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Abstract—5-Ethylthio-1-H-tetrazole (SET) and 4,5-dicyanoimidazole (DCI) were examined as alternatives to 1-H-tetrazole to medi-
ate the synthesis of phosphonate diesters and phosphonamidates from phosphonyl dichlorides through a two-step one-pot reaction
in various organic solvents. SET and DCI were comparable to 1-H-tetrazole for catalyzing these reactions. SET afforded slightly
greater yields than DCI while benzene was universally the best solvent for this reaction.

© 2004 Elsevier Ltd. All rights reserved.

It is well known that 1-H-tetrazole is a valuable media-
tor for phosphitylation chemistry, especially in the
preparation of oligonucleotides.! 1-H-tetrazole has
also been established to mediate amine exchange in
the synthesis of oligonucleotide phosphoramidates.?
Employed as a catalyst, 1-H-tetrazole has been found
to minimize symmetrical substitution of phosphonyl
dichlorides in the preparation of mixed phosphonate
esters.> Our group has been interested in the prepara-
tion of phosphonylated*> or phosphorylated amino
acids® as tetrahedral intermediate analogs inhibi-
tors of metallopeptidases’” and to this end, we have
explored the aforementioned tetrazole-mediated chemis-
try.

Although dilute solutions in acetonitrile are available,
solid 1-H-tetrazole is no longer readily accessible from
commercial sources due to its explosive nature.® This
impediment prompted us to explore alternatives to 1-
H-tetrazole for N-phosphorylation of amino acids and
amine exchange on phosphoramidites. Both 5-ethyl-
thio-1-H-tetrazole (SET) and 4,5-dicyanoimidazole
(DCI) have been identified to be comparable to 1-H-
tetrazole (Tet) for the diastereoselective synthesis of
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phosphite triesters” and the activation of nucleoside
phosphoramidites in oligonucleotide syntheses.'® The
reported efficiency of these reagents led us to examine
them for the chemistry of interest to our group.

We found that SET and DCI were comparable to 1-H-
tetrazole for the two-step one-pot preparation of mixed
phosphonate diesters 1a and 1b, respectively, from
methyl or phenylphosphonic dichloride in various sol-
vents (Table 1). In general, SET afforded greater yields
than DCI while benzene was universally the best solvent
for this reaction. Based upon the successful results
obtained for the preparation of the benzyl methylphos-
phonates 1a and 1b, the preparation of methylphosphon-
amidate 2 from methylphosphonic dichloride was
compared for the three catalysts under similar condi-
tions (Table 2). Because the first step in the synthesis
of both the phosphonates and phosphonamidates from
phosphonyl dichlorides is conserved, it was not surpris-
ing that the yields for the formation of 2 were similar to
that for 1a. As noticed for the preparation of phospho-
nates la, SET provided a slightly greater yield for 2 than
DCI.

In summary, 5-ethylthio-1-H-tetrazole and 4,5-dicyano-
imidazole were found to be suitable alternatives to 1-H-
tetrazole to catalyze the synthesis of mixed phosphonate
diesters and phosphonamidates from phosphonic di-
chlorides.
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Table 1. Synthesis of benzyl methylphosphonates 2!+

(I? 1. BnOH, DIPEA 9
R™PNa 2 iiiaéylit DIPEA> R[>0 1a R=cH,
cl ' ' CH;0 /\© 1b R=Ph
R Solvent Catalyst 1a Yield (%)* R Solvent Catalyst 1b Yield (%)*
CH; Benzene Tet 81 Ph Benzene Tet 70
CHj; THF Tet 76 Ph THF Tet 69
CH3 CH2C12 Tet 66 Ph CH2C12 Tet 46
CH; CH;CN Tet 73 Ph CH;CN Tet 61
CH; Benzene SET 82 Ph Benzene SET 67
CHj; THF SET 70 Ph THF SET 53
CH; CH,Cl, SET 61 Ph CH,Cl, SET 59
CHj; CH;CN SET 61 Ph CH;CN SET 61
CH; Benzene DCI 75 Ph Benzene DCI 62
CH; THF DCI 74 Ph THF DCI 53
CH; CH,Cl, DCI 73 Ph CH,Cl, DCI 56
CHj; CH;CN DCI 68 Ph CH;CN DCI 61
 Spectroscopic yield based on *'P NMR.
Table 2. Synthesis of phosphona_midates12’13 6. ChOW, C. P Berkman, C. E. Tetrahedron Lett. 1998, 39,
7471; Lu, H.; Ng, R.; Shieh, C. C.; Martinez, A. R.;
(I? (I? CO,Bn Berkman, C. E. Phosphorus Sulfur Silicon 2003, 178, 17;
P > P Maung, J.; Campbell, T. Y.; Shieh, C. C.; Berkman, C. E.
CH3™ /™Cl 1. BnOH, DIPEA CHy />N Synth. Commun. 2004, 34, 555.
c catalyst BnO H 7. Bartlett, P. A.; Marlowe, C. K. Science 1987, 235, 569;
2. H-Glu(OBn)-OBn P CO,Bn McLeod, D. A.; Brinkworth, R. I.; Ashley, J. A.; Janda,
- — K. D.; Wirshing, P. Bioorg. Med. Chem. Lett. 1991, 1, 653.
Solvent Catalyst Yield (%) 8. Stull, D. R. Fundamentals of Fire and Explosion. In
Benzene Tet 80 AIChE Monograph Series, No 10; New York, 1977; Vol.
Benzene SET 83 73, p 22.
Benzene DCI 75 9. Xin, Z.; Just, G. Tetrahedron Lett. 1996, 37, 969.
N . - 31 10. Vargeese, C.; Carter, J.; Yegge, J.; Krivjansky, S.; Settle,
Spectroscopic yield based on P NMR. A.; Kropp, E.; Peterson, K.; Picken, W. Nucl. Acids Res.
1998, 26, 1046; Ravikumar, V. T.; Cole, D. L. Org. Proc.
Res. Dev. 2002, 6, 798; Seio, K.; Kumura, K.; Bologna,
J.-C.; Sekine, M. J. Org. Chem. 2003, 68, 3849.
11. Synthesis of phosphonate diesters 1. To a flask charged
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the catalyst (0.14mmol) was added alkyl phosphonic
dichloride (1.40mmol) dissolved in solvent (9mL) under
an Argon (g) atmosphere via syringe. The temperature was
reduced to 0°C, followed by dropwise addition of benzyl
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alcohol (0.131mL, 1.27mmol) and diisopropyl ethylamine
(0.244mL, 1.40mmol). The reaction mixture was stirred
for 0.5h at 0°C, then another 2.5h at rt. Glutamic acid
dibenzyl ester (0.416g, 1.27mmol) and diisopropyl ethyl-

amine (0.244mL, 1.40mmol) were added dropwise, and
the reaction mixture was stirred for 3h. Concentration in
vacuo afforded crude products as oil from which the *'P
NMR analyses were performed in CDCl;.
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