
 

Supplementary Information 
 

 

 

In-flow generation of thionyl fluoride (SOF2) enables the rapid 

and efficient synthesis of acyl fluorides from carboxylic acids 
 

Daniele Mazzarella,+[a,b] Jelena Staniĺ,+[a] Miguel Bern¼s,[c] Arad Seyed Mehdi,[a] 

Cassandra J. Henderson,[a] Omar Boutureira,[c] Timothy No±l*[a] 

 

 
[a] Flow Chemistry Group, Van ôt Hoff Institute for Molecular Sciences (HIMS), University of 

Amsterdam, Amsterdam, The Netherlands. 

[b] Department of Chemical Sciences, University of Padova Institution, Padova, Italy. 

[c] Departament de Qu²mica Anal²tica i Qu²mica Org¨nica, Universitat Rovira i Virgili, Tarragona, 

Spain. 

 

+ These authors contributed equally to this work. 

*Correspondence to: t.noel@uva.nl.



Table of contents 

General information ________________________________________________________ 1 

Materials _________________________________________________________________ 1 

Safety considerations ________________________________________________________ 1 

Packed bed reactor _________________________________________________________ 2 

Optimization of acyl fluoride formation ________________________________________ 2 

Lifespan assessment of KF cartridge ___________________________________________ 3 

General procedure for the synthesis of acyl fluorides _____________________________ 4 

Isolation of acyl fluorides ___________________________________________________ 5 

Agitator _________________________________________________________________ 5 

Characterization data for synthesized compounds ________________________________ 6 

General procedure for the synthesis of acyl derivatives __________________________ 15 

Optimization of the synthesis of 1-(3,5-dimethoxyphenyl)-2-(4-isobutylphenyl)propan-1-one 

(32) ____________________________________________________________________ 16 

Characterization data for synthesized compounds _______________________________ 17 

Scope limitations __________________________________________________________ 20 

NMR Spectra _____________________________________________________________ 21 

19F NMR spectra of acyl fluorides ____________________________________________ 55 

Chromatograms of  1,3-dioxoisoindolin-2-yl (tert-butoxycarbonyl)alaninate (18) _____ 69 

References _______________________________________________________________ 71 



1 

 

General information 

1H (300, 400, and 500 MHz), 13C (75, 101, and 125 MHz) and 19F (282, 376, and 470 MHz) 

spectra were recorded at ambient temperature using Bruker AV 300-I, AV 400, AV 500-NEO. 

For continuous NMR analysis, a Benchtop NMR Spinsolve 60 Carbon from Magritek was used. 
1H NMR spectra are reported in parts per million (ppm) downfield relative to CDCl3 (7.26 ppm) 

and all 13C NMR spectra are reported in ppm relative to CDCl3 (77.16 ppm) unless stated 

otherwise. The multiplicities of signals are designated by the following abbreviations: s 

(singlet), d (doublet), t (triplet), q (quartet), m (multiplet), dd (doublet of doublets), dt (doublet 

of triplets), td (triplet of doublets), ddd (doublet of doublet of doublets). Coupling constants (J) 

are reported in hertz (Hz). NMR data was processed using the MestReNova 14 software 

package. High resolution mass spectra (HRMS) were collected on an AccuTOF LC, JMS-

T100LP Mass spectrometer (JEOL, Japan) or on an AccuTOF GC v 4g, JMS-T100GCV Mass 

spectrometer (JEOL, Japan), or on a 7200 GCīqTOF (Agilent Technologies). Optical rotation 

angles were measured using Anton Paar MCP 150 polarimeter with 100 mm optical length. 

Enantiomeric ratio was determined by chiral HPLC (Shimadzu LC-20AD) using Chiracel OJ-

H column and isopropanol in n-heptane as a mobile phase. Disposable syringes were purchased 

from Laboratory Glass Specialist. Syringe pumps were purchased from Chemix Inc. model 

Fusion 200 Touch. Product isolation was performed manually, using silica (P60, SILICYCLE). 

TLC analysis was performed using Silica on aluminum-backed TLC plates (F254, 

SILICYCLE) with visualization under ultraviolet light (254 nm and 365 nm) or appropriate 

TLC staining (Cerium Ammonium Molybdate). Automated chromatography was performed 

using Isolera One system (Biotage). Organic solutions were concentrated under reduced 

pressure on a Büchi rotary evaporator (in vacuo at 40 ºC, ~5 mbar). 

Materials 

All reagents and solvents were used as received without further purification. Reagents and 

solvents were purchased from Sigma Aldrich, TCI, abcr, and Fluorochem. Technical solvents 

were purchased from VWR International and used as received. Empty cartridges used for the 

packed bed reactor were purchased at Screening Devices (catalog number SD-0000-004). Flow 

reactors were made using PFA coil (ID 0.8 mm, OD 1.6 mm, purchased from ATP Advanced 

polymer Tubing GmbH) and PEEK connectors (purchased from IDEX). Dry CH3CN was 

purchased from Acros and used without further treatment. 

(1S,2S,4aR,4bR,7S,9aS,10S,10aR)-2,7-diacetoxy-1-methyl-8-methylene-13-oxo-

1,2,4b,5,6,7,8,9,10,10a-decahydro-4a,1-(epoxymethano)-7,9a-methanobenzo[a]azulene-10-

carboxylic acid was prepared according to reported literature procedure.[1] 

Safety considerations 

The reported methodology utilizes fluoride salts, which, upon contact with water or acidic 

mediums, can produce hydrofluoric acid (HF). HF is an extremely corrosive and lethal 

substance through inhalation, ingestion, or skin and eye contact. In the case of skin exposure, 

there may be a latency period of up to 24 hours for diluted solutions. It is strongly recommended 

to keep a 2.5% calcium gluconate gel on hand as a first aid measure for potential burns. Prior 
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to conducting any reaction involving HF precursors, chemists should consult Material Safety 

Data Sheets (MSDS) for HF and review first aid procedures. 

To mitigate risks, reactions were conducted with a slight excess of a base, and an alkaline 

workup was performed to prevent HF formation. Triethylammonium fluoride formed in this 

reaction is removed during the aqueous workup and the separated aqueous layers were disposed 

of with aqueous base waste. 

Packed bed reactor 

The packed bed consisting of a mixture of potassium fluoride and glass beads was made 

according to the procedure from our previous work.[2] A mixture of KF and glass beads was 

prepared by weighing equal amounts (by mass) of potassium fluoride and 400-625 ɛm 

unwashed glass beads. This mixture was homogenized by grinding in ceramic mortar, upon 

which it was transferred to a Schlenk flask, and heated up to 170 ÁC in an oil bath under high 

vacuum overnight. Aggregates of mixture formed during the drying process were broken down 

with a spatula under a stream of nitrogen. After being dried the mixture was kept in the Schlenk 

flask under nitrogen. 

The packed bed reactor was prepared by filling an empty cartridge of a 3.5 g column for Isolera 

with 9.3 g of the mixture, which would correspond to the dead volume of the reactor of 3.8 mL. 

Dead volume is determined by the difference in weight of the cartridge before and after flushing 

it with dry CH3CN. The reactor would first be conditioned by flowing around 20 mL of dry 

CH3CN through it, and then equilibrated by flowing 5.00 mL of the 0.2 M solution of SOCl2 in 

dry CH3CN at the appropriate flow rate. 

Optimization of acyl fluoride formation 

Synthesis of acyl fluorides was performed in the reactor setup shown in Scheme 1. Optimization 

was done by varying stoichiometry and residence time by changing flow rates. Yields shown 

are determined by 19F NMR, using 1,2-difluorobenzene as internal standard.  

Thionyl chloride solution was prepared by adding dry CH3CN (20 mL) to a N2-filled round-

bottom flask, and then adding thionyl chloride (292 ɛL, 4.00 mmol) to make a 0.2 M solution. 

An equimolar amount of internal standard, 1.2-difluorobenzene (394 ɛL, 4.00 mmol), was 

added to the solution. This solution was taken up by a 20 mL syringe and connected to the 

packed bed reactor. The solution of 4-phenylbenzoic acid was prepared by dissolving it (99.1 

mg, 0.500 mmol, 1 equiv) in dry CH3CN (2.5 mL, 0.2 M) in a N2-filled 20 mL glass vial, and 

adding triethylamine (175 ɛL 1.25 mmol, 2.5 equiv). This solution was taken up by a 5 mL 

syringe and connected to the reactor as shown below. After the acid solution was completely 

pushed into the reactor, its syringe was quickly replaced with a syringe containing dry CH3CN 

and flow was resumed. Once the acid solution completely passed through the T-mixer, SOCl2 

flow was stopped, and the flow rate of dry CH3CN increased such that the total flow rate 

remained unchanged. Upon leaving the reactor, the mixture was collected in a round-bottom 

flask. 0.5 mL of this mixture was taken as an NMR sample to determine the yield of the 

corresponding acyl fluoride. 
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Scheme 1. Reactor setup for acyl fluoride synthesis 

Table 1. Optimization of acyl fluoride formation 

Entry 
SOCl2 

(equiv) 

Res. time 

(min) 

Flow rate 

1st reactor 

(mL min-1) 

Flow rate 
2nd reactor 

(mL min-1) 

Yield 

1 4 3.0 0.400 0.500 > 99% 

2 2 3.0 0.333 0.500 > 99% 

4 1.1 3.0 0.262 0.500 84% 

5 1.5 1.5 0.600 1.00 94% 

6 1.5 0.75 1.20 2.00 99% 

7 1.5 0.60 1.50 2.500 92% 
[a] Reaction performed with 3 equiv of Et3N 

 

Lifespan assessment of KF cartridge 

Lifespan of the packed bed reactor was determined by measuring the 19F NMR yield of SOF2 

as a function of the number of mmol of SOCl2 passed through the cartridge. Flow rate was 

varied over a range encompassing the flow rates used in the current study. NMRs were 

measured by directly connecting the SOF2 generation module to the benchtop NMR flow cell 

inlet, with the outlet leading to a base quenching flask. The absence of headspace in the 

measuring cell ensured that no SOF2 would escape the system. The solution of SOCl2 was 

prepared in the same way as described in the previous section, with an equimolar amount of 

1,2-difluorobenzene added as an internal standard for quantification. The center frequency was 

set to -33 ppm, and spectra were recorded with 16 scans in flow. 

It is interesting to note that the flow rate has a large effect on the cartridgeôs lifespan, with high 

flow rates having a detrimental effect. We rationalized this phenomenon as a consequence of 

higher flow rates causing more pronounced formation of preferential pathways through the 

packed bed. This would lead to less efficient conversion within the cartridge, as some of its 

contents would never come into contact with SOCl2 solution. Nonetheless, by lowering the flow 

rate to 0.1 mL/min, the lifetime of the cartridge can be greatly extended, as 15 mmol of SOF2 

were produced by a single cartridge. 
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Figure 1. Assessment of the lifetime of the packed bed reactor 

General procedure for the synthesis of acyl fluorides 

 

Scheme 2. Reactor setup for synthesis of N-phthalimide esters 

Thionyl chloride solution was prepared by adding dry CH3CN (20 mL) to a N2-filled round-

bottom flask, and then adding thionyl chloride (292 ɛL, 4.00 mmol) to make a 0.2 M solution. 

This solution was taken up by a 20 mL syringe and connected to the packed bed reactor. The 

reactor was conditioned by flowing 5.0 mL of the solution through it at the flow rate of 0.333 

mL min-1. 

The solution of the desired acid was prepared by dissolving it in dry CH3CN (2.5 mL, 0.2 M) 

in a N2-filled 20 mL glass vial, and adding triethylamine (175 ɛL, 1.25 mmol, 3 equiv) and 1,2-

difluorobenzene as internal standard (24.5 ɛL, 0.250 mmol, 0.5 equiv). This solution was taken 

up by a 5 mL syringe and connected to the second reactor (Scheme 2). The acid solution was 

pushed by syringe pump at the flow rate of 0.167 mL min-1. In the case of precipitation being 

observed, an agitator was attached to the T-mixer with parafilm to prevent clogging. 

After the acid solution was completely pushed into the reactor, both syringe pumps were 

stopped, the acidôs syringe was quickly replaced with a syringe containing dry CH3CN, and the 

flow was resumed. Once the acid solution completely passed through the T-mixer, SOCl2 flow 

was stopped, and the flow rate of dry CH3CN was increased so that the total flow rate remained 

unchanged until the reaction mixture completely passed through the reactor. This was done in 

order to avoid any possible excess of SOF2 entering the recipient flask. Upon leaving the 

reactor, the mixture was collected in a 50 mL round-bottom flask equipped with a stirring bar. 
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An NMR sample of the crude was taken to determine the yield of formed acyl fluoride by 19F 

NMR. 

Subsequently, for ease of purification, N-hydroxy phthalimide (86 mg, 0.550 mmol, 1.1 equiv) 

was added to the mixture and the ensuing mixture was stirred at room temperature for 1 h. 

Afterwards, the mixture was worked up by washing it twice with saturated NaHCO3 solution 

and once with brine. The organic layers were then dried over anhydrous Na2SO4. The desiccant 

was filtered off and the solvent removed under reduced pressure. Unless stated otherwise, final 

products were obtained without the need for further purification. 

Isolation of acyl fluorides 

Acyl fluorides were isolated by removing the solvent from the mixture collected from the 

second reactor under reduced pressure. The ensuing solid crude was solubilized in a mixture of 

CH2Cl2 and pentane (1:1, 3 mL). This suspension was transferred to a silica plug (3 cm tall, 2 

cm wide) and eluted with the mixture of CH2Cl2 and pentane (1:1, 30 mL). Solvents were 

removed under reduced pressure to afford the product. It is important to use an oven-dried 

vessel with N2-exchanged atmosphere for collecting the reaction stream in this case, as 

improperly dried glassware results in a significant decrease of yield. 

Table 1. Comparison of quantitative yields measured by NMR and yields 

of the isolated compound after treatment with N-hydroxy phthalimide. 

Entry 
qNMR 

(%) 
Yield (%) Entry 

qNMR 

(%) 
Yield (%) 

2 99 91 16 89 81 

3 85 82 17 62 55 

4 99 79 18 93 86 

5 99 79 19 79 41 

6 99 83 20 91 66 

7 99 93 21 83 90 

8 93 81 22 76 71 

9 99 81 23 99 97 

10 70 83 24 95 90 

12 84 60 25 75 70 

13 99 95 26 81 55 

14 93 86 27 92 87 

15 83 78 28 98 94 

 

Agitator 

In the case of some entries, we observed reactor clogging due to the formation of ammonium 

salts and occasional low solubility of the reaction components. To circumvent this problem, we 

employed the agitator, as depicted in Figure 2, which we attached to the T mixer with parafilm. 

The vibrations of this device were breaking down the solid aggregates to the particles small 

enough to pass through the coil without any issue. 
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Figure 2. Left: The agitator used in this study. Right: agitator connected to the T-mixer. 

 

Characterization data for synthesized compounds 

1,3-dioxoisoindolin-2-yl 4-phenylbenzoate (2) 

Prepared from 4-phenylbenzoic acid (99 mg, 0.500 mmol, 1 equiv) 

according to the general procedure. Product 2 (187 mg, 91%) was 

obtained as an off-white solid. The spectroscopic data are consistent with 

those previously reported.[3] 

1H NMR (400 MHz, CDCl3): ŭ = 8.26 (d, J = 8.4 Hz, 2 H), 7.95-7.91 (m, 2 H), 7.84ï7.79 (m, 

2 H), 7.76 (d, J = 8.4 Hz, 2 H), 7.65 (d, J = 8.4 Hz, 2 H), 7.50 (t, J = 7.2 Hz, 2 H), 7.43 (t, J = 

7.2 Hz, 1 H). 

13C NMR (75 MHz, CDCl3): ŭ = 162.8, 162.2, 147.7, 139.6, 134.9, 131.3, 129.2, 129.1, 128.7, 

127.6, 127.5, 124.1, 124.0. 

1,3-dioxoisoindolin-2-yl 4-methoxybenzoate (3) 

Prepared from 4-methoxybenzoic acid (76 mg, 0.500 mmol, 1 equiv) 

according to the general procedure. Product 3 (122 mg, 82%) was 

obtained as a brown solid. The spectroscopic data are consistent with 

those previously reported.[3] 

1H NMR (400 MHz, CDCl3): ŭ = 8.15-8.11 (m, 2 H), 7.91-7.89 (m, 2 H), 7.81-7.78 (m, 2 H), 

7.00-6.97 (m, 2 H), 3.88 (s, 3 H). 

13C NMR (100 MHz, CDCl3): ŭ = 165.0, 162.5, 162.4, 134.8, 133.0, 129.1, 124.0, 117.3, 114.3, 

55.7. 
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1,3-dioxoisoindolin-2-yl benzoate (4) 

Prepared from benzoic acid (61 mg, 0.500 mmol, 1 equiv) according to the 

general procedure. Product 4 (106 mg, 79%) was obtained as a brown solid. 

The spectroscopic data are consistent with those previously reported.[3] 

1H NMR (300 MHz, CDCl3): ŭ = 8.20-8.17 (m, 2 H), 7.93-7.88 (m, 2 H), 7.83-7.79 (m, 2 H), 

7.69 (tt, J = 7.8, 1.9 Hz, 1 H), 7.53 (t, J = 7.8 Hz, 2 H). 

13C NMR (75 MHz, CDCl3): ŭ = 162.9, 162.2, 135.0, 134.9, 130.7, 129.1, 129.0, 125.4, 124.1. 

1,3-dioxoisoindolin-2-yl 4-nitrobenzoate (5) 

Prepared from 4-nitrobenzoic acid (84 mg, 0.500 mmol, 1 equiv) 

according to the general procedure. Product 5 (123 mg, 79%) was 

obtained as an off-white solid. The spectroscopic data are consistent with 

those previously reported.[4] 

1H NMR (300 MHz, CDCl3): ŭ = 8.38 (s, 4 H), 7.97-7.91 (m, 2 H), 7.87-7.81 (m, 2 H). 

13C NMR (75 MHz, CDCl3): ŭ = 161.8, 161.4, 151.6, 135.2, 131.9, 130.8, 128.9, 124.3, 124.1. 

1,3-dioxoisoindolin-2-yl 4-(trifluoromethyl)benzoate (6) 

Prepared from 4-trifluoromethylbenzoic acid (95 mg, 0.500 mmol, 1 

equiv) according to the general procedure. Product 6 (139 mg, 83%) 

was obtained as an orange solid. The spectroscopic data are consistent 

with those previously reported.[4] 

1H NMR (400 MHz, CDCl3): ŭ = 8.31 (d, J = 8.1 Hz, 2H), 7.94-7.92 (m, 2H), 7.84-7.80 (m, 

4H). 

13C NMR (75 MHz, CDCl3): ŭ = 162.0, 161.9, 136.3 (q, J = 33.4 Hz), 135.1, 131.2, 129.0, 

128.8, 126.1 (q, J = 16.3 Hz), 124.3, 123.7 (q, J = 273.1 Hz). 

19F NMR (282 MHz, CDCl3): ŭ 64.0 (s, 3F). 

1,3-dioxoisoindolin-2-yl 2-acetoxybenzoate(7) 

Prepared from 2-actatebenzoic acid (90mg, 0.500 mmol, 1 equiv) 

according to the general procedure. Product 7 (151 mg, 93%) was obtained 

as a yellow solid. This compound was not previously reported. 

1H NMR (400 MHz, CDCl3): ŭ = 8.20 (dd, J = 7.8, 1.6 Hz, 1H), 7.91-7.89 (m, 2H), 7.80-7.78 

(m, 2H), 7.68 (td, J = 7.8, 1.6 Hz, 1H), 7.40 (t, J = 7.6 Hz, 1H), 7.22 (d, J = 8.2 Hz, 1H), 2.32 

(s, 3H). 

13C NMR (75 MHz, CDCl3): ŭ = 169.3, 161.9, 160.7, 151.5, 135.8, 134.9, 132.2, 129.0, 126.4, 

124.5, 124.1, 119.1, 21.0. 

HRMS (FD) m/z calcd for C17H11NO6+H
+: 326.0665 [M+H]+; Found: 325.0668. 
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1,3-dioxoisoindolin-2-yl 3,5-dimethylbenzoate (8) 

Prepared from 3,5-dimethylbenzoic acid (75 mg, 0.500 mmol, 1 equiv) 

according to the general procedure. Product 8 (112 mg, 81%) was 

obtained as a yellow solid. The spectroscopic data are consistent with 

those previously reported.[5] 

1H NMR (400 MHz, CDCl3): ŭ = 7.92-7.90 (m, 2H), 7.81-7.80 (m, 4H), 7.31 (s, 1H), 2.39 (s, 

6H). 

13C NMR (100 MHz, CDCl3): ŭ = 163.2, 162.3, 138.8, 136.7, 134.9, 129.2, 128.4, 125.2, 124.1, 

21.3. 

1,3-dioxoisoindolin-2-yl picolinate (9) 

Prepared from 2-pyridinecarboxylic acid (62 mg, 0.500 mmol, 1 equiv) 

according to the general procedure. Product 9 (108 mg, 81%) was obtained 

as an orange solid. The spectroscopic data are consistent with those 

previously reported.[6] 

1H NMR (400 MHz, CDCl3): ŭ = 8.85 (d, J = 4.4 Hz, 1H), 8.24 (d, J = 7.8 Hz, 1H), 7.93-7.90 

(m, 3H), 7.82-7.80 (m, 2H), 7.62 (dd, J = 7.7, 4.7 Hz, 1H). 

13C NMR (75 MHz, CDCl3): ŭ = 161.8, 161.5, 150.6, 144.3, 137.5, 135.0, 129.0, 128.6, 126.8, 

124.2. 

1,3-dioxoisoindolin-2-yl furan-2-carboxylate (10) 

Prepared from 2-puranylcarboxylic acid (56 mg, 0.500 mmol, 1 equiv) 

according to the general procedure. Product 10 (107 mg, 83%) was obtained 

as an off-white solid. This compound was not previously reported. 

1H NMR (400 MHz, CDCl3): ŭ = 7.94-7.90 (m, 2H), 7.84-7.80 (m, 2H), 7.76-7.75 (m, 1H), 

7.54 (d, J = 3.6 Hz, 1H), 6.65 (dd, J = 3.6 Hz, 1.7 Hz, 1H). 

13C NMR (100 MHz, CDCl3): ŭ = 162.0, 154.6, 148.9, 140.0, 135.0, 129.0, 124.2, 122.4, 112.8. 

HRMS (FI) m/z calcd for C13H7NO5
+: 257.0324 [M]+; Found: 257.0324. 

1,3-dioxoisoindolin-2-yl 2-bomothiophene-3-carboxylate (11) 

Prepared from 2-bromo-3-tiophenecarboxylic acid (104 mg, 0.500 mmol, 

1 equiv) according to the general procedure. Product 11 (160 mg, 91%) 

was obtained as a light brown solid. This compound was not previously 

reported. 

1H NMR (300 MHz, CDCl3): ŭ = 7.94-7.91 (m, 2H), 7.84-7.80 (m, 2H), 7.60 (d, J = 5.9 Hz, 

1H), 7.36 (d, J = 5.9 Hz, 1H). 

13C NMR (75 MHz, CDCl3): ŭ = 162.1, 157.9, 135.0, 129.1, 129.1, 127.1 125.7, 125.0, 124.2. 

HRMS (FI) m/z calcd for C13H6BrNO4S
+: 350.9195 [M]+; Found: 350.9213. 
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1,3-dioxoisoindolin-2-yl ferrocenecarboxylate (12) 

Prepared from ferrocenecarboxylic acid (115 mg, 0.500 mmol, 1 equiv) 

according to the general procedure. After purification via flash column 

chromatography (CH2Cl2 100:0 MeOH to CH2Cl2 95:5 MeOH) product 12 

(113 mg, 60%) was obtained as an orange solid. This compound was not 

previously reported. 

1H NMR (300 MHz, CDCl3): ŭ = 7.92-7.88 (m, 2H), 7.82-7.78 (m, 2H), 4.99 (t, J = 2 Hz, 2H), 

4.59 (t, J = 2.0 Hz, 2H), 4.43 (s, 5H). 

13C NMR (75 MHz, CDCl3): ŭ = 168.4, 162.5, 134.8, 129.2, 124.0, 73.0, 70.9, 64.5. 

HRMS (ESI) m/z calcd for C19H13FeNO4
+: 375.0194 [M]+; Found: 375.0199. 

1,3-dioxoisoindolin-2-yl 3-phenylpropanoate (13) 

Prepared from dehydrocinnamic acid (75 mg, 0.500 mmol, 1 equiv) 

according to the general procedure. Product 13 (140 mg, 95%) was 

obtained as a brown solid. The spectroscopic data are consistent with 

those previously reported.[7] 

1H NMR (300 MHz, CDCl3): ŭ = 7.89-7.84 (m, 2H), 7.79-7.74 (m, 2H), 7.35-7.31 (m, 2H), 

7.27-7.22 (m, 3H), 3.12-3.08 (m, 2H), 3.00-2.96 (m, 2H). 

13C NMR (75 MHz, CDCl3): ŭ = 169.0, 161.9, 139.2, 134.8, 128.9, 128.8, 128.4, 126.8, 124.0, 

32.7, 30.6. 

1,3-dioxoisoindolin-2-yl cyclohexanoate (14) 

Prepared from cyclohexanecarboxylic acid (64 mg, 0.500 mmol, 1 equiv) 

according to the general procedure. Product 14 (117 mg, 86%) was 

obtained as a brown solid. The spectroscopic data are consistent with those 

previously reported.[8] 

1H NMR (300 MHz, CDCl3): ŭ = 7.89-7.84 (m, 2H) 7.79-7.74 (m, 2H), 2.73 (tt, J = 10.9 Hz, 

3.7 Hz, 1H), 2.11-2.07 (m, 2H), 1.86-1.80 (m, 2H), 1.70-1.60 (m, 3H), 1.42-1.24 (m, 3H).  

13C NMR (75 MHz, CDCl3): ŭ = 171.9, 162.2, 134.8, 129.1, 124.0, 40.6, 28.9, 25.6, 25.1. 

1,3-dioxoisoindolin-2-yl adamantane-1-carboxylate (15) 

Prepared from 1-adamantanecarboxylic acid (90 mg, 0.500 mmol, 1 

equiv) according to the general procedure. Product 15 (127 mg, 78%) was 

obtained as an off-white solid. The spectroscopic data are consistent with 

those previously reported.[9] 

1H NMR (400 MHz, CDCl3): ŭ = 7.85-7.81 (m, 2H), 7.76-7.72 (m, 2H), 2.11 (m, 6H), 2.09-

2.06 (m, 3H), 1.76-1.73 (m, 6H). 

13C NMR (75 MHz, CDCl3): ŭ = 173.2, 162.2, 134.7, 129.1, 123.9, 40.5, 38.5, 36.2, 27.7. 
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1,3-dioxoisoindolin-2-yl cinnamate (16) 

Prepared from cinnamic acid (74 mg, 0.500 mmol, 1 equiv) according to 

the general procedure. Product 16 (119 mg, 81%) was obtained as an off-

white solid. The spectroscopic data are consistent with those previously 

reported.[7] 

1H NMR (300 MHz, CDCl3): ŭ = 7.94 (d, J = 16.2 Hz, 1H), 7.90-7.87 (m, 2H), 7.81-7.77 (m, 

2H), 7.59-7.56 (m, 2H), 7.46-7.40 (m, 3H), 6.64 (d, J = 16.2 Hz, 1H). 

13C NMR (75 MHz, CDCl3): ŭ = 163.1, 162.2, 150.0, 134.9, 133.6, 131.6, 129.2, 129.0, 128.7, 

124.0, 111.8. 

1,3-dioxoisoindolin-2-yl (tert-butoxycarbonyl)glycinate (17) 

Prepared from N-Boc-glycine (88 mg, 0.500 mmol, 1 equiv) according 

to the general procedure. Without the need for further purification 

product 17 (88 mg, 55%) was obtained as a mixture of rotamers in the 

form of a yellow solid. The spectroscopic data are consistent with those 

previously reported.[8] 

1H NMR (400 MHz, CDCl3): ŭ = 7.89-7.87 (m, 2H), 7.80-7.77 (m, 2H), 5.27-5.10 (m, 1H), 

4.54-4.21 (m, 2H), 1.56-1.44 (m, 9H). 

13C NMR (MHz, CDCl3): ŭ = 167.3, 161.6, 155.4, 135.0, 128.9, 124.2, 85.9 80.8, 40.5, 28.4, 

27.8. (Peaks 85.9 and 80.8, and 28.3 and 27.8 correspond to the same carbon of different 

rotamers.) 

 

1,3-dioxoisoindolin-2-yl (tert-butoxycarbonyl)-L-alaninate (18) 

Prepared from N-Boc-L-alanine (95 mg, 0.500 mmol, 1 equiv) 

according to the general procedure. Without the need for further 

purification product 18 (144 mg, 86%, enantiomeric ratio 94:6) was 

obtained as a mixture of rotamers in the form of a yellow solid. The 

spectroscopic data are consistent with those previously reported.[10] 

1H NMR (400 MHz, CDCl3): ŭ = 7.89-7.86 (m, 2H), 7.83-7.75 (m, 2H), 5.14-5.05 (m, 1H), 

4.77 ï 4.50 (m, 1H), 1.61 (d, J = 7.3 Hz, 3H), 1.53-1.40 (m, 9H). 

13C NMR (100 MHz, CDCl3): ŭ = 170.1, 161.6, 154.8, 134.9, 134.3 128.9, 124.1, 123.6, 80.6, 

47.8, 28.3, 18.9. (Peaks 134.9 and 134.3. and 124.1 and 123.6 correspond to the same carbons 

of different rotamers.) 

Ἆ = -28.5 (c = 1.00 
 
, DMSO); [Ŭ]D + 11.0, (c 0.19 in CHCl3) 
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1,3-dioxoisoindolin-2-yl (tert-butoxycarbonyl)-L-leucinate (19) 

Prepared from N-Boc-L-leucine (115 mg, 0.500 mmol, 1 equiv) 

according to the general procedure. After purification via flash column 

chromatography (EtOAc 0:100 pentane to EtOAc 60:40 pentane) 19 

(77 mg, 41%) was obtained as a white solid. The spectroscopic data are 

consistent with those previously reported.[11] 

1H NMR (400 MHz, CDCl3): ŭ = 7.90-7.84 (m, 2H), 7.81-7.76 (m, 2H), 4.97 ï 4.87 (m, 1H), 

4.76-4.46 (m, 1H), 1.90-1.82 (m, 2H), 1.73-1.68 (m, 1H), 1.52-1.46 (m, 9H), 1.11-1.01 (m, 6H). 

13C NMR (75 MHz, CDCl3): ŭ = 170.0, 161.6, 155.0, 134.9, 129.0, 124.1, 80.6, 50.7, 41.9, 

28.4, 24.8, 22.9, 21.9. 

Ἆ = -12.3 (c = 1.00 
 
, DMSO) 

1,3-dioxoisoindolin-2-yl (tert-butoxycarbonyl)-L-prolinate (20) 

Prepared from N-Boc-L-proline (108 mg, 0.500 mmol, 1 equiv) 

according to the general procedure. Without the need for further 

purification product 20 (119 mg, 66%) was obtained as a mixture of 

rotamers in the form of a yellow solid. The spectroscopic data are 

consistent with those previously reported.[11] 

1H NMR (400 MHz, CDCl3): ŭ = 7.87-7.81 (m, 2H), 7.79-7.73 (m, 2H), 4.71-4.57 (m, 1H), 

3.64-3.57 (m, 1H), 3.51-3.39 (m, 1H), 2.49-2.28 (m, 2H), 2.12-1.89 (m, 2H), 1.49 (s, 9H). 

13C NMR (75 MHz, CDCl3): ŭ = 169.7, 161.8, 153.6, 134.9, 129.0, 124.0, 81.2, 57.3, 46.4, 

31.5, 28.2, 23.6. 

Ἆ = -34.1 (c = 1.00 
 
, DMSO) 

1,3-dioxoisoindolin-2-yl (tert-butoxycarbonyl)-L-phenylalaninate (21) 

Prepared from N-Boc-L-phenylalanine (133 mg, 0.500 mmol, 1 equiv) 

according to the general procedure. Without the need for further 

purification product 21 (185 mg, 90%) was obtained in the form of 

colourless oil. The spectroscopic data are consistent with those 

previously reported.[10] 

1H NMR (400 MHz, CDCl3): ŭ = 7.91-7.87 (m, 2H), 7.81-7.76 (m, 2H), 7.40-7.28 (m, 5H), 

5.02 ï 4.75 (m, 2H), 3.39-3.32 (m, 1H), 3.27-3.21 (m, 1H), 1.42 (s, 9H). 

13C NMR (75 MHz, CDCl3): ŭ = 168.7, 161.6, 154.8, 134.9, 134.8, 129.8, 128.9, 128.8, 127.4, 

124.1, 80.6, 52.8, 38.3, 28.3. 

Ἆ = -0.64 (c = 1.00 
 
, DMSO) 
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1,3-dioxoisoindolin-2-yl 1-((tert-butoxycarbonyl)amino)cyclobutene-1-carboxylate (22) 

Prepared from N-Boc-1-amino-1-cyclobutanecarboxylic acid (108 mg, 0.500 

mmol, 1 equiv) according to the general procedure. Without the need for 

further purification product 22 (128 mg, 71%) was obtained as a yellow solid. 

The spectroscopic data are consistent with those previously reported.[12] 

1H NMR (400 MHz, CDCl3): ŭ = 7.89-7.85 (m, 2H), 7.79-7.76 (m, 2H), 5.45-5.29 (m, 1H), 

2.91-2.84 (m, 2H), 2.39-2.29 (m, 2H), 2.15-2.06 (m, 2H), 1.49 (s, 9H). 

13C NMR (100 MHz, CDCl3): ŭ = 171.0 161.9, 154.6, 134.8, 129.1, 124.0, 57.7, 41.7, 32.6, 

28.4, 15.2. 

2-(tert-butyl)-3-(1,3-dioxoisoindolin-2-yl) (1R,4S)-2-azabicyclo[2.2.1]heptane-2,3-

dicarboxylate (23) 

Prepared from (1R,3S,4S)-N-Boc-2-azabicyclo[2.2.1]heptane-3-carboxylic 

acid (121 mg, 0.500 mmol, 1 equiv) according to the general procedure. 

Without the need for further purification product 23 (188 mg, 98%) was 

obtained as a white solid. This compound was not previously reported. 

1H NMR (300 MHz, CDCl3): ŭ = 7.86-7.79 (m, 2H), 7.77-7.72 (m, 2H), 4.37-4.36 (m, 1H), 

4.22 ï 4.08 (m, 1H), 2.98 (s, 1H), 1.96-1.57 (m, 6H), 1.46-1.43 (m, 9H). 

13C NMR (75 MHz, CDCl3): ŭ = 167.6, 161.7, 152.9, 134.9, 128.9, 124.0, 80.9, 62.3, 56.4, 

43.6, 35.0, 30.3, 28.2, 27.9. 

HRMS (ESI+H) m/z calcd for C20H22N2O6Na
+: 409.1376 [M+Na]+; Found: 409.1372. 

Ἆ = -64.2 (c = 1.00 
 
, DMSO) 

1,3-dioxoisoindolin-2-yl 2-(4-isobutylphenyl)propanoate (24) 

Prepared from ibuprofen (103 mg, 0.500 mmol, 1 equiv) 

according to the general procedure. Product 24 (158 mg, 90%) 

was obtained as a yellow solid. The spectroscopic data are 

consistent with those previously reported.[13] 

1H NMR (300 MHz, CDCl3): ŭ = 7.85-7.81 (m, 2H), 7.77-7.71 (m, 2H), 7.32 (d, J = 8.1 Hz, 

2H), 7.17 (d, J = 8.1 Hz, 2H), 4.11 (q, J = 7.1 Hz, 1H), 2.48 (d, J = 7.2 Hz, 2H), 1.94-1.83 (m, 

1H), 1.67 (d, J = 7.2 Hz, 3H), 0.92 (d, J = 6.6 Hz, 6H). 

13C NMR (75 MHz, CDCl3): ŭ = 171.0, 161.9, 141.3, 135.6, 134.8, 129.7, 129.0, 127.3, 123.9, 

45.1, 42.6, 30.2, 22.5, 19.1. 

1,3-dioxoisoindolin-2-yl 2-(acetyl-2,2-dimethylcyclobutyl)acetate (25) 

Prepared from pinonic acid (92 mg, 0.500 mmol, 1 equiv) 

according to the general procedure. Product 25 (115 mg, 70%) was 

obtained as a yellow solid. The spectroscopic data are consistent 

with those previously reported.[14] 

1H NMR (300 MHz, CDCl3): ŭ = 7.82-7.77 (m, 2H), 7.76-7.71 (m, 2H), 2.87 (dd, J = 10.0, 7.8 

Hz, 1H), 2.66-2.57 (m, 2H), 2.51-2.39 (m, 1H), 2.09-1.91 (m, 5H), 1.31 (s, 3H), 0.89 (s, 3H). 
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13C NMR (75 MHz, CDCl3): ŭ = 207.1, 168.6, 161.8, 134.8, 128.8, 123.9, 53.9, 43.3, 37.8, 

31.8, 30.2, 30.0, 22.9, 17.2. 

1,3-dioxoisoindolin-2-yl 5-((3aS,4S,6aR)-2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-

yl)pentanoate (26) 

Prepared from D-biotin (122 mg, 0.500 mmol, 1 equiv) according 

to the general procedure. Biotin was dissolved in dry DMF (10mL) 

due to its extremely low solubility. Product 26 (107 mg, 55%) was 

obtained as an off-white solid. The spectroscopic data are consistent with those previously 

reported.[15] 

1H NMR (300 MHz, CDCl3): ŭ = 7.90-7.87 (m, 2H), 7.80-7.77 (m, 2H), 4.65-4.52 (m, 1H), 

4.38-4.28 (m, 1H), 3.21-3.11 (m, 1H), 2.95-2.88 (m, 1H), 2.78-2.68 (m, 2H), 1.88-1.81 (m, 2H), 

1.80-1.65 (m, 2H), 1.62-1.55 (m, 2H). 

13C NMR (75 MHz, CDCl3): ŭ = 169.7, 164.0, 162.2, 135.0, 129.0, 124.2, 62.1, 60.4, 55.5, 

40.7, 30.9, 29.8, 28.2, 24.7. 

HRMS (ESI+H+) m/z calcd for C18H20N3O5S
+: 390.1124 [M]+; Found: 390.1127. 

Ἆ = -26.4 (c = 1.00 
 
, DMSO) 

1,3-dioxoisoindolin-2-yl (4R)-4-((8R,9S,10S,13R,14S,17R)-10,13-dimethyl-3,7,12-

trioxohexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate (27) 

Prepared from dehydrocholic acid (201 mg, 0.500 

mmol, 1 equiv) according to the general procedure. 

Product 27 (239 mg, 87%) was obtained as an off-white 

solid. The spectroscopic data are consistent with those 

previously reported.[16] 

1H NMR (300 MHz, CDCl3): ŭ = 7.86-7.80 (m, 2H), 7.79-7.72 (m, 2H), 2.91-2.54 (m, 5H), 

2.37-1.76 (m, 13H), 1.63-1.21 (m, 6H), 1.36 (s, 3H), 1.07 (s, 3H), 0.87 (d, J = 6.6 Hz, 3H) ppm. 

13C NMR (75 MHz, CDCl3): ŭ = 212.0, 209.2, 208.7, 169.9, 162.0, 134.8, 128.9, 124.0, 56.9, 

51.8, 49.0, 46.8, 45.6, 45.5, 45.0, 42.8, 38.6, 36.5, 36.0, 35.3, 35.2, 30.3, 28.5, 27.6, 25.1, 21.9, 

18.5, 11.8 ppm. 

Ἆ = +17.4 (c = 1.00 
 
, CHCl3) 
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(1S,2S,4aR,4bR,7S,9aS,10S,10aR)-10-(((1,3-dioxoisoindolin-2-yl)oxy)carbonyl)-1-methyl-

8-methylene-13-oxo-1,2,5,6,8,9,10,10a-octahydro-4a,1-(epoxymethano)-7,9a-

methanobenzo[a]azulene-2,7(4bH)-diyl diacetate (28)  

Prepared from diacyl-protected gibberellic acid (215 mg, 0.500 

mmol, 1 equiv) according to the general procedure. Product 28 (270 

mg, 94%) was obtained as an off-white solid. The spectroscopic data 

are consistent with those previously reported.[14] 

1H NMR (300 MHz, CDCl3): ŭ = 7.88-7.82 (m, 2H), 7.80-7.74 (m, 

2H), 6.36 (d, J = 9.5 Hz, 1H), 5.85 (dd, J = 9.5, 3.8 Hz, 1H), 5.32 (d, 

J = 3.8 Hz, 1H), 5.22 (d, J = 1.7 Hz, 1H), 5.04 (s, 1H), 3.35 (d, J = 

11.1 Hz, 1H), 3.09 (d, J = 11.1 Hz, 1H), 2.85 (dt, J = 15.1, 3.6 Hz, 1H), 2.48-2.35 (m, 3H), 2.20 

(d, J = 15.3 Hz, 1H), 2.07-1.95 (m, 2H), 2.05 (s, 3H), 2.00 (s, 3H), 1.78-1.69 (m, 2H), 1.26 (s, 

3H). 

13C NMR (75 MHz, CDCl3): ŭ = 176.5, 169.9, 168.6, 161.6, 153.0, 135.0, 134.0, 129.4, 128.8, 

124.1, 108.7, 89.7, 83.8, 77.36, 70.0, 54.0, 52.2, 51.4, 51.3, 48.0, 42.2, 39.8, 36.0, 22.0, 20.8, 

16.9, 14.3. 

Ἆ = +136.1 (c = 1.00 
 
, CHCl3) 

[1,1'-biphenyl]-4-carbonyl fluoride (33) 

Prepared from 4-phenylbenzoic acid (198 mg, 1.00 mmol, 1 equiv) and 

triethylamine (350 ɛL, 2.50 mmol, 2.5 equiv). Product 33 obtained in the form 

of white solid (151 mg, 75%). The spectroscopic data are consistent with those 

previously reported .[17] 

1H NMR (400 MHz, CDCl3): ŭ = 8.12 (d, J = 8.4 Hz, 2H), 7.74 (d, J = 7.8 Hz, 2H), 7.64 (m, 

2H), 7.52-7.48 (m, 2H), 7.46-7.42 (m, 1H). 

13C NMR (101 MHz, CDCl3): ŭ = 157.4 (d, J = 343.2 Hz), 148.1, 139.2, 132.0 (d, J = 4.0 Hz), 

129.2, 128.9, 127.7 (d, J = 0.7 Hz), 127.4, 123.5 (d, J = 61.5 Hz). 

19F NMR (376 MHz, CDCl3): ŭ = 18.13 (s, 1F). 

2-(4-isobutylphenyl)propanoyl fluoride (34) 

Prepared from ibuprofen (206 mg, 1.00 mmol, 1 equiv) and triethylamine 

(350 ɛL, 2.50 mmol, 2.5 equiv). Product 34 obtained in the form of white 

solid (154 mg, 74%). The spectroscopic data are consistent with those 

previously reported .[18] 

1H NMR (400 MHz, CDCl3): ŭ = 7.09 (s, J = 8.2 Hz, 2H), 7.04 (d, J = 8.2 Hz, d), 3.72 (q, J = 

7.0 Hz, 1H), 2.36 (d, J = 7.1 Hz, 2H), 1.75 (n, J =6.7 Hz, 1H), 1.46 (d, J = 7.1 Hz, 3H), 0.80 (d, 

J = 6.7 Hz, 6H). 

13C NMR (101 MHz, CDCl3): ŭ = 164.5 (d, J = 366.9 Hz), 141.7, 134.8, 129.9, 127.3, 45.1, 

44.0 (d, J = 49.5 Hz), 30.3, 22.4, 18.1 (d, J = 0.9 Hz). 

19F NMR (376 MHz, CDCl3): ŭ = 39.26 (s, 1F).  
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General procedure for the synthesis of acyl derivatives 

 

Scheme 3. Reactor setup for synthesis and derivatization of acyl fluorides 

Thionyl chloride solution was prepared by adding dry CH3CN (20 mL) to a N2-filled round-

bottom flask, and then adding thionyl chloride (292 ɛL, 4.00 mmol) to make a 0.2 M solution. 

This solution was taken up by a 20 mL syringe and connected to the packed bed reactor. The 

reactor was conditioned by flowing 5.0 mL of the solution through it at the flow rate of 0.131 

mL min-1. 

The solution of the desired acid was prepared by dissolving it in dry CH3CN (2.3 mL, 0.2 M) 

in a N2-filled 20 mL glass vial, and adding triethylamine (175 ɛL, 1.25 mmol, 2.5 equiv). This 

solution was taken up by a 5 mL syringe and connected to the reactor (Scheme 3). The acid 

solution was pushed by syringe pump at the flow rate of 0.119 mL min-1. 

The nucleophile solution was connected to the outlet of the second module via T-mixer. The 

nucleophile solution was pushed at the appropriate flow rate (see below for details for each 

entry). 

After the acid solution was completely pushed into the reactor, both syringe pumps were 

stopped, the acidôs syringe was quickly replaced with a syringe containing dry CH3CN, and the 

flow was resumed. Once the acid solution completely passed through the first T-mixer, SOCl2 

flow was stopped, and the flow rate of dry CH3CN was increased so that the total flow rate 

remained unchanged. The syringe containing nucleophile solution was replaced in the same 

manner once the solution was pushed out of it. Upon leaving the reactor, the mixture was 

collected in an oven-dried round-bottom flask. Workup and purification procedures are outlined 

below for each entry. 

 

Figure 3. Example of the flow setup for synthesis of 31. Outflow of the packed bed mixes 

with solution from Pump 2 in T-mixer 1. Stream of the newly formed acyl fluoride mixes with 

LiOtBu solution in mixer 2. 
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Optimization of the synthesis of 1-(3,5-dimethoxyphenyl)-2-(4-isobutylphenyl)propan-1-

one (32) 

The starting point for synthesis of 32 was taken from a previously reported acylation of electron 

rich arenes.[18] Initial screening was performed with fed batch method (Table 2, entries 1-5).  

All reactions were done on the same scale, using ibuprofen (103 mg, 0.500 mmol, 1 equiv) as 

the limiting reagent. The first two modules were set up and used in exactly the same way as 

described above (Scheme 3). The reaction stream leaving the second module of the reactor was 

collected in an oven-dried 25 mL round-bottom flask equipped with a stirring bar. TMSOTf and 

1,3-dimethoxyanisole were added, and the mixture was left to stir at the given temperature. 

Afterwards, the mixture was diluted with EtOAc (40 mL), washed with sat. NaHCO3(aq) (2x20 

mL), 1M HCl(aq) (20 mL), and brine (20 mL). The organic layer was dried over Na2SO4, the 

desiccant was filtered off, and solvent was removed under reduced pressure. The resulting crude 

was purified using automated column chromatography (SiO2, pentane/EtOAc gradient 98/2 ï 

80/20). 

We first tried to reproduce the previously reported method, while increasing the amount of 

TMSOTf used to account for the 1.5 equiv excess of Et3N (entry 1). Although some product 

was obtained (12%), the reaction crude was extremely dirty, leading us to suspect that both Et3N 

and the corresponding ammonium salts severely interfere with the reaction. In light of this, we 

increased the amount of the TMSOTf to account for the complete amount of Et3N (entry 2) and 

the excess of SOF2 present in the mixture (entry 3). We also increased the amount of the 

nucleophile, in an attempt to favour the desired transformation in a complex reaction mixture. 

We were pleased to see that the use of 5.5 equiv of TMSOTf led to a significant increase in 

yield (41%) and decided to use this stoichiometry for further optimization. Suspecting that using 

the inverse order of addition might lead to cleaner reaction crude, we tried feeding the reaction 

stream into a pre-prepared solution of 1,3-dimethoxybenzene and TMSOTf (entry 4), however 

this led to a slight decrease in yield. Next, we tried to improve the reaction outcome by 

increasing the temperature. Gratifyingly, running the reaction at 60 ÁC led to a further increase 

in yield (entry 5). We found this result satisfactory enough to attempt to transfer the procedure 

to flow. 

The nucleophile solution was prepared by dissolving 1.3-dimethoxybenzene (104 ɛL, 0.750 

mmol, 1.5 equiv) in dry CH3CN (2.3 mL, 0.3 M), and adding TMSOTf (0.50 mL, 2.75 mmol, 

5.5 equiv). This mixture was taken up by a 5 mL syringe and mounted on a syringe pump. It 

was connected with the stream leaving the second flow module via T-mixer, the outlet of which 

was connected to the third flow module (9.64 mL coil). The temperature of the third module 

was adjusted by submerging the coil in a water bath. The nucleophile solution was pushed 

through the coil at a flow rate of 0.148 mL min-1, contributing to the total flow rate of 0.398 mL 

min-1 in the third module. The reaction stream leaving the reactor was collected in an oven-

dried, N2-filled 25 mL round-bottom flask. Once the nucleophile solution was entirely pushed 

out of the syringe, it was quickly replaced with another syringe containing dry CH3CN, and the 

flow was resumed. Once the nucleophile solution completely passed the T-mixer, the second 

syringe pump was stopped, and flow rate on the third pump was adjusted to compensate for the 

total flow rate. Flow was stopped once the mixture was completely pushed out of the reactor. 

The reaction mixture was worked up and the product isolated in the same way as described 

above for the fed batch approach. 
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We were pleased to find that translating our optimized conditions to flow led to obtaining the 

desired compound in comparable yield, in drastically shorter time (entry 6). We tried increasing 

the yield even further by increasing the residence time in the third module by adjusting the coil 

length (entry 7), but no significant change was observed. 

Table 2. Optimization of the synthesis of 1-(3,5-dimethoxyphenyl)-2-(4-isobutylphenyl)propan-1-

one 

Entry Method 
TMSOTf 

(equiv) 

MeO-anisole 

(equiv) 
T 

Reaction time/ 

Residence time 
Yield 

1 fed batch 2.7 1 r.t. 19 h 12% 

2 fed batch 4.2 1.5 r.t. 19 h 6% 

3 fed batch 5.5 1.5 r.t. 19 h 41% 

4 fed batch 5.5 1.5 r.t. 19 h 38%[a] 

5 fed batch 5.5 1.5 60 ÁC 19 h 49% 

6 flow 5.5 1.5 60 ÁC 24 min 46% 

7 flow 5.5 1.5 60 ÁC 48 min 44% 

[a] Stream leaving second module was collected with stirring in round-bottom flask already containing 1.3-

dimethoxybenzene (104 ɛL, 0.750 mmol, 1.5 equiv) and TMSOTf (0.50 mL, 2.75 mmol, 5.5 equiv) in dry CH3CN (2.5) 

mL.  

Characterization data for synthesized compounds 

S-benzyl (4R)-4-((8R,9S,10S,13R,14S,17R)-10,13-dimethyl-3,7,12-trioxohexadecahydro-

1H-cyclopenta[a]phenanthren-17-yl)pentanethioate (29) 

Prepared from dehydrocholic acid (201 mg, 0.500 mmol, 1 

equiv) and benzyl mercaptan (186 mg,1.50 mmol, 3 equiv) 

following the general procedure for synthesis of acyl 

derivatives. Nucleophile solution was prepared by dissolving 

benzyl mercaptan in dry CH3CN (3 mL). The third module 

consisted of a coil reactor of internal volume of 11.4 mL. Nucleophile solution was pushed at 

the flow rate of 0.143 mL min-1 (total flow rate in third module was 0.393 mL min-1). After the 

reaction was over, the reaction mixture was diluted with EtOAc and washed with sat. NaHCO3 

and brine. Organic layer was dried over anh. Na2SO4, desiccant filtered off, and solvent 

removed under reduced pressure. The crude product mixture was purified by flash column 

chromatography (SiO2, CH2Cl2/MeOH 99/1 to 94/6) to afford 29 (155 mg, 61%) as a brown 

solid. This compound was not previously described. 

1H NMR (300 MHz, CDCl3): ŭ = 7.28-7.15 (m, 5H), 4.07 (s, 2H), 2.91-2.76 (m, 3H), 2.64-2.44 

(m, 2H), 2.36-2.13 (m, 7H), 2.11-2.03 (m, 2H), 2.00-1.95 (m, 3H), 1.90-1.77 (m, 3H), 1.62-

1.38 (m, 2H), 1.35 (m, 3H) 1.58 (td, J = 14.3 Hz, 5.1 Hz, 1H), 1.49 ï 1.39 (m, 1H), 1.37 (s, 3H), 

1.31 ï 1.18 (m, 4H), 1.00 (s, 3H), 0.80 (d, J = 6.6 Hz, 3H). 
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13C NMR (75 MHz, CDCl3): ŭ = 211.9, 209.1, 208.7, 199.0, 137.7, 128.8, 128.6, 127.2, 56.8, 

51.7, 48.9, 46.7, 45.5, 45.4, 44.9, 42.7, 41.0, 38.6, 36.4, 36.0, 35.3, 35.2, 33.1, 31.1, 27.6, 25.1, 

21.8, 18.6, 11.8. 

HRMS (FD) m/z calcd for C31H40O4S: 508.2639 [M]+; Found: 508.2647. 

Ἆ = +16.4 (c = 1.00 
 
, CHCl3) 

(4R)-N-benzyl-4-((8R,9S,10S,13R,14S,17R)-10,13-dimethyl-3,7,12-trioxohexadecahydro-

1H-cyclopenta[a]phenanthren-17-yl)pentanamide (30) 

Prepared from dehydrocholic acid (201 mg, 0.500 mmol, 1 

equiv) and benzyl amine (165 ɛL, 1.50 mmol, 3 equiv). 

Nucleophile solution was prepared by dissolving 

benzylamine, triethylamine (210 ɛL, 1.50 mmol, 3 equiv), 

and N,N-dimethyl-4-aminopyridine (12.2 mg, 0.100 mmol, 

0.2 equiv) in dry CH3CN (3.0 mL). Nucleophile solution was pushed at the flow rate of 0.143 

mL min-1 (total flow rate in third module was 0.393 mL min-1).  The third module consisted of 

a coil reactor with internal volume of 11.0 mL. Due to extensive clogging, acid and nucleophile 

solutions were introduced using feeding loops (to avoid interrupting the flow), and the third 

module was submerged in an ultrasonic bath. Over the course of the reaction temperature of the 

water bath rose from 23 ÁC to 48 ÁC. 

After the reaction completion solvent was removed under vacuum, and solid residue was 

transferred to a separatory funnel with EtOAc (40 mL) (sonication was required to transfer the 

entirety of the substance). The organic layer was washed with 1 M HCl(aq) (2x20 mL), sat. 

NaHCO3 (2x20 mL), and brine (20 mL). The organic layer was dried over anh. Na2SO4, 

desiccant filtered off, and solvent removed under reduced pressure. Compound 30 was obtained 

as a foamy yellow solid (181 mg, 74%). This compound was not previously described. 

1H NMR (400 MHz, CDCl3): ŭ = 7.24-7.17 (m, 5H), 5.81-5.78 (m, 1H), 4.35-4.34 (d, J = 5.8 

Hz, 2 H), 2.85-2.72 (m, 3H), 2.29- 2.13 (m, 6H), 2.11-2.00 (m, 4H), 1.95-1.70 (m, 6H), 1.56-

1.47 (m, 1H), 1.38-1.11 (m, 4 H), 1.31 (s, 3H), 0.97 (s, 3H), 0.76 (d, J = 6.6 Hz, 3 H). 

13C NMR (101 MHz, CDCl3): ŭ = 212.2, 209.2, 208.9, 173.2, 138.6, 128.8, 127.9, 127.6, 57.0, 

51.9, 49.1, 46.9, 45.7, 45.6, 45.1, 43.7, 42.9, 38.7, 36.6, 36.1, 35.6, 35.4, 33.7, 31.3, 27.7, 25.2, 

22.0, 18.9, 12.0. 

HRMS (ESI+) m/z calcd for C31H41NO4+H
+: 492.3114 [M+H]+; Found: 492.3119. 

Ἆ = +17.4 (c = 1.00 
 
, CHCl3) 
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tert-butyl (4R)-4-((8R,9S,10S,13R,14S,17R)-10,13-dimethyl-3,7,12-trioxohexadecahydro-

1H-cyclopenta[a]phenanthren-17-yl)pentanoate 

Prepared from dehydrocholic acid (201 mg, 0.500 mmol, 1 

equiv) and lithium tert-butoxide (120 mg, 1.50 mmol, 3 

equiv). Nucleophile solution was used as purchased ï 0.1 M 

solution of lithium tert-butoxide in THF (15 mL). The third 

module consisted of a coil reactor with internal volume of 

9.65 mL. Nucleophile solution was pushed at the flow rate of 0.714 mL min-1 (total flow rate in 

third module was 0.964 mL min-1). 

After the reaction completion 1 mL of water was added to the crude, upon which the solution 

turned to gel. It was solubilized with EtOAc (25 mL) with sonication. The organic layer was 

washed with. NaHCO3 (20 mL), water (20 mL), and brine (20 mL). The organic layer was dried 

over anh. Na2SO4, desiccant filtered off, and solvent removed under reduced pressure. The 

crude was filtered through silica using pentane/EtOAc 1/1. Compound 30 was obtained as a 

light yellow solid (140 mg, 61%). This compound was not previously reported. 

1H NMR (400 MHz, CDCl3): ŭ = 2.88-2.75 (m, 3H), 2.32-2.03 (m, 9H), 1.96-1.87 (m, 5H), 

1.80-1.69 (m, 2H), 1.59-1.50 (m, 1H), 1.42-1.14 (m, 5H) 1.36 (s, 8H), 1.33 (s, 3H), 1.00 (s, 

3H), 0.76 (d, J = 6.4 Hz, 3H). 

13C NMR (75 MHz, CDCl3): ŭ = 212.1, 209.3, 208.8, 173.5, 79.9, 56.9, 51.8, 48.9, 46.7, 45.6, 

45.5, 44.9, 42.7, 38.6, 36.4, 36.0, 35.4, 35.2, 32.8, 30.5, 28.1, 27.6, 25.1, 21.8, 18.6, 18.6, 11.8. 

HRMS (ESI+) m/z calcd for C28H42O5+H
+: 459.3110 [M+H]+; Found: 459.3108. 

Ἆ = +14.6 (c = 1.00 
 
, CHCl3) 

1-(3,5-dimethoxyphenyl)-2-(4-isobutylphenyl)propan-1-one (32) 

Prepared from ibuprofen (103 mg, 0.500 mmol, 1 equiv). Procedure 

described above. Product obtained as a yellow oil (75.3 mg, 46%). 

 

1H NMR (300 MHz, CDCl3): ŭ = 7.67 (d, J = 8.6 Hz, 1H), 7.13 (d, J = 8.2 Hz, 2H), 7.02 (d, J 

= 8.2 Hz, 2H), 6.45 (dd, J = 8.6, 2.2 Hz, 1H), 6.37 (d, J = 2.2 Hz, 1H), 4.75 (q, J = 6.9 Hz, 1H), 

3.81 (s, 3H), 3.79 (s, 3H), 2.40 (d, J = 7.2 Hz, 2H), 1.81 (hept, J = 6.8 Hz, 1H), 1.47 (d, J = 6.8 

Hz, 3H), 0.87 (d, J = 6.8 Hz, 6H). 

13C NMR (75 MHz, CDCl3): ŭ = 202.0, 164.0, 160.0, 139.8, 139.3, 133.0, 129.2, 127.8, 121.6, 

105.1, 98.4, 55.5, 55.4, 50.9, 45.1, 30.2, 22.5, 22.5, 19.3. 

HRMS (FI+) m/z calcd for C21H26O3
+: 326.1882 [M]+; Found: 326.1877. 

  



20 

 

Scope limitations 

 

Figure 4. Unsuccessful scope entries. 

 

Figure 4 contains all the carboxylic acids that did not yield the corresponding acyl fluoride 

under the optimized conditions. Judging from compounds SI-1 to SI-7 the reaction is sensitive 

to densely crowded environments, especially in ortho-disubstituted benzoic acids. Additionally, 

the presence of nucleophilic moieties such the ones found in SI-8 to SI-10 are not tolerated 

either presumably because its reaction with thionyl fluoride. 
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1,3-dioxoisoindolin-2-yl 4-phenylbenzoate (2) 
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1,3-dioxoisoindolin-2-yl 4-methoxybenzoate (3) 
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1,3-dioxoisoindolin-2-yl benzoate (4) 
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1,3-dioxoisoindolin-2-yl 4-nitrobenzoate (5) 
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1,3-dioxoisoindolin-2-yl 4-(trifluoromethyl)benzoate (6) 
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1,3-dioxoisoindolin-2-yl 2-acetoxybenzoate(7) 
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1,3-dioxoisoindolin-2-yl 3,5-dimethylbenzoate (8) 

 



29 

 

1,3-dioxoisoindolin-2-yl picolinate (9) 

 



30 

 

1,3-dioxoisoindolin-2-yl furan-2-carboxylate (10) 
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1,3-dioxoisoindolin-2-yl 2-bomothiophene-3-carboxylate (11) 

 



32 

 

1,3-dioxoisoindolin-2-yl ferrocenecarboxylate (12) 
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1,3-dioxoisoindolin-2-yl 3-phenylpropanoate (13) 

 



34 

 

1,3-dioxoisoindolin-2-yl cyclohexanoate (14) 

 



35 

 

1,3-dioxoisoindolin-2-yl adamantane-1-carboxylate (15) 

 



36 

 

1,3-dioxoisoindolin-2-yl cinnamate (16) 

 



37 

 

1,3-dioxoisoindolin-2-yl (tert-butoxycarbonyl)glycinate (17) 

 



38 

 

1,3-dioxoisoindolin-2-yl (tert-butoxycarbonyl)alaninate (18) 

 



39 

 

1,3-dioxoisoindolin-2-yl (tert-butoxycarbonyl)leucinate (19) 

 



40 

 

1,3-dioxoisoindolin-2-yl (tert-butoxycarbonyl)prolinate (20) 

 



41 

 

1,3-dioxoisoindolin-2-yl (tert-butoxycarbonyl)phenylalaninate (21) 

 



42 

 

1,3-dioxoisoindolin-2-yl 1-((tert-butoxycarbonyl)amino)cyclobutene-1-carboxylate (22) 

 



43 

 

2-(tert-butyl) 3-(1,3-dioxoisoindolin-2-yl) (1R, 4S)-2-azabicyclo[2.2.1]heptane-2,3-dicarboxylate (23) 

 



44 

 

1,3-dioxoisoindolin-2-yl 2-(4-isobutylphenyl)propanoate (24) 

 



45 

 

1,3-dioxoisoindolin-2-yl 2-(acetyl-2,2-dimethylcyclobutyl)acetate (25) 

 



46 

 

1,3-dioxoisoindolin-2-yl 5-((3aS,4S,6aR)-2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl)pentanoate (26) 
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1,3-dioxoisoindolin-2-yl (4R)-4-((8R,9S,10S,13R,14S,17R)-10,13-dimethyl-3,7,12-trioxohexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate 

(27) 
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(1S,2S,4aR,4bR,7S,9aS,10S,10aR)-10-(((1,3-dioxoisoindolin-2-yl)oxy)carbonyl)-1-methyl-8-methylene-13-oxo-1,2,5,6,8,9,10,10a-octahydro-4a,1-

(epoxymethano)-7,9a-methanobenzo[a]azulene-2,7(4bH)-diyl diacetate (28)  

 



49 

 

S-benzyl (4R)-4-((8R,9S,10S,13R,14S,17R)-10,13-dimethyl-3,7,12-trioxohexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanethioate (29) 
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(4R)-N-benzyl-4-((8R,9S,10S,13R,14S,17R)-10,13-dimethyl-3,7,12-trioxohexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanamide (30) 

 



51 

 

tert-butyl (4R)-4-((8R,9S,10S,13R,14S,17R)-10,13-dimethyl-3,7,12-trioxohexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate (31) 

 



52 

 

1-(3,5-dimethoxyphenyl)-2-(4-isobutylphenyl)propan-1-one (32) 

 



53 

 

[1,1'-biphenyl]-4-carbonyl fluoride (33) 

 






































