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1,3-Diphenyl-2,2,2,4,4,4-hexazido-1,3-diaza-2,4-diphosphetidine: synthesis and structural characterisation of the first nitrogen-penta-coordinated phosphorus with three azide-groups.
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Experimental details

General: CAUTION – covalent azides are potentially explosive and safety precautions must be taken during work with azides. All manipulations were performed under an inert atmosphere of dry nitrogen using standard Schlenk techniques. Solvents were dried and degassed by standard methods. (C6H5)2N2P2Cl6 was prepared as described.
 Raman spectra were recorded on a Perkin-Elmer 2000 NIR FT-Raman spectrometer, IR spectra as neat solids between KBr plates on a Perkin-Elmer Spectrum One FT-IR spectrometer. The NMR spectra were recorded in CD2Cl2 solution on a JEOL EX 400 DELTA instrument. Chemical Shifts are reported with respect to (CH3)4Si (1H, 13C), H3PO4 (31P) and CH3NO2 (14N). An exact melting point could not be determined since the compound exploded above 90 °C. The elemental analysis was not determined because of the explosive nature of the compound.

(C6H5)2N2P2(N3)6 1: A colourless solution of (C6H5)2N2P2Cl6 (1.0 mmol) in CH2Cl2 (20 mL) was treated with trimethylsilyl azide (7.5 mmol) at –78 °C. The solution was allowed to warm slowly and stirred for 48 h at room temperature. The solvent and all volatile products were removed by vacuum evaporation leaving a white solid. The solid was purified by crystallisation from CH2Cl2 at –28 °C. The crystals of 1 which formed were found to be suitable for X-ray diffraction studies and were isolated. Yield 0.39 g, 78 %, mp – (explosion). IR (powder between KBr plates): 2963s, 2906m, 2154s [as (N3)], 2142s [as (N3)], 2113m [as (N3)], 1594m, 1485m, 1449m, 1412m, 1260vs (br), 1092vs, 1018vs, 929m, 872s, 798vs, 697m, 624m, 590m, 564w, 542m, 518w, 481m and 451m. Raman (100 mW): 3067 [10, CH)], 2158 [7, as(N3, eq)], 2136 [4, as(N3, eq)], 2111 [1, as(N3, ax)], 1597 [10, CCarom.)], 1492 [1, CN)], 1327 [10, CN)], 1275 [3, s(N3, eq)], 1260 [2, s(N3, eq)], 1236 [1, s (N3, ax)], 1165 [1, CHarom.)], 1155 [1, CHarom.)], 1037 [1, CHarom.)], 1000 [10, CHarom.)], 875 [1, PN)], 717 [2, N3) + PN-ring)], 670 [2, CHarom.)], 638 (1, ), 623 (1, ), 522 (1, ), 473 (3, ), 451 (4, ), 300 (2, ), 271 (3, ), 252 (4, ) and 171 (5, ), Fig. SI 1. 31P NMR [109 MHz, CD2Cl2]:  –87.6 (s). 14N NMR [29 MHz, CD2Cl2]:  –152 [br, sh, N(2), N(5)], –154 [N(8)], –166 [br, N(3), N(6)], –169 [N(9)], –296.0 [N(1), N(4), N(7)]. 1H NMR [400 MHz, CD2Cl2]:  7.48 – 7.37 (m, 10 H). 13C NMR [101 MHz, CD2Cl2]:  137.1, 131.4, 128.9, 127.8.
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Fig. SI 1 Raman spectrum of 1.

Computational details
Computations have been carried out at B3LYP/6-31G(d,p) and HF/6-31G(d,p) level on a model compound where the phenyl rings of 1 are replaced by hydrogen atoms. The structure was fully optimised and characterised by a frequency analysis using the G98 program suite.
 Additionally, NBO population analysis was carried out on the X-ray structural data of 1 to investigate the bonding and hybridisation in this species [single point at B3LYP/6-31G(d,p) level].

The partly occupied orbitals ((AB*) lead to differences from the ideal Lewis structure. The corrections to the Lewis-type picture are usually so small as to be well approximated by simple, second-order perturbation energy expressions. By this perturbation approach, the donor–acceptor interaction involving a filled orbital ( (donor, in our case the lone pair on the N atom) and an unfilled antibonding orbital (* [acceptor, in our case: (*(P–N)] can be quantitatively described. The energy lowering is given by: (((*
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 with hF being the Fock operator.
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