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The chemistry of alkyne cyclooligomers dates back to the
18th century with the work of Berthelot! and Kekulé;? however,
the first dimeric species, namely the cyclobutadienes, were only
reported in 1959 as an 7*-complex®®® and in 1968 as a free,
not complexed molecule with a push—pull substitution pattern,3*
Much more recently, the chemistry of the related A*-phos-
phaalkyne (A) cyclooligomers has attracted considerable atten-
tion> A few dimers are stable in the coordination sphere of
transition metals,>S but free 14%,343-diphosphetes B and 143,243-
diphosphetes C behave as their antiaromatic carbon analogs and
prove to be elusive.>” In the same vein, only one example of
transition metal-coordinated A3-phosphete D} arising from the
inner sphere codimerization of alkynes with A3-phosphaalkynes
A, is known. In marked contrast, although a very few
A3-phosphaalkynes E are stable,” most of them spontaneously
dimerize, leading to stable 14°,345-diphosphetes F.!° Here we
report the first example of codimerization of a 4*-phosphaalkyne
A with a A>-phosphaalkyne E (Chart 1).

In contrast to most diazo derivatives,’®¢ bis[diisopropylami-
no)phosphino](trimethylsilyl)diazomethane (1) does not undergo
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a [3 + 2] cycloaddition reaction with ters-butylphosphaalkyne
(2). Therefore the A’-phosphaalkyne 4 was generated in-situ
by photolysis of the diazo precursor 1% in the presence of 2.
According to 3'P NMR data, a clean reaction occurred, leading
to derivative 3, which was isolated as a yellow oil in 90%
yield.!! Mass spectroscopy and elemental analysis are in
agreement with a codimeric structure. The 3'P NMR spectrum
consists of a doublet of quintets at +49.2 (Jpp = 201.2 Hz, Jpu
= 13.6 Hz) and a doublet at +58.4 (Jpp = 201.2 Hz), strongly
suggesting the presence of two directly bonded phosphorus
atoms, one featuring two i-ProN groups and the other none;
moreover, the 3Jpy coupling constant is typical of a o*-
phosphorus atom.'? These data rule out the 2H-phosphirene
5'3 and the 14°,3A3-diphosphete 6, which would result from a
[2 + 1] cycloaddition of 2 with the carbene form 4’ % and the
head-to-tail codimerization of 2 with 4, respectively. In the
13C NMR spectrum, two low-field doublets of doublets are
observed: the most deshielded (224.3; Jcp = 54.9 and 9.9 Hz)
indicates the presence of an sp?-hybridized carbon bound to a
o2-phosphorus atom, while the chemical shift of the second
(105.7; Jcp = 36.8 and 4.2 Hz) compares well with the values
for the related 1,2A5-azaphosphetes.'* These results as a whole
strongly suggest that compound 3 is a 143,243-diphosphete, the
first four-sr-electron, four-membered ring!4!5 featuring a dico-
ordinated phosphorus atom (Scheme 1).

Not surprisingly, and in contrast to the 14%,343-diphosphetes
B3¢ and the A3-phosphetes D, which are coordinated to
transition metals through the 7z-system, the 145,243-diphosphete
3 appears to be a 77'-ligand. Indeed, compound 3 reacts at room
temperature with W(CO)s(THF), affording complex 7, which
was isolated as orange crystals (mp 125 °C dec; 75% yield)"!
(Scheme 1). The X-ray crystal structure of 7 is shown in Figure
1, with pertinent metric parameters listed in the legend.'® The
four-membered ring is planar (mean deviation, 0.0278 A), but
the phosphorus bound to the metal is strongly pyramidalized
(sum of the angles at P2, 330.79°). The carbon—carbon [1.391-
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Figure 1. Thermal ellipsoid plot (30% probability) of derivative 7
showing the numbering scheme used. For clarity, hydrogen atoms have
been omitted. Selected distances (A) and angles (deg): P(1)—N(1),
1.664(6); P(1)—N(2), 1.651(6); P(1)—C(1), 1.804(7); C(1)—C(2), 1.391-
(10); C(2)—P(2), 1.842(7); P(2)—P(1), 2.176(3); P(2)—W, 2.623(2);
C(1)—Si, 1.892(7); P(1)—C(1)—C(2), 95.1(5); C(1)—C(2)—P(2), 109.6-
(5); C(2)—P(2)—P(1), 71.9(3); P(2)—P(1)—C(1), 83.1(2).
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(10) A] and both phosphorus—carbon [1.804(7) and 1.842(7)
A) bond lengths are in the range expected for prolonged CC
double bonds and PC single bonds, respectively. Lastly, the
value of the phosphorus—phosphorus bond distance [2.176(3
A)] is comparable to that observed in free or coordinated
phosphinylidene phosphoranes (RP==PR’;).!” These geometric
parameters as a whole strongly suggest that the four-7-electron,
four-membered ring 7 features a localized carbon—carbon
double bond and a strongly polarized phosphorus—phosphorus
ylide bond, as shown in 7’.1%

Communications to the Editor

Formally, 3 results from the head-to-head codimerization
(governed by steric factors) of the A3-phosphaalkyne 2 with the
AS-phosphaalkyne 4. However, it is known that 4 undergoes
[1 + 2] cycloaddition reactions with nitriles, affording isolable
2-phosphino-2H-azirines, which rearrange in the presence of a
suitable catalyst into 1,24°-azaphosphetes.'* Therefore, it is
quite likely that the codimerization first produces the 2-phos-
phino-2H-phosphirene 5. The spontaneous ring expansion
reaction can easily be explained by the known instability of
2H-phosphirenes!>!® compared to the remarkable stability
observed for 3 and for related non-antiaromatic four-s-electron,
four-membered heterocycles.!#1
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