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ABSTRACT: Continuous flow technology was exploited for the effective p, Ph _N

. S 3 . . _N, O
generation of nitrile imines via photolysis of substituted aryl tetrazoles. N N
The resulting photo-click process rapidly affords advanced nitrogen-rich N=N
scaffolds upon the subsequent trapping of the reactive dipole with alkenes, vs.
alkynes, and benzylic amines. Crucially, this approach uncovers the _x H
differential reactivity for ether vs amine tethers, thus providing facile and T Hg-lamp - N
scalable access to underexplored medicinally relevant heterocyclic entities. . tg,. = 2 min - 15 examples - up to 77% yield RN
S ince their inception by Huisgen in the 1950s and the Scheme 1. Tetrazoles in Continuous Photo-Click Reactions

S}lbsequent populanzatlf)n by Sh'arpless and qthers, c}1c)k Jamieson et 4l
reactions have become a main staple in the synthetic chemist’s
toolbox." Click reactions benefit from operational simplicity, Ar\r/N\ . )o]\ AN
high atom and step economy, excellent reproducibility and a HN < R o/ N
vast structural diversity of the resulting products making them X
. . . .. home-made set-up R
popular tools for bioconjugations, polymer applications and 290-315 nm
materials chemistry.” Although most applications are based on Baumann et al.
thermal or metal-catalyzed click reactions, a subset of studies Ph 0
exploit light to trigger these processes. Representative examples T UN-Ar + NH
of photo-click reactions include thiol—ene reactions, photo-
initiated Diels—Alder reactions as well as tetrazole—ene 0
. 3 K i UV 150 Reactor

reactions.” Photo-click reactions render further advantages as Hg-lamp + filter
the use of specific wavelengths of light provide better
selectivity in the absence of stoichiometric additives that Scheme 2. Access to Aryl Tetrazole Building Blocks 2 and 3

normally require separation after the reaction. In parallel,
photochemistry has witnessed a renaissance in the last 15 years

. . . . . . Ph Ph
with many new and mild reactions being discovered in /N~N == N ==
academic and industrial laboratories.” A further important Ny )/ Ney© N/
development in this field is the use of miniaturized continuous 1 2

. . . UV 150 Reactor X =Br
flow reactors that increase reaction efficiency due to short path +NBS (1.5 equiv.) 365 nm
lengths of light and uniform irradiation of the reaction mixture tres 20 min Ry~ ONR;
that‘ is pumped through narrow-c‘hrr'lensw'n tubmg. High Photobromination scope: 3
spatiotemporal control thereby minimizes side reactions that o F
otherwise result from overirradiation, and reaction automation YN YNN
as well as simple scale-up by continuous processing make NN N‘N NN
photochemical flow reactions a very powerful tool for the 2a as° - 2b 62% g, 2d61% g
ffecti tion of advanced building blocks.® Nonethel 20" S4% o r
effective generation of advanced building blocks.” Nonetheless, (* 2.5 equiv. NBS)

the field of flow-based photo-click reactions remains under-

developed despite the possibility of safely generating reactive

. P . P . P_ . ty . V8 & . Received: October 21, 2024 organic

intermediates in situ using light. Specifically, the continuous ) et
. . L. - . R Revised:  November 11, 2024

generation of nitrile imines from tetrazoles’ which is a Q '
ful strategy to access a variety of azacyclic targets has Accepted:  November 25, 2024 :

power gy ) Y . 8 s . Published: November 26, 2024

only been reported by Jamieson en route to oxadiazoles” prior

to our own reports toward a variety of bioactive pyrazolines’
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Table 1. Reaction Optimization for Tricyclic Pyrazole 4a

e
N
N=\/
F
O
3a = UV 150 Reactor 4a
Hg lamp + filter
entry solvent tRes 4a 3a
1 MeCN (10 mM) 2 min 43% 50%
2 acetone (10 mM) 2 min 54% 18%
3 toluene (10 mM) 2 min 77% 20%
4 xylene (10 mM) 2 min 76% 13%
S EtOAc (10 mM) 2 min 71% 20%
6 EtOAc (50 mM) 2 min 46% 44%
7 EtOAc (100 mM) 2 min 37% 57%
8 EtOAc (100 mM) S min 59% 32%

_N, =N
F
1) (0]

4a, 68% (13% 3a) 4b, 37%2 (55%° 3b)

F /N\
N
N =
¢ ® F
0
0

4c, 66% (28% 3c) 4d, 8% (28%" 3d)

4f, 65% (26% 3f)

palie-ve

4h, 15% (16% 3h)
19%P (19%P 3h)

49, 15% (20% 3g)

2 yields determined by gNMR, ® 60% Hg-lamp power (ca. 124 W input)

Figure 1. Product scope toward tricyclic pyrrole and pyrazoline
products using the photo-click approach.

4c CCDC2391147

4f CCDC2391436

Figure 2. X-ray structures of products 4c and 4f.

(Scheme 1). Based on our group’s interest in exploiting flow
reactor technology as a tool for the discovery of new chemical
reactivities,'® we wished to investigate the use of nitrile imines
toward complex drug-like scaffolds.

Scheme 3. Synthesis of Novel Benzotriazepine Scaffold Sa
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Our study commenced with the preparation of the aryl
tetrazole core that exploited the union of aryl diazonium salts
with phenyl amidine species in the presence of iodine as an
oxidant'" (see SI for details). Although tetrazole species may
present safety concerns due to thermal instability, DSC
measurements indicated that tetrazole 1 is stable at ambient
temperatures (see ESI for details). As shown in Scheme 2, the
first functionalization step required the bromination of the
benzylic position which we envisaged could be achieved via a
chromoselective photobromination using N-bromosuccinimide
(NBS) in flow mode. Although photobromination reactions
have previously been reported in flow mode,'” the presence of
the photolabile tetrazole core warranted careful choice of light
source and residence time to avoid side reactions. Passing
solutions of the tetrazole substrate 1 (MeCN, 0.1 M,
containing 1.5 equiv. NBS) through the UV-150 photoreactor
of a Vapourtec E-Series flow reactor afforded the desired
monobromination products in a residence time of 20 min.
Crucially, the use of a high-power UV-A LED emitting at 365
nm (100 W input power) generated the desired products 2a—d
selectively without affecting the tetrazole core. In addition, the
formation of geminal dibromide products was not observed,
likely because of the high spatiotemporal control offered via
this flow approach. However, when using an excess of the NBS
reagent monobromination of both methyl groups in compound
1b can be achieved to furnish product 2c. Subsequent
substitution of the bromide with alcohols and amines bearing
alkene and alkyne moieties completed the substrate synthesis
(see ESI for details).

Using tetrazole 3a we next studied the photochemical
reaction toward the tricyclic pyrazole 4a whereby the initial
formation of the nitrile imine dipole is followed by an
intramolecular dipolar cycloaddition. An adjustable medium-
pressure Hg-lamp (set to 137 W input power) with a low-pass
filler was used in combination with the aforementioned
Vapourtec photoflow reactor module. As indicated in Table
1, this study highlighted that the desired photoproduct can be
obtained in high yields and short residence times using
different solvents with toluene, xylene and ethyl acetate giving
the best results (entries 1—S5). For the latter solvent, the effect
of higher concentrations (up to 100 mM) was evaluated
showing that the initial drop in conversion can be
compensated by extending the residence time from 2 to §
min (entries 6—8) which is attractive for achieving increased
productivity for the desired product. Moreover, under these
conditions varying amounts of unreacted starting material were
recovered that can be recycled.
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Scheme 4. Reaction Scope toward Benzotriazepines via the Photo-Click Approach in Flow Mode (fg., = 2 min)

Ph N,
~ /N
SN
NH UV 150 Reactor F
3 R Hg lamp + filter 5
tRes = 2 Min
H H
N-N N-N -
o0 oo Py
N N N
F F
MeO,C

5a, 36% (20% 39, 15% 4g)

5b, 56% (17% 3i)

5¢, 30% (25% 3j)

H
H N’H N’N
N\)@ Q F F
g
R
OMe

5e R = OCF3, 0% (45% 3l)

5d, 55% (30% 3k)

5fR = H, 0% (61% 3m)

5g 39% (20% 3n)

Control experiments:

/N\
Ph\fN\ standard conditions N= N
) N - . N
N F
F NEt,
30 NEb 30, 54% recovered
Ph N
Ph N standard conditions ZHN
(2) N< :N _— EtoN
“N + HNEt, (1 equiv.) o F
o~/ F —
— 6a, 55%
3a (+12% unidentified isomer)
Phe__N Ph =N
Y Nt
~ N:N/
F 0 F
O :_‘_/
4a, ~5% 3a, 28% recovered

Next, we decided to evaluate the scope of this intramolecular
photo-click process. Using the standard conditions (entry S)
showed that the desired tricyclic photoproducts are obtained in
all cases (Figure 1). Products based on the aromatic pyrazole
substructure were typically generated in the highest yields (i.e.,
4a etc.) unless a disubstituted alkyne is employed in which case
significant decomposition was observed (4d). Moreover,
related pyrazolines were accessed when using alkenyl ethers
instead of propargyl ethers. These racemic scaffolds represent
stable and often crystalline products that are easily separated
from the remaining starting material. The embedded
benzoxazine (4a—d,fh) and benzoxazocine (4e) moieties
add further value to these novel scaffolds in view of future

medicinal chemistry applications due to their nonplanar
conformation which, along with the hydrogen-bond acceptors,
may impart increased solubility. In fact, simpler benzoxazine
systems are found in drugs such as loxapine'” and nefopam'*
which are used in the treatment of neurological disorders and
analgesia, indicating the potential value of these new scaffolds
in related contexts.

In addition, we exploited single crystal X-ray diffraction
experiments to unambiguously establish the connectivity for
pyrazole 4c and pyrazoline 4f (Figure 2). These structures
furthermore highlight the distinct three-dimensional character
of these scaffolds due to the conformation of the oxazine
moiety.

10561 https://doi.org/10.1021/acs.orglett.4c03953
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Next, we wished to investigate the analogous amine tethered
tetrazole scaffolds and subjected a tetrazole substrate bearing a
tethered allyl amine moiety to the photo-click conditions.
Unexpectedly, a new product was isolated in a yield of 36% in
addition to pyrazoline 4g (15%) and unreacted substrate
(20%). Spectroscopic characterization by 'H NMR revealed
that for this new product, the allyl group was unaffected while
HRMS indicated the expected loss of dinitrogen. Based on this
data the structure of this new product was assigned to be based
on a dihydro-1H-benzo[f][1,2,4]triazepine scaffold which was
subsequently confirmed by single crystal X-ray diffraction as
shown in Scheme 3.

The generation of this benzotriazepine ring system is
noteworthy as this scaffold is only known in previous reports
as an oxidized analog.'” While this finding warrants further
mechanistic investigations, we surmise that the photochemi-
cally generated nitrile imine intermediate which can exist in
multiple canonical forms'® reacts via a different resonance
form compared to the benzylic ether analogs (Scheme 3). A
plausible mechanism may be based on a propargylic form of
the nitrile imine being nucleophilically attacked by the
secondary amine followed by proton transfer. Crucially, the
availability of the N—H proton and the increased nucleophil-
icity of the amine nitrogen compared to the ether oxygen
appears to facilitate the overall process.

To establish whether this photo-click approach provides a
general route to these intriguing scaffolds we subjected a small
set of tetrazole substrates to the analogous reaction conditions
which pleasingly afforded the desired products in good
chemical yields (Scheme 4). This furthermore highlighted
that alkyl, ester and alkene appendages on the benzylic amine
are well tolerated. In the case of N-aryl appendages the desired
products (i.e., Se,f) were not observed indicating that either
their reduced nucleophilicity or competitive absorption
hampers the transformation. In general, the underlying flow
process thereby provides fast (tz., = 2 min) and facile access to
these unprecedented scaffolds with productivities of 1.68
mmol/h which will enable further synthetic and medicinal
explorations.

In addition, control experiments were performed to test the
reactivity of the tetrazole scaffold in the presence of amines.
When a tertiary amine was attached to the benzylic position
(i.e., substrate 30 in Scheme 4, reaction (1)) no productive
reaction was observed under standard conditions (i.e., ca. 46%
substrate decomposition by qNMR). Alternatively, when
substrate 3a and an external amine such as HNEt, were
subjected to the standard conditions two new adducts were
isolated that were tentatively assigned as structures 6a and an
unidentified isomer based on NMR and HRMS data. Only
small amounts of substrate 3a and cycloadduct 4a were
observed in this case (Scheme 4, reaction (2)) indicating that
the intramolecular cycloaddition is not favored over
intermolecular reactions between the nitrile imine intermediate
and an external amine.

In conclusion, we report the synthesis of medicinally
relevant nitrogen-rich ring systems exploiting a robust photo-
click approach. Aryl tetrazole substrates bearing ether or amine
appendages are thereby subjected to photolysis conditions
generating the reactive nitrile imine intermediate. Tricyclic
pyrazole and pyrazoline scaffolds are obtained via a dipolar
cycloaddition process when using propargyl or allyl ethers as
tethers. In contrast, a new reactivity was discovered when
employing secondary amines instead of ethers affording a facile

and unprecedented entry to previously elusive benzotriaze-
pines in high chemical yields. Both transformations exploit the
use of a photochemical flow reactor setup which selectively
yields the targets in short residence times and with high
productivities. Overall, this study demonstrates the streamlined
generation of new heterocyclic scaffolds exploiting the unique
reactivity of nitrile imines generated via photochemical click
reactions.

B ASSOCIATED CONTENT
Data Availability Statement

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

© Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.4c03953.

Complete experimental procedures, compound charac-
terization, and pictures of the flow equipment (PDF)
FAIR data, including the primary NMR FID files, for
compounds la—c, 2a—e, 3a—n, 4a—h, Sa—d, and Sg
(z1pP)

Accession Codes

Deposition Numbers 2391147 and 2391436—2391437 contain
the supplementary crystallographic data for this paper. These
data can be obtained free of charge via the joint Cambridge
Crystallographic Data Centre (CCDC) and Fachinformations-
zentrum Karlsruhe Access Structures service.

B AUTHOR INFORMATION
Corresponding Author

Marcus Baumann — School of Chemistry, University College
Dublin, O’Brien Centre for Science, Dublin 4, Ireland;
orcid.org/0000-0002-6996-5893;
Email: marcus.baumann@ucd.ie

Authors

Davin Cronly — School of Chemistry, University College

Dublin, O’Brien Centre for Science, Dublin 4, Ireland;
orcid.org/0000-0002-7708-7672

Megan Smyth — Technology Department, Almac Sciences,
Craigavon BT63 5QD, UK,; ©® orcid.org/0000-0002-
2771-0382

Thomas S. Moody — Technology Department, Almac Sciences,
Craigavon BT63 SQD, UK,; Arran Chemical Company,
Roscommon N37 DN24, Ireland; © orcid.org/0000-0002-
8266-0269

Scott Wharry — Technology Department, Almac Sciences,
Craigavon BT63 SQD, UK.

Julia Bruno-Colmenarez — School of Chemistry, University
College Dublin, O’Brien Centre for Science, Dublin 4, Ireland

Brendan Twamley — School of Chemistry, Trinity College
Dublin, Dublin 2, Ireland

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.4c03953

Author Contributions

The manuscript was written through contributions of all
authors.

Notes

The authors declare no competing financial interest.

https://doi.org/10.1021/acs.orglett.4c03953
Org. Lett. 2024, 26, 10559—10563


https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.4c03953/suppl_file/ol4c03953_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c03953?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.4c03953/suppl_file/ol4c03953_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.4c03953/suppl_file/ol4c03953_si_002.zip
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2391147&id=doi:10.1021/acs.orglett.4c03953
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2391436&id=doi:10.1021/acs.orglett.4c03953
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2391437&id=doi:10.1021/acs.orglett.4c03953
http://www.ccdc.cam.ac.uk/structures
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Marcus+Baumann"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-6996-5893
https://orcid.org/0000-0002-6996-5893
mailto:marcus.baumann@ucd.ie
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Davin+Cronly"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-7708-7672
https://orcid.org/0000-0002-7708-7672
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Megan+Smyth"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-2771-0382
https://orcid.org/0000-0002-2771-0382
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Thomas+S.+Moody"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-8266-0269
https://orcid.org/0000-0002-8266-0269
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Scott+Wharry"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Julia+Bruno-Colmenarez"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Brendan+Twamley"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.4c03953?ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.4c03953?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Organic Letters

pubs.acs.org/OrglLett

B ACKNOWLEDGMENTS

D.C. is grateful to the Irish Research Council for a PhD
scholarship funded via the Enterprise Partnership Scheme
(EPSPG/2022/368, with Almac Sciences as the Enterprise
Partner). The authors thank the School of Chemistry at
University College Dublin (UCD) for generous support, as
well as Science Foundation Ireland for supporting our research
program through grants 12/RC2275 P2 and 20/FFP-P/8712.

B REFERENCES

(1) (a) Huisgen, R. Centenary Lecture - 1,3-Dipolar Cycloadditions.
Proc. Chem. Soc. 1961, 357—396. (b) Kolb, H. C.; Finn, M. G;
Sharpless, K. B. Click Chemistry: Diverse Chemical Function from a
Few Good Reactions. Angew. Chem., Int. Ed. 2001, 40, 2004—2021.
(c) Kolb, H. C; Sharpless, B. K. The growing impact of click
chemistry on drug discovery. Drug Discovery Today. 2003, 8, 1128—
1137.

(2) (a) Li, J; Kong, H,; Zhu, C.; Zhang, Y. Photo-Controllable
Bioorthogonal Chemistry for Spatiotemporal Control of Bio-Targets
in Living Systems. Chem. Sci. 2020, 11, 3390—3396. (b) Barner-
Kowollik, C.; Du Prez, F. E.; Espeel, P.; Hawker, C. J.; Junkers, T.;
Schlaad, H.; Van Camp, W. Clicking” Polymers or Just Efficient
Linking: What Is the Difference? Angew. Chem., Int. Ed. 2011, 50, 60—
62. (c) Fairbanks, B. D.; Love, D. M.; Bowman, C. Efficient Polymer-
Polymer Conjugation Via Thiol-Ene Click Reaction. Macromol. Chem.
Phys. 2017, 218, No. 1700073.

(3) (a) Fairbanks, B. D.; Macdougall, L. J; Mavila, S; Sinha, J;
Kirkpatrick, B. E.; Anseth, K. S.; Bowman, C. N. Photoclick
Chemistry: A Bright Idea. Chem. Rev. 2021, 121, 6915—6990.
(b) Tasdelen, M. A.; Yagci, Y. Light-Induced Click Reactions. Angew.
Chem., Int. Ed. 2013, 52, 5930—5938. (c) Kumar, S. G.; Lin, Q. Light-
Triggered Click Chemistry. Chem. Rev. 2021, 121, 6991-7031.
(d) Herner, A; Lin, Q. Photo-Triggered Click Chemistry for
Biological Applications. Top. Curr. Chem. 2016, 374, 1.

(4) (a) Kirkis, M. D.; Porco, J. A; Stephenson, C. R. J.
Photochemical Approaches to Complex Chemotypes: Applications
in Natural Product Synthesis. Chem. Rev. 2016, 116, 9683—9747.
(b) Stephenson, C.; Yoon, T.; MacMillan, D. W. C. Visible Light
Photocatalysis in Organic Chemistry; Wiley-VCH Verlag GmbH & Co.
KGaA: Weinheim, Germany, 2018.

(5) (a) Donnelly, K; Baumann, M. Scalability of Photochemical
Reactions in Continuous Flow Mode. J. Flow Chem. 2021, 11, 223—
241. (b) Buglioni, L.; Raymenants, F.; Slattery, A.; Zondag, S. D. A,;
Noél, T. Technological Innovations in Photochemistry for Organic
Synthesis: Flow Chemistry, High-Throughput Experimentation,
Scale-up, and Photoelectrochemistry. Chem. Rev. 2022, 122, 2752—
2906. (c) Xiouras, C.; Kuijpers, K.; Fanfair, D.; Dorbec, M.; Gielen, B.
Enabling Technologies for Process Intensification in Pharmaceutical
Research and Manufacturing. Curr. Opin. Chem. Eng. 2023, 41,
No. 100920. (d) Rehm, T. H. Flow Photochemistry as a Tool in
Organic Synthesis. Chem.—Eur. ]. 2020, 26, 16952—16974.

(6) (a) Cambié, D.; Bottecchia, C.; Straathof, N. J. W.; Hessel, V.;
Noél, T. Applications of Continuous-Flow Photochemistry in Organic
Synthesis, Material Science, and Water Treatment. Chem. Rev. 2016,
116, 10276—10341. (b) Slattery, A.; Wen, Z.; Tenblad, P.; Sanjosé-
Orduna, J.; Pintossi, D.; den Hartog, T.; Noé¢l, T. Automated self-
optimization, intensification, and scale-up of photocatalysis in flow.
Science 2024, 283, 6681. (c) Griffiths, O. M.; Esteves, H. A.; Chen, Y.;
Sowa, K; May, O. S,; Morse, P.; Blakemore, D. C; Ley, S. V.
Photoredox-Catalyzed Dehydrogenative Csp>—Csp”> Cross-Coupling
of Alkylarenes to Aldehydes in Flow. J. Org. Chem. 2021, 86, 13559—
13571. (d) Cantillo, D.; Mateos, C.; Rincon, J. A.; de Frutos, O.;
Kappe, C. O. Light-Induced C—H Arylation of (Hetero)arenes via In
Situ Generated Diazo Anhydrides. Chem.—Eur. J. 2015, 21, 12894—
12898. (e) Gonzalez-Esguevillas, M.; Ferndndez, D. F.; Rincén, J. A,;
Barberis, M.; de Frutos, O.; Mateo, C.; Garcia-Cerrada, S.; Agejas, J.;
MacMillan, D. W. C. Rapid Optimization of Photoredox Reactions for

10563

Continuous-Flow Systems Using Microscale Batch Technology. ACS
Cent. Sci. 2021, 7, 1126—1134.

(7) (a) Song, W.; Wang, Y.; Qu, J; Madden, M. M; Lin, Q. A
Photoinducible 1,3-Dipolar Cycloaddition Reaction for Rapid,
Selective Modification of Tetrazole-Containing Proteins. Angew.
Chem., Int. Ed. 2008, 47, 2832—283S. (b) Blasco, E.; Sugawara, Y.;
Lederhose, P.; Blinco, J. P.; Kelterer, A.-M.; Barner-Kowollik, C.
Understanding Reactivity Patterns in Light-Induced Nitrile Imine
Mediated Tetrazole—Ene Cycloadditions. ChemPhotoChem. 2017, 1,
159-163.

(8) Green, L,; Livingstone, K.; Bertrand, S.; Peace, S.; Jamieson, C.
UV-Induced 1,3,4-Oxadiazole Formation from S5-Substituted Tetra-
zoles and Carboxylic Acids in Flow. Chem.—Eur. J. 2020, 26, 14866—
14870.

(9) (a) Burke, A; Spiccio, S; Di Filippo, M,; Baumann, M.
Photochemical Synthesis of Pyrazolines from Tetrazoles in Flow.
SynOpen 2023, 7, 69—75. (b) Burke, A; Di Filippo, M.; Spiccio, S.;
Schito, A. M,; Caviglia, D.; Brullo, C.; Baumann, M. Antimicrobial
Evaluation of New Pyrazoles, Indazoles and Pyrazolines Prepared in
Continuous Flow Mode. Int. J. Mol. Sci. 2023, 24, 5319.

(10) Alfano, A. 1; Garcia-Lacuna, J.; Griffiths, O.; Ley, S. V.;
Baumann, M. Continuous Flow Synthesis Enabling Reaction
Discovery. Chem. Sci. 2024, 15, 4618—4630.

(11) Ramanathan, M.; Wang, Y.-H,; Liu, S.-T. One-Pot Reactions
for Synthesis of 2,5-Substituted Tetrazoles from Aryldiazonium Salts
and Amidines. Org. Lett. 2015, 17, 5886—5889.

(12) (a) Steiner, A,; Roth, P. M. C.; Strauss, F. J.; Gauron, G.;
Tekautz, G.; Winter, M.; Williams, J. D.; Kappe, C. O. Multikilogram
per Hour Continuous Photochemical Benzylic Brominations Applying
a Smart Dimensioning Scale-up Strategy. Org. Process Res. Dev. 2020,
24, 2208—2216. (b) Steiner, A.; Williams, J. D.; de Frutos, O.;
Rincédn, J. A.; Mateos, C.; Kappe, C. O. Continuous photochemical
benzylic bromination using in situ generated Br,: process
intensification towards optimal PMI and throughput. Green Chem.
2020, 22, 448—454.

(13) (a) Popovic, D.; Nuss, P.; Vieta, E. Revisiting loxapine: a
systematic review. Ann. Gen. Psychiatry 2018, 14, 15. (b) Ranasinghe,
N.; Mongeau, E.; Yuan, G.; Minden, Z.; Waldron, S.; Patrick, C., Jr,;
Fouad, F.; Kappera, S.; Jones, G. B. Flow and Microwave Induced
Pellizzari Reactions: Synthesis of Heterocyclic Analogues of the
Benzoxazepine Antipsychotic Agents Loxapine and JL-13. Advances in
Chemistry 2017, 2017, No. 8147421.

(14) Bodireddy, M. R; Krishnaiah, K.; Babu, P. K; Bitra, C.; Gajula,
M. R;; Kumar, P. Old is Gold? Nefopam Hydrochloride, a Non-opioid
and Non-steroidal Analgesic Drug and Its Practical One-Pot Synthesis
in a Single Solvent for Large-Scale Production. Org. Process Res. Dev.
2017, 21, 1745—17S1.

(15) (a) Hindawi, N. L; Zahra, J. A;; El-Abadelah, M. M.; Abu
Thaher, B. A, Zeller, K.-P. Facile Synthesis of Dihydro-1,2,4-
benzotriazepin-S-ones. Monatsh. Chem. 2006, 137, 1349—135S.
(b) Bianchi, M.; Butti, A;; Rossi, S.; Barzaghi, F.; Marcaria, V. A
new synthesis of 5-keto-1H-4,5-dihydro-1,2,4-benzotriazepines and a
preliminary study of their biological properties. Eur. . Med. Chem.
1977, 12, 263—269. (c) Conde, S.; Corral, C; Madronero, R.
Synthesis and properties of 1H-1,2,4-benzotriazepines. Tetrahedron
1974, 30, 195—200.

(16) Flesch, S.; Véhringer, P. Ultrafast Dynamics of Photochemical
Nitrile Imine Formation. Angew. Chem., Int. Ed. 2022, 61,
No. 202205803.

https://doi.org/10.1021/acs.orglett.4c03953
Org. Lett. 2024, 26, 10559—10563


https://doi.org/10.1002/1521-3773(20010601)40:11<2004::AID-ANIE2004>3.0.CO;2-5
https://doi.org/10.1002/1521-3773(20010601)40:11<2004::AID-ANIE2004>3.0.CO;2-5
https://doi.org/10.1016/S1359-6446(03)02933-7
https://doi.org/10.1016/S1359-6446(03)02933-7
https://doi.org/10.1039/C9SC06540G
https://doi.org/10.1039/C9SC06540G
https://doi.org/10.1039/C9SC06540G
https://doi.org/10.1002/anie.201003707
https://doi.org/10.1002/anie.201003707
https://doi.org/10.1002/macp.201700073
https://doi.org/10.1002/macp.201700073
https://doi.org/10.1021/acs.chemrev.0c01212?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.0c01212?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201208741
https://doi.org/10.1021/acs.chemrev.0c00799?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.0c00799?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1007/s41061-015-0002-2
https://doi.org/10.1007/s41061-015-0002-2
https://doi.org/10.1021/acs.chemrev.5b00760?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.5b00760?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1007/s41981-021-00168-z
https://doi.org/10.1007/s41981-021-00168-z
https://doi.org/10.1021/acs.chemrev.1c00332?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.1c00332?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.1c00332?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.coche.2023.100920
https://doi.org/10.1016/j.coche.2023.100920
https://doi.org/10.1002/chem.202000381
https://doi.org/10.1002/chem.202000381
https://doi.org/10.1021/acs.chemrev.5b00707?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.chemrev.5b00707?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1126/science.adj1817
https://doi.org/10.1126/science.adj1817
https://doi.org/10.1021/acs.joc.1c01621?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.joc.1c01621?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/chem.201502357
https://doi.org/10.1002/chem.201502357
https://doi.org/10.1021/acscentsci.1c00303?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscentsci.1c00303?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.200705805
https://doi.org/10.1002/anie.200705805
https://doi.org/10.1002/anie.200705805
https://doi.org/10.1002/cptc.201600042
https://doi.org/10.1002/cptc.201600042
https://doi.org/10.1002/chem.202002896
https://doi.org/10.1002/chem.202002896
https://doi.org/10.1055/a-1995-1859
https://doi.org/10.3390/ijms24065319
https://doi.org/10.3390/ijms24065319
https://doi.org/10.3390/ijms24065319
https://doi.org/10.1039/D3SC06808K
https://doi.org/10.1039/D3SC06808K
https://doi.org/10.1021/acs.orglett.5b03068?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.5b03068?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.5b03068?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.0c00239?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.0c00239?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.0c00239?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C9GC03662H
https://doi.org/10.1039/C9GC03662H
https://doi.org/10.1039/C9GC03662H
https://doi.org/10.1186/s12991-015-0053-3
https://doi.org/10.1186/s12991-015-0053-3
https://doi.org/10.1155/2017/8147421
https://doi.org/10.1155/2017/8147421
https://doi.org/10.1155/2017/8147421
https://doi.org/10.1021/acs.oprd.7b00228?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.7b00228?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.oprd.7b00228?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1007/s00706-006-0532-y
https://doi.org/10.1007/s00706-006-0532-y
https://doi.org/10.1016/S0040-4020(01)97235-7
https://doi.org/10.1002/anie.202205803
https://doi.org/10.1002/anie.202205803
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.4c03953?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

