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1. Experimental details and analysis methods 

1.1 Time-Correlated Single Photon Counting Setup 

Fluorescence decays of the samples were measured using the time-correlated single 
photon counting (TCSPC) method which has been described previously.1 Briefly, the 
excitation wavelength of 315–330 nm was generated by frequency doubling of the 
output of an optical parametric oscillator (Mira OPO PP-Automatic, Coherent) 
pumped by a fully automatic tunable Ti:sapphire laser (Chameleon Ultra, Coherent). 
The repetition rate was decreased from 80 MHz to 8 MHz using a pulse picker 
(PulseSelect, APE). The fluorescence was detected with a multichannel plate 
photomultiplier tube (R3809U-50, Hamamatsu) through a monochromator (M20, Carl 
Zeiss). The overall instrument response was found to be ~25 ps (fwhm) measured 
from a scatterer (colloidal silica, Ludox). 
    The fluorescence decays were fitted2 to a sum of one to three exponential functions 
(Eq. (S1) with n = 1…3), convolved with the measured instrument response function. 
Goodness of the fits was judged by the residuals and the χ2 values. The global fits 
were achieved by fitting multiple decays simultaneously with global lifetimes (τi,glob).  
 

 I(t,λ) = αi (λ)e
−
t
τ i

i=1

n

∑       (S1) 

 

The decay associated spectra (DAS) were constructed by plotting the pre-
exponential factors (αi(λ)) of each component as a function of the wavelength. The 
areas of the decays at each wavelength were normalized to the corrected steady-state 
emission intensities. The DAS represent the relative contribution of each lifetime to 
the overall decay as a function of wavelength. The spectra can yield insights into 
spectral positions of each and component and, moreover, to the photophysical 
reaction scheme. Negative amplitude, i.e. a rise component, followed by a decay 
component usually suggests precursor-successor relationship. 

 

1.2 Reaction progress kinetic analysis  

Reaction progress kinetic analysis was used to obtain additional information about the 
possible reaction mechanisms and factors influencing the rate of the reaction. First, 
we will show the common pseudo-first-order kinetics analysis.3,4 Second, we will 
show the construction of the so-called graphical rate equation.5 

In both methods, the required data is the concentration of one of the species 
(one of the reactants or the product) as a function of time. The concentration vs. time 
profiles were obtained with the help of NMR spectroscopy after integration of a spefic 
marker band against a known standard proton signal. The catalyst proton signal was 



	   S3	  

used as a standard in all measurements.  
We will consider a general catalyzed (or non-catalyzed), two-component 

reaction, presented in Scheme S1. 
	  

Scheme S1: General reaction scheme for a two-component, catalyzed reaction 

 
 

Pseudo-first-order analysis 
The underlying idea of pseudo-first-order analysis is to use one of the reactants in an 
overwhelming excess relative to the species of interest (e.g. [B] >> [A]). In this way, 
the concentration of the reagent in excess can be approximated to remain constant 
during the course of the reaction and it can be combined to the rate constant to obtain 
the so-called pseudo-first-order rate constant.  

The general form of the rate equation is:  
 

r(t) = k[A]l[B]m[cat]n,       (S2)  
 

where r is the rate of the reaction, k is the rate constant and l, m, and n are the orders 
of each component. Eq. (S2) can be simplified by assuming first order dependency for 
all components (l = m = n = 1). In addition, the catalyst concentration and the reactant 
in excess are assumed to be constant during the course of the reaction and can be 
included to the rate constant to obtain the pseudo-first-order rate constant, k′′ = 
k[B][cat]. 
  

r(t) = k′[A][B]        (S3)  
 
r(t) = k′′[A]         (S4)  

 
The rate equation can be also represented in the differential form for one of  
the reactants. 
 

  
r(t) = − d[A]

dt
        (S5)  

By combining Eqs. (S4) and (S5) we obtain a separable differential equation, which 
after integration gives the linearized logarithmic rate equation. 

  − ln[A]= ′′k t − ln[A]0        (S6)  

In the case of first-order dependency (l = 1), –ln[A] as function of time exhibits a 
linear correlation where the slope corresponds to the k′′ and the y-intercept 
corresponds to -ln[A]0. The real rate constant, k, can be calculated from the definition 
of the pseudo-first-order rate constant.  

A    +   B product
catalyst

conditions
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k = ′′k

[B][cat]
        (S7) 

Graphical rate equation 
Construction of the graphical rate equation from a kinetic NMR experiment is 
depicted in Fig. S1. Example NMR spectra measured at different times after the start 
of the reaction are shown in Fig. S1(a). The graphical rate equation can be constructed 
as follows:  

i) The proton signals of interest in the measured NMR spectra are integrated and 
plotted against the corresponding times, Fig. S1(b).   

ii) The integrals are normalized to a standard, which in our case is the catalyst, to 
obtain concentration as a function of time, Fig. S1(c).   

iii) The concentration profile is fitted with a 7th order polynomial function to obtain 
an analytical expression of the concentration, Fig. S1(d).   

iv) As seen from Eq. (S5), the rate is obtained by taking the first derivate of the 
polynomial function, Fig. S1(e).   

v) Finally, the graphical rate equation is obtained by plotting the rate as a function 
of the reactant concentration, Fig. S1(f).   

   The sample used to demonstrate the construction of the graphical rate equation in 
Fig. S1 was used to optimize the reaction conditions for the reaction progress kinetic 
analysis presented in the main article. Therefore, no conclusions are drawn from this 
data. 
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Figure S1. Stepwise construction of the graphical rate equation: (a) kinetic NMR data 
highlighting the catalyst (red), reactant A (green), and product (blue) proton signals; (b) 
integrated proton signals of the reactant A vs. time; (c) concentration of reactant A (and the 
product) vs. time obtained after normalization to the catalyst concentration; (d) 7th order 
polynomial fit to the concentration profile of the reactant A; (e) first derivative of the 
polynomial function i.e. the rate vs. time; and (f) the rate vs. the concentration of reactant A 
i.e. the graphical rate equation.  
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2. Supplementary spectra 

2.1 Absorption spectra of BnCPD upon addition of nitromethane in 
THF 

 
Figure S2. Steady-state absorption spectra of BnCPD (c = 30 µM) in THF upon addition of 
MeNO2. Because MeNO2 absorbs in the spectral window, its absorption was measured 
separately and subtracted from the overall absorption of the sample.  
 

2.2 Fit parameters of the individual decays of BnCPD upon addition 
of nitromethane in THF 

Table S1. Fit parameters of the individual decays of BnCPD (c = 30 µM) in THF upon 
addition of MeNO2. Excitation wavelength was 322 nm and monitoring wavelength 370 nm. 
In the table, αi are the decay amplitudes of the corresponding lifetimes τi, χ2 the goodness of 
the fit parameter and <τ> the amplitude-weighted average lifetime.  
[MeNO2] α1 τ1 α2 τ2 χ2 <τ>a <τ0>/<τ> 

mM % ps % ps – ps – 
0 63.3 309 36.7 1699 1.073 819 1.000 

12.3 63.1 287 36.9 1472 1.059 725 1.130 
24.6 62.2 274 37.8 1312 1.045 667 1.228 
36.9 61.9 263 38.1 1180 1.053 612 1.337 
49.2 61.8 251 38.2 1073 1.065 566 1.448 
61.5 61.7 251 38.3 995 1.028 536 1.529 
73.9 60.8 240 39.2 915 1.049 504 1.623 
86.2 61.3 238 38.7 858 1.023 478 1.712 
98.5 60.4 227 39.6 799 1.002 454 1.806 

aAmplitude weighted average lifetime was calculated accodting to <τ> = Σαiτi. 
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2.3 1H NMR spectrum of BnCPD in the absence and presence of 
nitroethane in THF-d8 

 
Figure S3. 1H NMR spectrum of BnCPD (0.02 mmol, 29 mM) in the absence (blue) and 
presence (red) of EtNO2 (0.2 mmol, 0.29 M) in THF-d8. The spectrum of BnCPD shows only 
a broadening of the hydroxyl proton signal around δ = 8.97 ppm upon addition of the 
nitroalkane. This can be attributed to dynamic hydrogen-bonding interactions between the 
two compounds.   
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2.4 Absorption and emission spectra of BnCPD upon addition of 
benzaldehyde in THF 

 
Figure S4. Steady-state (a) absorption and (b) emission spectra of BnCPD (c = 30 µM) in 
THF upon addition of benzaldehyde. Absorption of benzaldehyde has been subtracted from 
the overall absorption of the sample and the emission spectra are corrected for the primary 
IFE. The excitation wavelength was 330 nm.	  

 

2.5 Decay associated spectra of BnCPD in the presence of 
benzaldehyde  

 
Figure S5. The decay associated spectra of BnCPD (c = 40 µM) in the presence of 
benzaldehyde (c = 20 mM) in THF. The inset shows the individual χ2-values. The excitation 
wavelength was 330 nm. 
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2.6 Decay associated spectra of BnCPD+BA mixture upon addition of 
acid 

 
Figure S6. The decay associated spectra of BnCPD (c = 40 µM) + butyraldehyde (BA, c = 30 
mM) in THF upon addition of (a) 0.5 equivalent (20 µM) and (b) 1 equivalent (40 µM) of p-
toluenesulfonic acid (p‑TsOH). Addition of acid results in gradual disappearance of the long-
wavelength emitting component and recovery of the short-walength components attributed to 
the locally excited state of the quinoline moiety. In the presence of 1 eq. of acid, only a single 
major decay component exists. The lifetime is close to the longer lifetime of BnCPD in neat 
THF (τ = 1.7 ns). The disappearance of the shorter decay component can be attributed to 
deactivation of the quinuclidine moiety which suppresses the electron-transfer process.	   
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2.7 1H NMR spectra of the BnCPD catalyzed Henry reaction (entry 1 
in Table 1, see main text) 

	  
Figure S7. 1H NMR spectra used to investigate the kinetics of the BnCPD catalyzed Henry 
reaction between p-nitrobenzaldehyde and nitromethane. The reaction conditions were: 
BnCPD (10 mol %), MeNO2 (0.2 mmol, 1 eq.), p-NO2-PhCHO (1 mmol, 5 eq.), THF-d8, V = 
700 µl, t = 6.5 h, r.t. = 22±1 °C, final conversion ≈ 79 % as determined from the 
disappearance of the nitromethane signal (gray circle). The data corresponds to the entry 1 in 
Table 1 of the main text. All proton signals of the reactants are indicated in the figure using 
color coded circles. The catalyst signal used for the normalization is indicated by the red box 
around δ = 5.0 ppm. The color of the spectra change from red to purple in progression of 
time. As seen in the figure, the reaction results in a mixture of products (compare with Fig. 
S8). The side reaction is attributed to a reaction of the primary product with the aldehyde 
generating a dihydroxy side product as indicated in the reactions scheme above.   

//
δ  / ppm

BnCPD 
10 mol %

THF-d8 
22 °C

5 eq. 1 eq.
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2.8 1H NMR spectra of the BnCPD catalyzed Henry reaction (entry 4 
in Table 1, see main text) 

	  
Figure S8. 1H NMR spectra used to investigate the kinetics of the BnCPD catalyzed Henry 
reaction between p-nitrobenzaldehyde and nitromethane. The reaction conditions were: 
BnCPD (10 mol %), MeNO2 (2 mmol, 10 eq.), p-NO2-PhCHO (0.2 mmol, 1 eq.), THF-d8, V 
= 700 µl, t = 6.5 h, r.t. = 22±1 °C, final conversion ≈ 99 %. The data corresponds to the entry 
4 in Table 1 of the main text. All proton signals of the reactants and the product are indicated 
in the figure using color coded circles. The catalyst signals used for the normalization are 
indicated by the red boxes around δ = 7.9 ppm and δ = 8.6 ppm. The color of the spectra 
change from red to purple in progression of time. 

//
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2.9 1H NMR spectra of the BnCPD catalyzed Henry reaction (entry 1 
in Table 2, see main text) 

	  
Figure S9. 1H NMR spectra used to investigate the kinetics of the BnCPD catalyzed Henry 
reaction between p-(trifluoromethyl)benzaldehyde and nitroethane. The reaction conditions 
were: BnCPD (20 mol %), EtNO2 (0.7 mmol, 10 eq.), p-CF3-PhCHO (0.07 mmol, 1 eq.), 
THF-d8, V = 500 µl, t = 300 min, 40±1 °C, final conversion ≈ 96 %. The data corresponds to 
the entry 1 in Table 2 of the main text. All proton signals of the reactants and the product are 
indicated in the figure using color coded circles. The two sets of peaks indicated by red and 
magenta correspond to two different diastereomers of the product (dr ≈ 1.3:1). The catalyst 
signals used for the normalization are indicated by the red boxes around δ = 6.0 ppm and δ = 
8.6 ppm. The color of the spectra change from red to purple in progression of time. 
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2.10 1H NMR spectra of the BnCPD catalyzed Henry reaction (entry 
2 in Table 2, see main text) 

	  
Figure S10. 1H NMR spectra used to investigate the kinetics of the BnCPD catalyzed Henry 
reaction between p-(trifluoromethyl)benzaldehyde and nitroethane. The reaction conditions 
were: BnCPD (20 mol %), EtNO2 (0.07 mmol, 1 eq.), p-CF3-PhCHO (0.7 mmol, 10 eq.), 
THF-d8, V = 500 µl, t = 430 min, 40±1 °C, final conversion ≈ 86 %. The data corresponds to 
the entry 2 in Table 2 of the main text. All proton signals of the reactants and the product are 
indicated in the figure using color coded circles. The two sets of peaks indicated by red and 
magenta correspond to two different diastereomers of the product (dr ≈ 1.3:1). The catalyst 
signals used for the normalization are indicated by the red boxes around δ = 6.0 ppm and δ = 
8.6 ppm. The color of the spectra change from red to purple in progression of time. 
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2.11 1H NMR spectra of the catalyst peaks during the reaction 

	  
Figure S11. 1H NMR spectra indicating some of the catalyst proton signals of the two 
reaction mixtures presented in Fig. S9 (A) and Fig. S10 (B). Several peaks attributed to the 
quinuclidine moiety are significantly shifted in the reaction mixture in the excess of the 
aldehyde (B) indicating significantly stronger association and possibly a change in the 
conformation of the catalyst. 
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B)
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