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Original access to 5-aryluracils from 5-iodo-2’-

deoxyuridine via a microwave assisted Suzuki-

Miyaura cross-coupling/deglycosylation sequence in 

pure water 

 

T. Lussier,a,b G. Hervé,a G. Enderlin,a and C. Len*a,c ,  

A facile and efficient methodology to obtain various 5-aryluracil derivatives was developed through a 
two steps sequence: a ligand-free Suzuki-Miyaura cross-coupling reactions starting from totally 
deprotected 5-iodo-(2’-deoxy)uridine followed by a very simple deglycosylation procedure in pure water 
with assistance of microwave irradiation. 
 

 

Introduction 

 
5-Aryluracil derivatives are known for their biological activities.1-4 
For example, compound 1 is reported as potent human gonadotropin-
releasing hormone receptor (hGnRH-R) antagonist (Fig. 1).  
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Fig. 1 Compound 1 as potent human gonadotropin-releasing 
hormone receptor.  
 
Different pathways to those compounds are described in the 
literature. They can, for example, be obtained by SRN1 Aromatic 
Nucleophilic Substitution,5 or by tin- or palladium-catalyzed 
intramolecular arylation of pyrimidines,6,7 or by heating several 2-
aryl-3-hydroxypropenoic acid esters with urea followed by base-
catalyzed cyclization.8 More often, 5-aryluracils are prepared by 
cross-coupling reactions such as Suzuki-Miyaura, Stille or also 
Negishi.9-17 More recently, direct 5-arylations of N1,N3-methylated 
or benzylated uracils have been reported by Hocek’s group18 and 
Kim’s group.19 In 2014, Wnuk described a palladium-catalyzed  
disrect arylation of monoprotected 5-halouracils with arene 
promoted by TBAF.20All the above reported methodologies shared 
the fact that they require organic solvents and/or protected starting 
material which is not compatible with the development of green 
chemistry.  

The most common way to prepare 5-arylnucleoside derivatives 
consisted in palladium cross-coupling reactions.21-26 Unfortunately, 
despite all our efforts, application of these methodologies to the 
direct coupling of unprotected 5-iodouracil with various boronic 
acids failed.  
We now report an original methodology leading to various 5-
aryluracil derivatives in sole water as solvent, under microwave 
irradiation, without any protection/deprotection step starting from 5-
iodo-2’-deoxyuridine. 
 

Results and discussion 

Following one of our most recent work, in an attempt to improve 
reaction efficiency of our cross-coupling model reaction (5-iodo-2’-
deoxyuridine (2) and phenylboronic acid) (Scheme 1), we tested the 
effect of an increase of the temperature (from 100°C to 200°C 
progressively).  
 
 
 

 

 

 

 

 

 

Scheme 1 Synthesis of 5-phenyl-2’-deoxyuridine (3). 
 
We gradually observed formation of side-products mainly due to 
dehalogenation of the starting-material and also deglycosylation of 
both the dehalogenated substrate and the cross-coupled product. 
Moreover it was noticed that at 200°C only uracil was obtained 
indicating that, at this temperature, dehalogenation of the starting-
material 2 was faster than cross-coupling reaction. Based on this 

O

HO

N

NH

HO

I

O

O
O

HO

N

NH

HO

O

O

2

PhB(OH)2 (1.3 equiv.)
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finding, an original route to 5-phenyluracil (4) consisting in a “one-
pot, two-steps” way could be considered. To be effective, it must 
first take into account the optimum time and temperature previously 
reported for the cross-coupling reaction step.  For this purpose, 5-
iodo-2’-deoxyuridine (2) and phenylboronic acid were engaged in a 
Suzuki-Miyaura cross-coupling reaction in the presence of a small 
amount of PdII (0.1 mol%) and KOH (2 equiv.) in pure water, first at 
100°C using microwave irradiation (monowave 850W) for 5 
minutes, then at 200°C for 30 minutes (Scheme 2).  
 
 
 

 

 

 

 

 

Scheme 2 “One-pot, two-steps” synthesis of 5-phenyluracile (4). 
 
After reaction, analyses of the crude mixture showed that 5-
phenyluracil (4) was predominantly formed beside the homocoupled 
compound 4’. The latter was not observed in our previous works23-26 
so one could imagine that it might be formed during the 
deglycosilation step maybe due to the residual presence of 
palladium, boronic acid and effect of the higher temperature. 5-
phenyluracil (4) and the homocoupled product were readily 
separated from the glycone degradation by-products by extraction. 
Ultimately, 5-phenyluracil (4) represented 90% of the final mixture. 
The applicability of this methodology was then studied and various 
5-aryluracils have been obtained (Table 1). 

Table 1 Application of the “one-pot, two-steps” methodology to 
obtain various 5-aryluracils 

 

 

 

 

Entry  Ar Products t (min) Yield (%) 

1  4 10 60a 
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45a 

 

52a 

 

0b 

 

30a 

 

50a 

 

60c 

 
aFinal mixture presents 10% of homocoupled product (NMR measurement). 
bOnly degradation was obtained. c20% of homocoupled product in the final 
mixture (NMR measurement). 

This methodology provided seven 5-aryluracil derivatives in yields 
(two steps) comprised between 30 % and 60%. One must note that 
that the already described compounds 4 8,9,18a and 5 18b were all 
obtained in purely organic medium either in better or lower yields. 
Uracil derivatives bearing electron-donating group on the phenyl 
moiety (Table 1, entries 1-4) were isolated in good yields (45-60%) 
while uracils with electron-withdrawing groups (table 1, entries 6-7) 
were obtained in quite lower yields (30-50%). Only one 
deglycosylation could not be achieved. Indeed in the case of the 
cyano derivative 8 only degradation was obtained from which no 
product could actually been extracted or characterized (Table 1, 
entry 5). This might be due to hydrolysis of the nitrile function in 
presence of KOH at 200°C.  
Nevertheless, even if this “one-pot, two steps” obtention of 5-
aryluracil derivatives seemed original and encouraging, it had a 
drawback. As determined by NMR experiments, all the 
resulting 5-aryluracils 4-11 were obtained in mixture with the 
corresponding homocoupled compound in a proportion of 
around 10% in accordance with the excess of boronic acid used 
in the cross-coupling step. 
The next task was to consider a more conventional way to obtain the 
5-aryluracil derivatives consisting in two distinguished stages: i) the 
Suzuki-Miyaura cross-coupling of those same boronic acids with 5-
iodo-2’-deoxyuridine (2) and then ii) the deglycosylation. This time, 
each resulting 5-aryl-2’-deoxyuridine derivative will be purified as 
previously reported25 before being engaged in the deglycosylation 
step. As no more palladium and boronic acid would be present in the 
second stage, the homocoupled product formation should be 
avoided. Nevertheless a question remains: what about KOH? Indeed 
presence of a base was necessary for the Suzuki-Miyaura cross-
coupling but perhaps not for the deglycosylation. Shapiro reported 
that alkaline medium was not appropriate27 and to the best of our 
knowledge most of glycosides or nucleosides hydrolysis were done 
in acidic or neutral conditions.28-30 Therefore in order to examine 
KOH influence on the deglycosylation, two routes were developed 
(Table 2): one in presence of KOH (2 equiv.) and one without any 
trace of base.  
When the intermediates 5-aryl-2’-deoxyuridine 3 and 14-22 were 
purified prior to being engaged, the deglycosylation step was more 
effective whatever the electronic effect on the phenyl core. Indeed 
the 5-aryl uracil derivatives 4-11 were obtained in similar to higher 
yields (Table 2, entries 1-8). Furthermore using this new 
methodology no trace of any homocoupled product was detected, the 
deglycosylated product being the sole final isolated compound. The 
intermediate purification (after the Suzuki-Miyaura step) allowed us 
to test the deglycosilation on two more compounds 21 and 22 (Table 
2, entries 9 and 10). The deglycosylation step was performed in high 
yield for both those compounds, respectively 75% and 68%. After 
the Suzuki cross-coupling those compounds were obtained in 
mixture with the iodated starting-material 2 and could not, de facto, 
be engaged in a “one step, two pots” reaction. The total yields of 
compounds 4 - 13 seemed to be more dependants on the cross-
coupling steps than on the deglycosylation’s one, excepted for 
compound 8 (Table 2, entry 5). 
Concerning the necessity of KOH for the deglycosylation step, our 
results showed that its presence was not required. Indeed, 
deglycosylations were achieved in better yields (Table 2, entries 1, 3, 
4, 6, 7, 9) or at least with the same efficiency (Table 2, entries 2, 8). 
Unfortunately, the cyano derivative, once again, could not be 
isolated even without KOH (Table 2, entry 5).  
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Table 2 Application of the two successive reactions to obtain various 5-phenyluracils 

 

 

 

 

Entry Ar 
Suzuki-Miyaura 
cross-coupled 

compound (yield %) 

Product Yielda (%) Total yield (%) 

1 

 

 

3 (85) 

 

4 

71b 

78c 

60b 

66c 

2 
 

14 (79) 
 

5 

76b 

78c 

60b 

63c 

3 
 

15 (84) 
 

6 

66b 

75c 

55b 

63c 

4 
 

16 (84) 
 

7 

71b 

80c 

59b 

67c 

5 
 

17 (33)  8 

0b 

0c 

0b 

0c 

6 
 

18 (66) 
 

9 

60b 

64c 

40b 

42c 

7 
 

19 (78) 
 

10 

55b 

66c 

43b 

52c 

8 
 

20 (85)  11 

52b 

53c 

43b 

44c 
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9 
 

21 (30) 
 

12 

75b 

79c 

22b 

24c 

10 
 

22 (45) 
 

13 

68b 

75c 

31b 

34c 

aDeglycosylation step. Isolated yields. bDeglycosylation in presence of KOH (2 equiv.). cDeglycosylation without any KOH. 

Conclusions 

In summary, a new and very simple procedure for 5-aryl-2’-
deoxyuridine deglycosylation in neat water has been developed 
using microwave irradiation at 200°C furnishing nine 5-aryluracil 

analogues in 66-78% yields, among which sterically hindered 
compounds 12 and 13. The sugar part of the starting nucleoside 
analogue might be seen as the first totally green protecting group. To 
the best of our knowledge, this is the first time that such green and 
easy conditions for deglycosylation of nucleosides are reported. 
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Experimental 

1 General methods 

All products were purchased either to Acros or Sigma Aldrich 
depending on their availability. All Solvents were purchased to 
Carlo Erba. All reactions were monitored by TLC (Kieselgel 
60F254 MERCK aluminium sheet) with detection by UV light 
and/or with sulfuric acid in ethanol (90:10, v/v) and by HPLC 
(Shimadzu). The column used is a GRACE Prevail C18. The 
detectors used are SPD-M20A photo diode array detector 
(Shimadzu), LCMS-2020 mass spectrometer (Shimadzu) and 
ELSD-LTII (Shimadzu). The mobile phase is a mixture of 
water and MeOH (50:50). Mass spectrometry analyses were 
performed on a Shimadzu LCMS-2020 mass spectrometer 
equipped with an electrospray source (ESCI). 1H and 13C NMR 
spectra were recorded on a 400 MHz Bruker UltraShield 
400MHz/54mm Ultra long hold. Chemical shifts (δ) are quoted 
in ppm and are referenced to TMS as an internal standard. 
Coupling constants (J) are quoted in Hz. Melting points are 
recorded on a Stuart SMP 10 and are uncorrected.  

2 General procedures 

Procedure “one-pot, two-steps” for obtention of compounds 

4-10 

2’-Deoxy-5-iodo-uridine (100 mg, 0.28 mmol, 1 equiv.), potassium 
hydroxide (31 mg, 0.56 mmol, 2 equiv.) and arylboronic acid (0.37 
mmol, 1.3 equiv.) were placed in a 10 mL vial. Nitrogen flushed 
solutions of Na2PdCl4 in water (1 mL, 2.8 10-4 mmol, 0.1 mol%), and 
water (1mL) were added. The mixture was stirred under microwave 
irradiation heating (AntonPaar Monowave 300) at 100°C for a given 

time[23] and then at 200°C for 30 minutes. The crude residue was then 
diluted in sodium hydroxyde 1M (10 mL). Aqueous phase was then 
extracted with AcOEt (3×20 mL). Organic phases were dried over 
MgSO4 and concentrated under reduce pressure.  
 
 

Procedure using two successive steps for obtention of 

compounds 4-13 

2’-Deoxy-5-iodo-uridine (100 mg, 0.28 mmol, 1 equiv.), potassium 
hydroxide (31 mg, 0.56 mmol, 2 equiv.) and the boronic acid (0.37 
mmol, 1.3 equiv.) were placed in a 10 mL vial. Nitrogen flushed 
solutions of Na2PdCl4 in water (1 mL, 2.8 10-4 mmol, 0.1 mol%), and 
water (1mL) were added. The mixture was stirred under microwave 
irradiation heating (AntonPaar Monowave 300) at 100°C for a given 
times.[23] The crude residue was purified by flash-chromatography on 
C18 silica (H2O:MeOH 95:5 to 5:95). The fractions were combined 
and methanol was removed under reduce pression. The remaining 
solution was frozen with liquid nitrogen and lyophilisated.  Pure 5-
aryl-2’-deoxyuridine (50 mg, 1 equiv.), KOH (2 equiv. if used) and 2 
mL of nitrogen flushed water were introduced in a 10 mL vial. The 
mixture was stirred under microwave irradiation heating at 200°C for 
30 min. The crude residue was then diluted in sodium hydroxyde 1M 
(10 mL). Aqueous phase was then extracted with AcOEt (3×20 mL). 
Organic phases were dried over MgSO4 and concentrated under 
reduce pressure to give pure deglycosydated compounds. 
 

3 Spectroscopic data 

5-Phenyluracil (4):8,9,18a  beige powder (24 mg, 0.128 mmol, 
78%). Rf = 0.13 (DCM/MeOH, 95/5). Mp = 250°C. 1H NMR 
(400MHz, DMSO-d6): δ = 11.26 (s, 1H, NH), 11.14 (s, 1H, 
NH), 7.62 (s, 1H, H6), 7.54 (d, 2H, J = 7.2 Hz, Har) 7.35 (t, 2H, 
J = 7.2 Hz, Har), 7.28 (t, 1H, J = 7.2 Hz, Hp-C6H5). NMR 13C 
(101 MHz, DMSO-d6) δ = 163.1 (C4), 150.9 (C2), 139.7 (C6), 
133.3 (Ci-C6H5), 128.0 (Car), 127.9 (Car), 126.9 (Cp-C6H5), 
112.1(C5). MS (ESI): 211.05 [M + Na+], 187.05 [M-H+]. 
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5-(4-Tolyl)uracil (5):18b white solid (25 mg, 0.122 mmol, 
78%). Rf = 0.19 (DCM/MeOH, 95/5). Mp = 252°C. 1H NMR 
(400 MHz, DMSO-d6) δ = 11.20 (s, 1H, NH), 11.09 (s, 1H, 
NH), 7.56 (s, 1H, H6), 7.42 (d, 2H, J = 8Hz, Har), 7.15 (d, 2H, 
J = 8Hz, Har), 2.29 (s, 3H, CH3). 

13C NMR (101 MHz, DMSO-
d6) δ = 163.21 (C4), 151.15 (C2), 139.55 (C6), 136.02 (Ci-
C6H5-CH3), 130.45 (Cp-C6H5-CH3), 128.53 (Car), 127.69 (Car), 
111.90 (C5), 20.69 (CH3). MS (ESI): 203.21 [M + H] +, 201.21 
[M – H]-. 
5-(4-Methoxy)uracil (6): beige powder (25 mg, 0.112 mmol, 
75%). Rf = 0.1 (DCM/MeOH, 95/5). Mp = 260°C. 1H NMR 
(400 MHz, DMSO-d6) δ = 11.19 (s, 1H, NH), 11.04 (s, 1H, 
NH), 7.52 (s, 1H,), 7.46 (d, 2H, J = 8.8 Hz), 6.91 (d, 2H, J = 
8.8 Hz), 3.75 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ = 
163.41, 158.14, 151.69, 140.18, 128.90, 125.94, 113.40, 
111.35, 55.03. MS (ESI): 219.18 [M + H] +, 217.20 [M – H]-. 
5-(2-Naphtyl)uracil (7): beige powder (27 mg, 0.112 mmol, 
80%). Rf = 0.25 (DCM/MeOH, 95/5). Mp > 260°C. 1H NMR 
(400 MHz, DMSO-d6) δ = 11.29 (s, 2H, NH), 8.12 (s, 1H, Har), 
7.88 (m, 3H, Har), 7.78 (s, 1H, H6), 7.70 (dd, 1H, J1 = 8.8 Hz, 
J2 = 1.6 Hz, Har) 7.49 (m, 2H, Har). 13C NMR (101 MHz, 
DMSO-d6) δ = 163.28 (C4), 151.09 (C2), 140.44 (C6), 132.81 
(Car), 131.89 (Car), 131.02 (Car), 127.85 (Car), 127.35 (Car), 
127.17 (Car), 126.33 (Car), 126.22 (Car), 126.05 (Car), 125.80 
(Car), 111.83 (C5). MS (ESI): 239.25 [M + H]+, 237.24 [M - 
H]-. 
5-(4-Formylphenyl)uracil (9):  beige solid (21 mg, 0.09 mmol, 
64%). Rf = 0.1 (DCM/MeOH, 95/5). Mp > 260°C. 1H NMR 
(400 MHz, DMSO-d6) δ = 11.36 (s, 2H, NH), 9.98 (s, 1H, 
CHO), 7.89-7.82 (m, 5H, 4Har + H6). 13C NMR (101 MHz, 
DMSO-d6) δ = 191.75 (CHO), 161.99 (C4), 149.96 (C2), 
140.60 (C6), 138.85 (Car), 133.66 (Car), 128.39 (Car), 127.28 
(Car), 109.90 (C5). MS (ESI): 215.19 [M – H]-. 
5-(4-Acetylphenyl)uracil (10): brown solid (22 mg, 0.09 
mmol, 66%). Rf = 0.10 (DCM/MeOH, 95/5). Mp = 240°C. 
1H NMR (400 MHz, DMSO-d6) δ = 11.33 (s, 2H, NH), 7.93 (d, 
2H, J = 8.4 Hz, Har), 7.80 (s, 1H, H6), 7.74 (d, 2H, J = 8.4 Hz, 
Har), 2.57 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ = 192.1 
(COCH3), 163.04 (C4), 154.08 (C2), 140.90 (C6), 133.41 (Car), 
129.00 (Car), 127.2 (Car), 126.9 (Car), 125.8 (Car), 125.8 
(Car), 108.77 (C5). One signal is missing. (behind DMSO) . 
MS (ESI): 229.19 [M – H]-. 
5-(Trans-ββββ-styryl)uracil (11): brown solid (17 mg, 0.08 mmol, 
53%). Rf = 0.13 (DCM/MeOH, 95/5). Mp = 236°C. 1H NMR 
(400 MHz, DMSO-d6) δ = 11.20 (s, 2H, NH), 7.72 (s, 1H, H6) 
7.46 – 7.42 (m, 3H, Har + Hvinylα), 7.33 (t, 2H, J = 7.2 Hz, 
Har), 7.20 (t, 1H, J = 7.2 Hz, Har), 6.90 (d, 1H, J = 16 Hz, 
Hvinylβ). 13C NMR (101 MHz, DMSO-d6) δ = 163.19 (C4), 
150.10 (C2), 140.74 (C6), 137.79 (Cvinylα), 128.64 (Car), 
126.97 (Car), 126.70 (Car), 125.77 (Car), 121.58 (Cvinylβ), 
109.40 (C5).  MS (ESI): 212.95 [M – H]-. 
5-(2-Methoxyphenyl)uracil (12): slightly beige powder (24.5 
mg, 0.112 mmol, 75%).  Rf = 0.12 (DCM/MeOH, 95/5). Mp = 
258°C. 1H NMR (400 MHz, DMSO-d6) δ = 11.13 (s, 2H, NH), 
7.37 (s, 1H, H6), 7.32 – 6.91 (m, 4H, Har), 3.72 (s, 3H, CH3). 
13C NMR (101 MHZ, DMSO-d6) δ = 162.92 (C4), 157.09 

(Car), 151.17 (C2), 140.34 (Car), 131.38 (Car), 128.91 (Car), 
122.03 (Car), 119.92 (Car), 111.19 (Car), 109.81 (C5), 55.4 
(CH3). MS (ESI): 219.18 [M + H]+, 217.20 [M – H]-. 
5-(2-Tolyl)uracil (13): white solid (25 mg, 0.124 mmol, 79%). 
Rf = 0.17 (DCM/MeOH, 95/5). Mp = 249°C. 1H NMR (400 
MHz, DMSO-d6) δ = 11.04 (s, 2H, NH), 7.37 (s, 1H, H6), 7.25 
– 7.09 (m, 4H, Har), 2.15 (s, 3H, CH3). 

13C NMR (101 MHz, 
DMSO-d6) δ = 162.98 (C4), 151.82 (C2), 141.22 (C6), 137.38 
(Car), 133.50 (Car), 130.57 (Car), 129.57 (Car), 127.55 (Car), 
125.42 (Car), 113.01 (C5), 19.67 (CH3). MS (ESI): 203.21 [M 
+ H+], 201.21 [M – H]-. 
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