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ABSTRACT: An intermolecular N—N cross-coupling reaction induced by light
was established under metal-free conditions. In addition, this work showed that
pyrido-oxazolones serve as effective nitrene precursors under photoinduced
conditions, facilitating cross-coupling reactions to synthesize a diverse array of
hydrazides at room temperature. The developed cross-coupling is operationally
simple and provides a streamlined synthetic protocol for the late-stage
functionalization of bioactive molecules. Mechanistic studies and theoretical
calculations suggested that the reaction proceeds through the formation of a free
nitrene, which further interacts with the N-alkyl or N-aryl anilines to produce the
hydrazine products with a pyridyl unit. This photoactivated N—N cross-coupling
reaction is anticipated to find extensive applications in medicinal chemistry, drug
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development, and the pharmaceutical industry.

B INTRODUCTION

Nitrogen-containing compounds are indispensable in the
pharmaceutical and agricultural industries due to their versatile
chemical properties and extensive applications." Among various
nitrogen-containing compounds, N—N bond-containing hydra-
zides are important intermediates” that are being extensively
used for the total synthesis of natural products, pharmaceuticals,
material chemistry, and many more (Chart 1A). Unlike the C—
C and C—N bond formation, selective N—N bond formation
remains a great challenge due to the nitrogen atoms’ inherent
nucleophilic nature and high electronegativity.” In the past few
years, intramolecular N—N bond-forming reactions have
become an essential tool for the synthesis of N—N bond-
containing heterocycles via the cleavage of N—O, N—C, N—H,
or even N—N bonds.* However, intermolecular N—N bond
formation is still scarce (Chart 1B). In this context, Perez and co-
workers reported” an elegant silver-catalyzed nitrene transfer
reaction for the intermolecular N—N bond formation.
Subsequently, Chang and Chen demonstrated that dioxazolones
can be used as an excellent precursor’ for the nitrene transfer
reaction to make a series of N—N bonds under either iridium- or
iron-catalyzed conditions.” Most recently, the groups of
Reisman and Stolz discovered® an elegant method for the
preparation of hydrazides under nickel-catalyzed conditions.
Importantly, while these three intermolecular N—N cross-
coupling methods demonstrated remarkable efficiency and
potential for the synthetic applications, nevertheless, the use of
transition metals and specific nitrene precursors restricts their
wider scope and applications. Thus, considering these
challenges and immense potential for the nitrene-mediated
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intermolecular N—N cross-coupling in medicinal chemistry,
pharmaceutical chemistry, and agricultural industries, we aim to
develop an intermolecular N—N cross-coupling strategy
through a nitrene-transfer reaction. We further aim to develop
this strategy without the requirement of metal catalysts but
under the photoinduced conditions using either tetrazole or
pyrido-oxazolone as nitrene sources’ (Chart 1C). Notably, these
nitrene sources contain an extra nitrogen atom in the arene,
which is important, for example, as a pyridyl handle. Based on
the literature reports,'’ the presence of one extra N atom in an
organic molecule has the immense utility to significantly alter
the chemical and biological properties. For example, the drastic
change can be best understood by the comparison of benzene to
pyridine to pyridazine, and so on. In a similar context, the
presence of an additional hydrogen-bonding site in aza-glycine
enhances its stability and promotes the self-assembly of
collagenll (Chart 1D).

Over the past decade, our group has been involved in nitrene
transfer reactions using 1,2,3,4-tetrazoles as nitrene precursors1 2
to make high-valued N-heterocycles using either noble metal
or base metal'* catalysis. Employing this tetrazole, we have
reported a series of nitrene-transfer reactions, such as sp> CH
amination, > sp> CH benzylic amination,'”® and C—N cross-
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Table 1. Reaction Optimization
Redbtiull Gplillli‘dliull
Br PhNHMe (2a) Br Br.
A
\(\/t dry PhH, 25 °C, 18 h > + @\ 2
N z - JL .Ph
A N Purple LED, 390 nm NH ONTN
*O -CO, Me’N‘Ph 8 Ve
1a 3a 3a'

Entries
1
2

3

Variation from standard conditions

None 85(78)P/15(10)°
No Light (dark) 0/0
Heated at 100 °C instead of LED 0/100
2-Amino-5-bromopyridine instead of 1a 0/0
440 nm LED 9/91
FeBr, 40/60
FeCly*4H,0 35/65
Fe(TPP)Clizn 30/61
PhCl instead of PhH
instead o 63/37
PhMe instead of PhH
67/33
CH3CN instead of PhH
55/45

conversions (3al3a’)

Optimized Conditions
(beginning)

Optimized Conditions
(completion)

Optimized Conditions
(gram scale)

(gram scale)
produt

“Scale of reactions (0.25 mmol), 2a (1.5 equiv). NMR conversions.

YIn parentheses, isolated yield.

. . 12h
coupling reactions

through iron-based metalloradical catal-

ysis (Chart 1E). Motivated by these previous findings, we

47204

initially hypothesized that tetrazole might generate a pyridyl
metal—nitrene intermediate through metalloradical catalysis,

https://doi.org/10.1021/jacs.5c14295
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Table 2. Scope of Pyrido-Oxazolone and N-Substituted Aniline”

Scope of the Reaction: Representative Examples

Z R
R—(j H HIN g
'\’\f o N N‘R" Purple LED (390 nm)= X N‘R"
o4+ R dry PhH, 25 °C, 18 h RE
1 0 —
2 €O, 384
Me
z | Br 2 Z Ph z | Cl Br. z Z Br Z |
< | < < < < |
HNTN HNTN HNN HN” N HNTN HNN HN N
N. N. .
©/ Me ©’NMe ©’NM9 @’ M ©’NMe @NMe ©/NME
3a: 78% (64%") 3b: 60% 3c: 66% 3d: 62% 3e: 52% 3f: 69% 39:64%
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< < | < < <
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3h: 71% 3i: 68% 3j: 57% 3k: 81% 31: 70% 3m: 55% 3n: 52%
= 1\ :
z / S z Br ~ Br z Br
g : o <) S |
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E R = Et; 4a: 52% Ph
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z Br . Z | Br z Br Z | Br z Br 2 Br = Br
< : < S | ~ S | S | S |
HNT N : Me HN™ N
1 '
o0 @f J@F J@f J@F @F J@F
4e: 62% L 4f: 64% 49: 56% 4h: 70% 4i: 71% 4j: 63% 4k: 70%

FOAENOEN NGNS AN S S o < &
OO ot o e SArEEE ¢

4q9: n=1;75%
4: 71% 4m: 38% 4n: 64% 40: 68% 4p: 71% ar:n=2;72% 4s:51%

Br Br
OEt z z /(j’
N
L Cr Ly L Qr pes
NTN HN™ N HN™ N
HN. Ny (D’\NJ N @Nj ©/ \/COZE‘ @ vCOzEt
l = 0 ph/\/N

Br
O
4t: 68% 4u: 58% 4v: 59% 4w: 63% 4x: 54% 4y: 66% 4z: 62%

Br

“Scale of reactions (0.25 mmol). Isolated yields. Reaction performed at rt. PReaction was performed in 5.0 mmol scale (gram scale), see Supporting
Information for details.

which could facilitate N—N cross couplm§ reactions. Alter- nitrene precursor, namely, pyrido-oxazolone. Despite never
natively, under photoinduced conditions'® (or traditional having been employed in catalytic nitrene-transfer reactions
thermal conditions), it might generate an active pyridyl nitrene under metal-catalyzed, photoinduced, or purely thermal
species capable of undergoing intermolecular N—N cross- conditions, we hypothesized that it could serve as an excellent
coupling reactions (Chart 1F). Consequently, various reactions synthetic equivalent of tetrazole, capable of generating a reactive
were conducted under metal catalysis, photoinduced conditions, pyridyl nitrene intermediate (Chart 1G).

and thermal conditions. However, in the presence of iridium

catalysis, the conversion of the N—N cross-coupling product was
found to be less than 10%. The results suggest that tetrazole may W RESULTS AND DISCUSSION

not serve as an effective nitrene source for N/N cross-coupling To test this hypothesis, we initially conducted a series of
reactions. Subsequently, our focus turned to a new type of reactions between pyrido-oxazolone and N-methylaniline using
47205 https://doi.org/10.1021/jacs.5c14295
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Table 3. Substrate Scope with Various Bioactive Substrates”

Scope of the Reaction: Representative Examples for Bioactive Molecules

N. dry PhH, rt, 18 h S
NN + @ Me Purple LED (390 nm) _ HNT N
0—<\ - N’Me O = Bio-Active Scaffolds
5 0 2a 6
------------------------------------------------------------- Scope of Bio-Active Pyrido-oxazolone ==========s==sseescmencmnmmnnnc s
Me CO,Me
X
A GE
AEE Me 1) Me 1) NMe
OM NN N eNG
® Sy N L Me” “Me ~NZ N *Ph N nNepn
6b: 66% (From4- H H H

6a 72% (From Eugenol)

MeO
| N I\I/Ie
7z
N N'N”Ph

Ph H
6f: 72% (From Tyrosol)

(trans-4-pentylcyclohexyl) phenol)

6e: 68% (From Dettol)

N7 Bio-active

v + Scaffold —NH
o R
12 O 7
o
Br | X I\I/Ie
7z
N H'N
.Ph
’:‘ OnBu
HN N\ 0
l ~
Br 8b: 71% (From Butamben)

8a: 64% (From Estrone)

heW

Ph” \)Lo

8e: 67% (From Geraniol)

8i: 65% (From D-a-Tocopherol)

Scope of Bio-Active N-Substituted Aniline

dry PhH, rt, 18 h
Purple LED (390 nm)
——

-Co,

6c: 71% (From Carvacrol) 6d: 69% (From Naproxen)

0

Me
N
I 7z
N N'
H

6g: 72% (From Raspberry ketone) 6h: 81% (From Acenaphthene

HN —(} Br
Scaffold —N N

Bio-active

Br A

<
N I}JH [e] N I}IH (o]
Ph’N\)LO Y Ph’N\/lLO

PN Me
8c: 61% (From Menthol)
Br.

8d: 68% (From Borneol)

7

|
N“NH O

N B
CO,Et

8g: 68% (From Citronellol)

8h: 70% (From Benzocaine)

8j: 63% (From Cholesterol)

“Scale of reactions (0.25 mmol). Isolated yields. Reactions were performed at rt.

various metal catalysts. However, none of these conditions
yielded the desired N—N cross-coupled product; instead, they
consistently produced a urea-type byproduct. Similarly,
reactions carried out under purely thermal conditions (in the
absence of a metal catalyst) also led exclusively to the formation
of the urea-type byproduct. These observations clearly
demonstrate that the applied metal-catalyzed protocols and
conventional thermal methods are ineffective at generating a
viable pyridyl metal—nitrene or free-pyridyl—nitrene intermedi-
ate.

To this end, we turned our focus to photoinduced conditions
exploring various possibilities. After extensive optimization of

the reaction conditions (Supporting Information for details), we
found that 6-bromo pyrido-oxazolone (la) and N-methyl
aniline (2a) in the presence of purple LED (390 nm) and
benzene solvent smoothly undergo the intermolecular N—N
cross-coupling reaction to afford the desired product (3a) with
85% conversion (78% isolated yield) along with 15% side
product (3a’) (Table 1; entry 1). Attempts to further optimize
the reaction to reduce the formation of the 15% undesired
competitive side product were unsuccessful owing to the
competing nucleophilic addition of N-methyl aniline to the
carbonyl group of the pyrido-oxazolone. The control experiment

https://doi.org/10.1021/jacs.5c14295
J. Am. Chem. Soc. 2025, 147, 47203—-47212
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demonstrated that the reaction did not occur in the absence of
light (entry 2).

Performing the same reaction under thermal conditions at
100 °C led to a complete (100%) conversion to the undesired
side product (entry 3, 3a’), thereby demonstrating that
photoinduction is crucial for activating pyrido-oxazolone to
generate the pyridyl—nitrene species. A parallel reaction was
conducted utilizing the amine analogue of 1a, specifically, 2-
amino-5-bromopyridine, during which no product formation
was observed (entry 4). To investigate alternative light sources,
we conducted the reaction utilizing a blue LED (440 nm). This
resulted in the formation of the undesired side product as the
predominant product (91%, entry S), accompanied by a minor
yield of the desired N—N coupling product (9%). These findings
revealed that a wavelength of 390 nm is the optimal light source
for generating the pyridyl—nitrene (entry S). The utilization of
different iron salts as catalysts was found to be ineffective in
producing the N—N cross-coupling product as the predominant
product (entries 6—8).

Finally, upon evaluation of alternative solvents, it was
observed that benzene proved to be the most effective solvent
among those tested (entries 9—11). The reaction set is shown in
Table 1 for 0.25 mmol scale as well as gram scale. The product
appeared as a bright brown color.

Having established the optimized conditions, we examined
the scope of the metal-free intermolecular N—N cross-coupling
reaction. At the outset, we investigated the range of electroni-
cally diverse oxazolone compounds in combination with N-
methyl aniline (Table 2). Our study revealed that substituted
oxazolone consistently produced the cross-coupling product in
good-to-excellent yields (1a—1n), regardless of the presence of
electron-donating or electron-withdrawing groups. Pyrido-
oxazolones containing various sensitive functional groups
(e.g.; ester, cyano, alkyne) are well tolerated under the optimum
reaction conditions. Heterocycle (i.e., thiophene) substitution at
the oxazolone (1q) provided the desired product in 73% yield.
In addition to pyrido-oxazolone, quinolino-oxazolone (Ir)
demonstrates a comparable efficiency in the coupling reaction,
yielding the desired coupling product with an isolated yield of
65%. Subsequently, the range of N-substituted anilines was
investigated (Table 2). Besides N-methyl aniline, other N-alkyl-
substituted anilines, such as ethyl, isopropyl, benzyl, and allyl
derivatives, also effectively yielded the coupling products with
good-to-high efficiency (4a—4d). The diphenylamine substrate
also produced the desired coupling product, with an isolated
yield of 62% (4e). Substituents with varying electronic
properties (both electron-donating and electron-withdrawing)
at the ortho, meta, or para positions of N-methyl aniline are well
accommodated under the established reaction conditions,
yielding the N—N coupling products in good-to-high efficiency
(4f—4p). Disubstituted aniline is compatible with the developed
reaction conditions, producing a coupling product with a yield of
71% (4p). Interestingly, 4-hydroxy-substituted N-methyl aniline
also produced the coupling product with 38% yield (4m).
Although the yield is moderate, nevertheless, the chemoselective
NH-activation is well preserved. Aniline derivatives substituted
with cyclopentyl (3q) and cyclohexyl (3r) provided the
corresponding coupling products with yields of 75% and 72%,
respectively. Notably, N-arylpyridin-2-amines (3s and 3t)
showed comparable efficiency under the established reaction
conditions. Bicyclic fused compounds, including tetrahydroqui-
noline (3u), 2,3-dihydroquinolinone (3v), and 3,4-dihydroben-
zo-oxazine (3w), demonstrated good compatibility with the

established reaction conditions, yielding the corresponding
coupling products with efficiencies of 58%, 59%, and 63%,
respectively. Furthermore, it was observed that phenyl-
protected amino acids, including glycine (3x) and leucine
(3y), effectively participated in the coupling reaction, yielding
the desired products in moderate-to-excellent quantities.
Moreover, N-phenethyl aniline (1z) demonstrated efficient
reactivity in the reaction, yielding the coupling product with 62%
conversion (4z). Notably, aliphatic primary or secondary amines
were found to be unsuccessful that provided only undesired
byproducts. Moreover, substrates bearing free amino groups also
failed to give the desired products (see Supporting Information
for details).

To further evaluate the robustness and synthetic scope of the
developed strategy, we sought to incorporate a range of
structurally diverse, complex, and biologically significant
molecules into the pyrido-oxazolone framework for the N—N
cross-coupling transformation (Table 3). This investigation was
designed to test the method’s tolerance toward multifunctional
and sterically demanding substrates, as well as its compatibility
with pharmacologically relevant molecular motifs. In particular,
the introduction of a 2-pyridyl hydrazine unit into diverse
bioactive scaffolds was examined, aiming to generate novel
molecular architectures with potential as lead compounds for
medicinal chemistry research.

Accordingly, our study revealed that a diverse array of
significant molecules, including eugenol (5a, utilized as a
flavoring agent), 4-(trans-4-pentylcyclohexyl) phenol (Sb, an
intermediate in liquid crystal production), carvacrol (5c, with
antimicrobial, antitumor, and antimutagenic properties),
naproxen (Sd, a nonsteroidal anti-inflammatory drug,
NSAID), dettol (Se, an antiseptic agent), tyrosol (5f, exhibiting
antioxidant and antiarrhythmic effects), raspberry ketone (Sg,
naturally present in raspberries), and acenaphthene (Sh,
employed as a precursor for dyes and optical brighteners),
were compatible and successfully facilitated the formation of the
desired N—N cross-coupling product with high yields (Table 3).
The intermolecular N—N cross-coupling approach was further
investigated with various bioactive compounds (Table 3). For
instance, substrate 7a, synthesized from estrone, was identified
as a highly suitable candidate, yielding the N—N coupling
product with an efficiency of 64%. Significantly, the drug
molecule butamben, utilized in the treatment of chronic pain,
underwent direct functionalization at the nitrogen center,
resulting in the formation of the targeted N—N bond-containing
product (8b) with a commendable yield of 71%. Subsequent
studies disclosed that various bioactive N-substituted anilines,
derived from compounds such as menthol (7c), borneol (7d),
geraniol (7e), diosgenin (7f), citronellol (7g), tocopherol (7i),
and cholesterol (7j), exhibited compatibility under the
optimized conditions, resulting in the formation of the N—N
cross-coupling products with yields ranging from good to
excellent. Importantly, the drug molecule benzocaine (7h) was
subjected to the developed conditions, and it was observed that
the N—N cross-coupling product could be obtained with a
satisfactory yield.

EPR studies, nitrene-trapping experiments, and theoretical
calculations were performed to shed light on the mechanism of
the N—N coupling reactions. Attempts to detect the photo-
generated free nitrene with EPR by exposing frozen solutions of
1a or 1b to light at 20 K in the EPR cavity were unsuccessful and
revealed photogenerated formation of a free organic (S = 1/2)
radical with high intensity (Figure 1). This species is most likely

https://doi.org/10.1021/jacs.5c14295
J. Am. Chem. Soc. 2025, 147, 47203—-47212


https://pubs.acs.org/doi/suppl/10.1021/jacs.5c14295/suppl_file/ja5c14295_si_001.pdf
pubs.acs.org/JACS?ref=pdf
https://doi.org/10.1021/jacs.5c14295?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Journal of the American Chemical Society pubs.acs.org/JACS
(A) g-value (B) g-value
345 276 230 197 172 153  1.38 345 276 230 197 172 153  1.38
T T T T T T T T T T T T T T T T T T T T
—— dark ——dark
— light — light

dXx"/dB

A

dX"/dB
N

()
NN
o
{\O

1b

T T T T T T T T T T T T T
200 250 300 350 400 450 500
B (mT)

T T T T T T T T T T T T T
200 250 300 350 400 450 500
B (mT)

Figure 1. Experimental X-band EPR spectra of free organic radicals photogenerated from 1a (A, g-value = 2.003; signal line width: >200 G (>560
MHz)) and 1b (B, g-value = 2.001; signal line width: >140 G (>400 MHz)) at 20 K in DCM (dry, degassed). Spectra before and after exposure to light

are shown.

formed from the photogenerated nitrene species, which is
apparently too reactive to be directly detected in solution or in
the solid state, even at 20 K. Formation of the EPR detected S =
1/2 species could be the result of, e.g., a PCET/disproportio-
nation process or abstraction of a H-atom from another
molecule 1a/1b.

Spectroscopic evidence has been reported earlier in the Ar
matrix for the *pyN."” In our studies, we could not detect this
triplet nitrene species, either in solution (DCM, C¢Dy) or in the
solid state. Yet, the observed photogenerated free organic
radicals provide indirect proof for photogeneration of reactive
nitrene species. Note that unless the triplet signal is very broad,
the free nitrene is not expected to be EPR silent, as DFT studies
predict an electronic triplet (S = 1) ground state for these species
with X-band accessible zero-field splitting parameters (D =
1.025 cm™, E/D = 0.085; Supporting Information).

For mechanistic DFT calculations, we focused on pyridine-
substituted nitrene (Figure 2A) deprived of the bromine
substituent at the [M06-2X/6-31G(d)//M06-2X/6-311G-
(2d,p)] level of theory. The M06-2X functional is a high-
nonlocality functional with double the amount of nonlocal
exchange (2x)'® and has been successfully adopted to
investigate the 7—7 stacking of aromatic heterocycles."” The
electronic states of the pyridine-substituted nitrene (CSS—N)
and its rearrangements to other highly reactive intermediates
have been described earlier.”® More generally, the open-shell
triplet state is the ground state of aryl nitrenes, with the open-
shell singlet state being usually 18—20 kcal/mol higher in
energy.”’ A T-S splitting of +19.7 (CASPT2) or +16.2
(B3LYP) kcal mol™" has been reported for 2-pyridylnitrene,”
which is close to the M06-2X free-energy value of AG® = +14.0
kcal mol™ found in our studies (Figure 2A). The closed-shell
singlet excited state, with a vertical excitation energy of +46.4
kcal mol ™', is not a minimum on the potential energy surface and
rearranges to either the cycloheptatriene or expands to the cyclic
carbodiimine.”” Photochemically, both the triplet ground state
and the open-shell singlet excited state might be accessible.
Moreover, the T—OSS gap is not very large, and reactions
involving excited states or involving spin-cross over could also
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play a role, depending on the reaction partner. Therefore,
reactions between the primary amine and the nitrene formed
from 1a to form hydrazine 3a were considered at both the triplet
and open-shell singlet energy surface.

A stepwise pathway was considered, involving hydrogen atom
abstraction, followed by radical recombination. Concerted
nitrene insertion into the N—H bond of the amine was also
considered (See Figure 2B). Both the triplet and open-shell
singlet 2-pyridyl-nitrenes I form z—7 stacking adducts with the
aromatic amine (Figure 2B, path A). Such adduct formation is
calculated to be slightly endergonic in the gas phase (T: AG® =
+2.5; 0SS: AG® = 0.7 kcal mol ") but should be exergonic in the
condensed phase where translational entropy factors are lower
and molar concentrations are higher. The T—S gap of +13.5 kcal
mol ™" for the z-stacked adducts is very much alike to that of the
free nitrene.

Moreover, 7—n stacking preorganizes both substrates
perfectly for ready abstraction of the amine-hydrogen. The
activation free energy A*G° to form II is moderate, by +17.8 kcal
mol™" at the triplet surface and +11.4 kcal mol™" for the open-
shell singlet state. However, if the reaction takes place from the
triplet ground state of the nitrene (which cannot be taken for
granted under the applied photochemical conditions), the
overall barrier for HAT at the triplet surface is substantially
lower than that via the open-shell singlet state (+17.8 kcal mol ™
vs (114 + 12.2 =) + 23.6 kcal mol™"). The HAT process yields a
biradical 7—7 stacking adduct III with an unpaired electron on
each of the nitrogen atoms which is basically isoenergetic to the
triplet starting point (AG® = 0.3 kcal mol™"). The biradical
finally recombines to form the hydrazine product, which is
exergonic by —40.7 kcal mol™". The stepwise pathway via
hydrogen abstraction and radical recombination (path A) is thus
a feasible and low-barrier process for both the triplet and open-
shell singlet states.

Concerted insertion of the nitrene into the N—H bond of the
amine is computed to have a much higher overall barrier. This
process can only take place at the (closed-shell) singlet potential
energy surface (Figure 2B, path B). It involves a precomplex
formation with a o-type interaction between the substrates that
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Figure 2. (A) Electronic states of 2-pyridylnitrene. (B) Plausible mechanism for the stepwise and concerted reaction paths for the different electronic
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(C) Control experiments.

can be described as Lewis’s acid/base pair where the lone pair of
the amine donates into the empty p-orbital of the (closed-shell)
singlet nitrene (Figure 2B, path B). The free energy of this closed
shell donor—acceptor pair is 10.1 kcal mol™" lower than that of
the triplet z-stacked pair nitrene—amine pair. The o-precomplex
should be formed easily via formation of the OSS state (spin-
pairing), followed by (near barrierless) attack of the resulting
empty by the amine lone pair. However, the energy barrier for
the subsequent concerted H-atom transfer (IV, path B) in the
gas phase is way too high (A*G® = 27.7 kcal mol™) to be
overcome at ambient temperature due to the N—N—H ring
strain.”” Nevertheless, In the condensed phase, the proton
transfer process can be facilitated by the presence of an
additional amine, lowering the barrier (V) to a mere +9.7 kcal
mol ™" showing this pathway to be viable too. It is formally even
the overall lowest energy pathway, assuming the reaction
proceeds purely from the molecules in the ground state after
initial photochemical nitrene formation (which cannot be taken
for granted), whereas the photochemical reaction takes place on

the singlet or triplet surface may depend on the lifetime of the
open-shell singlet excited state. From a theoretical point of view,
both the concerted and biradical pathways seem to be viable;
however, the stabilization of the closed-shell singlet by the o-
donations by the lone pair amine as Lewis base opens a new low-
energy reaction channel.

Dualistic spin-state reactivity has been previously observed for
free nitrenes.”” Therefore, in an attempt to better understand the
mechanism, we performed some control experiments. Initially,
we performed nitrene-trapping experiments (Figure 2C). In the
presence of dimethyl sulfoxide (9), the nitrene-trapping product
(10) is formed with a 45% isolated yield (Figure 2C) (i). In the
presence of triphenylphosphine (11), the nitrene-trapping
product (12) is formed in 35% isolated yield (Figure 2C) (ii).
These experiments suggest that Lewis acid—base adduct
formation to nitrene is indeed feasible. Such reactivity is
suggestive for participation of a singlet nitrene intermediate,”*
but we cannot exclude that it proceeds from the triplet nitrene
ground state (e.g., with thermal/photochemical excitation to the
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(open-shell) singlet state). As such, it could be that both ground-
state triplet pathways and excited-state singlet pathways are
feasible under these photochemical conditions.

B CONCLUSION

In conclusion, a metal-free photoinduced intermolecular N—N
cross-coupling reaction has been developed using a newly
designed nitrene precursor (pyrido-oxazolone) with a series of
N-alkyl-/aryl-substituted anilines. We showcased that a variety
of pyrido-oxazolones and N-substituted anilines can be used for
this N—N cross-coupling reaction. The synthetic utility of this
methodology has been shown by several late-stage N/N cross-
coupling reactions with bioactive scaffolds. Mechanistic studies
suggested that the reaction proceeds through a free-nitrene
intermediate, which subsequently interacts with the N-
substituted aniline for the hydrazine formation. We believe
that the developed protocol for the synthesis of the 2-pyridine-
substituted hydrazine has wide application in the context of
medicinal chemistry and drug discovery.
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