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Seven novel a-aminophosphonic acids containing adenine 2 were synthesized by the three component condensation reactions of adenine

| with triphenyl phosphite and aldehydes 1 in presence of acetic acid and xylene. The product structures were characterized by IR and NMR

spectral data and elemental analyses.
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INTRODUCTION

The chemistry of a-aminophosphonic acids and their
derivatives have received much attention because of their
unique structural features and diverse potential biological and
industrial importance. Their potential as herbicides', insecti-
cides’, fungicides’, peptidomimetics*, enzyme inhibitors’ and
antiviral agents® as well as their role for antibody generation’
is well documented. Adenine, which exists in the nucleic acid
of the organism as the base, has drawn great attention of bio-
chemists and organic synthetic chemists in recent years because
of its remarkable biological activities. Especially in the respects
of antivirus and restraint of cancer cells®'?, adenine and
adenine derivatives are great practical significance as raw
material for medicine and agricultural chemicals. They are
found in a variety of biologically active molecules'*'®, adenine
derivatives have obvious effect and alluring prospect of clinical
application.

To the best of our knowledge, only a few examples of
a-aminophosphonates of N-heterocycles were reported.
Several workers have described that pyridine'’, tetrazole'®,
pyrazole" and thiazole® were introduced into oi-aminophos-
phonates by Mannich-type reaction. But to the best of our
knowledge, there have been no report on the synthesis of
a-aminophosphonates bearing the adenine.

In view of the above observations and our interest in the
organic phosphorus chemistry and biologically active comp-
ound, herein we wish to report a convenient and facile one-
pot synthesis of adenine-containing a-aminophosphonates
derivatives 2 based on the three component condensation

|
|
|
reactions of adenine with triphenyl phosphite and aldehydes

1 in the presence of acetic acid and xylene (Scheme-I).
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EXPERIMENTAL

All melting points were determined on a Yanaco appara-
tus and they are uncorrected. NMR spectra were measured on
a Brucker 400 NMR instrument in D,O + NaOH and chemi-
cal shifts are expressed as units, TMS being used as an inter-
nal standard for '"H NMR, *C NMR and 85 % H;PO, was
used as an external standard for *'P NMR spectroscopy. IR
spectra were determined as KBr pellets on Avatar360 FT-IR
spectrophotometer. Elemental analysis was carried out with a
Yanaco Chncorder MT-3 analyzer.

General procedure for the synthesis of the product
(2a-g): The mixture of adenine (2 mmol), aldehyde 1 (2 mmol)
and triphenyl phosphite (2 mmol) in acetic acid (2 mL) and
xylene (6 mL) was heated under reflux for 8-18 h. After
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completion of the reaction, as indicated by TLC, a white preci-
pitate was formed, collected by filtration and recrystallized
from a mixture of DMSO to give pure products 2.
(9H-Purin-6-ylamino)(phenyl)methylphosphonic acid
(2a): White powder; IR (KBr, Vi, cm™): 3433, 3238, 3016,
2899, 2631, 2536, 1643, 1613, 1408, 1130, 1075, 939; 'H
NMR (400 MHz, D,O + NaOH): 6 7.95(1H, s, H-2), 7.73 (1H,
s, H-8), 7.45 (2H, d, Jun = 8 Hz, ArH), 7.25 2H, t, Juu = 7.6
Hz, ArH), 7.16 (1H, t, Jun = 7.2 Hz, ArH), 5.13 (1H, d, Jeu =
20.4 Hz, CHP); “C NMR (100 MHz, D,O + NaOH): § 152.6,
152.1, 150.9, 141.2, 140.6, 127.4, 126.5, 126.4, 115.3, 55.3
(d, Jec = 124 Hz); ¥P NMR: § 14.35. Anal. calcd. (%) for
CioHi.NsO5P: C,47.22; H, 3.96; N, 22.94. Found (%): C, 47.08;
H, 3.87; N, 22.98.
(9H-Purin-6-ylamino)(4-methoxyphenyl)methyl
phosphonic acid (2b): White powder; IR (KBr, Vi, cm™):
3429, 3238, 3012, 2926, 2632, 2537, 1647, 1613, 1517, 1142,
1074, 943; '"H NMR (400 MHz, D,O + NaOH): 6 7.89(1H, s,
H-2),7.84 (1H, s, H-8), 7.33 (2H, d, Juu = 7.2 Hz, ArH), 6.80
(2H, d, Jun = 8.4 Hz, ArH), 5.01 (1H, d, Jpu = 20 Hz, CHP),
3.66 (1H, s, CsHsOCHa); *C NMR (100 MHz, D,0O + NaOH):
6158.3,157.3,153.6,152.1,149.9, 134.3, 128.5, 120.5, 113.6,
54.9 (d, Jec = 127 Hz), 23.4; > P NMR: & 14.65. Anal. calcd.
(%) for C13H1uNsO4P: C,46.57; H,4.21; N, 20.89. Found (%):
C, 46.41; H, 4.15; N, 20.98.
(9H-Purin-6-ylamino)(p-tolyl)methylphosphonic acid
(2¢): White powder; IR (KBr, Vina, cm™): 3233, 3014, 2894,
2629, 2536, 1643,1612, 1142, 1074, 945; '"H NMR (400 MHz,
D,O + NaOH): & 7.89 (1H, s, H-2), 7.85 (1H, s, H-8), 7.29
(2H, d, Jun = 6.8 Hz, ArH), 7.03(2H, d, Juu= 8 Hz, ArH), 5.03
(1H, d, Jeu=20.4 Hz, CHP), 2.16 (1H, s, CH3); *C NMR (100
MHz, D,O + NaOH): 8 153.6, 151.5, 150.1, 138.4, 136.1, 133,
128.6, 127.3, 120.2, 55.2 (d, Jec= 130 Hz), 20.1; *'P NMR:
0 14.58; anal. calcd. (%) for C;3H4NsOsP: C, 48.91; H, 4.42;
N, 21.94. Found (%): C, 49.07; H, 4.36; N, 22.02.
(9H-Purin-6-ylamino)methylphosphonic acid (2d):
White powder; IR (KBT, Vi, cm™): 3439, 2531, 1662, 1601,
1169, 1131, 1050, 877, 845, 514, 472; '"H NMR (400 MHz,
D,O + NaOH): & 7.72(1H, s, H-2), 7.59 (1H, s, H-8), 3.42
(2H, d, Jeu= 12.4 Hz, CH,P); *C NMR (100 MHz, D,O +
NaOH): & 151.6, 151.3, 150.8, 140.6, 113.4, 39.1 (d, Jpc =
137 Hz); *'P NMR: 14.57. Anal. calcd. (%) for CsHsNsOsP: C,
31.45; H, 3.52; N, 30.56. Found (%): C, 31.62; H, 3.42; N,
30.64.
1-(9H-Purin-6-ylamino)-3-methylbutylphosphonic
acid (2e): White powder; IR (KBT, Vi, cm™): 3431, 3237,
3017, 2930, 2633, 2529, 1660, 1617, 1129, 1072, 945; 'H
NMR (400 MHz, D,O + NaOH): & 7.93 (I1H, s, H-2), 7.78
(1H, s, H-8), 4.18-4.35 (1H, m, Jpu = 17 Hz, CHP), 1.53-1.65
(2H, m, CH»), 1.34-1.44 (1H, m, (CH3).CH), 0.69 (6H, d, Jun
=15.2 Hz, (CH5),CH); 3C NMR (100 MHz, D,0O + NaOH): §
153.8,152.9,151.1,145.2,117.8,48.5 (d, Jec = 138 Hz), 40.9,
23.1,21.1;*'P NMR: 18.28; anal. calcd. (%) for C,oHsNsOsP:
C,42.11; H, 5.65; N, 24.55. Found (%): C, 42.03; H, 5.59; N,
24.57.
1-(9H-Purin-6-ylamino)butylphosphonic acid (2f):
White powder; IR (KBT, Vi, cm™): 3438, 3275, 3138, 3102,
2777, 1687, 1623, 1256, 1046, 877, 612; '"H NMR (400 MHz,

D,O + NaOH): 6 8.11(1H, s, H-2), 7.91 (1H, s, H-8), 4.23-
4.38 (1H, m, Jpz = 15 Hz, CHP), 1.48-1.61 (2H, m, CHa,),
1.26-1.46 (2H, m, CH;CH»), 0.88 (3H, t, Jun = 3.7 Hz, CH3);
BC NMR (100 MHz, D,O + NaOH): § 154.5, 152.9, 150.1,
138.5,119.8,50.3 (d, Joc = 148 Hz), 34.7,19.6, 13.7; *'P NMR:
17.21. Anal. calcd. (%) for CoH14NsO;P: C, 39.86; H, 5.20; N,
25.82. Found (%): C, 39.69; H, 5.33; N, 25.75.

(E)-1-(9H-Purin-6-ylamino)-3-phenylallyphosphonic
acid (2g): White powder; IR (KBr, Vi, cm™): 3430, 3243,
3014, 2924, 2631, 2526, 1658, 1608, 1135, 1071, 935; 'H
NMR (400 MHz, D,O + NaOH): 6 8.02 (1H, s, H-2), 7.89
(1H, s, H-8), 7.32 (2H, d, Jun = 7.6 Hz, ArH), 7.23 2H, t, Jun
=14 Hz, ArH), 7.13 (1H, t, Jun = 4.8 Hz, ArH), 6.59 (1H, dt,
Jun = 16 HZ, C(,H5CH), 6.38 (1H, dd, Jun = 2.4 HZ,
CsHsCHCH), 4.82 (1H, d, Jpu = 24 Hz, CHP); *C NMR (100
MHz, D,O + NaOH): & 153.8, 151.4, 150.1, 137.6, 129.6,
128.9, 127.2, 126.3, 125.4, 122.4, 119.8, 53.7 (d, Jec = 133
HZ); 3IP NMR: 1424 Anal. calcd. (%) fOI' C14H14N503PI C,
50.76; H, 4.26; N, 21.14. Found (%): C, 50.65; H, 4.21; N,
21.18.

RESULTS AND DISCUSSION

Itis noted that after the condensation reactions of adenine
with triphenyl phosphite and different substituents on
aldehyde, such as 4-MeOCH,, Ph, (CH;),CHCH,, 4-MeC¢H.,,
in the acetic acid and xylene under reflux for 8-18 h, a white
precipitate was formed, then collected by filtration and
recrystallized from dimethyl sulfoxide. The products 2 were
obtained in moderate yields. The experimental results are
summarized in Table-1. However, aldehyde carrying electron-
withdrawing substituents did not occur at all. In addition, the
reaction was performed using adenine, trimethyl phosphite
and aldehydes 1. The products 2 were obtained under the same
conditions.

TABLE-1
SYNTHESIS OF THE PRODUCT (2a-g)
Time Yields m.p.
Entry R (h) Product (%) (OCp)
1 Ph 17 2a 50 >300
2 4-MeOCH, 17 2b 55 >300
3 4-MeCH, 17 2¢ 55 >300
4 H 8 2d 51 >300
5 (CH,),CHCH, 8 2e 52 >300
6 CH,CH,CH, 18 2f 48 >300
7 C,H.CHCH 17 2g 54 >300

All the compounds 2 exhibited characteristic IR absorp-
tions, indicating the existence of the NH (3400-3200 cm™),
P=0 (1300-1100 cm™) and O-H (3300-2500 cm™) groups. The
*'P NMR spectra of products 2 exhibited only one signal in
the range of 6 14.21-18.28 depending on the elements present
at phosphorus. In the '"H NMR spectra of product 2, the signal
of CHP proton appears as doublet and multiple peak (8 = 3.42-
5.13, Jen = 15-24 Hz) because of its coupling with phosphorus.
The adenine proton (H-2, H-8) showed respectively a singlet
at 8 7.72-8.11. In the *C NMR spectra of compounds 2, the
C-P carbon resonated as a doublet at & 39.1-55.3 (d, Jpc =
130-148 Hz) due to coupling with phosphorus. However, the
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sign of ester groups weren't appeared by the IR, NMR spectral
data, which was suggested that the products 2 may be made
acid hydrolysis from a-aminophosphonates under the acetic
acid and xylene reaction conditions.

Conclusion

A convenient and facile one-pot synthesis of a-amino-
phosphonic acids containing adenine via the three component
condensation reaction is described with the advantages of mild
conditions, simple operation and moderate yields. The product
structures were characterized by IR and NMR spectral data
and elemental analyses.
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