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Three Different Fates for Phosphinidenes Generated
by Photocleavage of Phospha-Wittig Reagents
ArP=PMe;3
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PMe; may lead to photodissociation of Py& produce free
phosphinidenes.

Pale yellow solutions ol in benzeneds subjected to 355 nm
laser irradiation quickly (15 min) fade in col®Analysis of such
solutions by?'P and'H NMR spectroscopy reveal that Pykend
4 (>95%), are produced in high yields (Scheme 1). Compatind

is formally derived by insertion of the phosphinidefides*F}
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Scheme 1.Photolyses of ArB=PMe;

A longstanding challenge in the chemistry of free phosphin-
idenes (RP) has been the obtainment of definitive evidence for
their generation.The chemistry of free phosphinidenes remains
sparse, in contrast to free carbenes and other reactive intermedi-
ates, due in large part to the limited set of available precursors to
these electron deficient species. Although alkali metal reduction
of RPC}, readily leads to cyclopolyphosphines (RBid, in select
cases, diphosphenes (RPR), mechanisms involving metalloid
or radical species are equally or more viable compared to
mechanisms involving simple phosphinidene intermediates. Ad-
ditionally, Mathey has stressed that identification of products
formally derived from phosphinidenes does not constitute absolute
proof, since alternative mechanisms can often be presented that
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do not postulate phosphinidene intermedidté€hotochemical

methods for the generation of phosphinidenes have produced some 1€ Same phosphaindan is formed by a number of other
of the best evidence for generation of these intermedfdtés. experiments that have been*proaosed (o gen¢hes"r}, suc*h
this report we describe evidence for the photochemical generation23 pho;glys's of either MesTPgi” or the phosph|ranill>)/les P
of free phosphinidenes from three closely related phospha- [CHZIZ‘ In addition, t_he cﬁph_osphene Me*siﬂl’l\/l_es N _the
nylideneo*-phosphoranes (AFPPMe;). Quite amazingly, each possible prc_)duct from dlmerlza_tlon of wdles units, is 'ts‘?'f
precursor spawns phosphinidenes that unddifjerentreaction photqchempa!ly active and will also prgduﬁmver time, quite
paths that lead to products of intramolecular CH bond insertion, possibly by initial cleavage to woMes*P}.™ This *process ,!S
net dimerization to diphosphenes, or novel CC bond insertion. much slower tlhan conversion fto 4, anq no Mes*P=PMes

We recently reported the synthesis and characterization of the's detected b? P NMR spectroscopy during the photoly5|s_10f
stable phosphanylideng-phosphoranes Mes*¥PMe; (1) and The behavior of compour@bearing an-terphenyl-protecting

. o is strikingly different. The products of photolysis are the
2,6-MesC¢HsP=PMe; (2).°5 These materials act as phospha-Wittig group is s by
reagents upon reaction with aldehyddzarly studies of unstable diphosphene 2,6-MgSsH;P—PC:Hy-2,6-Mes™ (5, 90-95%) and

CFR:P=PMe; led to a recognition of the potential of RfPR; as PMe; (Scheme 1). Diphospherteis very stable to photolysis

recursors to free phosphinideriéEheoretical work suggests that ~ UNder the reaction conditions, even in the presence of addeg PMe
?he LUMO in HFF:=PI-p|3 is o* in characte and gt%us we The closely related diphosphene 2,6-MésMeCHyP=PCeHa-

; ) 10 T 4-Me-2,6-Mes is also inert to photolysi&
investigated the possibility that photochemical irradiation ofArP Recent work from Power’s group suggested yet a new, third
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possible reaction channel for free phosphinidefié3uring the
reduction of 2,6-TripCsH3zPCL with magnesium metal, a phos-
phafluorene®, 68%), arising from formal intramolecular insertion
of a putative phosphinidene into an /¥ carbor-carbon bond,

is obtained. The analogous reduction using potassium metal
provides the diphosphene 2,6-TxgH;—P=P—CsH3-2,6-Trip as

the main product, however. Although these reductions of AfPCI
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may involve free phosphinidenes, pathways involving radicals Scheme 2.Reactions of Free Phosphinidenes
or metalloid species such as RP(CI)MgCI cannot be ruled out.

Similar questions are unresolved in related insertions int&CC . 0
bonds of mterphenyl ligands by reactive boron and silicon Af—P\\

centers’s PR3 O P
To ascertain if a phosphinidene would insert into a carbon 3 > \\P
carbon bond under a metal-free environment we prepared the f
h

1
phosphanylidene#-phosphorane 2,6-TriffsHsP=PMe; (3). Com- hv v\ PMes \
pound3 was prepared in 70% yield in the same mannet asd -PMes -PMeg 1/4 7

2, that is, by the reduction of 2,6-Te@sHsPCL by zinc dust in
the presence of PM&¢ Yellow crystalline3 displays a pair of IAr—TD.- ‘Ar—T:’.-
diagnostic doublets in theP NMR spectrum at-1.6 and—113.4 .

ppm Jpp = 564 Hz). 2
As anticipated, photolysis a3 does indeed gives in 90% ‘ \ -PMea\‘

yield (equation 1) in addition to minor amounts of the corre-
sponding diphosphene. Our data thus support the proposition that \( 0
- N
BN
O\ P\\P
6 78

free phosphinidenes may be involved in the magnesium reductionbeen noted® The phosphinidene derived frof could face a
of 2,6-TripCsHaPCh.Y7 greater steric barrier to phosphinidene abstraction f8yrthus

To assay the reversibility of the initial photoscissionlef3, allowing enough time for the CC bond-insertion reaction to occur.
photolyses were conducted in the presence of excess.FAde Alternatively, the various reactions may reflect the inherent
reactions ofl and3, no significant impact on the rate of product differences in the chemical reactivity of tmeetasubstituents.
formation was observeduggesting that both CH and CC bond The current work is paralleled by similar studies aimed at
insertion processes of the phosphinidene are faster than trappingncreasing the lifetimes of free carbenes by photochemical
with phosphine to refornd or 3. Interestingly, the presence of  extrusion of dinitrogen from sterically congested azoalkanes.
added PMg during the photolysis of considerably slows the  These carbenes can competitively dimerize to olefins or undergo
formation of 5 (Supporting Information), indicating that in this  formal intramolecular CH bond insertiofs.
case the phosphinidene can be trapped by added phosphine to In conclusion, we have demonstrated remarkable reaction
reform 2. diversity for free phosphinidenes generated from phosphanylidene-

A deceptively simple explanation for formation of diphosphene o*phosphoranes that differ only slightly in the nature of the
5 is the dimerization of two{ArP}. This hypothesis seems sterically demanding groups. It must also be noted that while
unlikely, given the high reactivity of ArP} derived from1 and photolysis of ArP=PMe; appears to be a general method, attempts
3. A more likely scenario is that the electrophi{ié&rP} derived to generatem-terphenyl phosphinidenes using other standard
from 2 reacts with nucleophili@. An interesting consequence of approaches are not viable. For example, extension of the
this proposal is that photolysis &fin the presence of increasing photochemistry of Mes*P(}, to other ArP(N); produces not
amounts ofl yields more asymmetric diphosphene Mes*P  phosphinidenes but cyclic azido phosphazefdskewise, the
PCHs-2,6-Mes!® (7, Scheme 2). phosphirane 2,6-Megst-MeGH3P[CH;], has been shown to be

One possible explanation for the highly diverse array of relatively photochemically inert and thus not effective for the
products derived by photolysis &f3 is that the phosphinidenes  photoinduced retroaddition approach to phosphinidéhéstther
thus generated are increasingly stabilized by varying the substit-studies aimed at the ESR detection of these species, as well as
uents on the phenyl rin§. The phosphinidené¢Mes*P}, being other trapping experiments, are underway.
the least stable, and having vicinal CH bonds near the phosphorus
center, undergoes rapid intramolecular CH bond insertion. The _Acknowledgment. We thank the National Science Foundation
phosphinidene derived fron2 may have a longer lifetime, (CAREER CHE-9733412 to J.D.P.) and the National Institutes of Health
sufficient such that abstraction of phosphinidene unit féboan (GM-56816 to M.C.S.) for support of this work.

occur to afford diphosphen®. The stability of m-terphenyl Supporting Information Available: Synthesis and characterization

containing Sy_stems having reactive multlple_ bonds, :elatlve to of 3 and complete experimental details (PDF). This material is available
systems bearing the somewhat comparably sized Mes* group, hagree of charge via the Internet at http:/pubs.acs.org.
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