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Herein we report the design and successful catagpplication of modifiedTrostligands ir
asymmetric allylic alkylation (AAA) reactions. A sih set of carbamate-monophosphP©-
ligands has been prepared in a straightforwarddi@p-synthetic procede. After optimizatio
of the reaction conditions, high catalytic actitiand excellent enantioselectivity to >999
have been attained.
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1. Introduction

Highly functionalized and optically active allylic
intermediates are invaluable building blocks fore thotal
synthesis of numerous biologically active compou'rfds'In this
field, palladium-catalyzed asymmetric allylic al&gibn (AAA)
provides a useful synthetic tool and thanks tointsisputable
advantages, such as mild reaction conditions aretatipnal
simplicity, it is still one of the most relevantrategies for the
synthesis of substituted allylic compourid¥he class ofC,-
symmetric diamine-based chiral diphosphines, sigh and 2
have been already proven to be really efficientands for
asymmetric allylic alkylation, resulting in hightadytic activities
and excellent stereocontrfol.

Ph

Figure 1. TypicalTrosttype bidentatd®,P-ligands for AAA reactions.
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Despite the wide variety of other available chirafjahds
including (bis)oxazoline§? amino acid-derived ligands? or
diphosphines featuring axial and planar chirdfit?**** the
Trosttype chiral diamine-baseB,P-ligands still remain one of
the most important tools in the field of asymmetatylic
alkylation. While such ligands have been alreadytequvell
studied, the chiral diamine-based monophosphinégnes did
not gain too much of attention. In 199@0st reported the first
application of chiral diamine-based analogues bgaonly one
phosphine wunit for asymmetric allylations, howevesw I
reactivities (20-50% yield) and poor enantioselgisti (< 20%

two-step procedure (Scheme 1). At first, the chirairmines have
been reacted with the corresponding anhydride arcfdrmate
by using a temporary masking on one of the amiraugs by
means of HCI salt, resulting in the correspondingnmo
carbamate-protected intermediates as major produitese
intermediates -10) have then been coupled with 2-
(diphenylphosphino)-benzoic acidiia simple DCC/DMAP
coupling procedure, affording the chiral ligadd-16 in good
overall yields (Scheme 1).

Scheme 1. Design of carbamate-bas&yO-ligands. Reagents and conditions: (a) HCI,
anhydride or chloroformate, anhydrous MeOH or Et@5°C (b) 2-PPAPhCOOH,
DCC/DMAP, anhydrous C¥Cl,, 0-25°C.

In order to investigate whether the carbamate catbgroup
plays an important role in the complexation, theprotected
analogues of ligandll and 14 have also been synthesized
(Scheme 2).
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ee) were observedSince then, only a few examples in the area

of chiral diamine-based monophoshine ligands haesnb
reported, but the enantio-selectivity could not ineproved
significantly in any case. In 200Kim et al. reported the
synthesis of noveP,N-mono-phosphine ligands based on an
(RR)-1,2-diaminocyclohexane RIR-DACH) core and in the
absence of the second phosphine unit, they obsetveagP,N-
and P,0O-chelation®® In contrast with the previous results, they
could reach significantly higher enantio-selectiviup to 75%
ee), indicating that there is still potential inceudiamine-based
P,N andP,O-ligands for asymmetric allylic allylations.

Inspired by these results and based on our pre\sousess
with  carbamate-based ligands in asymmetric transfe
hydrogenations’ herein we report the synthesis and applicatio
of chiral diamine-based, carbamate-derived mongqpitios
ligands for asymmetric allylic allylations.

2. Resultsand Discussion

Starting from the cheap and easily accessible Ichal of
diamines 3-4, a small library of carbamate-monophosphine

ligands (1-16) has been prepared according to a straightforwaréh
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Scheme 2. Deprotection of carbamate liganiik and14

After the successful synthesis and characterizatibrthe
ligands, we investigated the asymmetric allylic &kipn of
racemic E)-1,3-diphenylallyl acetate 19) with dimethyl
malonate as a benchmark reaction (Table 1). Thialiscreening
aiming to find the most suitable solvent and baselieen carried
out by using 1.0 mol% of Pd-precursor and 2.2 malbtral
ligand (L1) at room temperature for 24 hours. As it can be see
from Table 1, ether-type solvents like THF and MTBftorded
the desired produckOa with higher enantioselectivity than
Bichloromethane, without significantly effecting treatalytic
activity (Table 1, entries 1 vs. 4-5.). To our dhli the product
20a could be obtained in 93% isolated yield and excell
enantioselectivity
(> 99% ee) by using diethyl ether as solvent in ghesence of
the chiral ligand1l at room temperature (Table 1, entry 6.).
Moreover, the reaction time could be also redueced thours

without any loss
Pd(C3He)Cll, (1.0 mol%) >
OAc Chiral ligand 11 (2.2 mol%) Meo&COOMe catalyt|c
ivi R
aCtI\.llty Ph/vph CH,(COOMe), Ph " (Table 1,
entries 6 19 BSA/KOAC 20a vs. 7).

solvent

Similarly, high enantioselectivity was observedtatuene albeit
the catalytic activity was significantly decreasesimpared to
those reactions in other solvents (Table 1, en@i@sss. 8).



Table 1. Parameter optimization for the AAA reaction of @ilylic acetatel9.

2 performed with 0.50 mmol ra&)-1,3-diphenylallyl acetate19) using 0.011
mmol (2.2 mol%) chiral ligand1, 0.005 mmol (1.0 mol%) [Pd¢Els)Cl],, 0.60 mmol
(1.2 equiv.) dimethyl malonate, 1.0 mmol (2.0 equBSA and 2 mg (2 mol%) KOAc in
1 mL solvent at 25°C for 24 hours.

®Determined by GC analysis. Isolated yield in paresis.

¢ Determined by chiral HPLC analysis using Diaceir@hel 1B column.

4 CsCO; instead of BSA/KOAC.

¢ Reaction time was 6 hours.

After determining the optimal reaction conditionshet
catalytic efficiency of the chiral ligands was alswaluated
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(Figure 2).

Figure 2. Catalyst screening for the AAA reaction of allybcetatel9. The reaction
conditions and monitoring were identical to thosediin Table 1, entry 7.

The catalyst screening revealed that tH#eR)-1,2-diamino-
cyclohexane based ligands are in general superentbe RR)-
1,2-diphenylethylenediamine analogues yielding ttesired
product20a with slightly higher yields and significantly highe
enantiomeric excess (ligantil-13 vs. 14-16). Moreover, the
presence of the bulky Boc-group was also found tbeyeeficial.
Importantly, the compoundl7 and 18 — the corresponding
amino-monophosphine analogues of ligalid and 14 — gave
basically no product under identical conditiongigating that
the presence of the carbamate unit is indeed drdiciathe
complex formation.

Encouraged by these results, a series of differealeophiles
have been successfully applied for the asymmetiiglica
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alkylation of the racemicH)-1,3-diphenylallyl acetatel®) under
the previously optimized reaction conditions. A<din be seen
from Scheme 3, the corresponding products coulablitained
with high isolated yields (87-98%) and excellentresdeontrol
(84 - >99%). While theC-allylated products have been formed
mainly in (R)-configuration, interestingly the reaction with

Entry’  Solvent Conversion (%)  Yield (%) ee (%)
1 CHCl, 98 95 49R)
2 CH,Cl, 75 70 48R)
3 EtOAc 85 55 70R)
4 THF 91 89 73R)
5 MTBE 96 93 75R)
6 EtO 95 94 (93) >99R)
7° EtO 95 94 (93) >99R)
8 Toluene 60 57 >9Rj

diethyl-acetamido-malonate resulted in the fornratd the ©)-
20d as a major product, indicating that ti¢HAc group might
alter the chelation mode during the reaction. Thyh ltatalytic
activity and selectivity were eventually retained bsing N-
nucleophiles as well, affording the amin23g-i in high yields
and 84-92% ee. For all amine products, tBeefantiomer has
been predominantly formed.

Scheme 3. Screening of different nucleophiles for the AA/acgion of allylic acetaté9

by using 0.50 mmol substrate, 0.011 mmol (2.2 maibé)al ligand11, 0.005 mmol (1.0
mol%) [Pd(GHs)Cl],, 0.60 mmol (1.2 equiv.) nucleophile, 1.0 mmol (2duiv.) BSA
and 2 mg (2 mol%) KOAc in 1 mL ED at 25°C for 6 hours. Yields refer to the pure
products after preparative TLC/column chromatogyapBnantiomeric excess values
have been determined by chiral HPLC analysis. Alisatonfiguration was determined
by comparison of the optical rotation with liten&twata?® Without BSA/KOAC.

Eventually, we further expanded our reaction scopé the
asymmetric allylic alkylation of racemic 3-acetoky-
cyclohexene 41). By using diphenyl malonate as nucleophile,
the product22c could be isolated in high yield and excellent
enantiopurity (>99% ee), while the other productsldde also
obtained in good yields and moderate to good eoselgctivity
(Scheme 4).
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nucleophiles for the AAA reaction of allylic acetétl by using 0.50 mmol substrate,
0.011 mmol (2.2 mol%) chiral ligantil, 0.005 mmol (1.0 mol%) [Pd{Es)Cl],, 0.60
mmol (1.2 equiv.) nucleophile, 1.0 mmol (2 equB3A and 2 mg (2 mol%) KOAc in 1
mL EtO at 25 °C for 24 hours. Yields refer to the pumedocts after column
chromatography. Enantiomeric excess values have Heeermined by chiral HPLC
analysis. Absolute configuration was determinedcbgnparison of the optical rotation
with literature data® Without BSA/KOACc.

In order to get more insight into the chelation modP{*H}
NMR analysis of thdan-situ formed (-allyl)Pd complex11* was
carried out by using 1.0 equivalent of [Pefl5)Cl], and 2.0
equivalents of chiral ligand1 (Pd/L* = 1). As shown in Figure 3,
only one doublet of the complex &t= 25.6 ppm with a coupling

reported in Hertz (Hz). The following abbrevia-tionsreveised

to explain the multiplicities: s = singlet, d = dibet, t = triplet, q

= quartet, gvin. = qvintett, sex = sextet, m = nplét, brs =
broad singlet. Melting points above room temperatwere
measured on an automated melting point system ORELTVOf
Stanford ResearchSystems and are uncorrectedarddfspectra
were recorded on a Perkin-Elmer Spectrum 65 FT IR
spectrometer equipped with a specac MK Il Golden Gatgle
Reflection ATR unit. HR-MS analysis was carried oubnir
methanol solutionsc(= 10 ppm) by using an HTCPAL system
auto sampler (CTC Analytics AG), an Agilent 1100/1200L8P
with binary pumps, a degasser and a column therm@sgient
Technologies) and an Agilent 6230 AJS ESI-TOF mass
spectrometer. Chiral HPLC analysis were carried omt a0

constant of?)(P,0) = 37.1 Hz was formed. This indicates, that pjONEX UPLC, equipped with a PDA plus detector (190-360

basically only one type of chelation takes placel déimere is no
competition between the different complexation nzodéich can be
sometimes observed with tﬁ’eP-bidentateTrostIigands?8 Based on
the literature, the major complex should have,@-chelation motif
in which the carboxamide oxygen acts agaligand. While there is
no direct proof for the carbamate unit participgtin the chelation
mode; based on the results, its presence is clgrimucial in order
to reach high enantioselectivity.

Figure 3. 3'P {*H} NMR spectra of the pure chiral
ligand 11 (top, green), and thé-situ formed (-
allyl)Pd complexi1* (bottom, red) showing only one

major chelation mode.

3. Conclusion

Herein, we have reported the synthesis and applicatio
carbamate-based P,Oligands for palladium-catalyzed
asymmetric allylic alkylation. After optimization dhe catalyst
structure and reaction conditions, the chiral ldydd bearing a
bulky Boc-protecting group could be successfullplega for the
AAA reaction of an aromatic and an aliphatic modelsstgte by
using a series of differer@- and N-nucleophiles. High isolated
yields and excellent stereocontrol could be atthirier all
products of racemic H)-1,3-diphenylallyl acetate19), while
moderate to excellent enantioselectivities were inbthin the
AAA reaction of racemic 3-acetoxy-1-cylohexe2&)(

4. Experimental section
4.1.General remarks

All reagents were purchased from commercial supphbecs
used without further purification unless noted ottise. Solvents
intended for anhydrous reactions were pre-distilledd
desiccated on AD; columns (PURESOLV, Innovative
Technology). Chromatography solvents were distilfgtbr to
use. Column chromatography was performed on stdndanual
glass columns using silica gel from Merck (4043). TLC-
analysis was carried out using precoated and aluminacked
plates purchased from Merck (silica gel 6&,F UV active

nm) using Chiralcel Diacel 1B, AS-H, OJ and OD columns0(2
x 4.60 mm) as stationary phases. GC measurements desn

performed on a Thermo Scientific Focus instrumemjipped

with an FID detector using a BGB5 column. Optical rotatvas

measured on an Anton Paar MCP500 polarimeter asgheific

conditions and the results have been compared teéoatiire

values. Concentrations are given in g/ 100 ml.

4.2.Synthesis of mono-protected carbamafe$Q)

4.2.1. tert-Butyl ((1R,2R)-2-aminocyclohexyl)carbaen@)

Prepared according to the modified literature pdoce®
(1R,2R)-DACH (780 mg, 6.83 mmol, 1.0 equiv.) was dissolved
in anhydrous MeOH (15 mL) and coolei ice bath. 37% HCI
(600 pL, 7.18 mmol, 1.05 equiv.) was diluted with 9. m
anhydrous MeOH, and it was added to the reaction meixtu
dropwise at 0 °C. The mixture was allowed to warm ung, i
was stirred for 30 minutes. Then, tdit-butyl dicarbonate (2.22
g, 10.25 mmol, 1.50 equiv.) in anhydrous MeOH (10 migs
added dropwise at 0 °C. The mixture was stirred a@mro
temperature for 4 hours. After evaporation of theQWe water
was added, and the insoluble byproduct was filterffd The
aqueous layer was basified with 2 M NaOH, extracted with
CH,CI, (4x), dried over Ng&O, and concentratedh vacuq
affording compound as a white solid, which was found to be
pure without further purification (1.29 g, 88% yigldH NMR
(400 MHz, CDCl5)é: 4.43 (brs, 1H, MICOO), 3.13 (brs, 1H,
CH-NHCOO0), 2.32 (tdJ = 10.2 Hz, 1H, E-NH,), 1.98 (t,J =
6.0 Hz, 2H, ®i,-CH), 1.70 (dJ = 6.02 Hz, 2H, E,-CH), 1.45—
1.40 (m, 11H, C-(B3)s, CH-NH,), 1.28-1.07 (m, 4H, B,-CH,);
3C NMR (100 MHz, CDCly)é: 156.3 (NHCOO), 79.4 C-
(CHa)s), 57.9 CH-NHCOO), 55.8 CH-NH,), 35.4 CH,-CH),
33.0 CH,-CH), 28.5 (C-CHs)3), 25.3 CH,-CH,), 25.2 CH,-

4.2.2. Isobutyl ((1R,2R)-2-aminocyclohexyl)carbanté}e

Prepared according to the procedure for the syisthe$
compound5 by using (R2R)-DACH (456 mg, 4.0 mmol, 1.0
equiv.), 37% HCI (351 pL, 4.2 mmol, 1.05 equiv.)phstyl
chloroformate (778 pL, 6.0 mmol, 1.50 equiv.) amthyarous
MeOH (10 + 5 + 10 mL) to afford produétas a light brown
solid, which was found to be pure without further fication
(705 mg, 82% yield)M.p.: 100-101 °C;HRMS (ESI-TOF)
m/z. [M+H]" calculated for GH,N,O, 215.1760, found

compounds were detected at 254 nm, while non-UV activ915_1762;alz)o: +10.5 € 1.0, CHC); IR (Vomdcm™): 3358 (N-H
compounds were detected by using potassium permategan) 2904 (C-Hv), 16852 (C=Ov), 1607 (C-Cv), 1511 (N-H3),

solution as staining agerttd, *°C and*P NMR spectra were 1437 (CH 5); 1242 (C-Ov): *H NMR (400 MHz, CDCI.)3:
recorded from CDGland MeOD solutions on a Bruker AC 200 4 g5 (ors 1H KCOO) 3.82 dJ = 80 Hz 2H -

(200 MHZ) or Bruker Advance UltraShield 400 (400 MHZ) CH(CH3)2) 3.15 (brs 1H G-NHCOO) 2.33 (th =10.2 Hz
spectrometer and chemical shift§ @re reported in ppm, using 1y CH-N’HZ) 2 00-1.92 (m, 3H EL;-CH CH-CH(CHs),) ’
tetramethylsilane as internal standard. Couplingstants J) are 171168 (m, 2H, B,-CH), 1.24-1.02 (m, 6H, I&,-CH,, CH-



NH,), 0.85 (d,J = 4.0 Hz, 6H, CHCH(CH,),); *C NMR (100
MHz, CDCl3)s: 157.0 (NHCOO), 71.0 CH,-CH(CH,),), 57.9
(CH-NHCOO0), 55.4 CH-NH,), 35.2 CH,-CH), 32.9 CH,-CH),
28.0 (CH-CH(CH),), 25.2 CH,-CH,), 19.1 (CH-CH(CH),).

4.2.3. Benzyl ((1R,2R)-2-aminocyclohexyl)carbamate (

Prepared according to the literature procedU¢éR,2R)-DACH
(456 mg, 4.0 mmol, 1.0 equiv.) was dissolved in 10 m
anhydrous EtOH, and the solution of benzyl-phenyboaate
(790 pL, 4.0 mmol, 1.0 equiv.) in anhydrous EtOH (0) was
added dropwise at room temperature. The reactiotuneixvas
stirred for 24 hours and the EtOH was remoiregtacuo 10 M
HCI (960 pL) was added, the formed precipitate wasréb off
and it was successively washed with diethyl ether &) HO
(2x). Then, it was treated with a solution of NaOH (358) in
H,O (2.40 mL). In a few minutes, the precipitate waifdd off,
and it was washed with B (3x10 mL), affording compound
as an off-white solid, which was found to be pure withforther
purifications (655 mg, 66% vyield)'H NMR (200 MHz,
CDCl3)é: 7.26—7.18 (m, 5HH-arom), 4.99 (brs, 3H, aromkg,
CH-NHCOO0), 3.11-3.01 (m, 1H, HCOO), 2.28 (td,J = 10.2
Hz, 1H, GH-NH,), 1.91-1.78 (m, 2H, B,-CH), 1.60-1.57 (m,
2H, CH,-CH), 1.26-0.95 (m, 6H, I€,-CH,, CH-NH,);*C NMR
(100 MHz, CDCl3)8: 156.7 (NHCOO), 136.6 C-arom), 128.5
(C-arom), 128.1 @-arom), 66.7 (arontH,), 58.2 (CH-
NHCOO), 55.4 CH-NH,), 35.3 CH,-CH), 32.8 CH,-CH), 25.1
(CH,-CH,), 25.0 CH»-CH,).

4.2 4. tert-Butyl ((1R,2R)-2-amino-1,2-diphenylelbgtbamate
8

Prepared according to the procedure for the syisthe$
compound5 by using (R,2R)-DPEN (1.93 g, 9.1 mmol, 1.0
equiv.), 37% HCI (900 pL, 10.8 mmol, 1.05 equivitett-butyl
dicarbonate (2.93 g, 13.5 mmol, 1.50 equiv.) andydrous
MeOH (30 + 15 + 15 mL). After the work-up, the obtairedde
product was dissolved in ethyl acetate and the sebkilue was
removed over a patch of silica. The solvent was re&dainder
reduced pressure to yie®las a white solid (2.18 g, 77% yield).
'H NMR (400 MHz, CDCIl3)s: 7.28-7.14 (m, 10HH-arom),
5.80 (d,J = 8.51 Hz, 1H, &-NHCOO), 4.77 (brs, 1H, NCOO),
4.24 (s, 1H, €-NH,), 1.37 (s, 2H, CH-N,), 1.22 (s, 9H, C-
(CH3)s); °C NMR (100 MHz, CDCl,)8: 155.9 (NHCOO), 142.4
(C-arom), 141.2 @-arom), 128.7 @-arom), 128.5 C-arom),
127.6 C-arom), 127.4 @-arom), 127.0 ¢-arom), 126.6 C-
arom), 79.4 C-(CHs)3), 60.0 CH-NHCOO, CH-NH,), 28.5 (C-
(CHg)y).

4.2.5. Isobutyl ((1R,2R)-2-amino-1,2-diphenylettaibamate
)

Prepared according to the procedure for the syisthe$
compounds by using (R,2R)-DPEN (2.36 mmol, 500 mg), 37%
HCI (207 pL 2.48 mmol, 1.05 equiv.) and isobutylabformate
(460 pL, 3.54 mmol, 1.50 equiv.) and anhydrous Me@®i{ 5
+ 5 mL). After the work-up, the obtained crude prdduas
purified by column chromatography (15 g silica,hligoetrol:
ethyl acetate 1:1 + 1 V/V % ), affording9 as a white powder
(479 mg, 65% yield)'H NMR (400 MHz, CDCl5)s: 7.31-7.18
(m, 10H,H-arom), 5.91 (dJ = 7.84 Hz, 1H, &-NHCOO), 4.80
(brs, 1H, NHCOO), 4.29 (s, 1H, B-NH,), 3.64 (s, 2H, €,
CH(CHs),), 1.74 (s, 1H, CHCH(CHy),), 1.46 (brs, 2H, CH-
NH,), 0.78 (s, 5H, CHCH(CHj),), 0.52 (s, 1H, CHCH(CH,),):
3C NMR (100 MHz, CDCly)é: 156.7 (NHCOO), 142.3 C-
arom), 141.1 ¢-arom), 128.8 €-arom), 128.7 ¢-arom), 127.8
(C-arom), 127.6C-arom), 127.0¢-arom), 126.6C-arom), 71.2
(CH,-CH(CHg),), 60.4 CH-NHCOO), 60.0 CH-NH,), 28.2
(CH,-CH(CHa),), 19.2 (CH-CH(CHsa),).

4.2.6. Benzyl ((1R,2R)-2-amino-1,2-diphenylethybeanate
(10)

Prepared according to the synthesis of compouray using
(1R,2R)-DPEN (2.36 mmol, 500 mg), 10 mL anhydrous EtOH,
and benzyl-phenyl-carbonate (2.36 mmol, 540 mg, ef0iv.),
affording the productl0 as an off-white solid (570 mg, 70%
yield). 'H NMR (400 MHz, CDCl3)é: 7.29-7.20 (m, 15HH-
arom), 6.05 (dJ = 7.24 Hz, 1H, €EI-NHCOO), 4.91 (s, 2H, B,-
arom), 4.83 (brs, 1H, NCOO), 4.29 (s, 1H, B-NH,), 1.32 (brs,
2H, CH-NH,); ®*C NMR (100 MHz, CDCl5)$: 156.3 (NHCOO),
142.3

(C-arom), 141.0 Q-arom), 136.9 C-arom), 128.8 (-
arom),128.7 C-arom) 128.2 C-arom), 127.8 C-arom), 127.6
(C-arom), 126.9 ¢-arom), 126.6 ¢-arom), 66.8 CH,-arom),
60.6 CH-NHCOO), 60.0 CH-NH,).

4.3.General procedure for the ligand synthedi-(6)

Compoundl1-16 have been prepared according to the literature
proceduré® To the solution of 2-(diphenylphosphino)benzoic
acid (1.05 equiv.) in anhydrous @El, at 0°C, DCC (2.0 mmol,
1.05 equiv.) was added and the mixture was stirréiGtfor 15
minutes. To this, the solution of monoprotectecbaarate5-10
(2.0 equiv.) and DMAP (0.1 equiv.) in anhydrous /CH was
slowly added at 0 °C. The mixture was allowed to wapnta
room temperature and it was stirred overnight. Thaction
mixture was cooled at 5°C for 1 hour, filtered andshed with
cold CH.CI, to remove the majority of the dicyclohexyl ureaeT
filtrate was successively washed with 0.5 M HCI (3xat. s
NaHCQO; (3x) and water (2x). After evaporation of the sotyen
the crude products were purified by column chromaplgy.

4.3.1. tert-Butyl ((1R,2R)-2-(2-(diphenylphosphd)inzamido)
-cyclohexyl)carbamatel()

Prepared from compouriifollowing the general procedure on a
1.9 mmol scale. Flash column chromatography (sitjek light
petrol:ethyl-acetate 4:1) affordefl as a white solid (870 mg,
91% yield). 'H NMR (400 MHz, CDCly)é: 7.51 (brs, 1H,
NHCO), 7.25-7.20 (m, 12H4-arom), 6.86 (brs, 1HH-arom),
6.38 (brs, 1HH-arom), 4.74 (dJ = 8.0 Hz, 1H, NHCOO), 3.61—
3.58 (m, 1H, G-NHCO), 3.29-3.26 (m, 1H, &-NHCOO), 1.93
(d, J = 8.0 Hz, 1H, ®,,-CH), 1.82 (d,J = 8.0 Hz, 1H, Ely
CH), 1.63 (brs, 1H, B,,-CH), 1.55 (brs 1H, B,-CH), 1.31 (s,
9H, C-(H5),), 1.20-1.12 (m, 3H, B,-CH,,), 0.92-0.88 (m, 1H,
CH,- CH,y); *'P NMR (167 MHz, CDCly)s: -9.15;*C NMR
(100 MHz, CDCl3)é: 169.2 (NHCO), 156.9 (NHCOO), 141.1
(C-arom), 140.9 @-arom), 137.8 @C-arom), 134.5 @-arom),
134.2 C-arom), 130.3 @-arom), 128.7 ¢-arom), 127.6 C-
arom), 79.7 C-(CHy)s), 55.1 CH-NHCO), 54.3 CH-NHCOO),
33.0 CH,CH), 32.4 CH,-CH), 28.6 (C-CHs)3), 25.2 CH,-
CHy), 24.7 CH,-CHy).

4.3.2. Isobutyl ((1R,2R)-2-(2-(diphenylphospharmsiyamido)-
cyclohexyl)carbamatél2)

Prepared from compourgifollowing the general procedure on a
1.4 mmol scale. Flash column chromatography (sitje light
petrol: ethyl-acetate 4:1) affordé@ as a white solid (610 mg,
87% yield).M.p.: 90-92 °C;HRMS (ESI-TOF) m/z: [M+H]"
Calculated for GHsgN,OsP 503.2464, found 503.2463320:
+35.5 € 1.0, CHCY); IR (Vma/cm™): 3332 (N-Hv), 2930 (C-H
v), 1680 (C=0v), 1635 (C=0v), 1526 (N-H3), 1452 (C=Cv),
1432 (CH &); 1240 (C-Ov), 1150 (C-Nv), 743 (C-H arons),
695 (C-H aromd); '"H NMR (400 MHz, CDCl;)s: 7.48 (brs, 1H,
NHCO), 7.25-7.20 (m, 12H4-arom), 6.88 (brs, 1HH-arom),
6.16 (brs, 1HH-arom), 5.01 (dJ = 8.0 Hz, 1H, NHCOO), 3.73—



3.63
(m, 3H, (H-NHCO, CH,-CH(CH),), 3.34-3.32 (m, 1H, B-
NHCOO), 1.87-1.85 (m, 1H, GHCH(CH;),), 1.82-1.80 (m, 2H,
CH,-CH), 1.65-1.50 (m, 2H, I,-CH), 1.26-1.11 (m, 4H, I&,-
CH,), 0.81 (d,J = 8.0 Hz, 6H, CHCH(CH3),); *'P NMR (167
MHz, CDCl5)8: —9.78;°C NMR (100 MHz, CDCl3)s: 169.2
(NHCO), 157.3 (NHCOO), 141.2 C-arom), 140.9 C-arom),
137.6 C-arom), 137.3 @-arom), 136.4 ¢-arom), 136.2 C-
arom), 133.7 ¢-arom), 130.2 ¢-arom), 128.4 C-arom), 127.3
(C-arom), 71.0 CH,-CH(CHj),), 55.0 CH-NHCO), 54.0 CH-

NHCOO), 32.7 CH»CH), 32.0 CH»CH), 27.9 (Ch-
CH(CHy),), 24.7 CH»CH,), 245 CH»CH,), 19.0 (CH-
CH(CH3)y).

4.3.3. Benzyl ((1R,2R)-2-(2-(diphenylphosphanegibmido)-
cyclohexyl)carbamat€l3)

Prepared from compoundifollowing the general procedure on a

1.27 mmol scale. Flash column chromatography ésifjel, light
petrol: ethyl-acetate 4:1) afforded® as a white solid (540 mg,
83% yield).M.p.: 101-103 °CHRMS (ESI-TOF) m/z: [M+H]"
calculated for GH3N,OsP 537.2307, found 537.231@r%°:
+30.1 € 1.0, CHCY); IR (Vmadcm™): 3301 (N-Hv), 2923 (C-H
v), 1691 (C=0v), 1637 (C=0v), 1529 (N-HJ), 1450 (C=Cv),
1436 (CH 3); 1250 (C-Ov), 1158 (C-Nv), 743 (C-H arom®),
694 (C-H aromd); "H NMR (400 MHz, CDCl3)8: 7.45 (brs, 1H,
NHCO), 7.31-7.21 (m, 17HH-arom), 6.94-6.92 (m, 1H-
arom), 6.27 (dJ = 8.0 Hz, 1HH-arom), 5.33 (dJ = 8.0 Hz, 1H,
NHCOO), 5.05 (s, 2H, arom#f;) 3.79-3.68 (m, 1H, B-
NHCO), 3.38-3.36 (m, 1H, ENHCOO), 2.05 (m, 1H, B+
CH), 1.88-1.86 (m, 1H, I8,-CH), 1.71-1.69 (m, 2H, I&,-CH),
1.25-1.22 (m, 3H, B,-CH,,), 0.96-0.89 (m, 1H, CHCH,); *'P
NMR (167 MHz, CDCly)s: -9.34; ®C NMR (100 MHz,
CDCly)s: 169.5 (NHCO), 157.1 (NHCOO), 141.5 C-arom),
141.0 C-arom), 137.9 @-arom), 136.7 ¢-arom), 134.4 C-
arom), 134.2 ¢-arom), 133.9 ¢-arom), 133.8 ¢-arom), 130.3
(C-arom), 128.8¢-arom), 128.1¢-arom), 127.5C-arom), 66.7
(aromCH,), 55.6 CH-NHCO), 54.0 CH-NHCOO), 32.9 CH,-
CH), 32.2 CH,-CH), 24.9 CH,-CH,), 24.8 CH,-CH,).

4.3.4. tert-Butyl((1R,2R)-2-(2-(diphenylphosphajteshzamido)-
1,2-diphenylethyl)carbamaté4)

Prepared from compourgifollowing the general procedure on a

1.0 mmol scale. Flash column chromatography (sijiel light
petrol: ethyl-acetate 4:1) afforded as a white solid (540 mg,
83% yield).M.p.: 110-112 °CHRMS (ESI-TOF) m/z: [M+H]"
calculated for GgHzgN,OsP 601.2620, found 601.261m3°:
+44.7 € 1.0, CHC)); IR (Vmadcm™): 3318 (N-Hv), 2933 (C-H
v), 1682 (C=0v), 1639 (C=0v), 1526 (N-HJ), 1450 (C=Cv),
1241 (C-Ov), 1170 (C-Nv), 742 (C-H arond), 695 (C-H arom
8); 'H NMR (400 MHz, CDCl)é: 7.67 (brs, 1H, NCO), 7.34—
6.90 (m, 25H,H-arom), 5.75 (dJ = 8.0 Hz, 1H, EG-NHCO),
5.26 (t,J = 8.0 Hz, 1H, G-NHCOO), 4.92 (tJ = 12.0 Hz, 1H,
NHCOO), 1.36 (s, 9H, C-(8y)s); *P NMR (167 MHz,
CDCly)é: -11.15; ®C NMR (100 MHz, CDCly)d: 169.2
(NHCO), 156.4 (NHKCOO), 141.1 C-arom) 139.4 C-arom),
138.4 C-arom), 134.3 @-arom), 134.2 ¢-arom), 133.8 C-
arom), 133.5 ¢-arom), 130.3 €-arom), 128.7 ¢-arom), 128.5
(C-arom), 128.4 @-arom), 128.1 C-arom), 127.6 C-arom),
127.5 C-arom), 79.8 C-(CHs),), 60.8 CH-NHCO), 59.6 CH-
NHCOO), 28.4 (C-CHx)s).

4.3.5. Isobutyl ((1R,2R)-2-(2-(diphenylphospharmsiyamido)-
1,2-diphenylethyl)carbamatég)

Prepared from compourfiifollowing the general procedure on a

1.0 mmol scale. Flash column chromatography (sitjek light
petrol: ethyl-acetate 4:1) affordeidb as a white solid (505 mg,

78% yield).M .p.: 106-108 °CHRMS (ESI-TOF) m/z: [M+H]"
calculated for GgH3N,O;P 601.2620, found 601.26183%°:
+43.4 € 1.0, CHCY); IR (Vmadcm™): 3321 (N-Hv), 2930 (C-H
v), 1680 (C=0v), 1641 (C=0v), 1530 (N-H3), 1451 (C=Cv),
1243 (C-Ov), 1173 (C-Nv), 740 (C-H arond), 696 (C-H arom
8); 'H NMR (400 MHz, CDCl,)é: 7.74 (brs, 1H, NCO), 7.49—
7.33 (m, 20HH-arom), 7.12—7.08 (m, 1H{-arom), 7.08-6.89
(m, 3H,H-arom), 6.25 (dJ = 8.0 Hz, 1H, EI-NHCO), 5.45 (tJ
= 8.0 Hz, 1H, €I-NHCOO), 5.09 (tJ = 12.0 Hz, 1H, MICOO),
3.91 (d,J = 6.0 Hz, 2H, El,-CH(CHy),), 1.93 (brs, 1H, CH
CH(CHy),), 1.38-1.34 (m, 1H, CHCH(CH3),), 0.99-0.96 (m,
5H, CH,-CH(CHa),);
%P NMR (167 MHz, CDCl3)8: -11.22;*C NMR (100 MHz,
CDCly) &: 169.9 (NHCO), 157.3 (NHCOO), 141.4 C-arom)
139.7 C-arom), 138.2 @-arom), 134.5 ¢-arom), 134.1 C-
arom), 134.0 ¢-arom), 133.8 ¢-arom), 130.6 ¢-arom), 128.9
(C-arom), 128.5¢-arom), 127.8 G-arom), 127.6 ¢-arom) 71.5
(CHxCH(CH),), 61.7 CH-NHCO), 59.4 CH-NHCOO), 28.2
(CH,-CH(CHg),), 19.3 (CH-CH(CHs3),).

4.3.6. Benzyl ((1R,2R)-2-(2-(diphenylphosphanegibmido)-
1,2-diphenylethyl)carbamaté®)

Prepared from compourt following the general procedure on
a 1.0 mmol scale. Flash column chromatographycéstel, light
petrol: ethyl-acetate 4:1) afforded as a white solid (505 mg,
75% yield).M.p.: 100-104 °CHRMS (ESI-TOF) m/z: [M+H]"
calculated for GHs;N,OsP 635.2464, found 635.2466Gr3°:
+47.8 € 1.0, CHC)); IR (Vmadcm™): 3311 (N-Hv), 3010 (C-H
v), 1695 (C=0v), 1630 (C-Cv), 1525 (N-HgJ), 1450 (C=Cv),
1170 (C-Nv), 742 (C-H aron®), 696 (C-H aroms); '"H NMR
(400 MHz, CDCl3)é: 7.44 (brs, 1H, NICO), 7.21-7.03 (m, 26H,
H-arom), 6.86 (brs, 1HH-arom), 6.71 (dJ = 8.0 Hz, 2H,H-
arom), 6.28 (dJ = 8.0 Hz, 1H, GI-NHCO), 5.24 (tJ = 8.0 Hz,
1H, CH-NHCOO), 4.99-4.85 (m, 3H, MCOO, H,-arom); *'P
NMR (167 MHz, CDCl3)é: -11.16; °C NMR (100 MHz,
CDCl3) 8: 169.8 (NHCO), 156.7 (NHCOO), 141.4 C-arom)
139.4 C-arom), 137.3 @-arom), 136.8 ¢-arom), 136.5 C-
arom), 134.3 €-arom), 134.0 €-arom), 133.8 ¢-arom), 133.5
(C-arom), 130.4 @-arom), 128.8 C-arom), 128.6 C-arom),
128.5 C-arom), 128.3 @-arom), 127.9 ¢-arom), 127.8 C-
arom), 127.6 ¢-arom), 127.5 ¢-arom), 66.7 CH,-arom), 61.8
(CH-NHCO), 59.2 CH-NHCOO).

4.4.General procedure for ligand deprotectialv{18)

Prepared according to the literature procedufie a solution of
17 or 18 (0.5 mmol, 1.0 equiv.) in anhydrous g, (1.5 mL),

trifluoroacetic acid (765 pL, 10.0 mmol, 20.0 equiwas added,
and the reaction mixture was stirred at room tempezafor 4

hours. Then, the mixture was poured onto saturateldOdg

solution, and it was extracted with g, (4x). The crude
product was purified by flash column chromatographly.data

were in accordance with the literatdfé’

4.4.1N-((1R,2R)-2-aminocyclohexyl)-2-(diphenylphosphareyl
benzamidel(7)

The crude product was purified by column chromatpiya
(silica gel, CHCl,: MeOH 30:1) affordingl7 as a white solid
(197 mg, 98% vyield)'H NMR (400 MHz, CDCly)s: 7.32 (brs,
1H, NHCO), 7.28-7.21 (m, 13H{-arom), 6.92 (m, 1H-arom)
5.76 (d,J = 8.0 Hz, 1H, ©&-NHCO), 3.59 (m, 1H, &-NH,),

2.19-2.14 (m, 1H, B,,-CH), 1.90-1.86 (m, 2H, I€,-CH), 1.69—
1.63 (m, 3H, Ei,,-CH, CH-NH,), 1.26-1.21 (m, 3H, B,,-CH,),

0.89-0.86 (m, 1H, B,,-CH,).

4.4.2N-((1R,2R)-2-amino-1,2-diphenylethyl)-2-(diphenyl-
phosphaneyl)benzamid#s)



The crude product was purified by column chromatoigya
(silica gel, CHCl,: MeOH 30:1) affordingl8 as a white solid
(240 mg, 96% vyield)'H NMR (400 MHz, CDCly)é: 7.45 (brs,
1H, NHCO), 7.31-7.18 (m, 21H{-arom), 7.05 (dJ = 8.0 Hz,
2H, H-arom), 6.96 (brs, 1Hd-arom), 5.25 (ddJ = 8.0 Hz, 4.0
Hz, 1H, H-NHCO), 4.28 (d,J = 4.0 Hz, 1H, EI-NH,), 1.69
(brs, 2H, CH-NH,).

4.5. Synthesis of the allylic acetates
4.5.1.(9-(E)-1,3-Diphenylallyl acetatelO)

Prepared according to the literature procedtrér)-(E)-1,3-
Diphenylallyl alcohol (28.6 mmol, 6.0 g, 1.0 equiwyas
dissolved in anhydrous GBI, (70 mL) and EN (34.8 mmol,
4.83 mL, 1.22 equiv.) was added. The mixture wasezbod O
°C via ice bath, and a solution of acetyl chloride (34.Gah
2.46 mL, 1.20 equiv.) in anhydrous &H, was slowly added.
Then, the solution was allowed to warm up to room &atoire
and it was stirred for 4 hours. The reaction mixtwes washed
with 2 M NaOH (3x), water (2x) and brine (2x) succedgive

temperature. After completion, 5 mL diethyl ether vadsled. In
case ofC-allylation reactions the organic layer was washeith wi
saturated NECI solution and water, dried over MO, and
concentrated under reduced pressure. Fo\tadlylations, the
reaction mixtures were simply concentratedracuo The crude
products were purified by column chromatographyrepprative
TLC.

4.6.1.Dimethyl-(R,E)-2-(1,3-diphenylallyl)malonat0g)**

Purification by preparative TLC (light petrol : gthacetate 10:1,
UV visualization) afforded the pure product as a deks liquid
(151 mg, 93% yield; >99% eex2’: +12.4 ¢ 1.0, CHCY); *H
NMR (400 MHz, CDCl3)é: 7.29-7.17 (m, 10HH-arom), 6.45
(d,J = 16.0 Hz, 1H, arom-B=CH), 6.30 (ddJ = 16.0 Hz, 8.0
Hz, 1H, arom-CH=@l), 4.24 (ddJ = 12.0 Hz, 8.0 Hz, 1H, arom-
CH), 3.91 (d,J = 12.0 Hz, 1H, E(COOCH,)), 3.66 (s, 3H,
COOH,), 3.47 (s, 3H, COOB,); Chiral HPLC analysis:
(chiralcel 1B columnhexane : EtOH 99:1 V/V, 1.0 mL/min, 25
°C, UV 254 nm)g = 7.71 min R).

dried over NgSO, filtered and evaporated. The crude producté-6.2.Diethyl-(R,E)-2-(1,3-diphenylallyl)malonateap)™

was purified byKugelrohr distillation (0.35 mBar, 150-170 °C)
to obtain the produd9 as a light-yellow oil (6.84 g, 95% yield).
'H NMR (400 MHz, CDCl3)s: 7.37-7.21 (m, 10HH-arom),
6.56 (d,J = 16.0 Hz, 1H, arom-B8=CH), 6.37 (dJ = 8.0 Hz, 1H,
arom-CH=QH), 6.27 (dd,J = 16.0 Hz, 4.0 Hz, 1H, aromHj,
2.09 (s, 3H, €;-CO);
3C NMR (100 MHz, CDCI3)s: 170.3 (CH-CO), 139.5 C-
arom), 136.4 (aron@H), 132.8 (arom=H=CH), 128.9 C-arom),
128.8 C-arom), 128.4 @-arom), 128.3 ¢-arom), 127.7 C-
arom), 127.3 (arom-CHzH), 126.9 C-arom), 76.4 (aron©H),
21.6 CH5-CO).

4.5.2.(3)-3-Acetoxy-1-cyclohexen@l)

Prepared according to literature proceddr&reshly distilled
3-bromo-1-cyclohexene (30.3 mmol, 3.5 mL, 1.0 equivas
dissolved in acetone (60 mL). Glacial acetic aci@® (@ol, 17.5
mL, 10.0 equiv.) was added, followed by the dropwidditaon
of Et;N (0.31 mol, 43 mL, 10.2 equiv.) at 0 °C. The migtuvas
allowed to warm up and it was subsequently stirredoam
temperature overnight. The solvent was remowesgacuo and
the residue was dissolved in diethyl-ether. The migayer was
washed with 0.5 M HCI (3x), saturated NaHE®lution (3x),
brine (1x) and water (1x) successively, dried ovesSa and
concentratedn vacuo Vacuum distillation (20 mBar, 85 °C)
afforded producfl as a colourless liquid (3.56 g, 84% yield).
'H NMR (400 MHz, CDCl3)8: 5.96-5.93 (m, 1H, CH48=CH),
5.71-5.67 (m, 1H, CH-CH4=d), 5.26-5.23 (m, 1H, B-
CH=CH), 2.12-2.09 (m, 1H, GHCH,.-CH), 2.04 (s, 3H, 8-
CO), 2.01-1.98 (m, 1H, GHCH,,-CH), 1.89-1.83 (m, 1H,
CH,.-CH,-CH), 1.77-1.68 (m, 1H, I8,-CH=CH), 1.66—1.60 (m,
1H, CH,-CH,-CH); C NMR (100 MHz, CDCl5)é: 170.9
(CHs-CO), 132.8 (CHEH=CH), 125.8 (CH-CHEH), 68.2 CH-
CH=CH), 28.4 (CHEH,-CH,), 25.0 CH,-CH=CH), 21.5 CHs-
CO), 19.0 (CH-CHCH,).

4.6.General procedure for the asymmetric allylic alkydati

A mixture of [Pd(GHs)CI)], (1.83 mg, 0.005 mmol, 1.0 mol%)
and the chiral ligand (0.011 mmol, 2.2 mol%) in énk solvent
was stirred for 30 minutes under argon atmosphefferta the
active catalyst species. The allylic acetate (Ondom 1.0 equiv.)
was dissolved in 0.5 mL solvent, and it was adddti¢aeaction
mixture. After an additional 10 minutes of stirringhe
corresponding malonate or amine (0.60 mmol, 1.2veguand
optionally BSA (250 pL, 1.0 mmol, 2.0 equiv.) and KO@&cmg,

2.0 mol%) were added. The mixture was stirred atmroo MY

Purification by preparative TLC (light petrol : gthacetate 10:1,
UV visualization) afforded the pure product as a deks oil
(166 mg, 94% vyield; 99% eay2’: +17.0 ¢ 1.0, CHC)); *H
NMR (400 MHz, CDClj)é: 7.23—-7.16 (m, 10HH-arom), 6.44
(d, J = 16.0 Hz, 1H, arom-8=CH), 6.28 (ddJ = 16.0 Hz, 8.0
Hz, 1H, arom-CH=@), 4.28-4.08 (m, 3H, aromif
COOH,CHg), 3.91-3.85 (m, 3H, COQE;,CH;,
CH(COOCHCHz)), 1.20 (t,J = 8.0 Hz, 3H, COOCKCH,3), 0.97
(t, J = 8.0 Hz, 3H, COOCHKCH,); Chiral HPLC analysis:
(chiralcel 1A column,"hexane : 2-propanol 90:10 V/V, 0.5
mL/min, 25 °C, UV 254 nmkt = 11.3 min R), t; = 13.5 min §).

4.6.3.Dibenzyl-(R,E)-2-(1,3-diphenylallyl)malonat20¢)**

Purification by preparative TLC (light petrol : gthacetate 10:1,
UV visualization) afforded the pure product as a deks oil
(233 mg, 98% yield; >99% eey2’: +7.0 € 1.0, CHC}); H
NMR (400 MHz, CDCl3)é: 7.27-7.22 (m, 18HH-arom), 7.05
(d, J = 8.0 Hz, 2H,H-arom), 6.42 (d,J = 16.0 Hz, 1H, arom-
CH=CH), 6.31 (dd,J = 16.0 Hz, 8.0 Hz, 1H, arom-CH#{},
5.11 (dd,J = 16.0 Hz, 12.0 Hz, B,-arom), 4.94 (dd] = 16.0
Hz, 12.0 Hz, @,-arom), 4.30 (ddJ = 12.0 Hz, 8.0 Hz, 1H,
arom-CH), 4.05 (d,J = 12.0 Hz, 1H, E(COOCHPh); Chiral
HPLC analysis: (chiralcel 1A column, "hexane : 2-propanol
90:10 V/V, 0.5 mL/min, 25 °C, UV 254 nmy £ 21.0 min R).

4.6.4. Dlethyl (S,E)-2-acetamido-2-(1,3-diphenylallyl)malomat
(20d)*®

Purification by preparative TLC (light petrol : gthacetate 10:1,
UV visualization) afforded the pure product as a a/siblid (200
mg, 98% yield; 92% eew?’: +44.0 € 1.0, EtOH);'"H NMR
(400 MHz, CDCl3)d: 7.29-7.21 (m, 9HH-arom), 7.16-7.12 (m,
1H, H-arom), 6.74 (ddJ = 16.0 Hz, 8.0 Hz, 1H, arom-CH+{},
6.56 (brs, 1H, W), 6.27 (d,J = 16.0 Hz, 1H, arom-B=CH),
475 (d,J = 12.0 Hz, 1H, arom-B), 4.29-4.20 (m, 2H,
COO,CHg), 4.13-3.99 (m, 2H, COQ4,CHy), 1.94 (s, 3H,
CH5-CO), 1.23 (tJ = 8.0 Hz, 1H, COOCKCH,), 1.14 (t,J = 8.0
Hz, 3H, COOCHCHy,); Chiral HPLC analysis. (chiralcel IA
column,"hexane : 2-propanol 90:10 V/V, 0.5 mL/min, 25 °C, UV
254 nm) g =12.9 min §), t = 15.1 min R).

4.6.5.(R,E)-3-(1,3-Diphenylallyl)pentane-2,4-dior20€)*°

Purification by preparative TLC (light petrol : gthacetate 10:1,
UV visualization) afforded the pure product as a aisiblid (130
95% vyield; 92% een?’: -11.0 € 1.0, CHC}); '"H NMR



(400 MHz, CDCl3): 7.32—7.18 (m, 10HH-arom), 6.41 (d)]) =
16.0 Hz, 1H, arom-B8=CH), 6.19-6.15 (m, 1Harom-CH=C),
4.33-4.31 (m, 2H, arom¥; CH(COCH)), 2.23 (s, 3H,
COCH), 1.91 (s, 3H, COHy); Chiral HPLC analyss:
(chiralcel OJ column,"hexane : 2-propanol 98:2 V/V, 0.5
mL/min, 25 °C, UV 254 nmkt(major) = 37.3 mink), tz (minor)
=47.5 min §).

4.6.6.Dimethyl (R,E)-2-(1,3-diphenylallyl)-2-(prop-2-yn-1-
yl)malonate 20f)

Purification by preparative TLC (light petrol : gthacetate 10:1,
UV visualization) afforded the pure product as athgéllow oil
(165 mg, 94% yield; 99% eew2’: +15.2 € 1.0, CHC)); H
NMR (400 MHz, CDCl3)é: 7.34-7.19 (m, 10HH-arom), 6.76
(dd, J = 16.0 Hz. 8.0 Hz, 1H, arom-CH#{}, 6.43 (d,J = 16.0
Hz, 1H, arom-€Gi=CH), 4.42 (d,J = 12.0 Hz, 1H, arom-8),
3.76 (s, 3H, CO08,), 3.69 (s, 3H, CO0R,), 2.80 (d,J = 20.0
Hz, 1H, CHC®,,), 2.62 (d,J = 20.0 Hz, 1H, CHCHy,), 2.11-
2.09 (m, 1H, GICCH,); Chiral HPLC analysis: (chiralcel 1A

86% ee).a?’: +35.2 ¢ 1.0, CHC); '"H NMR (400 MHz,
CDCl5)é: 5.80-5.76 (m, 1H, CH¥=CH), 5.51 (dJ = 12.0 Hz,
1H CH-CH=), 3.73 (s, 6H, 2 x COOd;), 3.29 (dJ = 8.0 Hz,
1H, CH-CH=CH), 2.93-2.87 (m, 1H, {COOCH),), 2.00-1.97
(m, 2H, H,-CH), 1.79-1.73 (m, 2H, i8-CH,-CH), 1.60-1.54
(m, 1H, H,:(CH,),-CH), 1.40-1.33 (m, 1H, I&,,-(CH,),-CH);
Chiral HPLC analysis: (chiralcel AS-H column hexane : 2-
propanol 95:5 V/V, 1.0 mL/min, 25 °C, UV 220 nm)& 6.6 min
(R, tk=7.7min §).

4.6.11.Diethyl 2-(cyclohex-2-en-1-yl)malonatz2p)®®

Purification by column chromatography (light petrotiethyl-
ether 10:1, visualization by potassium permangarstten)
afforded the pure product as a colorless oil (1@f 838% yield;
83% ee).a?’: +23.2 ¢ 1.0, CHC); '"H NMR (400 MHz,
CDCl5)é: 5.73-5.65 (m, 1H, CH4¥=CH), 5.48 (dJ = 12.0 Hz,
1H, CH-CH=Q), 4.13 (q, 4H, 2 x COOR,H;), 3.17 (d,J = 8.0
Hz, 1H, (H-CH=CH),2.87-2.77 (m, 1H, (COOCHCHs),),
1.95-1.91 (m, 2H, B,-CH), 1.75-1.35 (m, 4H, i&@,-CH,-CH,

column,"hexane : 2-propanol 99:1 V/V, 0.5 mL/min, 25 °C, UV CH,.-(CH,),-CH, CH,,-(CH,),-CH), 1.20 (t,J = 12.0 Hz, 2 x

254 nm) ¢ = 20.1 min R).
4.6.7.(S,E)-1-(1,3-diphenylallyl)pyrrolidine20g)?’

Purification by preparative TLC (light petrol : gtfacetate 7:1,
UV visualization) afforded the pure product as aowlbil (129
mg, 98% vyield; 92% eex?’: +4.1 ¢ 1.0, CHC); 'H NMR
(400 MHz, CDCl3): 7.35-7.12 (m, 10HH-arom), 6.49 (d)] =
16.0 Hz, 1H, arom-B=CH), 6.34 (dd,J = 16.0 Hz, 8.0 Hz,
arom-CH=H), 3.69 (d,J = 8.0 Hz, 1H, arom-8), 2.50-2.49
(m, 2H, N-CH,), 2.37-2.35 (m, 2H, N-48,), 1.73-1.69 (m, 2H,
N-CH,CH,), 1.51 (brs, 2H, N-CHCH,); Chiral HPLC
analysis. (chirlacel OD column,hexane : 2-propanol 99.5:0.5
VIV, 0.5 mL/min, 25 °C, UV 254 nmjt= 10.1 min B), t = 10.9
min (S).

4.6.8.(S,E)-1-(1,3-diphenylallyl)piperidineQh)*’

Purification by preparative TLC (light petrol : gtkacetate 7:1,
UV visualization) afforded the pure product as aowlbil (133
mg, 98% yield; 84% eep2’: +5.2 ¢ 1.0, CHC); 'H NMR
(400 MHz, CDCl3)é: 7.33-7.12 (m, 10HH-arom), 6.45 (dJ =
16.0 Hz, 1H, arom-B=CH), 6.26 (dd,J = 16.0 Hz, 8.0 Hz,
arom-CH=), 3.74 (d,J = 8.0 Hz, 1H, arom-8), 2.43-2.38
(m, 2H, N-CH,), 2.30-2.25 (m, 2H, N-&,), 1.51-1.47 (m, 4H,
N-CH,-CH,), 1.39-1.35 (m, 2H, N-(Chb-CH,); Chiral HPLC
analysis. (chiralcel OD column,hexane : 2-propanol 99.5:0.5
VIV, 0.5 mL/min, 25 °C, UV 254 nmkt= 9.6 min R), tg = 10.5
min (S).

4.6.9.(S,E)-N-benzyl-1,3-diphenylprop-2-en-1-amip@i ¢’

Purification by preparative TLC (light petrol : gtkacetate 7:1,
UV visualization) afforded the pure product as athgéllow oil
(131 mg, 87% yield; 92% ee2’: +29.5 € 1.5, CHC)); H
NMR (400 MHz, CDCl5)é: 7.36 (d,J = 8.0 Hz, 2H,H-arom),
7.29-7.10 (m, 13HH-arom), 6.50 (dJ = 16.0 Hz, 1H, arom-
CH=CH), 6.24 (dd,J = 16.0 Hz, 8.0 Hz, 1H, arom-CH#{},
4.32 (d,J = 8.0 Hz, 1H, arom-B), 3.71 (dd,J = 16.0 Hz, 12.0
Hz, 2H, arom-CH), 1.63 (brs, 1H, N); Chiral HPLC analysis:
(chirlacel OD column,"hexane: 2-propanol 99.5:0.5 V/V, 0.5
mL/min, 25 °C, UV 254 nm)zt= 24.66 min R), tg = 27.4 min

®.
4.6.10.Dimethyl 2-(cyclohex-2-en-1-yl)malona224)”®
Purification by column chromatography (light petrotiethyl-

ether 10:1, visualization by potassium permangarstten)
afforded the pure product as a colorless oil (91 8&%6 yield;

COOCHCHa),); Chiral HPLC analysis: (chiralcel OJ column,
"hexane : 2-propanol 98:2 V/V, 0.5 mL/min, 25 °C, UV 220)
tr=10.5minR), tz = 10.9 min §).

4.6.12.Dibenzyl 2-(cyclohex-2-en-1-yl)malona2¢)

Purification by column chromatography (light petrotiethyl-
ether 10:1, visualization by potassium permangarstten)
afforded the pure product (90% yield; 99% egf’: +17.8 ¢ 1.0,
CHCL); '"H NMR (400 MHz, CDCly)é: 7.34-7.29 (m, 10HH-
arom), 5.77-5.72 (m, 1H, CHH&GCH), 5.53 (dJ = 12.0 Hz, 1H,
CH-CH=CH), 5.15 (ddJ = 16. 0 Hz, 8.0 Hz, 4H, 2 xH;-arom),
3.39 (d,J = 8.0 Hz, 1H, ©-CH=CH), 2.99-2.91 (m, 1H,
CH(COOCHPh)), 1.98-1.94 (m, 2H, B,-CH), 1.77-1.66 (m,
2H, CH,-CH,-CH), 1.51-1.47 (m, 1H, &,,-(CH,),-CH), 1.39-
1.34 (m, 1H, CGiy(CH,)»CH); Chiral HPLC analyss:
(chiralcel 1A column, "hexane : 2-propanol 90:10 V/V, 0.5
mL/min, 25 °C, UV 254 nm)kt= 10.8 min R).

4.6.13.(S)-N-Benzylcyclohex-2-en-1-amir22d)

Purification by column chromatography (light petraliethyl-
ether 5:1, visualization by potassium permangansti&n)
afforded the pure product as a light-yellow oil (8%, 89%
yield; 60% ee)a?’: +1.8 € 0.5, CHC); '"H NMR (400 MHz,
CDCl3)é: 7.25-7.17 (m, 5HH-arom) 5.73-5.65 (m, 2H, CH-
CH=CH, CH-CH=Q), 3.78 (dd,J = 16.0 HzJ = 8.0 Hz, 2H,
CH,-arom), 3.17-3.14 (m, 1H,KGNH), 1.94-1.92 (m, 2H, B,
CH), 1.84-1.72 (m, 2H, I€,-CH,-CH), 1.70-1.65 (m, 1H, I&,.-
(CHp),-CH), 1.52-1.40 (m, 1H, ,,-(CH,),-CH); Chiral HPLC
analysis. (chiralcel OD columnhexane : 2-propanol 99.5:0.5
VIV, 1.0 mL/min, 25 °C, UV 220 nmyt=19.1 min §), tg = 21.1
min (R).
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