New routes to free and coordinated 1H-diphosphirenes
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Diphosphirenium salt 1 reacts with LiAlH, leading to
P-hydrophosphaalkene 2, which on treatment with a cata-
lytic amount of BF;-OEt, affords 1H-diphosphirene 3, while
with a stoichiometric amount of W(CO)s(thf), complex 4 is
obtained.

Among the smallest dinitrogen- and diphosphorus-containing
unsaturated heterocycles A-D, only the chemistry of
3H-diazirines A has been extensively explored.r So far, no
3H-diphosphirenes B have been observed,2 and only one
1H-diazirine C3 has been spectroscopically characterized. The
only known free 1H-diphosphirene D was isolated as long ago
as 1989 by Niecke et al.,%a although two complexes featuring
heterocycle D as an m-ligand have been prepared more
recently.#bc The lack of simple synthetic methods for the
preparation of heterocycles D has undoubtedly hampered the
development of their chemistry. Indeed, all the known examples
have been obtained by addition of free* or coordinated
phosphinidenes*-< to phosphaalkynes. Here we report new
synthetic routes to free and coordinated heterocycles D which
are reminiscent of the Neber synthesis of 2H-azirines® and the
Graham synthesis of 3-halogeno-3H-diazirines.6
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We have dready shown that ring opening reactions occur
when the readily available diphosphirenium salt 17ab s treated
with nucleophiles.’ed In a similar way, addition of one
equivaent of lithium aluminium hydride to a thf solution of 1
afforded the corresponding P-hydrophosphaalkene 2 asa50: 50
mixture (according to NM R spectroscopy) of Z and E isomersin
80% total yield.T

The similarity between compound 2 and the Neber and
especially the Graham amidine precursorsis obvious. However,
instead of using a base to induce the 1,3-elimination reaction, a
thf solution of 2 was treated with a catalytic amount (5%) of
BFs-OEt, a room temperature. After work up, the
1H-diphosphirene 3 was obtained as a light yellow ail in 65%
yield. The spectroscopic datat for 3 compared well with those
reported for the other known 1H-diphosphirene.4a

The corresponding coordinated 1H-diphosphirene 5 can be
obtained by treatment of 3 with W(CO)s(thf);8 from 2, the two
step process gave access to complex 5 in 42% yield.
Interestingly, addition of one equivaent of W(CO)s(thf) to
phosphaalkene 2 directly afforded 5 which was isolated after
workup in 80% yield. Monitoring the reaction by 31P NMR
spectroscopy at 0 °C showed the primary formation of complex
4 asasingleisomer in an E configuration,® where the metal is
ni-bonded to the o2-phosphorus atom [31P NMR: —71.0 (s,
py 2674, pw 129.4 Hz, P-H), +66.5 (s, P-NRy)]. The
transformation of 4 into 5 involved both the elimation of
diisopropylamine and the migration of the metal fragment. The
former process is probably induced by a catalytic amount of
W(CO)s(thf) which acts as a Lewis acid. The metal shift is
governed by the higher thermodynamic stability of 5 compared
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to the isomeric complex featuring the metal fragment at the
02-phosphorus atom.

These new synthetic routes can be used on multi-gram scales
readily allowing for the development of the chemistry of
1H-diphosphirenes, as shown by the recent preparation of a
diphosphirenylium salt complex® and a diphosphirenyl radical
dimer.10
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Selected spectroscopic data for 2, 3, 4 and 5: 2, 6(CDCl3, 32.438 MHz,
JIHZ) +23.8 (d, 2Jpp 39.8, 1Jpy 137.6, 062-P—H), +53.7 (d, 2Jpp 39.8, 03-P)
and +34.3 (s, 1py 173.6, 62-P-H), +55.9 (s, 03-P); 8c(CDCl3, 62.896 MHz,
J/Hz) 205.1 (dd, *Jpc 97.6 and 40.1, PCP) and 212.8 (dd, 1Jpc 65.4 and 58.8,
PCP); 6c(CDCl3, 200.132 MHz) 4.66 (dd, 1Jpy 173.6, 3Jpy 1.0, H-P) and
4.96 (dd, 1Jpy 137.6, 3Jpy 7.4, H-P). 3, 6p(CDCl3, 32.438 MHz, J/Hz)
—121.7 (d, Jpp 121.3 P-NPri;), —23.7 (d, 1Jpp 121.3, 02-P); 6c(CDCl3,
100.614 MHz, J/Hz) 191.2 (dd, Jpc 82.2 and 77.9, PCP), 58.4 (t, Jpc 4.2,
CNCH), 51.3 (s, CNCH), 43.4 (d, 2Jpc 5.6, PNCH), 24.5 (d, Jec 5.2, CH3),
24.2 (d, Jpc 12.2, CH3), 21.8 (s, CH3), 21.6 (d, Jpc 2.1, CH3), 20.1 (d, Jpc
2.7, CHg), 19.1 (d, Jpc 4.9, CH3); 6u(CDCl3, 200.132 MHz, J/Hz) 4.19 (2
H, septet d, 33y 6.6, 3Jpy 1.8, PNCH), 3.60 (2 H, septet, 33,4y 6.7, CNCH),
1.32(6H,d, 3y 6.7, CHz), 1.15 (6 H, d, 334 6.6, CH3), 1.13 (6 H, d, 3Jpn
6.7, CHg), 0.95 (6 H, d, 3, 6.6, CHg); CIMS (NH3) m/z 275 (M + 1). 4,
8p(C7Dg, 161.98 MHz, J/Hz) —71.0 (S, 1Jpy 267.4, 1Jpw 129.4, P-H), 66.5
(s, P-NPri,); 6o(C7Dg, 100.614 MHz, J/Hz) 233.6 (dd, 1Jpc 72.3 and 50.3,
PCP), 203.3 (d, 2Jpc 7.7, CO); 614(C7Dg, 400.14 MHz, J/Hz & 4.95 (d, 1Jpy
267.4, H-P). 5, 6p(CeDe, 32.438 MHz, J/Hz) —123.0 (d, 1Jpp 164.3, 1Jpy
295.1, P-NPriy), 15.0 (d, 1Jpp 164.3, 02-P).
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