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Abstract:

2-piperidinone (0-lactam), a bio-interesting nitrogen-containing six-membered ring
compound, has attracted much interest from researchers both in synthetic and medicinal
chemistry. Polysubstituted piperidine derivatives, such as the 6-lactam, serve as a synthon for
numerous biologically relevant structures and pharmaceutical agents. A novel one-pot
asymmetric Michael/Mannich/Lactamization sequence promoted by recyclable fluorous
bifunctional cinchona alkaloid—thiourea organocatalysts is introduced for the synthesis of
polysubstituted 2-piperidinones bearing four contiguous stereocenters, one of which is a
fluorinated quaternary chiral center with excellent stereoselectivities (ee up to >99%, dr up to

>20:1).



Introduction:

Ever since their discovery, heterocyclic compounds have been widely synthesized as the
building blocks for numerous natural products and pharmaceuticals. Among the bio-interesting
nitrogen-containing six-membered heterocycles, 2-piperidinone (6-lactam) has especially
attracted much attention both in synthetic and medicinal chemistry. Polysubstituted piperidine

derivatives, such as chiral 2-piperidinones,!"!

serve as substructures for numerous biologically
relevant structures and pharmaceutical agents. Examples of compounds containing the 6-lactam
moiety include natural products awajanomycin 1,”) tedanalactam 2.,"*! and meloscine 3 (Figure
1)."" Other biologically active compounds containing -lactam are MDM2 inhibitor AM-8553
4,°! prostaglandin agonists 5,/ and HIV protease inhibitors 6 (Figure 1)." In the synthetic
endeavor of drugs and more natural products, chiral polysubstituted 2-piperidinone has been
utilized as an efficient fundamental adduct for the synthesis of antimalarial (+)-febrifugine,
antibiotic and anesthetic prosopis alkaloid (+)-prosophylline, and clinical agent (+)-CP-99,994,
which is involved in several biological mechanisms such as neurogenic inflammation, pain
transmission, and regulation of the immune response.’™ With its extensive use as a synthon for
the synthesis of medicinally interesting compounds, further developments of novel asymmetric

syntheses of polysubstituted 2-piperidinones are a highly desirable topic of study in both

synthetic and medicinal chemistry.
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Figure 1. Biologically active 2-piperidinones

Organocatalysis is becoming an increasingly important tool for asymmetric synthesis, as
it possesses the capability to construct complex frameworks with multiple stereogenic centers in
a highly stereoselective manner from simple substrates. Compared to metal catalysis,
organocatalysis has the advantages of being free from toxic heavy metals, having mild reaction
conditions, and possessing easy structural modifications. However, high catalyst loading (up to
20 mol%) coupled with the difficulty in catalyst recovery is the major drawback of
organocatalysis. Appropriately, organocatalyst recycling is highly desirable. Among related
organocascade catalyses, the Michael-initiated cascade reactions play a significant role in the
sequence, in which the chiral Michael adducts could efficiently serve as synthons for subsequent
reactions of Michael, Aldol, Darzen, Mannich, Henry or for triple cascade reactions like
Michael-aldol, Michael-Henry and Mannich-Cyclization.™

In the development of organocatalytic asymmetric synthesis of 6-membered carbon and
nitrogen-containing heterocycles,”” there have been numerous reports detailing such reactions.

Recently, bis-nucleophilic 1, 3-dicarbonyl compounds were found to be versatile Michael donors



for nitroolefines resulting in Michael adducts that are capable of undergoing intermolecular
triplecascade reactions to afford polysubstituted compounds with multiple stereogenic
centers.”" "% The Enders group, in 2012, were the first to introduce a series of highly diastereo-
and enantioselective one-pot 1,3-dicarbonyl compounds-initiated cascade reactions!'” that
entailed a consecutive three-component sequence, such as the Michael/Michael/aldol sequence,
for the synthesis of hexasubstituted cyclohexanols 1" and spirocyclohexanepyrazolones 2
(Scheme 1).'% In 2014, P. Chauhan and coworkers also introduced a Michael/aza-
Henry/cyclization sequence to make tetrahydropyridines 3.""*) Some other compounds that were

[14]

created using cascade reactions involving Michael, Mannich, Henry, and Aldol reactions' ™ are
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Scheme 1. Previous work by Enders group.

[16] [17]

dihydropyridinones,!"”! piperidinones,'® and dihydroquinolinones. To the best of our
knowledge, the asymmetric synthesis of chiral polysubstituted 2-piperidinones via Michael-
initiated reactions between 1, 3-dicarbonyl compounds and nitroolefines followed by

intermolecular cascade reactions is not known. With organofluorine chemistry also being an



active topic in medicinal and agricultural chemistry,!"™ we would like to introduce here a
recyclable fluorous organocatalyst-catalysed one-pot Michael/aza-Henry/lactamization
sequence for the synthesis of fluorinated 2-piperidinones 4 bearing four stereogenic centers

(scheme 2).
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Ar1/\/N02 Ar lactamization
NO, ,

Scheme 2. 1,3-Dicarbonyl compounds for asymmetric cascade reactions

Atom and step economic one-pot synthesis, toxic transition metal-free
organocatalysis, and catalyst recycling are important green synthetic techniques. As part of
our continuous efforts to develop recyclable fluorous organocatalysts'”! for the asymmetric
synthesis of organofluorine compounds,[2°] we have recently reported one-pot fluorination
and Michael addition reactions for the synthesis of a-fluorinated and alkylated 1,3-
dicarbonyl compounds.[20¢] The reactions were promoted by fluorous bifunctional cinchona
alkaloid—thiourea organocatalyst cat-1, which was recovered by fluorous solid-phase
extraction (F-SPE) with >98% purity. Since the fluorinated carbon of the 1,3-dicarbonyl
compounds is more nucleophilic and thus favourable for the Michael addition, we
envisioned that such compounds could be used in the development of Michael/aza-

Henry/lactamization sequence for the synthesis of fluorinated 2-piperidinones.



Experimental Method:

A solution of fluorous catalysts (0.025 mmol) in toluene (0.5 mL) and trans-/-
nitrostyrene (0.25, mmol) was stirred at room temperature for 20 min., and then
fluorinated 1,3-diester (0.3 mmol) was added. The reaction mixture was stirred for 24 h
followed by the addition of ethanol (1 mL), benzaldehyde (0.25 mmol), NH4sOAc (0.3
mmol) as well as 4 drops of piperidine. The reaction mixture was stirred for 24 h at 40 °C.
The purification by Yamazen AI-580 flash column system with Agela silica gel columns

(EtOACc/CH;Cl,) afforded fluorinated 2-piperidinone.

The chemicals and solvents used for the reactions were purchased from
commercial sources and used as received. 'H and >C NMR spectra were recorded on a
300 MHz Varian NMR spectrometer. The ratios of the diastereomers were determined by
"H NMR. Only the peaks from the major diastercomer are given below. LC-MS was
performed on the Agilent 2100 system with a C;3 column for separation. Mass spectra
were recorded in APCI (atmospheric pressure chemical ionization). Flash
chromatography separations were performed on Yamazen system with Agela silica gel
columns. High-resolution mass spectrometry (HRMS) was performed using an ESI-

TOF/MS instrument.



Results and discussion:

Table 1. Optimization of aza-Henry and lactamization reactions *

(0] Et
0.0 EtO,C OMe Zj
t-1 % Y N
EtO OEt cat-1 (10 mol%) F ‘ | —
L No, PhCHO(8a)  Ph" “Ph 7 NH (j/ e
=T NH,OAc
48 h NO, NZ Ay
7a (99%ee) 4a H cat-1
Entry Base (equiv) Solvent T (°C) Yield (%) dr ee (%)°
1 K,CO;(0.5) EtOH 25 trace ND ND
2 Cs,CO5(0.5) EtOH 25 trace ND ND
3 NaOH (0.5) EtOH 25 23 5:5:1 ND
4 piperidine (0.5) EtOH 25 42 6:1 98
5 piperidine (0.5) EtOH 40 72 6:1 98
6 piperidine (0.25) EtOH 40 36 6:1 98
7 piperidine (0.75) EtOH 40 68 6:1 98
8 piperidine (0.5) EtOH 0 75 1.25:1 93(89)
9 piperidine (0.5) EtOH 60 75 1.25:1 ND
10 piperidine (0.5) MePh 40 27 5:1 98
11 piperidine (0.5) CH,Cl, 40 12 ND ND
12 piperidine (0.5) MeCN 40 10 ND ND
13f piperidine (0.5) EtOH 40 68 5:3:1 25

? Reaction of 0.25 mmol 7a in 1.0 mL of solvent, 1:1:1.2 of 7a:8a:NH.,OAc. ® Yield of isolated product. ¢
Determined by "H NMR. ¢ Determined by HPLC on Venusil Chiral OD-H column with 90:10 hexane/i-PrOH as the

eluent. © ee of the minor diastereoisomer. ' Without catalyst

By following our previous study on the asymmetric Michael addition between a-fluoro f3-

ketoesters and nitroalkenes in the presence of recyclable fluorous thiourea catalysts, we

synthesized the Michael adduct 7a. We first explored the asymmetric aza-Henry and

sequential lactamization reactions using enantiomerically pure Michael adduct 7a (99%

ee),?*" benzaldehyde 8a, and NH4OAc as substrates and previously reported recyclable

fluorous bifunctional cinchona alkaloid—thiourea cat-1 as a catalyst (Table 1).2°! During

our initial study and condition optimization, it was found that carbonates (entry 1 and 2)

could not serve as effective bases to promote this cascade reaction and a more basic NaOH

afforded the product to only 23% yield after 48 h with three diastereomers in a ratio of 5:5:1



(entry 3). When piperidine was screened, a product with an excellent 98% ee and a good 6:1 dr
was achieved with 42% yield (entry 4) making it an effective choice of base for the reactions.
When the effects of temperature were examined in entries 4, 5, 8, and 9, reactions at lower
temperatures (25 °C) led to reduced yields, but good disatercoselectivity (6:1) (Table 1,
entry 4), while higher temperatures (50 or 60 °C) increased product yields to 75% but
decreased the diastereomeric ratios to 1.25:1 (entries 8 and 9). It was found that a moderate
temperature of 40 °C (entry 5) could give both good stereoselectivities and yield. A reaction
with MePh as a solvent gave the product in high dr and ee but low yield (entry 10). Further
optimization for solvents indicated that EtOH was the best choice and the desired product was
obtained in excellent diastereo- and enantioselectivities (entry 4). A control reaction without
using a catalyst afforded 68% product yield, but gave three diastereomeric products (5:3:1)
in low ee (25%) (entry 13). After screening bases (K,CO3, Cs,CO3, NaOH, and piperidine),
solvents (EtOH, MePh, CH,Cl,, and MeCN), and reaction temperatures (25-60 °C), we
found that the reaction with 0.5 equiv. of piperidine as a base and EtOH as a solvent at 40 °C
for 48 h gave fluorinated 2-piperidinone 4a in 72% yield with a good diastereoselectivity

(6:1) and excellent enantioselectivity (98% ee) (Table 1, entry 5).
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Table 2. Optimization of Michael/aza-Henry/lactamization reactions *

O (0]
(0] O
EtO OEt  cat-1 F (8a) ELO2CL
\\
+F 5 (10 mol%) | Eto OEt NH4OAc F g
MePh - NO, piperidine Ph'
o Xx-NO2 25°C, 241 Ph' MePh/EtOH
6a 7a 40°C, 24 h
Entry 5:6a MePh Yield (%)° dr ee
/EtOH" (%)
1 1:1 1:0 22 5:1 98
2 1:1 1:0.5 39 5:1 98
3 1:1 1:1 47 6:1 99
4 1:1 1:1.5 65 6:1 99
5 1:1 1:2 67 6:1 99
6 1:1 1:2.5 65 6:1 99
7 1.25:1 1:2 72 6:1 99
8 1.5:1 1:2 78 6:1 99
9 2:1 1:2 69 6:1 99

2 Reaction of 0.25 mmol of 6a in 0.5 mL of MePh. ° Ratio of solvents for the 2™ reaction. ¢ Yield of
isolated product 4a. ¢ Determined by "H NMR.® Determined by HPLC on Venusil Chiral OD-H column
with 90:10 hexane/i-PrOH as the eluent

With the optimized reaction conditions for the successful aza-Henry and sequential
lactamization reactions, we started to develop an organocatalytic asymmetric one-pot process
for the synthesis of 2-piperidinones by combining the aza-Henry reaction with the Michael

addition of the fluorinated dicarbonyl compounds to the nitroalkenes.?"!

Commercially
available 2-fluoro-1,3-diester 5 was used as the Michael donor and the same fluorous
bifunctional cinchona alkaloid—thiourea cat-1 was used as a catalyst for the cascade
reactions. The solvent for the one-pot reaction had to be modified because while MePh was
effective for the Michael addition,”°? EtOH displayed the best results for the aza-Henry
reaction. We found that after the Michael reaction was carried out in MePh, EtOH could be

added to the reaction mixture for the sequential aza-Henry reaction. The best ratio of

solvents was 1:2 MePh:EtOH (Table 2, entry 8) and the best ratio of reactants was

11



1.5:1:1:1.2 5:6a:PhCHO:NH4OAc for the one-pot cascade reactions. The time for the aza-

Henry and lactamization reactions could be reduced from 48 h to 24 h.

Table 3. Scope of one-pot Michael/aza-Henry/lactamization reactions * b

O O O
M EtO,C
EtO OFEt cat-1 R?CgH,CHO (8) e

F 3 (10 mol%) . ,

+ — —— > 0 'R?

~_NO MePh piperidine

R1T 72 25°C,24h  MePh/EtOH NO,
6 40 °C, 24 h 4

Entry Product R! R? Yield (%)° dr® ee (%)°
1 4a CsHs H 78 6:1 99
2 4b CsHs 4-F 85 8:1 98
3 4c CoHs 4-Br 87 10:1 96
4 4d CsHs 4-NO, 83 10:1 96
5 4e CoHs 4-CF; 85 15:1 97
6 4f CsHs 4-butyl 35 4:1 97
7 4g CoHs 4-OMe 30 4:1 95
8 4h CsHs 2,3-Cl 55 3.5:1 90
9 4i CoHs 4-F 3-OMe 62 2:1 93(90)"
10 4 3-CICgH, H 65 3:1 90
11 4k 4-BrCH, H 68 3.5:1 93
12 41 4-MeCgH, H 55 5:1 95
13 4m 4-OMeCgH, H 69 3:1 91(90)"
14 4n 2-Furyl H 62 3.5:1 99(99)"
15 40 4-BrCH, 4-Br 67 4:1 99
16 4p 4-OMeCgH, 4-Br 65 3:1 98(99)"

# Reaction of 0.25 mmol of 6 in 0.5 mL of MePh. ® Add 1.0 mL of EtOH for the aza-Henry reaction, 1.5:1:1:1.2 of
5:6:8:NH,OAc. ¢ Yield of isolated product. ¢ Determined by 'H NMR. ¢ Determined by HPLC on Chiral column
with hexane/i-PrOH as the eluent. " ee of the minor diastereoisomer

A variety of nitroalkenes 6, as well as benzaldehydes 8 were tested to explore the
scope of the one-pot Michael/aza-Henry/lactamization reactions (Table 3). The
employment of both electron-donating and -withdrawing (entries 2-9) groups at the para-
position of the aryl rings inbenzaldehydes showed little effect on the enantioselectivities
of the products. Benzaldehydes with electron-withdrawing groups (F, Br, NO,, CF3) at
the para-position gave products 4b-e in 83-87% yields with >8:1 dr and >96% ee (Table

3, entries 2-5). These higher product yields may be attributed to easy formation of imines

12



of theses aldehydes with NH4OAc. On the contrary, benzaldehydes with an electron-
donating group, such as #~-Bu and OMe or disubstituted groups, gave products 4f-i with
reduced yields (30-62%) and dr (2:1 to 4:1) due to unfavourable electronic and steric
effects (Table 3, entries 6-9). Reactions with nitroalkenes bearing different R' groups
resulted in the desired products 4j-m in good and consistent yields (55-69%) and dr (3:1
to 3.5:1) (entries 10-13), while keeping excellent ee values. Furthermore, a reaction with a
nitroalkene bearing a furyl ring gave product 4n in good yield and enantioselectivity
(entry 14). Similar results were obtained from the reactions with 4-bromobenzaldehyde
and other substituted nitroalkenes (entries 15-16). A reaction using formaldehyde and
vinyl amine was also attempted. Highly reactive formaldehyde reduced the time for the
aza-Henry reaction to 3 h and gave N-vinylated 2-piperidinone 4r in 57% yield with a

good dr and ee (Scheme 3).

O O
EtoMOEt cat-1 H,CO
F 5 (10 mol%) N
+ -
MePh 1:2 MePh/EtOH
X NO2 25°C,24h 40°C. 3 h
Ph , o
6a 4r, 57%

5:1dr, 92% ee

Scheme 3. One-pot synthesis of 4r
The relative configuration of the final products was determined by NOE contacts
between the concerning hydrogen atoms, whereas the absolute configuration of the four
stereogenic centers of 2-piperidinone products was assigned by investigating the
configurations of related Michael addition and 6-membered products reported in

[15]-[17],[21]

literature and also by obtaining the single X-ray crystal structure of 4¢ (Figure 2).
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In the Michael/aza-Henry/lactamization reaction process, fluorous cat-1 with a (S)-C9
stereogenic center induces the formation of a (S)-2 stereogenic center in the Michael
addition product (Scheme 4). This compound undergoes the aza-Henry reaction with
benzaldehyde and NH4OAc to form compound 5 and is then cyclized to form 2-
piperidinone 4 bearing four contiguous stereogenic centers. The results in Table 3 and
Scheme 2 indicated that fluorous cat-1 is a good catalyst that is responsible for excellent

product stereoselectivities.

0]
EtO,C
F
NO
2 Br
4c
Figure 2. X-ray crystal structure of 4¢
(0] (@)
R N NO2 F R2CgH,CHO
+ cat-1 EtO OEt
o O Michael 1 S _No, aza-Henry
EtOMOEt 2
F
s COsEto CO,Et
R! OEt — R’
O2N 7 lactamization O2N ;
F R2 F R2
5

Scheme 4. Stereochemistry of the one-pot reactions
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We tested the efficiency of fluorous catalyst recovery by performing fluorous
solid-phase extraction (F-SPE).*2l After the completion of the reaction, the concentrated
reaction mixture was loaded onto a fluorous silica gel cartridge. The cartridge was first
eluted with 80:20 MeOH/H,O for the product and other non-fluorous components. The
fluorous catalyst remained on the cartridge until it was eluted with MeOH. The catalyst
was recovered in 94% yield and 98% purity, and could be reused without further

purification.

15



Conclusion:

Using recyclable fluorous bifunctional cinchona alkaloid—thiourea as a catalyst, which
was recovered in 94% yield and 98% purity, a protocol optimized with green techniques was
introduced for the one-pot asymmetric synthesis of 2-piperidinone. In summary, we have
developed a recyclable fluorous bifunctional cinchona alkaloid—thiourea promoted one-pot
asymmetric Michael/Mannich/Lactamization triple cascade reaction of fluorinated 1,3-
dicarbonyl compounds, B-nitro-olefins, aldehydes and amines to provide potentially bioactive
fluorinated poly-substituted 2-piperidinones in very good yields and up to high diastereo- and
excellent enantioselectivities.

Acknowledgements:
We thank Sanofi Genzyme Undergraduate Research Fellowship, Joseph P. Healey

Research Grant, UMB Center for Green Chemistry for support.
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Analytical Data of Products:
Ethyl -3-fluoro-5-nitro-2-oxo-4,6-diphenylpiperidine-3-carboxylate (4a):

4a

White solid, yield: 32 mg (78%), 6:1 dr, 99% ee. The enantiomeric excess was determined by
HPLC on on Venusil Chiral OD-H with hexane/i-PrOH (90:10) as the eluent. Flow rate: 1.0
mL/min, A = 254 nm: tminor = 28.90 min, tmajor = 16.90 min. '"H NMR (300 MHz, DMSO-ds): o
9.28 (s, 1H), 7.47-7.28 (m, 8H), 7.26-7.11 (m, 2H), 5.53 (d, J = 3.7 Hz, 1H), 5.43 (t, ] = 3.6 Hz,
1H), 4.57 (dd, T = 33.0, 3.4 Hz, 1H), 4.19 (q, J = 7.1 Hz, 2H), 1.11 (t, ] = 7.1 Hz, 3H). "°F (282
MHz, CDCI3): 6 162.88 ppm. MS (ACPI) m/z: 416.1 (M+1). HRMS (ESI): caled. for
C20H oFN,Os[M+Na]" 409.1176; found 409.1170.

Ethyl 3-fluoro-6-(4-fluorophenyl)-5-nitro-2-oxo-4-phenylpiperidine-3-carboxylate (4b):

White solid, yield: 34 mg (85%), 8:1 dr, 98% ee. The enantiomeric excess was determined by
HPLC on on Venusil Chiral OD-H with hexane/i-PrOH (80:20) as the eluent. Flow rate: 1.0
mL/min, A = 254 nm: tminor = 11.66 min, tyejor = 8.50 min. 'H NMR (300 MHz, CDCl3) 6 7.48-
7.19 (m, 7H), 7.13 (d, J=4.6 Hz, 2H), 6.10 (s, 1H), 5.35 (t, J = 9.1 Hz, 1H), 5.21 (d, J = 9.9 Hz,
1H), 4.39 (dd, J = 30.6, 12.3 Hz, 1H), 4.22 (q, J = 7.2 Hz, 2H), 1.15 (t, ] = 7.1 Hz, 3H). >C NMR
(75 MHz, CDCls): 6 13.91, 50.19, 50.44, 59.93, 62.98, 87.71, 116.75, 117.04, 128.81, 128.92,
129.03, 129.17, 129.59, 215.98 ppm. "’F NMR (282 MHz, CDCl3): 6 110.22, 162.80 ppm. MS
(ACPI) m/z: 405.1 (M+1).

17



Ethyl 6-(4-bromophenyl)-3-fluoro-5-nitro-2-oxo-4-phenylpiperidine-3-carboxylate (4¢):

White solid, yield: 40 mg (87%), 10:1 dr, 96% ee. The enantiomeric excess was determined by
HPLC on on Venusil Chiral OD-H with hexane/i-PrOH (90:10) as the eluent. Flow rate: 1.0
mL/min, A = 254 nm: tpinor = 25.62 min, tmgjor = 19.97 min. '"H NMR (300 MHz, CDCls): 6 7.59
(d, J=11.1 Hz, 2H), 7.38 — 7.04 (m, 7H), 6.46 (s, 1H), 5.35 (t,J =9.1 Hz, 1H), 5.17 (d,J =9.9
Hz, 2H), 4.37 (dd, J = 30.7, 12.4 Hz, 1H), 4.19 (q, ] = 7.1 Hz, 2H), 1.13 (t, J = 7.1 Hz, 3H). °C
NMR (75 MHz, CDCl;): ¢ 13.81, 49.85, 50.37, 59.92, 63.04, 87.72, 124.82, 128.46, 129.02,
129.59, 132.90, 133.96, 162.63, 164.43, 178.44, 215.96 ppm. "’F NMR (282 MHz, CDCls): ¢
162.83 ppm.MS (ACPI) m/z: 467.1 (M+1). HRMS (ESI): calcd. for CyH;sBrFN,Os[M+Na]"
487.0281; found 487.0293.

Ethyl 3-fluoro-5-nitro-6-(4-nitrophenyl)-2-oxo-4-phenylpiperidine-3-carboxylate (4d):

White solid yield: 35 mg (83%), 10:1 dr, 96% ee. The enantiomeric excess was determined by
HPLC on on Venusil Chiral OD-H with hexane/i-PrOH (90:10) as the eluent. Flow rate: 1.0
mL/min, A = 254 nm: tpinor = 97.22 min, tmgjor = 67.28 min. '"H NMR (300 MHz, CDCls): ¢ 8.31
(d, J = 8.8 Hz, 2H), 7.58 (d, J = 8.8 Hz, 2H), 7.45 — 7.04 (m, 5H), 6.76 (s, 1H), 5.45-5.15 (m,
2H), 4.59-4.26 (m, 1H), 4.18 (q, J = 7.2 Hz, 2H), 1.11 (t, J = 7.1 Hz, 3H). °*C NMR (75 MHz,
CDCl): 0 215.96, 201.71, 141.94, 129.76, 129.12, 128.08, 124.99, 87.65, 63.22, 60.03, 50.30,
50.05, 13.97 ppm. "’F NMR (282 MHz, CDCl3) § 163.09 ppm MS (ACPI) m/z: 432.1 (M+1)

18



Ethyl3-fluoro-5-nitro-2-oxo-4-phenyl-6-(4-(trifluoromethyl)phenyl)piperidine-3-
carboxylate (4e):

White solid, yield: 38 mg (85%), 15:1 dr, 97% ee. The enantiomeric excess was determined by
HPLC on on Venusil Chiral OD-H with hexane/i-PrOH (90:10) as the eluent. Flow rate: 1.0
mL/min, A = 254 nm: tpinor = 26.56 min, tmajor = 12.73 min. '"H NMR (300 MHz, CDCl3): 6 7.71
(d, J=8.4 Hz, 2H), 7.50 (d, J = 8.1 Hz, 2H), 7.40-7.10 (m, 5H), 5.44-5.11 (m, 2H), 4.40 (dd, J =
30.7, 11.7 Hz, 1H), 4.18 (q, J = 7.2 Hz, 2H), 1.11 (t, J = 7.1 Hz, 3H). °C NMR (75 MHz,
CDCl): 0 164.58, 164.25, 163.10, 162.81, 129.66, 129.37, 129.14, 129.11, 129.06, 127.41,
126.72, 126.67, 88.05, 63.30, 60.31, 50.34, 50.10, 13.84 ppm. '’F NMR (282 MHz, CDCl;): ¢ -
63.75, -163.34 ppm. MS (ACPI) m/z 455.1 (M+1)

Ethyl 6-(4-(tert-butyl)phenyl)-3-fluoro-5-nitro-2-oxo-4-phenylpiperidine-3-carboxylate (4f):

White solid, yield: 15 mg (35%), 4:1 dr, 97% ee. The enantiomeric excess was determined by
HPLC on on Venusil Chiral OD-H with hexane/i-PrOH (90:10) as the eluent. Flow rate: 1.0
mL/min, A = 254 nm: tiner = 19.42 min, tmajor = 13.77 min. 'H NMR (300 MHz, CDCls) §7.44
(d, J = 8.3 Hz, 2H), 7.34-7.06 (m, 7H), 6.91 (s, 1H), 5.80 (dd, J = 12.3, 6.2 Hz, 1H), 5.48-5.18
(m, 1H), 4.42 (dd, J = 30.9, 12.3 Hz, 1H), 4.25 (q, J = 7.1 Hz, 2H), 1.31 (s, 9H), 1.20 (t, J = 7.1
Hz, 3H). *C NMR (75 MHz, CDCls): 6 164.90, 163.54, 153.13, 131.11, 130.28, 128.93, 128.62,
128.60, 126.99, 126.53, 126.17, 125.86, 83.69, 62.98, 57.03, 44.76, 44.52, 34.70, 31.16,
13.92.ppm. "°F NMR (282 MHz, CDCl3): 6 -63.75, -163.50 ppm MS (ACPI) m/z: 443.1 (M+1)
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Ethyl 3-fluoro-6-(4-methoxyphenyl)-5-nitro-2-oxo-4-phenylpiperidine-3-carboxylate (4g):

White solid, yield: 12 mg (30%), 4:1 dr, 95% ee. The enantiomeric excess was determined by
HPLC on on Venusil Chiral OD-H with hexane/i-PrOH (85:15) as the eluent. Flow rate: 1.0
mL/min, A = 254 nm: tyiner = 52.40 min, tmejor = 25.26 min. 'H NMR (300 MHz, CDCls) 6 7.37-
7.21 (m, 7H), 6.95 (d, J = 8.7 Hz, 2H), 6.00 (s, 1H), 5.35 (t, J =9.1 Hz, 1H), 5.16 (d, J = 10.1 Hz,
1H) 4.38 (dd, J = 30.7, 12.4 Hz, 1H), 4.23 (q, J = 7.2 Hz, 2H), 3.83 (s, 3H), 1.16 (t, ] = 7.1 Hz,
3H). >C NMR (75 MHz, CDCly): d 201.69, 129.49, 129.16, 128.98, 128.22, 118.72, 114.53,
63.21, 60.59, 55.13, 50.30, 13.82, 8.01 ppm. '°F NMR (282 MHz, CDCl3): 6 -163.09 ppm MS
(ACPI) m/z: 417.1 (M+1)

Ethyl 6-(2,3-dichlorophenyl)-3-fluoro-5-nitro-2-oxo-4-phenylpiperidine-3-carboxylate (4h):

Cl

Colorless oil, yield: 25 mg (55%), 3.5:1 dr, 90% ee. The enantiomeric excess was determined by
HPLC on Venusil Chiral OD-H with hexane/i-PrOH (80:20) as the eluent. Flow rate: 1.0
mL/min, A = 254nm: tminer = 13.62 min, tmajor = 11.28 min. 'H NMR (300 MHz, CDCI3) § 7.57
(dd, J =7.8, 1.7 Hz, 1H), 7.49-7.15 (m, 7H), 6.30 (s, 1H), 5.84 (d, J = 10.0 Hz, 1H), 5.70-5.46
(m, 1H) , 4.42 (dd, T = 31.0, 12.4 Hz, 1H), 4.20 (q, ] = 7.1 Hz, 2H), 1.14 (t, T = 7.1 Hz, 3H). °C
NMR (75 MHz, CDCl;): ¢ 216.15, 201.46, 132.45, 129.80, 129.32, 129.29, 129.24, 128.71,
86.00, 63.21, 57.57, 50.34, 50.10, 13.99 ppm. "’F NMR (282 MHz, CDCl;): d -164.16 ppm. MS
(ACPI) m/z: 456.1 (M+1).
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Ethyl 3-fluoro-6-(3-fluoro-4-methoxyphenyl)-5-nitro-2-oxo-4-phenylpiperidine-3-carboxy-
late (4i):

White solid, yield: 27 mg (62%), 2:1 dr, 93% ee. The enantiomeric excess was determined by
HPLC on on Venusil Chiral OD-H with hexane/i-PrOH (95:5) as the eluent. Flow rate: 1.0
mL/min, A = 254 nm: tyiner = 25.02 min, tmajor = 6.36 min. 'H NMR (300 MHz, CDCl;) § 7.46—
7.22 (m, 5SH), 7.11 (dd, J = 10.7, 8.3 Hz, 1H), 7.02—6.74 (m, 2H), 5.45-5.22 (m, 1H), 5.17 (dd, J
=9.9, 2.7 Hz, 1H), 4.37 (dd, J = 30.8, 12.4 Hz, 1H), 4.19 (q, J = 7.1 Hz, 2H), 3.92 (s, 3H), 1.13
(t, ] = 7.1 Hz, 4H). ®C NMR (75 MHz, CDCls): ¢ 164.57, 163.09, 155.16, 152.21, 129.57,
129.49, 129.12, 129.01, 128.56, 119.60, 119.50, 117.13, 116.88, 111.37, 87.70, 63.03, 60.39,
56.42, 50.41, 50.16, 13.86 ppm. ’F NMR (282 MHz, CDCl;): ¢ -131.85, -132.67, -162.56, -
164.68 ppm. MS (ACPI) m/z: 435.1 (M+1).

Ethyl 3-fluoro-6-(3-fluoro-4-methoxyphenyl)-5-nitro-2-oxo-4-phenylpiperidine-3-carboxy-
late (4i):

Et0,C
Y~ “NH

PPN
\© NO, ©
4j
White solid, yield: 27 mg (65%), 3:1 dr, 90% ee. The enantiomeric excess was determined by
HPLC on on Venusil Chiral OD-H with hexane/i-PrOH (90:10) as the eluent. Flow rate: 1.0
mL/min, A = 254 nm: tminor = 31.12 min, tymgjor = 23.62 min. 'H NMR (300 MHz, CDCI3) § 7.50—
7.40 (m, 3H), 7.33 (dd, J = 6.7, 2.8 Hz, 2H), 7.29-7.23 (m, 2H), 7.23-7.16 (m, 1H), 7.14-7.06
(m, 1H), 6.55 (s, 1H), 5.79 (dd, J = 12.3, 6.2 Hz, 1H), 5.43 (d, 1H), 4.59 — 4.14 (m, 3H), 1.25 (t,
J=17.1 Hz, 3H). C NMR (75 MHz, CDCl3) ¢ 134.88, 133.16, 130.51, 130.23, 129.95, 129.51,
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129.38, 129.32, 128.94, 127.66, 127.19, 126.74, 126.72, 83.46, 63.29, 57.29, 44.53, 44.28,
13.97.ppm '°F NMR (282 MHz, CDCI3): 6 -163.19 ppm. MS (ACPI) m/z: 421.1 (M+1).

Ethyl 4-(4-bromophenyl)-3-fluoro-5-nitro-2-oxo-6-phenylpiperidine-3-carboxylate (4k):

4k

White solid, yield: 32 mg (68%), 3.5:1 dr, 93% ee. The enantiomeric excess was determined by
HPLC on Venusil Chiral OD-H with hexane/i-PrOH (80:20) as the eluent. Flow rate: 0.6
mL/min, A = 254nm: tminor = 22.54 min, tmajor = 13.57 min. 'H NMR (300 MHz, CDCl3) § 7.45
(dd, J = 8.5, 5.5 Hz, 5H), 7.32 (dd, ] = 6.7, 2.6 Hz, 2H), 7.08 (d, J = 8.3 Hz, 2H), 6.78 (s, 1H),
5.77 (dd,J =124, 6.3 Hz, 1H), 5.41 (d,J=6.5 Hz, 1H) , 4.54 — 4.08 (m, 3H), 1.24 (t,J = 7.1 Hz,
3H). >C NMR (75 MHz, CDCly) 6 134.32, 133.09, 132.62, 129.78, 129.62, 129.31, 129.21,
128.66, 124.82, 87.90, 63.23, 60.37, 50.56, 50.31, 14.07.ppm "°F NMR (282 MHz, CDCls): ¢ -
164.83 ppm. MS (ACPI) m/z: 466.1 (M+1).

Ethyl 3-fluoro-5-nitro-2-oxo-6-phenyl-4-(p-tolyl)piperidine-3-carboxylate (41):

41

White solid, yield: 22 mg (55%), 5:1 dr, 95% ee. The enantiomeric excess was determined by
HPLC on Venusil Chiral OD-H with hexane/i-PrOH (85:15) as the eluent. Flow rate: 0.5
mL/min, A = 254nm: tminor = 13.38 min, tmajor = 10.54 min. 'H NMR (300 MHz, CDCl3) 6 7.46—
7.41 (m, 2H), 7.35-7.28 (m, 2H), 7.07 (s, 5H), 5.78 (dd, J = 12.4, 6.2 Hz, 1H), 539 (d, ] = 5.8
Hz, 1H), 4.56— 4.11 (m, 3H) , 1.21 (t, J = 7.1 Hz, 3H), 1.21 (t, J = 7.1 Hz, 3H). >C NMR (75
MHz, CDCls): 6 138.80, 133.53, 129.94, 129.65, 129.17, 128.42, 127.81, 127.24, 118.50, 83.76,
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62.96, 57.18, 44.37, 44.12, 21.06, 13.92 ppm. '°F NMR (282 MHz, CDCls): J -164.85 ppm MS
(ACPI) m/z: 401.1 (M+1).

Ethyl 3-fluoro-4-(4-methoxyphenyl)-5-nitro-2-oxo-6-phenylpiperidine-3-carboxylate (4m):

White solid, yield: 28 mg (69%), 3:1 dr, 91% ee. The enantiomeric excess was determined by
HPLC on Venusil Chiral OD-H with hexane/i-PrOH (90:10) as the eluent. Flow rate: 1 mL/min,
A = 254nm: tminor = 45.22 min, tmajor = 39.45 min. 'H NMR (300 MHz, CDCls): 6 7.43 (dd, J =
6.5, 3.6 Hz, 2H, 7.39 — 7.29 (m, 2H), 7.21 (d, J = 8.7 Hz, 2H), 6.83 (d, J = 8.9 Hz, 2H), 6.31 (s,
1H), 5.32 (dd, J=12.2, 10.1 Hz, 1H), 5.18 (dd, J =9.9, 2.7 Hz, 1H), 4.47 — 4.10 (m, 3H), 3.76 (s,
3H), 1.17 (t, J = 7.1 Hz, 3H). >*C NMR (75 MHz, CDCl;): 6 164.65, 163.18, 162.88, 160.42,
135.43, 130.51, 129.83, 127.19, 127.00, 121.58, 114.55, 88.36, 63.13, 60.85, 55.37, 49.95, 49.70,
14.17. ppm. ’F NMR (282 MHz, CDCl3): 6 -163.30.MS (ACPI) m/z : 417.1 (M+1)..

Ethyl 3-fluoro-4-(furan-2-yl)-5-nitro-2-oxo-6-phenylpiperidine-3-carboxylate (4n):
0]

EtO,C NH
F
\_0 NO,

4n

White solid, yield: 23 mg (62%), 3.5:1 dr, 99% ee. The enantiomeric excess was determined by
HPLC on Venusil Chiral OD-H with hexane/i-PrOH (95:5) as the eluent. Flow rate: 1 mL/min, A
= 254nm: tminor = 24.66 min, tmajor = 22.90 min. 'H NMR (300 MHz, CDCls): 6 7.44 (dd, J = 8.3,
4.9 Hz, 4H), 7.36-7.27 (m, 2H), 6.40 (s, 1H), 6.33 — 6.29 (m, 1H), 6.23 (d, J = 3.3 Hz, 1H), 5.76
(dd, J=11.8, 6.1 Hz, 1H), 5.40 (d, ] = 5.8 Hz, 1H), 4.65 (dd, J =29.2, 11.9 Hz, 1H), 4.39 (q, J =
7.1 Hz, 2H), 1.35 (t, ] = 7.2 Hz, 3H) °C NMR (75 MHz, CDCls): § 215.55, 201.27, 143.95,
143.40, 134.78, 130.46, 129.68, 126.89, 110.81, 86.64, 73.17, 63.32, 60.41, 44.36, 41.60 ppm.
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"F NMR (282 MHz, CDCLy): 6 -161.22, -170.03. MS (ACPI) m/z: 377.1 (M+1). HRMS (ESI):
caled. for CisH,7FN,06[M+Na]™ 399.0968; found 399.0978.

Ethyl 4,6-bis(4-bromophenyl)-3-fluoro-5-nitro-2-oxopiperidine-3-carboxylate (40):

White solid, yield: 36 mg (67%), 4:1 dr, 99% ee. The enantiomeric excess was determined by
HPLC on Venusil Chiral OD-H with hexane/i-PrOH (90:10) as the eluent. Flow rate: 1 mL/min,
A = 254nm: tminor = 49.20min, tmajor =22.47 min. 'H NMR (300 MHz, CDCls): 6 7.58 (d, J = 8.5
Hz, 2H), 7.47 (d, J = 8.6 Hz, 2H), 7.29 — 7.01 (m, 5H), 5.32 - 5.21 (m, 1H), 5.16 (dd, J =8.7, 3.8
Hz, 1H), 4.35 (dd, J = 30.4, 12.2 Hz, 1H), 4.19 (q, ] = 7.1 Hz, 2H), 1.16 (t, J = 7.1 Hz, 3H). °C
NMR (75 MHz, CDCl3): 6 199.78, 164.57, 162.66, 133.87, 132.91, 132.49, 132.30, 132.24,
130.70, 130.21, 128.80, 128.43, 124.82, 124.03, 87.53, 63.24, 60.05, 49.80, 49.55, 13.93. "°F
NMR (282 MHz, CDCl3): 6 -163.05, -164.70 ppm. MS (ACPI) m/z: 545.1 (M+1). HRMS (ESI):
calcd. for C20H17Br2FN205[M+Na]+ 564.9386; found 564.9384.

Ethyl 6-(4-bromophenyl)-3-fluoro-4-(4-methoxyphenyl)-5-nitro-2-oxopiperidine-3-carbo-
xylate (4p):

4p

Colorless oil, yield: 28 mg (65%), 3:1 dr, 98% ee. The enantiomeric excess was determined by
HPLC on Venusil Chiral OD-H with hexane/i-PrOH (90:10) as the eluent. Flow rate: 1 mL/min,
A =254nm: tyiner = 30.16 min, tmajor = 20.45 min. 'H NMR (300 MHz, CDCls): § 7.58 (d, J = 8.3
Hz, 2H), 7.21 (d, J = 8.5 Hz, 2H), 7.12 (d, J = 8.6 Hz, 2H), 6.82 (d, J = 8.6 Hz, 2H), 6.35 (s, 1H)
,5.76 (dd, J =124, 6.3 Hz, 1H), 5.38 (dd, J = 6.3, 3.1 Hz, 1H), 4.47 — 4.15 (m, 3H), 1.24 (t, ] =

24



7.1 Hz, 3H). *C NMR (75 MHz, CDCL): § 134.22, 132.91, 132.55, 132.47, 130.34, 129.80,
129.61, 128.80, 128.45, 124.61, 121.23, 118.54, 114.41, 87.97, 63.02, 60.12, 55.20, 49.71, 49.47,
13.97. '°F NMR (282 MHz, CDCL): 6 -165.28 ppm. MS (ACPI) m/z: 435.1 (M+1).

Ethyl 1-allyl-3-fluoro-5-nitro-2-oxo-4-phenylpiperidine-3-carboxylate (4q):

4q

Colorless oil, 20 mg (57%), 5:1 dr, 92% ee. The enantiomeric excess was determined by HPLC
on Regis (R,R)-Whelk-O1 with hexane/i-PrOH (80:20) as the eluent. Flow rate: 1 mL/min, A =
254nm: tminor = 12.34 min, tmajor = 9.52 min. 'H NMR (300 MHz, CDCls): 6 7.62-7.03 (m, 5H),
5.79 (ddd, J = 12.5, 10.4, 5.3 Hz, 1H), 5.45 (ddd, J = 11.4, 8.4, 6.2 Hz, 1H), 5.32 (dd, J = 21.1,
5.5 Hz, 2H), 4.43 — 4.11 (m, 3H), 4.10 — 3.82 (m, 4H), 1.13 (t, J = 7.1 Hz, 3H). °C NMR (75
MHz, CDCls): ¢ 131.16, 130.95, 130.37, 129.27, 129.19, 129.01, 128.10, 120.15, 81.29, 62.81,
49.64, 49.41, 48.39, 13.87. "’F NMR (282 MHz, CDCls): § -158.92, -165.17 ppm. MS (ACPI)
m/z: 351.1 (M+1). HRMS (ESI): calcd. for C;7H;oFN,Os[M+H]" 351.1356; found 351.1354.
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X-Ray Report of 4c:

Bond precision
Cell

Temperature

Volumn
Space group
Hall group

Moiety formula

Sum formula
Mr

Dx.g cm”
Z

Mu (mm™)
F000

F000’
h,k,Imax
Nref

Tmin, Tmax
Tmin’

Data completeness= 1.37/0.74 Theta(max)=71.104

c-¢=0.0097 A Wavelength=1.54184
a=22.744(3) b=7.5503(4) c=16.0634(18)

a=90 p=131.075(18) y=90

173K

Calculated
2079.5(7)

C2

C2y

C20 H]g Br F Nz 05
C20 H]g Br F Nz 05
465.26

1.486

4

3.073

944.0

944.14

27,9,19

4027[ 2174]
0.541,0.782

0.232

Reported
2079.5(6)

Cl121

C2y

C20 H]g BrF Nz 05
C20 H]g Br F Nz 05
465.27

1.486

4

3.073

944.0

279,19
2972
0.398,1.000

R(reflections)=0.0511( 2872) wR2(reflections)= 0.1329( 2972)

S=1.079 Npar=264

Crystallographic data (excluding structural factors) for compound 4c also has been deposited at
the Cambridge Crystallographic Data Centre under the deposition number CCDC 1043112.
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LC-MS, 1H, 13C, F NMR Spectra of Products:
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DAD1 A. Sig-252.3 Re?-360.100 (12-10-20021-20010)
mAU
o EtO,C
so o
a0 F . .
20 NN 2
20 ==
10 § 2 g 2
o A WAY, 2 -
-10 — 4a 2
— 71— T— 7 R TR T T -
3 = mir]
DAD1 B. Sig-210.8 Re?-360.100 (12-10-20021-20010)
mAU
1200
1200
1000
sco
sco
<00 s
200 = = = =
° E B 9 8 = o§
s, o - e -3, ~,
e +z - —————,————— -
3 3 = 13 mer]
WSD1 TIC. MS Fie (CCHEMSZT DATANIS-10-20021-2001.0) APCI, Pos, Scan. Frag: 0
o
1600000
1400000
1200000
1000000
800000
600000
200000 o D O T -
Somier s S 3 38 8 2 3 =1 £33
o (V= PR e R B S S ) 3=,
H 2 3 2
MS Spectzum
“MSDT S
80
&0
20
20
° = £ R S e e e e Tl =
T T T T T
100 200 300 =00 £00 m
lactane-1+1H% FeISdassaRas zREge EEES L 150
STANDARD 1H @GBSERVE I e e e e 513 46 16 S g
7‘3 ==\ ~N N\ NI
140
130
F 120
f j 110
— 100
90
80
70
60
F50
F40
30
i 20
| ‘\
k M N
s
| k re
I I
L T 17 I I [
2 32 22 E B S
S ] - S| - Ed
T T T T T T T T T T T T T T T T T
0.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5 50 45 40 35 30 25 20 1.0
£1 (ppm)

27



xin-lactam-a
xin-lactam-a

—62.73
— 0. 07

180

170

160

130

120

r110

100

90

80

70

60

50

40

L

I
iy RSP AN S ““mmmLM

T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120

lactane-1-19F
19F | OBSERVE
STANDARD PARAMETERS

T T T T
110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

-162. 88

100

90

80

60

20

T T T
-20 -30 -40 -50 -60 -70 -80 -90

T
-100

T T T T T T
-110 -120 -130 -140 -150 -160 -170

£1 (ppm)

28

T
-180

T
-190



DAD1 A, Sig=2S2.4 Ref=360,100 (145-10-23023-0201.D)
mAU O -
100
Et0,C
20 = NH
€0 o "
<0
o P 4b P A€
T
L e I B B e e e e e LA S s a e s S T 7T T T
1 3 - S (-3 mir)
DAD1 B, Sig=210.8 Ref=360,100 (15-10-23023-0201.D)
mAU - -
1500 -
1250 -
1000 =
750
S00 -
250 -
0 )
e T T
1 2 3 - S (-3 mir}
MSD1 TIC, MS Fie (CICHEMI2\T'DATAI12-10-231024-0201.0) APCI, Pos, Scan, Frag- 0
1600000 3
1400000
1200000
1000000
800000
600000
400000
2000003,
o 2 e —
T T T T T T
1 2 3 - =3 (-3 mir]
MS Spectzum
“MSD1 SPC, Ime=S.337 of CHCHEM3IAT'DATAL1S-10-23023-0201.0 APCI, Pos, Scan, Frag O
Max: 981632
o
3
~
T | "] L] S— . — :
T T T T
300 £00 SO0 600 m'3
AMANMONNOMOMON 0w m f~650
MOMAN—ATETMONNN— -
BB B IA < F < F F ]
R N ~
[~ 600
EtO,C t-550
[~500
/\ 4b Fas0
[~400
350
300
250
200
150
100
T
50
|
k ro
L e T
~ © - S o S
— = — —_ - ™
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

29



~9000

215.98
129.59
129.17
129.03
128.92
128.81
117.04
116.75
50.44

50.19

13.91

—87.71
—62.98
—~59.93

|

8500

8000

~7500

7000
4b [~ 6500
[~ 6000
5500
~5000
4500
[~4000
3500
~3000
2500
[~2000
1500
1000

500

:
-

ol b udmLm
Iimg hoong U vy

T T T T T T T T T T T T T

220 210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0 -0 -20
f1 (ppm)

o o

N ®

= o]
e+ 2 90
EtO,C 80
k70

F
4b
60
50
F40
k30
k20
F10
0 o g - o
F-10
T T T T T T T T T T T T T T T T T T
20 30 -40 -50 -60 70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

f1 (ppm)

30



DADT A. Sig-252.3 ReT-360.100 (15-10-26'042-0201.0)
mAU - 3
300 =
EtO,C
2S0 -
200 -
150 - '
100 - - |
S0 - b= !
= Br S ] \&E
0+ ity 4 ea——
—_— 774 — 71— — T — T T T 7T
h | 3 = S [3 min
DAD1 5, Sg=-210.8 Re™=360.700 (12-10-26022-03010)
mAU
2s00
2000
1500
1000
k
o a A =
S S S A S S S
1 2 3 = (3 mir]
MSD1 TIC, MS Fie (CCHEMIS2\T'DATAI12-10-261022-0201.0) APCI, Pos, Scan,. Frag- 0
>
ﬁ
2000000
2000000
1000000 J g
° ————
T T T T T T
3 2 3 - S (3 mr]
MS Spectzum
WSD1 SPC. IMme-5552 of CCHEMSZ T DATA12- 102602202010 APCI. Pos. Scan, Frag O
Max: 1.31473%e+006
80
60
20
o
20 g
o s = — - e Py cae e ST — & =
L T T T T T T
200 300 200 soo 00 700 v
ONWLYTMAN—TANNN O T MO OMONO NHTOMO O O M~
QUMM nNNNNN NSO R N e L 360
NINNNNANNNNNNNNNDN N WO 3 T T —
[ShERER ShERERENENG SRR L) 2 el 2 NP
340
F320
300
f 280
f 260
[~ 240
220
200
Br
180
F160
140
120
| 100
80
\‘\
60
F40
I
! |
| F20
| . . M Lo
[ |
e e T &k S [
= ~ < Q< @ @ <
i (=3 — o — o ~— (a2}
T T T T T T T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.0 35 3.0 25 2.0 15 1.0

4.5
f1 (ppm)

31



—215.96
178.44
_~164.43
™162.63
133.96
132.90
129.02
128.46
124.82

7,129.59

/
|

C-
NMR

87.72

Br

13.81

—63.04
~59.92
_50.37
™ 49.85

[~ 3400

3200

3000

2800

2600

[~2400

2200

[~2000

1800

1600

1400

1200

1000

800

600

[~400

200

~-200

~-400

T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110

-26.62

100
f1 (ppm)

80 70

Br

-162.83

200

190

180

170

160

150

140

130

120

110

100

90

- 80

70

60

40

30

20

T T T T T T T T T
-100

T
-110

f1 (ppm)

32

T
-120

T T T T
-130 -140 -150 -160

-170

-180

-190



DAD1 A, Sig=252.4 Ref=360,100 (14-10-27'022-1701.D)
mAU Y
1200
1000
800
500
<00
200 NO;
o N
T T T ™ T7T T ™—TT T T T T T —TT T T
1 2 3 2 s s mir]
DAD1 B, Sig=210.8 Ref=360,.100 (14-10-27022-1701.D)
mAU 3 T
2000
1500
1000 3
500 3
03 . ;
S B e S e e e S A SIS N S e e S S e e e e e SN S e e
1 2 3 2 [3 ]
WMSD1 TIC, MS Fie (C.CHEMS2\ T DATA1S-10-271042-1701.D0)  APCI, Pos, Scan, Frag: 0
350000 -
300000 -
250000 -
200000 -
1S0000 =
100000 =
o |
- ]
0= T T T T T T
1 2 3 2 s s mir]
1S Spectzum
"MSD1 SPC, IMe=S267 of CICHEM3IA\TDATAL1S-10-27042-1701.0 APCI, Pos, Scan, Frag. O
Max: €688
80
&0
<0
20
o A T W . e
T
€00 my
m o T
Mm M O
0 6 e
[ S 450
(400
(350
/\ f 300
(S
250
(200
150
100
|
1 50
Wl
— ML,JL N \ bl
— o
- [0

T
35 3.0 25 2.0 15 1.0 0.5 0.0 -0.5



215.96

201.71
—141.94
129.76
129.12
128.08
124.99
87.65
50.30
50.05

—63.22
~60.03

/
\
<

NO,

13.97

~9000

8000

~7000

[~6000

~5000

~4000

~3000

[~2000

1000

-1000

[~-2000

210 200 190 180 170 160 150 140 130 120 110 ¢ %00 ) 90 80 70 60 50 40 30
1 (ppm

NO,

-163.09

280

260

[~ 240

220

200

180

160

[~ 140

120

100

80

60

40

20

~-20

F-40

-20

T T T T T T T T T T T T T
-30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150
f1 (ppm)

34

-160

-170

T
-180

-190



DAD1 A, Sig-252.3 Rer=360,100 (15-10-26033-01010)

mAU fo) 3
100 Et0,C H
g0 B
w0 I N
o NO
3 P 8
2:: S CF3 -
», L M
—
1 2 3 - S S min]
DAD1 B, Sig=210.8 Ref=360.100 (15-10-2861033-0101.D)
mAU J =3
2000 J
1500 3
1000
500 3
0] :
e e T A e e e S T I e e e e e e e e e e N e S s s e s
1 2 3 = (-3 mir}
MSD1 TIC, MS Fle (CICHEMI2\T'DATAI1S-10-28033-0101.0) APCI, Pos, Scan, Frag- 0
1750000 -
1500000 -
1250000 -
1000000 -
750000 -
S00000 -
250000 -
oJd—— M —
T T T T T T
1 2 3 - S s mir
MS Spectzum
"MSD1 SPC, IMe=S.606 of CHICHEM3IAT'DATALIS-10-28033-0101.0 APCI, Pos, Scan, Frag O
100 ey Max: €
80
&0
<0
4 i
od. . I S ¢ | < S
T T T T T T T
100 200 300 £00 SO0 €00 my
noNa AN NOONONMNMN®BO <+ =
NN MO MMOMNNTTONMN - O 380
NNNKN BN B A0 0 ¢ F FF F « — -
N L A 2 N o
340
320
300
280
260
Et0,C
240
220
200
CF3
de 180
160
140
120
100
80
|
60
F40
|
n
20
s, " ro
T TT T r-20
) o o =]
i S o [0

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

35



164.58
164.25
163.10
162.81

|

129.66
129.37

129.14

129.11

129.06

127.41
126.72

126.67
88.05
50.34

50.10
13.84

—63.30
™~60.31

<

CF3

L .

17000

1~ 16000

15000

[~ 14000

[~ 13000

[~ 12000

11000

~10000

~9000

~8000

[~7000

~6000

5000

~4000

~3000

[~2000

[~ 1000

-1000

~-2000

T T T T T T T
220 210 200 190 180 170 160

-63.75

T
150

T
140

T
130

120

T T T T T T T T T T T T T
110 100
f1 (ppm)

-163.34

CF3

340

320

300

280

260

240

220

200

180

160

140

120

100

80

60

40

T T T T T T T T T
-100 -110 -120 -130 -140 -150 -160 -170 -180
f1 (ppm)

36

-190



DADT A, S0-255.3 Rer=360.100 (152-12-72023-11010) g
mAU
e Et0,C
200
1s0
100
o -
e T e T
1 2 3 2 s 5 ]
DAD1 B, Sig=210.8 Ref=360,100 (12-12-12023-1101.D)
I ~
2000
1500
1000
sC0
o
T T T T T T
1 2 3 a 2 mir]
WSD1 TIC, WS Fie (COCHEMS2 T DATANIS- 12-12022-1101.D) APCI, Pos, Scan, Frag- 0
£000000 -
7000000 -
€000000 -
SO00000 -
4000000 -
3000000 =
2000000 -
1000000 -
0. .
MS Spectzum H H 3 2 s & =d
"MSD1 SPC, IMe=5.750 Of CACHEMIZ\TDATAL15-12-12024-1101.0  APCI, Pos. Scan, Frag. 0
Max: 4.16051e+006
&0
70
&0
=
20
n o
20
10 g
o = FRENT e e e e e e S e e R e e e e e
200 300 200 sto 600 md
lackmRARARIARL 55 ZEEE 228 SLERasaa 52
g I3 Guse Lo RS R Lo
Yy NYEINY Ry % oo
F80
J / /
F60
[0}
Et0,C
= NH Lso
NN ‘
NO, F40
4f
30
20
‘\
i 10
i i o
I
w Lo
I 1 ) ey
T T T T T T T T T T T T T T - T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

37



lactam-4-butyl-13c
13C OBSERVE

83.69

— 62.98

—57.03

7

— Ba.

—31.16

13.92

T T T T
200 190 180 170

lactam-4-ome-styrene=19f
19F OBSERVE
STANDARD PARAMETERS

160

150

140

130

120

T T
110 100
1 (ppm)

163. 30

-70

T
-80

T
=90

T T
-100 110
1 (ppm)

38

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200

-200

280

260

240

220

200

r 180

160

140

r120

r 100

80

60




DAD1 A, Sig-252.3 Rer=360,100 (14-12-19021-0201.D)

-

MAU =
2 0
w.
pa N ONH &
-
204 . “,
s NO s
10 3 2 OMe s =
LE X 4 - 2
ac__ g
T T T T
'y S

S men

1 2 S
DAD1 B, Sig=210.8 Ref=360.100 (15-12-19'021-0201.D)

RRARNK:

Bi
s
e = oy
—
} z

i

1 2 S
MSD1 TIC, MS Fle (CICHEMI2\TIDATAI12-12-19W021-0201.D0) APCI, Pos, Scan, Frag- 0

¥

€000C0
£000C0o
2c00co

MS Spectx —

TMSD1 SPC, IMe=5.111 Of CACHEMSZTDATAL12-12-19021-0201.0  APCI. Pos. Scan, Frag. 0

o~ SO0%21
100 o Max: 505216
80
&0
<0
20 o~
X
-
o i | EEres e 1A .
200 300 SO0 600 700 800 SO0 mv3
lagt@E HANRSIHRLM IR R £ BRRE 38 LIRBZIET 2 SRS
STANDARIY F] - OBSERVE- 8 < < 16161616 166 8 S A S o —
= LR, RV RPN N | 12000
11000
10000
1
8000
7000
6000
OMe
5000
4000
3000
2000
i
1000
L——*’0
- T T T T | 1
: > B > > > B > ~-1000
e 2 = E E :
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

39



lactam-4-0Me-13C-14dec20
13C OBSERVE

160.97
84.22
45.08
44.83

5500

—114.83

—63.21

<

5000

4000

3500
OMe

3000

2500

2000

1500

1000

500

=500

T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

340

-163.09

320

300

280

260

240

220

OMe 200

180

160

140

120

100

80

60

-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
f1 (ppm)

40



DAD1 A, Sig=252.4 Ref=360,100 (15-11-120S3-1601.D)

mAU
20 b
&0
- l cl
20
¥
° .’o\i NO, .
R R R R B AR T
DADT B, Sg-210.6 Re-360.700 (12-11-1205516071D)
mAU
2000
1500
1000
sco
o Z
— 77— 7 71—
1 2 3 H & ]
WVSDT TIC. WS Fie (G CHES S T DATA 1S 11-12053-1601 D) APCI, Pos, 5oan. Frag 0
2500000 z
2000000
1500000
1000000
scooco
° 3
T T T T T T
1 2 3 2 1 & ]

MS Spectzum
"MSD1 SPC, IMe=5.649 of CICHEM3I\T'DATAL1S-11-12053-1601.0 APCI, Pos, Scan, Frag 0

100 - Max: 834112
80
60
20
20 N =
€%
o S T e ———— [ S ———-
T T T T T T
100 200 300 400 S00 600 my
VOVWOT ANV MmN DO [l I = ALt =N NS o o
MMM MOHMMOAN] 0o Q0N TN — - S
NNNNNNNNNNNS 11511151 R i e S
B ] B WA e ~— o
(400
350
Cl
300
250
200
150
\f/‘ e Jf \/’JP 100
il 50
| I
! |
|
| 1
‘ \" k
A, o
|
P i R 3z
NI ~ o @ Qo S
oSN 1<) oS- o oS~ o .50

T T T T T T T T T T T T T T T T T T
4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

41



n =} noao o T =
- < RN ENEN 3 Inge a
[t} = N B < NN e g <
~— o M AN O MmN oo o
o~ ~N o o [°5] O N N N —
Cl
bbbl T R T . || il (W
T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 60 50 40 30 20 10 0 -0 20
f1 (ppm)
el
-
<
ft=]
\n
NH ClI
Cl

[~ 8000

7500

[~ 7000

[~ 6500

[~ 6000

[~ 5500

5000

4500

[~4000

3500

[~ 3000

2500

2000

1500

[~ 1000

500

-500

-1000

[~100

90

80

70

60

50

40

30

20

-100
f1 (ppm)

-110

42



DADT A, Si0-254.3 Rer=360.100 (15-11-13002-01010)
mAU J
800 3
500
200
=3 \
03 t '
T T A T T T T
1 2 3 2 s & mir]
DAD1 B, Sig-210.8 Re=360,100 (12-11-131002-0101.D)
mAU
25004
2000 4
1500 3
1000 3
500 -
0= 1
T T L T L T
1 2 3 4 s & mir]
MSD1 TIC, MS Fie (CCHEMI2\T'DATAI12-11-13002-0101.0) APCI, Pos, Scan, Fm: )
£000000
6000000
<
4000000 <
2000000
° " S
I I L L I 1
1 2 3 2 s & mir]
MS Spectzum
WMSD1 SPC, Ime=-5.323 Of CACHEMIZ T DATAI1Z-11-13002-0101.0 APCI, Pce, Scan, Frag. 0
Max: 3.925%5e+006
80
&0
40
2o <
g
° T D e e 5 G . e e S
T T T T T T
200 300 400 sC0 €00 700 md
NMTMOMANONTOT r0OTTONNONTATOTO — O WO NN n oM~
MHNMANESSRTMEaMOA S ARTINANN =0 e 850
NANNNNNNMNOCUAYT DWW T T T F M — o
e E— P e I a0
=750
" e _/ff J 700
(o]
EtO,C F650
2“7 ONH
F
b 2 F 600
NO 550
2 OMe
4i =500
450
400
=350
=300
250
200
150
100
50
0
—r F-50
S
9 F-100
T T T T T T T
3.0 2.5 2.0 1.5 1.0 0.5 0.0

43



~10000

~9000

[~8000

~7000

6000

5000

~4000

~3000

~2000

1000

~-1000

98'€T —

9T°0§
T4°0S >
W95 —
6€'09—
€0'€9

0L'L8—

LETTT
88'911 |
mﬂ.hz/
05611
05611
95'8TT~_
10°621
ezt
6°621
(56CT

12261 —
9T'SST—
60°€9T~_
[SH9T—

|

L

btk

il

-20

60 50 40 30 20 10

70

210 200 190 180 170 160 150 140 130 120 110 _ 100 90
f1 (ppm)

220

L L L L L L L L L L L L L L L L L
89'%9T- ~— _—
95°¢9T-—
£9°TET-~ .
S8'IET-

-30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-20

f1 (ppm)

44



DAD1 A, Sig-252.3 Rer=360,100 (12-11-03007-02010) o
mAU 3
40 EtO,C
B NH
= cl
20
NO,
10 4
=2
o .
o x 4i A
—
—r—r—r——r— T r—r— T r— T r— T r— r—r— T T
1 2 3 4 3 3 mir]
DAD1 B, Sig=210.8 Ref=360,100 (14-11-03007-0201.D)
mAU
1500
1250
1000
750
S0o0
250
o _ Y
2850 —r—r—Tr—Tr—7T T T T
1 2 3 a s B mir]
MSD1 TIC, MS Fie (CICHEMI2\1'DATAI12-11-03\007-0201.0) APCI, Pos, Scan, Frag: 0
800000
600000
400000
200000
o = =
T T L T L T
1 2 3 a s = mir]
MS Spectzum
"MSD1 SPC, Ime=S5.536 of CHCHEM3I2A\T'DATAL1ZS-11-03007-0201.0 APCI, Pos, Scan, Frag O
Max: 287808
80
60
20 ;
R o
20 - -
i
o e _— @ @ etes sees cssasss = ® o e .L-._. .L_ . e w as ese.mea g, - . . .
200 300 200 s00 500 700 _md
pEse s p N E5as g
Y S SN ~
£ 10000
//// A S [ 9000
8000
Cl
7000
4 F6000
F5000
4000
3000
2000
1
1 F 1000
\H‘ ] “
. M L,
LY z T
= = = = F--1000
T T T T T T T T T T T T T T T
8.5 8.0 6.0 5.5 5.0 1.5 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

45



lactam-3-cl-styrene-13C-2 © R o =
13C OBSERVE P P O = [ 9500
[ %
5000
4500
Cl 4000
. 3500
4
3000
2500
2000
F 1500
I
1000
‘ | 500
| I
Il
- | N fo 1| " 4 [ L J [ I (- Lo |
v r y } . W 0
F-500
T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 2 10 0 -0 -20
1 (ppm)
Tactam-4-no2-aldehyde-19F = k90
19F OBSERVE e
STANDARD PARAMETERS
80
EtO,C
170
Cl
F 60
4
k50
k40
30
k20
F 10
) b Lo
T
F-10
T T T T T T T T T T T T T T T T T T
-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
£1 (ppm)

46



DAD1 A, Sig=2S4.4 Ref=360,100 (14-11-07015-0601.D)
mAU

150 -
125 -

wod |
=0 2

25
0-

4008

T
S (-3 mir)

=

1 F 3
DAD1 B, Sig=210.8 Ref=360.100 (14-11-07015-0601.D)

Lo ool

L e S e e I S S S S S S S S S S S S S S S

T T T T T T T
1 2 3 - S (-3 mir]
MSD1 TIC, MS Fle (CICHEMI2\T'DATAI12-11-07015-0601.0) APCI, Pos, Scan, Frag- 0
2000000
1500000
10000C0
S000C0
o —
T T
S (-3 mir]

T T T T
1 2 3 -

MS Spectzum
“MSD1 SPC, Ime=S5S.663 of CICHEM3IANDATAL1S-11-07015-0601.0 APCI, Pos, Scan, Frag O

Max: 738048
80
70
&0
SO
20
30
e 3
= R .. S | ' (N oo
200 300 400 S00 700 m3
lactan—4SbE%PiEehedE3 2 2RET 2 LIBRR8S 83
STANDARDI\llﬂ CRYE o = © W8 168 FAF S —_——
LRI SP N Ryps W 160
150
140
130
/ / f j [
r110
Br 100
90
80
70
60
50
40
30
th
1] 20
|
i
M l} { ,,,710
n A l ! o Lo
2 o T I — i — L 10
2 o Iz I 2
- = — =) = - o o
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

47



lactam—4-br-styrene-xin-13c
13C OBSERVE

50. 56
50. 31

<

—63.23
—60.37

Br

14. 07

3600

3400

3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200

r-200

400

=600

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
1 (ppm)

lactam—4-br-styrene-19F-3
19F OBSERVE
STANDARD PARAMETERS

-164. 83

230

220

210

200

190

180

170

160

150

140

130

120

110

100

T T T T T T
-100 -110 -120 -130 -140 -150

£1 (ppm)

T T T
-20 -30 -40 -50 -60 -70 -80 =90

48

T
-160

70

T
-180

T
-190



DAD1 A, Sig-254.3 Rer-360,100 (12-11-17062-26010)
mAU 2
100 o
&0 s
€0
40
20
o A
— 7T R S S S S e
1 2 3 4 s = mir]
DAD1 B, 5ig-210.6 Rer-3€0,100 (14-11-17062-26010)
mAU A 2
1500
1000 3
500 3
0 —
S T S S S S S A S e A Gt
1 2 3 4 S [ mir]
WSD1 TIC, WS Fie (CCHEMSZ\TDATAI1-11-171062-2601.0) APCI, Pos, Scan. Frag: 0
2000000 -
1750000 -
1500000 -
1250000 -
1000000 -
750000 =
500000 -
2500003,
0-
T T T T T T
1 2 3 4 S [ mir]
MS Spectzum
MSD1 SPC, Ime-5.380 Of CACHEMIZ\TIDATAL12-11-171062-2601.0 APCI, Pos, Scan, Frag 0
Max: 1.42899%e+006
80
€0
40
20
o - - o S — o R —— e -
T T T T T T
200 300 s00 €00 700 mvg
lactam AR BHBEE I EREE 28 SRANRAR &
STAND, b o s S 249934 3
L NYE LY, RRRype | Lo
{ j\ 220
// Ve
200
180
160
140
120
100
F80
F60
1 40
il |
i ‘ 20
-0
rr oy T i e e
T T T T T T T T T T T - T T - T T T
7.5 7.0 6.5 6.0 5.5 5.0 1.5 0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

49



lactam=ch3=styrene=13C
13C OBSERVE

I

83.76

— 62. 96
—57.18

44.37
44.12

<ix

—21.06
—13.92

2100
2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
r 100

r-100
r-200
=300
—400

r-500

220 210 200 190 180 170 160 150 140 130

lactam—ch3-styrene-19F
19F OBSERVE
STANDARD PARAMETERS

120

110

100 90
1 (ppm)

~164. 85

190

180

170

r 160

150

140

130

120

110

100

T T
-100  -110
£1 (ppm)

50

T
-120

T
-130

T
-140

T T T T
-150 -160 -170 -180

T
-190



DAD1 A, Sig-254.3 Rer-360.100 (12-12-10031-06010)
mAU o
200
300
200
3 =
1003 MeO £
: -
o3 N . ’
T T T I I z =
15, Sg-210.8 - 100 (12-12-10031 1D)
mAU
2sc0
2000
1sc0
1000
sco
o + »
T T T L T T
1 2 3 - (-3 mir]
[ WSD1 TIiC. WS Fie (COCHEMSZ T DATA12-12-10031-0601.D) APCI, Pos, Scan. Frag- 0
6000000
S0000C0
4000000
2000000
2000000 w
o
1000000 o
MS Spectx B
TWMSD1 SPC, IMe-S.267 of CACHEMIZTDATAL12-12-10031-0601.0  APCI. Pos. Scan, Frag. 0
Max: 2.660B6e+006
80
&0
20
< o~
20 s 8 &
3
. P R | TSN 1] s o AU 23
100 200 3%0 200 s00 ~d
Tack @SV G643 FyREHE Tl = 280
|Sechemteb v b Z
RS
260
Sl ~ e 7 f va F240
(@] F220
EtO,C NH
B F200
\\‘l ‘1
No F 180
2
MeO
4m F 160
F 140
F120
F 100
80
60
1 F40
il |
‘ F20
| I 1
. ro
s = = 2 ? 2
s = = = =
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 . 3.5 3.0 2.5 2.0 L5 Lo 0.5 0.0
£1 (ppm)



lact&E&@-styrener13c
13C GiSEREE
A\

—135./43

58

—121.

— 114.55

88. 36
—63.13
—60.85

5. 37

.95
70

MeO

14.17

170 160 150 140 130

lactam-4-ome-styrene-19F
19F OBSERVE
STANDARD PARAMETERS

120

110

100

90 80 70 60 50 40 30 20
1 (ppm)

MeO

18000

17000

16000

15000

[ 14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

1000

-2000

f-340

320

300

280

260

240

220

200

180

160

140

120

100

T
-70

T
-80

T
-90

T T T T T T T
-100 -110 -120 -130 -140 -150 -160 -170

£1 (ppm)

52

T
-180

T
-190



DAD1 A, Sig=252.3 Ref=3€0.100 (14-12-17002-0101.D)
-
=
N )
" =
T
e TR Lk Tt T = e T e a wew PRr G o e
- S s mir
2500
2000
1500
1000
g )
03
T T T T T T
1 2 3 < S (-3 mir]
MSD1 TIC, MS Fie (COCHEMI2A\TDATAI12-12-17W002-0101.0) APCI, Pos, Scan, Frag- 0
SO00000
4000000
3000000
2000000
1000000 J
o
MS Spectzum H T LY * = I p—
"MSD1 SPC, TIMe=4 958 of CHICHEM3IA\TDATAL1S-12-17002-0101.0 APCI, Pos, Scan, Frag O
100 1 Max: 3.5696€6e+006
80
&0
20
20 o~ -—
x -
= =
o 3 e T WP (e s e e e I
T T T T T T
100 200 300 £00 SC0 S00 m'3

OVINTOWVWWYW CoOOTMNLOMOHO NOMNOMO W ~Nbma
LT MANN Mmoo Y Noon R Y00 neen
INININININN O W WYWWYWWWNmLWLWnNLWn i ol S - -
B e L R e e N N 4500
-4000
// s rr S f
3500
3000
2500
2000
1500
1000
|
[~ 500
: AL
T S A &L &
] %3S m o S n 3 S
™ - oo o o — o o~ ™ [~-500
T T
65 .

~
1
~
o

3.5 3.0 25 2.0 15 1.0 0.5 0.0 -0.5
f1 (ppm)

53




~9000

8000

7000

6000

~5000

[~4000

~3000

[~2000
[~ 1000

~-1000

~-2000

09°Th ~
9E vy —

Tv'09~
ey —

LTEL—

$9'98 —

18°0TT —

68'92T
89'62T ~
9°0sT
8L veT
Ob'EbT ~_
S6'EHT <

LTTOC—

SS'STC—

-20

210 200 190 180 170 160 150 140 130 120 110 ¢ %00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

220

20
19
18

17

16

15

F1a

r13

12

€0°0LT-—

< T19T-—

-30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-20

1 (ppm)

54



DAD1T A Sig=252 .3 R*.—360.1CB (1640-20013—0101 D)

mAU 3
E EtO,C
500 - = NH
400 -
300 -
200 -
100 =
o "
—rr 7T 7T 7 T T T T T T T T T
1 2 3 2 S s mir}
DAD1 B, Sig=210.8 Ref=360,100 (14-10-20013-0101.D)
mAU 3
2500 =
2000 =
1500 -
1000 -
S00 =
o e
g —rrr 7T T T T T T T T T T T
1 2 3 =3 S (-] mir
MSD1 TIC, MS Fle (CICHEMI2\T'DATAI12-10-201013-0101.0) APCI, Pos, Scan, Frag- 0
1600000
1400000
1200000
1000000 \
800000
600000
400000
200000 i
M
- T T T T
1 2 3 < S s mir]
MS Spectzum
"MSD1 SPC, Ime=S.903 of CACHEM3IAT'DATAL1S-10-20013-0101.0 APCI, Pos, Scan, Frag O
Max: 396352
80
€0
<0
20 =3 o
5 TR  : N S _
T T T T T
200 300 400 S0 500 700 my
NODONT NN ONI OONONILIMNON®T — OO [ XCRA
M TNNNNN A A ANNA—T A TOMNNN A~ -
NNNNNNNNNNNNNRN LWL W S —
B UNLN AL e S e - e
450
/// e s —/ f [ 400
(0]
EtO,C L
F\\ NH 350
W Ty
N02 300
Br Br
40
250
200
150
[
100
i F-50
- I Lo
& o S
[SIN) ) [0
T T T T T T T T T T
4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)



199.78

_~164.57
™-162.66

|
|

133.87
132.91

132.49
132.30
132.24

Br

130.70

130.21

128.80

128.43

124.82
124.03
87.53
13.93

—63.24
~60.05
49.80
49.55

<

Br

LLLL | L

[~ 14000

[~ 13000

[~ 12000

~11000

~10000

~9000

8000

7000

~6000

~5000

~4000

~3000

~2000

1000

o0

-1000

110 100 9 8 70 60 50 40 30 20
f1 (ppm)

_—~-163.05
~--164.70

Br

=

700

[~ 650

~600

~550

~500

450

~400

350

300

250

200

150

100

-90

T T T T T T T
-100 -110 -120 -130 -140 -150 -160
f1 (ppm)

56

T
-170

T
-180

-190



DAD 1 A, Sig-252.3 Rer=360.100 (15-12-060130201.D)
mAU -
70
€0-
f EtO,C
40 =
20+ o~
20- ~
o g =3 -
0] g = MeO Br N
03 o oﬂ e e
-10 T T T T T T
1 2 3 2 s s mir|
DAD1 B, S5g-210.5 Rer=360.100 (12-12-0601302010)
mAU
1000
3003
600
2003
2003 =2
o ~
-200 T T T T T T
1 2 3 4 s mir]
WMSD1 TIC. WS Fie (CCHEMS 2T DATA12-12-061013-0201.D0) APCI, Pos, Scan, Frag: 0
1600000
1400000
1200000
1000000
800000
600000
200000 =
200000 -
MS Spectzum - L
— s s
TMSD1 SPC, IMe-5.578 Of CACHEMSZTDATA12-12-050130201.0 APCI, B0s, Scan, Frag 0
80
€0
20
20 5 -
S
5 T T L e e e e R R e ) .
200 300 200 s00 €00 ~d
lactan-@is lE SR == 25 3 EEEEEERT] EFEERLE 538
STANDARD: 11 "ORSERVE & < < < 616 15 1616 15 R .
TR NVERO L N L 16000
F 15000
/ /— F 14000
77—~
F 13000
F 12000
F 11000
F 10000
MeO Br 9000
k8000
F7000
k6000
F5000
F4000
k3000
F2000
I
k‘ﬂooo
e Lo
T F-1000
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

57



Tactam-moe~br-13c
13C OBSERVE

MeO

87.97

Br

13.97

220 210 200 190 180 170 160 150 140

lactam-ome-br-19f
19F OBSERVE
STANDARD PARAMETERS

MeO

120 110 100 90

1 (ppm)

Br

3600

3400

3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200

~—200

~—400

=600

320

300

280

260

240

220

200

180

r 160

r 140

r120

100

=20

r-40

r-60

T T T T T T
-20 =30 -40 =50 -60 -70

-90 -100 -110

£1 (ppm)

58

-190



DADT _’t Sig-25<.3 ReT-360.100 (12-12-10013-0101.0)
mAU ] 0]
80— /\/
&0
20
20 2
= 8 =
. £=
o —— —
T T T T T T
1 2 3 a 3 3 rrir}
DAD1 B, Sig-210.6 Rer=360.100 (12-12-10013-0101.D)
MAL =
2000 -
1750 -
1500 -
1250 -
1000
TS0 -
S00 -
250 -
o
T T T T T T
1 =2 S - (-3 mir]
WSD1 TIC. WS Fie (CCHEMS T DATAIS-12-10012-0101.0) APCI, Pos, Scan. Frag- 0
3scooco
2000000
2scooco
2000000
1500000
1000000
sSocooco
MS Specex
WMSD 1 SPC. 3Me—5.026 of CACHEMSZ\TDATALIS-12-10013-0101.0 APCI. Pos. Scan, Frag O
100 > Max: 2.55283e+006
80
0
<0
20
B = = = =
T
L1277 |
R EBEE IS r120
""" ~1H *OBSERVE BB eE Juddddddud <S4 < R R e R e R e R R
Nt === |
r110
100
J// 3
a4 Lo
r70
60
50
40
30
20
r1o
e a—— L
| 0
r-10
! el ot I
2 = 2 8 2 2 2
& E S b = =

59

0.0




lactam-3cc-13¢

o = z=2 .
13C OBSERVE = e e =
N
/\/
!
|
1
!
| }
l ) i | I A ) il "
" ] | v 3
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 2 10 0
f1 (ppm)
lactan-3cc-10f g =
19F OBSERVE gl 4
STANDARD PARAMETERS |
. -
1
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
-20 -30 -10 -50 -60 -70 -80 -90  -100  -110  -120  -130  -140  -150  -160  -170  -I180  -190
1 (ppm)

60

3400

3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200

~-200

~-400

110

100

90

80

70

60

50

40

20




Chiral LC of Products:
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