwen, P. C. J. Kamer, J. N. H. Reek, P. 

Dierkes, Chem. Rev. 2000, 100, 2741; (c) H. Fernandez-Perez, P. 

Etayo, A. Panossian, A. Vidal-Ferran, Chem. Rev. 2011, 111, 2119; 

(d) J. D. Weaver, A. Recio, A. J. Grenning, J. A. Tunge, Chem. Rev. 

2011, 111, 1846; (e) N. Iranpoor, H. Firouzabadi, R. Azadi, Eur. J. 

Org. Chem. 2007, 2197; (f) N. Iranpoor, H. Firouzabadi, A. Rostami, 

Appl.Organomet. Chem. 2013, 27, 501; (g) N. Iranpoor, H. 

Firouzabadi, A. Safavia, S. Motevalli, M. M., Doroodmand, Appl. 

Organomet. Chem. 2012, 26, 417; (h) N. Iranpoor, H. Firouzabadi, S. 

Motevalli, J. Mol. Catal. A: Chem. 2012, 355, 69; (i) N. Iranpoor, H. 

Firouzabadi, S. Motevalli, M. Talebi, J. Organomet. Chem. 2012, 

708-709, 118; (j) N. Nowrouzi, D. Tarokh, S. Motevalli, J. Mol. 

Catal. Chem. A. 2014, 385, 13; (k) N. Nowrouzi, S. Motevalli, D. 

Tarokh, J. Mol. Catal. Chem. A. 2015, 396, 224. 

6 A. Michaelis, R. Kaehne, Berichte, 1898, 31, 1048. 

7 R. Zhuang, J. Xu, Z. Cai, G. Tang, M. Fang, Y. Zhao, Org. Lett. 

2011, 13, 2110. 

8 (a) C. Baillie, J.-L. Xiao, Curr. Org. Chem. 2003, 7, 477; (b) L. 

Coudray, J. L. Montchamp, Eur. J. Org. Chem. 2008, 3601; (c) T. 

Masato, Topics in Organometallic Chemistry, Ed.; Springer: Berlin, 

2011; (d) W. Han, A. R. Ofial, Chem. Commun. 2009, 6023; (e) D. 

W. Allen, Organophosphorus Chem. 2010, 39, 1; (f) M. Rueping, S. 

Zhu, R. M. Koenigs, Chem.Commun. 2011, 47, 8679; (g) D. P. Hari, 

B. Konig, Org. Lett. 2011, 13, 3852; (h) D. S. Glueck, Top. 

Organomet.Chem. 2010, 31, 65; (i) K. Alagiri, P. Devadig, K. R. 

Prabhu, Tetrahedron Lett. 2012, 53, 1456; j) K. Alagiri, P. Devadig, 

K. R. Prabhu, Chem. Eur.J. 2012, 18, 5160; k) R. Engel, Synthesis of 

Carbon Phosphorus Bonds; CRC: Boca Raton, 1988. 

9 B. Yang, T.-T. Yang, X.-A. Li, J.-J. Wang, S.-D. Yang, Org. Lett. 

2013, 15, 5024. 

Page 6 of 8RSC Advances



Journal Name ARTICLE 

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 7  

10  X. Mi, M. Huang, J. Zhang, C. Wang, Y. Wu, Org. Lett., 2013, 15, 

6266. 

11 (a) C. G. Feng, M. Ye, K. J. Xiao, S. Li, J. Q. Yu, J. Am. Chem. Soc. 

2013, 135, 9322; (b) C. Li, T. Yano, N. Ishida, M. Murakami, Angew. 

Chem. Int.Ed. 2013, 52, 9801. 

12 N. S. Goulioukina, G. N. Bondarenko, S. E. Lyubimov, V. A. 

Davankov, K. N. Gavrilov, I. P. Beletskaya, Adv. Synth. Catal. 2008, 

350, 482. 

13 K. M. Yager, C. M. Taylor, A. B. Smith, J. Am. Chem. Soc. 1994, 

116, 9377. 

14 (a) K. Alagiri, P. Devadig, K. R. Prabhu, Tetrahedron Lett. 2012, 53, 

1456; (b) J. Xie, H. Li, Q. C. Xue, Y. X. Cheng, C.J. Zhu, Adv. Synth. 

Catal. 2012, 354, 1646; (c) D. P. Hari, B. Konlg, Org. Lett. 2011, 13, 

3852; (d) O. Basle, C.-J. Li, Chem. Commun. 2009, 4124; (e) W. 

Han, P. Mayer, A. R. Ofial, Adv. Synth.Catal. 2010, 352, 1667. 

15 (a) C.-J. Li, Acc. Chem. Res. 2009, 42, 335; (b) Z. Li, C.-J. Li, Eur. J. 

Org. Chem. 2005, 3173; (c) Z. Li, C.-J. Li, J. Am. Chem. Soc. 2005, 

127, 6968; (d) S. Singhal, S. L. Jain, B. Sain, Adv. Synth. Catal. 

2010, 352, 1338; e) W. Han, A. R. Ofial, Chem. Commun. 2009, 

5024; f) P. Liu, C.-Y. Zhou, S. Xiang, C.-M. Che, Chem. Commun. 

2010, 46, 2739; (g) S.-I. Murahashi, T. Nakae, H. Terai, N. Komiya, 

J. Am.Chem. Soc. 2008, 130, 11005; (h) S.-H. I. Murahashi, N. 

Komiya, H. Terai, T. Nakae, J. Am. Chem. Soc. 2003, 125, 15312; (i) 

S. Singhal, S. L. Jain, B. Sain, Chem.Commun. 2009, 2371; (j) A. 

Sud, D. Sureshkumar, M. Klussmann, Chem. Commun. 2009, 3169; 

(k) K. Alagiri, P. Devadig, K. R. Prabhu, Tetrahedron Lett .2012, 53, 

1456. 

16 J. Vicario, D. Aparicio, F. Palacios, Phosphorus, Sulfur, andSilicon 

Relat. Elem. 2011, 186, 638. 

17 (a) U. Schollkopf, I. Hoppe, A. Thiele, Liebigs, Ann. Chem. 1985, 

555; (b) M. J. Burk, T. A. Stammers, J. A. Straub, Org. Lett. 1999, 1, 

387; (c) M. Kitamura, M. Yoshimura, M. Tsukamoto, R. Noyori, 

Enantiomer 1996, 1, 281; (d) I. Grassert, U. Schmidt, S. Ziegler, C. 

Fischer, G. Oehme, Tetrahedron: Asymmetry 1998, 9, 4193; (e) U. 

Schmidt, Krause, H. W.; Oehme, G.;Grassert, I.;Michalik, 

M.;Fischer, C. Chirality1998, 10, 564-572; f) Holz, J.;Sturmer, 

R.;Schmidt, U.;Drexler, H.-J.;Heller, D.;Krimmer, H.-P.;Borner, 

A.Eur. J. Org. Chem.2001, 4615-4624; g) Gridnev, I. D.;Yasutake, 

M.;Imamoto, T.;Beletskaya, I. P. Proc. Natl. Acad. Sci.USA2004, 

101, 5385–5390. 

18 N. Iranpoor, H. Firouzabadi, K. Rajabi Moghadam, S. Motevalli, 

RSC advances, 2014, 4, 55732. 

19 (a) C.-J. Li, Z. Li, Pure Appl. Chem. 2006, 78, 935; (b) Z. Li, D. S. 

Bohle, C.-J. Li, Proc. Natl. Acad. Sci. U.S.A. 2006, 103, 8928; c) C.-

J. Li, Acc. Chem. Res. 2009, 42, 335; (d) W. Y. Yin, C. He, M. Chen, 

H. Zhang, A.-W. Lei, Org. Lett. 2009, 11, 709; (e) C. J. 

Scheuermann, Chem.Asian J. 2010, 5, 436; (f) M. Chen, X. L. 

Zheng,; W. P. Li, J. He, A.-W. Lei, J. Am. Chem. Soc. 2010, 132, 

4101; (g) C. Zhang, N. Jiao, Angew. Chem., Int. Ed. 2010, 49, 6174; 

(h) C. Liu, H. Zhang, W. Shi, A.-W. Lei, Chem. Rev. 2011, 111, 

1780; (i) C. S. Yeung, V. M. Dong, Chem. Rev. 2011, 111, 1215; (j) 

R. Y. Tang, Y. X. Xie, Y. L. Xie, J. N. Xiang, J.-H. Li, Chem. 

Commun. 2011, 47, 12867; (k) Z. L. Huang, L. Q. Jin, Y. Feng, F. 

Peng, H. Yi, A.-W. Lei, Angew. Chem., Int. Ed. 2013, 52, 7151. 

20 A. Kajal, S. Bala, S. Kamboj, N. Sharma, V. Saini, J. Catal., 2013, 

2013, 1. 

21 (a) Y. V. Rassukana, I. P. Yelenich, A. D. Synytsya, P. P. Onys’ko, 

Tetrahedron, 2014, 70, 2928. 

22 V. Sridharan, P. T. Perumal, C. Avendañoa, J. C. Menéndez, Org. 

Biomol. Chem., 2007, 5, 1351. 

23 Y. Prashanthi, N. Bhasker, A. Kavita, R. Srinivas, B. V. Subba 

Reddy, Pharma. Chemica 2013, 5, 288. 

24 Z. Xiancui, W. Shaowu, Z. Shuangliu, W. Yun, Z. Lijun, W. Fenhua, 

F. Zhijun, G. Liping, M. Xiaolong, Inorg. Chem. 2012, 51, 7134. 

25 G.-Y. Sun, J.-T. Hou, J.-J. Dou, J. Lu, Y.-J. Hou, T. Xue,  Z.-H. 

Zhan, J. Chin. Chem. Soc. 2010, 57, 1315. 

26 N. Nowrouzi, M. Zareh Jonaghani, Can. J. Chem. 2012, 90, 498. 

  

 

 

 

 

 

 

 

 

 

Page 7 of 8 RSC Advances



Exceptional Effect of Nitro Substituent on the Phosphonation of Imines: The First 

Report on Phosphonation of Imines to α-Iminophosphonates and α-(N-

phosphorylamino)phosphonates 

 

Somayeh Motevalli*, Nasser Iranpoor*, Elham Etemadi-Davan, and Khashayar Rajabi Moghadam 

Department of Chemistry, College of Sciences, Shiraz University, Shiraz 71454, Iran 

somayeh.motevalli@gmail.com, iranpoor@susc.ac.ir  

 

A novel chemoselective method for the simple phosphonation of imines with H-phosphonate 

diethyl ester and study of the electronic and orientation effects of the substituents on 

phosphorylation reaction. 

 

N R'

HP(O)(OEt)2 (4.0 mmol)

DBU(4.0 mmol)

Toluene, 60 oC

1a- 1d

R': H, o, p-OCH3,  p-NO2

O2N

N R'

2a- 2d

O2N

P

P

O

OEt

OEt

O

OEt

OEt

N

R

R'

HP(O)(OEt)2 (4.0 mmol)

DBU (4.0mmol)

Toluene, 60 oC

1h- 1n

R: H, m-NO2, p-F,  p-Cl

R': p-OCH3,  p-NO2

2h-2n

N
H

R

R'

P

O

OEt

OEt

N R'

HP(O)(OEt)2 (4.0 mmol)

DBU (4.0 mmol)

Toluene, 60 oC

1e- 1g

R': H, o, p-OCH3

2e-2g

NO2

N R'

P

O

OEt

OEt

NO2

 

Page 8 of 8RSC Advances


