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Synthesis, Characterization, and Imidogen Photochemistry of a
Hydrazoic Acid Adduct of Rh;

Arpan Paikar, Phong Thai, Matthew T. Figgins, Bodhisattwa Mandal, Matthew J. Lekas, Joseph H.
Reibenspies, Gerard P. Van Trieste, and David C. Powers*

Metal-imidogen (i.e., M—NH) intermediates are proposed in metal-catalyzed NH-transfer reactions. Transition metal
complexes of hydrazoic acid (HN3) could serve as precursors to these transient intermediates; however, the coordination
chemistry of HN; is essentially unknown. Here, we report the synthesis and characterization of Rhy(esp),(HNs),, the first
crystalline transition metal complex of HN; (esp = a,a,0’,a’-tetramethyl-1,3-benzenedipropionate). Temperature-dependent
multi-nuclear NMR, UV-vis, and IR spectroscopies demonstrate that HNs is a weakly coordinating ligand (Keq = 1100 + 100 M-
2 at 243 K). Cryogenic photolysis (77 K) enabled observation of a non-steady state intermediate, which we assign to be a
triplet Rh,—NH complex, that engages in olefin aziridination chemistry. The nitrene photochemistry of Rhy(esp),(HNs), was
corroborated by in crystallo synthesis and cryogenic spectroscopic characterization of a family of N-aryl nitrene complexes.
Together, these results establish the coordination chemistry of HNs, confirm the triplet ground state of the Rh,—NH
intermediate responsible for catalytic NH transfer, and demonstrate a photochemical platform to observe intermediates in

NH-transfer catalysis.

Introduction

Imidogen (i.e., NH) is the simplest nitrene and cryogenic matrix
isolation has established its triplet ground state (i.e., 3[NH]).:*
Conceptually, imidogen transfer to C—H bonds and olefins would
streamline access to primary amines and N-H aziridines,
respectively.>® In the absence of a catalyst, NH transfer is rarely
observed: Even at low temperature (~20 K), imidogen dimerizes to
generate NoH,'%11 and reacts unselectively with olefinic substrates to
yield mixtures of HCN, N, and alkyl nitriles (Figure 1a).1213 Significant
progress has been made towards the development of Rh,-,* 1> Co-
,16 and Fe-catalyzed® 17-18 NH-transfer reactions, although at present,
optimization of these reactions is empirically guided because the

putative M-NH intermediates have eluded experimental
observation.
Hydrazoic acid (HN3) — the simplest molecular azide — is an

explosive, toxic, and volatile liquid (b.p. = 310 K (37 °C)).1° HN; is
monomeric in the gas phasel® 202 and displays a tetrameric
structure in the solid state that persists up to its melting point (190(5)
K).2* 25 HN3 can serve as a precursor to imidogen via photochemical
N, extrusion.2? 2628 Application of HNs; photochemistry to the
preparation of reactive M—NH complexes is currently stymied by the
lack of HN3 coordination chemistry. In 1970, Schmidt suggested that
reaction of HN; with SbCls — which ultimately affords NH4SbCls,
[SbCla(N3)]2, and N, — proceeds through an unobserved HN3-SbCls
adduct.?® Oxidative addition of HN3 with vanadium, chromium, and
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digermanium complexes have been observed and suggested to
proceed via unobserved HN3 adducts.3%-32 In 2019, Schulz reported
the first — and thus far only — example of a crystalline HN3
coordination compound, HN3-B(CsFs)3 (Figure 2a).33 Above 253 K (-20
°C), N2 loss is facile and results in aminoborane formation. The
complete lack of transition metal complexes of HNs; prevents
experimental evaluation of potential imidogen transfer chemistry
from these platforms.

(a) HN3 as an imidogen (NH) photoprecursor
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Figure 1. (a) Photochemical synthesis of 3[NH] from HNs. 3[NH] dimerizes to
generate N;H, and reacts with olefins to afford mixtures of nitrogen-containing
products. (b) Metal-catalyzed imidogen-transfer reactions have been developed
for both C—H amination and olefin aziridination.

Rha(esp). (1) catalyzes NH-transfer  from hydroxylamine
derivatives to olefinic substrates and Rhy(ll,Il)-NH intermediates
have been proposed intermediates.’* 1> Computational studies have
suggested the proposed Rh(Il,11)-NH adopts a triplet ground state.3*
35 Rhy(ILINl) intermediates have been suggested as alternative
intermediates,3%38 in part based on the facility of one-electron
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hydroxylamine redox chemistry.3® To investigate the putative Rh,-
imidogen intermediates and establish photochemical access to M—
NH species, here, we report the synthesis and characterization of the
first crystalline transition metal complex of hydrazoic acid,
Rha(esp)2(HNs)2 (2) (Figure 2b). Complex 2 is prepared by treatment
of 1 with HN3 and is characterized by single-crystal X-ray diffraction
(SCXRD), 'H, 3C, and >N NMR, IR, and UV-vis spectroscopies.
Photolysis of 2 in the presence of olefinic substrates promotes
stereospecific NH transfer and cryogenic photolysis suggests the
intermediacy of a transient triplet Rh; imidogen adduct (i.e., 3[Rh,—
NH]). The obtained spectroscopic data were further corroborated by
in crystallo synthesis and spectroscopic characterization of a family
of Rhy N-aryl nitrene complexes. These findings indicate the chemical
and kinetic competence of 3[Rho—NH] intermediates in NH-transfer
catalysis, detail the first spectroscopic characterization of Rh;
nitrenes, and introduce new opportunities in the synthesis of
reactive M—NH intermediates.

Results and Discussion

Synthesis and Characterization. Rhz(esp);(HNs), (2). HNs
was prepared by the addition of stearic acid to solid NaNj
(SAFETY: HNs is an explosive, toxic, and volatile substance; see
Figures S1 and S2 for detailed synthetic protocol).?% 2> Vacuum
transfer of HNs; to a CH,Cl, solution of 1 resulted in a color
change from light green to dark green. Diffraction-quality
crystals of 2 were obtained by cooling this reaction solution to
—20 °C. Refinement of the resulting SCXRD data revealed an Ng-
coordination of HN; to both apical sites of Rha(esp), (Figure 3a).
The Rh(1)-Rh(2) bond distance for 2 is 2.382(1) A (c.f., for 1, Rh—
Rh is 2.3817(9)%%) and the Rh(1)-N(1) distance is 2.317(2) A,
which is similar to previously reported aryl and alkyl azide
complexes of Rh,.#Y 42 The N-N—-N bond angle (172.2(3)°) and
the N(1)-N(2) and N(2)-N(3) bond lengths (1.246(3) and
1.122(3) A, respectively) of 2 are similar to those of (HN3);.33

The solid-state IR spectrum of 2 (ATR) features a broad N—H
peak at 3212 cm™ and two peaks at 2143 cm™ and 1176 cm™?
corresponding to the asymmetric and symmetric azide
stretches, respectively (Figure 3b). For comparison, we also
prepared 2H- and °N-labeled 2 (i.e., [2H]-2 and ['°N]-2) by
vacuum transfer of DN3 and H°NN,, respectively. ['°N]-2
displays solid-state IR features that are slightly red-shifted
compared to 2 at 3196 cm™, 2119 cm™, and 1166 cm™ (Figure
3b). [2H]-2 displays an N-D stretch at 2388 cm™ (compared with
an N-H stretch at 3112 cm? for 2) and no significant
perturbation of the azide stretching modes.
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Figure 2. (a) HN3-B(CsFs)s, the only previously reported crystalline HN; adduct,
rearranges above 253 K. (b) Here, we report the synthesis, characterization, and
imidogen-transfer photochemistry of Rhy(esp)2(HNs), (2), the first crystalline
transition metal complex of HNs.

The 'H NMR spectrum of 2 displays diamagnetically shifted
peaks that integrate as expected for 2:1 coordination of HN3 to
1. The N—-H chemical shift of 2 is temperature and concentration
dependent (vide infra), but in general is sharper and shifted
downfield compared to HNs (Figure 3c). For example, the N—H
resonance of 2 is at 4.95 ppm (FWHM = 23.9 Hz) in CD,Cl, at 298
K; the N—H resonance of HNs is at 4.52 ppm (FWHM = 61.1 Hz).
The N-H resonance is also solvent dependent: The N-H
chemical shift of 2 is at 4.95 ppm in CD,Cl;, 3.6 ppm in toluene-
ds (Figure S3), and 3.2 ppm in the solid state (measured via
magic angle spinning (MAS) solid-state (SS) [2H]-NMR of [2H]-2
(Figure S4)). Finally, the "H spectrum of ['®*N]-2 displays a doublet
for the N—H peak (Jn-n = 69.0 Hz) (Figure 3c). The H-coupled °N
NMR spectrum of [1°N]-2 displays two peaks: A singlet at—171.2
ppm and a doublet at —325.2 ppm (Ju—n = 69.7 Hz), which we
assign as y-N and a-N, respectively (Figures 3d). The MAS-SS
[*>N]-NMR of [*°N]-2 displays analogous features at —159.1 and
—336.7 ppm (Figure S5).

Rhs(esp)o(ArNs); (3). Treatment of complex 1 with PhNs, 4-
Me-CgHs—N3, and 4-CF3-CgHa—N3 afforded aryl azide complexes
3a-c. Dark green diffraction-quality crystals of 3a-c were
obtained by layering CH,Cl, or CHCIs solutions of with pentane
at —20 °C. Complexes 3 are structurally analogous to 2: SCXRD
analysis for all three compounds shows N,-coordination of ArNs
to the axial sites of Rhx(esp)2 (1) (Figure 4). The Rh(1)—-N(1) bond
distances of 3a-c are 2.261(2) A, 2.300(2) A, and 2.271(3) A
(avg.) (there are two molecules of 3c in the asymmetric unit),
respectively, and ~0.1 A shorter than the Rh(1)-N(1) bond of 2.
1H NMR data of 3a-c confirms 2:1 coordination of the aryl azide
ligands to 1; during solvent removal from 3c, partial loss of the
apical azides was evident by integration of the H NMR
spectrum. The solid-state IR spectra display features azide
stretches at ~¥2100 and ~2130 cm™ for 3a-3c (Figure S6).43

Ligand Binding Thermodynamics. The HN3 ligands of 2 are
labile in solution. The N—H chemical shift in the 'H NMR of 2 is
temperature (and concentration) dependent shifts
downfield upon cooling from 298 K to 203 K (Figure 5a). Similar

and
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Figure 3. (a) Treatment of Rh;(esp), (1) with HN; affords Rha(esp).(HNs); (2). Displacement ellipsoid plot of 2 plotted at 50% probability; data were collected at 100 K. H-atoms, except
H1, and CH,Cl, are removed for clarity. Selected metrics: Rh(1)-Rh(2): 2.382(1) A, Rh(1)-N(1): 2.317(2) A, N(1)-N(2): 1.246(3) A, N(2)-N(3):1.122(3) A, N(1)-N(2)-N(3): 172.2(3)°. (b)
Solid-state IR spectra of 2 (black trace), [**N]-2 (red trace), and [2H]-2 (blue trace) plotted from 3500 cm* to 1000 cm™%. The blue shaded area highlights peak shift of the N-H stretch,
and the green shaded area compares azide stretches for compounds 2, [**N]-2, and [2H]-2. (c) *H NMR spectra of HN3, 2, and [*°*N]-2; the concentration-dependent N—-H resonances
are highlighted in blue. Inset: Expansion highlighting the N—H resonances. (d) Proton-coupled >N NMR spectra of [*>N]-HN; and [*°N]-2; the >N resonances attributable to the N-H
are highlighted in green. Inset: Peak splitting for [**N]-2 due to the *N-'H coupling (/ = 69.7 Hz).

temperature dependence is reflected in VT->N NMR
experiments (Figure S7). VT-IR spectroscopy similarly indicates
facile equilibration of 2 and 1 + HNs (Figure 5b): A CH,Cl,
solution of 2 displays two azide stretching frequencies at 273 K
— at 2138 and 2151 cm™ — which we assign to HN3 and 2,

N
i Me Me "[‘
e 0, Me
0. Me INph—0 Me
INgp—o M AN
S 10) A O‘R‘h b
i b—Rn3JC ——— ey, 0—R]
< Mo CH:Ch, |0
N Me'
[o] =N. Me
Me" Me LNTSAr

N*
Rha(esp)z (1)

3a, Ar = CgHs, 56%
3b, Ar = 4-CH3-CgHy, 49%
3¢, Ar = 4-CF3-CgHy, 48%

Figure 4. Synthesis and characterization of dirhodium aryl azide compounds 3. Solid-state
structure of compounds 3a-c. Displacement ellipsoid plots of 3a-c plotted at 50%
probability; data were collected at 100 K. H-atoms and solvents of crystallization are
removed for clarity. Selected metrics: Rh(1)-N(1): 2.261(2) A for 3a, 2.301(2) A for 3b,
and 2.271(3) A (avg.) for 3c.

This journal is © The Royal Society of Chemistry 20xx

respectively (in the solid-state the azide stretches for 2 appears
at 2143 cm™).#4%5 Upon cooling, the relative intensity of these
spectral features changes, with the free HN3 stretch decreasing
in intensity while the coordinated HNj stretch increases in
intensity. Similar temperature dependence is noted in analysis
of the symmetric vibrational mode and in VT-UV-vis
measurements (Figure S8 and S9).

To evaluate the thermodynamics of HN3 binding, we carried
out an NMR titration of HN3 with 1 at 243 K (-30 °C). The N—H
resonance of HNs is systematically shifted downfield with
increasing [1] (Figure S10). Using equations derived analogously
to those of Drago,*® these data enabled determination of
temperature-dependent equilibrium constants (Keg): Keq = 1100
+ 100 M2 at 243 K; Keq = 120 M2 at 298 K. Van’t Hoff analysis
(Figure S11), based on the obtained temperature-dependent
equilibrium constants, provided AH° = —5.5 + 0.1 kcal/mol and
ASY% =-9.0 + 0.6 cal/K-mol. The Keq for HN3 binding is similar to
that determined by Albrecht for the coordination of AdNs to
Fe(HMDS)> (62 M at 298 K) (Ad = adamantyl).**

We similarly carried out an NMR titration of PhN3 with 1
(Figure S12) to evaluate the thermodynamics of aryl azide
binding. The obtained data provided Keq = 11000 + 3000 M~ at
243 K (Keq = 2700 M2 at 298 K), which is slightly larger than that
measured for HN;3 (for VTI-NMR of compound 3a, see Figure
S13). The relative binding affinities are consistent with
enhanced Lewis basicity of Ph—N—N, as compared with H-N—
N..47 Van’t Hoff analysis, based on Keq measurements from 298

J. Name., 2013, 00, 1-3 | 3
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Figure 5. (a) VT-"H NMR spectra of 2 collected in CD2Cl> from 298 K to 203 K.
The N-H resonance is highlighted in blue. (b) Solution-phase VT-IR spectra of 2
collected in CD2Cl> from 273 K (black) to 233 K (red).

K to 203 K provided AH® =—4.23 + 0.06 kcal/mol and AS®=1.5 +
0.2 cal/K-mol (Figure S14). Temperature-dependent UV-vis
spectroscopic data of 3a-c are collected in Figure S15. In
comparison to common nitrogen donors, such as pyridine and
acetonitrile (Keq >103 for binding to Rh;), HN3 and aryl azides are
weakly binding ligands.48->1

NH-Transfer Photochemistry. To chemically evaluate the
competence of photochemically generated intermediates to
engage is N—H transfer, we pursued study of the NH-transfer
photochemistry of 2 with olefinic substrates. Photolysis (A = 300
nm, 243 K, quartz reaction vessel) of a CD,Cl; solution of 2 in the
presence of l-octene resulted in NH transfer to afford the
corresponding N—H aziridine (4) in 39% yield (Figure 6);
compound 1 is observed as the Rh-containing byproduct by 'H
NMR (for 'H and ESI-MS analysis see Figures S16 and S17).
Similarly, photolysis of ['°N]-2 in the presence of 1l-octene
affords a 1:1 mixture of 4:[1°N]-4, which is expected from a
mono-labeled [*°N]-HNj3 precursor (Figures S18 and S19). In this
experiment, [*°N]-N, was also observed by N-NMR (-70.3
ppm),>2 which demonstrates the facility of N, photoelimination
under these reaction conditions (Figure S20). NH transfer to 1-
octene was also observed for photolysis of a toluene solution,
albeit in lower yield (12%), which we attribute to limited
solubility of 2 at low temperature in this solvent (Figure S21).
For comparison, photolysis of a CD,Cl, solution of HN3 and 1-
octene in the absence of 1 did not give rise to any observable
NH-transfer products (Figure S22).

4| J. Name., 2012, 00, 1-3
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Figure 6. N-H transfer photochemistry of 2 with olefins. Photochemical olefin
aziridination by 2 is stereospecific. Yields obtained by 'H NMR spectroscopy.

Photolysis of 2 in the presence of norbornene affords the
corresponding N—H aziridine 5 in 25% yield (for 'H and ESI-MS
analysis see Figures S23 and S24).>3 Photochemically promoted
N-H transfer is stereospecific: Photolysis of 2 in the presence of
cis-4-octene afforded cis-6 exclusively (49% yield) (for *H and
ESI-MS analysis see Figures S25 and S26). This observation is
consistent with the stereospecific NH transfer that has been
noted in Rhy-catalyzed imidogen-transfer reactions.'® 15 The
modest yields of aziridines in these reactions are likely due to
competing reaction of free NH with olefins: N-
chloromethylamine was also observed as reaction byproducts
(Figures S27-529).13, 54,55

In contrast to the observed NH-transfer photochemistry
from 2, photolysis of 3a-3c in the presence of 1-octene did not
result in nitrene transfer products (i.e., N-aryl aziridines or allylic
amination products). This observation is consistent with facile
intramolecular rearrangement of aryl nitrenes.>®

Together, the results of these NH-transfer experiments
indicate that the photogenerated intermediate from 2 is
chemically and kinetically competent as an intermediate in the
Rh,-catalyzed NH-transfer.

Observation of Reactive Nitrenes. Cryogenic photolysis of 2.
Given the observation of imidogen transfer photochemistry
from 2, we sought to observe the putative Rh,—NH intermediate
(i.e., 7, Figure 7a). To this end, we carried out photolysis of a 2,2-
dimethylbutane (DMB): tert-butylbenzene (TBB) (3:1) glass of 2
at 77 K in a quartz J-Young EPR tube. This solvent system was
chosen to provide an optical glass while avoiding ligand
exchange with more common glassy solvents such as 2-
methyltetrahydrofuran.>? Photolysis of 2 at 77 K results in a
small but reproducible blue shift of the absorbance centered at
570 nm to 560 nm and the concurrent growth of significant
spectral intensity ~500 nm (Figure 7b). These spectral features
arise from a non-steady state intermediate: Thermal annealing
of the sample to 298 K followed by re-freezing at 77 K results in
the disappearance of the spectral intensity at 500 nm and the
growth of a new absorbance centered at 543 nm, which
overlays the spectrum of Rhy(esp)z (1) in this solvent mixture
(Figures S30 and S31). We carried out analogous cryogenic
photolysis of [*°N]-2 in a 3:1 DMB:TBB glass with the addition of
1-octene. Spectra obtained during this photolysis indicated the
formation of the same non-steady state intermediate observed

This journal is © The Royal Society of Chemistry 20xx
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Figure 7. (a) Cryogenic photolysis (A = 300 nm) of complex 2. (b) UV-vis spectra of 2 (black), 7 (i.e., after 1 h photolysis, red), and after thermal annealing (green) collected at 77 K. (c)
UV-vis spectrum of 7 at 77 K (red) overlaid with the simulated spectrum of compound 7 (blue) based on the 3TD-3DFT calculation by PBEO-D3-BS1 method. Vertical transition pictured

in green. (d) Principal NTOs for the transition at 497 nm.

in the absence of 1-octene (Figure S32). Thermal annealing of
this sample led to disappearance of the non-steady state
intermediate and the evolution of a 1:1 mixture of 4 and [1°N]-
4, which demonstrates NH-transfer reactivity from the
observed non-steady state intermediate (Figure S33).

We assign the non-steady state intermediate observed
during 77 K photolysis to Rho—NH complex 3[7]. The spectral
features observed after cryogenic photolysis of 2 are consistent
with TD-DFT calculations of 3[7] (Figure 7c).>8 DFT single points
of the singlet and triplet imidogen complexes (i.e. 1[7] and 3[7]
at the SMD-PBEO-D3/Def2-TZVP level of theory) were used to
calculate the AEst (AEst = Esinglet — Etriplet ) to be 11.9 kcal mol™.
To further confirm this, single points at the DLPNO-
CCSD(T)/Def2-TZVP level of theory were run and provided a AEst
of 15.2 kcal mol. The TD-DFT calculations of 2 and 3[7], using
tert-butylbenzene as an implicit solvent model, suggest that
conversion of 2 to 3[7] should be accompanied by minor
changes in the absorbances at ~570 and ~425 nm but also the
emergence of a new LMCT transition at 497 nm (Figure 7d).>°
This computed transition is well-matched to the growth of
intensity observed experimentally at 500 nm (Figure S34). In
contrast, the observed spectral features are not well-matched
to the computed spectrum of 1[7] (Figure S35). Further, the
observed spectral features are inconsistent with the formation
of Rhy(IL1l1), which typically display low energy UV-vis
transitions.3>3¢

Formulation as 3[7] is consistent with the metrical
parameters that we previously reported for triplet adamantyl
and biaryl nitrenes of Rh, obtained by in crystallo
photochemistry.40.60-62 Attempts to accomplish in crystallo
synthesis of 7 were not productive due to loss of crystallinity
during sample photolysis.

Cryogenic photolysis of 3a-3c. Guided by the hypothesis that
N-arylation would provide a handle to modulate the electronic

This journal is © The Royal Society of Chemistry 20xx
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Figure 8. (a) Photolysis (A = 335 nm) of complexes 3 at 77 K generates N-aryl nitrenes 8.
(b) UV-vis spectra of 8a (red), 8b (blue), and 8c (green) collected at 77 K. (c) Principal
NTOs for the transitions at 510 nm and 620 nm of 3[8a].
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absorption spectra of the resulting nitrene, we carried out the
cryogenic photolysis of aryl azide complexes 3a-3c (Figure 8a
and 8b). Photolysis of 3a in a 3:1 DMB:TBB glass at 77 K gave
rise to a new absorption features centered at 510 nm and 620
nm. Thermal annealing led to the disappearance of these
spectroscopic features. Similar to 7, the experimental UV-vis
spectra of 8a was qualitatively similar to the TD-DFT simulated
spectrum computed for a triplet nitrene although the simulated
spectrum is blue-shifted as compared to experiment (for full
spectral evolution see Figure $S36). TD-DFT calculations of 3[8a]
show transitions with moderate oscillator strength (>0.01) at
469 nm and 516 nm (Figure S37a). Comparison of the simulated
spectral shape and relative oscillator strengths suggests the
transition at 469 nm corresponds to the sharper experimental
feature at 510 nm whereas the transition at 516 nm
corresponds to the feature at 620 nm. Natural Transition Orbital
(NTO) analysis shows that the higher energy transition is MLCT
from a Rh B d orbital into the SUMO that is delocalized between
the nitrene N p orbital and the aryl group and the lower energy
transition at 516 nm is mostly comprised of a Rh a d-to-d
transition (Figure 8c, for all the NTOs of 3[8al], see Figure S37b).

Cryogenic photolysis of 3b also resulted in the evolution of
a non-steady state intermediate (for full spectral evolution see
Figure S38). The spectral features of 3[8b] were observed at 507
nm and 571 nm and TD-DFT calculations result in a simulated
spectrum (Figure S39a) that qualitatively aligns with experiment
much like in the case of 3[8a] and shows a blue shift for the
higher energy peak relative to 3[8a] (463 nm for 3[8b] and 469
nm for 3[8a]). NTO analysis indicates the parentage of these
transitions is similar to those of the features observed for 3[8a]
(Figure S39b). The observed blue-shift of the peaks is consistent
with methylation raising the energy of the acceptor orbital for
the observed transitions. Superficially, the results obtained
from cryogenic photolysis of 3c also indicate the formation of a
non-steady state intermediate (for full spectral evolution, see
Figure S40). In this case however, evacuation of the solvent
during the preparation of the glassy solvent matrix resulted in
partial loss of the azide ligand (vide supra) and thus quantitative
comparisons of the resulting optical spectrum are not possible
(for TD-DFT and NTO analysis of 3[8c], see Figure S41).

In crystallo photolysis of 3 provided experimental metrical
parameters for the corresponding Rh; nitrenes (i.e., 3[8a], 3[8b],
and 3[8c]) and confirmed the nitrene chemistry implied by the
aforementioned spectroscopic and computational studies
(Figure 9, for 3[8a], and 3[8c], see Figures S42 and 5$43).
Photolysis of single crystals of 3 resulted in 30-50%
photoconversion to the corresponding nitrenes before loss of
crystallinity. In all cases, N3 loss was associated with shortening
of both the Rh(1)-N(1) bonds (i.e., ~0.3 A for Rh(1)-N(1)).
Though we cannot locate the N> molecule in crystallo for 8a and
8c due to disorder, for 8b, in crystallo photoextrusion of N, from
3b was observed. The metrical parameters of 8a, 8b, and 8c are
consistent with formulation as triplet complexes. DFT single
points at the SMD-PBEO-D3/Def2-TZVP level of theory were
used to calculate the AEst to be 11.4 kcal mol=, 9.1 kcal mol™?,
and 12.4 kcal mol for 3[8a], 3[8b], and 3[8c], respectively.
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Figure 9. In crystallo characterization of 3[8b], upon photo-extrusion of N, molecule from
3b with 35% photoconversion. The obtained metrical parameters are well-matched to the
optimized geometry for triplet N-aryl nitrene (i.e., 3[8b]).

Conclusions

Here, we describe the first structurally characterized
transition metal complex of hydrazoic acid, Rhz(esp)2(HNs); (2),
by addition of gaseous HNs; to Rhy(esp). (1). Temperature-
dependent NMR, UV-vis, and IR measurements indicate that the
HN3 ligands are labile in solution; Keq = 1100 + 100 M2 at 243 K.
Complex 2 engages in stereospecific  NH-transfer
photochemistry with olefins, which suggests that the same
intermediate is accessed during photolysis of 2 as is generated
during Rhy-catalyzed NH-transfer reactions.®l Cryogenic
photolysis of 2 in a frozen solvent glass enabled observation of
the transient Rh,—NH intermediate. Comparison of the
spectroscopic data with results of DFT and TD-DFT calculations
suggest this intermediate displays a triplet ground state (i.e.,
3[71).

Analogous aryl azide complexes provided further support
for the structural in the
hydrazoic acid photochemistry. Cryogenic UV-vis spectroscopy
provided evidence for the intermediacy of 3[Rh—NAr]
complexes and bolstered the computationally supported
spectroscopic assignments for 3[Rh—NH]. In addition, in
crystallo synthesis provided experimental definition of the
metrical parameters of the aryl nitrene adducts, which both
confirms the nitrene photochemistry of this family of azide
complexes as well as further supports the formulation as triplet
adducts. Together, these results introduce HNs3 as a ligand in
transition metal coordination chemistry, enable photochemical
generation of M—NH species, and provide new tools to study
metal-catalyzed amination chemistry.
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