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1. General experimental 

Reacions involving moisture sensiive reagents were carried out in flame-dried glassware 
under an inert atmosphere (Ar or N2) using standard vacuum line techniques. Anhydrous 
solvents (Et2O, CH2Cl2, THF and PhMe) were obtained aler passing through an alumina column 
(Mbraun SPS-800) or purchased in a sealed bomled under inert atomsphere. Organometallic 
reagents were itrated before use according to literature procedures.[1] Room temperature 
(r.t.) refers to 18 ± 3 °C, Petrol refers to petroleum ether with the boiling range of 40 – 60 °C, 
brine refers to saturated aqueous sodium chloride soluion, ether refers to diethylether (Et2O). 
All chemicals and solvents used were purchased by perinent brands (Sigma Aldrich, Alfa Aesar, 
Acros, Apollo Scienific, TCI, STREM) and used without further purificaion unless stated. For 
reacions conducted during the day following cooling baths were applied: 0 °C (ice/water), −10 
°C (ice/acetone), −20 °C (ice/NaCl), −45 °C (CO2(s) or N2(l)/MeCN), −60 °C (CO2(s) or N2(l)/CHCl3) 
and −78 °C (CO2(s)/acetone). Temperatures of 0 °C to −78 °C for overnight reacions were 
obtained using an immersion cooler (HAAKE EK 90). Reacions involving heaing were 
performed using DrySyn blocks or oil baths and a contact thermocouple. Under reduced 
pressure refers to the use of either a Büchi Rotavapor R-200 with a Büchi V491 heaing Bath 
and Büchi V-800 vacuum controller, a Büchi Rotavapor R-210 with a Büchi V-491 heaing bath 
and Büchi V-850 vacuum controller, a Heidolph Laborota 4001 with vacuum controller, an IKA 
RV10 rotary evaporator with an IKA HB10 heaing bath and ILMVAC vacuum controller, or an 
IKA RV10 rotary evaporator with an IKA HB10 heaing bath and Vacuubrand CVC3000 vacuum 
controller. Rotary evaporator condensers are fimed to Julabo FL601 Recirculaing Coolers filled 
with ethylene glycol and set to −6 °C.  

Analyical thin layer chromatography (TLC)[2] was performed on pre-coated aluminium plates 
(Kieselgel 60 F254 silica) plates purchased from Merck. Visualisaion was achieved using 
ultraviolet light (254 nm) and staining with aqueous KMnO4 or ethanolic vanillin soluion 
followed by heaing. Flash column chromatography was performed in glass columns fimed with 
porosity 3 sintered discs over Silica gel 60 (0.043 – 0.060 mm) using standard techniques as 
reported in literature with the solvent system stated.[3] Automated chromatography was 
performed on a Biotage® Selekt™ SEL-2SV with a 200 – 400 nm UV-detector using the method 
stated and Biotage® Sfär™ Silica HC D or Biotage® Sfär™ Silica D columns.  

HPLC analyses were obtained on either a Shimadzu HPLC consising of a DGU-20A5 degassing 
unit, LC-20AT liquid chromatography pump, SIL-20AHT autosampler, CMB-20A 
communicaions bus module, SPD-M20A diode array detector and a CTO-20A column oven or 
a Shimadzu HPLC consising of a DGU-20A5R degassing unit, LC-20AD liquid chromatography 
pump, SIL-20AHT autosampler, SPD-20A UV/Vis detector and a CTO-20A column oven. 
Separaion was achieved using either DAICEL CHIRALCEL OD-H and OJ-H columns or DAICEL 
CHIRALPAK AD-H, AS-H, IA, IB, IC and ID columns using the method stated. HPLC traces of 
enaniomerically enriched compounds were compared with authenic racemic spectra. 
Racemic compounds were synthesised under analogous reacion condiions using achiral or 
racemic catalysts where necessary.  

Opical rotaions were determined using a Perkin Elmer Precisely/Model-341 Polarimeter with 
a Na/Hal lamp (Na D line, 589 nm) at 20 °C.  

Infrared spectra were recorded on a Shimadzu IRAffinity-1 Fourier transform IR 
spectrophotometer fimed with a Specac Quest ATR accessory (diamond puck). Spectra were 
recorded of either thin films or solids, with characterisic absorpion wavenumbers (νmax) 
reported in cm−1. 
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1H, 13C, 19F and 32P nuclear magneic resonance (NMR) spectra were recorded with Bruker 
Avance™ 300 Cryomagnet with a BBFO probe, Bruker Avance II™ 400 Ultrashield with a BBFO 
probe, Bruker Avance™ 500 Ultrashield with a SmartProbe BBFO+ probe or Bruker Avance III™ 
500 Ascend™ with a CryoProbe Prodigy BBO probe using deuterated solvents (CDCl3, CD2Cl2, 
D2O, CD3OD, CD3CN, (CD3)2SO, (CD3)2CO, C6D5CD3) purchased from Sigma-Aldrich. Chemical 
shils (δ) are quoted in ppm and referenced to residual solvent signals reported in literature.[4] 
13C{1H} and 19F{1H} spectra were acquired using a proton broadband decoupling sequence. 13C 
were recorded with DEPTQ or UDEFT sequences. Couplings were indicated by the use of 
convenional agreed abbreviaions: s (singlet), d (doublet), t (triplet), q (quartet), m (muliplet), 
dd (doublet of doublets), td (triplet of doublets), etc. Coupling constants (J) are denoted with 
the number of bonds involved in the upper lel and with the atoms coupling in the bomom 
right edge of the symbol, e.g. 3JHH. The abbreviaion Ar denotes aromaic and app denotes 
apparent.[5] NMR peak assignments were confirmed using 2D 1H correlated spectroscopy 
(COSY), 1D selecive 1H nuclear Overhauser effect spectroscopy (NOESY), 2D 1H−13C 
heteronuclear muliple-bond correlaion spectroscopy (HMBC), and 2D 1H−13C heteronuclear 
single quantum coherence (HSQC) where necessary. For analysis of NMR-spectra MestReNova 
and tools therein were used.[6] For Karplus analysis transformed equaion 2 was used. 

Meling points were recorded on an Electrothermal 9100 meling point apparatus and are not 
corrected; (dec) refers to decomposiion.  

Mass spectrometry (m/z) data were acquired using ThermoFisher Exacive Orbitrap mass 
spectrometer or Micromass GCT (TOF) mass spectrometer with solids probe. Ionisaion 
techniques used are indicated for each compound. Values are quoted as a raio of mass to 
charge (m/z) in Daltons [Da].[7] 

Common chemical abbreviaions were used to indicate chemical groups or environments such 
as Ph (phenyl), Ar (aromaic, not confuse with Argon), Bn (benzyl), Et (ethyl), Me (methyl). To 
indicate atoms numbering schemes are displayed with the spectrum and deviate from IUPAC 
numbering for clarity. For names and numbering concerning stereodiscriptors IUPAC 
nomenclature was applied.[8]  

Authenic racemic samples were prepared in an analogous fashion using racemic HyperBTM. 
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2. Reac2on Op2misa2on 
 
Table S1: Reacion Opimisaion Data 
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1. Synthesis of Homoanhydrides 
1.1. 2-Phenylaceic Anhydride S1 

 
To a soluion of 2-phenylaceic acid (6.81 g, 50.0 mmol) in toluene (167 ml, 0.3 M) was added 

N,Nʹ-dicyclohexylcarbodiimide (5.16 g, 25.0 mmol) and the resuling mixture was sirred at 

room temperature for 15 minutes. The reacion mixture was filtered through Celite® and 

concentrated under reduced pressure to give the itle compound as a white crystalline solid 

(4.30 g, 17.3 mmol, 68%) with data in accordance with the literature.[9] mp 68-71 °C (Et2O) 

{Lit.[10] 70-72 °C}; 1H NMR (400 MHz, CDCl3) dH: 3.72 (s, 4H, CH2), 7.23-7.19 (4H, m, PhC2,6H), 

7.35-7.27 (6H, m, PhC3,4,5H). 

 

1.2. 2-(α-Naphthyl)aceic Anhydride S2 

 
To a soluion of 2-(α-naphthyl)aceic acid (2.00 g, 10.7 mmol) in toluene (36 ml, 0.3 M) was 

added N,Nʹ-dicyclohexylcarbodiimide (1.22 g, 5.91 mmol) and the resuling mixture was 

sirred at room temperature for 15 minutes. The reacion mixture was filtered through Celite® 

and concentrated under reduced pressure to give the itle compound as a white crystalline 

solid (1.13 g, 3.19 mmol, 59%) with data in accordance with the literature.[10] mp 116-118 °C 

(Et2O) {Lit.[11] 116-117 °C}; 1H NMR (500 MHz, CDCl3) dH: 4.10 (4H, s, CH2), 7.20-7.24 (2H, m, 

ArC2H), 7.31-7.37 (2H, m, ArC3H), 7.45-7.53 (4H, m, ArC6,7H), 7.76-7.84 (4H, m, ArC4,8H), 7.84-

7.90 (2H, m, ArC5H). 

 

1.3. 2-(p-Chlorophenyl)aceic Anhydride S3 

 
To a soluion of 2-(p-chlorophenyl)aceic acid (853 mg, 5.00 mmol) in toluene (17 ml, 0.3 M) 

was added N,Nʹ-dicyclohexylcarbodiimide (567 mg, 2.75 mmol) and the resuling mixture was 

sirred at room temperature for 15 minutes. The reacion mixture was filtered through Celite® 

and concentrated under reduced pressure to give the itle compound as a white crystalline 

solid (407 mg, 1.26 mmol, 56%) with data in accordance with the literature.[9] mp 76-78 °C 
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(Et2O) {Lit.[10] 62-64 °C}; 1H NMR (500 MHz, CDCl3) dH: 3.70 (4H, s, CH2), 7.13 (4H, m, ArC2,6H), 

7.29 (4H, m, ArC3,5H). 

 

1.4. 2-(p-Bromophenyl)aceic Anhydride S4 

 
To a soluion of 2-(p-bromophenyl)aceic acid (850 mg, 3.72 mmol) in toluene (12 ml, 0.3 M) 

was added N,Nʹ-dicyclohexylcarbodiimide (422 mg, 2.05 mmol) and the resuling mixture was 

sirred at room temperature for 15 minutes. The reacion mixture was filtered through Celite® 

and concentrated under reduced pressure to give the itle compound as a white crystalline 

solid (650 mg, 1.58 mmol, 85%) with data in accordance with the literature.[9] mp 92-94 °C 

(Et2O) {Lit.[10] 75-77 °C}; 1H NMR (500 MHz, CDCl3) dH: 3.68 (4H, s, CH2), 7.04-7.09 (4H, m, 

ArC2,6H), 7.42-7.48 (4H, m, ArC3,5H). 

 

1.5. 2-(p-Tolyl)aceic Anhydride S5 

 
To a soluion of 2-(p-tolyl)aceic acid (751 mg, 5.00 mmol) in toluene (17 ml, 0.3 M) was added 

N,Nʹ-dicyclohexylcarbodiimide (567 mg, 2.75 mmol) and the resuling mixture was sirred at 

room temperature for 15 minutes. The reacion mixture was filtered through Celite® and 

concentrated under reduced pressure to give the itle compound as a white crystalline solid 

(386 mg, 1.37 mmol, 55%) with data in accordance with the literature.[9] mp 52-55 °C (Et2O) 

{Lit.[12] 56-57 °C}; 1H NMR (500 MHz, CDCl3) dH: 2.34 (6H, s, CH3), 3.68 (4H, s, CH2), 7.07-7.11 

(4H, m, ArC3,5H), 7.11-7.15 (4H, m, ArC2,6H). 

 

1.6. 2-(p-Anisyl)aceic Anhydride S6 

 
To a soluion of 2-(p-anisyl)aceic acid (831 mg, 5.00 mmol) in toluene (17 ml, 0.3 M) was 

added N,Nʹ-dicyclohexylcarbodiimide (516 mg, 2.50 mmol) and the resuling mixture was 

sirred at room temperature for 15 minutes. The reacion mixture was filtered through Celite® 

and concentrated under reduced pressure to give the itle compound as a white crystalline 

solid (362 mg, 1.15 mmol, 46%) with data in accordance with the literature.[13] mp 74-76 °C 
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(Et2O) {Lit.[13] 77-78 °C}; 1H NMR (400 MHz, CDCl3) dH: 3.66 (4H, s, CH2), 3.80 (6H, s, OCH3), 

6.81-6.89 (4H, m, ArC3,5H), 7.08-7.15 (4H, m, ArC2,6H). 

 

1.7. 2-(m-Bromophenyl)aceic Anhydride S7 

 
To a soluion of 2-(m-bromophenyl)aceic acid (800 mg, 3.72 mmol) in toluene (12 ml, 0.3 M) 

was added N,Nʹ-dicyclohexylcarbodiimide (422 mg, 2.05 mmol) and the resuling mixture was 

sirred at room temperature for 15 minutes. The reacion mixture was filtered through Celite® 

and concentrated under reduced pressure to give the itle compound as a white solid (488 mg, 

1.18 mmol, 64%) with data in accordance with the literature.[14] mp 44-46 °C 1H NMR 

(500 MHz, CDCl3) dH: 3.70 (4H, s, CH2), 7.12-7.17 (2H, m, ArC6H), 7.21 (2H, app t, 3JHH = 7.8 Hz, 

ArC5H), 7.38 (2H, app t, 4JHH = 1.9 Hz, ArC2H), 7.44 (2H, ddd, 3JHH = 7.9 Hz, 4JHH = 1.9 Hz, 1.1 Hz, 

ArC4H). 

 

1.8. 2-(o-Tolyl)aceic Anhydride S8 

 
To a soluion of 2-(o-tolyl)aceic acid (1.00 g, 6.66 mmol) in toluene (22 ml, 0.3 M) was added 

N,Nʹ-dicyclohexylcarbodiimide (750 mg, 3.70 mmol) and the resuling mixture was sirred at 

room temperature for 15 minutes. The reacion mixture was filtered through Celite® and 

concentrated under reduced pressure to give the itle compound as a colourless oil (365 mg, 

1.37 mmol, 39%) with data in accordance with the literature.[10] 1H NMR (500 MHz, CDCl3) dH: 

2.24 (6H, s, CH3), 3.72 (4H, s, CH2), 7.10 (2H, dd, 3JHH = 7.6 Hz, 4JHH = 1.5 Hz, ArCH), 7.12-7.24 

(6H, m, ArCH). 

 

1.9. 2-(N-Methylindol-3-yl)aceic Anhydride S9 

 
To a soluion of 2-(N-methylindol-3-yl)aceic acid (1.00 g, 5.29 mmol) in toluene (18 ml, 0.3 M) 

was added N,Nʹ-dicyclohexylcarbodiimide (600 mg, 2.90 mmol) and the resuling mixture was 

sirred at room temperature for 15 minutes. The reacion mixture was filtered through Celite® 

and concentrated under reduced pressure to give the itle compound as a brown oil (810 mg, 
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2.22 mmol, 85%) with data in accordance with the literature.[15] 1H NMR (500 MHz, CDCl3) dH: 

3.70 (6H, s, NCH3), 3.87 (4H, d, 4JHH = 0.9 Hz, CH2), 6.93 (2H, d, 4JHH = 0.9 Hz, ArC2H), 7.12 (2H, 

ddd, 3JHH = 8.0 Hz, 6.8 Hz, 4JHH = 1.2 Hz, ArH), 7.21-7.25 (2H, m, ArH), 7.28-7.30 (2H, m, ArH), 

7.50 (2H, app dt, 3JHH = 7.9 Hz, 4JHH = 1.9 Hz, ArH). 

 

1.10. 2-(Thiophen-3-yl)aceic Anhydride S10 

 
To a soluion of 2-(thiophen-3-yl)aceic acid (1.00 g, 7.03 mmol) in toluene (23 ml, 0.3 M) was 

added N,Nʹ-dicyclohexylcarbodiimide (798 mg, 3.90 mmol) and the resuling mixture was 

sirred at room temperature for 15 minutes. The reacion mixture was filtered through Celite® 

and concentrated under reduced pressure to give the itle compound as a pale yellow 

crystalline solid (365 mg, 1.37 mmol, 39%) with data in accordance with the literature.[9] mp 

39-40 °C {Lit.[9] 40-42 °C (PhMe)}; 1H NMR (500 MHz, CDCl3) δH: 3.79 (4H, s, CH2), 6.99 (2H, dd, 
3JHH = 5.0 Hz, 4JHH = 1.3 Hz, ArC5H), 7.15 (2H, m, ArC2H), 7.31 (2H, dd, 3JHH = 5.0 Hz, 4JHH = 3.0 Hz, 

ArC4H). 

 

1.11. (E)-5-Methylhex-3-enioc Anhydride S11 

 
To a soluion of (E)-5-methylhex-3-enoic acid (1.50 g, 11.70 mmol) in toluene (39 ml, 0.3 M) 

was added N,Nʹ-dicyclohexylcarbodiimide (1.33 g, 6.44 mmol) and the resuling mixture was 

sirred at room temperature for 30 minutes. The reacion mixture was filtered through Celite® 

and concentrated under reduced pressure to give the itle compound as a colourless oil as a 

88:12 mixture of anhydride : acid (1.30 g, 5.46 mmol, 47%) with data in accordance with the 

literature.[10] 1H NMR (400 MHz, CDCl3) δH: 0.99 (12H, 3JHH = 6.7 Hz, CH(CH3)2), 2.25 – 2.37 (2H, 

m, CH(CH3)2), 3.16 (4H, dt, 3JHH = 6.7 Hz, 4JHH = 1.3 Hz, CH2COO), 5.44 (2H, dtd, 3JHH = 15.4 Hz, 

6.7 Hz, 4JHH = 1.3 Hz, CH=CH-CH2), 5.59 (2H, ddt, 3JHH = 15.4 Hz, 6.5 Hz, CH=CH-CH(CH3)2); the 

compound was used without further purificaion. 
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2. Synthesis of Pyrazol-3-ones 
2.1. 5-Methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one S12 

 
To ethyl acetoacetate (8.13 ml, 62.5 mmol) was slowly added phenylhydrazine (6.25 ml, 

62.5 mmol). The mixture was sirred at 145 °C for 60 minutes to give the itle compound as 

pale yellow solid (10.89 g, 62.5 mmol, 89%) with data in accordance with the literature.[16] mp 

126-128 °C {Lit.[16] 125-128 °C}; 1H NMR (400 MHz, CDCl3) dH: 2.21 (1H, s, CH3), 3.44 (2H, q, 4JHH 

= 0.7 Hz, CH2), 7.15-7.21 (1H, m, ArC4H), 7.36-7.41 (2H, m, ArC3,5H), 7.83-7.88 (2H, m, ArC2,6H). 

 

2.2. 5-Isopropyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one S13 

 
To ethyl 4-methyl-oxo-pentanoate (1.0 ml, 6.3 mmol) was slowly added phenylhydrazine 

(0.62 ml, 6.3 mmol). The mixture was heated at 145 °C for 60 minutes to give the itle 

compound as yellow solid (797 mg, 3.9 mmol, 63%) with data in accordance with the 

literature.[17] mp 84-86 °C {Lit[18] 87 °C}; 1H NMR (500 MHz, CDCl3) dH: 1.26 (6H, d, 3JHH = 6.9 Hz, 

CH(CH3)2), 2.80 (1H, hept, 3JHH = 6.9 Hz, CH(CH3)2), 3.43 (2H, s, CH2), 7.14-7.21 (1H, m, ArC4H), 

7.35-7.43 (2H, m, ArC3,5H), 7.83-7.93 (2H, m, ArC2,6H). 

 

2.3. 2,5-Diphenyl-2,4-dihydro-3H-pyrazol-3-one S14 

 

To ethyl 3-oxo-3-phenylpropanoate (0.9 ml, 5.2 mmol) was slowly added phenylhydrazine 

(0.51 ml, 5.2 mmol). The mixture was heated at 120 °C for 20 minutes to give the itle 

compound as pale orange solid (985 mg, 4.2 mmol, 80%) with data in accordance with the 
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literature.[17] mp 134-136 °C {Lit.[17] 136-138 °C}; 1H NMR (400 MHz, CDCl3) dH: 3.87 (2H, s, CH2), 

7.20-7.25 (1H, m, ArCH), 7.40-7.51 (5H, m, ArCH), 7.75-7.82 (2H, m, ArCH), 7.95-8.02 (2H, m, 

ArCH). 

 

2.4. 2-(tert-Butyl)-5-methyl-2,4-dihydro-3H-pyrazol-3-one S15 

 
To a soluion of ethyl acetoacetate (1.27 ml, 10.0 mmol) in EtOH (11.5 ml, 0.87 M), was added 

tert-butylhydrazine hydrochloride (2.49 g, 20.0 mmol) and sodium acetate (1.64 g, 20.0 mmol). 

The reacion mixture was refluxed overnight under a posiive pressure of N2. Aler cooling to 

room temperature, the mixture was diluted with water and extracted with CH2Cl2. The 

combined organic layers were dried over MgSO4, filtered, and concentrated in vacuo. The 

resuling crude solid was suspended in Et2O at −20 °C and filtered to give the itle compound 

as a white solid (1.19 g, 7.7 mmol, 77%) with data in accordance with the literature.[19] mp 

127-128 °C {Lit.[19] 125-127 °C}; 1H NMR (500 MHz, CDCl3) dH: 1.49 (9H, s, C(CH3)3, 2.04 (3H, s, 

C5CH3), 3.17 (2H, s, CH2). 

 

2.5. 2-(p-Anisyl)-5-methyl-2,4-dihydro-3H-pyrazole-3-one S16 

 
To p-anisylhydrazine hydrochloride (1.75 mg, 10.0 mmol) and triethylamine (2.1 ml, 15.0 

mmol) in EtOH (30 ml, 0.5 M) was added ethyl acetoacetate (1.26 ml, 10.0 mmol). The mixture 

was heated at 60 °C overnight. The solvent was removed under reduced pressure. Further 

purificaion by column chromatography (petroleum ether : ethyl acetate 4:1 to 1:1) gave the 

itle compound as pale yellow solid (1.34 g, 6.6 mmol, 66%) with data in accordance with the 

literature.[20] mp 130 °C (dec) (Hexane/EtOAc) {Lit.[21] 124-126 °C, 127-128 °C (Hexane:THF)}; 

IR nmax (film) 2930 (C-H), 2357, 1508 (C=O), 1248, 1032, 831, 775; 1H NMR (500 MHz, CDCl3) 

dH: 2.19 (3H, s, C5CH3), 3.41 (2H, s, CH2), 3.81 (3H, s, OCH3), 6.89-6.94 (2H, m, ArC3,5H), 7.69-

7.75 (2H, m, ArC2,6H). 



S14 
 

 

2.6. 5-Methyl-2-(4-(trifluoromethyl)phenyl)-2,4-dihydro-3H-pyrazol-3-one S17 

 
To p-(trifluoromethyl)phenylhydrazine hydrochloride (2.13 ml, 10.0 mmol) and triethylamine 

(2.1 ml, 15.0 mmol) in EtOH (30 ml, 0.5 M) was added ethyl acetoacetate (1.26 ml, 10.0 mmol). 

The mixture was heated at 60 °C overnight. The solvent was removed under reduced pressure. 

Further purificaion by column chromatography (petroleum ether : ethyl acetate 4:1 to 1:1) 

gave the itle compound as pale yellow solid (871 mg, 3.6 mmol, 36%) with data in accordance 

with the literature.[22] mp 170 °C (dec) (Hexane:EtOAc) {Lit.[22] 183-185 °C}; IR nmax (film) 2691 

(O-H, enol), 2359, 1628 (C=O), 1607, 1327, 1109, 1072; 1H NMR (500 MHz, CDCl3) dH: 2.22 (3H, 

s, CH3), 3.47 (2H, s, CH2), 7.64 (2H, app d, 3JHH = 8.6 Hz, ArC2,6H), 8.05 (2H, app d, 3JHH = 8.6 Hz, 

ArC3,5H). 

 

3. Synthesis of Pyrazol-3-one-derived ke2mines 

3.1. 5-Methyl-2-phyenyl-4-(phenylimino)-2,4-dihydro-3H-pyrazol-3-one S18 

 
To a soluion of 5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (8.50 g, 48.8 mmol) in MeOH 

(30 ml, 0.6 M) was added nitrosobenzene (5.22 g, 48.8 mmol) and K2CO3 (1.35 g, 9.8 mmol) 

and the resuling mixture was heated at reflux for 3 h. Aler cooling to room temperature, the 

solvent was removed under reduced pressure. Purificaion by column chromatography 

(petroleum ether : diethyl ether 1:0 to 3:1) gave the itle compound as inseparable mixture of 

isomers as red solid (3.79 g, 14.4 mmol, 30%, 83:17 d.r.) with data in accordance with the 

literature.[23] mp 101-103 °C {Lit.[23] 101-103 °C}; 1H NMR (400 MHz, CDCl3) (major 

diastereomer) dH: 2.35 (3H, s, CH3), 7.17-7.23 (1H, m, ArCH), 7.28-7.48 (7H, m, ArCH), 7.84-
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7.89 (2H, m, ArCH); 1H NMR (400 MHz, CDCl3) (minor diastereomer, selected) dH: 1.80 (3H, s, 

CH3), 6.94-6.99 (2H, m, ArCH), 7.92-7.96 (2H, m, ArCH). 

 

3.2. 5-Isopropyl-2-phenyl-4-(phenylimino)-2,4-dihydro-3H-pyrazol-3-one S19 

 
To a soluion of 5-isopropyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (2.50 g, 12.6 mmol) in 

MeOH (21 ml, 0.6 M) was added nitrosobenzene (1.35 g, 12.6 mmol) and K2CO3 (348 mg, 2.5 

mmol) and the resuling mixture was heated at reflux for 3 h. Aler cooling to room 

temperature, the solvent was removed under reduced pressure. Purificaion by column 

chromatography (petroleum ether : diethyl ether 1:0 to 3:1) gave the itle compound as an 

inseparable mixture of isomers as red solid (1.68 g, 5.8 mmol, 46%, 95:5 d.r.) with data in 

accordance with the literature.[23] mp 79-81 °C {Lit.[23] 77-79 °C}; 1H NMR (500 MHz, CDCl3) 

(major diastereomer) dH: 1.41 (6H, d, 3JHH = 6.9 Hz, CH(CH3)2), 3.19 (1H, hept, 3JHH = 6.9 Hz, 

CH(CH3)2), 7.17-7.22 (1H, m, ArCH), 7.29-7.35 (3H, m, ArCH), 7.36-7.47 (4H, m, ArCH), 7.87-

7.92 (2H, m, ArH); 1H NMR (500 MHz, CDCl3) (minor diastereomer, selected) dH: 0.98 (6H, d, 
3JHH = 6.7 Hz, CH(CH3)2), 2.46 (1H, hept, 3JHH = 6.7 Hz, CH(CH3)2), 7.95-8.00 (2H, d, JHH 8.0, ArCH). 

 

3.3. 2,5-Diphenyl-4-(phenylimino)-2,4-dihydro-3H-pyrazol-3-one S20 

 
To a soluion of 2,5-diphenyl-2,4-dihydro-3H-pyrazol-3-one (1.80 g, 7.6 mmol) in MeOH (4.5 

ml, 0.6 M) was added nitrosobenzene (816 mg, 7.6 mmol) and K2CO3 (211 mg, 1.5 mmol) and 

the resuling mixture was heated at reflux for 3 h. Aler cooling to room temperature, the 

solvent was removed under reduced pressure. Purificaion by column chromatography 
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(petroleum ether : diethyl ether 1:0 to 3:1) gave the itle compound as red solid (726 mg, 2.2 

mmol, 29%) with data in accordance with the literature.[23] mp 178-181 °C {Lit.[23] 176-178 °C}; 
1H NMR (500 MHz, CDCl3) dH: 7.21-7.26 (1H, m, ArCH), 7.28-7.36 (3H, m, ArCH), 7.41-7.52 (7H, 

m, ArCH), 7.95-7.99 (2H, m, ArCH), 8.26-8.34 (2H, m, ArCH). 

 

3.4. 2-(tert-Butyl)-5-methyl-4-(phenylimino)-2,4-dihydro-3H-pyrazol-3-one S21 

 
To a soluion of 2-(tert-butyl)-5-methyl-2,4-dihydro-3H-pyrazol-3-one (1.00 g, 6.48 mmol) in 

MeOH (11 ml, 0.6 M) was added nitrosobenzene (695 g, 6.48 mmol) and K2CO3 (179 mg, 1.3 

mmol) and the resuling mixture was heated at reflux for 3 h. Aler cooling to room 

temperature, the solvent was removed under reduced pressure. Purificaion by column 

chromatography (petroleum ether : diethyl ether 1:0 to 3:1) gave the itle compound as an 

inseparable mixture of isomers as red solid (697 mg, 2.9 mmol, 44%, 75:25 d.r.) with data in 

accordance with the literature.[23] mp 60-62 °C; IR nmax (film) 3062, 2978 (C-H), 2932 (C-H), 

1703, 1699, 1364, 1279, 1217, 1099, 1022, 916, 795, 768; HRMS (ESI+) C14H18N3O [M+H]+ found 

244.1439, requires 244.1444 (-2.3 ppm). Data for major diastereomer: 1H NMR (500 MHz, 

CDCl3) dH: 1.49 (9H, s, C(CH3)3, 2.19 (3H, s C5CH3), 7.20-7.28 (3H, m, ArC2,4,6H), 7.34-7.43 (2H, 

m, ArC3,5H); 13C{1H} NMR (126 MHz, CDCl3) dC: 12.2 (C5CH3), 28.2 (C(CH3)3), 58.3 (C(CH3)3), 120.9 

(ArC2,6H), 127.7 (ArC4H), 128.6 (ArC3,5H), 146.7 (ArC1), 147.8 (C5CH3), 154.1 (C4=O), 154.7 

(C3=O); Data for minor diastereomer: 1H NMR (400 MHz, CDCl3) (selected) dH: 1.56 (9H, s, 

C(CH3)3), 1.62 (3H, s, C5CH3), 6.93 (2H, d, 3JHH = 7.4 Hz, ArC2,6H); 13C{1H} NMR (126 MHz, CDCl3) 

dC: 16.3 (C5CH3), 28.1 (C(CH3)3), 58.4 (C(CH3)3), 118.8 (ArC2,6H), 126.4 (ArC4H), 128.9 (ArC3,5H), 

139.3 (C5CH3), 148.7 (ArC1), 152.8 (C4(NPh)), 159.1 (C3(O)N). 
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4. Synthesis of Pyrazole-4,5-diones 

4.1. 3-Methyl-1-phenyl-1H-pyrazole-4,5-dione S22 

 
To a soluion of 5-methyl-2-phenyl-4-(phenylimino)-2,4-dihydro-3H-pyrazol-3-one (3.56 g, 

13.5 mmol) in THF (104 ml, 0.13 M) was added 2 M aq. HCl (13.5 ml, 27.0 mmol) and the 

resuling soluion was sirred at room temperature unil the reacion was complete by TLC. 

The reacion mixture was diluted with H2O and extracted with CH2Cl2. The combined organic 

layers were concentrated in vacuo. Purificaion by column chromatography (petroleum ether 

: ethyl acetate 1:1) gave the itle compound as red solid (2.01 g, 10.7 mmol, 81%).[24] mp 121-

123 °C {Lit.[24] 119-121 °C}; 1H NMR (400 MHz, CDCl3) dH: 2.24 (3H, s, CH3), 7.24-7.33 (1H, m, 

ArC4H), 7.41-7.51 (2H, m, ArC3,5H), 7.84-7.92 (2H, m, ArC2,6H).  

 

4.2. 3-Isopropyl-1-phenyl-1H-pyrazole-4,5-dione S23 

 
To a soluion of 5-isopropyl-2-phenyl-4-(phenylimino)-2,4-dihydro-3H-pyrazol-3-one (1.65 g, 

5.7 mmol) in THF (44 ml, 0.13 M) was added 2 M aq. HCl (5.7 ml, 11.4 mmol) and the resuling 

soluion was sirred at room temperature unil the reacion was complete by TLC. The reacion 

mixture was diluted with H2O and extracted with CH2Cl2. The combined organic layers were 

concentrated in vacuo. Purificaion by column chromatography (petroleum ether : ethyl 

acetate 1:1) gave the itle compound as red solid (1.13 g, 5.2 mmol, 92%).[24] mp 50-52 °C 

{Lit.[24] 51-53 °C}; 1H NMR (500 MHz, CDCl3) dH: 1.34 (6H, d, 3JHH = 6.9 Hz, CH(CH3)2), 2.96 (1H, 

hept, 3JHH = 6.9 Hz, CH(CH3)2), 7.25-7.30 (1H, m, ArC4H), 7.43-7.49 (2H, m, ArC3,5H), 7.88-7.92 

(2H, m, ArC2,6H). 
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4.3. 1,3-Diphenyl-1H-pyrazole-4,5-dione S24 

 
To a soluion of 2,5-diphenyl-4-(phenylimino)-2,4-dihydro-3H-pyrazol-3-one (725 mg, 2.2 

mmol) in THF (17 ml, 0.13 M) was added 2 M aq. HCl (2.2 ml, 4.4 mmol) and the resuling 

soluion was sirred at room temperature unil the reacion was complete by TLC. The reacion 

mixture was diluted with H2O and extracted with CH2Cl2. The combined organic layers were 

concentrated in vacuo. Purificaion by column chromatography (petroleum ether : ethyl 

acetate 1:1) gave the itle compound as red solid (558 mg, 2.2 mmol, 100%).[24] mp 161-163 

°C {Lit.[24] 165-166 °C}; 1H NMR (500 MHz, CDCl3) dH: 7.29-7.35 (1H, m, ArC4H), 7.47-7.57 (5H, 

m, ArCH), 7.97-8.02 (2H, m, ArCH), 8.17-8.23 (2H, m, ArCH). 

 

4.4. 1-(tert-Butyl)-3-methyl-1H-pyrazole-4,5-dione S25 

 
To a soluion of 1-(tert-butyl)-5-methyl-4-(phenylimino)-2,4-dihydro-3H-pyrazol-3-one 

(600 mg, 2.4 mmol) in THF (19 ml, 0.13 M) was added 2 M aq. HCl (2.4 ml, 4.8 mmol) and the 

resuling soluion was sirred at room temperature unil the reacion was complete by TLC. 

The reacion mixture was diluted with H2O and extracted with CH2Cl2. The combined organic 

layers were concentrated in vacuo. Purificaion by column chromatography (petroleum ether 

: ethyl acetate 1:1) gave the itle compound as red oil (386 g, 2.3 mmol, 93%).[25] IR nmax (film) 

1306, 2980 (C-H), 2934 (C-H), 2359, 1757, 1724 (C=O), 1701, 1368, 1026; 1H NMR (500 MHz, 

CDCl3) dH: 1.52 (9H, s, C(CH3)3), 2.06 (3H, s, C3CH3); 13C{1H} NMR (126 MHz, CDCl3) dC: 11.1 

(C3CH3), 27.9 (C(CH3)3, 59.3 (C(CH3)3), 142.0 (C3CH3), 150.9 (C5(O)N), 186.4 (C4(O)); HRMS (ESI+) 

C8H13N2O2 [M+H]+ found 169.0970, requires 169.0972 (-0.9 ppm). 
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4.5. 1-(p-Anisyl)-3-methyl-1H-pyrazole-4,5-dione S26 

 
To a soluion of 2-(p-anisyl)-5-methyl-2,4-dihydro-3H-pyrazol-3-one (1.40 g, 6.7 mmol) in 

MeOH (11 ml, 0.6 M) was added nitrosobenzene (735 mg, 6.7 mmol) and K2CO3 (190 mg, 1.4 

mmol) and the resuling mixture was heated at reflux for 3 h. Aler cooling to room 

temperature, the solvent was removed under reduced pressure. Purificaion by column 

chromatography (petroleum ether : diethyl ether 1:0 to 3:1) gave the itle compound as red 

solid (275 mg, 0.9 mmol, 14%) which was used directly without further purificaion. 1H NMR 

(500 MHz, CDCl3) dH: 2.33 (3H, s, C5CH3), 3.81 (3H, s, OCH3), 6.90-6.93 (2H, m, N2ArC3,5H), 7.30-

7.34 (1H, m, C4=NArC4H), 7.24-7.38 (2H, m, C4=NArC2,6H), 7.40-7.44 (2H, m, C4=NArC3,5H), 7.73-

7.78 (2H, m, N2ArC2,6H).  

To a soluion of crude 2-(p-anisyl)-5-methyl-4-(phenylimino)-2,4-dihydro-3H-pyrazol-3-one 

(275 mg, 0.9 mmol) in THF (7 ml, 0.13 M) was added 2 M aq. HCl (0.9 ml, 1.8 mmol) and the 

resuling soluion was sirred at room temperature unil the reacion was complete by TLC. 

The reacion mixture was diluted with H2O and extracted with CH2Cl2. The combined organic 

layers were concentrated in vacuo. Purificaion by column chromatography (petroleum ether : 

ethyl acetate 1:1) gave the itle compound as red solid (271 mg, 1.2 mmol, 76%). mp 121-123 

°C; IR nmax (film) 3327, 1771, 1699 (C=O, amide), 1514 (C=O, ketone), 1250, 831; 1H NMR (500 

MHz, CDCl3) dH: 2.21 (3H, s, C3CH3), 3.84 (3H, s, OCH3), 6.94-7.00 (2H, m, ArC3,5H), 7.73-7.79 

(2H, m, ArC2,6H); 13C{1H} NMR (126 MHz, CDCl3) dC: 11.2 (C5CH3), 55.7 (OCH3), 114.4 (ArC3,5H), 

119.8 (ArC2,6H), 130.3 (ArC1), 144.3 (C3CH3), 148.9 (C5=O), 158.0 (ArC4OCH3), 185.1 (C4=O); 

HRMS (ESI+) C11H11N2O3 [M+H]+ found 219.0765, requires 219.0764 (+0.3 ppm). 
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4.6. 3-Methyl-1-(p-(trifluoromethyl)phenyl)-1H-pyrazole-4,5-dione S27 

 
To a soluion of 5-methyl-2-(p-trifluoromethyl)phenyl-2,4-dihydro-3H-pyrazol-3-one (712 mg, 

2.9 mmol) in MeOH (5 ml, 0.6 M) was added nitrosobenzene (315 mg, 2.9 mmol) and K2CO3 

(81 mg, 0.6 mmol) and the resuling mixture was heated at reflux for 3 h. Aler cooling to room 

temperature, the solvent was removed under reduced pressure. Purificaion by column 

chromatography (petroleum ether : diethyl ether 1:0 to 3:1) gave the itle compound as red 

solid (195 mg, 0.6 mmol, 20%) which was used directly without further purificaion. 1H NMR 

(500 MHz, CDCl3) dH: 2.37 (3H, s, CH3), 7.33-7.39 (3H, m, C4=NArC3,4,5H), 7.42-7.46 (2H, m, 

C4=NArC2,6H), 7.64 (2H, d, 3JHH = 8.6 Hz, N2ArC2,6H), 8.05 (2H, d, 3JHH = 8.6 Hz, N2ArC3,5H). 

To a soluion of crude 5-methyl-2-(p-trifluoromethyl)phenyl-4-(phenylimino)-2,4-dihydro-3H-

pyrazol-3-one (195 mg, 0.6 mmol) in THF (4.5 ml, 0.13 M) was added 2 M aq. HCl (0.6 ml, 1.2 

mmol) and the resuling soluion was sirred at room temperature unil the reacion was 

complete by TLC. The reacion mixture was diluted with H2O and extracted with CH2Cl2. The 

combined organic layers were concentrated in vacuo. Purificaion by column chromatography 

(petroleum ether : ethyl acetate 1:1) gave the itle compound as red solid (90 mg, 0.35 mmol, 

59%) with data in accordance with the literature.[25] mp 110 °C (dec) (Hexane:EtOAc); 1H NMR 

(500 MHz, CDCl3) dH: 2.27 (3H, s, CH3), 7.72 (2H, d, 3JHH = 8.6 Hz, ArC2,6H), 8.06 (2H, d, 3JHH = 8.6 

Hz, ArC3,5H); 19F{1H} NMR (377 MHz, CDCl3) dF: −62.3 (CF3). 
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5. Isothiourea-catalysed formal [2+2] cycloaddi2on of homoanhydrides 

and pyrazole-4,5-diones 

5.1. N-Benzyl (2’R,4R)-2-(4-hydroxy-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-

phenylacetamide 9 

 
To a soluion of 3-methyl-1-phenyl-1H-pyrazole-4,5-dione (47.1 mg, 0.25 mmol), 

2-phenylaceic anhydride (95.4 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 0.125 mmol) 

were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine (54 µl, 0.31 mmol) 

was added and the reacion mixture was sirred at 0 °C for 3 h. Benzylamine (82 µl, 0.75 mmol) 

was added and the reacion mixture was sirred for 16 h at rt. The reacion mixture was diluted 

with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. NaHCO3 (´2), and 

brine (´1). The organic layer was dried over MgSO4, filtered, and concentrated in vacuo. 

Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 to 3:4) gave the itle 

compound as single diastereomer as a white amorphous solid (62.2 mg, 0.15 mmol, 60%). 

[a]D
!" +190.7 (c 0.90, CHCl3); HPLC analysis: Chiralpak AD-H (90:10 hexane:isopropanol, flow 

rate 1 ml·min-1, 211 nm, 30 °C), tR (2ʹR,4R)-XX: 26.4 min, tR (2ʹS,4S)-XX: 31.2 min, >99:1 er; IR 

nmax (film) 3316 (O-H), 3063 (C-H), 3032 (C-H), 2024 (C-H), 1717 (C=O, pyrazolone), 1645, 1595, 

1499, 1362, 1265, 1128, 750; 1H NMR (500 MHz, CDCl3) dH: 2.10 (3H, s, CH3), 4.05 (1H, s, 

CHCONHBn), 4.46 (1H, dd, 2JHH = 17.8 Hz, 3JHH = 6.0 Hz, NHCHAHBPh), 4.49 (1H, dd, 2JHH = 

17.8 Hz, 3JHH = 5.8 Hz, NHCHAHBPh), 5.97 (1H, app t, 3JHH = 5.9 Hz, NH), 7.04 (1H, s, OH), 7.11 

(1H, app t, 3JHH = 7.4 Hz, NArC4H), 7.21 (2H, app d, 3JHH = 7.1 Hz, CH2ArC2,6H), 7.23-7.35 (10H, 

m, CHArC2,3,4,5,6H, NArC3,5H, CH2ArC3,4,5H), 7.49 (2H, d, 3JHH = 8.0 Hz, NArC2,6H); 13C{1H} NMR 

(126 MHz, CDCl3) dC: 15.4 (CH3), 43.9 (CH2Ph), 54.9 (CHCONHBn), 82.3 (C-OH), 119.3 (NArC2,6H), 

125.5 (NArC4H), 127.8 (CH2ArC2,6H), 128.0 (ArC4H), 128.8 (NArC3,5H), 129.0 (ArC3,5H), 129.3 

(ArC3,5H), 129.4 (ArC4H), 129.8 (CHArC2,6H), 131.4 (CHArC1), 137.1 (CH2ArC1), 137.2 (NArC1), 

160.2 (C=N), 170.6 (C(OH)C=O), 172.6 (CONHBn); HRMS (ESI+) C25H22N3O3Na [M+Na]+ found 

436.16206, requires 436.16316 (-0.3 ppm).  
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<Chromatogram>

min
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 26.775 
 30.668 

Area%
 50.225 
 49.775 

 100.000 

Sample Name : ac018AD-H10%1mlm30Credo
Sample ID : ac018AD-H10%1mlm30Credo
Data Filename : ac018AD-H10%1mlm30Credo.lcd
Method Filename : AD-H 10% 1ml-min 30deg 45min.lcm
Batch Filename : 15 Aug.lcb
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 15/08/2022 14:47:54 Acquired by : System Administrator
Date Processed : 15/08/2022 15:32:56 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 26.290 
 31.246 

Area%
 99.545 

 0.455 
 100.000 

Sample Name : ac209AD-H10%1mlm30C
Sample ID : ac209AD-H10%1mlm30C
Data Filename : ac209AD-H10%1mlm30C.lcd
Method Filename : AD-H 10% 1ml-min 30deg 45min.lcm
Batch Filename : 15 Aug.lcb
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 15/08/2022 10:35:46 Acquired by : System Administrator
Date Processed : 15/08/2022 11:20:49 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.2. (1’R,4R)- and (1’S,4R)-4-hydroxy-5-methyl-4-(2-oxo-1-phenyl-2-(pyrrolidine-1-yl)ethyl)-1-

phenyl-2,4-dihydro-3H-pyrazol-3-one 10 

  
To a soluion of 3-methyl-1-phenyl-1H-pyrazole-4,5-dione (47.1 mg, 0.25 mmol), 

2-phenylaceic anhydride (95.4 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 0.125 mmol) 

were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine (54 µl, 0.31 mmol) 

was added and the reacion mixture was sirred at 0 °C for 3 h. Pyrrolidine (63 µl, 0.75 mmol) 

was added and the reacion mixture was sirred for 16 h at rt. The reacion mixture was diluted 

with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. NaHCO3 (´2), and 

brine (´1). The organic layer was dried over MgSO4, filtered, and concentrated in vacuo. 

Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 to 3:4) gave the itle 

compound as a mixture of diastereomer as a white amorphous solid (72.0 mg, 0.19 mmol, 

76%, 89:11 d.r.). [a]D
!" +254.3 (c 1.02, CHCl3); IR nmax (film) 3306 (O-H), 2974 (C-H), 2926 (C-H), 

2878 (C-H), 1717 (C=O, pyrazolone), 1622, 1597, 1501, 1443, 1364, 912, 756; HRMS (ESI+) 

C22H23N3O3 [M+H]+ found 378.18122, requires 378.18020 (-2.7 ppm). Data for major 

diastereomer: HPLC Analysis: Chiralpak AD-H (95:5 hexane:isopropanol, flow rate 2 ml·min-1, 

211 nm, 30 °C), tR (1ʹR,4R)-10: 18.1 min, tR (1ʹS,4S)-10: 21.3 min, >99:1 er; 1H NMR (500 MHz, 

CDCl3) dH: 1.74-1.91 (7H, m, CH3, N(CH2CH2)2), 2.99 (1H, app dt, 2JHH = 10.3 Hz, 3JHH = 6.3 Hz, 

NCHAHBCH2), 3.38 (1H, app dt, 2JHH = 10.6 Hz, 3JHH = 6.4 Hz, NCHAHBCH2), 3.45 (1H, app dt, 2JHH 

= 12.9 Hz, 3JHH = 6.6 Hz, NCHCHDCH2), 3.67 (1H, app dt, 2JHH = 12.8 Hz, 3JHH = 6.5 Hz, NCHCHDCH2), 

3.99 (1H, s, CHCON(CH2CH2)2), 7.07 (1H, br s, OH), 7.17 (1H, app t, 3JHH = 7.4 Hz, NArC4H), 7.30-

7.39 (7H, m, NArC3,5H, CHArC2,3,4,5,6H), 7.74 (2H, app d, 3JHH = 8.0 Hz, NArC2,6H); 13C{1H} NMR 

(126 MHz, CDCl3) dC: 15.4 (CH3), 24.1 (NCH2CHCHD), 26.0 (NCH2CHAHB), 46.4 (NCHCHDCH2), 46.9 

(NCHAHBCH2), 53.2 (CHCON(CH2H2)2), 81.9 (C-OH), 119.1 (NArC2,6H), 125.3 (NArC4H), 128.8 

(CHArC4H), 128.9 (ArCH), 129.2 (ArCH), 129.2 (ArCH), 132.2 (CHArC1), 137.7 (NArC1), 160.9 

(C=N), 170.2 (CON(CH2CH2)2), 172.2 (CONAr); Data for minor diastereomer: 1H NMR (500 MHz, 

CDCl3) (selected) dH: 2.13 (3H, s, CH3), 3.54 (1H, app dt, 2JHH = 12.7 Hz, 3JHH = 6.4 Hz, NCHAHBCH2), 

3.85 (1H, s, CHCON(CH2CH2)2); 13C{1H} NMR (126 MHz, CDCl3) (selected) dC: 14.7 (CH3), 53.0 



S25 
 

(CH), 80.9 (C-OH), 118.9 (NArC2,6H), 125.0 (NArC4H), 128.6 (ArCH), 130.0 (ArCH), 137.9 (NArC1). 

The minor diastereomer could not be resolved on HPLC. 
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<Chromatogram>

min

mAU
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3 

<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 18.291 
 21.183 

Area%
 50.084 
 49.916 

 100.000 

Sample Name : ac023MajorAD-H5%2mlm30C
Sample ID : ac023MajorAD-H5%2mlm30C
Data Filename : ac023MajorAD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 60min.lcm
Batch Filename : 16 Nov.lcb
Vial # : 1-79 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 16/11/2021 18:16:06 Acquired by : System Administrator
Date Processed : 16/11/2021 19:16:08 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>
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mAU
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500

PDA Multi 1 211nm,4nm

 1
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82
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 17.820 
 21.022 

Area%
 99.486 

 0.514 
 100.000 

Sample Name : ac210AD-H5%2mlm30C
Sample ID : ac210AD-H5%2mlm30C
Data Filename : ac210AD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 40min.lcm
Batch Filename : 15 Aug.lcb
Vial # : 1-2 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 15/08/2022 11:21:20 Acquired by : System Administrator
Date Processed : 15/08/2022 12:01:22 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.3. (1’R,4R)- and (1’S,4R)-4-Hydroxy-5-methyl-4-(2-mopholino-2-oxo-1-phenylethyl)-2-phenyl-

2,4-dihydro-3H-pyrazol-3-one 11 

  
To a soluion of 3-methyl-1-phenyl-1H-pyrazole-4,5-dione (47.1 mg, 0.25 mmol), 

2-phenylaceic anhydride (95.4 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 0.125 mmol) 

were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine (54 µl, 0.31 mmol) 

was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine (66 µl, 0.75 mmol) 

was added and the reacion mixture was sirred for 16 h at rt. The reacion mixture was diluted 

with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. NaHCO3 (´2), and 

brine (´1). The organic layer was dried over MgSO4, filtered, and concentrated in vacuo. 

Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 to 3:4) gave the itle 

compound as a mixture of diastereomer as a white amorphous solid (78.1 mg, 0.20 mmol, 

79%, 92:8 d.r.). [a]D
!" +247.8 (c 1.00, CDCl3); IR nmax (film) 3356 (O-H), 2967 (C-H), 2924 (C-H), 

2857 (C-H), 1717 (C=O, pyrazolone), 1639, 1622, 1597, 1501, 1115, 754; HRMS (ESI+) 

C22H23N3O4 [M+H]+ found 394.17540, requires 394.17613 (-0.2 ppm). Data for major 

diastereomer: HPLC Analysis: Chiralpak AD-H (85:15 hexane:isopropanol, flow rate 2.0 

ml·min−1, 211 nm, 30 °C) tR (1ʹR,4R)-11: 8.0 min, tR (1ʹS,4S)-11: 9.6 min, >99:1 er; 1H NMR (500 

MHz, CDCl3) dH: 1.95 (3H, s, CH3), 3.07-3.19 (2H, m, NCHAHBCH2, NCH2CHAHB), 3.33 (1H, ddd, 
2JHH = 14.7 Hz, 3JHH = 7.7 Hz, 4.2 Hz, NCHAHBCH2), 3.45-3.51 (1H, m, NCH2CHAHB), 3.54-3.68 (2H, 

m, NCHCHDCH2, NCH2CHCHD), 3.69-3.78 (2H, m, NCHCHDCH2, NCH2CHCHD), 4.22 (1H, s, CHPh), 

6.36 (1H, br s, OH), 7.17 (1H, app t, 3JHH = 7.4 Hz, NArC4H), 7.24-7.28 (2H, m, CHArC3,5H), 7.28-

7.32 (3H, m, CHArC2,4,6H), 7.35 (2H, app t, 3JHH = 7.9 Hz, NArC3,5H), 7.70 (2H, app d, 3JHH = 8.0 Hz, 

NArC2,6H); 13C{1H} NMR (126 MHz, CDCl3) dC: 15.7 (CH3), 42.5 (NCHCHDCH2), 46.6 (NCHAHBCH2), 

52.5 (CHPh), 66.1 (NCH2CHAHB), 66.6 (NCH2CHCHD), 81.7 (C-OH), 119.1 (NArC2,6H), 125.4 

(NArC4H), 128.7 (CHArC3,5H), 128.9 (NArC3,5H), 129.0 (CHArC4H), 129.4 (CHArC2,6H), 132.0 

(CHArC1), 137.5 (NArC1), 160.8 (C=N), 170.2 (CON(CH2CH2)2O), 171.7 (CONAr); Data for minor 

diastereomer: HPLC Analysis: Chiralpak AD-H (85:15 hexane:isopropanol, flow rate 2.0 

ml·min−1, 211 nm, 30 °C) tR (1ʹS,4R)-11: 6.9 min, tR (1ʹR,4S)-11: 13.1 min, >99:1 er; 1H NMR (500 

MHz, CDCl3) (selected) dH: 2.00 (3H, s, CH3), 3.02 (1H, ddd, 2JHH = 10.5 Hz, 3JHH = 5.1 Hz, 2.7 Hz, 

NCH2CHCHD), 4.16 (1H, s, CHPh), 5.36 (1H, br s, OH); 13C{1H} NMR (126 MHz, CDCl3) (selected) 
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dC: 14.8 (CH3), 42.3 (NCH2CH2), 46.5 (NCH2CH2), 52.9 (CHPh), 80.3 (C-OH), 118.9 (NArC2,6H), 

125.1 (NArC4H), 128.8 (ArCH), 129.7 (ArCH), 131.8 (CHArC1), 137.8 (NArC1), 160.3 (C=N), 169.2 

(CON(CH2CH2)2O), 171.1 (CONAr). 
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<Chromatogram>

min

mAU
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 7.029 
 8.071 
 9.745 

 13.411 

Area%
 25.601 
 24.455 
 24.356 
 25.587 

 100.000 

Sample Name : ac035Major+MinorAD-H15%2mlm30C
Sample ID : ac035Major+MinorAD-H15%2mlm30C
Data Filename : ac035Major+MinorAD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : 20 Jan.lcb
Vial # : 1-49 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 20/01/2022 11:28:42 Acquired by : System Administrator
Date Processed : 12/07/2022 18:10:01 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 6.912 
 7.953 
 9.603 

 13.141 

Area%
 10.344 
 88.922 

 0.661 
 0.073 

 100.000 

Sample Name : ac208AD-H15%2mlm30C
Sample ID : ac208AD-H15%2mlm30C
Data Filename : ac208AD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : 06 July.lcb
Vial # : 1-18 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 06/07/2022 17:39:03 Acquired by : System Administrator
Date Processed : 08/07/2022 14:25:30 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.4. (3’R,4R)-3-Methyl-3’-(naphth-1-yl)-1-phenyl-spiro[pyrazolin[5]one-4.2-oxetan[4]one] 12 and 

(3’S,4R)-3-Methyl-3’-(naphth-1-yl)-1-phenyl-spiro[pyrazolin[5]one-4.2-oxetan[4]one] 13 

   
To a soluion of 3-methyl-1-(naphth-1-yl)-1H-pyrazole-4,5-dione (47.1 mg, 0.25 mmol), 

2-(naphth-1-yl)aceic anhydride (132.9 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 

0.125 mmol) were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine 

(54 µl, 0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. The solvent 

was removed and the crude reacion mixture was purified by column chromatography (n-

hexane : ethyl acetate 100:0 to 4:1) to give the itle compounds in two fracions: The major 

diastereomer (40.9 mg, 46%, >95:5 dr) as a white amorphous solid, and a mixture of 

diastereomers (23.7 mg, 27%, 7:93 dr) as a yellow crystalline solid; combined (64.6 mg, 73%, 

66:34 dr). Data for major diastereomer: [a]D
!" +179.5 (c 1.00, CHCl3); HPLC Analysis: Chiralpak 

AD-H (99:1 hexane:isopropanol, flow rate 2.00 ml·min −1, 211 nm, 30 °C) tR (3’R,4R)-12: 22.6 

min, tR (3’S,4S)-12: 19.6 min, 99:1 er; IR nmax (film) 3063, 2359, 1854 (C=O, lactone), 1724 (C=O, 

pyrazolone), 1597, 1501, 1369, 1319, 1121, 930, 775, 758; 1H NMR (500 MHz, CDCl3) dH: 1.41 

(3H, s, CH3), 6.01 (1H, s, CHCOO), 7.17 (1H, app d, 3JHH = 8.4 Hz, CHArC8H), 7.30 (1H, app m, 3JHH 

= 7.3 Hz, 4JHH = 1.2 Hz, NArC4H), 7.35 (1H, ddd, 3JHH = 8.4 Hz, 6.9 Hz, 4JHH = 1.2 Hz, CHArC7H), 

7.45-7.57 (4H, m, CHArC3H + NArC3,5H + CHArC6H), 7.83 (1H, app dt, 3JHH = 7.1 Hz, 4JHH = 1.2 Hz, 

CHArC2H), 7.84-7.87 (2H, m, NArC2,6H), 7.91 (1H, app d, 3JHH = 8.5 Hz, CHArC5H), 7.93(1H, app 

d, 3JHH = 8.4 Hz, CHArC4H); 13C{1H} NMR (126 MHz, CDCl3) dC: 14.2 (CH3), 63.6 (CHCOO), 78.0 

(CC(O)N), 119.2 (NArC2,6H), 121.4 (CHArC8H), 124.7 (CHArC1), 125.4 (CHArC2H), 125.5 

(CHArC3H), 126.3 (NArC4H), 127.1 (CHArC6H), 127.7 (CHArC7H), 129.3 (NArC3,5H), 129.5 

(CHArC5H), 130.1 (CHArC8a), 130.3 (CHArC4H), 133.9 (CHArC4a), 137.3 (NArC1), 155.6 (C=N), 

165.5 (COO), 167.2 (C(O)N); HRMS (ESI+) C22H16N2O3Na [M+Na]+ found 379.1045, requires 

379.1053 (-2.2 ppm); Data for minor diastereomer (characterised as a 90:10 dr mixture): mp 

158-160 °C (dec); [a]D
!" +448.5 (c 0.36, CHCl3); Chiralpak AD-H (99:1 hexane:isopropanol, flow 

rate 2.00 ml·min −1, 211 nm, 30 °C) tR (3’S,4R)-13: 58.9 min, tR (3’R,4S)-13: 35.9 min, >99:1 er; 

IR nmax (film) 3063, 1850 (C=O, lactone), 1732 (C=O, pyrazolone), 1597, 1501, 1371, 1314, 1119, 
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932, 781, 756; 1H NMR (500 MHz, CDCl3) dH: 2.62 (3H, s, CH3), 5.95 (1H, s, CHCOO), 7.08 (1H, 

t, 3JHH = 7.4 Hz, NArC4H), 7.13 (1H, d, 3JHH = 8.2 Hz, CHArC8H), 7.21 (2H, app t, 3JHH = 8.0 Hz, 

NArC3,5H), 7.29-7.33 (2H, m, NArC2,6H), 7.36-7.44 (2H, m, CHArC7H + CHArC6H), 7.54 (1H, app 

t, 3JHH = 7.7 Hz, CHArC3H), 7.83-7.91 (3H, m, CHArC2H + CHArC4H + CHArC5H); 13C{1H} NMR (126 

MHz, CDCl3) dC: 13.2 (CH3), 61.6 (CHCOO), 77.9 (CC(O)N), 119.0 (NArC2,6H), 120.7 (CHArC8H), 

123.7 (CHArC1), 125.6 (CHArC3H), 125.9 (NArC4H), 126.4 (CHArC6H), 127.4 (CHArC7H), 127.6 

(CHArC2H), 128.9 (NArC3,5H), 129.6 (CHArC5H), 130.1 (CHArC4H), 130.2 (CHArC8a), 133.8 

(CHArC4a), 136.9 (NArC1), 155.2 (C=N), 164.8 (COO), 165.3 (CONAr). 

Note: Upon storage of syn- and 12 under air at room temperature a gradual colour change from white 

to orange was observed. Following 1H NMR analysis of these compounds a?er approximately one month 

some decomposiAon of 12 was observed, whilst no decomposiAon of 13 was apparent. 
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<Chromatogram>

min

mAU

18 19 20 21 22 23 24 25 26

0

250

500

750 PDA Multi 1 211nm,4nm

 1
9.

48
6 

 2
2.

75
2 

<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 19.486 
 22.752 

Area%
 50.611 
 49.389 

 100.000 

Sample Name : ac158AD-H1%2mlm30C
Sample ID : ac158AD-H1%2mlm30C
Data Filename : ac158AD-H1%2mlm30C.lcd
Method Filename : AD-H 1% 2ml-min 30deg 90min.lcm
Batch Filename : 11 MAY.lcb
Vial # : 1-3 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 11/05/2022 16:47:49 Acquired by : System Administrator
Date Processed : 11/05/2022 18:17:52 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>

min

mAU

18 19 20 21 22 23 24 25 26

0

250

500

750

1000
PDA Multi 1 211nm,4nm

 1
9.

57
0 

 2
2.

60
2 

<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 19.570 
 22.602 

Area%
 1.199 

 98.801 
 100.000 

Sample Name : ac214Major-rerun-AD-H1%2mlm30c
Sample ID : ac214Major-rerun-AD-H1%2mlm30c
Data Filename : ac214Major-rerun-AD-H1%2mlm30c.lcd
Method Filename : AD-H 1% 2ml-min 30deg 90min.lcm
Batch Filename : 16 Aug.lcb
Vial # : 1-6 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 16/08/2022 14:12:04 Acquired by : System Administrator
Date Processed : 16/08/2022 15:42:07 Processed by : System Administrator
 

<Sample Information>

Analysis Report



S35 
 

 

 

 

 

 

  

<Chromatogram>

min

mAU

35 40 45 50 55 60 65
0

10

20

30

40 PDA Multi 1 211nm,4nm

 3
5.

59
5 

 5
9.

46
7 

<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 35.595 
 59.467 

Area%
 50.197 
 49.803 

 100.000 

Sample Name : ac158minor-rerunAD-H1%2mlm30C
Sample ID : ac158minor-rerunAD-H1%2mlm30C
Data Filename : ac158minor-rerunAD-H1%2mlm30C.lcd
Method Filename : AD-H 1% 2ml-min 30deg 90min.lcm
Batch Filename : 15 Aug.lcb
Vial # : 1-3 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 15/08/2022 19:51:42 Acquired by : System Administrator
Date Processed : 15/08/2022 21:21:44 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>

min

mAU

35 40 45 50 55 60 65

0

50

100

150

200 PDA Multi 1 211nm,4nm

 3
5.

94
8 

 5
8.

89
2 

<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 35.948 
 58.892 

Area%
 0.684 

 99.316 
 100.000 

Sample Name : ac153MinorAD-H1%2mlm30C
Sample ID : ac153MinorAD-H1%2mlm30C
Data Filename : ac153MinorAD-H1%2mlm30C.lcd
Method Filename : AD-H 1% 2ml-min 30deg 90min.lcm
Batch Filename : 12 May.lcb
Vial # : 1-4 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 12/05/2022 15:09:42 Acquired by : System Administrator
Date Processed : 12/05/2022 16:39:46 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.5. (1’R,4R)- and (1’S,4R)-4-hydroxy-5-methyl-4-(2-morpholino-1-(α-naphthyl)-2-oxoethyl)-2-

phenyl-2,4-dihydro-3H-pyrazol-3-one 14 

  
To a soluion of 3-methyl-1-phenyl-1H-pyrazole-4,5-dione (47.1 mg, 0.25 mmol), 2-(α-

naphthyl)aceic anhydride (132.9 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 0.125 

mmol) were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine (54 µl, 

0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine (66 µl, 

0.75 mmol) was added and the reacion mixture was sirred for 16 h at rt. The reacion mixture 

was diluted with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. NaHCO3 

(´2), and brine (´1). The organic layer was dried over MgSO4, filtered, and concentrated in 

vacuo. Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 to 1:1) gave the 

itle compound as a mixture of diastereomers as white amorphous solid (99.7 mg, 0.22 mmol, 

90%, >95:5 d.r.). [a]D
!" +336.4 (c 0.50, CDCl3); IR nmax (film) 3352 (O-H), 3059, 2922 (C-H), 2857 

(C-H), 1717 (C=O, pyrazolone), 1639, 1620, 1595, 1501, 1360, 1113, 781; HRMS (ESI+) 

C26H25N3O4 [M+H]+ found 466.17231, requires 466.17373 (-3.0 ppm). Data for major 

diastereomer: HPLC Analysis: Chiralpak AD-H (95:5 hexane:isopropanol, flow rate 2.0 

ml·min−1, 211 nm, 30 °C) tR (1ʹR,4R)-14: 31.9 min, tR (1ʹS,4S)-14: 42.4 min, >99:1 er; 1H NMR 

(500 MHz, CDCl3) dH: 1.49 (3H, s, CH3), 2.76 (1H, ddd, 2JHH = 10.5 Hz, 3JHH = 7.2 Hz, 3.0 Hz, 

NCH2CHAHB), 2.96 (1H, ddd, 2JHH  =13.5 Hz, 3JHH = 6.0 Hz, 3.0 Hz, NCHAHBCH2), 3.21-3.33 (2H, m, 

NCHAHBCH2, NCH2CHAHB), 3.49 (1H, ddd, 2JHH = 11.6 Hz, 3JHH = 7.4 Hz, 3.0 Hz, NCH2CHCHD), 3.59 

(1H, ddd, 2JHH = 13.3 Hz, 3JHH = 7.4 Hz, 3.0 Hz, NCHCHDCH2), 3.65-3.69 (1H, m, NCH2CHCHD), 3.81 

(1H, ddd, 2JHH = 13.3 Hz, 3JHH = 5.8 Hz, 3.0 Hz, NCHCHDCH2), 4.91 (1H, s, CHAr), 7.13-7.17 (1H, 

m, NArC4H), 7.31-7.36 (2H, m, NArC3,5H), 7.48-7.55 (2H, m, CHArC3,7H), 7.55-7.59 (1H, m, 

CHArC6H) 7.66-7.72 (2H, m, NArC2,6H), 7.83 (1H, d, 3JHH = 7.1 Hz, CHArC2H), 7.85-7.91 (2H, m, 

CHArC4,8H), 7.95 (1H, d, 3JHH = 8.6 Hz, CHAr5H); 13C{1H} NMR (126 MHz, CDCl3) dC: 14.9 (CH3), 

42.8 (NCHCHDCH2), 44.5 (CHAr), 46.3 (NCHAHBCH2), 65.9 (NCH2CHAHB), 66.6 (NCH2CHCHD), 81.3 

(C-OH), 119.0 (NArC2,6H), 121.3 (CHArC5H), 125.3 (NArC4H), 125.6 (CHArC3H), 126.3 (CHArC7H), 

127.7 (CHArC1), 127.9 (CHArC6H), 128.0 (CHArC2H), 128.9 (NArC3,5H), 129.8 (CHArC4H), 129.9 

(CHArC6H), 130.9 (CHArC8a), 134.0 (CHArC4a), 137.7 (NArC1), 160.6 (C=N), 171.0 
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(CON(CH2CH2)2O), 172.7 (CONAr); Data for minor diastereomer: 1H NMR (500 MHz, CDCl3) 

(selected) dH: 2.17 (3H, s, CH3), 2.67 (1H, ddd, 2JHH = 10.6 Hz, 3JHH = 7.3 Hz, 2.8 Hz, NCH2CHAHB), 

4.87 (1H, s, CHAr). 
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<Chromatogram>

min

mAU

30.0 32.5 35.0 37.5 40.0 42.5 45.0

0

100

200

300

PDA Multi 1 211nm,4nm

 3
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4 

 4
1.

79
5 

<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 31.964 
 41.795 

Area%
 50.040 
 49.960 

 100.000 

Sample Name : ac123rerumAD-H5%2mlm30C
Sample ID : ac123rerumAD-H5%2mlm30C
Data Filename : ac123rerumAD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 90min.lcm
Batch Filename : 11 July_20072022_1350.lcb
Vial # : 1-16 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 21/07/2022 03:18:34 Acquired by : System Administrator
Date Processed : 21/07/2022 04:48:36 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>

min

mAU

30.0 32.5 35.0 37.5 40.0 42.5 45.0

0

250

500

750

1000

1250 PDA Multi 1 211nm,4nm

 3
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 4
2.

39
5 

<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 31.928 
 42.395 

Area%
 99.084 

 0.916 
 100.000 

Sample Name : ac122rerumAD-H5%2mlm30C
Sample ID : ac122rerumAD-H5%2mlm30C
Data Filename : ac122rerumAD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 90min.lcm
Batch Filename : 11 July_20072022_1350.lcb
Vial # : 1-17 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 21/07/2022 04:49:06 Acquired by : System Administrator
Date Processed : 21/07/2022 06:19:10 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.6. (1’R,4R)- and (1’S,4R)-4-(1-(p-chlorophenyl)2-morpholino-2-oxoethyl)-4-hydroxy-5-methyl-2-

phenyl-2,4-dihydro-3H-pyrazol-3-one 21 

  
To a soluion of 3-methyl-1-phenyl-1H-pyrazole-4,5-dione (47.1 mg, 0.25 mmol), 2-(p-

chlorophenyl)aceic anhydride (121.2 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 0.125 

mmol) were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine (54 µl, 

0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine (66 µl, 

0.75 mmol) was added and the reacion mixture was sirred for 16 h at rt. The reacion mixture 

was diluted with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. NaHCO3 

(´2), and brine (´1). The organic layer was dried over MgSO4, filtered, and concentrated in 

vacuo. Purificaion by column chromatography (n-hexane : ethyl acetate 3:1 to 1:1) gave the 

itle compound as a mixture of diastereomer as a white solid (56.0 mg, 0.13 mmol, 52%, >95:5 

d.r.). mp 215-218 °C (dec); [a]D
!" +188.5 (c 1.00, CDCl3); IR nmax (film) 3296 (O-H), 2920 (C-H), 

2855 (C-H), 2361, 2342, 2330, 1717 (C=O, pyrazolone), 1622, 1595, 1489, 1111, 760; HRMS 

(ESI+) C22H21ClN3O4Na [M+Na]+ found 450.11791, requires 450.11910 (-2.6 ppm). Data for 

major diastereomer: HPLC Analysis: Chiralpak AD-H (95:5 hexane:isopropanol, flow rate 2.00 

ml·min−1, 211 nm, 30 °C) tR (1ʹR,4R)-21: 22.3 min, tR (1ʹS,4S)-21: 35.1 min, 98.5:1.5 er; 1H NMR 

(500 MHz, CDCl3) dH: 1.95 (3H, s, CH3), 3.06-3.25 (2H, m, NCHAHBCH2, NCH2CHAHB), 3.34 (1H, 

ddd, 2JHH = 13.3 Hz, 3JHH = 6.7 Hz, 3.0 Hz, NCHAHBCH2), 3.53 (1H, ddd, 2JHH = 11.3 Hz, 3JHH = 6.3 

Hz, 3.0 Hz, NCH2CHAHB), 3.56-3.62 (1H, m, NCH2CHCHD), 3.65-3.77 (3H, m, 

NCHCHDCH2,NCH2CHCHD), 4.18 (1H, s, CHAr) 6.23 (1H, br s, OH), 7.19 (1H, app t, 3JHH = 7.4 Hz, 

NArC4H), 7.23 (2H, app d, 3JHH = 8.4 Hz, CHArC2,6H), 7.30 (2H, app d, 3JHH = 8.4 Hz, CHArC3,5H), 

7.35-7.41 (2H, m, NArC3,5H), 7.73 (2H, d, 3JHH = 7.6 Hz, NArC2,6H); 13C{1H} NMR (126 MHz, CDCl3) 

dC: 15.7 (CH3), 42.6 (NCHCHDCH2), 46.6 (NCHAHBCH2), 51.5 (CHAr), 66.1 (NCH2CHAHB), 66.7 

(NCH2CHCHD), 81.5 (C-OH), 119.0 (NArC2,6H), 125.6 (NArC4H), 129.0 (NArC3,5H), 129.6 

(CHArC3,5H), 130.1 (CHArC2,6H), 130.6 (CHArC1), 135.2 (CHArC4Cl), 137.4 (NArC1), 160.4 (C=N), 

169.8 (CON(CH2CH2)2O), 171.6 (CONAr); Data for minor diastereomer: HPLC Analysis: 

Chiralpak AD-H (95:5 hexane:isopropanol, flow rate 2.00 ml·min−1, 211 nm, 30 °C) tR (1ʹS,4R)-

21: 27.9 min, tR (1ʹR,4S)-21: 76.3 min (not detected); 1H NMR (500 MHz, CDCl3) (selected) dH: 



S40 
 

2.02 (3H, s, CH3), 4.07 (1H, s, CHAr), 5.34 (1H, br s, OH); 13C{1H} NMR (126 MHz, CDCl3) 

(selected) dC: 15.0 (CH3), 118.9 (NArC2,6H), 125.3 (NArC4H), 129.2 (ArCH), 131.1 (ArCH). 
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<Chromatogram>

min

mAU

20 30 40 50 60 70 80

0
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150 PDA Multi 1 211nm,4nm
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 22.345 
 27.926 
 34.902 
 76.264 

Area%
 43.118 
 6.825 

 43.312 
 6.746 

 100.000 

Sample Name : ac110rerunAD-H5%2mlm30C
Sample ID : ac110rerunAD-H5%2mlm30C
Data Filename : ac110rerunAD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 90min.lcm
Batch Filename : 11 July_20072022_1350.lcb
Vial # : 1-18 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 21/07/2022 00:07:19 Acquired by : System Administrator
Date Processed : 21/07/2022 01:37:21 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>

min

mAU

20 30 40 50 60 70 80

0

25
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75 PDA Multi 1 211nm,4nm

 2
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29
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94
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4 

<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 

Total

Ret. Time
 22.298 
 27.944 
 35.074 

Area%
 94.076 

 4.398 
 1.526 

 100.000 

Sample Name : ac166AD-H5%2mlm30C
Sample ID : ac166AD-H5%2mlm30C
Data Filename : ac166AD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 90min.lcm
Batch Filename : 11 July_20072022_1350.lcb
Vial # : 1-19 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 21/07/2022 01:37:51 Acquired by : System Administrator
Date Processed : 21/07/2022 03:07:53 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.7. (1’R,4R)- and (1’S,4R)-4-(1-(4-bromophenyl)-2-morpholino-2-oxoethyl)-4-hydroxy-5-methyl-2-

phenyl-2,4-dihydro-3H-pyrazole-3-one 22 

  
To a soluion of 3-methyl-1-phenyl-1H-pyrazole-4,5-dione (47.1 mg, 0.25 mmol), 

2-(p-bromophenyl)aceic anhydride (154.5 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 

0.125 mmol) were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine 

(54 µl, 0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine 

(66 µl, 0.75 mmol) was added and the reacion mixture was sirred for 16 h at rt. The reacion 

mixture was diluted with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. 

NaHCO3 (´2), and brine (´1). The organic layer was dried over MgSO4, filtered, and 

concentrated in vacuo. Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 

to 3:4) gave the itle compound as a mixture of diastereomer as a white solid (47.4 mg, 

0.10 mmol, 40%, >95:5 d.r.). mp 230-232 °C (dec); [a]D
!" +215.3 (c 1.00, CDCl3); IR nmax (film) 

3335 (O-H), 2968 (C-H), 2922 (C-H), 2859 (C-H), 1717 (C=O, pyrazolone), 1643, 1626, 1489, 

1115, 758; HRMS (ESI+) C22H22BrN3O4Na [M(79Br)+Na]+ found 494.0683, requires 494.0686 

(-0.5 ppm). Data for major diastereomer: HPLC Analysis: Chiralpak AD-H (95:5 

hexane:isopropanol, flow rate 2.00 ml·min−1, 211 nm, 30 °C) tR (1ʹR,4R)-22: 23.6 min, tR 

(1ʹS,4S)-22: 36.1 min, 98:2 er; 1H NMR (500 MHz, CDCl3) dH: 1.94 (3H, s, CH3), 3.14 (1H, ddd, 
2JHH = 13.3 Hz, 3JHH = 6.4 Hz, 3.0 Hz, NCHAHBCH2), 3.20 (1H, ddd, 2JHH = 11.4 Hz, 3JHH = 6.7 Hz, 3.0 

Hz, NCH2CHAHB), 3.34 (1H, ddd, 2JHH = 13.3 Hz, 3JHH = 6.7 Hz, 3.1 Hz, NCHAHBCH2), 3.53 (1H, ddd, 
2JHH = 11.4 Hz, 3JHH = 6.4 Hz, 3.1 Hz, NCH2CHAHB), 3.57-3.63 (1H, m, NCH2CHCHD), 3.67-3.76 (3H, 

m, NCHCHDCH2, NCH2CHCHD), 4.17 (1H, s, CHAr), 6.22 (1H, br s, OH), 7.14-7.21 (3H, m, 

CHArC2,4,6H), 7.38 (2H, app t, 3JHH = 7.9 Hz, NArC3,5H), 7.45 (2H, d, 3JHH = 8.4 Hz, CHArC3,5H), 7.73 

(2H, app d, 3JHH = 8.1 Hz, NArC2,6H); 13C{1H} NMR (126 MHz, CDCl3) dC: 15.7 (CH3), 42.6 

(NCHCHDCH2), 46.6 (NCHAHBCH2), 51.6 (CHAr), 66.1 (NCH2CHAHB), 66.7 (NCH2CHCHD), 81.4 (C-

OH), 119.1 (NArC2,6H), 123.3 (CHArC4Br), 125.6 (NArC4H), 129.0 (NArC3,5H), 130.4 (CHArC2,6H), 

131.1 (CHArC1), 132.6 (CHArC3,5H), 137.4 (NArC1), 160.4 (C=N), 169.7 (CON(CH2CH2)2O), 171.5 

(CONAr); Data for minor diastereomer: HPLC Analysis: Chiralpak AD-H (95:5 

hexane:isopropanol, flow rate 2.0 ml·min−1, 211 nm, 30 °C) tR (1ʹS,4R)-22: 28.6 min, tR (1ʹR,4S)-
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22: 77.6 min (not detected); 1H NMR (500 MHz, CDCl3) (selected) dH: 2.02 (3H, s, CH3), 4.06 

(1H, s, CHAr), 5.31 (1H, br s, OH). 
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<Chromatogram>

min

mAU
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 23.564 
 28.584 
 35.779 
 77.551 

Area%
 30.578 
 19.299 
 30.803 
 19.320 

 100.000 

Sample Name : ac098racAD-H5%2mlm30C90min
Sample ID : ac098racAD-H5%2mlm30C90min
Data Filename : ac098racAD-H5%2mlm30C90min.lcd
Method Filename : AD-H 5% 2ml-min 30deg 90min.lcm
Batch Filename : 24 Feb.lcb
Vial # : 1-32 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 24/02/2022 13:22:40 Acquired by : System Administrator
Date Processed : 25/02/2022 16:36:33 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>

min

mAU
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PDA Multi 1 211nm,4nm
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 

Total

Ret. Time
 23.565 
 28.649 
 36.075 

Area%
 86.104 
 12.345 

 1.551 
 100.000 

Sample Name : ac112AD-H5%2mlm30C90min
Sample ID : ac112AD-H5%2mlm30C90min
Data Filename : ac112AD-H5%2mlm30C90min.lcd
Method Filename : AD-H 5% 2ml-min 30deg 90min.lcm
Batch Filename : 01 Mar.lcb
Vial # : 1-32 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 01/03/2022 21:27:00 Acquired by : System Administrator
Date Processed : 01/03/2022 22:57:03 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.8. (1’R,4R)- and (1’S,4R)-4-hydroxy-5-methyl-4-(2-morphline-2-oxo-1-(p-tolyl)ethyl)-2-phenyl-

2,4-dihyro-3H-pyrazol-3-one 23 

   
To a soluion of 3-methyl-1-phenyl-1H-pyrazole-4,5-dione (47.1 mg, 0.25 mmol), 

2-(p-tolyl)aceic anhydride (105.9 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 

0.125 mmol) were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine 

(54 µl, 0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine 

(66 µl, 0.75 mmol) was added and the reacion mixture was sirred for 16 h at rt. The reacion 

mixture was diluted with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. 

NaHCO3 (´2), and brine (´1). The organic layer was dried over MgSO4, filtered, and 

concentrated in vacuo. Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 

to 1:1) gave the itle compound as a mixture of diastereomers as white solid (61.7 mg, 

0.15 mmol, 61%, 91:9 d.r.). mp 197-199 °C (dec); [a]D
!" +253.9 (c 1.00, CDCl3); IR nmax (film) 

3368 (O-H), 2965 (C-H), 2922 (C-H), 2857 (C-H), 1719 (C=O, pyrazolone), 1622, 1597, 1501, 

1115, 758; HRMS (ESI+) C23H24N3O4Na [M+Na]+ found 450.11791, requires 450.11910 

(-2.6 ppm). Data for major diastereomer: HPLC Analysis: Chiralpak AD-H (80:20 

hexane:isopropanol, flow rate 1.0 ml·min−1, 211 nm, 30 °C) tR (1ʹR,4R)-23: 10.7 min, tR (1ʹS,4S)-

23: 13.3 min, >99:1 er; 1H NMR (500 MHz, CDCl3) dH: 1.96 (3H, s, C5CH3), 2.30 (3H, s, ArC4CH3), 

3.09-3.19 (2H, m, NCHAHBCH2, NCH2CHAHB), 3.32 (1H, ddd, 2JHH = 14.0 Hz, 3JHH = 7.3 Hz, 3.0 Hz, 

NCHAHBCH2), 3.48 (1H, ddd, 2JHH = 11.4 Hz, 3JHH = 6.3 Hz, 3.0 Hz, NCH2CHAHB), 3.54-3.67 (2H, m, 

NCHCHDCH2, NCH2CHCHD), 3.69-3.78 (2H, m, NCHCHDCH2, NCH2CHCHD), 4.19 (1H, s, CHAr), 6.33 

(1H, br s, OH), 7.06-7.19 (5H, m, CHArC2,3,5,6)H, NArC4H), 7.32-7.40 (2H, m, NArC3,5H), 7.72 (2H, 

d, 3JHH = 7.4 Hz, NArC2,6H); 13C{1H} NMR (126 MHz, CDCl3) dC: 15.7 (C5CH3), 21.2 (ArC4CH3), 42.5 

(NCHCHDCH2), 46.5 (NCHAHBCH2), 52.1 (CHAr), 66.1 (NCH2CHAHB), 66.6 (NCH2CHCHD), 81.7 

(C-OH), 119.1 (NArC2,6H), 125.4 (NArC4H), 128.5 (CHArC2,6H), 128.8 (NArC1), 128.9 (NArC3,5H), 

130.0 (CHArC3,5H), 137.5 (CHArC1), 138.9 (CHArC4CH3), 160.9 (C=N), 170.4 (CON(CH2CH2)2O), 

171.8 (CONAr); Data for minor diastereomer: HPLC Analysis: Chiralpak AD-H (80:20 

hexane:isopropanol, flow rate 1.0 ml·min −1, 211 nm, 30 °C) tR (1ʹS,4R)-23: 9.6 min, tR (1ʹR,4S)-

23: 17.4 min, 99:1 er; 1H NMR (500 MHz, CDCl3) (selected) dH: 2.01 (3H, s, C5CH3), 2.32 (3H, s, 

ArC4CH3), 3.04 (1H, ddd, 2JHH = 10.4 Hz, 3JHH = 7.3 Hz, 2.5 Hz, NCH2CHAHB), 4.11 (1H, s, CHAr); 
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13C{1H} NMR (126 MHz, CDCl3) (selected) dC: 14.9 (C5CH3), 42.3 (NCH2CH2), 52.5 (CHAr), 80.3 

(C-OH), 119.0 (NArC2,6H), 125.1 (NArC4H), 129.6 (ArCH), 129.7 (ArCH), 137.8 (CHArC1), 138.6 

(CHArC4CH3), 160.5 (C=N), 169.4 (CON(CH2CH2)2O), 171.1 (CONAr). 
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<Chromatogram>
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 9.675 

 10.765 
 13.323 
 17.431 

Area%
 4.696 

 44.883 
 45.642 

 4.778 
 100.000 

Sample Name : ac116redoAD-H20%1mlm30C
Sample ID : ac116redoAD-H20%1mlm30C
Data Filename : ac116redoAD-H20%1mlm30C.lcd
Method Filename : AD-H 20% 1ml-min 30deg 40min.lcm
Batch Filename : July 22.lcb
Vial # : 1-35 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 23/07/2022 07:09:48 Acquired by : System Administrator
Date Processed : 23/07/2022 07:49:51 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 9.597 

 10.699 
 13.301 
 17.357 

Area%
 8.744 

 90.677 
 0.477 
 0.102 

 100.000 

Sample Name : ac121AD-H20%1mlm30C
Sample ID : ac121AD-H20%1mlm30C
Data Filename : ac121AD-H20%1mlm30C.lcd
Method Filename : AD-H 20% 1ml-min 30deg 40min.lcm
Batch Filename : 09 Mar.lcb
Vial # : 1-32 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 09/03/2022 21:08:55 Acquired by : System Administrator
Date Processed : 09/03/2022 21:48:58 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.9. (1’R,4R)-4-(1-(p-anisyl)-2-morpholine-2-oxoethyl)-4-hydroxy-5-methyl-2-phenyl-2,4-dihydro-

3H-pyrazol-3-one 24 

 
To a soluion of 3-methyl-1-phenyl-1H-pyrazole-4,5-dione (47.1 mg, 0.25 mmol), 

2-(p-anisyl)aceic anhydride (117.9 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 

0.125 mmol) were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine 

(54 µl, 0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine 

(66 µl, 0.75 mmol) was added and the reacion mixture was sirred for 16 h at rt. The reacion 

mixture was diluted with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. 

NaHCO3 (´2), and brine (´1). The organic layer was dried over MgSO4, filtered, and 

concentrated in vacuo. Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 

to 1:1) gave the itle compound as a white solid (60.7 mg, 0.14 mmol, 57%). mp 193-195 °C 

(dec); [a]D
!" +147.0 (c 0.50, CDCl3); HPLC Analysis: Chiralpak AD-H (85:15 hexane:isopropanol, 

flow rate 2.0 ml·min−1, 211 nm, 30 °C) tR (1ʹR,4R)-24: 9.8 min, tR (1ʹS,4S)-24: 13.5 min, >99:1 

er; IR nmax (film) 3372 (O-H), 2963 (C-H), 2924 (C-H), 2855 (C-H), 2363, 1717 (C=O, pyrazolone), 

1612, 1512, 1501, 1252, 1115, 758; 1H NMR (500 MHz, CDCl3) dH: 1.96 (3H, s, CCH3), 3.10-3.21 

(2H, m, NCHAHBCH2, NCH2CHAHB), 3.33 (1H, ddd, 2JHH = 14.0 Hz, 3JHH = 7.4 Hz, 3.0 Hz, 

NCHAHBCH2), 3.50 (1H, ddd, 2JHH = 11.3 Hz, 3JHH = 6.3 Hz, 3.0 Hz, NCH2CHAHB), 3.55-3.67 (2H, m, 

NCHCHDCH2, NCH2CHCHD), 3.69-3.80 (5H, m, NCHCHDCH2, NCH2CHCHD, OCH3), 4.17 (1H, s, CHAr), 

6.30 (1H, br s, OH), 6.81 (2H, app d, 3JHH = 8.7 Hz, CHArC3,5H), 7.13-7.22 (3H, m, NArC4H, 

CHArC2,6H), 7.36 (3H, app t, 3JHH = 7.9 Hz, NArC3,5H), 7.73 (2H, app d, 3JHH = 7.9 Hz, NArC2,6H); 
13C{1H} NMR (126 MHz, CDCl3) dC: 15.7 (CCH3), 42.5 (NCHCHDCH2), 46.6 (NCHAHBCH2), 51.6 

(CHAr), 55.4 (OCH3), 66.1 (NCH2CHAHB), 66.7 (NCH2CHCHD), 81.7 (C-OH), 114.7 (CHArC3,5H), 

119.1 (NArC2,6H), 123.7 (CHArC1), 125.4 (NArC4H), 128.9 (NArC3,5H), 129.9 (CHArC2,6H), 137.6 

(NArC1), 159.9 (CHArC4OCH3), 160.9 (C=N), 170.5 (CON(CH2CH2)2O), 171.8 (CONAr); HRMS 

(ESI+) C23H24N3O5Na [M+Na]+ found 446.16763, requires 446.16864 (-2.3 ppm).  
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<Chromatogram>

min

mAU

9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5

0

50

100
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200

250 PDA Multi 1 211nm,4nm

 9
.8

20
 

 1
3.

45
8 

<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 9.820 

 13.458 

Area%
 49.597 
 50.403 

 100.000 

Sample Name : ac094racAD-H15%2mlm30C
Sample ID : ac094racAD-H15%2mlm30C
Data Filename : ac094racAD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : 14 Feb.lcb
Vial # : 1-32 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 14/02/2022 18:45:05 Acquired by : System Administrator
Date Processed : 14/02/2022 19:45:09 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>

min

mAU

9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5
0

250

500

750 PDA Multi 1 211nm,4nm

 9
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13
 

 1
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54
1 

<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 9.813 

 13.541 

Area%
 99.462 

 0.538 
 100.000 

Sample Name : ac120majorerunAD-H15%2mlm30C
Sample ID : ac120majorerunAD-H15%2mlm30C
Data Filename : ac120majorerunAD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 30min.lcm
Batch Filename : 01 aug.lcb
Vial # : 1-32 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 01/08/2022 10:16:10 Acquired by : System Administrator
Date Processed : 01/08/2022 10:46:12 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.10. (1’R,4R)- and (1’S,4R)-4-(1-(m-bromophenyl)-2-morpholine-2-oxoethyl)-4-hydroxy-5-

methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one 25 

  
To a soluion of 3-methyl-1-phenyl-1H-pyrazole-4,5-dione (47.1 mg, 0.25 mmol), 

2-(m-bromophenyl)aceic anhydride (154.5 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 

0.125 mmol) were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine 

(54 µl, 0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine 

(66 µl, 0.75 mmol) was added and the reacion mixture was sirred for 16 h at rt. The reacion 

mixture was diluted with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. 

NaHCO3 (´2), and brine (´1). The organic layer was dried over MgSO4, filtered, and 

concentrated in vacuo. Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 

to 1:1) gave the itle compound as a mixture of diastereomer as a white amorphous solid 

(44.2 mg, 0.09 mmol, 37%, 89:11 d.r.). [a]D
!" +153.3 (c 0.50, CDCl3); IR nmax (film) 3323 (O-H), 

3057 (C-H), 2970 (C-H), 2922 (C-H), 2857 (C-H), 1715 (C=O, pyrazolone), 1622, 1595, 1364, 

1113, 758; HRMS (ESI+) C22H21BrN3O4Na [M(81Br)+Na]+ found 496.06554, requires 496. 06684 

(-2.6 ppm). Data for major diastereomer: HPLC Analysis: Chiralpak AD-H (85:15 

hexane:isopropanol, flow rate 2.0 ml·min−1, 211 nm, 30 °C) tR (1ʹR,4R)-25: 7.1 min, tR (1ʹS,4S)-

25: 11.8 min, 98.5:1.5 er; 1H NMR (500 MHz, CDCl3) dH: 1.93 (3H, s, CH3), 3.16 (1H, ddd, 2JHH = 

13.3 Hz, 3JHH = 6.4 Hz, 3.0 Hz, NCHAHBCH2), 3.22 (1H, ddd, 2JHH = 11.5 Hz, 3JHH = 6.6 Hz, 3.0 Hz, 

NCH2CHAHB), 3.35 (1H, ddd, 2JHH = 13.3 Hz, 3JHH = 6.6 Hz, 3.0 Hz, NCHAHBCH2), 3.54 (1H, ddd, 
2JHH = 11.5 Hz, 3JHH = 6.4 Hz, 3.0 Hz, NCH2CHAHB), 3.61 (1H, ddd, 2JHH = 11.1 Hz, 3JHH = 5.6 Hz, 3.6 

Hz, NCH2CHCHD), 3.68-3.77 (3H, m, NCHCHDCH2, NCH2CHCHD), 4.16 (1H, s, CHAr), 6.29 (1H, br s, 

OH), 7.16-7.25 (3H, m, NArC4H, 2×CHArCH), 7.35-7.40 (2H, m, NArC3,5H), 7.44-7.49 (2H, m, 

2×CHArCH), 7.70-7.75 (2H, m, NArC2,6H); 13C{1H} NMR (126 MHz, CDCl3) dC: 15.6 (CH3), 42.6 

(NCHCHDCH2), 46.6 (NCHAHBCH2), 51.6 (CHAr), 66.1 (NCH2CHAHB), 66.7 (NCH2CHCHD), 81.5 

(C-OH), 119.2 (NArC2,6H), 123.3 (CHArC3Br), 125.6 (NArC4H), 127.4 (CHArCH), 129.0 (NArC3,5H), 

130.8 (CHArCH), 131.8 (CHArCH), 132.2 (CHArCH), 134.3 (CHArC1), 137.3 (NArC1), 160.3 (C=N), 

169.5 (CON(CH2CH2)2O), 171.5 (CONAr); Data for minor diastereomer: HPLC Analysis: 

Chiralpak AD-H (85:15 hexane:isopropanol, flow rate 2.0 ml·min −1, 211 nm, 30 °C) tR (1ʹS,4R)-

25: 6.3 min, tR (1ʹR,4S)-25: 15.7 min, 97.5:2.5 er; 1H NMR (500 MHz, CDCl3) (selected) dH: 1.96 
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(3H, s, CH3), 4.14 (1H, s, CHAr), 7.54 (1H, m, ArCH), 7.74-7.78 (1H, m, NArC2,6H); 13C{1H} NMR 

(126 MHz, CDCl3) (selected) dC: 15.0 (CH3), 42.4 (NCH2CH2), 46.5 (NCH2CH2), 52.4 (CHAr), 80.0 

(C-OH), 118.9 (NArC2,6H), 122.9 (CHArC3Br), 125.3 (NArC4H), 128.5 (ArCH), 128.9 (NArC3,5H), 

130.3 (ArCH), 131.9 (ArCH), 132.8 (ArCH), 134.2 (CHArC1), 137.7 (NArC1), 168.5 

(CON(CH2CH2)2O), 171.0 (CONAr). 
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<Chromatogram>

min

mAU

5.0 7.5 10.0 12.5 15.0

0
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1000 PDA Multi 1 211nm,4nm
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 6.282 
 7.070 

 11.697 
 15.497 

Area%
 6.111 

 43.961 
 43.693 

 6.235 
 100.000 

Sample Name : ac100redoAD-H15%2mlm30C
Sample ID : ac100redoAD-H15%2mlm30C
Data Filename : ac100redoAD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : 08 Mar.lcb
Vial # : 1-32 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 08/03/2022 12:23:33 Acquired by : System Administrator
Date Processed : 08/03/2022 13:23:35 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>

min

mAU
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 6.282 
 7.070 

 11.757 
 15.656 

Area%
 11.638 
 86.773 

 1.262 
 0.327 

 100.000 

Sample Name : ac117AD-Hredo215%2mlm30C
Sample ID : ac117AD-Hredo215%2mlm30C
Data Filename : ac117AD-Hredo215%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : 08 Mar.lcb
Vial # : 1-33 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 08/03/2022 10:37:41 Acquired by : System Administrator
Date Processed : 08/03/2022 11:37:44 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.11. (1’R,4R)- and (1’S,4R)-4-hydroxy-5-methyl-4-(2-morpholino-2-oxo-1-(o-tolyl)ethyl)-2-

phenyl-2,4-dihydro-3H-pyrazol-3-one 26 

  
To a soluion of 3-methyl-1-phenyl-1H-pyrazole-4,5-dione (47.1 mg, 0.25 mmol), 

2-(o-tolyl)aceic anhydride (105.9 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 

0.125 mmol) were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine 

(54 µl, 0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine 

(66 µl, 0.75 mmol) was added and the reacion mixture was sirred for 16 h at rt. The reacion 

mixture was diluted with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. 

NaHCO3 (´2), and brine (´1). The organic layer was dried over MgSO4, filtered, and 

concentrated in vacuo. Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 

to 1:1) gave the itle compound as a mixture of diastereomers as white amorphous solid (98.0 

mg, 0.24 mmol, 96%, >95:5 d.r.). [a]D
!" +238.7 (c 0.82, CHCl3); IR nmax (film) 3312 (O-H), 2965 

(C-H), 2922 (C-H), 2857 (C-H), 2249, 1717 (C=O, pyrazolone), 1639, 1620, 1597, 1499, 1435, 

1360, 1225, 1113, 908, 754; HRMS (ESI+) C23H26N3O4 [M+H]+ found 408.1910, requires 

408.19178 (-1.9 ppm). Data for major diastereomer: HPLC Analysis: Chiralpak AD-H (95:5 

hexane:isopropanol, flow rate 2.0 ml·min−1, 211 nm, 30 °C) tR (1ʹR,4R)-26: 16.9 min, tR (1ʹS,4S)-

26: 36.0 min, >99:1 er; 1H NMR (500 MHz, CDCl3) dH: 1.61 (3H, s, C5CH3), 2.30 (3H, s, ArC2CH3), 

2.98 (1H, ddd, 2JHH = 10.9 Hz, 3JHH = 7.4 Hz, 2.9 Hz, NCH2CHAHB), 3.08 (1H, ddd, 2JHH = 13.5 Hz, 
3JHH = 5.8 Hz, 2.9 Hz, NCHAHBCH2), 3.31 (1H, ddd, 2JHH = 13.5 Hz, 3JHH = 7.4 Hz, 3.0 Hz, 

NCHAHBCH2), 3.45-3.54 (2H, m, NCH2CHAHB, NCH2CHCHD), 3.59 (1H, ddd, 2JHH = 13.2 Hz, 3JHH = 

7.5 Hz, 2.9 Hz, NCHCHDCH2), 3.72 (1H, ddd, 2JHH = 11.6 Hz, 3JHH = 5.8 Hz, 2.9 Hz, NCH2CHCHD), 

3.79 (1H, ddd, 2JHH = 13.2 Hz, 3JHH = 5.8 Hz, 2.8 Hz, NCHCHDCH2), 4.21 (1H, s, CHAr), 7.16-7.21 

(2H, m, NArC4H, CHArC3H), 7.26-7.30 (2H, m, CHArC4,5H), 7.36-7.44 (3H, m, OH, NArC3,5H), 

7.61-7.68 (1H, m, CHArC6H), 7.80-7.87 (2H, m, NArC2,6H); 13C{1H} NMR (126 MHz, CDCl3) dC: 

14.5 (C5CH3), 20.0 (ArC2CH3), 42.8 (NCHCHDCH2), 44.8 (CHAr), 46.2 (NCHAHBCH2), 66.0 

(NCH2CHAHB), 66.6 (NCHCHDCH2), 81.0 (C-OH), 118.8 (NArC2,6H), 125.2 (NArC4H), 127.2 

(CHArC5H), 129.0 (NArC3,5H, CHArC4H), 129.6 (CHArC6H), 130.5 (CHArC1), 131.2 (CHArC3H), 

135.6 (CHArC2CH3), 137.9 (NArC1), 160.7 (C=N), 170.8 (CON(CH2CH2)2O), 173.0 (CONAr); Data 

for minor diastereomer: HPLC Analysis: Chiralpak AD-H (95:5 hexane:isopropanol, flow rate 
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2.0 ml·min−1, 211 nm, 30 °C) tR (1ʹS,4R)-26: 24.2 min, tR (1ʹR,4S)-26: 41.0 min (not detected); 
1H NMR (500 MHz, CDCl3) (selected) dH: 2.15 (3H, s, C5CH3), 2.25 (3H, s, ArC2CH3), 2.79 (1H, 

ddd, 2JHH = 11.2 Hz, 3JHH = 7.9 Hz, 2.8 Hz, NCH2CH2), 3.23 (1H, ddd, 2JHH = 11.9 Hz, 3JHH = 7.8 Hz, 

3.0 Hz, NCH2CH2), 4.12 (1H, s, CHAr); 13C{1H} NMR (126 MHz, CDCl3) (selected) dC: 15.4 (C5CH3), 

42.6 (NCH2CH2), 46.0 (NCH2CH2), 47.0 (CHAr), 80.9 (C-OH), 118.6 (NArC2,6H), 125.1 (NArC4H), 

126.9 (ArCH), 128.8 (ArCH). 
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<Chromatogram>
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 16.801 
 24.148 
 34.407 
 41.048 

Area%
 46.799 

 2.575 
 47.943 

 2.683 
 100.000 

Sample Name : ac151redoAD-H5%2mlm30C
Sample ID : ac151redoAD-H5%2mlm30C
Data Filename : ac151redoAD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 60min.lcm
Batch Filename : 02 aug.lcb
Vial # : 1-18 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 02/08/2022 12:39:39 Acquired by : System Administrator
Date Processed : 02/08/2022 13:39:42 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>

min

mAU
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 

Total

Ret. Time
 16.863 
 24.187 
 36.024 

Area%
 94.867 

 4.897 
 0.236 

 100.000 

Sample Name : ac15-AD-H5%2mlm30C
Sample ID : ac15-AD-H5%2mlm30C
Data Filename : ac150-AD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 90min.lcm
Batch Filename : 6 May.lcb
Vial # : 1-3 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 06/05/2022 22:10:59 Acquired by : System Administrator
Date Processed : 06/05/2022 23:41:02 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.12. (1’R,4R)-4-hydroxy-5-methyl-4-(1-(1-methyl-1H-indol-3-yl)-2-morpholino-2-

oxoethyl)-2-phenyl-2,4-dihydro-3H-pyrazol-3-one 27 

 
To a soluion of 3-methyl-1-phenyl-1H-pyrazole-4,5-dione (47.1 mg, 0.25 mmol), 2-(1-methyl-

1H-indol-3-yl)aceic anhydride (135.2 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 

0.125 mmol) were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine 

(54 µl, 0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine 

(66 µl, 0.75 mmol) was added and the reacion mixture was sirred for 16 h at rt. The reacion 

mixture was diluted with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. 

NaHCO3 (´2), and brine (´1). The organic layer was dried over MgSO4, filtered, and 

concentrated in vacuo. Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 

to 1:1) gave the itle compound as white amorphous solid (80.6 mg, 0.18 mmol, 72%). [a]D
!" 

+262.9 (c 0.48, CHCl3); HPLC Analysis: Chiralpak AD-H (85:15 hexane:isopropanol, flow rate 2.0 

ml·min−1, 211 nm, 30 °C) tR (1ʹR,4R)-27: 7.1 min, tR (1ʹS,4S)-27: 22.9 min, 96:4 er; IR nmax (film) 

3354 (O-H), 3059, 2922 (C-H), 2859 (C-H), 2247, 1717 (C=O, pyrazolone), 1620, 1595, 1501, 

1362, 1115, 908; 1H NMR (500 MHz, CDCl3) dH: 1.81 (3H, s, C5CH3), 3.11 (1H, ddd, 2JHH = 11.4 

Hz, 3JHH = 6.5 Hz, 3.0 Hz, NCH2CHAHB), 3.19 (1H, ddd, 2JHH =  13.4 Hz, 3JHH = 6.6 Hz, 3.0 Hz, 

NCHAHBCH2), 3.40 (1H, ddd, 2JHH = 13.4 Hz, 3JHH = 6.5 Hz, 3.0 Hz, NCHAHBCH2), 3.46 (1H, ddd, 
2JHH = 11.4 Hz, 3JHH = 6.6 Hz, 3.0 Hz, NCH2CHAHB), 3.56-3.63 (1H, m, NCH2CHCHD), 3.64-3.77 (6H, 

m, NCHCHDCH2, NCH2CHCHD, NCH3), 4.48 (1H, s, CHAr), 6.61 (1H, br s, OH), 7.12 (1H, t, 3JHH = 

7.5 Hz, CHArC5H), 7.14-7.20 (2H, m, NArC4H, CHArC2H), 7.24 (1H, t, 3JHH = 7.5 Hz, CHArC6H), 

7.31 (1H, d, 3JHH = 8.2 Hz, CHArC7H), 7.36 (2H, app t, 3JHH = 8.0 Hz, NArC3,5H), 7.50 (1H, d, 3JHH = 

8.0 Hz, CHArC4H), 7.74 (2H, d, 3JHH = 7.9 Hz, NArC2,6H); 13C{1H} NMR (126 MHz, CDCl3) dC: 15.3 

(C5CH3), 33.2 (NCH3), 42.5 (NCHCHDCH2), 42.6 (CHAr), 46.6 (NCHAHBCH2), 66.2 (NCH2CHAHB), 

66.6 (NCH2CHCHD), 81.3 (C-OH), 104.3 (CHArC3), 110.0 (CHArC7H), 117.8 (CHArC4H), 119.0 

(NArC2,6H), 120.3 (CHArC5H), 122.5 (CHArC6H), 125.3 (NArC4H), 126.6 (CHArC3a), 128.9 

(CHArC2H), 129.1 (NArC3,5H), 136.5 (CHArC7a), 137.7 (NArC1), 161.3 (C=N), 171.2 

(CON(CH2CH2)2O), 172.6 (CONAr); HRMS (ESI+) C25H27N4O4 [M+H]+ found 447.2018, requires 

447.20275 (-1.9 ppm). 
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 14.586 
 23.019 

Area%
 49.523 
 50.477 

 100.000 

Sample Name : ac170AD-H15%2mlm30C
Sample ID : ac170AD-H15%2mlm30C
Data Filename : ac170AD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : 19 may.lcb
Vial # : 1-2 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 19/05/2022 17:41:31 Acquired by : System Administrator
Date Processed : 20/05/2022 09:27:15 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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<Peak Table>
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Peak#
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Total

Ret. Time
 14.414 
 22.854 

Area%
 96.239 

 3.761 
 100.000 

Sample Name : ac169AD-H15%2mlm30C
Sample ID : ac169AD-H15%2mlm30C
Data Filename : ac169AD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : 20 may.lcb
Vial # : 1-2 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 20/05/2022 11:02:59 Acquired by : System Administrator
Date Processed : 20/05/2022 14:43:41 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.13. (1’R,4R)- and (1’S,4R)-4-hydroxy-5-methyl-4-(2-morpholino-2-oxo-1-thiophen-2-

ylethyl)-2-phenyl-2,4-dihydro-3H-pyrazol-3-one 28 

  
To a soluion of 3-methyl-1-phenyl-1H-pyrazole-4,5-dione (47.1 mg, 0.25 mmol), 2-(thophen-

3-yl)aceic anhydride (99.9 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 0.125 mmol) 

were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine (54 µl, 0.31 mmol) 

was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine (66 µl, 0.75 mmol) 

was added and the reacion mixture was sirred for 16 h at rt. The reacion mixture was diluted 

with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. NaHCO3 (´2), and 

brine (´1). The organic layer was dried over MgSO4, filtered, and concentrated in vacuo. 

Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 to 1:1) gave the itle 

compound as a mixture of diastereomers as white amorphous solid (49.9 mg, 0.125 mmol, 

50%, 83:17 d.r.). [a]D
!" +193.1 (c 1.00, CHCl3); IR nmax (film) 3347 (O-H), 2967 (C-H), 2922 (C-H), 

2857 (C-H), 1715 (C=O, pyrazolone), 1639, 1622, 1595, 1501, 1364, 1233, 1115, 756; HRMS 

(ESI+) C20H20N3O4SNa [M+Na]+ found 422.11337, requires 422.11450 (-2.7 ppm). Data for 

major diastereomer: HPLC Analysis: Chiralpak AD-H (98:2 hexane:isopropanol, flow rate 2.0 

ml·min−1, 211 nm, 30 °C) tR (1ʹR,4R)-28: 25.6 min, tR (1ʹS,4S)-28: 43.6 min, >99:1 er; 1H NMR 

(500 MHz, CDCl3) dH: 1.95 (3H, s, CH3), 3.20-3.26 (2H, m, NCHAHBCH2, NCH2CHAHB), 3.36 (1H, 

ddd, 2JHH = 12.3 Hz, 3JHH = 6.6 Hz, 3.0 Hz, NCHAHBCH2), 3.51-3.76 (5H, m, NCHCHDCH2, 

NCH2CHAHB, NCH2CHCHD), 4.36 (1H, s, CHAr), 6.36 (1H, br s, OH), 7.01 (1H, dd, 3JHH = 5.0 Hz, 4JHH 

= 1.4 Hz, CHArC4H), 7.18 (1H, m, 3JHH 7.4, 4JHH = 1.2, NArC4H), 7.21 (1H, dd, 4JHH = 3.0 Hz, 1.4 Hz, 

CHArC2H), 7.31 (1H, dd, 3JHH 5.0 Hz, 4JHH = 3.0 Hz, CHArC5H), 7.35-7.40 (2H, m, NArC3,5H), 7.74-

7.77 (2H, m, NArC2,6H); 13C{1H} NMR (126 MHz, CDCl3) dC: 15.4 (CH3), 42.6 (NCHCHDCH2), 46.6 

(NCHAHBCH2), 47.2 (CHAr), 66.2 (NCH2CHAHB), 66.7 (NCH2CHCHD), 81.3 (C-OH), 119.0 (NArC2,6H), 

124.5 (CHArC2H), 125.5 (NArC4H), 127.3 (CHArC5H), 127.4 (CHArC4H), 129.0 (NArC3,5H), 132.0 

(CHArC3), 137.6 (NArC1), 160.8 (C=N), 170.0 (CON(CH2CH2)2O), 171.8 (CONAr); Data for minor 

diastereomer: HPLC Analysis: Chiralpak AD-H (98:2 hexane:isopropanol, flow rate 2.0 ml·min−1, 

211 nm, 30 °C) tR (1ʹS,4R)-28: 29.4 min, tR (1ʹR,4S)-28: 89.2 min, >99:1 er; 1H NMR (500 MHz, 

CDCl3) (selected) dH: 1.97 (3H, s, CH3), 4.35 (1H, s CHAr), 4.93 (1H, br s, OH), 7.10 (1H, dd, 3JHH 

= 5.0, 4JHH = 1.4 Hz, CHArC4H), 7.27-7.29 (1H, m, ArCH); 13C{1H} NMR (126 MHz, CDCl3) 
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(selected) dC: 14.6 (CH3), 42.2 (NCH2CH2), 48.4 (CHAr), 66.3 (NCH2CH2), 79.8 (C-OH), 118.9 

(NArC2,6H), 125.2 (ArCH), 126.6 (ArCH), 128.5 (ArCH), 128.9 (NArC3,5H), 131.9 (CHArC3H), 137.8 

(NArC1), 160.4 (C=N), 168.8 (CON(CH2CH2)2O), 171.2 (CONAr). 
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5.14. (2’R,4R)- and (2’S,4R)-(E)-4-hydroxy-5-methyl-4-(5-methyl-1-morpholino-1-oxohex-3-

en-2-yl)-2-phenyl-2,4-dihydro-3H-pyrazol-3-one 29 

   
To a soluion of 3-methyl-1-phenyl-1H-pyrazole-4,5-dione (47.1 mg, 0.25 mmol), 

(E)-5-methylhex-3-enoic anhydride (89.4 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 

0.125 mmol) were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine 

(54 µl, 0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine 

(66 µl, 0.75 mmol) was added and the reacion mixture was sirred for 16 h at rt. The reacion 

mixture was diluted with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. 

NaHCO3 (´2), and brine (´1). The organic layer was dried over MgSO4, filtered, and 

concentrated in vacuo. Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 

to 1:1) gave the itle compound as white amorphous solid (23.9 mg, 0.06 mmol, 25%, 89:11 

d.r.). [a]D
!" +183.8 (c 0.25, CHCl3); IR nmax (film) 3296 (O-H), 2961 (C-H), 2926 (C-H), 2866 (C-H), 

1719 (C=O, pyrazolone), 1616, 1501, 1366, 1227, 1117, 756; HRMS (ESI+) C21H27N3O4Na 

[M+Na]+ found 408.1889, requires 408.1894 (-1.2 ppm). Data for major diastereomer: HPLC 

Analysis: Chiralpak AD-H (85:15 hexane:isopropanol, flow rate 2.0 ml·min−1, 211 nm, 30 °C) tR 

(2ʹR,4R)-29: 4.4 min, tR (2ʹS,4S)-29: 8.7 min, 98:2 er; 1H NMR (500 MHz, CDCl3) dH: 0.87 (3H, d, 
3JHH = 6.7 Hz, CH(CH3)A(CH3)B), 0.91 (3H, d, 3JHH = 6.7 Hz, CH(CH3)A(CH3)B), 2.20-2.30 (4H, m, 

C5CH3, CH(CH3)2), 3.38-3.51 (2H, m, NCHAHBCH2), 3.51-3.79 (7H, m, CHCONR2, NCHCHDCH2, 

N(CH2CH2)2), 5.40 (1H, ddd, 3JHH = 15.5 Hz, 9.2 Hz, 4JHH = 1.3 Hz, HC=CHCH(CH3)2), 5.63 (1H, dd, 
3JHH = 15.5 Hz, 6.7 Hz, HC=CHCH(CH3)2), 5.69 (1H, br s, OH), 7.17 (1H, t, 3JHH = 7.4 Hz, NArC4H), 

7.33-7.43 (2H, m, NArC3,5H), 7.86 (2H, d, 3JHH = 7.8 Hz, NArC2,6H); 13C{1H} NMR (126 MHz, CDCl3) 

dC: 16.0 (C5CH3), 21.9 (CH(CH3)A(CH3)B), 22.2 (CH(CH3)A(CH3)B), 31.4 (CH(CH3)2), 42.5 

(NCHCHDCH2), 46.6 (NCHAHBCH2), 49.8 (CHCONR2), 66.5 (NCH2CHAHB), 66.9 (NCH2CHCHD), 81.0 

(C-OH), 118.3 (HC=CHCH(CH3)2), 118.8 (NArC2,6H), 125.3 (NArC4H), 129.0 (NArC3,5H), 137.8 

(NArC1), 146.0 (HC=CHCH(CH3)2), 160.7 (C=N), 170.1 (CON(CH2CH2)2O), 171.8 (CONAr); Data 

for minor diastereomer: HPLC Analysis: Chiralpak AD-H (85:15 hexane:isopropanol, flow rate 

2.0 ml·min−1, 211 nm, 30 °C) tR (2ʹS,4R)-29: 4.0 min, tR (2ʹR,4S)-29: 5.8 min, 94.5:5.5 er 1H NMR 

(500 MHz, CDCl3) (selected) dH: 2.18 (3H, s, C5CH3), 2.35-3.43 (1H, m, CH(CH3)2). 
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Note: As the dr could not be determined from the crude reacAon mixture, the two diastereomers were 

iniAally isolated together by column chromatography to yield a crude mixture with 75:25 dr. This was 

further purified by column chromatography to give the pure product in 89:11 dr. 
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<Chromatogram>

min
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 26.431 
 30.496 
 44.228 
 89.702 

Area%
 40.023 
 10.429 
 40.521 

 9.027 
 100.000 

Sample Name : ac126redoAD-H5%2mlm30C
Sample ID : ac126redoAD-H5%2mlm30C
Data Filename : ac126redoAD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 120min.lcm
Batch Filename : 25 July.lcb
Vial # : 1-19 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 25/07/2022 19:31:10 Acquired by : System Administrator
Date Processed : 25/07/2022 21:31:13 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 25.625 
 29.405 
 43.648 
 89.226 

Area%
 80.628 
 18.687 

 0.595 
 0.090 

 100.000 

Sample Name : ac125rerunAD-H5%2mlm30C
Sample ID : ac125rerunAD-H5%2mlm30C
Data Filename : ac125rerunAD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 120min.lcm
Batch Filename : 01 aug.lcb
Vial # : 1-18 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 02/08/2022 00:40:43 Acquired by : System Administrator
Date Processed : 02/08/2022 02:40:45 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.15. (1’R,4R)- and (1’S,4R)-4-Hydroxy-5-isopropyl-4-(2-morpholino-2-oxo-1-phenylethyl)-

2-phenyl-2,4-dihydro-3H-pyrazol-3-one 30 

   

To a soluion of 3-isopropyl-1-phenyl-1H-pyrazole-4,5-dione (54.1 mg, 0.25 mmol), 

2-phenylaceic anhydride (95.4 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 0.125 mmol) 

were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine (54 µl, 

0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine (66 µl, 

0.75 mmol) was added and the reacion mixture was sirred for 16 h at rt. The reacion mixture 

was diluted with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. NaHCO3 

(´2), and brine (´1). The organic layer was dried over MgSO4, filtered, and concentrated in 

vacuo. Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 to 1:1) gave the 

major and minor diastereomer (94.9 mg, 90%, 94:6 dr) as an inseparable mixture as a white 

amorphous solid. [a]D
!" +226.6 (c 1.00, CHCl3); IR nmax (film) 3360 (O-H), 3063, 2970 (C-H), 2928 

(C-H), 2859 (C-H), 1717 (C=O, pyrazolone), 1643, 1622, 1597, 1493, 1348, 1225, 1113, 972, 

864, 756; HRMS (ESI+) C24H27N3O4Na [M+Na]+ found 444.1883, requires 444.1894 (-2.4 ppm). 

Data for major diastereomer: HPLC Analysis: Chiralpak AD-H (95:5 hexane:isopropanol, flow 

rate 2.00 ml·min−1, 211 nm, 30 °C) tR (1ʹR,4R)-30: 16.3 min, tR (1ʹS,4S)-30: 31.3 min, >99:1 er; 
1H NMR (500 MHz, CDCl3) dH: 1.04 (3H, d, 3JHH = 6.8 Hz, CH(CH3)A(CH3)B), 1.26 (3H, d, 3JHH = 6.8 

Hz, CH(CH3)A(CH3)B), 2.67 (1H, hept, 3JHH = 6.8 Hz, CH(CH3)2), 3.07-3.22 (2H, m, NCHAHBCH2 + 

NCH2CHAHB), 3.34 (1H, ddd, 2JHH = 14.5 Hz, 3JHH = 7.6 Hz, 3.0 Hz, NCHAHBCH2), 3.50 (1H, ddd, 
2JHH = 11.5 Hz, 3JHH = 6.6 Hz, 3.0 Hz, NCH2CHAHB), 3.59 (1H, ddd, 2JHH = 11.2 Hz, 3JHH = 6.9 Hz, 

2.5 Hz, NCH2CHCHD), 3.66 (1H, ddd, 2JHH = 12.1 Hz, 3JHH = 6.9 Hz, 2.3 Hz, NCHCHDCH2), 3.70-3.81 

(2H, m, NCHCHDCH2 + NCH2CHCHD), 4.22 (1H, s, CHAr), 6.21 (1H, br s, OH), 7.19 (1H, m, 3JHH = 

7.5 Hz, 4JHH = 1.2 Hz, NArC4H), 7.26-7.36 (5H, m, CHArC2,3,4,5,6H), 7.38 (2H, app t, 3JHH = 7.9 Hz, 

NArC3,5H), 7.78 (2H, d, 3JHH = 7.9 Hz, NArC2,6H); 13C{1H} NMR (126 MHz, CDCl3) dC: 19.1 

(CH(CH3)A(CH3)B), 22.9 (CH(CH3)A(CH3)B), 29.5 (CH(CH3)2), 42.5 (NCHCHDCH2), 46.5 (NCHAHBCH2), 

53.0 (CHAr), 66.0 (NCH2CHAHB), 66.6 (NCH2CHCHD), 82.6 (C(4)-OH), 119.1 (NArC2,6H), 125.2 

(NArC4H), 128.8 (CHArC2,6H), 128.9 (NArC3,5H), 129.0 (CHArC4H), 129.2 (CHArC3,5H), 132.1 

(CHArC1), 137.8 (NArC1), 167.5 (C=N), 170.3 (COO), 171.8 (CONAr); Data for minor 

diastereomer: HPLC Analysis: Chiralpak AD-H (95:5 hexane:isopropanol, flow rate 2.00 

ml·min−1, 211 nm, 30 °C) tR (1ʹS,4R)-30: 21.6 min, tR (1ʹR,4S)-30: 43.7 min (not detected); 1H 
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NMR (500 MHz, CDCl3) (selected) dH: 1.12 (3H, d, 3JHH = 6.9 Hz, CH(CH3)A(CH3)B), 1.35 (3H, d, 
3JHH = 6.9 Hz, CH(CH3)A(CH3)B), 3.04 (1H, ddd, 2JHH = 10.8 Hz, 3JHH = 7.2 Hz, 2.6 Hz, NCH2CHAHB), 

4.18 (1H, s, CHAr), 5.42 (1H, br s, OH), 7.14 (1H, t, 3JHH = 7.5 Hz, 4JHH = 1.1 Hz, NArC(4)H), 7.74 

(2H, d, 3JHH = 7.8 Hz, NArC2,6H); 13C{1H} NMR (126 MHz, CDCl3) (selected) dC: 19.8 

CH(CH3)A(CH3)B), 21.8 (CH(CH3)A(CH3)B), 29.0 (CH(CH3)2), 42.3 (NCH2CH2), 53.1 (CHAr), 81.5 (C-

OH), 118.9 (NArC2,6H), 125.0 (NArC4H), 129.6 (ArCH), 132.0 (CHArC1), 137.9 (NArC1), 166.7 

(C=N), 169.3 (COO), 171.3 (CONAr). 
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<Chromatogram>
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 16.551 
 22.171 
 31.496 
 43.701 

Area%
 48.026 

 1.345 
 49.196 

 1.434 
 100.000 

Sample Name : ac179redo2AD-H5%2mlm30C
Sample ID : ac179redo2AD-H5%2mlm30C
Data Filename : ac179redo2AD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 60min.lcm
Batch Filename : July 22.lcb
Vial # : 1-19 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 22/07/2022 16:59:34 Acquired by : System Administrator
Date Processed : 22/07/2022 17:59:36 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 

Total

Ret. Time
 16.278 
 21.576 
 31.276 

Area%
 94.138 

 5.461 
 0.401 

 100.000 

Sample Name : ac175AD-H5%2mlm30C
Sample ID : ac175AD-H5%2mlm30C
Data Filename : ac175AD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 60min.lcm
Batch Filename : 31 May.lcb
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 31/05/2022 11:19:28 Acquired by : System Administrator
Date Processed : 05/08/2022 16:37:27 Processed by : System Administrator
 

<Sample Information>

Analysis Report



S69 
 

5.16. (1’R,4R)- and (1’S,4R)-4-Hydroxy-5-isopropyl-4-(2-morpholino-1-(naphth-1-yl)-2-

oxoethyl)-2-phenyl-2,4-dihydro-3H-pyrazol-3-one 31 

   

To a soluion of 3-isopropyl-1-phenyl-1H-pyrazole-4,5-dione (54.1 mg, 0.25 mmol), 

2-(naphtha-1-yl)aceic anhydride (132.9 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 

0.125 mmol) were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine 

(54 µl, 0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine 

(66 µl, 0.75 mmol) was added and the reacion mixture was sirred for 16 h at rt. The reacion 

mixture was diluted with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. 

NaHCO3 (´2), and brine (´1). The organic layer was dried over MgSO4, filtered, and 

concentrated in vacuo. Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 

to 1:1) gave the major and minor diastereomer (112.5 mg, 96%, >95:5 dr) as an inseparable 

mixture as a white amorphous solid. [a]D
!" +286.5 (c 1.00, CHCl3); IR nmax (film) 3319 (O-H), 

3061, 2970, 2928, 2859, 1717 (C=O, pyrazolone), 1645, 1628, 1597, 1491, 1435, 1346, 1223, 

1113, 791, 781; HRMS (ESI+) C28H30N3O4 [M+H]+ found 472.2219, requires 472.22309 

(-2.5 ppm). Data for major diastereomer anH-31: HPLC Analysis: Chiralpak AD-H (85:15 

hexane:isoproanol, flow rate 2.00 ml·min−1, 211 nm, 30 °C) tR (1ʹR,4R)-31: 6.5 min, tR 

(1ʹS,4S)-31: 31.5 min, >99:1 er; 1H NMR (500 MHz, CDCl3) dH: 0.65 (3H, d, JHH 6.6, 

C(5)CH(CH3)A(CH3)B), 1.11 (3H, d, JHH 6.8, C(5)CH(CH3)A(CH3)B), 1.97 (1H, app br s, C(5)CH(CH3)2), 

2.76 (1H, ddd, JHH 10.6, 7.2, 3.0, NCH2CHAHB), 2.94 (1H, ddd, JHH 13.5, 5.8, 3.0, NCHAHBCH2), 

3.18-3.32 (2H, m, NCHAHBCH2 + NCH2CHAHB), 3.48 (1H, ddd, JHH 11.5, 7.4, 3.0, NCH2CHCHD), 3.57 

(1H, ddd, JHH 13.3, 7.4, 3.0, NCHCHDCH2), 3.67 (1H, ddd, JHH 11.5, 5.8, 3.0, NCH2CHCHD), 3.79 

(1H, ddd, JHH 13.3, 5.8, 3.0, NCHCHDCH2), 4.95 (1H, s, C(1ʹ)H), 6.88 (1H, br s, OH), 7.14 (1H, t, 

JHH 7.4, NArC(4)H), 7.34 (2H, app t, JHH 8.0, NArC(3,5)H), 7.45-7.58 (3H, m, C(1ʹ)HArC(3)H + 

C(1ʹ)HArC(7)H + C(1ʹ)HArC(6)H), 7.74 (2H, d, JHH 7.8, NArC(2,6)H), 7.81 (1H, d, JHH 7.3, 

C(1ʹ)HArC(2)H), 7.88 (2H, app d, JHH 8.1, C(1ʹ)HArC(4)H + C(1ʹ)HArC(8)H), 7.95 (1H, d, JHH 8.6, 

C(1ʹ)HArC(5)H); 13C{1H} NMR (126 MHz, CDCl3) dC: 18.7 (C(5)CH(CH3)A(CH3)B), 22.9 

(C(5)CH(CH3)A(CH3)B), 29.5 (C(5)CH(CH3)2), 42.7 (NCHCHDCH2), 45.5 (C(1ʹ)H), 46.2 (NCHAHBCH2), 

65.9 (NCH2CHAHB), 66.5 (NCH2CHCHD), 82.1 (C(4)-OH), 118.9 (NArC(2,6)H), 121.2 
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(C(1ʹ)HArC(5)H), 125.1 (NArC(4)H), 126.3 (C(1ʹ)HArC(7)H), 127.6 (C(1ʹ)HArC(3)H), 127.8 

(C(1ʹ)HArC(6)H), 128.1 (C(1ʹ)HArC(2)H), 128.8 (NArC(3,5)H), 129.7 (C(1ʹ)HArC(4)H), 129.8 

(C(1ʹ)HArC(8)H), 130.8 (ArC), 134.0 (ArC), 138.0 (NArC(1)), 167.4 (C(5)=N), 170.9 (C(2ʹ)=O), 

172.9 (C(3)=O); Data for minor diastereomer syn-31: HPLC Analysis: Chiralpak AD-H (85:15 

hexane:isopropanol, flow rate 2.00 ml·min−1, 211 nm, 30 °C) tR (1ʹS,4R)-31: 9.4 min, tR (1ʹR,4S)-

103: 14.5 min (not detected); 1H NMR (500 MHz, CDCl3) (selected) dH: 1.20 (3H, d, JHH 6.9, 

C(5)CH(CH3)A(CH3)B), 1.36 (3H, d, JHH 6.7, C(5)CH(CH3)A(CH3)B), 2.86 (1H, ddd, JHH 12.9, 5.2, 2.2, 

NCH2CH2), 4.81 (1H, s, C(1ʹ)H), 6.27 (1H, br s, OH); 13C{1H} NMR (126 MHz, CDCl3) (selected) dC: 

20.4 (C(5)CH(CH3)A(CH3)B), 22.2 (C(5)CH(CH3)A(CH3)B). 
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 6.350 
 9.105 

 13.980 
 30.642 

Area%
 49.030 

 0.790 
 0.824 

 49.356 
 100.000 

Sample Name : ac180AD-H15%2mlm30C
Sample ID : ac180AD-H15%2mlm30C
Data Filename : ac180AD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : 30 May.lcb
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 30/05/2022 14:02:59 Acquired by : System Administrator
Date Processed : 30/05/2022 15:03:01 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 6.502 
 9.425 

 14.526 
 31.458 

Area%
 97.071 

 1.847 
 0.328 
 0.754 

 100.000 

Sample Name : ac176redo2AD-H15%2mlm30C
Sample ID : ac176redo2AD-H15%2mlm30C
Data Filename : ac176redo2AD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : July 22.lcb
Vial # : 1-18 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 22/07/2022 18:10:19 Acquired by : System Administrator
Date Processed : 22/07/2022 19:10:21 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.17. (1’R,4R)- and (1’S,4R)-4-Hydroxy-4-(2-morpholino-2-oxo-1-phenylethyl)-2,5-diphenyl-

2,4-dihydro-3H-pyrazol-3-one 32 

   
To a soluion of 1,3-diphenyl-1H-pyrazole-4,5-dione (62.6 mg, 0.25 mmol), 2-phenylaceic 

anhydride (95.4 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 0.125 mmol) were dissolved 

in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine (54 µl, 0.31 mmol) was added 

and the reacion mixture was sirred at 0 °C for 3 h. Morpholine (66 µl, 0.75 mmol) was added 

and the reacion mixture was sirred for 16 h at rt. The reacion mixture was diluted with ethyl 

acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. NaHCO3 (´2), and brine (´1). 

The organic layer was dried over MgSO4, filtered, and concentrated in vacuo. Purificaion by 

column chromatography (n-hexane : ethyl acetate 4:1 to 1:1) gave the major and minor 

diastereomer (83.0 mg, 73%, 88:12 dr) as an inseparable mixture as a pale yellow amorphous 

solid. [a]D
!" +205.1 (c 0.75, CHCl3); IR nmax (film) 3316 (O-H), 3061, 2967 (C-H), 2922 (C-H), 2857 

(C-H), 1724 (C=O, pyrazolone), 1639, 1597, 1493, 1111, 752; HRMS (ESI+) C27H24N3O4Na 

[M+Na]+ found 478.17267, requires 478.17373 (-2.2 ppm). Data for major diastereomer anH-

32: HPLC Analysis: Chiralpak AD-H (95:5 hexane:isopropanol, flow rate 2.00 ml·min−1, 211 nm, 

30 °C) tR (1ʹR,4R)-32: 17.7 min, tR (1ʹS,4S)-32: 19.2 min, 96.5:3.5 er; 1H NMR (500 MHz, CDCl3) 

dH: 2.97-3.03 (1H, m, NCH2CHAHB), 3.06 (1H, ddd, JHH 13.9, 6.4, 2.8, NCHAHBCH2), 3.10-3.20 (2H, 

m, NCHAHBCH2 + NCH2CHAHB), 3.44-3.51 (1H, m, NCHCHDCH2), 3.51-3.61 (3H, m, NCHCHDCH2 + 

NCH2CHCHD + NCH2CHCHD), 4.17 (1H, s, C(1ʹ)H), 5.82 (1H, br s, OH), 7.17-7.25 (6H, m, 

C(5)ArC(3,5)H + C(5)ArC(4)H + C(1ʹ)HArC(2,6)H + NArC(4)H), 7.27-7.34 (3H, m, C(1ʹ)HArC(3,5)H 

+ C(1ʹ)HArC(4)H), 7.43 (2H, app t, JHH 7.8, NArC(3,5)H), 7.77 (2H, d, JHH 7.4, C(5)ArC(2,6)H), 8.0 

(2H, d, JHH 8.0, NArC(2,6)H); 13C{1H} NMR (126 MHz, CDCl3) dC: 42.5 (NCHCHDCH2), 46.4 

(NCHAHBCH2), 52.8 (C(1ʹ)H), 66.1 (NCH2CHAHB), 66.6 (NCH2CHCHD), 80.5 (C(4)-OH), 119.1 

(NArC(2,6)H), 125.4 (C(1ʹ)HArC(2,6)H), 127.2 (C(5)ArC(2,6)H), 128.3 (ArCH), 128.6 (ArCH), 

128.8 (ArCH), 129.0 (NArC(3,5)H), 130.0 (C(1ʹ)HArC(4)H), 130.4 (C(1ʹ)HArC(2,5)H), 131.0 (ArC), 

131.0 (ArC), 138.1 (NArC(1)), 156.7 (C(5)=N), 168.8 (C(2ʹ)=O) 172.7 (C(3)=O); Data for minor 

diastereomer syn-32: HPLC Analysis: Chiralpak AD-H (95:5 hexane:isopropanol, flow rate 2.00 

ml·min−1, 211 nm, 30 °C) tR (1ʹS,4R)-32: 41.3 min, tR (1ʹR,4S)-32: 46.8 min, 97:3 er; 1H NMR 

(500 MHz, CDCl3) (selected) dH: 2.87 (1H, ddd, JHH 10.8, 7.6, 2.8, NCH2CH2), 2.91-2.91 (1H, m, 
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NCH2CH2), 3.28 (1H, ddd, JHH 11.6, 5.6, 3.1, NCH2CH2), 3.75-3.85 (2H, m, NCH2CH2), 4.33 (1H, s, 

C(1ʹ)H), 6.34 (1H, br s, OH), 7.02-7.06 (2H, m, ArH), 7.57 (2H, d, JHH 8.1, C(5)ArC(2,6)H); 13C{1H} 

NMR (126 MHz, CDCl3) (selected) dC: 42.34 (NCH2CH2), 53.7 (C(1ʹ)H), 65.7 (NCH2CH2), 82.0 

(C(4)-OH), 119.4 (NArC(2,6)H), 127.4 (ArCH), 129.4 (ArCH), 131.8 (ArC), 137.4 (NArC(1)), 155.7 

(C(5)=N), 169.3 (C(2ʹ)=O), 171.8 (C(3)=O). 
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<Chromatogram>
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 16.490 
 18.040 
 39.924 
 45.409 

Area%
 43.738 
 45.586 

 5.385 
 5.291 

 100.000 

Sample Name : ac137AD-H5%2mlm30C
Sample ID : ac137AD-H5%2mlm30C
Data Filename : ac137AD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 90min.lcm
Batch Filename : 12 April.lcb
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 12/04/2022 18:31:05 Acquired by : System Administrator
Date Processed : 13/04/2022 12:27:33 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 17.710 
 19.235 
 41.339 
 46.772 

Area%
 85.275 

 3.350 
 11.008 
 0.368 

 100.000 

Sample Name : ac136AD-H5%2mlm30C
Sample ID : ac136AD-H5%2mlm30C
Data Filename : ac136AD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 60min.lcm
Batch Filename : 13 Apr.lcb
Vial # : 1-2 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 13/04/2022 23:44:34 Acquired by : System Administrator
Date Processed : 14/04/2022 09:07:45 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.18. (1’R,4R)- and (1’S,4R)-4-Hydroxy-4-(2-morpholino-1-(naphtha-1-yl)-2-oxoethyl)-2,5-

diphenyl-2,4-dihydro-3H-pyrazol-3-one 33 

   

To a soluion of 1,3-diphenyl-1H-pyrazole-4,5-dione (62.6 mg, 0.25 mmol), 2-(naphth-1-

yl)aceic anhydride (132.9 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 0.125 mmol) 

were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine (54 µl, 

0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine (66 µl, 

0.75 mmol) was added and the reacion mixture was sirred for 16 h at rt. The reacion mixture 

was diluted with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. NaHCO3 

(´2), and brine (´1). The organic layer was dried over MgSO4, filtered, and concentrated in 

vacuo. Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 to 1:1) gave the 

major and minor diastereomer (123.6 mg, 98%, >95:5 dr) as an inseparable mixture as a pale 

yellow amorphous solid. [a]D
!" +325.2 (c 1.00, CHCl3); IR nmax (film) 3271 (O-H), 3057, 2967 

(C-H), 2920 (C-H), 2857 (C-H), 1721 (C=O, pyrazolone), 1639, 1595, 1491, 1111, 793, 779; 

HRMS (ESI+) C31H26N3O4Na [M+Na]+ found 528.18787, requires 528.18938 (-2.9 ppm). Data 

for major diastereomer anH-33: HPLC Analysis: Chiralpak IB (90:10 hexane:isopropanol, flow 

rate 1.00 ml·min −1, 211 nm, 30 °C) tR (2ʹR,4R): 18.4 min, tR (2ʹS,4S): 10.9 min, 98:2 er; 1H NMR 

(500 MHz, CDCl3) dH: 2.75 (1H, ddd, JHH 10.9, 7.6, 3.0, NCH2CHAHB), 2.88 (1H, ddd, JHH 14.2, 6.5, 

3.0, NCHAHBCH2), 3.05-3.19 (2H, m, NCHAHBCH2 + NCH2CHAHB), 3.41-3.52 (1H, m, NCH2CHCHD), 

3.53-3.66 (2H, m, NCHCHDCH2 + NCH2CHCHD), 3.66-3.80 (1H, m, NCHCHDCH2), 4.94 (1H, s, 

C(1ʹ)H), 6.87 (2H, app t, JHH 7.8, C(5)ArC(3,5)H), 6.99 (1H, t, JHH 7.4, C(5)ArC(4)H), 7.23-7.27 (1H, 

m, NArC(4)H), 7.36 (1H, t, JHH 7.4, C(1ʹ)HArC(6)H), 7.41-7.51 (6H, m, C(5)ArC(2,6)H + 

C(1ʹ)HArC(3)H + NArC(3,5)H + C(1ʹ)HArC(7)H), 7.59-7.67 (2H, m, C(1ʹ)HArC(4)H + 

C(1ʹ)HArC(5)H), 7.81 (1H, d, JHH 8.6, C(1ʹ)HArC(8)H), 7.88 (1H, d, JHH 7.2, C(1ʹ)HArC(2)H), 8.05 

(2H, d, JHH 7.8, NArC(2,6)H); 13C{1H} NMR (126 MHz, CDCl3) dC: 42.7 (NCHCHDCH2), 44.6 (C(1ʹ)H), 

46.2 (NCHAHBCH2), 65.9 (NCH2CHAHB), 66.6 (NCH2CHCHD), 81.7 (C(4)-OH), 119.1 (NArC(2,6)H), 

121.5 (C(1ʹ)HArC(8)H), 125.3 (ArCH), 125.4 (NArC(4)H), 125.6 (C(1ʹ)HArC(6)H), 126.5 

(C(5)ArC(3,5)H), 127.2 (C(5)ArC(2,6)H), 128.9 (C(1ʹ)HArC(2)H), 129.1 (NArC(3,5)H), 129.4 
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(C(5)ArC(4)H), 129.5 (C(1ʹ)HArC(5)H), 129.6 (C(1ʹ)HArC(4)H), 130.6 (C(5)ArC(1)), 131.4 (ArC), 

133.9 (C(1ʹ)HArC(4a)), 138.2 (NArC(1)), 157.1 (C(5)=N), 170.2 (C(2ʹ)=O), 173.3 (C(3)=O); Data 

for minor diastereomer syn-33: HPLC Analysis: Chiralpak IB (90:10 hexane:isopropanol, flow 

rate 1.00 ml·min −1, 211 nm, 30 °C) tR (2ʹS,4R): 9.6 min, tR (2ʹR,4S): 14.3 min, 61:39 er; 1H NMR 

(500 MHz, CDCl3) (selected) dH: 5.20 (1H, s, C(1ʹ)H), 7.70 (1H, d, JHH 8.1, ArH); 13C{1H} NMR (126 

MHz, CDCl3) (selected) dC: 119.3 (NArC(2,6)H), 128.6 (ArCH), 128.7 (ArCH). 
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<Chromatogram>
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 9.601 

 10.680 
 14.250 
 18.666 

Area%
 2.207 

 47.929 
 2.143 

 47.721 
 100.000 

Sample Name : ac141IB10%1mlm30C
Sample ID : ac141IB10%1mlm30C
Data Filename : ac141IB10%1mlm30C.lcd
Method Filename : IB 10% 1ml-min 30deg 60min.lcm
Batch Filename : 09 aug.lcb
Vial # : 1-18 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 11/08/2022 13:21:15 Acquired by : System Administrator
Date Processed : 11/08/2022 14:21:18 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 9.593 

 10.905 
 14.288 
 18.442 

Area%
 3.410 
 1.766 
 2.166 

 92.658 
 100.000 

Sample Name : ac140IB10%1mlm30C
Sample ID : ac140IB10%1mlm30C
Data Filename : ac140IB10%1mlm30C.lcd
Method Filename : IB 10% 1ml-min 30deg 40min.lcm
Batch Filename : 12 Aug.lcb
Vial # : 1-18 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 12/08/2022 18:27:57 Acquired by : System Administrator
Date Processed : 15/08/2022 11:05:17 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.19. (1’R,4R)- and (1’S,4R)-2-(tert-Butyl)-4-hydroxy-5-methyl-4-(2-morpholino-2-oxo-1-

phenylethyl)-2,4-dihydro-3H-pyrazol-3-one 34 

   
To a soluion of 1-(tert-butyl)-3-methyl-1H-pyrazole-4,5-dione (42.1 mg, 0.25 mmol), 

2-phenylaceic anhydride (95.4 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 0.125 mmol) 

were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine (54 µl, 

0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine (66 µl, 

0.75 mmol) was added and the reacion mixture was sirred for 16 h at rt. The reacion mixture 

was diluted with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. NaHCO3 

(´2), and brine (´1). The organic layer was dried over MgSO4, filtered, and concentrated in 

vacuo. Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 to 1:1) gave the 

product as a single diastereomer (48.5 mg, 52%) as a colourless semi-solid. [a]D
!" +180.1 (c 

0.49, CHCl3); HPLC Analysis: Chiralpak AD-H (85:15 hexane:isopropanol, flow rate 2.00 

ml·min−1, 211 nm, 30 °C) tR (1ʹR,4R)-34: 4.6 min, tR (1ʹS,4S)-34: 3.8 min, >99:1 er; IR nmax (film) 

3366 (O-H), 2974 (C-H), 2926 (C-H), 2859 (C-H), 1705 (C=O, pyrazolone), 1624, 1435, 1366, 

1225, 1217, 1113; 1H NMR (500 MHz, CDCl3) dH: 1.32 (9H, s, NC(CH3)3), 1.95 (3H, s, C(5)CH3), 

3.05-3.16 (2H, m, NCHAHBCH2 + NCH2CHAHB), 3.30 (1H, ddd, JHH 14.0, 7.2, 3.1, NCHAHBCH2), 3.46 

(1H, ddd, JHH 11.3, 6.4, 3.1, NCH2CHAHB), 3.52-3.66 (2H, m, NCHCHDCH2 + NCH2CHCHD), 3.66-

3.75 (2H, m, NCHCHDCH2 + NCH2CHCHD), 4.16 (1H, s, C(1ʹ)H), 5.67 (1H, br s, OH), 7.23 (2H, dd, 

JHH 6.7, 3.0, C(1ʹ)HArC(2,6)H), 7.28-7.34 (3H, m, C(1ʹ)HArC(3,4,5)H); 13C{1H} NMR (126 MHz, 

CDCl3) dC: 16.0 (C(5)CH3), 28.0 (NC(CH3)3, 42.4 (NCHCHDCH2), 46.5 (NCHAHBCH2), 53.4 (C(1ʹ)H), 

57.4 (NC(CH3)3), 66.0 (NCH2CHAHB), 66.7 (NCH2CHCHD), 81.6 (C(4)-OH), 128.7 (C(1ʹ)HArC(4)H), 

128.9 (C(1ʹ)HArC(2,6)H), 129.1 (C(1ʹ)HArC(3,5)H), 132.3 (C(1ʹ)HArC(1)), 158.2 (C(5)=N), 170.4 

(C(2ʹ)=O), 172.9 (C(3)=O); HRMS (ESI+) C20H28N3O4 [M+H]+ found 374.2064, requires 374.20733 

(-2.8 ppm). 
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<Chromatogram>
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 3.773 
 4.577 

Area%
 50.489 
 49.511 

 100.000 

Sample Name : ac192AD-H15%2mlm30C
Sample ID : ac192AD-H15%2mlm30C
Data Filename : ac192AD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : 13 June.lcb
Vial # : 1-18 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 13/06/2022 15:07:02 Acquired by : System Administrator
Date Processed : 13/06/2022 16:07:05 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 3.777 
 4.563 

Area%
 0.349 

 99.651 
 100.000 

Sample Name : ac191AD-H15%2mlm30C
Sample ID : ac191AD-H15%2mlm30C
Data Filename : ac191AD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : 13 June.lcb
Vial # : 1-19 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 13/06/2022 16:07:35 Acquired by : System Administrator
Date Processed : 14/06/2022 09:40:43 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.20. (1’R,4R)- and (1’S,4R)-2-(tert-Butyl)-4-hydroxy-5-methyl-4-(2-morpholino-1-(naphtha-

1-yl)-2-oxoethyl)-2,4-dihydro-3H-pyrazol-3-one 35 

   

To a soluion of 1-(tert-butyl)-3-methyl-1H-pyrazole-4,5-dione (42.1 mg, 0.25 mmol), 

2-(naphth-1-yl)aceic anhydride (132.9 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 

0.125 mmol) were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine 

(54 µl, 0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine 

(66 µl, 0.75 mmol) was added and the reacion mixture was sirred for 16 h at rt. The reacion 

mixture was diluted with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. 

NaHCO3 (´2), and brine (´1). The organic layer was dried over MgSO4, filtered, and 

concentrated in vacuo. Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 

to 1:1) gave the major and minor diastereomer (95.7 mg, 90%, >95:5 dr) as an inseparable 

mixture as a white amorphous solid. [a]D
!" +233.4 (c 1.00, CHCl3) IR nmax (film) 3387 (O-H), 

3051, 2974 (C-H), 2926 (C-H), 2857 (C-H), 1707 (C=O, pyrazolone), 1626, 1435, 1366, 1223, 

1215, 1113, 783; HRMS (ESI+) C24H30N3O4 [M+H]+ found 424.2220, requires 424.2231 (-2.7 

ppm). Data for major diastereomer anH-106: HPLC Analysis: Chiralpak AD-H (85:15 

hexane:isopropanol, flow rate 2.00 ml·min−1, 211 nm, 30 °C) tR (1ʹR,4R)-35: 6.3 min, tR (1ʹS,4S)-

35: 4.9 min, >99:1 er; 1H NMR (500 MHz, CDCl3) dH: 1.02 (9H, s, NC(CH3)3), 1.84 (3H, s, C(5)CH3), 

2.77 (1H, ddd, JHH 11.5, 7.2, 3.0, NCH2CHAHB), 2.91 (1H, ddd, JHH 13.5, 6.1, 3.0, NCHAHBCH2), 

3.20 (1H, ddd, JHH 13.5, 7.2, 3.1, NCHAHBCH2), 3.27 (1H, ddd, JHH 11.5, 6.1, 3.1, NCH2CHAHB), 

3.50 (1H, ddd, JHH 11.3, 7.1, 2.9, NCH2CHCHD), 3.59 (1H, ddd, JHH 13.0, 7.1, 2.8, NCHCHDCH2), 

3.67 (1H, ddd, JHH 11.3, 5.9, 2.8, NCH2CHCHD), 3.73 (1H, ddd, JHH 13.0, 5.9, 2.9, NCHCHDCH2), 

4.94 (1H, s, C(1ʹ)H), 6.13 (1H, br s, OH), 7.45 (1H, app t, JHH 7.7, C(1ʹ)HArC(3)H), 7.51 (1H, app 

t, JHH 7.3, C(1ʹ)HArC(7)H), 7.55-7.62 (2H, m, C(1ʹ)HArC(2)H + ArC(6)H), 7.83 (1H, d, JHH 8.2, 

C(1ʹ)HArC(4)H), 7.86 (1H, d, JHH 8.0, C(1ʹ)HArC(8)H), 8.07 (1H, d, JHH 8.6, C(1ʹ)HArC(5)H); 13C{1H} 

NMR (126 MHz, CDCl3) dC: 15.9 (C(5)CH3), 27.7 (NC(CH3)3), 42.6 (NCHCHDCH2), 46.3 

(NCHAHBCH2), 47.4 (C(1ʹ)H), 57.1 (NC(CH3)3), 65.8 (NCH2CHAHB), 66.6 (NCH2CHCHD), 81.6 

(C(4)=O), 122.1 (C(1ʹ)HArC(5)H), 125.3 (C(1ʹ)HArC(3)H), 126.3 (C(1ʹ)HArC(7)H), 127.2 

(C(1ʹ)HArC(6)H), 127.6 (C(1ʹ)HArC(2)H), 128.3 (C(1ʹ)HArC(1)), 129.5 (C(1ʹ)HArC(8)H), 129.5 
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(C(1ʹ)HArC(4)H), 130.9 (C(1ʹ)HArC(8a)), 133.9 (C(1ʹ)HArC(4a)), 158.4 (C(5)=N), 171.3 (C(2ʹ)=O), 

173.3 (C(3)=O); Data for minor diastereomer syn-106: HPLC Analysis: Chiralpak AD-H (85:15 

hexane:isopropanol, flow rate 2.00 ml·min−1, 211 nm, 30 °C) tR (1ʹS,4R)-35: 3.9 min, tR (1ʹR,4S)-

35: 3.6 min (not detected); 1H NMR (500 MHz, CDCl3) (selected) dH: 1.31 (9H, s, NC(CH3)3, 2.03 

(3H, s, C(5)CH3), 4.72 (1H, s, C(1ʹ)H). 
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<Chromatogram>

min

mAU

3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0
0

250
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750
PDA Multi 1 211nm,4nm
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80
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49
 

<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 3.613 
 3.939 
 4.880 
 6.349 

Area%
 1.148 
 0.996 

 49.382 
 48.475 

 100.000 

Sample Name : ac194AD-H15%2mlm30C
Sample ID : ac194AD-H15%2mlm30C
Data Filename : ac194AD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : 13 June.lcb
Vial # : 1-3 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 13/06/2022 19:30:01 Acquired by : System Administrator
Date Processed : 13/06/2022 20:30:03 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>

min

mAU

3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0

0

250

500

PDA Multi 1 211nm,4nm

 3
.9

32
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77
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42
 

<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 

Total

Ret. Time
 3.932 
 4.877 
 6.342 

Area%
 1.552 
 0.321 

 98.127 
 100.000 

Sample Name : ac193AD-H15%2mlm30C
Sample ID : ac193AD-H15%2mlm30C
Data Filename : ac193AD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : 14 June.lcb
Vial # : 1-18 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 14/06/2022 11:19:24 Acquired by : System Administrator
Date Processed : 14/06/2022 12:19:28 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.21. (1’R,4R)- and (1’S,4R)-2-(p-Anisyl)-4-hydroxy-5-methyl-4-(2-morpholino-1-(naphtha-

1-yl)-2-oxoethyl)-2,4-dihydro-3H-pyrazol-3-one 36 

   

To a soluion of 1-(p-anisyl)-3-methyl-1H-pyrazole-4,5-dione (54.6 mg, 0.25 mmol), 2-(naphth-

1-yl)aceic anhydride (132.9 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 0.125 mmol) 

were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine (54 µl, 

0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine (66 µl, 

0.75 mmol) was added and the reacion mixture was sirred for 16 h at rt. The reacion mixture 

was diluted with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. NaHCO3 

(´2), and brine (´1). The organic layer was dried over MgSO4, filtered, and concentrated in 

vacuo. Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 to 1:1) gave the 

major and minor diastereomer (115.3 mg, 97%, >95:5 dr) as an inseparable mixture as a white 

amorphous solid. [a]D
!" +319.9 (c 1.00, CHCl3); IR nmax (film) 3333 (O-H), 3053, 2963 (C-H), 2918 

(C-H), 2857 (C-H), 1713 (C=O, pyrazolone), 1639, 1628, 1508, 1439, 1244, 1113, 1032, 831, 

783; HRMS (ESI+) C27H26N3O5Na [M+Na]+ found 496.18299, requires 496.18429 (-2.6 ppm). 

Data for major diastereomer anH-36: HPLC Analysis: Chiralpak AD-H (85:15 

hexane:isopropanol, flow rate 2.00 ml·min−1, 211 nm, 30 °C) tR (1ʹR,4R)-36: 18.1 min, tR 

(1ʹS,4S)-36: 30.0 min, >99:1 er; 1H NMR (500 MHz, CDCl3) dH: 1.52 (3H, s, C(5)CH3), 2.76 (1H, 

ddd, JHH 10.7, 7.3, 2.9, NCH2CHAHB), 2.96 (1H, ddd, JHH 13.6, 5.8, 2.9, NCHAHBCH2), 3.21-3.34 

(2H, m, NCHAHBCH2 + NCH2CHAHB), 3.49 (1H, ddd, JHH 11.5, 7.4, 3.0, NCH2CHCHD), 3.59 (1H, ddd, 

JHH 13.3, 7.4, 3.0, NCHCHDCH2), 3.70 (1H, ddd, JHH 11.5, 5.8, 3.0, NCH2CHCHD), 3.76-3.85 (2H, m, 

OCH3 + NCHCHDCH2), 4.92 (1H, s, C(1ʹ)H), 6.81-6.88 (2H, m, NAr(3,5)H), 7.18 (1H, br s, OH), 

7.46-7.54 (4H, m, NAr(2,6)H + C(1ʹ)HArC(3)H + C(1ʹ)HArC(7)H), 7.57 (1H, app t, JHH 7.2, 

C(1ʹ)HArC(6)H), 7.80 (1H, d, JHH 7.3, C(1ʹ)HArC(2)H), 7.88 (2H, app t, JHH 7.9, C(1ʹ)HArC(4)H + 

C(1ʹ)HArC(8)H), 7.96 (1H, d, JHH 8.5, C(1ʹ)HArC(5)H); 13C{1H} NMR (126 MHz, CDCl3) dC: 15.0 

(C(5)CH3), 42.8 (NCHCHD), 44.9 (C(1ʹ)H), 46.3 (NCHAHB), 55.6 (OCH3), 65.9 (NCH2CHAHB), 66.6 

(NCH2CHCHD), 81.3 (C(4)-OH), 114.0 (NArC(3,5)H), 120.9 (NArC(2,6)H), 121.4 (C(1ʹ)HArC(5)H), 
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125.6 (C(1ʹ)HArC(3)H), 126.3 (C(1ʹ)HArC(7)H), 127.8 (C(1ʹ)HArC(6)H), 127.9 (C(1ʹ)HArC(2)H), 

129.8 (C(1ʹ)HArC(4)H), 129.8 (C(1ʹ)HArC(8)H), 130.9 (C(1ʹ)HArC), 130.9 (NArC(1)), 134.0 

(C(1ʹ)HArC(4a)), 157.2 (NArC(4)), 160.5 (C(5)=N), 171.1 (C(2ʹ)=O), 172.3 (C(3)=O); Data for 

minor diastereomer syn-36: HPLC Analysis: Chiralpak AD-H (85:15 hexane:IPA, flow rate 2.00 

ml·min −1, 211 nm, 30 °C) tR (1ʹS,4R)-36: 13.5 min, tR (1ʹR,4S)-36: 15.1 min (not detected); 1H 

NMR (500 MHz, CDCl3) (selected) dH: 2.15 (3H, s, CH3), 4.86 (1H, s, C(1ʹ)H). 
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<Chromatogram>

min

mAU
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 13.465 
 15.067 
 18.078 
 29.100 

Area%
 0.622 
 0.692 

 49.068 
 49.618 

 100.000 

Sample Name : ac143AD-H15%2mlm30C
Sample ID : ac143AD-H15%2mlm30C
Data Filename : ac143AD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : 25 apr.lcb
Vial # : 1-3 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 25/04/2022 20:07:06 Acquired by : System Administrator
Date Processed : 25/04/2022 21:07:09 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>

min

mAU

12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0 32.5 35.0
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3000 PDA Multi 1 211nm,4nm
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 

Total

Ret. Time
 13.508 
 18.083 
 29.945 

Area%
 1.054 

 98.232 
 0.714 

 100.000 

PDA Ch2 220nm
Peak#

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 

 10 
 11 
 12 
 13 

Ret. Time
 1.573 
 1.818 
 2.038 
 2.229 
 2.475 
 2.741 
 3.076 
 5.641 
 6.198 
 6.601 
 7.993 
 9.990 

 10.753 

Area%
 0.049 
 0.030 
 0.009 
 0.001 
 0.002 
 0.022 
 0.002 
 0.006 
 0.002 
 0.006 
 0.004 
 0.008 
 0.014 

Sample Name : ac142AD-H15%2mlm30C
Sample ID : ac142AD-H15%2mlm30C
Data Filename : ac142AD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : 26 Apr.lcb
Vial # : 1-17 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 26/04/2022 13:14:34 Acquired by : System Administrator
Date Processed : 26/04/2022 14:14:38 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.22. (1’R,4R)- and (1’S,4R)-2-(p-Anisyl)-4-hydroxy-5-methyl-4-(2-morpholino-2-oxo-1-

phenylethyl)-2,4-dihydro-3H-pyrazol-3-one 37 

   

To a soluion of 1-(p-anisyl)-3-methyl-1H-pyrazole-4,5-dione (54.6 mg, 0.25 mmol), 

2-phenylaceic anhydride (95.4 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 0.125 mmol) 

were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine (54 µl, 

0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. Morpholine (66 µl, 

0.75 mmol) was added and the reacion mixture was sirred for 16 h at rt. The reacion mixture 

was diluted with ethyl acetate and washed sequenially with 1 M aq. HCl (´2), sat. aq. NaHCO3 

(´2), and brine (´1). The organic layer was dried over MgSO4, filtered, and concentrated in 

vacuo. Purificaion by column chromatography (n-hexane : ethyl acetate 4:1 to 1:1) gave the 

product as a single diastereomer (76.8 mg, 73%) as a white amorphous solid. [a]D
!" +278.3 

(c 1.00, CHCl3); HPLC Analysis: Chiralpak AD-H (95:5 hexane:isopropanol, flow rate 2.00 

ml·min−1, 211 nm, 30 °C) tR (1ʹR,4R)-37: 57.5 min, tR (1ʹS,4S)-37: 45.7 min, >99:1 er; IR nmax 

(film) 3370 (O-H), 2963 (C-H), 2920 (C-H), 2857 (C-H), 1711 (C=O, pyrazolone), 1622, 1510, 

1441, 1244, 1113, 1032, 831; 1H NMR (500 MHz, CDCl3) dH: 1.96 (3H, s, C(5)CH3), 3.08-3.19 

(2H, m, NCHAHBCH2 + NCH2CHAHB), 3.33 (1H, ddd, JHH 14.0, 7.3, 3.1, NCHAHBCH2), 3.49 (1H, ddd, 

JHH 11.4, 6.3, 3.1, NCH2CHAHB), 3.54-3.68 (2H, m, NCHCHDCH2 + NCH2CHCHD), 3.69-3.79 (2H, m, 

NCHCHDCH2 + NCH2CHCHD), 3.80 (3H, s, OCH3), 4.23 (1H, s, C(1ʹ)H), 6.27 (1H, br s, OH), 6.85-

6.92 (2H, m, NArC(3,5)H), 7.24-7.27 (2H, m, C(1ʹ)HArC(2,6)H), 7.29-7.34 (3H, m, 

C(1ʹ)HArC(3,4,5)H), 7.53-7.59 (2H, m, NArC(2,6)H); 13C{1H} NMR (126 MHz, CDCl3) dC: 15.7 

(C(5)CH3), 42.5 (NCHCHDCH2), 46.6 (NCHAHBCH2), 52.7 (C(1ʹ)H), 55.6 (OCH3), 66.1 (NCH2CHAHB), 

66.7 (NCH2CHCHD), 81.7 (C(4)-OH), 114.1 (NArC(3,5)H), 121.1 (NArC(2,6)H), 128.7 

(C(1ʹ)HArC(2,6)H), 129.0 (C(1ʹ)HArC(4)H), 129.4 (C(1ʹ)HArC(3,5)H), 130.8 (C(1ʹ)HArC(1)), 132.1 

(NArC(1)), 157.3 (NArC(4)), 160.7 (C(5)=N), 170.3 (C(2ʹ)=O), 171.3 (C(3)=O); HRMS (ESI+) 

C23H25N3O5 [M+H]+ found 446.16743, requires 446.16864 (-2.6 ppm). 
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<Chromatogram>

min

mAU

40 45 50 55 60 65

0

25

50

75

100 PDA Multi 1 211nm,4nm

 4
5.

14
8 

 5
7.

47
8 

<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 45.148 
 57.478 

Area%
 50.363 
 49.637 

 100.000 

Sample Name : ac139AD-H5%2mlm30C120m
Sample ID : ac139AD-H5%2mlm30C120m
Data Filename : ac139AD-H5%2mlm30C120m.lcd
Method Filename : AD-H 5% 2ml-min 30deg 120min.lcm
Batch Filename : 15 April.lcb
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 15/04/2022 11:19:20 Acquired by : System Administrator
Date Processed : 15/04/2022 13:19:23 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>

min

mAU

42.5 45.0 47.5 50.0 52.5 55.0 57.5 60.0 62.5 65.0

0

25

50

PDA Multi 1 211nm,4nm

 4
5.

67
8 

 5
7.

48
5 

<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 45.678 
 57.485 

Area%
 0.385 

 99.615 
 100.000 

Sample Name : ac138AD-H5%2mlm30C
Sample ID : ac138AD-H5%2mlm30C
Data Filename : ac138AD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 90min.lcm
Batch Filename : 15 April.lcb
Vial # : 1-2 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 15/04/2022 09:48:48 Acquired by : System Administrator
Date Processed : 15/04/2022 11:18:50 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.23. (1’R,4R)- and (1’S,4R)-4-hydroxy-5-methyl-4-(2-morpholino-1-(naphtha-1-yl)-2-

oxoethyl)-2-(p-trifluoromethylphenyl)-2,4-dihydro-3H-pyrazol-3-one 38 

   

To a soluion of 3-methyl-1-(p-trifluoromethylphenyl)-1H-pyrazole-4,5-dione (54.6 mg, 

0.25 mmol), 2-(naphth-1-yl)aceic anhydride (132.9 mg, 0.375 mmol) and (2R,3S)-HyperBTM 

(3.9 mg, 0.125 mmol) were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. 

Diisopropylethylamine (54 µl, 0.31 mmol) was added and the reacion mixture was sirred at 

0 °C for 3 h. Morpholine (66 µl, 0.75 mmol) was added and the reacion mixture was sirred 

for 16 h at rt. The reacion mixture was diluted with ethyl acetate and washed sequenially 

with 1 M aq. HCl (´2), sat. aq. NaHCO3 (´2), and brine (´1). The organic layer was dried over 

MgSO4, filtered, and concentrated in vacuo. Purificaion by column chromatography (n-hexane 

: ethyl acetate 4:1 to 1:1) gave the major and minor diastereomer (116.7 mg, 91%, >95:5 dr) 

as an inseparable mixture as a white amorphous solid. [a]D
!" +268.7 (c 1.00, CHCl3); IR nmax 

(film) 3323 (O-H), 2967 (C-H), 2924 (C-H), 2859 (C-H), 1724 (C=O, pyrazolone), 1639, 1634, 

1612, 1520, 1435 1323, 1163, 1115, 1065, 908, 841, 781; HRMS (ESI+) C27H25N3O4F3 [M+H]+ 

found 512.1779, requires 512.17917 (-2.4 ppm). Data for major diastereomer anH-38: HPLC 

Analysis: Chiralpak AD-H (92.5:7.5 hexane:isopropanol, flow rate 2.00 ml·min−1, 211 nm, 30 

°C) tR (1ʹR,4R)-38: 13.7 min, tR (1ʹS,4S)-38: 31.1 min, 98.5:1.5 er; 1H NMR (500 MHz, CDCl3) dH: 

1.61 (1H, s, CH3), 2.72 (1H, ddd, JHH 10.2, 7.0, 2.9, NCH2CHAHB), 2.92 (1H, ddd, JHH 13.4, 5.5, 2.9, 

NCHAHBCH2), 2.17-3.29 (2H, m, NCHAHBCH2 + NCH2CHAHB), 3.47 (1H, ddd, JHH 11.5, 7.5, 3.0, 

NCH2CHCHD), 3.55 (1H, ddd, JHH 13.3, 7.5, 3.0, NCHCHDCH2), 3.66 (1H, ddd, JHH 11.5, 5.7, 3.0, 

NCH2CHCHD), 3.79 (1H, ddd, JHH 13.3, 5.7, 3.0, NCHCHDCH2), 4.94 (1H, s, C(1ʹ)H), 6.96 (1H, br s, 

OH), 7.46-7.61 (5H, m, C(1ʹ)HArC(3)H + NArC(3,5)H + C(1ʹ)HArC(6)H +C(1ʹ)HArC(7)H), 7.77 (1H, 

d, JHH 7.2, C(1ʹ)HArC(2)H), 7.83-7.90 (4H, m, NArC(2,6)H + C(1ʹ)HArC(4)H + C(1ʹ)HArC(8)H), 7.94 

(1H, d, JHH 8.6, C(1ʹ)HArC(5)H); 13C{1H} NMR (126 MHz, CDCl3) dC: 14.8 (CH3), 42.7 (NCHCHDCH2), 

45.2 (C(1ʹ)H), 46.2 (NCHAHBCH2), 65.8 (NCH2CHAHB), 66.5 (NCH2CHCHD), 81.1 (C(4)-OH), 118.2 

(NArC(2,6)), 121.3 (C(1ʹ)HArC(5)H), 124.2 (q, 1JCF 272.2, ArCF3) 125.5 (C(1ʹ)HArC(3)H), 126.1 (q, 
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3JCF 3.8, NArC(3,5)H), 126.3 (C(1ʹ)HArC(7)H), 126.6 (q, 2JCF 32.5, NArC(4)CF3), 127.3 (C(1ʹ)HArC), 

127.8 (C(1ʹ)HArC(6)H), 128.1 (C(1ʹ)HArC(2)H), 129.8 (C(1ʹ)HArC(4)H), 129.9 (C(1ʹ)HArC(8)), 

130.9 (NArC(1)),  134.0 (C(1ʹ)HArC), 140.4 (NArC(1)), 161.2 (C(5)=N), 170.6 (C(2ʹ)=O), 172.9 

(C(3)=O); 19F{1H} NMR (377 MHz, CDCl3) dF: −62.12 (CF3); Data for minor diastereomer syn-38: 

HPLC Analysis: Chiralpak AD-H (92.5:7.5 hexane:isopropanol, flow rate 2.00 ml·min−1, 211 nm, 

30 °C) tR (1ʹS,4R)-38: 15.7 min, tR (1ʹR,4S)-38: 16.4 min (not detected); 1H NMR (500 MHz, 

CDCl3) (selected) dH: 2.12 (3H, s, CH3), 4.91 (1H, s, C(1ʹ)H), 5.93 (1H, br s, OH); 13C{1H} NMR 

(126 MHz, CDCl3) (selected) dC: 15.3 (CH3), 120.9 (ArCH), 127.0 (ArCH); 19F NMR (377 MHz, 

CDCl3) dF: −62.07 (CF3). 
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<Chromatogram>
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mAU
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 13.155 
 15.656 
 16.637 
 30.359 

Area%
 47.137 

 1.489 
 1.873 

 49.502 
 100.000 

Sample Name : ac164AD-H7.5%2mlm30C
Sample ID : ac164AD-H7.5%2mlm30C
Data Filename : ac164AD-H7.5%2mlm30C.lcd
Method Filename : AD-H 7.5% 2ml-min 30deg 60min.lcm
Batch Filename : 17 may.lcb
Vial # : 1-3 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 17/05/2022 23:35:57 Acquired by : System Administrator
Date Processed : 18/05/2022 00:36:00 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 

Total

Ret. Time
 13.661 
 16.418 
 31.140 

Area%
 96.684 

 1.913 
 1.403 

 100.000 

Sample Name : ac163AD-H7.5%2mlm30C
Sample ID : ac163AD-H7.5%2mlm30C
Data Filename : ac163AD-H7.5%2mlm30C.lcd
Method Filename : AD-H 7.5% 2ml-min 30deg 60min.lcm
Batch Filename : 18 may.lcb
Vial # : 1-2 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 18/05/2022 17:47:30 Acquired by : System Administrator
Date Processed : 19/05/2022 16:24:13 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.24. (1’R,4R)- and (1’S,4R)-2-(4-Hydroxy-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-

4-yl)-2-phenylacetate 39 

   

To a soluion of 3-methyl-1-phenyl-1H-pyrazole-4,5-dione (47.1 mg, 0.25 mmol), 

2-phenylaceic anhydride (95.4 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 0.125 mmol) 

were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine (54 µl, 

0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. DMAP (6.1 mg, 

0.05 mmol) and methanol (4.0 ml) were added and the reacion mixture was sirred for 16 h 

at rt. The reacion mixture was diluted with ethyl acetate and washed sequenially with 1 M 

aq. HCl (´2), sat. aq. NaHCO3 (´2), and brine (´1). The organic layer was dried over MgSO4, 

filtered, and concentrated in vacuo. Purificaion by column chromatography (n-hexane : ethyl 

acetate 4:1 to 1:1) gave the product as a single diastereomer (55.0 mg, 65%) as an off-white 

semi-solid. [a]D
!" +225.9 (c 0.39, CHCl3); HPLC Analysis: Chiralpak AD-H H (85:15 

hexane:isopropanol, flow rate 2.00 ml·min−1, 211 nm, 30 °C) tR (2ʹR,4R)-39: 5.1 min, tR (2ʹS,4S)-

39: 10.5 min, 98:2 er; IR nmax (film) 3377 (O-H), 2953 (C-H), 2361, 2342, 1738, 1717 (C=O, 

pyrazolone), 1699, 1597, 1501, 1360, 1202, 1167, 908, 754; 1H NMR (500 MHz, CDCl3) dH: 1.88 

(3H, s, C(3)CH3), 3.78 (3H, s, OCH3), 4.01 (1H, s, C(2ʹ)H), 4.98 (1H, s, OH), 7.17 (1H, t, JHH 7.4, 

NArC(4)H), 7.30-7.43 (7H, m, C(2ʹ)HArC(2,3,4,5,6)H + NArC(3,5)H), 7.69 (2H, d, JHH 8.1, 

NArC(2,6)H); 13C{1H} NMR (126 MHz, CDCl3) dC: 15.0 (C(3)CH3), 53.0 (OCH3), 54.9 (C(2ʹ)H), 80.4 

(C(4)-OH), 119.1 (NArC(2,6)H), 125.6 (NArC(4)H), 128.9 (C(2ʹ)HArC(3,5)H), 128.9 (NArC(3,5)H), 

129.1 (C(2ʹ)HArC(4)H), 129.6 (C(2ʹ)HArC(2,6)H), 131.3 (C(2ʹ)HArC(1)), 137.4 (NArC(1)), 159.7 

(C(3)=N), 171.6 (C(5)=O), 172.2 (C(1ʹ)=O); HRMS (ESI+) C19H19N2O4 [M+H]+ found 339.1332, 

requires 339.1339 (-2.2 ppm). 
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<Chromatogram>

min

mAU
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PDA Multi 1 211nm,4nm
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40
1 

<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 5.173 

 10.401 

Area%
 49.633 
 50.367 

 100.000 

Sample Name : ac201AD-H15%2mlm30C
Sample ID : ac201AD-H15%2mlm30C
Data Filename : ac201AD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : 220june.lcb
Vial # : 1-18 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 21/06/2022 16:16:55 Acquired by : System Administrator
Date Processed : 23/06/2022 12:57:18 Processed by : System Administrator
 

<Sample Information>

Analysis Report

<Chromatogram>
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 

Total

Ret. Time
 5.147 

 10.479 

Area%
 98.032 

 1.968 
 100.000 

Sample Name : ac200AD-H15%2mlm30C
Sample ID : ac200AD-H15%2mlm30C
Data Filename : ac200AD-H15%2mlm30C.lcd
Method Filename : AD-H 15% 2ml-min 30deg 60min.lcm
Batch Filename : 220june.lcb
Vial # : 1-3 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 21/06/2022 20:29:45 Acquired by : System Administrator
Date Processed : 21/06/2022 21:29:48 Processed by : System Administrator
 

<Sample Information>

Analysis Report



S98 
 

5.25. iso-Propyl (2R)-2-((4R)-4-Hydroxy-3-methyl-5-oxy-1-phenyl-4,5-dihydro-1H-pyrazol-4-

yl)-2-phenylacetate 40 

   

With 20 mol% DMAP: To a Schlenk tube was added 3-methyl-1-phenylpyrazol-4,5-dione 

(47.1 mg, 0.25 mmol), phenylaceic anhydride (95.5 mg, 0.375 mmol) and (2R,3S)-HyperBTM 

(3.9 mg, 1.25 µmol). EtOAc (6.0 ml, 0.04 M) was added at 0 °C followed by iPr2NEt (54 µl, 

0.313 mmol). The reacion was sirred at 0 °C for 3 h. iPrOH (7.5 ml) and DMAP (6.1 mg, 

50.0 µmol) were added and the mixture was lel to be sirred at room temperature for 16 h. 

The soluion was diluted with EtOAc and washed with 1 M aq. HCl twice, aq. sat. NaHCO3 twice 

and brine. The organic layer was dried over MgSO4, filtered, and concentrated under reduced 

pressure. The residue (94:6 d.r.) was further purified by flash column chromatography 

(Hexanes:EtOAc 47.5:2.5 → 45:5 → 40:10 → 35:15 → 25:25) to give the itle compound as 

sole diastereomer as an amorphous brown solid (37.2 mg, 0.102 mmol, 41%). 

With 3 mol% DMAP: To a Schlenk tube was added 3-methyl-1-phenylpyrazol-4,5-dione 

(47.1 mg, 0.25 mmol), phenylaceic anhydride (95.5 mg, 0.375 mmol) and (2R,3S)-HyperBTM 

(3.9 mg, 1.25 µmol). EtOAc (6.0 ml, 0.04 M) was added at 0 °C followed by iPr2NEt (54 µl, 

0.313 mmol). The reacion was sirred at 0 °C for 3 h. iPrOH (7.5 ml) and DMAP (1.0 mg, 

8.0 µmol) were added and the mixture was lel to be sirred at room temperature for 16 h. 

The soluion was diluted with EtOAc and washed with 1 M aq. HCl twice, aq. sat. NaHCO3 twice 

and brine. The organic layer was dried over MgSO4, filtered, and concentrated under reduced 

pressure. The residue (98:2 d.r.) was further purified by flash column chromatography 

(Hexanes:EtOAc 47.5:2.5 → 45:5 → 40:10 → 35:15 → 25:25) to give the itle compound as 

sole diastereomer as an amorphous brown solid (37.5 mg, 0.102 mmol, 41%). 

With 0.5 mol% DMAP: To a Schlenk tube was added 3-methyl-1-phenylpyrazol-4,5-dione 

(47.1 mg, 0.25 mmol), phenylaceic anhydride (95.5 mg, 0.375 mmol) and (2R,3S)-HyperBTM 

(3.9 mg, 1.25 µmol). EtOAc (6.0 ml, 0.04 M) was added at 0 °C followed by iPr2NEt (54 µl, 

0.313 mmol). The reacion was sirred at 0 °C for 3 h. iPrOH (7.5 ml) and DMAP (0.1 M stock in 

EtOAc, 12 µl, 1.3 µmol) were added and the mixture was lel to be sirred at room temperature 

for 16 h. The soluion was diluted with EtOAc and washed with 1 M aq. HCl twice, aq. sat. 
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NaHCO3 twice and brine. The organic layer was dried over MgSO4, filtered, and concentrated 

under reduced pressure. The residue (93:7 d.r.) was further purified by flash column 

chromatography (Hexanes:EtOAc 47.5:2.5 → 45:5 → 40:10 → 35:15 → 25:25) to give the itle 

compound as sole diastereomer as an amorphous brown solid (44.1 mg, 0.120 mmol, 48%). 

𝛼#!"= +1.01 (c 1.8 in CHCl3) @ 60% ee; HPLC Analysis: CHIRALPAK® AD-H (5% iPrOH in hexanes, 

flow rate 2 ml·min-1, 254 nm, 30 °C) tR (2R,4R)-40: 7.4 min, tR (2S,4S)-40: 12.8min, 80:20 e.r. 

(20 mol% DMAP), 88:12 e.r. (3 mol% DMAP), 97:3 e.r. (0.5 mol% DMAP); IR νmax (film) 3377 

(br), 3063 (w), 3034 (w), 2982 (m), 2934 (w), 1721 (s), 1697 (s), 1597 (s), 1501 (s), 1456 (m), 

1364 (s), 1315 (m), 1196 (s), 1173 (s), 1128 (w), 1101 (s), 1032 (w), 1005 (w), 986 (m), 905 (s), 

833 (m), 750 (s); 1H NMR (400 MHz, CDCl3) δH 1.16 (3H, d, 3JHH = 6.3 Hz, CH(CH3)a(CH3)b), 1.30 

(3H, d, 3JHH = 6.3 Hz, CH(CH3)a(CH3)b), 1.89 (3H, s, N=C-CH3), 3.95 (1H, s, CH-Ph), 4.95 – 5.00 

(1H, m, OH), 5.13 (1H, app hept, 3JHH = 6.3 Hz, CH(CH3)2), 7.13 – 7.20 (1H, m, N-PhC4H), 7.29 – 

7.43 (7H, m, N-PhC3,5H, CH-PhC2,3,4,5,6H), 7.68 – 7.74 (2H, m, N-PhC2,6H); 13C{1H} NMR (100 MHz, 

CDCl3) δC 14.9 (N=C-CH3), 21.5 (CH(CH3)a(CH3)b), 21.8 (CH(CH3)a(CH3)b), 55.2 (CH-Ph), 70.2 

(CH(CH3)2), 80.3 (C-OH), 119.1 (N-PhC2,6H), 125.4 (N-PhC4H), 128.8 (CH-PhC3,5H), 128.89 (CH-

PhC4H), 128.92(N-PhC3,5H), 129.6 (CH-PhC2,6H), 131.5 (CH-PhC1), 137.5 (N-PhC1), 159.7 (C=N), 

171.1 (C(O)OiPr), 171.6 (C(O)NPh); m/z (ESI+) 389 ([M+Na]+ 55%), 405 ([M+K]+ 15%), 755 

([2M+Na]+ 100%), 756 ([2M(13C)+Na]+ 49%), 757 ([2M(13C2)+Na]+ 15%), 771 ([2M+K]+ 15%); 

HRMS (ESI+) C21H22N2O4 [M+Na]+ found 389.1475, requires 389.1472 (0.7 ppm).  
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5.26. (1’R,4R)- and (1’S,4R)-2-(4-Hydroxy-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-

4-yl)-2-(naphth-1-yl)-acetate 41 

   

To a soluion of 3-methyl-1-(naphth-1-yl)-1H-pyrazole-4,5-dione (47.1 mg, 0.25 mmol), 

2-(naphth-1-yl)aceic anhydride (132.9 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 

0.125 mmol) were dissolved in ethyl acetate (6 ml, 0.04 M) at 0 °C. Diisopropylethylamine 

(54 µl, 0.31 mmol) was added and the reacion mixture was sirred at 0 °C for 3 h. DMAP 

(6.1 mg, 0.05 mmol) and methanol (4.0 ml) were added and the reacion mixture was sirred 

for 16 h at rt. The reacion mixture was diluted with ethyl acetate and washed sequenially 

with 1 M aq. HCl (´2), sat. aq. NaHCO3 (´2), and brine (´1). The organic layer was dried over 

MgSO4, filtered, and concentrated in vacuo. Purificaion by column chromatography (n-hexane 

: ethyl acetate 4:1 to 1:1) gave major and minor diastereomers (55.2 mg, 57%, >95:5 dr) as an 

inseparable mixture as a white amorphous solid. [a]D
!" +187.0 (c 0.27, CHCl3); IR nmax (film) 

3395 (O-H), 3061, 2953 (C-H), 1717 (C=O), 1595, 1501, 1360, 1198, 1165, 978, 783; HRMS 

(ESI+) C23H21N2O4 [M+H]+ found 389.1493, requires 389.14959 (-0.8 ppm). Data for major 

diastereomer anH-41: HPLC Analysis: Chiralpak AD-H (95:5 hexane:isopropanol, flow rate 2.00 

ml·min−1, 211 nm, 30 °C) tR (2ʹR,4R)-41: 14.0 min, tR (2ʹS,4S)-41: 30.6 min, 95.5:4.5 er; 1H NMR 

(500 MHz, CDCl3) dH: 1.45 (3H, s, C(3)CH3), 3.76 (3H, s, OCH3), 4.87 (1H, s, C(2ʹ)H), 5.45 (1H, br 

s, OH), 7.19 (1H, t, JHH 7.4, NArC(4)H), 7.38 (2H, app t, JHH 8.0, NAr(3,5)H), 7.48-7.56 (2H, m, 

C(2ʹ)HArC(4)H + C(2ʹ)HArC(7)H), 7.56-7.61 (1H, m, C(2ʹ)HArC(3)H), 7.76 (2H, d, JHH 7.9, 

NArC(2,6)H), 7.84-7.92 (2H, m, C(2ʹ)HArC(6)H + C(2ʹ)HArC(5)H), 7.96 (1H, d, JHH 7.2, 

C(2ʹ)HArC(8)H), 7.99 (1H, d, JHH 8.5, C(2ʹ)HArC(2)H); 13C{1H} NMR (126 MHz, CDCl3) dC: 14.7 

(C(3)CH3), 46.7 (C(2ʹ)H), 53.1 (OCH3), 80.1 (C(4)=O), 119.0 (NArC(2,6)H), 122.3 (C(2ʹ)HArC(2)H), 

125.3 (NArC(4)H), 125.5 (C(2ʹ)HArC(4)H), 126.2 (C(2ʹ)HArC(7)H), 127.3 (C(2ʹ)HArC(8a)), 127.4 

(C(2ʹ)HArC(3)H), 127.6 (C(2ʹ)HArC(8)H), 129.0 (NArC(3,5)H), 129.4 (C(2ʹ)HArC(5)H), 129.7 

(C(2ʹ)HArC(6)H), 131.9 (C(2ʹ)HArC(1)), 134.0 (C(2ʹ)HArC(4a)), 137.6 (NArC(1)), 159.7 (C(3)=N), 

172.2 (C(5)=O), 172.7 (C(1ʹ)=O); Data for minor diastereomer syn-41: HPLC Analysis: Chiralpak 

AD-H (95:5 hexane:isopropanol, flow rate 2.00 ml·min −1, 211 nm, 30 °C) tR (2ʹS,4R)-41: 17.3 
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min, tR (2ʹR,4S)-41: 23.4 min, 93.5:6.5 er; 1H NMR (500 MHz, CDCl3) (selected) dH: 1.88 (3H, s, 

C(3)CH3), 3.80 (3H, s, OCH3), 5.03 (1H, s, C(2ʹ)H); 13C{1H} NMR (126 MHz, CDCl3) (selected) dC: 

13.7 (C(3)CH3), 53.4 (OCH3), 119.2 (NArC(2,6)H). 
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<Chromatogram>
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 13.431 
 16.645 
 22.857 
 30.635 

Area%
 48.492 

 0.980 
 1.048 

 49.480 
 100.000 

Sample Name : ac181AD-H5%2mlm30C
Sample ID : ac181AD-H5%2mlm30C
Data Filename : ac181AD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 90min.lcm
Batch Filename : 27 May.lcb
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 28/05/2022 02:45:32 Acquired by : System Administrator
Date Processed : 30/05/2022 11:21:37 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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<Peak Table>

PDA Ch1 211nm
Peak#

 1 
 2 
 3 
 4 

Total

Ret. Time
 13.953 
 17.271 
 23.433 
 30.614 

Area%
 91.666 

 3.818 
 0.273 
 4.243 

 100.000 

Sample Name : ac172AD-H5%2mlm30C
Sample ID : ac172AD-H5%2mlm30C
Data Filename : ac172AD-H5%2mlm30C.lcd
Method Filename : AD-H 5% 2ml-min 30deg 60min.lcm
Batch Filename : 30 May.lcb
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 10 uL
Date Acquired : 30/05/2022 10:23:29 Acquired by : System Administrator
Date Processed : 30/05/2022 11:23:31 Processed by : System Administrator
 

<Sample Information>

Analysis Report
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5.27. Pentamethylene (2R)-2-((4R)-4-Hydroxy-3-methyl-5-oxy-1-phenyl-4,5-dihydro-1H-

pyrazol-4-yl)-2-phenylacetamide 42 

 

   

To a Schlenk tube was added 3-methyl-1-phenylpyrazol-4,5-dione (47.1 mg, 0.25 mmol), 

phenylaceic anhydride (95.5 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 1.25 µmol). 

EtOAc (6.0 ml, 0.04 M) was added at 0 °C followed by iPr2NEt (54 µl, 0.313 mmol). The reacion 

was sirred at 0 °C for 3 h. Piperidine (74 µl, 0.750 mmol) were added and the mixture was lel 

to be sirred at room temperature for 16 h. The soluion was diluted with EtOAc and washed 

with 1 M aq. HCl twice, aq. sat. NaHCO3 twice and brine. The organic layer was dried over 

MgSO4, filtered, and concentrated under reduced pressure. The residue (92:8 d.r.) was further 

purified by flash column chromatography (3/5 Enzo, Hexanes:EtOAc 47.5:2.5 → 45:5 → 40:10 

→ 35:15 → 25:25) to give the itle compound as sole diastereomer as an amorphous brown 

solid (66.8 mg, 0.171 mmol, 68%). Characterisaion data analysed as 90:10 mixture of 

diasteromers: 𝛼#!"= +1.83 (c 3.9 in CDCl3) @ 90:10 d.r., 99:1 and 98:2 e.r.; HPLC Analysis: 

CHIRALPAK® AD-H (5% iPrOH in hexanes, flow rate 1 ml·min-1, 254 nm, 30 °C) tR (2S,4S)-42: 

15.1 min, tR (2R,4R)-42: 16.9 min, 1:99 e.r. major diastereomer, tR (2S,4R)-42: 24.7 min, tR 

minor (2R,4S)-42: 16.9 min, 2:98 e.r. minor diastereomer; IR νmax (film) 3370 (br), 3063 (w), 

3030 (w), 2938 (m), 2857 (w), 1717 (s), 1614 (s), 1597 (s), 1499 (s), 1445 (s), 1362 (s), 1314 

(w), 1246 (m), 1225 (m), 1190 (w), 1126 (m), 1064 (w), 1024 (m), 908 (m); 1H NMR (400 MHz, 

CDCl3) δH 0.80 – 0.95 (0.1H, m, N(CH2CH2)2CHaHb), 0.96 (0.9H, app dm, 2JHH = 13.4 Hz, 3JHH = 7.9 

Hz, 4.3 Hz, N(CH2CH2)2CHaHb), 1.35 (1.0H, app dm (minor obscured), 2JHH = 13.4 Hz, 3JHH = 7.0 

Hz, 3.7 Hz, N(CH2CH2)2CHaHb), 1.40 – 1.68 (4.0H, m, N(CH2CH2)2CH2), 1.91 (2.7H, s, N=C-CH3), 

2.06 (0.3H, s, N=CH3), 3.15 (1.0H, ddd (minor obscured), 2JHH = 13.5 Hz, 3JHH = 6.8 Hz, 3.9 Hz, 

N(CHaHb)a(CH2)b), 3.22 (1.0H, ddd (minor obscured), 2JHH = 13.5 Hz, 3JHH = 6.8 Hz, 3.9 Hz, 

N(CHaHb)a(CH2)b), 3.38 (0.1H, ddd, 2JHH = 12.9 Hz, 3JHH = 8.5 Hz, 2.5 Hz, N(CH2)a(CHaHb)b), 3.52 

(0.9H, ddd, 2JHH = 12.9 Hz, 3JHH = 7.7 Hz, 3.4 Hz, N(CH2)a(CHaHb)b), 3.71 (1.0H, ddd (minor 

obscured), 2JHH = 12.9 Hz, 3JHH = 7.7 Hz, 3.4 Hz, N(CH2)a(CHaHb)b), 4.08 (0.1H, s, CH-Ph), 4.23 

(0.9H, s, CH-Ph), 6.10 (0.1H, s, OH), 6.75 (0.9H, s, OH), 7.09 – 7.18 (1H, m, N-PhC4H), 7.26 – 
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7.38 (7.0H, m, N-PhC3,5H, CH-PhC2,3,4,5,6H), 7.69 – 7.76 (2.0H, N-PhC2,6H); 13C{1H} NMR (100 

MHz, CDCl3) δC 14.8 (N=C-CH3, minor), 15.6 (N=C-CH3, major), 24.3 (N(CH2CH2)a(CH2CH2)b), 

25.45 (N(CH2CH2)a(CH2CH2)b, minor), 25.49 (N(CH2CH2)a(CH2CH2)b, major), 25.7 (N(CH2CH2)2CH), 

43.2 (N(CH2CH2)a(CH2CH2)b, minor), 43.3 (N(CH2CH2)a(CH2CH2)b, major), 47.21 

(N(CH2CH2)a(CH2CH2)b, minor), 47.24 (N(CH2CH2)a(CH2CH2)b, major), 52.0 (CH-Ph, minor), 52.2 

(CH-Ph, major), 80.7 (C-OH, minor), 81.9 (C-OH, major), 118.9 (N-PhC2,6H, minor), 119.1 (N-

PhC2,6H, major), 124.9 (N-PhC4H, minor), 125.3 (N-PhC4H, major), 128.4 (CH-PhC4H, minor), 

128.7 (CH-PhC4H, major), 128.8 (N-PhC3,5H, major), 128.9 (CH-PhC3,5H, major), 129.1 (CH-

PhC2,6H, major), 129.8 (N-PhC3,5H, minor), 132.1 (CH-PhC1, minor), 132.5 (CH-PhC1, major), 

137.6 (N-PhC1, major), 137.9 (N-PhC1, minor), 160.9 (N=C, minor), 161.0 (N=C, major), 169.1 

(CH-C(O)O, minor), 169.7 (CH-C(O)O, major), 170.8 (C(O)N, minor), 172.0 (C(O)N, major), not 

all signals of the minor diastereomer could be resolved; m/z (ESI+) 414 ([M+Na]+ 100%), 415 

([M(13C)+Na]+ 28%), 416 ([M(13C2)+Na]+ 4%), 805 ([2M+Na]+ 69%), 806 ([2M(13C)+Na]+ 35%), 

807 (2[M(13C2)+Na]+ 10%); HRMS (ESI+) C23H25N3O3 [M+Na]+ found 414.1795, requires 

414.1788 (1.6 ppm)  
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5.28. (4R)-4-((1R)-2-oxo-1-phenyl-2-(4-tert-butyloxycarbonylpiperazin-1-yl)ethyl)-4-
hydroxy-3-methyl-1-phenylpyrazoline-5-one 43  

 

   

To a Schlenk tube was added 3-methyl-1-phenylpyrazol-4,5-dione (47.1 mg, 0.25 mmol), 

phenylaceic anhydride (95.5 mg, 0.375 mmol) and (2R,3S)-HyperBTM (3.9 mg, 1.25 µmol). 

EtOAc (6.0 ml, 0.04 M) was added at 0 °C followed by iPr2NEt (54 µl, 0.313 mmol). The reacion 

was sirred at 0 °C for 3 h. N-tert-Butyloxycarbonylpiperazine (139.8 mg, 0.750 mmol) were 

added and the mixture was lel to be sirred at room temperature for 16 h. The precipitate (N-

tert-butyloxycarbonyl-N’-phenacylpiperazine) was filtered off, the filtrate was diluted with 

EtOAc and washed with 1 M aq. HCl twice, aq. sat. NaHCO3 twice and brine. The organic layer 

was dried over MgSO4, filtered, and concentrated under reduced pressure. The residue 

(93:7 d.r.) was further purified by flash column chromatography (3/5 Enzo, Hexanes:EtOAc 

40:10 → 30:20 → 20:30) to give the itle compound as a 90:10 mixture of diastereomers as 

an amorphous brown solid (81.7 mg, 0.166 mmol, 66%). Characterisaion data analysed as 

90:10 mixture of diasteromers: 𝛼#!"= +1.17 (c 4.9 in CDCl3) @ 90:10 d.r. and 99:1 e.r.; HPLC 

analysis: CHIRALPAK® AD-H (5% iPrOH in hexanes, flow rate 1 ml·min-1, 254 nm, 30 °C) tR 

(1R,4R)-43: 23.6 min, tR (1S,4S)-43: 36.4 min, >99:1 e.r. major diastereomer; tR (1S,4R)-43: 43.9 

min, tR (1R,4S)-43: 48.5 min, >99:1 e.r. minor diastereomer; IR νmax (film) 3353 (br), 3065 (w), 

30032 (w), ,3005 (w), 2978 (m), 2926 (m), 2864 (w), 1717 (m), 1695 (s), 1624 (s), 1597 (m), 

1501 (m), 1458 (m), 1418 (s), 1395 (m), 1364 (s), 1285 (m), 1250 (s), 1225 (s), 1163 (s), 1125 

(s), 1092 (w), 1028 (m), 995 (m), 908 (s), 862 (m), 750 (s); 1H NMR (400 MHz, CDCl3) δH 1.41 

(9H, s, C(CH3)3), 1.92 (2.7H, s, N=CCH3), 1.97 (0.3H, s, N=CCH3), 2.59 – 2.70 (0.1H, m, 

N(CH2CHaHb)NBoc), 2.78 (0.9H, ddd, 2JHH = 13.4 Hz, 3JHH = 7.4 Hz, 3.3 Hz, 

N(CH2CHaHb)a(CH2CH2)bNBoc), 3.08 – 3.22 (0.9H, m, N(CHaHbCH2)a(CH2CH2)bNBoc), 3.22 – 3.35 

(2.7H, m, N(CHaHbCHaHb)a(CH2CHaHb)bNBoc), 3.47 – 3.64 (1.8H, m, 

N(CH2CH2)a(CHaHbCHaHb)bNBoc), 3.75 (0.9H, ddd, 2JHH = 14.0 Hz, 3JHH = 6.6 Hz, 3.4 Hz, 

N(CH2CH2)a(CHaHbCH2)bNBoc), 4.22 (1H, s, CH-Ph), 5.28 (0.1H, s, OH), 6.41 (0.9H, s(br), OH), 

7.12 (0.1H, app t, 3JHH = 7.5 Hz, N-PhC4H), 7.16 (0.9H, app t, 3JHH = 7.4 Hz, N-PhC4H), 7.23 – 7.34 

(5H, m, CH-PhC2,3,4,5,6H), 7.35 (1.8H, dd, 3JHH = 8.1 Hz, 7.4 Hz, N-PhC3,5H), 7.70 (1.8H, app d, 3JHH 
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= 8.1 Hz, N-PhC2,6H), 7.72 (0.2H, app d, 3JHH = 8.1 Hz, N-PhC2,6H), not all signals of the minor 

diastereomer could be resolved; 13C{1H} NMR (100 MHz, CDCl3) δC 14.8 (minor, =CCH3), 15.6 

(major,=CCH3), 28.4 (major, (CH3)3), 42.0 (major, N(CH2CH2)a(CH2CH2)bNBoc), 42.7 (broad, 

major, N(CH2CH2)a(CH2CH2)bNBoc), 43.4 (broad, major, N(CH2CH2)a(CH2CH2)bNBoc), 46.0 

(major, N(CH2CH2)a(CH2CH2)bNBoc), 52.6 (broad, major, CH-Ph), 80.6 (major, C(CH3)3), 81.7 (C-

OH), 119.0 (minor, N-PhC2,6H), 119.1 (major, N-PhC2,6H), 125.1 (minor, N-PhC4H), 125.4 (major, 

N-PhC4H), 128.8 (major, CH-PhC2,6H), 128.9 (major, N-PhC3,5H), 129.0 (major, CH-PhC4H), 129.4 

(major, CH-PhC3,5H), 129.8 (minor, PhCH), 132.1 (major, CH-PhC1), 137.5 (major, N-PhC1), 154.4 

(NC(=O)OtBu), 160.7 (N=CCH3), 170.3 (Ph-CHC(=O)N), 171.8 (Ph-NC(=O)); m/z (ESI+) 414 ([M-

Boc+Na]+ 11%), 515 ([M+Na]+ 100%), 516 ([M(13C)+Na]+ 33%), 517 ([M(13C2)+Na]+ 6%), 805 

(7%); HRMS (ESI+) C27H32N4NO5Na [M+Na]+ found 515.2271, requires 515.2265 (1.1 ppm). 
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6. Epimerisa2on Experiments 

6.1. Epimerisaion of Amide 14 

To a 5 ml round bomomed flask was charged with amide 14 (51.6 mg, 0.13 mmol) was added 

EtOAc (3.0 ml, 0.04 M), iPr2NEt (28 µl, 0.16 mmol) and rac-HyperBTM (2.0 mg, 0.01 mmol). The 

mixture was sirred for 3 h at 0 °C. Morpholine (33 µl, 0.38 mmol) was added and the reacion 

was lel to be sirred overnight. The solvent was removed under reduced pressure and the 

mixture columned through pipeme (Hexane:EtOAc 1:1). Analysis by 1H NMR showed no change 

suggesing that compound 14 is stable under the reacion condiions. 

 
 

6.2. Epimerisaion of Lactone 13  

A sample of Lactone 13 (1.47 µmol) was transferred to an NMR tube using 750 µl CDCl3. Hünig’s 

base (2.5 µl, 14 µmol) was added and the reacion was monitored by 1H NMR. 
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Figure S1: Monitoring of epimerisaion of 13 to 12 using 1H NMR analysed with MNova. 

 

Table S2: Data for the monitoring of the epimerisaion of 13 to 12 via 1H NMR. 

# Time [h] 
Integral Major 
(6.051,6.025) 

Major 
[M]·108 

Integral 
Minor 

(5.987,5.958) 

Minor 
[M]·108 

Integral 
Hünig’s base 
(3.114,2.979) 

d.r. 
Minor/Major 

d.e. 
Major/Minor 

0   0.0      97.0 -0.94 

1   0.1     85   2.3 1701 47.0 34654 95.2 -0.90 

2   1.6   325   9.0 1460 40.3 34657 81.8 -0.64 

3   2.8   490 13.5 1292 35.7 34665 72.5 -0.45 

4   3.6   635 17.3 1198 32.6 35190 65.4 -0.31 

5   4.6   703 19.5 1059 29.4 34464 60.1 -0.20 

6   6.0   868 23.2   980 26.2 35754 53.0 -0.06 

7 20.8 1564 38.3   437 10.7 39123 21.8 0.56 

8 25.4 1683 40.5   342   8.3 39723 16.9 0.66 

9 29.5 1710 40.5   340   8.1 40414 16.6 0.67 

10 44.8 1859 41.7   294   6.6 42633 13.6 0.73 
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Figure S2: Plot of the change of d.e. over ime. Negaive d.e. indicates excess of the minor 

diastereomer 13, posiive d.e. indicates excess of the major diastereomer 12. 
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7. Crystallographic Data 

X-ray diffracion data for compound (3S,4R)-13 were collected at 125 K using a Rigaku 

MM-007HF High Brilliance RA generator/confocal opics [Cu Kα radiaion (λ = 1.54187 Å)] with 

XtaLAB P200 diffractometer. Diffracion data for compound (1'R,4R)-21 were collected at 173 K 

using a Rigaku FR-X Ultrahigh Brilliance Microfocus RA generator/confocal opics [Mo Kα 

radiaion (λ = 0.71073 Å)] with XtaLAB P200 diffractometer. Intensity data for both structures 

were collected using ω steps accumulaing area detector images spanning at least a 

hemisphere of reciprocal space. Data for both compounds were collected using CrystalClear 

and processed (including correcion for Lorentz, polarizaion and absorpion) using either 

CrystalClear or CrysAlisPro.[26] The structures were solved by dual-space methods (SHELXT)[27] 

and refined by full-matrix least-squares against F2 (SHELXL-2019/3).[28] Non-hydrogen atoms 

were refined anisotropically, and hydrogen atoms were refined using a riding model, except 

for the hydrogen atom bound to oxygen in (1'R,4R)-21 which was located from the difference 

Fourier map and refined isotropically subject to a distance restraint. Crystals of (3S,4R)-13 

appeared to degrade under prolonged X-ray exposure, even at low temperatures, leading to 

lower data quality metrics, and a value of the Flack parameter showing wide error bounds. 

The compound was determined to be predominantly enaniopure by other analyical 

techniques, so the absolute structure is considered correctly assigned based on the Flack 

parameter, despite the value of its standard uncertainty. All calculaions were performed using 

the Olex2 interface.[29] Selected crystallographic data are presented in Table #. CCDC 2314276-

2314277 contains the supplementary crystallographic data for this paper. These data can be 

obtained free of charge from The Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/structures.  
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Table S3: Selected crystallographic data. 
 (3S,4R)-13 (1'R,4R)-21 
formula  C22H16N2O3 C23H23Cl4N3O4 
fw  356.37 547.24 
crystal description Colourless needle Colourless prism 
crystal size [mm3] 0.24×0.02×0.01 0.21×0.12×0.03 
temperature [K] 125 173 
space group  P212121 P212121 
a [Å] 6.3985(3) 8.043(2) 
b [Å] 11.1440(6) 10.783(3) 
c [Å] 24.0417(10) 28.473(8) 
vol [Å]3 1714.29(14) 2469.3(11) 
Z 4 4 
ρ (calc) [g/cm3] 1.381 1.472 
μ [mm-1] 0.757 0.515 
F(000) 744 1128 
reflections collected 9455 32369 
independent reflections (Rint) 3412 (0.0548) 4495 (0.0574) 
parameters, restraints 245, 0 312, 1 
GoF on F2 1.050 1.028 
R1 [I > 2σ(I)] 0.0539 0.0461 
wR2 (all data) 0.1545 0.1386 
largest diff. peak/hole [e/Å3] 0.243, -0.342 0.477, -0.456 
Flack parameter 0.1(2) -0.02(2) 
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8. Computa2on 

8.1. Computaional details 

Geometry opimisaions were performed with the meta-hybrid M06-2X funcional[30] using the 

double-ζ, def2-SVP basis set from the redefiniion of the Ahlrichs family of basis sets.[31] 

Implicit solvaion was considered through the use of the SMD model employing the 

parameters of dichloromethane (ε = 8.93).[32] An ultrafine integraion grid (99 radial shells with 

590 angular points per shell) was used for all calculaions and all species were formally treated 

as closed-shell systems with restricted Kohn-Sham DFT used throughout. The nature of minima 

and transiion states located were verified by the computaion of harmonic frequencies at the 

same level of theory. Single-point energies (Esp) were also evaluated using the M06-2X 

funcional[30] with a larger, triple-ζ, def2-TZVP basis. Implicit solvaion was also included at this 

level of theory using the same ultrafine integraion grid (99,590). Addiional empirical 

dispersion correcions were not included as the funcional implicitly accounts for dispersion 

due to the nature of its construcion. Thermochemistry was evaluated at 1 atm and 298.15 K 

using thermodynamic calculaions at the level of geometry opimisaion (thermal correcions 

to enthalpy, δH298.15, and entropies S298.15) in combinaion with energeics obtained from 

single-point calculaions. Quasi-rigid-rotor entropies were evaluated at 298 K with GoodVibes, 

v3.2[33] following the Truhlar method and a 100 cm−1 cutoff.[34] Gibbs free energy was 

calculated at 298 K using Equaion 1, with addiional Marin Hay Pram empirical entropic 

correcions included  (SMHP = 3.52 kcal/mol per paricle, evaluated at 382 atm to mimic bulk 

dichloromethane).[35] All computaions were performed using the Gaussian16, C.01 

programme[36] with visualisaion of structures using CYLview20[37] and GaussView6.1.1[36] and 

of non-covalent interacions performed using NCIPlot 4.0.[38] This and similar levels of DFT have 

previously been used successfully to raionalise reaciviies and seleciviies of organocatalyic 

reacions with isothioureas.[39]  

 G298.15 = Esp + δH298.15 − TS298.15 + SMHP (1) 
 

8.2. Interacion and Reorganisaion Energies 

Following the acivaion-strain model,[40] both interacion and reorganisaion energies were 

calculated from the respecive geometry by fragmening into the morpholine nucleophile and 

spirocyclic electrophile. Single-point energies of the TS and each fragment (in the geometry of 

the TS) were computed in the gas-phase and the interacion energy is given by Equaion 2. 

Reorganisaion energies are calculated by the gas-phase single-point of the relaxed geometry 

of each fragment (e.g. minima of each reactant) and this is given by Equaion 3. 
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 ΔEinteraction = Ecomplex – ΣErigid_fragments  (2) 

 ΔEreorg = Σ(Erigid_fragment – Erelaxed_fragment)  (3) 

8.3. Computaional Discussion  

The energy difference between TS1major/minor (and tetrahedral intermediates) is larger than 

TS2major/minor due to a more pronounced reorganisaion required for these species. For 

nucleophilic amack through the minor pathway, the aromaic group is oriented towards the 

approaching nucleophile and must move out of the way at a significant energeic cost for this 

pathway. As such, the major pathway is favoured with ΔΔEreorg = 10.54, 6.77 and 2.32 kcal/mol 

for TS1, the tetrahedral intermediate and TS2 respecively. 

 

Table S4. Comparison of N–H bond lengths across structures. Bond lengths in Å (M06-
2XSMD/def2-SVP).  

 TS1 tetrahedral 
intermediate TS2 morpholine 

(axial H)a 
morpholine 

(equatorial H) 
major 1.025 1.032 1.056 1.021 1.018 minor 1.026 1.031 1.054 

a morpholine was assumed to react in this NH-axial conformaion, so that the lactone moiety 
will end up in the more favourable equatorial posiion. 

 

8.4. Treatment of Low-Lying Vibraional Frequencies 

We found that correcions to the rigid-rotor approximaion of harmonic frequencies was 

important for this system to accurately reproduce the experimental seleciviies. These were 

performed using quasi-harmonic (qh) correcions from the GoodVibes, v3.2 programme.[33] In 

essence, in the simplest case proposed by Truhlar,[34] vibraional modes below 100 cm−1 are all 

scaled to 100 cm−1 allow for an idenical contribuion of each mode towards the entropy of 

the system. Alternaively, proposed by Grimme,[41] vibraional modes below 100 cm−1 are 

treated instead as free-rotors, or rotaions, alongside scaling to interpolate between the 

rotaional and harmonic vibraions (this method is used by default in ORCA calculaions). More 

methodological details are available in the references provided.  

Regardless of the entropic correcions, calculaions of the spirocyclic system gave good 

agreement with the enrichment found in the DyKAT process, with raw electronic energies, 

enthalpies, and free energies replicaing a larger selecivity between the transiion states 

(kineic) compared to between the two β-lactone diastereomeric [2+2] products 

(thermodynamic). 
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Table S5. Comparison of the calculated difference in thermodynamic and kineic seleciviies 

derived from different energy terms and employing different quasi-harmonic correcions to 

entropy. Relaive energy values are in kcal/mol. 

 ΔΔEsp 
ΔΔH  

(Esp + δH) 
ΔΔG  

(Esp + dH −T.S) 
ΔΔG  

(qh-Truhlar) 
ΔΔG  

(qh-Grimme) 
ΔΔG  

(expt estimate) 

thermodynamic 0.29 0.34 −0.22a 0.31 0.07 0.50 

kinetic 0.67 1.11 0.58 0.92 0.76 1.18 

enrichment 0.38 0.77 0.80 0.61 0.69 0.68 

a nega've value indicates that the computa'onal “predic'on” was in the wrong direc'on rela've to experiment. 
 

8.5. Computaional Data 

Raw data and cartesian coordinates obtained from geometry opNmisaNon and frequency calculaNons with 
subsequent single-point energy calculaNons.

--------------------------------------- 
morph-axH 
Frequencies, energies and thermodynamic properQes: 
 Lowest VibraQonal Mode (1/cm) =                         249.9680 
 2nd Lowest VibraQonal Mode (1/cm) =                     270.7806 
 E(RM062X) (a.u.) =                                      -287.454708902 
 Thermal correcQon to Enthalpy (a.u.) =                  0.142096 
 Thermal correcQon to Gibbs Free Energy (a.u.) =         0.107445 
 Total Entropy (cal/Kmol) =                               72.929 
 Total Entropy qh-Truhlar (cal/Kmol) =                    72.9281 
 Total Entropy qh-Grimme (cal/Kmol) =                     72.9449 
 Esp(RM062X) (a.u.) =                                    -287.788872074 
 Esp(RM062X) gas (a.u.) =                                -287.777992668 
OpQmised cartesian coordinates (Angstrom): 
 H      0.000000   1.519036   1.210537 
 N      0.000000   1.441072   0.192168 
 C     -1.199597   0.718853  -0.221335 
 C     -1.168692  -0.745230   0.197982 
 O      0.000000  -1.379398  -0.275319 
 C      1.168692  -0.745230   0.197982 
 C      1.199597   0.718853  -0.221335 
 H     -1.270539   0.768286  -1.321305 
 H     -2.090983   1.213439   0.192125 
 H     -2.027489  -1.296212  -0.211948 
 H     -1.211802  -0.812927   1.304667 
 H      2.027489  -1.296213  -0.211948 
 H      1.211802  -0.812927   1.304667 
 H      1.270539   0.768286  -1.321305 
 H      2.090983   1.213439   0.192125 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

--------------------------------------- 
morph-eqH 
Frequencies, energies and thermodynamic properQes: 
 Lowest VibraQonal Mode (1/cm) =                         267.2973 
 2nd Lowest VibraQonal Mode (1/cm) =                     274.6043 
 E(RM062X) (a.u.) =                                      -287.455560158 
 Thermal correcQon to Enthalpy (a.u.) =                  0.142207 
 Thermal correcQon to Gibbs Free Energy (a.u.) =         0.107658 
 Total Entropy (cal/Kmol) =                               72.716 
 Total Entropy qh-Truhlar (cal/Kmol) =                    72.7155 
 Total Entropy qh-Grimme (cal/Kmol) =                     72.7302 
 Esp(RM062X) (a.u.) =                                    -287.789684184 
 Esp(RM062X) gas (a.u.) =                                -287.779425383 
OpQmised cartesian coordinates (Angstrom): 
 H      0.683423   2.247305   0.000000 
 N      0.664731   1.229858   0.000000 
 C     -0.006296   0.740821   1.195832 
 C     -0.006296  -0.778825   1.166581 
 O     -0.635498  -1.262203   0.000000 
 C     -0.006296  -0.778825  -1.166581 
 C     -0.006296   0.740821  -1.195832 
 H     -1.059312   1.086650   1.263397 
 H      0.524256   1.091294   2.093255 
 H     -0.554946  -1.187643   2.026256 
 H      1.039278  -1.141624   1.209945 
 H     -0.554946  -1.187643  -2.026256 
 H      1.039278  -1.141624  -1.209945 
 H     -1.059312   1.086650  -1.263397 
 H      0.524256   1.091294  -2.093255 
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--------------------------------------- 
spiro-RR 
Frequencies, energies and thermodynamic properQes: 
 Lowest VibraQonal Mode (1/cm) =                         22.6861 
 2nd Lowest VibraQonal Mode (1/cm) =                     26.1784 
 E(RM062X) (a.u.) =                                      -1028.35189031 
 Thermal correcQon to Enthalpy (a.u.) =                  0.307432 
 Thermal correcQon to Gibbs Free Energy (a.u.) =         0.239175 
 Total Entropy (cal/Kmol) =                               143.658 
 Total Entropy qh-Truhlar (cal/Kmol) =                    134.2616 
 Total Entropy qh-Grimme (cal/Kmol) =                     135.7307 
 Esp(RM062X) (a.u.) =                                    -1029.49738538 
 Esp(RM062X) gas (a.u.) =                                -1029.46998018 
OpQmised cartesian coordinates (Angstrom): 
 O     -1.178723  -1.984905  -1.179012 
 C     -0.863305  -1.217552  -0.304758 
 N     -1.608218  -0.235086   0.305594 
 C     -2.950225   0.137657   0.061946 
 C     -3.499752   1.214150   0.771596 
 C     -4.818262   1.594485   0.536137 
 C     -5.599409   0.917053  -0.400169 
 C     -5.044669  -0.152279  -1.101647 
 C     -3.727497  -0.551324  -0.880093 
 N     -0.907864   0.397641   1.328267 
 C      0.279934  -0.070737   1.401769 
 C      1.263806   0.335408   2.437890 
 C      0.521063  -1.092814   0.327000 
 O      1.091581  -2.337712   0.757088 
 C      2.180732  -2.184749  -0.047685 
 C      1.680807  -0.904058  -0.695761 
 C      2.515585   0.344258  -0.663875 
 C      3.878231   0.310139  -0.357886 
 C      4.610297   1.498242  -0.307286 
 C      3.985548   2.719518  -0.555251 
 C      2.623533   2.754377  -0.864333 
 C      1.892197   1.570838  -0.923405 
 O      3.127935  -2.892284  -0.105849 
 H     -2.891079   1.743459   1.501724 
 H     -5.235970   2.433897   1.094795 
 H     -6.631719   1.219816  -0.580708 
 H     -5.642421  -0.694194  -1.836651 
 H     -3.307105  -1.388504  -1.430714 
 H      2.141949   0.812550   1.977480 
 H      1.613486  -0.554250   2.983055 
 H      0.795637   1.033956   3.141555 
 H      1.313699  -1.130073  -1.710585 
 H      4.369496  -0.644294  -0.159937 
 H      5.674681   1.465774  -0.068805 
 H      4.559437   3.646566  -0.510145 
 H      2.129970   3.707565  -1.060981 
 H      0.824492   1.593382  -1.160061 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

--------------------------------------- 
spiro-RS 
Frequencies, energies and thermodynamic properQes: 
 Lowest VibraQonal Mode (1/cm) =                         16.2854 
 2nd Lowest VibraQonal Mode (1/cm) =                     21.6953 
 E(RM062X) (a.u.) =                                      -1028.35135826 
 Thermal correcQon to Enthalpy (a.u.) =                  0.307509 
 Thermal correcQon to Gibbs Free Energy (a.u.) =         0.238365 
 Total Entropy (cal/Kmol) =                               145.525 
 Total Entropy qh-Truhlar (cal/Kmol) =                    134.3437 
 Total Entropy qh-Grimme (cal/Kmol) =                     136.6441 
 Esp(RM062X) (a.u.) =                                    -1029.49692544 
 Esp(RM062X) gas (a.u.) =                                -1029.46648816 
OpQmised cartesian coordinates (Angstrom): 
 O     -0.014851   0.266063  -1.707498 
 C     -0.186077  -0.490193  -0.785214 
 N     -1.314721  -0.704203  -0.026034 
 C     -2.577280  -0.076450  -0.125335 
 C     -2.768916   1.014026  -0.985907 
 C     -4.024284   1.615567  -1.057337 
 C     -5.088819   1.150743  -0.286268 
 C     -4.887079   0.066896   0.568287 
 C     -3.641434  -0.549581   0.654379 
 N     -1.154142  -1.760762   0.864957 
 C      0.033360  -2.228449   0.778478 
 C      0.528287  -3.392135   1.555812 
 C      0.856099  -1.427215  -0.183461 
 O      1.616866  -2.132384  -1.171060 
 C      2.747514  -1.423471  -0.889333 
 C      2.156988  -0.720448   0.323748 
 C      2.230688   0.769872   0.472955 
 C      1.848946   1.345449   1.690773 
 C      1.862719   2.729759   1.849226 
 C      2.268369   3.548627   0.794075 
 C      2.654732   2.979101  -0.419148 
 C      2.631655   1.594330  -0.583315 
 O      3.772333  -1.450284  -1.480045 
 H     -1.946858   1.384161  -1.592774 
 H     -4.164614   2.463313  -1.730264 
 H     -6.067089   1.629102  -0.350217 
 H     -5.708728  -0.309798   1.180075 
 H     -3.484625  -1.394200   1.322050 
 H      0.885206  -4.173246   0.868174 
 H     -0.275810  -3.795731   2.182296 
 H      1.375373  -3.098704   2.193947 
 H      2.509651  -1.231256   1.233515 
 H      1.539005   0.701814   2.517751 
 H      1.561631   3.170416   2.801049 
 H      2.285219   4.632652   0.919090 
 H      2.974146   3.615192  -1.246207 
 H      2.931947   1.155305  -1.536604 
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--------------------------------------- 
spiro-TS1-RR_R 
Frequencies, energies and thermodynamic properQes: 
 Lowest VibraQonal Mode (1/cm) =                        -109.5193 
 2nd Lowest VibraQonal Mode (1/cm) =                     20.8819 
 E(RM062X) (a.u.) =                                      -1315.81517439 
 Thermal correcQon to Enthalpy (a.u.) =                  0.451142 
 Thermal correcQon to Gibbs Free Energy (a.u.) =         0.369985 
 Total Entropy (cal/Kmol) =                               170.809 
 Total Entropy qh-Truhlar (cal/Kmol) =                    157.3959 
 Total Entropy qh-Grimme (cal/Kmol) =                     159.5490 
 Esp(RM062X) (a.u.) =                                    -1317.28568940 
 Esp(RM062X) gas (a.u.) =                                -1317.25212731 
 Esp(RM062X) gas nuc (a.u.) =                            -287.777479997 
 Esp(RM062X) gas spiro (a.u.) =                          -1029.45120475 
OpQmised cartesian coordinates (Angstrom): 
 O     -0.611590  -1.821219  -0.321327 
 C     -0.954194  -0.789406   0.216189 
 N     -2.224708  -0.308809   0.402850 
 C     -3.458387  -0.884339   0.020260 
 C     -3.505958  -2.128116  -0.626270 
 C     -4.740657  -2.660567  -0.994305 
 C     -5.926468  -1.977837  -0.727781 
 C     -5.868854  -0.742082  -0.083286 
 C     -4.646315  -0.190942   0.291158 
 N     -2.236787   0.875492   1.140544 
 C     -1.035985   1.234428   1.394683 
 C     -0.693909   2.404737   2.242868 
 C     -0.035693   0.296116   0.774677 
 O      1.000331  -0.149272   1.633158 
 C      2.018690   0.275471   0.736138 
 N      2.352623  -1.513308  -0.075053 
 H      1.468319  -1.883937  -0.437543 
 C      3.352371  -1.360381  -1.128877 
 C      3.903747  -2.708457  -1.573013 
 O      4.407532  -3.431155  -0.474696 
 C      3.412018  -3.664588   0.494958 
 C      2.842372  -2.353735   1.016768 
 O      3.102118   0.654526   1.103485 
 C      0.988411   0.833340  -0.278041 
 C      0.965942   2.304920  -0.596032 
 C      1.992396   3.177630  -0.222849 
 C      1.896995   4.538805  -0.523885 
 C      0.780756   5.038483  -1.192266 
 C     -0.244468   4.168745  -1.572681 
 C     -0.148009   2.810659  -1.281483 
 H     -2.588814  -2.671221  -0.836509 
 H     -4.767831  -3.629169  -1.496609 
 H     -6.887116  -2.404775  -1.019019 
 H     -6.786797  -0.193010   0.133926 
 H     -4.602144   0.773110   0.793274 
 H      0.000671   2.087226   3.034695 
 H     -1.603631   2.819770   2.693064 
 H     -0.190134   3.183916   1.651714 
 H      4.164111  -0.743239  -0.711516 
 H      2.906494  -0.823361  -1.979042 
 H      4.729274  -2.568868  -2.284048 
 H      3.106270  -3.289260  -2.077349 
 H      3.874745  -4.233140   1.312971 
 H      2.598150  -4.279670   0.062704 
 H      3.629174  -1.781422   1.534561 
 H      2.018049  -2.530511   1.720695 
 H      0.939240   0.248795  -1.207148 
 H      2.860233   2.788110   0.308797 
 H      2.703250   5.212389  -0.227757 
 H      0.708335   6.103367  -1.420112 
 H     -1.120787   4.550522  -2.099488 
 H     -0.952900   2.130425  -1.575179 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

--------------------------------------- 
spiro-TS1-RS_R 
Frequencies, energies and thermodynamic properQes: 
 Lowest VibraQonal Mode (1/cm) =                        -114.3470 
 2nd Lowest VibraQonal Mode (1/cm) =                     23.1969 
 E(RM062X) (a.u.) =                                      -1315.81189079 
 Thermal correcQon to Enthalpy (a.u.) =                  0.451350 
 Thermal correcQon to Gibbs Free Energy (a.u.) =         0.371791 
 Total Entropy (cal/Kmol) =                               167.446 
 Total Entropy qh-Truhlar (cal/Kmol) =                    156.1521 
 Total Entropy qh-Grimme (cal/Kmol) =                     157.7369 
 Esp(RM062X) (a.u.) =                                    -1317.28286966 
 Esp(RM062X) gas (a.u.) =                                -1317.24728287 
 Esp(RM062X) gas nuc (a.u.) =                            -287.777406934 
 Esp(RM062X) gas spiro (a.u.) =                          -1029.43448115 
OpQmised cartesian coordinates (Angstrom): 
 O     -0.529924  -1.051461  -0.634734 
 C     -0.967524  -0.430708   0.310980 
 N     -2.277076  -0.117287   0.571992 
 C     -3.426344  -0.416311  -0.195833 
 C     -3.310477  -0.875731  -1.515812 
 C     -4.464476  -1.151939  -2.247458 
 C     -5.729097  -0.975690  -1.687700 
 C     -5.834016  -0.514388  -0.375412 
 C     -4.694048  -0.233967   0.373365 
 N     -2.439867   0.489046   1.817449 
 C     -1.295635   0.640387   2.366004 
 C     -1.102060   1.211259   3.722509 
 C     -0.174335   0.171056   1.476905 
 O      0.747744  -0.725456   2.072758 
 C      1.894680   0.019835   1.604705 
 N      2.241480  -0.968430   0.030173 
 H      1.519951  -0.768682  -0.670916 
 C      3.580638  -0.634822  -0.470663 
 C      4.024478  -1.596403  -1.563795 
 O      3.965861  -2.932345  -1.129186 
 C      2.659675  -3.279560  -0.736958 
 C      2.165910  -2.392718   0.393605 
 O      2.934107   0.059979   2.222852 
 C      0.956421   1.181280   1.152761 
 C      1.122152   1.930238  -0.136056 
 C      2.362078   2.544645  -0.371386 
 C      2.583798   3.280913  -1.532136 
 C      1.561912   3.428329  -2.473085 
 C      0.319229   2.845114  -2.235436 
 C      0.097474   2.103773  -1.072330 
 H     -2.330132  -1.019048  -1.962093 
 H     -4.365169  -1.509313  -3.273940 
 H     -6.625612  -1.195018  -2.269209 
 H     -6.815975  -0.369310   0.078388 
 H     -4.775695   0.128353   1.396026 
 H     -0.494448   0.521034   4.326060 
 H     -2.072148   1.373014   4.207052 
 H     -0.561812   2.168325   3.667698 
 H      4.260984  -0.687775   0.391750 
 H      3.578688   0.393413  -0.851918 
 H      5.064120  -1.383055  -1.846639 
 H      3.388340  -1.460002  -2.460708 
 H      2.677218  -4.327921  -0.410062 
 H      1.968127  -3.198435  -1.599131 
 H      2.794210  -2.527917   1.288107 
 H      1.129538  -2.634698   0.652428 
 H      1.005033   1.895061   1.990918 
 H      3.157520   2.435387   0.370241 
 H      3.556216   3.747194  -1.700454 
 H      1.732419   4.006185  -3.382950 
 H     -0.491941   2.969886  -2.954742 
 H     -0.896087   1.686737  -0.897379 
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--------------------------------------- 
spiro-TS2-RR_R 
Frequencies, energies and thermodynamic properQes: 
 Lowest VibraQonal Mode (1/cm) =                        -131.2236 
 2nd Lowest VibraQonal Mode (1/cm) =                     22.4310 
 E(RM062X) (a.u.) =                                      -1315.79848235 
 Thermal correcQon to Enthalpy (a.u.) =                  0.451050 
 Thermal correcQon to Gibbs Free Energy (a.u.) =         0.371996 
 Total Entropy (cal/Kmol) =                               166.383 
 Total Entropy qh-Truhlar (cal/Kmol) =                    155.6006 
 Total Entropy qh-Grimme (cal/Kmol) =                     156.9708 
 Esp(RM062X) (a.u.) =                                    -1317.27479177 
 Esp(RM062X) gas (a.u.) =                                -1317.23403868 
 Esp(RM062X) gas nuc (a.u.) =                            -287.773630997 
 Esp(RM062X) gas spiro (a.u.) =                          -1029.33841878 
OpQmised cartesian coordinates (Angstrom): 
 O      1.111866   1.477398  -0.108336 
 C      1.044927   0.313330   0.278940 
 N      2.063846  -0.573763   0.373706 
 C      3.430106  -0.413148   0.050705 
 C      3.950585   0.841983  -0.297588 
 C      5.302370   0.957855  -0.617732 
 C      6.144546  -0.153118  -0.593388 
 C      5.619186  -1.396784  -0.242299 
 C      4.271220  -1.534523   0.078599 
 N      1.645371  -1.791052   0.931931 
 C      0.383406  -1.749167   1.132219 
 C     -0.318165  -2.853297   1.840701 
 C     -0.248026  -0.397524   0.764490 
 O     -0.877306   0.228754   1.771032 
 C     -2.175429   0.729548  -0.013632 
 N     -1.512224   2.085787  -0.037499 
 H     -0.469628   1.946036   0.057405 
 C     -1.751897   2.749489  -1.356711 
 C     -1.102782   4.123267  -1.339801 
 O     -1.597069   4.902904  -0.281931 
 C     -1.322198   4.310406   0.965478 
 C     -1.978023   2.947671   1.086732 
 O     -3.354946   0.717201   0.140631 
 C     -1.268753  -0.420677  -0.448357 
 C     -2.014242  -1.720394  -0.607288 
 C     -2.997116  -2.127573   0.306296 
 C     -3.609373  -3.372412   0.173917 
 C     -3.241679  -4.234534  -0.860747 
 C     -2.258279  -3.841064  -1.768482 
 C     -1.654798  -2.589205  -1.643960 
 H      3.303141   1.714239  -0.316552 
 H      5.698613   1.938769  -0.886485 
 H      7.201354  -0.050779  -0.843980 
 H      6.263781  -2.277272  -0.216979 
 H      3.860225  -2.503396   0.354409 
 H     -1.059961  -2.410423   2.519865 
 H      0.404300  -3.451679   2.410519 
 H     -0.847376  -3.510587   1.135859 
 H     -2.839226   2.828072  -1.490237 
 H     -1.324504   2.114217  -2.144474 
 H     -1.332740   4.640348  -2.280000 
 H     -0.004216   4.013889  -1.262290 
 H     -1.718534   4.971263   1.746559 
 H     -0.229289   4.217252   1.112921 
 H     -3.069577   3.022748   1.007487 
 H     -1.692549   2.425078   2.007080 
 H     -0.802748  -0.157402  -1.413377 
 H     -3.268653  -1.472897   1.133548 
 H     -4.374430  -3.675675   0.891042 
 H     -3.721199  -5.210038  -0.959651 
 H     -1.962892  -4.507062  -2.581242 
 H     -0.886703  -2.282331  -2.358126 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

--------------------------------------- 
spiro-TS2-RR_S 
Frequencies, energies and thermodynamic properQes: 
 Lowest VibraQonal Mode (1/cm) =                        -180.2882 
 2nd Lowest VibraQonal Mode (1/cm) =                     18.6614 
 E(RM062X) (a.u.) =                                      -1315.78461218 
 Thermal correcQon to Enthalpy (a.u.) =                  0.451984 
 Thermal correcQon to Gibbs Free Energy (a.u.) =         0.372691 
 Total Entropy (cal/Kmol) =                               166.887 
 Total Entropy qh-Truhlar (cal/Kmol) =                    155.5985 
 Total Entropy qh-Grimme (cal/Kmol) =                     157.1833 
 Esp(RM062X) (a.u.) =                                    -1317.26278359 
 Esp(RM062X) gas (a.u.) =                                -1317.21335566 
 Esp(RM062X) gas nuc (a.u.) =                            -287.774445503 
 Esp(RM062X) gas spiro (a.u.) =                          -1029.34241351 
OpQmised cartesian coordinates (Angstrom): 
 O      1.917597  -0.592881   2.126722 
 C      1.611285  -0.591019   0.957332 
 N      2.457921  -0.558156  -0.131544 
 C      3.866111  -0.536342  -0.160177 
 C      4.527669  -0.335396  -1.381279 
 C      5.919260  -0.307457  -1.420936 
 C      6.670263  -0.476309  -0.257446 
 C      6.007345  -0.677976   0.952561 
 C      4.615252  -0.711606   1.014173 
 N      1.759327  -0.524764  -1.336625 
 C      0.502800  -0.522382  -1.100415 
 C     -0.488380  -0.532298  -2.212048 
 C      0.174820  -0.636970   0.387871 
 O     -0.474678  -1.796111   0.711314 
 C     -1.950065  -0.369426   1.382567 
 N     -2.749261  -0.941187   0.209190 
 H     -2.020604  -1.256532  -0.447412 
 C     -3.464179  -2.180305   0.640355 
 C     -4.207526  -2.764354  -0.545210 
 O     -5.108657  -1.830938  -1.088810 
 C     -4.441421  -0.687088  -1.551154 
 C     -3.696281   0.019911  -0.429550 
 O     -2.480381  -0.425055   2.450225 
 C     -0.696679   0.449520   1.065878 
 C     -0.896021   1.846841   0.519491 
 C     -2.026167   2.596212   0.877619 
 C     -2.191627   3.902206   0.420094 
 C     -1.221427   4.488408  -0.394155 
 C     -0.082949   3.760652  -0.736588 
 C      0.080988   2.451226  -0.281127 
 H      3.943323  -0.204435  -2.289598 
 H      6.419661  -0.149897  -2.378287 
 H      7.760311  -0.452350  -0.293960 
 H      6.578382  -0.815243   1.872773 
 H      4.108149  -0.868340   1.962215 
 H     -1.229018   0.273276  -2.082359 
 H     -1.015727  -1.500488  -2.236795 
 H      0.020150  -0.399181  -3.174895 
 H     -4.154132  -1.889780   1.440763 
 H     -2.698301  -2.862611   1.027794 
 H     -4.783831  -3.636713  -0.212627 
 H     -3.488259  -3.100352  -1.316847 
 H     -5.188781  -0.000963  -1.969302 
 H     -3.728133  -0.953588  -2.354941 
 H     -4.387317   0.360943   0.353479 
 H     -3.126291   0.872358  -0.817841 
 H     -0.258189   0.542884   2.074280 
 H     -2.786867   2.155131   1.526756 
 H     -3.080884   4.466170   0.707250 
 H     -1.348977   5.511189  -0.752479 
 H      0.690111   4.212790  -1.360315 
 H      0.989832   1.908061  -0.547535 
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--------------------------------------- 
spiro-TS2-RS_R 
Frequencies, energies and thermodynamic properQes: 
 Lowest VibraQonal Mode (1/cm) =                        -82.6504 
 2nd Lowest VibraQonal Mode (1/cm) =                     13.9111 
 E(RM062X) (a.u.) =                                      -1315.79701844 
 Thermal correcQon to Enthalpy (a.u.) =                  0.451751 
 Thermal correcQon to Gibbs Free Energy (a.u.) =         0.371846 
 Total Entropy (cal/Kmol) =                               168.176 
 Total Entropy qh-Truhlar (cal/Kmol) =                    156.2341 
 Total Entropy qh-Grimme (cal/Kmol) =                     158.1578 
 Esp(RM062X) (a.u.) =                                    -1317.27372088 
 Esp(RM062X) gas (a.u.) =                                -1317.23300290 
 Esp(RM062X) gas nuc (a.u.) =                            -287.773529552 
 Esp(RM062X) gas spiro (a.u.) =                          -1029.33482033 
OpQmised cartesian coordinates (Angstrom): 
 O     -0.116063  -1.456943  -0.134836 
 C     -0.602841  -0.611615   0.612937 
 N     -1.919474  -0.353264   0.810626 
 C     -3.050272  -0.931765   0.192663 
 C     -2.924489  -2.046241  -0.650079 
 C     -4.062800  -2.583203  -1.249571 
 C     -5.323029  -2.032208  -1.021340 
 C     -5.439192  -0.926457  -0.178736 
 C     -4.314601  -0.373100   0.427681 
 N     -2.122386   0.618626   1.807841 
 C     -0.982585   1.012172   2.229010 
 C     -0.809211   1.983383   3.336857 
 C      0.195950   0.329439   1.541057 
 O      1.081642  -0.302194   2.326209 
 C      2.414048   0.676627   0.751310 
 N      2.514638  -0.685606   0.094673 
 H      1.542861  -1.077338  -0.019349 
 C      3.169153  -0.567911  -1.249203 
 C      3.296799  -1.950464  -1.865378 
 O      4.032889  -2.810765  -1.035969 
 C      3.410638  -2.969408   0.216638 
 C      3.282155  -1.647248   0.948798 
 O      3.442026   1.178963   1.081874 
 C      1.050506   1.371079   0.746072 
 C      0.572160   2.035173  -0.529967 
 C      0.190083   1.326370  -1.679988 
 C     -0.267733   2.000112  -2.812514 
 C     -0.356726   3.392003  -2.818098 
 C      0.015344   4.108509  -1.681219 
 C      0.474320   3.434047  -0.550732 
 H     -1.947295  -2.485880  -0.829583 
 H     -3.955594  -3.451074  -1.902831 
 H     -6.207346  -2.461622  -1.494325 
 H     -6.417918  -0.482402   0.011839 
 H     -4.403142   0.489208   1.085060 
 H     -0.079336   1.562608   4.044170 
 H     -1.761621   2.180212   3.843644 
 H     -0.398844   2.933763   2.961673 
 H      4.157241  -0.119081  -1.082149 
 H      2.565432   0.098158  -1.877961 
 H      3.826617  -1.865541  -2.822733 
 H      2.289878  -2.366771  -2.061962 
 H      4.028909  -3.649731   0.815951 
 H      2.411933  -3.430140   0.093413 
 H      4.265244  -1.195209   1.131745 
 H      2.715733  -1.738561   1.881744 
 H      1.230232   2.172409   1.475466 
 H      0.241774   0.236935  -1.705748 
 H     -0.559926   1.429036  -3.695435 
 H     -0.717174   3.915688  -3.705125 
 H     -0.051709   5.197778  -1.671732 
 H      0.764593   4.001019   0.336850 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

--------------------------------------- 
spiro-TS2-RS_S 
Frequencies, energies and thermodynamic properQes: 
 Lowest VibraQonal Mode (1/cm) =                        -227.4478 
 2nd Lowest VibraQonal Mode (1/cm) =                     12.4531 
 E(RM062X) (a.u.) =                                      -1315.79179678 
 Thermal correcQon to Enthalpy (a.u.) =                  0.451506 
 Thermal correcQon to Gibbs Free Energy (a.u.) =         0.370007 
 Total Entropy (cal/Kmol) =                               171.529 
 Total Entropy qh-Truhlar (cal/Kmol) =                    157.8337 
 Total Entropy qh-Grimme (cal/Kmol) =                     160.1951 
 Esp(RM062X) (a.u.) =                                    -1317.26759682 
 Esp(RM062X) gas (a.u.) =                                -1317.21402866 
 Esp(RM062X) gas nuc (a.u.) =                            -287.774715981 
 Esp(RM062X) gas spiro (a.u.) =                          -1029.36218281 
OpQmised cartesian coordinates (Angstrom): 
 O     -0.919467  -0.673995  -2.032983 
 C     -0.868349  -0.975318  -0.864625 
 N     -1.934541  -1.173139  -0.001401 
 C     -3.301955  -0.921089  -0.209224 
 C     -4.205945  -1.110571   0.848133 
 C     -5.559981  -0.845610   0.661695 
 C     -6.035774  -0.387512  -0.567279 
 C     -5.133329  -0.198390  -1.613404 
 C     -3.774306  -0.461556  -1.449954 
 N     -1.523324  -1.695277   1.226648 
 C     -0.245472  -1.754478   1.242569 
 C      0.539256  -2.336497   2.360232 
 C      0.388132  -1.143953   0.010756 
 O      1.485336  -1.689559  -0.546361 
 C      1.950654   0.339313  -0.715160 
 N      3.334206  -0.058840  -0.186290 
 H      3.126734  -0.841459   0.452708 
 C      4.189382  -0.599799  -1.277707 
 C      5.537977  -0.987752  -0.699027 
 O      6.150698   0.105585  -0.058390 
 C      5.372982   0.585153   1.007176 
 C      4.013404   1.062579   0.522859 
 O      1.912479   0.857655  -1.788091 
 C      0.878298   0.320316   0.374998 
 C     -0.131630   1.430274   0.450273 
 C     -0.709242   1.701824   1.699032 
 C     -1.740538   2.631646   1.822766 
 C     -2.203833   3.311676   0.696425 
 C     -1.631253   3.052523  -0.549478 
 C     -0.607374   2.113993  -0.678276 
 H     -3.835535  -1.462549   1.808577 
 H     -6.249932  -0.998700   1.493821 
 H     -7.097641  -0.180348  -0.707588 
 H     -5.487197   0.159000  -2.582402 
 H     -3.079321  -0.316066  -2.272244 
 H      1.222446  -1.587281   2.790979 
 H      1.159753  -3.157453   1.970868 
 H     -0.122992  -2.715201   3.148427 
 H      4.288776   0.193401  -2.028344 
 H      3.650584  -1.454811  -1.703375 
 H      6.198773  -1.315429  -1.511097 
 H      5.416909  -1.829637   0.009249 
 H      5.908243   1.424771   1.467848 
 H      5.235225  -0.202768   1.772950 
 H      4.117090   1.881429  -0.201890 
 H      3.380066   1.388250   1.358433 
 H      1.386075   0.235624   1.347496 
 H     -0.347345   1.170348   2.583228 
 H     -2.181932   2.825550   2.802000 
 H     -3.010714   4.040786   0.788892 
 H     -1.990974   3.579657  -1.435115 
 H     -0.180473   1.895558  -1.656198 
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--------------------------------------- 
spiro-prod-RR 
Frequencies, energies and thermodynamic properQes: 
 Lowest VibraQonal Mode (1/cm) =                         19.0296 
 2nd Lowest VibraQonal Mode (1/cm) =                     24.2115 
 E(RM062X) (a.u.) =                                      -1315.86393967 
 Thermal correcQon to Enthalpy (a.u.) =                  0.452861 
 Thermal correcQon to Gibbs Free Energy (a.u.) =         0.370589 
 Total Entropy (cal/Kmol) =                               173.157 
 Total Entropy qh-Truhlar (cal/Kmol) =                    159.7973 
 Total Entropy qh-Grimme (cal/Kmol) =                     162.0030 
 Esp(RM062X) (a.u.) =                                    -1317.33385951 
OpQmised cartesian coordinates (Angstrom): 
 O      0.326903   2.156157   1.887187 
 H      0.024003   2.786095   1.211955 
 O      1.268508   1.636981  -0.886565 
 O      0.102776  -1.354963  -0.260517 
 O     -4.421809  -2.640928  -0.941273 
 N      2.481805   0.205415   0.489974 
 N      2.300316  -0.376048   1.734204 
 N     -2.057456  -1.758468   0.286154 
 C      0.406287   0.891514   1.283004 
 C      1.393641   0.958920   0.105135 
 C      1.166203  -0.034132   2.209014 
 C     -1.009559   0.375227   0.938752 
 H     -1.520463   0.307592   1.910381 
 C     -0.937298  -0.998458   0.279857 
 C     -3.357227  -1.389311   0.834302 
 H     -3.328115  -0.402112   1.305746 
 H     -3.637638  -2.131512   1.600389 
 C     -4.397060  -1.398582  -0.279717 
 H     -5.398207  -1.227249   0.138131 
 H     -4.168581  -0.585026  -0.995895 
 C     -3.170975  -2.955391  -1.510121 
 H     -2.894072  -2.194588  -2.265603 
 H     -3.272810  -3.926803  -2.012152 
 C     -2.086793  -3.021035  -0.444077 
 H     -2.313334  -3.836338   0.262650 
 H     -1.102192  -3.195274  -0.890140 
 C     -1.784969   1.354089   0.073133 
 C     -2.562489   2.348797   0.678530 
 H     -2.612069   2.401583   1.768891 
 C     -3.278903   3.259813  -0.099186 
 H     -3.883739   4.028342   0.385185 
 C     -3.228348   3.180453  -1.490470 
 C     -2.454885   2.191262  -2.101186 
 H     -2.409760   2.126145  -3.189634 
 C     -1.733899   1.285654  -1.325106 
 H     -1.116711   0.524007  -1.806935 
 C      3.663428  -0.068586  -0.226998 
 C      3.892746   0.496991  -1.491029 
 H      3.153903   1.159430  -1.933085 
 C      5.073648   0.202483  -2.170855 
 H      5.240092   0.648238  -3.153333 
 C      6.032557  -0.643905  -1.616229 
 H      6.953223  -0.867100  -2.157184 
 C      5.797306  -1.201585  -0.359218 
 H      6.535185  -1.867440   0.092210 
 C      4.624542  -0.921442   0.336546 
 H      4.442256  -1.358469   1.315934 
 C      0.660363  -0.477746   3.533251 
 H      0.357872   0.397155   4.127793 
 H      1.436254  -1.038402   4.068060 
 H     -0.225878  -1.120709   3.409934 
 H     -3.792798   3.888007  -2.100276 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

--------------------------------------- 
spiro-prod-RS 
Frequencies, energies and thermodynamic properQes: 
 Lowest VibraQonal Mode (1/cm) =                         19.3398 
 2nd Lowest VibraQonal Mode (1/cm) =                     22.0651 
 E(RM062X) (a.u.) =                                      -1315.86124153 
 Thermal correcQon to Enthalpy (a.u.) =                  0.452812 
 Thermal correcQon to Gibbs Free Energy (a.u.) =         0.370137 
 Total Entropy (cal/Kmol) =                               174.003 
 Total Entropy qh-Truhlar (cal/Kmol) =                    160.0499 
 Total Entropy qh-Grimme (cal/Kmol) =                     162.4744 
 Esp(RM062X) (a.u.) =                                    -1317.33208952 
OpQmised cartesian coordinates (Angstrom): 
 O      0.309106  -2.358201   1.478301 
 H      0.270381  -2.030335   2.391845 
 O      1.661164   0.272798   2.039497 
 O      0.164835   1.007759  -0.883685 
 O     -3.913016   3.490196  -0.177404 
 N      2.538671  -0.585651   0.056069 
 N      2.079497  -1.417900  -0.955844 
 N     -1.638941   1.882534   0.168163 
 C      0.384927  -1.245405   0.619950 
 C      1.591381  -0.384835   1.026197 
 C      0.875478  -1.769637  -0.716595 
 C     -0.912046  -0.412118   0.698631 
 H     -1.002971  -0.170866   1.771546 
 C     -0.745999   0.894901  -0.072843 
 C     -2.716769   1.857896   1.149438 
 H     -2.487164   2.585180   1.946936 
 H     -2.819419   0.867262   1.603886 
 C     -4.025401   2.247937   0.474462 
 H     -4.310393   1.459520  -0.249071 
 H     -4.821883   2.339412   1.225008 
 C     -2.910711   3.466830  -1.167632 
 H     -2.888640   4.459019  -1.637737 
 H     -3.159304   2.715634  -1.942159 
 C     -1.553098   3.140439  -0.564765 
 H     -0.787260   3.044731  -1.341567 
 H     -1.257465   3.943027   0.132165 
 C     -2.143102  -1.191000   0.271722 
 C     -2.709547  -1.017608  -0.996980 
 H     -2.269511  -0.304701  -1.699448 
 C     -3.829166  -1.755478  -1.382312 
 H     -4.257965  -1.608591  -2.375134 
 C     -4.396563  -2.677598  -0.502854 
 C     -3.842542  -2.852693   0.765867 
 H     -4.284971  -3.566192   1.463231 
 C     -2.726499  -2.111082   1.151569 
 H     -2.302171  -2.245819   2.147954 
 C      3.834274  -0.037320  -0.041352 
 C      4.608845  -0.306971  -1.178888 
 H      4.198438  -0.932128  -1.968976 
 C      5.890782   0.225675  -1.285745 
 H      6.482905   0.007533  -2.176433 
 C      6.416905   1.028459  -0.273355 
 H      7.421851   1.443317  -0.362862 
 C      5.640763   1.292965   0.854323 
 H      6.036454   1.918903   1.656302 
 C      4.355632   0.768471   0.982170 
 H      3.759307   0.980765   1.865359 
 C      0.130939  -2.707391  -1.597812 
 H     -0.642794  -2.173106  -2.167301 
 H     -0.371863  -3.474393  -0.990688 
 H      0.825138  -3.183546  -2.301326 
 H     -5.272901  -3.254560  -0.803106 
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--------------------------------------- 
spiro-tet-RR_R 
Frequencies, energies and thermodynamic properQes: 
 Lowest VibraQonal Mode (1/cm) =                         23.8670 
 2nd Lowest VibraQonal Mode (1/cm) =                     26.0521 
 E(RM062X) (a.u.) =                                      -1315.81623477 
 Thermal correcQon to Enthalpy (a.u.) =                  0.452756 
 Thermal correcQon to Gibbs Free Energy (a.u.) =         0.372364 
 Total Entropy (cal/Kmol) =                               169.201 
 Total Entropy qh-Truhlar (cal/Kmol) =                    157.4969 
 Total Entropy qh-Grimme (cal/Kmol) =                     159.1238 
 Esp(RM062X) (a.u.) =                                    -1317.28747204 
 Esp(RM062X) gas (a.u.) =                                -1317.25031249 
 Esp(RM062X) gas nuc (a.u.) =                            -287.776614922 
 Esp(RM062X) gas spiro (a.u.) =                          -1029.42806291 
OpQmised cartesian coordinates (Angstrom): 
 O     -0.708141  -1.784268  -0.281690 
 C     -0.989353  -0.716183   0.228507 
 N     -2.223700  -0.156556   0.407067 
 C     -3.492219  -0.658890   0.037205 
 C     -3.617891  -1.906691  -0.590970 
 C     -4.883579  -2.366790  -0.950746 
 C     -6.024237  -1.607627  -0.693519 
 C     -5.889036  -0.368706  -0.066908 
 C     -4.634050   0.110880   0.299035 
 N     -2.154536   1.047954   1.111506 
 C     -0.930575   1.332093   1.352808 
 C     -0.513196   2.517112   2.146345 
 C      0.005901   0.310099   0.763489 
 O      0.993112  -0.214902   1.618468 
 C      2.072636   0.012952   0.636711 
 N      2.222030  -1.546572   0.005108 
 H      1.288946  -1.849576  -0.314904 
 C      3.182276  -1.546111  -1.115224 
 C      3.456551  -2.966525  -1.582686 
 O      3.911263  -3.770224  -0.522582 
 C      2.964459  -3.835547   0.516441 
 C      2.670068  -2.456100   1.080222 
 O      3.167791   0.415711   1.018701 
 C      1.048444   0.729949  -0.322062 
 C      1.188137   2.200402  -0.612536 
 C      2.179358   3.007816  -0.042296 
 C      2.209936   4.377509  -0.314624 
 C      1.253369   4.957109  -1.146884 
 C      0.264135   4.156250  -1.722253 
 C      0.238575   2.788280  -1.461534 
 H     -2.735712  -2.507761  -0.793644 
 H     -4.971924  -3.338802  -1.439300 
 H     -7.009957  -1.977764  -0.978699 
 H     -6.770853   0.239424   0.142468 
 H     -4.528360   1.077646   0.786566 
 H      0.308550   2.234513   2.819861 
 H     -1.361458   2.898043   2.728130 
 H     -0.144569   3.315766   1.484850 
 H      4.097625  -1.073163  -0.734303 
 H      2.777503  -0.934261  -1.933190 
 H      4.237516  -2.955998  -2.354066 
 H      2.538542  -3.399561  -2.025921 
 H      3.378051  -4.476285   1.306032 
 H      2.027058  -4.298879   0.151042 
 H      3.573054  -2.003850   1.512973 
 H      1.882719  -2.491324   1.842937 
 H      0.872970   0.191392  -1.264617 
 H      2.918780   2.551046   0.613995 
 H      2.988785   4.996819   0.134484 
 H      1.278816   6.029003  -1.351168 
 H     -0.486759   4.598427  -2.379570 
 H     -0.536346   2.163153  -1.914029 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

--------------------------------------- 
spiro-tet-RS_R 
Frequencies, energies and thermodynamic properQes: 
 Lowest VibraQonal Mode (1/cm) =                         22.2416 
 2nd Lowest VibraQonal Mode (1/cm) =                     25.5032 
 E(RM062X) (a.u.) =                                      -1315.81225293 
 Thermal correcQon to Enthalpy (a.u.) =                  0.452620 
 Thermal correcQon to Gibbs Free Energy (a.u.) =         0.371597 
 Total Entropy (cal/Kmol) =                               170.526 
 Total Entropy qh-Truhlar (cal/Kmol) =                    158.2399 
 Total Entropy qh-Grimme (cal/Kmol) =                     160.0793 
 Esp(RM062X) (a.u.) =                                    -1317.28435345 
 Esp(RM062X) gas (a.u.) =                                -1317.24682809 
 Esp(RM062X) gas nuc (a.u.) =                            -287.776590530 
 Esp(RM062X) gas spiro (a.u.) =                          -1029.41730018 
OpQmised cartesian coordinates (Angstrom): 
 O     -0.534848  -1.063222  -0.663435 
 C     -0.960973  -0.448092   0.295797 
 N     -2.260559  -0.121266   0.569706 
 C     -3.421608  -0.395311  -0.189982 
 C     -3.324644  -0.860097  -1.509588 
 C     -4.489294  -1.113883  -2.232396 
 C     -5.745885  -0.910082  -1.663984 
 C     -5.831812  -0.443653  -0.352138 
 C     -4.680975  -0.185037   0.387877 
 N     -2.402300   0.480418   1.822464 
 C     -1.250175   0.601833   2.362545 
 C     -1.031881   1.159904   3.720206 
 C     -0.144442   0.111639   1.465105 
 O      0.741630  -0.831465   2.028708 
 C      1.946971  -0.136744   1.495235 
 N      2.205068  -1.038864   0.087932 
 H      1.390635  -0.923899  -0.534380 
 C      3.447623  -0.611334  -0.588813 
 C      3.778882  -1.537978  -1.747711 
 O      3.877032  -2.875196  -1.327126 
 C      2.670417  -3.311960  -0.751680 
 C      2.292846  -2.471984   0.454844 
 O      2.974709  -0.088133   2.159510 
 C      1.013740   1.085631   1.145066 
 C      1.152741   1.933458  -0.084713 
 C      2.362101   2.630442  -0.247834 
 C      2.573573   3.446391  -1.354782 
 C      1.569793   3.596170  -2.315744 
 C      0.356900   2.932583  -2.149831 
 C      0.146725   2.108473  -1.040550 
 H     -2.350554  -1.025227  -1.962039 
 H     -4.404835  -1.475827  -3.258601 
 H     -6.650946  -1.112252  -2.238436 
 H     -6.807289  -0.277325   0.108310 
 H     -4.747600   0.180957   1.410278 
 H     -0.426680   0.455104   4.309177 
 H     -1.992140   1.334958   4.219459 
 H     -0.475183   2.107266   3.663919 
 H      4.235811  -0.632881   0.175461 
 H      3.322998   0.417325  -0.945680 
 H      4.746596  -1.249324  -2.178404 
 H      3.007901  -1.440751  -2.536991 
 H      2.803851  -4.357095  -0.443221 
 H      1.853766  -3.274664  -1.499390 
 H      3.056048  -2.545250   1.242756 
 H      1.324585  -2.780331   0.863089 
 H      1.135241   1.726485   2.031788 
 H      3.144339   2.514840   0.506956 
 H      3.522711   3.973699  -1.466182 
 H      1.731228   4.237809  -3.183542 
 H     -0.441493   3.057331  -2.883360 
 H     -0.826368   1.628951  -0.924508 
--------------------------------------- 
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