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Abstract

One of the most significant issues in organic dleyn today is to create
enantiomerically pure compounds. Racemic prodwtstaining both enantiomers in equal
quantities, can result is tragic consequences dlseimotorious example of the thalidomide

drug.

A widely used method to synthesize enantiomegqalire compounds is to utilise a
chiral auxiliary. A.G. Myers developed a synthebate using pseudoephedrine, which is an
efficient auxiliary to produce enantiomeric enridiestones, aldehydes and carboxylic acids.
Myers and his co-workers proposed a mechanism Higr dsymmetric alkylation which
assumes that a dianion is formed with the alcohdlthe enolate that prevents the formation

of the undesired diastereomer.

Results by D.J. Procter and his co-workers usmgnobilized pseudoephedrine
amides on a Merrifield resin as chiral auxiliarie$ien analysed, throw into question Myers’
mechanistic model. Procter and his co-workers ofeskethat the polymer-supported systems
gave similar diastereomeric excess as the solgtiaie- pseudoephedrine amides.

Dr. Gibson from the University of Strathclyde segted that the mechanism
proposed by Myers might be wrong because of Prectesults. Some DFT calculations
were carried out which suggested that an altereativi " transition state might predominate
rather than an alkoxide acting as a steric scrEleere are two possible routes to try find out
which is the correct mechanism: improve thei* interaction by using more electron-rich
aromatic rings or avoid any possible chelationhef lithium with the oxygen of the alkoxide

and see how it affects the diastereomeric outcome.

This research project focuses on the second rdiierefore, some silyl-protected
pseudoephedrine amides were synthesized becaugethesupposed to prevent lithium
chelation. Two silyl ether systems have been ingatdd: tert-butyldimethylsilyl and
triisopropylsilyl. The alkylation has been carriedt on the silylated derivatives in two
different ways (using benzyl bromide or methyl o) and the resulting diastereomeric
excess were oberved:

. For the TBDMS derivative: 42 % for the benzylateomd 17 % for the methylation
. For the TIPS derivative: 34 % for the benzylatiowl 48 % for the methylation
These results led us to think that thei” transition state is the correct one, but more

experiments need to be carried out to confirm rebgsilt.
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Introduction

The demand for enantiomerically pure compoundscasitinually increasing,
especially in the pharmaceutical, food and agrodtenindustries. The industry often
prefers enantiopure compounds for the followingsoes: activity of the active enantiomer,
registration and economic considerations. The @p@unte compound can sometimes be
twice as active as the racemate because the uediesirantiomer can be an antagonist.
Regarding the registration of drugs, the unwantethomer is considered as an impurity so
a full toxicity test is needed, and for economiegsons because the unwanted enantiomer is

a waste of starting material.

Asymmetric synthesis remains the best way to predanantiomerically pure
compounds, but synthetic chemists still find thesactions challenging. The two
enantiomers of one molecule can have very diffebéoéctivities and different biological
responses. In the best case, only one of the emaers is active. In the worse case, one

enantiomer has the desired activity and the otherlas a toxic effect.

This can result in tragic consequences, as inviieknown case of thalidomide drug
sold in the 19508.1t is a racemic compound that was prescribed &mmant women to
prevent morning sickness. UnfortunatelyR)-(halidomide la is a sedative, butg-
thalidomidelb is a teratogen that led to the birth of more tA@000 deformed babies
worldwide Figure 1.1). The most problematic effect is that the two dioamers are
interconverted in the body: even if enantiomericallire thalidomide had been administered
racemisationn vivo would have still resulted in the same teratogefffiects. Therefore, this
drug was removed from the market in 1961 to treatypant women. It is still used today to

treat leprosy.

This example shows the importance of asymmetm¢h®gis and the need to produce

enantiomerically pure compounds and to understa@dfluence of each enantiomer.

0 0

NIt 0 N (0]
NH NH

0 0o ) o)

R)-thalidomidel.1 a (S-thalidomidel.1 b



1 - Asymmetric synthesis

1.1 Definition

An asymmetric synthesis is a “reaction or reacBequence that selectively creates
one configuration of one or more new stereogeremehts by the action of a chiral reagent
or auxiliary, acting on a heterotopic face, atonws, groups of a substrate. The
stereoselectivity is primarily influenced by theireh catalyst, reagent, or auxiliary, despite
any stereogenic elements that may be present isubstrate® The aim of an asymmetric
synthesis is to get the best possible enantiosétgobr diastereoselectivity so as to obtain

the highest proportion of the desired compound.

1.2 Principle of stereoselectivity

The stereoselectivity is almost always kineticaltyntrolled, which means that the
two stereoisomers must be formed through two diesteeric transition states which differ

in Gibb’s free energy of activatiofrigure 1.2).

These transition states will result from the reactetween:

» diastereoselective process: diastereotopic faoesabr groups with achiral reagents

» diastereoselective process: diastereotopic faoesabr groups with a chiral reagent

* enantioselective process: enantiotopic face, atomgroups with chiral reagents or

catalysts



Considering an asymmetric synthesis, the starmagerial A can react to give two

possible stereocisomeRsor S.

—&G:E:
Kk R
R K = Ae RT
A
kg < Arrhenius equation which gives the relationship

between the rate constant (k) and the free endrgy o

activation AGY).

The enantiomereic or diastereomeric ratio is justratio of the rate constants:

(AG: -AG})  -AAG!

R . —— A .
Rl _ enantiomeric/diastercomeric ratio= —& =¢ RT =c RT
[5] ks
; R s : :
Rearrangedin =~ —RTIn [%} = AAG*= -RTln(stereoisomer ratio)

The selectivity is increased by the differencéhim free energy of activation between
the two stereo isomers egandS. But the difference does not need to be very togh

obtain a high selectivity.

Racemic mixture oR andS

99.9% enantiomeric excess

.ﬁ{}'_.i? = AG; then AAGF=0 [R] _ 9995
; . [S] 005
and k_R =1= [_f-;] -
s 5] AAGH = —RTIn 2222\ — 10,9 kT mol™ at—100 °C

\ 0.05/

1.3 Methods of asymmetric synthesis

Asymmetric syntheses can be divided in four caiegbend each subset shows a

different way to produce the new stereogenic elémen

First generation method or Chiron approach: thection is diastereoselective and the

formation of the new stereocentre is controlledsteyeogenic units present in the substrate.

10



It uses an enantiomerically pure starting matef@alchiron), which is usually a natural

product (the chiral pool).

HsC \\CHs 1) LiPPh, H,C CH;
S 2) Ni2*, NCS" N
3) CN-
TsO OTs Ph,oP PPh,
1.3 1.4

Second generation method or auxiliary control:oacktometric chiral auxiliary is covalently

attached to the substrate to control the diastelecisve reaction. The auxiliary is removed

and can be recycled once the new stereocentreltis bu

There are three steps needed for the second-gemenadthod:

» the enantomerically pure chiral auxiliary is covalg attached onto the substrate;

e the diastereoselective reaction with an achiralgeat is carried out to create
diastereomers in unequal quantities;

» the chiral auxiliary is removed without racemisatiand provides an enantiomerically
pure or enriched product.

Many well known syntheses use the second generaté&ihod, like the aldol reaction or the

Diels-Alder reaction. This will be discussed in maletail at the end of the section.

Third generation method: conversion of an achitaitsig material in a chiral product using

a chiral reagent (in stoichiometric quantity). Thévantage of this method over second
generation methods is that it does not requireiilteextra steps of the attachment and the

subsequent removal of the chiral auxiliary.

11



0 oTMS

Li-amide (base)
T™scl - R Yield (%) ee (%)
THE ogeC Me 78 94
1.6

L5 i-Pr 92 95
t-Bu 88 93

R
Ph
N\/LN A~ Ph 95 93
R

Fourth generation method: in this method a chiethlyst is used to convert the achiral

starting material into a chiral product with an is@hreagent. The advantage of this method
is that the enatiomerically pure compound is usedatalytic quantity, which is preferred

regarding the costs and the recyclability.

(DHQD),-PHAL

1.9
Rs Rw
KzoSOZ(OH)4
K2CO3, K3FC(CN)6
R/ H Rs Ru
1.8 (DHQ)-PHAL RL7::__;:<H 1.10
HO OH

R; = Largest substituent; Ry; = Medium-sized substituent; Rg = Smallest substituent

In the Sharpless dihydroxylation examp&clieme 1. the catalyst is the osmium
tetroxide which is regenerated by the potassiumciganide at the end of the reaction. This
allows the quantity of osmium tetroxide to be reztljovhich is convenient as this reagent is
very toxic and expensive. Commercially, you cawml fnmix of all four reagents called "AD-
mix" where the "AD-mixe" mixture contains the (DH@PHAL and the "AD-mixB"
mixture contains the (DHQRPHAL.

12



The advantage of the third and fourth generatiethods is that they allow the use of
a much wider range of starting materials. In fae starting materials do not need to be a
natural product (from the chiral pool) or to havéuactional group to attach the auxiliary.
The fourth generation method is the most elegadtdasirable one, because it uses sub-
stoichiometric amounts of expensive chiral materidlhe problem is that there are only a
limited number of catalytic methods available. Set@eneration methods are still very

widely used, particularly those involving enolagactions.

1.4 Second generation reactions

1.4.1 Diels-Alder reaction

Asymmetric Diels-Alder reactiof$'® have frequently been carried out using a
second generation asymmetric synthesis. In tha ttes dienophile or the diene can carry
the chiral auxiliary. In general, it is the diendplwhich bears the auxiliary. The majority of
examples use a chiral auxiliary of acrylic acid @esi or estersScheme 1.3 In the example

showrf the auxiliary is a derivative afasparagind.12

(o)
. -
)‘j\ CO,Me
HoN CO,H CO,Me
111 113
HN
H+
-
\\ CO,Me

35% yield
54% ee
30:1 endo:exo

Evans and his co-workers also developed a metbodagymmetric Diels-Alder
reactions using &-acycloxazolidinone §cheme 1.4 In this reaction an achiral Lewis

acid (EtAICI) was used as a catalyst by coordinating todie@ophile.

13



@ R'=H, 81% yield,
dr>99:1,>100:1 endo:exo

EtAICI (1.4eq) | R' = CHs, 82% yield,
-100°C, DCM COX¢

\\“ dr>99:1, 48:1 endo:exo
N 2-5 min 1.17

The stereochemical outcome of the reaction is stars with the following transition
state model and rulEs

v Et\ & -the cycloaddition occurs on the less sterically
e 2N hindered face @,3Re) of the dienophile double
[0) 0]
[+ ] e -
N -the reactive dienophile is a chelated cationic
R' N 0 .
/ \\—/ species.
\\\ -the favoured conformation of the chelated acyl
\ oxazolidinone is the-cis conformation.

1.4.2. Aldol reaction

The aldol reaction is a reaction between an ea@at an aldehyde providing a new

C-C bond and two new stereogenic centfagure 1.4). This can lead to the formation of
four different stereoisomers.

ll][e]
I
o]

o

T

e}
A
%
A

R3 R? H
R2
Q R2
[0}
)k 7 syn (2S.3R) syn (2R,3S)
+ 2 _—
R
R3 H / R1
OH o]
R 3J\:)J\ -
=
anti 2R,3R) anti (2S,35)

14



In order to predict the stereochemical outcomehef freaction we have to address

three questions:
the relative stereochemistry of the new stereoesrat C-2 and C-3

the influence of chirality within the aldehyde

the influence of stereochemistry within the enolate

The diastereomeric outcome of the reaction caprédicted using the Zimmermann-
Traxler model which is based on six membered cycfinsition staté® This model is based

on whether the enolate hag ar E geometry §cheme 1.5 This model is valid provided the
reaction is under kinetic control, the aldehydehslated to the metal, and the transition state

is chair-like.
o Re face of enolate
h ’“M Si face of aldehyde R3
\(\\““‘ y
1.19
on o OH o
H + J—
Rs/\_)J\R1 R R'
2 R? R 121
(28, 3R) diastereomer
+(2R, 3S) diastereomer
R o Re face of enolat
On - e face of enolate
H I"m Re face of aldehyde
\\\\\\‘\\
R €— R’
1.23
OH (0]
R3MR1 + R3
127 R® R’ 126
1.25

(2R, 3R) diastereomer
+(2S, 35) diastereomer

15



As we can see from the model$cheme 1.5theanti productsl.26& 1.27for the
complex1.23is disfavoured because Bnd R are quite large groups and so there is a 1,3-
diaxial repulsion in the transition state23 The favoured transition stale20 has the two
R' and R anti to each other and therefore there is no repulstosimilar model can be

applied for the compleg.28 and so theanti productl.30& 1.31is the major oneScheme
1.7).

Si face of E-enolate
Qi "/M Si face of aldehyde
\[4\\\\ >

1.28

il e]

T

(@]
Py
wf\
X

1.30

Al
)

(2R, 3R) diastereomer
+(28, 3S) diastereomer

The enolate metal cation also plays an important ip the stereochemical outcome
of the reaction. Boron is often used because boxygen bond-length is significantly
shorter than for other metals resulting in a mammgact transition state which makes the
reaction more stereoselectiteThe use of boron rather than a metal gives greaiectivity

because it "tightens" the transition stdtélso, boron only coordinates to two Lewis basic

- AL

anti

oxygens, important in auxiliary controlled procescheme 1.8

oM 0
)\/ Me + )k -
Et R H R

1.33 1.34

o]
T

-

Zliim

@
ZlHe
[}

1.32 1.35

syn

M=Li 80:20
M=B(C4Hy), >97:3

16



In the above modelSchemesl.6 & 1.7) the chirality of the enolate or the aldehyde
is not considered. We will consider the case ofhaat enolate reacting with a chiral
aldehyde. The carbonyl group of the aldehyde gdlyenreacts in a stereoselective way with
nucleophiles regarding the Felkin-Anh model or atieh modef®> The Zimmermann-
Traxler model can once again be used to deterrhimediative configuration of the new C-
2-C-3 bond. Both models influence the stereochdnuio&come of the reactidh (Scheme
1.9:

« theZ-enolate gives predominantly tegn,syn product

e theE-enolate gives predominantly thsti,syn product

The enolatel.37is aZ-enolate so the major product is ty®,syn compoundl.38 1.39
is disfavoured because of the steric repulsiorhe ttansition statd.41 between the two
bulky groups R and L. As we can see for proddciel & 1.45 the Felkin-Anh model does
not give 100 % selectivity as the Zimmermann-Traxriedel, but only a 4:1 ratit5.

o R OH o]
L X L
H —|— \ » Y X +
M M ;
1.36 OMet 1.37
Felkin-Anh ~ 1.38

. . Lig
Corresponding transition state:

OLi

/'\ T = OAr Ph

Ph CHO

OAr OAr

1.42 1.43 1.44 OH o

anti, syn anti, anti

80 20
100% anti for Zimmermann-Traxler

4 : 1 for Felkin-Anh

There are also reactions where a chiral enolatgsedth an achiral aldehyde which
allows one to control the diastereofacial selettiof the asymmetric aldol reactidhin that
area, Evans’ chiral oxazolidinones are the mostl ieeause they generally give very good
stereoselectivity with a predictable stereochenacatome $cheme 1.1))

17



In these reactions, only th&-enolate 1.47 is generated by reaction of the
oxazolidinone1.46 with dibutylboron triflate. The aldol reaction has high degree of
selectivity and thesyn isomer1.51 is predominant. This stereochemical outcome can be
explained by considering the transition statedeftivo amides rotameis48& 1.49 In the
disfavoured cas#.48 there is a steric repulsion between the oxazubiok substitueniir)
and the enolate substituent (Me in this case).

The major product is thgyn compoundl.51 because the boron retains the chair-like
transition state and the disfavoured transitiotespaesents a steric repulsion between the

oxazolidinone and the enolate substituent.

18



Bu,BOTT, iPr,NEt
> \
Z-enolate only produced o N

1.46 1.47
RCHO
T T
L ~— L ~
B B
\:/ o e\g/\R 0 o e\g/\R
O/\ )\/ Amide rotamers O)kN )\/
N R
\\& 1.49 - 1.48
o
Re faceof the enolate L/
Siface of the aldehyde Si faceof the enolate 7
Re face of the aldehyde
R
H
steric repulsion,
favoured TS disfavoured TS
\5/ o) OH Q OH
? )J\/?\ — )j\/:\
(\ ) : . ; 5
0 H =
ee. > 99%
o 1.51 153

1.4.3 Chiral azaenolates/enolates

The enolate is a well suited to the use of a thaailiary especially for the

formation of carbon-carbon bond reactions. Theeetlaree situations where enolates may be
used with chiral auxiliaries (A*) in asymmetric skesis Figure 1.5.% The azaenolatek55

and amide enolatels56 equivalent have been most widely used so we \eithitl only these

approaches.

19



S E)
(0] Rs o)
Ro / Re / 9 * R /
A* NA NRA*
R4 Ri Ri
Enolate 1.54 Azaenolate 1.55

Amide enolate 1.56

a) Azaenolates: use of RAMP and SAMP

Enders and his co-workéPshave used RAMP derived fronR)proline and SAMP
1.58 derived from §)-proline for thea-alkylation of aldehydes and ketonema chiral

azaenolatesScheme 1.11

o]

OCH,
n O_/ e N 1)LDA or Li, Et;NH N

R N — =

1 N Ve ocH;  2)EX | ocH,

\ 74-95% 9ExX
R, - (] E
1.57 NH, 1.58 R R; i\l
- ! 1.59 1.60
SAMP

R, Ry

Mel/HCI
or O5

aQ
N + E
\3
on” Ri o
OCH,
1.61
1.62 Ro

R, =H, Me, Et, Pr

R, =Me, Et, Pr, Ph

E =Me, Et, Pr, Bn, allyl
X=Br,1

Regarding the mechanism of the reaction, the depation of the SAMP hydrazones
e.g.1.59 can normally lead to four isomeric azaenolates,itolas been proved by X-ray,
MNDO calculations and spectroscopy that oneey (in 1.59the G-Cg bond is in arE
configuration and the £N7 bond is in arZ configuration)species is formedscheme 1.1p
In this conformation, the pyrrolidine ring methyéehinders the approach of the electrophile
(EX) on the §,29) face and so the attack is from ti%2Re) face™®

20



HW '
N

VAN
I /\\/ o
OCHj3;

R1/H.\\\\\\E
Ry 1.60

”I’\
p=4

T
N
@]
- ]
HIIHHIIIINHIIIHI
z
o
3
3]
<

AN

LDA

)
)
SN

/ \
MeO
E

b) Amide enolate equivalents
Chiral amide enolate equivalents is the most dpexl chemistry in this area. The

most widely used compounds are the chiral oxazuitkes developed by Evans and his co-

workers in 1982° An example of an asymmetric alkylation using Evanszolidinone is

shown inScheme 1.13

Li
0
Q (o] o/ \0
)k T )k )K/\ /lk )\/\
LDA, THF
[e) >
N —_— o N \
1.65
1.64

-78°C
NH —_— > o)
o
-78°C
cl )I\/\
chelated Z-enolate

1.63
PhCH,Br

L

\Ph
dr>99:1
1.66

The deprotonation of the acylated oxazolidindné4 gives predominantly the Z-

enolate1.65 (99 % selectivity) because this minimises theistegpulsion between the
enolate C-2 subsituent and the oxazolidinone fiing. alkyl halide then approaches from the

face remote from the substituent on the oxazolménaong. The last step is the removal of

the chiral auxiliary which can be achieved by hygkis, reduction or alcoholysis.
The alkylation of oxazolidinone enolates can bebfamatic for non-activated alkyl

halides like Etl (which gives 36% vyield), so a nienlof alternative auxiliaries have been

developed. Oppolzer’'s sultam chiral auxiliaries aveeveloped in the 1980’s and will be
21



detailed in section 1.4.4. Myers and his co-workease developed, more recently (1994),
the use of pseudoephedrine as a chiral auxiliahe Tase of pseudoephedrine will be

discussed in more detail in the next chapter &stlte basis of this research reported.

1.4.4 Oppolzer’s sultam chiral auxiliary

Oppolzer and his group developed in 1984 a newpg@iuchiral auxiliaries: the
chiral sultams e.gl.67** The sultams have been widely used for dipolaraadditions,
Diels-Alder reactions, annulations with metals, toggenation, and oxidation using osmium
tetroxide®® Oppolzer and his co-workers have also used thearssl for asymmetric
alkylations of acyclic carboxylic acid derivati?@¢Scheme 1.1% The sultam auxiliary.67
is derived from the camphorsulfonyl chloride. Thdtams e.g.1.67 were acylated and
treated with a base (BuLi or NaHMDS). An enol&até9 was produced by the chelation of
the lithium to the amide and the sultam oxygen. @lkglation reaction can be carried out
with a variety of electrophiles in order to giveghly enriched diastereomers even with an
unreactive alkyl halide (PhGH (Table 1.1).

NaH,
RCH,COCl

—_—.
- =
NH N l R
/ / Y\R N
S S g
7N\ 167 7N\ o /
I\, 1.68 s /
0 0 O// \\O||mn|n|u|uunLi 1.69
R'X
LiAlH,

(0] 1.71
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1.70de of

Entry R R’X Base Yig:()jls(:@ crudt(a(yr;r)lixtu re
1 Me PhCHI NHMDS 89 96.5

2 Me t-BUuOCOCHBr NHMDS 77 98.5

3 Me MeCHMe; NHMDS 81 99

4 PhCH Mel NHMDS 83 94.5

5 H,C=CHCH, | Mel BulLi -- 954

6 OCHPh Mel LHMDS 68 98
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2 - Pseudoephedrine, an efficient chiral auxiliary

2.1 Presentation and uses

Pseudoephedrin2 1 (Figure 2.1) is a biologically active compound that is usecas
nasal decongestant and stimulant and can be pedthas pharmacy (Sudafed). The salts

pseudoephedrine hydrochloride and pseudoepheduifates are found in many drug
preparations.

OH

Myers and his co-workers reported in 1994 the eis@seudoephedring.1 as a
highly effective chiral auxiliary for asymmetrickglation reaction§"*in order to create-

substituted alcohols, aldehydes and carboxylicsacid

LDA, LiCl
nBul, 0°C

H,S0,
-
Dioxane

24
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Each enantiomer of pseudoephedrine caN-aeylated, e.g2.1, to form the tertiary
amide derivative2.2 Alkylation of pseudoephedrine amides can be exeecly using
lithium diisopropylamide in THF in the presence lghium chloride, followed by the
addition of an alkylating agens§¢heme 2.2 These reactions are highly efficient (80-95%
yield) and diastereoselective (96-99% de) as repom Table 2.1 The role of lithium

chloride is not known, but Myers proposes that dadifies the aggregation state and so the
reactivity of the enolat&

R=Me, Bn, n-Bu, ...

L 14syn
R'= alkyl, aryl, ...
X= halide
2.6
R R'X Temperature (°C) | Yield of 2.6 (%) | Isolated de 02.6 (%)
CHs BnBr 0 90 >99
CHs n-Bul 0 80 >99
Bn CHl 0 99 94
Bn CHl -78 95 97
Ph Etl 0 92 >99
i-Pr BnBr 0 83 >99
t-Bu BnBr 0 84 >99
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In all the examples explored by Myers the eledtiop reacts with the 4)-enolate
2.50n the H,2Re face (for amides a2.2) to set up a 1,4yn stereochemistr{Scheme 2.2
Compound2.6 can then be transformed into useful material ldegboxylic acids2.7,

primary alcohol®.8 or aldehyde&.9 with high enantiomeric excess&cheme 2.3

anillAa

1:1 H,SO, : Dioxane

» HO
R
reflux \H/\
2.7 €e=93-97%
CN—BH:{ Li*
>

HO\/\
THF R

P

1) LiAIH(OEY)5,
Hexane-THF, 0°C

H
> Rl
2) TFA, IN HCI

2.9 ee=90-98%

2.2 Mechanistic hypothesis

Myers had difficulties crystallising the pseudoeghne amide enolat2.10 or to
obtain good*(H) NMR spectroscopy of it. Therefore, to explaihe t selectivity of
pseudoephedrine amide enolate, he used a simildelntmthe one proposed by Aslgnal.
in 1988. Here Askiret al. suggested that the alkoxy group from the prolemoide enolate
2.11 directed the alkylation as it provided a stericekhng of the (8H,2Re) face Figure
2.2).2° This model was used by Myers to explain the psepdedrine amide enolate
alkylations because there are structural simiegitbetween pseudoephedrine amides and
prolinol amides: both are amides of 2-amino alcehMyers, therefore, suggested an open
chain conformation2.10 where the lithium alkoxide cation and perhaps #ssociated

solvent molecules block theg12Re) face of the Z-enolat2.10and forces the alkylation to
occur on the (Re,2S) face.
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(15i,2Re) face (1Si,2Re) face

& &

OLi(solvent)

7, OLi(solvent)

H .
OLi(solvent) OLi(solvent)
HaC /N \ ——
HsC y H
2.11
ﬁ 2.10 ﬁ

(1Re,2Si) face (1Re,2Si) face

Myers' transition state Askin's transition state

This conformation of the reactive conformationttu enolat€2.10was supported by
the examination of the X-ray crystal structure sépdoephedrine glycinamide hydraté?2
(Figure 2.3.%” However, this model does not take into accountoirgmt features like

rotameric distribution, bond-forming and breakirgjeéctories, and aggregation state.
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Procter and his group developed in 2862 a method to immobilize
pseudoephedrine amides on a Merrifield resin. Waene investigating if polymer-supported
systems were viable in order to carry out asymmelyntheses on a solid phase support. It
was important to attach the chiral auxiliary in reestep reaction by either an ether or an
amine linkage. To assess the viability of the spldise approach Procter and co-workers
investigated solid-supported analog@eE5in comparison to solution phase derivati?2ek3
as well as the Myers’ amide®.2 Therefore, the alkylation was carried out witte th

pseudoephedrine amid2.2, an O-benzyl derivative2.13 (solution phase analogue of

proposed polymer-supported derivatives) and then-asached compound.15 (Scheme
2.4).

n

niw
@
=}

1)LDA, LiCl 1) LDA

N :
4>
W‘/\ 2) BH;NH;
o}
6

Y

2) BnBr

OH

2. 2.8 ee=94%
OBn | Bn Bn
1)LDA, LiCl N 1)LDA :
' B ——
2) BnBr 2) BH;NH; K\
o) OH
28 ee=91%

niw
=1

niw
=1

1)LDA, LiCl 1) LDA

—»
2) BH;NH; K\

o OH

Y

2) BnBr

2.8 ee=87%

No significant drops in the ee were noted in tiieederivative®.13and2.15: using
Myers’ 2.2 enolate alkylation and auxiliary removal gave #h@hol2.8 in 94% ee, benzyl
ether derivative2.13 afforded 2.8 in 91% ee without significant depreciation in the
selectivity and the polymer supported5gave2.8in 87% ee. It may be concluded that the
dianion2.10is not needed in order to get a good selectivity.

Procter's group found that the diastereoselecikglation was viable on the solid
phase and developed the following method shownSameme 2.5 First of all the
pseudoephedrin@.1 was covalently attached to the resin by deprotonadf the alcohol

functionality to obtain compound.18 Then the acylation and the alkylation were cdrrie
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out with the pseudoephedrine still attached torésen. The compounds of interest (alcohol
2.19 or ketone2.20) was detached from the pseudoephedrine and coasygdrom the

resin. At the end of the proce®d was re-isolated and could be reused.

KH,
(1R 2R)-pseudoephedrine Propionic anhydride O/\ )k/
O/\ S — Valeric anhydride
NH

217 THF, 18h | Phenylacetyl chloride
- NEt;, DCM, 1t
1) LDA (6.2 equiv),
LiCl (36 equiv),
THF, -78 °Ctort
2) BnBr/Bul (4.5 equiv) added at 0°C
LDA (1.2 equiv),

BHyNH; (1.2

0]
Ry equiv), -78 °Ctort
HO - O/\ 0 Ry
mixture added to resin N
2.19 Ry at 0°C and allowed to ‘ 216
Ph Ry

warm to rt

Ry

A

220 ] RsLi, E,0, -78°C to 0°C

The above results of Procteral. where similar selectivity of the diastereoselextiv
alkylations of2.2 (hydroxyl), 2.13 (benzyl ether) an@.15 (polymer-supported) might raise
concerns over the validity of the suggested sefégtimechanism of Myerset al.
Consequently, modelling studies were initiated hateStrathclyde to explore possible
reactive conformations in the Myers’ and Proctdykdtions (unpublished results from Dr.
C.L. Gibson, private communication). Using singleemyy DFT (B3LYP 6-31G*)
calculations of molecular mechanics generated cordbons of enolate2.10 and
derivatives, indicated that the Myers’ extended feonation (seeFigure 2.2) was not
always the lowest energy conformation. Insteael ctinformer.21with an-Li* stabilizing
interaction were often lower in energy. The majoolate is still the (Z)-enolate and the 1,4-
syn electrophilic attack would be through theR€]2S) with the aromatic ring providing a

steric bias.
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(15i,2Re) face

221

(1Re,2Si) face

The calculations could only be done in a gas phasd, unfortunately, all
calculations done in the presence of solvent fajadiculations were attempted using THF
using the SM8 model). This is why some experimediédh is needed to confirm the results
of the calculations. In these calculations, thieiditn coordination is not filled. The lowest
energy transition state found was the.i® conformer, then a seconetLi® state was
calculated. Only after these two first conformerf&rst Myers' transition state was found at
+0.68 kJ mot, followed by a second one at +6.97 kJ lm@ome calculations on analogues

have also been conducted and gave the followingpouw (sedable 2.2.
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U

Entry Tested analogue Favoured intermediates
= OLi

1 d n-Li* favoured by 13.6 kJ mdlover
Myers'

2 n-Li* favoured by 0.29 kJ mdl

3 Myers' favoured by 2.55 kJ mbl
More stable than the 2,6-derivati

4 (Entry n° 3) by 26 kJ mdt Myers'
favoured by 1.2 kJ mdl

5 n-Li* is more stable by 6.29 kJ nol

MeO

6 2 identicaln-Li* minima more stablg
then Myers' by 1.26 kJ mibl

7 Myers' type by 13. 68 kJ midl
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2.3 Myers’ further work on pseudoephedrine and dexiives

Myers and his co-workers have now developed a odéttio synthesize quaternary
carbon centres in a stereocontrolled way using gssphedrine derivatives. Deprotonation
of a-methylbutyramide®.22and2.23in a stereospecific way with lithium diisopropylatai
(LDA) and lithium chloride at 0 °C gave, respecliyehe Z- or E-enolate $cheme 2.%
The enolates were then alkylated using an exceskBentyl bromide (2 equiv) in the
presence of 1,3-dimethyl-3,4,5,6-tetrahydrok2(pyrimidinone (DMPU) and the
compounds?.24 and 2.25 were obtained with a moderate diastereomeric &i8:1 and

5.2:1 respectively).

1) LDA (2.2 eq), LiCl, THF

2) DMPU, BnBr (2eq)

224 (dr9.9:1)

1) LDA (2.2 eq), LiCl, THF

N
2) DMPU, BnBr (2¢q) | $
H,C Bn

2.25 (dr5.2:1)

To prove that the enolization was stereospecifee riaction was also carried out
using dichlorodiisopropylsilane instead of benzybrnide. This way, th&-isomer .26
and E-isomer @.27) were trapped and allowed the determination ofcibv&iguration of the
precursor enolat@.26 (Scheme 2.y, This pre-transition stat2.26 was shown througfH-
NMR analysis: the base and the alkoxide chain astipned opposite to the receiving

enolate.
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Si—_ 0
1) LDA (2.2 eq), LiCl, THF o O/
-
2) DMPU, (i-Pr),SiCl,
CHs PR N\ CHs
o)
HsC nOe
Z-isomer 2.26
\\\&\
Sl - O

0]

)J\/\ 1) LDA (2.2 eq), LiCl, THF
- "
N - PR Hs

2) DMPU, (i-Pr),SiCl,

E-isomer  2.27

Myers publishedf also another paper on (3529-Pseudoephenamirn231 as a
replacement for Pseudoephedridd (Scheme 2.8 In fact, Pseudoephedririel can be
transformed into methamphetamine amongst othertautss and therefore restrictions and
bans exist in some countries about its use. Thighis Myers was looking for a replacement
in order to use it in industrial applications. (3529)-Pseudoephenamir#31lis free from
regulatory restriction, the asymmetric reactiongngisit have an equal or greater
diastereoselectivity than the same reactions uBsw®udoephedrineléble 2.3. The third
advantage is that the amides derivatives crystali®re often and give sharp and well-

defined signals in NMR spectra.

: o
H H )]\NHQ
E — =
HCO,NH,, 150°C
T NH,

SOCIZ 0->23°C
////N HZO reflux

Ol
I
I
%)
3
Ol
I

CHs

(-)-(18,2S)-pseudoephenamine
oH 2.31
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1. LDA, LiCl, THF

2. RyX

OH

Entry R1 R> d.r. of crude product| d.r. of isolated product| Yield (%)
1 Me Bn 95:5 >99:1 85
2 Me nBu 95:5 98 :2 97
3 Me Et >94:6 98 :2 96
4 Et Me >96 4 >99:1 87
5 nBu Bn >98 :2 >99:1 99
6 nBu Me 95:5 98 :2 84
7 Bn Me 98 :2 98 :2 92
8 Bn nBu >99:1 >99:1 99
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3 - Research project

The aim of this research project was to try andberthe mechanism of the
asymmetric synthesis using pseudoephedrine. Thereva possible directions to do so: try
to favour thern-Li* cation by introducing more electronrich aromatiogs, or try to
substitute the alcohol next to the aromatic ringée if it affects the stereoselectivity. The

latter was the chosen route to investigate the ar@stic possibilities.

The idea was to substitute the alcohol by silljees because the alkyl ether does not
prevent the chelation of the oxygen to the lithiasnpotentially shown in the work of Procter

(see above). There are many criteria which lesbuhvose a silyl protecting group:
J. D. White and R. G. Carter said in their publimat:

“There is a considerable debate as to whetheretihgrs are moror les§’ basic than alkyl
ethers but it is generally agreed that the oxydem silyl ether is less strongly coordinating,

for example with a Lewis acid, than the oxygenmaikyl ether.3®
This has been explained by Schreiteal . with a study of the FMO’s:

* mixing of some lone pair orbitals of the oxygen hwithe relatively low lying

1*(SiR3) group orbitals.

» then(SiRy) orbital is higher in energy theri(CR3) orbital and there is a poorer mixing
of then(SiRs) orbitals with the oxygen lone pairs due to thepureed 2p-3p overlap.

Therefore, the oxygen of silyl ether should bes l[psone to chelate with the lithium
than the oxygen of the alkyl ether. But all silythers do not completely prevent the
chelation with powerful Lewis acids. The TIPS grassupposed to completely prevent the
chelation Scheme 3.1& Table 3.1) as shown by Fryet al.*’ In this paper these workers
showed that the TIPS group prevented the chelatsamg Grignard reagents and selectride
and afforded better diastereoselectivity than azylerther (see Entry n° 1 to 4). They
suggest that this result can be explained by acseéfect and not an electronic effect,

because the TMS and TBDMS ethers did not give ad gelectivity (see Entries 5 to 7).

SW (ChanOR Reagent S7>./ (CranoR
d N o »,,/// + diastereomers
o R' OH

3.4 3.5

35



Entry n= R= Reagent de (%)
1 1 Bn CHMgBr 33
2 1 Si{Pr) CHsMgBr 95
3 2 Bn CHMgBr 17
4 2 Si{Pr) CHsMgBr 95
5 2 Si{Pry L-Selectrid® 76
6 2 SiMe L-Selectrid& 33
7 2 SitBu)Me, L-Selectrid® 13

Frye and his co-workers published another pap&®82 in which they showed that
the diastereoselectivity of the reaction of a tad ketone with M@g (Scheme 3.2&
Table 3.2 is affected by some of the bulky silyl protectigipups (Entries 4 & 5), and even
that in the case of TIPS the major stereocisomema$ the same: they obtained,
predominantly, the Felkin-Anh produ8t8 and not the chelation compoufBd/. This again

shows that a TIPS group can prevent reagent cbelati

OR  MeMg - 3 OR } OR

THF, -70°C Ph $ Ph 3
CHs, H CHj H\\\ CH,

16 (RS/SR) (RR/SS)
"Cram product” "Felkin-Anh product"

3.7 3.8
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Entry R= Chelation / Felkin-Anh product
1 Me 99/1
2 SiMeg 99/1
3 SIiEg 96/4
4 SitBu)Me;, 88/12
5 SitBu)Ph 63 /37
6 SiiPr) 42 /58

For the above reasons, it was decided to use eliffesilyl protecting groups which
should give us explicit information about the metdbm of the diastereoselective alkylation
of pseudoephedrine amides. The use of silyl ethaegting groups ir8.11-3.13 would be
expected to prevent lithium ion coordination to piseudoephedrine side chain as required in
the Myers’ reactive conformatior2.10 It was anticipated that complete loss of
diastereocontrol in the alkylation of the enolatésilyl ethers3.11-3.13would be observed
if the Myers’ mechanism is in operation. On théest hand, if then-Li* reactive
conformation is operational, we might expect toests diastereocontrol in the alkylation of
the corresponding enolates. However, since thdoommations of the pseudoephedrine
sidechain may be disturbed by introducing bulkyl sther groups, the high diastereocontrol

observed in the Myers’ hydroxyl analogues may robbserved in these cases.

So the plan was to first protect the alcohol ofugsephedrine amid@.2 with
different silyl protecting groups, then carry olietasymmetric alkylation and, finally,
remove the protecting grouglsS¢heme 3.3 and determine the diastereomeric ratio of

products in2.6.
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3.9

3.10
3.11
3.12

1) Diisopropylamine BuLi LiCl

2) BnBr

R=Me 3.13
R=TBDMS 3.14
R=TBDPS 3.15
R=TIPS 3.16

A final step is required in order to obtain a goodeasurement of the
diastereoselective excess of the products 8.%§33.16 Indeed, we have a sterically
hindered system in molecule3.9-3.16 so would expect two amide rotamers to be
problematic in determining the diastereomeric ratidhe diastereomer3.13-3.16formed
during the alkylation. Therefore the analysis wiilize Myers’ method published in 2006 to
form the 4,5-dihydro-3,4-dimethyl-5-phenyl-1,3-orlam triflate derivative3.17 (Scheme
3.4).3® This will remove the amide rotamers and gave shartpwell-defined peaks in thel

NMR to measure the diastereoselective excess.

0]

NJ\./ —> 0

)I\i/ | H )\/
o | Ty T

Tf,0, pyridine

<
-
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4 - Results and discussion

4.1 Preparation of silyl-protected or methyl-proted pseudoephedrine amides

The first step required was to protect the alcadfgbseudoephedrine amid@e2. It
was decided to use in total 4 different protectngups: methyB.9, tert-butyldimethylsilyl
3.1Q tert-butyldiphenylsilyl3.11and triisopropylsilyl3.12 (Scheme 4.}

H

Milile)

R

o

R=Me 3.9

= =
—_—> - N R=TBDMS 3.10
R=TBDPS 3.11
o} R=TIPS 312
(6]
22

Accordingly, methylation of commercially availabl@S 29-(+)-pseudoephedrine
amide2.2 was investigatedl@ble 4.1entries 1-3 & 6). No indication of the formatiohtbe
required methyl ethe8.9was observed. Analysis of the material recoverenhfthe reaction
by NMR indicated the decomposition 8f2 The silylation of the starting amidz2 was
then tried with two different silyl groupgéble 4.1entries 4, 5, 7 & 8) but once again only
the decomposition df.2was observed.

Entry | Compound Reagents Reaction conditions | Yield
1 3. (R=Me) | CHI (1.2 equiv), NaH, THF Room temperature, | 0%
24 h
2 3.£(R=Me) | CHil (4 equiv), NaH, THF Room temperature, | 0%
24 h
3 3.€ (R= Me) NaH, MeSQ,, THF Room temperature, 19 h 0%
then 40 °C for 1 h 15
4 3.1C(R= TBDMSCI, DMAP, DMF rt, 3 days 21 h 0%
TBDMS)
5 3.1C(R= TBDMSCI, DMAP, DMF rt, 5 days 0%
TBDMS)
6 3.€(R=Me) NaH, MeSOy, THF rt, 19 h 0%
then 40 °C for 3 h
7 3.1C(R= TBDMSCI, DMAP, THF rt, 7 days 0%
TBDMS)
8 3.11(R= TBDPSCI, Pyridine, DMAP, rt, 6 days 0%
TBDPS) THF
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In view of the above decomposition upon attempteethylation of2.2 it was
decided to investigate the methylation of pseudedphe hydrochlorid@.18and of the free
base pseudoephedri@el with methyl iodide $cheme 4.2 However, no evidence for the
formation of methyl ether3.19 was observed, and again NMR analysis indicated

decomposition of starting materll or 3.18

anlo

H | %)Me |

~ NH NaH, Mel NH
_
THF, 3 days
HCI
3.18 3.19

]

NH KOH, DCM ~ NH N ’ nH
—>
f
HCI H
3
da
ys

[tile}
o
I

Y

318 21

In view of the above difficulties which may haveggested that the starting amide
2.2 was impure, it was decided to synthesize the pspltairine amid@.2 starting from
pseudoephedrine hydrochlori@el8(Scheme 4.8 The free basg.1 of the pseudoephedrine
salt3.18 was made prior to the reactiohaple 4.2 entries 2 - 7). This way we would be
sure of the quality and purity of the starting mniale however some experimentation was
necessary to obtain a good yield on a large sdalelé 4.2.

Initially pseudoephedrine hydrochloride sali8 (commercially available) was used
with triethylamine as the base but this did nobaffthe amide2.2 (Table 4.2 entry 1)
Repeating the process with the free adewith triethylamine for extended periods gave no
product and no starting material was recoverkable 4.2 entries 2 & 3). For the next
attempt Table 4.2 entry 4) it was decided to stop the reactionraitenuch shorter stirring
period (30 minutes) to see if any starting mate2idlwould be recoverednd the desired
product2.2 (74%) was finally obtained. A large scale synth@sevided the product in poor
yield (Table 4.2 entries 5 & 6< 5 %) so that it was decided to change the protcod
base was used and THF was preferred to DCM. Them®ges provided the produe with

a good yield at reasonable scalalfle 4.2 entry 7, 52 %).
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OH ‘ o o0 o ‘
H NH \)I\O)j\/ : N
»
THF, 30min, 23°C
22
2.1
Entry Starting material:i Base Solvent Stirring time Yield
Pseudoephedring

1 120 mg (HClI salt Et:N THF 1h 20 0%
2 127 mg EN DCM 3 days 0%
3 142 mg E4N DCM 24 h 0%
4 123 mg EN DCM 35 min 74 %
5 828 mg EN DCM 50 min 5%
6 773 mg EN DCM 50 min 4 %
7 539 mg No base THF 40 min 52 %

With the in-house prepared pseudoephedrine prapiare 2.2 in hand, the silyl

protection was attempted usirtgrt-butyldimethylsilyl chloride $cheme 4.4& Table

4.3***3However, this was unsuccessful and the NMR arsbfsbwed the decomposition of

the starting materié?.2

mio

|
N\[(\
[e]
2.2

— - N W‘/\
©/Y o
3.10

TBDMS

o

o,
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Essay Compound Reagents Reaction conditions| Yield
1 3.10(R=TBDMYS) TBDMSCI, DMAP, rt, 1 day 0%
DMF
2 3.10 (R=TBDMS) TBDMSCI, DMAP, rt, 3h 0%
DMF
3 3.10 (R= TBDPS) TBDPSCI, Pyridine, rt, 3 days 0%
DMAP, THF

Because of the lack of success in the silyl ptaiac of pseudoephedrine
propionamide2.2, it was decided to alter the sequence of the gqgarotect the hydroxyl
group in2.1 with a silyl protecting group followed biy-acylation of the silyl ether8.20-
3.22(Scheme 4.5

NH
Et;N, DCM R=TBDMS 3.20
R=TBDPS 3.21
R =TIPS 3.22

3.18

o]

A

THF, 30 min

1) Diisopropylamine,
BuLi, LiCl

R=TBDMS 3.14
R= TBl;PS g:z R=TIPS 312
R=TIP .

Initial attempts at the silyl protection &.1 to afford ethers3.20-3.22were not
successful. In this case the decomposition ofstlagting material was still observed by
NMR. However, after a survey of the literature @sadiscovered that ephedrine solutions are
sensitive to sunlight! Carrying out reactions in the absence of lighagifs wrapped in
aluminium foil) led to the successful silylation thfe free base pseudoephedrihg& This

gave silyl ether8.20 3.21and3.22in 64%, 75% and 98% yields, respectively.
42



In view of this observation regarding the light sigmity of pseudoephedrin2.1 the
protection of the pseudoephedrine propionanZidewvas investigated in reactions protected
from direct sunlight. The protection of pseudoephedpropionamide.2 with any silyl or
methyl group was tried in the absence of light et to no product formation.
Consequently, approaches involving silyl ether ggtion of pseudoephedrine followed by

N-acylation were deemed to be an attractive way dotw

TheN-acylation of ether8.20& 3.21was first carried out using propionic anhydride
in the presence of different basess;kEbr DMAP), however, only starting material was
recovered. Consequently, the acylation of etBe26& 3.21using hydrocinnamoyl chloride
3.23 in the presence of triethyamin&dheme 4. were carried out and afforded the
corresponding amide3.24-3.26in yields of 64-82%. Application of this protoctd the
TBDMS ether3.20 with propionyl chloride gave the ether ami@d0in 65% vyield. The
other amides3.11 and 3.12 have also been successfully synthesized folloviirey same
protocol and gave, respectively, 85% and 49% yieltie drop in yield for TIPS ethé&12
can be explained by the size of the protecting grawnd a longer stirring time would have

been needed (only one hour stirring at room tentpesdor3.10-3.12.

Finally, after a few months of trials, the followimeactions with the corresponding

yields in brackets were successfully carried out:

NH R —TBDMS 3.20 (64%)

R=TBDPS 3.21(75%)
R=TIPS  3.22(98%)

CI Propionic chloride, Et;N
3 23 THF, 1h

Et;N, THF, 40 min

R=TBDMS 3.10 (65%)
R=TBDPS 3.1 (85%)

R=TBDMS 3.24 (64%) R=TIPS  3.12 (49%)

R=TBDPS 3.25 (82%)
R=TIPS  3.26 (65%)
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4.2 Benzylation of pseudoephedrine propionamide dhd silyl protected derivatives

R=H 2.6

R=TBMDS 3.14
R=TBDPS 3.15
R=TIPS 3.16

OR |

N 1) Diisopropylamine,
W‘/\ nBuLi, LiCl
>

o 2) BnBr

R=H 2.2

R=TBMDS 3.10
R=TBDPS 3.11
R=TIPS 3.12

As a model for the enolate alkylation of silyl ett3.10-3.12it was decided to
investigate the alkylation on the non-protected udsephedrine propionamid.2
commercially available Scheme 4.Y. This would give a comparison point to the
synthesized molecules regarding the diastereoragdess.

For this reaction, the base (LDA) was formed7& *C wherenBuLi was added to
diisopropylamine in anhydrous THF, in the preseoiceiCl. After a short stirring at 0 °C,
the mixture was cooled again to -78 °C and a smiutif the amide.2 in anhydrous THF
was added to the base. This mixture was stirredtoat -78 °C, 1h at 0 °C and then 40 min
at room temperature. The solution was brought dackR °C for the addition of benzyl
bromide to obtain the alkylated prod@cé.

This reaction is air- and water-sensitive, so glessware needed to be completely
dry and only glass syringes were used. The stantiaggrial2.2 and LiCl needed to be dried
over night in a drying pistol at 40 °C and 2 mhbaisopropylamine and benzyl bromide
were distilled from calcium hydride before use. dfy nBuLi was titrated prior to use,
because of slow decomposition. A few attempts wegeessary to obtain appropriate

conditions to carry out this reactiohiable 4.4.

1) Diisopropylamine,
nBuLi, LiCl

-
y

2) BnBr
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Diisobronvl Equivalents of Time before Time and temperatur
Entry propy nBuLi " of stirring after BnBr| Yield
amine . addition of BnBr o
(Molarity) addition
. lhat-78 °C,
1 225eq | 218 ated s i ai0eC, 15 1hat0°C 9%
at 1.59 M :
min at rt
2.1 eq, titrateg : 0
2 2.25 eq 2t 1.59 M Ditto lhatrt 7%
. 1h at-78 °C,
3 225eq | 2Led trated Ty ni0ec, 1h20at0°C 0%
at1.59 M :
40 min at rt
2.25 eq, 2.1 eq, new . . 0
4 | distiled | bottle (2.5 M) ditto ditto 0%
4.5 eq, 4.2 eq, new . . 0
> | distilled | bottle (2.5 M) ditto ditto 53 %

For the first two entriesT@ble 4.4 most of the starting materidl2 was recovered.
Therefore it was decided to let the reaction stirger for the next attempts in order to be
sure to form the enolate. In the last assdab(e 4.4 entry 5) the quantities of
diisopropylamine and butyllithium used were doublbdcause only the starting material
was still recovered in entries 3 & 4, which gavé&®af product2.6. Although this is lower
than literature, these reactions were carried o much smaller scale where problems with
moisture are more pronounced.

Successful alkylation of amid2.2 allowed this procedure to be applied to the
benzylation of silyl ether8.10-3.12(Scheme 4.& Table 4.5.

1) Diisopropylamine,
nBuLi, LiCl

R=TBMDS 3.14
R=TBDPS 3.15
R=TIPS 3.16

-
-

2) BnBr

R=TBMDS 3.10
R=TBDPS 3.11
R=TIPS 3.12

Essay Starting Quantity of starting material Yield of the alkylated
material used product
1 3.10 3.13 mmol 63 %
2 3.11 2.94 mmol 0 %
3 3.11 2.94 mmol 0 %
4 3.12 5.30 mmol 63 %
5 3.10 4.77 mmol 55 %
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Using the above conditions allowed the succesalkyllation of TBDMS and TIPS
amides3.14 & 3.16 (Table 4.5 entries 1, 4 & 5). However, the TBDPS ether faite
alkylate under these conditionsaple 4.5,entries 2 & 3), possibly due to the large steric

requirements of this silyl group preventing thelateformation or the alkylation.

4.3 Deprotection of the alcohol functionality

To be able to carry out the cyclization and formaznlium triflate derivative8.17
(Scheme 4.1pthe silyl ether functionality of the alkylatedoplucts3.14-3.16needed to be
deprotected. Therefore, the compouBd 4 3.150r 3.16) was dissolved in anhydrous THF,
the solution was cooled to 0 °C, and TBAF was sjoadded $cheme 4.2 The obtained
yields for the deprotection are summarized able 4.6 The deprotection of compouBdL5

was never tried a3.15could not be obtained.

TBAF, THF
1h45
R=TBDMS 3.14
R=TBDPS 3.15
R=TIPS 3.16
Essay Starting material used Yield for product2.6
1 3.14 58 %
2 3.16 80 %
3 3.14 76 %

4.4 Cyclization into oxazolium triflate derivatives

In order to determine the diastereomeric ratiogetd method was used to cyclise
the amide alcohol.6 with triflic anhydride. In this assay, Myéfsutilised recrystallised
material and it was found that similarly purifiedaterial was vital to achieve smooth

cyclization.
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Tf,0, pyridine
N

OH | é\ j OH
2.6

:
2
e
l

Using the method of Myers, the substré2é6 was dissolved in DCM to a
concentration of 0.04 M and the solution was codte@ °C. Triflic anhydride (2 eq) and
pyridine (3 eq) were addeds¢heme 4.8 After stirring for 5 min the suspension was

concentrated and the residue was hehlhcuo (1 mmHg) for 1h.

This reaction was firstly tried on the alkylatedngmound which had not been
previously silyl protectedScheme 4.1D The first time the reaction was carried ougid
not give a good enough result to measure the desteeric excess with precision. The
proton NMR 0f3.17 showed traces of unalkylated material, so thdistamaterial has to be
very pure for a successful cyclisation and analyBiee reaction time was also increased to
30 minutes and monitored by TLC to make sure &ldtarting material was consumed. The
second attempt using these improved conditionsavsisccess and a diastereomeric excess

of 92% was measured.

Then the reaction was carried out on the compowmdieh had been silylated
previous to the benzylatior6¢heme 4.1l Unfortunately the NMR did not always give
workable NMRs Table 4.7, entries 1 & 2), because of the non-sufficientitguof the
starting material i.e2.6. The attempts on repurified material allowed meaguthe

diastereomeric excess on the proton NMRl(e 4.7, entries 3 & 4).

. Q Jo

TBAF, THF

z o}
~ Tf,0, pyridine
\[(\ > \[(\ —_— /
R=TBDMS 3.14 TfO"
R=TIPS  3.16 26

3.17

—Zze
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Entry Silyl protecting product used Diastereomeric excess measuredtdmNMR
1 3.14 not usable NMR
2 3.16 not usable NMR
3 3.16 34 %
4 3.14 42 %

! Use of non high purity amid26

4.5 Methylation of the silyl derivatives

Because the N-acylation of the silyl protected pseudoephedrineing
hydrocinnamoyl chlorid&.23 was successful it was important to apply theseegatores to
the formation of the corresponding diastereom&i®7 & 3.28 by methylation of the
dihydrocinnamyl amides3.24 & 3.26 (Scheme 4.1p This reaction should give us the
diastereomer of the benzylation reaction, becatiieeal ,4syn product formed. This should
give us more information on the mechanism of tlkglation. This reaction was carried out
following the same protocol as for the benzylatexcept that methyl iodide was used
instead of benzyl bromide.

1) Diisopropylamine,
nBuLi, LiCl

-
'

2) Mel

o]

o]

R=TBMDS 3.27 (77%)

R=TBMDS 3.24 R=TIPS 3.28 (65%)
R=TIPS 3.26

The methylation produ@.27 was obtained in 77% yield (about 10% more than all
the other alkylations) because a larger amountasfisg material3.24 was used (400 mg
instead of 150 mg): on a larger scale, moisturélpros will be less and recovery will be
better. Methylated TIPS eth828 was prepared by methylation using 150 mg of stgrti
material3.26and obtained with a yield of 65% (in the same eaag for the benzylations).

The alkylated product8.27 & 3.28 were then deprotected using again TBAF to
obtain the alcohoB.29 (Scheme 4.18 The TIPS starting materi@l27 gave a 41% vyield of
3.29 and this low yield made the product hard to pufdy the cyclization intdB.30and a

good NMR was not always obtaine@laple 4.8. The product was, therefore, purified by
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flash chromatography, then recrystallization wasnapted but failed and finally a second
small flash column was undertaken to obtain a pa@igh compound.29 The cyclization
into 3.30was successful after all these purifications aanega diasteromeric excess of 18%.
Even if the selectivity is lower then for the belagipn, we do observe the expected major
diastereoisomer.

The deprotection 08.28 gave a 69% yield and because the reaction progass
carried out on a larger scale, only one purifiaatiy flash chromatography was necessary to
obtain a pure produ&.29 The cyclization showed by NMR a diastereomericess of 17%

with the expected major diastereomer.

OR | =
N H OH | ;
Y TBAF, THF H Tf,0, pyridine (o]
: R — . -
B
= o
3.29

N
R=TBMDS 3.27 é o

[
N
R=TIPS 3.28 /

TfO"
3.30

Entry | Silyl protecting product use{ Diastereomeric excess measuredtdiNMR of 3.3C
1 3.27 not usable NMR
2 3.28 17 %
3 3.27 18 %

4.6 Mechanistic conclusions

How do we practically measure the diastereometess? We need to have a well-
defined proton NMR spectrum of the cyclised comub8ri7 and then we compare it to
Myers' spectra of his cyclization. The major difieces between the two spectra are on the

two methyl groups F and Eigure 4.1).

For the benzylation, the major diastereoi®di7 has a doublet for protons C at 0.98
ppm and a doublet for protons F at 1.43 ppm apprately. For the methylation, the major
diastereoisomeB.30 has a doublet for protons C at 0.81 ppm and aldbidr protons F at
1.50 ppm approximately. To measure the diasterdomercess, we compare the integrals

for the major and the minor peak on each NMR andj@teghe value of interest.
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What can be concluded about the mechanism? Theiquegs to see which of the
two supposed transition state, Myers' diarat0 or then-Li™ interaction2.21, was the real
pathway of the asymmetric alkylation.

Because we used silyl ethers that are supposafiettt the possible chelation of the
lithium, we would expect a diastereomeric exces8%fin the case of Myers’ mechanism.
We suppose that an open-chain mechanism would @cwithat the large silyl group is far
enough from the alkylation site so as not to createsteric shielding.

If the correct transition state is theLi™ one, we would instead expect to have a very
good diastereomeric excess not affected by thé siher as it does not interact in the
mechanism.

In fact we are in neither of these two cases. Wesde the expected major
diastereomer in each case (so no 50:50 mixtures}hle ratio has dropped from over 90%
to 42-17%. If, the silyl ether3.143.16-:3.27-3.28do, indeed, prevent Li+ coordination with
the ether oxygen then an open conformation woulgredicted where there would be little
diastereofacial control. Under these circumstaneesvould expect that theS12Re and
1Re,2S faces would be equally encumbered. We conclutedetore that the transition
state is ther-Li* one but that the large silyl ether will confornomially disturb the low
energy conformation of the side chain carrying #rematic group. This affects the
formation of the interaction between the aromaiig rand the lithium cationFHgure 4.2).
The silyl ether group possibly interacts with treepdoephedrine C-2 methyl group. Of
course, it may be that the silyl ethers are shleao chelate the enolate lithium but with
reduced capacity and so, reduced diastereosetgctivi

Some calculations were carried out on the TIPS dade. While the global
minimum was then-Li+ conformer, there were only twa-Li+ and two Myers’
conformations within 20 kJmdlof the global minimum. From the minimum-(i*) there
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are 8 extended conformations (i.e. meti* nor Myers’) between 3.44 and 11.35 kJthol
less stable than the global minimum. Then follotws two Myers conformations (11.5 &
13.63 kJmot) which are less stable than the global minimune 3&cond:-Li* is less stable
at 15.04 kJmat and there are a further 4 extended conformati@ng8:19.19 kJmal less
stable than the global minimum. The.i* looks like the aromatic ring is rotated away from
the TIPS isopropyl groups. So, with so many extdndenformations, we may have
destabilized both the Myers’ aneLi* conformations. So, there is not much difference
between the faces of the carbon atom of the enolate

There is a significant difference between the Bkation and the methylation. The
explanation could be that the size of the alkyidels important when working with silyl
ether. We could imagine that the small methyl iedidn more easily attack each side of the
molecule because the transition state which shputvide the steric shielding on the

(1S,2Re) face is harder to form.

(1Si,2Re) face

(1Re,2Si) face
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Conclusion

The aim of this project was to synthesize silylotpcted derivatives of
pseudoephedrine amides and to proceed to an asyimalkylation using these compounds
as chiral auxiliaries. By doing this we shouldabtmore information about the transition
state and so the mechanism of this asymmetric atikbyl of pseudoephedrine amide

enolates.

At the beginning, difficulties were encountered obtain the silyl protected
derivatives3.20 - 3.22but, after discovering the light-sensitivity ofetlephedrine solutions
and changing the synthetic pathway, these moleeues obtained in good yields.

The pseudoephedrine silyl ethe8220 - 3.22were prepared and acylated in two
different ways: one using propionic chloride anather using hydrocinnamoyl chloride to
give the corresponding amidad0-3.12and3.24-3.26

Then the actual asymmetric alkylation was carmmed by either benzylating or
methylating the enolates of the silyl ether amidiesally the compound8.14-3.16& 3.27-
3.28 were deprotected and cyclised in order to be ableneasure with accuracy the
diastereomeric excess of the different moleculdse Tollowing diastereomeric excesses
were measured:

. For the TBDMS derivative8.14and3.28 42 % for the benzylation and 17 % for the
methylation

. For the TIPS derivativ8.16 and 3.27 34 % for the benzylation and 18 % for the
methylation

It was concluded that the real transition statdést-Li * interaction but some further

explorations are necessary, especially after tlweiledions made on the TIPS compound.
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Future work

A first possibility would be to investigate theeusf anO-methyl ether 3.19 instead
of silyl ethers $cheme 4.1} In fact, a methyl group is much smaller and #thdess affect
the diastereomeric ratio of the alkylation. Thigildogive us more information to confirm
our mechanistic hypothesis. Doing the two differalktylations should show if the size of
the alkyl halide has any importance or if it isyobkecause of the presence of the large silyl
group. However, the methyl ether could operateuginothe chelate suggested by Myers or

through areLi* interaction.

a Propionic chloride, Et;N
3.23 THF, 1h

Et;N, THF, 40 min

o) 3.31
1) Diisopropylamine, nBuLi, LiCl 1) Diisopropylamine, nBuLi, LiCl
2) Mel 2) BnBr

Another option would be to work on more electrararomatic rings with or
without the silyl ether to see how the diastereacnexcess is affected: we would expect to
improve it, as an electron rich aromatic ring wouldnt to interact more with the lithium
cation. Calculations have indicated that the awctmgl pseudoepephedrine auxiliary 3.35 or

4-methoxy derivative 3.41 might provide enhanoed * interactions $cheme 4.1%
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R=H, Me, TBDMS, TIPS

R=H, Me, TBDMS, TIPS

A third area of exploration could be to see if thg-butyldiphenylsilyl group is too
big for the enolate to be formed or if it is th&ydlhalide which cannot reach the alkylation
site. We could check this by adding some deutenatgdr instead of the alkyl halide which

will show if the enolate is formed or n@¢heme 4.1%

TBDPS

1) Diisopropylamine,
BuLi, LiCl

t
2) D,0O THF

3.11
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Experimental

NMR: *H and**C NMR were recorded on Bruker AV 300 or DPX 500cpeneter. The

chemical shifts are given in ppmd yalues) relative to the residual proton resonances
deuteriated solvents fdH NMR and relative to solvent ifC NMR. The proton signals
were reported as: multiplet (m), broad (br), quaftg, quintuplet (quin), triplet (t), doublet
(d), singlet (s) and the constant valdesere recorded in Hertz.

IR spectroscopy: FT-IR Spectrometer from Shimadaze,IR Affinity-1 machine was used.

ATR analyses were carried out as liquid or solithgi

HRMS: High resolution mass spectra were obtainea@ deol JIMS AX505 using fast atom

bombardment or electrospray ionisation.

[0]o?® Specific rotations were recorded using a PerkimeE 341 polarimeter using the
sodium D line with a 1 ¢th10 dm cell at 20 °C with a wavelength of 589 nrhe To]p*°

values are given in 10deg cni g* and the concentrations are given in g/100 mL.
Melting points were measured on a Reichert hotestaigroscope and are uncorrected.

Flash chromatography was carried out using 200#@8h silica gel following standard

procedure$?®

All the silylation, acylation and deprotection reans were carried out in the absence of

light: the flasks were wrapped in aluminium foil.

All the glassware and glass syringes used ford@hetion were previously dried in an oven at
140 °C. The flasks were also flame dried undertiagnosphere prior to use.

Prior to a reaction, solid starting materials wdrged in a drying pistol at 40°C and 100
mmbar for at least 2h. Liquid reagents were destithnd kept in a dry box.
Solvents (DCM, THF, ether ...) were taken from a slojvent distribution machine. These

solvents were dried over molecular sieves.
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Titration of n-BuLi *":

O o] O
H . H . Li
Ph ﬂ» Ph n-BuLi Ph
OH leq OLi leq OLi
Ph Ph Ph

Diphenylacetic acid (0.20g, 0.95 mmol) was added flask as well as dry THF (5
mL) under inert atmosphere. n-BuLi was added drepwia syringe. The yellow colour of
the solution indicates that the end point is reddbhecause the lithium lithiodiphenylacetate
has been formed. By knowing the exact volume orulh-&lded (0.60 mL) to reach the end
point, it was possible to deduce the concentraifcthe titrated solution (1.59 moli= 0.95
mmol/0.60 mL).

Preparation of N-((1S,2S)-1-hydroxy-1-phenylpropan-2-yl)-N-methylpropionamide 2.2:

0] 0]
A A !
>
THF, 30min, 23°C
HCI

3.18 2.2

(1R,2R)-(-)-Pseudoephedrine hydrochlorid18 (0.22 g, 0.72 mmol, 1 eq) was
dissolved in water (2 mL). Solid potassium hydrexias added up to pH 11 and the
precipitation of a white solid was observed. DCMn{B) was added and the precipitate re-
dissolved. The layers were separated and the iorghase was washed with brine (2 mL),
dried over NaSO, and concentrateih vacuo in order to obtain the free base material as a
white solid (0.15 g, 84%). This reaction was calroeit again in order to obtain finally 0.54
g of the free base materidll This reaction was repeated multiple times to iobthe

needed amount &.1

The resulting free bas2 1 was dried overnight in a drying pistol (40 °C, 2anb
The resulting free base starting material (0.53.86 mmol, 1 eq) was dissolved in dry THF
(10 mL). The solution was heated to 23 °C and fyedrstilled propionic anhydride (0.47
mL, 3.59 mmol, 1.1 eq) was slowly added. After 1thutes, a saturated solution of
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NaHCQ; (10 mL) was added to quench the reaction. The@mukayer was extracted three
times with EtOAc (20 mL). The combined organic exts were dried over NaO, and
concentratedn vacuo. The crude mixture was purified by recrystallinatfrom hot toluene
which gave N-((1S,29)-1-hydroxy-1-phenylpropan-2-yll-methylpropionamide2.2 as a
white solid (0.38 g, 52%).

H NMR: (5:1 rotamer ratio, asterisk denotes minor rotapezks)s 7.4 — 7.2 (m, 5H), 4.60
(m, 1H), 4.02 (quin, 1HJ=6.5 Hz), 2.94* (s, 3H), 2.82 (s, 3H), 2.55* (M, 2A.32 (m, 2H),
1.18* (t, 3H,J=5.6 Hz), 1.15 (t, 3HJ=5.6 Hz), 0.97 (d, 3H})=5.6 Hz), 0.91* (d, 3HJ=5.6
Hz)

13C NMR: (5:1 rotamer ratio, asterisk denotes minor rotapesiks)é 175.74 (C=0), 142.02
(quaternary phenyl C), 128.53*, 128.24, 127.96,.12% 126.42*, 125.89, 76.83, 75.07%,
58.25%, 57.75, 32.29, 27.09, 26.35*%, 14.73*, 13.91D9*, 8.69

IR Spectroscopy (cm'): 3375 (broad OH band), 2991-2822 (&#f), 1610 (C=0)
HRMS: found M+H=312.1960 (calculated for,gH2¢0.N M+H= 312.1958)
[0]o?°=-108.8 (c=1, CHG), (lit.: [0]p*°=-101.8 (c=1, CHG))*®

Melting point; 115-118 °C (lit.: 114-115 °¢j

Silylations of pseudoephedrine:

OH (0)

1) Imidazole, DMF |

NH -
2) TBDMS-OTf

HCI
3.20

The free base starting materill8 was prepared the same way as2i@ This
starting material (1.70 g, 10.29 mmol, 1 eq) wasalved, protected from light, in dry DMF
(15 mL) and imidazole (1.40 g, 20.58 mmol, 2 eqsvealded at room temperature. The

solution was cooled to 0 °C amett-butyldimethylsilyl trifluoromethanesulfonate (3.34L,
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14.41 mmol, 1.4 eq) was added. The reaction wagdtfor 30 minutes at 0 °C and 23 h at
room temperature. Then the DMF was remougedacuo (1 mmHg) and the residue was
dissolved in saturated aqueous NaH@ZD mL). The mixture was stirred for 10 minutes
and then BEO (20 mL) was added. The layers were separatedten@queous layer was
extracted with EO (2 x 20 mL). The combined organic extracts weashved with brine (30
mL), dried over NgSO, and concentrateich vacuo. The crude mixture was purified by flash
chromatography (30% EtOAc / 70% DCM) in order totaib (IR 2R)-1-((tert-
butyldimethylsilyl)oxy)N-methyl-1-phenylpropan-2-amin8.20 as a yellow oil (1.85 g,
64%).

'H NMR: (9:1 rotamer ratio, asterisk denotes minor rotapeaks)s 7.4-7.2 (m, 5H), 4.57*(d,
1H, J=8.0 Hz), 4.49 (d, 1HJ=8.0 Hz), 3.62 (quin, 1HJ=6.5 Hz), 2.88* (s, 3H), 2.51 (s,
3H), 1.09* (d, 3H,J=5.6 Hz), 0.94 (d, 3HJ=5.6 Hz), 0.88 (s, 9H), 0.87* (s, 9H), 0.07 (s,
3H), 0.06* (s, 3H), -0.23* (s, 3H), -0.024 (s, 3H),

13C NMR: & 140.64 (quaternary phenyl C), 127.82, 127.63, 12679.63, 61.35, 32.17,
25.27,17.57, 13.33, -5.04, -5.55

IR Spectroscopy (cnT): 2953-2856 (CspH), 835 (Si-O bond), no OH broad band around
3300

HRMS: found M+H=280.2093 (calculated for;gH30ONSi M+H= 280.2091)

[0]o?°=-78.1 (c=1, CHGQ)

1) EtN, DCM
2) TBDPSCI

HCI

3.21

A mixture of pseudoephedrine hydrochlori@d.8 (0.20 g, 0.89 mmol, 1 eq), {&t
(0.26 mL, 1.88 mmol, 2.1 eq) and DCM (5 mL) werierstl for 50 minutes (under nitrogen

and with the flask wrapped in aluminium foiljert-butyldiphenylchlorosilane (0.24 mL,
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0.94 mmol, 1.05 eq) was added and the reactionlefa® stir for 6 h before EO (5 mL)
was added. The solution was filtered over celitd aoncentratedn vacuo. The crude
mixture was purified by flash chromatography (50#@£&c / 50% DCM) to give (R,2R)-1-
((tert-butyldiphenylsilyl)oxy)N-methyl-1-phenylpropan-2-aming.21 as a transparent oil
(0.15 g, 75 %).

H NMR: (3:1 rotamer ratio, asterisk denotes minor rotapeaks)é 7.7 — 7.1 (m, 15H), 4.62
(d, 1H,J=8.0 Hz), 4.42* (d, 1H,J=8.0 Hz), 3.56* (quin, 1HJ=6.5 Hz), 3.48 (quin, 1H,
J=6.5 Hz), 2.57* (s, 3H), 2.26 (s, 3H), 1.08 (s, 9HP3* (s, 9H), 0.79 (d, 3H=5.6 Hz)

3%c NMR: & 140.52 (quaternary phenyl C), 133.50 (quaternargngh C), 132.89
(quaternary phenyl C), 129.15 (CH), 129.04 (CH)7.32 (CH), 127.23 (2 CH), 127.05 (2
CH), 126.88 (2 CH), 126.82 (2 CH), 126.74 (2 CHJB8 (2 CH), 77.55, 60.40, 32.99,
26.59, 18.91, 14.14

IR Spectroscopy (cnT): 2997-2856 (CspH), 819 (Si-O bond), no OH broad band around
3300

HRMS: found M+H = 404.2408 (calculated foragH3,ONSi M+H= 404.2404)

[0]0?°=-69.6 (c=1, CHG))

OH )
1) Pyridine, THF

NH -
2) TIPS-OTf

HCI

22
3.18 3

The free base starting materiall (0.50 g, 3.03 mmol, 1 eq) was dissolved in
anhydrous THF (5 mL) and the solution was coole@ t€. Pyridine (0.32 mL, 4.24 mmol,
1.4 eq) was added and after 5 minutes triisoprdpltsiflate (0.90 mL, 3.33 mmol, 1.1 eq)
was also added. The reaction was left to stir atnrdemperature for 24 h. A saturated

solution of aqueous NJ&I (10 mL) was added to quench the reaction. Tloelymt was
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extracted with DCM (3 x 10 mL), the organic layenere dried over N&O, and
concentratedn vacuo. The crude mixture was purified by flash chromaaphy (60%
EtOAC / 40% DCM) which gave &,2R)-N-methyl-1-phenyl-1-
((triisopropylsilyl)oxy)propan-2-amind.22as a white solid (0.95 g, 98%).

'H NMR: & 7.3 — 7.4 (m, 5H), 4.85 (d, 1H=8.0 Hz), 3.31 (quin, 1HJ=6.5 Hz), 2.87 (s,
3H), 1.19 (d, 3H, J=5.6 Hz), 1.03 (s, 18H), 0.95 &)

3¢ NMR: & 138.21 (quaternary phenyl C), 129.53 (CH), 129.92H), 127.32 (2CH),
75.97,62.82, 31.59, 17.94, 12.33, 11.48

IR Spectroscopy (cnT): 2943-2866 (CspH), 885 (Si-O bond), no OH broad band around
3300

HRMS: found M+H = 322.2562 (calculated for,gH3sONSi M+H= 322.2561)
[0]o?°=-47.6 (c=1, CHQ)

Melting point: 151-154 °C

Acylation using propionic chloride:

R
R
/ e
0 0 ‘
Cl A N
. Et;N, THF \H/\
R=TBDMS 3.20 R=TBDMS 3.10
R=TBDPS  3.21 R=TBDPS 3.11
R= TIPS 3.22 R= TIPS 312

(1R, 2R)-1-((Tert-butyldimethylsilyl)oxy)N-methyl-1-phenylpropan-2-amine 3.20
(0.32 g, 1.13 mmol, 1eq) was dissolved in THF (7)mihd EtN (0.21 mL, 1.47 mmol, 1.30
eq) was added. The solution was cooled at 0 °Caasadlution of propionyl chloride (0.11
mL, 1.30 mmol, 1.15 eq) in THF (1 mL) was slowlydad. The reaction was stirred for 50
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minutes at room temperature and 5 mL of water s®ely added to quench the reaction.
The mixture was partitioned between EtOAc (15 mihgl &rine (5 mL). The organic layer
was separated, washed twice with brine (2 x 5 rdtigd over NgSO, and concentrateth
vacuo. The product was purified by flash chromatogragf$s EtOAc / 93% DCM) and
gave N-((1R,2R)-1-((tert-butyldimethylsilyl)oxy)-1-phenylpropan-2-yIj-
methylpropionamid&.10as a transparent oil (0.24 g, 65%).

'H NMR: (3:1 rotamer ratio, asterisk denotes minor rotapesks)s 7.4 — 7.2 (m, 5H), 4.47
(d, 1H,J=8.0 Hz), 3.99 (quin, 1HJ=6.5 Hz), 2.88 (s, 3H), 2.80* (s, 3H), 2.2 (q, 24/.4
Hz), 1.12 (t, 3HJ= 7.4 Hz), 0.95 (d, 3HJ)=6.5 Hz), 0.87* (s, 9H), 0.81 (s, 9H), 0.04* (s,
3H), -0.01 (s, 3H), -0.26* (s, 3H), -0.32 (s, 3H)

13C NMR: (3:1 rotamer ratio, asterisk denotes minor rotapesiks)s 173.96 (C=0), 141.75
(quaternary phenyl C), 127.93 (2 CH), 127.40 (Ct26.47 (2 CH), 76.83, 75.82*, 57.76,
26.71*, 26.25, 25.11*, 25.04, 17.47*, 17.33, 15.03,22, 9.00, 8.67*, -5.19, -5.86

IR Spectroscopy (cm'): no NH band around 3600, 2954-2856 (&sf), 1639 (amide
C=0), 833 (Si-O bond)

HRMS: found M+H = 336.2352 (calculated for,gH3,0,NSi M+H= 336.2353)

[0]o?°=-93.1 (c=1, CHG)

The N-((1R,2R)-1-((tert-butyldiphenylsilyl)oxy)-1-phenylpropan-2-yN-
methylpropionamide3.11 was prepared in the same way as compoBidd 0.35 g of
starting material ([R,2R)-1-((tert-butyldiphenylsilyl)oxy)N-methyl-1-phenylpropan-2-amine

3.21was used and.11was obtained as a transparent oil (0.37 g, 85%).

'H NMR: (3:1 rotamer ratio, asterisk denotes minor rotapeaks)é 7.7 —7.1 (m, 15H),
4.59* (d, 1H,J=8.0 Hz), 4.46 (d, 1HJ=8.0 Hz), 4.05 (quin, 1H, J= 6.5 Hz), 2.49 (s, 3H),
2.40* (s, 3H), 2.15 (quart., 2H=7.4 Hz), 1.27 (t, 3H)=7.4 Hz), 0.97 (s, 9H), 0.92* (s, 9H),
0.86 (d, 3HJ=5.6 Hz), 0.75* (d, 3HJ=5.6 Hz)

13C NMR: (3:1 rotamer ratio, asterisk denotes minor rotapesks)d 173.76 (C=0), 173.48*
(C=0), 141.38 (quaternary phenyl C), 140.66 (queser phenyl C), 135.65 (quaternary
phenyl C), 129.36 (CH), 129.04* (CH), 128.98* (CHP8.95 (CH), 127.72 (2CH), 127.53*
(2CH), 127.39 (2CH), 127.15* (2CH),127.10* (2CH)126.93 (2CH), 126.72* (2CH),
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126.69 (2CH) , 76.85*, 76.22, 59.91* 57.33, 26,926.81, 26.39, 26.14*, 20.57, 18.86*%,
18.64, 14.46, 13.71*, 13.62, 13.45%, 9.08, 8.85*

IR Spectroscopy (cnT): no NH band around 3600, 2931-2856 (&, 1641 (C=0), 815
(Si-O bond)

HRMS: found M+H = 460.2665 (calculated foragHzs0.NSi M+H= 460.2666)

[a]p*°=-73.8 (c=1, CHG)

N-Methyl-N-((1R,2R)-1-phenyl-1-((triisopropylsilyl)oxy)propan-2-yl)ppionamide
3.12was prepared using the same protocol as for contp®.10 0.50 g of starting material
(1R,2R)-N-methyl-1-phenyl-1-((triisopropylsilyl)oxy)propan&mine 3.22 was used and
3.12was obtained as a transparent oil (0.29 g, 49%).

H NMR: (3:1 rotamer ratio, asterisk denotes minor rotapeaks)s 7.2 — 7.4 (m, 5H), 4.68
(d, 1H, J=8.0 Hz), 4.01 (quin, 1H, J=6.5 Hz), 2(853H), 2.46* (s, 3H), 2.25 (q, 2H, J=7.4
Hz), 1.16 (t, 3H, J=7.4 Hz), 1.13 — 1.01 (m, 18H3}3H

3¢ NMR: (3:1 rotamer ratio, asterisk denotes minor rotapsaks)e 173.98, 173.60*, 141.84
(quaternary phenyl C), 141.49* (quaternary phenylX27.87 (CH), 127.62* (CH), 127.27
(2CH), 126.96* (2CH), 126.90* (2CH), 126.69 (2CH}.84, 74.51*, 59.34*, 58.00, 27.40%,
26.92, 26.53*, 26.11, 17.42, 17.35%, 15.09, 11.9952, 8.94*, 8.67

IR Spectroscopy (cnT): no NH band around 3600, 2939-2866 (Ekl), 1643 (C=0), 881
(Si-O bond)

HRMS: found M+H = 378.2822 (calculated for,gH,00.NSi M+H= 378.2823)
[0]o?°= -29.4 (c=1, CHQ))

Acylation using hydrocinnamoy! chloride:

Hydrocinnamoy! chloride,
Et;N

't
THF, 40 min

3.24
3.25
3.26

R=TBDMS 3.20
R=TBDPS 3.21
R=TIPS 3.22
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To an ice-cooled solution of starting material RE@R)-1-((tert-
butyldimethylsilyl)oxy)N-methyl-1-phenylpropan-2-amin&.20 (0.10 g, 0.34 mmol, leq)
and EtN (0.06 mL, 0.44 mmol, 1.3 eq) in THF (4 mL), hydimmamoyl chloride (0.06 mL,
0.39 mmol, 1.15 eq) in THF (1 mL) was slowly add&de mixture was stirred for 40 min at
room temperature and water (1 mL) was added to dudéime reaction. The solution was
partitioned between EtOAc (10 mL) and brine (4 mIhe organic layer was washed twice
with brine (2 x 4 mL), dried over N&O, and concentrateish vacuo. The crude product was
purified by flash chromatography (90% DCM / 10% Bt) and N-((1R,2R)-1-((tert-
butyldimethylsilyl)oxy)-1-phenylpropan-2-yBmethyl-3-phenylpropanamide 3.24 was
obtained as a transparent oil (0.09 g, 64%).

'H NMR: (3:1 rotamer ratio, asterisk denotes minor rotapeaks)s 7.4 — 7.1 (m, 10H), 4.47
(d, 1H,J=8.0 Hz), 3.95 (quin, 1HJ=6.5 Hz), 3.0 — 2.8 (m, 2H), 2.91 (s, 3H), 2.78*3Hl),
2.5 (m, 2H), 1.03* (d, 3H, J=5.6 Hz), 0.91 (d, 345.6 Hz), 0.88 (s, 9H), 0.83* (s, 9H),
0.08* (s, 3H), 0.02 (s, 3H), -0.25* (s, 3H), -0.31 3H)

13C NMR: (3:1 rotamer ratio, asterisk denotes minor rotapeaks)s 172.33 (C=0), 171.45*
(C=0), 141.75 (quaternary phenyl C),141.59* (quaer phenyl C), 141.37 (quaternary phenyl
C) 141.25* (quaternary phenyl C), 127.96 (2CH),.237 (2CH), 127.53 (CH), 127.49* (CH),
127.44 (CH), 127.37* (CH), 126.96 (CH), 126.84* (CH26.44 (2CH), 126.13* (2CH), 125.44
(CH), 125.07* (CH), 76.83*, 75.91, 58.64*, 57.85,&0*, 35.19, 31.10, 30.74*, 26.85, 25.26*,
25.10, 17.50%, 17.38, 14.98, 13.27*, -5.17, -5.23

IR Spectroscopy (cnT): no NH band around 3600, 2953-2852 (&€kl, 1618 (C=0), 835
(Si-O bond)

HRMS: found M+H=412.2666 (calculated foragH3zsO.NSi M+H= 412.2666)
[0]o?°=-75.3 (c=1, CHG))

Melting point: 61-63 °C
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The compoundN-((1R,2R)-1-((tert-butyldiphenylsilyl)oxy)-1-phenylpropan-2-yN-
methyl-3-phenylpropanamid&25was prepared using the same procedu@ 2t 0.08 g of

starting materiaB.21was used an8.25was obtained as a transparent oil (0.09 g, 82%).

'H NMR: (3:2 rotamer ratio, asterisk denotes minor rotapeeks)s 7.7 — 7 (m, 20H), 4.45*
(d, 1H,J=8.0 Hz), 4.15 (d, 1HJ=8.0 Hz), 4.03 (quin, 1H, J=6.5 Hz), 2.93 (m, 2RR5 (s,
3H), 2.42 (m, 2H), 2.36* (s, 3H), 0.99 (s, 9H),£8:9s, 9H), 0.77 (d, 3H, J=5.6 Hz)

13C NMR: (3:2 rotamer ratio, asterisk denotes minor rotapeiks)s 172.03 (C=0) , 171.96*
(C=0) , 141.31 (quaternary phenyl C), 141.23 (queaey phenyl C), 140.60 (quaternary
phenyl C), 139.97 (quaternary phenyl C), 135.64€H2, 135.56 (2CH), 135.49 (CH),
135.17* (CH), 132.58 (CH), 132.03* (CH), 129.33 (CH29.06* (CH), 128.98* (CH),
128.94 (CH), 128.04 (2CH), 127.93* (2CH), 127.6€KD, 127.53* (2CH), 127.35 (2CH),
127.16* (2CH), 127.13* (2CH), 127.10 (2CH), 126.962CH), 126.87 (2CH), 126.73
(2CH), 126.68* (2CH), 125.95 (2CH), 125.47* (2CHK.82, 76.07*, 59.88*, 57.46, 35.72%,
35.04, 31.10, 30.73*, 27.04, 26.48, 26.37*, 211887*, 18.67, 14.54, 13.52*

IR Spectroscopy (cnT): no NH band around 3600, 2995-2856 (&kl, 1643 (C=0), 821
(Si-O bond)
HRMS: found M+H=536.2980 (calculated forzgH,,0.NSi M+H= 536.2979)

[0]o?°=-52.4(c=1, CHC})

The compound N-methyl-3-phenyN-((1R,2R)-1-phenyl-1-
((triisopropylsilyl)oxy)propan-2-yl)propanamide3.26 was prepared the same way as
compound3.24 Starting materiaB.22 (0.36 g) was used and 0.33 gNsimethyl-3-phenyl-
N-((1R,2R)-1-phenyl-1-((triisopropylsilyl)oxy)propan-2-yl)ppanamide3.26 was obtained

as a transparent oil (65%).

'H NMR: (3:1 rotamer ratio, asterisk denotes minor rotapeaks)é 7.35 — 7.2 (m, 10H),
4.67 (d, 1HJ=8.0 Hz), 3.95 (quin, 1H]=6.5 Hz), 2.94 (m, 2H), 2.86 (s, 3H), 2.57 (m, 2H),
2.44* (s, 3H), 1.08 (d, 3H, J=5.6 Hz), 1.09 — (8} 18H + 3H)
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13C NMR: (3:1 rotamer ratio, asterisk denotes minor rotapeeks)s 172.74, 172.42*142.20
(quaternary phenyl C), 141.95* (quaternary pheny] ©41.78 (quaternary phenyl C),
141.66* (quaternary phenyl C), 128.47 (2CH), 128.#@1CH), 128.37 (CH), 128.13* (CH),
127.79 (2CH), 127.49* (2CH), 127.41* (CH), 127.X0H), 127.01* (2CH), 126.46 (2CH)
126.07* (2CH), 125.95 (2CH), 77.45, 75.20%, 60.468.51, 36.23*, 35.50, 31.57, 31.35*%,
28.07, 17.99*, 17.87, 15.45, 14.32*, 12.46, 12.33*

IR Spectroscopy (cnT): no NH band around 3600, 2941-2864 (€kl, 1643 (C=0), 881
(Si-O bond)

HRMS: found M+H =454.3136 (calculated foragH440.NSi M+H=454.3136)

[0]p?°=-15.03(c=1, CHC})

1) Diisopropylamine,
nBuLi, LiCl

>
2) BnBr

2.2

A 3-necked-flask was charged with LiCl (0.14 gg&@mmol, 6 eq), which was dried
overnight in the drying pistol (40 °C, 2 mbar), aubsequently flame-dried. The flask was
allowed to cool down under nitrogen and then antwsllTHF (5 mL) and freshly distilled
diisopropylamine (0.34 mL, 2.44 mmol, 4.5 eq) wdded. The reaction vessel was cooled
to -78 °C and a solution of nBuLi (0.99 mL, 2.28 olm.2 eq) was added, (titrated at 2.3
M). Shortly after the addition, the solution waselly warmed to 0 °C for 15 minutes and
then cooled back to -78 °C. An ice cooled solutbithe starting materié?.2 (0.10 g, 0.54
mmol, 1 eq) in THF (10 mL) was added to the reactioxture. The solution was left to stir
for1 hat-78 °C, 1 h at 0 °C, then 40 minutesoatn temperature and finally cooled back to
0 °C. Freshly distilled benzyl bromide (0.10 mL3®.mmol, 1.5 eq) was then added and the
reaction stirred for another/ h at 0 °C. Then a saturated solution of aqueousONKLO
mL) was added. The aqueous phase was extractedet@Ac (3 x 8 mL). The combined

organic extracts were dried over JS&y, filtered and concentrated vacuo. Purification by
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flash chromatography (40% EtOAc / 60% DCM) gawM((1R2R)-1-hydroxy-1-
phenylpropan-2-yl)-N,2-dimethyl-3-phenylpropanamii&as a white solid (0.09 g, 53%).

H NMR: (7:1 asterisk denotes minor rotamer or minor diastsomer peak$) 7.3 - 7.1 (m, 10H),
4.51 (d, 2HJ=8.0 Hz), 3.98 (quin, 1H=6.5 Hz), 2.91 (m, 2H), 2.84* (s, 3H), 2.65 (s, 3#5H8 (M,
1H), 1.13 (d, 3HJ=5.6 Hz), 1.09* (d, 3HJ=5.6 Hz), 0.97* (d, 3HJ=5.6 Hz), 0.93 (d, 3H}=5.6

Hz)

3¢ NMR: (7:1 asterisk denotes minor rotamer or minor di@stisomer peaksy 177.89
(C=0), 170.70* (C=0), 141.87 (quaternary phenyl @39.48 (quaternary phenyl C),
128.71* (2CH), 128.50 (2CH), 128.20* (2CH), 127 @%H), 127.85 (CH), 127.73* (CH),
127.34 (2CH), 127.15* (2CH), 126.41 (CH), 126.12H), 125.95* (2CH), 125.76 (2CH),
76.07, 74.82*, 59.92, 57.65*, 39.88, 39.65* 38.87,74*, 32.05, 17.35* 17.00, 13.85,
13.71*

IR Spectroscopy (cn'): 3313 (broad OH band), 2966-2852 (&#f), 1610 (C=0)
HRMS: found M+H=312.1960 (calculated foragH,60.N M+H= 312.1958)
Melting point: 114-117 °C

Benzylation of the silyl ether propionyl derivatives 3.14-3.16:

1) Diisopropylamine,
nBuLi, LiCl

2) BnBr

R=TBDMS 3.10
R=TBDPS 3.11
R=TIPS 3.12

Using the procedure described above for the betaglaof pseudoephedrine
propionamide2.6 with N-((1R,2R)-1-((tert-butyldimethylsilyl)oxy)-1-phenylpropan-2-y-
methylpropionamide3.10 (0.11 g, 0.31 mmol) gave a transparent oil 9fN-((1R,2R)-1-
((tert-butyldimethylsilyl)oxy)-1-phenylpropan-2-yl), 2-dimethyl-3-phenylpropanamide
3.14(0.06 g, 63%).
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'H NMR: (1.3:1 asterisk denotes minor rotamer or diasteegpin7.4 — 7 (m, 10H), 4.54 (d,
1H, J=8.0 Hz), 4.46* (d, 1HJ=8.0 Hz), 4.05 (quin, 1H}=6.5 Hz), 3.9* (quin, 1HJ)=6.5 HZz),
2.95-2.7 (m, 2H), 2.85 (s, 3H), 2.61* (s, 3H), 2.6-(m, 1H), 1.10 (d, 3H, J=6.5 Hz), 0.88 (s,
9H), 0.85* (s, 9H), 0.62 (d, 3H:=5.6 Hz), 0.03 (s, 3H), -0.03* (s, 3H), -0.2 (s,)34.3* (s, 3H)
3¢ NMR: (1.3:1 asterisk denotes minor rotamérl76.62* (C=0), 175.85 (C=0), 142.20*
(quaternary phenyl C), 142.00 (quaternary phenyll@d.41 (quaternary phenyl C), 140.13*
(quaternary phenyl C), 129.27 (CH), 129.02* (CH}8B5* (2CH), 128.46 (2CH), 128.35
(CH), 128.31* (CH), 128.18* (2CH), 128.06 (2CH),7121 (2CH), 127.26* (2CH), 126.89*
(2CH), 126.04 (2CH), 76.71, 75.91*, 58.02*, 57.74,28*, 40.42, 38.15, 38.01*, 28.15,
27.97*, 25.72, 25.68*, 18.08, 17.68*, 17.42, 15.45.19*, -4.68*, -4.73, -5.16, -5.19*

IR Spectroscopy (cnt): no NH or OH band2954-2856 (CspH), 1635 (C=0), 833 (Si-O)

HRMS: found M+H=426.2824 (calculated foragH,00.NSi M+H= 426.2823)

Using the procedure described above t@t-butyldimethylsilyl ether3.14 with N-
((1R,2R)-1-((tert-butyldiphenylsilyl)oxy)-1-phenylpropan-2-yN-methylpropionamide3.11

only gave recovered starting mate3al 1

Using the procedure described abovetéot-butyldimethylsilyl ethe3.14the ©)-N-
2-dimethyl-3-phenyN-((1R,2R)-1-phenyl-1-((triisopropylsilyl)oxy)propan-2-
yl)propanamide compoun8.16 was prepared. After the purification flash chroogaaphy
(3% EtOAc / 97% DCM) two fractions were obtainediethmight be two diastereomers of
the same produ&.16 The first fraction was obtained as a yellow 6ill3 g) and the second
fraction was obtained as a yellow solid (0.03 @0 2ng of the starting materi8l12 was
used in order to  obtain SEN,2-dimethyl-3-phenyN-((1R,2R)-1-phenyl-1-
((triisopropylsilyl)oxy)propan-2-yl) propanamicd16 with an overall yield of 63% (0.16 g,
63% combined fractions).

Analysis of the first fraction:
'H NMR: (1.2:1 asterisk denotes minor rotamé&ry.1 — 7.3 (m, 10H), 4.65* (d, 1H=8.0
Hz), 4.62 (d, 1H,=8.0 Hz), 4.05* (quin, 1HJ=6.5 Hz), 3.85 (quin, 1H]=6.5 Hz) 3.1 — 2.8
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(m, 2H), 2.70 (s, 3H), 2.68 — 2.58 (m, 1H), 2.56* 8H), 1.15* (d, 3H,)=5.6 Hz), 1.13 (d,
3H,J=5.6 Hz), 1.08 — 0.91 (m, 18H+3H), 0.62 (s, 3H,.6432)

3¢ NMR: (1.2:1 asterisk denotes minor rotamarl76.53* (C=0), 175.92 (C=0), 142.54
(quaternary phenyl C), 141.76* (quaternary pheny] ©41.12 (quaternary phenyl C),
140.70* (quaternary phenyl C), 129.45* (2CH), 12(QCH), 128.93 (CH), 128.30* (CH),
128.25 (2CH), 128.20* (2CH), 128.15* (CH), 127.9%H), 127.61* (2CH), 127.50 (2CH),
126.20 (2CH), 126.04* (2CH), 75.56, 74.45*, 58.69,48*, 41.41, 40.39*, 39.10, 38.45*,
38.33*, 37.92, 28.74, 28.52*, 18.02, 17.98*, 14.¥8.24*, 12.34, 12.29*

IR Spectroscopy (cnT): no NH band around 3600, 2960-2864 (€sl, 1639 (C=0), 881
(Si-O bond)

HRMS: found M+H = 468.3294 (calculated foragH,60.NSi M+H= 468.3292)

Analysis of the second fraction:

'H NMR: (9:1 asterisk denotes minor rotam&rJ.1 — 7.3 (m, 10H), 4.65* (d, 1H58.0 Hz),
4.63 (d, 1H,J=8.0 Hz), 3.85 (quin, 1H}=6.5 Hz) 3.1 — 2.8 (m, 2H), 2.74 (s, 3H), 2.63 —
2.53 (m, 1H), 2.23* (s, 3H), 1.13* (d, 3BK5.6 Hz), 1.07 (d, 3H]J=5.6 Hz), 1.04 — 0.91 (m,
18H+3H), 0.63 (s, 3H, J=5.6 Hz)

3¢ NMR: 8 175.86 (C=0), 142.52 (quaternary phenyl C), 14Qqdiaternary phenyl C),
129.45 (2CH), 128.93 (CH), 128.30 (2CH), 127.98 JCH7.50 (2CH), 127.15 (2CH),
74.46, 58.08, 40.26, 39.09, 37.91, 28.51, 18.0Z,314.2.47

IR Spectroscopy (cnT): no NH band around 3600, 2960-2864 (€kl, 1633 (C=0), 883
(Si-O bond)

HRMS: found M+H=468.3297 (calculated fors/gH4s0.NSi M+H= 468.3292)

Melting point: 52-55 °C

Methylation of the silyl-derivatives:

1) Diisopropylamine,
nBuLi, LiCl

_—
2) Mel

(0]

(0]

R=TBMDS 3.27

R=TBMDS 3.24 R=TIPS 3.28

R= TIPS 3.26
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The preparation of compoundR){N-((1R,2R)-1-((tert-butyldimethylsilyl)oxy)-1-
phenylpropan-2-yIN,2-dimethyl-3-phenylpropanamide. 27 followed the same procedure
as the benzylation of N-((1R2R)-1-hydroxy-1-phenylpropan-2-yl\2-dimethyl-3
phenylpropanamid@.6, except that methyl iodide was used instead ofzydmromide. 0.40
g of starting materiaN-((1R,2R)-1-((tert-butyldimethylsilyl)oxy)-1-phenylpropan-2-y-
methyl-3-phenylpropanamidd.24 were used in order to obtaifR)(N-((1R,2R)-1-((tert-
butyldimethylsilyl)oxy)-1-phenylpropan-2-yl}; 2-dimethyl-3-phenylpropanamid227 as a
yellow oil (0.32 g, 77%).

'H NMR: (3:1 asterisk denotes minor rotamérJ.4 —7.1 (m, 10H)4.54* (d, 1H,J=8.0 Hz),
4.47 (d, 1HJ=8.0 Hz), 4.01* (quin, 1HJ=6.5 Hz), 3.87 (quin, 1H]=6.5 Hz), 2.9 — 2.8 (M,
2H), 2.82 (s, 3H), 2.69* (s, 3H), 2.6 — 2.4 (m, 1#)07* (d, 3H,J=5.6 Hz), 0.89 (d, 3H,
J=5.6 Hz), 0.85* (s, 9H), 0.80 (s, 9H), 0.62 (d, IH5.6 Hz), 0.03* (s, 3H), -0.03 (s, 3H), -
0.25* (s, 3H), -0.30 (s, 3H)

3¢ NMR: (3:1 asterisk denotes minor rotamér)175.77 (C=0), 174.85* (C=0), 141.79
(quaternary phenyl C), 141.56*(quaternary pheny] €30.13* (quaternary phenyl C),
139.78 (quaternary phenyl C), 128.91* (CH), 1286H), 127.92 (2CH), 127.84* (2CH),
127.80* (CH), 127.73 (CH), 127.41 (2CH), 127.30€), 126.72* (2CH), 126.53 (2CH),
126.15 (2CH), 125.63* (2CH), 76.85, 75.41*, 58.28%.52, 40.78, 39.43*, 38.00*, 37.65,
27.56*, 27.44, 25.22*, 25.17, 17.48, 17.18*, 16.918.30, -5.24, -5.58*, -5.66*, -5.70

IR Spectroscopy (cn): no NH or OH band, 2956-2856 (Csf), 1631 (C=0), 833 (Si-O bond)

HRMS: found M+H= 426.2817 (calculated foragH,00.NSi M+H= 426.2823)

Using the procedure described above forR)-N-((1R,2R)-1-((tert-
butyldimethylsilyl)oxy)-1-phenylpropan-2-yl\, 2-dimethyl-3-phenylpropanamide  3.27
compound3.28was prepared. 0.15 g of starting mateNamnethyl-3-phenyN-((1R,2R)-1-
phenyl-1-((triisopropylsilyl)oxy)propan-2-yl)propamide 3.26 was used in order to obtain
the product R)-N,2-dimethyl-3-phenyN-((1R,2R)-1-phenyl-1-
((triisopropylsilyl)oxy)propan-2 yl)propanamicde28as a yellow oil (0.12 g, 65%).
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'H NMR: (2:1 asterisk denotes minor rotaméry.4 —7 (m, 10H), 4.61 (d, 1H}=8.0 Hz),
4.47* (d, 1H,J=8.0 Hz), 4.05* (quin, 1HJ=6.5 Hz), 3.93 (quin, 1H}=6.5 Hz), 3.1 — 2.9
(m, 2H), 2.85 (s, 3H), 2.64* (s, 3H), 2.6 — 2.5 @H), 1.15* (d, 3HJ=5.6 Hz), 1.10 (d, 3H,
J=5.6 Hz), 1 0.8 (m, 18H+3H), 0.62 (d, 3H=5.6 Hz)

13C NMR: (2:1 asterisk denotes minor rotamér)176.51 (C=0), 175.85* (C=0), 142.53*
(quaternary phenyl C), 141.83 (quaternary phenyll@) .24* (quaternary phenyl C), 140.81
(quaternary phenyl C), 129.45 (2CH), 129.22* (2Ctd8.47* (CH), 128.42 (CH), 128.26*

(2CH), 128.14 (2CH), 127.71 (CH), 127.61* (CH), 157 (2CH), 127.40* (2CH), 126.65*

(2CH), 126.07 (2CH), 75.20, 69.26*, 58.29*, 58.@8.27*, 39.10, 36.23, 35.48*, 33.33,
31.57*,18.02*, 17.86, 15.45*, 14.73, 12.50*%, 12.47.18, -5.24*, -5.66, -5.70*

IR Spectroscopy (crit): no NH or OH band, 2941-2864 (Gdp), 1639 (C=0), 881 (Si-O

bond)

HRMS: found M+H= 468.3289 (calculated forsgH4sO.NSi M+H= 468.3292)

Deprotection reactions:

TBAF, THF

Y

1h45

R=TBMDS 3.14
R=TIPS 3.16

TBAF, THF

1h45

o

R=TBMDS 3.27
R=TIPS 3.28

The starting material  §-N-((1R,2R)-1-((tert-butyldimethylsilyl)oxy)-1-
phenylpropan-2-yIN,2-dimethyl-3-phenylpropanamid14 (0.95 g, 0.22 mmol, 1 eq) was
dissolved in THF (6 mL) under inert atmosphere @nadsolution was cooled to 0 °C. TBAF
(0.47 mL, 0.47 mmol, 2.1 eq) wad added to the reachixture and the reaction was stirred
for 1%/, h at room temperature. Water (5 mL) was addediemch the reaction and the layers

were separated. The aqueous phase was extractedEt@Ac (3 x 5 mL). The combined
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organic extracts were washed with brine (3 x 8 ndkied over Ng&SO, and concentrateich
vacuo. The crude mixture was first purified by flash @matography (30% EtOAc / 70%
DCM) and then recrystallised from hot toluene idesrto obtainN-((1R,2R)-1-hydroxy-1-
phenylpropan-2-yIN,2-dimethyl-3-phenylpropanamide6 as a white solid (0.05 g, 76%).

'H NMR: (5:1 asterisk denotes minor rotam@rj.4 — 7.1 (m, 10H), 4.57 (d, 1H=8.0 Hz),
4.48* (d, 1H,J=8.0 Hz), 4.03 (quin, 1H]}=6.5 Hz), 3.89* (quin, 1HJ)=6.5 Hz), 3.2 — 3.1*
(m, 2H), 3.0 - 2.8 (m, 2H), 2.68 (s, 3H), 2.65 6@(m, 1H), 2.58* (s, 3H), 1.16 (d, 3H,
J=5.6 Hz), 1.10* (d, 3HJ=5.6 Hz), 0.95 (d, 3H, J=5.6 Hz), 0.52* (d, 3H, B-biz)

3¢ NMR: (5:1 asterisk denotes minor rotamér)177.90 (C=0), 175.85* (C=0), 142.40
(quaternary phenyl C), 141.87* (quaternary phenyl ©10.02* (quaternary phenyl C),
139.48 (quaternary phenyl C), 128.71* (CH), 128661), 128.41* (2CH), 127.91 (2CH),
127.87 (CH), 127.74* (CH), 127.15 (2CH), 126.99€), 126.40 (2CH), 126.30* (2CH),
125.86* (2CH), 125.76 (2CH), 75.74, 74.83*, 58.0%%,.66, 39.89, 39.82*, 38.48, 37.76*,
17.38*, 17.01, 15.02, 13.85, 13.79*

IR Spectroscopy (cnt): broad OH band around 3300, 2983-2852 {a4p 1610 (C=0),
no Si-O band

HRMS: found M+H=312.1951 (calculated for,gH260.N M+H= 312.1958)
Melting point: 92-95 °C

The deprotection of  §-N,2-dimethyl-3-phenyN-((1R,2R)-1-phenyl-1-
((triisopropylsilyl)oxy)propan-2-yl)propanamid8.16 followed the same protocol as for
3.14 Starting materiaB.16(0.12 g) was used and((1R,2R)-1-hydroxy-1-phenylpropan-2-
y)-N,2-dimethyl-3-phenylpropanamide6 as a white solid (0.06 g, 80%).

'H NMR: (5:1 asterisk denotes minor rotam&f7.4 — 7.1 (m, 10H), 4.56 (d, 1558.0 Hz),
4.47* (d, 1H,J=8.0 Hz), 4.03* (quin, 1HJ=6.5 Hz), 3.87 (quin, 1H]=6.5 Hz), 3.17 — 3.1*
(m, 2H), 3.0 - 2.87 (m, 2H), 2.68* (s, 3H), 2.62:58 (m, 1H), 2.58 (s, 3H), 1.16 (d, 3H,
J=5.6 Hz), 1.10* (d, 3HJ=5.6 Hz), 0.97 (d, 3H, J=5.6 Hz), 0.53* (d, 3H, B-Bz)

3¢ NMR: (5:1 asterisk denotes minor rotamér178.35* (C=0), 177.19 (C=0), 142.38
(quaternary phenyl C), 140.22* (quaternary phenyl ©10.00* (quaternary phenyl C),
139.94 (quaternary phenyl C), 129.22* (CH), 129(G61), 128.92* (2CH), 128.71 (2CH),
128.40 (CH), 128.35* (CH), 127.64* (2CH), 127.4€C(), 126.46* (2CH), 126.35 (2CH),
126.28* (2CH), 126.18 (2CH), 76.20, 75.34*, 60.88,16*, 41.29*, 40.39, 39.05, 38.32*,

21.04, 18.20*%, 17.61, 15.51*, 15.05
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IR Spectroscopy (crit): 3307 (broad OH band), 2983-2850 (&#f), 1637 (C=0), no Si-O
band

HRMS: found M+H=312.1951 (calculated for,gH260.N M+H= 312.1958)

Melting point: 55-58 °C

Using the procedure described above for the degtion of §)-N-((1R,2R)-1-((tert-
butyldimethylsilyl)oxy)-1-phenylpropan-2-yl); 2-dimethyl-3-phenylpropanamide  3.14
compound 3.27 was deprotected. Starting material R)-N-((1R,2R)-1-((tert-
butyldimethylsilyl)oxy)-1-phenylpropan-2-yl\, 2-dimethyl-3-phenylpropanamide  3.27
(0.20 g) was used and producR){N-((1R,2R)-1-hydroxy-1-phenylpropan-2-yij;2-
dimethyl-3-phenylpropanamid®29was obtained as a transparent oil (0.10 g, 69%).

'H NMR: (3:1 asterisk denotes minor rotain&f7.4 — 7.1 (m, 10H), 4.57 (d, 1858.0 Hz),
4.48* (d, 1H,J=8.0 Hz), 4.01* (quin, 1HJ=6.5 Hz), 3.86 (quin, 1H]=6.5 Hz), 3.20 — 3.12*
(m, 2H), 3.0 - 2.8 (m, 2H), 2.68 (s, 3H), 2.65 5&(m, 1H), 2.58* (s, 3H), 1.25* (d, 3H,
J=5.6 Hz), 1.17 (d, 3H]J=5.6 Hz), 0.84 (d, 3H, J=5.6 Hz), 0.52* (d, 3H, B=blz)

3¢ NMR: (3:1 asterisk denotes minor rotamérlL78.38* (C=0), 178.16 (C=0), 142.39*
(quaternary phenyl C), 141.58 (quaternary phenyll3%.99 (quaternary phenyl C), 139.94*
(quaternary phenyl C), 129.21 (CH), 129.00* (CH)8B2 (2CH), 128.73* (2CH), 128.41*
(CH), 128.36 (CH), 128.24 (2CH), 127.65* (2CH), 4 (2CH), 126.80* (2CH), 126.45
(2CH), 126.27* (2CH), 77.03*, 76.77, 60.40*, 58.41,.28*, 40.32, 40.14*, 39.06, 25.26,
25.10%, 18.21*, 17.50, 14.84, 14.34*,14.21

IR Spectroscopy (crit): 3329 (broad OH band), 2968-2872 (&#f), 1602 (C=0), no Si-O
band

HRMS: found M+H=312.1950 (calculated for,gH260.N M+H= 312.1958)

The deprotection of  R)-N,2-dimethyl-3-phenyN-((1R,2R)-1-phenyl-1-
((triisopropylsilyl)oxy)propan-2-yl)propanamidd.28 followed the same protocol as the
deprotection 0f3.14 Starting material3.28 (0.10 g) gave R)-N-((1R,2R)-1-hydroxy-1-
phenylpropan-2-yIN,2-dimethyl-3-phenylpropanamid&.29 as a transparent oil (0.30 g,
41%).
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'H NMR: (1.2:1 asterisk denotes minor rotamé&rj.4 — 7.1 (m, 10H), 4.59 (d, 1H58.0
Hz), 4.53* (d, 1HJ=8.0 Hz), 4.01 (quin, 1H]=6.5 Hz), 3.89* (quin, 1HJ=6.5 Hz), 3.20 —
3.11* (m, 2H), 3.0 - 2.85 (m, 2H), 2.70 (s, 3HB& - 2.55 (m, 1H), 2.60* (s, 3H), 1.18* (d,
3H, J=5.6 Hz), 1.12 (d, 3H]=5.6 Hz), 0.96 (d, 3H, J=5.6 Hz), 0.54* (d, 3H, B=blz)

13C NMR: (1.2:1 asterisk denotes minor rotam&r)77.88* (C=0), 178.84 (C=0), 141.88*
(quaternary phenyl C), 141.52 (quaternary phenyll@.71 (quaternary phenyl C), 140.03*
(quaternary phenyl C), 128.49 (CH), 128.23* (CH)7B2 (2CH), 127.85* (2CH), 127.73*
(CH), 127.14 (CH), 126.38 (2CH), 126.30* (2CH), 126 (2CH), 125.84* (2CH), 125.76
(2CH), 125.69* (2CH), 76.83*, 76.19, 60.40*, 58.88.89*, 38.82, 38.47*, 35.69, 17.11*
17.00, 15.44, 14.73*, 13.96, 13.83*, 13.77

IR Spectroscopy (cn'): 3352 (broad OH band), 2970-2897 (&#f), 1612 (C=0), no Si-O
band

HRMS: found M+H=312.1951 (calculated for,gH,60.N M+H= 312.1958)

Cyclization for diastereomeric excess measurement:

il
(@]
(@]

Tf,0, pyridine

s
:

2
;"I
2
:II
L

N-((1R,2R)-1-hydroxy-1-phenylpropan-2-yl),2-dimethyl-3 phenylpropanamid&6
(0.03 g, 0.10 mmol, 1 eq) was dissolved in dry D@\ concentration of 0.04 M (2.5 mL)
and the solution was cooled to 0 °C. Triflic anhgdr(0.03 mL, 0.19 mmol, 2 eq) and
pyridine (0.02 mL, 0.29 mmol, 3 eq) were sequelytiatided. The reaction was stirred for
30 min at 0 °C. The solution was concentrated enrdiiary evaporator and then on the high
vacuum rotary evaporator for 1h (1 mmHg, 23 °C)uteeated chloroform was added to the
residue, the solution was hand-mixed and the sapmnh was removed by pipette for a
proton NMR analysis.

The analysis of the proton NMR was carried outdimohol2.6 which had not been

silylated and this gave a diastereomeric exceS .
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'H NMR determination of de: (asterisk denotes diasteromed) 1.55* (d, 0.122 H,
de=91.9%), 1.45 (d, 2.88 H, de=91.9%), 0.97 (d82.8l de=92.5%), 0.65* (d, 0.113 H
de=92.47%)

The same reaction and analysis have been don&édofBDMS ans TIPS derivatives that
have been synthesized. Here tHeNMR data used for the de determination:

Derivative used for 'H NMR data(asterisk denotes diasteromer)
the de measure

3.14 $ 6.49* (d, 1H, de=41.8%), 6.42 (d, 1H, de=41.8%),
0.98 (d, 3H, de=43%), 0.66* (d, 3H, de=43%)

3.28 3 6.46 (d, 1H, de=17.95%), 6.42* (d, 1H, de=17.95%),
0.97* (d, 3H, de=17.0%), 0.66 (d, 3H, de=17.0%)

3.16 & 6.50* (d, 1H, de=33%), 6.44 (d, 1H, de=33%),
0.99 (d, 3H, de=35.4%), 0.67* (d, 3H, de=35.4%)

3.27 $ 6.45 (d, 1H, de=18.7%), 6.43* (d, 1H, de=18.7%),
0.96* (d, 3H, de=17.8%), 0.65 (d, 3H, de=17.8%)
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