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1.1 UV-vis spectrum of 1a, 2a, 4a, and their mixtures 
 

 

Figure S1. UV-vis spectrum (300 – 800 nm) of 1a (0.4 M), 2a (73 mM), 4a (6 mM), and their EDA complexes in 1,4-dioxane.  

 

1.2 Emission spectrum of the irradiation source  
 

 

Figure S2. The normalized emission spectrum of the blue LED stripe used for the photoreaction, with λmax of 465 nm 
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1.3 Investigation of the background reaction without catalyst 
 

For each entry where the possibility of maleimide-amine EDA complex formation, a control 
experiment was carried out without the catalyst 4a, under otherwise identical conditions (Scheme S1).  

Scheme S1. Background reaction between maleimides and N,N-dialkylanilines under irradiation with blue LED. 

 

Conditions: maleimide (0.3 mmol) and amine (7 equiv.) in 3 mL 1,4-dioxane was irradiated for 6-18 hours under ambient 
atmosphere. Yields reported are isolated. a) No, or trace amounts, of product was observed in the crude reaction mixture 
by 1H NMR analysis. b) Reaction time 18 hours. 
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1.4 Reaction profile with and without 4a 
 
The formation of 3a when using a 40W blue (440 nm) LED was followed over time in the presence 
and absence of 4a as catalyst (Figure S3). It was observed that the formation of product was 
significantly faster in the presence of the catalyst. 

 

Figure S3. Yield of product 3a over time in presence (red triangles) and absence (black circles) of the catalyst 4a. Measured 
as duplicates. 



S5 
 

1.5 Kinetic Isotope Effect investigations 
Intramolecular KIE 

 

Following a modified published procedure,3 N-phenylmaleimide (7.6 mg, 0.044 mmol, 1 equiv.), N-
(CD3)-N-(CH3)-aniline (20.5 mg, 0.17 mmol, 3.8 equiv.) and 1,2-dibenzoyl ethylene (0.8 mg, 0.0034 
mmol, 0.08 equiv.) were added to a 2-5 mL Biotage microwave vial. 1,4-Dioxane (1 mL) was then added 
and the open flask reaction mixture was irradiated using 465 nm LED strip for 4 hours. Solvent was 
then removed under reduced pressure and the residue dried in vacuo. The resulting crude product 
mixture was then dissolved in deuterated chloroform and was analyzed by 1H NMR. Based on 
comparison of the integrals of the N(CH3) group and the CH2 group, the intramolecular KIE was 
estimated to be 5.8. 
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Intermolecular KIE 

 

 

 

 Following a modified published procedure,3 N-phenylmaleimide (8.0 mg, 0.046 mmol, 1 equiv.), N,N-
(CD3)2-aniline (14.6 mg, 0.12 mmol, 2.5 equiv.), N,N-dimethylaniline (13.9 mg, 0.12 mmol, 2.5 equiv.), 
and 1,2-dibenzoyl ethylene (0.8 mg, 0.0034 mmol, 0.08 equiv.) were added to a 2-5 mL Biotage 
microwave vial. 1,4-Dioxane (1 mL) was then added, and the reaction mixture was irradiated using 
465 nm LED strip for 5 hours. Solvent was then removed under reduced pressure and the residue dried 
in vacuo. The resulting crude product mixture was then dissolved in deuterated chloroform and was 
analyzed by 1H NMR. Based on comparison of the integrals of the N(CH3) group and the benzylic CH 
group, the intramolecular KIE was estimated to be 3.8. 

 

  



S7 
 

1.6 Competition experiments 
 

 

 

To investigate the impact of substituents on the amine reaction partner, four reactions were set up: 

A: To a 2-5 mL Biotage microwave vial was added 2a (18.4 mg, 0.11 mmol), 1a (35 mg, 0.29 mmol), 4’-
N,N-trimethyl aniline (39 mg, 0.29 mmol), 4a (2.2 mg, 0.009 mmol) and 3 mL 1,4-Dioxane. 

B: To a 2-5 mL Biotage microwave vial was added 2a (17.7 mg, 0.10 mmol), 1a (24 mg, 0.20 mmol), p-
CN-N,N-dimethyl aniline (29 mg, 0.20 mmol), 4a (2.2 mg, 0.009 mmol) and 3 mL 1,4-Dioxane. 

C: To a 2-5 mL Biotage microwave vial was added 2a (17.1 mg, 0.10 mmol), 1a (25 mg, 0.21 mmol), p-
Br-N,N-dimethyl aniline (42.8 mg, 0.21 mmol), 4a (2.2 mg, 0.009 mmol) and 3 mL 1,4-Dioxane. 

D: To a 2-5 mL Biotage microwave vial was added 2a (16.8 mg, 0.97 mmol), 1a (27 mg, 0.22 mmol), p-
COMe-N,N-dimethyl aniline (36.0 mg, 0.22 mmol), 4a (2.2 mg, 0.009 mmol) and 3 mL 1,4-Dioxane. 

The four reactions where then irradiated using 465 nm LED strip for 4 hours. The ratio of the products 
was then calculated by 1H NMR analysis of the crude reaction mixture. To establish the electronic 
effect, the natural logarithm of the ratio was plotted against the Hammett σp parameter (Figure S4).2 

 
Figure S4. Plot of the ratio of products n(X)/n(H) plotted against the Hammett parameter σp. 
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1.7 Measurement of oxygen consumption 
To estimate the amount of oxygen consumed in the photoreaction, an in-house made set up was 
prepared consisting of two vertically placed 20 mL burettes filled to half heigh with water and 
connected at the bottom with a rubber tube. One of the burettes was connected to a Schlenk tube 
containing the reaction mixture with a rubber tube. All fittings were carefully sealed with Teflon tape 
to ensure a closed system. The other burette was left open to the atmosphere at the top. The reaction 
mixture was then irradiated. The gas volume displaced by water as the oxygen in the closed system 
was consumed, was monitored over time. Aliquots of the reaction mixture was taken using a Hamilton 
20 µL syringe for GC-FID analysis at regular time intervals. Based on the atmospheric pressure 
measured in the house (103 hPa) and the volume of displaced gas, the molar amount of oxygen was 
estimated using the ideal gas law. It was assumed that all gas displaced was due to consumption of 
oxygen. The amount of product 3a formed was then plotted against the molar amount of oxygen 
consumed (Figure S6). A slope of 1.3 was observed, suggesting that 1.3 molecules of dioxygen is 
consumed per product formed. 

 

 

Figure S5. Consumption of oxygen (left) and formation of 3a (right) over time. Amount of product was determined using GC-
FID using n-dodecane as the internal standard. 

 

 

Figure S6. Molar amount of oxygen consumed as a function of product formation. 
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1.8 Quantum yield determination 
Following a published procedure,1 actinometer solution was prepared by dissolving potassium 
ferrioxalate (mg) and 280 µL concentrated sulfuric acid in 100 mL deionized water in a volumetric flask. 
A buffer solution was separately prepared from sodium acetate (mg) and concentrated sulfuric aicd 
(1 mL) in 100 mL deionized water in a volumetric flask. Finally, 1,10-phenanthroline (200 mg) was 
dissolved in 100 mL water in a separate volumetric flask. 
 
To measure the light intensity of the light source, 2 mL of the actinometer solution was transferred to 
a 1x1 cm quartz cuvette and was irradiated for a set time. Care was taken to exclude light exposure of 
the solution prior and after irradiation. Five different 2 mL portions of the solution were thus irradiated 
at different times (5, 10, 20, 29 and 60 minutes). After irradiation, each sample was added to a 10 mL 
volumetric flask containing 2 mL buffer solution and 1 mL 1,10-phenathroline solution. Water was 
then added to the mark. After resting in room temperature protected from light for 30 minutes, 3 mL 
of each resulting solution was transferred to 1x1 cm quartz cuvettes and the absorbance at 510 nm 
was noted and compared to a blank stored protected from light. With the reported molar absorptivity 
of the iron(II)phenanthroline complex (11 100 L mol-1 cm-1) and the difference in absorption between 
the developed blank and each sample, the molar amount of iron(II) formed during the irradiation was 
determined according to equation (1). 
 

𝑚𝑜𝑙𝑒𝑠	𝐹𝑒(𝐼𝐼) = !"∗!$∗∆&!"#	%&
"''∗!(∗)∗*!"#	%&

  (1) 

Where V1 is the volume of the irradiated sample, V2 is the volume of the irradiated sample taken for 
the determination of amount of Fe(II), V3 is the final volume of the sample measured, l is the path 
length of light (1 cm), ∆𝐴+"'	-. is the difference in absorption between the irradiated samples and 
the reference sample kept in dark, and 𝜀+"'	-. is the molar extinction coefficient of the iron(II) 
phenanthroline complex (11 100 L mol-1 cm-1). 
 
The amount of iron(II) was then plotted as a function of irradiation time and from the slope of the 
fitted data, the photon flux can be calculated according to eq. 2, 

𝑝ℎ𝑜𝑡𝑜𝑛	𝑓𝑙𝑢𝑥 =
()
(*

/(1+'	-.)∗("3"'+,(.!#	%&))
   (2) 

where dx/dt is the rate of formation of iron(II), 𝜙(450	𝑛𝑚) is the quantum yield for the ferrioxalate 
actinometer at 450 nm excitation (0.9) and A(450 nm) is the absorbance of the ferrioxalate 
actinometer at the irradiation wavelength (0.228). Consequently, the photon flux was determined to 
be 1*10-9  moles of photons s-1. 

Reactions prepared protected from light. DBE, Maleimide and dodecane mixed in a vial and separately 
the amine and dioxane in another vial. When in dark room, the amine solution was added to the solids 
and when solids were dissolved 3 mL was transferred to a 1x1 cm quartz vial and irradiated with 450 
nm (5 nm slit) for different times. The molar amount of product formed was determined using GC-FID 
with n-dodecane as internal standard and was plotted as a function of time. The quantum yield (moles 
of product formed per moles of absorbed photons) was then calculated according to equation 3: 
 

𝜙 = .4)56	7849:;<	=48.59/<?.5
7@4<4-	=):A∗("3"'+,(0123*45%	&4)*601	2*	.!#	%&))

   (3) 

Accordingly, a quantum yield of 0.07 could be estimated.  
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2.1 NMR spectra 
Starting materials 
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Tetrahydriquionoline products 

  

 



S18 
 

 

 

 



S19 
 

 

 

  



S20 
 

 

 

  



S21 
 

 

 



S22 
 

 

 

  



S23 
 

 

 

 



S24 
 

 

 

 



S25 
 

 

 

  



S26 
 

 

 

  



S27 
 

 

 

 



S28 
 

 

 

  



S29 
 

 

 

  



S30 
 

 

  



S31 
 

 

 



S32 
 

 

 

  



S33 
 

 

 

 

 



S34 
 

 

 

 



S35 
 

 

 

  



S36 
 

 

 

  



S37 
 

 

 

  



S38 
 

 

 



S39 
 

 

 

  



S40 
 

 

 

  



S41 
 

 

 



S42 
 

 

 

  



S43 
 

 

 

  



S44 
 

 

 

 



S45 
 

 

  



S46 
 

 

 

 


