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1. General Information:

All purchased reagents wetssed without additional purification unless otherwise
indicated.An AcceledPhotoreactom2 was used as the preferred method of irradiation for
photochemical reactions and can fmgrchased through Sigma AldricHJnless otherwise
stated, all reactions were carried out in odeled glassvials with screw caps under an argon
atmosphere.

Crude products were purified by column chromatography using2000mesh sized
silica gel.Organic solvents were concentrated under reduced prassiage an IKA rotary
evaporatorThin-layer chromatography (TLC) was performed ansEilica gel plates. TLC
visualisation was performed under UV chamber or iodine.stain

All isolated compounds are characterised'dy**C and'®F NMR spectroscopyH,
13C {*H}, and '°F spectra were recorded on a JEOL ECZ 500R FT NMR spectronidter (
NMR at 500 MHz,*3C {1H} NMR at 126 MHz, and'®*F NMR at 471 MHz)or Bruker
AVANCE NEO 600 MHz NMR SpectrometeChemical shifts are reported in parts per million
(ppm) downfield from tetramBylsilane and are referencedttee residual deuterium in the
solvent {H NMR, CDCk at 7.26ppm) and carbon of the solvent pe&C({1H} NMR, CDCls;
at 77.160 ppm), respectively. Chemical shift (ppm), integration, multiplicity (b = broad, s =
singlet, d = doublet, t = triplet, g = quartet, m = multiplet), and coupling constants (Hz) are
reported for allH and'®F NMR experiments unless otherwise sfied. All 3C NMR spectra
were reported in ppm in terms of chemical shift and were obtainedhidlecoupling.

High ResolutiorMass spectrHRMS)were recorded o8CIEX X500R QTOF (TOF
MS) mass spectrometadltravioletvisible absorption experimentgere performed using an
Agilent Cary 60 U\WVis SpectrophotometeK-ray diffractionexperiment was carried out on
a XtaLAB Synergyi and the data obtained were deposited at the Cambridge Crystallographic

Data Centre.
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2. Procedures for the synthesis oftarting Materials

2.1General Procedure for the synthesis of symmetrical azobenzenes

R
NH CuBr, Pyridine NeN/G
R > R

Toluene, 60 °C, 24 h

A solution of aniline (0 mmol) in toluene (R mL) was charged to a 100 mL Sehk flask

under air atmospher@llowing which CuBr (6mol%), pyridine (18mol%) were added. The
reaction mixture was stirred at 60 °C in an oil bath for 24 herAfboling down to room
temperature and concentrating undesicsum, the residue was purifiedy columm

chromatography on silica ged give the desired azobenzene products

Symmetrical azoarenes studied in this reaction

1a 1b 1c 1d

Cl Br

Cl Br
1e 1f 19 1h

CHj

COOEt /©/CH3 /@ HsCUCHg
Ns ~ Ns
/©/N¢N/©/ /©/ N N2 N

Et0OOC HsC

1i 1j 1k 11

OMe

OMe
1m 1n
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2.2 General Procedure for the synthesis of unsymmetrical azobenzenes

R® ©/NH2 7 D e
L
i X NH, oxone (2 eq) > > R1_'\ N:N 3
P CHCl, AcOH Z
H-0 EtOH, rt, 24 h

Step 1 A solution of oxone (2 equiv.) in water (0.25 M) was added s$olation of aniline
derivative (1 equiv.) in DCM (0.5 M) with vigorous stirring. The reaction mixture was stirred

at room temperature under an argon atmosphere for 30 min to 24 h. After that, the reaction was
guenched by the addition of a saturated saiutibNaHCQ. The mixture was extracted with

DCM. The combined organic layers were washed with 1 N HCI, brine, dried o¥®@OhNand
concentrated under reduced pressure. The residue was puritetubyhchromatography to

afford nitroso compounds.

Step 2 Nitroso compound(1.2 equiv) was charged to a 100 mL rotbuttomed fask and
dissolved in ethanol by stirring. Acetic acid (few drpasd the corresponding aniline €b)

were added sequentially to the mixture. The flask was then closed with a sepipmped with

a needle (to avoid owgressure) and the mixture was stirred at room temperature for 24 h. The
reaction wagjuenched with distilled water and extracted with DAMe combined organic
phase was washed with brine and dried over anhydropSlaThe solvent was removed
under reduced pressure and the crude mixture wégedusy column chromatography give

the desireczobenzene products.

Unsymmetrical azoarenes studied in this reaction
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2.3 General Procedure for the synthesis of N'osyl Hydrazones
0 0

MeOH, rt
R‘])HrRZ + TsNHNH, o R1)HrR2
0] NNHTs

To a stirred solution of tosylhydrazidé.{ eq) in MeOH (15nL), benzil (1.0 equiv.) was
addedportionwise The resulting mixture was stirred at ambient temperafline. reaction

was completed withiB-6 h. After completon of the reaction, the precipitate was collected by
filtration, and washed with hexane. The precipitate was recrystallized from hot ethanol or

purified via column chromatography to afford the pure product.

N-tosylhydrazones studied in this reaction

0 9] 0
©)‘\'(CH3
NNHT: O
O NNHTs s HoN NNHTs
2a 2b

(0]
J 0
H3c\)kn,cn43
NNHTs

HoN NNHTs
cl
2d 2e
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3. General Procedure for the Synthesis of azh-Lactam products:

7 de
0 .
Z Mg o K,CO3 (2 eq) N
X N¢N A + R R, » R, N
ol 1 DCE (0.1M), Ar R 2
L NNHTs 420 nm 2 Y
1 2 3

An oven dried 5mL glass vial equipped with a meatgnstir bar was charged with azoardne

(0.2 mmol, 1.0 equiv), Nosylhydrazone (0.4 mmol, 2.0 equiv), ang2COz (0.4 mmol, 2
equiv). The vial was evacuated and béitted with argon three timed.hen DCE (0.1M) was
added via syringe. The mixture was sealedwiarafilm and irradiated for-26 hours in an
AcceledPhotoreactor m2 (420 nm LED, 1%0intensity, 6800 rpm fan speed, 750 rpm stir
rate). Following irradiation, the reaction mixture was concentrated via rotary evaporation. The
resulting mixture was then extracted three times with ethyl acdthéecombined organic
layers were dried ovemaiydrous Na&SQs and concentratenh vacuo Products were purified

by column chromatography with ethyl acetate and hexane as solvents.
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4. Graphical Supplemental Information for the reaction setup and procedure:

Addition of solid reagents Vacuum angrgon backfill

Desired product after After irradiation Light irradiation using
purification Acceled photoreactor m2
(420nm)

5. Graphical supplementalinformation for the photoreactor setup:
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6. Procedure for scale up reaction3 mmol scale)

/@ 0 Q Q
K,CO N
o e T i&
NNHTs DCE (0.2 M) Ph @

420 nm, Ar Ph

1a 2a
3a

An oven driel 20mL glass vial equipped with a magnetic stir bar was charged with azdarene
(0.547 g, 3mmol, 1.0 equiv), Nosylhydrazone? (2.268 gmmol, 6 mmol 2.0 equiv), and
K2COs (0.829 g, 6mmol, 2 equiv). The vial was evacuated and bit#d with argon three
times. Therl5 mL DCE (0.1) was added via syringe. The mixture was sealel patrafilm

and irradiated for 1Bours in arAcceled Photoreactor m2 (420 nm LED, ¥itensity, 6800
rpm fan speed, 3 rpm stir rate). Following irradiation, tls®lvent was removeda rotary
evaporation. The resulting mixture was then extracted three timesethiyh acetateThe
combined organic layers were dried over anhydrousS8aand concentrateth vacuo The
crude product wapurified by column chromatograplugsingethyl acetate and hexa (5:95)

to afford the desired produ8a as a white solid (1.052 §3% yield).

Note:The producBacan also be purified by triturating the crude mixture with minimal amount
of methanol. In such a case, the yield decreases slightly as some amount of Paggkist
dissolved in methanol.

Figure S1 Graphical supplemental information for the scale up reaction set up and isolated

product.
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7. Procedure for reaction in onepot:

o 1. TSNHNH, C NQ
DCE (0.1M |
Ph eh e > Ph:)tN
2. la, K2C03 Ph
o 420 nm, Ar
2a' 3a

An oven driel 5SmL glass vial equipped with a magnester bar was charged withenzil2 a 6
(205mg, 0.5 mmol, 2.2quiv) andTsNHNH, (102 mg 0.55mmol 2.75 equiv). Then 2 mL
DCE was added. The resulting mixture was stirred overnight. Following which azobéazene
(36 mg, 0.2 mmol, 1.0 equiv) and®Oz (55 mg, 0.4 mmol, 2.0 equiv) were added under argon.
The mixture was sealed Wiparafilm and irradiated fot hours in anAcceled Photoreactor
m2 (420 nm LED, 10% intensity, 6800 rpm fan speed5d rpm stir rate). Following
irradiation, thesolvent was @movedvia rotary evaporation. The resulting mixture was then
extracted three times with ethyl acetaldhe combined organic layers were dried over
anhydrous Ng5Qy and concentrateth vacuo The crude product wagurified by column
chromatographysingethyl acetate and here (5:95) to afford the desired prodea as a
white solid(73 mg, 97 % vyield).
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8. Optimisation studies
8.1 Optimisation of solvent

(o] 420 nm o Ph
Ph’N\\N'Ph + Ph Ph DBU r;l'
NNHTs Solvent Ph N,
Ar Ph Ph
1eq 2eq
1a 2a 3a

Table S1:Optimisation of solvent.

SINo equ?i\e/IZFent Solvent Time % Yield?
1 2 eq DCM 18 h 26%
2 2eq DCE 24 h 45%
3 4eq DCE 24 h 89%
4 5eq DCE 24h 85%
5 6 eq DCE 24h 86%
6 4 eq CHsCN 24 h 17%
7 4 eq DMF 24h 30%
8 4 eq DMSO 24 h N.R
9 4 eq THF 24 h 26%

10° 2 eq 2-MeTHF 6 h 91%

Reaction condition®.2mmol 1a,0.4mmol2a, X mmolDBU, 0.1M solventa: isdated yield
b: Ko:COz (2 eq) was used as base.

Discussion of optimization

We first evaluated the formation of akdactam @a) from Azobenzenelf) and NTH @a)

using DBU as base under a variety of solvehtsour delight, we found that stirririta and

2ain presence of DBUrradiated at 420 nrproduced the desired produtWe found DCE to

be the optimal solvent. Less polar solvent like THF and DCM provided lower yields probably
due to insufficient stabilisation of polar intermediates. Also, THF could coordinate with DBU
hindering the reaction pathweyimilarly, highly polarsolvents like DMF, CEHCN and DMSO

proved to be detrimental to yield or no reaction ats#. believe that the highly polar solvents

may over stabilise the intermediates or quench the reactive species, thereby lowering the
overall yield or completely inbiting the reactionThe reactios werecarried out usinda (0.2
mmol), 2a (0.4 mmol), DBU (as specified), solvent (0.1M) under inert conditions (Ar). Under
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the optimised condition, the desired dzactamproduct was obtained in 89% vyield (tallke,

enty 3). A comparison of the solvent polarities with isolated yield is tabulated below:

Table S2:Ananlysis of solvent polarity on yield.

Solvent Pol ar i % Yield Notes
Green solvent, good conversion and effici
stabilization ofintermediates.
May coordinate to DBU;lower stabilisation of

2-MeTHF 6.97 91%

THF 7.58 26% . .
intermediates.
DCM 803 6% !_ow polgrlty leads to |r.1effect|ve stabilisation
intermediates; more volatile.
DCE 10.36 89% Enoughpolarto dlssoll\./e II?BU and §ubstrates, but |
too much to ovestabilize intermediates.
DMF 36.7 30% o N
CH.CN 375 17% Strgngly coorqhnatmg, very polar, may omqblllze
ionic intermediates or quench reactive species.
DMSO 46.7 N.R

8.2 Optimisation of base

o] 420 nm o Ph
N Ph B N’
T Ph)l\ﬂ/NHT — > )
S Ar pnh Ph
1eq 2eq
1a 2a 3a
Table S3 Optimisation of base.
SINo Base B_ase Time % Yield?
equivalent
1 DBU 4 eq 24 h 89%
2 DBN 4 eq 24 h 24%
3 DABCO deq 24 h 32%
4 2,4,6¢collidine 4 eq 24 h 84%
5 C=2C0s 4 eq 6 h 99%
6 K2COs 2eq 4h 99%
7 K2COs 3eq 4h 99%
8 K2COs 4 eq 4h 99%

Reaction condition®.2mmol 1a,0.4mmol 2a, X mmolBase 0.1MDCE. a: isolated yield
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Discussion of optimization

The primary role of base in our reaction medium was to deprotonate -tHeofNN-
tosylhydrazoneThe base should not compete witthermediates or promote side reactions.

We first evaluated organic bases for better solubility, achieving maximum light gteoretr

Among them, DBU and 2,4,6ollidine provided good vyields. However, in case of 2,4,6
collidine unidentified side products were obseni28N and DABCObeing more nucleophilic

in character than DBU might interfere with the intermediates leading tgi®us. Therefore,

we sought to screen nanucleophilic bases. Screening of inorganic bageé® and CsCO3

afforded excellent yields with lower equivalent compared to the organic bases. Increasing the
equi valent doesndt i ndhesupeaier perfdrneance eh€@and f t h e
CsCQOsis probably due to the fact theth ey don o't i nt daifteemediatesvi t h e
(like ketene);reduces any chance of side reaction and increases overall Alletdactions

were carried out usingja (0.2 mmol),2a (0.4 mmol), base (x eq.), DCE (0.1M) under inert
conditions (Ar). Under the optimised condition, the desireebalzatamproduct was obtained

in 99% yield (table S2, entry 6). A comparison of the bases screened with possible reason for

their respective performance is tabulated below

Table S4 Analysis of effect of base on yield.

Base % Yield Notes
K>CQOs 99 % Ideal basicity, clean conversion
CsCOs 99 % Similar to K CO ; but mor
DBU 89 % Strong base; but may stabilizeioterfere with intermediates
2,4,6:Collidine 85 % Hindered base; leads to side reactions.
DBN 24 % Less reactive in this context.
DABCO 32 % Nucleophilic, may trap reactive intermediates
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8.3 Optimisation of light source

f o} Ph
. Ph ; .
Ph/N‘N'Ph + Ph)k[r Light source ir;l
NNHTs K,CO; (2eq) Ph N\Ph
1eq 2eq DCE (0.1M) Ph
1a 2a 3a

Table S5 Optimisation ofight wavelength

Light source % Yield
365 nm 43 %
395 nm 60 %
420 nm 99 %
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9. Mechanistic investigation studies:
9.1UV-Vis Absorption Experiment

Ultraviolet-visible absorption experiments weaserformed using an Agilent Cary 60 WWis
Spectrophotometer. In each experiment, different samples were dissolved in DCE and placed
in 1.0 cm quartz cuvettes. The contation of each component was 1.0 4 M.

0.8
—— NTH (2a)
—— NTH(2a)+K,CO,
—— Azobenzene (1a)
0.6 -
@
o
c
_CEU 0.4 -
(o]
w
0
<
0.2 -
0.0 -
300 | 400 | 500 | 600

Wavelength (nm)

FigureS1: UV-Vis Spectra

Discussion of UWis Spectra:

To investigate the photoactivity oftésylhydrazone (NTH, 2a) under basic conditions,
UV-Vi s absorption spectra were recorded for N
The spectrum of NTH (2a) exhibitesirong absorption in the UV region (below ~380 nm),
charactéerfistiano®ifti"ons in the hydrazone moi €
but consistent increase in absorbance was observed in tHe000@mn range, indicative of the
formation of a ne electronic species. This spectral shift is attributed to the formation of the
NTH anion via deprotonation by H#5068msuggestsThe e

that the anionic form of NTH possesses an extended conjugation or altered elettrotices

Page | $3



rendering it photoactive under irradiation at wavelengths at 420 nm. This is consistent with the
proposed mechanism in which photoexcitation of the NTH anion leads to cleavage bSthe N
bond, resulting in the loss of the tosyl group and gemeraif a diazo intermediate. The
spectral data therefore support the hypothesis that under basic and photochemical conditions,
NTH (2a) can be converted into a diazo compound via-pesaoted deprotonation and

subsequent lighihduced elimination of the §onyl anion.

The absorption spectrum of azobenzel® €xhibited reasonable absorbance at-400
500 nm. This corroborates with our hypothesis that azobenzene can isomerize under our

photochemical conditions.

The observed color change upon mixing N2&) wi t h K CO indicates t|l
new species, namely the NTH anion. This deprotonated intermediate exhibits enhanced
absorption in the visibléght region, resulting in the characteristic yellow coloration of the

solution.

9.2 Light On/Off Experiment

oh o) oL Ph
N Ph standard conditions N—N
i +  ph > |
N-ph NNHTs PR
Ph Ph
1a 2a 3a

To investigate the effect of alternating light and dark conditions on the reaction outcome, four
parallel reactions were set up according to General Procedure 3. In the first reaction, the
mixture was irradiateavith light for 1 hour and then immediately subjected to the standard

workup procedure to isolate the product. In the second reaction, the mixture was irradiated for
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1 hour, followed by stirring in the dark for 1 additional hour before workup and isolaten

third reaction was irradiated for 1 hour, kept in the dark for the next hour, and then irradiated
again for 1 more hour prior to workup and isolation. In the fourth reaction, the light was turned
on for 1 hour, then off for 1 hour, followed by anatliehour of light irradiation, and finally

kept in the dark for 1 more hour before proceeding to workup and isolation. All four reactions
were purified using the standard isolation procedure, and the yields of the desired product were
recorded. The same quedure was followed two more times to generate the profile of the
reaction under the light off/on over time. This set of experiments was designed to evaluate the

temporal dependence of the reaction on light exposure and to assess whether the reaction
resumes or halts during the dark periods.

Note: The photoreactor used in this study is equipped with a vial holder that can accommodate

up to four vials, which defined the number of reactions that could be performed in parallel.

100

80

60

% Yield

20

On Off On  Off On Off On

0 1 2 3 4 5 6 7
Time (hour)

Figure S2: Light On/Off Experiment for the symsis of3a.

Page | $5



9.3Radical quenching experiments:

General Procedure

Ph A(?(;) n(rzn ) ° A RS: radical
Ns _Ph K e N ' : radical savenger
Ph” N + Ph it A VNG Ph:T_'I“ ! 1. TEMPO
NNHTs  DCE (0.1M) ‘eh | 2.1,1Diphenyl ethylene (DPE)
1eq 2eq RS (3eq), Ar Ph . 3. Butylated hydroxytoluene (BHT)

1a 2a 3a

An oven dried 5mL glass vial equipped with a magnetidar was charged withzobenzene

1a (0.2 mmol, 1.0 equiv), Mosylhydrazonea (0.4 mmol, 2.0 equiv)K2COz (0.4 mmol, 2

equiv) and the specified radical scavenger (3.0 eqUihg.vial was evacuated and bddled

with argon three times. Then DCE (0.1M) was added via syriifgeemixture was sealed \nit
parafiim and irradiated fo6 hours in anAcceled Photoreactor m2 (420 nm LED, 190
intensity, 6800 rpm fan speed, 750 rpm stir rate). Following irradiation, the reaction mixture
was concentrated via rotary evaporation. The resulting mixture was then extracted three times
with ethyl acetateThe combined organic layers were dried ovehyalrous Na&SQ: and
concentratedn vacuo Products were purified by column chromatography with ethyl acetate

and hexane as solvents.

Note: In case of DPE (liquid), it was mixed wablvent and added to the reaction mixture via
syringe.

Results:

Table SG Effect of radical scavengers on yield.

SINo. Radical Scavenger % Yield?

1 TEMPO 95 %
2 DPE 94 %
3 BHT 96 %

a: isolated yield
Conclusion

The addition of radical scavengers into our reaction medium had negligible effect on the overall

yield. Thi s validates that our reaction pathways

9.4 Identification of possible intermediates:
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a. Validation of U-diazoketone intermediate

To confirm the involvement of a diazoketone intermediate in our reaction pathway, we
conductedh control experiment using azobenzeb® Gnd independently synthesizediazo
1,2-diphenyletharil-one @). This reaction furnished the same desired@imctam product
(3a). This result provides strong evidence for the in situ formation of the dimreke

intermediate under our reaction conditions.

Procedure
N + Ph)k[rph m > |
Neph I DCE, Ar PR——N,_
2 Ph
1a 4 3a: 65% yield

An oven dried 5mL glass vial equipped with a magnetidst was charged with azobenzene

1a (0.2 mmol, 1.0 equiv) ang-diazo1,2-diphenyletharil-one4 (0.2 mmol, 1.0 equiv) The

vial was evacuated and bafiked with argon three times. Then DCE (0.1M) was added via
syringe. The mixture was sealed hiparafilm and irradiated for Bours in an PexPhD
Photoreactor m2 (420 nm LED, 1%0intensity, 6800 pm fan speed, 750 rpm stir rate).
Following irradiation, the reaction mixture was concentrated via rotary evaporation. The
resulting mixture was then extracted three times with ethyl acdthée combined organic
layers were dried over anhydrous»N@& and concentratedn vacuo Crude product was
purified by column chromatography with ethyl acetate and hexane as s¢&/6bis

General Procedure for the synthesis of-Bliazo-1,2-diphenylethan-1-one (4):

Note Diazo compounds are known to have therstability issues and are explosive hazards;
work with diazo compounds should be permfied in a welventilated hoodand careful

handling of the reagerits

0] 0

Ph)J\/Ph p-ABSA, DBU Ph)J\r(Ph

MeCN, 0°C-rt
Ny

Following a slightly modified mceduré, to an overdried round bottom flask was added-1,2
diphenyletharil-one (2.5 mmoll equiv),p-ABSA (1.2 equiv), and acetonitrile (15 mL). The
reaction mixture was evacuated and bal&d with Ar three times, and then the reaction
mixture was cooled to 0 °C via iwveater bath. To the cooled reaction mixture was added DBU
(1.3 equiv) dropwise. The reaction mixture was stirred for 1 hour at 0 °C. After that it was
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stirred overnight at riJpon completion, the reaction was quenched with an aqueous saturated
solution of NHCI, extracted with, dried (N&Qy), filtered and concentrated under reduced
pressureThe wet crude material was diluted with a slurry containing 8itth 1% TEA in

10% ethyl acetate/90% hexanes and concentnatealcuoto afford a dryload. This dryload

was then subjected to a siliplug doped with 1% TEA in 10% ethyl aceta®¥® hexanes (all
yellow band collected). The material was concentrated in vacuo to affdidz@1,2-
diphenyletharl-one (54% yield) as yellow soli®he!H NMR spectrum is in good agreement
with the correspading literature precedehnt

I
\l

'H NMR (CDCl3, 500 MHz)u 7. 97 (d, J
7.7 Hz, 4H), 7.31 (d, J = 4.2 Hz, 1H3jee spectrpa
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b. Trapping of ketene intermediate
To support the involvement of a ketene intermediate in our reaction patweasarried
outtrapping experimestusing ethanoand ptoluenethiol asucleophiles respectively
1 A reaction mixture of NTH2a and base (KCOs or DBU) was subjected to the standard
reaction conditions in the presence of excess ethanol. Analysis of the observed product via
'H NMR revealed the formatiorof the corresponding ethyl ester, consistent with
nucleophilic trapping of a transient ketene intermediate. This result further corroborates the

formation of a ketene species during the course of the reaction.

Procedure
(0] O
K,CO3 / DBU
DCE, 420 nm
NNHTs Ar Ph
2a la

An oven dried 5mL glass vial equipped with a magneitidatr was charged with NTRa (0.1
mmol, 1.0 equiv), KCOs or DBU (0.15 mmol, 1.5 equiv)'he vial was evacuated and back
filled with argon three times. Then DCE (0.1khd EtOH (0.5 mmol, 5.0 equiwas added
via syringe. The mixture was sealed lwpgarafilm and irradiated fd hours in anAcceled
Photoreactor m2 (420 nm LED, 130intensity, 6800 rpm fan speed5@® rpm stir rate).
Following irradiation, the reaction mixture was concentrated viarya@&aporation. The
resulting mixture was then extracted three times with ethyl acdthée combined organic
layers were dried over anhydrous»S& and concentrateth vacuo Crude product was
purified by column chromatography with ethyl acetate hexane as solventsThe desed
aryl ester was obtained #v% yield. The 'H NMR spectrum is irgood agreement with the

corresponding literature precedent

'H NMR (500 MHz, CDCl3) U 7-7.25 €m J=29.5, 4.1 Hz, 10H), 5.01 (s, 1H), 4.21 ¢
7.0 Hz, 2H), 1.25 () = 7.2 Hz, 3H)(see spectrpa
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1 A reaction mixture of NTH2a and base BCOs was subjected to the standard reaction
conditions in the presence ptoluenethiol Analysis of the observed product vida NMR
and 3C NMR revealed the formn of the corresponding thester, consistent with
nucleophilic trapping of a transient ketentermediate. This result further corroborates the
formation of a ketene species during the course of the reaction.

Procedure
o SH
Ph)krfph . K,COj3 (1.5 eq)
(. 420 nm, DCE, Ar \©\
CHj
2a p-toluenethiol

An oven dried 5mL glass vial equipped with a magneitidatr was charged with NTRa (0.2

mmol, 1.0 equiv), KCOz (0.3 mmol, 1.5 equiv) anptoluenethiol (0.4 mmol, 2.0 equivihe

vial was evacuated and bafilked with argon three times. Then DL (0.1M) was added

via syringe. The mixture was sealed lwparafilm and irradiated for Bours in anAcceled
Photoreactor m2 (420 nm LED, 1%0intensity, 6800 rpm fan speed, 5@0m stir rate).
Following irradiation, the reaction mixture was concentrated via rotary evaporation. The
resulting mixture was then extracted three times with ethyl acetée combined organic
layers were dried over anhydrous 8@ and concentrateth vacuo Crude product was
purified by column chromatography with ethyl acetate and hexane as sdv@&s The
desired thioester was obtained aswifffite solid (48 mg75% vyield).

'H NMR (500 MHz, CDCl3) U 77. 782 (m, 8H), 7.29 (dd] = 8.0, 4.0 Hz, 4H), 7.21 (d,
= 8.0 Hz, 2H), 5.30 (s, 1H), 2.37 (s, 3khee spectn

13C NMR (151 MHz,CDCle)dt 197 . 2, ,132%130.1,128193188.82127.6, 124.46,
64.8, 214. (see spectra
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c. Carbene trapping experiments

(0] 0O
K,CO
Ph / 2003 Ph
+ /) ——— > ph
Ph)ﬂ( Ph DCE, 420 nm )JK
NNHTs Ar Ph
2a 5

not observed

(0]
(0] Ph
Ph OH K2CO3 Ph)g/
Ph + _— O CF3
F.C CF DCE, 420 nm
NNHTs 3 3 Ar 1;3
2a 6 not observed

To investigate the possible involvement of a carbene intermediate, trapping experiments were
conducted using hexafluoroisopropanol (HFIP) and styrene under standard reaction conditions.
No carbenalerived products (e.g., insertion or cyclopropanation products) were detected by
NMR or HRMS analysis. The failure to trap the carbene is likely duts textremely short
lifetime. In particular, the carbene generated from the diazoketone is presumed to undergo a
rapid Wolff rearrangement to form the corresponding ketene intermediate, which outcompetes
any intermolecular trapping process.

9.5Probing the role of Light

Ph Q Oy /PP
Exp 1 N Ph standard conditions —N
\ +  Ph — > |
~Ph NNHTs ar Ph N\Ph
Ph
1a 2a 3a: 0% yield
Exp 2 N /© __ Dak
©/ N “bcE 1hn
E-1a Z-1a: not observed
Exp 3 N /@ 420 nm 2a, KzCO3
N 3a: Trace
DCE 1h Dark 24 h
E-1a Z-1

Discussion of control experiments

To investigate the dual role of light in the reaction, a set of control experiments were

performed. In the first experiment, the standard reaction betwetasyihydrazone and
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azobenzene was carried out entirely in the dark. No product formation was esbserv

confirming that light is essential for the reaction to proceed.

In the second experimentdzobenzenel@) was stirred at rt under dark conditions. Z
form for 1a not observed. This clearly indicates that light is necessary for the isomerization

step.

In a thirdexperiment, azobenzengaj was irradiated with 420 nm light for 1 hour to
induce transcis photoisomerizatianrhe photoisomeriation dfa from E-form to the Zform
is confimed by TLC analysis and NMR specftfhe presence of both trans and asi of
azbenzene on irradiation is consistent with literature refiértafter that base and N
tosylhydrazona wereadded, and the reaction mixture was stirred in the dark for 24 hours.
Only trace amounts of the desired prodae) (vere observed. This result indicates that while
photoisomerization of azobenzene facilitates the raadight is also required for the efficient
generation of the reactive ketene intermediate from th@sihydrazone anion.

Together, these experiments support the dual role of light in both the-photo

isomerization of azobenzene and the photochemicaldfimmof the ketene intermediate.

Figure S3: Results of TLC monitoring of reaction of azobenzet® (n dark €xp 3 and
after irradiation at 420 nnexp 3, first step).
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Figure S5: *H NMR (CDCls, 500 MHz) spectra dfa (after irradiation at 420 njn
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10. Sensitivity test forthe reaction

(o] 420 nm o Ph
1eq 2eq
1a 2a 3a

Performed using general procedureAB.experiments were performed on a 0.2 mmol scale

(except scalaip).

Table S7: Sensitivity assessment for the photoinduced formation ebdaetams.

- Deviation from standard _ Deviation from
Entry Modification - Yield? _ )
Conditions optimal yield
1 High concentratior 500 uL DCE 86% -13%
2 Low concentration 4 mL DCE 93% -6%
Solvent : DCE (2mL) + 1% #D
3 Low H0O 93% -6%
(20uL)
] solvent sparged withir, reaction
4 Medium G then carried out under argon o1 -8%
atmosphere
. reactions set up and carried out o
5 High O , 84 -15%
air
) _ reaction carried out with 10% light
6 Low intensity _ ) 46 -53%
intensity
o _ reaction carried out with 100% ligr
7 High intensity _ ) 99 0
intensity

3 mmol scale according to genere
8 Scale up 93% -6%
procedure 5

Note: Temperaturalependent studies (both low and high temperatures) could not be conducted
due to the limitations of the photoreactor setup used in this.study

Based orthe deviation yields from th€able S7, a radar diagram is plotted.
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High O,

Figure S6: Sensitivity Screening.
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11.Green Chemistry Metrics: Calculation of Eco-Scale

An important factor in green chemistry is the Eco Sc@leo $ale of the synthetic procedure

to achieve theazab-lactam productshave been calculateghd based on this analysis, the
environmental friendliness of the methodology has been determined. An &eocofabove

75 is considered an excellent green method, above 50 is acceptable, while scores below 50

indicate inadequate eddendliness.
Eco Scale can be calculated as: Eco Scale = 80t of the individual penalties
The individual penalties hav®en calculated as follows

Table S8 Penalty points to calculate Eco Scale for pro@act

S| No. Parameters Values Penalty Points
1 Yield (100-99)/2 0.5

2 Price of the substrates <$10 0

3 Safety? Not dangerous 0

4 Technical Setup Photochemicahpparatus 2

5 Temperature/Time Room temperature, < 24 h 1

6 Workup and purification  Silica gel chromatography 10

Total Penalty Points 13.5

aBased on the hazavdarning symbols

Hence, Eco Scale = 1B.5 = 86.5.
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The calculated Eco Scale for the other synthesized-daetams are as follows:

Compounds Eco Scale Compounds Eco Scale
3b 83.5 3m 71.5
3c 86 3n 69.5
3d 84 30 -
3e 81.5 3p 84
3f 75.5 3q 85
3g 52 3r 81
3h 83.5 3s 82.5
3i 65.5 3t 84
3j 86 3u 73
3k 85 3v 71
3l 86.5 3w 77.5

Excellent Green Method

Acceptable Method
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12.X-ray Crystallographic Structures and Data

XRD structure and data of compoudgl(CCDC 2468258)

CF3

N

\
Ph N
Ph

Table S9Crystal data and structure refinement for 1A-ABL(PCF3)_auto.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Spaceagroup

alA

b/A

c/A

us A

b/ A

o/ A
Volume/A

z

} caig/cn®

1A-ABL(PCF3)_auto
CagH17FeN20
511.43
293(2)
monoclinic
P2
9.1816(3)
9.6057(2)
14.0760(3)
90
97.815(2)
90
1229.91(5)
2

1.381
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e/ mm 1.003

F(000) 522.0

Crystal size/mm ?X?2x7?

Radiation Cu KU (& = 1.54184
2U range f or d6.338t0136.206

Index ranges -11 O k00 OL k1 60 Q1 1,
Reflections collected 11054

Independent reflections 4021 [Rnt = 0.0515, Rgma= 0.0462]
Data/restraints/parameters 4021/37/355

Goodnessf-fit on P 1.058

Final R i ndexeR=0.0611, wR=0.1728

Final R indexes [all data] R1=0.0746, wR=0.1862

Largest diff. peak/hole / e A 0.28£0.31

Flack parameter 0.6(4)

Table S10Fractional Atomic Coordinates (x1@) and Equivalent Isotropic
Displacement Parameters (Ax10%) for 1A-ABL(PCF3)_auto. Ueqis defined as 1/3 of the
trace of the orthogonalised W tensor.

Atom X y z U(eq)

o1 7688(4) 9302(4) 6796(3) 76.0(11)
N2 7495(5) 7093(5) 7489(3) 66.1(10)
N1 7789(5) 5907(5) 6907(3) 62.4(10)
C9 7815(6) 8068(6) 6828(3) 62.0(12)
C16 9905(5) 6966(6) 6075(3) 60.7(11)
Cc22 6360(5) 7120(6) 8071(3) 63.9(12)
C5 8802(6) 4916(6) 7370(3) 61.9(12)
C25 4179(6) 7208(7) 9237(4) 70.8(14)
c1 11436(14) 1686(12) 8680(8) 145(2)
Cc18 11904(7) 6468(7) 5187(5) 86.2(18)
Cc27 5610(6) 5909(7) 8239(4) 69.7(14)
c2 10536(7) 2780(7) 8230(4) 80.2(16)
C23 6031(6) 8366(7) 8489(4) 72.5(14)
C10 7271(6) 6849(6) 5230(3) 65.2(13)
C4 9330(6) 4974(6) 8334(3) 67.8(13)
F5 12124(14) 891(14) 8147(9) 145(2)
C17 10437(6) 6366(6) 5293(4) 69.9(13)
c8 8285(5) 6919(5) 6169(3) 58.8(11)
c21 10888(6) 7618(7) 6746(4) 81.6(17)
C3 10182(7) 3900(6) 8751(4) 79.1(16)
C24 4918(7) 8392(7) 9054(4) 75.9(15)
F4 12957(12) 2042(12) 8791(7) 145(2)
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Table S10Fractional Atomic Coordinates (x1) and Equivalent Isotropic

Displacement Parameters (Ax10°) for 1A-ABL(PCF3)_auto. Ueqis defined as 1/3 of th

trace of the orthogonalised W tensor.
y

Atom
C26
C6
C28
F7
F11
C20
C7
C19
Cl1
C12
Ci15
Fo
C13
Cl4
F3
F2
F6
F1
F8
F12
F10

X
4508(7)
9185(8)
2999(8)
2492(18)
1822(18)
12363(7)
10065(10)
12861(7)
6307(6)
5390(8)
7298(9)
3370(20)
5408(9)
6358(11)
11952(14)
11100(20)
11435(19)
10382(16)
3340(60)
1690(20)
2850(30)

5962(7)
3808(6)
7265(9)
6024(13)
7850(30)
7677(9)
2747(8)
7148(9)
5778(9)
5788(12)
7941(8)
7860(40)
6879(14)
7963(12)
1760(12)
1262(16)
500(16)
479(13)
6550(70)
7190(50)
8528(19)

VA
8819(4)
6845(4)
9863(5)
10080(13)
9460(14)
6646(5)
7250(4)
5872(5)
5005(5)
4136(6)
4596(5)
10672(14)
3523(6)
3730(6)
9589(8)
9526(12)
8152(13)
8852(10)
10620(30)
9380(20)
10170(30)

U(eq)

77.2(15)
88(2)
92.8(19)
121(5)
161(10)
94(2)
101(2)
90.8(18)
85.6(17)
110(3)
101(2)
191(12)
123(3)
127(3)
145(2)
145(2)
145(2)
145(2)
210(30)
170(20)
111(8)

Table S11Anisotropic Displacement Parameters (Ax10%) for 1A-ABL(PCF3)_auto.
The Anisotropic displacement factor exponent takes the forn:

2 ?[hZa*?Ur+2hka*b*U 12+ € ] .

Atom
O1
N2
N1
C9
C16
C22
C5
C25
Ci
C18
C27
C2
C23
C10

U1 U22
96(3) 53(2)
81(3) 52(2)
81(3) 52(2)
69(3) 59(3)
63(3) 61(3)
72(3) 68(3)
82(3) 52(3)
79(3) 72(4)

172(5) 121(4)
89(4) 83(4)
84(3) 61(3)

108(4) 69(4)
82(3) 62(3)
66(3) 70(3)

Uss
79(2)
69(2)
58(2)
58(3)
59(2)
52(2)
53(2)
63(3)

136(3)
92(4)
65(3)
65(3)
76(3)
58(2)

U2s
4.0(18)
-4(2)

-1.1(19)

0(2)

4(2)
-4(2)

5(2)
-1(3)
32(3)
-2(3)
-4(3)
12(3)
-7(3)
-6(2)

Uis

11(2)

22.6(19)

20.5(19)
7(2)
8(2)
9(2)
15(2)
17(2)
0(3)
33(3)
16(3)
20(3)
19(3)
5(2)

Uiz
9(2)
10(2)
12(2)
7(2)
2(2)
11(3)
8(3)
8(3)
58(4)
15(3)
4(3)
19(3)
2(3)
9(3)
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Table S11Anisotropic Displacement Parameters (Ax10%) for 1A-ABL(PCF3)_auto.
The Anisotropic displacement factor exponent takes the form:
2 ?[h%a*?Urr+2hka*b*U 12+ € ] .

Atom U1 U22 Uss U2s Uis U2

C4 89(4) 61(3) 55(3) -9(2) 16(2) 8(3)
F5 172(5) 121(4) 136(3) 32(3) 0(3) 58(4)
C17 77(3) 68(3) 65(3) - 6(3) 11(2) 5(3)
Cs8 67(3) 55(3) 55(2) 1(2) 9.3(19) 6(2)
c21 74(3) 105(5) 65(3) - 16(3) 7(2) - 4(3)
C3 99(4) 75(4) 63(3) 2(3) 9(3) 10(3)
C24 93(4) 70(4) 67(3) - 11(3) 16(3) 14(3)
F4 172(5) 121(4) 136(3) 32(3) 0(3) 58(4)
C26 86(4) 72(4) 77(3) 0(3) 23(3) - 1(3)
C6 143(6) 70(4) 51(3) -3(3) 11(3) 33(4)
C28 101(5) 90(5) 95(5) - 1(4) 40(4) 9(4)
F7 128(9) 107(6) 142(10) 16(7) 72(7) 0(6)
F11 138(14) 186(16) 178(18) 74(14) 87(12) 85(12)
C20 74(4) 118(6) 88(4) - 14(4) 2(3) -11(4)
C7 157(7) 77(4) 65(3) -3(3) 9(4) 41(4)
C19 70(3) 102(5) 101(4) 1(4) 17(3) 5(4)
C11 75(3) 100(5) 83(4) - 15(4) 12(3) - 9(4)
C12 75(4) 149(7) 99(5) - 43(6) - 9(4) -10(5)
C15 123(5) 94(5) 77(4) 22(4) - 21(4) - 8(4)
F9 191(17) 300(30) 105(12) - 101(15) 88(12) - 101(19)
C13 95(5) 183(10) 79(4) - 33(6) - 27(4) 35(6)
Cl14 142(7) 143(8) 83(5) 13(5) - 28(5) 19(6)
F3 172(5) 121(4) 136(3) 32(3) 0(3) 58(4)
F2 172(5) 121(4) 136(3) 32(3) 0(3) 58(4)
F6 172(5) 121(4) 136(3) 32(3) 0(3) 58(4)
F1 172(5) 121(4) 136(3) 32(3) 0(3) 58(4)
F8 240(40) 250(50) 180(40) 150(40) 150(30) 140(40)
F12 74(13) 270(50) 170(30) - 100(30) 30(13) - 70(20)
F10 132(16) 106(12) 111(16) - 36(11) 76(14) - 6(10)

Table S12Bond Lengths for 1A-ABL(PCF3)_auto.
Atom Atom Length/A  Atom Atom Length/A

01 C9 1.191(7) C2 C3 1.366(8)
N2 N1 1.449(6) C2 C7 1.389(8)
N2 C9 1.381(7) C23 C24  1.378(8)
N2 C22  1411(6) C10 C8 1.512(7)
N1 C5 1.426(7) C10 Cll1  1.366(9)
N1 C8 1.536(7) C10 C15  1.380(9)
Co C8 1.540(7) C4 C3 1.377(8)
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Table S12Bond Lengths for 1A-ABL(PCF3)_auto.

Atom Atom  Length/A

C16
C16
C16
C22
C22
C5
C5
C25
C25
C25
C1
C1
C1
C1
C18
C18
Cc27

c17
c8
c21
c27
c23
c4
Cé
C24
C26
c28
C2
F5
F4
F3
c17
C19
C26

1.389(7)
1.511(7)
1.366(7)
1.388(8)
1.385(8)
1.378(7)
1.368(7)
1.367(9)
1.385(9)
1.487(8)
1.430(11)
1.295(17)
1.426(16)
1.305(15)
1.379(9)
1.378(10)
1.385(8)

Atom Atom  Length/A
F5 F4  1.563(17)
C21 C20  1.382(9)
F4 F3  1571(17)
c6 C7 1.376(9)
C28 F7  1.331(13)
C28 F11  1.281(14)
C28 F9  1.280(12)
C28 F8  1.265(19)
C28 F12  1.298(19)
C28 F10  1.303(17)
C20 C19  1.338(10)
Cll C12 1.387(10)
C12 C13  1.359(14)
C15 Cl14  1.394(9)
C13 C14  1.364(15)
F2 F1 1.31(2)
F6 F1 1.47(2)

Table S13Bond Angles for 1AABL(PCF3)_auto.
Atom Atom Atom

C9
C9
C22
N2
C5
C5
0O1
o1
N2
C17
C21
C21
C27
C23
C23
C4
C6
C6
C24
C24
C26

N2
N2
N2
N1
N1
N1
C9
C9
C9
C1l6
C16
C16
C22
C22
C22
C5
C5
C5
C25
C25
C25

N1
C22
N1
C8
N2
C8
N2
C8
C8
C8
C17
C8
N2
N2
Cc27
N1
N1
C4
C26
C28
C28

94.5(3)
128.4(4)
123.5(4)

88.9(4)
115.2(4)
119.8(4)
132.2(5)
136.4(5)

91.3(4)
120.9(4)
117.9(5)
121.2(4)
120.4(5)
119.0(5)
120.7(4)
122.9(5)
118.1(4)
118.8(5)
119.8(5)
120.1(6)
120.1(6)

C18
N1
Cl6
Cl6
C16
C10
C10
Cl6
C2
C25
C1
C1
F5
C25

C17
c8
c8
c8
c8
c8
c8
c21
C3
C24
F4
F4
F4
C26
o
c28
c28
c28
c28
c28
c28

Angl e/ AtomAtomAtom

C16
C9
N1
C9
C10
N1
C9
C20
C4
C23
F5
F3
F3
Cc27
C7
C25
C25
F7
C25
F7
F11

Angl e/

120.7(5)
85.0(3)
117.6(4)
113.0(4)
114.9(4)
111.0(4)
111.6(4)
120.9(5)
121.6(5)
121.3(6)
51.1(8)
51.3(7)
90.2(9)
120.1(6)
122.1(5)
114.1(8)
113.2(9)
101.2(11)
114.5(8)
105.0(14)
107.7(16)
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Table S13Bond Angles for 1AABL(PCF3)_auto.

Atom Atom Atom
F5 C1 cC2
F5 C1 F4
F5 C1 F3
F4 C1 C2
F3 Cl1 C2
F3 C1 F4
C19 Ci18 C17
C26 C27 C22
C3 C2 cC1
C3 C2 cC7
C7r C2 cC1
C24 C23 C22
C11 Ci10 cCs8
C1l1 C10 Ci15
C15 C10 cCs8
C3 C4 C5
Ci1 F4

Angl e/ AtomAtomAtom

118.3(10) F8 C28
69.999 F8 (C28
117.4(10) F8 C28
111.8(10) F12 C28
120.4(10) F12 C28
70.1(9) F10 C28
119.8(6) C19 C20
119.2(5) C6 C7
120.4(7) C20 C19
119.1(6) C10 C11
120.4(7) C13 C12
118.9(6) C10 C15
122.6(5) C12 C13
119.4(6) C13 Ci14
118.055) C1 F3
119.5(5) F2 F1
59.0(9)

Table S14Torsion Angles for 1A-ABL(PCF3)_auto.
Angl e A B C D

A B C D
01 C9 C8 N1
01 C9 C8 Cle6
01 C9 C8 C1d
N2 N1 C5 C4
N2 N1 C5 C6
N2 N1 C8 C9
N2 N1 C8 Cl16
N2 N1 C8 C10
N2 C9 C8 N1
N2 C9 C8 C16
N2 C9 C8 C10
N2 C22C27C26
N2 C22C23C24
N1 N2 C9 O1
N1 N2 C9 C8
N1 N2 C22C27
N1 N2 C22C23
N1 C5 C4 C3
N1 C5 C6 C7
C9 N2 N1 C5
C9 N2 N1 C8

-172.6(7)
69.4(8)

- 62.0(9)
7.8(7)
-176.7(5)
-3.93)
109.5(5)
- 115.1(4)
4.1(3)
-113.9(4)
114.7(5)
179.5(5)
179.8(5)
172.6(6)
- 4.3(4)
10.9(7)
-170.7(5)
173.1(5)
-174.9(7)
127.0(5)
4.3(4)

C17C16C8 N1
C17C16eC8 C9
C17C16C8 C10
C17C1le6C21C20
ClvCig8c19cac
C8 N1 C5 C4
C8 N1 C5 C6
C8 CleC17C18
C8 CieC21CaC
C8 CiCC11cC1z
C8 C1CC15C14
C21C16C17C18
C21C16C8 N1
C21C16eC8 C9
C21C16C8 C10
C21C2C0C19C18
C3 C2 C7 C6
C24C25C26C27
C24C25C28F7
C24C25C28F11
C24C25C28F9

Angl el
C25 111.2(13)
F12 121(3)
F10 104(3)
C25 112.7(16)
F10 95.6(18)
C25 110.5(10)
c21 121.0(6)
C2 118.7(6)
Cc18 119.6(6)
C12 119.7(8)
C11 120.4(8)
Cl4 120.9(8)
Cl4 121.0(6)
C15 118.5(9)
F4 58.6(8)
F6 99.5(15)
Angl e
105.5(6)
- 157.8(5)
- 28.1(7)
0.1(10)
1.5(11)
112.0(6)
- 72.6(7)
176.9(6)
- 178.8(6)
179.0(6)
-178.0(7)
- 2.0(9)
- 75.5(7)
21.1(7)
150.8(5)
-3.5(12)
-3.7(11)
1.7(9)
-172.1(11)
72.8(16)
-51(2)
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Table S14Torsion Angles for 1A-ABL(PCF3)_auto.

A B C D
C9 N2 C22C27 141.0(6)
C9 N2 C22C23 -40.5(7)
C16C21C20C18  2.7(12)
C22N2 N1 C5  -90.0(6)
C22N2 N1 C8  147.4(4)
C22N2 C9 O1  32.4(10)
C22N2 C9 C8 - 144.6(5)
C22C27C26C25  -1.0(9)
C22C23C24C25 2.6(9)
C5 N1 C8 C9 -122.6(5)
C5 N1 C8 C16  -9.2(6)
C5 N1 C8 C10 126.2(5)
C5 C4 C3 C2 0.9(9)
C5 C6 C7 C2 2.3(12)
Cl1 C2 C3C4  179.3(8)
Cl1 C2 C7 C6  179.209)
Cl F5 F4 F3 36.3(8)
C27C22C23C24  -1.8(8)
C2 C1 F5 F4 104.6(12)
C2 C1 F4 F5 -113.5(11)
C2 Cl1 F4 F3 115.8(12)
C2 C1 F3 F4 -104.2(13)
C23C22C27C26 1.0(8)
C10C11C12C13 -2.4(11)
C10C15C14C13  0.0(13)
C4 C5 C6 C7 0.7(11)
F5 C1 C2 C3 -158.5(11)
F5 C1 C2 C7  18.6(16)
F5 C1 F4 F3 -130.7(10)
F5 C1 F3 F4  53.3(13)
F5 F4 F3 C1  -36.1(8)

Angle A B C D

C24C25C28F8
C24C25C28F12
C24C25C28F10
F4 C1 C2 C3
F4 C1 C2 C7
C26C25C24C23
C26C25C28F7
C26C25C28F11
C26C25C28F9
C26C25C28F8
C26C25C28F12
C26C25C28F10
C6 C5 C4 C3
C28C25C24C23
C28C25C26C27
C7 C2 C3 C4
C19C18C17C16
C11C1CC8 N1
C11C10C8 C9
C11C10C8 C16
C11C1CC15C14
C11C12C13C14
C12C13C14C15
C15C1CC8 N1
C15C1CC8 C9
C15C10C8 C16
ClsCicC11cCaz
F3 C1 C2 C3
F3 C1 C2 C7
F3 C1 F5 F4
F3 C1 F4 F5

Angl e
- 116(5)
105(2)
-1(2)
- 80.3(11)
96.8(11)
- 2.5(9)
9.4(14)
- 105.6(15)
130(2)
65(5)
- 74(2)
-179(2)
- 2.3(9)
179.0(6)
- 179.8(6)
2.2(10)
1.2(9)
- 16.0(7)
- 109.0(6)
120.6(6)
-0.1(11)
2.3(13)
-1.1(14)
161.8(5)
68.8(7)
- 61.6(7)
1.3(10)
-1.3(17)
175.8(12)
- 53.3(13)
130.7(10)

Table S15Hydrogen Atom Coordinates (Ax1@) and Isotropic Displacement
Parameters (&x10°) for 1A-ABL(PCF3)_auto.

Atom X

H18 12246.01
H27 5844.75
H23 6552.11
H4 9112.76
H17 9796.34
H21 10559.95

y
6077.73

5071.72
9170.94
5733.66

5890.6
8026.56

V4
4654.28
7964.56
8390.35
8699.41
4836.26
7277.13

U(eq)
103

84
87
81
84
98
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Table S15Hydrogen Atom Coordinates (Ax1@) and Isotropic Displacement
Parameters (&x10%) for 1A-ABL(PCF3)_auto.

Atom

H3

H24
H26
H6

H20
H19
H11
H12
H15
H13
H14

X
10525.33
4664.49
3988.82
8838.43
13020.04
13847.17
6265.06
4758.98
7951.86
4763.25
6378.38

y
3938.14

9232.17
5159.75
3772.05

8091.7

7239.2
5046.11
5042.41

8672.3
6886.03
8699.79

V4

9403.46
9316.41
8928.81
6193.09
7124.03

5796.1
5432.39
3971.98
4747.53
2952.74
3303.32

Table S16Atomic Occupancy for 1A-ABL(PCF3)_auto.

Atom
F5
F11
F2
F8

Occupancy  Atom

0.572(7)
0.65(3)
0.428(7)
0.35(3)

F4
F9
F6
F12

Occupancy
0.572(7)
0.65(3)
0.428(7)
0.35(3)

Atom Occupancy

F7 0.65(3)
F3 0.572(7)
F1 0.428(7)
F10 0.35(3)

U(eq)

95

01

93
106
113
109
103
131
121
147
152
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XRD structure and data of compouBidCCDC 2468261)

CH;,

0

N—N
|
Ph——N

Ph

Table S17Crystal data and structure refinement for 1A-ABL -P-ME_auto.

Identification code 1A-ABL-P-ME_auto
Empirical formula CagH24N20

Formula weight 404.49
Temperature/K 293(2)

Crystal system monoclinic

Space group P2/n

alA 14.6236(2)

b/A 10.04030(10)

c/A 15.0628(2)

U/ A 90
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b/l A 92.4030(10)

o/ A 90

Volume/A3 2209.66(5)

Z 4

} cacg/cn? 1.216

e/ mm 0.576

F(000) 856.0

Crystal size/mrh ?2x?2x7?

Radiation Cu KU (& = 1.54184
2U range for d8.256t0136.186

Index ranges 217 O KL 0O OL %1 80 Q1 2,
Reflections collected 18779

Independent reflections 4005 [Rnt =0.0500, Rgma= 0.0301]

Data/restraints/parameters 4005/0/283
Goodnesof-fit on P 1.172

Final R i ndexeR:=0.0460, wR=0.1312
Final R indexes [all data] R:1 = 0.0555, wR=0.1355
Largest diff. peak/hole / e A 0.17/0.14

Table S18Fractional Atomic Coordinates (x1@) and Equivalent Isotropic

Displacement Parameters (Ax10%) for 1A-ABL -P-ME_auto. Ueqis defined as 1/3 of the

trace of the orthogonalised W tensor.

Atom X y

O1 7505.6(9 3118.6(13
N2 7175.6(10 6350.4(14
N1 6925.3(10 5194.7(14
C9 7066.3(11 5255.5(18

5042.3(9
5132.8(9
4582.3(9
6684.0(11

U(eq)

55.0(4,
42.8(3,
44.6(4,
43.4(4,
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Table S18Fractional Atomic Coordinates (x1) and Equivalent Isotropic

Displacement Parameters (Ax10) for 1A-ABL -P-ME_auto. Ueq is defined as 1/3 of the

trace of the orthogonalised W tensor.

Atom

C15
C1

Cc2

C22
C1l6
C20
C3

C10
Cc27
C18
C17
C25
C19
C23
C26
C24
Cl4
C8

Cl1
C4

Cc21
C28
C12
Cc7

C13

X

6406.7(11
7344.5(12
7575.9(11
6804.7(11
5520.2(12
6585.9(13
8604.7(12
7333.9(13
6891.3(14
4983.7(13
4825.7(13
6616.8(13
5880.7(14
6599.1(14
6798.2(15
6511.5(14
6310.0(13
9068.0(14
6849.6(16
9093.6(15
4211.7(15
6529.7(17
6102.2(17
10008.1(16
5829.4(16

y

7142.3(17
4288.5(18
5358.8(17
5222.1(18
6912.1(19
8234.2(19
5497.4(19
6000(2,
6384.4(19
8828(2
7757(2.
5182(2]
9047(2;
4047(2
6349(2;
4040(2

4440(2)
4498(2
5927(2
6533(2]
9717(2,
5135(3
5117(3]
4544(3)
4373(3

z

5371.3(11
5132.5(11
5834.3(11
3644.0(11
5058.7(12
5916.7(12
5975.7(11
7424.6(12
3169.0(12
5863.7(12
5299.7(13
1792.5(12
6164.4(12
3201.9(12
2249.7(13
2287.5(12
6735.6(13
6437.2(14
8194.1(13
5639.6(16
6129.3(15

789.9(13
8230.0(15
6555.2(18
7505.9(16

U(eq)

41.9(4,
43.2(4
41.8(4)
42.4(4
49.4(4
49.1(4)
47.1(4
52.8(5,
54.1(5)
51.2(5,
54.2(5)
50.7(5,
54.0(5,
54.9(5)
59.8(5,
55.9(5,
60.5(5,
64.0(6,
65.9(6,
68.8(6,
69.6(6)
71.4(6
75.4(7
82.0(8]
78.4(7
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Table S18Fractional Atomic Coordinates (x1) and Equivalent Isotropic
Displacement Parameters (Ax10) for 1A-ABL -P-ME_auto. Ueq is defined as 1/3 of the
trace of the orthogonalised W tensor.

Atom X y z U(eq)
c5 10041.2(18 6561(3. 5768(2. 91.6(9)
c6 10489.5(16 5572(4 6222.6(19 89.1(9

Table S19Anisotropic Displacement Parameters (Ax10%) for 1A-ABL -P-ME_auto. The
Anisotropic displacement factor exponent takes the form:
2 ?[h%a*?Urr+2hka*b*U 12+ € ] .

Atom U1 U22 Uss U2s Uis U1

o1 63.9(8, 44.3(8; 56.4(8; -1.2(6) -3.7(6) 4.7(6)
N2 46.7(8 42.3(8 39.1(7 -2.8(6) -1.5(6) -0.9(6)
N1 54.6(9; 41.5(8 37.5(7, -2.7(6) -2.6(6) 0.6(7)
C9 39.7(9 50.5(10 39.8(9 2.9(7) -1.1(7) 4.1(8)
C15 43.7(9 41.9(9 40.0(8 2.2(7) -0.1(7) -1.4(8)
C1 40.8(9; 46.7(10 42.2(9, 0.8(7) 2.3(7) -1.7(8)
C2 40.2(9 44.1(9 40.8(9 0.5(7) -0.8(7) 0.5(7)
C22 42.3(9; 46.7(9, 38.1(9; -0.5(7) 1.5(7) 0.4(8)
C16 46.6(10 49.5(10 51.8(10 -3.7(8) -0.7(8) -5.8(9)
C20 47.8(10 49.5(10 49.1(10 -4.2(8) -7.3(8) -0.5(9)
C3 40.9(9; 57.5(11 43.2(9; -8.7(8) 2.8(7) -2.0(8)
C10 55.9(11 56.4(11 45.8(10 -1.9(8) -1.1(8) 2.7(9)
C27 69.0(12 45.1(10 47.7(10 0.0(8) -4.8(9) -6.5(9)
C18 52.1(10 54.8(11 47.0(10 7.4(8) 6.8(8) 7.4(9)
C17 42.1(10 63.6(12 56.7(11 3.8(9) -0.1(8) -2.9(9)
C25 50.6(10 60.3(11 41.3(9; -0.9(8) 1.9(7) -1.4(9)
C19 61.8(12 51.0(11 48.8(10 -7.4(8) -1.7(8) 5.4(9)
C23 75.2(13 45.9(10 43.6(10 0.3(8) 3.7(9) -7.5(10;
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Table S19Anisotropic Displacement Parameters (Ax10%) for 1A-ABL -P-ME_auto. The
Anisotropic displacement factor exponent takes the form:
2 ?[h%a*?Urr+2hka*b*U 12+ € ] .

Atom
C26
C24
C14
C8
Cl1
C4
Cc21
C28
C12
Cc7
C13
C5
C6

Ui U22

77114  53.7(11

71.4(13  50.9(11

50.2(11  81.9(15

51.011  76.0(14

79.3(15  75.4(14

55.0(12  72.1(14

66.1(13  77.1(15

87.9(16  84.1(16

68.6(15 108(2)
53.4(13 109(2)
57.5(13 114(2)
58.6(14 113(2)
40.2(12 135(3)

Uss U2s
48.1(10 10.0(9;
45.6(10 -8.4(8)
49.4(10 -0.4(10
64.3(13 -1.4(11;
43.0(10 -5.1(10;
79.5(15 1.6(12;
66.4(13 7.6(11,
42.1(11 0.7(10;
50.6(12 7.4(12
82.1(16 -16.4(15
64.8(14 8.4(14;
104(2) -8.5(18;

91.8(18  -32.9(19

Table S20Bond Lengths for 1A-ABL -P-ME_ auto.

Atom Atom Length/A  Atom Atom Length/A

o1
N2
N2
N2
N1
N1
C9
C9

C1l
N1
C15
C2
C1
C22
Cc2
C10

1.207(2 C3
1.4638(19 C10
1.435(2 C27
1.549(2 C18
1.359(2 C18
1.417(2 C18
1.511(2 C25
1.386(3 C25

C4

Cl1
C26
C17
C19
Cc21
C26
C24

1.371(3
1.385(3
1.386(3
1.384(3
1.387(3
1.506(3
1.380(3
1.379(3

Uis
-2.3(9)
3.009)
2.7(8)
-6.2(9)
1.8(9)
4.3(10;
13.4(10
1.3(10;
16.7(10
-10.9(12
14.3(10
10.9(14.
1.7(12;

U1
-8.2(10;
-6.5(10;

-10.6(11;

7.8(11;

17.7(13

-14.7(11
20.2(12
-4.2(13;
12.0(14
20.4(15

-16.7(14

-33.4(16
-1.6(16,
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Table S20Bond Lengths for 1A-ABL -P-ME_auto.

Atom Atom  Length/A

C9
C15
C15
C1l
C2
C22
C22
C1l6
C20
C3

Cl4
C16
C20
Cc2

C3

Cc27
C23
C1l7
C19
C8

1.381(3
1.380(2
1.388(2
1.535(2
1.517(2
1.377(3
1.382(3
1.384(3
1.379(3
1.382(3

Atom Atom  Length/A

C25 C28
C23 C24
Cl14 C13
c8 C7
Cl1 Ci12
C4 C5
Cl2 C13
Cr7r C6

C5 Co

1.511(3
1.378(3
1.383(3
1.380(3
1.365(3
1.391(3
1.368(4
1.357(4
1.359(4

Table S21Bond Angles for 1AABL -P-ME_auto.

Atom Atom Atom

N1

C15
C15
C1

C1

C22
C10
Cl4
Cl4
Cl6
C16
C20

N2 C2
N2 N1
N2 C2
N1 N2
N1 C22
N1 N2
Cc9 C2
co9 C2
C9 Ci0
Cl15 N2
C15 C20
C15 N2

Angl e/ AtomAtomAtom

87.44(11 C8
113.64(13 C4
117.59(13 C4

95.14(12 C11
130.92(15 C22
124.56(14 C17
120.80(16 C17
120.86(16 C19
118.33(17 C16
123.81(16 C26
119.04(17 C24
117.08(15 C24

C3 C2
C3 C2
C3 C8
C10 C9
C27 C26
C18 C19
Cl18 C21
C18 C21
Cl7 C18
C25 C28
C25 C26

C25 C28

Angl el

117.80(17
123.18(18
118.97(19

120.5(2
119.34(18
117.04(17
121.04(19
121.92(19
122.15(18
122.13(19
117.36(17
120.51(18
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Table S21Bond Angles for 1AABL -P-ME_auto.

Atom Atom Atom

0O1
o1
N1
C9
C9
C9
C1
C3
C3
C27
Cc27
C23
C15
C19

C1
C1
C1
Cc2
C2
Cc2
C2
C2
Cc2
C22
C22
C22
Cl6
C20

N1
C2
Cc2
N2
C1
C3
N2
N2
C1
N1
C23
N1
C17
C15

Angl e/ AtomAtomAtom

131.92(16 C20 C19 C18

136.08(16 C24
91.84(14 C25
115.86(14 C23
115.64(14 C9
114.13(14 C7
85.07(12 C12
112.40(14 C3
110.46(14 C11
121.61(16 C6
119.73(16 C12
118.66(16 C6
119.81(17 C7
120.18(17

C23
C26
C24
Cl4
C8
Cl1
C4
C12
C7
C13
C5
C6

Table S22Torsion Angles for 1A-ABL -P-ME_auto.

A B C D

o1
o1
o1
N2
N2
N2
N2
N2

C1

C2 N2

Angle A B C D

170.1(2 C2 N2

C15C16

Cl C2 C9

Cl C2 C3
N1 C1 O1
N1 C1 C2
N1

N1

C15C16C17

C22C27
C22C23

-73.5(3 C2 N2 C15C20

58.0(3 C2 C9 C10C11
-170.1(2 C2 C9 C14C13
5.71(13 C2 C3 C8 C7
-2.0(3) C2 C3 C4 C5
177.77(16 C22N1 C1 O1

-177.67(16 C22N1 C1 C2

Angl el
121.73(18
C22 119.67(18
c27 121.94(18
C25 121.91(18
C13 120.8(2
C3 120.4(2
C10 120.2(2.
C5 119.7(2
C13 120.1(2
C8 120.5(3
C14 120.1(2
C4 120.8(3
C5 119.7(2
Angl e
-104.97(19
78.05(19
178.32(18
-178.3(2
177.40(19
-177.4(2
-23.8(3
151.99(18
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Table S22Torsion Angles for 1A-ABL -P-ME_auto.

A B C D
N2 C15C20C19
N2 C2 C3 C8
N2 C2 C3 C4
N1 N2 C15C16
N1 N2 C15C2C
N1 N2 C2 C9
N1 N2 C2 C1
N1 N2 C2 C3
N1 C1 C2 N2
N1 C1 C2 C9
N1 C1 C2 C3
N1 C22C27C26
N1 C22C23C24
C9 C2 C3 C8
C9 C2 C3 C4
C9 CicC1i1cC1iz
C9 C14C13C12
C15N2 N1 C1
C15N2 N1 C22
C15N2 C2 C9
Cl15N2 C2 C1
C15N2 C2 C3
C15C16C17C18
C15C20C19C18
Cl N1 C22C27
C1l N1 C22C23

Angle A B C D
179.31(16 C22C27C26C25
-166.61(16 C22C23C24C25
10.8(2; C16C15C20C19
-5.0(2) C20C15C16C17
178.05(14 C3 C8 C7 C6
-111.15(15 C3 C4 C5 C6
5.01(11 C1CC9 C2 N2
115.13(14 C10C9 C2 C1
-5.40(12 C1CC9 C2 C3
110.98(16 C10C9 C14C13
-117.48(15 C10C11C12C13
177.76(18 C27C22C23C24
-177.67(18 C17C18C19C2C
58.8(2, C19C18C17C16
-123.7(2 C23C22C27C26
0.0(3) C26C25C24C23
-0.2(4) C24C25C26C27
-124.77(14 C14C9 C2 N2
85.84(19 C14C9 C2 C1
4.3(2) C14C9 C2 C3
120.45(15 C14C9 C1ic0C11
-129.43(15 C8 C3 C4 C5
-1.2(3) C8 C7 C6 C5
-1.7(3) C11C12C13C14
-139.8(2 C4 C3 C8 C7
39.9(3, C4 C5 C6 C7

Angl e
0.3(3)
-0.5(3)
2.2(3)
-0.7(3)
0.2(4)
0.1(4)

-94.82(19

167.90(16
38.1(2
0.3(3)
0.1(4)
2.1(3)
-0.2(3)
1.7(3)
-2.0(3)
-1.2(3)
1.3(3)
83.7(2

-13.6(2,

-143.37(18
-0.2(3)
0.0(3)
-0.2(4)
0.0(4)
-0.1(3)
0.0(4)
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Table S22Torsion Angles for 1A-ABL -P-ME_auto.
A B C D Angle A B C D Angl e

Cl C2 C3 C8 -73.5(2, C21C18C17C16 -178.79(18
Cl C2 C3 C4 103.9(2 C21C18C19C20 -179.73(19
C2 N2 N1 C1 -5.66(13 C28C25C26C27 -179.0(2

C2 N2 N1 C22 -155.05(16 C28C25C24C23 179.1(2

Table S23Hydrogen Atom Coordinates (Ax1@) and Isotropic Displacement
Parameters (&x10°) for 1A-ABL -P-ME_auto.

Atom X y z U(eq)

H16 5390.0¢ 6190.9: 4687.1+ 59
H20 7183.3: 8418.0: 6115.4¢ 59
H10 7842.6¢ 6553.7¢ 7404.9° 63
H27 7011.1: 7184.5 3462.1¢ 65
H17 4233.: 7600.7¢ 5075.2: 65
H19 6009.7¢ 9760.2¢ 6543.0¢ 65
H23 6520.1¢ 3264.2] 3519.8¢ 66
H26 6859.7: 7135.8¢ 1931.6¢ 72
H24 6377.3% 3243.41 1995.6¢ 67
H14 6121.4¢ 3929.2] 6246.3¢ 73
H8 8744.: 3790.6: 6669.5 77
H11l 7034.1: 6431.2 8687.6: 79
H4 8793.3¢ 7214.8: 5327.1¢ 83
H21A 3837.5¢ 9944.1¢ 5612.5 104
H21B 4458.1: 10514.8: 6396.¢ 104
H21C 3847.3: 9258.5¢ 6547.9: 104
H28A 5905.¢ 4950.8! 606.27 107
H28B 6918.t 4446.0¢ 574.9¢ 107

Page | 84



Table S23Hydrogen Atom Coordinates (Ax1@) and Isotropic Displacement
Parameters (&x10°) for 1A-ABL -P-ME_auto.

Atom
H28C
H12
H7
H13
H5
H6

X

6709.3¢
5778.2-
10314.1¢
5320.2¢
10371.9:
11123.0:

y

5977.3¢
5071.2¢
3865.4%
3821.0¢
7264.2¢
5599.0!

551.5¢
8747 .4.
6865.0-
7531.4¢
5540.2¢
6305.2

U(eq)
107
90
98
94
110
107
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13.Limitations of substrates

Unsuccessful substrates

Br /IN /| NH»
Ns Ne Na N
Cf " O S

Br NH2

10 1w 1x

Possible reasons:

We explored the possible reasons behind the failure of the above substrates. In our developed
reaction protocol, isomerisation from the trans (E) form to the reactive cis (Z) form is a crucial
prerequisite for reactivity. We first examohéhe photoisomerisation potential of each of the
unsuccessful substrates by stirring them under our standard irradiation wavelength (420 nm).
TLC analysis revealed that substrateyielded only a trace amount of its cis form, while

and1x did not undego any detectable isomerisation.

We then investigated photoisomerisation at a lower wavelength (365 nm). Gratifyingly,
substratelo showed significant conversion to its cis form, wherbasind 1x again failed to
isomerise. The inability oflw and 1x to undergo photoisomerisation likely explains their
complete lack of reactivity under the reaction conditions, as the formation of the cis isomer is

essential for the subsequent cycloaddition step.

Encouraged by the improved photoisomerisatiohadt 366 nm, we attempted the synthesis
of the corresponding a#alactam under these conditions. However, the reaction did not

proceed, andoremained completely unreacted.

These results suggest that wHitecan be effectively photoisomerised at 365 nm, tlesgmce
of two orthebromo substituents imposes significant steric hindrance, likely preventing the key

[2+2] cycloaddition step. This steric barrier ultimately hinders the overall transformation.
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10% EtOAc: Hexane 30% EtOAc: Hexane 50% EtOAc: Hexane

E-1u ~ TLC analysis after
irradiation at 420 nm
E-1t
1t 1u

S — Authentic sample

R — After irradiation at 420 nm

10% EtOAc: Hexane 50% EtOAc: Hexane

E-1o E-1t
Z-10 TLC analysis after
E-1t ~ irradiation at 365 nm
E-1u
E-1u

Figure S7: TLC analysis ofailed substrates.
Procedure for the synthesis ofE)-4-(phenyldiazenyl)pyridine (1t):
Z "N

NH,

Ny NaOH Ny A
| N + ~O > N
N/ Pyridine, H,O

1w

To a 50mL round bottom flaslequippedwith a magnetic stirring bar-dminopyridine 200

mg. 1.87mmol), nitrosobenzenel{6 mg, 1.87mmol), NaOH 2 equiv), and pyridine (750

pL), and BO (1 mL) was added. The reaction mixtur was st i rr edforadth. 80
After cooling down to room temperature the reaction mixture was diluted with water and ethyl
acetate. The organic layer weallected and washed with brine. Then, the organic layer was
dried over anhydrous N&8Qs and filtered. The solvent was evaporated under reduced pressure

and the crude product was purified by column chromatography

'H NMR (500 MHz, CDCl3) i 8 . 8=16.7(Hd, 2H), 7.99 7.94 (m, 2H), 7.71 (d] = 5.3
Hz, 2H), 7.55 (dJ = 5.3 Hz, 3H)(see specta

13C NMR (126 MHz, CDCL3)i 157 .36, 152. 46, 151. 33see 132.

spectrg
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14.DFT Calculations

To investigate the geometry, stability, and properties of the complex, we calculated using
density functional theory (BT) with the Gaussian16 packa®é Geometry optimization and
frequency calculations are performed at the wB97XD/S8II of theorywith an ultrafine

integration grid for increased accuracy.

Also, using the triplss basi s set, the value of BSSE is d
used to correct the energies throughout this work. In addition, a mechanistic calculation is
performed in order to examine the efficacy of the photocatalytic process using the same theory
level. The results of frequency calculations are examined in order to define the transition state
(TS), the reactant (R), the intermediate (IM), and the prodBgtsThe occurrence of a single
imaginary frequency, as is the case with the eigenvector along the reaction path, assures us that
TS is a firstorder saddle point. The occurrence of only real frequency values for the R, IM,

and P structures assures us that #reygenuine minima.

I n addition, the reaction energy change in
act i v al) aredeterfioel based on the free energy difference between the ending and

starting states.

Further, NBO analysis is carriedit to ensure the chemical reactivity of the tranebenzene

and Cisazobenzenat same level of theory
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e

Trans-azobenzene cis-azobenzene

INT,

v carbene
¢ K\i}\
TS1 TS2 .

v 3a

Figure S8: Structures of each and every species involved in reaction mechanism calculated at
wB97XD/SDD level of theory.
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Coordinates:

Trans-azobenzene

C  -4.043345000  1.099260000-0.000023000

C  -2.655489000 1.293571000-0.000028000

C -1.792677000 0.186103000-0.000004000

C -2.312792000 -1.123440000 0.000025000
C -3.698462000 -1.310470000  0.000030000
C -4.566335000 -0.202948000 0.000006000
H -4.711009000 1.954009000-0.000042000

H -2.222293000 2.287852000-0.000049000

H -1.628356000 -1.963779000 0.000043000

H  -4.107295000 -2.315479000 0.000053000
H  -5.640428000 -0.356964000 0.000010000
C 2.655489000 -1.293571000 -0.000028000

C 4.043345000 -1.099260000 -0.000023000

C 4.566335000 0.202948000  0.000006000
C 3.698462000 1.310470000  0.000030000
C 2.312792000  1.123440000 0.000025000
C 1.792677000 -0.186103000 -0.000004000

H 2.222293000 -2.287852000 -0.000049000

H 4.711009000 -1.954009000 -0.000042000

H 5.640428000 0.356964000 0.000011000
H 4107295000  2.315479000  0.000053000

H 1.628356000 1.963779000  0.000043000
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Cis-azobenzene

N

N

C

C

-0.393537000

0.393537000

-2.123721000

-1.230364000

-1.436845000

-2.547508000

-3.420143000

-3.210523000

-1.970855000

-0.392062000

-2.713640000

-4.268537000

-3.896019000

2.547493000

3.420196000

3.210581000

2.123730000

1.230330000

1.436795000

2.713562000

4.268628000

-0.385852000

-0.451233000

0.501687000-0.000007000

-0.501687000 -0.000008000

-1.278075000  1.175551000

-0.203876000  1.078075000
0.777442000  0.092014000
0.706606000-0.762507000
-0.385993000 -0.677074000
-1.380769000  0.291837000
-2.033721000  1.938576000
-0.126711000 1.761845000
1.504930000-1.477560000
-0.451506000 -1.349675000
-2.217937000  0.368280000
0.706699000  0.762392000

0.677043000

-1.380758000 -0.291733000

-1.278231000 -1.175404000

-0.204054000 -1.078040000

0.77739200060.092104000
1.505089000 1.477379000

1.349610000
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2a

H

H

N

N

C

C

C

C

3.896123000

1.970872000

0.392067000

-0.634580000

0.634542000

1.435271000

0.824644000

-0.180464000

-0.572885000

0.035641000

1.033552000

2.209880000

1.126026000

-0.672700000

-0.251394000

1.491339000

-1.680515000

-3.057286000

-3.048931000

-4.261208000

-5.459793000

-2.217895000 -0.368107000

-2.033970000 -1.938340000

-0.127028000 -1.761841000

1.987636000  0.004821000

1.9876210060.004887000

4.3564250000.918477000

4599297000 0.323001000

3.742762000  0.785894000

2.624347000  0.024036000

2.3893640001.225177000

3.2560310001.691987000

5.023228000 -1.283322000

5.453078000  0.920382000

3.927436000 1.734711000

1.541271000-1.834054000

3.0693820002.657291000

1.779718000 0.576991000

-1.660459000 1.105030000

-0.418245000  0.439679000

0.121817000-0.027761000

-0.579180000 0.147523000
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O

-5.462343000

-4.259978000

-2.135225000

-4.267628000

-6.388792000

-6.393645000

-4.257939000

-1.771041000

-2.534077000

-0.664584000

-0.547788000

-1.336604000

3.677431000

2.654726000

2.255873000

2.821147000

3.846301000

4.281211000

4.004910000

2.188752000

2.483646000

4.314257000

0.913958000

0.951362000

-1.820914000  0.803123000

-2.356623000  1.287432000
-2.065070000  1.512323000
1.089917000-0.516269000
-0.156097000 -0.218359000
-2.359273000  0.942776000
-3.307639000  1.808834000
0.315346000
2.270289000
-0.216978000 -0.199363000
-1.515407000 -0.549319000
-2.134273000 -0.752964000

0.147557000

-0.118150000 -0.192304000

-1.444306000 -0.345638000

-2.508458000  0.354551000

-2.215578000  1.261004000
-0.889861000  1.463000000
1.171700000 0.870780000
0.67640400060.763879000
-3.524920000 0.182511000

-3.022962000  1.814930000

-1.817773000 -1.536161000

-0.759224000 -2.735996000

0.229781000

1.345050000

0.726074000
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C

C

0.826864000 -3.390237000 -1.829362000

5.366482000 -0.588470000

6.117153000 -1.383665000

5.873732000

4.937309000 -0.501865000

2.473403000

2.500404000

0.3532760002.246821000

3.478412000

2.176030000

1.198610000

-0.133793000

-0.488185000

0.484754000

1.816959000

3.210955000

1.474857000

-0.910391000

0.211215000

2.562977000

-1.933054000

-3.300666000

-3.462211000

-4.745437000

3.0705480000.861225000

4.0696220000.697320000

3.706662000-0.472163000

2.346417000-0.388003000

1.3428870060.563681000

1.7164000060.801917000

3.3467650001.043088000

5.1185350000.753857000

4.458376000-0.370055000

0.28121000060.529691000

0.9431360000.951136000

1.988167000-0.197020000

-1.455553000

-0.060524000

0.513317000

0.250903000

0.386198000

0.310485000
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O

-5.866873000

-5.715285000

-4.431567000

-2.285430000

-4.852330000

-6.854550000

-6.585927000

-4.304086000

-2.254187000

-2.843935000

-1.386773000

-0.677490000

3.552812000

2.417217000

2.402501000

3.496267000

4.631797000

4.675078000

3.559772000

1.531192000

3.411360000

5.482833000

0.879466000

-0.303127000

-0.307377000

-1.699650000

-2.266558000

-1.861861000

1.589156000

0.139861000

0.121937000

0.016770000

0.079422000

0.219487000

0.380413000

0.056219000

-2.333434000 -0.127837000

-3.338855000 -0.034810000

0.782984000

0.582143000

2.684605000-0.712864000

0.388534000

0.069532000

-0.503204000

-1.209395000

-1.784499000

-1.662408000

-0.955469000

-0.368602000

-0.032683000

-1.268940000

-2.079567000

-0.847906000

-2.693715000

-1.661818000

1.499603000

2.355804000

1.622686000

1.203350000

-0.070969000

-0.927874000

-0.496880000

0.780598000

2.603010000

1.827070000

-1.927710000

-1.165434000

-0.686154000

-0.086835000
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H

C

C

C

C

C

1.107958000 -2.548539000 -2.323248000

5.886066000 0.420090000  1.240099000

6.679540000 0.404606000  0.485800000

5.621757000 1.467547000  1.429823000

6.296487000 0.009922000  2.170756000

5.170589000 -0.506264000 -0.860240000

4.774518000 0.056383000 0.364032000

3.514164000 0.655079000  0.483681000

2.616297000 0.6835480060.600663000

3.027704000 0.13238800061.827672000

4.295216000 -0.455621000 -1.955931000

6.147116000 -0.971520000 -0.960867000

5.447354000 0.034630000 1.216741000

3.207755000 1.126358000 1.411558000

2.358038000  0.15521500062.677271000

4.594266000 -0.878589000 -2.910363000

1.300758000 1.4101660060.374508000

-2.385854000  1.104778000-1.482484000

-1.212052000 1.653346000-0.900280000

-1.356152000 2.882232000-0.198602000

-2.603120000  3.505251000-0.077009000
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-3.757106000

-3.630831000

-2.326309000

-0.478400000

-2.672522000

-4.724157000

-4.504684000

0.087435000

1.359774000

2.938379000-0.643887000

1.733503000-1.350338000

0.173506000-2.033687000

3.315980000

4.442495000

0.260137000

0.470014000

3.422111000-0.538831000

1.270180000-1.800181000

0.9606730001.006422000

2.404044000

0.430359000

0.211162000 -0.252384000 -1.679080000

-0.566287000 -0.994990000 -2.283740000

0.895177000

-0.970438000

2.088193000

0.295808000 -1.891096000 1.221321000

-1.045589000

-1.803644000

-1.180226000

0.174613000

1.94430500

0.856823000

-2.838380000

-1.743823000

-1.815780000

-1.073430000

-3.422768000

-1.704435000

-0.646318000

0.266530000

0.127377000

-1.089104000

-2.719000000

-0.519061000

1.121745000

0.891282000

1.386662000

2.245371000

2.594810000

2.339289000

0.804001000

1.090678000

2.603847000

-2.855214000 -0.331364000

-4.295216000 -0.105855000

-2.806418000 -0.029491000
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C

0.862960000  1.185169000  3.425555000

1.736763000 0.781506000  3.948469000

1.197849000 1.98600@00 2.753865000

0.183741000 1.619533000 4.166828000

-4.641260000 0.130467000  0.628380000

-4.333732000 -0.837396000 -0.342009000

-3.001658000 -1.065093000 -0.702638000

-1.967420000 -0.314858000 -0.110516000

-2.279759000  0.650934000  0.864825000

-3.612680000 0.867546000  1.235503000

-5.674008000 0.307476000  0.910004000

-5.127412000 -1.408992000 -0.810364000

-2.745159000 -1.818204000 -1.439659000

-1.494272000 1.226336000  1.341320000

-3.848567000 1.609283000  1.990479000

-0.562427000 -0.638215000 -0.500244000

2.951943000 0.998260000 -0.250952000

1.898525000  0.0587530060.072929000

2.227896000 -1.230192000  0.434685000

3.547928000 -1.556609000  0.747479000

4.576880000 -0.618383000  0.558729000

4.270290000 0.657439000 0.056651000
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INT carbene

2.739209000

1.9877690000.636823000

1.451407000 -1.969904000

3.776444000 -2.542585000

0.575825000

1.136248000

5.602660000 -0.877446000 0.798178000

5.059099000

0.513418000

1.3860080060.094134000

0.3978540000.365205000

-0.274169000 -1.766242000 -0.964219000

0.051322000

1.6910550000.629443000

0.652434000 2.769967000 -0.677397000

-4.065900000

-3.912815000

-2.767221000

-1.770061000

-1.928078000

-3.073302000

-4.955223000

-4.683568000

-2.627520000

-1.175972000

-3.199793000

1.024383000-0.657984000

1.131081000

-0.363237000 -0.818832000

-1.002924000 -0.330937000

-0.256915000 0.321802000

0.491596000

1.770039000-0.002222000

1.518983000-1.034885000

1.699123000

2.838732000

-0.938913000 -1.320248000

-2.073402000 -0.440142000

1.032349000

0.134531000
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C  -0.539196000 -0.964826000  0.787324000

C 2.844867000 0.735747000  1.032084000

C 1.790593000 -0.020902000  0.451445000

C 1.976760000 -0.575632000 -0.850759000
C 3.171411000 -0.368643000 -1.539491000
C 4196578000  0.3937320000.945592000

C 4.037538000  0.9479630000.336933000

H 2.688893000 1.138313000 2.026840000
H 1.182096000 -1.171968000 -1.288047000

H 3.316873000 -0.793377000 -2.526112000

H 5.124992000  0.5519580001.485304000

H 4.838308000 1.527253000 0.781642000
C 0.588318000 -0.191428000 1.213367000
O  -0.475755000 -2.230916000  0.898371000

TS1(RIES TS xcited state

C 3.501520000 -1.520971000  0.000600000
C 3.043114000 -0.976079000 -1.223919000

C 2.124086000 0.0627670001.243641000

C 1.568040000 0.578767000  0.000010000
C 2.123940000 0.063331000  1.243968000
C 3.043004000 -0.975475000 1.224822000
H 4.223094000 -2.330560000  0.000833000

H 3.431401000 -1.363592000 -2.160467000
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H 1.789789000  0.4925400002.182698000

H 1.789528000  0.493527000  2.182789000

H 3.431217000 -1.362527000 2.161590000
C 0.683388000  1.8214920060.000344000
C -1.629950000 -1.258184000 -0.001093000

C -1.500189000 0.157755000-0.000037000

C -2.675287000 0.963369000 0.001065000
C  -3.934982000 0.361529000 0.001197000

C  -4.049614000 -1.041785000 0.000095000

C  -2.894830000 -1.847632000 -0.001096000

H -0.729703000 -1.864097000 -0.001957000

H -2.574949000 2.043563000 0.001836000
H  -4.828223000 0.976612000 0.002111000
H  -5.030999000 -1.504063000 0.000218000
H -2.989857000 -2.927883000 -0.002071000

C  -0.214284000 0.753806000 0.000179000

O 0.795122000 3.0612920060.001627000

TS2

C 3.323984000 -1.675651000  0.301329000
C 3.366299000 -0.895299000 -0.866880000
C 2448211000 0.14713100061.043469000

C 1.501107000  0.4151630060.039566000
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O

1.448736000

2.365402000

4.032888000

4.104300000

2.456984000

0.703988000

2.335624000

0.680693000

-2.061967000

-1.480912000

-2.115649000

-3.303553000

-3.859641000

-3.237844000

-1.573648000

-1.676956000

-3.793860000

-4.778085000

-3.674471000

-0.291524000

1.145398000

-0.371161000  1.124965000

-1.415851000  1.295393000
-2.486266000  0.434506000
-1.103992000 -1.633452000
0.7540650001.941918000
-0.164125000 1.887326000
-2.022252000  2.193986000
1.8010050060.073695000
-0.474361000 -1.336311000
0.400613000 -0.390856000
0.581835000 0.864914000
-0.094420000  1.158248000
-0.974658000  0.213002000
-1.167764000 -1.032366000
-0.592534000 -2.297165000
1.264527000 1.586607000
0.055076000  2.113841000
-1.503905000  0.445272000
-1.844538000 -1.758197000
1.142713000-0.755492000

2.891022000 0.306736000
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O O 0O

@

-3.795442000

-3.680227000

-2.446252000

-1.311381000

-1.435714000

-2.665923000

-4.748606000

-4.544889000

-2.363395000

-0.572243000

-2.745451000

0.000044000

1.435605000

1.311381000

2.446331000

3.680288000

3.79540200

2.665796000

0.572044000

2.363565000

4.545015000

4.748552000

2.745232000

0.000002000

-1.192481000 -0.159965000
0.016916000  0.540993000
0.677216000 0.611236000
0.148711000-0.035676000
-1.064841000 -0.741927000
-1.731479000 -0.796456000
-1.708002000 -0.208143000
0.440147000  1.041335000
1.597686000 1.183015000

-1.480104000 -1.251155000
-2.665809000 -1.342347000
2.1917970060.000021000
-1.064910000 0.741771000
0.148661000  0.035567000
0.6771930060.611186000
0.01686400060.540843000
-1.192572000  0.160081000
-1.731572000  0.796420000
-1.480160000  1.250864000
1.5977230001.182880000
0.4401150001.041055000
-1.708111000  0.208349000
-2.665930000  1.342278000

0.8609580060.000040000
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3a

O

0.000091000

-2.550648000

-1.391722000

-0.842328000

-1.451235000

-2.615108000

-3.160626000

-2.974470000

-0.918036000

0.055177000

-3.098752000

-4.059360000

0.226582000

-2.732473000

-1.844112000

-1.948837000

-2.935017000

-3.816770000

-3.707678000

-2.648705000

-1.284580000

-3.006041000

3.383711000

-3.331645000

-3.667386000

-2.761561000

-1.513925000

-1.183832000

-2.086025000

-4.033714000

-4.630966000

-3.035093000

-0.226673000

-1.820652000

0.000003000

2.502195000

1.785912000

0.869553000

0.654465000

1.368555000

2.291137000

3.212623000

1.940218000

0.323517000

1.198381000

2.837982000

-1.050289000 -1.287094000

-0.362873000

-1.841701000

0.364648000-1.021108000

1.763044000 -0.981788000

2.418794000-1.738323000

1.691610000-2.545979000

0.292009000-2.597890000

-1.444222000

-1.891099000

2.358914000-0.373534000

3.500367000-1.691099000
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H

O O

@

H

H

C

C

C

C

C

C

H

H

-4.574565000

-4.376879000 -0.285364000

-0.816892000 -0.487473000

0.223942000 -1.864780000

2.203867000-3.129461000

4.689298000 -0.566728000

3.312923000 -0.313864000

2.632977000 -0.539498000

3.312560000 -1.018512000

4.685525000 -1.277858000

5.381038000 -1.049279000

5.217251000 -0.391473000

2.773537000

0.040930000

-3.226678000

-0.274080000

-2.205486000

0.662836000

0.597397000

-0.610360000

-1.744396000

-1.656824000

-0.458474000

1.594083000

1.467489000

2.771378000 -1.190841000 -2.667287000

5.211519000 -1.654332000 -2.527570000

6.446126000 -1.244790000 -0.399496000

-0.250267000

-0.177253000

0.676035000

1.451602000

1.368036000

0.507433000

-0.88060500

-0.771686000

0.742105000

1.817605000

2.013235000

3.110695000 2.539597000

4.067834000

3.716383000

2.429835000

1.483339000

1.062208000

3.368043000

5.065467000

1.961597000

0.847361000

0.294348000

0.874269000

2.470569000

3.409974000

2.381582000
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2.119720000  4.444564000  0.399549000
1.951039000 2.1704160060.581751000
1.241546000 -0.293891000 -0.704638000

0.400746000  0.149789000  0.400247000
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15. Characterization of Starting Materials
Symmetrical Azoarenes

(E)-1,2-diphenyldiazené! (1a)
Prepared accading to thegeneral procedure 2.the product was
N\\N/© obtained by column chromatography on silica gel (eluent: Hexan
©/ 86% vyield as an orange solitH NMR (500 MHz, CDC$) 4 7
J=7.4Hz, 4H), 7.55 7.47 (m, 6H)(see spectra

(E)-1,2-bis(4-fluorophenyl)diazenée' (1b)

¢ Prepared ecording to thegeneral procedure 2.the product was

Na /©/ obtained bycolumn chromatography on silica gel (eludt&xane) in
FO/ " 84% vyield as an orang®lid.'"H NMR (500 MHz,CDC$) U 7.
J=5.2,1.6 Hz, 4H), 7.307.14 (m, 4). 13C NMR (126 MHz,CDCl)

d 165.5, 16 3(d5510.0 4z 116.2d, JE 2148.H9).

(see spectra

(E)-1,2-bis(4-chlorophenyl)diazené?! (1c)
Prepared aceding to thegeneral procedure 2.1he product was

Cl
N\\NO obtained by column chromatography on silica gel (eluent: Hexan
c|/©/ 76% yield as an orange solitH NMR (500 MHz, CDC4) U 7

J=8.9 Hz, 4H), 7.48 (d, J = 8.8 Hz, 4Kkhee spectrpn

(E)-1,2-bis(4-bromophenyl)diazené! (1d)
s, Prepared according to thgeneral procedure 2.the product was
N\\N/©/ obtained by column chromatography on silica gel (eluent: Hexan
B,/©/ 60% yield as an orange solitH NMR (500 MHz, CDC4) U 7
J =8.8 Hz, 4H), 7.65 (d, J = 8.9 Hz, 4Khee spectra

(E)-1,2-bis(3-chlorophenyl)diazene!! (1¢)

Prepared aceding to thegeneral procedure 2.1he product was
Na /© obtained by column chromatography on silica gel (eluent: Hexan
N

79% vyield as an orange solitH NMR (500 MHz, CDC}) U 7
ci 2H), 7.84i 7.81 (m, 2H), 7.46 (d, J = 5.0zH4H).(see spectrp
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(E)-1,2-bis(3-bromophenyl)diazené* (1f)

Br

f Prepared accding to thegeneral procedure 2.the product was

Na obtained by column chromatography on silica gel (eluent: Hexan
©/ " 75% vyield as an orange solitH NMR (500 MHz, CDC$) U 8
Br J=2.2Hz, 2H), 7.87 (d,J =7.9 Hz, 2H), 7.61 (d, J = 7.8 Hz, 2H),
(t, J = 8.0 Hz, 2H)(see spectrp

(E)-1,2-bis(4-(trifluoromethyl)phenyl)diazene!! (1g)

cr;  Prepared ecording to thegeneral procedure 2.1he product was
O/N\‘NO obtained bycolumn chromatography on silica gel (elugr&xane) in
FsC 74% vyield as an orang®lid. 'H NMR (500 MHz, CDC4$) U 8
J=8.0 Hz, 4H), 7.81 (d] = 9.3 Hz, 4H)(see spectra

(E)-1,2-bis(4-(trifluoromethoxy)phenyl)diazenet! (1h)

/@0“3 Prepared ecording to thegeneral procedure 2.1he product was

ONQN obtained bycolumn chromatography on silica gel (eludté&xane) in

FiCO 74% vyield as aorangesolid. 'H NMR (500 MHz, @DCls) U 7
J=8.0Hz, H), 7.37 (dJ = 8.0 Hz, H). (see spectrp

diethyl 4,4'-(diazene1,2-diyl)(E)-dibenzoatée* (1i)

cos Prepared ecording to thegeneral procedure 2.the product was
NQNO obtained bycolumn chromatography on silica gel (eludté&xane) in
EtOZCO 60% vyield as an orangmlid. 'H NMR (500 MHz, CDC}) U 8
J=8.7Hz, H), 7.98 (dJ=8.0 Hz, H), 4.42 (qJ) = 7.3 Hz, 4H), 1.44
(t, 6H). 13C NMR (126 MHz,CDClL) U ,1%.8,.132.8, 130,7
122.9 61.4, 14.4(see specta
(E)-1,2-di-p-tolyldiazene'* (1))
. Prepared ecording to thegeneral procedure Z.1he product was
N\\N/O obtained bycolumn chromatography on silica gel (eludté&xane) in
HaCO/ 88% yield as an orangmlid. 'H NMR (500 MHz, CDC4) U 7
J=7.9Hz, 4H), 7.31 (d, J = 8.2 Hz, 413)44 (s, 6H)**C NMR (126
MHz, CDCl) 0 150. 9,12218471.4, 37,1, 76.2, 21.67
(see spectra
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(E)-1,2-di-m-tolyldiazene'! (1K)

CHj

Prepared ecording to thegeneral procedure 2.1the product was

obtained bycolumn chromatography on silica gel (elugdexane) in
90% yield as an orangmlid. 'H NMR (500 MHz,CDClz) U 7J

=5.7 Hz, 2H), 7.41 (§ = 7.9 Hz, 1H) 7.30 (dJ = 7.5 Hz, 1H), 2.47 (s
3H). 3C NMR (126 MHz,CDCls) U 15 213B8§,129.8 82249

120.8, 21.5(see specta

(E)-1,2-bis(2,4dimethylphenyl)diazenéd? (1l)

H3C©/CH3 Prepared ecording to thegeneral procedure 2.the product was

obtained bycolumn chromatography on silica gel (eludt&xane) in
72% vyield as an orang®lid. 'H NMR (500 MHz, DCls) U 7

J=8.0 Hz, 1H), 7.15 (s,H), 7.06 (d,J = 8.0 Hz, 2H), 2.70 (s, 6H)
2.39 (s, 61). 1°C NMR (126 MHz, CDC%) a 1409 13.9,

131.9, 127.2115.9, 21.5, 17.Gsee spectn

(E)-1,2-bis(4methoxyphenyl)diazené? (1m)

OMe
O/N\\N/Q/
MeO

Prepared according to thgeneral procedure 2.1he product was

obtained by column chromatography on silica gel (eluent: Hexan
68% yield as a yellow solidH NMR (500 MHz, CDC}) U 7.
=9.2 Hz, 4H), 6.99 (d, J = 8.1 Hz, 4H), 3.87 (s, ke spectrp

(E)-1,2-bis(3-methoxyphenyl)diazené® (1n)

OMe

Ny

OMe

Prepared according to thegeneral procedure 2.1he product was

obtained by column chromatography on silica gel (eluent: Hexan
21% yield as an orange solitH NMR (500 MHz, CDC$) U 7
J = 7.8 Hz, 2H), 7.43 (dd, J = 14.6, 6.5 Hz, 4H), 7.04 (dd, J = 8.0
Hz, 2H), 3.89 (s, 6H)see spectra

(E)-1,2-bis(2-bromophenyl)diazené! (10)

Br
N\\N
Br

Prepared according to theeneral procedure 2.1he product was
obtained by column chromatography on silica gel (eluent: Hexan
25% yield as an orange solitH NMR (500 MHz, CDC4) U6 (d,

J=7.6Hz, 4H), 7.40 (t, J = 7.6 Hz, 2H), 7.32 (d, J = 6.9 Hz, 2H).

(see spectra
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Unsymmetrical Azoarenes

(E)-1-(4-chlorophenyl)-2-phenyldiazené! (1p)

/@ Prepared according to theneral procedure 2.the product was obtaine

/©/N¢N by column chromatography on silica gel (eluent: Hexane) in 87% yie

c a yellow solid!H NMR (500 MHz, CDC}) U 7J =972 H{%, 8H),
7.88 (d,J=9.2 Hz, 2H), 7.5% 7.47 (m, 5H)(see spectip

(E)-1-phenyl-2-(p-tolyl)diazene!! (1q)
/@ Prepared according to theneral procedure 2.the product was obtaine

N+ by column chromatography on silica gel (eluent: Hexan®@ib yield
HSC/O/ as a orangesolid. *"H NMR (500 MHz, CDC$) U0 7. 91 (
2H), 7.84 (d, J = 7.9 Hz, 2H), 7.52 (t, J = 7.5 Hz, 2H), 7.46 (t, J = 7.1
1H), 7.32 (d, J = 8.0 Hz, 2H), 2.45 (s, 3HC NMR (126 MHz, CDC$)
a 1 51%0.98141.6, 130,81298, 129.1, 122.8, 77,47.1, 76.8, 21.6
(see spectra

(E)-1-(4-methoxyphenyl)-2-phenyldiazené! (1r)

Prepared according to thgeneral procedure 2.Zhe product was
/©/N°N obtained by column chromatography on silica gel (eluent: 5% Et

MeO in Hexane) in 98% yield as a yellow solttit NMR (500 MHz, CDC$)
O 7. 989.1Hk,2H), 7.88 (d) = 7.7 Hz, 2H), 7.53 7.48 (m,
2H), 7.44 (tJ= 7.2 Hz, 1H), 7.02 (d] = 8.0 Hz, 2H), 3.90 (s, 3Hjsee
spectrg

(E)-1-(4-bromophenyl)-2-(p-tolyl)diazene'* (19

gr Prepared according to thgeneral procedure 2.Zhe product was
N°N/©/ obtained by column chromatography on silica gel (eluent: Hexan
H3C/©/ 87% yield as morange solid*H NMR (500 MHz,CDClz) U0 7 J¢
= 20.0, 8.0 Hz, 4H), 7.6, J = 8.0 Hz, 2H), 7.32 (d]) = 8.0 Hz, 2H),
2.44 (s, 3H)*C NMR (126 MHz,CDCl;) U 151.6, 15

124.7,123.1, 21.Gsee spectip
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16. Experimental Data for aza-b-lactam products

x 1,2,4,4tetraphenyl-1,2-diazetidin-3-one (3a):

o S

\
Ph N

e,

The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was changgd(E)-1,2-diphenyldiazend.a (36
mg, 0.2 mmol, 1.0 equiv.),kbsylhydrazon®a (151 mg, 0.4 mmol, 2 equiv.) akdCOs (55
mg, 0.4 mmol, 2 equiv.)The vial was evacuated and bdtled with argon three times. Then
DCE (0.1M) was added via syringe. Timéxture was sealed with parafilnma@irradiated for 4
hours inAcceledPhotoreactor m2 (420 nm LED, 1%0intensity, 6800 rpm fan speed, 750
rpm stir rate). Following irradiation, theolvent was removeid vacuo The resulting mixture
was then extractedrie times with ethyl acetat€he combined organic layers were dried over
anhydrous Ng5Q: and concentrateth vacuo The crude product wagurified by column
chromatographysingethyl acetate and hexa(t&95) as eluent to afford the desired product
3aas a white solid4 mg, 99 % yield)

'H NMR (500 MHz, CDClIs) i 7 . 4=38.0(Hd, 4H), 7.3% 7.31 (m, 4H), 7.12 (= 7.3
Hz, 3H), 7.03 (tJ = 8.0 Hz, 4H), 6.86 (d] = 8.0 Hz, 5H)(see spectipa

13C NMR (126 MHz,CDClz)4i 166. 4, 145.4, 138.3, 130.1,
120.6, 116.594.3.(see specta

HRMS (ESI-TOF) m/zcalcd for GeH2oN20Na" ([M + Na]*) 399.1468; found 399.1453

x 1,2-bis(4-fluorophenyl)-4,4-diphenyl-1,2-diazetidin-3-one (3b):

Page | 31



The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged WHh1,2-bis(4-
fluorophenyl)diazend.b (44 mg, 0.2 mmol, 1.0 equiv.), fsylhydrazonea (151 mg, 0.4
mmol, 2 equiv.) and ¥COs (55 mg, 0.4 mmol, 2 equiv.Jhe vial was evacuated and back
filled with argon three times. Then DCE (0.1M) was added via syringeniXtere was sealed
with parafilm and irradiated for 1hours inAcceledPhotoreactor m2 (420 nm LED, 1%0
intensity, 6800 rpm fan speed, 750 rpm stir rate). Following irradiationsdhent was
removedn vacuo The resulting mixture was then extracted three times with ethyl acBtate.
combined organic layers were dried over anhydrousS8aand concentrateth vacuo The
crude product wapurified by column chromatograplugsingethyl acetate and hexa(t95)
as eluent to afford the desired prod8istas a white solid46 mg, 93% vyield).

'H NMR (500 MHz, CDClIs) i 7 . 3J8 9.8, 8.8 Hz, 5H), 7.03 (8,= 8.7 Hz, 5H), 6.84
(dd,J=8.7, 4.7 Hz, 4H), 6.74 (§,= 8.0 Hz, 4H)(seespectrg

13C NMR (126 MHz, CDCls) i 1 6169.9@,J =245.7), 159.71d,J = 244.4, 141.1, 134.2,
130.2, 128.6122.3, 122.3, 118.0, 117.916.1(J = 22.7), 115.4 (dJ) = 22.7), 94.7 (see

spectrg

19F NMR (471 MHz, CDCl3) 11-117.19,-118.03.(see spectrn

HRMS (ESI-TOF) m/zcalcd for GeHidFaN2O* ([M + H]*) 413.1460; found 413.1464

x 1,2-bis(4-chlorophenyl)-4,4-diphenyl-1,2-diazetidin-3-one (3c):

The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged Wih1,2-bis(4
chlorgphenyl)diazenelc (50 mg, 0.2 mmol, 1.0 equiv.), fdsylhydrazonea (151 mg, 0.4
mmol, 2 equiv.) and KCOs (55 mg, 0.4 mmol, 2 equiv.Yhe vial was evacuated and back

filled with argon three times. Then DCE (0.1M) was added via syringe. The mixture was sealed
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with parafilm and irradiated for 1Gours in a AcceledPhotoreactor m2 (420 nnED, 1006
intensity, 6800 rpm fan speed, 750 rpm stir rate). Following irradiationsdahent was
removedn vacuo The resulting mixture was then extracted three times with ethyl acBtate.
combined organic layers were dried over anhydrou$S8aand concentrateth vacuo The
crude product wapurified by column chromatograplugsingethyl acetate and hexa(t95)
as eluent to afford the desired prod8cts a white solid (87 mg, 98 yield).

'H NMR (500 MHz, CDCls) 4 7-7.28 Bm, 10H), 7.01 (dl = 8.9 Hz, 4H), 6.77 (d] = 9.1
Hz, 4H).(see specta

13C NMR (126 MHz, CDClzp)i 166 . 1, 143. 7, 1,328.6,821.71127%, 9, 1
94.9.(see spectrp

HRMS (ESI-TOF) m/zcalcd for GeH19ClaN20* ([M + H]*) 445.0869; found 445.0867

x 1,2-bis(4-bromophenyl)-4,4-diphenyl-1,2-diazetidin-3-one (3d):

The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged WHk1,2-bis(4
brom@henyl)diazendd (68 mg, 0.2 mmol, 1.0 equiv.),-ddsylhydrazonea (151 mg, 0.4
mmol, 2 equiv.) and ¥COs (55 mg, 0.4 mmol, 2 equiv.Jhe vial was evagated and baek
filled with argon three times. ThéhmL DCE (0.1M) was added via syringe. The mixture was
sealed with parafilmral irradiated for 1Gours inAcceledPhotoreactor m2 (420 nm LED,
100% intensity, 6800 rpm fan speed, 750 rpm stir rate). Following irradiatiospthent was
removedn vacuo The resulting mixture was then extracted three times with ethyl acetate.
combined organic layers were dried over anhydrousS®8aand concengétedin vacuo The
crude product wapurified by column chromatograplugsingethyl acetate and hexa(t95)
as eluent to afford the desired prodadtas an offwhite solid (100 mg, 94 % yield).
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'H NMR (500 MHz, CDCl3) i 7-7.48 6m 5H), 7.27 (m 5H), 7.15 (d,)= 8.0 Hz, H), 6.70
(d,J=9.0 Hz, 4H)(see spectra

13C NMR (126 MHz, CDClz) . 166 . 2, 144. 2, 137. 0, 132. 2,
122.0, 117.9, 117.6, 117.4, 94(Seespectrg

HRMS (ESI-TOF) m/zcalcd for GeH19BroN2O™ ([M + H]™") 534.9839; found 534.9841

x 1,2-bis(3-chlorophenyl)-4,4-diphenyl-1,2-diazetidin-3-one (3e):

Ph——N

Ph @

The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged WHRk1,2-bis(3
chlorgohenyl)diazende (50 mg, 0.2 mmol, 1.0 equiv.),-dsylhydrazonea (151 mg, 0.4
mmol, 2 equiv.) and ¥COs (55 mg, 0.4 mmol, 2 equiv.Yhe vial was evacuated and back
filled with argon three times. ThémL DCE (0.1M) was added via syringe. The mixture was
sealed with parafilmral irradiated for 10 hours in Acceled Photoreactor m2 (420 nm LED,
100% intensity, 6800 rpm fan speed, 750 rgmrate). Following irradiation, theolvent was
removedn vacuo The resulting mixture was then extracted three times with ethyl acetate.
combined organic layers were dried over anhydrousS8aand concentratetth vacuo The
crude product wapurified by column chromatograplugsingethyl acetate and hexa(t95)

as eluent to afford the desired prodseas a yellow solid (77 mg, 87 % yield).

'H NMR (500 MHz, CDCls)t 7. 42 (s, J=31B13, 7.9 Hz,.4R)97.12 (d,d7.8
Hz, 3H), 6.96 (tJ = 8.0 Hz, 2H), 6.85 (d] = 8.2 Hz, 2H), 6.81 (d] = 2.3 Hz, 2H), 6.72 (d]
= 8.0 Hz, 2H)(see spectrp

13C NMR (126 MHz,CDClzj)i 166 . 5, 146. 7, 139. 1, 135. 1,
124.6, 116.4, 114.5, 95.Gee spectn

HRMS (ESI-TOF) m/zcalcd for GeH1sCloN2ONa'* ([M + Na]*) 467.0689; found 467.0709
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x 1,2-bis(3-bromophenyl)-4,4-diphenyl-1,2-diazetidin-3-one (3f):

o S

\
Ph N

Ph O
The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged WHh1,2-bis(3
chlorgohenyl)diazendf (68 mg, 0.2 mmol, 1.0 equiv.),-tdsylhydrazone€?a (151 mg, 0.4
mmol, 2 equiv.) and ¥COz (55 mg, 0.4 mmol, 2 equiv.Yhe vial was evacuated and back
filled with argon three times. ThédmL DCE (0.1M) was added via syringehe mixture was
sealed with parafilmral irradiated for 10 hours in Acceled Photoreactor m2 (420 nm LED,
100% intensity, 6800 rpm fan speed, 750 rpm stir rate). Following irradiatiospthent was
removedn vacuo The resulting mixture was then extedthree times with ethyl acetaide
combined organic layers were dried over anhydrousS8aand concentrateth vacuo The
crude product wapurified by column chromatograplugsingethyl acetate and hexa(t95)
as eluent to afford the desired prodsicas a yellow solid (82 mg, 77 % vyield).

'H NMR (500 MHz, CDCl3) i 7 . 3=82.5Hd, 2H), 7.33 (d] = 7.9 Hz, 3H), 7.28 (s, 1H),
7.21 (t,J = 8.0 Hz, 4H), 7.00 (d) = 7.9 Hz, 2H), 6.96 (s, 2H), 6.90 &= 8.0 Hz, 2H), 6.76
(dd,J=8.0, 1.7 Hz, 2H)(see spectra

13C NMR (126 MHz,CDClzp)u 166. 4, 146.7, 139.2, ,123%. 6,
123.0, 122.3, 119,218.8, 114.9, 95.3see spectra

HRMS (ESI-TOF) m/zcalcd for GeH1sBroN>ONa" ([M + Na]*) 556.9658; found 556.9685

x 4,4diphenyl-1,2-bis(4-(trifluoromethyl)phenyl) -1,2-diazetidin-3-one(39):

Y/

Ph——N
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The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged WHh1,2-bis(4
(trifluoromethyl)phenyl)diazeng&g (64 mg, 0.2 mmol, 1.0 equiv.),-ddsylhydrazonea (151
mg, 0.4 mmol, 2 equiv.) and2KOs (55 mg, 0.4 mmol, 2 equiv.J.he vial was evacuated and
backfilled with argon three times. ThémL DCE (0.1M) was added via syringe. The mixture
was sealed with parafilmnd irradiated for 16 hours in Acceled Photoreactor m2 (420 nm LED,
100% intensity, 6800 rpm fan speed, 750 rgmrste). Following irradiation, theolvent was
removedn vacuo The resulting mixture was then extracted three times with ethyl acBtate.
combined organic layers were dried over anhydrousS8aand concentrateth vacuo The
crude product wapurified by column chromatograplugsingethyl acetate and hexa(i&93)

as eluent to afford the desired prod8gis a white solid (31 mg, 30 % yield).

'H NMR (500 MHz, CDCls) i 7 . 6=28.0(Hd, 4H), 7.49 (d] = 8.0 Hz, 5H), 7.30 (d] =
8.0 Hz, 5H) 6.87 (d,J = 8.0 Hz, 4H)(see spectra

13C NMR (126 MHz, CDClp)ti 166 .6, 148.3, 140.7, &% . 0,
(q,J=34 Hz) 125.8,121.1 (qJ=277.2 Hz) 116.2, 95.6(seespectrg

19F NMR (471 MHz, CDCl) 1i-62.05.(see spectra
HRMS (ESI-TOF) m/zcalcd for GsHioFsN20* ([M + H]*) 513.1397; found 513.1394

x  4,4diphenyl-1,2-bis(4-(trifluoromethoxy)phenyl) -1,2-diazetidin-3-onef(3h):

o, S

\
Ph N

"0

The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged Wih1,2-bis(4
(trifluoromethoxy)phenyl)diazenth (70 mg, 0.2 mmol, 1.0 equiv.)-ddsylhydrazon@a (151

mg, 0.4 mmol, 2 equiv.) and2KOs (55 mg, 0.4 mmol, 2 equiv.Jhe vial was evacuated and
backfilled with argon three times. ThémL DCE (0.1M) was added via syringe. The mixture
was sealed with pafilm and irradiated for 12 hours in Acceled Photoreactor m2 (420 nm LED,
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100% intensity, 6800 rpm fan speed, 750 rpm stir rate). Following irradiatiospthent was
removedn vacuo The resulting mixture was then extracted three times with ethyl acetate.
combined organic layers were dried over anhydrou$S8aand concentrateth vacuo The
crude product wapurified by column chromatograptugingethyl acetate and hexa(&95)
as eluent to afford the desired prod8ltas a yellowish foamy solid (10mng, 93% vyield).

IH NMR (500 MHz, CDClg) i 7 . 449.3(Hd, 5H), 7.21 (d] = 9.3 Hz, 5H), 6.90 (d] =
9.3 Hz, 4H), 6.85 (d]) = 9.3 Hz, 4H)(seespectrg

13C NMR (126 MHz, CDCl) Ui 66.3,145.9 143.9, 136.71290 (g, J = 275.9Hz), 128.9 (q,
J=267.1Hz), 122.2, 121.6, 121.4, 117.5, 95(8ee specta

19F NMR (471 MHz, CDCl) i1 -58.03,-58.18.(see spectry

HRMS (ESI-TOF) m/zcalcd for GeHidFeN20s* ([M + H]*) 545.1295; found 545.1293

x diethyl 4,4'-(4-oxo-3,3-diphenyl-1,2-diazetidine-1,2-diyl)dibenzoate (3i):

o S

\
Ph N

"0

The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged dugtinyl 4,4-(diazenel,2-
diyl)(E)-dibenzoatd.i (65mg, 0.2 mmol, 1.0 equiv.),#osylhydrazona(151mg, 0.4 mmol,

2 equiv.) and KCOs (55 mg, 0.4 mmol, 2 equiv.Jhe vial was evacuated and bédiled with
argon three times. ThémL DCE (0.1M) was added via syringe. The mixture was sealed with
parafilm and irradiated for 12 hours in Acceled Photoreant@ (420 nm LED, 10% intensity,
6800 rpm fan speed, 750 rpm stir rate). Following irradiation stdteent was removeth
vacua The resulting mixture was then extracted three times with ethyl acEt@eombined
organic layers were dried over anhydsoMaSQOs and concentrateth vacuo The crude
product waspurified by column chromatographysing ethyl acetate and hexai{®:95) as

eluent to afford the desired proddtias a colorless waxy solid (59 mg, %ryield).

Page | 37



IH NMR (500 MHz, CDCl3) i 8 . 089.3(Hd, 2H), 7.73 (d] = 8.0 Hz, 3H), 7.42 (d] =
9.3 Hz, 3H), 7.36 6.96 (m, 8H), 6.81 (d] = 9.3 Hz, 2H), 4.35 (q] = 7.3 Hz, 2H), 4.27 (]
= 8.0 Hz, 2H), 1.37 () = 7.3 Hz, 3H), 1.32 () = 7.3 Hz, 4H)(see spech)

13C NMR (126 MHz,CDCls) i 1 £1662,6166.0, 1491, 1416, 1310, 130.2, 128.7126.8,
126.2, 115.9, 95.5, 61.1, 61.0, 14.5, 1{sée spectn

HRMS (ESI-TOF) m/zcalcd for GaH2oN20s* ([M + H]*) 521.2071; found21.2048

x 4,4diphenyl-1,2-di-p-tolyl-1,2-diazetidin-3-one (3)):

o, S

\
Ph N

"0

The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged(&jth, 2-di-p-tolyldiazenel; (42
mg, 0.2 mmol, 1.0 equiv.), ddsylhydrazone€a (151 mg, 0.4 mmol, 2.0 equiv.) and®0s
(55 mg, 0.4 mmol, 2.0 equiv.Jhe vial was evacuated and bdilked with argon three times.
Then2mL DCE (0.1M) was added via syringe. Thexture was sealed with parafilrmé
irradiated for 1thours in Acceled Photoreactor m2 (420 nm LED,%06tensity, 6800 rpm
fan speed, 750 rpm stir rate). Following irradiation, $bb/ent was removeih vacuo The
resulting mixture was then extractdttde times with ethyl acetat€he combined organic
layers were dried over anhydrous:8&4 and concentrateith vacuo The crude product was
purified by column chromatograplgsingethyl acetate and hexa(&95) as eluent to afford
the desired produ@ as a white solid (79 mg, 98 % yield).

'H NMR (500 MHz, CDCls) i 71. 79%8(m, 2H), 7.32 (d,J= 8.0 Hz, 6H), 7.12 (] = 8.0
Hz, 6H), 6.82 (dJ = 8.5 Hz, 2H), 6.77 (d] = 7.9 Hz, 2H), 2.30 (s, 3H), 2.14 (s, 3Kkhee
spectrg

Note: Peaks intH NMR spectra could not be resolved properly. Variable Temperaii@
(VT-NMR) recorded at 56 °C showed similar restihe structure of the titled compound 3]
was unequivocally elucidated by SARD analysis.
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13C NMR (126 MHz, CDCls)t 166 . 1, 142. 7, 135. 9, ,12831. 1,
120.6, 116.4, 93.9, 21.0, 20(8ee spectrpn

HRMS (ESI-TOF) m/zcalcd for GaH24N20Na" ([M + Na]*) 427.1781; found 427.1782

x 4, 4diphenyl-1,2-di-m-tolyl-1,2-diazetidin-3-one (3k):

o S

\
Ph N

Ph O
The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged &jth, 2-di-m-tolyldiazenelk (42
mg, 0.2 mmol, 1.0 equiv.), ddsylhydrazon&a (151 mg, 0.4 mmol, 2.0 equiv.) and®0Os
(55 mg, 0.4 mmol, 2.0 equiv.Jhe vial was evacuated and bditked with argon three times.
Then2mL DCE (0.1M) was added via syringe. The mixture waaled with parafilm rad
irradiated for 10 hours in Acceled Photoreactor m2 (420 nm LED/l@€ensity, 6800 rpm
fan speed, 750 rpm stir rate). Following irradiation, sblvent was removeth vacuo The
resulting mixture was then extracted three timdéth wthyl acetateThe combined organic
layers were dried over anhydrous:88&4 and concentrateith vacuo The crude product was
purified by column chromatograplgingethyl acetate and hexaf&95) as eluent to afford
the desired produ@k as a white solid (78 mg, 96 % yield).

'H NMR (500 MHz, CDClz) G 81. 7068 (m, 2H), 7.34 (s, 4H), 7.21 (@= 6.7 Hz, 6H),
7.031 6.86 (m, 3H), 6.66 (dd]=12.0, 5.3 Hz, 3H), 2.34 (s, 3H), 2.12 (s, 3@ke spectip

13C NMR (126 MHz,CDCIlz)i 166 . 5, 14 51381 12903128.22125.41 1280 4
121.3,117.5,117.0, 183.94.1, 217, 21.4.(see spectrp

HRMS (ESI-TOF) m/zcalcd for GsH2sN2O" ([M + H]) 405.1962; found 405.1946
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x 1,2-bis(2,4dimethylphenyl)-4,4-diphenyl-1,2-diazetidin-3-one (3I):

The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged W&R1,2-bis(2,4
dimethylphenyl)diazenél (48 mg, 0.2 mmol, 1.0 equiv.),-ddsylhydrazon€a (151 mg, 0.4
mmol, 2.0 equiv.) and ¥COz (55 mg, 0.4 mmol, 2.0 equivJhe vial was evacuated and back
filled with argon three times. ThédmL DCE (0.1M) wasadded via syringe. The mixture was
sealed with parafilmrad irradiated for 10 hours in Acceled Photoreactor m2 (420 nm LED,
100% intensity, 6800 rpm fan speed, 750 rpm stir rate). Following irradiatiospthent was
removedn vacuo The resulting mixtte was then extracted three times with ethyl acetéie.
combined organic layers were dried over anhydrousS8aand concentrateith vacuo The
crude product wapurified by column chromatograplugsingethyl acetate and hexa(t95)
as eluent to afforthe desired produ@ as a white solid (86 mg, 99 % yield).

'H NMR (500 MHz, CDClz) . 7. 76 ( s ,J=B.BMHz, 2HY, 7.3857.04 (ch,, 8H),
7.04 (s, 1H), 6.95 (1) = 9.3 Hz, 1H), 6.73 (d) = 18.7 Hz, 1H), 6.70 6.58 (m, 1H), 6.56
6.46 (m, 1H), 2.65 (s, 3H), 2.37 (s, 3H), 2.26 (s, 3H), 2.06 (s,(3EH.spectr

13C NMR (126 MHz,CDCl3)ii 1 6 5. ,8.36.3134.0, 133.1132.1 131.3, 130.8, 128.6,
128.4 1273, 126.6, 121.5, 120.6, 92.31.1, 20.8, 20.0, 19.7see spectip

HRMS (ESI-TOF) m/zcalcd for GoH2oN20" ([M + H]*) 433.2275; found 433.2266
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x 1,2-bis(4-methoxyphenyl}4,4-diphenyl-1,2-diazetidin-3-one (3m):

o S
I@

The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL

Z-Z

glass vial equipped with a magnetic stir bar was charged WHRk1,2-bis(4
methoxyphenyl)diazentm (49 mg, 0.2 mmol, 1.0 equiv.),-ddsylhydrazon®a (151 mg, 0.4
mmol, 2.0 equiv.) and ¥COz (55 mg, 0.4 mmol, 2.0 equivJhe vial was evacuated and back
filled with argon three times. ThédmL DCE (0.1M) was added via syringe. The mixture was
sealed wih parafilm ad irradiated for 6 hours in Acceled Photoreactor m2 (420 nm LED,
100% intensity, 6800 rpm fan speed, 750 rpm stir rate). Following irradiatiospthent was
removedn vacuo The resulting mixture was then extracted three times with etbiadiz The
combined organic layers were dried over anhydrousS8aand concentratetth vacuo The
crude product wagurified by column chromatograplgingethyl acetate and hexa(b:85)

as eluent to afford the desired prod8it as an offwhite solid (60 mg, 69 % vyield).

IH NMR (500 MHz, CDCls) & 71. 726 (m, 7H), 7.26 6.97 (m, 5H), 6.85 (d] = 8.0 Hz,
4H), 6.57 (dJ = 9.3 Hz, 2H), 3.76 (s, 3H), 3.64 (s, 3khee spectrp

13C NMR (126 MHz,CDCl3) U 1 61568,71567, 141.2, 1381, 1317, 129.9, 128.3, 128,
1181, 1156, 115.2, 114.4, 118, 107.9, 104.1, 94.0, 58.55.4.(see spectip

HRMS (ESI-TOF) m/zcalcd for GeHzsN20s* ([M + H]*) 437.1860; foundt37.1856

x 1,2-bis(3-methoxyphenyl}4,4-diphenyl-1,2-diazetidin-3-one (3n):
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The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged WHh1,2-bis(3
methoxyphenyl)diazengn (49 mg, 0.2 mmol, 1.0 equiv.),-ddsylhydrazon®a (151 mg, 0.4
mmol, 2.0 equiv.) and ¥COs (55 mg, 0.4 mmol, 2.0 equivhe vial was evacuated and back
filled with argon three times. Then 2mL DCE (0.1M) was added via syringe. The mixture was
sealed with parafilm and irradiated for 6 hours in Acceled Photoreactor m2 (420 nm LED,
100% intensity, 6800 rpm fan speed, 750 rpmrate). Following irradiation, the solvent was
removedn vacuo The resulting mixture was then extracted three times with ethyl acBtate.
combined organic layers were dried over anhydrousS8aand concentratetth vacuo The

crude product was puréd by column chromatography using ethyl acetate and hexar®€)(1

as eluent to afford the desired prod8ectasa pale yellow gummy liquid (57 mg, 85 yield).

IH NMR (500 MHz, CDCl3) Ui 7 . 3=44.0 Ht, 5H), 7.29 (q] = 4.7 Hz, 3), 7.22 (t,J =
8.7 Hz, 3H), 7.05 (s, 1H), 6.99 (@= 8.0 Hz, 1H), 6.93 (1] = 8.0 Hz, 1H), 6.67 (t} = 6.7 Hz,

1H), 6.48 (dJ = 8.0 Hz, 1H), 6.40 (d] = 9.3 Hz, 2H), 3.78 (s, 3H), 3.60 (s, 3ee spectp

13C NMR (126 MHz, CDClz) U 1561602, 159.7, 146.8, 139.4, 138.130.0 129.2, 128.8,
1284, 127.6, 112, 1104, 1097, 1089, 106.7, 102.4, 98, 55.5, 55.3(see spectrp

HRMS (ESI-TOF) m/zcalcd for GsH2sN203" ([M + H]*) 437.1860; foundl37.1867.

x  2-(4-chlorophenyl)-1,4,4triphenyl -1,2-diazetidin-3-one & 1-(4-chlorophenyl)-2,4,4
triphenyl -1,2-diazetidin-3-one (3p):

Y/

U
+ Ph——N

Ph——N Ph

L O R
D @

The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged (&iH1-(4-chlorophenyl)2-
phenyldiazenédp (43mg, 0.2 mmol, 1.0 equiv.),&sylhydrazon®a (151 mg, 0.4 mmol, 2.0
equiv.) and KCGOsz (55 mg, 0.4 mmol, 2.0 equiv.Jhe vial was evacuated and bddled with
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argon three times. Then 2mL DCE (0.1M) was added via syringe. The mixture was sealed with
parafilm and irradiated for 1@ours in Acceled Photoreactor m2 (420 nm LED, 100% intensity,
6800 rpm fan speed, 750 rpriirgate). Following irradiation, the solvent was remowed
vacua The resulting mixture was then extracted three times with ethyl acEt@teombined
organic layers were dried over anhydrous$@ and concentrateth vacuo The crude
product waspurified by column chromatography using ethyl acetate and he%a®® as

eluent to afford the desired prod@g (mixture of two regioisomersgsa white solid (77 mg,

94 % yield).

IH NMR (500 MHz, CDCls) i 7 . 3=96.7 H, 7H), 7.35 (dd] = 13.3, 6.7 Hz, 8H), 7.29
(d,J=8.0 Hz, 5H), 7.13 ( = 7.3 Hz, 4H), 7.03 (dd} = 16.7, 8.7 Hz, 6H), 6.86 (dd= 21.3,

8.0 Hz, 4H), 6.79 (d) = 9.3 Hz, 4H)(see spectrn

1I3C NMR (126 MHz,CDClzp)u 16 6. 3, 144.6 133.]1,136.8,3298,,129.6, 129.2,
128.5,124.8, 124.4, 121.8, 120.5, 117.7, 116.4, 94.7, @4& spectrp

HRMS (ESI-TOF) m/zcalcd for GeH2oCIN0* ([M + H]*) 411.1259; found 411.1237.

x 1,4,4triphenyl-2-(p-tolyl) -1,2-diazetidin-3-one & 2,4,4triphenyl -1-(p-tolyl) -1,2-

o S iQ

diazetidin-3-one(3q):

zZ-Z

The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged(&jth-phenyt2-(p-tolyl)diazene

19 (39 mg, 0.2 mmol, 1.0 equiv.), #bsylhydrazone€a (151 mg, 0.4 mmol, 2.0 equiv.) and
K2CGOs (55 mg, 0.4 mmol, 2.0 equivJhe vial was evacuated ahdckfilled with argon three
times. Then 2mL DCE (0.1M) was added via syringe. The mixture was sealed with parafilm
and irradiated for 1ours in Acceled Photoreactor m2 (420 nm LED, 100% intensity, 6800
rpm fan speed, 750 rpm stir rate). Following ireddin, the solvent was removédvacuo

The resulting mixture was then extracted three times with ethyl acEt@eombined organic
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layers were dried over anhydrous:8&4 and concentrateith vacuo The crude product was
purified by columnchromatography using ethyl acetate and hexargb) as eluent to afford
the desired produ@q (mixture of two regioisomersdsa pale yellow solid (75 mg, 9%
yield).

'H NMR (500 MHz, CDCl3) i 7 . 8=29.3(Hd, 3H), 7.43 (d] = 8.0 Hz, 5H), 7.37 7.27
(m, 9H), 7.12 (ddJ = 12.0, 8.0 Hz, 10H), 7.03 ,= 8.0 Hz, 3H), 6.85 (ddl = 14.7, 8.0 Hz,
6H), 6.78 (dJ = 8.0 Hz, 2H), 2.31 (s, 3H), 2.14 (s, 3Khee spectrp

13C NMR (126 MHz, CDCl)i 16 6. 4, 16 61323, 136D,4134.3%339, 124.62 . 7
129.1, 128.7, 128,41245, 124.1, 116.5, 94.2, 94.0, 2120.8 (see spectrp

HRMS (ESI-TOF) m/zcalcd for GzH2aN20* ([M + H]*) 391.1805; found 391.1773.

x 1-(4-methoxyphenyl}2,4,4triphenyl -1,2-diazetidin-3-one (3r):

o S

N
J

Ph——N
Ph@

The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged (&jti-(4-methoxyphenybh2-
phenyldiazendr (42.5mg, 0.2 mmol, 1.0 equiv.), fddsylhydrazon&a (151 mg, 0.4 mmol,

2.0 equiv.) and KCOs (55 mg, 0.4 mmol, 2.0 equiv.Jhe vial was evacuated and bdiled

with argon three times. Then 2mL DCE (0.1M) was addedwiage. The mixture was sealed
with parafilm and irradiated for éhours in Acceled Photoreactor m2 (420 nm LED, 100%
intensity, 6800 rpm fan speed, 750 rpm stir rate). Following irradiation, the solvent was
removedn vacuo The resulting mixture was themntracted three times with ethyl acetdtie
combined organic layers were dried over anhydrousS®8aand concentratemh vacuo The

crude product was purified by column chromatography using ethyl acetate and (e2&ne

as eluent to afford the desired prod8ictsa white solid (71 mg, 8% yield).
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'H NMR (500 MHz, CDCls) i 7 . 438.0(Hd, 3H), 7.38 (d] = 9.3 Hz, 1H), 7.32 (i) =
7.3 Hz, 3H), 7.11 7.01 (m 6H), 6.90i 6.83 (m, 4H), 6.57 (d] = 8.0 Hz, 2H), 3.65 (s, 3H).
(see spectra

13C NMR (126 MHz, CDCls) i 1 £1668,1138.3, 13811303, 1291, 128.4, 124, 1242,
122.5, 120.7, 118,11165, 114.4 1138, 94.0, 55.4(see spectrp

HRMS (ESI-TOF) m/zcalcd for GzH2aN202" ([M + H]*) 407.1755; found 407.1748.

x 1-(4-bromophenyl)-4,4-diphenyl-2-(p-tolyl) -1,2-diazetidin-3-one & 2-(4-
bromophenyl)-4,4-diphenyl-1-(p-tolyl) -1,2-diazetidin-3-one(39):

The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged (&)t-(4-bromophenyb2-(p-
tolyl)diazenels (55 mg, 0.2 mmol, 1.0 equiv.), #sylhydrazon€a (151 mg, 0.4 mmol, 2.0
equiv.) and KCGOsz (55 mg, 0.4 mmol, 2.0 equiv.Jhe vial was evacuated and bdiled with
argon three times. Then 2mL DCE (0.1M) was added via syringe. The mixture was sealed with
parafilm and irradiated for 1@ours in Acceled Photoreactor m2 (420 nm LED, 100% intensity,
6800 rpm fan speed, 750 rpm stir rate). Following irradiation, the solvent was reimoved
vacua The resulting mixture was then extracted three times with ethyl acEtateombined
organic lagrs were dried over anhydrous 28&y and concentrateth vacuo The crude
product was purified by column chromatography using ethyl acetate and H&x@Heas
eluent to afford the desired proddst(mixture of two regioisomersgsa white solid (86 mg,
91 % yield).
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'H NMR (500 MHz, CDCls) i 71. 7%3 (m, 3H), 7.52 (1) = 8.0 Hz, 1H), 7.43 (d] = 8.0
Hz, 5H), 7.36i 7.27 (m, 9H), 7.2G 7.02 (m, 11H), 6.83 (d] = 8.0 Hz, 2H), 6.73 (dd] =
12.0, 8.0 Hz, 5H), 2.31 (s, 3H), 2.14 (s, 3dke spectn

13C NMR (126 MHz,CDClzp)u 166. 3, 166.0, 144.8, ,113212. 4,
131.4, 130.1, 129.7, 129.1, 128.6, 122.2, 120.7, 118.1, ,11¥73, 116.4, 94.5, 94.4, 21.0,

20.8 (see spectrip

HRMS (ESI-TOF) m/zcalcd for GiH22BrN2Oz* ([M + H]*) 469.0911; found 469.0910.

x 4-methyl-1,2,4triphenyl -1,2-diazetidin-3-one (3t):

CH

!

The titled compound was prepared accordinGémeral Procedure 3 Anoven dried 5 mL
glass vial equipped with a magnetic stir bar was charged(&jth,2-diphenyldiazend.a (36

mg, 0.2 mmol, 1.0 equiv.), #dsylhydrazone&b (127 mg, 0.4 mmol, 2.0 equiv.) and.&Os

(55 mg, 0.4 mmol, 2.0 equiv.Jhe vial was evacuated abeckfilled with argon three times.
Then 2mL DCE (0.1M) was added via syringe. The mixture was sealed with parafllm a
irradiated for &hours in Acceled Photoreactor m2 (420 nm LED, 100% intensity, 6800 rpm fan
speed, 750 rpm stir rate). Following irratiba, the solvent was removead vacuo The
resulting mixture was then extracted three times with ethyl acdthée combined organic
layers were dried over anhydrous:8&% and concentrateith vacuo The crude product was
purified by column chromatograptuging ethyl acetate and hexgse95) as eluent to afford
the desired produ@t asa colorless sticky oil (58 mg, 94 yield).

IH NMR (500 MHz, CDClz) i 7 . 7 4 ( 57.30 @nHOH), 7.1B8 (14 &7 Hz, 2H), 7.01
(d,J=8.0 Hz, 2H), 1.58 (s, 3H{see specta

13C NMR (126 MHz, CDClz) U 1 $1857,1138.1, 129, 128.8, 12&, 127.6,126.4, 124,
124.4,119.6, 118, 86.1, 20.2(see spectra
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HRMS (ESI-TOF) m/zcalcd for GiH1gN20Na' ([M + Na]*) 337.1312; found 337.1295.

x 2-amino-5-(4-oxo-1,2,3triphenyl -1,2-diazetidin-3-yl)benzonitrile (3u):

o S
\
Ph——N
NC
NH,

The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged(&jth,2-diphenyldiazend a (36

mg, 0.2 mmol, 1.0 equiv.), #dsylhydrazone€c (167 mg, 0.4 mmol, 2.0 equiv.) and&Os

(55 mg, 0.4 mmol, 2.0 equiv.Jhe vial was evacuated and bdilked with argon three times.
Then 2mL DCE (0.1M) was added via syringe. The mixture was sealed with parafllm a
irradiated for 1zhours in Acceled Photoreactor m2 (420 nm LED, 100% intensity, 6800 rpm
fan speed, 750 rpm stir rate). Following irradiation, the salwers removedn vacuo The
resulting mixture was then extracted three times with ethyl acdthéecombined organic
layers were dried over anhydrous:88&% and concentrateish vacuo The crude product was
purified by column chromatography using ethgktate and hexar(g5:85 as eluent to afford

the desired produ@u asa yellow viscous oil (60 mg, 7 vyield).

'H NMR (500 MHz, CDClz)ui 7. 80 ( s ,J=&0Hz,4H),77.34 () = A.3Hz, 4H),
7.13 (t,J=7.3 Hz, 3H), 7.06 (d] = 9.3 Hz, 3H), 6.90 (t) = 8.0 Hz, 1H), 6.83 (d] = 8.0 Hz,
3H). (see spectrp

13C NMR (126 MHz,CDCIl3)i 165. 9, 149.8, 138.1, 129. 2,
120.5, 116.5, 93.4seespectrg

HRMS (ESI-TOF) m/zcalcd for GiH21N4O" ([M + H]*) 417.1710; found 417.1581
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x 4-(4-amino-3-chlorophenyl)-1,2,4triphenyl -1,2-diazetidin-3-one (3v):

\
Ph——N

cl
NH,

The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged(&jth,2-diphenyldiazend.a (36

mg, 0.2 mmol, 1.0 equiv.), #dsylhydrazone€d (171 mg, 0.4 mmol, 2.0 equiv.) and&O3

(55 mg, 0.4 mmol, 2.0 equiv.Jhe vialwas evacuated and baftked with argon three times.
Then 2mL DCE (0.1M) was added via syringe. The mixture was sealed with parafllm a
irradiated for 14hours in Acceled Photoreactor m2 (420 nm LED, 100% intensity, 6800 rpm
fan speed, 750 rpm stir ratdjollowing irradiation, the solvent was removiedvacuo The
resulting mixture was then extracted three times with ethyl acdthéecombined organic
layers were dried over anhydrous:8&4 and concentrateish vacuo The crude product was
purified by cdumn chromatography using ethyl acetate and het®n80 as eluent to afford
the desired produ@v asa pale yellow solid (58 mg, 68 yield).

'H NMR (500 MHz, CDClz)u 7. 82 ( s ,J=&0Hgz,4H),77.33 (8 = §0dHz, 4H),
7.11 (t,J=8.0 Hz, 2H), 7.06 (t)= 7.3 Hz, 3H), 6.91 6.86 (m, 2H), 6.85 (d] = 8.0 Hz, 3H).
(see spectra

13C NMR (126 MHz, CDCI3)ti 166 . 3, 145 . 3,128153127.73124.611243, 1 , 1
120.6, 116.593.7 (see spectra

HRMS (ESI-TOF) m/zcalcd for GeH21CIN3O™ ([M + H]*) 426.1368; found26.1417

x 4-ethyl-4-methyl-1,2-diphenyl-1,2-diazetidin-3-one (3w):

e
JE“@
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The titled compound was prepared accordinGémeral Procedure 3 An oven dried 5 mL
glass vial equipped with a magnetic stir bar was charged(&jth,2-diphenyldiazend a (36

mg, 0.2 mmol, 1.0 equiv.), #dsylhydrazon€e (171 mg, 0.4 mmol, 2.0 equiv.) anth&Os

(55 mg, 0.4 mmol, 2.0 equiv.yhevial was evacuated and baftked with argon three times.
Then 2mL DCE (0.1M) was added via syringe. The mixture was sealed with paraéllm a
irradiated for 1thours in Acceled Photoreactor m2 (420 nm LED, 100% intensity, 6800 rpm
fan speed, 750 rpm stiate). Following irradiation, the solvent was remowedacuo The
resulting mixture was then extracted three times with ethyl acdthéecombined organic
layers were dried over anhydrous:88&% and concentrateith vacuo The crude product was
purified by column chromatography using ethyl acetate and hefa®8 as eluent to afford
the desired produ@w asa yellow oil (43 mg, 8% yield).

IH NMR (500 MHz, CDCl3) i 7 . 396.0(Ha, H), 7.11 () = 7.3 Hz, 2H), 6.92 (d] =
8.0 Hz, 2H), 1.99 (d] = 20.0 Hz, 2H), 1.39 1.15 (m, 3H), 1.12 (s, 3Hjsee spectr

13C NMR (126 MHz,CDCls) it 169 . 4, 146. 1, 1 31716.3985.4, B39 . 1,
17.6, 8.7 (seespectrg

HRMS (ESI-TOF) m/zcalcd for GH1N20* ([M + H]*) 267.1492; found 267.1284.
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18.NMR Spectra of Starting Materials:
'H NMR (500 MHz, CDC}) spectra ofLa
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13C NMR (126 MHz, CDC#4) spectra ofLb
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'H NMR (500 MHz, CDC}$) spectraof 1c
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'H NMR (500 MHz, CDC}) spectreof 1d
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'H NMR (500 MHz, CDC#$) spectraof 1e
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'H NMR (500 MHz, CDC}) spectreof 1f
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'H NMR (500 MHz, CDC}) spectreof 1h
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13C NMR (126 MHz, CDC#$) spectraof 1i
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13C NMR (126 MHz, CDC#) spectra ofl]
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13C NMR (126 MHz, CDCH) spectra ofik
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13C NMR (126 MHz, CDC#$) spectra ofll
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'H NMR (500 MHz, CDC}) spectra ofln
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'H NMR (500 MHz, CDC#$) spectra ofLp
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13C NMR (126 MHz, CDCH) spectra ofiq
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'H NMR (500 MHz, CDC}) spectra ofls
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'H NMR (500 MHz, CDC%) spectra oflw (see proceduie
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19.NMR Spectra of other key compounds
'H NMR (500 MHz, CDC#) spectra of compourdi(see proceduie
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'H NMR (500 MHz, CDC#) spectra of compountb (ketene trapping product) (see
proceduré
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20.NMR Spectra of azab-lactam products
'H NMR (500 MHz, CDC#) spectra of compoungha (see proceduie
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'H NMR (500 MHz, CDC%) spectra of compoungb (see procedune
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19F NMR (471 MHz, CDC#$) spectra of compoungb
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'H NMR (500 MHz, CDC$) spectra of compoungkt (see procedune
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