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1.0. General Information 

NMR measurements were carried out on a Bruker, 300 MHz spectrometer equipped with a 5 

mm, BBO, Z-gradient probe with TMS internal standard. Data for 
1
H NMR are recorded as 

follows: chemical shift (ppm), multiplicity (s, singlet; bs, broad singlet; d, doublet; t, triplet; q, 

quartet; h, heptet; dd, doublet of doublet; m, multiplet), integration, coupling constant (Hz). Data 

for 
13

C NMR are reported in terms of chemical shift (ppm). Trace metal analysis was performed 

by Intertek Pharmaceutical services using inductively coupled plasma atomic emission 

spectroscopy (ICP-AES). Melting points were measured by differential scanning calorimetry 

(DSC). All reactions were performed under an inert atmosphere. Unless otherwise noted, all 

chemicals were commercially available and used as is. SiliaMetS® thiol (40–63 um, 60Å) was 

purchased from Silicycle® and activated carbon was Darco® G60, 100 mesh. (R)-(+)-pulegone 

was sourced from Anthem BioSciences, India. 

 

2.0. Analytical Methods  

Method 2.1. HSGC Column: Agilent J&W DB-1, 60 m x 0.53 mm, 3 μm; Inlet Temperature: 

200 °C; Split Ratio: 0.9:1; Column: Flow Nitrogen at 8 mL/min; Oven Temperature: Hold time 2 

min (60 °C), ramp 12 °C / min to 250 °C (hold 10 min); Total Run Time: 26 minutes; Detector 

Type: FID; Detector Temperature: 250 °C. 

 

Method 2.2. Chiral HPLC column: Chiralcel AD-H, 4.6 x 250 mm, 5 μm; Mobile Phase A: n-

hexane; Mobile Phase B: MeOH/i-PrOH (75:25); A:B = 95:5; A; Flow Rate: 0.8 mL/min; 

Column Temperature: 40 ˚C; Detector Wavelength: 254 nm. 

 

Method 2.3. LCMS Column: Atlantis Express C18, 75 mm x 4.6 mm; Mobile Phase A: 0.1% 

Formic acid in purified water; B: ACN; Gradient: 0.0–1.0 min 70% B, 1.0-1.5 min 95% B, 1.5–

2.5 min 95% B, 2.5–3.0 min 70% B, 3.0–5.0 min 70% B; Flow Rate: 0.8 mL/min; Injection 

Volume: 5 μL; Detector Wavelength: 254 nm. 

 

Method 2.4. HPLC Column: ZORBAX C18, 150 mm x 4.6 mm; Mobile Phase A: 20mM 

NH4OAc in purified water; B: ACN; Gradient: 0.0–4.0 min 40% B, 4.0-8.0 min 90% B, 8.0–12.0 

min 90% B, 12.0–15.0 min 40% B, 15.0–20.0 min 40% B; Flow Rate: 0.8 mL/min; Detector 

Wavelength: 254 nm. 
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3.0. Experimental Section for (R)-(+)-Pulegone Route to Ketone (R)-3 

3.1. Preparation of cyclopentyl ethyl ester (R)-6. 

 

 ((R)-Ethyl 2-methyl-5-(propan-2-ylidene)cyclopentanecarboxylate, 6. Anhydrous sodium 

hydrogen carbonate (138 g, 0.5 equiv) was charged to a solution of (R)-(+)-pulegone (0.5 kg, 1 

equiv) in CH2Cl2 (2 L). The agitated mixture was cooled to  ≤ –10 °C and then bromine (0.54 kg, 

1.02 equiv) was added drop-wise over ~3 h. The resultant mixture was stirred for 1 h at the same 

temperature and the reaction was deemed complete by TLC analysis: pulegone: Rf. 0.85 and Int 

A: Rf. 0.9; eluent = 100% DCM. The reaction mixture was filtered and the filter cake was 

washed with CH2Cl2 (0.25 L). The combined filtrate was cooled to –40 °C and to this, a solution 

of NaOEt (0.49 kg, 2.2 equiv) in EtOH (1.66 L) was charged. The reaction mixture was agitated 

for 16 h and was deemed complete by TLC analysis: Int A: Rf. 0.9 and product: Rf. 0.95; eluent 

= 100% DCM). The reaction mixture was quenched with aqueous1N HCl (840 mL), diluted with 

CH2Cl2 (0.5 L) and then the layers were separated. The aqueous layer was re-extracted using 

CH2Cl2 (3 x 0.5 L) and the combined organic layers were then washed with brine (0.5 L) and 

finally concentrated under vacuum to a brown oil. The oil was then dissolved in EtOH (1.5 L) 

and charged with semicarbazide hydrochloride (0.25 kg, 0.68 equiv), NaOAc (0.25 kg, 0.93 

equiv) and water (2.5 L). The mixture was heated to reflux for 3 h and then cooled to ~25 °C and 

maintained for 20 h. The reaction mixture was diluted with water (0.5 L) and EtOAc (0.5 L) and 

the layers separated. The aqueous layer was extracted using EtOAc (2 x 0.5 L) and the combined 

organic layers were washed with brine (0.5 L) and then concentrated under reduced pressure to 

afford ester (R)-6 (0.40 kg, 89 A% purity by GC as ~2:3 mixture of cis/trans isomers (Figure 

1.1) in 62% yield as a brown oil. Two additional batches of (R)-(+)-pulegone were processed 

under similar reaction conditions starting with (1) 4.5 kg and (2) 5.0 kg (R)-(+)-pulegone and 

gave: (1) 2.5 kg, 88 A% purity and (2) 3.9 kg, 85 A% purity of cyclopentyl ethyl ester (R)-6 



 

S-5 

respectively. The 
1
H NMR (CDCl3) spectrum conforms to structure (Figure 1.2). No further 

purification was required and the product was used directly in the next step.
1
 

 

Figure 1.1. GC chromatogram of cyclopentyl ethyl ester (R)-6.  

                                                 

1
In a separate experiment starting with 2.7 kg scale of (R)-(+)-pulegone, the concentrated crude product was 

collected by vacuum distillation at 75–80 °C (1 mm Hg) and gave cyclopentyl ethyl ester (R)-6 (2.16 kg) in 67% 

yield as a 36:43 mixture of cis/trans isomers. 
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Figure 1.2. 
1
H NMR (CDCl3) spectrum of cyclopentyl ethyl ester (R)-6. 
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3.2. Ozonolysis reaction for preparation of -keto ester (R)-7. 

i) Ozone, DCM 

–78 °C, ~24 h

ii) (CH3)2S (1.2 equiv)

iii) sat'd Aq KI, DCM

O
CO2Et

CH3

crude-(R)-7

CO2Et

CH3

(R)-6  

Procedure A: (R)-Ethyl 2-methyl-5-oxocyclopentanecarboxylate, 7. Cyclopentyl ethyl ester 

(R)-6 (0.50 kg, 1 equiv) was dissolved in CH2Cl2 (5 L) and cooled to ≤ –78 °C. Ozone gas was 

sparged through the solution until the reaction mixture turned blue in color. The reaction was 

deemed complete by TLC analysis (100% DCM) after ~24 h with consumption of starting 

material.
2
 The excess ozone was removed by sparging with argon at ≤ –78 °C for several minutes 

and then the reaction mixture charged with a solution of dimethylsulfide (DMS) (194 g, 1.2 

equiv) in CH2Cl2 (1 L) while maintaining the internal temperature ~ –70 °C. [CAUTION: 

STENCH — a bleach trap should be used to scrub DMS]. The reaction mixture was gradually 

warmed to ~25 °C over 4 h, agitated for 16 h and then quenched with saturated aqueous 

potassium iodide solution (0.25 L). The layers were separated and then the aqueous layer 

extracted with CH2Cl2 (3 x 0.5 L) followed by washing the combined organic layers with wash 

brine (0.5 L). The organic layer was concentrated under vacuum to dryness to afford crude (R)-7 

(0.33 kg, 85 A% purity by GC [Figure 1.3]) in ~75% yield as yellow liquid. No further 

purification was required and the product was used directly in the next step. Using this 

procedure, a total of 5.9 kg cyclopentyl ethyl ester (R)-6 was converted into 4.68 kg of -keto 

ester (R)-7 in 15 batches with GC purity ranging between 77–94 A%. The 
1
H NMR (CDCl3) 

spectrum was consistent with the reported literature.
3
 

 

 

 

 

 

i) Ozone, EtOAc

–78 °C, ~6 h

ii)  Zn (2 equiv), AcOH

iii) Aq. NaOH (pH 7), Et2O

iv) distillation

O
CO2Et

CH3

crude-(R)-7

CO2Et

CH3

(R)-6

 
                                                 

2
 The ozonolysis of cyclopentyl ethyl ester (R)-6 was also reported to work well in 5% H2O / 

acetone at 0 °C, see: Taber, D. F.; Bai, S.; Tian, W. J. Org. Chem. 2011, 76, 9733–9737, and 

reference 5 therein. 
3
  r an,   ;  n  l,   ;  elmc en,    Tetrahedron 1996, 52, 971−986  
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Procedure B: (R)-Ethyl 2-methyl-5-oxocyclopentanecarboxylate, 7. Cyclopentyl ethyl ester 

(R)-6 (0.50 kg, 1 equiv) was dissolved in EtOAc (3 L) and cooled to –78 °C. To this solution, 

ozone gas was sparged until the reaction mixture turned blue in color (~ 6 h). The reaction was 

deemed complete as determined by TLC analysis (100% DCM). The solution was concentrated 

under reduced pressure to give a green, glassy ozonide mixture [CAUTION: potentially 

explosive intermediate!]
4
 that was then diluted with AcOH (1.5 L) and cooled to 0 °C. The 

reaction mixture was quenched with Zn dust (335 g, 2.0 equiv) portionwise over 30 min 

(CAUTION: exothermic!) while maintaining the internal temperature <50 °C. The reaction 

mixture was agitated at ~23 °C overnight and the quench deemed complete when starting 

material was consumed by TLC analysis: (R)-6: Rf. 0.8; (R)-7: Rf. 0.5; eluent = 100% DCM). 

The mixture was filtered to remove excess zinc and then neutralized to pH ~7 with 50% aqueous 

NaOH (0.5 L) and saturated aqueous NaHCO3 (2 L). The aqueous mixture was extracted with 

Et2O (3 x 3 L) and the combined organic layer washed with brine (3 L), dried over MgSO4 and 

then concentrated under reduced pressure to brown oil. The product was collected by distillation 

between 72–75 °C (1 mm Hg) to give -keto ester (R)-7 (0.34 kg, 74 A% purity by GC) in 78% 

yield as a colorless oil.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 

4
 For a relevant reference to the risk assessment and safety evaluation of an ozonolysis reaction 

of -pinene, see: Hida, T.; Kikuchi, J.; Kakinuma, M.; Nogusa, H. Org. Process Res. Dev. 2010, 

14, 1485–1489. 
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Figure 1.3. GC chromatogram of crude -keto ester (R)-7 (Procedure A). 
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Figure 1.4. 
1
H NMR (CDCl3) spectrum of crude -keto ester (R)-7 (Procedure A). 
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3.3. Thiourea reaction for preparation of thiopyrimidine (R)-8. 

N

N

CH3
OH

(R)-8

O
CO2Et

CH3

(R)-7

i) thiourea (1.5 equiv)

DBU (1.3 equiv)

ACN, reflux

ii) recryst. i-PrOH
HS

 

(R)-2-Mercapto-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-ol, 8. Thiourea (0.24 kg, 

1.5 equiv) was charged to a solution of -keto ester (R)-7 (0.35 kg, 1 equiv) in acetonitrile (4.2 

L) and to suspension was then added DBU (0.40 L, 1.3 equiv) dropwise ((Exothermic) over ~2 h 

at ≤25 °C The reaction mixture was heated to reflux for 20 h and was deemed complete by TLC 

analysis (100% DCM) with consumption of starting material. The acetonitrile was removed 

under reduced pressure to obtain a gummy liquid. The residue was cooled to ≤ –5 °C and then 

charged with 12N HCl (0.8 L) to obtain pH 1. The suspension was then added to ice (0.41 kg) 

and the mixture agitated at ~20 °C for 1 h. The solids were collected by filtration and the wet 

cake was washed with H2O (1.25 L) followed by heptane (1.25 L). The wet-cake was then 

purified by crystallization from i-PrOH (1 L) by heating to 85 °C and then slowly cooling to –5 

°C over ~3 h. The solids were collected by filtration, dried under reduced pressure (50 °C, 12 h) 

to afford thiopyrimidine (R)-8 (0.19 kg) in 50% yield as a beige solid. Using this procedure, a 

total of 5.03 kg -keto ester (R)-7 was converted into ~1.8 kg of thiopyrimidine (R)-8 with 99 

A% purity by HPLC. The 
1
H NMR (MeOD) spectrum conformed to the product (Figure 1.5).  
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Figure 1.5. 
1
H NMR (MeOD) spectrum of thiopyrimidine (R)-8. 
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Figure 1.6. LCMS of thiopyrimidine (R)-8. 
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3.4. Raney-Ni reaction for preparation of pyrimidine (R)-9.
5
 

N

N

CH3
OH

(R)-8

HS

N

N

CH3
OH

(R)-9

Raney-Ni

NH4OH

90 °C

 

(R)-5-Methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-ol, 9. To an autoclave containing a 

solution of thiopyrimidine (R)-8 (190 g, 1 equiv) in MeOH (2.85 L) was charged Raney® nickel 

(0.4 kg, ~2 wt equiv) and NH4OH (0.58 L) at room temperature. The reaction mixture was 

slowly heated to 90 °C and after ~6 h, the reaction was deemed complete by TLC analysis (1:1 

EtOAc/hexanes) with complete consumption of starting material. The reaction mixture was 

cooled to ≤30 °C and filtered under nitrogen to remove excess Raney® nickel. The filtrate was 

concentrated to dryness and the wet-cake was dried under reduced pressure (40 °C for 20 h) to 

afford hydroxypyrimidine (R)-9 (0.13 kg, 83%) as a blue-green solid.
6
 Using this procedure, a 

total of 1.14 kg thiopyrimidine (R)-8 was converted into ~0.98 kg of hydroxypyrimidine (R)-9 

with ~99 A% purity by HPLC. The 
1
H NMR (MeOD) spectrum conformed to the product 

(Figure 1.7). 

 

Procedure B. An autoclave was charged with thiopyrimidine (R)-8 (0.655 kg, 1 equiv), water 

(10 L), Raney® nickel (1.3 kg) and NH4OH (2 L) and the mixture was heated to reflux for 3 h 

(deemed complete by TLC analysis: 1:1 EtOAc/heptane). The reaction mixture was cooled to 

≤50 °C and filtered under nitrogen to remove excess Raney® nickel. The filtrate was 

concentrated to dryness and the wet-cake was dried in a vacuum oven overnight at 35 °C to 

afford hydroxypyrimidine (R)-9 (0.50 kg, 99.9 A% purity by HPLC) in 93% yield as a blue-

green solid.  

 

 

 

 

 

                                                 

5
 Synthesis of compound (R)-9 was first reported by Array: Mitchell, I. S.; Blake, J. F.; Xu, R.; 

Kallan, N. C.; Xiao, D.; Spencer, K. L.; Bencsik, J. R.; Liang, J.; Safina, B.; Li, J.; Chabot, C. 

PCT Int. Appl., (2008) WO2008006032 A1. 

6
 For a related procedure for desulfurization of thiopyrimidine, see: Organic Syntheses, Coll. 

Vol. 4, p.638 (1963); Vol. 35, p.80 (1955). 
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Figure 1.7. 
1
H NMR (MeOD) spectrum of hydroxypyrimidine (R)-9. 
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Figure 1.8. LCMS of hydroxypyrimidine (R)-9. 
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3.5. Chlorination reaction for preparation of chloropyrimidine (R)-10. 

POCl3N

N

CH3
OH

(R)-9

N

N

CH3
Cl

(R)-10  

(R)-4-Chloro-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidine, 10.  

Procedure A: To a 12-L flask containing POCl3 (2 L, 22 mol, 5 equiv) was charged 

hydroxypyrimidine (R)-9 (0.66 kg, 1 equiv) portionwise with agitation while maintaining the 

internal temperature <50 °C. The reaction mixture was heated to 100 °C and after ~3 h, the 

reaction was deemed complete by TLC analysis ((R)-9: Rf. 0.1; (R)-10: Rf. 0.8; eluent = 

EtOAc/heptane (1:1)). The excess POCl3 was removed under high vacuum and the reaction 

mixture was then poured onto ice (10 kg) and neutralized to pH ~7 with 50% aqueous NaOH (~ 

1.5 L). The aqueous mixture was extracted with CH2Cl2 (3 x 5 L), and the combined organic 

layers washed with brine (10 L), dried over MgSO4 and then filtered. The solution was 

concentrated under reduced pressure, passed through a plug of silica gel eluting with CH2Cl2 and 

then concentrated to give chloropyrimidine (R)-10 (0.51 kg, 99.9 A% purity by HPLC) in 91% 

yield as a brown liquid.   

 

Procedure B: To a solution of hydroxypyrimidine (R)-9 (0.45 kg, 1 equiv) and CH2Cl2 (4.5 L), 

was charged POCl3 (0.54 L, 2 equiv) (Caution: Exothermic!) and slowly heated to reflux and 

then maintained for ~4 h. The reaction was deemed complete by TLC analysis and the mixture 

was then concentrated via distillation to ~1 vol and poured onto ice (7 kg) followed by 

neutralization to pH ~7 with 50% NaOH solution (~ 1.1 L). The aqueous mixture was extracted 

with CH2Cl2 (3 x 3 L) and the combined organic layers washed with brine (7 L) and then 

concentrated under reduced pressure to afford a residue that was further purified over a plug of 

silica gel eluting with a gradient mixture of EtOAc/hexanes. The filtrates were concentrated to 

give chloropyrimidine (R)-10 (0.36 kg, >98 A% purity by HPLC) in 71% yield as a brown 

liquid. 
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Figure 1.9. 
1
H NMR (CDCl3) spectrum of chloropyrimidine (R)-10 (Procedure B). 
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Figure 1.10. 
13

C NMR (CDCl3) spectrum of chloropyrimidine (R)-10 (Procedure B). 
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Figure 1.11. LCMS chromatogram of chloropyrimidine (R)-10 (Procedure B). 
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Figure 1.12. HPLC chromatogram of chloropyrimidine (R)-10 (Procedure B). 
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Figure 1.13. Chiral HPLC chromatogram of chloropyrimidine rac-10. 

 

 

 

 

 

 

 

 



 

S-23 

Figure 1.14. Chiral HPLC chromatogram of chloropyrimidine (R)-10 (Procedure B). 
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3.6. SNAr reaction with N-Boc-piperazine for preparation of (R)-11. 

DIPEA, n-BuOH
N

N

CH3
N

Boc
N

(R)-11

N

N

CH3
Cl

(R)-10

N
H

Boc
N

 

(R)-Tert-butyl 4-(5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-1-

carboxylate, 11.  

To a reactor was charged chloropyrimidine (R)-10 (0.46 kg, 2.74 mol, 1 equiv), N-Boc 

piperazine (0.535 kg, 2.87 mol, 1.05 equiv), diisopropylethylamine (1.50 L, 8.39 mol, 3 equiv) 

and n-butanol (4.2 L) at 23 °C. The agitated mixture was heated to reflux for 20 h and deemed 

complete by consumption of starting material [TLC analysis: (R)-10 Rf. = 0.8; (R)-11 Rf. = 0.2; 

eluent = EtOAc/heptane (1:1)]. The reaction mixture was concentrated under reduced pressure 

and the residue diluted with H2O (10 L) and CH2Cl2 (10 L). The layers were separated, and the 

aqueous layer was extracted with CH2Cl2 (2 x 5 L). The combined organic layers were washed 

with water (5 L), brine (5 L), dried over MgSO4, filtered and then concentrated under reduced 

pressure. The residue was loaded on a plug of silica gel and eluted with EtOAc to afford crude 

(R)-11 that was then crystallized from heptane (~3 mL/g) while cooling to ~ –20 °C. After 

warming to room temperature, the solids were filtered to give N-Boc pyrimidine (R)-11 (0.69 kg, 

99.9 A% purity by HPLC) in 79% yield as an off-white solid. A second batch of N-Boc 

pyrimidine (R)-11 (0.31 kg, 99.9 A% purity by HPLC at 284 nm) was obtained resulting in a 

total of 1.01 kg of N-Boc pyrimidine (R)-11. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

S-25 

Figure 1.15. HPLC chromatogram of N-Boc pyrimidine (R)-11. 

 

 
 

 
 



 

S-26 

Figure 1.16. 
1
H NMR (CDCl3) of N-Boc pyrimidine (R)-11. 
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3.7. m-CPBA reaction to prepare pyrimidine N-oxide (R)-12. 

N

N

CH3
N

Boc
N

(R)-11

i) m-CPBA, CH2Cl2

ii) SiO2 (plug filtration)
N

N

CH3
N

Boc
N

(R)-12

O

 

(R)-4-(4-(Tert-butoxycarbonyl)piperazin-1-yl)-5-methyl-6,7-dihydro-5H-cyclopenta[d]-

pyrimidine 1-oxide, 12.  

To a 22-L 3-neck round bottom flask containing N-Boc pyrimidine (R)-11 (0.48 kg, 1.49 mol, 

1.0 equiv) and CH2Cl2 (8 L) was charged m-CPBA (0.77 kg, 4.46 mol, 77% by wt) portionwise 

over 45 min (exothermed to ~32 °C). The agitated reaction mixture was maintained at room 

temperature for 16 h and analysis by TLC: Rf. (R)-12 = 0.1, Rf. (R)-11 = 0.4; eluent = 

EtOAc/MeOH (9:1) indicated starting material remained. Another portion of m-CPBA (0.26 kg, 

1.51 mol, 77% by wt) was added and after 3 h, TLC analysis indicated complete consumption of 

starting material. The reaction mixture was cooled to ~ –10 °C using ice/MeOH bath and then 

filtered through a glass fiber filter to remove the solid benzoic acid. The filtrate was concentrated 

under reduced pressure, passed through a plug of silica gel (D x H, 8 x 14 in.) and eluted with 

20-30% MeOH/EtOAc. The filtrate containing product was concentrated to give pyrimidine N-

oxide (R)-12 (0.37 kg) in 74% yield as a brown residue. A total of 0.82 kg of pyrimidine N-oxide 

(R)-12 was produced and carried directly into the next step.  

 

Safety Note: At this stage of development a safety risk assessment for the m-CPBA reaction and 

for the stability of N-oxide 12 were not performed; however, it is highly recommended to do so 

in light of a recent reported explosion involving an N-oxide intermediate.
7
 

 

 

 

 

                                                 

7
 (a) Barbas, R.; Botija, M.; Camps, H.; Portell, A.; Prohens, R.; Puigjaner, C. Org. Process Res. 

Dev. 2007, 11, 1131–1134. (b) For additional insight into unstable compounds and unexpected 

reactions, refer to: Bretherick’s Handbook of Reactive Chemical Hazards, 7th ed.; Urben, P. G., 

Ed.; Elsevier; 2007; Vols. 1–2. 
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3.8. Step 8: Boekelheide-type oxidation-rearrangement to prepare acetate (R)-13. 

N

N

CH3
N

Boc
N

(R)-12

O

N

N

CH3
N

Boc
N

Ac2O

95 °C

(R)-13

(~ 1:1 dr)

OAc

 
 

(R)-Tert-butyl 4-(7-acetoxy-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)-piper-

azine-1-carboxylate, 13.  

A 12 L, 3-neck round bottom flask containing pyrimidine N-oxide (R)-12 (0.67 kg, 2.0 mol) and 

acetic anhydride (5.3 L, 56 mol, 28 equiv) was heated to 95 °C with agitation. After 3 h, analysis 

by TLC [Rf. ((R)-13) = 0.6, Rf.  ((R)-12) = 0.1; eluent = EtOAc/MeOH (9:1)] indicated the 

reaction was complete and the mixture was then concentrated to dryness under reduced pressure.  

The residue was dissolved in EtOAc (2 L) and the solution charged with aqueous saturated 

NaHCO3 (7 L) to give pH ~7. An additional 7 L of EtOAc was added, the layers separated, and 

the aqueous layer extracted with EtOAc (2 x 6 L). The combined organic layers were washed 

with brine (8 L), dried (MgSO4) and then filtered over a plug of silica gel eluting with EtOAc. 

The filtrates were concentrated to give acetate (R)-13 (0.54 kg) as a 1:1 mixture of diastereomers 

that was used without further purification. A total of 0.963 kg of N-oxide (R)-12 was converted 

into acetate (R)-13 (0.80 kg). 
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3.9. Acetate hydrolysis to prepare alcohol (R)-14. 

N

N

CH3
N

Boc
N

(R)-13

(~ 1:1 dr)

OAc

N

N

CH3
N

Boc
N

(R)-14

(~ 1:1 dr)

OH

LiOH
 

THF, rt

 

(R)-Tert-butyl 4-(7-hydroxy-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-

yl)piperazi-ne-1-carboxylate, 14.  

A 12 L flask containing a solution of acetate (R)-13 (0.54 kg, 1.43 mol) and THF (5.5 L) was 

charged with H2O (5.5 L) followed with LiOH hydrate (0.18 kg, 4.30 mol, 3 equiv) (slightly 

exothermic to ~35 °C). After agitation for 12 h, TLC [Rf. (14) = 0.3, Rf. (R)-13 = 0.6; eluent = 

EtOAc/MeOH (9:1)] indicated the hydrolysis was complete and the reaction mixture was diluted 

with brine (10 L) followed by EtOAc (10 L). The layers were separated and the aqueous layer 

extracted with EtOAc (2 x 8 L) and the combined organic layers dried (MgSO4), filtered, and 

concentrated under reduced pressure to ~one-third volume. The residue was passed through a 

plug of silica gel (D x H, 8 x 14 in.) eluting with 2-5% MeOH/EtOAc and then concentrated to 

give alcohol (R)-14 as brown oil. The crude product was dissolved in Et2O (0.7 L, 1.5 vol), 

diluted with heptane (5 L) and agitated overnight at room temperature. The solids were filtered, 

dried under vacuum at 30 °C for 6 h to give alcohol (R)-14 as a 1:1 mixture of diastereomers and 

a beige solid. A total of 1.23 kg of acetate (R)-15 was converted into alcohol (R)-14 (0.56 kg, 

~99 A% purity) in 4 batches with yields ranging from 41–54% over the three steps from N-Boc 

pyrimidine (R)-11. 
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3.10. PDC oxidation to prepare ketone (R)-3. 

N

N

CH3
N

Boc
N

O
R-(3)

PDC oxidation

N

N

CH3
N

Boc
N

(R)-14

(~ 1:1 dr)

OH

H2Cr2O7

N
2

 
 

(R)-Tert-butyl 4-(5-methyl-7-oxo-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-1-

carboxylate, 3.  

Pyridinium dichromate (PDC) (0.3 kg, 0.80 mol, 1.3 equiv) was charged in one portion 

[exothermed to ~40 
o
C] to a solution of alcohol (R)-14 (0.2 kg, 0.60 mol) and CH2Cl2 (3.2 L). 

The reaction mixture was agitated at room temperature and after 2 h TLC analysis [(R)-3 Rf. = 

0.5; (R)-14 Rf. = 0.3; eluent = EtOAc/MeOH (9:1)] indicated that the reaction was not complete. 

Another portion of PDC (0.038 kg, 0.10 mol, 0.17 equiv) was charged and after 2 h TLC analysis 

indicated starting material was still present. Another portion of PDC (0.038 kg, 0.10 mol, 0.17 

equiv) was charged and then the reaction mixture was agitated overnight at room temperature. 

The reaction mixture was poured onto a plug of silica gel (D x H, 8 x 14 in.) and eluted with 

EtOAc until no product remained as determined by TLC analysis. The fractions were 

concentrated to obtain the crude product that was then suspended in Et2O (4 vol) and diluted with 

heptane (10 vol) with good agitation. The solids were collected by filtration and dried under 

vacuum at 30 °C for 6 h to give ketone (R)-3 (0.072 kg, 96.9 A% purity) in 36% yield. A total of 

0.52 kg of hydroxyl (R)-14 was converted to ketone (R)-3 in three batches  and gave a total of 

0.21 kg having between 96.9–97.3 A% with yields between 36–43%.  

 

Safety Note: Chromium reagents such as PCC and PDC are known to be toxic to the 

environment (refer to the MSDS).The fire hazards of PDC have also been reported, and we had 

no intention of using it beyond the scope of this initial scale-up to ketone (R)-3.
8
 

 

 

 

 

 

                                                 

8
 (a) Letter to the editor: Org. Process. Res. Dev., 2003, 7, 446. (b) Chemical & Engineering 

News (21 Apr 2003) Vol. 81, No. 16, pp. 4). 
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Figure 1.17. 
1
H NMR (DMSO-d6) of -keto ester rac-24 (Scheme 6 of manuscript). 
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Figure 1.18. 2D NMR (DMSO-d6) of -keto ester rac-24 (Scheme 6 of manuscript). 
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Figure 1.19. 2D NMR (DMSO-d6) of -keto ester rac-24 (Scheme 6 of manuscript). 

 


