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Decomposition of fluorophosphoryl diazide: A
joint experimental and theoretical study+

Dingging Li,* Hongmin Li,? Bifeng Zhu,? Xiaoging Zeng,** Helge Willner,°
Helmut Beckers,*¢ Patrik Neuhaus,? Dirk Grote? and Wolfram Sander?

The photolytic and thermal decomposition of fluorophosphoryl diazide, FP(O)(N3)2, was studied by
matrix isolation spectroscopy. Upon ArF laser photolysis (A = 193 nm), FPO and a new germinal
azido nitrene FP(O)(N3)N were identified by matrix IR spectroscopy. The nitrene shows a triplet
ground state with the zero-field parameters |D/hc| = 1.566 cm™ and |E/hc| = 0.005 cm™™. Further
decomposition of the nitrene into FPO was observed under irradiation of A > 335 nm. In contrast,
no nitrene but only FPO was identified after flash vacuum pyrolysis of the diazide. To reveal the
decomposition mechanism, quantum chemical calculations on the potential energy surface (PES)
of the diazide using DFT methods were performed. On the singlet PES four conformers of the
nitrene were predicted. The two conformers (syn and anti) showing intramolecular Nyitene'**Ng,azide
interactions are much lower in energy (ca. 40 kJ mol™, B3LYP/6-311+G(3df)) than the other two
exhibiting Nnirene':-O interactions. Syn/anti refers to the relative orientation of the P=O bond and
the N3 group. The interconversion of these species and the decomposition into FPO via a novel
three-membered ring diazo intermediate cyclo-FP(O)N, were computationally explored. The
calculated low dissociation barrier of 45 kJ mol™ (B3LYP/6-311+G(3df)) of this cyclic intermediate

rationalizes why it could not be detected in our experiments.

Introduction

Nitrene intermediates play an important role in organic synthesis
and biology.*? Photolytic or thermal decomposition of covalent
azides are general methods for producing highly reactive
nitrenes by releasing molecular nitrogen. The formation and
reactions of nitrenes have attracted extensive theoretical and
experimental studies in the past few decades.3°

The electronic properties of nitrenes largely depend on
substitution. The parent nitrene HN and simple alkyl nitrenes
(RN) have triplet ground states, where two unpaired electrons are
localized on the hypovalent nitrene center. Large singlet-triplet
energy gaps (AEst) were estimated for these nitrenes by
calculations.”® However, in carbonyl nitrenes (RC(O)N) the
AEst values become relatively smaller, and in some cases a
singlet ground state has been suggested by quantum chemical
calculations and proved by experimental observations.® Such a
significant electronic change was rationalized by an
intramolecular interaction between the nitrene center and the
adjacent oxygen atom (Nnitrene-O), Which stabilizes the close-
shell singlet by forming a cyclic oxazirine-like structure (Scheme
1).10715
Such intramolecular interactions have also been proposed for the
related singlet a-oxo nitrene intermediates R2P(O)N6-%8 and
RS(0)2N.1°-22 Even though, a triplet ground state has recently
been confirmed for the sulfonyl and phosphoryl nitrenes,
FS(0)2N*20 and F2P(O)N,® by matrix-isolation spectroscopy
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(IR, UV/Vis, and EPR), these oxo nitrenes are liable to an
exceptional photo-induced oxygen-shift isomerization from
XnE(O)N to XnENO (XnE = F(O)S and F2P). It has been
concluded that such a wunique oxygen-shift Curtius-
rearrangement will be facilitated by significant intramolecular
Nhitrene--*O interactions in their lowest-lying singlet excited state
(Scheme 1).16.19-20
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Scheme 1 Intramolecular O->N interactions in singlet a-oxo nitrenes.

Apart from nitrenes, decomposition of covalent polyazides was
utilized to produce some long-sought species.?3-2* The presence
of an azide group in the initially generated nitrenes may alter
their electronic properties due to the lone-pair electrons on the
nitrogen atom at the « position of the azide group. This might
provide access to some synthetically difficult molecules. One
recent example is the synthesis of diazirinone (cyclo-N2CO) via
pyrolysis of carbonyl diazide (OC(Ns3)2),25-26 where the germinal
azido nitrene (N3C(O)N) was proposed to be involved as an
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intermediate (Scheme 2).2” Although the intriguing reaction
mechanism for the formation of cyclo-N2CO from N3C(O)N has
not yet been revealed, the possible formation of novel small-ring
systems from germinal diazides stimulates us to extend our
studies to the photolytic and thermal decomposition of other
main-group covalent azides.
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Scheme 2 Possible decomposition pathways for OC(N3),2” and FP(O)(Ns),.

In this work, we have studied the photolytic and thermal
decomposition of fluorophosphoryl diazide, FP(O)(Ns)2, by
matrix isolation spectroscopy. This diazide is of particular
interest in view of the present study, since a stepwise N2
elimination might provide access to two metastable
intermediates, the geminal azido phosphorylnitrene FP(O)(N3)N,
and the cyclic phosphadiazirine derivative FP(O)N2 (Scheme 2).
Furthermore, the azido phosphorylnitrene might be stabilized by
two competing intramolecular interactions to the hypovalent
nitrene center, involving either the polar phosphoryl oxygen or

the lone-pair electrons on the a-nitrogen atom of the azido ligand.

Experimental methods

Caution! Covalent azides are in general explosive. Although no
explosion was encountered with FP(O)(Ns)2 during this work, it
should be handled with care in millimolar quantities (< 5 mmol)
and appropriate safety precautions should be taken.

Sample preparation

Fluorophosphoryl diazide, FP(O)(Ns)2, was prepared by the
reaction of F2P(O)Cl with NaNs and purified according to
literature.?® For the preparation of a 1°N-labeled sample, 1-'°N
sodium azide (98 atom % >N, EURISO-TOP GmbH) was used
as received. For the preparation of an 80-labeled sample, 8O-
enriched F2P(O)CI (95 atom % 80) was used.® The purity of the
samples were checked by IR spectroscopy.

Matrix IR spectroscopy

Matrix-IR spectra were recorded on a FT-IR spectrometer in a
reflectance mode using a transfer optic. A KBr beam splitter and
an MCT detector were used in the spectral region of 4000-550
cm. A Ge-coated 6 um Mylar beam splitter combined with a
liquid helium-cooled Si bolometer and a Csl window at the
cryostat were used in the region of 700 to 200 cm™. For each
spectrum, 200 scans at a resolution of 0.25 cm~* were co-added.
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Gaseous FP(O)(Ns)2 was mixed with argon (1:1000) in a 1-L
stainless-steel container and then small amounts (ca. 1 mmol) of
the mixture were directed through an aluminium oxide furnace
and deposited within 30 minutes onto the cold matrix support (16
K, Rh-plated Cu block) in a high vacuum. Details of the matrix
apparatus have been described elsewhere.?®

Matrix EPR spectroscopy

For electron paramagnetic resonance (EPR) measurements, the
matrices were deposited on an oxygen-free high-conductivity
copper rod (75 mm in length, 3 mm in diameter) that was cooled
by a Sumitomo SHI-4-5 closed-cycle 4.2-K cryostat. The
vacuum system consisted of a vacuum shroud equipped with a
sample inlet valve and a half-closed quartz tube (75 mm length,
10 mm diameter) at the bottom, and a vacuum-pump system with
a Pfeiffer Vacuum TMUO71P turbo pump backed by a Leybold
two-stage, rotary-vane pump. During deposition, the inlet port
was positioned at the same height as the tip of the copper rod,
and for the measurement of EPR spectra the entire apparatus was
moved downwards so that the quartz tube and copper rod were
positioned inside the EPR cavity. X-band EPR spectra were
recorded with a Bruker Elexsys E500 ESR spectrometer
equipped with an ERO77R magnet (75 mm pole cap distance),
and an ER047 XG-T microwave bridge. Computer simulation of
EPR spectra were performed using the XSOPHE computer
simulation software suite (version 1.0.4),%° developed by the
Centre for Magnetic Resonance and Department of Mathematics,
University of Queensland, Brisbane (Australia) and Bruker
Analytik GmbH, Rheinstetten (Germany).

Flash vacuum pyrolysis and photolysis

Small amounts of the argon diluted (1:1000) sample were passed
through an aluminium oxide furnace (i.d. 1.0 mm, o.d. 2.8 mm,
length 25 mm), which was heated (voltage 5.6 V, current 2.0 A)
to about 1000 <C over a length of ca. 10 mm with a tantalum wire
(0.d. 0.25 mm, resistance 1.0 Q). The residence time in the hot
zone is estimated to be in the order of a few milliseconds. Laser
photolysis was carried out using an ArF excimer laser (Lambda-
Physik, 2 mJ, 5 Hz). UV/Vis irradiations were performed with a
high-pressure mercury lamp (TQ 150, Heraeus) by passing the
light through water-cooled quartz lenses combined with cutoff
filters (Schott).

Computational details

Structural optimizations were performed using density
functional theory (DFT) methods of B3LYP,3! BP86,32
MPW1PW91.3® The basis set of 6-311+G(3df) was employed
throughout. The complete basis set method (CBS-QB3)3* was
also used for the calculation of relative energies. Local minima
were confirmed by vibrational frequency analysis, and transition
states by additional intrinsic reaction coordinate (IRC)
calculations.®>-36 All calculations were performed using the
Gaussian 03 software package.3”

This journal is © The Royal Society of Chemistry 2012
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Results and discussion

Photolysis of FP(O)(Ns)2 in solid argon

As has been shown in our recent studies, short-pulsed (5 Hz) ArF
laser photolysis of matrix-isolated azides is a very useful method
for generating highly reactive nitrene intermediates in solid
noble gas matrices, e.g., F2P(O)N,* FC(O)N,** and FS(O)2N.1°
Similarly, FP(O)(Ns)2 shows a strong UV absorption at about
200 nm, which allows its photolysis by an ArF excimer laser (1
=193 nm). The IR difference spectrum after photolysis, showing
the depletion of the precursor and formation of new species upon
photolysis, is depicted in Figure 1 (upper trace).
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Fig. 1 IR difference spectra (transmission, T) of Ar-matrix isolated FP(O)(Ns), at 16
K. Upper trace: after ArF laser irradiation (A = 193 nm). Lower trace: after
subsequent near-UV visible irradiation (A > 335 nm). Bands of depleted species
point upward, while bands of newly formed species point downward. Bands
associated with FP(O)(Ns), (a), FP(O)(Ns)N (b), and FPO (c) are marked.

Clearly, a few new bands appear immediately upon photolysis.
The intensities of the two strongest bands at 1292.5 and 812.5
cm! increase steadily with the time of photolysis, they are in
good agreement with the reported frequencies of v(PO) = 1292.2
cm and v(PF) = 811.4 cm™ for triatomic species FPO,38
indicating a complete decomposition of FP(O)(Ns)2 upon the
laser photolysis. Interestingly, a few new weak bands were also
observed, especially a strong one at 2187.5 cm*, which occurred
right between the two bands for the N3 antisymmetric stretches
the diazide precursor (2199.5 and 2178.3 cm™2).

To identify these weak bands, subsequent irradiation using near-
UV visible light (1 > 335 nm) was applied to the matrix-isolated
photolysis products. The resulting IR difference spectrum is
shown in Figure 1 (lower trace). Some weak bands together with
the strongest one at 2187.5 cm* vanished completely, whereas
the bands of the diazide precursor were not affected by the
irradiation. As can be seen in the spectrum (Figure 1, lower trace),
the carrier of these bands exclusively produces FPO upon > 335
nm photolysis. Attempts to increase the yield of this intermediate
by prolonged laser photolysis were unsuccessful due to its
simultaneous decomposition into FPO. In addition to the band at

This journal is © The Royal Society of Chemistry 2012
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2187.5 cm™!, three weaker absorptions at 1315.1, 1266.1, and
923.6 cm! can be unambiguously identified. Interestingly, these
band positions are very close to those of the diazide precursor
(vas(N3): 2199.5 and 2178.3 cm?, v(PO): 1338.7 cm?, vs(N3):
1274.9 cm%, and v(PF): 919.1 cm™1, which strongly suggest the
formation of the nitrene FP(O)(N3)N after loss one of N2
molecule from the diazide.

Calculations on FP(O)(Ns3)N were performed for the lowest
energy singlet and triplet states (Table 1). Generally, the
observed band positions and relative intensities are in better
agreement with calculations for the triplet ground state (vide
infra). With the aid of calculations, weaker bands in the far-
infrared region recorded with a liquid He cooled Bolometer
detector could also be identified (Fig. S1, ESI{). Photolysis
experiments were also performed using ‘80 and *N enriched
FP(O)(N3)2 (IR difference spectra are shown in Fig. S1-S2, ESIY).
The 80 isotopic shifts for vz (Avexptt = 1.1 cm?, Aveaica = 1.2 cm~
1, vo (Avexpti = 6.1 cm™, Aveaicd = 6.6 cm2), vio (Avexpn = 6.7 cm~
L, Aveaicd = 7.2 cm), and vi1 (Avexptt = 1.8 cm1, Avcaicd = 2.2 cm™
1) strongly support the assignment to the nitrene FP(O)(N3)N in
its triplet state. As for the N enriched sample, the assignment
of 15N isotopic shifts were difficult due to the presence of several
isotopomers in the matrix. The 1°N experiment confirms the
assignment of the band at 1315.1 cm* to v(PO) since no °N
isotopic shift was observed for this band.

Table 1. Calculated and experimental vibrational frequencies (cm-1) and
intensities of triplet FP(0)(N3)N

experimental® calculated® assignment®
Ar-matrix syn anti
21874 s 2305 (552) 2296 (551) V1, Vas(N3)
1315.1 ms 1302 (124) 1321 (61) vz, v(PO)
1266.1 ms 1352 (272) 1345 (379) V3, Vs(N3)
923.6 ms 901 (194) 867 (150) va, V(PF)
813.9w 796 (67) 790 (67) Vs, Vas(NPN)
739.6 vw 726 (26) 717 (16) Ve, Vs(NPN)
582.7 w 592 (48) 501 (41) v7, 8ip.(N3)
579 (5) 579 (14) Vg, 8o.0p.(N3)
4555w 427 (40) 422 (40) Vo
4041w 400 (34) 385 (31) Vio
363.8 vw 352 (10) 369 (14) Vit
268 (4) 266 (3) Viz
243 (2) 246 (3) Vi3
133 (1) 128 (1) Via
57 (< 1) 55 (< 1) Vis

2 Experimentally observed frequencies and relative band intensities: s strong,
ms medium strong, w weak, vw very weak. ° Calculated IR frequencies and
intensities (km mol™) in parenthesis at the B3LYP/6-311+G(3df) level of
theory. © Assignments are given for the syn conformer (i.p. in plane, 0.0.p.
out of plane)

J. Name., 2012, 00, 1-3 | 3
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To determine the nature of the electronic ground state of the
nitrene intermediate, a matrix EPR spectrum was recorded of the
products obtained by ArF excimer laser photolysis of FP(O)(Ns)2
at 5 K. A weak but distinct signal showing characteristic triplet
nitrene nature was found (Fig. S3, ESI}). The derived zero-field
parameters at g = 2.0023, are |D/hc| = 1.566 cm™* and |E/hc| =
0.005 cmL. These are fairly close to those of related triplet
phosphoryl nitrenes F2P(O)N (|D/hc| = 1.60 cm™* and |E/hc| =
0.0054 cm)!¢ and (PhO)2P(O)N (|D/hc| = 1.5408 cm™ and
|E/hc| = 0.00739 cm1).3°

Flash vacuum pyrolysis of FP(O)(Ns)2

Flash vacuum pyrolysis of FP(O)(Ns)2 diluted with argon
(1:1000) was applied at about 1000 <C and the products were
subsequently trapped at 16 K (Figure 2, upper trace).
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Fig. 2 IR spectra (Absorption, A) of Ar-matrix isolated *>N-labeled FP(O)(Ns), before
(lower trace) and after flash vacuum pyrolysis (upper trace) at 16 K. Bands of
FP(O)(N3), (a), FPO (c), FsPO (d), and HNs (e) are marked, bands of unknown
impurities are marked by asterisks.

The strong IR bands at 1293.2 and 812.4 cm™ assigned to FPO
clearly demonstrate the decomposition of FP(O)(Ns)2. The
frequencies of these bands are slightly shifted compared to those
observed after photolysis of the diazide, due to the different local
matrix environment. Traces of the precursor still survived the
pyrolysis, as evidenced by weak IR bands of the diazide (Figure
2, lower trace). The byproducts HNs and F3PO were identified
with the aid of °N labeling. These side products are likely
formed by traces of moisture. To identify weak IR bands of
photolabile intermediates, the matrix-isolated pyrolysis products
were irradiated with A > 395 nm light. However, no change was
found in the IR spectra. Thus, flash vacuum pyrolysis of
FP(O)(Nz)2 offers an efficient way of producing FPO in the gas
phase, which was formerly generated by either high-temperature
reaction of P(O)FBr2 with silver,®® electric discharge of a
PF3/O2/Ne,*° or flash vacuum pyrolysis of F2POPF2.41

4| J. Name., 2012, 00, 1-3

Conformers of FP(O)(N3)N

Calculations on the structures and energies of the nitrene
FP(O)(N3)N in both its singlet and triplet states were performed
using various DFT methods (B3LYP, BP86, and MPW1PW091).
Since the complete basis set method CBS-QB3 was found to give
better estimation of the singlet-triplet energy gaps (AEst) of
nitrene intermediates,®!’ it was also applied to FP(O)(N3)N.
Optimized structures are shown in Figure 3. Their relative
energies are compiled in Table 2. Consistent with experimental
EPR observations, a triplet ground state is conclusively predicted
by all applied methods. For the most stable conformers on the
triplet and singlet hypersurfaces AEst = 35.2 kJ mol! (CBS-
QB3). This is substantially smaller than those of F2P(O)N (83.5
kJ mol1)'® and (CH3)2P(O)N (65.7 kJ mol1)” at the same
theoretical level.

triplet

singlet conformer | singlet conformer |

Fig. 3 Calculated conformers of FP(O)(N3)N in the triplet and singlet states at the
B3LYP/6-311+G(3df) level of theory. Selected bond lengths (A) and selected angles
(°, red italics) are also shown. Nitrogen, oxygen, fluorine, and phosphorus atoms
are shown in blue, red, cyan, and orange color, respectively.

Two conformers, syn and anti, were predicted for both triplet and
singlet FP(O)(Ns)N (Figure 3), where syn/anti refers to the
relative orientation of the P=O and N3 moieties with respect to
the P—N, bridge. In both states, syn is slightly lower in energy
than anti (Table 2). A preference of the syn conformation has
also been found in F2P(O)Ns, which was rationalized by
anomeric interaction from the nitrogen lone-pair (No) to the
c"(P=0).42

This journal is © The Royal Society of Chemistry 2012
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Table 2. Calculated relative energies (k] mol-1) of FP(0)(N3)N

methods triplet® singlet®
syn anti syn-1 syn-1l  anti-1  anti-1l
B3LYP? 0.0 56 914 55.9 100.7 56.7
BP86? 00 44 64.4 22.3 72.3 23.9
MPW1PW912 0.0 59 102.7 58.3 113.1 59.2
CBS-QB3 0.0 66 69.6 35.2 82.0 37.0

2 Basis set of 6-311+G(3df) was used. ® Structures of the conformers are given
in Figure 3.

For the lowest singlet state two different syn and anti conformers
were found (conformer | and conformer Il in Figure 3). The most
striking structural differences between these conformers are
related to NnitreneO  (conformer 1) versus  Nhitrene*Na
intramolecular interactions (conformer I1): small ZOPN angles
in I (syn 78.7, anti 79.6<), whereas even smaller Z/NPN angles
were found in Il (syn 58.1, anti 57.1<. Conformers Il are lower
in energy (Table 2), and the global minimum on the singlet PES
is syn—Il, which corresponds to the smallest AEst of 35.2 kJ mol~
1 at the CBS-QB3 level.

The rather strong Nhitrene***No intramolecular interactions in Il, is
also evidenced by the N«—N bond lengths of 1.662 and 1.639 A
in syn-1l and anti- Il, respectively, which indicate three
membered ring No-P-N structures. As expected, the ZOPN and
ZNuPN angles of the conformers in the triplet ground state are
fairly close to a tetrahedral coordination at phosphorus, and there
are no indications for such intramolecular interactions in the
triplet ground state.

Fig. 4 Inter-conversion of FP(O)(N3)N conformers on the singlet PES at the
B3LYP/6-311+G(3df) level of theory. Relative energies are given in kI mol™,
selected bond lengths (A) and angles (°, red italics) are also shown. Nitrogen,
oxygen, fluorine, and phosphorus atoms are shown in blue, red, cyan, and orange
color, respectively.

To gain insight into the photochemistry of Ar-matrix isolated
FP(O)(N3)N the inter-conversion of its four conformers on the
singlet PES was explored at the B3LYP/6-311+G(3df) level of
theory (Figure 4). Transition states (TS) for the Il to |
rearrangements for both the syn (TS1) and the anti (TS3)
configurations were located at activation energies of 63.0 and

This journal is © The Royal Society of Chemistry 2012
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70.4 kJ mol, respectively. The displacement vectors of the
imaginary frequencies of TS1 and TS3 mainly correspond to the
NPN. bending mode. The barrier for the syn-l1 to anti-I
conversion (TS2) is much lower and was calculated to be 48.8 kJ
mol-1. The corresponding displacement vector of the imaginary
frequency mainly corresponds to a rotation of the azide group
around the P-N« bond. However, the analogous direct syn-Il to
anti-11 rearrangement is precluded by the strong Nnitrene***Na
interaction, which prevents the free rotation of the azide group.
A singlet phosphoryl nitrene intermediate (Ph2P(O)N) has been
very recently detected by ultra-fast spectroscopy,*® and its life-
time has been estimated to be about 480 ps. Given the low | to 11
conversion barriers, and the expected rapid singlet-triplet
intersystem crossing (ISC) in solid Ar matrixes aided by the
small AEst (Table 2), the detection of the most stable triplet
nitrene conformer in a solid argon matrix is reasonable.
Nonetheless, the absence of FP(O)(N3)N in the flash pyrolysis
products, and the almost exclusive formation of FPO prompted
us to investigate also competing secondary reactions of singlet
FP(O)(N3)N such as rapid Nz elimination or its Curtius-type
rearrangement.

Formation and decomposition of cyclo-FP(O)N2

Rather low activation barriers (< 10 kJ molt) for the elimination
of N2 from syn-Il and anti-Il were predicted on the singlet PES
(TS4 and TS5, Figure 5 and Figure S4, ESIZ). These barriers are
significantly lower than those predicted for the stepwise N2
elimination in the phosphoryl azides (CH3)2P(O)N3 (189.2 kJ
mol-) and (CH30)2P(O)Ns (174.6 kJ mol).Y” As the common
decomposition product, a novel three-membered ring molecule
cyclo-FP(O)Nz: is predicted from FP(O)(Ns)N (Figure 5).

1.845
P,
“Tap 14671808

1.550 Cy’C.:'O-FF’(O)N2 N /f"
116.0N9e25 §|1-294 YN sae
FPO

Fig. 5 Calculated decomposition routes for two FP(O)(N3)N conformers at the
B3LYP/6-311+G(3df) level of theory. Relative energies are given in kI mol™,
selected bond lengths (A) and angles (°, red italics) are also shown. Nitrogen,
oxygen, fluorine, and phosphorus atoms are shown in blue, red, cyan, and orange
color, respectively.

The decomposition barrier of cyclo-FP(O)N2 was calculated to
be merely 44.9 kJ mol-%, which is much lower than that of cyclo-
N2CO (103.1 kJ molt) calculated at the same level of theory.
The latter compound has been very recently isolated as a neat
substance and found to have a half-life time of 30 h at room
temperature in a clean quartz container.?® The main difference

J. Name., 2012, 00, 1-3 | 5
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for the decomposition mechanisms of these two cyclic diazo
molecules is that the two P—N bonds in cyclo-FP(O)N:2 break
simultaneously, while the two C-N bond undergo stepwise
cleavage in cyclo-N2CO to yield an open-chain isomer OCNN,
which undergoes further decomposition to CO and N2 without
barrier on the singlet PES.*45 The low decomposition barrier of
cyclo-FP(O)N2z probably accounts for its absence among the
flash vacuum pyrolysis products, where only its decomposition
product FPO was detected by IR spectroscopy.

Decomposition of FP(O)Na

A Curtius-type rearrangement has recently experimentally been
observed for (N3)2P(O)N.2 The high energy compound
NsP(O)Ns was formed under visible light irradiation of the
nitrene.?® However, all attempts to locate transition states for the
Ns-migration in singlet FP(O)(Ns)N failed, and only the
aforementioned TS1 and TS3 leading to the cyclic minima syn-
Il and anti-I1 (Figure 4) were obtained. This result is consistent
with the experimental observation that no rearrangement product
but only FPO was found upon near-UV visible light irradiation
(4 >335 nm).

Nevertheless, molecular structures and decomposition pathways
of the possible rearrangement product FP(O)N4 were calculated.
Two planar conformers, cis and trans, were found, which are
close in energy and they differ mainly in the configuration (cis
or trans) of the P=0O and the N«—Njp bonds with respect to the P—
Nq bridge (Figure 6). The transition states, TS7 and TS8, leading
to the concerted decomposition of cis and trans FP(O)N4 into
FPO + 2 N2z were located at activation energies of 39.1 and 39.0
kJ mol-1, respectively. With an energy release of more than 500
kJ mol these fragmentation reactions of FP(O)N4 are highly
exothermic.

A g 1< .
' ) 1.432
- s
1.544 2N, 2.\ 1 665 1.113
St / 1269 1.
/1 a0\1:243 -,
1.453 1.126 (N
*-505.3
“—— FPO)

Fig. 6 Calculated decomposition routes for two FP(O)N, conformers at the
B3LYP/6-311+G(3df) level of theory. Relative energies are given in kJ mol,
selected bond lengths (A) are also shown. Nitrogen, oxygen, fluorine, and
phosphorus atoms are shown in blue, red, cyan, and orange color, respectively.
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Conclusions

Both photolytic and thermal decomposition reactions of
FP(O)(Ns)2 were studied by matrix isolation. Upon ArF laser
photolysis (4 = 193 nm), a new triplet a-oxo nitrene intermediate,
FP(O)(N3)N, was produced and characterized by matrix IR and
EPR spectroscopy. Further decomposition of this nitrene into
FPO was observed under near-UV visible irradiation (1 > 335
nm). In contrast, flash vacuum pyrolysis of FP(O)(Nz)2
exclusively yields FPO, and no intermediate species was found.
Different decomposition pathways of FP(O)(N3)N were
theoretically explored on the singlet PES. The cyclic conformers
syn-11 and anti-1l (Figure 3), stabilized by intramolecular
Nhitrene'*Na,azide interactions, were found to be much lower in
energy than syn-l and anti-l (Figure 3), stabilized by
intramolecular Nhitrene:=*O interactions. According to DFT
calculations singlet FP(O)(N3)N decomposes by stepwise N2
elimination to yield FPO via cyclo-FP(O)N2. The low computed
activation barrier of 44.9 kJ mol* (B3LYP/6-311+G(3df)) for
the decomposition of cyclo-FP(O)N2 to FPO and N2, however,
rules out its experimental observation in the flash pyrolysis
products of FP(O)(Ns)2.
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