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A convenient and robust stereocontrolled procetiasebeen developed for the synthesis

Abstract:

of novel trifluoromethyl-containing piperidine araepane3-amino ester stereoisomers. The
synthesis started from readily available unsatdrédteyclic p-lactams and was based on
oxidative cleavage of the ring C=C double bondodiekd by ring closure of the diformyl
intermediates in the presence of 2,2,2-trifluorgketimine hydrochloride through reductive
amination. The synthetic procedure has efficiefitben extended towards the synthesis of

mono- and difluorinated analogs.
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Introduction

N-Heterocyclic p-amino acids constitute an important class of dérres in
pharmaceutical and organic chemistry with high dmyadal potential. For example, several
piperidine, pyrrolidine oN-bridgedp-amino acid derivatives exhibit antiviral or antberial

activities (Figure 11-3).
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Figure 1. SomeN-heterocycligi-amino acids with biological relevance.

Fluorinated molecules have gained increasing attenh the area of pharmaceuticals
and agrochemicals over the past dedademong a significant number of fluorinated
biomolecules, a series of fluorine-containing aicyet andp-amino acids exhibit antitumoral or
antibiotic propertied.Molecules containing thg-fluorinated orB-trifluorinated amine units are
important scaffolds in medicinal chemistry or agdremistry’®* Thus, fluorine-containing
pyrrolidines and piperidines, which are presentdimgs such as MK-0657, MK-0731 and
neceprevir, are of great interest in medicinal dseém® Fluorine-containing azepanes, in turn,
are relatively less reported in the literature. l[doer, because of the important role of various

functionalized counterparts in pharmaceutical desijey may receive increasing attention in



the future® Fluorine-containing tetrahydroisoquinoline derivas, N-bridged bicyclic scaffolds
and othem-fluoroalkylated molecular entities are known toséanigh biologically relevance.
B-Fluoramine or trifluoroamine motifs are also prese various fluorine-containing amino acid

derivatives of biological importance (Figure®2).
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Figure 2. Related molecules with fluoroamine or trifluoroamiglement.

Fluorinated saturateN-heterocycles are of special interest, since intetidn of fluorine into
the structure of an azaheterocycle may increasephificity and metabolic stability. In
additition, fluorine substitution may reduce basi¢hereby providing better bioavailability to a

certain molecule.

Results and Discussion
Taking into consideration the high biorelevancesaturatedN-heterocyclesf-amino

acids and organofluorine scaffolds, our present\aas to combine these molecular structures.



The actual work has been directed towards the ctergrolled access of novel fluorine-
containing six- or seven membendéheterocycligi-amino acid derivatives.

The synthetic concept included the use of a comiairavailable reagent, containing
the trifluoromethyl group, and was based on thelatxe ring cleavage of unsaturated cy@lic
amino esters, followed through ring closure by e amination resulting in ring expansion
of the diformyl intermediates.

First, unsaturated bicyclig-lactam(z)-9 was transformed to dihydroxylateis amino
esters(+)-10 and(+)-11 by lactam ring opening with ethanolysis followeg N-protection and
cis-dihydroxylation!® The products subjected to oxidative ring cleavagehe presence of
NalO, in THF/H,O gave the corresponding open chain diformyl anesterg+)-14 and(x)-15.
These unstable dialdehyde derivatives were furdbed in the next step without isolation. Upon
treatment with the commercially available 2,2,84oroethylamine hydrochloride in EtOH, in
the presence of NaHG@nd NaBHCN, ring closure involving reductive amination toplace.
(Scheme 1).

Since the stereocenters at C-1 and C-2 of aminerse@t)-10 and (x)-11 were not
affected during the ring expansion procedure, th&iguration of the chiral centers (&)-18
and (£)-19 are predetermined by the structure of the stammagerials (also assigned on the
basis of NMR analysis). Consequently, tbess amino ester afforded the corresponding
piperidine derivative with the carboxylate and eamate/amide functions in ais relative
arrangement. Analogously, dihydroxylated aminoregte-12 and(+)-13 (derived from lactam
(+)-9 by ring opening, epimerization at C-1 acig-dihydroxylation}° with the ester and the-
protected group in &ans relationship were submitted to oxidative ring apgnwith NalQ..
The resulting unstable diformyl intermedia(eg3-16 and(x)-17 again, without isolation, were

reacted with 2,2 2-trifluoroethylamine and NafHN to afford trans trifluoromethylated



piperidine amino estels)-20 and(£)-21 (Scheme 1). Amino estefs)-20 and(+)-21 could be
accessed on an alternative pathway by epimerizati@4 of(+)-18 and(x)-19 with NaOEt in

EtOH with the involvement of the active methinewgro
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Scheme 1.

The synthetic approach described above was applsehrds the synthesis of
trifluoromethylated azepane 2-aminocarboxylatesstficis and trans 2-aminocyclohex-4-
enecarboxylateét)-23 and (+)-24 (derived from bicyclicB-lactam (x)-22 by azetidinone ring
opening with ethanolysis, Z-protection and epimaion)* were oxidized with NMO/Os§
affording the corresponding vicinal diol derivatvg+)-25 and (£)-26 (for similar
transformations see, ref. 11c-d). Next, these dibwylated esters were convertedds and

trans amino esterg+)-27 and (x)-28 with an azepane ring, which contain the rikgatom at



three C-atom distance from the carbamate group ef8eh 2). The corresponding
transformations involved oxidative ring cleavagd atereocontrolled ring enlargement through

reductive amination with 2,2,2-trifluoroethylamiaad NaBHCN.

0]

Pud

(#)-22
lit. 11 1.EtOH/HCI, 0 °C, 1 h
2. Z-Cl, EtsN, THF, 0 °C, 10 h EO,C  NHZ

CO,Et . 0SO4 tBUOH  Ho,

. CO,Et 1. NalOy4, THF/HO
(:[ NMO, H,0, acetone. C[ 20°C. 1h .
NHZ 20°C, 3h HO™ N

NHZ 2 CF,CH,NH,HCI, EtOH L
(+)-23 (£)-25 (78%) NaHCO3, NaBH3CN CF;
(64%, two steps) AcOH, 20 °C, 3 h (¥)-27
NaOEt,EtOH (21%, two steps)

20°C,18h
lit. 11

CO,Et 0804 tBUOH  Ho, CO,Et 1-Nalo, THF/H,0  Et02C  NHZ
@\\‘ NMO, H,0, acetone Q 20°C,1h
NHZ 20°C,3h HO™ NHZ 2. CF;CH,NH,HCI, EtOH
(¥)-24 (58%) (£)-26 (57%) NaHCO3;, NaBH;CN k
AcOH, 20°C, 3 h CF,4

(¥)-28
(29%, two steps)

Scheme 2.

The synthetic procedure was further extended foe tbreparation of novel
trifluoromethylated azepane derivatives, by startirom bicyclic pB-lactam (¥)-29, a
regioisomer of+)-22. Lactam(x)-29 was converted through lactam ring opening by etlyais
followed byN-Z protection to(+)-30 and, finally, epimerization to derivatie)-31.'* Alkene
bond dihydroxylation of+)-30 and (x)-31 with NMO and OsQ provided vicinal diolgt)-32

and (+)-33 (see also ref. 11). Both dihydroxylated amino restereocisomers were subjected to



NalO, mediated oxidative ring opening followed by reduset ring closing with
trifluoroethylamine resulting incis and trans azepane amino ester@)-34 and (%)-35
(regioisomers oft)-27 and(x)-28). In these products, the rifdratom is located at a two C-

atom distance from the carbamate group (Scheme 3).
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Scheme 3.

Taking into consideration the high physiologicdewance ofN-bridged bicyclic amino
acid derivatives (eg., cocaine, anatoxin-a anaBggc.), our next aim was the extension of the
above described synthetic protocol to the prepamadf trifluoromethylatedN-bicyclic systems.
Thus, the readily availab®iexanorbornengd-amino estef+)-36" was first transformed biyi-

Z protection to(x)-37 and then dihydroxylation was carried out to forral derivative (+)-38



(see also ref. 9b). Oxidative ring opening (a)-38 followed by reductive amination with

trifluoroethylamine and NaB#CN gaveN-bicyclic amino esteft)-39 (Scheme 4).

CO,Et Z-Cl, Etz;N, THF CO,Et
4 NH,HCI > NHZ

0°C to 20 °C, 10 h
(¥)-36 (£)-37 (77%)

0s0O,, t-BuOH, NMO
H,0, acetone, 20 °C, 3 h

1. NalO,, THF/H,0
el B )
2. CF4CH,NH,HCI, EtOH NHZ

(+)-39 NaHCO3;, NaBH;CN (£)-38 (79%)
(42%, two steps) AcOH, 20°C, 3 h
Scheme 4.

The synthesis of the new stereocisométibridged bicyclicB-amino ester containing the
trifluoromethyl group could also be accomplished, dtarting from thediendenorbornene
amino ester(+)-40.°° Following the synthetic approach used as for diexo isomer, N-Z-
protection of(x)-40, dihydroxylation, oxidative ring opening and riaglargement via reductive
amination with trifluoroethylamine led to compou()-43, a stereocisomer df)-39 (Scheme

5).
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Scheme 5.

The synthetic method, based on oxidative carbocyding opening followed by
reductive ring closing presented here, could balilgsextended to access novel fluorine-
containing N-heterocyclic B-amino acid derivatives by variation of the fluainontaining
building element. An example consists of the redaectamination either with 2-
fluoroethanamine or 2,2-difluoroethanamine. Thualdgéhyde(+)-15 (derived from lactan(z)-

9) on treatment with these commercially availablefbamines in the presence of NaHCGDd
NaBH;CN delivered the corresponding monofluorinated diftliorinatedpiperidine-amino

esterg+)-40 and(+)-41 (Scheme 6).

CO,Et CO,Et
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FH,C (£)-15 FoHC
(£)-40 (53%) (£)-41 (68%)
Scheme 6.



Conclusions

A convenient and efficient stereocontrolled procedhas been developed for the
synthesis of novel trifluoromethyl-containing pigene and azepaneB-amino ester
stereoisomers. The protocol is based on the C=@ bgialative ring cleavage of cyclgzamino
acids, followed by reductive ring closure of difgdmintermediates in the presence of
commercially available fluoramine building elemeBi2,2-trifluoroethylamine. Since the
stereocenters of the starting carbocy@iamino acid derivatives are not affected during the
synthetic procedure, they will predetermine the figpmation of the chiral centers in the
products. The synthetic approach has been reaxignded towards novel trifluoromethid-
bridged scaffolds and mono- or difluorinated pigere p-amino acid derivatives.
Experimental
General procedure for the Z-protection of amino esdrs
To a solution of amino ester hydrochloride (8 mmiolJHF (30 mL), E4N (5 mL) was added at
0 °C, followed by the addition of Z-Cl (1 equiv,58% solution in toluene). The mixture was
stirred for 10 h at 20 °C and then diluted with B6EX80 mL). The organic layer was washed
with H>O (3 x 40 mL), dried (N&O;) and then concentrated under reduced pressurecrtitie
product was purified by column chromatography dcaigel f-hexane/EtOAc 4:1), affording

the protected amino ester.

General procedure for epimerization of thecis-amino esters
To a solution otis N-protected amino ester (3mmol) in EtOH (30 mL), B&)(1.5 equiv) was
added at O °C and the mixture was stirred at 2€0f@8 h. After the addition of $#O (70 mL),

the mixture was extracted with GEl, (3 x 30 mL), the organic layer dried overJS&, and

10



concentrated under vacuo. The crude material waBgouby column chromatography on silica

gel (-hexane/EtOAc 4:1) to give thensisomer.

General procedure for dihydroxylation of N-protected amino esters

To a solution oN-protected3-amino ester (5mmol) and NMO (1.2 equiv) in acet(@@ mL),
0.3 mL of 2% Os@solution int-BuOH was added, and the resulting mixture wasestifor 3 h

at room temperature. After completion of the reatti90 mL of saturated aqueous,S@;
solution was added and the reaction mixture wasaetedd with CHCIl, (3 x 30 mL). The
combined organic layers were dried over,8(@, filtered and evaporated under reduced
pressure. The crude product was purified by meéreslamn chromatography on silica get (

hexane/EtOAc 1:4).

General procedure for the synthesis of fluorine-caining N-heterocyclic amino esters by
oxidative ring cleavage followed by ring closure @ reductive amination

To a stirred solution of amino ester (2mmol) Nal@.5 equiv) was added in THRE (25
mL/2 mL). After stirring for 1 h at 20 °C under &n atmosphere, bD was added (40 mL). The
mixture was then extracted with @El, (3 x 20 mL), the combined organic layers weredirie
over NaSO, and the resulting solution containing the dialdehgdrivative was evaporated and
the crude product was immediately used for the meattion without purification. Fluorine-
containing ethylamine hydrochloride (2 mmol), NaHJ®@ equiv) were added to the solution of
the dialdehyde in EtOH (20 mL) and the mixture veiisred at 20 °C for 10 min. Next
NaCNBH; (2mmol) and AcOH (2 drops) were added and stiriag continued for another 4 h

at 20 °C. The reaction mixture was diluted witf)OH20 mL) and extracted with G8l, (3 x 20

11



mL). The combined organic layers were dried ovegS@ and concentrated under reduced

pressure. The residue was purified by column chtognaphy on silica geh¢hexane/EtOACc).

Ethyl (1R*,25%)-2-(((benzyloxy)carbonyl)amino)cyclohex-3-enecartixylate (+)-30
CO,Et

QNH

O)\O/\Ph
White solid; yield: 66% (980 mg); mp = 56-58 °C;£R0.36,n-hexane/EtOAc 4:1)'H NMR
(DMSO, 400 MHz)s = 1.08 (t, 3H, CH, J = 8.1 Hz), 1.62-2.03 (m, 4H, G} 2.63-2.71 (m,
1H, H-1), 3.92-3.99 (m, 2H, OGH 4.41-4.48 (m, 1H, H-2), 4.96-5.03 (m, 2H, Og,Hb.54-
5.60 (m, 1H, H-4), 5.77-5.82 (m, 1H, H-3), 7.29' #n, 6H, Ar-H and N-H)*C NMR (100
MHz, DMSO): 6 = 14.8, 19.9, 24.9, 44.5, 46.6, 60.5, 66.0, 12¥28.5, 128.6, 129.1, 130.5,

136.0, 156.3, 173.3. Anal. Calcd forA,1NOs: C 67.31, H 6.98, N 4.62; found: C 67.01, H

6.61, N 4.29.

Ethyl (1S*,2S%)-2-(((benzyloxy)carbonyl)amino)cyclohex-3-enecarntixylate (+)-31

CO,Et
QNH

07 0" Ph
White solid; yield: 63% (1.46 g).; mp = 52-54 @£ 0.33,n-hexane/EtOAc 4:1)'H NMR
(DMSO, 400 MHz)s = 1.18 (t, 3H, CH, J = 8.0 Hz), 1.61-1.70 (m, 1H, G 1.83-1.90 (m,
1H, CHp), 1.98-2.04 (m, 2H, Ch), 2.47-2.52 (m, 1H, H-1), 3.97-4.04 (m, 2H, Of,H1.31-4.39
(m, 1H, H-2), 5.01 (s, ,2H, OG} 5.48-5.02 (m, 1H, H-4), 5.73-5.77 (m, 1H, H-3)72-7.86

(m, 5H, Ar-H), 7.94 (brs, 1H, N-H}3C NMR (100 MHz, DMSO)5 = 14.9, 24.2, 25.1, 45.8,

12



49.4, 60.8, 66.1, 128.5, 128.6, 128.8, 128.9, 1293B.0, 156.5, 174.4. Anal. Calcd for

C17H21NO4: C 67.31, H 6.98, N 4.62; found: C 67.02, H 61844.92.

Ethyl (1R*2R*3S%,4S*)-3-(((benzyloxy)carbonyl)amino)bicyclo[2.2.1]hept5-ene-2-car-
boxylate (£)-37

CO,Et
/ ZN\'&o

O._Ph

White solid; yield: 77% (1.94 g); mp 89-90 °C;¢(R 0.6, n-hexane/EtOAc 4:1)'H NMR
(CDCls, 400 MHz)6 = 1.23 (t, 3H, CH, J = 7.2 Hz), 1.60-1.66 (m, 1H, GH 1.96-2.01 (m, 1H,
CH,), 2.65-2.70 (m, 1H, H-2), 2.21-2.25 (m, 1H, H-2)99-3.02 (m, 1H, H-1), 3.99-4.18 (m,
3H, OCH and H-3), 5.08 (s, 2H, OGl 5.50 (brs, 1H, N-H), 6.20-6.27 (m, 2H, H-5 ané}H
7.38-7.48 (m, 5H, Ar-H)}*C NMR (100 MHz, DMSO)s = 14.8, 44.8, 45.9, 48.0, 48.2, 54.5,
60.6, 66.2, 128.7, 129.0, 137.7, 137.8, 139.8,9.3%6.6, 173.5. Anal. Calcd for£i,1NO,: C

68.55, H 6.71, N 4.44; found: C 68.23, H 6.90, N34.

Ethyl (1R*2S*3R*,4S%)-3-(((benzyloxy)carbonyl)amino)bicyclo[2.2.1]hept5-ene-2-car-

boxylate (+)-41

Colourless oil; yield: 74% (2.3 g); {R 0.65,n-hexane/EtOAc 4:1)'H NMR (DMSO, 400
MHz) 6 = 1.22 (t, 3H, CH J = 7.1 Hz), 1.33-1.38 (m, 1H, GH 1.50-1.55 (m, 1H, C}), 3.13-
3.18 (m, 2H, H-1 and H-4), 3.21-3.25 (m, 1H, H-2)01-4.13 (m, 2H, OCH, 4.56-4.61 (m,

1H, H-3), 5.10 (s, 2H, OCH), 5.42 (brs, 1H, N-H), 6.22-6.26 (m, 1H, H-6), £:8.49 (m, 1H,

13



H-5), 7.29-7.37 (m, 5H, Ar-H)*C NMR (100 MHz, DMSO)s = 14.8, 41.0, 46.2, 47.5, 49.5,
55.0, 60.5, 66.2, 128.6, 128.7, 129.1, 133.9, 13138.9, 156.5, 172.3. MS: (ESI) m/z = 316.1

(M+1). Anal. Calcd for GgH21NO,4: C 68.55, H 6.71, N 4.44; found: C 68.20, H 6/18%4.16.

Ethyl (1R*,2R*,3S*,4R*)-2-(((benzyloxy)carbonyl)amino)-3,4-dihydroxycycbhexane-

carboxylate (+)-32

CECOgE'[
HO™ ™ “NH

6HO)\O/\Ph
White solid; yield: 72% (740 mg); mp = 130-132 {&= 0.42,n-hexane/EtOAc 1:4)H NMR
(DMSO, 400 MHz) =1.10 (t, 3H, Ch, J = 7.9 Hz), 1.39-1.54 (m, 3H, GH 1.62-1.74 (m, 1H,
CHy), 2.74-2.79 (m, 1H, H-1), 3.51-3.55 (m, 1H, H-8)59-3.63 (m, 1H, H-3), 3.92-4.03 (m,
2H, OCH), 4.23-4.29 (m, 1H, H-2), 4.33 (brs, 1H, O-H), 4.@rs, 1H, O-H), 4.96-5.04 (m,
2H, OCH), 7.19 (brs, 1H, N-H), 7.26-7.41 (m, 5H, Ar-HfC NMR (100 MHz, DMSO)s =
14.7, 21.4, 27.7, 41.0, 54.3, 60.2, 66.1, 67.29,7128.1, 128.5, 128.6, 137.9, 156.6, 173.9.

Anal. Calcd for G;H-3NOg: C 60.52, H 6.87, N 4.15; found: C 60.18, H 6 M&.85.

Ethyl (1S*,2R*,3S%,4R*)-2-(((benzyloxy)carbonyl)amino)-3,4-dihydroxycycbhexane-

carboxylate ()-33

@COzEt
HO™ > ~NH

OH A

O~ 'O” "Ph

White solid; yield: 58% (850 mg); mp = 102-103 &= 0.31,n-hexane/EtOAc 1:4)'H NMR
(DMSO, 400 MHz)s = 1.08 (t, 3H, CH J = 7.9 Hz), 1.29-1.36 (m, 1H, GH 1.41-1.49 (m,

1H, CH), 1.58-1.64 (m, 1H, CB), 1.72-1.79 (m, 1H, CB), 2.37-2.43 (m, 1H, H-1), 3.18-3.24

14



(m, 1H. H-4), 3.78-3.85 (M, 2H, H-2 and H-3), 3468 (m, 2H, OCH), 4.23 (brs, 1H, O-H),
4.49 (brs, 1H, O-H), 4.97-5.02 (m, 2H, OQH7.00 (brs, 1H, N-H), 7.32-7.48 (m, 5H, Ar-H).
13C NMR (100 MHz, DMSO)s = 14.8, 23.0, 30.4, 48.6, 53.2, 60.5, 65.7, 6939, 128.4,
128.5, 129.1, 138.3, 156.7, 173.9. Anal. CalcddpiH»sNOg: C 60.52, H 6.87, N 4.15; found:

C 60.16, H 7.22, N 3.81.

Ethyl (1R*,25%,4S*,5R*)-2-(((benzyloxy)carbonyl)amino)-4,5-dihydroxycycbhexane-
carboxylate (£)-25
HO., CO,Et
HO“‘CENH

O)\O/\Ph
White solid; yield: 78% (1.05 g); mp = 83-85 °C#R0.33,n-hexane/EtOAc 1:4)'H NMR
(DMSO, 400 MHz)s = 1.03 (t, 3H, Ch, J = 7.9 Hz), 1.51-1.57 (m, 1H, GH 1.59-1.72 (m,
2H, CH,), 1.77-1.86 (m, 1H, Ch), 2.76-2.84 (m, 1H, H-1), 3.59-3.70 (m, 2H, H-4da-5),
3.89-4.01 (m, 2H, OCH), 4.08-4.14 (m, 1H, H-2), 4.30 (brs, 2H, 2x O-KH)96-5.04 (m, 2H,
OCH,), 7.33-7.48 (m, 6H, Ar-H, and N-HY*C NMR (100 MHz, DMSO)5 = 14.8, 29.3, 34.9,
48.4, 60.5, 66.0, 66.9, 68.2, 69.9, 128.5, 12828.2, 138.1, 156.5, 173.6. Anal. Calcd for

C17H23NOs: C 60.52, H 6.87, N 4.15; found: C 60.15, H 6.814.41.

Ethyl (1$+,25%,4S*,5R*)-2-(((benzyloxy)carbonyl)amino)-4,5-dihydroxycycbhexane-

carboxylate ()-26

HO,, @COzEt
HO™ H

N
o)\o/\ Ph
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White solid; yield: 57% (750 mg); mp = 102-104 &= 0.30,n-hexane/EtOAc 1:4)'H NMR
(DMSO, 400 MHz)s = 1.09 (t, 3H, CH, J = 7.9 Hz), 1.45-1.62 (m, 3H, GH 1.71-1.78 (m,
1H, H-1), 2.57-2.65 (m, 1H, H-1), 3.42-3.50 (m, H#5), 3.55-3.58 (M, 1H, H-4), 3.62-3.69
(m, 1H, H-2), 3.89-4.03 (m, 2H, OGH 4.46 (brs, 1H, O-H), 4.53 (brs, 1H, O-H), 4.88 2H,
OCHy), 7.73-7.88 (m, 6H, Ar-H and N-HJC NMR (100 MHz, DMSO)s = 14.8, 33.5, 35.6,
46.8, 50.5, 61.5. 66.6. 67.5, 70.1, 128.5, 12829.1, 138.2, 156.1, 174.8.Anal. Calcd for

C17H23NOs: C 60.52, H 6.87, N 4.15; found: C 60.18, H 7I4(8.88.

Ethyl (1S*,2R* 3S*,4R* 5R*,6S*)-3-(((benzyloxy)carbonyl)amino)-5,6-dihydroxybicyclo-
[2.2.1]heptane-2-carboxylate (+)-38

HO [ CO,Et
HO N\fo

O._Ph

White solid; yield: 79% (1.53 g); mp 85-87 °C;¢(R 0.4, n-hexane/EtOAc 1:4)'H NMR
(DMSO, 400 MHz)s = 1.11 (t, 3H, Ch, J = 7.1 Hz), 1.62-1.66 (m, 1H, GH 1.75-1.80 (m,
2H, CH and H-4), 2.18-2.21 (m, 1H, H-1), 2.52-2.56 (m, HH2), 3.51-3.60 (m, 2H, H-5 and
H-6), 3.83-3.94 (m, 3H, OCHand H-3), 4.59 (brs, 2H, O-H), 5.00 (s, 2H, Q% H.23 (brs, 1H,
N-H), 7.32-7.45 (m, 5H, Ar-H)**C NMR (100 MHz, DMSO)s = 14.8, 30.0, 46.3, 49.3, 49.8,
53.5, 60.4, 66.2, 71.9, 72.5, 128.6, 128.7, 129372,.9, 156.4, 172.1. MS: (ESI) m/z = 350.2

(M+1). Anal. Calcd for GgH23NOs: C 61.88, H 6.64, N 4.01; found: C 61.56, H 6.813.75.

Ethyl (1S%,2S*3R*4R*5R*,6S%)-3-(((benzyloxy)carbonyl)amino)-5,6-dihydroxybicyclo-

[2.2.1]heptane-2-carboxylate (+)-42
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HO

HO CO,Et
o NH

Ph—/ \\%
Colourless oil; yield: 80% (1.24 g); (R 0.45,n-hexane/EtOAc 1:4)'H NMR (DMSO, 400
MHz) 6 = 1.15 (t, 3H, CH J= 7.1 Hz), 1.16-1.22 (m, 1H, GH 1.73-1.77 (m, 1H, C}), 2.18-
2.21 (m, 1H, H-4), 2.22-2.25 (m, 1H, H-1), 2.9830n, 1H, H-2), 3.98-4.09 (m, 4H, OGH
H-5 and H-6), 4.11-4.16 (m, 1H, H-3), 4.51 (brs,, IHH), 4.58 (brs, 1H, O-H), 5.01 (m, 2H,
OCH,), 7.09 (brs, 1H, N-H), 7.35-7.44 (m, 5H, Ar-HJC NMR (100 MHz, DMSO)s = 14.8,
31.6, 44.5, 47.7, 49.0, 50.7, 60.7, 66.3, 68.14,628.6, 128.7, 129.2, 137.9, 156.7, 172.4. MS:

(ESI) m/z = 350.2 (M+1). Anal. Calcd for §1,3NOg: C 61.88, H 6.64, N 4.01; found: C 61.56,

H 6.31, N 3.75.

Ethyl (3R*,4R*)-3-(((benzyloxy)carbonyl)amino)-1-(2,2,2-trifluoroethyl)piperidine-4-

carboxylate (+)-18

Q/COzEt
FsC._N NH

O)\O/\Ph
Brown oil; yield: 33% (225 mg, two steps).£R0.43,n-hexane/EtOAc 3:1)*H NMR (DMSO,
400 MHz)d = 1.09 (t, 3H, Ch, J = 7.9 Hz), 1.52-1.59 (m, 1H, GH 1.98-2.08 (m, 1H, C}),
2.41-2.50 (m, 1H, H-4), 2.55-2.63 (M, 2HCN), 2.81-2.88 (m, 2H, BH,), 3.12-3.20 (M, 2H,
NCH,CFs), 3.93-4.02 (m, 2H, OCH), 4.10-4.17 (m, 1H, H-3), 4.99-5.10 (m, 2H, OL+5.88
(brs, 1H, N-H), 7.28-7.46 (m, 5H, Ar-H}*C NMR (100 MHz, DMSO)s = 14.8, 23.9, 43.3,
48.6, 52.3, 57.5 (¢Jc = 28.6 Hz, CCF), 57.8, 60.3, 66.1, 126.5J¢ = 284.3 Hz, CF), 128.3,

128.5, 131.2, 138.0, 156, 3, 172%B.NMR (100 MHz, DMSO0):3 = -67.3. MS: (ESI) m/z =
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389.6 (M+1). IR (KBr):vmax1150, 1520, 1710, 2900, 3450. Anal. Calcd fegHzsFsN2Os: C

55.67, H5.97, N 7.21; found: C 55.30, H 6.32, B96.

Ethyl (3R*,4S%)-3-(((benzyloxy)carbonyl)amino)-1-(2,2,2-trifluoroethyl)piperidine-4-

carboxylate (£)-20

CO,Et
F3C\/ Q

NH
O)\O/\Ph

White soli; yield: 39% (302 mg, two steps); mp =&88°C. (R= 0.33,n-hexane/EtOAc 3:1)*H
NMR (DMSO, 400 MHz)s = 1.12 (t, 3H, CH, J = 7.9 Hz), 1.51-1.57 (m, 1H, GH 1.72-1.79
(m, 1H, CH), 2.17-2.24 (m, 1H, H-4), 2.26-2.31 (m, 2H, NgH2.87-2.97 (m, 2H, NC}),
3.10-3.19 (m, 2H, NCh), 3.62-3.69 (m, 1H, H-3), 3.96-4.08 (m, 2H, OFHL.99 (s, 2H,
OCH,), 7.32-7.48 (m, 6H, Ar-H and N-H}*C NMR (100 MHz, DMSO)J = 14.8, 28.7, 46.9,
50.0, 52.6, 57.0 (ofJc= 29.2 Hz, CCE),, 58.4, 60.8, 66.1, 127.7)¢r = 275.5 Hz, Cp),,
128.5, 128.6, 129.2, 137.9, 156.2, 173BNMR (100 MHz, DMSO0)35 = -67.8. MS: (ESI) m/z
= 389.7 (M+1). IR (KBr)vmax1160, 1510, 1710, 2950, 3300. Anal. Calcd fesHzsFsN,04: C

55.67, H5.97, N 7.21; found: C 55.31, H 5.69, BI76.

Ethyl (3R*,4R*)-3-benzamido-1-(2,2,2-trifluoroethyl)piperidine-4-carboxylate (+)-19

CO,Et

F3C\/I\(INHCOPh

White-yellowish solid; yield: 53% (389 mg, two s&®p mp = 64-67 °C. (R 0.32, n-
hexane/EtOAc 3:1)'H NMR (DMSO, 400 MHz) = 1.10 (t, 3H, CH, J = 8.1 Hz), 1.58-1.65

(m, 1H, CH), 2.07-2.14 (m, 1H, CH), 2.50-2.55 (m, 1H, H-4), 2.72-2,77 (m, 2H, N&H.88-

2.94 (m, 2H, NCH), 3.97-4.08 (m, 2H, OC#), 4.51-5.54 (m, 1H, H-3). 7.45-7.53 (m, 3H, Ar-
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H), 7.68-7.75 (m, 2H, Ar-H), 7.81 (brs, 1H, N-HJC NMR (100 MHz, DMSO)5 = 14.8, 25.2,
41.3, 45.8, 52.2, 57.7 (GJcr = 30.3 Hz, CCR), 60.8, 125.6 (0cr= 281.5 Hz, C), 128.1,
128.4, 129.1, 132.0, 136.7, 166.9, 178FONMR (100 MHz, DMSO)5 = -67.6. MS: (ESI) m/z
= 3595 (M+1). IR (KBr): vmax 1120, 1510, 1630, 1720, 2330, 340%nal. Calcd for

Ci17H21F3N20s: C 56.98, H 5.91, N 7.82; found: C 56.67, H 58(7.49.

Ethyl (3R*,4S%)-3-benzamido-1-(2,2,2-trifluoroethyl)piperidine-4-carboxylate (+)-21
CO,Et
FC N NHCOPh
White solid; yield: 28% (203 mg, two steps); mp 291132 °C. (R= 0.30,n-hexane/EtOAc
3:1); '"H NMR (DMSO, 400 MHz)s = 1.08 (t, 3H, CH, J = 8.1 Hz), 1.59-1.66 (m, 1H, GH
1.88-1.96 (m, 1H, Ch), 2.39-2.44 (m, 2H, NCh), 2.55-2.60 (m, 1H, H-4), 2.93-3.04 (m, 2H,
NCH,), 3.22-3.34 (m, 2H, NC}), 3.94-4.04 (m, 2H, OCH, 4.21-4.28 (m, 1H, H-3), 7.41-7.51
(m, 3H, Ar-H), 7.77-7.84 (m, 2H, Ar-H), 8.42 (brsH, N-H). *C NMR (100 MHz, DMSO)3
=14.8, 28.6, 46.6, 48.7, 52.7, 52.2 {d: = 28.4 Hz, CCR), 58.0, 60.8, 128.1, 129.1, 128.8
(MJce= 286.5 Hz, CE), 132.1, 135.3, 166.7. 173.5F NMR (100 MHz, DMSO)3 = -67.8.
MS: (ESI) m/z = 359.3 (M+1). IR (KBrkmax1130, 1510, 1650, 1720, 2340, 3486al. Calcd

for Ci7H21F3N203: C 56.98, H 5.91, N 7.82; found: C 56.64, H 6189.50.

Ethyl (3R*,4R*)-3-(((benzyloxy)carbonyl)amino)-1-(2,2,2-trifluoroethyl)azepane-4-

carboxylate (+)-34

NH

o=

o
Ph
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Colorless oil; yield: 26% (188 mg, two steps).sXF0.30, n-hexane/EtOAc 3:1)'H NMR
(DMSO, 400 MHz)s = 1.12 (t, 3H, CH, J = 8.2 Hz), 1.46-1.52 (m, 1H, GH 1.70-1.85 (m,
3H, CHy), 2.64-2.73 (m, 2H, H-4 and NGH 2.81-2.87 (m, 1H, NC§, 3.07-3.12 (m, 1H,
NCH,), 3.34-3.42 (m, 2H, NC}), 3.86-3.98 (m, 2H, OCH)l, 3.99-4.07 (m, 1H, NCh, 4.18-
4.24 (m, 1H, H-3), 4.87-5.04 (m, 2H, OQH6.99 (brs, 1H, N-H), 7.37-7.49 (m, 5H, Ar-tfc
NMR (100 MHz, DMSO)0 = 14.8, 24.2, 28.4, 48.8, 52.1, 57.1, 58.4,2\[Q_|:= 29.6 Hz, CCp),
58.7, 60.5, 66.1, 127.&]6,;2 278.5 Hz, Cp), 128.5, 128.6, 129.1, 134.2, 156.6, 173D.
NMR (100 MHz, DMSO) = -69.6. MS: (ESI) m/z = 403.4 (M+1). IR (KB®)nax1140, 1290,
1530, 1715, 2320, 2950, 330Mal. Calcd for GgHzsF3N204: C 56.71, H 6.26, N 6.96; found:

C 56.39, H 5.88, N 6.60.

Ethyl (3R*,4S%)-3-(((benzyloxy)carbonyl)amino)-1-(2,2,2-trifluoroethyl)azepane-4-

carboxylate (£)-35

FC N 11 CO,Et

NH

o=

o0\
Ph

Colorless oil; yield: 22% (159 mg, two steps).sXF0.33, n-hexane/EtOAc 3:1)'H NMR
(DMSO, 400 MHz)s = 1.19 (t, 3H, CH, J = 8.2 Hz), 1.47-1.52 (m, 1H, GH 1.66-1.79 (m,
3H, CHp), 2.48-2.57 (m, 1H, H-4), 2.69-2.90 (m, 4H, N§H3.38-3.44 (m, 2H, NC}), 3.77-
3.82 (m, 1H, H-3), 3.98-4.07 (m, 2H, OQH4.97-5.03 (m, 2H, OCH), 7.17 (brs, 1H, N-H),
7.23-7.38 (m, 5H, Ar-H}*C NMR (100 MHz, DMSO) = 14.8, 27.0, 27.1, 51.4, 53.7, 54.4,
55.4 (q,2Jc= 28.3 Hz, CCE), 58.4, 60.7, 66.0, 125.8 (flc r= 280.5 Hz, CCF),128.4, 128.5,

129.1, 138.0, 156.0, 174'% NMR (100 MHz, DMSO0):§ = -69.4. MS: (ESI) m/z = 403.5
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(M+1). IR (KBr): vmax 1160, 1285, 1510, 1710, 2320, 2950, 33@Mal. Calcd for

C19H25F3N204: C 56.71, H 6.26, N 6.96; found: C 56.35, H 61805.61.

Ethyl (4R*,55%)-5-(((benzyloxy)carbonyl)amino)-1-(2,2,2-trifluoroethyl)azepane-4-

carboxylate (£)-27

A~
FsC I\Q—COZEt

NH

o=

o\
Ph

Colorless oil; yield: 21% (147 mg, two steps).sXF0.30, n-hexane/EtOAc 3:1)'H NMR
(DMSO, 400 MHz)s = 1.20 (t, 3H, CH, J = 8.2 Hz), 1.63-1.71 (m, 3H, GH 1.86-1.97 (m,
1H, CH), 2.62-2.90 (m, 5H, H-5 and NGH 3.22-3.32 (m, 2H, NCH, 3.97-4.04 (m, 2H,
OCHy), 4.10-4.17 (m, 1H, H-4), 4.97-5.03 (m, 2H, OF}H6.93 (brs, 1H, N-H), 7.30-7.47 (m,
5H, Ar-H). **C NMR (100 MHz, DMSO0)$ = 14.8, 26.7, 33.3, 47.6, 51.3, 51.7, 53.9, 5,6 (
2Je.= 29.5 Hz, CCBR), 60.6, 66.1, 125.8 (dJcr= 279.5 Hz, CCH), 128.2, 128.4, 129.2, 138.0,
156.1, 173.7*°F NMR (100 MHz, DMSO)3s = -69.5. MS: (ESI) m/z = 403.4 (M+1). IR (KBr):
Vmax1110, 1290, 1500, 1720, 2320, 2950, 346tal. Calcd for GoH2sF3N2O4: C 56.71, H 6.26,

N 6.96; found: C 56.40, H 6.53, N 7.31.

Ethyl (4S*,55%)-5-(((benzyloxy)carbonyl)amino)-1-(2,2,2-trifluoroethyl)azepane-4-
carboxylate ()-28

S
F3C N CO,Et

NH

o=

o\
Ph
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White solid; yield: 29% (207 mg, two steps); mp =48 °C. (R= 0.33,n-hexane/EtOAc 3:1);
'H NMR (DMSO, 400 MHz) = 1.16 (t, 3H, CH, J = 8.2 Hz), 1.66-1.72 (m, 1H, GH 1.74-
1.83 (m, 3H, Ch)), 2.54-2.60 (m, 1H, H-5), 2.69-2.74 (m, 2H, NgH2.77-2.84 (m, 2H,
NCH,), 3.19-3.28 (m, 2H, NC}), 3.83-3.90 (m, 1H, H-4), 3.98-4.08 (m, 2H, OFH!.96-5.01
(m, 2H, OCH), 7.30-7.46 (m, 6H, Ar-H and N-HJC NMR (100 MHz, DMSO)s = 14.8, 28.6,
34.8, 49.7, 51.7, 53.0, 53.8, 57.4 td; = 29.4 Hz, CCPR), 60.6, 65.9, 125.8 (dJc = 280.3
Hz, CCFE), 128.5, 128.6, 129.2, 138.1, 156.0, 174%6.NMR (100 MHz, DMSO)s = -69.0.
MS: (ESI) m/z = 403.4 (M+1). IR (KBrkmax1110, 1300, 1530, 1710, 2310, 2950, 330tal.

Calcd for GgHasF3N2O4: C 56.71, H 6.26, N 6.96; found: C 57.02, H 6.84.63.

Ethyl (1S*,55%,6R*,7S*)-7-(((benzyloxy)carbonyl)amino)-3-(2,2,2-trifluoroethyl)-3-

azabicyclo[3.2.1]octane-6-carboxylate (+)-39

N\”/O\/ Ph

o
Colorless oil; yield: 42% (298 mg, two steps).sXF0.33, n-hexane/EtOAc 4:1)'H NMR
(DMSO, 400 MHz) = 1.08 (t, 3H, Cl, J = 8.1 Hz), 1.09-1.18 (m, 2H, GH 1.972.02 (m, 1H,
H-1), 2.20-2.25 (m, 1H, H-5), 2.33-2.38 (m, 1H, H-B.59-2.64 (m, 1H, NC}), 2.70-2.76 (m,
1H NCH,), 2.99-3.04 (m, 1H NC}), 3.11-3.18 (m, 2H, NC}, 3.79-3.99 (m, 3H, NCHand
OCH,), 4.23-4.28 (m, 1H, H-7), 4.99 (s, 2H, OgH7.80-7.92 (m, 6H, Ar-H amd N-H}3C
NMR (100 MHz, DMsO):6 = 14.8, 35.1, 39.8, 42.1, 53.6, 56.8, 57.0”0g,= 29.3 Hz, CCB),
58.6, 59.2, 60.3, 66.1, 125.7, (dcr= 276.4 Hz, CCl), 128.5, 128.7, 129.4, 137.9, 156.2,
173.0°F NMR (100 MHz, DMSO0)5 = -68.1. MS: (ESI) m/z = 415.2 (M+1). IR (KBNnax
1180, 1530, 1720, 2940, 34¥Mnal. Calcd for GoHasFsN0,: C 57.96, H 6.08, N 6.76; found:

C 57.69, H 5.80, N 7.00.
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Ethyl (1S*,55%,6S*,7R*)-7-(((benzyloxy)carbonyl)amino)-3-(2,2,2-trifluoroethyl)-3-

azabicyclo[3.2.1]octane-6-carboxylate (+)-43

Colorless oil; yield: 78% (548 mg, two steps).<F0.33, n-hexane/EtOAc 4:1)!H NMR
(DMSO, 400 MHz)s = 1.14 (t, 3H, CH, J = 8.1 Hz), 1.44-1.50 (m, 1H, GH 1.53-1.57 (m,
1H, CH), 2.18-2.22 (m, 1H, H-1), 2.24-2.29 (m, 1H, H-B}41-2.52 (m, 3H, H-6 and NGH
2.78-2.84 (m, 1H, NC}), 3.04-3.12 (m, 3H, NC}), 3.97-4.06 (m, 2H. OC})|, 4.40-4.48 (m,
1H, H-7), 5.02 (s, 2H, OCH, 6.32 (brs, 1H, N-H), 7.30-7.47 (m, 5H, Ar-HfC NMR (100
MHz, DMSO): 6 =14.7, 35.2, 37.7, 38.2, 47.1, 52.4, 56.2, 56637 5(q,%Jc = 29.7 Hz, CCR),
60.3, 66.5, 125.8 (dJc = 279.4 Hz, CC), 128.2, 128.5, 129.1, 138.1, 156.7, 172-NMR
(100 MHz, DMSO0):6 = -68.2. MS: (ESI) m/z = 415.4 (M+1). IR (KBR)ax1190, 1530, 1720,
2930, 3410Anal. Calcd for GoH2sF3N20,4: C 57.96, H 6.08, N 6.76; found: C 58.31, H 58,

7.02.

Ethyl (3R*,4R*)-3-benzamido-1-(2-fluoroethyl)piperidine-4-carboxlate (+)-40

C[COQEt
FHC N NHCOPh

Colorless oil; yield: 53% (353 mg, two steps).sXF0.20, n-hexane/EtOAc 3:1)'H NMR
(DMSO, 400 MHz)s =1.09 (t, 3H, CH, J= 8.0 Hz), 1.60-1.66 (m, 1H, GH 2.04-2.10 (m, 1H,
CHy), 2.18-2.24 (m, 1H, H-4), 2.43-2.50 (m, 1H, NgH2.59-2.70 (m, 3H, NC), 2.77-2.85

(m, 2H, NCH), 3.91-4.04 (m, 2H, OCH, 4.50-4.54 (m, 1H, H-3), 4.47-4.59 (dt, 2H,
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= 47.4 Hz2) = 5.45 Hz), 7.47-7.54 (m, 3H, Ar-H), 7.68-7.73 @i, Ar-H and N-H):*C NMR
(100 MHz, DMSO0):6 = 14.8, 24.2, 41.0, 46.2, 52.4, 57.7, 58.1%(@~= 19.4 Hz, CCHF),
60.7, 82.5 (d%Jcr= 164.8 Hz, CFF), 128.1, 129.1, 132.0, 135.5, 166.8, 173NMR (100
MHz, DMSO): § = -217.1.MS: (ESI) m/z = 323.4 (M+1). IR (KB)nax 1310, 1520, 1680,
1720, 2990, 3480nal. Calcd for G/H2sFN2Os: C 63.34, H 7.19, N 8.69; found: C 63.01, H

6.84, N 8.99.

Ethyl (3R*,4R*)-3-benzamido-1-(2,2-difluoroethyl)piperidine-4-caboxylate (+)-41

C[COQEt
F2HC N NHCOPh

Colorless oil; yield: 68% (473 mg, two steps).sXF0.22, n-hexane/EtOAc 2:1)'H NMR
(DMSO, 400 MHz)s = 1.08 (t, 3H, CH, J = 8.1 Hz), 1.66-1.73 (m, 1H, GH 2.07-2.13 (m,
1H, CH), 2.31-2.38 (m, 1H, H-4), 2.55-2.59 (m, 1H, N§H2.70-2.97 (m, 5H, NC}), 3.96-
4.04 (m, 2H, OCH), 4.48-4.53 (m, 1H, H-3), 5.96-6.32 (tt, 1H, CHE = 56.8 Hz,2J = 4.9
Hz), 7.46-7.53 (m, 3H, Ar-H), 7.73-7.79 (m, 3H, BArand N-H).2*C NMR (100 MHz, DMSO):
d=14.8,24.3, 43.4, 47.0, 52.6, 58.0, 59.73,= 26.4 Hz, CCE), 61.1, 116.9 (tJc r= 264.8
Hz, CR), 128.1, 128.9, 132.0, 135.6, 166.8, 173%. NMR (100 MHz, DMSO)¥ = -118.6.
MS: (ESI) m/z = 341.3 (M+1). IR (KBrkmax1280, 1510, 1690, 1715, 2990, 3486al. Calcd

for Ci7H22FN203: C 59.99, H 6.51, N 8.23; found: C 59.63, H 6.427.89.
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