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Iminophosphine Cycloaddition Reactions of a Diazaphosphoniaaluminatacyclobutane and a Novel

Intramolecular Phosphiridine P—P Coordination
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The chemistry of phosphorus is experiencing a new evolution-
ary phase by virtue of the development and reactivity studies of
low coordinate environmentsHeterocyclel? (illustrations are
drawn with omission of SiMgsubstituents on nitrogen for clarity)
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contains a particularly interesting phosphorus environment which
exhibits unusual reactivity* As part of our assessment of the
unusual acceptor capabilities of phosphoruslifh we have
discovered a novel reaction involving two moleculed pivhich
is facilitated by the simple anions Chnd CN. The process is
mimicked by a reversible quantitative cycloaddition reaction of
1 with (MesSi),NPNSiMeg featuring a phosphiridine forming
intramolecular cross-ring—PP coordinative interaction.
Equimolar reaction mixtures of with PPhCl or PPhCN
exhibit similar3!P NMR spectra, with the rapid appearance of a
singlet at 190 ppm assigned to anidnwhich has been isolated
as the tetraphenylphosphonium $althe structure of the anion
in the solid state (Figure l1a) is best described as,i&,P
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Figure 1. Solid-state structure of (a) the anion of [RPA] and (b) 3.
Displacement ellipsoids are drawn at the 50% probability level, and
hydrogen atoms have been omitted for clarity.

phosphetidine (phosphazane) with a diazaaluminate bridge of the
chemically equivalent phosphorus centers, consistent with analo-
gous bridged phosphazarfebhe identification of [PPH[AICI 4],

as a coproduct of the reaction, has been confirmed by X-ray
crystallographic analysis,and NMR studies of the reaction
mixture imply a quantitative reaction afwith PPhCl according
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Table 1. Selected Bond Lengths (A) and Angles (deg) for
[PPh][2] and 3

[PPh][2] 3
P1-P2 2.5553(11) 2.1051(13)
P1-N1 1.681(2 1.673(3
P1-N3 1.738(2 -
P1-N4 1.731(2 1.874(3
P2-N2 1.672(2 1.626(3
P2-N3 1.730(3 1.640(3
P2—N4 1.723(2 1.637(3
NI—-P1-N3 104.03(11 -
N1—-P1-N4 102.97(12 108.33(14)
N3—P1-N4 82.94(11 -
N2—P2-N3 104.82(12 116.42(15
N2—P2—N4 102.76(12 114.63(15
N3—P2-N4 83.40(12 118.25(15
P1-N4—P2 95.43(11 73.34(12
P1-N3—P2 94.95(12 —
N4—P1-P2 - 48.15(9)
N4—P2-P1 — 58.51(10)
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solution (with ring contraction to giv&) above RT according to

eq 2, and only at-63 °C are the two doublets assigned 3o
observed independently, indicating quantitative association. The
new heterocycle can be interpreted in terms of two resonance
structures: a phosphine (P1) phosphonium (P2) alumiBete

a phosphenium (P1) aluminate with an intramolecular phosphine
(P2) coordination3b representing a new contribution to the
developing coordination chemistry of phosphorus as an acceptor.

The donor or ligand label for electron rich sites such as
phosphines is becoming somewhat of a misnomer with the
realization of N=P 10 P—P ! O—P12 and S~P!3 coordination
complexes as well ag-arene complexé$and examples of halide
ion addition to halophosphines to give [f}X salts!®* Compound
3is a new dramatic illustration of such an interaction, effecting
a fold in the six-membered ring and planarization of the phosphine

to reaction eq 1. We speculate that the smaller (sterically donor.

21+ 2PhPCl — PhP[2] + PhPIAIC,] (1)
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heterocycle, contraction of all three PR bonds, close to
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N—P2—N angles is 349.30(18), an extension of the PAN4

bond, acute reduction of the PN4—P2 angle, and substantial
shortening of the PP vector. The P2P2 bond distance

[2.1051(13) A] and PEN4—P2 angle [73.34(12) of 3 are the

smallest yet observed for crystallographically characterized aza-

diphosphiridines.

The cluster-like cycloaddu@ results from an unprecedented

ring-opening and three bond forming cycloadditiGt? NMR

spectra reveal tha® achieves retro-dissociation equilibrium in
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1995 6, 371-375. Reed, R.; Reau, R.; Dahan, F.; BertrandAGgew.
Chem., Int. Ed. Engl1993 32, 399-401. Timosheva, N. V.; Chan-
drasekaran, A.; Day, R. O.; Holmes, R.IRorg. Chem1998 37, 4945~
4952. Liu, X. D.; Verkade, J. Gnorg. Chem.1998 37, 5189-5197.
Chuit, C.; Corriu, R. J. P.; Monforte, P.; Rey€.; Declercq, J. P.;
Dubourg, A.J. Organomet. Chenl996 511, 171-175.

(11) Burford, N.; Cameron, T. S.; LeBlanc, D. J.; Losier, P.; Wu, G.
Organometallics1997, 16, 4712-4717. Burford, N.; Cameron, T. S;
Clyburne, J. A. C.; Eichele, K.; Robertson, K. N.; Sereda, S.; Wasylishen,
R. E.; Whitla, W. A.Inorg. Chem1996 35, 5460-5467. Kaukorat, T.;
Neda, I.; Schmutzler, RCoord. Chem. Re 1994 137, 53—107. Vogt,
R.; Jones, P. G.; Schmutzler, Rhem. Ber.1993 126, 1271-1281.
Ernst, L.; Jones, P. G.; Look-Herber, P.; SchmutzleCRem. Ber199Q
123 35-43. Bettermann, G.; Schmutzler, R.; Pohl, S.; Thewalt, U.
Polyhedron1987 6, 1823-1831. Niecke, E.; David, G.; Detsch, R.;
Kramer, B.; Nieger, M.; Wenderoth, ®Phosphorus Sulful993 76,
25-28. Sanchez, M.; Rai, R.; Dahan, F.; Regitz, M.; Bertrand, G.
Angew. Chem., Int. Ed. Endl996,35, 2228-2230. David, G.; Niecke,
E.; Nieger, M.; Radseck, J.; Schoeller, W. W.Am. Chem. S0d.994
116 2191-2192. Alder, R. W.; Ellis, D. D.; Hogg, J. K.; Martin, A.;
Orpen, A. G.; Taylor, P. NJ. Chem. Soc., Chem. Comm896 537—
538. Alder, R. W.; Ellis, D. D.; Orpen, A. G.; Taylor, P. N. Chem.
Soc., Chem. Commuth996 539-540.

(12) Timosheva, N. V.; Chandrasekaran, A.; Day, R. O.; Holmes, Ridrg.
Chem.1998 37, 3862-3867.

(13) Holmes, R. RAcc. Chem. Red.998 31, 535-542.

(14) Burford, N.; Clyburne, J. A. C.; Bakshi, P. K.; Cameron, T. S.
Organometallics1995 14, 1578-1585.

(15) Christe, K. O.; Dixon, D. A.; Mercier, H. P. A.; Sanders, J. C. P.;
Schrobilgen, G. J.; Wilson, W. W.. Am. Chem. S04994 116, 2850~
2858. Dillon, K. B.; Platt, A. W. G.; Schmidpeter, A.; Zwaschka, F.;
Sheldrick, W. SZ. Anorg. Allg. Chem.1982 488 7—26. Sheldrick,
W. S.; Schmidpeter, A.; Zwaschka, F.; Dillon, K. B.; Platt, A. W. G.;
Waddington, T. CJ. Chem. Soc., Dalton Tran%981, 413-418.



