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Abstract
A tandem one-pot solvent free approach for the direct conversion of benzyl alcohols to α-amino phosphonates and 
dihydropyrimidones is reported. The method relies on a metal free photo-oxidation of benzyl alcohols to benzalde-
hydes under UV irradiation using ammonium perchlorate followed by Kabachnik–Fields and Biginelli reactions. The 
reaction conditions are moderate and metal free with good substrate scope. The control experiments were performed to 
investigate the role of the ammonium perchlorate and molecular oxygen as oxidants. The quenching experiments in the 
presence of TEMPO and other radical quenchers suggest radical based mechanism. 
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1. Introduction
The α-aminophosphonates are core structural com-

ponents of many pharmacologically active molecules ex-
hibiting diverse range of biological activities such as anti-
cancer, HIV protease inhibitors, and serve as surrogates of 
α-amino acids.1–3 The Pudovik reaction4 and Kabachnik– 
Fields reactions5 involving nucleophilic addition of phos-
phite to imines are the most widely used methods for the 
synthesis of α-aminophosphonates. The aminophospho-
nates can also be synthesised via acid-catalyzed (Lewis/
Brønsted),6,7 catalyst-free,8 microwave assisted9 condensa-
tion of H-phosphonates with aldehydes or imines. Fur-
thermore, synthesis of α-aminophosphonates has also 
been achieved from substrates other than aldehydes using 
methylene aziridines,10 dehydrogenative α‐phosphonation 
of substituted N,N‐dialkylanilines,11 reduction of aryl ni-
tro compounds,12 reductive phosphination of amides,13 
and biomass-derived hydroxyl methyl furfural.14 As such, 
we were particularly intrigued to explore the feasibility of 

ubiquitously available benzyl alcohols as substrates for the 
synthesis of α-aminophosphonates. To the best of our 
knowledge only report employing the use of benzyl alco-
hol has been carried out with an expensive gold supported 
catalyst.15 Moreover, we wanted to examine if the ben-
zyl alcohol could also serve as a surrogate of benzalde-
hydes for related reactions like Biginelli reaction lead-
ing to the formation of 1,4-dihydropyrimidones. Notably, 
1,4-dihydropyrimidones are also a well known class of bi-
ologically active compounds with a range of therapeutic 
properties.16 The traditional synthesis of dihydropyrimi-
dones involves use of an aldehyde, a β-keto ester or β-dike-
tone, and urea,17 with most of the advances involving use 
of a Brønsted acid18 or base,19 metal based Lewis acids,20 
organocatalysts,21 and heterogeneous catalysts.22–25

In this regard, photochemical reactions are undoubt-
edly greener alternatives to thermal processes, shifting the 
synthetic path of reaction from its solvo-thermal form to a 
neat and photochemical form; this has become a major 
step towards ecofriendly synthetic methodologies. The ap-
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plications of photocatalysis have increased significantly in 
recent times and development of light mediated reactions 
as sustainable synthetic methodologies is becoming more 
popular.26,27 Besides the intrinsic eco-friendly nature, pho-
tochemical reactions are also interesting for introduction 
of newer reactivities as photon as reagent can interact di-
rectly at molecular level and often enables the reactions to 
take place from excited states unlike the conventional re-
agents. Thus, in continuation of our work on develop-
ment of new synthetic methodologies,28–30 including 
photoredox reactions,31–33 herein we report a one-pot 
tandem approach involving oxidation of benzyl alcohols to 
benzaldehydes under UV-visible light irradiation in the 
presence of ammonium perchlorate as photocatalyst fol-
lowed by Kabachnik–Fields and Biginelli reactions for the 
synthesis of α-aminophosphonates and dihydropyrimi-
dones, respectively (Scheme 1). The reaction besides being 
photo-catalytic was carried out under neat conditions with 
a simple work up involving re-crystallization as the prod-
uct purification step. 

2. Experimental
All reactions were carried out in oven-dried glass-

ware. The solvents used were purified by distillation. 1H 
and 13C NMR spectra were recorded on FT-NMR 500 and 
400 MHz instruments. Chemical data for protons are re-
ported in parts per million (ppm, δ scale) downfield from 
tetramethylsilane and are referenced to the residual proton 
in the NMR solvent (CDCl3, 7.26 ppm). Carbon nuclear 
magnetic resonance spectra (13C NMR) were recorded at 
125 MHz or 100 MHz: chemical data for carbons are re-

ported in parts per million (ppm, δ scale) downfield from 
tetramethylsilane and are referenced to the carbon reso-
nance of the solvent. Coupling constants (J) are quoted in 
Hz. Mass spectra were recorded on electron ionization and 
electrospray ionization (ESI) modes. 

2. 1. �General Procedure for the Synthesis  
of α-Aminophosphonates 
An equimolar mixture of benzyl alcohol (100 µL, 1.0 

mmol) and ammonium perchlorate (107.6 mg, 1.0 mmol) 
were taken in oven dried round bottom flask under neat 
conditions. The reaction mixture was subjected to UV irra-
diation till complete conversion for benzyl alcohol to benz-
aldehyde, which was monitored by TLC. Afterwards the 
UV irradiation was stopped, and to the reaction mixture 
was added meta-bromoaniline (158 µL, 1.0 mmol) and tri-
ethylphosphite (168 µL, 1.1 mmol). The resulting reaction 
mixture was stirred at 50 °C on the magnetic stirrer till the 
completion (monitored by TLC). Upon completion, to the 
crude reaction mixture was added ice cold water to precip-
itate the product which was finally recrystallized from eth-
anol to furnish the desired products 4a–k. The spectral data 
for some representative compounds are shown below. The 
data of the known compounds matches with that of the lit-
erature reports34 (please see supporting information for list 
of known compounds and their references). 

Diethyl (((3-Bromophenyl)amino)(phenyl)methyl)phos- 
phonate (4a) 

Following the general procedure the reaction was 
carried out by taking benzyl alcohol (100 µL, 1.0 mmol), 
ammonium perchlorate (107.6 mg, 1.0 mmol), 3-bro-

Scheme 1. General synthetic pathways and reactions described in this work
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moaniline (158 µL, 1.0 mmol) and triethylphosphite (168 
µL, 1.1 mmol) to obtain white crystalline compound 4a34g 
(342 mg, 93% yield). 1H NMR (400 MHz, CDCl3) δ 7.53 
(d, J = 4.8 Hz, 2H), 7.40–7.31 (m, 3H), 6.96 (t, J = 8 Hz, 
1H), 6.88–6.81 (m, 2H), 6.56 (d, J = 4.8 Hz, 1H), 4.76 
(d, J = 4 Hz, 1H), 3.99 (m, 4H), 1.34 (t, J = 8.0 Hz, 3H), 
1.15 (t, J = 8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ 170.0, 148.1 (2CH), 135.4, 133.3, 130.6 (2CH), 128.9 
(2C), 116.8, 64.0, 55.3, 16.4; EIMS m/z for C17H21Br-
NO3P [M+H]+ 397.19. 

Diethyl ((3-Bromophenyl)((4-hydroxyphenyl)ami-
no)methyl)phosphonate (4b) 

Following the general procedure the reaction was 
carried out by taking 3-bromobenzyl alcohol (100 µL, 1.0 
mmol), ammonium perchlorate (62.5 mg, 1.0 mmol), 
4-aminophenol (58 µL, 1.0 mmol) and triethylphosphite 
(97 µL, 1.1 mmol) to obtain white crystalline compound 
4b34b (201 mg, 91% yield). M.p. 152–155 °C; 1H NMR 
(400 MHz, CDCl3) δ 7.70 (s, 1H), 7.64 (s, 1H), 7.43 (d, 
J = 4.0 Hz, 2H), 7.25 (m, 2H), 6.70 (d, J = 8 Hz, 2H), 
6.50 (d, J = 12 Hz, 2H), 4.70 (m, 1H), 4.18 (m, 4H), 
1.34 (t, J = 8.0 Hz, 3H), 1.21 (t, J = 8.0 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ 149.8 (2CH), 139.5, 138.8, 
131.3 (2C), 138.8, 122.9 (2CH), 116.4, 115.8 (2C), 
64.1, 56.1, 16.6; EIMS m/z for C17H21BrNO3P [M+H]+ 
414.36.

Diethyl ((3-Bromophenyl)((2-iodophenyl)amino)meth-
yl)phosphonate (4c) 

Following the general procedure the reaction was 
carried out by taking 3-bromobenzyl alcohol (100 µL, 1.0 
mmol), ammonium perchlorate (62.5 mg, 1.0 mmol), 
3-iodoaniline (116 µL, 1.0 mmol) and triethylphosphite 
(97 µL, 1.1 mmol) to obtain compound 4c34f (203 mg, 73% 
yield). M.p. 145–148 °C; 1H NMR (400 MHz, CDCl3) 
δ 7.72 (d, J = 8.0 Hz, 1H), 7.65 (s, 1H), 7.45 (m, 2H), 
7.29 (m, 1H), 7.12 (m, 1H), 6.50 (m, 1H), 5.35 (s, NH), 
4.75 (m, 1H), 4.12–3.92 (m, 4H), 1.35 (t, J = 8.0 Hz, 
3H), 1.28 (t, J = 8.0 Hz, 3H). 13C NMR (100 MHz, 
CDCl3) δ 145.7 (2CH), 139.4, 138.1 (2CH), 131.5, 
130.5 (2CH), 129.6, 126.5, 123.0, 112.2, 86.4, 64.0, 
57.1, 16.6; EIMS m/z for C17H20BrINO3P [M+H]+ 
523.09. 

Diethyl (((2-Fluorophenyl)amino)(3-nitrophenyl)
methyl)phosphonate (4d) 

Following the general procedure the reaction was 
carried out by taking 3-nitrobenzyl alcohol (100 µL, 1.0 
mmol), ammonium perchlorate (76.4 mg, 1.0 mmol), 
2-fluoroaniline (72.15 µL, 1.0 mmol) and triethylphos-
phite (118 µL, 1.1 mmol) to obtain compound 4d34i (217 
mg, 87% yield). M.p. 185–187 °C; 1H NMR (400 MHz, 
CDCl3) δ 8.89 (s, 1H), 8.21 (d, J = 8 Hz, 1H), 7.90 (d, J 
= 8 Hz, 1H), 7.59 (m, 1H), 7.05 (m, 1H), 6.90 (m, 1H), 
6.73 (m, 1H), 6.45 (m, 1H), 5.05 (s, NH), 4.96–4.86 

(m, 1H), 4.09–3.96 (m, 4H), 1.34 (t, J = 4.0 Hz, 3H), 
1.26 (t, J = 8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ 153.0, 151.1, 148.6, 138.6, 133.8, 129.9, 124.7, 122.9 
(2C), 118.9, 115.1, 113.5, 64.1, 56.3, 16.4; EIMS m/z 
for C17H20FN2O5P [M+H]+ 383.16. 

Diethyl (((4-Fluorophenyl)amino)(3-nitrophenyl)
methyl)phosphonate (4e)

Following the general procedure the reaction was 
carried out by taking 3-nitrobenzyl alcohol (100 µL, 1.0 
mmol), ammonium perchlorate (76.4 mg, 1.0 mmol), 
4-fluoroaniline (72.15 µL, 1.0 mmol) and triethylphos-
phite (118 µL, 1.1 mmol) to obtain compound 4e34a (224 
mg, 90% yield). M.p. 179–181 °C; 1H NMR (400 MHz, 
CDCl3) δ 8.34 (s,1H), 8.13 (d, J = 8 Hz, 1H), 7.82 (d, J 
= 8 Hz, 1H), 7.50 (d, J = 8 Hz, 1H), 6.77 (d, J = 8.0 Hz, 
2H), 6.50 (d, J = 8.4 Hz, 2H), 4.99 (s, NH), 4.83 (m, 
1H), 4.15–3.91 (m, 4H), 1.29 (t, J = 8.0 Hz, 3H), 1.17 
(t, J = 8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 
157.7, 155.8, 148.7, 142.2 (2CH), 138.9, 134.0 (2CH), 
129.8, 123.0, 116.0, 115.1, 64.0, 55.9, 16.5; EIMS m/z 
for C17H20FN2O5P [M+H]+ 383.31. 

Diethyl ((3-Hydroxyphenyl)((3-nitrophenyl)ami-
no)methyl)phosphonate (4f) 

Following the general procedure the reaction was 
carried out by taking 3-hydroxybenzyl alcohol (100 µL, 
1.0 mmol), ammonium perchlorate (94.3 mg, 1.0 mmol), 
3-nitroaniline (110 mg, 1.0 mmol) and triethylphosphite 
(133 µL, 1.1 mmol) to obtain compound 4f (278 mg, 91% 
yield). M.p. 165–167 °C; 1H NMR (400 MHz, CDCl3) 
δ 7.49 (m,1H), 7.40 (m, 1H), 7.26 (s, 1H), 7.19 (s, 
1H), 6.96 (d, J = 8 Hz, 2H), 6.83 (m, 2H), 5.30 (m, 
NH), 4.78 (m, 1H), 3.96 (m, 4H), 1.28 (t, J = 8.0 Hz, 
3H), 1.08 (t, J = 8.0 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ 157.1, 156.7, 149.1, 147.2 (2CH), 143.0, 
135.9, 130.2, 129.7, 120.2 (2CH), 115.1, 108.0, 64.3, 
56.3, 16.3; EIMS m/z for C17H20FN2O5P [M+H]+ 
381.10.

Diethyl (((4-Bromophenyl)amino)(4-nitrophenyl)
methyl)phosphonate (4k)

Following the general procedure the reaction was 
carried out by taking 4-nitrobenzyl alcohol (100 µL, 1.0 
mmol), ammonium perchlorate (76.4 mg, 1.0 mmol), 
4-bromoaniline (112 µL, 1.0 mmol) and triethylphos-
phite (118 µL, 1.1 mmol) to obtain compound 4k34c (239 
mg, 83% yield). M.p. 182–183 °C; 1H NMR (400 MHz, 
CDCl3) δ 8.18 (d, J = 8 Hz, 2H), 7.64 (d, J = 8 Hz, 
2H), 7.16 (d, J = 8 Hz, 2H), 6.41 (d, J = 8 Hz, 2H), 5.0 
(m, NH), 4.83 (dd, J = 8.4 Hz, 1H), 4.17–3.85 (m, 
4H), 1.30 (t, J = 7.0 Hz, 3H), 1.17 (t, J = 7.0 Hz, 3H); 
13C NMR (100 MHz, CDCl3) δ 147.7, 144.8 (2CH), 
143.6, 132.1, 128.6 (2CH), 123.8, 115.4, 110.9, 63.8, 
56.7, 16.4; EIMS m/z for C17H20BrN2O5P [M+H]+ 
442.02. 
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2. 2. �General Procedure for the Synthesis of 1, 
4-Dihydropyrimidones
An equimolar mixture of benzyl alcohol (100 µL, 1.0 

mmol) and ammonium perchlorate (107.6 mg, 1.0 mmol) 
were taken in oven dried round bottom flask under neat 
conditions. The reaction mixture was subjected to UV irra-
diation till complete conversion of benzyl alcohol to benzal-
dehyde, which was monitored by TLC. Afterwards the UV 
light was stopped, and to the reaction mixture was added 
urea (55.2 mg, 1.0 mmol) and ethyl acetoacetate (143.5 µL, 
1.2 mmol). The resulting reaction mixture was stirred at  
80 °C on the magnetic stirrer till the completion of the reac-
tion (monitored by TLC). Upon completion, to the crude 
reaction mixture was added ice cold water to precipitate the 
product which was finally recrystallized from ethanol to 
furnish the desired products in pure form. The spectral data 
for some representative compounds are shown below. The 
data of the known compounds matches with that of the lit-
erature reports35 (please see supporting information for list 
of known compounds and their references).

Ethyl 2-Methyl-6-oxo-4-phenyl-1,4,5,6-tetrahydro-
pyridine-3-carboxylate (5a)

Following the general procedure the reaction was 
carried out by taking benzyl alcohol (100 µL, 1.0 mmol), 
ammonium perchlorate (107.6 mg, 1.0 mmol), urea (55.2 
mg, 1.0 mmol) and ethyl acetoacetate (143.5 µL, 1.2 mmol) 
to obtain white crystalline compound 5a35a (171 mg, 71% 
yield). M.p. 204–206 °C. 1H NMR (400 MHz, CDCl3) 
δ 7.28 (s,1H), 5.28 (d, J = 8 Hz, 2H), 4.03 (d, J = 8 Hz, 
2H), 3.37 (s, 1H), 2.15 (m, 2H), 1.13 (q, J = 6.8 Hz, 
3H); 13C NMR (100 MHz, CDCl3) δ 165.3, 152.1, 
148.3, 144.8, 128.3 (2CH), 127.2 (2CH), 126.2, 99.2, 
59.1, 53.9, 17.7, 14.0; EIMS m/z for C14H16N2O3 
[M+H]+ 261.15. 

Ethyl 4-(4-Hydroxyphenyl)-2-methyl-6-oxo-1,4,5,6 
-tetrahydropyridine-3-carboxylate (5c)

Following the general procedure the reaction was 
carried out by taking 4-hydroxybenzyl alcohol (100 µL, 1.0 
mmol), ammonium perchlorate (93.6 mg, 1.0 mmol), urea 
(48 mg, 1.0 mmol) and ethyl acetoacetate (125 µL, 1.2 
mmol) to obtain compound 5c35a (140 mg, 63% yield). 
M.p. 197–199 °C; 1H NMR (400 MHz, CDCl3) δ 7.14 
(d, J = 8 Hz, 2H), 6.75 (d, J = 8 Hz, 2H), 5.28 (s, 1H), 
4.06 (m, 2H), 2.34 (s, 3H), 1.18 (q, J = 6.8 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ 165.3, 156.4, 152.1, 147.7, 
135.3, 127.3 (2CH), 114.9 (2CH), 99.6, 59.0, 53.3, 17.7, 
14.0; EIMS m/z for C14H18N2O4 [M+H]+ 277.11.

3. Result and Discussion
To begin with we evaluated the possibility of benzal-

dehyde formation from benzyl alcohols under visible light 

(7W blue LED). The reaction of benzyl alcohol (1 equiv) in 
DMSO in the presence of NH4ClO4 (1 equiv) under visible 
light produced very low yield of product 4a, due to incom-
plete conversion of benzyl alcohol 1a to benzaldehyde (Ta-
ble 1, entry 6). No substantial enhancement in the percent-
age yield of the product produced was observed even after 
employing longer reaction time using (7 W blue LED) illu-
mination (Table 1, entry 7). Interestingly, the same reac-
tion under UV irradiation resulted in the complete oxida-
tion of benzyl alcohol within 3 h which upon addition of 
meta-bromoaniline and triethylphosphite produced 
α-aminophosphonate 4a in 89% yields within 4.5 h (Table 
1, entry 5). We also evaluated solvents such as acetonitrile 
(ACN), dichloromethane (DCM), methanol (MeOH) and 
water. However, these solvents suppressed the reaction 
yield due to incomplete substrate conversion (Table 1, en-
tries 1−4). Further, water proved to be a poor medium 
with only 45% yield of product. However, the reaction un-
der neat (solvent free) conditions resulted in complete 
conversion of 1a to benzaldehyde within a relatively short 
time of 2.5 h. The in situ generated aldehyde then reacts 
with meta bromoaniline and triethylphosphite (Kabach-
nik–Fields reaction) furnishing 4a with 93% yield in a to-
tal reaction time of 4 h (Table 1, entry 8). The crude prod-
uct was purified by simple aqueous recrystallization and 
hence avoiding the usage of harmful solvents and labori-
ous work up. It was observed that UV irradiation was only 
important for the oxidation of benzyl alcohol to benzalde-
hyde in the presence of ammonium perchlorate, the sec-
ond step involved stirring the reaction mixture at 50 °C 

Table 1. Optimization of reaction conditions for the synthesis of 
α-aminophosphonates

Entry	 NH4ClO4	 Solvent	 Yield (%)	 Time (h)
			   (4a)a	

    1	 1.0 mmol	 ACN	 73	 4.5
    2	 1.0 mmol	 DCM	 67	 4.5
    3	 1.0 mmol	 MeOH	 59	 4.5
    4	 1.0 mmol	 Water	 41	 4.5
    5	 1.0 mmol	 DMSO	 89	 4.5
    6	 1.0 mmol	 DMSO	 13	 9c

    7	 1.0 mmol	 DMSO	 15	 24c

    8	 1.0 mmol	 Neat	 93	 4
    9	 0.8 mmol	 Neat	 67	 4.5
  10	 0.5 mmol	 Neat	 23	 5
  11	 0.2 mmol	 Neat	 10	 5

a All the reactions were carried out using 1.0 mmol of benzyl alco-
hol, 1.0 mmol of meta-bromoaniline and 1.1 mmol triethylphos-
phite. The first step (oxidation) was conducted under UV irradia-
tion followed by Kabachnik–Fields reaction; b Isolated yield; c The 
first step (oxidation) was conducted under visible light.
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over magnetic stirrer. Decreasing the NH4ClO4 loading 
resulted in attenuation in the conversion rate and the per-
centage yield of the reaction (Table 1, entries 9–11). In the 
absence of NH4ClO4 only traces of conversion to benzal-
dehyde were detected. Furthermore, in none of the exper-
imental conditions of these reactions the formation of 
over-oxidized product (benzoic acid) was observed. In this 
synthetic methodology, the sequence of reagent addition 
was also found to be very important. When all the reac-
tants were mixed at once, unnecessary longer reaction 
time, lower yields and complex mixture of side products 
were observed. The best synthetic results were obtained 
when the reaction was performed in a tandem one pot 
manner using 1.0 equiv NH4ClO4 under neat (solvent free) 
conditions.

To establish the substrate scope of the developed 
one-pot three component protocol for the synthesis of 
α-aminophosphonates, a variety of benzyl alcohols and 
anilines were evaluated and the results are summarized in 

Scheme 2. In all cases reaction proceeded smoothly and 
furnished the corresponding products 4a–k in excellent 
yields. Unsubstituted benzyl alcohols reacted smoothly 
with good percentage yields (Scheme 2, 4a and 4j). Irre-
spective of the nature of the substituent, whether elec-
tron-donating or electron-withdrawing at para position 
(nitro, fluoro, bromo or hydroxyl) on the benzyl alcohols 
or anilines, the corresponding α-aminophosphonates (4b, 
4d, 4e, 4g, 4h) were obtained in good to excellent yields 
(83–90%). Similar trend was observed in the case of me-
ta-substituted anilines, expected to exhibit low electronic 
impact on their reactivity furnishing a yield of 91% for 4f 
and 83% for 4i. The ortho-substituted anilines needed 
slightly more reaction time even though their yield was 
comparable to that of para- and meta-substituted anilines 
indicating that the substitution on phenyl ring of aniline 
has not a very significant impact on the reaction, except in 
the case of ortho-iodoaniline producing 4c with the yield 
of 73%. Correlating the observed trends in the percentage 
yields with the structural diversity of the reactants suggest-
ed that the synthetic methodology has a wider substrate 
scope and very little sensitivity towards electronic effects 
of reactants or their intrinsic reactivities.

Further to expand the applicability of our synthetic 
methodology, we investigated the synthesis of 1,4-dihy-
dropyrimidones. To our delight, the treatment of benzyl 
alcohols with urea and ethyl acetoacetate under the previ-
ously optimized reaction conditions produced the desired 
1,4-dihydropyrimidone products in good yields. The re-
sults are summarized in Scheme 3. Benzyl alcohol as well 

Scheme 2. Substrate scope for one-pot synthesis of α-aminophos-
phonates from benzyl alcohols

Scheme 3. One pot synthesis of dihydropyrimidones from benzyl 
alcohols.
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as its substituted derivatives reacted smoothly to furnish 
the corresponding products in excellent yields 5a–e.

Having established synthetic scheme for direct con-
version of benzyl alcohol to α-aminophosphonates and di-
hydropyrimidones, we became curious to explore the role of 
NH4ClO4 and the light source on the oxidation of benzyl 
alcohols. To arrive at mechanistic insight into the photo-ox-
idation step of benzyl alcohol to benzaldehyde we performed 
some controlled experiments summarized in Table 2. Under 
optimized reaction conditions 95% yield of benzaldehyde 
was achieved. No reaction was observed in the absence of 
UV light or NH4ClO4 (Table 2, entries 3–4). Moreover, only 
traces of products were formed under N2 atmosphere, which 
clearly indicated the significant role of O2. 

The dependence of synthetic reaction on UV light 
and molecular oxygen was indicative of a possible radical 
path for the reaction. To explore the radical path, the effect 
of different quenchers on reaction progress was mea-
sured.36 The observed results are summarized in Table 2 

(entries 5–9). When (2,2,6,6-tetramethylpiperidin-1-yl)
oxyl (TEMPO) was used as a radical scavenger, only 13% 
benzaldehyde product was formed suggesting that the re-
action pathway involved is actually the radical pathway. 
The use of tert-butanol as a hydroxide radical scavenger 
had no influence on the reaction yield inferring no in-
volvement of the hydroxide radical in the reaction. Use of 
sodium azide as quencher showed the lowering in the re-
action yield highlighting the involvement of singlet oxy-
gen radical in the reaction system. Similarly using the ben-
zoquinone as superoxide radical anion scavenger also 
lowered the reaction yield significantly suggesting the in-
volvement of superoxide radical participation in the reac-
tion mechanism.

Based on the observations of control experiments, a 
plausible mechanism as shown in Scheme 4 was proposed. 
According to the proposed mechanism, upon irradiation 
of UV light, NH4ClO4 gets electronically excited and un-
dergoes single electron transfer (SET) to benzyl alcohol 

Table 2. Control and quenching experiments for the oxidation of benzyl alcohol to benzaldehydea

Entry	 Controlled parameter	 Comments	 Yield (%)

   1	 Optimum conditions	 -	 95
   2	 N2 atmosphere	 -	 Traces
   3	 No UV light	 -	 0
   4	 No NH4ClO4	 -	 0
   5	 TEMPO (1eq)	 radical scavenger	 13
   6	 tert-Butanol (1eq)	 hydroxide radical scavenger	 91
   7	 NaN3 (1eq)	 singlet oxygen scavenger	 17
   8	 Benzoquinone (1eq)	 superoxide radical anion scavenger	 11
   9	 TEMPO (1eq)	 radical scavenger	 13

Scheme 4. Plausible mechanism for photocatalytic conversion of benzyl alcohol to α-aminophosphonates and dihydropyrimidones.
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generating benzyl alcohol radical cation and in turn gets 
itself transformed to ammonium perchlorate radical an-
ion. The ammonium perchlorate radical anion generated 
reacts with molecular oxygen O2 in air to produce an ini-
tial superoxide radical anion. The activated benzyl alcohol 
radical cation then reacts with superoxide radical O2

.– to 
produce peroxide radical. The generated peroxide radical 
abstracts hydrogen from the methylene carbon to generate 
the benzaldehyde molecule. The benzaldehyde then reacts 
with anilines and triethylphosphite to produce final ami-
nophosphonates. Similarly the in situ generated benzalde-
hyde also reacts with urea and β-keto ester to produce di-
hydropyrimidones.

4. Conclusion
In summary, we have reported one-pot tandem con-

version of benzyl alcohols to α-amino phosphonates and 
1,4-dihydropyrimidones. The method is based on the pho-
to-oxidation of benzyl alcohol using NH4ClO4 as a com-
mercially available and inexpensive metal-free photocata-
lyst for the in situ generation of benzaldehydes followed by 
condensation with anilines and trialkylphosphites (Ka-
bachnik–Fields reaction) to furnish α-aminophospho-
nates and also with urea and β-keto esters (Biginelli reac-
tion) to produce 1,4-dihydropyrimidones. The detailed 
experimental studies indicate the role of UV light, NH4 
ClO4 and O2 in the synthetic reaction. Notably, this meth-
od avoids the use of harmful organic solvents and involves 
photo-catalytic action. The results of controlled experi-
ments indicate a radical based mechanism for photo oxi-
dation of benzyl alcohol to benzaldehydes. 
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Povzetek
V članku opisujemo tandemsko enolončno neposredno pretvorbo benzil alkoholov v α-aminofosfonate in dihidropirim-
idone, ki poteka pod pogoji brez uporabe topil. Metoda temelji na fotooksidaciji benzilnih alkoholov do benzaldehidov 
pod vplivom UV svetlobe ob uporabi amonijevega perklorata, brez uporabe kovinskih katalizatorjev. Tej prvi reakciji 
sledi Kabachnik–Fieldsova ali Biginellijeva reakcija. Reakcije potekajo pod zmernimi pogoji, brez dodatkov kovin, s pes-
trim naborom izhodnih substratov. Kontrolne eksperimente smo izvedli, da bi ugotovili vlogo amonijevega perklorata 
in molekularnega kisika kot oksidanta. Eksperimenti, izvedeni v prisotnosti TEMPO in ostalih lovilcev radikalov, so 
pokazali, da reakcijski mehanizem verjetno temelji na radikalskih procesih.
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