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Abstr act

This thesis is divided into six chapters.

The first is a review of general asymmetric synthesis, and considers in detail the
palladium c@wsed allylic substitution reaction, the 1,4-conjugate addition and the
Heck reaction.

The second deals with our general synthetic approach to the chiral iigands. Here we
synthesized a range of ligands derived from chiral amino alcohols condensed with
aryl and aliphatic ketones. We also synthesized chiral sulfur imine and phosphorus
imine ligands.

The third deals with applications of the ligands in the above reactions, and discusses
the most successful ligands. In the palladium catalysed allylic displacement
reaction, the sulfur imine ligands were the most successful ligands with ee of 96%.
In the case of the 1,4 conjugate addition of diethyizinc to cyclic and acyclic enones,
we were able to acheive excellent results using the phosphorus imine and the S_N
ligands derived from pseudoephedrine and ketones, ee of >29% were obtained.

Chapter four deals with asymmetric sulfoxidation and the effect of electron donating
and withdrawing groups on the sulfoxidation, Here ‘w'e demonstrated the inductive
influence of the substituent on the ee of- the sulfoxide.

Chapter five deals with the conclusion. -

The sixth part of this thesis deals with the experimental procedures undertaken in

this work.
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List of Abbreviations

Ac

Ar
AIBN
ATP
9-BBN
BINAP
BINOL
Bn
Boc
Bz
CAN
Chz
coD
cosy
Cp
CSA
Cy
DABCO
DAST

DBA

acetyl

aryl

azobis-isobutyronitrile

adenosine 5'-triphosphate (and related compounds)
9-borabicyclo[3.3.1]nonane
2,2'-bis(diphenylphosphino)-1,1’-binaphthyl
1,1'-bis-2-naphthol

benzyl

tert-butoxycarbonyl

benzoyl

cerium(lV) ammonium nitrate

carbobenzyloxy

cycloocta-1,5-diene

correlation spectroscopy

cyclopentadieny! ligand

camphorsulfonic acid

cyclohexyl

1,4-diazabicyclo[2.2.2]octane
diethylaminosulfur trifluoride

{or dba as a ligand) dibenzylideneacetone
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DBU
DCC
DCE
DCM
de
DEAD
(+)-DET
DIBAL
DMA
DMAD
DMAP
DME
DMF
DMPU
DMS
DMSO
DNA
EDC!
EDTA
ee

Et

FAB

1,8-diazabicyclo[5.4.0]Jundec-7-ene
1,3-dicyclohexylcarbodiimide
dichloroethane

dichioromethane

diastereomeric excess

diethyl azodicarboxylate
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N,N-dimethylacetamide
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4-(N,N-dimethylamino)pyridine
1,2-dimethoxyethane

N,N-dimethylformamide
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dimethyl sulfide
dimethyl sulfoxide

deoxyribonucleic acid

1-(3-Dimethylaminopropyl)-3-ethylcabodiimide

ethylenediaminetetraacetic acid
enantiomeric excess
ethyl

tast atom bombardment
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HMPA
HMPT
HPLC
Hz

IR

LAH
LDA
Li(K)HMDS
MCPBA
Me
MEM
Mes
MOM
Ms
Naph
NBS
NCS
NIS

NMO

ferrocene
fluoren-9-ylmethoxycarbonyl
hexamethylphosphoramide
hexamethylphosphorus triamide
high-performance liquid chromatography
Hertz

infrared

coupling constant in NMR spectroscopy
lithium aluminium hydride

lithium diisopropylamide

lithium (potassium) hexamethyldisilazide
m-chloroperbenzoic acid

methyl

(2-methoxyethoxy)methyl

2,4,6-trimethylphenyl (mesityl) (not methylsulfonyl)

methoxymethyl
methanesulfonyl {mesyl)
Naphthyl
N-bromosuccinimide
N-chlorosuccinimide
N-iodosuccinimide

4-methyimorpholine N-oxide
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11 {NTRODUCTION

Biological systems in general, tend to recognise each member of a pair of
enantiomers as different substances, and the two enantiomers will elicit different
responses. Thus one enantiomer may act as a very effective therapeutic drug
whereas the other enantiomer could be highly toxic. The sad case of thalidomide is a
well-known example. It has been shown that only one enantiomer produces the

desired activity and the other is totally inactive or toxic. Another example of this is

L -DOPA.

The importance and practicality of asymmetric synthesis as a tool to obtain
enantiomerically pure or enriched compounds is recognised by chemists in
synthetic organic chemistry, medicinal chemistry, agricultural chemistry, natural
product chemistry, pharmaceutical industries and agricultural industries. This
prominence is due to the explosive development of new and more efficient methods

during the last decade.

Among the types of asymmetric reaction, the most desirable and most challenging is
catalytic asymmetric synthesis because one chiral molecule can create millions of
chiral product molecules, just as enzymes do in biological systems. Among the
significant achievements in asymmetric synthesis are asymmetric
hydrogenation,1:2 the Sharpless spoxidation,3:4 and the transition-metal catalysed

allylic displacement reaction.®-7
Transition metal catalysed allylic displacement

The transition metal catalysed allylic displacement reaction presents an advantage to

form many different types of carbon-carbon and carbon-heteroatom bonds.8-10
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The transition metal catalysed allylic displacement reactions have emerged as one of
the more powerful tools for the controlled introduction of various chemical bonds

into organic compounds (Scheme 1).

Transition WMetal

\/\x NU® Catalyst \/\Nu . X

Scheme 1

The reaction involves a (r-allyl}) metal complex as a key intermediate, which can
be exploited for various transformations with high chemo, regio and

stereoselectivities.11-13

The mechanism of metal catalysed allylic displacement reaction is generally

believed to involve the four fundamental steps shown in Scheme 2.

X
\' L+.L lonization
s
Nucleophlic | _ AN
Addition u
n allyl metal
Scheme 2

complex



N A Talib

The key feature of the catalytic cycle is the intermediate (r-allyl} metal complex .
lts generation and subsequent reaction represent the bond-breaking and making
event in which the source of chiral induction can be derived. The rn-aliyl complex
may undergo many useful transtormations;for example the conjugated 4,6-dienone
shown in Scheme 2.1 may be prepared from a steroidal encne via a n-allyl
palladium complex.'4 Catalytic oxidative dehydrogenation of ethyl 3-
butenedicarboxylate, Scheme 2.2, proceeds via a n-allyl pailadium complex.13
Oxidation of a n-allyl palladium complex with peracids produces allylic alcohols

regioselectively with retention of configuration (Scheme 2.3).16

TN | BN

KCN
o /_-\ Ethanol °
Pd
i
Scheme 2.1
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PdCl,
Etozc\/\/\cozEt CuCl, Etozc-\//r\/\coza
02 Pd
|
cl
Eto?c\N\cozEt
Scheme 2.2
PdCl, MCPBA
Pd_ OH
cl
Scheme 2.3

Isomerization of the double bond in vitamin D analogues such as calciferol occurs by

an oxidation reduction sequence via n-allyl palladium complex (Scheme 2.4).17
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PACI,(PhCN), LiAIH(OBu),

HO HO' OH

Scheme 2.4

Depending on the structure of substrate every step may provide an opportunity for
enantioselection with the exception of the decomplexation, which occurs after bond

formation.

Although ionization proceeds with inversion of stereochemistry, regardless of the
nucleophile, the addition of a nucleophile can involve two pathways in which the
nature of the nucleophile leads to a different stereochemical outcome

(Scheme 3).18-20
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1 1
R R N s stabilized PR
¥ /N{\ Nu Nu
lonization v L u
retention
Unstabilized
Nu

— Reductive n\/\/rﬂ

R4 Elimination
Nu /M\—Nu
L
Inversion
Scheme 3

A unique feature of the transition metal catalysed allylic displacement is its ability
to convert starting materials of various types, such as racemic, meso and achiral
compounds, into optically pure material. Strategies which effect such
transformations are derived from recognition of the stereochemical courses in each
step of the catalytic cycle (Scheme 2}, and analysis of symmetry elements in the
substrate or intermediate. Scheme 4 summarizes potential sources of enantio-

discrimination in transition-metal catalysed allylic displacement.
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NN N
R N

A

A:Enantiotopic leaving group B: Enantiotopic Terminii
of the allyl

S Lo b
~L

C:Enantiotopic Faces Exchange

!

N’
QT//\ N
Y / \‘ Y
D: Enantiotopic Faces ‘8 z z 5;‘
of Olefin X X

E: Enantiotopic Faces
of Nucleophile

Scheme 4

The first strategy {A) involves discrimination between enantiotopic leaving groups,
the transition metal catalyst can be made to choose deftly between the two leaving

groups.21
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The second strategy (B), involves two enantiomers of a racemic substrate converge
into a meso n-allyl complex wherein preferential attack of the nucleophile at one of

gither allylic terminal leads to asymmetric induction.22a

If the n3-ailylic intermediate is not symmetrically 1,3-disubstituted,
enantioselection will be dictated by which face of the allylic fragment is presented to

the nucleophile. This is represented by(C).22b

The tourth strategy shown in (D), involves the transition metal testing both faces of
the olefin, but only one face will lead to metal ionization,23 this strategy only works

if the olefin is not symmetrically distributed.

Enantioselectivity can also be achieved if the nucleophile is prochiral or is an
equilibrating mixture of racemic nucleophiles. Here, enantioselectivity is achieved

by enantioface discrimination of the nucleophile moiety (E).

Examples of chiral ligands used in allylic displacement are shown in Fig 1
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gy

o8 QJD <)

PPh2 PhoP
(ta)

PPh,
0"\ PPh,
L/“ OO

Ph"

SCIN
(1c)”
0
/ :}/
(1e) SPh (1f)
Fig 1

Zinc mediated conjugate addition

Another very important reaction is the Michael addition to «, S-unsaturated systems
which is a fundamental process in organic chemistry, because it forms carbon-
carbon (Scheme 5.1),24 carbon-nitrogen (Scheme 5.2),25 carbon-sulfur
(Scheme 5.3)26 or carbon-oxygen bonds at the g position of the carbonyl group and

results in highly functionalized compounds with one or two asymmetric centres.

10
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Q 0
<°°2Me L,KO'Bu 3eq
THF,RT
COoMe L ., (C02Me
Scheme 5.1 CO,Me
NHOBnN
N © __.N\
= L,H,NOBN
\ / et bt N R
Scheme 5.2
R2
, HS R]
1 R LU COMe
R \%J\ Li s
M N
CO;Me TMS Tol-Hexane
1:1.-60 °C
™S
Scheme 5.3

The golden age of organocopper chemistry began in 1941 when Kharasch and
Tawney27 reported the 1,4 addition reaction of Grignard reagent to an «, -
unsaturated ketone in the presence of a small amount of Cu! salt.28 Gilman reported
in 1952 that the addition of one equivalent of Meli to a Cu(l) salt resulted in the
formation of a yellow precipitate, which then afforded a colourless solution upon

addition of another equivalent of MeLi (Scheme 5.4).29

RLi RLi o

Cui RCu +Lil R,Culi + Lil
Organocopper Organocuprate
reagent reagent

Scheme 5.4

Ll
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In 1966, Costa isolated a compliex between phenylcopper (l) and magnesium, as

well as crystals of lithium diphenyl cuprate (1) complex.30

The organic chemistry of organocuprates started its rapid development in 1966,
when House showed that the reactive species of conjugate addition is the lithium
diorganocuprate (1) called a Gilman reagent.3! Foundations for subsequent vigorous

synthetic development were laid by Corey and Posner.32

Shortly after the opening of the Lewis acid era with the discovery of the Mukaiyama
aldol reaction in 1973,33 Yamamoto and Marayama’s reports on the RCuBF3
reagents34 introduced the new concept of Lewis acid assistance in organocopper
chemistry.35 Although the identity of the RCuBF3 moiety is still elusive,36 BFj
activation was applied to numerous synthetic work, as illustrated by a
diastereoselective addition of a homoenolate species in the total synthesis of

cortisone.37

Since the initial discovery by Nakamura and Kuwajima in 1984,38 Me3SiCl has
become a standard reagent for acceleration of conjugate addition. This effect was
reported first for the copper-catalysed conjugate addition of the zinc homoenolate of
propanoic acid ester, then for Grignard-based catalytic reagents39.40 and

stoichiometric lithium diorganocuprates.41-45

The zinc homoenolate started the chemistry of metal homoenolates.(Scheme 5.5).46-
48 The synthetic scope of such a nucleophile-bearing electrophile was further
exploited by Tamaru, Yoshida, and co-workers first,49 and then extensively by
Knochel and others.50-31 Dominated by lithium and magnesium-based systems
until the mid 1980s, organocopper chemistry now routinely utilizes much milder

organometallic nucleophiles such as organozinc, titanium,52 zirconium,53.54 and

12
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aluminium reagents.5% With the aid of proper activators, these mildly reactive
reagents show selectivities unavailable with the conventional reagents, as

illustrated in Scheme 5.6 for Me3SiCl-dependent chemoselectivity.58

C2H50
j_r\ll Zn—cu Lbenzene_ DMF C2H5°\n/\,zm

0
0
Scheme 5.5

P(O)(OEt ),

X @L/

1.0eqBuTi(OiPr)4 SiMe,
5mol%Cul 2LiCl Measic|
Bu
Scheme 5.6

Organocopper chemistry is still rapidly expanding its synthetic scope. The scope of
carbocupration, previously limited to acetylenes, has been extended to olefins.57-59
Enantioselective conjugate addition9 has become truly useful through the use of

dialkylzinc, a cationic copper catalyst and a chiral ligand (Scheme 6).

in 1997 Feringa reported one of the most enantioselective conjugate addition to date
of dialkylzinc reagents, catalysed by chiral copper phosphoramidite complexes.61

The reaction is mediated by 2 mol % Cu(OTf)2 and 4 mol % chiral ligand {Scheme

6), and he reported an ee of 92% when the reaction was carried at -35 °C.

13
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Ligand 4mol%
Cu(OTf)2 2mol%

EtzZn 5eq,Tol,
0°cC

Scheme 6

A possible pathway for the 1,4-addition is shown in Scheme 7. This involves the
transfer of an alkyl fragment from RoZn to the copper complex,62 followed by n—
complexation of the resulting copper alkyl species to the double bond of the enone
and of the alkylzinc ion to the enone-carbonyi. Next, alkyl transfer to the 8-

position of the enone generates a zinc enolate, which upon protonation provides the

1,4-adduct.
RyZn
LaCuX
O
ii LoCuR
R +
RZnX
O
\.'\ X0 '/—
R\( , I
Cu ZnX
§ L |
L R
Scheme 7

14
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The presence of a ligand is fundamental, as without it the reaction is very slow and

with many side products found. Some examples of chiral ligands used in this type of

reaction are shown in Fig 2.

N Ph =
[ Me
. N —-O\ N o)
p—~N ko
N l__d' ------- Me = d
A Ph X
Kobayashi 1994

Feringa 1997 (2b)

(2a)

9¢ “
-~ (X AT

X
P—0o “o—#d
o™
(X no®
Alexakis 1997

Ming 1999 X=binaphthyl

o._-0©

Fig 2

The asymmetric 1,4-addition of diethylzinc to cyciohex-2-enone (Scheme 6) has
been well developed and is well understood, and using this methodology it has been
possible to incorporate stereoselectively functionalized cyclohexane and larger
rings in natural product synthesis.83 In contrast, the asymmetric 1.4-conjugate
addition to cyclopent-2-enone (Scheme 8) presents more of a challenge. The
importance of the cyclopentane skeleton stems for example from its presence in

postaglandins,&4 and alkaloids including dendrobine.85 Recent reports by Chan,66

15
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Pfaltz87 and Hoveyda®8 give ees of up to 97% for the asymmetric 1,4-addition of

diethylzinc to cyclopent-2-enone at —-35 °C.

0 Cu(OTf);,10mol%

/f L,20mol%, EtzZn 0

0°C,Toluene

Scheme 8

Attempts by Pfaltz67 to apply the asymmetric 1,4addition to acyclic enones
(Scheme 9) showed little success with ees achieved of only up to 50% when the

reactions were carried out at =35 °C.

Cu{OTf),10mol%
/\/ﬁ\ L,20mol%, Et,Zn M
Ph R Ph

0°C,Toluene R

Scheme 9

Heck reaction

In recent years there has been considerable interest in the use of the Heck-type
arylation and alkenylation of olefins for constructing carbon skeletons of
biologically important organic compounds.69.7¢ Development of the asymmetric
Heck reaction, where the carbon-carbon bond formation proceeds with high
enantioselectivity, would provide new efficient routes to the optically active
compounds. Pioneering work in this area by Shibasaki’! and Overman’2 has opened
the way for the asymmetric Heck reaction. The catalytic cycle, shown below in
Scheme 10, is termed the neutral pathway, which is followed for unsaturated halide

substrate.

16
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Base-HX (\
N

P
Oxidative
Reductive Addition
elimination

bhase

H/ \x R1 \x —
{_F“a
Carbopalladation 4
2 Beta R
Elimination
1 1
R pa N
R4 FI3 \
Or R? X
1 R4 R3
R \.~R?
R4 Scheme 10

However, there is also a cationic pathway, which is shown below in Scheme 11 This
pathway is followed by unsaturated triflate substrates, or for unsaturated halides in
the presence of halide scavengers such as Ag (I) or TI(I) salts.”3.74 The individual
steps are similar to the neutral pathway, but the difference between the two
mechanisms lies in the nature of palladium(ll) intermediate, which is now cationic,

and this difference has a marked effect on the reactivity and stereoselectivity.

17
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R1—X
£ N
Pd”
Base
2N
P N
/Pd+ TIO"
R1

Scheme 11

The salient features of the cationic pathway shown in Scheme 11 were deduced by
Cabri’> and Hayashi.7’6 Subsequent to oxidative addition, a vacant co-ordination
site is generated by ftriflate dissociation or by halide abstraction by Ag(l); this
vacant site facilitates double bond coordination to form the cationic intermediate

which ultimately resuits in the formation of the Heck product.

The key feature of this reaction is the removal of an anionic ligand from the
palladium coordination sphere, which allows the coordination of the alkene while the
integrity of the chiral ligand is maintained. Ozawa’’ reported the application of the
ligand (3) in the asymmetric Heck reaction (Schemet2), and published ees exceed

96%.

18
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C,
ca™

(3)

OTt

@ Pdy(dba)z 2 mol% @ @
(o] L 4 mol%,EtaN

o) Ar (o] “
Toluene

Ar

Scheme 12

A common feature of the ligands involved in the palladium catalysed allylic
displacement reaction, 1,4-addition and the Heck reaction is that in most cases
nitrogen appears as one of the ligating atoms. The need to balance the steric and
electronic conditions in order to achieve the best results in the catalytic reaction?8
(Scheme 13) may dictate the need to introduce substituents at nitrogen. The usual
method is the application of the Eschweiler-Clarke approach.”9 The reaction
involves heating a primary or secondary amine with formaldehyde and formic acid
to vield the tertiary amine. The hydride acceptor is the iminium ion, from
condensation of the amine with formaldehyde. The resulting N-methyl amino alcohol

core structures are found in several bioactive molecules.80.81

19
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Nu. /_\ x S Nu~

e \ .
\ N T
- Pd approach /\(
\ / ~ Pd

of

-~

N

':/.__, L 2I:Proach _'\_/L_ nucleophile {_:L
nucleophile
bond
formation,| .
bond and
$ | formation, rotation
and
rotation !
Nu Nuf<
== Linear
Branched product
product
s = steric effect Nu= Nucleophile
e = electronic effect Scheme 13 L =Ligand

a-Amino alcohols are important intermediates in many organic synthesis, but there
are few methods to generate these compounds One method is to construct an
oxazolidine ring, which is obtained by condensation of an amino alcohol and aldehyde
or ketones, and then reductively cleave the ring to give the a-amino alcohol.82 An
alternative strategy for the synthesis of a-amino alcohols is through the synthesis
of cyanohydrins derived from aldehydes or ketones followed by reduction using

lithium aluminium hydride,83 or by reduction of a-amino acids.

N HC\O

4

20
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The oxazolidine ring system 4 has been studied extensively by Knorr and
coworkers83 who ascribed the cyclic structure to products which were obtained,
e.g. from ethanolamine and aldehyde or ketones with loss of a molecule of water
(Scheme 14), without taking into account the possibility that the condensation

product might simply be the Schiff base (Scheme 15).

/) R>:(;) ﬁ H,O

HO NH, R

ha Scheme 14

/\ R /) R
HO M=o HO N# + H20
R1

NH2 R1/

Scheme 15

In 1951 McCasland and Horswill86. who were investigating some complex cases
arrived at the conclusion that the product structures were not well-established. The
formation of oxazolidines from aldehydes and simpie aliphatic ketones has since
been studied extensively.87-90 However their formation from aromatic ketones has

not been reported prior to our work.91

Since the first reports of n-allyl palladium catalysed allylic substitution,92 and the
subsequent reviews by Trost,®3 many examples of chiral ligands have been
synthesized for application in this reaction, and here we report novel approaches to
the synthesis of some ligands to be applied in this reaction. However, few attempts
have been made to use thioethers. Thioethers are powerful ligands for transition
metals, and the affinity of thioether groups for transition metais has been used to

direct the outcome to stoichiometric reactions mediated by transition metals.94

21
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Recently, Krafft and co-workers have shown that the Pauson-Khand reaction gives
excellent regiocontrol when a thioether is present in the substrate.95 The most
dramatic advance has been the demonstration that a sulfur atom in the substrate can
exert an influence in the palladium-catalysed alkylation, dictating the
regiochemistry of nucleophilic attack. 96 More recently, thioethers have proved to
modify reactivity in the platinum-catalysed hydrosilyation of olefins (Scheme
16).97 The importance of the thiosther moiety was demonstrated in a competition
experiment, in which homoallyl sulfide was mixed with octene and subjected to
hydrosilylation at room temperature; only the thioether substrate underwent
hydrosilylation. Hydrosilylation of octene fails under similar conditions,
demonstrating that homoallylic thioether was accelerating an otherwise sluggish

reaction.97
S
PhMe,Si
OMe
n

4eqPhMe,SiH
S 5mol%H,PtClg.6H20
/\éy OMe
7 n C2H4CI,RT s/@

n

Scheme 16

The final class of ligand which we consider here are those containing sulfoxides.
The synthesis of sulfoxides has been widely reviewed. The efficiency of the sulfoxde
group in asymmetric synthesis is thought to be due to the presence of three different
groups at the asymmetric centre; while nitrogen tends to be hindered by pyramidal
inversion this is not the case with sulfur, where pyramidal inversion is not

observed below 150 °C.99

22
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Since the first reports of sulfoxidation by Belenovic90 and Montanovi,101 many
asymmetiric
Modenal94 (Scheme 17).

authors have attempted asymmetric sulfoxidation with the modified Sharpless

epoxidation,102 adopted independently by Kagan'©3 and
Ti(OiPr); 1eq
/s\ (+)-(R,R}-DET 4deq
R R4

-
H,05 2eq,DCM,-20 °C

Scheme 17

Kagan modified the Sharpless procedure by adding one equivalent of water, a poison
isopropeoxide to 2:1 (Scheme 18).

in the epoxidation reaction, and increased the ratic of {(+) DET to titanium
Under these conditions, double bonds, amines,

alcohols and phenols are not oxidized.

Davis reported the use of N-suifonyl oxaziridines as sulfoxidation reagents.

sulfonic acid,197 and this was later modified by Page.108

105,106 |ater, Davis reported the use of cyclic oxaziridines based upon camphor

nitrogen is a stable chiral centre, and electron-releasing groups tend to stabilize
oxaziridines, reducing their electrophilicity.

In oxaziridines the
In the camphor system, the sulfonyl
group is electron-withdrawing, rendering these compounds highly electrophilic, a
property exploited in their use for sulfur oxidation.109
To summarize,
which show multipurpose usage in asymmetric synthesis.

the aim of the work described in this thesis is to design ligands

design is to synthesize ligands for the asymmetric palladium catalysed aliylic

The main focus of our
substitution reaction, the asymmetric 1,4-addition of dialkylzinc to enones , and

23
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the asymmetric Heck reaction. Additionally it was intended to investigate the
efficiency of the Page sulfoxidation reagent in the presence of electron withdrawing

groups (EWG) and electron donating groups (EDG) in the substrate molecules.
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CHAPTER 2
Ligand Design
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LJGAND DESIGN

In attempting to design ligands, there are certain constraints which must be
considered, these constraints often limit the scope or degree to which the ligands can
function. Thus it is up to the designer to try and overcome those constraints. in
designing ligands for complexing with transition metal the following constraints

must be considered.

a} The metal: The metal to which the ligand is complexing has a great influence on
the outcome. Some metals complex to the ligand and never release it, others do

not complex at all. Ligands can also form inert and labile complexes.

b) The nature of the ligand heteroatoms: The binding nature of the heteroatom
again has fundamental importance, the ability or otherwise of a hetercatom to
act as a Lewis base is very important if complexation is to occur. The Lewis
basicity has a great influence on the stereoselectivity; for example, as has
been well documented for the palladium catalysed alkylation, the nuclecphile

approaches trans to the better n accepting heteroatom.1

¢) Type of reaction: Some ligands which are designed for alkylation might not be

useful for epoxidation or other reactions and vice versa.

For the case of the allylic displacement reaction shown below in Scheme 18, the
general catalytic cycle shown in Scheme 19," must be considered in order to enable
us to design a good ligand. The basic cycle consists of metal-olefin complexation,

ionization, alkylation and decomplexation.
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To achieve asymmetric induction, the asymmetric environment of the ligands must be
felt on the opposite face of the n-allyl unit, where bond making and breaking are

occurring. For complexes containing bidentate ligands, it has been suggested that



regioselectivity is determined by the bonding of the allyl moiety.?2 When the allyl
group is substituted at one of its terminal positions, the symmetry of its bond to
palladium is distorted. QSAR studies! have shown that the palladium-aliy!
bond is distorted from 3 to 17-n2 (Scheme 20). The Pd-Cq bond is shorter than

the Pd-Ca, this distortion occurs if the allyl group is substituted at one terminus.

It appears that the malonate nucleophile {Scheme 18) attacks preferentially at the
allylic carbon atom with the largest palladium-C distance.34 To avoid this
complication we opted for a symmetrically substituted otefin (Scheme 21), this
allows the designed ligand to provide the required environment distortion; for
example, this could be achieved by altering the bite angle. This is the angle which the

ligand makes with the palladium (Figure 5}.

L I}d \L3
Scheme 20
Ph
Ph = Ph
= Ph PR Ph
\/Y Pd,L2 \{j\\/ Nu
OAc L’P?. Ph
= Ph
Scheme21 Nu

35



Pd Bite
Angle

Fig 5

It has been shown that increasing the size of the bite angle enhances the

regioselectivity towards the branched product {Scheme 22}.

AN \
ﬁ L \_‘— /K/\Nu

v oL Nu

Branched Linear

Scheme 22

Considering the Heck reaction (Schemes 10,11) the catalytic cycle reveals many
differences from the allylic displacement reaction, here the key step which
determines enantioselectivity is the association and insertion into the palladium-A1

bond.

Morecover, here the two pathways shown result in different enantioselectivity. For
example, the cationic pathway is regarded as being more stereoselective than the
neutral pathway. This is due to the former involving a vacant site on the metal which
gives a 16 electron species (Figure 6A below). In this case the integrity of the whole
system is preserved, thus maximising the asymmetric induction, which results in

better stereoselectivity, while in the neutral pathway dissociation of chiral ligand
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(Figure 6B) in order to accommodate alkene insertion, tends to reduce

enantioselectivity.

Pd
R \/ R4
R2
16e Species

Dissociation of 16e Species
B
Fig 6

In practice it has been possible to influence which pathway will be followed in a given
Heck process either by adding silver salts to the reaction® or by adding excess halide
anions to reactions using triflate, which results in nucteophilic displacement of

triflate anion from the product of oxidative addition.6

Finally, the 1,4-conjugate addition catalytic cycle is as shown in Scheme 7 in the

introduction (page 14).

Here again the asymmetric induction is achieved in a different manner from both of
the above reactions. The assumption here is that the chiral ligands are located at
opposite corners of the planar array of the metal atom to minimize unfavourable

electronic and steric interactions (Figure 7).7

37



Fig 7

For chiral lithium organocuprates, one model of the conjugate addition reaction
assumes that the cuprate reagent is a dimer with a planar array of metal atoms,® and
that the chiral ligands are located at the diagonal corners of the planar array of metal
atoms to minimize any unfavourable interaction. The observed enantioselectivities
then depend upon a number of factors, including substrate structure, ligand
stereochemistry, solvent, and the cuprate composition. For a model of the zinc-

mediated reaction, see Scheme 51 page 97.

Our design strategy is shown below in Scheme 23.
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Armed with this information we proceeded to design a number of ligands. Each class
of ligands is considered in terms of their ligating atoms S,N, P,N, etc. Within each

class the synthesis is considered and any new novel approaches are explained.
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241 S,N LIGAND SYNTHESIS

The first attempt in this class of ligands started from the enantiomerically pure

commercially available isoquinoline shown in Scheme 24,

CO.H
NH
L|AIH4
PTSA

F\_o reflux

oH TMSCl,5eq
CHiCN

Fl NaBH3CN,5eq
8¢, R=Ph, 8d, R=tBu

(CH3)2CHSH| £ N 2eq,1h

Scheme 24

We were able to synthesize the ligand 8e by first reducing the acid using lithium
aluminium hydride to give the alcohol. The alcohol was then refiuxed with
benzaldehyde or pivalaldehyde to give the oxazolidines 8a and 8b, the oxazolidines
were then subjected to reductive cleavage to afford the corresponding amino alcohols
8c and 8d, which were then subjected to nucleophilic displacement by the isopropyl
thiol after activation of the hydroxy groupn as the mesylate, prepared using

methanesulfonyl chloride.

Only poor enantioselectivity was achieved when the ligands were tested in the
palladium catalysed allylic displacement reaction of 1,3-diphenyl propyl-2-enyl

acetate using dimethyl malonate as the nucleophile, as described in Chapter 3. The
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Table 1
Palladium Allylic Alkylation Reaction

R Yield % Ligand ee %
Fh 78 8e 12
t-butyl 92 8d 23

Ephedrine and pseudoephedrine have been used as chiral auxiliaries in many
asymmetric syntheses,® 10 and we decided to proceed with the design of our ligand
using both as our chiral materials. It is essential when planning a design sequence to
minimize the number of steps, in order to increase simplicity and to maximise

efficiency.

Thioethers (sulfides) have been widely used as chiral ligands in many catalytic
asymmetric reactions, for example for the palladium catalysed allylic
displacement,! and we decided to attempt the synthesis of this type of ligand. The

synthetic route is outlined in Scheme 25.

41



PTSA ) \/
Dean-Stark

Me—N OH Me—N 0
\H Toluene Y
R\=0 R 9a-d
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Scheme 25

This route involved formation of oxazolidines (9a-d) by condensing ephedrine or
pseudoephedrine with the aildehyde in the presence of PTSA under Dean-Stark
conditions to give the oxazolidines in 67-90% yield. Table 2 below shows the data

for the oxazolidines.

Table 2
Oxazolidines from Aldehyde
Compound A FE R Yield %
Number
9a Ph H Me 86
9b Ph H Ph 65
9¢ H Fh Me 89
9d H P P 90
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We then proceeded to ring open the oxazolidines (9a-d) to obtain the N-substituted
amino alcohols (10a-d) (Scheme 26). These are usually synthesized by utilizing
the Eschweiler-Clarke approach, whereby primary or secondary amines are
condensed with formaldehyde followed by hydride transfer from formic acid to yield
the N-substituted product. Our approach was to use NaBH3CN/TMSCI in acetonitrile
and to our delight we were able to ring open a variety of substrates.12 The resulting
ring opened structures (10a-d) are shown in Table 3 below. The detailed mechanism

of this ring opening procedure is shown below in Scheme 26.

Table 3
Ring Opening of Oxazolidines Using TMSCL NaBH3CN

number A =4 R Yield %
10a M H Me 98
10b 2] H 2] 96
10¢ H [=4] Me 83
10d H 21} Ph a3

43




Ring Opening Using
TMSCI,NaBH3; CN

Me R" R2
R <
Me B 2 +) (
H TMS—ci Me—N OTMS
Me—N. O ANEN
O H
H_
R R  HiB-CN
H

Scheme 26

The ring opening procedure presumably occurs by coordination of the oxygen atom of
the oxazolidine to the TMSCI, resulting in iminium ion formation. Hydride ion is
then transferred from NaBH3CN to yield the intermediate (A). Hydrolysis during

work up of intermediate (A) vields the required amino alcohol (10a-d).

Having ring-opened the oxazolidines (9a-d) to obtain the N-substituted chiral amino
alcohols (10a-d), we then proceeded to synthesize the thioethers (11a-d), by
substituting the hydroxy groups with the mesylate and then displacing the mesylate
with the thicl as outlined in Scheme 25 The mechanism of formation of the
thioethers is outlined in Scheme 27 below. The mechanism involves a double
inversion sequence at the reacting carbon atom.'3 This overall result has been
proved by our group, by obtaining a single crystal X-ray structure which confirms
the retention of configuration of the original amino alcohol.76P Table 4 shows the

thioethers (11a-d) obtained. When tested in the palladium catalysed allylic



displacement (Chapter 3, page 80-81, tables 16 and 17), using 10 mol % of the

ligands and 10 mol % of palladium, the outcome was an improvement in ee as

compared to (8d-e}.

EtsN) )_ =0 RR' Me
H © H g2 R'Me H R
-, /

H~’”—\“—fé| /L( H—({* N—Me

(o}
0 RR' Me
Me—S—O Me E
R me I R
; - © HCoY N—Me
H N R' 3~ :N—Me Me—S—0
1 /. K Me R% I
wo——4: !
Me
R? R Me R? R Me
Me s T—Me Me S l‘r—Me
Me H R Me R
11a-d
Scheme 27
Table 4
Chiral Sulfide Ligands from Alkdehydes
Ligand R R R Yield %
11a Ph H Me 65
11b M H Ph 63
11c H =1 Me 62
11d H =1 = 69
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We considered the possibility of using the same sequence of reactions, but instead of
an aldehyde, to condense the chiral amino aicoho! with aromatic and bulky aliphatic
ketones. In doing so we are entering the realm of the unknown because many groups
have tried to form oxazolidines from aromatic and bulky aliphatic ketones, but were

not successful.14

Our original attempt to form the oxazolidines from aromatic ketones used the
procedure outlined in Scheme 10, but instead of PTSA, we used MgBro, AICI3 and
subsequently even camphor sulfonic acid, but in all cases we did not isolate the

required oxazolidines.

We noted that scandium triflate has been used as a mild Lewis acid agent in radical
cyclisation reactions,15 in studies of the intramolecular reactions of N-acyliminium
ions to synthesize the neuvamine skeleton,’® and in a high yielding cascade
sequence.'?” We decided to use this reagent as outlined in Scheme 28. Due to the
importance of the ring closure reaction using ketones, a description of the
experimental procedure is given here for clarity. 10 mol % of scandium (iii)
triflate was added to a solution of 1.2 eq of the ketone in dry dichloromethane, then 1
eq of the ephedrine or pseudoephedrine was added, then 10 g of 4A molecular sieves
was added and the container was sealed and left standing for a period of 7-10 days.
Fresh sieves were added four times during the course of the reaction; this was
essential for the success of the reaction. The reaction was followed by carbon-13
NMR spectroscopy for the appearance of a peak at 97-110 ppm. When the required
peak had been cbserved, the molecular sieves were removed by filtration and washed
with dry dichloromethane (20 ml), the filtrate was stirred with 10-12g of sodium
hydrogen carbonate for 2 hours and then removed by filtration. The filtrate was
washed with water, dried over magnesium sulfate, and removal of the solvent yielded

the oxazolidines (12a-n).
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Scheme 28

Table 5 below shows the oxazolidines obtained together with yields and
diastereisomeric ratios The diasterecisomeric ratios were measured using NMR

spectroscopy. The proposed mechanism is shown below in Scheme 29.
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Table 5

Formation of Oxazolidines from Ketones using Sc(ill) Triflate

Compourd| A R P R Ratio of Yield %
Number Major/ Min
12a Fh | H | m Me 13:1 76
12b M| H | m Et 5:3 65
12¢ A H Furyl 2-Me 2:1 62
12d | H | Pyridyl 2-Me 3:2 61
12e ih | H | pOMePh| Me 6:5 63
12f Fh | H | Et Me 71 77
12g Fh { H | P/ Me 16:1 81
12h H| m|m Me 15:1 74
12i H | m Et 7 73
12] H Fh | Fuyl 2-Me 4.1 72
12k H | Pyridyl 2-Me 7:1 74
121 H P | pOMePh| Me 81 71
12m H | m | Et Me 12:1 88
_ only one
12n H Fh P Me observed 83
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oTf

R3 ¢(OTf)2
3
Yo e

R4 TfO"
“)1B2M( Sc(0Th),
HO /N'—Me
H
Me ?291
+
Least Stable Me— H OH
recycled R? o\
g3 SC(OTh)
M 16291

Me p2R! Me R2R?
Me—Ny OH

. _ R44|_(,
Me—N o Me NYQ ia O\Sc(OTf)z
R? R? Rd RS\M H'—_ZFH/
+> (
Me—&JOH
R R

Scheme 29

We believe the reaction to be a thermodynamically controlled one. The
diastereoselectivity of a thermodynamic controlled reaction is generally dictated by
the difference in energy between the products. One will therefore expect an influence
of external conditions on the equilibrium states. Indeed it has been documented that
the equilibrium shows a dependency on concentration. Furthermore, Cope and
Hancock!8 have shown that the product from ethanolamine and dipropyl ketone
changes its refractive index upon standing for two months, the phencmenon is
reversed by distillation of the product. Metzger!'® showed that when 2-ethyl-2

hexenal and 2-aminoc-3-methyl-3-butanol were condensed at elevated temperature,
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there is a tendency for the Schiff base to be formed and no oxazolidines were

observed.

The presence of a Lewis acid such as scandium triflate increases the electrophilicity
of the functionality to which it is complexed. In our system we believe that the Lewis
acid complexes to the oxygen in the ketone. The diastereoselectivity observed relates
to the structure of the substrate. The formation of one diasterecisomer is
disfavoured because of the orientation of the large proximal group which raises the
energy . The presence of scandium (iii) triflate seems to influence the process by

favouring the equilibration between isomers.

Having synthesized the oxazolidines, we needed to know the stereochemistry at C2,
and decided to carry out nuclear Overhauser enhancement (nOe) studies on
oxazolidines derived from each series of ephedrine and pseudoephedrine. These are
shown in Appendix 1. On the basis of the nOe data we were able to confirm the C2

configuration. These are shown in Figure 13.

LS LS
L=Large
A B) S=Small
Pseudoephedrine derivatives Ephedrine derivatives
Fig 13

These resuits are of considerable interest. The pseudoephedrine configuration at C2
is as expected, that is, the large group is on the same side as the smaller ring methyl

group. The result from the ephedrine series, where the large group (L) and the ring
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phenyl are on the same side, is surprising. However, if we draw the envelope
conformation as shown in Figure 14, in this case the large group (L)} and the phenyl
are both in pseudoequatorial positions and in doing so they minimize their interaction

and result in the lowest energy conformation .

Fig 14

Having finally obtained the oxazolidines, we proceeded to investigate their ring

opening using our method with NaBH3CN/TMSCI.12 However, to our disappointment
the method did not work. This may be because the reductive cleavage using this

sequence must proceed through the iminium ion intermediate, Figure 15.

Me R R° Me R R3
Me—*N OTMS Me—* oTMS
R? Ph
A B

R=Ph,R3=H Ephedrine
R=H,R3=Ph Pseudoepedrine

Fig 15

When R is a methyl and R2 is a hydrogen, or R! is a methyl and A2 is a methyl, the
reaction is successful, as is also the case when A is a phenyl and R2 is hydrogen.
However, when R is a phenyl and R2 is a methyl, the reaction does not work. The

explanation may be that in the three former cases the iminium ions are less stable
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than in the latter case, because in the latter case where phenyl and methyl
substituents are present, Figure 15B, these will stabilize the iminium ion to such an
extent that the sodium cyanoborohydride is not able to induce reduction of the
iminium intermediate. There is no precedent for reductive ring opening of this type

of compound derived from ketones.
An alternative approach was thus needed to ring open this new class of oxazolidines.

We first investigated pyridine borane complex, however, this was unsuccessful. A
recent report20 has described the use of dibutylchlorotin - HMPA complexes, but
again with the present substrates the reaction did not give the desired product.
Polymethyl hydrosiloxane2! has been used to reduce ketones but it also did not work
in our case. More recently the reductive cleavage of C-N bond in cyclic amidines
using DIBAL has been reported, 22 we therefore decided to use this reagent in hexanes
or toluene solutions, and to our delight we were able to reduce a range of chiral
oxazolidines to obtain a wide range of a-amino alcohols with high selectivities shown
in Table 6 (Scheme 31). For the case of oxazolidine (12n) the reductive ring

oprning resulted in the amino alcohol (16n) Scheme 30

h DiBAL/ Hexanes ‘
m — —— ————— e — . . - H
> Me Hexanes0 °c Me—N
7\\, Me
Mé

Scheme 30
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Me R? R! Me R? R

Me—N Y DiBAL/Hexanes Me—N OH
>< Hexanes 0 °C 4>\
12a-n 16a-n

R'=Ph,R?=H ephedrine
R'=H,R%=Ph pseudoephedrine

Scheme 31
Table 6
Formation of aminoalcohols from Oxazolidines using DiBAL
comond | | o | o | Setoet | v

16a | Ph | H | Pn Me 13: 1 85
16b | Ph | H | Ph Et 5:3 83
16c | Ph | H | Furyl 2-Me 7:1 87
16d | Ph | H | Pyridyl 2-Me 3:2 88
16e Ph H p-OMe Me 6:5 71
166 | Ph| H|E Me 7:1 79
16g | Ph| H | P Me 6: 1 87
16h H | pn| PP Me 5: 1 82
16i H | ph | PP Et 7:1 86
16] H | ph | Pyridy 2-Me 4:1 87
16k H | ph | Fuyl 2-Me 7:1 83
16l H | ph | POMe Me 9: 1 81
6m | H | ph | E Me 12: 1 89
16n H Ph Pr Me only one 98

Since the application of DIBAL to the oxazolidines resulted in the required amino
alcohols (6a-n), then the pathway may well be different from that using
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NaBH3CN/TMSCIL. Also, the reaction in DIBAL is successful when the solvent is
either hexanes or toluene, but not THF. This may indicate that the oxygen atom of the
oxazolidine is coordinating with the aluminium atom, when hexane or toluene is used
as solvent. However, when THF is the solvent, the THF coordinates to the aluminium,
and the oxazolidine oxygen atom is presumably not sufficiently basic to coordinate
with the aluminium atom and hence the reduction does not occur. This suggests that
the coordination to aluminium is an important step in the ring opening process. A

possible mechanism is suggested in Scheme 32.

v

Al NS
/
RZ R! H R2 M 3\

i S oo
nzg‘m Hi\< N:z_n"" 0__M>\
",

R'" "r2

Scheme 32
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Me —AT
Me Me (I I
Me
OR
Me  pn MMPh Mj\gph >
+
me—N_ H OH me—N_H OH Me N —AI'/\<
X X e
Me Me Me H
Me Me me Me Me
Scheme 33

Two cases must be considered. In route A Scheme 32, the iminium ion is formed
first, then the hydride is delivered. This will result in the formation of two iminium
species which will give two different stereisomeric alcohols. For the case where R3
and R4 are methyl and isopropyl the two possible sterecisomers are shown in Scheme
33 above, but we only obtained one. In route B, reductive cleavage occurs by attack of
hydride at C2 without formation of iminium ion. This mechanism would be expected
to lead to higher stereoselectivities. The two pathways shown in scheme 32 above are
likely to take place but we are not sure which is correct. The stereoselectivities
obtained using DIBAL are shown in Table 6. These were determined by NMR
spectroscopy. These results show that the pseudoephedrine derivatives give higher

stereoselectivity than the ephedrine derivatives.
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In order to make certain that the amino alcohol had been formed, we decided to
synthesize a 3,5-dinitrobenzoate derivative, as shown in Scheme 34 below. We
were hoping to obtain an X-ray crystal stucture, however to our disappointment, the
compound (17) was an oil, Appendix 5 shows the relevant NMR and COSY 45 spectra

of this compound.

M Ph t
- 02N Me gh O
o h NO,
Me OH . 0
M Me DMAP
e Me
0 °C Me N02
(17)
Scheme 34

Having formed the chiral amino alcohol, we decided to compare our method with the

traditional method of ring opening using Grignard reagents (Scheme 35). 26

Me R2

: R Mg RAgt
H MeMgl 3_<
—_ o -
Me NY Etzo'_400c Me— OH
R3 R3 Me
%9a_d

18a_b
PhMgBr | Et20,-40°C

R'=Ph,R?=H ephedrine

M BzR‘ R'=H,R?>=Ph pseudoephedrine
Me— OH

R3 Ph

19a b Scheme 35
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The results obtained from these reactions are shown in Table 7 below.

Table 7
Ring Opening of Oxazolidines
using Grignard Reagent
h’le ?2H1 Me ?2 R1
Me—N H OH Mt*:-N\(I_I OH
R® Me R® 'Ph
18a-b 19a-b
Compound 1 2 3 | Grignad Ratio i
Entry Numbe r R R R Reagent ma jor /min Y(';,k;

1 18a Ph H Ph Me 13:1 76
2 19a Ph H Me Ph 8:1 62
3 18b H Ph Ph Me 3:1 59
4 19b H Ph Me Ph 2:1 69

As mentioned earlier, when using DIBAL to ring open the oxazolidines, the
pseudoephedrine series were reduced more selectively. However, as the results in
Table 7 show, when Grignard reagents are used to ring open the oxazolidines, the
ephedrine derivatives gave the better stereoselectivities. This could be due to the
possibility that when oxazolidines are opened with Grignard reagent, they do so
through iminium ion formation,2® while in our proposed mechanism the ring
opening using DIBAL proceeds in a concerted fashion without going through the
iminium ion. Moreover, when using methylmagnesium iodide as the Grignard
reagent, we obtained better selectivity than with phenylmagnesium bromide agents.

This is unexpected.

For the case where the oxazolidines were formed from benzaldehyde or acetaidehyde

and ephedrine, the oxazolidines formed would be expected to adopt anenvelope
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conformation, since this results in the lowest energy, with the larger groups
pseudoequatorial. The Grignard reagent can then attack either the s/ or re faces of

the iminium unit {figur20).

P MgBr
Me
e |
Nt Me
—MgBr
H g
Ph
MgBr
H 9
(B)

in the case of oxazolidines formed from benzaldehyde, acetaldehyde and
pseudoephedrine, attack by the Grignard reagents occurs via iminium ions shown in

Figure 21.

Me——NMgl
P MgBr
Me
Ho |
Nt Me
O—MgBr
Me t/\(
Ph
MgBr
H g
(B)

Attack by Grignard reagent could again occur at either the si or re faces of the

iminium unit (Table 7).
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Having formed the chiral amino alcohols, the next step in the synthesis was to

proceed and synthesize the thioethers (Scheme 36).

Me F‘-stI1 I(‘jl)eSEéagl::lz‘fgeq Me RBR?
3 DCM,0 oC, 1h )—z Me
Me— OH e Me—NX s—éane
RY “R3 (CH3)3CSH rY g3 228 )
16a_n

R'=Ph,R2=H ephedrine

R'=H,R2=Ph pseudoephedrine
Scheme 36

This was achieved by displacing the hydroxyl group with the mesylate followed by
nucleophilic attack by the thiol substrate to yield thioethers (22a-l), Table 8 below.
Thicethers obtained through this procedure retain the configuration of the alcohol

from which they were derived by a process of double inversion, (Scheme 27).23
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Table 8
Chiral Sulfide Ligands derived from Ketones
Me —N s—QMe
A R’ v
22a_|
Compound R R2 R3 RY |Yield%
Number
22a Ph H Ph Me 65
22b Ph H Ph Et 61
22¢ Ph H Furyl 2-Me 55
22d Ph H Pyridyl 2-Me 45
22¢ Ph H iPr Me 76
22f Ph H Et Me 78
22g H Ph Ph Me 71
22h H Ph Ph Et 74
22i H Ph Furyl 2-Me 61
22j H Ph Pyridyl 2-Me 55
22k H Ph iPr Me 88
221 H Ph Et Me 91

On testing these ligands in the palladium catalysed aliylic reaction of 1,3 diphenyl
propyl-2-enyl acetate, see Chapter 3, an improvement in ee was observed over

ligands (8a-b) and (11a-d).

Anderson used imine-derived ligands to achieve some respectable results in the
palladium catalysed allylic displacement reaction,24 and Fiore used pyridine

-derived ligands, also to give respectable ees in the same reaction.2® Therefore we
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decided to investigate this approach and to synthesize a number of imine ligands

(SchemeU37).
R
— Etz Oreflux
MeOH !
23a_h
s~ We
CSA,DCM o,
Me
HaN o)
Y
Me
e
S
O~ Me
R
\/ __ N/
o)
R 24a_g
Scheme 37

The imines were prepared by refluxing the nitrile, typically 1 eq, with the required
Grignard reagent (2.5 eq) in dry ether for 2 h, or until the nitrile had fully reacted.
The reaction mixture was then allowed to cool and placed in a cool bath at O15 «C and
20 eq of dry methanol was added. The solid precipitate was filtered off and washed
with (3 x 30 ml) dry methanol. The methanol was evaporated to dryness to yield the

imine (23a-h) (Table 9).
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Table 9
Imine from Nitrile
R
FNH
R1
23a_h
Compound R R1 Yield %
Number
23a Me Ph 82
23b Propyl Ph 85
23c Et Ph 89
23d Bu Ph 83
23e Ph Ph 95
23f P/ Ph 88
23g 1-Naph 1-Naph 72
23h 2-Naph 2-Naph 65

The required imine ligands were obtained by imine exchange. A recent report2?
describes transalkylation using the homogeneous catalysts Ruz(CO)12, Rhg(CO)q6 to
afford the tertiary amines (Scheme 38). Imine exchange,28 where Pd black is used
as catalyst in the presence of an amine to afford the exchange {Scheme 39) has also
been reported. However we opted to use the O'Donnell protoco! (Scheme 40),29 but
instead of the Lewis acid (TiClgy) we used the protic acid camphor sulfonic acid
(CSA). A suggested mechanism is shown in scheme 41. The imine exchange was
carried out by stirring a mixture of 1:1 of the imine (23a-h) and the amine
(Scheme 37) in DCM in the presence of 10 mol % of CSA overnight, and then the

crude product was purified to yield the imine ligand (24a-g ) in 81-95% vyields,

(Table 10).
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Ru3(CO) 2

EtzN + P3N »Et,NPr + ProNEt
125 °C
Scheme 38
aRs Pd RTR2CHNR*R5 + R3NH
R'R2CHNHR® + RR°NH + 2
Scheme39
R? 1
PhC=NH nl—}—cc:un“ TiCls 7
— Phc:N—'—cozn3
NH,. HCI R2
Scheme 40

G,

R H /\l‘l+
Fd /\%1

H R

Scheme 41

63



S A Talib

Table 10
Sulfur Imine Ligands
/Me
S
O pe
R
> — i
2) 24a_g
Compound R A Yield %
Number
24a Me Ph 95
24b Propyl Ph 92
24c P Ph 96
24d Ph Ph 96
24 1-Naph 1-Naph 81
249 2-Naph | 2-Naph 81

On testing these ligands in the Pd catalysed allylic displacement of 1,3-diphenyi
propyl-2-enyl acetate, a dramatic improvement of ees was observed of up to 96%.

An X-ray structure of one of the imine ligands is shown in Appendix 2 and is

S
SN
N

"

i
O 0
\

Me

Fig 25

represented in Figure 25.

For the cases where the imine was not symmetrical, we needed to know the

stereochemistry of the ligand and we resorted to the use of nOe spectroscopy.
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Appendix 3 shows the results for the case of isopropyl, phenyl, and indicates that for
this unsymmetrical imine, the isopropyl group is on the same side as the carbon-

nitrogen bond (Figure 26).

S\
Me
e O
Me
—N [0}
/
Me
Fig 26

This stereochemistry may affect the conformations of the palladium complexes with
the ligands, and so help to determine enantioselectivity in the palladium catalysed

allylic displacement reactions.

From the pattern of ees observed in the palladium catalysed allylic displacement, we
noted that substitution on nitrogen improved enantioselectivity, an observation also
noted by Feringa,30 and we decided to explore this effect by choosing ligands with the
only structural variation being at nitrogen. Scheme 42 shows the ligands (29a-b)

derived from L-phenylalnine.
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H IYIe o-—Me
o Me—p’
Ph
[ leq 0
NH Ph
o=

THF,EDCI 1eq NH
0—R MeONHMe.HC! 1eq o=<

O—R
93-95% 27a_b
a=Cbz
b= Boc -15 °© LiAiH,

KHSO4 THF, 0 °C

m H

O
S S BF3Et,0 Ph\/RZ
Ph\I

Et,0,0 °C NH
! o=
H N1.2eq o—R
SH SH
OoOR

96-97% 28a_b
86-88% 29a_b '

Scheme 42

The nitrogen group is either Cbz or BOC substituted. Typically, a solution of the Cbz,
or BOC substituted L-phenylalnine was stirred in THF, 1 eq of N-methyl morpholine
and 1Ueq of N, O-dimethyl hydroxylamine hydrochloride were added and the solution
was a stirred for 30 minutes. 1 eq of EDCI| was added portion-wise over a 1 hour
period, the THF was evaporated and the crude product was purified by
chromotography to yield the Weinreb amides (27a-b) in ca 95% yield. The Weinreb
amides (27a-b) were reduced to the aldehydes with lithium aiuminium hydride at O
OC . The mixture was quenched with potassium hydrogen sufate, worked up, and

purified by chromategraphy to give the aldehydes in 96-97% yield.

The aldehydes {28a-b) were treated with propane-1-,3-dithiol in the presence
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of BF3 Et20 and the resulting products purified by chromatography yield the ligands

(29a-b) in 86-88% yield.

On testing these ligands in the palladium catalysed allylic displacement reaction of
1,3-diphenyl propyl-2-enyl acetate using dimethyl malonate as the nucleophile, a
dramatic improvement in enantioselectivity occurred from changing the substituent

at nitrogen from Cbz (17% ee) to Boc (44% ee).

So far, we have concentrated on the design of S,N ligands. Figure 30 shows the S,N
bidentate ligands which we designed , the uses of which in asymmetric reactions are

discussed below,

me BR! Me ?ﬁ‘
H Hs—énl\:e

N Me L
Me— S—Me Me »\
R

3.
11a-d R¥=Me
R=Me,Ph R4=Ph,iPr,Furyl,Pyridyl,Et

Me Me

R F'»:N O me
8d-e o

R
R=Ph,tBut 24a f

S R'=Ph,1-Naph,2-Naph
? R=Ph,Me,Et,Prop,iPr
Ph S

1-Naph,2-Naph
NH
R
29a-b
R=Cbz,Boc
Fig 30
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P-N LIGANDS

Phosphorus and nitrogen have different n-accepting properties, with phosphorus
being the better n-acceptor than nitrogen,3C thus in the palladium catalysed allylic
displacement reaction, nucleophile will attack from the direction trans to the better
n-acceptor phosphorus atom in the transition state. Aiso, Morimoto31 has reported
some excellent results in the application of P-N imine ligands in the 1,4 addition of
diethylzinc to cyclic and acyclic enones. We decided to design a series of P-N ligating
ligands. The starting point was the P-N compound (31c¢) derived from the phosphine

benzaldehyde (31b) and pseudoephedrine (31a) (Scheme 43).

M Ph Pha
— \ AT
Me I\{ OH o CcS oluene
H Dean-Stark
31a 31b reflux
Scheme 43

31c¢c

When tested in the palladium catalysed allylic displacement reaction, this figand gave
a respectable enantiomeric excess of 78%. An X-ray crystal structure of this ligand

is shown in Appendix 4.

Based on our previous results obtained from the sulfur imine ligands, and from
results obtained by Morimoto,31 we decided to proceed and design phosphorus imine
ligands and prepared the three ligands (32a-c} shown in Scheme 44 (Table 11}, by

condensation of the three aminoesters with 2-(diphenylphosphinyl} benzaldehyde.
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PPh, PPh ¢ o,
CSA <~ e
\o O\Me N (0]
J2a-c
Scheme 44
Table 11

Phosphorus Imine Ligands

Compound R Yield %
Number
32a iPr 87
32b Ph 79
32¢ (CeH4OH)CHa 65

These ligands did not perform well in the palladium catalysed allylic displacement
reaction. However, in the copper-catalysed 1,4 addition of diethylzinc to
cyclohexenone (Scheme 45) the ligands gave ees of up to 96%. It is perhaps no
surprise that ligands which do very well in one reaction may do badiy in others. Thus

once a ligand is prepared it pays to test it in more than one field of catalysis.

Cu(OTf), 10Mol%
Ligand 20 Mol%

Et,Zn, 5eq
Toluene 0 °C

Scheme 45

Figure 33 below shows the P-N ligands which we designed and prepared. The testing
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of these ligands is described in the subsequent chapters.

Pho o Me ?h
N i A Me }——\
N Me—N o
(o} “H
Ph,P

32a-c
R=Ph, Pr,(4-HOCgH4)CH>
31c¢

Fig 33

The ligands in Figs. 30 and 33 were tested in three types of catalytic asymmetric

reactions:

the palladium catalysed allylic displacement using 1,3-diphenylprop-2-enyl acetate
and dimethyl malonate as a nucleophile;

the asymmetric copper- catalysed 1,4-addition of diethylzinc to cyclic and acyclic
enones;

the asymmetric Meck cross coupling reaction.
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Testing the Ligands; “The
Moment of Truth”
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TESTING THE LIGANDS; “ The MOMENT OF TRUTH”

In this chapter is reported the tests on our ligands which were synthesized as
described in the previous chapter. This chapter is divided into three independent
sections. Section one deals with the palladium catalysed allylic displacement
reaction, section two deals with the 1,4-addition of diethylzinc, and finally

section three deals with the asymmetric Heck reaction.

3.1 PALLADIUM CATALYSED ALLYLIC DISPLACBMENT

The palladium catalysed displacement reaction represented in Scheme 46 is a classic

test of new ligands for asymmetric catalysis.

base Nu
/\iAc solvent /\J\“
_ Ph
P X" ph P X" ph |
Ligand Ph
Nu,T °C s R
Scheme 46

The reaction is influenced by many factors, such as the soivent, bases, nucleophile,
substrate, temperature and time. Thus there is a need to find the best or optimum

conditions for each ligand type for a fixed substrate and nucleophile.

To do this we opted to use the ligand (34c¢) shown in Scheme 47 below, and opted to
use dimethylmalonate as the nucleophile and 1,3- diphenylprop-2-enyl acetate as

the substrate.
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| = PTSA,Tol =
N >
I Dean_Stark N
(o] m S
(34a) SH SH (34b)
MeOH Me. Me
.20 °C OMe
OMe
N
s o
02

| X
>y
Y
(34c) 98% ee
Scheme 47

The ligand was synthesized by reacting 1.2 eq of propane-1,3 -dithiol with 1 eq of
the pyridine aldehyde (34a) in the presence of 10 mol % of PTSA under Dean-Stark
conditions, to yield the dithiane (34b), this was then oxidized using the Davis
oxaziridine to vield the sulphoxide in 88% vyield and 98% ee (Scheme 47). The ee

was determined using chiral HPLC.

Having prepared this ligand, we decided to use it in the palladium catalysed

displacement reaction shown in Scheme 46.

To start with, we varied the solvent and kept the other variables constant. The
resuits are shown in Table 12, and indicate that the use of CH2Cla {DCM) as solvent
gave the best enantiomeric excess. This was not surprising since CH2Clo has no
coordinating affinity to palladium while the other solvents do, thus those solvents

which have alffinity to coordinate to palladium will compete with the catalyst, and
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since the solvent is used in excess, they may saturate the pailadium sites and thus

lower ees will result.328
Table 12

Effect of Solvent in the
Pall adium Catal ysed Allylic Displacement Reaction

Sal vent Reaction Reaction Yield % ee %
Temper ature Time

THF RT 24 hr 80 35

Et>O RT 24 hr 76 23

DCM RT 24 hr 95 41

CHaCN RT 24 hr 83 35

DMF RT 24 hr 72 21

Next we decided to look at the effect of different bases using CH»Clo as the solvent
and keeping temperature and time constant. The results are shown in Tabie 13 and
indicate that the use of NaH or CspCOg3 as bases results in the best ees. Aithough
there was not much difference between NaH and Cs2CO4j, we decided on Cs>COg3 due to
the handling difficulties associated with the use of NaH.

Table 13
Effect of Base Palladium Catalysed Allylic Displacement Reaction

Salvent Reaction Reaction Base Yield% ee %
Temper ature Time

DCM RT 24 hr NaH 87 63

DCM RT 24 hr BSA 68 32

DCM RT 24 hr DBU 75 35

DCM RT 24 hr Cs2C03 92 56

The effect of temperature on the ees is well known,32P so we wished also to

investigate the effect of this parameter on the ees in our case. The results are
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shown in Table 14 and indicate that in agreement with published work, the effect of

temperature on ee is smali.32b

Table14
Eftect of Temper atur es on Pall adi um Catal ysed Al l ylic Displ acement
Sal vent Reaction Reaction Base Yield % ee %
Temper ature Time
DC BT 24 hr CspCO3 87 46
DCM 0 24 hr Cs2C03 83 55
DCM -10 24 hr Cs2C03 80 55
DCM -20 24 hr CsoCO3 74 59
DCM 10 24 hr CspCO3 79 53
DCM Reflux 24 hr Cs2C03 65 44

The ees only varied by less than 2% in going from =20 °C to 0 °C.

Finally, we investigated the influence of time on the ee. As shown in Table 15, time

has no influence on the ee, but influences the chemical yield.
Table 15

Effect of Time on the Palladium
Catal ysed Aliylic Displacement

Sdl vent Reaction Reaction Base Yield % ee %
Temper ature Time

DCM RT 6 hr Cs2C03 42 55

DCM RT 12 hr Cs2C03 61 52

DCM RT 24 hr CsoCO3 85 53

DCM RT 36 hr Cs2C0O3 93 54
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Thus from these experiments we were able to fix our conditions listed below.

Temperature
Base

Solvent
Time

Pd source
Nucleophile

Substrate

0°C

Cs2C03

CHaClz (dichloromethane)

24 hours {complete conversion)
allyl palladium chloride dimer
dimethylmaionate

1,3-diphenyl prop-1-enyl acetate

S A Tulib

it is important to discuss the stereochemical cutcomes of the palladium catalysed

allylic displacement reaction.

equilibrium under typical displacement reaction

The = -allyl metal complexes exist in dynamic

conditions (Scheme 48).33 The

choice of ligand (L) may result in a preference for one configuration, due to steric

and/or electronic considerations.34

L.+ _L
R R ~ -
T —— L
L L R/\/\R
W- Conformation M- Conformation

Scheme 48
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The isomeric forms are able to equilibrate by n-o-n mechanism (Scheme 49).1

L. .L
2 xR -
¢ SRS
H H 1y A, H
H
f
]
L. L
~pd
H\-LH
Ry R2

Scheme 49

Akermark, Vitagliano and co-workers35.36 demonstrated that the presence of a n-
acceptor in the ligand is of fundamental importance for controlling selectivity, and
enhancing reactivity. The m-acceptor properties may be thought of as withdrawing
electron density from the metal, which in turn increases the positive change
character of the allyl unit, rendering it more susceptible to nucieophilic attack.
Furthermore, it has been observed that n—acceptor properties of the ligand are

relayed predominantly in a trans manner across the complex.33

Once we had established those conditions, we proceeded to test our ligands under
these conditions using racemic 1,3-diphenyi-1-en-3-yl acetate and dimethyl

malonate as nucleophile (Scheme 50).
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Cs2CO0; MeO,C O,Me

Ac  Ligand MeO,C.__CO,Me
Ph Ph  DMM,Pd | oz

5 PH Ph Ph
0 °C A o
s R
PN
Pd= (épd\m /Pﬁ)>
Scheme 50

Our first ligand to be tested (8e)} gave the S product in 55% vyield with an ee of
23%. The attacking nucleophile is expected to approach the complex trans to the
sulfur atom, which is the better n—acceptor,37-38 but may be hindered in its
approach by the large group on the nitrogen. Figure 35 shows the two possible
conformations of the n-allyl complex obtained. Attack by the nucleophile trans to
the better m-acceptor in  conformation A will give S configuration. This
conformation presumably allows the minimization of inéeractions between the
phenyl groups of the substrate and the isopropyl and t-butyl groups of the

complex.34
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Fig 35

As indicated in our synthetic strategy (Scheme 24) in the previous chapter, our
next set of ligands were derived from commercial chiral ephedrine and
pseudoephedrine by condensation with aldehydes. The first set of ephedrine derived
ligands (11a-b) is shown in Figure 36 below and the corresponding results of the

palladium catalysed allylic displacement are shown in Table 16.
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Me

Me.N P“I‘;l
s e
H/I\H %M
Me V€
R=Me,11a
Fig 36 R=Ph, 11b
Table 16

Pall adium Catal ysed Di spl acement Reaction

Entry Compound R Yield % ee % Configur ation
Number
1 11a Me 78 47 S
2 11b Ph 83 54 )

The results show some improvement in ee compared with the previous ligand (8a).

This may be because approach of the nuclecophile is not as congested as that for
ligand 8a. Again the absolute configuration of the product may be explained by
attack of the nucleophile trans to the better p-acceptor, the sulfur atom, at
conformation A shown in Figure 37. Conformation A is preferred because Phg

avoids the phenyl group of the ligand.

Me
Ph - Ph
Me. )\( Me Me
N s Me —l—
R—¢ B “-Me Me;E‘- S MeMe
H Me Pd
PhA“"\\L/"», R™ “H Phg
Phg Pha I/
Nu (A) (B)
(M) (W)
Fig 37

For the pseudoephedrine derivatives (11c-d), Figure 38, results of the palladium

catalysed displacement reaction are shown in Table 17 below.
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Table17
Pal ladium Catal ysed Allylic Displacement

R=Me,11¢c
, 11d
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Entry Compaund R Yield% ee % Configur ation
Number
1 11c¢ Me 85 56 R
2 11d Ph 88 64 R

As the results indicat, there is some improvement, and the configuration of the

major product is now R. This change is presumably due to the pseudoephedrine

skeleton which has opposite relative configuration to ephedrine at the one of the

asymmetric centres (the phenyl group).

Figure 39 shows the two possible

conformations of the allyl moiety. Transition state A may be prefered as it

minimizes interaction between Pha and the phenyl group of the pseudoephedrine

backbone.
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Lz H
aPE > {Phs Pha oI~ .Phe
(A) (B)

(M) (W)
Nu
Fig 39

Presumably the higher selectivity obtained by the ligands where R=Ph than the case

R=Me is due to the detailed conformation of the reactive transition state.

Our next series of ligands was derived from ephedrine and pseudoephedrine

condensed with several ketones.

The ephedrine derivatives (22a-f) (Figure 40) were tested in the palladium
catalysed allylic displacement reaction, and the results are shown in Table 18

below.
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M Ph
s
— M
Me };R‘S AN e

22a-f
Fig 40

Table 18

Pall adium Catal ysed All ylic Di splacement Reaction

Entry Compound A [ Yield% ee % Configur ation
Number
1 22a Ph Me 82 52 )
2 22b Ph Et 86 44 )
3 22c Furyl 2-Me 85 25 S
4 22d pyridyl| 2-Me 70 38 s
5 22e Pri Me 88 56 S
6 221 Et Me 83 54 s

As indicated in Table 18, the product absolute configuration obtained is S, as
obtained from ligand (11a-b) also derived from ephedrine , and this confirmed that
substituent changes had no effect on the overall transition state conformation. Attack
by the nucleophile trans to sulfur atom would result in the required S
configuration through transition state conformation A shown in Figure 41. Again

conformation A may be preferred to B because interaction is avoided between Phg

and the ephedrine phenyl group.
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N\ Me N 1
RL< n7—< .. i Me
R' Py R I
. Ph
\\“' ") Ph MV B
Pha Phg A
(A) (B)
M
Nu (M) (W)

Fig #1

The corresponding series of ligands derived from pseudoephedrine (22g-1) (Figure
42) were next used in the palladium catalysed allylic displacement, and the results

are shown in Table 19
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I\—Fﬂ Me
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Fig 42

Table 19
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Pall adium Catalysed Allylic Displacement Reaction

Entry Compound f-L R Yield % ee % Configur ation
Number
1 109 Ph Me 92 68 R
2 10h Ph Et 94 61 A
3 10i Fury! | 2-Me 76 45 R
4 10] pyridyl[ 2-Me | 78 51 R
5 10k P Me 93 78 R
R
6 101 Et Me 92 64

Table 19 shows that the configuration obtained is R, which is again opposite to that

of the ephedrine case, the explanation for this outcome is by considering the

proposed transition state conformations shown in Figure 43. Again Figure A may be

the preferred conformation because Phpa avoids the phenyl group of the ligand, while

in Figure 43B Pha may interact with the ligand phenyl group.
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Q// Php s PhB
Phy Phg A
(B)
(A) Ny (W)
(M)
Fig 43

Although the backbone substituents of the ephedrine and pseudoephedrine skeletons
are far away from the Pd atom, they may also exert indirect influence by forcing the
substituent on the binding hetroatom to be organized in such away as to minimize
steric ineractions. In the ephedrine case the backbone substituents are both
pointing up as drawn in figure 44A, thus this will force the substituents on sulfur
and nitrogen to peint down in order to minimize steric interactions. However, for
pseudoephedrine the backbone substiuents are opposite, the pheny! pointing down
while the methyl points up. This may have the effect of forcing the substituent on
sulfur to point up while the larger substituent on nitrogen points down (figure

4B); the situation is however less clear.
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Me Ph Me, Ph
R‘""‘N:_‘ ,S: _— Me:_N 'S‘n
Me pd R Pd
Phy” >~ Phg PhA/\L\PhB
(A} (B)
Fig 44

We next investigated the sulfur imine ligands (24a-f) (Figure 45). These ligands
were derived from L-methonine and the corresponding imine by the application of
the O'Donnell protocol.29 The results of the use of these ligands in the palladium

catalysed allylic displacement reaction are shown in Table 20 below.
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24a-f

Fig 45
Table 20

Palladium Catalysed Allylic Displacement Reaction

Entry | Compound Al R Yield% | ee% | Configuration
Number
1 24a Me Ph 91 56 A
2 24b Propyl Ph 90 53 R
3 24¢ P Ph 93 60 R
4 24d Ph Ph 94 986 R
5 24e 1-Naph 1Naph 78 82 R
6 24¢ 2-Naph [2Naph 78 83 R

One of these ligands gave exceptionally good ees, and the absolute configuration

obtained in the product was (R) in each case.

The reacting conformation is presumed to be that shown in Figure 46A, because
again Php avoids the ester group; the second conformation (Figure 46B) is
disfavoured because Phawould interact with the ester and perhaps with substituents
R1 and R2. The imines, as mentioned in Chapter 2, have the Z geometry where the
groups are different. Attack trans to imine in the conformation shown (Figure

46A) would result in the (R} configuration of the product.
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SR ~
PhA Pd_ me PhA P me

Ry \ 'S Ry | 'S
=N /=N

Rz H2

MeO>C MeO,C
(A) (B)
(M) (W)

Fig 46

In this ligand system we believe that the imine group is the better n-acceptor as
thioethers are considered to be poorer n-acceptors. Also we believe the unsaturated
nitrogen atom may offer greater stabilization to low oxidation state electron-rich

metals, such as palladium.43

Very good ees, up to 96%, resulted from use of the aromatic imine, ie. R1, R2 = Ph
(Figure 47) (entries (4-6), Table 20). However, if one of R or R2 is aliphatic
this resulted in lower ees (entries (1, 2), Table 20 ), and indeed the longer the
linear chain, the lower the ee, because presumably as the linear chain becomes
large, steric interactions increase, and binding to palladium weakens. Low ee

results.
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Ph . .
s~ voids steric
PhJ/T/ /:lteraction
Psi/
‘.“- o
/ _N e
Steric

interaction
as chain increases R'=Me,Et,nP,P,

Fig 47

Naphthyl derivatives (entries (5, 6) Table 20) gave poorer ees than the diphenyl

ligand 24d (entry 4), perhaps due to poorer binding to Pd.

So far in the palladium catalysed allylic displacement reaction, we have used N-S
ligating ligands (11a-d), (22a-l) and (24a-g). Before starting to consider the
phosphorus-nitrogen ligands (31¢) and (32a-c) it is worthwhile taking a look at
the ligands (29a-b) (Figure 48, Table 21) and to try to offer an explanation for
the observed result that when the nitrogen is BOC substituted a better ee results

than when it is Cbz substituted.
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Fig 48
Table 21
Palladi um Catalysed Allylic Displacement Reaction
Ligand R Yield% ee % Configuration
29a BOC 88 44 S
29b Cbz 52 17 S

The possible conformers are shown in Figure 49.

at e
y

S
H.
N \) N
R/ ‘\ /’S R/
M
. Ph
L e
A B

W-Conformation

M-Conformation
R=BOC,Chz

Figd9

For both cases where R=BOC, Cbz the conformation A is preferred because in this

conformation Php does not interact with the BOC group or Cbz group. Attack of the

nucleophile trans to sulfur will then result in the observed S configuration of the
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product, while in conformation B there is interaction between Php and the BOC or

Cbz groups.

Also this conformation explains why in the case of BOC substituted derivative (entry
1) a better ee was observed than in the case of the Cbz substituted derivative (
entry 2). In the former a larger steric interaction between Pha and the BOC group
than occurs in the latter between Php and the Cbz group reinforces the preference

for conformation A.

Next is considered the phosphorus-nitrogen ligand (Figure 50, ligand 31c¢). In the
test palladium catalysed allylic displacement reaction this ligand provided a 92%
yield and an ee of 78%. The configuration obtained in the product is the R; the
possible transition state conformations are indicated in Figure 50. Conformation A
must be preferred because it gives rise to the observed enantiomer of the product. It
is however difficult to predict the conformation of the ligand-metal complex,

particularly around the five-membered ring.
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t N
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(A) (8)

(W- Conformation)
(M- Conformation)

Fig 50

A similar phosphorus oxazolidine ligand has been reported by Svensson .39

The next set of phosphorus-nitrogen ligands {32a-c) which were tested are shown

in Figure 51, and the results of the palladium catalysed allylic displacement are

shown in Table 22.
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Table 22

Palladi um Catal ysed Allylic Displacement

S A Tulity

°SJ‘,‘.IE“;" Entry |R ee % Yield% Configur ation
32a 1 Ph 61 82 s
32b 2 P 55 75 S
32¢ 3 p-(OH) CeHqa CH2 | 67 82 s

The S configuration is obtained by attack of the nucieophile trans to phosphorus

which is the better n—acceptor.40 Figure 52 below shows the two possible square

planar conformations Figure 52B must represent the favoured arrangement as it is

this transition state which gives rise to the S enantiomer of the product. The

prefered orientation of the nitrogen substituent cannot easily be predicted. The

diagrams shown are not intended to imply any particular conformation of this

substituent.
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QP“~ ;o Ome P F Owm

O~ .
“Pd “Pd
Lo O
Pha ? Pha o Ax.Phs
(A) (B)
(M- Conformation) (W- Conformation)

Fig 52

Table 22 shows that the ees are very similar for all of the ligands, perhaps due to
the similar sizes of the R group. However, an interesting outcome, entry 3, showed
an improved ee when a hydroxyl group (OH) is present. This group is electron-
donating and thus may help to transfer electron density via the aromatic ring to the
N-atom thus enhancing the binding to palladium.40.41 Moreover, steric influence
of the large —CH2Ph(OH) unit, may play a part, presumably Phpa avoids this unit,

dictating the exact preferred conformation.

The ability of an element to act as geod n-acceptor depends on whether the element
has a vacant site to accomodate an electron. Second row elements have available to
them the d orbital, this is not the case for first row elements. However, first row
elements like nirogen can be made to be good n-acceptors if the hybridization is
changed from sp3 to sp2, because then the donated electron can be accomodated in n*

orbital. Thus the genera! accepted hierarchy is sp2 (N)>S>sp3 (N).
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Having screened our ligands using the paliadium -catalysed displacement reaction,
we decided to screen some of our ligands in the copper-catalysed conjugate addition

of diethylzinc to enones, discussed in section 3.2 below.

For this our first choice was to investigate the phosphorus-nitrogen ligands shown

above in Figure 51, since hybrid ligands are often used in this type of reaction.42
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3.2 1,4- Conj ugate Addition to Ehanes with Diethyl Zinc

The 1,4- addition to enones is a fundamental process in organic chemistry as
mentioned in the introduction. The accepted mechanism for the copper-catalysed
1.4-addition of diethylzinc to 2-cyclohexenone is shown in Scheme 51. The
mechanism shows a transition state represented by (A). Recent investigations of
this reaction were reported by Feringa®4, Alexakis,#® and Schinner.46 For cyclic
enones the reaction is represented in Scheme 52, and for acyclic enones is

represented in Scheme 53.

R2n

N cax .
/ (::Cﬁ + RZnX

m& O /\&

R Scheme 51
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Cu(OTf), 10mol®%
\ / Ligand 20mol%

/n Et,Zn (5eq) n
Toluene, 0 °C

n=0,1,2......
Scheme 52

},\J\ Cu(OTf), 10mol% U
Ligand 20mol%

RY R R R

EtoZn (5eq)
Toluene, 0 °C

R'=R=Ph

R'=Ph,R=Me
Scheme 53

As mentioned at the end of Section 3.1 we decided to investigate our P,N phosphorus
imine ligands (32a-c) (Figure 53) because others have used P,N hybrid ligands for
this reaction.#’ A typical procedure for the catalytic addition reaction is as follows.
A solution of Cu(OTf)2 and ligand (32a-c) in toluene was stirred under a Np
atmosphere at room temperature for 1 hour. The flask was placed in an ice-bath.
Diethylzinc and a solution of enonewere added sequentially. After stirring for
3 hours the mixture was poured into 1M HCI solution and was extracted with ethyl

acetate.

(32a-c)

Fig 53
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The organic layer was washed with brine and dried over MgSO4. After the solvent

was evaporated the colourless oil obtained was purified by column chromatography

(hexane/ethylacetate 9:1). The ees and yields obtained are shown in Tables 23-26

inclusive. The highest ee obtained for cyclopentenone (table 24, entry 3) was a

pleasing 88% and this compares well with the published results by Knaoble.48b

Table23
Asymmetr i c Conj ugate Addition of BtaZn
Entry R Enone |Tempera | Yield% (| ee% | [alp |Configur-
ture( °Q ation
1 Ph % 0 79 78 | +44 R
2 |p, (5 0 81 58 | +33 R
OH)CgH4CH
3 P(OH)CeHaCHy é 0 75 >99 | +58 R
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Asymmetr i ¢ Conj ugate Addition of EtpZn

S A Tulily

Entry R Enone {Tempera | Yield% | ee% | [a]p | Configur-
ture( °Q ation
1 Ph -ﬂq 0 80 66 +51 R
2 |p/ ? 0 65 35 | +28 R
3 | p-(OH)CgH4CH2 ii 0 556 88 | +88 R
Table 25
Asymmetr i c Conj ugate Addi tion of EtoZn
Entry R Enone Tempera [Yield% |ee % | [o]p | Configur-
ture( °Q ation
1 Ph /\i 0 60 36 | +27 R
Ph N Ph
/\i
2 |p,i Ph Ph 0 51 |17 [+13 R
3 OH)CgH4CH /\j\ 0 78 65| +44 R
p_(OH)CgH4CH2 PH N Ph
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Table 26
Asymmetr i ¢ Conj ugate Addition of EtsZn
Entry R Enone Tempera | Yield | ee | [o]p | Configur-
ture { °0Q % % ation
1 Ph /\j\ 0 55 31{+33 AR
Ph N\ Me
2 : /\/ﬁ\
P, Ph Me 0 32 91+11 R
/\/E
3 p-(OH) CgH4 CHa [Ph Me 0 82 44 | +46 A

In every case the absolute configuration in the product obtained was A, suggesting a

common transition state stereochemistry. Schinner4® and Morimoto#8 suggested

that a possible intermediate is that shown below in Figure 54A. Using this and the

observation of Dieter,4® Figure 54B (S) and (A) configurations could be explained.

In our case the presence for the (A) configuration is due to enone zinc complex

avoiding the bulky A group and the ester group on the ligand (Figure 54A).
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A3,
‘Cu\ f

(A)

Face to face

Me’o

s,

s s) "
(B) (C)

Fig 54

A proposed mechanism for the transfer of alkyl group from RaoZn to the Cu(ll)
ligand complex is given in Scheme 54 The mechanism is based on observation and
kinetic studies by Kraus54 and NakamuraS® suggesting that a Cu(ill} species is
present. This species could be obtained by electron transfer from the ligand to

form a Cu(l) ligand complex, this then attacks the enone which results in formation
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form a Cu(l) ligand complex, this then attacks the enone which results in formation
of a Cu(lll) ligand enone complex (Scheme 54); this intermediate then attacks the
R2Zn to result in the transfer of an R group and results in reduction of the Cu{lll)
ligand complex, to a RCu(l) ligand complex, which on work up vields either the (R)
or (8) enantiomer of the product depending on which face is coordinated, according

to Dieter.492 The geometry of the copper dimer is believed to be distorted-square-

planar. 490
¢ cploTt u(l)L
oTf
o]
LCu( )
LC
(n -
R R
0OZnR
L=Ligand
Scheme 54

In each case, entry 3 (ligand (32¢)) gave the best ee in this series. This may be
because the presence of (OH) in the para position donates electron density and
enhances the binding of the ligand to the metal, moreover the increase in electron
density may have a direct effect on the concentration of the enone-cuprate

complex.50
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A lack of this effect may be the cause of the isopropyl derivative ligand (32b) giving

low ees in this reaction.

Another effect which requires explanation is the difference in stereoselectivity seen
between the cyclohexen-1-one and the cyclopentenone substrates. The much higher
ees obtained for cyclohexenone presumably results from its much greater rigidity

compared with cyclopentencne.

Having obtained such impressive results, we decided to investigate the effect of
temperature on our best ligand (32c) to see if we could improve the vield, while
keeping the ee value high. Table 27 shows the results for the conjugate addition to

cyclohexen-1-one using our ligand 32c.

Table 27
Conj ugate Addition to Cycl chexen- 1- one
with Ligand32c¢

Entry Temperature{ °Q Yield % ee %
1 -10 75 > 99
2 ~-20 70 > 99
3 -35 65 > 99
4 10 86 81
5 30 88 44

We then repeated the same sequence of reactions to cyclopenten-1-one; the results

are shown in Table 28.
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Table 28

Conj ugate Addition to Cyclopenten- 1- one
with Ligand 32¢

Entry Temper ature( °Q Yield% ee %
1 -10 50 91
2 -20 48 92
3 -35 47 92
4 10 66 69
5 30 70 48

S A Tulib

These results compare very well with those of Degrado®Iwho obtained impressive

ees of 98% for both the cyclohexen-1-one and cyclopenten-1-one substrates.

These results in Tables (27) and (28) indicate that the yield and ees are divergent

quantities, thus for this type of reaction one needs to sacrifice the least important of

either ee or yield and in this case the ee is the important entity.

A recent report32 on the use of thiol ligands in the addition of diethylzinc to aryl

aldehydes (Scheme 55) describes impressive ees, and we decided to employ our

thioether ligands (22g-l), Figure 55, in the 1,4 addition to cyclohexen-1-one,

Scheme 53. Table 29 shows the results obtained.
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Table 29

\;/jn(?l:EMe

22g-1

S A Talih

Asymmetr ic Conj ugate Ackliti on to Cycl ochexen- 1- one
usingLigands (22g- 1)

Entry A R Yield% | ee% | [alp | Configuration
1 | P Me 75 >99 | +65 R
2 furyl Me 42 66 +49 R
3 |pyridyl Me 62 62 | +43 R
4 |Ph Me 66 >99 | +63 R

These results are again very impressive given the fact that thicethers have never

been employed as ligands in this type of reaction. A possible transition state model
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is shown in Figure 56. The very good ees provided by ligands, 22a, 22k (entries

(1) and (4), Table 29), are perhaps due to bulk at nitrogen.53

In the case of the pyridyl derivative ligand (22i) (entry 3,62% ee), we were
disappointed with the outcome. However, Morimoto reported a similar ee of 52%
when his ligand (Figure §7) was used in the asymmetric conjugate addition to
cyclohexen-1-one (Scheme 52).53 The explanation could be that in this case we

have two possible transition states shown in Figure 58 below.

\ Nji,Pth

N

Fig 57
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S assisted coordination S atom hindered from
Which should improve ee (B) binding to Cu which
' result in poor ee

(A)

Fig 58

In the case of transition state model A, the face to face approach of the enone to the
copper ligand complex is unhindered and the Cu binds to all three atoms, similarly
to Morimoto.33 Thus this results in stable binding and consequently good ee. The
second possibility (Figure 58B), where binding of the sulfur atom is hindered by
the t-Bu group , could result in an unfavourable ee. In our case it may be that the
complex adopts conformation B (Figure 58).

Further, for the case of the furyl derivatives ligand {(22j) (entry 2, 66% ee),
again two possibie transition state models are possible (Figure 59}, each resulting
in a different product configuration, similar to the pyridyl derivatives. Here, in
the case of 59A, the approach of the enone is unhindered the Cu again binds to all
three atoms similar to the Morimoto case and this should result in a product with
good ees. However, in Figure 59B the suifur atom is prevented from binding to the

Cu; this may result in an unfavourable ees.
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S assisted binding
to Cu results in good S hindered from bindig
ee (B) which results in low ee

Fig59

Once we were able to screen the thioether ligands, we decided to use the methy!|

isopropy! ligand (22k) (Figure 60) with other enones, as shown in Table 30.
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Table 30
Conj ugate Addition toEnanes at 0 °C
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Entry

Enone Configur ation

Yield %

ee %

Cyclopenten-1- R
one
25

Chalcone
0

Ph/\)L Ph

Benzalacetone
O

Ph/\)L Me

72

46

42

88

> 89

> 99

The results were very encouraging because to date no one has yet utilized these types

of ligands in this kind of reaction. The absolute configuration of the product obtained

was the (R) configuration. Again in order to explain the absolute configuration the

possible transition state models may be examined.
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preferred conformation as this will result in the least steric interaction between
the enone and the substituent on nitrogen, while Figure 61B will result in
interaction between the enone and the substituent on nitrogen. The (R) configuration
would then result from facial approach as reported by Dieter4® through transition

state model A.

—o— -ZnR _0"“~ZnFI
Me Me / Very hindered
H wEt Me ve Et approach
Me R Me _.Cu™ T Me
Me—N s_é Me Me—N-~ 'S—éMe
Me Ph Me Ph
(A) (B)

Fig 61

Having obtained these encouraging resuits, we wondered what effect the catalyst
loading would have on the ee, in the conjugate addition (Scheme 53). We varied the
ratio of ligand to copper triflate, and we repeated the conjugate addition to
cyclohexen-1-one (Table 31}, again using our ligand (22k), the methyl isopropyl

derivative.
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Table 31

Asymmetr i c Conj ugate Additi on to Cyclohexen- 1- one
using Ligand ( 22k) and Var yingthe Locad ng

Entry Loadi ng Time(hours) | Sovent |Tempera | Yield% | ee%
ture( °Q
1 25:1 4 Toluene 0 82 > 99
2 3:1 4 Toluene 0 86 > 99
3 4:1 4 Toluene 0 88 > 99
4 45 :1 4 Toluene 0 a8 > 99
5 5:1 4 Toluene 0 88 > 99
6 556 :1 4 Toluene 0 88 > 99

it can be seen from Table 31 that increasing the loading (ratic of ligand to
Cu(OTf)2) has no effect on the ee, but does increase the yield. This suggests that
there is an optimum ratio of ligand/Cu(OTf)2 needed, which is around 2.5/1 in this

case.

112



S A Talib

3.3 The Asymmetric Heck Reaction

As is mentioned earlier in the Introduction, there has been considerable interest in the
use of the Heck type arylation of olefins for constructing carbon skeletons of biological
important organic compounds.®8.57 The asymmetric version, where the carbon-
carbon bond formation proceeds with high enantioselectivity, has been demonstrated,5 8
where BINAP is used as the chiral ligand. This is represented in Scheme 55 for the

reaction of dihydrofuran with phenyl triflate.

T4 (i) Pdadba; 10mol% _

[N 0\© Ligand 20mol% D...Ar Q—Ar
0

(1)

Base,Benzene,2h o)
0
(2) 40 °C 62 63
(i) (2) 1eq.,(1) Seq s
48h,40 °C
Scheme 55

Due to the conflicting reports on the use of base,58.5¢ we decided to carry out our own
optimization experiment using our phosphorus imine ligand (32b)(Figure 64). The

ligand was chosen due to its ready availability.

Ph\P,Ph M?
\N 0O
0
32b
Fig 64

Because of time constraints we decided to use the most popular bases as shown in Table

32, and use the procedure shown in Scheme 55 as the test reaction.
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Table 32

Optimization of Asymmet ric Heck Reaction
with Ligand 32b

Entry Base Time (hours)| Conversion Ratio ee %a
()63 | (5)63[ (R )62
/(R)62
1 (iPr)aNEt 48 100 4:1 60 42
2 EtaN 48 100 6:1 66 47
3 pyridine 48 100 100 - 39
4 proton sponge 48 100 4:1 60 46

a Absolute configurations were determined by comparision of optical rotations

with literature values.

The results in Table 32 indicate that the base of choice is triethylamine. However,
other reports contradict our findings and indicate that the use of proton sponge gives
better results.58 A recent report on the use of bases in the asymmetric Heck reaction

agrees with our findings and supports triethylamine as the preferred base.>9

The racemate of each of the products had to be prepared in order to contfirm the ee
analysis. This was carried out as reported by R Larock.61Racemic (63) was prepared

by heating together bromobenzene , dihydrofuran , Pd (OAc)2 , PhgP and silver
carbonate in acetonitrile at 80 °C. Removal of the solvent and column chromatography
in 70/30 petroleum ether/ ethyl acetate gave the product in 53% yield. Racemic

(62) was prepared by stirring together at room temperature bromobenzene,

dihydrofuran, Pd(OAc)s, PhaP, nBu4NCI, and EtgN, in benzene. Removal of solvent

and column chromatography gave the product in 66% yield.

A striking feature of the asymmetric Heck reaction shown in Scheme 55 is that the two
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products (62a) and (63a) have not only opposite absolute configuration, but also a
different double bond position. The rationale proposed by many authors60-64 is shown
in Scheme 56; it is hypothesized that the addition of the catalytic complex to either face
of the substrate can take place, ultimately producing the complexes (R ) 56 and (S )
56, but in the case of the latter, unfavourable steric factors caused by the ligand
induce an immediate dissociation of the Pd species producing the minor product (63)
(Scheme 56). However for (R ) 56, ancther reinsertion of the alkene into Pd-H bond
followed by a second f-hydride elimination occurs to produce the more
themodynamically stable product (62). The overall effect is s Kinetic resolution of
(R} and (S)-56, effectively enhancing the facial selectivity in the initial steps of

pathways A and B (Scheme 56}.
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e W
-‘\\P\d e H,"- “..\ Sl P_ d—— H - pdl"'
sh oV B e
. i ~ " N\ ..oPh
T O -
A L -OT# - 0 Ph G H ‘Ph
B 'OTf_ ‘OTf l_ ﬂ -OTf

2 Ph H
(1) L-oTt / o l,f¢mmgjj>_
0 o ®h
B A
‘OTf

+L d
Pd i;;l

CE | Dom] = || 220
Ph
7% Jomil © 0Tt 0’]$h os P
T 63
5-56

Scheme 56

Ozawa reported that when he used (R ) BINAP and proton sponge as the base then the
favoured product was (R} 62 (Scheme 55), and the above explanation gives a credible

explanation.

However, in our case the preference was for (63). One explanation for the difference
in the product distribution is that the olefin-bond complex (Scheme 57) formed after
migratory insertion and B-elimination is more prone to dissociate to give the (S)
isomer (63) in the phosphorus-nitrogen catalyst system than in the phosphorus-
phosphorus system, where as mentioned earlier (Scheme 56) a reverse fS-elimination

followed by - elimination and dissociation occurs to give (A) (62)
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o
563
;\r
Ce e
Q“Péﬁ o
L A62

Scheme 57

Having obtained reasonable results we decided to investigate the use of ail of our
phosphorus imine ligands (32a-¢) (Figure 33) in this reaction (Scheme 55) using

EtaN as base. Table 33 below shows the results, which are similar for ail three

ligands, giving (63) as the major product in resonable ees.
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Table 33

Resu Its of Asymmet ric Heck Reaction

using Ligands 32a

l=h‘P’ R

Ph

Me
\N)\rro
o)
32a_c
Compoound R Time (h)| Conversion| Ratio(S) ee %
Numbe r 63/(R)62

(s)3| (R)62

32a Py 48 100 5:1 70 50

32b Ph 48 100 60 : 1 66 47

32¢ p-(OH)Bn 48 100 6:1 67 45

Having obtained resonable results using the dihydrofuran as substrate, we then

(i) Pda(dba)y 10 mol%

proceded to investigate the Heck reaction using the alkene shown in scheme 58 below.
Ligand 20mol%
Et3;N, Benzene, 2h, 40 °C

O/Ph ©/0Tf @Ph
(i) (1), 5 eq, (2) 1 eq Ph

o
(2) 40 °C,48 b s

(1) (65)

Scheme 58

To our delight we were able to achieve ees of up to 97% and chemical yields of up to

80% using our phosphorus imine ligands {32a-c} (Table 34).
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Table 34
Asymmet ric Heck Reaction
using Ligands 32a -, Scheme 58
Entry R Time (h) ! Conversion Configu ration ee %
1 |Pd 48 100 S 87
2 Ph 48 100 S 92
3 p-(OH) CgH4 CH2 48 100 S 97

The absolute configuration of the major enantiomer obtained was (S). The double bond

migration could be explained by looking at Scheme 59. The Pd ligand complex after

syn-addition 1o the alkene takes up the conformation A shown;

then undergoes syn B—hydride elimination to yield product (65) (Scheme 58). 65

Scheme 59

{Scheme 59). This

The excellent ees produced by this set of ligands, especially entry (3), may throw

some light on the possible factors that govern enantioselectivity. The key step is the
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association of the alkene and carbopalladation of the alkene. Since we obtained such
high ees, the reaction most probably proceeds by an ionic pathway (Scheme 11) below,
because according to Shibasaki this route will lead to high ees since the integrity of the
ligand-palladium complex is not violated, while the neutral pathway (Scheme 10} will
result in dissociation of the ligand-palladium complex in order to accommodate the

alkene, and this generally leads to low ee.62

ic P
Base-H+Tf . lonic Pathway
OTf
1~
NP
Pd
Base

ﬂ

?,orr
4
o
R2 \
R4

Scheme 11

Apart from the mechanistic pathway, other factors which play an important role are

the nature of the olefins, with electron-rich olefins favouring the ionic pathway.63

Solvents have been varied, with ionic solvents having an improved effect on the

enantioselectivity and yield.64

Thioethers had not been used as ligands in the asymmetric Heck reaction before the
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investigation reported here. We therefore decided to apply our first generation
thioether ligand (11d) (Figure 66) to the asymmetric Heck reaction (Scheme 58).

Me Me

Mes

Ph

Me

N
ok

(11d)
Fig 66

To our delight we obtained an ee of 77% and a yield of 72%. The absolute configuration

obtained in the product was (S).
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CHAPTER 4

Substituent effect on the
enantioselective oxidation
of sulfides to sulfoxides
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As mentioned in the Introduction, chiral sulfoxides are an important class of

compounds that find increasing use as chiral auxiliaries in asymmetric synthesis.66

There are various approaches to enantiomerically pure sulfoxides; they include the
modified Sharpless process reported by Kagan®7 and Modena,b8 the use of Davis
oxaziridines,?® and Page's modified procedure.70 Our aim in the work described in
this chapter was to use the Page modified procedure with the Davis oxaziridine
(Figure 67) to investigate the effect of substituent groups in the sulfide substrate

on the enantiomeric purity of the products of oxidation in certain classes of sulfide.

Me Me
OMe

OMe

or IoN
2 o/

{+)-((8,8-dimethoxycamphoryl} sulfonyl) oxaziridine

Fig 67
To do this we decided to proceed as shown in Scheme 61 to form amino- and nitro-

phenyl substituted 1,3-dithianes, and then to carry out the suifoxidation as shown

in Scheme 62
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MeOH
i CH3COC! 1.2eq j\/j
R”H

m R ]

SH SH R=p-NO>C¢H4 (61a),p-NH2CgH, (61b),Ph(61c), H
(61d)
R=m-NO,CgH; (61e},m-NH:CgH,4 (611)
Scheme 61

) et 20 j:sj

R
R S Me e o‘-
OMe
OMe
S"'-T-N
02 0
R=p-NO,CgH,4 (62a),p-NH2CgH,4 (62b),Ph
(62¢c), H (62d)
R=m-NO;CgHs (62e),p-NH;CgHy (62f)
Scheme 62

The results of the asymmetric sulfoxidation are shown in Table 35.
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Sulfoxidation of 4- substituted2- phenyl- 1,3- dithianes

Entry Compound R Yield% ee % Configur ation
62a p-NO2CgH4 87 92 R
62b p -NH2CgH4 92 95 R
3 62c Ph 98 98 R
4 62d H 95 38 R

We next investigated the effect of changing the position of the substituent group on

the ees. We prepared the meta-substitued substrate using similar chemistry

(Scheme 61), and proceded to oxidize it as shown in (Scheme 62); the resuits are

shown in table 36.

Table 36

Sulfoxidation of 2- substituted 2- phenyl 1,3- dithianes

Entry | Compound R Yield % ee % Configur ation
1 62e m -NO2CgH4 92 59 R
2 62f m- NH2CgH4 94 69 R
3 62c Ph 98 98 R
4 62d H 95 36 R

These resuits agree with the published work of Dennoli, that the introduction of a

meta substituent eg (Br, NO2) group to a phenyl will result in a lowering of ee due

125




S A Talih

to the inductive influence of this group. However, in Donnoli's case they utilized
Ti(OP)4 and t-butyl hydroperoxide as the oxidant (Scheme 63).

Ti(i-PrO)s/H20 A .
S. t-BuOOH,CCl4 _S_

HO OH Ar R

RR
Scheme 63

When the substituent groups are in the para position the ees are not affected

(Table 35).

Although more work is needed in this area, it is apparent that, when there is no
substituent on the aryl group of the 2-aryi-1,3-dithiane, the ee is low. The
introduction of a benzene ring at 2-position seems to improve the ees considerably.
However, the introduction of a meta-nitrogen substituent group on the benzene
seems to result in lower ees, but if the substituent is para then there is no effect on

ee.

As shown in Tables 35 and 36, the absolute configuration of product suifoxide was
(R) in each case. Davis has examined the extremes of the possible transition states
for the 2-sulfamyloxaziridine shown in figure 68 below, with the common feature
being the approach of the sulfur atom lone pair attacking in the plane of the
oxaziridine ring. In one case, both lone pairs are coplanar with the three-
membered ring, the spiro transition state, whiie in the other extreme, the plane
occupied by the lone pairs of the sulfur atom is perpendicular to that of the
oxaziridine ring, the planar transition state. Scheme 64 shows the possible

conformations which result in the {(R) sulfoxide configuration. The Newman
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projections show the sulfur atom with its reacting lone pair colinear with the

oxygen-nitrogen bond.

as H
H Ar /H
Vi
A :
R S0,Z
Ar $0,2 L A
a b
Ar
A Ar1 AI’ /H
T 8022 " $0,Z
R
c d
Planar
Spiro

|
;\

Ar' R

(R)
Scheme 64, Newman projections
as reported by F.A.Davis

Davis72 suggested that the most representative of the true transition states are
those that show the fewest non-bonded interactions between the Ar' and ZS0Os group
of the oxaziridine and the sulfide (Ar-S-R), thus transition state (a) and (c)
{Scheme 64) are favoured while (b) and (d) are disfavoured. Davis also looked at
the possible transition states which result in the (S) configuration. These are
shown in Scheme 65. He again argued that a presence of the (S) configuration

arises from the transition state which shows the least non-bonded interactions.

127



S A Talib

The favoured transition states are the (a) and (c), while the disfavoured transition
states are (b) and (d) {Scheme 65).72,73 These transition states are again for the

oxaziridine shown in figure 68 below.

1

- n A
H A /‘.|
/ .
A .
Ar $0,2
R S0,2 . R
a b
M H
ﬁﬂ R Ai}}
T 8022 . $0,2
Ar'
c d
Planar
Spiro

(R)
Scheme 65, Newman projections as
reported by F. A. Davis.

R'SO,
(+)-(R,R)

Fig 68
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Both the spiro and planar transition states are modelled by the lone pair of sulfur
attacking the oxygen of the oxaziridine ring. It is apparent from Schemes 64 and 65
that planar transition states (a, c) have fewer nonbonded interactions than do the
spiro transition states (b, d), therefore Davis argued that the planar transition
state is favoured. Therefore the transition states (a, ¢) result in product
formation.  The preferred diastereomeric transition state for oxidation by (R, RA)
and (S, S) oxaziridines is one where the sulfur atom attacks the electrophilic
oxygen atom in such a way that Ar' and R groups of the éubstrate Ar'-S-R tace the
small and large regions of the oxaziridine three membered ring. In this case ZS0Oo2 is

considered to be bulkier than C-Ar group.

Using similar argument to the above case the Davis oxaziridine (Figure 67) could
be expected to adopt the spiro or planar transition state conformations shown in
figure 69 below, again with the ptanar conformation resulting in the least number

of interactions.
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Rz
..\S:'.:h
. -0
e Sh, NEHB? /
N-—--°? / MeO
oo , MeO
MeO Me M
Me Me /
(A) Plane of oxazirdine (B)
/ Spiro Planar

Fig 69

Plane of oxaziridine

The results in Tables 35 and 36 show that there is a considerable improvement of ee
when an unsubstituted phenyl group is introduced, compared to when there is no
substituent on the 1,3-dithiane moiety; this perhaps is due to the steric influences
in the transition state of oxygen transfer, but could also be partly due to electronic
effects. However, the presence of a substituent group more electronegative than
carbon at the meta-position of the ring bhas the effect of making the sulfur atom
less nucleophilic and thus has the effect of reducing the ability of sulfur to donate
electrons to the oxaziridine. This effect may contribute towards reducing the

enantioselectivity (Table 36).
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The introduction of a similar substituent group at the para position however, seems
to have very littie effect on the enantioselectivity, as the results in Tables 35, 36
show. Davis in his work had explained that although electronic effects do play some
part in determining the enantioselectivity of the sulfoxidation reaction, the steric

influence is the more important.74

The possible catalytic cycle for the sulfoxidation by oxaziridine and catalysed by the
corresponding imine can be represented as in Scheme 66 below, and the mechanism

of sulfoxidation using oxaziridine and H202 is shown in Scheme 67.

Vs
N
)I\ £\
R” "R P S
/g\
-H,0 H,0,
HOO
HO NHZ O-NZ
NHZ
>< R><R1 X
R R ".f\s R R
g U HaO
AN
Scheme 66
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R R

<OH

R~

‘-’\H

Scheme 67

Having considered the effect of some phenylsubstituent groups on the sulfoxidation
of 2-phenyl-1,3-dithiane, we wished to investigate different substituents on the
oxaziridine. We decided to synthesize the diethoxy derivative shown below in figure
70. The synthesis of this compound is shown in Scheme €8. The synthesis
proceeded from camphor sulfonyl chloride and reaction with ammonium hydroxide
to vield the sulfonylimine, which was oxidized in situ using selenium dioxide to
obtain the ketoimine. This was then reacted with triethylorthoformate to form the
diethoxy imine which was converted to the oxaziridine derivative with hydrogen

peroxide.
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We next decided to use the diethoxy oxaziridine (Figure 70) and dimethoxy

derivative Figure 67 in the sulfoxidation of sulfide 71 as shown in Scheme 69. The

sulfide was synthesized from the 2-chloromethyl pyridine as shown. Using the
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diethoxy oxaziridine we obtained an ee of 58% while for the case of dimethoxy
oxaziridine an ee of 52% was obtained, thus an improvement of nearly by 10% was
achieved using the diethoxy derivative over the dimethoxy derivative. The major
product (72), a new compound is believed to have the (R) configuration on the basis

of the known results from oxidation of other sulfideds with these reagents.?”
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ee 52% Me

\ Me Me

+

P s.,,,’” )
N 07(72)
' Me, Me
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Scheme 69
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CONCLUSION

The aim of the current work was to synthesize chiral hybrid ligands with various
ligating heteroatoms including S-N and P-N types, and to examine the possibility
of applying these to asymmetric catalysis. Special attention was paid to palladium
catalysed allylic displacement reaction, conjugate addition of diethylzinc to

enones, and the asymmetric Heck reaction.

Through our journey towards our goal of the synthesis of these ligands we were
able to devise methods of synthesis of the various important intermediates,
including the oxazolidines derived from aryl ketones, and the very important «-
amino alcohols, achieved by diastereoselective ring-opening using DIBAL in
hexanes. From there we were able to synthesize various chiral thioethers which
gave respectable ees of up to 78% in the palladium catalysed allylic
displacement reaction, and > 99% in the conjugate addition of diethyizinc to

cyclic and acyclic enones.

In our quest to improve the enantioselectivity we were able to synthesize a series
of sulfur imine ligands which performed extremely well in the palladium

catalysed allylic displacement reaction, providing ees of up to 96%.

We then proceeded to the synthesis of phosphorus imine ligands, which were
very poor performers in the palladium catalysed allylic displacement reaction,

but proved to be very impresive in the conjugate addition of diethylzinc to cyclic
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and acyclic enones, with ees up to 99%. Moreover, these ligands showed
impressive results in the asymmetric Heck reaction with ees of up to 97%.
Overall, we have managed to design and optimize the conditions for all three types
of reaction mentioned above, and in ail cases we managed to achieve
stereoselectivity comparable with the best results in the literature. Further,
our ligands are all structurally very simple, and are based on readily available
inexpensive materials, and are prepared through extremely simple synthetic

routes.

In sulfoxidation, we examined the effects of substituents on the phenyl ring of a
1,3-dithiane system. We were able to show that the presence of para nitrogen
substituents has no effect on the absolute configuration obtained, and also that the
presence of a meta nitrogen substituents on the benzene ring has the effect of

reducing the enantioselectivity.

We have also utilized our first generation thioether ligands (4a-d) in the
asymmetric Heck reaction and obtained an ee of 76%. It is hoped that further
work should be carried out in this field since this type of ligand has never been

used in this reaction.

It is to be hoped that the present work may contribute in a small way to the
understanding of how chiral ligands are incorporated into the transition states of

the reactions investigated and how stereoselectivity is achieved thereby.
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EXPERI MENT AL PROCEDURES

Commercially available solvents and reagents were used without further
purification. However, low grade sclvents were distilled before use. Petroleum
ether was distilled from calcium chloride, ethyl acetate and dichloromethane
were distilled from calcium hydride. Tetrahydrofuran was distilled from the

Na/benzophenone ketyl radical before use.

Air and moisture sensitive reactions were carried out under nitrogen, and all

glassware was dried for 24 hours at 150 °C before use.

Column chromatography was carried out using either silica or alumina. Thin
layer chromatography was carried out on silica plates. Compounds were

visualized using a UV lamp or by permanganate dip.
Melting points were performed on Reichert hot stage apparatus.

Microanalyses were performed on a Perkin-Elmer 2400 Analyser at

Loughborough University.

infrared spectra were recorded in the range 4000-600 cm—1 using a Perkin-

Eimer 88 model. Liquids were run neat, solids were run as nujol mulls.

NMR spectra were run on either a Bruker 250 MHz or 400 MHz spectrometer.
Tetramethylsilane in deuteriochloroform was used as internal standard. Where
needed the chiral shift reagent used to determine ees was (+) europium tris [3,-

(heptatiuoropropylhydroxymethylene camphorate], 10 mol % equivalent.

All other enantiomeric excesses were determined by HPLC using a Chiralcel OD

column, For Pd catalysed allylic displacement reactions, the eluent used was
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99:1 hexane:isopropanol; flow rate 0.5 ml/min, retention times were 30.5 min
(R) and 33.7 min (S). For the asymetric Heck reaction using 2-phenyl
cyclohex-1-ene as alkene, the eluent used was 60:40 hexane:isopropanol;

retention times were 7.2min (S), 9.4 min (R}.

For the conjugate addition of diethylzinc, a Perkin Elmer gas chromatograph
8700 was used, using chiral Chrompack CP7502 CP-Chirasil Dex CB 25mm
0.25 mm 1D column. For cyciohexen-1-one, the retention times were 10.5 min
(A) and 10.6 min (S) at isothermal 200 °C. For cyclopenien-1-one, the

retention times were 14.5 min (R) and 15.2 min (S).

Optical rotations were measured on an Optical Activity polAAr-2001

polarimeter at A= 589 nm.
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EXPERIMENT AL PROCEDURES
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Oxazolidine Synthesis from Ketones
and Pseudoephedrine

Me
..-.-Ph Me I_‘Ph
Mo N oH Sc(ltriflate,15mol% '
e — » Me —N
\H DCM,mol sieves g 0
SJLL L -'S

To an excess (1.5 eq) of the ketone in DCM (40 ml), scandium (I} triflate (1.34-
1.4g, 27 mmol, 15 mol %) was added, then pseudoephedrine (3.0 g, 18 mmol)
was added, followed by 4A molecular sieves (13 g). The resulting mixture was
allowed to stand for two weeks. The mixture was stirred with solid sodium hydrogen
carbonate for two hours, then filtered and washed with water (2 x 50 ml). The
organic solutions was dried over magnesium sulfate and removal of the solvent

yielded the required oxazolidine.

(4S,55)- 2,3,4- Trimethyl- 2,5- dphenyl 1,3- axazdidne (18¢g 74% yidd
[ pseuckephedrine( 1.5 g 9.0 mmd) , atephexne(1.63g 1363 mmd)]

Hb Ph

aMeﬁ_g(Ha

bMe—N

(12h)

vmax (neat) 4379, 3488, 3698, 2309, 1483, 1437, 1360, 1352, 1278, 1230,

1187, 1121 cm~1.
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3H(CDClgz, 250 MHz) 1.1 (3 H, d, J=4.0 Hz,Me a), 1.6 (3 H, s, Me ¢), 2.3 (3 H,
s, Me b), 2.6-2.8 (1 H, m,Hb), 4.51 (1 H, d, J=4.4 Hz, Ha), 7.2-7.4 (8 H, m),

7.5-7.6 (2 H, m).

8¢ (CDClz, 100 MHz) 14.26, 20.94, 37.35, 83.96, 96.48, 124.57, 126.14,

127.16, 127.58, 128.03, 12B.43, 139.77, 143.86, 145.57.

m/z FAB (Found: 268.1702 (M*+1) C41gH22NO requires: 268.1623). [a]p = +67

(CCls, 10 mg/ml).

(4S,58)-2- Pyridine- 2- yl- 2,3,4- trimethyl- phenyl 1,3- axazdidne (179 g
74%vyidd [( psauhephedine(1.5g 9 mmd), 2- acaylpyridne(1.63g 135 mmd)]

iy~
F

Hb

vmax (neat) 4350, 3482, 3679, 1304, 1491, 1437, 1356, 1200, 1135, 1126

cm-1.

8H(CDCl3, 250 MHz) 1.15 (3 H, d, J=4.4 Hz,Me a), 1.83 (3 H, s,Me c), 2.30 (3
H, s,Me b), 2.57-2.60 (1 H, m,Hb), 4.41 (1 H, d, J=6.7 Hz, Ha), 7.1-7.2 (2

H, m), 7.2-7.4 (5 H, m), 7.62-7.80 (2 H, m), 8.52-8.65 (1 H, m).
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dc(CDClg, 250 MHz) 16.31, 18.91, 25.32, 35.76, 65.35, 86.21, 99.76,

119.85, 121.76, 125.37, 125.82, 126.76, 127.02, 135.32, 139.46, 149.26,
165.72.

m/z FAB (Found: 269.1656 (M*+1) C17H21N20O requires: 269.1575). la|p =

+65 (CClg, 10 mg/mi).
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(4S,55)-2- Ethyl- 3,4 dmethyl- 3,5- dphenyl 1,3- axazdidine (1.85g 79%yidd

[ pseucbephedtine( 1.5 g 9 mmd) , prepephenane(1.82g 135 mmd)]

vmax (neat) 4382, 3496, 3703, 2306, 1489, 1436, 1359, 1297, 1198, 1135,

1146 cm=—1.

SH(CDClg, 250 MHz) 0.9 (3 H, d, J=4.4 Hz, Me a), 1.15 (3 H, t, J=5.0 Hz,Me
c), 2.2 (3 H, s,Me b), 251-253 (1 H, m, Hb), 2.9 (2 H, q, J=5.0 Hz,Hc, Hd),
41 (1 H, d, J=4.2 Hz, Ha), 7.15-7.25 (2 H, m), 7.35-7.44 (5H, m), 7.62-

7.85 (2 H, m).

sc(CDClz, 100 MHz) 8.23, 15.46, 31.75, 37.43, 61.26, 101.23, 126.21,

127.03, 127.96, 128.35, 128.54, 132.85, 136.92, 142.63.

m/z FAB (Found: 282.1878(M*+1) C1gH24NO requires: 282.1799). lalp =

+45.6 (CClg, 10 mg/ml).
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(48,55)2,3,4- Trimethyl- 2- (1 methyl ethyl) 5- phenyl]- 1,3- axazdidne (35g
83%yidd) [pseudogphedine(3.0 g 18.18 mmd), mahyl isqr oyl kaane(2.3 g 2727 mmd)]

(12n)

vmax (neat) 43289, 3734, 3130, 2924, 2761, 1459, 1373, 1326, 1189,

1135 cm~1.

5H(CDCla, 250 MHz) 0.9 (3 H, d, J=5.0 Hz,Me a), 1.07 (6 H, d, J=4.2 Hz,Me d
Me e), 1.12 (3 H, s,Me ¢), 1.8-1.9 (1 H, mHc), 2.1 (3 H, s,Me b), 2.21-2.23

(1H, mHb), 4.21 (1 H, Ha, d, J=5.0 Hz, Ha), 7.2-7.3 (5 H, m).

dc(CDCl3, 100 MHz) 7.71, 14.38, 14.56, 33.66, 36.43, €65.14, 85.39, 98.63,

126.22, 126.67, 127.00, 127.74, 140.43.

m/z FAB (Found: 234.1801,(M*+1) C15H24NO requires: 234.1799). [a]p = +39

(CClg, 10 mg/ml).
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(485,58) -2- Furan- 2- yl- 2,3,4- trimethyl- 5- phenyl 1,3- oxazolidine (166 g72%
yidd [pseudbephedt ine(1.5g 9mmd), 2 acatyt Fura (127 g 135 mmd)]

'

'

bPh

vmax (neat) 4371, 3454, 2986, 2201, 1481, 1354, 1200, 1175, 1121 cm~1.

8H(CDClg3, 250 MHz) 0.90 (3 H, d, J=4.4 Hz,Me a), 1.71 (3H, s,Me c), 2.2 (3H,
s,Me b) 2.58-2.61 (1H, m,Hb), 4.12 (1 H, d, J=4.3 HzHa), 6.29-6.31 (1 H,

m), 7.11-7.21 (1 H, m), 7.31-7.45 (5 H, m), 7.61-7.63 (1 H, m).

8c(CDCl3, 250 MHz) 14.41, 25.99, 33.45, 61.29, 77.50, 100.12, 108.50,

112.26, 126.83, 127.83, 127.32, 127.80, 142.01, 146.43, 152.89.

m/z FAB (Found: 258.1499,(M*+1) C1gH20NO2 requires: 268.1415). [elp =

+37.4 (CClg, 10 mg/mi).
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(4S,58)-2,3,4- Trimethyl- 2- ( ethyl) - 5- phenyl 1,3- oxazdidine (3.8 g 88% yidd

{ pseucbephedt ine(3.0 g 18.18 mmd) , methyl ehyl ketane{1.96 g 27.27 mmd) |

(12m)
Ymax

3827, 3812, 2870, 2787, 1493, 1454, 1370, 1166 cm~1.

3H(CDCls, 250 MHz) 0.9 (3 H, d, J= 7.4 Hz,Me d), 1.1 (3 H, d, J=4.4 Hz,Me aj,
1.3 (3 H, s,Me c), 1.6-1.71 (2 H, m,Hc, Hd,), 2.2 (3 H,

s,Me b), 2.6-2.7 (1 H,
m,Hb), 46 (1 d, J=7.6 Hz, Ha), 7.2-7.3 (5 H, m).

dc(CDCl3, 100 MHz) 7.70, 114.54, 23.86, 32.18, 32.48, 64.71, 85.71, 96.83,
126.67, 127.76, 127.85, 140.03.

m/z FAB (Found: 220.1625,(M*+1) C14H22NO requires: 220.1623). [alp = +43
(CClg, 10 mg/ml).
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(45,55)- 2,3,4- Trimethyl- 2- ( methylphenyl) - 5- phenyl 1,3- axazdidne(19¢g
71%yidd) . [ psaudogphedrine( 1.5 g 9 mmd) , par a methaxyagphenane(2.02 g 135 mmd) ]

Hb Ph °

a MeHH a

vmax 4327, 3472, 2206, 1489, 1359, 1198, 1142, 1125 cm~1,

5H4(CDClg, 250 MHz) 0.9 (3 H, d, J=4.4 Hz, Me a), 1.8 (3 H, s,Me ¢), 2.2 (3 H,
s.Me b), 3.59-3.61 (1 H, m, Hb), 3.9 (3 H, sMe d), 4.4 (1 H, d, J=4.3

Hz,Ha), 6.9-7.1 (2 H, m), 7.2-7.4 (5 H, m), 8.1-8.2 (2 H, m).

dc(CDClz, 100 MHz) 15.12, 26.31, 33.56, 62.39, 77.6, 101.12, 125.31,

26.01, 126.82, 127.31, 127.82, 133.42, 147.35, 153.92.

m/z FAB (Found: 298.2012, (M*+1) C1gH24NO> requires: 298.1728). [elp =

+41.3 (CClg, 10 mg/ml).
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Oxazolidine Synthesis from Ketones and Ephedrine

Me Ph Me  Ph

Sc(ill)triftate,15mol%

Me —N CH » Me—N
\ DCM,mol sieves 0 \(
S L

S L

To an excess (1.5 eq) of the ketone in DCM (40 ml), scandiurn (HI) triflate (1.34-
1.4 g, 27 mmol, 15 mol %) was added, then ephedrine (3.0 g, 18 mmol) was
added, followed by 4A molecular sieves (13 g). The resulting mixture was allowed
to stand for two weeks. The mixture was stirred with solid sodium hydrogen
carbonate for two hours, then fitered and washed with water (2 x 50 ml). The
organic solutions were dried over magnesium sulfate and removal of the solvent

yielded the required oxazolidine.

(4S,5R)- 2- 3,4,- Trimethyl-' 2,5- dphenyl- 1,3- axazdidine (1.8 g 76%yidd).

[gohedrine( 1.0 g 6.0 mmd), aaghaxne(1.08 g 9 mmd}]

Hb Ha

bMe—N

(12a)

vmax (neat) 4347, 3028, 2314, 1454, 1377, 1265, 1195, 1152 cm~1.
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SH(CDClg, 250 MHz) 0.83 (3 H, d, J=4.7 Hz,Me a), 1.82 (3 H, sMe c), 2.23 (3
H, sMe b), 2.59-2.61 (1 H, m, Hb), 452 (1 H, d, J=4.6 Hz, Ha), 7.1-7.5

(8H, m), 8.15-8.21 (2 H, m).

6c(CDCi3, 100 MHz)14.27, 18.96, 33.86, 37.78, 64.21, 81.89, 98.88,

126.15, 126.92, 127.49, , 128.28, , 137.08, 137.11, 141.89.

m/z FAB (Found: 268.1705,(M*+1) C1gH24NO3 requires: 268.1623). [elp =

-4.5 (CClg, 10 mg/ml).

(4S,5R) -2- Ethyl- 3,4- dmethyl- 2,5- diphenyl- 1,3- axazdidine (3.3 g 65%yidd.

[ephectine(3.0 g 18.18 mmd), pr cpicphenane( 368 g 27 27 mmd) ]

vmax (neat) 4390, 3352, 2977, 1450, 1377, 1350, 1218, 1145, 1137 cm-1.

8H(CDCla, 250 MHz) 0.8 (3 H, d, J=4.4 Hz,Me a), 1.03 (3H, 1, J=4.5 Hz,Me c),
2.2 (3 H, sMe b), 259-2.61 (1 H, m, Hb), 2.7 (2 H, g, J=4.5 Hz Hc, Hd),

4.5(1H, d, J=4.3 Hz, Ha), 7.25-7.32 (8 H, m), 7.81-7.83 (2 H, m).

8c(CDClz, 100 MH2z)8.26, 14.19, 31.80, 60.45, 72.92, 96.88, 126.94,

127.07, 128.11, 128.56, 132.87, 136.98, 141.43.
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m/z FAB (Found: 282.1793,(M*+1) CogH24NO requires: 282.1796). lalp = ~7.5

(CGClg, 10 mg/ml).

(4S,5R) -2- Furan- 2yl- 2,3,4- trimethyl- 5- phenyl 1,3- axazdidine (29 g
ephadt ine62 % yidd) .

[(30g 18.18 mmd), 2- acdtylfuran (2.0 g 2727 mmd) ]

vmax 4373, 3393, 2201, 1969, 1392, 1358, 1199, 1137 cm~1.

8H(CDCIl3, 250 MHz) 0.93 (3 H, d, J=4.4 Hz,Me a), 1.75 (3 H, s, Me ¢),
2.35(3H,s, Me b), 2.59-2.61 (1 H, m, Hb), 4.6 (1H, d, J=4.3 Hz, Ha), 6.2-
6.3 (1 H, m, furan), 7.1-7.2 (1 H, m, Furan), 7.3-7.4 (6 H, m), 7.6-7.7 {1 H,

m, Furan).

5c(CDCl3, 100 MHz) 14.56, 26.32, 33.67, 62.14, 78.13, 99.96, 107.30,

1121.76, 126.62, 127.93, 127.92, 142.3, 146.53, 153.12.

m/z FAB (Found: 258.1501 (M*+1)C17H21NO2 requires: 258.1415). [a]p =

-6.9 (CCls, 10 mg/ml).
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{45,565)- 2- Pyridine- 2yl- 2,3,4- trimethyl- phenyl 1,3- axazdlidine (298¢ 61%
yidd .

[ephect ine(3.0 g 18.18 mmd), 2- aelylpyridne(3.3 g 27 27 mmd)]

vmax 3294, 3085, 1585, 1493, 1454, 1358, 1327, 1238, 1196, 1136 cm~1.

§4(CDCl3, 250 MHz) 0.98 (3 H, d, J=4.89 Hz,Me a), 1.32 (3 H, s,Me c),
263 (3H, s, Me b), 2.65-2.66 (1 H, Hb, m, Hb), 5.22 (1 H, d, J=4.8 Hz, Ha),

7.25-7.91 (8 H, m), 8.52-8.53 (1 H, m).

3c(CDClsz, 100 MHz) 4.92, 24.96, 33.90, 60.18, 76.89, 82.12, 97.28, 120.65,

121.20, 127.92, 128.09, 128.39, 136.21, 137.01, 140.72, 148.75, 162.97.

m/z FAB (Found: 269.1651(M*+1) C17H21N20 requires: 269.1575). [alp =

~3.9 (CClg, 10 mg/mi).
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(4S,5R)-2,3,4- Trimethyl- 2- { methaxyphenyl) 5- phenyl- 1,3- axazdidine (34 g
63%vyidd .

[ephedrine( 3.0 g 18.18 mmd), pmethaxy acetophenane(2.73 g 36.36 mmd) )

vmax 4333, 3444, 2970, 1454, 1419, 1358, 1258, 1198, 1145 cm~1.

5H(CDCl3, 250 MHz) 0.83 (3 H, d, J=4.5 Hz,Me a), 1.92 (3H, s.Me c), 2.33 (3
H, sMe b), 2.52-253 (1 H, m, Hb), 4.64 (1 H, d, J=4.7 Hz, Ha), 7.1-7.2 (2

H, m), 7.3-7.4 (5 H, m), 7.5-7.6 (2 H, m).

dc(CDCla, 100 MH2z) 14.25, 26.33, 33.70, 55.38, 63.42, 73.37, 88.12,

103.68, 126.18, 126.94, 127.31, 128.06, 128.39, 130.28, 130.56, 142.17.

m/z FAB (Found: 298.1808(M*+1) CigH24NO2 requires: 298.1728). [a]lp =

-8.6 (CClg, 10 mg/ml).
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(4S,5R)- 2,3,4- Trimethyl- 2- (ethyl) - 5- phenyl 1,3- axazdidine (349 81%
yidd.

[ephedtine(3.0 g 188 mmd), methyl iscpr qpyl ketane{ 2.35g 2727 mmd) ]

bMe—N o

XMec

dMe

(12f)

vmax 4390, 3352, 2977, 1450, 1377, 1350, 1218, 1145, 1137 cm~1.

8H(CDClg, 250 MHz) 0.8 (3 H, d, J=4.4 Hz, Me a), 1.03 (3 H, t, J=4.5 Hz,Me
d), 1.07 (3 H, 1,J=4.3 Hz,Me ¢c), 1.72 (2 H, m, He, Hd), 2.2 (3 H, s,Me b}, 4.92

(1 H, d, J=4.3 Hz, Ha), 7.2-7.3 (5 H, m).

dc(CDCls, 100 MHz) 7.68, 14.55, 32.10, 32.44, 60.20, 65.11, 77.55, 96.45,

126.68, 126.74, 127.57, 127.75, 140.48.

m/z FAB (Found: 219.1698(M*+1) C1gH2iNO requires: 219.1623). [alp =

—10.7. {CClg, 10 mg/ml).
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(4S,5R)- 2,3,4- Trimethyi- 2- (1- methylethyl) 5- phenyi- 1,3- axazdidine (343
g 81%vyidd) .

[ephetine(3.0g 18.18 mmd), methyl iscpr cpyl ketane({1.34 g 2727 mmd) ]

aMe

bMe—N O

eMe M
Hc Mec

dMe

(12g)

vmax 4299, 3736, 3261, 2929, 2362, 1460, 1375, 1336, 1198, 1146 cm-1.

SH(CDCla, 250 MHz) 0.8 (3 H, d, J=4.8 Hz,Me a), 1.07 (6 H, d, J=4.5 Hz,Me d,
Mee), 1.16 (3 H, sMe ¢), 21-2.2 (1 H, mHc), 2.3 (3 H, sMe b), 24-25

(1H, m, Hb), 45 (1 H, d, J=4.6 Hz, Ha), 7.2-7.4 (5 H, m).

§c(CDClg, 100 MHz) 8.70, 14.55, 16.30, 17.03, 18.22, 32.54, 34.00, 60.12,

80.69, 96.95, 126.47, 127.48, 128.02, 129.57, 140.64.

m/z FAB (Found: 234.1877 (M*+1) CosH24NO requires: 234.1799). [alp = -6.1

(CClg, 10 mg/ml).
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Ring Opening of Oxazolidines using DIBAL/ Hexanes

Me R , Me R’
iR DIBAL i JR2
Hexanes
Me—N 0 Me—N OH
Hexanes 0 °C
R% R3 R? R3
12a n 16a_n

R'=H,R2=Ph ephedrine
R'=Ph,R?=H pseudoephedrine

DiBAL in hexanes (1.5eq) was added slowly to a stirred solution of the oxazolidines
(12a-n) in hexanes at 0 °C under nitrogen. The resulting solution was stirred at 0
°C overnight. Ethyl acetate (30 ml), methanol (5 ml) and sodium potassium
tartarate (10 ml) were added and the resulting mixture was left to stir for two
hours. The solid precipitate was filtered off and washed with ethyl acetate (30 ml).
The filtrate was dried over magnesium sulphate; removal of the solvent afforded the

required product.
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(1R,25)- 2- (Methyl ( phenyl- methyl) amino) - 1- phenyl butan- 1- d

(086 g 85%yidd) [5a(1.0g 3.7 mmd) DIBAL(55ml, 5.5 mmd)]

aMe HaPh
Hba,s z

bMe— OH
Hc

Mec

16a

vmax (neat) 3314, 3061, 3028, 2972, 2877, 2801, 2361, 1950, 1602, 1584,

1492 ¢m~1.

SH(CDClg, 250 MHz) 0.86 (3 H, , d, J=6.4 Hz, Me a), 1.49 (3 H, d, J=6.4 Hz, Me
¢), 2.31 (1 H, br, OH), 2.43 (3 H, s, Me b), 2.74 (1 H, dq, J=6.4, 4.0 Hz, Hb),
472 (1H, d, J=4.0 Hz, Ha), 4.82 (1 H, gq, J=4 Hz, Hc), 7.26-7.51 (10 H,

aromatics).

dc(CDCligz, 100 MH2) 14.25, 33.61, 46.26,70.73, 125.19, 126.21, 127.31,
128.15, 128.25, 128.35, 129.15, 137.32, 141.35, 146.26.

m/z El (Found: 269.1809 Cy1gH2aNO requires: 269.1796). Yielded 89%.
{a]p =-23.3 (CClg, 10 mg/ml).
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(1R,28) - 2- (Methy! ( 1- phenyl propyl) amino) - 1- phenyl propane-1- d

(125 g 83%yidd) [5b(15g 5.3 mmd) DIBAL(7.95 m!, 7.95 mmd)]

16b

vmax (neat) 3313, 3061, 3027, 2969, 2874, 1603, 1492, 1451 ¢cm~1.

8H{CDCl3, 250 MHz) 0.82 (3 H, d, J<6.48 Hz, Me a ), 0.85 (3 H, t, J=7.4 Hz,
Me ¢), 1.72-1.73 (2 H, m, He, Hd,), 2.41 (3 H, s,He, Hd,)), 272 (1 H, dq,
J=5.0, 6.48 Hz, Hb), 4.52 (1 H, d, J=5.0 Hz, Ha), 4.71 (1 H, t, J=2.5 Hz, Hc),

7.26-7.65 (9 H, m), 7.92-7.961 (1 H, m).

8c(CDCl3, 100 MHz) 1015, 10.83, 30.25, 31.45, 60.25, 70.65, 125.32,

126.15, 12745, 127.67, 128.35, 128.15, 141.25, 144.35.

m/z El (Found: 283.1883 Cqg9H24NO requires: 283.1877).
{alp =-8.3 (CClg, 10 mg/ml).
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(1R,28)- 2~ (1- Furan- 2yl ethyl}( methyl) aming) - 1- phenyl propane- 1- o

(1.85g 87%vidd) [5¢(2.1 g 8.17 mmd) DIBAL(122 ml, 122 mmd)]

vmax (neat) 3315, 2977, 1952, 1814, 1658, 1602 cm~1.

5H(CDCl3, 250 MHz) 0.85 (3 H, d, J=6.6 Hz, Me a), 1.52 (3 H, d, J=6.4 Hz, Me
c), 2.42 (3 H, , s, Me ¢), 275 (1 H, dq, J=4.0, 6.6 Hz, Hb), 4.72 (1 H, d, J=4.0
Hz, Ha), 4.82 (1 H, q, J=6.6 Hz, Hc), 6.22 (1 H, J=3.5 Hz, Hd), 6.35 (1 H, dd,

J=1.85, 3 Hz, He), 7.26-7.45 (5H, m), 7.42-7.53 {1 H, Hf, m).

5c(CDCla, 100 MHz) 9.2,14.63,33.26, 42.15, 60.27, 73.26, 104.25, 110.26,

126.15, 126.52, 127.56, 128.26, 140.78, 158.26.

m/z El (Found: 259.1568 CigH2{NO2 requires: 259.1572). Yield 80%. lalp =

-3.6 (CClg, 10 mg/ml).
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(1R,28)- 2- ( Methyl- ( 1- pyridin- 2yl- methyl) amino- 1- phenyl propane- 1- ol
{1.39 g 88% yidd) [5d(1.85¢g 687 mmd), DIBAL(10.3 ml, 10.3 mmd) ]

aMe Ha ph
Hb.\ =

bMe— OH
Hec

o Mec

\ N
16d

vmax (neat) 3313, 3062, 2973, 2879, 1952, 1608, 1595 cm~*.

8H(CDCl3, 250 MHz) 0.82 (3 H, d, J=6.5 Hz, Me a), 1.52 (3 H, d, J=6.6 Hz, Me
c), 243 (3 H, s, Me b), 275 (1 H, dq, J=4.0, 6.5 Hz, Hb), 492 (1 H, q,
J=6.6 Hz, Hc), 7.26-7.46 (5 H, m), 7.22-7.35 (2 H, m), 7.62-7.72 (1 H, m),

8.42-8.51 (1 H, m).

dC(CDCl3z, 100 MHz) 12.74,16.31, 25.25, 33.56,60.25, 69.35, 120.25,

127.11, 127.5, 128.31, 136.21, 141.35, 143.42, 148.22, 163.5.

m/z El (Found: 270.1703 Cq7H22N»0 requires: 270.17283).
[alp = —6.4 (CClg, 10 mg/ml).
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(1R,2S)- 2- ( Methyl- (1- { 4- methaxy phenyl- methyl) amino- 1- phenyl- pr opan-
1-d (125 g 83%yidd [5b(15g 53 mmd) DIBAL{7.95ml,7.95mmd)]

aMe Ha ph
bMe— OH
Hc
Mec
dMeOQ
16e

vmax (thin film) 3065, 3067, 2988, 2978, 1921, 1604, 1573 cm~1.

8H(CDCl3, 250 MHz) 0.82 (3 H, d, J=6.4 Hz, Me a), 1.52 (3 H, d, J=6.4 Hz, Me
c), 2.43 (3 H, s, Me b), 2.62(1 H, br, OH), 2.74 (1 H, dq, J=3.2, 6.4 Hz, Hb),
3.87 (3H,s, Me d), 4.82 (1 H, d, J=3.0 Hz, Ha), 491 (1 H, q, J=6.4 Hz, Hc),

6.91-7.26 (4 H, m), 7.25-7.43 (5H, m).

dc(CDCl3, 100 MHz) 13.36, 25.26, 33.16, 55.27, 60.20, 72.15, 113.26,

125.62, 125.92, 126.16, 128.83, , 128.35, , 128.75, 141.26, 158.36.

m/z E| (Found: 299.1803 C1gH25NO32 requires: 299.1728).

[a}D=8.2 (CClg,10 mg/ml).
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(1R,28)- 2- (1,2- Dimethyl propyl) - methyl- amino- 1- phenyl propane- 1- o
(372 g 82%vyidd) [5f(25g 10.73mmd) DIBAL(16 ml, 16.01 mmd)]

aMe Ha
Hb.,\ = ph

— OH
bMe He
cMe Med
Hd Mee
16f

vmax (thin film) 3316, 3078, 2965, 2878, 1947, 1612, 1585 cm~1.

SH(CDCla, 250 MHz) 0.82 (3 H, d, J=8.0 Hz, Me a), 0.91 (3 H, d, J=8 Hz, Me
¢), 0.98 (6 H, 2d, J=12, 8 Hz, Me d, Me e), 1.6 (1 H, Hd, m, Hd), 2.15 (3 H,
s,Me b), 2.45 (1 H, dq, J=12, 4 Hz, Hb), 35 (1H, br, OH), 3.7 (1 H, d, J=4.0
Mz, Ha), 7.2-7.4 (5H, m).

8c{(CDCl3, 100 MHz) 11.04, 11.91, 14,50, 20.50, 21.00, 31.94, 53.43, 60.62,

63.47, 128.74, 125.94, 126.10, 126.94, 128.01, 128.13, 141,38,

m/z FAB (Found: 236.1937 (M*+1) C15H2gNO requires: 236.1360).
[alp = -12.5 (CCi4, 10 mg/ml).
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(1R,28}- 2- (1,2- Methyl ethyl) - methyl- amino- 1- phenyl propane- 1- d

(26 g 86%yidd [5g(3.0g 137 mmd) DIBAL(205 ml, 20.5 mmd)]

aMe H
Hb\ oS

— OH
bMe He

cMe Med

He Hd

169

vmax (thin film} 3095, 2987, 2862, 1602, 1542, 1419, 1360 cm~'.

8H(CDCl3, 250 MHz) 0.86 (3 H, d, J=8.0 Hz, Me a), 0.91 (3 H, t, J=4.0 Hz, Me
d), 0.94-0.96 (2 H, m, Ha Hc), 1.01 (3 H, J=12 Hz, Me c), 2.15 (3 H, , s, Me
b), 2.65 (1 H, dg, J=4.0, 4.7 Hz, Hb), 4.16 (1 H, d, J=4.0 Hz, Ha), 5.12 (1 H,

br, OH), 7.26-7.45 (5 H, m).
m/z FAB (Found: 222.1874 (M*+1) C14H24NO requires: 222.1799).

[elp ==7.2 (CClg, 10 mg/mi).
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(18,28) - 2- ( Methyl- ( phenyl- methyl) amino) - 1- phenyl butan- 1- d

(13 g 82%yidd [5b(1.6g 59 mmd) DIBAL(9mi, 8.9 mmd)]

aMe Pn_ Ha
Hb.\ ¢

bMe— OH
Hc

Mec

16h

vmax (neat) 3402, 3091, 3030, 2982, 2890, 2798, 1960, 1605, 1588, 1497

cm™1.

SH(CDCl3, 250 MHz) 0.82(3 H, d, J=6.5 Hz, Me a), 1.35 (3 H, J=4.5 Hz, Me c),
, 243 (3 H, s, Me b), 2.61 (1 H, dq, J=6.4, 8.2 Hz, Hb), 2.91 (1H, br, OH),
415 (1H, d, J=8.2 Hz, Ha), 452 (1 H, t, J=6.0 Hz, Hc), 7.25-7.52 (6 H,

m), 7.62-7.66 (4 H, m).

dc(CDCl3z, 100 MHz) 14.26, 33.26, 61.15, 68.26, 77.36, 94.36, 125.35,

126.36, 126.76, 128.15, 128.73, 129.36, 139.67,142.36.
m/z El (Found: 269.1802 CygH23NO requires: 269.1796).

[alp = +67 (CClg, 10 mg/ml).
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S A Tulib

(15,25)- 2- (Methyl- ( 1- phenyl- propyl) amino} - 1- phenyl propane- 1-dl

(1.38 g 86% yidd) [5i (16 g 569 mmd) DIBAL(85m), 85 mmd)]

aMe Ph H
Hb, \ 1 fa
bMe— OH
Hc
Mec
He Hd
16i

vmax (peat) 3313, 3061, 2970, 2874, 1950, 1603, 1495, 1398 cm~1.

34(CDCl3, 250 MHz) 0.82 (3 H, d, J=6.5 Hz, Me a), 1.35 (3 H, t, J=4.5 Hz, Me
c), 1.78-1.92 (2 H, Hd, He, m, Hd, He), 2.43 (3 H, s, Me b), 2.61 (1 H, dq,
J=6.5, 8.2 Hz, Hb), 2.91 (1 H, br, OH), 4.15 (1 H, d, J=8.2 Hz, Ha), 4.52 (1 H,

t, J=6.0 Hz, Hc), 7.25-7.51 (6 H, m), 7.62-7.66 (4 H, m).

d3c(CDCla, 100 MHz) 10.26, 15.26, 31.15, 33.35, 55.67,61.27, 75.26,

127.66, 127.52, 127.75, 128.36,128.65,129.34, 142.61, 148.26.
m/z El (Found: 283.2008 CqgHs5NO requires: 283.1936).

[alg = +71 (CCls, 10 mg/ml).

166



SA Taliby

(1S5,28)- 2- (1 Furan- 2yl- ethyl) methyl amino} 1- phenyl propane- 1- o

(1.34 g 86%yidd [5] (1609 62 mmd) DIBAL(9.5 ml, 9.4 mmd)]

vmax (thin film 3317, 2979, 2285, 1952, 1603, 1584, 1492, 1395, 1319

cm-1.

8H(CDCl3, 250 MHz) 0.82 (3 H, d, J=6.5 Hz, Me a), 1.51 (3 H, d, J=6.45 Hz,
Me c), 242 (3 H, s, Me b), 2.62 (1 H, dq, J=6.5, 8.2 Hz, Hb), 3.01 (1 H, br,
OH), 412 (1 H, d, J=B.2 Hz, Ha), 4.91 (1 H, q, J=6.45 Hz, Hc), 6.12 (1 H, d,
J=3.2 Hz, Hd), 6.22-6.23 (1 H, m, He), 7.25-7.51 (6 H, m).

8c(CDCla, 100 MHz) 14.25, 20.35, 33.62, 61.50, 63.42, 77.51, 105.25,

110.35, 127.15, 127.8, 18.35, 1412.15, 142, 86 , 158.65.
m/z El (Found: 259.1653 CygH21NO2 requires: 259.1572}.

[alp = +74 (CCls, 10 mg/ml).
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S A Talib

(15,25} - 2- (Methyl- (1- pyridne- 2yl- methyl) amino)- 1- phenyl propane- 1- d
(149 87%yidd) [5k(1.6g 597 mmd) DIBAL{9 ml, 895 mmd)]

aM Ph- Ha

s

4.

bMe— OH
Hc

— Me3c

\ N
16k

vmax (neat) 3315, 3078, 32888, 1955, 1876, 1610, 1587, 1487, 1391 cm~—

1-

§1(CDCl3, 250 MHz) 0.82 (3 H, Mel, d, J=4.8 Hz), 1.22 (3 H, Me3, d, J=6.4
Hz), 2.43 (3 H, Me2, s), 2.73 (1 H, Hb, dqg, J=4.00, 4.80 Hz), 3.01 (1 H, br,
OH), 4.31 (1 H, Ha, d, J=4.9 Hz), 4.85 (1 H, Hc, q, J=6.4 Hz), 7.26-7.62 (5 H,

m), 7.76-8.0 (2 H, m), 8.15-8.32 (2 H, m).

SC(CDCls, 100 MHz) 16.75, 17.34,25.55, 60.37, 68.42, 74.26, 120.42,

127.10, 127.50, 128.00, 128.30, 136.75, 141.45, 148.60, 163.75.
m/z El (Found: 270.1723 C17H22NO requires: 270.1732).

[alp = +64 (CCly, 10 mg/ml).

168



§ A Talib

v(18,28)- 2- (1,2- Dimethyl propyl) ( methyl amino)- 1- phenyl praopane- 1- o
(3.15g 98%yidd) [5m(32g 13.79 mmd) DIBAL(21 ml, 206 mmd)]

aMe P
Hb, \ h pa

— OH
bMe He

cMe Med

He Hd

16m

vmax 3389, 3256, 2878, 2647, 1645, 1542, 1396, 1327 cm~1.

5H(CDCl3, 250 MHz) 0.85 (3 H, d, J=7.2 Hz, Me a), 0.92 (3 H, Me d, t, J=8 Hz,
Me d), 0.93 (2 H, m, Hd, Hc), 0.96 (3 H, d, J=6.5 Hz, Me c¢), 1.2-1.21 (1 H,
m, He), 2.15 (3 H, s, Me b), 2.65 (1 H, dq, J=4.7, 4.0 Hz, Hb), 4.16 (1 H, d,

J=4.0 Hz, Ha), 5.12 (1 H, br, OH), 7.28-7.45 (5 H, m).

3C(CDCl3, 100 MHz) 11.22, 18.47, 27.63, 27.86, 59.80, 61.54, 76.65,

125.91, 126.11, 127.43, 142.67.

m/z FAB (Found: 223.1881( M*+1) Cy4H24NO requires: 223.1877).
[alp = +58 (CClg,

(15,28) - 2- ( Methyl {1- ( 4- methaxyphenyl} amino) 1- phenyl propane- 1- d

(1.47 g 81%yidd [51 (18 g 627 mmd) DIBAL(9.8ml, 9.4 mmd)]
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§ A Tulib

aMe Ph H
Hb,\ i/

bMe— OH
He

Mec

dMeO
161

vmax (neat) 3146, 3332, 2879, 1950, 1678, 1600, 1454, 1419, 1359 cm™1,

84(CDCl3, 250 MHz) 0.83 (3 H, Me a, d, J=6.48 Hz, Me a), 1.42 (3 H, d,
J=6.25 Hz, Me ¢), 2.43 (3 H, s, Me b), 2.51 (1 H, dq, J=6.48, 8.3 Hz, Hb),
3.00 (1 H, br, OH), 3.72 (3H, Mec, s, Mec), 412 (1 H, d, J=8.3 Hz, Ha),

48 (1 H, He, q, J=6.25 Hz), 6.85-7.0 (4 H, m), 7.35-7.56 (5H, m).

8C(CDCls, 100 MHz) 16.15, 17.67,25.25, 35.42, 61.00, 70.25, 115.16,

127.35, 127.70, 127.85, 128.35, 128.56, 139.54, 146.78,160.35.
m/z El (Found: 299.1342 C1gH25NQO5 requires: 299.1455).

[alp = +39 (CClg, 10 mg/ml).
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SA Tuli

(15,28)- 2- (1,2- Methyl ethyl) ( methyl) amino) 1- phenyl propane 1- d

(2.7 9 89%yidd) [5n(3.0g 13.69mmd) DIBAL(21 ml, 20.5 mmd}]

aMe Ph Ha

I,"

—_ OH
bMe He

cMe Med
Hd Mee

16n

vmax 3335, 3256, 2873, 2470, 1604, 1493, 1453, cm~1.

5H(CDClg3, 250 MHz) 0.86 (3 H, d, J=6,6 Hz, Me a), 0.92 (3 H, Me ¢, t, J=6.6Hz,
Me c), 1.02_1.06 (6 H, 2d, J=6.07,6,6Hz, Me d,Me e,), 1.72_1.78 (1H, m,
Hd), 215 (3 H, s, Me b ), 2.34 (1 H, m, Hc), 266 (1 H, dq, J=6.6,9.0 Hz,

Hb), 4.15 (1H, d, J=9.0Hz, Ha), 5.12 (1H,br,OH), 7.28-7.45 (5 H, m).

8C(CDClia,100MH2z)11.17,13.26,19.16,21.27,27.35,32.62,65.21,66.26,75.35

,127.26.127.65,128.15,142.36.

m/z FAB (Found: 236.1936.1881 (M*+1) Cy5H2gNO requires: 236.1936).
[alp = +86 (CCls, 10 mg/mli).
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S A Talih

General Procedure for the Synt hesis of Sulfides

M B_2R1 (i)Et;N 3eq M 32R1
E}_{ MeS0,CI 1.2eq ) (

' e
Me—N_  OH DCM, 0°C Me— S—g‘Me
Me
R4 Rs

§\ (ii))EtsN 2eq

R4 R3 {(CH3)3CSH
16a_n 22a_l|

To a solution of the amino alcohol 6a-n {1 eq) in DCM (30 ml) at 0 °C,
triethylamine (2 eq) was added and the reaction was stirred for 10 minutes,
methanesulfunyl chloride (1.2 eq) was added and the resulting mixture was left to
stir for 1 hour. Triethylamine (2 eq) was added followed by t-butylthiol (2 eq) and
the resulting mixture was stirred overnight. The solvent was evaporated and the
residue washed with diethyl ether (3 x 30 mi). The combined ether layers were
dried over magnesium sulfate. The.soivent was evaporated and the residue
chromatographed in 10% ethyl acetate, 90% petrol to yield the tille compounds

as yellow oils.

172



S A Talib
N- {{ 1R,2S)- 2- ( 1,1) - Dimethyl ethyl thid}1- methyl- 2- phenyl ethyl-N- { 1-
methyl N- { 1- pheny! ethyl amine)

(065 g 65%yidd) [6a( 10.8 g 2.97 mmd), t- butylthid ( 06 ml, 5.94 mmd), trigthyiamine
(15ml, 4 e)

aMe Ha ph
- Med
bMe— s—éMed
He
Med
Mec
22a

vmax 3597, 2995, 2467, 2312, 1419, 1270, 1216, 1197 cm~1.

3H(CDClga, 250 MHz) 1.1 (3 H, d, J=7.5 Hz, Me a), 1.25 (9 H, s, Me d), 2.53 (3
M, d, J=8.7 Hz, Me c), 263 (3 H, s, Me b), 3.22 (1 H, dq, J=6.5 Hz, 7.4 Hz,
Hb), 4.23 (1 H, d, J=7.4 Hz, Ha), 5.17 (1 H, q, J=8.5 Hz, Hc), 7.16-7.46 (10

M, m, aromatics).

6C (CDClz, 100 MHz) 9.2, 9.88, 15.70, 38.52, 39.87, 46.52, 58.98, 125.67,

127.30, 128.52, 128.79, 128.79, 131.20, 140.36,142.26.

m/z FAB (Found: 342.2262 (M*+1) CooH32NS requires: 342.2177). [elp = -

33.5 (CClg, 10 mg/ml).
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SA Tulit
N- {{ 1R,2S5)- 2- [(1,1)- Dimethyl ethyl thic] 1- methyl- 2- pheny! ethyl —N-
methyl N- { 1- phenyl propyl amine)

(0659 65%yidd 6b( 08g 2.83 mmd), t- butylthid ( 065 ml, 5.66 mmd), trighylamine

(150ml, 4 e |

Hb aMeHa
h’ 7 JPh

Med
bMe—N s—éMed

Hc Med
Mec €

He Hd

22b

vmax 3422, 3033, 2935, 2526, 1335, 1227, 1198 cm~1.

5H (CDCla, 250 MHz) 0.95 (3 H, d, J=6.67 Hz, Me a), 1.21 (9 H, s, Me d),
1.25(3H, t, J=7.0Hz, Me ¢), 1.52 (2 H, m, Hd, He), 2.43 (3 H, s, Me b),

251 (1 H, t, J=7 Hz, He), 2.91-2.92 (1 H, m, Hb), 4.3 (1 H,d, J=7.4 Hz, Ha).

6C (CDCl3, 100 MHz) 9.21, 9.81, 156,72, 20.52, 38.64, 39.95, 46.92, 59.22,

125.87, 126.21, 127.22, 127.87, 128.15, 129.06, 129.72, 133.15.

m/z FAB (Found: 356.2423 (M%*+1) Cp3H34NS requires: 356.2333). [alp = -

19.2 (CClg, 10 mg/ml).
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S A Talit
N- {(1R,28)- 2- [{1,1) - Dimethyl ethyl thic] 1- methyl- 2- phenyl ethyl} —-N- (1-
furyl- 2- ethyl) amine

(109 55%yidd) f6¢(15g 58 mmd), t- butylthid (1.3 ml, 11.6 mmd), triethylamine( 13.0
mi, 4 e ]

vmax 3379, 3298, 2981, 2507, 1654, 1454, 1346, 1191, 1138 cm~1,

8H (CDCla, 250 MHz) 1.21 (3 H, d, J=6.4 Hz, Me ¢}, 1.30 (3 H, d, J=6.7 Hz,
Me a), 1.31 (9 H, s, Me d), 2.41 (3 H, s, Me b), 3.92 (1 H, dq, J=4.6, 6.4 Hz,
Hb), 4.26 (1 H, q, J=6.7 Hz, Hc), 4.91 (1 H, Ha, d, J=4.6 Hz, Ha), 6.21-6.22

(1H, m, He), 6.23-6.24 (1 H, m, Hd), 7.24-7.26 (6 H, m,5 ar,1Hf )

8C (CDClz, 100 MHz) 7.61, 1435, 18.25, 31.26, 31.71, 38.42, 61.21, 75.26,

105.21, 106.76, 127.35, 127.82, 127.98, 128.62, 142.02, 158.10.

m/z FAB (Found: 332.2054 (M*+1) CogHggNO S requires: 332.2048).
[alp =-13.2 (CClg, 10 mg/mi).
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S A Talihy

N- {{1R,25)- 2-[(1,1)- Dimethyl ethyl thio] 1- methyl- 2- phenyl ethyl}-N- {1-
pyridin- 2- yethyl amine)

{063 g 45% yidd) [6d(1.1 g 407 mmd), t- butylthid (0.95 ml, 8.14 mmd), triethylamine(2
mi, 4 &g )

vmax 3436, 2987, 2941, 1459, 1331, 1197, 1179, 1139 cm~1.

84 (CDCl3, 250 MHz) 1.00 (3 H, d, J=6.4 Hz, Me a), 1.32 (9 H, s, Me d),
1.45(3H, d, J=6.6 Hz, Me ¢), 2.42 (3 H, s, Me b), 3.22 (1 H, q, J=6.8 Hz,
He), 3.561 (1H, dg, J=4.6, 6.4 Hz, Hb), 415 (1 H, d, J=4.6 Hz, Ha), 7.16-

7.23 (7 H, m), 7.46-7.48 (1 H, m), 8.42-8.43 (1 H, m).

§C(CDCl3, 100 MHz) 11.79, 20.01, 31.33, 31.95, 54.06, 60.21, 64.06,

120.21, 121.97, 125.81, 126.82, 128.46, 129.68, 136.25, 136.79,
149.21,158.15.

m/z FAB (Found: 343.2203 (M*+1) Cp1H3gN2S requires: 343.2129). [a]p = -

17.2 {CCl4, 10 mg/ml).
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SA Talih
N- {{ 1R,2S)- [(1,1) - Dimethyl ethyl thio] 1- methyl- 2- phenyi ethyl}-N- ( 1,2-
dmethyl pr opyl- N- m ethyl amine)

(249 76%yidd (6f(25g 106 mmd), t- butylthid (2.4 ml, 212 mmd) , trighylamine(6.0
mi, 4 eg]

aMe a

Hb,, ! : ,Ph
Med

Tw o

He Med

bMe— S—GMed
cMe Hd
fMe Mee
22 e

vmax 3752, 2989, 2309, 1435, 1269, 1196 cm™1.

84 (CDCI3, 250 MH2) 0.95 (6H, 2d,J=6.4,6.7 Hz, Me e, Me f), 0,96 (6H, 2 d, J=
6.7, 8.2 Hz, Me a, Me ¢), 1.15 (9 H, s, Me c), 1.83-1.84 (1 H, m, Hc), 2.43-
245 (1 H, m, Hd), 3.00 (3 H, s, Meb), 3.22 (1 H, dq, J=6.4, 6.7 Hz, Hb),

7.15-7.26 (5 H, m).

6C (CDCla, 100 MHz) 8.75, 29.31, 30.26, 31.35, 41.75, 54.72, 64.75,

125.48, 125.92, 126.95, 127.98,136.12, 142.31, 165.82.

m/z FAB (Found: 308.2411 (M*+1) C1gH34NS requires: 308.2333). [alp = —

24.2 (CClg, 10 mg/ml.
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S A Tulil
N- {{1R,28)- [(1,1)- Dimethyl ethy! thig] 1- methyl- 2- phenyl ethyl}-N- (1-
methylethyl) - N- methyl amine

(2589 78%yidd [6g(2.5g 11.31 mmd), t- butylthid (2.5 mi, 22.32 mmd), trigthylamine(6
m, 4 ed]

Ha
Hb,,,._ : _Ph
/ Med
bMe— S GMed
He Med
cMe Hd
He Mee
22 f

vmax 3672, 2898, 2401, 1426, 1269, 1201, 1198 cm~1.

a), 1.0 (3 H, d, J=6.4 Hz, Me a), 1.42 (9 H,

8H (CDCla, 250 MHz) 0.95 (3 H, d,J=7.5 Hz, Me e), 0.98 (3 H, d, J=6.7 Hz, Me
, He), 2.46 (3 H,

s, Med), 1.52-1.54 2 H, m, Hd
s, Me b), 3.0 (1 H, dq, J=6.7, 7.2 Hz, Hb), 3.91 (1 H, d,
J=6.7 Hz, Ha), 7.15-7.35 (5 H, m).

6C (CDCl3, 100 MHz) 8.82, 13.91,27.35, 30.54, 31.54,
62.46, 126.35, 120.49,

127.38, 127.85,

31.62, 45.89, 60.82,
134.65.

m/z FAB (Found: 294.2253 (M*+1) Cy1gH32NS requires: 294.2255).
13.6 (CClg, 10 mg/ml).

[eelp = —

178



SA Tulib

N- (15,28)- 2-[(1,1) - Dimethyl ethyt thio] 1- methyl- 2- phenylethyl}-N-
methyl- N- ( 1 phenylethy! amine)

(099 71%yidd [6h(1.0g 372 mmd), t- butylthid (1.7 ml, 7.44 mmd) |

22g

vmax 3651, 2898, 2471, 2309, 1418, 1269, 1211, 1198 cm~1.

84 (CDCl3, 250 MHz) 1.20 (3 H, d, J=7.4 Hz, Me a), 1.21 (9 H, Me d, s, Me d),
253(3H, d, J=9.3Hz, Me ¢}, 261 (3 H, s, Me b). 3.22 (1 H, dq, J=6.7,
7.4 Hz, Hb), 451 (1 H, d, J=7.4 Hz, Ha), 48 (1 H, q, J=9.3 Hz, Hc), 7.15-
7.52 (10H, m).

8C (CDCl3, 100 MHZz) 8.93, 9.69, 15.50, 16.69, 31.42, 38.42, 39.74, 46.47,

59.07, 125.72, 127.40, 128.68, 128.77, 129.73, 131.06.

m/z FAB (Found: 342.2258 (Mt+1) CzsHa32NS requires: 342.2177).
[alp = +72 (CClg, 10 mg/mi).
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SA Tulib

N- {{1S,28)- 2- [(1,1)- Dimethyl ethyl thio] 1- methyl- 2- phenyl ethyl}-N-
methyl- N- ( 1 phenyl propyl amine)

(065 g 65%yidd) [6i (1.0g 35 mmd), t- butylthid (0.8 ml, 7 mmd), trighylamine(2.0 mi,
4eq]
Hh aMePh
% i oha

bMe—N s—éMed

vmax 3414, 3028, 2898, 2511, 1323, 1219, 1195 cm~1.

3H (CDClz, 250 MHz) 0.91 (3 H, d, J=6.4 Hz, Me a), 1.0 (9 H, s, Me d), 1.22
(3 H, d, J=7.0 Hz, Me ¢), 1.53-1.54 (2 H, m, Hd, He), 2.3 (3 H, s, Me b), 2.52
(1 H, t, J=7.0 Hz, He), 3.0-3.05 (1 H, m, Hb), 451 (1H, d, J=6.4 Hz, Ha),

7.0-7.25 (10 H, m).

8C (CDCla, 100 MHz) 8.98, 9.79, 15.60, 20.15, 38.42, 39.84, 46.97, 59.18,

125.92, 126.25, 127.31, 127.92, 128.98, 129.01, 129.62, 133.12.

m/z FAB (Found: 356.2407 (M*+1) Co23H34NS requires: 356.2333).
[alp = +66 (CClg, 10 mg/ml).
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SATulib

N-[(15,25)- 2-[(1,1)- Dimethyl ethyl thio] 1- methyl- 2- phenyl ethyl} -N- { 1-
furyl- 2- yethyl] amine

(086 g 61%yidd) [6j (1.1g 425 mmd), t- butylthid (1.00 ml, 8.5 mmd), trighylamine(2.5
ml, 4 a3 ]

Mé&h

Hb, i ,Ha
. Med
bMe—N s—éMed
C
Hd Med
He BN Mec
\ o
HE 52

vmax 3379, 3050, 2938, 2928, 1350, 1220, 1198 cm-1.

8H (CDClz, 250 MHz) 1.20 (3 H, d, J=6.4 Hz, Me a), 1.21 (9 H, s, Me d), 1.92
(3H, d, J=8.0 Hz, Me ¢), 2.4 (3 H, s, Me b), 3.21 (1 H, dq, J=6.4, 8.0 Hz,
Hb), 4.23 (1 H, g, J=8.0 Hz, Hc), 4.51 (1 H, d, J=8.0 Hz, Ha), 6.22 (1 H, d,
J=4.0 Hz, Hd), 6.21-6.22 (1 H, m, He), 7.15 (1 H, d, J=4.0 Hz, Hf), 7.25-

7.56 (5 H, m).

8C (CDClz, 100 MHz) 7.66, 14.27, 28.21, 31.12, 31.17, 39.39, 60.39, 75.14,

105.01, 106.98, 127.32, 127.76, 127.88, 128.57, 141.78, 157.92.

m/z FAB (Found: 332.2054 (M*+1) CogH3gNO § requires: 332.2048).
[alp = +82 (CCls, 10 mg/ml).
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5 A Talib

N- {(1S,25)- 2- [(1,1) - Dimethyl ethyl thio] 1- methyl- 2- phenyl ethyl}-N- ( 1-
pyridin- 2- yethyl amine)

( 077 g 55% yield) [6k (10.1g 4.07 mmd), t- butytthid (1.0 ml, 8.15 mmd), triethylamine
(21m), 4 &g ]

aMe P
Hb, hz,_Ha
Med
bMe— l_lcs—<—w|ed
Med
e Mec
\ N
22

vmax 3425, 2981, 2939, 1454, 1327, 1191, 1176, 1138 cm~1.

dH (CDCla, 250 MHz) 091 (3 H, d, J=6.6 Hz, Me a), 1.22 (9 H, s, Me d),
1.45(3H, d, /=66 Hz, Me c), 216 (3 H, s, Me b), 3.35 (1 H, q, J=6.5 Hz,
Hc), 3.45(1 H, dq, J=4.6, 6.6 Hz, Hb), 3.91 (1 H, d, J=4.6 Hz, Ha), 7.16-7.28

(5H, m), 7.32-7.33 (2 H, m), 8.35-8.36 (2 H, m).

8C (CDCl3, 100 MH2z) 11.41, 19.09, 31.24, 31.80, 53.08, 59.35, 63.97,

119.72, 121.81, 125.79, 126.79, 128.36, 136.50, 144.86,148.37, 148.46,

165.10.

m/z FAB (Found: 343.2213 (M*+1) Co1H31N2S requires: 343.2129).
[alp = +68 (CClg, 10 mg/ml).
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S A Tulib

N- {{1S,28)- [{1,1)- Dimethyl ethyl thio)- 1- methyl 2- phenyl ethyl}-N- (1,2
dmethyl, pr opyl) N- methyl amine

(0287 g 88%yidd) [6m (25 g 10.64 mmd), t- butylthid (2.4 mi, 21 28 mmd) , trigthylamine
(6mi, 4eq]

aMe Ph
Hb,,,,‘_ : ,Ha
Med
bMe— S éMed
Hc Med
cMe Hd
tme Mee
22 k

vmax 3748, 2984, 2305, 1420, 1265, 1194 cm~ .

34 (CDClz, 250 MHz) 1.10 (6 H, 2 d, J=6.7, 6.4 Hz, Me e, Me f), 1,12
(6H,,2d,J=7.0,7.6 Hz, Me a, Me ¢), 1.12(9 H, s, Me d), 1.83-1.85 (1 H, m,
Hd), 2.42-2.43 (1 H, m, Hc), 3.0 (3 H, s, Me b), 3.12 (1 H, dq, J=6.7, 6.4 Hz,

Hb), 4.2 (1 H, d, J=6.4 Hz, Ha), 7.15-7.36 (5 H, m).

8C (CDCiz, 100 MHz) 8.67, 29.31, 30.21, 31.33, 41.67, 54.64, 64.56, 66.02,

125.48, 125.90, 126.94, 127.84,129.56, 143.45,

m/z FAB (Found: 304.2412 (M*t+1) CigHz34NS requires: 304.2333).
(a]p = +92 (CClg, 10 mg/ml).
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N- {(15,25)-[(1,1)- Dimethyl ethyl thio] 1- methyl 2- phenyl ethyl}-N-
( 1,methylethyl) N- methyl amine

(249 91%yvyidd [6n(2.0g 9.0 mmd), t- butylthid (2.0 ml, 18.0 mmd)}, trighylamine
(5 ml.4e3]

vmax 3650, 2897, 2406, 1421, 1267, 1201, 1197 cm~!.

84 (CDCls, 250 MHz) 0.9 (3 H, t, J=7.15 Hz, Me @), 0.96 (3 H, d, J=6.45 Hz,
Me a), 0.98 (3 H, d, J=6.0 Hz, Me ¢), 1.42 (9 H, s, Me d), 1.53-1.54 (2H, m,

Hd, He), 2.15 (3 H, s, Me b), 3.0 (1 H, dq. 6.0, 6.7 Hz, Hd), 3.2:3.3 (1 H, d, m,
Hc), 3.92 (1 H, d, J=6.7 Hz, Ha), 7.0-7.25 (5 H, m).

8C (CDCi3, 100 MHz) 8.72, 13.80, 15.93, 27.35,31.39, 31.54, 45.86, 60.72,

62.44, 126.27, 126.42, 127.28, 127.72, 134.45.

m/z FAB (Found: 294.2252 {(M*4+1) CigH32NS requires: 294.2255).
[e]lp = +63 (CClg, 10 mg/ml).
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N- (1R,25)- [(1,1)- Dimethyl ethyl thiad]j 1- methyl- 2- phenyl ethyl —-N- methyl

ethyl amine

(13 g 65%yidd) [3a(15g 7.7 mmd), t- butyithid (1.74 ml, 15.4 mmd) , trigthylamine(4.0
mi, 4 ej]

aMe Ha
Hb,, Ph
Med
bMe— —éMed
Hc Med
cMe Hd
11 a

vmax 3698, 2867, 2327, 1445, 1273, 1196 cm™1.

84 (CDCla, 250 MHz) 0.99 (3 H, d, J=8.0 Hz Me a), 1.15 (9 H, s, Me d), 1.45
(3H, t, J=7.6 Hz, Me c), 2.5 (3H, s, Me b), 3.31 (2H, q, J=8.0 Hz, Hc ,
Hd), 3.24-3.26 (1 H, m, Hb), 4.12 (1 H, d, J=8.6 Hz, Ha), 7.15-7.52 (5 H,

m).

5C (CDCla, 100 MHz) 8.21, 8.67, 9.21, 29.56, 49.21, 55.26, 67.34,125.47,

126.42, 127.62, 127.83, 141.29.

m/z FAB (Found: 266.1997 (M*+1) C1gH28NS requires: 266.1864). [alp = —

34.7 (CCla, 10 mg/ml).
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N- (1R,2S8)- ( 1,1) - Dimethyl ethyl thid 1- methyl- 2- phenyl ethyl -N- 1- phenyl
ethyl amine

(0.74 g 63%yidd) [3b(1.2g 36 mmd), t- butyithid (0.8 mi, 7.2 mmd), trigthylamine
(2 mi,4eg]

aMe H
Hb.,, ! g ph
/ ec
bMe— S Mec
Hc
Mec
Hd
11b

vmax 3666, 2892, 2334, 1440, 1280, 1199 cm~1,

5H (CDCl3, 250 MHz) 1.19 (9 H, s, Me d), 1.23 (3 H, d, J=8.0 Hz, Me a), 2.2
(3H, s, Me b), 3.11 (2H, s,Hc, Hd,), 3.49-3.51 (1 H, m, Hb), 3.91 (1 H, d,

J=8.0 Hz, Ha), 6.85-7.75 (10 H, m).

6C (CDCiz, 100 MHz) 11.40, 30.57, 36.56, 52.65, 58.26, 63.33, 125.98,

126.47, 127.81, 127.86, 128.34, 128.46, 140.01, 145.51.

m/z El (Found: 328.2017 C21H3gNS requires: 328.2014). (a]p =-37 (CCly,

10 mg/ml).
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N- {(15,2S)-[(1,1)- Dimethyl ethyl thio) 1- methyl- 2- phenyl ethyl-N- methyl}
ethyl amine

(069 g 62%yidd [3c(1.4 g 42 mmd), t- butylthid (0.9 ml, 8.4 mmd), trigthylamine
(25 ml,4ed]

a Ph
Hb,hf;_?Ha
Med
bMe— S_€Med
Hc Med
¢cMe Hd
11 ¢

vmax 3696, 2884, 2331, 1440, 1268, 1194 cm—1.

54 (CDCl3, 250 MHz) 1.04 (3 H, d, J=8.0 Hz, Me a), 1.24 (9 H, Me d, s, Me d),
1.35 (3 H, t J=8.2 Hz, Me c), 25 (3H, s, Me b), 3.12 (2H, q, J=B.0 Hz, Hc,

Hd,), 3.16-3.18 (1 H, m, Hb), 3.91 (1 H, d, J=8.0 Hz, Ha), 7.15-7.52 (5H,

m).

8C (CDCl3, 100 MHz) 7.62, 7.67, 8.77, 29.75, 46.51, 51.77, 126.43, 127.49,

128.29, 129.03, 139.29, 143.77.

m/z FAB (Found: 266.1990 (M*+1) Ci1gH28NS requires: 266.1864).
[alp = +61 (CClg, 10 mg/mi).
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N- (15,2S5)-[(1,1)- Dimethyl ethyl thic] 1- methyl- 2- pheny! ethyi-N- 1- phenyl
ethyl amine

(1.0 g 69%vyidd [3d(15g 45 mmd), t- butylthict (1.0 ml, 9 mmd}), trighylanine(25 mi, 4
e]

aMe Ph H
Hb,\ 3/

/ Mec
bMe— s—éMec
Hc

Mec
Hd
11 d

vmax 3652, 2897, 2311, 1436, 1270, 1199 cm-1.

84 (CDCl3, 250 MHz) 0.83 (3 H, d, J=6.8 Hz, Me a), 1.12 (9 H, s, Me d), 2.15
(3H, s, Me b), 2.43 (2H, s, Hec, Hd), 3.16 (1 H, dg, J=6.8, 9.6 Hz, Hb),

3.91 (1 H, d, J=9.6 Hz, Ha), 7.15-7.52 (10 H, m).

8C(CDCla, 100 MHz) 8.37, 10.30, 31.20, 32.10, 35.75, 51.68, €63.02, 126.72,

126.82, 127.40, 128.02, 128.08, 128.22, 141.89, 143.77

m/z FAB (Found: 328.2099 (M*+1) Coq1H3oNS requires: 328.2020).
(alp = +63 (CClsg, 10 mg/mi).
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Synthesis of Oxazolidines from Acetone
Ephedrine and Pseudoephedrine

Me 2_2 Me B-E -
Hm Acetone, mol sieve ; \
Me—N ~ oOH 72h oM
H ' Me Me

Ephedrine or pseudoephedrine (3.0 g, 18 mmol) was dissolved in acetone (50 ml),
4A molecular sieve added, and the mixture allowed to stand at room temperature for

3 days. The solvent was evaporated to leave the product.
(45,58)- 2,3,4- Tetr amethyl- 5- phenyl- 1,3- axazdidine

(3.0 g 82% yidd [psaucbephed ine(3.0g 18.18 mmd) ]

HpaMeBhy .

bMe—N L8]

dMe Mec

vmax (neat) 3443, 3030, 2474, 2795, 1645, 1450, 1250 em—1,

8H (250 MHz CDCl3) 1.16 (3 H, d, J=7.0 Hz, Me a), 1.33 (6 H, s, Me ¢, Me d),

2.30 (3 H, s, Me b), 2.60-2.61 (1H, m, Hb), 450 (1 H, d, J=7.5 Hz, Ha).

6C (CDCiz, 100 MHz} 14.25 21.35, 28.25, 32.15, 62.25, 83.65, 95.16,

126.5, 127.11, 128.15, 140.25.

m/z (El} (Found: 205.1466 C13H1gNO requires: 205.1466). [a]p = +35.6

(CClg, 10 mg/ml).

189



S A Fulib

(4R,25)- 2,3,4- Tetr amethyl- 5- phenyl- 1,3- axazolidne

(329 85%yidd) [epherine(3.0g 18.18 mmd)]

HpaMeHap,
bMe—N. O

dMe Mec

(Found: C 75.57, H 9.24, N 6.79, Cy3H1gNO. requires: C 76.01, H 9.27,

N 6.83%
vmax (slurry) 3422, 2976, 2932, 2800, 2796, 1607, 1592, 1492 cm~—1.

SH (250 MHz CDCl3) 0.63 (3 H, d, J=5.0 Hz, Me a), 1.22 (3 H, s, Me ¢), 2.25
(3H, Me d, s ), 3.60-3.61 (1H, Hb, m), 5.0 (1H, Ha, d, J=7.0 Hz), 7.26-

7.54 (5H, m).

8C (CDClz, 100 MRz) 14.25, 19.35, 35.25, 60.35, 81.25, 95.15, 127.35,

127.5, 127.7, 128.3, 140.15.
m/z {El) (Found: 205.1463 Cq3H1gNO requires: 205.1466).
[alp = +49 (CClg, 10 mg/ml).
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Synthesis of Oxazolidines using Aldehydes, Ephedrine
or Pseudoephedrine under Dean- St ark Conditions

1
Me, RZ R Mo R
H CSA,10mol% %
Me — OH Toluene,Dean-Stark . Me—N o
W o x
H
H)= R H

Ephedrine or pseudoephedrine (3.0 g, 18.0 mmol) was dissolved in toluene (50
ml), then the aldehyde was added (2 eq), followed by CSA (10 mol %). The
resulting mixture was heated under Dean-Stark conditions. The éolvent was
removed, and DCM (30 ml) added, and the solution was washed with aqueous sodium
hydrogen carbonate (3 x 20 ml). The organics were dried over magnesium sulfate.

Removal of the solvent yielded the title compound.
{4R,58)- 3,4- Dimethyl- 2,5- phenyl- 1,3- axazadidine

(359 76%yidd) [psaxtephatine(3.0g 18.18 mmd) }

aMe Ph
Hb.,,M,.\Ha

bMe—N (o]
"“He

9b

(Found: C 81.0, H 7.51, N 5.53; C47H1gNO, requires: C 81.17, H 7.65, N 5.45

%)

vmax (slurry) 3448, 2968, 2794, 2719, 1605, 1495, 1456, 1191 cm~1.
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8H (CDClz, 250 MHz) 0.81 (3 H, Me1, d, J=5.0 Hz), 2.22 (3 H, Me2, s), 3.0-

3.01 (1 H, Hb, m), 471 (1 H, He, s), 5.22 (1 H, Ha, d, J=5.0 Hz), 7.10-7.62
(10 H, m).

8C (CDClz, 100 MHz) 14.25, 35.15, 65.32, 100.21, 127.75, 128.12, 128.4,

130.0, 130.15, 131.21, 131.45, 132.15, 139.8.

m/z El (Found: 253.1468 C17H{gNO requires: 253.1468).
[xlp = —55 (CClg, 10 mg/mi).

(4R,59)- 2,3,4- Trimethyl- 5- phenyl- 1,3- axazolidine

(2.85 g 82%vyidd) [ephatine(3.0g 18.18 mmd)]

aMe Ph H
Hb..\ _\.~"@

bMe—N 0

cMme He

8H (CDCl3, 250 MHz) 0.65 (3 H,d, J=7.0 Hz, Me a), 1.45 (3 H, d, J=5.0 Hz, Me
c), 2.25 (3 H, s, Me b), 274-2.75 (1 H, m, Hb), 3.91 (1 H, q, J=5.0 Hz, Hec),

5.0 (1 H, d, J=6.0 Hz, Ha), 7.24-7.43 (5 H, m).

3C (CDCIz, 100 MHz) 14.19, 36.64, 65.12, 82.25, 94.75, 127.15, 127.40,

127.60, 128.1, 129.35.
m/z El (Found: 191.1308 C12H47NO requires: 191.1310).

[alp = —21.2 (CCls, 10 mg/mli).
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(48,58)- 2,3,4- Trimethyl- 5- phenyl- 1,3- axazolidine

(1.43 g 62%vyidd [psaxibephedine(2.0g 12.12 mmd) acgtddehyde(1.1 g 2424 mmd)|

aMe Pt_1E Ha
Hbﬂh. =

bMe—N o

’d
cMme Hc
9 ¢

vmax 3485, 2713, 2803, 1608, 1492, 1362 cm-1.

H {CDClz, 250 MHz) 1.15 (3 H, d, J=6.4 Hz, Mé a, ), 1.42 (3 H, d, J=6.8 Hz,
Me c), 2.24 (3 H, s, Me b), 2.31-2.34 (1 H, m, Hb), 4.22 (1 H, g, J=6.9 Hz,

Hec), 452 (1 H, d, J=6.8 Hz, Ha), 7.26-7.45 (5 H, m).

8(5 (CDClz, 100 MHz) 14.25, 19.35, 36.25, 64.51, 82.50, 94.75, 127.15,

128.7, 128.85, 141.25.
m/z El (Found: 191.1308 C42H{7NO requires: 191.1310).

falp = +22 (CClg, 10 mg/ml).
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(45,55)- 3,4- Dimethyl- 2,5- d phenyi- 1,3- axazdidine

(2.1 9 69% yidd [pseudoephedrine(2.0g 12.12 mmd) benzadehyde(2.5 g 2424 mmd)]

Mea H

Hbu-..). i.-v‘Ph

bMe—N o

9 d

(Found: C 80.83, H 7.61, N 5.65. requires: C 80.63, H 7.51, N 5.57 %)

vmax 3482, 2908, 2792, 1604, 1485, 1395 cm~1.

84 (CDCla, 250 MHz) 1.22 (3 H, d, J=6.0 Hz, Me a), 2.23 (3 H, s, Me b), 2.61-
263 (1H, m, Hb), 475 (1H, d, J=6.5 Hz, Ha), 4.95 (1 H, s, Hc), 7.26-
7.46 (10 H, m),

5c (CDCIl3z, 100 MHz) 14.65, 35.45, 65.82, 84.75, 101.45, 127.85, 128.32,

128.64, 130.05, 130.25, 131.65, 131.72, 141.25.

m/z El (Found: 253.1469 Cy7H 1gNO requires: 253.1468).

[alp =+46 (CClg, 10 mg/ml).
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(4S,55)- 2- [2- (1,1- Diphenyl phosphenyl) phenyl] 3,4- dimethyl- 5- phenyl-
1,3- exazdidine (4.10g 78%yidd mp233_236 °C

[ psaudbephect ine( 2.0 g 12.12 mmd) dphenyl phasphinebenzed ddwyde (3.5 g 24.24 mmd) ]

aMe Ha ph

H bf.,,.)_ !

bMe—N 8]

Hc

PPhs
31 c

vmax (slurry,thin film) 3460, 2970, 1100, 1037, 1026 cm-1.

34 (CDCls, 250 MHz) 0.95 (3 H, Me a, d, J=6.5 Hz, Me a), 2.52 (3 H, s, Me b),
2.73-279 (1 H, m, Hb), 422 (1 H, d, J=8.0 Hz, Ha), 5.72 (1 H, s, Hc), 7.26-

7.91 (19 H, m).

8c (CDClz, 100 MHz) 14.15, 65.25, 85.22, 95.75, 126.5, 128.3, 129.11,
130.25, 130.46, 130.74, 130.89, 131.25, 131.45, 131.75, 132.55,

133.45,133.77, 134.77, 140.65.

m/z El (Found: 437.1902 CogH2gNOP requires: 437.1908).

[o]p = +82.5 (CClg, 10 mg/ml).
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Ring Opening of Oxazolidines
using NaBH,CN/ TMSCI

;
Me B
1
Me R --llIIF|2
-oﬂ“Rz
NaBH3CN 5eq, TMSCI 5eq ~ Me OH
Me—N o CH3CN H
X :
R H

1,3-Oxazolidine derived from ephedrine, pseudoephedrine or isoquinolinol (1.0 g),
was dissolved in acetonitrile {40 ml); sodium cyanoborohydride (5 eq) was added,
and then TMSCI (5 eq) was added to the vigorously stirred mixture at room

temperature.

After 15 minutes the solvent was removed, DCM (30 ml) added and the solution was
washed with water (2 x 15 ml). The organic solvents were removed and methanol
(30 ml) added followed by potassium carbonate (5 eq) and the mixture stirred at
room temperature overnight. The solid residue was filtered off, the filtrate
evaporated to dryness, DCM (50 ml) added, and the organic solvents were washed
with water (3 x 30 ml). The organic layer was dried over magnesium sulphate.

Removal of the solvents gave the desired compound.
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(1R,2S)- 2- [ Methyl ( phenyl methyl) amino 1- phenyl propane- 1-d (14 ¢ 96%
yidd

[2b(15 g 5.9 mmd), NaBHON( 1,86 g 2952 mmd), TMSO (363 g 2952 mmd)]

aMe Ha
Hb,,] "-.__Ph
bMe— d OH
Hc
10 b

Vmax (neat) 3419, 3084, 3017, 2416, 1602, 1493, 1451, 1386 cm~'.

84 (CDCl3, 250 MHz) 1.0 (3 H, d, J=6.0 Hz, Me a), 2.21 (3 H, Me b, s, Me b),
291 (1 H, dg, Hb), 3.61 (1 H, br, OH), 3.62 (2 H, s, Hc, Hd,), 48 (1 H, Ha, d,

J=4.0 Hz), 7.26-7.42 (10 H, m).

d¢c (CDClz, 100 MHz) 10.12, 39.26, 59.15, 65.26, 74.26, 126.76, 126.92,

127.15, 127.91, 128.26, 128.63, 140.26, 142.35.
m/z (El) (Found: 255.1619 Cy7H21NO requires: 255.1623).
[a]lp = -31 (CClg, 10 mg/ml).

(1R,2S)- 2- [ Ethyl ( methyl) amino]- 1- phenyl pr opane (1.32g 87%yidd
[2a{15g 3.85mmd), NeBH3(ON(2.47 g 3925 mmd}, TMSQ (4.83 g 3925 mmd)]
aMe H
Ho\ /"

cMe He

10 a

Vmax (neat) 3399, 3086, 2970, 1685, 1602, 1493, 1450, 1379 cm~1.
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54 (CDClg, 250 MHz) 0.85 (3 H, d, J=3 Hz, Me a), 1.0 (3 H, Me ¢, t, J=6 Hz, Me
c), 2.25(3 H, s, Me b), 2.55 (2H, q, J=6.0 Hz, Hc, Hd, ), 2.83 (1 H, dq,

J=3.4 Hz, Hb), 4.80 (1 H, d, J=4. Ha), 7.20-7.30 (5 H, m).

dc (CDClg, 100 MHz) 10.41, 1425, 37.25, 62.51, 72.86, 125.6, 126.1,

126.81, 127.9, 142.10.

m/z (E) (Found: 193.1464 Cy2H1gNO requires: 193.1466).

lalp = —32 {CClg, 10 mg/ml}.
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(1S5,28) - 2- [Ethyl- methyl amino]- 1phenyl propane1- o (1.1g 94%yidd

[2¢(12 g 628 mmd), NeBHON(1.98 g 31 41 mmd), TMSJ (386 g 31.41 mmd))

aMe Ph
Hb,\ /0

v, H

bMe— OH

Hd

cMe Hc

10 ¢

vmax (neat) 3405, 3112, 2985, 1692, 1610, 1496, 1385 cm~1.

54 (CDCla, 250 MHz) 0.75 (3 H, d, J=6.5 Hz, Me a), 1.15 (3 H, t, J=7.0 Hz, Me
c), 2.25 (3 H, s, Me b), 2.65 (2 H, m, Hc, Hd), 2.4 (1 H, Hb, m, Hb), 4.2 (1 H,
d, J=7.0 Hz, Hb), 7.26-7.42 (5 H, m).

8c (CDCls, 100 MHZz) 9.53, 14.25, 37.61, 49.21, 62.65, 72.15, 126.15,

126.70, 126.85, 142.15.

m/z (El) (Found: 193.1463 Cq12H1gNO requires: 193.1466).
[alp = +56 (CClg, 10 mg/ml).

(15,29)- 2- [Methyl ( phenyl methyl) amino]- 1phenyl propane1- d (1.58 g 92%
yidd)

[2d(17 g 6.72mmd), NlBHON(2.12 g 33.60 mmd), TMST (4.13 g 33,60 mmd)]

aMe P
Hb., h Ha

bMe— Hd OH

He

10 d

vmax (neat) 3425, 3091, 3025, 1615, 1466, 1391 cm~1.
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5H (CDCI3, 250 MHz) 0.86 (3 H, d, J=6.5 Hz, Me a), 2.22 (3 H, Me b, s, Me b),
2.83 (1H, m, Hb), 3.45 (1H, d, J=13 Hz, Hc)), 3.72 (1 H, d, J=9.7 Hz, Hd),

433 (1H, d, J=9.7 Hz, Ha), 4.92 (1 H, br, OH), 7.27-7.63 (10 H, m).

8c (CDClz, 100 MHz) 9.26, 35.36, 54.25, 58.16, 75.26, 120.15, 123.6,

124.15, 124.62, 126.21, 126.83, 131.91, 140.25.
m/z (El) (Found: 255.1619 Ci2H21NO requires: 255.1623). [alp = +42 (CClg,
10 mg/ml).

(15,29)- 2- {Methyl ( 1- methyl ethyl) amino} 1- phenyl propane- 1-d (192g
95%yidd)

[2e(20g 9.76 mmd) , NlBHON(3.07 g 48.78 mmd), TMS3 (60 g 4878 mmd)]

aMe P
Hb,, h fa
bMe— Hd OH
cMe Med

vmax (neat) 3299, 3857, 2971, 2616, 2398, 2361, 2251, 1604, 1493, 1457,

1342 cm—1,

84 (CDCl3, 250 MHz) 0.83 (3 H, d, J=4.0 Hz, Me a), 1.16 (6 H, dd, J=7.0,
7.0 Hz, Me ¢,Me d,), 2.38 (6H, d, J =6.0Hz, Me c,Me d.,), 2.83 (1 H, m, Hd),
3.0 (1 H, dq, J=4.10, 9.70 Hz, Hb), 4.16 (1 H, d, J=10.0, Ha), 5.32 (1 H, br,

OH), 7.26-7.42 (5H, m).

8c (CDCl3, 100 MHz) 10.99, 19.91, 20.16, 30.27, 54.25, 62.16,127.12,

127.28, 127.62, 128.34, 141.26.
m/z (El) (Found: 207.1678 Cy3H21NO requires: 207.1673).

[alp = +72.5 (CCly, 10 mg/ml).
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{1R,2S)- 2- Methyl {1- methyl ( 1- methyl ethyl) amino} 1- phenyl propane- 1- d
(229 88%yidd

[2f(25g 122 mmd), NeBHaON(3.84 g 360.98 mmd), TMST (75 g 60.98 mmd)]

aMe H
H 2 Ph

’l,, <

cMe Med
84 (CDCl3z, 250 MHz) 0.86 (3 H, d, J=7 Hz, Me a), 1.05 {6 H, 2d, J=7.0, 7.0
Hz, Me ¢, Me d), 2.15 (3 H, s, Me b), 2.86-2.92 (1 H, m, Hd), 3.15-3.26 (1

H, m, Hb), 3.66 (1 H, br, OH), 4.82 (1 H, d, J=6.0 Hz, Ha), 7.26-7.42 (5 H,

m).

8¢ (CDClz, 100 MHz) 11.21, 18.61, 18.92, 31.51, 51.25, 61.51, 72.15,

120.15, 127.25, 127.65, 141.52.
m/z (El) (Found: 207.1621 Cq3H2{NO requires: 207.1623).
[alp = —86 (CCla, 10 mg/ml).

(3S)- 2- {[4- (Methyloxy) pheny!] methyl} 1,2,3,4- tetr ahydroisoquindin- 3-
yl) methand (1.38 g 92% yidd)

[2h(15g 5.3 mmd), NaBHs(N(1.68 g 26. 69 mmd), TM31 (328 g 2669 mmd)]

Hd § a
He HCOH
Hj
Hg e | T
OMea
8c

vmax (thin film), 3357, 2931, 2834, 1611, 1511, 1249 cm~1.
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84 (CDCl3, 250 MHz) 2.4-25 (1 H, dd, J=5.0, 5.0 Hz, Ha), 2.8-2.9 (1 H, dd,
J=6.0, 6.0 Hz, Hb), 3.1-32 (1H, m, Hc), 3.5-3.6 (4 H, m. Hi, Hj, Hf, Hg),

3.7 (1H,OH , s), 3.9 (3 H,5, Me a), 6.9-7.2 (8 H, m).

3¢ (CDClz, 100 MHz) 26.10, 50.25, 58.15, 59.00, 62.15, 115.16, 126.72,

126.89, 127.15, 12932, 130.52, 130.61, 131.21, 14.06, 134.70, 160.12.

m/z (El) (Found: 283.1570 C1gH21NO2 requires: 283.1572).
[alp = -39 (CCl4, 10 mg/ml).
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(38)-2-(2,2- Dimethyl propyl)-1,2,3,4 tetr ahydroisoquindin- 3- yl] methand
{076 g 92%yidd

(29(1.0g 3.56 mmd), NeBHzON{1.1 g 1374 mmd), TM32 (22 g 17.79 mmd)]

Hd H a
He Hcl:f;H
Hg  Hf Hl
aMe Me',‘lea
8 d

vmax (neat) 3364, 3021, 2952, 2417, 2254, 1643, 1495, 1478, 1360, 1188,

1035 cm—1.

84 (CDCls, 250 MHz) 0.92 (9 H, s, Me a), 2.26 (2 H, g, J=12 Hz, Hc, Hd), 3.16
(2H, AB, J=12 Hz, He, Hf), 3.42 (2 H, q, J=4.0 Hz, Hi, Hj), 3.65-3.67 (1
H, m, Hc), 421 (1 H, d, J=12 Hz, Ha, Hb,), 5.27 (1 H, br, OH), 7.16-7.23 (5

H, m).

8¢ (CDCl3, 100 MHz) 25.26, 27.61, 51.26, 60.26, 63.35, 65.36, 126.26,

126.35, 126.90, 129.33, 134.62.
m/z (El) (Found: 233.18041 C15H23NO requires: 233.17996). [a]p = -41

(CClg, 10 mg/ml).
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(39)-1,2,3,4- Tetrahydro- 3-isoquinoline- 3- met hanol

Hb Ha
COs3H
He Hc
\ LiAlH4
Et,0

Hng

Lithium aluminium hydride (4.0 g, 10.54 mmol, 2 eq) was suspended in dry
diethyl ether (150 mil). (S)-1,2,3,4-Tetrahydroisoquinoline 3-carboxylic acid
{10 g, 57 mmol) was added The mixture was stirred overnight at room
temperature. Water (30 ml) was added carefully, then sodium hydroxide (20%)
solution {40 ml} was added slowly. The solid precipitate was filtered off and the
organic solutions extracted. The aqueous layer was extracted with diethyl ether (3
x 50 ml). The solid precipitate was dissolved in water (100 ml) and extracted with
DCM (3 x 30 ml). The combined organic solutions were dried over magnesium
sulphate. The solvent was removed to give an orange solid (8 g, 87%) mp 112-

114 °C. 76

(Found: C, 73.30, H, 7.53, N, 8.10, Cqp Hy3 NO. requires: C, 73,57, H, 7.87,

N, 8.38%).

64 (CDCla, 250 MHz) 2.5-2.8 (4 H, , m, Hd, He, Hf, Hg), 2.95-3.10 (1 H, m,
Hc), 3.45 (1 H, dd, J=8.0 Hz, Ha), 3.7 (1 H, dd, J=4.0 Hz, Hb), 4.0 (2 H, br,
OH), 7.0-7.1 (4 H, m).

5c (CDCl3, 100 MHz) 31.16, 48.26, 55.26, 66.18, 120.16, 125.32, 130.16,

137.35, 168.26.

m/z E| (Found: 163.0996 C1oH13NO2 requires: 163.0997). [a]p = -96.5 (CClg,

10 mg/ml).
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Synthesis of Oxazolidines derived from Iso'quinoline

PTSA,
OH Dean-Stark (;O/\
N o)
AN
H Toluene Nw(

8a-b

(35),1,2,3,4-Tetrahydroisoquineline-3-methanol was dissolved in toluene (50
ml). Then the required aldehyde (1 eq) was added, folowed by PTSA (10 mol %).
The mixture was heated under Dean Stark conditions overnight. Sodium hydrogen
carbonate (30 ml) was added. The organic solution was evaporated to result in the

required oxazolidine.
R=( MeCPh)

8a (3R,10aS)- 3-[4- (Methaxy- phenyl]- 1,5,10 10a- tetrahydrof1,3]-
axaza[3,4- b] isoquindine (1.87g88%) 1g (12g7.3mmd)

[p- MeO benzdl dehyde(0.88 g 7.3 mmd) |

OMe

8a

(Found: C, 76.38, H, 6.65, N, 4.92, CigH1gNOp. requires: C, 76.46, H, 6.76,
N, 4.98%).

vmax (slurry) 3421, 2937, 1612, 1512, 1242, 1167 cm~1.
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34 (CDClg3, 250 MHz) 2.85-3.10 (3 H, m, Hf, Hg, He), 3.4 (1 H, d, J=15, Ha},
37 (1H, d, J=15, Hb), 3.8 (3 H, s, Me ), 3.85 (1 H, d, J=8 Hz, Hd), 4.25-

48 (1 H m, He), 475 (1 H, s, Hi), 6.8-7.5 (8 H, m).

6¢c (CDClz, 100 MHz) 47.26, 55.26, 71.35, 72.16, 113.28, 114.26, 126.18,

127.35, 128.61, 129.31, 130.21, 137.35, 137,56, 161.26, 164.35.

m/z (El) (Found: 281.1410 CigH{1gNO2 requires: 281.1416).

[a]p = -92 (CCls, 10 mg/ml), mp 186-188°.

R=( (Me) 3)

8b- (3R,10aS)-3-(1,1- Dimethyl (ethyl)- 1,5-10,10atetrahydro[1,3]
axazolo[3,4,6] isoquindine (2.3 g82%) (19g(2.0g 1227 mmd)

[t- butyl- acetel dehyce( 1.1 g 1227 mmd} ]

(Found: C 77.98, H 8.86, N 6.19, CygH21NO»2. requires: C 77.92, H 9.09, N
6.06%).

vmax (slurry) 3063, 2956, 1642, 1483, 1452, 1329, 1192 cm~1.

84 (CDClg, 250 MHz) 1.01 (9 H, Me1, s), 2.6 AB(3 H, He, Hf, Hg, m), 3.52
(1 H, Ha, d, J=7.0 Hz), 3.6 (1 H, Hb, d, J=7.0 Hz), 4.05 (2 H, , Hd, Hi, m),

4.16 (1 H, Hi, s), 7.00-7.26 (4 H, m).
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éc (CDCIlz, 100 MHz) 25.16, 30.26, 52.15, 57.52, 70.14, 103.25, 105.15,
121.25, 125.15, 126.26, 126.90, 127.1, 127.6, 129.07, 134.14, 135.01,

136.2.
m/z El (Found: 231.1625 C15H21NO requires: 231.1623).

[alp = -96 (CClg, 10 mg/mi).

(3S)-2-(2,2- Dimethyl propyl)-1,2,3,4
[tetrahydroisoquinolin- 3- yljmethyl (1- met hyl
et hyl)sulfide

OH
ea (i)EtsN 2eq

MeS0O,Cl t1.5eq

aMe  Mea (i) EtzN 2eq

S
>< . Hi
Hi 5 /
8b (CH3)2CHSH 2eq Hg aMe

(38)-2-(2,2-Dimethylpropyl}-1,2,3,4-[tetrahydroisoquinolin-3-yl]-

methanol (1.5 g, 6.43 mmol) was dissolved in DCM (10 ml). The solution was
cooled to 0 °C, triethylamine (0.1t g, 1.05 mmol, 3.5 eq) was added, then
methylsulfonyl chloride (0.04 g, 0.027 mmol, 0.35 ml, 1.2 eq) was added followed
by 2-propanthiol (0.068 g, 0.082 ml, 0.9 mmol, 3 eq), and the resuiting solution
was left to stir overnight. The solvent was removed and the residual oil subjected to
flash chromatography using 95% petrol 5% ethyl acetate as eluent to yield the

product as an oil (1.29 g, 69%).

vmax (neat) 2957, 2867, 1655, 1604, 1582, 1442, 1414, 1364, 1161, 1141

em—1.
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3H (CDCls, 100 MHz), 0.82 (9 H, s, Me b), 1.12 (1 H, m, Ha), 1.35 (6 H, d,
J=7.0 H, Me az), 1.46 (2 H, d J=8.0 Hz, Hb, Hc), 2.0 (2 H, s, HI, Hj), 2.31-
2.33 (2 H, m, He, Hf), 2.61-273 (1 H, m, Hd), 3.16-3.72 (2 H, m, Hi, Hg),
7.52-7.53 (4 H, m,).

8c (100 MHz, CDCl3) 23.16, 25.26, 28.35, 51.26, 60.15, 65.32, 125.16,

126.30, 126.90, 133.60, 134.25.
(m/z) (El) (Found: 291.2018 C1gH29NS requires: 291.2020).

[a]lp = +75 (CCl4, 10 mg/ml).
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Phenyl methyl N-(1S)-2-[methyl(methoxy)amino]-2 oxo
-1- Me- (phenyl methy!){(ethyl)ethyl)carbamate

(i) EDCI (leq)
DCM, -20 0°C,

MeNOMe.HCI oM
e
N-Me Morpholine -
o OH (ii) 1M HCI w \
NH " N Me
R
o o

27a-b
R=CH2(CgHs5),C(CHj3)3

N-tert-butoxycarbonyl-L-phenylalanine (10 g, 40.16 mmoi) OR N-
(carbobenzyloxy)-L-phenylanaline (10g, 33.4 mmol) was dissolved in DCM (150
ml} and the solution cooled to —20 °C. N-O Dimethyl hydroxylamine hydrochloride
(1 eq) was added, followed by N-methyl morpholine (1 eq). EDCI (1 eq) was added
in portions over a period of 1 hour at -20 °C. The reaction was allowed to stir for a
further 1 hour at —-20°C. The reaction was allowed to stir for a further 1 hour.
Ice cooled 1M HCI was added (30 ml) and the mixture extracted with DCM, and the
aqueous layer was re-extracted with DCM (3 x 10ml). The combined organic
solutions were washed with aqueous sodium hydrogen carbonate (30 ml) and brine
(30 ml). The combined _aqueous was washed with DCM (3 x 15 ml) and the
combined organic solutions dried over magnesium sulphate. Removal of the solvent

and purification by chromatography yieided the desired compound
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R=( Ph CHy) =27a

Phenyl methyl N- ( 1S)- 2- [ methyl( methaxy) amino]- 2- axo-1- phenyl methyl
ethyl car bamate(11 g 80%yidd)

[Cbz- L- phayldane( 10 g 40.16 mmd), N, O- Dimethyl hydr axylamine(39 g 40.1 mmd), N
methylmar phdine(4.1 g 40.16 mmd) , EDO (7.8 g 40.16 mmd) |

Hb Ha
OMea
Hc d
N—H¢ Meb
He 0
Hd
27a

vmax (neat) 3405, 2843, 1660, 1670, 1341, 1134 em—1.

3H (CDCl3, 250 MHz) 2.7 (1 H, d, J=6.0 Hz, Ha), 2,8 (iH, d, J=6.0Hz, Hb), 3.1
(3H, s, Meb), 3.6 (3H, s, Me a), 3.6 (1 H, He, t, J=6.0Hz, Hc) , 5.0 (2 H, s,
He, Hd), 7.2-7.5 (10 H, aromatics).

8c (CDCl3, 100 MHz) 32.16, 35.26, 42.52, 52.21, 61.26, 126.46, 127.91,

128.43, 128.72, 128.16, 129.21, 129.40, 129.64, 155.26, 171.21.

m/z El {(Found 342.1749 C1gH22N204 required 342.1746).
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R=({ CH3)3=27b

1,1- Dimethyl- N- [( 1S} - 2- [ methyl- ( methoxy) amino]- 2- axo—1- ( phenyl methyl
ethyl) car bamate (9.5 g 92% yidd)

[BOG L- phenylandine(10 g 33.4 mmd), N, © dmethyl hydr axylaminehydr ahlaride (326 g
33.4 mmd), N methylmar phdine(3.38 g 33.4 mmd) , EDO (6.4 g 40.16 mmd)]. mp 186- 189
oC

OMea
N\/

/(N“‘Hf Meb

Lo
cMe Mec

Mec

He

27b

vmax (neat) 3411, 2872, 2695, 1672, 1346, 1145 cm~1.

34 (CDCl3, 250 MHz) 1.43 (9 H, s, Me c), 3.15 (1 H, d, J=7.5 Hz, Ha), 3.16 (1H
d, J=7.5Hz, Hb ), 2.82-2.83 (1 H, ¢, J=7.7Hz, Hc), 3.26 (3 H, s, Me b), 3.72

(3 H, s, Me a), 7.26-7.51 (5 H, m).

8¢ (CDCl3, 100 MHz) 28.15, 32.62, 38.16, 51.26, 61.52, 126.25, 126.62,

127.15, 128.2, 137.26, 155.25, 172.23.

m/z El (Found: 308.1739 C1gH24N204 requires. 308.1736).

[alp = —32 (CClg, 10 mg/mi).
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Phenyl methyl N-[(1S)-1 formyl-2- phenyl ethyl] carbamate

Ph M 1M LiAlH, Phi

N e
r5.:0 THF, 0 °C N
' o}

27a-b 28a-b

R=CH2Ph,C(CH3)3

N-BOC substituted carbamate (1 eq) or (1b) N-Cbz substituted carbamate (1 eq)
was dissolved in dry THF (30 ml). The solution was cocled to 0 °C in an ice bath.
Then LiAlH4 in THF 1.0M (1/2 eq) was added dropwise. The solution was left to stir
for 30 minutes, then cooled to —15 °C and saturated agqueous potassium hydrogen
sulphate (20 ml) was added carefully, the mixture was diluted with diethyl ether
(60 m), and stirred vigorously for further 30 minutes. The mixture was allowed
to reach room temperature and the organic layer separated. The aqueous layer was
extracted with diethyl ether (3 x 15 ml}. The combined crganic solutions were
dried over magnesium sulphate. Removal of solvent at temperature no greater than
30 °C yielded the required material which was recrystallized from methanol to

yield the required material.
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R=C( CH3) 3=28b
1,1- Dimethyl- N- [{1S) - 1 for myl- 2- phenyl ethyl car bamate (1.15¢g 97% yidd

[N- BQG L- phayl cabanae{15g 4.8 mmd}, LIAH; (24 ml,24 mmd)]

H Ha

Hc Hd
/{"“*Hf
0 o
I\"|‘34<Me

Me

28 b

(Found: C, 66.68, H, 7.74, N, 5.58, C14H1gNQ3, Requires: C, 67.74, H, 7.26, N,
5.56%. [a]lp = ~34 (CClg, 10 mg/ml). mp 174-177 °C

vmax (CH2Clz solution) 3425, 2817, 1687, 1472, 1315, 1192 cm™'.

84 (CDCl3, 250 MHz) 1.42 (9 H, s, Me a ), 3.18 (1 H, d, J=7.4 Hz, Ha), 3.2 (1H,
d, J=7.6Hz, Hb), 3.16-3.17 (3 H, m, Hc), 7.16:7.26 (5 H, m), 9.82 (1 H,

Hd, s).

3c (CDClz, 100 MHz) 28.15, 35.25, 60.15, 127.15, 128.4, 129.25, 130.15

135.15, 192.35, 196.15.

213



S A Tulib
R=( CH>Ph)=28a

Phenyl methyl- N- [(1S)- 1- for myl- 2- phenyl ethyl] car bamate (094 g 95% yidd)

[N- Gbz- L- phenyl car bamate( 1.2 g 3.5 mmd), LiAiHg (20 mt, 1.75 mmd)]

Hb Hao
He Hh
/<N“‘Hf
0
He 0
Hd
28 a

vmax (slurry) 3407, 2843, 1750, 1680, 1198 cm~1

84 (CDCla, 250 MHz) 2.63 (2 H, d, J=12.0 Hz, Ha, Hb,), 3.16 (1 H, m, He),
4.16 (1H, br, NH), 5,52 (2 H, s, He, Hf,), 7.16-7.31 (10 H, m), 9.8 (1 H, s,

Hh).

6c (CDCis, 100 MHz) 39.15, 39.26, 120.21, 123.6, 124.2, 131.25, 134.21,

136.26, 138.26, 140.35, 168.26, 171.21.

m/z El (Found: 283.1203 C47H417NOg3 requires: 283.1208). [alp = -12 (CCly,

10 mg/ml).
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Phenyl methyl N- [(1S)- 1- (1,3- dithiane- 2y1)- 2- phenyi]

carbamate
Ph H  cHacocl PH S
N N
MeOH 100ml
° Y pa
Q sH sH 1-2e4 q
R R
28a-b 29a-b

R=CH4Ph,C(CH3);

Methanol {50 ml) was cooled to 0 °C, and acetyl chioride (5 ml) was added. The
solution was stirred for 10 minutes under nitrogen. The carbamate (28a-b) (1
eq) was added as a solution in methanol (10 ml) and DCM (10 ml) to help
solubility. The resulting solution was stirred overnight. The soivent was removed

and the resuiting solid recrystallized from methanol to yield the title compound.

215



SA Talib
R=( CHaPh) =29a

Phenyl methyl N- {(1S)-1-(1,3- dithiane- 2yl) - 2- phenyl] carbamate (0.72 g
92% yidd)

[28a (069 212 mmd), prgoane1,3 dthid (0.34 g 3.18 mmd) acdylchiaide(5 ml)]
H

e HF
Hh
Hd Hc s
S .
Hb Hj HI
NH
o/<

Hk 0
HI

29 a

vmax (slurry) 3328, 3028, 1713, 1510, 1453 cm~1.
84 (CDClz, 250 MHz) 1.31-1.44 (1 H, m, Hb), 1.82-1.83 (2 H, m, He, Hd),
2.85-2.35 (6 H, m, He-,Hm ), 4.22 (1 H, d, J=3.0 Hz, Ha), 5.1 (2 H, s, HK,

HN, 7.2-7.4 (10 H, m).

8c (CDCl3z, 100 MHz) 23.16, 25.26, 45.32, 47.61, 62.16, 127.12, 127.18,

128.32, 128.43, 128.82, 128.94, 129.21, 129.47, 129.65, 129.74
m/z (El), (Found: 373.1164 CpgH27NQ2S> requires: 373.1170).

{a)p = —14 (CClg, 10 mg/ml). Mp 143-146 °C
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R=( CH3)3=28b

1,1- Dimethyl ethyl- N- [(1S)- 1- (1,3~ dithiane- 2- yl) - 2- phenyl ethyl]

car bamate (1.03 g 97%yidd

[28b- (08 g 322 mmd), propanel,3dthid (051 g 4.82 mmd) aatylchiarice(5 mi)]
He  HF
"d He Hh
S .
Hb  Hj H
O/{H

e

Me
29 b

(Found: C 60.20, H 7.34, N 4.2, Cy7H15NO2S2. requires: C 60.18, H 7.37, N
4.2% ). [alp = -39.5 (CCls, 10 mg/ml). Mp 165-168 °C

vmax (slurry,nujol mull) 3428, 3072, 2969, 1723, 1515, 1462 em~1,

84 (CDClg, 250 MHz) 1.42 (9 H, , s, Me ), 2.10-2.21 (1 H, m, Hb), 2.9-3.4 (6
H, He, m, He-j, Hm), 4.12 (2 H, d, J=9.0 Hz, Hc, Hd), 4.22 (1 H, br, NH), 4.83

(1 H, d, J=7.5 Hz, Ha), 7.26-7.41 (5H, m).

3c (CDCl3, 100 MHz) 5.25, 28.10, 30.26, 38.15, 50.25, 55.15, 80.25,

122.15, 126.5, 127.1, 129.21, 140.15, 158.15.
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Synt hesis of Phosphorus Imine Ligands

PPhy R PPh2

) I DCM,CSA N B
N /Me N
o o
HaN 36h —B;O

To a stirred solution of the phosphine aldehyde (1.2 eq) in DCM {30 ml), the L
amine ester hydrochloride salt (1 eq) was added, followed by CSA (10 mol %).
4A Molecular sieve (2.0 g) was added and the resulting mixture allowed to stand
for 72 hours. The molecular sieve was removed by filtration and the solution
washed with sodium bicarbonate (3 x 20 ml}. The organic solutions were dried
and the crude mixture subjected to column chromatography using 1%
triethylamine, 19% ethyl acetate and 80% petrol as eluent to yield the desired

product (32a-c) as coloured oils.
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R=CH( CH3) 2

(32a) Methyl- 2- {(E)- 1- [2- (1,1- diphenyl phosphanyl) phenyl] methylidene}

—( 35) - methyl butanoate (345 g 72%yidd

[ Phosphined cehyds(4.15 g 14.33 mmd), Lvainemethyl (2.0 g 11.94 mmd)]

@5#

vmax 3033, 2960, 2872, 2831, 1732, 1633, 1435, 1194 cm™1.

8H (CDClz, 250 MHz) 0.62 (3 H, d, J=6.7 Hz, Me a), 0.86 (3 H, d, J=6.8 Hz, Me
b), 2.15-2.16 (1H, m, Hc), 3.42 (1 H, d, J=7.2 Hz, Hb), 361 (3 H, s, Me c),

7.25-7.54 (14 H, m), 8.7 (1 H, s, Ha).

éc (CDClz, 100 MHz) 17.67, 18.51, 30.09, 52.13, 77.02, 128.36, 128.42,

128.98, 129.09, 129.19, 129.33, 134.62, 134.65, 136.68, 162.13, 172.60.

m/z FAB (Found: 404.1729 (M*+1) CogH27NO2P requires: 404.1651). [alp =

+20.2 (CCl4, 10 mg/ml).
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R=CHa (CgHap() H)

(32c) Methyl- 2- {[(E)- 1-[2- (1,1- diphenyl phosphanyl) phenyl] methylidene}

aming] - 1-3- (2S hydr axyphenyl) pr opancate {265 g 66% yidd)

[L- Tyr csinemathyt este HO (2.0 g 8.64 mmd) , phosphined dehyde(3.0g 10.37 mmd) ]

: OH
Ha
N Hea
N Me

Hb O
32 ¢

vmax 3055, 1739, 1516, 1437, 1263, 1170 cm~1.

84 (CDCls, 250 MHz) 2.15 (1 H, dd, J=5.9, 10.5 Hz, Hc), 3.16 (1 H, dd, J=5.9,
10.5 Hz, Hd), 3.52 (3 H, s, Me), 4.16 (1 H, dd, J=10.5, 10.5 Hz, Hb,), 5.25

(1 H, br, OH), 6.95-7.8 (18 H, m).

§c (CDClz, 100 MHz) 39.4, 52.46, 75.28, 115.72, 128.35, 128.42, 128.92,

128.96, 129.03, 129.18, 129.22, 130.99, 131.12, 137.73, 134.18, 134.28,

155.05, 162.76, 172.92.

m/z FAB (Found: 468.1729 (M*+1) CogH27NO2P requires: 468.1651).

[alp = +62 {CClg, 10 mg/ml}.
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R=Ph

(32b) Methyl- 2- {(E)- 1-[2- (1,1- dphenyl phosphanyl) phenyl] methylidene
amino} =25 phenyl ethanoate (427 g 70% vidd

[L- Pherylandinemethyl ester (3.0 g 13.95 mmd), dphenyl phosphinea dehyce(4.86 g 16.74

"G

vmax (Neat) 3070, 2983, 2875, 1739, 1645, 1462, 1438, 1197 cm~1.

54 (CDCls, 250 MHz) 3.62 (3 H, s, Me), 5.00 (1 H, s, Hb), 7.16-7.83 (20 H,

m), 8.2 (1 H, s, Ha).

8c (CDClg, 100 MHz) 52.25, 70.31, 128.21, 128.30, 128.53, 128.06, 129.06,
129.18,129.25,131.24,132.38,132.46,133.15,133.35,133.62,133.75,

162.6171.60.

. m/z FAB (Found: 438.1618 (M*+1) CogHo5NOoP requires: 438.1545).

[alp = +19.5 (CClg, 10 mg/ml).
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Synthesis of Imines from Nitriles

(i)Et,0

1
reflux,8h R

R—=N R'—MgBr >=NH
(i) dry MeOH R

To a stirred solution of the Grignard reagent (1.5 eq) in ether under nitrogen, the
nitrile (1 eq) was added slowly as a solution in ether, then heated under reflux and
the reaction was followed by TLC. When all the starting nitrile had reacted, the
reaction was quenched by the addition of dry methanol (20 eq) carefully into the
cooled reaction mixture at —15 °C - —20 °C. The solid precipitate was filtered off

and the crude product used for the next step.
R=Ph, R1=Me

{23a) Methylphenyl imine (49 g 85%yidd

[Benzmitrie( 5.9 g 48.5 mmd) , methyl magnesium bramide (27 ml, 1.5 e ]

M
N—Ha

23 a

vmax {(neat) 3560, 2982, 2800, 1600 cm~1.

34 (CDCls, 250 MHz) 2.42 (3 H, s, Me,), 7.25-7.46 (5 H, m),7.92 (1 H, d,

J=4.25 Hz, Ha).

m/z El (Found: 119.0746, CgHgN, requires: 119.0668).
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R=Ph, R1= Et

(23¢) Ethylphenyl imine(55g 86%yidd
[Benzcnitr le( 5.0 g 48.5 mmd) , methyl magnesiumbramide(32mil, 1.5 63 ]

Hb
Me He

N—Ha

23 ¢

Vmax (neat) 3570, 2082, 2811, 1607 cm~.

Sy (CDCla, 250 MH2) 1.15 (3 H, t, J=7.4 Hz, Me), 2.43 (2 H, g, J=7.8 Hz, Hh,

Hc), 7.26-7.47 (5H, m), 7.92 (1 H, d, J=4 Hz, Ha)).
m/z E| (Found: 133.0813, CgH1{1N, requires: 133.0891).
R1=propyl, R=Ph

(23b) Propylphenyl imine (6.10g 85% yidd

[Benzoitrle( 5.0 g 48.5 mmd), propy! megnesium chiaride(36.5 mi, 15 e)]

M
Hb
Hc Hd
He N—Ha
23 b

vmax (neat) 3530, 2982, 2885, 2822, 1610 cm—1,
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84 (CDCla, 250 MHz) 0.93 (3 H, t, J=46 Hz, Me), 1.82 (2 H, dq,
J=4.57,4,5 Hz, Hb, Hc), 293 (2 H, t, J=4.5 Hz, Hd, He), 7.26-7.46 (5H, m),
7.92 (1 H, s, Ha).

m/z E| (Found: 147.1126, CqygHaN, requires: 147.1048).
R1=iPr, R=Ph

(23f) Isopr opylphenyl imine (7.2 g 92% yidd

[ Benzxritrie (5.0 g 48.5 mmd), istpr ooyl magnesiumchlaride(364 ml, 15e3 ]

bMe Mea

Hb
N—Ha

23 f

vmax (neat) 3555, 2982, 2887, 1622 cm™1.

84 (CDCl3, 250 MHz) 1.10 (6 H, d, J=6.8 Hz, Me a, Me b), 3.0 (1 H, m, Hb),

7.2-74 5 H, m), 79 (1 H, d, J=6.8 Hz, Ha).

m/z El (Found: 161.1126, Cq1HqsN, requires: 161.1204).
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R1=1- NaPh, R=1- NaPh

(23g) 1,1- Dinaphthalene- imine (9.1 g 65% yidd)

[1- yanmaphlane(7.6 g 50 mmd), 1- branangphthdene(20.7 ml, 100 mmd)
meagnesium (2.43 g 100 mmd) ]

23 g
vmax (neat) 3555, 2982, 2887, 1630 cm~1.
84 (CDClg, 250 MHz) 7.1-8.0 (14 H, m), 8.1 (1 H, s, Ha).

m/z El (Found: 281.1283, Co1HqsN, requires: 281.1204).
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R1=2- Naph, R=2- Naph
2,2- Dinaphthalene- imine(4.36 ¢ 62%vidd

(23h) [2- Qranengphthdene( 2.14 g 25 mmd) , 2- br anangphthdene( 10.83 g 50 mmd)
magnesium{ 1215 g 50 mmd) )

23 h
vmax (neat) 3561, 2979, 2892, 1640 cm~1.
54 (CDClg, 250 MHz) 7.1-8.0 (14 H, m), 8.1 (1 H, s, Ha ).

m/z El (Found: 281.1282, Ca1H{sN, requires: 281.1204).
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Synt hesis of Sulfur Imine Ligands

Me S

DCM 18]

1 ~

R1 ) R
(o) CSA (10mol%)
>=N|-| \Me >:N
48h,Rt o
R HaN o R

To a stirred solution of the imine (1 eq) in dry DCM, L-methinonine methyl ester
hydrochloride (1 eq) was added, then CSA 10 mol %, followed by dry 4A molecular
sieves . The reaction mixture was allowed {o stand at room temperature for 48
hours. The molecular sieve was then filtered off and the mixture washed with
saturated aqueous sodium bicarbonate (3 x 20 ml). The organic solutions were
dried over magnesium suifate and removal of the solvents yielded the crude product
which was purified by column chromatography using 1% triethylamine, 15% ethyl

acetate, 84% hexane.
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R=Ph, R!'=Me

(24a) Methyl (2 s)- 2- [{ dphenyl methylidene) amino 3- 4- methyl thio)
butancate (4.49 g 76%vyidd

[methylphenyl imine(2.6 g 21.85 mmd), L- methicninemethyl ester HG (3.86 g 21.85 mmd) ]

Mec
/
Hc
H
Hb Hd
aM O\Meb
—N
He O
24 a

vmax 3598, 2961, 2841, 2827, 1635 cm~1.

51 (CDClz, 250 MHz) 2.1 (3 H, s, Me a), 2.3 (3 H, s, Me ¢), 2.3-2.31 (2 H, , m,
Ha, Hb ), 2.45-2.46 (2H, m, Hc¢, Hd), 3.6 (3H, s, Me b), 45 (1 H, t, J=5.2

Hz, He), 7.1-7.4 (5 H, m).

8c (CDClz, 100 MHz) 14.50, 15.73, 29.87, 30.73, 52.34, 62.54, 126.28,

127.38, 127.59, 144.45, 168.84, 172.73.

m/z El (Found: 265.1219 C14H{gNO2S requires: 265.1136).
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R- Ph, R1=propyl

(24b) Methy! (2 s)- 2- [(2)- 2- {{ 2} 1 phenyl butylidene} amino]- 4- ( methy!
thial) butanoate (11.34 ¢ 81% yidd

[ Pr pylphenyl imine( 7.0 g 47.62 mmd}, L- mahminemethyl ester (5.7 g 47.62 mmd}]

vmax 3588, 2941, 2871, 2825, 1625 cm™1.

81 (CDCla, 250 MHz) 0.9 (3 H, t, J=4.5 Hz, Me a), 1.51 (2 H, d q, J=4.6,4.8Hz,
Ha, Hb), 2.1 (3 H, s, Me b), 2.2 (2 H, t, J=4.8 Hz, Hc, Hd,), 2.3-2.4 (2H, m,
Hg, Hf), 2.5-2.6 (2 H, m, Hi, Hj), 3.6 (3 H, s, Mec), 45 (1 H, t J=3.3 Hz,

He). 7.2-7.6 (5H.m)

53¢ (CDClz, 100 MHz) 16.25, 20.51, 20.64, 28.37, 32.89, 39.51, 52.10,

63.62, 126.71, 126.83, 127.02, 127.16 140.89, 172.62.

m/z El (Found: 293.1530 C1gH23NO2S requires: 293.1528).
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R=Ph, R1=iPr

(24¢) Methyl (2 s)- 2- [(z) ( methyl- 1- phenyl, propylidene amino)]- 3- 4-
methyl thio] butancate (727 g 73%vyidd

[iscpr goyl- phenyl- imine(5.0 g 34 mmd) , L- methicninemethylest HO (6.8 g 34 mmd)]

)Vlec
S He
Hc
Hd Ht
Mea o
bMe \Med
Ha —N
Hb O
24 ¢

vmax 3598, 2961, 2841, 2827, 1635 ¢cm~1.

54 (CDClz, 250 MHz) 1.1 (3 H, d, J=4.5, Hz, Me a), 1.1(3H,d, J=4.6Hz, Me b),
21 (3 H, s, Me ¢), 2.2-2.3 (2 H, m, Hc, Hd)), 2.4-2.41 (2 H, m, He, Hf), 2.6
(1 H,m, Ha), 3.6 (3H, s, Me d,), 3.91 (1 H, t, J=4.7 Hz, Hb), 7.2-7.4 (5 H,

m).

8¢ (CDClz, 100 MHz) 15.56, 20.14, 20.52, 28.27, 32.79, 39.41, 52.05,

63.43, 126.44, 126.61, 126.92, 129.15, 140.72, 172.48.

m/z El (Found: 293.1528 Cq1gH23NO2S requires: 293.1527).
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R=Ph, R1=Ph

(24d) Methyl (2 s)- 2- {({ dphenyl methylidene) amino3- 4- methyl
thid}butancate (1.18 g 72% yidd

[ Benzphenaneimine(0.91 g 5 mrmd), L- methicninemethyi esta HJ (0.8g 5 mmd))

Mea
VY

S, He

Hc
O H Hd
o
“Meb

(Found: C 69.72, H 6.51, N 4.19, requires: C 69.72, H 6.42, N 4.28%).
Vmax 3610, 2979, 2835, 2822, 1840 cm~1.

54 (CDCl3, 250 MHz) 1.92 (3 H, s, Me a), 2.15 (2 H, t, J=6.7 Hz, Hd, He),
2.45-2.46 (2 H, m, He, Hb), 3.61 (3H, s, Me b), 422 (1 H, t, J=6.2 Hz, Ha,),

7.1-7.5 (10 H, m).

3¢ (CDClz, 100 MHz) 15.33, 30.54, 33.59, 64.10, 127.82, 128.12, 128.57,

128.77, 130.99, 136.26, 171.23.

m/z El (Found: 327.1293 CqygH29NO2S requires: 327.1283).
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R1=1- Naph, R=1- Naph

(24f} {2 s)- 2- [{1,t) Dinaphthalene- 2- ylmethylidene] amino- 4- ( methyl
thid) butanoate (5.0 g 52%vyidd)

[1,1- Dingphthdene- imine(6.36 g 22.6 mmd) , L- mahianinemethylester HA (4.5 g 22.6 mmd) ]
Mea
e
S, He
Qs
Hb o
“Meb

N

O Ha O
O 24 f

vmax 3610, 2979, 2962, 2835, 2822, 1645 cm~ 1.

8H (CDCla, 250 MHz) 2.15 (3 H, s, Me a), 2.26-2.27 (2 H, m, He, Hd), 2.43-
2.46 (2 H, m, Hb, Hc), 3.52 (1 H, t, J=4.7 Hz, Ha), 3.6 (3 H, s, Me b), 7.1-7.9

(14 H, m).

8¢ (CDClz, 100 MHz) 15.79, 30.89, 34.36, 53.81, 123.21, 125.32, 125.58,
126.19, 127.09, 127.49, 127.56, 128.31, 128.69, 130.29, 133.29, 176.62.

m/z El (Found: 427.1687 Cp7H25N0O2S requires: 427.1684).
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R=2- Naph, R1=2- Naph

(24g (2 s)-2-[(1,t)Dinaphthalene- 2- yimethylidene] amino- 4- ( methyl
thiol) butancate (7.38 g 54%yidd

[2,2- Dingphthd ene- imine( 9 g 32 mmd), L- methicminemethylester HQ (6.37 g 32 mmd) ]

M
/ ea
S He
H Hd
Hb o
N
Ha O

vmax 3615, 2982, 2965, 2880, 2815, 1615 cem—1,

8 (CDCl3, 250 MHz) 2.17 (3 H, s, Me a), 2.36-2.37 (2 H, m, He, Hd), 2.61-
262 (2 H, m, Hb, Hc), 3.52 (1 H, {, J=4.7 Hz, Ha), 3.6 (3 H, s, Me b), 7.1-7.9

(14 H, m).

8¢ (CDCla, 100 MHz) 15.28, 25.16, 33.85, 52.08, 53.22, 64.26, 125.03,
125.44, 125.87, 126.22, 126.89, 127.22, 127.59, 128.45, 128.95, 130.54,

143.36, 171.27.

m/z El (Found: 427.1685 Co7H25N0O2S requires: 427.1684).
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E- 1,3- Diphenyl- 3- hydroxy- 1- propene

O OH

/\/l‘L e He

N NaBH, v

Ph Ph  geCl;.7H;0° Ph Ph
Hb

Cerium (I} chloride heptahydrate (19.8 g, 53.2 mmol) was dissolved in
methanol {250 ml) and chalcone {(10g, 48 mmol} added. The resulting solution
was cooled to 0 °C. Sodium borohydride (2.0 g, 53.2 mmol) was added to the
solution in small portions over a period of 5 minutes such that effervescence was
kept to a minimum. The reaction was stirred for a further 3 hours, water (100
ml) added, and the organic layer separated. The aqueous layer was extracted with
ethyl acetate (3 x 100 ml), the combined organic extracts dried over magnesium
sulphate and the solvent removed to yield an oil which turned to a white solid on
standing, this was recrystallized from hexane to give needle-like crystals (9.9 g,

94%) mp 53-55 °C. 76
(Found: C 85.62, H 6.75, C15H140 requires: C 85.68, H 6.71%)
vmax (CH2Cla solution) 3348, 3033, 1501, 1450, 968 c¢m-1.

81 (CDCl3, 250 MHz) 2.71 (1 H, br, OH), 5.2 (1 H, d, J=6.4 Hz, Hc), 6.40 (1 H,

dd, J=6.4, 16 Hz, Hb), 6.62 (1 H, d, J=16.0 Hz, Ha), 7.26-7.52 (10 H, m).

8c (CDClz, 100 MHz), 79.16, 125.25, 126.15, 126.32, 127.52, 128.23,

130.26, 131.62, 136.26, 141.26, 141.37.
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E-1,3-Diphenyl- 3- acetoxy- 1- propane

Hc
(CH30 1,0
P X" pp 3 P S ph

Pyridine,DMAP HE

1, 3-Diphenyl-2-propan-1-ol (0.3 g, 1.43 mmol) was dissolved in DCM (20 ml)
and pyridine (0.23 ml, 286 mmol, 2 eq) added. To the resulting clear solution was
added 4-dimethylaminopyridine (100 mg, 0.82 mmol) and acetic anhydride (0.15
ml, 1.5 mmol, 1.05 eq), and the reaction was stirred for 3 hours. The mixture was
concentrated, diethylether (100 ml) was added, and the solution was washed with
aqueous copper sulphate (3 x 30 ml). The organic solutions were extracted and
washed with sodium hydrogen carbonate solution (3 x 10 ml). The organic solution
was dried over magnesium sulphate and the solvent removed to yield a colourless oil

(0.3 g, 83%).76
(Found: C 80.90, H 6.41, Cy7H1gs 02 requires: C 80.92, H 6.40%)
vmax (neat film) 3028, 1739, 1501, 1375, 1239 cm1.

5H (CDCla, 250 MHz), 2.11 (3 H, s, Me), 6.34 (1 H, dd, J=16, 7 Hz, Hb), 6.45

(1H, d, J=7.0 Hz, Hc), 6.63 (1 H, d, J=16 Hz, Ha), 7.18-7.43 (10 H, m}.

8C (CDClz, 100 MHz), 22.16, 76.72, 127.53, 127.82, 128.26, 129.42,

129.52, 129.73, 133.26, 136.16, 140.26, 171.26.

235



SA Talib

Dimethyl-2--1,3-diphenyl prop-2- enyl propandioate

Ac
Allyl Pd dimer 5mol% aM Meb
Ph/\/tph Ligand 10mol% e\o o
DCM, Cs,CO; 2eq HA™| He
dimethyl malonate 2eq o AN Ph
Hb

Allyl palladium chloride (22 mg, 0.06 mmol, 5% mol) was added to a solution of
anti-2- (S)- (2-pyridyl}-1,3-dithiane 1-oxide (25 mg, 0.119 mmol, 10%) in
DCM (1 ml) was added. The resulting solution was stirred for 30 minutes. 1, 3-
Diphenylprop-2-enyl acetate (0.300g, 1.19 mmol) was added as a solution in DCM
(5 ml), a catalytic amount of potassium acetate was added, and the resulting
solution stirred for a further 30 minutes. Caesium carbonate (0.53 g, 2.38 mmol,
2 eq) and dimethyl malonate (0.31 g, 2.38 mmol, 2 eq) were added and the
resulting solution stirred for 24 hours. The solution was filtered through Celite,
the solvents removed and the residue purified by column chromatography using 5%
ethyl acetate, 95% petroleum ether as eluent to yield the compound as a white solid

(0.18 g, 93%), mp 123-124 °C.
(Found: C 73.59, H 6.18, CogHogO4 requires: C 74.06, H 6.21%).76
vmax (CHCIls solution) 3031, 2965, 1756, 1437 cm-1.

84 (CDCls, 250 MHz), 3.42 (3 H, s, Me a), 365 (3 H, s, Meb,), 4.0 (1 H, d,
J=16.0 Hz, Hd), 421 (1 H, dd, J=16 , 8Hz, Hc), 6.31 (1 H, dd, J=16, 8 Hz,

Hb), 6.95 (1 H, d, J=16 Hz, Ha), 7.15-7.30 (10 H, m).

8¢ (CDCla, 100 MHz), 52.20, 52.50, 57.60, 126.42, 127.16, 127.62, 127.83,

128.82, 129.16, 132.19, 137.27, 140.26, 168.37, 168.26
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(- )- (Oxo camphor sulfonyl) imine

Me Me bMe Mea
H Ha
He o]
o A{NH,OH Hd
(ii))AcOH,Se0, He Hg\
Hf N
S0,C! 0.8

Reagent grade ammonium hydroxide (500 ml) was cooled to 0 °C. A solution of
(+)-10-Camphorsulphonyl chloride (50 g 198.5 mmol) in DCM (500 ml) was
added slowiy to the stirred ammonium hydroxide solution. The mixture was stirred
at 0 °C for 4 hours and allowed to reach room temperature. The organic layer was
removed and the aqueous layer extracted with DCM (3 x 100 ml). The combined
organic extracts were dried over magnesium sulphate and evaporated to dryness to
yieid the crude (+)-(1S}-10-camphorsuphonamide (35¢, 76%), which was
judged sufficiently pure for use in the preparation of (-}-{oxocamphorsulphonyl)

imine.

The crude (+)-(1S)-camphorsulphonamide was added slowly to acetic acid (750
ml) and selenium dioxide (25 g, 225 mmol) at 0° in a 3 | flask. The reaction was
heated to reflux overnight. The reaction was allowed to cool and filtered to remove
the precipitated selenium. Water (250 ml) was added to the filtrate in a separating
funnel, and the organic layer separated. The aqueous layer was extracted with DCM
(3 x 125 ml) and the combined organic extracts dried over magnesium sulphate.
Evaporation to dryness under reduced pressure yielded the crude product which was
subsequently recrystailized from chloroform to yield the pure material as pale

yellow crystals (23 g, 52%), mp 197-198 °C. 75
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(Found: C, 52.90; H, 5.68; N, 6.30 C3g Hiz NO3S. requires: C, 52.86, H, 5.73, N,
6.18%). [alp = —179° (CCl4, 10 mg/mi).

vmax (slurry) 2957, 1772, 1359, 1169 cm-1.

é4 (CDCl3, 250 MHz) 0.99 (3 H, Me a, s, Me a), 1.17 (3 H, s, Meb), 1.8 - 21
(2 H, m, Hd, He), 2.2 — 2.4 (2H, m, Hb, Hc,), 2.78 (1 H, d, J=5.0 Hz,Ha), 3.24

(1 H, d, J=13.6 Hz, Hf), 3.45 (1 H, d, J=13.6 Hz, Hg).

dc (CDClz, 100 MHz) 18.25, 20.14, 22.26, 27.95, 44.67, 50.67, 60.03,

62.95, 181.7, 198.26.



(+)-[(8,8 -Diethoxy camphoryl)sulfonyl] imine

Me Me

o
Amberlyst-15
\N Conc HS 04
0,5 CHC(OEt),

{-)—-{Oxocamphorsulphonyl)imine (2.0 g, 9 mmol) was dissoclved in dry ethanol
{60 ml). To this was added ftriethyl orthoformate (6.5 g, 7.3 ml, 43.95 mmol, 5
eq), concentrated hydrochloric acid (1 ml} and amberyist-15 ion exchange resin
(1.0 g), and the reaction heated to reflux. After refluxing overnight, the reaction
was allowed to cool to room temperature, water (30 ml) added and the organic layer
separated. The aqueous layer was extracted with DCM (3 x 100 ml), the combined
organic extract dried over magnesium sulphate, and the solvent removed.
Recrystallization of the crude solid from methanol-water (1:2) gave the title

material as a white crystalline solid (2.5 g, 65%), mp 144-146 °C.

(Found: C 55.92; H 7.72, N 4.72, C14H23N048. requires: C 55.79, H7.71, N

9.65%).
vmax (CH3 Clz solution) 1662, 1345, 1169 cm-1.

54 (CDCl3, 250 MHz) 1.03 (3 H, s, Me a), 1.08 (3 H, s, Me b), 1.21 (3 H, t,
J=7.0 Hz, Me ¢), 1.23 (3 H, t, J=7.0 Hz, Me d), 1.76 — 2.05 (4 H, , m,Hb, Hc,
Hd, He), 2.1 (1H, d, J=5.0 Hz,Ha), 2.81 (1 H, d, J=13.5 Hz, He), 2.82 (1 H, d,

J=13.5 Hz, Hj), 2.87 (2 H.q, J=7.0 Hz, Hh, Hi), 2.90 (2 H, g, J=7.2 Hz, Hj
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dc (CDCig, 100 MHz) 14.80, 15.12, 20.82, 20.91, 20.99, 29.56, 46.28,

49.15, 53.02, 58.73, 58.92, 64.53, 103.26.

(+) -[8,8 -Diethoxy camphoryl sulphonyl] oxaziridine

me._ e bme. Meay; Hi
Et H ag” "Mec
Hi
Hc Hk
ot K2€03 _  Hd 0-X
\ H,0, Hil-!'f Med
0,8 ozs"”N

Commercial aqueous hydrogen peroxide (0.6 ml, 5.12 mmol, 30% eq w/v) was
added to a stirred suspension of potassium carbonate (0.37 ¢, 2.7 mmol) in
methanol (15 mi) at room temperature. (+(-[(8,8-Diethoxycamphoryl)
sulphonyl] imine (0.35 g, 1.16 mmol) was added, and the reaction allowed to stir
at room temperature for 8 hours. After this time, saturated brine (20 ml} and
DCM (20 ml) was added and the organic later separated. The aqueous layer was
extracted with DCM (2 x 20 ml) and the combined organic extracts washed with
aqueous sodium sulphite solution (20 ml, 5% w/v) and dried over magnesium
sulphate. Removal of the solvent with a bath temperature below 40 °C, followed by
recrystallization from methano! furnished the title compound as a colourless

crystalline solid {0.24 g, 65%), mp 117-119°C.

(Found: C 52.78, H 7.24, N 4.49. requires: C 52.80, H 7.16, N 4.39%).

Vmax (slurry) 1370, 1162, 1069 cm1.

34 (CDCl3 250 MHz) 1.04 (3 H, s, Me a,), 1.24 (3 H, t, J=6.0 Hz, Me ¢), 1.34 (3
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H, s, Me b), 1.42 (3 H, t, J=6.2 Hz, Me d,), 1.78-1.98 (4 H, m, Hb, Hec, Hd,
He), 3.10 (1 H, d, J=14.0 Hz,Ha), 3.29 (1 H, d, J=14.0 Hz, Hf), 3.43 (1 H, d,
J=14.0 Hz, Hq), 3.55 (1 H, Hi, Hj, q, J=7.0 Hz), 3.65 (2 H, Hk, HI, q, J=7.2

Hz).

o (CDCIz 100 MHz) 14.95, 15.20, 20.70, 21.80, 28.30, 45.33, 47.65, 53.50,

54.65, 58.50, 569.10, 97.90, 102.52.

241



2-(2 -Pyridyl)-1,3 -dithiane

X ~
| PTSA 10 mol% | HR e
P =
N | Toluene N H Hd
Dean -Stark a
o SH SH s He
Hg Hf

Distilled pyridine-2-carboxaldehyde (2.38 g, 22.2 mmol} and 1,3-propanedithicl
(2.48 g, 23.15 mmol, 1.05 eq) were dissolved in toluene (100 ml), and p-
toluene sulphonic acid (0.25 g) was added. The mixture was heated to reflux for
48 hours with a Dean-Stark trap attached, then allowed to cool to room
temperature. The mixture was washed with 1.0 M sodium hydroxide (2 x 25 ml)
and the organic portion extracted and dried over magnesium sulphate. The solvent
was removed and the residue subjected to flash column chromatography with
gradient elution from 10% ethyl acetate to 30% ethyl acetate in petroleum ether, to

yield the title compound as a pale yellow oil (2.9 g, 66%). 75

(Found: C 54.82, H 558, N 7.17, CgH1{NS2 requires: C 54.79, H 5.62,

N 7.10%).
vmax (neat) 2902, 1469, 1432, 1221, 1049 cm1.

84 (CDCl3, 250 MHz) 1.8-2.26 (2 H, m, Hd, He), 2.9-3.15 (4 H, m, Hb, Hc, Hf,

Hg ), 5.36 (1 H, s, Ha), 7.18-7.72 (3 H, m), 8.45-8.60 (1 H, m).

5c (CDCl3, 100 MHz) 25.37, 31.26, 53.26, 53.65, 121.62, 123.46, 137.62,

150.27, 157.52.



Anti-2-(2-Pyridyl)-1,3 dithiane 1-(S)-oxide

3 AN o)
| | I My,
L S . S [+
N J H,0; 4eq,DBU 4deq N /("’
- Ha
S [ HeHd
X OEt
s-N
o b

DCM (30 ml) was cooled to —20 °C and 30% aqueous hydrogen peroxide (0.94 mi
8.12 mmol, 4 eq) added, followed by diazabicycloundec-7-ene (DBU) (1.27 g,
8.12 mmeol, 4 eq). After five minutes (+)}-[8,8-(Diethoxycamphoryl)]
sulfonylimine (0.67 g, 2.23 mmol, 1.1 eq) was added and the solution stirred for
20 minutes.  2-(2-Pyridyl)-1,3-dithiane (0.4 g, 2.03mmol, 1 eq) was added
as a solution in DCM (5 mi) dropwise over 5 minutes. The reaction was allowed to
stir for 3 hours, then quenched by the addition of saturated aqueous sodium sulfide
solution (10 ml) and allowed to reach room temperature. The organic layer was
separated and the aqueous layer extracted with DCM (3 x 50 ml). The combined
organic extracts were washed with 0.1 M hydrochloric acid and the acid washings
extracted with DCM (2 x 30 ml). The combined organic extracts were dried over
magnesium sulphate and evaporated. The residue was subjected to flash
chromatography with gradient elution from 100% DCM to 2% methanol in DCM to
yield first (+)-[(8,8-diethoxycamphoryl) sulphonylimine (0.55 g, 82%) and the

title material (0.4 g, 92%) as a white solid mp 123-126 °C

(Found: C 50.59, H 5.2, N 6.53, CgH{1i1NOS2 requires: C 50.68, H 5.20,
N6.57%). le] p =54 (CCls, 10 mg/ml). ee 98%.

Vmax (slurry), 3050, 1586, 1434, 1035 cm-1.
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84 (CDClg, 250 MHz), 2.20-2.89 (5 H, m), 3.6-3.75 (1 H, m), 4.75 (1 H,Ha, s,

Ha), 7.26-7.72 (3 H, m), 8.6 (1 H, d, J=5 Hz).

Absolute stereochemistry confirmed by X-ray as trans (Andrew Lund thesis)’5
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Synthesis of 1,3 -Dithianes from Para and Meta Nitro
Substituted Benzaldehyde

o CH4COCI 3
Rs (" MeoH S
SH SH
R4 Rz
Ry

R1=H,R2=NO, 61a
R1=NO2,R2=H 61b

Propane -1, 3-dithiol (1.1 eq) was added at 0 °C to a stirred solution of the
aldehyde. The solution was stirred for two minutes and acetyl chloride (10 ml)
added. After stirring overnight, the solution was evaporated and the residue

recrystallized from methanol to yield the required compound. 762
R2=NO> Ri=H
2- (4- Nitr gphenyl)- 1,3- dithiane (591 g 93%)

{ pa anitr chenzd cehycde (4.0 g 26.5 mmd), prepane1,3- dthid (3.15 ¢ 29.15 mmd)
Hp He
Hd

He
Hf
Hg

61a

(Found: C 49.58, H 4.51, N 6.71, C3gH11NO2S2 requires: C 49.79, H 4.56, N

5.30%). mp 120-122 °C
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vmax (slurry) 2935, 1451, 1392, 1276 cm~1.

84 (CDCla, 250 MHz), 2.0 (2 H, m, Hf, Hg), 2.72 (4 H, m, Ha, Hb, Hf, Hg), 5.22

(1 H, s), 7.4-7.5 (2 H, m, HI, Hj), 8.2-8.9 (2 H, m, Hi, Hk).
8¢ (CDCl3, 100 MHz) 24.76, 31.76, 50.37, 123.94, 128.01, 140.13, 147 61.

Ri=NO; Rz=H
2- (3- Nitrophenyl)- 1,3- dithiane (58 g 91%)

( metanitr chenza dehyde (4.0 g 26.5 mmd), prgpane1,3- dthid (3.15 g 29.15 mmd)

H Hc

Hd

H H He

H S Hf

Hg
H HI
05N

61 b

(Found: C 50.13, H 4.55, N 5.78, C1oH11NO2S2 requires: C 49.79, H 4.56, N

5.80%). mp 146-148 °C.

vmax (solution DCM) 2942, 1462, 1341, 1281 cm~1,

84 (CDCla, 250 MHz), 2.0-2.7 (1 H,m, Hb, Hc), 3.16-3.20 (4 H, m, Hd, He, Hf,
Hg), 5.22 (1 H.,s, Ha), 7.50-7.52 (1 H, m, Hh, Hi), 7.92-7.93 (1 H, m, Hk),

8.30-8.36 (1 H, m, HI).

8¢ (CDCl3, 100 MHz) 25.01, 31.21, 51.26, 122.31, 131.26, 135.41, 141.27,

149.62.
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Synthesis of Benzaldehyde Amine Derivatives
from the Corresponding Nitro

S
/j S
S Sn, 3eq.conc HCI
EtOH/H,O0 50:50 Rq
Ra reflux
R3

Ry

61a,61b 61c,61d

To a stirred mixture of (25a) or (25b) in a mixture of 50:50 ethanol and water,
tin (3 eg) was added and the resulting mixture stirred for 10 minutes.
Concentrated HCI {7 ml) was added, and the resulting mixture heated under reflux
overnight. After cooling, sodium hydroxide peliets were added until the solution was
basic. The mixture was separated and the agueous later extracted with DCM (3 x 30
ml). The combined organic solutions were dried over magnesium sulphate. The
solvent was removed and residue purified by column chromatography in petrol 80%

ethyl acetate 20%, to yield the desired compound as a yellow solid.
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Rj4=NH2 R3=H
2- (4- Amincphenyl)- 1,3- dithiane (1.7 g 87%)

(p- nitro 1,3 dthiane(2.0 g 8.3 mmd), 1(28 g 23.17 mmd)

H Hc
Hh Hd
Hi He
Ha SHg Hf
HaN Hik
Hj
61 ¢

(Found: C 56.81, H 6.18, N 6.44, CigH13NSs requires: C 56.87, H6.13, N

6.6%). mp 142-144 °C.
Vmax (slurry) 3456, 2986, 1595, 1491, 1392 cm™1.

84 (CDCl3, 250 MHz), 2.0-2.05 (2 H, m, Hd, He), 2.83-2.85 (4 H, m, Hb,
Hc,Hf,Hg), 3.43 (2 H, br, NHo), 5.22 (1 H, s, Ha), 6.8 (2H, d, J=6.95 Hz, Hk,

Hj), 7.36 (2 H, d, /&6.65 Hz, Hh, Hi).

dc (CDClz, 100 MHz) 25.23, 32.14, 51.26, 115.72, 127.76,128.35, 146.32.
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Ra=H,R3=NH>
2- ( 3- Amingphenyl) - 1,3- dithiane (1.7 g 97%)

(3-nitro- 1,3 dthiane(2.0g 83 mmd) , (25 g 23.17 mmd)

H He
Hh S Hd
Hi He
Ha SHg Hf
Hi Hk
NH;
61d

{(Found: C 56.73, H 5.99, N 6.41, CyoH13NS2 requires: C 50.87, H 6.13, N

6.6%). mp 138-140 °C.
vmax (slurry) 3492, 2965, 1592, 1497, 1398 cm™1.

84 (CDCla, 250 MHz), 2.1 (2 H, Hd, He, m), 3.26-3.29 (4 H, Hb, Hc, Hf, Hg, m),
3.52 (2 H, br, NHz), 5.16 (1 H, s, Ha), 6.52-6.54 (1 H, Hh, m), 6.81-6.83 (1

H, Hi, m), 7.16-7.18 (1 H, Hj, m), 7.3 (1 H, HK, s).

3¢ (CDCl3, 100 MH2) 29.25, 32.14, 51.26, 114.25, 11562, 118.15, 130.25,

140.25, 149.29
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Synthesis of 1,3 -Dithiane oxides from corresponding
NO, and NH, derivatives

i g
+
S DCM, -20 °C
S
Rz Me. Me
Ry OMe Rz
OMe Ry

61a-¢

OE‘N R2=NO,,R1=H 62a
R2=H R1=NO, 62b
R2=NH2,R1=H 62¢
R2=H, R1=NH, 62d

To a stirred solution of (25a-b) or (26a-b) in DCM, (+)-[ (8, 8-dimethoxy
camphoryl) sulphonyl oxaziridine (1.1 eq) was added at —20 °C and the resulting
solution stirred for 24 hours. The solution was concentrated and the residue

chromatographed in 10% petrol 90% ethyl acetate as eluent to yield the sulfoxide.

R2=N0O; - Rq=H
2- (4- Nitr ophenyl) - 1,3- dithiane 1- axide (026 g 82%)

(25a(0.3g 124 mmd), sxairidne(04 g 1.37 mmd))

Hb e
o Hd
Hh s
Ha He
Hi s Hf
Hg
0,N Hk
Hj 62 a

(Found: C 46.69, H 4.28, N 5.45, CioH11NO3S2 requires: C 46.69, H 4.22, N
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5.39%). mp 145-147 °C.
vmax (slurry) 2985, 1591, 1492, 1392, 1195 cm=1.

5H (CDCl3, 250 MHz), 2.51-2.6 (2 H, m, Hd, He), 2.72-3.65 (2 H, m, Hf Hg),
3.7-4.4(2H, m, Hb, Hc), 4.62 (1 H, s, Ha), 7.5 (2H, d, J=8.0 Hz, Hh, HkK),

8.2 (2H, d, J=8.0 Hz, Hi, Hj).

3¢ (CDCl3, 100 MHz} 29.01, 31.06, 55.12, 70.25, 125.21, 129.32, 140.15,

148.32.

R1=NO; Rz=H
2- (3- Nitrophenyl)- 1,3- dithiane- 1- axide {0.31 g 97%)

(26b(0.3 g 124 mmd}, xaaridne(04 g 1.37 mmd))

62e

(Found: C 46.55, H 4.19, N 5.38, C1gH11NO3S2 requires: C 46.69, H4.28, N

5.45%). mp 166-168 °C.
vmax 2979, 1598, 1496, 1393, 1186 cm™1.

5 (CDCl3, 250 MHz), 2.51-2.58 (2 H, m, Hd, He), 2.73-3.65 (2 H, m, Hf, Hg),

3,72-4.62 (24, m, Hb, Hc), 4.82 (1 H, s, Ha), 7.52-7.55 (1 H, m, Hi), 7.8 (1

251



H, d, /8.0 Hz, Hn), 8.2 (1 H, d, J=8.0 Hz, Hj), 8.7 (1 H, s, Hk).

oc (CDCI3, 100 MHz) 29.21, 31.25, 59.32, 69.25, 124.25, 125.32, 136.25,

148.35.
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Rz2=NH; Rq=H
2- ( 4- Aminaphenyl) - 1,3- dithiane- 1- axide (02 g 92%)

(26a(021g 096 mmd), xa@iridne(0.39 g 1.34 mmd))

Hb e
o Hd
Hh Ns;
Ha He
. Hf
H S
] Hg
HaN Hk
Hj
62b

(Found: C 52.89, H 571, N 5.98, C41pH13NS20 requires; C 52.86, H 572, N

6.17% mp 132-134 °C. vmax 3425, 2985, 1586, 1496, 1398, 1176 cm™1.

8n (CDClg, 250 MHz), 2.52-2.55 (2 H, m, Hd, He), 2.73-3.52 (4 H, m, Hb, Hc,
Hf,Hg), 3.75 (2 H, br, NHp), 4.62 (1 H, s, Ha), 6.52 (2H, d, J=8.0 Hz, Hh,

Hk), 7.44 (2 H, d, J=8.2 Hz, Hi, Hj).

5c (CDClz, 100 MHz) 29.21, 31.25, 55.16, 69.27, 11526, 122.35, 129.27,

147.25.
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Ri=H R1=NH2

2- (3- Aminophenyl) - 1,3- dithiane- 1- axide (024 g 93%)

(26b(024g 1.1 mmd), oxagridne(0.35 g 1.21 mmd))

NH2
62 f

(Found: C 52.92, H 5.76, N 5.94, C1oH13NS20 requires: C 52.86, H5.72, N

6.17%). mp 159-165 °C.
vmax 3435, 2976, 1572, 1496, 1392, 1162 cm~1,

8H (CDCl3, 250 MHz), 2.32-2.34 (2 H, m, Hd, He), 2.43-2.63 (4 H, m, Hb, Hc,
HfHg), 3.62 (2 H, br, NH2), 4.85 (1 H, s, Ha), 6.92-6.96 (2 H, m, Hi), 7.25-

7.28 (2 H, m, Hh, Hj), 7.8 (1 H,s, HK).

8¢ (CDClz, 100 MHz) 29.36, 32.15, 56.25, 69.76, 116.26, 122.75, 131.25,

148.25.
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2 -{[1,1 -Dimethylthiojmethyl}pyridine

He
Hd He M
N Me ‘ SN
HS Me n-Buli{1.2eq) Me
N/ cl - / S
Me THF .78 °C N Me
He
Hb Ha

2-Methyl-2-propanthiol (2.0 g, 22.2 mmol) was dissoived in dry THF (15 ml)
and the solution was cooled to =78 °C. N-butyllithium (18.4 mi, 31.04 mmol)
was added slowly, and the resulting mixture left to stir for one hour. Purified 2-
chioromethyl pyridine (3.6 g, 22 mmol) was added dropwise at -78 °C. The
resulting mixture left to stir for 3 hours. Water {30 ml) was added and the organic
solution extracted with DCM (2 x 40 ml). The solvent was removed and the residue
chromatographed in petrol ethyl acetate 70/30 as eluent to yield the required

compound (2.3 g, 58%).

(Found: C 66.10, H 7.87, N 7.20, C4oH15NS requires: C 66.29, H8.29, N

7.73%). mp 159-165 °C.
Vimax (neat) 2960, 2898, 1590, 1568, 1475, 1459 cm~1.

84 (CDClz, 250 MHz) 1.43 (9 H, s, Me), 3.9 (2 H, s, Hb), 7.1-7.16 (7 H, m,
He), 7.4-7.42 (1 H, m, Hc), 7.6-7.65 (1 H, m, Hd,), 8.5-8.53 (1 H, Hf, m,

Hf).

éc (CDCi3, 100 MHz) 8.24, 26.32 53.35,126.32, 139.35,139.64,140.21,

149.26.
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3 -Ethyl cyclohexan -1 -one

(1)Et,0, 0 °C

Cul, EtMgBr Hf Hd
- Hg
(2)H2804, H,0 He e
Hh Hi
Rt b Ha

Ethyl magnesium chloride in diethyl ether 1M (20 ml} was added to copper iodide
(0.52 g, 2.93 mmol) under nitrogen and the resulting mixture stirred for 15
minutes at 0° C. Cyclohex-2-enone (1.9 g, 20.75 mmol) was added and the
mixture stirred for 50 minutes. The mixture was added to ice cold 10% sulfuric
acid, and left to stir for 30 minutes. The mixture was extracted with diethyl ether
(3 x 30 ml), and the organic solution dried over magnesium sulfate. The organic
solution was evaporated to dryness and the resulting yellow oil distilled under a

pressure of 0.43 m bar to yield the product as a colourless cil (1.1 g, 42% ).
vmax 3506, 2935, 1712, 1454, 1313, 1226 cm™1.

84 (CDCla, 250 MHz), 0.82 (3 H, , J=7.4 Hz, Me), 1.26-1.28 (4 H, m, Hh, Hi,
Hj, Hk), 1.65-1.66 (2 H, m, Hb), 2.16-2.18 (3H, m, Hc, He, Hd), 2.7.2.73

(4 H, m, Hd, He, Hf, Hg,).

3¢ (CDCla, 100 MHz) 11.12, 23.52, 25.39, 25.45, 20.23, 35.97, 38.15,

211.15

m/Z El (Found: 126.1041 CgH14 O requires: 126.1044),



S A Talib

4 -Phenyl -hexan -2 -one

ea
: o (1) Et,0,0 °C H o
/\)]\ Cul,EtMgBr Hy \ ¢
Ph \ Me
(2) H,SO4,H,0 Ph Meb
Hd He

Copper iodide (0.25 g, 1.3 mmol) was suspended in diethyl ether (30 ml) and
cooled to 0 °C. Ethyl magnesium bromide 1M (9 ml, 8.2 mmol) was added and the
reaction stirred for 15 minutes. Trans-4-phenylbut-3-en-2-one (1.5 g, 7.1
mmol) was added and the resulting solution stirred overnight. The reaction mixture
was added to a mixture of ice cooled water (100 ml) and 10% sulphuric acid (30
ml} and stirred for 2 hours. The mixture was extracted with diethyl ether (3 x 30
mi), the solvent removed and the crude product chromatographed over silica in 9:1

petroleum ether ethylacetate to yield the required product (1.2 g, 95% }.
vmax (neat) 2963, 1716, 1495, 1412m 1356, 1163 cm™1,

84 (CDCl3, 250 MHz) 0.73 (3 H, t, J=7.6 Hz, Me a), 1.62-1.63 (2 H, m, Hb),

2.0 (3H, s, Meb), 2.62-2.64 (2 H, m, He, Hd,), 3.16-3.18 (1 H, m, Hc).

8¢ (CDClz, 100 MHz) 11.95, 29.34, 30.47, 42.42, 50.42, 126.30, 127.53,

128.37, 128.41, 207.59.

m/z FAB (Found 177.1238, (M++1) C12H170, requires 177.1201).
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1,3 -Diphenylpentan -1 -one

e
(1) Et,0,0 °C H
P\ Cul,EtMgBr Hy \ ¢
P
P (2) HSO04H,0 Ph Ph
Hd He

Copper iodide (0.25 g, 1.3 mmol) was suspended in diethyl ether (30 ml) and the
mixture cooled to 0 °C. Ethylmagnesium bromide 1.0M (2 ml, 8.2 mmol) was
added and the reaction was stirred for 15 minutes. Chalcone (1.5 g, 7.1 mmol) was
added and the resulting solution stirred overnight.. The reaction mixture was added
to a mixture of ice cooled water (100 ml) and 10% sulphuric acid (30 ml), and
stirred for 2 hours. The mixture was extracted with diethyl ether (3 x 30 ml),
the solvent removed and chromatographed over silica in 9:1 petroleum ether

ethylacetate to yield the product (1.60 g, 95% ).
vmax (neat) 2955, 1680, 1600, 1448, 1408 cm™1.

54 (CDClg, 250 MHz) 0.75 (1 H , m, Hc), 0.82 (3 H, t, J=7.4 Hz, Me), 1.63-

1.64 (2 H,m, Hb), 3.16-3.18 (2 H, m, Hd, He), 7.2-7.9 (10 H, m).

5c (CDCl3, 100 MHz) 11.8%, 29.09, 36.11, 41.39, 125.64, 126.64, 126.28,

127.97, 128.26, 128.42, 137.33, 144.70, 199.15.

m/z FAB {Found 239.1430, (M*+1) C17H190, requires 239.1435).
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3 -Ethyl cyclopentan -1 -one

Q
(1) Et;0, 0 °C Hf Hﬁ-ld
Cul, EtMgBr H
Hc
(2) H2S04, H2O Hi' Hj Me
Hb Ha

Copper iodide (0.25 g, 1.3 mmol) was suspended in diethyl ether (30 ml) and
cooled to 0 °C. Ethylmagnesium bromide 1M (8 ml, 8.2 mmol) was added and the
reaction was stirred for 15 minutes. Cyclopenten-2-enone (1.5 g, 7.1 mmol) was
added and the resulting solution stirred overnight. The reaction mixture was added
to a mixture of ice cooled water (100 ml) and 10% sulphuric acid (30 ml} and
stirred for 2 hours. The mixture was extracted with diethyl ether (3 x 30 ml), the
solvent removed and the crude product chromatographed over silica in 9:1

petroleum ether ethylacetate to yield the required product (0.73 g, 95%).
vmax 1675, 1435, 1406, 1321, 1198 cm™1.

8H (CDCl3, 250 MHz) 0.83 (2 H,q, J=6.4 Hz, Hb), 0.92 (3 H, t, J=6.4 Hz,Me),
1.25-1.26 (1 H, m, Hc), 1.62-1.65 (2 H,m, Hh, Hi), 2.16-2.20 (4 H, m, Hd,

He,Hf, Hg).
dc (CDCl3, 100 MHz) 12.53, 28.54, 28.91, 38.55, 38.95, 41.52, 219.99.

m/z El (Found 112.0885, C7H120, requires 112.0888).
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General procedure for conjugate addition
of diethyl zinc to cyclohexenone

(S) -3 Ethyl -cyciohexanone

Cu(OTf)> (10 mol%)

ligand (20 mol%) H q Hd

EtyZn,Toluene, :; He

0°C Hh Me
Hi HjHp Ha

To a stirred solution of copper triflate (0.0045 g, 12 mmol, 10 mol %) and chira!
ligand {20 mol %) at 0°C in toluene, enone (0.097 g,1.1mmol,1eq} and
digthylzinc (3ml, 3 eq) were added sequentially. The resulting solution was stirred
for 2 hours, then poured into 1 M HC! (20 ml), and the mixture extracted with
ethyl acetate (3 x 40 mi). The organic layer was dried over magnesium sulfate and
the solvent removed to leave the required product as a yellow oil, which was

purified by chromatography to yield the title compound as a colourless oil.
vmax 3506, 2935, 1712, 1454, 1313, 1226 cm™1,

84 (CDCl3, 250 MHz) 0.86 (3 H, t, J=7.4 Hz, Me), 1.26-1.29 (2 H,m, Hb, Ha),
1.61-1.63 (2 H, m, Hj, Hi ), 2.16 (1 H, m, Hc), 2.26-2.30 (6 H, m, Hd, He, Hg
).

8¢ (CDClg, 100 MHz} 11.12, 23.52, 25.45, 26.33, 35.97, 38.15, 211.10.

m/z El (Found: 126.1041, CgH140, requires: 126.1044).

[a)p = 69° (CClg, 10 mg/ml).



S A Talib

2 -Phenyl 2,5 - dihydrofuran

He Hb

Br
[\ ©/ Pd(OAc), 10 mal%  HAN/ ™ \ Ha
o Ag2CO; o

He
CH3CN,(Ph3)aP

Bromobenzene (79 mg, 0.5 mmol), 2,3 -dihydrofuran (175 mg, 2.5 mmol),
Pd (OAc)2 (30 mg, 5 mol %), triphenylphosphine (20 mg, 15 mol %) and silver
carbonate (300 mg, 1.78 mmol), were added to acetonitrile (25 ml) and the
reaction heated at 80 °C for 3 days. The solvent was removed and the residue
chromatographed in ethyl acetate to yield the product as a pale yellow oil (0.05 g,

68%).
vmax Neat 2100, 1550, 1200, 1100 em™—1.

8H (CDCl3, 250 MHz) 4.4-4.6 (2 H, m, Hc, Hb), 5.6-5.8 (2 H, m, Hd, He), 5.6

(1 H, d, J=4.8 Hz,Ha), 7.5-7.8 (5 H, m).
8c(CDClg,100MHz),67.68,100.43,103.15,118.51,128.03,128.35,129.45,

130.55

m/Z El {Found 146.0731, C1gH100, requires 146.0731).
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5 A Talib

General Procedure for the Asymmetric Heck Reaction

Hb
Hc

Ph oTf Pda(dba)y 4 Ph
O UL R
ligand

Benzene Hng Hh O

H Hb
Br ¢
[ \5 ©/ Pd(OAc), 10 mol%  Hd Ha
0 Ag2CO; A

CH3CN,(Phs)aP

To a stirred solution of Pd2 (dba)z (10 mmol%), benzene (30 ml) and
triethylamine (10 ml) were added and the mixture stirred for 10 minutes, then

the ligand (20% mmol) was added and the mixture heated at 40 °C for 2 hours.

Phenyltriflate {1 eq) and alkene (5 eq) were added and the mixture heated to 40°C
for 3 days. The solvent was removed and the residue chromatographed in 7:3

mixture of ethyl acetate-petroleum ether to yield the product (60 mg, 70%).

vmax 2800, 2750, 2250, 1100, 1050 cm~1.

8H (CDCl3, 250 MHz) 1.52 (1 H, t, J=10.3 Hz, Ha), 1.63-1.64 (2 H, m, Hf, Hg,),
1.72-1.73 (2 H, m, Hf, He), 2.26-2.18 (2 H, m, Hc, Hd), 6.16 (1 H, d,

J=2.4 Hz,Hb,), 7.2-7.4 (10 H, m).

&c (CDCla, 100 MHz) 22.18, 22.43, 22.86, 24.86, 121.35, 124.76, 124.96,

125.46, 128.39, 128.41, 128.75, 128.86, 142.71, 143.33.
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m/z El (Found 234.1411, C1gH1g0, requires 234.1408).
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General procedure for the palladium catalysed
allylic displacement reac tion

bMe

Ha
Ac  Allylpalladium chloride o Mea
N dimer(5mol%) H o
Ph ligand 10mol% Y
Ph Ph Ph

Hb
Cs,CO; 5eq He

Dimethylmalonate (5eq)

To a stirred solution of the ligand (10 mol} in DCM (30 ml} at 0°C, allylpalladium

chloride dimer (5 mol %) was added and the mixture stirred for 10 minutes.

1,3-Diphenyl-2-propylacetate (1 egq) was added and the resulting mixture stirred
for 0.5 hour. Cesium carbonate (5 eq) and dimethylmalonate {5 eq) were added
sequentially and the resulting mixture stirred for 24 hours at 0 °C. The solvent
was filtered through celite, the celite was washed with DCM (3 x 30 ml), the
combined organic solutions were evaporated and the residue chromatographed in 9:1

petroleum ether diethyl ether mixture, to yield the products.

(Found: C 73.92, H 6.18. CpgH25NO4 requires: C 74.06, H 6.21%). mp 118-

123 °C.

Vmax 3031, 2952, 1735, 1452 cm~1.

4 (CDCl3, 250 MHz), 3.45 (3 H, s, Me b), 3.66 (3 H, s, Me a), 3.99 (1 H, d,
J=10.0 Hz, Ha), 4.26 (1 H, dd, J=8.0, 10.0 Hz, Hb), 6.31 (3 H, dd, J=8, 16 Hz,

Hc), 6.48 (1 H, d, &=16.0 Hz, He), 97.20-7.35 (10 H, m).

¢ (CDCls, 100 MHz) 49.10, 52.31, 52.49, 126.21, 127.01, 127.42, 127.75,
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128.35, 128.75, 129.01, 132.15, 136.72, 140.01, 167.72, 168.21.
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3 -Ethyl cyclohexanone 2,4 - dinitrophenyl hydrazone

Hp Hh_ Hi Hg
Hf
H
H,S0O4, EtOH Hn NH — He
NH Hi Hd
/@ NHy  O: NO, niic < Me
O.N NO, Hm Ha Hb

To a stirred solution of 3-ethyl cyclohexan-1-one (1 eq) in ethanol (30 mt), 2 or
3 drops of sulfuric acid were added followed by 2, 4 -dinitrophenylhydrazine (1
eq) and the solution was stirred for 20-30 minutes. The mixture was washed with
sodium hydrogen carbonate (2 x 10 ml) and extracted with sthyl acetate (3 x
30 ml). The organic solutions were dried over magnesium sulfate and the solvent
removed to yield the crude product as an oil which was chromatographed in.

petroleum ether -ethyl acetate 80:20 to yield an orange solid.
vmax 3425, 2950, 1618, 1589, 1517, 1334, 1309 cm™1,

54 (CDCl3, 250 MHz), 0.93 (3 H, t, J=7.5 Hz, Me), 1.43-144 (3 H,, m, Hb,
He), 1.63-1.64 (2 H, m, Hd, He), 2.16-2.18 (3H, m, Hi, Hg), 3.24-3.30 (4
H, m, Hh, Hi, Hk, HI), 7.92 (1 H, d, J=4.0 Hz,Hp), 8.1 (1 H, d, J=4.0 Hz, Hn),

9.16 (1 H, s,Hm).

3¢ (CDCl3, 100 MHz) 11.68, 25.21, 26.19, 27.37, 29.53, 29.60, 40.77,

116.60, 124.01, 130.33, 145.72, 161.75.

m/z FAB (Found: 307.1406 (M*+1) C14H1gN4QO4 requires: 307.1328).
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(15,25)-2-[1,2 -Dimethyl propyl (methyl) amino]
-1 -phenyl propyl -3,5-dinitrobenzoate

Me Ph
z He
Mo OH DMAP,Et,0 NO;
Me 0°cC
" i Hf
e
0
Me 2 o NO,
NO»

To a solution of 3,5-dinitrobenzoyl chloride (160 mg, 0.7 mmol, 1.2 eq), in
diethyl ether (20 ml) at 0°C amino alcohol (18,25)-2[1,2-dimethyl-
propyl(methyl) amino)-1-phenyl propan -1-ol (150 mg, 0.64 mmol) was added,
followed immediately by DMAP (76 mg, 0.64 mmol). An immediate white
precipitate appeared. After one hour the solid precipitate was collected and purified
by column chromatography using petroleum ether- ethyl acetate-triethylamine

(80:19:1) as eluent to yield the product as an oil (150 mg, 55%). Appendix 5

vmax 2970, 2461, 1739, 1542, 1458, 1346, 1265, 1157 cm~1.

8H (CDClg, 250 MHz) 0.70 (3 H, d, J=8.0 Hz, Me a), 0.77 (3 H, d, J=8.0 Hz,
Me b), 0.80 (3 H, d, J=12.0 Hz, Me c), 1.00 (3 H, d, J=8.0 Hz, Me d), 1.60
(1 H, septet, J=8.0, 8.0 Hz, Ha), 2.15 (3 H, s, Me e), 2.38 (1 H, dg, J=8.0,
12.0 Hz, Hb), 7.2-7.5 (5 H, m), 9.15 (2 H, d, J=4.0 Hz, He, Hg), 9.20 (1 H,

s,Hf).

éc (CDClz, 100 MHz) 22.18, 12.96, 19.52, 20.96, 27.80, 32.00, 62.27,

66.21, 80.19, 122.09, 127.68, 128.68, 129.44, 134.78, 138.19, 148.56,
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161.73.

m/z FAB (Found: 430.1972, (M*+1) CooH1gN30Og requires 430.1899).
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APPENDIX 1

nOe Studies on Oxazolidines
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(4S,58)-2,3,4-trimethyl-2-(1-methyl ethyl)
5-pheny!-1,3-oxazolidine

Me —N 0

Me
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(48,58)-2,3,4-trimethyl-2, 5-diphenyl-
1,3-oxazolidine
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(4S,5R)-2,3,4-trimethyl-5-phenyl-2-pyridyl
1, 3-oxazolidine

296



«85 0991 Stereocnemistry of STB4254-002 in COCL3

1 ' [
i ! !
. L
- 2o
! 1 3
. L
: !
-
i ! E
1 4 43 [
; . L —y~ - 50
! [
i 3
I ! ' :
r
! ' ! ! \
3 i ' A -
: sg - 80
s X
0 () . é 9 H [ ™ 1,00 cang
=100
o £ - Wil Lt
i o ]
[ » n
" 150, 4250 M
2 FIEN 7. haatl wm
- - 108,429 v
1 T - Srocasing paretens
1 120 : LR T
) : = =
T 1] - u tuw
[ 1
. = a4
3 Fi « fracomaing B3N
~ [ " [t
N . 3 = »
=140 » C RG]
F © T
s ™
Y + N -
A o 1
[
} ]
I m
' 4 160 Ay
[ J L .
L o)
L Ry
[ pom et
g
N L Ak e B e St pa e e T T T T T T Y T L e e T LA A iy A S B B B Bt e e | —r T m,m
Jom b4 6 L] . 2 2 1 ool
. oo




.7 485 0991 Stereochemistry of STB4254-002  in CDCL3

Ir Gsrank Catd Mreaisry
. e
R i (] e "
f ] " * MeCEY ]

LR i T
- (=00 1)

E

-
=

sn==ﬂ§ﬂ3==3§nn‘;=§§§_

g

S

o
=]

£

134

2
a

Fi = ol ariitare
L

n o

[ A0 T K
FIGt HL.AAl W
n 0o

Fi - Pescossing prauy
L

o
o

N 11110 R
itd

[ T qh

L]
LR 2]
Ll

}{
. t .l
;
|£ ,
{
t
: 2
fi : f ot e
;

I
L 4 140
i
v i'ﬁ; 160
| Leom
r—r—r T Ty .
) - - e e e s B St fosedE L TH L)
3 q 3 k) i fren a e

N:-1 ]
Tram P et maser



.J‘.
ASS 099¢ Stereochemistry of STA4254-002  in COCL3

Direnst £03 Rorezmary
vl s
[ o "
Saurxy '
ot |t
] N 3 L TR e
3 Fata_ Lo
20 Thim 3.8
9 orma Pucit
o tohl
p i e gy
- n Ba
S mra =
H 3 2 [
N L a o
' g o [ 'm .50y
T LA -y
- el 0B e
| n no.x
= 40 [ WD e
\ o B.ab vt
[ " Hlan
om X
a -6 ki
F " B.6V3MYM o
I' - ] [yt e
- 48R e
L W 4 EIAS
3 "y LRI e
L " 00T Lo
. b [ T T
* L &0 (1] BT ko
m ¥ [ F) [Tt =
| r CMTEL ) —m——
- =3 -
| i . - [
o 5.9 ez
r K1 v.ad i3
i (25 1T on
L
B 3 LT () rarr——
. L o' =
iy ]
5 ~ 80 n 0.4 e
J B [ L
3 = 2.4 =u
3 R “Rpa
[ Ku .08 21
! v AT
b cnrmrmnn FAMLDNE DUANLL, wemmsnne
m [
[ 1+ mansitian permtay
o +
o0 n n
3 . LE3.AEND g
b [T ] LR L]
L a [C N
I 3 - Premtosiad pi/FIRANS
- ] ny
L o - By
L o [
- = [
u tm
L o .
] ] F120 ” L
{ P - At oo
] e
I o Pl
gw - » o LIV K
- (-]
L [ ¥
L ] (XY
' 3 0 [
L W P sl pocTmor
140 o o
1 o nMmo
ma (R X ]
L as NN -
L g A5 ap
] I ™ i o
3 Lt .—ml:-l
] us (T
Lo S 1L 45
ru L)
T T T T T Ty ™ v —rrT —rTr T ™r T e 4. T e3vea
T LI T T Y LA LI B S B S S A i S B B S S S B e B B fim -
[T
ops 8 ? & L] [ 3 2 1 . sy (RENITETY
# e 153 b mten

L » NG e
oo LLLACT L A



(4S,5R)-2,3,4-trimethyl-2-(1-methyl ethyl)
5-phenyl-1, 3-oxazolidine
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APPENDIX 2

Methyl (2S)-2-[diphenyl methylidene)
amino]-4-methyl thiol butanoate
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Table 1. Crystal data and structure retinement lor pebl,

ldentification code pchl

Chemical formula CuHNO-S

Formula weight 32743

Temperature 150(2) K

Radiation. wavelength MoKa. 0.71073 A

Crystal system, space group monoclinic. P2,

Unit cell parameters a=9085997) A T oa=90°

T b=9.0747(7) A [ = 101.609(2)°

. c= 101733 A y=9°

Cell volume 891.64(11) A'

7 2

Calculated density 1.220 g/emy’

Absorption coefticient 0.190 min '

F(000) 348

colourless. (.93 x 0.79 x 0.55 mm’
6985 (0 range 2.63 to 28.60°)
Bruker SMART 1000 CCD diflractometer

m-rotation with narrow [rames

Crystal colour and size
Reflections for cell refinement

Data collection method

B range for data collection 2.4 to 28.60°

Index ranges =12t 12 k-1lto 1. 1 -3t 13
Completeness to 8 = 26.00° 99.6 %

Intensity decay 0%

Reflections collected 7527

independent reflections 3942 (R, = 0.0125)

Reflections with F*>2¢ 3854

Absorption correction semi-emipirical froam equivalents
Min. and max. transmission (1.843 and 0.903

Structure solution direet methods

Refinement method Full-matrix least-squares on |-

Weighting parameters a. b
Data / restraints / parameters
Final R indices [F>2c]

R indices (all data)
Goodness-of-fit on F?
Absolute structure parameter
Extinction coefficient
l.argest and mean shift/su

Largest diff. peak and hole

0.0572. 0.1265
3942717211

RI=0.0311, wR2 = (0.0842
R1 =0.0317. wR2 = 0.0846
1.030

~0.03(6)

0.009(3)

1100 and 0,000

0.381 and 0200 e A




Tabie 2. Atomic coordinates and equivalent isolropic displacement parameters (A

for pchl. U,, is defined as one third of the trace of the orthogonalized U tensor.

N(1)
C(2)
C(3)
C(4)
S(1)
C{5)
C(6)
o
0(2)
(7N
C(8)
C(9)
C(10)
cil
C(12)
c(13)
C(14)
C(15)
C(16)
Cit7)
C(18)
C(19)
2

X

0.83218(11)
0.85380(12)
0.88564(13)
0.76099(16)
0.78674(4)
0.7977(2)
0.97535(14)
1.07541(11)
0.95356(11)
1.0596(2)
0.72551(13)
0.71317(13)
0.81242(15)
0.80393(17)
0.69649(17)
0.59750(16)
0.60447(14)
0.61405(12)
0.50245(15)
0.40009( 1 4)
0.40759(14)
0.51787(14)
0.62088(14)

Y

0.48375(12)
0.33241(15)

-0.31405(16)

0.35105(18)
0.32516(5)
0.1278(2)
0.27720(15)
0.21585(15)
0.30059(15)
0.2458(3)
0.53156(}3)
0.69263(14)
0.78902(16)
0.93833(18)
0,99478(17)
0.90065(16)
0.75031(15)
0.43313(14)

. 0.38365(17)

0.29896( 19)
0.25346(16)
0.29726(15)
0ARTL4(15)

z

0.64871(11)
0.62404(12)
0.48399(13)
0.37638(14)
0.20723(3)
0.1981(2)
0.72971(15)
0.70680(12)
0.85253(11)
0.96163(19)
0.69198(12)
0.71632(13)
0.68554(16)
0.70879(19)
0.76277(18)
0.79336(17)
0.76987(15)
0.72357(13)
0.62460(15)
0.65773(15)
0.78822(16)
0.88G94( 1)
01.R5487( 14)

Uy

0.0248(2)
0.0249(2)
0.0284(2)
0.0362(3)
0.04072(11)
0.0524(5)
0.0284(3)
0.0425(3)
0.0436(3)
0.0561(5)
0.0217(2)
0.0227(2)
0.0328(3)
0.0415(:4)
0.0383(3)
0.0332(3)
0.0284(3)
0.0227(2)
0.0314(3)
0.0375(3)
0.0330(3)
0.0310(3)
A RTRY



Table 3. Bond lengths [A] and angles [°} for pcbl.

N(1)-C(8)
C(2)-C(6)
C(3)-C(4)
S(1)-C(5)
C(6)-0(2)
C(8-C{9)
C(9)-C(10)
C10)-C(11)
C(12)-C(13)
C(15)-C(20)
C(16)-C(17)
C(18)-C(19)

C{8)-N{1)-C(2)
N(1)-C(2)~C(3)
C(4)-C(3)-C(2)
C(5)-5(1)-C(4)
O(1)-C(6)-C(2)
C(6)-0(2)-C(7}
N(1)-C(8)-C(15)
C10)y-C(9)-C(14)
C(14)-C(9)-C(8)
CUI0)=C(11)-C(12)
C(12-C(13)-C(14)
C(20-C(15C(16)
Ce16)-C(15)-C(8)
C18)}-C(17)-C(16)
C(18C(19)-C(20)

1.2796(16)
1.5246(18)
1.5101(19)
1.798(2)

1.3268(18)
1.4915(17)
1.3943(18)
1.381(2)

1.379(2)

1.3881(18)

1.390(2)
1.382(2)

120.76(1 1)
109.26(11)
111.20(10)
101.56(9)

125.30(13)
115.95(13)
125.53(1!1)
118.71(12)

120.74¢11) .

120.54(14)
120.52(14)
119.12(12)
121.58(11)
120.55(13)
120.19(13)

N(1)-C(2)
C(2)-C(3)
C(4)-5(h
C(6)»-0Of1})
O2-C(7)
C(8)-C(13)
C(9)-C(14)
C(In-C(12)
C(13)-C14)
C(15)-C(16)
C(17)-C(18)
C(19)-C(20)

N 1y-C(2y-Ce)
C(6)-C(2)»-C(3)
C(3)-Cid)}S(1)
O(1)-C(6)-0(2)
O(2)-C(6)-C(2)
N{1H-C(8)-C(9)
C(9)-C(8)-¢(15)
C(10)—C(9)-C(8)
C(11)=CH0y-C(n
C(I3)-Cl12y-carty
CO3-C1d)-C(9)
CCM-C(I5-C(R)
CI7y=C(16-Ci13)
C(17)C(18»C(19)
C(F3)=C({20-C(19)

1.4638(18)
1.5286(17)
1.8046(14)
1.1959(17)
1451(2)

1.5003(17)
1.3980(17)
1.386(2)

1.3891(19)
1.3934(19)

1.378(2)

1.3916(18)

108.38(1)
109.98(10)
L4349

123.66(14)
110.99¢11)
117.05(11)
1740011
119.55(11)
120.51(13)
119.52( 1)
[20.20(13)
119.30(11)
120.05(13)
119.73(12)
[20.36(12)



Table 4. Anisotropic displacement parameters { A} for pcbl. The anisatropic
displacement factor expanent takes the form: —2n’{h’a**U"" + __+ 2hka*b*U"]

N(1)
C(2)
C(3)
C4)
S(1)
C(S)
C(6)
O(1)
o)
C()
C(&)
C(9)
C(10)
can
C(12)
Ci13)
C(14)
C(15)
C(16)
c(17)
C(18)
C(19)
C20)

UH

0.0240(5)
0.0226(5)
0.0261(6)
0.0349(7)
0.0419(2)
0.0538(11)
0.0236(6)
0.0275(5)
0.0357(5)
0.0471(10)
0.0215(6)
0.0214(5)
0.0312(7)
0.0401(8)
0.0447(9)
0.0329(7)
0.0266(6)
0.0199(5)

0.0272(6)

0.0238(6)
0.0247(6)
0.0320(6)
0.0249(6)

U32

0:0248(5)
0.0247(6)
0.0312(6)
0.0467(9)
0.0538(2)
0.0485(11)
0.0264(6)
0.0559(7)
0.0635(8)
0.0807(15)
0.0250(6)
0.0248(6)
0.0271(7)
0.0278(7)
0.0232(6)
0.0304(7)
0.0283(6)
0.0241(5)
0.0410(7)
0.0484(9)
0.0317(7)
0.0330(7)
0.0296(6)

yv

0.0274(5)
0.0291(6)
0.0297(6)
0.0285(6)
0.02698(17)
0.0534(t1)
0.0356(7)
0.0437(6)
0.0315(5)
0.0363(9)
0.0192(5)
0.0224(6)
0.0451(8)
0.0637(1 1"
0.051%9)
0.0407(8)
0.0337)
(.0258(6)
0.0259(6)
0.0396(8)
0.0468(8)
0.0323(7)
N.O25066)

Ul.‘

~0.0005(4)
=(L0020(5)
-0.0018(5)

0.0003(6)

-0.00052(16)

-0.0166(3)
0.0004(5)
-0.0032(5)

0.0041(5)

0.0089(9)
0.0008(4)
0.0007(4)
-0.0007(5)
-0.0007(7)
~0.0006(6)
0.0017(6)
0.0018(5)
0.0015(5)
-0.0014(5)
~0.0067(6)
—0.0013(6)
0.0035(5)
~0.0006(5)

UI.‘

0.0094(4)

0.0092(4)

0.0099(4)
0.0099(5)

0.00826(13)

0.0077(9)
0.0063(5)
0.0065(4)
0.0067(4)
-0.0012¢7)
0.0050(4)
0.0055(4)
0.0200(6)
0.0274(8)
0.0215(7)
0.0179(6)
0.0127(5)
0.0087(4)
0.0035(5)
0.0042(5)
0.0169%(6)
0.0164(5)
0.0067(5)

Ul!

-0.0004(4)
=0.0010(%)
0.0031¢(5)
0.0123(6)
0.00027(18)
0.0028(®
~0.0038(5)
0.0108¢(5)
0.0129(5)
0.0128(10)
=0.0013(4)
-0.0004(¢5)
=0.0013(5)
-0.0060(6}
0.0016(6)
(L.O054(S)
0.0003(5)
0.0001(-H
=0.004 1)
-0.0094(6)
~0.0039(5)
—-0.0005(5)
-0.0022(3)



Table 5. Hydrogen coordinates and isotropic displacement parameters (A°) tor pebl.

X y 7 t
H(2) ().7685 0.2755 0.6304 0.030
H{3A) : 0.9636 0.3794 0.4748 0.034
H(3B) 0.9142 0211 0.4722 0.034
H(4A) 0.7332 0.4551 0.3873 0.043
H(4B) 0.6823 0.2889 0.3896 0.043
H(5A) 0.8853 0.0944 0.2534 0.079
H(5B) 0.7932 0.0980 0.1043 0.079
H(5C) 0.7205 0.0833 0.2313 0.079
H(7A) 1.0747 0.1406 (.0482 0.084
H(7B) 1.0296 0.2600 1.0469 0.034
H(7C) 1.1460 0.2993 0.9635 0.084
H(10) 0.8864 0.7517 0.6483 0.036
Hetny o 0.8723 1.0029 . 0.6876 0.050
H{12) 0.6911 1.0976 0.7786 0.046
H{13) 0.5240 0.9389 0.8308 0.040
H(14) 0.5352 0.6863 0.7903 0.034
H{16) - 0.4963 0.4197 0.5344 0.038
H(17) 0.3243 (0.2688 0.5898 0.045
H(18) 0.3372 0.1922 0.8i02 0.040
H(19) 0.5234 0.2659 0.9770 0.037

H(20) 0.6963 0.4172 0.9232 0.032



APPENDIX 3

Methyl (2S)-2-{ (E)-2-methyl-1-phenyl propylidene
amino]-4-(methyl thiol) butanoate
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APPENDIX 4

(4S,58)-2-[2-(1,1-diphenyl phosphenyl]
3,4-dimethyl-5-phenyl-1, 3-oxazolidine
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C(9)

| cig) ()
C(22) | ()
CI23) e | v )cHo!
() 2 -
e cn ()
P ) Cl1
C(25) gf;._,::
Ci27) s o : 2’, Ci6)
"'
ci28) \ ctig) (4
C(26) () C(5)
) (S o
g €31 9 .
C(29) | Cl17) D)
Ch5) - Nid) L e
C(30! Cle)

Ci13)



Table 1. Crystal data and structure refinement for pcbp3.

{dentification code
Chemical formula

Formula weight
Temperature

Radiation, wavelength
Crystal system, space group
Unit cell parameters

Cell volume

z

Calculated density
Absarption coefficient p
Fooy)

Crystal colour and size
Retlections for cell refinement

Data collection method

0 range for data collection
Index ranges

" Completeness to 8 = 26.00°
Intensity decay

Reflections collected
Independent retlections
Reflections with F2>2¢0
Absorption correction

Min. and max. lransmission
Structure solution
Refinement method
Weighting parametersa, b
Data / restraints / parameters
Final R indices {F&20]

R indices (all dala)
Goodness-ofl-fit on F’
Absolute structure parometer
Largest and mean shitl/su
Largest ditf. peak and holc

pcbp3

CuHxNOP

437.49

150(2) K

MoKa, 0.71073 A

monoclinic, P2,

a=7.2969(5) A a = 9(°
b=10.9083(7) A B=951132)
c=152493(10)Y A y=90°
1208.97(14) A* '

9

1.202 g/cm’

0.135 mm '

464

colourless, 0.59 x 0.32 x 0.30 mm’
8635 (D range 1 29 to 28.61°)
Bruker SMART 1000 CCD dilTractomeler
m rolalion with narrow frames
1.34 t0 28.77°

h-9t09. k-141014,1-191020
100.0 %

0%

10256

5378 (R = 0.0245)

5093

semi-empirical trom equivalents
0.925 and 0.961

direct methods

Full-malrix [east-squares on F’
0.0787,0.1322

537871 /291

Rl = 00403, wR2 =0.1073

RI =0.0425, wR2=0.1090
1.030

-0.07(7)

0.001 and 0.000

0.367and ~0.333 c A*

e AL bt



Tahle 2. Atamic coordinates and equivalent isotropic displacement parameters (A7)
for pcbp3. U, is defined as one third of the trace of the orthogonalized U* tensor.

o)
C(2)

C(3)

Ni4)

C(5)

Ci6)

()

C(8)

C(9)

c(1o)
CUI)
C(12)
C(i3)
C(14)
C(15)
C(16)
CU17)
Ct18)
C(19)
(1)

C(20}
c@)
C(22)
C123)
C(24)
C{25)
C(26)
C(27)
C{28)
C129)
C(30)
cin

X

0.77962(16)
0.8328(2)
[ 0265(2)
1.09393(19)

-0.9358(2)

0.6968(2)
0.6252(3)
0.5075(3)
0.4626(3)
0.5314(3)
0.6482(3)
1.1449(3)
1.2555(3)
0.9448(2)
1.0545¢(2)
1.0667(2)
0.9683(2)
0.8584(2)
0.8456(2)
0.69434(5)
0.5830(2) |
0.4401(2)
0.3447(2)
0.3862(3)
0.5253(3)
0.6243(2)
08612(2)
0.8157(2)
0.9335(3)
1.1002(1)
1.1469(3)
1.0291(3)

Y

0.64964(15)
0.65321(18)
0.7090(2)
0.66605(17)
0.67950(18)
0.72449(18)
0.8350(2)
0.9026(3)
0.8587(3)
0.7497(3)
0.6819(2)
0.6666(3)
0.7318(3)
0.59548(16)

- 0.49067(17)
©0.41161(16)

0.43636(16)
0.54093(15)
0.62188(15)
0.75805(4)
0.74279(16)
0.65714(18)
0.64429(19)
0.71889(19)
0.8051(2)
0.81640(17)

0.88031¢16) -

0.99829(17)
1.09611{17)
1.07663(19)
0.95938(19)
0.86236(17)

z

0.58090(8)
0.49268(11)
0.50152(11)
0.58954(10)
0.64062(11)
043251(11)
0.45898(16)
0.3994(2)

0.3150(2)

0.28944(14)
0.34791(13)
0.43057(14)
0.62786(14)
0.71993(10)
0.72113(11)
0.79257(12)
0.86440(12)
0.86409(11)

0.79308(11)

0.78798(2)

0.89086(1 1)
0.89216(12)
0.96677(13)
1.03921(13)
1.03836(12)
0.96446(11)
0.81642(11)
0.78670(1 1)
0.80809(13)
0.85779(13)
0.88650(14)
0.86596(13)

U

0.0357(3)
0.0282(3)
0.0324¢4)
0.0331(3)
0.0293(4)
0.0212(4)
0.0449(5)
0.0664(9)
0.0688(9)
0.0590(7)
0.0419(5)
0.0519(6)
0.0522(7)
0.0257(3)
0.0299(3)
0.0299(3)
0.0285(3)
0.0260(3)
0.0235(3)

- 0.02506(11)

0.0254¢3)
0.0314(4)
0.03534)
0.0367i4)
0.0355(4)
.0296(3)
0.0251(3)
0.0301(3)
0.0344(4)
0.03064(4)
0.0386(4)
0.0339(4)



fable 3. Bond lengths {A] and angles {°] for pcbp3.

O(1)-C(5)
C(2)-C(6)
C(3)»-N(4)
NE)FC(5)
C(5)-C(14)
C6C(7)
C(8)-C(9)
CUO}=C{I)
C(14)»-C(19)
CU16)-C(17)
C{18)-C(19)
P(1-C(26)
C(20)-C(25)
C(21)-C(22)
C(23-C(24)
C(26)-C(31)
C(27)-C(28)
C(29)-C(30)

C5HOU-CR2)
O(1)-C(2»-C(3)
N{4)-C(3)-C(12)
C12C3C(2)
CIS-NE-C(3)
O(1)-C(5)-N(4)
N(4)-C(5-C(14)
C(11)-C(6)-C(2)
C(6)-C(7)-C(8)
C(10)-C(9)-C(8)
C(6)-Cti1)-C(10)
C(15)-C(14)-C(5)
C16C(15)-C(14)
C6-C(17)-Cl18)
C(18)-C(19)»-C(14)
C(14)-C(19)-P(1)
C26)-P1-C(19}
C(25)-C(20)-C(21)
C(21N-CR0y-P(1)
C{2N-C22)-C(21)
C(23)-C(24)-C(25)
C3)-CRexC(27)
C27y-C(26)-P(1)
C(29)-C(28)-C(27)
C(31)-C(30)-C(29)

1 432(2)
1.506(2)

1.465(2)

1.456(2)
1.514(2)
1.388(3)
1.385(5)
1.391(3)
[.413(2)
1.389(3)
1.394(2)

1.8319(18)

1.391(2)
1.393(3)
1.385(3)
1.394(2)
1.391(3)
1.385(3)

108.89(12)
104.65(14)
[12.98(16)
113.33(18)
103.91(13)
105.11(13)
112.73(15)
119.57(18)
119.5(2)
120.4(2)
120.6(2)
119.38(15)
121.14(16)
119.61{16)
118.74(15)
118.47(12)
101.14(7)
118.77(16)
117.30(14)
120.22(17)
119.96(18)
118.55(16)
i 17.44(13)
120.18(17)
120.35(17)

O(1)-C(2)
C(2xC(3)
C3r-CIy
N{4)»C(13)
C(6-Ct1 1)
CTHC(8)
C(N-C10)
C14)y-C(15)
CU15X-C(16}
C(17)-C(18)
C19)>-P(1)
PO1-C20)
C(20)-C(21)
C(22)»C(23)
C(24)-C(25)
C(26)-C(27)

- C(28)-C(29)

C0-C3H

O -C2)-Cto)
Cl6r-Ci(2¥»-C3)
NG C(3) C2)
CLSP-N{EA-C(13)
CU3INE-C()
O(1}-C(5)-C(14)
CUN-CLe)-C(T)
C7T-Co)-C(2)
C(9)-C(8)-C(7)
C(9)-C(10)-C(l 1)
CU5C14)-C(19)
C(19>-C(14)-C(5)
CUI5)-CI6)-C(17)
CO-CI8-CuNn
C(18)-C(19)-P(1)
C(26 -P(1)-C(20)
CRO-PIN-C(19)
C(25)-C20»-P(1)
C(22)-C(21)-C(20)
C(22-C(23)-C124)
C(20)-C(25)-C(24)
CR-CR6-P(1)
C(28+C(27+C(26)
C(30)}-C(29)-C(28)
C(30)-C(31)-C(26)

1.434(2)
1.533(2)
1.516(3)
1.457(3)
1.387(3)
1.403(3)
1.361(5)
1.395(2)
1.386(3)
1.394(2)

| 8481(17)
| 8374017)

1.402(2)
1.384(3)
1.397(2)
1.395¢(2)
1391
1.382(3)

11E.52(14)
P13.63(15)
100.69(13)
112.79(16)
113.83(16)
110.22(14)
119.3(2)

121.04(18)
120.0(3)

120.1(2)

119.38(15)
121.25(15)
119.82(17)
121.31(15)
122.70(13)
101 48(8)
101.48(8)
123.79(13)
120.35(18)
120.03(17)
120.64(17)
124.01(14)
120.50(16)
119.48(18)
120.92(17)



Tahle 4. Anisotropic displacement parameters (A% for pchp3. The anisotropic

displacement factor exponent takes the form: =2xfthfa*?ut 1 2hka*b*U |

u" S u” U u u'"
O 0.0231(6)  00599(9)  0.0244(6)  DOORIG)  0.0038(1)
C(2) 0.0256(7) 003539 0.0240(7) 0.0027(7) 0.0030(6)
C(3) 0.0261(8)  0.0474(10) 0.0240(7)  0.0073(7)  0.0036(6)
N(4) “0.0211(7) 0.0526(10) 0.0257(T) 0.0076(T) .0028(5)
C(5) 0.0270(8)  00371(10)  0.0244(B)  0.0028(7)  0.0049(6)
C(6) 0.0217(8)  0.0420(10) 0.0301(8)  0.0099(7)  0.0035(6)
(N 0.0347(10) 0.0431(11) 0.0578(13) . D.0ORT(IM 0.0101(9)
C(R) 0.0364(11) 0.0552(15) 0.110(3) 0.0338(16) 0.0198(13)
C(9) 0.0327¢(11) 0.099(2) 0.0739(18) 0.0537(18) -0.0001(! 1)
C(IM 0.0329(10) 0.103¢2} 0.0393(10) 0.0307(14)  =0.0048(R)
C(ln) 0.0309(%) 0.0647(14) 0.0301(9) 0.0096(9) 0.0017(7)
C(12) 0.0330(10)  0.0924(19)  0.0320(10)  0.0089(11)  0.0132(8)
C(13) 0.0327(9) 00832} 0.0391(10) 0.0146(11) -D.OOSO(R)
C(14) 0.0267(8) 0.0287(8) 0.0216(7) = .0006(6) 0.0013(6)
c(15) 0.0289(8)  0.0324(9)  0.0294(8) -0.0018(7)  0.0072(6)
C(16) 0.0265(8) 0.0263(8)  0.0373(9) —00014(7)  0.0048(6)
C(17) 0.0303(8) 0.0256(8) 0.0296(8) 0.0037(6) 0.0027{6)
C(18) 0.0272(8) 0.0273(8) 0.0234(7) -0.0008(6) 0.0021(6)
C(19) 0.0221(7) 0.0247(8) 0.0236(7) —-0.001R(6) 0.0003(6)
P(1 0.02449(19) 0.02588(19) 0.02435(18) 0.00130(16) -0.00044(13)
C(20) 0.0217(7) . 0.0249(8) 0.0293(7) 0.0016(7) 0.0005(5)
c@2n 0.0264(8)  0.03I0(9)  0.036i(9)  0.0039(7)  -0.000i(7)
C(22) 0.0250(8) 0.0353(9) 0.0458(10) 001258 0.0047(7N)
C(23) - 0.0290(9) 0.0477(1 1) 0.0345(9)  0.0117(8) 0.0081(7)
C(24) 0.0365(9) 0.0414(10) 0.0289(%9) =0.6003(7) 0.0046(7)
C(23) 0.0266(8) 0.0317(%) 0.0307({R} 0.0006(7) 0.0038(6)
C(26) 0.0262(7)  00267(8)  0.0231(8)  0.0006(6)  0.0053(6)
c@zn) 0.0298(8) 0.0303(8) 0.0302(8) 0.0029(7) 0.0022(6)
C(28) 0.0440(10)  0.0239(8)  0.0364(10)  0.0026(7)  0.0096(8)
C(29) 0.0371(10)  0.0352(10)  0.0378(10) —0.0030(8)  0.0080(8)
C(30) 0.0284(9) 0.0404(10)  0.0463(11) —0.0015(8)  —0.0016(R)

C(31)

0.0304(9)

r0285(9)

0.0419010)

0.0044(7)

-0.0025(7)

u*

—0.0049(6)
—0.0010(7)
-0.0035(7)
-0.0056(6)
-0.0029(7)
~0.0030(6)
0.0036(8)
0.0126(10)
~0.0009(13)
—0.0164(14)
~.0094(9)
0.0060(1 1)
-0.0218011)
-0.0040(6)
-0.0004(7)
-0.0002(6)
-0.0022(6)
-0.0019(6)
-0.0019(6)
0.00078(16)
0.0029(6)
-0.0009(7)

—0.0007(7)

0.0048(7)
0.0023(3)
-0.0012(7)
-0.0004(6)
0.0023(7)
-0.0012(7)
-0.0101(8)
-0.0027(8)
0.0027(7)



lable 5. Hydrogen coordinates and isotropic displacement parameters (A’) for pcbp3.

X ¥ 7 1!
H(2) 0.8401 015674 04701 0.034
Hi3) - 10180 (.8005 0.5012 0.039
H(S) 0.9264 0.7666 0.6603 0035
1I(7) (06558 - 0.8646 05170 0054
Fi{8) . DA4586 09786 04170 0.080
1(9) 0.3832 h.9048 ).2748% (LUK
H{10) 04996 0.7199 02315 0.071
Hill) 0.6952 0.6056 03208 0.050
tH12A) 1.1542 05770 4318 U078
H{12B) 12681 0.7024 04412 0.078
H{120) . 1.0890 0.6931 03728 0.078
H{I3A) 1’2953 - 0.6968 0.6856 0.078
1{138) 12248 . 08185 06347 0078
H{13C) f.3550 - 0.7243 0.5891 0.078
H(15) (1219 04732 06721 0.036
FH(16) 1.1422 03407 0.7924 0.036
H{i7) 0.9759 03823 09138 0.034
H¢18) 0.7909 05573 09133 0.011
11(21) 04081 0.6076 ¢.8419 0.038
iu22) 4.2509 5841 09679 1.042
1i(23) 03193 0.7109 i 0896 0.04d4
H(24) 05533 0.8566 1.0880 0.043
H(25) 0.7208 0.83749 0.9645 0.036
H(27) 0.7034 10119 0.7516 0.036
H(28) 0.9001 1.1765 0.7887 0.041
H{29) 1.1813 1.1432 08719 G.044
H(30) 1 2605 0.9456 .9205 0.046

H(31) 1.0629 0.7823 0.3859 0.041



APPENDIX 5

(1R,28)-2-[1,2-dimethy] propyl) methyl amino]-1, -phenyl propy}-3,-5-dinitro-
benzene- 1-carboxylate

_H “@
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EXPND 2
PROCKO i
F2 - Acouisition Perameiers
Date_ 20041214
Tiae 14.16
INSTAUM opx 400
PROBHD 5 mm Wyltinu
PULPRDG cosy45
L] 102¢
SOLVENT (1F4t]
NS 28
0s H3
SHH 4194,631 Hz
F 1DRES 4.095319
AD 0.1221108 sec
RG 287.¢
D 119,200 usec
DE 7.80 usec
TE 308.0 k
[1}] i.00000000 sec
Py 15.00 usec
SFD1 400.14319304 Wi
NICY 3H
PL) -6.00 a8
0o 0.00000300 sec
IND 0.05023040 sec
Fi - ACQUISILION parameters
NDO 1
10 243
§F0) 400, 1319 HH;
FIDRES 17. 261856 H1
Sk 10.483 ppa
F2 - Processing paramelers
51 512
SF 400. 1300097 MHz
WK SINE
558 0
LB 0.00 H:
GB 0
PC 1.00
F1 - Procesting parasciers
51 51¢
M2 GF
T SF 400 . 1300097 MH2
WD SINE
558 1]
L8 0.60 H2
] 0
20 NMR plot paraseters
Cxe 15.00 cm
Cxy 15.00 cm
FaPLD 4,002 pom
F2A0 1801.13 Hz
FapH) 0.193 pox
FaHl 77.30 n2
FiPLO 4.002 poa
FiLD 1601 .13 Hr
FiPH} 0.153 ppa
FiH] 77.30 hy
F2PPMCH 0.25389 ppa/en
FaHIlW 101.56871 Hi/co
F APPHCH 0.253B9 ppa/ce
FINICH 101 .5887) Mr/ca
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F2 - icauvisition Parameters

Date_ 20015214

Tint 14,16
INSTAUM oprx 400
PROBKD 5 en Multing
PULPROG Losy45

| {¢] 1024
SOLYENT 0eo

NS 26
'0s 16

SwH 4192 631 H2
FIDRES €. 09E319 K2
AD C.5221108 set
AG 287 .¢

i 115,200 usec
DE 7.50 uset
TE 300.0 K
V1] 1.00000000 sec
P 19,00 usec
SFOy 40C, 1319304 Mz
NCY 1K

PL1 ~6.00 af
oo - 0,00000300 sec
END 0.00023840 sec

f1 - acguisition parameters

NOO 1

Ta 243
SFOy 400, 1319 MHz
F1DRES 17.261856 Wy
5w 10.483 ppa

F2 - Processing paramerers

51 512

SF 400, 1300097 HH?
WOW SInE

5568 0

LB 0.00 H2
(7] ]

PC 1.00

Fi - Processiny parameters

51 512
[T oF
SF 400.1300097 mup
WDK SINE
558 0
LB 0.00 H2
GB 0

20 KMR plot parameters
cx2 15.00 ¢a
Cx1 15.00 cm
F2PLD " 4.000 ppa
FLD 160052 Mz
F2PH] 0.200 ppn
F2Hl 80.03 H2
FiPLo 4.000 pom
FILD 1600.52 Hr
F1Py) 0.200 ppa
FiH| B0.03 Hr
F2PPHCH 0.25333 pomsca
F2HICH 101.36626 Hi/cm
FAPPMCH 0.25313 pom/ce

FIHICH 101.36626 Hi/ca
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F2 - Acauisition Paramelers

Oare _
Time
INSYRUK
PROBHD
PULPADG
{]
SOLVEN1
NS

s

SWH
FI0RES
A0

RG

D

BE

TE

m

P

SF01
NUC |
PLY

0o

(L)

20011234
14.16
opx 400
5 as Hultnu
cosydd
1024
D20
28
13
4194 631 2
4.096318 Ny
01221108 sec
287.4
119,200 user
7.50 usec
300.0 K
1.00000000 sec
15.00 user
400 ,1319304 Whz
lh- v
-6.00 dB
0.00000306 sec
0.00023840 sec f

F1 - Acquisilion paraseters

NDO ]

T 243
SFO1 400 . t319 HHz
FI1DRES 17.261856 H2
5w 10. 483 ppe

F2 - Processing porameters

S1 532

SF 400 . 1300097 MH?
WDN SINE

558 ]

[N:] 0.00 Mz
Ga o

2 .00

F3 - Processing paraseters

St 512

MC2 aF

SF 400 . §300097 HHZ
WOw SINE

558 0

L8 D.00 HI
Ga 1]

20 NMR plol paraceters
cxg 15.00 cm
€x1 15.00 ca
FaPLD 10.042 ppe
F2L0 4017 96 H2
F2Pil -D. 442 ppm
F2H] -176.67 M2
FiPLO 10.042 poa
FiLO 4017 .96 Hz
F1PH] -0.442 pom
FiH] -176.67 H2
F2PPHCH 0.69888 pom/cm
F2HICH 279.64206 M2 /ca
FIPPUCH 0.69888 ppa/ca
FIHZEM 279.64206 Hr/co
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PRO H
PROCKOD . 1

F2 - ACou1Silion Paramelers

Qate _ 20011214
Tiae 1€.16
THSTRUM opnx&0C
PROBHD ~ & rm Ma)tine

Py PROG TOSy4t

10 102¢
SOLYENT 025

NS 26

1] 18

SWH 4194 6531 Hr
FIDAES 4.056319 Hz
AR 0.122110E sec
RG 257 .2

ow 119,200 usec
DE 7.50 usec
1E 300.0 ¥

D) :.00000000 sec
P 15.00 usec
SFD4 400, 1319304 Mry
NUCH 1h

PL) -6.00 oB
Do €.00000300 sec
IND 0.00023840 sec

F1 - ALQuiSition parameters

NDOD 1

o 243
SFO1 400.1319 HHz
FIDRES 17.261856 Hr
S 10.483 ppe

F2 - Processing paramgiers

13 512

SF 400 . 1300097 MH2
wOW SINE
558 ]

LB 0.00 Hy
68 0

PL 1.00

F1 - Processing paraneters

51 512
MC2 oF

SF 400 . 1300097 MH2
WO SIHE
558 0

LB 0.00 Hz
] 0

20 WMA plpt pareseters

cx2 15.00 cm
cx1 15.00 c»
FePid 6.500 ppm
FaLo 2600 .84 Hz
F2PH] 0.200 ppa
Fadl BO.03 Hr
F1PL0 6.500 pom
FILD 2600.04 Hz
FiPH! 0.200 ppas
FiHI 80.03 Hr
F2PPUCH 0. 42000 ppa/ce
F2HICM 168. 05461 Hz/cm
FIPPHEH 0. 42000 ppo/ca

F1HICH 168.05461 Hi/ce






