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CYCLOADDITION OF DIAZOMETHANE TO BUTADIENYLPHOSPHONATES. A NEW APPROACH

TO FUNCTIONALIZED PENTADIENYLPHOSPHONATES AND PYRAZOLES

*
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The cycloaddition reaction of diazomethane with diethyl 1,3-buta-
dienylphosphonates containing electronegative substituents on the a-
carbon atom gave diethyl (4—alkenyl—Al—pyrazolin—3—yl)phosphonates
in high yields. Thermolysis and the base-catalyzed reaction of the
~pyrazolinylphosphonates produced functionalized 2,4-pentadienylphos-

phonates and pyrazoles, respectively, in good yields.

1,3-Dipolar cycloadducts of diazoalkanes to vinyl- and alkenylphosphonium
salts have been reported as useful intermediates for the synthesis of pyrazoles.
Similar cycloaddition of diazoalkanes to vinylphosphonates and related phosphoryl
2) However, to our knowledge, the reaction of

1)

compounds have been well studied.
diazoalkanes with their homologues, butadienylphosphonates has not been reported.
On the other hand, we have recently reported some reactions of butadienylphos-
phonates.3) In connection with our continuing interest in the synthetic utiliza-
tion of butadienylphosphonates, we investigated the cycloaddition reaction of
diazomethane with butadienylphosphonates bearing electronegative substituents.
Cycloaddition of diazomethane (2) to butadienylphosphonates 1b,d, e3 4)1n ether
gave mixtures of (E)- and (2)-4-alkenyl-3-diethoxyphosphinyl-3-ethoxycarbonyl- A -
pyrazolines gb,d,es)(88—9l% yields) in the same ratios as those in starting }b,d,e,
while the reaction using a single (lE,3E)-l-methylsulfonyl-1,3-butadienylphospho-
nate’%a3)exclusively produced the corresponding (E)-3-diethoxyphosphinyl-3-methyl-
sulfonyl—Al—pyrazoline‘gas)in 86% yield. Although similar treatment of (1E,3E)-
l—cyanobutadienylphosphonate1303)provided Al—pyrazoline 3c, this adduct 3¢ could
not be isolated in a pure form due to thermolability. However, its presence was
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demonstrated by the base-catalyzed reaction as mentioned below.

In contrast, similar reaction of diethyl (l-methylsulfonylethenyl)phosphonate gg)s
with 2 exclusively led to diethyl (l-methylsulfonylcyclopropyl)phosphonate (5):
76%; 0il; ’c NMR(cDC1,) § 12.0(%5__=2.6 Hz), 16.3(3Jpc=6.0 Hz), 35.3('3_ _=185.7
Hz), 41.2, and 63.6(3J c=6.0 Hz) . pThe structure of 5 was confirmed by cgmparison
of its lH NMR and l3C NMR spectra with those of an authentic sample prepared from

‘5 and dimethyloxosulfonium methylide. The formation of 5 would be explained by
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2
the extrusion of N2 from an initially produced unstable Al—pyrazoline.
On the other hand, thermolysis of the pyrazolines gg,b,d,e at 100 °C for 1 h
did not afford expected cyclopropylphosphonates 7, but‘exclusively led to one-
carbon homologation products, diethyl 2, 4-pentadienylphosphonates 6a,b,d,e,7)
are not easily obtainable by existing methods, in good yields. szatment of’éa,e
with lithium diisopropylamide (LDA), followed by the reaction with aldehydes,

readily led to Wittig-Horner reaction products, l,3,5—trienes‘§a,c and 1,3,5,7-

which

tetraene 8b having functionality in good yields.a)
~
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The compounds 8a and §P showed their “H NMR signals at § 3.02(3H, s, SOzMe) and at
§ 6.15-7.80(15H, m), and at § 3.00(3H, s, SOZMe) and at § 6.40-7.80(17H, m), re-
spectively. These results suggest that the products 8a and 8b are single isomers,
although their stereochemistry is not determined. On the other hand, the product
EF was a mixture of two stereoisomers (isomer ratio, ca. 2.2:1 by l3C NMR) .
Treatment of the Al—pyrazolines 3a and 3b with base such as sodium hydride and
triethylamine in benzene easily gave 3-diethoxyphosphinyl=-(9) (mp 62-64 °C) and 3-
ethoxycarbonyl-4-styrylpyrazoles (;9)9)(mp 146-147 °C) in 83% and ,67% yields with
the accompanying elimination of the methylsulfonyl and diethoxyphosphinyl moieties,
respectively. The structural assignment of the product'g rests upon its spectral
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data: lH NMR(CDC13) § 1.34(6H, t), 3.80-4.60(4H, m), 6.60-7.70(7H, m), 8.19(1H, 4,
J=2.20 Hz, C5-H), and 11.34(1H, br.s, NH); 15C NMR § 16.3(3Jpc=6.0 Hz) 62.8(2Jpc=
5.2 Hz), 117.6, 125.0(2Jpc=20.6 Hz, C4), 126.3, 127.6, 128.7, 129.8, 132.0(3Jpc=
12.0 Hz, C5), 134.7(1J =225.2 Hz, C3), and 137.3. The structure of }9 was deter-
mined by comparison of “H NMR and 13C NMR spectral data with those of/%.
Similar treatment of 3c, in-situ prepared from 1c and 2, with sodium hydride led to
a mixture of’g (33%), and N-methylated pyrazoles %} (19%) and %2 (20%).10)
Structural assignment of ;} and l} was similarly made by comparison of their 13C
NMR spectra with that of 2; The formation of 11 and 12 would be reasonably
accounted for by the reaction of,g, which would be similarly produced by the facile
elimination of a cyanide anion from 3c, and its isomer, 5-diethoxyphosphinyl-4-
styrylpyrazole, with 2 which is present in the reaction system (Scheme 2).
These results show that the reaction products are dependent upon the substituents X.
Thus, the 1,3-dipolar cycloadducts of diazomethane to butadienylphosphonates
can serve as versatile synthons not only for 2,4-pentadienylphosphonates, which
are used in the synthesis of unsaturated systems, but also for functionalized
pyrazoles.
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