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1. Introduction

[2,3]-Sigmatropic rearrangements are concerted nsstny
allowed processes that proceed through a five-mesdbesix-
electron transition state with an envelope confoionat
Stereoselective [2,3]-sigmatropic rearrangementse héound
great utility in organic synthesiswith their ability to form
carbon-carbon bonds through well-defined and prediet
transition states under often mild reaction cood#i making
them attractive for the synthesis of highly funnttised
molecular building block8.

In this context, the [2,3]-rearrangement of allydiommonium
ylides leads to the formation of substitutedamino acid
derivatives. Initially investigated by Ollfspnly limited variants
of this process that use a sub-stoichiometric amofia catalyst
in the formation of the reactive ylide have beermlered to
date’® The most common approach utilizes an intermediettal

N,N-diallyl substituents were considered to allbkdeprotection
under standard laboratory conditions. Sweeney antih@m
have independently utilizeld,N-diallyl groups in the synthesis of
a-amino acids, via base mediated [2,3]-rearrangenemd
subsequenN-deprotectiori. Notable previous work by Tambar
has shown that treatment ®-methylN-allyl amine 9 with
cinnamyl carbonaté&0 in the presence of Rdba)- CHCL, P(2-
furyl); and CgCO; gave ammonium ylidell, bearing a
stereogenic nitrogeh|[2,3]-Rearrangement of ammonium ylide
11 proceeded through the-cinnamyl unit and thé-allyl unit,
resulting in non-chemoselective [2,3]-rearrangenterive a 4:1
mixture of N-cinnamyl rearranged product2 and N-allyl
rearranged product3 in a combined 78% yield (Scheme 2a).
We report herein that isothiourea-mediated catalysfi N,N-
diallyl allylic ammonium ylides proceeds chemostiedy,
generatingN,N-diallyl amino esterd5 with high diastereo- and
enantiocontrol that can be readilisg-deprotected to generate free

carbenoid to generate the reactive ylide intermtedia shown by ¢-amino esters (Scheme 2b)MonoN-allyl deprotection,
Doyle (Scheme 1d)yet catalytic enantioselective variants havefollowed by metathesis, leads to valuable piperidnglding

remained elusiv&® In 2011, Tambar and co-work&neported

an alternative strategy in the catalytic [2,3]-raagements of

allylic ammonium ylides through Pd-catalysed atl\dubstitution
of allylic carbonates$ with tertiary amino esterd andin situ
rearrangement (Scheme 1b). This process

isothiourea-promotéd ~ catalytic  enantioselective
rearrangement of allylic ammonium ylides, leadiagatrange of
a-amino acid derivative8 bearing eitheN,N-dimethyl or cyclic-

N-alkyl substituents (Scheme Tc)his process allows for the
synthesis of a variety ofi-amino ester derivatives and the

incorporation of pharmacological relevant amine ifsatuch as
the morpholine unit, although the preparation @efe-amino

esters was not possible as suitablsubstituents amenable to

facile deprotection were not incorporated.

a. Doyle: In situ ammonium ylide formation from diazo compounds

0 ph Rho(OAC), 0 Ph
M 0y =4
)K? i ‘ e\/‘r (0.5 mol%) o )H/\%
EtO + N
Me” PhH, reflux N
2 Me~ “Me

3
59%, (+) 3:1 dr (anti:syn)

b. Tambar: /n situ catalytic allylic ammonium salt formation

) Pd,(dba)3*CHCl3 o R
o R . OCOZEL  P(2-furyl)s z
1 )K/N\ 3 \)\ 4 % R'0
R'O R R Cs,C03, MeCN N
4 5 R2 RS
6

c. Our previous work: isothiourea-catalysed enantioselective [2,3]

(S

R
(+)-BTM (20 mol%) M
PNPOJH JR HOBt (20 mol%) o™ S N

/PerH (1.4 equiv.)

17N R2
MeCN, -20 °C R 8
then NucH \X/
PNP = 4'NO2C5H4 up to >95:5 dr

and 99% ee

Scheme 1: Catalytic stereoselective [2,3]-rearrangements of

allylic ammonium ylides

In this manuscript this limitation is addressedotlgh the

application of this methodology th-substituents amenable to
either monoe or bis-N-deprotection. At the onset of these

investigations, the use di,N-dibenzyl, N-methyl-N-allyl-, and

generates
functionalizeda-amino ester$ with high diastereocontrol but in
racemic forn®. Building upon this work, we demonstrated an
[213]_

blocks.

a.Tambar: Non-chemoselective rearrangement of N-allyl ammonium ylides

Ph

¢ BUO% \/r tBuO)W
12 )

Combined yield 78%
12:13: 4:1

9
o h(le
11
)K/ N Pd,(dba)z*CHCl,
t+BuO P(2-furyl)s N- C|nnamyl [2,3]
+ = >
Cs,C0O3, MeCN o

PhX"N0c0,Et P
10 t-BuO tBuO
@

1 Ph Ph
N-Allyl [2,3]

b. This Work: Catalytic Chemo- and Enantioselective [2,3]-rearrangement
of N,N-diallyl allylic ammonium ylides

2o (]
(+)-BTM (20 mol %) 0 )
HOBt (1.0 equiv.) )W
Nuc Y
ProNH (1.4 equiv.) 'i‘
/r MeCN, —20 °C
=
15

then NucH (excess)
14

PNP= 4-NO,CgH,

up to >95:5 dr (syn:anti)
and 97% ee
Facile N-deprotection

Scheme 2: Proposed chemoselective [2,3]-rearrangement of
N,N-diallyl allylic ammonium ylides.

2. Results and Discussion
Initial Studies and Optimisation

To avoid any potential chemoselectivity issuesiahistudies
probed the use df,N-dibenzyl substituents in the isothiourea-
catalysed [2,3]-rearrangement methodology. TreatnoérN,N-
dibenzyl cinnamyl amin&6 with 4-nitrophenyl bromoacetaty
resulted in no ammonium salt formation, presumahlg to the
sterically hindered\,N-dibenzyl substituent. To reduce the steric
bulk around théN-substituent, aiN-methylN-benzyl substitution

was employed8. While the corresponding ammonium salt could

not be isolatedin situ ammonium salt formation and subsequent
[2,3]-rearrangement gave, after treatment with sodiu
methoxide,N-methylN-benzyla-amino ester20 in good yield



(76%) but modest stereocontrol (80:20 dr, 76% €ke modest
stereocontrol is likely to be due to the formataira stereogenic
nitrogen within the presumed ammonium salt and (F¥MB
bound-diastereocisomeric ammonium ylides within ti&3]F
rearrangement step. Due to the low sterecontrol eetlieith an
unsymmetrical N,N-substituent, symmetrical N,N-diallyl
substitution was investigated. Treatment\gil-diallyl cinnamyl
amine with 4-nitrophenyl bromoacetatel7 gave the
corresponding quaternary ammonium <2t in 50% isolated
yield (Scheme 3). Isothiourea-promoted rearrangénaoén2l,
followed by addition of sodium ethoxide, resulted
chemoselective [2,3]-rearrangement to gh&l-diallyl-a-amino
ester22 in excellent yield (91%) and good stereocontr@:§dr,
87% ee).

in

N,N-Dibenzyl: o
)K/ Br
X PNPO
Ph XN e 17 No Ammonium Salt
k Formation Observed
16 ds-MeCN, rt

Ph

€]
Me. _Bn Br
PNPO - - Y
® N ‘ iProNH (1.4 equiv.) lil
Ph™ X Me” MeCN, -20 °C, 16 h Me” “Bn
then NaOMe
18 Ph (3.0 equiv.) 20 76%%°
20 80:20 dr®
Formed in situ PNP = 4-NO,CgHy4 76% ee®
N,N-Diallyl
9 O Ph o

(+)-BTM (20 mol %)
Ph HOBt (20 mol %)
\/‘r — EtO
N iProNH (1.4 equiv.)
MeCN, —20 °C /r 1 /r WH

then NaOEY/EtOH
(5.0 equiv.)
91%2°
92:8 dr®

87% ee?

21

i Not Observed
PNP = 4-NO,CgHa !

3solated yield”Isolated as a mixture of diastereoisoméPgtermined by
'H NMR analysis of crude materidDetermined by HPLC analysis on chiral
stationary phase.

Scheme 3: Evaluation of alternativdl-substituents.

Further optimisation was performed to improve
stereocontrol of the process (Table 1). The requerg for the

the

(+)-BTM (20 mol%)
Additive

ok
5

PNP = 4-NO,CgH,

W
Et07 Y
PryNH (1.4 equiv.) R
MeCN, -20 °C
then NaOEY/EtOH P> e
22

Entry’  Additive (mol%)  Yield(%)° drf ee (%)
1 HOBt (20) 91 92:8 87
2 - 81 89:11 76
3 NBu,OPNP (100) 77 88:12 74
4 HOBt (100) 82 94:6 97
5 HOBt (100) 76 >955 97

Reactions performed on 0.24 mmol scBikplated yield after flash column
chromatography, combined yield of mixture of dieesteners;Determined
by *H NMR of crude materiafDetermined by HPLC analysis on chiral
stationary phaséPerformed on 2.11 mmol scale.

Table 1: Reaction additive optimization.

The relative and absolute configuration with22 was
assigned by analogy to that previously unambigyousl
determined on anN,N-dimethyl substituted analogue. This
configurational outcome is consistent with a Lewisebmediated
mechanism involving enantioselective [2,3]-rearemgnt that
occurs through a BTM-bound intermediate ylRfevia anende
type pre-transition state assembly sucR%dn this arrangement
the carbonyl oxygen preferentially adopts a coplamad syn
orientation to the S atom within the isothiouroniign, allowing
a stabilizing electrostatic or non-bonding O-S iattion (1, to
o*c.9).*™ The stereodirectingC(2)-phenyl unit within BTM
adopts a pseudoaxial position to minimize 1,2-sterieractions,
with rearrangement occurriranti to this substituent. A-cation
interaction between the allyli€(3)-phenyl substituent and the
acyl ammonium ion provides an additional interactithat is
essential for high stereocontrol (Figure 1).

Ph@(N\//J\/,sQ

Ph STy =
O Stabilising
1,5-8ee0

interaction

N\ 24
Figure 1: Stereochemical Rationale.

endo-TS 25

HOBt co-catalyst was examined, with rearrangement i thReaction Scope and N,N-diallyl deprotection

absence of HOBt resulting in reduced product yieldd an
stereocontrol (81%, 89:11 dr, 76% eatry 2, table L The use
of a stoichiometric amount of NBOPNP as an additive also
resulted in a loss in both diastereo- and enamtimob(88:12 dr,

74% eegentry 3. However, the use of stoichiometric HOBt as an

additive resulted in a dramatic enhancement in tsw@mtrol
(82%, 94:6 dr, 97% eegntry 4, table L In this process, we
postulate that HOBt aids catalyst turnover from aryl ac
ammonium intermediate after [2,3]-rearrangemerihoaigh the
reason for enhanced enantiocontrol is not clearigtige subject
of ongoing mechanistic investigations. These optdi
conditions were taken forward to examine the sulesseatpe of
the reaction. Notably this process could be regukiformed on
a reasonable laboratory scale without erosion akest®ntrol,
with 479 mg (1.60 mmol) of ethyl est@2 (76% isolated yield)
being generated from 1.0 g &fN-diallyl ammonium salt21
(entry 5).

With these optimised conditions in hand, the scopm situ
nucleophilic  derivatization was examined. The [2,3]-
rearrangement ofN,N-diallyl ammonium salt21 could be
derivatisedin situ using pyrrolidine or LiAIH to give amide27
and amino-alcohol28 respectively in excellent yield and
stereocontrol§cheme ¥ However, using 100 mol% HOBt in the
catalysis followed by derivatization with benzylamioegive 29,
produced inseparable unidentified allyl-derivedesigroducts.
However, the use of a catalytic amount of HOBt (20 69l
allowed the isolation of benzyl ami®9 in excellent yield with
good levels of stereocontrol (92:8 dr, 84% ee).
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iProNH (1.4 equiv.)
MeCN, -20 °C
then Nuc-H

Tetrahedron

87%2
>95:5 dr?
98% ee®

JRN

88%2
>95:5 dr®
96% ee®

J K

98%39
92:8 dr®
84% ee®

dIsolated yield after flash column chromatograplombined yield of mixture
of diastereomer®etermined byH NMR of crude materiafDetermined by
HPLC analysis on chiral stationary phdBeaction performed using HOBt

(20 mol%).

Scheme 4: Scope ofin situ nucleophilic derivatization.

Variation of the C(3)-substituent within thé&l,N-diallyl

ammonium saltl5 was next investigated. Electron-neutral and

With a range oN,N-diallyl ethyl esters in hand, efforts were
turned to removal of thi,N-diallyl groups to synthesise a range
of a-amino esters. Utilising the Pd-catalysed deallgtati
chemistry developed by Bernard and co-worketeatment of
22 with Pd(dbay (10 mol%), dppb 1.4
bis(diphenylphosphino)butane) (10 mol%) and thioght acid
(5.0 equiv.) in THF at 60 °C followed by aq.MLHCI allowed
facile isolation of the desired free amif@ as its hydrochloride
salt’® in excellent yield and without erosion of stereaulual
purity, without the need for flash column chromasggry. This
was applied to a small range ®fN-diallyl rearrangement
products31-33 giving the desired deallylation produ&s-39 in
good to excellent yield without erosion of diastereor
enantiopurity (Scheme &j. The relative and absolute
configurations of thebis-deallylated products was confirmed
through derivatization of36 to the known correspondiniy-
acetamidé?®

0 @ Pd(dba), (10 mol%) 0 e
L dppb (10 mol%) )W
Et0” Y — E07 Y

= thiosalicylic acid

30 (5.0 equiv.) NH;
THF, 60 °C 35
= X

electron-withdrawing aromatic substituents could bell we NO,
tolerated giving ethyl estefl, 32 and34 in excellent yield and

good to excellent stereocontrol. Incorporation ofstarically © ©\
demandingortho-substituent in the C(3)-aryl group was well )W )W )W 0
NH, -HCI

NH,-HCI

%

tolerated giving33 in good yield and stereocontr@¢heme b

o o @
PNPO)S \)/m

NHo+HCI NH2 HCI

(+)-BTM (20 mol%)
HOBt (1 .0 equiv.)

)W 36 37 38 39

B0 = 77%4 quant.? 49%2 53%a

ProNH (1.4 equiv.) N >95:5 drb 94:6 dr® 92:8 dr® 90:10 dr®
MeCN, -20 °C 94% ee® 94% ee? 92% ee? 96% ee?

then NaOEYEtOH P S 3lsolated yield’Determined byH NMR analysis‘Determined by HPLC

analysis on chiral stationary phase after filtnatiorough KCO; plug, ®

PNP = 4-NO,CgHy 0 ‘Determined by HPLC analysis on chiral stationarggghafteN-Boc
”””””””””””””””””””””” FNOZ protection.
Scheme 6: Scope ofN,N-deallylation of [2,3]-rearrangement
© productsEnantiopurity determined aft&-Boc protection.
0] < 0] < 0] =
E10 W E10 )W Eto)w Application to piperidine synthesis
N

To further demonstrate the synthetic utility of sthi2,3]-
rearrangement process, it was postulated that a lyhigh
32 functionalised piperdine architecture could be ased through
69%° selective monaN-allyl deprotection, followed by ring-closing

SN

82% 85%

94:6 dr” >95:5 dr® 90:10 dr? metathesis and hydrogenation. Piperidine core tstres are
97% ee® 95% eef Br  96% ce? ubiquitous among bioactive molecuf8swith an analysis of
launched drugs within the integrity database show8&
©\ registered drugs that contain piperidineéstor example, the
M M piperidine motif is central to Merck’s factor Xlahiitor 40.'®
To showcase the utility of this [2,3]-rearrangemer@thodology
we next targeted the preparation of th&g3)-piperidine 2-
/r 1 /r 1 carboxylate41 that maps directly to this core structure.
N—N Ph (SAPh
85% 77% 4 N %:
92:8 dr’ 91:1 dr® N
92% ee? 96% ee® o)
dIsolated yield after flash column chromatograplombined yield of mixture S °
of diastereomer®etermined byH NMR of crude materiafDetermined by 0 0 M
HPLC analysis on chiral stationary phanantiopurity determined after Merck

¢l Factor Xla Inhibitor

Figure 2: Merck Factor Xla inhibitor and target$39)-
piperidine 2-carboxylatél

N,N-deallylation andN-Boc protection.
Scheme 5: Scope of C(3)-substituefEnantiopurity
determined afteN,N-deallylation andN-Boc protection.



Mono-deallylation of22 following Bernard’s methodolog,

through treatment with Pd(da)L0 mol

%), dppb (10 mol %),

thiosalicylic acid (1.2 equiv.) in THF at 60 °C,vgs42 in modest
yield (46% yield) but with retention of diastereomepurity.

SubsequentN-benzyl

protection to give43,

followed by

treatment with Hoveyda-Grubb$“Xeneration catalyst (HG-II)
(5 mol%) in the presence pftoluenesulfonic acid (1.5 equiv.)
in toluene at 80 °C gave ring-closed prodétin good yield and
as a single diastereoisomer after purification.alyn treatment

of 44 with Pd/C and K resulted

in hydrogenation and

hydrogenolysis to give functionalised piperiddtein good yield
and with excellent levels of stereocontrol (>95:59%1% ee).

[¢] Eh Pd(dba), (10 mol%) [¢] Eh
)W dppb (10 mol%) )W
EtO Y - EtO Y
= thiosalicylic acid =
N (1.2 equiv.) Ney
THF, 60 °C, 16 h
= NS = 42
46%°
22
94:6 dr’ 937 dr®
97% ee® BnBr (1.5 equiv.)
Kl (0.2 equiv.)
KoCO3 (2.0 equiv.)
MeCN, reflux,
16 h
0 Ph o] Ph
c HG-II (5 mol%) )W
EtO Y ‘ p-TsOH (1.5 equiv.) EtO .
z -— z
_N PhMe, 80 °C N
Bn 16 h Bn
44 P>
07,8
9::-57%# 43
: 86%°
94:6 dr®

AcOH (1.0 equiv.)

EtOAc, H, (1 atm)

Pd/C (10 mol%)
1, 48 h

Q En 45
60%2
>95:5 dr®
N 94% ee®

3Isolated yield Determined byH NMR analysis after flash coloumn
chromatographyDetermined by HPLC analysis on chiral stationargggh

Scheme 7: Mono-N-deallylation and synthesis of a target

functionalized (3,3S) piperidine motif.
3. Conclusions

The isothiourea-catalysed
rearrangement of N,N-diallyl

enantioselective
cinnamic ammonium ylides

proceeds chemoselectivity and with excellent enaatéxtivity.
The use of stoichiometric HOBt allowed excellent lsvef
diastereo- and enantiocontrol to be achieved (upSta5 dr, up
to 97% ee). The substrate scope of this process bleas
examined across a small number of different argl muncleophile

variations. TheN,N-diallyl substituents can be readily removed to

5

CO(s)/acetone bath, respectively. Analytical thin laye
chromatography was performed on pre-coated alumirplates
(Kieselgel 60 b, silica). Plates were visualised under UV light
(254 nm) or by staining with either phosphomolybditd or
KMnO, followed by heating. Flash column chromatographyg wa
performed on Kieselgel 60 silica in the solventtsys stated.
Melting points were recorded on an Electrotherm@®dnelting
point apparatusgec refers to decomposition. Optical rotations
were measured on a Perkin Elmer Precisely/Model-341
polarimeter operating at the sodium D line with a t@® path
cell at 20 °C. HPLCanalyses were obtained on a Shimadzu
HPLC consisting of a DGU-20A5 degasser, LC-20AT liquid
chromatography SIL-20AHT autosampler, CMB-20A
communications bus module, SPD-M20A diode array alete
and a CTO-20A column oven that allows the temperainrge
set from 25-40 °C. Separation was achieved usingimaiCel OJ-

H, or Chiralpak AD-H, AS-H, IA, IB, and ID columns. The
columns were flushed with 40% IPA/hexane for 15 mia®ite
switching to the indicated solvent mixtures, as thissured
reproducibility of chromatograms. Infrared specfra.) were
recorded on a Shimadzu IRAffinity-1 Fourier transforlR
spectrophotometer using either thin film or soliding Pike
MIRacle ATR accessory. Analysis was carried out gisin
Shimadzu IRsolution v1.50 and only characteristeaks are
reported. 'H, *C{*H}, F{*H} and F NMR spectra were
acquired on either a Bruker Avance 3@, {300 MHz),d¢ (75
MHz), 8¢ (282 MHz)}, a Bruker Avance Il 4003{; (400 MHz),

d¢c (100 MHz),8¢ (376 MHz)}, a Bruker Ultrashield 500 (500
MHz), 3¢ (126 MHz),3¢ (471 MHz)}, a Bruker Ascend 400§
400 MHz,3¢ (100 MHz),8¢ (471 MHz)} or a Bruker Avace llI
700 {6y (700 MHz),6¢ (179 MHz),5¢ (659 MHz)} spectrometer
at ambient temperature (unless otherwise statetieideuterated
solvent stated. Chemical shifts,are quoted in parts per million
(ppm) and are referenced to the residual solveak.p@oupling
constants), are quoted in Hertz (Hz) to the nearest 0.1 Hz. The
following abbreviations are used: s, singlet; d,ldey t, triplet;

g, quartet; dd, doublet of doublets; ddd, doubletioublet of
doublets; dt, doublet of triplets; ddt, doublet dbublets of
triplets; dtt, doublet of triplets of triplets; ddoublet of quartets;
td, triplet of doublets; tdd, triplet of triplet$ doublets; tt, triplet
of triplets; m, multiplet; br, broad; andpt apparent. Mass
spectrometry (HRMS) data were acquired by electrgspra
ionisation (ESI), electron impact (El), chemicahigation (CI),
atmospheric pressure chemical ionisation (APCI) anaspray
ionisation (NSI) at the EPSRC UK National Mass Smeuoatry

[2,3]-Facility at Swansea University.

Isothiourea Catalysts; (+)-BTM and (+)-BTM were dyesised
according to literature procedur®s.Allylic Alcohols 4-
nitrocinnamyl alcohol, 4-bromocinnamyl alcohol,
bromocinnamyl alcohol and 4-fluorocinnamyl alcoholere
synthesised according to previously reported proeet

2-

generate the parent freeamino ester, and this methodology hasAuthentic racemic samples of the [2,3]-rearrangenpentiucts
been applied to the synthesis of a functionaliseget piperdine

motif.

4, Experimental Section

Reactions were performed in flame-dried glasswareuad N
atmosphere unless otherwise stated. AnhydrougGland EtO

were obtained from an MBraun SPS-800 system, MeCN w.
HPLC grade stored over 4 A MS. All other solvents and

commercial reagents were used as received withouhefur
purification unless otherwise stated. Room tempegd(t) refers
to 20-25 °C. Temperatures of 0 °C, =20 °C and —Z8wkere

obtained using ice/water

bath, an

immersion cooled a

a

22, 27-29 and31-34 were synthesised using (x)-BTM.
(E)-N,N-Dibenzyl-3-phenylpr op-2-en-1-amine 16

A solution of N,N-dibenzylamine (6.1 mL, 31.7 mmol, 2.5
equiv.) in THF (12.5 mL) was treated dropwise witloluson of
cinnamyl bromide (2.5 g, 12.7 mmol, 1.0 equiv.)TiHF (26 mL)
ver 10 mins at rt. The resulting mixture for stdrfor 16 h, aq. 1
M NaOH (30 mL) was added and the mixture stirred farrtnér

5 min, E;O (30 mL) was then added, the layers separatedhand t
aqueous layer extracted with,8t(2 x 50 mL). The combined
organic layers were washed with brine (50 mL) driecerov
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MgSQO, and concentrateth vacuq the resulting residue was
purified by flash column chromatography (5-20% EtGXe€) to
give the title product as a yellow oil (4.23 g, quar98:2E.2);

'"H NMR (500 MHz, CDCJ) 8, 3.24 (2H, dd,) 6.5, 1.5, C(1Hl,),
3.64 (4H, s, PhB,), 6.24-6.38 (1H, m, C(3), 6.54 (1H, dJ
16.0, C(3H), 7.14-7.49 (15H, m, Ad); data consistent with
literature®

(E)-N-Benzyl-N-methyl-3-phenylprop-2-en-1-amine 18

A solution of N-benzylN-methylamine (8.2 mL, 63.5 mmol, 2.5
equiv.) in THF (26 mL) was treated dropwise with auioh of
cinnamyl bromide (5.0 g, 25.4 mmol, 1.0 equiv.)TiHF (50 mL)
over 10 mins at rt. The resulting mixture was stirfer a further

128.9 (ACH), 138.8 C(4)H), 139.4 (AC), 141.1 (AC), 170.6
(C=0); HRMS (ESI) CyH»4O,N* [M+H]" found: 310.1794,
requires: 310.1802 (-2.6 ppm).

General Procedure A: Synthesis ofN,N-diallylamines from
Allylic Alcohols

A solution of allylic alcohol (1.0 equiv.) in E (0.33M) was
cooled to 0 °C and treated with RE0.4 equiv.) and stirred for 1
h, the reaction was quenched by the dropwise addifi@y. sat.
NaHCG; (equal volume), the mixture was allowed to warm 1o rt
The layers were then separated, the aqueous lafyactd with
Et,O (2 x equal volume), the combined organic layersheds
with brine, dried over MgSPand concentrateth vacuo The

15 mins, ag. M NaOH (50 mL) added and the mixture stirred residue was dissolved in THF (0/%) and added toN,N-
for a further 5 min, EO (50 mL) was then added, the layers diallylamine (2.5 equiv.) in THF (2.5 with respect toN,N-

separated and the aqueous layer extracted with @tx 50 mL).
The combined organic layers were washed with brinenfb)
dried over MgSQ@ and concentratedn vacuqQ the resulting
residue was purified by flash column chromatograpbr20%
EtOAC/PE) to give the title product as an orangg®2 g, 86%,
98:2 E:2); 'H NMR (500 MHz, CDC)) & 2.28 (3H, s, NEl,),

3.23 (2H, ddJ 6.7, 1.5, C(11,), 3.58 (2H, s, PhB,), 6.36 (1H,
dt, J 15.9, 6.7, C(&)), 6.57 (1H, ddJ 15.9, 1.5, C(3})), 7.20-
7.47 (10H, m, AH); data consistent with literatufe.

Methyl
enoate 20

(2S,39)-2-(benzyl(methyl)amino)-3-phenylpent-4-

A solution of 4-nitrophenyl-2-bromoacetate (63 mg40mmol,
1.0 equiv.) and HK)-N-BenzylIN-methyl-3-phenylprop-2-en-1-
amine (60 mg, 0.252 mmol, 1.05 equiv.) in MeCN (Im5 was
stirred for 24 h at rt, then cooled to —20 °C argbhution of (+)-
BTM (12 mg, 0.048 mmol, 0.2 equiv.), HOBt (6.4 mgD4B
mmol, 0.2 equiv.) andPrL,NH (47 pL, 0.34 mmol, 1.4 equiv.) in
MeCN (1.75 mL) was added and the reaction sitrred2fbh at
=20 °C, then quenched with NaOMe NLin MeOH, 0.72 mL,
0.72 mmol, 3.0 equiv.) and stirred at rt for 1 lg.AM NaOH
(10 mL) was added and the mixture extracted with@H(3 x
20 mL), the combined organic layers were washed vgjthlav
NaOH (2 x 20 mL), then brine (20 mL), dried over MgSmd
concentratiorin vacuo Crude dr80:20, the residue was purified
by flash column chromatography (5% EtOAC/PE) to ghetitle
product as a colourless oil (56 mg, 76%, 80:20 @hjralpak OJ-
H (0.5% IPA/hexane, flow rate 1.5 mL/min, 211 nm, 4%) %
Major 9.5 min, Minor 6.9 min, 76% e@x]3’ -5.7 € 1, CHCL);

diallylamine)via dropping funnel , upon completion the dropping
funnel was rinsed with THF (half volume) and the teecwas
stirred at rt for 15 min. The reaction was treatethveiq. 1 M
NaOH (equal volume) and stirred for 15 min, thepOE(equal
volume) was added, the layers separated and theas|layer
extracted with BD (2 x equal volume). The combined organic
layers were washed with brine, dried over MgSéen
concentratedin vacuq N,N-diallyl allylic amines were used
without further purification.

General Procedure B: Synthesis of NN diallyl
ammonium salts

allylic

A solution ofN,N-diallyl amine (1.0 equiv.) in MeCN (1) was
treated with 4-nitrophenyl bromoacetate (1.2 equand the
reaction mixture was stirred for 16 h.,@t(5 x volume) was
added and the mixture stirred for 1-16 h, the ppitaie was
filtered and driedin vacuoto give the salts. Ammonium salts
were used directly or recrystallized from MeCN(&if required.

Amine Synthesis
(E)-N,N-Diallyl-3-phenylpr op-2-en-1-amine 46

A solution of cinnamyl bromide (25.0 g, 126.9 mnthD equiv.)

in THF (250 mL) was added dropwise to a solutionNof-
diallylamine (39.1 mL, 317.0 mmol, 2.5 equiv.) iRl (125 mL)
dropwise over 10 min at rt. The resulting solutiorswtrred at rt
for a further 15 min. aq. @ NaOH (200 mL) was then added and
the mixture stirred for a further 5 min,,Bt (200 mL) was then

vmax (film, cm™) 2949, 1728, 1452, 1254, 1190, 1146, 1026, 984added, the layers separated and the agueous bkdyacted with

918; Major Sy diastereoisomer'H NMR (500 MHz, CDCJ)
842.15 (3H, s, NEl3), 3.39 (1H, d,J 13.7, PhE&H), 3.70 (1H, d,
J11.8, C(2M), 3.75 (1H, d,) 13.7, PhCH), 3.77 (3H, s, O8,),
3.87 (1H, dd,J 11.8, 8.3, C(3)), 4.94-5.12 (2H, m, C(5},),
5.85 (1H, ddd) 17.1, 10.2, 8.3, C(#), 6.69-6.86 (2H, m, Ad),
7.10-7.21 (5H, m, Ad), 7.22-7.40 (3H, m, A); *C{*H} NMR
(126 MHz, CDC}) 3¢ 38.1 (NCH3), 50.2 C(3)H), 51.0 C(2)H),
58.2 (PICH,), 69.4 (GCH), 116.7 C(5)H,), 126.6 (ACH),
126.9 (ACH), 128.1 (ACH), 128.5 (ACH), 128.5 (ACH),
128.7 (ACH), 138.8 C(4)H), 139.2 (A€), 140.7 (AC), 171.4
(C=0); Minor (Ant) diasterecisomer;H NMR (500 MHz,
CDCly) 8,,2.29 (3H, s, NEl3), 3.48 (3H, s, O83), 3.51 (1H, d,J
13.6, Ph®&iH), 3.68 (1H, dJ 11.6, C(2M)), 3.75 (1H, d,J 13.6
PhCHH), 3.83-3.94 (1H, m, C(8)), 5.04-5.10 (2H, m, C(5},),
6.20 (1H, ddd) 17.2, 10.2, 8.2, C(#), 6.69-6.86 (2H, m, Ad),
7.10-7.21 (5H, m, Ad), 7.22-7.40 (3H, m, At); *C{*H} NMR
(126 MHz, CDC}) 3¢ 38.1 (NCH3), 49.6 C(3)H), 50.8 C(2)H),
58.3 (PICH,), 70.5 (GCH), 116.1 C(5)H,), 126.9 (ACH),
127.1 (ACH), 128.4 (ACH), 128.4 (ACH), 128.7 (ACH),

Et,O (2 x 200 mL). The combined organic layers were wéshe
with brine (200 mL) dried over MgSOand concentrateih
vacuqg the resulting residue was purified by high vacuum
distillation to give the title product as a colas$ liquid (25.2 g,
93%); bp136-138 °C @ 1mmbauy (film, cm'l) 2800, 1641,
1494, 1448, 1417, 1352, 1119, 995, 964, 916, SIHMR (500
MHz, CDCL) 8, 3.17 (4H, dJ 6.5, diallyl-C(1H,), 3.28 (2H, d,

J 6.7, C(1H,), 5.13-5.27 (4H, m, diallyl-C(8),), 5.92 (2H, ddt,

J 16.8, 10.2, 6.5, diallyl-C(®), 6.29 (1H, dt,J 15.8, 6.7,
C(2)H), 6.54 (1H, d,J 15.8, C(3H), 7.22-7.44 (5H, m, A);
BC{*H} NMR (75 MHz, CDCE) 8¢ 55.8 C(1)H,), 56.6 (diallyl-
C(1)Hy), 117.7 (diallylC(5)H,), 126.3 (AC(2,6)H), 127.3
(ArC(4)H), 127.4 C(2)H), 128.6 (AC(3,5)H), 132.7 C(3)H),
135.6 (diallylC(2)H), 137.1 (AC(1)); HRMS (EST) CisHN*
[M+H] " found: 214.1590, requires: 214.1590 (-0.1 ppm).

(E)-N,N-diallyl-3-(4-nitrophenyl)pr op-2-en-1-amine 47



Following general procedur®, 4-nitrocinnamyl alcohol (2.86 g,
15.98 mmol, 1.0 equiv.) was reacted with PE01 uL, 6.39
mmol, 0.4 equiv.) in EO (48 mL), then withN,N-diallylamine
(4.93 mL, 40 mmol, 2.5 equiv.) in THF (32 mL) tovgithe title
product as an orange oil (2.63 g, 64%) was used ufithother

7
used without further purificationjyay (film, cm'l) 2918, 2803,
1603, 1508, 1227, 1157, 1119, 966, 917, 84 :NMR (400
MHz, CDCh) 84 3.13 (4H, dt,J 6.5, 1.3, diallyl-C(1Hl,), 3.23
(2H, dd,J 6.7, 1.4, C(IHi,), 5.12-5.28 (4H, m, diallyl-C(3),),
5.88 (2H, ddtJ 16.8, 10.2, 6.5, diallyl-C(®), 6.17 (1H, dtJ

purification; v,y (film, cm'l) 2978, 1595, 1512, 1339, 1109, 968, 15.8, 6.7, C(Hl), 6.47 (1H, dtJ 15.8, 1.4, C(&)), 6.89-7.07

918, 858;'H NMR (400 MHz, CDCJ) & 3.14 (4H, d,J 6.5,
diallyl-C(1)H,), 3.28 (2H, dd,J 6.3, 1.4, C(1Hl,), 5.12-5.25 (4H,
m, diallyl-C(3H,), 5.88 (2H, ddt,J 16.8, 10.2, 6.5, diallyl-
C(2H), 6.45 (1H, dtJ 15.9, 6.3, C(H)), 6.59 (1H, d,J 15.9,
C(3H), 7.48 (2H, d,J 8.8, Ar(2,6H), 8.17 (2H, d,J 8.8,
Ar(3,5)H); “C{'H} NMR (100 MHz, CDC}) ¢ 55.5 C(1)H,),
56.8 (diallyl-C(1)H,), 117.9 (diallylC(3)H,), 124.0 (AC(3,5)H),
126.7 (AC(2,6)H), 130.3 C(2)H), 133.1 C(3)H, 135.3 (diallyl-
C(2)H), 143.6 (AE(1)), 146.8 (AC(4)-NO,); HRMS (ESI)

(2H, m, Ar(3,5H), 7.28-7.37 (2H, m, Ar(2,6)); “*F{'"H} NMR
(376 MHz, CDC})) 8¢ -114.9 (AF); “C{*H} NMR (100 Mz,
CDCL) 8¢ 55.7 C(1)H,), 56.6 (diallylC(1)H,), 115.4 (d,%Jcr
21.5, AC(3,5)H), 117.9 (diallylc(3)H,), 127.0 C(2)H), 127.7
(d, 3Jcr 7.8, AIC(2,6)H), 131.5 C(3)H), 131.9 (d,“Jer 2.9,
ArC(1)), 135.4 (diallylc(2)H), 162.2 (d,"Jcr 247, AC(4)-F);
HRMS (ESI) CisHiNF [M+H]" found: 232.1494, requires:
232.1502 (-3.5 ppm).

CisH160:N," [M+H]™ found: 259.1440, requires: 259.1447 (-2.7 (E)-N,N-Diallyl-N-(2-(4-nitr ophenoxy)-2-oxoethyl)-3-

ppm).
(E)-N,N-diallyl-3-(4-bromophenyl)pr op-2-en-1-amine 48

Following general procedur&, 4-bromocinnamyl alcohol (1.62
g, 7.59 mmol, 1.0 equiv.) was reacted with PE86 pL, 3.04
mmol, 0.4 equiv.) in EO (24 mL), then withN,N-diallylamine
(2.53 mL, 18.97 mmol, 2.5 equiv.) in THF (16 mL) gove the
title product as a pale yellow oil (0.99 g, 45%) waed without
further purification; vy (film, cm'l) 2976, 1487, 1400, 1072,
1009, 968, 918'H NMR (400 MHz, CDCJ) 5, 3.12 (4H, dt,J
6.5, 1.3, diallyl-C(1i,), 3.22 (2H, ddJ 6.6, 1.4, C(1Hl,), 5.09-
5.25 (4H, m, diallyl-C(3),), 5.87 (2H, ddtJ 16.8, 10.2, 6.5,
diallyl-C(2)H), 6.25 (1H, dtJ 15.9, 6.6, C(3l), 6.45 (dt,J 15.9,
1.4, C(3H), 7.23 (2H, d,J 8.5, Ar(2,6H), 7.42 (2H, d,J 8.5,
Ar(3,5)H); *C{*H} NMR (100 Mz, CDC}) &¢ 55.8 C(1)H,),
56.8 (diallyl-C(1)H,), 117.9 (diallylC(3)H,), 121.2 (AC(4)-Br),
127.9 (AC(2,6)H), 128.5 C(2)H), 1315 C(3)H), 131.8
(ArC(3,5)H), 135.6 (diallylc(2)H), 136.2 (A€(1)); HRMS
(ESI  CisHiNBr [M+H]® found: 292.0694, requires:
292.0701 (-2.4 ppm).

(E)-N,N-diallyl-3-(2-bromophenyl)pr op-2-en-1-amine 49

Following general procedur&, 2-bromocinnamyl alcohol (1.36
g, 6.37 mmol, 1.0 equiv.) was reacted with P40 pL, 2.55
mmol, 0.4 equiv.) in EO (20 mL), then withN,N-diallylamine
(2.96 mL, 15.93 mmol, 2.5 equiv.) in THF (13 mL) gove the
title product as a pale yellow oil (1.10 g, 59%) waed without
further purification; vy, (film, cm'l) 2976, 1643, 1466, 1435,
1256, 1113, 1047, 1022, 966, 918, NMR (400 MHz, CDCJ)
3y 3.15 (4H, dtJ 6.5, 1.3, diallyl-C(14l,), 3.29 (2H, ddJ 6.7,
1.5, C(1Hy), 5.11-5.27 (4H, m, diallyl-C(8),), 5.89 (2H, ddt)
16.8, 10.2, 6.5, diallyl-C(®)), 6.19 (1H, dtJ 15.8, 6.7, C(H)),
6.86 (1H, d,J 15.8, C(3MH), 7.08 (1H, tdJ 7.7, 1.6, Ar(6H),
7.19-7.32 (1H, m, Ar(3)), 7.53 (2H, td,J 8.0, 1.6, Ar(3,2)));
¥C{*H} NMR (100 Mz, CDC}) 8¢ 55.7 C(1)H,), 56.7 (diallyl-
C(1)H,), 118.0 (diallylc(3)H,), 123.5 (AC(2)-Br), 127.2
(ArC(4)H), 127.6 (AC(5)H), 128.8 (AC(6)H), 130.6 C(2)H),
131.6 C(2)H), 133.0 (AC(3)H), 135.6 (diallylc(2)H), 137.2
(ArC(1)); HRMS (EST) CiHigN"Br* [M+H]" found: 292.0694,
requires: 292.0701 (2.4 ppm).

(E)-N,N-diallyl-3-(4-fluor ophenyl)pr op-2-en-1-amine 50

Following general procedur&, 4-fluorocinnamyl alcohol (1.36
g, 6.37 mmol, 1.0 equiv.) was reacted with P40 pL, 2.55
mmol, 0.4 equiv.) in EO (20 mL), then withN,N-diallylamine
(2.96 mL, 15.93 mmol, 2.5 equiv.) in THF (13 mL) gove the
title product as a pale yellow oil (1.10 g, 59%, D&Z) was

phenylprop-2-en-1-ammonium bromide 21

Following general procedu: (E)-N,N-diallyl-3-(phenyl)prop-
2-en-1-amine (5.0 g, 23.47 mmol, 1.0 equiv.) wasteshwith 4-
nitrophenyl bromoacetate (7.32 g, 28.17 mmol, IgRiwe) in

MeCN (23.5 mL) to give the title product as a whitdics (5.54

g, 50%); mp 128 °C (dec.Pmax (film, cm™) 2945, 1771, 16186,
1591, 1528, 1452, 1346, 1996, 166, 1142, 988, 883; 'H

NMR (500 MHz, d-DMSO) &, 4.27 (4H, d,J 7.3, diallyl-

C(1)Hy), 4.37 (2H, dJ 7.4, C(1H,), 4.73 (2H, s, COH,), 5.57-

5.89 (4H, m, diallyl-C(3),), 6.24 (2H, ddtJ 17.3, 10.0, 7.3,
diallyl-C(2)H), 6.60 (1H, dtJ 15.5, 7.4, C(3)l), 7.03 (1H, dJ

15.5, C(3M), 7.34-7.46 (3H, m, Af), 7.49 (2H, d,J 9.1,

Ar(3,5H), 7.56-7.68 (2H, m, Ad), 837 (2H, d,J 9.1,

Ar(2,6)H); C{™H} NMR (126 MHz, de-DMSO) 5. 56.2

(COCH,), 62.3 (diallylC(1)H,), 62.5 C(1)H,), 115.7 C(2)H),

123.0 (AC(2,6)H), 125.4 (A€(3,5)H), 125.6 (diallyle(3)H,),

127.4 (C(3)AC(2,6)H), 128.6 (diallyle(2)H), 128.8
(C(3)ArC(3,5)H), 129.2 (C(3)AE(4)H), 135.1 (C(3)AE(1)),

141.6 C(3)H), 145.7 (A€(1)-0O), 153.7 (A€(4)-NO,), 163.3
(C:O), HRMS (EST) C23H2504N2+ [M]+ found: 3931801,
requires: 393.1809 (-2.0 ppm).

(E)-N,N-Diallyl-N-(2-(4-nitr ophenoxy)-2-oxoethyl)-3-(4-
nitrophenyl)prop-2-en-1-ammonium bromide 51

Following general procedure B: (E)-N,N-diallyl-3-(4-

nitrophenyl)prop-2-en-1-amine (1.0 g, 3.88 mmol) kquiv.)
was reacted with 4-nitrophenyl bromoacetate (1.2L.&5 mmol,
1.2 equiv.) in MeCN (4 mL) to give the title produat a white
solid (0.55 g, 28%) after recrystallization from GN; mp 142
°C (dec.);vmay (film, cm'l) 2945, 1773, 1593, 1516, 1452, 1343,
1197, 1167, 1069, 1012, 951, 88®%f NMR (500 MHz, ds

DMSO) 8y, 4.30 (4H, d,J 7.3, diallyl-C(1H,), 4.43 (2H, d,) 7.4,

C(1)Hy), 4.77 (2H, s, COB,), 5.71-5.84 (4H, m, diallyl-C(3),),

6.24 (2H, ddt, diallyl-C(3)), 6.87 (1H, dtJ 15.5, 7.4, C(3)),

7.17 (1H, d,J 15.5, C(3MH), 7.51 (2H, dJ 9.1, Ar(2,6H), 7.92
(2H, d,J 8.9, C(3)Ar(2,6M), 8.29 (2H, dJ 8.9, C(3)Ar(3,5M),

8.38 (2H, d,J 9.1, Ar(3,5H); “*C{*H} NMR (126 MHz, ds-

DMSO) é¢ 56.3 (CCQCH,), 61.9 C(1)H,), 62.5 (diallylC(1)H,),

120.9 C(2)H), 123.0 (A€(2,6)H), 123.9 (A€(3,5)H), 125.3
(diallyl-C(2)H), 125.6 (A€(3,5)H), 128.5 (A€(2,6)H), 128.8
(diallyl-C(3)H,), 139.1 C(3)H), 141.7 (C(3)AE(4)-NG,), 145.7
(ArC(1)-0), 147.4 (C(3)AC(1)), 153.7 (AEC(4)-NO,), 163.2
(C=0); HRMS (ESI) C,H»0N;" [M]" found: 438.1651,
requires: 438.1660 (2.1 ppm).

(E)-N,N-Diallyl-3-(2-bromophenyl)-N-(2-(4-nitr ophenoxy)-2-
oxoethyl)prop-2-en-1-ammonium bromide 52
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Following general procedure B: (E)-N,N-diallyl-3-(2-
bromophenyl)prop-2-en-1-amine (1.1 g, 3.77 mmd), dquiv.)
was reacted with 4-nitrophenyl bromoacetate (1.18%8 mmol,
1.2 equiv.) in MeCN (4 mL) to give the title produat a white
solid (0.80 g, 39%) after recrystallization from @N; mp 98 °C

(ArC(2,6)H), 131.7 (AE(3,5)H), 134.4 (C(3)AE(1)), 140.2
(C(3)H), 145.7 (AC(1)-0), 153.7 (AE(4)-NO,), 163.3 C=0):
HRMS (ESI) CygH.40.N7Br* [M]* found: 471.0904, requires:
471.0914 (-2.1 ppm).

(dec.); vmax (film, cm™®) 2954, 1773, 1525, 1348, 1201, 1168, [2,3]-Rearrangement Products

1066, 1022, 943, 858H NMR (400 MHz,ds-DMSO) &, 4.31
(4H, d,J 7.2, diallyl-C(1H,), 4.46 (2H, dJ 7.4, C(1H,), 4.79
(2H, s, CO®,), 5.65.-5.84 (4H, m, diallyl-C(B},), 6.24 (2H,
ddd, J 17.0, 9.8, 5.3, diallyl-C(8)), 6.62 (1H, dt,J 15.3, 7.4,
C(2H), 7.24 (1H, dJ 15.3, C(3M), 7.33 (1H, tJ 7.6, Ar(4H),
7.47 (1H, tJ 7.7, Ar(5H), 7.52 (2H, d,J 8.9, ArC(2,6H), 7.69
(1H, d,J 8.0, Ar(6H), 7.96 (1H, dJ 7.8, Ar(3H), 8.37 (2H, d.)
8.9, ArC(3,5H); “C{*H} NMR (126 MHz, d--DMSO) 5. 56.2
(COCH,), 62.0 C(1)H,), 62.4 (diallylC(1)H,), 119.5 C(2)H),
123.0 (AC(2,6)H), 123.3 (C(3)AE(2)-Br), 125.4 (AEC(3,5)H),
1256  (diallylC(3)H,), 128.1 (C(3)AE(4)H), 128.6
(C(3)ArC(6)H), 128.6 (diallylc(2)H), 130.9 (C(3)AE(5)H),
132.9 (C(3)AE(3)H), 134.8 (C(3)AE(1)), 139.4 C(3)H), 145.7
(ArC(1)-0), 153.7 (AE(4)-NO,), 163.2 C=0); HRMS (EST)

General Procedure C: Catalytic asymmetric [2,3]-
rearrangement oN,N-diallyl ammonium salts and subsequent
nucleophilic quench

A flame dried Schlenk flask was charged with a sotut (+)-
BTM (0.2 equiv.), HOBt (1.0 equiv.JPLNH (1.4 equiv.) and
MeCN (0.07M) and cooled to —20 °C and stirred for 5 mins. The
solution was treated with the requisite ammonium $alo
equiv.) and stirred for a further 16 h, after whithe
corresponding nucleophile (2.0 - 5.0 equiv.) wasedddnd the
reaction allowed to warm to rt and stirred for thedistated. The
reaction was quenched with agM1NaOH (equal volume) and
extracted with CKHCl, (3 x equal volume). The combined organic

C23H2404N27£’Br+ [M]™ found: 471.0904, requires: 471.0914 (-2.1layers were washed with ag.M NaOH (2 x equal volume),

ppm).

(E)-N,N-Diallyl-3-(4-fluor ophenyl)-N-(2-(4-nitr ophenoxy)-2-
oxoethyl)prop-2-en-1-ammonium bromide 53

Following general procedure B: (E)-N,N-diallyl-3-(4-

fluorophenyl)prop-2-en-1-amine (1.0 g, 4.33 mmab &quiv.)
was reacted with 4-nitrophenyl bromoacetate (1.3 1) mmol,
1.2 equiv.) in MeCN (4.3 mL) to give the title pradwas a white
solid (1.23 g, 58%); mp 132 °C (decv)a (film, cm™) 2945,
1771, 1591, 1528, 1348, 1200, 1159, 1141, 988, 839; 'H

NMR (500 MHz, de-DMSO) & 4.28 (4H, d,J 7.3, diallyl-

C(1)Hy,), 4.36 (2H, dJ 7.5, C(1H,), 4.75 (2H, s, COH,), 5.71-
5.82 (4H, m, diallyl-C(3),), 6.24 (2H, ddtJ 17.3, 10.1, 7.2,
diallyl-C(2)H), 6.56 (1H, dtJ 15.5, 7.5, C(3)l), 7.02 (1H, dJ

15.5, C(3H), 7.27 (2H, t,J 8.8, Ar(3,5H), 7.50 (2H, d,J 9.1,

Ar(2,6)H), 7.71 (2H, ddJ 8.7, 5.7, Ar(2,84), 8.37 (2H, dJ 9.1,

Ar(3,5)H); 'F NMR (476 MHz,d;-DMSO) & -112.1 (ddt,J

14.4, 9.0, 5.6, AF); “C{’H} NMR (126 MHz, ds-DMSO) &¢

56.2 (CQCHy), 62.2 (diallylC(1)H,), 62.4 C(1)H,), 115.6 (d,
2Jer 21.4, AC(3,5)H) + C(2)H), 123.0 (AC(2,6)H), 125.4
(ArC(3,5)H), 125.6 (diallyle(3)H), 128.6 (diallylc(2)H), 129.6
(d, 3Jer 8.2, AC(2,6)H), 131.8 (d,"Jcr 3.1, AIC(1)), 140.4
(C(3)H), 145.7 (AC(1)-0)), 153.7 (AE(4)-NO,), 162.5 (d,"Jcr

247, AIC(4)-F), 163.3 C=0); HRMS (EST) CosH,,0,N,F" [M]*

found: 411.1708, requires: 411.1715 (-1.7 ppm).

(E)-N,N-Diallyl-3-(4-bromophenyl)-N-(2-(4-nitr ophenoxy)-2-
oxoethyl)prop-2-en-1-ammonium bromide 54

Following general procedure B: (E)-N,N-diallyl-3-(4-
bromophenyl)prop-2-en-1-amine (0.99 g, 3.39 mmd), €quiv.)
was reacted with 4-nitrophenyl bromoacetate (1.06@6 mmol,
1.2 equiv.) in MeCN (4 mL) to give the title prodwuas a white
solid (1.12 g, 60%); mp 126 °C (decCuyax (film, cm™) 2943,
1771, 1591, 1526, 1487, 1450, 1346, 1198, 11672,19309, 883;
'H NMR (500 MHz, ds-DMSO) 8, 4.26 (4H, d,J 7.3, diallyl-
C(1)H,), 4.35 (2H, dJ 7.4, C(1H,), 4.73 (2H, s, COH,), 5.68-
5.85 (4H, m, diallyl-C(3}1,), 6.12-6.31 (2H, m, diallyl-C(®)),
6.63 (1H, dtJ 15.5, 7.4, C(H)), 6.99 (1H, d,J 15.5, C(3H),
7.49 (2H, d,J 9.1, Ar(2,6H), 7.55-7.66 (4H, m, Ar(2,3,56),
8.36 (2H, d,J 9.1, Ar(3,5H); °C {*H} NMR (126 MHz, ds-
DMSO) é¢ 56.2 (CQCH,), 62.3 C(1)H,), 62.3 (diallylC(1)H,),
116.8 C(2)H), 122.4 (AC(4)-Br), 123.0 (AC(2,6)H), 125.4
(ArC(3,5)H), 125.6 (diallylc(3)H,), 128.7 (diallylC(2)H), 129.5

brine (equal volume), dried over Mgg@nd concentrateih

vacua The residue was analysed By NMR to determine dr,
then purified by flash column chromatography to egithe
rearranged product.

Ethyl (2S,3S)-2-(diallylamino)-3-phenylpent-4-enoate 22

Following general procedureC, (E)-N,N-diallyl-N-(2-(4-
nitrophenoxy)-2-oxoethyl)-3-phenylprop-2-en-1-amrioon
bromide (1.0 g, 2.11 mmol, 1.0 equiv.) was reacteth Wi)-
BTM (107 mg, 0.42 mmol, 0.2 equiv.), HOBt (285 mgl2.
mmol, 1.0 equiv.) anéPLNH (413 pL, 2.95 mmol, 1.4 equiv.) in
MeCN (30 mL), then quenched with NaOEtnlin EtOH, 10.6
mL, 10.6 mmol, 5.0 equiv.) and stirred for a furti2d h at rt.
Crude dr>95:5. The residue was purified by flash column
chromatography on silica gel (5% EtOAc/hexanes) t@ dhe
title product (479 mg, 76%, >95:5 dr) as a colasleil; HPLC
analysis, Chiralpak AD-H (0.5% IPA/hexane, flow rateé 1.
mL/min, 211 nm, 40 °C)ztMajor 3.2 min, Minor 3.7 min, 97%
ee;[a]2° +18.8 € 1, CHCL); vmax (film, cm ™) 2980, 1726, 1640,
1445, 1417, 1246, 1152, 995, 916 NMR (500 MHz, CDCY))
dy 1.33 (3H, t,J 7.1, OCHCH,), 2.83 (2H, dd,J 14.5,8.3,
NCHH), 3.37 (2H, ddtJ 14.5, 4.1, 1.9, NCH), 3.76-3.85 (2H,
m, C(2H + C(3H), 4.14-4.30 (2H, O8,CHs), 4.88-5.16 (6H,
m, C(5H, + diallyl-C(3)H,), 5.34-5.37 (2H, m, diallyl-C()),
5.92 (1H, ddddJ 17.1, 10.2, 7.0, 0.9, C@), 7.13-7.19 (2H, m,
ArH), 7.20-7.26 (1H, m, A), 7.26-7.35 (2H, m, Ad); *C{*H}
NMR (179 MHz, CDCJ) 8¢ 14.7 (OCHCHj), 50.4 C(3)H), 53.2
(NCH,), 60.1 (GCH,CHzy), 65.4 C(2)H), 116.7 C(5)H,), 117.2
(diallyl-C(3)H,), 126.5 (AC(4)H), 128.3 (AC(2,6)H), 128.5
(ArC(3,5)H), 128.5 (AE€(2,6)H), 136.4 (diallylc(2)H), 138.7
(C(4)H), 141.0 (AE(1), 1715 C€=0); HRMS (ES))
CyoH,¢0,N* [M+H]" found: 300.1948, requires: 300.1958 (-3.4
ppm).

(2S,39)-N-Benzyl-2-(diallylamino)-3-phenylpent-4-enamide
29

Following general procedureC, (E)-N,N-diallyl-N-(2-(4-
nitrophenoxy)-2-oxoethyl)-3-phenylprop-2-en-1-amriowon
bromide (114 mg, 0.24 mmol, 1.0 equiv.) was reagtét (+)-
BTM (12 mg, 0.048 mmol, 0.2 equiv.), HOBt (6.4 mgp4B
mmol, 0.2 equiv.) andPrLNH (47 pL, 0.34 mmol, 1.4 equiv.) in
MeCN (3.5 mL), then quenched with BnhH131 uL, 1.20
mmol, 5.0 equiv.) and stirred for a further 24 mude dr93:7.



The residue was purified by flash column chromatplgyaon
silica gel (0-2% EO/CH,CI,) to give the title product (85 mg,
98%, 92:8 dr) as a colourless oil; HPLC analysisraipak OJ-H
(5% IPA/hexane, flow rate 1.5 mL/min, 211 nm, 40 tCMajor
6.2 min, Minor 5.2 min, 84% e¢q]2’ +53.1 € 1.0, CHCL); vmax

9
87%, >95:5 dr) as a colourless oil; HPLC analysikir&pak
AD-H (5% IPA/hexane, flow rate 1.5 mL/min, 211 nm, 4%) %
Major 3.8 min, Minor 5.9 min, 98% edp]3’ +134.0 ¢ 1,
CHCL); vmax (film, cm™) 2974, 1629, 1429, 1420, 1157, od4;
NMR (700 MHz, CDCJ) &, 1.76-1.93 (4H, m, C(3+ 4)H,),

(film, cm™) 3296, 2928, 1631, 1506, 1452, 1334, 1246, 11202.96 (2H, dd,J 15.1, 7.9, N&IH), 3.36-3.45 (3H, m, NCH

912;'H NMR (500 MHz, CDC)) 8 2.92 (2H, ddJ 14.6, 8.0,
NCHH), 3.38-3.46 (2H, m, NCH), 3.51 (1H, dJ 9.9, C(2H),

3.94-4.02 (1H, m, C(3)), 4.51 (2H, ddJ 5.6, 2.9, Ph@&)), 4.93-
5.16 (6H, m, C(3), + diallyl-CH,), 5.45 (2H, ddddJ 16.8, 10.5,
8.0, 4.4, diallyl-C(1§), 5.95-6.06 (2H, m, C(#) + NH), 7.14-
7.34 (10H, m, AH); “*C{*H} NMR (75 MHz, CDC}) &. 43.4
(PhCH,), 49.7 C(3)H), 53.5 (diallylC(1)H,), 66.7 C(2)H),

117.0 C(5)H, + diallyl-C(3)H,), 126.4 (C(3)ArC(4)H), 127.7
(Ar(C(4)H), 128.2 (C(3)AIC(2,6)H), 128.3 (ArC(2,6)H), 128.6
(C(3)Ar(C(3,5)H), 128.8 (ArC(3,5)H), 137.1 (diallylc(2)H),

138.4 (C(3)AC(1)), 139.0 C(4)H), 141.5 (ArC(1)), 170.2
(C=0); HRMS (NSI") C,yH,N,O" [M+H]" found: 361.2277,
requires 361.2274 (+0.8 ppm).

(25,39)-2-(Diallylamino)-3-phenylpent-4-en-1-ol 28

Following general procedur€, with slight modification [)-
N,N-diallyl-N-(2-(4-nitrophenoxy)-2-oxoethyl)-3-phenylprop-2-
en-1l-ammonium bromide (114 mg, 0.24 mmol, 1.0 ejuwiras
reacted with (+)-BTM (12 mg, 0.048 mmol, 0.2 equiHOBt
(32 mg, 0.24 mmol, 1.0 equiv.) am@r,NH (47 pL, 0.34 mmol,
1.4 equiv.) in MeCN, then concentratedvacuoand the solvent
switched to THF (3.5 mL, 2 cycles). The solution wasled to 0
°C and treated with LiAl{(1.0M in THF, 0.48 mL, 0.48 mmol,
2.0 equiv.) dropwise. The reaction was stirred fdr, uenched
by the addition of ag. M KOH (10 mL) and extracted with
EtOAc (3 x 20 mL). The combined organic layers werstvea
with ag. 1M KOH (2 x 10 mL), dried over MgSOthen
concentratedn vacuo Crude dr>95:5. The residue was purified
by flash coloumn chromatography on silica gel (0410
Et,O/CH,CI,) to give the title product (54 mg, 88%, >95:5 ds)

+C(2)HH), 3.49 (2H, tJ 6.9, C(3)H,), 3.58 (1H, dtJ 9.8, 6.5,
C(2)HH), 3.82-3.98 (2H, m, C(®) + C(3H), 4.84-5.09 (6H, m,
C(5)H, + diallyl-C(3)H,), 5.41 (2H, ddddJ 17.1, 10.2, 7.9, 4.2,
diallyl-C(2)H), 5.90 (1H, dddJ 17.0, 10.1, 7.7, C(#), 7.21
(3H, tt,J 8.2, 1.5, AH), 7.30 (2H, dd,) 8.6, 6.6, AH); “C{'H}
NMR (179 MHz, CDC)) 5¢ 24.4 C(4)H,), 26.4 C(3)H,), 45.4
(C(5)H,), 51.3 C(3)H), 53.3 (diallylC(1)H,), 63.5 C(2)H),
116.1 (diallylC(3)H,), 116.9 C(5)H,), 126.4 (AC(4)H), 128.3
(ArC(2,6)H), 128.8 (A€(3,5)H), 137.9 (diallylc(2)H), 138.7
(C(4)H), 141.4 (A€(1), 171.0 C€=0); HRMS (ESI)
CoiH20ON," [M+H]" found: 325.2265, requires: 325.2274 (-2.8
ppm).

Ethyl (2S,39)-3-(2-bromophenyl)-2-(diallylamino)pent-4-
enoate 33

Following general procedure C, (E)-N,N-diallyl-3-(2-
bromophenyl)N-(2-(4-nitrophenoxy)-2-oxoethyl)prop-2-en-1-
ammonium bromide (0.3 g, 0.54 mmol, 1.0 equiv.) weected
with (+)-BTM (27 mg, 0.11 mmol, 0.2 equiv.), HOBt (73qg,
0.54 mmol, 1.0 equiv.) antPr,NH (105 pL, 0.76 mmol, 1.4
equiv.) in MeCN (7.7 mL), then quenched with NaOEMin
EtOH, 2.70 mL, 2.70 mmol, 5.0 equiv.) and stirred ddfurther
24 h at rt. Crude dB2:8. The residue was purified by flash
column chromatography on silica gel (5% EtOAc/hexartes
give the title product (173 mg, 85%, 92:8 dr) asoburless ail;
Enantiopurity determined after derivatisation 3® and N-Boc
protection 92% eefa]2’ + 9.6 € 1, CHCE); vnax (film, cm™)
2980, 1728, 1638, 1472, 1244, 1177, 1153, 1020, ¥18IMR
(500 MHz, CDC}) 3,;1.32 (3H, tJ 7.1, OCHCH,), 2.79 2H, dd,
J 14.4, 8.5, NEIH), 3.38 (2H, ddt) 14.4, 4.0, 1.9, NCH), 3.85

a colourless oil; HPLC analysis, Chiralpak OJ-H (0.5%(1H, d,J 11.6, C(2M), 4.14-4.29 (2H, m, OB,CHjs), 4.47 (1H,

IPA/hexane, flow rate 1.5 mL/min, 211 nm, 40 °@Major 5.5
min, Minor 4.5 min, 96% eefa]3’ +27.3 € 1.0, CHCL); vjax
(film, cm™) 3420, 2924, 1601, 1415, 1265, 1045, 991, 94;
NMR (400 MHz, CDC}) 8, 2.70 (2H, ddJ 14.1, 8.0, NEIH),
3.23 (2H, ddtJ 14.1, 4.4, 1.7, NCH), 3.30 (1H, app. tJ 10.0,
CHHOH), 3.37 (1H, tdJ 9.5, 9.0, 4.1, C(#)), 3.47 (1H, tJ 9.5,
C(3)H), 3.63 (1H, ddJ 10.0, 4.1, CHIOH), 4.84-5.11 (6H, m,
diallyl-C(3)H, + C(5H,), 5.64 (2H, dddd, 17.2, 10.2, 8.0, 4.8,
diallyl-C(2)H), 5.79-6.01 (1H, m, C(#)), 7.21-7.34 (5H, m,
ArH); *C{'*H} NMR (100 MHz, CDC}) 8¢ 51.4 C(3)H), 52.6
(diallyl-C(1)H,), 60.3 C(1)H,), 62.2 C(2)H), 115.8 C(5)H,),
117.4 (diallylC(3)H,), 126.9 (AC(4)H), 128.2 (AC(2,6)H),
128.8 (AIC(3,5)H), 137.0 (diallyle(2)H), 138.9 C(4)H), 143.0
(ArC(1)); HRMS (NSI") C;;H,,NO" [M+H]" found: 258.1853,
requires 258.1852 (+0.4 ppm).

(2S5,39)-2-(Diallylamino)-3-phenyl-1-(pyrrolidin-1-yl)pent-4-
en-1-one 27

Following general procedureC, (E)-N,N-diallyl-N-(2-(4-
nitrophenoxy)-2-oxoethyl)-3-phenylprop-2-en-1-amrioon
bromide (114 mg, 0.24 mmol, 1.0 equiv.) was reagtét (+)-
BTM (12 mg, 0.048 mmol, 0.2 equiv.), HOBt (32 mg, 9.2
mmol, 1.0 equiv.) andPrL,NH (47 pL, 0.34 mmol, 1.4 equiv.) in
MeCN (3.5 mL), then quenched with pyrrolidine (100, 1L20
mmol, 5.0 equiv.) and stirred for a further 24 hrtatCrude dr
>95:5. The residue was purified by flash column oratography
on silica gel (0-5% EO/CH,CI,) to give the title product (68 mg,

dd, J 11.6, 8.0, C(3), 4.93-5.17 (6H, m, C(5), + diallyl-

C(3H,), 5.40 (2H, dddd,) 17.3, 11.3, 8.5, 4.0, diallyl-C(R),

5.75 (1H, dddJ 17.6, 10.1, 8.0, C(#), 7.05 (1H, ddd, 8.1,
7.2, 1.7, ArC(4), 7.15 (1H, dd)) 7.7, 1.7, ArC(5H), 7.28 (1H,
dd, J 7.7, 1.3, ArC(6}), 7.53 (1H, dd,J 8.0, 1.3, ArC(3M);

®C{'H} NMR (126 MHz, CDC}) &c 14.8 (OCHCH,), 48.5
(C(3)H), 53.3 (NCH,), 60.2 (QCH,CHs), 65.1 C(2)H), 117.3
(diallyl-C(3)H,), 117.6 C(5)H,), 125.3 (AC(2)-Br), 127.2
(ArC(5)H, 127.8 (AC(4)H), 129.7 (AC(6)H, 132.9 (AC(3)H),

136.2 (diallylC(2)H), 137.3 C(4)H), 139.8 (A€(1)), 171.2
(C=0); HRMS (EST) CyH,s0,NBr* [M+H]* found: 378.1052,
requires: 378.1063 (-2.9 ppm).

Ethyl (2S,39)-2-(diallylamino)-3-(4-nitr ophenyl)pent-4-enoate
32

Following general procedure C, (E)-N,N-diallyl-3-(4-
nitrophenyl)N-(2-(4-nitrophenoxy)-2-oxoethyl)prop-2-en-1-
ammonium bromide (0.2 g, 0.39 mmol, 1.0 equiv.) neected
with (+)-BTM (20 mg, 0.08 mmol, 0.2 equiv.), HOBt (58qg,
0.39 mmol, 1.0 equiv.) anéPLNH (76 pL, 0.55 mmol, 1.4
equiv.) in MeCN (5.6 mL), then quenched with NaOEMin
EtOH, 1.95 mL, 1.95 mmol, 5.0 equiv.) and stirred ddfurther
24 h at rt. Crude dB0:10. The residue was purified by flash
column chromatography on silica gel (5% EtOAc/hexartes
give the title product (92 mg, 69%, 90:10 dr) ageHlow oil;
Enantiopurity determined after derivatisation 3® and N-Boc
protection, 96% e€fa]?’ +54.7 € 1, CHCE); vmay (film, cm™)
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2980, 1724, 1518, 1343, 1155, 920, 8%4NMR (500 MHz,
CDCly) &4 1.34 (3H, t,J 7.1, OCHCH,), 2.81 (2H, ddJ 14.4,
8.4, NCHH), 3.35 (2H, ddt) 14.4, 4.0, 1.9, NCH), 3.82 (1H, d,
J11.7, C(2M), 3.98 (1H, ddJ 11.7, 7.9, C(3Y), 4.24 (2H, dddd,
J 18.0, 10.8, 7.1, 3.7, QGCH,), 4.98-5.16 (6H, m, C(5), +
diallyl-C(3)H,), 5.36 (2H, ddddJ 16.9, 10.3, 8.3, 4.1, diallyl-
C(2H), 5.86 (1H, ddd) 17.0, 10.3, 7.9, C(#), 7.33 (2H, d .
8.8, Ar(2,6H), 8.19 (2H, d, 8.8, Ar(3,5H); “*C{'H} NMR (126
MHz, CDCk) 8¢ 14.7 (OCHCHg), 50.1 C(3)H), 53.1 (NCH,),
60.4 (QCH,CHs), 64.9 C(2)H), 117.9 (diallylc(3)H,), 118.2
(C(5)Hy), 123.6 (AC(3,5)H), 129.4 (A€(2,6)H), 135.6 (diallyl-
C(2)H), 137.1 C(4)H), 146.7 (AC(1)), 149.1 (AE(4)-NO,),
170.6 €C=0); HRMS (ESI) C;HxO,N," [M+H]" found:
345.1802, requires: 345.1809 (2.0 ppm).

Ethyl (2S,39)-3-(4-bromophenyl)-2-(diallylamino)pent-4-
enoate 34
Following general procedure C, (E)-N,N-diallyl-3-(4-

bromophenyl)N-(2-(4-nitrophenoxy)-2-oxoethyl)prop-2-en-1-
ammonium bromide (400 mg, 0.73 mmol, 1.0 equiv.) weasted
with (+)-BTM (37 mg, 0.15 mmol, 0.2 equiv.), HOBt (98g,
0.73 mmol, 1.0 equiv.) aniPr,NH (142 pL, 1.02 mmol, 1.4
equiv.) in MeCN (10.4 mL), then quenched with NaOEM(In
EtOH, 3.65 mL, 3.65 mmol, 5.0 equiv.) and stirred dofurther

Tetrahedron

ddd,J 17.1, 10.2, 7.6, C(#), 6.98 (2H, tJ 8.7, Ar(3,5H), 7.09
(2H, ddt, 8.3, 5.2, 2.5, Ar(2H); “F{*H} NMR (272 MHz,
CDCly) & -116.9 (AF); *C{'H} NMR (126 MHz, CDC}) 8¢
14.7 (OCHCHs,), 49.5 C(3)H), 53.1 (\CH,), 60.2 (GCH,CH),
65.3 C(2)H), 115.1 (d,Jcr 21.2, AC(3,5)H), 116.8 C(5)H,),
117.4 (diallylC(3)H,), 129.9 (d,%Jr 7.8, AIC(2,6)H), 136.2
(diallyl-C(2)H), 136.7 (d;Jer 3.2, AIC(1)), 138.5 C(4)H), 161.6
(d, “er 244, AC-F), 171.3 C=0); HRMS (ESI) C,gH,:0,NF"
[M+H]" found: 318.1854, requires: 318.1864 (-3.1 ppm).

Deallylation of Products

General Procedure D: Bis-deallylation ofa-N,N diallyl amino
esters

A flamed dried Schlenk tube was charged with Pd(d@)
equiv.), dppb (0.1 equiv.) and thiosalicyclic adl0 equiv.)
under Ar. A solution ofN,N-diallyl amino ester (1.0 equiv.) in
degassed THF (0.M) was added and the resulting mixture
heated to 60 °C under Ar for 3 h. Once complete ¢aetion was
cooled to rt and agq. M HCI and EtOAc added, the layers
separated and the aqueous layer washed with EtOAceual
volume). The aqueous layer was then concentratedicuoto
give the purer-amino ester hydrochloride salt.

24 h at rt. Crude dB0:10. The residue was purified by flash General Procedure E: N-Boc protection ofa-amino ester

column chromatography on silica gel (5% EtOAc/hexartes
give the title product (213 mg, 77%, 91:9 dr) agefiow oil;
HPLC analysis, Chiralpak AD-H (0.5% IPA/hexane, flowerat
1.5 mL/min, 211 nm, 40 °CktMajor 3.2 min, Minor 3.9 min,
96% eeja]Z’ +40.5 € 1, CHCL); vma (film, cm™) 2980, 1726,
1489, 1173, 1153, 1011, 9184 NMR (500 MHz, CDC)) 84
1.30 (3H, tJ 7.1, OCHCH), 2.79 (2H, dd,) 14.4, 8.4, NEIH),
3.33 (2H, ddtJ 14.4, 4.1, 1.9, NCH), 3.67-3.81 (2H, m, C(®)
+ C(3H), 4.13-4.26 (2H, m, OB,CH,), 4.96-5.09 (6H, m,
C(5)H, + diallyl-C(3)H,), 5.38 (2H, ddddJ 16.5, 10.8, 8.4, 4.1,
diallyl-C(2)H), 5.83 (1H, dddJ 17.0, 10.2, 7.7, C(#), 7.02
(2H, d,J 8.4, Ar(2,6H), 7.41 (2H, dJ 8.4, Ar(3,5H); “"C{'H}
NMR (126 MHz, CDC}) 8:14.7 (OCHCHz), 49.7 C(3)H), 53.1
(NCH,), 60.2 (GCH,CHy), 65.1 C(2)H), 117.1 C(5)H,), 117.5
(diallyl-C(3)H,), 120.0 (AEC-Br), 130.3 (AC(2,6)H), 131.3
(ArC(3,5)H), 136.1 (diallylc(2)H), 138.1 C(4)H), 140.1
(ArC(1)), 171.2 C=0); HRMS (ESI) CigH,:0,NBr" [M+H]"
found: 378.1054, requires: 378.1063 (-2.4 ppm).

Ethyl (2S,39)-2-(diallylamino)-3-(4-fluor ophenyl)pent-4-
enoate 31
Following general procedure C, (E)-N,N-diallyl-3-(4-

nitrophenyl)N-(2-(4-fluorophenoxy)-2-oxoethyl)prop-2-en-1-
ammonium bromide (400 mg, 0.82 mmol, 1.0 equiv.) weasted
with (+)-BTM (40 mg, 0.16 mmol, 0.2 equiv.), HOBt (11ig,
0.82 mmol, 1.0 equiv.) antPr,NH (160 pL, 1.15 mmol, 1.4
equiv.) in MeCN (12 mL), then quenched with NaOEtM1in
EtOH, 4.10 mL, 4.10 mmol, 5.0 equiv.) and stirred dofurther
24 h at rt. Crude dB4:6. The residue was purified by flash
column chromatography on silica gel (5% EtOAc/hexartes
give the title product (222 mg, 85%, 95:5 dr) asokurless oil;
HPLC analysis, Chiralpak AD-H (0.5% IPA/hexane, flowerat
1.5 mL/min, 211 nm, 40 °CkxtMajor 3.3 min, Minor 4.3 min,
96% ee;[a]3°+14.8 € 1, CHCE); vy (film, cm™) 2980, 1726,
1508, 1223, 1157, 918, 82% NMR (300 MHz, CDC}) 5, 1.30
(3H, t,J 7.1, OCHCHy), 2.79 (2H, dd) 14.5, 8.3, NEiH), 3.34
(2H, ddt,J 14.5, 4.0, 1.9, NCH), 3.65-3.84 (2H, m, C(}) +
C(3)H), 4.09-4.34 (2H, m, OB,CH>), 4.86-5.14 (6H, m, C(5),

+ diallyl-C(3)H,), 5.26-5.50 (2H, m, diallyl-C(#)), 5.85 (1H,

hydrochloride salts

A solution of a-amino ester hydrochloride salt (1.0 equiv.) in
CH,CI, (0.07 M) was treated with NE{3.0 equiv.) and Bg©
(5.0 equiv.) and stirred for 16 h at room tempemtulhe
resulting mixture was concentratedvacuq dissolved in MeOH
(3 x equal volume) and treated with 4-DMAP (0.1 equand
stirred for 3 h. Once complete the solution was cotragedin
vacugq dissolved in EtOAc (5 x equal volume) washed withlag.
M HCI (equal volume) and brine (equal volume), drieeer
MgSQ, and concentrateth vacuoto give theN-Boc a-amino
ester.

Ethyl (2S,3S)-2-amino-3-phenylpent-4-enoate hydrochloride
36

Following general procedur®, Pd(dbay) (19 mg, 0.033 mmol,
0.1 equiv), dppb (14 mg, 0.033 mmol, 0.1 equih)pgalicyclic
acid (254 mg, 1.65 mmol, 5.0 equiv.) and ethy58%)-2-
(diallylamino)-3-phenylpent-4-enoate (100 mg, 0/8&iol, 1.0
equiv.) were reacted in THF (3.3 mL) to give theetjgroduct as
a colourless gum (65 mg, 77%, >95:5 dr); The cpoading free
amine was prepared for HPLC analysis by dissolutiofiPLC
iPrOH and filtration through a pipette plug 05CGO; HPLC
analysis, Chiralpak AS-H (5% IPA/hexane, flow rate 1.5
mL/min, 211 nm, 40 °C)gtMajor 3.5 min, Minor 4.0 min, 94%
ee;[a]2°+59.2 € 1, MeOH); v (film, cm™) 3375, 2870, 1736,
1587, 1495, 1219, 1043, 993, 858 NMR (400 MHz, d,
MeOH) &y 1.24 (3H, t,J 7.1, OCHCH,), 3.88 (1H, t,J 8.4,
C(3)H), 4.23 (2H, g,J 7.1, OCH,CH,), 4.36 (1H, d,J 8.4,
C(2)H), 5.20-5.33 (2H, m, C(5),), 6.13 (1H, dddJ 17.2, 9.9,
9.1, C(4H), 7.28-7.47 (5H, m, A); “*C{*H} (126 MHz, d,-
MeOH) 3; 14.3 (OCHCHj3), 52.9 C(3)H), 58.0 C(2)H), 63.4
(OCH,CHg), 119.9 C(C(5)H), 129.2 (AC(4)H), 129.2
(ArC(3,5)H), 1303 (A€(2,6)H), 136.1 C(4)H), 138.7 (AC(1)),
169.4 C=0); HRMS (ESI) C;3H;50,N" [M]" found: 220.1327,
requires: 220.1332 (-2.3 ppm).

Ethyl (2S,3S)-2-acetamido-3-phenylpent-4-enoate 55



A solution of ethyl
hydrochloride (276 mg, 1.08 mmol, 1.0 equiv.) ity @H,Cl, (6

mL) was treated with BN (300 pL, 2.15 mmol, 2.0 equiv.) and

acetic anhydride (200 pL, 2.12 mmol, 2.0 equivd atirred for
16 h at room temperature. The reaction mixture \was diluted
by the addition of EtOAc (50 mL). The resulting sauatwas
washed with brine (20 mL), dried over MgSénd concentrated
in vacuo The crude residue was purified by Biotagsolerd" 4
[SNAP Ultra 25 g, 75 mL/min, PE:EtOAc (90:10 1 CV, 90t&0
40:60 10 CV, 40:60 1 CV)] to give the title produst @ white
solid (273 mg, 97%, >95:5 dr); HPLC analysis, Cipigdd AD-H
(10% IPA/hexane, flow rate 0.7 mL/min, 211 nm, 30 1)
Minor 10.0 min, Major 12.2 min, 95% e¢ux]3°+89.8 € 1,
CHCly), lit.” [a]2°+77.3 € 0.98, CHCJ); mp: 64-66 °C;'H
NMR (400 MHz, CDCY) 8, 1.21 (3H, t,J 7.1, OCHCH,), 1.93
(3H, s, C(O)®3), 3.82 (1H, tJ 7.4, C(3H), 4.13 (2H, qJ 7.1,
OCH,CH,), 4.98 (1H, ddJ 8.7, 6.6, C(#), 5.15 — 5.23 (2H, m,
C(5)H,), 5.72 (1H, dJ 8.7, NH), 6.01 — 6.12 (1H, m, C(4),
7.18 — 7.34 (5H, Ad); “*C{'H} NMR (101 MHz, CDC}) &¢ 14.2
(OCH,CHj3), 23.3 (C(OFHs), 52.3 C(3)H), 55.9 C(2)H), 61.4
(OCH,CH;,), 117.9 C(5)H,), 127.5 (AC(4)H), 128.2 (ACH),
128.8 (AICH), 136.3 C(4)H), 138.9 (A€(1)), 169.8 C=0
ester), 171.4 (NB=0). Data consistent with literatute.

Ethyl (2S,39)-2-amino-3-(2-bromophenyl)pent-4-enoate
hydrochloride 38

Following general procedur®, Pd(dba) (16 mg, 0.027 mmol,
0.1 equiv), dppb (12 mg, 0.027 mmol, 0.1 equinhjpgalicyclic
acid (203 mg, 1.32 mmol, 5.0 equiv.) and ethy§83)-3-(2-
bromophenyl)-2-(diallylamino)pent-4-enoate (100 m@.27
mmol, 1.0 equiv., 93:7 dr) were reacted in THF (&L) to give
the title product as a colourless gum (44 mg, 49%y7 dr);
Enantiopurity determined afteN-Boc protection, 92% ee;
[a]3°+23.1 € 1, MeOH); vy (film, cm™) 3350, 2982, 1736,
1470, 1242, 1219, 1022, 939, 8%4:NMR (500 MHz, d,-
MeOH) 8, 1.17 (3H, tJ 7.2, OCHCHy), 4.19 (2H, qdJ 7.2, 4.2,
OCH,CHs), 4.36 (1H, ddJ 9.4, 7.2, C(3}1), 4.47 (1H, dJ 7.2,
C(2)H), 5.29-5.43 (2H, m, C(5),), 6.13 (1H, ddd, 16.7, 10.2,
9.4, C(4H), 7.26 (1H, dddJ 8.0, 5.0, 4.0, Ar(H)), 7.42 ng, dd,
J 4.0, 0.7, Ar(4y), 7.68 (1H, dt,J 8.0, 0.9, Ar(6M); “*C{*H}
NMR (179 MHz,d,-MeOH) 3¢ 14.2 (OCHCH,), 51.5 C(3)H),
56.3 C(2)H), 63.6 (QCH,CH3), 121.9 C(5)H,), 125.4 (AC(2)-
Br), 129.4 (AC(5)H), 130.7 (AC(4)H), 130.8 (AC(6)H), 133.9
(ArC(3)H), 134.8 C(4)H), 138.0 (AE€(1)), 169.0 C=0); HRMS

(8&,39-2-amino-3-phenylpent-4-enoate (ArC(2,6)H),

11
130.6 (A€(3,5)H), 134.6 C(4)H), 146.4
(ArC(1)), 149.1 (AC(4)-NO,), 169.0 C=0); HRMS (ES)
CisH170,N," [M]™ found: 265.1176, requires: 265.1183 (2.6
pm).

Ethyl (2S,39)-2-amino-3-(4-fluor ophenyl)pent-4-enoate
hydrochloride 37

Following general procedur®, Pd(dba) (9.2 mg, 0.016 mmol,
0.1 equiv), dppb (12.8 mg, 0.016 mmol, 0.1 equiv.),
thiosalicyclic acid (122 mg, 0.75 mmol, 5.0 equiand ethyl
(25,39-3-(4-fluorophenyl)-2-(diallylamino)pent-4-enoate (50
mg, 0.16 mmol, 1.0 equiv., 94:6 dr) were reacted iHF (1.5
mL) to give the title product as a oily yellow sol{d6 mg,
quant.,, 92:8 dr); Enantiopurity determined aft&-Boc
protection, 94% eefa]2°+40.8 € 1, CHCL); vmax (film, cm™)
3397, 2864, 1736, 1603, 1508, 1223, 1014, 934, 836\MR
(400 MHz,d,-MeOH) 8,,1.26 (3H, t,J 7.1, OCHCH,), 3.86 (1H,
t,J 8.4, C(3H), 4.24 (2H, g 7.1, OCH,CH,), 4.35 (1H, d,J 8.4,
C(2H), 5.21-5.31 (2H, m, C(5},), 6.11 (1H, dddJ 16.8, 10.3,
9.0, C(4H), 7.14 (2H, t,J 8.8, Ar(3,5H), 7.38 (2H, ddJ 8.8,
5.2, Ar(2,6H); “F{*"H} NMR (376, d,-MeOH) 5 —116.2 (AF);
B¥C{*H} NMR (126 MHz, d,-MeOH) &¢ 14.3 (OCHCH;), 52.2
(C(3)H), 58.0 C(2)H), 63.5 (QCH,CH,), 117.1 (d,%Jer 21.8,
ArC(3,5)H), 120.0 C(5)H,), 131.2 (d,*Jc 8.2, AIC(2,6)H),
134.8 (d,"Jer 3.3, AIC(1)), 135.9 C(4)H), 163.9 (d,"Jcr 2486,
ArC(4)-F), 169.4 C=0); HRMS (ESI) CyH;/ONF" [M]*
found: 238.1232, requires: 238.1238 (-2.5 ppm).

Ethyl (2S,39)-3-(2-bromophenyl)-2-((tert-
butoxycar bonyl)amino)pent-4-enoate 56

Following general procedurd ethyl (2539)-2-amino-3-(2-
bromophenyl)pent-4-enoate hydrochloride (48 mg4 Ondmol,
1.0 equiv.), NE£ (58 pL, 0.42 mmol, 3.0 equiv.) and BOc(153
mg, 0.7 mmol, 5.0 equiv.) were reacted in,CH (2 mL) to give
the title product as a yellow oil (40 mg, 72%, 88dr2, HPLC
analysis, Chiralpak AD-H (2% IPA/hexane, flow rate 1.5
mL/min, 211 nm, 40 °C)tMajor 12.4 min, Minor 9.4 min, 92%
ee;[a]2°+38.4 € 1, CHCE); vima (film, cm™) 3345, 2930, 1717,
1506, 1368, 1161, 1022, 93tH NMR (500 MHz, CDC)) &y
1.20 (3H, t,J 7.1, OCHCH), 1.33 (9H, s, C(85);), 4.06-4.18
(2H, m, OCH,CH,), 4.26 (1H, tJ 8.9, C(3H), 4.68 (1H, tJ 8.9,
C(2)H), 4.95 (1H, dJ 9.3, NH), 5.13-5.24 (2H, m, C(5},), 6.01
(1H, ddd,J 16.9, 10.2, 8.6, C(#), 7.03-7.15 (1H, m, Ad),

(ESI) Ci3H170,N"Br" [M]* found: 298.0434, requires: 298.0437 7.25-7.34 (2H, m, At), 7.56 (1H, d,) 8.0, AH); “C{'H} NMR

(=1.0 ppm).

Ethyl (2S,39)-2-amino-3-(4-nitrophenyl)pent-4-enoate
hydrochloride 39

Following general procedur®, Pd(dba) (8.4 mg, 0.015 mmol,
0.1 equiv), dppb (6.4 mg, 0.015 mmol, 0.1 equithipsalicyclic
acid (116 mg, 0.75 mmol, 5.0 equiv.) and ethy§ 83)-3-(4-
nitrophenyl)-2-(diallylamino)pent-4-enoate (50 @15 mmol,
1.0 equiv., 90:10 dr) were reacted in THF (1.5 nd_give the
title product as a colourless gum (24 mg, 53%, B8dL);
Enantiopurity determined aftéd-Boc protection, 96% egp]2°

+93.6 € 0.25, MeOH):vmay (film, cm™) 3377, 2905, 1740, 1520,

1346, 1225, 1111, 1014, 854 NMR (500 MHz,d,-MeOH) &,
1.24 (3H, t,J 7.1, OCHCH), 3.99-4.08 (1H, m, C(8)), 4.25
(2H, q,J 7.1, OGH,CHs), 4.51 (1H, dJ 7.9, C(2H), 5.24-5.40
(2H, m, C(5H,), 6.14 (1H, ddd,) 16.7, 103, 9.2, C(#), 7.64
(2H, d,J 8.7, Ar(2,6H), 8.28 (2H, d,J 8.7 Ar(3,5H); “C{'H}
NMR (126 MHz,d,-MeOH) 8¢ 14.3 (OCHCH), 52.5 C(3)H),
57.6 C(2H), 63.7 (Q@H,CHs), 1215 C(5)H,), 125.2

(126 MHz, CDCJ) ¢ 14.1 (OCHCH,), 28.2 (CCH,),), 51.2
(C(3)H), 56.8 C(2)H), 61.2 (@H,CHs), 80.0 C(CH,)), 118.6
(C(5)H,), 125.1 (AC(2)-Br), 127.6 (AC(5)H), 128.6 (AC(4)H),
129.2 (AC(6)H), 133.1 (AC(3)H), 1355 C(4)H), 138.4
(ArC(1)), 154.9 (N=0), 171.5 C=0); HRMS (ESi)
C.gH,4ONBrNa’" [M+Na]* found: 420.0773, requires: 420.0781
(=1.9 ppm).

Ethyl (2S,39)-2-((tert-butoxycar bonyl)amino)-3-(4-
fluor ophenyl)pent-4-enoate 57

Following general procedurd ethyl (2539)-2-amino-3-(4-
fluorophenyl)pent-4-enoate hydrochloride (46 mgl60mmol,
1.0 equiv.), NE£(67 pL, 0.48 mmol, 3.0 equiv.) and BGc(174
mg, 0.8 mmol, 5.0 equiv.) were reacted in,CH (2.3 mL) to
give the title product as a colourless oil (24 @0, >95:5 dr);
HPLC analysis, Chiralpak AD-H (5% IPA/hexane, flow raté
mL/min, 211 nm, 40 °C)gtMajor 7.4 min, Minor 5.6 min, 94%
ee;[a]2°+44.7 € 1, CHCE); vma (film, cm™) 3367, 2980, 2929,
1715, 1510, 1357, 1224, 1161, 1024, 835;NMR (400 MHz,
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CDCly) 8,41.23 (3H,J 7.1, OCHCHj), 1.40 (9H, s, C(El)s),
3.79 (1H, t,J 7.5, C(3H), 4.14 (2H, qdJ 7.1, 1.1, OGI,CH;),
4.59-4.71 (1H, m, C(8), 4.88 (1H, d,J 9.2, NH), 5.11-5.27
(2H, m, C(5H,), 6.07 (1H, ddd, 16.9, 10.3, 8.3, C(#)), 7.03
(2H, t, J 8.7, Ar(3,5H), 7.19 (2H, dd,J 8.7, 5.4, Ar(2,8));
“F{'H} NMR (376 MHz, CDC}) & -115.5 (AF); “C{'H}
NMR (126 MHz, CDC}) 8¢ 14.3 (OCHCH), 28.4 (CCHa)s),
51.8 C(3)H), 57.5 C(2)H), 61.4 (QCH,CHs), 80.2 C(CH,)s),
115.6 (d,’Jcr 21.3, AKC(3,5)H), 118.0 C(5)H,), 130.0 (d,’Jcr
7.9, AIC(2,6)H), 134.8 (d,’Jer 2.4, AIC(1)), 136.4 C(4)H),
155.3 (NC=0), 162.1 (d,'Jer 246, AC(4)-F), 171.5 C=0);
HRMS (ESI C;gH,.ONFNa [M+Na]® found: 360.1575,
requires: 360.1582 (1.9 ppm).

Ethyl (2S,39)-2-((tert-butoxycar bonyl)amino)-3-(4-
nitrophenyl)pent-4-enoate 58

Following general procedurd ethyl (2539)-2-amino-3-(4-
nitrophenyl)pent-4-enoate hydrochloride (24 mg80i@mol, 1.0
equiv.), NEj§ (33 pL, 0.24 mmol, 3.0 equiv.) and BGc(87 mg,
0.40 mmol, 5.0 equiv.) were reacted in £LH (1.1 mL) to give
the title product as a colourless oil (22 mg, 76%);

HPLC analysis, Chiralpak 1B (1% IPA/hexane, flow rdtéb
mL/min, 211 nm, 40 °C)tMajor 10.0 min, Minor 8.7 min, 96%
ee;[a]2°+52.7 € 1, CHCE); vma (film, cm™) 3360, 2980, 1736,
1715, 1522, 1346, 1163, 1024, 855NMR (500 MHz, CDCJ)
81 1.21 (3H, tJ 7.1, OCHCHjy), 1.37 (9H, s, C(85)3), 3.88 (1H,
t,J 7.8, C(3H), 4.13 (2H, qd)) 7.1, 1.3, OGI,CHs), 4.71 (1H, t,
J 7.8, C(2H), 4.96 (1H, d,J 9.2, NH), 5.10-5.33 (2H, m,
C(5)H,), 6.05 (1H, ddd) 16.9, 10.2, 8.5, C(#), 7.41 (2H, dJ
8.6, Ar(2,6H), 8.18 (2H, d,) 8.6, Ar(3,5H); “*C{*H} NMR (126
MHz, CDCLk) 8. 14.3 (OCHCHa), 28.3 (CCHa)3), 52.8 C(3)H),
57.4 C(2)H), 61.7 (ACH,CHs), 80.5 C(CHs)s), 119.5 C(5)H,),
123.8 (AIC(2,6)H), 129.4 (AE(3,5)H), 134.9 C(4)H), 147.1
(ArC(1)), 147.2 (AC(4)-NO,), 155.2 (NC=0), 171.0 C=0);
HRMS (ESI) CigH.OsN,Na™ [M+Na]® found: 387.1521,
requires: 387.1532 (-1.4 ppm).

Ethyl (2S,3S9)-2-(allylamino)-3-phenylpent-4-enoate 42

A flame dried two-necked flask was charged with Pd(df&g
mg, 0.1 mmol, 0.1 equiv.), dppb (43 mg, 0.1 mmal, équiv.)
and thiosalicylic acid (184 mg, 1.2 mmol, 1.2 eguif solution
of ethyl (2539-2-(diallylamino)-3-phenylpent-4-enoate (300
mg, 1.0 mmol, 1.0 equiv.) in degassed THF (10 mL3} wdded
via syringe. The resulting solution was heated at refituxi6 h,
once complete the reaction was cooled to rt andelesith aq. 1
M HCI (20 mL) and EtOAc (20 mL). The layer separated tre
organic layer extracted with aq. M HCI (2 x 20 mL). The
combined aqueous layers were basified to ~pH 14 vgjtr2a

Tetrahedron

(C[)H), 140.3 (A1), 1739 C=0); HRMS (ESI)
CiH220,N" [M+H] ™ found: 260.1638, requires: 260.1645 (-2.7
ppm).

Ethyl
43

(2S,39)-2-(allyl(benzyl)amino)-3-phenylpent-4-enoate

A solution of ethyl (&,39)-2-(allylamino)-3-phenylpent-4-enoate
(202 mg, 0.78 mmol, 1.0 equiv.) in MeCN (11.2 mL)svieeated
with K,CO; (215 mg, 1.56 mmol, 2.0 equiv.), Kl (26 mg, 0.156
mmol, 0.2 equiv.), and benzyl bromide (140 pL, 1mimol, 1.5
equiv.), the resulting solution was heated at refar 16 h. Once
complete the reaction was cooled to rt, and ag. MaOH (20
mL) and CHCI, (20 mL) added, the layers separated and the
aqueous layer extracted with gH, (2 x 20 mL). The combined
organic layers were washed with brine (50 mL), driegro
MgSQO, and concentrateih vacuo The residue was purified by
flash column chromatography (1-10% EtOAC/PE) to gheetitle
product as a colourless oil (233 mg, 86%, 94:6 [@)3°—6.1 €

1, CHCL); vmax (film, cm %) 2978, 1726, 1495, 1454, 1248, 1173,
1153, 1136, 1028, 9764 NMR (500 MHz, CDC)) §,,1.35 (3H,
t,J 7.1, OCHCH,), 2.82 (1H, dd) 14.2, 8.7, N&H), 3.27 (1H,
d,J 14.1, PhE&iH), 3.31 (1H, ddtJ 14.2, 4.0, 1.9, NCH), 3.73
(1H, d,J 11.6, C(2M), 3.86 (1H, ddJ 11.6, 8.1, C(3}), 3.95
(1H, d,J 14.1, PhE&iH), 4.18-4.32 (2H, m, OB,CH;), 4.94-5.11
(4H, m, C(5H, + NCH,CHCHy,), 5.47 (1H, dddd, 17.0, 10.3,
8.7, 4.0, NCHCH), 5.83 (1H, dddJ 17.0, 10.2, 8.1, C(#),
6.69-6.84 (2H, m, A), 7.03-7.08 (2H, m, Af), 7.10-7.18 (3H,
m, ArH), 7.22-7.32 (3H, m, Af); “C{*H} NMR (126 MHz,
CDCl) 8¢ 14.8 (OCHCH,), 50.3 C(3)H), 53.4 (NCH,), 54.0
(PhCH,), 60.1 (CCH,CHs), 65.1 C(2)H), 116.7 C(5)H,), 117.7
(NCH,CHCH,), 126.6 (ACH), 126.8 (ACH), 128.0 (ACH),
128.4 (ACH), 128.7 (ACH), 128.9 (ACH), 136.2 (NCHCH),
138.7 C(4)H), 139.3 (C(3)AE(1)), 140.7 (AE€(1)), 171.3
(C=0); HRMS (ESI) CyH,g0.N" [M+H]" found: 350.2106,
requires: 350.2115 (-2.6 ppm).

Ethyl (2S,3S)-1-benzyl-3-phenyl-1,2,3,6-tetrahydropyridine-
2-carboxylate 44

A two-neck flask equipped with a reflux condenser weitlarged
with p-TsOH (191 mg, 1.01 mmol, 1.5 equiv.) followed by a
solution of ethyl (8,39)-2-(allyl(benzyl)amino)-3-phenylpent-4-
enoate (233 mg, 0.67 mmol, 1.0 equiv., 94:6 drdéagassed
PhMe (67 mL), the solution was heated to 80 °C dincd until
full dissolution. After which the reaction was treatedth
Hoveyda-Grubbs "8 generation catalyst (21 mg, 0.034 mmol, 5
mol%) and the reaction mixture stirred at 80 °C I6rh. Once
complete by TLC, the reaction was cooled to rt amacentrated

in vacuqg CH,CI, (50 mL) and ag. M NaOH (50 mL) were

NaOH, then extracted with EtOAc (5 x 30 mL), the organicsadded the layers separated and the aqueous lalyacted with

combined, washed with brine (50 mL), dried over Mg&@d

CH,CI, (2 x 50 mL). The combined organic layers were wdshe

concentratedn vacuo The residue was purified by flash column with brine (50 mL) dried over MgS(and concentrateiti vacuo

chromatography (5% EtOAc/PE) to give the title prddas a
colourless oil (118 mg, 46%)a]3°+56.9 € 1, CHCE); vmax

The residue was purified by Biotdgésolerd" 4 [SNAP Ultra
10 ¢,36 mL/min, PE:EtOAc (99:1 1 CV, 99:1 to 90:10 @9,

(film, cm™) 3335, 2980, 1728, 1640, 1454, 1178, 1152, 102480:20 2 CV)] to give the title product as a yellow @61 mg,

993, 918;'H NMR (500 MHz, CDCJ) &, 1.21 (3H, t,J 7.1,
OCH,CH,), 3.05 (1H, ddtJ 14.0, 6.5, 1.4, NBH), 3.23 (1H,
ddt,J 14.0, 5.6, 1.4, NCH), 3.57-3.65 (2H, m, C(®) + C(3H),
4.13 (2H, qd,J 7.1, 3.8, OE®I,CHs), 5.01-5.19 (4H, m, C(5), +
NCH,CHCH,), 5.74 (1H, ddddJ 16.9, 10.2, 6.5, 5.7, NGBH),
6.03-6.17 (1H, m, C(#), 7.19-7.25 (3H, m, Af), 7.27-7.33
(2H, m, AH); “C{*H} NMR (126 MHz, CDC}) 5. 14.3
(OCH,CH3), 50.9 (NCH,), 53.6 C(3)H), 60.7 (GCH,CHy), 65.3
(C(2)H), 116.9 C(5)H), 117.2 (NCHCHCH,), 127.1 (AC(4)H),
128.2 (AIC(2,6)H), 128.7 (A€(3,5)H), 136.2 (NCHCH), 137.6

75%, 92:8 dr)ja]Z’ —127.1 € 1, CHCL); vy (film, cm ™) 2978,
1728, 1493, 1452, 1177, 1144, 1029, 845;NMR (500 MHz,
CDCl) &, 0.81 (3H, t,J 7.1, OCHCH,), 3.26 (1H, ddt] 17.0,
4.4, 2.4, N&H), 3.57 (1H, ddtJ 17.0, 3.8, 2.4, NCH), 3.62-
3.81 (4H, m, OEI,CH; + C(3H + PhQHH), 3.84, (1H, d}J 6.9,
PhCHH), 4.00-4.08 (1H, m, C(®)), 5.85 (1H, dqgJ 10.2, 2.4,
C(5)H), 5.99 (1H, ddt) 10.2, 4.1, 2.5, C(#)), 7.15-7.24 (3H, m,
ArH), 7.25-7.31 (3H, m, Afl), 7.31-7.39 (4H, m, Ad); °*C{*H}

NMR (126 MHz, CDC}) 8¢ 13.9 (OCHCH), 44.1 C(2)H), 48.6
(NCH,), 59.5 (PItH,), 60.2 (GCH,CHs), 64.7 C(3)H), 124.9



(C(5)H), 126.9 C(4)H), 127.0 (AC@A)H), 127.4 (AC(4)H),
128.3 (ACH), 1285 (ACH), 128.7 (ACH), 129.0 (ACH),
138.2 (AC(1)), 140.4 (AC(1)), 170.7 C=0); HRMS (ES)
C,H,40N* [M+H]" found: 322.1795, reuigres: 322.1802 (-2.2
ppm).

Ethyl (2S,3S9)-3-phenylpiperidine-2-car boxylate 45

A solution of ethyl (&39-1-benzyl-3-phenyl-1,2,3,6-
tetrahydropyridine-2-carboxylate (143 mg, 0.45 mmdl0o
equiv., 92:8 dr) in EtOAc (4.5 mL) was treated with AcQ¥ (
ML, 0.45 mmol, 1.0 equiv.) and Pd/C (47 mg, 10% @045
mmol, 0.1 equiv.). The resulting suspension was sksgh with
H, for 15 min, then left stirring under an atmosphefeH,
(balloon, 1 atm) for 48 h at rt. The reaction wakitdd with
EtOAc (30 mL), filtered through Celite(eluent EtOAc), washed
with ag. sat. NaHC® (30 mL), dried over MgSQ and
concentratedn vacuo The crude residue was purified by flash
column chromatography (10-15% ,B{CH,Cl,) to give the
product as a colourless oil (63 mg, 60%, >95:5 @HPLC
analysis, Chiralpak AS-H (1% IPA/hexane, flow rate 1.5
mL/min, 211 nm, 40 °C)ztMajor 3.7 min, Minor 3.4 min, 94%
ee; [a]3° +11.0 € 1, CHCL); vy (film, cm™) 3348, 2932, 1728,
1493, 1452, 1370, 1246, 1200, 1179, 1128, 1032, 86 ANMR
(500 MHz, CDC}) 8 0.94 (3H, t,J 7.1, OCHCH3z), 1.52 (1H,
ddp,J 14.5, 7.3, 3.8, C(6)H), 1.78 (1H, dddtJ 12.8, 9.0, 7.7,
3.7, C(6)H), 1.89 (1H, ddtJ 13.2, 8.8, 4.3, C(5)H), 1.98 (1H,
br. s, NH), 2.11 (1H, dtdJ 13.6, 7.1, 3.7, C(5)H), 2.82 (1H,
ddd, J 11.6, 7.9, 3.6, C(4)H), 3.20-3.34 (2H, m, C(B) +
C(4)HH), 3.82 (1H, d,J 4.5, C(2H), 3.92 (2H, qdJ 7.1, 3.0,
OCH,CHy), 7.12-7.21 (1H, m, Ar(4)), 7.22-7.31 (2H, m,
Ar(2,6)H), 7.40-7.48 (2H, m, Ar(3,5); “C{*H} NMR (126
MHz, CDCk) 8¢ 14.0 (OCHCHj3), 23.3 C(6)H,), 28.9 C(5)H,),
42.2 C(3)H), 44.5 C(4)H,), 60.3 (CCH,CHy), 61.5 C(2)H),
126.3 (AIC(4)H), 128.1 (AC(2,6)H), 128.7 (A€(3,5)H), 142.7
(ArC(1)), 172.7 C=0); HRMS (ESI) C,,H,qO,N" [M+H] found:
234.1483, requires: 234.1489 (2.6 ppm).
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