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ABSTRACT: 2,2.2-Triethoxy-1 ,2h5-oxaphospholene, 1, reacts under mild, neutral conditions 

with aryl isocyanates to produce the phosphonate-contalning pyrimidinedione derivatives 2 and 3. 

X-ray structure determination of 3 confirmed lts structure. 
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Since naturally occurring C-nucleosides exhibit impressive antltumor and antiviral properties, 

there has been a great deal of interest In producing synthetic C-nucleoside anakgues of the N- 

connected bases and nucleosidess Heterocycllc phosphonate derivatives have recently been 

shown to be valuable Intermediates in the syntheses of C-nucleosldes.4 Some of these 

heterocyclic phosphonates also display biological activity themselves.5 We now present an 

extremely efficient and novel s synthesis of the methylphosphonate pyrimidinedione 

derivatives 2 and 3. 

While investigating reactions of pentacovalent oxaphospholenes with electrophlles,s we 

discovered that 1 reacted readily with isocyanates to produce the double addition products 2 and 

3 In excellent Isolated yields (92% and 93%, respectively).7 The oxaphospholene 1 can be 
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produced on 30-50 g scale and will keep for months if stored in a freezer under argon. The 

condensation of 1 with the requisite isocyanate proceeded readily at room temperature in 

Cl-@&s The use of only one equivalent of phenyl isocyanate led to a mixture of the heterocycle 

2, the amide 4 and hydrolysis product 5, with the double addition product being major (Table 1). 

Utilization of two equivalents of the isocyanate produced 2 in 92 % isolated yield as a crystalline 

solid, with only minor amounts of 4 and 5 being formed. 

Equiv. Ph-NC0 % 2 % 4 % 5 

1.0 57.0 10.4 25.6 

2.0 92.4 2.2 3.9 

In order to conclusively prove its structure, the 4-bromophenyl derivative, 3, was subjected to 

single crystal X-ray crystallographic analysis .e The ORTEP representation of the crystal structure 

is shown in Figure 1. The pyrfmidinedione ring was found to be slightly puckered. 

A possible mechanism for this reaction is illustrated in Scheme 2. With 2 equivalents of 

isocyanate present, the intermediate nitrogen anion in 6 attacks another molecule of isocyanate. 

The new, incipient nitrogen anion in 7 then attacks the ketone carbonyl to cyclize to the six- 
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membered ring as shown. Dehydration to the alkene and hydrolysis to the phosphonate leads to 

the heterocycle. 

0 0 _- , Ar-N&=0 ~ N_Ar Ar-N&=0 
4 - 

2: Ar SE Ph 
3: At = 4-BrC&14 

In conclusion, we report a novel MO S&Q method to produce pyrfmidinedione methyl- 

phosphonate derivatives using the electrophilic condensation reactions of a pentacovalent 

oxaphospholene with isocyanates. The use of 4-methoxyphenyl isocyanate to produce 

pyrfmtdinedfone derfvattves with labile groups on the nftrogens,fc as well as applications to the 

syntheses of C-nucleoskfes and antfbiatics such as spamomycln,t 1 are the subjects of forthcoming 

Papers. 
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therein. For the syntheses of other hetereocyclic phosphonates see: (a) Zbiral, E. Drescher, 
M. Synthesis, 1988, 735. (b) Ohler, E., Zbiral, E., El-Badawi, M. Tetrahedron Left 1983, 24, 
5599. (c) Zbiral, E., Ohler, E., Penz, G., El-Badawl, M. Phos. Sulf. 1983, 18, 357. 
Corsano, S., Strappaghetti, G., Castagnino, E. Arch. Pharm. (Weinheim, Ger.) 1987, 320, 
1118. 
McClure, C. K.; Jung, K.-Y.; J. Org. Chem. 1991, 56, 867. Ibid, 2326. McClure, C. K., Grate, 
C. W., Tetrahedron Left. 1991,32,5313. 
All new compounds exhibited spectroscopic data in agreement wfth assigned structures. 
Preparation of diethyl [( 1,2,3,4-tetrahydro-6-methyl-2,4-dioxo-1 ,3-diphenyl-5-pyrimidinyl)- 
methyl]-phosphonate 2: The oxaphospholene 1 (335 mg, 1.42 mmol) was transferred via 
cannula Into a flame-dried flask under Ar and dissolved in freshly distilled CH& (2 mL). To 
the flask, freshly dlstilled phenylisocyanate (0.31 mL, 2.63 mmol) was added dropwise via 
syringe. The reaction was allowed to stir at rt for 46 hr. During this time, the reaction turned 
slightly yellow. After 48 hours, the f H NMR of the reaction mixture indicated that the 
oxaphospholene was consumed. The reaction was then hydrolyzed using distilled H20 (5.0 
ml) and stirred for 16 hr at rt. The reaction mixture was extracted using CH2Ci2 (3 x 25 mL), 
and the combined extracts were dried over anhydrous MgSO4, filtered, and the solvent 
removed in vacua. The residue was eluted through a glass frftted funnel containing 
approximately 10 g course silica gel washing with CH2Cl8 (100 mL) and then with 3% 
MeOWCH2Cl2 (250 mL). The 3% MeOH/ CH2Cl2 fractions were concentrated under reduced 
pressure. From this residue, the pyrlmidinedbne 2 (562 mg, 92.4% yield), keto-amide 4 (10.3 
mg, 2.2% yield), and diethyl 3oxobutylphosphonate 5 (12.4 mg, 3.% yield) were isolated via 
separation by HPLC (1.75% MeOW CH&12; fbw rate: 10 mU minute; Imsx I 300 nm). Upon 
standing, the keto-amide and the pyrfmidinedlone crystallized, and each compound was 
Independently recrystallized from CHpClp via vapor diffusion of pentane. 2: m.p. = 118°C; Rf 
(4% MeOH/ CH&l8) I 0.28; HPLC Retention Time: 27.1 minutes; fH NMR (CDCls) : 7.50- 
7.22 (lOH, m), 4.15 (4H, apparent pent, J- 7.1 HZ), 3.14 (2H, d, JP_H = 20.3 HZ), 2.06 (3H, d, 
+P-f., - 3.3 Hz), 1.30 (6H, t, J- 7.1 Hz); ‘3C NMR (CDCl8): 162.3, 151.3, 150.5 (d, Jp_c = 6.9 
Hz), 137.2, 135.1, 129.7, 129.2, 129.1, 128.6, 128.5, 128.1, 103.7 (d, JP_c - 9.6 Hz), 62.2 (d, 
+_o - 6.4 Hz), 23.4 (d, +_c - 141.7 Hz), 18.9,16.3 (d, +, - 6.4 Hz);8’P NMR (CDCis): 27.40 
ppm; IR (cm-t, CH&l2): 1712,1663,1660, 1490, 1245,1240,1075,1042; Exact mass calcd 
for C~H&$@sP: (M)+ 428.1499, found 428.1471. 
Compound 3 crystallized in the monoclinic space group P2t/c with a = 11.925(3) A, 
b = 7.817(2) A, c = 26.756(8) A, i3 = 90.95(3)“ and V I 2494.0(g) M. For Z = 4 and FW I 586.2, 
the calculated density is 1.561 gIcm8. The data were collected at 25 f 1 “C using the Wyckoff 
scan technique to a maximum 29 value of 42”. A total of 3001 reflections was collected. The 
linear absorption coefficient for MO K, is 35.0 cm -1. An empirical absorption correction, based 
on azimuthal scans of several reflections was applied. The data were corrected for Lorentz 
and polarization effects. The structure was solved by direct methods and the non-hydrogen 
atoms were refined anlsotroplcally. The final cycle of full-matrix least-squares refinement was 
based on 1391 reflections (F > 4.00 (F)) and converged to a final discrepancy factor of R = 6.49 
% (R, I 6.94%). 
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