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A Scalable Continuous Photochemical Process for the Generation 
of Aminopropylsulfones 
Stefano Bonciolini,‡ Mara Di Filippo ‡ and Marcus Baumann *

An efficient continuous photochemical process is presented that delivers a series of novel γ-aminopropylsulfones via a 
tetrabutylammonium decatungstate (TBADT) catalysed HAT-process.  Crucial to this success is the exploitation of a new 
high-power LED emitting at 365 nm that was found to be superior to an alternative medium-pressure Hg lamp.  The resulting 
flow process enabled the scale-up of this transformation reaching throughputs of 20 mmol/h at substrate concentrations 
up to 500 mM. Additionaly, the substrate scope of this transformation was evaluated demonstrating the straightforward 
incorporation of different amine substituents as well as alkyl appendages next to the sulfone moiety. It is anticipated that 
this methodology will allow for further exploitations of these underepresented γ-aminopropylsulfone scaffolds in the future.

Introduction
Aminoalkylsulfones are versatile, yet underexplored structural 
motifs that constitute of an amine group along with a sulfone 
moiety separated by an alkyl chain. In contrast to their more 
prevalent alkyl sulfonamide isomers1, that are common motifs 
in many drug molecules, synthetic routes to such 
aminoalkylsulfones are scarce and typically require labour-
intensive multistep syntheses. These commonly include 
functional group interconversions such as C-S bond formation 
to yield thioethers and their subsequent oxidation to render the 
sulfone moiety.2 Despite this several recent reports emphasise 
the value of these structures. Specifically, γ-
aminopropylsulfones stand out as they play a key role for 
instance in the synthesis of factor Xa inhibitors (1),2 aromatase  
inhibitors (2)3 as well as synthetic precursors towards natural 
products such as the spirocyclic alkaloid nitramine4 (4, Scheme 
1). 

Scheme 1: Examples and use of γ-aminopropylsulfones.

To address this lack of efficient entries into these important 
motifs we set out to develop a robust process that would 
expedite their construction in a highly step- and atom-efficient 

manner. Specifically, we wished to devise a modular route 
based on creating a new C-C bond from simple and readily 
available building blocks. Although this strategic disconnection 
is desirable, the formation of C-C bonds conventionally requires 
suitably pre-functionalised substrates. To circumvent this 
prerequisite, we wished to exploit an alternative approach that 
is based on simple functionalised alkene and N-alkyl amide 
precursors that upon C-H bond activation would allow forging 
the key C-C bond (Scheme 2).  

Scheme 2: Conventional synthesis versus HAT process towards 
γ-aminopropylsulfones.

To enable this transformation, we opted to use 
tetrabutylammonium decatungstate (TBADT) as a simple yet 
effective photocatalyst that would activate the C-H bond5 of an 
alkylamide derivative, creating a carbon-centred radical species 
that would couple with an electron-deficient alkene. This 
attractive approach would thus use readily available alkylamide 
species together with vinyl sulfones aided by TBADT as a well-
known photocatalyst that would render the desired γ-
aminopropylsulfone products via a hydrogen atom transfer 
(HAT) process. 
The use of TBADT as a readily available photocatalyst in HAT 
transformations has garnered a significant amount of interest in 
recent years.6 As evident from many applications, and 
highlighted in recent review articles,7 the union of continuous 
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flow processing and photochemistry can provide significant 
improvements compared to conventional batch operations due 
to uniform irradiation profiles, short pathlengths of light along 
with higher reaction control based on excellent heat and mass 
transfer. This not only accounts for the popularity of developing 
valuable continuous photochemical transformations in 
general,8 but also provides a means for effective and seamless 
reaction scale-up, which we were particularly interested in. In 
addition, we were encouraged by recent reports by Fagnoni, 
Noël and others9 who have presented important studies based 
on continuous photochemical approaches utilising TBADT-
mediated HAT processes. 

Results and discussion
To commence our studies, we wished to evaluate the most 
suitable parameters for conducting this C-C bond forming 
process in continuous flow mode. We therefore opted to exploit 
a Vapourtec E-series flow reactor system in combination with 
peristaltic pumps that can handle light suspensions better than 
alternative piston pumps.10 This was complemented by a FEP 
coil reactor (10 mL) and two light sources; firstly the established 
UV150 module, which is based on a tuneable medium-pressure 
mercury lamp (adjustable 75-150 W power) that can be 
combined with different filters and suitable temperature 
regulation.11 In addition, we wished to study a new high-power 
LED (adjustable 50-100 W power) that is available for this 
reactor platform and emits at 365 nm thus potentially 
representing a milder and more selective light source.9c,12 

Next, we selected phenyl vinyl sulfone (8, PVS) along with  N,N-
dimethylformamide (DMF), N-monomethylformamide (NMF) 
and N,N-dimethylacetamide (DMA) as reaction partners that 
would generate the respective γ-aminopropylsulfones (10a-
10c) in the presence of freshly prepared TBADT13 (1 mol% in 
MeCN) and the chosen light source (Scheme 3). 

Scheme 3: Photochemical reaction set-up.

In accordance with literature reports we expected for DMF and 
DMA reaction at the N-methyl group, whereas NMF would react 
via the formyl C-H bond.14 At this point the input power for the 
high-power LED was set to 75 W, whereas the input power of 
the Hg-lamp was set about 50% higher to 110 W in order to 
counterbalance the reduced efficiency of the latter due to 
emitting light in the visible and IR region that was blocked by 
using a low-pass filter (see SI for UV spectra). 

A mixture of phenyl vinyl sulfone (8, PVS, 1 equiv.), coupling 
partner (9a-9c, 4 equiv.) and TBADT (1 mol%) were dissolved in 

MeCN (100-500 mM wrt PVS) and pumped through the 
irradiated flow reactor (Table 1). The reactor temperature was 
maintained at 25-30° using a stream of compressed air for 
effective cooling. The crude reaction mixture, which displayed a 
blue colour upon exiting the reactor, was filtered over a pad of 
celite (ca. 2 cm, to remove TBADT), concentrated under reduced 
pressure and analysed by HPLC (at 250 nm).

Table 1: Comparative flow study using different substrates.

substrate residence 
time [min]

concentration 
(PVS)  [mM]

yielda

UV150 

b

yielda 
LED c

1 DMF 30 100 88 94
2 DMF 15 100 80 81
3 DMF 30 300 90 99 

(88)
4 DMF 15 300 77 94
5 DMF 30 500 71 99
6 DMF 15 500 54 95
7 NMF 15 300 100 100
8 NMF 7.5 300 87 100
9 NMF 15 500 99 100 

(96)
10 NMF 7.5 500 74 99
11 DMA 15 300 87 84
12 DMA 15 500 87 88 

(79)
a based on calibrated HPLC; b operated at 110 W; c operated at 75W, 
numbers in brackets refer to isolated yields, typical scale 1 mmol, 4 
equiv. of substrate used.

Initially, this study indicated that for DMF both light sources 
perform well at a PVS concentration of 100 mM with residence 
times of 30 and 15 minutes, respectively (entries 1 and 2). 
However, upon increasing the concentration to 300 and 500 
mM, it became apparent that the LED lamp gave rise to higher 
HPLC yields even at the shorter residence time of 15 minutes 
(entries 3-6). We surmise that this is testament to the higher 
photon flux of the high-power LED at the favourable wavelength 
of 365 nm. 
Similarly, NMF displayed the same trend where at longer 
residence times of 15 minutes (entries 7 and 9) both lamps 
perform equally well, whereas only the high-power LED 
retained this efficiency when increasing the throughput 
(residence time 7.5 minutes, entries 8 and 10). 
Interestingly, when moving from formamides to acetamides 
both lamps show similar performance at different 
concentrations (entries 11 and 12), yet a preference for the LED 
lamp is given due to its higher energy efficiency. Crucially, these 
observations were verified by isolated yields that closely 
matched the HPLC results thus demonstrating the ready 
scalability of this approach towards different γ-
aminopropylsulfones (10a-10c).
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Therefore, this study indicates that the high-power UV-LED is 
generally performing better in these applications than the 
medium-pressure Hg lamp even at lower input power (75 W for 
LED vs. 110 W for Hg lamp). It is believed that this can be 
ascribed to the LED’s near monochromatic light (365 nm) 
whereas the filtered Hg-lamp suffers from energy loss due to 
dissipation effects as well as additional side-products along with 
discoloration of the crude reaction product (pale yellow for LED 
lamp vs. brown for Hg-lamp). 

Based on these findings we next applied the UV-LED reactor set-
up to a selection of additional substrates and were able to 
realise the effective formation of all desired γ-
aminopropylsulfone derivatives (10a-10i) that were isolated in 
good to excellent yields. A general trend seen in most amide 
reaction partners was that slightly extended residence times 
(up to 60 min) and 2 mol% of TBADT were required to achieve 
full conversion of PVS. In all cases except for product 10b the 
observed product coupled via the alkyl group adjacent to the 
amide nitrogen as anticipated. Furthermore, this study 
established that substrates bearing aryl chromophores are 
tolerated thus extending the scope towards making a variety of 
alkyl and aryl substituted systems. A key feature of this 
continuous photochemical approach remains its high 
productivity allowing substrate concentrations ranging from 
300 to 500 mM.

Figure 1: Substrate scope using the LED module with PVS (a 2 
mol% TBADT, 100 W LED), typical scale 1 mmol, 4 equiv. of 
substrate used.

As NMR analysis of all structures indicated the presence of 
rotamers that would not fully coalesce at elevated temperature, 
we employed single crystal X-ray diffraction on 

product 10i which confirmed the anticipated connectivity 
(Figure 2).

Figure 2: Crystal structure of γ-aminopropylsulfone 10i.15

A further aspect of this study targeted the variation of the 
phenyl group introduced from phenyl vinyl sulfone in the 
interest of incorporating alternative alkyl moieties. We thus 
subjected commercially available ethyl vinyl sulfone to our 
continuous LED set-up and adjusted reaction time based on 
substrate reactivity. Gratifyingly, these substrate modifications 
were well tolerated allowing for delivering a small selection of 
novel γ-aminopropylsulfones (10j-m) in high isolated yield and 
throughput as depicted in Figure 3. 

Figure 3: Extended substrate scope using the LED set-up. 

To assess the value of our flow process for creating these 
products in multi-gram amounts we wished to scale this 
transformation and additionally demonstrate the feasibility of 
cleaving the amide group to render free the γ-amino-
propylsulfone (e.g. 11). Based on the previous optimisation 
studies using DMF as coupling partner, we exploited this system 
(e.g. 10a) based on conditions expected to provide the highest 
throughput (e.g. entry 6, table 1). 

Scheme 4: Reaction scale-up and batch formamide cleavage.

The photochemical reaction performed well as before (500 mM, 
15 minutes) allowing to process 2 g of PVS substrate over a 
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period of 35 minutes which is equivalent to a throughput of 20 
mmol/h. As HPLC analysis on the crude mixture indicated 
quantitative conversion of PVS the residual catalyst was 
removed by filtration over celite followed by evaporation of the 
volatiles under reduced pressure. The resulting oil was 
dissolved in EtOH (5 M) and treated with NaOH (10 M, aq.) 
before refluxing for 30 minutes. Pleasingly, the desired free γ-
aminopropylsulfone 11 was isolated after acid-base extraction 
in high yield allowing for further elaboration of this building 
block.

Conclusions
In summary, we report the effective flow-based synthesis of a 
series of γ-aminopropylsulfones exploiting a photochemical 
HAT process catalysed by TBADT. The use of a new high-power 
LED lamp in conjunction with continuous processing provides an 
effective means to generate a series of these underexploited 
scaffolds. The robustness of this flow process was 
demonstrated through the scaled synthesis of one target 
compound at a concentration of 500 mM achieving a 
throughput of 20 mmol/h. The facile removal of the pendent 
formyl group was achieved by standard hydrolysis under basic 
conditions which enables further derivatisation on the free 
amino group of the γ-aminopropylsulfone.
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