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ABSTRACT: Herein, we report that readily accessible azoxy-triazenes can serve as nitrogen atom sources under visible light excitation for the 
phthalimido-protected aziridination of alkenes. This approach eliminates the need for external oxidants, precious transition metals, and 
photocatalysts, marking a departure from conventional methods. The versatility of this transformation extends to the selective aziridination of 
both activated and unactivated multi-substituted alkenes of varying electronic profiles. Notably, this process avoids the formation of competing 
C–H insertion products. The described protocol is operationally simple, scalable, and adaptable to photoflow conditions. Mechanistic studies 
support that the photofragmentation of azoxy-triazenes results in the generation of a free singlet nitrene. Furthermore, a mild photoredox-
catalyzed N–N cleavage of the protecting group to furnish the free aziridines is reported. Our findings contribute to the advancement of 
sustainable and practical methodologies for the synthesis of nitrogen-containing compounds, showcasing the potential for broader applications 
in synthetic chemistry.

Aziridines, with their inherent ring strain of  27 kcal mol−1,  
allows them to be potent synthetic handles to access valuable 1,2-
aminofunctionalization products, which are featured in natural 
products and pharmaceutically relevant compounds.1,2,3,4,5,6,7,8 In 
some cases, the aziridine core itself plays a significant role in the 
anti-tumor activity of certain small therapeutics and natural 
products, like mitomycin.9 Therefore, innovative strategies to 
access aziridine motifs continue to be of active interest among the 
synthetic community. Common strategies include the [2+1] 
cycloaddition of reactive nitrene intermediates with olefins.10,11 In 
the early 1990s, Atkinson and co-workers illustrated thermal 
formation of phthalimidonitrenes that are capable of aziridination 
(Scheme 1A, Top).  However, these approaches suffer from low 
reaction efficiency.12,13 Over the past few decades, it has been 
shown that the use of transition metals can stabilize nitrene 
intermediates from precursors, such as haloamines, 
iminoiodinanes, and organic azides, or from amines under 
oxidative conditions, to effectuate efficient reactivity (Scheme 1A, 
Left).14,15,16,17,18 While each approach offers unique advantages, 
these methods are conducted under harsh conditions and are 
limited in substrate scope. Moreover, notable milder methods 
currently still require precious metals like Rh.19   

Throughout the years, approaches for the photogeneration of 
nitrenes have evolved, presenting complementary advantages over 
conventional thermal methods.20,21 Previously constricted to 
ultraviolet light and transition metals for intermolecular nitrene 
transfer (Scheme 1A, Right), recent progress encompasses direct 
photolysis or the utilization of photocatalysts under mild visible-
light conditions for the liberation of free nitrenes.22 In 2018, the 
Takemoto group demonstrated that photoexcitation of specialized 
ortho-substituted iminoiodinanes can effectively produce a free  

 

Scheme 1. Aziridination of Alkenes.   

 
singlet nitrene (Scheme 1B, Left),23 however, this method was 
restricted to silyl enol ethers and styrenes.  

In 2022, Koenigs reported that blue light excitation of 
iminoiodinanes can engender triplet nitrene formation, leading to 
allylic C–H insertion products. With the addition of a Ru-based 
photoredox catalyst, the reaction mechanism can be redirected to 
generate a nitrogen radical anion intermediate that can react with 
alkenes to produce aziridines, albeit with low stereospecificity 
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Table 1: Scope of the Photoinduced Azoxy-Triazene Promoted Aziridination Reactions.a,b 

  
Table 1. a Isolated Yields. b Conditions: 1-phenyl-2-phthalimidodiazene-1-oxide (1 equiv.), 1.2 equivalents of alkene, 390 nm, 1,4-Dioxane (0.05 

M), 23 o C, 24h, rt.  c Denotes 1H NMR yield using CH2Br2 as an external standard. d No Reaction.  e Using 2.0 equiv. of alkene; 0.025 M. f As the major 
product (d.r. 50:50); 4% 1H NMR yield of minor product (2av1, see SI) was detected. g As the major product; 14% 1H NMR yield of minor product 
(2aw1, see SI) was detected.  

(Scheme 1B).24 Unfortunately, the reliance on precious metals like 
Ru25 for chemoselectivity can be seen as a limitation from a cost 
perspective. Thus, the development of a metal- and oxidant-free 
aziridination method is highly warranted. Herein, we report that 
readily synthesized azoxy-triazenes can lead to the formation of 
free nitrenes under direct visible-light irradiation to enable the 
stereospecific and chemoselective aziridination of alkenes 
(Scheme 1C). Previously, our group and others have reported the 

use of photoexcited nitroarenes as oxygen-atom-transfer agents to 
access alcohols from hydrocarbons,26 and carbonyl derivatives 
from alkenes, aldehydes, and imines.27,28,29. Hence, we 
hypothesized the use of isoelectronic azoxyarenes may trigger a 
nitrogen-atom-transfer event under visible-light irradiation with 
alkenes to give aziridines. In 1981, Hoesch and Köppel reported a 
single example of using azoxyarenes as nitrene precursors under 
harsh UV-light.30 In the preparation of this manuscript, the 
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Koenigs group illustrated that tosyl-protected azoxyarenes can 
undergo direct visible-light excitation leading to N–S bond 
homolysis to achieve group transfer of the azoxy to alkenes.31 
Conversely, we postulated that the use of a phthalimide-protected 
azoxy-triazene, featuring a stronger N–N over an N–S bond, may 
lead to a nitrogen-atom-transfer of a phthalimide-protected amine 
under visible-light irradiation for the functionalization of alkenes.  

To test our hypothesis, we subjected 4-fluorostyrene (1a) 
and readily synthesized 1-phenyl-2-phthalimidodiazene-1-oxide 
(AT1)30,32,33 in dichloromethane to 390 nm light irradiation, which 
resulted in the desired aziridine product (2a) in 70% 1H NMR 
yield. Once the optimized reaction conditions were obtained (see 
SI), the electronic effect of the aziridination reaction was 
investigated with substituted-styrene derivatives (Table 1, 1a−k, 
1o). It was found that the transformation was not impacted by the 
electronic pattern, as substrates possessing both electron-rich and 
deficient groups resulted in good to high yields (2a−k, 2o, 60-
95%). Furthermore, substituents such as Me (1c, 1o), t-Bu (1d), 
and OH (1i), which are prone to C–H nitrene insertion or 
hydrogen atom transfer were tolerated in high yields. Substrates 
1m and 1n failed to react. Disubstituted alkenes gave moderate to 
excellent yields (2p-2x; 34-90%) of the desired aziridination 
products. Notably, aziridination of electron-deficient styrene 1r is 
challenging under TM-free conditions,34 however, aziridine 2r was 
obtained in 45% isolated yield under our conditions. Among the β-
substituted styrenes, cinnamaldehyde (1y) gave 2y in low yield 
(18%) and cis- and trans-stilbene (1z, 1aa) yielded no reaction. 
The latter outcomes are likely due to strong fluorescence 
quenching of the starting material. Challenging trisubstituted 
(1ab) and tetrasubstituted (1ac) styrenes yielded 2ab-ac in 
moderate to good yields under the reaction conditions.  

Bicyclic-substituted styrene 1ad generated 2ad in good yield. 
Other styrenes like p-biphenyl (1ae) resulted in 84% of 2ae. 
Substrate 1af, possessing a BMIDA functional handle, was 
tolerated under the reaction conditions (2af, 42%).35 Highly 
electron-deficient styrenes, such as 1ag-h, resulted in a moderate 
yield of the aziridination product (2ag-h). The highly sensitive 
acetal group of 1ai, with a weak C–H bond that is prone to nitrene 
insertion, led to the aziridination product 2ai selectively in a good 
1H NMR yield (70%). Other substrates prone to fluorescence 
quenching of AT1 such as heterocyclic amines (1aj-k), yielded 
aziridine products 2aj-2ak in moderate to good yields (43-82%). 
However, imidazole (1al) produced a low yield (2al, 36%). 

Next, unactivated olefins were studied under the conditions 
(see SI). Subjecting cycloalkenes to the reaction conditions 
resulted in good yields of the aziridination products (2am-an, 40-
71%), whereas bicyclic norbornene gave 2ao in 33% yield. Cyclic 
trisubstituted olefins possessing a methyl (1ap) substituent 
generated the corresponding aziridine 2ap in moderate yield 
(61%). For non-cyclic substrates, terminal and internal alkenes led 
to moderate to excellent yields of the aziridine products (2aq-2at, 
35-98%). 

The regioselectivity of the transformation was examined on 
unactivated alkenes. 1,4-Cyclohexadiene (1au) yielded only 2au 
(50%) with no diaziridination detected. Limonene (1av) 
produced aziridination product 2av with a 15:1 ratio of internal 
(d.r. 50:50) to terminal alkene. To investigate the impact of sterics 
on the reactivity toward alkenes, Crithmene (1aw) was examined.  

It was found that aziridination (2aw) occurred at the less hindered 
alkene in a 4.7:1 regioisomeric ratio. Next, odorant α-ionone 
(1ax),36 possessing a trisubstituted cyclic and disubstituted linear 
alkene, was investigated. Aziridination of the disubstituted linear 
alkene was the sole product detected (2ax) in good yield. When 
linalyl acetate (1ay) was tested, boasting both non-cyclic internal 
and terminal alkenes, regioselective aziridination of the internal 
alkene was obtained in 67% yield (2ay). These regioselectivity 
studies indicate that the aziridination event is sensitive to the steric 
profile of alkenes. The cis-fatty acid, methyl oleate (1az), was also 
tested and gave 74% of 2az; and tert-butyl acrylate (1ba) gave 43% 
of 2ba).  Antibiotic cores, 2bb and 2bc, were synthesized in good 
to excellent yields. Finally, cholesterol (1bd), with an unprotected 
alcohol, was subjected to the conditions and gave a moderate yield 
of 2bd. This outcome complements existing aziridination 
protocols, where protection of oxidatively sensitive groups is not 
required due to the anaerobic nature of our protocol.37,38,39  
Notably, in all cases, allylic C–H amination products were not 
detected, illustrating that this aziridination approach is highly 
chemoselective.  

To evaluate the scalability of the method, activated and 
unactivated alkenes (1j and 1am) were employed in a ~1.0-gram-
scale batch setup, yielding comparable results to our isolation scale 
with 60% and 69% yields of 2j and 2am, respectively (Table 1). 
Employing a photoflow reactor40,41 (See SI) for substrates with 
lower yields (1l, 1aj, 1al, 1aq) led to a 3-to-5-fold increase in 
productivity. In terms of the synthetic utility of the transformation, 
we report the first protocol for the N–N bond cleavage of 
phthalimidoaziridines (2b and 2am) to furnish unprotected 
aziridines (2b1 and 2am1) under mild photoredox catalysis 
(Scheme 2A).42 Other derivatization of the reaction products, such 
as reductive- (2a1, a derivative of pharmaceutically relevant  

Scheme 2. Synthetic Utility. 

 

Scheme 2.  A) Deprotection of aziridine. B) Derivatization of aziridine 
products. a Denotes 1H NMR yield using CH2Br2 as an external 
standard. b Isolated as (9-azabicyclo[6.1.0]nonan-9-
yl)(phenyl)methanone in 62% yield. c Isolated yield. d Literature 
reported yield. 
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Table 2. Mechanistic Studies and Proposed Mechanisms. 

 
Table 2.  A) Nitrene trapping studies. B) Stereochemical probe study. C) Possible mechanisms. D) Kinetic ratio study. E) Control studies for the 

photodecomposition of azoxy-triazene.

phenelzine) and nucleophilic ring-opening (2p1 and 
2an1),43,44,45,46 as well as hydrazine workup of Z-6c to afford 
amino-aziridine (Z-6c1) are also possible (Scheme 2B).  

The mechanism of the transformation was then interrogated. 
UV-Vis studies indicated that azoxy-triazene was the sole 
absorbing species under the reaction conditions (Figure S3). 
Control experiments (Table S4; Figure S4) established that 
sustained light exposure was crucial for both the aziridine 
formation and the fragmentation of the azoxy-triazene. Moreover, 
experiments involving various triplet-state and singlet-state 
quenchers indicated that the azoxy-triazene predominantly enters 
the singlet state upon excitation (Table S6), similar to other 
azoxyarenes systems.47,48,49 Since our method results in 
chemoselective aziridination, singlet nitrene intermediates are 
likely formed during the reaction progress. To support this, singlet 
nitrene traps50,51 such as dimethyl sulfide (DMS, 3a) and dimethyl 
sulfoxide (DMSO, 3b) were independently used and resulted in 
trapped products 4a and 4b in 20% and >99% 1H NMR yield, 
respectively (Table 2A), strongly supporting the formation of a 
singlet nitrene species.  

Further support for singlet nitrene formation can be 
ascertained by the employment of stereochemical probes (Table 
2B),52,53 where retention of the initial geometry indicates a 
concerted mechanism via a singlet nitrene, and ablation supports a 
stepwise mechanism via a triplet nitrene. Unactivated alkenes, (Z)-
1,4-dichlorobut-2-ene (5a) and (E)-1,4-dichlorobut-2-ene (5b) 

were subjected to the reaction conditions as well as to a 
concentration dependence study,54,55 both of which resulted in 
stereospecific aziridination; thus, supporting singlet nitrene 
formation (Table 2C, Pathway A). Notably, (Z)- and (E)-β-
methylstyrene (5c-5d) led to stereoablation. This phenomenon 
could be explained by the propensity of styrenyl aziridine products 
to undergo photoisomerization, rendering 5c-d ineffective as 
probes (see SI).56 Despite this, non-concerted reaction pathways 
were nonetheless considered via stepwise radical addition (12) of 
the photoexcited diradical intermediate 7 to the alkene, leading to 
either intermediate 13 (Pathway B) or 15 (Pathway C), followed 
by intramolecular fragmentation to generate the aziridine product 
(11). 

To determine if aziridination occurs via Pathway A rather 
than B or C, a kinetic competition study was conducted with 
styrene and methyl acrylate (Table 2D). A value of k16/2a = 1.84 was 
obtained, which is identical to prior reports on free 
phthalimidonitrene formation.13 Further evidence for Pathway A 
was provided by the photoirradiation of the starting azoxy-triazene 
material in the absence of alkene, which resulted in significant 
detection of phthalimide, presumably via photofragmentation of 
nitrene dimer 1,4-bis-phthaloyltetrazene (17) (Table 2E, Left).57 
This was verified by subjecting 17 to the reaction conditions, 
resulting in the formation of the corresponding phthalimide 
product in 90% yield (Table 2E, Right).  The possibility of carbon-
centered radical intermediates (13 or 14) were ruled out from the 
employment of radical quenchers such as TTBP and TEMPO, 
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radical clocks, and Hammett studies (See SI). 58 Based on the 
results of our mechanistic studies, Pathway A, featuring the 
photogeneration of a singlet free nitrene is most probable.   

In conclusion, we have illustrated that photoinduced azoxy-
triazenes can promote a nitrogen atom transfer event for the 
chemoselective aziridination of activated and unactivated alkenes. 
Our method leverages the singlet-excited state of the azoxy-system 
that is accessed upon visible-light excitation, which subsequently 
fragments to generate free singlet nitrenes. A wide range of 
functional groups were tolerated owing to the mild conditions of 
the transformation, and a protocol for N–N 
cleavage/deprotection has been provided. The relatively benign, 
metal-free method to attain reactive nitrene intermediates at the 
expense of readily accessible azoxy-triazenes is a distinct feature of 
this methodology that opens avenues for sustainable aziridination 
events and related nitrogen atom transfer reactions.   

ASSOCIATED CONTENT 

Data Availability Statement 

The data underlying this study are available in the published article 
and its Supporting Information. 

Supporting Information Statement 
The Supporting Information is available free of charge on the ACS 
publications website. Experimental details, optimization studies, 
characterization data, and NMR spectra (PDF). 

AUTHOR INFORMATION 

Corresponding Author 
Marvin Parasram – Department of Chemistry, New York University, 
New York, New York 10003, United States; orcid.org/000-0002-6052-
0417; Email: parasram@nyu.edu 

 
1. Singh, G. S. Advances in Synthesis and Chemistry of 

Aziridines. In Advances in Heterocyclic Chemistry, Vol. 129; 
Elsevier, 2019; pp. 245–335. 

2. Sabir, S.; Kumar, G.; Verma, V. P.; Jat, J. L. Aziridine Ring 
Opening: An Overview of Sustainable Methods. ChemistrySelect 
2018, 141, 3702–3711. 

3. Huang, C.-Y.; Doyle, A. G. The Chemistry of Transition 
Metals with Three-Membered Ring Heterocycles. Chem. Rev. 
2014, 114, 8153–8198. 

4. Holst, D.E.; Wang, D.J.; Kim, M.J; Guzei, I.A.; Wickens, Z.K. 
Aziridine synthesis by coupling amines and alkenes via an 
electrogenerated dication. Nature 2021. 596, 74–79. 

5. Padwa, A. Aziridines and Azirines: Monocyclic. In 
Comprehensive Heterocyclic Chemistry III, Vol. 1; Elsevier, 2008; pp. 
1–104. 

6. Watson, I. D. G.; Yu, L.; Yudin, A. K. Advances in Nitrogen 
Transfer Reaction Involving Aziridines. Acc. Chem. Res. 2006, 39, 
194–206. 

7. Lee, J.; Ju, X.; Lee, M.; Jiang, Q.; Jang, H.; Kim, W. S.; Wu, L.; 
Williams, S.; Wang, X.-J.; Zeng, X.; Payne, J.; Han, Z. S. Copper 
Catalyzed Regioselective and Stereospecific Aziridine Opening 
with Pyridyl Grignard Nucleophiles. Org. Lett. 2022, 24, 2655–
2659. 

8. Zhou, Z. M; Kürti, L. Direct and Stereospecific Synthesis of 
N–H and N-Alkyl Aziridines from Unactivated Olefins Using 

Authors 
Joshua K. Mitchell – Department of Chemistry, New York University, 
New York, New York NY 10003, United States; orcid.org/0000-0002-
8093-6823. 

Waseem A. Hussain – Department of Chemistry, New York University, 
New York, New York 10003, United States, orcid.org/0000-0003-3316-
3458. 

Ajay H. Bansode – Department of Chemistry, New York University, New 
York, New York 10003, United States; orcid.org/0009-0005-5489-872X. 

Ryan M. O’Connor – Department of Chemistry, New York University, 
New York, New York 10003, United States; orcid.org/0000-0003-3623-
7387. 

Author Contributions 
All authors have approved the final version of the manuscript.  

ACKNOWLEDGMENT  
Funding was provided through the generous start-up funds from the 
Department of Chemistry at New York University (NYU), the 
American Chemical Society Petroleum Research Fund (65501-
DNI1), and the National Institute of General Medical Sciences of the 
National Institutes of Health (1R35GM150777-01). Ms. Tu-Anh 
Nguyen is acknowledged for her assistance in starting material 
synthesis. 

ABBREVIATIONS 
NMR, nuclear magnetic resonance; PhotoNMR, photochemical 
nuclear magnetic resonance; TTBP, 2,4,6-tri-tertbutylphenol; and 
TEMPO, 2,6,6-Tetramethylpiperidine 1-oxyl. 

REFERENCES 

Hydroxylamine-O-Sulfonic Acids. Angew. Chem. Int. Ed. 2017, 56, 
9886. 

9. Dembitsky, V. M.; Terent’ev, A. O.; Levitsky, D. O., Aziridine 
Alkaloids: Origin, Chemistry and Activity. In Natural Products: 
Phytochemistry, Botany and Metabolism of Alkaloids, Phenolics 
and Terpenes, Ramawat, K. G.; Mérillon, J.-M., Eds. Springer 
Berlin Heidelberg: Berlin, Heidelberg, 2013; pp 977–1006. 

10. Dequina, H. J.; Jones, C. L.; Schomaker, J. M. Recent 
Updates and Future Perspectives in Aziridine Synthesis and 
Reactivity. Chem. 2023, 9, 1658–1701.  

11. Degennaro, L.; Trinchera, P.; Luisi, R. Recent Advances in 
the Stereoselective Synthesis of Aziridines. Chem. Rev. 2014, 114, 
7881–7929.  

12. Bakthavachalam, A.; Chuang, H.-C.; Yan, T.-H. Sodium-
iodoxybenzoate mediated highly chemoselective aziridination of 
olefins. Tetrahedron 2014, 70, 5884–5894. 

13. Atkinson, R. S.; Jones, D. W.; Kelly, B. Evidence for 
phthalimidonitrene as a common intermediate in several extrusion 
reactions. J. Chem. Soc., Perkin Trans. 1. 1991, 1344–1346. 

14. Cheng, Q.-Q.; Zhou, Z.; Jiang, H.; Siitonen, J. H.; Ess, D. H.; 
Zhang, X.; Kürti, L. Organocatalytic Nitrogen Transfer to 
Unactivated Olefins via Transient Oxaziridines. Nat. Catal. 2020, 
3, 386–392. 

https://doi.org/10.26434/chemrxiv-2023-kg5g6-v2 ORCID: https://orcid.org/0000-0002-6052-0417 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

mailto:parasram@nyu.edu
https://doi.org/10.26434/chemrxiv-2023-kg5g6-v2
https://orcid.org/0000-0002-6052-0417
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

 
15. Gorin, D. J.; Davis, N. R.; Toste, F. D. Gold(I)-Catalyzed 

Intramolecular Acetylenic Schmidt Reaction. J. Am. Chem. Soc. 
2005, 127, 11260–11261. 

16. Hennessy, E. T.; Liu, R. Y.; Iovan, D. A.; Duncan, R. A.; 
Betley, T. A. Iron-Mediated Intermolecular N-Group Transfer 
Chemistry with Olefinic Substrates. Chem. Sci. 2014, 2014, 1526–
1532. 

17. Goswami, M.; Lyaskovskyy, V.; Domingos, S. R.; Buma, W. 
J.; Woutersen, S.; Troeppner, O.; Ivanović-Burmazović, I.; Lu, H.; 
Cui, X.; Zhang, X. P.; Reijerse, E. J.; DeBeer, S.; van Schooneveld, 
M. M.; Pfaff, F. F.; Ray, K.; de Bruin, B. Characterization of 
Porphyrin-Co(II)-‘Nitrene Radical’ Species Relevant in Catalytic 
Nitrene Transfer Reactions. J. Am. Chem. Soc. 2015, 137, 5468–
5479. 

18. Mao, W.; Zhang, Z.; Fehn, D.; Jannuzzi, S. A. V.; 
Heinemann, F. W.; Scheurer, A.; van Gastel, M.; DeBeer, S.; 
Munz, D.; Meyer, K. Synthesis and Reactivity of a Cobalt-
Supported Singlet Nitrene. J. Am. Chem. Soc. 2023, 145, 13650–
13662. 

19. Jat, J. L.; Paudyal, M. P.; Gao, H.; Xu, Q.-L.; Yousufuddin, 
M.; Devarajan, D.; Ess, D. H.; Kürti, L.; Falck, J. R. Direct 
Stereospecific Synthesis of Unprotected N–H and N–Me 
Aziridines from Olefins. Science 2014, 343, 61–65.  

20. Hammond, G. S.; Turro, N. J. Organic Photochemistry. 
Science 1963, 142, 1541–1553. 

21. Beeler, A. B. Introduction: Photochemistry in Organic 
Synthesis. Chem. Rev. 2016, 116, 9629–9630.  

22. Empel, C.; Koenigs, R. M. Visible-Light-Mediated 
Amination Reactions via Nitrene Intermediates. Chem Catal. 
2022, 2, 2506–2514. 

23. Kobayashi, Y.; Masakado, S.; Takemoto, Y. Photoactivated 
N-Acyliminoiodinanes Applied to Amination: An ortho-
Methoxymethyl Group Stabilizes Reactive Precursors. Angew. 
Chem., Int. Ed. 2017, 57, 693–697. 

24. Guo, Y.; Pei, C.; Koenigs, R. M. A Combined Experimental 
and Theoretical Study on the Reactivity of Nitrenes and Nitrene 
Radical Anions. Nat. Commun. 2022, 13, 86. 

25. Chan, Y. A.; Chosh A.; Yarranton, T. J.; Twilton, J. Jin, J.; 
Arias-Rotondo, M. D.; Sakai, A. H.; Mccusker, K. J.; Macmillan, C. 
W. D. Exploiting the Marcus inverted region for first-row 
transition metal–based photoredox catalysis. Science 2023, 382, 
191–197. 

26. Paolillo, J. M.; Duke, A. D.; Gogarnoiu, E. S.; Wise, D. E.; 
Parasram, M. Anaerobic Hydroxylation of C(sp3)–H Bonds 
Enabled by the Synergistic Nature of Photoexcited Nitroarenes. J. 
Am. Chem. Soc. 2023, 145, 2794–2799. 

27. Mitchell, J. K.; Hussain, W. A.; Bansode, A. H.; O’Connor, 
R. M.; Wise, D. E.; Choe, M. H.; Parasram, M. Photoinduced 
Nitroarenes as Versatile Anaerobic Oxidants for Accessing 
Carbonyl and Imine Derivatives. Org. Lett. 2023, 25, 6517–6521. 

28. Wise, D. E.; Gogarnoiu, E. S.; Duke, A. D.; Paolillo, J. M.; 
Vacala, T. L.; Hussain, W. A.; Parasram, M. Photoinduced Oxygen 
Transfer Using Nitroarenes for the Anaerobic Cleavage of 
Alkenes. J. Am. Chem. Soc. 2022, 144, 15437–15442.  

29. Ruffoni, A.; Hampton, C.; Simonetti, M.; Leonori, D. 
Photoexcited Nitroarenes for the Oxidative Cleavage of Alkenes. 
Nature 2022, 610, 81– 86. 

30. Hoesch, L.; Köppel, B. 1-Aryl- und 1-Alkyl-2-phthalimido-
diazen-1-oxide, diacylierte Vertreter von trisubstituierten Triazen-
1-oxiden: Bildung, Eigenschaften, Stereoisomerisierung und 
Fragmentierung. Helv. Chim. Acta 1981, 64, 864–889. 

31. Cai, B.-G.; Empel, C.; Yao, W.-Z.; Koenigs, R. M.; Xuan, J. 
Azoxy Compounds-From Synthesis to Reagents for Azoxy Group 
Transfer Reactions. Angew. Chem. Int. Ed. 2023, 62, e202312031. 

32. Zlotin, S. G.; Prokshits, O. V.; Karpenko, N. F., et al. 
Reaction of 1,1-Disubstituted Hydrazines with 
Dibromoisocyanurate in the Presence of Nitrosobenzene. Russ. 
Chem. Bull. 1990, 39, 1526–1528. 

33. Moriarty, R. M.; Hopkins, T. E.; Prakash, I.; Vaid, B. K.; 
Vaid, R. K. Hypervalent Iodine Oxidation of Amines in the 
Presence of Nitroso Compounds: A Method for the Preparation 
of Unsymmetrically Substituted Azoxy Compounds. Synth. 
Commun. 1990, 20, 2353–2357.  

34. Guo, Y.; Pei, C.; Jana, S.; Koenigs, R. M. Synthesis of 
Trifluoromethylated Aziridines via Photocatalytic Amination 
Reaction. ACS Catal. 2021, 11, 337–342. 
35. Johnson, S. L.; Hilinski, M. K. Organocatalytic Olefin 

Aziridination via Iminium-Catalyzed Nitrene Transfer: Scope, 
Limitations, and Mechanistic Insight. J. Org. Chem. 2019, 84, 
8589– 8595. 

36. Aloum, L.; Alefishat, E.; Adem, A.; Petroianu, G. Ionone is 
More than a Violet’s Fragrance: A Review. Molecules, 2020, 25, 
5822. 

37. Fanourakis, A.; Hodson, N. J.; Lit, A. R.; Phipps, R. J. 
Substrate-Directed Enantioselective Aziridination of Alkenyl 
Alcohols Controlled by a Chiral Cation. J. Am. Chem. Soc. 2023, 
145, 7516–7527. 

38. Ando, T.; Kano, D.; Minakata, S.; Ryu, I.; Komatsu, M. 
Iodine-catalyzed aziridination of alkenes using Chloramine-T as a 
nitrogen source. Tetrahedron 1998, 54, 13485–13494. 

39. Nagamalla, S.; Thomas, A. A.; Nirpal, A. K.; Mague, J. T.; 
Sathyamoorthi, S. Ring Opening of Aziridines by Pendant 
Sulfamates Allows for Regioselective and Stereospecific 
Preparation of Vicinal Diamines. J. Org. Chem. 2023, 88, 15989–
16006. 

40. Buglioni, L.; Raymenants, F.; Slattery, A.; Zondag, S. D. A.; 
Noël, T. Technological Innovations in Photochemistry for 
Organic Synthesis: Flow Chemistry, High-Throughput 
Experimentation, Scale-Up, and Photoelectrochemistry. Chem. 
Rev. 2021, 122, 2752–2906. 

41. Cambié, D.; Bottecchia, C.; Straathof, N. J. W.; Hessel, V.; 
Noël, T. Applications of Continuous-Flow Photochemistry in 
Organic Synthesis, Material Science, and Water Treatment. Chem. 
Rev. 2016, 116, 10276–10341.  

42. Staveness, D.; Bosque, I.; Stephenson, C. R. J. Free Radical 
Chemistry Enabled by Visible Light-Induced Electron Transfer. 
Acc. Chem. Res. 2016, 49, 2295–2306. 

43. Hua, Y.-G.; Yang, Q.-Q.; Yang, Y.; Wang, M.-J.; Chu, W.-C.; 
Bai, P.-Y.; Cui, D.-Y.; Zhang, E.; Liu, H.-M. Metal-free synthesis of 
1,2-amino alcohols by one-pot olefin aziridination and acid ring-
opening. Tetrahedron Lett. 2018, 59, 2748–2751. 

44. Egli, M.; Hoesch, L.; Dreiding, A. S. β-Funktionalisierte 
Hydrazine aus N-Phthalimidoaziridinen und ihre 
hydrogenolytische N,N-Spaltung zu Aminen. Helv. Chim. Acta. 
1985, 68, 220–230. 

45. Ding, J.; Yang, Y.; Xue, M.; Gong, X.; Cai, H.; Xu, W. A 
practical flow synthesis of hydrazine derivatives from alcohols. 
New J. Chem. 2023, 47, 11394–11397. 

46. Bream, J. B.; Picard, C. W.; White, T. G.; Lauener, H. 
Aralkylaminoguanidines and related compounds. J. Med. Chem. 
1970, 13, 1051–1057. 

https://doi.org/10.26434/chemrxiv-2023-kg5g6-v2 ORCID: https://orcid.org/0000-0002-6052-0417 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2023-kg5g6-v2
https://orcid.org/0000-0002-6052-0417
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

 
47. Rikuhei, T. Photochemical Rearrangement of 

Azoxybenzene to 2-Hydroxyazobenezene and cis-trans 
Isomerization. Bull. Chem. Soc. Jpn. 1968, 41, 2151–2155. 

48. Taylor, K. G.; Riehl, T. Aliphatic Azoxy Compounds. II. 
Synthesis of New Azoxy Compounds by Photolytic Isomerization. 
J. Am. Chem. Soc. 1972, 94, 250–255. 

49. Shine, H. J.; Subotkowski, W.; Gruszecka, E. The Photo-
Wallach Rearrangement. Heavy-Atom Kinetic Isotope Effects and 
Mechanism. Can. J. Chem. 1986, 64, 1108–1115. 

50. Guo, Y.; Pei, C.; Empel, C.; Jana, S.; Koenigs, R. M. 
Photochemical Nitrene Transfer Reactions of Iminoiodinanes 
with Sulfides. ChemPhotoChem. 2022, 6, e202100293.  
51. Atkinson, R. S.; Judkins, B. D.; Khan, N. 2,4-

Dinitrobenzenesulphenylnitrene: addition to (Z)- and (E)-1-
phenylpropene. J. Chem. Soc., Perkin Trans. 1. 1982, 1, 2491-2497. 

52. Siu, T.; Picard, C. J.; Yudin, A. K. Development of 
Electrochemical Processes for Nitrene Generation and Transfer. J. 
Org. Chem. 2005, 70, 932–937.  

53. Deng, T.; Mazumdar, W.; Yoshinaga, Y.; Patel, P. B.; Malo, 
D.; Malo, T.; Wink, D. J.; Driver, T. G. Rh2(II)-Catalyzed 

Intermolecular N-Aryl Aziridination of Olefins Using 
Nonactivated N Atom Precursors. J. Am. Chem. Soc. 2021, 143, 
19149–19159. 

54. Mishra, Anupama; Rice, Susan N.; Lwowski, Walter. Singlet 
and triplet nitrenes. III. Addition of carbethoxynitrene to 1,3-
dienes. J. Org. Chem. 1968, 33, 481–486. 

55. McConaghy, J. S.; Lwowski, W. Singlet and triplet nitrenes. 
I. Carbethoxynitrene generated by α elimination. J. Am. Chem. Soc. 
1967, 89, 2357–2364. 

56. Gilchrist, T. L.; Rees, C. W.; Stanton, E. Reactive 
Intermediates. Part XIV. Photochemistry of Phthalimidoaziridines 
and Related Systems. J. Chem. Soc. C 1971, 988–993. 

57. Back, T. G.; Kerr, R. G. Oxidation of 1,1-disubstituted 
hydrazines with benzeneseleninic acid and selenium dioxide. 
Facile preparation of tetrazenes. Can. J. Chem. 1982, 60, 2711–
2718. 

58. Maestre, L.; Sameera, W. M. C.; Díaz-Requejo, M. M.; 
Maseras, F.; Pérez, P. J. A General Mechanism for the Copper-and 
Silver-Catalyzed Olefin Aziridination Reactions: Concomitant 
Involvement of the Singlet and Triplet Pathways. J. Am. Chem. Soc. 
2013, 135, 1338–1348. 

https://doi.org/10.26434/chemrxiv-2023-kg5g6-v2 ORCID: https://orcid.org/0000-0002-6052-0417 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2023-kg5g6-v2
https://orcid.org/0000-0002-6052-0417
https://creativecommons.org/licenses/by-nc-nd/4.0/

