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Surface mediated synthesis of unsymmetrical O,O-dialkyl alkyl
pyrophosphonates using neutral alumina: potential Chemical Weapons 
Convention related compounds
Rajesh Kumar, Devendra. K. Dubey, Arvind. K. Gupta and M.P. Kaushik*

Process Technology Development Division Defence R & D Establishment, Jhansi Road, Gwalior-474002 (MP), India

The surface mediated synthesis of unsymmetrical O,O'- dialkyl alkyl pyrophosphonates from O-alkyl alkylphosphonic
acid is described. These pyrophosphonates are listed in schedule 2B4 of Chemical Weapon Convention (CWC).
The effect of the presence of chromatographic grade of Al2O3 on the phosphorylation of a series of alkyl phosphonic
acids has also been investigated. For phosphonic acids having different alkyl groups, it was observed that higher
yields of the more hindered pyrophosphonates were formed in the presence of Al2O3. This method has an advantage
over the conventional methods in terms of easy work-up, reduced reaction time and high yields.
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Scheme 2 Proposed mechanism for the formation of pyrophosphonates on alumina as a solid support.

for organic chemists.

Experimental

General

FT–IR spectrometer model Tensor 27 on KBr disk. 1H NMR
3 on Bruker DPX Avance FT-NMR

1H NMR.

0.25 mm

l

mass selective detector (Agilent Technologies, USA). An SGE BPX5
0.32 mm internal diameter

0.25 oC

NOD1106 using benzanilide as a reference compound.
General procedure for the preparation of O-pentyl O'-butyl 

diisopropyl pyro phosphonate (5a
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Table 1 Synthesis of O,O'- dialkyl alkyl pyrophosphonates 5a–m using neutral alumina

Entry Product Reaction Yield/%b B.p./°C/mmHg
timea/min

5a 20 85.3 155/1

5b 15 91.5 120/1

5c 15 94.5 140/1.5

5d 15 95.8 127/1.5

5e 15 96.5 141/1.5

5f 15 89.5 125/1

5g 30 83.7 118/1

5h 20 93.5 158/1

5i 10 92.8 115/1

5j 20 91.7 160/1

5k 30 94.6 148/1

5l 15 88.5 119/1

5m 15 85.7 120/1
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aReactions were performed at 60°C and monitored on TLC and GC. bIsolated yield.
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O

to afford the pure product. Yield: 85.3%, b.p. 155°C/1 mmHg.
max/cm-1 2888 (C–H), 1228 (P = O), 1065 (P–O–C),

15H34O5P2: C, 50.55;
H, 9.6%. Found: C, 50.6; H, 9.75%. H1 NMR ( ppm, 400 MHz;
CDCl3; Me4Si): 0.90 (t, JHH = 6.35 Hz, 6H, CH3), 1.05 (dd, 3JPH =
21.43 Hz, 12H, CH3), 1.25(m, 4H, CH2), 1.36(m, 4H, CH2), 1.67(m,
2H, CH2), 2.05(m, 2H, CH), 4.10(m, 4H, CH2); GC–MS (EI) m/z
(%): 356 (10.53), 287(12.05), 273(15.73), 231(100), 213(28.58), 187
(45.23), 171(45.28), 125(86.28), 65(15.36), 43(40.23).

O-Butyl O'-isobutyl P-isopropyl P'-methyl pyrophosphonate (5b):
max/cm-1 2889 (C–H), 1233 (P = O), 1093 (P–O–C), 965

(P–O–P), 690 (P–C) cm-1
12H28O5P2: C, 45.9;

H, 9.0%. Found: C, 45.95; H, 9.10%. H1 NMR ( ppm, 400 MHz;
CDCl3; Me4Si): 0.92 (t, JHH = 6.5 Hz, 3H, CH3), 0.94 (d, JHH = 6.3 Hz,
6H, CH3), 1.12 (dd, 3JPH = 21.2 Hz, 6H, CH3), 1.22(m, 2H, CH2),
1.33(m, 2H, CH2), 1.63(d, 2JPH = 18.6 Hz, 3H, CH3), 1.81(m, 1H,
CH), 2.05(m, 1H, CH), 3.78(m, 2H, CH2), 4.05(m, 2H, CH2); GC–
MS (EI) m/z (%): 314 (8.50), 231(100), 213(27.29), 187(27.50),
171(29.30), 125(54.54), 57(18.18), 43(43.63).

O-Isobutyl O'-propyl P-isopropyl P'-methyl pyrophosphonate
(5c) max/cm-1 2885 (C–H), 1230 (P = O), 1090 (P–O–

11H26O5P2: C,
44.0; H, 8.7%. Found: C, 44.1; H, 8.67%. H1 NMR ( ppm, 400 MHz;
CDCl3; Me4Si): 0.90 (t, JHH = 7.1 Hz, 3H, CH3), 0.98 (d, JHH = 6.6
Hz, 6H, CH3), 1.07 (dd, 3JPH = 21.3 Hz, 6H, CH3), 1.30(m, 2H,
CH2), 1.60(d, 2JPH = 18.6 Hz, 3H, CH3), 1.83(m, 1H, CH), 2.08(m,
1H, CH), 3.79(m, 2H, CH2) 3.99(m, 2H, CH2); GC–MS (EI) m/z
(%): 300 (5.76), 299, 231(100), 213(72.72), 188(73.05), 171(54.54),
145(34.54), 128(73.10), 65(27.30), 43(75.06).

O-isobutyl O'-pentyl P-isopropyl P'-methyl pyrophosphonate
(5d max/cm-1 2880 (C–H), 1235 (P = O), 1094 (P–O–C),

13H30O5P2: C, 47.6;
H, 9.2%. Found: C, 47.45; H, 9.1%. H1 NMR ( ppm, 400 MHz;
CDCl3; Me4Si): 0.92 (t, JHH = 6.48 Hz, 3H, CH3), 0.95 (d, JHH =
6.9 Hz, 6H, CH3), 1.08 (dd, 3JPH = 21.2 Hz, 6H, CH3), 1.20(m, 4H,
CH2), 1.33(m, 2H, CH2), 1.60(d, 2JPH = 18.5 Hz, 3H, CH3), 1.80(m,
1H, CH), 2.03(m, 1H, CH), 3.81(m, 2H, CH2), 4.03(m, 2H, CH2);
GC–MS (EI) m/z (%): 329 (M + H+), 287, 231(100), 213(26.31), 188
(15.26), 171(28.45), 125(57.63), 57(10.10), 43(48.16).

O-Isobutyl O'-propyl dimethyl pyrophosphonate (5e): IR: (KBr)
max/cm-1 2889 (C–H), 1233 (P = O), 1090 (P–O–C), 970 (P–O–P),

9H22O5P2: C, 39.7; H, 8.15%.
Found: C, 39.7; H, 8.1%. H1 NMR ( ppm, 400 MHz; CDCl3;
Me4Si): 0.92 (t, JHH = 7.1 Hz, 3H, CH3), 0.98 (d, JHH = 6.8 Hz, 6H,
CH3), 1.30(m, 2H, CH2), 1.65(d, 2JPH = 18.3 Hz, 6H, CH3), 1.85
(m, 1H, CH), 3.88(m, 2H, CH2), 4.15(m, 2H, CH2); GC–MS (EI)
m/z (%): 315 (7.34), 215(10.52), 175(100), 157 (46.93), 143 (20.40),
125(13.10), 97(32.65), 79(20.40), 41(24.45).

O, O'-Diisobutyl P-isopropyl P'-methyl pyrophosphonate (5f): IR:
max/cm-1 2888 (C–H) 1230 (P = O), 1085 (P–O–C), 970 (P–

12H28O5P2: C, 45.9; H, 9.0%.
Found: C, 45.9; H, 9.0%. H1 NMR ( ppm, 400 MHz; CDCl3; Me4Si):
0.98 (d, JHH = 6.9 Hz, 12H, CH3), 1.05 (dd, 3JPH = 21.2 Hz, 6H,
CH3), 1.63(d, 2JPH = 18.2 Hz, 3H, CH3), 1.88(m, 2H, CH), 2.05(m,
1H, CH), 3.78(m, 2H, CH2), 3.99(m, 2H, CH2); GC–MS(EI) m/z (%):
313 (5.23) 4.06), 287, 243, 231(100), 213 (23.80), 187(23.80), 171
(28.57), 145(18.23), 128(73.10), 125(571.25), 57(23.29), 43(36.75).

O-Butyl O'-propyl P-isopropyl P'-methylpyrophosphonate (5g):
max/cm-1 2889 (C–H), 1233 (P = O), 1089 (P–O–C), 970

11H26O5P2: C, 44.0;
H, 8.7%. Found: C, 44.0; H, 8.7%. H1 NMR ( ppm, 400 MHz;
CDCl3; Me4Si): 0.95 (t, JHH = 6.8 Hz, 6H, CH3), 1.05 (dd, 3JPH =
21.3 Hz, 6H, CH3), 1.15(m, 2H, CH2), 1.21(m, 2H, CH2), 1.38(m,
2H, CH2), 1.60(d, 2JPH = 18.4 Hz, 3H, CH3), 2.05(m, 1H, CH),
3.70(m, 2H, CH2), 4.05(m, 2H, CH2); GC–MS (EI) m/z (%): 300
(4.06),287(18.18), 231(100), 213(27.27), 187 (36.37), 171(27.35),
145(15.10), 125(81.18), 65(10.95), 43(40.90).

O-Propyl O'-butyl diisopropyl pyrophosphonate (5h): IR: (KBr)
max/cm-1 2887 (C–H), 1225 (P = O), 1080 (P–O–C), 972 (P–O–P),

13H30O5P2: C, 47.6; H, 9.2%.

Found: C, 47.5; H, 9.2%. H1 NMR ( ppm, 400 MHz; CDCl3; Me4Si):
0.90 (t, JHH = 7.0 Hz, 6H, CH3), 1.05 (dd, 3JPH = 21.4 Hz, 12H, CH3),
1.25(m, 4H, CH2), 1.36(m, 2H, CH2), 1.67(m, 2H, CH2), 2.05(m,
2H, CH), 4.10(m, 4H, CH2); GC–MS (EI) m/z (%): 329 (6.56), 287
(18.18), 273(10.73), 231(100), 213(28.25), 187 (40.23), 171(32.56),
145(18.10), 125(86.28), 65(16.35), 43(50.20).

O-Butyl O'-isobutyl dimethylpyrophosphonate (5i max/
cm-1 2889 (C–H), 1245 (P = O),1088 (P–O–C), 975 (P–O–P), 687

10H24O5P2: C, 41.96; H, 8.45%. Found:
C, 41.95; H, 8.46%. H1 NMR ( ppm, 400 MHz; CDCl3; Me4Si):
0.90 (t, JHH = 6.5 Hz, 3H, CH3), 0.95 (d, JHH = 6.9 Hz, 6H, CH3),
1.21(m, 2H, CH2), 1.35(m, 2H, CH2), 1.65(d, 2JPH = 18.3 Hz, 6H,
CH3), 1.90(m, 1H, CH), 3.75(m, 2H, CH2), 3.99(m, 2H, CH2); GC–
MS (EI) m/z (%):285 (M + H+), 211(9.12), 199(12.85), 156 (60.23),
142(35.26), 118(18.25), 100(30), 83(28), 57 (100), 41(78.23).

O-Isobutyl O'-butyl diisopropyl pyrophosphonate (5j): IR: (KBr)
max/cm-1 2865 (C–H), 1225 (P = O),1093 (P–O–C), 975 (P–O–P), 685

14H32O5P2: C, 49.1; H, 9.4%. Found: C,
49.1; H, 9.40%. H1 NMR ( ppm, 400 MHz; CDCl3; Me4Si): 0.90 (dd,
3JPH = 21.5 Hz, 12H, CH3), 0.95 (t, JHH = 6.5 Hz, 3H, CH3), 1.05 (d,
JHH = 7.1 Hz, 6H, CH3), 1.15(m, 2H, CH2), 1.31(m, 2H, CH2),1.74(m,
1H, CH), 2.05(m, 2H, CH), 4.19(m, 4H, CH2); GC–MS (EI) m/z (%):
343 (M + H+), 287(14.19), 243(10.46), 231(100), 213(24.65), 187
(26.21), 171(23.89), 145(11.52), 125(50.15), 43(17.25).

O-Isobutyl O'-isopropyl diisopropyl pyrophosphonate (5k): IR:
max/cm-1 2885 (C–H), 1235 (P = O), 1096 (P–O–C), 972 (P–

13H30O5P2: C, 47.6; H, 9.2%.
Found: C, 47.5; H, 9.2%. H1 NMR ( ppm, 400 MHz; CDCl3; Me4Si):
0.95 (dd, 3JPH = 21.3 Hz, 12H, CH3), 1.05 (d, JHH = 6.9 Hz, 6H, CH3),
1.15 (d, JHH = 7.2 Hz, 6H, CH3), 1.65(m, 1H, CH), 2.07(m, 2H, CH),
3.75(m, 1H, CH), 4.07(m, 2H, CH2); GC–MS (EI) m/z (%): 329 (M
+ H+), 287(15.11), 243(5.69), 231(100), 213(40.28), 187 (51.26),
171(44.23), 145(21.32), 125(76.13), 65(22.14), 43(74.12).

O-Butyl O'-pentyl P-isopropyl P'-methylpyrophosphonate (5l):
max/cm-1 2889 (C–H), 1233 (P = O), 1090 (P–O–C), 970

13H30O5P2: C, 47.6; H,
9.2%. Found: C, 47.5; H, 9.2%. H1 NMR ( ppm, 400 MHz; CDCl3;
Me4Si): 0.92 (dd, 3JPH = 21.2 Hz, 6H, CH3), 1.05 (t, JHH = 6.6 Hz,
6H, CH3), 1.10 (m, 2H, CH2), 1.22 (m, 4H, CH2), 1.35(m, 4H,
CH2), 1.65(d, 2JPH = 18.5 Hz, 3H, CH3), 2.08(m, 1H, CH), 3.70(m,
2H, CH2), 4.05(m, 2H, CH2); GC–MS (EI) m/z (%): 329 (M + H+),
231(15.23), 203(100) 185 (27.13), 159(16.23), 125(14.25), 97(58.97),
41(28.36).

O-Ethyl O'-pentyl P-isopropyl P'-methylpyrophosphonate (5m):
max/cm-1 2890(C–H), 1230 (P = O), 1085 (P–O–C), 975

11H26O5P2: C, 44.0; H,
8.7%. Found: C, 44.0; H, 8.7%. H1 NMR ( ppm, 400 MHz; CDCl3;
Me4Si): 0.92 (t, JHH = 6.7 Hz, 3H, CH3), 0.94 (t, JHH = 6.7 Hz, 3H,
CH3), 1.05 (dd, 3JPH = 21.2 Hz, 6H, CH3), 1.30(m, 4H, CH2), 1.63
(d, 2JPH = 18.6 Hz, 3H, CH3), 1.88(m, 1H, CH2), 2.10(m, 1H, CH),
3.75(m, 2H, CH2), 4.05(m, 2H, CH2); GC–MS (EI) m/z (%):301
(M + H+), 231(100),213(17.56), 187(24.45), 171(17.19), 145 (13.48),
125(71.52), 41(50.22).

Received 12 April 2008; accepted 25 April 2008
Paper 08/5158 doi: 10.3184/030823408X318316

References

J. Chem. Soc. Perkin 
Trans.I, 2001, 26.

 J. Chem. Res.,
2007, 6, 328.

Rapid
Commun. Mass Spectrom., 2005, 19, 775.

A.K. Gupta, J. Chem. Res., 2005, 3, 194.

J. Anal. Chem., 2002, 57, 491.
 6 R.W. Read and R.M. Black, J. Chromatgr. A, 1999, 862(2), 169.
 7 E.R.J. Wils, Fresenius J. Anal. Chem., 1990, 338, 22.

Rapid
Comm. Mass Spectrom., 2003, 17, 746.

Analyt.
Lett., 1998, 31, 1429.

 10 R.M. Black and B. Muir, J. Chromatogr. A, 2003, 1000, 253.
 Cat. 

Commun., 2005, 6, 669.

http://dx.doi.org/10.3184/030823408X318316


PAPER: 08/5158

JOURNAL OF CHEMICAL RESEARCH 2008 277

Anal.
Bioanl. Chem., 2005, 381, 477.

 13 Convention of Prohibition of the Development, Production, Stockpiling 
and Use of Chemical Warfare and on their Destruction, US control and

 14 Evaluation of Results
Division, March 2006.

 15 G. Schrader, Die Entwicklung neuer insektizide Phosphosäure-Ester,
Verlag Chemie, Weinheim, 1963, p.281.

 16 L.D. Freedom and G.O. Doak, J. Am. Chem. Soc., 1955, 77, 6635.
 17 A.N. Pudovic, E.I. Kashevarova and V.M. Gorchakova, Zh. Obshch. 

Khim., 1964, 34, 2213.
 18 M.J. Gallagher and I.D. Jenkins, J. Chem. Soc., (C), 1966, 2176.
 19 A. Fadel, R. Yefash and J. Saluan, Synthesis, 1987, 37.
 20 G. Rosini, R. Galarini, E.Marotta and R. Righi, J. Org. Chem., 1990,

55, 781.

 21 M. Kodomari, T. Sakamoto and S. Yoshitomi, J. Chem. Soc., Chem. 
Commun., 1990,701.

S.L. Craig and V.P. Wilson, J. Am. Chem. Soc., 1990, 112, 7433.
 23 G. Hondrogiannis, R.M. Pagni, G.W. Kabalka, P. Anisoki and R. Kurt,

Tetrahedron Lett., 1990, 31, 5433.
Tetrahedron Lett., 1991, 32, 2259.

 25 F. Pauter and M. Daudon, Tetrahedron Lett., 1991, 32, 1457.
 26 A.R. Sardarian and B. Kaboudin, Synth. Commun., 1997, 27, 543.
 27 A.R. Sardarian and B. Kaboudin, Tetrahedron Lett., 1997, 38, 2543.
 28 B. Kaboudin, J. Chem. Rev., 1999, 402.
 29 A.M. Kinnear and E.A. Parren, J. Chem. Soc., 1952, 3437.
 30 W.W. Semon and V.R. Damerll, Org. Synth. Coll. Vol., 1943, 11, 204.

Phosphorus Sulfur Silicon Relatd 
Elem., 2004, 179, 1009.

 32 E.D. Bergmann, U.Z. Littauer and S. Pinchas, J. Chem. Soc., 1952, 847.
 33 L.W. Daasch and D.C. Smith, Anal. Chem., 1951, 23, 853.


