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General Information 

Synthesis and purification 

Commercially available reagents were purchased from Sigma Aldrich, Carbolution and 

Carbosynth. These reagents and laboratory grade solvents were used without further 

purification. Dry solvents were purchased in sealed bottles over molecular sieves. Solvents for 

oxygen-sensitive reactions were degassed prior use by a continuous argon flow through the 

reaction mixture for about 10 minutes. All reactions were monitored by TLC (thin layer 

chromatography) using coated silica plates with fluorescent indicator and visualized with UV-

light (254 nm) or stained with a blue-shift solution (Ce(SO4)2; molybdatophosphoric acid; 

sulfuric acid). Reactions under high pressure were conducted in microwave tubes sealed with 

a gas tight climber cap. Flash chromatography was performed according to Still et al.1 with 

silica gel 60 (0.04-0.063 mm) using laboratory grade solvents.  

Analytics 

High-resolution mass spectra were recorded on a Bruker microTOF-Q II ESI (ESI). NMR-

spectra were recorded on Varian Systems 300 and 500 instruments. The chemical shifts (δ) 

are indicated in parts per million (ppm) downfield of TMS and referenced to the respective 

residual undeuterated solvent peak as follows: CDCl3= 7.26 ppm; DMSO-d6= 2.50 ppm; 

MeOH-d4= 3.31 ppm for 1H-NMR and CDCl3= 77.0 ppm; DMSO-d6= 39.4 ppm; MeOH-d4= 

49.00 ppm for 13C-NMR. Apparent coupling constants (J) are reported in Hz. HPLC 

measurements were performed using an Agilent 1100 Series HPLC system equipped with a 

multi-wavelength detector (MWD). A C18 column from VDS optilab (VDSpher Pur 100 C18-H, 

250*4.6 mm, 5 µM) was used with a flow rate of 1 mL/min and eluting with a gradient of water 

and acetonitrile or buffer A and B (buffer A = 100 mM triethylammonium acetate in water, buffer 

B = 100 mM triethylammonium acetate in 80% acetonitrile).  

Determination of the Hammett parameter σ’ 

The Hammett parameters of the substituents linked by a benzene ring to the thiophene 

component were determined by 13C carbon NMR spectroscopy according to a literature 

procedure.2 The chemical shift of the carbon atom in para to the substitution (C4) divided by 

that of a carbon atom in benzene was used as the Hammett parameter σ’:  

𝜎′ =
𝐶 𝑠ℎ𝑖𝑓𝑡 𝑜𝑓 𝐶413

𝐶 𝑠ℎ𝑖𝑓𝑡 𝑜𝑓 𝐶 𝑖𝑛 𝑏𝑒𝑛𝑧𝑒𝑛𝑒13  



Determination of the photochromic properties 

For measuring the absorbance spectra of the nucleosides, 2 mL of a 60 µM solution of the 

sample in water/ethanol (2/1) was prepared and added to a quartz cuvette from Hellma (Model: 

110-10-40, Macro). For the oligonucleotides, 400 µL of a 40-50 µM solution of the sample in 

TRIS buffer (40 mM Tris-HCl, pH 7, 22 mM MgCl2) was added to a quartz cuvette from Starna 

(Model: 28-F-Q). After the irradiation of the sample with a UV-light LED (310 nm LED: Thorlabs, 

Mounted High Power LED, operated at 350 mA) at defined time points, an absorbance 

spectrum was recorded with a Cary 100 Bio UV/VIS-spectrometer from Varian and the data 

was analyzed with the software CaryWinUV and OriginPro 9.1.  

Determination of the thermal stability 

For the determination of the thermal stability, 2 mL of a 60 µM solution of the sample in 

water/ethanol (2/1) or DMSO was prepared and added to a quartz glass cuvette from Hellma 

(Model: 110-10-40, Macro). For the oligonucleotides 400 µL of a 40-50 µM solution of the 

sample in TRIS buffer (40 mM Tris-HCl, pH 7, 22 mM MgCl2) was added to a quartz cuvette 

from Starna (Model: 28-F-Q). Irradiation of the sample was performed with an UV-light LED 

(310 nm LED: Thorlabs, Mounted High Power LED, operated at 350 mA) until the 

photostationary state (PSSUV) was reached. Then the absorption maximum at ~ 500 nm of the 

closed-ring isomer was recorded over 60 min at 40°C, 50°C, 60°C and 70°C for the nucleoside 

and at 37°C for the oligonucleotides with a Cary 100 Bio UV/VIS-spectrometer from Varian. 

The recorded data was evaluated with the software Cary Win UV and OriginPro 9.1. Data 

processing included baseline correction and plotting the absorbance at ~ 500 nm of the closed 

isomer at a time t (A), divided by the absorption measured at the beginning of the measurement 

(Ao) versus time. The thermal half-lives were calculated by fitting the normalized absorbance 

at ~ 500 nm with a 1st order exponential decay equation from OriginPro 9.1.  

Determination of the reversibility 

For the determination of the fatigue resistance, 2 mL of a 60 µM solution of the sample in 

water/ethanol (2/1) were prepared and added to a quartz cuvette from Hellma (Model: 110-10-

40, Macro). For the oligonucleotides 400 µL of a 40-50 µM solution of the sample in TRIS 

buffer (40 mM Tris-HCl, pH 7, 22 mM MgCl2) was added to a quartz cuvette from Starna 

(Model: 28-F-Q). Then the solution was irradiated with an UV-light LED (310 nm LED: 

Thorlabs, Mounted High Power LED, operated at 350 mA) until the photostationary state 

(PSSUV) was reached and an absorption spectrum was recorded with a Cary 100 Bio UV/VIS-

spectrometer from Varian. Afterwards the sample was irradiated with visible light (490 nm LED: 

Thorlabs, Mounted High Power LED, operated at 350 mA) until the absorption band in the 



visible wavelength range was erased, and a spectrum was recorded. This process was 

repeated for ten cycles and the absorption maximum in the visible wavelength range of the 

closed-ring isomer was normalized to 1 and plotted.  

Determination of the switching efficiency 

For the determination of the switching efficiency, HPLC measurements were performed using 

an Agilent 1100 Series HPLC system equipped with a multi-wavelength detector (MWD). A 

C18 column from VDS optilab (VDSpher Pur 100 C18-H, 250*4.6 mm, 5 µM) was used with a 

flow rate of 1.0 mL/min and eluting with a gradient of buffer A and B (buffer A = 100 mM 

triethylammonium acetate in water, buffer B = 100 mM triethylammonium acetate in 80% 

acetonitrile). The absorbance was recorded at the isosbestic wavelength of the open and 

closed isomers of the photoswitch. The gradients used for the determination of the 

photostationary states (PSSUV) and the isosbestic wavelengths are summarized in Table S1. 

The switching efficiency was then determined by calculating the ratio of the peak areas of the 

open and closed isomer at the isosbestic point. Peaks that could not be separated completely 

on the HPLC were separated with the peak analyzer of origin pro 2015.  

Table S1: HPLC-gradients used for the determination of the photostationary states (PSSUV) 

and the isosbestic wavelengths of the corresponding compound.  

 

Determination of the cyclization and cycloreversion quantum yields3,4 

Quantum yields were measured on an updated Quantum yield determination setup (QYDS) by 

Megerle et al.3 Irradiation of the photoswitches was performed, using UV-light LEDs (Nikkiso 

SMD mounted 300 nm LED, model: VPC173) and visible light LED (Osram Oslon SSL80 

505 nm LED, model: LVCK7P-JYKZ). The LED output radiant power was calibrated against 

the output voltage of the solar cell by using a power meter from Coherent (model: PowerMax-

USB PS19Q). The raw data measured with the QYDS was further processed with a Mathcad 

script provided by the Riedle group. The calculation of the quantum yields is based on the 

"initial slope method". Therefore, the power of the LED was turned down sufficiently enough 

that the formation of the product is linear. Data processing with the Mathcad script includes 

baseline correction, spectral decomposition of each spectrum into the substrate and product 

base spectrum, and calculation of the quantum yields by the number of incoming photons per 



second and wavelength. Conversion to the cyclization product was calculated using the 

extinction coefficients of both isomers. Hereby, the concentration changes of the two isomers 

are numerically simulated with account to the spectral dependencies of molar absorptivities 

and LED light. The spectral composition of the PSSUV is a linear combination of the open- and 

closed-isomer, which makes it possible to calculate the spectrum of pure closed isomer, if the 

composition of the PSSUV is known. The composition of the PSSUV was determined as 

described earlier, by separation of both isomers on an analytical HPLC column and subsequent 

integration of the peaks at an isosbestic point. The spectrum of pure closed isomer can be 

calculated using the following equation, where X represents the portion of open form and Y the 

portion of closed form in the photostationary state (PSSUV):  

𝐸𝐶𝐹 =  
(𝐸𝑃𝑆𝑆 −  𝐸𝑂𝐹) 𝑋

𝑌
 

During the measurement, a "shutter file" is generated which displays the exact irradiation time 

points as well as the absorbed radiant power of each step. The shutter files of the fully 

characterized photoswitchable nucleosides are shown in the appendix.  

Synthesis and purification of photochromic oligonucleotides 

The modified oligonucleotides were synthesized using solid-phase phosphoramidite chemistry 

with an automated oligonucleotide synthesizer (H6, V.01.02, K&A Laborgeraete Gbr) in the 5’-

DMT-off mode. Reagents were purchased from Roth and Sigma Aldrich (Proligo) and used 

without further purification. As solid support, 500 Å CPG (Controlled Pore Glass) was used. 

DNA standard phosphoramidites were dissolved in dry acetonitrile with a concentration of 0.05 

M. The modified phosphoramidites were dissolved in dry acetonitrile with a concentration of 

0.07 M. A standard 1 μmol DNA protocol was used. After the synthesis, the solid phase was 

treated with 25% aqueous ammonia (4 h, 40°C) and washed three times with Millipore water 

(1 mL) to extract the oligonucleotide completely from the solid support. The ammonia/water 

mixture was lyophilized, the crude product dissolved in water, filtered and purified by HPLC 

using a semi-preparative Luna C18 column (5 μm, 250 x 15.0 mm, Phenomenex) with a flow 

rate of 6 mL/min. As solvents, gradients (0 min – 20 min, 10% - 22% B, 20 min- 21 min, 22% 

- 35% B, 21 min – 40 min, 35% - 55% B) of buffer A and buffer B (buffer A = 100 mM 

triethylammonium acetate in water, buffer B = 100 mM triethylammonium acetate in 80% 

acetonitrile) were used. The manually collected product fractions were lyophilized twice and 

the residual oligonucleotide was dissolved in 0.5 mL Millipore water. The concentration was 

determined on a Nanodrop One (Thermo Fischer Scientific) and the aqueous stock solutions 

were stored at – 21°C.  



Measurement of melting curves5  

Melting temperatures were determined for functionalized DNA duplexes prepared by annealing 

a synthetic natural single strand purchased from Integrated DNA Technologies (IDT) and 

oligonucleotides prepared by solid-phase phosphoramidite chemistry. DNA duplexes 

containing no modified nucleotides, served as control. The final concentration of double 

stranded DNA for Tm measurement was 1 μM in 400 μl phosphate buffer (10 mM, 0.1 M NaCl 

pH 7). Thermal denaturation studies were performed in triplicate on a Cary 100 Bio UV/Visible 

spectrometer with temperature controller (Varian). Melting temperatures (Tm values in °C) 

were obtained by plotting temperature versus normalized absorbance, applying a differential 

curve fit.  

Photoregulation of in vitro transcription 

The sense and antisense ssDNA template strands (unmodified ssDNA: each 100 µM, from 

IDT, Table S2) were mixed in an equimolar ratio, incubated for 5 min at 95°C before snap 

cooling on ice. A master mix containing in vitro transcription buffer (IVT buffer: 40 mM Tris-

HCl, pH 8, 1 mM spermidine, 22 mM MgCl2, 0.01% Triton X-100), 2 mM nucleoside 

triphosphates (NTPs), 10 µM malachite green (MG) or TMR-DN, 10 mM dithiothreitol (DTT), 

pyrophosphatase (PPase), T7-RNA-polymerase (T7-RNAP) and water was prepared 

(Table S3). The closed form (CF) of the DNA template was generated by irradiation with 

340 nm UV light from the top in an Eppendorf tube. The in vitro transcription was performed in 

a 30 µL scale using a 384 well-plate format (UV-permeable from Greiner, UV-Star). Time 

course measurements of fluorescence intensity were conducted using a Tecan Sapphire 2 

fluorescence microplate reader (Tecan Group Ltd., Männedorf, Switzerland). The following 

settings were applied for fluorescence measurements: high sensitivity mode, lambda exc/em: 

635/655 nm for MG and 564/590 nm for TMR-DN; 8 nm excitation/emission bandwidth; 

measurement position: bottom of the well plate; gain 90-120; measurement every 8 s; at 37°C. 

All in vitro transcriptions were performed in triplicates and the obtained data were analyzed 

with Origin Pro 2015.  

  



Table S2: Sequences of DNA strands used for in vitro transcriptions. The DNA strands were 

purchased from Integrated DNA Technologies, München, Deutschland and used without 

further purification.  

  

Table S3: Pipetting scheme for a (15x) master mix using 30 µL per reaction and a DNA 

template concentration of 250 nM. ATP: adenosine triphosphate, GTP: guanosine 

triphosphate, CTP: cytosine triphosphate, UTP: uridine triphosphate, MG: malachite green 

(stock in DMSO), DTT: dithiothreitol, Ppase: pyrophosphatase, T7-RNAP: T7-RNA 

polymerase. 

 

 

  

Sequence (5' - 3')

Fwd-T7 TCT AAT ACG ACT CAC TAT A

Rev-T7 TAT AGT GAG TCG TAT TAG A

Rev-T7-MG GGA TCC ATT CGT TAC CTG GCT CTC GCC AGT CGG GAT CCT ATA GTG AGT CGT ATT AGA

GGA ACC TCC GCG AAA GCG GTG AAG GAG AGG CGC AAG GTT AAC CGC CTC AGG TTC CGG 

AAC CTC CGC GAA AGC GGT GAA GGA GAG GCG CAA GGT TAA CCG CCT CAG GTT CCT ATA 

GTG AGT CGT ATT AGA
Rev-T7-RhoBAST

Volume Substance Stock [c] Final [c]

45 µL IVT-buffer (10x) 10x 1x

18 µL ATP 50 mM 2 mM

18 µL GTP 50 mM 2 mM

18 µL CTP 50 mM 2 mM

18 µL UTP 50 mM 2 mM

22.5 µL DTT 200 mM 10 mM

22.5 µL MG/TMR-DN 200 µM 10 µM

22.5 µL Ppase 0.1 U/µL 0.001 U/µL

22.5 µL T7-RNAP 1 mg/mL 0.05 mg/mL

202.5 µL H2O / /

(15x) 1.5 µL Template (+,-,OF,CF) 5 µM 250 nM



Supporting Figures 

 

Figure S1 Synthetic overview for the preparation of 7-deaza-adenosine bases photochromic 

DAEs. (A) Optimized route for the synthesis of the pinacolate ester building blocks (10R), that 

was used for the residues: PhNO2, Ph(CF3)2 and Pym. (I) Ar-X, Na2CO3 (aq.), Pd(dppf)Cl2, 

80°C, THF; (II) Bis(pinacolato)diboron, KOAc, XPhos, Pd(PPh3)4, 120°C, dioxane; (III) 

Dibromocyclopentene, Cs2CO3, Pd(PPh3)2Cl2, 80°C, DMF; (IV) Bis(pinacolato)diboron, KOAc, 

XPhos, Pd(PPh3)4, 120°C, dioxane The other pinacolate ester building blocks were 

synthesized according to literature procedures.6 (B) Synthesis of the 7-deaza-adenosine 

building block (1) and final Suzuki coupling with the pinacolate ester building blocks (10R). (V) 

NaH, benzenesulfonyl chloride, 0°C, THF; (VI) n-BuLi, TEMEDA, MeI, -78°C, THF; (VII) KOtBu, 

0°C, THF; (VIII) N-Iodosuccinimide, rt, DCM; i) KOH, TDA-1, Hoffer’s chlorosugar, rt, DCM; 

(IX) NH3 (aq.), 150°C, 150 W, 20 bar, microwave; (X) pinacolate ester (10R), Na2CO3, 

Pd(PPh3)4, 80°C, DME/H2O (2/1); (Xl) Reduced iron powder, rt, EtOH/AcOH (2/1), sonicator. 

  



 

Figure S2: Absorption spectra of 7-deaza-adenosine-based photoswitches. A 60 μM solution 

of the compound in a water/ethanol mixture (2/1) was prepared and a UV/Vis spectrum was 

recorded (black line). Irradiation with UV light led to the formation of the PSSUV and a UV/Vis 

spectrum was recorded (red line). The determined switching efficiencies were used to calculate 

the spectrum of the pure closed-ring isomer (blue line).  

  



 

Figure S3: Reversibility of 7-deaza-adenosine-based photoswitches. A 60 μM solution of the 

compound in a water/ethanol mixture (2/1) was irradiated with UV light until the PSSUV was 

reached. After recording the UV/Vis spectrum, the solution was irradiated with visible light. This 

procedure was repeated 10 times.  



 

Figure S4: HPLC/MS-based fatigue measurement of dAPhOMe. (A) HPLC trace of the pure open 

isomer before irradiation with UV light. The displayed peak was collected and analyzed by 

mass spectrometry (MS). (B) HPLC trace of the PSSUV. The two new peaks at longer retention 

times were identified as the two diastereomers of the closed isomer. The new peak at shorter 

retention time was analyzed by MS and could be identified as an oxidation product (hydration). 

(C) HPLC trace after 10 cycles of back and forth switching. The oxidation product is now the 

most intensive peak. (D) Structures revealed by MS.  

  



 

Figure S5: Thermal stability of 7-deaza-adenosine-based photoswitches. A 60 μM solution of 

the compound in a water/ethanol mixture (2/1) was irradiated with UV light until the PSSUV was 

reached. After that, the absorption of λmax,vis of the closed-ring isomer was measured over 1h.  



 

Figure S6: Thermal stability measurements of 7-deaza-adenosine-based photoswitches. A 

60 μM solution of the compound in DMSO was irradiated with UV light until the PSSUV was 

reached. After that the absorption of λmax,vis of the closed-ring isomer was measured over 1h. 

  



Table S4: Thermal half lives for the 7-deaza-adenosine photoswitches in water/ethanol (2/1) 

and DMSO at different temperature. 

 

  



 

Figure S7: Determination of the switching efficiency of photochromic 7-deaza-adenosine 

DAEs. The substituent on position 5 of the thiophene moiety is depicted in the upper right 

corner of each measurement.  

  



 

Figure S8: Dependence of selected photophysical properties on the electronic character of 

the substituents of the 7-deaza-adenosine switches. (Modified) Hammett parameters ϭ‘ were 

obtained from 13C shifts of carbon C4 (red asterisk).2 On this scale, a value of ϭ‘ > 1 implies an 

electron-withdrawing character of the substituent, while ϭ‘ < 1 indicates an electron-donating 

character. (A) Schematic arrangement of the substituents according to their 13C-derived 

Hammett parameters (σ’) for derivatives that can be analyzed by this formalism. The carbon 

atom C4, which was used for the determination of σ’ is marked with a red star. (B) Hammett 

correlation of σ’ with the PSSUV. (C) Hammett correlation of σ’ with the ring-opening quantum 

yields. 

  



 

Figure S9: Incorporation of 5Ph(CF3)2 into an oligonucleotide with the sequence of the templating 

and non-templating T7-promotor via solid phase synthesis. (A) Trityl histogram recorded by 

the oligosynthesizer. The photoswitchable phosphoramidite was incorporated at position -10 

(marked in red) of the non-template strand, with high efficiency (see total yield and step to step 

yield). (B) Trityl histogram recorded by the oligosynthesizer. The photoswitchable 

phosphoramidite was incorporated at position -8 (marked in red) of the template strand, with 

high efficiency (see total yield and step to step yield).  

  



 

Figure S10: Identification of the modified oligonucleotides via mass spectrometry (ESI, 

negative mode). (A) MS-data of Fwd-T7-10. (B) MS-data of Rev-T7-8.  

  



 

Figure S11: Absorption spectra of the photochromic oligonucleotides. (A) non-template strand 

(Fwd-T7-10) (B) template strand (Rev-T7-8). The absorption spectra of the open form (black 

line), photostationary state after UV irradiation (PSSUV, red line) and calculated closed form 

(blue line) are shown. 

 

 

 

Figure S12: Determination of the switching efficiency of the photochromic oligonucleotides. 

(A) HPLC traces of Fwd-T7-10 as a single strand. (B) HPLC traces of Rev-T7-8 as a single 

strand. (C) HPLC traces of Fwd-T7-10 as a duplex. (D) HPLC traces of Rev-T7-8 as a duplex.   



 

Figure S13: Reversibility measurements of the photochromic oligonucleotides. A 40-50 µM 

solution of the sample in TRIS buffer was irradiated with UV light until the PSSUV was reached. 

After recording the UV/Vis spectrum, the solution was irradiated with visible light. This 

procedure was repeated 10 times.  

  



 

Figure S14 Thermal stability measurements of photochromic oligonucleotides in the single 

strand (ss) and duplex (ds). A 40 μM solution of the compound in TRIS buffer (40 mM Tris-

HCl, pH 7, 22 mM MgCl2) was irradiated with UV light until the PSSUV was reached. After that 

the absorption of λmax,vis of the closed-ring isomer was measured over 1h.  

  



 

Figure S15 Melting curves for the modified promotors: (A) Fwd-T7-10 (ds) (B) Rev-T7-8 (ds). 

Melting curves in its open form (black) and at the PSSUV (red) as well as for the unmodified 

promotor (blue) are shown.  

 

 

 

 

 

  



 

Figure S16 (A) Schematic illustration of Syn- and Anti-conformations of dAPh(CF3)2 and the 

corresponding NMR spectra that shows a set of two signals for the glycosidic proton (H1’) and 

the proton at carbon C3 (H3’), which is due to the existence of the two conformations. (B) 

Crystal structure of the duplex promotor sequence bound to the T7 polymerase adapted from 

Cheetham et al. (ref). (C) Zoom in of the Fwd-T7 strand (non-template strand) illustrating the 

environment of the position dA-10 (highlighted in red). (D) Zoom in of the Rev-T7 strand 

(template strand) illustrating the environment of the position dA-8 (highlighted in red). Stacking 

interactions between the neighbouring nucleobases are indicated with an orange arrow.  



Further Information: We were surprised by the very different behaviour of Fwd-T7 and Rev-

T7 apparent in the Tm measurements. We suggest that the neighbouring nucleobases of the 

photoswitchable purine are in part responsible for this behaviour. Additionally, NMR 

experiments indicate that the nucleobase of the 7-deaza-adenosine DAEs can occupy both 

syn- and anti-conformation in relation to the sugar, which was also described for 8-methyl-

adenosine derivatives by Dudycz et al.7 In our case, two sets of signals were apparent for the 

protons of the deoxy-ribose moiety, revealing the existence of two conformers (45/55 anti/syn). 

Normally, adenosine is mainly found to be in the anti-conformation. However, the additional 

methyl group at the reactive alpha carbon atom at the purine DAE and the sterically demanding 

thiophene moiety lead to the formation of a mixture of the syn- and anti-conformation. In the 

syn-conformation the alpha methyl group as well as the thiophene moiety are orientated away 

from the deoxy-ribose. In the duplex, this ratio seems to be dependent on the neighbouring 

bases. If the photoswitch is surrounded by two G’s, the “natural” anti-conformation seems to 

be stabilized by stacking interactions which promotes base pairing (high melting temperature, 

Rev-T7-8). On the other hand, if the photoswitch is not stabilized by two G’s, the syn-

conformation of the purine DEA predominates, therefore inhibiting the formation of base pairing 

at this position in the duplex (low melting temperature, Fwd-T7-10).  

  



 

Figure S17: Schematic illustration of the transcription assay with real-time read out. The RNA-

polymerase (RNAP) binds to its promotor sequence and the transcription starts. During the 

transcription the DNA-template strand with the RhoBAST sequence is transcribed to the 

RhoBAST RNA-aptamer and by the addition of TMR-DN a fluorescence increase could be 

observed. Our photoswitch is incorporated in the promotor region either in the template strand 

(blue) at position -8 or in the non-template (red) at position -10.  

 

 

 

  



 

Figure S18: In vitro transcription of Rev-T7-8. (A) Sequence of the duplex promotor. The 

modified position is highlighted in red. (B) General design of the experiment. The photochromic 

nucleoside was incorporated into the templating strand of the T7 promotor linked to the 

sequence of the malachite green aptamer. Once the transcription is started, the aptamer is 

formed, which binds to its target malachite green, resulting in a fluorescent aptamer-dye 

complex. (C) Real time monitoring of the fluorescence during the in vitro transcription. The 

overall activity of the modified promotor is 4% compared to the positive control and a 

photoregulation efficiency of 1.06 was observed. The low  and  values indicate that a 

modification in the templating strand of the T7-Promotor sequence is not tolerated by the T7 

RNA polymerase.  

  



 

Figure S19: In vitro transcription of Rev-T7-8. (A) Sequence of the duplex promotor. The 

modified position is highlighted in red. (B) General design of the experiment. The photochromic 

nucleoside was incorporated into the templating strand of the T7 promotor linked to the 

sequence of the malachite green aptamer. Once the transcription is started, the aptamer is 

formed, which binds to its target malachite green, resulting in a fluorescent aptamer-dye 

complex. (C) Real time monitoring of the fluorescence during the in vitro transcription. The 

overall activity of the modified promotor is 1% compared to the positive control and a 

photoregulation efficiency of 1.21 was observed. The low  and  values indicate that two 

modifications in the non-templating strand of the T7 promotor sequence are not tolerated by 

the T7 RNA polymerase. We could not determine the melting temperature of the double 

modified promotor duplex, which suggests that the promotor is not double stranded during the 

transcription resulting in almost no activity of the T7-polymerase.  

 

 

 

 



 

Figure S20 HPLC diagrams for monitoring the PSSUV and photostability of Fwd-T7-10 (ds) 

during the irradiation conditions of the IVT switching experiment. Fwd-T7-10 (ss) was 

hybridized with its complementary strand in TRIS buffer (40 mM Tris-HCl, pH 7, 22 mM MgCl2) 

by heating to 95°C for 5 min and subsequent snap cooling on ice. (A) Fwd-T7-10 (ds) before 

irradiation. (B) Fwd-T7-10 (ds) irradiated (UV1) with Xenon light source MAX-303 Asahi-

Spectra (5 min, 320 nm, 3.5 W). A PSSUV of 97% was reached without deterioration of the 

duplex. (C) Fwd-T7-10 (ds) irradiated (Vis) with Xenon light source MAX-303 Asahi-Spectra (3 

min, 530 nm, 7.2 W). The open-ring isomer was completely recovered without deterioration of 

the duplex. (D) Fwd-T7-10 (ds) irradiated (UV2) with Xenon light source MAX-303 Asahi-

Spectra (5 min, 320 nm, 3.5 W). Again a PSSUV of 97% was generated without deterioration 

of the duplex. (E) IVT of the unmodified promotor sequence under the irradiation conditions of 

the IVT switching experiment. Irradiation of the IVT mixture containing the unmodified promotor 

sequence with UV and Vis light does not lead to any changes of the transcription rate. The 

progress of the IVT was fitted to a sigmoidal curve to emphasize that the irradiation cycles are 

harmless to all components of the mixture.  

  



3-bromo-5-(4-methoxyphenyl)-2-methylthiophene (7PhOMe) 

 

In a Schlenk flask under argon atmosphere, 4-bromo anisole (500 mg, 2.67 mmol, 1.00 eq.), 

4-bromo-5-methylthiophene-2-ylboronic acid (680 mg, 3.07 mmol, 1.15 eq.), Pd(PPh3)4 

(154 mg, 0.13 mmol, 0.05 eq.) and Na2CO3 (850 mg, 8.02 mmol, 3.00 eq.) were dissolved in a 

mixture of THF/Water (8/2 mL) and the mixture was stirred at 85°C overnight. Water and ethyl 

acetate were added and the organic phase was extracted with ethyl acetate for 3 times. The 

combined organic phases were washed with brine, dried over MgSO4 and filtered. The solvent 

was removed under reduced pressure and the crude product was purified by flash column 

chromatography (100/1, cyclohexane/ethyl acetate) which afforded 3-bromo-5-(4-

methoxyphenyl)-2-methylthiophene (240 mg, 0.85 mmol, 32%) as a colourless solid.  

1H NMR (300 MHz, Chloroform-d) δ 7.43 (d, J = 8.9 Hz, 2H), 6.99 (s, 1H), 6.90 (d, J = 8.9 Hz, 

2H), 3.83 (s, 3H), 2.40 (s, 3H). 

13C NMR (75 MHz, Chloroform-d) δ 159.54, 141.22, 132.70, 126.81, 126.53, 124.62, 114.48, 

109.75, 77.16, 55.52, 14.92. 

2-(4-bromo-5-methylthiophen-2-yl)pyrimidine (7Pym) 

 

In a Schlenk flask under argon atmosphere, 2-bromopyrimidine (250 mg, 1.57 mmol, 1.00 eq.), 

4-bromo-5-methylthiophene-2-ylboronic acid (452 mg, 2.04 mmol, 1.3 eq.), Pd(PPh3)4 (55 mg, 

0.05 mmol, 0.05 eq.) and Na2CO3 (500 mg, 4.72 mmol, 3.00 eq.) were dissolved in THF/Water 

(8/2 mL) and the mixture was stirred at 85°C overnight. Water and ethyl acetate were added 

and the organic phase was extracted with ethyl acetate for 3 times. The combined organic 

phases were washed with brine, dried over MgSO4 and filtered. The solvent was removed 

under reduced pressure and the crude product was purified by flash column chromatography 

(100/3, cyclohexane/ethyl acetate) which afforded 2-(4-bromo-5-methylthiophen-2-

yl)pyrimidine (300 mg, 1.18 mmol, 75%) as a colourless solid.  



1H NMR (300 MHz, Chloroform-d) δ 8.67 (d, J = 4.9 Hz, 2H), 7.81 (s, 1H), 7.09 (t, J = 4.9 Hz, 

1H), 2.46 (s, 3H).  

13C NMR (75 MHz, Chloroform-d) δ 160.67, 157.37, 139.54, 131.67, 118.79, 110.76, 77.16, 

15.46.  

2-(5-(4-methoxyphenyl)-2-methylthiophen-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 

(8PhOMe) 

 

In a Schlenk flask under argon atmosphere, 3-bromo-5-(4-methoxyphenyl)-2-methylthiophene 

(230 mg, 0.81 mmol, 1.00 eq.), bis(pinacolato)diboron (248 mg, 0.97 mmol, 1.2 eq.), 

Pd(PPh3)4 (47 mg, 0.04 mmol, 0.05 eq.), XPhos (39 mg, 0.08 mmol, 0.10 eq.) and KOAc 

(239 mg, 2.44 mmol, 3.00 eq.) were dissolved in anhydrous dioxane (6 mL) and the mixture 

was stirred at 120°C overnight. Water and ethyl acetate were added and the organic phase 

was extracted with ethyl acetate for 3 times. The combined organic phases were washed with 

brine, dried over MgSO4 and filtered. The solvent was removed under reduced pressure and 

the crude product was purified by flash column chromatography (100/2, 

cyclohexane/ethylacetate) which afforded 2-(5-(4-methoxyphenyl)-2-methylthiophen-3-yl)-

4,4,5,5-tetramethyl-1,3,2-dioxaborolane (260 mg, 0.81 mmol, 97%) as a colourless oil.  

1H NMR (500 MHz, Chloroform-d) δ 7.49 (d, J = 8.8 Hz, 2H), 7.30 (s, 1H), 6.87 (d, J = 8.8 Hz, 

2H), 3.82 (s, 3H), 2.69 (s, 3H), 1.33 (s, 12H).  

13C NMR (126 MHz, Chloroform-d) δ 158.89, 151.61, 140.91, 127.88, 127.57, 127.07, 114.27, 

83.40, 77.16, 55.47, 25.06, 16.00.  

2-(5-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thiophen-2-yl)pyrimidine 

(8Pym) 

 



In a Schlenk flask under argon atmosphere, 2-(4-bromo-5-methylthiophen-2-yl)pyrimidine 

(300 mg, 1.18 mmol, 1.00 eq.), bis(pinacolato)diboron (388 mg, 1.53 mmol, 1.3 eq.), 

Pd(PPh3)4 (68 mg, 0.06 mmol, 0.05 eq.), XPhos (56 mg, 0.12 mmol, 0.10 eq.) and KOAc 

(346 mg, 3.46 mmol, 3.00 eq.) were dissolved in anhydrous dioxane (6 mL) and the mixture 

was stirred at 120°C overnight. Water and ethyl acetate were added and the organic phase 

was extracted with ethyl acetate for 3 times. The combined organic phases were washed with 

brine, dried over MgSO4 and filtered. The solvent was removed under reduced pressure and 

the crude product was purified by flash column chromatography (100/4, 

cyclohexane/ethylacetate) which afforded 2-(5-methyl-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)thiophen-2-yl)pyrimidine (205 mg, 0.68 mmol, 58%) as a colourless oil.  

1H NMR (300 MHz, Chloroform-d) δ 8.65 (d, J = 4.9 Hz, 2H), 8.15 (s, 1H), 7.03 (t, J = 4.9 Hz, 

1H), 2.72 (s, 3H), 1.32 (s, 12H).  

13C NMR (75 MHz, Chloroform-d) δ 161.78, 157.41, 157.27, 139.67, 136.00, 118.08, 83.51, 

77.16, 25.06, 16.43.  

3-(2-bromocyclopent-1-en-1-yl)-5-(4-methoxyphenyl)-2-methylthiophene (9PhOMe) 

 

In a Schlenk flask under argon atmosphere, 2-(5-(4-methoxyphenyl)-2-methylthiophen-3-yl)-

4,4,5,5-tetramethyl-1,3,2-dioxaborolane (200 mg, 0.61 mmol, 1.00 eq.), dibromocyclopentene 

(274 mg, 1.21 mmol, 2.0 eq.), PdCl2(PPh3)2 (21 mg, 0.03 mmol, 0.05 eq.) and Cs2CO3 

(493 mg, 1.51 mmol, 2.50 eq.) were dissolved in DMF (5 mL) and the mixture was stirred at 

85°C overnight. Water and ethyl acetate were added and the organic phase was extracted with 

ethyl acetate for 3 times. The combined organic phases were washed with brine, dried over 

MgSO4 and filtered. The solvent was removed under reduced pressure and the crude product 

was purified by flash column chromatography (100/1, cyclohexane/ethylacetate) which 

afforded 3-(2-bromocyclopent-1-en-1-yl)-5-(4-methoxyphenyl)-2-methylthiophene (130 mg, 

0.38 mmol, 62%) as a yellow oil.  

1H NMR (500 MHz, Chloroform-d) δ 7.46 (d, J = 8.9 Hz, 2H), 7.00 (s, 1H), 6.89 (d, J = 8.9 Hz, 

2H), 3.82 (s, 3H), 2.85 – 2.76 (m, 2H), 2.72 – 2.56 (m, 2H), 2.41 (s, 3H), 2.07 (p, J = 7.5 Hz, 

2H).  



13C NMR (126 MHz, Chloroform-d) δ 159.06, 140.07, 136.76, 134.54, 134.42, 127.44, 126.87, 

122.65, 118.78, 114.33, 77.16, 55.48, 41.10, 37.00, 22.62, 15.07.  

2-(4-(2-bromocyclopent-1-en-1-yl)-5-methylthiophen-2-yl)pyrimidine (9Pym) 

 

In a Schlenk flask under argon atmosphere, 2-(5-methyl-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)thiophen-2-yl)pyrimidine (200 mg, 0.61 mmol, 1.00 eq.), 

dibromocyclopentene (274 mg, 1.21 mmol, 2.0 eq.), PdCl2(PPh3)2 (21 mg, 0.03 mmol, 

0.05 eq.) and Cs2CO3 (493 mg, 1.51 mmol, 2.50 eq.) were dissolved in DMF (5 mL) and the 

mixture was stirred at 85°C overnight. Water and ethyl acetate were added and the organic 

phase was extracted with ethyl acetate for 3 times. The combined organic phases were 

washed with brine, dried over MgSO4 and filtered. The solvent was removed under reduced 

pressure and the crude product was purified by flash column chromatography (100/1, 

cyclohexane/ethylacetate) which afforded 3-(2-bromocyclopent-1-en-1-yl)-5-(4-

methoxyphenyl)-2-methylthiophene (130 mg, 0.38 mmol, 62%) as a yellow oil.  

1H NMR (300 MHz, Chloroform-d) δ 8.67 (d, J = 5.3 Hz, 2H), 7.81 (s, 1H), 7.05 (d, J = 4.9 Hz, 

1H), 2.82 (ddt, J = 8.1, 4.9, 2.4 Hz, 2H), 2.66 (tt, J = 7.8, 2.4 Hz, 2H), 2.46 (s, 3H), 2.08 (p, J = 

7.3 Hz, 2H).  

13C NMR (75 MHz, Chloroform-d) δ 157.29, 141.28, 136.80, 136.37, 135.29, 128.58, 119.44, 

118.23, 77.16, 41.12, 37.01, 22.65, 15.50.  

2-(2-(5-(4-methoxyphenyl)-2-methylthiophen-3-yl)cyclopent-1-en-1-yl)-4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (10PhOMe) 

 

In a Schlenk flask under argon atmosphere, 3-(2-bromocyclopent-1-en-1-yl)-5-(4-

methoxyphenyl)-2-methylthiophene (130 mg, 0.30 mmol, 1.00 eq.), bis(pinacolato)diboron 

(357 mg, 0.91 mmol, 1.2 eq.), Pd(PPh3)4 (17 mg, 0.01 mmol, 0.05 eq.), XPhos (14 mg, 



0.03 mmol, 0.10 eq.) and KOAc (73 mg, 0.74 mmol, 2.50 eq.) were dissolved in anhydrous 

dioxane (6 mL) and the mixture was stirred at 120°C overnight. Water and ethyl acetate were 

added and the organic phase was extracted with ethyl acetate for 3 times. The combined 

organic phases were washed with brine, dried over MgSO4 and filtered. The solvent was 

removed under reduced pressure and the crude product was purified by flash column 

chromatography (100/2, cyclohexane/ethylacetate) which afforded 2-(2-(5-(4-methoxyphenyl)-

2-methylthiophen-3-yl)cyclopent-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (57 mg, 

0.14 mmol, 48%) as a yellow oil.  

1H NMR (300 MHz, Chloroform-d) δ 7.46 (d, J = 8.9 Hz, 2H), 7.02 (s, 1H), 6.88 (d, J = 8.9 Hz, 

2H), 3.82 (s, 3H), 2.77 – 2.58 (m, 4H), 2.37 (s, 3H), 1.93 (p, J = 7.7 Hz, 2H), 1.19 (s, 12H).  

13C NMR (75 MHz, Chloroform-d) δ 159.01, 158.79, 152.28, 138.50, 137.59, 133.49, 127.84, 

126.59, 124.27, 114.28, 83.02, 77.16, 55.48, 40.40, 37.29, 24.97, 24.47, 14.70.  

2-(5-methyl-4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)cyclopent-1-en-1-

yl)thiophen-2-yl)pyrimidine (10Pym) 

 

In a Schlenk flask under argon atmosphere, 2-(4-(2-bromocyclopent-1-en-1-yl)-5-

methylthiophen-2-yl)pyrimidine (130 mg, 0.30 mmol, 1.00 eq.), bis(pinacolato)diboron 

(357 mg, 0.91 mmol, 1.2 eq.), Pd(PPh3)4 (17 mg, 0.01 mmol, 0.05 eq.), XPhos (14 mg, 

0.03 mmol, 0.10 eq.) and KOAc (73 mg, 0.74 mmol, 2.50 eq.) were dissolved in anhydrous 

dioxane (6 mL) and the mixture was stirred at 120°C overnight. Water and ethyl acetate were 

added and the organic phase was extracted with ethyl acetate for 3 times. The combined 

organic phases were washed with brine, dried over MgSO4 and filtered. The solvent was 

removed under reduced pressure and the crude product was purified by flash column 

chromatography (100/2, cyclohexane/ethylacetate) which afforded 2-(2-(5-(4-methoxyphenyl)-

2-methylthiophen-3-yl)cyclopent-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (57 mg, 

0.14 mmol, 48%) as a yellow oil.  

1H NMR (300 MHz, Chloroform-d) δ 8.64 (d, J = 4.9 Hz, 2H), 7.79 (s, 1H), 7.02 (t, J = 4.9 Hz, 

1H), 2.67 (ddt, J = 13.9, 9.5, 4.8 Hz, 4H), 2.42 (s, 3H), 1.93 (p, J = 7.5 Hz, 2H), 1.18 (s, 12H).  



13C NMR (75 MHz, cdcl3) δ 161.89, 157.23, 152.01, 140.50, 138.49, 137.47, 131.33, 117.93, 

83.03, 77.16, 40.50, 37.26, 24.96, 24.42, 15.10.  

4-chloro-7-(phenylsulfonyl)-7H-pyrrolo[2,3-d]pyrimidine (12) 

 

In a flame-dried schlenk flask und argon atmosphere, 4-chloro-7,7a-dihydro-6H-pyrrolo[2,3-

d]pyrimidine (16.0 g, 103 mmol, 1.0 eq) was dissolved in anhydrous THF (500 mL) and the 

mixture was cooled to 0 °C. Then, sodium hydride (6.4 g, 276 mmol, 2.5 eq) was added portion 

wise and the mixture was stirred for 3 h at 0 °C. Afterwards, benzenesulfonyl chloride (27.5 g, 

156 mmol, 1.5 eq) was added and the mixture was allowed to warm up to RT and stirred 

overnight. Then, a saturated ammonium chloride solution was added and the mixture was 

extracted with ethyl acetate for 3 times. The combined organic phases were dried over 

anhydrous Mg2SO4 and the amount of solvent was reduced until a colourless precepitate 

appeared. Filtration afforded 4-chloro-7-(phenylsulfonyl)-7H-pyrrolo[2,3-d]pyrimidine (24.8 g, 

84.5 mmol, 82%) as a colourless solid. 

1H NMR (300 MHz, DMSO-d6) δ 8.82 (s, 1H), 8.22 – 8.08 (m, 3H), 7.85 – 7.73 (m, 1H), 7.72 – 

7.61 (m, 2H), 6.97 (d, J = 4.1 Hz, 1H).  

4-chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidine (13) 

 

In a flame-dried schlenk flask under argon atmosphere, 4-chloro-7-(phenylsulfonyl)-7H-

pyrrolo[2,3-d]pyrimidine (12 g, 40.8 mmol, 1.00 eq) was dissolved in anhydrous THF (250 mL) 

and cooled to -78 °C. Then n-buthyl lithium (2.5 M in hexane, 26.2 mL, 65.4 mmol, 1.60 eq) 

and TEMEDA (12.3 mL, 81.7 mmol, 2.00 eq) were added simultaneously (n-buthyl lithium 

always in excess) over a period of 30 min and stirred for additional 30 min. Afterwards, 

iodomethane (12.7 mL, 204 mmol, 5.00 eq) was added and the mixture was allowed to warm 

to RT and stirred overnight. Then, a saturated ammonium chloride solution was added and the 

mixture was extracted with ethyl acetate for 3 times. The combined organic phases were dried 

over anhydrous Mg2SO4 and the solvent was removed under reduced pressure. The brown 

residue was dissolved in dry THF and transferred to a flame-dried Schlenk flask under argon 



atmosphere. The reaction mixture was treated portion-wise with potassium tertbutoxide 

(22.9 g, 204 mmol, 5 eq) at 0 °C and stirred at RT overnight. Then, a saturated sodium chloride 

solution was added and the mixture was extracted with ethyl acetate for 3 times. The combined 

organic phases were washed with water for 3 times and dried over anhydrous Mg2SO4. The 

solvent was removed under reduced pressure and the crude product was purified via flash 

column chromatography (cyclohexane/ ethyl acetate (2/1)), which yielded 4-chloro-6-methyl-

7H-pyrrolo[2,3-d]pyrimidine (4.6 g, 27.4 mmol, 67 as a brown solid.  

1H NMR (300 MHz, DMSO-d6) δ 8.48 (s, 1H), 6.30 (s, 1H), 2.43 (s, 3H). 

4-chloro-5-iodo-6-methyl-7H-pyrrolo[2,3-d]pyrimidine (14) 

 

In a 100 mL flask, 4-chloro-6-methyl-7H-pyrrolo[2,3-d]pyrimidine (1.1 g, 6.60 mmol, 1.00 eq) 

was suspended in DCM (50 mL). Then, NIS (1.7 g, 7.70 mmol, 1.16 eq) was added portion 

wise and the reaction mixture was stirred RT for 1.5 h. The precipitate was filtered  was filtered 

of and washed with cold DCM. 4-chloro-5-iodo-6-methyl-7H-pyrrolo[2,3-d]pyrimidine (1.20 g, 

4.10 mmol, 63%) could be obtained as colourless solid. 

1H NMR (300 MHz, DMSO-d6) δ 12.93 (s, 1H), 8.51 (s, 1H), 2.42 (s, 3H).  

(2S,3S)-5-(4-chloro-5-iodo-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-(((4-methyl-

benzoyl)oxy)-methyl)tetrahydrofuran-3-yl 4-methylbenzoate (15) 

 

In a flame dried schlenk flask under argon atmosphere, 4-chloro-5-iodo-6-methyl-7H-

pyrrolo[2,3-d]pyrimidine (1.20 g, 4.10 mmol, 1.00 eq) was suspended in anhydrous acetonitrile 

(35 mL). Powdered potassium hydroxide (920 mg, 16.4 mmol, 4.00 eq) was added and the 

mixture was stirred for 1 h at RT. Afterwards, TDA-1 (223 mg, 0.69 mmol, 0.17 eq) and hoffer’s 

chlorosugar (2.00 g, 5.33 mmol, 1.30 eq) were added and the mixture was stirred for another 

1.5 h. The formed precipitate was filtered and the filtrate was concentrated under reduced 

pressure. The crude product was purified via flash column chromatography (cyclohexane/ ethyl 

acetate (4/1), which yielded (2S,3S)-5-(4-chloro-5-iodo-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-7-



yl)-2-(((4-methylbenzoyl)oxy)-methyl)tetrahydrofuran-3-yl4-methyl-benzoate (1.30 g, 

2.05 mmol, 50%) as a yellow oil.  

1H NMR (300 MHz, Chloroform-d) δ 8.48 (s, 1H), 7.97 (d, J = 8.2 Hz, 2H), 7.86 (d, J = 8.2 Hz, 

2H), 7.29 (d, J = 8.0 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 6.56 (t, J = 7.1 Hz, 1H), 5.95 (dt, J = 

7.7, 3.6 Hz, 1H), 4.80 (dd, J = 11.8, 4.0 Hz, 1H), 4.66 – 4.48 (m, 2H), 3.75 (dt, J = 14.3, 7.4 

Hz, 1H), 2.63 (s, 3H), 2.60 – 2.52 (m, 1H), 2.44 (s, 3H), 2.41 (s, 3H). 

13C NMR (75 MHz, cdcl3) δ 166.33, 166.17, 151.96, 151.48, 149.83, 144.56, 144.10, 141.40, 

129.94, 129.82, 129.42, 129.25, 126.95, 126.73, 117.72, 85.03, 82.08, 77.16, 74.68, 63.67, 

56.96, 36.12, 21.86, 15.25. 

MS (HR-ESI, positive) m/z: [M+Na]+ calculated for C28H25ClIN3O5Na+: 668.0420, found: 

668.0428.  

(2S,3S)-5-(4-amino-5-iodo-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-

(hydroxymethyl)tetrahydrofuran-3-ol (1) 

 

In a microwave vial, (2S,3S)-5-(4-chloro-5-iodo-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-

(((4-methylbenzoyl)oxy)-methyl)tetrahydrofuran-3-yl4-methyl-benzoate (400 mg, 0.62 mmol, 

1.00 eq) was dissolved in a mixture of dioxane (1.5 mL) and aqueous NH3 (3 mL, 25%). The 

mixture stirred for 6 h at 150 °C in a microwave reactor (150 W, 20 bar, power max: on, stirring: 

on). Afterwards the solvent was removed under reduced pressure and the crude product was 

purified via reverse phase column chromatography (water/acetonitrile + 0.1% TFA), which 

yielded (2S,3S)-5-(4-amino-5-iodo-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-(hydroxylmet-

hyl)tetrahydrofuran-3-ol (242 mg, 0.62 mmol, quant.) as a pale yellow solid.  

1H NMR (300 MHz, DMSO-d6) δ 8.25 (s, 1H), 7.30 – 6.90 (m, 1H), 6.49 (t, J = 7.5 Hz, 1H), 

4.44 – 4.35 (m, 1H), 3.80 (q, J = 4.1 Hz, 1H), 3.68 – 3.47 (m, 2H), 2.91 – 2.74 (m, 1H), 2.47 

(s, 3H), 2.20 – 2.05 (m, 1H). 

MS (HR-ESI, positive) m/z: [M+H]+ calculated for C12H16IN4O3
+: 391.0262, found: 391.0283.  

  



General procedure A for the synthesis of photoswitchable 2’-deoxy-7-deaza-adenosine 

nucleosides (2R) 

 

In a microwave vial under argon atmosphere, 11 (0.1 mmol), 5R (0.13 mmol), Pd(PPh3)4 

(5 µmol) and Na2CO3 (0.3 mmol) were dissolved in DME/water (2/1) and stirred at 80°C until 

the starting material 11 was consumed completely (monitored via TLC). Water and ethyl 

acetate were added to the mixture and the aqueous phase was extracted with ethyl acetate 3 

times. The combined organic phases were washed with brine, dried over anhydrous MgSO4 

and the solvent was removed under reduced pressure. The crude product was purified via 

reverse phase column chromatography (water/acetonitrile + 0.1% TFA) affording 12R.  

5-(4-amino-5-(2-(5-(4-methoxyphenyl)-2-methylthiophen-3-yl)cyclopent-1-en-1-yl)-6-

methyl-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-(hydroxymethyl)tetrahydrofuran-3-ol (2PhOMe) 

 

The photoswitchable 2’-deoxy-7-deaza-adenosine nucleoside dAPhOMe was prepared 

according to the general procedure A. Purification via reverse phase column chromatography 

afforded dAPhOMe as a colourless solid with a yield of 56%.  

1H NMR (500 MHz, DMSO-d6) δ 8.31 (s, 1H), 7.96 (d, J = 1.7 Hz, 1H), 7.32 (dd, J = 11.0, 8.8 

Hz, 2H), 6.99 (d, J = 13.0 Hz, 1H), 6.90 (dd, J = 8.8, 1.6 Hz, 2H), 6.34 – 6.26 (m, 1H), 5.63 

(dd, J = 7.9, 3.5 Hz, 0H), 5.52 (dd, J = 7.6, 3.7 Hz, 0H), 5.21 (s, 1H), 4.43 – 4.31 (m, 1H), 3.85 

– 3.78 (m, 1H), 3.74 (s, 3H), 3.67 – 3.58 (m, 1H), 3.50 (q, J = 9.6, 7.6 Hz, 1H), 3.03 – 2.71 (m, 

4H), 2.68 – 2.56 (m, 1H), 2.10 (d, J = 15.8 Hz, 3H), 2.06 – 2.00 (m, 2H), 1.98 (s, 3H). 

13C NMR (126 MHz, DMSO-d6) δ 158.55, 156.61, 156.58, 150.25, 150.23, 149.65, 149.59, 

138.20, 138.11, 137.59, 137.34, 135.84, 135.74, 132.51, 132.39, 132.21, 132.13, 129.36, 

129.11, 126.42, 126.39, 126.10, 126.03, 123.20, 123.18, 109.18, 109.14, 101.56, 101.44, 



87.40, 83.93, 83.78, 71.24, 71.15, 62.25, 62.12, 55.17, 39.52, 37.69, 22.65, 22.63, 14.19, 

14.16, 11.08, 10.96.  

MS (HR-ESI, positive) m/z: [M+H]+ calculated for C29H33N4O4S+: 553.2217, found: 553.2197.  

5-(4-amino-6-methyl-5-(2-(2-methyl-5-(naphthalen-2-yl)thiophen-3-yl)cyclopent-1-en-1-

yl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-(hydroxymethyl)tetrahydrofuran-3-ol (2Np) 

 

The photoswitchable 2’-deoxy-7-deaza-adenosine nucleoside dANp was prepared according 

to the general procedure A. Purification via reverse phase column chromatography afforded 

dANp as a colourless solid with a yield of 70%.  

1H NMR (500 MHz, Methanol-d4) δ 8.12 (s, 1H), 7.81 (dd, 4H), 7.59 – 7.51 (m, 1H), 7.44 (dt, 

J = 16.0, 7.2 Hz, 2H), 7.15 (d, J = 15.3 Hz, 1H), 6.46 (t, J = 14.7 Hz, 1H), 4.63 – 4.50 (m, 1H), 

4.00 (p, J = 3.8 Hz, 1H), 3.78 (ddt, J = 48.3, 12.0, 3.6 Hz, 2H), 3.14 – 2.90 (m, 3H), 2.89 – 2.76 

(m, 2H), 2.33 (d, J = 14.3 Hz, 3H), 2.29 – 2.16 (m, 3H), 2.09 (s, 3H). 

13C NMR (75 MHz, DMSO-d6) δ 158.47, 151.50, 147.67, 138.99, 138.75, 138.49, 138.39, 

135.85, 135.72, 134.46, 134.32, 133.21, 132.69, 132.27, 132.06, 131.55, 131.42, 131.05, 

130.58, 130.50, 128.59, 127.77, 127.59, 126.74, 125.99, 124.90, 123.43, 122.72, 111.36, 

100.26, 87.21, 83.33, 70.46, 61.50, 45.69, 39.52, 37.85, 22.49, 14.28, 11.39. 

MS (HR-ESI, positive) m/z: [M+H]+ calculated for C32H33N4O3S+: 553.2268, found: 553.2274.  

5-(4-amino-6-methyl-5-(2-(2-methyl-5-phenylthiophen-3-yl)cyclopent-1-en-1-yl)-7H-

pyrrolo[2,3-d]pyrimidin-7-yl)-2-(hydroxymethyl)tetrahydrofuran-3-ol (2Ph) 

 



The photoswitchable 2’-deoxy-7-deaza-adenosine nucleoside dAPh was prepared according 

to the general procedure A. Purification via reverse phase column chromatography afforded 

dAPh as a colourless solid with a yield of 62%.  

1H NMR (500 MHz, DMSO-d6) δ 7.96 (d, J = 2.0 Hz, 1H), 7.40 (dd, J = 12.7, 7.8 Hz, 2H), 7.34 

(t, J = 6.8 Hz, 2H), 7.23 (t, J = 7.1 Hz, 1H), 7.14 (d, J = 16.3 Hz, 1H), 6.35 – 6.25 (m, 1H), 5.57 

(d, 1H), 5.23 (s, 1H), 4.37 (dd, J = 20.1, 4.5 Hz, 1H), 3.86 – 3.75 (m, 1H), 3.68 – 3.58 (m, 1H), 

3.55 – 3.45 (m, 1H), 3.04 – 2.71 (m, 4H), 2.64 (dt, J = 15.9, 8.2 Hz, 2H), 2.10 (d, J = 16.4 Hz, 

3H), 2.07 – 2.02 (m, 1H), 2.01 (d, J = 4.4 Hz, 3H).  

13C NMR (75 MHz, dmso) δ 156.57, 150.26, 149.67, 149.61, 138.18, 138.07, 137.48, 137.23, 

136.03, 135.92, 133.76, 133.64, 132.41, 132.32, 129.38, 129.12, 128.99, 127.15, 124.74, 

124.67, 124.43, 109.15, 101.40, 87.39, 83.93, 83.77, 71.13, 62.23, 62.10, 39.52, 37.66, 22.64, 

14.24, 11.08. 

MS (HR-ESI, positive) m/z: [M+H]+ calculated for C28H31N4O3S+: 489.1955, found: 489.1961.  

5-(4-amino-5-(2-(5-(3,5-bis(trifluoromethyl)phenyl)-2-methylthiophen-3-yl)cyclopent-1-

en-1-yl)-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-(hydroxymethyl)tetrahydrofuran-3-

ol (2Ph(CF3)2) 

 

The photoswitchable 2’-deoxy-7-deaza-adenosine nucleoside dAPh(CF3)2 was prepared 

according to the general procedure A. Purification via reverse phase column chromatography 

afforded dAPh(CF3)2 as a colourless solid with a yield of 71%.  

1H NMR (300 MHz, DMSO-d6) δ 8.29 (d, J = 2.9 Hz, 1H), 8.04 (d, J = 10.3 Hz, 2H), 7.95 (s, 

1H), 7.66 (d, J = 18.6 Hz, 1H), 6.52 – 6.33 (m, 1H), 4.45 – 4.25 (m, 1H), 3.83 – 3.69 (m, 1H), 

3.65 – 3.41 (m, 2H), 3.04 – 2.79 (m, 3H), 2.78 – 2.55 (m, 2H), 2.16 (d, J = 14.4 Hz, 3H), 2.12 

– 2.01 (m, 2H), 1.95 (d, J = 2.1 Hz, 3H).  

13C NMR (75 MHz, DMSO-d6) δ 161.15, 159.02, 158.58, 151.15, 147.47, 138.61, 138.35, 

136.65, 136.48, 136.43, 136.30, 136.11, 134.95, 134.85, 132.92, 132.47, 131.35, 130.97, 

130.91, 130.88, 130.48, 124.94, 121.32, 111.47, 111.27, 100.13, 99.98, 87.17, 70.35, 61.62, 



61.38, 40.36, 40.08, 39.80, 39.52, 39.34, 39.24, 38.96, 38.69, 38.38, 37.99, 22.42, 14.20, 

11.40. 

19F NMR (282 MHz, DMSO-d6) δ -61.54. 

MS (HR-ESI, positive) m/z: [M+H]+ calculated for C30H29F6N4O3S+: 639.1859, found: 639.1855.  

5-(4-amino-6-methyl-5-(2-(2-methyl-5-(pyridin-2-yl)thiophen-3-yl)cyclopent-1-en-1-yl)-

7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-(hydroxymethyl)tetrahydrofuran-3-ol (22Py) 

 

The photoswitchable 2’-deoxy-7-deaza-adenosine nucleoside dA2Py was prepared according 

to the general procedure A. Purification via reverse phase column chromatography afforded 

dA2Py as a colourless solid with a yield of 65%.  

1H NMR (300 MHz, DMSO-d6) δ 8.45 (dt, J = 4.8, 1.4 Hz, 1H), 8.31 (d, J = 5.1 Hz, 1H), 7.77 

(tt, J = 7.6, 1.6 Hz, 1H), 7.72 – 7.59 (m, 1H), 7.46 (t, J = 9.0 Hz, 1H), 7.21 (ddd, J = 7.5, 4.9, 

1.1 Hz, 1H), 6.45 (dt, J = 19.2, 7.3 Hz, 1H), 4.35 (ddd, J = 14.5, 6.9, 3.5 Hz, 1H), 3.77 (p, J = 

4.1 Hz, 1H), 3.69 – 3.39 (m, 2H), 2.83 (dq, J = 15.3, 7.5 Hz, 5H), 2.28 – 2.03 (m, 6H), 1.98 (d, 

J = 1.2 Hz, 3H). 

13C NMR (75 MHz, DMSO-d6) δ 159.12, 158.34, 151.95, 149.66, 140.16, 140.11, 139.69, 

139.45, 137.53, 137.41, 137.29, 136.05, 135.94 133.34, 130.38, 130.29, 127.55, 121.64, 

118.96, 112.60, 112.41, 112.22, 101.05, 87.51, 83.65, 71.51, 70.33, 62.37, 61.24, 54.47, 

22.82, 15.62, 11.13. 

 

5-(4-amino-6-methyl-5-(2-(2-methyl-5-(pyrimidin-2-yl)thiophen-3-yl)cyclopent-1-en-1-yl)-

7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-(hydroxymethyl)tetrahydrofuran-3-ol (2Pym) 

 



The photoswitchable 2’-deoxy-7-deaza-adenosine nucleoside dAPym was prepared according 

to the general procedure A. Purification via reverse phase column chromatography afforded 

dAPym as a colourless solid with a yield of 48%.  

1H NMR (300 MHz, DMSO-d6) δ 8.71 (d, J = 4.9 Hz, 2H), 8.19 (d, J = 2.6 Hz, 1H), 7.67 (d, J 

= 4.5 Hz, 1H), 7.28 (t, J = 4.7 Hz, 1H), 6.47 – 6.28 (m, 1H), 4.42 – 4.27 (m, 1H), 3.82 – 3.72 

(m, 1H), 3.60 – 3.47 (m, 3H), 2.90 (s, 2H), 2.81 – 2.71 (m, 1H), 2.71 – 2.58 (m, 1H), 2.15 (d, J 

= 10.7 Hz, 3H), 2.12 – 2.04 (m, 2H), 2.02 (d, J = 4.5 Hz, 3H). 

13C NMR (75 MHz, DMSO-d6) δ 160.10, 158.33, 157.90, 157.56, 139.30, 138.42, 138.04, 

131.10, 129.68, 118.95, 110.83, 100.54, 87.32, 83.73, 83.34, 70.71, 70.48, 61.77, 61.49, 

57.91, 45.71, 39.52, 37.87, 22.45, 14.53, 11.32, 8.61, 7.61. 

MS (HR-ESI, positive) m/z: [M+H]+ calculated for C26H28F6N6O3SNa+: 527.1836, found: 

527.1841.  

4-(4-(2-(4-amino-7-((2R,4S,5R)-4-hydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-6-

methyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)cyclopent-1-en-1-yl)-5-methylthiophen-2-

yl)benzoate (2PhtBu) 

 

The photoswitchable 2’-deoxy-7-deaza-adenosine nucleoside dAPhtBu was prepared according 

to the general procedure A. Purification via reverse phase column chromatography afforded 

dAPhtBu as a colourless solid with a yield of 58%.  

1H NMR (300 MHz, DMSO-d6) δ 8.31 (d, J = 4.5 Hz, 1H), 7.86 (dd, J = 8.5, 1.2 Hz, 2H), 7.54 

(dd, J = 8.5, 2.6 Hz, 2H), 7.30 (d, J = 7.4 Hz, 1H), 6.45 (dt, J = 14.8, 7.4 Hz, 1H), 4.37 (ddd, J 

= 15.6, 6.9, 3.5 Hz, 1H), 3.85 – 3.72 (m, 1H), 3.67 – 3.43 (m, 2H), 3.07 – 2.83 (m, 2H), 2.79 – 

2.58 (m, 2H), 2.20 (d, J = 17.5 Hz, 3H), 2.16 – 2.05 (m, 2H), 2.02 (s, 3H), 1.54 (s, 9H).  

13C NMR (75 MHz, DMSO-d6) δ 164.51, 150.32, 147.20, 139.07, 138.85, 137.53, 137.18, 

136.04, 135.94, 135.78, 133.38, 133.11, 132.98, 130.46, 130.34, 129.84, 129.58, 128.98, 

128.72, 125.98, 124.57, 111.80, 111.64, 99.96, 87.28, 83.55, 83.25, 80.71, 61.56, 61.37, 

39.52, 27.80, 22.42, 14.20, 11.39, 11.25. 



MS (HR-ESI, positive) m/z: [M+H]+ calculated for C33H38N4O5SNa+: 625.2455, found: 

625.2466.  

5-(4-amino-6-methyl-5-(2-(2-methyl-5-(4-nitrophenyl)thiophen-3-yl)cyclopent-1-en-1-yl)-

7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-(hydroxymethyl)tetrahydrofuran-3-ol (2PhNO2) 

 

The photoswitchable 2’-deoxy-7-deaza-adenosine nucleoside dAPhNO2 was prepared 

according to the general procedure A. Purification via reverse phase column chromatography 

afforded dAPhNO2 as a colourless solid with a yield of 38%.  

1H NMR (300 MHz, DMSO-d6) δ 8.19 (dd, J = 8.9, 1.6 Hz, 2H), 7.96 (d, J = 2.3 Hz, 1H), 7.69 

(dd, J = 8.9, 6.0 Hz, 2H), 7.48 (d, J = 10.1 Hz, 1H), 6.34 – 6.24 (m, 2H), 5.20 (d, J = 3.6 Hz, 

1H), 4.44 – 4.27 (m, 1H), 3.80 (q, J = 3.5, 2.9 Hz, 1H), 3.68 – 3.55 (m, 1H), 3.55 – 3.42 (m, 

1H), 2.91 – 2.72 (m, 3H), 2.71 – 2.56 (m, 1H), 2.09 (d, J = 12.6 Hz, 3H), 2.06 – 2.02 (m, 1H), 

2.02 – 1.99 (m, 3H).  

13C NMR (75 MHz, DMSO-d6) δ 156.37, 150.06, 149.65, 149.57, 145.68, 139.95, 139.92, 

137.36, 137.02, 136.92, 136.77, 135.79, 135.68, 133.02, 132.91, 129.57, 129.26, 127.81, 

125.26, 124.47, 109.04, 101.23, 87.37, 83.75, 71.08, 62.05, 39.80, 39.52, 37.72, 22.59, 14.36, 

11.10, 11.00.  

MS (HR-ESI, positive) m/z: [M+H]+ calculated for C28H29N5O5S+: 548.1962, found: 548.1972.  

5-(4-amino-5-(2-(5-(4-aminophenyl)-2-methylthiophen-3-yl)cyclopent-1-en-1-yl)-6-

methyl-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-(hydroxymethyl)tetrahydrofuran-3-ol (2PhNH2) 

 



In an Eppendorf vial, dAPhNO2 was dissolved in a 2/1 mixture of ethanol and acetic acid. 

Reduced Iron powder was added and the mixture was placed in the sonicator for 2 h at RT. 

Then, the mixture was filtered and the filtrate was neutralized by addition of NEt3 and 

subsequently purified via HPLC which afforded dAPhNH2 as a colourless solid with a yield of 

38%.  

1H NMR (500 MHz, DMSO-d6) δ 8.25 (d, J = 4.9 Hz, 1H), 7.19 – 7.11 (m, 2H), 6.88 (d, J = 

19.0 Hz, 1H), 6.66 (dd, J = 7.9, 3.3 Hz, 2H), 6.43 (dt, J = 24.9, 7.5 Hz, 1H), 4.37 (ddt, J = 25.3, 

6.7, 3.2 Hz, 1H), 3.78 (p, J = 4.5 Hz, 1H), 3.65 – 3.56 (m, 1H), 3.55 – 3.45 (m, 1H), 2.97 – 2.82 

(m, 2H), 2.80 – 2.71 (m, 1H), 2.70 – 2.57 (m, 2H), 2.18 (d, J = 27.8 Hz, 3H), 2.14 – 2.00 (m, 

2H), 1.96 (d, J = 3.8 Hz, 3H).  

13C NMR (126 MHz, DMSO-d6) δ 160.68, 158.23, 158.04, 157.20, 154.44, 148.80, 147.44, 

142.94, 139.49, 139.22, 135.22, 135.09, 132.37, 131.53, 130.00, 124.27, 121.66, 118.26, 

117.44, 115.72, 111.56, 109.53, 100.19, 83.60, 83.32, 70.43, 61.65, 61.47, 39.52, 37.80, 

22.46, 15.34, 14.13, 11.34.  

MS (HR-ESI, positive) m/z: [M+H]+ calculated for C28H31N5O5SNa+: 540.2040, found: 

540.2041.  

N-benzoyl-N-(5-(2-(5-(3,5-bis(trifluoromethyl)phenyl)-2-methylthiophen-3-yl)cyclopent-

1-en-1-yl)-7-4-hydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-6-methyl-7H-pyrrolo[2,3-

d]pyrimidin-4-yl)benzamide (3Ph(CF3)2) 

 

In a Schlenk flask under argon atmosphere, dAPh(CF3)2 (340 mg,0.53 mmol, 1.00 eq.) was 

dissolved in anhydrous pyridine (6 mL). At 0°C trimethylsilylchloride (289 mg, 2.66 mmol, 

5.00 eq.) was added dropwise and the mixture was stirred 1purified via flash column 

chromatography (DCM/MeOH (10/1), which yielded the title compound (220 mg, 0.26 mmol, 

48%) as a colorless solid.  

1H NMR (500 MHz, DMSO-d6) δ 8.47 (d, J = 7.7 Hz, 1H), 7.94 (s, 1H), 7.81 (d, J = 7.6 Hz, 

2H), 7.66 (s, 2H), 7.62 (s, 1H), 7.55 (q, J = 7.4 Hz, 2H), 7.42 (dd, J = 38.4, 7.5 Hz, 2H), 7.35 – 

7.26 (m, 1H), 7.17 (dt, J = 33.4, 6.3 Hz, 2H), 6.80 (d, J = 43.3 Hz, 1H), 6.56 (dt, J = 85.0, 7.6 

Hz, 1H), 5.27 (d, J = 4.4 Hz, 1H), 4.89 (dt, J = 19.4, 5.6 Hz, 1H), 4.39 (ddd, J = 58.3, 6.3, 3.1 



Hz, 1H), 3.84 – 3.72 (m, 1H), 3.65 – 3.54 (m, 1H), 3.53 – 3.42 (m, 1H), 2.77 – 2.65 (m, 2H), 

2.60 – 2.54 (m, 1H), 2.31 (d, J = 18.8 Hz, 3H), 2.24 (d, J = 12.6 Hz, 3H), 2.17 – 2.03 (m, 2H), 

1.83 – 1.70 (m, 1H). 

13C NMR (126 MHz, DMSO-d6) δ 173.01, 172.89, 154.05, 153.23, 152.48, 151.82, 138.53, 

138.21, 137.94, 137.62, 136.33, 136.18, 135.91, 133.74, 131.83, 131.69, 131.43, 130.65, 

129.59, 125.94, 125.93, 122.98, 122.35, 120.82, 112.65, 112.60, 109.79, 109.52, 87.70, 87.42, 

84.14, 83.41, 81.44, 71.19, 70.77, 62.13, 61.74, 38.42, 37.99, 22.18, 22.13, 15.62, 15.46, 

12.92, 12.01. 

MS (HR-ESI, positive) m/z: [M+H]+ calculated for C44H37F6N4O5S+: 743.2112, found: 743.2121.  

(4Ph(CF3)2) In a Schlenk flask under argon atmosphere, 

dAPh(CF3)2Bz2 (105 mg, 0.124 mmol, 1.00 eq.) and 4-(dimethylamino)pyridine (0.7 mg, 

0.05 eq.) were dissolved in anhydrous pyridine (0.5 mL). The solution was cooled to 0°C and 

dimethoxytritylchloride (53 mg, 0.155 mmol, 1.25 eq.) was added portion wise and the mixture 

was stirred at RT overnight. purified via flash column chromatography (DCM/MeOH (10/1)), 

which yielded the title compound (90 mg, 0.08 mmol, 63%) as a yellow solid.  

1H NMR (500 MHz, DMSO-d6) δ 8.30 (d, J = 8.6 Hz, 1H), 7.93 (d, J = 7.6 Hz, 1H), 7.80 (dd, J 

= 13.3, 7.5 Hz, 2H), 7.71 (s, 1H), 7.64 (dd, J = 16.8, 8.8 Hz, 1H), 7.60 (s, 1H), 7.59 – 7.46 (m, 

3H), 7.39 (dd, J = 24.7, 7.6 Hz, 2H), 7.28 (d, J = 6.5 Hz, 2H), 7.22 – 7.10 (m, 9H), 6.81 (d, J = 

8.1 Hz, 2H), 6.74 (t, J = 10.0 Hz, 3H), 6.67 – 6.58 (m, 1H), 5.34 (dd, J = 10.0, 4.9 Hz, 1H), 4.52 

– 4.32 (m, 1H), 3.93 (dt, J = 10.8, 5.4 Hz, 1H), 3.71 – 3.63 (m, 6H), 3.21 – 3.03 (m, 3H), 2.94 

– 2.80 (m, 1H), 2.65 – 2.56 (m, 2H), 2.29 (d, J = 38.3 Hz, 3H), 2.19 (d, J = 5.5 Hz, 3H), 2.16 – 

2.04 (m, 2H), 1.82 – 1.69 (m, 1H). 

13C NMR (126 MHz, DMSO-d6) δ 188.86, 176.30, 171.50, 158.59, 152.90, 151.28, 144.78, 

139.02, 137.61, 137.11, 135.86, 135.35, 134.65, 134.39, 134.21, 134.06, 133.21, 132.56, 

131.38, 130.82, 129.57, 129.03, 127.62, 127.58, 124.37, 123.84, 122.99, 121.87, 121.39, 

113.61, 112.98, 109.48, 84.98, 83.11, 82.95, 69.71, 60.05, 54.97, 54.31, 45.73, 25.16, 21.22, 

15.92, 14.94, 11.99, 11.66. 

MS (HR-ESI, positive) m/z: [M+H]+ calculated for C65H55F6N4O7S+: 1045.3428, found: 

1045.3406.  



5-(4-(N-benzoylbenzamido)-5-(2-(5-(3,5-bis(trifluoromethyl)phenyl)-2-methylthiophen-3-

yl)cyclopent-1-en-1-yl)-6-methyl-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2-((bis(4-methoxy-

phenyl)(phenyl)methoxy)methyl)tetrahydrofuran-3-yl (2-cyanoethyl) diisopropyl-

phosphoramidite (5Ph(CF3)2) 

 

In a Schlenk flask under argon atmosphere, dAPh(CF3)2Bz2DMT (90 mg, 0.078 mmol, 

1.00 eq.) and diisopropylethylamine (20 mg, 0.157 mmol, 2.00 eq.) were dissolved in 

anhydrous acetonitrile (0.5 mL). 2-cyanoethyl N,N-diisopropylchlorophosphoramidite (24 mg, 

0.093 mmol, 1.20 eq.) was added at 0°C and the mixture was stirred at RT for 1 h. Then the 

mixture was diluted with DCM and the organic phase was washed 3 times with a NaHCO3 (5%) 

solution, dried over MgSO4, filtered and the solvent was removed under reduced pressure. The 

title product was obtained as colorless oil and used without further purification.  

MS (HR-ESI, positive) m/z: [M+H]+ calculated for C74H72F6N6O8PS+: 1349.4769, found: 

1349.4719.  
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Cycloreversion: dAPhNH2 
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Cycloreversion: dAPhOMe 

Cyclization: dANp 

Cycloreversion: dANp 



 

 

 

Cyclization: dAPh 
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Cycloreversion: dA2Py 
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