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General methods, experimental procedures and copies of 
1
H / 

13
C NMR 

spectra and HPLC UV traces of final compounds 15, 16, 21 and 22. 

 

General methods  

 

Solvents (reagent grade or better) were purchased from Sigma-Aldrich or Fischer Scientific. Anhydrous solvents 

where purchased from Sigma-Aldrich. Deuterated solvents were purchased from Sigma-Aldrich. Chemicals 

(95% purity or above) were purchased from Acros Organics, Alfa Aesar, Apollo, Fluorochem or Sigma-Aldrich. 

Solvents and chemicals were used as received without further purification or treatment. Oxygen- or moisture-

sensitive reactions were carried out under positive nitrogen atmosphere.  
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The progress of the reactions was monitored on Merck 60F254 TLC plates. Spots were visualized by irradiation 

with ultraviolet light (254/366 nm) or KMnO4, ninhydrin or phosphomolybdic acid (PMA) TLC stains. Column 

chromatography was performed with a Biotage SP4 MPLC system (unless stated otherwise); cartridge size and 

eluent specified in the corresponding experiments (% is referring to the most polar solvent in the mixture); using 

silica gel as the stationary phase (particle size 0.040–0.063 mm, Merck or Fisher Scientific).  

Specific rotations were measured in a Perkin Elmer Polarimeter 341 apparatus at 20 °C and a wavelength of 

589 nm (sodium D line) in DMSO UV spectrophotometric analysis grade.  

Melting points were taken in open capillaries on a Stuart Scientific Melting point SMP1 apparatus in Celsius 

degrees (°C) and were uncorrected. Decomposition temperature indicated as (d). 

FTIR analyses were performed on a Thermo Scientific Nicolet iS10. Samples were measured neat and 

frequencies are expressed as cm
−1

. 

1
H and 

13
C NMR data were recorded on either a JEOL ECX-400 (400 MHz) or Bruker Avance3/DPX400 

(400 MHz) spectrometers at 400.0 and 100.6 MHz respectively. Chemical shifts (δ) are expressed in parts per 

million (ppm) coupling constants (J) are in hertz (Hz). Chemical shifts (δ) are reported relative to TMS (δ = 0 

ppm) and/or referenced to the solvent in which they were measured. All measurements were carried out at 298 K 

(except when stated). Abbreviations used in the description of NMR data are as follows: app, apparent; s, singlet; 

bs, broad singlet; d, doublet; t, triplet; q, quartet; p, pentuplet; m, multiplet. 

HRMS was conducted using a Thermo Scientific Exactive Orbitrap Mass Analyzer. LR-MS was conducted 

using a ThermoQuest Finnigan LCQ Duo instrument. GC–MS was conducted using a ThermoQuest Finnigan 

Polaris Q instrument. 

Final compounds possessed a purity of  ≥95% by HPLC analysis conducted using an Agilent Technologies 1220 

series system (Methods A and B). Column: Agilent Eclipse XDB C18 4.6 mm ID × 250 mm (5µm) 80 Å. Flow 

rate: 1 mL/min. Detector: 254 nm. Sample volume: 10 µL. Mobile phase: Method A) 15% MeCN in H2O 

(3 min), 15 to 90% MeCN in H2O (12 min) followed by equilibration / blank run; Method B) 5% MeCN in H2O 

(3 min), 5 to 100% MeCN in H2O (14 min), 100% MeCN in H2O (5 min), 100 to 5% MeCN in H2O (5 min), 5% 

MeCN in H2O (5 min) followed by blank run; Flow rate: 0.4 mL/min. Detector: 254 nm.  
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Experimental procedures 

 

2-Amino-4-oxo-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidine-5-carbonitrile (1) [1] 

Methyl formate (18.0 mL, 17.48 g, 291.4 mmol) in toluene (8 mL) was added at 0 °C to a stirred suspension of 

NaOMe (14.30 g, 264.9 mmol) in toluene (200 mL). This was followed by dropwise addition of 

chloroacetonitrile (16.8 mL, 20.00 g, 264.9 mmol) in toluene (60 mL) over 1 h. The reaction mixture was stirred 

for 3 h followed by addition of H2O (150 mL). The organic layer was separated and the aqueous layer was 

acidified to pH 5 using 6 M HCl and subsequently extracted with EtOAc (3 × 100 mL). The organic layers were 

combined and dried over MgSO4 and concentrated in vacuo (40 °C, 70 mbar). The dark residue was suspended 

in H2O (60 mL) and added to a solution of NaOAc (16.39 g, 199.8 mmol) and 2,6-diaminopyrimidin-4(3H)-one 

(12.00 g, 95.2 mmol) in H2O (200 mL) (previously stirred at 100 °C until complete dissolution). The reaction 

was refluxed for 16 h. After cooling to room temperature the suspension was filtered and washed with H2O (2 × 

20 mL), acetone (2 × 10 mL) and Et2O (2 × 40 mL) to yield 1 (10.11 g, 60%) as a light tan solid. 
1
H NMR (400 

MHz, DMSO-d6) δ: 6.37 (bs, 2H), 7.58 (s, 1H), 10.70 (bs, 1H), 11.95 (bs, 1H); 
13

C NMR (100 MHz, DMSO-d6) 

δ: 86.0, 99.2, 116.3, 128.2, 158.0, 152.1, 154.2. 

 

 

N-(5-Cyano-4-oxo-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-2-yl)pivalamide (8) [2]  

1 (7.33 g, 41.85 mmol) was stirred in dry pyridine (60 mL) at 60 °C for 1 h. Upon formation of a homogenous 

suspension, the mixture was cooled to 0 °C and treated dropwise with pivaloyl chloride (10.5 mL, 10.23 g, 84.87 

mmol). The suspension was then stirred at 85 °C for 2 h. After cooling to room temperature, the resulting 

suspension was neutralized with 33% ammonia in H2O and left to stand at 4 °C for 16 h. The suspension was 

filtered off, washed with H2O (10 mL), dried and then triturated with Et2O (2 × 10 mL) to afford 8 (6.97 g, 64%) 



s4 
 

as a pale brown solid. 
1
H NMR (400 MHz, DMSO-d6) δ: 1.25 (s, 9H), 7.93 (s, 1H), 11.00 (bs, 1H), 12.11 (bs, 

1H) and 12.65 (bs, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ: 27.0, 40.7, 86.9, 103.7, 115.9, 130.9, 149.1, 149.1, 

156.4, 181.7. 

 

  

N-(4-Chloro-5-cyano-7H-pyrrolo[2,3-d]pyrimidin-2-yl)pivalamide (9) [2] 

A suspension of 8 (6.82 g, 26.31 mmol), N,N-dimethylaniline (14 mL, 13.39 g, 110.48 mmol) and 

triethylbenzylammonium chloride (2.93 g, 13.15 mmol) in dry MeCN (100 mL) was treated dropwise with 

POCl3 (24.5 mL, 40.33 g, 263.05 mmol). The reaction mixture was refluxed for 1 h, allowed to cool down and 

concentrated in vacuo. The resulting dark oil was cautiously treated with ice and was set to pH = 5 using 33% 

ammonia in H2O. The aqueous layer was extracted with EtOAc (4 × 100 mL) and the combined organic layers 

were dried over MgSO4 and concentrated in vacuo. The residue was triturated with Et2O (3 × 30 mL), MeOH 

(2 × 20 mL) and Et2O (2 × 20 mL) to give 9 (2.56 g, 35%) as a light tan solid. 
1
H NMR (400 MHz, DMSO-d6) δ: 

1.22 (s, 9H), 8.50 (s, 1H), 10.27 (bs, 1H), 13.35 (bs, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ: 27.4, 40.3, 84.1, 

111.8, 115.1, 138.2, 151.4, 153.5, 153.8, 176.5. 

 

 

3-(N,N-Dibenzylamino)cyclopent-1-ene (11) [3] 

A mixture of cyclopentene (12.3 mL, 9.18 g, 0.135 mol), NBS (6.01 g, 33.71 mmol) and benzoyl peroxide (70%, 

163 mg, 0.67 mmol) in CCl4 (21 mL) was heated at reflux for 1 h. The reaction mixture was cooled to 0 °C, 

filtered through a pad of Celite
®
 (eluent CCl4) and solvent and cyclopentene were distilled off in vacuo. The 

residue was dissolved in CCl4 (30 mL), cooled to 0 °C and N,N-dibenzylamine (16.2 mL, 16.60 g, 84.28 mmol) 
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was added to the crude solution of bromide 10. The mixture then warmed to room temperature and stirred for 

30 min. The reaction mixture was then filtered, heated to 40 °C, and stirred at this temperature for 1 h, then 

filtered and stirred at room temperature for 16 h. The mixture was then filtered and concentrated in vacuo. 

Chromatographic purification (Biotage SP4, 100 g cartridge, solvent system: 10% Et2O in Hex/Hex, gradient: 

0% 4CV; 0-10% 10CV) yielded 11 (6.230 g, 70%) as a colourless oil. 
1
H NMR (400 MHz, CDCl3) δ: 1.78-1.93 

(m, 2H), 2.22-2.29 (m, 1H), 2.34-2.41 (m, 1H), 3.43 (d, J = 13.8 Hz, 2H), 3.64 (d, J = 13.8 Hz, 2H), 4.03-4.05 

(m, 1H), 5.75-5.76 (m, 1H), 5.86-5.89 (m, 1H), 7.19-7.23 (m, 2H), 7.27-7.31 (m, 4H), 7.37-7.39 (m, 4H); 
13

C 

NMR (100 MHz, CDCl3) δ: 23.4, 31.9, 54.5, 66.1, 126.8, 128.3, 128.8, 132.1, 133.3, 140.8.  

 

  

(1RS,2SR,3RS)-3-(Dibenzylamino)cyclopentane-1,2-diol (12) [3] 

A solution of OsO4 in H2O (4% w/v, 0.32 mL, 13 mg, 0.05 mmol) was added to a stirred solution of 11 (1.31 g, 

4.98 mmol) and NMO (1.33 g, 14.94 mmol) in acetone/H2O (4:1, 35 mL) and the resultant mixture was stirred at 

room temperature for 4 h. Sat. aq. Na2SO3 (5 mL) was then added and the solution was stirred for an additional 

30 min. Acetone was evaporated in vacuo, H2O (10 mL) was added and the aqueous layer was extracted with 

DCM (3 × 20 mL). The organic layer was adsorbed on silica gel and concentrated in vacuo. Chromatographic 

purification (Biotage SP4, 50g cartridge, solvent system: EtOAc/Hex, gradient: 10% 4CV; 10–20% 6CV; 20% 

4CV; 20–60% 6CV; 60% 6CV) yielded 12 (1.06 g, 72%) as a white solid. 
1
H NMR (400 MHz, CDCl3) δ: 1.52-

1.75 (m, 2H), 1.83-1.96 (m, 2H), 2.28 (bs, 1H), 2.37 (bs, 1H), 3.27 (app dt, J = 8.6, 8.4 Hz, 1H), 3.57 (d, J = 13.9 

Hz, 2H), 3.78 (d, J = 13.9 Hz, 2H), 3.92 (app dd,  J = 8.2, 5.2 Hz, 1H), 3.99-4.05 (m, 1H), 7.21-7.25 (m, 2H), 

7.29-7.32 (m, 4H), 7.35-7.37 (m, 4H); 
13

C NMR (100 MHz, CDCl3) δ: 19.6, 29.0, 55.0, 65.1, 71.1, 74.6, 127.1, 

128.4, 128.7, 139.9; HRMS (ESI) calcd for C19H24O2N [M+H]
+ 

: 298.1802, found: 298.1798. 
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(1RS,2SR,3RS)-3-(Dibenzylamino)cyclopentane-1,2-diyl-dibenzoate (13) 

Benzoyl chloride (1.62 ml, 1.96 g, 13.92 mmol) was added dropwise to a stirred solution of 12 (1.03 g, 3.48 

mmol) in dry pyridine (30 mL) at 0 °C, left to warm to room temperature and stirred for 1 day. Pyridine was 

evaporated in vacuo and the residue was suspended in Et2O (40 mL), cooled to 0 °C followed by addition of 

saturated aqueous NaHCO3 (10 mL). The organic layer was then washed with saturated aqueous NaHCO3 (3 × 20 

mL) and subsequently adsorbed on silica gel and concentrated in vacuo. Chromatographic purification (Biotage 

SP4, 50g cartridge, solvent system: 10% Et2O in Hex/Hex, gradient: 0% 3CV; 0–10% 3CV; 10% 4CV; 10–20% 

4CV; 20% 4CV; 20–40% 6CV) yielded 13 (1.45 g, 84%) as a white solid. 
1
H NMR (400 MHz, CDCl3) δ: 1.75-

1.84 (m, 1H), 1.88-1.96 (m, 1H), 2.01-2.10 (m, 1H), 2.18-2.26 (m, 1H), 3.67 (d, J = 13.8 Hz, 2H), 3.77 (d, J = 

13.8 Hz, 2H), 3.82 (app dt, J = 8.6, 8.4 Hz, 1H), 5.54 (dt, J = 5.0, 4.6 Hz, 1H), 5.67 (dd, J = 7.9, 5.2 Hz, 1H), 

7.20-7.40 (m, 14 H), 7.49 (m, 1H), 7.55 (m, 1H), 7.76 (dd, J = 8.4, 1.3 Hz, 2H), 7.94 (dd, J = 8.4, 1.3 Hz, 2H); 

13
C NMR (100 MHz, CDCl3) δ: 20.7, 27.6, 54.7, 62.2, 73.3, 74.0, 126.9, 128.3, 128.3, 128.4, 128.7, 129.6, 

129.8, 130.1, 130.2, 132.9, 133.0, 139.7, 165.7, 165.9; HRMS (ESI) calcd for C33H32O4N [M+H]
+ 

: 506.2326, 

found: 506.2321. 

 

  

(1RS,2SR,3RS)-3-Aminocyclopentane-1,2-diyl dibenzoate (14) 

Pd(OH)2/C (20% w/w, 700 mg) was added to a vigorously stirred solution of 13 (1.42 g, 2.81 mmol) in 

EtOH/EtOAc (5:1, 60 mL) and the resultant suspension was stirred at room temperature under H2 (1 atm) for 
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16 h. The suspension was filtered through a Celite
®
 pad (eluent MeOH) and concentrated in vacuo. The residue 

was triturated with Et2O (2 × 20 mL) to give 14 (908 mg, 98%) as a white solid. 
1
H NMR (400 MHz, DMSO-d6) 

δ: 1.73-1.82 (m, 1H), 1.93-2.02 (m, 1H), 2.32-2.43 (m, 2H), 3.93 (app dt, J = 8.0, 7.7 Hz, 1H), 5.49 (dd, J = 7.4, 

5.1 Hz, 1H), 5.59-5.63 (m, 1H), 7.42-7.49 (m, 4H), 7.61-7.66 (m, 2H), 7.86-7.89 (m, 2H), 8.38 (bs, 2H);  
13

C 

NMR (100 MHz, DMSO-d6) δ: 25.2, 27.7, 53.4, 73.2, 76.6, 129.1, 129.2, 129.6, 129.7, 129.8, 129.9, 134.1, 

134.1, 165.4, 165.5; HRMS (ESI) calcd for C19H20O4N [M+H]
+ 

: 326.1387, found: 326.1382.  

 

 

2-Amino-4-((1RS,2SR,3RS)-2,3-dihydroxycyclopentylamino)-7H-pyrrolo[2,3-d]pyrimidine-5-carbonitrile 

(15) 

9 (80 mg, 0.29 mmol), 14 (70 mg, 0.35 mmol) and Et3N (0.04 mL, 29 mg, 0.29 mmol) were suspended in n-

BuOH (4 mL) and refluxed for 16 h. After cooling to room temperature EtOH (4 mL) and KOH (3 pellets) were 

added and the reaction mixture was heated at 80 °C for 20 h. Then pH was neutralized using 6 N HCl and 

subsequently concentrated in vacuo. The remaining solid was suspended in MeOH, adsorbed on silica gel and 

concentrated in vacuo. Chromatographic purification (Biotage SP4, 50 g cartridge, solvent system: 

MeOH/CHCl3, gradient: 0% 4CV; 0-15% 14CV; 15% 4CV) yielded 15 (33 mg, 42%) as a white solid. Mp: 252-

254 °C (d); 
1
H NMR (400 MHz, DMSO-d6) δ: 1.29-1.38 (m, 1H), 1.47-1.55 (m, 1H), 1.87-1.96 (m, 1H), 2.18-

2.27 (m, 1H), 3.74 (app dt, J = 8.0, 5.0 Hz, 1H), 3.91 (app dt, J = 8.8, 4.4 Hz, 1H), 4.32 (app dt, J = 15.7, 7.9 Hz, 

1H), 4.39 (d, J = 3.3 Hz, 1H), 4.94 (d, J = 5.5 Hz, 1H), 5.66 (d, J = 7.1 Hz, 1H), 5.99 (bs, 2H), 7.69 (s, 1H), 

11.83 (bs, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ: 27.0, 28.8, 55.4, 70.6, 77.8, 81.5, 94.2, 116.9, 128.4, 153.0, 

156.5, 160.8; HRMS (ESI) calcd for C12H13O2N6 [M+H]
+ 

: 273.1105, found: 273.1107; HPLC tR = 4.47 min 

(Method A). 
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Di-tert-butyl [(1R,4S)-4-hydroxycyclopent-2-en-1-yl]imidodicarbonate (17) [4]  

A suspension of sodium di-tert-butyl-iminodicarboxylate, previously prepared by reaction of di-tert-butyl-

iminodicarboxylate (1.195 g, 5.50 mmol) with NaH (60% suspension in mineral oil)(132 mg, 5.50 mmol) in dry 

THF (18 mL), was cannulated to a room temperature solution of (1R,4S)-4-hydroxycyclopent-2-enyl acetate 

(521 mg, 3.67 mmol), PPh3 (144 mg, 0.55 mmol) and Pd(PPh3)4 (636 mg, 0.55 mmol) in dry THF/DMF 

(1:1)(16 mL). The reaction mixture was heated at 50 °C for 1 day, then diluted with MeOH (10 mL) and dry 

loaded on to silica. Chromatographic purification (Biotage SP4, 50 g cartridge, solvent system: EtOAc/Hex, 

gradient: 0% 4CV; 0–20% 10CV, 20% 6CV) yielded 17 (463 mg, 42%) as a colourless oil that solidifies upon 

standing to afford a white solid. 
1
H NMR (400 MHz, CDCl3) δ: 1.48 (s, 18H), 1.83 (dt, J = 15.1, 2.1 Hz, 1H), 

2.62-2.71 (ddd, J = 15.1, 9.3, 7.9 Hz, 1H), 3.20 (bs, 1H), 4.58 (app dt, J = 7.8, 1.9 Hz, 1H), 5.09 (app dq, J = 9.3, 

2.3 Hz, 1H), 5.74 (dd, J = 5.4, 2.4 Hz, 1H), 6.04 (dt, J = 5.4, 2.3 Hz, 1H), 
13

C NMR (100 MHz, CDCl3) δ: 28.1, 

38.9, 60.3, 75.8, 82.9, 131.5, 136.9, 153.4. 

 

  

Di-tert-butyl [(1R,2S,3R,4S)-2,3,4-trihydroxycyclopentyl]imidodicarbonate (18) [5] 

A solution of OsO4 in H2O (4% w/v, 0.06 mL, 3 mg, 0.01 mmol) was added to a solution of 17 (120 mg, 0.40 

mmol) and NMO (141 mg, 1.20 mmol) in a 4:1 mixture acetone/H2O (10 mL). The solution was stirred at room 

temperature for 1 day. Saturated aqueous Na2SO3 (5 mL) was added and the reaction mixture was stirred for 

30 min. The acetone was removed in vacuo and the aqueous layer was extracted with EtOAc (4 × 20 mL). The 

organic layer was adsorbed on silica gel and concentrated in vacuo. Chromatographic purification (Biotage SP4, 

10 g cartridge, solvent system: EtOAc/DCM, gradient: 20% 6CV; 20–80% 8CV; 80% 8CV) yielded 18 (112 mg, 
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83%) as a colourless oil that solidifies upon standing to afford a white solid. 
1
H NMR (400 MHz, CDCl3) δ: 1.49 

(s, 18H), 1.79-1.85 (m, 1H), 2.58 (ddd, J = 14.4, 11.2, 6.3 Hz, 1H), 2.91 (bs, 3H), 3.98 (dd, J = 7.1, 4.0Hz, 1H), 

4.02 (app dt, J = 6.3, 3.1 Hz, 1H), 4.41 (app dt, J = 11.1, 6.4 Hz, 1H), 4.56 (dd, J = 6.5, 4.8 Hz, 1H); 
13

C NMR 

(100 MHz, CDCl3) δ: 28.0, 34.1, 61.9, 74.9, 75.1, 77.3, 83.6, 153.7; HRMS (ESI) calcd for C15H27O7NNa 

[M+Na]
+ 

: 356.1680, found: 356.1682 

 

  

(1S,2R,3S,4R)-4-(Bis(tert-butoxycarbonyl)amino)cyclopentane-1,2,3-triyl tribenzoate (19) 

Benzoyl chloride (0.33 ml, 397 mg, 2.83 mmol) was added dropwise to a stirred solution of 18 (235 mg, 0.71 

mmol) in dry pyridine (6 mL) at 0 °C. Left to warn to room temperature and stirred for 1 day. The pyridine was 

evaporated in vacuo and the residue was partitioned between Et2O (40 mL) and saturated aqueous NaHCO3 

(10 mL). The organic layer was separated and washed with saturated aqueous NaHCO3 (3 × 20 mL) and 

subsequently adsorbed on silica gel and concentrated in vacuo. Chromatographic purification (Biotage SP4, 50g 

cartridge, solvent system: Et2O/Hex, gradient: 0% 6CV; 0–20% 10CV; 20% 6CV) yielded 19 (338 mg, 74%) as 

a colourless oil that solidifies upon standing to afford a white solid. 
1
H NMR (400 MHz, CDCl3) δ: 1.51 (s, 

18H), 2.25 (ddd, J = 12.6, 10.4, 8.8 Hz, 1H), 2.75-2.82 (m, 1H), 5.03 (ddd, J = 14.6, 10.0, 5.1 Hz, 1H), 5.61 (app 

dt, J = 7.5, 7.3 Hz, 1H), 5.98-6.05 (m, 2H), 7.29-7.34 (m, 4H), 7.41-7.51 (m, 3H), 7.54-7.63 (m, 2H), 7.90-7.93 

(m, 4H), 8.08-8.13 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ: 28.1, 30.3, 58.3, 73.7, 74.3, 75.6, 83.3, 128.3, 

128.4, 128.5, 129.4, 129.4, 129.6, 129.7, 129.8, 129.9, 133.1, 133.1, 133.2, 152.5, 165.3, 165.4, 166.0; HRMS 

(ESI) calcd for C36H39O10NNa [M+Na]
+ 

: 668.2463, found: 668.2463. 
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(1S,2R,3S,4R)-4-Aminocyclopentane-1,2,3-triyl-tribenzoate hydrochloride (20) 

19 (297 mg, 0.46 mmol) was placed in an oven-dry round bottom flask, purged with N2, cooled to 0 °C and 

subsequently treated with 4 M HCl in 1,4-dioxane (10 mL). The mixture was let to warm to room temperature, 

stirred for 16 h and concentrated in vacuo. The residue was triturated with Et2O (5 × 1 mL) to yield 20 (168 mg, 

76%) as a white solid. 
1
H NMR (400 MHz, CDCl3) δ: 2.01-2.09 (m, 1H), 3.01 (app dt, J = 13.9, 8.3 Hz, 1H), 

4.07-4.14 (m, 1H), 5.51-5.56 (m, 1H), 5.74 (dd, J = 6.4, 6.3 Hz, 1H), 5.82 (dd, J = 5.7, 4.7 Hz, 1H), 7.43-7.49 

(m, 4H), 7.55-7.59 (m, 2H), 7.63-7.73 (m, 3H), 7.87-7.92 (m, 4H), 8.03-8.05 (m, 2H), 8.66 (bs, 3H); 
13

C NMR 

(100 MHz, CDCl3) δ: 31.6, 51.6, 73.6, 74.6, 74.8, 129.0, 129.1, 129.2, 129.2, 129.3, 129.4, 129.8, 129.9, 129.9, 

134.2, 164.9, 165.2, 165.4; HRMS (ESI) calcd for C26H24O6N [M+H]
+ 

: 446.1598, found: 446.1599.  

 

  

2-Amino-4-((1R,2S,3R,4S)-2,3,4-trihydroxycyclopentylamino)-7H-pyrrolo[2,3-d]pyrimidine- 

5-carbonitrile (16)  

9 (70 mg, 0.25 mmol), 20 (146 mg, 0.30 mmol) and Et3N (0.08 mL, 61 mg, 0.60 mmol) were suspended in n-

BuOH (4 mL) and refluxed for 16 h. After cooling to room temperature EtOH (4 mL) and KOH (3 pellets) were 

added and the reaction mixture was heated at 80 °C for 20 h. Then pH was neutralized using 6 N HCl and 

subsequently concentrated in vacuo. The remaining solid was suspended in MeOH, adsorbed on silica gel and 

concentrated in vacuo. Chromatographic purification (Biotage SP4, 10 g cartridge, solvent system: 5% NH4OH 

in MeOH/CHCl3, gradient: 2% 6CV; 2–15% 12CV; 10% 15CV) yielded a beige solid which was further 
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triturated with MeOH (0.2 mL) and Et2O (2 mL) to yield 16 (24 mg, 33%) as a white solid. [α]D
20

: -25.7
o 

(c = 

0.12, DMSO); Mp: 240-242 °C (d); 
1
H NMR (400 MHz, DMSO-d6) δ: 1.27 (ddd, J = 13.4, 10.8, 6.7 Hz, 1H), 

2.51 (ddd, J = 13.8, 8.7, 6.7 Hz, 1H), 3.68 (dd, J = 4.7, 2.3 Hz, 1H), 3.81 (m, 1H), 3.93 (dd, J = 6.8, 5.0 Hz, 1H), 

4.33 (m, 1H), 4.58 (d, J = 3.6 Hz, 1H), 4.91 (bs,1H), 4.92 (bs, 1H), 5.70 (d, J = 7.5 Hz, 1H), 5.99 (bs, 2H), 7.69 

(s, 1H), 11.83 (bs, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ: 37.8, 55.2, 74.6, 76.8, 77.6, 94.1, 117.0, 128.5, 

129.5, 153.1, 156.2, 160.9; HRMS (ESI) calcd for C12H15O3N6 [M+H]
+ 

: 291.1200, found: 291.1189; HPLC tR = 

6.40 min (Method B) 

 

  

 

3-Phenylcyclohexanone (25) [6] 

 

To a Schlenk tube were added phenylboronic acid (366 mg, 3.0 mmol), 2-cyclohexenone (288 mg, 3.0 mmol), 

Pd(OAc)2 (34 mg, 0.15 mmol), 2,2'-bipyridine (34 mg, 0.6 mmol), AcOH (3 mL), THF (1.5 mL), and H2O (0.3 

mL) under N2. The mixture was stirred and heated at 40 °C for 3 days. After cooling to room temperature, the 

suspension was diluted with MeOH, adsorbed on silica gel, concentrated in vacuo and eluted through a thick 

silica pad with Hex (50 mL) then EtOAc/Hex (2:8) (2 × 100 mL) to yield 25 (510 mg, 98%) as a colourless oil. 

1
H NMR (400 MHz, CDCl3) δ: 1.73–1.89 (m, 2H), 2.06–2.17 (m, 2H), 2.34–2.61 (m, 4H), 2.93-3.03 (m, 1H), 

7.21–7.25 (m, 3H), 7.28-7.33 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ: 25.5, 32.7, 41.1, 44.7, 48.9, 126.5, 126.6, 

128.6, 144.3, 211.0. 

 

  

 

(1SR,3SR)-3-Phenylcyclohexanol (26) [7]  
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Under N2 atmosphere a 2 M solution of 25 in dry THF (322 mg, 1.85 mmol) was added dropwise to a 1 M 

solution of K-Selectride in THF (3.7 mL, 822 mg, 3.70 mmol) previously cooled to −94 °C (hexane–nitrogen 

bath). The resulting solution was stirred keeping the temperature between −80 and −90 °C for 2 h and then 

allowed to warm up to −60 °C, followed by dropwise addition of 50% aqueous KOH (1 mL) and 30% aq. H2O2 

(1 mL). THF was concentrated in vacuo and the aqueous layer was extracted with EtOAc (3 × 10 mL). The 

organic layer was dried over anhydrous MgSO4. Chromatographic purification (Manual column, solvent system: 

EtOAc/Hex, gradient: 0% 60 mL; 10% 200 mL; 20% 300 mL) yielded 26 (261 mg, 80%) as a colourless oil 

which crystallizes upon standing to an off-white solid. 
1
H NMR (400 MHz, CDCl3) δ: 1.42-1.72 (m, 5H), 1.79-

1.98 (m, 4H), 2.97-3.05 (m, 1H), 4.23-4.24 (m, 1H), 7.17-7.23 (m, 3H), 7.28-7.32 (m, 2H);  
13

C NMR (100 

MHz, CDCl3) δ: 20.5, 32.5, 33.8, 37.6, 40.6, 66.9, 126.0, 127.0, 128.4, 147.1; GC-MS (TIC) calcd for C12H16O 

[M]
 
: 176.12, found: 176.05. 

 

  

 

(1RS,3SR)-3-Phenylcyclohexanol (27) [7]  

 

Under N2 atmosphere, a solution of 25 (350 mg, 2.01 mmol) in dry Et2O (6 mL) was added dropwise at 0 °C, to 

a suspension of LiAlH4 (381 mg, 10.05 mmol) in dry Et2O (12 mL). The suspension was stirred at 0 °C for 1.5 h, 

followed by sequential dropwise addition of H2O (0.5 mL), 15% aq. NaOH (1 mL) and H2O (0.5 mL). The 

resulting suspension was stirred at room temperature for 30 minutes. Insoluble matter was filtered off and 

triturated with Et2O (4 × 10 mL). The combined organic layers were dried over anhydrous MgSO4. 

Chromatographic purification (Manual column, solvent system: EtOAc/Hex, gradient: 0% 60 mL; 10% 200 mL; 

20% 300 mL) yielded 27 (270 mg, 76%) as a colourless oil which crystallizes upon standing to an off-white 

solid. 
1
H NMR (400 MHz, CDCl3) δ: 1.21-1.46 (m, 5H), 1.63 (bs, 1H), 1.81-1.85 (m, 1H), 1.86-1.91 (m, 1H), 

2.05-2.10 (m, 1H), 2.16-2.20 (m, 1H), 2.55-2.61 (m, 1H), 3.70-3.77 (m, 1H), 7.20-7.23 (m, 3H), 7.30-7.32 (m, 
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2H); 
13

C NMR (100 MHz, CDCl3) δ: 24.5, 33.5, 35.4, 42.8, 43.2, 71.0, 126.1, 126.8, 128.4, 146.2; GC-MS (TIC) 

calcd for C12H16O [M]
 
: 176.12, found: 176.01.  

 

  

(1SR,3SR)-3-Phenylcyclohexyl methanesulfonate (28) 

Under N2 atmosphere a solution of methanesulfonyl chloride (0.15 mL, 222 mg, 2.01 mmol) in dry THF (2 mL) 

was added dropwise at 0 °C, to a solution of 26 (155 mg, 0.88 mmol) and Et3N (0.32 mL, 232 mg, 2.29 mmol) in 

dry THF (6 mL). The solution was stirred at room temperature 16 h, followed by addition of MeOH (5 mL). 

Silica was added to the reaction mixture and then concentrated in vacuo. Chromatographic purification (Biotage 

SP4, 50 g cartridge, solvent system: EtOAc/Hex, gradient: 0% 4CV; 0–20% 10CV; 20% 8CV) yielded 28 (151 

mg, 67%) as a colourless oil. 
1
H NMR (400 MHz, CDCl3) δ: 1.49 (app qd, J = 12.5, 3.8 Hz, 1H), 1.58-1.67 (m, 

1H), 1.73-1.87 (m, 2H), 1.92-1.97 (m, 1H), 2.10-2.16 (m, 1H), 2.22-2.27 (m, 1H), 2.97-3.03 (m, 2H), 3.04 (s, 

3H), 5.15 (app dt, J = 5.1, 2.5 Hz, 1H), 7.18-7.22 (m, 3H), 7.29-7.33 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ: 

20.6, 30.7, 33.1, 37.7, 38.4, 38.7, 79.5, 126.4, 126.8, 128.6, 145.7.  

 

  

(1RS,3SR)-3-Phenylcyclohexyl methanesulfonate (29) 

Under N2 atmosphere, a solution of methanesulfonyl chloride (0.65 mL, 966 mg, 8.43 mmol) in dry THF (8 mL) 

was added dropwise at 0 °C, to a solution of 27 (675 mg, 3.83 mmol) and Et3N (1.4 mL, 1.0 g, 9.96 mmol) in dry 

THF (4 mL). The solution was stirred at room temperature 16 h, followed by addition of MeOH (5 mL). Silica 

was added to the reaction mixture and then concentrated in vacuo. Chromatographic purification (Biotage SP4, 
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50 g cartridge, solvent system: EtOAc/Hex, gradient: 0% 4CV; 0–20% 10CV; 20% 8CV) yielded 29 (620 mg, 

64%) as a colourless oil which crystallizes upon standing to an off-white solid. 
1
H NMR (400 MHz, CDCl3) δ: 

1.37 (app qd, J = 12.4, 3.3 Hz, 1H), 1.44-1.62 (m, 2H), 1.72 (app q, J = 12.0 Hz, 1H), 1.82-1.87 (m, 1H), 1.94-

1.99 (m, 1H), 2.22-2.26 (m, 1H), 2.32-2.38 (m, 1H), 2.64 (app tt, J = 12.3, 3.3 Hz, 1H), 3.00 (s, 3H), 4.72-4.79 

(app tt, J = 11.1, 4.6 Hz, 1H), 7.18-7.23 (m, 3H), 7.28-7.32 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ: 24.3, 32.77, 

32.79, 38.9, 40.4, 42.7, 81.6, 126.4, 126.9, 128.7, 145.1. 

 

  

((1SR,3RS)-3-Azidocyclohexyl)benzene (30) 

NaN3 (395 mg, 6.07 mmol) was added to a solution of 28 (386 mg, 1.52 mmol) in DMF (3 mL). The reaction 

mixture was stirred at 80 °C for 2 days. The reaction mixture was allowed to cool to room temperature, brine 

(10 mL) was added and the aqueous phase was washed with Hex (4 × 10 mL). Silica was added to the organic 

layer and then concentrated in vacuo. Chromatographic purification (Biotage SP4, 50 g cartridge, solvent 

system: EtOAc/Hex, gradient: 0% 10CV; 0–10% 5CV) yielded 30 (170 mg, 56%) as a colourless oil. 
1
H NMR 

(400 MHz, CDCl3) δ: 1.30-1.55 (m, 4H), 1.85-1.89 (m, 1H), 1.94-1.98 (m, 1H), 2.06-2.09 (m, 1H), 2.17-2.20 (m, 

1H),  2.59 (app tt, J = 12.1, 3.3 Hz, 1H), 3.41 (app tt, J = 11.5, 4.0 Hz, 1H), 7.19-7.23 (m, 3H), 7.29-7.33 (m, 

2H); 
13

C NMR (100 MHz, CDCl3) δ: 24.3, 31.0, 32.6, 38.9, 42.6, 59.8, 125.9, 126.3, 128.1, 145.2; LRMS (ESI) 

calcd for C12H15N [M-N2]
+ 

: 173.1, found: 174.2. 
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((1SR,3SR)-3-Azidocyclohexyl)benzene (31) 

NaN3 (351 mg, 5.397 mmol) was added to a solution of 29 (343 mg, 1.35 mmol) in DMF (3 mL). The reaction 

mixture was stirred at 80 °C for 2 days. The reaction mixture was allowed to cool to room temperature, brine 

(10 mL) was added and the aqueous phase was washed with Hex (4 × 10 mL). Silica was added to the organic 

layer and then concentrated in vacuo. Chromatographic purification (Biotage SP4, 50 g cartridge, solvent 

system: EtOAc/Hex, gradient: 0% 10CV; 0–10% 5CV) yielded 31 (182 mg, 67%) as a colourless oil. 
1
H NMR 

(400 MHz, CDCl3) δ: 1.48 (app qd, J = 12.4, 4.4 Hz, 1H), 1.54-1.62 (m, 1H), 1.66-1.77 (m, 3H), 1.90-1.93 (m, 

2H), 1.99-2.05 (m, 1H), 2.89 (app tt, J = 12.2, 3.3 Hz, 1H), 4.06 (app dt, J = 6.2, 3.1 Hz, 1H), 7.19-7.22 (m, 3H), 

7.29-7.33 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ: 21.1, 29.3, 33.3, 37.4, 38.2, 58.2, 126.2, 126.9, 128.5, 146.3; 

LRMS (ESI) calcd for C12H15N [M-N2]
+ 

: 173.1, found: 174.0. 

 

  

(1RS,3SR)-3-Phenylcyclohexanamine (23) 

A suspension of 30 (177 mg, 0.88 mmol), 10% Pd/C (177 mg) and HCO2NH4 (277 mg, 4.40 mmol) in MeOH 

(10 mL) was refluxed for 1.5 h. After cooling down to room temperature, the reaction mixture was diluted in 

EtOAc (20 mL), filtered through a thick pad of Celite
®
, washed with EtOAc (2 × 5 mL) and concentrated in 

vacuo to yield 23 (145 mg, 94%) as a yellow oil. FTIR (neat): 3420.4, 3360.3, 2920.1, 2850.3, 1594.6, 1498.5, 

1430.6, 703.4, 723.8; 
1
H NMR (400 MHz, CDCl3) δ: 1.09 (app qd, J = 12.2, 3.4 Hz, 1H), 1.22-1.47 (m, 3H), 

1.51 (bs, 2H), 1.83-1.94 (m, 3H), 2.00-2.04 (m, 1H), 2.57 (app tt, J = 12.1, 3.3 Hz, 1H), 2.80 (app tt, J = 11.1, 

3.8 Hz, 1H), 7.18-7.21 (m, 3H), 7.27-7.31 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ: 24.9, 33.1, 35.9, 42.9, 44.1, 

50.5, 125.5, 126.3, 127.9, 146.4; HRMS (ESI) calcd for C12H18N [M+H]
+ 

: 176.1434, found: 176.1433. 
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(1SR,3SR)-3-Phenylcyclohexanamine (24) 

A suspension of 31 (146 mg, 0.88 mmol), 10% Pd/C (146 mg) and HCO2NH4 (229 mg, 3.63 mmol) in MeOH 

(10 mL) was refluxed for 1.5 h. After cooling down to room temperature, the reaction mixture was diluted in 

EtOAc (20 mL), filtered through a thick pad of Celite
®
, washed with EtOAc (2 × 5 mL) and concentrated in 

vacuo to yield 24 (117 mg, 92%) as a yellow oil. FTIR (neat): 3418.2, 3341.2, 2921.1, 2855.2, 1595.6, 1494.2, 

1431.1, 706.4, 728.9; 
1
H NMR (400 MHz, CDCl3) δ: 1.39 (app qd, J = 12.2, 3.3 Hz, 1H), 1.44-1.52 (m, 3H), 

1.63 (app dd, J = 8.2, 3.4 Hz, 2H), 1.70-1.85 (m, 2H), 2.23 (bs, 2H), 2.94-3.02 (m, 1H), 3.22 (app dt, J = 6.7, 3.3 

Hz, 1H), 7.12-7.17 (m, 1H), 7.18-7.22 (m, 2H), 7.25-7.29 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ: 20.4, 32.9, 

34.2, 37.0, 41.1, 46.1, 126.1, 127.3, 128.7, 147.9; HRMS (ESI) calcd for C12H18N [M+H]
+ 

: 176.1434, found: 

176.1435. 

 

  

2-Amino-4-(1RS,3SR-phenylcyclohexylamino)-7H-pyrrolo[2,3-d]pyrimidine-5-carbonitrile (21) 

9 (135 mg, 0.49 mmol), 23 (102 mg, 0.58 mmol) and Et3N (0.07 mL, 49 mg, 0.49 mmol) were suspended in n-

BuOH (4 mL) and refluxed for 16 h. After cooling to room temperature EtOH (4 mL) and KOH (2 pellets) were 

added and the reaction mixture was heated at 80 °C for 20 h. Then pH was neutralized using 6 N HCl and 

subsequently concentrated in vacuo. The remaining solid was suspended in MeOH, adsorbed on silica gel and 

concentrated in vacuo. Chromatographic purification (Biotage SP4, 50 g cartridge, solvent system: EtOAc/Hex, 

gradient: 60% 6CV; 60–100% 10CV; 100% 4CV) yielded a beige solid that was further triturated with MeOH 

(0.2 mL) to afford 21 (80 mg, 50%) as a white solid. Mp: 254-256 °C (d); 
1
H NMR (400 MHz, DMSO-d6) δ: 

1.29-1.56 (m, 4H), 1.76-1.79 (m, 1H), 1.86-1.89 (m, 1H), 2.06-2.15 (m, 2H), 2.63-2.69 (m, 1H), 4.13-4.20 (m, 

1H), 5.39 (d, J = 5.4 Hz, 1H), 5.96 (bs, 2H), 7.16-7.19 (m, 1H), 7.25-7.31 (m, 4H), 7.62 (s, 1H), 10.95 (bs, 1H); 
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13
C NMR (100 MHz, DMSO-d6) δ: 26.0, 33.3, 34.3, 41.2, 44.2, 50.3, 83.6, 95.7, 117.4, 126.9, 127.6, 128.2, 

129.2, 147.5, 153.7, 157.0, 162.8; HRMS (ESI) calcd for C19H21N6 [M+H]
+ 

: 333.1822, found: 333.1819; HPLC 

tR = 13.03 min (Method A)  

 

  

2-Amino-4-(1SR,3RS-3-phenylcyclohexylamino)-7H-pyrrolo[2,3-d]pyrimidine-5-carbonitrile (22) 

9 (160 mg, 0.58 mmol), 24 (121 mg, 0.69 mmol) and Et3N (0.08 mL, 58 mg, 0.58 mmol) were suspended in n-

BuOH (4 mL) and refluxed for 16 h. After cooling to room temperature EtOH (4 mL) and KOH (2 pellets) were 

added and the reaction mixture was heated at 80 °C for 20 h. Then pH was neutralized using 6 N HCl and 

subsequently concentrated in vacuo. The remaining solid was suspended in MeOH, adsorbed on silica gel and 

concentrated in vacuo. Chromatographic purification (Biotage SP4, 50 g cartridge, solvent system: MeOH/DCM, 

gradient: 0% 6CV; 0–5% 8CV; 5% 8CV) yielded a beige solid that was further triturated with MeOH (0.5 mL) 

to afford 22 (72 mg, 38%) as a white solid. Mp: 270-272 °C (d); 
1
H NMR (400 MHz, DMSO-d6) δ: 1.50-1.74 

(m, 4H), 1.78-1.86 (m, 2H), 1.91-1.93 (m, 1H), 2.02-2.06 (m, 1H), 2.77 (app dt, J = 11.8, 3.1 Hz, 1H), 4.44-4.52 

(m, 1H), 5.69 (d, J = 7.1 Hz, 1H), 5.99 (bs, 2H), 7.16-7.20 (m, 1H), 7.22-7.24 (m, 2H), 7.28-7.31 (m, 2H), 7.71 

(s, 1H), 11.85 (bs, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ: 21.4, 29.8, 33.6, 37.8, 38.7, 45.5, 81.9, 95.3, 118.1, 

126.6, 127.3, 128.5, 128.9, 146.8, 153.4, 156.1, 161.7; HRMS (ESI) calcd for C19H21N6 [M+H]
+ 

: 333.1822, 

found: 333.1818; HPLC tR = 13.05 min (Method A). 
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