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SUMMARY

Over the past decades, asymmetric catalysis has been intensely investigated as a
powerful tool for the preparation of numerous chiral biologically active com-
pounds. However, developing general and practical strategies for preparation
of both enantiomers of a chiral molecule via asymmetric catalysis is still a chal-
lenge, particularly when the two enantiomers of a chiral catalyst are not easily
prepared from natural chiral sources. Inspired by the biologic system, we report
herein an unprecedented catalytic enantiodivergent Michael addition of pyridazi-
nones to enones by subtle adjustment of achiral amino moiety of dipeptide phos-
phine catalysts. These two dipeptide phosphine catalysts, P5 and P8, could
deliver both enantiomers of a series of N%-alkylpyridazinones in good yields (up
to 99%) with high enantioselectivities (up to 99% ee) via the catalyst-controlled
enantiodivergent addition of pyridazinones to enones.

INTRODUCTION

The development of efficient methods to synthesize both enantiomers of a chiral molecule is of great sig-
nificance, because drug candidates and their isomers may have distinct therapeutic properties or adverse
effects (Wermuth, 2008; Jozwiak et al., 2012). Enantiodivergent methodology (Zanoni et al., 2003; Bartok,
2010; Beletskaya et al., 2018) is an attractive route to afford the mirror image products, which can be
achieved with the use of both enantiomers of a chiral catalyst, respectively. However, the two enantiomers
of the required chiral catalyst are not always available in nature. In biological systems, minor structural
changes in functional molecules (proteins, enzymes, and hormones) by noncovalent binding of allosteric
regulators or covalent modification of structure-determining functionalities (Li et al., 2012; Lyons et al.,
2013; Lasalde et al., 2014) (e.g., cleavage of peptide domains, ionizable groups, and methylation/glycosyl-
ation/phosphorylation of H-bond donors) can display a polypeptide-based distinct three-dimensional ar-
chitecture, leading to turn on/off their function or acquire another function, enabling the timely regulation
of intra- or extracellular events with elegant synergy (Zanoni et al., 2003; Harrison, 2004; Heilmann et al.,
2004; Nojiri et al., 2009) (Scheme 1A). For example, sickle cell anemia is an autosomal recessive genetic dis-
ease, caused by a single-base mutation in the beta gene of globin causing glutamate mutated to proline.
This sickling leads to the RBC membrane damage and increases the likelihood of rupture and anemia
(Gyang et al.,, 2011). Inspired by this intriguing biological process, we hypothesized that some small struc-
tural modifications in conformationally flexible chiral organocatalysts without changing any stereocenter
might allow to obtain both stereocisomers in the individual form in asymmetric catalysis as well.

Considerable research efforts have long been devoted to phosphine-catalyzed asymmetric reactions (Cai
et al., 2016; Cowen and Miller, 2009; Fan and Kwon, 2013; Gu et al., 2015; Guo et al., 2018; Han et al.,
2016; Lee et al., 2015; Li et al., 2015, 2016; Li and Zhang, 2016; Lu et al.,, 2001; C. Ni et al., 2017; H. Ni
et al,, 2017; Ni et al., 2018; Sankar et al., 2016; Satpathi and Ramasastry, 2016; C. Wang et al., 2016,
2018; H. Wang et al., 2018; H.-Y. Wang et al., 2016; T. Wang et al., 2016, Wang et al., 2014; Wei and
Shi, 2010, 2017; Xie and Huang, 2015; Ye et al., 2008; Zhang et al., 2015; Zhao et al., 2012), whereas
the enantiodivergent synthesis directed by chiral natural amine-acid-derived bi- or multifunctional phos-
phine still poses considerable challenge. Only a few examples of enantiodivergent phosphine-catalyzed
reactions were realized so far (Henry et al., 2014; Wang et al., 2015a, 2015b, 2017a, 2017b, 2017¢; Ni
et al., 2016; Li et al.,, 2016; Guet al., 2018; Smaligo et al., 2018) (Scheme 1B), in which the enantioselec-
tivity could be only partially switched by variation of one or multiple stereocenters of phosphine
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Scheme 1. The Strategy for Switching of Enantioselectivity

catalysts. Early Lu group (Wang et al., 2015a, 2015b; 2017a, 2017b, 2017¢; Ni et al., 2016) observed that
the enatioselectivity of phosphine-catalyzed enantioselective y-additions of allenoates could be moder-
ately switched by a pair of diastereomers of the chiral catalyst. Kwon group (Henry et al., 2014; Smaligo
et al., 2018) reported the enantiodivergent [3 + 2] annulations of allenoates and imines to obtain a series
of pyrrolines via a pair of diastereomeric phosphine catalysts. To the best of our knowledge, in the area
of phosphine catalysis, switching enantioselectivity to gain both enantiomers in high ee without changing
any stereocenter of the phosphine catalyst has not been explored so far. Meanwhile, many efficient cat-
alytic asymmetric reactions have been well established in recent decades; however, asymmetric phos-
phine-catalyzed Michael addition (Zhong et al., 2013; Huang et al., 2017) to non-terminal electron-defi-
cient alkenes are much less developed and represent a challenging task. In view of the biological
significance of N2-alkylated pyridazinones (Van der Mey et al., 2001; Berthel et al., 2009; Allerton
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Scheme 2. Bioactive Compounds Possessing a Chiral Pyridazinone Scaffold

et al., 2009; Rathish et al., 2009; Cilibrizzi et al., 2009; Ahmad et al., 2010; Parveen et al., 2017) (Scheme 2),
herein, we report an enantiodivergent phosphine-catalyzed Michael addition of pyridazinones to enones,
which provides a rapid access to two enantiomers of N%alkylated pyridazinones in good to excellent
enantioselectivity (Scheme 1C). The enantioselectivity was well switched by the subtle variation of the
amide moiety of chiral dipeptide phosphine catalyst without changing any stereogenic element.

RESULTS AND DISCUSSION

Research Design

During the course of our study on phosphine-catalyzed (Su et al., 2015; Zhou et al., 2015, 201éa; 2016b,
2017; Chenetal., 2016, Chen and Zhang, 2017; Wang et al., 2017a, 2017b, 2017¢; 2018a, 2018b,2019; Huang
etal., 2017; Zhang et al., 2017) diverse transformations of enones, we envisaged that the asymmetric organ-
ophosphorus zwitterion intermediate, generated in situ by mixing a chiral multifunctional phosphine with
methyl acrylate, might provide a mild Brensted base to activate pyridazinone. The subsequently formed
ionic pair, followed by the addition to B-substituted enones was feasible.

The reaction between B-trifluoromethylated enone 1f and pyridazinone 2a was investigated in the presence of
chiral phosphine catalyst (Scheme 3) and methyl acrylate in DCM at room temperature (Table 1). The chiral sul-
finamide phosphine P1 developed by us (Su et al., 2015; Zhou et al., 2016a) is not efficient to deliver (—)-3fa in low
yields along with recovery of 1f (Table 1, entry 1). The variation of the tert-butanesulfinamide to 3,5-bis(trifluor-
omethyl)benzoyl-derived amide (Wang et al., 2017a, 2017b, 2017¢; Zhou et al., 2017) could increase the catalytic
activity significantly but only 16% ee was obtained (Table 1, entry 2). The Introduction of a bulkier 3,5-di-tert-bu-
tylpohenyl group at the ortho-position of the phenyl ring gave similar ee (Table 1, entry 3). Gratifyingly, the desired
product was obtained in 98% yield with 31% ee upon the use of N-Boc-D-Val-derived phosphine P4 (Table 1,
entry 4). To our delight, its diastereomer N-Boc-L-Val-derived P5 could substantially improve the ee (Table 1,
entry 5). To our surprise, the replacement of Boc-amide (P5) with other benzoyl-derived amides (P6-P8) could
reverse the enantioselectivity of the reaction to deliver the (+)-3fa as the major enantiomer (Table 1, entries
6-8), in which the catalyst P8 showed promising result (57% ee). Further solvent screening showed toluene is

CR/\PP'W@/\/\ PPhZ@;A/\PPhZ ©/\‘/\PPh
2

Me/T\Me .
NH ‘Pr NH
F3C Boc Boc
P1 P2: Ar= Ph P5

P3: Ar =3,5- Bu,CqH

D x@ B k@% J\%

Scheme 3. Phosphine Catalysts Employed in This Study
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jL/\ X 10 mol% Cat., o VN0
AT NF CF, » N| 1.0 eq. methyl acrylate _ )I\/!\
N0 Np. rt Ar CF3
1f > AESHEGICeH (-,;3fa

Entry Cat. Solvent Yield (%)* (+/—)-3fa, ee (%)°
1 P1 DCM Trace -

2 P2 DCM 88 (-)-3fa, 16

3 P3 DCM 90 (—)-3fa, 17

4 P4 DCM 98 (—)-3fa, 31

5 P5 DCM 96 (—)-3fa, 51

6 P6 DCM 99 (+)-3fa, 26

7 P7 DCM 99 (+)-3fa, 25

8 P8 DCM 99 (+)-3fa, 57

9 P8 CHCl3 81 (+)-3fa, 67

10 P8 THF 73 (+)-3fa, 62

" P8 Et,O 95 (+)-3fa, 72

12 P8 Toluene 98 (+)-3fa, 81

13 P8 PhCF3 99 (+)-3fa, 73

14 P8 o-xylene 98 (+)-3fa, 80

15 P8 FsPhCH3 97 (+)-3fa, 79

16° P8 Toluene 98 (+)-3fa, 94

17¢ P8 Toluene 97 (+)-3fa, 98

18 P5 Toluene 95 (—)-3fa, 86

19¢ P5 FsPhCH3 98 (-)-3fa, 95

20° P8 Toluene 90 (+)-3fa, 98

Table 1. Screening of Reaction Conditions

*NMR yield with CH;Br; as an internal standard.

bDetermined by HPLC analysis on a chiral stationary phase.

“The reaction was performed at —10°C and the reaction time was 2 h.
9The reaction was performed at —20°C and the reaction time was 3 h.
©50mol% methyl acrylate was used.

the best solvent to deliver (+)-3fa in 81% ee (Table 1, entry 12). After further systematic screening, the enantio-
divergent phosphine-catalyzed addition of pyridazinones to enone was realized by running the reaction at
—20°C under the catalysis of P5 in FsC4CH3 and P8 in toluene, respectively (Table 1, entries 17-19). Lowering
the amount of methyl acrylate from 1.0 to 0.5 equivalent would keep the enantioselectivity unchanged but
deliver a relatively lower yield (Table 1, entry 20).

Scope of the Investigation

The scope of this enantiodivergent hydroamination reaction was subsequently probed. Firstly, the scope of
the enantioselective hydroamination reaction under the catalysis of P8 in toluene was investigated (Scheme
4, Method B). Generally, 8-trifluoromethyl enones with different substituents on the phenyl ring, regardless
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Scheme 4. Substrate Study with Variation of 3-Perfluoroalkyl-Substituted Enones 1 and Pyridazinones 2

?Reactions were performed with 1 (0.1 mmol), 2 (0.2 mmol), methyl acrylate (0.1 mol); method A: P5 (0.01 mmol) in FsPhCHj3 (1.0 mL) at —20°C; method B: P8
(0.01 mmol) in toluene (1.0 mL) at —20°C. Ee in parenthesis and determined by HPLC analysis on a chiral stationary phase.

Pat —25°C.

€at —30°C.

of the substitution patterns and electronic properties, afforded the corresponding products (+)-3 in high
yields with excellent ees (Scheme 4, (+)-3aa-(+)-3pa). The absolute configuration of (+)-3da was deter-
mined to be S by X-ray crystallographic analysis (see Supplemental Information) and the other products
were analogously assigned. In addition, fused aromatic and hetero-aromatic group-substituted enones
were also applicable to the reaction, delivering the desired hydroamination products in excellent yields
(98%—99%) with 91%—-96% ee (Scheme 4, (+)-3qa-(+)-3ta). Enone 1u with a cyclohexenyl substituent pro-
duced (+)-3ua in moderate yield with 92% ee (Scheme 4, Method B). Furthermore, the trifluoromethyl
group could be replaced by perfluoroethyl, furnishing moderate yield of the desired product (+)-3va in
83% ee. Subsequently, the scope of the pyridazinone component 2 was investigated and all reactions pro-
ceeded well with no matter electron-donating or electron-withdrawing substituents (2b-2f) at different po-
sitions, providing (+)-3fb-(+)-3ff in 93%-98% yields with 90%-99% ees. Then, all the reactions mentioned
above were then carried out under the catalysis of P5 as the catalyst in CH3C4Fs at —20°C (Scheme 4).
The scope of B-trifluoromethyl enone component is quite general, various aryl (1a-1r), heteroaryl (1s-1t),
and cyclohexenyl (1u) substituents (Scheme 4, (—)-3aa-(—)-3ua) were compatible, delivering 75%-96%

iScience 23, 101138, June 26, 2020 5
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(+)-5aa, 87% (84%) (+)-5ba, 69% (87%) (+) -5ca, 90% (81%) (+)-5da, 64% (83%) (+)-5ea, 52% (88%)
5 'R = Me: (-)-5fa, 70% (96%); | N N
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COEt | R = Ph: (-)-5ha, 72% (95%); CO,Et CO,Et
! (+)-5ha, 66% (81%). ;
R | R=F:()-5ia,91% (94%); | FsC NC
! (+)-5ia, 70% (82%). ; (-)-5la, 70% (94%) (-)-5ma, 87% (87%)
| R = CI: (-)-5ja, 90% (95%); | (+)-5la, 68% (82%) (+)-5ma, 88% (83%)

O O |
o NS0 o NS0 o Nn"S0
€l CO,Et = CO,Et OO CO,Et
cl s
(-)-5na, 95% (93%) (-)-50a, 93% (95%) (-)-5pa, 89% (96%)
(+)-5na, 95% (80%) (+)-50a, 84% (70%) (+)-5pa, 57% (79%)

Scheme 5. Substrate Study with Variation of 3-Aroyl Acrylates 4 and Pyridazinone 2a
“Reactions were performed with 1 (0.1 mmol), 2 (0.2 mmol), methyl acrylate (0.1 mol); method A: P5 (0.01 mmol) in FsPhCH3 (1.0 mL) at —20°C; method B: P8
(0.01 mmol) in toluene (1.0 mL) at —20°C. Ee in parenthesis and determined by HPLC analysis on a chiral stationary phase.

ees. What is more, B-pentafluoroethyl enone (1v) was also compatible to furnish good ee. Pyridazinones 2
with either electron-withdrawing or electron-donating substituents were also well tolerated delivering the
desired products in good to excellent yields with excellent ees ((—)-3fb-(—)-3ff).

The scope of 3-aroyl acrylates were then investigated (Scheme 5). In most cases, the desired products (—)-5aa-
(—)-5pa were obtained in good yields with excellent enantioselectivity by using P5 as the chiral catalyst (Method
A). Substrates with various esters (4a—4e) and different aryl substituents (4f-4p) were all compatible, furnishing
the corresponding products in 55%-97% yields and 87%-97% ees ((—)-5aa-(—)-5pa). Meanwhile, the reaction
proceeded also well to afford the desired products (+)-5aa-(+)-5pa under the catalysis of P8 (Method B). How-
ever, the reaction was found to be somewhat sensitive to the electronic nature of the substituents on the aro-
matic ring. Electron-donating substituents ((+)-5fa-(+)-5ha) led to the desired products in relatively lower yield
compared with electron-withdrawing substituents ((+)-5ia-(+)-5na). The reaction of heteroaryl- (4o) and naphthyl-
(4p) containing substrates proceeded smoothly to give the corresponding products in 57%-84% yields but with
relatively lower enantioselectivities ((+)-50a-(+)-5pa).

To evaluate two chiral dipeptide phosphine catalytic systems on a large scale, 5.0 mmol of g-trifluorome-
thylated enone 1f and 3-aroyl acrylate 4c was used to perform the Michael addition reaction, providing the

6 iScience 23, 101138, June 26, 2020
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Scheme 6. Scaled-Up Version of the Michael Addition and Transformation of the Products

corresponding product (+)-3fg and (—)-5ca with excellent yields in 95% and 92% ees. The (—)-5¢ca could be
hydrolyzed under acidic conditions, affording product (—)-6a in 95% yield with 92% ee. The thioester 7a and
glucokinase activators analog (Berthel et al., 2009; Allerton et al., 2009; Rathish et al., 2009) amide 7b could
be obtained in 85% and 68% yield, respectively from the compound (—)-6a. Racemic pyridazinone 7¢c and
lactone 7d were both obtained in good yield by treating (—)-6a with either hydrazine hydrate in THF or
acetyl chloride, respectively (Scheme 6).

Mechanistic Study

To gain insight of the role of these two hydrogen-bonding interactions, N1-methyl-P5, N1-methyl-P8, N2-
methyl-P5, N2-methyl-P8, deuterated P8, and P9 with free terminal amine were then synthesized and subjected
to the reaction, respectively (Scheme 7). It is interesting to find that N1-methyl-P5 and N1-methyl-P8 could not
catalyze the reaction, indicating that the first N1-H is crucial to the catalytic activity. In addition, both N2-methyl-
P5 and N2-methyl-P8 gave (—)-3fa in satisfactory yields with 70% ee. More interestingly, the deuterated catalyst
P8 could deliver (+)-3fa in 92% yield but with much lower enantioselectivity. Catalyst P9 also gave (—)-3fa in satis-
factory yields with 63% ee. Together, these observations clearly indicated that the second N2-H of P8 is crucial to
reverse the enantioselectivity. Subsequently, we wondered whether the stereoselectivities were enhanced by us-
ing the pentafluoro toluene. When 1f and 2a were carried out in CH3C4Fs, the product (+)-3fa was obtained in
79% yield and slightly lower enantioselectivity (0% ee) compared with toluene (98% ee) as solvent. Simulta-
neously, we then conducted NMR titration experiments (see the Supplementallnformation for details) and
observed that hydrogen bond interaction did not exist between pentafluoro toluene and pyridazinone or cata-
lyst, implying the enantioselectivity was not significantly influenced by fluorinated solvent.

Conclusion

In conclusion, we have developed two new chiral dipeptide phosphine catalysts, which showed good per-
formance in enantioselective addition of pyridazinones with enones. The enantioselectivity could be
switched by subtle variation of the amino moiety of chiral dipeptide phosphine catalyst without changing
any stereocenter of the phosphine catalyst. Both enantiomers of N*alkylated pyridazinones can be ob-
tained in high yields (up to 99%) with good to excellent enantioselectivity (up to 99% ee) by the use of
P5 and P8, respectively. The results of control experiments suggest that a number of hydrogen-bonding
interactions play a crucial role in determining the catalytic activity and enantioselectivity reversal (see
the Supplemental Information for proposed transition states). The salient features of this work include
readily available starting materials, mild reaction conditions, high efficiency, switchable enantioselectivity,

iScience 23, 101138, June 26, 2020 7
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N17-methyl-P5 N1-methyl-P8 N2-methyl-P5 N2-methyl-P8
no reaction no reaction 94% vyield, 70% ee 80% yield, 70% ee
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A A Al
PP, ™ Peh, ™~ Peh,
(70%).N1_o HN.__O HN._O
) 2 . .
Pr '}IJ\%NOZ 'Pr NH2 Pr H)J\%Noz
(>95%) D
N02 NOZ
Ar = 2-PhCgH4 Ar = 2-PhCgH, Ar = 2-PhCgH,4
D-P8 P9 P8
92% yield, -35% ee 92% yield, 63% ee 79% yield, 90% ee
(in toluene) (in CH3CqF5) (in CH3CgF5)

Scheme 7. Control Experiments

and general substrate scope. Extensions of this concept with other important organic transformations and
comprehensive theoretical studies into the reaction mechanism will also be reported in due course.

Limitations of the Study

A brief examination showed that the present method is not compatible with chalcone and (E)-(2-nitrovinyl)
benzene for the construction of corresponding N-alkylated pyridazinones.
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Transparent Methods

A. General Information

Unless otherwise noted, all reactions were carried out under a nitrogen atmosphere;
materials obtained from commercial suppliers were used directly without further
purification. The [a]p was recorded using PolAAr 3005 High Accuracy Polarimeter.
'H NMR spectra, *C NMR spectra, *'P NMR spectra and '°F NMR spectra were
recorded on a Bruker 400 (300 or 500) MHz spectrometer in chloroform-ds. Chemical
shifts (in ppm) were referenced to tetramethylsilane (6 = 0 ppm) in CDCIl; as an
internal standard. '3C NMR spectra were obtained by using the same NMR
spectrometers and were calibrated with CDCl; (6 = 77.00 ppm). The data is being
reported as (s = singlet, d = doublet, dd = doublet of doublet, t = triplet, m = multiplet
or unresolved, br = broad signal, coupling constant(s) in Hz, integration). Noteworthy,
splitting signals between '°C nucleus and '*P nucleus in some chiral phosphine
catalysts were difficult to distinguish and these '3C NMR signals were reported as
singlet entirely.

Trichloromethane (CHCI3), dichloromethane, dichloroethane and ethyl acetate were
freshly distilled from CaH»; tetrahydrofuran (THF), toluene and ether were dried with
sodium benzophenone and distilled before use. Reactions were monitored by thin
layer chromatography (TLC) using silicycle pre-coated silica gel plates. Flash column
chromatography was performed on silica gel 60 (particle size 200-400 mesh ASTM,
purchased from Yantai, China) and eluted with petroleum ether/ethyl acetate. The
Substrates 1, (Yamazaki et al., 2009; Daniel et al., 2013) and catalysts P1-P9 and P11
were synthesized according to the reported methods. (Su et al., 2015; Zhou et al.,
2015; Zhou et al., 2016; Chen et al., 2016; Wang et al, 2015; Wang et al, 2017) All
reagents and solvents were used as received from commercial sources (Energy

Chemical, Adamas-beta®™) without further purification.
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B. Experimental procedures

Typical Synthetic Procedure and Datas for Novel Chiral Phosphines Catalyst P1-P8.

Ph,P o thP Ph,P.
CHO 0 . &
©: N Spy DT NotB JEReTHE NH EuNH NH,
Ph 2) thPCHzLI Ph HC| 55°C
(S,Re)-P

Step 1: to a flask containing a solution of [1,1'-biphenyl]-2-carbaldehyde (4.0 mmol)
and tert-butylsulfinamide (6.0 mmol) was added Ti(O'Pr)s (8 mmol) and the mixture
was stirred at 50°C. Upon reaction completion, the reaction mixture was allowed to
cool to room temperature, diluted with EtOAc, and poured to brine with rapid stirring.
The resulting suspension was filtered through celite and washed with EtOAc. The
combined organic phases were dried over MgSO4 and the solvents were removed in
vacuo. The residue was purified by silica gel chromatography using petroleum
ether/EtOAc as the eluent to afford the desired chiral sulfinyl imines, isolated yield:
89%.

Step 2: A solution of diphenyl methyl phosphonic lithium (1.5 mmol) that
containing TMEDA (1.5 mmol) in anhydrous THF was added to the solution of
corresponding chiral sulfinyl imines (1.5 mmol chiral sulfinyl imines in 5 mL
anhydrous THF) at room temperature. The mixture was stirred until completion of
imine as indicated by TLC, followed by hydrolysis with 10 mL of water and diluted
with EtOAc. The organic layer was separated, the aqueous phase was extracted three
times with EtOAc (3X10 mL). The combined organic phases were dried over MgSO4
and the solvents were removed in vacuo. The residue was purified by silica gel
chromatography using petroleum ether/EtOAc as the eluent to afford the desired
(S,Rs)-P, isolated yield: 51%, 5:1 dr.

Step 3: BH3*THF (3.0 mmol) was added slowly to the solution of (S,Rs)-P (1.0
mmol) in dry THF at -30°C and the reaction mixture was stirred for 2 h until
completion of the material as indicated by TLC followed by adding 10 mL of water
and 20 mL EtOAc. The aqueous phase was separated and extracted three times with
20 mL EtOAc. The combined organic phases were dried over MgSO4 and the solvents

were removed in vacuo.
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Step 4: 6 M HCI (1 mL) was added to the above residue which disolved in MeOH
(10 mL) and the reaction mixture was stirred at room temperature for 3 h until
completion of material as indicated by TLC analysis, followed by washing with aq
NaHCO3 and 10 mL aq brine water. The organic layers was separated and extracted
three times with 20 mL EtOAc. The combined organic phases were dried over MgSO4
and the solvents were removed in vacuo.

Step 5: EtoNH (5.0 mL) was added to the above residue and the mixture was stirred
at 55°C for 6 h under the protection of N> until completion of material as indicated by
TLC analysis. The solvent was then removed in vacuo and the resulting mixture P0

was used directly for the next step.

Ph Ph
Ph2P (j:‘/\
PPh, PPh,
NH, N-Boc L-valine HN._O 1) TFA/DCM . HN. O o)
DCC/DCM 2) DCC/3,5-(NO,),-PhCOOH NO
Ph NHBoc 22 g ?
PO Ps

Step 1: To a stirred solution of N-Boc L-valine (434.6 mg, 2.0 mmol) in anhydrous
CH2Cl; (10 mL) was added DCC (226.8 mg, 1.1 mmol), and the resulting mixture
was stirred at room temperature for 2 h. The solution was then cooled down to 0°C
and the above residue and the mixture in CH>CL (5 mL) was added dropwise over 2
minutes. The reaction mixture was further stirred for 1.0 h at 0°C and 1.0 h at room
temperature. Water (10 mL) was added to quench the reaction, and the resulting
mixture was extracted with dichloromethane several times (3 x 10 mL). The
combined organic extracts were dried over sodium sulfate, filtered and concentrated,
the residue was purified by column chromatography (hexane: ethyl acetate = 20:1) to
afford P5 (480 mg, 82%) as a white solid.

Step 2: To a stirred solution of P5 (116 mg, 0.2 mmol) in anhydrous CH>Cl> (2 mL)
at room temperature was added TFA (0.4 mL), and the resulting mixture was stirred
for 2 h. The reaction was then quenched with saturated aqueous NaHCO; (10 mL),

and extracted with CH>Cl, several times (3 x 10 mL). The combined organic extracts
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were washed by brine (15 mL), and dried over Na,SOg, filtered and concentrated. The
next operation is similar to above method which it afford P8 (100 mg, 78%) as a

yellow solid.

Ph
PPh2 N- methylated N Boc L-valine 1) TEA/DCM HN (@) o
gN Me 2) DCC/3,5-(NO,),- PhCOOH N N02
Boc Me

N2-methyl-P5 N2-methyl-P8 NO,

N2-methyl-PS were prepared according to the modified procedure of P5. To a
stirred solution of N2-methyl-P5 (180 mg, 0.3 mmol) in anhydrous CH>Cl> (5 mL) at
room temperature was added TFA (0.8 mL), and the resulting mixture was stirred for
2 h. The reaction was then quenched withsaturated aqueous NaHCO3 (10 mL), and
extracted with CH>Cl several times (3 x 10 mL). The combined organic extracts were
washed by brine (15 mL), and dried over Na>SOg, filtered and concentrated. The next

operation is similar to above method which it afford N2-methyl-P8 (157 mg, 76%) as

a light yellow solid.
BH; BH,
Ph,P 1) CICOOMe Ph,P Ph,P
TEA
NH, _ 0°C. DCM _ M ELNH N-Me
> H @ — > H
2) LAH, reflux, THF 55°C
Ph Ph
1 N1-methyl-PO

Step 1: To solution of amino phosphine 1 (3 mmol) and EtzN (6.0 mmol) in dry
CHxCl; (10 mL) at 0°C was added slowly CICOOMe (4.5 mmol), and the resulting
mixture was stirred at room temperature for 2h. Water (10 mL) was added and the
organic layer was separated. The aqueous phase was extracted with CH>CL (2 x 10
mL). The combined organic layers were washed with brine and dried over Na>SOs.
Solvent was removed under reduced pressure, and the residue was used directly for
the next step. To the solution of the carbamate intermediate in dry THF (10 mL) at 0

°C was added slowly LAH in THF (12 mmol), and the resulting mixture was refluxed
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for 72 h. After cooling down to room temperature and further to 0°C, the reaction
mixture was quenched by addition of water and NaOH (1 M) solution. The insoluble
slurry was filtrated off and washed with ethyl acetate. The filtrate was collected and
the organic phase was separated. The aqueous layer was extracted with ethyl acetate
(3 x 30 mL) several times, and the combined organic layers were washed with brine
and dried over Na>SQO4. Solvent was removed under reduced pressure, and the residue
was used directly for the next step.

Step 2: EtNH (10.0 mL) was added to the above residue and the mixture was
stirred at 55°C for 6 h under the protection of N; until completion of material as
indicated by TLC analysis. The solvent was then removed in vacuo and the resulting

mixture N/-methyl-P0 was used directly for the next step.

Ph
h2P th
N-Boc L-valine pph2
Me EDCI
HOBt 1) TFA/DCM
DCM, 0°C 2) DCC,

3,5-(NO,),-PhCOOH
N1-methyl-PO N1-methyl-P5 N1-methyl-P8

Step 1: To a solution of N-Boc-L-valine (3 mmol) in dry CH>Cl, (10 mL) at 0 °C
under N> was added HOBt (3.6 mmol), N, N-diisopropylethylamine (3.6 mmol) and
EDCI (3.6 mmol). After stirring for 10 min, crude product N/-methyl-P0 in dry
CHCl> (10 mL) was introduced at the same temperature. The stirring was continued
at 0°C for 1 h and then at room temperature overnight. The mixture was diluted with
CH>Cl,, washed with saturated aqueous NH4Cl solution, and the organic layer was
dried over Na>SQOs. Solvent was removed under reduced pressure, and the residue was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 5/1) to
afford N7-methyl-PS5 as a white solid (800 mg, 44% yield for three steps).

Step 2: To a stirred solution of N/-methyl-P5 ( 0.3 mmol) in anhydrous CH>Cl (5
mL) at room temperature was added TFA (0.8 mL), and the resulting mixture was
stirred for 2 h. The reaction was then quenched withsaturated aqueous NaHCOs3 (10

mL), and extracted with CH>Cl, several times (3 x 10 mL). The combined organic
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extracts were washed by brine (15 mL), and dried over Na,SO4, filtered and
concentrated. The next operation is similar to above method which it afford

N1-methyl-P8 (125 mg, 60%) as a light yellow solid.

Typical Procedure for the Hydroamination Reactions, Related to Schem 4 and Scheme

5.
R3
L
i (0] 10 1% P8 K N\N ©
= mol , <
R N R? . Ra_/Y 1 eq. methyl acrylate _ Rl A R2
F k\N’NH toluene, -20°C, N, =
1/4 2
(+)-3/(+)-5

To a flame dried reaction tube with a magnetic stirring bar under N> at room
temperature were added P8 (0.01 mmol), pyridazinone 2 (0.2 mmol) and methyl
acrylate (100 mol %), followed by the addition of anhydrous toluene (1.0 mL), and
the mixture was stirred at -20°C for 10 min before the enones 1 / 4 (0.10 mmol) was
added. When the reaction was finished (determined by TLC analysis), the crude
mixture was purified by column chromatography on silica gel to afford the products

(+)-3/(+)-5.

R3
ﬁ\i
0 o NN

o]
— (0] 10 mol % PS5,
R ~ R? . R3{Y 1 eq. methyl acrylate > RilT X R2
= SNeNH O FgPhcHs, -20°C, N, L
1/4
2

(-)-3/(-)-5

To a flame dried reaction tube with a magnetic stirring bar under N> at room
temperature were added PS5 (0.01 mmol), pyridazinone 2 (0.2 mmol) and methyl
acrylate (100 mol %), followed by the addition of pentafluoromethylbenzene (1.0 mL),
and the mixture was stirred at -20°C for 10 min before the enones 1/4 (0.10 mmol)
was added. When the reaction was finished (determined by TLC analysis), the crude

mixture was purified by column chromatography on silica gel to afford the products
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(-)-3/(-)-5.

Scaled-up Version of the Michael addition and Trans-formation of the Products,

Related to Scheme 6

Br
0] Br |
X
| 5 mol % P8/ 50% M.A. N.
3+ H 0] toluene, -20°C, 12 h -
cl 98% yield, 95% ee CFs
1f 2g cl (+)-3fg

To a flame dried reaction tube with a magnetic stirring bar under N> at room
temperature were added P8 (0.25 mmol), 4,5-dibromopyridazin-3(2H)-one 2g (6
mmol) and methyl acrylate (50 mol%), followed by the addition of anhydrous toluene
(20.0 mL), and the mixture was stirred at -20°C for 10 min before the enones 1f (5
mmol) was added. When the reaction was finished (determined by TLC analysis), the
crude mixture was purified by column chromatography on silica gel to afford the

product (+)-3fg, 2.4 g, 95% ee.

N.
o N 0 N0

| 5 mol % P5/ 50% M.A
= - ° oo
Ph)vcozEt « N N“~0 MCOZEt

CH5CgFs, -20°C, 36 h  Ph
4c 2a 89% yield, 92% ee (-)-5ca

To a flame dried reaction tube with a magnetic stirring bar under N> at room
temperature were added PS5 (0.25 mmol), pyridazinone 2a (6 mmol) and methyl
acrylate (50 mol %), followed by the addition of anhydrous
1,2,3,4,5-pentafluoro-6-methylbenzene (20.0 mL), and the mixture was stirred at
-20°C for 10 min before the enones 4¢ (5 mmol) was added. When the reaction was
finished (determined by TLC analysis), the crude mixture was purified by column

chromatography on silica gel to afford the product (-)-5ca, 1.3 g, 92% ee.
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0 N0 20% HaSO 0 N0
+ b H,SO0, ——————>
PhMCOQEt 100°C Ph CO,H
(-)-5ca (-)-6a

A mixture of (-)-5ca (2 mmol) and 20%H2SO4 (0.125 M, 16 mL) was heated at
100°C for 10 h and monitored by TLC. The reaction mixturewas poured onto
ice/water with vigorously stirring and extracted with EA several times (3 x 10 mL).
The combined organic extracts were washed by brine (15 mL), and dried over Na>SOs,
filtered and concentrated. The crude mixture was purified by column chromatography

on silica gel to afford the product (-)-6a, 517.4 mg, 95% yield, 92% ee.

S 2 eq. Et;N D
. Et N

N. SH <¢€9-Els >

o N0 /©/ 1.1 eq. 'BUCO,Me Q N (s)

.\ >~
Ph)J\/'\002H Me DCM, N,, 0°C Ph)l\/'j)f \©\
Me
6a 7a

A flame-dried flask was charged with 6a (0.1 mmol, 1 equiv) and CH>Cl, (1 mL).
The reaction was cooled to 0°C and isobutyl chloroformate (0.11 mmol, 1.1 equiv)
and EtsN (0.1 mmol, 1 equiv) were added dropwise. The resulting mixture was stirred
vigorously for 10 min under N», after which time Et;N (0.1 mmol, 1 equiv) and
thiophenol (0.22 mmol, 2.2 equiv) were added dropwise. The reaction was stirred at
0°C under N> for 1 h. The reaction was warmed to room temperature and washed with
water, water, and brine. The combined aqueous layers were extracted with CH>Cl.
The combined organic layers were dried (MgSQs), filtered, and concentrated. The
crude residue was purified by column chromatography (PE/EA = 2/1) to afford the
product 7a, 32.2 mg, 85% yield, 90% ee.
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R

N-nSo HNC N 1894; EDIIZ\)/I%P _ i W\WH

RMLC%H * LN_MG DCM, N, 0°C @E I m
6a R=PhCO b iVIe

Add 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (1 equivalent),
6a (0.1 mmol, 1 equivalent) and 4-dimethyl-aminopyridine (0.1 equivalent) to a
stirred solution of I1-methyl-/H-pyrazol-3-amine (0.1 mmol, 1 equivalent) in
methylene chloride at 0°C. Stir the reaction mixture at this temperature for 2 hours,
during 2 hours the solution becomes homogeneous. After completion (TLC control
using EA as eluent), wash the reaction mixture with water and brine. Dry the organic

layer with Na;SO4. The crude residue was purified by column chromatography (EA)
to afford the product 7b, 23.9 mg, 68% yield, 93% ee.

AN H
I .N__O
N. N

O N O I N
+ NoHzH,O > N
PhMCOZH 2 THF, 60°C P

(0]

6a rac-7c

To the 6a (0.1 mmol, 1 eq.) in THF (1 mL) was added NHNH>*H>O (0.2 mmol).
The resulting mixture was stirred at 60°C for 1 h. The fltrate was concentrated to
dryness under reduced pressure and the crude residue was then diluted in 1 M HCI
and extracted with CH2Cl,. The organic layer was washed with water, dried over
MgSO4 and evaporated to dryness under reduced pressure. The crude residue was
purified by column chromatography (PE/EA = 1/1) to afford the product rac-7¢, 21.4
mg, 80% yield.

N o)
N=—
o NS0 )O§7N’
M > == /
Ph CO,H AcCl, rt Ph 4
6a rac-7d

6a (0.1 mol), acetyl chloride (1 mL) was added and the mixture was stirred at room
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temperature for 1 h. The acetyl chloride excess was removed in vacuo. The crude
mixture was add H,O (2 mL) to the reaction mixture and extract the organic layer
with EtOAc (5 mL x 3). Evaporate the combined organic phases under reduced
pressure. The crude residue was purified by column chromatography (PE/EA = 1/1) to
afford the product rac-7d, 16.0 mg, 63% yield.

Synthesis of d-P5 and d-P8, Related to Scheme 7.

0,

Ph,P (70%) | (>95%
p De-THF (0.2 M), 30°C, 3 h
D P8
p(70%) (70%

PhyP
2 H
@3”1%% o e
H o 0
Ph Dg-THF (0.2 M), 30°C, 3 h
P5 D-P5

A flame-dried round bottom flask equipped with a magnetic stir bar under N> was

charged with P5 or P8 (0.2 mmol) and ds-THF (1.0 mL), followed by the addition of
D>0 (2.0 mL). The reaction was then heated to 30°C for three hours. The reaction was
then diluted with dry dichloromethane (5 mL), filtered through diatomite, dried over
sodium sulfate and concentrated. '"H NMR spectra was recorded on a Bruker300 (or

400) MHz spectrometer in DMSO-de.
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Tables and Figures

Table S1. Asymmetric Michael Addition of pyridazinones to enones catalyzed by different

chiral phosphines.? Related to Table 1.

o] B
X
| 10 mol % Cat., N<
Q)K% CF3; + f\ero 1.eq. methyl acrylate o N 0
H DCM, Ny, rt CF3
Cl 2 R
Cl
1f 2a (-)-3fa
PhoP
Ph,P 0 Ph,P o Ph,P o 0 .
NHBoc
NS py N CFs N CFs N
H H H
t-Bu §
Q QL e,
P1 P2 p3 BY P4
trace 88% yield, 16% ee 90% yield, 17% ee 90% vyield, 31% ee

NO,

Ph,P o CFs
Ph,P NO, Ph,P Ph,P
N NHBoc = ° o | 22 o 2 o
H N N N
O N N Fs N NO,
O o H o H o
5 P6 P7

O

P
P8
98% yield, 51% ee 96% yield, -26% ee 99% yield, -25% ee 99% yield, -57% ee
PhoP Ph,P
K 2 P ouoH Ph,P
N7y CFe L CFs PRPL 2 o
O H o] O H s \@/ N NHCBZ N)K/NHBOC
Q Oy N N
CFs Ph Ph
P10 P11 P12 P13
85% yield, -2.4% ee 97% yield, -47% ee 97% yield, 40% ee 93% yield, 21% ee

[a] Reaction conditions: 1f (0.1 mmol), 2a (0.2 mmol), methyl acrylate (0.1 mmol) and catlyst (0.01 mmol) in DCM (1 mL) at room
temperature for 1 h. NMR yield with CH,Br; as an internal standard. Determined by HPLC analysis on a chiral stationary phase.
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Table S2. Optimization of Reaction Conditions Using Model Substrates.? Related to Table 1.

| X
o N.

P /o) 10 mol % P*, Q@ N 0
CF; z 1 eq. methyl acrylate CF

+ S _NH > ®

cl N N2 cl
1f 2a (-)-3fa

Entry Cat Temp. (°C) Solvent Yield® (%) Ee® (%)
1 P8 rt CHClI3 81 -67
2 P8 rt THF 73 -62
3 P8 rt Et.0 95 72
4 P8 rt toluene 98 -81
5 P8 rt PhCF3 99 -73
6 P8 rt o-xylene 98 -80
7 P8 rt FsPhCHz 97 -79
8 P6 rt toluene 97 -48
9 P7 rt toluene 99 -67
10 P8 -10 toluene 98 -94
11 P8 -20 toluene 97 -98
12 P5 -20 toluene 95 86
13 P6 -20 toluene 95 -66
14 P7 -20 toluene 99 -90
15 P5 -20 FsPhCH3 98 95
26l P8 -20 toluene 90 -98

[a] Reaction conditions: 1f (0.1 mmol), 2a (0.2 mmol), methyl acrylate (0.1 mmol) and the
catalyst (0.01 mmol) in the solvent specified (1.0 mL) at room temperature for
1 h. [b] NMR vyield with CH,Br, as an internal standard. [c] Determined by HPLC analysis on
a chiral stationary phase. [d] 50 mol % methyl acrylate was used.
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Table S3. Optimization of Reaction Conditions Using Catalyst P5.* Related to Table 1.

| X
i 10 mol % P5 0 N\N ©
Z CF3 | N 1.0 eq. methyl acrylate CFs
of * N\H o No, rt ol
1f 2a (-)-3fa
Entry Solvent Yield® (%) Ee® (%)
1 CHCl, 96 45
2 THF 86 55
3 Et,O 94 64
4 toluene 95 64
5 PhCF3 93 63
6 PhCI 95 60
7 FsPh 90 79
8 F5sPhCH; 95 83
9 PhF 93 54
10 Mesitylene 95 71
11 o-xylene 92 69
12 m-xylene 94 69
13 p-xylene NR --
14 EA 96 47
150 FsPh 94 91
16l FsPhCHs 98 95
471 PhCF3 95 82
18ld] toluene 95 86
19ld] o-xylene NR -
20(d] m-xylene 96 83
21[d] mesitylene 98 86
22Ul Et,0 98 77

[a] Reaction conditions: 1f (0.1 mmol), 2a (0.2 mmol), methyl acrylate (0.1 mmol) and P5 (0.01
mmol) in the solvent specified (1 mL) at room temperature for 1 h. [b] NMR yield with CH,Br, as an
internal standard. [c] Determined by HPLC analysis on a chiral stationary phase. [d] The reaction
was performed at -20°C and the reaction time was 12 h.
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Table S4. Nitrogen nucleophile survey.? Related to Scheme 4.

Ph,P.

Method A: P5 (10 mol %)
in F5C4CHj at -20°C

NO,
Ph,P. o
0N R
N NO,
H o)
cl QO
R3

Method B: P8 (10 mol % mol)
in toluene at -20°C.

Method A: 80% yield, 39% ee
Method B: 89% vyield, -85% ee

H
90% vyield, 15% ee
98% vyield, -65% ee

{ -

N" o
1, 70% yield, 62% ee®
rt, 68% vyield, -35% ee®

@\ﬁ i
P H)kph

N.R.
N.R

[a] Method A: P5 (10 mol%) in FsCgCHj3 at -20°C; Method B: P8 (10 mol% mmol) in toluene at -20°C. Determined by HPLC analysis on a chiral stationary
phase. [b] 20 mol % 2-methyl-2-phenylpropionic acid as additive and the reaction was run at room temperture.
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N
1
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Iz /)

N
Q

/ZA
Iz /)

N
Q

/ZA
Iz /)

N
o

/ZA
Iz
o

| S
10 mol % N1-methyl-P5 o N‘N o
1 eq. methyl acrylate
CH3CgFs, Np, -20°C, 3 h o CF;3
N.R. al (-)-3fa
(1
10 mol % N1-methyl-P8 N
O N O
1 eq. methyl acrylate :
toluene Ny, -20°C, 3 h r CF3
N.R. cl (+)-3fa
‘ S
10 mol % N2-methyl-P5 o N\N o
1 eq. methyl acrylate
CH3CgFs, N, -20°C, 3 h R CF3
94% NMR yield cl (-)-3fa
70% ee
| S
10 mol % N2-methyl-P8 o N‘N o

1 eq. methyl acrylate

CH3CgFs, Ny, -20°C, 3 h
80% NMR yield al

'.*E
P
Q
Y o
2
o

70% ee
‘ X
10 mol % P9 o N\N o
1 eq. methyl acrylate
CH3CgF5, Ny, -20°C, 3 h s CF3
92% NMR yield cl (-)-3fa
63% ee
(1
10 mol % D-P5 0 N\N o
1 eq. methyl acrylate
CH3CgFs, Na, -20°C, 3 h R CF3
96% NMR yield cl (-)-3fa
95% ee
(1
10 mol % D-P8 o N\N o

1 eq. methyl acrylate

CH3CgFs, Ny, -20°C, 3 h

92% NMR yield c
35% ee

T

b

@

8 o
Q
w

Figure S1. Some Control Experiments. Related to Scheme 7.
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Figure S2. ’F-NMR titration experiments. Related to Scheme 7.

TS1 (Re face attack) TS2 (Si face attack)

Figure S3. Proposed mechanism and transition states. Related to Scheme 7.
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Data S1. Characterizations. Related to Scheme 3, Scheme 4, Scheme

5, Scheme 6 and Scheme 7.

The data of P4.

> .
PPh,
HN._O

“NHBoc

P4; white solid; yield: 70%; [a]p?® = +34.4 (¢ = 1.0, CHCl3); 'H NMR (500 MHz,
CDCls) & 7.39-7.37 (m, 1H), 7.32 (dd, J = 7.1, 5.7 Hz, 6H), 7.28-7.22 (m, 7H), 7.15
(dd, J=9.9, 3.8 Hz, 3H), 7.04 (t, J = 7.4 Hz, 2H), 5.25 (d, J = 6.4 Hz, 1H), 4.94 (s,
1H), 3.88 (dd, J = 8.1, 5.9 Hz, 1H), 2.89-2.80 (m, 2H), 2.32 (d, J = 6.1 Hz, 1H), 1.46
(s, 9H), 0.90 (d, J = 6.8 Hz, 3H), 0.82 (d, J = 6.8 Hz, 3H); *C NMR (126 MHz,
CDCls) & 170.57, 155.87, 141.04, 140.49, 140.25, 137.82 (d, J = 12.1 Hz), 132.60 (d,
J=19.4 Hz), 132.52 (d, J= 18.9 Hz), 130.52, 129.31, 128.66, 128.64, 128.58, 128.53,
128.52, 128.48, 128.34, 127.90, 127.17, 127.11, 125.07, 49.14, 48.74 (d, J = 14.7 Hz),
36.22, 36.09, 31.61, 30.89, 28.36, 22.67, 19.47, 17.55, 11.92; *'P NMR (202 MHz,
CDCls) § -24.45; HRMS (ESI) m/z calcd. for C3¢Ha1N2NaO3P [M+Na] © = 603.2747,
found 603.2756.

The data of P5.

o
PPh,
HN 0]

NHBoc

P5; white solid; yield: 82%; [a]p®® = -6.0 (¢ = 0.33, CHCl3); '"H NMR (500 MHz,
CDCl3) & 7.42 (d, J = 7.4 Hz, 1H), 7.32-7.19 (m, 13H), 7.12 (t, J = 6.5 Hz, 3H), 6.97
(t,J=7.3 Hz, 2H), 6.71 (d, J = 5.0 Hz, 1H), 5.15 (dd, J = 10.1, 5.4 Hz, 1H), 5.02 (d, J
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= 8.6 Hz, 1H), 3.85 (t, J=7.9 Hz, 1H), 2.87-2.76 (m, 1H), 2.32 (dd, J = 13.8, 2.6 Hz,
1H), 2.26-2.20 (m, 1H), 2.03 (d, J = 6.3 Hz, 1H), 1.45 (s, 9H), 0.94-0.86 (m, 6H); '*C
NMR (126 MHz, CDCl3) § 170.88, 156.00, 140.80, 140.70, 140.65, 140.59, 138.06 (d,
J=11.9 Hz), 135.99 (d, J = 12.8 Hz), 132.82 (d, J= 19.9 Hz), 132.20 (d, J = 18.5 Hz),
130.51, 129.34, 128.82, 128.66, 128.60, 128.46, 128.44, 128.41, 128.01, 127.11,
127.06, 124.89, 79.82, 60.29, 49.05 (d, J = 6.4 Hz), 48.75 (d, J= 12.9 Hz), 36.19 (d, J
= 17.0 Hz), 30.54, 28.38, 19.63, 18.11, 11.80 (d, J = 2.5 Hz); *'P NMR (202 MHz,
CDCl3) & -24.43 (s); HRMS (ESI) m/z calcd. for C36HaaN2O3P [M+H] * = 581.2928,
found 581.2941.

The data of P6.

&
C

HN.__O

P6; pale yellow solid; yield: 75%; [a]p®® = -14.7 (¢ = 0.33, CHCI3); '"H NMR (400
MHz, CDCl5) § 8.00 (d, J = 8.7 Hz, 2H), 7.80 (d, J = 8.7 Hz, 2H), 7.40-7.09 (m, 17H),
6.97 (t, J = 7.5 Hz, 2H), 5.27-5.20 (m, 1H), 4.53 (t, J = 7.7 Hz, 1H), 2.37-2.32 (m,
1H), 2.27-2.15 (m, 2H), 1.72 (s, 1H), 1.26 (s, 1H), 1.02 (dd, J = 18.4, 6.7 Hz, 6H); 1*C
NMR (101 MHz, CDCls) § 170.33, 165.49, 149.56, 140.62, 140.56, 140.45, 139.34,
137.82 (d, J=11.5 Hz), 135.96 (d, J = 12.6 Hz), 132.70 (d, J = 19.8 Hz), 132.18 (d, J
= 18.9 Hz), 130.58, 129.23, 128.86, 128.68, 128.61, 128.51, 128.43, 128.22, 128.12,
127.22 (d, J = 8.3 Hz), 124.76, 123.59, 59.47, 49.03 (d, J = 13.9 Hz), 36.31 (d, J =
17.4 Hz), 31.38, 19.10 (d, J = 122.1 Hz); *'P NMR (162 MHz, CDCl3) & -24.42 (s);
HRMS (ESI) m/z caled. for C3sH37N304P [M+H] * = 630.2516, found 630.2529.

The data of P7.
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CF;

CF5

P7; white solid; yield: 84%; [a]p*® = -12.0 (¢ = 0.33, CHCI;); '"H NMR (400 MHz,
CDCls) § 8.24 (s, 2H), 7.96 (s, 1H), 7.34-7.11 (m, 15H), 7.05 (d, J = 7.1 Hz, 1H), 6.98
(t, J =7.2 Hz, 3H), 5.27-5.21 (m, 1H), 4.42 (t, J = 6.3 Hz, 1H), 2.35 (d, J = 12.4 Hz,
1H), 2.25-2.18 (m, 2H), 1.98 (s, 1H), 1.26 (s, 1H), 0.97 (dd, J = 17.2, 6.6 Hz, 6H); 1*C
NMR (101 MHz, CDCl3) §167.41 (d, J = 537.3 Hz), 140.65, 140.39, 137.83 (d, J =
11.6 Hz), 136.12, 135.98, 132.66 (d, J = 19.8 Hz), 132.26, 132.07, 131.92, 131.58,
130.50, 129.23, 128.81, 128.61 (d, J= 7.0 Hz), 128.47 (d, J = 6.3 Hz), 128.37, 128.34,
127.98, 127.50 (d, J = 2.5 Hz), 127.12, 126.91, 124.74, 122.84 (q, J = 273.0 Hz),
59.76, 31.20, 48.90 (d, J = 13.8 Hz), 36.41 (d, J= 17.2 Hz), 18.97 (d, J = 114.3 Hz);
3P NMR (162 MHz, CDCl3) § -24.37 (s); "’F NMR (376 MHz, CDCls) & -62.87 (s);
HRMS (ESI) m/z caled. for C40H36F6N202P [M+H] * = 721.2413, found 721.2421.

The data of P5.

o
PPh,

HN.__O
@)

. NO,
H

NO,

P8; yellow solid; yield: 78%; [a]p?® = -29.1 (¢ = 0.33, CHCl3); '"H NMR (500 MHz,

CDCls) 8 8.92 (s, 2H), 8.37 (s, 1H), 7.35-7.15 (m, 15H), 6.96 (dd, J = 25.1, 18.2 Hz,

4H), 5.17 (d, J = 4.1 Hz, 1H), 4.82 (s, 1H), 2.29 (d, J = 14.5 Hz, 2H), 2.16 (s, 1H),

1.91 (s, 1H), 1.11 (d, J = 5.5 Hz, 3H), 0.96 (d, J = 5.7 Hz, 3H); 13C NMR (126 MHz,

CDCl;) 6 170.43, 163.38, 148.02, 140.40 (d, J = 5.7 Hz), 140.20 (d, J = 26.6 Hz),
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137.80 (d, J = 11.5 Hz), 137.32, 135.45 (d, J = 12.6 Hz), 132.80 (d, J = 20.0 Hz),
131.96 (d, J = 18.4 Hz), 130.29, 129.09, 128.98, 128.54, 128.50, 128.46, 128.23,
128.70 (d, J = 7.4 Hz), 127.63, 127.20 (d, J = 17.4 Hz), 124.59, 121.04, 59.53, 48.86
(d, J=12.6 Hz), 36.39 (d, J = 17.2 Hz), 32.18, 29.72, 29.38, 22.72, 14.15, 19.05 (d, J
=200.9 Hz); 3'P NMR (202 MHz, CDCls) & -24.59 (s); HRMS (ESI) m/z calcd. for
CasH36N4OP [M+H] * = 675.2367, found 675.2384.

The data of NI-methyl-PS.

> <,
PPh,

N.__O

Me™ @) J<
N)J\O
H
NI-methyl-P5; white solid; yield: 44% yield for three steps; [0]p*® = +53.0 (¢ = 0.33,

CHCl3); '"H NMR (500 MHz, CDCl3) & 7.57 (d, J = 7.7 Hz, 1H), 7.40-7.36 (m, 3H),

7.31 (dd, J= 5.8, 2.7 Hz, 4H), 7.29-7.19 (m, 8H), 7.13 (dd, /= 7.4, 1.0 Hz, 1H), 6.95

(d, J= 6.8 Hz, 2H), 5.69 (dd, J=14.3, 7.6 Hz, 1H), 5.07 (d, /= 9.2 Hz, 1H), 4.24 (dd,

J=9.2,5.7 Hz, 1H), 2.81 (s, 3H), 2.63 (dd, J = 13.8, 7.4 Hz, 1H), 2.50 (dd, J = 13.7,

9.2 Hz, 1H), 1.91-1.85 (m, 1H), 1.45 (s, 9H), 0.92 (d, /= 6.8 Hz, 3H), 0.81 (d, J = 6.7

Hz, 3H); *C NMR (126 MHz, CDCls) § 171.17, 155.76, 143.08, 140.69, 138.28 (d, J
= 14.5 Hz), 137.60 (d, J = 12.9 Hz), 136.69 (d, J = 5.4 Hz), 133.01, 132.86, 132.73,

132.58, 130.66, 128.77, 128.62, 128.55, 128.50, 128.16, 127.49, 127.77 (d, J = 3.2

Hz), 127.13 (d, J = 15.6 Hz), 79.13, 55.31, 52.62, 52.49, 31.59 (d, J = 3.8 Hz), 31.20,

31.14,31.07, 28.44, 19.86, 17.20; *'P NMR (202 MHz, CDCls) § -22.75; HRMS (ESI)
m/z caled. for C37H43N>2NaOsP [M+Na] * = 617.2904, found 617.2908.

The data of NI-methyl-P8.
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NI-methyl-P8; light yellow solid; yield: 60%; [a]p*® = +55.3 (¢ = 1.0, CHCls); 'H
NMR (500 MHz, CDCl3) & 9.00-8.98 (m, 1H), 8.93 (d, J = 1.9 Hz, 2H), 7.46 (d, J =
5.8 Hz, 1H), 7.36-7.30 (m, 9H), 7.24 (dd, J = 10.1, 4.5 Hz, 2H), 7.12 (d, J = 6.8 Hz,
SH). 7.01 (s, 1H), 6.93 (d, J = 6.7 Hz, 2H), 5.74 (dd, J = 10.4, 5.4 Hz, 1H), 5.04 (d, J
= 4.1 Hz, 1H), 3.01 (s, 3H), 2.63-2.60 (m, 1H), 2.48 (d, J = 9.4 Hz, 1H), 2.18-2.16 (m,
1H), 1.88-1.78 (m, 1H), 1.09 (d. J = 6.6 Hz, 3H), 0.84 (d, J = 6.6 Hz, 3H); 13C NMR
(126 MHz, CDCl3) 6 170.94, 170.82, 162.71, 162.67, 153.34, 148.33, 148.28, 148.26,
142.27, 142.19, 140.70, 140.05, 137.84, 137.80, 137.30, 137.19, 132.80, 132.69,
132.64, 132.53, 130.89, 128.94, 128.79, 128.70, 128.65, 128.61, 128.56, 128.33,
127.58 (d, J = 5.2 Hz), 127.30, 126.94, 126.70, 121.08, 120.22, 60.46, 56.59, 55.11,
53.23 (d, J = 15.7 Hz), 50.40, 32.45, 31.77 (d, J=17.0 Hz), 31.43, 31.10 (d, J = 7.2
Hz), 26.05, 25.22 (d, J = 5.7 Hz), 24.61, 21.09, 20.37, 17.23, 14.24; 3'P NMR (202
MHz, CDCls) & -22.13; HRMS (ESI) m/z calcd. for C3oH37N4sNaOgP [M+Na] © =
711.2343, found 711.2352.

The data of N2-methyl-PS.

O

N2-methyl-P5; white solid; yield: 79%; [a]p*° = -35.6 (¢ = 1.0, CHCl3); '"H NMR (400
MHz, CDCl3) § 7.32 (s, 6H), 7.24-7.18 (m, 8H), 7.12-7.09 (m, 3H), 6.93 (t, /= 7.5 Hz,
2H), 6.84 (d, J = 6.9 Hz, 1H), 5.21-5.16 (m, 1H), 4.07 (d, J = 11.2 Hz, 1H), 2.71 (s,

3H), 2.30-2.25 (m, 1H), 2.24-2.19 (m, 1H), 2.17-2.09 (m, 1H), 1.51 (s, 9H); '3C NMR
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(101 MHz, CDCl3) § 169.41, 57.18, 141.16 (d, J = 5.2 Hz), 140.86, 140.53, 138.42 (d,
J=12.3 Hz), 136.29 (d, J= 13.4 Hz), 132.81 (d, J = 20.0 Hz), 132.24 (d, J = 18.6 Hz),
130.47, 129.31, 128.67, 128.61, 128.54, 128.45, 128.40, 128.33, 127.88, 127.08,
126.90, 124.56, 80.16, 64.60, 47.93, 47.81, 36.48, 36.31, 29.94, 28.48, 25.78, 19.93,
18.74; 3'P NMR (202 MHz, CDCls) § -23.75; HRMS (ESI) m/z caled. for
C37H43N2NaOsP [M+Na] * = 617.2904, found 617.2897.

The data of NI-methyl-P8.

S
PPh,

HN
OO

N)‘\%Noz
Me

NO,
N2-methyl-P8; light yellow solid; yield: 76%; [a]o*® = -39.5 (¢ = 0.33, CHCl;); 'H
NMR (400 MHz, CDCl3) § 9.06 (s, 1H), 8.55 (d, J= 1.7 Hz, 2H), 7.46 (q, J = 7.7 Hz,
2H), 7.33-7.29 (m, 6H), 7.24-7.21 (m, 5H), 7.17-7.10 (m, 4H), 6.98 (t, J = 7.5 Hz,
2H), 5.29-5.22 (m, 1H), 4.55 (d, J = 11.3 Hz, 1H), 2.87 (s, 3H), 2.43-2.30 (m, 2H),
2.28-2.20(m, 1H), 1.05 (d, J = 6.4 Hz, 6H); 'P NMR (122 MHz, CDCl;) & -23.57;
3C NMR (101 MHz, CDCl3) & 168.18, 167.57, 148.56, 141.24 (d, J = 6.0 Hz), 140.62
(d, J=159.0 Hz), 139.36, 138.31 (d, J=11.9 Hz), 135.96 (d, J = 13.2 Hz), 132.85 (d, J
= 20.0 Hz), 132.14 (d, J = 18.5 Hz), 130.79, 129.24, 128.91, 128.70 (d, J = 7.3 Hz),
128.55, 128.53, 128.50, 128.49, 127.99, 127.36, 127.25, 124.40, 119.95, 48.23, 48.11,
36.34, 36.17, 33.75, 25.64, 19.69, 19.02; HRMS (ESI) m/z calcd. for C39H37N4NaOgP
[M+Na] © = 711.2343, found 711.2356.

The data of P9.
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S
PPh,

HN._O
NH,

P9; white solid; yield: 80%; [a]p*® = -1.6 (¢ = 0.33, CHCl3); '"H NMR (500 MHz,
CDCl3) & 7.92 (d, J = 6.9 Hz, 1H), 7.41-7.38 (m, 3H), 7.31-7.28 (m, 4H), 7.26-7.20
(m, 7H), 7.15-7.11 (m, 3H), 7.00 (dd, J = 11.7, 4.1 Hz, 2H), 5.30-5.27 (m, 1H), 3.18
(d, J=3.9 Hz, 1H), 2.32 (d, J = 7.4 Hz, 2H), 2.28-2.22 (m, 1H), 1.59 (s, 2H), 0.93 (d,
J =17.0 Hz, 3H), 0.76 (d, J = 6.9 Hz, 3H); '3C NMR (126 MHz, CDCls) & 173.45,
141.16 (d, J = 5.9 Hz), 140.94, 140.66, 138.25 (d, J = 11.9 Hz), 137.00 (d, J = 12.7
Hz), 132.64 (d, J = 6.4 Hz), 132.49 (d, J = 6.8 Hz),130.55, 129.48, 128.60, 128.54,
128.52, 128.47, 128.42, 128.37, 127.84, 125.12, 60.12, 48.28 (d, J = 14.4 Hz), 36.77
(d, J = 16.6 Hz) 30.88, 19.87, 16.21; *'P NMR (202 MHz, CDCl3) & -23.64; HRMS
(ESI) m/z calcd. for C31H34N2OP [M+H] © = 481.2403, found 481.2404.

The data of P10.

S
&

HN___O

P10; white solid; [o]p?® = -7.8 (¢ = 0.33, CHCl;); '"H NMR (500 MHz, CDCl;) &
7.35-7.22 (m, 14H), 7.17 (d, J= 7.4 Hz, 2H), 7.05 (d, J= 7.2 Hz, 1H), 7.01 (t, J=7.4
Hz, 2H), 6.46 (s, 1H), 5.19 (d, J = 5.0 Hz, 1H), 4.29 (t, J = 6.9 Hz, 1H), 2.37 (d, J =
11.8 Hz, 1H), 2.30-2.24 (m, 1H), 2.09 (dd, J = 12.9, 6.5 Hz, 1H), 1.65 (s, 1H), 0.96 (d,
J=6.5Hz, 3H), 0.92 (d, J = 6.6 Hz, 3H); '°F NMR (376 MHz, CDCl;) § -75.65; 3'P
NMR (202 MHz, CDCls) § -24.45; '*C NMR (126 MHz, CDCls) § 168.30, 157.20 (q,
J=37.5 Hz), 140.76, 140.44, 140.02 (d, J = 5.6 Hz), 137.63 (d, J = 11.1 Hz), 135.82
(d, J = 13.1 Hz), 132.75 (d, J = 19.8 Hz), 132.21 (d, J = 18.7 Hz), 130.68, 129.24,
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129.00, 128.75, 128.69, 128.68, 128.58, 128.53, 128.48, 128.17, 127.32 (d, J = 13.9
Hz), 115.77 (q, J = 287.7 Hz), 124.75, 58.66, 49.20 (d, J = 13.3 Hz), 36.20 (d, J =
17.1 Hz), 31.76, 21.53, 19.31, 17.89; HRMS (ESI) m/z caled. for Cs3HasFsN,05P
[M+H] * = 577.2226, found 577.2229.

The data of P12.

O 0
PPh,
HN.__O

N~ O Ph

P12; white solid; [o]p?® = -3.3 (¢ = 1.0, CHCl3); '"H NMR (300 MHz, CDCl3) § 7.31 (s,
11H), 7.23 (d, J = 10.3 Hz, 7H), 7.12 (dd, J = 9.4, 4.8 Hz, 3H), 6.98 (t, J = 7.6 Hz,
2H), 6.73 (d, J = 6.4 Hz, 1H), 5.40 (s, 1H), 5.17 (dd, J = 15.5, 6.5 Hz, 1H), 5.09 (s,
2H), 4.02 (d, J = 6.8 Hz, 1H), 2.80 (dd, J = 12.3, 5.5 Hz, 2H), 2.30-2.23 (m, 1H),
2.13-2.04 (m, 1H), 0.95 (d, J = 6.7 Hz, 3H), 0.89 (d, J = 6.6 Hz, 3H); *'P NMR (162
MHz, CDCl;) & -24.34; '3C NMR (101 MHz, CDCl;) & 170.56, 156.64, 140.80,
140.69, 140.60, 138.12 (d, J = 11.9 Hz),136.33, 136.26, 136.13, 132.83 (d, J = 19.8
Hz), 132.25 (d, J = 18.6 Hz), 130.54, 129.36, 128.85, 128.71, 128.64, 128.56, 128.51,
128.48, 128. 45, 128.16, 128.09, 128.01, 127.16, 127.13, 125.02, 67.02, 60.56, 48.95
(d, J = 3.4 Hz), 48.76 (d, J = 13.3 Hz), 36.35 (d, J = 16.9 Hz), 31.11, 21.57, 19.67,
17.98, 14.27, 11.69 (d, J = 4.0 Hz); HRMS (ESI) m/z calcd. for C30H4oN>O3P [M+H]
*=615.2771, found 615.2770.

The data of P13.

O O
PPh,
HN.__O

NHBoc
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P13; white solid; [a]p?® = +17.530 (¢ = 0.33, CHCl3); '"H NMR (500 MHz, CDCl3) &
739 (d, J = 7.7 Hz, 1H), 7.31-7.28 (m, 6H), 7.24-7.21 (m, 6H), 7.16-7.13 (m, 3H),
7.04 (t, J = 7.3 Hz, 2H), 6.75 (s, 1H), 5.28-5.25 (m, 1H), 5.13 (s, 1H), 3.68 (s, 2H),
2.32 (d, J = 7.3 Hz, 2H), 1.44 (s, 9H); 3'P NMR (202 MHz, CDCl3) & -23.96; *C
NMR (126 MHz, CDCl3) 6 168.31, 156.07, 140.74 (d, J = 46.8 Hz), 140.43 (d, J=5.8
Hz), 138.00 (d, J = 12.1 Hz), 137.03 (d, J = 12.7 Hz), 132.72, 132.59, 132.57, 132.44,
130.54, 129.33, 128.67, 128.62, 128.59, 128.53, 128.52, 128.46, 128.37, 127.98,
127.18, 125.25, 60.44, 44.31, 48.73 (d, J = 14.9 Hz), 36.54 (d, J = 16.9 Hz), 28.38,
21.09, 14.24; HRMS (ESI) m/z caled. for C33H36N20sP [M+H] * = 539.2458, found
539.2459.

(8)-2-(1,1,1-trifluoro-4-oxo0-4-phenylbutan-2-yl)pyridazin-3(2H)-one

(+)-3aa; isolated yield: 28.1 mg (95%); colorless sticky oil; [a]p?® = +291.9 (¢ = 1.0,
CHCl3); '"H NMR (400 MHz, CDCl3) & 7.97-7.94 (m, 2H), 7.72 (dd, J = 3.7, 1.6 Hz,
1H), 7.60 (t, /= 7.4 Hz, 1H), 7.48 (t, J= 7.7 Hz, 2H), 7.14 (dd, J = 9.5, 3.7 Hz, 1H),
6.99 (dd, J=9.5, 1.6 Hz, 1H), 6.47-6.38 (m, 1H), 4.29 (dd, J = 18.1, 10.9 Hz, 1H),
3.52 (dd, J = 18.1, 2.9 Hz, 1H); '3C NMR (101 MHz, CDCls) & 193.85, 160.11,
136.59, 135.79, 133.76, 131.04, 130.22, 128.74, 128.06, 124.41 (q, J = 282.8 Hz),
52.89 (q, J = 31.5 Hz), 35.30; 'F NMR (376 MHz, CDCls) § -73.16 (s); Enantiomeric
excess: 95%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 80/20; flow
rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 9.69 min, second peak: tr = 13.64
min; HRMS (ESI) m/z caled. for Ci4HiiF3N2NaO2 [M+Na] © = 319.0665, found
319.0667.
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WHM-2 #35 jmodified by zhang group] whim- 12-3wc-300-3020-1 0 UV WIS \WHM-2 #00 Imodified by zhang grous] whm-12-25 020-1.0 UV VIS
S mau WL 254 S mAl L254

R

T e e il ; 2-‘|3.£-(u
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] 2 4 0 s do " o o o T do 2o ze|| 47 ) 75 B do " ld s e o s o
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. Ret.Time Peak Name Height Area RelArea Amoun it Type

min mAU  mAU"min % min mAU  mAUmin g
1 ar2 na 252803 69.783 4983 na BMB* 1 9.69 n.a. 248.321 69.207 97.32 n.a BMB*
2 13.64 n.a. 212738 69.992 50.07 n.a. BMB* 2 13.64 n.a. 6.384 1.004 268 n.a. BMB*
Total: 465340 139775 100.00 0.000 Total: 254705 71.111  100.00 0.000

($)-2-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobutan-2-yl)pyridazin-3
(2H)-one

E
O

Ul
w

Me
(+)-3ba; isolated yield: 30.0 mg (97%); colorless sticky oil; [o]p?® = +230.3 (¢ = 1.0,

CHCls); '"H NMR (400 MHz, CDCl3) § 7.85 (d, J = 8.2 Hz, 2H), 7.71 (dd, J = 3.6, 1.6
Hz, 1H), 7.27 (d, /= 8.0 Hz, 2H), 7.13 (dd, /= 9.5, 3.7 Hz, 1H), 6.98 (dd, /=9.5, 1.7
Hz, 1H), 6.64-6.37 (m, 1H), 4.25 (dd, J = 18.0, 10.9 Hz, 1H), 3.49 (dd, J = 18.0, 2.9
Hz, 1H), 2.41 (s, 3H); 3C NMR (101 MHz, CDCls) § 193.47, 160.16, 144.78, 136.59,
133.41, 131.06, 130.25, 129.45, 128.23, 124.49 (q, J = 282.8 Hz), 52.98 (q, J=31.4
Hz), 35.20, 21.66 (q, J = 2.6 Hz); ”F NMR (376 MHz, CDCl;) § -73.14 (s);
Enantiomeric excess: 96%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH =
80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 10.29 min, second peak:
tr = 15.93 min; HRMS (ESI) m/z caled. for CisHi3F3N2NaO> [M+Na] "= 333.0821,
found 333.0824.
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No. | RetTime Peak Name Height Area Rel.Area Amount Type No. | RetTime Peak Name Height Area  RelArea Amount Type
min mAU _ mAU min % min mAU  mAU*min %
1 10.30 n.a. 421575 117395 4097 na. BMB* 1 10.28 n.a 317413 87832 @783 na. BMBE”
2 15.93 n.a. 309.991  117.515  50.03 n.a. BMB* 2 15.03 n.a. £412 1.048 217 n.a. BMB”
Total: 731.567 234.910 100.00 0.000 Total: 322.825 80.879 100.00 0.000

(8)-2-(1,1,1-trifluoro-4-oxo0-4-(p-tolyl)butan-2-yl)pyridazin-3(2H)-one

/@)J\/\CFs
MeO

(H)-3ca; isolated yield: 28.7 mg (88%); colorless sticky oil; [a]p?® = +355.6 (¢ = 1.0,
CHCls); 'TH NMR (500 MHz, CDCl3) § 7.93 (d, J = 8.9 Hz, 2H), 7.72 (dd, J = 3.6, 1.6
Hz, 1H), 7.13 (dd, J = 9.5, 3.7 Hz, 1H), 7.00-6.93 (m, 3H), 6.45-6.38 (m, 1H), 4.23
(dd, J = 17.9, 11.0 Hz, 1H), 3.87 (s, 3H), 3.46 (dd, J = 17.9, 2.9 Hz, 1H); 1*C NMR
(126 MHz, CDCl3) 6 192.27, 164.00, 160.14, 136.55, 131.02, 130.41, 130.23, 128.88,
124.46 (q, J = 282.8 Hz), 113.89, 55.51, 52.95 (q, J = 31.3 Hz), 34.90; '°’F NMR (376
MHz, CDCl;3) 6 -73.13 (s); Enantiomeric excess: 93%, determined by HPLC
(Chiralpak AD-H, hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first
peak: tr = 14.74 min, second peak: tr = 24.57 min; HRMS (ESI) m/z calcd. for
C1sH13F3N2NaOs [M+Na] "= 349.0770, found 349.0769.
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213 WHM-2 #115 [modified by zhang group]  whmn-12-58ws-30h-3020-10 UV VIS i 73, NHM-2 8114 [modiied by zhang group] _ wh-12-56sx-36-3020-10 UV WIS 1
Al WVL254 nml 5 Imau WAWLZ54 nrr
1-15.450 1- 14740
0.0+
175]
0.0
150 |
2-26420 0.0+
125
0.0
100 |
0.
7
20.04 |
50 | |
10 \
25
! \ 245
J / ; o]
mir| 4
o 180 100 200 oo 2do 20 2o S 7.3 g ds 190 15 2la 25 240 25 b
No. | Ret.Time Peak Hame Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area RelArea Amoun it Type
min mAU mAU*min ) min mAU mAU*min
1 15.46 n.a. 199.091 101.056 51.51 n.a. BMB* 1 14.74 n.a. 71.928 31.944 9649 n.a. BMB*
2 2642 n.a. 136.285 95.125 4849 n.a. BMB* 2 24 57 n.a. 1.915 1.163 3.51 n.a. BMB*
Total: 335376 196.181 100.00 0.000 Total: 73843 33.107 100.00 0.000

(5)-2-(4-([1,1'-biphenyl]-4-yl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyridazin-
3(2H)-one

/@)‘\/\CFs
Ph

(H)-3da; isolated yield: 36.1 mg (97%); white solid; [a]p?® = +321.9 (¢ = 1.0, CHCl3);
"H NMR (400 MHz, CDCls) & 8.02 (d, J = 8.4 Hz, 2H), 7.75-7.64 (m, 3H), 7.62-7.60
(m, 2H), 7.51-7.39 (m, 3H), 7.13 (dd, J = 9.5, 3.7 Hz, 1H), 6.99 (dd, J= 9.6, 1.7 Hz,
1H), 6.49-6.40 (m, 1H), 4.32 (dd, J = 18.0, 10.9 Hz, 1H), 3.55 (dd, J = 18.0, 2.9 Hz,
1H); *C NMR (101 MHz, CDCls) § 193.40, 160.12, 146.48, 139.55, 136.60, 134.47,
131.04, 130.24, 128.97, 128.68, 128.40, 127.34, 127.22, 124.44 (q, J = 282.8 Hz),
52.94 (q, J = 31.5 Hz), 35.32; °F NMR (376 MHz, CDCls) § -73.09 (s); Enantiomeric
excess: 95%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 80/20; flow
rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 15.51 min, second peak: tr = 27.28
min; HRMS (ESI) m/z caled. for CaoHisF3N2NaO; [M+Na] © = 395.0978, found =
395.0977.
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g - WIHM-2 112 [modified by zhang oroup]  wha-12-5vee-36h-8020-1.0 UY VIS 1 |[ g i¥HME2 #113 ImodiBed by hang groupl  whim-12-55sx-30n 8020-1.0 Uy WIS |
AU WVLZ54 ] T mAU WVLZ54m
116507
1- 15,080
175
200+
150
125] L
2-28.357
| \
100
100
75]
o] \ H
25 ! ll 27280
I
|
| J \
R il ,n mir|
a0 50 1o o) 200 260 2o e T o wo 1E0 200 220 3o B ]
Ho. Ret.Time Peak Name Height Area Rel.Area Amount Type Ho. Ret.Time Peak Hame Height Area Rel.Area Amount Type
min mAU  mAU*min % min mAU _ mAU*min i
1 15.08 n.a. 17.807 8.303 5044 n.a. BMmB* 1 15.51 na. 231496 106.570 97.68 na. BMB*
2 26.39 na 11582 8157 4956 na BMB* 2 27.28 n.a. 3.799 2.533 2.32 n.a. BMB*
Total: 29.389 16.461 100.00 0.000 Total: 235285 108.103 100.00 0.000

(8)-2-(1,1,1-trifluoro-4-(4-fluorophenyl)-4-oxobutan-2-yl)pyridazin-
3(2H)-one

/@)‘\/\C Fs
F

(H)-3ea; isolated yield: 30.1 mg (96%); colorless sticky oil; [a]p?® = +269.9 (c = 1.0,
CHCls); '"H NMR (500 MHz, CDCls) & 8.01-7.97 (m, 2H), 7.73-7.72 (m, 1H),
7.17-7.13 (m, 3H), 7.00 (dd, J = 9.5, 1.7 Hz, 1H), 6.43-6.39 (m, 1H), 4.26 (dd, J =
18.0, 10.9 Hz, 1H), 3.50 (dd, J = 18.0, 2.9 Hz, 1H); 1*C NMR (126 MHz, CDCl;) §
192.36, 166.16 (d, J = 256.1 Hz), 160.15, 136.71, 132.26 (d, J = 3.0 Hz), 131.15,
130.85 (d, J = 9.5 Hz), 130.31, 124.39 (q, J = 282.8 Hz), 115.99 (d, J = 22.0 Hz),
52.87 (q,J =31.5 Hz), 35.25; ”F NMR (376 MHz, CDCl3) § -73.17 (), -103.67 (s);
Enantiomeric excess: 97%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH
= 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 10.19 min, second peak:

tr = 16.21 min; HRMS (ESI) m/z caled. for Ci14HioF4N2NaO> [M+Na] "= 337.0571,
found 337.0573.
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g WHM-2 $103 [modifed by hang ool wh-12.48 02010 Uy VIS | V-2 #105 [modFed by zhang arous]  wh- 12488 re-an S020-1.0 Uy vis 1
S ImAU WVLZ54 ] Al VL 254 )
si] 1-10.180
00
1-10.183
120]
2-18.120
100 (\ o)
o ‘ { 30
ac |
20H
ol \ |
x| [ \ 10c1 \
N X i \
2-18
2
m || min
1o o o 100 o i ) 25 so 7s 1da 1ds [EE) s 200 2a
No. | RetTime Peak Hame Height Area RelArea  Amoun it Type No. | Ret.Time Peak Hame Height Area RelArea Amoun it Type
min mAU  mAU*min % min mAU __ mAU*min %
1 10.16 na. 139.790 43.183  50.07 na BMB* 1 10.19 n.a. 474085 146.247 9881 na. BMB*
2 16.12 na. 106.746 43.057 49.93 na BMB* 2 16.21 n.a. 5.558 2.062 1.38 n.a, BMB*
Total: 246.536 86.240 100.00 0.000 Total: 479.645 148308 100.00 0.000

(8)-2-(4-(4-chlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyridazin-3(2H)- one

WCFa
Cl

(H)-3fa; isolated yield: 32.0 mg (97%); colorless sticky oil; [a]p®® = +235.2 (¢ = 1.0,
CHCls); '"H NMR (400 MHz, CDCl3) § 7.90 (d, J = 8.6 Hz, 2H), 7.73 (dd, J = 3.6, 1.6
Hz, 1H), 7.45 (d, J = 8.5 Hz, 2H), 7.16 (dd, J=9.5, 3.7 Hz, 1H), 6.99 (dd, J=9.5, 1.5
Hz, 1H), 6.45-6.36 (m, 1H), 4.25 (dd, J = 18.1, 10.9 Hz, 1H), 3.49 (dd, J = 18.1, 2.9
Hz, 1H); 3C NMR (101 MHz, CDCl3) & 192.73, 160.08, 140.36, 136.66, 134.09,
131.10, 130.26, 129.49, 129.10, 124.32 (q, J = 282.9 Hz), 35.27, 52.83 (q, J = 31.5
Hz); F NMR (376 MHz, CDCl3) & -73.17 (s). Enantiomeric excess: 98%,
determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 80/20; flow rate 1.0 ml/min;
25 °C; 254 nm), first peak: tr = 10.66 min, second peak: tr = 17.35 min; HRMS (ESI)
m/z caled. for C14H;0CIF3N2NaO, [M+Na] "= 353.0275, found 353.0280.
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295_\':{:34»2#86 Imodified by zhang grous] i 12-19- twe-adh-8020-1.0 UV VIS 1 MHM-Z #35 [modified by zhang grous] whm-12-10-1re-3dh 802010 UV VIS 1

WVLZ54 nim] nALl ) WL254 |
1-10.660
1-10.673
250+ %50l \
2004
[‘2-‘7293 1504 \
1504
1004 |
1004 ‘
| | E
504 ‘
I i X 2w
——
min mir}
44 ! B [LE] do o 1la o 20 ! 248 g3 1 [T 115 [E! 18 13 17.5 ¥
Ho. | RetTime Peak Name Height Area  RelArea Amoun t  Type Ho. | RetTime Peak Name Height Area  Rel.Area  Amount Type
min mAU _ mAU*min g min mAU  mAU*min %
1 1067 na 246832  76.155 5024 na. BMB" 1] 1068 na 228815 71126 9A85 na. BMB*
2 17.29 na 181.182 75429 4978 na BMB* 2 17.35 n.a. 2329 0.828 1.15 na. BMB*
Total: 428014 151585 100.00 0.000 Total: 231.144 71.954 100.00 0.000

(8)-2-(4-(4-bromophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyridazin-3(2H)- one

/O)J\/\CF3
Br

(+)-3ga; isolated yield: 36.4 mg (97%); colorless sticky oil; [a]p?® = +226.1 (¢ = 1.0,
CHCl3); '"H NMR (400 MHz, CDCl3) & 7.82 (d, J = 8.4 Hz, 2H), 7.73-7.72 (m, 1H),
7.63-7.61 (m, 2H), 7.15 (dd, J = 9.5, 3.7 Hz, 1H), 6.99 (d, J = 9.5 Hz, 1H), 6.44-6.36
(m, 1H), 4.24 (dd, J = 18.1, 10.9 Hz, 1H), 3.49 (dd, J = 18.1, 2.9 Hz, 1H); 1*C NMR
(126 MHz, CDCl3) 6 193.00, 160.15, 136.75, 134.49, 132.15, 131.19, 130.30, 129.62,
129.17, 124.36 (q, J = 282.8 Hz), 52.81 (q, J = 31.5 Hz), 35.29; '°F NMR (376 MHz,
CDCIl3) 6 -73.16 (s); Enantiomeric excess: 97%, determined by HPLC (Chiralpak
AD-H, hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr =
11.43 min, second peak: tg = 18.57 min; HRMS (ESI) m/z calcd. for
C14H10BrF3N>NaO> [M+Na] "= 396.9770, found 396.9773.
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44 WHM-2 #1086 [modified by zhang growp] whrm-12-51wae-a3dh-8020-10 UV VIS 1 ¥ WHM-2 #107 [modified by zhang group] whm-12-515x-3dh-8020-1.0 UV VIS 1
jmau WVL:254 nm 4 fnau N > WVL254 nm
111427
1-11473
1.200]
360+
1,000+
300] 218,580
250+ \ e
00 ‘ 600

g \__M J\g . |

mir| 00 -
85" wo s i35 1ds s W3 s 88 20a T, 0o 2o 4 e 80 o " do” " o o’ 4do MR E
No. | Ret.Time Peak Name Height Area Rel.Area Amoun t Type No. | Ret.Time Peak Hame Height Area Rel.Area Amoun t Type
min mAU__mAU'min_ % min mAU __mAU‘min :
1 11.47 na. 400487 1348968 4998 na BMB* 1 11.43 n.a. 1317.614 445903 9843 na. BMB*
2| 1858 na 292740 134881  50.02 na _ BMBE* 2| 1857 na 17766 7.093 157 a. _ BMB*
Total: 693227 269877 100.00 0.000 Total: 1335.580 452887 100.00 0.000

(8)-2-(1,1,1-trifluoro-4-(4-iodophenyl)-4-oxobutan-2-yl)pyridazin-3(2H)-

one

/@)J\/\CFfi
I

(+)-3ha; isolated yield: 41.8 mg (99%); white solid; [a]p?’ = +288.3 (¢ = 1.0, CHCl5);
"H NMR (400 MHz, CDCls) § 7.84 (d, J = 8.5 Hz, 2H), 7.72 (dd, J = 3.6, 1.6 Hz, 1H),
7.66 (d, J= 8.5 Hz, 2H), 7.15 (dd, /= 9.5, 3.7 Hz, 1H), 6.99 (dd, J=9.5, 1.6 Hz, 1H),
6.44-6.35 (m, 1H), 4.23 (dd, J = 18.1, 10.9 Hz, 1H), 3.47 (dd, J = 18.1, 3.0 Hz, 1H);
BC NMR (126 MHz, CDCls) § 193.25, 160.07, 138.08, 136.67, 134.94, 131.11,
130.24, 129.38, 124.29 (q, J = 282.8 Hz), 101.98, 52.73 (q, J = 31.5 Hz), 35.15; '°F
NMR (376 MHz, CDCl3) 6 -73.15 (s); Enantiomeric excess: 95%, determined by
HPLC (Chiralpak AD-H, hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254
nm), first peak: tr = 12.58 min, second peak: tr = 20.67 min; HRMS (ESI) m/z calcd.
for C14H10F3IN2NaO> [M+Na] "= 444.963 1, found 444.9631.
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WHM-2 #106 [modified by zhang group]| whim-12-52wx-3dh-8020-1.0 UV VIS 1 2 EBD_WHM'Z#IDQ Imodified by zhang group] whim 12 525 adh-8020-1.0 UV VIS 1
mAL WL 254 nir] S mau WVLZ54 i
1-12580
120 1 - 12680
2,000H
1004
2-20520 1,500
o] q
8 { | 1,000
) | |
500 |
2 |
, ; A-eer
=il A i ' '
T
3 500 mirf
to 75 50 75 o 1ds | 180 15 20 s T oo 25 50 75 100 s o 1s | o0 s T2
No. Ret.Time Peak Name Height Area Rel.Area Amount Type No. Ret.Time Peak Hame Height Area Rel.Area Amount Type
min mAU  mAU*min % min mAU _ mAUmin %
1 12.68 n.a. 118.159 43.297  49.84 na BMB* 1 12.58 2234596 923252 9735 na BMB*
2 2052 na. 84742 43581 50.16 na BMB* 2 20.67 50.275 25.166 2.65 na. BMB*
Total: 202 501 86.678 100.00 0.000 Total 2284.871 948417 100.00 0.000

(8)-2-(1,1,1-trifluoro-4-(4-nitrophenyl)-4-oxobutan-2-yl)pyridazin-3(2H)-

one

(+)-3ia; isolated yield: 33.4 mg (98%); colorless sticky oil; [a]p?’ = +288.2 (¢ = 1.0,
CHCls); 'TH NMR (400 MHz, CDCls) & 8.33 (d, J = 8.8 Hz, 2H), 8.14 (d, J = 8.8 Hz,
2H), 7.75 (dd, J = 3.6, 1.6 Hz, 1H), 7.19 (dd, J = 9.6, 3.7 Hz, 1H), 7.01 (dd, J = 9.6,
1.6 Hz, 1H), 6.46-6.38 (m, 1H), 4.33 (dd, J = 18.2, 10.8 Hz, 1H), 3.59 (dd, J = 18.3,
3.0 Hz, 1H); '*C NMR (101 MHz, CDCl3) § 192.71, 160.07, 150.76, 140.07, 136.86,
131.26, 130.34, 129.24, 124.22 (q, J = 282.9 Hz), 124.02, 52.77 (q, J = 31.7 Hz),
35.89; F NMR (376 MHz, CDCl3) & -73.19 (s); Enantiomeric excess: 97%,
determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 80/20; flow rate 1.0 ml/min;
25 °C; 254 nm), first peak: tr = 31.02 min, second peak: tr = 32.74 min; HRMS (ESI)
m/z caled. for C14H10F3N3NaOs [M+Na] "= 364.0516, found 364.0515.
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24 5 WHIET 2120 [modified by w12 50w0e-300-8020-1.0 Uy VIS | \WHM-2 #121 [modified by hang grous] _ whm-12 020-1.0 uv Vi 1
Tnau wizsim] || ¥ man L3254 )
1-31.100 2-32740
350+ f\
2004
/ lﬂ 2-33180 200 \
150 \ /\ = / \
\ S
200
\ \
100 | / ‘
\ 150
| |
| 100
50 |
50
LT 2 1-310
o e e
T mirl
R 2 alo BE s oA o ER ! 2 4 { alo d o] d
Ho. Ret.Time Peak Name Height Area RelArea Amount Type No. | RetTime Peak Name Height Area Rel.Area  Amount it Type
min mAU _ mAU'min___ % min mAU__mAU'min_ %
1] 3110 na 22728 18935 49.92 na. BM*® 1{ 3102 na 9.264 6155 164 na.  BMb*
2| 3318 na 18434  18.998  50.08 na MB* 2| 3274 na 356223 368.076 9636 na__ bMB*
Total: 41.162  37.933  100.00 0.000 Total: 365487 374433 100.00 0.000

(8)-4-(4,4,4-trifluoro-3-(6-oxopyridazin-1(6 H)-yl)butanoyl)benzonitrile

(+)-3ja; isolated yield: 31.1 mg (97%); colorless sticky oil; [o]p?® = +276.8 (¢ = 1.0,
CHCl3); '"H NMR (400 MHz, CDCls) § 8.06 (d, J = 8.5 Hz, 2H), 7.80 (d, J = 8.5 Hz,
2H), 7.74 (dd, J = 3.6, 1.6 Hz, 1H), 7.18 (dd, J = 9.6, 3.7 Hz, 1H), 7.01 (dd, J = 9.6,
1.6 Hz, 1H), 6.45-6.36 (m, 1H), 4.29 (dd, J = 18.2, 10.8 Hz, 1H), 3.55 (dd, J = 18.2,
3.0 Hz, 1H); '*C NMR (101 MHz, CDCl3) § 192.87, 160.07, 138.62, 136.83, 132.67,
131.25, 130.33, 128.57, 124.23 (q, J = 282.9 Hz), 117.65, 117.12, 52.76 (q, J = 31.6
Hz), 35.68; "F NMR (376 MHz, CDCls) & -73.19 (s); Enantiomeric excess: 96%,
determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 80/20; flow rate 1.0 ml/min;
25 °C; 254 nm), first peak: tr = 23.54 min, second peak: tr = 26.24 min; HRMS (ESI)
m/z caled. for Ci1sH10F3N3NaO; [M+Na] "= 344.0617, found 344.0622.
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75,4 WHM-2 #122 [modified bv zhang aroup]  whm-12-B0vec-adh-2020-1.0 UV WIS 1 ‘300 \WHM-2 #123 Imodified by zhang group] _ whr-12-80sx-ach-8020-1.0 UV VIS 1
8- may i WVLZ54 nir| AL WWLZ54 nin]
700+ 23833 7
d-.s.a:. 00 12540
A
s0.0- { \ ‘ 600
00 f { | 500
0.0 ’ | \ 408
| ”
0.0+ II
I ’
2004
206+
100
100 ‘
| 2-26240
J _—
s ! t T
53 mirl || .10 : .
107 oo 21 B EE R 20 %3 275 ?) T e [ B o 10 a0 220 3o 2 al] ats
Ho. | Ret.Time Peak Hame Height Area  Rel.Area Amount Type Ho. | RetTime Peak Name Height Area  RelArea Amount Type
min mAU  mAU’min % min mAU  mAU*min )
1 23.83 na. 67435 53.011 4957 na. BMb* 1 23.54 n.a. 664.559 521.095 97.93 na BMB*
2 26.35 na. T4.674 53.921 5043 na. bMB* 2 26.24 n.a. 16.364 11.028 2.07 na BMB*
Total: 142,108 106.831  100.00 0.000 Total: 680.923 532124 100.00 0.000

(8)-2-(1,1,1-trifluoro-4-(4-(methylsulfonyl)phenyl)-4-oxobutan-2-yl)

pyridaz-in-3(2H)-one

/@)J\/\CFs
MeO,S

(+)-3ka; isolated yield: 29.2 mg (78%); white solid; [a]p?’ = +176.2 (¢ = 1.0, CHCl5);
"H NMR (400 MHz, CDCls) § 8.14 (d, J = 8.5 Hz, 2H), 8.07 (d, J = 8.5 Hz, 2H), 7.73
(dd, J=3.6,1.6 Hz, 1H), 7.17 (dd, J = 9.6, 3.7 Hz, 1H), 7.01 (dd, J = 9.6, 1.6 Hz, 1H),
6.46-6.37 (m, 1H), 4.31 (dd, J = 18.2, 10.8 Hz, 1H), 3.56 (dd, J = 18.2, 3.0 Hz, 1H),
3.08 (s, 1H); 3C NMR (101 MHz, CDCls) § 192.95, 160.08, 144.94, 139.61, 136.81,
131.21, 130.37, 129.02, 127.99, 124.23 (q, J = 282.8 Hz), 52.81 (q, J = 31.7 Hz),
44.26, 35.83; ’F NMR (376 MHz, CDCl3) & -73.17 (s); Enantiomeric excess: 93%,
determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10; flow rate 1.0 ml/min;
25 °C; 254 nm), first peak: tr = 39.94 min, second peak: tr = 50.88 min; HRMS (ESI)
m/z caled. for C1sH13F3N2NaO4S [M+Na] “= 397.0440, found 397.0445.
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- M-2 172 [modified by zhang group]  whm-12-Bwex-adh-8010-1.0 Uy IS 1 ‘50 0 M2 2171 [mocified by zhang oroup] _ whm 12-04sv-1e2-30h 8010-1.0 UV VIS 1
“Fnau ] s

VLI5S o 54 |
1-32.840
0
s0.0H
50
0.0+
0]
150 Eiy |
|
e
. 2004
e 2-40.80
5.0
1004
) |
2-50820
o —rt—A |
o]
siie] mt || o0 mir|
P T R T T T e D "sle 0a i 20 o o EE) o
No. | Ret.Time Peak Name Height Area  RelArsa Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*'min % min mAU  mAU*min o
1 40.73 n.a. 6.824 12.324  50.24 na BMB* 1 3304 na 55722  104.341 96.24 na. BMB*
2| 4998 na 8339 12207 4978 na BMS* 2| 5088 na 2252 4097 376 na. BMB*
Total: 13.163 24.532 100.00 0.000 Total: 57974 108938 10000 0.000

(8)-2-(1,1,1-trifluoro-4-0x0-4-(4-(trifluoromethyl)phenyl)butan-2-yl)

pyridazin-3(2H)-one

/@)J\/\Cﬁa
FsC

(+)-3la; isolated yield: 35.3 mg (97%); colorless sticky oil; [a]p?’ = +180.2 (¢ = 1.0,
CHCls); 'TH NMR (500 MHz, CDCI3) & 8.08 (d, J = 8.1 Hz, 2H), 7.76-7.73 (m, 3H),
7.20-7.16 (m, 1H), 7.01 (dd, J = 9.6, 1.7 Hz, 1H), 6.46-6.39 (m, 1H), 4.32 (dd, J =
18.2, 10.9 Hz, 1H), 3.55 (dd, J = 18.2, 3.0 Hz, 1H); 1*C NMR (126 MHz, CDCl;) §
193.10, 160.09, 138.31, 136.76, 135.04 (q, J = 32.8 Hz), 131.18, 130.28, 128.47,
125.85 (q, J=3.7 Hz), 124.25 (q, J = 282.8 Hz), 123.38 (q, J = 272.8 Hz), 52.72 (q, J
=31.6 Hz), 35.58; "’F NMR (376 MHz, CDCl3) & -63.27 (s), -73.21 (s); Enantiomeric
excess: 96%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 80/20; flow
rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 9.23 min, second peak: tr = 13.33
min; HRMS (ESI) m/z caled. for CisHioFsN2NaO, [M+Na] * = 387.0539, found
387.0544.
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24 7 WHM-2 8125 [modified by zhang oroup] _wher- 12-B4wx ath-5020-1.0 LV IS { 11 HM-2 #128 [modifed by zhang group]  whme12-B4s-ach-A020-10 UV VIS 1
AU TWL254 jmALI WVL254 nm|
30.0] ] 100 §-8227
250 2-12887
- |
200 |
[ 60
150
20
0.0
204
o
| \ 13327
\ \ H— A
g L
3 min | 2
7 q g do 4o {0 180 [E # o 25 5o 5 do 12 P T do Ba
HNo. Ret.Time Peak Name Height Area RelArea Amount Type No. Ret.Time Peak Name Height Area RelArea Amount Type
min mAU  mAU*min % min mAU  mAU*min o
1 8.98 n.a. 29.624 8352 497 n.a. BmBE* 1 8.23 n.a. 100.182 29.994 9B8.11 na. BMB*
2 12.89 na 24 824 8450 5029 na BMB* 2 13.33 na 1785 0.579 189 na BMB*
Total: 54 248 16.802 10000 0.000 Total: 101 847 30574 10000 0.000

(8)-2-(1,1,1-trifluoro-4-(2-nitrophenyl)-4-oxobutan-2-yl)pyridazin-

3(2H)-one
| X
O N\I;l @]
WC&
NO,

(+)-3ma; isolated yield: 31.4 mg (92%); white soild; [a]p?’ = +140,9 (c = 1.0, CHCl3);
"H NMR (500 MHz, CDCl3) & 8.12 (dd, J= 8.2, 0.6 Hz, 1H), 7.84 (dd, J=3.7, 1.6 Hz,
1H), 7.76-7.73 (m, 1H), 7.66-7.63 (m, 1H), 7.40 (dd, J= 7.6, 1.2 Hz, 1H), 7.22 (dd, J
=9.5, 3.7 Hz, 1H), 7.00 (dd, J = 9.5, 1.6 Hz, 1H), 6.47-6.40 (m, 1H), 4.03 (dd, J =
18.3, 10.8 Hz, 1H), 3.47 (dd, J = 18.3, 2.8 Hz, 1H); 3*C NMR (126 MHz, CDCl3) §
196.41, 160.14, 145.58, 136.96, 136.34, 134.41, 131.40, 131.17, 130.25, 124.07 (q, J
= 282.9 Hz), 127.26, 124.65, 52.50 (q, J = 31.9 Hz), 39.44; '’F NMR (376 MHz,
CDCIl3) 6 -73.14 (s); Enantiomeric excess: 90%, determined by HPLC (Chiralpak
AD-H, hexane/i-PrOH = 90/10; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr =
12.75 min, second peak: tr = 15.98 min; HRMS (ESI) m/z calcd. for C14H10F3N3NaOg4
[M+Na] "= 364.0516, found 364.0520.
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2ga WHM-2 4137 [modes by Zhang groupl  whm-12-53w-30n8020-10 UV VIS 1 290 NHM-2 #128 [modifed by zhang group] _ whm-12-83s-ach-8020-1.0 W IS 1
mAl WiL254n 328 mAl VL2534 o]
1-13727 1- 1275
2504 (\
2-17.22 250
2004 |
| 2004 ‘
150 ‘
150
100 | \
100 l !
“ !
5+ \
ol X 2-15980
L L
T T
4 mirf 2 miry
PR 75 W0 @5 8o 15 o @5 - Bn 25 4|| b T 11700 1200 1200 oo 1500 18100 1700 a1
No. | RetTime Peak Name Height Area Rel.Area Amount Type Ho. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min Yo min mAU  mAU*min
1 13.73 n.a. 253.462 95.431 49.17 n.a. BmMB* 1 12.75 na 286762 97.340 9513 na BMB*
2 17.23 n.a. 214.298 99.701 50.83 n.a. MB* 2 15.98 na 12,549 4984 487 na BMB*
Total: 467760 196.131 100.00 0.000 Total: 299311 102324 10000 0.000

(8)-2-(1,1,1-trifluoro-4-(3-nitrophenyl)-4-oxobutan-2-yl)pyridazin-
3(2H)-one

NO,

(+)-3na; isolated yield: 31.0 mg (91%); colorless sticky oil; [a]p?® = +273.3 (¢ = 1.0,
CHCls); '"H NMR (400 MHz, CDCls) § 8.78 (t, J = 1.7 Hz, 1H), 8.47-8.45 (m, 1H),
8.30 (d,J=7.8 Hz, 1H), 7.76-7.71 (m, 2H), 7.19 (dd, /= 9.6, 3.7 Hz, 1H), 7.01 (dd, J
=9.6, 1.6 Hz, 1H), 6.48-6.39 (m, 1H), 4.35 (dd, J = 18.2, 10.8 Hz, 1H), 3.60 (dd, J =
18.2, 3.0 Hz, 1H); *C NMR (101 MHz, CDCls) § 192.06, 160.03, 148.49, 136.94,
136.83, 133.57, 131.22, 130.28, 130.16, 127.99, 124.18 (q, J = 282.9 Hz), 122.96,
52.72 (q, J = 31.5 Hz), 35.63; '°F NMR (376 MHz, CDCls) § -73.17 (s); Enantiomeric
excess: 93%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 80/20; flow
rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 15.22 min, second peak: tr = 23.71
min; HRMS (ESI) m/z caled. for Ci1aHi0F3sN3NaOs [M+Na] * = 364.0516, found
364.0522.
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A;G_WHM»E#TZD Imodified by zhang group] whm- 12 82wec-ach 3020-1.0 UV VIS 1 WHM-2 #130 [modified by zhang grous] whm-12-8: 020-1.0 UV WIS 1
T mAU WVLZ54 nm fmal WVL254 nm|
1-14.860 % i 1
o 222147
200
350 1-15.220
175
2004
150+
250
125
200
100+
1504 "
100 "
50
E b i K
2370
D,g_u.___mr_;‘.mj_ /
o mir| g mir|
o £ 1la 1o o 240 o ) 4o Tgal| T e 115 180 s oo s 2da s "ia
No. Ret.Time Peak Name Height Area Rel.Area Amount Type HNo. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min % min mAU  mAU*min
1 14.86 na. 412457 236.584 50.13 na. Bme* 1 15.22 na. 189248 112781 96.32 n.a. BMB*
2 2315 na 401490 235401 4987 na BMB* 2 237 na 7471 4.309 388 na BMB*
Total: 813.947 471.985 100.00 0.000 Total: 196718 117.080 10000 0.000

(8)-2-(4-(3,5-difluorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyridazin-
3(2H)-one

(+)-30a; isolated yield: 32.9 mg (99%); colorless sticky oil; [a]p?’ = +188.3 (¢ = 1.0,
CHCls); '"H NMR (500 MHz, CDCl3) § 7.74 (dd, J = 3.6, 1.6 Hz, 1H), 7.49-7.44 (m,
2H), 7.17 (dd, J=9.6, 3.7 Hz, 1H), 7.06 (tt, J = 8.3, 2.3 Hz, 1H), 7.01 (dd, J=9.6, 1.6
Hz, 1H), 6.43-6.36 (m, 1H), 4.23 (dd, J = 18.2, 10.9 Hz, 1H), 3.48 (dd, J = 18.2, 2.9
Hz, 1H); '°F NMR (376 MHz, CDCl5) § -73.24, -107.29; '3C NMR (126 MHz, CDCls)
0 191.69, 164.12 (d, J = 11.7 Hz), 162.11 (d, J = 11.7 Hz), 160.10, 136.82, 131.22,
130.35, 138.51 (t,J=7.6 Hz), 124.22 (q, J = 282.8 Hz), 52.71 (q, J = 31.5 Hz), 35.56;
Enantiomeric excess: 96%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH =
80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 7.987 min, second peak:
tr = 12.556 min; HRMS (ESI) m/z calcd. for Ci4HoFsN2O, [M+H] = 333.0657,
found = 333.0652.
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] POAMUI T 254nm 4nn| =
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I I M
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o - S— Lk I 0 LA
T T T T T T 7
00 25 50 75 100 125 150 175 200 0o 25 50 75 100 125 150 175 200
min min

<Peak Table>

<Peak Table>
PDACh1 254nm

PDACh1 254nm
Peak# Ret. Time rea Height | Area/Height | Height% Area% Peak# Ret. Time Area Height Area/Height | Height% Area%
1 8.023 2096341 174597 12.007 60.319 49.686 1 7.987 2172669 186810 11.630 98 623 97 967
2 12.610 2122830 114858 18.482 39681 50314 2 12556 45081 2609 17.279 1377 2033
Total 4219171 289455 100.000 100.000 Total 2217749 189419 100.000 100.000

(8)-2-(4-(3,4-dichlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyridazin-
3(2H)-one

Cl
Cl

(+)-3pa; isolated yield: 35.0 mg (96%); colorless sticky oil; [a]p?’ = +480.8 (¢ = 1.0,
CHCls); 'TH NMR (400 MHz, CDCl3) § 8.02 (d, J = 1.9 Hz, 1H), 7.79 (dd, J= 8.4, 2.0
Hz, 1H), 7.73 (dd, J= 3.6, 1.5 Hz, 1H), 7.57 (d, /= 8.4 Hz, 1H), 7.16 (dd, /= 9.5, 3.7
Hz, 1H), 7.00 (dd, J=9.5, 1.5 Hz, 1H), 6.44-6.35 (m, 1H), 4.23 (dd, J=18.1, 10.9 Hz,
1H), 3.48 (dd, J = 18.1, 3.0 Hz, 1H); '*C NMR (101 MHz, CDCls) § 191.86, 160.03,
138.52, 136.73, 135.26, 133.57, 131.14, 130.92, 130.28, 130.08, 127.07, 124.23 (q, J
= 282.9 Hz), 52.78 (q, J = 31.6 Hz), 35.35; '°F NMR (376 MHz, CDCl3) § -73.17 (s);
Enantiomeric excess: 94%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH =
80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 9.46 min, second peak: tr
= 12.75 min; HRMS (ESI) m/z calcd. for C14HoCl2F3N2NaO> [M+Na] "= 386.9885,

found = 386.9889.
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whm-2 £138 [modfied by zhang oroup] _ whm-12-7 fwix-3ch-8020-1.0 WIS 1  pap_Whm-2 £140 [moddied by zhang groupl  whim- 127 fweadh-2000-1.0 UV VIS 1
Imau wzsinm || P maU WL
212253 3 Vi

1-9333

| - /\l
/

G625
500H
375

150]
102
250 i
50 / | 125 K
2-12753
e e e sneefiud \T_A,J e rR - ek S o
72 mir]
G 40 0 20 o 10 1o 1do 1do B 54 70 B a0 o o de T de T e T b e
No. | Ret.Time Peak Name Height Area RelArea  Amount Type Ho. Ret.Time Peak Name Height Area RelArea Amoun t Type
min mAU _ mAU*min % min mAU  mAU*min i
1 233 na 309037 115000 49.93 na. BMB* 1 945 na 981364 378811 9702 na  BMB*
2| 1225 na 357468 115347 50.07 na__ BMB* 2| 1275 na 34547 11563 298 na _ BMB*
Total: B66.505 230.356 100.00 0.000 Total: 1015912 388.473 100.00 0.000

(8)-2-(1,1,1-trifluoro-4-(naphthalen-1-yl)-4-oxobutan-2-yl)pyridazin-3(2H) -one

(+)-3qa; isolated yield: 33.9 mg (98%); colorless sticky oil; [a]p?® = +148.4 (¢ = 1.0,
CHCl3); 'H NMR (400 MHz, CDCls) § 8.57-8.55 (m, 1H), 8.01 (t, J = 7.3 Hz, 2H),
7.85 (dd, J=17.0, 2.3 Hz, 1H), 7.73 (dd, J = 3.6, 1.6 Hz, 1H), 7.56-7.49 (m, 3H), 7.13
(dd, J=9.5, 3.7 Hz, 1H), 6.99 (dd, J = 9.5, 1.6 Hz, 1H), 6.54-6.45 (m, 1H), 4.39 (dd,
J=17.9,11.0 Hz, 1H), 3.59 (dd, J= 17.9, 3.2 Hz, 1H); 3*C NMR (101 MHz, CDCls)
0 197.33, 160.22, 136.70, 133.97, 133.76, 131.11, 130.32, 130.12, 128.49, 128.48,
128.36, 126.69, 125.64, 124.48 (q, J = 282.9 Hz), 124.29, 53.35 (q, J = 31.5 Hz),
38.21, 29.69; 'F NMR (376 MHz, CDCls) & -73.03 (s); Enantiomeric excess: 91%,
determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10; flow rate 1.0 ml/min;
25 °C; 254 nm), first peak: tr = 9.86 min, second peak: tr = 11.99 min; HRMS (ESI)
m/z caled. for CisH13F3N2NaO, [M+Na] "= 369.0821, found 369.0819.
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127 WHM-2 #178 [modified by zhang aroucl  whim-12-10Tw-36h-2010-1.0 Uy VIS 1 1g7 b2 #177 [modifed by zhang groupl  whm-12-101sx-3ch2010-1.0 Uy VIS 1
g WVLZ54 i ral WLZ54 nm)
10860
120H
2- 12,000
180
1- 8807
1o ‘ 140
\ 120
8 l
100
B0
8
A | | 8+
\ | \ o]
20 |
204
(\J 2-11.087
] / — . | 3 N
A5 T T T = T T ) T T T T =
54 75 98 1dg [B ils [EB [ wa|| 1 40 a0 £ 1l ilo o o 1o Ha
Ho. Ret.Time Peak Name Height Area RelArea Amount Type Ho. Ret.Time Peak Hame Height Area RelArea Amount Type
min mAU  mAU*min % min mAU  mAU‘min %
1 a.91 n.a. 102.073 36.523 4979 n.a. MB* 1 9.86 na 174431 61.731 9524 na BMB*
2 12.00 na 113818 36.831 50.21 na BMB* 2 11.99 n.a. 9.752 3.085 4.76 na BMB*
Total: 215888 73.354 100.00 0.000 Total: 184.243 64.616 100.00 0.000

(8)-2-(1,1,1-trifluoro-4-(naphthalen-2-yl)-4-oxobutan-2-yl)pyridazin-3(2 H)-

one

(+)-3ra; isolated yield: 33.9 mg (98%); colorless sticky oil; [a]p?° = +450.6 (¢ = 0.33,
CHCls); 'TH NMR (400 MHz, CDCl3) § 8.48 (s, 1H), 7.97 (d, J = 8.5 Hz, 2H), 7.87 (dd,
J=28.3,4.2 Hz, 2H), 7.71 (dd, J = 3.6, 1.6 Hz, 1H), 7.63-7.55 (m, 2H), 7.12 (dd, J =
9.5,3.7 Hz, 1H), 6.99 (dd, J=9.5, 1.6 Hz, 1H), 6.53-6.44 (m, 1H), 4.43 (dd, J = 18.0,
10.9 Hz, 1H), 3.64 (dd, J = 18.0, 2.9 Hz, 1H); *C NMR (101 MHz, CDCls) § 193.81,
160.20, 136.67, 135.87, 133.18, 132.41, 131.12, 130.28, 130.07, 129.63, 128.91,
128.71, 127.83, 127.06, 124.53 (q, J = 282.8 Hz), 123.51, 53.08 (q, J = 31.3 Hz),
35.39. YF NMR (376 MHz, CDCls) & -73.03 (s); Enantiomeric excess: 94%,
determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 80/20; flow rate 1.0 ml/min;
25 °C; 254 nm), first peak: tr = 11.61 min, second peak: tr = 15.35 min; HRMS (ESI)
m/z caled. for CisH 3F3sN2NaO, [M+Na] "= 369.0821, found 369.0822.
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2 #1168 o 5 125 w020 s + o7 WEM-2 #117 [modified by shang rous]  whine12-575x-2d-8020-1.0 Uy s 1
M2 116 [modied by shong grove] _whr12:5Tuncach 302010 | i uE
111,680 p—
1,400+ - 11607
128 215320 I
|
1.20H ( \
100
oo+ |
a0 |
500 |
a0 ‘
a00]
40
400
20] |
J | 200 ‘
b e K gk P = e G
s e j 2-15353
; - . :
20 | -127- T T T T T T T T T —
(] Ef 1o o 200 290 201 541 1o | 1ted | 1200 | 13g0 | 1400 | 1500 1600 | 173 | 1koe
Ho. Ret.Time Peak Name Height Area Rel.Area Amount Type HNo. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU'min__ % min mAU___mAU*min
1| 1188  na 125797 45418 5033 na. BMB* 1| 1161 na 1401587 563580 97 16 na.  BMB*
2| 1532 na 114768 44828 4067 na.  BMB* 2| 1535 na 44777 16483 2384 na  BMB*
Total: 24D.563 90246 10000 0.000 Total: 1446344 550.042 100.00 0.000

(8)-2-(4-(benzo[b]thiophen-2-yl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyridazin
-3(2H)-one

(+)-3sa; isolated yield: 34.5 mg (98%); colorless sticky oil; [a]p?® = +395.1 (c = 1.0,
CHCls); '"H NMR (400 MHz, CDCl3) § 8.05 (s, 1H), 7.91 (d, J= 7.9 Hz, 1H), 7.85 (d,
J=28.0Hz, 1H), 7.73 (dd, J = 3.5, 1.5 Hz, 1H), 7.49-7.40 (m, 2H), 7.13 (dd, J = 9.6,
3.7 Hz, 1H), 6.97 (dd, J = 9.5, 1.5 Hz, 1H), 6.47-6.39 (m, 1H), 4.31 (dd, J = 17.7,
10.9 Hz, 1H), 3.58 (dd, J = 17.7, 3.1 Hz, 1H); *C NMR (126 MHz, CDCl;) & 188.22,
160.02, 142.59, 142.07, 138.81, 136.75, 131.15, 130.24, 129.85, 127.84, 126.08,
125.21, 124.23 (q, J = 282.9 Hz), 122.92, 52.76 (q, J = 31.6 Hz), 35.70; °F NMR
(376 MHz, CDCl3) 6 -73.11 (s); Enantiomeric excess: 94%, determined by HPLC
(Chiralpak AD-H, hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first
peak: tr = 13.97 min, second peak: tr = 19.45 min; HRMS (ESI) m/z calcd. for
Ci6H11F3N2NaO:S [M+Na] "= 375.0386, found 375.0383.
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pp-WHM-2 131 Imodified by shang grovp]  whm-12-65 020-1.0 UV WIS 1 4o WWHM-2 #13 [modified by zhang group]  whm-12 885x-26h 8020-1.0 UV VIS 1
S Tmal WVL254 m “mau WVLZ54 n|
350 1-13873
2504 1-13787
300
2004 2-12.127
| 250 \
1504 a0 /
1004 1504 ‘
| 100
- |
‘k J | s \
. il \ e
T T 210452
: T k T
e . - mirf [ . - " i
(1) 50 1o 150 200 290 el o4 1lo o 180 R Ao 2o Ha2
Ho. Ret.Time Peak Name Height Area RelArea Amount Type Hao. Ret.Time Peak Name Height Area Rel.Area  Amoumn: it Type
min mAU mAU min i min mAU mAUmin o
1 1377 na 247 420 97.428 50.09 na BMmB* 1 13.97 na 344437 138213 9717 na BMB*
2 19.13 na 194 256 97.096 4991 na BMB* 2 19.45 n.a. 8.768 4.020 283 n.a. BMB*

Total: 441675 194524 100.00 0.000 Total: 353206 142233 100.00 0.000

(8)-2-(1,1,1-trifluoro-4-o0xo0-4-(thiophen-2-yl)butan-2-yl)pyridazin-3(2 H)-

one

o - CF
<§::;§/Jl\\///\\ 5

(+)-3ta; isolated yield: 29.9 mg (99%); colorless sticky oil; [o]p?® = +205.9 (c = 1.0,
CHCls); 'TH NMR (400 MHz, CDCI3) § 7.80 (dd, J = 3.8, 0.9 Hz, 1H), 7.74 (dd, J =
3.6, 1.6 Hz, 1H), 7.68 (dd, J = 4.9, 0.9 Hz, 1H), 7.17-7.13 (m, 2H), 6.97 (dd, J = 9.5,
1.6 Hz, 1H), 6.44-6.35 (m, 1H), 4.18 (dd, J = 17.6, 10.9 Hz, 1H), 3.49 (dd, J = 17.6,
3.1 Hz, 1H); '*C NMR (126 MHz, CDCl3) § 186.63, 160.02, 142.72, 136.70, 134.55,
132.54, 131.13, 130.21, 128.26, 124.23 (q, J = 282.9 Hz), 52.73 (q, J = 31.5 Hz),
35.76; F NMR (376 MHz, CDCl3) & -73.15 (s); Enantiomeric excess: 96%,
determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 80/20; flow rate 1.0 ml/min;
25 °C; 254 nm), first peak: tr = 11.51 min, second peak: tr = 16.85 min; HRMS (ESI)
m/z calcd. for C12HoF3N2NaO,S [M+Na] ¥ = 325.0229, found 325.02209.
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whm-2 5135 [modified by zhang aroup] whm-12-50vee-20h-8020-1.0 v vis 1 57 Whm-2 £138 [modified by zhang group] whim-12-8Bsx-ach-8020-1.0 U WIS 1
AL WVLZ54 nm| S mAu WVLZ54 nm|
1-11.483
1680+ -
S0 1-11513
140
2-18.200
120 F 00
I
100
300+
a
o0 )
. \
100
2+ J
2-16863
" e : b
-2 T T T T il 8t mir{
0o s 50 s o s 1ig i7s 200 235 Zi2 i T o 20 1o 8a 180 T 212
No. | RetTime Peak Name Height Area  RelArea Amount Type Mo. | Ret.Time Peak Hame Height Area  RelArea Amount Type
min mAU _ mAU*min o min mAU _ mAU*min o
1| 1148  na 188477 50132 4974 na.  BM* 1 1151 na 503754 150.28D 97.89 na. BM*
2| 1680 na 123385  50.653  50.26 na.  BMB* 2| 1685 na 8013 3231 241 na  BMB*
Total: 291862 100.785 100.00 0.000 Total: 511766 153512 100.00 0.000

(8)-2-(4-(cyclohex-1-en-1-yl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyridazin-
3(2H) -one

(+)-3ua; isolated yield: 16.5 mg (55%); colorless sticky oil; [a]p?® = +249.6 (¢ = 0.33,
CHCls); 'TH NMR (500 MHz, CDCls) & 7.75 (dd, J = 3.7, 1.6 Hz, 1H), 7.16-7.13 (m,
1H), 7.00-6.96 (m, 2H), 6.30-6.23 (m, 1H), 3.91 (dd, J=17.7, 11.0 Hz, 1H), 3.21 (dd,
J=17.7,29 Hz, 1H), 2.27 (dd, J = 3.6, 2.2 Hz, 2H), 2.20-2.12 (m, 2H); *C NMR
(126 MHz, CDCl3) & 194.64, 160.16, 141.39, 138.78, 136.51, 131.06, 131.01, 130.26,
124.49 (q, J = 282.7 Hz), 52.99 (q, J = 31.1 Hz), 33.90, 26.12, 22.92, 21.55 (d, J =
40.9 Hz); 'F NMR (376 MHz, CDCl3) & -73.19 (s); Enantiomeric excess: 92%,
determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 80/20; flow rate 1.0 ml/min;
25 °C; 254 nm), first peak: tr = 8.09 min, second peak: tr = 10.87 min; HRMS (ESI)
m/z caled. for C14H;5F3sN2NaO, [M+Na] "= 323.09787, found 323.0982.
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77 im-2 #137 Imodified by zhang group) when-12-88ws-20h-3020-1.0 LY VS 1 -2 #1348 [modfied by zhang group] whm- 12 88sx-3dh-8020 1.0 UV VIS 1
T AT WUL352 nm)| ALl WVLZ54 nm|
1-8.083
1-8.100 st
0.0 7
2- 10873
60+
a0
50
00| | |
\ 4
200
/ £
200 | 0]
J |
10,0 I\ } 10
2- 10573
I e n s S N \/M
ER B VANVAN N . J ,
) 7ha abo eho 1000 1100 120 286 || 0o S EEDREES 75 g8 1o 13 138 7
No. Ret.Time Peak Name Height Area Rel.Area Amount Type HNo. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU'min % min mAU  mAU*min %
1 8.10 n.a. 65432 14770 4054 na. BMB* 1 8.09 n.a. 82214 18.745 86.01 n.a. BM*
2 10.67 n.a. 52.600 15.047 5046 na. BMmB* 2 10.87 na 2708 0.780 399 na MB*
Total: 118.032 29.817 100.00 0.000 Total: B84.923 19.525 100.00 0.000

(8)-2-(1,1,1,2,2-pentafluoro-5-oxo-5-phenylpentan-3-yl)pyridazin-3(2H)-
One

0 "N"Yo

(+)-3va; isolated yield: 22.0 mg (64%); colorless sticky oil; [a]p?® = +94.1 (c = 1.0,
CHCls); 'TH NMR (400 MHz, CDCls) & 7.96-7.94 (m, 2H), 7.72 (dd, J = 3.6, 1.6 Hz,
1H), 7.60 (t, J = 7.4 Hz, 1H), 7.47 (t, J= 7.7 Hz, 2H), 7.12 (dd, J = 9.6, 3.7 Hz, 1H),
6.97 (dd, J = 9.6, 1.7 Hz, 1H), 6.61-6.65 (m, 1H), 4.32 (dd, J = 18.1, 10.8 Hz, 1H),
3.55 (dd, J = 18.1, 2.3 Hz, 1H); *C NMR (126 MHz, CDCl;) & 193.90, 160.09,
136.80, 135.82, 133.85, 131.04, 130.13, 128.81, 128.14, 119.84 (t, J = 35.5 Hz),
117.56 (t, J = 35.4 Hz), 51.09 (t, ] = 23.3 Hz), 35.21; '’F NMR (376 MHz, CDCI3) &
-82.53 (s), -120.25 (dd, J = 1710.6, 275.5 Hz).; Enantiomeric excess: 83%,
determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 80/20; flow rate 1.0 ml/min;
25 °C; 254 nm), first peak: tr = 8.32 min, second peak: tr = 8.97 min; HRMS (ESI)
m/z caled. for CisH11FsN2NaO> [M+Na] "= 369.0633, found 369.0628.
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34 5 W2 £133 Imocified by hang group] __ whm-12-55wc-ach 0020-10 v S 1 ien 2 2104 e by Shang o] w128 B0 10 TR
nal WIVL25 rer =7 VIVLZE4 rr]
At \-aagz2-002 1 gao
| 2004
250] \
150
200 \
15 f \ } i)
102 [
} 50 |
] Jl | zaem
M_’\_,_,JL,_~__J,_7— — — PSR 7\-,«-/\r
" - ; min
sl 7ho 8o ol 00 1100 1200 1280 45 ebo 7ha abo oho 1000 1100 12/00) 26
No. | Ret.Time Peak Name Height  Area  RelArea Amount  Type Ho. | Ret.Time Poak Name Height  Area  Rel.Arca Amount  Type
min mAU _ mAU*min % min mAU _ mAU'min '
1 839 na 28610 6459 4856 na  BMb® 1 832 na 213462 48246 9134 na  BMb*
2 8.03 na. 29.027 £.642 5144 na. bMB* 2 8.87 n.a. 21126 4.571 5.66 n.a. bMB*
Total: 57636 13.301 100.00 0.000 Total: 234588 52.817 100.00 0.000

(5)-2-(4-(4-chlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)-6-methylpyri
Dazin-3(2H)-one
Me

(+)-3fb; isolated yield: 33.1 mg (96%); colorless sticky oil; [a]p?® = +254.6 (c = 1.0,
CHCls); 'TH NMR (400 MHz, CDCl3) § 7.91 (d, J = 8.6 Hz, 1H), 7.45 (d, J = 8.6 Hz,
1H), 7.03 (d, /=9.6 Hz, 1H), 6.91 (d, J = 9.6 Hz, 1H), 6.40-6.31 (m, 1H), 4.24 (dd, J
=17.9, 10.8 Hz, 1H), 3.45 (dd, J = 17.9, 3.0 Hz, 1H), 2.24 (s, 1H); 3C NMR (126
MHz, CDCl3) & 192.95, 159.44, 144.97, 140.27, 134.23, 133.30, 129.97, 129.50,
129.08, 124.38 (q, J = 283.0 Hz), 52.63 (q, J = 31.4 Hz), 35.17, 20.89. ’F NMR (376
MHz, CDCl3) 6 -73.10 (s); Enantiomeric excess: 96%, determined by HPLC
(Chiralpak AD-H, hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first
peak: tr = 9.63 min, second peak: tr = 12.43 min; HRMS (ESI) m/z calcd. for
C15H12CIF3sN2NaO; [M+Na] "= 367.0432, found 367.0435.
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43 Whm-2 #160 [modified by zhang group] whm-12-E3wx-30h-3020-1.0 UV VIS 1 wihm:-2 #159 [modffied by zhang group] wihm:12-83sx-adh-8020-1.0 UV VIS 1
o mal AR VL Z54 nm] mAU WVLZ54 o]
1-0833
300+
2- 12467 00
250+
40iH
200
00+
150
2004
100
100
50+ |
J | 2-12427
SR PNY I o
o i - min
02 25 50 75 1o s 150 L o 24 do 2o 4 o B o " e’ T do o " Tde” T e
Ho. Ret.Time Peak Hame Height Area Rel.Area Amount Type No. Ret.Time Peak Name Height Area RelArea Amount Type
min mAU  mAU min % min mAU  mAU*min %
1 9.67 n.a. 325255 86.363  49.70 na BMB* 1 963 na. 537167 143415 9780 na BMB*
2 12.47 n.a. 282076 B7.403  50.30 na BMB* 2 1243 n.a. 11.214 3.231 2.20 n.a. BMB*
Total: 607330 173.766 100.00 0.000 Total: 548.381  146.646  100.00 0.000

(S)-2-(4-(4-chlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)-6-phenylpyridaz-

in-3(2H)-one
Ph | N
N<
O N O

(+)-3fc; isolated yield: 39.1 mg (96%); colorless sticky oil; [a]p?® = +50.3 (c = 1.0,
CHCls); 'TH NMR (400 MHz, CDCl3) § 7.89 (d, J = 8.6 Hz, 2H), 7.66-7.63 (m, 3H),
7.42-7.40 (m, SH), 7.08 (d, J = 9.8 Hz, 1H), 6.52-6.44 (m, 1H), 4.31 (dd, J = 17.9,
10.8 Hz, 1H), 3.55 (dd, J = 17.9, 3.0 Hz, 1H); *C NMR (126 MHz, CDCls) § 192.89,
159.44, 145.04, 140.39, 134.30, 134.16, 130.45, 130.44, 129.83, 129.56, 129.14,
128.99, 125.95, 124.44 (q, J = 283.0 Hz), 53.13 (q, J = 31.4 Hz), 35.51; ’F NMR
(376 MHz, CDCl3) 6 -72.96 (s); Enantiomeric excess: 95%, determined by HPLC
(Chiralpak AD-H, hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first
peak: tr = 10.19 min, second peak: tr = 12.50 min; HRMS (ESI) m/z calcd. for
C20H14CIF3N2NaO, [M+Na] "= 429.0588, found = 429.0592.
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1 whm-2 $145 [modified by zhang greup] whm-12-78we-ach-8020-1.0 UV VIS 1 5 5‘m_w"'n-i £148 [modiied by zhang group] whiry12-78gx-3dh-8020-1.0 Uy VIS 1
5 gmaU 110247 waLzsenm || <7 AU WL 254 |
0183
1,000
12.580
2,000+
BT+
750H |
1,500-|
625 ‘
500 1,000
375 ‘
o] | } 500
T A_u_LJJL L
500
ol e
-182- 500 min
01 25 =0 75 o s R ERE RS L 00 20 ] a0 20 o o L
No. | RetTime Peak Hame Height Area RelArea Amount Type Ho. Ret.Time Peak Name Height Area RelArea Amount Type
min mAU  mAU’min % min mAU _ mAU’min
1 10.25 na. 1118454 335634 4897 na BM* 1 10.19 na 2201054 664655 9752 na BMB*
2 12.58 na. 936273 336 075 50.03 na MB* 2 12.50 na 50.926 16.913 248 n.a BMB*
Total: 2054727 671.709 100.00 0.000 Total: 2251880 681.567 100.00 0.000

(8)-6-chloro-2-(4-(4-chlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyridaz-

in-3(2H)-one
Cl | N
N.
O N O

(+)-3fd; isolated yield: 33.9 mg (93%); colorless sticky oil; [a]p?® = +178.8 (c = 1.0,
CHCl3); '"H NMR (500 MHz, CDCl3) & 7.92-7.89 (m, 2H), 7.48-7.45 (m, 2H),
7.16-7.14 (m, 1H), 6.99 (d, J = 9.8 Hz, 1H), 6.33-6.26 (m, 1H), 4.18 (dd, J = 18.2,
10.9 Hz, 1H), 3.49 (dd, J = 18.2, 2.8 Hz, 1H); *C NMR (126 MHz, CDCls) § 192.70,
158.48, 140.53, 138.33, 133.95, 133.90, 132.15, 129.54, 129.16, 124.00 (q, J = 282.9
Hz), 53.09 (q, J = 31.8 Hz), 35.11; ”F NMR (376 MHz, CDCl3) & -73.22 (s);
Enantiomeric excess: 92%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH =
80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 9.12 min, second peak: tr
= 11.43 min; HRMS (ESI) m/z calcd. for C14HoClF3N2NaO> [M+Na] "= 386.9885,
found 386.9890.
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‘57— Whm-2 2143 Imodified by zhang aroup] whim-12-7 -3020-1.0 Uy VIS 1 . m-2 £144 [modied by zhang groupl __ whim-12-75ss-adh-8020-1.0 uv VIS
R WULTZ54 B ) L2

00 1-2.172

2-11.50 875 (

} p\ {\ : |

20
375
100+ \ »0 |
125 |
g = S RV o J 2-11427
= T
a5 100 mir|
T T T e 7 T T T T T

[ 75 [LE) 13 ds [EE) [0 1 ) 3 b B ) 03 5 g o s 2
No. Ret.Time Peak Name Height Area RelArea Amount Type HNo. Ret.Time Peak Name Height Area RelArea Amoun it Type
min mAU mAU‘min % min mAU mAU*min %
1 9.17 n.a. 499984 127.851 4994 n.a. BmB* 1 9.12 na. 964867 243205 9578 na BMB*
2| 1150 na 447271 128178 5006 na.__ BMB* 2| 1143 na 39708 10725 422 na.__ BMB'
Total: 947255 256.030 100.00 0.000 Total: 1004.376 253.930 100.00 0.000

Methyl (S)-1-(4-(4-chlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)-6-oxo-
1,6-dihydropyridazine-3-carboxylate

MeO,C

(+)-3fe; isolated yield: 37.0 mg (95%); white solid; [a]p*® = +153.3 (c = 1.0, CHCl5);
"H NMR (400 MHz, CDCl3) § 7.91 (d, J = 8.6 Hz, 2H), 7.79 (d, J = 9.8 Hz, 1H), 7.46
(d, J= 8.6 Hz, 2H), 7.03 (d, J = 9.8 Hz, 1H), 6.46-6.37 (m, 1H), 4.33 (dd, J = 18.1,
11.1 Hz, 1H), 3.88 (s, 3H), 3.52 (dd, J = 18.1, 2.8 Hz, 1H); 1*C NMR (101 MHz,
CDCl3) 6 192.94, 162.10, 159.37, 140.53, 136.74, 134.09, 131.19, 129.63, 129.14,
124.06 (q, J = 282.9 Hz), 53.79 (q, J = 31.8 Hz), 35.32, 29.68; °F NMR (376 MHz,
CDCIl3) 6 -73.05 (s); Enantiomeric excess: 90%, determined by HPLC (Chiralpak
AD-H, hexane/i-PrOH = 90/10; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr =
1091 min, second peak: tg = 14.53 min; HRMS (ESI) m/z calcd. for
Ci6H12CIF3N2NaO4 [M+Na] "= 411.0330, found 411.0330.
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WHM-2 #168 [modified b ] whm- 12-28wu-: - wIS 550 WHM-2 #167 [modifed by zhang group] whm-12-88sx-a0h-8010-1.0 uv VIS 1
ann [modified by zhang oroup] rm-12-E2v-30-8010-1 0 s 1| sy =
i i 1-10013
25H
2-14503 i
200
150 | a0
1004 20
50
K 100
o il =ty J | 2-14533
1 AN
s mir| s mirg
00 50 o 1o da 20 [ 2 ) da s i 1s 20 s 22
No. | RetTime Peak Hame Height Area Rel.Area  Amount Type Mo. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU'min % min mAU _ mAU min
1 10.95 na 284 911 76646 4911 a BMB* 1 10.81 n.a 498.3768  143.894 85.18 n.a. 8mB*
2 14.59 na 202013 79427 50.89 a BMB* 2 14.53 n.a 20427 7.285 4.82 n.a. 8mMB*
Total 466.924 156.073 100.00 0.000 Total: 519.805  151.179 100.00 0.000

(8)-5-chloro-2-(4-(4-chlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyridaz-

in-3(2H)-one
Cl
| N
0 N\N 0

(+)-3ff; isolated yield: 35.8 mg (98%); colorless sticky oil; [a]p?® = +240.5 (¢ = 1.0,
CHCls); 'TH NMR (400 MHz, CDCl3) § 7.91-7.88 (m, 2H), 7.68 (d, J = 2.4 Hz, 1H),
7.47-7.45 (m, 2H), 7.04 (d, J = 2.4 Hz, 1H), 6.35-6.26 (m, 1H), 4.21 (dd, J = 18.2,
11.1 Hz, 1H), 3.51 (dd, J = 18.2, 2.9 Hz, 1H); *C NMR (101 MHz, CDCls) § 192.56,
158.74, 140.53, 139.56, 136.99, 133.91, 129.48, 129.16, 127.52, 124.10 (d, J = 282.7
Hz), 52.95 (q, J = 31.7 Hz), 35.14; ”F NMR (376 MHz, CDCl3) & -73.20 (s);
Enantiomeric excess: 99%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH =
80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 9.19 min, second peak: tr
= 16.77 min; HRMS (ESI) m/z calcd. for C14HoClF3N2NaO> [M+Na] = 386.9885,

found 386.9888.
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WHM-2 #178 [modified by zhang group] whm-12-103wx-adh-3020-1.0 UV VIS 1 5 WHM 2 #180 Imodified by zhang group] _ whmn-12-103sx-a0h-8020-1.0 UV VIS 1
mal WVLZ54 nm] = mau WILZ54 nn
1-9.187
400 i-5247 1750
250 “
500
200
50+
50
s ooc
200 i
\ 750
150
’ \ 5004
100
E o~ )N (i
1
j o do J do 18 0 E. 00 2 u o A o ds 26
Ho. Ret.Time Peak Name Height Area RelArea Amount Type Ho. Ret.Time Peak Name Height Area Rel.Area Amoun t Type
min mAU mAU min % min mAU  mAU*min )
1 9.25 n.a. 388.099 89.898 4985 n.a. BMB* 1 9.19 n.a. 1821.961 431.870 99.23 na BmB*
2 16.85 n.a. 216.742 90.434 50.15 n.a. BmB* 2 1877 na 9289 3343 077 na BMB*
Total: 504.842 180.332 100.00 0.000 Total: 1831250 435213 100.00 0.000

(5)-4,5-dibromo-2-(4-(4-chlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyri-

dazin-3(2H)-one
Br
| N Br
O N\N @]

(+)-3fg; isolated yield: 47.8 mg (98%); white solid; [a]p?® = +223.7 (¢ = 1.0, CHCl3);
'"H NMR (500 MHz, CDCl3) § 7.90-7.88 (m, 2H), 7.75 (s, 1H), 7.46 (d, J = 8.5 Hz,
2H), 6.32-6.25 (m, 1H), 4.22 (dd, J = 18.2, 11.1 Hz, 1H), 3.52 (dd, J = 18.2, 2.9 Hz,
1H); '3C NMR (126 MHz, CDCls) 6 192.47, 156.57, 140.60, 137.92, 133.78, 130.98,
130.92, 129.49, 129.18, 123.94 (q, J = 282.9 Hz), 54.57 (q, J = 31.7 Hz), 35.19; °F
NMR (376 MHz, CDCI3) 6 -73.06 (s); Enantiomeric excess: 94%, determined by
HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10; flow rate 1.0 ml/min; 25 °C; 254
nm), first peak: tr = 20.53 min, second peak: tr = 26.39 min; HRMS (ESI) m/z calcd.
for C14HsBr2CIF3N>NaO> [M+Na] *= 508.8485, found 508.8486.
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o WEAl-2 =152 [mocified by zha e 12-08vee-20 201010 UV VIS 1 || 4 g7g b2 #168 Imodifed by zhang grous] _ whm-1Z S8scadn-0010-1.0 Uy yis 1
el st wouel T Wiz || O WLzt
1-20527
o] 1 - 20707 n
575
250+
2. 26,567 e
2004 /\‘ 625+
150] 500
375
1004
} 250+
50|
125
1ol / gty i : 2-26303
T :
S . (| . mi
15 e T odd T ola TRl T Tk T e T e T T s 23 Co o o 2o 2o o Hdo 2o s Ty
Ho. | RetTime Peak Hame Height ~ Area  RelArea Amount  Type [ Mo. | Ret.Time Peak Name Height  Arca  RelArca Amount  Type
min mAU _ mAU*min % min mAU _ mAU*min
1] 071 na 29768 14019 4988 na.  BMB* 1| 2053 na 968503 458248  96.88 na. BMB'
2| 2657 na 22873 14086 5042 na  BMB* 2| 2639 na 24004 14739 342 na.  EMB*
Total: 52641 28105 10000 0.000 Total: 993407 472.987  100.00 0.000

Methyl (S)-4-(4-chlorophenyl)-4-0x0-2-(6-oxopyridazin-1(6H)-yl)butanoate

/O)J\A COzMe
Cl

(+)-5aa; isolated yield: 27.9 mg (87%); colorless sticky oil; [a]p*® = +16.0 (c = 1.0,
CHCls); '"H NMR (400 MHz, CDCl3) § 7.92 (d, J = 8.6 Hz, 2H), 7.74 (dd, J= 3.7, 1.6
Hz, 1H), 7.44 (d, J = 8.5 Hz, 2H), 7.20 (dd, /= 9.5, 3.8 Hz, 1H), 6.97 (dd,J=9.5, 1.6
Hz, 1H), 6.11 (dd, J = 7.8, 5.6 Hz, 1H), 3.91 (dd, J = 17.7, 5.6 Hz, 1H), 3.81 (d, J =
7.9 Hz, 1H), 3.76 (s, 3H); 3C NMR (101 MHz, CDCls) § 194.41, 169.50, 160.11,
139.97, 136.32, 134.59, 131.46, 130.10, 129.59, 129.01, 58.57, 52.96, 38.13;
Enantiomeric excess: 84%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH =
70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 17.62 min, second peak:
tr = 21.70 min; HRMS (ESI) m/z calcd. for CisHi3CIN,NaO4 [M+Na] = 343.0456,
found 343.0453.

75 o % PDA Multi 1 254nm 4nm| ry PDA Multi T 254nm 4nml
\& 3 1 m
(13 X N
l i I
Il i 3004 “ \‘
| |
50- |
I I (|
I | N
I “ | 200 1
I | I
i I
251 “ | | |
I | 100
I 5
I\
ot J N o J N - X
10.0 125 180 175 200 25 280 275 30.0 100 125 150 175 "20.0 2 250 275 | 300
min : min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret. Time |  Area Height | Area/Height Height% | Area% Peak# Ret. Time|  Area Height | Area/Height | Height% Area%
1] 17.255| 1947641 72727 | 26.780 54.630) 49.988 1| 17.619] 10114273 366634 27.587 93.040 91.900
2] 21.124] 1948553 60399 32.261 45.370 50.012 2| 21.697| 891436 27426 32.503 6.960 8.100
Total 3896194 133126 100.000]  100.000 Total | 11005709 394060 100.000|  100.000
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Benzyl (5)-4-0x0-2-(6-oxopyridazin-1(6H)-yl)-4-phenylbutanoate

(+)-5ba; isolated yield: 25.0 mg (69%); colorless sticky oil; [a]p?® = +7.4 (¢ = 1.0,
CHCls); 'TH NMR (400 MHz, CDCl3) § 7.96 (d, J = 7.6 Hz, 2H), 7.71-7.70 (m, 1H),
7.58 (t, J=17.4 Hz, 1H), 7.46 (t,J = 7.7 Hz, 2H), 7.34-7.26 (m, 5H), 7.17 (dd, J = 9.5,
3.8 Hz, 1H), 6.97 (dd, J = 9.4, 1.3 Hz, 1H), 6.20 (t, J = 6.7 Hz, 1H), 5.25-5.18 (m,
2H), 3.91 (d, J = 6.5 Hz, 2H); *C NMR (101 MHz, CDCls) § 195.51, 169.14, 160.20,
136.23, 136.20, 135.19, 133.52, 131.43, 130.06, 128.69, 128.54, 128.32, 128.20,
128.03, 67.59, 58.62, 38.11; Enantiomeric excess: 87%, determined by HPLC
(Chiralpak AD-H, hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first
peak: tr = 21.07 min, second peak: tr = 27.84 min; HRMS (ESI) m/z caled. for
C21H1sN2NaO4 [M+Na] *= 385.1159, found 385.1164.

20, ] PDA Nulti 1 254nm 4nm) ¥ DA Multi 1 2
13 12
I8 2 30+ i
40 i IS i
f ] I
0] | i 20] I
| I |
| ‘ I | |
20] | I n
| I I
| I I
10] | || | o
| |\ 3
| [ [ Sl
/ [\ \ \
/ ERE .. e o o = S |\ X
1 5 % % B S 40 1 5 2 % Y s 40
min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret. Time|  Area Height | Area/Height | Height% Area% Peak# Ret. Time|  Area _Height | Area/Height  Height% rea%
1 20.912 1593094 48044 33.159 57.275 50.539 1 21.068 1070397 33004 | 32.432 94.673 93.619
2| 27.699] 1559090 35839 43.503 42.725 49.461 2| 27.842 72957 1857 39.286 5.327 6.381
Total 3152184 83883 100.000 100.000 Total 1143354 34861 100.000 100.000

Ethyl (S)-4-0x0-2-(6-oxopyridazin-1(6H)-yl)-4-phenylbutanoate

©)‘\/\C O,Et

(+)-5ca; isolated yield: 27.0 mg (90%); colorless sticky oil; [a]p*® = +1.9 (¢ = 1.0,
CHCl3); 'H NMR (400 MHz, CDCl3) 8 7.99 (d, J = 7.5 Hz, 2H), 7.74 (d, J = 2.3 Hz,
1H), 7.59 (t, J= 7.3 Hz, 1H), 7.48 (t, J = 7.6 Hz, 2H), 7.19 (dd, J = 9.5, 3.8 Hz, 1H),
6.98 (d, J=9.4 Hz, 1H), 6.12 (dd, J=7.3, 6.1 Hz, 1H), 4.23 (q, J = 6.8 Hz, 2H), 3.90

(t, J= 6.0 Hz, 2H), 1.24 (t, J = 7.1 Hz, 3H); '*C NMR (101 MHz, CDCl;) § 195.63,
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169.21, 160.20, 136.24, 136.21, 133.50, 131.42, 130.05, 128.69, 128.19, 62.07, 58.66,
38.13, 14.05; Enantiomeric excess: 81%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 11.57
min, second peak: tr = 13.84 min; HRMS (ESI) m/z caled. for CisHi16N2NaO4 [M+Na]
©=323.1002, found 323.1006.

300 12 3 REAMR2SAn PDA Multi T 254nm 4n]
‘ a 2 75 |
f
(- |
) |
|- I
| | |
-
‘ | I ‘ \
Ly 1 | “ | “ 251 I
I | | g
w | 2
o—J A T\ J\ . ol = A AN
5.0 7‘5 IG‘O‘ 12‘5 ITIO |7"v .2&0 22‘5 250 50 7'5 \60 \2‘5 \.‘lD l7‘5 20'0 22‘5 250
min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm ; ; .
Peak# Ret. Time|  Area Height | Area/Height | Height% Area% Peaki Ret. Time|  Area | Height |Area/Height Height% | Area%
1| 11.540| 5298874 300798 17.616 54.217| 49.463 1] 11.574] 1400703 81203 17.249 91.652 90.206

2| 13784
Total

5413830 254006 21314 45785 50537 2 13842 152079 7396 20563 8.348 9794
10715704 554803 100000 100000 Total [ 852782 88599 700.000] 100.000

isopropyl (5)-4-0xo0-2-(6-oxopyridazin-1(6H)-yl)-4-phenylbutanoate

©)vcozipr

(+)-5da; isolated yield: 20.0 mg (64%); colorless sticky oil; [a]p?® = +2.3 (¢ = 1.0,
CHCls); 'TH NMR (500 MHz, CDCls) & 8.00-7.98 (m, 2H), 7.74 (dd, J = 3.6, 1.6 Hz,
1H), 7.59 (dd, /= 10.6, 4.2 Hz, 1H), 7.48 (dd, J=11.0, 4.4 Hz, 2H), 7.19 (dd, J=9.5,
3.8 Hz, 1H), 6.97 (dd, J = 9.5, 1.7 Hz, 1H), 6.09 (dd, J= 7.7, 5.8 Hz, 1H), 5.11-5.06
(m, 1H), 3.92-3.82 (m, 2H), 1.24 (d, J = 6.3 Hz, 3H), 1.20 (d, J = 6.2 Hz, 3H); *C
NMR (126 MHz, CDCl3) & 195.72, 168.71, 160.20, 136.26, 136.15, 133.50, 131.43,
130.01, 128.70, 128.20, 69.89, 58.83, 38.07, 21.69, 21.60; Enantiomeric excess: 83%,
determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 70/30; flow rate 1.0 ml/min;
25 °C; 254 nm), first peak: tr = 9.25 min, second peak: tr = 10.60 min; HRMS (ESI)
m/z caled. for C17H1sN2NaO4 [M+Na] *=337.1159, found 337.1156.
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<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret. Time|  Area Height | Area/Height Height% Area% Peak# Ret. Time| _ Area Height | Area/Height | Height% | a%
1 9.157| 2167877 145440 14.906 53.129 50.026 1 9.252| 854654 56767 15.055 92.148 91.226
2| 10471 2165655 128310 16.878 46.871  49.974 2| 10.603 82195 4837 16.993 7.852 8.774
Total 4333531 273750 100.000 100.000 Total | 936849 61604 100.000 100.000

tert-butyl (S)-4-oxo0-2-(6-oxopyridazin-1(6H)-yl)-4-phenylbutanoate

l\
N.

O N O

(+)-5ea; isolated yield: 17.1 mg (52%); colorless sticky oil; [a]p®® = +2.5 (¢ = 1.0,
CHCls); '"H NMR (500 MHz, CDCl3) § 7.99 (d, J = 7.8 Hz, 2H), 7.73 (d, J = 3.6 Hz,
1H), 7.58 (t, J = 7.3 Hz, 1H), 7.47 (t, J = 7.6 Hz, 2H), 7.18 (dd, J = 9.5, 3.8 Hz, 1H),
6.96 (d, J = 9.4 Hz, 1H), 6.03 (t, J = 6.8 Hz, 1H), 3.85 (d, J = 6.8 Hz, 2H), 1.44 (s,
9H); 1*C NMR (126 MHz, CDCls) § 195.81, 168.26, 160.23, 136.32, 135.99, 133.45,
131.30, 130.00, 128.68, 128.21, 82.80, 59.33, 38.06, 27.89; Enantiomeric excess:
88%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 70/30; flow rate 1.0
ml/min; 25 °C; 254 nm), first peak: tr = 7.16 min, second peak: tr = 9.37 min; HRMS
(ESI) m/z calcd. for CigH20N2NaO4 [M+Na] "= 351.1315, found 351.1320.
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<Peak Table> <Peak Table>
PDA Ch1 254nm . . PDA Ch1 254nm
Peak# Ret. Time | Area Height | Area/Height Height% Area% Peak# Ret. Time|  Area Height | Area/Height Height% Area%
1 7.081) 2391225 198890 12.023 55.695 49.873 1 7.157 558142 45953 12.146 94.993 93.791
2| 9.215] 2403425 158217 15.191 44.305 50.127 2 932 36948 2422 15.255 5.007 6.209
Total 4794650 357107 100.000 100.000 Total 595090 48375 100.000 100.000

Ethyl (S)-4-0x0-2-(6-oxopyridazin-1(6 H)-yl)-4-(p-tolyl)butanoate
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//[:::::[/Jl\\///\\(:C)gEt
Me

(+)-5fa; isolated yield: 15.4 mg (49%); colorless sticky oil; [o]p?® = +12.5 (¢ = 1.0,
CHCls); '"H NMR (400 MHz, CDCls) & 7.88 (d, J = 8.2 Hz, 2H), 7.72 (dd, J= 3.7, 1.5
Hz, 1H), 7.26 (d, J=7.9 Hz, 2H), 7.18 (dd, /= 9.5, 3.8 Hz, 1H), 6.96 (dd,J=9.5, 1.5
Hz, 1H), 6.11 (dd, J = 7.5, 6.0 Hz, 1H), 4.23 (qd, J = 7.1, 1.3 Hz, 2H), 3.86 (dd, J =
6.7,3.7 Hz, 2H), 2.41 (s, 3H), 1.23 (t,J= 7.1 Hz, 3H); >*C NMR (101 MHz, CDCls) §
195.17, 169.24, 160.17, 144.31, 136.09, 133.85, 131.32, 130.02, 129.34, 128.30,
61.99, 58.74, 38.00, 21.67, 14.03; Enantiomeric excess: 82%, determined by HPLC
(Chiralpak AD-H, hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first
peak: tr = 12.81 min, second peak: tr = 16.17 min; HRMS (ESI) m/z calcd. for
C17H18N2NaO4 [M+Na] "= 337.1159, found 337.1158.
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<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret. Time|  Area eight | Area/Height  Height% Area% Peak# Ret. Time r Height | Area/Height _Height% Area%
i 12.808 6652490 324038 20.530 55.695 | 49.388 1 12.813 915999 44626 20.526 92.431 90.763
2| 16.155 6817283 257767 26.447 44.305 50.612. 2 16.170 93226 3654 25510 7.569 9.237
Total | 13469774 581805 100.000 100.000 Total 1009225 48280 100.000 100.000

Ethyl (5)-4-(4-methoxyphenyl)-4-0xo0-2-(6-oxopyridazin-1(6H)-yl)butanoate
| X
o @)

/O)‘\A COEt
MeO

(+)-5ga; isolated yield: 10 mg (30%); white solid; [o]p*® = +20.2 (¢ = 0.33, CHCl3);
'H NMR (500 MHz, CDCl3) 8 7.97 (d, J = 8.6 Hz, 2H), 7.74 (d, J = 3.6 Hz, 1H), 7.18
(dd, J = 9.4, 3.7 Hz, 1H), 6.95 (dd, J = 12.2, 9.2 Hz, 3H), 6.1 (1, J = 6.7 Hz, 1H),
4.25-421 (m, 2H), 3.87 (s, 3H), 3.85-3.83 (m, 2H), 1.24 (t, /= 7.1 Hz, 3H); 3C NMR
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(126 MHz, CDCl3) 6 194.07, 169.36, 163.76, 160.21, 136.16, 131.38, 130.51, 130.04,
129.33, 113.81, 62.03, 58.80, 55.54, 37.74, 14.07; Enantiomeric excess: 77%,
determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 70/30; flow rate 1.0 ml/min;
25 °C; 254 nm), first peak: tr = 17.79 min, second peak: tr = 24.43 min; HRMS (ESI)

m/z caled. for C17H1sN2NaOs [M+Na] *=353.1108, found 353.1113.
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<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Chi 254nm ] ] i
Peak# Ret Time|  Area Height | Area/Height| Height% Area% Pealh Ret. Time|  Area | Height | Area/Height] Height% Area%
1 17573 12868033 466398 37 590 57618 49.889] 1) 17.798] 1123499 40773 27555 90.744 83,402
2 24.057| 12925246 343063 37676 42.382 50111 2 24435 147397 4159 35.440] 9.256| 11.598
Total 25793279 809461 100.000 100.000 Total 1270898 44932 100000] 100,000

Ethyl (S)-4-([1,1'-biphenyl]-4-yl)-4-0x0-2-(6-0xopyridazin-1(6H)-yl)-

Butanoate

Ph

(+)-5ha; isolated yield: 24.8 mg (66%); colorless sticky oil; [a]p?® = +44.2 (¢ = 1.0,
CHCls); '"H NMR (400 MHz, CDCls) § 8.06 (d, J = 8.4 Hz, 2H), 7.74 (dd, J= 3.7, 1.5
Hz, 1H), 7.69 (d, J = 8.4 Hz, 2H), 7.62 (d, J = 7.3 Hz, 2H), 7.47 (t, J = 7.4 Hz, 2H),
7.40 (t, J=17.3 Hz, 1H), 7.18 (dd, J = 9.5, 3.8 Hz, 1H), 6.97 (dd, J=9.5, 1.5 Hz, 1H),
6.14 (dd, J=17.7, 5.8 Hz, 1H), 4.27-4.21 (m, 2H), 3.98-3.86 (m, 2H), 1.25 (t, J= 7.1
Hz, 3H); *C NMR (101 MHz, CDCl3) § 195.18, 169.21, 160.19, 146.14, 139.77,
136.16, 135.01, 131.37, 130.06, 128.99, 128.80, 128.33, 127.30, 127.29, 62.05, 58.78,
38.15, 14.06; Enantiomeric excess: 81%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 18.93
min, second peak: tr = 34.60 min; HRMS (ESI) m/z caled. for C2oH20N2NaO4 [M+Na]
©=399.1315, found 399.1314.

S57 / 177



B PDA Multi 1 254nm,4nn 159 g PDAMulti T 254nm,4nm]
204 H \‘
w ‘
159 | g 10
@ \
| I
\ I
104 it |
i Il s |
| | |
5] | | |
I} | A [l 3
o Jw - Jv - J\ . oA LU A ,
T T T T T T T T T T
10 20 20 40 50 10 20 30 40 50
mno . min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret. Time|  Area Height [ Area/Height | Height% | Area% Peak# Ret. Time | Area Height | Area/Height Height% | Area%
i 18.557 721314 22798 31.639 64.559 50.233 1 18.926 472663 14372 32.889 94.564 90.584
T2 33630 714612 12515 57.099 35441 49.767 2| 34.603 49131 826 59.465 5.436 9.416
otal 1435925 35313 100.000  100.000 Total 521794 15198 100.000  100.000

Ethyl (S)-4-(4-fluorophenyl)-4-oxo0-2-(6-oxopyridazin-1(6H)-yl)butanoate

(1
N\

O N O

/O)J\A COEt
F

(+)-5ia; isolated yield: 22.3 mg (70%); colorless sticky oil; [a]p?® = +1.7 (¢ = 1.0,
CHCI3); "H NMR (500 MHz, CDCl;3) & 8.03-8.00 (m, 2H), 7.74 (dd, J = 3.7, 1.6 Hz,
1H), 7.20 (dd, J=9.5, 3.8 Hz, 1H), 7.14 (t, J = 8.6 Hz, 2H), 6.97 (dd, /= 9.5, 1.6 Hz,
1H), 6.10 (dd, J= 7.9, 5.6 Hz, 1H), 4.26-4.20 (m, 2H), 3.90 (dd, /= 17.6, 5.6 Hz, 1H),
3.80 (dd, J=17.6, 7.9 Hz, 1H), 1.23 (t, J= 7.1 Hz, 3H); 'F NMR (376 MHz, CDCls)
§ -104.43; 13*C NMR (126 MHz, CDCl3) § 194.09, 169.06, 165.95 (d, J = 255.3 Hz),
160.14, 136.22, 132.75 (d, /= 2.9 Hz), 131.43, 130.86 (d, J = 9.4 Hz), 130.06, 62.08,
115.81 (d, J = 21.9 Hz), 58.75, 38.03, 14.02; Enantiomeric excess: 82%, determined
by HPLC (Chiralpak AD-H, hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254
nm), first peak: tr = 12.11 min, second peak: tr = 14.38 min; HRMS (ESI) m/z calcd.
for C16HisFN2NaO4 [M+Na] "= 341.0908, found 341.0905.
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<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret. Time Area Height | Area/Height | Height% Area% Peak# Ret. Time Area Height Area/Height  Height% Area%
1 12.115 4033504 216040 18.670 54.237 50.185 1/ 12.109 3064112 184095 18.673 92.388 91.169
2 14.383 4003817 182283 21.965 45.763 49.815 2 14.384 296815 13519 21.955 7.612 8.831
Total 8037321 398323 100.000 100.000 Total 3360927 177614 100.000 100.000

Ethyl (S)-4-(4-chlorophenyl)-4-0x0-2-(6-oxopyridazin-1(6H)-yl)butanoate
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/O)vcoza
Cl

(+)-5ja; isolated yield: 27.1 mg (81%); colorless sticky oil; [o]p*® = +19.6 (¢ = 1.0,
CHCls); '"H NMR (500 MHz, CDCl3) § 7.93 (d, J = 8.6 Hz, 2H), 7.75 (dd, J= 3.7, 1.5
Hz, 1H), 7.45 (d, J= 8.6 Hz, 2H), 7.21 (dd, /= 9.5, 3.8 Hz, 1H), 6.98 (dd,J=9.5, 1.5
Hz, 1H), 6.10 (dd, /= 7.9, 5.6 Hz, 1H), 4.26-4.20 (m, 2H), 3.90 (dd, J=17.7, 5.5 Hz,
1H), 3.81 (dd, J = 17.7, 8.0 Hz, 1H), 1.24 (t, J = 7.1 Hz, 3H); *C NMR (126 MHz,
CDCl3) 6 194.53, 169.07, 160.17, 139.98, 136.32, 134.53, 131.52, 130.10, 129.64,
129.03, 62.17, 58.67, 38.07, 14.07; Enantiomeric excess: 83%, determined by HPLC
(Chiralpak AD-H, hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first
peak: tr = 14.48 min, second peak: tr = 17.87 min; HRMS (ESI) m/z calcd. for
C16H15CIN2NaO4 [M+Na] "= 357.0613, found 357.0608.
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<Peak Table> <Peak Table>
PDA Ch1 254nm . . PDA Ch1 254nm
Peak# Ret. Time Area Height | Area/Height  Height% Area% Peak# Ret. Time Area eight | Area/Height | Height% Area%
1] 14521 4126845 175637 23.496 55233|  49.879 1] 14484 6327574 269665 23.465 92.790 91.598
2| 17.907| 4146926 142354 29.131 44767 50.121 2] 17.871 580427 20955 27.699 7.210 8.402
Total 8273770 317991 100.000 100.000 Total 6908001 290620 100.000  100.000

Ethyl (S)-4-(4-bromophenyl)-4-oxo-2-(6-oxopyridazin-1(6H)-yl)butanoate

Br

(+)-5Kka; isolated yield: 33.0 mg (87%); colorless sticky oil; [a]p?® = +20.3 (c = 1.0,
CHCI3); "H NMR (500 MHz, CDCl3) § 7.85 (d, J = 8.5 Hz, 2H), 7.73 (dd, J= 3.7, 1.6
Hz, 1H), 7.61 (d, J= 8.5 Hz, 2H), 7.19 (dd, J = 9.5, 3.8 Hz, 1H), 6.96 (dd, /=9.5, 1.6
Hz, 1H), 6.09 (dd, J=7.9, 5.6 Hz, 1H), 4.26-4.19 (m, 2H), 3.89 (dd, J=17.7, 5.6 Hz,
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1H), 3.78 (dd, J = 17.7, 7.9 Hz, 1H), 1.23 (t, J = 7.1 Hz, 3H); *C NMR (126 MHz,
CDCl) 6 194.71, 168.99, 160.12, 136.25, 135.02, 132.00, 131.46, 130.06, 129.70,
128.69, 62.10, 58.70, 38.05, 14.04; Enantiomeric excess: 79%, determined by HPLC
(Chiralpak AD-H, hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first
peak: tr = 14.46 min, second peak: tr = 17.99 min; HRMS (ESI) m/z calcd. for
Ci6H15BrN2NaO4 [M+Na] “=401.0107, found 401.0101.
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<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peaks Ret. Time| _Area Height | Area/Height | Height% % Peak# Ret. Time|  Area Height | Area/Height | Height% | Area%
11 14531 22196624 917336 24.197 585.141 49.511 1] 14.462] 10954210 482325 22711 90.794 | 89.452
2| 18.088| 22634920 746288 30.330 44.859 50.489 2| 17.985] 1291722 48903 26.414 9.206 10.548
Total 44831544 1663624 100.000|  100.000 Total 12245032 531228 100.000|  100.000

Ethyl (S)-4-0x0-2-(6-oxopyridazin-1(6 H)-yl)-4-(4-(trifluoromethyl)phenyl)-
Butanoate

| X

N
@) @)

/(j)J\A COEt
FsC

(+)-5la; isolated yield: 25.0 mg (68%); colorless sticky oil; [a]p?® = +1.8 (¢ = 1.0,
CHCls); 'TH NMR (500 MHz, CDCls) § 8.10 (d, J = 8.2 Hz, 2H), 7.75 (d, J = 7.3 Hz,
3H), 7.21 (dd, J= 9.5, 3.8 Hz, 1H), 6.99 (dd, J = 9.5, 1.4 Hz, 1H), 6.11 (dd, J = 7.8,
5.7 Hz, 1H), 4.27-4.21 (m, 2H), 3.96 (dd, J = 17.7, 5.6 Hz, 1H), 3.83 (dd, J = 17.7,
7.9 Hz, 1H), 1.24 (t, J = 7.1 Hz, 3H); '’F NMR (282 MHz, CDCl3) & -63.14; '*C
NMR (126 MHz, CDCI3) 6 194.88, 168.94, 160.16, 138.88, 136.36, 134.59 (t, J =
32.7 Hz), 131.54, 130.14, 128.57, 125.80 (q, J = 3.7 Hz), 123.53 (q, J = 272.7 Hz),
62.23, 58.67, 38.38, 14.05; Enantiomeric excess: 82%, determined by HPLC
(Chiralpak AD-H, hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first
peak: tr = 11.00 min, second peak: tr = 14.45 min; HRMS (ESI) m/z calcd. for
C17H15F3N2NaO4 [M+Na] "= 391.0876, found 391.0875.
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<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret. Time | Area Height | Area/Height  Height% | Area% Peak# Ret. Time| Area | Height | Area/Height| Height% | Area%
1] 11.019]  9483% 54657 17.352 56.415 49215 1] 11.001 677286 38527 17.579 92499 90737
2| 14.472] 978661 42226 23177 43585 50.785 2| 14.448] 69138 3124 22128 7.501 | 9.263
Total 1927057 96883 100000/  100.000 Total 746424 41652 100.000|  100.000

Ethyl (S)-4-(4-cyanophenyl)-4-0x0-2-(6-oxopyridazin-1(6H)-yl)butanoate

/O)J\A COEt
NC

(+)-5ma; isolated yield: 28.6 mg (88%); colorless sticky oil; [a]p?® = +15.1 (¢ = 1.0,
CHCls3); '"H NMR (500 MHz, CDCls) & 8.09 (d, J = 8.4 Hz, 2H), 7.80 (d, J = 8.4 Hz,
2H), 7.75 (dd, J = 3.8, 1.6 Hz, 1H), 7.23 (dd, J = 9.5, 3.8 Hz, 1H), 6.99 (dd, J = 9.5,
1.6 Hz, 1H), 6.09 (dd, J= 7.6, 5.8 Hz, 1H), 4.27-4.20 (m, 2H), 3.97 (dd, /= 17.7, 5.8
Hz, 1H), 3.79 (dd, J = 17.7, 7.7 Hz, 1H), 1.24 (t, J = 7.1 Hz, 3H); 1*C NMR (126
MHz, CDCl3) & 194.62, 168.81, 160.11, 139.18, 136.43, 132.62, 131.61, 130.15,
128.65, 117.89, 116.69, 62.27, 58.67, 38.39, 14.04; Enantiomeric excess: 83%,
determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 70/30; flow rate 1.0 ml/min;
25 °C; 254 nm), first peak: tr = 16.64 min, second peak: tr = 19.78 min; HRMS (ESI)
m/z caled. for C17H;5N3NaO4 [M+Na] * = 348.0955, found 348.0960.
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<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm . ;
Peak# Ret. Time Area Height | Area/Height Height% | Area% Peak#| Ret. Time | Area Height | Area/Height Height% | Area%
1] 16.469 3046865 106996 28.476 54.268 | 50.295 1 16.637 5848919 201714 28.996 92211 91.452
2| 19.526 3011165 90168 33.395 45.732 49.705 2 19.782 546718 17039 32.087 7.789 8.548
Total 6058030 197164 100.000 100.000 Total 6395638 218752 100.000 | 100.000

Ethyl (S)-4-(3,4-dichlorophenyl)-4-o0xo0-2-(6-oxopyridazin-1(6 H)-yl)-

Butanoate
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Cl
Cl

(+)-5na; isolated yield: 35.0 mg (95%); colorless sticky oil; [a]p?® = +13.4 (¢ = 1.0,
CHCl3); '"H NMR (500 MHz, CDCl3) § 8.05 (s, 1H), 7.81 (dd, J = 8.4, 1.0 Hz, 1H),
7.75 (dd, J=2.2, 1.5 Hz, 1H), 7.57-7.55 (m, 1H), 7.21 (dd, J = 9.5, 3.8 Hz, 1H), 6.97
(d, J=9.5 Hz, 1H), 6.07 (t, /= 6.7 Hz, 1H), 4.26-4.20 (m, 2H), 3.89 (dd, J=17.7, 5.6
Hz, 1H), 3.75 (dd, J = 17.7, 7.8 Hz, 1H), 1.25-1.22 (m, 3H); *C NMR (126 MHz,
CDCI3) 6 193.63, 168.88, 160.13, 138.09, 136.38, 135.74, 133.39, 131.57, 130.86,
130.20, 130.11, 127.24, 62.22, 58.65, 38.11, 14.05; Enantiomeric excess: 80%,
determined by HPLC (Chiralpak OD-H to OD-H, hexane/i-PrOH = 60/40; flow rate
0.5 ml/min; 25 °C; 254 nm), first peak: tr = 69.93 min, second peak: tr = 74.21 min;
HRMS (ESI) m/z caled. for Ci16H14C12N2NaO4 [M+Na] "= 391.0223, found 391.0220.
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min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1254nm ; .
Peak# Ret. Time| _ Area Height | Area/Height _Height% Area% Peak# Ret. Time|  Area Height | Area/Height| Height% | Area%
1 66.400| 12675493 106808 | 118.676 47.245 50.394 1 69.928| 1223945 9833 124.477 9.323 10.124
2 71.081] 12477177 119267 104.616 52.755 49.608 2| 74.209] 10865410 95638 | 113.610 90.677 89.876
Total 25152671 226074 100.000 100.000 Total | 12089356 105470 100.000 100.000

Ethyl (S)-4-(benzo[b]thiophen-2-yl)-4-0x0-2-(6-oxopyridazin-1(6H)-yl)but-

anoate

(+)-50a; isolated yield: 29.9 mg (84%); colorless sticky oil; [a]p?® = +33.1 (c = 1.0,
CHCl3); "H NMR (400 MHz, CDCls) § 8.05 (s, 1H), 7.88 (dd, J = 13.8, 7.9 Hz, 2H),

7.74 (dd, J = 3.7, 1.6 Hz, 1H), 7.49-7.39 (m, 2H), 7.19 (dd, J = 9.5, 3.8 Hz, 1H), 6.96
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(dd, /=9.5, 1.5 Hz, 1H), 6.10 (dd, J = 8.0, 5.7 Hz, 1H), 4.28-4.20 (m, 2H), 4.00-3.86
(m, 2H), 1.24 (t, J = 7.1 Hz, 3H); '3C NMR (101 MHz, CDCls) § 190.01, 168.89,
160.16, 142.74, 142.60, 139.01, 136.33, 131.53, 130.07, 129.67, 127.66, 126.08,
125.12, 123.00, 62.17, 58.84, 38.54, 14.05; Enantiomeric excess: 70%, determined by
HPLC (Chiralpak AD-H, hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254
nm), first peak: tr = 15.02 min, second peak: tr = 17.21 min; HRMS (ESI) m/z calcd.
for C1gH16N2NaO4S [M+Na] "= 379.0723, found 379.0723.

PDA Multi 1 254nm 4nm|

o — o—

in
<Peak Table> <Peak Table>
PDA Ch1 254nm ) PDA Ch1 254nm
Peak# Ret. Time|  Area Height | Area/Height Height% | Area% Peak# Ret. Time ea Height | Area/Height | Height% | Area%

1| 15.065| 1435781 57772 24.853 53.087|  49.780 1| 15.019| 3404268 136628 24,517 86.472|  85.014
2| 17.221] 1448465 51052 28.372 26.913 50.220 2| 17.008] 600095 21374 28.075 13528|  14.986
Total | 2884246 108824 100.000 100.000 Total | 2004393 158003 100.000]  100.000

Ethyl (S)-4-(naphthalen-2-yl)-4-0x0-2-(6-oxopyridazin-1(6H)-yl)butanoate

(+)-5pa; isolated yield: 20.0 mg (57%); colorless sticky oil; [a]p?® = +47.1 (¢ = 1.0,
CHCls); 'H NMR (400 MHz, CDCls) § 8.52 (s, 1H), 8.03 (dd, J = 8.6, 1.6 Hz, 1H),
7.96 (d, J= 8.0 Hz, 1H), 7.90-7.86 (m, 2H), 7.74 (dd, J = 3.7, 1.6 Hz, 1H), 7.63-7.54
(m, 2H), 7.18 (dd, J = 9.5, 3.8 Hz, 1H), 6.97 (dd, J= 9.5, 1.6 Hz, 1H), 6.17 (dd, J =
7.7, 5.8 Hz, 1H), 4.29-4.21 (m, 2H), 4.09-3.97 (m, 2H), 1.25 (t, J = 7.1 Hz, 3H); 13C
NMR (101 MHz, CDCl3) & 195.53, 169.26, 160.23, 136.23, 135.74, 133.60, 132.45,
131.45, 130.07, 129.63, 128.70, 128.56, 127.81, 126.91, 123.75, 62.09, 58.91, 38.16,
14.08; Enantiomeric excess: 79%, determined by HPLC (Chiralpak AD-H to AD-H,
hexane/i-PrOH = 60/40; flow rate 0.5 ml/min; 25 °C; 254 nm), first peak: tr = 39.78
min, second peak: tr =41.53 min; HRMS (ESI) m/z calcd. for Co0H1sN2NaOs [M+Na]

"=373.1159, found 373.1151.
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<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret. Time|  Area Height | Area/Height | Height% Area% Peak# Ret. Time| _ Area_ Height | Area/Height | Height% | Area%
1) 39338 6587284 174643 37.719 50.417 49.607 1 39.784 11896876 299441 39.730 88.719 89.228
2 41.000 6691619 171755 38.960 49.583 50.393 2] 41528 1436254 38074 37.722 11.281 10.772
Total 13278903 346398 100.000  100.000 Total 13333129 337515 100.000  100.000

(R)-2-(1,1,1-trifluoro-4-oxo0-4-phenylbutan-2-yl)pyridazin-3(2H)-one

CF,

(-)-3aa; isolated yield: 26.6 mg (90%); colorless sticky oil; [a]p*® = -286.7 (¢ = 1.0,
CHCI3); Enantiomeric excess: 94%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 8.388

min, second peak: tr = 12.096 min.

IE PDA Multi 1 254nm, 4nm “ﬁ PDA Muiti 1 254nm.4nm|
500 o
i 00+
| |
\ I |
| |
‘ I /|
2 |
| | I a |
N S RN JA B A 1
T T T T T
00 25 50 75 0o 125 15.0 17.5 200 o0 2 50 s a0 125 150 175 20.0
miin min
<Peak Table> <Peak Table>
PDA Chi 254nm
¢ A T PDA Ch1 254nm
Peak# Ret Tme|  Arca Height | Heighte | Area% il asnm ; i
1] BA79| G6T4606| 646927 57665 49.850 PeckhRel Time| Area . Hewht | Heighth | Aresk o
2 12.066 | 8691860 474843 42335 50.050 = 1”7DEG 2415;73 136352 95.929] S; 094
Total 17366466 121870 100.000 100.000 TD\;\. = 1 2487760 !4.,135 i0g Dﬂﬁ 100.000

(R)-2-(1,1,1-trifluoro-4-o0xo0-4-(p-tolyl)butan-2-yl)pyridazin-3(2H)-one

Me

(-)-3ba; isolated yield: 30.7 mg (99%); colorless sticky oil; [a]p?® = -298.4 (c = 1.0,
CHCI3); Enantiomeric excess: 96%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 9.286

min, second peak: tr = 14.768 min.
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<Peak Table> <Peak Table>
PDACh1 254nm . ) PDACN1 254nm .
Peak® Ret Tme | Area Height | Height® | Area% Peakit Ret Tme|  Area Height | Height%e | Area%
9253 5343459 398081 61.118 50.668 1] 8.286| 222868 17505 3.218] 1.984
14721 5202519 253254 35.882| 49332 Z 14.788| 11009439 5264386 96.782] 98.01€
Total 10545578 651336 100.000]  100.000 Total 1232307 543991  100.000]  100.000

(R)-2-(1,1,1-trifluoro-4-(4-methoxyphenyl)-4-oxobutan-2-yl)pyridazin-

3(2H)-one

MeO

(-)-3ca; isolated yield: 29.3 mg (90%); colorless sticky oil; [a]p? = -320.6 (c = 1.0,
CHCIl3); Enantiomeric excess: 95%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 12.734

min, second peak: tr =21.611 min.

" = FDA Multi 1 254nm 4n ,m PDA Multi 1 254nm.4n
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150+ ‘
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min min
<Peak Table> <Peak Table>
PDA Ch1 254nm i PDA Ch1 254nm _ ’ .
Peak# Ret Time Area Height Height®% | Area% Peak# Ret Time |  Area | Height Hewght®% | Area%
1] 12716] 5421723 285553 £2697]  49.806 1 12%;?1': Sgsg;_ ‘8113;?1 92 ig?_ g?.zgg
2] 21817 5463996 169899 37.303 50.194 2 3 2 | -
Total 10885719 455452 100.000] 100000 Total 5997790 190576 100.000] 100000

(R)-2-(4-(|1,1'-biphenyl]-4-yl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyridazin-

3(2H)-one

Ph
(-)-3da; isolated yield: 36.8 mg (99%); white solid; [a]p?® = -256.1 (¢ = 1.0, CHCl3);
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Enantiomeric excess: 95%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH =

80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 13.774 min, second peak:

tr = 24.216 min.

PDA Mult 1 254nm.4n
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<Peak Table> <Peak Table>
PDA Chi 254nm R . PDACR1 254nm_ i
Peah# Ret. Time | Area Height | HReight% | Peaké Rel. Time | Area Heighi% | Area%
1) 13751 941348 244886 £3.110 13.774 s 4410 2589
2| 24305 546842 25982 365880 2| 24216 4754448 126891 95500, 97.431
Total 1883287 70458 100.000] Total 4879793 132746 100000  100.000

(R)-2-(1,1,1-trifluoro-4-(4-fluorophenyl)-4-oxobutan-2-yl)pyridazin-3(2H)

-one

F

(-)-3ea; isolated yield: 29.8 mg (95%); colorless sticky oil; [a]p®® = -243.1 (c = 1.0,

CHCI3); Enantiomeric excess: 94%, determined by HPLC (Chiralpak AD-H,

hexane/i-PrOH = 90/10; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 8.954

min, second peak: tr = 14.645 min.

] PDAMUI 1254nm 2nn| 2 PDAMUIt 1 254nm 4nm|
4004 ’|m 250 “‘g
i ‘ 200-] ‘\
‘ 1504 ‘
200 ‘ ‘ |
100 |
1004 ‘ | | |
50+ 3 ‘ |
3 |
Rl = 1\
d 1% \ \
3 10 % 25 10 15 B 25
min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDACh1 254nm
Peak# Ret. Time Area Height Height% Peak# Ret Time Height Height% Area%
1 8.942| 5637774 421701 61.184 1 8.954 14624 5.164 3.221
268596 94.836 96.779

2 14.649 5687222 267537 38.816
Total 11324996 689238 100.000

2 14 645

Total

283220 100.000 100.000

(R)-2-(4-(4-chlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyridazin-3(2H)

-one
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Cl

(-)-3fa; isolated yield: 31.2 mg (95%); colorless sticky oil; [a]p?® = -284.5 (¢ = 1.0,

CHCI3); Enantiomeric excess: 95%, determined by HPLC (Chiralpak AD-H,

hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 9.908

min, second peak: tr = 16.340 min.

_3 PDA Mutti 1 254nm 4ni

1500-] ¥ PDA MUl 1 254nm,4nm|
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75 100 180 175 20.0 75 100 125 175 200
L min
<Peak Table> <Peak Table>
PDACh1 254nm . PDA Ch1 254nm
Peak Ret. Time| A Height | Height% Ret. Tme|  Area Height | Unit | PeakEnd | Mark | Height% | Area%
1. 9.881| 21404177| 1480557 50818 9.908| 287121 21195 10293 M 4623 2722
2 16.272| 20715070| 885967 49.182| 16.340| 10261400 436234 17.963 95.367 97.278.
2366524]  100.000]  100.000 10548521 457429 100000/ 100.000

Total 42119247

(R)-2-(4-(4-bromophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyridazin-3(2H)

-one

Br

(-)-3ga; isolated yield: 36.8 mg (98%); colorless sticky oil; [a]p** = -307.4 (c = 1.0,

CHCIl3); Enantiomeric excess: 93%, determined by HPLC (Chiralpak AD-H,

hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 10.333

min, second peak: tr = 17.299 min.
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<Peak Table> <Peak Table>
PDA Ch1 254nm PDACh1 254nm
Peak# Ret. Time | Area Height Area% Peak# Ret. Time | Area Height Height%
1] 10.341| 8433742 554871 50.001 1] 10.333 118429 8093 5515
2 17.355 8433254 | 333992 49999 2 17.299 3439484 138659 94 485
Total 16866996 888863 100.000 Total 3557912 146752 100.000
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(R)-2-(1,1,1-trifluoro-4-(4-iodophenyl)-4-oxobutan-2-yl)pyridazin-3(2H)-

one

(-)-3ha; isolated yield: 38.0 mg (90%); colorless sticky oil; [a]p?’ = -272.9 (c = 1.0,
CHCIl3); Enantiomeric excess: 93%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 11.318

min, second peak: tr = 18.690 min.
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5 0 15 20 2‘5 5 10 15 2‘0 25
mi
<Peak Table> <Peak Table>
PDACh1 254nm PDA Ch1 254nm
Peak# Ret. Time Area Height Height% Area% Peak# Ret Time | Area Height Height% Area%
1 11.343 709379 41554 61.446 49403 1 11.318 114602 6683 5294 3.304
2 18831 726531 26073 38554 50597 2 18.690 3354515 119547 94 706 96.696
Total 1435910 67627 100.000 100.000 Total 3469117 126230 100.000 100.000

(R)-2-(1,1,1-trifluoro-4-(4-nitrophenyl)-4-oxobutan-2-yl)pyridazin-3(2H)

-one

(-)-3ia; isolated yield: 30.0 mg (88%); colorless sticky oil; [a]p?® = -284.1 (c = 1.0,
CHCI3); Enantiomeric excess: 91%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 18.031

min, second peak: tr = 40.589 min.
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<Peak Table> <Peak Table>
PDACh1 254nm PDA Ch1 254nm
Peak# Ret. Time|  Area Height Height% Area% Peak# Ret Tme | Area Height Height% Area%
1 18.132 55680524 130076 67.472 49.800 1 18.031 7865804 186805 97.766 95.641
2] 40617| 5625426 62710 32528 50.200 2| 40589 358520 4269 2234 4.358.
Total 11205950 192787  100.000]  100.000 Total 8224324 191073|  100.000]  100.000

(R)-4-(4,4,4-trifluoro-3-(6-oxopyridazin-1(6H)-yl)butanoyl)benzonitrile

NC

(-)-3ja; isolated yield: 31.5 mg (98%); colorless sticky oil; [a]p?® = -299.2 (¢ = 1.0,
CHCI3); Enantiomeric excess: 91%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 18.918

min, second peak: tr =22.761 min.

3 = FOA NI T 254nm A ”; POANUT 1 254nm 4n
F ;
2 a8 8
3] K 200] “
|
] “ | 150 “
‘ ‘ l‘ 100 ‘
10 ‘
| | (|
\‘ | I I 50 © ‘
I a |
a L I\ || e ||
ol I | - J Y
5 1 5 2 % 0 % 0 15 5 10 15 20 %5 B 35 40 15
min min
<Peak Table> <Peak Table>
PDA Ch1 264nm PDACh1 264nm
Peak# Ret Time | Area Heignt | Height% | Area% Peak# Ret. Time | Area Height | Height% | Area%
1 18829  ar7i87 34363 54738 49507 1. 18918] 402851 14308 5713 4677
2 22643 993070 28473 45762 50403 2 22761] 8211087 236121 04287] 96323
Total 1970257 62776  100.000|  100.000 Total 8613938] 250429  100.000]  100.000

(R)-2-(1,1,1-trifluoro-4-(4-(methylsulfonyl)phenyl)-4-oxobutan-2-yl)pyrida-

zin-3(2H)-one

MeO,S
(-)-3Kka; isolated yield: 35.9 mg (96%); yellow oil; [a]p®® = -220.1 (¢ = 1.0, CHCl5);
Enantiomeric excess: 91%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH =
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90/10; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 32.345 min, second peak:

tr = 41.491 min.
= POA MU T 254nm.4nm| 0 3 PDA MU 1 254nm Anm|
It g
[ It
7.5+ |
il i [l
I g 20+ \I
\ I
509 ‘ | \ I
| I ‘
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259 | \ % |
| [\ by \
|\ ‘\ \ J ] 4
| | T \ I _
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T T T T T T
20 % 30 % 4 & 0 % 50 10 20 30 40 50 60
min min
<Peak Table> <Peak Table>
PDACh1 254nm PDACh1 254nm )
Peak# Ret Time Area Height Height% Area% Peak# Ret. Time Area Height Height% Area%
1 32314 503991 8567 59.901 50498 1 22245 128812 2279 7413 4516
2 42745 494050 5735 40.09%9 49502 2 41491] 2723663 28465 92 587 95484
Total 998042 14302]  100.000]  100.000 Total 2852475 30744 100000  100.000

(R)-2-(1,1,1-trifluoro-4-0x0-4-(4-(trifluoromethyl)phenyl)butan-2-yl)

pyridazin-3(2H)-one

FsC
(-)-3la; isolated yield: 32.4 mg (89%); yellow oil; [a]p?® = -278.9 (¢ = 1.0, CHCl5);
Enantiomeric excess: 93%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH =

80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 7.929 min, second peak:

8 PDA Multi 1 254nm 4ni l'Q PDA Muiti 1 254nm, 41 |
A H
50 “ ” T
g |
H 2 504
| ‘ |
|
“ i ‘
25
\ I 2| |
| | |
\ [ 4 1
I I 8 I\ |
| | ~ \
o e AN A L - ol o, Koo
0o 2’5 50 75 100 125 150 175 200 00 25 50 75 100 135 180 175 200
min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret Time| Area | Height | ArealHeight| Height® | Area% Peak# Rel Time| _ Area Height | Height% | Area%
1 7928 653609 56606 11547 50446 50504 1 7929 39319 3487 4896 3.375
2 11543] 638265 38616]  16.528] 40554 49406 2 A1815] 1125750 7733]  ©5104| 96625
Total 291675 95223 1000001 100000 Total [ 1165069 71220]  100.000] 100000

(R)-2-(1,1,1-trifluoro-4-(2-nitrophenyl)-4-oxobutan-2-yl)pyridazin-

3(2H)-one
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NO,
(-)-3ma; isolated yield: 32.4 mg (95%); yellow oil; [a]p?® = -127.3 (¢ = 1.0, CHCl3);
Enantiomeric excess: 75%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH =

80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 11.818 min, second peak:

s50] ’§ PDA Mulli 1 254nm,an ﬂ§ PDA Mulli 1 254nm Ani
2 3004 s
| \
1504 ’\—
‘| i‘ 200+ ‘
1004 ‘
] | ‘ ( 1004 3 ‘ “
ol " I
I (\ ||
WA I\ |
i I SR P Y N Nl X o — B )\
5 10 15 2 % 30 5 10 15 B3 % 30
min min
<Peak Table> <Peak Table>
PDACh1 254nm PDACh1 254nm
Peak# Ret. Time| Area | Height | Height% |Area/Height _Area% Peaké# Ret. Time | Area Height | Height% |Area/Height| Area%
1] 11.854] 3402219]  202885]  56.885  16.769)  50.109| 1 11818] 1051494 62491 15790 16.826 12.376
2 15.679| 3387396 163775 43.115] 22.028 49.891 2 15.632 7444716 333282 84.210 22.338 87.624
Total | 6789615  356660|  100.000 100.000 Total 8496210]  385773)  100.000 100.000

(R)-2-(1,1,1-trifluoro-4-(3-nitrophenyl)-4-oxobutan-2-yl)pyridazin-3(2H)

-one

NO2
(-)-3na; isolated yield: 32.1 mg (94%); colorless sticky oil; [a]p?’ = -263.0 (c = 1.0,
CHCIl3); Enantiomeric excess: 92%, determined by HPLC (Chiralpak AD-H,

hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 13.409

min, second peak: tr = 23.927 min.
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<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret. Time|  Area Height | Height% | Area% Peak# Ret. Tme|  Area Height Height% | Area%
1] 13.437| 2878185 151400 64.134 49.842 1] 13409 216195 1719 7.460 4157
2| 24.081| 2896407 84668 35.866 50.158 2 23927| 4984462 145364 92540 95843
Total 5774591 236067|  100.000]  100.000 Total 5200657 157083 100.000]  100.000

(R)-2-(4-(3,5-difluorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyridazin-

3(2H)-one

F
(-)-30a; isolated yield: 31.0 mg (93%); colorless sticky oil; [a]p*® = -209.6 (c = 1.0,
CHCIl3); Enantiomeric excess: 93%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 7.975

min, second peak: tr = 12.459 min.
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min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDACh1 254nm
Peak# Ret Time| _ Area Height | ArealHeight| Height% | Area% Peak# Ret Time| _ Area Height | Area/Height| Height% | Area%
8023 2096341 174507 12.007 60.319 49.686 1. 7975 136017 1737 11.589 5616 3.606
12610 2122830] 114858 18.482 39.681 50.314 2 12450| 3638827 197258 18432 94384 96.394
Total | 4219171 2809455 100.000/ 100000 Total 3771844| 208995 100.000]  100.000

(R)-2-(4-(3,4-dichlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyridazin-

3(2H)-one

Cl
Cl

S72 / 177



(-)-3pa; isolated yield: 35.8 mg (98%); white solid; [a]p?® = -286.6 (¢ = 1.0, CHCl);
Enantiomeric excess: 95%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH =
80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 7.905 min, second peak:

tr = 11.792 min.

2 PDA Mull 1 254nm 4nm] ] PDAMult 1 254nm 4nn
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00 75 50 75 100 125 130 175 200 00 25 50 75 100 125 150 175 200
min min
<Peak Table> <Peak Table>
PDACh1 254nm PDA Ch1 254nm )
Peak# Ret. Time|  Area Height Height% Area% peak:’ Ret ;rg"o‘z A;:QA He‘g:;_m; Heigg*‘?y A"eﬂz”/g%
—; 1? 532 33‘3%; 13%3;? 735 323 23'8—?3 2| 1792 11391847 637666 96.343 97.675
Total 2534482 175725 100000 100.000 Total 11662971 661869  100.000  100.000

(R)-2-(1,1,1-trifluoro-4-(naphthalen-1-yl)-4-oxobutan-2-yl)pyridazin-3(2H)-

one

(-)-3qa; isolated yield: 33.9 mg (98%); colorless sticky oil; [a]p?’ = -181.2 (c = 1.0,
CHCIl3); Enantiomeric excess: 85%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 8.340

min, second peak: tr = 10.875 min.
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0o 25 50 75 100 125 180 175 | 200 00 25 50 75 16.0 125 130 175 200
min min
<Peak Table> <Peak Table>
PDACh1 254nm PDA Ch1 254nm
Peak# Ret. Time|  Area Height Height% Area% Peak# Ret Time| Area | Height Height% Area%
1 8334] 1620785 123371 56.137 50.464 1 8.340 254968 19802 9608 7627
2 10.866] 1599783 96398 43863 49.536 2| 10875 3088022 186307 90392 92373
Total 3229569 219768|  100.000| _ 100.000 TTotal | 3342990 206109|  100.000]  100.000

(R)-2-(1,1,1-trifluoro-4-(naphthalen-2-yl)-4-oxobutan-2-yl)pyridazin-3(2H)

-one
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(-)-3ra; isolated yield: 33.9 mg (98%); colorless sticky oil; [a]p®® = -422.3 (¢ = 1.0,
CHCI3); Enantiomeric excess: 93%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 10.523

min, second peak: tr = 14.709 min.

r; FOAMult 1 254nm 4n w00 ] POAMUT 1 254nm 4n
500-] ‘F—' © =
| = 400 "
4007 ‘ "‘ ‘l
] ‘ ‘| 300 |
200 ‘ | ‘ 200] “
I |
100 | [ 1004 8 |
1 s S L P = A
r
5 10 15 20 25 y )
i 5 10 15 2 2% N
<Peak Table> <Peak Table>
PDACh1 254nm
PDACh1 254nm
Peakit Ret. Time | Height | Height% | Area% Peak Ret. Time | Area Height | Height% | Area%
1 10470| G085732| 550426 56.460 49.226 1 10523 404213 27164 5.169 3.464
2 14615] 9371508| 424476 43540 50.774 2 14709 Ti205039| 498373 94831 96.536.
Total 18457233  974902]  100.000]  100.000 Total 11669252| 525537 100000,  100.000

(R)-2-(4-(benzo[b]thiophen-2-yl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyridazin-

3(2H)-one
| X
O N N~ O
~ CF;
S

(-)-3sa; isolated yield: 34.1 mg (97%); colorless sticky oil; [o]p?® = -384.1 (c = 1.0,
CHCIl3); Enantiomeric excess: 92%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 12.571

min, second peak: tr = 17.941 min.
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<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret. Time|  Area Height Height% | Area% Peak# Ret. Time| _ Area Height Height% | Area%
1 12.482 1387564 77414 59.260 50.025 1 12.571 171555 9469 6.120 4.217
2| 17.778] 1386179 53221 40.740 49.975 2| 17.941| 3896939 145247 93.880 95.783
Total 2773743 130635]  100.000  100.000 Total 4068495 154716]  100.000  100.000

(R)-2-(1,1,1-trifluoro-4-o0xo0-4-(thiophen-2-yl)butan-2-yl)pyridazin-3(2H)-

one

x CFy
\ S
(-)-3ta; isolated yield: 28.7 mg (95%); yellow oil; [a]p?® = -278.5 (¢ = 1.0, CHCl5);
Enantiomeric excess: 96%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH =

80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 10.632 min, second peak:

tr = 15.932 min.
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|
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min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret. Time| _ Area Height | Height% Area% Peak# Ret Time | Area Height Height% | Area%
1| 10.656 4960293 315319 60.001 50.181 1 10.632 142083 9392 3222 2104
2 15.982 4924586 210205 39.999 49.819 2 15.932 6610519 282115 96.778 97 896
Total 9884879 525524]  100.000  100.000 Total 6752602 291507  100.000]  100.000

(R)-2-(4-(cyclohex-1-en-1-yl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyridazin-

3(2H)-one

CF3

(-)-3ua; isolated yield: 12.0 mg (40%); colorless sticky oil; [a]p*® = -235.5 (¢ = 0.33,
CHCI3); Enantiomeric excess: 90%, determined by HPLC (Chiralpak AD-H,
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hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 7.266

min, second peak: tr = 9.892 min.

100 I3 PDA Multi 1 254nm 4nm) « I PDA MUl 1254nm An|
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00 25 0 7 100 12.5 150 175 200 00 25 50 75 100 125 150 175 200
min min

<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret Time | Area Height Height% Area%

Peak# Ret. Time|  Area Height Conc. Height% Area%
1] 7.263] 1066238 96603 0.000 56.676 49.164 1 7.266 23549 2194 7.143 5.274

2| 9891 1102485 73844 0.000 43.324 50.836 2 9892 422933 28516 92.857 94.726
Total 2168723 170447 100000/  100.000 Total 446482 30710]  100.000]  100.000

(R)-2-(1,1,1,2,2-pentafluoro-5-oxo-5-phenylpentan-3-yl)pyridazin-3(2H)-

One

(@] N (@]
CoFs

(-)-3ua; isolated yield: 22.0 mg (64%); colorless sticky oil; Enantiomeric excess:
83%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 80/20; flow rate 1.0
ml/min; 25 °C; 254 nm), first peak: tr = 7.857 min, second peak: tr = 8.661 min.

7! g E PDA Multi 1 254nm 4nm| ;ﬁ PDA Mutti 1 254nm 4nm(
bt 250 =
\ 200+
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T T T T T T T T
5 10 15 20 25 5 i 15 20 25
min min
<Peak Table> <Peak Table>
PDA Ch1 254nm } PDA Ch1254nm " 2
Peak# Ret. Time| Area | Height | Height% | Area% Peak Ret Time| Area | Height Height% | Area%
1] 7.670] 631648 73570 52563  50.333 1 7857 317239 28776 9712] 8.660
2| 8883 820845 66395 47437 49667 2 BB61, 3345826 267520 90288  91.340
Total 1652293 139966  100.000  100.000 Total 3663065 296297  100.000  100.000

(R)-2-(4-(4-chlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)-6-methylpyrida-

zin-3(2H)-one
Me N

Cl

(-)-31b; isolated yield: 22.0 mg (64%); white solid; [a]p?° = -222.3 (¢ = 1.0, CHCl);
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Enantiomeric excess: 96%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH =

80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 9.167 min, second peak:

tr = 12.150 min.
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<Peak Table> <Peak Table>
PDA Ch1 264nm PDACh1 254nm
Peak# Ret. Tme | Area Height Conc Height% Peak# Ret. Time Area%
1 9.155| 3938897 298276 0.000 56.830 1 9.167 2182
2| 12.154| 3924609 226581 0.000 43170 2] 12.150 97818
Total 7863506 524858 100.000]  100.000 Total 100.000

(R)-2-(4-(4-chlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)-6-phenylpyrida-

zin-3(2H)-one

Cl

Ph

(-)-3fc; isolated yield: 39.5 mg (97%); colorless sticky oil; [a]p?® = -76.6 (¢ = 1.0,

CHCI3); Enantiomeric excess: 92%, determined by HPLC (Chiralpak AD-H,

hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 9.624

min, second peak: tr = 11.733 min.

PDAMUI 1 254nm,4n

1500

1000

<Peak Table>
PDA Ch1 254nm

Peak# Ret Time |
9.618

s DA MU 1 254nm 4n] 1000
ﬂ: :
| 750]
“ 500
‘ | | | 250
ol
I
; ,
H fo 5 %
min

Area Height Height% Area%
22583185 1636563 55.399

2 11.731

23041728 1317565 44 601

Total

45624912 2954127 100.000 100.000

<Peak Table>

PDACh1 254nm
Peak# Ret. Time

T T T
15 20 25

1 9624

2 11.733]

Total

(R)-6-chloro-2-(4-(4-chlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyrida-

zin-3(2H)-one
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Cl
(-)-3fd; isolated yield: 35.0 mg (96%); white solid; [a]p*® = -188.3 (¢ = 1.0, CHCl);

Enantiomeric excess: 92%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH =
80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 8.770 min, second peak:

tr = 11.389 min.

3 PDA Wit 1 254nm Anm| ‘g POAMult 1 254nm 4nn|
5009 |5 % =
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I 7504
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T T T T
00 25 50 75 100 125 1.0 ' 5 10 15 20 i
min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDACh1 254nm
Peak# Ret. Time | Area Height Height% Area% Peak# Ret. Tme|  Area Height Height% Area%
1 8754| 6649519 539803 56581 50,508 1 8.770 745483 62341 5.056 3.858
2 11.392] 6515838 414239 43419 49492 2 11.389] 18577460 1170550 94.944 96.142
Total | 13165356] 954042 100.000 100.000° Total 19322943[ 1232890 100.000 100.000

Methyl (R)-1-(4-(4-chlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)-6-oxo-
1,6-dihydropyridazine-3-carboxylate

MeO,C.

N.
O N O

CF3

Cl
(-)-3fe; isolated yield: 38.1 mg (98%); white solid; [a]p?® = -228.9 (¢ = 1.0, CHCl5);

Enantiomeric excess: 90%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH =
80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 10.047 min, second peak:

tr = 13.182 min.

750 g PDA Mufti 1 254nm,dni 2 POA MUl 1 254nm Ani
i H =
’|E b 00 |‘,
| v ‘
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‘ 2004
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‘ [ 100] 5 | |
| 5 |l
I e I\
I |\ N |\
- R | SE— i - _ ol =S, . = A PN
5 1 5 20 75 00 25 50 75 100 125 150 175
min min
<Peak Table> <Peak Table>
PDACh1 254nm PDA Ch1 254nm
Peak# Ret. Time|  Area | Height Height% | Area% Peak# Ret. Time | Area Height | Height% | Area%
1 10032| 10447672] 738162 56.626 49879 1] 10.047| 442801 32035 7.057 5219
2] 13.167| 10498273 565407 43374 50.121 27 13.182| 8042208 433798 92943 94781
Total 20945945]  1303558|  100.000]  100.000 Total 8485000| 466733  100.000]  100.000
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(R)-5-chloro-2-(4-(4-chlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)pyrida-

zin-3(2H)-one
Cl
| X
0 N\N o)

(-)-3ff; isolated yield: 35.4 mg (97%); colorless sticky oil; [a]p?® = -257.0 (¢ = 1.0,
CHCIl3); Enantiomeric excess: 92%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 8.833

min, second peak: tr = 16.246 min.

é PDAMulti 1 254nm 4nm| r@ PDA Multi 1 254nm 4nm(
3
& H
7501 400] h
“ 5 300 H
500+ < |
1
‘ | 200+ ‘
i
2504 Il ‘ |
| 100] o |
I i 2 N
| i
o A 5 i
5 10 5 2 25 5 0 15 0 % 20
min min
<Peak Table> <Peak Table>
PDACh1 254nm PDACh1 254nm
Peak# Ret. Time Area Height Height% Area% Peak# Ret. Time rea Height Height% Area%
1 8.804] 10629799 281642 65.804 49.965 1 883 433556 36293 7184 3792
2| 16.207| 10644802 456333 34.106 50.035 2 16.249| 11000964 468926 92.816 96.208
Total 21274601| 1337975  100.000/  100.000 Total 11434520 505218 100.000  100.000

Methyl (R)-4-(4-chlorophenyl)-4-oxo-2-(6-oxopyridazin-1(6H)-yl)butanoate

/@J\/Lc oe
Cl

(-)-5aa; isolated yield: 27.2 mg (85%); colorless sticky oil; [a]p?® = -17.1 (¢ = 1.0,
CHCIl3); Enantiomeric excess: 90%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 17.67

min, second peak: tr = 21.60 min.
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min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1254nm
Peak# Ret. Time | Area Height | Area/Height | Height% Area% Peak# Ret. Time|  Area Height | Area/Height| Height% | Area%
1 17.369 1949809 73412 26.560 54.558 49.767 1 17.673 268458 10238 26.222 6.089 4.950
2] 21.262 1968097 61146 32187 45.442 50.233 2] 21.600| 5154489 157897 32.645 93.911 95.050
Total 3917906 134558 100.000/  100.000 Total | 5422947 168135 100.000  100.000

Benzyl (R)-4-0x0-2-(6-oxopyridazin-1(6H)-yl)-4-phenylbutanoate

COan

(-)-5ba; isolated yield: 27.2 mg (75%); colorless sticky oil; [a]p?® = -6.2 (¢ = 1.0,

CHCI3); Enantiomeric excess: 89%, determined by HPLC (Chiralpak AD-H,

hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr

20.88min, second peak: tr =27.51 min.

50 ] PDA Mulli 1 254nm 4nm] i PDA Multi 1254nm 4nm|
2 s
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I
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1 1‘5 Z’D 2‘5 ﬂb 3‘5 40 1 E‘S 20 25 30 35 40
min min
<Peak Table> <Peak Table>
PDA Ch1 254nm 1 § ) PDA Ch1 254nm
Peak# Ret Time|  Area Height | Area/Height Height% | Area% Peak# Ret. Time| _ Area Height | Area/Height | Height% | Area%
1] 20912 1593094 48044 33.159 57.275 50.539 1] 20.882 176181 5523 31.902 7.451 5.670
2| 27.699| 1559090 35839 43503 42725 49.461 2| 27.513 2930902 68595 42728 92549 94.330
Total 3152184 83883 100.000 100.000 " Total 3107083 7417 100.000/  100.000

Ethyl (R)-4-0x0-2-(6-0xopyridazin-1(6H)-yl)-4-phenylbutanoate

CO,Et

(-)-Sca; isolated yield: 26.1 mg (87%); colorless sticky oil; [a]p*® = -9.0 (¢ = 1.0,

CHCIl3); Enantiomeric excess: 93%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 11.60
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min, second peak: tr = 13.86 min.
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min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret. Time|  Area Height | Area/Height | Height% | Area% Peak Ret. Time|  Area Height | Area/Height | Height% | Area%
1] 11.540] 5298874 300798 17.616 54.217 49.463 1] 11.603 94143 5552 16.958 4.205] 3.429
2| 13.784] 5413830 254006 21.314 45.783 50.537 2| 13856 2651535 126474|  20.965 95795 96.571
Total 10712704 554803 100.000 100.000 Total 2745678 132026 100.000| 100.000

isopropyl (R)-4-oxo0-2-(6-oxopyridazin-1(6H)-yl)-4-phenylbutanoate

| X

O N\N O

CO,/Pr

(-)-5da; isolated yield: 30.1 mg (96%); colorless sticky oil; [a]p®® = -11.7 (¢ = 1.0,
CHCIl3); Enantiomeric excess: 96%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 11.30

min, second peak: tr = 13.18 min.

= p PDA Multi 1 254nm 4n| 150 ® PDA Multi 1 254nm 4nm
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75+ “ ‘\ 100+ I‘i
‘ I |
“ 1. |
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5 0 5 2 2% 5 10 5 2 25
min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak#| Ret. Time Area Height Area/Height  Height% | Area% Peak# Ret. Time Area Height Area/Height  Height% Area%
1 ‘ 11.323 2039585 102219 19.953 53.903| 50.167 1 11.296 | 71074 3797 18.719 2.584 2.037
2| 13240 2025991 87415| 23.177 46.097 49.833 2 13.178 3418452 143141 23.882 97.416 97.963
Total 4065575 189635 100.000 100.000 Total 3489526 146938 100.000 100.000

tert-butyl (R)-4-0x0-2-(6-oxopyridazin-1(6H)-yl)-4-phenylbutanoate

CO,Bu

(-)-Sea; isolated yield: 30.5 mg (93%); colorless sticky oil; [a]p*® = -6.5 (¢ = 1.0,
CHCIl3); Enantiomeric excess: 97%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 8.35
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min, second peak: tr = 11.40 min.
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<Peak Table>

<Peak Table>
PDA Ch1 254nm

PDA Ch1 254nm
Peak# Ret. Time Area Height Area/Height  Height% Area% Peak# Ret. Time Area Height | Area/Height Height% Area%
1] 8352 1849900 119895 15429 57.006] 49434 1 8.351 53239 4167 12.776 2925 1.798
2| i1.428| 1892233 90094 21003 42904 50566 2| 11.404| 2907588 138315  21.021, _ 97.075 98.202
Total 3742132 209989 100.000|  100.000 Total 2060827 142482 100.000|  100.000

Ethyl (R)-4-0x0-2-(6-oxopyridazin-1(6H)-yl)-4-(p-tolyl)butanoate

CO,Et
Me
(-)-5fa; isolated yield: 22.0 mg (70%); colorless sticky oil; [a]p?® = -22.5 (c = 1.0,
CHCIl3); Enantiomeric excess: 96%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 12.88

min, second peak: tr = 16.06 min.
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<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret. Time| _ Area Height | Area/Height | Height% Area% Peak#| Ret. Time| _ Area Height | Area/Height | Height% | Area%
1] 12.885] 6229300 316534 19.680 55546 50.425 1] 12.881 60934 3087 | 19.740 2.811 2.262
2| 16.084] 6124251 253322 24.176 44.454 49.575 2| 16061 2633005 106713 24.674 97.189 97.738
Total 12353551 569856 100.000 100.000 Total 2693939 109800 100.000 100.000

Ethyl (R)-4-(4-methoxyphenyl)-4-0x0-2-(6-oxopyridazin-1(6H)-yl)butanoate

CO,Et
MeO
(-)-5ga; isolated yield: 18 mg (55%); colorless sticky oil; [a]p?® = -35.5 (¢ = 0.33,

s82 / 177



CHCIl3); Enantiomeric excess: 95%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 17.26

min, second peak: tr = 24.46 min.

FDA Mulfi 1 2564nm 4nm]

g PDA Multi 1 254nm.4nm| g
1 B
300 | |"‘
| g s ‘
‘ b |
| I
200+ (
| I |
| i 1
| i 25+ ‘
[ ‘ ‘
oo |1 | |
‘ | ] | o
a I\ & .
P\ DT I Jd = |
1 15 0 25 an 35 : | :
5 5 1 15 2 25 30 3B
min min
<Peak Table> <Peak Table>
PDACh1 254nm . v— PDA Ch1254nm _ ) _ :
Peak# Ret Time | Area Height | Area/Height | Height% Areath Peak# Ret Time|  Area Height | Area/Height| Height% Arsa%
17215, 9470247 337391 28.089) 58673 49784 1 17063 3552 2330 27.270] 3.738 2602
2| 24466 9552585|  237641|  40.198|  41327] 50216 3| 74460] 2378453 60007 39.636] 96.261 97.398
Total 13022842 575032 100.000]  100.000 Total 5442011 §2338 | i00.000]  100.000

Ethyl (R)-4-([1,1'-biphenyl]-4-yl)-4-0x0-2-(6-0xopyridazin-1(6 H)-yl)-

butanoate

CO,Et
Ph
(-)-5ha; isolated yield: 27.1 mg (72%); colorless sticky oil; [a]p?® = -56.9 (¢ = 1.0,
CHCI3); Enantiomeric excess: 95%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 18.81

min, second peak: tr = 33.07 min.

3 PDA Multi 1 254nm 4ni =PDA MU 1 254nm An]
20 & 18
e 3
il ] I
15 | | 3 |
g |
I 3 |
A 20 |
10] | I\ | |
I [
54 | ‘\ 10 | |
| T [
| s |
P I o S S &] ~ )\
15 2 % 0 35 40 5 % % B 3% 40
min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret. Time|  Area Height | Area/Height Height% | Area% Peak# Ret. Time|  Area Height | Area/Height | Height% | Area%
1 19.424| 661400 20750 31.874 63.457 49.943 1 18.811 45763 1587 28.838 4.420 2.394
2] 34424 662921 11950 55.476 36.543| 50.057 2| 33.067 1865830 34314 54.375 95.580 97.606
Total [ 1324321 32700 100.000]  100.000 Total 1911593 35901 100.000]  100.000

Ethyl (R)-4-(4-fluorophenyl)-4-0x0-2-(6-oxopyridazin-1(6H)-yl)butanoate
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CO,Et
F
(-)-5ia; isolated yield: 28.9 mg (91%); colorless sticky oil; [a]p?® = -2.0 (¢ = 1.0,
CHCI3); Enantiomeric excess: 94%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 14.33

min, second peak: tr = 17.68 min.

[ PDA Multi T254nm 4nm| E PDA Multi 1 254nm 4nm
N3 < s
150 IS 2 =
Il e I
[ 0 ] I
I I |
1004 I I
| | 501 |
| 1 |
| A ||
50+ ||
50 \ I 2] |
| [ 8 \
| /o g \
[ A S S S — S| o P \
00 125 180" " Tiis 200 25 250 10.0 125 180 175 200 25 250
min min
<Peak Table> <Peak Table>
PDA Ch1254nm PDA Ch1 254nm
Peak# Ret. Time | Area Height | Area/Height| Height% | Area% Peak# Ret. Time| Area  Height |Area/Height| Height% | Area%
1] 14.420] 3933710| 161873 24.301 55449 49.761 1] 14.325] 89363 3724] 23996 3.811] 3.063
2| 17.886] 3971482 130057 30.537 44551 50.239 2| 17.677| 2837663 93986 30192 96.189 96.947
Total 7905192 291930 | 100.000 | 100.000 Total | 2927025 97710 100.000 100.000

Ethyl (R)-4-(4-chlorophenyl)-4-oxo0-2-(6-oxopyridazin-1(6H)-yl)butanoate

CO,Et
Cl
(-)-5ja; isolated yield: 30.2 mg (90%); colorless sticky oil; [a]p?® = -20.6 (¢ = 1.0,
CHCI3); Enantiomeric excess: 95%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 17.85

min, second peak: tr = 22.48 min.

PDA Multi 1 254nm 4nm]

1251 = PDA Niulti 1 254nm 4nn 150 2
| 2 M
= 2 i
100 | & I
-
| ( 100-| |
75 Il | |
| |
| | I
50 | ‘ | I
I [l 507 I
25 Il Il o |
I B
o NN —_ " P \ -
§ 10 15 % 25 30 s 40 1 5 2 % 30 35
min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 2564nm
Peak# Ret. Time|  Area Height [ Area/Height | Height% Area% Peak# Ret. Time| _ Area Height | Area/Height | Height% Area%
1 17.572 3668373 120666 30.401 55.526 49.628 1 17.850 159502 5394 29.570 3.597 | 2732
2 22.148 3723408 96647 38.526 44.474 50.372 2| 22479 5679614 144580 | 39.283 96.403 97.268
Total 7391779 217313 100.000 100.000 Total 5839116 149975 100.000 100.000
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Ethyl (R)-4-(4-bromophenyl)-4-oxo-2-(6-oxopyridazin-1(6H)-yl)butanoate

/©)J\/'\ CO,Et
Br

(-)-5ka; isolated yield: 34.9 mg (92%); colorless sticky oil; [a]p?® = -25.4 (¢ = 1.0,
CHCIl3); Enantiomeric excess: 94%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 16.58

min, second peak: tr = 21.28 min.

& PDA Multi 1 254nm 4nm| = PDA Multi 1 254nm Anm
500 I - s
I &
I 2 150 I
400 | N |
[\ |
| A a
300 || | 100 I
| | [
| |1
200 || |
| | || 504 |
[ |
100-] || & |
i e — il o~ ) N
100 135 150 175 200 235 20 275 30,0 100 125 150 175 200 25 250 275
min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm : )
Peak# Ret. Time|  Area Height | Area/Height Height% | Area% Peak#‘ Ret. Time Area Height | Area/Height | Height% | Area%
1] 17.231] 15749531 528339 29.810 56.716 50.009 1 16.575 207670 7651 27.144 4.147] 3.259
2 22.541| 15743581 403209 39.046 43.284 | 49.991 2| 21.278 6164614 176819 34.864 95.853 | 96.741
Total | 31493112 931548 100.000 100.000 Total | 8372284 184469 100.000 | 100.000

Ethyl (R)-4-0x0-2-(6-0xopyridazin-1(6H)-yl)-4-(4-(trifluoromethyl)phenyl)-

butanoate

/©)J\/'\002Et
FsC

(-)-5la; isolated yield: 25.8 mg (70%); colorless sticky oil; [a]p?® = -3.4 (¢ = 1.0,
CHCI3); Enantiomeric excess: 94%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 8.79

min, second peak: tr = 11.59 min.
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3 PDA Multi 1 254nm,4nm| ﬁ% PDA Multi 1 254nm 4nm|
e " =
I & I
I 4 0] [l
50 | N [
Il I [
Il [ {1
I | 20 |
[ | ||
25 |1 | ||
|| | 104 |
| |
[ 2 |
o\ / ® [\
P e o N M o / \ = B o ~ \ .
s 7 3 i) 10 T 2 B 15 50 75 100 125 150
min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1254nm
Peak# Ret Time | Area Height | Area/Height | Height% | Area% Peak# Ret. Time|  Area. Height | Area/Height Height% | Area%
1] 8764 1025531 67071 15.290 57.168 50.749 1] 8792 24501 1588] 15426 4.022] 3.146
2| 11565 995275 50253 19.805 42832 49.251 2| 11585] 754384 37906 19.901 95.978 96.854
Total 2020805 17323 100.000/  100.000 Total 778885 39494 100.000]  100.000

Ethyl (R)-4-(4-cyanophenyl)-4-0x0-2-(6-oxopyridazin-1(6H)-yl)butanoate

CO,Et
NC
(-)-5ma; isolated yield: 28.3 mg (87%); colorless sticky oil; [a]p?® = -19.1 (¢ = 1.0,
CHCI3); Enantiomeric excess: 87%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 15.97

min, second peak: tr = 18.99 min.

2 PDA Nulti 1 254nm 4nn| m 3 PDA Multi 1 254nm 4nm
it £ it
(o 3 e
100 JiF e e
I N IR
B N 1504 I
‘ i n
75 | [
| I I
| | 100 |
50 ‘\ | [ “
[ |
5 | | \ 50-] w |
25 [ \ 8 \
\ \ © \
/\ /o \
o \ J \ _ | ol s \
100 125 150 175 200 25 100 125 180 175 200 25 250
min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm : : ]
Peak# Ret. Time|  Area Height | Area/Height  Height% | Area% Peak# Ret. Time | Area Height | Area/Height  Height% Area%
1| 15666, 3043467 111032 27.411 54.301 50.246 1] 15965 453028 16424 27583 7951 6,633
2 18.596 3013651 93443 32.251 45.699 49.754 2 18.991 6376801 190145 33.536 92.049| 93.367
Total | 6057118 204475 100.000| 100.000 Total 6829828 206569 100.000 100.000

Ethyl (R)-4-(3,4-dichlorophenyl)-4-oxo0-2-(6-oxopyridazin-1(6H)-yl)-

butanoate

Cl
Cl

(-)-5na; isolated yield: 35.1 mg (95%); colorless sticky oil; [a]p®® = -23.1 (¢ = 1.0,
Yy g Yy

S86 / 177



CHCI3); Enantiomeric excess: 93%, determined by HPLC (Chiralpak OD-H to OD-H,
hexane/i-PrOH = 60/40; flow rate 0.5 ml/min; 25 °C; 254 nm), first peak: tr = 68.16

min, second peak: tr = 73.29 min.

PDA Multi T 254nm 4nm]

o b PDA Multi 1 254nm,4nm| =
q 5 e
1004 .8 ~ i3
N [
| 50+ |
75 I
- I
[
50+ | ]
254 :
25 ‘w §
|O\E
smeeme. o L S i R — S g i
q T T T T T T T T T T
4 50 60 70 80 90 100 4 50 60 70 80 %0 100
min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm : i ;
Peak# Ret. Time|  Area Height | Area/Height  Height% Area% F’eakf Re%;"éj Q‘{zgezo Hﬂz%;"gsao Area/;;ggz He%gtén& Arr;ae {;@,
1| 67.228 11868215 98011 121.091 47.006 49.135 - i :
2| 72.017| 12286237 110496 111.192 52.994 50.865 2| 73.293] 302034 2543]  118.790 3.636 3.461
Total 24154452 208507 100.000 100.000 Total 8727954 69922 100.000|  100.000

Ethyl (R)-4-(benzo[b]thiophen-2-yl)-4-0x0-2-(6-oxopyridazin-1(6 H)-yl)-

butanoate

X CO,Et

(-)-50a; isolated yield: 33.1 mg (93%); colorless sticky oil; [a]p*® = -55.8 (¢ = 1.0,
CHCI3); Enantiomeric excess: 95%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 70/30; flow rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 16.57

min, second peak: tr = 18.92 min.

50 = 2 PDA Multi 1 254nm 4nm] = PDA U 1 254nm 4nm
8 2 18
[l “ 75 &
40] | I | |
| I I
I l [
I h 50+ I
|
20 | “ | |
| I [
[ 25 [
10] \ |
|| 8 |
o] - S A N/ C— S < \ - |
100 125 180 175 200 25 250 275 300 100 35 180 175 200 s 220 s a0
min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret. Time|  Area Height | Area/Height Height% | Area% Peak# Ret. Time|  Area Height | Area/Height | Height% | Area%
1| 16.998] 1358995 48155 28.221 53.232|  49.835 1] 16565 58316 2219 26.280 2678 2.300
2| 19.606| 1368010 42307 32.335 46768|  50.165 2| 18.921) 2477646 80644 30.723 97.322 7.700
Total 2727005 90462 100.000]  100.000 Total 2535961 82863 100.000]  100.000

Ethyl (R)-4-(naphthalen-2-yl)-4-0x0-2-(6-oxopyridazin-1(6H)-yl)butanoate
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(-)-5pa; isolated yield: 31.2 mg (89%); colorless sticky oil; [a]p?® = -77.8 (¢ = 1.0,
CHCI); Enantiomeric excess: 96%, determined by HPLC (Chiralpak AD-H to AD-H,
hexane/i-PrOH = 60/40; flow rate 0.5 ml/min; 25 °C; 254 nm), first peak: tr = 41.05

min, second peak: tr =42.63 min.

] PDA Multi 1 254nm,4nim] ] PDA Multi 1 254nm,anm|
100] I l§
Il 150 I
I It
I I
75 {1 I
M I
| A 100-|
50] 11|
I
[ 50 | |
25 T 50 [
| |
I\ A = “ \
[c5 I - B/ N o )\ S
35 o s 50 55 3 40 4 50
n min
<Peak Table> <Peak Table>
PDA Ch1254nm _ ; PDA Ch1 254nm
Peak# Ret. Time|  Area Height | Area/Height | Height% | Area% Pealdk Ret. Time | Area Height | ArealHeight | Height% | Area%
1 42825 5132839 113101 45.383 50.218 | 49.691 1, 41.052 162069 4632 34.986 2.529 2.103
2 44.752| 5196585 112121 46.348 49.782| 50.309 2 42.632] 7544344 178568 42.249 97.471] 97.897
Total | 10329424 225222 100.000 100.000 Total 7706413 183201 100.000 100.000

(R)-4-0x0-2-(6-oxopyridazin-1(6H)-yl)-4-phenylbutanoic acid

©)J\)\COOH

(-)-6a; white solid; The enantiomeric excess of 6a as determined by chiral HPLC
analysis on Chiralpak AD-H after esterification with TMSCH2N,
(hexanes:2-propanol = 70:30, flow rate 1.0 mL/min; 25 °C; 254 nm); minor
enantiomer tg =12.15 min, major enantiomer tg = 14.19 min; [o]p?® = +2.8 (¢ = 1.0,
CHCl3); 'TH NMR (500 MHz, MeOD) § 8.00 (d, J = 7.6 Hz, 2H), 7.87 (d, J = 2.6 Hz,
1H), 7.62 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H), 7.40 (dd, J = 9.4, 3.7 Hz, 1H),
7.02 (d, J=9.2 Hz, 1H), 6.09 (dd, J = 8.2, 5.4 Hz, 1H), 4.01-3.90 (m, 2H); '*C NMR
(126 MHz, MeOD) 6 196.38, 137.16, 136.32, 133.29, 132.50, 129.00, 128.47, 128.43,
127.89, 127.84, 58.15, 48.19, 48.02, 37.80; HRMS (ESI) m/z caled. for
C1sH12N2NaO4 [M+Na] "= 295.0689, found 295.0685.
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g o PDAMUIG T254nm,ani 8 PDANI 1254nm Anmy
1259 e = =
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= A S N
00 25 50 75 100 125 180 75 20.0 00 25 50 75 100 125 150 175 200
min min
<Peak Table>

<Peak Table>
PDA Ch1 254nm

PDA Ch1 254nm
Peak# Ret. Time Area Height | Area/Height | Height% Area% Area/Height | Height% Area%
1 12,136 2416541 134955 17.906 53934 50.034 16.572 5.201 4.175
2 14.182 2413235 115267 20936 46 066 49 966 20.866 94799 95 825
Total 4829776 250222 100.000 100.000 100.000 100.000

7a, red solid; [a]p®® = +125.9 (¢ = 1.0, CHCl3); '"H NMR (500 MHz, CDCls) §
7.97-7.95 (m, 2H), 7.79 (dd, J = 3.7, 1.6 Hz, 1H), 7.57 (dd, J = 10.5, 4.3 Hz, 1H),
7.45 (t,J="17.7 Hz, 2H), 7.29 (d, J = 8.1 Hz, 2H), 7.22-7.19 (m, 3H), 7.01 (dd, J=9.5,
1.7 Hz, 1H), 6.41 (dd, J = 8.2, 5.4 Hz, 1H), 4.00-3.90 (m, 2H), 2.35 (s, 3H); *C NMR
(126 MHz, CDCIs) 6 195.63, 195.25, 160.35, 140.06, 136.71, 136.16, 134.69, 133.55,
131.53, 130.23, 130.14, 128.70, 128.21, 122.76, 64.09, 38.51, 21.35; Enantiomeric
excess: 90%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 70/30; flow
rate 1.0 ml/min; 25 °C; 254 nm), first peak: tr = 21.61 min, second peak: tr = 22.84
min; HRMS (ESI) m/z calcd. for C,1HisN2NaOsS [M+Na] = 401.0930, found
401.0929.

200
?%ax Tﬁu T254nm.anm| - | AN 1 2500 4n
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150- ‘I I 2007 /|
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\ \‘ [l
I ‘ { 1504 |
100+ | ‘ | ‘ |
|1 ]
[ 100 Il
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Al . g |
v &
ol - A N .
5 10 15 20 Zlﬁ 5 10 15 20 25
mi mi
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
F‘eakf REtﬂTIg;g :4733722 H?‘ggézz Afeﬁf::bﬂH‘é HEIEBtZr:H A’?g"/zsg Peak# Ret Time | Area Height | Area/Height | Height% Area%
3 )06 g 9.458| 9 1
2 2imaal soseizs| Tasoso| a0 a9zl oo 3| Srass ssoousa| aitsns|  38hss  oasri  oaves
Total 13129845 375678 100.000 100.000 Total 9260278 262056 100.000 100.000

(R)-N-(1-methyl-1H-pyrazol-3-yl)-4-oxo-2-(6-oxopyridazin-1(6 H)-yl)-4-
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Phenylbutanamide

O N 9
N
o) —
7b, yellow solid; [0]p*® = +49.0 (¢ = 1.0, CHCI3); '"H NMR (400 MHz, CDCls) § 9.53
(s, 1H), 8.00 (d, J = 7.6 Hz, 2H), 7.78 (d, J = 2.5 Hz, 1H), 7.55 (d, J = 7.3 Hz, 1H),
745 (t, J = 7.6 Hz, 2H), 7.18-7.15 (m, 2H), 7.00-6.97 (m, 1H), 6.58 (d, J = 1.7 Hz,
1H), 6.30 (t, J = 6.8 Hz, 1H), 3.99-3.97 (m, 2H), 3.77 (s, 3H); 1*C NMR (101 MHz,
CDCl3) 6 196.22, 165.83, 160.96, 146.44, 136.87, 136.26, 133.48, 131.39, 130.76,
129.83, 128.65, 128.22, 125.73, 97.61, 57.95, 38.17; Enantiomeric excess: 92%,
determined by HPLC (Chiralpak AS-H, hexane/i-PrOH = 50/50; flow rate 1.0 ml/min;
25 °C; 254 nm), first peak: tr = 22.650 min, second peak: tr = 45.612 min; HRMS
(ESI) m/z calcd. for Ci1sH17NsNaQOs; [M+Na] "= 374.1224, found 374.1220.
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7 N . % e | il (W come e
1‘[‘ Z‘U .’)IG E‘G 1‘0 Z‘U S‘U 4‘D 50 G‘D
min min
<Peak Table> <Peak Table>
PDA Ch1 254nm PDA Ch1 254nm
Peak# Ret. Time Area Height Area/Height | Height% Area% Peak# Ret. Time Area Height Area/Height | Height% Area%
1 22485| 12016442 63636 188.830 72.856 50.767 1 22.650| 16765958 84182 199.163 98.088 96.104

2 45.640 11653194 23711 491474 27145 49233 2 45612 679631 1641 414105 1912 3.896
Total 23669636 87347 100.000 100.000 Total 17445589 85823 100.000 100.000

6'-phenyl-4',5'-dihydro-6H-[1,4'-bipyridazine]-3',6(2'H)-dione

7¢, white solid; 'H NMR (500 MHz, CDCl3) & 8.77 (s, 1H), 7.87 (d, J = 2.2 Hz, 1H),
7.72-7.70 (m, 2H), 7.43-7.41 (m, 2H), 7.23 (dd, J = 9.5, 3.7 Hz, 1H), 7.00 (d, J= 9.3
Hz, 1H), 5.96 (dd, J = 13.4, 7.4 Hz, 1H), 3.60 (dd, J = 16.4, 13.6 Hz, 1H), 3.39 (dd, J
= 16.6, 7.4 Hz, 1H); 3C NMR (126 MHz, CDCL) § 163.41, 160.35, 150.44, 137.26,
135.09, 131.53, 130.22, 129.98, 128.74, 125.89, 53.02, 28.28; HRMS (ESI) m/z calcd.

for C14H12N4NaO> [M+Na] "= 291.0852, found 291.0849.
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2-(2-o0x0-5-phenyl-2,3-dihydrofuran-3-yl)pyridazin-3(2H)-one

O
N=

o) ;

)i&“; )
Ph

0]

7d, white solid; '"H NMR (500 MHz, CDCls) § 7.80 (dd, J = 3.8, 1.6 Hz, 1H),
7.68-7.67 (m, 2H), 7.44-7.43 (m, 3H), 7.23 (dd, J = 9.5, 3.8 Hz, 1H), 6.98 (dd, J=9.5,
1.6 Hz, 1H), 6.29 (d, J = 2.6 Hz, 1H), 5.88 (d, J = 2.7 Hz, 1H); 1*C NMR (126 MHz,
CDCl3) & 171.06, 159.52, 156.55, 137.40, 131.96, 130.62, 130.14, 128.78, 127.48,

125.42, 98.03, 62.57; HRMS (ESI) m/z caled. for CisHioNoNaO; [M+Na] * =
277.0584, found 277.0584.

X-Ray Crystallographic Analysis

Determination of the Absolute Configurations of the Product (+)-3da

Figure S4. X ray structure of (+)-3da (CCDC 1839409). Related to Scheme 4.
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Data S2. Spectra of Products. Realated to Scheme 3, Scheme 4,

Scheme 5, Scheme 6 and Scheme 7.
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