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Although a variety of inorganic polymers are now well estab-
lished}! polymerization of inorganic analogues of olefins has not
been developed due to the limited availability of appropriate
monomers. Ethene monomer is kinetically stable with respect to
the thermodynamically favored cyclobutane dimer, oligomer, or
polymer. In contrast, isolation of compounds containirngonds
involving the heavier p-block elements requires the presence of
bulky substituents; ¢ which modify? both the kinetic and thermo-
dynamic factors that are responsible for the relative stability of the
m-bonded monomer. For example, Mes*NPCI (Mes*2,4,6-tri-
tert-butylphenyl) is observed as an iminophosphine monod®f (
in the solid state, while the slightly smaller substituent at nitrogen

Dipp = 2,6-diisopropylphenyl) in DippNPCI allows for the more
(Dipp propyip v PP Figure 1. Molecular structure oRb in the solid state. Hydrogen atoms

N - S 9 . P
fam|I|e}r phosphe.tldlne dlme'rlc arrangemeri_lc)(. Appropriate andtert-butyl groups have been omitted for clarity. Selected bond lengths
selection of substituents provides for an energetic balance to enablga) and angles (deg): PANL = 1.705(7); Nt-Pla= 1.721(7); PlaNla

facile transformations between monomer, dimer, and oligomers. = 1.705(7); N1aP1= 1.721(7); P+N1-Pla= 97.3(3); N--P1-Nla
We now present evidence for an iminophosphine/phosphetidine, = 82.7(3); PlaNla-P1= 97.3(3); Nla-Pla-N1 = 82.7(3).
monomer/dimer equilibrium 1(®2b) and report a Lewis acid-

induced oligomerization reaction to giBe-GacClz from 2c. 3P CPMAS NMR spectra are distinct, both crystals dissolve to
give 3P NMR 6 50 ppm, implying quantitative dissociation of the
R R X dimer in solution. On heating, crystals 2b first become orange
N N—FP and then melt at the same temperature as thodd.ofhe cooled
” I rla—rlq 2 melt exhibits all of the IR characteristics fdtb, indicating
/P / \ dissociation of2b in the melt.
X X R

The solid-state structure @b (Figure 1) is analogous to that of
DippNPOSQCF; 2d,* which has a nearly square PNPN core
containing crystallographically indistinguishable—R bonds
[1.695(6), 1.707(6) A] that are typical of 2,4-diphosph-1,3-

|t
—-—

N

R X azane®¥13and dramatically longer than the formaH® multiple
\ / bond in the monometb [1.477(5) A]¢ Consistently, the intense
N—'—P\ N—P stretche’ at 1464 cm? in the IR and 1475 cmi in the

/ db b in th 26
R = Mes* X = CI X—P\ N—R 3 Raman spectra dfb are absent in the spectra 2. o
;': R = Mes*, X = 0SO,CF; N_P/ In contrast to2b, 2¢ (3P CP-MASéiso.le ppm) is resilient in
¢: R =Dipp, X=Cl / \ solution (CHCl,, 3P ¢ 211 ppm) and in the melt buc reacts
d: R = Dipp, X = 0SO,CFy R X rapidly with GaC} to give an intense orange solution from which

) ) ) . 3cGaCl; has been isolatétland cystallographically characterized

Isolation proce(zures previously described fdr involve low (Figure 2). NMR spectra of solutions containi8gGaCls do not
temperature €30 °C) and Schlenk conditiorfsWe have now g0 gistinctive peaks, even at low temperature, implicating a
discovered that slow evaporation of hexane solutions overaperloddynamiC system. The solid-state structure 3GaCls is best
of days under vacuum at room temperature gives a mixture of yoqerined as a heterocyclic trimer bf associated with gallium
crystals with distinctly different morphologies, that can be manually ,5rige. The incipient heterolytic dissociation of one chloride is

) o .

separated. Monomdk? and dimer2b'® have been spectroscopically  qyigent in the P-CI distances dis configured chlorine centers,
and crystallographically characterized. While isotropic chemical 2.0806(9), 2.0879(9) A, cf. P§12.038(6) Al trans configured
shifts (Lb dis0 49 ppm;2D diso 250 ppm) observed in the solid-state  p(3y c)(3) 2.704(1) A]. In this context, the molecule is a hybrid

* To whom correspondence should be addressed. E-mail: neil.burford@dal.ca. of PhO_Spha_zane (Pl and P2) and “phOSphenium“ (PS_) fragments,

' Present address: Department of Chemistry, University of Alberta, Edmonton, Which is evidenced by the slightly shorterf®3 bonds (Figure 2).

Alberta, Canada. . . . . i .
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Ontario, Canada. no)pyridine effects release 8¢, which is characterized in solution
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Figure 2. Molecular structure oBcGacCls in the solid state. Hydrogen
atoms and isopropyl groups have been omitted for clarity. Selected bond
lengths (A) and angles (deg): PN1 = 1.697(2); P£N3 = 1.753(2);
P2-N1 = 1.703(2); P2N2 = 1.736(2); P3-N2 = 1.656(2); P3-N3
1.650(2); P+CI1 = 2.0806(9); P2-ClI2 = 2.0879(9); P3-CI3 = 2.704(1);
Ga—CI3 = 2.2492(7); GaCl4 = 2.1556(8); GaCI5 = 2.1493(8); Ga

Cl6 = 2.1497(9); N}P1-N3 = 99.40(9); PEN1-P2= 131.8(1); N+
P2-N2 = 100.8(1); P2N2—P31 = 129.5(1); N2-P3—N3 = 105.1(1);
P1-N3—-P3= 134.5(1).

by 3P NMR spectroscopy (110, 116 ppm; relative intensity 1:2)
as acis—trans heterocycle.

Formation of3c-GaCls contrasts the spectroscopic identification
of the phosphazanium aluminate formed in the reactio? @& =
Bu or NMe,) with AICI3,'7 and represents a formal insertion of
iminophosphinelc into phosphazan@c. In the context of the

(7) Niecke, E.; Nieger, M.; Reichert, Angew. Chem., Int. Ed. Engl988
27,1715-1716.
(8) Niecke, E.; Detsch, R.; Nieger, M.; Reichert, F.; Schoeller, W BMI.
Soc. Chim. Fr1993 130 25-31.
(9) Burford, N.; Cameron, T. S.; Conroy, K. D.; Ellis, B.; Macdonald, C. L.
B.; Ovans, R.; Phillips, A. D.; Ragogna, P. J.; Walsh,@an. J. Chem.
2002 In press.
1b/2b: Mes*NPCI (2.4 mmol) and AgOS{TF; (2.5 mmol) in hexane
for 4 days (30 mL), solution was filtered, and slow removal of the solvent
gave a mixture of two types of crystals, total yield 82%; Anal. Calcd
(Found) C, 51.93 (51.20); H, 6.65 (7.09); N, 3.19 (3.09); two types of
crystal (monomedfb and dimer2b:1b, orange; mp 124-126C; FT-IR:
1599(9), 1464(1)I398(15), 1366(3), 1296(sh), 1266(14), 1235(7), 1196-
(6), 1184(5), 1150(4), 1134(11), 914(2), 886(10), 629(8), 585(12), 532-
(13); FT-Raman: 2971(2), 2911(3), 1598(4), 1475(1), 1368(12), 1292(13),
1266(14), 1203(8), 1134(5), 1070(6), 926(15), 823(7), 781(11), 764(10),
571(16), 103(9)2b, yellow; d.p. 113°C (resulting orange solid mp 124-
126°C and IR data consistent with that db); FT-IR: 1598(14), 1462-
(2), 1408(3), 1363(6), 1241(7), 1208(1), 1142(5), 1101(8), 1027(15),
916(13), 884(9), 827(4), 755(11), 638(12), 602(10); FT-Raman: 3016-
(17), 2973(1), 2914(2), 1598(4), 1468(13), 1447(12), 1230(8), 1206(9),
1152&10), 1029(11), 925(16), 824(3), 767(15), 568(7), 139(5), 117(6), 83-
(14); 3P CP-MAS NMR of crystal mixture: 49, 250; Solution NMR of
crystal_mixture redissolved in GBly: 3P 50;. Crystal data foRb
CagHsgFeN2- o
OsP,S;, MW = 878.92 g mot?, monoclinicP2y/n, a= 11.368(2) Ab =
16.429 A,c = 12.013(2) A3 = 90.59(3), V = 2243.5(7) R, T = 293(2)
K, Z =4, u(Mo Ka) = 2.346 mm?, 3857 measured reflections, 3323
unique, 254 refined parameteRR]| > 20(l)] = 0.0579, wR= 0.1596.
(11) 2d: [DippNPCI]; (0.75 mmol) and AgOTf (1.57 mmol) in hexane (30
mL), solution was filtered, and slow removal of the solvent gave a mixture
of two types of crystals, total yield 68%; mp 12130°C, mp 182-184
°C; Anal. Calcd (Found): C, 43.94 (44.10), H, 4.82 (4.87), N, 3.94
(4.39)%; FT-IR: 14449), 1406@), 1386 (L2), 1367 (L3), 1317 (17), 1239
(5), 1213 @), 1186 (7), 1139 @), 1104 (8), 925 (14), 871 (10), 836 @),
801 @), 766 (L1), 665 (16), 634 (19), 603 @), 427 @0), 382 (15); NMR
(CD,Cl,) 3P 175 (75%, assigned as monomer), 274 (25% assigned as
dimer2d); Crystal data foRd CaeH3sFsN2OcP>S;, MW = 710.62 g mot?,
monoclinicP2:/c, a = 10.772(2) Ab = 29.335(3) A,c = 11.170(2) A,
B =160.53(1}, V = 3384.0(9) B, T = 296(1) K,Z = 4, u(Mo Ka) =
2.982 mml, 5948 measured reflections, 5625 unique, 397 refined
parametersR[l > 20(l)] = 0.048, wR= 0.05.
(12) Keat, R.Top. Curr. Chem1982 102 89-116.

(10)

delicate energetic balance between gterically loaded derivatives of (13) Stahl, L.Coord. Chem. Re 200Q 210, 203

NP monomer and dimerl(2), GaCk-assisted dissociation of the
dimer 2c is facilitated by the intermediate steric bulk of the Dipp
substituent. Although rare examples of trimétié! and tet-
rameri¢?23 phosphazanes have been reported, the chemistry of
[RNPX], compounds is dominated by the observation of four-
membered “phosphetidine” rings. The ring expansion demonstrated

here represents a new synthetic approach to the higher oligomers

and is a potentially versatile polymerization process.
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