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Trapping of Radicals by Dialkyl Phosphite Ions; Synthesis of
a-Nitroalkylphosphonates by Siyy1 Reactions

By GLEN A. RusseLL* and JaAMES HERSHBERGER
(Department of Chemistry, Towa State University, Ames, Towa 50011)

Summary Dialkyl phosphite ions and geminal chloro- or
arylsulphonyl-nitroalkanes react by a free radical chain
mechanism to form dialkyl a-nitroalkylphosphonates.

DiaLKYL PHOSPHITE IONs [(RO),PO~] are known to be
radical traps in aromatic Sgyl reactions yielding aryl-
phosphonates [equations (1)—(3)].1 Alk-l-enyl radicals
will also add readily to (RO),PO~ in an Sgxl reaction to

RX.~ — Re 4+ X~ (1)
Re + A~ — RA.~ 2
RA~ + RX = RX.~ + RA (3)

RX = Arl, A~ = (RO),PO~

form the vinylphosphonate when RX is an alk-l-enyl-
mercury halide.? However, alkylmercury halides and
(RO),PO~ will not undergo photo-stimulated Srx1 reactions
although Sgxl reactions with A~ = R,C=NO,~ occur
readily.?

In competitive experiments n-CgH,;HgCl and PhCH,-
HgCl underwent a photo-stimulated Sgyl reaction in
Me,SO with an equimolar mixture of (EtO),PO~ and
Me,C=NO,~ to produce n-C¢H,;CMe,NO, and PhCH,CMe,-
NO, without a trace of the corresponding phosponates.

1t A typical procedure for the formation of the w«-nitroalkylphosphonates is as follows.

We conclude that although simple alkyl radicals do not
add readily to (EtO),PO~ to form the phosphoranyl radical
anion (1), phenyl and vinyl radicals are readily trapped by
(EtO),PO~ with the formation of a phenyl-phosphorus
bond. This suggests that aryl and vinyl radicals form an
intermediate wherein the unpaired electron is in the
m-system of the unsaturated group (2).4

(O O (O]

|
R-P(OEt), (Et0),PCMe,NO,.—

(1) (2) 3)

(EtO),P-R,.~

1-Methyl-1-nitroethyl radicals formed in an Sgxl process
from 2-chloro-2-nitropropane or 2-(p-tolylsulphonyl)-2-nitro-
propane are readily trapped by (RO),PO- to yield the
a-nitroalkylphosphonates® as the final product {reaction
(4)7 in what appears to be a general reaction [equation (5),
Table].t The l-methyl-1-nitroethyl radical is more reactive
THF
O,NCMe, X + (RO),PO~ ——— O,NC(Me),P(O)(OR), (4)
0°C, 2h

X = Cl, p-MeC,H,SO,

2-Chloro-2-nitropropane (9 mmol) was

added to potassium t-butoxide (9 mmol) and diethyl phosphite (10 mmol) in 30 ml of dry tetrahydrofuran (THF) at —45 °C under

nitrogen.
was extracted from brine with diethyl ether.
94—95 °C (0-2 Torr).

As the solution warmed to 25 °C (1 h), potassium chloride precipitated. After vacuum distillation of the THF the residue
Removal of the ether gave 1-7 g of crude diethyl a-nitroisopropylphosphonate, b.p.
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O,NCRL,X + (R20),PO- — O,NCR},P(O)(OR?), (5) than simple alkyl radicals towards (RO),PO—~ because the
a, Rl = R2 = Me, X = Cl intermediate radical amion [(3), RA.~ equations (2) and
b, Rl = Me, R? = Et, X = Cl (3)] now has the unpaired electron m an MO of the nitro
¢, R! = Me, R? = Et, X = MeC,H,S0,-p group rather than localized on phosphorus as 1n the
d, R = [CH,],, R? = Et, X = Cl phosphorany! radical (1)
e, R! = [CH,], R? = Et, X = MeC,H,S0,-p Reaction (4) can be demonstrated to be a chain process
P o An easy thermal mitiation reaction [presumably electron

TaBLe Synthesis of the « mitroalkylphosphonates O,NCR1,- transfer between (R?0),PO~ and RYC(NO,)X] makes 1t

P(O)(OR?), 2 difficult to inhibit this free radical process by di-t-butyl

Yieldb/ % nitroxide 1n all cases However reaction of 2-(p-tolyl)-2-

Temp /°C Tume Nmr Distilled nitropropane with (EtO),PO~ showed clear inhibition by

a —45 to 25 1h e 60 the nitroxide (Table) In addition, the o-nitroalkyl-

g *45220 25 i}lfc 7ga 63 phosphonates were not formed when the reactions were

c 0 45 min 66 _ performed 1n the presence of oxygen The thermal init1-

s 0 45 mun¢ 0e — ation reaction, as judged by reactions performed in the

c 0 45 nun! 0 — presence of oxygen or di-t-butyl mitroxide, occurred much
¢ 0—25 2h 92 - more rapidly with X = Cl than with X = $-MeCH,SO,
d —45 to 25 15h 80 o We thank the National Science Foundation for su t
e 025 2h 75 62 : ppor

2 All reactions were carrled out using tetrahydrofuran as
solvent P Satisfactory elemental analyses were obtained
¢ With oxygen 4 All of the 2 chloro 2-nitropropane was con-

sumed €879 of the 2 (p-tolylsulphonyl)-2-mitropropane was
recovered ! With 5%, But,NO (Recewed, 16th October 1979, Com 1103 )
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